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Abstract 

Help desk systems have become increasingly im- 
portant in the efforts of corporations to main- 
tain customer satisfaction, and Case-Based Rea- 
soning (CBR) p rovides promising techniques for 
use in the improvement of such systems. This 
paper describes multiple interface modes by 
which customer service operators can respond 
rapidly to customer-initiated inquiries, retriev- 
ing/storing case data from/into a case-base. The 
proposed interface addresses a major situation 
assessment problem, the difficulty of attempting 
to match what may be completely different de- 
scriptions of an item to be retrieved, i.e. de- 
scriptions resulting from vastly differing points 
of view. The proposed interface and the simi- 
larity assessment algorithm are implemented in 
the CARET case-based retrieval tool operating 
on commercial Relational Database Management 
Systems (RDBMS). 

Introduction 
This paper describes a novel interface to a case-based 
retrieval system. It is to be used in a customer sup- 
port help desk system by which customer service op- 
erators can respond rapidly to customer-initiated in- 
quiries, retrieving/storing case data from/into a large- 
scale case-base. We have implemented the interface 
design on an enhanced version of CARET, a previ- 
ously reported case-based retrieval tool that operates 
on commercial relational database management sys- 
tems (RDBMS) (Sh’ lmazu, Kitano and Shibata 1993). 

Users of high-tech products today regard technical 
support as being nearly as important as the perfor- 
mance of the products themselves. Because help desk 
operators receive repeated requests, a case-based re- 
trieval system which can show operators those similar 
previous customer inquiries and the operator replies to 
them would naturally be a useful tool. 

In order for help desk operators to be able to respond 
to inquiries in a reasonably short time, however, such a 
case-based retrieval system must provide an easy and 
rapid interface for similar-case retrievals, but the fact 
that customers tend to explain their problems in widely 

varying ways is a 
retrievals. 

serious obstacle to achieving rapid 

Interface Design 
Typical categories of customer approaches to explain- 
ing their inquiries include: 

Step-by-step action-based explanation: 
The user explains his/her inquiry procedurally and 
chronologically, for example, “When I am sending 
email with the menu, can I cancel the email after I 
have selected the SEND item from the menu?” 

Diagram-description-based explanation: 
The user envisions the internal model (which may 
or may not be accurate) of the product and explains 
his/her inquiry using that model, for example, “Can 
I cancel some email after I’ve already put it in my 
mail box for sending?“. 

Physical-appearance-based explanation: 
The user explains his/her inquiry in terms of the 
physical appearance of the product, for example, 
“On the right-hand side of the machine, the red lamp 

just below the RESET switch is blinking. What does 
this mean?” . 

A case-based retrieval system interface must be ci~ 
pable of handling all these types of explanations and 
more. For this reason, we have designed our interface 
to include a separate mode for each explanation cat- 
egory. When answering a customer call, the operator 
first determines which of the three categories is most 
appropriate to the way the customer is describing the 
inquiry. Then the operator selects a corresponding in- 
terface mode, and inputs the customer’s inquiry via 
that mode. 

An analysis of customer problems has taught us that 
the majority of problems arise when a customer acts al- 
most correctly, but makes some minor mistake, and/or 
simply misunderstands a situa.tion to a slight degree, 
and on that basis we have developed a new case in- 
dexing method based on the three typical categories of 
customer inquiry descriptions previously listed. 
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Figure 1: Step-by-step schema (left), Diagram schema (center), and Physical-appearance schema (right) 
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Figure 2: Case Indexing with a Schema and Nearmiss 
points 

For each of these categories there is prepared a set 
of predefined schemata, each of which describes a sit- 
uation likely to arise as an inquiry (Figure 1). 

Step-by-step Schema: For the step-by-step action- 
based category, the schemata consist of individ- 
ual lists of the complex combinations of operations 
required to accomplish the most typical customer 
goals. This schema structure is similar to script 
(Schank and Abelson 1977). 

Diagram Schema: For the dia.gra.m-description- 
based category, the schemata consist of descriptions 
of the most typical internal models envisioned by 
customers. 

Physical-appearance Schema: For the physical- 
appearance-based category, the schemata consist of 
individual physical views of the product as typically 

seen by customers. 

If a customer’s problem description in a case is that 
he/she acts almost correctly, but makes some minor 
mistake, and/or simply misunderstands a situation to 
a slight degree, the case can be simply indexed with a 
set of a predefined schema and one or a few slight dis- 
parities (nearmiss points) between the schema and 
the case. 

