
  

  

Situations
Cognitive, Theoretical, and Computational

John F. Sowa
26 February 2011
Presented at the CogSIMA 2011 Conference



  

What is a Situation?

Definition:  A situation is a region of space-time that 
bounds the range of immediate perception, action, 
interaction, and communication of one or more agents.

● A situation without agents is possible, but meaningless.
● Agents determine how a situation develops.
● The boundary of a situation is determined by the scope of      
   perception, action, and communication of the agents in it.
● Psychologists and sociologists study human situations.
● Logicians and philosophers formulate theoretical models       
  of agents interacting and communicating in situations.
● Computer scientists develop methods for simulating and        
  reasoning about the models.



  

Example of a Situation

This is a test picture used to diagnose patients with aphasia.

A patient’s description of the situation can show the effects  
of lesions caused by wound, stroke, tumor, or infection.



  

Significant Aspects of the Situation

Space-time region:
● The kitchen of a private home.

Agents:
● Girl, boy, woman.

Goals of the agents:
● Girl, boy:  get cookies.
● Woman:  wash dishes; maintain discipline.

Actions:
● Wiping, spilling, reaching, holding, grasping, tipping, falling.

Question:
● How is this situation likely to develop?



  

Language Areas in the Left Hemisphere

Two areas of the left hemisphere that are involved with language.

Lesions in Broca’s area disrupt syntax in speech generation.

Lesions in Wernicke’s area disrupt language understanding.



  

Lesions in Broca’s Area

Patients can understand language, they can respond correctly  
to questions and requests, but their speech has no syntax.

The patient B.L. is unable to describe the picture, but he can 
correctly express nouns in short answers to questions:

B.L.:  Wife is dry dishes.  Water down!  Oh boy!  Okay Awright.  Okay …   
Cookie is down... fall, and girl, okay, girl... boy... um...
Examiner:  What is the boy doing?
B.L.:  Cookie is... um... catch
Examiner:  Who is getting the cookies?
B.L.:  Girl, girl
Examiner:  Who is about to fall down?
B.L.:  Boy... fall down!

Patients with Broca’s aphasia also have some impairment in 
understanding complex syntax – especially with verbs.



  

Lesions in Wernicke’s Area

Patients have difficulty understanding language, their speech is 
wrong, irrelevant, or nonsensical, but it has syntactic structure.

The patient H.W. is trying to describe the same picture as B.L.:
H.W.:  First of all this is falling down, just about, and is gonna fall down and 
they're both getting something to eat... but the trouble is this is gonna let go 
and they're both gonna fall down... but already then... I can't see well enough 
but I believe that either she or will have some food that's not good for you 
and she's to get some for her too... 
Examiner: That's not real clear.   What do you think she's doing?
H.W.: But, oh, I know.  She's waiting for this!
Examiner: No, I meant right here with her hand, right where you can't figure 
out what she's doing with that hand.
H.W.: Oh, I think she's saying I want two or three, I want one, I think, I think 
so, and so, so she's gonna get this one for sure it's gonna fall down there or 
whatever, she's gonna get that one and, and there...

Note almost no nouns, but many verbs and pronouns.



  

Conduction Aphasia

A disruption or break in the neural pathway between the areas.

With Wernicke’s area intact, patients can understand language.

With Broca’s area intact, their speech has fluent syntax.

But the disruption of information transmission causes patients 
to make occasional errors reminiscent of Wernicke’s aphasia.

A German patient, asked to repeat the word Rosenkranz, shows 
their characteristic difficulty in repeating what they hear:

“rosenbrau... rosenbrauch... rosengrau... bro... grosenbrau... grossenlau... 
rosenkranz... kranz... rosenkranz”

Patients can hear what they say and try to correct their errors;  
one patient found an alternate pathway by spelling the word:

“I came into the hospital for some tecs... some secs... some... tesk...             
 T E S... tests.”



  

Interconnections Between Areas

Auditory input goes to the primary auditory cortex and then to 
Wernicke’s area, which is close to all the sensory areas.

