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£ d7e AA B8 EE A4S A8 CAPP(computer aided process planning) A€
el Bk FAo|n), Al2® W& BLOCK olth AlAdle] A e BRSNS YAote AZ7HA
2€l7 BEHEEMY Holol UL & 5 Ux £ L 2 £ Alagloz o]FojA Uk AR
M 28] F8 7Y o2 Algl7] W38 (case-based reasoning) 71 & ol &8t} Bl RN
2 g HyseA aggdes HAE 4 du BEE Hrole HE HE 9ES AN
g £ 90t} AR 2" YaH ool oA AEIIA A" AN £79 NEXPERT ObjectE A
£3to] sty B dpeA e digd &L VLCC ofef.

Abstract

We describe here the research work concerning the development of the CAPP(com-
puter aided process planning) system, named BLOCK, designed to support block divi-
sion of ship. The system consists of the expert system part generating block division
lines, and their evaluation and editing one. As a reasoning approach of expert system,
the case-based reasoning is used. The division lines can be graphically edited and the
satisfaction measure of block division can be checked up in the evaluation stage with
separate window. The expert system is developed by using NEXPERT Object develop-
ment tool in the workstation. Currently the target ship is VLCC.
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1.M B

B BEE Fsle B AZ GAES Yo A
2 AAY AFE 5T A FEE e AF
o] dA 258 3% A¥(process planning) & HlF
g AE Y Aol 23X PR A dAES FFE
g o] gdled Fd sube] A4 Al 2Hl(computer
integrated manufacturing) &2 2HA713 Ut
upeby 24 Akde] ohekd A2 S HA |z
FgAHos FIPUE SHdM CIM7|E Hee

2 olg} slAtH 1121311415161,

N&EQ A Adelre} M BHEE A& 27
EHE A2 3F AAY AB/ EHEELE
A%sn, #HE BHETD AU S #AY SR A3
o 1 5o Zo] HlaA ¥ FEHO|U. o] F
ol HAFBEFEA Y (computer aided pro-
cess planning) Al A#9] fgo] g€}

HE7M e e AR MBS oy o 2 AF
Bl ol B8], EAE 2%, P&t AN
FAlO 0@ oA A E Y & Ja, Aage
T 9 £8 A Ao 7l B £ & Bl FH
o] e &4 84 Mg g4 358 5 e BA
o] glo] HE Hoko| oAl A ¢ Fofl HEGF 7] g0l
cH7I89110]. olel £ AFelNe BH -8 Fol
HETM 27| eE HEalct AE7 A2tz
28 JRE 343 AT 5 de HE Aladle 5
Fo| Haid, 24 FZ(knowledge acquisition)®]
FEeol 3z, 53 HAEIVNZREIY AY FF
(knowledge extraction)o] &-olsfio} @rH12]13].
a3y Ao o] T #HE H sHedt A
2o] gjRfEo] Fel=o] A2} FaA dHF Fe)s}
e Fwd Atel YRR ¥ Ag8 e A
ol A2} e RELS AR AR A
gletm, HE7MA "ol wiedszl 23 B A4
HE7ER sl A Al d st FAE e
& REE AL AHE Helo AFEHYLETHAE
A&e 44371 73l E skl weld +33
BehE A% £ Alz®x 27] 44 CAD Alxd)
HEx £ 7hed 2 rled 7 284
73 Fofl ol g3, = B Ao Fo WY B
o gi3t HPANME 3y o] MRS s
715 & 83 vt AjxElo] 7% dA A

