ONHDTP AND

HUMAN-STYLE RATIONALITY

TAREK R, BESOLD, MARTIN SCHMIDT, HELMAR GUST, ULF KRUMNACK
AHMED ABDEL-FATTAH AND KAI-UWE KUHNBERGER

UNIVERSITY OF OSNABRUCK, INSTITUTE OF COGNITIVE SCIENCE




OUTLINE

® RATIONALITY PUZZLES AND ANALOGY
® HEURISTIC DRIVEN THEORY PROJECTION
® RESTRICTED HIGHER-ORDER ANTI-UNIFICATION
® HEURISTICS
® RATIONALITY THROUGH ANALOGY
® FRAMEWORKS
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RATIONALITY PUZZLES




VWASON SELECTION TASK

8 WASON, R C, &SHAPIRO, D. (1971)
NATURAL AND CONTRIVED EXPERIENCE IN A REASONING PROBLEM.

EVERY CARD WHICH HAS A D ON ONE SIDE HAS A 3 ONTHE OTHER SIDE
(AND KNOWLEDGE THAT EACH CARD HAS A LETTER ON ONE SIDE AND A

NUMBER ON THE OTHER SIDE), TOGETHER WITH FOUR CARDS SHOWING
RESPECTIVELY D, K, 3, 7, ... THIS PROBLEM IS CALLED “‘SELECTION TASK"
AND THE CONDITIONAL SENTENCE IS CALLED "“THE RULE".




THE [ ASK

® LVERY CARDWHICH HAS A D ON ONE SIDE
HAS A 3 ONTHE OTHER SIDE

of):]7




DIFFERENT CONTEXT

® COSMIDES, L., & TOORY, . (1993).
COGNITIVE ADAPTATIONS FOR SOCIAL EXCHANGE

"I[FYOU ARE DRINKING ALCOHOL THEN YOU MUST BE OVER | 8"

16 29 049
Sl KN s




RESULT

® CLASSIC LOGIC:TURN D & /

® TURN / BY MODUSTOLLENS:

(P=Q)A7Q) = 7P

® ONLY 10% OF SUBJECTS GIVETHE “CORRECT’ ANSWER



SELECTION TASK AND ANALOGY

® CONTENT-CHANGE MAKES THE TASK EASIER TO ACCESS
FOR SUBJECTS

® SUBJECTS PERFORMANCE IS TIGHTLY CONNECTED TO
ESTABLISHING APPROPRIATE ANALOGIES

® THEY FAIL IN ORIGINAL TASK TO ESTABLISH A FITTING
ANALOGY WITH AN ALREADY KNOWN SITUATION



MODELING RATIONALITY PUZZLES

® BESOLD, T. R, GUST, H., KRUMNACK, U., ABDEL-FATTAH, A., SCHMIDT, M., &
KUHNBERGER, K. (201 I, JULY). AN ARGUMENT FOR AN ANALOGICAL
PERSPECTIVE ON RATIONALITY & DECISION-MAKING.

® WASON, R C,, & SHAPIRO, D. (1971)
NATURAL AND CONTRIVED EXPERIENCE IN A REASONING PROBLEM.

® WASON SELECTIONTASK: LOGIC

® BYRNE, R (1989): SUPPRESSING VALID INFERENCES WITH CONDITIONALS.

® REASONING WITH CONDITIONALS

® TVERSKY, A, KAHNEMAN, D. (1983): EXTENSIONALVERSUS INTUITIVE
REASONING: THE CONJUNCTION FALLACY IN PROBABILITY JUDGEMENT.