Figure 2 shows “send-email” step-by-step schema, 
Schemal5, which represents typical and correct se- 
quences of actions taken when a customer sends email. 
Case-127 holds a question whose goal and actions are 
similar to those for Schemal5, but has a nearmiss 
point which causes this question. A pair of Schema-15 
and the nearmiss point becomes the index for Case- 
127. 

When an operator retrieves cases while listening to a 
customer’s inquiry, the operator selects a correspond- 
ing schema. The schema is displayed on the terminal. 
When he/she points at one or a few problem points in 
the schema, if there are cases whose nearmiss points 
are equal or similar to those specified problem points, 
the cases are displayed on the terminal. 

When an operator stores a new case, he/she de- 
scribes the case content, selects an appropriate schema, 
indicates one or a few problem points in the schema as 
the nearmiss points, and stores the case into the case- 
base. 

Bridging of Schemata 
Similarity values among steps in step- 
by-step schemata, components in diagram schemata, 
and pertinent points in physical-appearance schemata 
are defined by domain experts. Similar-case retrieval 
over a single schema is carried out using the similarity 
definitions. 

Bridging representations in different schemata is 
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Figure 3: Bridging Different Schemata 

Figure 4: Automatic SQL generation 

necessary because it assimilates differences in schema 
selections by operators. Often, a schema invoked when 
storing a case is different from a schema invoked when 
retrieving an identical case. Figure 3 shows a case 
which is indexed from a diagram schema when stored, 
because the customer explained his/her probIem with 
spatial expressions. Assume that another customer 
asks another operator a very similar question with 
step-by-step expressions. The operator invokes a step- 
by-step schema and specifies a problem point in the 
schema. However, since there is no index from the 
step-by-step schema to the case, the case can not be 
retrieved. If similarity was predefined between steps 
in the step-by-step schema and components in the dia- 
gram schema, the case is retrieved, although no direct 
index exists from the step-by-step schema to the case. 

The CARET System 
The proposed interface and the similarity assessment 
algorithm were implemented in the CARET case-based 
retrieval tool operating on commercial RDBMS. This 
section describes the algorithm in detail. 

Nearest Neighbor Retrieval 

CARET uses nearest neighbor retrieval. Typically, a 
similarity between a query (Q) and a case (C) in the 
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Figure 5: Case and Schema Representation 

case-base (S(Q, C)) is th e weighted sum of similarities 
for individual attributes: 

where Wi is the i-t11 attribute weight, s(Q~, Cd) is sim- 
ilarity between the i-th attribute value for a query (Q) 
and that for a case (C) in the RDB. Traditional imple- 
mentations would compute the similarity values for all 
records, and sort records based on their similarity. 

CARET uses a commercial RDBMS for its case-base 
manager. The use of RDBMS, however, automatically 
forces CARET to generate SQL specifications (Cham- 
berlin et al. 1976) to carry out any case-base retrievals. 
Since SQL does not entail any similarity-based re- 
trieval features, CARET has a method to carry out 
similarity-based retrievals using SQL. CARET gener- 
ates SQL specifications in varying degrees of similarity, 
and the generated SQL specifications are dispatched to 
RDBMS to retrieve cases from RDB (Figure 4). 

Cases are represented as a flat record of n-ary relations, 
Case and Schema Representation 

as shown in Figure 5. Each record has a corresponding 
record which holds schema indices. The similarities be- 
tween values in individual attributes for a case record 
are defined using an attribute hierarchy, as shown in 
Figure 6. These attribute hierarchies are defined by 
domain experts. 

Schemata are also stored in RDBMS. Figure 7 shows 
schema representations. A schema has two layer struc- 
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Figure 6: Attribute Hierarchy Example 
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Figure 7: Schema Representation 

tures; the domain-knowledge layer and the control- 
button layer. Steps in a step-by-step schema, diagrams 
for a diagram schema, and a physical appearance im- 
age of a physical-appearance schema are drawn in the 
domain-knowledge layer as background image data. 
The control-button layer holds control buttons, which 
overlap on the background image and are pointed-and- 
clicked when retrieving and storing cases. Control but- 
tons should be allocated at positions where users may 
point as problem points. Similarity values between 
control buttons in schemata are stored in the control- 
button table. This representation is similar to Hyper- 
card (Goodman 1988), except that control buttons can 
be defined their similarities values. 

Similarity Assessment Algorithm 
This section describes the CARET enhanced similarity 
assessment algorithm. 

