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Abstract

Visual analogies are analogies based on visual sim-
ilarity. Galatea is a computer program that ad-
dresses the transfer task in visual analogies in the
context of problem solving. Each source case in
Galatea contains a problem-solving procedure, rep-
resented as a series of knowledge states and trans-
formations between them. Source cases and target
problems are represented in a symbolic language
whose primitives pertain only to spatial objects and
relations, and operations on them. Given visual
representations of a source case and a target prob-
lem, and a mapping between the first knowledge
state in the source and the target, Galatea adapts
and transfers the problem solving procedure in the
source to the target. In this paper, we describe
some representation issues that arose in developing
Galatea and its answers to them.

Introduction

Imagine that a cognitive agent is trying to figure out
how to put a battery into a tape recorder, and has
access to a source case in which film is put into a
camera. One way the two situations are similar is
that they visually resemble each other: the battery
and the film canister are shaped like cylinders, and
the tape recorder and the camera are shaped like
rectangular prisms with cylindrical holes in them.
This visual similarity is more relevant to the prob-
lem than, say, any functional similarity between the
devices in the two situations. This is an example
of visual analogy, i.e., an analogy based on visual
similarity.

One issue in visual analogy is how might an agent
use visual similarity between two situations to trans-
fer the problem-solving procedure in a source case to
the target problem? Note that this issue is more
general than the hypothetical example mentioned
above. For example, source cases in many design do-
mains contain drawings, diagrams, animations, pho-
tographs, videos, etc., and instructions for assem-
bling complex artifacts often are presented to peo-
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ple in a completely diagrammatic from. Thus, es-
tablishing transfer of problem solutions using visual
knowledge is a fairly general task.

Galatea is a computer program that addresses the
transfer task in visual analogies in the context of
problem solving. The development of Galatea raised
several representation issues such as the modality of
the representation, and the levels of abstraction and
aggregation in the representation. These issues are
common to many content-based theories of analogi-
cal reasoning. In this paper, first we briefly describe
Galatea and then discuss the representation issues
that arose in developing it.

Galatea: A Computer System

Galatea is an operational program written in LISP.
It implements the transfer of problem-solving proce-
dures between visual analogs. The problem-solving
procedure contained in a source case is represented
as a series of knowledge states and transformations
between them. FEach knowledge state is represented
as a symbolic image or s-image. The reasoner takes
as input a source case, an initial knowledge state in
the target problem, and an analogical mapping be-
tween the s-image representing the first knowledge
state in the source case and the initial knowledge
state in the target problem. Galatea adapts and
transfers the visual transformations from the source
to the target, creating new target s-images along the
way. Figure 1 illustrates Galatea’s input and output
for the Duncker (1926) fortress/tumor problem.>
Covlan (the Cognitive Visual Language) provides
Galatea with an ontology of visual primitives and
transformations. Covlan’s ontology of primitive vi-

2In the Duncker (1926) problem, subjects read a story
about a general who must overthrow a dictator in a
fortress. His army is poised to attack along one of many
roads leading to the fortress when the general finds that
the roads are mined such that large groups passing over
will set them off. To solve the problem, the general
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fortress. Participants are then given a tumor problem,
in which a tumor must be destroyed with a ray of radia-
tion, but the ray will destroy healthy tissue on the way
in, killing the patient. The analogous solution is to have
several weaker rays converging on the tumor.



Output by Galatea

Figure 1: This Figure shows Galatea’s input and output for the Duncker problem. The top series of s-images
in the Figure shows the visual representation of the solved fortress problem. The bottom series shows the
target tumor problem. The bottom left s-image is the initial state of the tumor problem. The shaded box

shows the output of the system.

sual elements includes: polygon, rectangle, triangle,
ellipse, circle, arrow, line, point, spline, and text.
The elements are frame-like structures with slots
that can hold values. For example, a triangle has a
location, size, height, width, and orientation. Each
transformation In Covlan is a operation (function)
with arguments. Most transformations operate on
some object, and many have additional arguments
as well. These transformations implement normal
graphics manipulations such as translation, rotation,
scaling, and adding and removing visual elements.

Figure 2 illustrates a portion of final s-image in the
tumor series generated by Galatea for the Duncker
problem. The representation consists of a series of
propositions, indicated in the Figure as labeled ar-
rows connecting two elements. The objects in the
s-image each have a location and are connected to a
primitive visual element type with a looks-like rela-
tion. Each ray, represented as an arrow, also has
a thickness — in this s-image, thin. FEach arrow
also has start and end points, also with locations
(not shown in the figure). Not shown in figure are
the maps that connect the elements of this s-image
to the previous s-image, as well as the maps to the
analogous source s-image.

Algorithm

1. Identify the first s-images of the target and
source cases.

2. Identify the transformations and associated
arguments in the current s-image of the
source case. This step finds out how the source
case gets from the current s-image to the next
s-image. In the Duncker example, the transfor-
mation is decompose, with four as the number-of-
resultants argument (not shown).

3. Identify the objects of the transformations.
The object of the transformation is what object
the transformation acts upon. For the decompose
transformation is the soldier-pathl (the thick ar-
row in the top left s-image in Figure 1.)

4. Identify the corresponding objects in the
target problem. The ray! (the thick arrow in
the bottom left s-image) is the corresponding com-
ponent of the source case’s soldier-path1, as speci-
fied by the correspondences between the s-images
(not shown). A single object can be mapped to
any number of other objects. If the object in ques-
tion is mapped to more than one other object in
the target, then the transformation is applied to
all of them in the next step.

5. Apply the transformation with the argu-
ments to the target problem component.
A new s-image is generated for the target prob-
lem (bottom middle) to record the effects of the
transformation. The decompose transformation is
applied to the rayl, with the argument four. The
result can be seen in the bottom middle s-image
in Figure 1. The new rays are created for this s-
image. Adaptation of the arguments can happen
in three ways, as described above: If the argument
is an object of the source s-image, then its analog
is found. If the argument is a function, then the
function is run (note that the function itself may
have arguments which follow the same adaptation
rules as transformation arguments). Else the ar-
guments are transferred literally.

6. Map the original objects to the new objects
in the target case. A transform-connection and
mapping are created between the target problem
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s-image and the new s-image (not shown). Maps
are created between the corresponding objects. In
this example it would mean a map between rayl
in the left bottom s-image and the four rays in
the second bottom s-image. This system does not
solve the mapping problem, but a mapping from
the correspondences of the first s-image enable the
mappings for the subsequent s-images to be auto-
matically generated.

. Map the new objects of the target case

to the corresponding objects in the source
case. Here the rays of the second target s-image
are mapped to soldier paths in the second source
s-image. This step is necessary for the later it-
erations (i.e. going on to another transformation
and s-image). Otherwise the reasoner would have
no way of knowing on which parts of the target
s-image the later transformations would operate.

. Check to see if goal conditions are satisfied.
If they are, exit, and the problem is solved. If not,
and there are further s-images in the source case,
set the current s-image equal to the next s-image
and go to step 1. If there are no further s-images,
then exit and fail. Goal conditions are represented
non-visually (Davies & Goel, 2001).













