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Summary

Large language models cannot do any reasoning by
themselves. But they can often find and apply reasoning
patterns that they find in the vast resources of the WWW,

Systems developed by Permion use LLMs for what they
do best. But they combine them with precise and trusted
methods of diagrammatic reasoning based on conceptual
graphs (CGs). They take advantage of the full range of
technology developed by 60+ years of Al, computer
science, and computational linguistics.

For any application, Permion methods derive an ontology
tailored to the policies, rules, and specifications of the
project or business. All programs and results they
produce are guaranteed to be consistent with that
ontology. 2



Strengths and Limitations

GPT and related systems have produced impressive results.
* For machine translation, they are superior to earlier systems.

 They can answer questions and discuss issues about any subject
mentioned on the WWW.

* Their answers and even their mistakes seem to be human-like.
 Some people think they can pass the Turing test, now or soon.

But the old search engines are reliable and transparent.
 Readers always know where the information comes from.
 They can choose different search strategies or search engines.

With GPT, no one knows when or whether it’s mistaken.
* It’'s good grammatical English makes it look authoritative.
* But there is no way to evaluate it’s information or it’s source.

* It may mix correct information with false, plausible, misleading,
pornographic, or violent information from unknown sources.



What Makes People Intelligent?

Minsky’s answer: A society of heterogeneous agents. *

What magical trick makes us intelligent? The trick is that there is

no trick. The power of intelligence stems from our vast diversity,

not from any single, perfect principle. Our species has evolved many
effective although imperfect methods, and each of us individually
develops more on our own. Eventually, very few of our actions and
decisions come to depend on any single mechanism. Instead, they
emerge from conflicts and negotiations among societies of processes
that constantly challenge one another. §30.8

Language and culture enhance the diversity.

* The languages of our stone-age ancestors can be adapted to any
subject: science, technology, business, law, finance, and the arts.

« When people invent anything, they find ways to describe it.

« When people adopt technology from another culture, they also adopt
and adapt new words and ways of thinking.

* Marvin Minsky (1986) The Society of Mind, New York: Simon & Schuster.
See also Push Singh & Marvin Minsky (2005) An architecture for cognitive diversity.


http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.130.2223&rep=rep1&type=pdf

Mathematics and Imagery

Paul Halmos, mathematician:

“Mathematics — this may surprise or shock some —is never deductive in
its creation. The mathematician at work makes vague guesses, visualizes
broad generalizations, and jumps to unwarranted conclusions. He
arranges and rearranges his ideas, and becomes convinced of their truth
long before he can write down a logical proof... the deductive stage,
writing the results down, and writing its rigorous proof are relatively
trivial once the real insight arrives; it is more the draftsman’s work not
the architect’s.” *

Albert Einstein, physicist:

“The words or the language, as they are written or spoken, do not seem
to play any role in my mechanism of thought. The psychical entities
which seem to serve as elements in thought are certain signs and more
or less clear images which can be voluntarily reproduced and combined...
The above-mentioned elements are, in my case, of visual and some of
muscular type. Conventional words or other signs have to be sought for
laboriously only in a secondary stage, when the mentioned associative
play is sufficiently established and can be reproduced at will.” **

5
* Halmos (1968). ** Quoted by Hadamard (1945). See also Lakoff & Nunez (2000).



Specialized Areas of the Brain
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The human brain is vastly more complex than LLMs.
 Nouns and adjectives are represented in the temporal lobe.
 Frames, maps, and semantic schemata are in the parietal lobe.
* Verb patterns are in BA47, close to Broca's area and the motor areas.

* The frontal lobes, which are dedicated to action, control reasoning.
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Long-Distance Connections

Most neurons have short

links to nearby neurons.

But others make long-
distance connections.

Prefrontal
Cortex

The diagram shows long-
distance connections
among areas of the brain
involved in language. *

The blue boxes represent
areas in the frontal lobes;
yellow for an area in the

parietal lobe; green for an
area in the temporal lobe.

Patterns can be learned
and recognized in one area.

But cognition relates many
areas across the brain.

* MacNeilage (2008).

Supplementary
Motor Area .
Semantics and
A Focus
e — Geschwind’s
Area
A
Y
’ Semantic
Broca’s Content ®— Semantic
Area Relations
Y
Verbal
Mutqr Control —@ Contant Wernicke's
Signals
Area
Y
Primary
Motor Cortex
Muscle Control —@ Cerebellum

Signals

A J

Muscles

N\
/!




VivoMind (2000 to 2010)

Cognitive Memory: a key component of VivoMind technology.
* Approximate pattern matching for analogies and metaphors.
» Associative storage and retrieval of graphs in log(N) time.
* Precise pattern matching for logic and mathematics.
* Replaced by more general and efficient methods for Permion.

Analogies can support informal diagrammatic reasoning:
* Large volumes of CGs can be accessed in logarithmic time.
 Any new case can be matched to related cases in long-term memory.
* Close matches are ranked by a measure of semantic distance.

Formal reasoning is based on a disciplined use of analogy:
* Induction: Generalize multiple cases to create rules or axioms.
* Deduction: Match (unify) a new case with part of some rule or axiom.
 Abduction: Form a hypothesis based on aspects of similar cases.



VivoMind Cognitive Memory
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Information Extraction Project

The next slide shows a table derived from research reports.

To support the semantics, an ontology for chemistry was added
to the VivoMind ontology.

