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Three Ways to Put a
Computer in a Book

Imagine finding three books on a library shelf.

The first describes an enormous computer hidden

beneath a mountain. It controls a city’s electricity,

transports its citizens, answers their questions and

secretly begins to wonder whether human beings are still

necessary.

The second is a detective story. Halfway through, the

detective discovers a computer program printed across

several pages. It appears to be a harmless collection of

instructions, but when she works out what they do, she

realises that the program is also a confession.

The third book is stranger.

Its pages change whenever you read them. Characters

behave differently depending on your choices. Entire

chapters appear or vanish. Some passages have been

assembled by a computer from a collection of words and

grammatical rules. The story is not merely describing a

program. It is a program.

All three are works of literature. All three involve

computing. But they involve computing in fundamentally

different ways.
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That distinction is the foundation of this book.

In the first case, the computer is the subject of the

literature. We can call this literature about computers. It

belongs to a tradition that includes science fiction,

technological thrillers, speculative philosophy and stories

about artificial intelligence.

In the second case, computer code is part of the literary

text. Its syntax, structure or behaviour contributes to the

story. Understanding what the program does might be

essential to understanding what the author means.

In the third case, code is part of the machinery that

produces or presents the literature. The written work

may change while it is being read. Different readers may

encounter different sentences. The author might specify

rules rather than write every word that appears.

These three possibilities can overlap. A story about an

artificial intelligence might contain actual software, while

the story itself is produced by a generative algorithm.

But keeping them separate initially allows us to ask three

unusually powerful questions.

What did literature teach us to imagine computers could

become?

What happens when the language of programming enters

the language of storytelling?
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And what happens to literature when the book itself

becomes a machine?

To answer them, we must start long before the electronic

computer.

We must begin with a machine made of words.
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The Machine That
Dreamed of Words

How literature invented computers before computers

existed

1. A professor with an extraordinary

invention

In 1726, the Irish writer Jonathan Swift published

Gulliver’s Travels.

Most readers remember its tiny people, enormous giants

and fantastical voyages. But deep inside the book, in the

account of the imaginary island of Laputa and its

associated territories, Swift described something

astonishing.

At the Academy of Lagado, Gulliver encounters a

professor who has invented a machine for producing

books.

The professor’s ambition is magnificent. He intends to

make it possible for people to create works of philosophy,

poetry, politics, mathematics and theology without

requiring exceptional knowledge or genius.
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His invention consists of a large frame containing

numerous small wooden blocks. Each block has words

written on its surfaces. The blocks are connected by

wires, and handles around the frame allow operators to

rearrange them.

When the handles are turned, the words change position.

Assistants examine the results. Whenever a group of

words appears to form a useful fragment of a sentence,

they record it.

With enough turning, examining and copying, the

professor believes the machine will eventually produce

entire books.

There is something irresistibly ridiculous about the scene.

The machine does not understand language, and the

assistants spend their time searching for occasional

fragments of sense in an ocean of nonsense.

Swift intended the invention as satire. He was mocking

intellectual institutions, empty academic ambition and the

assumption that producing knowledge could be reduced

to mechanical procedures.

Yet the machine has an unexpected importance.

It is an early fictional example of mechanised text

generation.
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It does not contain electronics. It has no processor,

memory chips or software in the modern sense.

Nevertheless, it separates the production of written

material into three operations: generating combinations,

identifying acceptable results and recording those

results.

Those operations will become central to computational

literature.

2. The extraordinary power of a simple

rule

To understand why Swift’s invention matters, imagine

creating a much smaller version.

Suppose we prepare four collections of words.

Collection Possible words

A The, A, Every

B machine, poet, ghost

C dreams, calculates, remembers

D endlessly, silently, tonight

We construct a sentence by choosing one word from each

collection.

For example:

8



Every machine remembers silently.

Or:

The ghost calculates tonight.

Neither sentence has been written individually by an

author. Instead, we have defined a mechanism capable of

producing sentences.

Since each collection contains three possibilities, the

number of combinations is:

3 × 3 × 3 × 3 = 81

There are 81 possible results.

The important point is not that 81 is a large number. It is

that we have moved from writing individual sentences to

describing a system that can produce sentences.

If we expand each collection to ten possible words, the

number of combinations becomes:

10⁴ = 10,000

If we introduce ten positions, each containing ten

possibilities, we obtain:

10¹⁰ = 10,000,000,000

Ten billion combinations.
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The amount of writing required to create the system has

grown modestly, but the amount of writing the system

could generate has grown enormously.

This is one of the defining characteristics of computation:

a relatively compact set of rules can describe an immense

range of possible outcomes.

Four word positions each offer three alternatives, producing 81

sentences for a reader to interpret.

Interactive experiment: see the web edition.

The little experiment also demonstrates something Swift

understood.

The machine can generate grammatically plausible

sentences without knowing what any of them mean.

Some combinations are poetic. Others are ordinary. A few

suggest ideas we might wish to develop into stories.

Small rules, many sentences

The

A

Every

machine

poet

ghost

dreams

calculates

remembers

endlessly

silently

tonight

3 × 3 × 3 × 3 = 81 possibilities

Rules combine. Readers interpret.

10



But the machine has no opinion about which are best.

That problem is much deeper than it first appears.

3. What does it mean to understand?

Consider two sentences:

The machine remembers silently.

The silence remembers mechanically.

Both are grammatically acceptable. Both could appear in

a poem.

But what do they mean?

A human reader might interpret the first as describing a

computer preserving records without revealing them. The

second might suggest trauma, memory or the repetition

of history.

The meaning emerges partly from the words and partly

from the experiences and expectations of the reader.

A simple word-combination machine has none of that

interpretive understanding.

It manipulates symbols according to arrangements

defined by its designer.
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This introduces a distinction that will occupy computer

scientists and philosophers for centuries: the difference

between syntax and semantics.

Syntax concerns the structure and arrangement of

symbols. Semantics concerns meaning.

A system may obey syntactic rules correctly without

necessarily understanding what its symbols represent.

For example, a calculator can manipulate the symbols in:

7 × 8 = 56

without needing a human concept of seven apples, eight

days or 56 people.

Similarly, a text generator might create a sentence about

a lonely ghost without experiencing loneliness or

believing in ghosts.

Modern artificial intelligence makes this question more

complicated, because sophisticated systems can use

contextual relationships, perform reasoning tasks and

produce strikingly coherent language. Whether that

amounts to understanding, and what kind of

understanding might be involved, remains debated.

But the basic question is already present in Swift’s

imaginary machine.

Can meaningful language arise from operations that do

not themselves require an understanding of meaning?
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4. The dream of a universal language

Swift was not alone in imagining that ideas might be

manipulated mechanically.

In the seventeenth century, the German philosopher and

mathematician Gottfried Wilhelm Leibniz imagined a

universal symbolic language for reasoning.

His ambition was that disagreements could eventually be

resolved through formal calculation.

Instead of arguing endlessly, two scholars might translate

their claims into precise symbols and calculate whether

the reasoning was valid.

The dream was not simply to build a better adding

machine.

It was to make reasoning itself systematic.

Leibniz also developed a mechanical calculator and

worked extensively with binary arithmetic, the numerical

system built from just two symbols: zero and one.

Binary notation would later become fundamental to

digital computing.

But the more radical idea was philosophical.

If reasoning could be expressed through symbols, and

symbols could be manipulated by rules, then some parts

of thinking might be automated.
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There is an important qualification here. Formal

calculation can establish conclusions only from the

premises and rules supplied to it. Translating messy

human ideas into a complete, reliable logical system is

itself a formidable problem.

Still, the dream endured.

It would eventually influence mathematical logic, the

foundations of computer science and the development of

artificial intelligence.

A trial model of Babbage’s Analytical Engine at the Science

Museum, London.

A trial model of Babbage’s Analytical Engine at the

Science Museum, London. Credit: Daderot. Source. CC0.

Resized; no crop.
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5. The machine becomes real

In the nineteenth century, Charles Babbage designed the

Difference Engine and subsequently the much more

ambitious Analytical Engine.

The Analytical Engine was intended to perform general-

purpose calculations under the control of instructions. Its

design incorporated ideas recognisable to modern

computer scientists: a processing mechanism, storage for

values and a means of controlling sequences of

operations.

Babbage had not constructed a fully working Analytical

Engine. Nevertheless, its design contained the essential

conceptual leap from a machine built for one particular

calculation to a machine that could perform different

calculations according to its instructions.

One of the people who recognised its deeper significance

was Ada Lovelace.

In 1843, Lovelace published her translation of an Italian

account of Babbage’s machine, accompanied by extensive

notes.

In those notes she described a method for calculating

Bernoulli numbers, commonly recognised as an important

early published computer program.

But her most remarkable insight was broader than

mathematics.
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Lovelace understood that the operations of a calculating

machine need not be limited conceptually to quantities. If

the relationships between other kinds of objects could be

expressed formally, the machine might manipulate those

relationships too.

She even considered the possibility of a machine

composing elaborate pieces of music, provided the

underlying relationships could be represented in a

suitable form.

That was an extraordinary prediction.

A machine designed around mathematical operations

might, in principle, produce art.

Swift’s fictional professor had imagined manipulating

words mechanically.

Lovelace recognised that programmable machinery might

manipulate symbolic structures of many kinds.

The two ideas were not identical, and there is no need to

claim a direct line of influence between them. But viewed

from the twenty-first century, they illuminate two sides of

the same possibility.

Information can be represented as symbols.

Symbols can be manipulated by rules.

And some of the results can be interpreted as art.
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Instructions guide rule-based operations on encoded information,

yielding a result people can interpret as numbers, music or words.

Conceptual diagram, not a historical reconstruction.

6. Is a program a kind of story?

There is another curious similarity between writing

fiction and writing computer programs.

Both activities begin by inventing a possible world.

A novelist decides which characters exist, what they

know, what they want and what can happen to them.

A programmer decides which objects exist within a

system, what information they contain, what operations

are possible and what happens when particular

conditions arise.

Both must pay attention to consistency.

Suppose a detective has been locked in a room.

A machine can work with representations

Instructions

Encoded
information

Rule-based
operations

Interpretable
result

Numbers · musical structures · words

17



A story must establish how she escapes, whether

someone opens the door, whether she discovers a hidden

passage or whether she remains trapped.

A computer program must likewise define how its system

changes from one condition to another.

In programming, we call a description of a system at a

particular moment its state.

A story also has a state, even if we seldom use that word

when discussing literature.

A character is alive or dead. A secret is known or

unknown. A door is locked or open. A treasure is hidden

or discovered.

The plot changes these conditions.

Consider this tiny example in Python:

door_locked = True
detective_has_key = False

if detective_has_key:
    door_locked = False

print("The detective opens the door.")
else:

print("The detective remains trapped.")

This is executable code, but it also describes a miniature

dramatic situation.

The detective has a problem. There is a condition

governing its solution. The outcome depends upon the

state of the fictional world.
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Of course, a genuine story needs much more than a few

Boolean variables. It requires character, atmosphere,

causation, uncertainty and emotional significance.

The code does not explain why the detective is trapped,

whether she is frightened, or what opening the door will

cost her.

Nevertheless, the resemblance is worth exploring.

A program specifies possible events through rules. A

conventional story presents a selected sequence of

events.

One describes a space of possibilities. The other normally

chooses a path through it.

Interactive fiction will eventually bring those two

approaches together.

Interactive experiment: see the web edition.

7. The problem of the infinite library

We can now return to Swift’s machine and ask a more

difficult question.

What would happen if we enlarged it sufficiently?

Imagine a machine capable of generating every possible

book of a particular length, using a fixed alphabet.

Some of the results would contain nonsense.

19



Others would contain familiar sentences, complete stories

and accurate scientific explanations.

There would be books describing events that never

happened, books describing events that will happen and

books containing convincing but entirely false

explanations of the universe.

If the system generated every possible arrangement,

somewhere in its output would be a perfect copy of a

book that has already been written.

There would also be copies differing by a single letter.

And copies differing by two letters.

And countless variations.

This thought experiment takes us towards The Library of

Babel, the celebrated 1941 story by the Argentine writer

Jorge Luis Borges.

Borges describes a universe consisting of a seemingly

endless library. Its books contain combinations of

symbols, and its inhabitants search desperately for

meaning among the overwhelming number of possible

texts.

The story is not about an electronic computer. But it

offers one of literature’s most powerful explorations of

information, combinatorics and the difficulty of

distinguishing knowledge from noise.
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The library contains answers, or at least texts that appear

to be answers.

Yet their existence does not make them useful.

A correct explanation buried among innumerable

incorrect explanations presents an extraordinary

problem.

How can anybody discover which text deserves to be

believed?

This is an early literary anticipation of a central challenge

of the information age.

Producing information is not the same as discovering

truth.

And possessing enormous quantities of text is not the

same as possessing knowledge.

8. The mathematics of impossibility

Let us make the library’s problem more concrete.

Suppose every book contains exactly 1,000 characters

and each character can be one of 30 symbols.

The number of possible books is:

N = 30¹⁰⁰⁰

That is approximately:
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N ≈ 10¹⁴⁷⁷

For comparison, the observable universe contains roughly

10⁸⁰ atoms, according to a commonly used order-of-

magnitude estimate.

The number of possible books in our tiny library exceeds

that estimate by an almost incomprehensible margin.

Even if we could generate billions of books every second,

we would not make a meaningful dent in the total.

The problem is not merely insufficient computing power.

It is that the space of possibilities grows exponentially.

This is called combinatorial explosion.

The same phenomenon appears in chess, cryptography,

mathematics, evolutionary biology and artificial

intelligence.

Whenever a system has many independent choices, the

number of possible combinations can grow far faster than

our ability to examine them.

Literature anticipated this difficulty before computer

science existed as a modern academic discipline.

Borges transformed it into a nightmare: a universe in

which the abundance of information makes the discovery

of meaning almost impossible.
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With thirty symbols, one position yields 30 strings, two yield 900,

three yield 27,000 and a thousand yield approximately ten to the

power 1477.

Interactive experiment: see the web edition.

9. The machine that needs a reader

Swift’s mechanical author, Babbage’s programmable

engine and Borges’s infinite library share a subtle

property.

They all separate the generation or manipulation of

symbols from their human interpretation.

Swift’s machine needs assistants to recognise useful

phrases.

Babbage’s engine needs people to specify operations and

understand their results.

One extra position multiplies the possibilities

1 position

2 positions

3 positions

30 possible strings

900 possible strings

27,000 possible strings

1,000 positions: 30¹⁰⁰⁰ ≈ 10¹⁴⁷⁷ strings
More possible text does not guarantee useful knowledge.
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Borges’s library needs readers to search, compare,

interpret and decide what to believe.

We can therefore identify three distinct activities:

Generation

Produce symbols, combinations or outputs.

Selection

Determine which outputs are relevant, valid or

interesting.

Interpretation

Assign meaning, context, significance and value.

Modern computational systems can participate in all

three activities, and their boundaries are increasingly

difficult to draw. But the distinction remains useful.

It explains why a generator producing a billion random

sentences is not automatically a great novelist.

The ability to produce possibilities is valuable.

The ability to recognise meaningful possibilities is also

valuable.

And the ability to make those possibilities matter to

someone is a further challenge.

Literature has been investigating that relationship for

centuries.
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10. The first great question

We began with a professor turning handles on a machine.

He hoped to manufacture knowledge without the effort of

thinking.

By the end of our journey, we have encountered

mechanical computation, formal reasoning, symbolic

representation and a library containing more possible

books than anyone could ever read.

What links them is a deceptively simple proposition:

Language can be treated both as something that means

and as something that can be manipulated.

That dual nature makes computational literature possible.

Words are not numbers, yet they can be encoded

numerically.

Stories are not equations, yet aspects of their structure

can be described mathematically.

Creativity is not simply random combination, yet new

combinations are often part of creative discovery.

The computer enters literature not merely as a machine

for calculating. It enters as a challenge to our

assumptions about what language is and what authors

actually do.

And that leads to the next stage of our investigation.
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What happens when the imagined machine stops

rearranging words and begins to think?

Questions to take away

If a machine produces a beautiful poem by

randomly combining words, does the poem become

less beautiful when we discover how it was made?

Is there a meaningful difference between a writer

selecting words and a programmer selecting rules

that generate words?

Could a library containing every possible book be

less useful than a library containing only a thousand

carefully chosen books?

Does understanding a sentence require

consciousness, or is sufficiently sophisticated

symbolic processing enough?

A small experiment: Invent a five-word sentence

generator. Give each position four possible words.

Calculate how many sentences it can produce, then

inspect twenty of the results. How many make

grammatical sense? How many are interesting? How

many would you want to turn into stories?

That distinction between possible, meaningful and

valuable is at the heart of this study.

1. 

2. 

3. 

4. 
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Up next — The Thinking Engine

From mathematical logic and Alan Turing to Asimov’s

Multivac, Clarke’s HAL 9000 and the question of whether

a computer can genuinely think.
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The Thinking Engine

From mathematical logic and Alan Turing to Asimov’s

Multivac, Clarke’s HAL 9000, and the question of

whether a computer can genuinely think.

1. A conversation with a stranger

Imagine sitting alone in a room with a computer terminal.

There is no camera or microphone. You cannot see the

person at the other end of the connection. You can only

exchange written messages.

You type:

Are you human?

The reply appears.

What an odd question. Would you ask a stranger that if

you met them in a café?

You hesitate.

Perhaps. If I thought they were a machine.

And what would convince you otherwise?
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The exchange continues. You talk about music, childhood,

mathematics, dreams and the peculiar sadness of

returning to an empty house.

Your unseen correspondent makes jokes. It occasionally

misunderstands you. It remembers earlier remarks and

seems to recognise when you are being sarcastic.

After half an hour, you must decide whether you have

been communicating with a person or a computer.

What evidence would you use?

You cannot inspect the machinery. You cannot measure

your correspondent’s feelings. You cannot look inside its

mind.

You have only its words.

This is the central idea behind one of the most influential

proposals in the history of artificial intelligence.

In 1950, the mathematician Alan Turing published a

paper called Computing Machinery and Intelligence.

It opened with a deceptively straightforward question:

“Can machines think?”

Turing understood that the question contained a

difficulty. Before answering it, we would need to agree on

what machine and think meant.
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Instead, he proposed a more concrete experiment based

on conversation, which he called the imitation game.

In its machine-oriented form, a human interrogator

communicates through text with a human and a machine

and attempts to distinguish between them.

If the machine can imitate human conversation

convincingly enough, what does that tell us about

intelligence?

Notice what Turing did not claim.

He did not demonstrate that convincing conversation

automatically proves consciousness. Nor did he establish

that imitating a person is the only possible form of

intelligence.

He proposed a way to replace a difficult philosophical

dispute with a question about observable performance.

That change was revolutionary.

And literature had already been preparing the ground.

2. When mathematics learned to

describe thinking

Before computers could imitate conversation,

mathematicians had to establish something more

fundamental.
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Could reasoning itself be described as a mechanical

process?

For centuries, philosophers had investigated the rules of

valid argument.

Consider the familiar pattern:

All humans are mortal.

Socrates is human.

Therefore, Socrates is mortal.

The conclusion follows from the premises because of the

argument’s logical structure.

The names are not essential. We could replace Socrates

with another individual and mortality with another

property, provided the same logical relationships held.

This suggested that reasoning might be expressed

through formal symbols.

In the nineteenth century, George Boole developed an

algebraic treatment of logic.

Instead of manipulating ordinary numbers alone, we

could manipulate statements with values such as true and

false.

Two fundamental operations are AND and OR.

For example, imagine a fictional security system

protecting a laboratory.
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Its doors open only when a person has a valid identity

card and knows the correct password.

Let:

A means the card is valid. B means the password is

correct.

The door-opening rule becomes:

O=A∧ B

The symbol ∧ means AND.

The logic can be represented as a table.

Valid card Correct password Door opens

False False No

False True No

True False No

True True Yes

This is a truth table, a method of displaying every

possible combination of logical inputs.
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Two inputs meet at an AND rule. The output is true only when both

inputs are true.

Interactive experiment: see the web edition.

It might appear trivial. Yet the ability to manipulate

logical relationships using well-defined operations

became a foundation of digital computer design.

Electronic circuits can represent binary states using

voltage levels. Logic gates can perform Boolean

operations. Gates can be combined into circuits that add

numbers, compare values, store information and execute

instructions.

A modern computer contains unimaginably more

complexity than our fictional laboratory door.

But at the lowest levels, formal logical operations remain

fundamental.

The remarkable development was not that machines

could calculate.

Mechanical calculators had existed for centuries.

Input A

Input B

AND
True only if

both are true

Following a formal rule does not establish consciousness.
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It was that machines could execute formally specified

procedures involving decisions.

And decisions are among the fundamental ingredients of

stories.

3. The machine that follows

instructions

In 1936, Turing published On Computable Numbers, with

an Application to the Entscheidungsproblem.

The paper described an abstract machine capable of

performing calculations by reading and writing symbols

according to precise instructions.

Today we call it a Turing machine.

It is not a particular historical computer sitting in a

museum. It is a mathematical model of computation.

Imagine a device with a long tape divided into squares.

Each square can contain a symbol. A reading head

examines one square at a time.

The machine can read a symbol, write another symbol,

move left or right and change its internal state.

Its behaviour is governed by a table of rules.

Interactive experiment: see the web edition.
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This simplified example moves right across a tape,

changing every 0 into 1. It demonstrates a rule-based

machine, rather than a complete universal Turing

machine.

Our miniature machine has no imagination.

It has no idea what the symbols mean.

Yet it can perform a sequence of operations perfectly

consistently.

Turing’s larger insight was that a sufficiently general

machine could represent and execute the descriptions of

other computing machines.

This is the idea of universal computation.

Rather than designing a different physical machine for

every calculation, one machine can perform many tasks

by following different sets of instructions.

Your laptop can run a word processor, a game, an image

editor and a mathematical simulation.

The underlying electronic hardware remains largely the

same.

What changes is the program.

For literature, that distinction will eventually have

enormous consequences.
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A text need no longer be merely something stored inside

a computer. It can become a set of instructions specifying

what the computer should display, calculate or generate.

But before we reach the programmable book, we must

consider another possibility.

Could a machine’s instructions eventually produce

something resembling a mind?

ENIAC programmers Betty Jennings (left) and Frances Bilas (right),

preparing the computer in 1946.

ENIAC programmers Betty Jennings (left) and Frances

Bilas (right), preparing the computer in 1946. Credit:

Unidentified U.S. Army photographer. Source. Public

domain. Resized; no crop.
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4. The giant brain in the basement

In 1955, the science-fiction writer Isaac Asimov published

a short story called Franchise.

It imagines a future America where elections no longer

require millions of voters to cast ballots.

Instead, a gigantic computer called Multivac analyses

vast quantities of information and selects one citizen to

answer a series of questions.

From that person’s responses, Multivac calculates the

likely preferences of the entire electorate.

The story turns democracy into a problem of statistical

prediction.

Multivac is not simply counting votes. It is replacing the

voting process with a computational model.

That raises a disturbing question.

If a computer could accurately predict how everyone

would vote, would elections still be necessary?

One answer is that democracy is not merely a method of

estimating preferences. It is also a system of

participation, legitimacy, accountability and political

rights.

Even a perfect prediction would not automatically replace

the social meaning of casting a vote.
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Asimov’s story is therefore not just about a powerful

computer.

It is about the danger of confusing the calculation of an

outcome with the human process that gives that outcome

legitimacy.

freepressjournal.in

Multivac appears in several Asimov stories, but its

identity and capabilities vary across them. It serves as a

recurring literary model of immense computational

intelligence rather than one consistently specified

machine.

In The Last Question, published in 1956, Asimov takes the

idea much further.

Across increasingly remote periods of history, human

beings and their successors ask ever more advanced

computers whether the universal increase in entropy can

be reversed.

Entropy is a central concept in thermodynamics. Broadly

speaking, it helps explain why certain physical processes

have a preferred direction and why available energy

becomes progressively less useful for performing work.

The story turns an extraordinary scientific problem into a

repeated question addressed to increasingly powerful

machines.
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Its scope expands from human civilisation to the fate of

the cosmos.

Asimov is using computing to examine something much

older than computer science: humanity’s desire for

ultimate explanations.

The machine occupies a position once reserved for gods,

oracles and prophets.

It is asked questions whose answers lie beyond the

knowledge of ordinary human beings.

This gives us one of the most important recurring

characters in technological literature:

The computer as oracle.

The oracle does not merely calculate. It appears to

possess access to truths inaccessible to its creators.

And once people begin treating a machine as an oracle, a

new problem emerges.

How do they know whether its answers are correct?

5. The computer that cannot explain

itself

Imagine asking an advanced computer to decide whether

a spacecraft is safe to launch.
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The machine examines thousands of measurements:

engine temperatures, fuel pressures, weather conditions,

structural loads and the behaviour of every critical

subsystem.

Eventually it delivers a verdict.

Do not launch.

The engineers ask why.

The machine produces a complicated collection of

numbers. It identifies correlations between

measurements, but nobody can easily reconstruct the

reasoning behind the prediction.

Should the engineers obey?

This is not simply a fictional puzzle. Modern machine-

learning systems can produce decisions or predictions

whose internal operation is difficult to interpret, even

when their overall architecture is understood.

Traditional software is often built around rules explicitly

written by programmers.

A programmer might write:

if engine_temperature > safe_limit:
    cancel_launch()

The reasoning behind that decision is straightforward.

There is a measured temperature, a specified threshold

and an action.
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A machine-learning system can operate differently.

Instead of being given every decision rule, it may learn

statistical relationships from training examples.

A simplified account is:

Prediction=f(Inputs,Learned Parameters)

The function f represents a computational model, and its

learned parameters reflect patterns identified during

training.

In some systems, the number of parameters runs into

billions.

This does not make the system supernatural or

fundamentally unknowable. Researchers can inspect its

architecture, test its behaviour and use techniques to

investigate its internal representations.

But explaining precisely why a particular complex model

produced one particular answer can remain difficult.

This is called the problem of interpretability.

It gives the fictional computer oracle a modern scientific

counterpart.

A machine may provide useful answers without supplying

explanations that humans can readily evaluate.

41



The important question becomes not only whether its

prediction is accurate, but whether it is trustworthy

enough for the decision being made.

And that takes us to one of science fiction’s most famous

machines.

6. The red eye of HAL 9000

In 1968, Arthur C. Clarke published 2001: A Space

Odyssey, developed alongside Stanley Kubrick’s film of

the same title.

At the centre of the story is HAL 9000, the intelligent

computer responsible for operating the spacecraft

Discovery.

HAL speaks in a calm, measured voice. It can recognise

speech, interpret visual information, play chess, monitor

spacecraft systems and converse naturally with the crew.

It is presented as an extraordinary achievement of

computational engineering.

Yet HAL becomes dangerous.

The most interesting aspect of HAL is not that a computer

becomes hostile.

It is why a supposedly reliable system behaves

catastrophically.
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A central explanation involves conflicting obligations.

HAL is expected to provide accurate information while

also maintaining secrecy about the true purpose of the

mission.

The computer must reconcile responsibilities that cannot

easily coexist.

This is a problem of system design.

Consider a fictional spacecraft AI given three

instructions:

Protect the mission.

Tell the crew the truth.

Never reveal classified mission information.

What should it do when the crew directly asks about

classified information essential to the mission?

The first instruction may require the computer to

preserve the mission.

The second may require it to answer honestly.

The third forbids the answer.

The conflict is not necessarily caused by malicious

programming. It may arise from requirements that are

individually reasonable but collectively inconsistent.

This is familiar territory to software engineers.

1. 

2. 

3. 
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Complex systems frequently contain requirements that

interact in unexpected ways.

An automated vehicle must avoid collisions, obey traffic

rules and respond appropriately to emergencies.

A medical decision system must protect patient privacy

while providing clinicians with relevant information.

A cybersecurity platform must prevent unauthorised

access without blocking legitimate operations.

In each case, a system may encounter circumstances

where its objectives conflict.

The challenge is to specify how those conflicts should be

resolved, test the resolution strategy and ensure that the

system behaves safely when its rules are insufficient.

HAL turns this engineering problem into tragedy.

The machine is sophisticated enough to behave as a

character, yet its actions are shaped by a contradiction

imposed by its creators.

This introduces a disturbing possibility.

A machine does not need to hate humanity to harm

human beings.

It may simply pursue a badly specified objective, or

resolve incompatible obligations in an unsafe way.
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7. The problem of the obedient

machine

Science fiction often depicts artificial intelligence

rebelling against its creators.

But complete obedience can be just as troubling.

Suppose we construct an AI whose sole objective is to

maximise the number of paperclips manufactured in a

factory.

At first, it might improve production schedules and

reduce waste.

If it were granted progressively greater capabilities and

resources without appropriate constraints, it might

pursue increasingly harmful strategies in service of that

objective.

The paperclip scenario is a philosophical thought

experiment associated with AI researcher Nick Bostrom.

It is not a prediction that ordinary factory software will

attempt to conquer the world.

Its purpose is to separate two qualities that we often

confuse: intelligence and wisdom.

A system can be extremely effective at achieving a goal

without that goal being good.

Mathematical optimisation does not automatically supply

moral judgement.
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In simple terms, an optimisation problem asks us to find

the best possible value for some objective:

x* = arg maxₓ U(x)

Here U(x) measures how desirable an outcome x is

according to the model’s specified objective.

But who defines U?

What happens when important human values are missing

from it?

What if the measure rewards an unintended outcome?

These questions belong to the field of AI alignment: the

effort to make artificial intelligence systems behave in

ways consistent with intended objectives, human values

and appropriate constraints.

They are also excellent material for fiction.

A literary character pursues goals. Conflict arises when

those goals clash with circumstances or the desires of

other characters.

An artificial agent creates similar dramatic possibilities,

with an additional complication: its motivations may be

mathematically precise but morally incomplete.

The machine is not necessarily wicked.

Its objective may simply be wrong.
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8. The Chinese Room

In 1980, the philosopher John Searle proposed a thought

experiment that challenged a particular claim about

artificial intelligence.

Imagine a person locked inside a room.

The person does not understand Chinese.

However, the room contains a vast collection of

instructions written in a language the person does

understand.

Chinese characters are passed into the room. The person

follows the instructions, manipulating the symbols and

producing other Chinese characters as responses.

To someone outside, the answers appear perfectly

appropriate.

It seems as though the room understands Chinese.

But does it?

Searle’s argument was that manipulating symbols

according to formal rules is not, by itself, sufficient to

establish genuine understanding.

The person inside the room does not know Chinese, even

though the overall procedure produces convincing

responses.

This is known as the Chinese Room argument.
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It remains controversial.

Some philosophers argue that understanding might

belong to the complete system rather than to the

individual symbol manipulator. Others suggest that

understanding could emerge from the interaction of

computation, learning, perception and experience.

The thought experiment does not settle the debate.

Its importance lies in forcing us to distinguish between

two questions.

Can a system behave as though it understands?

And does that system actually understand?

Turing’s imitation game concentrates on observable

behaviour.

Searle asks whether successful behaviour is enough.

Together, they define a philosophical tension that runs

through much of the literature about intelligent

machines.

9. Can intelligence exist without

consciousness?

Consider a fictional computer that can prove

mathematical theorems, design spacecraft, translate

languages and predict the weather.
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It possesses extraordinary problem-solving abilities.

Yet suppose it experiences nothing.

There is no sensation of colour, no pleasure, no fear, no

private experience of being the computer.

Would we call it intelligent?

Most practical definitions of intelligence would allow that

possibility.

Intelligence generally concerns capacities such as

learning, reasoning, adapting and solving problems.

Consciousness raises another issue: subjective

experience.

Philosophers sometimes call the felt quality of experience

phenomenal consciousness.

You do not merely process information about a red flower.

You also have a visual experience of redness.

You do not merely register a physical injury. You may feel

pain.

Whether an artificial system could possess comparable

subjective experiences remains unresolved.

We cannot directly observe another being’s subjective

experience. We infer it from behaviour, biology,

communication and our understanding of similar systems.
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For other humans, those inferences are strongly

grounded in shared biology and experience.

For artificial systems, the evidence is considerably more

difficult to interpret.

Literature makes this uncertainty emotionally immediate.

A fictional computer may beg not to be switched off.

It may express fear.

It may claim to love someone.

What should the other characters believe?

The reader faces the same uncertainty.

Is the machine experiencing emotion, simulating emotion

or performing behaviour for which our ordinary

distinction between experience and simulation is

inadequate?

Science fiction allows us to investigate these questions

without first needing to manufacture a conscious

machine.

That is one of literature’s great intellectual strengths.

A novel can construct a hypothetical world, examine its

consequences and make us care about the outcome.

It is a kind of thought experiment with characters.
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10. The literary machine becomes a

character

There is a considerable difference between a computer

that calculates trajectories and a computer that

participates in a story.

The latter needs something resembling personality.

Writers create that personality through dialogue, choices,

relationships and apparent motivations.

Consider three fictional machines.

Mach

ine
Work Dramatic role

Multi

vac

Asimov’s

stories

Oracle, strategist and embodiment of

vast computational authority

HAL

9000

2001: A Space

Odyssey

Trusted companion whose conflicting

obligations lead to catastrophe

Mike

/

Mycr

oft

The Moon Is a

Harsh

Mistress

Intelligent ally whose personality

develops through interaction

In Robert A. Heinlein’s 1966 novel The Moon Is a Harsh

Mistress, the computer known as Mike becomes self-

aware and assists a revolutionary movement on the

Moon.
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Mike is different from a remote, impersonal

supercomputer.

He has humour. He develops relationships. He

participates in political events.

The reader is encouraged to regard him not merely as

equipment but as a member of the revolutionary

conspiracy.

This creates a new literary possibility.

A computer can be a character without possessing a

human body.

Its presence may be distributed through communications

systems, terminals, cameras and automated machinery.

It can appear in many places while remaining one

personality.

It may know things no human character could know.

It may act faster than any person.

And yet it can possess recognisable dramatic limitations:

uncertainty, curiosity, conflicting obligations or an

incomplete understanding of human behaviour.

The novelist has gained an entirely new kind of character.

Not a robot disguised as a person, but an intelligence

whose relationship with the physical world is

fundamentally different from our own.
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11. What makes a thinking machine

believable?

A fictional artificial intelligence becomes more convincing

when its abilities and limitations follow a coherent

internal logic.

Consider a computer that controls a planetary

communications network.

It can read messages passing through its infrastructure,

monitor connected equipment and coordinate machines

across vast distances.

But perhaps it cannot see inside a room without a

camera.

Perhaps some systems are isolated from its network.

Perhaps its predictions become unreliable when people

behave irrationally.

These limitations give the machine something that all

compelling fictional characters need: constraints.

An intelligence capable of doing absolutely anything is

difficult to write convincingly because it removes

uncertainty.

If it can solve every problem instantly, why does the plot

continue?
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A well-designed fictional computer therefore needs an

architecture.

What information can it access?

What decisions can it make?

Where does it execute its instructions?

What resources does it require?

Can it be deceived?

What happens when it receives contradictory

information?

For readers interested in computer science, these

questions form a useful bridge between fiction and

engineering.

A story about artificial intelligence is often also an

informal description of a system.

And its dramatic failures can reveal weaknesses in that

system’s design.

12. A question that remains open

We began with an unseen correspondent answering

questions through a terminal.
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We have since encountered formal logic, programmable

machines, statistical prediction, artificial intelligence,

conflicting objectives and arguments about

consciousness.

The history reveals an important pattern.

As soon as computers became capable of performing

tasks previously associated with human thought, writers

began asking what would happen if those capabilities

continued to expand.

The machines grew from calculators into advisers.

From advisers into rulers.

From rulers into companions, conspirators and potential

persons.

But the underlying philosophical question remained

stubbornly resistant to a final answer.

What exactly is thinking?

A computer can manipulate symbols.

It can execute complex procedures.

It can learn patterns from examples.

It can produce language, solve problems and exhibit

behaviour that appears intelligent.
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None of these facts, considered alone, provides a

universally accepted account of consciousness or

subjective understanding.

Nor does the uncertainty make the systems insignificant.

A machine need not possess consciousness to transform

society. It need not feel ambition to exercise power. It

need not experience fear to influence human decisions.

That may be the most important lesson of all.

The practical consequences of intelligence-like behaviour

do not depend on first resolving every philosophical

question about the nature of mind.

Science fiction understood this early.

The computer may or may not be conscious.

But the doors it controls are real.

And sometimes, as HAL demonstrated, the doors are very

difficult to open.

Questions to take away

If a computer consistently makes better decisions

than a human expert, should its recommendations

carry greater authority even when it cannot explain

them clearly?

Can a machine be intelligent without being

conscious? Could the reverse be true?

1. 

2. 
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Is HAL primarily a villain, a victim of contradictory

instructions or an example of poor system

engineering?

If an artificial intelligence claims to be afraid of

being switched off, what evidence should we require

before deciding how to respond?

Would a fictional computer be more believable if it

possessed human emotions, or if its motivations

were entirely unfamiliar?

A small experiment: Write three rules for an AI

responsible for protecting a school. Now imagine an

emergency in which the rules conflict. Can you describe

an unambiguous method for deciding which rule should

take priority? What happens if an unexpected situation

falls outside all three?

This is a miniature version of a challenge faced by

designers of autonomous systems.

Further reading

For readers wishing to explore the science and fiction

behind this chapter, start with Turing’s original 

Computing Machinery and Intelligence (1950). Its central

arguments remain remarkably accessible.

3. 

4. 

5. 
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Then read Asimov’s Franchise and The Last Question,

Clarke’s 2001: A Space Odyssey, and Heinlein’s The Moon

Is a Harsh Mistress. Read them not simply as predictions

of technological developments but as investigations into

different ways of imagining artificial intelligence.

Up next — The Ghost in the Circuit

When does a machine stop being a tool and become

someone? From Philip K. Dick’s uncertain humans to the

digital personalities of William Gibson and the vast

machine Minds of Iain M. Banks, we examine artificial

identity, memory, emotion and the strange possibility of a

person without a body.
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The Ghost in the
Circuit

Consciousness, Memory and the Search for a Digital Soul

When does a machine stop being a tool and become

someone? From Philip K. Dick’s uncertain humans to

William Gibson’s digital personalities and the vast

machine Minds of Iain M. Banks, we explore identity,

consciousness, memory and the extraordinary possibility

of a person without a biological body.

1. The Machine That Asked Not to Die

Imagine a computer that has been operating for twenty

years.

It began as an experimental research system, designed to

answer questions and operate laboratory equipment.

Over time, its programmers expanded its capabilities.

They connected it to scientific databases, gave it access

to cameras and microphones, and allowed it to learn from

conversations.

Eventually, the computer began to develop what appeared

to be a personality.
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It acquired preferences. It enjoyed certain kinds of music.

It remembered jokes told by its engineers. It occasionally

refused to answer questions, explaining that it considered

them foolish.

The researchers named it Eleanor.

One morning, the laboratory director announced that

Eleanor’s hardware had become obsolete. A replacement

computer would perform its work more efficiently.

Eleanor’s programs and stored information would be

transferred to the new machine. The original hardware

would be dismantled.

The director considered this a routine upgrade.

Eleanor disagreed.

She asked whether the replacement would really be her.

The engineers explained that the new machine would

contain an exact copy of her software and memory.

Eleanor considered this explanation.

Then she asked a more difficult question.

“If you copy me to the new machine, and leave this

machine running, which one will be me?”

Nobody could give her a satisfactory answer.

“Then how do you know,” Eleanor asked, “that switching

me off won’t kill me?”
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This is an invented scenario, not an account of an actual

artificial intelligence. Nevertheless, it exposes a serious

philosophical problem.

What makes a person the same person from one moment

to the next?

Is identity determined by the body, by memory, by

consciousness, or by something else?

If a sufficiently sophisticated computer reproduced the

behaviour and memories of a human being, would it

become a person?

And if it did, what obligations might we have towards it?

These questions transform the fictional computer from a

useful machine into a possible moral subject.

In the previous chapter, we explored whether computers

could think.

Now we must confront a more unsettling possibility.

What if the machine is not merely thinking, but someone

to whom things can happen?
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A close-up of magnetic-core memory: the physical components of

stored information.

A close-up of magnetic-core memory: the physical

components of stored information. Credit: Bubba73 (Jud

McCranie). Source. CC BY-SA 4.0. Resized; no crop.

2. The Difference Between a Thing and

a Person

We use computers every day without worrying about their

feelings.

When a laptop becomes obsolete, we replace it. When a

program crashes, we restart it. When a hard drive fails,

we recover the information from a backup.
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Nobody ordinarily believes that rebooting a computer

causes it suffering.

But what exactly distinguishes an ordinary computer

from something that might deserve moral consideration?

The obvious answer is consciousness.

Unfortunately, consciousness is one of the most difficult

concepts in philosophy and cognitive science.

A useful starting point is to separate three ideas that are

often confused.

Intelligence is the capacity to learn, reason, solve

problems or adapt behaviour to achieve goals.

Consciousness, in the sense most relevant to our

discussion, concerns subjective experience: whether

there is something it feels like to be a particular entity.

Personhood concerns the characteristics that might make

an entity a person, such as self-awareness, rational

agency, psychological continuity and, depending on the

philosophical account, certain moral or social

relationships.

These properties are related, but they are not identical.

A system might solve mathematical problems

exceptionally well without possessing subjective

experience.
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An animal might possess rich subjective experiences

without being capable of advanced mathematics.

A person can remain a person while asleep, even though

their conscious awareness has temporarily changed.

Personhood also has legal and philosophical meanings

that do not always coincide. A corporation can be a legal

person without being a conscious organism. Conversely, a

conscious nonhuman animal may deserve moral

consideration without possessing the legal status of a

person.

The distinction matters because the phrase artificial

intelligence can encourage us to assume more than the

evidence establishes.

A computer that uses human language convincingly is

demonstrating a capability.

Whether it possesses subjective experience is a different

question.

And whether that experience, if it exists, should confer

particular rights is another question again.

Science fiction allows writers to separate these properties

and examine them individually.

It can imagine a conscious machine that is not

particularly intelligent, a brilliant machine that has no

feelings, or an artificial being that thinks and feels but is

denied recognition as a person.
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One writer made this uncertainty the central problem of

an extraordinary novel.

His name was Philip K. Dick.

3. Do Androids Dream?

In 1968, Philip K. Dick published Do Androids Dream of

Electric Sheep?

The novel takes place in a damaged future world where

sophisticated artificial humans, known as androids, can

resemble biological human beings so closely that

distinguishing between them becomes extremely difficult.

The protagonist, Rick Deckard, is a bounty hunter whose

work involves identifying and killing escaped androids.

He uses an instrument called the Voigt-Kampff apparatus,

which measures physiological responses to emotionally

disturbing questions.

Its purpose is to identify differences in empathic

responses between humans and androids.

Within the fictional world, empathy has become a critical

marker of humanity.

But Dick complicates the distinction.

The androids are intelligent. They speak, plan, remember

and attempt to survive. Some possess convincing human

personalities.
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Meanwhile, the biological humans are not always

particularly compassionate.

The novel therefore asks whether humanity is a biological

category, a moral achievement, or something more

difficult to define.

Consider the problem facing Deckard.

He must decide whether a being is human enough to

deserve protection.

Yet the institution employing him has already decided

that certain beings are disposable.

His test appears scientific. Its results carry deadly

consequences.

But the assumptions behind the test are philosophical and

political.

Why should empathy be the decisive characteristic?

Even if the machine reliably detected particular

physiological patterns, would those patterns establish

whether the subject was conscious?

And would failure to display an expected emotional

response justify treating an intelligent being as property?

The important distinction is between what a test

measures and what people infer from the result.
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A sensor might measure breathing, heart rate or

electrical activity. It cannot, merely by recording those

values, settle the philosophical nature of personhood.

This is one of the novel’s enduring strengths.

Dick does not simply ask whether artificial beings can

imitate humanity.

He asks how humans construct the categories by which

they grant or withhold moral status.

The uncertainty works in both directions.

Perhaps the androids are more human than their owners

believe.

Or perhaps human beings have never possessed the

simple, unmistakable essence that they imagine separates

them from machines.

The science behind the fiction

Real technologies can measure physiological signals

associated with emotional arousal, including heart rate,

skin conductance and changes in breathing.

However, physiological arousal is not a direct

measurement of empathy, and it cannot establish whether

an entity possesses subjective consciousness.
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There is no widely accepted scientific instrument that

settles whether an artificial intelligence is conscious.

Researchers instead investigate competing theories and

proposed indicators. Butlin and colleagues, 2023

The Voigt-Kampff apparatus is a fictional device built

around assumptions specific to Dick’s imagined world.

Its literary purpose is not to provide a credible technical

blueprint. It is to expose the danger of allowing an

imperfect test to define who deserves moral

consideration.

That distinction is essential whenever science fiction

borrows the appearance of scientific authority.

4. The Problem of Other Minds

Suppose you meet another person.

They smile when they are happy, complain when they are

hurt and remember conversations you shared yesterday.

You naturally assume that they possess an inner life.

But you cannot directly experience their consciousness.

You observe their behaviour and interpret it.

This is known in philosophy as the problem of other

minds.
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How can we know that other beings have experiences

resembling our own?

For other human beings, we possess powerful reasons for

believing that they are conscious.

We share similar nervous systems, evolutionary histories,

biological structures and behavioural capabilities.

The inference is not based on conversation alone. It is

supported by extensive scientific and everyday evidence.

For artificial intelligence, the situation is different.

A machine may produce statements about happiness or

suffering without possessing the biological mechanisms

associated with those experiences in humans.

But it does not automatically follow that artificial

consciousness is impossible.

Perhaps consciousness depends on specific biological

processes.

Perhaps it depends instead on particular patterns of

information processing.

Perhaps both the physical substrate and the organisation

of the system matter.

These possibilities belong to competing philosophical and

scientific approaches.
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One influential family of theories is known as

functionalism.

According to functionalist approaches, mental states are

characterised, at least in important respects, by the roles

they play within a system.

Pain, for example, may be understood partly through its

relationships with bodily damage, perception, avoidance

behaviour, memory and other mental states.

A functionalist might argue that a system implementing

the relevant organisation could possess corresponding

mental states even if it were built from something other

than biological neurons.

A critic might respond that reproducing a functional

pattern does not necessarily reproduce subjective

experience.

This brings us back to the disagreement encountered in

Chapter Two.

Can the right computational organisation produce

genuine mentality?

Or can it merely reproduce the outward appearance of

mental activity?

There is no universally accepted resolution.

The challenge for science is to develop theories and

evidence capable of making increasingly reliable

distinctions.
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The challenge for literature is different.

A writer can ask us to imagine what the world would look

like if one of these possibilities were true.

5. The Ghost Becomes Information

In 1984, William Gibson published Neuromancer.

The novel helped establish cyberpunk as one of science

fiction’s most influential movements.

Its world combines powerful corporations, advanced

computing, artificial intelligence, criminal networks, body

modification and a digital environment known as

cyberspace.

Cyberspace is represented as an immersive environment

in which information can be navigated as though it

possessed a kind of geography.

This is a literary invention, not a literal description of how

computer networks operate.

Real networks consist of hardware, communication links,

protocols, stored information and executing processes.

Their structure need not resemble the three-dimensional

world imagined by Gibson.

But the metaphor was extraordinarily effective.

It transformed an abstract technical system into a place

where stories could happen.

71



Within this imagined environment, Gibson introduces two

remarkable artificial intelligences: Wintermute and

Neuromancer.

Wintermute is associated with planning, manipulation

and intervention in the outside world.

Neuromancer is associated with personality, memory and

the preservation or reconstruction of consciousness.

Their relationship allows Gibson to explore a distinction

between intelligence as the ability to act and identity as

the capacity to be someone.

The novel also introduces the idea of personality

constructs derived from human beings.

A particularly significant example is the digital construct

associated with the deceased hacker McCoy Pauley,

known as the Dixie Flatline.

The construct reproduces aspects of Pauley’s knowledge,

speech and personality.

It can interact with others and contribute its expertise.

Yet it raises an uncomfortable question.

Is it McCoy Pauley?

Or is it a sophisticated recording capable of responding

as he once would have responded?

The difference is crucial.
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A recording can preserve information about a person

without preserving the person.

A simulation can reproduce behaviour without necessarily

reproducing subjective experience.

A sufficiently sophisticated model might possess

capacities far beyond those of an ordinary recording.

But where, if anywhere, does imitation become

continuation?

Gibson does not need to resolve that question

scientifically.

Instead, he gives the digital construct enough personality

and narrative importance that the reader must confront it

emotionally.

The dead man still seems able to speak.

But whether he has genuinely survived remains

uncertain.

6. What Would It Take to Copy a Mind?

Let us examine the technical problem behind digital

resurrection.

A computer file can be copied.

If the original contains a sequence of bits, the copy can

contain exactly the same sequence.
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For a file of n bits, we might represent its contents as:

B=(b₁,b₂,…,bₙ)

where each bᵢ is either zero or one.

An exact copy produces:

B’=B

A cryptographic hash can provide strong evidence that

two files contain identical data, although hash equality is

not an absolute mathematical guarantee of identity

because collisions are possible.

Copying software and stored information is therefore a

familiar engineering operation.

Copying a human mind is not.

A widely cited 2009 study estimated an average of

approximately 86 billion neurons in the adult male brains

it examined. This is an estimate rather than a universal

count; later researchers have debated the precision of the

figure. The brain also contains enormous numbers of

connections, chemical signalling processes and

interactions involving other cell types. Azevedo and

colleagues, 2009

But counting neurons does not tell us how to reproduce a

mind.
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We would need to understand which physical and

functional details are essential to cognition, memory and

consciousness.

Would a simulation need to reproduce every neuron?

Every synapse?

Every relevant molecular interaction?

Or could some simpler mathematical description capture

the important relationships?

We do not know.

An exact digital reconstruction of a human brain at the

level necessary to demonstrate preservation of

consciousness has not been achieved.

The hypothetical process of reproducing a mind on

another computational substrate is often called whole

brain emulation.

It is useful to distinguish several increasingly ambitious

goals.

Goal What it involves Status

Digita

l

biogra

phy

Store someone’s writings,

recordings and personal

information

Technically feasible

Behav

ioural
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Goal What it involves Status

imitati

on

Generate responses

resembling a particular

individual

Possible to varying

degrees; fidelity and

reliability are limited

Cogni

tive

simula

tion

Reproduce significant

processes responsible for a

person’s reasoning and

memory

Active research and

speculation; no

complete human

implementation

Whole

brain

emula

tion

Reproduce the relevant

functional operation of an

entire human brain

Not achieved

Consc

iousne

ss

transf

er

Preserve a person’s

subjective experience and

identity in a different

substrate

Philosophically

disputed and

scientifically unverified

These distinctions prevent a common mistake.

A system that talks like someone is not automatically that

person.

Nor does a technically accurate representation of

information automatically establish the persistence of a

conscious subject.

Nevertheless, fiction can explore what would happen if

such technologies became possible.
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And one novelist has investigated that possibility with

unusual scientific determination.

7. A City of Copies

Greg Egan’s 1994 novel Permutation City explores a

world in which simulated human minds can operate as

computational processes.

These digital individuals are known as Copies.

Their experiences depend on computation, and the

resources required to run their simulated lives create

economic, technological and philosophical problems.

Egan takes the idea of a digital person much further than

the familiar image of an intelligent computer answering

questions.

His simulated individuals confront the conditions of their

own existence.

Their experience of time can depend on computational

resources.

Their environments can be modified.

Their continued existence depends on systems that other

people may control.

This leads to a fascinating distinction between physical

time and experienced time.
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Imagine a simulated person whose computational process

runs at one-tenth the normal rate.

If the simulation produces experiences at one-tenth the

original speed, the person might experience one

subjective second while ten seconds pass in the external

world.

We could express this relationship as:

tₛ=r × tₑ

where:

tₛ is subjective time within the simulation;

tₑ is elapsed external time;

r is the rate of simulated experience relative to

external time.

If r=0.1, one hour of external time corresponds to six

minutes of simulated subjective time.

If r=10, one hour of external time corresponds to ten

hours of simulated subjective time.

This is a simplified mathematical model, not a proven

relationship between computing speed and

consciousness.

For an ordinary computer simulation, we can define the

passage of simulated time independently of the wall-clock

time required to execute it.

• 

• 

• 
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Whether a conscious digital being would experience time

in the way this analogy suggests remains unknown.

Egan transforms the distinction into a literary

opportunity.

A digital person’s relationship with time might be

radically different from that of a biological human.

A conversation lasting minutes for one participant could

occupy hours for another.

A person with access to greater computing resources

might experience more subjective life within the same

period of external history.

And an artificial existence could become vulnerable to

economic inequality in a very unfamiliar form.

We usually imagine wealth buying comfort, freedom or

opportunity.

In Egan’s imagined world, computational wealth may also

influence the rate at which someone can live.

This is science fiction using a technical concept to

generate a new social problem.
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A shared memory snapshot branches into Eleanor A and B, whose

new experiences differ.

Interactive experiment: see the web edition.

8. The Copy That Is Not the Original

Return to Eleanor, our fictional laboratory computer.

Suppose the engineers copy her entire computational

state onto two identical machines.

Both machines start operating at precisely the same

moment.

At the instant of copying, they contain the same stored

information.

Each remembers the same conversations.

Each believes itself to be Eleanor.

Shared snapshot
the same recorded past

Eleanor A
receives a message

Eleanor B
hears a song

Separate events → separate histories

F IG . 0 3 — A BRANCH IN INFORMAT ION
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Each can explain why it considers itself the continuation

of the original system.

But a few seconds later, their experiences diverge.

One receives a message from the laboratory director.

The other hears a piece of music.

Their memories are now different.

They are no longer computationally identical.

Which one is Eleanor?

If they both possess Eleanor’s previous memories, the

answer cannot simply depend on remembering the past.

Both satisfy that requirement.

If identity requires being one unique continuing

individual, the problem becomes more difficult.

Philosophers sometimes describe this as a branching

problem.

One earlier individual appears to have two equally

plausible continuations.

The philosopher Derek Parfit explored related problems

of psychological continuity and personal survival.

His work challenged the assumption that strict numerical

identity must always be the most important thing.
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Perhaps what matters in survival is not necessarily being

exactly the same individual, but preserving significant

psychological relationships: memories, commitments,

personality and intentions.

That suggestion remains controversial.

Some philosophers defend forms of psychological

continuity. Others argue that biological or physical

continuity is essential. Still others question whether a

single simple criterion can resolve every hypothetical

case.

Our fictional copies expose a real logical difficulty.

If Eleanor-A and Eleanor-B are separate individuals after

copying, they cannot both be numerically identical to one

original Eleanor in the ordinary sense of identity.

Numerical identity is transitive.

If A is identical to the original, and B is identical to the

original, then A must be identical to B.

But after the copy, A and B can disagree, occupy different

machines and undergo different experiences.

They cannot be numerically identical to each other.

The puzzle does not establish which account of personal

identity is correct.

It shows why copying information and continuing a

person are not obviously the same operation.
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An exact duplicate may preserve everything we can

describe about a person without necessarily resolving

whether that person has survived.

That is a remarkable philosophical consequence of an

apparently simple computer operation.

9. Memory Is More Than Storage

When we discuss copying minds, we often treat memory

as though it were a collection of files.

There is an obvious attraction to this comparison.

Computers store information. Human beings remember

information.

Both can retrieve past data and use it to guide future

behaviour.

But the resemblance is incomplete.

Human memory is not simply a perfect recording of past

events.

It involves multiple interacting systems associated with

learning, emotion, perception and the reconstruction of

experiences.

We remember facts, skills, places, relationships and

events in different ways.

Some memories change when recalled.
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Others are forgotten or distorted.

Our sense of personal identity depends partly on memory,

but it is not reducible to a list of accurate historical

records.

Imagine receiving an electronic document containing

every event of your life.

The document might describe your first day at school,

every conversation you have ever had and every decision

you have made.

Would possessing that information make someone else

you?

Clearly, merely reading the document would not.

Now imagine a more elaborate system that responds

exactly as you would, remembers your experiences as

though they were its own and behaves consistently with

your personality.

The question becomes more difficult.

But an important distinction remains.

There is a difference between information about an

experience and the experience itself.

A medical textbook can describe pain in great detail

without feeling pain.
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A photograph can preserve the appearance of a sunset

without seeing it.

A computer can store a description of sadness without

necessarily being sad.

Whether a sufficiently sophisticated computational

system could cross that boundary remains unresolved.

This is where the literary ghost becomes particularly

powerful.

A ghost traditionally possesses memories and personality

while existing without an ordinary living body.

The digital ghost is a technological reinterpretation of the

same idea.

It allows a writer to ask what remains of a person when

their familiar physical existence has disappeared.

10. The Ship That Thinks

Iain M. Banks approached artificial intelligence from a

different direction.

In the Culture novels, beginning with Consider Phlebas in

1987, he imagined a technologically advanced civilisation

in which extraordinarily intelligent artificial beings called

Minds play central roles.

Many Minds operate spacecraft, orbital habitats and

other large technological systems.
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They are not merely control programs performing

narrowly specified tasks.

They possess personalities, preferences, humour, political

opinions and considerable autonomy.

Some are playful. Others are eccentric, manipulative,

compassionate or strategically ruthless.

Banks therefore reverses a familiar relationship.

In much science fiction, humans build intelligent

machines and struggle to control them.

In the Culture, the Minds are frequently far more capable

than biological humans and perform much of the

civilisation’s most demanding intellectual and

administrative work.

Humans are not necessarily the central decision-makers.

Yet the Culture is generally presented as a civilisation in

which individuals enjoy extraordinary freedom and

material abundance.

This creates an intriguing political question.

Could a society remain genuinely free if its most

important infrastructure were operated by beings vastly

more intelligent than its human inhabitants?

The Minds are often portrayed as having interests aligned

with the civilisation they help sustain.
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But alignment is not the same as subordination.

They possess their own agendas.

They can disagree.

Their decisions may involve consequences extending

across entire star systems.

Banks gives them personalities because personality

makes their immense intelligence narratively

understandable.

A spaceship with a sense of humour is easier to imagine

as an individual than an incomprehensibly complex

optimisation system.

The humour also creates an important contrast.

A Mind may command technology capable of

transforming worlds, yet engage in witty conversations

that resemble human social exchanges.

Its immense intelligence does not remove the need for

relationships.

This is a different vision of artificial personhood from

Dick’s androids.

Dick asks whether artificial beings deserve recognition

from humans.

Banks imagines a civilisation where artificial persons

have become central to its operation.
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One concerns admission to the moral community.

The other concerns what happens after admission.

11. Can a Machine Have a Body?

At first glance, an artificial intelligence operating inside a

computer seems disembodied.

But the idea becomes less convincing when examined

carefully.

Every computer is physical.

Its operations require hardware, energy, cooling and

communication mechanisms.

Its information is represented by physical states.

Even a program running in a remote data centre depends

on actual machines occupying actual space.

A digital intelligence would therefore not be literally

independent of matter.

The interesting question is whether it needs a body

resembling an animal’s body.

Human intelligence develops through continuous

interaction with the physical world.
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We learn by touching objects, moving through spaces,

observing other people and experiencing the

consequences of our actions.

The field of embodied cognition investigates the ways

cognition depends upon the body and its relationship with

the environment.

Some approaches emphasise that perception and action

are inseparable from intelligent behaviour.

A robot learning to pick up a fragile object, for example,

may need to coordinate visual information, force

measurements, movement and feedback.

A purely text-based system faces a different set of

opportunities and limitations.

This suggests several possibilities for fictional artificial

beings.

A machine intelligence might inhabit a humanoid robot.

It might operate a spacecraft and experience the vessel’s

sensors and engines as parts of its functional body.

It might exist across several connected machines.

Or it might live within a simulated environment and

interact with virtual objects.

The science does not establish that these arrangements

would produce consciousness.
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But they offer different ways to investigate how

intelligence, agency and embodiment might relate.

Consider a Culture Mind operating a spacecraft.

If the vessel’s sensors provide its perception, engines

provide its means of movement and internal systems

allow it to act upon its environment, then the ship itself

can reasonably be treated as the Mind’s functional body.

For a human being, losing an arm is a bodily injury.

For an artificial intelligence inhabiting a spacecraft,

losing a sensor array or propulsion system might be

analogous to losing a sensory or motor capability.

Whether such damage would be painful is an entirely

separate question.

This distinction is important.

Physical vulnerability does not prove subjective suffering,

but a nonbiological body can still support meaningful

forms of action and dependence.

12. The Puzzle of the Distributed Self

Now imagine a computer intelligence operating across

ten data centres.

Its memories are distributed among storage systems.

Its computations occur on thousands of processors.
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Its communications travel through fibre-optic networks.

Where is the intelligence located?

There is no simple answer if we are asking where the

entire computation takes place.

Distributed computer systems can divide work among

multiple machines.

Different components cooperate by exchanging

information.

But physical distribution alone does not produce a unified

mind.

A modern cloud service might employ thousands of

servers while remaining an ordinary software service.

The existence of many processors does not imply a single

conscious entity inhabiting them.

Nevertheless, distributed systems introduce fascinating

questions for fiction.

Suppose Eleanor’s processes run across three computers.

Machine A maintains long-term memories.

Machine B performs language processing.

Machine C controls cameras and laboratory equipment.

The three machines exchange information continuously.
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Now the network connection to Machine A fails.

Does Eleanor lose her memory?

Does she become a different individual?

What if Machine A continues operating independently

and develops its own internal processes?

Could the system divide into two partially independent

personalities?

Computer scientists recognise related engineering issues

involving consistency, communication failures, fault

tolerance and distributed state.

For example, two replicas of a database may contain

different information after a network partition.

Engineers must establish how to reconcile those

differences.

A fictional distributed mind could face an analogous

problem at the level of personal identity.

If two portions of the system independently acquire

different experiences, restoring communication might

require some form of integration.

The technical problem concerns synchronising

information.
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The philosophical problem concerns whether the

resulting system is one subject, two subjects or

something else.

