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Abstract

Under the concept of a global economy, enterprises are assigning design and production environments around the
world in different areas. A serious issue of information exchange emerges as companies use traditional hardware and
very distinct software appropriate to their field of expertise. To overcome the problem of low productivity due to the
interruption of information, the concept of simultaneous engineering and concurrent design becomes very significant.
In this article an agent-based ship design system is developed to support cooperation in distributed ship design
environments. Above all, the conflicts that occur while sharing knowledge in the system must be resolved. One
approach is to adopt a case-based conflict resolution strategy formulated to resolve current conflict on the basis of
similar previously resolved cases in agent-based collaborative design system environments. To do this, conflict cases
that occur in the initial ship design stage are extracted. On the basis of the extracted cases, a case base is constructed.
In addition, a conflict resolution handler located in the superagent called a facilitator, an agent to control other
subagents, is developed to treat conflict problems effectively by case-based reasoning. The case-based conflict reso-
lution strategy is evaluated by applying it to a collaborative design process in the initial ship design stage, especially the
machinery outfitting design, the preliminary design, the hullform design, and the structural design. Through the help of
the collaboration of the design agents, the facilitator, the conflict resolution handler, and the case-based system, a
designer can make decisions based on similar previously resolved cases.

Keywords: Agent-Based System; Case-Based Reasoning; Collaborative Work; Concurrent Engineering; Conflict
Resolution; Ship Design

1. INTRODUCTION it is necessary to construct the Computer-Supported Col-
laborative Work(CSCW) system based on the agent tech-

The importance of a design methodology based on concufology. To construct the agent-based concurrent design

rent engineering in a distributed environment is increasingystem, intercommunication between agents, conflict reso-

day by day. Many attempts have been made to resolve thigtion, and negotiations that occur in the middle of the

limitations of communication between distributed and het-decision-making process are key issues to be resolved.

erogeneous systems and the sharing of the design informa- This paper describes an engineering knowledge sharing

tion with each other. The adoption of agent technology isenvironment for an agent-based ship design system. The

one of the solutions to solve these proble(®ark et al., focus is on the methodology of conflict resolution, based on

1994; Jha et al., 1998Recently many attempts have beenthe case-based reasonif@BR) techniques.

made to construct collaborative systems to support cooper-

ation in distributed ship design environmenfBujita &

Akagi, 1998; Kim et al., 1999 Because ship designing is a 2. COOPERATIVE SHIP DESIGN

very complicated process and manipulates quantities of data, L . .
2.1. Cooperation in ship design

_ , _Recently, enterprises are assigning design and production
Reprint requests to: Kyung Ho Lee, Korea Research Institute of Ships . d th Id in diff foll
and Ocean Engineering, KORDI, Design Automation Team, 171 \Jang-em/”‘onments around the world in ditferent areas to follow

Dong, Yusung-Gu, Taejon 305-343, South Korea. E-mail: khlee@kriso.re.kthe concept of a global economy. A serious issue of infor-
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mation exchange emerges as companies use traditional hard- tell ask-one
ware and distinct softwares appropriate to their field of ~JaT[ e vo.4
expertise and combine different data from different areas t
form common information. To stop the problem of low pro- KQML message Handler
ductivity due to the interruption of information and the in- -
dependence of different designs and productions, the concey API \ /
of simultaneous engineering and concurrent design be [ KIFInterprett\e/r ]
comes significant in the field of engineering. i
Currently, in Korean shipyards, each field of design [ (Nef¥ [ ¥ Jmernal

utilizes different CAD systems, such as the TRIBON sys- \_ Flow Control Code
tem for the preliminary design; SIKOB for hydrostatic cal-
culation; CADRA or AutoCAD in sketch designing;  Fig. 1. The structure of the primary components for agentification.
AUTODEF, TRIBON, or Intergraph VDS in hull design;

and CADDS in outfitting design. Each of the different fields

of design uses a distinct hardware environment and Utilizeggent is operated in a JATLite 0.4 framework, and agent
various tools for the specific design process. In addition ommunication languagéACL) messages are transferred
these systems are processed independently under a distr?a—the KQML message handler by way of the communica-

uted environment. Presently, these systems are generatirtmign interface of JATLite 0.4. The contents of the message

digitized design mfo_rmgnon, not_ S.ketCh designs, but theare transferred to the KIF interpreter once again. The con-
occurrences of conflicts in the opinions are frequent amon

