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Figure 2. Constraints and Rules Graph
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4. CRSP Reasoning Process for Salesman Expert System

Here we describe the architecture of the system Cyber—SES. To effectively
support the customized purchasing process, the system is equipped with five
types of knowledge: a product database, a customer database, constraints about
customers and products, rules about customers and products, and sales
strategic rules. Each of these are explained in the following sections.

The system Cyber—SES possesses of two reasoning capabilities: a CRSP
Engine which configures the specification of the products and Product Database
Matcher which retrieves the product component instances that meet a given
requirement. The first necessity of the product database matching capability is to
initialize the domain of values for each decision variable. Since the values should
be updated whenever there is any change in the product database {e.g.
introduction of new products, price change, and stock out), the data driven
forward chaining capability is appropriate. Thus a forward chaining subsystem
UNIK—FWD is employed along with UNIK—CRSP. Although the list of all possible
values in the domain shows potentially possible values for each variabie, it does
not however mean that all the Cartesian products of the values are really prepared
as physical products.

For the above reason. the product configuration process requires two
classes of constraints among variables. One is an ordinary constraint between
product types. For instance, the suitable sound matching between amplifier and
speaker belongs to this category. The other is a constraint within a product type.
The latter constraint implies that the existence of such a product instance should
be confirmed. Since imposing the within—product—type constraints for each
product instance is very burdensome, it is better to store the instance items in an
object oriented database and go to confirm its existence. To operate in this
manner, the domain of values should be dynamically arranged by retrieving the
existing products that meet the user's requirement. This is the reason why the
product database matching capability should be closely embedded in the CRSP
reasoning process for the product specification. If the product database can be
more effectively managed by a relational database, a tool Cyber—X can transform
between relational and object—oriented databases.

The following steps summarize the CRSP reasoning process for the
Salesman Expert System incorporating the product database matching routine.

STEP 1. [Goal Setting]
The customer selects goal variables he is interested in (e.g. types of
products) and sets the desired target levels (e.g. available budget).

STEP 2. [Variable Ordering]
UNIK—SES computes the tightness of variables, and orders the variables
according to the tightness measure and customer dependent variable ordering
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rules.

STEP 3. [Seed Variable Selection]
The customer selects seed variables from which the concurrent reasoning
starts. The seed variables may be determined either by customer's choice or by

selecting the variables whose tightness is above a threshold. Set the currency to
each of the seed variables.

STEP 4. [Rule and Constraint Propagation]

For each seed, propagate rules and constraints as described in STEP 4.1 —
4.4

STEP 4.1. [Rule Inference] _

Perform the backward chaining inference regarding the current variable (Xg)
as a root node.

STEP 4.2. {Functional Assignment]

If there exists a functional assignment constraint which has X, as a
dependent variable, compute the value of X by asking the values of independent
variables to the customer or by de(iving the values of independent variables from
their associated constraints and rules. Assign the computed value to X.

STEP 4.3. [Value Ordering]

To propagate the associated compatibility constraints with X, order the
values of Xs by the least constraining order criterion and customer dependent
value ordering rules. Select a value of X to propagate with.

'STEP 4.4. [Compatibility Constraint Propagation and Product Matching]

- With the selected value, propagate the associated compatibility constraints
with X, one by one, considering importance of constraints according to the
constraint ordering criteria.

Match the current requirement specification derived from the constraint
propagation with the product database to retrieve the products that satisfy the
requirement.

IF the propagation succeeds AND products satisfying the specification exist

IF the active values of the variables are changed by the current propagation.

THEN perform the truth—maintenance to keep consistency among multiple
paths of constraint propagation.

ELSE move the currency to one of propagated variables and go to Step 4.1.

ELSE IF there exists a chance of backtracking,

THEN backtrack the variable by moving the currency via the traced path. Go
to Step 4.1. ELSE go to Step 5.