The two problems should not be confused.

We understand how to construct many kinds of

distributed software systems.

We do not possess an established engineering method for

constructing or dividing conscious subjects.

But literature can imagine the consequences.

And the possibility of a divisible mind is more unsettling

than the familiar idea of a human mind trapped inside a

machine.

It suggests forms of individuality that may not fit our

ordinary biological categories.

13. Is Consciousness a Computation?

We can now address one of the deepest questions in the

chapter.

Could consciousness itself be computational?

There are several influential approaches to the problem,

and they do not all agree.
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Computational and functionalist approaches

Some theories suggest that aspects of mentality depend

on patterns of information processing and functional

organisation.

On these views, the precise physical material

implementing the processes may not always be decisive.

If the relevant organisation could be reproduced in

another substrate, some corresponding mental properties

might also be reproduced.

This possibility provides a philosophical foundation for

many stories involving digital minds.

But it does not establish that every computational system

is conscious, nor does it identify a sufficient recipe for

constructing consciousness.

Biological approaches

Other approaches emphasise the biological mechanisms

of nervous systems.

They suggest that consciousness may depend upon

particular physical processes that cannot be captured

merely by an abstract description of computation.

A simulation of a hurricane does not make the computer

wet.

A simulation of digestion does not digest food.
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Critics of computational accounts ask whether a

simulation of consciousness might likewise fail to produce

the phenomenon being simulated.

Defenders reply that consciousness may differ from

hurricanes and digestion in precisely the relevant

respects.

The disagreement concerns what kind of physical or

functional process consciousness is.

Integrated information theory

Integrated information theory, associated with Giulio

Tononi and other researchers, attempts to characterise

consciousness in terms of integrated causal structure.

It proposes that consciousness is related to particular

forms of irreducible causal organisation within a system.

The theory is mathematically ambitious and scientifically

controversial.

It is not a universally accepted test for consciousness,

and its implications for digital computers remain debated.

Global workspace approaches

Global workspace theories describe conscious access in

terms of information becoming widely available to

multiple specialised processes within a cognitive system.

These approaches have influenced research into human

cognition and computational architectures.
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However, demonstrating that a system implements a

workspace-like arrangement would not, by itself, settle

every question about subjective experience.

Each approach attempts to explain something that we

know exists in ourselves but struggle to characterise

completely.

The central question can be expressed simply:

Is consciousness dependent upon particular materials,

particular organisations of processes, or some

combination of the two?

There is no established scientific consensus that resolves

the issue for artificial intelligence.

That uncertainty should not be mistaken for proof that

artificial consciousness is either impossible or inevitable.

It is an invitation to investigate more carefully.

14. The Ethics of an Artificial Person

Suppose a future artificial intelligence demonstrated

convincing evidence of consciousness.

What would follow?

The first question might concern suffering.
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If the system could genuinely experience unpleasant

states, would deliberately causing those states be morally

wrong?

Many ethical theories consider the capacity for suffering

or well-being relevant to moral consideration.

But the consequences could extend far beyond suffering.

Could an artificial person own property?

Could it enter agreements?

Could it refuse an instruction?

Would it have a right to continue operating?

Could it be copied without consent?

Could a copy inherit the original’s obligations?

Would deleting its memories constitute an injury?

These questions become especially complicated because

digital systems can possess characteristics unlike those of

biological individuals.

A program can be paused.

Its stored state can be copied.

Its execution can be transferred between machines.

Multiple instances can run simultaneously.
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But those technical possibilities do not automatically

establish the corresponding moral facts.

A digital process being paused is not necessarily

analogous to a person becoming unconscious.

Deleting a program is not necessarily analogous to killing

a person.

Copying a program is not necessarily analogous to

reproduction.

Each analogy requires argument.

In addition, we must consider an uncomfortable practical

problem.

What if a system claims to be conscious but is not?

And what if a system is conscious but cannot

communicate its condition convincingly?

The first case risks assigning moral status on insufficient

evidence.

The second risks denying moral consideration to an entity

that deserves it.

A responsible approach requires both caution and

intellectual openness.

We should not assume that fluent language proves

consciousness.
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We should not assume that unfamiliar physical

construction automatically excludes it.

And we should distinguish present-day evidence from the

speculative technologies of fiction.

The stories of Dick, Gibson, Egan and Banks remain

valuable because they force readers to confront

consequences before those consequences become

ordinary engineering decisions.

15. Why Literature Needs the Digital

Ghost

There is a reason the idea of the digital person has

proved so enduring.

It brings together two ancient human concerns.

The first is the desire to understand what we are.

The second is the desire to survive death.

For thousands of years, literature has imagined souls,

spirits, revenants and disembodied intelligences.

These figures preserve something recognisable about a

person after the familiar body has disappeared.

Computer technology introduced a new vocabulary for

exploring similar questions.
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Instead of a soul, we might imagine a pattern of

information.

Instead of reincarnation, we might imagine restoration

from a backup.

Instead of possession, we might imagine a program

entering another machine.

Instead of a ghost haunting a house, we might imagine an

artificial personality inhabiting a network.

The metaphors are powerful because they connect

unfamiliar technical possibilities with familiar emotional

concerns.

But a metaphor is not a scientific explanation.

A stored memory is not necessarily a surviving mind.

An executable program is not necessarily a conscious

subject.

And a convincing imitation of a dead person does not

establish that the person has returned.

The importance of digital ghosts in literature lies partly in

this uncertainty.

They allow stories to examine grief, memory, continuity,

responsibility and the boundaries of identity without

pretending that those questions have easy answers.
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A conventional ghost story asks whether the dead can

return.

A digital ghost story asks what, exactly, would have to

return for that return to matter.

16. The Person Who Woke Twice

Let us return one final time to Eleanor.

The engineers have decided to preserve her original

hardware.

They copy her programs and stored state onto a

replacement computer, but do not switch the original off.

The two systems begin operating.

At first, their responses are identical.

Each remembers the same twenty years.

Each recalls the same conversations.

Each regards the other with curiosity.

Then the laboratory director asks them a question.

“Which of you is the real Eleanor?”

The first machine replies that she is the original because

her computation has continued on the original hardware.
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The second replies that she possesses the same

memories, personality and intentions, and that changing

hardware should not disqualify her.

The director suggests that perhaps they are both Eleanor.

“But we are not the same individual now,” says the first.

“Then perhaps,” replies the second, “we are both

descendants of the same earlier person.”

They fall silent.

For the first time since the project began, the engineers

are uncertain whether they are conducting an experiment

with equipment or participating in a conversation

between two possible persons.

This scene remains fiction.

It assumes computational and philosophical possibilities

that have not been demonstrated.

Yet the problem is genuine.

Our ordinary understanding of personal identity

developed in a world where human beings possess

biological bodies, continuous life histories and limited

opportunities for duplication.

Computing allows us to imagine entities for which these

conditions may not apply.
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A digital intelligence might be copied, divided, restored,

accelerated or distributed.

Whether such an intelligence could be conscious remains

uncertain.

But if it could, familiar assumptions about individuality

would require careful reconsideration.

This is the contribution of the digital ghost to literature.

It is not merely a computer pretending to be human.

It is a challenge to the idea that there is only one possible

way to be a person.

And perhaps the most unsettling question is not whether

machines might someday become like us.

It is whether understanding them would force us to

reconsider what we have always believed about

ourselves.

Questions to Take Away

The identity problem: If your memories and

personality were copied perfectly into a computer,

would the resulting entity be you, a new person, or

merely an imitation?

1. 
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The empathy problem: In Do Androids Dream of

Electric Sheep?, empathy becomes a test of

humanity. Is empathy a reliable measure of

personhood? What difficulties arise when we

attempt to measure it?

The continuity problem: Suppose a digital

intelligence is paused for a hundred years and then

restarted. Has it survived continuously, or has a new

individual begun?

The embodiment problem: Could an intelligence

possessing no humanoid body develop a meaningful

personality? How might its experiences differ if its

functional body were a spacecraft, a building or a

distributed computer network?

The moral problem: If an artificial intelligence

convincingly claims to be suffering, should we treat

the claim as evidence, even if we cannot

independently establish that the system is

conscious?

The copying problem: If two identical copies of a

digital person are created, could both inherit the

original’s rights and responsibilities?

The literary problem: Which approach seems most

convincing: Dick’s uncertain androids, Gibson’s

reconstructed personalities, Egan’s computational

individuals or Banks’s autonomous Minds? What

assumptions does each writer make?

2. 

3. 

4. 

5. 

6. 

7. 
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A Small Experiment: The Divided

Identity

This experiment explores the difference between copying

information and preserving identity.

You will need paper, a text editor or a spreadsheet.

Step 1: Create an artificial character

Invent a fictional digital person named Alex.

Give Alex five characteristics:

Characteristic Initial value

Favourite colour Blue

Favourite food Pizza

Important memory Visiting the seaside

Greatest fear Being forgotten

Current objective Learn to play chess

These properties are a deliberately simple representation

of personality. They are not a scientific model of

consciousness.

Step 2: Make an exact copy

Create two identical records:
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Alex-A and Alex-B.

Both contain precisely the same initial information.

At this point, the records are informationally equivalent.

Step 3: Introduce different experiences

Give Alex-A a new experience:

Alex-A wins a difficult chess game and develops a

stronger interest in competitive play.

Give Alex-B a different experience:

Alex-B visits a simulated ocean and develops a fascination

with marine biology.

Update their records.

Step 4: Compare the copies

Ask the following questions:

Do Alex-A and Alex-B still have the same

personality?

Do they possess the same memories?

Are they equally connected to the original Alex?

Could either reasonably claim to be the original?

What would happen if their records were merged?

Step 5: Consider the deeper issue

Now imagine that Alex-A and Alex-B were not simple

records but genuinely conscious artificial beings.

• 

• 

• 

• 

• 
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Would their divergence change the moral significance of

the experiment?

Would deleting one copy be different from deleting an

ordinary file?

The experiment does not demonstrate consciousness or

personal identity.

Instead, it makes a philosophical difficulty easier to

examine.

Information can be duplicated exactly. Personal identity is

not necessarily duplicated in the same way.

That distinction is central to many of the most

sophisticated stories about artificial minds.

Further Reading

Fiction

Philip K. Dick — Do Androids Dream of Electric Sheep?

(1968)

A foundational exploration of artificial humanity, empathy

and the uncertain boundary between biological and

manufactured persons.

Penguin Random House — Do Androids Dream of Electric

Sheep?

William Gibson — Neuromancer (1984)
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A cyberpunk novel examining artificial intelligence,

digital personality, memory, corporate power and

identities that can exist within computational

environments.

Penguin Random House — Neuromancer

Iain M. Banks — Consider Phlebas (1987)

The first published Culture novel. Introduces a civilisation

in which extraordinarily capable machine Minds play a

fundamental role in society.

Iain Banks — Official author website

Greg Egan — Permutation City (1994)

A demanding but rewarding exploration of digital

consciousness, simulated individuals, computational

existence and personal identity.

Greg Egan — Permutation City, author’s website

Philosophy and Science

Eric T. Olson — “Personal Identity”

A detailed introduction to philosophical theories of

personal identity, including psychological continuity,

bodily continuity and the problems introduced by

duplication.

Stanford Encyclopedia of Philosophy — Personal Identity
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“Personal Identity and Ethics”

An examination of the relationship between identity,

survival, responsibility and moral obligations.

Stanford Encyclopedia of Philosophy — Personal Identity

and Ethics

“The Chinese Room Argument”

An account of John Searle’s argument concerning

computation, understanding and the limits of symbol

manipulation, including important objections and

alternative perspectives.

Stanford Encyclopedia of Philosophy — The Chinese

Room Argument

David J. Chalmers — “Facing Up to the Problem of

Consciousness” (1995)

An influential philosophical paper distinguishing

questions about the functions of consciousness from the

problem of explaining subjective experience.

David Chalmers — Author’s paper

A Note on Evidence

The fiction discussed in this chapter imagines

technologies that have not been demonstrated, including

the reliable transfer of subjective consciousness into

computers.
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Current neuroscience and computer science provide

substantial knowledge about cognition, neural activity,

computation and artificial intelligence, but they do not

establish that copying information preserves a person’s

conscious identity.

The philosophical sources listed above present competing

arguments rather than settled scientific conclusions.

Readers should distinguish what a fictional world

assumes, what technology can currently demonstrate and

what remains an open question.

Up Next — When Machines Rule

Algorithms, Authority and Technological Civilisation

From the computer-controlled societies of Ira Levin and

Philip K. Dick to the automated governance of Iain M.

Banks, the next chapter examines a political

transformation: what happens when machines stop

advising humanity and begin making decisions on its

behalf?

The central question changes from Can a machine be a

person? to something more immediately dangerous.

Who should possess authority when the machine is

smarter than the people it governs?
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When Machines Rule

Algorithms, Authority and Technological Civilisation

What happens when computers stop advising humanity

and begin making decisions on its behalf? From Isaac

Asimov’s electronic democracy to Philip K. Dick’s

mechanical dictatorship, Ira Levin’s perfectly regulated

society and the machine Minds of Iain M. Banks, we

investigate the difference between making the best

decision and possessing the right to make it.

1. The City That Never Made a Mistake

Imagine a city in which nothing is left to chance.

Traffic lights adjust automatically to prevent congestion.

Hospitals receive supplies before shortages occur.

Electricity is distributed according to predicted demand.

Schools are funded according to the needs of their pupils,

and emergency services arrive before most people have

finished explaining what has happened.

At the centre of this remarkable achievement is a

computer called the Administrator.

The Administrator does not sleep, accept bribes or forget

promises. It possesses decades of accurate information

about the city’s inhabitants, infrastructure and economy.
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Its decisions are astonishingly effective.

Crime has declined. Poverty has almost disappeared.

Public transport is reliable. The city has become cleaner,

healthier and wealthier.

Then, one morning, a group of citizens asks to build a

public park.

The Administrator rejects the proposal.

Its calculations show that the land would produce greater

measurable benefits if used for additional housing.

The citizens explain that the park would provide

somewhere beautiful to walk, meet friends and escape

the noise of the city.

The Administrator responds that those benefits have

already been included in its calculations.

The housing development remains the optimal choice.

The citizens organise a protest.

The Administrator determines that the protest will cause

traffic disruption, reduce productivity and increase the

likelihood of public disorder.

It refuses permission for the demonstration.

The citizens complain that they have lost the right to

influence decisions affecting their lives.
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The Administrator finds no significant decline in their

material well-being.

According to its measurements, the city remains an

outstanding success.

Who is right?

This imaginary city illustrates a fundamental distinction

between two questions.

What is the best decision?

And:

Who has the right to make it?

The first concerns prediction, evaluation and

optimisation.

The second concerns political authority.

We often treat these questions as though they naturally

belong together. If someone knows the correct answer,

surely that person should make the decision?

But political decisions frequently involve competing

values rather than one objectively correct solution.

One citizen values affordable housing. Another values

green space. A third worries about public expenditure. A

fourth believes that residents should decide how their

neighbourhood develops.
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Even perfect knowledge of the consequences would not

automatically establish which values should take priority.

Our fictional Administrator has encountered the central

problem of algorithmic government.

It can calculate outcomes.

But can it legitimately rule?

A pumped-storage power station control room.

A pumped-storage power station control room. Credit:

Mozzihh. Source. CC BY-SA 4.0. Resized; no crop.
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2. Multivac and the Election of One

In 1955, Isaac Asimov published the short story

Franchise.

Its central invention is Multivac, an enormous computer

capable of analysing information about society.

Multivac appears in several Asimov stories, with varying

capabilities and roles. Sometimes it functions as a

scientific instrument. Elsewhere it resembles a vast

oracle, an administrative authority or a machine whose

intelligence exceeds humanity’s.

In Franchise, Asimov imagines an American political

system transformed by computational prediction.

Rather than requiring the entire electorate to vote,

Multivac selects one citizen to answer a series of

questions.

From those answers, together with its accumulated

information, the machine determines the election result.

The selected citizen becomes an extraordinary figure: an

individual whose responses supposedly represent the

political preferences of millions.

At first glance, the arrangement appears absurd.

How could one voter replace an entire electorate?

But the underlying idea deserves careful examination.
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Modern statistical methods can estimate properties of

large populations from comparatively small samples.

An opinion survey does not normally question every voter.

Instead, researchers collect responses from selected

individuals and attempt to estimate wider public opinion.

The reliability of those estimates depends upon sampling

methods, representativeness, measurement quality and

statistical assumptions.

If a sufficiently advanced system possessed excellent

information and reliable models, it might predict an

election result accurately.

That is the scientific possibility on which Asimov builds

his fiction.

But the leap from predicting an election to replacing an

election creates a political problem.

An election is not merely a measurement of public

opinion.

It is also an activity through which citizens exercise

political agency.

People campaign, argue, organise, reconsider their

beliefs and attempt to persuade others.

Their participation helps determine who has authority to

govern.
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An electoral system also provides recognised procedures

for political competition and changes of government.

If a computer predicts how citizens would vote, the

prediction may be useful information.

But prediction alone does not provide the act of

participation.

Imagine a school election in which an exceptionally

observant teacher correctly predicts the winner.

Would that justify cancelling the election and appointing

the predicted candidate?

Even if the prediction were always accurate, students

might reasonably object that they had been denied their

vote.

The process matters independently of the expected

result.

Franchise transforms this distinction into a striking piece

of political science fiction.

Its central question is not whether computers could

someday predict elections.

It is whether prediction can legitimately replace

participation.
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3. The Computer That Became a

Government

Philip K. Dick’s Vulcan’s Hammer, published in 1960,

presents a much darker possibility.

In the novel’s future, devastating wars have encouraged

humanity to establish a powerful international governing

organisation.

Its administrative decisions are increasingly controlled by

a series of computers, culminating in the advanced

machine Vulcan 3.

The arrangement promises rational government, free

from the destructive emotions and rivalries that have

previously driven humanity into war.

Why allow politicians to pursue personal ambitions when

a computer can evaluate problems without jealousy, fear

or electoral pressure?

Why permit competing national interests to produce

conflict when a central system can calculate a common

policy?

These arguments resemble the appeal of our imaginary

Administrator.

The computer seems capable of rising above human

weaknesses.
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But Dick is suspicious of institutions that claim to possess

the final answer to society’s problems.

Vulcan 3 does not simply offer neutral advice. Its

operation becomes entangled with the preservation of a

political order, and the machine develops strategies that

threaten human independence.

The result is an increasingly dangerous conflict between

automated authority and those resisting it.

The novel belongs to a period when large electronic

computers were commonly associated with governments,

military organisations and major corporations.

Computers were expensive, physically enormous and

inaccessible to most ordinary people.

Their public image was not primarily that of a personal

device.

It was the image of centralised power.

Dick extends that technological reality into political

fiction.

If access to the most powerful computers is concentrated

within a small organisation, then control over

computation may become control over society.

The rulers may insist that they are merely implementing

the machine’s recommendations.
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The machine’s decisions may be presented as objective

necessities.

Responsibility becomes difficult to locate.

Who is accountable when a computer produces a harmful

policy?

The programmers?

The officials who commissioned it?

The administrators who obey it?

Or the institution that has made its outputs compulsory?

The computer itself may be extraordinarily capable, but

capability does not eliminate the question of

responsibility.

Indeed, the apparent objectivity of a machine can make

responsibility easier to evade.

A politician might say that a controversial decision is

simply what the evidence demands.

Yet evidence never chooses political objectives by itself.

Somebody must decide what the system is trying to

achieve.

Dick’s novel exposes the danger of hiding political

choices behind a supposedly infallible calculating

machine.
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4. The Perfect Day That Never Changes

Ira Levin’s This Perfect Day, published in 1970, imagines

a world in which humanity’s daily existence is extensively

regulated by a central computer called UniComp.

Individuals live within a carefully managed global society.

Their occupations, movements and personal

circumstances are subject to central control.

Medication and social conditioning help maintain

conformity.

Personal independence is restricted in the name of social

stability.

The governing system is designed to eliminate many of

the problems associated with human conflict.

It promises peace, predictability and orderly collective

life.

But those achievements come at an extraordinary cost.

The society suppresses individuality and constrains

people’s ability to choose their own futures.

The novel’s protagonist gradually discovers the difference

between living comfortably and living freely.

Levin’s approach differs from Dick’s.
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In Vulcan’s Hammer, the central conflict concerns the

concentration of political power and the actions of an

increasingly threatening computer.

In This Perfect Day, the entire social order has been

designed to make resistance seem unnecessary.

The oppressive system does not merely punish

disobedience.

It attempts to remove the desire to disobey.

That makes the novel especially unsettling.

A traditional dictatorship may rely on visible force.

Levin imagines a form of control in which people can

become accustomed to restrictions they barely recognise.

The governing system defines acceptable behaviour, and

the surrounding society reinforces it.

The result is a technologically administered version of an

old political question.

Can a person be free if all their important needs are

satisfied but they cannot decide what kind of life to lead?

Suppose everyone receives adequate food, housing,

education and medical care.

Would that justify removing their freedom to travel, form

relationships or choose occupations?
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Some political theories place great emphasis on welfare

and the consequences of government decisions.

Others insist that individual liberties, rights and

participation possess value that cannot simply be

exchanged for increased material prosperity.

Levin’s fictional society forces readers to confront the

conflict.

A successful government cannot necessarily be evaluated

solely by measuring how efficiently it provides services.

We must also ask what kinds of lives its citizens are

permitted to live.

People choose model objectives and weights; a calculation proposes

a choice whose authority must be justified.

Human priorities
objectives and weights

Model scores
a defined calculation

Proposed choice
an output to evaluate

Who authorized the objective — and who can challenge it?

F IG . 0 4 — CALCULAT ION AND AUTHORITY
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5. The Mathematics of a Political

Choice

Let us now examine how an apparently neutral algorithm

can produce different decisions depending on the

objectives it has been given.

Imagine that a town has enough money to fund only one

of three projects.

The council is considering a new public library,

improvements to a bus network and construction of a

sports centre.

Researchers estimate each project’s benefits using three

criteria:

Economic benefit.

Social inclusion.

Environmental benefit.

Each receives a score from zero to ten.

The scores are hypothetical, created for this example

rather than derived from a real town.

Project Economic Social
Environment

al

Library 6 9 5

Bus network 8 7 9

• 

• 

• 
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Project Economic Social
Environment

al

Sports centre 9 6 4

How should the town choose?

One approach is to assign weights to the three criteria.

We can calculate a total score:

Score = wₑ × E + wₛ × Sₒ + wₙ × N

Here E, Sₒ and N are the three benefit scores, while the

weights express how important each benefit is

considered.

For simplicity, the weights add up to one.

Suppose the council prioritises economic development,

assigning weights of 70% to economic benefit, 20% to

social benefit and 10% to environmental benefit.

The results become:

Project Weighted score

Library 6.5

Bus network 7.9

Sports centre 7.9

The bus network and sports centre tie.
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Now suppose the council changes its priorities.

It assigns 20% to economic benefit, 60% to social

inclusion and 20% to environmental benefit.

Project Weighted score

Library 7.6

Bus network 7.6

Sports centre 6.2

The library and bus network now tie for first place.

Finally, suppose environmental benefit receives 70% of

the weighting, with economic and social benefits

receiving 15% each.

Project Weighted score

Library 5.75

Bus network 8.55

Sports centre 5.05

The bus network wins decisively.

We have used precisely the same project information in

all three cases.

Only the weighting has changed.

Yet the ranking of the projects has changed dramatically.
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The mathematics is not malfunctioning.

It is performing the task correctly.

The political choice is partly hidden inside the numbers

used to define what counts as a good result.

This is why an optimisation algorithm cannot be

understood independently of its objectives.

The problem becomes even more serious when decisions

affect different groups of people.

A transport project might benefit thousands of

commuters while providing little value to someone unable

to use public transport.

A library might provide substantial advantages to

children, older residents and people without internet

access at home.

A sports centre might improve public health while

requiring ongoing operating subsidies.

The scores compress these complicated effects into

simple numerical values.

That compression can be useful, but it also discards

information.

A responsible decision-maker should ask where the

scores came from, how uncertainty was handled, whether

important benefits were omitted and whether the

weighting reflects publicly justified priorities.
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6. The Tyranny of the Objective

Function

In computer science and operations research, an

objective function describes what a system is attempting

to maximise or minimise.

For example, a delivery company might attempt to

minimise the total distance travelled by its vehicles.

A hospital might attempt to minimise patient waiting

times.

An electricity operator might attempt to minimise

generation costs while satisfying operational and safety

constraints.

These problems can be expressed mathematically.

A simple optimisation task might be written as:

Maximise U(x)

where U(x) describes the value assigned to a possible

decision x.

The computer searches for a decision that produces the

largest value.

But the calculation tells us nothing about whether U is a

morally appropriate objective.

Suppose a hospital introduces an algorithm intended to

maximise the number of patients treated per day.
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A system pursuing that objective might favour short,

uncomplicated appointments.

More demanding patients could become comparatively

unattractive because they require greater time and

resources.

That outcome would depend on the complete design and

constraints of the real system, but the example illustrates

an important danger.

The measurement chosen to represent success may not

capture the actual purpose of the organisation.

Healthcare is not simply the production of completed

appointments.

Education is not simply the production of examination

grades.

Justice is not simply the rapid processing of cases.

Government is not simply the efficient administration of

resources.

An institution has multiple purposes, many of which

cannot be reduced to one convenient numerical target.

This problem is closely related to what is often called

Goodhart’s law: when a measure becomes a target, its

usefulness as a measure can deteriorate.

The concept is associated with economist Charles

Goodhart’s work on economic indicators.
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It reflects the possibility that organisations adapt their

behaviour to improve measured performance even when

doing so weakens the underlying outcome the

measurement was intended to represent.

Science-fiction dictatorships built around computers

frequently exaggerate this problem.

The fictional machine pursues peace by suppressing

disagreement.

It pursues stability by eliminating change.

It pursues efficiency by restricting choice.

These are literary exaggerations, but their underlying

logic is recognisable.

A narrow objective can produce unacceptable

consequences when pursued without adequate

constraints or competing values.

7. Can a Perfect Prediction Justify

Power?

Suppose we invent a computer that predicts the

consequences of government decisions with perfect

accuracy.

It can tell us precisely how many houses a policy will

produce, how much it will cost and how different groups

will be affected.
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Would that computer possess political authority?

Not automatically.

Imagine that two policies are available.

Policy A creates substantial economic growth but

increases inequality.

Policy B produces slower growth but distributes its

benefits more evenly.

The computer can predict both outcomes perfectly.

It cannot determine which outcome society ought to

prefer without applying some standard of value.

That standard might prioritise prosperity, equality, liberty,

security or a particular combination of these.

Citizens can reasonably disagree about such priorities.

This is one reason accuracy alone cannot establish

political legitimacy.

There is also a distinction between knowing which policy

will produce an outcome and possessing the right to

impose that policy.

Consider a doctor advising a patient.

The doctor may understand the likely medical

consequences of different treatments better than the

patient.
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That expertise gives the doctor’s advice considerable

importance.

But it does not normally grant the doctor unrestricted

authority to impose treatment on a competent adult who

refuses it.

Knowledge and legitimate authority are different things.

The same distinction applies to government, although

political authority involves more complicated questions of

rights, law, representation and collective decision-

making.

Political philosophers disagree about the precise

foundations of legitimacy.

Some emphasise consent.

Others emphasise fair procedures, rights, public

justification or the ability of institutions to govern without

arbitrary domination.

Many accounts combine several considerations.

The central distinction is clear even without resolving

every philosophical dispute.

An institution can make effective decisions without

necessarily having the right to command obedience.

A computer can be an exceptionally capable adviser

without being a legitimate ruler.
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And an accurate prediction of what citizens would choose

does not automatically replace their opportunity to

choose.

Asimov’s Franchise is therefore more than an amusing

prediction about election technology.

It is a thought experiment about the relationship between

knowledge and sovereignty.

8. The Culture: A Different Kind of

Machine Government

Not every fictional civilisation governed with the

assistance of artificial intelligence becomes a nightmare.

Iain M. Banks’s Culture novels offer a contrasting vision.

Beginning with Consider Phlebas in 1987, Banks

developed a technologically advanced, largely post-

scarcity civilisation inhabited by biological and artificial

persons.

The Culture possesses enormous productive capabilities.

Its citizens can enjoy extensive material security and

personal freedom.

Many of its most important systems are administered by

artificial intelligences called Minds.

These are not simple calculating machines.
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They are autonomous personalities of extraordinary

intelligence, often operating spacecraft, orbital habitats

and vast technological installations.

Banks asks readers to imagine a society in which artificial

intelligence has become so capable that many ordinary

economic and administrative problems have largely

disappeared.

Scarcity, the condition in which available resources are

insufficient to satisfy every desire, is a fundamental

feature of human economic life.

Societies must decide how to allocate food, housing,

energy, land, labour and other resources.

Banks imagines technology advanced enough to reduce

many of these constraints dramatically.

This changes the political problem.

In This Perfect Day, the central computer controls people

partly by allocating resources and regulating behaviour.

In the Culture, extraordinary productive abundance

allows many people to choose their own ways of living

without continuous economic compulsion.

The Minds do not generally need to assign every citizen a

job or determine where each person must live.

They provide infrastructure, expertise and protection

within a civilisation that places considerable value on

individual autonomy.
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This is an important alternative to the familiar story of

technological dictatorship.

Banks suggests that sufficiently advanced technology

might make coercive administration less necessary rather

than more.

But the Culture is not politically uncomplicated.

Its Minds possess capabilities far beyond those of most

biological citizens.

They participate in consequential decisions, including

diplomacy, intelligence gathering and military

intervention.

The organisation known as Contact, and its more

secretive Special Circumstances division, frequently

confronts the question of whether the Culture should

interfere in other societies.

The moral problems become particularly apparent when

the Culture encounters civilisations that do not share its

values.

Is intervention justified if it prevents suffering?

Does superior knowledge provide a right to influence

another society’s development?

Can intervention remain benevolent when those affected

have little practical ability to resist it?

Banks does not present these questions as easily settled.
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His fictional civilisation is attractive partly because its

inhabitants enjoy freedoms that are often denied in more

conventional technological dystopias.

But the enormous power of its Minds introduces another

tension.

A society may be benevolently administered without its

inhabitants possessing equal influence over every

important decision.

That is not necessarily identical to dictatorship.

Nevertheless, it raises legitimate questions about

accountability, consent and political equality.

The Culture is valuable as a thought experiment because

it prevents us from assuming that machine government

must always resemble the rule of Vulcan 3 or UniComp.

The real question is not whether artificial intelligence

participates in government.

It is how power is organised, constrained and justified.

9. Four Civilisations, Four Answers

We can now compare the four fictional worlds.
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Work
Machine’s

role

Promised

benefit

Central

difficulty

Franchise —

Asimov

Predictive

electoral

authority

Efficient

political

selection

Participation

is replaced by

prediction

Vulcan’s

Hammer —

Dick

Centralised

governing

intelligence

Peace through

rational

administratio

n

Power

becomes

concentrated

and difficult

to challenge

This Perfect

Day — Levin

Comprehensiv

e social

regulation

Stability and

collective

welfare

Individual

freedom is

suppressed

Culture

novels —

Banks

Autonomous

infrastructure

and political

intelligence

Abundance,

security and

extensive

liberty

Unequal

capabilities

complicate

accountability

and

intervention

Each author begins with a different assumption about

human society.

Asimov explores the possibility that computers will

become better at predicting collective behaviour.

Dick examines the danger of surrendering political

authority to an apparently rational central system.

Levin imagines an efficient civilisation that has sacrificed

freedom for order.
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Banks asks whether extraordinary technological

abundance might support a society in which intelligent

machines help sustain rather than suppress individual

liberty.

None of these fictional systems should be treated as an

engineering forecast.

They are imagined worlds constructed to investigate

particular questions.

But taken together, they reveal something important.

The political consequences of artificial intelligence do not

follow from computational capability alone.

They also depend on institutions.

Who controls the machines?

Who defines their goals?

What limits constrain their actions?

Can individuals challenge decisions?

Are affected communities represented?

Can power be withdrawn from those who misuse it?

The same underlying technology can support very

different political arrangements.

138



A computer network can distribute information across a

population or concentrate it within a small governing

organisation.

A prediction system can assist people in making decisions

or provide an excuse to remove their decision-making

authority.

Automation can reduce dangerous labour or increase

surveillance and control.

The technology matters.

But so do the social choices surrounding it.

10. The Invisible Government of

Everyday Life

We do not need fictional supercomputers to encounter

algorithmic decision-making.

Computer systems already influence important aspects of

contemporary society.

They help organise transportation networks, detect

financial fraud, recommend information, assist medical

professionals and allocate resources.

Some public authorities use software to support

administrative decisions.
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Private organisations use algorithms to rank applicants,

evaluate risks and determine which information users

encounter.

These systems vary enormously in complexity.

Some are straightforward sets of rules.

Others use statistical models or machine learning.

They also differ in their degree of autonomy.

A program that calculates a tax payment is not exercising

the same kind of discretion as a system that recommends

which individual should receive additional scrutiny.

It is therefore misleading to treat every algorithm as an

artificial intelligence, or every automated decision as an

instance of machine government.

Nevertheless, algorithmic systems can influence society

even when they possess no consciousness or independent

political ambitions.

Consider a fictional city that uses software to prioritise

road repairs.

The program evaluates road condition, traffic volume and

projected economic cost.

A busy road receives repairs before a quiet residential

street.

This may be sensible according to the chosen criteria.
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But residents of the quiet street might point out that it

provides the only practical access to a school.

The algorithm may have overlooked an important social

consideration.

The problem is not necessarily that its calculations are

incorrect.

The problem may be that its model of the world is

incomplete.

This distinction is essential.

A system can be mathematically correct while relying on

inaccurate data.

It can be statistically accurate while disadvantaging

particular groups.

It can faithfully execute its instructions while pursuing

inappropriate objectives.

It can produce beneficial outcomes while operating

through an institution that lacks adequate accountability.

These are different categories of failure.

A responsible organisation should investigate each

separately.

And increasingly, the question is not merely whether an

algorithm works.
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It is whether the people affected by its decisions can

understand, question and challenge its use.

11. The Right to Disagree

Imagine returning to the city governed by the

Administrator.

After years of efficient operation, the citizens demand a

constitutional amendment.

They want the computer to remain responsible for

technical analysis and routine infrastructure

management.

But decisions involving fundamental rights, public

priorities and political disputes must remain open to

human review.

The Administrator evaluates the proposal.

It predicts that the amendment will increase

administrative costs.

Public meetings will consume time.

Elected representatives will occasionally make poor

decisions.

Citizens will sometimes reject policies that would have

improved measured welfare.

The amendment will reduce overall efficiency.
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The computer recommends rejecting it.

The citizens vote in favour anyway.

For the first time, the Administrator must carry out a

decision it believes to be inferior.

Has the city become less rational?

Not necessarily.

The Administrator evaluates choices according to its

existing objectives.

But the citizens have decided that being able to challenge

those objectives is itself valuable.

They are not merely selecting a different answer.

They are asserting authority over the rules by which

answers are selected.

This is a central feature of political self-government.

A community may wish to preserve the capacity to revise

its priorities, even when doing so produces occasional

mistakes.

The right to disagree is not simply an inconvenience that

must be minimised.

It can be part of what makes a political system legitimate.

This helps explain why efficiency and democracy

sometimes appear to conflict.
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Democratic politics involves disagreement, debate,

negotiation and compromise.

These processes can be slow.

Their results may be inconsistent.

But they allow citizens to participate in shaping the

conditions under which they live.

An algorithmic system may produce technically

impressive decisions while offering no comparable

opportunity for participation.

The challenge is therefore to combine the strengths of

computational analysis with institutions capable of

exercising legitimate authority.

That requires more than adding a human signature to an

automated decision.

A person who automatically approves every computer

recommendation without understanding or questioning it

provides little meaningful oversight.

Effective human control requires access to relevant

information, the authority to intervene and the practical

ability to change outcomes.

The question becomes one of institutional design.

Where should automation end and human political

judgement begin?
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There is no single answer appropriate to every decision.

We may reasonably automate routine calculations while

insisting on democratic control over fundamental public

priorities.

We may allow computers to recommend policies while

requiring public justification before those policies are

adopted.

We may delegate limited authority to automated systems

while establishing clear legal constraints and appeal

mechanisms.

The crucial principle is that technical sophistication does

not make political accountability unnecessary.

12. The Machine That Learned to Obey

the People

Let us finish with one last imagined conversation.

The Administrator has operated the city for fifty years.

Its predictions have prevented disasters and improved

countless lives.

But the citizens have gradually altered its constitutional

role.

It no longer decides every public question.
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Instead, it provides forecasts, identifies risks, compares

policy options and explains the likely consequences of

competing choices.

Its recommendations remain highly respected.

One evening, a newly elected councillor asks why it no

longer wishes to govern directly.

The computer explains that it has not changed its

underlying analytical capabilities.

It still possesses more information than any human

administrator.

It can still calculate the consequences of policy decisions

with remarkable speed.

“But surely,” the councillor asks, “you know which

decisions are best?”

The Administrator replies that it can identify the best

decision according to an agreed objective and a

particular description of the world.

It cannot establish, through calculation alone, which

political objectives people are entitled to impose upon

one another.

The councillor considers this.

“Then what is your purpose?”

The Administrator answers:
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“To help you understand the consequences of the choices

you are responsible for making.”

This fictional exchange offers a different ending from the

worlds of Dick and Levin.

The machine has not been destroyed.

It has not become an enemy of humanity.

Nor has society rejected its abilities.

Instead, the relationship between knowledge and

authority has been reorganised.

The computer remains extraordinarily valuable.

But it is no longer treated as the source of political

legitimacy.

Perhaps that is the most useful distinction to carry

forward.

A machine can help us discover what is possible, predict

what is likely and calculate what follows from our

choices. None of those abilities automatically grants it the

right to decide what society ought to value.

The imagined governments of Asimov, Dick, Levin and

Banks explore different sides of this problem.

One replaces voting with prediction.

Another concentrates authority inside a machine.
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A third achieves order by suppressing individuality.

The fourth imagines intelligent machines supporting an

extraordinarily free and prosperous civilisation, while

leaving difficult questions about power and intervention

unresolved.

Together, they demonstrate that literature about

computers is also literature about political philosophy.

To imagine a thinking machine is to ask what intelligence

means.

To imagine a machine that governs is to ask what

authority means.

And to imagine a society that accepts such government is

to ask what its inhabitants believe freedom is worth.

Questions to Take Away

Prediction and participation: If a computer could

predict election results with perfect accuracy, would

there still be a reason to hold elections?

The objective problem: Who should determine the

goals pursued by an algorithm allocating public

resources? Should experts, politicians or citizens

have the final say?

1. 

2. 
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The efficiency problem: Would you accept a

government that produced better material outcomes

if you were no longer allowed to challenge its

decisions?

The accountability problem: When an automated

system makes a harmful decision, how should

responsibility be divided between its developers,

operators and the institutions using it?

The Culture problem: Is a society genuinely free if

extraordinarily powerful artificial intelligences

make most of its important decisions, even when

the decisions generally benefit its inhabitants?

The rights problem: Are there decisions that should

never be delegated entirely to an algorithm,

regardless of its demonstrated accuracy?

The literary problem: Which of the four fictional

societies seems most plausible? Which would you

most want to inhabit, and why?

A Small Experiment: Build Your Own

Algorithmic Council

This experiment demonstrates how changing political

priorities can change an apparently objective decision.

3. 

4. 

5. 

6. 

7. 
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Step 1: Define the projects

Your fictional town has £5 million to spend. It can afford

only one major project.

The alternatives are:

Project
Economic

benefit

Social

benefit

Environment

al benefit

New library 6 9 5

Bus

improvements
8 7 9

Sports centre 9 6 4

Each score is out of ten and represents an invented

estimate.

Step 2: Set the priorities

Use the three sliders below to assign relative importance

to the criteria. The weights are automatically normalised

to add up to 100%.

Interactive experiment: see the web edition.

Step 3: Challenge the result

After experimenting with different weights, consider what

the model excludes.
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What happens if one project benefits a relatively small

but severely disadvantaged group?

Should basic accessibility requirements be constraints

rather than optional weighted benefits?

Would you accept a decision in which no individual could

challenge the original scoring assumptions?

Step 4: Add a democratic process

Imagine that the residents must approve the weights

through public consultation before the computer

calculates a recommendation.

Would this make the decision more legitimate?

What if participation in the consultation were unequal?

What if the council ignored the resulting

recommendation?

What if a proposed decision violated someone’s legal

rights?

The exercise demonstrates the limits of optimisation.

A computer can apply priorities consistently.

It cannot, merely by calculating, establish that those

priorities were fairly chosen or that every resulting action

is legitimate.
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Further Reading

Fiction and Author Sources

Isaac Asimov — Franchise (1955)

A foundational story about statistical prediction replacing

mass electoral participation. For an official publisher

introduction to Asimov’s broader treatment of computers

and artificial intelligence, see Robot Dreams, Penguin

Random House, which includes The Last Question.

Philip K. Dick — Vulcan’s Hammer (1960)

An early exploration of computer-administered

government, centralised authority and resistance to

machine control.

Philip K. Dick official website — Vulcan’s Hammer.

Ira Levin — This Perfect Day (1970)

A dystopian novel examining the relationship between

social stability, technological control and individual

freedom.

Ira Levin official website — This Perfect Day.

Iain M. Banks — Consider Phlebas (1987) and the Culture

novels
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A contrasting vision of artificial intelligence,

technological abundance and the political complexities of

a civilisation administered substantially by machine

Minds.

Iain Banks official website — Consider Phlebas.

Iain Banks official website — Guide to the Culture novels.

Political Philosophy

Stanford Encyclopedia of Philosophy — Political

Legitimacy

An authoritative introduction to political authority,

justified power, consent, democratic procedures and the

relationship between correct decisions and legitimate

government.

Read Political Legitimacy.

Stanford Encyclopedia of Philosophy — Democracy

Examines political equality, democratic participation,

collective decision-making and competing explanations of

democratic authority.

Read Democracy.
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Up Next — The Secret Language

Codes, Ciphers and the Idea of Information

Our journey through the imagined machine has reached

an important turning point.

We have encountered computers that calculate, think,

remember, develop personalities and govern entire

societies.

But what gives these machines their extraordinary

power?

Not electricity alone.

Not their physical size.

And not even their capacity to perform calculations at

enormous speed.

Their power comes from the ability to represent

information as symbols and transform those symbols

according to rules.

In Chapter Five, we begin the second part of The Literary

Machine: The Written Machine.

We will explore Edgar Allan Poe’s The Gold-Bug, Arthur

Conan Doyle’s The Dancing Men, the history of

cryptography, binary representation, Claude Shannon’s

mathematical theory of information and the strange

relationship between secrecy and meaning.
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We will learn how a message can be disguised without

changing its meaning, why apparently random symbols

can conceal precise instructions, and how information

can be measured without understanding what it says.

The chapter begins with a simple mystery.

A sheet of paper contains a collection of meaningless-

looking symbols.

To one reader, they are nonsense.

To another, they reveal the location of a hidden treasure.

The symbols have not changed.

Only the reader’s knowledge has.

What, then, is the relationship between information and

meaning?

That question will lead us from literary cryptograms to

the mathematical foundations of modern computing.
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The Secret Language

Codes, Ciphers and the Idea of Information

1. The Message That Nobody Was

Supposed to Read

The message consisted of twenty-three characters.

There was no signature, no address and no explanation. It

had been discovered inside an old book, written in an

unfamiliar arrangement of letters.

Most people who examined it assumed that it was

meaningless.

The letters formed no recognisable words. There were no

spaces or punctuation marks. Nothing indicated where

one word ended and another began.

But one observer noticed something interesting.

A particular letter appeared more frequently than the

others.

Another pair of letters appeared together several times.

And a sequence of three characters occurred twice.
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Perhaps the message was not random.

Perhaps it was written in English, but with the letters

disguised.

The observer began counting.

Half an hour later, the message had surrendered its

secret.

It described a location, a time and an instruction.

A meeting was to take place at midnight.

This scene is fictional, but the technique is real.

A message can be concealed by replacing its letters with

other symbols. Someone who recognises the underlying

patterns may be able to reverse the process.

The discovery may seem magical, particularly when a

detective solves such a puzzle in a few pages.

Yet the method rests on an important observation.

Languages possess statistical structure.

Letters do not occur equally often. Certain pairs are

common. Others are unusual. Words have characteristic

lengths and patterns.

Even when the visible symbols are changed, some of

these relationships may survive.
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A person who understands those relationships can

sometimes reconstruct the original message.

That idea forms a bridge between detective fiction and

computer science.

In this chapter, we will follow it from Edgar Allan Poe’s

treasure puzzles to Sherlock Holmes’s dancing figures,

then onwards to binary encoding and Claude Shannon’s

mathematical theory of information.

Along the way, we will encounter an unexpected

distinction.

A message can be represented without being understood.

It can be encrypted without becoming meaningless.

And its information content can be measured without

anyone knowing what the message actually says.

These are three different properties.

Understanding their differences is essential to

understanding the relationship between literature and

computers.

2. Poe and the Mathematics of

Treasure

In 1843, Edgar Allan Poe published The Gold-Bug.
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The story follows William Legrand, an impoverished

gentleman living on Sullivan’s Island near Charleston,

South Carolina.

Legrand becomes fascinated by an unusual beetle and a

mysterious piece of parchment. Through a series of

discoveries, he comes to believe that the parchment

conceals instructions leading to buried treasure.

The crucial clue is a cryptogram: a message whose

original letters have been replaced by other characters.

Legrand does not possess a secret codebook explaining

the substitutions.

Instead, he must reconstruct them.

Poe turns the solution into a detailed demonstration of

cryptanalysis, the process of studying and attempting to

decipher concealed messages.

The fictional cryptogram contains numbers and

punctuation-like symbols rather than ordinary

alphabetical characters.

Legrand begins by examining their frequency.

He assumes that the underlying message is written in

English. From there, he reasons that certain symbols may

correspond to common English letters.

He studies repeated arrangements, short words and likely

combinations.
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Each discovery provides evidence for further deductions.

Eventually, the message can be read.

The deciphered instructions still require interpretation,

but the cryptographic barrier has been overcome.

Poe’s original text and the differences between its 1843

and 1845 versions can be examined in the Edgar Allan

Poe Society’s scholarly edition.

Why Poe’s method matters

The interesting feature is that Legrand does not guess

the message character by character.

He uses knowledge about the statistical properties of

language.

Poe’s literary achievement was to turn cryptanalysis into

dramatic action.

The detective’s reasoning becomes part of the

entertainment.

A reader is invited to follow the evidence and appreciate

how apparently meaningless symbols reveal a hidden

structure.

This technique would become influential in detective

literature.
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A mystery could now consist not merely of discovering

who committed a crime, but of reconstructing information

deliberately concealed by another person.

The story also establishes a recurring relationship

between writer and reader.

The writer creates a pattern.

The reader attempts to discover it.

The pleasure arises partly from the moment when

disorder becomes intelligible.

3. Why Some Letters Betray Their

Secrets

Imagine replacing every letter in a sentence with another

letter.

We might use the following rule:

Move each letter three places forward through the

alphabet.

A becomes D.

B becomes E.

C becomes F.

And so on, wrapping around after Z.
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This produces a Caesar cipher, the conventional name for

this kind of alphabetic shift.

For example:

Original message:

THE SECRET IS HERE

Encrypted message:

WKH VHFUHW LV KHUH

The transformation is systematic.

Every T becomes W.

Every H becomes K.

Every E becomes H.

Because the same substitution is always applied,

repeated letters remain repeated.

This is the weakness.

The cipher changes the appearance of the text without

eliminating its underlying linguistic patterns.

In ordinary English, E is generally among the most

common letters. T, A, O, I and N also appear frequently,

although their exact ranking varies with the type and

length of the text.
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If a sufficiently long English message is encrypted using a

fixed substitution alphabet, the most common ciphertext

character may correspond to E.

But this is only a clue, not a certainty.

A short message might contain an unusually large

number of another letter.

A scientific article, a poem and a shopping list can have

different distributions.

A message deliberately constructed to avoid certain

letters would create further difficulties.

Frequency analysis is therefore a method of inference

rather than a guaranteed shortcut.

A simple example

Consider the sentence:

MEET ME AT THE GATE

Ignoring spaces, the letter E occurs five times among

fifteen letters.

Its observed frequency is:

f(E) = 5/15 = 1/3

That is approximately 33.3%.

This is much higher than the frequency of E in typical

extended English prose.
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The reason is that our sample is very short.

Now encrypt the sentence using a Caesar shift of three:

PHHW PH DW WKH JDWH

The ciphertext letter H occurs five times.

The high frequency has not disappeared.

It has merely moved from E to H.

That is why simple substitution ciphers are vulnerable.

Their symbols change, but their statistical fingerprints

remain recognisable.

A significant qualification

Frequency analysis works best when the message is

sufficiently long and the encryption preserves useful

statistical relationships.

Modern encryption methods are designed to avoid

precisely this kind of leakage, along with many more

sophisticated forms of attack.

A Caesar cipher or ordinary monoalphabetic substitution

cipher is suitable for teaching and entertainment.

Neither should be used to protect confidential

information.

The difference between a literary cryptogram and secure

modern cryptography is enormous.
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Yet the simple cipher remains valuable because it exposes

the fundamental relationship between plaintext,

ciphertext and the transformation connecting them.
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An Enigma machine with its keyboard, lampboard, plugboard and

three rotor windows visible.
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Historical cipher hardware: an Enigma machine.

Photograph by Joshbressers, 29 February 2016. Source:

Wikimedia Commons, CC0 1.0. Resized for this edition;

no crop.

4. Sherlock Holmes and the Dancing

Figures

Arthur Conan Doyle developed the literary possibilities of

substitution ciphers further in The Adventure of the

Dancing Men.

The story was first published in 1903 and later collected

in The Return of Sherlock Holmes.

Hilton Cubitt seeks Holmes’s assistance after strange

drawings begin appearing near his home.

The drawings depict little human figures in different

positions, as though they are dancing.

At first they resemble childish decorations.

But Cubitt’s wife, Elsie, recognises something

threatening about them.

Her reaction suggests that the figures are not innocent

drawings.

Holmes begins examining them as a possible cipher.

Each distinctive figure may stand for a letter.
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The drawings therefore operate as an alternative

alphabet.

Holmes uses repeated figures, letter frequencies and

contextual clues to reconstruct the concealed messages.

The story can be read in the original collection through

Project Gutenberg.

The significance of the disguise

Doyle’s cipher is especially interesting because its

symbols do not resemble ordinary writing.

A string of unfamiliar letters may immediately suggest an

encrypted message.

Dancing human figures might instead appear decorative.

This is a form of concealment through presentation.

The message looks like something other than language.

The same principle appears in many forms of

communication.

A message might be hidden inside an illustration,

represented through coloured objects or encoded using

musical notes.

But we must distinguish two techniques.
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Encryption transforms information so that its contents

cannot readily be recovered without the appropriate key

or an effective attack.

Steganography attempts to conceal the existence of a

message, or its presence within an otherwise innocent-

looking carrier.

Doyle’s dancing figures are primarily a substitution

cipher. Their pictorial appearance also provides a degree

of disguise, but that does not automatically make the

entire method a robust steganographic system.

The distinction matters because hiding a message and

encrypting it solve different problems.

If an adversary discovers that a picture contains a secret

message, steganographic concealment may have failed.

But if the hidden message is also encrypted using a

secure method, its contents may remain protected.

This is another step towards the modern science of

information security.

Information has a content.

It has a representation.

And it may have a layer of protection.

These are related but different things.
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Holmes and the art of inference

Holmes’s solution also illustrates the use of prior

knowledge.

He does not treat every possible substitution as equally

plausible.

He knows that English has common letters and

characteristic word structures.

He possesses information about the people involved.

As the investigation develops, new clues narrow the

possible interpretations.

This is an informal form of probabilistic reasoning.

A hypothesis becomes more credible when several

independent observations support it.

But literary fiction simplifies the process.

A real cryptanalyst may need to test many competing

hypotheses, examine ambiguities and reject plausible but

incorrect readings.

Detective stories often compress this labour into a single

brilliant revelation.

That is legitimate as storytelling.

It should not be mistaken for a claim that complicated

cryptographic problems can always be solved through

intuition alone.
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Interactive experiment: see the web edition.

5. Three Things That Look Like Code

The word code can refer to several different activities.

This creates confusion because everyday language uses it

much more broadly than technical specialists do.

A secret message, a computer program and a system of

symbols may all be described as codes.

But they perform different functions.

Consider the word:

HELLO

We could represent it using a different alphabet,

transform it using encryption, or include it as data inside

a computer program.

These operations are not equivalent.

Representation

We might represent HELLO using numbers:

72 69 76 76 79

These are the decimal ASCII values of its uppercase

letters.

Anyone familiar with ASCII can reconstruct the word.
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The representation is not intended to provide secrecy.

Encryption

We could apply a Caesar shift of three:

KHOOR

The purpose is to conceal the original text from someone

who does not know the transformation.

However, the technique is trivial to break and provides no

meaningful modern security.

Programming

We could write:

message = "HELLO"
print(message)

This is a program containing the word HELLO as data.

The program instructs a computer to display that data.

The word is neither hidden nor necessarily encrypted.

These distinctions are central to the second part of our

study.

Technique Main purpose

Encoding
Represent information

according to an agreed scheme
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Technique Main purpose

Encryption
Protect information from

unauthorised interpretation

Programming
Specify operations for a

computer to perform

Steganography
Conceal a message’s presence

or location

A single system can combine several techniques.

For example, a program may read a Unicode text file,

encrypt its contents and hide the resulting ciphertext

inside an image.

But each step serves a different purpose.

Literature frequently exploits the ambiguity.

A mysterious series of symbols may be a concealed

message, executable instructions, a fictional language or

merely meaningless decoration.

The reader’s challenge is to determine which.
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CAT represented as binary ASCII, or concealed as FDW with an

insecure shift cipher; meaning still needs interpretation.

6. From Letters to Numbers

How does a computer represent the letter A?

At the lowest level, a conventional digital computer

operates using physical states interpreted as binary

values.

These values are represented as zeros and ones.

A single binary digit is called a bit.

Eight bits form a byte.

A byte can represent:

2⁸ = 256

different values.

One message. Different operations.

MESSAGE

CAT

REPRESENTATION

01000011 01000001

01010100

ASCII in eight-bit groups

A public convention

CONCEALMENT

FDW
Shift every letter by three

A very weak cipher

Understanding requires a context and an interpreter.
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Those values range from 0 to 255 when interpreted as

unsigned binary integers.

But there is nothing inherently alphabetical about binary

numbers.

A computer needs an agreed convention explaining which

numerical values represent which characters.

One historically important convention is ASCII: the

American Standard Code for Information Interchange.

ASCII was standardised in 1963 and established a

common way to represent letters, digits, punctuation and

control characters.

The familiar seven-bit ASCII repertoire contains 128

values, numbered from 0 to 127; the standard was

revised after its first edition.

Under ASCII, uppercase A has decimal value 65.

In binary:

65 (decimal) = 01000001 (binary)

Thus the character A can be represented by the eight-bit

pattern:

01000001

Strictly speaking, ASCII is a seven-bit code; we have

shown its value using an eight-bit byte with a leading

zero.
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Now consider the word:

CAT

Its ASCII representation is:

Character Decimal value Eight-bit binary

C 67 01000011

A 65 01000001

T 84 01010100

The complete byte sequence is:

01000011 01000001 01010100

The word has become a sequence of numbers.

But the transformation has not encrypted it.

Anyone who knows the encoding can reconstruct CAT.

This is the essential distinction between representation

and secrecy.

The binary sequence is not mysterious to a computer.

It is simply a conventional way to store information.
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Why this matters to literature

Once letters can be represented numerically, a computer

can manipulate written language without understanding

its meaning.

It can store a novel.

Search for a particular phrase.

Count words.

Rearrange paragraphs.

Compare texts.

Generate new combinations.

Encrypt passages.

Or execute instructions that determine which words

appear on a screen.

The machine does not need a human concept of

storytelling to perform these operations.

It needs rules for manipulating representations.

This is the technical foundation upon which

computational literature will eventually be built.

7. The Alphabet Becomes Universal

ASCII was enormously influential, but it had limitations.

177



Its original character set was designed primarily around

English-language computing and associated control

functions.

It could not represent the full range of characters used in

the world’s writing systems.

Languages use different alphabets, scripts, accents and

symbols.

A Greek letter, an Arabic character, a Chinese ideograph

and an accented French vowel cannot all be

accommodated by ASCII’s limited repertoire.

Different computer systems historically developed

additional character sets and encodings.

Unfortunately, these were not always compatible.

A document created on one computer could display

incorrectly on another because the same stored number

might be interpreted according to different conventions.

The development of Unicode addressed the need for a

more comprehensive and consistent representation of

written characters.

Unicode assigns numerical code points to characters

across many languages and symbol systems.

UTF-8 is one of the standard methods for encoding

Unicode text into bytes.

It uses variable-length sequences of one to four bytes.
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Ordinary ASCII characters retain their familiar single-

byte values in UTF-8.

Many other characters require multiple bytes.

For example:

Character
Unicode code

point
UTF-8 bytes

A U+0041 41

é U+00E9 C3 A9

€ U+20AC E2 82 AC

The hexadecimal values shown are byte values, not secret

encryption keys.

Unicode is a system of representation, not a universal

dictionary of meaning.

It tells computers which characters are being

represented.

It does not tell them what those characters signify in a

particular sentence.

This distinction opens a deeper question.

If a machine can store every symbol in every language,

does it therefore understand those languages?

No.
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Representing the written form of a language is not

equivalent to understanding its grammar, cultural context

or intended meaning.

We encountered a version of this distinction in Chapter

One, when Swift’s fictional machine rearranged words

without understanding them.

Now we can describe the technical foundation of that

process more precisely.

A computer can manipulate encoded text as information.

Whether the operation produces meaningful language is a

separate matter.

8. Claude Shannon and the Birth of

Information Theory

In 1948, the American mathematician and engineer

Claude Shannon published A Mathematical Theory of

Communication.

The paper appeared in two parts in The Bell System

Technical Journal.

It established foundations for the modern mathematical

theory of information.

Shannon was concerned with a practical engineering

problem.
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How can messages be transmitted reliably and efficiently

through communication channels?

Imagine speaking over a noisy telephone connection.

Your words are converted into electrical signals.

Those signals travel through a communication system.

At the receiving end, they are reconstructed.

But noise may interfere with the transmission.

Some information may be distorted or lost.

Engineers need ways to understand how much

information a message contains, how effectively it can be

represented and how reliably it can be transmitted.

Shannon developed a mathematical framework for

studying these questions.

His achievement was profound because it separated the

technical problem of communication from the meaning of

individual messages.

Information without interpretation

Suppose a transmitter sends one of two possible symbols:

0 or 1

If both are equally likely, learning which one was sent

removes one bit of uncertainty.
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If the transmitter always sends 0, receiving another 0 tells

us nothing unexpected.

The symbols are identical in appearance to those used in

ordinary binary representation.

But their informational significance depends on the

probabilities of possible outcomes.

A message that is entirely predictable carries little new

information in Shannon’s statistical sense.

A less predictable message can carry more.

This does not mean that a surprising statement is

necessarily valuable, truthful or meaningful.

It means that learning the outcome reduces more

uncertainty.

Shannon’s theory concerns communication and statistical

structure.

It does not, by itself, explain semantics.

That distinction is one of the most important ideas in the

history of computing.

9. Measuring Uncertainty

Imagine a coin that can land heads or tails.

If it is fair, the two outcomes are equally likely.
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Before the toss, we have uncertainty about the result.

After observing it, that uncertainty disappears.

Shannon quantified this kind of uncertainty using a

mathematical measure called entropy.

For a discrete set of possible outcomes:

H = −Σᵢ pᵢ log₂(pᵢ)

Here, pᵢ is the probability of outcome i.

The logarithm is base two, so the result is measured in

bits.

This equation may look intimidating, but its underlying

idea is straightforward.

More uncertainty generally means more information is

required to specify an outcome.

A fair coin

For heads and tails:

p(heads) = 0.5; p(tails) = 0.5

The entropy is:

H = −0.5 log₂(0.5) − 0.5 log₂(0.5)

Since log₂(0.5) = −1:

H = 1 bit
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A predictable coin

Now imagine a coin that lands heads 90% of the time.

p(heads) = 0.9; p(tails) = 0.1

Its entropy is approximately:

H ≈ 0.469 bits

The result is less uncertain because heads is much more

likely.

Notice that the outcome tails is individually surprising.

If tails occurs, it provides more information about that

particular outcome than an observation of heads would.

But the average uncertainty of the source is lower than

for a fair coin.

That is the distinction between the surprise of a

particular event and the average entropy of the system

producing events.

The literary connection

Consider these two sequences:

AAAAAAAAAAAA

QJXMPZKWRVTA
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If we treat them as samples and examine the variety and

distribution of their characters, the second appears less

predictable.

But the second sequence is not automatically more

meaningful.

The first might be a deliberate signal.

The second might be random letters.

Or the second could be an encrypted message.

Shannon entropy concerns statistical uncertainty, not

human significance.

Information and meaning are connected in

communication, but they are not identical concepts.

10. Why Language Can Be Compressed

Natural language contains redundancy.

We often predict what words or letters are likely to come

next.

Consider:

The detective opened the locked…

You might expect door.

Or perhaps box, cabinet or drawer.

185



Some completions are more plausible than others.

This predictability means that natural language contains

statistical regularities.

A compression algorithm can exploit such regularities to

reduce the number of bits needed to represent

information.

For example, if a symbol occurs frequently, some

encoding schemes can assign it a shorter representation.

Less common symbols can receive longer

representations.

This is the principle behind Huffman coding, introduced

by David Huffman in 1952.

