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Abstract. It is generally agreed that one of the most challenging
isales fadng the case-based reasoning community is that of
adaptation. To date the lion's dare of CBR research has
concentrated on the retrieval of similar cases, and the result is a
wide range of quality retrieval techniques. However, retrieval is
just the first part of the CBR equation, because once a similar case
has been retrieved it must be adapted. Adaptation research is gill
in its earliest stages, and researchers are still trying to properly
understand and formulate the important isaues. In this paper |
describe a treatment of adaptation in the context of a case-based
reasoning system for software design, cdled Dé§a Vu. Dga Vu is
particularly interesting, not only because it performs automatic
adaptation of retrieved cases, but also because it uses a variety of
techniques to try and reduce and predict the degree of adaptation
necessary.

1 INTRODUCTION

Dé&a Vu is a cae-based system for designing industrial
device ontrol software. Its main application damain is the
control of robdatic vehicles and madinery in sted-mill s.
These mill s contain various types of vehicles (cdled Coil -
Cars), loading bays (cdled Skids), and pressng devices
(cdled Tension-Reds) which have awide range of device
configurations and operational settings. Important tasks
include the loading and uroading of coils and spods of
sted and the transport of coils by vehicles (see Smyth &
Cunningham, 1992; Smyth & Keane, 1994).

The main oljedive of this paper is to ouline the
adaptation processin Déa Vu. However, before this, the
next sedion Lriefly explains how D&aVu tries to minimise
the neal for adaptation by suppating the reuse of multiple
cases and by using a sophisticaed adaptation-guided
retrieval technique. The structure of adaptation knowledge
is described in sedion 13, and an example of how this
knowledge is used duing adaptation is the topic of sedion
1.4. Sedion 15 looks at some related work, focusing not
just on adaptation bu aso on retrieval, and the reuse of
multiple caes. Sedion 16 oulines the strengths and
limitations of the gproach taken, and sedion 17
concludes with a list of further issues and questions.

2 AVOIDING ADAPTATION IN DEJA VU

In may seam rather strange to begin a paper on adaptation
by describing how a system avoids it, but this idea is
fundamental to D&a Vu's philosophy. The standard,
“single-shat” model of CBR (i.e., reusing only a single
case) has been extended in two ways: (1) Dga Vu uses a
technique cdled hierarchical case-based reasoning
(HCBR) to suppat the reuse of multiple caes; (2) An
retrieval  approach cdled adapation-guided retrieval
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(AGR) which ensures that adaptable caes are dways
retrieved. Both of these extensions minimise the anourt of
adaptation that is necessry in a typicd problem solving
session.

2.1 Hierarchical CBR

New target problems are solved by retrieving, adapting and
combining solutions from a number of relevant cases, at
varying levels of abstradion. In effed, D§a Vu integrates
demmpositional and case-based design processes to solve
complex problems in a top-down fashion. Complex
problems are stored as hierarchicd coll edions of cases, and
individual cases describe part of a more cmplex solution
at some given level of abstraction.

There ae two principal case types, abstrad or detail ed.
Abstrad cases contain high-level design solutions. In fad,
an abstrad solution can be viewed as a set of sub-problems
so that the retrieval and adaptation d an abstrad case
adualy results in the definition o new target sub-problem
spedfications which must be solved by further CBR cycles.
In this way abstrad cases are used to decompose mmplex
problems into simpler problems. In contrast, detailed
design cases contain adua plant-control software de,
and the retrieval and adaptation o one of these caes
completes part of the overall target problem solution. (see
aso Smyth & Cunringham, 1992 and for related work,
Maher & Zhang, 1993; Branting & Aha, 1995)

HCBR reduces the alaptation load by reusing the best
parts of many larger solutions rather than insisting on the
reuse of a single mondithic solution. Indeed, withou
HCBR it would na be posshle to solve cmmplex plant-
control problems except by using extremely large cae-
bases or very sophisticated adaptation facilities.

2.2 Adaptation-Guided Retrieval

The AGR philosophy states that at al times we shoud try
to retrieve a cae which is nat only adaptable, but which is
the eaiest of those available to adapt. This is made
possblein D&aVu by using adaptation knowledge during
retrieval to determine the alaptation requirements of cases.
In short, a cae isonly retrieved if there is evidence, in the
form of adaptation knowledge, that it can be alapted to fit
the target problem, and if its predicted adaptation cost is
the best available. Furthermore, AGR works withou
overburdening the retrieval stage (see Smyth & Keane,
1994).

