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Abstract. We describe a method of analogical reasoning for the task 
of constructing a Structure Behavior Function (SBF) model of a 
physical system from its drawing. A DSSBF (Drawing Shape Struc-
ture Behavior Function) model relates the SBF model of a system to 
its drawing. A DSSBF model of a target drawing is constructed by 
analogy to the DSSBF model of a very similar drawing. In this paper, 
we focus on the tasks of analogical mapping between target and 
source drawings and transfer of the DSSBF model of the source draw-
ing to the target drawing. Archytas is a computer program that 
implements this analogical method for model construction in the do-
main of simple kinematics devices.  

1. Motivation and Goals 

Design is a prime example of situated cognition. Designers make decisions, 
solve problems, and construct models among other mental activities. How-
ever, their internal information processing is situated in the context of external 
artifacts ranging from physical to visual to mathematical. A central issue in 
design cognition thus is how do designers recognize, understand and make use 
of external representations? In this work, we examine a small piece of this 
very complex issue: how might designers construct mental models of physical 
systems from their drawings? 

We consider 2D vector-graphics line drawings typically made by designers 
in the preliminary (conceptual, qualitative) phases of design as the input 
drawings to the model-construction task. As figure 1 illustrates, an input tar-
get drawing specifies the form of a physical system in a 2D drawing. We 
assume a teleological model, and, in particular, a Structure Behavior Function 
(SBF) model, of the depicted system as the output of the task. The output 
specifies the function and the teleology of the physical system depicted in the 
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input. We also assume that the designer is an expert in the design domain at 
hand, and thus has previously encountered numerous drawings and SBF mod-
els of them. Given this context, our hypothesis is that designers might 
construct SBF models of physical systems from their drawings by analogy to 
SBF models of similar drawings. 

 

 

Figure 1.  A sample input target drawing depicting the form of a physical system.  

In general, analogical reasoning involves the steps of retrieval, mapping, 
transfer, evaluation, and storage. In this paper, we focus on the tasks of map-
ping and transfer. The design domain is that of kinematics systems, and, in 
particular, devices that convert linear motion into rotational motion (and vice 
versa). Archytas is a computer program that implements our theory of model 
construction by analogy. Since computer science already has developed a 
large number of techniques for extracting shapes and spatial relations from 
2D vector-graphics line drawings, Archytas begins with a representation of 
shapes and spatial relations in an input drawing. 

 

 

Figure 2. The steps of analogy. This paper—and our system, Archytas—deals with 
the mapping and transfer steps. 

Both mapping and transfer are very complex tasks. The mapping task is 
complex because a given shape (or spatial relation) in the input target draw-
ing may map into many similar shapes (or spatial relations) in the known 
source drawing. The transfer task is complex because based on a mapping 
between the shapes and spatial relations, the goal is to transfer the relevant 
portions of the structure, the behavior and the function (i.e., the SBF model) 
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of the source drawing to the target drawing. Given this complexity, our work 
on the Archytas project so far has focused on analogical mapping and transfer 
between two nearly identical drawings. Specifically, in Archytas, we assume 
that the target and the source drawings are so similar that any difference be-
tween them at the structural level of abstraction makes no difference at the 
behavioral and functional levels of abstraction. Figure 3 illustrates the source 
drawing for the target drawing of figure 1.  
 

 

Figure 3.  The source drawing corresponding to the target drawing of figure 1. 

Note that while the assumption of near identicality of the source and the 
target drawings simplifies the transfer task, it makes little difference to the 
mapping task. This raises the question of how can we control the complexity 
of mapping at the shape level? Our hypothesis is that knowledge of the func-
tions of shapes in the source drawing informs the mapping task at the shape 
level, and seeds the mapping with shapes that play a critical role in the func-
tioning of the device. The question then becomes how can functional 
knowledge about the shapes in the source drawing be represented, organized 
and accessed so that it can be used to guide mapping at the shape level? To 
address this question, we expand the schemata and extend the ontology of 
SBF models of physical systems into Drawing Shape Structure Behavior 
Function (DSSBF) models. Just as behavior is an intermediate abstraction 
between the structure and the function in an SBF model of a physical system, 
shapes and spatial relations are an intermediate abstraction between the struc-
ture and the drawing in a DSSBF model. The organization of DSSBF models 
enables our method for mapping to access the functions of the particular 
shapes in the drawing. 