Stepl: Creating NVSs and NBSs A user spec- 
ifies attributes and values representing the problem, 
invokes a specific schema on the display, and points- 
and-clicks one or a few control buttons on the displayed 
schema. 

(1) Neighbor Value Sets For each user specified 
attribute, CARET refers to the abstraction hierarchies, 
as shown in Figure 6, to generate a set of values neigh- 
boring the user specified value. For example, assume 
that the user specified C++ as a value for the Language 
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Figure 8: An Example showing Possible NVS/NBS 
Combinations 
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attribute, C++ is an element in the first-order neighbor 
value se2 (Ist-NITS). C is an element in Ihe second- 
order neighbor value set (Znd-NVS). ADA, COBOL and 
COBOL/S are elements in the third-order neighbor value 
set (3rd-NVS). 

(2) Neighbor Control Button Sets For each user 
specified control button in a schema, CARET refers 
to the control-button table, as shown in Figure 5, to 
generate a set of control buttons neighboring the user 
specified control button. For example, assume that the 
user specified Control Button14, Control Button14 
is an element in the first-order neighbor control but- 
ton set (lst-NBS). Control Button72 and Control 
Button73 are elements in the second-order neighbor 
control button set (2nd-NBS). 

S tep2: Enumerating the Combinations Next, 
all possible neighbor value/control button combi- 
nations are created from the n-th order neighbor 
value/control button sets. Figure 8 illustrates how 
such combinations are created. This example assumes 
that the user specified values for attribute Language 
and OS, and Control Button14 in a schema. All value 
combinations under attribute Language and OS, and 
Control Button14 will be created. In this example, 
18 combinations (3 x 3 x 2) are generated. Each com- 
bination of NVS/NBSs becomes the seed for SQL spec- 
ifications. 

S tep3: Calculating Similarity Value for Each 
Combination For each combination, a similarity 
value is calculated using similarity between the user 
specified values/control buttons and those in each com- 
bination created in the previous stage. The calculation 
is similar to that for the weighted nearest neighbor, ex- 
cept that not all attributes are involved. The CARET 
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algorithm does not compute any attributes not spec- 
ified by the user. Whether the user specified the at- 
tribute or not is shown in a mask matrix (M), which 
is a one-dimension matrix whose size is equivalent to 
the case-base degree. The matrix element Ali will be 
1, if the user specified the va.lue for the attribute i. 
Otherwise, Md will be 0. S(Q,F), the similarity be- 
tween a query(Q) and a NVS/NBS combination (F) 
is the weighted sum of the attribute part similarity, 
S,(Q, F) and the schema part similarity, S,(Q, F). 

S(Q,f’) = 
wa x S,(Q, F) + Ws x Sa(Q, F) 

wa+ws 
(r-,) d 

Ss(Q, f’) = 
C,“=, 4Qn 4) 

m (4) 

Where s(Qi, Fi) in S,(Q, r) is similarity between 
the 2-th attribute value for a query (Q) and that 
for a combination (F), m in S,(Q, F) is the num- 
ber of specified control buttons in a schema, and 
s(Qj, Fj) is the similarity between the j-th control 
button for a query (Q) and that for a combina- 
tion (F). W;, Wa and W, are entered manually by 
domain experts. For example, the simila.rity of a 
combination, ([“C”] ,[ “BSD4.3”], [“Control Button72, 
Control Button73”] to the user’s query specification 
is 0.72 by the following calculation: 

Sa(Q, J’) 
0.3 x 0.7 

+ 
0.4 x 0.6 

= = 0.3 + 0.4 o 64 (5) 

S,(Q, F) = y = 0.8 (6) 

WQ, J’) 0.5 x 0.64 + 0.5 
x 0.8 

= = o 72 0.5 + 0.5 (7) 

Step4: Generating SQL Specifications Each in- 
dividual combination is translated into a correspond- 
ing SQL specification. Since SQL does not involve the 
similarity measure, the value assigned in the previous 
process is stored in CARET, and is referred to when 
the query results are returned. The only SQL expres- 
sion type used here is the SELECT-FROM-WHERE 
type. For example, the combination example shown in 
the previous step is transla.ted into the following SQL 
specification: 

SELECT * FROM case-table, schema-table 
WHERE language = ‘C’ and OS = ‘BSD4.3’ and 

button in (‘Control Button72’, ‘Control Button73’) 
and case-table.case-id = schema-table.case-id; 

Empirical Results 
Although several on-going projects (Kitano et al. 