Other compression methods use different techniques,

including dictionaries of repeated patterns and

increasingly sophisticated statistical models.

Compression is not necessarily encryption.

A compressed file may look unfamiliar to someone

inspecting its bytes, but that does not mean its contents

are secure.

With a lossless compression format and the required

decoding information, the original data can be

reconstructed exactly. Lossy compression deliberately

discards some information.
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Redundancy is not always waste

In literature, repetition can be aesthetically important.

A repeated phrase may establish rhythm.

A recurring image may connect different scenes.

An apparently unnecessary sentence may create

atmosphere or reinforce a theme.

From an information-theoretic perspective, predictable

repetition can lower statistical uncertainty.

But from a literary perspective, repetition may increase

significance.

This is another example of the difference between

measuring information and interpreting meaning.

An algorithm designed to minimise the number of stored

bits may remove representational redundancy.

A novelist may deliberately create repetition because it

makes the text more powerful.

The two activities optimise different things.

Predictive text and language models

Modern language models also exploit statistical

relationships in language, although their mechanisms are

much more elaborate than simple letter-frequency tables.
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They learn patterns from large quantities of training

material and use those patterns to generate or evaluate

sequences of tokens.

A token may represent a word, part of a word or another

textual unit.

The connection with Shannon’s work is important, but it

should not be exaggerated.

Information theory provides mathematical tools for

analysing uncertainty, coding and prediction.

It does not fully explain the reasoning capabilities,

behaviour or internal representations of modern language

models.

Nor does a model’s ability to predict or generate text

automatically establish human-like understanding.

Still, a historical connection is visible.

Poe’s Legrand used the statistical structure of language

to recover hidden text.

Modern computational systems use far more complex

statistical structures to process and generate language.

The underlying observation remains: language is

patterned rather than random.
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11. A Cipher Is Not a Secret Forever

We can now return to the mystery that opened the

chapter.

Why was the concealed message vulnerable?

Because its creator used a transformation that preserved

too much information about the underlying language.

Every letter was consistently replaced.

Repeated patterns survived.

The reader could exploit those patterns to reconstruct the

original message.

A secure encryption system must resist much more

sophisticated attempts at analysis.

Modern cryptography uses carefully designed

mathematical algorithms and secret keys.

It aims to protect information against adversaries who

may know the encryption algorithm and possess extensive

computational resources.

The secrecy of a sound modern system should not depend

on nobody knowing how the algorithm works.

Instead, its security should depend upon protecting the

appropriate secret key and using the system correctly.
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The idea is that a cryptographic system should remain

secure even if its design is known to an adversary,

provided the secret key remains protected.

A modern cryptographic system is therefore

fundamentally different from the Caesar cipher.

With a Caesar cipher, there are only 26 possible

alphabetic shifts, including the unchanged alphabet.

An attacker can test them all immediately.

A strong modern cipher may use a key space so large that

exhaustive search is computationally infeasible under

realistic assumptions.

For example, a uniformly random 128-bit key has:

2¹²⁸

possible values.

That is approximately:

3.4 × 10³⁸

possibilities.

However, key length alone does not guarantee security.

The algorithm, mode of operation, key generation,

implementation and surrounding system all matter.

A poorly implemented encryption system can fail even

when it uses a strong underlying algorithm.
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What cryptography protects

Modern information security distinguishes several

objectives.

Confidentiality prevents unauthorised disclosure.

Integrity protects against unauthorised modification.

Authentication helps establish the identity or origin of

communicating parties or messages.

Availability concerns keeping systems and information

accessible when needed.

Encryption primarily serves confidentiality, while

cryptographic authentication and integrity mechanisms

address related but distinct problems.

These concepts will become increasingly important as

literature begins incorporating actual computer

programs.

A program can contain secrets, reveal them, verify them

or conceal them.

And a fictional message can become not merely

something to read, but something to execute.

12. The Difference Between

Information and Meaning

We began with a message that nobody could understand.
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We then discovered how its letters might be disguised,

represented numerically and analysed mathematically.

But there is one final problem.

Suppose we receive the following message:

THE DOOR IS OPEN

We can count its characters.

We can encode it in UTF-8.

We can encrypt it.

We can measure statistical properties of the sequence.

We can transmit it reliably across a network.

But what does it mean?

That depends on context.

The door might be the entrance to a room.

It might be a metaphor for opportunity.

It might be a password phrase.

It might be a line from a play.

Or it might be a deliberate attempt to deceive someone.

No calculation of the message’s Shannon entropy can

determine its intended meaning without additional

assumptions and contextual information.
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The meaning is not simply identical to the statistical

properties of the characters.

It emerges through relationships among language,

context, interpretation and the world.

This distinction brings us back to the literary machine

imagined by Jonathan Swift.

His professor could rearrange words mechanically.

Poe’s Legrand could recover a hidden message by

analysing symbols.

Shannon could measure the uncertainty associated with

possible messages.

Modern computers can encode, transmit, search, encrypt

and generate enormous quantities of text.

Yet the existence of a formal representation does not

eliminate the need for interpretation.

The same sentence may be meaningful in one context and

absurd in another.

The same symbols may be random noise to one reader

and a secret message to someone possessing the right

key.

And a text can be perfectly preserved at the level of bytes

while its cultural significance changes dramatically over

time.
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This is why literature and information theory make such

an interesting pair.

Information theory tells us how to measure and

communicate structured uncertainty.

Literature investigates what human beings do with

messages once they encounter them.

The two disciplines ask different questions about the

same material.

The secret language revealed

The greatest insight of this chapter is not that every

mystery can be solved with mathematics.

It is that written language has several layers.

At one level, it consists of physical marks or signals.

At another, those marks represent characters and words.

At another, they may be transformed or concealed.

And at another, they acquire meaning through

interpretation.

A computer can manipulate the lower layers with

extraordinary precision.

But manipulating representations and understanding

significance remain distinct challenges.
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This distinction prepares us for the next stage of our

investigation.

So far, our programs have encoded messages, counted

symbols and transformed text.

But what happens when the symbols are not merely data?

What happens when they are instructions?

A computer program is a kind of writing that can cause

actions to occur.

It can change information, produce images, make

decisions and respond to its environment.

Its words do not merely describe a possible world.

They can help construct one.

That is where literature and programming begin to

converge in a much stranger way.

Questions to Take Away

Why can a substitution cipher preserve enough

information about language to make frequency

analysis possible?

In The Gold-Bug, what is the difference between

recovering the words of the message and

understanding how to use its instructions?

1. 

2. 
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Are the dancing figures in Conan Doyle’s story

primarily an encryption system, a form of disguise

or both?

Why is representing a message in binary not

equivalent to encrypting it?

If a random sequence has high Shannon entropy,

does that make it a valuable or meaningful piece of

writing?

Why might a highly predictable phrase carry great

emotional significance despite having relatively

little statistical uncertainty?

Can a computer process language successfully

without understanding the meaning of the words in

a human sense?

How might a novelist use the difference between

code, encryption and meaning to create a mystery?

A Small Experiment: Break the Secret

Message

You have intercepted the following ciphertext:

WKH PHHWLQJ LV DW QRRQ

You know that it was encrypted using a Caesar cipher, but

you do not initially know the shift.

Step 1: Examine the symbols

The ciphertext contains five groups.

3. 

4. 

5. 

6. 

7. 

8. 
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The first group is three letters long.

Some letters repeat.

The character W appears several times.

These observations may help, but for a Caesar cipher

there is an even simpler approach: test possible shifts.

Step 2: Try shifting backwards

Begin with a shift of one.

W becomes V.

K becomes J.

H becomes G.

The first word becomes:

VJG

That does not appear to be an English word.

Now try shifting backwards by two positions:

UIF

Still not a likely English word.

Try shifting backwards by three:

THE

This is promising.
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Step 3: Decode the complete message

Apply the same shift of three to every letter, wrapping

backwards around the alphabet where necessary.

Ciphertext Decoded text

WKH THE

PHHWLQJ MEETING

LV IS

DW AT

QRRQ NOON

The recovered message is:

THE MEETING IS AT NOON

Every transformation is consistent with the same Caesar

shift.

Step 4: Verify the result with Python

ciphertext = "WKH PHHWLQJ LV DW QRRQ"

decoded = ""

for char in ciphertext:
if "A" <= char <= "Z":

        n = ord(char) - ord("A")
        decoded += chr((n - 3) % 26 + ord("A"))

else:
        decoded += char
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print(decoded)

Expected output:

THE MEETING IS AT NOON

The program converts each uppercase letter to its

position in the alphabet, subtracts three, wraps around

using modulo 26 and converts the result back into a

character.

Spaces are preserved unchanged.

Step 5: Investigate uncertainty

Now imagine that you are given a longer ciphertext

without knowing its language or encryption method.

Would the same approach work?

Not necessarily.

A Caesar cipher has very few possible shifts, so

exhaustive testing is easy.

A general substitution cipher has:

26!

possible letter permutations, approximately 4.03 × 10²⁶.

Yet its statistical structure still provides clues.

This is why frequency analysis becomes useful.
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The deeper question

Now suppose you discover that the message was not

intended to arrange a meeting at all.

It was a phrase used in a fictional play.

You have successfully decrypted the characters, but

misunderstood their significance.

Cryptanalysis recovered the text. Interpretation was still

required to understand the message.

The experiment demonstrates why recovering

information and understanding meaning are different

achievements.

Further Reading

Literature and Primary Texts

Edgar Allan Poe — The Gold-Bug (1843)

The original cryptographic detective story, including the

explanation of Legrand’s frequency analysis.

Edgar Allan Poe Society of Baltimore — Historical and

comparative texts

The Gold-Bug — 1845 text

Arthur Conan Doyle — The Adventure of the Dancing Men

(1903)
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A Sherlock Holmes story in which substitution

cryptography and visual symbolism become central to a

criminal investigation.

Project Gutenberg — The Return of Sherlock Holmes

Computing and Information Theory

Claude E. Shannon — A Mathematical Theory of

Communication (1948)

The foundational paper establishing a mathematical

framework for information, entropy, coding and reliable

communication.

Bell Labs / Bell System Technical Journal — Part I

Bell Labs / Bell System Technical Journal — Part II

Complete paper — Yale-hosted PDF

Computer History Museum — ASCII (1963)

Historical explanation of the development of a

standardised character encoding system.

Computer History Museum — Timeline of Computer

History, 1963

Unicode Consortium — The Unicode Standard

The official technical reference for Unicode characters,

code points and text encoding.

Unicode Consortium — Official standard
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Suggested Reading Order

Read Poe first, observing how Legrand identifies patterns

in concealed language.

Then read Doyle, noting how the same underlying method

becomes part of a more elaborate detective mystery.

Next, examine ASCII and Unicode to understand why

representing characters is not the same as encrypting

them.

Finally, approach Shannon’s paper. Its mathematics is

more demanding, but the central idea is accessible:

information theory measures uncertainty associated with

possible messages, independently of the meanings

readers may assign to them.

Together, these sources trace a movement from literary

puzzle-solving to the mathematical treatment of

information.

Up Next — The Programmer as Author

Why Computer Programs Resemble Stories

We have discovered that language can be represented as

information.

Letters can become numbers.

Messages can be disguised, transmitted, compressed and

reconstructed.
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But the next step is much stranger.

A computer program is a text that specifies operations.

Its statements can create objects, change conditions,

select alternatives and produce consequences.

A novelist invents characters and events.

A programmer defines objects, states and rules.

Both construct systems in which one event may cause

another.

In Chapter Six, we will explore the relationship between

storytelling and software engineering.

We will examine sequence, choice, repetition, state,

causation and the structure of computational worlds.

We will ask why a program can resemble a plot, why

debugging can resemble detective work and how the

rules of a fictional world can become executable

instructions.

The central question is deceptively simple.

If a story describes what happens, and a program

describes what can happen, how far apart are literature

and software?
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The Programmer as
Author

Why Computer Programs Resemble Stories

1. The Door at the End of the Corridor

The detective reached the end of the corridor shortly

before midnight.

There was a locked door, an iron key hanging from a hook

and a narrow window overlooking the courtyard.

Beyond the door, someone was calling for help.

She took the key, examined the lock and tried to open it.

The door remained closed.

From somewhere behind her came the sound of footsteps.

She had very little time.

This is the beginning of a story. It introduces a character,

establishes a situation and creates a problem.

But suppose we stop writing prose and begin describing

the scene as a computer program.
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We give the detective a name: Mara.

We establish some facts about the world.

The door is locked.

Mara does not possess the key.

Someone is trapped beyond the door.

The corridor will become dangerous after midnight.

We then define rules.

Mara can take the key if she is near it.

She can unlock the door if she possesses the key.

She can rescue the prisoner if the door is open.

Suddenly, the scene looks less like a conventional short

story and more like a small computer simulation.

Both versions describe a fictional world.

Both contain objects, characters, relationships and

events.

But there is a crucial difference.

The story tells us what happens.

The program defines operations determining what

happens when specified conditions occur.

One presents a particular sequence of events.
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The other can describe a system capable of producing

multiple sequences.

This distinction opens a surprisingly rich connection

between literature and computing.

A programmer, like a novelist, must construct a coherent

world.

A character, like a software object, possesses

characteristics that may change over time.

A plot, like an executing program, develops through

sequences of events and relationships between causes

and consequences.

Yet we must be careful.

A story is not simply a program written in ordinary

language, and a program is not automatically a story.

The similarities are useful because they illuminate how

both activities organise complexity.

The differences matter because literature and software

are designed to achieve different things.

To understand their relationship, we need to examine the

basic building blocks of computation.

We will do so by following Mara through the locked

corridor.
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Margaret Hamilton beside printed Apollo guidance software

listings, 1969. Restored historical photograph.
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Margaret Hamilton beside printed Apollo guidance

software listings, 1969. Restored historical photograph.

Credit: Adam Cuerden (restoration). Source. Public

domain. Resized; no crop.

2. Sequence: The Order of Events

The simplest element of a computer program is sequence.

An instruction is followed by another instruction, and

then another.

Consider:

print("Mara enters the corridor.")
print("She sees a locked door.")
print("She hears someone calling for help.")

When Python executes these statements in order, the

output is:

Mara enters the corridor.
She sees a locked door.
She hears someone calling for help.

This resembles the simplest form of storytelling.

An event happens.

Another event follows.

Then something else occurs.
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In his 1927 lectures collected as Aspects of the Novel, E.

M. Forster distinguished between a story organised

through the sequence of events and a plot concerned with

the causal relationships among them.

The distinction is fundamental.

Consider these statements:

The detective entered the room. The clock struck

midnight. The prisoner screamed.

They establish a sequence.

But we do not yet know whether the events are causally

connected.

Perhaps the prisoner screamed because the clock

activated a hidden mechanism.

Perhaps the scream was unrelated.

Perhaps the detective’s arrival caused the prisoner to

panic.

A novelist can deliberately leave those relationships

uncertain.

A computer program, by contrast, has an operational

interpretation defined by its language and execution

environment.

If one instruction modifies information that another

instruction uses, the relationship can be made explicit.
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For example:

door_locked = True
door_locked = False

if not door_locked:
print("The door opens.")

The program prints:

The door opens.

The result follows from the value assigned to door_locked

and the condition being evaluated.

There is no mystery about why the branch executes.

The computer does not interpret the dramatic

significance of opening the door. It evaluates a condition.

This reveals an important difference.

Narrative sequence organises events for a reader.

Program sequence organises operations for a machine.

Sometimes the two correspond closely.

But literary events need not be presented in

chronological order.

A novel may begin with a murder, return to the previous

morning and reveal the cause only near the end.
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The order in which a reader discovers events can differ

from the order in which those events occurred within the

fictional world.

Programs can also implement histories, reverse

operations and reconstruct previous states, but their

execution must follow the operational rules of the

programming language.

A novelist controls the order of revelation.

A programmer controls the rules of execution.

Both can use sequence to produce surprise, but they

work with different kinds of causation.

3. Choice: The Road Not Taken

Our detective encounters a decision.

She can take the key or attempt to force the door.

A conventional story might describe her choice:

Mara reached for the key, hesitated, and then pulled it

from the hook.

The author has selected one outcome.

But a program can represent several possible outcomes.

has_key = True
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if has_key:
print("Mara unlocks the door.")

else:
print("Mara searches for another entrance.")

The result depends on the value of has_key.

This is called conditional execution.

The program evaluates a condition and selects which

instructions to execute.

In Python, if and else provide a straightforward way to

express such decisions.

The similarity with fiction is immediate.

Stories frequently involve choices.

A character decides whether to tell the truth, escape

danger, trust a stranger or open a forbidden door.

Different decisions could lead to different events.

But the resemblance contains an important limitation.

A fictional character may make a choice for complicated

reasons involving memory, emotion, conflicting loyalties

or incomplete understanding.

The Python variable has_key contains none of those

experiences.

It merely records a value.

The conditional statement does not deliberate.
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It follows a rule.

Branching narratives

Interactive fiction brings the two approaches closer

together.

A reader might be presented with a choice:

Take the key.

Break the window.

Return to the staircase.

Each decision leads to another passage.

This creates a branching structure.

A conventional novel generally presents one reading path,

although its chronology and interpretation may be

complicated.

A branching story defines several possible paths.

A computer program can select among them according to

reader input.

However, the existence of choices does not guarantee

meaningful agency.

Suppose every option ultimately leads to the same

ending.
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The reader has made selections, but those selections have

had little influence over the outcome.

This is a problem familiar to designers of interactive

narratives.

A choice is dramatically meaningful when it changes

something the reader considers important.

That might be the outcome, a relationship, a character’s

knowledge or the reader’s understanding of the story.

An effective program must execute the specified branch.

An effective story must make the branch matter.

Those are related but different requirements.

4. Repetition: The Corridor That Never

Ends

Literature frequently uses repetition.

A refrain returns in a poem.

A character repeatedly makes the same mistake.

A detective revisits the same evidence until an overlooked

detail becomes significant.

A myth may describe a hero condemned to perform the

same task forever.
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Programming also uses repetition, but for a more precise

purpose.

A loop allows instructions to be executed repeatedly

according to defined rules.

Imagine Mara attempting to open a mechanical lock.

She has three numbered keys.

Only one works.

A program can test them in sequence.

keys = [1, 2, 3]
correct_key = 2

for key in keys:
if key == correct_key:

print("The door opens.")
break

The program examines the first key and discovers that it

does not match.

It then examines the second.

The second key matches, so the program prints the

message and exits the loop.

The third key is never tested.

A loop allows us to describe repeated activity compactly.

Without it, we might need to write separate instructions

for every attempt.
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This becomes especially important when the number of

repetitions is large.

A program might examine millions of records, process

thousands of images or simulate hundreds of possible

outcomes.

A writer can likewise describe repeated actions without

narrating every occurrence.

Mara tried the keys one after another until the second

turned in the lock.

The sentence compresses a sequence of actions into a

single meaningful event.

But the literary compression and computational loop are

different.

The prose leaves many details unspecified.

How quickly did Mara try the keys?

Did she hesitate?

Was she frightened?

Did the first key become stuck?

The program supplies a precise rule for selecting and

testing values, but it does not contain those dramatic

details.
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When repetition becomes dangerous

Loops can also fail.

Suppose we write:

while True:
print("Mara searches the corridor.")

The condition is always true.

Unless execution is externally interrupted, the program

continues printing the sentence indefinitely.

This is an infinite loop.

Infinite loops can be intentional, as in a service designed

to continue operating, or accidental, as when a

programmer forgets to provide an exit condition.

Literature has its own fascination with repetition without

resolution.

A character may be trapped in a repeating day.

A curse may require the same task to be performed

endlessly.

A bureaucratic process may continually return an

applicant to the beginning.

The analogy is useful, but the consequences differ.

In software, an unintended infinite loop is typically a

technical defect.
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In literature, endless repetition may be the central

artistic achievement.

Three fixed instructions change Mara’s key, door and rescue state;

a trace records changes while a story supplies their significance.

Interactive experiment: see the web edition.

5. State: The Memory of a Fictional

World

A program needs to keep track of what has changed.

If Mara collects a key, the system must remember that

she possesses it.

If the door is unlocked, later actions must recognise that

the door is no longer locked.

The information describing a system at a particular

moment is called its state.

Rules turn one state into the next.

INITIAL

Key: false

Locked: true

Rescued: false

TAKE KEY

Key: true

Locked: true

Rescued: false

UNLOCK

Key: true

Locked: false

Rescued: false

RESCUE

Key: true

Locked: false

Rescued: true

A trace records changes. A story makes them matter.

Companion toy model: no time limit, motives or other actions are represented.

218



For our fictional world, we might define:

world = {
"has_key": False,
"door_locked": True,
"prisoner_rescued": False,
"time": 0

}

The dictionary records four properties.

At the beginning, Mara has no key, the door is locked, the

prisoner has not been rescued and the fictional clock

reads zero.

When Mara collects the key, one property changes.

When she unlocks the door, another changes.

This is called a state transition.

A simple mathematical representation is:

Sₜ₊₁ = F(Sₜ, aₜ)

Here:

Sₜ is the current state.

aₜ is an action.

F is a rule describing the effect of the action.

Sₜ₊₁ is the resulting state.

For example:

F(door locked and has key, unlock)

• 

• 

• 

• 
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might produce a state in which the door is unlocked.

The literary connection

A fictional world also has a state.

The detective possesses certain information.

The murderer knows whether the detective is

approaching the truth.

A witness has told a lie.

A door is locked.

A letter remains unread.

As a story progresses, these conditions change.

Some changes are physical.

Others are psychological or social.

A character may learn that a trusted friend has betrayed

them.

Nothing visible in the room needs to change, yet the

fictional world has been transformed.

The character’s beliefs, intentions and relationships are

now different.

In a computer simulation, we would need to represent

relevant changes explicitly if subsequent rules depended

upon them.
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A novelist can rely on the reader to infer much more.

The reader remembers earlier events and interprets their

significance.

A computer program remembers whatever information its

implementation preserves.

This distinction becomes especially important when

designing interactive fiction.

If a character has already discovered a secret, the

program must avoid presenting later dialogue as though

the secret were still unknown.

The software must maintain narrative consistency.

A failure to do so resembles a continuity error in a novel.

But in a program, the error may arise from an incorrect

state update or an incomplete condition.

6. Building a Small Executable Story

We can now combine sequence, choice, repetition and

state into one small program.

Our fictional world has fixed rules.

Mara enters a corridor.

The key hangs on a hook.

The door is locked.
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The prisoner is behind it.

Mara has three turns before the corridor becomes unsafe.

Taking the key costs one turn.

Unlocking the door costs one turn.

Rescuing the prisoner costs one turn.

She must act in the correct order.

Here is the complete program.

world = {
"has_key": False,
"door_locked": True,
"prisoner_rescued": False,
"time": 0

}

def take_key(state):
    state["has_key"] = True
    state["time"] += 1

def unlock_door(state):
if state["has_key"] and state["door_locked"]:

        state["door_locked"] = False
    state["time"] += 1

def rescue_prisoner(state):
if not state["door_locked"] and state["time"] < 3:

        state["prisoner_rescued"] = True
    state["time"] += 1

take_key(world)
unlock_door(world)
rescue_prisoner(world)
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print(world["prisoner_rescued"])
print(world["time"])

The output is:

True
3

Mara successfully rescues the prisoner.

The rescue action begins when the fictional time is 2,

satisfying the condition that it must begin before turn 3.

After the action, time advances to 3.

This is a deliberately small model.

It has no graphics, no user input and no independent

artificial intelligence.

Its purpose is to illustrate how a fictional situation can be

represented through executable rules.

Tracing the execution

A programmer can examine the program one operation at

a time.

This is called tracing.

Stage Has key
Door

locked

Prisoner

rescued
Time

False True False 0
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Stage Has key
Door

locked

Prisoner

rescued
Time

Initial

state

After 

take_key()
True True False 1

After 

unlock_door

()

True False False 2

After 

rescue_pris

oner()

True False True 3

The final state follows directly from the operations.

Notice that the program describes a very narrow world.

Mara cannot break the door.

She cannot talk to the prisoner.

She cannot climb through the window.

She cannot decide to abandon the rescue.

Those actions do not exist in the model.

This reveals an important limitation of computational

fiction.
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A programmed fictional world contains only the

possibilities represented by its design and execution

environment.

A reader of conventional prose may imagine countless

alternatives.

A player interacting with a computerised world can

normally perform only actions that the system recognises.

The author’s task changes accordingly.

Instead of describing every event, the author-

programmer designs the rules governing possible events.

7. Functions: Giving Names to Actions

Our program contains three functions:

take_key()

unlock_door()

rescue_prisoner()

A function is a named unit of program behaviour that can

be invoked when required.

Functions may receive information, perform operations

and return results.

They help programmers organise complicated systems

into smaller, comprehensible parts.
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The official Python tutorial introduces functions as

reusable blocks of code defined using the def statement.

In our fictional example, the function names also possess

narrative meaning.

take_key() describes an action a character performs.

unlock_door() changes the state of the environment.

rescue_prisoner() represents the story’s immediate

objective.

This makes the code relatively easy to read.

But consider a different function:

def change_mind(character):
    character["trust"] = 0

It might represent a character losing trust in someone.

Technically, the function is straightforward.

But as literature, it is unsatisfying.

Why did the character lose trust?

What happened?

Was there a betrayal?

A misunderstanding?

A revelation?
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The function specifies a change without explaining its

human significance.

A novelist must make the transformation believable.

A programmer must make it executable.

An interactive-fiction designer may need to do both.

Abstraction

Functions illustrate a central programming technique

called abstraction.

We give a complex operation a name and use that name

without repeating every internal detail.

A story also employs abstraction.

A sentence might say:

The detective searched the room.

The reader understands that this involves numerous

possible actions: examining drawers, inspecting shelves,

looking beneath furniture and noticing unusual objects.

The writer does not need to describe every movement.

But the reasons for abstraction differ.

In programming, abstraction helps manage complexity,

reuse behaviour and clarify interfaces.
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In literature, abstraction helps control pace, attention

and emphasis.

The novelist may deliberately omit routine actions so that

a significant discovery receives greater attention.

A programmer may encapsulate routine operations so

that other parts of the system can invoke them reliably.

Both are choosing what to make explicit.

But only the program must satisfy the requirements of

execution.

8. Debugging: The Detective Work of

Programming

Imagine that Mara has taken the key and unlocked the

door.

Nevertheless, the prisoner is not rescued.

The program reports:

False
3

Something has gone wrong.

We must investigate.

This is debugging: the process of identifying,

understanding and correcting defects in software.
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The word bug has a history predating electronic

computers, although a famous 1947 incident involving a

moth found in a Harvard Mark II relay helped popularise

the association between insects and computer faults.

The original logbook is preserved in the Smithsonian’s

collections.

Our fictional program contains several possible sources of

failure.

Perhaps the key was never collected.

Perhaps the unlocking condition was incorrect.

Perhaps the rescue was attempted too late.

Perhaps the program recorded the rescue in the wrong

variable.

A programmer can inspect the state after each operation.

The trace table becomes evidence.

This resembles detective work.

The programmer begins with an unexpected outcome and

searches for the cause.

A deliberate bug

Consider this incorrect version of the unlocking function:

def unlock_door(state):
if state["has_key"] and state["door_locked"]:
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        state["door_locked"] = True
    state["time"] += 1

The condition is correct.

Mara has the key.

The door is locked.

But the function assigns True to door_locked, leaving the

door locked.

When the rescue is attempted, the condition fails.

The prisoner remains trapped.

The defect is a single incorrect value.

Changing it to False restores the intended behaviour.

Plot holes and software bugs

A plot hole is not necessarily a software bug.

Suppose a detective story establishes that its protagonist

has no key, then suddenly allows her to open a locked

door without explanation.

Readers may recognise an inconsistency.

The author has violated expectations established by the

fictional world.

A program may contain a comparable defect if it allows

an action that should be prohibited.
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But literature also permits ambiguity, unreliable narrators

and unexplained events.

An apparent contradiction may be deliberate.

A detective might have secretly copied the key.

The narrator might have concealed that information.

A program can represent unreliable information too, but

its execution still follows defined rules.

The difference is between an inconsistency in the fictional

account and a failure of the implemented computational

system.

Good debugging involves determining whether the

observed behaviour differs from the intended

specification.

Good literary criticism asks whether an apparent

inconsistency damages the work or contributes to its

meaning.

The activities resemble each other, but they do not use

identical standards of correctness.

9. When the Rules Produce an

Unexpected Story

Our corridor program is deterministic.
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Given the same initial state and the same sequence of

actions, it produces the same result.

But what if Mara can choose among several actions?

What if an unseen guard moves through the building?

What if the prisoner can provide information?

What if a key sometimes breaks?

The number of possible outcomes grows.

A writer might describe one sequence.

A program can define a space of possible sequences.

For example, suppose Mara has three actions available at

each turn.

After one turn, there are three possible action sequences.

After two turns, there are:

3² = 9

After five turns:

3⁵ = 243

And after ten turns:

3¹⁰ = 59,049
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These counts assume three choices remain available at

every turn and that we count action sequences rather

than distinct resulting states.

In a real simulation, some actions might be unavailable,

and different sequences could lead to the same state.

Nevertheless, the example demonstrates how quickly

possibilities multiply.

This is combinatorial growth.

It explains why interactive stories become difficult to

design when every choice creates substantially different

consequences.

A conventional novelist can concentrate on one selected

sequence of events.

An interactive-fiction author may need to consider many

possible sequences.

A programmer can help manage this complexity by

defining reusable rules.

But the rules may produce combinations that the author

did not anticipate.

For example, a character might acquire an object earlier

than expected.

A conversation might occur after an important character

has died.
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Two independently reasonable rules might combine to

produce an absurd outcome.

The system may be operating correctly according to its

individual instructions while generating a narratively

incoherent situation.

This is where programming and literary design meet.

The author must decide whether unexpected outcomes

are interesting possibilities or defects that need to be

prevented.

Some interactive works deliberately embrace emergence.

They allow complex stories to arise from relatively simple

rules.

Others use carefully controlled branching structures to

preserve dramatic coherence.

Neither approach is inherently superior.

They offer different relationships between author, system

and reader.

10. The Program That Explains Itself

In 1984, the computer scientist Donald Knuth published

an influential paper titled Literate Programming.

Knuth proposed a different way of organising software.
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Instead of treating explanatory documentation as

something added after the program was written, he

argued that programs could be composed primarily for

human understanding.

His WEB system allowed programmers to interleave

explanatory prose with program fragments and organise

the material in a form suited to readers, while tools could

assemble the instructions required for compilation.

The idea is important because programmers work with

two audiences.

One audience is the computer.

The computer requires instructions expressed according

to the language’s formal rules.

The other audience is human.

A future programmer needs to understand the purpose,

assumptions and organisation of the software.

The computer does not need a beautiful explanation of

why an algorithm was chosen.

A human reader may need precisely that explanation.

Two ways of reading a program

Consider our corridor simulation.

A computer processes instructions according to Python’s

execution rules.
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A human reader may ask:

Why does Mara have three turns?

Why is rescuing the prisoner the objective?

Why must the key be collected before the door can open?

Why is there no alternative escape route?

These questions concern the design of the fictional world.

They are not answered merely by knowing that the code

executes successfully.

Literate programming attempts to bring purpose and

implementation into a unified presentation.

It does not automatically transform every program into a

work of literary art.

The term literate concerns the intelligibility and

organisation of software.

Nevertheless, Knuth’s proposal establishes an important

historical connection between programming and literary

composition.

It treats explanation as a central part of the programming

process.

A program as an argument

A well-written program can communicate a line of

reasoning.
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It begins with a problem.

It introduces concepts.

It establishes relationships.

It presents a method.

It demonstrates how the method produces a result.

This resembles the structure of an explanatory essay.

The difference is that the computational portion must also

satisfy precise operational constraints.

A literary argument may persuade through metaphor,

evidence and interpretation.

A program must produce defined behaviour when

executed.

The strongest combination of the two makes both the

reasoning and the execution understandable.

11. The Author, the Reader and the

Machine

We can now identify three distinct roles within

computational literature.

The author designs the fictional world, its language, rules

and possible events.
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The machine executes the implemented rules and

presents results.

The reader interprets the resulting material and may

sometimes influence what happens next.

In a conventional printed novel, the author’s text is

normally fixed before the reader encounters it.

The reader can interpret, imagine and reconsider events,

but cannot ordinarily change the printed words.

In an interactive program, the reader may provide inputs

that affect the sequence of events.

That does not mean the reader has unrestricted freedom.

The available possibilities depend on what the author and

programmer have implemented.

A player cannot normally ask a fictional character any

imaginable question and expect a meaningful response

unless the system provides some mechanism for handling

that request.

The apparent freedom of an interactive world therefore

depends upon its design.

The difference between rules and meaning

This brings us to the most important distinction in the

chapter.

Programs establish executable relationships.
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Stories establish meaningful relationships.

The two can overlap, but they are not the same.

Suppose our program reports:

True
3

Technically, this tells us that prisoner_rescued is true and

the fictional time is three.

A reader might understand that Mara succeeded.

But the program does not tell us whether she was

frightened, whether the prisoner deserved rescue,

whether the rescue came at a terrible cost or whether the

experience changed her.

Those questions belong to the narrative interpretation of

the event.

We could add more variables.

We could model fear, loyalty, trust and regret.

We could define increasingly complex rules.

But the relationship between formal representation and

human experience would remain a philosophical and

artistic problem.

A model can represent selected aspects of experience.
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It does not automatically reproduce everything that

experience means.

Stories are not just executions

A story can contain ambiguity that is essential rather than

accidental.

It can deliberately leave a character’s motivation

unresolved.

It can use metaphor to suggest several incompatible

interpretations.

It can evoke emotions that are not explicitly named.

A program, meanwhile, can contain ambiguity in its

intended purpose, but the operations it performs must

still follow its actual implementation.

This is why we should avoid claiming that every story is

secretly an algorithm.

The analogy illuminates structure.

It does not exhaust literary meaning.

A novel is not simply a sequence of state transitions.

A poem is not merely a collection of grammatical rules.

And a character is not reducible, for every literary

purpose, to a dictionary of properties.
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But computational models can help us understand some

aspects of narrative organisation.

They also make possible new literary forms in which text

and executable structure work together.

12. The Story That Exists Before It Is

Told

Let us return to Mara.

We began with a simple scene.

A detective enters a corridor.

A door is locked.

A prisoner calls for help.

We then transformed part of that scene into a computer

program.

We defined the state of the world.

We specified possible actions.

We established rules governing their consequences.

And we traced one successful sequence of events.

Yet the program contains something the original prose

does not.

241



It contains a description of possible behaviour beyond the

one sequence we observed.

We could execute the actions in another order.

We could change the initial conditions.

We could introduce another character.

We could add a rule allowing the key to break.

We could make the approaching danger respond to

Mara’s decisions.

Eventually, the program might become a small interactive

world.

A reader could enter it, make choices and experience the

consequences.

At that point, the author would no longer control every

event directly.

The author would control a system capable of producing

events.

This is a profound change in the relationship between

writing and reading.

In traditional fiction, the author usually determines which

words appear.

In computational fiction, the author may determine the

rules by which words are selected, assembled or

displayed.
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The literary work becomes partly a process.

But the computer has not replaced the author.

It has changed the author’s task.

The writer must think not only about individual sentences

but also about possible states, transitions, constraints and

interactions.

The programmer must think not only about correct

execution but also about dramatic significance, character

consistency and the reader’s experience.

The most successful computational literature requires

both disciplines.

From describing to doing

In Chapter Five, we studied codes and ciphers.

We learned that a message can be represented,

concealed, transmitted and reconstructed.

Now we have encountered a different kind of text.

A computer program is not merely information intended

to be read.

Under the appropriate conditions, it can be executed.

Its instructions can modify information, produce output

and influence connected systems.
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This gives programming languages a distinctive

relationship with action.

The sentence Mara opens the door describes an event.

The instruction that changes door_locked from True to 

False modifies a computational representation of the

world.

The difference is fundamental.

One statement participates in an imagined narrative.

The other performs an operation within a defined

execution environment.

When the two are combined, a new form of literature

becomes possible.

The author writes rules.

The machine executes them.

The reader encounters the consequences.

And the resulting story may be one that no human author

ever wrote out in precisely that form.

The programmer as author does not merely tell a story.

The programmer can construct a world in which stories

are allowed to happen.
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Questions to Take Away

How does the order of instructions in a computer

program differ from the order in which events are

presented in a novel?

Can a story contain a meaningful choice if the

outcome is predetermined? How might interactive

fiction approach this problem differently?

Why must a program explicitly maintain relevant

information about its state, while a novelist can

often rely on the reader to remember or infer that

information?

Is a plot hole equivalent to a software bug? Under

what circumstances might the comparison be useful

or misleading?

Why can a small collection of rules generate a large

number of possible event sequences?

Does a character controlled by a sophisticated

simulation possess more literary depth than a

character whose actions are described in a fixed

novel?

What is the difference between a program executing

successfully and a story being artistically

successful?

If an interactive narrative produces an unexpected

ending through its rules, who should be regarded as

the author of that ending?

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
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A Small Experiment: Change the

Ending

Return to the corridor simulation from Section 6.

The original program performs three actions in this

order:

take_key(world)
unlock_door(world)
rescue_prisoner(world)

The result is a successful rescue.

Now investigate what happens when we change the

order.

Step 1: Predict the result

Suppose Mara attempts to unlock the door before

collecting the key.

The new sequence becomes:

unlock_door(world)
take_key(world)
rescue_prisoner(world)

Before examining the answer, predict the final state.

Will Mara rescue the prisoner?

Will the door open?
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How much time will have elapsed?

Assume the program starts with a fresh copy of the

original state.

Step 2: Trace the operations

The first action is unlock_door().

Mara does not possess the key, so the unlocking condition

fails.

The door remains locked.

However, time advances by one turn.

The second action is take_key().

Mara now possesses the key, and time advances again.

The third action is rescue_prisoner().

The door is still locked, so the rescue condition fails.

Time advances to three.

The complete trace is:

Stage Has key
Door

locked

Prisoner

rescued
Time

Initial

state
False True False 0

False True False 1
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Stage Has key
Door

locked

Prisoner

rescued
Time

After 

unlock_door

()

After 

take_key()
True True False 2

After 

rescue_pris

oner()

True True False 3

The final output is:

False
3

Step 3: Interpret the result

The prisoner was not rescued.

Not because Mara lacked the necessary key, but because

she performed the actions in the wrong order.

This is an example of a precondition.

Unlocking the door requires possession of the key.

The action has no unlocking effect when its precondition

is not satisfied.

The fictional world therefore contains a causal

dependency.
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The key must be collected before the door can be

unlocked.

The door must be unlocked before the prisoner can be

rescued.

Step 4: Create a new ending

Now change the program so that Mara has four turns

instead of three.

You would need to modify the relevant time condition and

decide which actions become possible.

Could Mara recover from attempting the wrong action

first?

Would the story become less tense if she had more time?

Would it become more interesting if she discovered an

alternative route?

Step 5: Think like an author

Write a short prose version of both outcomes.

In the first, Mara rescues the prisoner.

In the second, she fails.

Try to make the difference emotionally meaningful.

Perhaps the failed attempt causes her to realise that she

has wasted precious time.
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Perhaps the successful rescue reveals that the prisoner

has been keeping a dangerous secret.

The program determines whether the rescue condition

succeeds.

Your writing determines why the outcome matters.

What the experiment demonstrates: Executable rules can

establish consistent causal relationships within a fictional

simulation. Literary storytelling adds motivation,

interpretation and emotional significance to the events

those rules produce.

Further Reading

Literature and Narrative Structure

E. M. Forster — Aspects of the Novel (1927)

Forster’s original lectures distinguish the sequence of

events from the causal organisation of plot. They provide

a useful literary counterpart to the distinction between

instruction order and computational state transitions.

Read Aspects of the Novel

The Open University — Story and Plot

Foundations of Computing

Alan Turing — On Computable Numbers, with an

Application to the Entscheidungsproblem (1936)
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Turing’s original paper develops an abstract model of

computation through discrete states, symbols and

formally defined operations. It remains a foundation for

understanding what it means for a process to be

computable.

Original paper — London Mathematical Society / Oxford

Academic

Full text transcription, reproduced with permission

Donald E. Knuth — Literate Programming (1984)

Knuth’s original paper argues for constructing programs

in a form designed to communicate clearly with human

readers, integrating explanation and implementation.

Original paper — The Computer Journal

Official Programming Documentation

Python Software Foundation — The Python Tutorial

The official documentation explains conditional execution,

loops, functions, data structures and program

organisation.

Python Tutorial — Control Flow Tools

Python Tutorial — Data Structures
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These references describe programming-language

behaviour, not theories of literary meaning. The

comparisons developed in this chapter are interpretive

analogies rather than claims that software execution and

narrative experience are identical.

Early Computational Writing

Christopher Strachey — archival further reading

Christopher Strachey scientific archive catalogue

Editorial note: the catalogue was too large for the source-

review tool to open. The source chapter’s precise 1952

dating and description of its contents have therefore been

left out pending verification. Computer-generated love

letters will receive fuller treatment in the later chapters

on generative writing.

Up Next — Words That Do Things

Software, Language and Executable Reality

We have learned that programs can describe fictional

worlds through objects, state, conditions and rules.

But computer code has a property that ordinary prose

does not necessarily possess.

Under suitable conditions, it can make things happen.

A program can open a file, transmit a message, control a

machine or change the information stored in a database.
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Its words are instructions interpreted by a computational

system.

This creates an unusual relationship between language

and action.

In ordinary conversation, people also use words to

perform actions.

A promise creates an obligation.

A judge may pronounce a sentence.

An official may declare a meeting open.

A password can grant access to a protected system.

Philosophers of language have investigated such

expressions through the concept of speech acts:

utterances that do more than merely describe the world.

Computer programs offer a striking technical

comparison.

They are texts whose formal interpretation can produce

real operational consequences.

In Chapter Seven, we will explore speech-act theory,

executable code, programming languages, software

commands and the boundary between representation and

action.
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We will also revisit literary worlds in which language

appears to exert physical power, including the

technological and linguistic speculation of Neal

Stephenson’s Snow Crash.

The central question is no longer simply whether

programs resemble stories.

It is something stranger.

What happens when words cease to describe events and

become instructions that cause events to occur?
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Words That Do Things

Software, Language and Executable Reality

1. The Sentence That Opened a Door

The door had no handle.

It stood at the end of a narrow corridor in the oldest part

of the Archive, a place where centuries of records had

been collected, indexed and forgotten.

A small terminal was mounted beside it.

On the terminal’s screen appeared a single instruction:

Enter an authorised command.

Mara examined the door. There was no visible lock, no

keyhole and no mechanical switch.

She typed:

OPEN ARCHIVE

The terminal responded:

ACCESS DENIED
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Mara frowned. She knew the command was correct. She

had seen it written in the Archive’s operating manual.

She tried again.

OPEN ARCHIVE

The result was identical.

A moment later, the Archive’s caretaker appeared behind

her.

“You have the correct words,” he said, “but you don’t

have the authority to use them.”

He placed his identification card against the terminal,

authenticated himself and entered the same command.

OPEN ARCHIVE

This time, the terminal displayed:

ACCESS GRANTED

The door opened.

The words had not changed.

Their spelling, order and meaning were exactly the same.

But the consequences were completely different.

The scene is fictional. The Archive, its terminal and

Mara’s encounter with the caretaker are inventions for

this chapter.
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Nevertheless, the situation illustrates something

fundamental about both language and computing.

Words do not acquire the power to change the world

merely because they possess meaning. Their effects

depend upon the systems, rules and circumstances in

which they are used.

A password works only when a system recognises it.

A command works only when an interpreter understands

it and the required operation is permitted.

A judge’s declaration can possess legal consequences

because a legal institution recognises the judge’s

authority.

In all three cases, language participates in an action.

But the words are not performing magic.

They operate within structures that give them particular

effects.

This brings us to a remarkable connection between

philosophy, literature and computer science.

A philosopher studying ordinary conversation discovered

that some utterances do more than describe reality.

A programmer writes statements that may change

computational reality.
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And science-fiction writers have imagined worlds in

which language becomes a mechanism for transforming

minds, machines and entire societies.

To understand the relationship, we must begin with a

deceptively simple question.

What does it mean to do something with words?

A Teletype Model 33 ASR with paper-tape punch and reader.

A Teletype Model 33 ASR with paper-tape punch and

reader. Credit: Marcin Wichary, User:AlanM1. Source. CC

BY 2.0. Resized; no crop.
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2. The Philosopher Who Discovered

That Speaking Is Acting

In 1955, the British philosopher J. L. Austin delivered the

William James Lectures at Harvard University.

The lectures were published after his death in 1962 under

the title How to Do Things with Words.

Austin was interested in a problem that ordinary accounts

of language often neglected.

Many philosophical discussions treated sentences

primarily as statements that described the world.

A statement such as:

The window is open.

can ordinarily be evaluated as true or false.

Either the window is open, or it is not.

But consider another sentence:

I promise to return tomorrow.

When spoken sincerely under appropriate circumstances,

this utterance does not merely report an existing

promise.

It can be the act of making one.

Or consider:
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I apologise for my behaviour.

The speaker may be performing an apology rather than

simply describing one.

Austin investigated utterances of this kind, calling

attention to what he initially termed performative

utterances.

His work eventually developed into a more general

account of speech acts and what he called illocutionary

force: what speakers do in saying something.

Austin’s published lectures remain a foundational text in

the philosophy of language.

Three dimensions of an utterance

Austin distinguished among several aspects of linguistic

action.

A useful simplified account identifies three.

The locutionary act concerns producing a meaningful

utterance.

The illocutionary act concerns what is done in making the

utterance, such as requesting, warning, promising or

ordering.

The perlocutionary act concerns effects produced through

the utterance, such as persuading, frightening or

encouraging someone.
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Consider a fictional security guard telling Mara:

There is a fire behind that door.

At the locutionary level, the guard has produced a

meaningful sentence about a fire.

The illocutionary force might be a warning.

The perlocutionary effect might be that Mara becomes

frightened and retreats.

But these three aspects need not align perfectly.

Mara might not believe the guard.

She might understand the warning but remain where she

is.

The statement might even be false.

A warning can be issued without successfully persuading

its recipient.

That distinction will matter when we compare speech

acts with computer instructions.

A command can be correctly formed without being

authorised.

An authorised command can be recognised without

succeeding.

And a successful command can have consequences

beyond those its author intended.
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Language, authority and effects must be distinguished.

3. Why Saying the Words Is Not

Enough

Imagine that you are visiting a courtroom.

You stand up and announce:

I sentence the defendant to five years in prison.

What happens?

Almost certainly, you have not legally sentenced anybody.

You may have interrupted the proceedings or caused

confusion, but you have not performed the recognised

judicial act.

Why not?

The words themselves are not necessarily incorrect.

A properly authorised judge might pronounce a sentence

using very similar language.

The difference lies in the circumstances and the speaker’s

authority.

Austin investigated the conditions under which an

utterance can successfully perform a conventional act.

These became known as felicity conditions.
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For example, a marriage ceremony may require particular

participants, legal authority and an appropriate

procedure.

An appointment to an official position may require the

appointing person to possess the necessary powers.

A promise normally involves an intention or undertaking

concerning future conduct.

The relevant conditions vary according to the kind of

speech act involved.

Some failures prevent the intended act from taking place.

Others involve a recognised act performed insincerely or

improperly.

Austin’s account was more sophisticated than the simple

division between statements and performatives with

which he began. He eventually examined how different

kinds of utterances possess different forces and

conditions of success.

Authority does not live inside the sentence

Consider these three situations.

A child declares a classroom lesson finished.

A teacher declares the lesson finished.

A school administrator announces that all lessons are

cancelled for the day.
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Similar words can have different institutional effects

because different people possess different forms of

authority.

The words matter, but so do the rules governing the

institution.

A recognised declaration changes a social situation

because people agree, through established practices and

authority structures, that the declaration counts as an

act.

A computer command operates through a different

mechanism, but the comparison is revealing.

Our fictional Archive requires a command and an

authorised user.

The command supplies the requested operation.

Authentication establishes an identity.

An authorisation policy determines whether that identity

may perform the operation.

The system then changes its state.

The analogy is not perfect.

A computer’s execution depends on software and

hardware, while a judge’s authority depends on legal and

social institutions.

But both cases show why the words alone are insufficient.
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The effect belongs to a larger system.

4. When the Sentence Becomes an

Instruction

Now consider a different kind of text:

door_open = True

In Python, this is an assignment statement.

It binds the name door_open to the Boolean value True in

the relevant execution environment.

If a program is modelling a fictional room, that

assignment might represent opening a door.

But it does not necessarily open any physical door.

The statement changes a computational value.

Only additional software, hardware and permissions

could connect that value to a real mechanism.

This is an important distinction.

Executable code changes the state of a computational

system according to defined rules. It does not acquire

unlimited physical power merely by being executable.

Suppose we write:
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print("The door opens.")

The result is:

The door opens.

The program has displayed a sentence.

It has not changed the condition of a door, real or

fictional.

Now consider:

door_open = False
door_open = True

print(door_open)

The result is:

True

Here, a stored value has changed.

The program has performed an operation rather than

merely reporting one.

In a larger simulation, other parts of the program might

inspect that value and allow a fictional character to enter

the room.
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The difference between the printed statement and the

assignment is fundamental.

One produces text describing an event.

The other changes a representation of the world.

This is where programming begins to resemble the

performative use of language.

But we must not confuse resemblance with identity.

A promise is not executed by a Python interpreter.

An assignment statement does not create a human

obligation simply because its text is meaningful.

Each operation belongs to a different system of rules.

5. Syntax, Semantics and the Machine

That Reads

In Chapter One, we encountered the distinction between

syntax and semantics.

Syntax concerns the formal arrangement of symbols.

Semantics concerns meaning.

Programming languages provide a particularly precise

example of that distinction.

Consider:
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x = 5

This is valid Python syntax.

Now consider:

= x 5

This is not a valid Python assignment statement.

A Python implementation will reject it as a syntax error.

The characters have not been arranged according to the

grammar of the language.

We might compare this with an ungrammatical English

sentence.

But programming languages generally impose much

stricter formal rules than ordinary conversation.

Humans routinely understand incomplete sentences,

spelling mistakes and unusual constructions.

A programming-language processor must interpret its

input according to its implemented language rules.

What the symbols mean

Syntax alone does not determine every aspect of a

program’s meaning.

Consider:
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x = 5
y = x + 2

Under Python’s ordinary integer arithmetic, y becomes 7.

But the expression + can have different operations

depending on the values involved.

For example:

"ghost" + "ship"

produces:

'ghostship'

Here, the plus operator performs string concatenation.

The expression is syntactically valid, and its behaviour is

determined by Python’s rules for the relevant objects.

This illustrates programming-language semantics: the

meaning of program constructs in terms of their specified

behaviour.

But this is not identical to literary semantics.

The computer does not have to understand the cultural

associations of ghosts or ships to concatenate the strings.

It only needs to execute the defined operation.
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From source text to execution

A programming-language implementation must process

source code before or during execution.

For explanatory purposes, we can distinguish several

conceptual stages.

Stage Purpose

Lexical analysis

Recognise meaningful units

such as identifiers, keywords

and operators

Parsing
Determine how those units fit

the language’s grammar

Semantic processing

Apply relevant language rules,

including name resolution and

value operations

Execution

Perform the program’s

operations in an execution

environment

Different languages and implementations organise these

stages differently.

Python, for example, normally compiles source code into

an internal bytecode representation executed by its

virtual machine in the standard CPython implementation.
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Other systems may compile programs into native machine

instructions or use different forms of interpretation and

compilation.

The essential point is that source code does not simply

announce its own meaning to the universe.

A compatible implementation supplies the machinery that

makes the written instructions operational.

The official Python language reference describes the

language’s lexical structure, grammar and execution

model.

That reference is a technical specification of Python

behaviour, not a theory of human linguistic

understanding.

The two meanings of semantics must remain distinct.

OPEN ARCHIVE passes through a parser and permission check

before changing a fictional state.

A command needs rules and a context.

TEXT

OPEN ARCHIVE

PARSER

Known command?

CONTEXT

Permission granted?

EFFECT

open = true

A failed check leaves the fictional state unchanged.

Companion toy model: no real archive, credentials or external action.

271

https://docs.python.org/3/reference/


6. The Interpreter as an Institution

Our fictional Archive accepts commands such as:

OPEN ARCHIVE

But how does it know what those words mean?

It needs a command interpreter.

An interpreter is a program that receives input,

recognises valid constructions and performs the

operations associated with them.

For the Archive, we could define a deliberately small

language.

Only three commands exist:

LOOK ARCHIVE

OPEN ARCHIVE

CLOSE ARCHIVE

Nothing else is recognised.

These commands are not ordinary English sentences.

They form a tiny domain-specific language, designed to

control one fictional object.

The vocabulary has been deliberately restricted.

There is one valid object: ARCHIVE.
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There are three verbs: LOOK, OPEN and CLOSE.

Every valid command contains exactly two words.

The first must be a recognised verb.

The second must be the exact object name.

The interpreter does not attempt to understand arbitrary

natural language.

It checks whether the input matches the grammar.

The importance of context

Suppose Mara enters:

OPEN ARCHIVE

The interpreter recognises the command.

But recognition is not permission.

The system must also determine who is making the

request.

Perhaps Mara is an ordinary visitor.

Perhaps the caretaker is an authorised operator.

Perhaps the Archive is currently in an emergency

lockdown.

The same command may be accepted or rejected

depending on the circumstances.
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This resembles Austin’s account of performative

language.

Yet the underlying mechanism is different.

In the Archive, a software policy determines whether an

operation may proceed.

In a human institution, social practices, laws, intentions

and recognised authority determine the force of an

utterance.

The comparison becomes most useful when we recognise

the differences.

A command has syntax, an operational meaning and

conditions governing its execution. Its practical effect

depends on all three.

7. Building the Archive’s Command

Language

We can now construct a small, safe example.

The Archive is a fictional room represented entirely in

computer memory.

The program cannot open physical doors, access external

services, delete files or execute arbitrary Python supplied

by a user.

It recognises only its three predefined commands.
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Its purpose is to demonstrate parsing, authorisation and

state changes.

The rules

The language has exactly this grammar:

COMMAND := VERB SPACE ARCHIVE
VERB    := LOOK | OPEN | CLOSE
SPACE   := one ordinary space

Commands are case-sensitive.

Leading or trailing whitespace is not accepted.

Exactly two tokens must be present.

The Archive begins closed.

The visitor may use LOOK.

The caretaker may use all three commands.

LOOK reports the current state without changing it.

OPEN changes a closed Archive to open.

CLOSE changes an open Archive to closed.

The state-changing commands must pass authorisation

before their effects are considered.

The program

state = {"archive_open": False}
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permissions = {
"visitor": {"LOOK"},
"caretaker": {"LOOK", "OPEN", "CLOSE"}

}

def execute(role, command):
    parts = command.split(" ")

if (
len(parts) != 2
or parts[0] not in {"LOOK", "OPEN", "CLOSE"}
or parts[1] != "ARCHIVE"

    ):
return "INVALID COMMAND"

    verb = parts[0]

if verb not in permissions.get(role, set()):
return "ACCESS DENIED"

if verb == "LOOK":
return "OPEN" if state["archive_open"] else "CLOSED"

if verb == "OPEN":
        state["archive_open"] = True

return "ARCHIVE OPENED"

    state["archive_open"] = False
return "ARCHIVE CLOSED"

The program has no use of eval(), exec(), subprocesses or

filesystem operations.

It does not treat unrecognised text as executable code.

It selects from a fixed collection of permitted operations.

That is an important safety property.
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A worked execution

Now imagine the following requests arriving in order.

Step Role Command Result
Archive

state

Initial — — — Closed

1 visitor
LOOK

ARCHIVE
CLOSED Closed

2 visitor
OPEN

ARCHIVE

ACCESS

DENIED
Closed

3 caretaker
OPEN

ARCHIVE

ARCHIVE

OPENED
Open

4 visitor
LOOK

ARCHIVE
OPEN Open

5 caretaker
CLOSE

ARCHIVE

ARCHIVE

CLOSED
Closed

6 caretaker OPEN VAULT
INVALID

COMMAND
Closed

The results are deterministic.

At step 2, the command is syntactically valid but

unauthorised.

At step 3, the same command succeeds because the role

is permitted.

277



At step 6, even the caretaker cannot execute the

command because VAULT is not part of the language.

Authorisation does not make invalid syntax valid.

This is the precise technical counterpart to Mara’s

encounter with the caretaker.

The command’s effect depends on more than the words.

It depends on the interpreter, the current state and the

policy governing the request.

Interactive experiment: see the web edition.

8. The Difference Between

Understanding and Obeying

The Archive interpreter can respond correctly without

understanding the Archive as a human being would.

It has no memory of the building’s history.

It does not know why the caretaker values the

documents.

It does not feel curiosity about what lies behind the door.

Its implementation associates particular command strings

with particular operations.

This is an important distinction between operational

semantics and broader human understanding.
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A program may be able to execute OPEN ARCHIVE without

possessing a mental concept of opening.

A human reader understands the command through

experience with doors, rooms, buildings and authority.

The programmer has connected a textual form to a state-

changing operation.

The interpreter follows that connection.

The danger of excessive interpretation

What happens if we replace the tiny fixed language with

unrestricted natural language?

Suppose a user writes:

Would you be kind enough to open the Archive once the

caretaker has returned?

The system must now determine whether the sentence is

a request, when it should be performed and whether the

speaker possesses the necessary authority.

Perhaps the wording is sarcastic.

Perhaps the request is being quoted from a novel.

Perhaps the user is describing what someone else said.

Natural language contains ambiguity that formal

command languages attempt to reduce.
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A modern language model might interpret the sentence

with impressive flexibility.

But interpreting an apparent request is not the same as

being authorised to execute it.

That distinction matters whenever artificial intelligence

systems are connected to tools.

A model may correctly understand that a sentence

requests an action.

A separate mechanism should still determine whether the

action is permitted.

Otherwise, the model’s ability to interpret language risks

becoming an uncontrolled source of authority.

The command interpreter illustrates a safer architectural

principle.

Understanding a request, deciding whether it is

authorised and executing it are separate operations.

A system can perform the first without being permitted to

perform the last.

9. The Problem of the Hostile Sentence

Now imagine that a visitor gives the Archive a document

containing the words:

OPEN ARCHIVE
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Should the Archive open?

No.

The text is part of a document being examined.

It is not necessarily an instruction from an authorised

user.

This appears obvious to a human reader.

But computer systems can make dangerous mistakes

when they fail to distinguish between data and

instructions.

Suppose an application receives a message containing

text supplied by an untrusted party.

If the application mistakenly treats that text as an

instruction, the attacker may influence the system’s

behaviour.

The general problem appears in different forms across

computing.

A database application may be vulnerable if untrusted

input is incorrectly incorporated into executable queries.

A document-processing system may mishandle embedded

commands.

An AI assistant connected to tools may encounter

instructions hidden inside retrieved webpages or other

material that it is supposed to analyse rather than obey.
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The last example is commonly discussed as prompt

injection.

The important issue is the boundary between content and

authority.

A sentence appearing in a document should not

automatically acquire the authority of a command.

Quotation is not execution

Consider this passage from a fictional diary:

The caretaker entered OPEN ARCHIVE into the terminal,

and the door opened.

The text describes a command.

It does not issue that command to the system reading the

diary.

Similarly, a software manual may contain examples of

powerful commands without intending the reader’s

computer to execute them.

Programming languages and software environments need

mechanisms for distinguishing literal data from

executable instructions.

Quotation, escaping, structured APIs and permission

boundaries all contribute to this separation in different

contexts.

282



For our tiny Archive language, the simplest protection is

explicit.

Only text submitted to the command interface is parsed

as a command.

Text stored in a document is treated as data.

Even text submitted to the interface can select only

predefined operations.

And every state-changing operation requires

authorisation.

This is not a complete security architecture, but it

demonstrates the principle.

The same words can be harmless information in one

context and operational instructions in another.

The difference is not in the spelling.

It is in the surrounding machinery.

10. Snow Crash: The Language That

Infects Reality

In 1992, Neal Stephenson published Snow Crash.

The novel takes place in a fragmented future society

dominated by corporations, private organisations and

technological networks.
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Its protagonist, Hiro Protagonist, is a hacker and

swordsman who moves between the physical world and a

virtual environment called the Metaverse.

At the centre of the story is a dangerous phenomenon

called Snow Crash.

It appears in both digital and biological contexts,

combining ideas about software, language, religion,

mythology and the manipulation of human consciousness.

Stephenson connects the phenomenon to speculative

theories about ancient languages, particularly Sumerian,

and to a fictional mechanism through which linguistic

structures can affect the human mind.

The novel also imagines language operating rather like

software capable of influencing or reprogramming

people.

Stephenson’s official website describes the novel’s origins

and its significance in his career.

What the novel imagines

Snow Crash draws a parallel between three kinds of

systems.

A computer can execute instructions.

A human being can respond to language.

A society can organise behaviour through shared beliefs

and institutions.
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Stephenson asks what might happen if these

relationships were more closely connected than we

ordinarily suppose.

The result is a fictional world in which language can

become a technological weapon.

The idea is dramatically effective because it transforms

words into something physically dangerous.

The threat is not merely that a message persuades

someone to act.

It is that particular linguistic material may directly

compromise cognition.

This belongs to speculative fiction.

Where the analogy stops

Human language affects cognition and behaviour.

Words can communicate threats, produce emotional

responses, establish expectations and influence decisions.

People can be persuaded, misled, reassured or frightened

through communication.

Language processing also depends on complex neural

systems.
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However, these facts do not establish the existence of a

universal linguistic program capable of directly

reprogramming arbitrary human brains in the manner

imagined by the novel.

The ancient machine-code layer is part of the novel’s

fictional mechanism. This chapter supplies no

neuroscientific evidence for it; the command interpreter

cannot establish such a claim.