2. Background 

This work intersects with three distinct lines of research: (1) SBF models of 
physical systems, (2) construction of models of physical systems from their 
drawings, and (3) analogical mapping. 
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2.1 SBF MODELS 

The Kritik system (Goel &  Chandrasekaran 1989, 1992; Goel 1991) was an 
autonomous case-based design system that addressed the task of preliminary 
(conceptual, qualitative) design of simple physical devices. It took a specifica-
tion of the function desired of a device as input, and gave as output a 
specification of the structure of its design (i.e., a symbolic representation of 
the configuration of components and connections in the design). Since Kritik 
addressed the F 

�
 S (function to structure) design task, its design cases con-

tained an inverse S 
�

 B 
�

 F (structure to behavior to function) mapping of 
the known designs, where the B in a S 

�
 B 

�
 F mapping stood for the inter-

nal causal behaviors that composed the functions of the components in the 
design into the functions of the design as a whole (figure 4). Kritik’s SBF 
model of a design represented function and behavior at multiple levels of ag-
gregation and abstraction, and organized them into a F 
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 B 

�
 F 

�
 B 

�
 F 

�
 ··· 

�
 B 

�
 F(S) hierarchy. Kritik showed that the SBF models provided a 

vocabulary for representing, organizing and indexing design cases, methods 
for retrieving and adapting known designs to meet new (but related and simi-
lar) functions, and methods for verifying and storing new designs in memory. 
 

 

Figure 4. In an SBF model, the behavior of a physical system is an intermediate 
abstraction between its structure and its function. 

The origin of Kritik’ s SBF models lies in Chandrasekaran’s Functional 
Representation (FR) scheme for representing the functioning of devices (Sem-
bugamoorthy & Chandrasekaran 1986; Chandrasekaran, Goel &  Iwasaki 
1993). In cognitive engineering, Rasmussen (1985) developed similar SBF 
models for aiding humans in trouble shooting complex physical systems. In 
computer-aided engineering, Tomiyama developed similar FBS models (Um-
eda et. al. 1990) for aiding humans in designing mechanical systems. In 
design cognition, Gero (Gero, Tham & Lee 1992) developed similar FBS 
models for understanding the mental information processing of designers in 
general. In their analysis of verbal protocols of designers working in a variety 
of domains, Gero and McNeil (1998) found that while (1) novice designers 
spend most of their time on the structure of the design solutions, spending 
relatively little time on the design functions or behaviors, (2) expert designers 
spend significant amounts of time on all three major elements of FBS models: 
function, behavior, and structure. 
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2.2 MODEL CONSTRUCTION FROM DRAWINGS 

Much of earlier work on constructing models from drawings typically has 
used forward-chaining rule-based reasoning. The early Beatrix system (No-
vak 1994) for example, used domain-specific rules to construct a structural 
model of simple kinematics systems (e.g., a block on an inclined plane) from a 
textually-annotated 2D diagram. 

The more recent SketchIT system (Stahovich, Davis &  Shrobe 2001) takes 
as input a 2D sketch of a physical system, and gives as output multiple de-
signs of the physical system in the kinematics domain, where each design is 
augmented with a simple state-transition diagram to describe the device’s be-
havior. The system first produces a “behavior-ensuring parametric model”  (or 
a BEP model) of the components of the design, and from this determines 
geometric constraints on the motion of the parts, generating all qualitative 
configuration spaces consistent with the behavioral constraints. Next, it se-
lects motion types for each component, and, finally, from the motion types 
and the geometric interpretations provided by a library of interaction types, it 
generates a BEP model for the design as a whole.  

GeoRep (Ferguson and Forbus 2000) takes as input simple a 2D vector-
graphics line drawing depicting a physical process, e.g., a cup with steam 
coming out of it. It gives as output a symbolic description of the physical 
process depicted in the drawing, e.g., steam coming out of hot liquid con-
tained in the cup. GeoRep is organized as a two-stage forward-chaining 
reasoner. First, a low-level, domain-independent relational describer recog-
nizes shapes and spatial relations in the input line drawing, and then a high-
level domain-specific relational describer applies domain-specific rules to 
produce an  final description of the physical process in the diagram. In con-
trast to all of these, our work derives structure from shape by analogy.  

2.3 ANALOGICAL MAPPING 

Analogical mapping between a source case and a target problem can be 
viewed as a graph isomorphism problem, in which both the source and the 
target are represented as labeled graphs, and the goal is to find correspon-
dences (similarities and differences) between the elements (vertices and edges) 
of the two graphs. An individual map associates individual elements (vertices 
or edges) in the graphs representing the source and the target, whereas a 
mapping associates two subgraphs and is composed of many individual maps. 
The general graph isomorphism problem, when dealing with subgraphs, is 
computationally intractable (NP-Hard). 

