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A b s t r a c t 

The in fo rmat ion processing task of redesign 
and i ts subtasks of diagnosis and repair are an­
alyzed. Various kinds of knowledge required for 
redesign problem solving are ident i f ied, and a 
scheme for representing them is described. In 
this scheme, the funct ions of the device and 
its s t ruc tura l components are represented ex­
p l ic i t ly , and causal and ant ic ipatory knowledge 
about its design is organized around these func­
t ions. Th is funct ional representation language 
also provides pr imi t ives for representing and ac­
cessing knowledge of domain principles such as 
Physics laws. The use of funct ional represen­
ta t ion of designs in redesign problem solving is 
i l lus t ra ted for the redesign of the reaction wheel 
assembly aboard the Hubble space telescope. 

1 D e s i g n : P r o p o s a l , V e r i f i c a t i o n , and 
Redes ign 

The design problem can be abstract ly characterized as 
a constrained function-to-structure mapp ing . The de­
sign task takes as input the specifications of the desired 
funct ions of a device and the constraints on the design, 
and produces as ou tpu t a specif ication of a structure 
that realizes the desired funct ions and satisfies the con­
stra ints. One way to analyze a complex task such as 
design is to ident i fy the methods that can be appl ied to 
the task, the knowledge and contro l that these methods 
require, and the subtasks generated by them. Th is anal­
ysis produces a task structure [Chandrasekaran, 1989], 
i.e., a task-subtask decomposit ion of the prob lem, along 
w i t h a specif ication of the knowledge required for each 
of the subtasks. For a given task in this task st ructure, 
the choice of the method can depend on the knowledge 
available to the problem solver and the computa t iona l 
efficiency of f inding the solut ion by various methods ap­
plicable to the task. 

One method for solving design problems is propose, 
verify, and redesign [Chandrasekaran, 1988]. Th is 
method identifies and orders three subtasks, each of 
which in tu rn can be performed in different domains 
by different methods. For instance, case-based methods 

have recently become a subject of research for the pro­
pose subtask, and the verify subtask can be performed 
by a variety of methods, inc lud ing actual test ing of the 
device, analyt ic methods such as finite element analysis, 
and various s imulat ion techniques. One goal of this pa­
per is to perform an analysis of the task of redesign in 
terms of the subtasks into which it can be decomposed, 
and the methods applicable to them. The second goal 
of this paper is to explore the use of function-structure 
models for the redesign task, specifically, to investigate 
the u t i l i t y of the functional representation scheme Sem-
bugamoor thy and Chandrasekaran, 1986 which models 
the relat ionship between the structure of a device, the 
behaviors tha t arise f rom i t , and the teleology of the 
device as a whole. Th is research builds on our earlier 
work Coel and Chandrasekaran, 1988] in which we pro­
posed the use of funct ional representation of designs in 
c r i t iqu ing a proposed design, i.e., in local izing the fai lure 
to deliver a funct ion to a part of the st ructure. 

"Th is research has been supported by the Defense Advanced 
Research Projects Agency, R A D C contract F30602-85-C-0010, 
the Nat ional Science Foundation, grant CBT-87-03745, and the 
McD onnell Douglas Corporat ion, research contract W S - M D R L -
2931. Computer facilit ies were enhanced by gifts f rom the Xerox 
Corporat ion. 

1.1 R e d e s i g n : C o r r e c t i v e a n d C o m p e n s a t o r y 

Redesign is tr iggered as a task whenever the verify sub-
task shows that the proposed design falls short of the 
desired, either because some of the desired funct ions are 
not realized or because some of the behaviors are unde­
sirable. Once the proposed design has been modi f ied, the 
verify-redesign cycle is repeated if the design is get t ing 
closer to the desired one, or a different candidate design 
is sought f r om the propose subtask. In this paper, we 
are par t icu lar ly concerned w i t h redesign prob lem solv­
ing when the verify subtask finds an undesirable device 
behavior. The redesign of a bal l bearing assembly which 
generates excess heat due to large ro ta t iona l loads, where 
the generation of excess heat is an unintended and un­
desirable device behavior, is an example of this generic 
class of redesign problems. 