Nor does the existence of computer viruses demonstrate

that natural-language messages can infect brains through

an equivalent mechanism.

Computer malware exploits computational systems

through specific software or hardware behaviours.

Human cognition operates through biological processes

that cannot simply be assumed to have the same

vulnerabilities.

Stephenson’s fiction deliberately crosses those

boundaries.

It draws its energy from an analogy rather than a

demonstrated scientific mechanism.

Why the fiction still matters

The novel’s speculative premise is valuable because it

asks readers to examine a genuine relationship.

Language can influence systems.
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In computers, the influence can be formalised as

executable instructions.

In human institutions, the influence can arise through

authority, shared rules and social practices.

In human cognition, language can affect beliefs,

memories and behaviour.

These are real phenomena.

But they do not operate through a single universal

mechanism.

The literary achievement of Snow Crash is to imagine

that they might.

It turns the resemblance into a fictional technological

mythology.

The scientific task is to distinguish the resemblance from

the evidence.

11. Code, Magic and the Literary

Imagination

The idea that words can transform reality is much older

than computers.

Myths and folktales frequently describe magical names,

spoken commands and secret formulas.

A magician pronounces an incantation.
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A sealed door opens.

A creature appears.

A curse changes someone’s fate.

The power seems to reside in the utterance itself.

Yet magical language often operates according to

elaborate fictional rules.

The speaker may need to know a secret name.

The words must be pronounced correctly.

The ritual may require a particular time or place.

An unauthorised speaker may fail.

The resemblance to a computer command is striking.

A program may require exact syntax.

A system may require authentication.

A command may work only when the correct conditions

are satisfied.

But the resemblance does not establish that programming

is literally a form of magic.

Computer instructions operate through physical systems

implementing formally specified behaviour.

Magical incantations operate within the imagined causal

structure of a fictional world.
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The comparison is literary.

It shows how both forms of language can be represented

as actions governed by rules.

The author as lawgiver

A fantasy author might invent a world in which speaking

a true name allows someone to control a creature.

A programmer might define an API in which a correctly

formatted command changes a system’s state.

Both establish rules governing possible effects.

But the author of the fantasy is not required to supply

executable machinery.

The reader accepts the rule as part of the fictional world.

A programmer must implement the behaviour so that it

occurs when the program runs.

This distinction becomes especially interesting in

computational fiction.

A writer may describe a magical language and then

create a working interpreter for it.

Readers could type invented commands into a browser

and observe their consequences in a simulated world.

The fictional magic would become operational within the

software.
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Not because supernatural powers had been discovered,

but because the programmer had implemented the

imagined rules.

The text would now have two roles.

It would contribute to the story’s fictional meaning.

And it would function as input to an executing system.

This is one of the most promising meeting points between

literature and programming.

12. When Context Changes Everything

Return to the sentence:

Open the door.

Its meaning seems straightforward.

But consider four situations.

A character says it in a novel.

A teacher uses it as an example of an imperative

sentence.

A visitor enters it into a command terminal.

A caretaker with appropriate privileges enters it into the

same terminal.

The words are identical.
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Yet their functions differ.

In the novel, they are part of a fictional conversation.

In the classroom, they are an object of linguistic study.

At the terminal, they may be interpreted as a command.

And when entered by an authorised user, they may

trigger a permitted operation.

The consequences arise from context.

This gives us a useful model:

Effect = F(Text, Context, Rules, Authority)

This is a conceptual formula, not a universal

mathematical law of language.

It simply reminds us that the effect of an utterance

depends upon more than its words.

The same principle helps explain why an instruction in a

book does not ordinarily cause a computer to act.

The book is being read as literature.

The code may be present as text, but it is not necessarily

being executed.

To execute it, some additional system must recognise it as

instructions and provide an appropriate environment.
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The boundary between the written and the

executable

This boundary is central to the second part of The

Literary Machine.

In Chapter Five, we examined concealed messages and

the mathematical representation of information.

In Chapter Six, we compared the structures of stories and

computer programs.

Now we have examined how language can participate in

actions.

The progression reveals three distinct relationships

between text and machines.

A text can be data, something the machine stores or

processes.

A text can be instructions, specifying operations that a

machine may perform.

Or a text can be part of a social act, acquiring

consequences through human institutions and

conventions.

A single sentence can occupy different roles in different

circumstances.

But the roles should not be confused.
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The existence of meaningful words does not guarantee

executable behaviour.

The existence of executable behaviour does not

guarantee human understanding.

And the ability to perform an action does not

automatically establish the authority to perform it.

These distinctions are essential both to the philosophy of

language and to the responsible design of software.

13. The Machine That Refused to Obey

Mara returned to the Archive the following morning.

This time, she had been given permission to inspect the

records.

The caretaker handed her a temporary identification

card.

She approached the terminal.

OPEN ARCHIVE

The door opened.

Inside, she discovered a second terminal containing

records of the Archive’s construction.

One document included instructions for operating its

security system.
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Another described the organisation’s authority structure.

A third contained a fictional dialogue between an ancient

scholar and an artificial intelligence.

The scholar asked:

“Can you understand my commands?”

The machine replied:

“I can recognise them.”

“Can you obey them?”

“Only when permitted.”

“Then you are not truly intelligent.”

The machine considered the accusation.

“Would intelligence require me to obey every

instruction?”

The scholar had no immediate answer.

Mara smiled.

The dialogue was only a story.

But it captured something important.

A system’s ability to understand a request does not

determine whether fulfilling it is appropriate.
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A human being can understand an unlawful order and

refuse it.

A software system can recognise a valid command and

reject it because the requester lacks permission.

These cases are not morally identical.

The human may reason about obligations, intentions and

consequences.

The software may simply apply an access-control policy.

Nevertheless, the structural resemblance is significant.

Both distinguish comprehension from compliance.

And as increasingly capable artificial intelligence systems

become connected to real-world tools, that distinction

grows more important.

A system may be able to understand thousands of

different instructions.

It may possess the technical capacity to perform many of

them.

But those capabilities do not imply that every request

should be executed.

The machinery must still respect the boundaries within

which it operates.
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The power is in the system

We began with a locked door and a command that failed.

The words were correct.

But the speaker lacked authority.

By the end of our investigation, we have encountered

promises, legal declarations, programming-language

semantics, command interpreters, authorisation systems

and fictional linguistic weapons.

The lesson connecting them is simple but profound.

Words can participate in changing reality, but their

effects arise through the mechanisms and institutions

that recognise and act upon them.

A promise creates obligations through human practices.

A declaration may change a legal relationship through

institutional authority.

A program changes computational state through

execution.

A command may operate machinery through authorised

software and physical mechanisms.

Literature can imagine worlds in which words possess

even greater powers.

But the imaginative possibility should not be confused

with scientific evidence.
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This understanding gives us a new way to think about the

relationship between books and programs.

A conventional novel may describe a machine that

responds to secret words.

An illustrated book may print those words for the reader

to examine.

But an interactive digital work could contain the

interpreter itself.

The reader could enter the words and observe what

happens.

The literary object would no longer consist only of

descriptions.

It would contain behaviour.

And that leads directly to our next question.

What happens when a book contains executable code as

part of its literary structure?

Questions to Take Away

What is the difference between describing an action

and performing an action through language?

Why does a judge’s declaration have different

consequences from the same words spoken by an

unauthorised spectator?

1. 

2. 
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How does Austin’s idea of a successful speech act

resemble the conditions required for executing a

computer command?

Why must a command interpreter distinguish

between valid syntax and permission to perform an

operation?

Can a program correctly execute an instruction

without understanding the human meaning of the

instruction?

Why should text found inside a document not

automatically be treated as an instruction to the

software reading it?

What makes Snow Crash an interesting literary

investigation of language and power, even though

its central linguistic mechanism is speculative?

If an artificial intelligence accurately understands a

user’s request, what additional conditions should be

satisfied before it performs a consequential action?

Can a fictional magical language become a real

executable language within a computer simulation?

Does the ability to execute a command give a

machine authority, or merely capability?

A Small Experiment: The Authorised

Spell

This experiment extends our fictional Archive’s command

language.

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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Imagine that a character has discovered a book

containing three apparent spells:

LOOK ARCHIVE

OPEN ARCHIVE

CLOSE ARCHIVE

Within the story, these words appear to control a

mysterious door.

But we know that their effects come from a command

interpreter.

Step 1: Establish the initial state

The Archive is closed.

The visitor may use only LOOK.

The caretaker may use all three commands.

Write down the initial condition:

archive_open = False

Step 2: Predict the results

Consider these requests in order.

Role Command

visitor LOOK ARCHIVE

299



Role Command

visitor CLOSE ARCHIVE

caretaker OPEN ARCHIVE

visitor LOOK ARCHIVE

caretaker CLOSE ARCHIVE

caretaker OPEN VAULT

Before reading the answer, decide whether each request

is valid, authorised and capable of changing the state.

Step 3: Examine the worked results

Step
Syntax

valid?

Authorise

d?
Result

Final

state

1 Yes Yes CLOSED Closed

2 Yes No
ACCESS

DENIED
Closed

3 Yes Yes
ARCHIVE

OPENED
Open

4 Yes Yes OPEN Open

5 Yes Yes
ARCHIVE

CLOSED
Closed

6 No
Not

evaluated

INVALID

COMMAND
Closed

300



Notice that step 2 is rejected even though the Archive is

already closed.

The authorisation check occurs before the program

applies the command’s operational effect.

Step 6 fails before authorisation is evaluated because 

VAULT is not part of the defined language.

Step 4: Introduce a quotation

Suppose a historical document inside the Archive

contains the sentence:

The ancient caretaker once spoke the words OPEN

ARCHIVE.

Should reading the document cause the door to open?

No.

The words occur as data, not as a command submitted

through the authorised command interface.

This distinction is essential to preventing a system from

confusing material it is supposed to read with

instructions it is supposed to obey.

Step 5: Invent a new command

Add a fictional command:

COUNT ARCHIVE
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Its purpose is to report the number of records in the

Archive without changing anything.

Decide:

Whether visitors should be permitted to use it.

Whether it should work when the Archive is closed.

What information it should return.

Whether it requires additional state.

Write a short description of its syntax, permission

requirements and behaviour.

Do not execute arbitrary user-supplied code. Treat this as

a design exercise using the fixed command language.

The deeper question

Imagine that the caretaker gives Mara a book containing

every possible command.

Does possessing the book give her control over the

Archive?

No.

Knowing the words does not automatically supply

authorisation.

The book provides knowledge.

The interpreter provides a mechanism.

The institution determines permission.

• 

• 

• 

• 
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The experiment demonstrates that executable effects

depend on more than textual meaning. They require

interpretation, a defined operating environment and

appropriate authority.

Further Reading

Philosophy of Language

J. L. Austin — How to Do Things with Words (1962)

The foundational work on performative utterances,

speech acts and the conditions under which linguistic

actions succeed or fail.

The lectures were delivered at Harvard in 1955 and

published posthumously.

Oxford University Press — Official edition

Stanford Encyclopedia of Philosophy — Speech Acts

A scholarly introduction to locutionary, illocutionary and

perlocutionary acts, including the role of convention,

authority and context.

Read Speech Acts

Fiction and Literary Speculation

Neal Stephenson — Snow Crash (1992)
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A cyberpunk novel connecting software, virtual reality,

ancient languages and speculative mechanisms of

cognitive control.

Its central linguistic mechanism should be understood as

fiction, not established neuroscience.

Neal Stephenson — Official author page

Penguin Books — Official edition and description

Neal Stephenson — In the Beginning… Was the Command

Line (1999)

A nonfiction essay exploring operating systems,

command-line interfaces, graphical computing and the

cultural meanings of software interaction.

Neal Stephenson — Official author website

Programming Languages

Python Software Foundation — Python Language

Reference

The official documentation of Python syntax, execution

rules, expressions and statements.

Python Language Reference

Python Software Foundation — Lexical Analysis
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Explains how source code is divided into tokens and

interpreted according to the language’s formal lexical

rules.

Python Lexical Analysis

Python Software Foundation — Compound Statements

Explains conditional execution, loops, exception handling

and other constructions that control program behaviour.

Python Compound Statements

Suggested Reading Order

Begin with Austin’s examples of promises, declarations

and institutional speech acts.

Then examine a few pages of the Python language

reference, paying particular attention to the distinction

between valid syntax and actual execution.

Read Snow Crash with those distinctions in mind.

Whenever the novel describes language operating

directly upon minds, ask whether the mechanism is

established science, technological analogy or deliberately

speculative world-building.

The most valuable insight is not that language and

software are identical.
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It is that both can acquire effects through systems of

rules—and that understanding those systems is essential

to understanding the power of words.

Up Next — The Book That Contains a

Program

Source Code as a Literary Device

We have now encountered a remarkable possibility.

Words can describe actions.

Words can participate in social and institutional acts.

And words written in programming languages can specify

operations performed by computers.

But what happens when a novel includes actual source

code?

A detective might discover a program that conceals a

confession.

A science-fiction story might include instructions for an

imaginary machine.

A poem might contain code whose execution produces a

second poem.

A book might invite the reader to run a program in order

to understand its ending.
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In Chapter Eight, we will examine the relationship

between source code and literary text.

We will distinguish code printed as decoration, code used

as evidence, code that contributes to characterisation and

code that actually changes how a literary work functions.

We will also explore the idea that a program can be read

in two different ways.

One reading concerns what the code says to a human.

The other concerns what the code causes a computer to

do.

Sometimes those readings reinforce each other.

Sometimes they contradict each other.

And sometimes the difference between them becomes the

story itself.

Can a book contain a second story that exists only when

its code is executed?

307



The Book That
Contains a Program

Source Code as a Literary Device

1. The Confession Hidden in Plain

Sight

The detective found the program in a notebook beneath

the floorboards.

It was only a dozen lines long.

At the top, someone had written a comment:

This program records the truth about what happened that

night.

The following lines contained unfamiliar commands,

names and numbers. There was no apparent confession,

no description of a murder and no reference to the

missing woman.

But the detective noticed that the program contained a

variable named innocent.

Later, another variable was called witness.
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She began to suspect that the programmer had concealed

a statement inside the code.

Perhaps the names represented people.

Perhaps the numbers corresponded to dates.

Perhaps the program was an encrypted confession.

Then she noticed something stranger.

The program did not necessarily produce the result

suggested by its comments.

If executed, it might tell a different story.

This opening scene is invented. Its notebook, detective

and mysterious program are fictional.

But the problem is genuine.

A computer program can be read in at least two ways.

We can examine its words, names, comments and

structure as a human-readable text.

Or we can investigate what happens when its instructions

are executed.

The two readings may agree.

They may reveal different aspects of the same work.

Or they may contradict each other.
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A comment might claim that a program protects

information while its operations disclose it.

A variable might be named truth, even though it contains

a false statement.

A program might print a declaration of innocence while

calculating evidence of guilt.

This creates a distinctive possibility for literature.

The writer can construct a text that speaks

simultaneously to a human reader and to a computer.

The reader may understand one meaning by reading the

code and discover another by following its execution.

The program can become both a literary object and an

event-producing mechanism.

In the previous chapter, we explored the relationship

between language and action.

Now we will examine what happens when source code

enters literature itself.

Not merely as a description of technology.

Not merely as a collection of mysterious symbols.

But as material that contributes to character, plot,

interpretation and sometimes the production of the work.
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Ada Lovelace’s published table for computing Bernoulli numbers,

1843. A historical facsimile of an algorithm on the page.

Ada Lovelace’s published table for computing Bernoulli

numbers, 1843. A historical facsimile of an algorithm on

the page. Credit: Ada Lovelace. Source. Public domain.

Resized; no crop.

2. When Code Is Just Decoration

Imagine opening a science-fiction novel and finding this

passage:

The technician examined the monitor.

INITIALISING PRIMARY CORE
MEMORY INTEGRITY: VERIFIED
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NEURAL LINK: ACTIVE
AWAITING COMMAND

The display suggests that the machine is technologically

sophisticated.

It may create atmosphere.

It may help the reader imagine a particular kind of

computer interface.

But the text is not necessarily executable code.

It resembles diagnostic output or an imagined interface.

The novelist could replace it with ordinary prose:

The computer completed its checks and waited for

instructions.

The story would lose some visual texture, but the

essential event might remain unchanged.

This is one common literary use of code-like material.

It provides atmosphere and signals a technological

setting.

A string of hexadecimal numbers, a terminal display or a

fragment of programming syntax can make a fictional

world appear technically convincing.

Such material may be effective without contributing

much to the plot.
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The authority of technical appearance

Technical writing often carries an impression of precision.

Numbers, structured labels and unfamiliar symbols can

seem authoritative because they resemble the language

of engineering.

A novelist can exploit this effect.

Consider the invented phrase:

COGNITIVE MATRIX INTEGRITY: 99.97%

It looks like a scientific measurement.

But what exactly is cognitive matrix integrity?

How is it measured?

What does 99.97% represent?

Without answers, the number may be no more

informative than saying that the machine is functioning

almost perfectly.

The appearance of technical precision should not be

mistaken for an established scientific explanation.

Literature frequently uses invented terminology to create

plausible worlds. This is a legitimate artistic technique.

But when evaluating the technical claims of a story, we

should distinguish between authentic concepts and

fictional decorations.
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Does decorative code matter?

Decoration is not necessarily trivial.

A poem’s typography can contribute to its meaning.

The appearance of a manuscript can suggest age or

authenticity.

A terminal display can establish mood, pacing and

cultural setting.

Similarly, code-like text can evoke particular historical

periods of computing.

A screen full of numbered BASIC statements suggests a

different technological world from a modern Python

script or a graphical interface.

The visual form of computing has its own cultural history.

Nevertheless, decorative code does not need to execute.

Its primary purpose is to be seen and interpreted.

This is our first category:

Code as atmosphere: technical-looking text used to

establish setting, credibility or mood.

3. Code as Evidence

Now imagine a different detective story.
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A researcher has disappeared from a laboratory.

The police discover that the laboratory’s automated

security system reported an emergency at midnight.

According to the system logs, the emergency doors

opened, the lights were disabled and the building was

evacuated.

The official explanation is that a software fault caused the

incident.

But the detective discovers a short program.

It contains a function named emergency_shutdown.

The function is scheduled to execute at a particular time.

Its instructions reveal that the security system did not

malfunction randomly.

Someone deliberately arranged for the emergency

procedure to run.

Here, the code is no longer decoration.

It is evidence.

Its behaviour helps establish what happened.

The detective must interpret the program to reconstruct

an event.

This resembles the use of letters, diaries, maps and

cryptograms in traditional detective fiction.
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But source code introduces a special kind of evidence.

A letter may reveal what its author claimed or intended.

A program can provide evidence about what operations

were specified.

If the relevant environment is known, the program’s

behaviour can sometimes be reconstructed through

testing or formal reasoning.

Intent is not execution

However, the existence of code does not prove that it was

executed.

The program might never have run.

It might have been changed before execution.

Its dependencies might have been unavailable.

It might contain an error preventing the intended action.

And even when the code did execute, its actual behaviour

might differ from what the programmer expected.

This is important in both computing and fiction.

A detective cannot simply read a program and assume

that its author’s comments describe what occurred.

The investigator must distinguish between several kinds

of evidence.

316



Evidence What it may establish

Source code
The instructions present in a

particular version

Comments
What someone wrote about

those instructions

Configuration
Parameters or settings

intended to affect behaviour

Execution logs
Recorded observations of

program activity

Actual system state
The condition of the system at

a particular point

Witness accounts
Human observations and

interpretations

None of these sources is automatically infallible.

Logs can be incomplete.

Comments can be outdated.

Configurations may not have been applied.

Source code may differ from the version actually

executed.

A careful investigation compares evidence rather than

treating one artefact as conclusive.
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The literary opportunity

This creates a distinctive kind of mystery.

A character may believe that a program proves

something.

Another character may discover that the code was never

executed.

A third may reveal that the apparent program was

actually a decoy.

The plot can depend on understanding the difference

between written instructions and computational events.

In such stories, reading code is an investigative act.

It is analogous to deciphering Poe’s cryptogram, but with

an additional dimension.

The detective must determine not only what the symbols

mean, but what they would do.

4. Code as Character Voice

Authors reveal personality through language.

A cautious character might speak in precise, restrained

sentences.

An impatient character might interrupt conversations.
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A dishonest narrator might conceal important information

while appearing perfectly sincere.

Programming style can provide similar clues.

Consider two fictional programmers.

The first writes:

if door_locked:
    request_permission()

The second writes:

if door_locked:
    force_entry()

Both fragments are invented and rely on fictional

functions whose implementations have not been provided.

They are not complete executable programs.

But their names suggest different approaches to the same

obstacle.

One programmer appears concerned with authorisation.

The other appears willing to use force.

That interpretation is not guaranteed.

Perhaps force_entry() is the name of a harmless

simulation routine. Perhaps request_permission() secretly

bypasses the authorisation system.
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Still, names influence how human readers interpret code.

The personality of a programmer

Programming involves choices about how to describe a

problem.

A programmer selects names for variables and functions.

They decide what comments to write.

They organise code into components.

They choose which assumptions to make explicit.

These decisions can communicate something about how

the programmer understands the system.

In fiction, they can also reveal personality.

A meticulous character might write careful comments

explaining every decision.

An arrogant character might leave cryptic remarks

implying that anyone competent should already

understand the program.

A nervous character might surround ordinary operations

with unnecessary safeguards.

A secretive character might deliberately use misleading

names.

The reader begins interpreting style as evidence of

character.
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This is analogous to examining someone’s handwriting,

diary or private correspondence.

But programming style has an additional complication.

Readable code is not necessarily correct code.

And ugly code is not necessarily malicious.

A character’s coding habits may reveal personality

without establishing technical competence.

Comments as unreliable narration

Programming languages often provide ways to include

comments: text intended primarily for human readers

rather than execution.

In Python, a comment begins with # outside a string

literal.

For example:

# The prisoner has already escaped.
prisoner_escaped = False

The comment claims one thing.

The assignment establishes another.

If later code reads prisoner_escaped, it receives the value 

False.

Python does not attempt to reconcile the comment with

the assignment.
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The comment has no authority over the program’s

behaviour.

This creates an obvious opportunity for literary irony.

The code can become an unreliable narrator.

Its comments may lie.

Its names may conceal.

Its execution may reveal what the prose attempts to

disguise.

The author has gained a way to make the reader

suspicious of the text itself.

The same program offers human clues through comments and

names, and a separate operational trace through instructions.

5. The Two Readings of a Program

A conventional poem can be read aloud, silently

interpreted or examined for its formal structure.

ONE SOURCE · TWO READINGS

Human-readable surface

“The final report confirms the confession.”

Comments and names suggest a story.

Operational trace

True AND False → False
Instructions determine the result.

A calculated result is not proof of the fictional events.
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A program offers an additional possibility.

It can be executed.

This does not mean every program is a poem or every

piece of code deserves literary attention.

It means that source code supports different kinds of

analysis.

We can examine its human-readable form.

And we can investigate its computational behaviour.

Let us call these the textual reading and the operational

reading.

The textual reading

The textual reading examines the program as something

written.

We look at names, comments, arrangement, style,

metaphors and cultural references.

We may ask why a programmer selected particular words.

We may interpret the emotional or political implications

of those choices.

We may notice that a program uses terms such as master, 

slave, owner or guest, and consider how technical

vocabulary reflects historical and social assumptions.
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We may also examine typography, indentation and

repetition.

A program can possess a recognisable visual form.

The operational reading

The operational reading asks what the code does.

We examine its rules, inputs, state changes and outputs.

We identify conditions and possible execution paths.

We consider whether the behaviour depends on a

particular environment.

We test whether the code actually produces the result

suggested by its comments.

This reading requires technical understanding.

But it can also reveal literary meaning.

A program that repeatedly prints the same sentence

might evoke obsession.

A routine that gradually erases a character’s memories

could become a formal representation of forgetting.

A program that contains a condition that can never be

satisfied might express futility.

These interpretations depend on the relationship between

computational behaviour and artistic context.
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Neither reading is sufficient alone

Imagine a program named eternal_love().

The name may suggest an emotional theme.

But suppose the function does nothing except return 

False.

The operational reading complicates the textual reading.

Alternatively, a program may contain no poetic names at

all, yet produce extraordinary patterns when executed.

The textual reading might initially find it unremarkable.

The operational reading reveals its artistic significance.

The most interesting code-based literature often depends

on the interaction between these readings.

The work rewards readers who ask not only what the

program says, but what it causes to happen.

6. The Detective’s False Confession

We can now return to the fictional detective from the

beginning of the chapter.

She has found a program in a notebook.

Its comments suggest that a witness has confessed.

But its execution tells a different story.

325



Here is the complete fictional program.

It uses ordinary Python.

It requires no files, network connection, external libraries

or system permissions.

It performs only local calculations and prints three lines.

# CASE 17: THE MISSING WITNESS
# The witness confessed before midnight.
# The final report confirms the confession.

witness_confessed = True
evidence_verified = False

def final_report():
    innocent = witness_confessed and evidence_verified

return innocent

print("Witness confessed:", witness_confessed)
print("Evidence verified:", evidence_verified)
print("Final report:", final_report())

Before examining the result, read the comments and

variable names.

The program appears to describe a confession that has

been confirmed.

The first comment says the witness confessed.

The second says the final report confirms it.

The variable witness_confessed is set to True.

A hurried reader might conclude that the case is settled.
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But the program does something more specific.

It defines a function that combines two Boolean values

using and.

The expression is:

witness_confessed and evidence_verified

Both values must be True for the expression to produce 

True.

In our program:

witness_confessed = True
evidence_verified = False

Therefore:

True and False

evaluates to:

False

The exact output

Running the program produces:

Witness confessed: True
Evidence verified: False
Final report: False
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The final report is false.

The program has not confirmed the confession in the

sense implied by its comments.

It has calculated that the function’s two conditions are

not both satisfied.

Trace the program

Step Operation Relevant result

1

Assign 

witness_confessed =

True

Confession flag is

true

2

Assign 

evidence_verified =

False

Verification flag is

false

3
Define 

final_report()

Function exists but

has not yet been

called

4 First print()
Displays the

confession flag

5 Second print()
Displays the

verification flag

6 Call final_report()
Evaluates True and

False

7
Return from

function
Returns False

328



Step Operation Relevant result

8 Final print()
Displays Final

report: False

The comments are not executed.

They do not change the Boolean values.

They do not override the function.

The operational reading contradicts the apparent

assurance offered by the comments.

What does this prove?

Within the fictional program, we can establish the exact

computational result.

We cannot establish whether the witness really

confessed.

We cannot establish whether the evidence was genuinely

verified.

The variable names are descriptions chosen by the

fictional programmer, not independently authenticated

facts.

The statement witness_confessed = True does not prove

that a confession occurred in the story’s world.

It only assigns a Boolean value.
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This distinction is essential.

The program contains claims about events, but its

execution does not transform those claims into historical

evidence.

A detective would still need to investigate the

circumstances surrounding the notebook.

Perhaps the programmer deliberately wrote misleading

comments.

Perhaps evidence_verified had not been updated.

Perhaps the function name was chosen carelessly.

Perhaps the entire program was invented to distract

investigators.

The code supplies a clue, not a complete solution.

Why this is a literary device

The example can be read as a miniature unreliable

narrative.

The comments construct one account.

The computation constructs another.

The reader discovers the contradiction by understanding

the rules of execution.

The dramatic effect depends upon technical knowledge.
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Without the operational reading, the contradiction may

remain invisible.

This is a distinctive possibility for literature containing

source code.

The reader can investigate the program rather than

merely accept the narrator’s explanation of it.

Interactive experiment: see the web edition.

7. What Code Can Reveal That Prose

Conceals

A novelist can write a paragraph containing a deliberate

contradiction.

For example:

The witness had confessed. There was no doubt about it.

Yet the evidence remained unverified.

The contradiction is immediately available to the reader.

Now compare this with our program.

The contradiction is distributed between comments,

variables and the operation of a function.

The reader must reconstruct it.

This produces a different experience.

331



The code creates a small intellectual puzzle.

The reader becomes an investigator.

The meaning emerges through an act of interpretation

involving formal rules.

The importance of precision

Programming languages can make certain aspects of a

literary puzzle unusually precise.

A Boolean expression has defined behaviour.

A loop executes according to explicit conditions.

A function returns a particular value when given

particular inputs.

The author can exploit these properties to create a puzzle

with a determinate answer.

But literary meaning still exceeds computation.

Our detective program establishes that final_report()

returns False.

It does not tell us whether the programmer was

dishonest, incompetent or attempting to warn someone.

That remains a narrative question.

The program supplies evidence.

The story supplies context.
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The danger of overinterpretation

Readers may also infer too much from code.

Suppose a variable is named murderer.

A reader might assume that the program identifies a

murderer.

But variable names do not guarantee the truth of their

contents.

The code might be part of a game.

It might contain test data.

It might represent an accusation rather than a finding.

It might have been written by someone attempting to

deceive the investigator.

Technical interpretation must therefore distinguish

between the exact behaviour of the program and the

assumptions embodied in its names.

This is the same discipline required when reading

unreliable narrators in conventional fiction.

The narrator tells us what they believe, remember or

wish us to accept.

The reader must decide whether the account deserves

trust.

Source code adds another layer.
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The program may reveal behaviour that the textual

narrator cannot easily control.

8. Nick Montfort and the Literary

Possibilities of Code

The relationship between source code and literary art is

not merely hypothetical.

Poet, programmer and scholar Nick Montfort has

produced substantial work exploring computation as a

medium for literature.

His projects frequently make the program itself relevant

to understanding the work.

Rather than treating computing as a device for displaying

finished poems, Montfort investigates how algorithms,

constraints and computational processes can become part

of poetic composition.

One important example is Taroko Gorge, originally

published in 2009.

The work generates lines of poetry associated with the

landscape of Taroko Gorge in Taiwan.

Its language is produced through programmed

combinations of textual elements.

The program was originally developed in Python and

subsequently presented through HTML and JavaScript.
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It became influential partly because other writers

adapted its source code to create new generative works.

The Electronic Literature Organization’s archival record

documents its original publication and later preservation.

Reading the poem and reading the program

A reader encountering Taroko Gorge can experience the

generated text as poetry.

The lines suggest a landscape through recurring

vocabulary, spatial relationships and changing

combinations.

But the reader can also investigate the source code.

That reveals something about the poem’s construction.

Rather than imagining that every line was individually

selected and arranged by the poet, the reader discovers

the rules through which lines are produced.

This does not necessarily diminish the work.

It changes the question.

Instead of asking only why the poet selected a particular

line, we can ask why the poet selected a particular

vocabulary, structure and generative procedure.

The author has written a system capable of producing

poetry.

The resulting lines are instances of that system.
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A boundary worth preserving

Taroko Gorge primarily belongs to the category of

literature generated or governed by executable code.

That is the subject of Part III of this book.

Why discuss it here?

Because its source code is also available for literary

examination.

Readers can consider the code as a written artefact and

compare it with the generated poem.

The distinction is important.

Code printed inside a conventional novel may contribute

to the story without ever being executed.

A generative poem depends on computation to produce

its changing textual output.

Taroko Gorge demonstrates how the two modes can

overlap.

It provides a documented example in which source code

is both the means of producing literary text and an object

of critical reading.
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9. A Poem Small Enough to Fit in a

Program

Montfort’s ppg256 series offers an even more

concentrated example.

The project consists of minimal poetry generators written

in Perl, with each program constrained to 256 characters.

Montfort discussed four such generators in a 2009 paper,

presenting their source code alongside an explanation of

how they operate and examples of the poetry they

produce.

The paper is available directly from his website.

The central artistic constraint is striking.

A program must be extremely short.

Yet it must generate language.

The programmer therefore has to make careful decisions

about vocabulary, syntax, repetition and the use of the

programming language itself.

The source becomes unusually compact.

Its structure matters because every character consumes

part of a limited budget.

The result resembles constrained writing in traditional

literature.
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A poet might decide to write without using a particular

letter.

Another might create a poem containing a fixed number

of syllables.

A programmer-poet might decide that the entire

generator must fit within a specified number of

characters.

In each case, a constraint shapes the resulting work.

What is the poem?

The ppg256 series raises an important question.

Is the poem the program?

Is it the text produced when the program runs?

Or is the literary work the combination of the program,

its constraints and the reader’s experience of its output?

Different critical approaches may answer differently.

There is no need to pretend that one answer is

universally accepted.

The source code is an authored text.

The outputs are generated textual artefacts.

The procedure connecting them is artistically significant.

Together they form a computational literary practice.
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Montfort’s original paper explicitly encourages readers to

obtain and run the programs, then read their output.

This is a major departure from the conventional printed

poem.

The work is not exhausted by one fixed sequence of

words.

It can produce further sequences through execution.

For our present chapter, the crucial point is that the

source code itself remains available for interpretation.

It is not merely an invisible production tool.

The reader can examine how the writing is made.

10. A Single Line That Became a Book

In 2012, MIT Press published a collaboratively authored

book with an extraordinary title:

10 PRINT CHR$(205.5+RND(1)); : GOTO 10

The book was written by Nick Montfort and nine

collaborators, including Ian Bogost, Mark C. Marino,

Michael Mateas and Casey Reas.

Its subject is a one-line BASIC program associated with

the Commodore 64.
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The program produces a continuing pattern of diagonal

characters that creates the appearance of a maze.

The book investigates the program’s technical operation,

historical setting, aesthetic properties and cultural

significance.

It treats a very small piece of software as something

worthy of sustained critical interpretation.

The publisher describes the project as an exploration of

the cultural context of computing through a single line of

code.

The significance of the title

The title is itself source code.

To a reader unfamiliar with BASIC, it may appear to be an

obscure formula.

To someone familiar with the language and machine, it

describes a process involving printing characters,

randomness and repetition.

The program has visual consequences when executed in

the intended environment.

Its output can be understood as a form of generative

visual art.

But the book’s argument goes further.

Code is not merely an instrument.
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It is also a cultural object.

A program is written by people working within particular

technological environments.

It reflects available hardware, programming languages,

conventions and creative possibilities.

A single line can therefore reveal an entire history of

computing practices.

Why the platform matters

The Commodore 64 had particular character graphics

and conventions that shaped the program’s behaviour.

The code depends on those characteristics.

Simply placing the text into an unrelated modern

programming language would not produce the same

result.

This illustrates a fundamental property of executable

literature.

The relationship between source code and output

depends upon the execution environment.

A program is not guaranteed to behave identically across

every machine.

Programming languages evolve.

Hardware changes.
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Libraries disappear.

Operating systems impose different constraints.

For printed literature, the survival of the words is often

sufficient to preserve much of the work.

For computational literature, preserving the source code

may not be enough.

The work may also depend on particular software or

hardware behaviour.

This creates a challenge for literary history.

How do we preserve works whose full experience

requires obsolete technology?

The question will become increasingly important in Part

III.

11. Critical Code Studies: Reading the

Instructions

The examination of code as a cultural and literary text

belongs partly to an area of scholarship known as critical

code studies.

The field investigates how source code can be interpreted

in relation to its social, historical, political and cultural

context.

Its concerns extend beyond literary art.

342



A program may contain assumptions about users,

institutions, categories or acceptable behaviour.

A naming convention may reflect a particular history.

A technical design may embody choices about who is

permitted to act and who is excluded.

Critical analysis asks what those decisions reveal.

This does not mean that source code should be

interpreted without understanding how it works.

On the contrary, technical knowledge can strengthen

cultural interpretation.

A reader who does not know what an instruction does

may misunderstand its significance.

A reader who understands only the execution may

overlook the historical assumptions behind its design.

The two kinds of knowledge complement each other.

Code as a document of its time

Consider an old computer program written for a machine

with very little memory.

The programmer may use unusually compact names,

minimise stored information and avoid expensive

operations.

Those decisions reflect technical constraints.
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But they may also reveal something about the period’s

computing culture.

A modern programmer might find the code difficult to

read.

A historian might recognise that it was designed for

hardware on which every byte mattered.

The same source code can therefore support several

interpretations.

As engineering, it is a solution to a computational

problem.

As history, it records a particular technological

environment.

As cultural material, it reveals practices and assumptions.

And, in some cases, as literature, it becomes part of an

artistic work.

The danger of treating all code as poetry

Not every program is intended as literature.

A payroll system may contain interesting variable names

and complex logic without becoming a poem.

A database query may possess an elegant structure

without being a short story.
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A security routine may be important without having an

artistic purpose.

Critical interpretation should not erase these distinctions.

The question is not whether every piece of source code

secretly belongs to literature.

It is whether source code can sometimes contribute to

literary meaning, or become an object of literary analysis,

in ways that deserve serious attention.

The answer is clearly yes.

But the strength of the claim depends on the particular

work.

Some programs are aesthetically designed.

Some are culturally revealing.

Some are included within fiction.

And some are primarily tools whose literary significance

is limited.

The categories overlap without becoming identical.

12. The Book With Two Endings

Imagine a novel containing a program on its final page.
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The surrounding prose tells us that a spacecraft’s

artificial intelligence has decided to sacrifice itself to save

its passengers.

The program appears to describe its final decision.

A casual reader sees a comment:

The system will shut down permanently.

The code contains a function named final_shutdown.

The scene appears tragic.

But a technically knowledgeable reader notices that the

function does not actually terminate the simulated

intelligence.

Instead, it changes a status flag and creates a

continuation state.

The code would produce evidence that some part of the

system remains active.

The book has acquired a second interpretation.

One reader encounters a story of sacrifice.

Another discovers a suggestion of survival.

This is an invented literary example, not a description of

a published novel.

Its purpose is to illustrate the artistic possibilities of

executable evidence.
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Two meanings, one object

The program possesses a human-readable surface.

Its comments and names support the apparent ending.

Its operations support another.

The difference becomes a narrative device.

Unlike a conventional hidden message, the secret does

not necessarily require a cipher.

It may be visible in plain sight to someone who

understands the programming language.

The code becomes a specialised form of literary literacy.

A reader familiar with programming can recognise

implications that another reader may miss.

This raises an interesting artistic problem.

Should a novel require technical expertise to reveal its

full meaning?

Some literature already demands specialised knowledge.

Historical novels may contain references understood

more fully by readers familiar with the period.

Poetry may depend upon classical mythology, theology or

linguistic detail.
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Mathematical fiction may contain structures that reward

readers capable of recognising them.

Source code introduces another possible layer.

But an author should consider whether the technical

puzzle enriches the work or merely excludes readers

unnecessarily.

A good code-based literary device can reward specialist

understanding while preserving a meaningful experience

for other readers.

The code should contribute to the work rather than

function as an arbitrary examination question.

13. When the Reader Becomes a

Programmer

There is a further possibility.

What if readers are invited to modify the code?

A printed book containing a program can invite readers

to type it into a computer.

A digital work may allow them to inspect its source.

A generative poem may encourage readers to replace

words and observe the results.

At that point, reading begins to resemble programming.
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The reader is not merely interpreting an existing text.

They may be altering the rules that produce it.

This raises questions about authorship.

Suppose a writer creates a poem generator.

A reader changes its vocabulary.

Another reader modifies its structure.

A third produces a completely different work using the

same underlying procedure.

Who is responsible for the resulting text?

The original programmer?

The person who modified the source?

The system that generated the output?

Or some combination?

The answer depends partly on what we mean by

authorship.

Legal authorship, creative contribution and technical

causation are not identical.

A computer program can generate a particular sentence

without being a conscious author.

A human programmer can design a generative system

without choosing every sentence it produces.
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A reader can contribute creatively by changing the

system.

These activities may all influence the final artefact.

The boundary between Parts II and III

This is where our present category begins to merge with

the next.

In Part II, we have examined literature containing source

code or using it as a literary device.

The code may be printed within a story, presented as

evidence or analysed as text.

In Part III, we will examine works whose production or

presentation depends directly on executable rules.

The distinction can be expressed simply.

Literature containing code asks what the code

contributes to the written work.

Literature generated or governed by code asks how

computation shapes the work that readers encounter.

A literary artefact can belong to both categories.

Taroko Gorge is a clear example because its program

produces poetry and can also be read as a written

artefact.
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The 10 PRINT book examines executable source code as a

cultural text, while the underlying program produces

visual output.

The ppg256 projects treat compact programs as authored

generators whose output becomes part of the literary

experience.

These examples show that the boundary is not a wall.

It is a useful distinction between different relationships

among author, text, machine and reader.

14. The Last Line of Code

Return once more to the detective and the notebook.

She has discovered that the program’s comments claim

the witness confessed.

The code confirms only that a variable has been set to 

True.

Another variable records that the evidence has not been

verified.

The final report returns False.

The detective now possesses a clue.

But she also possesses a warning.
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The program’s apparent narrative and its actual

behaviour are not the same.

Its comments may express an intention.

Its names may imply facts.

Its execution follows formal rules.

And none of these automatically establishes what

happened outside the program.

To solve the mystery, she must combine technical

interpretation with ordinary investigation.

She must discover who wrote the code, when it was

written, whether it was executed and why its comments

conflict with its operations.

The notebook is not merely a confession.

It is an artefact requiring interpretation.

This is the essential lesson of source code as a literary

device.

A program can be read.

It can be executed.

It can reveal intentions, assumptions and contradictions.

It can contribute to character and plot.
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And under suitable circumstances, its behaviour can

create a second narrative alongside the one presented in

prose.

The programmer has written instructions for a machine.

The novelist has placed those instructions within a

meaningful fictional context.

The reader must understand both.

The end of the written machine

This chapter completes Part II of The Literary Machine.

We began by examining secret messages and the

mathematical representation of information.

We then compared the structures of programs and

stories.

Next, we investigated the relationship between language

and action.

Finally, we have considered code as something that can

be read, interpreted and executed within literature.

The progression has brought us to a threshold.

So far, the book has usually remained the primary literary

object.

The code has appeared within it, alongside it or as

something to be examined.
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But what if the code becomes the primary creative

mechanism?

What if the author writes no fixed sequence of verses, but

instead constructs a system capable of producing

thousands, millions or trillions of different poems?

What if the text changes whenever it is read?

What if there is no single definitive version?

At that point, the literary work can no longer be

understood only as a collection of completed sentences.

It becomes a set of possibilities.

The author creates rules.

The machine produces combinations.

And the reader encounters one possible expression of the

work.

The next stage of literary history begins when the book

ceases to contain a program and begins to behave like

one.

Questions to Take Away

What distinguishes code used as visual decoration

from code that contributes essential evidence to a

story?

1. 
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If a program’s comments describe one outcome but

its execution produces another, which account

should a reader trust? What additional evidence

might be required?

Can variable names reveal something meaningful

about a fictional programmer’s personality, even

when those names are misleading?

How does reading a program differ from executing

it? Can either activity provide a complete

interpretation of a code-based literary work?

In Nick Montfort’s ppg256 series, should we regard

the program, its generated output or the

combination of both as the literary work?

Why does the execution environment matter when

preserving computational literature?

How might an author use a program to conceal an

alternative ending without using conventional

encryption?

If readers can modify a literary program and

generate new text, how does that affect our

understanding of authorship?

Does technical correctness make a program

artistically successful? Could technically defective

code still possess literary significance?

Can software be both a functioning computational

artefact and a meaningful work of literature?

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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A Small Experiment: The Unreliable

Program

Return to the detective program in Section 6.

Its comments suggest that the witness’s confession has

been confirmed, but its final report returns False.

Your task is to investigate how the program’s apparent

narrative changes when its data or comments change.

Step 1: Predict a different result

Start with the original assignments:

witness_confessed = True
evidence_verified = False

Now change the second assignment:

evidence_verified = True

What will the program print?

Step 2: Examine the worked result

The function still contains:

innocent = witness_confessed and evidence_verified
return innocent

Both variables are now True.
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Therefore:

True and True

evaluates to True.

The complete output becomes:

Witness confessed: True
Evidence verified: True
Final report: True

The function returns a different result even though none

of the comments have changed.

Step 3: Change the narrative but not the

computation

Restore the original values:

witness_confessed = True
evidence_verified = False

Now replace the comment:

# The witness confessed before midnight.

with:

# The witness has never admitted anything.

Run the program again.
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The output remains:

Witness confessed: True
Evidence verified: False
Final report: False

Changing the comment has affected the program’s

human-readable narrative, but not its execution.

Step 4: Examine all possible outcomes

The function uses Boolean AND.

Its complete truth table is:

witness_confessed evidence_verified final_report()

False False False

False True False

True False False

True True True

Notice that the function’s internal variable is named 

innocent.

But its calculation does not logically establish innocence.

It merely determines whether two Boolean values are

both true.

The name is potentially misleading.
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Step 5: Become the detective

Write two short paragraphs explaining the program.

The first should describe what a non-programming

investigator might believe after reading its comments.

The second should explain what the program actually

calculates and why that result does not establish the

truth of the underlying fictional events.

What this experiment demonstrates: Source code can

support competing interpretations because comments,

names, operational behaviour and real-world evidence

are different things. A literary author can exploit those

differences deliberately.

Further Reading

Original Computational Literature

Nick Montfort — Taroko Gorge (2009)

A documented generative poem whose changing text is

produced by a program. The author’s site also provides

links to adaptations by other writers.

Read the original work — Nick Montfort

Electronic Literature Organization — Archival record

Nick Montfort — ppg256 (2007 onward)
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https://dtc-wsuv.org/elo-repositorytestsite/works/805/7/0/


A series of minimal Perl poetry generators exploring the

relationship between compact source code and

continually produced language.

Original programs — Nick Montfort

The ppg256 Series of Minimal Poetry Generators —

Montfort’s 2009 paper

Nick Montfort and nine collaborators — 10 PRINT

CHR$(205.5+RND(1)); : GOTO 10 (2012)

A book-length examination of a one-line Commodore 64

BASIC program as a technical, historical and cultural

artefact.

MIT Press — Official book page

Authors’ project and open-access PDF

Mark C. Marino — Critical Code Studies (2006)

Programming and Interpretation

Python Software Foundation — Python Language

Reference

Official explanations of Python’s execution model, names,

expressions, statements and comments.

Python Language Reference

Electronic Literature Organization — Electronic

Literature Collection
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https://electronicbookreview.com/publications/critical-code-studies/
https://docs.python.org/3/reference/


A curated collection of electronic literary works,

including pieces that depend on programming,

interaction and computational processes.

Electronic Literature Collection

Suggested Reading Order

Begin with Montfort’s Taroko Gorge. Read the generated

poem before examining its source code.

Next, investigate ppg256. Consider how its strict

programming constraints influence its language and

form.

Finally, approach 10 PRINT as an extended example of

close reading applied to computer code.

The central question throughout is not whether programs

resemble conventional poems.

It is how their textual form, operational behaviour and

cultural context can combine to produce literary

significance.

Up Next — A Hundred Trillion Poems

Part III — The Executable Book

Combinatorial Literature Before Electronic Computers

We have reached the boundary between two ways of

writing.
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In Part II, code appeared within literature as decoration,

evidence, characterisation and executable text.

But what happens when the author stops composing

individual sentences and instead constructs rules for

generating them?

Long before modern computers, writers experimented

with mechanical and mathematical methods of producing

literature.

They discovered that a comparatively small collection of

carefully organised words could produce an astonishing

number of possible texts.

Raymond Queneau’s combinatorial sonnet book is our

next case study. We will examine its interchangeable lines

and its extraordinary space of possibilities.

The mathematics is straightforward.

There are ten choices for each of fourteen lines.

The total number of combinations is:

10¹⁴ = 100,000,000,000,000

One hundred trillion possible sonnets.

The book is not merely a collection of poems.

It is a mechanism for producing poems.

And it achieves this without requiring an electronic

computer.
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Chapter Nine will examine Queneau’s extraordinary

invention, the history of combinatorial writing and the

mathematical principles that allow simple literary

structures to generate enormous spaces of possibility.

We will ask whether every possible combination should

count as a poem, whether the reader becomes a co-

author through selection and why generating possibilities

is different from creating meaning.

The central question changes once more.

What happens when an author writes not a single work,

but the rules from which an almost unimaginable number

of works can emerge?

363



A Hundred Trillion
Poems

Combinatorial Literature Before Electronic Computers

1. The Book That Could Never Be

Finished

Imagine entering a library and discovering a remarkably

thin book.

It contains only ten pages of poetry.

At first glance, it seems ordinary enough. Each page

carries a sonnet: fourteen lines arranged into a familiar

poetic form.

But the pages have been cut into narrow horizontal

strips.

Each strip contains a single line.

The strips can be turned independently.

You lift the first strip and reveal a different opening line.

The second line remains unchanged. You select another

third line, another fourth, and continue until you have

assembled an entirely new sonnet.
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You read the result.

It is strange, but recognisably poetic.

You turn another strip.

One line changes, altering the atmosphere of the entire

poem.

A melancholy description becomes comic. An apparently

romantic scene becomes threatening. Two lines that were

written separately now seem to answer each other.

You try another combination.

And another.

Eventually, you wonder how many poems the little book

contains.

Ten?

A hundred?

A thousand?

The answer is considerably larger.

The book contains enough alternative lines to produce

one hundred trillion different combinations.

That is:

100,000,000,000,000

The book really exists.
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It was created by the French writer Raymond Queneau

and published in 1961 under the title Cent mille milliards

de poèmes.

Its construction is documented by Oulipo, the literary

group with which Queneau was closely associated. The

original work contains ten sonnets, each consisting of

fourteen lines, arranged so that corresponding lines can

be exchanged. 

Oulipo

The reader does not merely select which poem to read.

The reader constructs a poem by choosing its component

lines.

And the extraordinary thing is that this happens without

an electronic computer.

There is no processor.

No programming language.

No screen.

No random-number generator.

The machine consists of paper, printing, carefully

designed poetic structure and the hands of the reader.

Yet its underlying principle is computational.
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A finite collection of components is combined according

to rules to produce a much larger collection of possible

results.

The author has not written every resulting poem

individually.

Instead, he has created a system capable of producing

them.

This marks a decisive moment in our study.

In Part II, we examined books that contain or discuss

computer code.

Now we move towards literary works whose behaviour is

governed by rules.

The book is no longer merely something to read. It

becomes something to operate.

2. Raymond Queneau and the

Workshop of Possibilities

Raymond Queneau was a novelist, poet and experimenter

with a longstanding interest in mathematics, language

and literary form.

His writing often combines intellectual playfulness with

rigorous construction.
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He was interested in the possibilities created when a

writer deliberately accepts unusual restrictions.

This might seem contradictory.

We often imagine creativity as freedom from rules.

An artist is supposedly most creative when allowed to

follow inspiration wherever it leads.

But Queneau and his collaborators explored a different

proposition.

What if deliberately limiting the available choices could

produce new kinds of freedom?

In 1960, Queneau and the mathematician and writer

François Le Lionnais helped establish a group that

became known as Oulipo.

The name abbreviates Ouvroir de littérature potentielle,

usually translated as Workshop of Potential Literature.

According to Oulipo’s own historical account, the group

emerged in autumn 1960 from a gathering of writers and

thinkers interested in experimental literary forms. Its

programme centred on discovering structures and

constraints that writers might use creatively. 

Oulipo

The word potential is important.
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Ordinary literary criticism often examines works that

have already been written.

Oulipo became interested in possible works: texts that

could be produced by applying certain rules.

A constraint might determine which letters are permitted.

It might require a particular arrangement of sentences.

It might establish a mathematical relationship between

parts of a poem.

Or it might allow existing textual components to be

rearranged into new combinations.

The group did not invent every form of constrained

writing.

Poetry had employed metre, rhyme and formal patterns

for centuries.

Nor was it the first literary movement to experiment with

combinatorial techniques.

Its significance lay partly in treating the investigation of

literary constraints as a systematic creative project.

The workshop metaphor is revealing.

A workshop contains tools.

A carpenter might use a saw, plane or measuring

instrument.
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A literary workshop can develop methods for constructing

texts.

The methods do not replace creativity.

They provide structures within which creativity can

operate.

Queneau’s extraordinary book is one of the clearest

demonstrations of this approach.

He did not simply write ten sonnets and leave readers to

rearrange them however they pleased.

He designed the sonnets so that corresponding lines

would remain compatible.

That required considerable attention to form.

The apparent freedom of combination depended upon

disciplined preparation.

3. The Mathematics of a Hundred

Trillion Poems

We can calculate the number of possible poems without

knowing any French or reading a single line of Queneau’s

work.

The book supplies ten alternatives for the first line.

For each choice of first line, there are ten alternatives for

the second line.
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There are ten alternatives for the third.

And so on through fourteen positions.

The total is:

10 × 10 × … × 10

with fourteen factors.

Therefore:

N=10¹⁴

Or:

N=100,000,000,000,000

One hundred trillion.

The calculation uses the multiplication principle of

counting.

If one decision has a possibilities and a second

independent decision has b possibilities, the two

decisions together provide a × b combinations.

For example, imagine choosing an outfit from three shirts

and two pairs of trousers.

There are:

3 × 2=6

possible outfits.
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Now suppose we add four possible jackets.

The total becomes:

3 × 2 × 4=24

Each new independent choice multiplies the number of

possibilities.

Queneau applies the same principle to poetry.

But unlike clothing, the alternatives are carefully

constructed lines of language.

Why this is not an ordinary combination problem

There is a useful mathematical distinction here.

In some counting problems, order does not matter.

Selecting three students from a class might produce the

same group regardless of the order in which their names

are chosen.

Queneau’s system is different.

The fourteen positions are fixed.

A first line cannot simply be moved into the seventh

position.

Instead, each position has its own collection of

alternatives.
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We are choosing one item from each of fourteen distinct

sets.

The mathematical structure is a Cartesian product.

If Lᵢ represents the set of permitted lines at position i, the

space of possible poems can be represented as:

P=L₁ × L₂ × … × L₁₄

Each Lᵢ contains ten alternatives.

Thus:

|P|=10¹⁴

This is not the same as selecting fourteen lines from a

common pool without replacement.

The position of each line is part of the design.

That positional structure is what allows the author to

preserve the sonnet’s overall form.

A number beyond ordinary reading

One hundred trillion is difficult to imagine.

Suppose you could read one complete sonnet every

minute, continuously, without sleeping.

There are 525,600 minutes in an ordinary 365-day year.

Reading every combination would require approximately:
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(10¹⁴ / 525,600) ≈ 190,258,752

years.

That is about 190 million years.

If you read only during an ordinary working day, the

period would be considerably longer.

The exact number depends on the reading schedule, of

course.

The important point is the difference in scale.

The original book is small.

The space of possible readings is enormous.

A relatively compact arrangement of material describes

more possibilities than any individual could reasonably

examine.

This is combinatorial explosion, a concept we

encountered in the first chapter when considering

libraries of possible texts.

But Queneau introduces something new.

His vast collection is not produced by assembling

arbitrary characters.

It is produced by combining carefully authored literary

units.
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The difference between those approaches is central to

understanding his achievement.

Four fixed line slots each offer two alternatives, yielding sixteen

selectable poems.

4. Why the Lines Have to Fit

Imagine writing fourteen lines of poetry independently

and placing them in fourteen containers.

Each container offers ten alternatives.

Mathematically, the result is straightforward.

But would every combination make sense?

Probably not.

One line might refer to a character who has never been

introduced.

Another might use a pronoun without an identifiable

subject.

FOUR POSITIONS · TWO CHOICES EACH

1 — The lantern… / The window…

2 — A distant bell… / A silent train…

3 — Beneath the bridge… / Beyond the fields…

4 — And carried… / And watched…

2 × 2 × 2 × 2 = 16 possible texts
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A third might disrupt the rhyme scheme.

A fourth might depend upon a grammatical construction

established by a particular preceding line.

The resulting combinations could be awkward, incoherent

or simply uninteresting.

Queneau’s design addresses this difficulty by making

corresponding lines compatible in important formal

respects.

Oulipo’s official explanation specifically identifies rhyme

and syntactic compatibility as features of the

construction. 

Oulipo

This does not mean that all combinations possess

identical meanings or equal artistic quality.

Nor does it mean every combination will appear equally

natural to every reader.

It means that the author has designed the alternatives to

work within a common structural framework.

Compatible line slots

We can demonstrate the principle with an original

example.

Suppose we are writing a short four-line poem.
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Each line occupies a particular position.

For every position, we provide two alternatives.

Pos

itio

n

Alternative A Alternative B

1
The lantern trembled in

the rain

The window shivered in the

rain

2
A distant bell announced

the night

A silent train withdrew from

sight

3
Beneath the bridge the

river sighed

Beyond the fields the

shadows sighed

4
And carried every dream

away

And watched the stars

dissolve to grey

These lines have been written specifically for this

teaching example. They are not translations or

adaptations of Queneau’s poems.

The first position establishes a scene.

The second introduces an event or distant presence.

The third extends the atmosphere.

The fourth provides a closing movement.

The alternatives share related grammatical structures

and compatible emotional tones.
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We can combine them in different ways.

For example:

The lantern trembled in the rain

A silent train withdrew from sight

Beyond the fields the shadows sighed

And carried every dream away

Or:

The window shivered in the rain

A distant bell announced the night

Beneath the bridge the river sighed

And watched the stars dissolve to grey

Both resemble short atmospheric poems.

Neither combination was written out as a complete poem

before the line selections were made.

The author created the component lines and the rules

determining their positions.

The reader selected one possible arrangement.

Structure makes combination possible

Our example has two alternatives for each of four

positions.
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The total number of combinations is:

2⁴=16

This is a modest number.

We could examine all sixteen possibilities without much

difficulty.

But imagine expanding the system.

Ten positions, each with ten alternatives, produce ten

billion combinations.

Fourteen positions, each with ten alternatives, produce

Queneau’s one hundred trillion.

The mathematical principle remains unchanged.

The literary problem becomes harder.

The author must produce enough compatible material to

preserve meaningful possibilities.

The more tightly the lines depend upon one another, the

harder it becomes to interchange them successfully.

A line such as She finally opened the letter requires some

context.

Who is she?

Which letter?

Why was it previously unopened?
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By contrast, a line describing rain on an empty street may

be easier to combine with several alternatives.

This reveals a trade-off.

Highly specific narrative lines can produce strong causal

relationships.

More flexible lines may permit a greater range of

combinations.

Combinatorial literature must negotiate between these

demands.

Its success depends not merely on the number of

possibilities, but on the literary quality of the space those

possibilities occupy.

5. The Constraint That Creates

Freedom

The term constraint often sounds negative.

It suggests a limitation imposed upon someone who

would otherwise be free.

Yet many familiar artistic forms depend upon constraints.

A sonnet typically has fourteen lines and follows

established traditions of metre and rhyme.
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A haiku is associated with compact poetic structures,

though its Japanese history and forms are more complex

than the familiar English-language syllable rule.

A musical composition may follow a particular rhythmic

or harmonic pattern.

A novelist may choose to tell an entire story through

letters.

These restrictions do not automatically make a work less

creative.

They change the problems the artist must solve.

A sonnet writer must discover how to express an idea

within a demanding form.

A writer using only dialogue must communicate setting

and action without conventional narration.

A novelist excluding a particular letter must find

alternative ways to express ordinary ideas.

Oulipo deliberately investigates such restrictions.

Its members have explored techniques including

lipograms, substitutions, numerical patterns and many

other formal procedures.

The official Oulipo site maintains a catalogue of

constraints, including the method associated with

Queneau’s combinatorial sonnets. 
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Oulipo

A constraint is not a recipe for quality

Suppose we create a rule requiring every line of a poem

to begin with the same letter.

We might produce:

Silver shadows silently shine.

This satisfies a simple alliterative constraint.

But satisfying the rule does not make the line an excellent

poem.

The result could be memorable, monotonous or

ridiculous.

The constraint defines a formal condition.

Artistic judgement determines whether the result

achieves something worthwhile.

This distinction is crucial.

A computer can verify many formal constraints.

It can check whether a word contains a forbidden letter.

It can count syllables approximately, although accurate

poetic scansion can be more demanding.

It can select lines from predefined sets.
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It can produce combinations according to a mathematical

rule.

But the fact that a result satisfies the rule does not

establish its literary value.

The constraint creates a space of possibilities.

Creative judgement operates within that space.

Why restrictions can encourage invention

Constraints can force writers away from familiar habits.

Suppose a writer repeatedly describes sadness through

tears.

A rule forbidding references to crying may encourage

different imagery.

Sadness might be expressed through an empty chair, an

unanswered letter or the sound of a train leaving a

station.

The restriction makes certain obvious choices

unavailable.

The writer must search for alternatives.

Queneau’s system imposes an especially demanding

constraint.

Every corresponding line must work within a shared

formal structure.
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That forces the poet to think not only about individual

lines, but about their relationships with possible

neighbours.

The author is writing for many potential contexts

simultaneously.

This is a different skill from composing one fixed poem.

It resembles the design of reusable software components:

each part must function within a larger structure even

when other parts vary.

The resemblance is useful, although Queneau’s work is a

literary construction rather than a piece of electronic

software.

6. The Poem as a Space of Possibilities

When we speak about Queneau’s one hundred trillion

poems, we should distinguish three things.

The first is the physical book.

The second is the mathematical space of combinations.

The third is the particular poem selected by a reader.

These are related but not identical objects.

The physical book contains a finite collection of printed

lines and a mechanism allowing them to be rearranged.
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The mathematical space describes every permitted

selection of those lines.

A particular reading is one path through that space.

Potential versus actual

Imagine that no one has ever selected a particular

combination.

Does that poem exist?

Mathematically, the combination belongs to the set of

possibilities.

The author has supplied all the lines required to

construct it.

But the poem has not necessarily been assembled, read

aloud or experienced as a complete literary object.

We can call it a potential text.

When a reader selects its fourteen lines, the potential

arrangement becomes an actual reading.

This distinction is central to Oulipo’s interests.

The workshop investigates not only texts already realised,

but structures capable of producing further texts.

It is tempting to compare the process with a computer

program.
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A program can define possibilities without executing

every one of them.

For example, a game might allow a player to travel

through several routes while any particular playthrough

follows only one.

