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A Study on the Prototype Expert System for the Evaluation of
Vertical Plane Stability of SWATH Ship

by
D.K. Lee*

Abstract

An expert system is a software program that solves problems traditionally solved only by a
human expert. An expert system captures and manipulates the knowledge and strategies that a
human expert applies to solve a problem. In ship design work, experience and knowledge are
very important. If expert system for ship design could be developed, efficiency of design work
would be increased very much through use of it.

This paper is concerned with a general characteristics of expert system and development of
the prototype expert system for ship design—a system which can be utilized to improve the
vertical plane stability of SWATH Ship.
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Table 1 Generic calngoucs of expert systcm dppllCathIlS

Category

Problem addressed Problem domam Developed system
Diagnostics to relate behavioral faults with the medical diagnostic system | MYCIN
i cause of the behavior
o |
Prediction | 1o predict future results from a given stock market prediction, K-FOLIO, ASIE
1’ state weather forecasting,
‘ trafic flow prediction
Planning | to achieve specific goals when many configuration XCON
i variables are involved
Interpretation | to establish certain conculsions from data analysis PROSPECTOR
observed data f HASP/SIAP
Monitoring & : to make decisions using data from nuclear power plants, |
Control ‘ many input sources aircraft traffic control |
3
Instructlon to teach students { battle system
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« Principal particulars

element&&

+ Design speed

« Area and location of control fin

« Hydrostatic results

« LCG and KG

« Box clearance
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Table 2 Knowledge representation by Abbreviated Rule Language(ARL)

No. Rule Rule
002 | IF :I(DATA-AVAILABLE)
THEN: : (FN=((SPEED*(. 5144)/(LBP*9. 81)*0. 5))
005 IF :!(FN<{=0.5 AND! SPEED-REDUCE-POSSIBLE)
THEN:: (SPEED-REDUCE-IMPOSSIBLE)
025 ANTECEDENT::YES

IF 1 (AFTFIN-POSITION<((. 1)

THEN: :(PRINT!!INB=AFTFIN SEEMS TO BE LCCATED FAR AFT)
029 IF :'(ADVISE-HULLFORM IS NOTKNOWN)

THEN :(ADVISE-HULLFORM =(TEXTNAME TXTG14))

Table 3 Knowledge Representation by English Form

Rule No. » Rule

002 If AVAILABLE DESIGN DATA,
Then it is definite (100%) that FROUDE-NUMBER is [[DESIGN SPEED-knots time
0.5144] divided by [LBP times 9.81] raised to the power of 0.5].
005 If 1) FROUDE-NUMBER is less than or equal to 0.5, and
2) -SPEED REDUCE POSSIBLE is not true,
Then it is definite (100%) that SPEED REDUCE IMPOSSIBLE.
025 ANTECEDENT::YES
If RATIO OF THE AFTFIN LOCATION AND LOWERHULL LENGTH is less than 0.1,
Then inform the user of this decision.
029 If my recommendation about hullform is not known,
Then it is definite (100%) that my recommendation about hullform is
GENERALLY FOLLOWING METHOD IMPROVES STABILITY;
-LOWER KG
-LOWER BOX CLEARANCE
-LARGER GML
-LARGER WATERPLANE AREA
-FORE LOCATED LCG <LCB).,

A ARE Rde Jl5g 59 5 9. Rulew 4,2.3. Parameter
3 299 then #-3¥o] 9l& ADVISE-HULLFORM- Parametert= rule 7§9] i /\]-3—"?_} 2 7] k3
FE A NA fr=s e FEegd, AGFE 7hEel A systemoll 4] A EdhE A E A

o
~
2

0O

| =
S8l FEE & Ffols o]TL uiel £ + gt 5 Ruleﬂ]J !,>,<, = “E:r% systemof] 4]
5 AEE FE3l T, FEFEFEY A Fol A ¥F38l+E ZAeols DATA-AVAILABLEe| v F
F&9 AFAHe] #Hrk. SWAPERTHA = AgF: L AR} 4 9slE A2 24 parametero]t}. para-
7

