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ABSTRACT: This paper presents a computer aided process planning system integrating case-based reasoning and expert system for block
assembly in shipbuilding. Expert rules are extracted from the case-base where cases are represented as a set of constraint-satisfaction
problems. Rules for the expert system are extracted by generalizing the constraints. In generalizing the constraints, parts are generalized
as variables or as part-types. The system was developed with CLIPS, an expert system shell. As more cases are collected, more rules

will be extracted and the existing rules will be updated.
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Feature-based design CAD system
3;
Feature-extraction Interface System
(C+)

rules
Case Based Reasoning | ——— | Expert System
Process plan-A Process plan-B

Competition &

Integration Process Planning System
(CLIPS, C++)
Operation plan r+— | Robot programming
‘ Verification VM tool

Operation plan*
POP Job assignment

Fig. 1 System overview
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part1 part2

(a) Fillet
Fig. 2 Unit operations
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Table 1 An example case

begin-case

begin-parts
rl rib begin-constraints
2 rib < v6 v10
pl plate <v9 vll
=v2v3

end-parts

begin-relations OR v8 v9
vl butt pl p2 end-constraints
- begin-solutions
v9 through g2 r2 viv3iv2..v9 ..
v10 fillet gl pl end-solutions
vll fillet g2 p2 end-case

end-relations
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Process plan A

Case base
(CB) Extraction of rules

y
E@ Espert system

L——» Problem +——

Process plan A l

Process plan B

comparison

Process plan A is better

Fig. 3 Integration of CBR and expert system
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Butt{pt.p2}  Fillet(ri.pip2] Fillet(r.r1p1p2) Through(gt.r2r1p1p2)

- 4 - i i

Through(g2. 2ripip2} Filletlgl. r2r1p1p2) Filletlg2, gir2ripip?)
(a) Operation sequence
A
2,
1

S S I R X
< S I
I—‘-o e .

precedence

&

(b) Operations represented as graphs
Fig. 4 Case 1

L 7L 7 ] 7
£\ L ] L I ’1 ]r‘ 'I
- Fillet(st.p1) Fitlet(r2,p2}  Butt(r1p1,r202) Through(g}.ripi2p2)

Through{g2.11p1r2p2) Fillet(gi.ripi2p2)  Fillet(92.91r1p112p2)

"

(a) Operation sequence

S S S S
< <I s o I1 1
L—o Le e

precedence precedence

(b) Operations represented as graphs
Fig. 5 Case 2

e AR A=

9
Aske] B ¥ FFe

FHE AR RRE 2E87)
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AR 71wkl Aold A7 APRAL @=s F BA Alo)
dA Bed Aozl Boke o2 BAE 79 A3A
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Fig. 6 Individual constraints

2
2

Fig. 7 Two constraints combined

7 598 Fele) ABBAFlet TH)7F AL ), A WA
7k 99sE RelA) Fg 6@), (b)S 2] @502 AYBA7}
PR A ohtk

£ ATdAE T 79 Ajzde] AW BAE A o)
el QiBAE e BL Metaruled BelSRT.

IF CI : (opl R11(plll, pl12) RI2(pI21, pl122)) A
C2 : (op2 R21(p211, p212) R22(p221, p222)) A

opl =op2 A
R1l = R21 A
plll = p211A pll12 = p212 A
R12 = R22 A

pl21 = p221 A pl122 = plll A p222 = pl12
THEN
AtslE Ruled A
Rule: (opl R11(p11i(x), pl12(y))
{R12(p121(2), p111(x)) R12(p121(z), p112(y))})

Aq7]|A, Cl, Q& AH7IE] Yeid F AlzE vER
™, opt T AF BAE YEE < FA F8E e
+ AND, A9 4% Jehe OR 59 & 74w, Rpg)
< ¥4 p qit FA(ZTA)E JEebdth dvtstE FRA 2z
A= plll(x), pl12(x) 53 o] ¥yt ¥4E xdA

412 RE5F A dilRlE Sat 73 F&

Fig. 8 (a), (b)o} &0l F AF=xe] LT BAE FF3
5, A& 9 FF shi¥o] d#d de dgd 7 FFl
YT FRU BF FF FHALAAN GukFn 2 A7
Mz o] A¢E duislely] sty tEI 22 Metaruled
83t

IF C1 : (opl R11(plll, pl112) RI2(p121, p122)) A
C2 : (op2 R21(p211, p212) R22(p221, p222)) A

opl =op2 A
R11 = R21 A
plll = p211 A pl12 = p212 A
R12 = R22 A

pl21 = p221 = plll A type(pl22) = type(p222)
THEN
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utslE RuleA
Rule: (op] R11(p111(x), p112(y))
(R12(p111(x), type_p122(z)))

AN tpe() BHE FES FHE UEMITh Fg. o ¥ A
F2dg PPAelFg @) HE TR Ade Yvekrg
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Fig. 8 Individual constraints

1? 1@
Ao ite
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(a) Combined (b) Generalized