Broca’s area is connected to Wernicke’s area, but it is closer to 
the motor areas, especially for the face and vocalization.



  

Wernicke-Geschwind Model

Norman Geschwind's updates to Wernicke's hypotheses:
● Wernicke’s area is key to semantic interpretation.
● Input from the primary auditory cortex goes directly to Wernicke’s area.
● That area is closely connected to all the sensory areas.
● It relates words and patterns of words to patterns of percepts.

Broca’s area is key to syntactically correct language generation:
● Directly connected to the motor mechanisms for speech.
● Formats output from Wernicke’s area in language generation.
● Verifies and interprets syntactic details in language understanding.

Reading provides an alternative to speech input:
● Written or printed words are interpreted in the visual cortex.
● The stream of words is sent to Wernicke’s area for understanding. 
● The interpreted forms are sent to Broca’s area for speech generation.



  

Extensions Beyond the W-G Model

Many more areas of the brain are involved in language:
● Various syntactic and semantic categories are handled by different areas.
● Processing is far more complex than a simple sequential flow.
● Reasoning, action, and speech generation in the frontal lobe.
● Perception, orientation, and language understanding toward the back. 



  

Neurocognitive Network for the Word 'fork'

Network of locations in the LH, adapted from Lamb (2010):
● C:     Concept of a fork in the parietal lobe links to all other areas.
● V:      Visual recognition in the temporal lobe links to the visual cortex.
● T:      Tactile feel of a fork in the somatosensory cortex.
● M:     Motor schemata for manipulating a fork in the motor area.
● PR:   Phonology for recognizing the word 'fork' in Wernicke’s area.
● PA:   Phonology for the sound /fork/ in the primary auditory cortex.
● PP:   Phonology for producing the articulation of /fork/ in Broca’s area.



  

Integrating Multiple Sensory Inputs

Parietal lobes of both hemispheres are key:
● Centrally located between visual, auditory, and somatosensory areas.
● Organize and relate inputs from all sensory modalities.
● Form cognitive maps of environments and situations.

Bálint's syndrome:
● Caused by bilateral damage to the posterior parietal lobes.
● For the cookie theft picture, patients can recognize objects.
● But they can't relate different objects to one another.

Perception and mental imagery use the same areas:
● fMRI scans show activation in all lobes of both hemispheres.
● The occipital lobes, which receive the visual input, are somewhat more     
  active in direct perception than in mental imagery.
● But the activations in the frontal and parietal lobes are nearly identical      
  for perceiving and imagining the same scenes.



  

Situated Simulation

Neural and psychological research by Lawrence Barsalou:
● Mental simulation is the re-enactment of perceptual, motor and                   
  introspective states acquired during experience.
● Unconscious re-enactments  occur during memory and reasoning.
● Conscious re-enactments are usually called mental imagery.

Cognition is grounded in perception, action, and internal states.
● Simulations can re-enact the social interactions in situations.
● Situated conceptualizations can also stimulate the emotional states.

Mirror neurons promote learning and social understanding:
● The neurons used in performing an action are also activated in seeing       
  another person perform the same action.
● Simulations in motor and emotional systems are critical to empathy,          
  social understanding, and successful cooperation.

See http://www.psychology.emory.edu/cognition/barsalou/onlinepapers.html 

http://www.psychology.emory.edu/cognition/barsalou/onlinepapers.html


  

Boyd's OODA Loop  

John Boyd drew a four-step diagram for training fighter pilots to 
Observe, Orient, Decide, and Act in a fraction of a second.

The first two steps – observe and orient –  depend on perceptual 
areas and cognitive maps in occipital, temporal, and parietal lobes.

The next two steps – decide and act – depend on reasoning  and 
motor areas in the frontal lobes, but also involve the other lobes.

The same steps can be covered in longer time periods for analyzing 
and reasoning about complex or novel situations.



  

Theories of Situations

Worlds and possible worlds are far too big:
● No human can comprehend or talk about an entire world.
● Perception, action, language, and thought are limited to situations.

Theories for AI reasoning systems by John McCarthy:
● Situation calculus (1963).
● Notes on formalizing context (1993).