® [INDA PROBLEM:VIOLATION OF THE RULES OF PROBABILITY THEORY



ANALOGY



ANALOGY

® CORE OF COGNITION
® APPLICATION IN MANY DOMAINS
® NO LOGICAL THEORY FOR ANALOGICAL REASONING

® BUILD A COMPUTATIONAL MODEL



HEURISTIC-DRIVEN
| HEORY PROJECTION
(RDTP)




PROPERTIES

® SYMBOLIC
(FIRST ODER LOGIC FORMALIZATION OF DOMAINS AXIOMS)

® COGNITIVELY INSPIRED, NOT A COGNITIVE ARCHITECTURE

® DETECTS DEEP STRUCTURAL COMMONALITIES

® HIGHER-ORDER ANTI-UNIFICATION

® PRODUCES EXPLICIT GENERALIZATION

® PHASES: RETRIEVAL, MAPPING, TRANSFER



EXAMPLE

SOURCE TARGET

Solar system Atom




Solar System

Rutherford Atom

sorts
real, object, time

constants
sun : object, planet : object

functions
mass : object x time — real
dist : object x object x time — real
force : object x object x time — real
gravity : object x object x time — real
centrifugal : object x object x time — real

predicates
revolves_around : object x object

facts
a1 : mass(sun) > mass(planet)
o : mass(planet) > 0
ag : V(T :time) : gravity(planet,sun,T) > 0
a2 V(T :time) : dist(planet, sun, T') > 0

laws
as : V(T :time, O1 :object, O2 :object) :
dist(O1,02,T) > 0 A gravity(O1,02,T) >0
— centrifugal(O1,02,T) = —gravity(O1,02,T)
ae : V(T :time, O1 :object, Oz :object) :
O<mass(O1) AO0<mass(O2) A

dist(O1,02,T)>0 A centrifugal(O1,02,T) <0
— revolves_around(O1,O2)

sorts
real, object, time

constants
nucleus : object, electron : object

functions
mass : object x time — real
dist : object x object x time — real
coulomb : object x object x time — real

facts
B : mass(nucleus) > mass(electron)
B2 : mass(electron) > 0
B3 : V(T :time) : coulomb(electron, nucleus,T) >0
Ba : V(T :time) : dist(electron, nucleus,T) >0




PROLOG INPUT

ANALOGY ('RUTHERFORD',
DOMAIN('PHYSICS' [SIMASS(O:SUN) > SIMASS(O:PLANET),
S:DISTANCE(O:SUN,O:PLANET) > S:0,
YELLOW(O:SUN),
S:IFORCE(F:GRAVITATION,O:PLANET,O:SUN) > S:0,
F:F_ANTI(F:GRAVITATION) = F:CENTRIFUGAL,
(SIDISTANCE(O:_X,O:_Y) > S0,
SLeREE(ERFC @I AR S O ASEOREE(ERNANINI(EER), O X,0._Y) < S0),
(S:FORCE(F:CENTRIFUGAL,O:_X|,0:_Y ) < S0, SMASS(O:._Y | ) > SMASS(O:_X 1) ->
REVOLVE(O:_X1,0:_Y1))
)]

DOMAIN('PHYSICS',[S:FORCE(F:COULOMB,O:ELECTRON,O:NUCLEUS) > S:0,
S:DISTANCE(O:ELECTRON,O:NUCLEUS) > S:0,
SIMASS(O:NUCLEUS) > SMASS(O:ELECTRON)

D)




interpretation

source

mass(s) > mass(p)
dist(s, p) > 0
gravity(s, p) > 0

general force
system

generalization
mass( X ) >mass(Y)
dist( X, Y) >0
F(X,Y)>0

A

interpr

etation

target

mass(n) > mass(e)

dist(e,

n)>0

coulomb(n, e) > 0




MAPPING

c
o
=
S
N
e
| -
]
c
@
o
k=
S
S
o
gs

generalized

theory/
domain D




RESTRICTED HIGHER-ORDE
ANTI-UNIFICATION




AN TI-UNIFICATION

® DUAL OPERATION OF MORE WELL KNOWN UNIFICATION

® TYPEOFSUBSTITUTIONS CANVARY

® [IND LEAST GENERAL / MOST SPECIFIC ANTI-UNIFIER

f(X,Y)

/N

f(a,Y) f(X,b)

N

{ENe))



