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Motivation for Model of Analogical Reasoning

• Intelligent Cognitive Agent Research

• Deal with incomplete knowledge

• “Understanding”, knowledge transfer, and generalization

• Technical Questions

• Build/refine representations?

• Determine similarity: words, relations, analogs?

• Scalability and constraints

• Theoretical Questions

• Representing analogs/systems?

• Similarity, analogical distance, and relation hierarchies?

• Exhaustive, partial, or heuristic processes?
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ANALOGICAL REASONING 
THEORY
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Analogical Reasoning – What is it?

• Relational system and infer new information (Gentner & Smith, 2013)

• Familiar (source) -> less familiar (target)

• Structure mapping (Gentner, 1983)

• Situations are systems

• Objects, attributes, and relations

• Levels of mapping

• Literal/surface similarity

• Abstraction

• Analogy
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Analogical Reasoning – What is it?

Schemas and transfer in problem solving (Gick & Holyoak, 1983)

• Analogy - partial mapping and extension of attributes/relations

• Not always noticed, include surface and deep structure

• Schema – deep structure/relations

• Effort and experience, can transfer
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MODELING ANALOGICAL 
REASONING
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Modeling Analogical Reasoning

Core Features (Gentner & Forbus, 2011)

• Mapping

• Types (Forbus et al., 2017)

• Constraints

• Retrieval

• Separate from mapping?

• Encoding/representation

• Hard coding and other processes

• Mapping and representation

• Abstraction/generalization

• Schemas and anti-unification 0
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Modeling Analogical Reasoning

Model Types (Gentner & Forbus, 2011)

• Connectionist (ACME, ARCS, CAB, DORA)

• Structured Connectionist (LISA)

• Symbolic (CARL, HDTP, IAM, NLAG, SME, MAC/FAC, SEQL, 
SOAR, Winston)

• Hybrid (ACT-R, AMBR, Companions CA, CopyCat, DUAL, EMMA, 
TableTop)

Challenges (Genter & Forbus, 2011; Forbus et al., 2017)

• Appropriate representations

• Hard/hand coding and databases

• Interleaving cognitive processes

• Applying to cognitive phenomena

• Cognitive plausibility
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EXAMPLE MODELS
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Example Models – Structure Mapping Engine
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SME - Structure Mapping Engine (Falkenhainer et al., 1989; Forbus et al., 2017)

• Component used in larger systems 

• Similarity and extrapolation (candidate inferences)

• Finds deep structure to compare systems (analogs)
• Greater force(gravity/charge) → attraction → revolve

• Used in:
• MAC/FAC (Forbus et al., 1995)

• SEQL (Kuehne et al., 2000)

• Companions architecture 
(Blass & Forbus, 2017; Forbus                                                                                                
et al., 2009; Ribeiro & Forbus, 2021)
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Example Models – Path Mapping Model
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ACT-R – path mapping theory 
(Salvucci & Anderson, 2001)

• Representation

• Decomposed into chunks with objects, relations, 

and roles

• Path Mapping

• Domain general set of rules to map object in 

source to one in target

• Organization (encoding)

• When/how to use path mapping for specific tasks
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CAN WE OVERCOME CHALLENGES?
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Can We Overcome Challenges
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• Desired Capabilities

• Take input and appropriately represent

• Determine word and relation similarity/meaning 

• Structure alignment/mapping

• Cognitive plausibility

• Interleave cognitive processes

• Apply to different high-level cognitive phenomena

• An exploration…

• Leveraging ACT-R and SME

• Get cognitive plausibility for free with ACT-R

• Remaining 3 require some hard coding
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Overcoming Challenges – Proof of Concept Model

•Refine knowledge with analogical processes

•SME as external ACT-R module

•Given base → find best matching target

•Retrieve chunks for system

•Compile into file (abstract representation)

•Use SME to compare two systems

•Leverage SME output to update 

•Desired capabilities from SME

•Relation/structural similarity and extrapolation
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Ss-force isa      relation
System ss
Type gravity
Role-E1 greater
Entity1 sun
Entity2 planet
Cause? Mass?

Overcoming Challenges – Proof of Concept Model

• Knowledge of systems or analogs

• Define system – solar-system contains sun and planet 

(objects)

• Define attribute(s) – solar-system object sun has property hot

• Define relation(s) – solar-system has relation gravity where 

sun is greater-than planet

• Causality chains? – mass causes gravity, gravity causes 

attraction, attraction causes revolving

• New or existing chunk?

Ss-system isa      system
System-name ss
Entity1 sun
Entity2 planet

Ss-sun1 isa      attribute
System ss
Entity sun
Property hot

Ss-mass-gravity isa relation
System ss
Type effect
Role-E1 causes
Entity1 mass
Entity2 gravity
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Overcoming Challenges – Proof of Concept Model
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Overcoming Challenges – What We Still Need

• Proof of Concept Model

• Cognitive plausibility challenges

• Knowledge of what and how

• Cognitive flexibility

• Challenges not addressed

• Knowledge Representation

• Method to leverage complete SME output

• Efficient search with constraints

• Questions remain
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EXTRA SLIDES
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Example Models – Structure Mapping Engine
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SME - Structure Mapping Engine (Falkenhainer et al., 1989; Forbus et al., 2017)

• Component used in larger systems 

• Similarity and extrapolation (candidate inferences)

• Finds deep structure to compare systems (analogs)

• Five SME features

• Greedy merging, structural evaluation, incremental                                                                           

matching, ubiquitous predicates, and match filters

• Used in:

• MAC/FAC (Forbus et al., 1995)

• SEQL (Kuehne et al., 2000)

• Companions cognitive architecture (Blass & Forbus, 2017; Forbus                                                                                                

et al., 2009; Ribeiro & Forbus, 2021)
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Structure Mapping Engine – Updated

Forbus et al., 2017
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Structure Mapping Engine – Updated

Forbus et al., 2017
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Structure Mapping Engine - Input

Falkenhainer et al., 1989
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Structure Mapping Engine – Output

Falkenhainer et al., 1989
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Analogical Reasoning – What is it?

Schemas and transfer in 

problem solving (Gick & Holyoak, 1983)

• Analogy - partial mapping and 

extension of attributes/relations

• Not always noticed, include surface 

and deep structure

• Schema – deep structure/relations

• Effort and experience, can transfer
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Analogical Reasoning Models - Comparison
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Analogical Reasoning Models - Comparison

Rules, goals, and “skills”