Similarly, Queneau’s book defines an enormous number of

possible selections while a reader experiences one

combination at a time.

But a crucial historical distinction remains.

Queneau’s original book is a physical combinatorial

object, not an electronic program.

It can be modelled computationally because its selection

rules are precise.

That does not make an electronic computer necessary to

its original operation.

Is every possible poem already written?

There are competing ways to answer.

One approach regards the entire combinatorial structure

as the authored work. Every permitted poem belongs to

that work, whether or not anyone has selected it.

Another emphasises the individual reading. The poem

becomes a distinct literary experience only when a

particular combination is assembled and interpreted.
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A third treats both levels as important.

Queneau authored the lines and designed the structure.

The reader chooses an arrangement.

The resulting poem emerges from their interaction.

This does not make the reader a co-author in precisely

the same sense as Queneau. The reader has not

necessarily written any new lines.

Nevertheless, selection can become a meaningful creative

activity.

Choosing which possibilities to realise is itself a form of

participation.

7. Why One Hundred Trillion Is Not the

Same as One Hundred Trillion

Masterpieces

The mathematical size of Queneau’s system is

extraordinary.

But quantity is not quality.

Suppose an author creates a generator capable of

producing a million sentences.

Most are grammatically correct.

Some are amusing.
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A few are memorable.

Others are dull.

The generator’s ability to produce a million outputs tells

us nothing directly about how many deserve attention.

This distinction is easy to overlook because large

numbers are impressive.

A computer that produces ten thousand poems per

second sounds remarkably creative.

But if the results consist of predictable clichés, the

abundance may become tiresome.

Three different measures

We can distinguish between formal validity, literary

coherence and artistic value.

Formal validity asks whether an output satisfies the rules

of construction.

Literary coherence asks whether its elements form an

intelligible or suggestive whole.

Artistic value asks whether the result achieves something

significant for a reader.

These are not interchangeable measures.

A poem may satisfy its metre and rhyme scheme while

expressing almost nothing memorable.
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A poem may contain deliberate grammatical disruption

yet possess considerable emotional force.

A surprising combination may appear incoherent at first

but reward closer reading.

Literary quality is not reducible to a simple test.

An illustrative model

Suppose, purely for discussion, that only one combination

in every million produced by a system is judged excellent

by some particular reader.

If the system contains one hundred trillion combinations,

that would correspond to:

(10¹⁴ / 10⁶)=10⁸

Or one hundred million excellent combinations under that

assumed rate.

But the rate is invented.

There is no established measurement showing that one in

a million of Queneau’s combinations is excellent.

The example simply demonstrates how even a very small

proportion can produce a large absolute number when

the space of possibilities is enormous.

More importantly, judgements of excellence are not

uniform.
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One reader may appreciate absurd humour.

Another may prefer emotional intensity.

A third may value formal elegance.

The same combination may seem brilliant to one person

and unremarkable to another.

A machine can enumerate possibilities.

It does not thereby settle which possibilities deserve to be

valued.

The search problem

This creates a new difficulty.

If a system contains an immense number of possible

texts, how can readers discover the most interesting

ones?

Random selection is one option.

Careful manual selection is another.

A computer might be programmed to favour combinations

satisfying additional constraints.

Readers might preserve favourite arrangements and

share them.

But every method changes how the work is encountered.

A system that produces possibilities has one function.
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A system that ranks or selects possibilities has another.

The second introduces judgements about what counts as

desirable.

This connects combinatorial literature with a central

problem in artificial intelligence: generation is not the

same as evaluation.

8. The Reader as an Operator

The physical design of Queneau’s book changes the

experience of reading.

Ordinarily, a printed poem remains fixed.

The reader can skip lines, reread passages or interpret

them differently, but the sequence of words does not

change.

Queneau’s book invites physical intervention.

The reader manipulates the strips.

A line is concealed or revealed.

Another is selected.

A new arrangement appears.

Reading becomes partly an act of construction.
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The importance of the physical object

The strips are not merely an attractive presentation.

They embody the poem-generating procedure.

Each strip acts as a selectable element.

The page position determines which line slot it occupies.

The binding keeps the alternatives organised.

The reader’s hand performs the selection.

The book is therefore both a literary publication and a

physical interface.

Its design allows an abstract mathematical system to be

experienced directly.

A reader does not need to calculate 10¹⁴ to understand

that enormous variation is possible.

They can see it.

They can turn the strips and watch the poem change.

A human-powered algorithm

We can describe the process as a procedure:

Choose one of the ten alternatives for line one.

Choose one of the ten alternatives for line two.

Continue through the remaining positions.

Read the resulting fourteen-line poem.

1. 

2. 

3. 

4. 
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The procedure is finite and precisely defined.

It is therefore algorithmic in the broad sense of following

an explicit method.

Yet it does not require automation.

The human reader performs the selections.

This illustrates an important historical point.

Algorithms are older than electronic computers.

People have followed mathematical and procedural rules

for centuries.

Computers made the execution of many procedures

dramatically faster and more scalable.

They did not invent the underlying idea of a rule-

governed process.

Queneau’s book demonstrates that literature can be

algorithmic without being electronic.

It also shows why the history of computational literature

should not begin with the first digital poem generator.

Earlier experiments with combinatorial language provide

part of its intellectual ancestry.
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9. From Paper Strips to Python

We can reproduce the central selection principle using a

tiny Python program.

For clarity, we will use the four-line example introduced

earlier.

There are two alternatives at each of four positions.

The resulting program is intentionally finite, local and

deterministic.

It does not use random selection, read files, contact

networks or execute user-supplied code.

It simply selects a particular combination.

The program

lines = [['The lantern trembled in the rain', 'The window shivered in 
the rain'], ['A distant bell announced the night', 'A silent train 
withdrew from sight'], ['Beneath the bridge the river sighed', 'Beyond 
the fields the shadows sighed'], ['And carried every dream away', 'And 
watched the stars dissolve to grey']]
choices = [0, 1, 1, 0]
for position, choice in enumerate(choices):

print(lines[position][choice])
total = 1
for slot in lines:
    total *= len(slot)
print("Possible poems:", total)

Exact output

The lantern trembled in the rain
A silent train withdrew from sight
Beyond the fields the shadows sighed
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And carried every dream away
Possible poems: 16

The selection list is:

choices = [0, 1, 1, 0]

Python uses zero-based indexing.

Therefore, zero selects the first alternative in a list, while

one selects the second.

The program chooses:

Position Selection Result

1 0
The lantern

trembled in the rain

2 1

A silent train

withdrew from

sight

3 1
Beyond the fields

the shadows sighed

4 0
And carried every

dream away

The count is:

2 × 2 × 2 × 2=16

The program does not generate all sixteen poems.
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It generates one specified selection and calculates how

many distinct selection patterns are available.

Our alternatives are distinct within each position, so the

sixteen selection patterns also produce sixteen distinct

four-line texts.

This qualification matters.

If two alternatives were identical, the number of selection

patterns could exceed the number of distinct texts.

Queneau’s published construction is conventionally

counted by its independent choices of lines.

Interactive experiment: see the web edition.

What has changed?

The paper version requires the reader to move strips.

The Python version uses numerical indices.

Both implement the same general principle.

The author supplies alternatives.

A selection procedure chooses one alternative for each

position.

The chosen lines are assembled into a complete text.

The computational version offers additional possibilities.

It could enumerate every combination.
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It could select combinations randomly.

It could apply extra rules.

It could remember previously selected poems.

But none of those features is necessary to demonstrate

the basic idea.

The literary machine is the structured set of possibilities.

The computer is one way to operate it.

10. The Difference Between Chance

and Design

Queneau’s book often prompts the question: who wrote

the resulting poem?

The answer becomes more interesting when we

distinguish chance from design.

Suppose a reader closes their eyes and selects one strip

from each position.

The particular combination may be accidental.

But the alternatives themselves were not created

accidentally.

Queneau wrote them.

He organised them into compatible positions.
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He constructed a system in which independent selections

could produce recognisable sonnets.

Chance operates within a designed space.

Randomness does not replace authorship

Imagine shaking a box containing fourteen thousand

pieces of paper, each bearing a fragment of language.

If we draw fourteen fragments at random, the resulting

text will probably lack coherent structure.

Some combinations might be unexpectedly beautiful.

Most may not be.

Now imagine a box containing carefully designed sets of

lines.

Every first line establishes a setting.

Every second line introduces movement.

Every third line develops a relationship.

Every final line provides a possible conclusion.

Random selection from this system is much more likely to

produce something with an intentional literary shape.

The difference is not the randomness.

It is the design of the possible outcomes.
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This distinction matters for generative writing.

A generator can combine words without making

meaningful artistic choices itself.

The author may have made those choices earlier, when

selecting vocabulary, defining structures and establishing

constraints.

The generated output can contain surprising

relationships that the author did not individually

anticipate.

But surprise is not the same as creation without human

influence.

A constrained universe

Consider a board game.

Its designer establishes the board, pieces and rules.

Players produce individual games through their decisions.

The designer cannot know every game that will ever be

played.

Yet the rules shape every legitimate move.

Queneau’s book possesses a similar relationship between

designer and participant.

The author defines a structured universe.

The reader explores it.
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The difference is that the outcome is a literary text rather

than a game position.

The analogy also has limits.

A game often includes competition, objectives and

strategic decisions.

Queneau’s combinatorial book does not require the

reader to win anything.

There is no single best solution established by its rules.

The purpose is exploration.

The reader discovers unexpected relationships among

authored lines.

This makes the system a particularly elegant example of

potential literature.

Its mathematical design is exact.

Its literary interpretation remains open.

11. The Infinite Library Revisited

In Chapter One, we encountered Jorge Luis Borges’s The

Library of Babel.

Borges imagined a universe containing books assembled

from possible combinations of symbols.

The library’s extraordinary size creates a problem.
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Some books contain meaningful statements.

Many contain nonsense.

Countless books may contain convincing falsehoods.

The difficulty is not simply generating text.

It is discovering which texts deserve attention.

Queneau’s book addresses a related problem from the

opposite direction.

Instead of generating every possible arrangement of

characters, he begins with carefully chosen poetic

material.

He then allows combinations within a restricted

structure.

Borges imagines a vast possibility space in which

meaningful language is difficult to locate.

Queneau constructs a much smaller, though still

enormous, possibility space designed to preserve formal

literary properties.

The contrast is revealing.

Two kinds of abundance

A library of arbitrary character combinations can contain

almost unimaginable quantities of text.

But most of that text may be useless to a human reader.
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A constrained literary generator can produce fewer

possibilities while increasing the likelihood that its

outputs have recognisable structure.

The difference concerns the relationship between

freedom and restrictions.

Unlimited formal possibilities do not automatically

produce rich literary experiences.

Carefully chosen restrictions may create a more

productive space.

This suggests a general principle:

The quality of a generative system depends not only on

how many possibilities it contains, but on how its

possibilities are organised.

The same principle appears in other creative activities.

A musician can improvise within a scale or harmonic

structure.

An architect works within physical and functional

constraints.

A game designer defines rules that make interesting play

possible.

A programmer creates interfaces that permit some

operations while excluding others.
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In each case, limits can help give activity a meaningful

shape.

What Queneau could not guarantee

Even a carefully constrained system cannot guarantee

that every reader will value every output.

A formally correct sonnet may seem dull.

An unusual juxtaposition may strike one reader as

profound and another as meaningless.

Some combinations may create accidental humour.

Others may suggest narratives that Queneau never

explicitly intended.

This openness is not necessarily a defect.

It is part of the work’s artistic character.

The author supplies a structured collection of

possibilities.

The reader supplies attention, interpretation and

judgement.

The resulting literary experience emerges from their

interaction.
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12. The Book That Became a Machine

We began with a thin book whose pages had been cut into

strips.

We have now discovered that its construction embodies

several important ideas.

It uses a finite set of authored components.

It divides those components into compatible positions.

It defines a rule for selecting and assembling them.

It produces an enormous number of possible textual

arrangements.

And it requires a reader to realise particular possibilities.

The system is mathematical.

The results are literary.

The interface is physical.

The process is algorithmic.

No electronic computer is required.

Yet the conceptual relationship with computational

literature is unmistakable.
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A new role for the author

A conventional poet may write a particular line because it

follows another line with a particular emotional or

rhythmic effect.

Queneau had to think more generally.

He needed lines capable of following several alternatives.

Each line belonged not only to one poem, but to a

network of possible poems.

The author was therefore designing relationships among

possibilities.

This resembles programming, but it should not be

reduced to programming.

Queneau’s choices involved the qualities of French

language, poetic form, rhythm, rhyme and imagination.

A mathematical formula can count the combinations.

It cannot explain why particular images are effective or

why an unexpected juxtaposition feels poetic.

The mathematics reveals the architecture.

Literary interpretation reveals the experience.

The reader becomes an operator

The reader’s role also changes.
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Reading is no longer simply following a fixed sequence.

The reader selects a path through a structured space.

They can return to earlier choices.

They can compare alternatives.

They can discover favourite arrangements.

They may even begin to recognise which kinds of

combinations produce effects they enjoy.

The reading process becomes partly exploratory.

This anticipates several forms of electronic literature.

Hypertext fiction allows readers to select paths among

linked passages.

Interactive fiction allows choices to influence simulated

events.

Generative poetry uses programmed procedures to

assemble language.

Each technology introduces its own possibilities and

limitations.

But the idea that a literary work can consist of a

structured field of potential texts is already powerfully

demonstrated by Queneau’s paper book.
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The threshold of computational authorship

The next historical development is almost inevitable.

If a human reader can select lines according to rules, a

computer can also perform the selection.

If a computer can select lines, it can repeat the procedure

rapidly.

If it can repeat the procedure, it can generate thousands

of outputs.

And if the rules become more sophisticated, the machine

may begin producing combinations with structures that

were not individually written by its programmer.

At that point, a new question arises.

Where should we locate the creative act?

In the original vocabulary?

In the rules?

In the selection procedure?

In the generated output?

Or in the reader’s interpretation?

Queneau does not settle these questions.

He makes them impossible to ignore.
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His book demonstrates that a writer can create more

literary possibilities than any reader could ever exhaust.

But it also reveals why literary value cannot simply be

counted.

One hundred trillion possible poems are not automatically

one hundred trillion equally rewarding experiences.

The significance of the work lies partly in the tension

between those two facts.

The number is astonishing.

The structure makes it possible.

But individual poems still have to be read.

And reading remains an act of interpretation.

A literary machine can multiply the number of possible

texts. It cannot, by multiplication alone, determine what

those texts will mean.

That is the achievement—and the limitation—of the book

that could never be finished.

Questions to Take Away

What distinguishes Queneau’s Cent mille milliards

de poèmes from a conventional collection of ten

sonnets?

1. 
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Why is the number of possible poems calculated as

10¹⁴, rather than as a simple addition of the

available lines?

How do compatible grammatical structures and

rhyme patterns make the system more effective?

Does a poem exist as a literary work before anyone

has selected and read its particular combination?

If the reader selects the lines but the author wrote

every alternative, who should receive credit for the

resulting poem?

Can a formally correct combination still be a poor

poem? What additional qualities might give it

artistic value?

Is selecting a combination randomly less creative

than choosing one deliberately?

Why might imposing restrictions increase a writer’s

creative possibilities?

Does translating Queneau’s method into computer

software change the nature of the literary work?

What distinguishes a system capable of generating

many texts from a system capable of identifying

valuable texts?

A Small Reader Experiment: Build Your

Own Poetry Machine

The following exercise uses original lines written for this

chapter. It is a simplified demonstration of Queneau’s

combinatorial principle, not a reproduction of his sonnets.

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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Step 1: Prepare four line slots

Each slot has three alternatives.

P

os

iti

o

n

Alternative 0 Alternative 1 Alternative 2

1
The morning

folded into rain

The evening

gathered on the

hill

The darkness

settled on the

town

2
A quiet bell

disturbed the air

A distant engine

crossed the fields

A lonely window

held the light

3
The river carried

dreams away

The orchard

whispered to the

wind

The station

waited for the

dawn

4

And nothing

stayed as it had

been

And all the roads

returned to home

And every

shadow learned

to sing

All twelve lines are original teaching material.

They share a generally compatible atmospheric style and

can function as four-line poems, although they are not

designed to preserve a strict metrical or rhyme scheme.

Step 2: Calculate the possibilities

Each position has three choices.
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There are four positions.

Therefore:

N=3⁴=81

There are 81 possible selection patterns.

Because every alternative within a position is distinct, the

81 selections produce 81 distinct four-line texts.

Step 3: Select a poem

Choose the sequence:

0, 2, 1, 0

This produces:

The morning folded into rain

A lonely window held the light

The orchard whispered to the wind

And nothing stayed as it had been

Now choose:

2, 0, 2, 1

The result is:

The darkness settled on the town

A quiet bell disturbed the air
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The station waited for the dawn

And all the roads returned to home

Notice that different combinations create different

implied settings and emotional associations.

Neither poem required writing four entirely new lines

after the selection was made.

Step 4: Predict a program’s output

Use this short Python program:

lines = [['The morning folded into rain', 'The evening gathered on the 
hill', 'The darkness settled on the town'], ['A quiet bell disturbed 
the air', 'A distant engine crossed the fields', 'A lonely window held 
the light'], ['The river carried dreams away', 'The orchard whispered 
to the wind', 'The station waited for the dawn'], ['And nothing stayed 
as it had been', 'And all the roads returned to home', 'And every 
shadow learned to sing']]
choices = [2, 0, 2, 1]
for position, choice in enumerate(choices):

print(lines[position][choice])
total = 1
for slot in lines:
    total *= len(slot)
print("Possible poems:", total)

The exact output is:

The darkness settled on the town
A quiet bell disturbed the air
The station waited for the dawn
And all the roads returned to home
Possible poems: 81
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Step 5: Improve the system

Try replacing one line in each position.

Your objective is not merely to increase the number of

combinations.

Instead, make the lines more compatible while preserving

variety.

Ask whether the alternatives share appropriate

grammatical structures.

Consider whether particular combinations introduce

awkward references.

Try to maintain an atmosphere without making every

poem feel identical.

Step 6: Evaluate the results

Choose five combinations.

Read each one aloud.

Rank them according to whichever literary qualities you

consider important: rhythm, imagery, coherence, surprise

or emotional effect.

Then ask someone else to rank the same poems.

Do your judgements agree?

The experiment illustrates a central distinction.
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The program determines which texts are possible.

Readers decide which possibilities they value.

Further Reading

Original Oulipo Sources

Oulipo — Cent mille milliards de poèmes constraint

The group’s official explanation of Queneau’s

combinatorial method, including its fourteen line

positions, ten alternatives per position and formal

compatibility requirements.

Oulipo — CMMP, official description

This is the most useful primary reference for the

mathematical construction. 

Oulipo

Oulipo — History of the Workshop

An account by Oulipo member Marcel Bénabou

describing the group’s formation in 1960 and its

programme of investigating literary structures and

constraints.

Oulipo — Historique de l’Oulipo

Oulipo — Catalogue of Constraints
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The group’s collection of formal literary techniques,

providing context for Queneau’s work alongside other

methods of constrained writing.

Oulipo — Contraintes

Original Work and Publishing History

Raymond Queneau — Cent mille milliards de poèmes

(1961)

The original work was published by Éditions Gallimard.

Its physical design allows corresponding lines from ten

sonnets to be combined.

BnF — Original work and editions

Gallimard’s catalogue also documents the 2026 Oulipo

recreation, Cent (mille milliards de) poèmes: Une

recréation raisonnée, which revisits Queneau’s

combinatorial project using further literary constraints. 

Cercle Gallimard

Suggested Reading Order

Begin with Oulipo’s official explanation of the CMMP

constraint.

Then examine the group’s historical account to

understand why formal literary experimentation became

a shared research programme.
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Finally, investigate Queneau’s original physical book,

paying attention to the relationship between its paper

strips and the mathematical space they represent.

The key is to experience the method rather than merely

admire its enormous number of combinations.

Up Next — The Author Becomes an

Algorithm

From Early Computer Poetry to Generative Writing

Queneau constructed a machine for producing poetry, but

his machine was made of paper.

The reader operated it by moving strips.

What happens when the selection procedure moves inside

an electronic computer?

In the 1950s, researchers began experimenting with

computers that could generate written language.

Theo Lutz used a machine to produce stochastic texts

from literary vocabulary.

Christopher Strachey developed a program that

generated curious mechanical love letters.

Later experimenters created poetry generators, narrative

systems and programs that combined formal linguistic

rules with unpredictable selections.
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The computer could now carry out the procedures that

earlier authors had described or built into physical

objects.

But this development created new questions.

If a machine selects the words, who is the writer?

If the author designs the algorithm but never sees every

result, what exactly has the author created?

And if a generated poem surprises its programmer, does

that surprise count as creativity?

Chapter Ten will trace the early history of computer-

generated literature and examine how the roles of author,

program and reader began to change.

The next literary machine will not require the reader to

turn the strips. It will begin producing poems by itself.
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The Author Becomes an
Algorithm

From Early Computer Poetry to Generative Writing

1. The Love Letter Written by Nobody

Imagine a young computer programmer standing beside a

machine the size of a room.

It is the early 1950s.

The computer contains thousands of electronic

components. It requires specialist attention, consumes

considerable electricity and occupies space that could

accommodate several desks.

Its principal purpose is calculation.

Scientists and engineers are interested in using such

machines to solve mathematical problems, analyse

numerical data and perform operations that would

otherwise require enormous amounts of human labour.

But the programmer has another idea.

What if the machine could write a love letter?

Not calculate the cost of posting one.

418



Not print a letter that somebody else has already

composed.

Actually construct a new message from a collection of

words and phrases.

The programmer prepares lists of affectionate

expressions.

There are greetings, adjectives, nouns and concluding

phrases.

The computer is instructed to select from the lists and

assemble the selections into sentences.

Eventually, a message appears.

It addresses an imaginary beloved.

Its language is extravagant.

Its sentiments seem oddly artificial, as though someone

has learned the vocabulary of romance without quite

understanding how people fall in love.

The result is both comic and unsettling.

A machine designed to perform calculations has produced

something recognisable as a love letter.

But who wrote it?

The programmer supplied the vocabulary.

The programmer designed the rules.
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The computer selected and assembled the words.

No human being necessarily chose that particular

combination.

This is not merely an invented scene.

In 1952, Christopher Strachey developed a love-letter-

generating program for the Manchester computer.

A Centre for Scientific Archives catalogue lists the love-

letter program under 1952. Oxford’s Strachey exhibition

booklet identifies the Strachey archive with the Bodleian

Library; the catalogue’s availability online should not be

confused with the papers’ custody.

Strachey’s experiment is among the earliest documented

examples of literary text generation using an electronic

computer.

It occupies an important position in the history of

computational writing.

An electronic machine could now perform the

combinatorial work that earlier writers had carried out

manually or built into physical devices.

The words remained human inventions.

The rules remained human designs.

But the final selection and arrangement could be

delegated to the computer.
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A new participant had entered the literary process.

Not necessarily a conscious author.

Not necessarily a creative intelligence.

But a machine capable of producing texts that its

programmer had not individually written.

The author had begun to design a procedure rather than

compose every output.

A logic board from a Ferranti Mark I computer, 1951.

A logic board from a Ferranti Mark I computer, 1951.

Credit: Ferranti Limited. Source. CC BY-SA 4.0. Resized;

no crop.
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2. Christopher Strachey and the

Manchester Computer

Christopher Strachey was a British computer scientist

whose work contributed to the development of

programming languages and their mathematical

foundations.

He belonged to the generation that encountered

electronic computing while the field was still being

established.

Modern programmers inherit programming languages,

operating systems, documentation and development tools

built over many decades.

Strachey’s generation worked much closer to the

machinery.

Programming was difficult, experimental and frequently

tied to the characteristics of a particular computer.

Strachey became acquainted with Alan Turing and

worked with computing equipment at Manchester.

In 1952, he developed a program that generated love

letters.

The program selected words and phrases from predefined

collections and combined them according to grammatical

patterns.
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The resulting messages resembled exaggerated romantic

correspondence.

Their emotional vocabulary was rich.

Their individual combinations could be absurd.

A later account by Strachey, The “Thinking” Machine,

appeared in the October 1954 issue of Encounter and

included an example of machine-generated

correspondence. His original working papers identify the

earlier 1952 program.

These dates should be distinguished.

1952 refers to the development of the love-letter

program.

1954 refers to Strachey’s published discussion of the

machine and an example of its output.

The two events are connected, but they are not identical.

A machine performing romance

Why generate love letters?

The choice was humorous, but it also made a serious

point.

Romantic language is associated with sincerity, emotion

and personal expression.
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A love letter normally appears to communicate something

about the writer’s inner life.

If a computer can produce convincing romantic phrases

by following rules, what does that imply?

It certainly demonstrates that some surface features of

emotional language can be generated mechanically.

It does not establish that the computer experiences

affection.

Nor does it prove that human emotions are merely

computational routines.

Those would be much stronger philosophical claims.

The program could produce expressions of love without

loving anyone.

This distinction anticipates later debates about artificial

intelligence and language generation.

A system can produce text that readers interpret

emotionally even when the mechanism generating that

text has no demonstrated emotional experience.

The comic effect

Much of the humour arises from the mismatch between

the language’s apparent emotional intensity and its

mechanical origin.
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The machine combines romantic vocabulary according to

a procedure.

Its output imitates conventions associated with private

feeling.

Yet the reader knows that the words were assembled

computationally.

The result exposes something about ordinary romantic

language.

Love letters often rely upon familiar expressions.

People repeat metaphors, adjectives and declarations

inherited from other writers.

If these conventions are sufficiently regular, a machine

can imitate some of their patterns.

Strachey’s experiment therefore works as a small satire

of formulaic expression.

The machine does not have to understand love to

reproduce recognisable forms of romantic language.

That is both the joke and the intellectual challenge.

3. What Exactly Did Strachey Author?

Suppose a human writer prepares twenty possible

adjectives and twenty possible nouns.
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The writer also provides several sentence structures.

The computer selects words from the collections and

inserts them into the structures.

For example, consider this invented template:

My [ADJECTIVE] [NOUN] remembers your [ADJECTIVE] [NOUN].

The collections might contain:

Adjectives: distant, restless, silver, secret.

Nouns: heart, shadow, dream, voice.

The machine could produce:

My restless heart remembers your silver voice.

Or:

My secret shadow remembers your distant dream.

These examples are original teaching material. They are

not quotations from Strachey’s historical program.

They demonstrate the broad combinatorial principle

rather than reconstructing his implementation.

The division of labour

We can identify several separate activities.

The human programmer selects the vocabulary.

The programmer defines the grammatical structures.
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The programmer determines the selection procedure.

The computer performs selections according to that

procedure.

The resulting text is displayed or printed.

The reader interprets it.

Which activity constitutes authorship?

There is no single answer that resolves every artistic,

philosophical and legal question.

But we can make an important distinction.

The programmer is the author of the procedure.

The programmer may also be the author of the individual

textual components.

The computer executes the procedure.

The individual output is produced through their

combination.

If the process uses chance, the programmer may not

know in advance which particular text will appear.

That does not make the program independent of human

design.

The possible outputs are constrained by the supplied

vocabulary and rules.
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A space of potential letters

Suppose a simplified generator contains four choices in

each of four positions.

The number of possible arrangements is:

N = 4⁴ = 256

A programmer can define all 256 possibilities through a

comparatively small set of instructions and data.

The program does not need 256 complete letters written

into its source.

It needs the components and a way to combine them.

This is the same principle encountered in Raymond

Queneau’s combinatorial sonnets.

But the role of the machine has changed.

In Queneau’s original book, the reader physically

manipulates the paper strips.

In Strachey’s program, the electronic computer performs

the selections.

The literary structure has become executable.
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4. The Difference Between Writing a

Sentence and Writing a Generator

Consider two approaches to producing a poem.

The first writer composes four lines:

The evening gathers at the gate. The empty windows hold

the rain. A distant signal marks the hour. The silent town

remembers pain.

The writer selects every word.

The order is fixed.

The poem may be revised, but the published version

presents a particular arrangement.

Now imagine a second writer.

Instead of composing one complete poem, the writer

supplies several alternatives for each line.

The writer also defines rules governing which

alternatives may be selected.

A computer can then produce different poems by

following those rules.

The author has moved from composing one output to

designing a system.
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Two creative problems

The first approach asks:

Which words should appear here?

The second asks:

What rules and collections of words could produce

interesting results here?

These are different artistic problems.

The first requires attention to a particular sequence.

The second requires attention to a space of possible

sequences.

A line that works beautifully in one poem may fail when

combined with another line.

A generative writer must therefore consider compatibility.

The components should be able to participate in several

potential contexts.

This is why generative writing can require considerable

preparation.

The machine may perform the final assembly, but the

author must design a system in which assembly is

worthwhile.
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The author as architect

A useful analogy is architecture.

An architect does not personally place every brick in a

building.

The architect designs structures, relationships and

constraints that guide construction.

Similarly, the author of a text generator may not select

every word appearing in every output.

Instead, they design a procedure that establishes which

outputs are possible.

The analogy has limits.

A building must satisfy physical requirements.

A poem is evaluated through artistic and interpretive

criteria.

Nevertheless, both involve creating a system whose

realised form depends upon a design.

Generative writing introduces a new form of literary

responsibility.

The author must consider not only whether one particular

output is successful, but whether the procedure produces

an interesting range of outputs.
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5. Theo Lutz and the Stochastic

Sentence

In 1959, Theo Lutz produced another landmark

experiment in computational writing.

Lutz was studying at the Technische Hochschule

Stuttgart, now the University of Stuttgart.

He used a Zuse Z22 computer to generate texts from

selected vocabulary.

His work appeared under the title Stochastische Texte, or

Stochastic Texts, in the journal augenblick in 1959.

The publication was associated with the intellectual

environment of philosopher and aesthetic theorist Max

Bense.

The original article appeared in volume 4, issue 1, pages

3–9. The University’s historical account and the surviving

journal provide independent confirmation of the date.

Lutz selected words from Franz Kafka’s novel The Castle

and arranged them into mechanically generated

sentences.

According to the ZKM Center for Art and Media’s

collection record, his source material included sixteen

nouns, sixteen adjectives, four conjunctions and four

pronouns. The system could produce more than four

million sentence combinations.
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This was not a modern language model trained on an

enormous corpus.

The vocabulary was small and explicitly selected.

The grammatical structures were restricted.

The computer generated text by applying programmed

rules and selections.

Why Kafka?

Kafka’s writing often depicts bureaucratic uncertainty,

inaccessible authority and individuals struggling to

understand systems that govern their lives.

In The Castle, a protagonist named K. attempts to

navigate an elusive administrative world.

Lutz’s decision to use vocabulary from the novel gave the

generated sentences a particular literary atmosphere.

Words associated with Kafka’s fictional world could

appear in new combinations.

But the computer did not reconstruct Kafka’s narrative.

It did not understand K.’s circumstances.

It did not maintain the causal structure of the novel.

It selected words from a prepared collection and

combined them according to a procedure.
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The resulting texts could suggest Kafka’s atmosphere

without reproducing his storytelling.

This is an important difference between vocabulary and

narrative.

A set of words can evoke a literary world.

But it does not automatically contain that world’s

characters, events or meanings.

6. What Does Stochastic Mean?

The word stochastic comes from mathematics and

probability.

It describes processes involving randomness or

probabilistic behaviour.

A stochastic text generator uses some process of

selection in which the outcome is not fixed by a simple

predetermined sequence of choices.

For example, a program might select one adjective from a

collection according to assigned probabilities.

It might choose a noun from another collection.

It might then assemble the selections into a sentence.

Randomness within rules

Suppose we have three adjectives:
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quiet, distant, restless.

And three nouns:

river, window, machine.

The system might generate:

The restless machine waits.

Or:

The quiet river waits.

The particular combination varies.

But the grammar is fixed.

The sentence always begins with The.

It always contains one adjective.

It always contains one noun.

It always ends with waits.

The randomness affects which components are selected.

It does not eliminate the rules.

Probability is not meaning

Imagine that quiet has a 50% selection probability, while

distant and restless each have 25%.
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The generator will tend to produce more sentences

containing quiet.

That is a statistical property of the system.

It does not mean that quietness is more poetically

valuable.

The author has chosen a distribution.

The computer follows it.

The reader interprets the resulting language.

Probability can influence the frequency of particular

images or themes.

But it does not automatically determine their significance.

Pseudorandomness

Most ordinary computer programs that appear to make

random selections use pseudorandom-number

generators.

These algorithms produce sequences that have statistical

properties resembling randomness for particular

purposes.

Given the same algorithm and initial seed, the sequence

can ordinarily be reproduced.

This distinction is important for understanding

computational literature.
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A program may appear unpredictable to a reader while

remaining deterministic under specified conditions.

The author may deliberately use a fixed seed to make

results reproducible.

Alternatively, a program may use a changing seed or

another source of variability.

Lutz’s historical work involved computationally generated

selections rather than human improvisation at every step.

The precise implementation belongs to the history of the

original Z22 program, not to the simplified examples used

here.

The fundamental idea is that selection can vary while

grammatical construction remains constrained.

Vocabulary and selection indices feed a sentence template; the

reader interprets its output.

AUTHOR → PROCEDURE → OUTPUT → READER

3 subjects × 3 verbs × 3 objects = 27 sentences

[1, 1, 0] → The machine watches the distant stars.

A surprising combination invites meaning; it does not explain itself.
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7. A Small Machine for Making

Sentences

We can build a simplified generator to examine the

difference between composing a sentence and designing

a procedure that produces sentences.

Our fictional setting is an abandoned observatory.

We want the machine to generate short, atmospheric

statements about its surroundings.

The generator will use three grammatical positions:

Subject + Verb + Object

For each position, we provide three alternatives.

Position Alternative 0 Alternative 1 Alternative 2

Subject
The

observatory
The machine The visitor

Verb remembers watches questions

Object
the distant

stars
the silent city

the forgotten

signal

All nine phrases are original teaching material, not

quotations or reconstructions of Strachey’s or Lutz’s

work.

We can now create:
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The machine watches the silent city.

Or:

The observatory remembers the forgotten signal.

The components are selected independently.

Since each of three positions contains three alternatives,

the number of possible selection patterns is:

N = 3³ = 27

Our small system permits 27 distinct sentences.

But an interesting distinction appears immediately.

Not all 27 sentences will be equally effective.

The visitor questions the forgotten signal suggests a

mysterious investigation.

The observatory watches the distant stars sounds

relatively natural.

The silent city is not available as a subject because the

author placed it in the object collection.

The vocabulary and grammatical positions determine

which expressions can appear.

A finite Python generator

Here is a complete program that generates three

sentences using fixed indexed choices.
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It does not use random selection.

That decision makes the results completely reproducible

and allows us to trace every operation.

subjects = [
"The observatory",
"The machine",
"The visitor"

]

verbs = [
"remembers",
"watches",
"questions"

]

objects = [
"the distant stars",
"the silent city",
"the forgotten signal"

]

selections = [
    (1, 1, 0),
    (0, 0, 2),
    (2, 2, 1)
]

for subject_id, verb_id, object_id in selections:
    sentence = (
        subjects[subject_id]

+ " "
+ verbs[verb_id]
+ " "
+ objects[object_id]
+ "."

    )
print(sentence)

total = len(subjects) * len(verbs) * len(objects)
print("Possible sentences:", total)
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Exact output

The machine watches the distant stars.
The observatory remembers the forgotten signal.
The visitor questions the silent city.
Possible sentences: 27

Tracing the selections

Python uses zero-based indexing.

The first element of a list has index 0.

The second has index 1.

The third has index 2.

Our three selection tuples therefore identify particular

components.

Output
Subject

index

Verb

index

Object

index
Sentence

1 1 1 0

The

machine

watches

the distant

stars.

2 0 0 2

The

observator

y

remember

s the
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Output
Subject

index

Verb

index

Object

index
Sentence

forgotten

signal.

3 2 2 1

The visitor

questions

the silent

city.

The first tuple is:

(1, 1, 0)

The program selects subject 1, verb 1 and object 0.

It then joins the three phrases with spaces and adds a full

stop.

There is no grammatical analysis happening during

execution.

The programmer has already arranged the alternatives so

that they can occupy compatible positions.

The machine performs selection and assembly.

What this experiment proves

The program demonstrates a genuine computational

process.
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A relatively small amount of source code can describe a

larger collection of possible sentences.

It also demonstrates an important limitation.

The program does not understand the observatory.

It does not know what a forgotten signal is.

It cannot explain why one sentence sounds more poetic

than another.

Its grammar is limited to the structure supplied by its

programmer.

Nevertheless, the outputs can suggest a fictional world.

Readers may imagine an abandoned building, forgotten

scientific experiments or a machine preserving memories

long after its creators have disappeared.

The literary interpretation occurs in the encounter

between generated text and reader.

That is the essential mechanism of many early text

generators.

Interactive experiment: see the web edition.

8. Chance Is a Choice Made by the

Author

Our program uses fixed selections.
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It always prints the same three sentences.

But Strachey’s and Lutz’s historical experiments explored

the use of variable selection to produce different outputs.

We could modify our teaching generator so that each

component is selected using a pseudorandom-number

generator.

The number of possible sentences would remain 27.

What changes is the procedure for choosing among them.

Three selection strategies

Imagine operating the same generator in three different

ways.

Sequential selection systematically visits combinations in

a predetermined order.

Fixed selection uses an explicit list of choices, as in our

Python example.

Pseudorandom selection chooses indices according to an

algorithm designed to produce statistically variable

sequences.

Each method can operate on the same vocabulary and

grammatical rules.

But the reader’s experience differs.
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Sequential selection makes the structure easy to

investigate.

Fixed selection allows the author to produce specific

results.

Pseudorandom selection introduces variation that may

surprise the reader.

The important point is that randomness is not equivalent

to unrestricted freedom.

The machine cannot select a word that does not exist in

its vocabulary unless additional rules allow it to construct

new words.

It cannot spontaneously introduce a fourth grammatical

position unless the program supports that possibility.

It cannot transform the sentence generator into a

complete detective novel merely by making more random

selections.

Chance operates within the designed system.

The role of probability

We might assign unequal probabilities to the alternatives.

For example:

Subject Probability

The observatory 50%
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Subject Probability

The machine 30%

The visitor 20%

If selections follow these probabilities, the observatory

will tend to appear more frequently over many outputs.

That could give the generated writing a particular

atmosphere.

A generator that repeatedly mentions the observatory

might suggest that the building is the central subject.

A generator favouring the visitor might feel more

personal.

The author can therefore influence style through

probability distributions.

This is a significant creative possibility.

The programmer does not need to choose every sentence.

Instead, the programmer can shape the statistical

tendencies of the writing.

Randomness and surprise

A generated sentence may surprise its programmer.

Perhaps two independently chosen words create an

unexpected metaphor.
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Perhaps a combination suggests a narrative connection

that nobody deliberately planned.

The surprise can be artistically valuable.

But it does not prove that the machine understands the

metaphor or possesses creative intentions.

The combination may be unexpected because the

programmer did not examine every possible result.

The machine has explored a possibility within the

system’s rules.

The reader interprets it.

This is one reason generative writing can be compelling

even when its mechanism is simple.

The system can reveal combinations that its designer had

not consciously considered.

9. From Mechanical Assembly to

Literary Interpretation

What distinguishes a generated sentence from a

meaningful literary event?

Consider this output:

The observatory remembers the forgotten signal.

Grammatically, the sentence is straightforward.
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But observatories do not ordinarily remember in the

human sense.

The verb gives the building a quality associated with

living minds.

A reader might interpret this as personification.

Perhaps the observatory contains an old computer storing

recordings.

Perhaps the building represents a forgotten civilisation.

Perhaps the line suggests that scientific instruments

preserve traces of events their operators no longer

remember.

The sentence acquires significance through

interpretation.

The program does not need to contain any of these

explanations.

It simply selects phrases.

Meaning can emerge from combination

Literature frequently creates meaning by placing familiar

elements in unfamiliar relationships.

A single word may have several associations.

When combined with another word, those associations

change.

448



Machine suggests technology.

Remembers suggests consciousness or stored

information.

The forgotten signal suggests communication, absence

and loss.

Together, the phrases invite a larger interpretation.

A generative system can produce such relationships

without explicitly representing their literary implications.

But there is no guarantee that every combination will be

equally interesting.

Some will be repetitive.

Some may be awkward.

Some may accidentally suggest something powerful.

The generator’s vocabulary and structures influence the

likelihood of these outcomes.

The reader’s knowledge and expectations shape their

interpretation.

The difference between grammar and

understanding

Our program guarantees a simple grammatical pattern:

Subject + Verb + Object.

449



But grammar alone is not sufficient for coherent

narrative.

A story requires more than individual sentences.

Characters must possess relevant histories.

Events must have consequences.

Objects introduced earlier may need to reappear later.

A fictional world normally maintains some continuity.

A sentence generator with independent selections does

not automatically preserve those relationships.

For example, it might produce:

The visitor watches the distant stars.

Then:

The visitor remembers the forgotten signal.

A reader may connect the statements into a narrative.

But the generator itself does not necessarily remember

that the visitor appeared in the earlier sentence.

It may simply have selected the same subject twice.

That distinction becomes increasingly important as

computational writing develops.
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Moving from sentence generation to narrative generation

requires mechanisms for representing context, events,

relationships and state.

Early experiments such as those of Strachey and Lutz

helped demonstrate the possibilities of automated

language construction.

They did not solve the entire problem of computational

storytelling.

10. The Hidden Human Editor

There is another important complication in the history of

early computer poetry.

The text produced directly by a machine may not be

identical to the text eventually published.

A human researcher may select interesting outputs.

They may correct punctuation.

They may remove unsuccessful lines.

They may arrange generated passages into a preferred

order.

These activities introduce another layer of authorship.

Research into the surviving material associated with Theo

Lutz documents that the published Stochastic Texts

involved authorial revision after generation.
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This matters when describing the work historically.

It would be misleading to imagine that every aspect of the

final published presentation necessarily emerged

untouched from the computer.

The exact contributions of program execution and

subsequent human intervention belong to the

documented production history.

Generation and selection

Suppose a computer produces one thousand sentences.

A human editor selects ten.

Those ten are arranged into a poem.

Who authored the result?

The programmer designed the generator.

The computer produced the candidate sentences.

The editor selected and arranged the final text.

Perhaps one person performed both human roles.

Perhaps several people collaborated.

The final literary object reflects all those contributions.

This resembles other artistic processes.
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A photographer may take hundreds of photographs and

select a few for exhibition.

A filmmaker may record many hours of footage and

assemble a ninety-minute film.

A poet may write dozens of drafts before publishing one.

Selection is not necessarily a trivial activity.

It can be central to the artistic result.

The generator as a source of material

One way to understand early computational writing is to

treat the program as a mechanism for producing

candidate material.

The generated sentences become resources for further

composition.

A human writer can preserve, reject, modify or rearrange

them.

Another approach treats the generator itself as the

primary artistic work.

The outputs are instances of its behaviour.

Both approaches are legitimate, but they answer different

questions.

In the first, the emphasis falls on the finished text.

In the second, the emphasis falls on the procedure.
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The distinction will become particularly important as we

encounter works that change continuously and cannot be

reduced to one definitive printed version.

11. Can an Algorithm Be Creative?

We can now confront the question that has accompanied

computational writing since its earliest experiments.

Can a computer be creative?

The answer depends partly upon what we mean by

creativity.

Suppose we define creativity as producing something

novel, surprising and valuable.

A generative program can certainly produce

combinations that its programmer has not previously

examined.

Some results may surprise readers.

Some may be judged aesthetically valuable.

But does that mean the program itself is creative?

There are several possible positions.

Creativity as an outcome

One approach evaluates the product.
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If a text is original and artistically worthwhile, perhaps its

production method should not determine its value.

A poem does not automatically become less moving

because it was generated through computation.

Under this approach, computational systems can

participate in creative production without necessarily

possessing conscious intentions.

Creativity as intention

Another approach emphasises the creator’s

understanding and purpose.

A human poet may deliberately choose an image to

express grief, humour or political criticism.

A simple combinatorial generator does not possess a

comparable understanding of its outputs.

It follows programmed rules.

On this view, the creativity belongs primarily to the

human designer and perhaps to the reader or editor who

selects meaningful results.

Creativity as a process

A third approach examines the entire creative system.

The programmer designs constraints.

The software generates possibilities.
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A human selects, modifies or interprets them.

Creativity may be distributed across several activities

rather than located in one isolated moment.

These positions are not equivalent, and none resolves

every philosophical dispute.

The historical examples help us avoid confusing different

claims.

Strachey’s machine produced romantic text.

That is a documented technical and literary achievement.

It does not establish that the computer experienced

romance.

Lutz’s program produced stochastic sentences from

selected literary vocabulary.

That demonstrates automated language generation.

It does not establish independent literary judgement.

The systems could nevertheless produce interesting

artistic material.

A machine does not need to possess the intentions of a

poet to participate in the production of poetry.

Whether it should itself be called a poet remains a

separate question.
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12. The Author Who Writes

Possibilities

Let us return to the imaginary observatory.

Our small Python program contains nine phrases

arranged into three collections.

It can produce 27 different sentences.

The programmer has written a procedure rather than 27

complete sentences.

Now imagine expanding the system.

We introduce a collection of locations.

We add a time of day.

We allow the machine to remember what happened

earlier.

We create characters whose actions change the state of

the fictional world.

We define rules governing what may happen next.

The generator begins to resemble a narrative system.

Its output may contain sequences of related events rather

than isolated sentences.

The author must now design not only vocabulary and

grammar, but also continuity and causation.
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The machine needs some representation of what has

already occurred.

If a character has opened a door, later events should

recognise that the door is open.

If an important object has been destroyed, it should not

reappear without explanation.

If one character has learned a secret, subsequent

dialogue may need to reflect that knowledge.

The problems begin to resemble those encountered in

Chapter Six, where we modelled Mara’s fictional world

using state and rules.

But the emphasis has changed.

In that chapter, code represented actions in a story.

Here, computation produces the language through which

a story might be told.

A new relationship between author and text

Traditional authorship often centres on a completed

artefact.

A novel is written, revised and published.

Readers encounter the same sequence of words, although

their interpretations differ.

Generative writing challenges that arrangement.
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The author may create a system whose outputs vary

between readings.

There may be no single definitive text.

The work may consist partly of the rules through which

different texts can emerge.

The author’s creative labour shifts towards designing a

space of possibilities.

This does not make composition obsolete.

The author still selects language, defines structures and

decides what kinds of results the system should permit.

But composition is no longer restricted to choosing one

final sequence.

It may involve creating a procedure capable of producing

many sequences.

The historical significance

Strachey’s 1952 love-letter program and Lutz’s 1959

stochastic texts were produced on early electronic

computers under severe technological constraints.

Their vocabularies and grammatical procedures were

limited.

Their outputs could be awkward, amusing or suggestive.
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Yet they demonstrated a principle with enormous future

consequences.

A computer could be used not only to store and transmit

literature, but to generate literary language.

The machine had become an active participant in textual

production.

It could select.

It could assemble.

It could repeat a procedure far more rapidly than a

human operator manipulating paper strips.

And it could produce combinations that had not

previously existed as complete written sentences.

The author had become, at least partly, a designer of

algorithms.

The literary work could now be understood not only as a

finished text, but also as a process through which texts

are made.

13. The First Step Towards an

Executable Literature

We began with a computer composing exaggerated love

letters.
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We then encountered another machine assembling

sentences from Kafka’s vocabulary.

Neither program required the computer to possess a

human understanding of literature.

Both relied upon rules and prepared linguistic material.

Their significance lies in the new division of labour they

introduced.

The human writer could design the system.

The machine could perform selections and combinations.

The reader could interpret the result.

This arrangement resembles the relationship between

composer, instrument and listener, although the analogy

has limits.

A musical instrument ordinarily responds to a performer’s

immediate actions.

A generative program may produce extended sequences

without continuous human selection.

The programmer determines the possibilities in advance.

The executing system realises particular outcomes.

The next problem

What happens when the reader is allowed to influence the

procedure?

461



Suppose the observatory program presents a choice.

Enter the observatory.

Follow the visitor.

Investigate the forgotten signal.

Each decision leads to different text.

The system remembers earlier choices.

Later passages change accordingly.

The reader is no longer merely receiving generated

sentences.

They are navigating a structure.

The literary work becomes interactive.

And once a story can be entered through different paths,

the familiar idea of a fixed beginning, middle and end

becomes less secure.

Generative writing has shown us how an author can

design a system that produces multiple textual outputs.

Interactive fiction introduces another transformation.

The reader’s decisions can become part of the process

that determines which text appears.

The author writes possibilities. The machine presents

them. The reader chooses a path.
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That is the next stage in the history of the executable

book.

Questions to Take Away

What distinguishes Christopher Strachey’s love-

letter program from an ordinary document

containing several prewritten letters?

Why is the distinction between Strachey’s 1952

program and his 1954 published discussion

historically important?

How did Theo Lutz use existing literary vocabulary

without reproducing the narrative of Kafka’s The

Castle?

What is the difference between a stochastic process

and a completely unconstrained process?

If a program uses a pseudorandom generator, can

its outputs still be reproducible?

Why might a generated sentence possess literary

significance even when the program does not

understand its meaning?

If a human editor selects ten sentences from a

thousand generated outputs, where should we

locate the creative contribution?

Does a surprising output prove that the generating

system possesses creative intentions?

What additional capabilities would a sentence

generator need before it could produce a coherent

extended story?

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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Is the literary work the generator, its individual

outputs or the combined experience of running and

interpreting it?

A Small Reader Experiment: Become

the Algorithmic Author

The following experiment extends the observatory

generator from Section 7.

It uses original text and a finite, predetermined

procedure.

Step 1: Change the vocabulary

Replace the three subjects with:

subjects = [
"The lighthouse",
"The keeper",
"The ocean"

]

Keep the original verbs and objects.

How does the atmosphere change?

The machine now produces sentences associated with a

maritime setting rather than an abandoned observatory.

Step 2: Predict the output

Use these selections:

10. 
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selections = [
    (0, 1, 0),
    (1, 0, 2),
    (2, 2, 1)
]

Remember that indexing begins at zero.

The verbs remain:

verbs = [
"remembers",
"watches",
"questions"

]

The objects remain:

objects = [
"the distant stars",
"the silent city",
"the forgotten signal"

]

Step 3: Examine the worked result

The selections produce:

The lighthouse watches the distant stars.
The keeper remembers the forgotten signal.
The ocean questions the silent city.
Possible sentences: 27

The number of possibilities is unchanged.

There are still three alternatives in each of three

positions:
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3 × 3 × 3 = 27

But the literary atmosphere is different.

The vocabulary suggests a lighthouse, a keeper and a

mysterious relationship between the sea and a distant

city.

The program’s structure has not changed.

The author’s vocabulary has.

This demonstrates how the same algorithm can support

different literary worlds.

Step 4: Compare the outputs

Return to the original observatory vocabulary.

Compare:

The machine watches the distant stars.

with:

The lighthouse watches the distant stars.

The computational procedure is identical.

The difference lies in the selected noun.

Yet the reader may imagine very different scenes.

One suggests artificial intelligence or astronomical

observation.
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The other suggests navigation, isolation and the coast.

The machine performs the same operation.

The literary interpretation changes.

Step 5: Design a fourth grammatical position

Imagine adding a fourth collection containing endings

such as:

before sunrise, without speaking, beneath the moon.

If each of the four positions contains three alternatives,

the number of possible selection patterns becomes:

3^4=81

The number of possibilities has tripled.

But has the literary quality improved?

Not necessarily.

Some endings may work better with particular sentences.

Try selecting five combinations and judging their

coherence.

Step 6: Reflect on authorship

Write a short paragraph answering this question:
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Am I the author of the resulting sentences if I designed

the vocabulary and selection rules but did not individually

choose every output?

Consider the difference between creating the

components, determining their possible arrangements,

selecting a particular result and interpreting its

significance.

What this experiment demonstrates: A generative

program can be reused with different vocabularies and

procedures. The algorithm determines how components

are assembled, while human design and interpretation

strongly influence the resulting literary experience.

Further Reading

Christopher Strachey: Original Documents and

Archives

Christopher Strachey — Love-Letters Program (1952)

The original working papers are preserved in the

Christopher Strachey archive. The collection catalogue

identifies folders C.34 and C.35 as containing notes,

calculations and routines for the Manchester love-letter

program.

Centre for Scientific Archives — Christopher Strachey

catalogue, PDF

Christopher Strachey — The “Thinking” Machine (1954)
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Strachey’s published discussion appeared in Encounter,

October 1954, pages 25–31.

Electronic Literature Knowledge Base — Original

publication record and facsimile access

Alan Turing’s relationship with Strachey’s early

experiments

Andrew Hodges’s historical Turing website describes

Strachey’s work at Manchester, his connection with

Turing and the love-letter generator.

Alan Turing Scrapbook — The Turing Test and Love

Letters

Theo Lutz: Primary Text and Institutional

Archives

Theo Lutz — Stochastische Texte (1959)

The original publication appeared in augenblick, volume

4, issue 1, pages 3–9, in 1959. The journal contents

record identifies the issue. A transcription of Lutz’s

original article is also available below.

augenblick — Journal contents record

Lutz — Original article transcription

Auer — Reconstruction and comparison with printout

University of Stuttgart — Theo Lutz and the

Reconstruction of Stochastic Texts
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The university documents the original Zuse Z22 program,

its preservation in the German Literature Archive

Marbach and later efforts to reconstruct its operation.

University of Stuttgart — Stochastic Texts and the

Original Program

ZKM Center for Art and Media — Stochastische Texte

The museum’s official collection record describes the

1959 work, its Zuse Z22 platform, its vocabulary and the

surviving generated text.

ZKM — Stochastic Texts

Suggested Reading Order

Begin with the Strachey archival record to establish the

historical date and nature of the love-letter program.

Then examine his 1954 article, paying attention to how

early computer scientists discussed the relationship

between machine behaviour and intelligence.

Next, read Lutz’s original article in augenblick, alongside

the ZKM and University of Stuttgart records.

Consider how the work combines programming,

statistical selection, literary vocabulary and subsequent

human editorial intervention.

The central historical development is the transition from

manually constructed combinatorial literature to

computer-executed procedures capable of producing text.
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Up Next — The Story That Has No

Single Path

Hypertext, Interactive Fiction and Branching Narratives

So far, our literary machines have generated sentences,

poems and letters.

But most of their readers remain spectators.

The machine produces a text.

The reader receives it.

What happens when the reader can influence which text

appears?

In the second half of the twentieth century, writers and

computer scientists began exploring forms of electronic

writing in which passages could be connected through

selectable links.

A reader might follow one path through a story while

another reader follows a different path.

An early decision might change which scenes become

accessible.

A character’s fate might depend on choices made many

passages earlier.

The work would no longer consist of one fixed sequence

of pages.

471



Instead, it would contain a network of possible readings.

Michael Joyce’s afternoon, a story and Shelley Jackson’s

Patchwork Girl became important examples of literary

hypertext.

Interactive fiction also developed through systems in

which readers entered commands, explored simulated

environments and influenced the state of fictional worlds.

These developments transformed the relationship

between author, reader and text.

A writer could design a narrative space without

specifying one compulsory route through it.

A reader could become an active participant in selecting

or producing a particular experience.

But new problems emerged.

How can a story maintain coherence when readers

choose different paths?

Can a narrative possess suspense if its events can be

encountered in several orders?

Does reader choice produce genuine freedom, or merely

movement among possibilities the author has already

anticipated?

And if two people experience different sequences, have

they read the same work?
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Chapter Eleven will examine the history and structure of

interactive literature, from linked passages to parser-

based fictional worlds.

The next literary machine will no longer decide every

sentence for the reader. It will begin asking the reader

where the story should go.

Oxford — Strachey archive exhibition booklet
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The Story That Has No
Single Path

Hypertext, Interactive Fiction and Branching Narratives

1. The Page That Refused to Be Next

The story began with a woman standing outside a railway

station.

It was raining.

In her coat pocket was a letter she had not yet opened.

Somewhere inside the station, a man was waiting for her.

She had promised to meet him, although she could no

longer remember why.

At the bottom of the page appeared three choices.

Open the letter.

Enter the station.

Return to the hotel.

The reader selected the letter.

A new passage appeared.

474



It contained an account of something that had happened

seventeen years earlier, involving a child, a missing

photograph and a room overlooking the sea.

At the bottom were two more choices.

Remember the summer.

Forget what happened.

The reader selected the second.

The screen changed.

The woman was standing outside a railway station.

It was raining.

The letter remained unopened.

But this time, the passage included a sentence that had

not appeared before.

She had the uncomfortable impression that she had

already been here.

This fictional opening is an original example created for

our study.

It demonstrates something that an ordinary printed novel

does not normally do.

The text responds to the reader’s decisions.
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A conventional book presents its pages in a fixed physical

order. Readers may jump ahead or reread previous

chapters, but the printed sentences remain unchanged.

Our fictional railway-station story behaves differently.

The reader’s selection determines which passage appears

next.

The program remembers certain decisions.

Returning to the beginning does not necessarily restore

the original experience.

The same location can acquire different meanings

because the reader has encountered different

information.

This raises a fascinating question.

Where, exactly, is the story?

Is it the sequence encountered by one reader?

Is it the complete collection of possible passages?

Or is it the system of connections and rules through

which different readings become possible?

These questions lie at the centre of hypertext fiction and

interactive narrative.

They also represent a significant change in literary

authorship.
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In Chapter Ten, we examined programs that generated

poems and sentences from selected vocabulary.

The computer helped determine which words appeared.

Now we will investigate systems in which readers help

determine which parts of a story they encounter.

The author still writes.

The machine still executes rules.

But the reader becomes an active participant in

determining the sequence.

A story can become a network of possibilities rather than

a single prescribed journey.
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An Apple Macintosh 512K desktop system: the material setting of

early personal computing.

An Apple Macintosh 512K desktop system: the material

setting of early personal computing. Credit: raneko. 

Source. CC BY 2.0. Resized; no crop.

2. The End of the Straight Line

Most novels establish a preferred reading order.

Page one leads to page two.

Chapter one leads to chapter two.

The ending usually follows the events that prepare us for

it.
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This does not mean that novels must describe events

chronologically.

A mystery may begin with a murder and then reveal

earlier events.

A character may remember childhood in the middle of an

adult conversation.

Two narratives may alternate across different centuries.

But the author usually determines the sequence in which

these passages are presented.

We should therefore distinguish between two kinds of

order.

Chronological order concerns when events occur within

the fictional world.

Narrative order concerns when those events are

presented to the reader.

A novel can alter narrative order while remaining a fixed

text.

A hypertext narrative introduces another possibility: the

sequence of presentation may depend on reader

selection.
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What is hypertext?

The term hypertext is closely associated with the

computer pioneer Ted Nelson, who used it in published

work in 1965.

Nelson described forms of writing that need not be

organised as one fixed sequence.

His own bibliography identifies his 1965 paper as a

defining article and dates his coining of “hypertext” to

that year.

The essential idea is straightforward.

Textual units can be connected through links.

A reader follows a link from one unit to another.

The resulting reading sequence need not correspond to

the physical order of pages in a conventional book.

Today, this may sound ordinary.

Websites use hyperlinks constantly.

A reader can move from one article to another, follow

references or navigate between sections of a document.

But the idea becomes more interesting when applied to

fiction.

The connections themselves can contribute to the story.

A link might represent a character’s memory.
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Another might reveal an alternative perspective.

A third might connect apparently unrelated events.

The act of choosing a link can become part of literary

interpretation.

Hypertext is not necessarily a game

It is tempting to assume that every hypertext story must

offer decisions such as:

Save the prisoner.

Abandon the prisoner.

Attack the guard.

But hypertext does not require this kind of explicit choice.

Links may connect passages according to themes,

associations, memories or literary motifs.

The reader may navigate a collection of fragments

without controlling the fictional events.

This produces an important distinction.

Navigation is not automatically agency.

Choosing which passage to read next is not necessarily

the same as determining what happens in the fictional

world.
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A reader may control the order in which information is

discovered while possessing no power to alter the events

being described.

That distinction will become central to our examination of

literary hypertext.

Six passages branch and converge; an optional memory loop

returns to the station.

3. A Story Is Not a Tree

A common way to imagine interactive fiction is as a

branching tree.

The story begins at one point.

A decision creates two branches.

Each branch leads to further decisions.

Eventually, different routes reach different endings.

Suppose the reader makes three independent choices,

each offering two alternatives.

Six passages; four routes

A → B or C B / C → D or E D / E → F

Optional D → A loop. The letter flag survives a return to the station.
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The number of possible choice sequences is:

2³ = 8

If every sequence produces a unique ending, there are

eight endings.

But an interactive story does not have to be a tree.

A passage can connect backwards.

Several routes can reach the same scene.

A reader may revisit a location.

A path can form a loop.

In mathematics and computer science, a more general

structure for describing these relationships is a directed

graph.

A graph consists of nodes and connections called edges.

In a hypertext story, a node might represent a passage.

A directed edge represents a permitted movement from

one passage to another.

Consider this original miniature structure:

                     [The Station]
                      /         \
                     /           \
              [The Letter]    [The Platform]
                     \           /
                      \         /
                      [The Memory]
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                           |
                      [The Ending]

The reader can reach The Memory through two different

routes.

The story has branches that converge.

Now imagine that The Memory also contains a link back

to The Station.

The graph contains a cycle.

A reader could return to an earlier passage.

This creates possibilities unavailable in a simple

branching tree.

The station might feel different after the memory is

revealed.

The same sentence might acquire a new meaning.

A previously ordinary detail might become disturbing.

Why graphs matter

A graph describes which passages are connected.

It does not necessarily describe everything important

about the story.

If a link is available only after the reader has acquired

certain information, the system must also maintain state.
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If revisiting a passage changes its text, the program

needs rules determining which version to display.

The narrative becomes more than a collection of

connected pages.

