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Abstract: Chent server system(CSS) configuration design
consists of the followmng  three phases: requirement
analysis. conliguration plan design and configuration plan
analysis. The necessary  functions of a  desired €SS
configuration design support system can be formalized by
analyzing each of the phases. We have proposed a CSS
configuration design supportsystem (CIDAC - Case based
Integrated Design Assist system for CSS), which is based on
the above. The support system consists of the following tour
processes: requirement analysis, design planning, design
analysis-explanation, and learning

In requirement analysis. input ambiguous requirements are
transformed  into  concrete  requirements  which  are
torwarded to the design generation function One type of
concrete requirement data 1s a set of function trees. This tiee
represents 2 business system structure and helps SE choose
a framework for the target computer system.

This paper also presents a method that can generate
function trees using several already eenerated function
trees. In this method. suitable parts that are selected by the
SE from other cases are automatically merged in order to
complete the set ol target function trees.
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1. Introduction

In the design of client server system(CSS)
configuration, a system engineer(SE) could
design with more empirical skill than with other
system designs. It is difficult to accumulate
information about client CSS requirements.
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Moreover, a SE needs knowledge in order to
cope with rapid technological change.
Therefore, it is difficult for a novice SE to
acquire CSS configuration design techniques.
thus, a CSS configuration design support is
desirable.

Several development methods and support tools
for CSS design have been developed in order to
assist a SE[3]. These methods and tools have
affected  the  advancement of  system
development efficiency. However, they do not
allow for the acquisition of empirical skills and
knowledge about emerging technology, which
are both regarded as important. In particular,
with regard to assisting a novice SE, the support
method can be used without empirical skill and
know-how.

One of the most etfective methods for the
support of a novice SE is the automatic design
of a CSS configuration. With regard to
automatic CSS configuration design, we need
understand CSS configuration design tasks. The
CSS configuration design tasks consist of three
phases. At each phase, there are many obstacles
with regard to
automatic CSS
configuration design.
We  will  clarify
problems at each
phase of the CSS
configuration design

in order to see what
function is needed

@ svstem adminstrator

base which stores already generated function
trees without related information between each
case[5]. Cases are merged and modified
conversationally and fixed rules are not needed.

The next Section describes CSS configuration
design tasks Section 3 explains a CIDAC
configuration: Section 4 explains the algorithm
that generates function trees, and Section 3
shows an example of function tree generation
and an experiment.

2. Analysis of CSS
Configuration Design Tasks

2.1 CSS Configuration Design Tasks

In CSS, the software and hardware are fieely
combined and flexible system construction can
be achieved. An example of a CSS configuration
is shown in Figurel.
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In CIDAC, we have

used three types of data as  requirement
definition, taking into account the behaviors in
the next "design planning' process. One type of
requirement definition is a set of function trees.

This paper also presents a method that can
generate function trees in CIDAC, using a case
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CSS configuration design tasks, which are
shown in Figure 2. consist of three phases:
"requirement analysis'', "configuration plan
design' and, "configuration plan analysis”. At
the requirement analysis phase, a SE
understands the current conditions of a clients
system and clients’ needs through discussion and
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completes a requirement definition. At the
configuration plan design phase, a SE constructs
a hardware and software configuration from a
requirement definition. At the configuration plan
analysis phase. the SE analyzes whether the
designed configuration is reasonable, and a
proposed explanation to clients is generated.
Based on this proposal, the client discusses the
CSS configuration with the SE.
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grasp of the requirements is indispensable in
order to develop a system that clients want.
Therefore. requirement analysis is important for
system design [6,7].

The clients' first requirements are usually vague,
and they include numerous definite purposes
and functions. A SE usually interviews clients
in order to obtain additional or precise
information. Taking clients' present condition
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Figure 2. CSS Configuration Design Tasks

In practical CSS configuration design tasks, the
requirement  analysis  phase  and  the
configuration plan analysis phase are regarded
as more important than the configuration plan
because

design  phase, they require more
empirical knowledge. Therefore. only the

support of the configuration plan design phase is

inadequate as  regards the overall CSS
configuration design. In other words, it is

desirable to integrally support a series of CSS
configuration design tasks,

As a first step in support system development,
we will analyze a series of CSS configuration
design tasks. Summaries of an analysis about
these problems are given in the next Section.

