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The Computational Theory of Mind

So Far

Functionalism
Minds are what brain do.

The Computational Theory of Mind

Minds are what brains do and brains compute.

Our Questions

1. Do brains really compute?
2. Why think that the mind computes?
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Introduction

Why Think that the Mind Computes?

Conceptual Considerations

1. Thoughts are physical and are reason-respecting
» The computational theory explains how this could be
2. Folk psychology works, but appeals to laws that aren't
part of fundamental physics
» It's laws relate beliefs and desires in a way that
non-mental things could never be related
» The computational theory explains how this could be,
while allowing that thoughts are physicall!
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Why Think that the Mind Computes?

Empirical Considerations

The Empirical Question

When you actually examine the things intelligent creatures are
capable of, is it plausible that computation is involved in doing
these things?

» Edelman’s Computing the Mind and Pinker's How the
Mind Works argue: yes!
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Introduction

Why Think that the Mind Computes?

Empirical Considerations

The Empirical Question

When you actually examine the things intelligent creatures are
capable of, is it plausible that computation is involved in doing
these things?

» Edelman’s Computing the Mind and Pinker's How the
Mind Works argue: yes!

» Today, we will focus on one such ability: language

» We'll begin with Turing's famous proposal that using
language demonstrates intelligence

» Examine why this is plausible

» Consider whether computers could do it
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Turing’s Replacement

The Turing Test Language & Intelligence

Turing's Question
Can Machines Think?

v

In 1950's “Computing Machinery & Intelligence” (CMI),
Alan Turing wonders:

» Can machines think?
» “This should begin with definitions of the meaning of
the terms machine and think" (CMI:433)

Turing made proposals to clarify both terms
Thought: The Imitation Game
Machine: Turing Machines (Computer)

v

v

v
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The Turing Test
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The Turing Test Language & Intelligence

Turing on Thought

The Imitation Game

» Attempt to define thought?
» Indefinitely many issues to debate
» A different idea:

» Focus on some activities which are particularly
characteristic of thinking things

» Two activities come immediately to mind:

1. Strategic behavior
2. Language use
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Turing’s Replacement

The Turing Test Language & Intelligence

Turing on Thought

The Imitation Game

» Attempt to define thought?
» Indefinitely many issues to debate
» A different idea:
» Focus on some activities which are particularly
characteristic of thinking things
» Two activities come immediately to mind:
1. Strategic behavior
2. Language use
» Turing builds both activities into what he calls the

Imitation Game
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Turing’s Replacement

The Turing Test Language & Intelligence

The Imitation Game
The Setup: Three Rooms, Two People, One Chatbot
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Turing’s Replacement

The Turing Test Language & Intelligence

The Imitation Game
Instant Messaging with No One?

The Imitation Game (CMI:§1)

» The Imitation Game is played by 3 players
1. A machine (M)
2. A human (H)
3. A human interrogator (/)

v

M, H and [ are in separate rooms
Typed text exchanged between | & H, and | & M

I does not know which correspondent is a machine

v

v

v

I's goal: correctly guess which is the machine
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The Turing Test Language & Intelligence

The Imitation Game
Instant Messaging with No One?

The Imitation Game (CMI:§1)

» The Imitation Game is played by 3 players
1. A machine (M)
2. A human (H)
3. A human interrogator (/)

v

M, H and [ are in separate rooms
Typed text exchanged between | & H, and | & M

I does not know which correspondent is a machine

v

v

v

I's goal: correctly guess which is the machine

v

M'’s goal: make [ guess incorrectly
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Turing’s Replacement

The Turing Test Language & Intelligence

The Turing Test

A Test for Thought

The Turing Test (CMI:§1,442)

A machine M is said to pass the Turing Test just in case
human interrogators cannot detect M in Imitation Games at a
rate better than chance
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Turing’s Replacement

The Turing Test Language & Intelligence

The Turing Test

A Test for Thought

The Turing Test (CMI:§1,442)

A machine M is said to pass the Turing Test just in case
human interrogators cannot detect M in Imitation Games at a
rate better than chance

Turing's Replacement (CMI:433,442)
We should replace the question
» Can machines think?
with the closely related question
» Could there be a machine that passes the Turing Test?
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The Turing Test Language & Intelligence

Turing’'s Replacement

Two Issues

» Turing's proposal raises a crucial question:
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Two Issues

» Turing's proposal raises a crucial question:

Question

Why assume that thought is so closely tied to
human-like verbal behavior?
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Turing’'s Replacement

Two Issues

» Turing's proposal raises a crucial question:

Question
Why assume that thought is so closely tied to

human-like verbal behavior?