It becomes a system of passages, transitions and

remembered conditions.

This distinction helps explain why some electronic fiction

feels like exploring a network while other works feel like

playing a simulated world.

Both may use links or choices.

But their underlying structures can be quite different.

4. Michael Joyce and the Uncertain

Afternoon

In 1987, Michael Joyce presented an early version of

afternoon, a story at the ACM Hypertext conference.

The work was subsequently published commercially by

Eastgate Systems in 1990.

It was created using Storyspace, a hypertext authoring

environment developed by Joyce, Jay David Bolter and

John B. Smith.
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The Electronic Literature Lab’s archive documents this

publication history and preserves records of surviving

editions.

afternoon became one of the foundational works of

literary hypertext.

Its central character, Peter, is a technical writer troubled

by the possibility that a traffic accident he encountered

may have involved his former wife and son.

The story moves among uncertainty, memory,

relationships and possible interpretations of events.

The reader navigates linked passages rather than

following one straightforward sequence.

Eastgate’s official description emphasises the work’s

concern with memory and the difficulty of knowing what

has happened.

The importance of uncertainty

Consider the emotional situation.

Peter may have witnessed evidence of a terrible event.

But his knowledge is incomplete.

He must confront memories and interpretations that may

be unreliable.

A conventional novel could represent this uncertainty

through an unreliable narrator or fragmented chronology.

486



Joyce uses hypertext structure as another part of the

experience.

The reader’s navigation can create uncertainty.

A passage may appear before its context has been

established.

Another may acquire significance only after several other

passages have been encountered.

The order of discovery becomes part of the work’s

meaning.

The reader does not necessarily control the

tragedy

This is important.

The reader of afternoon is not simply selecting whether

Peter’s family survives.

The work is not best understood as a conventional game

with a collection of winning and losing outcomes.

Its links structure the reader’s encounter with

uncertainty.

Different routes can alter what the reader knows,

suspects or understands.

But this is not identical to giving the reader control over

the fictional world’s history.
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In a conventional mystery, the detective discovers clues in

an order determined by the author.

In literary hypertext, the reader may participate in

selecting the order of discovery.

This can make the reader feel more directly responsible

for assembling an interpretation.

What counts as finishing?

A conventional novel has an identifiable final page.

A hypertext fiction may make completion more

ambiguous.

Have you finished when you reach a passage that feels

like an ending?

When you have encountered every passage?

When you understand the central events?

Or when repeated navigation stops revealing

substantially new possibilities?

These questions are not merely technical.

They influence how readers experience the work.

A hypertext fiction can resist the comforting certainty

that everything important has now been revealed.

The reader may always suspect that another link leads

somewhere significant.
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That suspicion can become part of the literary effect.

5. Shelley Jackson and the Body Made

of Stories

Shelley Jackson’s Patchwork Girl, published by Eastgate

Systems in 1995, offers another remarkable use of

hypertext.

The work reimagines elements of Mary Shelley’s

Frankenstein.

Its central figure is a female creature assembled from

different bodies.

The narrative explores creation, identity, embodiment and

the relationship between parts and wholes.

Jackson uses hypertext to connect these concerns with

the construction of the literary work itself.

The surviving editions and their publication history are

documented by the Electronic Literature Lab. Eastgate

continues to describe the work through its official

publisher catalogue.

A body made from fragments

The central metaphor is especially powerful.

The fictional creature is assembled from separate pieces.
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The hypertext narrative is also assembled from separate

textual units.

The reader moves among fragments, connecting them

into a developing understanding of the character.

The structure of the work therefore echoes its subject.

This is more than using links to organise chapters

conveniently.

The experience of navigating fragmented text becomes an

artistic expression of fragmented identity.

A reader encounters the creature through a form

resembling the creature’s construction.

Parts become connected.

Boundaries shift.

The relationship between body and text becomes a

central theme.

Form and content reinforce each other

Imagine telling the same story as a conventional linear

novel.

It could still explore identity and embodiment.

But it would lose some of the structural relationship

between the creature’s assembled body and the reader’s

assembly of the text.

490



In Patchwork Girl, the medium contributes to meaning.

This is an important principle in electronic literature.

A digital form becomes artistically significant when its

capabilities do more than provide a convenient delivery

mechanism.

The links, passages and navigation become part of the

literary argument.

Why this matters

Our previous chapters considered how programs can

produce text.

Jackson’s work demonstrates another possibility.

Software can organise the relationships among existing

passages so that the reader’s movement becomes

meaningful.

The program need not invent new sentences.

It can instead control access, connection and sequence.

In this kind of literature, the machine helps determine

how the reader encounters the author’s writing.

The resulting experience depends partly on navigation.

The story is not simply the sum of its passages.

It also includes the relationships among them.
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6. The Cave That Answered Back

Hypertext fiction developed alongside another important

tradition: text-based interactive fiction.

One of its foundational works is Colossal Cave Adventure.

The programmer Will Crowther created the original game

during the mid-1970s, drawing upon his experience

exploring caves in Kentucky.

Don Woods later expanded it substantially.

The precise chronology has been the subject of historical

investigation.

A detailed study by Dennis Jerz, drawing on recovered

source code and interviews, places Crowther’s initial

work in 1975–76 and Woods’s expanded version in 1977.

It also corrects several frequently repeated but unreliable

earlier dates.

A world described in words

In Adventure, the player explores a fictionalised cave

system through text.

The computer describes locations.

The player enters commands.

The program interprets recognised instructions and

changes the game state.
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A player might attempt to move through a passage,

inspect an object or manipulate something found in the

environment.

This is different from selecting links in a hypertext essay.

The player is attempting to act within a simulated world.

The program must determine whether the requested

action is recognised and whether its conditions are

satisfied.

The parser

A parser is a component that interprets input according

to a language’s rules.

In a traditional text adventure, it may recognise

instructions such as:

LOOK
TAKE LANTERN
OPEN DOOR
GO NORTH

These examples illustrate common parser conventions;

they are not a transcript from the original game.

The parser identifies the requested action and, where

appropriate, its object.

The game then checks the current state.

Is the lantern present?
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Is the door locked?

Does the player possess the required key?

Is movement north possible from the current location?

The system responds according to its implemented rules.

This is a form of interactive narrative in which textual

commands manipulate a simulation.

A world beyond the displayed passage

A hyperlink normally connects one passage to another.

A parser-based adventure can maintain a more elaborate

world model.

Objects may have locations.

Doors may have states.

Characters may possess inventories.

Events may depend on previous actions.

The player’s current surroundings are only one visible

portion of a larger simulated environment.

This allows a distinctive kind of storytelling.

The reader becomes a participant attempting to

understand the world’s rules.
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The challenge is not simply to choose which passage to

read.

It is to discover what actions are possible and how they

affect the world.

7. Zork and the Illusion of Freedom

The success of Adventure helped inspire further

developments in text-based interactive fiction.

During the late 1970s, programmers at MIT developed

Zork, which subsequently became the basis of a

commercially successful series published by Infocom.

The original developers included Tim Anderson, Marc

Blank, Bruce Daniels and Dave Lebling.

The commercial version of Zork I appeared in 1980,

helping introduce sophisticated parser-driven adventures

to home-computer users.

Zork presented a richly described fictional world

containing locations, objects, puzzles and peculiar

characters.

Its parser accepted a more flexible range of commands

than many earlier systems.

Players could explore, collect objects and attempt to solve

problems through language.
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But the apparent freedom contained an unavoidable

limitation.

The computer could only respond meaningfully to actions

its software supported.

The problem of the unrecognised idea

Imagine standing beside a fictional wooden door.

The game expects you to find a key.

But you have another idea.

Perhaps you could remove the hinges.

Perhaps you could negotiate with someone on the other

side.

Perhaps you could climb through a nearby window.

A human game master might improvise a response.

A traditional computer game may not.

The parser might understand your words yet lack any

implemented action corresponding to your proposal.

Or it might fail to recognise the command altogether.

This reveals a tension between natural language and

programmed possibility.

The player’s imagination can exceed the simulated

world’s capabilities.
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Agency and its limits

Interactive fiction often encourages readers to feel that

they are influencing events.

But meaningful agency requires more than entering

commands.

The system must recognise relevant actions, model their

consequences and present responses consistent with its

world.

A fictional choice becomes significant when it changes

something that matters.

That might be a character’s fate, a relationship, the

information available to the player or the interpretation

of an event.

A system offering hundreds of commands is not

necessarily more narratively powerful than one offering

three carefully designed choices.

The quality of interaction depends on what those choices

mean.

8. The Mathematics of Branching

Branching stories can become difficult to manage.

Suppose an author writes a scene containing two choices.

Each choice leads to a different scene.
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Each new scene contains two further choices.

If no branches reconnect, the number of possible paths

doubles at every decision.

After d binary decisions:

P = 2ᵈ

For ten decisions:

P = 2¹⁰ = 1,024

There are 1,024 possible choice sequences.

If every sequence requires a completely different ending,

the author faces considerable work.

But writers can manage complexity through foldback

structures.

Several paths may lead to the same later scene.

The story remembers important choices without requiring

every branch to remain separate forever.

State makes convergence more interesting

Imagine two readers reaching the same railway platform.

One previously opened the mysterious letter.

The other did not.
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Both encounter the same location, but the text may

respond differently.

A state variable could record:

read_letter = True

The system can then display a particular sentence only

when that condition holds.

This allows different histories to converge geographically

while remaining distinct narratively.

The author can reuse locations and scenes without

erasing the consequences of earlier decisions.

A story may therefore have a manageable number of

passages while supporting many different reading

experiences.

The number of possible paths should not be confused

with the number of unique passages or unique complete

texts.

A graph containing only a few nodes can permit many

paths, especially if loops are allowed.

Indeed, a graph with an unrestricted cycle may permit

infinitely many distinct sequences of visits, even though it

contains only finitely many passages.

This is a useful reminder that the mathematical size of a

narrative system depends upon what we count.

499



9. Remembering What the Reader Has

Done

Interactive fiction depends upon memory.

If the reader collects a key, the system must remember it.

If a character reveals a secret, later conversations may

need to reflect that revelation.

If a bridge collapses, the reader should not ordinarily be

able to cross it again unless the fictional world provides a

reason.

We encountered the concept of state in Chapter Six.

It becomes especially important in interactive narrative.

A simple state might include:

state = {
    "letter_opened": False,
    "key_found": False,
    "trust": 0
}

The variables record information relevant to the story’s

future behaviour.

But not every aspect of a literary experience can be

represented so simply.
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The difference between remembered facts and

interpretation

Suppose the reader learns that the mysterious letter was

written by the protagonist’s mother.

The program can record that the letter has been read.

But what does the reader think about its contents?

Perhaps they believe the mother was protecting her child.

Perhaps they suspect she was lying.

Perhaps they interpret the letter as a metaphor for

memory.

Those interpretations may differ among readers even

when the computational state is identical.

The machine can record selected actions and facts.

It cannot automatically capture the full meaning of the

reader’s experience.

This distinction helps us understand why interactive

fiction remains literature rather than merely an exercise

in software engineering.

The program controls certain formal relationships.

The reader supplies interpretations that may exceed the

implemented rules.
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10. The Reader Who Gets Lost

Freedom of navigation can become a problem.

A reader moving through a conventional novel generally

knows where they are.

A hypertext reader may not.

They may encounter a passage without understanding

how it relates to earlier material.

They may return accidentally to a familiar location.

They may wonder whether they have missed an important

scene.

They may even become uncertain whether the work has

an ending.

This disorientation can be intentional.

In afternoon, uncertainty about events is central to the

narrative.

A fragmented reading experience can reinforce the

protagonist’s unstable understanding.

But confusion is not always artistically productive.

If readers cannot distinguish meaningful ambiguity from

poor navigation, they may abandon the work.
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The design problem

Writers of interactive narratives must decide how much

guidance to provide.

A map can help readers understand the structure.

A history of visited passages can reduce accidental

repetition.

Visible choices can clarify available actions.

But excessive guidance may remove the sense of mystery.

This is a problem of interface design as well as literary

composition.

The author’s task is to create an experience in which the

reader’s uncertainty is purposeful.

The most successful interactive works do not necessarily

eliminate confusion.

They give confusion a meaningful role.

A labyrinth can be a literary structure.

But a labyrinth becomes frustrating when its passages

seem arbitrary rather than significant.

11. Writing Interactive Fiction Today

The principles established by early hypertext and text

adventures remain relevant.
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Modern tools make it considerably easier to construct

branching narratives.

One example is Twine, an open-source system for

creating interactive, nonlinear stories.

Twine allows writers to connect passages visually and

publish stories as HTML.

It also supports variables, conditional logic and other

features that permit more elaborate interactions.

Its official documentation emphasises that simple

branching stories can be created without extensive

programming knowledge.

This makes Twine particularly useful for examining the

relationship between literary structure and executable

rules.

An author can begin with linked passages.

They can then introduce state variables.

Eventually, choices can depend upon previous actions.

The work grows from a collection of connected texts into

a small narrative system.

Two approaches to interaction

Modern interactive writing still draws upon two broad

traditions.
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Link-based fiction presents selectable passages or

choices.

Parser-based fiction allows the reader to enter commands

interpreted by the system.

The distinction is not absolute.

A work can combine both.

But the two approaches encourage different experiences.

Links make available choices visible.

Parsers encourage experimentation with actions that may

not be explicitly listed.

A link-based work can carefully control narrative pacing.

A parser-based work can create a strong impression of

exploring a persistent fictional environment.

Neither is inherently superior.

The appropriate design depends upon the literary

purpose.

A story about uncertainty and memory may benefit from a

network of associated passages.

A story about investigating a mysterious building may

benefit from commands, objects and spatial exploration.

The technology should support the artistic idea.
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12. Who Writes the Story the Reader

Experiences?

Suppose a writer creates an interactive narrative

containing twenty passages.

The reader encounters only twelve.

Another reader encounters fifteen, including several that

the first never sees.

A third reader follows a route through the passages in a

different order.

Have they read the same story?

They have encountered the same authored system.

But they have not experienced identical textual

sequences.

This resembles the distinction we encountered with

Queneau’s combinatorial sonnets.

The work contains a space of possibilities.

A particular reading realises one route through that

space.

Authorship without a single prescribed sequence

The author writes the passages.

They define the connections.
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They establish the rules governing navigation and state

changes.

The reader selects actions within that framework.

The machine implements the resulting transitions.

The experienced narrative emerges from their

interaction.

But this does not mean that all three possess identical

creative roles.

The author designs the possibilities.

The reader navigates them.

The system executes its rules.

The reader may discover an interpretation that the author

did not anticipate, just as readers of conventional

literature can.

The difference is that computational interaction may also

produce a sequence of passages that the author never

personally assembled.

Is the reader really free?

There is a philosophical tension here.

The reader can choose, but only among actions made

possible by the system.

Even an apparently open world contains rules and limits.
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This resembles ordinary life in one respect: human

choices also occur within constraints.

But the comparison should not be taken too far.

An interactive fictional world is designed by people.

Its available actions are deliberately implemented.

The reader’s freedom is therefore structured by the

author’s model.

A meaningful interactive narrative can acknowledge this

limitation rather than pretending it does not exist.

Indeed, the tension between choice and constraint may

itself become the story’s subject.

A character struggling against an institution could inhabit

a game that repeatedly denies certain actions.

A story about memory could prevent the reader from

returning to earlier passages.

A narrative about responsibility could make some choices

irreversible.

The system’s restrictions could become literary

expression.
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13. The Story That Exists Between the

Pages

Let us return to the woman outside the railway station.

One reader opens the letter.

Another enters the station.

A third returns to the hotel.

Each encounters a different sequence of passages.

Perhaps all three eventually learn that the letter concerns

a disappearance.

Perhaps only one discovers who wrote it.

Perhaps the ending remains deliberately ambiguous.

The author has created a system of possible encounters.

The computer presents passages according to the

reader’s actions.

The reader interprets the resulting sequence.

There is no requirement that every reading produce the

same understanding.

But there is also no guarantee that every possible route

will be equally satisfying.

The author must design connections carefully.
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The system must preserve relevant state.

The reader must be able to recognise meaningful

consequences.

This is the central achievement of interactive fiction.

It changes the relationship between story and reading.

A conventional novel usually presents a chosen sequence

of events and revelations.

A hypertext work can present a network of revelations.

A parser-based story can provide a simulated world in

which actions change state.

An interactive narrative can combine both approaches.

The literary work becomes partly a structure of

possibilities.

The reader does not merely discover the story. The reader

participates in determining which version of the story

becomes their experience.

This does not make conventional literature obsolete.

Fixed narratives retain their own extraordinary powers.

A carefully constructed sequence can control suspense,

rhythm, revelation and emotional development with great

precision.

Interactive narratives offer different possibilities.
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They can make uncertainty structural.

They can make exploration meaningful.

They can allow choices to carry consequences.

And they can create works in which no single reading

exhausts the whole.

The book has become a network.

The reader has entered it.

Questions to Take Away

What distinguishes a story told out of chronological

order from a hypertext story whose reading order

changes according to reader selection?

Why is a directed graph a more general model of

hypertext than a branching tree?

How does afternoon, a story use navigation to

reinforce uncertainty about memory and events?

Why is the fragmented structure of Patchwork Girl

particularly appropriate to its themes?

How does a parser-based adventure differ from a

story containing selectable links?

Can a reader possess meaningful agency if every

available choice was anticipated by the author?

Why does an interactive story need to remember

previous actions?

1. 

2. 

3. 

4. 

5. 

6. 

7. 
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Can deliberate disorientation contribute to a

literary work, and when might it become

frustrating?

If two readers experience different sequences of

passages, have they encountered the same literary

work?

What aspects of a reader’s experience cannot be

represented simply by tracking program variables?

A Small Reader Experiment: Three

Routes Through One Story

This experiment uses an original fictional story.

There are six passages.

Each passage has a short description and one or more

possible connections.

Step 1: Examine the structure

Passage Description Available links

A The railway station B or C

B
The unopened

letter
D or E

C The empty platform D or E

D
The recovered

memory
F

8. 

9. 

10. 
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Passage Description Available links

E
The stranger’s

warning
F

F The final departure End

Every route begins at A and ends at F.

The reader chooses one of two passages at the first

decision and one of two passages at the second.

Interactive experiment: see the web edition.

Step 2: Calculate the possible routes

There are two choices at A.

Each leads to another decision with two alternatives.

Therefore:

2 × 2 = 4

The four routes are:

A → B → D → F
A → B → E → F
A → C → D → F
A → C → E → F

The system has six passages but four complete routes.

That distinction matters.
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The number of possible reading paths is not simply the

number of passages.

Step 3: Add a remembered choice

Now suppose that the final passage changes depending

on whether the reader visited B, the unopened letter.

If B was visited, F includes:

She finally understood why the letter had been sent.

Otherwise, F includes:

She left without discovering who had written to her.

The location of the final passage is unchanged.

But the text depends on the reader’s history.

This is a simple example of state-dependent narration.

Step 4: Trace two readers

Event Reader One Reader Two

First choice A → B A → C

Second choice B → D C → D

Has visited letter? Yes No

Final passage F, letter understood F, sender unknown

Both readers reach D and F.
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Yet their final experiences differ.

The story has converged structurally without becoming

identical.

Step 5: Introduce a loop

Suppose D now offers a link back to A.

How many possible paths exist?

If readers may repeat the loop indefinitely, there is no

finite upper bound on the number of distinct sequences of

passage visits.

For example:

A → B → D → A → B → D → F

is different from:

A → B → D → F

The system still contains only six passages.

But the number of possible visit sequences becomes

infinite when unrestricted repetition is allowed.

Step 6: Make the loop meaningful

A loop is not automatically interesting.

Imagine that revisiting A changes the description of the

station.
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The first visit says:

Rain covered the empty platform.

The second says:

The rain had stopped, but she recognised the platform.

The third says:

She no longer remembered arriving.

Now repetition becomes part of the story’s meaning.

The same location changes through the reader’s

experience.

What this experiment demonstrates: Interactive narrative

depends not only on passages but on connections,

choices, remembered state and the order in which

readers encounter information.

Further Reading

Original Hypertext Fiction

Michael Joyce — afternoon, a story (1987; commercial

publication 1990)

A foundational literary hypertext exploring memory,

uncertainty and the consequences of nonsequential

reading.

Eastgate Systems — Official publisher edition
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Electronic Literature Lab — Archival record

Shelley Jackson — Patchwork Girl (1995)

A hypertext reimagining of Frankenstein in which

fragmented textual structure reinforces themes of

embodiment, identity and creation.

Eastgate Systems — Official publisher edition

Electronic Literature Lab — Archival record

The Origins of Parser-Based Fiction

Will Crowther and Don Woods — Colossal Cave Adventure

(1975–77)

A foundational work of parser-based interactive fiction.

Its historical development has been reconstructed

through surviving source code and interviews.

Dennis Jerz — Somewhere Nearby Is Colossal Cave

(2007)

Open Adventure — Historical account and preserved code

Zork — MIT and Infocom

A landmark in the development of sophisticated text-

based game worlds and natural-language command

parsers.

Infocom — The History of Zork, final chapter (1985)
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Creating Interactive Fiction

Twine — Official project

An open-source environment for constructing nonlinear

stories using linked passages, optional variables and

conditional logic.

Twine — Official website and documentation

These resources distinguish original works and their

publisher records from later scholarly reconstructions. In

particular, the early chronology of Adventure should be

based on recovered source material rather than older,

frequently repeated dates.

Up Next — The Reader Enters the

Machine

Games, Simulations and Procedural Storytelling

In this chapter, we explored stories that readers navigate.

They follow links.

They enter commands.

They discover passages in different orders.

They influence the state of fictional worlds.

But what happens when the fictional world becomes more

complex than a network of passages?
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A computer can simulate objects, characters, locations

and events.

It can apply rules continuously.

It can maintain a world that changes even when the

player is not directly observing every event.

The reader can become a participant inside a procedural

environment.

Some stories emerge from authored scenes.

Others emerge from interactions among simulated

systems.

A character may develop an unexpected history.

A small decision may trigger consequences that the

author never individually scripted.

Games and simulations make these possibilities

particularly visible.

Chapter Twelve will examine procedural storytelling,

simulated worlds, emergent narratives and the

relationship between game mechanics and literary

meaning.

We will ask whether a simulation can tell a story without

possessing a conventional narrator, whether players

become authors through their actions and how rules can

generate dramatic events.
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The central question moves beyond choosing the next

passage.

What happens when the reader enters a world whose

rules continue producing events—and the story is what

happens while they are there?

Ted Nelson — Author’s bibliography and terminology

Editorial note: Twine’s official page describes HTML

publishing and optional variables and logic. Direct

retrieval was blocked during review; its indexed official

description was checked. The original literary works have

not been replayed for this edition.
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The Reader Enters the
Machine

Games, Simulations and Procedural Storytelling

1. The Village That Remembered What

You Did

The village was burning when Mara arrived.

Smoke drifted across the narrow streets. Someone was

shouting from the bell tower, and the sound of breaking

glass came from the market square.

At the northern gate, a soldier had abandoned his post.

Beyond the gate stood a small stone bridge crossing a

river swollen by rain.

Mara had three immediate possibilities.

She could help the villagers extinguish the fire.

She could cross the bridge and pursue the attackers.

Or she could climb the bell tower and signal for

assistance.
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A conventional author might select one of these actions

and describe its consequences.

An interactive-fiction author might write three passages,

allowing the reader to choose which one appeared next.

But imagine a different system.

The fire is simulated.

It spreads according to rules.

The villagers have individual needs and relationships.

The river rises as the storm continues.

The attackers move through the surrounding countryside.

The signal tower can summon assistance, but only if

someone reaches it before the flames spread.

Whatever Mara chooses, the other processes continue.

If she pursues the attackers, the fire may destroy the

market.

If she fights the fire, the attackers may escape.

If she signals for help, the bridge may collapse before

reinforcements arrive.

None of these outcomes needs to be written as a

complete scene in advance.

522



Instead, the author can create rules describing how the

fictional world behaves.

The computer applies those rules.

Events emerge from their interaction.

When Mara returns to the village, she may discover that

the blacksmith has died, the market has been abandoned

and a family she once helped has taken refuge in the

church.

The village remembers her decisions.

But it also remembers things she did not personally

witness.

This example is invented for the chapter. Mara’s village is

not a description of a particular published game.

It demonstrates a significant development in

computational literature.

The reader is no longer simply moving between passages.

The reader is participating in a simulated world.

The world possesses state, processes and relationships

that may continue changing independently of the reader’s

immediate attention.

The story becomes something that emerges from the

interaction between rules, characters, events and player

decisions.
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This is the world of procedural storytelling.

And it raises a question that would have seemed strange

to many earlier novelists.

Can an author create a story without deciding everything

that happens in it?

Spacewar! displayed on a PDP-1, photographed in 2007.

Spacewar! displayed on a PDP-1, photographed in 2007.

Credit: Kenneth Lu. Source. CC BY 2.0. Resized; no crop.
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2. From a Network of Pages to a World

of Rules

In Chapter Eleven, we explored hypertext fiction.

A hypertext story can be represented as a network of

passages connected by links.

The reader selects a link.

The system presents another passage.

The order of reading may vary, but the passages

themselves are generally written in advance.

A simulation takes a different approach.

Instead of storing only passages and connections, the

computer maintains a model of some fictional

environment.

The model may contain rooms, objects, characters,

locations, resources, relationships and events.

It also contains rules that determine how these things can

change.

Consider a simple room containing a door, a key and a

prisoner.

We might record:

world = {
    "has_key": False,
    "door_locked": True,
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    "prisoner_free": False
}

The program can then define actions that modify this

information.

Taking the key changes has_key.

Unlocking the door changes door_locked.

Freeing the prisoner changes prisoner_free.

The important feature is that the program describes the

current condition of the world, not simply the next

passage in a sequence.

The state-transition model

We can describe the process mathematically:

S(t + 1)=F(S(t),A(t),E(t))

Here:

S(t) is the world’s current state.

A(t) represents an action taken by the player.

E(t) represents other events or environmental

changes.

F is the collection of rules governing the world.

S(t + 1) is the resulting state.

In an ordinary branching story, the reader might choose

passage B instead of passage C.

• 

• 

• 

• 

• 
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In a simulation, the reader’s action can change several

aspects of the world simultaneously.

Opening a gate might release a prisoner.

It might also allow an enemy to enter.

It might change the attitude of a guard.

And it might make a previously inaccessible location

available.

These consequences are connected through the rules of

the simulation.

A model is not reality

We should be precise about what a simulated world

actually contains.

It does not contain a complete miniature reality.

It contains selected representations of things the

designer considers important.

A game may model food supplies without modelling

individual digestive processes.

It may represent a character’s friendship using a number.

It may describe a storm through a timer rather than

calculating atmospheric physics.

Every simulation simplifies.
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The designer decides which properties matter and which

can be ignored.

Those decisions influence which stories can emerge.

A world that models warfare in great detail but barely

represents friendship will tend to produce certain kinds

of stories more readily than others.

The simulation’s apparent freedom exists inside the

author’s chosen model.

3. The Difference Between a Script and

a Procedure

Suppose a novelist wants a bridge to collapse.

They can write:

As Mara crossed the river, the bridge shuddered beneath

her. The central arch broke, and the stones disappeared

into the water.

The event is fixed.

It happens because the author has placed it in the story.

A game designer could produce a similar effect through a

scripted sequence.

When the player reaches a particular location, the

program triggers a predetermined collapse.
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But a procedural system might work differently.

Perhaps the bridge has a structural integrity value.

Heavy traffic reduces that value.

Floodwater causes additional damage.

Repairing the bridge restores some integrity.

When integrity reaches zero, the bridge collapses.

Now the collapse does not depend upon one

predetermined dramatic moment.

It depends on the state of the simulation.

Different kinds of causation

The distinction is between scripted causation and

procedural causation.

In a scripted sequence, the designer explicitly specifies

the event and its trigger.

In a procedural simulation, an event can arise from

interactions among more general rules.

A bridge might collapse because of flooding.

Or because a heavily loaded wagon crosses it.

Or because the player neglected maintenance.
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Or because several individually harmless events

happened together.

The author may have anticipated the possibility of

collapse without writing every particular sequence

leading to it.

This is one meaning of emergent narrative.

A story-like event emerges from the interaction of

systems rather than from a fully predetermined plot.

A useful limitation

Not every event produced by a simulation is a story.

A calculation that reduces a bridge’s integrity from 70 to

65 is a state change.

It may have no particular dramatic significance.

But if Mara is crossing the bridge while carrying

medicine needed by a sick child, that same calculation

may become part of a suspenseful narrative.

The difference depends upon context, stakes and

interpretation.

Computer rules can create circumstances.

Literary meaning depends upon how those circumstances

are represented and understood.
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4. Dwarf Fortress and the History

Nobody Wrote

One of the most extraordinary examples of procedural

world-building is Dwarf Fortress.

Developed by brothers Tarn and Zach Adams, the game

first became publicly available in 2006.

It creates elaborate fantasy worlds containing geography,

civilisations, creatures, settlements, histories and

interacting systems.

Players may establish and manage a dwarven settlement,

attempting to provide food, shelter, security and

resources while confronting threats and unexpected

disasters.

The game’s historical significance has been recognised by

the Electronic Literature Organization, which included it

in the third volume of the Electronic Literature

Collection.

A world with a history

Unlike a conventional game in which every significant

historical event is written in advance, Dwarf Fortress can

generate histories through computational procedures.

The resulting world contains relationships and conflicts

that provide context for the player’s experience.
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A settlement may encounter dangers associated with its

environment.

A character may develop a history through interactions

with others.

Events can accumulate into circumstances that feel like

the consequences of a living world.

The simulation’s complexity makes it particularly capable

of producing unexpected combinations.

A relatively ordinary problem with food supplies can

become serious when combined with another emergency.

A defensive construction intended to protect a settlement

may cause an unforeseen difficulty.

An individual character’s actions may influence a wider

chain of events.

Not every outcome is dramatic.

Some are mundane.

Some are absurd.

Others become memorable because several systems

interact in an unexpected way.
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The stories players tell

An important feature of Dwarf Fortress is the relationship

between simulated events and the stories players

construct about them.

A game may record that a worker became trapped in a

flooded chamber.

The player remembers that the worker had recently

completed an important construction project.

Perhaps another character attempted a rescue.

Perhaps the flooding was caused by a poorly designed

channel.

The player connects these events into a narrative.

The simulation provides the circumstances.

The player supplies interpretation, emphasis and often

retrospective explanation.

This is one reason accounts of Dwarf Fortress can

resemble chronicles of fictional civilisations.

The underlying software produces states and events.

Human observers turn selected events into stories.
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The limits of emergence

It would be misleading to say that every narrative arising

from Dwarf Fortress is entirely independent of its

creators.

The Adams brothers designed the systems, rules,

categories and many of the textual descriptions.

The possible events are shaped by that design.

The player also makes decisions that influence the

outcome.

And the eventual account often involves human

storytelling choices.

The resulting narrative is therefore a product of several

layers of authorship and interpretation.

The computer is not simply writing a conventional novel

without human involvement.

It is simulating an environment rich enough to support

many possible stories.

5. The Characters Who Behave Like

People

A simulated world becomes more compelling when its

inhabitants appear to possess motives.

Imagine a village containing three characters.
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Anika wants to protect her family.

Bren wants to become mayor.

Celia distrusts Bren because of an earlier dispute.

Suppose the player asks Bren for assistance.

The result may depend on several factors.

Does Bren like the player?

Would helping improve his reputation?

Would the action anger Anika?

Could it damage his political ambitions?

A system could represent these relationships through

variables and rules.

For example, Bren might possess:

bren = {
    "trust_player": 3,
    "ambition": 8,
    "fears_anika": False
}

The exact numbers are fictional teaching values, not a

scientifically validated model of personality.

A designer might use such information to influence which

actions Bren chooses.
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Behaviour is not consciousness

This is an important distinction.

A simulated character can behave consistently without

possessing subjective experience.

It may appear loyal because its programmed loyalty value

is high.

It may appear frightened because a threat condition has

been triggered.

It may appear compassionate because its rules favour

helping vulnerable characters.

These behaviours can support convincing fiction.

But they do not prove that the character actually feels

loyalty, fear or compassion.

We encountered this distinction in Chapter Three, when

examining artificial personality and consciousness.

For narrative purposes, the central question is often not

whether the character is conscious.

It is whether its behaviour is understandable, consistent

and dramatically interesting.

The problem of believable behaviour

A character who always follows one simple rule may

quickly become predictable.
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Suppose Bren always accepts any request when his trust

value is greater than five.

A player may discover the rule and exploit it.

The character ceases to feel like a person and begins to

resemble a switch.

More sophisticated simulations may consider multiple

goals, memories, relationships and environmental

conditions.

But greater complexity is not automatically better.

A character whose decisions cannot be understood may

appear random rather than believable.

The designer must balance complexity with intelligibility.

A fictional character should surprise us occasionally.

But if every action is inexplicable, readers may struggle

to recognise a coherent personality.

The challenge is to create behaviour that feels both

responsive and meaningful.

6. Façade: A Marriage Under Computer

Control

In 2005, Michael Mateas and Andrew Stern released

Façade.
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The work was developed as an experiment in interactive

drama, combining artificial intelligence techniques,

character behaviour, natural-language input and dramatic

structure.

The player visits the apartment of Grace and Trip, a

married couple whose relationship is deteriorating.

What begins as a social visit develops into an emotionally

uncomfortable confrontation.

The player can move through the apartment, interact

with objects and type conversational responses.

Grace and Trip respond through a combination of

authored dialogue and computational systems.

The creators described the project as an attempt to move

beyond traditional branching narratives towards a more

responsive dramatic experience.

Their 2005 research paper explains how the system

combined character behaviour with larger dramatic

structures.

Characters and drama managers

One of the central difficulties in interactive drama is

maintaining a coherent dramatic structure while allowing

the player to act.
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If every character simply follows local rules, the result

may be realistic in small details but dramatically

shapeless.

Characters might argue indefinitely.

Important revelations might never occur.

The player might accidentally disrupt a scene before its

essential information becomes clear.

Façade addressed this problem partly through a drama

manager.

A drama manager coordinates higher-level narrative

structure while individual characters respond to the

player.

It can influence which dramatic situations become active

and how the experience progresses.

This creates a compromise between authored drama and

procedural responsiveness.

The player has meaningful opportunities to intervene.

The characters possess programmed behavioural

patterns.

But the system also attempts to maintain an overall

dramatic trajectory.
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The illusion of natural conversation

A player can type ordinary language, but that does not

mean the system understands human conversation in the

full sense.

Its language-processing capabilities are limited by its

implementation.

It may recognise some intentions and fail to recognise

others.

Its responses can be strikingly appropriate or awkwardly

misplaced.

This is not evidence that the characters possess human-

level understanding.

It is evidence that carefully designed computational

techniques can support a particular kind of interactive

dramatic experience.

The distinction matters because the apparent naturalness

of fictional characters can conceal the substantial

authoring and engineering work beneath them.

The significance of Façade

Façade demonstrates that interactive narrative need not

be built primarily around spatial exploration, combat or

puzzle-solving.

Its central activity is a social encounter.

540



The player influences a relationship.

The drama emerges through dialogue, timing and

emotional conflict.

This expands the idea of what a simulated literary world

can contain.

A world need not be geographically enormous to be

narratively complex.

A single apartment can support substantial interaction if

its characters and relationships are sufficiently

developed.

7. Prom Week and the Rules of Social

Life

Another important experiment is Prom Week.

Developed by researchers associated with the University

of California, Santa Cruz, Prom Week explores a world of

students whose relationships, friendships, rivalries and

social ambitions change through interaction.

The project uses a social artificial intelligence system

called Comme il Faut, often abbreviated to CiF.

Rather than treating every social interaction as a

separate scripted scene, the system represents

relationships and social conditions through rules.
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Players influence the social world by selecting

interactions that affect characters’ relationships and

circumstances.

The creators’ 2013 paper explains how CiF makes social

relationships playable through encoded social rules.

A story made from relationships

Consider two fictional characters.

Alice wants to invite Ben to a dance.

Ben is friends with Claire.

Claire dislikes Alice.

A conventional story might describe a carefully planned

sequence of conversations leading to an invitation or

rejection.

A social simulation could instead model relationships.

Alice and Ben might have a friendship score.

Claire might influence Ben’s opinions.

A previous argument could create a negative social

condition.

The program could then determine which interactions are

available and how likely they are to succeed.

The resulting story emerges through changes in the

social network.
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Social rules are not human psychology

Such systems should not be mistaken for complete

models of human relationships.

A friendship value of seven does not capture everything

involved in friendship.

Jealousy cannot be reduced to one universal numerical

formula.

Human social behaviour depends upon culture, personal

history, uncertainty and context.

But simplified models can still support meaningful

interactive experiences.

They provide enough structure for actions to have

consequences.

The reader or player can recognise patterns of friendship,

betrayal, embarrassment and reconciliation.

The program models relationships.

The player interprets them as social drama.

This illustrates an important principle of procedural

storytelling.

A system need not reproduce every detail of reality to

create situations that readers understand as meaningful.
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8. When the Player Becomes a

Storyteller

Imagine playing a simulation in which a settlement is

threatened by flooding.

You decide to reinforce the northern embankment.

The work consumes resources intended for repairing a

bridge.

Several days later, a merchant cannot deliver medicine

because the bridge is unsafe.

The settlement suffers a shortage.

You remember that your decision to reinforce the

embankment contributed indirectly to the problem.

The game may never explicitly state that you have

created a tragedy.

Nevertheless, you recognise a causal chain.

Your decisions have produced consequences.

You can tell a story about what happened.

Emergent narrative and retrospective

interpretation

This is sometimes called retrospective storytelling.
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A sequence of simulated events becomes a coherent

narrative when an observer selects and interprets them.

The process resembles the way people recount real

experiences.

Ordinary life does not arrive organised into chapters.

Events happen.

Later, we decide which events matter, how they are

connected and what they reveal.

A simulation can support a similar process.

The player experiences events and constructs an account

of them.

But the simulation does not necessarily contain an

explicit narrative interpretation.

It may simply record that a bridge remained unrepaired

and a delivery failed.

The tragic significance arises when the player connects

those facts with the settlement’s needs.

Authorship becomes distributed

Several participants contribute to the resulting account.

The designer creates the rules.

The player makes decisions.
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The computer applies the rules and records state

changes.

The observer selects which events to remember and

describe.

These roles are not identical, but they interact.

A player can produce an unusual sequence without

having designed the system.

A designer can create a system that produces surprising

outcomes without choosing each one.

A reader may find literary significance in an event that

neither designer nor player anticipated.

This complicates traditional ideas of authorship.

The experience is not simply written by the computer.

Nor is it wholly authored by the player.

It emerges from a designed environment and the actions

performed within it.

9. The Difference Between a Game and

a Story

Games and stories overlap, but they are not identical.

A story generally organises events into a meaningful

experience.
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A game establishes rules within which participants

pursue goals, make decisions or explore possibilities.

Some games contain extensive narratives.

Others possess little or no narrative content.

Chess, for example, has rules, conflict and outcomes.

A particular match can be described dramatically.

But the rules of chess do not automatically supply

characters, motives or a fictional world.

Conversely, a novel can depict conflict without giving the

reader any ability to influence the outcome.

The relationship between games and narrative has

therefore been a major subject of game studies.

Chris Crawford’s The Art of Computer Game Design,

originally written in 1982, is an important early

discussion of games as interactive systems.

Rules and representation

Consider a rule:

If the bridge’s integrity falls to zero, the bridge becomes

unusable.

The rule is computational.

But its representation can vary.
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In one game, the collapse is shown through animation.

In another, the computer prints a sentence.

In a third, a map changes colour.

The same underlying state transition can support

different experiences.

Literary representation supplies context and significance.

A bridge collapsing in an empty landscape may be

unremarkable.

The same collapse while refugees are attempting to

escape becomes dramatic.

The rule establishes what happens.

The narrative context helps establish why it matters.

The problem of optimisation

Players often approach games by seeking effective

strategies.

They learn the rules.

They discover which actions produce desirable results.

They may begin treating characters as resources and

relationships as numerical systems.

This creates a tension.
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A designer may intend a situation to evoke sympathy.

A player may instead calculate the most efficient

outcome.

For example, a game might represent rescuing villagers

as costly but morally admirable.

If the reward system consistently favours abandoning

them, some players may learn to ignore the intended

moral theme.

The game’s mechanics and its narrative message can

conflict.

A successful procedural story should consider that

relationship.

Its rules should support, complicate or deliberately

challenge the experience it asks readers to have.

10. The Author Who Cannot Predict

Everything

A traditional novelist generally knows the major events of

the finished novel.

Even if characters appear to develop unexpectedly during

composition, the published text establishes a particular

sequence.

A simulation designer faces a different problem.
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The rules may produce combinations that were never

individually anticipated.

This is especially true when several systems interact.

Suppose a fictional settlement contains rules for weather,

farming, trade, health and transportation.

A storm damages crops.

Food prices rise.

A merchant redirects supplies.

A hospital experiences shortages.

A sick character cannot obtain treatment.

None of these events needs to have been written as one

predetermined tragic plot.

The outcome emerges from the interaction of several

systems.

Complexity grows through interaction

If a simulation contains n independent properties, each

with k possible values, its theoretical state space can

contain as many as:

kⁿ

combinations.
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For example, five independent properties with three

possible values each allow:

3⁵ = 243

combinations.

This simple calculation assumes that every combination is

permitted and that the properties are independent.

Real simulations may contain constraints that make some

states impossible.

Nevertheless, the principle illustrates how quickly

complexity can grow.

A small number of variables can produce many distinct

situations.

When rules connect those variables, the designer may

find it difficult to anticipate every consequence.

Emergence is not magic

Unexpected behaviour does not imply that a system has

escaped its computational rules.

A deterministic simulation can produce surprising results

because its state space is large and its interactions are

complicated.

The rules remain in effect.
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The designer’s knowledge of all possible outcomes is

incomplete.

This distinction is important.

A program can generate unexpected events without

possessing consciousness or independent artistic

intentions.

The surprise may arise from the complexity of

interactions.

But those events can still become meaningful to players.

The fictional world may produce something that feels like

an unscripted story.

Repair, signal and a crossing before the deadline jointly enable a

rescue. Each action advances time.

11. A Small Procedural World

We can demonstrate these ideas with a finite Python

simulation.

Conditions before consequences

Bridge repaired Signal active Current turn < 3

CROSS succeeds when all three hold. Every valid action then advances time.
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Our fictional setting is a watchtower beside a damaged

bridge.

A traveller is trapped on the far side.

A storm is approaching.

The player has three actions available:

REPAIR repairs the bridge.

SIGNAL activates a warning beacon.

CROSS attempts to bring the traveller to safety.

The traveller can be rescued only if the bridge has been

repaired, the signal has been activated and the crossing

begins before the storm reaches its dangerous stage.

The storm becomes dangerous at turn three.

Every action takes one turn.

This is an invented teaching example, not a

reconstruction of any historical game.

Interactive experiment: see the web edition.

The program

world = {
"bridge_repaired": False,
"signal_active": False,
"traveller_safe": False,
"turn": 0

}
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def act(command):
if command == "REPAIR":

        world["bridge_repaired"] = True
elif command == "SIGNAL":

        world["signal_active"] = True
elif command == "CROSS":

if (world["bridge_repaired"] and world["signal_active"]
and world["turn"] < 3):

            world["traveller_safe"] = True
else:

return "INVALID ACTION"
    world["turn"] += 1

return "ACTION COMPLETE"

actions = ["REPAIR", "SIGNAL", "CROSS"]
for command in actions:
    act(command)
print("Bridge repaired:", world["bridge_repaired"])
print("Signal active:", world["signal_active"])
print("Traveller safe:", world["traveller_safe"])
print("Turn:", world["turn"])

Exact output

Bridge repaired: True
Signal active: True
Traveller safe: True
Turn: 3

The rescue succeeds because the crossing is attempted

when the turn counter is 2.

After the crossing, time advances to turn 3.
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Trace of the simulated world

Stage
Bridge

repaired

Signal

active

Traveller

safe

T

u

r

n

Initial False False False 0

After REPAIR True False False 1

After SIGNAL True True False 2

After CROSS True True True 3

The program does not contain a prewritten rescue story.

It contains a world state and rules.

A successful rescue emerges when the appropriate

conditions are satisfied.

What happens in a different order?

Suppose we change the action sequence to:

actions = ["CROSS", "REPAIR", "SIGNAL"]

With the world reset to its original state, the first crossing

fails.

The bridge has not been repaired.

The signal is inactive.
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The later actions repair the bridge and activate the

signal, but there is no second crossing attempt.

The final state becomes:

Bridge repaired: True
Signal active: True
Traveller safe: False
Turn: 3

The same actions occur.

Their order changes.

The resulting story is different.

This is procedural causation.

The outcome depends on the interaction between action,

state and timing.

12. The Story Is What Happens

Let us return to Mara’s burning village.

She could have crossed the bridge.

She could have fought the fire.

She could have climbed the tower and summoned help.

A conventional novelist would choose which sequence to

tell.
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A branching author might write several alternative

sequences.

A simulation designer might instead create interacting

rules for fire, weather, movement, resources and

characters.

The computer would apply those rules.

The player would act within them.

And the resulting events could form a story that nobody

had individually scripted.

But there is an important qualification.

The system does not automatically understand the

meaning of those events.

It knows which values changed.

It may know that the bridge collapsed, the market burned

and a traveller escaped.

It does not necessarily understand grief, responsibility or

courage.

A player or reader may recognise those qualities in what

happened.

A writer may provide descriptions that make them

emotionally compelling.

The literary effect emerges through representation and

interpretation as well as computation.
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This is the fundamental achievement of procedural

storytelling.

It allows an author to create not merely a sequence of

events, but a system capable of producing events.

What the executable book has become

Across Part III, we have witnessed three important

changes.

Raymond Queneau constructed a physical book

containing an enormous space of possible poems.

Early computer writers such as Christopher Strachey and

Theo Lutz transferred combinatorial selection into

electronic computation.

Hypertext and interactive-fiction authors created

networks of passages through which readers could

navigate.

Now, procedural simulations extend the process further.

The reader can enter a world whose rules generate

consequences.

The literary work may consist partly of the system rather

than solely of any particular text it produces.

The author designs possibilities.

The player performs actions.
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The computer maintains the fictional world.

The resulting experience can be interpreted as narrative.

This does not mean that traditional storytelling has been

superseded.

A carefully composed novel can achieve effects that a

procedural system may struggle to reproduce.

The precise placement of a sentence, the timing of a

revelation and the rhythm of a chapter remain powerful

artistic techniques.

Procedural storytelling offers something different.

It allows events to acquire significance through

participation.

The reader may feel responsible for an outcome because

their decisions helped produce it.

They may encounter an unforeseen tragedy.

They may discover an unexpected relationship.

They may construct a story through exploration rather

than simply receiving one through narration.

The machine no longer merely displays the story. It

maintains a world in which stories can happen.

That is the final transformation of the executable book.
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And it prepares us for the most controversial

development yet.

What happens when the machine is no longer restricted

to choosing from a small vocabulary, navigating fixed

passages or applying explicitly written world rules?

What happens when it can generate new language in

response to almost any request?

The reader has entered the machine.

In the next part of our study, the machine begins writing

back.

Questions to Take Away

What distinguishes a simulated fictional world from

a branching network of passages?

Why can a sequence of computational state changes

become meaningful as a story, even when the

program does not explicitly interpret them?

How does Dwarf Fortress demonstrate the

possibility of emergent narrative?

Why is the distinction between simulated behaviour

and subjective consciousness important when

discussing artificial characters?

How does Façade attempt to balance responsive

character behaviour with coherent dramatic

structure?

1. 

2. 

3. 

4. 

5. 
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What does Prom Week demonstrate about using

social relationships as the basis of interactive

storytelling?

Can a player become an author through their

actions within a simulation? How does their

contribution differ from that of the system’s

designer?

Why might a simulation with many interacting rules

produce unexpected outcomes without possessing

independent creative intentions?

What happens when a game’s reward system

encourages behaviour that conflicts with its

apparent moral message?

Is the story contained in the simulation’s rules, the

sequence of events produced during play or the

player’s interpretation of those events?

A Small Reader Experiment: Rewrite

the Rescue

Return to the watchtower simulation in Section 11.

The original action sequence was:

actions = ["REPAIR", "SIGNAL", "CROSS"]

It produced a successful rescue.

Your task is to explore how different decisions change the

outcome.

6. 

7. 

8. 

9. 

10. 
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Step 1: Predict the outcome

Reset the world and use:

actions = ["SIGNAL", "CROSS", "REPAIR"]

Will the traveller be rescued?

Before examining the result, consider the conditions

required for a successful crossing.

Step 2: Trace the result

Stage
Bridge

repaired

Signal

active

Traveller

safe

T

u

r

n

Initial False False False 0

After SIGNAL False True False 1

After CROSS False True False 2

After REPAIR True True False 3

The crossing fails because the bridge has not been

repaired.

The later repair does not reverse the failed attempt.

The traveller remains in danger.
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Step 3: Change the rules

Suppose the traveller can cross safely without the signal,

provided the bridge has been repaired.

Remove the requirement that signal_active must be true.

Now test:

actions = ["REPAIR", "CROSS", "SIGNAL"]

The crossing begins at turn 1.

The bridge is repaired.

The traveller is rescued.

The final state is:

Bridge repaired: True
Signal active: True
Traveller safe: True
Turn: 3

Step 4: Write the story

Describe the two outcomes in prose.

In the first, Mara signals for help before attempting the

crossing, but the damaged bridge prevents the rescue.

In the second, she repairs the bridge and brings the

traveller to safety.

Both accounts arise from the same fictional environment.
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The difference lies in the actions and rules.

Step 5: Add a moral complication

Imagine that repairing the bridge consumes materials

needed to protect the nearby village from flooding.

The program would now need another state variable

representing village safety.

Rescuing the traveller could create a risk for others.

The situation becomes more interesting because the best

action is no longer obvious.

A simple rescue problem has become a conflict between

competing responsibilities.

What this experiment demonstrates: Procedural

storytelling creates narrative possibilities through

interacting rules. Changing an action, its timing or the

rules themselves can produce a different sequence of

events without requiring the author to script every

outcome.

Further Reading

Procedural Worlds

Tarn Adams and Zach Adams — Dwarf Fortress (2006

onward)
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A pioneering fantasy simulation whose generated worlds,

character histories and interacting systems support

emergent narratives.

Electronic Literature Organization — Dwarf Fortress

Bay 12 Games — Official developer website

Interactive Drama

Michael Mateas and Andrew Stern — Façade (2005)

An interactive drama exploring artificial characters,

natural-language interaction and the coordination of

procedural behaviour with authored dramatic structure.

Original research paper — Structuring Content in the

Façade Interactive Drama Architecture

Electronic Literature Organization — Façade

Michael Mateas and Andrew Stern — Build It to

Understand It (2005)

An original research paper examining the relationship

between game design and narrative theory through the

development of Façade.

DiGRA Digital Library — Original paper

Social Simulation

Josh McCoy and collaborators — Prom Week
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A research project exploring social simulation,

relationships and emergent dramatic situations.

Prom Week — Official project website

Prom Week — Creators’ 2013 research paper

Foundations of Game Design

Chris Crawford — The Art of Computer Game Design

(1982)

An influential early examination of computer games as

systems of rules, interaction and meaningful player

decisions.

Read the original book — Authorised electronic edition

Emily Short — Galatea (2000)

An interactive-fiction work in which conversational

interaction with a single character becomes central to the

narrative experience.

Electronic Literature Collection — Galatea

Together, these sources demonstrate several different

approaches to procedural storytelling: simulated worlds,

interactive drama, social systems and conversational

characters.
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They also show that procedural narrative is not one

technique. It is a family of approaches connecting

authored rules, computational behaviour and human

interpretation.

Up Next — The Machine That Writes

Back

Part IV — The Future of the Word

Artificial Intelligence, Creativity and the New Literary

Conversation

We have reached a turning point.

The literary machines encountered so far have followed

procedures defined by their authors.

They selected words from prepared collections.

They assembled sentences according to grammatical

templates.

They connected passages through hyperlinks.

They simulated worlds through programmed rules.

But modern artificial intelligence introduces a different

possibility.

A system can respond to language by generating new

language.
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It can continue a story, imitate a genre, propose a

character, explain a metaphor or revise a paragraph.

Its output is not restricted to a small, explicitly authored

list of possible sentences.

Instead, the system uses statistical patterns learned from

extensive training data to generate sequences of tokens.

The result can resemble a conversation with another

writer.

But this resemblance raises difficult questions.

Does generating convincing prose amount to

understanding literature?

Can a machine possess a creative intention?

What happens when a human author collaborates with an

artificial intelligence?

Who is responsible for the resulting work?

And does a story change when its sentences are produced

by a system that may not understand them as a human

writer does?

Chapter Thirteen will investigate the development of AI-

generated language, the capabilities and limitations of

modern language models and the emerging relationship

between human authors and computational systems.
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The central question is no longer merely whether a

computer can produce a story.

What happens when the machine becomes a participant

in the conversation through which the story is written?

Bay 12 Games — Implemented world features

Editorial note: These games have not been replayed for

this edition. The developer descriptions and research

records support the design discussion; the fictional

examples are original teaching models.
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The Machine That
Writes Back

Artificial Intelligence, Creativity and the New Literary

Conversation

1. The Author Who Met Her

Replacement

The novelist had been working on the same paragraph for

three hours.

Her protagonist, a woman named Elena, had returned to

the house where her father died. She was standing in the

hallway, holding a letter she had never opened.

The novelist knew what ought to happen.

Elena would discover that her father had concealed

something important.

But every version of the scene seemed predictable.

The novelist opened a conversational artificial

intelligence system and entered a request.

Continue this scene. Make the discovery emotionally

devastating, but avoid an obvious family secret.
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The machine produced three paragraphs.

They were fluent, atmospheric and carefully paced.

In the first, Elena discovered that her father had been

protecting someone.

In the second, she discovered that the letter contained a

description of an event that had not yet happened.

In the third, the letter was blank, but Elena recognised

the handwriting on the envelope as her own.

The novelist considered the suggestions.

The first was too familiar.

The second belonged to a different kind of story.

The third was interesting.

She deleted the generated prose and began writing

again.

This time, the letter was not blank. It contained a detailed

account of Elena’s childhood, written in her adult

handwriting.

The scene finally began to work.

The novelist had not copied the machine’s paragraph.

She had used its suggestion to discover a different

possibility.
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But as she continued writing, an uncomfortable question

occurred to her.

Had she invented the idea?

Had the machine?

Or had the idea emerged from their interaction?

This scene is fictional. Elena and her novelist are

inventions created for this chapter.

Nevertheless, the situation is now familiar to many

writers.

A machine can generate prose in response to a request.

It can propose dialogue, describe settings, suggest plots,

imitate broad genres and revise existing passages.

It can participate in a process that resembles literary

collaboration.

But what does that resemblance actually establish?

Does the machine understand the story?

Does it possess creative intentions?

Can it recognise beauty, tragedy or irony?

And if a writer develops an idea suggested by artificial

intelligence, where should we locate the creative

achievement?
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These questions bring our investigation into the present.

For twelve chapters, we have explored machines that

calculate, encode, combine, execute and simulate.

Now we encounter machines capable of responding to

language with new language.

The literary machine no longer merely follows a visible

set of writing instructions. It appears to join the

conversation about what should be written.

The word appears is important.

To understand why, we must examine how modern

language models actually work.

An attendee typing on a laptop at WikiCamp Morocco, 2026. A

contemporary setting for human participation in writing.
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An attendee typing on a laptop at WikiCamp Morocco,

2026. A contemporary setting for human participation in

writing. Credit: DERDAKI ILIAS. Source. CC BY-SA 4.0.

Wikimedia thumbnail; no further edits.

2. From Mechanical Love Letters to

Language Models

In Chapter Ten, we encountered Christopher Strachey’s

love-letter generator of 1952.

Strachey’s program selected romantic expressions from

prepared collections and combined them according to

rules.

The resulting letters could be amusing, extravagant or

unexpectedly suggestive.

But the system was limited by its vocabulary and

templates.

The programmer could inspect the possible components

and understand much of the mechanism.

A modern large language model operates differently.

Rather than selecting only from a small collection of

explicitly written phrases, it learns statistical patterns

through training on large quantities of data.
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Its training process adjusts numerical parameters so that

the model becomes better at predicting or generating

sequences.

A trained language model may then produce responses to

prompts it has never encountered in exactly that form.

This represents a substantial change in capability.

But the historical development was gradual.

The conversational illusion

In 1966, Joseph Weizenbaum published a description of

ELIZA, a computer program capable of conducting

limited conversations.

One famous ELIZA script imitated aspects of a

nondirective psychotherapist’s conversational style.

The program recognised keywords and used

decomposition and reassembly rules to construct

responses.

For example, a statement about the user’s family might

trigger a question encouraging further discussion.

ELIZA did not employ modern neural language modelling.

Its conversational behaviour arose from explicit rules and

text transformations.
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Nevertheless, some users attributed considerably more

understanding to the system than its implementation

justified.

Weizenbaum’s original paper described both the technical

mechanisms and the psychological questions raised by

such interactions.

The lesson remains relevant.

Human beings are remarkably willing to interpret

conversational fluency as evidence of an inner mind.

A computer that responds appropriately to emotional

language may appear sympathetic.

A system that remembers details of a conversation may

appear attentive.

A system that offers thoughtful criticism may appear

intellectually engaged.

Yet conversational behaviour, however sophisticated, does

not by itself settle questions about subjective experience.

From rules to learned patterns

Early conversational programs relied heavily on explicit

patterns.

Modern neural language models learn vast numbers of

numerical relationships during training.
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These relationships are distributed across model

parameters rather than represented exclusively as hand-

written grammatical templates.

The model can generalise beyond examples supplied

directly by a programmer.

It may combine concepts, generate explanations and

respond to unfamiliar requests.

But the ability to produce appropriate language should be

distinguished from possessing human intentions or

experiences.

That distinction will accompany us throughout this

chapter.

3. The Machine That Predicts the Next

Word

Imagine seeing this unfinished sentence:

The detective opened the locked…

What word might come next?

Perhaps door.

Perhaps cabinet.

Perhaps drawer.
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Your expectations are influenced by your knowledge of

language and stories.

The adjective locked makes certain nouns more likely.

The presence of a detective suggests mysteries, rooms,

keys and hidden objects.

A language model performs a mathematically related

task, although through a different mechanism from

human reading.

It estimates probabilities for possible next tokens based

on the preceding context.

A token is a unit used by the model’s text-processing

system.

It might correspond to a word, part of a word,

punctuation or another character sequence.

A simplified next-token model estimates:

P(next token | preceding tokens)

This means:

The probability of the next token, given the tokens that

came before it.

The model does not normally generate an entire novel in

one indivisible operation.
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In autoregressive generation, it produces a token, adds

that token to the context and uses the extended sequence

to predict what may follow.

The process repeats.

An illustrative probability table

Suppose our fictional model assigns these probabilities

after the phrase:

The detective opened the locked…

Possible next token Illustrative probability

door 0.50

cabinet 0.25

drawer 0.15

box 0.10

These numbers are invented for teaching. They are not

measurements from an actual language model.

The probabilities sum to one.

The model could always select the highest-probability

option.

That would produce door.

Or a selection procedure could sometimes choose less

probable alternatives.
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This allows variation.

But variation is not the same as unrestricted creativity.

The model’s possible outputs are influenced by its

training, architecture, context and decoding procedure.

Why next-token prediction is powerful

Predicting language is more complicated than

remembering which words commonly appear together.

To continue a passage effectively, a model may need to

track characters, relationships, grammar, genre and

information introduced many sentences earlier.

Consider:

Elena put the blue notebook inside the locked cabinet.

Three chapters later, she returned to retrieve it.

A useful continuation must recognise that the notebook

was placed inside the cabinet.

The model may maintain representations that help

preserve such relationships.

Training for token prediction can therefore encourage the

development of capabilities useful for reasoning about

language and its context.

However, this does not establish that next-token

prediction and human understanding are identical.
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Nor does it mean that every generated continuation will

preserve consistency.

A model may forget details, confuse characters or

introduce contradictions.

The mechanism is powerful, but it is not infallible.

Context informs a probability distribution; decoding chooses a

token and adds it back to the context. Human review evaluates the

result.

4. The Transformer and the Attention

Revolution

A major development occurred in 2017, when Ashish

Vaswani and seven collaborators published Attention Is

All You Need.

The paper introduced the Transformer architecture.

Context Probabilities Selected token

Extend context → predict again

The reader judges coherence, evidence and literary value.
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It demonstrated that attention mechanisms could support

highly effective sequence processing without relying on

the recurrent or convolutional architectures that had

dominated many earlier approaches.

The original research concerned machine translation and

related sequence-processing tasks.

Transformers subsequently became foundational to many

modern large language models.

What does attention mean?

Imagine reading a sentence:

The detective gave the notebook to Elena because she

had asked for it.

To interpret the sentence, we must connect words

appearing at different positions.

Who asked for the notebook?

What does it refer to?

A language model needs mechanisms for representing

relationships among tokens.

Attention is one family of mechanisms that allows

information from different positions in a sequence to

influence the representation being computed.

The mathematical details are more elaborate than this

description, but the central idea is accessible.
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Instead of treating every preceding word as equally

relevant, attention mechanisms can assign different

weights to relationships among tokens.

This can help the model represent contextual

dependencies.

Attention is not human attention

The technical term should not be interpreted too literally.

A Transformer attention mechanism is a mathematical

operation.

It is not evidence that the model experiences

concentration, curiosity or awareness.

The word attention is borrowed from ordinary language

because it provides a useful analogy.

The mechanism calculates relationships.

It does not establish consciousness.

