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Abgtract - A technique called as Computer Supported
Cooperative Work or CSCW is a technique to support
communications among people. This research presents
the architecture of an agent-based software that is applied
as the analysis and design tool during the analysis and
design processes. This tool allows communications among
development team members, and automatically records all
conversations related to the designed diagrams. The
communication modules perform both synchronize and
asynchronize mechanisms to gain the efficiency and
security while the communication occurs. The concept of
implementing separated databases for different class of
users has been proposed as a method for data security
control. Various modules such as Discusson Module
(DM) have been implemented to enhance the quality
assurance for software development processes under the
CSCW environment.  The result of this proposed
architecture is recorded details that can be used as a
quality control document and a maintenance document.
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1 Introduction

Software development is a task that can be sdedee
if and only if there are good communications amdaine
development team and stakeholders.
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implementation of software. Unfortunately, thestadls
are hardly be record, and, most of the time, theoitant
reason for the solution were left out.

CSCW has the full name as Computer Supported
Cooperative Work that is stated in the year 1984hia
workshop arranged by Iren Grief of MIT and Paul
Cashman from Digital Equipment Corporation [5].
CSCW was implemented in many environments to suppor
different tasks such as education, software design,
telemedicine, e-commerce, etc. In this researchppdied
the concepts of CSCW for the software development
process so that the qualified software will be piazi

The development of CSCW in the early age is that
developers were focused to all participants whokwam
the same network. Therefore, Jonathan proposedACSC
as a forum of all participants [4]. When Interbetomes
popular for network users, the idea of implementing
CSCW over Internet was proposed in [3]. Thus, fgeop
from different places around the world can commaitgc
and share data at the same time using the available
network.

In the year 1997, Chin-Hwa et al. proposed the
system architecture of CSCW that consisted of two
important subsystems: the session management, rend t
session processing subsystems [9]. This archiectas
also implemented based on the multimedia technahogly
the communication over the network to create tred re
cooperative work environment. Additionally, this

Thus, the formarchitecture had implemented a database to stoge th

meetings among the stakeholders and the developméniportant information for the cooperative tasks

team must be arranged during the development period

The expected result of the meeting is the qualdieitiare
delivered to the clients. However, arranging efxcmal

meeting with clients is not easy as wish becausthef
time constraint of the clients.

Furthermore, the software process must be cettifie

under some specific rule such as CMMI. Therefoveyye

The basic mechanism of CSCW was implemented
using the synchronous process until Sheng and Andy
proposed the first asynchronous CSCW in the ye@819
[10]. However, the result of using new techniqoesinot
have any differences from the previous mechanism.

A new CSCW architecture called Viceroy was
proposed by Xuanming in 1999. This new invented

step of the development process must be documemegd CSCW supports the model of graphic presentationusT
reported in a proper format so that the softwane ba people can clearly understand the discussion irdtion
maintained after delivered. Important details tl@é based on the presented models. The Viceroy CSGW al
needed to be record in the hand-in documents ae tprotects the inconsistency of the presented madeseérs.
problem-reason-solution of each designed part and