The Structure-Mapping-Engine (SME) (Falkenhainer, Forbus, and Gent-
ner 1990) is a powerful, but content-free, analogical mapping system. SME 
first generates local maps between the target and the source graphs, then uses 
heuristics based on the structure of the graphs to select among the local maps, 
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and finally to builds a consistent mapping. JUXTA (Ferguson and Forbus 
1998) uses SME to compare two nearly identical drawings of a physical 
process, such as two drawings of a coffee cup with a metal spoon, but with a 
thicker metal bar in one drawing than in the other. JUXTA first uses GeoRep 
for deriving structure from shape, and then uses SME to compare the two 
structures, looking for alignable differences, and drawing candidate mappings 
between the two drawings based on these differences. In contrast, our work 
uses functional knowledge to guide the process of analogical mapping be-
tween two nearly identical drawings at the shape level. 

The Analogical Constraint Mapping Engine (ACME) (Holyoak & Tha-
gard 1989) views both analog retrieval and mapping as constraint satisfaction 
tasks, where the constraints to be satisfied can be structural, semantic, and 
pragmatic. ACME uses a relaxation scheme implemented in a recurrent local-
ist neural network with each individual map between the target and the source 
corresponding to a network node. ACME returns the mapping whose individ-
ual maps have the highest activation at the end. Geminus (Yaner and Goel 
2004) uses a symbolic constraint-satisfaction method for analogical retrieval 
and mapping. It deals only with structural constraints, and uses subgraph 
isomorphism as the similarity metric for retrieval. 

In computer-aided design, Gross and Do’s Electronic Cocktail Napkin (Do 
and Gross 1995) uses a simple count of matching elements between the 
source and target drawings for analogical retrieval. TOPO (Börner et al. 
1996), a subsystem of FABEL (Gephardt et. al. 1997), found the maximum 
common subgraph between the source and the target drawings for retrieval. In 
this work, we use the closely related criterion of maximum overlap set (Chen 
& Yun 1998), which is also known as maximum common edge subgraph 
(Raymond, Gardiner, &  Willett 2002), for analogical mapping. The main 
point of our work, however, is the use of functional knowledge of shapes in 
the source drawing to seed the mapping process. In principle, one could use 
this functional knowledge in conjunction with a different mapping technique, 
such as that of SME.  

3. DSSBF: A Unified Form-Function Model 

A DSSBF model of a physical system unifies the functional and spatial repre-
sentations of the system. In a DSSBF model, shapes and spatial relations are 
an intermediate abstraction between the structure and the drawing in a 
DSSBF model. Just as SBF regards behavior as mapping structure onto func-
tion (figure 4), DSSBF regards shape as mapping drawing (form) onto 
structure (figure 5). 

Note that structure occurs in both figure 4 and figure 5, and forms the 
links between the spatial and the functional representations of a system. This 
results in a five-level model with function at the top and form (e.g., a draw-
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ing) at the bottom, with shape, structure and behavior as intermediate levels 
of abstraction (figure 6, below). Note that following the F 

�
 B 

�
 F 

�
 B 

�
 

F 
�

 ··· 
�

 B 
�

 F(S) organization of SBF models, in general the DSSBF 
model may have multiple functional and behavioral levels (but figure 6 does 
not depict this for clarity). Note also that in general there may be many draw-
ings, and, hence, many shape representations, of a single SBF model of a 
device design (but again figure 6 does not depict this for clarity).  

 

 

Figure 5. In  DSSBF model, shape is an intermediate level of abstraction between 
the drawing of a physical system and its structure.  

The representations of any two consecutive levels in the five-level DSSBF 
model contain two-way pointers to each other. For example, as in SBF mod-
els, the specification of a function specifies the behavior that accomplishes it 
and the specification of a behavior specifies the function (if any) that it ac-
complishes. Similarly, the specification of a behavior specifies the structural 
constraints (in the form of connections among components) that enable it, and 
the specification of a component specifies its functional abstractions and the 
role they play in a behavior. In addition, in a DSSBF model, the specification 
of a structural component or connection specifies the shape that depicts it in a 
drawing, and the specification of a shape specifies the component or connec-
tion it depicts. Thus, the organization of a DSSBF model of a  physical 
system affords navigation of the entire model, and accessing of knowledge at 
one level of abstraction that is relevant to reasoning at another level.  
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Figure 6. The schemata of Drawing Shape Structure Behavior Function (DSSBF) 
models. This diagram shows the organization of DSSBF models, with function at 

the top and form (a drawing) at the bottom. 