STEP 5. [Inconsistency Elimination and Goal Trade—off]
Identify the reason for backtracking failure.
IF the failure is associated with a goal variable,
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AND the adjustment of the current goal is possible,

THEN relax the goal to resolve the backtracking failure.

IF the failure is caused by the inherent inconsistency between multiple goal
variables, ’

THEN resolve the inconsistency by negotiating between associated goal
variables.

5. An Application to the Audio and Video Purchase

1) Variables for the AV Case

The decision variables for the configuration of the Audio and Video case are
listed on the next page in Figure 4. In this study, we consider five product types
(Amplifier, Speaker, CD—player, TV, and VTR) and two types of customer
information. Each attribute concer-ing the products and customers cofresponds
to a variable. For the product related variables, when the values which meet the
customer's requirement for a certain criteria are identified, the Product Matcher
should dynamically retrieve the items that meet the requirement from the product
database as illustrated. For each access by a customer, the customer information
is initialized by retrieving the data from the customer database as the example in.
The variables in the buying—plan category will be arranged for each purchase
attempt. For the advanced system, we may wish to store the history of purchase
and learn to guess what each particular customer may need, but this is beyond
the scope of the current version.

) The constraints can be classified by their structural characteristics. Note
that the constraints have an importance indicator to fix their respective priority.
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Figure 3. Variables in AV Case

AMPLIFIER: model—name, price, capacity, class,

brand, type, sound, size, function, inventory

SPEAKER: model—name, price, capacity, class, brand,

function, type, sound, size, surround, inventory

CO—-PLAYER: model—name, price, type, brand, style,sound, size, inventory

TV: model—name, price, inches, class, brand, color, type, size, inventory

VTR mode/—name, price, head, class, brand, type, sound, size, inventory

CUSTOMER: occupation, sex, income—level, age,classification. type of use,
daily hours

BUYING~PLAN: total—amount, price—upper—bound,price—lower—bound,
purpose, decision ‘

Figure 4. Representation of A Product

{{LG electronic FA—960
is—a. Digital Amplifier
model—name:FA—3960
price: $930
capacity: 420w
brand: GoldStar
class: A class
type: integrate
sound- stereo
size: regular—size
surround: main
function: echo
inventory: 20 }}

Figure 5. Representation of A Customer

{{lee, SK
is—a:’ customer
" occupation: businessman
sex:’ male
income—fevel: high
age. 58
classification:
classical—music
type of use: main
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listening daily hours:
short }}

A. Importance of Constraints in AV Case

The importance of each constraint is marked in the importance slot ranging
betwsen 0 and 1. "1" implies "must" , and "0" implies "do not have to". The
following constraint implies that the compatibility between customer likes classics
and speaker for classics must be met.

{{ Constraint—C9

importance: 0.5

Type: compatible—value—set

Associated—variables: customer. classification speaker. type

Compatible—value—set: (classical—music 3—way) }}

B. Types of Constraints

From the structural perspective of constraints, the constraints in Cyber—
SES can be classified into four types: Value Compatibility, Value
Incompatibility, Algebraic Inequality, and Functional Assignment.

a) Value Compatibility Constraints

The value compatibility constraints are the what—fits—what like
refationships between products. The following example shows a constraint which
means that the echo of a speaker fits well with the Mic—mixing amplifier.

{{ Constraint—C1
Type: compatible—value—set
Importance: 1
Associated—variables: amplifier speaker. type
- Compatible—value—set: (regular—size 2—way) }}

Some constraints represent the matching between the characteristics of
customers and products based on the salesman's experience. For instance, the
occupation may influence the style of a speaker as the following example, but the
importance level of this kind of constraint should be weaker.

{{ Constraint—C6

Tvpe: compatible—value—set
!Importance: 0.5
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Associated—variables: customer. occupation customer. type—of—use
amplifier. sound buying—plan. purchasing—purpose
Compatible—value—set: (Businessman main stereo) }}

b) Value Incompatibility Constraints

On the other hands, there are as many constraints that prohibits the what—
does~not—fit—what like incompatible relationships in the configuration domain.
The following example shows an incompatibility constraint: A real aficionado isn't
satisfied when he hears music played through.components.