Situation semantics and situation theory.
● Focus on natural language semantics by Barwise & Perry (1980, 1983).
● Later shift to a more abstract situation theory (Devlin 1991).
● Studies of information flow (Barwise & Seligman 1997).

The laws, reasons, goals, or intentions for contexts.
● Logic and semiotics by Charles Sanders Peirce.
● Focus on why a particular context or situation is selected.
● Adapted to conceptual graphs by Sowa (1984, 2000).



  

Representing Situations

Different philosophers, linguists, and logicians emphasize 
different aspects of situations.

But there are important commonalities:
● A situation is an actual, hypothetical, or fictional region.
● Somebody decided that the region is significant.
● Some version of logic and ontology is necessary to describe it.
● Linguistic theories relate sentences to situations and speakers.

Questions:
● How do we decide what situations are important?
● How can we describe them effectively?
● How can we reason about them?



  

A Family of Logics

First-order logic is a subset or superset of most logic-based notations.

But people are constantly inventing new notations, and they don’t
want to abandon their favorite notation in favor anybody else’s.

The ISO standard 24707 for Common Logic defines a very general 
semantic foundation for an open-ended family of dialects.

Three normative dialects are specified in ISO 24707:
● CLIF — Common Logic Interchange Format
● CGIF — Conceptual Graph Interchange Format
● XCL — XML-based notation for Common Logic 

But any notation that uses the common semantics can join the family.



  



  

How to Say “A cat is on a mat.”

Predicate calculus:
      (x:Cat)(y:Mat) On(x,y)

Common Logic Interchange Format  (ISO 24707):
          (exists ((x Cat) (y Mat)) (On x y)) 

Conceptual Graph Interchange Format  (ISO 24707):
          [Cat *x] [Mat *y] (On ?x ?y) 

Conceptual Graph Display Form:

Controlled English:
     A cat is on a mat.



  

The Development of Common Logic

1992:  ANSI projects for the Knowledge Interface Format (KIF) 
and Conceptual Graphs (CGs) started in the X3H4 committee.
1994:  X3T2 inherits KIF and CG projects; sponsors workshops 
on ontology for an ISO project on Conceptual Schemas.
1999:  Conceptual Schema project ends with a technical report.
2000:  NCITS L8 merges KIF and CG projects in a proposal to 
SC32 for an ISO standard for Common Logic.
2001:  Pat Hayes and Chris Menzel propose a new semantic 
foundation  for Common Logic that is compatible with RDF.
2002:  Guha and  Hayes use the CL semantics to define the 
logic base (LBase) for RDF.
2007:  ISO/IEC standard 24707 for Common Logic is approved.
2014:  Target date for an updated and extended version of the 
CL standard, possibly with the IKL extensions included.



  

Common Logic Controlled English

A dialect of Common Logic that looks like English.

CLCE uses a subset of English syntax and vocabulary.

But CLCE grammar avoids constructions that could be ambiguous.

CLCE replaces pronouns with temporary names called variables.

Examples:
        For every company C,
        exactly one manager in C is the CEO of C;
        every employee of C except the CEO reports to the CEO;
        the CEO of C does not report to any employee of C.
        If an integer N is 5, then (N^3 = 125).

The scope of variables, such as C or N, extends to the ending period.

Note:  CLCE is not an ISO standard, but it uses the CL semantics.



  

CLCE:   Bob drives his old Chevy to St. Louis.

Conceptual graph display form:

Conceptual Graph Interchange Format  (CGIF):

[Drive *x] [Person Bob] [City "St. Louis"] [Chevy *y] [Old *z]
(Agnt ?x Bob) (Dest ?x "St. Louis") (Thme ?x ?y) (Poss Bob ?y) 
(Attr ?y ?z)
Common Logic Interchange Format  (CLIF):

(exists ((x Drive) (y Chevy) (z Old))
  (and (Person Bob) (City "St. Louis") (Agnt x Bob)
    (Dest x "St. Louis") (Thme x y) (Poss Bob y) (Attr y z))



  

CLCE:   If a cat is on a mat, then the cat is a happy pet.