. : ) L "Yents of the message wittell or reply performatives are
design processes because of the failure in unifying des'ggtored in its own knowledge base, ahandlesandinter-

information from different systems. Improvements in th?estedperformatives are given special treatment.

design productions become challenging because of the in- An agent-based ship design system was developed as

dependgnce and the inision of design information in dif'shown in Figure 2 based on the architecture shown in Fig-
ferent fields. Considering the problems above, the concenlie 1. This section provides more detail on information

O.f early de_5|gn_ IS |mpo_rtant be_cause It uses concurrent d'?(:'ontrol in the developed system and content-based message
sign fo unify different information and kn(_)wle_zdge among routing in a control module called the facilitator.
different systems to generate related design information at To construct the agent-based ship design system, the multi-

a preliminary stage. Many researchers have tried to S‘OIV‘&gent concept is adopted. For the communication between
the problem. Currently, among the different studies per-

¢ d. the k led hari h. which introd the agents, each agent must handle the address of other
ormed, the knowledge s aring approach, whic Intro lj_ceﬁgents and know their interfaces. This can make the con-
the concept of an agent, is receiving much of the spotligh

- . Etruction of the system complicated and difficult. Hence
(Finin & Wiederhold, 1991; Genesereth & Ketchpel, 1294 this system adopts a federated architecture to reduce the

The.intellect'ual apility of'pr'oble'm solving by.the a9ent |had of communication problems between agents and to
with its p_ecullar ability in unifying d'ffe_r?”t coIIec_t|ve groups manage messages in a centralized structure. Under the fed-
f'md the internet-based support of divided environments arg, g g architecture, the facilitator takes charge of linking,
Important and useful concepts in constructing S'muIt"’meouﬁwediation, monitoring, and coordination between the agents.
engineering concurrent design. That is, if the KQML message is sent to the facilitator, the
facilitator sends the message to an adequate agent accord-

2.2. Agent-based cooperative ship design system ing to the contents of the message or the registered inter-

| d h based ship desi face and replies to the sender again. The core concept of the
n order to construgt the agent- ased ship design SYS,‘e oles of the facilitator is content-based routii@pBR). That
we use several basic concepts. First, JATLite 0.4 is utilize

L .~~1s, the facilitator interprets the KQML message sent from
for communication between agents. Second, a multipur-

pose knowledge interchange forniitF ) interpreter to of-

fer the standard application programming interfe&Bl) is
developed. To do this the management of performatives, .
such asnterestedandhandles is necessary. Third, a stan- Facilitator
dard algorithm is designed to process basic knowledge query
and manipulation languag&QML ) performatives. In this I

paper the basic KQML performatives such iaterested | | | |
handles tell, ask-one and thereply are used. JATLite 0.4

Control

has only the function of analyzing KQML performatives by Preliminary ﬂiﬁ.‘;’:&iﬁt Structural Hullform
token, but it does not offer the interpretation of the meaning. | Design Agent Agent Design Agent | | Design Agent

On the basis of the three basic concepts mentioned above,
the agent architecture is designed as shown in Figure 1. An Fig. 2. The configuration of the initial ship design agent system.
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[(interested Calagt ‘(speed ,?HN ?V))} system. The given requirement data in this window are routed
’@ ' to the Calagt agent by the facilitator according to the pre-
(tell :content (speed h30 14.5)) vious registered message. Somewfhaindles MSagt(ge-

tUnitFrameWt ,?HN) means that the MSagt agent can reply

[Routing to_Calagt to (getUnitFrameWt ,*} typed questions.

[(handles MSagt ‘(getUnitFrameWt ,?HN))} If the following ACL messages are sent to the facilitator,
T tell and ask-oneperformatives are routed to Calagt and
(ask-one :content (getUnitFrameWt h30)) MSagt, respectively.
t[ Routing to MSagt | (tell :content(speed h30 15

Fig. 3. Content-based routing in the facilitator. (ask-one .conter(tgetUnltFrameWt h3p)

