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Due to the rapid growth of Internet, means of communication with customers in a traditional customer support
environment such as telephone calls are being replaced by mainly e-mail in a Web-based customer support
system. Although such a Web-based support is efficient and promises potential benefits for firms, including
reduced transaction costs, reduced time, and high quality of support, there are some difficulties associated
with responding to many types of customer’s inbound e-mails appropriately. As many types of e-mail are
received, considerable attention is being paid to methods for increasing the efficiency of managing and
responding e-mails. This research proposes an intelligent system for managing customer’s inbound e-mails in
organizations by applying case based reasoning technique for responding to various customers’ inbound
e-mails more effectively. In this approach, a case is represented as a frame-typed data structure corresponding
to an inbound e-mail, keywords, and its reply e-mail. In the retrieval procedure, keywords and affinity set
is developed to index a case, and then the case is represented as a vector, a case vector. Also, cosines value
is calculated to measure the similarity between a new inbound e-mail and the cases in the case base. In the
adaptation procedure, we provide several adaptation strategies to adapt and modify the retrieved case. The
strategies guide to make an outbound e-mail using product databases, databases for customer support, etc.
Additionally, the Web-based system architecture is proposed to implement our methodology. The proposed
methodology and system will be helpful for developing more efficient Web-based customer support.
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1. Introduction

Recently, customer support or service in organizations is one of the most important business
improvement theme in improving their business competences. Furthermore, many firms have
realized, as their marketplaces have become more global and service oriented, that customer
support is critical to their competitiveness (Negash et al., 2002). Customer support is an important
activity in all types of industries. The importance of such support facilities cannot be
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overemphasized. Many customers view customer support as one of the most important criteria
when evaluating a product or a service (Foo et al., 2000). Also, customer service has a strong
link to customer satisfaction, which then yields customer loyalty and long-term profitability
(Szymanski & Henard, 2001; McKenna, 1991).

In a traditional customer support environment, mainly call centers or service centers are
responsible for receiving inquiries from their customers via telephone calls. Due to the rapid
growth of the Internet with its widespread acceptance and accessibility, means of communication
with customers in the traditional customer support center, such as telephones, letters, and
direct-visiting, are being replaced by e-mails and bulletin board systems (BBSs) using the Internet
constantly (Choi et al.,, 2003). The web, e-mail and chat are new electronic customer service -
eService - tools for enhancing customer relationships (Barnes & Cumby 2002; Zemke &
Connellan, 2001; Newell, 2000; Reichheld & Shefter, 2000). Communications between a firm and
its customers, other than face-to-face discussions, take place through one or more media, via
interactions with the media by both parties. The features of a web-based interface make it an
attractive choice as a medium for interaction between the firm and its customers (Hoffman &
Novak, 1997).

It is clear that web-based customer support systems are important (Negash, 2002). However,
there are also some difficulties associated with responding to many types of customer inquiries
appropriately in spite of all the above benefits. In this research, the original project was prompted
by a local large-sized company in Korea, called ‘K’ company, for its customer service needs. In
order to provide an appropriate response to their customer inquiries, the means of communication
in their web-based customer support system can be classified the following: e-mails, a list of
frequently asked questions (FAQs), BBSs, and direct-searching. In case of ‘K’ company, customers
use e-mail, as a mean of communication, almost 70% rather than all the other means such as direct
searching, FAQs, and BBSs in order to have an appropriate answer by themselves. In this fact,
we feel sure that customer support with using e-mail becomes more general method to
communicate its customers in web-based customer support system.

As the large amount of e-mail received, there is now substantial attention being paid to
methods for increasing the efficiency of processing and organizing messages (Camino et al., 1998).
E-mail can enhance customer relationships, customer satisfaction, and profitability (Murphy & Tan,
2002). However, it is difficult to classify many different types of incoming e-mail from many

different types of its customers in the web-based customer support system. Especially, a

122 Journal of Intelligent Information Systems, Vol.9, No.2, November, 2003



A Case Based e-Mail Response System for Customer Support

large-sized company which has several divisions and deals with many products and services is
always distressed by this kind of problems. For example, the ‘K’ company received many different
types of incoming e-mail such as recruiting, products and services information, IR information, and
so on through one single channel in the system. Because of the difficulty of classifying inbound
e-mails into appropriate respondents or divisions, the company has problems which are the
followings. The response process is time-consuming and costly. It also needs to keep on training
new service people, and at the same time, come up with new incentive scheme to keep
experienced service people. The database of service records is only used by the service people.
Expert advice to the problem is given either through the experience of the service people or the
available past service information in the service database (Foo et al.,, 2000).

