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The Goal of Language Understanding

Outline:

1. Problems and challenges (goal.pdf)

2. Psycholinguistics and neuroscience (goal2.pdf)
3. Semantics of natural languages (goal3.pdf)

4. Wittgenstein’s early and later philosophy

5. Dynamics of language and reasoning (goal5.pdf)
6. Analogy and case-based reasoning (goal 6.pdf)
7. Learning by reading (goal7.pdf)

Each chapter is in a separate file. Later chapters make occasional references to
earlier chapters, but they can be read independently.
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4. Ludwig Wittgenstein

Considered one of the greatest philosophers of the 20" century.
Wrote his first book under the influence of Frege and Russell.

That book had an enormous influence on analytic philosophy,
formal ontology, and formal semantics of natural languages.

But Wittgenstein retired from philosophy to teach elementary
school in an Austrian mountain village.

In 1929, Russell and others persuaded him to return to
Cambridge University, where he taught philosophy.

During the 1930s, he began to rethink and criticize the
foundations of his earlier book, including many ideas he had
adopted from Frege and Russell.



Wittgenstein’s First Book

From the Tractatus Logico-Philosophicus,

1 The world is everything that is the case.

1.1 The world is the totality of facts, not of things.

3.25 There is one and only one complete analysis of the proposition.
4.001 The totality of propositions is the language.

4.116 Everything that can be said can be said clearly.

5 Propositions are truth-functions of elementary propositions.

6.13 Logic is not a theory but a reflexion of the world.

7 Whereof one cannot speak, thereof one must be silent.

This book set the agenda for formal semantics in the 20th century.

If it were adequate for language understanding and reasoning,
then the HAL 9000 would be ruling the world today.



Model-Theoretic Semantics

World Model Theory

(@x)3ylR(x,y).  (vx)~-R(x,x)
(vx){(vy)R(x,y) = ~Rly,x))

(vx) {7y} R(x,y) = Clx,y))

(vx){(vy)Clx,y) = Cly,x))

(x)(7y)(Vz)((R(x,y) ~ R(y,z)) = Rix,z)

N/ NS

Approximation Denotation
{Good, Fair, Poor} {True, False}

In the Tractatus, Wittgenstein assumed that the world is the model.

If there is exactly one world, there is exactly one model, there is
exactly one ontology, and any approximation is false or meaningless.

Engineers are cynical, but realistic:

“All models are wrong. Some are useful.”



What Kind of Language is Meaningless?

According to the Tractatus, only factual statements about the
world and Boolean combinations of them are meaningful.

6.421 It is clear that ethics cannot be expressed. Ethics is
transcendental. (Ethics and aesthetics are one.)

6.52 We feel that even if all possible scientific questions be
answered, the problems of life have still not been touched at all.
Of course there is then no question left, and just this is the answer.

6.54 My propositions are elucidatory in this way: he who
understands me finally recognizes them as senseless, when he
has climbed out through them, on them, over them.

Since the Tractatus consists of language about language, it does
not state facts about the world. Therefore, it too is meaningless.



Wittgenstein’s Transitional Period

In 1929-30, he analyzed some “minor” inconsistencies in the Tractatus.

That analysis led to two important innovations:
« Satzsystem: System of sentences or propositions.
- Beweissystem: Proof system that defines a logic for a Satzsystem.

This approach distinguishes the model from the world:

“The Satzsystem is like a ruler laid against reality. An entire system
of propositions is now compared to reality, not a single proposition.”

For a given logic, each consistent Satzsystem expressed in that logic
is a theory that defines an ontology.

The model is no longer identical to the world, and different Satzsysteme
could be better or worse approximations for different purposes.



Uses and Limitations of Satzsysteme

In the transitional period, Wittgenstein continued his focus
on logic:

* He allowed multiple logics and ontologies, and he relaxed the
truth criteria to map systems to the world, not single sentences.

* He did not discuss ethics, aesthetics, or metalanguage.

* But by distinguishing models from the world, he allowed models
to represent features that have no direct mapping to the world.

This approach allows a broader range of topics.
It can be useful as a semantic basis for controlled NLs.