Therefore, all users will receive the same infoiorand  designing diagrams in the system development pspces
models at the same time. both in analysis and design phases. During théysisa
Since object-oriented technology had been intreduc phase, analysts are DD. During the design phdse, t
and implement widely, Yahiki et al. [7] applied shi system/software designers are DD. Therefore theidD
technigue to implement a CSCW that can be modified the analysis phase can be different from DD indbsgign
serve various working environments. However, thghase.
developed CSCW does not really support the codperat On the other hand, DVs are members of the
work of people who have different experience [2].development team who participate in the diagram
Therefore a Personal Assistant (PA) module for kedge verification. The conversation among DD and DVatth
management was added to be a part of the CSCW hffects to the changes of diagrams is important modt
Fabricio and Jean-Paul. This PA supports all werkého  be recorded to achieve the software quality asseran
confused with information that they received.
Al_though the objective of CSCW is to support peopl 2 1 Roles of DDsand DVs
from different places to be able to work together, each
people still need a private area to perform theasks.
Therefore, the concept of granting a private aoeau$ers
was proposed in [8]. Using this private area hglpsple
to be more productive than fully share the infororatll
the time.
Liu Hong and Cui Wei proposed a multi-agent
collaborative software design environment which can
design hardware components [6]. This proposeavact 1. DD is the person who responsible for deriving
supports the design architecture in three dimession diagrams during analysis and design phases.
Since there are various methods have been proposed Furthermore, each diagram belongs to a particular D
to support the cooperative work using computers,elare only. So the security of the diagrams can be ptete
many defects to be considered such as the seforithata 2. The authority to accept or reject connectianVs
using in the distributed system, or the design ephthat belongs to the DD only. In the situation that a BD
should be stored as references during the maintenan  not ready to connect to any DVs according to some
periods, etc. important reason, thus DD has authorized to réjet
This research proposes the architecture of antagen request for connection from other DVs.
based software that is applied as a tool for drgwin3. DD has authority to propagate the designedrdrago
diagrams and also supports the communication among DVs, one diagram at a time. In order to avoid the
team members to be able to discuss problems amdedef diagram confusion of DVs, only one diagram will be
their solutions. Additionally, all conversationsiang the sent for each transmission.
team members are completely stored in a datat®sethe 4. DD has authority to disconnect the link to atigalar
concepts and reasons for each solution can bewedie DV. After the end of the conversation or
during the maintenance process. disconnection between DD and a DV occurs, the DD
can terminate the link to DV as necessary.
DD has authority to make negotiations with &\s,
and every negotiation must be recorded and setrein
modified diagrams. Additionally, all negotiationan

Since the privacy and security are two important
issues in distributed applications and information,
therefore, in this research, the responsibilitit®b and
DV are separated in order to obtain these issues.

The identify functions of DD are as follow:

2 System Architecture 5

It is the fact that the good software design can b

achieved from the frequent meetings. Howevers ihat
easy to set a meeting date and time for a largeveak in

a short period of time. Therefore, CSCW technolagg 6.

introduced in order to connect all software desigrend
stakeholders together on one system.
system architecture that all users can see eadir ath

In this pager

be viewed by any DVs for their understanding and
comments.

All discussions without certain conclusionslwibt be
counted as the agreement between DD and DV, but
these discussions will be stored in the diagram
repository system for further usages.

what-you-see-is-what-I-see  (WYSIWIS) has  been

proposed. A DD can propagate the discussion conversations,
Considering the design process, the users in thmsed on the propagated diagram, to all DVs. Sihee

CSCW system can be classified into two categoti®@s: main authority to get access to the diagram is tgano

person who draws diagrams (will be called as diagra DD, therefore the roles of a DV are stated below:

designers or DD), and the person who verifies th&. DV has right to request the connection to a D’

diagrams (will be called as the diagram verifier ). system whenever a DD is logged on.

Each category has different and independent rolfEse 2. DV has right to discard the connection to a ®D’

DD is the person who is responsible for drawing and system.



3. DV has right to send the request for discusgpoBD diagram-B. Additionally, diagram-B is also verdi®y C

when needed. but C is not the diagram designer for any diagranthe
4. DV has right to make negotiations related te thsystem.
presenting diagram with a DD. In order to obtain the sufficient design systeratth

5. DV has no right to update or change all reakivecan guarantee the quality of the software desigitgss,
diagrams from DDs in order to maintain diagranthe functions that the agent-based design softveaee
correctness and ecurity. stated are as follow.

I - The software must manage the connections among
Although the responsibilities of 'both pgrtners, D[? DDs and DVs, where one person can play both roles,
and DVs, are dependent and mainly relied on DD’s  \ithout communication confusion.

functions, the consistency of the information théit - The software must store diagrams, discussiond, an
DD and DVs is still maintaine. negotiations among development team whereas all
details are consistent and up-to-date to each .other
2.2 Design Components - The sof_tware must maintain _privacy and security of
) ) ) ) . the designed diagrams repository.