Solutions to this redesign problem can be corrective, or 
compensatory, or some combinat ion of the two. The re-
designer may diagnose and repair the s t ruc tura l fau l t re­
sponsible for an undesirable behavior, or it may propose 
addi t ional structures that can compensate for the unde­
sirable behavior. If, for instance, isolat ing the s t ruc tura l 
faul t responsible for an undesirable behavior or fu l ly cor­
recting it is not feasible, or is computa t iona l l y too ex­
pensive, then the redesigner may devise a compensatory 
solut ion to the problem. In the bal l bearing example, the 
proposal for the use of a cooler to remove the excess heat 
generated is a compensatory redesign so lut ion. In this 
paper, we are especially interested in corrective redesign 
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problem solving. 
The method of correcting an undesirable behavior fur­

ther decomposes the redesign task into two subtasks: 
diagnosis and repair. The diagnosis subtask takes the 
proposed structure and its undesirable behaviors as in­
put , and gives the st ructura l causes for the undesirable 
behaviors as the output . The repair subtask of redesign 
takes the desired funct ions, the proposed structure, the 
undesirable behaviors and their s t ructural causes as in­
put , and produces as ou tpu t a modif ied structure that 
realizes the desired functions w i thout the undesirable 
behavior. The diagnosis subtask can be performed by 
a variety of methods ranging f rom associative mapping 
of behavior to structure to techniques based on simu­
la t ion of behavior f rom structure. Below we present a 
method for diagnosis and repair that makes use of func­
t ional representations of designs in the form of stored 
structure-to-function maps. 

2 Reac t i on W h e e l Assemb ly 

In order to make the present discussion more concrete, 
let us consider the specific problem of redesigning the 
reaction wheel assembly (RWA) aboard the Hubble space 
telescope, a slice of which is shown in Figure 1. The 
desired funct ion of RWA is to make the telescope point at 
a chosen area of the sky. The given structure of the RWA 
consists of a rapidly spinning rotor mounted on a shaft. 
The rotat ing shaft is connected to a stator at both ends 
via assemblies of ant i - f r ic t ion ball bearings. The power 
that drives the rotor comes from a motor that is remotely 
control led f rom earth. The stator itself is mounted on 
the walls of the telescope bay. The constraint on the 
design of RWA is to keep its mass as small as possible. 

The funct ion ing of RWA is based on the law of conser­
vat ion of angular momentum. When the telescope is to 
be oriented in a specific d i rect ion, a signal f rom earth is 
sent to the motor that results in a change in the power 
supplied to the rotor. This causes a change in the angu­
lar velocity of the rotor and a corresponding change in 
its angular momentum. Due to the conservation of angu­
lar momentum, the angular momen tum of the telescope 
as a whole changes in the opposite direct ion. When the 
telescope nears its desired or ientat ion, a change in the 
angular momentum of the telescope in the opposite di­
rection is achieved in a similar manner, and the telescope 
angular velocity is reduced to zero. 

A common problem in the operat ion of RWA arises 
due to f r ic t ion in the bearing assemblies. The load on 
the bearings due to the rapid spin of the rotor causes de­
format ion of the bearing balls which results in increased 
f r ic t ional forces in the bearing assembly. This causes 
generation of heat in the bearing assembly. The result-
ins increase in temperature is detected by temperature 
sensors located near the bearing assemblies. Since the in­
crease in temperature depends on the load on the bear­
ings, a typical redesign solut ion to this problem is to 
increase the load capacity of the bearings by increasing 
the size of the balls. 

The increased temperature in the bearing assembly is 
an example of an unintended and undesirable behavior. 

The designer of HWA anticipated the potential for this 
undesirable behavior and included sensors in the design 
specifically to detect its presence. Note that because of 
the constraint of keeping the mass as small as possible, 
increasing the size of the bearing balls by an arbi t rar­
ily large amount is not an acceptable redesign solut ion. 
Also, since the effects of rotat ional loads on bearing as­
semblies are not known analyt ical ly, it is not possible to 
exactly compute the smallest size ball bearings that can 
support a given rotat ional load. 