HE7A 2Ele] 28 Mo A7 2F o
£5]0] & A 7|WEE(rule-based reasoning) 7|
Wol st o] 71 AE7te) o] 82 13 o
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Az =7lol BHsolo} 3, dME A (pattern
matching)e] AM@ 2¢ A3 EAE & + ¢lA =
9, g (learning) 7159 F8Ho =Y /1YL A}
Lot b= o o] qriil] weEiy B Alxe
& AE7A g9 8 /PP RN o]F A7
g9 gidE Bohslvl 8l HA9 BEg 4oz
& A 7)REEE (case-based reasoning) 71HE& 9]
S8lo] FAlo] B8 9 oA} G Bt A 2RSS
WEigct. Fig, 12 /e B8 CAPP Al4x9l
BLOCK®] 2jA} 2% s&%o|th
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Fig. 1 Structure of block division CAPP system
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U3 B4 Mekg EEdsted ol ag A Aw
9 Y FEE o 4] F2AQ SR 9§
FREE FA=E Y, o|E 7] HA Z g
g sl Uuh X % (general arrangement) & 5-E
dejzict

TZ ARE ey QdA(index)E A olE]o] A}
&2te ol9] ghg Al dAEA ) weky o
+ FAA AR E AR 259 R 2lwlo] A (knowl-
edge base)ol %3} Al o] A(case base)ollE o
A ZAEE £ Ao tig Qe a9 Qd A gro] A
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A5]o] glojot &8, i Autn) Qe x ghg ¥
o] FAL Abg] AA e ol 48T, A e AH FIR
o] ¥ dHo EAo gt FEHoZ tan, H
&, AojR aglan AW E(engine room)ol] WA=
E2 gag. 38 durge AF Mz g, od
e]l, F8 2Ale AR g Fol et FF #A
R F9| £ tank top9 Zol, bilge radius $& ¢!
a2 AMEHAT, 1 2] F4 3 JEe FEA
9] a1zt Al AlgET} o] FE AEE 94
2 P ARl YH e A AT e g dYdle
F29 98 WA T 27) A CAD Ao gy
o] Pe 2 A5oz AYste Weo] UL + 3
oy Agd Azl A HAE HAY7E B B
A 93} 3] HlolElEo] 43 £ 31U U Falof ut
2} gEc. 3 & dados 18 A2 Ao}
[15].
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B2 AR Aamle 22 7Ho2e A9
AE ZAZ 3l FAE AFsle A7 E7]
HE o] 83k cH11.12,13]. Wk & AFeMe F
o7 BAlet fAIR B AY A E Aldlwol &
(casebase)N A FZ(retrieval) sl Al & A,
Bgaaal st g Mdd 33 Aldle] 2E4E
8- (adaptation)A71& AlE 38 @A, At 3
o A Arltest)E e HA GAZ UYE 5 8
o},

AEEE NEes EAE HFN] dalMe
A Atdl(case) B9 2|2 o] HFH oo} dl=] A}
#eo FAM ALY Al2dd #E JEEL GAEE
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3.1 28 Atzlle] X4 HH

B AHE 2H37] A e AHe A& Ug
He dg2et Y29 gho] E@FoF FT}. Zt A}
#lE 2 (object) = Belsw, EA Ag27-9 & <
gade] £REo2 FEAY. EA dd2Fde 7
A ZBE AE SRAE 2 BN dF5E T2 R ¥
g e FE7F AdAaz FeHn I @S] AR
o, B4 Qe zo A o] YA At A1
FE¥e] @io] ¥rH13). Table. 12 &4 Q29| of
o}, '

& (solution) Ve 2F-= 7} Apof tht & A
HE Rdsin, E84] A o] WA FdF(car-

oA, A, ol &4

Table 1 2 oldA9| of

ol §: Value:

BB RE KRR R RS
shipType_l: VLCC:
hullType_1: double:
section_1:  midship-bhd:
numLbhd_1: 4:
portion_1: parallel:
tankTopLength_1: 58000:
bilgeR _1: 3000:

FEERRRE KRR EERS AR R R RSB ER R

go hold)?] Z-$le Aol gtoz, Asvlyel Z4ol
£ 4l 92 A%} ATk Table. 2& & e
o) A2 A% doe}.