According to the functions defined in Section 2Hg From Figure 1, there are 2 main subsystems as same
system will _b_e classified into twq ag(_ants: the gesagent, 55 2 roles that had mentioned previously. Oneystes
and the verifier agent as shown in Figure 1. is the designer system, and another subsysteméis th

verifier system. The full architecture of the poepd
software is presented in Figure 2.
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Figure 1. System Functions of the Agent-Based Negotiation | q — . — .
Design System. 4@

Since the functions are clearly separated, thexeaior
one machine both agents can be installed. Thtsara

member can be a diagram designer and a diagrafiexveri Figure 2. The Agent-Based Design System
in the same time. Modules
Referring to Figure 1, there are 3 persons who
participate in the design process, A, B, and Ccofding From Figure 2, the subsystem at the Designer Syste

to the A’s system, there are two agents instaliethat A (peg) is composed of 4 main modules: Diagram Editor
is the diagram designer for diagram-A, and in 86\ o4l (DEM), Discussion Module (DM), Negotiation
time A is the diagram verifier for diagram-B. Ohet \joqule (NM), and Communication Module (CM).

ther system, B’s system, B is th_e diagram v_eriﬁlerthe Additionally, a database is implemented to stork al
diagram-A, and also be the diagram designer for the



diagrams, discussions, and negotiation, calledemsgned used to identify the diagram in which the negotiathas
Database (DDB). been stated.

On the other hand, the Verifier System (VeS) soal According to functions of NM, every change with
composed of 4 main modules which are similar to theeasons of the change will be recorded in DDB aD®B.
designer system except the Diagram Presentatioruldod Therefore, the content in DM will not be countedtias
(DPM). The local designed database (LDDB) actsaas negotiation unless it is entered by NM.
duplicated database of DDB located at the designer’
system. Communication Module (CM)

. . This module is the most important part that create
Diagram Editor Module (DEM) connections among a designer and verifier(s). cAith
This module is responsible for creating and updpti the main task of this CM is to deliver the connaetfor
diagrams with respect to a project. Since a pt@easists communication, but the role of CM at the designer’s
of many diagrams from analysis and design phases, tsystem is different from the verifier’s system.
data such as project name, project-id, diagrandate and One function of the CM of DeS is to verify the
time of creating or editing the diagrams, the desi¢s request from the verifier system, whether the cotioe
name, including with the drawn diagram will be eateto can be granted or can be ignored. If there isquest
DDB. All data in DDB are used to maintain consiste arises to the designer system, the request messhdme

of data from the other 2 modules: DM, and NM. verified by CM of the designer system before askiing
permission from the designer; otherwise the requikbe
Diagram Presentation Module (DPM) ignored and cascaded. If the designer wants totghee

- . . connection, then the connection button on the GRJI i
Every v_erlfler ”?”S‘ s_et its system IP using GUI c)fpressed and the connection starts. The secontdnraf
VeSH TT}!S mfrc])rmatlon will _be _used as thg mdgaaub DEM is to receive messages from the CM of a VeS and
each verl |erhw en a con_nectl_on IS requdesteDElc\l/lntg d distributes to every verifier who connects to DeSthat
_After the connection is granted, SENOS dime. Thus, the information on each VeS will be #ame
diagram through the communication module an s DeS

preﬁen_tedd to thed_verirl:ier by_DIZI\gI._ The virr:fierfr‘ij?t On the other hand, the CM of VeS has respongibilit
authorized to modify the received diagram. FEINE 15 send the request of connection to the desigrsgstem,

function of DPM s the one-way communication, &quing for connection. This message contains fhe |
receiver, as same as DEM’s function, a sender.

address of the authorized system and the name eof th

The most important function of DPM s 10 updat§eifier and these information are used for idgintg the
details of LDDB so that LDDB will have the same tamt fight of connection.

ahs_ DD.B _at DeS, and the conbsistebncy ogth%gm@nahg Whenever the designer grants the connection for a
this dl_strlbuted process can (T ohtaln_e ) v I request, all information in LDDB will be updated ByM
to retrieve data in DDB, not only the diagrams, aisb all i, 5 function of CM, then the presented diagem

details of discussions and negotiations. Thus,véTéier DEM will be transmitted and presented by DPM at the
can understand all the changes of the entire system DV's site.