But it is inadequate for unrestricted natural language.



Wittgenstein’s Language Games

In the mid 1930s and for the rest of his life, Wittgenstein focused on
his theory of language games as a more general and flexible approach
than the Satzsysteme and Beweissysteme of 1929-30.

In his book Philosophical Investigations, he presented them as a
correction to the “grave errors” (schwere Irrtumer) of his first book.

Every use of language is intimately integrated with social activity.
The meaning of language is grounded in purposeful activity:

“The word 'language-game’ is used here to emphasize the fact
that the speaking of language is part of an activity, or of a form
of life.” (§23)

As an example, he said that a word is like a piece in the game of
chess. Its meaning is based on the way the word is used in a game.



Games of Go and Go-moku

Two games with the same syntax, but different goals:
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Syntax defines legal moves, but not meaningful moves.

The meaning of any move is determined by its purpose.
In go, the goal is to place stones that surround territory.

In go-moku, the goal is to place five stones in a row.
Different goals lead to very different patterns of stones.
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Wittgenstein’s Examples

“Consider the variety of language games in the following examples,
and in others:

Giving orders, and acting on them —

Describing an object by its appearance, or by its measurements —
Constructing an object from a description (a drawing) —
Reporting an event —

Speculating about the event —

Forming and testing a hypothesis —

Presenting the results of an experiment in tables and diagrams —
Making up a story; and reading one —

Acting in a play —

Singing rounds —

Guessing riddles —

Making a joke; telling one —

Solving a problem in applied arithmetic —

Translating from one language into another —

Requesting, thanking, cursing, greeting, praying.” (§23)
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Implementing Language Games

Wittgenstein’s language games are still controversial, partly
because they cross many academic boundaries:

syntax, semantics, pragmatics, logic, ontology, speech acts,
themes, narratives, scenarios, sublanguage, genre...

Many logicians consider them “a step in the wrong direction.”

Some computational linguists found his writings inspirational,
but implementing that inspiration is nontrivial.

The Satzsysteme are easier to formalize, and they could be
considered special cases of language games.

But how could they be formalized and implemented?
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A Neo-Wittgenstenian Model of Language

Developed by Margaret Masterman —

One of six students in Wittgenstein’s course of 1933-34 whose
notes were compiled as The Blue Book.

Founded the Cambridge Language Research Unit (CLRU) as a
discussion group that became a major center for NLP.

Emphasized semantics, not syntax:
“l want to pick up the relevant basic-situation-referring
habits of a language in preference to its grammar.”
Invented a context-dependent method of analysis:
1. Thesaurus with words grouped by areas of use.

2. Word “fans” radiating from each word type to each area of the
thesaurus in which it occurs.

3. Dynamically generated combinations of fans for word tokens.
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A Word Fan for “Bank”

‘BANK’
O 8 O o
209 218 220 220 234 239 344
highland seat acchivity  beobligue edge laterality shore
j’ J’ - J’ J’ l
L |
HEIGHT SUPPORT OBLIGUITY EDGE LATERALITY LAND

8 L) L)
632 632 798 799
storage storage treasurer treasurny
[werh] l J'
L _J
STORE TREASURER TREASURY

Numbers and labels represent areas in Roget’s Thesaurus.
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Method of Disambiguation

Example: “up the steep bank” and “in the savings bank”.
All the words except “the” have word fans.

Masterman’s method for selecting an appropriate word sense:

« Combinations of fans “pare down” the ambiguities “by retaining
only the spokes that retain ideas which occur in each.”

* For this example,
— OBLIQUITY 220 is common to 'STEEP' and 'BANK".

— STORE 632 and TREASURY 799 are common
to 'SAVINGS' and 'BANK".

This method uses background knowledge to resolve ambiguities.

It’s a step In the right direction, but it’s too static to support the
dynamic interactions of Wittgenstein’s games.
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Implementing Language Games

From psycholinguistics, neuroscience, and philosophy:

e Language develops, both in the species and in the individual,
as an accompaniment to social activity.

 Pragmatics is the primary purpose of language and the first
aspect to emerge in the genus Homo and in every infant.