Experiments demonstrate that AGR does indeel
significantly reduce the alaptation load when compared to
more standard simil arity-based retrieval methods. Overall
costs are further reduced becaise one of the side-effeds of



AGR is the identificaion d relevant adaptation
knowledge, thereby setting up the aaptation stage (see
Smyth & Keane, 1995 and for related work Purvis & Pu,
1995)

3 ADAPTATION KNOWLEDGE

In case-based reasoning systems adaptation knowledge is
needed to make changes to the solutions of retrieved cases.
Plant-control software solutions are represented as graph
structures.  Individua nodes correspond to solution
commands and the mnredions between nodes encode
sequential and parallel control flow.

Adaptation knowledge must spedfy how, and under what
condtions, these solution graphs are to be modified. Dga
Vu uses 3 basic adaptation operators to perform node
substitution, node insertion, and nock deletion. Adaptation
knowledge mntains equences of these operators. There
are two hasic forms of adaptation knowledge. The first is
an adagation spedalist, these ae designed to perform
spedfic adaptation tasks. The secondform is an adagation
strategy, and these encode more general modificaions, and
can be used to co-ordinate spedadists as well as resolve
adaptation conflicts. Both types of adaptation knowledge
are used during retrieval as well as during adaptation, and
both can be used to modify detailed design cases as well as
abstract cases.

3.1 Adaptation Specialists

The most common reason for adaptation is that there ae
differences between the target problem and bese cae. For
example, different entities may be used, or different tasks
may be performed, or different operational constraints may
be valid. Typicdly, to compensate for such, the base
solution will have to be modified by making various
substitutions or structural changes, and it is these type of
adaptations that specialists are designed to handle.

For example, one mmmon dant-control task isthe Move
task, in which a vehicle (CoiL-CAR) is moved from one
locaion to ancther using either 1-SPEED or 2-SPEED
motion. In 1-SPeeD motion the vehicle moves at its sow
spead until reading a destination, whereupon the
adivation o a sensor stops the vehicle. In 2-SPEED motion
the vehicle initially moves at its fast speeal, at a cetain
distance (vehicle dependent) before the destination it slows
down, and finaly onreading its destination it stops. When
solving MovVE problems, cases will often be retrieved that
differ from the target in terms of their destination locations,
or their vehicles, or their speed of motion. Each o these
differences will require cetain types of adaptation. For
instance, if the target problem spedfies a different
destination, then the ommand in the base solution which
chedks if the vehicle has reated its destination must be
adapted. In addition, the destination change may alter the
diredion o travel, and hence diredion adaptations may
aso berequired. If thereis aspeal dfference, then this can
mean adding or removing nodes from the solution
depending on the type of speed difference.

3.2 Adaptation Strategies

Spedadlists make locdised changes to solutions, and they
are blind to the danges made by other spedalists.
Problems arise when the adions of spedalists conflict to
invalidate their combined adions; similar interadion and
conflict problems have plagued the planning community
for decales. Some way of co-ordinating spedalists and
resolving their implicit conflicts is needed. This is the role
of adaptation strategies.

Co-ordination Problems: Often a retrieved case will
need to be aapted by more than ore spedaist, eath
working on dfferent parts of the solution. This picture is
complicaed by the fad that sometimes the operation d one
spedali st depends on an adaptation made by ancther. A co-
ordination mechanism is needed to ensure that this
condtion is stisfied duing the aaptation stage. This is
the role of a CO-ORDINATION strategy. Its job is to
recognise ordering constraints between relevant spedalists
and to use these nstraints to compute an appropriate
activation schedule.

Interaction Problems: Sometimes conflicts between
spedalists may be so serious that they canna be resolved
by simply co-ordinating and scheduling the adion o
spedalists. For instance, even when there ae no immediate
conflicts between spedalists, it can happen that through the
adion d one speddist, atotaly new conflict isintroduced,
which of course must then be resolved. For instance a
balanceinteraction conflict is sid to occur when the value
of one fedure is propationaly dependent on ancther,
because alapting one feaure may have an adverse dfed on
the validity of the other. For example, when moving a
CoiL-CAR aqoss the fadory floor the height of its lifter
platform must be ajusted to acoommodate the load being
transported. There is a baance ®ndtion between the
height of the lifting platform and the diameter of the load.
In general, empty coils (spods) can be caried at the CoiL-
CAR’s carying-level height, whil e the larger coils must be
caried at the CoIlL-CAR'’s lower-limit height setting. If this
balanceis nat properly maintained then a fail ure may occur
(the CoIL-CAR may colli de with an overhead obstade). The
repair adion for this conflict is to make sure that a
compensating adaptation is performed to restore the
balance ©ndtion. The BALANCE-INTERACTION strategy
uses this approach.