Then for each report,
 Map each sentence to a conceptual graph (CG). *
* Analyze anaphoric references to link pronouns to named entities.
* Result: alarge CG that represents every sentence in the document.
« Store that graph (including subgraphs) in Cognitive Memory.
* Query Cognitive Memory for the data in each row of the table.
» Store the answers in the table.

In a competition among twelve major NLP systems,
* The VivoMind system got 96% of the entries correct.
 The second best score was 73%. Most scores were below 50%.

* For an overview of CG methods, see http://www.jfsowa.com/pubs/template.pdf
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http://www.jfsowa.com/pubs/template.pdf

Information Extracted from Documents
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Why LLMs Would Be Useless

Chemical formulas are very different from English:
e Vastly more chemical compounds than English words.
 Most occurrences are not in English sentences.
 Much of the data is specified in tables and spread sheets.

* Links among compounds are specified in chemical formulas.

 Methods for analyzing chemical data are highly specialized.

The VivoMind solution:
« Specify an ontology for the subject matter.
* Define mappings from chemical specifications to CGs.
* Use the VivoMind language tools for mapping texts to CG.
 Diagrammatic reasoning with and about CGs.
 Map the results to the spreadsheets as required.

12



Application to Legacy Re-engineering

First major application of VivoMind technology (December 2000).
Analyze the software and documentation of a large corporation.

Programs in daily use, some of which were up to 40 years old.
* 1.5 million lines of COBOL programs.

* 100 megabytes of English documentation — reports, manuals,
e-mails, Lotus Notes, HTML, and program comments.

Goal:
* Analyze the COBOL programs.
* Analyze the English documentation.

« Compare the two to determine:
Data dictionary of all data used by all programs.
English glossary of all terms with index to the software.
Evolution of terminology over the years.
Structure diagrams of the programs, files, and data.

Discrepancies between programs and documentation. -



An Important Simplification

An extremely difficult and still unsolved problem:
* Translate English specifications to executable programs.

Much easier task:
* Translate the COBOL programs to conceptual graphs (CGs).
 Those CGs provide the ontology and background knowledge.
 The CGs derived from English may have ambiguous options.
* In parsing English, use CGs from COBOL to resolve ambiguities.
« The COBOL CGs show the most likely options.
 They can also provide missing information or detect errors.

The CGs derived from COBOL provide a formal semantics
for the informal English texts.

14



Excerpt from the Documentation

The input file that is used to create this piece of the Billing Interface for
the General Ledger is an extract from the 61 byte file that is created by the
COBOL program BILLCRUA in the Billing History production run. This
file is used instead of the history file for time efficiency. This file contains
the billing transaction codes (types of records) that are to be interfaced to
General Ledger for the given month.

For this process the following transaction codes are used: 32 — loss on
unbilled, 72 — gain on uncollected, and 85 — loss on uncollected. Any of

these records that are actually taxes are bypassed. Only client types 01 —

Mar, 05 — Internal Non/Billable, 06 — Internal Billable, and 08 — BAS
are selected. This is determined by a GETBDATA call to the client file.

Note that none of the files or COBOL variables are named.

By matching graphs derived from English to graphs derived from
COBOL, all names of files and COBOL variables were determined.

15



Interpreting Novel Patterns

Many documents contain unusual or ungrammatical patterns.
They may be elliptical forms that could be stored in tables.

But some authors wrote them as phrases:

e 32 — loss on unbilled
* 72 — gain on uncollected
e 85 — loss on uncollected

The dashes were represented by a default relation (Link):
[Number: 32]—(Link)—[Punctuation: “-"]—(Link)—[Loss]—(On)—[Unbilled]

This CG, which was derived from an English document, matched
CGs derived from COBOL programs:

* The value 32 was stored as a constant in a COBOL program.

* The phrase “loss on unbilled” was in a comment that followed
the value 32 in that program.

16



Results

Job finished in 8 weeks by Arun Majumdar and André LeClerc.

e Four weeks for customization:
Design, ontology, and additional programming for I/O formats.

e Three weeks to adapt the software that used Cognitive Memory:
Matches with strong evidence (close semantic distance) were correct.
Weak matches were confirmed or corrected by Majumdar and LeClerc.

e One week to produce a CD-ROM with the desired results:

Glossary, data dictionary, data flow diagrams, process architecture
diagrams, system context diagrams, and list of errors detected.

A major consulting firm estimated that the job would take 40 people
two years to analyze the documentation and find all cross references.

With Cognitive Memory, the task was completed in 15 person weeks.

17



Why LLMs Create Hallucinations

Short answer: They make the mistake of thinking in words.

An example by Wittgenstein, as explained by Norman Malcolm:

{1} Wiagenstein related a riddle for the purpose ol throwing some light on
the mature of philosophy. It went as follkows: Suppose that a cond was
stretched amund the carth at the equator. Now suppose that a picce one
vard long was added to the cond. If the cord was kept taut and circular in
form, how much above the surface of the earth would it be? Without stap-
ping 1 work it our, everyone present was inclined to say shat che distance
from the earth would be so minwse that it would be impercepdble. But chis
is wrang. The acmal distance would be nearly six inches. Wittgenstein
declared that it is this kind of mistake that occurs m philosophy: It consists
1n being misled by a picsure. In the riddle the picture itself is correct enough:
for a piece one yard long would be an insignificant fraction of the length of
the whole cord. But we are misded by it to draw 2 wrong conclusion. A
similar thing happens in philosophy: we are constantly deceived by mental
pictures which are in themselves correct. 18
(1958:53)
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