In this research, we propose an intelligent methodology and system for managing customer’s
inbound e-mails in organizations by applying case-based reasoning (CBR) technique to responding
various customers’ inbound e-mails more effectively. The basic idea of CBR is that humans reuse
the problem solving experience to solve a new problem (Kolodner, 1991). This proposed approach
regards a reply e-mail of one inbound e-mail as a case, so it stores replies of similar e-mails at
a case base. Knowledge acquisition is usually known to be a most difficult and time-consuming
process in knowledge-based systems. However, CBR can acquire knowledge with ease using
inductive methodology, so it is useful especially when knowledge is incomplete, or evidence is
sparse (Kolodner, 1993). In addition, CBR works well in domains that are poorly understood,
because the system does not need to know why something worked in the past (Kolodner, 1991;
Lee & Kim, 2002).

The main task of using CBR is generally the representation of a case, a retrieval procedure,
and an adaptation procedure (Kolodner, 1991; Kolodner, 1993; Lee et. al., 2000). This proposed
approach represents a case as a frame-typed data structure corresponding to an inbound e-mail,
keywords, and its reply e-mail. In the retrieval procedure, keywords and affinity set is developed
to index a case, and then the case is represented as a vector, a case vector. Also, cosines value
is calculated to measure the similarity between a new inbound e-mail and the cases in the case
base. In the adaptation procedure, we provide several adaptation strategies to adapt and modify
the retrieved case. The results showed that our approach for e-mail response provides customer
managers with robust knowledge-based support.
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2. Overview of e-mail response system

The procedure of the system

In this section, we briefly illustrate e-mail response system based on CBR system. Figure
1 shows the procedure of CBR system which has three major phases such as case representation,

case retrieval, and case adaptation.
< Received e-Mail

Case Representation

Case Retrieval

1 Keyword Search

2. Compute similarity

Case Adaptation

Satisfied ?

Yes

e-Mail Response

Figure 1. The procedure of the system

Case representation and keyword search

To represent an e-mail as a case, a frame typed case is defined as three components, an
inbound e-mail, keywords, and its reply e-mail. If an e-mail from customer is received, the mail
is to be represented as a frame-typed case representation. Initially, the e-mail can be translated
as a frame that has only one component, inbound e-mail. After text searching the e-mail for
deriving keyword set, the keywords of frame-typed case will be established. Then the reply e-mail
will be constructed after the response e-mail is established. Thus, the form of a case is established
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by the completion of the procedure from the inbound e-mail up to the reply e-mail.

Case retrieval

The degree of similarity between a new inbound e-mail and cases in the case base is
calculated to retrieve the most similar case from the case base. The similarity is a case vector that
is derived from keyword and affinity network. The keyword affinity network represents the
synonyms of keywords as a network form. Also, relations of synonyms are quantified in the
network. And then, under the consideration of the synonym in the network, keywords, which is
a form of a vector, is converted into case vector. Using the quantified keyword affinity network

can increase the accuracy in calculating the similarity.

Case adaptation

Generally, the most similar case from case retrieval phase has to be modified and updated
for better result or response to a newly received inbound e-mail. Several adaptation strategies are
introduced to make a reply e-mail in section 4. In this phase, the files which are already existing
and utilized for customer support or product development are attached for the completion of a
reply e-mail. Now, since reply e-mail, a component of a case, is established for a new case, this
new case that has three components of case representation can be stored in the case base. And
then, the CBR system translates the case into a e-mail form, and sends the reply e-mail to the
customer.

Architecture of the system

For the development of the system, as indicated in the architecture in figure 2, we propose
a composition of four layers; interface layer, case handler layer, manager layer and storage layer.
In storage layer, keyword affinity set, case base, and attachment file set are separately stored in
indivisible databases. The database for keyword affinity set stores the keywords and their
synonyms as a network form. The attachment file set stores several product files and customer
support documents, etc. The case base contains a lot of frame typed cases which are already
translated into reply e-mails and sent to customers. In manager layer, three modules; keyword
manager, case manager, and data manager are needed to manage each database or set in storage
layer.
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In case handler layer, four major calculation and search modules are included. Case value
calculator module computes each component values of case vector. Similarity calculator derives
the similarity value between a new inbound e-mail and cases in case base, and determines the most
similar case. Text search modules find keywords in a new customer’s inbound e-mail and assign
the keywords to keywords of frame typed case. Case editor is used for revising and updating the

cases in case adaptation phase. In Interface layer, case and e-mail translator translates an e-mail

into a frame typed case form, and vice versa.