3. CONFLICT MANAGEMENT

an agent and performs the routing of the message based dfost design tasks involve the management of conflict. Con-
its contents according to the registered interface. flict arises when contradictory requirements are imposed
Figure 3 shows an example of CoBR performed by aupon characteristics of artifacts, upon the process of their
facilitator in an agent-based ship design system, wkiare  creation, andor upon their intended use. Even individual
terested Calagispeed ,?HN ,?)) means that Calagship  design requires trade-offs because of competing design cri-
basic calculation agents interested in dspeed ,** ,*¥)  teria, such as functionality, safety, cost, and so on. The abil-
type of sentence, and the question mark denotes that thity of designers to avoid or minimize conflict through
term is an individual variable. The meaning of the messaggudicious trade-offs, careful negotiations, and other meth-
is that the Calagt agent wants to know the speed of a shipds becomes their most valuable skill.
for a ship number to be designed. Figure 4 shows one of the Resolution and detection of conflicts are especially dif-
GUI windows implemented in the agent-based ship desigficult when the design task, as well as knowledge concern-

|
RCAddrHelper i
s Prin Projagt N [=] E3
Fila RouterLayer /Resource Open | |
— JAT Lite v.0.4 Ship No.
Fiouter | My#fudress |
Recuest | Compose  Requirement | pata | [q[5] [bes
Agent Name: ‘ weightagt
hat
Hoat: ‘ nanelab10Z.snuacks Ship No.
Poct: ‘ 1113 . tanker
AR Mother Ship Data
Messape-Method: [Messa;e&oumrﬁ
100000
Paerword: [ihfz DWT:
FOML-ectens ons [: 110004
Cargo Volume:
email: [
Deseription: |- 143
Draft;
Save | Start | Quil
k|
Speed:
OK Cancel
Progress Show |  Quit |

Fig. 4. The agent-based initial ship design system.
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Design Viewpoint

- Preliminary Design : Economic design (Low price, High Performance)
>> Shorten Ship Length

- Hullform Design : Slender Stern Shape of Ship

- Structural Design : To satisfy structural strength >> Large Web Frame

- Machinery Arrangement Design : Widen Engine Room(E/R) Space

Conflict : Machinery Arrangement Design
“Insufficient Space between Machinery and Hull in Engine Room”

Conflict Resolution

- Request to Preliminary Design : “Lengthen E/R Compartment”
Reply of Preliminary Design
: (Case 1) Make longer E/R as 1 frame I:> Applying Design Change Strategy
(Case 2) Cannot lengthen E/R from economic viewpoint
- Request to Hullform Design : “Widen Stern Shape of Hullform of Ship”
Reply of Hullform Design
: (Case 1) Change Stern Shape I:> Performance Check !!
(Case 2) Cannot Change Stern Shape from performance viewpoint
- Request to Structural Design : “Reduce Web Frame Size”
- In Machinery Arrangement Design : Rearrange the Machinery

Fig. 5. Examples of design conflicts and their resolution in the initial ship design process.

ing such competing factors, are distributed among differentural design agent is willing to arrange a bigger web frame
actors with different perspectives. Therefore, conflict resofrom the viewpoint of strength. This makes ayfiHEspace
lution is a central issue for problems and technical ap-harrower. So many conflicts occur in the middle of the ship
proaches related to cooperative desi§mith, 1995. designing process that are caused by these different notions.
As mentioned before, one of the important things in con-
structing a collaborative design system is to systematically
deal with the conflicts arising from the different design
Due to the different design goals of the ship design agentsjotions. That is, conflict resolution is a critical component
conflicts can occur in the middle of cooperation betweenof the cooperative design process. Ineffective management
the distributed systems. In this section, the design conflict®f conflicts can result in greatly increased product costs and
and their resolution cases occurring in an agent-based shiipduced quality. There have been many attempts to resolve
design system are extracted. Although many conflicts occuconflicts in diverse manner&Klein & Lu, 1989; Sycara,
in the ship design process, only some typical conflicts arel990; Klein, 1991 Of these attempts, the approach to re-
treated in this paper. Figure 5 depicts conflict problems insolve a current conflict problem based on previous similar
the ship design process caused by different design notiorsases is very reasonable. In this section, the case-based con-
of the related agents. That is, the preliminary design agerftict resolution approach is presented by using the conflicts
wants to shorten the length of the ship from an economidescribed above. An effective strategy for construction of a
point of view. On the contrary, the hullform design agentcase base is first established for resolving the conflicts oc-
prefers to lengthen the ship based on a performance vieweurring in preliminary design, hullform design, and struc-
point, such as low wave resistance, high speed, and so otural design centering around the machinery arrangement
In the same manner, the machinery arrangenieift) de-  system. Then similar cases are selected through a similarity
sign agent has to arrange a great deal of machinery in thessessment, and they are presented as “ballpark” solutions.
narrow space of the ship engine rodEyR) located in the In this paper, a conflict resolution handler is developed to
stern part of the ship. Hence, the broader thi&kEpace, treat a series of conflict processes effectively. The conflict
the better the viewpoint of layout. However, the goal of theresolution handler is located in the facilitator, and it settles
hullform design agent is a slender stern part of the shigonflict problems that occur in the middle of the informa-
from the viewpoint of performance. In addition, the struc-tion interchange process within agents.