In using the redesign of RWA as an i l lustrat ion of our 
analysis of redesign problem solving, we assume that the 
angular momentum of the telescope as a whole is in i t ia l l y 
zero, and that the angular momentum of the rotor is in 
the anticlockwise direct ion. We also assume that the 
command f rom earth is to increase the angular velocity 
of the rotor so that the telescope acquires an angular 
momentum in the opposite direct ion, and that the de­
sired thange in the magnitude of angular momentum is 
proport ional to the magnitude of the command signal. 
Whi le these assumptions reduce the size of the problem, 
thev do not entai l any loss of generality. 

3 Func t iona l O rgan i za t i on of Des ign 
Know ledge 

3.1 K n o w l e d g e f o r R e d e s i g n P r o b l e m S o l v i n g 

Efficient and effective redesign problem solving requires 
knowledge specific to the proposed design for a device. 
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Design-specific knowledge can be of several k inds, in­
c luding knowledge of the structure of the device, its com­
ponents and the relations between them; knowledge of 
the desired functions of the device, and the funct ional 
abstractions of the s t ructura l components; knowledge of 
the composition of the device funct ion f rom the funct ions 
of its s t ructura l components; knowledge of the justifica­
tions for the choice of various s t ruc tura l components; 
knowledge of the device states, the state variables char­
acterizing them, and the causal dependencies between 
them; and knowledge of the anticipated side effects of 
the funct ion ing of the device. 

In add i t ion , redesign problem solving requires knowl ­
edge of the design domain that goes beyond any specific 
design or par t icu lar device. Th is includes knowledge of 
primitive components and p r im i t i ve relations available in 
the design domain ; knowledge of primitive substances in 
the domain inc lud ing abstract substances such as heat; 
knowledge of primitive processes in the domain such as 
f r ic t ion and their effects on components and substances; 
knowledge of generic engineering mechanisms such as 
ro l l ing f r ic t ion and generic engineering devices such as 
bearing assemblies, and knowledge of general domain 
principles such as the law of conservation of angular mo­
mentum and general domain relations such as the mo­
men tum of a ro ta t ing object is propor t iona l to its angu­
lar velocitv. 

3.2 R e p r e s e n t a t i o n o f S t r u c t u r e - t o - F u n c t i o n 
M a p s 

We now describe the funct ional representation scheme 
for representing and organizing knowledge of the struc­
ture, func t ion , and st ructure- to- funct ion maps of a de­
sign. The st ructure- to- funct ion maps, called causal 
behaviors, expl ic i t ly represent design-specific knowl­
edge, and contain pointers to more general domain 
knowledge1 . 

Let us begin w i th representation of func t ion . The 
funct ions of the device and its components are repre­
sented as schemas; the schema for the funct ion of RWA 
is shown in Figure 2.2 The underl ined expressions in the 
figure are the pr imi t ives of the funct iona l representation 
language. The schema specifies the device state the func­
t ion takes as input and the device state tha t the func­
t ion gives as ou tpu t . It also specifies the causal behav­
ior BehaviorChange.Momentum that results in trans­
forming the given input state in to the desired ou tpu t 
state, and the condit ions under which the t ransforma­
t ion is possible. Final ly, the schema specifies the antic­
ipated side-effects of achieving the funct ion in the fo rm 
of Be ha vior Genera t e H eat. 

1Note that, thr term behavior is being used in two different 
contexts', to refer to the device outputs as in undesirable behavior. 
and to refer to the sequences of devices states as in causal behavior. 