Table 2 3 l=Aof of

o] &: startX® startY: endX: endY:

sthdDiv:  -29000:  2880: -20930: 3000:

portDiv:  29000: 2880: 20930: 3000:
crstCenter1Div:  -5720: 16480: -5720: 14360:
btmRightDiv: -10995: 0: -10995: 3000:
btmLeftDiv:  10995: 0: 10995: 3000:
deckRightDiv:  -10995: 32000: -10995: 3000
deckLeftDiv: ~ 10995: 32000: 10995: 3000:
tankTopCenterDiv:  10845:  3000: -10845: 3000:
deckHeightLeftDiv: ~ 29000: 23480: 10920: 23480:

REXBARAARRRRERERRI SRS SRR R R R R SRR RSN N RS R EE IR 0%

3.2 RAL A

Folzl 248 FAME AlEle) 322 93 AlaH]o]
29| A2 S-S AaliMe Al wlo] 298] F2E
AAEA 7 Aol a3l o5 st AEdE A
2dloA o] Ald dlo]lAe 2E%W(discrimination
network) & ) &3dte] FASHLH13]. AEFE o &
g Aldle) 32 e e 2o Al FEFA
t 988 g4y BA Mduke] Qdx HBE 7T 3}
ool 2E 1T (root node) ERE F@ele] ¢lgl A
4 Al A o} A (dimension matching) < &t 433}
A A oo dE dAAd A g Fctn, A
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£ Afde 84 x2oA 9 i Ans g &
A =28 AR ste] tdld S FYES
o vl A ofd) A =Ed Apd we ¥d xEd
A= e ARE AAHE AlE 230 Fig
2 AA F44F MidshipDad| tg rd%2 vie}
¥ Ao,

dship-bhd Swash-bhd Siop tanker-bhd
ey Panel type?* “Panel type?"

tankToplLen<=50m
“Size of
bilge radius?”

bilge<=20m

Fig. 2 Discrimination network of case base

3.3 Al3l9 HE

Abe] A-8(case adaptation) & 28 FA} Alele)
HE AH3 sl FolH EAE AP Hg
FA L 32 Al 4 dd BAle g S v
A F, FUF 72 Auoz AR Al My}
9] & (solution) & FA Aute] Fg4oz Zuiz A
Alghct, Adolgt Aol EAJCHA FoA tf A} EA M
uh gadel 9 229 8 P Alaeld R
g Ag A4 e Ay FAg, B F2l2H (heuristics)
of 93 F2 A g ¥ AR £IYPE}

A GAZE £ W A Fo i@ He
o2 fAlF Al F& Al wlAIS A% (unmatched)
T2 FE EAQdY A7) Qlow, old g AolH g
THE 7]k B FAE o} 83t H-2AlFIT)

F iR dAle Bl Mo g Fgold ole §
g ot dute) 32 Ale] Mato] Aold 4 94 gt
S 2t 35 ARl & Alle N1F B i X
FE 4y A BA9 d9 2 252 A,

124, vz Adte] Zo] g 3% Zd) gy B
Aol olFolut AA|, F7bt & - demg Af

£
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Hg-& slofof gl o] T dAE ARe B9l N-
EXPERT Object oAl A &&= ‘CreateObject 71
T AHEHAM 2L Al HAE A2 AY F
o %4 (dynamic)22 483, ‘Write operator
g Algsied Eddde] dXE(text) FEE YU
[15].