{{ Constraint—11

Type: incompatible—value—set

Importance: 1 "

Associated—variables: customer. daily—hours customer. lype—of—use
amplifier. sound )

Incompatible—value—set: (short main mono—mono) }}

¢) Functional Assignment Constraints

Functional assignment constraints represent the assignment relationships
between independent variables and a dependent variable. For instance, the total
amount is computed by the summation of 5 price components. The reverse
directional inference cannot be applied.

{{ Constraint—F1

Type: Functional—Assignment

Dependent—variable: buying—plan. total—amount

Independent—variable: amplifier. price  speaker. price CD—player. price
TV. price vtr. price

Relation: buying—plan. total—amount = amplifier. price + speaker. price +
CD—player. price + TV. price + vir. price H

d) Algebraic Inequality Constraints

The budget constraint of a customer for instance, can be represented using
algebraic inequality constraints.

{{ Constraint—Al

Type: Algebraic—inequality
Importance: 0.3
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Associated—variables: buying—plan.total—amount buying—plan.total—
amount—upper—limit

Relation: buy/ng—p/an total—amount >= buying—plan. total—amount—
vpper—iimit}}

C. Rules in AV Case

a) Customer and Product Rules

The rules used in Salesman Expert System can be classified into customer
and product rules and sales strategy rules.

b) Customer and Product Rules in AV Case

While a constraint grabs the what—does—not—fit—what kinds of relationships
without any directional nature, a rule has a directionality such as [ it is going to
have good equipment, the system should not have any off brands." The reverse
relationship in general does not hold. Another rule might be that a aficionado
should use complicated equipment. They are illustrated in the following rule form:

{{ Rule—1

IF (Amplifier. model 1S dual) THEN (speaker model IS 3—way)
Importance: 1 }} ‘

{{ Rule—2

IF (customer. hobby pop—song)) THEN (amplifier. model all—in one)
importance: 0.5 }}

The role of importance siot in the rules is the same as the one in the
constraints.

D. Sales Strategy Rules for Variable and Value Ordering

Sales strategies are represented as variable and value ordering rules which
play the role of meta—rules in CRSP reasoning.

a) Variable Ordering Rules

An experienced salesman may ask a student customer the affordable price
range first, but may ask a 40 year old customer whether he wants a classical or
eafy—listening system first. Putting questions in the right sequence is essential
know—how for business success. In CRSP terms, the sequencing of questions is
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the variable ordering. Examples of variable ordering rules are as follows.

{{ Variable—ordering—rule—1

IF (income—/level IS high)) THEN (seed. variable 1S brand)
Importance: 0.5 }}

{{ Variable—ordering—rule—?2
IF (occupation IS student) THEN (seed. variable IS price)
{mportance: 0.5 }}

b) Value Ordering Rules

The value ordering means which value the salesman is going to suggest first
out of many alternative values for a certain variable. For instance, in the case of

businessman, the type of amplifier is given by the following sequence: dual
integrated all—in—one.

{{ Value—ordering—rule—1

IF (customer. occupation IS businessman) THEN (amplifier. classification
IS (ORDER classical—music easy—listening jazz))

Importance: 0.7 }}

E. Reasoning Procedure in Cyber Salesman Expert System

. In this section, we illustrate an exemplar reasoning with Cyber—SES.
Although the dialogue will be assisted by the menu driven windows, we illustrate
the reasoning process with rules and constraints to show the logic behind the
screen. Let's suppose the customer who is going to buy a amplifier, a speaker,
and CD-—player. This means that he will selects the goal variables of a amplifier, a
speaker, and CD—player, which corresponds to the Step 1 in section 3.