o

e

FEFESE EHR H¥Y FEL o1 83dch meterdd FNel 3 W &¢ A g7 2o
Rule¥] & 259} ANTECEDENT::YESE 254 ruleel FN
Qo Al e AY F2L 483 gu|e. Fg TRANSLATION: : (FROUDE-NUMBER)
YFEL AN FYFEL JJBow 3o RS TYPE::SINGLEVALUED
A A#trhst working memoryy] 9] data(Z& fact)9} EXPECT::POSITIVE-NUMBER
AEFE ruled 2435 AAe a6l ruled 523 UPDATED-BY: :(RULE002 SREFMARK RULE003)
g ot USED-BY::(RULE005 RULE004 RULE003)
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Table 4 Knowledge representation by LISP

002 PREMISE::($ AND
(SAME FRAME DATA-AVAILABLE))
ACTION:: (DO-ALL
(CONCLUDE FRAME FN
(FQUOTIENT
(TIMES
(VAL1 FRAME SPEED) 0.5144)
(EXPT
(TIMES
(VAL1 FRAME LBP) 9.81) 0.5)) TALLY 100))

005 PREMISE::($ AND
(LESSEQ*
(VAL1 FRAME FN) 0.5)
(NOTSAME FRAME SPEED-REDUCE-POSSIBLE))
ACTION::(DO-ALL
(CONCLUDE FRAME SPEED-REDUCE-IMPOSSIBLE YES TALLY 100))
025 ANTECEDENT::YES
PREMISE::($ AND
(LESSP*
(VAL1 FRAME AFTFIN-POSITION) 0.1))
ACTION::(DO-ALL
(MPRINTT “NINB=AFTFIN SEEMS TO BE LOCATED FAR AFT”))
029 PREMISE::($ AND
(NOTKNOWN FRAME ADVISE-HULLFORM))
ACTION::(DO-ALL
(CONCLUDE FRAME ADVISE-HULLFORM
(TEXT TXTG14) TALLY 100))

9ol A translation® A&AelA FN-& A= 3 Aoz el FPHE FhF) B AEE
Abg3lE Aoz FN Aol translations] =73 Abg-Ao Al B Fot. 122 demonstration-g ¢ 3t
Qe NE&E of &3t F Table 201 & rule M F 201  ¢d% data®g filez 22 AHolch

4 FNoz 8% zle] Table 3¢l FN9 transla- (SWAPERT-1 PROJECT-NAME (“demonstration”
tionel FROUDE-NUMBER>7} o] &5e¢} 2822 o 100)
% weoech. FNO valuelr %gola skl kb (SWAPERT-1 DATE-AVAILABLE(YES 100)
Zri=rhe Ao| Parameterd] bt gle=, FNo| of (SWAPERT-1 SPEED(25 100)
W ruledd Aese oW ruled]A AHEHZ Qe (SWAPERT-1 LBP(24.6 100)
715 49 rh.  parameterd] TFHE HEo2ZE (SWAPERT-1 SPEED-REDUCE-POSSIBLE(NO
translation, prompt, type, range 59 @7A 7 9o 100)
w, parameterit A o Aot AA AL A (SWAPERT-1 AFTFIN-AREA(4 100)
s 4 sd 2} sfet, (SWAPERT-1 FWDFIN-AREA(1.2 100)
4.3. A0 (SWAPERT-1 WPA-AREA(15 100)