» Dennett discusses this at length
(“Can a Machine Think?", 1998)
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Turing’'s Replacement

Two Issues

» Turing's proposal raises a crucial question:

Question
Why assume that thought is so closely tied to

human-like verbal behavior?

» Dennett discusses this at length
(“Can a Machine Think?", 1998)

» We'll get to his main points shortly
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Turing’s Replacement

The Turing Test Language & Intelligence

Turing’'s Replacement

Two Issues

Turing's proposal raises a crucial question:

v

Question
Why assume that thought is so closely tied to
human-like verbal behavior?

Dennett discusses this at length

(“Can a Machine Think?", 1998)

We'll get to his main points shortly

But let's take a second to clarify Turing's proposal

v

v

v
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The Turing Test Language & Intelligence

Outline

The Turing Test

Language & Intelligence
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The Turing Test Language & Intelligence

Language & Intelligence

The Foundation of Turing's Proposal

» Turing proposed to replace the question

with the ‘closely related question’
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» Can machines think?
with the ‘closely related question’
» Could there be a machine that passes the Turing Test?
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related?
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The Turing Test Language & Intelligence

Language & Intelligence

The Foundation of Turing's Proposal

» Turing proposed to replace the question
» Can machines think?
with the ‘closely related question’
» Could there be a machine that passes the Turing Test?
» But why should we think that these questions are closely
related?
» What is it about Imitation Games that would justify

saying that something which passes Turing's Test must
be able to think?
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The Turing Test Language & Intelligence

Language & Intelligence

Turing’s Intuition

» Turing's idea seems to be this
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Turing’s Intuition

» Turing's idea seems to be this

» The Imitation Game eliminates factors irrelevant to
intelligence, e.g. hair, skin, etc.
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» Turing's idea seems to be this

» The Imitation Game eliminates factors irrelevant to
intelligence, e.g. hair, skin, etc.

» But it focuses on activities that definitely require
intelligence
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Language & Intelligence

Turing’s Intuition

» Turing's idea seems to be this

» The Imitation Game eliminates factors irrelevant to
intelligence, e.g. hair, skin, etc.

» But it focuses on activities that definitely require
intelligence

» If a machine could really convincingly converse &
strategize, what reasons would we have for saying that it
can't think?
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

Turing’s Intuition

» Turing's idea seems to be this

» The Imitation Game eliminates factors irrelevant to
intelligence, e.g. hair, skin, etc.

» But it focuses on activities that definitely require
intelligence

» If a machine could really convincingly converse &
strategize, what reasons would we have for saying that it
can't think?

» Don't these very abilities typically lead us to say that a
human can think?
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Turing’s Replacement

The Turing Test Language & Intelligence

Clarifying Turing’s Test

Exactly What is It Saying?

» Note that the Turing Test does not imply that something
couldn’t think unless it could pass the Turing Test
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The Turing Test Language & Intelligence

Clarifying Turing’s Test

Exactly What is It Saying?

» Note that the Turing Test does not imply that something
couldn’t think unless it could pass the Turing Test

» All the Turing Test implies is that something can think if
it can pass the Test
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The Turing Test Language & Intelligence

Clarifying Turing’s Test

Exactly What is It Saying?

» Note that the Turing Test does not imply that something
couldn’t think unless it could pass the Turing Test

» All the Turing Test implies is that something can think if
it can pass the Test

» It is an interesting, but separate question whether or not
there are intelligent, thinking things which cannot pass
the Turing Test
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Language & Intelligence

What Role is Language Use Playing Here?

» The Imitation Game involves both strategy & language
use
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use

» |s there any reason to think that the language use
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The Turing Test Language & Intelligence

Language & Intelligence

What Role is Language Use Playing Here?