2 The arrow on top of a variable, such as Ltetescoper, indicates 
that the variable is a vector quantity, i.e. it has both a magnitude 
and a direction associated with it. The vertical bars on the sides of 
a vector variable indicate that only the magnitude of the variable 
is being used. The symbol ∆ denotes a change in the value of the 
variable. The symbol / denotes proportionality, while the positive 
sign indicates direct proportionality. 
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Knowledge of structure in the funct ional representa­
t ion scheme is organized in a structure-substructure h i ­
erarchy. Each substructure in this hierarchy is repre­
sented as a schema. A part of the schema for the ball 
bearing assembly is shown in Figure 3; not al l the p r im­
it ives shown are used in redesign problem solving below. 
The schema specifies the funct ional abstract ion of the 
device, the domain principles and relations under ly ing 
its operat ion along w i th the operat ing range, its struc­
tu ra l relations w i th other components, and the jus t i f i ­
cat ion for its choice. The schema also contains pointers 
to the state t ransi t ions in causal behaviors in which the 
component plays some role, specifically to the transi t ions 
state2 ---> state 3, state3 —> state4, and stateA — + state5 
in Behavior Generate Heat. 

Causal behaviors compose the funct ions of the 
s t ruc tura l components in to the device funct ions, and 
are represented as acyclic directed graphs. A 
node in such a causal graph represents a causal 
state of the device characterized by its state var i ­
ables. An edge between two nodes in the causal 
gmph represents a causal state t rans i t ion . The 
causal graphs for Behav lorG hange Momentum and 
Behavior Generate Beat are shown in Figures 4 and 5, 
respectively. Note the causal dependencies between the 
state variables character iz ing the causal states in the two 
figures.3 A state t rans i t ion in a causal graph can be one 
of several types. For instance, a t rans i t ion could be due 
to the funct ion of some component , e.g., the t rans i t ion 
state'! —> stated in BehaviorChangeMornentum shown 
in Figure 4, or it could be based on some domain pr inc i ­
ple, e.g., the t rans i t ion stated —> state6 also in Figure 4. 
Of ten, domain principles are applicable only in the con­
text of some s t ruc tura l component or re lat ion, e.g., the 
t ransi t ions state2 —> state3 in Figure 5 and state's —> 
stateA in Figure 4; sometimes they may require addi­
t ional assumptions, e.g., the t rans i t ion state —> state7 
in Figure 4. Also, a state t rans i t ion may po in t to a more 
detai led sequence of state t ransi t ions, e.g., the t rans i t ion 
stated -> stateA in Behavior Change Mornentum points 

3The circular arrows adjacent to some of the vector variables in 
Figures 4 and 5 indicate the dirrction of rotftt ional motion about 
the rotor axis, clockwise or anticlockwise. 



to Behavior Generate Heat. 
Note the reference to the law of conservation of 

angular momen tum in t ransi t ion stateC) --> statel 
in Behavior Change Momentum. Knowledge of such 
Physics laws can be represented as behavioral templates. 
Knowledge of the law of conservation of angular mo­
men tum, for example, can be represented as a small set 
of behavioral templates corresponding to the prototyp­
ical s i tuat ions governed by the law. In one prototyp­
ical s i tua t ion , for instance, if one object is contained 
in another, and the angular momentum of the first ob­
ject changes then, on account of the conservation law, 
the angular momentum of the second wi l l also change 
w i th an equal magni tude but in the opposite direct ion. 
In fact, the funct ion ing of RWA is based on this use 
of the law. Thus, the behavioral template represent­
ing this pro to typ ica l appl icat ion of the law of conser­
vat ion of angular momentum (not shown here) is in­
s tant ia ted in Behavior Change Momentum that results 
in the achievement of the funct ion of RWA (t ransi t ion 
state6 --> statel in Figure 4). 

The bal l bearing assembly, which has been treated as 
a generic device in funct ional representation of RWA, 
can be s imi lar ly represented in terms of its st ructural 
components and their funct ional abstractions, making 
available finer grained design knowledge. At a larger 
grain size, the telescope as a whole can be represented. 
Thus the design knowledge is organized in two hierar­
chies: the classical st ructure-substructure hierarchy, and 
the f u n c t i o n - b e h v i o r hierarchy. Since the causal state 
t ransi t ions in a behavior contain pointers to the sub­
structures, and the schemas representing substructures 
contain back-pointers to the causal state transit ions in 
which they play some role, knowledge in one hierarchy is 
accessible f rom the other. This funct ion-structure model 
of the design is generated by the propose subtask of de­
sign. 