4 AN ADAPTATION EXAMPLE

It has been mentioned in sedion 2 that the result of
adaptation-guided retrieval is, not only the seledion d a
suitable base cae, but aso a list of the aaptation
spedalists and strategies relevant to the alaptation d this
case. Previous work has described in detail how retrieval
operates and howv this relevant knowledge is locaed
(Smyth & Keane, 1993 1995. Here we will explain,
through a worked example, how spedalists and strategies
are used duing adaptation to modify the base solution to
fit the target problem.
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Figure 1. An example adaptation scenario.

Figure 1 ill ustrates the adaptation d a 1-SPEED MOVE case
to solve a2-SpeeD target problem. Both problems dhare
certain fedures, such as the type of task and the vehicle
used, but they differ in terms of speal requirements, the
destination locaion, and the @mntent being caried. These
differences sgnal the neal for a number of spedadists: (1)
The speal spedalist is neal to transform the single speed
solution into atwo speed solution by adding extra nodes as
shown (the two new noes have adashed ouline); (2) the
destination spedalist is needed to substitute the target
destination (SkiD-1) for the base destination (TENSION-
ReeL-1) in the sensor-chedk nodes that determine the
distance of the vehicle from its destination; (3) the
diredion spedadist is needed becaise, since the vehicle is
travelli ng to a different destination, it is also travelling in a
different diredion, and so the diredion parameter of eath
move ommand must be alapted. Note that the
substitutional changes are shown in Figure 1 by
underlining the new terms and wing italics in the target
solution graph.

On their own these spedalists do nd fully adapt the base
solution. First of al co-ordination is needed between the
spead spedadist and the degtination and dredion
spedalists. The speed spedadlist adds new solution nods,
and these nodes will be later modified by the destination

and dredion spedalists. So we must ensure that the speed
spedalist performs its adions first. The neeal for this type
of co-ordination is recognised and performed by the Co-
ORDINATION strategy becaise there is a BEFORE relation
between the dependant specialists.

Ancther interadion poblem exists becaise of the
difference in content between the target and hese. As
explained above there is a balance ondtion between the
content being transported and the vehicl€' s lifting platform
height. The base cae caries a small diameter empty spod
but the new target solution will cary alarge diameter coail.
Therefore, we must ensure to lower the lifting platform
height to restore the balance @ndtion. This means that a
new nocke has to be alded to the target solution to handle
this lowering task before the main MoVE solution proceeds
an abstrad nock is added as shown that spedfies a new
LIFT sub-problem (this new node is drawn with a dashed
outline).

5 DISCUSSION & COMPARISONS

The main goal of the workshop is to:

. devdop a framework of design ogions in
adapation. This will be dorein a bdtom up way, by



asking system devdopers to identify and rationdize
comnon and different features, shortcomings and
strengths of their systems”

To promote a organised exchange of ideas the workshop
papers have been divided into a number of clusters deding
with spedfic adaptation-related themes. In this sdion |
will addresstwo of these themes and compare Déja Vu to
similar systems in the appropriate clusters.

5.1 Abstraction

In sedion 2 of this paper | described hav an important
feaure of Dga Vu is its hierarchicd CBR method which
makes use of case hierarchies during problem solving. In
particular, ead problem is represented in the cae-base & a
hierarchy of cases at various levels of abstradion.
Currently the system mekes use of explicit levels of
abstradion by using an abstradion vocabulary. This
vocabulary extends the primitive solution operator set to
include astrad operators, which are then used in the
abstraa cases. In thisway DéaVu's case hierarchies $are
much in common with the type of plan hierarchies that are
automaticdly built by the PARIS system (Bergmann &
Wilke, 1995 1996). In particular, both systems make use
of abstrad knowledge that is represented as adua high-
level solution code.

The EADOCS system (Netten & Vingerhoeds) also uses
abstradion knowledge, however, unlike Déa Vu and
PARIS this knowledge is naot stored with the structure of
abstraa cases. Instead a separate knowledge sourceis used
to spedadlise design problems to formulate more tractable
sub-problems. Thus, abstradion knowledge is explicitly
encoded within a set of spedalisation rules. Moreover, in
EADOCS a static set of spedalisation knowledge seems to
be ewcoded within fixed decomposition strategies thus
limited the flexibility of specialisation.

