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Overview

• Some phenomena 
• Example: SOPHIE

– Semantic grammar
– Dialogue mechanism

• Example: Listener
– Explanation Agent NLU system
– Accessing episodic memory via analogy



Word sense ambiguity
• “I drank the gin with ice”

– Common elements:
(performedBy drink1440 GenericHuman032)
(inputsDestroyed drink1440 gin1468)
(isa drink1440 DrinkingEvent)
(isa ice1500 (SolidFn Water))
(instrument-Generic drink1440 ice1500)
(with-UnderspecifiedAgent drink1440 ice1500)
(subEvents drink1440 ice1500)

– Additional hypotheses in one interpretation:
(possessiveRelation gin1468 ice1500)
(with-UnderspecifiedAgent gin1468 ice1500)
(instrument-Generic gin1468 ice1500)
(subEvents gin1468 ice1500)



ArgIsa relations as filters
• “I drank the gin with ice”

– Common elements:
(performedBy drink1440 GenericHuman032)
(inputsDestroyed drink1440 gin1468)
(isa drink1440 DrinkingEvent)
(isa ice1500 (SolidFn Water))
(instrument-Generic drink1440 ice1500)
(with-UnderspecifiedAgent drink1440 ice1500)
(subEvents drink1440 ice1500)

– Additional hypotheses in one interpretation:
(possessiveRelation gin1468 ice1500)
(with-UnderspecifiedAgent gin1468 ice1500)
(instrument-Generic gin1468 ice1500)
(subEvents gin1468 ice1500)



Pronouns

• John walks to the store.  He bought some 
shoes.  He wore them home.  He saw 
Jane.  Jane liked them.  He thanked her.



Coreference

• Nero, sitting by the desk, whined.  The 
feline started pawing the drawer. 

• Lyndon Johnson was President during the 
Vietnam War.  He escalated the debacle.  
LBJ’s greatest achievement was in civil 
rights.  This heroic effort cost him any 
chance at re-election.



Anaphora

• General name for coreference phenomena
• General solution: Maintain a list of discourse 

entities
– Search history list for nearest entity that satisfies 

constraints
– Constraints include

• Semantic consistency: Coreferent items must be capable of 
belonging to the same collections.

• Number/Gender agreement
• Recency: Most recent entity satisfying other constraints 

should be preferred



Selectional restrictions

• Argument constraints on relationships help 
disambiguate meaning
– “I drank the gin with ice.” versus “I drank the 

gin with a friend.”



Example: SOPHIE

• Your goal: Troubleshoot this power supply
• You work through a virtual language-using 

assistant



A dialogue with SOPHIE



Use of a history list













The EA natural language system
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Restrictions in the EA NLU
• Active voice, present tense
• No verb particles

– ‘Select’ instead of ‘decide on’
• No coordinated verb phrases

– ‘The liquid expands and boils in the cylinder.’
• No conjoined prepositional phrases

– ‘The cylinder contains 200 ml of water and alcohol.’
• No compound nouns

– Hyphenated (‘ice-cube’) or contracted (‘icecube’) 
entries



Using semantic interpretations

• Turn it into some executable procedure
– NL front ends to databases
– Intelligent tutoring systems

• Store it as new knowledge
– Presumably used somehow in the future
– How can we exploit this for entertainment 

systems?



Structure-Mapping Theory (Gentner, 1983)
• Analogy and similarity involve 

– correspondences between structured descriptions
– candidate inferences fill in missing structure in target

• Constraints
– Identicality: Match identical relations, attributes, functions.  Map non-identical functions when 

suggested by higher-order matches
– 1:1 mappings: Each item can be matched with at most one other
– Systematicity: Prefer mappings involving systems of relations, esp. including higher-order relations

• Also provides account of similarity, metaphor
• Growing body of evidence that same processes are used in 

perception, problem solving, conceptual change...

Inference
is selective. 
Not all base 
knowledge is 

imported

Candidate
Inference
completes 
common 
structure



SME: Structure-Mapping Engine

Mappings =
correspondences
+ structural evaluation
+ candidate inferences

Operates in 
polynomial time,
by exploiting graph 
labels & greedy 
algorithms

Inputs = propositional 
descriptions, w/ 
incremental updates
Output = one or two
mappings

Base

Target

SME



Stage 2: Structurally
consistent kernels

Stage 1: Parallel computation of
blind local matches

Stage 3: Maximal global
alignment; candidate

inferences 



MAC/FAC provides similarity-based retrieval

Output =
memory item
+ SME results

Memory 
Pool

Probe

SME

SME

SME
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Cheap, fast, non-structural

No hand-indexing of cases required



BROKEN 0.0833
CAUSE 0.16667
DOOR 0.0833
JOINTED 0.0833
KEYBOARD 0.0833
METALLIC 0.0833
PERSON 0.0833
REASON 0.0833
REPAIRING 0.0833
ROBOT 0.0833
TYPING-AT 0.0833

Content vector for description 
indicates relative occurrence of 
predicates (attributes, relations, 

and functions)

Dot product estimates size of 
match hypothesis network for 

corresponding structural 
descriptions



Listener architecture
• Your version 

also has 
shallow (Eliza) 
response 
subsystem

• Integration of 
the deep and 
shallow 
response 
systems has not 
been heavily 
tested
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