ANTI-UNIFICATION VARIANTS

® FRST-ORDER (PLOTKIN, 1970)
® SUBSTITUTIONS: REPLACE AVARIABLE BY ANY TERM
® AN ANTI-UNIFIER ALWAYS EXISTS
® FINITELY MANY MOST SPECIFIC ANTI-UNIFIER
® UNIQUE MOST SPECIFIC ANTI-UNIFIER EXISTS
® SECOND-ORDER

® AN ANTI-UNIFIER ALWAYS EXISTS

W CARTIUIRES DIEEP STIRUCTIUIRAL COIMIMICINALITTIES



STRUCTURAL COMMONALITIES

F(a,b)

X
{X/f(a,by XX/g(a,b)} / \

f(a,0) 9(a,b) flab)  glab)




RESTRICTED HIGHER-ORDER

® GENERALIZED TERM STRUCTURALLY AS SIMPLE OR SIMPLER THAN INSTANCES

® HIGHER ORDERTERMS: VARIABLES WITH ARGUMENTS

® SUBSTITUTIONS ARE CHAINS OF BASIC SUBSTITUTIONS
® RENAMING
® FIXATION
® ARGUMENT INSERTION

® PERMUTATION



RENAMING

® REPLACE AVARIABLE BY ANOTHERVARIABLE




FIXATION

® REPLACE AVARIABLE BY A FUNCTION OR
PREDICATE SYMBOL

f(X) F(a)

e ol

fla) f(b)  f(a) g(a)




ARGUMENT INSERTION

® SIMPLE: INSERT VARIABLE OF ARITY O

® COMPLEX: INSERT VARIABLE OF ARITY > O
VARIABLE ABSORBS ARGUMENTS

F(a,b,c)

F LF7F”
bx 2 G,1

F'(a,b,X,c) F"(a,G(b,c))




PERMUTATION

® REARRANGE ARGUMENTS (IDENTITY EXCLUDED)

F(a,b,c)

44
F,F’ gl
Ta &)

F'(a,c,b) F"(c,b,a)




RESTRICTED HIGHER-ORDER
ANTI-UNIFICATION

® ANTI-UNIFIER ALWAYS EXISTS

® FINITELY MANY MOST SPECIFIC ANTI-UNIFIER

® NOT ALWAYS A UNIQUE MOST SPECIFIC ANTI-UNIFIER EXISTS

f(X,Y) F(d,G(a)) F'(G(a),d)

/N /N N

f(g(a,b,¢),d)  f(d,h(a))  f(g(a,b,c),d) f(d,h(a))  f(g(a,b,c),d) f(d,h(a))




COMPLEXITY OF BASIC SUBSTITUTIONS

if T =p (renaming)
if 7= @y (fixation)

if T =1y, and V €V, (argument insertion)
if T =T, (permutation)




PREFERRED GENERALIZATION

® GENERALIZATION

® GENERALIZED TERMTOGETHERWITH SUBSTITUTIONS

® COMPLEXITY OF GENERALIZATION

o SUIMHCIF BASIC SIUESTIRNUNRIGING COIMIP LN ARIES

L PREFAERNED) GIEINIERALZAITIOIN

® GENERALIZATIONS WITH LEAST COMPLEXITY

J THERE ST CINIDY RINIIRERE IMANAT



MORE CONSTRAINTS

® MANY-SORTED LOGIC WITH ONTOLOGY OF SORTS
® SORT CONSTRICTION SUBSTITUTION

® TIME, MASS, VOLUME, PHYSICAL OBJECT

® S5SYMBOL MAPPING CONSTRAINTS

® ONE-TO-ONE, MANY-TO-ONE, MANY-TO-MANY



MAPPING AND HEURISTICS




SYSTEMATIC USE OF SUBRSTITUTIONS

® REUSE OF A BASIC SUBSTITUTION IS COMPLEXITY FREE

mass(X) >mass(Y)

¢un¢pli/ W¢ltn

mass(sun) > mass(planet) mass(nucleus) > mass(electron)

dist(X,Y,T)

X Y
[¢sun7 (bply wucleuw ¢§ectron]

dist(sun, planet,T) dist(nucleus, electron,T)




