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Abstract 
The present CAD/CAM systems transfer the geometric models of design objects 
mainly, and designers can not understand others' way of thinking with use of them. 
It is desired to transfer the designers' way of thinking via computer systems as well 
as design object descriptions. Design process starts in general by the input of the 
requirements/specifications. They are decomposed to the detailed ones. This paper 
deals with the communication network system among designers in the early 
conceptual design stage where the functional decomposition plays an important 
role. 

Whenever each designer makes decisions to handle functions of designed 
objects, the communication network system looks for designers who may be 
affected on by the decisions automatically with use of the active database system, 
and help hirnlher to start communication. 
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1 INTRODUCTION 

Cooperative design is required in machine design, for decision making in the 
design process needs the different viewpoints. The present CAD/CAM systems 
transfer the geometric models of design objects mainly, and designers can not 
understand others' way of thinking with use of them. It is desired to transfer the 
designers' way of thinking via computer systems as well as design object 
descriptions. Design process starts in general by the input of the 
requirements/specifications. They are decomposed to the detailed ones (Tomiyama, 
1993). 

The design process is progressed by imagination, remembrance, reference, 
calculation and so on in the designers' heads. Designers may explain the reasons / 
ideas for decomposition, development, modelling, and other decisions, however, 
they are not clearly described in the CAD systems in spite of the importance and 
usefulness for designers to understand others' way of thinking that may affect their 
decision making (Arai, 1991). 

2 CAD OF FUNCTIONAL DECOMPOSITION 

CAD systems have to support designers to decompose the functional requirement 
of design solutions in the early stage of conceptual design. The architecture of such 
CAD systems is shown in Figure 1. 
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Figure 1 CAD system architecture 
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The function decomposition process manager generates the decomposed function 
networks according to the input of designers (Arai, 1998). Nodes in the network 
indicate the functions, and edges show that the upper node function is decomposed 
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into the combination of lower node functions. A chain of nodes shows how the 
functional requirements are decomposed according to the design progress, which is 
peculiar to each designer. 

Functional decomposition using natural language are available in the developed 
system, which are analyzed to exact the keywords. CAD system used in 
cooperative design should also include communication network system to transfer 
design information among designers. 

3 COMMUNICATION NETWORK SYSTEM 

Communication network system transfers design information among designers. 
There are several communication control method. Broadcasting is the simplest but 
inefficient way, and designers have to evaluate and select the information which 
needs time and pains. Conversation model based communication had proposed to 
improve the broadcasting shortage (Iwata, 1994). Information senders are required 
to designate the receivers before starting communication in this case to increase 
efficiency that requires designers making efforts. 

They have to communicate also after making decisions for they may affect on 
others' design process, however, it is difficult to fmd whom they should 
communicate with. The communication network system using the active database 
is newly developed in this research (Arai, 1998). Active database is used here as a 
combination of database system and communication control system. Figure 2 
shows the architecture of communication network system. It can reduce the 
designers' effort by realizing the following two functions. 

(1) To support designers to designate the communication partners before and 
during decision making 

(2) To start the communication automatically with necessary persons after 
decision making 

These two are realized by preparing the conditions in the database which each 
designer declares for receiving design information from others. 

Functions handled by a designer is send through CAD system to the language 
analysis system to compare with pre-defmed function names, and classified into 
three. Those are, simple function, set of a function and its decomposition, and set 
of functions with their periodical relations. These are registered as the trigger 
condition, and the communication network system is raised when other designers' 
handling functions match with them. 

Input of each designer is also send to the active database where it is compared 
with functions handled by other designers. When they match, the active database 
generates the trigger to notify the designer that some other designers have interests 
in the same functions. When the designer asks to get more detailed information, the 
system delivers corresponding designers' IDs and the decomposed function 
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networks to the requester which must be helpful to start communication to 
understand with each other. 

functional 
desaiptioos 

active database system 
interested 
functions 
for each 
designer 

Figure 2 Communication network system architecture 

Whenever each designer makes decisions to handle functions of designed 
objects, the communication network system looks for designers who may be 
affected on by the decisions automatically with use of the active database system. 
Designers may use the system actively also to look for the communication 
partners, for instance, to ask questions by searching the condition database in the 
active database. The condition database is always renewed by the additional data 
from th~ CAD system where the functions are according to the design progress 
(Sivard, 1993)(Klein, 1994). 
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4 CONDITION DESCRIPTION DATABASE FOR FUNCTIONAL 
DECOMPOSITION 

There are three kinds of conditions to generate triggers in the active database 
system. First is simply matching the decomposed function names. When a designer 
decomposes functions, function names are stored in the condition description 
database of each designer. The active database also compares each of them with 
already registered function names of other designers at the same time, and 
generates the trigger if they match. Figure 3 shows an example that several 
function names between different design solutions match. The designers may start 
communication to get valuable information with each other. Function names are 
detected by the language processing system when designers use the natural 
language for function description. 

Figure 3 Function matching in different products 

Second is the matching of function decomposition network. Different designers 
may decompose the same function into differently structured network of sub
functions as shown in Figure 4 according to their experiences and so on. The 
shrinkage of networks which remains only the nodes of matching functions is 
executed. The active database generates the trigger if the shrunk network structures 
match as shown in Figure 5. 

Third is the matching of periodical conditions among decomposed functions. As 
shown in Figure 6, decomposed functions have to keep periodical conditions in 
order to realize the upper level functions. The system compares the periodical 
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sequences of decomposed functions referring to Allen's temporal intervals (Allen, 
1983) and generates the trigger when they match. 

The active database system sends the notification by the trigger to the designers 
whose decomposed functions etc. match. They are able to communicate for mutual 
advices. 

5 CONCLUSION 

In concurrent design, designers often don't know communication partners. 
Especially in the early conceptual design stage, designers of different products 
sometimes handle the same functions whose mutual advices may be of great 
values. 

Communication network system with using active database system is proposed to 
support designers to fmd suitable partners handling the same functions. The 
notification of communication partners is executed automatically by the conditions 
when a designer handles the functions to decompose into detailed ones. 

There are three types of conditions ; the simple function name matching, the 
decomposed function network structure matching, and the periodical condition 
matching among decomposed functions. They can be modified in the near future as 
the description of design knowledge to refer the solution by functions. 

designer A designer B 

Figure 4 Different network structure of decomposed functions 
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Figure 5 Shrinkage of networks and matching in different products 

Figure 6 Periodical relations among sub-functions 
Note: Sub-functions are described as actions in this case. 
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