Fig. 9 Two related constraints
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£ A2de AF7E A2 A CLPSE ©]8-3le 733}
Aok A7) AFEPEL WA 9vrst AHE AFA o
722 PAog I Qr)A, ide AT F3S Jehis)
3 &£Fo|H, ope= <, AND, OR 502 RIHE Hlw AR
A £%, First?} Second= & op7t A3 A AMAEZA
A WA, F iR AAE JehEs $Folth

(deftemplate MAIN::rule-to-be
(slot id (type SYMBOL))
(slot op (type SYMBOL))
(multislot first (type SYMBOL))
(multislot second (type SYMBOL))

Che Factis Alebzzo] duist H9& A wA 8 Hel
T 22 kel vehd 2E52 pl, 11, gl 59 ¥F 2R
AM7)52 203 glo] o}d ARJIAAY FRoz Aukslat
E7F obdS YRl gink

£-180 (rule-to-be (id gen63) (op <) (first throughlgenl-girder#gl,
genl-rib#rl]) (second fillet[genl-girder#gl, genl-plate#pl]))

ojs} Zo] ztzke] AgzAEC] ustEHL WA ol i
o2 WY HIE FId ARVL AHE =& 4
Meta-ruleS -85t} thg-& CLIPSE Meta-ruled 78
g BoFEd, 7|89 A%z dF 2% ¥ase 2E 29
o] gutglg F8she Ao

(defrule rulel-1
?c1 <- (rule-to-be (id ?id1) (op ?opr) (first ?v1f) (second ?vls))

2c2 <- (rule-to-be (id ?id2&~?id1) (op ?opr) (first ?v1f)
(second ?v2s&:(same-rel ?vls ?v2s)))

=>

(bind ?parts (extract-parts ?v1f ?vls 2vif 7v2s))

(bind ?p111 (nth$ 1 ?parts))

(bind ?p112 (nth$ 2 ?parts))

(bind ?p121 (nth$ 3 ?parts))

(bind ?p122 (nth$ 4 ?parts))

(bind ?p221 (nth$ 7 ?parts))

(bind ?p222 (nth$ 8 ?parts))

(if (and (eq ?p121 ?p221) (eq ?p122 ?plll) (eq ?p222 ?p112)) then
(bind ?rels (generalize-parts ?parts (create$ ?v1f 2vls vif ?v2s)))
(bind ?vifg (nth$ 1 ?rels))

(bind ?vlsg (nth$ 2 ?rels))
(bind ?v2fg (nth$ 3 ?rels))
(bind ?v2sg (nth$ 4 ?rels))
(assert (rule-to-be (id (gensymy))
(op ?opr) (first ?vifg) (second ?vlsg ?v2sg)))

g AFRo] AYH Fact B9 Y¥E RAET A,
gnkA2 HEY FEe YNstE 958 et RE ¥
F50] Uik WS o] 98 ¢ 5 ok

f-213 (ruleto-be (id genl03) (op <) (first butt[gen32-platetigen9s,
gen32-plate#tigen96]) (second fillet[gen32-girder#gen97, gen32-platetigen9s]
fillet[gen32-girder#igen97, gen32-platetgen96]))

£217 (ruletobe (id genl39) (op <) (first butt[genl-plate#genl3i,
genl-plate#genl32])  (second filletfgenl-rib#gen133,genl-plate#igen131]
fillet{gen1-rib#gen133,gen]-plateftgen132]))

f221 (ruletobe (id genl75) (op <) (first through[genl-girderf#genl67,
genl-rib]) (second fillet{genl-girder#tgenl67, genl-plate#gen170)))

9 Facts T £2132 o5t e ARV FAER ¥EE
B, I W& Fig 109 TN & ke 8B BAr)
HERHE F AAd Y 842 A5 HE &4 ¥ 998
AL YaoF & vehdth

IF butt[plate(x),plate(y)}, fillet[girder(z),plate(x)], fillet[girder(z),plate(y)]

THEN butt[plate(x),plate(y)] precedes fillet[girder(z),plate(x)],

fillet[girder(z),plate(y)]

EY 2178 &3 22 ARV Ao MEHY 1 )

»

butt(plate(x),plate(y)) fillet(girder(z),plate(x))
fillet(girder(z),plate(y))

Fig. 10 Rule 1
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£2 Fig 119 X189 &, shiel g8 RAr WELH
2 F #mAd 328 8328 2% HE &3 ¥ EA8HE ¥
o} g2 yehdth

IF butt[plate(x),plate(y)], filletfrib(),plate(x)}, fillet[rib(z),plate(y)]
THEN butt[plate(x),plate(y)] precedes fillet[rib(z),plate(x)],
fillet[rib(z),plate(y)]

[ [ ~T77

butt(plate(x).plate(y)) fillet(rib(z), plate(x))
fillet(rib(2).plate(y))

Fig. 11 Rule 2

oI IA R (2218 thedt 2e WEVE FERoE HEEY
I W-8-& Fig. 120 =X Bk} o] dhtel Girder 77t
Rib #AE #%F3l P &3=0loF dotd &% F &34
ofo} #& Yehla glch

IF through[girder(x), rib] fillet[girder(x), plate(y)]
THEN throughlgirder(x), 1ib] precedes fillet[girder(x), plate(y)]

-

through{(girder(xJ,rib)
Fig. 12 Rule 3

Fillet(girder(x), plate(y))
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