» The Imitation Game involves both strategy & language
use

» |s there any reason to think that the language use
component makes the test any harder?
» That is, does language use require anything above and
beyond mere strategizing?
» Dennett: yes
1. Combinatorial explosion
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

What Role is Language Use Playing Here?

» The Imitation Game involves both strategy & language
use

» |s there any reason to think that the language use
component makes the test any harder?

» That is, does language use require anything above and
beyond mere strategizing?

» Dennett: yes

1. Combinatorial explosion
2. Integrated world knowledge

Carlotta Pavese Computation and Language



Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

» Here's a dumb way of learning how to add
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» Trying to memorize every sum
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How Language Use Makes the Turing Test Harder: |

» Here's a dumb way of learning how to add
» Trying to memorize every sum

» Why? You could never do it

» Here's a smart way of learning how to add
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

» Here's a dumb way of learning how to add
» Trying to memorize every sum
» Why? You could never do it

» Here's a smart way of learning how to add

» Memorizing a schematic addition recipe that you can
apply to any two numbers you might need to add
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

>

Here's a dumb way of learning how to add
» Trying to memorize every sum

v

Why? You could never do it
Here's a smart way of learning how to add

» Memorizing a schematic addition recipe that you can
apply to any two numbers you might need to add

v

There are good reasons for thinking that language
requires exactly this kind of sophistication

v

Carlotta Pavese Computation and Language



Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

» Infinitely many sentences of a natural language
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Language & Intelligence

How Language Use Makes the Turing Test Harder: |

» Infinitely many sentences of a natural language

» So a machine must parse and produce an infinity of
on-topic responses
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Language & Intelligence

How Language Use Makes the Turing Test Harder: |

» Infinitely many sentences of a natural language
» So a machine must parse and produce an infinity of
on-topic responses

» Thus: impossible for machine to store a giant table of
‘stock responses’ and still do well on the Turing Test
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

Infinitely many sentences of a natural language

v

» So a machine must parse and produce an infinity of
on-topic responses

Thus: impossible for machine to store a giant table of
‘stock responses’ and still do well on the Turing Test

» Suppose we restrict test to 850 basic words and messages
to one sentence of 4-words or less,

v
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

Infinitely many sentences of a natural language

v

» So a machine must parse and produce an infinity of
on-topic responses
Thus: impossible for machine to store a giant table of
‘stock responses’ and still do well on the Turing Test
» Suppose we restrict test to 850 basic words and messages
to one sentence of 4-words or less,
» Still, more than 10*2° moves to store!

v
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

» Infinitely many sentences of a natural language
» So a machine must parse and produce an infinity of
on-topic responses

» Thus: impossible for machine to store a giant table of
‘stock responses’ and still do well on the Turing Test

» Suppose we restrict test to 850 basic words and messages
to one sentence of 4-words or less,

» Still, more than 1012° moves to store!

For scale: roughly 10'® seconds since the Big Bang

v
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

Reason 1 (Combinatorial Explosion)

» Language use in the Turing Test introduces a
combinatorial explosion that must be solved

» Requires a sophisticated method for responding

» No machine can overcome combinatorial explosion with
sheer speed and size
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: |

Reason 1 (Combinatorial Explosion)

» Language use in the Turing Test introduces a
combinatorial explosion that must be solved

» Requires a sophisticated method for responding
» No machine can overcome combinatorial explosion with

sheer speed and size

» It must be pretty resourceful. Intelligent?
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How Language Use Makes the Turing Test Harder: Il

» Winograd, Understanding Natural Language:
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

» Winograd, Understanding Natural Language:

» The committee denied the group a parade permit because
they advocated violence

» The committee denied the group a parade permit because
they feared violence
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

>

Winograd, Understanding Natural Language:

v

The committee denied the group a parade permit because
they advocated violence

v

The committee denied the group a parade permit because
they feared violence

v

Any average human will tell you:
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

>

Winograd, Understanding Natural Language:

v

The committee denied the group a parade permit because
they advocated violence

v

The committee denied the group a parade permit because
they feared violence

v

Any average human will tell you:
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Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

» Winograd, Understanding Natural Language:

» The committee denied the group a parade permit because
they advocated violence

» The committee denied the group a parade permit because
they feared violence
» Any average human will tell you:

» In (23) they refers to the group
» In (23) they refers to the committee

» Not only possible interpretations of (23) and (23)...