Of course the main reason that abstradionisused at all is
to help reduce the aaptation overhea. In the cae of Dga
Vu and PARIS complex problems are more eaily solved at
high-levels of abstradion, with the resulting high-level
solutions leading to the formulation d lower-level sub-
problems during decomposition.

The main condtion that must be satisfied in order to use
DégaVu hierarchicd CBR methodis that the domain must
be deaomposable. A similar condtion must be satisfied if
the PARIS approach is to be used. However, an advantage
that PARIS has over D§a Vu is that it has the dility to
automaticdly produce dstrad cases. Déa Vu daes naot
have this fadlity and thus the cae hierarchies must be
caefully hand-coded, adding to the overall knowledge
acquisition cost.

5.2 Decomposition & Incremental Adaptation

In ealier sedions | have described howv Dga Vu uses a
combination d decomposition and adaptation to reuse
cases to solve new target problems. One of the alvantages
of Dga Vu's decompasition technique is that it does nat
relay on static decompasition knowledge. Instead, the cae
hierarchies drive the demmposition pocess and
decomposition is a direa result of the retrieva and
adaptation d abstradt cases. In this context D§a Vu is

similar to PARIS (Bergmann & Wilke, 1995 1996
because it permits the eplicit reuse of previous problem
decompositions (the astrad case solutions) and it is these
adapted decompositions that guide the decomposition
process However, an important difference between Dga
Vuand PARISisthat DgaVu refinesits abstrad solutions
by the further retrieval and adaptation d more mncrete
cases, while PARIS uses sach-based refinement methods.
In ather words, when Dé&a Vu retrieves and adapts an
abstraa case, thereby introducing addition sub-problems
that must solved, it goes on to retrieve and adapt new cases
with which to solve these sub-problems, rather than using a
search-based solution approach.

Purvis and Pu (1995 1996 describe a system cdled
COMPOSER which also reuses multiple ca&es, where
decomposition is a dired consequence of the way that
different cases match dfferent parts of the target problem;
these partially matching cases are dl reused. Like D§aVu,
decomposition is dynamic, and depends predominantly on
the airrent cese-base organisation and target problem
structure, however the explicit reuse of abstrad cases (or

previous problem decompositions) does not directly occur.

Netten & Vingerhoeds (1996 also advocae the use of
problem decomposition duing design in the EADOCS
system. However, the deacompositiona comporent of
EADOCS is limited by the use of static decompasition
methods.

5 STRENGTHS & LIMITATIONS

Hierarchicd CBR and AGR bath reduce the alaptation
load by reusing and combining optimal cases. Becaise of
this it is posshle to encode the required adaptation
knowledge & a mlledion o abou 30- 60 damain spedfic
spedalists and much smaller number of genera repair
strategies (about 4 strategies are usually used).

Currently, Déja Vu has been validated on a diversity of
plant-control tasks covering a wide range of sted-mill
configurations and layouts. In addition, preliminary studies
have been caried ou in aternative domains which suggest
that the idea of charaderising adaptation knowledge @
spedalists and strategies is one that will successully
transfer to many other applicaion aress; to date we have
aso looked at graphicd-user interfacedesign. Moreover, it
shoud be noted that while aaptation spedalists will tend
to change from one domain to ancther, the aaptation
strategies soud be reusable becaise they encode very
general types of repair knowledge.

6 FURTHER ISSUES & QUESTIONS

e Obvioudly thereis trade-off between the cae-base and
the adaptation knowledge, in the sense that adaptation
adlows us to kridge gaps in the ca&e-base aad vice
versa. Shoud adaptation have limited scopein CBR? If
so, how can we discuss & characterise these limits?

e Isthere a orrelation between damain charaderistics
and the type of adaptation that is suppated by a
system, or the type of adaptation knowledge that is
used? What sort of predictions can we make dou the
type of adaptation that is most useful in agiven damain
or for a specific task?



e How can we meaure the wverage of adaptation
knowledge? For example, in Dga Vu part of the
scding-up problemis smply recognising that sufficient
adaptation knowledge has been encoded, or conversely
determining that additional knowledge is neeled. Is
there aty way that we can monitor and guide the
acquisition of adaptation knowledge?

e s it adways posshle to predict the st of particular
types of adaptation so that we can avoid expensive
adaptation during retrieval?
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