2.2 Requirement Analysis

At the requirement analysis phase. system
requirements are elicited from clients. A precise
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into account. a SE asks suitable questions which
are casy -to- answer by clients using
experimental  know-how.  Through  client
interviews, a SE can analyze what kind of
functions are necessary and can arrange the
results into a requirement definition.

The problems at this phase are as follows:

e Information from clients is vague
and defective

e Suitable questions are necessary in
order to construct a precise
requirement definition.

e Reasonable assumptions are

necessary in order to complete a
requirement definition from
defective information.
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2.3 Configuration Plan Design

A SE plans a CSS configuration from various
combination of software and hardware by using
the requirement definition that was generated in
the previous phase. A SE seeks a previously
designed plan which is similar to the target
system, and modifies the parts that are not
applicable to the present requirement definition.
A SE also makes modifications in order to
introduce new mainstream technologies. Since
partial modifications by the requirement
definition often cause contradictions in overall
configuration plans, a SE flexibly deals with the
requirement by taking these inconsistencies into
account.

The problems at this phase are as follows.

e Because of individual research. a
novice SE can only use or have a
small past effective plan or amount
of knowledge:

e It is difficult for a novice SE to cope
with rapid technological change
because of the difficulty of
absorbing a large quantity  of
knowledge about new technology:

e  When a satisfactory requirement is
impossible. a SE needs to ecliminate
anything that clients do not like.

2.4 Configuration Plan Analysis

Through talking to clients about a designed
plan, a SE gets new information and corrects the
requirement definition. Given that clients have
little knowledge about system configurations. a
SE should write an explanation of the system
configuration plan. In these reports. the
following items are usually analyzed:

e How the plan satisfies the
requirements in question.

e  Which (or why) requirements cannot
be satisfied.

e  What assumptions can be added to
the insufficient requirement
information.
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e To what degree the proposed plan is
superior to other plans.

A SE should clarify  two points:  the
correspondence between a required function and
the parts of a designed configuration, and
assumptions on or alternations to  the
requirement definition.

The problems at this phase are as follows:

e Because there is no one-lo-one
correspondence between a required
function and the parts of a designed
configuration, it is difficult to
explain the correspondence.

e Requirements that have been
assumed by a SE may not be
obvious, because a SE often
unconsciously assumes  or alters
clients' requirements.

e It is necessary for a novice SE 1o
understand the effects of each part
of the configuration plan.

3. CSS Configuration Design
Support System : CIDAC

As mentioned in the above section. CSS
configuration  design tasks have various
problems. By taking them into account,
necessary functions for a support system can be
created. as shown in Figure 3. We have
proposed a CIDAC framework which is an
integrated support system for CSS configuration
design (see Figure 4). CIDAC is constructed by
using the following four functions:

3.1 Conversational
Analysis Function

Requirement

The conversational requirement analysis part
performs the following two roles. The clients’
request is formed into the requirement definition
that is needed in the next part (this can be
understood by a computer): also it supplements
insufficient requirements.

In order to acquire precise requirement
information. a similar case, which was one of
the past requirement analysis results generated
by a skilled SE, complements insufficient
information and generates questions. Even a
novice SE who has little skill in information
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Figura 3. Necessary Functions for the Support System

acquisition, can gather information from clients.
In order to explain the assumptions in the plan
analysis-explanation  function. this function
provides requirement analysis process data
which consist of information that is extracted
from the cases referred to.

3.2 Case Based
Planning Function

Configuration

When a SE designs a CSS configuration plan,
he/she will tend to refer to past cases and
modify them according to clients' requirements,
Therefore, CIDAC generates a configuration
plan that uses a case base. Based on business
system requirements and the CSS network
requirements in the requirement analysis
function, a case was retrieved and the
framework for the target system was chosen. By
using detailed requirements, the framework can
be modified. Moreover, the usage of a case base
can create complementary  configuration
components which cannot be chosen from the
requirement definition.
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To cope with rapid technological change, parts
data and trend knowledge are used. Parts data
are information about hardware or software
products. Trend knowledge indicates the
technology trends that show what products are
in the mainstream. Moreover, for restricted
components  combinations by means of
hardware-software compatibility, compatibility
knowledge indicates the hardware and software
sets which are effective in the same CSS
configuration.