4 Correct ive Redesign: Diagnosis and 
Repair 

4.1 D i a g n o s i s o f U n d e s i r a b l e B e h a v i o r 

Let. us now consider how the functional representation of 
designs helps in solving redesign problems in which an 
undesirable behavior is to be corrected. As mentioned 
abovt , the method for corrective redesign decomposes 
the redesign task into the subtasks of diagnosis of the 
structural faults(s) responsible for the undesirable be­
havior and repair of the structural faults. The method 
of functional reasoning further decomposes the diagnos­
tic task into three subtasks: identi f icat ion of the causal 
behcivior(s) in which the sensor that detects the unde­
sirable behavior plays a functional role; ident i f icat ion of 
the malfunct ion responsible for the undesirable behav­
ior; and identi f ication of the structural faul t responsible 
for the undesirable behavior4. 

4 We assume that the sensor itself is functioning properly. Sen­
sor validation is n related but different problem which requires 
functional representation of the sensor. 
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Figure 5: BehaviorGenerateHeat of RWA 

Let us begin by analyzing the task of ident i fy ing the 
causal behavior in which the sensor that detects the un­
desirable behavior plays a funct ional role. Since the un­
desirable behavior does not realize any expl ic i t func t ion 
of the design, searching the funct ion-behavior hierarchy 
for the causal state t rans i t ion in which the sensor plays a 
role is l ikely to be computat iona l ly very expensive. How­
ever, because of the specification of the s t ruc tura l rela­
t ions in the schema for each substructure, the structure-
substructure hierarchy can be searched more efficiently 
to locate the schema for the sensor. The schema for the 
sensor specifies the causal behavior(s) in which the it 
plays a funct ional role. In the RWA prob lem, for exam­
ple, the schema for the temperature sensor (not shown 
here) specifies that the t ransi t ion state5 —> state6 in 
BehaviorGenerateHeat is based on the funct ion of the 
sensor (see Figure 5). 

The second subtask of diagnosis is to ident i fy the 
mal func t ion responsible for the undesirable behavior. 
Th is is accomplished by backward t rac ing of the causal 
behavior(s) determined in the first subtask, s tar t ing 
f rom the causal state t ransi t ion in which the sensor 
plays a funct ional role. The values of the state var i­
ables characterizing the preceding causal states are com­

puted and checked against the operat ing ranges of 
the st ructura l components specified in the state t ran­
sit ions. In the RWA problem, this backward t racing of 
BehaviorGenerateHeat leads to state2 characterized by 
the variable Ld b e a r i n g (Figure 5). On compar ing the 
value of Ldhv.arxng w i th the operat ing range specified in 
the schema for the bearing assembly (see Figure 3), it is 
determined that the load on the bearing is beyond what 
the bearing assembly can support . Th is identifies the 
mal funct ion ing of the bearing assembly as the cause of 
the given undesirable behavior. 

The last subtask of diagnosis is to ident i fy the struc­
tu ra l cause of the undesirable behavior. Th is is accom­
plished by using knowledge of the relations under ly ing 
the operat ion of the mal funct ion ing substructure iden­
t i f ied in the second subtask. In the RWA problem, for 
example, the schema for the bearing assembly (Figure 
3) shows that the load capacity of the bearing assembly, 
max.Ldbruring depends on the size of the bearing balls, 
Rb a l l . Th is enables the ident i f icat ion of the st ructura l 
cause of given undesirable behavior, namely, the size of 
the bearing balls is too small for the load. 

4.2 R e p a i r o f F a u l t y S t r u c t u r e 

Once the structural cause for the undesirable behavior 
has been determined, the redesigner has to repair the 
structure to correct the behavior. The method of func­
t ional reasoning decomposes the repair task into three 
subtasks: selection of a repair strategy for correcting 
the s t ructura l faul t ; proposal of a repair solut ion; and 
test ing whether the proposed solut ion necessitates addi­
t ional s t ructura l modif icat ions. 