(Customer

(Occupation: businessman)

(Sound: mono—mono)

(Age: old) ,

(Classification: classical—music)

(Type—of—use: Main))

(Buying—Plan

(Purchasing—purpose: listening to classical—music))
(Goal

(Target—variables: amplifier speaker CD—player))

Let's assume the customer doesn't set any values on the seed variables.
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The system Cyber—SES begins reasoning with its knowledge and default strategy
to generate vaiues from Step 1 to 5.
> Step 1.
{{ RULE~1 IF (custorner. classification classic—music) (customer. type—
of—use main) THEN (amplifier. type integrated)
importance: 0.7 }}
=> (ampiifier (type integrated))

> Step. 2.

{{ RULE-9 IF (customer. type—of—use main) THEN (amplifier. class
normat)

Importance: 0.5 }}

=> (amplifier. class normal))

> Step. 3. -

{{ RULE—CS8 IF (customer.occupation (businessman))
(Buying—Plan. Purchasing—Purpose easy-—listening)
THEN (amplifier. sound (stereo)) '

Importance: 0.4 }}

=> (amplifier. sound (stereo)))

> Step. 4.

{{ RULE—C9 IF (customer. sound stereo) THEN (speaker. sound stereo)
Importance: 0.3 }}

.=> (speaker (sound stereo)

> Step. 5.

{{ RULE-C12 IF (customer. age old) THEN: (speaker. type 3—way)
Importance: 0.5 }}

=> (speaker (type 3—way))

Up to now, Cyber—SES has automatically generated the specification for the
customer using rules. In step 6, the system finds there are no applicable rules
although there are still variables left to be determined such as amplifier model,
speaker model, and type of CD—player, etc. In this case, there are two options to
continue the inference. One is constraint propagation by ordering the
undetermined variables and assigning their values according to the value ordering
strategy. The other is interactive reasoning with the customer by requesting the
customer to select values for the variables he wants. In this example, suppose
that the customer selects 'Mini Component' for the model of amplifier, B—wayor
the model of speaker, and Blassical—musicOfor the classification of amplifier.
Then the system begins reasoning with these newly inputted values.

> Step. 6.
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"There are No Applicable Rules. "

(User—input: ‘amplifier 'size 'regular—size)
(User—input: ‘'amplifier 'function 'aficionado)
(User—input: 'speaker 'surround 'main)

=> (amplifier (type integrated) (class normal) (size regular) (function
aficionado))

=> (speaker (sound stereo) (type 3—way) (surround main))

But, the input value violates the incompatibility constraint—I1 that the normal
integrated amplifier does not match with sensitive 3—way speakers. In such a
case, the system shows the incompatibility constraint and recommends other
possible values on the model of amplifier. Of course, the customer can adhere
to his original decision. In this example, suppose the customer selects 'dual’
choosing a preamplifier and power amplifier set, for his amplifier and the system
resumes reasoning with the changed value.

> step. 7.

"Constraint |1 is violated"

{{ CONSTRAINT—I1

Importance: 1

ASSOCIATED—VARIABLES: customer. daily—hours customer. type—of—use
amplifier. sound

INCOMPATIBLE—VALUE-SET: (short main mono—mono) }}

(User—input 'amplifier 'function ‘'echo)
- => (amplifier (type integrated) (class normal) (size regular) (function
aficionado))
=> (speaker (sound stereo) (type 3—way) (surround main))
> step. 8. '
{{ RULE—-6 IF (speaker. surround main) THEN (CD—player. type reguiar)
Importance: 1}}

=> (amplifier (type integrated) (class normal) (size regular) (function
aficionado))

=> (speaker (sound stereo) (type 3—way) (surround main))
=> (CO—player (type regular)
> step. 9.

{({ RULE-7 IF (CD-player. type regular) THEN (CO—player. (one—touch
CD—single))

Importance: 0.8 }}

=> (amplifier (type integrated) {(class normal) (size regular) (function
aficionado)) ‘

=> (speaker (sound stereo) (type 3—way) (surround main))
=> (CD-player (type regular (one—touch CD-single))
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At any step, the customer may stop the reasoning and accept the currently

suggested items. The system then stops reasoning and displays the resuiting
specification of the customer's choice.