3.3 Plan
Function

Analysis-Explanation

The plan analysis-explanation part[8] acts as a
mediator that tells a novice SE about data which
are used in design or requirement analysis.
Three types of explanations are generated in this
part. They are given in the Section entitled
"Analysis of CSS configuration design tasks":
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Figure 4. A CIDAC Configuration

. Explanation for the correspondence
of the configuration plan to clients'
requirements.

2. Assumptions on the conditions under
which the requirement analysis and
the design process were performed.

3. A definition of the components of
the CSS configuration.

The requirement analysis process data from the
requirement analysis function and planning
process data from the configuration planning
function are merged in order to generate these
explanations.

If all of the data have been explained, a novice
SE may have a difficult time in understanding
all the explanations and may overlook the
important points. Therefore, CIDAC selects the
important  points that can explain the
requirement analysis process and the planning
process data. Explanations for specified points
are generated in the form of natural language.

3.4 Adaptable Knowledge Learning
Function

In this part, trend knowledge and compatibility
knowledge used in the configuration planning
function are extracted from the configuration
plan cases.
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4. Function Tree Generator

4.1 A Requirement Definition

Requirements from clients can be divided into
three types; business systems, CSS networks
and detailed requirements. These are shown in
Figure 5. The business system requirement is
related to clients' business processes. The CSS
network” requirement chooses the CSS basic
configuration and is directly related to CSS
components such as data traffic and security.
The detailed requirement is an optional request
which can be met by adding components.

essenial optienal

business system

|

. : others |

requirements requirements |

from clients Cdiide I |
CSS network detailed

requirements)
o

| requirement

Figure 5. Division of Requirements

The business system requirement does not

directly reflect the CSS configuration.
Therefore, data that can be used for

correspondence between business systems and
CSS networks are necessary. In order to show
these kinds of data, we provided a set of
function trees which represented the arranged
business structures systematically as business
system requirements. These data are used not
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onlv for the retrieval and modification of a CSS
configuration plan case in the next function, but
also for generating questions in order to gather
requirement information, and to generate
explanations in the plan analysis-explanation
function. The CSS network requirement should
not contain insufficient or vague mformation.
We have provided these data as a table in which
quantity or quality corresponds to each fixed
item. The detailed requirements do not consist
of fixed items. The detailed requirement in
question is represented as a flexible data table
in which the items are unspecified. As a result,
we have taken three types of data as the
requirement  definition.  Moreover, by a
prioritization from clients in each requirement
definition. the competition in the next function
can be coordinated.

4.2 The Definition of A Function Tree

A function tree as shown in Figure 6 represents
systemically arranged business structures as a
business system requirement. These data are an
important source of information which is a
factor in choosing the framework for a target
system.

sales management |
system
1
L - 1L

System node: shows one organized role
(which is performed by a server machine).

Sub-system node: shows what functions
there are under the system node.

Operation node: shows what kinds of
operation users perform in a function.

Data node: shows what data are being used
in the system.

The function tree generator has the following
four problems:

I. Since function trees represent a
target business process as trees, a SE
cannot generate function trees
without understanding the business
process. A novice SE who has little
experience needs enrich his/her
business process knowledge base in
order to promote better
understanding of various businesses.

(R

The business processes which have
the same functions do not always
construct the same function trees. A
SE  needs understand  these

=== system.node

ordered proceeds ||ordering

management manarement

1= sub-system node

arder receipt

| product
(information

sending order

Y=operation node

- data node

Figure 6. An Example of A Function Tree

A function tree consists of directed arcs which
represent data flows, undirected arcs which
represent materializing functions and the
following tour types of nodes:
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differences, which are dependent on
business structures.

(¥

Norm_ally, information about clients’
businesses is acquired through
talking to clients. While generating
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function trees, a SE needs ask the
clients about their business, and
analyze the information received.

4. In order to more clearly understand
clients' problems. a SE needs decide
what kind of business processes can
have their systematic structures
expressed as function trees. This
requires an empirical know-how.