Conceptual graph display form:

CGIF:

[If: [Cat: *x] [Mat: *y] (On ?x ?y)
      [Then: [Pet: ?x] [Happy: *z] (Attr ?x ?z) ]]

CLIF:

(not (exists ((x Cat) (y Mat)) (and (On x y)
     (not (exists z) (and (Pet x) (Happy z) (Attr x z)))))))



  

Mapping CLCE to CGIF
The CLCE translator uses a dictionary with a default 
ontology, but very few axioms.
A knowledge engineer can use CLCE to state axioms that 
can extend, revise, or even replace the default ontology.
Sample CLCE statements:

A woman wipes a plate with a cloth.
A boy holds a cookie in his left hand.
A girl reaches for a cookie.

Default translation to CGIF:
[Woman *x1] [Wipe *x2] [Plate *x3] [Cloth *x4] (Agnt ?x2 ?x1)           
(Thme ?x2 ?x3) (Inst ?x2 ?x4)
[Boy *y1] [Hold *y2] [Cookie *y3] [Hand *y4] [Left *y5] (Agnt ?y2 ?y1)  
(Thme ?y2 ?y3) (Inst ?y2 ?y4) (Poss ?y1 ?y4) (Attr ?y4 y5)
[Girl *z1] [Reach *z2] [Cookie *z3] (Agnt ?z2 ?z1) (For ?z2 ?z3)



  

Representing Situations
Common Logic in any dialect – CLIF, CGIF, or CLCE – can 
represent a situation and the things and events in it.

But an extension to Common Logic is necessary to express 
theories about propositions and situations.

The critical extension is the ability to make statements 
about propositions and the situations they describe.

That extension makes it possible to talk about the goals of 
the people or other agents in the situation.

It also enables plans, hypotheses, reasoning, predictions, 
and evaluations about situations and their outcomes.



  

IKRIS Project
DoD-sponsored project:  Design an Interoperable Knowledge 
Language (IKL) as an extension to Common Logic.

Goals:
● Enable interoperability among advanced reasoning systems.
● Test that capability on highly expressive AI languages.

Show that semantics is preserved  in round-trip mapping tests:
● Cycorp:   Cyc Language  →  IKL  →  CycL
● RPI / Booz-Allen:   Multi-Sorted Logic  →  IKL  →  MSL
● Stanford/IBM/Battelle:   KIF  →  IKL  →  KIF
● KIF  →  IKL  →  CycL  →  IKL  →  MSL  →  IKL  →  KIF

Conclusion:  “IKRIS protocols and translation technologies 
function as planned for the sample problems addressed.”

Interoperable Knowledge Representation for Intelligence Support (IKRIS), Evaluation Working Group Report, 
prepared by David A. Thurman, Alan R. Chappell, and Chris Welty, Mitre Public Release Case #07-1111, 2007.      
http://nrrc.mitre.org/NRRC/Docs_Data/ikris/IKRIS_Evaluation_Report_31Dec06.doc

http://nrrc.mitre.org/NRRC/Docs_Data/ikris/IKRIS_Evaluation_Report_31Dec06.doc


  

The IKL Extension to Common Logic

Common Logic is a superset of the logics used in many semantic 
systems, but some systems require even more expressive logics.

Only one new operator is needed:  a metalanguage  enclosure, 
which uses the keyword 'that' to mark the enclosed statement.

● The enclosed statement denotes a proposition.
● That proposition could be a conjunction of many statements.
● It can be given a name, and other propositions can refer to it.
● In effect, IKL can be used as a metalanguage for talking about and     
  relating packages of IKL statements nested to any depth.

CL with the IKL extensions can represent a wide range of logics 
for modality, defaults, probability, uncertainty, and fuzziness.

For the IKL extension, see   http://www.ihmc.us/users/phayes/IKL/SPEC/SPEC.html    
and  http://www.ihmc.us/users/phayes/ikl/guide/guide.html 

http://www.ihmc.us/users/phayes/IKL/SPEC/SPEC.html
http://www.ihmc.us/users/phayes/ikl/guide/guide.html


  

Using CLCE to Express IKL

The operator 'that' of IKL can be used in CLCE:
      Tom believes that Mary knows that (2 + 2 = 4).