The subtask of selecting a repair strategy requires a 
memory of repair strategies indexed by the type of repair 
tasks for which they are appropr iate. For instance, one 
common repair strategy is component replacement, i.e., 
to replace the component responsible for the undesirable 
behavior w i th a funct ional ly equivalent component that 
meets the design requirements. Th is repair strategy is 
useful for repair tasks in which the parameter of some 
component is responsible for the undesirable behavior. 
The funct ional representation of design helps in ident i ­
fy ing the type of repair task, which can then be used 
to select the appropr iate repair strategy. In the RWA 
prob lem, for example, the diagnostic task showed tha t 
the smal l size of the bearing balls is responsible for the 
abnormal ly high reading of the temperature sensor. Th is 
leads to the selection of the repair strategy of component 
replacement. 

The second subtask of repair is proposal of a repair 
solut ion. Funct ional representation is of l im i ted help in 
per forming this task; the repair solut ion is produced by 
the appl icat ion of the strategy selected in the first sub-
task. In the RWA prob lem, the repair strategy of com­
ponent replacement uses the relat ion between Ldbearing 

and Rball to propose the solut ion of replacing the bearing 
balls w i t h larger cnes. 

The th i rd subtask of repair is to check whether 
the proposed solut ion necessitates add i t iona l s t ructura l 
modif icat ions. This is accomplished by causally propa-
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gat ing the effects of the st ructura l modi f icat ion. Start ing 
f rom the state t ransi t ion where the structural modifica­
t ion is proposed, the causal behavior is traced forward. 
New values of the state variables characterizing the suc­
ceeding causal states are calculated using the causal de­
pendencies between them, and compared against the op­
erat ing ranges of the s t ructura l components specified in 
state transi t ions. If the value of some state variable is 
beyond the range of the corresponding component, then 
another st ructural modi f icat ion is made along the lines 
indicated above. This process is repeated unt i l the be­
havior is traced ful ly, and the values of the state variables 
show that the undesirable behavior has been corrected. 

The modif ied structure produced by the repair task 
can now be verif ied, and if needed, redesigned again. 
Note that the causal propagat ion of the effects of a struc­
tura l modi f icat ion in the repair task helps to locally verify 
that the undesirable behavior has been corrected. How­
ever, this does not const i tute verif ication of the design 
as a whole. 

4.3 L i m i t a t i o n s o f t h e M e t h o d 

There is of course no guarantee that, the method for cor­
rective redesign described above would succeed in solv­
ing an arb i t rary redesign problem. Its success or fai l­
ure depends on whether or not the needed knowledge is 
available to i t . For instance, if, in the RWA problem, 
knowledge of the causal relat ion between the load ca­
paci ty of the bearing assembly and the size of the bear­
ing balls, or the repair strategy of component replace­
ment were not available, the redesigner could not have 
reached the solut ion of replacing the bearing balls wi th 
larger ones. Instead it would have continued to trace 
the causal behavior backwards, un t i l , using the knowl­
edge of the causal relat ion between the angular velocity 
of the shaft and the load on the bearing assembly, it de­
cided that the angular velocity of the shaft was too high, 
and proposed reducing the angular velocity of the shaft 
as the solut ion to the redesign problem. The designer 
could have failed altogether if even this knowledge was 
unavai lable. However, the problem solving does termi­
nate, even if in fai lure, once the causal behavior has been 

traced fu l ly . 
Th is analysis also provides focus to the issue of spatial 

and geometrical reasoning in redesign problem solving, 
since the real izat ion of a redesign solut ion often involves 
reasoning about the shapes and contours of structural 
components. In the RWA problem, for instance, once 
the redesign solut ion of increasing the size of the ball 
bearings is reached, it s t i l l remains to be decided how 
this solut ion is going to be realized. The functional rep­
resentation of RWA makes the knowledge of the struc­
tura l relations of the bearing assembly available to the 
redesigner. However, what changes have to be made to 
the shaft and the stator so that larger sized ball bearings 
can be used is not clear. Th is requires the capabilit ies of 
spat ia l and geometrical reasoning about the shapes and 
contours of bal l bearings, the rotor, and the stator. 