3.4 HAE(test)

A 8- B3l B8] A= i AMute
Fo|7l T Yo e F8 B Tl dojut
A2 o571 24 N9 E AT 28 73 AeE
of zHgeg Axgct Hag A Adg £3o] &
Foz Azjdct 4 A E A% #- F39 qs
Wee e 2o I=E NEXPERT Object®
&3 3l

-~ 29 oo 43 E B8 EC] Ho| X BF 94X

o} 7H4d o] dold 7% piped side YA A 10
mm BHZZO R olFH FEAME o] g
aglm 7Hde] WA E=Al thA] FH ARl

* HEyE o of:
(@RULE=R37 (@LHS=
(Yes (interference_adaptation_vertical_test)))
(@HYPO= interference_vertical_line)
(8RHS=
(Do (pipeSide+10) (pipeSide))
(Reset (interference_vertical_line))))

(@RULE=R36 (@8LHS=
(IsNot (Input_GA_data.filename) ( Quit’)
({ ((pipeSide-stiffSpaceBtm*N-100)) (0)
() ((pipeSide-stiffSpaceBtm*N+100)) (0)))
(@HYPO=interference_adaptation_vertical_test))

)
)

3.5 2@ 2

o] Eun AR7H 28 e £ FRE "o
EZ AFsh o9 ZArtek £3& nelste] g
2 YIRS 258 /st BEde vung
7 Fig. 33} 2ol ghiddl 8 A€

4. 28 oEx Hol 9 53

AbgAbE Al 2Elo] Atet B thate] Bgw
7}E (division evaluation table)& o} &3} 32} 7
T R E $F AAE T B2 HAYE o] 88y
BFEAE £33l HE o} HAAE 3o}
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Fig. 3 Proposed division lines

4.1 28 5 7|

A7 2o AdE B8 £8M PR AHS
2ol AslM HFHoz BHH/IRE o] &AM B
9] Aol dAEY AR 2l e Y A
Ab 71%0] AFLE FEsE wWHdA o] 7e e AF
AAY 715N Hel kAl B 5ol tisted Azt
74 AR A AY sdsled S3o) sl HAF A
e FEER Yes/No/Unknownd oz Aa]H
o], A3} 3ko] Nodl ¥ Fej2gd dair e thgol
AFE 28M HA M o] FAA Aot ot
2hA o] 715 & ALEEIA ARl B g Ty Al
g FHE BRg A8 sy AAE 7| Ested o
23 49l

BEH7IEE ol geiM HrpA He 859 d&
23 2o}

- 81439 Hi A7

- BA Al B2 N7 AR

- Bz Ay FUA A

-9 AF FAL 22 B

ool 7bheAd A%
- A4 BOW 728 ¥ 8308 2% 7154 o

B
=

o

oY, gAY, o] &

- vl 937} FRoln E(B)o] 50m Hr} 2
Avt 2Hg wje] B& 3ot Bl & Hy
25me)™, Main Deck @R Zof upalr] &
Aol gix) 9} 82 Mt AR}

RUM RE 44 7Y

IF 1(B/26m =( 2 (EtHe] Zo| 50m 0|3t )

THEN Main Deckl center 28 E@8ict.

ELSE(

IF 2{B/25m =( 3 (&tHe} E0| 50m & Xoig of)

THEN Main Deck KNUCKLE LINE 9xi& 12i5t0{, K. LoM 7XE
o235 8 Hyo| g ¢ UTE sict

IF K.L Atojel AHzl7t 26mofatold((kiLoc*2) =( 25m }, & K.L3}
side shell 22| 2| 26m o[3to[™ ( (B/2 ~ kiLoc) = 25m ]

THEN K.L& ZA2 center, port, stbde 38822 Main Decké £

sict
ELSE L-BHDS| #xI§ #olsto! L-BHDE et £2f 280| HT & sict
IF crosstie?} centeroll g #$

THEN L-BHDS} center® ol 20| M8 =ojo} st22 mold hine
ollM side Z22 75mm HoiMM B8

ELSE crosstie?} sideol 318 A%

THEN L-BHD| sideX ol 2lFo| M¥=0{ol 322 mold linedijA
center 22 75mm WOIMA 28

4.2 28 HET|

Fay gl wE B8 BErd upelr, AMgale
A2l A FEHE 93 o] F(move), A4
(delete), F7Hadd) AIE + e A#7F T AR
A Az ezt 7hssiti4]. 73 2 3k §
dHe 7+ A% AQH geA FEHIEE A 7
e ¢ AR do] FEMe] HEV] FH3] JEH
& &9k AM8AHE Fig. 39 39 oM 4 2
o] &7 rhssict, E BaAd £ AF7)E CAD
A2Els H4E peistn o, At FEAS
£ (7] 9§ oA aEF oz MY, A4,
AR o152 T 5 UARS o] EPHOIE AME 7}
5I=2 dAE ).