In CLIF notation for IKL:
        (Believes Tom (that (Knows Mary (that (= (+ 2 2) 4)))))

In CGIF notation for IKL:
        (Believes Tom [Proposition (Knows Mary [Proposition (+ 2 2 | 4) ]) ])

The operator 'that' is a powerful metalevel extension.

It enables IKL to specify languages, define their semantics,    
and specify transformations from one language to another.

Writing complex statements in CLCE requires training in logic.

But anybody who can read English can read CLCE.



  

Propositions and Situations

The two CGs above show two different interpretations of the 
sentence Tom believes that Mary wants to marry a sailor:

● Tom believes a proposition that Mary wants a situation in which              
   there exists a sailor whom she marries.
● There exists a sailor, and Tom believes a proposition that Mary wants     
   a situation in which she marries the sailor.

The IKL semantics permits the quantifier for “a sailor” to 
include the enclosed statements within its scope.

For further discussion of these issues, see  http://www.jfsowa.com/pubs/cg4cs.pdf

http://www.jfsowa.com/pubs/cg4cs.pdf


  

Representing IKL in CLIF and CGIF

Following is the CGIF representation for the CG on the left of the 
previous slide:

[Person: Tom] [Believe: *x1] (Expr ?x1 Tom) (Thme ?x1 [Proposition:
    [Person: Mary] [Want: *x2] (Expr ?x2 Mary) (Thme ?x2 [Situation:
        [Marry: *x3] [Sailor: *x4] (Agnt ?x3 Mary) (Thme ?x3 ?x4)])])

In CLIF notation, the operator 'that' applied to a CL or IKL 
sentence denotes the proposition stated by the sentence:

(exists ((x1 Believe)) (and (Person Tom) (Expr x1 Tom) (Thme x1 (that
    (exists ((x2 Want) (s Situation)) (and (Person Mary) (Expr x2 Mary)
        (Thme x2 s) (Dscr s (that
            (exists ((x3 Marry) (x4 Sailor)) (and (Agnt x3 Mary) (Thme x3 x4)
))))))))))

To represent the CG on the right of the previous slide, move the 
concept node [Sailor: *x4] in front of the concept [Person: Tom] for 
CGIF notation.  For CLIF, move (x4 Sailor) in front of (x1 Believe).



  

Describing a Situation in CLCE

{Situation:  A woman, a girl, and a boy are in a kitchen of a house. 
The woman wipes a plate with a cloth.  Water spills on the floor of 
the kitchen.  The girl reaches for a cookie.  The boy holds a cookie 
in his left hand. The boy grasps a cookie with his right hand.  The 
boy stands on a stool.  The stool tips over.  The boy falls down.}



  

Using CL and IKL for Situation Theory

In situation theory, the unit of information is called an infon σ, 
which is entailed by some situation s:   s╞ σ

The meaning of a language expression φ is a relation between    
a discourse situation d, a speaker connection function c, and a 
described situation e:   d, c║φ║e

All those relations can be expressed in Common Logic:
● A single relation with all its arguments corresponds to an infon.
● A compound infon is a CL expression that combines the relations.
● The theory, notation, and terminology by Devlin (1991) can be directly        
   mapped to Common Logic in any dialect.

The IKL extension to CL provides a rich formalism for talking 
about situations, agents, and the intentions of the agents.

CLCE is a highly readable notation for CL and IKL.



  

VivoMind Software

Conceptual graphs (CGs) for representation and reasoning:
● Natural languages, logics, and any kinds of formal or informal patterns.

VivoMind Analogy Engine (VAE):
● Encode any graph in a numeric Cognitive Signature™.  
● Store graphs in a high-volume, high-speed Cognitive Memory™.
● Find exact and approximate matches in logarithmic time.

VivoMind Language Processor (VLP):
● Society of distributed, heterogeneous agents operating in parallel..
● Link grammar for translating natural languages to CGs.
● VAE to access background knowledge for interpreting NLs.
● Supports analogies, formal logics, and statistical reasoning.