1992) employ the tools described in this paper, an 
empirical result is reported on the effectiveness of the 
proposed interface using a help desk support system 

0.00 
I I I I 

I 
0 500 1000 1500 

Figure 10: Case-Base Retrieval Time 

applied for personal electronic mail service. Figure 9 
shows some of the customer inquiries among several 
hundred cases stored in the case-base, also indicated 
is the result of a subjective evaluation, to compare if 
individual inquiries were effectively retrieved by dirt- 
gram schemata, step-by-step schemata, and conven- 
tional keyword search-based retrieval. Cases were ob- 
tained from NEC internal publications and were com- 
plemented by an engineer from the service support 
team. 

Goal-plan questions are effectively retrieved us- 
ing diagram schemata, because customer explanations 
tend to refer to the internal models of the domain when 
they cannot find concrete action sequences, although 
their goals are concrete. Since symptoms-cause-recover 
questions are straightforward, they are easily handled 
using step-by-step schemata. However, unfortunately, 
customer inquiries exist, for which neither step-by-step 
schemata nor diagram schemata can retrieve appropri- 
ate cases effectively. Many of them are context free 
inquiries and the symptom causes are not related to 
the present context; for example, for the inquiry, “Sud- 
denly I could not move my cursor”, the reason is key- 
board cable disconnection. 

The CARET performance on commercial RDBMS 
has attained a practically acceptable speed. The ex- 
periments were carried out on SUN Spare Station 2, 
using ORACLE version 6 installed on SunOS version 
4.1.2. Figure 10 shows the response times measured 
for typical user queries. The average response time for 
a query is about 2.0 seconds. 

Related Work 
The interface proposed in this paper addresses a ma- 
jor situation assessment problem (Kolodner 1993). A 
number of other CBR researches have addressed the 
problem. CYRUS (Kolodner 1984) was the first sys- 
tem to address this problem. CASEY (Koton 1988) 
bridges inferences before attempting retrieval and us- 
ing evidence heuristics to bridge further differences in 
descriptions during matching. ANON (Owens 1988) 
introduced proverbs for matching abstract character- 
izations of situations. CASCADE (Simoudis 1992) 
uses model-based validation. All the systems presented 
above utilize significant domain-specific knowledge for 
similarity assessment. On the other hand, CARET 
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Goal-Plan Questions 
“How can I transfer data files in email?” 
“How can I up-load file in my FD?” 
“Is there a max size of an email body?” 
“Can I output my email to FAX?” 
“How can I down-load email content?” 

“Arrived email includes noise” 
“After up-loading, the cursor is lost” 

Figure 9: Subjective Comparisons fi br Schema Applicability to Cases 

solves this problem for interactive case-based systems 
by treating it as a user interface problem - providing 
the user with several ways of describing a new situa- 
tion and providing bridges between the user’s and the 
system’s possibly different points of view. 

Several case-based help desk systems have been built 
and are being used. CLAVIER (Hennessy and Hinkle 
1992) helps a user to configure the layout of compos- 
ite airplane parts for curing in an autoclave. CAS- 
CADE (Simoudis 1992) suggests how a user recov- 
ers from VMS crashes. These systems are not re- 
quired rapid case retrieval/store interface. The Com- 
paq SMART system (Acorn and Walden 1992) us- 
ing CasePoint (Inference 1993) and GE’s help desk 
system using Cognitive System’s ReMind (Kriegsman 
and Barletta 1993) both achieved rapid case retrievals. 
These systems use natural language for expressing 
customer-initiated situation descriptions. CARET, in- 
stead, provides schemata as a framework for situation 
assessment under customer-initiated dialogues. 

Conclusion 
This paper has described a case-based retrieval inter- 
face adapted to customer-initiated dialogues in help 
desk operations. Using the interface, customer service 
operators can respond rapidly to customer-initiated in- 
quiries, retrieving/storing case data from/into a case- 
base. 

A case is indexed with a schema and one or a few 
nearmiss points between the schema and the case. 
The proposed interface provides three schema types, 
step-by-step schema, diagram schema, and physical- 
appearance schema. These schemata are used as sev- 
eral ways of describing a new situation and providing 
bridges between the user’s and the system’s possibly 
different points of view. 

The proposed interface and the similarity assessment 
algorithm have been implemented in the CARET case- 
based retrieval tool operating on commercial RDBMS. 
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