> Step. 10
(user—input: 'Buying—Plan 'decision 'ves)
=> (amplifier (type integrated) (class normal) (size regutar) (function
aficionado))
=> (speaker (sound stereo) (type 3—way) (surround main))
=> (CD-player (type regular (one—touch CD—single))

For every step of the inference, a user friendly interface is a requisite
because the system has to be directly exposed to the customers. So the
implementation employs multimedia windows. The figures illustrate a screen of
Audio and Video equipment specification.

For the given specification, Cyber—SES can display the combination of
amplifier, speaker and CO—player in a multi—media based screen as illustrated in
Figure 10 on the next page. Upon revnewmg the display, customer may select the
combination as a final decision or may request Cyber—SES to resume the
reasoning process to modify the current specification.

Figure 6. Customer Input Screen Using Java Intertace (Cyber—SES)

- [Audio Salesman Expent System: UNil-SES Java Verslon]

- Eile

Assll Applet audloses runnlng

It is indeed. on the web browser we developed Cyber—Salesman Expert

System with HTML (see Appendix C) and JAVA (see Appendix D). Previously we
developed Cyber—SES with HTML (see Appendix A) and UNIK C++ (see
Appendix D)and use gateway as a CGl program, we gave up this system,
because we were not satisfied with Speed. On this Figure 12, there are
questionnaire to customer ®Would you Please let me know about you?Uso
customer should input information about themselves, such as Occupation, Age.
Classification, Listening Music/Day and Income Level etc. Also Budget
Availability for Lower Bound and Upper Bound.



Figure 7. Intermediate Specification
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When customer input businessman of Occupation, 40—49 of Age, Classical
Music of Classification, less than two hours of Listening Hours/Day, High of
fncome Level, Amplifier, Speaker, CD—Player of Items you wants, US $500 of
Lower Bound, US $ 1,000 of Upper Bound. Then selecting switch of Broduct
spec. using current informationll there shows the window about recommendation
as in Figure 13. Figure 14, there are recommendation messages from the
salesman. Figure 15 shows the screen of selected items satisfying the current
specification. If you select among one item from window of Database. You could
have one selection of product.

Figure‘8. Recommendation Messages
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Figure 9. Product Database Retrieval

oduct Database Rett

Figure 10. Display of Selected items
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6 . Conclusions and Future Research

1) Summary of Contributions
We can summarize the contributions of this thesis as follows:

® Develop Cyber-Expert System using CRSP approach for the custom tailored configuration
and represent the products, customer needs, and Salesman’s strategy.

® Develop a template-based CRSP model generator that can be automatically generated by
simply inputting the knowledge such as product.variables and values, customer variables and
values, Sales strategy. We have tested the validity of this approach with 10 products and
confirmed its effectiveness.

® Develop knowledge acquisition and maintenance method for AV case.
®  Cyber-Salesman Expert System is implemented the using JAVA to run on the Internet.

®  Confirm that prototype of Cyber-Salesman Expert System performs very well on the network,
such as Men'’s wear use with UNIK-SES and AV case with Cyber-SES.

2) Concluding Remark

We have shown that the constraint and rule satisfaction problems approach is suitable for
generation of a the custom tailored product configuration. Although we have illustrated with the
selection of Audio and Video equipment, the approach should be applicable for the configuration
and design of many other products such as golf sets, cars, furniture, personal computers, men's
wear, lady's wear, cosmetics, accessories, and jewelry. UNIK-CRSP is effective for this purpose.

To make the Cyber Salesman Expert System more intelligent, the history of individual
customers could be maintained as user models. From the history, the purchasing pattern of each
customer could be learned, and from the current status of possession, suitable combinations may be
suggested. To run Cyber-SES under a distributed product databases environment connected via the
information superhighway, the purchasing support function should be able to communicate with
multiple intelligent agents that are responsible for the proposition of adequate product items priced

competitively. So the integration with agents is the next issue to be investigated [Lee and Lee,
1995].
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