MAPPING

® COMPUTES AN ALIGNMENT BETWEEN SOURCE AND TARGET DOMAIN
WITH MINIMAL COMPLEXITY

) LOICAL GIREEDY SIFARCHI SITTRVAIIEEN(
® REPEAT UNTIL ALL SOURCE (TARGET) FOIRMIUILA COINSIDIENED,
L SIEUECT A SOIUIRCIE [FOIRMIUILA

® COMPUTE COMPLEXITY OF ANTI-UNIFICATION WITHTARGET FORMULAS
ANID [PIENALINT [FOIR INISAT IMPATICISIINKG /AN F /AL

® SELECT GENERALIZATIONWITH LEAST COMPLEXITY
AINID) MARK A INOILVED) [ROIRMIUILAS, AS IMPAPPED,



TWO VIEWS ON HEURISTICS

® INCORPORATING ADDITIONAL KNOWLEDGE

J MIEMOIRT BASIED) REUSIE ©lr GIENIERAILIZATTIOING RROIM | MANEVA[GIUR
ANALOGIES

L ARUNING TRIE SIEARCIRITTREE

U INTMELLIGIENEEE IN FOIRMI OIF [RIEURSITIES (RIERE IS INRIENTIOVABNS NNl n (=
TRIREAT ©IF EAPOINENTTAL SIEARCHHDAMEOEIOIN



HEURISTICS

® ANALIGNMENT WITH MINIMAL COMPLEXITY BUT MAXIMAL COVERAGE
PRODUCES A GOOD ANALOGY

® SELECTING SOURCE FORMULAE

L LEASTT AMCIUINAT ©IF WINIMAFFED) SHifMIBIOILS;
® MATCHING PREDICATES ON THE TOP-LEVEL

® HEURISTICTHAT APPROXIMATES ANTI-UNIFICATION COMPLEXITY

QOERTE e RO IRE® T RS ITE R EC RIS EANREREASTIREO MPIEEXIRTEAS
CUTTOIA WALIVIE FOIX SIEARCIR

® NON MATCH COMPLEXITY = (NUMBER OF SYMBOLS * 2) + |

® NOT ALIGN A FORMULA > FORMULA EQUAL IN ARGUMENT STRUCTURE



RATIONALITY



FRAMEWORKS

® [OGICBASED
® WASON SELECTION TASK
® PROBABILITY BASED
® [INDA PROBLEM
L GAMIE TRIECIRY ByASIED
L INE SINGILE CIPTRIMAURNT EIRARENGIN
) RIEURISTTIC [ByASIED
® OFTEN LACK FORMAL TRANSPARENCY AND EXPLANATIVE POWER

o WEIUALLT INFOIRMIATTIE BUTT INKOIT [PIREDICITRE [HOIRARIGIMPAN) (518 = PAVAISIRS

® HUMAN RATIONALITY MODEL NEEDS TO ACCOUNT FOR “IRRATIONALITY"



COGNITIVE VIEW OF RATIONALITY

® BOUNDED RATIONALITY

® H.SIMON, (1959)
THEORIES OF DECISION MAKING IN ECONOMICS AND BEHAVIOURAL SCIENCE

J RATIOINALNNT AS MIVILNILEYIEL TIRIECIRT BYASE D OINHCIGICINIMEMNAE (M NOI GRS =

s B. KokINov (2003)
ANALOGY IN DECISION-MAKING, SOCIAL INTERACTION, AND EMERGENT
RATIONALITY, BEHAVIORAL AND BRAIN SCIENCES

o UTHILTRY MEAINIG 1S 20N EMIERGIEINAT (PROIMERIRINMIQSTGASIES

o RATIOINAL RUILES AS ARPIROXIMATTICING ©IF [SIUIMAN] BIESAVICIR



COGNITIVE VIEW OF RATIONALITY

® B. INDURKHYA (2007)
RATIONALITY AND REASONING WITH METAPHORS

® EXAMINED RATIONALITY IN AN INTERACTION-BASED VIEW OF COGNITION

® METAPHORS CAN RADICALLY ALTERTHE ONTOLOGY OF THE TARGET, THEREBY
CREATING 2 INIEYRY [PERSIPECTTIE

L THIES ROILE ©IF MIETAPROIRS SIFOIVIUDHNION BE 2XCILUVIDIED) FROIMANVAGCGOIV/ININO]y
RATIONALITY

® TWO KEY ROLES FOR ANALOGY IN RATIONALITY FRAMEWORKS
® RESTRUCTURETHE PROBLEM DOMAIN (CHANGINGTHE\/IE\/\/)