5 Concluding Discussion 

We have presented an analysis of the redesign problem 
and shown how function-structure models of designs can 
be used for solving a generic class of redesign prob­
lems. This work follows a rich l i terature on redesign 
problem solving. Stal lman and Sussman [1977; int ro­
duced dependency-directed backtracking to decide what 
structural component to modi fy when a design failed to 
achieve the desired functions. The causal behaviors of 
the functional representation scheme serve a similar pur­
pose. These behaviors capture the causal dependencies 
between the device states which enables the redesigner 
to trace the structural cause of an undesirable behav­
ior. The REDESIGN system [Steinberg and Mi tche l l , 
1985] makes use of the purposes of structural compo­
nents in a design which is similar to the notion of func­
t ional abstractions of structural components in the func­
t ional representation scheme. R E D E S I G N S redesign 
knowledge, however, is largely associative rather than in 
the form of funct ion-structure models. The P R O M P T 
system :Mur thy and Addank i . 1987 uses modif icat ion 
operators, and decides on their appl icabi l i ty by testing 
their preconditions. The funct ional reasoning method 
for redesign seeks to identi fy various types of modif ica­
t ion tasks, and calls for a funct ional ly organized mem­
ory of modif icat ion strategies indexed by the tasks. The 
CHEF system !Hammond, 1989] makes use of ant ic ipa­
tory knowledge about potent ial problems w i th a plan for 
retrieving the best-matching plan from memory. In our 
framework, the redesigner uses knowledge of ant ic ipated 
side effects for correcting undesirable behaviors. 

In a different line of research, Rieger [1976] has used 
functional models of devices for problem solving as well 
as for natural language understanding. The funct ion-
structure model described in this paper can be s imi lar ly 
viewed as providing both a part ia l theory of comprehen­
sion of the funct ioning of devices as well as a language for 
captur ing design knowledge useful in redesign and diag­
nostic problem solving. However, while Rieger's models 
focus on the identif ication of various types of causality, 
the funct ional representation scheme emphasizes the or­
ganization of causal knowledge. 

The main contr ibut ions of the present research are 
two-f3ld. First, it provides a par t ia l task structure for 
the redesign problem. That is, it identifies a task-subtask 
decomposition for the redesign problem, some of the 
methods applicable to the subtasks, and the knowledge 
required by these methods. Th is analysis begins to pro­
vide a framework for captur ing the interactions between 
the tasks, methods, and knowledge for redesign prob­
lems. The second main contr ibut ion of this work is to 
show how the functional representations of designs can 
be used for solving a class of redesign problems. It also 
specifies constructs in the language for representing and 
organizing ant ic ipatory knowledge of undesirable behav­
iors, and for accessing this knowledge f rom the specifi­
cation of the structural components in the design. 

The decomposition of the redesign problem into a 
task structure and the funct ional organizat ion of design 
knowledge provides a method for managing the com-
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plex i ty of the problem. Both the diagnosis and repair 
subtasks of corrective redesign problem solving can be 
computa t iona l ly very complex. In diagnosis, every com­
ponent and every relat ion between components in the 
structure can potent ia l ly be the cause of an undesirable 
behavior. In repair, every substructure in the design 
is modif iable in potent ia l ly very large number of ways. 
Moreover, each st ructura l modi f icat ion can potent ia l ly 
affect the entire design. The decomposit ion of the re­
design task in to a number of smaller subtasks and the 
funct ional organizat ion of design knowledge helps in fo­
cusing the a t tent ion of the redesigner and local izing the 
search at each step in redesign problem solving. F inal ly , 
we note that the funct ional representation of a device 
also provides a causal explanat ion of the funct ion ing of 
the device as well as jus t i f i ca t ion for the design decisions. 

A c k n o w l e d g m e n t s 

The problem domain of redesign of the reaction wheel as­
sembly aboard the Hubble space telescope was suggested 
to us bv Professor Edward Feigenbaum. Our descript ion 
of the reaction wheel assembly has been adapted f rom 
Feigenbaum et al, 1988]. S. Prabhakar has made sig­

nif icant contr ibut ions to the ongoing imp lementa t ion of 
the K R I T I K system, which embodies the general framefff­
work for adapt ive design problem solving presented in 
this paper. This paper has benefited f rom helpful com­
ments bv the reviewers. 
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