Al8-2= SWAPERTe A 273t datad 433} (SWAPERT-1 AFTFIN-LOCATION({4 100)
71 SWAPERT A A Adte dataFol4 3 A (SWAPERT-1 LOWERHULL-LENGTH(24 100)
detozd F9e 3 ¢ Uk, SWAPERTE (SWAPERT-1 FWDFIN-LOCATION(20 100)
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(SWAPERT-1 CONSULTING-CONTINUE(YES
100)
(SWAPERT-1 KG-DECREASE(NO 100)
(SWAPERT-1 LCG-FWD-MOVE(NO 100)
(SWAPERT-1 BOX-CLEARANCE(L. 8 100)
(SWAPERT-1 WAVE-HEIGHT (2.5 100)
(SWAPERT-1 STRUT-THICKNESS(0. 8 100)
(SWAPERT-1 LOWERHULL-DIA(1.8 100)
(SWAPERT-1 GML-INCREASE(YES 100)
449 & datas 712w “demonstration” S project
namel. 2 F£7lo|# DATA-AVAILABLE? “YES":
&AL Azstz gl SWATHAS 24 #8438
& &= e freloh uke o514 “NO“sl 919
5" SWAPERTH A &= &&o] 2153 Axs
#7 SWATHA S 144L AAE 4 = duxaql
AHgol At AR A AFste Fr}. “YES” o
o Y€ 1002 FUEA S Fag Ao 2 1002
pure true¥ oJn]dtz —1002 A XA L o).
SWAPERTH & A= A4 A4sid 297 o4&
o °]&9 2%t& ¥4 pure truedl 100¢] = o}. SPEED
*} LBP 5& SWAPERTH 4 273 wez 9
& AozA 474 E @295t et A got 2
A terminale] A= 299} 4 QP& 273E data
of A AT Aol Folaw, 7 Hio 9=
CONSULTING-CONTINUE: = ol Aol 48 % data
F o183 Aojdel AF AEL £2% oL, hull
formo] }sled Al A4 consultinge & A= ALg
AodA #HAE Aoz “NO”E ¢=&n] SWA-
PERT % Aloldle] @3 consultingZ #}otg B Fx
Fadch. zev 99 delAdE “YES"S gEsgde
22 A3t consultingg 423 3}=], hullforme] 3t
3t consultingg 3t} #714¢l 947 dataZ g3t
At oleldt Ao A 49 oA SWAPERT
AbEAbel Al A st £ 99 dataF o] L3l
SWAPERTO 4 =%% AEL 83 7},
Conclusions for frame: SWATH-1
My recommendation about fin is as follows:
=>AFTFIN SEEMS TO BE LOCATED FAR
FORE.
=>MOVE THE AFTFIN LOCATION TO AFT
My recommendation about hullform is as follows:
=>BOX CLEARANCE <B.C)> SEEMS TOO
HIGH...DECREASE B.C ABOUT 0.6—0.7
OF DESIGN WAVE HEIGHT...IF B.C IS

e K

§ % 2

£

HIGH, GML WILL BE DECREASE AND
WEIGHT WILL BE INCREASE
=>INCREASE THE GML..LARGER GML
IMPROVES STABILITY
Aol AEe] At AgAs} 2 A4 & gz
3 Fol F4 HOW =&
WHY? 5 S22 924 ¢ 6148 4 glos, TRACE
715 % ol &8l consulting?] AL Faq & &
& 8loh. Fig. 2 SWAPERT system2 A}-&3}4
consulting¢ x4 WHY 7]1%4¢ 243 o 2
3 gleh. Fig. 2% SWAPERT systemo] AA| 43
< Fd5 derte A AEL AgAdA & Ao

(g

% "l & consultingg <3

~> CAN YOU REDUCE THE DESIGN 850D
YES
NO

why ¢
Whether SPEED REDUCE POSSIBLE is needed to determz i SPEED REDUCE
INMPOSSIBLE

RULE0O3
Ir Y FROUDE-NUMBER is greater tiun 0.5, and
2) SPEED REDUCE POSSIBLE is not wue,
Then 1 itis definite (100%) that SPEED REDUCE IMPOISIBLE. and
2) inform the user of this decision )

** End-RETURN/ENTER to continue

2. Press RETURN/ENTER to cominue

]

Fig. 2 Example of the WHY in the SWAPERT
system

Roat Frame SWAPERT-1 created
Get initial data for : SWAPERT-1 PROJECT-NANE
=v= USER ENTRY === : CSWAPERT-1 PROJECT-NAKE =

{“dezoastration® 100)
Setting parameter ¢ SWAPERT-1 PROJECT-NAWE =

“demonstration cf 100

Get initial data for : SWAPERT-1 DATA-AVAILABLE
* USER ENTRY =+« : SWAPERT-1 DATA-AVAILABLE «