» It's possible to interpret in the converse manner
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Carlotta Pavese Computation and Language



Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

The committee denied the group a parade permit because they
advocated violence

» Natural interpretation of (23) requires world knowledge

» Parades advocating violence typically prohibited

Carlotta Pavese Computation and Language



Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

The committee denied the group a parade permit because they
advocated violence

» Natural interpretation of (23) requires world knowledge
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How Language Use Makes the Turing Test Harder: Il

The committee denied the group a parade permit because they
advocated violence

» Natural interpretation of (23) requires world knowledge
» Parades advocating violence typically prohibited
» So, advocacy of violence likely to explain denial of permit

» Most permit-granters don't advocate violence
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Turing’s Replacement

The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

The committee denied the group a parade permit because they
advocated violence

» Natural interpretation of (23) requires world knowledge
» Parades advocating violence typically prohibited
» So, advocacy of violence likely to explain denial of permit

» Most permit-granters don't advocate violence

v

So, this fact unlikely to explain their denial of a permit
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Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

Reason 2 (Integrated World Knowledge)

» Interpreting natural language requires more than
internalized grammar and vocabulary.

» Requires selecting among possible interpretations by
incorporating world knowledge and other information into
an overall inference to the best explanation of what the
speaker meant

» Machine must know about our world and use that
knowledge to generate hypotheses about meaning
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The Turing Test Language & Intelligence

Language & Intelligence

How Language Use Makes the Turing Test Harder: Il

Reason 2 (Integrated World Knowledge)

» Interpreting natural language requires more than
internalized grammar and vocabulary.

» Requires selecting among possible interpretations by
incorporating world knowledge and other information into
an overall inference to the best explanation of what the
speaker meant

» Machine must know about our world and use that
knowledge to generate hypotheses about meaning

» Sounds pretty smart
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. Turing’s Replacement
The Turing Test Language & Intelligence

Turing Test
Loebner Prize
» There's a yearly performance of the Turing Test
» Best chatbots get Loebner Prize
» How successful have they been?

» Find out for yourself:
> http://www.elbot.com/

» http://www.cleverbot.com
» http://www.loebner.net/Prizef/loebner-prize.html
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Turing’s Replacement

The Turing Test Language & Intelligence

Turing Test

Jeopardy! and Watson

» Last spring, IBM’s Watson beat the reigning champions
of Jeopardy!

» http://youtu.be/1I-M70_bRNg
» http://video.pbs.org/video/1786674622

» How does Jeopardy! compare to Turing's Test?

» Does it pose similar obstacles?
» Does it remove any obstacles?

» Does Watson count as intelligent?
» What advantages does Watson have?

Carlotta Pavese Computation and Language


http://youtu.be/lI-M7O_bRNg
http://video.pbs.org/video/1786674622

The Structure of Language
Computation and Language

Outline

Computation and Language
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The Structure of Language
Computation and Language

Language

It's a Hard Problem

» Language allows a potential infinity of sentences,
» Interesting problem for understanding the mind!
» How are we able to come to understand a potential
infinity of sentences, despite having limited storage space
in our brain?

» Modern linguistics addresses this question by assuming
the brain is a kind of computer
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The Structure of Language
Computation and Language

Modern Linguistics

One Important Factor

» Modern linguistics is the result of many innovative ideas
by many different researchers

» But Noam Chomsky's work was particularly influential in
shaping the way researchers thought about language

» After debunking behaviorist approaches to language and
simple mechanical models of language, Chomsky
proposed a new one: generative grammar
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Some Details

» According to generative grammar, the human brain/mind
has a language faculty
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» According to generative grammar, the human brain/mind
has a language faculty

» Like the visual system, or the ‘flight system’ of birds

» This faculty is genetically endowed with certain universal
properties

» This is called Universal Grammar (UG)

» Experience interacts with UG to deliver the diversity seen
in the world's languages
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Generative Grammar