4. DSSBF: An Illustrative Example 

The kinematics system shown in figures 1 and 3 is a piston and crankshaft. In 
this device, there are five components (though only the four are depicted in 
these two figures): piston, crankshaft, connecting rod, cylinder, and crankcase 
(not depicted).  
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Function: The function of this system is to turn the crankshaft. Figure 6 
illustrates a (partial) specification of this function in the DSSBF language. 
The  function is specified as a schema, in which the “Given”  and “Makes”  
slots refer to a pair of states: the given condition which must be true for the 
system to work, and the condition which the system should achieve. The “By”  
slot contains a pointer to the behavior that accomplishes this function. 

 

 

Figure 6. Partial specification of  function in the DSSBF model. 

Behavior: In a DSSBF model, a behavior (i.e., an internal process) is 
specified as a sequence of discrete states and state-transitions between the. 
The states in a behavior specify values of system variables relevant to the 
behavior. The annotations on a state transition specify causes and the condi-
tions of the transition. Figure 7 illustrates a (partial) specification of the 
behavior of the crankshaft. The behavior tracks the angular momentum of the 
crankshaft, which it gains from a downward force coming from the connect-
ing rod through the joint with the connecting rod, and loses through friction. 
Note that illustration of the crankshaft behavior shows three states in linear 
succession, but the third state is a repetition of the first, so that the behavior 
loops. Note also that one of annotations on the first state transition in the 
crankshaft behavior refers to the behavior of the connecting rod. The behavior 
of the connecting rod is represented similarly.   

Structure: In a DSSBF model, structure specifies the components and the 
connections among the components. Table 1 shows an outline of the specifi-
cation of components. Briefly, each component has properties, which take 
values, and quantities, which have a type of either scalar or vector, and which 
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are variables whose values are changed by the causal processes in the behav-
iors of the system. 
 

 

Figure 7. Partial specification of the crankshaft behavior in the DSSBF model. 

TABLE 1. Partial Specification of Components  in the DSSBF model. 

Component Properties Variable Quantities Connected to
Piston height, diameter linear momentum cylinder, connecting rod
Crankshaft diameter, mass anglular momentum crankcase,  conn. rod
Connecting Rod length ang. & linear momentum crankshaft, piston
Cylinder diameter, length piston, crankcase
Crank case cylinder, crankcase  
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Connections are represented as schemas. Connections also have types in-
dicating their degrees of freedom, if any (revolute, prismatic, fused or 
adjoined, and so on). Figure 8 illustrates the connections in the piston and 
crankshaft example. 
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Figure 8. The connections between the components described in table 1. 

4.1. SHAPES AND SPATIAL RELATIONS 

Let us consider the shape-level representation of the drawing of the source 
case illustrated in figure 3. Since this is a vector-graphics file, the properties 
and locations of lines and their interconnections already is known. Even the 
fact that one rectangle is overlapping another (which might otherwise be 
slightly tricky to detect from nothing but a 2D depictive representation) can 
be assumed as given. Thus, we have whole shapes, such as rectangles and 
circles, and their geometric properties, but we need to know what the relevant 
interrelationships among the shapes are. 

For vector-graphics drawings such as figure 3, DSSBF models uses a tax-
onomy of spatial relationships among the shapes in a drawing: 

 
• Parallel-ness perpendicularity 
• End-to-end and overlapping connections between lines 
• Collinearity 
• Horizontal and vertical alignment and relative length 
• Containment 
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In reference to figure 3, first, parallel-ness and perpendicularity are impor-
tant; the two rectangles representing the cylinder are parallel to each other. 
Connectivity, too, is important, as the rectangle representing the piston shares 
sides with the cylinder’s rectangles, and the connecting rod overlaps with the 
piston and also the cylinder’s circle. Next, alignment is important, as the cen-
ter of the circle lines up with the center of the piston and cylinder, and the two 
cylinder rectangles are vertically aligned. Relative length too is important, as 
the piston is shorter than the cylinder (as it must move within it). Finally, con-
tainment, is important as the circles representing joints are contained within 
larger shapes representing the connected components (there are three in the 
drawing: (1) the piston/connecting rod joint, (2) the crankshaft/connecting rod 
joint, and (3) the crankshaft/crank case joint). 