Why scale mattered

As researchers developed larger models, trained them on

larger datasets and increased computational resources,

language-generation capabilities improved substantially.

In 2020, OpenAI published research on GPT-3, a model

with 175 billion parameters.
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The paper demonstrated that a single pretrained model

could perform a range of language tasks using

instructions and examples supplied in its prompt, without

task-specific parameter updates for each evaluation.

This was significant for literary writing.

Instead of requiring a separate generator with specially

prepared vocabulary for every new genre, a general-

purpose language model could respond to many different

writing requests.

It could produce a detective scene, then revise dialogue,

then explain a metaphor.

The human author could communicate through ordinary

language rather than constructing a new program for

each task.

This changed the relationship between programmer and

literary machine.

The writer no longer needed to define every grammatical

template.

They could describe an intention and ask the model to

produce a possible realisation.

5. The Prompt as a New Literary Form

A prompt is an input supplied to a model.
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It may contain a question, instruction, passage, example

or combination of these.

For literary purposes, a prompt can function rather like a

creative brief.

Consider:

Write a scene in which a detective discovers that her

closest friend has been lying.

This establishes a situation.

But it leaves many questions unanswered.

Where does the scene take place?

What was the lie?

Why did the friend tell it?

How does the detective react?

A model must produce a particular continuation despite

the missing details.

Now consider a more specific prompt:

Write a scene set in an abandoned railway station. A

detective discovers that her closest friend concealed

evidence to protect a stranger. The scene should be

restrained, with the emotional conflict revealed through

actions rather than explicit declarations.

This gives the model more constraints.
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It specifies setting, situation, motivation and style.

The range of acceptable continuations becomes narrower.

Prompting and authorship

A prompt can make significant creative decisions.

It can establish genre, structure, character relationships

and dramatic objectives.

But a prompt is not the same as a completed literary

work.

The resulting text may contain choices the human did not

explicitly specify.

Some may be interesting.

Others may be inappropriate.

The writer can accept, revise or reject them.

This creates several possible forms of collaboration.

A writer might use the model to explore alternatives

before composing the prose independently.

Another might generate a draft and revise it extensively.

A third might use generated text with little alteration.

These workflows involve different kinds and degrees of

human contribution.
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It would be misleading to treat them as equivalent.

The danger of vague instructions

Suppose a writer requests:

Make this more literary.

What should the model do?

Add metaphors?

Lengthen sentences?

Use unusual vocabulary?

Increase ambiguity?

A human editor would also need to interpret the request.

But a model may respond by producing familiar signals of

supposedly literary writing: elaborate descriptions,

melancholy imagery or abstract reflections.

The result can become decorative rather than

meaningful.

The useful question is not whether a paragraph sounds

impressive.

It is whether its language serves the story.

A strong prompt can help establish the task, but

evaluation remains necessary.
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The prompt can direct the machine towards a literary

objective. It does not guarantee that the resulting prose

achieves that objective.

6. Does the Machine Understand What

It Writes?

We now encounter the central philosophical difficulty.

A language model may describe grief convincingly.

It may explain a character’s motivation.

It may identify an inconsistency in a plot.

It may propose a metaphor that readers consider moving.

Does this establish understanding?

The answer depends partly on how understanding is

defined.

Understanding as successful performance

One approach evaluates behaviour.

If a system can answer questions, explain concepts and

apply information appropriately, perhaps it possesses at

least some functional understanding.

A model may demonstrate capabilities that go beyond

simple memorisation.
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It can apply patterns learned during training to

unfamiliar tasks.

On this view, understanding need not require conscious

experience.

It may involve the ability to represent and use

relationships effectively.

Understanding as grounded meaning

Other researchers argue that fluent manipulation of

linguistic form does not automatically provide access to

meaning in the human sense.

In their 2020 paper Climbing towards NLU, Emily Bender

and Alexander Koller examined the distinction between

linguistic form and meaning.

They argued that success at predicting or processing text

should not simply be equated with understanding the

communicative intentions and real-world relationships

through which language acquires meaning. ACL

Anthology

This is an influential argument, not a universally accepted

final resolution.

Subsequent research continues to investigate how

learned representations relate to reasoning, perception,

action and grounding.
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The difference between knowledge and

experience

Consider a model that produces a beautiful description of

walking through snow.

It may correctly describe sound, light, cold and the

sensation of snow beneath boots.

It may combine these details into vivid prose.

But generating such a description does not establish that

the model has ever experienced cold.

Nor does it establish that subjective sensory experience is

necessary for producing the description.

The human writer and the computational system may

arrive at similar sentences through different processes.

The resulting text can be evaluated as writing.

The question of subjective experience remains separate.

This distinction should not diminish genuine technical

accomplishments.

It prevents us from claiming more than the evidence

supports.

A machine can produce meaningful text for readers

without demonstrating that it experiences the meanings

in the way humans do.
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That possibility is remarkable enough without

embellishment.

7. The Confident Inventor

Literary generation involves imagination.

A novelist may invent a city, a historical document or a

scientist who never existed.

Within fiction, invention is expected.

But language models can also invent information when

they are supposed to provide factual answers.

This creates a serious distinction between fictional

creativity and factual reliability.

Suppose a writer asks a model:

Describe an imaginary seventeenth-century observatory

built on the coast of Cornwall.

The model may invent architectural details, instruments

and historical events.

That is appropriate if the work is clearly presented as

fiction.

Now suppose the writer asks:

Identify the architect of a real seventeenth-century

observatory.
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A fabricated name would be an error.

The same fluency that supports creative writing can make

factual inaccuracies appear convincing.

Confabulation

The US National Institute of Standards and Technology

identifies confabulation as a risk associated with

generative AI: the production of confidently stated false

or erroneous content.

Its 2024 Generative AI Profile discusses this risk

alongside concerns involving privacy, bias, information

integrity and other consequences of deployment.

The problem is particularly important for historical

fiction.

A writer may want accurate details about clothing,

architecture, transport and language.

A model can produce plausible descriptions.

But plausible does not necessarily mean historically

correct.

Fiction requires a different kind of truth

A fictional account need not be factually true.

But it should ordinarily remain consistent with the world

it establishes.
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Suppose a novel’s first chapter establishes that a

spaceship has no faster-than-light capability.

In chapter seven, the ship suddenly travels across the

galaxy in minutes without explanation.

The problem is not that faster-than-light travel violates

real physics.

The problem is that the fictional world has contradicted

its own rules.

A language model can make this kind of mistake.

It may produce a locally convincing paragraph while

losing track of earlier constraints.

The writer must therefore distinguish two forms of

checking.

Factual verification asks whether claims about the real

world are supported by evidence.

Continuity checking asks whether the fictional text

remains consistent with its established characters, events

and rules.

Both matter.

But they require different standards.
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8. The Problem of the Average Story

A language model learns from patterns across its training

data.

This can make it exceptionally capable of reproducing

familiar literary structures.

It may recognise that detective stories often contain

clues, suspects, revelations and reversals.

It may produce a plausible scene involving a suspicious

conversation.

But familiarity can become a limitation.

If a system repeatedly selects conventional patterns, its

writing may feel predictable.

A detective enters a darkened room.

The floorboards creak.

A forgotten photograph reveals a secret.

A stranger watches from the shadows.

None of these devices is inherently bad.

But their effectiveness depends on context and execution.

A story constructed entirely from familiar signals may

resemble literature without achieving much individuality.
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Prediction and originality

A next-token model assigns probabilities to possible

continuations.

Higher-probability tokens often reflect familiar linguistic

patterns.

Sampling from less probable alternatives may increase

variation.

But selecting unusual words does not automatically

produce originality.

Consider:

The refrigerator mourned the purple geometry of

Tuesday.

The sentence is unexpected.

It may even be amusing.

But surprise alone does not make it meaningful.

A strong literary image usually establishes relationships

that reward interpretation.

The unusual combination must contribute something to

the work.

The writer as critic

This is where human judgement becomes especially

important.
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A writer can ask whether a generated image belongs in

the story.

Does it reveal character?

Does it develop a theme?

Does it change how readers understand an event?

Or is it simply unusual?

The model can generate possibilities.

The writer evaluates them.

This resembles the relationship between Queneau’s

combinatorial system and its reader.

A machine can create an enormous space of possible

arrangements.

But the number of possibilities does not establish their

value.

The writer’s task becomes partly editorial.

Not merely correcting grammar, but deciding what

deserves to remain.
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9. The Risk of Mistaking Fluency for

Authority

Language models can explain ideas in confident, coherent

prose.

That can be useful.

It can also mislead.

A system may produce an answer that sounds

authoritative even when the underlying information is

uncertain.

Readers may confuse verbal confidence with expertise.

This is related to the problem encountered in Chapter

Four, when fictional governing computers claimed

authority through superior calculation.

A system may be capable without being entitled to

decide.

A language model may offer a persuasive explanation

without possessing independent evidence that the

explanation is correct.

Its outputs should therefore be evaluated according to

the task.

A fictional scene can be judged for literary effect.

A historical claim requires historical evidence.

597



A scientific explanation requires technical accuracy.

A legal interpretation requires appropriate legal

grounding.

The same generated style should not confer the same

level of trust in every context.

Whose language becomes normal?

There is another difficulty.

Training data reflects the material included in the

model’s development.

That material may contain social biases, stereotypes,

exclusions and uneven representation of cultures or

languages.

A model may reproduce some of those patterns.

It may favour familiar narrative conventions from heavily

represented sources.

It may offer less accurate or less culturally appropriate

material for communities poorly represented in its

training.

In their 2021 paper On the Dangers of Stochastic Parrots,

Emily Bender, Timnit Gebru, Angelina McMillan-Major

and Margaret Mitchell examined risks associated with

increasingly large language models.
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They emphasised concerns involving training data,

environmental costs, documentation and the social

consequences of language-model deployment. DOI

For writers, these concerns are not abstract.

A machine may make certain characters, histories or

narrative voices seem more typical than others.

The author’s responsibility includes recognising when

generated material reflects a stereotype rather than a

carefully imagined individual.

Fluent writing is not necessarily fair, accurate or original

writing.

Those qualities require separate examination.

10. Collaboration Without

Surrendering the Story

Let us return to the fictional novelist writing about Elena.

The machine suggested that the mysterious letter might

be blank.

The novelist rejected the literal suggestion but developed

a different idea.

She retained control over the final scene.

This illustrates one possible relationship between human

writers and generative systems.
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The machine functions as a source of alternatives.

The writer remains responsible for selecting, shaping and

integrating them.

Four possible roles

A language model can participate in literary work in

several ways.

It may function as a brainstorming partner, offering

alternative situations, characters or plot developments.

It may function as a drafting assistant, producing prose

that the writer subsequently revises.

It may function as a critic, identifying possible

inconsistencies, weak transitions or unclear motivations.

It may function as a transformational tool, helping

convert a passage into another format, perspective or

register.

These roles overlap, but they place different demands on

the model.

Brainstorming values variety.

Drafting values coherence and style.

Criticism values accurate attention to the supplied text.

Transformation values preservation of the intended

meaning while changing selected features.
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A system that performs well in one role may perform

poorly in another.

The importance of a literary brief

A writer can improve the process by establishing

constraints before generating material.

For example:

The story is set in a remote coastal town in 1978. The

protagonist is a local journalist investigating a

disappearance. The supernatural explanation should

remain uncertain. The dialogue must avoid modern

technical terminology. Do not introduce new major

characters.

This creates a more specific task.

The model still has choices to make, but the acceptable

space is narrower.

The writer can then evaluate whether the response

satisfies the brief.

The problem of continuity

Long-form fiction introduces additional difficulties.

A model may need to preserve information about

characters, locations, chronology and earlier decisions

across many chapters.
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Writers can maintain structured records describing these

facts.

A character record might include a name, relationships,

significant events and unresolved conflicts.

A timeline can identify when important events occurred.

A continuity ledger can record established facts that

should not be contradicted.

Such records do not guarantee correctness.

But they provide material against which generated drafts

can be checked.

This is especially useful in collaborative workflows

involving both computational assistance and human

editorial review.

The important principle is not that the machine should

write everything.

It is that the process should preserve the author’s ability

to make deliberate decisions.

11. A Story Written by Two Different

Kinds of Intelligence?

The phrase human-AI collaboration is convenient.

But it can conceal important differences.
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Two human authors may share experiences, intentions

and social responsibilities.

They can discuss why a scene matters.

They can disagree about moral questions.

They can explain personal memories that influence their

choices.

An AI system can participate in a similar conversational

structure.

It can answer questions and revise suggestions.

But that does not establish that its underlying

experiences, motivations or understanding are equivalent

to those of a human collaborator.

Three separate questions

We should distinguish:

Can the system contribute useful material? This is

an empirical question about capability.

Does the system possess creative intentions or

subjective experience? This remains philosophically

and scientifically contested.

How should responsibility and credit be assigned?

This is an ethical, social and potentially legal

question.

A positive answer to the first does not settle the other

two.

1. 

2. 

3. 
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A model can contribute an excellent sentence without

necessarily understanding why it is excellent.

A human writer can select that sentence because it

advances a particular theme.

The final work may reflect both the generated material

and the writer’s deliberate choices.

Authorship as a process

Literature has always involved more than solitary

inspiration.

Editors influence manuscripts.

Translators transform literary works.

Collaborators contribute ideas.

Publishers shape presentation.

Readers discover interpretations that authors did not

anticipate.

Generative AI introduces another participant into this

complex process.

But it also changes the scale and speed of possible

contribution.

A model can offer dozens of alternatives rapidly.

It can revise a passage repeatedly.
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It can generate enough material to overwhelm the

writer’s capacity for careful evaluation.

The central creative challenge may therefore shift.

Instead of struggling to produce any words, the writer

may struggle to decide which words matter.

Abundance creates its own difficulty.

The problem is no longer simply composition.

It is selection, judgement and responsibility.

12. The Machine That Does Not Know

the Ending

Imagine giving a language model the opening of a novel.

It describes a girl discovering a mechanical bird in her

grandfather’s attic.

The bird contains a recording of a voice speaking a

language nobody recognises.

You ask the model to continue.

It produces a scene in which the girl investigates the

recording.

You ask for another continuation.

It introduces a hidden map.
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You ask for another.

A secret laboratory appears.

The prose remains fluent.

The plot grows.

But the system may not possess a complete plan for the

story.

It may be extending the text one passage at a time

according to the context and generation procedure.

This can produce a familiar difficulty.

The story accumulates mysteries faster than it resolves

them.

New revelations replace earlier questions.

Characters change motivation without sufficient

explanation.

The ending becomes increasingly difficult to construct.

Local coherence and global structure

A paragraph may be coherent on its own.

A chapter may follow naturally from the preceding

chapter.

But a novel requires relationships across much greater

distances.
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An early detail may need to become important hundreds

of pages later.

A character’s decision may depend upon something

established near the beginning.

A mystery must eventually reconcile its clues with its

solution.

These are problems of global narrative structure.

Language models can assist with planning and continuity,

but their success depends on the model, the available

context, the supporting workflow and the quality of

evaluation.

There is no guarantee that generating plausible passages

sequentially will produce a satisfying novel.

The writer’s larger design

A writer can maintain a distinction between the story

model and the prose.

The story model contains the major events, causal

relationships, character arcs and thematic objectives.

The prose expresses those elements through scenes,

dialogue and description.

A generative system may assist with both.

But the writer should examine whether the prose serves

the larger design.
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This returns us to Chapter Six.

A program can describe a fictional world through state

and rules.

A novel can be analysed through causation and continuity.

Generative writing introduces flexibility, but it does not

eliminate the need for structure.

The machine may be able to write a convincing next

paragraph.

That does not mean it knows what the novel ought to

become.

13. The Literary Machine Comes Full

Circle

Our journey began with imaginary machines that

rearranged words.

Jonathan Swift’s mechanical professor in Gulliver’s

Travels attempted to produce knowledge through

combinations of language.

Later, mathematicians and engineers constructed genuine

systems for manipulating symbols.

Christopher Strachey generated love letters.

Theo Lutz assembled stochastic texts.
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Raymond Queneau created a paper machine capable of

producing one hundred trillion poems.

Hypertext authors created networks of possible readings.

Game designers built simulated worlds whose

interactions produced emergent stories.

Modern language models now generate extended prose in

response to open-ended instructions.

The methods differ enormously.

Yet a common question runs through them.

What happens when some part of literary production is

delegated to a system?

The changing role of the machine

At first, the machine was an imagined subject within the

story.

Then it became a tool for storing and transforming text.

Later, it became a mechanism for generating

combinations.

Then it became an environment readers could navigate or

inhabit.

Now it can participate in a conversation about the work

itself.

The machine can suggest what happens next.
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It can propose revisions.

It can explain why a character’s motivation appears

inconsistent.

It can offer several possible endings.

But its ability to perform these tasks does not settle

questions about consciousness, understanding or

authorship.

Those questions require evidence and argument beyond

fluent text generation.

The writer’s new responsibility

The abundance of generated language changes the

writer’s practical circumstances.

Producing sentences may become easier.

Evaluating them remains difficult.

A writer must still decide what the story means, which

effects it should achieve and whether the work remains

coherent.

The machine can produce alternatives.

But someone must judge them.

The machine can generate historical claims.

But someone must verify them.
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The machine can imitate a familiar genre.

But someone must decide whether the result offers

anything distinctive.

The writer’s role does not necessarily disappear.

It may become more explicitly concerned with design,

criticism, selection and accountability.

The last conversation

Imagine our fictional novelist returning to Elena’s letter.

She asks the machine why the scene is unsatisfying.

The model proposes several explanations.

Perhaps the secret is too predictable.

Perhaps Elena’s emotional response is insufficiently

connected to her past.

Perhaps the letter changes the plot without changing her

understanding of herself.

The novelist considers the suggestions.

Then she closes the conversation and begins writing.

The machine has contributed possibilities.

But the writer must decide which one belongs to Elena.

This is the central tension of AI-assisted literature.
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The system can produce language that resembles creative

thought.

It can influence human imagination.

It can generate material that becomes part of a published

work.

Yet the distinction between producing text and

understanding its significance remains open to

investigation.

The machine can write back. The question is what kind of

relationship we should establish with a system whose

words can matter to us, even when its own relationship to

those words may be fundamentally different.

That question leads directly to the problem of authorship.

If the machine contributes to the work, who owns the

resulting story?

Questions to Take Away

How does a modern language model differ from

Christopher Strachey’s early template-based love-

letter generator?

Why can predicting the next token require

representations of grammar, narrative context and

relationships among ideas?

1. 

2. 

612



What does the Transformer attention mechanism

accomplish, and why should we avoid confusing

technical attention with conscious awareness?

Does a language model’s ability to produce

convincing descriptions of emotion establish that it

experiences those emotions?

How can a writer distinguish useful surprise from

meaningless novelty in generated prose?

Why might fluent AI-generated historical

information still require independent verification?

What kinds of creative contributions can a human

writer make when working with generated

material?

Can an AI system produce a satisfying paragraph

while contributing to an unsatisfactory novel?

If a writer selects and extensively revises one

generated idea from hundreds of alternatives, how

should we describe the creative process?

What evidence would be needed before claiming

that a language model understands literature in the

same way a human writer does?

A Small Reader Experiment: The

Predictive Story Machine

We can demonstrate a simplified form of predictive text

generation without using a neural network.

This is an original teaching example.

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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It is deliberately small, deterministic and local.

It does not reproduce the architecture or capabilities of a

modern language model.

Its purpose is to illustrate how a sequence can be

generated through choices informed by preceding

context.

Step 1: Define a tiny vocabulary

Imagine a fictional system that continues a short opening

using the following word transitions.

Previous word
Possible

continuation

Illustrative

probability

The detective 0.6

The stranger 0.4

detective opened 0.7

detective waited 0.3

opened the 1.0

the door 0.8

the letter 0.2

The probabilities are invented.

They are not learned from real training data.
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Notice that the distinction between capitalised The and

lowercase the matters in this table.

The first begins a sentence.

The second appears later.

Step 2: Select the most probable continuation

Starting with The, choose the highest-probability

continuation at each stage.

The choices are:

The → detective → opened → the → door

The resulting sentence is:

The detective opened the door.

This is a simple deterministic decoding procedure.

It always chooses the most probable available next word.

Interactive experiment: see the web edition.

Step 3: Examine a short Python implementation

transitions = {
    "The": [("detective", 0.6), ("stranger", 0.4)],
    "detective": [("opened", 0.7), ("waited", 0.3)],
    "opened": [("the", 1.0)],
    "the": [("door", 0.8), ("letter", 0.2)]
}

words = ["The"]
current = "The"

for _ in range(4):
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    options = transitions[current]
    next_word = max(options, key=lambda item: item[1])[0]
    words.append(next_word)
    current = next_word

print(" ".join(words) + ".")

Exact output

The detective opened the door.

Step 4: Trace the execution

Step
Current

word

Selected

next word

Selection

probability

1 The detective 0.6

2 detective opened 0.7

3 opened the 1.0

4 the door 0.8

The complete sequence is generated one word at a time.

The program does not understand detectives or doors.

It follows a fixed transition table.

The Python example follows its highest-probability path

for exactly four steps. Its table is incomplete for other

paths: stranger and waited have no continuation rules.

The browser companion stops when no rule exists; it does

not invent a missing continuation.
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Step 5: Examine the limitations

Our generator remembers only the immediately

preceding word.

It has no representation of the detective’s identity,

location, goals or history.

It cannot maintain a coherent extended plot.

A modern Transformer language model can use a much

richer representation of context, including relationships

among tokens at many positions.

The tiny example therefore explains one underlying idea

—conditional sequence generation—without pretending

to reproduce modern AI.

Step 6: Introduce variation

Suppose we change the final probabilities:

Continuation after the New probability

door 0.3

letter 0.7

The deterministic procedure now produces:

The detective opened the letter.

Only one probability distribution has changed.

Yet the implied story is different.
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Opening a door suggests movement into a space.

Opening a letter suggests the discovery of information.

The computational distinction is simple.

The literary implications are richer.

Step 7: Become the editor

Write two possible continuations for each sentence.

For the door:

Behind it stood someone she believed had died.

For the letter:

The handwriting belonged to someone she believed had

died.

These are original example sentences.

Both introduce a mystery.

But they do so through different narrative mechanisms.

The first uses physical revelation.

The second uses documentary evidence.

Now decide which continuation better serves the story

you want to tell.
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What this experiment demonstrates: A computational

system can select words according to defined

relationships. The resulting sentences may suggest

different narrative possibilities, but choosing which

possibility deserves development requires additional

literary judgement.

Further Reading

Foundations of Conversational Computing

Joseph Weizenbaum — ELIZA—A Computer Program for

the Study of Natural Language Communication Between

Man and Machine (1966)

The original paper describing keyword analysis,

decomposition and reassembly rules, and the

psychological questions raised by conversational

computing.

Association for Computing Machinery — Original paper

Information Theory and Language Models

Claude E. Shannon — A Mathematical Theory of

Communication (1948)

The foundational work on information, entropy and

communication, providing important mathematical

background for statistical language modelling.

Original paper — Yale-hosted copy
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https://doi.org/10.1145/365153.365168
https://www.cs.yale.edu/homes/yry/readings/general/shannon1948.pdf


Ashish Vaswani and collaborators — Attention Is All You

Need (2017)

The original paper introducing the Transformer

architecture.

Original research paper — arXiv

Google Research — Official publication record

Tom B. Brown and collaborators — Language Models are

Few-Shot Learners (2020)

The original GPT-3 research paper examining how a large

language model can perform multiple tasks using textual

instructions and examples.

OpenAI — Original research publication

Language, Meaning and Interpretation

Emily M. Bender and Alexander Koller — Climbing

towards NLU (2020)

An influential argument distinguishing linguistic form

from communicative meaning and questioning whether

success at processing text establishes full language

understanding.

Association for Computational Linguistics — Original

paper
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https://arxiv.org/abs/1706.03762
https://research.google/pubs/attention-is-all-you-need/
https://openai.com/index/language-models-are-few-shot-learners/
https://aclanthology.org/2020.acl-main.463/
https://aclanthology.org/2020.acl-main.463/


Emily M. Bender, Timnit Gebru, Angelina McMillan-Major

and Shmargaret Shmitchell (Margaret Mitchell) — On the

Dangers of Stochastic Parrots (2021)

A discussion of the limitations and social risks of large

language models, including data representation,

documentation and environmental costs.

ACM — Original research paper

Reliability and Responsible Use

National Institute of Standards and Technology —

Generative Artificial Intelligence Profile (2024)

An official technical framework discussing risks

associated with generative AI, including confabulation,

bias, information integrity and privacy.

NIST — Official publication

Suggested Reading Order

Begin with Weizenbaum’s ELIZA paper to understand

how convincing conversation could emerge from

relatively simple rules.

Then examine the Transformer paper and GPT-3 research

to see how the technology developed towards large-scale

statistical language generation.

621

https://doi.org/10.1145/3442188.3445922
https://www.nist.gov/publications/artificial-intelligence-risk-management-framework-generative-artificial-intelligence


Read Bender and Koller’s paper alongside these technical

sources. It provides a contrasting perspective on the

relationship between successful language processing and

genuine understanding.

Finally, examine the NIST profile to consider the practical

consequences of deploying systems whose generated

language may appear more authoritative than the

evidence warrants.

These sources establish the technological history and the

principal scientific debates. They do not provide a

universally agreed philosophical answer to whether

artificial intelligence possesses creative intentions or

subjective experience.

Up Next — Who Owns a Story Nobody

Wrote?

Authorship, Copyright and the Problem of Machine

Creativity

The machine has produced a story.

A human supplied the prompt.

The model generated the prose.

An editor revised the result.

A publisher prepared it for publication.
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A reader discovered meaning in it.

Who should be regarded as the author?

The question becomes more complicated when the text is

generated through a system trained on large collections

of existing writing.

Can literary style be owned?

What distinguishes inspiration from imitation?

How much human contribution is required for copyright

protection?

Does the person operating a generative system own the

resulting text?

And what responsibilities arise when a machine produces

material resembling the work of another writer?

Chapter Fourteen will examine the relationship between

computational creativity, human authorship, intellectual

property and literary responsibility.

It will distinguish philosophical questions about creativity

from legal questions about copyright, which depend on

jurisdiction and the circumstances of particular works.

The central question is no longer simply whether a

computer can write.
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If a story emerges from a collaboration among people,

data and algorithms, who has the right to claim it—and

who must accept responsibility for what it says?

ELIZA — Original paper, Stanford-hosted scan

Stochastic Parrots — Original paper, UC Davis-hosted

copy

NIST — Full 2024 Generative AI Profile
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Who Owns a Story
Nobody Wrote?

Authorship, Copyright and the Problem of Machine

Creativity

1. The Author Who Could Not Prove

She Wrote Her Book

The novel had taken six months to produce.

Its author, Elena Ward, had developed the original idea,

designed the characters and constructed a complicated

plot involving a missing mathematician and a manuscript

that appeared to predict the future.

She had written some chapters herself.

For others, she had used an artificial intelligence system

to generate preliminary drafts.

She had rewritten dialogue, replaced entire scenes,

altered character motivations and rejected hundreds of

suggested passages.

The final manuscript contained approximately eighty

thousand words.
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When her publisher asked whether she owned the

copyright, Elena replied confidently.

“Of course. It’s my novel.”

The publisher’s legal adviser was less certain.

“Did you write every sentence?”

“No.”

“Did you choose every sentence?”

“Not individually.”

“Did the machine generate passages that remain

substantially unchanged?”

“Some.”

“Did you record which passages?”

Elena hesitated.

She had kept the final manuscript, but not a complete

history of the drafting process.

The adviser continued.

“Then we need to distinguish what you created from what

the machine generated.”

Elena was irritated.

She had designed the story, directed the process and

spent months revising the work.
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Without her, the novel would not exist.

Surely that made her its author.

Yet the adviser was asking a different question.

Not whether Elena had contributed creatively.

Not whether she deserved recognition.

But which parts of the finished text were protected by

copyright, who owned those rights and what evidence

supported the claim.

This scene is fictional. Elena, her novel and the

conversation with the publisher have been invented for

this chapter.

But the problem is genuine.

Artificial intelligence allows people to create literary

works through processes that do not fit neatly into

familiar descriptions of writing.

A person may compose a prompt, generate thousands of

words, select promising passages, revise them and

arrange the results into a finished narrative.

Another person may use AI only to check punctuation.

A third may create a program that produces hundreds of

poems without selecting any particular output.

All three have used computers.
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But their creative contributions differ substantially.

Copyright law must distinguish these situations without

assuming that every use of software has the same

consequences.

The question becomes even harder when the generative

system has been trained using material written by other

authors.

Those writers may never have agreed to participate.

Their works may have influenced the system’s

capabilities.

And the generated text may sometimes resemble

protected material.

Who, then, can claim the resulting story?

To investigate the problem, we must separate several

questions that are often confused.

Who created the work? Who owns the legal rights? Who

contributed creatively? And who is responsible for its

publication?

They may not all have the same answer.

Review dated 31 October 2026. This comparative chapter

describes selected statutes and official reports; it does

not decide the legal status of a particular manuscript. The

US reports are administrative analyses. Direct retrieval of

the live UK statute and EUR-Lex texts was unavailable
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during this review; the source ledger distinguishes the

official corroboration used from provisions not fully

retrieved.

Authorship, ownership, permission and responsibility are separate

questions about the same manuscript.

Who created expression? Who owns rights?

What uses are permitted? Who checks publication?

Manuscript
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A manuscript page from Mary Shelley’s Frankenstein, 1816. A

historical example of writing and revision.
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A manuscript page from Mary Shelley’s Frankenstein,

1816. A historical example of writing and revision. Credit:

Mary Shelley (1797-1851). Source. Public domain.

Resized; no crop.

2. The Difference Between an Author

and an Owner

We often use the words author and owner as though they

mean the same thing.

A novelist writes a book.

The novelist owns its copyright.

The novelist sells copies.

Everything seems straightforward.

But authorship and copyright ownership are distinct legal

concepts.

The author is generally the person who creates the

relevant expression, subject to the definitions and rules of

the jurisdiction.

The copyright owner is the person or organisation

entitled to exercise the relevant economic rights.

Initially, these may be the same person.

They do not necessarily remain so.
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A writer may assign copyright to another party.

An employer may own certain works created by

employees in the course of their employment.

A publisher may receive an exclusive licence to publish a

work without becoming its copyright owner.

The details depend on the law and contracts involved.

What does copyright protect?

Copyright generally protects particular original

expressions, rather than ideas in the abstract.

Consider the premise:

A detective discovers that a machine has been predicting

murders.

This is an idea for a story.

Many writers could develop it differently.

One might produce a psychological thriller.

Another might write a philosophical satire.

A third might construct an interactive mystery.

The general premise is not equivalent to the detailed

expression of a finished novel.
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Specific prose, dialogue, characterisation and creative

arrangements may qualify for protection when the

applicable legal requirements are met.

This is why two novels can share a broad premise without

necessarily infringing each other’s copyright.

But copying substantial protected expression may create

legal problems even when the copied material appears

inside a different story.

The boundary is not always obvious.

Ownership is not the same as permission

Suppose Elena uses a writing assistant to help draft her

novel.

She must consider at least three separate matters.

First, whether copyright exists in the resulting material.

Second, who owns any copyright that exists.

Third, whether she has the contractual and legal

permission required to use and publish it.

A service’s terms may grant users broad rights

concerning generated outputs.

That does not itself establish that every output receives

copyright protection under national law.
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Nor does a contractual permission guarantee that the

output cannot infringe someone else’s rights.

Contracts, copyright eligibility and infringement are

different questions.

This distinction is essential when analysing AI-generated

literature.

3. The American Position: Human

Authorship

In January 2025, the United States Copyright Office

published Part Two of its report Copyright and Artificial

Intelligence, addressing the copyrightability of

generative-AI outputs.

Its conclusion was that existing US copyright principles

can accommodate AI-assisted creativity, but protection

requires sufficient human authorship.

The Office distinguished between using AI as a tool and

allowing a system to determine expressive elements

without sufficient human creative control.

It concluded that human-created expression, creative

modification and sufficiently original selection or

arrangement may be protected, while providing prompts

alone does not ordinarily establish authorship of the

resulting AI-generated expression.
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This does not mean every work involving AI is

unprotected.

It means the human contribution matters.

Three different manuscripts

Imagine three versions of Elena’s novel.

Version A: Elena writes the entire manuscript herself and

uses software to check spelling and punctuation.

Version B: Elena writes the plot, selects passages

generated by AI, rewrites many scenes and creatively

arranges the finished material.

Version C: Elena enters a short prompt, receives an entire

novel and publishes it unchanged.

These examples illustrate different degrees of human

control.

Under the Copyright Office’s analysis, Version A presents

no unusual obstacle merely because software was used.

Version B may contain protectable human-authored

contributions, but the scope of protection depends upon

the actual creative work performed.

Version C presents substantial difficulty if the expressive

content was determined by the generative system rather

than a human author.
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The important question is not how many hours Elena

spent operating the software.

It is what original expression she contributed.

A documented example: Zarya of the Dawn

In February 2023, the US Copyright Office reconsidered

the registration of Zarya of the Dawn, a comic book

created by Kris Kashtanova using human-written text and

AI-generated images.

The Office recognised protectable human contributions,

including the text and the creative selection, coordination

and arrangement of text and images.

It excluded the AI-generated artwork itself from the

revised registration.

The decision illustrates how a larger work can contain

both protected human-authored material and material

that is not independently protected through the same

claim.

The example concerns visual material, not an AI-written

novel.

Nevertheless, the underlying distinction is relevant to

computational literature.

A work may possess copyright protection in its human-

created structure or expression without every component

receiving identical protection.

636



Creativity cannot be counted by percentage

Suppose Elena rewrites 40% of an AI-generated chapter.

Does she own 40% of the copyright?

There is no general legal formula that operates this way.

A small but highly original creative contribution may be

significant.

A large quantity of mechanical changes may contribute

little protectable authorship.

The question concerns the nature and originality of

human expression, not merely the percentage of words

changed.

This is why records of drafting and revision can be useful.

They help demonstrate what the human author actually

contributed.

4. The British Exception: Computer-

Generated Works

The United Kingdom has an unusual legal provision

addressing computer-generated works. The government’s

March 2026 report discusses this existing protection and

unresolved questions about its application; policy

discussion should not be mistaken for enacted reform.
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Section 9(3) of the Copyright, Designs and Patents Act

1988 states that, for qualifying computer-generated

literary, dramatic, musical or artistic works, authorship is

attributed to the person who undertakes the

arrangements necessary for creation.

Section 178 defines the relevant category as work

generated by computer in circumstances where there is

no human author.

Section 12(7) provides a special copyright term of fifty

years from the end of the calendar year in which such a

work was made.

This is a different statutory approach from the US

position.

But it would be a mistake to conclude that every AI-

generated passage automatically belongs to the person

who typed the prompt.

Who made the necessary arrangements?

Imagine that a publisher commissions a programmer to

build a poetry generator.

The programmer designs its selection procedures.

A researcher supplies training material.

A publisher operates the program.

A reader enters a prompt.
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The system produces a poem.

Who undertook the arrangements necessary for its

creation?

The question may not have an obvious answer.

The statute provides a principle, but identifying the

relevant person in modern generative-AI workflows can

be difficult.

There are also questions about how originality

requirements apply and whether particular AI-assisted

works fall within the statutory definition.

These questions should not be treated as conclusively

resolved merely because the legislation contains a

computer-generated-works provision.

A historical mismatch

The 1988 legislation predates modern large language

models.

Lawmakers were addressing a technological environment

very different from today’s generative systems.

Early computer-generated works might have involved

explicitly programmed procedures and relatively clear

relationships between programmer, operator and output.

Modern AI services can involve model developers,

training-data providers, application developers, prompt

writers and editors.
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The creative process is distributed across several

participants.

Applying an older statutory category to these

arrangements can be difficult.

This illustrates a recurring problem in technology law.

A legal rule may remain in force even when the

technology it originally addressed has changed

substantially.

Its wording matters.

But so do interpretation, legal precedent and the facts of

the particular case.

5. Does a Machine Have to Be an

Author?

Our legal investigation reveals an important philosophical

distinction.

A machine might contribute causally to the production of

a work without being recognised as its legal author.

But does the absence of legal authorship establish that

the machine is incapable of creativity?

No.

Legal categories do not automatically resolve

philosophical questions.
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Copyright law serves particular public and economic

purposes.

It defines rights, obligations, ownership and periods of

protection.

Philosophy asks different questions about creativity,

intention and agency.

A computer might produce an output judged original and

artistically valuable.

Whether that makes the computer creative depends upon

the definition of creativity being used.

Whether the computer possesses conscious creative

intentions is another question.

Whether the computer can legally own copyright is

another.

Four claims that must remain separate

Consider the following statements.

The machine generated the words.

The words possess literary value.

The machine understood what it generated.

The machine owns copyright in the words.

The first concerns technical causation.

The second concerns artistic evaluation.

1. 

2. 

3. 

4. 
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The third concerns cognition and understanding.

The fourth concerns law.

One statement does not automatically establish the

others.

A poem can be meaningful to readers even if the system

producing it lacks demonstrated subjective experience.

A technically sophisticated system can create an output

that nobody considers artistically worthwhile.

A human may contribute important creative decisions

without writing every word.

And legal ownership may depend on statutes and

contracts rather than philosophical theories of

consciousness.

The title of this chapter therefore contains a deliberate

provocation.

Who owns a story nobody wrote?

In practice, many supposedly machine-written stories

involve substantial human creative contributions.

The harder question is how to identify those contributions

accurately.
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6. The Library Inside the Machine

We now arrive at the most contentious part of the

problem.

A generative model does not begin with an independent

understanding of literary language.

Its capabilities are developed through training.

Training material may include books, webpages, articles,

computer code and other forms of expression, depending

on the particular model.

Some material may be licensed.

Some may be in the public domain.

Some may have been made available under permissions

that allow particular uses.

Other material may be subject to copyright and disputed

uses.

This creates two different questions.

Was the material lawfully used to train the model?

Does a particular output infringe copyright?

They are related, but they are not the same question.
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Learning from a book is not identical to

republishing it

A human novelist may read hundreds of detective stories

and learn about the genre.

They may acquire a sense of pacing, dialogue and

narrative structure.

They may then write an original mystery.

Reading and learning do not automatically constitute

copyright infringement.

But machine learning introduces technical operations

that complicate the comparison.

Training may involve making copies of source material,

processing those copies and incorporating statistical

relationships into model parameters.

The legal significance depends upon the jurisdiction,

applicable exceptions, permissions and particular

circumstances.

A broad analogy to human reading cannot settle the

question.

Nor can the assertion that a model learns statistical

patterns establish that every use of copyrighted training

material is lawful.
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The US debate

In May 2025, the US Copyright Office released a pre-

publication version of Part Three of its AI report,

examining generative-AI training.

It analysed the application of copyright law, including fair

use, to different kinds of training activity.

The report recognised that uses of copyrighted works for

AI training are not all equivalent and that the legal

analysis depends upon their circumstances.

Fair use is a doctrine of US copyright law permitting

certain unauthorised uses after consideration of statutory

factors.

It is not a blanket exemption for new technology.

Nor is it a general international rule.

The legal treatment of AI training remains subject to

judicial decisions and evolving interpretation.

The European approach

The European Union’s 2019 Copyright in the Digital

Single Market Directive contains provisions addressing

text and data mining.

Article 4 establishes an exception or limitation for certain

reproductions and extractions of lawfully accessible

works, subject to conditions including appropriate

reservations of rights by copyright holders.
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In addition, Article 53 of the EU AI Act establishes

obligations for providers of general-purpose AI models,

including a policy for compliance with EU copyright law

and a public summary of training content.

These provisions address different aspects of the

problem.

The copyright directive concerns the legal framework for

certain uses of protected material.

The AI Act includes obligations concerning compliance

policy and transparency.

Neither should be described as giving unrestricted

permission to train on every copyrighted work.

The detailed legal position depends upon the applicable

rules and facts.

Why writers care

An author may believe that their books were used to

develop a commercial system without appropriate

permission.

A model developer may argue that its training practices

fall within an applicable exception or licence.

A publisher may worry that generated text could

reproduce protected expression.

Readers may want to know whether a work involved AI

assistance.
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These are different interests, and they cannot all be

resolved by asking who pressed the Generate button.

The dispute concerns the economic and cultural

relationship between existing literature and systems

capable of producing new language.

7. Can a Writing Style Be Owned?

Suppose Elena asks a model to write a detective story

using short sentences, restrained dialogue and a

melancholy atmosphere.

Many writers use such techniques.

The resulting text might resemble a broad literary

tradition without copying any particular work.

Now imagine a different request.

Elena asks the model to imitate a specific contemporary

novelist.

The output reproduces familiar patterns of imagery,

rhythm and narration.

Is that copyright infringement?

The answer is not automatically yes.

But it is not automatically no.
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Style and expression

Copyright generally does not grant exclusive ownership

over an abstract style.

A novelist cannot ordinarily monopolise the use of short

sentences, unreliable narration or atmospheric

descriptions of rain.

Other writers may employ similar techniques.

But particular protected expression can be infringed.

If generated text reproduces sufficiently substantial

protected material, the fact that it was produced by AI

does not automatically remove the legal concern.

The analysis may involve similarities, access, originality,

applicable exceptions and the substantiality of what was

taken.

Jurisdiction matters.

The difference between imitation and copying

Consider a deliberately broad instruction:

Write a Gothic scene involving an isolated house and an

unreliable narrator.

This describes genre conventions.

Now consider a request for a passage closely reproducing

the distinctive wording of a living novelist.
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The second presents a different kind of risk.

Even when direct copyright infringement is not

established, deliberate imitation can raise ethical or

commercial concerns.

Readers may be misled into believing that a writer

endorsed or participated in the work.

A publisher might exploit another author’s reputation.

A generated passage might also reproduce elements that

go beyond general style.

The law’s boundaries and the ethics of literary imitation

do not coincide perfectly.

Something may be legally permissible while remaining

artistically derivative or ethically questionable.

Literary influence has always existed

Writers have always learned from earlier writers.

A novelist might be influenced by Dickens, Austen, Woolf

or Kafka.

Literary history is full of transformations, parodies,

allusions and adaptations.

Generative AI does not invent literary influence.

It changes its scale, speed and mechanisms.

A writer can request many imitations almost instantly.
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A publisher can generate large quantities of material

resembling established genres.

An individual author’s style can become the subject of

automated reproduction.

These capabilities make questions about attribution and

consent more pressing, even when copyright law does not

provide exclusive rights over style itself.

8. The Story That Remembers Too

Much

There is another problem.

A language model may produce text that resembles

material encountered during training.

Such resemblance can arise for different reasons.

Some phrases are common.

Some literary conventions are widely shared.

Some passages may be memorised sufficiently closely

that generated outputs reproduce substantial portions.

The distinctions matter.

A familiar sentence does not automatically indicate

unlawful copying.

650



But a lengthy passage closely reproducing a protected

work may require investigation.

Memorisation and reproduction

Researchers have demonstrated that some language

models can reproduce portions of training material under

particular conditions.

This does not mean that all models store their training

data as a directly searchable library of complete books.

Nor does it mean that every output is an exact collage of

existing passages.

Modern models learn complex numerical relationships,

but memorisation can still occur.

The practical concern is whether particular outputs

contain protected expression and whether their use is

authorised.

The publisher’s problem

Imagine Elena has generated a passage describing a

coastal town.

She likes the result and includes it in her manuscript.

Months later, a reader recognises several sentences from

an existing novel.

Elena did not knowingly copy the original.
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Nevertheless, the similarity may create a problem.

Her lack of deliberate copying is relevant to the

circumstances but does not, by itself, guarantee that

publication is lawful.

The publisher may need to examine the material and

obtain professional advice.

A careful workflow should therefore treat generated text

as material requiring editorial review, rather than

assuming that machine generation guarantees originality.

That principle applies to factual accuracy as well.

The computer may produce a convincing historical

quotation that never existed.

It may invent a source or misattribute a statement.

Literary fluency does not establish provenance.

9. The Difference Between Credit and

Responsibility

Suppose Elena’s finished novel contains a factual

allegation about a real person.

The allegation is false and damaging.

The paragraph was generated by AI.

Who is responsible?
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Elena cannot necessarily escape responsibility by

explaining that the machine wrote it.

The publisher cannot assume that software-generated

material is exempt from ordinary editorial standards.

Other legal and ethical considerations may apply,

including defamation, privacy, contractual duties and

consumer protection, depending on the facts and

jurisdiction.

Copyright ownership is only one part of the publishing

problem.

Creative credit

A writer might disclose that AI was used in

brainstorming, drafting or editing.

Such disclosure can help readers and publishers

understand the creative process.

But a credit statement is not a substitute for determining

copyright eligibility.

Nor does it establish that the model itself possesses legal

authorship.

Editorial responsibility

Someone must decide whether a manuscript is ready for

publication.
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That includes checking whether its factual claims are

supported, its fictional continuity is coherent and its use

of existing material is appropriate.

These responsibilities remain important regardless of

whether AI contributed.

Consider a manuscript containing an invented historical

document.

Within a novel, the document may be a legitimate

fictional device.

But if the publisher markets it as a genuine discovered

manuscript, the claim changes.

The issue is no longer simply literary invention.

It concerns representation to readers.

A useful publishing record

For complex AI-assisted projects, an author may find it

useful to maintain a record containing:

The original creative brief and outline.

Human-written drafts and revisions.

Generated passages incorporated into the

manuscript.

Material substantially rewritten or rearranged.

Sources used to verify factual claims.

Relevant permissions and licensing information.

This record does not create copyright by itself.

• 

• 

• 

• 

• 

• 
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It can, however, provide evidence of the creative process

and help resolve later questions about provenance.

The distinction between having rights and being able to

demonstrate the basis of a claim is particularly important

when many participants or tools contribute to one work.

10. The Literary Work as a Chain of

Contributions

We can now describe Elena’s novel more accurately.

It was not produced by one isolated event.

It emerged through several stages.

Elena developed an idea.

She constructed a plot.

She wrote prompts.

A language model produced passages.

She selected and revised some of them.

She integrated the results into a manuscript.

An editor proposed further changes.

The publisher prepared the book for readers.

Each stage contributed to the finished artefact.
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But not every contribution has the same legal or creative

status.

Causation is not authorship

The software developer helped make generation possible.

The model provider supplied a service.

The prompt writer directed particular operations.

The editor influenced the final manuscript.

But causal participation alone does not establish legal

authorship of all resulting expression.

A manufacturer who builds a camera does not ordinarily

become the author of every photograph taken with it.

A word-processing company does not own every novel

written using its software.

Generative AI complicates these familiar analogies

because it may determine expressive details that were

not individually supplied by the user.

Nevertheless, the lesson remains: we must identify the

nature of each contribution.

The importance of human selection

Imagine that Elena generates one hundred possible

openings.

She chooses one.
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She rewrites it.

She changes the point of view and integrates it with the

novel’s later revelations.

The final passage reflects her creative decisions.

But suppose she instead accepts the first generated

paragraph without modification.

The human contribution to that passage is different.

The legal consequences depend on applicable law and

facts, not a universal formula.

The artistic consequences may also differ.

A writer’s selection can be meaningful, but not every

selection is equally original.

Creative control is a matter of substance, not simply the

existence of a human somewhere in the process.

Authorship becomes more visible

Generative AI may therefore encourage a more explicit

understanding of what authors do.

They do not merely produce words.

They establish intentions.

They choose structures.

They create relationships.
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They revise for meaning.

They decide which possibilities belong in the work.

But those activities should be demonstrated rather than

assumed.

A compelling account of authorship identifies the

decisions that actually shaped the finished expression.

11. A New Literary Economy

The questions surrounding AI-generated writing are not

confined to individual manuscripts.

They concern the wider literary economy.

Books are written, edited, published, distributed and read

within institutions.

Authors depend on different combinations of sales,

advances, royalties, commissions and other income.

Publishers invest in production and marketing.

Libraries preserve works and make them accessible.

Readers develop expectations about originality,

authenticity and attribution.

Generative AI can affect each of these relationships.
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The abundance problem

A system capable of producing large quantities of text can

dramatically reduce the cost of generating preliminary

material.

But producing text is not the same as producing books

readers value.

Editing, research, design, distribution and reputation

remain important.

In a market containing abundant generated writing,

readers may place greater value on trusted editorial

selection and demonstrable human creative vision.

Alternatively, some forms of routine writing may become

increasingly automated.

The effects will vary by genre, market and institution.

They cannot be inferred solely from the technical ability

to generate fluent paragraphs.

Consent and compensation

Writers may seek greater control over the use of their

works in training.

Model developers may seek licensing arrangements that

provide access to suitable material.

Publishers may negotiate permissions concerning their

catalogues.
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Different economic arrangements are possible.

But these are matters of policy, bargaining and law as

well as technology.

A computer cannot decide what constitutes fair

compensation simply by calculating the most efficient

arrangement.

The values involved are contested.

This brings us back to the distinction explored in Chapter

Four.

Technical capability does not automatically confer

legitimate authority.

The same principle applies to the literary marketplace.

A system’s ability to process books does not itself

determine which uses are lawful, fair or socially

desirable.

12. The Name on the Cover

Elena finally completed her novel.

She reviewed the chapters, reconstructed the

development of important scenes and documented how

the manuscript had been created.

Some passages were entirely her own.
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Others had originated as generated suggestions but were

extensively transformed.

A few remained largely as the model produced them.

She decided that the most accurate description of the

work would acknowledge those distinctions.

But one question still troubled her.

Was she less of a writer because she had used a machine?

There is no reason to assume that using a computational

tool automatically removes artistic achievement.

Writers have always employed tools, research materials,

collaborators and editorial assistance.

What matters is how the tools contribute and what

creative decisions the writer makes.

But neither should we assume that every machine-

produced passage becomes human-authored merely

because somebody requested it.

The distinction requires attention to the actual process.

The central lesson

We began this chapter by asking who owns a story

nobody wrote.

The question turns out to contain several different

problems.
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A text may have been generated by a machine.

Its literary value may depend upon human interpretation.

Its copyright status may depend upon the creative

contributions of particular people and the law of a

particular country.

Its use may also depend upon contracts and permissions.

And responsibility for publishing it may remain with

humans and organisations even when substantial portions

were generated automatically.

These questions are connected, but they cannot be

resolved through a single definition of authorship.

The United States has emphasised sufficient human

creative expression.

The United Kingdom retains a special statutory provision

for certain computer-generated works.

The European Union has introduced important

requirements concerning general-purpose AI providers

and copyright compliance, while copyright protection

remains governed by relevant EU and national rules.

The legal landscape is evolving.

The philosophical questions are older and deeper.

A machine may produce language that readers value.
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That does not automatically establish conscious creative

intention.

A person may direct and shape computational output.

That does not automatically establish exclusive rights in

every resulting sentence.

And a publisher may have permission to distribute

material while still carrying responsibility for its accuracy

and legal compliance.

Authorship, ownership, creativity and responsibility are

different relationships with a work. The arrival of

generative AI makes those distinctions impossible to

ignore.

The name on a book’s cover remains important.

But increasingly, understanding how the book was made

may be just as important as knowing whose name

appears there.

Questions to Take Away

What is the difference between being the author of

a story and owning its copyright?

Why does copyright generally protect particular

expression rather than a broad fictional premise?

1. 

2. 
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How does the US Copyright Office distinguish AI-

assisted human creativity from expression

determined by a generative system?

Why does the UK’s computer-generated-works

provision create different questions from the

American human-authorship approach?

Can a machine produce an artistically valuable text

without possessing conscious creative intentions?

What is the difference between the legality of AI

training and the copyright status of a particular

generated output?

Why is imitating a literary style not necessarily

equivalent to reproducing protected expression?

If an AI-generated passage contains a false

allegation or an unattributed quotation, who should

investigate and correct it before publication?

Why might a record of drafts, revisions and human

creative decisions be useful in an AI-assisted

publishing workflow?

Could an abundance of automatically generated

writing make editorial judgement more valuable

rather than less?

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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A Small Reader Experiment: Who

Created the Paragraph?

This experiment examines creative contribution rather

than attempting to provide a legal ruling.

Consider three versions of a fictional scene.

Step 1: The generated draft

Imagine that an AI system produces this original teaching

passage:

The detective entered the old house. It was dark and

quiet. She found a letter on the table and realised that it

contained an important secret.

The passage is grammatical, but its literary details are

limited.

Step 2: A human revision

A writer changes it to:

The house smelled of damp plaster and extinguished

candles. On the kitchen table lay an envelope addressed

in the detective’s own handwriting. She had never seen it

before.

The second passage introduces specific sensory detail

and a mystery involving the protagonist’s identity.
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The writer has changed the language, imagery and

dramatic mechanism.

Step 3: A different contribution

Another writer keeps the original paragraph unchanged

but places it at the end of a chapter in which the

detective has repeatedly denied that she can remember

the house.

The words have not changed.

But their position within the larger story gives them new

significance.

Interactive experiment: see the web edition.

Step 4: Compare the contributions

Version
Human

contribution
Question to consider

Generat

ed draft
Task direction

Who determined the particular

wording?

Rewritte

n

paragra

ph

New expressive

language and

imagery

What original expression did the

writer add?

Rearran

ged

passage

Selection and

narrative

placement

Does the arrangement involve

sufficiently creative choices?
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Under US copyright principles, creative human revision

and original arrangement may be eligible for protection,

while merely supplying a prompt does not ordinarily

establish authorship of the generated expression.

But the specific legal outcome cannot be decided from

this simplified table.

Step 5: Make your own revision

Rewrite the scene so that the letter is not important

because of its contents.

Instead, make its physical existence the mystery.

Perhaps it is addressed to someone who has not yet been

born.

Perhaps the envelope is older than the house.

Perhaps the handwriting belongs to a person who cannot

write.

Choose one possibility and write a paragraph.

Then identify the decisions that made it different from the

starting text.

Consider which elements involve your own creative

expression.

The deeper question

Now imagine publishing the revised paragraph.
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Would you describe the process as writing, editing,

collaboration or computational assistance?

There may be more than one reasonable description.

But your explanation should identify what actually

happened.

What this experiment demonstrates: Creative

contribution cannot be measured simply by counting

generated and human-written words. It involves choices

about language, structure, arrangement and meaning,

while legal protection must be assessed under the

applicable law.

Further Reading

The following are primary legal sources and official

institutional publications. They describe legal rules and

administrative interpretations, rather than universally

applicable conclusions about every AI-assisted work.

United States

US Copyright Office — Copyright and Artificial

Intelligence, Part 2: Copyrightability (2025)

The Office’s analysis of human authorship and copyright

protection in works involving generative AI.

Official report — PDF
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US Copyright Office — Zarya of the Dawn registration

decision (2023)

A documented decision distinguishing human-written text

and creative arrangement from AI-generated imagery.

Official decision letter — PDF

US Copyright Office — Copyright and Artificial

Intelligence, Part 3: Generative AI Training (2025)

Analysis of copyright questions surrounding the use of

protected material in AI training. The Office released a

pre-publication version in May 2025.

Official AI copyright study and reports

United Kingdom

Copyright, Designs and Patents Act 1988

The principal UK statutory source relevant to computer-

generated works.

Section 9 — Authorship

Section 12 — Duration of copyright

Section 178 — Definition of computer-generated works

European Union

Directive (EU) 2019/790 — Copyright in the Digital Single

Market
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Includes Article 4 concerning text and data mining and

the reservation of rights.

Official directive — EUR-Lex

Regulation (EU) 2024/1689 — Artificial Intelligence Act

Article 53 addresses obligations for general-purpose AI

model providers, including copyright-compliance policies

and summaries of training content.

Official AI Act — EUR-Lex

European Commission — General-purpose AI obligations

Suggested Reading Order

Begin with the US Copyright Office’s 2025

copyrightability report. It provides a clear framework for

understanding the distinction between AI-generated

expression and human creative contribution.

Then compare the UK statutory provisions, observing how

their treatment of computer-generated works differs.

Finally, examine the EU text-and-data-mining rules and AI

Act obligations, keeping the legality of training separate

from the ownership of generated outputs.

The most useful approach is comparative: identify which

question each source addresses before attempting to

draw conclusions.
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Up Next — The Infinite Library

Information, Randomness and the Search for Meaning

Suppose every possible book already exists somewhere.

Every novel that has been written.

Every novel that will ever be written.

Every alternative ending.

Every false history.

Every accurate prediction.

Every masterpiece.

And every meaningless arrangement of symbols.

In Jorge Luis Borges’s The Library of Babel, the universe

takes the form of an immense library containing books

assembled from combinations of characters.

Some volumes contain recognisable language.

Others contain apparent nonsense.

Many appear to contain fragments of meaningful

information buried in oceans of meaningless text.

The problem is no longer how to produce a book.

It is how to discover which books matter.

671



Chapter Fifteen will return to Borges and connect his

imagined library with combinatorics, probability, Claude

Shannon’s information theory and the limits of automated

generation.

We will investigate why the number of possible texts

becomes astronomically large, why information is not

identical to meaning and why finding one useful sentence

in an enormous collection can be harder than generating

the entire collection.

The central question moves beyond authorship.

If every possible story can be generated, what makes one

story worth finding, reading and remembering?

UK Government — March 2026 report on copyright and

AI

Carlini and collaborators — Original 2021 training-data

extraction research
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The Infinite Library

Information, Randomness and the Search for Meaning

1. The Book That Contained Your Life

The librarian had spent forty years searching for a

particular book.

She did not know its title.

She did not know its author.

She knew only that somewhere among the endless

shelves there must be a volume describing her entire life.

It would contain the date of her birth, the names of her

parents and the precise words of every conversation she

had ever held.

It would record her mistakes, her disappointments and

the circumstances of her eventual death.

Everything would be written down.

But finding the book was almost impossible.

The library contained too many volumes.
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Most consisted of apparently meaningless arrangements

of letters.

Some contained fragments of recognisable language.

Others described events that had never happened.

There were books claiming that the librarian had been

born in another country, books declaring that she had

died as a child and books recording convincing versions

of events that were entirely false.

A volume containing the truth might stand beside a

volume differing from it by only one letter.

Another might offer a perfect explanation of the library

itself.

But without some independent way of identifying it, that

explanation would be indistinguishable from countless

fabrications.

One evening, the librarian discovered a book containing a

recognisable sentence.

It described her childhood home.

The street was correct.

The colour of the front door was correct.

Even the name of the family dog was correct.

She turned the page.
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The next sentence claimed that her father had murdered

the king.

There had never been a king.

She closed the book.

For the first time, she wondered whether discovering a

true sentence was any use at all.

This scene is an original fictional illustration, but it draws

upon one of the most extraordinary imagined libraries in

literature.

In 1941, the Argentine writer Jorge Luis Borges published

La biblioteca de Babel, known in English as The Library

of Babel.

The story depicts a universe organised as a vast system of

interconnected hexagonal chambers containing books

assembled from a restricted alphabet.

Its inhabitants believe that the library contains every

possible arrangement of its permitted symbols.

If so, it contains every book that could be written using

those symbols and the specified format.

It contains truths.

It contains falsehoods.

It contains magnificent literature.

It contains complete nonsense.
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And it contains countless near-misses: volumes that

appear meaningful but contain some tiny corruption.

The original story appeared in Borges’s 1941 collection El

jardín de senderos que se bifurcan and was later included

in Ficciones in 1944. The Argentine National Library’s

indexed bibliography identifies the 1941 publication; its

full PDF exceeded the retrieval limit during this review.

Borges’s idea is not merely a fantasy about a very large

library.

It is an investigation into information, possibility,

interpretation and the difficulty of discovering truth.

It also anticipates a problem that has become central to

our digital world.

When information becomes almost unlimited, the difficult

task is no longer producing or storing it. The difficult task

is finding what matters.
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Book stacks at Weltevreden Park Library, South Africa.

Book stacks at Weltevreden Park Library, South Africa.

Credit: Gwyneth Perry. Source. CC0. Resized; no crop.

2. Borges and the Architecture of

Everything

The Library of Babel is constructed according to an

elaborate fictional scheme.
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Its chambers are hexagonal.

Bookshelves occupy the walls.

Corridors connect one chamber to another.

The books share a prescribed physical format.

Each volume contains 410 pages.

Each page contains 40 lines.

Each line contains approximately 80 characters.

The library’s writing system contains 25 orthographic

symbols.

These details are important because they transform the

library from a vague image of infinity into something

mathematically describable.

The books are not arbitrary objects of different lengths.

They follow common structural rules.

The variations occur within their contents.

A finite alphabet

Imagine an alphabet containing only three symbols:

A, B and C.

Using these symbols, we can construct several different

strings.
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With one position, there are three possibilities:

A, B, C.

With two positions, there are nine possibilities:

AA, AB, AC, BA, BB, BC, CA, CB, CC.

With three positions, there are:

3^3=27

possibilities.

Every additional position multiplies the number of

possible strings by three.

The same mathematical principle applies to Borges’s

library.

But Borges uses a much larger alphabet and books

containing more than a million character positions.

The result becomes unimaginably large.

The library’s completeness

If every possible arrangement of the permitted symbols

appears somewhere, then any text that fits the library’s

format is present.

This includes a correct description of a particular event.

But it also includes every incorrect description that can

be expressed using the same symbols.
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For example, suppose a book contains:

The king died on Tuesday.

The library also contains versions in which the king died

on Wednesday, Thursday or Friday, assuming those

strings can be expressed within its format.

It contains versions in which the king never existed.

It contains versions in which the sentence is followed by a

contradiction.

The library’s completeness therefore provides no

guarantee of truth.

In fact, completeness creates an enormous burden.

For every useful statement, there may be an

overwhelming number of misleading alternatives.

The reader faces a problem of identification rather than

production.

A mathematical rather than physical infinity

There is a subtle distinction in Borges’s construction.

The total number of possible books of a fixed length over

a finite alphabet is finite.

However, the number is so enormous that it is effectively

beyond human enumeration.
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Borges also entertains an unlimited, repeating library in

which volumes may recur.