3.1. Conflicts in cooperative ship design process
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3.2. Case-based conflict resolution

3.2.1. Construction of case base

Generally, a case is composed of three parts such as a
situation, solution, and the outcome. Here, to represent the
conflicts between predescribed design agents, the case is
subdivided into the following four sets.

97

¢ change the hullform of stern part;
e execute evaluation process of spgealwver;
e redesign machinery arrangement proceseck
hull clearance and passageway
e reduce web frame size;
e execute evaluation process of structural strength.

Figure 6 shows an example of implemented cases for
1. Title. As a symbolic meaning, atitle classifies the casesonflict resolution in an agent-based ship design system.

according to the kinds of conflicts. The following are

titles of implemented cases.

o conflict between MA design agent and preliminary In
design agent;

¢ conflict between MA design agent and hullform de-
sign agent;

o conflict between MA design agent and midship de-
sign agent;

¢ conflict in the MA design agent.

3.2.2. Conflict resolution handler

this paper, a case-based conflict resolution handler

is developed to assist decision making in a cooperative
preliminary ship design stage as shown in Figure 7. This
handler, located in the facilitator, perceives whether a con-
flict has occurred or not, based on the information received
from agents. When a conflict has occurred, it is resolved
promptly and the reply is transferred to related agéné=,

1998.

2. Description A description is a primary factor in de-
ciding the characteristic of a case in which items for
classifying similar cases are described. It plays a role
in searching for related cases to solve a given prob-
lem. This corresponds to the indexing of cases, which
is an important factor for classifying or searching cases.
Information such as the following can be described as
keywords or natural language.

1.

o ship type: bulk carrier, tanker, container, and so forth;

o conflict type: hull clearance, passageway, and so
forth;

o related agent name: preliminary design, MA de-
sign, and so forth. 3

3. QuestiorfAnswer After the related cases are selected
from the indexing procedure based on the descrip-
tions, questioflanswer is used to present the closest 4.
case through the similarity assessment for character-
istic values. A weight can be given for each item.

e E/R compartment can lengthen?es/No)

e Is it possible to change hullform of stern part to
full? (Yes/No)

e Can the Web frame be reduce@s/No)

4. Action The action part corresponds to the solution of
a given problem. If FR space has to be longer, a
preliminary design agent and a machinery design agent
must be reexecuted because of the change of ship
length. The implemented actions are as follows:

e make E/R longer(move FWD BHD;

e execute redesign process of preliminary design;
e redesign machinery arrangement process;
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The following is the flow performed by the conflict res-
olution handler to resolve the conflict problem.

Conflict manifestationin this stage, keywords are gen-
erated for the occurrence of the conflict problem. That
is, a problem description for indexin@.g., passage-
way, hull clearance, etcand agent names where
conflict is occurring(e.g., preliminary design, hull-
form design, etg.are described.

Goal generator This stage generates an API for in-
dexing, and the information is sent to the conflict li-
brary to retrieve related cases.

. Indexing By keyword matching, all sorts of related

cases are retrieved based on the keyword and the agent
name.

Similarity assessmenSimilarity scores are evalu-
ated on selected cases by using a nearest neighbor
algorithm.

General adviceThe highest scored case is presented
as a ballpark solution for a given conflict problem in
this stage.

Adaptation In general, the presented ballpark case
does not exactly agree with the current conflict prob-
lem, so some modification is indispensable. For ex-
ample, if “make longer ER (move FWD BHD" is
presented as a ballpark solution, it is necessary to know
how much one can lengthen the frame.

