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Preliminary Design of a Ship by the Knowledge-Based Optimum Design

System
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Abstract

Although conventional computer programs use efficient and precise optimization algorithms,
they can not emulate the problem solving  capabilittes of human experts. A design
optimization process involves a number of tasks which require human expertise and experience.
Traditional optimization systems have concentrated on numerical aspects of a design process
and have not been successful in integrating the numerical parts with human expertise. On the
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other hand, most knowledge-based systems focus on symbolic reasoning and have been little

concerned with the numerical processes.

The objective of this paper is to develop a knowledge-based multiobjective optimmum design
system which has the capabilities of knowledge processing and numerical computation by
integrating the multiobjective optimization method and the knowledgebased system. The
knowledge-based systemn for symbolic processing is developed Rules for knowledge
representation and the inference mechanism of the system are written in LISP. The
knowldege-based multiobjective optimumn design system is finally developed by integrating the
multiobjective optimization method and the knowledge-based system by applying shell

programming technique.

The system is applied to an optimum design model of a LNG carrier in the preliminary
design stage. It is found that the system well simulate design variables and ohjective

functions of the design model.
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Macro Function
Macro Argument
l Macro Name g

( defmacro ruleset ( name lhs rhs &optional (rules *rulebase*))
“( setf ( gethash ‘name ‘rules)
(make-rulf :lhs ’,(¢dr lhs ) :rhs L( cdr ths ) )

Macro Body
Defstruct Function Structure. Name

{ defstruct (rule (:conc-name nil))

lhs
ths &—F—
( cfr 1.0))

Attribute (Slot)

Rule Definition

(ruleset r128 (and (Ing ?x) ( membrane ?x))
(and (1bp-1 ?x) (1bp-1 250.0 0.2 0.01)))

Represented Rule in Macro Function ruleset

Knowledge Base

lhs : ((Ing ?x) (membrane ?x))
rhs : ((Ibp-1 ?x) (lbp-1 250.0 0.2 0.01))

Structured Data

Rule Referencing Type ruleset

(lhs rule) ——®mg ?x) (membrane ?x))

Fig. 2 Definition of the Data Structure and Macro Function
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Fig. 3 Problem Reduction for Problem Solving
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If Depth of ship is required for

optimization
Then determine lower and upper bound
of depth

If design variable is length of ship
Then length of chromosome is 20.

If very good point is not exist
Then recommend optimum point of
objective function-1 and function-2
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Fig.4 Selection Method of the Opti-
mum Point in Pareto Optimal
Set(Minimize f1 and f{2)
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PARETO OPTIMA
SET
GENERATION
=
Inference Optimization
Engine < > Method
Knowledge Design
Base file Model

Fig.5 System Configuration of Developed Knowledge-Based Optimum Design System
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While ( all points )
check Pareto Optimal Condition to three
points
if ( violate Pareto Optimal Condition )
then
remove violated point
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replace violated point by next point

endif

replace one point by next point
End While
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Building Cost ($ )

Fig.6 Performance Evaluation of the Deveolped System and Other Method

2.94¢+7
e+ 8 @ by Developed Knowledge-Based
4 Multiobjective Optimization System
O by Multiobjective Optimization Method

2-935"'7.1 o .8 oo based on Genetic Algorithm [4]

L . . .

®
2.92e+™
291e+T
2.90e+71 OCe
2.8%e+7 L v T T T T T T
1.70e+7  1.72e+7  1.74e+7 1.76e+7 1.78e+7  1.80e+7

Operating Cost ($)

1.82e+7
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Table 1 Recommended Design Point by Knowledge Based System in Pareto Optimal Set

LBP(m) 266.56 Cargo Capacity (m3) | 143,280
Breadth(m) | 44.97 MCR (PS) 22,080
Depth(m) 26.47 Building Cost ($) 29,267,600
Draft(m) 11.43 Operating Cost ($) | 17,146,800
Cb 0.7156 RFR ($/Ton) 77.36
Speed(Kts) | 18.78
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