Figure 9, below, illustrates the representation of spatial relations using the 
above spatial relations among the shapes in the drawing of the source case 
(figure 3). This representation is somewhat abbreviated, as, for instance, the 
component lines of the rectangles and the part-whole relations with the rec-
tangles, as well as the interrelationships between them, are not shown. 
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Figure 9. Representation of some the shapes and some of the spatial relations for 
the source case (figure 3). This diagram does not show the aggregation of lines into 

rectangles, and their interrelationships—only the properties and relations of the 
aggregated shapes. 

In contrast, the representation for the target drawing illustrated in figure 4 
would have some relationships different, but most of the relationships would 
be the same because the two drawings are nearly identical. The biggest differ-
ence would be the parallel-ness of the connecting rod with the cylinder, and 
the relative orientation of the crankshaft bearing with the crank-
shaft/connecting-rod joint (vertical in the source, horizontal in the target). 

4.2. RELATING DRAWING AND SHAPES TO STRUCTURE  

In order to be useful for analogical mapping and transfer, the representation 
of the shapes and spatial relations of the drawing need to be related with the 
structural elements in the DSSBF model. In general, these relations take the 
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form of links between the shapes shown in figure 10 and the component and 
connection schemas outlined in table 1 and figure 8, respectively. At the most 
basic level, there is a relation of the form “A depicts B” (A being a shape 
schema, B being a component schema) from the shapes to the components. It 
is important to note that only the shapes themselves enter into these “depicts”  
relations; the spatial relations between shapes do not. 

� � � �
� � �

 

Figure 10.  Linking shape to structure in a DSSBF model. The source drawing in 
figure 3 is associated shape-by-shape with the structural elements as shown in table 

1 and figure 8. Although this figure shows the drawing itself, in fact each shape 
element from the shape representation (figure 9) is linked to a component or con-

nection. 

5. Mapping: Recognizing Form by Using Function  

We want to build an account of the process of recognizing a target drawing of 
an as-yet unknown physical system by analogy to a nearly identical source 
drawing of a known physical system for which we have a complete DSSBF 
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model. We have developed an algorithm for generating all partial mappings 
between the shape-level representations of a source and a target drawing. 
Both the source and the target drawings are represented as labeled graphs, 
with shapes as the vertices and the spatial relations as edges among them. The 
algorithm collects individual maps from shapes in the source to shapes in the 
target, and attempt to merge them into whole mappings from the source to the 
target. The algorithm computes partial mappings, where some of the relations 
do not necessarily match. This corresponds to the problem of maximal com-
mon edge subgraph, also known as maximal overlap set. A maximal 
mapping is one that cannot be expanded to include other terms without con-
tradiction, and a maximum mapping is the largest of all of the maximal 
mappings. We use an algorithm that lists all maximal mappings, choosing the 
largest of these, the maximum mapping, as the result. 

We begin by marking certain of the shapes in the source as “important”—
a form of pragmatic marking—so that no mapping is returned that does not 
involve at least one of these relations. The important shapes are those that 
play a critical role in functioning of the physical system depicted in the draw-
ing. In the piston and crankshaft example, since the function of the system is 
to turn the crankshaft, the shape of the crankshaft is marked as important, as 
are the shapes depicting the piston and connecting rod. The algorithm can 
determine this importance by navigating the DSSBF model of the system in 
the source drawing. Also, a minimum bound is chosen for the size of the sub-
graphs/mappings, so that degenerate cases of only a single term in a large 
image are not returned (there can be dozens or even hundreds of these, even 
when there’s a single complete mapping).  

The procedure, at an abstract level, runs as follows: 
 
1. Gather all maps between source and target relations. Each map be-

tween a pair of relations will entail two maps between the entities 
related, so that, if “A is-left-of B”  maps to “X is-left-of Y” , then this 
entails A maps to X and B maps to Y. 

2. Those maps involving marked (“important” ) relations are set aside as 
“important”  maps. 

3. Choose one of the “important”  term maps M1. Now, gather every other 
map Mi for i>1, such that M1 and Mi are consistent. They are consis-
tent when: 
• the source terms in M1 and Mi  are different 
• the target terms in M1 and Mi  are different 
• the associated entity maps are consistent (same source entity maps 

to the same target entity, and conversely the same target entity has 
the same source entity being mapped to it; or else different 
sources, different targets) 
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These rules enforce a one-to-one mapping between both relations and 
entities. 

4. When all of the mutually consistent mappings have been gathered, 
save this as a single (partial) mapping if it exceeds the minimum size 
for an acceptable mapping (minimum bound). 