The above problems make it difficult for a
novice SE who has little empirical knowledge to
create function trees. By considering these
problems, CIDAC automatically generates a
CSS configuration, with an easy-to-analyse
interface even for a novice SE.

43 A Method for
Function Trees

Generating

Since function trees which belong to the same
business category are similar, referring to past
function trees in order-to generate new target
function trees is effective. Therefore, we will
use a case base in order to generate function
trees.

Case base reasoning is effective for a target
problem in which it is difficult to establish
solving rules. It can solve a problem by
modifying a past similar successful (or
unsuccessful) case. In a great deal of the

research that used case base reasoning
[91[10][11]. one of the important factors is a
method that can modify a case. In particular,
when there are not enough rules or data to
modify a case, the collaborative case base
reasoning complements these rules or data by
asking users about case modifications.

In order to cope with this problem, we need
retriecve not only the most similar case, but all
similar cases. These are used to generate
function trees and be conversationally modified.
Conversational modifications with ail similar
cases can prevent a shortage of information. All
cases which have the same business functions as
a target are retrieved with keywords, and the
information that can modify these cases is
obtained conversationally. Modification results
can therefore be connected as a set of target
function trees.

In conversational modification. in order to help
users easily input modified information, the
input form is the alternative, whether a node in a
case is suited or unsuited. Against the
alternative, if users do not know a target
business, they can ask their clients so that
information about modificaticns should be
obtained.

4.4 An Overview of the Generator

The proposed function tree generator asks users'
opinion about certain cases, creates applicable
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Figure 7. An Overview of the Function Tree Generator
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fragmented cases and connects them. An
overview ot this generator is shown in Figure 7.

When fragmented cases are connected. the
words in the nodes are matched. As the same
words which were included in the function trees
of different business processes have ditferent
meanings in this generator, a foundation case
which has the most suitable parts 15 matched to
all other cases from higher rank nodes. Using
this method, hierarchical relationships between
nodes can be envisaged.

A case is defined as a pair of a set ot function
trees which were generated in the past in
addition to keywords about business processes.
These past cases are stored in a case base.

21 cases are stored in the current case base. For
example. when we use the keyword sales
department’. five cases can be retrieved by using
this case base.

4.5 Connections Between Cases

Based on clients' requirement, users specify
suitable and unsuitable nodes for each retrieved
case. The former are necessary for a target
svstem. The latter are nodes which have
hierarchical relationships or means which are
not necessary for a target system. By using this
information, cases can be connected and a set of
target function trees can be formed.

mutched

Credit 3ai0s  Sbe—ger crodit sales
management

unmuivhed

L n i DangEemsnt

ordered proceeds ——-smiordering proceeds

QJ émgnt input/

not equal

First, cases in which suitable or unsuitable nodes
are specified are transformed into a foundation
case and part cases. A foundation case and a
part case can be defined as follows:

A foundation case : a retrieved case which has
the most suitable nodes and which the
unsuitable nodes have been removed from.

A part case: a retrieved case in which only the
suitable nodes remain.

Each part case is connected to a foundation
case. If the contents of the nodes in the part
cases is the same as the contents of the nodes in
a foundation case, they overlap. In this
connection, since the lower ranking node is
influenced by the higher ranking one. the nodes
in the part cases are arranged from higher to
lower rank. An example is given in Figure 8.

When a node in a part case has none of the same
nodes or the same plural nodes as a foundation
case does, the generator attempts 1o ask users for
more information,

Therefore, potential cases are shown to users as
examples of connections. These cases show all
of the situations in which unconnected part cases
can be included in the result trees. Users
indicate the suitable or unsuitable nodes in the
potential cases. These cases can be connected
again by using this additional information.
Finally, if necessary business functions or
directed arcs which show data flow are
insufficient, users can modify a set of completed
function trees.

credit sales

ordered proceeds | prdering proceeds
HAagagemnent Hnanageinent

! -
G hm;:ggﬂméiﬁ)

Figure 8. A Comparison of Nodes
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5. An Example of Function Tree
Generation

5.1 An Example of Case Connections

We will explain this connection method by
means of an example. After the suitable or
unsuitable nodes have been indicated, the
results are formed into a foundation case and
part cases as shown in Figure 9. The connection
of the foundation case and the part cases is
described in the following:

included in the former. The other
nodes in the part cases did not match
the nodes in the foundation case.