Some Details

» According to generative grammar, the human brain/mind
has a language faculty

» Like the visual system, or the ‘flight system’ of birds

» This faculty is genetically endowed with certain universal
properties

» This is called Universal Grammar (UG)

» Experience interacts with UG to deliver the diversity seen
in the world's languages

» UG may be thought of as a customized language
acquisition device
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Key Points

» Behaviorism treats the mind/brain as a ‘black box" whose
internal states are irrelevant
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The Contrast in High-Relief

Key Points

» Behaviorism treats the mind/brain as a ‘black box" whose
internal states are irrelevant

» Behaviorism claims that speakers have to be trained

» Generative grammar maintains that internal states of
speakers are central

» Language learning is more like growth or maturation

» Once internal states become focus of inquiry, explaining
linguistic behavior amounts to explaining how a speaker’s
knowledge of language is exploited in linguistic behavior
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Generative Grammar
What's the Evidence?

» There are infinitely many sentences in a language
» But, children are only exposed to finitely many

» Yet, we know a lot about sentences we've never seen
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There are infinitely many sentences in a language

v

But, children are only exposed to finitely many

v

Yet, we know a lot about sentences we've never seen

v

Jerry is in love with a giant snow queen
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There are infinitely many sentences in a language
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But, children are only exposed to finitely many

v

Yet, we know a lot about sentences we've never seen

v

Jerry is in love with a giant snow queen

v

*Is in love with Jerry a giant snow queen

» Are we just making reinforced analogical generalizations?
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Generative Grammar
What's the Evidence?

» There are infinitely many sentences in a language

» But, children are only exposed to finitely many

» Yet, we know a lot about sentences we've never seen

» Jerry is in love with a giant snow queen

» *Is in love with Jerry a giant snow queen

» Are we just making reinforced analogical generalizations?
» It doesn’t look like it
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The Poverty of the Stimulus

Against Analogical Generalization

(From Chomsky's Knowledge of Language, p.8)
» Consider:
» John ate an apple

John ate

John is too stubborn to talk to Bill

John is too stubborn to talk

In (34) omission of the direct object an apple results in a
generic interpretation

» However, in (34) omission of the direct object Bill does
not result in such an interpretation

vV v .vY
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Against Analogical Generalization

(From Chomsky's Knowledge of Language, p.8)
» Consider:
» John ate an apple

John ate

John is too stubborn to talk to Bill

John is too stubborn to talk

In (34) omission of the direct object an apple results in a

generic interpretation

» However, in (34) omission of the direct object Bill does
not result in such an interpretation

» These rules must be construction-specific

vV v .vY
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The Poverty of the Stimulus

Against Analogical Generalization

(From Chomsky's Knowledge of Language, p.8)
» Consider:
» John ate an apple

John ate

John is too stubborn to talk to Bill

John is too stubborn to talk

In (34) omission of the direct object an apple results in a

generic interpretation

» However, in (34) omission of the direct object Bill does
not result in such an interpretation

» These rules must be construction-specific

» So, analogical generalization is inadequate
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The Poverty of the Stimulus

» We know things about sentences we've never been
instructed on
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» We know things about sentences we've never been
instructed on

» Yet, our knowledge does not seem amenable to
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» |t appears then that experience is just too impoverished
to alone explain our linguistic knowledge
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The Poverty of the Stimulus

The Issue

The Poverty of the Stimulus

» We know things about sentences we've never been
instructed on

» Yet, our knowledge does not seem amenable to
explanation by appeal to general analogical reasoning

» Further, there is great uniformity within a language,
despite vast differences in experience

» |t appears then that experience is just too impoverished
to alone explain our linguistic knowledge

» Generative grammar can explain this by appeal to a
innate genetic endowment for language learning called
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Types of Grammars
Three Types

Mental Grammar
Linguistic knowledge as represented in the speaker's mind; the
representation of a speaker’s linguistic competence

Prescriptive Grammar

Rules set up by language ‘purists’ who view one dialect of a
language as better than others
(e.g. ‘don’t strand prepositions!’)