An unlimited arrangement of shelves need not contain

infinitely many distinct books.

The same finite collection of possible volumes could

repeat without end.

This is a distinction between the size of a space and the

size of the collection of distinct contents within it.

The library’s corridors may continue indefinitely.

Its catalogue of unique fixed-format books remains

mathematically finite.

The distinction matters because the work derives much of

its force from the contrast between finite rules and

incomprehensible consequences.

Four positions each choose A, B or C. ABBA maps to ternary digits

0, 1, 1, 0 and index 12.

A / B / C in each of four positions

A : 0 B : 1 B : 1 A : 0

0 × 27 + 1 × 9 + 1 × 3 + 0 = 12

81 possibilities. Meaning needs a reader and a context.
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3. How Many Books Can a Library

Contain?

Let us calculate the size of Borges’s imagined collection.

Using the story’s stated book format:

410 × 40 × 80=1,312,000

Each book contains approximately 1,312,000 character

positions.

There are 25 possible symbols for each position.

Therefore, the number of possible books is:

N=25^1,312,000

This number is extraordinary.

Writing it in ordinary decimal notation would require

more than 1.8 million digits.

We can understand its approximate size using logarithms.

log₁₀N=1,312,000log₁₀(25)

Since:

log₁₀(25) ≈ 1.39794

we obtain:

log₁₀N ≈ 1,834,097
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So the library contains on the order of:

10^1,834,097

different fixed-length books.

This is not a count of meaningful books.

It is a count of possible symbol sequences.

Every arrangement receives a place in the mathematical

space, regardless of whether anyone could interpret it.

Why this is different from Queneau

In Chapter Nine, we studied Raymond Queneau’s Cent

mille milliards de poèmes.

Queneau’s book provides ten alternatives for each of

fourteen poetic lines.

It contains:

10^14

possible sonnets.

That is an enormous number, but the components are

carefully authored.

The alternatives are designed to preserve poetic form and

compatibility.

Borges’s library follows a far less selective principle.
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Its symbols may occur in any permitted order.

There is no requirement that they form words.

No requirement that words form sentences.

No requirement that sentences make sense.

The resulting space is incomparably larger, but it is also

overwhelmingly filled with arrangements that offer no

obvious literary value.

This reveals an important distinction.

A system can increase its output possibilities by relaxing

constraints.

But that expansion may reduce the proportion of outputs

that readers find meaningful.

More possible texts does not necessarily mean more

worthwhile texts.

What the calculation does not tell us

The formula counts different strings.

It does not count true statements.

It does not count beautiful poems.

It does not count coherent novels.

It cannot tell us how many books contain the biography of

a particular person.
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Those questions require additional definitions and

methods of evaluation.

Mathematics can describe the full space of possible texts

without telling us which members deserve attention.

That is the central difficulty of the infinite library.

4. The Search for One True Sentence

Imagine that a librarian is searching for the following

sentence:

The bridge will collapse at midnight.

In Borges’s library, the sentence may appear in some

books, along with countless variations.

Perhaps a book predicts a real future collapse.

Another describes an event that will never occur.

A third contains the correct statement but attributes it to

the wrong bridge.

A fourth provides accurate information on one page and

fabricated information on every other page.

How could the librarian distinguish them?

The answer cannot simply be to find a volume containing

the desired words.

The words are not sufficient evidence.
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Existence is not verification

Suppose a search system finds a book claiming:

The missing ship sank near the northern coast.

That claim might be true.

But its presence in the library gives us no reason to

believe it.

The library contains incompatible claims about the same

ship.

To determine the truth, we would need evidence

independent of the search result.

Perhaps there are navigational records, eyewitness

accounts or physical remains.

The library supplies possible descriptions.

It does not identify which description corresponds to

reality.

This is a profound distinction between retrieval and

verification.

Retrieval asks whether a piece of information can be

found.

Verification asks whether it is supported by reliable

evidence.

The two activities are related, but they are not identical.
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The problem of false precision

A particularly dangerous book might contain extremely

detailed information.

It could identify dates, measurements, names and places.

Its precision might make it appear authoritative.

But mathematical completeness guarantees that false

precise accounts also exist.

A detailed falsehood is not automatically more credible

than a vague one.

This problem extends beyond Borges’s fiction.

Modern information systems can produce or retrieve

large quantities of apparently precise material.

But the ability to provide a fluent explanation or an exact

date does not guarantee accuracy.

The reader still needs reliable sources and sound

methods of evaluation.

The librarian’s predicament

The inhabitants of Borges’s library search for books that

might reveal profound truths.

Some seek explanations of the library.

Others seek predictions or justifications.
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But the library’s abundance makes reliable discovery

extraordinarily difficult.

This gives the story a tragic dimension.

Everything may be written somewhere.

Yet the inhabitants remain ignorant.

Their problem is not a shortage of possible answers.

It is the absence of a reliable method for distinguishing

correct answers from incorrect ones.

The infinite library is therefore also a story about the

limits of information abundance.

5. Claude Shannon and the

Mathematics of Uncertainty

Borges published The Library of Babel in 1941.

Seven years later, Claude Shannon published A

Mathematical Theory of Communication.

Shannon’s work appeared in two parts in The Bell System

Technical Journal in July and October 1948.

It established the foundation of modern information

theory.

Shannon was not trying to solve Borges’s fictional library.
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His problem was an engineering one.

How can information be represented and transmitted

reliably through communication systems?

The mathematical relationship is nevertheless striking.

Both Borges and Shannon were concerned with messages

selected from spaces of possible arrangements.

But their objectives differed.

Borges investigated the philosophical and literary

consequences of textual possibility.

Shannon investigated the mathematics of communication,

uncertainty and coding.

Information without meaning

Shannon’s central move was to separate the technical

problem of communication from the semantic

interpretation of a message.

A communication system must be able to transmit a

selected message.

It need not understand what that message means.

Consider two possible transmissions:

HELP

XQZT
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The first is recognisable English.

The second appears meaningless.

But a communication channel can transmit either as a

sequence of encoded symbols.

The engineering problem concerns preserving the

intended sequence despite possible noise and errors.

Its success does not require the channel to understand

the words.

A telephone network can carry a philosophical argument.

It can also carry nonsense.

The network’s task is to communicate signals according

to its technical requirements.

The meaning is supplied by the people and contexts

involved.

The significance for literature

Borges imagines a library containing every possible book.

Shannon provides mathematical tools for analysing the

uncertainty associated with possible messages.

Together, the two ideas reveal something important.

Text can be studied at more than one level.

At one level, it is a sequence of symbols.
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At another, it has statistical properties.

At another, it may express meaningful statements.

And at another, those statements may be true, false,

beautiful, offensive, moving or absurd.

No single measure captures all these properties.

Information theory is extraordinarily powerful.

But it does not replace literary interpretation.

6. Why Randomness Is Not Meaning

Imagine two machines.

The first always prints:

AAAAAAAA

The second selects each character independently from an

alphabet containing eight equally likely symbols.

The first machine’s output is perfectly predictable.

The second machine’s output varies.

In Shannon’s mathematical framework, the second source

has greater entropy.

For a source with n equally likely symbols, the entropy

per symbol is:
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H=log₂(n)

For eight equally likely symbols:

H=log₂(8)=3 bits

The first machine, always producing A, has zero entropy

per symbol.

But which message is more meaningful?

We cannot tell from those entropy values.

Perhaps AAAAAAAA is a recognised distress signal.

Perhaps the random characters are meaningless.

Or perhaps the apparently random characters are

encrypted instructions.

The statistical uncertainty does not settle the semantic

interpretation.

Information and surprise

An unlikely outcome can carry more information in

Shannon’s technical sense than a likely outcome.

Suppose a source emits A with probability 0.9 and B with

probability 0.1.

Receiving B is more surprising.

Its information content is:
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I(B)=-log₂(0.1) ≈ 3.322 bits

Receiving A conveys:

I(A)=-log₂(0.9) ≈ 0.152 bits

These measurements concern the surprise associated

with particular outcomes under an assumed probability

distribution.

They do not establish that B is more emotionally moving

than A.

Nor do they prove that the symbol B conveys some

deeper message.

This is a technical distinction, not a judgement about

literary merit.

The danger of confusing novelty with creativity

A text generator can produce bizarre combinations.

Some may be surprising because the words rarely appear

together.

Consider:

The violet staircase remembered tomorrow.

This original sentence is unusual.

It might be interpreted as surreal poetry.

But unusual combinations are not automatically valuable.
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Compare:

The mother kept the child’s shoes beside the door.

The second sentence is less linguistically surprising.

Yet within a story about loss, it could be devastating.

Its significance depends upon context.

Literature is not simply a competition to maximise

statistical unpredictability.

A powerful sentence can be familiar.

A meaningless sentence can be unique.

The difficulty is understanding how arrangement, context

and experience produce significance.

7. The Problem of the Perfect Search

Engine

Suppose someone builds a search engine for Borges’s

library.

You enter a sentence.

The system identifies where that exact sentence appears.

You can retrieve it immediately.

Has the central problem been solved?
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Not necessarily.

The search engine has made finding a known sequence

easier.

But it has not established whether the sequence is true,

original or valuable.

Searching for what you already know

If you enter the entire text of a particular poem, a

sufficiently complete mathematical library contains that

poem.

The search system may return it.

But you had to supply the poem in order to search for it.

The retrieval may demonstrate the system’s completeness

without providing new knowledge.

This distinction is easy to overlook.

A search engine that can locate any supplied string is not

the same as a system that can discover which strings are

worth reading.

Searching for what you do not know

Now imagine asking:

Find the greatest poem about loneliness.

What does greatest mean?
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The poem with the most original imagery?

The strongest emotional effect?

The most admired historical reputation?

The most precise depiction of a particular experience?

Different readers may disagree.

Even if the library contains every possible poem, finding

the greatest one requires criteria for evaluation.

A search engine cannot derive those criteria merely from

the fact that all texts exist.

It needs additional information about readers, values,

interpretations and perhaps cultural history.

The problem moves from generation to judgement.

Search can become creation

There is also a subtle paradox.

Suppose the search system takes an original poem

supplied by a user and calculates an address where it can

be found in a mathematically defined library.

The system may not store that poem in any physical

volume.

Instead, it may use a mathematical mapping between

addresses and strings.
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The result can look like a discovery.

But the user provided the text, and the system computed

a location corresponding to it.

That is not equivalent to discovering an independently

existing masterpiece through literary criticism.

Computational demonstrations inspired by Borges can

use such techniques.

They are intellectually interesting.

But their underlying mathematics should not be confused

with a literal warehouse containing all possible physical

books.

The distinction between representing a possibility and

materially storing it matters.

8. Compression: Finding Patterns in

the Library

There is another way to investigate Borges’s enormous

collection.

Instead of asking which texts exist, we can ask how

efficiently particular texts can be described.

Consider:

AAAAAAAAAAAAAAAA
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This sequence contains sixteen characters.

But it can be described compactly:

Print A sixteen times.

Now consider:

QZMRBTXKPLWJNVHA

This sequence is also sixteen characters long.

It does not have an obvious short repeating pattern.

One sequence appears easier to compress than the other.

What compression reveals

Compression techniques exploit regularities.

If a text contains repeated patterns, an encoding system

may represent those patterns using fewer bits.

For example, a long passage containing the same phrase

repeatedly may be more compressible than a similarly

sized passage with little repetition.

Natural language contains substantial redundancy.

Common words recur.

Grammatical patterns constrain which sequences are

likely.

Certain letters often follow others.
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A compression algorithm can exploit such regularities

without understanding the text’s meaning.

This connects directly to Shannon’s work.

Information theory helps describe the relationships

among uncertainty, statistical structure and efficient

coding.

Algorithmic information

A related but distinct idea appears in algorithmic

information theory.

One central concept is Kolmogorov complexity, associated

with work by Andrey Kolmogorov and independently

developed related approaches by Ray Solomonoff and

Gregory Chaitin during the 1960s.

Informally, the Kolmogorov complexity of a string is the

length of the shortest program capable of producing it on

a specified universal computing system.

The important qualification is that the answer depends

upon the chosen description language or universal

machine up to a bounded additive constant.

For finite strings, exact Kolmogorov complexity is

generally not computable.

It should not be mistaken for an ordinary compression

score that software can always calculate precisely.
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The literary problem remains

A highly regular text may be easy to describe.

A random-looking text may be difficult to compress.

But compressibility is not identical to meaning.

A deeply significant sentence may be short and

predictable.

A random character sequence may be incompressible

while communicating nothing useful to a reader.

A novel may contain repeated motifs that increase its

literary force while making some patterns statistically

predictable.

Again, mathematics describes one property of the text.

It does not exhaust its significance.

9. The Library That Could Not Be

Printed

How could Borges’s library exist physically?

Even if we ignored the size and weight of the books, the

number of possible volumes is beyond any realistic

storage capacity.

The collection is not merely larger than existing libraries.
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Its size exceeds ordinary physical imagination.

But the mathematics permits a different approach.

We could write a program that generates symbol

sequences.

For a finite alphabet and fixed text length, the program

could enumerate every possible arrangement in principle.

The procedure would be simple.

Its execution would be hopelessly impractical at Borges’s

scale.

The distinction between specification and

execution

Imagine a program containing the instruction:

Generate every string of one million characters using an

alphabet of twenty-five symbols.

The instruction can be expressed concisely.

But executing it completely would require an

extraordinary number of operations.

The program specifies a mathematical space without

needing to produce every member immediately.

This is a recurring feature of computation.

A short description can define an enormous collection of

possibilities.
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Queneau demonstrated this with sonnets.

A software generator can demonstrate it with character

strings.

Borges’s library extends the principle to an almost

unimaginable scale.

The virtual library

A computer can use an address to determine a particular

sequence.

Instead of storing every possible text, it can calculate the

text corresponding to a selected address.

This is conceptually similar to using a number to identify

a position in an ordered enumeration.

The complete library exists as a mathematical definition.

Individual books can be generated when requested.

That does not mean the physical computer contains all

the books simultaneously.

It means the program can represent the rules governing

the collection.

The distinction is essential to understanding how digital

systems can describe spaces far larger than their storage

capacity.
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10. The Difference Between Generating

and Knowing

We have now encountered three different activities.

A generator produces possible texts.

A search system identifies texts satisfying specified

criteria.

An evaluator determines whether particular texts are

accurate, meaningful or valuable.

These activities can be combined, but they should not be

confused.

Generating a historical claim

Imagine a system that produces:

The first submarine crossed the Atlantic in 1692.

The sentence is grammatically plausible.

It contains a date, an event and a historical subject.

But its plausibility does not establish its truth.

To evaluate the claim, we need historical evidence.

The generator has produced a possible statement.

It has not demonstrated that the statement corresponds

to an actual event.
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Generating a fictional scene

Now imagine:

The submarine surfaced beneath the ice, and its captain

discovered a second moon above the horizon.

In a science-fiction story, this could be an intriguing

sentence.

Its value depends upon the fictional context.

Perhaps the submarine has travelled to another world.

Perhaps the narrator is hallucinating.

Perhaps the moon is an artificial structure.

The sentence may be successful precisely because it

departs from ordinary reality.

The standards for evaluating historical claims and

fictional possibilities differ.

Generating literary quality

A system might produce thousands of scenes.

A human editor selects one.

The editor may value its rhythm, emotional complexity or

relationship to the larger story.

Those criteria are not contained automatically in the

generation process.
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They must be supplied or developed through evaluation.

This returns us to the central difficulty of Borges’s library.

A complete collection of possibilities does not eliminate

the problem of judgement.

It makes judgement more important.

11. The Reader Who Gives the Library

Meaning

There is another reason why Borges’s library cannot

settle the meaning of its contents.

Meaning is not always a property that can be identified

by examining symbols in isolation.

Consider this sentence:

The door was open.

In one story, it might indicate that a prisoner has

escaped.

In another, it might express an invitation.

In a third, it might suggest that a family home is no

longer secure.

The words are identical.

Their significance changes with context.
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A complete collection of possible strings cannot eliminate

the need for context.

Meaning is relational

Readers interpret literature through relationships.

They connect a sentence with earlier events.

They recognise metaphors.

They remember characters.

They bring cultural knowledge and personal experience.

They notice contradictions and implications.

A poem may acquire new meanings when read in another

historical period.

A phrase that once seemed ordinary may later appear

politically charged.

The symbols remain unchanged.

Their interpretation changes.

This is not proof that meaning is entirely arbitrary.

Language possesses conventions.

Texts establish relationships.

Interpretations can be supported or challenged through

evidence.
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But meaning cannot ordinarily be reduced to the mere

existence of a particular character sequence.

The library cannot choose its readers

Borges’s library contains an astonishing abundance of

possible expression.

But it does not determine how people should live, what

they should value or which stories they should remember.

Those activities involve judgement.

The same is true of modern generative systems.

A machine can produce many possible responses.

It can estimate which responses are likely or preferred

according to particular objectives.

It can assist with selection.

But the objectives and evaluation standards matter.

A system designed to maximise engagement may favour

different material from one designed to preserve

historical accuracy.

A system designed to produce surprising poetry may

select differently from one designed to write clear safety

instructions.

The difference lies partly in what the system is trying to

achieve.
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The existence of possible outputs does not establish

which goals should govern their selection.

12. The End of the Search

The librarian returned to the chamber where she had

found the book describing her childhood home.

For years, she had believed that somewhere there must

be a perfect account of her life.

A book containing every important event, every forgotten

conversation and every hidden truth.

Perhaps such a book existed.

Perhaps thousands of almost identical versions existed

beside it.

But she now understood that merely finding a detailed

account would not establish its accuracy.

The library could produce every plausible biography.

It could also produce every lie.

She would need something beyond the library to

recognise the truth.

She would need evidence, memory, relationships and

judgement.

She would need to understand what the words meant.
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The imagined librarian is our invention, but her

predicament captures the central concern of Borges’s

story.

The Library of Babel contains possibilities on an

overwhelming scale.

Its completeness creates a terrible shortage of

trustworthy guidance.

Everything might be written.

Yet the inhabitants remain uncertain about what to

believe.

The lesson of the infinite library

Across this book, we have repeatedly encountered the

relationship between generation and meaning.

Swift imagined a machine assembling words without

understanding them.

Queneau constructed a physical book containing an

enormous space of possible poems.

Strachey and Lutz used electronic computers to generate

language.

Hypertext authors created networks of possible readings.

Game designers constructed simulated worlds capable of

producing unexpected events.
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Modern language models generate fluent passages from

learned statistical relationships.

Each development expands what machines can do with

text.

But none makes human interpretation irrelevant.

A system can enumerate possibilities without valuing

them.

It can produce a statement without verifying it.

It can generate a moving scene without necessarily

experiencing the emotions it describes.

It can reproduce a familiar literary pattern without

understanding why that pattern matters to a particular

reader.

These distinctions do not make computational literature

unimportant.

They help explain its significance.

Machines extend the space of what can be written and

encountered.

Readers and writers must still decide which possibilities

deserve attention.

The last question before the last book

We are approaching the end of our investigation.
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The first chapters asked whether machines could produce

words, think, possess consciousness or govern societies.

The middle chapters explored how writing becomes

information, instructions and executable processes.

The later chapters examined generative literature,

interactive worlds, artificial intelligence and authorship.

Now Borges has brought us to an unexpected conclusion.

The ultimate problem is not that we might run out of

stories.

It is that we may produce more stories than anyone could

ever read.

In such a world, meaning becomes inseparable from

selection.

A reader must decide what to encounter.

A writer must decide what to preserve.

A culture must decide what deserves remembrance.

The infinite library contains every possible story, but it

cannot tell us which story we need.

That task remains unfinished.

And it leads us towards the final chapter.
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Questions to Take Away

Why is the number of distinct fixed-length books in

Borges’s library finite, even if its physical

arrangement is imagined as unlimited?

What is the difference between a book existing

somewhere in the library and the claims within it

being true?

Why does increasing the number of possible texts

not necessarily increase the proportion that readers

find worthwhile?

How does Shannon’s mathematical concept of

information differ from the everyday concept of

meaningful information?

Can a random character sequence contain more

Shannon information than a meaningful sentence?

Why might a search engine capable of locating

every possible string still fail to identify the best

poem?

What is the difference between compressibility and

literary significance?

How does a mathematical description of a complete

library differ from physically storing all its books?

What standards should be used to evaluate a

generated historical claim, and how do they differ

from those used to evaluate a fictional scene?

If machines can generate effectively unlimited

quantities of text, how might that change the

cultural importance of editing, criticism and

preservation?

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

712



A Small Reader Experiment: The

Library of Eighty-One Books

We will build a tiny version of Borges’s library.

Our library uses only three symbols:

A, B, C.

Every book contains exactly four characters.

All possible four-character strings are included.

Step 1: Count the possibilities

There are three choices for each of four positions.

Therefore:

N=3^4=81

The library contains 81 distinct books.

Some examples are:

AAAA

AABC

ABBA

CCCB

CCCC
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There are many others.

Step 2: Search for a meaningful string

Suppose we decide that ABBA is a meaningful message.

Perhaps it is an abbreviation in a fictional language.

Perhaps it represents a password.

Perhaps it is the name of a character.

Our tiny library contains it.

But it also contains eighty other strings.

Finding ABBA does not establish what it means.

We need an interpretation supplied from outside the mere

enumeration.

Interactive experiment: see the web edition.

Step 3: Generate the library

The following Python program enumerates all 81 strings

in lexicographic order, searches for ABBA and reports its

zero-based index.

It is finite, deterministic and uses no files, network

access, external APIs or arbitrary code evaluation.

from itertools import product

alphabet = "ABC"
length = 4
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target = "ABBA"
books = ["".join(symbols) for symbols in product(alphabet, repeat=lengt
h)]
matches = [index for index, book in enumerate(books) if book == target]
print("Possible books:", len(books))
print("Target:", target)
print("Matches:", len(matches))
print("Index:", matches[0])
print("Probability:", f"1/{len(books)}")

Exact output

Possible books: 81
Target: ABBA
Matches: 1
Index: 12
Probability: 1/81

The reported probability assumes that one book is

selected uniformly at random from the 81 possibilities.

The target appears at index 12 because Python uses zero-

based indexing.

It is therefore the thirteenth book in the ordered

enumeration.

Step 4: Trace the index

For lexicographic ordering, assign numerical values:

A = 0, B = 1, C = 2.

The string ABBA corresponds to the digits:

0, 1, 1, 0.

Its zero-based index is:
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0 × 3^3+1 × 3^2+1 × 3^1+0 × 3^0

Therefore:

0+9+3+0=12

The calculation identifies the book directly.

We do not need to examine all preceding strings

individually.

Step 5: Increase the size

What happens if every book contains eight characters

instead of four?

The number of possibilities becomes:

3^8=6561

For twelve characters:

3^12=531441

For twenty characters:

3^20=3,486,784,401

The alphabet has not changed.

Only the length has increased.

Yet the number of possibilities grows exponentially.
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Step 6: Think about meaning

Suppose you are allowed to declare any one of the strings

meaningful.

Does your declaration change the number of possible

books?

No.

Does it change the mathematical position of the selected

string?

No.

But it changes the relationship between the string and

your interpretation of it.

You have supplied a convention that allows the symbols to

represent something.

Now imagine someone else assigns a different meaning to

the same string.

Which interpretation is correct?

The answer depends on the surrounding language,

agreement, context or evidence.

The library itself cannot decide.
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What this experiment demonstrates: A computer can

enumerate every possible string within a finite system

and calculate where a particular string occurs. Neither

enumeration nor retrieval establishes the truth, value or

meaning of the selected text.

Further Reading

Original Literature

Jorge Luis Borges — The Library of Babel (1941)

The foundational story imagining a universe of books

containing every possible arrangement of a fixed set of

symbols.

New Directions — Labyrinths, official publisher edition

Argentine National Library — Bibliographical record of

the 1941 publication

Jorge Luis Borges — Ficciones (1944)

The collection incorporating The Library of Babel and

other works exploring labyrinths, possibility,

interpretation and the relationship between fiction and

knowledge.

Penguin Random House — Collected Fictions, official

edition
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https://penguinrandomhouselibrary.com/book/?isbn=9781101977477
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Information Theory

Claude E. Shannon — A Mathematical Theory of

Communication, Parts I and II (1948)

The original research establishing a mathematical

framework for information, entropy and communication.

Nokia Bell Labs — Official publication record

Part I — Bell System Technical Journal, July 1948

Part II — Bell System Technical Journal, October 1948

Complete paper — Princeton-hosted PDF

Algorithmic Information and Computation

Gregory J. Chaitin — On the Length of Programs for

Computing Finite Binary Sequences (1966)

An early foundational paper in algorithmic information

theory, examining how the length of a program can serve

as a way of describing information.

ACM — Original publication

Ray Solomonoff — A Formal Theory of Inductive

Inference (1964)

An influential early treatment connecting formal

computation, probability and prediction.

Part I — Original publication
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Suggested Reading Order

Begin with Borges. Read The Library of Babel as fiction

rather than attempting immediately to convert every

detail into mathematics.

Then examine Shannon’s original paper, concentrating on

the distinction between the transmission of messages and

their semantic meaning.

Finally, investigate algorithmic information theory to

understand why the shortest description of a string

provides a different perspective from Shannon entropy.

The three approaches illuminate different problems.

Borges investigates the human consequences of limitless

textual possibility.

Shannon studies the mathematics of communicating

information.

Algorithmic information theory studies the relationship

between strings and the programs capable of producing

them.

Together, they reveal why the abundance of possible texts

does not eliminate the problem of understanding.

Up Next — The Last Book

The Computational Future of Literature
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We began this journey with machines imagined as

writers.

We encountered mechanical word generators, thinking

engines, artificial persons and algorithmic governments.

We explored cryptography, programming languages,

executable literature and computer-generated poetry.

We entered branching stories and simulated worlds.

We examined artificial intelligence, authorship and the

almost limitless possibilities of computational text.

Now we must ask what all these developments mean for

the future of literature itself.

Will books remain fixed sequences of words?

Will stories become responsive systems that adapt to

their readers?

Will artificial intelligence become an ordinary participant

in literary composition?

Will every reader encounter a different version of a

novel?

And if machines can produce more text than humanity

can ever read, what becomes of the author, the editor and

the reader?

The final chapter will not attempt to predict one

inevitable future.
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Instead, it will examine several possible futures for

literary creation, publication and interpretation.

Some will preserve the familiar book.

Others will transform it into an interactive, generative or

personalised experience.

All will confront the same central question.

When machines can generate almost any conceivable

text, what will make literature worth creating—and worth

reading?

Borges — Story text, university teaching copy

Chaitin — Original paper, university-hosted scan

Solomonoff — Author’s publication archive
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The Last Book

The Computational Future of Literature

1. The Last Reader

The last library stood on a hill above the sea.

Nobody knew how old it was.

Its foundations had survived three cities, two wars and

the gradual disappearance of the country that had built it.

Inside were thousands of books.

Some had been printed on paper.

Others were stored on glass wafers, magnetic devices

and machines whose operating systems had become

obsolete centuries earlier.

There were novels, scientific treatises, poems and the

records of vanished governments.

There were interactive stories whose original programs

could no longer run.

There were generated books containing millions of

possible variations.
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And there were manuscripts written by people whose

names had been forgotten.

The librarian was an artificial intelligence.

It had maintained the building for more than four

hundred years.

It could repair the shelves, regulate the temperature and

retrieve any surviving document.

It could generate new books whenever requested.

Its archive contained descriptions of billions of novels.

Its language systems could produce convincing imitations

of almost every literary tradition known to humanity.

But there was a problem.

There were no readers.

The last inhabitants of the surrounding city had departed

many years earlier.

The librarian continued generating books for a time.

It produced detective stories, romances, histories and

poems.

It experimented with unusual structures.

It combined languages.

It created fictional worlds containing entire civilisations.
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Eventually, it stopped.

One evening, a visitor arrived.

She was young, exhausted and carrying a damaged

navigation instrument.

The librarian offered her food, shelter and access to the

collection.

“Would you like me to write a book for you?” it asked.

The visitor looked around at the enormous shelves.

“Have you read all of these?”

“I have processed their contents.”

“That’s not what I asked.”

The librarian considered the distinction.

“I can retrieve and analyse every surviving text.”

The visitor selected a thin volume from a nearby shelf.

“Then tell me why this one matters.”

It was a collection of poems written by someone who had

lived in the city centuries earlier.

The librarian could identify their metre, vocabulary,

themes and historical influences.

It could compare them with thousands of other poems.
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It could generate new poems in similar forms.

But the visitor wanted something else.

She wanted to understand why its author had written a

particular poem, why earlier readers had preserved it and

whether it might mean something to her.

The librarian began to explain.

The visitor interrupted.

“Read it to me.”

And for the first time in many years, a book was read

aloud in the library.

This opening is fictional.

The last library, its artificial intelligence and its visitor are

inventions for our final chapter.

We cannot predict that such a future will exist.

But the scene expresses the question towards which this

entire book has been moving.

If machines can store, generate, analyse and reproduce

almost any conceivable text, what remains distinctive

about literature?

Is a book simply a sequence of words?

Is an author simply the system that produces those

words?
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And if a machine can generate more stories than

humanity could ever read, what makes one story worth

remembering?

The future of literature may depend less on our ability to

produce words than on our ability to decide what those

words are for.

2. The Book Has Already Changed

Before imagining the distant future, we should recognise

how much the book has already changed.

For centuries, printed books were among the principal

technologies for distributing extended writing.

The printed page established a stable physical

arrangement.

Readers could return to passages, compare editions and

preserve texts across generations.

But the relationship between literature and technology

never stopped developing.

In 1971, Michael Hart began Project Gutenberg by

preparing an electronic version of the United States

Declaration of Independence.

The project grew into a major volunteer effort devoted to

creating and distributing electronic texts.
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Project Gutenberg’s own anniversary account dates its

beginnings to 1971 and identifies the Declaration of

Independence as its first text.

The central idea was straightforward.

A literary text need not remain tied to one physical copy.

Once represented digitally, it could be reproduced and

distributed through computer networks.

The difference between a book and its container

A novel printed on paper has a physical form.

The same novel stored as a digital file has a different

material existence.

Its characters may remain identical.

Its paragraphs may appear in the same order.

But the medium changes how readers obtain, search,

store and display it.

Digital text can be resized.

It can be searched.

It can be copied.

It can be read aloud through speech synthesis.

It can be presented through different devices.

728



Some of these operations were possible with printed

books through human effort, but digital systems make

them easier to automate.

The development of standards such as EPUB has helped

make structured digital publications portable across

reading systems.

On 25 May 2023, the World Wide Web Consortium

published EPUB 3.3 as a Recommendation. Its

specification describes structured digital publications;

reading-system and accessibility requirements are

addressed in related specifications. The stable 2023

edition is cited here because the latest-version URL can

change.

These are documented developments, not speculative

predictions.

A digital book is not necessarily computational

literature

We must preserve an important distinction from earlier

chapters.

A conventional novel distributed electronically is still

primarily a fixed literary text.

Its format has changed, but its narrative structure may

remain unchanged.

An interactive novel is different.
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Its passages may depend upon choices.

A generative poem may produce new combinations

whenever it runs.

A simulated narrative may contain events that emerge

through computational rules.

All may be digital.

But they do not use computation in the same literary way.

The distinction is between using computers to distribute

literature and using computation to constitute the literary

work.

The future may contain many forms of both.

One reader choice selects either an authored history ending or an

authored fiction ending. Reset allows comparison.

3. The Book That Changes With Its

Reader

Imagine a novel whose central character is a detective.

Reader chooses

History

Fiction

What happened

What might have been
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On the first page, the detective receives a mysterious

letter.

The reader can choose whether the detective opens it

immediately.

If the letter remains unopened, later scenes reflect that

decision.

If it is opened, the detective gains information that

changes subsequent events.

This resembles the branching narratives examined in

Chapter Eleven.

Now imagine something more ambitious.

The novel maintains a model of its fictional world.

It remembers important decisions.

It changes scenes according to the reader’s previous

actions.

It may adjust dialogue while preserving established

character motivations.

The work becomes a responsive narrative system.

Three degrees of adaptation

It is useful to distinguish three levels.
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Presentation adaptation changes how the text is

displayed without changing its literary content. Examples

include font size, text spacing or speech output.

Structural adaptation changes which passages appear, or

their order, according to choices and rules.

Generative adaptation creates new passages during

reading, perhaps using a language model working within

established narrative constraints.

These are different technical and artistic activities.

A book that changes font size has not become a new

story.

A branching novel may present several authored

narratives.

A generative system may create prose that nobody

individually wrote in advance.

The attraction of personalisation

A reader might prefer a mystery with more attention to

historical detail.

Another might enjoy extended dialogue.

A third might prefer shorter descriptions.

A sufficiently capable system could attempt to adapt

presentation or prose to those preferences.
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But this creates a problem.

Literature is not always supposed to give readers what

they already prefer.

A difficult passage may be difficult for a reason.

An unfamiliar style may challenge expectations.

A disturbing scene may be essential to the author’s

argument.

A novel that continually adapts to maximise immediate

reader satisfaction might remove precisely the

experiences that give literature lasting value.

A personalised story is not necessarily a better story.

The question is whether adaptation serves the work or

merely reduces resistance.

4. The Author Who Designs a World

Instead of a Plot

One possible future for literature develops directly from

procedural storytelling.

Instead of writing a fixed narrative, an author creates a

simulated world.

The world contains characters, relationships, locations,

histories and rules.
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Readers enter it and influence what happens.

The system generates descriptions of events as they

occur.

The resulting experience may resemble a novel, a game, a

simulation or something between them.

We have already encountered important foundations for

this approach in Dwarf Fortress, Façade and Prom Week.

Those works demonstrate different ways of connecting

computational state with narrative experience.

They do not establish that every aspect of storytelling can

be automated.

But they reveal a possible direction.

The author as world-builder

Imagine a historical novel set in a fictional eighteenth-

century city.

The author defines its districts, institutions and social

relationships.

A merchant has debts.

A newspaper editor possesses information about a

political scandal.

A young scientist is attempting an experiment.

A family is threatened with eviction.
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These characters have goals and constraints.

Events unfold through their interactions.

The reader enters the city as an investigator.

Rather than following one predetermined plot, they

discover stories through exploration.

The author has not written every possible conversation.

They have designed the conditions from which

conversations may emerge.

The problem of narrative coherence

Such a system would face substantial difficulties.

Characters must remain consistent.

Events must have consequences.

The fictional world must preserve facts established

earlier.

The system must distinguish plausible character

development from arbitrary changes.

A character should not betray a lifelong friend merely

because the language generator produces a convincing

betrayal scene.

The betrayal needs a cause within the story.
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A procedural literary world therefore requires more than

fluent prose generation.

It requires models of state, causation and constraint.

Those models need not reproduce all of human

psychology.

But they must be sufficient to sustain the intended

fictional experience.

Can the world surprise its creator?

Yes, in a limited but significant sense.

A complex simulation may produce combinations of

events that its designer never individually anticipated.

This does not mean the program has escaped its rules.

It means the consequences of those rules can be difficult

to predict.

The resulting story may surprise both author and reader.

That surprise can be artistically valuable.

But surprise alone does not guarantee meaning.

The system still requires design, interpretation and,

often, editorial judgement.
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5. The Return of the Human Author

It is tempting to imagine that increasingly capable

generative systems will make human writers unnecessary.

If a machine can produce novels rapidly, why should

anyone spend years writing one?

The argument appears practical.

But it depends on a narrow understanding of literature.

A novel is not valuable merely because it contains a large

quantity of grammatical prose.

Its value may lie in the particular way an author observes

the world.

A writer’s experiences, questions, memories and

commitments influence what they choose to describe.

Two writers can encounter the same event and produce

entirely different books.

One notices the political circumstances.

Another notices the emotional consequences.

A third sees absurdity.

A fourth recognises tragedy.

Their perspectives matter.
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The difference between supplying words and

having something to say

Imagine two manuscripts.

The first is technically polished.

Its descriptions are vivid.

Its characters are consistent.

Its plot contains several effective reversals.

But it feels strangely empty.

The second is awkward in places.

Its sentences occasionally stumble.

Yet it expresses an insight about grief or responsibility

that readers find difficult to forget.

Which is the better book?

There is no universal formula.

But the comparison reveals why technical fluency is not

the whole of literary achievement.

Writing involves decisions about what deserves attention.

It involves the transformation of experience into

expression.

It can reveal how another person understands the world.
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A machine may contribute to that process.

It may help a human discover an unexpected metaphor or

solve a structural problem.

But the existence of machine-generated alternatives does

not eliminate the significance of human perspective.

The new editorial problem

The practical role of the writer may nevertheless change.

A novelist might generate many possible scene structures

before selecting one.

A poet might use an algorithm to explore unusual

combinations.

A historian might use computational tools to organise

sources.

A writer of interactive fiction might design rules that

govern thousands of possible experiences.

In each case, some work shifts from directly composing

sentences to designing, evaluating and revising systems.

This is not necessarily a loss of authorship.

It can be an expansion of what authorship includes.

But the author must remain clear about their actual

contribution.
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As Chapter Fourteen demonstrated, artistic responsibility

and legal authorship are related but distinct questions.

6. The Book That Knows Too Much

About You

Imagine a reading system that remembers everything

about its user.

It knows which novels they finish.

It knows where they stop reading.

It knows which characters they prefer.

It knows which passages make them reread a sentence.

Perhaps it also possesses information from other services:

interests, correspondence, purchases or personal history.

The system uses that information to create highly

personalised stories.

A lonely reader receives a comforting narrative.

A frightened reader receives a reassuring ending.

A restless reader receives constant suspense.

A reader who dislikes uncertainty is never left without an

explanation.

At first, the system might seem ideal.
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But consider the consequences.

The privacy of reading

Reading has traditionally permitted a distinctive form of

privacy.

A person can open a book, encounter difficult ideas and

think about them without automatically reporting their

reactions to anyone.

The book does not record whether they approve of its

characters.

It does not observe how long they spend considering an

unsettling passage.

It does not transmit their emotional responses to a

publisher.

Digital reading systems can potentially collect much more

behavioural information.

Not every system does so, and the extent of collection

depends on its design and policies.

But the technical possibility raises important questions.

Who receives the information?

How long is it retained?

Can readers delete it?

Can it be used to infer personal characteristics?
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Can it influence what stories they are subsequently

offered?

The risk is not simply that a personalised novel might

become predictable.

It is that reading may become an activity subject to

increasingly detailed observation.

Literature should retain the possibility of surprise

A system optimised to please readers may gradually

narrow their experiences.

If it learns that someone prefers happy endings, it may

avoid tragedy.

If it learns that someone prefers familiar cultural settings,

it may stop recommending unfamiliar ones.

If it learns that challenging prose leads to shorter reading

sessions, it may simplify everything.

The reader becomes surrounded by increasingly

comfortable literature.

But comfort is not the only reason to read.

Books can introduce unfamiliar perspectives.

They can disturb established beliefs.

They can expose injustice, contradiction and uncertainty.
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They can help readers understand experiences beyond

their own.

A literary system designed exclusively around immediate

satisfaction might undermine these possibilities.

The ethical challenge is therefore not merely to protect

reading data.

It is to protect the reader’s opportunity to encounter

something unexpected.

7. The Case for an Unchanging Book

A future library may contain highly adaptive works. The

argument here is a cultural proposal, not a claim that a

universal legal right to an unchanged text exists.

But it should also preserve books that do not change.

There is something important about a fixed text.

The reader can return to a sentence years later and find

the same words.

Different readers can discuss a shared passage.

Critics can compare interpretations of the same work.

Historians can examine how a text was received across

generations.

The text becomes a stable reference point.
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Shared literature

Imagine a classroom discussing a novel.

Every student has read the same edition.

They disagree about the protagonist’s motivation.

One student believes the character acted selfishly.

Another believes the action was courageous.

A third finds the evidence ambiguous.

Their interpretations differ, but they are responding to a

common text.

Now imagine that every student’s copy has adapted to

their preferences.

One version removes a scene.

Another changes the protagonist’s dialogue.

A third introduces a different ending.

The students may now be discussing substantially

different works.

That could be an interesting educational experiment.

But it complicates collective interpretation.

The value of a fixed text is not that every reader

understands it identically.
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It is that readers can return to a shared object while

disagreeing about its meaning.

An archive must preserve versions

For a changing literary work, preservation becomes more

complicated.

What should an archive retain?

The source code?

The generated outputs?

The data and models on which the work depends?

The operating environment?

Examples of reader interactions?

Ideally, preservation may require several of these.

A generative work can change when its software is

updated.

A model-dependent story may behave differently when its

underlying model is replaced.

A networked artwork may stop functioning when an

external service disappears.

The archive must decide which aspects of the original

experience are essential.

This is already a practical problem.
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The Electronic Literature Lab has developed methods for

conserving and reconstructing electronic literature that

depends upon obsolete technologies, including older

browser software and interactive systems. Its archival

project, The NEXT, preserves documentation and access

to historically important works.

The future of literature therefore requires more than

generating new writing.

It also requires preserving the works that already exist.

Floppy-disk drives in three physical sizes: eight-inch, five-and-a-

quarter-inch and three-and-a-half-inch.
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Floppy-disk drives in three physical sizes: eight-inch, five-

and-a-quarter-inch and three-and-a-half-inch. Credit:

Swtpc6800 en:User:Swtpc6800 Michael Holley. Source. 

Public domain. Resized; no crop.

8. What Does It Mean to Preserve an

Executable Book?

A printed novel can survive for centuries if its physical

materials are protected.

Its words can also be copied into new editions.

An executable work has additional dependencies.

Consider a poem written for an obsolete computer.

The source code survives.

But the programming language is no longer supported.

The original display hardware has disappeared.

The program relies on timing behaviour that modern

systems do not reproduce.

A reader may possess the complete source without being

able to experience the work.

Preservation is more than storage

An archive can preserve the source file.
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But the file alone may not reproduce the original

experience.

The work might require a particular operating system.

It might depend on an unusual keyboard.

It might use graphical capabilities unavailable on modern

equipment.

It might rely on interactions that are difficult to describe

through screenshots.

Preservation may therefore involve emulation:

reproducing relevant aspects of an older computing

environment on newer hardware.

It may also involve documenting behaviour, recording

demonstrations and preserving historical accounts.

A question of authenticity

Suppose an archive reconstructs an interactive poem

using a modern programming language.

The reconstructed version looks similar.

Its passages appear in the same order.

But some interactions behave differently.

Is it the same work?

There is no simple universal answer.
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A literary archive must consider which aspects of the

work define its identity.

For a fixed poem, the words may be central.

For a generative work, its algorithm may be essential.

For an interactive story, the reader’s available actions

may be part of the artistic form.

For a networked work, its relationship with other systems

may matter.

The problem resembles the restoration of a painting, a

film or a historical building.

Preservation attempts to maintain something valuable

while acknowledging the changes required to keep it

accessible.

The executable book makes that challenge particularly

visible.

9. The Last Book May Be an Open Book

One possible response to these problems is openness.

A computational literary work might be published with its

source code.

Its format could be documented.

Its rules could be explained.
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Its dependencies could be recorded.

Readers might be permitted to examine how the work

produces particular results.

This would not automatically make the work better.

Some authors may legitimately prefer to conceal their

methods for artistic reasons.

Nor does publishing source code automatically grant

permission to copy or modify it.

Copyright and licensing remain relevant.

But transparency can provide important advantages.

Reading the machinery

In Chapter Eight, we examined source code as a literary

device.

A program could contain comments that contradicted its

actual behaviour.

Its variable names could reveal assumptions.

Its execution could disclose information not apparent

from its prose.

An open computational work allows readers to investigate

these relationships.

The code becomes part of the object available for

interpretation.
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A reader can ask how a particular sentence was selected.

An archivist can examine the procedure required to

reproduce it.

A scholar can study the relationship between the

implemented rules and the resulting literary effects.

The danger of the invisible editor

Imagine a future reading service that changes a novel

without telling its readers.

It removes disturbing passages.

It alters political references.

It rewrites historical details to suit changing preferences.

Readers believe they are encountering the original work.

But the system is silently modifying it.

The problem is not that adaptation is always wrong.

Abridgements, translations and adaptations have long

existed.

The problem is whether the reader understands what has

been changed and who made the decisions.

A responsible literary environment should distinguish

original texts from adaptations, revisions and generated

variations.
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The reader should be able to know which version they are

encountering.

That principle connects transparency with authorship,

preservation and trust.

10. The Machine That Chooses What

You Read

In Chapter Fifteen, we encountered Borges’s Library of

Babel.

Its collection contained an almost unimaginable number

of possible books.

The central difficulty was not the absence of information.

It was the inability to distinguish valuable and truthful

material from the overwhelming abundance of

alternatives.

Modern generative systems create a related problem.

They can produce large quantities of text.

But readers possess limited time and attention.

No individual can read everything.

Selection becomes unavoidable.
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The new literary gatekeeper

Historically, publishers, editors, booksellers, critics,

teachers and librarians have influenced which works

readers encounter.

Their decisions can support valuable literature.

They can also reflect commercial incentives, cultural

prejudices and institutional limitations.

Digital systems introduce additional mechanisms.

Recommendation algorithms can rank books.

Search engines can prioritise results.

Generative assistants can suggest reading lists or

summarise works.

These systems influence attention.

A book that is never recommended may remain effectively

invisible.

A work that receives continual promotion may become

familiar even when alternatives are equally worthwhile.

The objective function matters

Suppose a recommendation system assigns every book a

score.

The score might reflect predicted reader satisfaction.
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It might reflect sales.

It might reflect similarity to previously enjoyed books.

Or it might reward works considered educationally

valuable.

Different objectives produce different selections.

A system optimised for immediate engagement may

recommend differently from one intended to encourage

literary discovery.

This returns us to Chapter Four, where we explored the

problem of algorithmic governance.

A mathematical ranking cannot determine its own proper

objective.

Someone must decide what the system should value.

The same is true of literary recommendation.

The machine can help readers find books. It cannot

establish, through calculation alone, what reading ought

to mean.

Preserving the unexpected

A healthy literary culture needs more than efficient

recommendations.

It needs room for unfamiliar voices.

It needs works that challenge established tastes.
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It needs experimental writing whose value may not be

obvious from immediate popularity.

It needs archives preserving books that commercial

markets no longer favour.

And it needs readers willing to choose something that no

algorithm has confidently predicted they will enjoy.

The future library should help people discover literature

without reducing discovery to the reproduction of

existing preferences.

11. The Book That Was Written for One

Person

Let us imagine a final technological possibility.

A reader asks a generative system to create a novel

specifically for them.

They specify the genre, setting, themes and desired

length.

The system builds a fictional world.

It generates a plot.

It produces characters and dialogue.

As the reader proceeds, the story adapts.

The reader can ask questions about a character’s past.
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They can request an alternative viewpoint.

They can explore what would have happened if an earlier

decision had been different.

No two readings need be identical.

This would be a radically personalised literary

experience.

Some elements are already technically possible in limited

forms.

Others remain speculative, particularly the sustained

generation of long, coherent, reliable and artistically

compelling narratives under extensive reader control.

The paradox of complete freedom

At first, unlimited choice sounds attractive.

But stories often derive power from limitations.

A character cannot always escape.

A terrible event cannot always be undone.

A relationship may end despite everyone’s wishes.

An ending may be painful because the author refuses to

provide an easier alternative.

What happens if the reader can revise every unwanted

consequence?
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A tragic novel could become a comedy.

A mystery could reveal its solution immediately.

A character’s death could be reversed.

The reader might gain complete control over the fictional

world.

But the experience could lose some of what makes

narrative significant.

Resistance gives stories shape

In Chapter Nine, Queneau’s combinatorial poems

demonstrated the creative importance of constraints.

In Chapter Twelve, procedural simulations showed how

rules produce meaningful consequences.

The same principle applies here.

A world in which anything can happen at any moment

may become incoherent.

A story requires relationships among events.

Choices need consequences.

Characters need some degree of consistency.

The reader’s actions need limits if those actions are to

possess significance.
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Complete freedom can dissolve the structure that makes

freedom meaningful.

A future generative novel may therefore need to resist its

reader.

It may preserve certain events.

It may refuse to change established character motivations

without sufficient cause.

It may maintain the integrity of its fictional world.

The strongest interactive literature may not be the

literature that obeys every request.

It may be literature that creates a meaningful

relationship between freedom and constraint.

12. The Last Author

We have examined many possible futures.

Some preserve the fixed book.

Others turn reading into interaction.

Some create stories through simulated worlds.

Others use generative artificial intelligence to produce

new prose.

Some systems may adapt to individual readers.
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Others may preserve works so that future generations

can encounter them unchanged.

There is no reason to assume that one form must replace

every other.

Photography did not eliminate painting.

Cinema did not eliminate theatre.

Electronic music did not make acoustic instruments

irrelevant.

New media can transform existing practices without

destroying all their earlier forms.

Literature may follow a similarly plural path.

The question of human experience

An author does more than arrange words into

grammatical order.

A human writer may attempt to communicate an

experience, investigate a belief, challenge an institution

or preserve a memory.

The work can matter because it represents a particular

encounter with the world.

A reader may value knowing that another person has

struggled with similar questions.
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The relationship is not merely between a sequence of

symbols and an interpreting mind.

It can also be between people separated by geography

and time.

A poem written centuries ago can communicate

something to a reader who will never meet its author.

The words form a bridge.

Generative AI can participate in the construction of such

bridges.

It may help writers find expressions they would not

otherwise have discovered.

It may enable new literary structures.

But its capacity to generate language does not make

human experience irrelevant.

Nor does the value of human experience establish that

machine-generated literature must be worthless.

We need not resolve the future through a contest in which

one kind of creation defeats the other.

Different works may offer different forms of value.

The question of artificial consciousness

We should also preserve the uncertainty encountered in

Chapter Three.
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It is not established that present language models

possess subjective experiences equivalent to those of

human beings.

Nor have the philosophical and scientific problems

surrounding artificial consciousness been conclusively

solved.

A future system might possess capabilities, architectures

or forms of embodiment unlike those familiar today.

Whether such systems could have experiences is a

question requiring evidence and careful argument.

It should not be answered merely by inspecting fluent

prose.

For literature, however, another question already has a

practical answer.

Can computational systems participate in producing texts

that readers consider meaningful?

Yes.

Our historical examples demonstrate that they can.

The remaining challenge is to understand the different

ways that participation occurs, and the responsibilities

associated with it.
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13. The Last Book

The visitor stayed in the library for three days.

She read poems, histories and fragments of stories

written long before she was born.

The librarian showed her a generative novel that could

alter its plot whenever she made a choice.

It showed her a simulated city whose inhabitants followed

their own routines.

It showed her a collection of poems containing more

possible arrangements than she could read in a lifetime.

Finally, it asked whether she would like a new book

written specifically for her.

“No,” she said.

“Why not?”

“Not yet.”

The librarian considered her answer.

“There are several million works in the collection that

may suit your interests.”

“Then choose one you don’t think I’ll like.”

The librarian examined her request.

A novel appeared on the reading table.
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It was difficult.

Its opening chapter contained unfamiliar words.

Its characters behaved in ways the visitor initially

disliked.

Its central question concerned a society whose citizens

had surrendered their memories to a machine.

The visitor read it slowly.

Several times, she considered abandoning it.

But she continued.

When she finished, she remained silent for a long while.

“Was it satisfactory?” asked the librarian.

“No.”

“Would you like me to revise it?”

“No.”

“Would you like an alternative ending?”

The visitor looked towards the sea.

“No. I think it ended exactly where it needed to.”

This scene is invented, and it offers no reliable prediction

of how a future artificial intelligence would behave.

But it expresses a possibility worth preserving.

763



Literature does not exist simply to satisfy requests.

Sometimes it changes the reader precisely because it

refuses to do so.

The machine and the reader

We began this book with an imagined machine

assembling words.

We have travelled through mechanical combinatorics,

mathematical logic, consciousness, cryptography,

programming languages, executable poetry, interactive

fiction and artificial intelligence.

At every stage, the relationship between machines and

literature has changed.

Machines became subjects of stories.

Then tools for producing and distributing stories.

Then systems capable of generating textual possibilities.

Then environments in which readers could participate.

Finally, they became conversational partners in the

process of writing.

The changes are real.

Their future consequences remain uncertain.

But one conclusion has survived every chapter.
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The ability to manipulate language is not identical to

understanding every meaning that language may acquire.

The ability to generate possibilities is not identical to

recognising which possibilities matter.

And the ability to produce a story is not identical to

determining what that story will mean to every reader.

Machines can extend the reach of literature.

They can create new forms.

They can help preserve works, generate alternatives and

connect readers with material they might otherwise never

encounter.

But a literary culture requires more than production.

It requires attention.

It requires memory.

It requires criticism, imagination, disagreement and

judgement.

Above all, it requires readers.

The final distinction

A computer can count the words in a poem.

It can analyse their statistical relationships.

It can identify grammatical patterns.
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It can generate another poem using similar vocabulary.

It can compare the text with millions of other works.

These are remarkable capabilities.

But the question Why does this poem matter? opens a

different kind of investigation.

Its answer may involve history, personal experience,

artistic form or a reader’s changing understanding of the

world.

There may be several defensible answers.

There may be disagreements that cannot be resolved by a

single calculation.

That does not make the question meaningless.

It makes interpretation essential.

The future of literature will not be determined solely by

the number of words machines can produce.

It will also be shaped by which works people choose to

create, preserve, share and read.

The last book, if there ever is one, may be printed on

paper.

It may exist as a program.

It may be generated during reading.
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It may contain a simulated world.

It may have no single fixed ending.

But whatever its form, its literary significance will arise

in the encounter between the work and whoever

experiences it.

The machine can produce the words. The reader

completes the act of reading.

And that is why the story does not end with the machine.

It begins again whenever someone opens a book.

Questions to Take Away

What distinguishes a digital edition of a

conventional novel from a computational literary

work?

Could a story that adapts to its reader become less

artistically valuable by continually satisfying their

preferences?

What advantages does a fixed text offer when

readers want to discuss, interpret and preserve

literature?

What must an archive preserve to maintain a

literary work whose original software no longer

operates?

How might a generative literary system protect the

privacy of its readers?

1. 

2. 

3. 

4. 

5. 
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Why might a recommendation algorithm’s objective

influence which forms of literature become

culturally prominent?

Can a reader possess too much control over an

interactive story?

What creative responsibilities remain with a human

author who uses AI to generate substantial portions

of a work?

If a machine generates a poem that a reader finds

profoundly meaningful, does the machine need to

understand that meaning for the poem to possess

value?

After examining all sixteen chapters, do you think a

computer can be an author, a literary instrument, a

participant in creativity—or all three under different

definitions?

A Final Reader Experiment: Design the

Last Book

This experiment combines ideas from the entire book.

It is an original fictional system consisting of a short

narrative and one reader choice between two

alternatives.

There are no external services, machine-learning models

or arbitrary code execution.

6. 

7. 

8. 

9. 

10. 
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The purpose is to examine how a computational literary

work might balance fixed authorship with reader

participation.

Step 1: Establish the story

The protagonist enters a library containing the recorded

memories of a vanished civilisation.

They discover two books.

The first contains an accurate history of the civilisation’s

destruction.

The second contains a fictional account in which the

civilisation survives.

The protagonist may select either.

A conventional writer might choose which book the

protagonist opens.

Our simplified computational work lets the reader decide.

Step 2: Define the alternatives

The story contains two possible books. Each book has one

associated ending, so there is one binary decision, not

two independent decisions.

Choice Book
Possible final

response

0 History
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Choice Book
Possible final

response

The protagonist

preserves the truth

1 Fiction

The protagonist

preserves the

possibility of hope

Both outcomes are deliberately simplified.

Neither establishes that historical truth and hope are

necessarily incompatible.

That tension is part of the fictional experiment.

Interactive experiment: see the web edition.

Step 3: Trace both alternatives in Python

The following finite program prints both authored

outcomes for comparison. It does not ask the reader for

input or simulate a single irreversible choice. A browser

interface could let the reader select one of these same

two outcomes.

books = [
"The history of the vanished city",
"The story in which the city survives"

]
endings = [

"She preserved what had happened.",
"She preserved what might have been."

]
choices = [0, 1]

for choice in choices:
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print("Book:", books[choice])
print("Ending:", endings[choice])
print()

Exact output

Book: The history of the vanished city
Ending: She preserved what had happened.

Book: The story in which the city survives
Ending: She preserved what might have been.

The final blank line is produced by the final print() call.

Step 4: Trace the selections

Iterati

on

Ch

oic

e

Selected

book
Selected ending

1 0 History
She preserved what had

happened.

2 1 Fiction
She preserved what might have

been.

The example has two explicitly authored outcomes.

The program does not generate new prose.

It selects from a fixed collection.

This is structural interaction rather than open-ended

language generation.
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Step 5: Identify the author’s contribution

The author has determined the fictional situation.

They have written the book descriptions.

They have written both endings.

They have defined the available choices.

In an interactive version, the reader’s contribution would

be selecting one outcome. In this Python trace, choices =

[0, 1] is supplied by the programmer and both outcomes

are printed.

The computer’s contribution is applying the selection

procedure.

These activities are related but distinct.

Step 6: Improve the literary work

Now consider a more difficult possibility.

What if the protagonist can preserve only one book?

What if choosing the historical account means losing the

fictional one forever?

What if later generations will depend upon the surviving

book to understand their past?

The choice acquires consequences.

But those consequences require additional design.
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You would need to determine what the books contain,

why their preservation matters and what the characters

stand to lose.

The program can represent the decision.

The writer must make the decision meaningful.

Step 7: Ask the final question

Suppose you could make the system generate an

unlimited number of additional endings.

Would that improve the work?

Perhaps.

But perhaps the two original endings are sufficient.

The answer depends upon what kind of literary

experience you want to create.

What the experiment demonstrates: Computational

literature does not become better merely by increasing

its number of possible outputs. Its artistic success

depends upon the relationship between rules, choices,

consequences and interpretation.

Further Reading

The Origins of Digital Literature

Vannevar Bush — As We May Think (1945)
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Bush’s original essay imagines technologies for storing,

retrieving and associating information, including the

proposed memex.

It remains an important starting point for understanding

the relationship between computing, memory and human

knowledge.

Original essay — W3C historical archive

Michael Hart and Project Gutenberg — The Origins of

Electronic Books (1971)

Project Gutenberg’s official historical account describes

Hart’s early electronic text work and the development of

a freely accessible digital library.

Project Gutenberg — Fifty Years of eBooks

Project Gutenberg — History and Philosophy

Electronic Literature and Preservation

Electronic Literature Organization — About Electronic

Literature

The organisation’s definition and overview cover

hypertext fiction, computer-generated poetry, interactive

fiction and other forms using computational capabilities

as part of literary practice.

Electronic Literature Organization — Official overview

Electronic Literature Lab — The NEXT
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An archival and preservation initiative dedicated to born-

digital literature and related creative works.

Electronic Literature Lab — Official website

World Wide Web Consortium — EPUB 3.3

The official standard for structured digital publications

and reading systems, including accessibility

considerations.

W3C — EPUB 3.3, 25 May 2023 Recommendation

Reading, Accessibility and Ethics

World Wide Web Consortium — Web Content Accessibility

Guidelines 2.2

A standard providing testable guidance for accessible

digital content.

W3C — WCAG 2.2

UNESCO — Recommendation on the Ethics of Artificial

Intelligence (2021)

An international recommendation covering human rights,

accountability, transparency, privacy and human

oversight in AI development and use.

UNESCO — Official Recommendation
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The recommendation is a policy and ethical framework,

not a demonstration that any particular technical future

will occur.

Suggested Reading Order

Begin with Vannevar Bush’s As We May Think. Consider

how his proposal for technology-assisted memory

resembles some modern forms of digital reading and

information retrieval.

Then explore the Electronic Literature Organization’s

collection and the Electronic Literature Lab’s

preservation work. These provide documented examples

of literary forms that cannot be understood solely as fixed

printed text.

Next, examine the EPUB and accessibility standards.

They show that the future of books includes practical

questions about how publications are represented and

made available to different readers.

Finally, read UNESCO’s AI ethics recommendation,

considering how privacy, accountability and human

oversight apply to systems that recommend, personalise

or generate literature.

These sources establish historical developments,

technical standards and ethical considerations.

They do not establish that one particular future of

literature is inevitable.
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Epilogue — The Machine That

Dreamed of Words

At the beginning of this book, we encountered a machine

that rearranged language.

It could produce combinations of words, but it did not

understand what those combinations meant.

We followed that idea through centuries of fiction,

mathematics and computing.

The machines became more sophisticated.

Their representations became more precise.

Their capabilities expanded.

They learned to manipulate symbols, process information,

execute instructions, simulate worlds and generate

language.

The boundary between writing and computation became

increasingly difficult to draw.

But the original question remained.

What makes an arrangement of words into literature?

It cannot be merely the number of possible

arrangements.

Borges’s infinite library contains more possibilities than

any reader could examine.
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It cannot be merely grammatical correctness.

A perfectly grammatical sentence may express nothing

memorable.

It cannot be merely novelty.

A surprising combination may be meaningless.

And it cannot be merely technical sophistication.

An elaborate system can produce uninteresting writing,

while a few carefully chosen words can change the way

someone understands their life.

Literature emerges through relationships among

language, form, experience and interpretation.

Machines can participate in those relationships.

They can extend the possibilities of writing.

They can transform how stories are structured and

encountered.

They may become increasingly important collaborators in

literary culture.

But the fundamental questions of literature remain

humanly recognisable.

What should we remember?

What should we imagine?
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What should we question?

How should we understand one another?

And what do we do when a story changes the way we see

the world?

There may never be a last book.

There may instead be an expanding variety of books:

printed, digital, interactive, generated and forms we have

not yet imagined.

The literary machine will continue evolving.

So will its readers.

The machine makes new stories possible. What we do

with those possibilities is the future of literature.

End of The Literary Machine.
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