Messaging Server

=

Interface Layer |

Case & e-Mail Trarslator

Case Handler Layer

|

Case Value| | Similarity Text Case
Calcukator | | calculator Search Editor

Manager Layer

EEE

Storage Layer

Ty Ty (T
Keyword Attachment

Figure 2. The system architecture

3. Case representation and case retrieval

Case representation

In this research, we use a frame to represent the case. A case is composed of an inbound
e-mail, keywords, and its reply e-mail. A case of the case base contains all the ‘INBOUND
E-MAIL’ and ‘REPLY E-MAIL’ related information such as product category, location, sender,
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date, contents, attached file, and keywords of the case. We focused on replying the e-mail response
for the inbound e-mail, so it does not contain any administrative information.

The ‘KEYWORDS’ about INBOUND E-MAIL’ does a very significant role in our approach.
When retrieving a case from the case base, one of important criteria is the degree of similarity
between a new e-mail and the case of case base. The frame-typed representation of an example
case is shown like Figure 3. The case contains the information about inbound e-mail, keywords,
and its reply e-mail. The ‘INBOUND E-MAIL’ information contains product category, location,
sender, date, subject, and contents. The ‘REPLY E-MAIL’ information contains has information
contains sender, date, subject, contents, and attached file. Also, the case contains keywords for
case retrieving procedure. Each keyword has a name and its value such as (K1:1). The keyword
values are an integer value, such as 1 or 2. It means the frequency of the keyword in the inbound

e-mail. As an example, Figure 4. shows the hierarchical structure of case example.

INBOUND E-MAIL

PRODUCT CATEGORY 1 : Computers & Related

PRODUCT CATEGORY 2 : Printer

LOCATION : PUSAN KOREA

SENDER : Simon Peter

DATE : 20030725

SUBJECT : Printer Driver

CONTENTS : 2719 #Ho K company] A A1 ZRAE§ Foli 5] AHS3L3 lFY L)
O, A7t A2 PCE A ZREG IFASoU ZAET JFFH o2 g5
a3 gyt E3& vk 3R At AR Qe ZTAE Y B2
ML2100%] Y o},

KEYWORDS
(K1:1) (K4 : 1) (K5 : 1)

REPLY E-MAIL

SENDER : SMKim

DATE : 20030726

SUBJECT : Printer Driver

CONTENTS : Ruj 4 oju]d 2 ekt 9] 8t4 U §o] T30l o} &
AU& ¢ F UL PCE AN F ZIJE 200 AYPe SefojBE A2EHA
2L A 24U A, ML2100 B g B8 selo| B g F 3t BTt o)
zelo| 8§ ds o= Ao AFol 5A fod, e nBA Y AE &
WESe FAY ZAS RSV DA DA A AA 2AA D AE o g3
AEESIA, FEA, QA 5HE ehelo] AR Sk AT

Customer manager, S.M Kim

ATTACHED : ML2100.DRV, CS_center.doc

Figure 3. An example of the case representation
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Products
Mobile Phone T; ’ AZ::)O C&o;:ll;t;rds Home Appliances
GSM v Notebook Computer [~ Refrigerator
CDMA DVD Player Hard Disk Drive [ AT Conditioner
TDMA Camcorder CD/DVD-Rom — Microwave Oven
Cordless Phone VCR CD/DVD-Writer — Washing Machine
Digital Set Top Box Monitor — Vacuum Cleaner
Digital Audio Player Printer
— Portable Audi> I Multi Function Products
— Home Audio — Fax

Figure 4. An example of the case representation

Similarity-based case retrieval

Case indexing using keywords and its affinity

In this research, assumed m cases are stored in a case base. We can represent the case as

keyword vectors of the form
Ek = (au, [277% N , ak,,),

where the coefficient ay represents the value of keyword i in case Ex. Typically ay is to be an
integer number when keyword i appears in case Ej, and 0 when keyword i is absent in case Ex..
Following shows an example of initial case vector, where the case is represented by nine

keywords.
E,=@,00 1120 0 0 0

However, keywords alone are not enough to represent the case, so this research uses
synonym to represent the case exactly. The affinity value among synonyms has a number between
0 and 1, and it is stored at a network-type knowledge base. For example, the “customer” and

“consumer” may be used as a synonym, and the affinity exists between the two words. The
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keyword affinity network for the above example is assumed to be stored at knowledge base in
advance as the following Figure 5.

Figure 5. An example of keyword affinity network

The case vector is generated based on the initial case vector supplemented from the keyword
affinity of the keyword affinity network. In that case, it is computed an affinity value among all
keywords in index, which represents the degree of similarity. If a directed link between keywords
does not exit in keyword network, the affinity value between keywords, 7; and 7; is computed

by the following equation;

Affinity (T;,T;) = Max {Min[ Affinity (T;, T} ), Affinity (T, T; )]}

k=1, n.