Descriptive Grammar

An idealized form of the mental grammars of all the speakers
of a language community
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The Structure of Language
Computation and Language

Key Concepts

Of Theoretical Linguistics

Lexicon: Words and morphemes in the mental dictionary
Morphology: The structure of words

Syntax: The structure of phrases and sentences
Semantics: The meaning of words and sentences

Phonetics: The sounds of a language, the physical aspects of
those sounds

Phonology: The sound patterns of a language

Orthography: A conventionalized writing system for a
particular language
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Towards A Generative Grammar

» How exactly can Generative Grammar explain our infinite
knowledge of language by appeal to an innate language
faculty?
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» A Mental Grammar contains everything the speaker
knows about their language

» Among this information there will be a finite stock of
words and a list of rules for building sentences out of
those words

» This is the syntactic component of the Grammar

» Many different proposals for syntactic component
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The Poverty of the Stimulus

Towards A Generative Grammar

» How exactly can Generative Grammar explain our infinite
knowledge of language by appeal to an innate language
faculty?

» The Key:

» UG + Experience yields a Mental Grammar
» A Mental Grammar contains everything the speaker
knows about their language
» Among this information there will be a finite stock of
words and a list of rules for building sentences out of
those words
» This is the syntactic component of the Grammar
» Many different proposals for syntactic component
» We are going to look at a particularly simple one: a
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» A list of the basic kinds of words

Carlotta Pavese Computation and Language



The Structure of Language
Computation and Language

A Mental Grammar
What are We After?

» A list of the basic kinds of words

» Kinds: ‘categories’

Carlotta Pavese Computation and Language



The Structure of Language
Computation and Language

A Mental Grammar
What are We After?

» A list of the basic kinds of words
» Kinds: ‘categories’

» A list of rules for putting together those words to form
sentences

Carlotta Pavese Computation and Language



The Structure of Language
Computation and Language

A Mental Grammar
What are We After?

» A list of the basic kinds of words
» Kinds: ‘categories’
» A list of rules for putting together those words to form
sentences
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» Kinds: ‘categories’

v

A list of rules for putting together those words to form
sentences
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But, it is important that the rules generate all and only
the grammatical sentences

v

A Mental Grammar needs to deliver the syntax of the
speaker’s language
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A Mental Grammar
What are We After?

>

A list of the basic kinds of words

» Kinds: ‘categories’

v

A list of rules for putting together those words to form
sentences

v

But, it is important that the rules generate all and only
the grammatical sentences

v

A Mental Grammar needs to deliver the syntax of the
speaker’s language

v

Also important: only finitely many rules
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Computation and Language

The Word List

The Basic Categories of Words

Category Examples

Verb (V) attack, quit, run, give

Adjective (A) careful,  happy,  angry,
think, tell

Adverb (Adv) very, carefully

Noun (N) broth, friend, happiness

Proper Name (Name) | John, Mary, Athens

Determiner (D) a, some

Preposition (P) about, for

Pronoun (Prn) |, me, him

Auxiliary (Aux) can, must, had, is, will

Complementizer (C) | that
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Carlotta Pavese Computation and Language



The Structure of Language
Computation and Language

The Rules

Some Notation

» Rules combine words and phrases into bigger phrases
» How do we get John ran?

» Combine a Name and a V (in that order) to make an S

Carlotta Pavese Computation and Language



The Structure of Language
Computation and Language

The Rules

Some Notation

>

Rules combine words and phrases into bigger phrases

v

How do we get John ran?

v

Combine a Name and a V (in that order) to make an S
Notation: S Name V

v
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The Rules

Some Simple Sentences with DP and V

John ran

Name V
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The Rules

Some Simple Sentences with DP and V

John ran

Name V

» (43) requires: SName V
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The Rules

Some Simple Sentences with DP and V

John ran | ran

Name V Pm V

» (43) requires: SName V
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The Rules

Some Simple Sentences with DP and V

John ran | ran

Name V Pm V

» (43) requires: SName V
» (43) requires: SPrn V
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The Rules

Some Simple Sentences with DP and V

John ran | ran The dog ran

Name V Prm V The dog i

» (43) requires: SName V
» (43) requires: SPrn V
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The Structure of Language
Computation and Language