Prolog for Intelligent Knowledge Systems (PrologIKS):
● A compiler and interpreter for ISO standard Prolog.
● With the IKS extensions to support VAE, VLP, and related tools.



  

A Cognitive Theory of Reasoning

Based on the same kinds of pattern matching as perception:
● Associative access by matching images and patterns.
● Approximate matches for analogies and metaphors in RH.
● Precise, detailed pattern matches in LH.

Analogies support informal case-based reasoning:
● Long-term memory can store large numbers of previous experiences.
● Any new case can be matched to similar cases in LTM.
● Close matches suggest likely outcomes or features of the new case. 

Logic is based on a disciplined application 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.

But the proof procedures of predicate calculus are not consistent 
with the evidence from psychology and neuroscience.



  

“A Moving Picture of Thought”

A brilliant discovery by Charles Sanders Peirce:
● In 1885, Peirce published the algebraic notation for predicate calculus.
● In 1897, he invented existential graphs (EGs) as an equivalent notation.
● EG logic has no variables, no substitutions, and no transformations.
● Peirce claimed that EG rules generate “a moving picture of thought.” 
● The psychologist Philip Johnson-Laird (2002) agreed:  EGs with Peirce’s  
   rules of inference are a good candidate for a realistic neural theory.

EG extensions to the networks proposed by Sydney Lamb:
● A mechanism for treating any graph or subgraph as a single chunk.
● Inhibitory links for negating any chunk.
● Graphs with negated chunks can represent full first-order logic.

Neural mechanisms for supporting Peirce’s rules of inference:
● Analogies for matching graphs and subgraphs.
● Some mechanism for inserting, erasing, or inhibiting links and chunks.



  

Peirce’s Cycle of Pragmatism

Peirce’s claim:  This cycle applies to “any scientific Intelligence”         
– i.e., any intelligence that is capable of learning from experience.

Learning occurs at every step of every cycle.



  

VivoMind Cognitive Architecture (VCA)

Based on Peirce’s cycle of pragmatism with analogy as default:
● Induction, abduction, and deduction are special cases of analogy.
● The cycle is traversed at every level of size and duration. 
● Milliseconds:  Boyd’s OODA loop (Observe, Orient, Decide, Act).
● Seconds to minutes:  Routine analysis, planning, and problem solving.
● Days to years:  Complex studies, exploration, and research.

Societies of distributed, heterogeneous agents:
● Asynchronous message passing for control and communication.
● Conceptual graphs for the general knowledge representation.
● Language understanding as a knowledge-based perceptual process.
● Analogies for rapidly accessing high volumes of knowledge of any kind.

Learning occurs at every step of every cycle:
● Perception and reasoning generate new conceptual graphs (CGs).
● Analogies assimilate the CGs into Cognitive Memory™ for future use.



  

Related Readings  
“Fads and Fallacies About Logic,” by John F. Sowa
      http://www.jfsowa.com/pubs/fflogic.pdf

“Conceptual Graphs for Representing Conceptual Structures,” by John F. Sowa
      http://www.jfsowa.com/pubs/cg4cs.pdf

An introductory tutorial on Common Logic
      http://www.jfsowa.com/talks/clintro.pdf

Web site for Common Logic:
      http://www.common-logic.org
 
ISO/IEC standard 24707 for Common Logic:
      http://standards.iso.org/ittf/PubliclyAvailableStandards/c039175_ISO_IEC_24707_2007(E).zip

Web site for controlled natural languages:
      http://www.ics.mq.edu.au/~rolfs/controlled-natural-languages/

http://www.jfsowa.com/pubs/fflogic.pdf
http://www.jfsowa.com/pubs/cg4cs.pdf
http://www.jfsowa.com/talks/clintro.pdf
http://www.common-logic.org/
http://standards.iso.org/ittf/PubliclyAvailableStandards/c039175_ISO_IEC_24707_2007(E).zip
http://www.ics.mq.edu.au/~rolfs/controlled-natural-languages/
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