Execution of conflict resolutiariThe generated solu-
tion is transferred to related agents in the form of a
KQML message and, according to the message, the
redesign process is performed in each agent.
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Edit Options Panels Help

conflict between MA design agt
) pitiio

hull clearance or passage way cannot be admitted in machinery arrangement design

K.-H. Lee and K.-Y. Lee

Status: Active

I+

4

[] Graphic Browse  Gook:

Page:

Edit >

Quesiions: IREYHEN BEPTSN

| Move l Remove

EfR compartment can lengthen ?

Answers:  Scoring:

can it possible to change hullform of stern part as full?

Actions: Add.. | Mew> | Edi>

I Move I Remove

Redesign of machinery armangement process

Save Save As New

Delete

Test Case >

Cases...

Fig. 6. An example of the implemented case base for conflict resolution between design agents.

Facilitator
CR Handlar
A4 Y TUTTUTGT
Case Indexing > General Advice
Bal k Soluti
Matching A ﬂ (Ballpark Solution)
Case Libraries
Similarity Assessment (
Goal Generator A
- Nearest Neighbor Adaptation
Contflict Matching Algorithm
Description Emergent
A Intelligence
Conflict Libraries Y
Conflict Specific CR
Manifestation Plans
Confflict A
Detection
Inconsistency
Execute CR
Design State ROUter
Preliminar Hullform Structural
M/A Agent . Y . .
Design Agent Design Agent Design Agent

Fig. 7. The components of the case-based conflict resolution handler.
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CR Handler

- “Conflict items’, *Agent Name to occur conflict” from Facilitator
==—=> Problem Description

V

char *callbackhost;
long lServeriumber;
int i;

FTOFIC pTopic:

- Conflict information is transfer to CBR system by API function
CallSetDescription (“hull clearance in MA design agent”); |,

if (RegistercBserver())|
pTopic = (PIOPIC)calloc(l,sizeof (TOPIC)) ;
PIopic—->kwTcpic = EW_SYSTEM;
if (Initiate(pTopic)] |
if (callbackhost != HULL)
callsetcallback (callbackhaost) ;
callEawEaarchi) ;
CheckForHessages (] ;

CallSstDescriptien ("hull clearanoa™):
CallSesarch() ;

CheckForHessages (] ;

CheckForMessages (] ;

callsaarch(] ;

Yas) ;
CallSetAnswer("Can weh frame be redoced?”
Bo)
CheckForMessages (] ;
CallSaarchi(] ;
CheckForNessages (]
callpisplayCases(] ;
CheckForkessages (] ;
Cﬂlmmm(mﬂloﬂ' [N
CheckFor¥essages (] ;
for (i =0; i <1DG, i)
J/* pick up any remaining messages waiting */
CheckForMessages () ;
I

alse
printf (“initialization failed “n"):
Terminsta();
1

CBR System

Callsat.lnswr( Can E/R compartment lengthenm?".

e | seam | e | Eame | mie: | b

Fig. 8. The conflict resolutio{CR) process in the CR handler and CBR system.
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3.2.3. Process of conflict resolution The problem is described for searching similar cases based
on contents and agent name transferred from the facili-
B Machinery design agent to facilitator tator. This information is transferred to the case-base sys-
o ) ) tem by using API functions as follows. Figure 8 shows
Conflictin machinery design agent _ the concept of the conflict resolution process in the con-
“Insufficience of clearance between machinery and it resolution handler and CBR system.
hull of ship” CallSetDescriptionshull clearance in MA design agent”

(tell :sender MA_design_agent

: . - B Case-based system
:receiver facilitator

In order to evaluate the similarity score of the cases, the

:language KIF : _
:reply-with MAO case-based system communicates with related agents by
:content(and(conflict CF2) questionanswer. The following is a KQML message
(conflict.type CF1 hullClearange transferred between the facilitator and preliminary de-
(conflict.shipld CF1 h3p sign agent:
(conflict.position CFX hullform.frame h30 (ask-if :sender facilitator
13)). . ‘receiver preliminary_design_agent
(conflict.source CF1 MA_design_agent ‘language KIF
In this KQML message conflict ID, type, ship ID, posi- :reply-with facill .
tion, and agent name are described by using the conflict :content( ERComp.canLengthe(ship.ERComp
definition. h30) true) )
(tell :sender preliminary_design_agent
B Facilitator to conflict resolution handler ‘receiver facilitator
:language KIF

The above message is only routed from the facilitator to

the handler for resolving the conflict. :reply-with pre0

‘in-reply-to facill
B Conflict resolution handler to case-based system :content true