« Semantics develops from the patterns of networks that connect
the mental models used in perception and purposeful action.

 Different aspects of meaning are emphasized in language
games for different purposes in different kinds of activities.

 Formal logics are abstractions from certain language games.
What can these observations tell us about Al and NLP?
Can they be implemented in computable methods?

Could those methods support the power and flexibility of

human language and reasoning?
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Formalizing Wittgenstein’s Satzsysteme

For a given logic (Beweissystem), all the Satzsysteme for that
logic can be represented by theories In a lattice.

If the logic is very expressive, the lattice can contain sublattices
for many specialized logics.

The universal theory at the top of the lattice contains nothing but
tautologies, which are true of every model of every theory.

In Peirce’s terms, theories near the top are “sufficiently vague” to
characterize a wide range of subjects.

Specialized theories at lower levels are sufficiently “narrow” to be
“pretty precise and fairly certain” for more specialized subjects.

But to provide a semantics for language, the theories must be
mapped to words, sentences, and extended discourse.
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Supporting Language Games

Three basic mechanisms can map Satzsysteme or language
games to and from the sentences of a natural language:

 Lattice of theories.
 Word fans that map words to a hierarchy of concept types.

 Reasoning methods to determine which theory in the lattice is
appropriate for a given context.

But language games require more dynamic operations:

» A Satzsystem corresponds to a controlled natural language that is
restricted to a precisely defined sublanguage.

 Language games must be more general than Satzsysteme in order
to represent all the dynamic interactions of life.

 Language games can grow, change, and be replaced or combined
at any time during a conversation.
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Construing Experience through Meaning

Michael Halliday, a linguist and a founding member of CLRU:

* He’s not a Wittgensteinian philosopher, but he emphasizes similar issues
in the semantics, pragmatics, and social aspects of language use.

« As a pioneer in machine translation, he adopted and integrated insights
from both theoretical and computational linguistics.

 His early work on Chinese linguistics and machine translation made him
sensitive to cultural differences in categories and modes of expression.

Some quotations: *

» “Meanings do not exist before the wordings that realize them. They are
formed out of the impact between our consciousness and the environment.”

« “A phenomenon of experience is construed as a category in the ideation
base by being given a location in three semantic networks... taxonomic,
meronomic, and eco-functional.”

* “The phenomena of human experience are held in tension by so many
intersecting analogical lines that, while all of us have the same brains and
live on the surface of the same planet, such diverse ways of semiotic
mapping are not only possible, but inevitable.”

* M.A.K. Halliday & Christian M.I.M. Matthiessen (1999) Construing Experience Through Meaning: 19
A Language-Based Approach to Cognition, London: Cassel.



What is Language Understanding?

Understanding a text in some language does not require a
translation to a language of thought or logical form.

Instead, it requires an interpreter, human or robot, to relate
the text to his, her, or its context, knowledge, and goals:

 That process changes the interpreter’s background knowledge.

- But the kind of change depends critically on the context, goals,
and available knowledge.

* No two interpreters understand a text in exactly the same way.

* With different contexts, goals, or knowledge, the same interpreter
may understand a text in different ways.

The evidence of understanding is an appropriate response to
a text by an interpreter in a given situation.

If a robot responds appropriately to a command, does it

understand? What if it explains how and why it responded? .



Related Readings

Future directions for semantic systems,
http://www.jfsowa.com/pubs/futures.pdf

From existential graphs to conceptual graphs,
http://www.jfsowa.com/pubs/eg2cg.pdf

Role of Logic and Ontology in Language and Reasoning,
http://www.jfsowa.com/pubs/rolelog.pdf

Fads and Fallacies About Logic,
http://www.jfsowa.com/pubs/fflogic.pdf

Conceptual Graphs for Representing Conceptual Structures,
http://www.jfsowa.com/pubs/cg4cs.pdf

Peirce’s tutorial on existential graphs,
http://www.jfsowa.com/pubs/egtut.pdf

ISO/IEC standard 24707 for Common Logic,
http://standards.iso.org/ittf/PubliclyAvailableStandards/c039175_ISO_IEC_24707_2007(E).zip
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