The Rules

Some Simple Sentences with DP and V

John ran | ran The dog ran

Name V P V The dog \%
» (43) requires: SName V

» (43) requires: SPrn V
» (43) requires: S(D + N) V
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The Structure of Language
Computation and Language

The Rules

Some Simple Sentences with DP and V

John ran | ran The dog ran

Name V Prm V The dog i

(43) requires: SName V
(43) requires: SPrn V
(43) requires: S(D + N) V
We can get all of this with just two rules:

vV v vy
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The Structure of Language
Computation and Language

The Rules

Some Simple Sentences with DP and V

John ran | ran The dog ran

Name V Prm V The dog i

(43) requires: SName V
(43) requires: SPrn V
(43) requires: S(D + N) V
We can get all of this with just two rules:

D NP

DP — Name
Prn
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The Structure of Language
Computation and Language

The Rules

Some Simple Sentences with DP and V

John ran | ran The dog ran
Name V Prm V The dog i
» (43) requires: SName V b N

» (43) requires: SPrn V
» (43) requires: S(D + N) V
» We can get all of this with just two rules:
D NP S DP V
DP — < Name
Prn
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» Our current hypothesis: S DP  V
» But what about:
» Mary attacked John

» |t appears that phrases larger than V can combine with
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» We call those phrases VPs, and they can be formed in a
number of ways:

» ran to Athens, gave the broth to John, etc.
» Our new hypothesis: S DP VP
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The Structure of Language
Computation and Language

Some More Simple Examples
Why V is not Enough

» Our current hypothesis: S DP  V
» But what about:
» Mary attacked John

» |t appears that phrases larger than V can combine with
DP to form S

» We call those phrases VPs, and they can be formed in a
number of ways:

» ran to Athens, gave the broth to John, etc.
» Our new hypothesis: S DP VP
> Let's try:
» Every son of John ate three cakes

Carlotta Pavese Computation and Language



The Structure of Language
Computation and Language

A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam

» (45) has sentences embedded in a larger sentence
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A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam
» (45) has sentences embedded in a larger sentence
» One new category, one new rule:
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The Structure of Language
Computation and Language

A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam
» (45) has sentences embedded in a larger sentence
» One new category, one new rule:
1. Conjunction (C): and
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The Structure of Language
Computation and Language

A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam
» (45) has sentences embedded in a larger sentence
» One new category, one new rule:

1. Conjunction (C): and
2.5 C S
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The Structure of Language
Computation and Language

A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam
» (45) has sentences embedded in a larger sentence
» One new category, one new rule:

1. Conjunction (C): and
2.5 C S

» Now our Grammar has a very interesting property:
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A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam
» (45) has sentences embedded in a larger sentence
» One new category, one new rule:

1. Conjunction (C): and
2.5 C S

» Now our Grammar has a very interesting property:
» Building sentence from sentences!
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A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam
» (45) has sentences embedded in a larger sentence
» One new category, one new rule:

1. Conjunction (C): and
2.5 C S

» Now our Grammar has a very interesting property:

» Building sentence from sentences!
» These rules are not circular! They're recursive
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The Structure of Language
Computation and Language

A Sophisticated Example

Embedding Sentences

Billy ran and Sarah swam

» (45) has sentences embedded in a larger sentence
» One new category, one new rule:
1. Conjunction (C): and
2.5 C S
» Now our Grammar has a very interesting property:
» Building sentence from sentences!
» These rules are not circular! They're recursive
» This is the basis for generating infinity of sentences
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Recursive
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Bringing it Back Home

» Chomsky argued that a FSM was not capable of handling
human language
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» Chomsky argued that a FSM was not capable of handling
human language

» You now have a feel for the kind of grammar he thought
could handle human language
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Language and Computation
Bringing it Back Home

» Chomsky argued that a FSM was not capable of handling
human language

» You now have a feel for the kind of grammar he thought
could handle human language

» Could you program this grammar into a computer?
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Computation and Language

Language and Computation
Bringing it Back Home

» Chomsky argued that a FSM was not capable of handling
human language
» You now have a feel for the kind of grammar he thought
could handle human language
» Could you program this grammar into a computer?
> Yes!
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