5. At2llel ME 1 #&(learning)

HE A 2= Aot BEM R} o) gHE
o HAL 3 GAZE AR FF £¥AHe] FAHHE,
At Bl e g B4 Adol] gig 284 A

2 A2 AR AR AR, oA E FH
A S Aldl 24 A o] "HuiH A ge) ok
=(node)oll AZE AUAE HstA dch olzd
71%5E Eotd A & fAl BAE 3% 75A ez
A 7196l 2] & &4 (learning by remembering) 7|
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sol Roi=l) agci{11.12.13].
6. &Y (explanation)

AHgAe] 8ol whek AR/ AWE 228 FA4
st AgE A% FAET ¥Y & Yk EE Ax
Yoz HE AYY FEM thate] $40) UAE A
$ 480 v A ATE A8l ABET)

7. dE ¥ W8

AR} A 2"E spdsted sloide REE A4
o] Ao hE &< (verification)d} 715 Z
3 FEA HE(validation) ¥4 e| Haslcy7] &
Qe ik A i =124 AL2-g NEXPERT
Object M AF3dte= 72 % (Rule Network)® 2
A 2HObject Network) & o]&dt] 2o 1z ¢
A8 AP & PRz #AsYCH15) Al2wye]
7159 g FEA A5 A2de 2 2Eg¥E A
3 7% dala WAEE A9 WES BHald
AEsHch

A A A e HEZvbol oM AFS B glon
AE43E dale M2 Alele] Beha) tio] ¥
ZH H%5o] AlgEolof gt

td A28 BLOCKS AE7te] AR £gdd
g A} A& A ggct NG Qe AL
A 2dl7)eg Hgdld At 58 7IHe g A
£¢ Al 752 (case-based reasoning) < A&7}
o] BEE A ol FAMEIH o A4 g€
Alx"] F3Hol viwmA LoldHTt, BEAH9 &Y F
He d% Afvle] 28E Hug weisie Byl
A2 FHE BF 71& AAAM 9 A2 B
7] BBl 3 el oviE ABpHoT & & e
HoAA ALgxlel A Hgstrim Al gt fAF Abl
2% oM E AEG-g o &3t i B Myt
7V fARE ALE FEES . 328 Aldle AS
A} A E HAF DAE AA, AR BgA
£z Frp A B84 2dE % HYNE ol &
st Ol Adubel] AR B FHr HEHog
SREct, A7 2wle) Aaujo) a0} B4} g
7159 HE AHEa7) 93t HYHEE sty 3 ol

4@ HIL A7 Y £E02 FHE YANE

Yad Aoz o=t AYyY DAY AL IAF
A7t Eag Fod.
3 271 HA CAD Al2®3 7ied 8§

RESEAYREEOCE 3 32 8 3 3 9 19956 8H
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CAPP Al2rlzle] 9123 <lejsjol~ BFo| AAE
W Axee] $8EE O & SU1E o g
HQurishA A o] B8H FBE o] &8l Solid
modeling CAD Al2"log Baly Bz (T, &
A%, BWH 5)& Aldkstn ohA| CAPP Alasloz
FRE A FshA A28 BLOCKS 284 9&5% 4
717} 9% &ol8HA €7 d Folo},

Ed3e A4 dd 94§ A VLCO) & gide
2 8l AgEYer} g dZTozo HEAQ ME
& 7beste pEd e RE3ME 7R 0 A
~8lo] Ergog Had A HY: vl & o
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