2. Comparisons of sub-system nodes and
operation nodes

A part case | is not common here,
because the system node in part case
I did not overlap a node in the
foundation case. Since one of the
system nodes in part case 2 was the
same as a node in the foundation
case. "ordered proceeds
management" and "ordering
management" sub-system nodes were
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Figure 9. A Foundation Case and Parts Cases

1. Comparisons of system nodes
A part case 2 is connected to the

foundation case, because the "sales
management  system" node s
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matched and overlapped the sub-
system nodes in the foundation tree.
A "stock management” sub-system
node in part case 2 could not be
matched. so the node was attached
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to the foundation case with operation The results of the connections are shown in

nodes. A '"customer management" Figure 10. There are the part cases which could
sub-system node in part case 3 was a not be connected. From these cases, potential
match. However, since the node has cases which include all possible connectable
no system node in part case 3, it is situations can be generated. In this example.
not clear if the "customer four trees were generated. All of the potential
management” subsystem node s cases are presented to users, and they will
related to the "sales management specify suitable or unsuitable nodes so that more
system".  Therefore,  "customer information should be gathered. The same way,
management”  could not  be the cases are repeatedly connected. The end
connected. An "e-mail" sub-system result of the example is shown in Figure 11.

node in part case 4 could not be

connected because the same node . .
did not exist in the foundation case. 52A Comparatwe ExPenment

3. Comparisons of data nodes We will examine the effectiveness of function

trees that are generated by connecting certain

Data nodes are not influenced by any cases. Let us consider the following example:
other nodes. Since  "product

information" and "sales data" in part |
case | are included in the foundation
case, part case | was connected to

the foundation case through the data 2. By referring to the report, four of the
nodes. Part case 5 was connected to

g subjects indicate suitable or unsuitable
the foun.da}lon tdas through  the nodes for six cases which are similar to
"product information” node. the target business in. Sets of function
trees have been generated by connecting

A report about a business is given to
eight subjects who are not SEs.

sales management |
system
I 1 . L 3 2 |

- T 1 :
ardered proceeds | {ordering customer |1 credit sales
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Figure 10. The Results of Connections
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these results. The other four subjects
generated sets of function trees by
means of the report and of one similar
case.

3. We compared each of the eight sets of
function trees that were generated by the
eight subjects with a set of function trees
that were generated by a skilled SE. The
latter function trees had 28 nodes.

Table 1. Result of This Experiment(Average
Number of Nodes)

node consistent | _insufficient excessive
connecting _ - -
six similar 26.25 275 4.50
cascs
referring a ~ _ )
similar case 16.25 12.75 2.75

5"(51'3111

sales management

r S |

ordc-n:u pm{,m}ds

| CUREOMET E
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v!i-ili

| matl-crdes
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¥
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Figure 11. An Example of the Final Result

The results are shown in Table 1. The values in
this Table indicate the average number of nodes.
A consistent number of nodes shows how many
nodes in the subject's function trees are included
in the skilled SE's function trees. An insufficient
number of nodes shows how many nodes in the
skilled SE's function trees are not included in
the subject's function trees. An excessive
number of nodes shows how many nodes in the
subject's function trees are not included in the
skilled SE's function trees.

As a result, the set of function trees that was
generated by connecting certain cases is closer
to a set generated by a skilled SE than a set of
function trees that was generated by referring to
a similar case. It is clear that a combination by
conversations is productive.

292

6. Conclusion

In this paper. we proposed a CSS configuration
design support system: CIDAC. Its goal is to
improve CSS configuration design efficiency
and skill apprehension support for novice SEs.

In addition, we proposed a function tree
generator in CIDAC. By using a case base
which contains already generated function trees,
a set of function trees can be generated by
connecting certain cases. Insufficient nodes in a
set of target function trees can be reduced by
using certain cases. The only information which
the generator needs is the users' judgment on
whether the nodes of each retrieved case are
suitable or unsuitable.
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