& Preliminary design agent = =] E3
E;j Preliminary design agent Design Ship Data |’M|lhar Ship Data o Cz ’ ]
Mother Ship Data | Nofification ~ Requirement | Request | Compose |
Requirement | Request | Compose | Design Ship Data [
Message List

Message List Agent| Msg D] Time Zontent
E) D1 =14 | ] (. ;

- 7 - I
J A_g_ent |lulsgID: 1na i Comtent R |facil... |facil4  |Mon ..|ERCormp.Lengt.. |+
R |facilitator|facill  |MonJu_ |ERCompca..

Content
Content Lengthen the engine room conpartment)

can lengthen the engine room of ship ID 'h30'.

compAartment of ship ID 'h30' 2
[ERConp . Lengthern (ship.ERConp h30)

[* 1 framelength]).

(ERComp . canLengthen [ship . .ERConp
h30) true) 2

r Reply
" Yes i No

ok |

OK |
Fig. 10. A solution for the conflict and its action in the preliminary design

Fig. 9. The arrived message and reply in the preliminary design agent. agent.
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M/A Agent

Conflict : Insufficient
Hull Clearance

Message Sending
Jfor Notifying Conflict

Structural Design

Agent

CBR System

Huliform

Changing Possible

or Not

Hullform Design
Agent

E/R Compartikent
Charmgi
Possible
or Not

Preliminary Design
Agent

Facilitator
Conflict Items ;’?’ f;?f%:f D;:cnpnon
Agent Name 1y Reywor
Information Transfer
CR Handler g rity
ssessntet
L~

Case Indexing

Similarity

Assessment

Fig. 11. The conflict resolution process in the collaborative ship design agent system.

uoIIN|OSal 121)}U0d pue WalsAs ubisap paseq-lusby

TOT


https://doi.org/10.1017/S0890060402020085

102 K.-H. Lee and K.-Y. Lee

After awhile anask-ifmessage is shown at the reply win- eration among the design agents, facilitator, conflict
dow as in Figure 9 in the preliminary design agent; if theresolution handler, and case-based system, a designer can
designer answers the question, the reply is transferred the supported effectively in hisier decision making based
thetell KQML message in the above and sent to the handlepn similar previously resolved cases under the collabora-
via the facilitator. tive design environment.

Similar processes are performed between the facilitator
and other agents such as the hullform design agent, th@eEFERENCES
structural design agent, and the machinery design agent.
Through these communication processes, the case-basgdin, T., & Wiederhold, G(1991). An Overview of KQML: A Knowledge
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frame. The message is transferred to the preliminary desigrujita, K., & Akagi, S.(1998. Agent-based distributed design system
agent in which the redesign process is carried out. Fig- architecture for basic ship desighroc. 5th ISPE International Con-

- : - - ference on Concurrent Engineering (CE98bkyo.
ure 10 depicts a solution for the given conflict problem . oot "R g Ketchpel, §1994. Software agentCommunica-

based on CBR. tions of the ACM 37(7)

In this section, a detailed KQML message and the proceJha, K.N., et al(1998. Agent support for design of aircraft paRroc.

_ : : : DETC '98 ASME Design Automation Conferenddanta, GA.
dure for case-based conflict resolution are described throug}gm’ D.H., et al.(1999. A study on ship inifial design agent system based

a scenario of problem solving. Figure 11 illustrates the con-  on ACL and CORBA Transactions of the Society of CADAM Engi-
cept of conflict resolution in the machinery design of a ship  neers 4(4)360-37(in Korean.

: : _ : : Klein, M. (1991). Supporting conflict resolution in cooperative design
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In this study, the implemented agent-based system reuses seoul National University.
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sign sys.tems and !nformatlon eXCha.nge bet"‘,"?e” dISt”_béyclgga,g’KZ(isgg(z)‘.l?\iegotiation planning: An Al approacEuropean Jour-
uted design groups is made much easier. In addition, conflict” nal of Operational Research 4816-234.

resolution is also supported by the system, thus reducing

the design spiral. At this point the productivity of the initial
ship design is enhanced by about 30% from the viewpoin
of the designing period. The system is being applied t

small and medium sized shipyards for practical use.
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We discussed two topics in a collaborative ship design en
vironment. One is the construction of an agent-based shi
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