® GENERATION OF NEW KNOWLEDGE (TRANSFER)



—-X|ISTING COGNITIVE FRAMEWORKS

® G. PETKOV AND B. KOKINOV (2006)
JUDGEMAP - INTEGRATION OF ANALOGY- MAKING, JUDGEMENT, AND CHOICE'

8 DUAL (COGNITIVE ARCHITECTURE) + AMBR (ANALOGY FRAMEWORK)
® REPLICATES RANGE, FREQUENCY AND SEQUENTIAL ASSIMILATION EFFECTS

® REPRODUCES CONTEXTUAL EFFECTS INTASKS WHICH AT FIRST SIGHT DON'T
SIEEM O BIE INELATNED) TO) ANALOIGHMANING

® MORE PROJECTS THAT APPLY ANALOGY-MAKING TO PROBLEM SOLVING

® M. KLENKAND K. FORBUS (2007)
COGNITIVE MODELING OF ANALOGY EVENTS IN PHYSICS PROBLEM SOLVING
FROM EXAMPLES'



HD TP AS PART OF
AN ARCHITECTURE FOR RATIONALITY

® RETRIEVAL
® COMPILE AND TRACK LIMITED LIBRARY OF PREVIOUS SITUATIONS
® CORRESPONDSTO HUMAN EPISODIC MEMORY

L QUINCOIMIE IDICIES INFOTT [HAWIE TE) [BE WINJIOIVIE

® MAPPING
J  MUILITIPLE MARRINGES [POISS)IBLE

® CAN BE GOAL DRIVEN



HD TP AS PART OF
AN ARCHITECTURE FOR RATIONALITY

® TRANSFER

® [INTEGRATION AND CONSOLIDATION FROM MULTIPLE DOMAINS
® NEWAPPLICATION PHASE

L DIOIES INONT INIEED) TO) B A PIERFEC T DISDIVICIINE |RNEZASI@INIER

® FORMALIZATION EASY TO INTEGRATE INTO EXISTING PLANERS/REASONERS
o PIROBILEM SOILYING AN STRIEE 7L

® INTEGRATION OF UNCERTAINTY

® OBTAINING (COMPLETE) DOMAIN THEORIES FROM
(MOST LIKELY ONLY PARTIAL) OBSERVATIONS



CONCLUSION

® THEORETICAL AND PRACTICAL RESULTS ARE PROMISING ENOUGH TO JUSTIFY
SEHRCIUS AN DIEDICATNED) NESFANG R NE R OIS

® PROMOTE GENERAL APPLICATION OF ANALOGY ENGINES
TO RATIONALITY TASKS

® COGNITIVE AND ANALOGY COMPUTATION MOVEMENT AND RATIONALITY

SICRICIOILS AN FROIFNT FROIMIRUIRITRIERAINARENSIPAING TSI IRNINE VAGTH G NWAND,
COOIPIERATNTIOIN

® ANALOGY-MAKING COULD BE EXPANDED AND ENRICHED BY SOME OF THE
ALTIERINATE TIECIHINIQIVIES ARPILIERAARIENMICIDISHINIGH RN GINVA B RE

L ARAMIEVHOIRKS [FOIR RATICINALN COIUILD) SIGINHFRICANRRRT MROIFAT {HNSIM

INICILUIBHINIG: IMICIRE COGINITTIVIE ASIFECTTS AN FIROIPERITIES ©)F [RIVIMAINS NS,
TRIEIR MOIDIELS ANID THIEQINIES



