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Why Are Anal ogi es Useful ?
Notes for Meeting 7
Anal ogi cal Reasoni ng G ven an anal ogi cal mappi ng between base and target situations, one can:

- Use relations in the base to make inferences about the target to support:
- Understanding the target situation in terms of the base
Revi ew of Abductive |nference - Expl aining aspects of the target situation in terms of the base

Some Al work on rul e-based reasoni ng focuses on abductive inference: In other words, we can view anal ogy as a form of abduction that operates
over ground literals or facts rather than over rules.

- Gven: A set of inference rules and a set of facts
- Find: Explanations of how the rules connect these facts An Exanpl e Anal ogi cal Mappi ng
- Many approaches to this task reason backward froma query.

Sol ar System At om
Abduction inference is inportant in nmany areas, including natural bl = mass(sun) <=> t1 = mass(nucl eus)
| anguage, diagnosi s, and plan understandi ng. b2 = mass(pl anet) <=> t2 = mass(el ectron)
b3 = greater(bl, b2) <=> t3 = greater(tl, t3)
Al t hough npst work on abduction uses rules, this is not the only b4 = attract(sun, planet) <=> t4 = attract(nucleus, electron)
way to encode background know edge. b5 = rev-around(sun, planet) <=> t5 = rev-around(nucleus, electron)
b6 = and(b4, b3) **%  t6 = and(t4, t3)
A Mtivating Exanple b7 = cause(b6, b5) ***  t7 = cause(t6, t5)
b8 = tenperature(sun)
The earliest Al results on anal ogy came from Evans’ (1962) work on b9 = tenperature(planet)
geonetric anal ogy problens |ike those on IQ tests. b10 = greater (b8, b9)
b1l = yel | ow(sun) [*** marks inferred predictions]

These are stated as anal ogi cal "proportions" of the form
Conponent Mechani sms of Anal ogy
XistoYas Zisto A B C D or E
Anal ogy reasoning involves five distinct conputational conponents:
These tasks require one to represent and reason about the shapes of
conponent objects and their spatial relations. Storing relational structures in nmenory

Retrieving anal ogi cal candidates in response to a probe

Mappi ng retrieved candi dates onto the probe

Eval uating alternative candi dates

Maki ng i nferences about the probe based on the sel ected mappi ng

Al t hough these problens are abstract, they are not trivial and there
are good reasons that 1Q tests include them
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Somre Ot her Exanpl es
We can view the task of finding mappings as involving search through

We encounter anal ogies frequently in many areas of life, including: the space of candi dates.

- plays and novies (e.g., West Side Story) Early research sidestepped the retrieval problemand focused on
- instruction (e.g., teaching about electric circuits) ot her aspects of anal ogy.

- game playing (e.g., a frontal assault in chess)

- conputer progranmming (e.g., entry by a back door) The Structure-Mppi ng Engine

- science (e.g., Rutherford s nodel of the atom
Fal kenhai ner, Forbus, and Gentner (1986) describe the Structure-Mpping

The ability to reason with analogies is inportant in nany settings. Engi ne (SME).
The Task of Anal ogi cal Reasoning This system enbodi es Gentner’s theory of structure napping by:
We can specify the generic task of anal ogical reasoning as: - encoding the base and target as sets of relational literals,
i ncl udi ng second-order rel ations;
- Gven: A base description of a situation stated as a set of - finding | ocal matches between argunments and predicates of the
relational literals. sane type, ranking them by scores;
- Gven: Atarget description of a situation stated as a set of - finding maxi mal gl obal matches by conbining | ocal matches in
relational literals. consi stent ways;
- Find: One or nore mappi ngs between objects, predicates, and - using each mapping to generate inferences for the target from
literals that occur in the two descriptions. the base; and

- returning a list of global matches ranked by their scores.
Such structural anal ogi es involve mappi ngs between rich, relational
representations, as contrasted with "nearest nei ghbor" matching. The aut hors have found that SME's rankings are simlar to those
produced by adults, but not by children.
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O her Research on Anal ogy

Mich of the effort in this area has focused on anal ogi cal mappi ng and
inference, but there has also been work on:

- indexing and retrieval of analogies (e.g., Gentner & Forbus, 1991)

- anal ogical planning (e.g., Veloso et al., 1995; Jones & Langl ey, 2005)
- physics problemsolving (e.g., VanLehn & Jones, 1993)

- generation of designs (e.g., Coel, 1997)

There has al so been research on nore increnmental nethods for anal ogi cal
mappi ng (e.g., Keane & Brayshaw, 1988).

Anal ogy, Abduction, and Deduction

How do anal ogi cal reasoning and abductive inference differ from deductive
rul e-based reasoni ng?

- Both involve partial matching rather than all-or-none matching, in
that only sone el ements nust match agai nst given el enents.

- Thus, they support a relational formof pattern conpletion.

- Despite the clainms of some connectionists, synbolic representations
and processing do not inply fragile behavior.

Bot h abductive and anal ogi cal inference are inportant topics that
deserve nore attention in both Al and cognitive psychol ogy.

They al so have inplications for other facets of conputer science, such
dat abase storage and retrieval.

Assi gnnents for Meeting 8
Qualitative Reasoning and Sinulation

Read the articles:

- Struss, P. (1997). Model -based and qualitative reasoning: An
introduction. Annals of Mathematics and Artificial Intelligence,
19, 355-381. [required]

- lwasaki, Y. (1997). Real world applications of qualitative reasoning:
Introduction to the special issue. |EEE Expert: Intelligent Systens.
[optional]

- Bring questions about the third exercise (due 11:59 PM on 2/28/2011).
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