. . As same as the diagram, the messages from DM or
Discussion Module (DM) NM can be transmitted to both sites by CM wheneker

This module is responsible for all discussionst thasending button of DM or NM is pressed. The CM has
occur during the connection between the designet aruthority to retrieve data from DDB or LDDB.
verifiers. Since there can be multiple connectiansa By the conclusion, the functions of the CM of DeS
time, the participant’'s name will be stored as dditional ~ are (1) verifies the request for connection (2)nspéhe
information in DDB and LDDB. As the fact that the connection (3) informs the communication situati@)
discussion is relied on the particular diagramtefee the sends diagram or message to the connected CM (5)
information in DDB are used to classify the distmisgo ~ distributes received message from a CM to every

the certain diagram. connected CM. Whereas the main tasks of the CVe&
are (1) sends the request for connection to Dege(@ives
Negotiation Module (NM) (or transmits) datpackets from (or to) the DeS (3) inform

the communication’s situation when it is completad
The negotiation means an agreement that makesged.
among a designer and a verifier to modify the prese Since the synchronized and asynchronized processes
diagram or an agreement from development teamyre effective and suitable in different situatiohsus, CM

members. As same as DM, the negotiation is basetl® il jmplement both synchronized and asynchronized
presented diagram. Thus, information stored in OBB



processes in different modules for handling diffiére important because these discussions usually leattheo

requirements. changes of each diagrams which is important infoiona
for maintaining software after software deliveryr o
Diagram Repositories sometimes for the reviewing of the development gsses.

Therefore, the objective of developing the agerseba
CSCW is to support the development process merdione
above with short time and low cost of software Biweent.
According to the architecture of the agent-based
CSCW, it consists of two important agents: the glesi
agent, and the verifier agent. These two agent® ha
individual responsibilities and are installed orffedtent

Since the security issue is a significant issuel, the
verifiers should be able to review the design ametthey
want. Therefore, instead of installing only on¢attase as
proposed in [1, 7, 9], this architecture consists20
databases: a local database for a verifier, a lbatdbase
for a designer. Thus, the verifier can review thesign

d(_etails stor_ed_ in the local databas_e at’ th(_e vedfisite computer systems. The designer agent is instalietie
without retngvmg data f“”T‘ th? designer’s site. designer’s site, individually. On the other hartte
According to maintain the correctness Olgyifier agent is installed at the working team poiters.
information of both DeS and VeS, a Designeds the fact that designers are also in the workeagn so
DataBase (DDB) and a Local DDB (LDDB) areit is possible that the verifier agent is instaltetthe same
installed. The structure of these two databasd#seis site of the designer agent. However, not all desig need
same. to participate in the other designers’ designs, aadall
Both DDB and LDDB consist of 4 tables: systemmembers in the working team are designers. Thamges
information (SI), project information (PI), figure$G), members will use only the verifier agent while some
and negotiation (NG). The details of each tabtelited members of the team will use both designer andieeri
as follow. agents. Since DDB is installed at the designentaged
— The Sl table stores information of the VeS whiciwill be accessed by the owner of the diagrams asuythe
are the verifier's name, and the system IP addreggnsistency and integrity of the database can be
that was entered to the system via GUI of DeS arifiaintained. On the other hand, the security ofdtii@ at
VesS. the server agent, diagrams and DDB, will dependhen
— The PI stores information of a project: the proje&roup pOIiCieS inClUding the SeCUrity prOteCtiOl‘iliabS of
identification, the project name, the designer Ifhe operating system of the DD’s computer.
address, the start date, the last update, thesstatu The result of using the agent-based CSCW software
(designer/verifier), the diagram version, and th& develop software will help the development tetom
negotiation version. communicate easily and quickly than the meetings in
~ The FG consists of the project identification, star00m.  Additionally, the cost for setting a megtiat a
date, the shape of the object (such as squardz—;-,cir(,certain place will be eliminated because groupudisions
etc.), the color-codes for red-green-blue, widtte t are able to manage while the development team eaat b

position of object on the drawing sheet, and th@ny places, at any time. The other advantageiofjuke
version. agent-based CSCW is that all conversations thatedb

— The NG is used to store details of the negotiatioffi@dgrams will be recorded in DDB for referencingdan
based on the presented diagram. The contentsiintaining software after the software is delidere
this table are the project identification, the starowever, the only one disadvantage in using thevage
project date, the last update, the name of pers&@sed CSCw is that the agent?based CSCW cannet forc
who put the negotiation, details of the agreemenbDS to correct diagrams according to the agreenfents
the status of the agreement (done or Wait}helr dlscussmns_. _ Thr_erefore the agent—based_ csaw
acceptance status (this status is a confirmatig fl P& useful and efficient if all DDs are honestyfeit works

when the verifier accepts the modification based ofnd their agreements.
the negotiation), and version.
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