The affinity values between all keywords in index are computed. If Affinity(T; , T; ) is not
zero between keywords T; and T, , where ay (the value of keyword i in case Ej) is zero, and ay
is not zero, then ay is replaced by the product of Affinin(T; , T; ) and value of ay. For example,
assume that keyword affinity network is given like Figure 5, where the affinity value between
keyword T; and T; is 0.8. At first, only keywords T;, T4, and 75 are assumed to be appeared in
E;, but considering the keyword affinity, £; becomes related with keywords T3, T3, and T7 also.
It will be found that a,; is replaced with 0.8, Affininy/(T; , T: ). Where the element of case vector
Ey is 0, to reflect keyword affinity, the value of the element is computed from initial case vector
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and keyword affinity network. Following shows the case vector reflecting keyword affinity

relations.

Er=( 8.6 1120 .2 0 0

Similarity

To retrieve the best case, we calculate the degree of similarity between the new e-mail and
cases in the case base. The basic idea is that if new e-mail and stored cases have similar keywords
and their frequencies are also similar, then it is concluded that they are similar. The similarity
degree between new e-mail and stored cases are calculated from the case vectors. In this research,
one case is represented by n-dimensional vector, E;, where i = 1,...m, and m is the number of case.

Therefore, the similarity S; between new e-mail E, and the stored case E; is computed as follows;

S; =|Sim(Eg, )

where E,

Sim(Eg,E;) = =cosf 0<@<Z

]
|Eol-|Ei] 2,
Hence, the similarity degree or similarity value between new e-mail and stored cases are
represented by the cosine value of vector E, and vector E;. Following presents the similarity
between new e-mail Ep and the stored case E;.

S; =Sim(Eo , E; ) = 34/ 532 = .64,
where Ep = (0, 2, 1, 0, 1, 0,1, 0, 0) and

Er=( .8 .11 0 .20 0.

4. Knowledge-based case adaptation

A case adaptation procedure supports to establish reply e-mail using the retrieved case. Three
kinds of knowledge are necessary for e-mail response. The adaptation procedure relies on
domain-specific knowledge, systemic knowledge on the company code of customer support, and
adaptation strategies. When making the reply e-mail, the respondent bases the reply on the

retrieved case and also on domain-specific knowledge, systemic knowledge on the company code
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of customer support, and adaptation strategies that the system provides. Domain-specific
knowledge is knowledge on the inquired product and is provided in a form of product information
database. Systemic knowledge on the company code of customer support is provided in a form
of operation manual. Also, adaptation strategies provide a guideline on how to use these two kinds
of knowledge; domain-specific knowledge and systemic knowledge.

In this system, an adaptation procedure starts from a case and modifies it considering the
reply e-mail until the modified reply e-mail is suitable to the inbound e-mail. Modification process
starts from the difference between inbound e-mail of past case and new inbound e-mail. Then a
new reply e-mail is created using domain-specific knowledge, an appropriate tool for the
differences between the past case and the new case. When a new reply e-mail is created, it is
checked whether it is appropriate to the company code of customer support and when it is found
satisfactory, the reply e-mail is sent. This e-mail is then stored in the case base.

The adaptation procedure is presented as follows:

Step(1) Discovering the difference between past case and new case.
In this step, the locations, data, subject, contents and keywords of the past inbound e-mail

and the new inbound e-mail are checked for differences.

Step(2) Modifying the reply e-mail of the past case.
To match past reply e-mail with the new inbound e-mail, domain-specific knowledge and
adaptation strategies can be used. The modification process modifies the ‘CONTENTS’ and
‘ATTACHED’ which are included in past reply e-mail. This step is repeated until the
differences are solved.

Step(3) Check the company code of customer support.
For the verification of the company code step, systemic knowledge about the company code
of customer support is used to check and to correct whether the reply e-mail is satisfactory
with the company code. If the ID does not satisfy the company code then the reply e-mail
is modified again.

Step(4) Updating case base.

Finally, the resulting reply e-mail, inbound e-mail and the relevant keywords are stored to
the case base as a new case.
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5. Conclusion

This paper proposed a new way for customer support and e-mail responses using CBR
approach. The system procedure is based on traditional case based reasoning approach.
Frame-typed case is defined for representing inbound and outbound e-mail, and keywords.
Keyword affinity network is used to derive similarity between two cases and retrieve the best case.
Also, several rules are established to modify and adapt the retrieved case to a new e-mail response.

Now, an e-mail response system can be developed based on the proposed methods for each
step of CBR procedure and proposed system architecture. Furthermore, with the application of the
proposed system, we can expect a tremendous cut in customer service cost, establishment of
knowledge base about customer’s needs and responses, reduction of customer’s complaints by

quick and accurate response, and improvement of service through adaptation of customer’s views.
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