(YES 100)
Setting parameter © SWAPERT-1 DATA-AVAILABLE =

YES cf 100

Trace the following goals : ADVISE-FIN ADVISE-HULLFORN
Tracing parageter ¢ SWAPERT~1 ADVISE-FIN

Iry the rules that deduce - SWAPERT-1 ADVISE-FIN :
RULEO14 RULEQO] RULEO!14 SREFNARK RULEO1S

Testing rule premise : SWAPERT-1 RULEO13

‘Tracing parazeter : SWAPERT-1 FIN-AREA-INCREASE

RILE013 RULEO1Z RULEQ11

Try the rules that deduce SWAPERT-1 FIN-AREA-INCREASE : RULEOO?
Testing rule premise : SWAPERT-1 RULE007

Tracing parameter T SWAPERT-1 FA-WPA-RATIO

Try the rules that deduce SWAPERT-1 FA-WPA-RATIO : RULECSG

Testing rule premise : SWAPERT-1 RULEOOE

Tracing parameter : SWAPERT-1 SPEED-R¥DUCE-INPOSSIBLE

Try the tules that deduce SWAPERT-1 SPECD-REDUCE - IKPOSSIBIE -
SREFMARK RULE0O3

Testing rule premisa : S#APERT-1 RULEOO3
Tracing parameter : SWAPERT-1 FN

Try the rules that deduce SWAPERT-1 FN : RULEDOZ SREFNARK AULEQO3
Testing rule premise : SWAPERT-1 RULE0G2

Tracing parameter ¢ SWAPERT-1 DATA-AVAILABLE

End tracing parameter: SWAPERT-1 DATA-AVAILABLE

Apply action t SWAPERT-1 RULEC14 TALLY 100

¢ SWAPERT-1 SPEED
ENTRY =e= : SWAPERT-1 SPEED -«
¢ SHAPERT-1 SPEED =

SWAPERT-1 SPEED

RULED0S

Tracing parameter
e UR (25 100)

Setting parameter 235 of 100

End tracing parameter:

Fig. 3 Example of the TRACE in the SWAPERT
system
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SWATHA 8| 4 44 B7h% 919 Prototype A £7h A28 7 o] 2%t o1 F 43

24, AbgAsE 8@ datao w) slo] 2 o] & ) 4
AV o mel g A% dl e 9 ske] WHY S i
AHERE Aol vk ©) A% systemel A& o] dataz} ofw
ruledl 4 oA F 2 @se] et ALgAdA oty
Zr}.

Fig. 32 systeme] #4& Fgse A
TRACE?] 5-& o] &3l filez W& A
th. Fig. 3o1A1 8k o], AlfAE =Alo]
o] &3te] systemel] 4] ¢}rd ruleg o] ®A)
A HE =2 uG F4¢
235 A& A3 A=

4 &
%9 Qo)
93 datas
A8 ¥
FAY Loz
144 4 9},

5 & pa

HIT Al mzsm e FES Axde 7zl

E4ol sl 48 nw AulidA] Rokole 28s%
4% AEsgc. AEAN2W AdEF9 PERSO-

NAL CONSULTANT PLUSE =qlete] o¢] Ab&
Wl g AR, o] T ol 8dle SWATHA S 43
Aol Ao 34 Aol 8L FE prototyped
b A2wg A2stgich. Prototypeo = Ajut® HE
s} Azgq SWAPERTE: SWATHAS 47| 27]
AlefA SWATHA S 4448 9 22474 =
ZEE F U9e Ao, ¢o2 FdA4 routineo]
FdgE WS Aeg A2e FHE 5 0L A
o]},

AA Aol Ads s v AL Axy Ale
F& oF3] 72 FORTRANSA | interfaceo] ¥-#]7}+ <)
o] FHAAE st A e 3F e,
a8 &2 d¥oA object-oriented languageE o]
48] FORTRAN# interfaced slR 2 Z§F4)
ool A& g v sl T gtk AES A
H A =FEE F & languageﬁ}s] interfacei:
7b53tAl # 9¢ Sl systemo] AE o welx
w, ol & WA Al4te] ubElE AwpAA Hoke) A

Azwl ARE shEA & e g

Hd
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