5. Choose the next marked “important”  term map M2, and repeat steps 3 
and 4, iterating through all of the marked “important”  term maps. 

6. Return the resulting list of mappings. 
 
This mapping algorithm allows term-by-term comparison of the source 

and target, so that the similarities and differences between them with respect 
to a potential alignment of the drawings can be employed and reasoned about. 
The algorithm returns all maximal complete mappings, and, as we’ve said 
above, the largest of these is the maximum mapping. 

In the context of the target and source drawings of figures 1 and 3, respec-
tively, we would expect all the shapes to map onto each other, but the 
algorithm discovers that the target (figure 1) has the connecting rod rectangle 
parallel with the cylinder and the piston, but the source (figure 3) does not. 
Note that it will also return several partial mappings: for instance, the top 
rectangle for the cylinder in figure 1 may map to the bottom rectangle for the 
cylinder in figure 3 or the top one. These are inconsistent with each other, but 
both would be maximal, and both would be returned. 

6. Transfer: Interpreting Form by Constructing Functional Model 

Once we have recognized a drawing by mapping its shapes and spatial rela-
tions onto that of another nearly identical drawing, the next task is 
interpretation of the drawing. This is accomplished by transferring the 
DSSBF model of the source drawing to the target drawing, proceeding for-
ward from shape through structure and behavior to function. An outline of the 
procedure is as follows: 

 
1. Some of the shapes in the source drawing may be grouped together, if 

they, as a group, depict a single component (such as the pair of rec-
tangles in figure 3 depicting the cylinder). For these shapes, when they 
are mapped to target shapes, transfer these groupings, as well, from 
source to target. 

2. Each shape in the source drawing either is related to a component or 
connection via a “depicts”  relation (e.g. A depicts B, where A is a par-
ticular shape from the drawing and B is a component from the 
structural model), and components and connections that are not de-
picted are marked as “undepicted” in that drawing. Transfer each of 
these “depicts”  and “undepicted” relations to the target drawing. 
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3. These “depicts”  relations set up the elements of the structural model in 
the target, which can now be mapped from the source, and thus each 
property and quantity of the named components is transferred from 
source to target 

4. The connections between these newly transferred components can 
then, themselves, be transferred from source to target, extending the 
mapping. 

5. Certain components are involved in behaviors, and are thus linked by 
a relation (“B of individual C”, where B is a behavior and C is a com-
ponent). These relations are then transferred, setting up the behavioral 
model to be transferred as well. 

6. The behavioral model is transferred by iterating through the named 
behaviors in the target and transferring the states, transitions, and all 
properties and relations thereof from source to target. 

7. Finally, some states and behaviors are named in the functional specifi-
cation of the device. Following the links from the behavior to the 
function in the source, transfer the functional specification from 
source to target 
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Figure 11. The process of analogical mapping and transfer illustrated. The source 
drawing (in fact its shape representation) at left is mapped onto the target, at right.  

The structural model (from figure 8) and the links from shapes to structural ele-
ments are all transferred from source to target 
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Figure 11 illustrates the use of this procedure for transfer of the structural 
model in the piston and crankshaft example. Since in this example the shape 
level differences between the source and target drawings make no behavioral 
difference, transferring the behavior and functions is trivial. 

7. Conclusions 

In this paper, we examined two related issues: (1) how might a designer rec-
ognize a target drawing by comparing it to a similar source drawing, and (2) 
how might a designer interpret a target drawing by constructing a functional 
model of it? We described a method for analogical mapping between the tar-
get and a nearly identical source drawing, and a method for transferring the 
functional model of the source drawing to the target drawing when the differ-
ences between the drawings make no functional difference. The functional 
model of the source drawing is an integrated form-function model called the 
DSSBF model. The organization of the DSSBF model allows access to the 
specification of function of shapes in the source drawing, and to use the 
shapes that have important functions to seed the mapping algorithm.    

This work however has several limitations. The most obvious limitation is 
that so far we have evaluated our method for mapping only for situations in 
which the target drawing is nearly identical to the source drawing, and our 
method for transfer is further limited to situations in which the differences in 
drawings make no difference no functional difference. Another obvious limita-
tion is that if the target drawing were made from a different view (e.g., the top 
view), then our method would break down even if the target drawing in fact 
was representing exactly the same physical system in exactly the same state 
as the source drawing. Yet another limitation is that the drawings in our work  
are 2D vector-graphics line drawings. Thus, in its current form, our work 
represents only a small first step towards building a computational theory of 
model construction from drawings by analogy. 
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