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(Composite Stock Cutting using Distributed Simulated Arnealing)
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Abstract The composite stock cutting problem is to allocate rectangular and/or irregular patterns
onto a large composite stock sheel of finite dimensions in such a way that the resulting scrap will be
minimized. In this paper, the distributed simulated annealing with the new cost error tolerant spatial
decomposition is applied to the composite stock cutting problem in MPI environments. The cost error
tolerant scheme relaxes synchronization and chooses small perturbations on states asynchronously
a dynamically changed stream length to keep the convergence property of the sequential annealing. This
paper proposes the efficient data structures for representation of patierns and their affinity relations and
also shows how to determine move generations, anncaling parameters, and a cost function. The spatial
decomposition method is addressed in detail. This paper identifies that the final quality is not degraded
with almost lincar speedup. Composite stock shapes are not constrained to convex polygons or even
regular shapes, but the rotations are only allowed to 2 or 4 due to its composite nature,

Key words : Simulated Annealing, stock cutting, optimazation

1. M 2 ] AHE fASEM AMME 2EE W AuAst
ABAIEE odye F4 4 o) oidd mx  FLEE 5 U8 RS YAS BOAES S 7
2 o< 1>, d]go] H& Aeze A hlll—chmb

s
P

I\lrkpatnck ol st 7%: i/HEJ‘?\iUH
Tl o2y F&HE FElH 2 E—E% 2EZ
71E9T F AuAe HY AeE FEEEA AAME 4
B4 v Aeigl VA7 A 2 AEe] ek
"o} A EFeIEE ofdelMm ]91- "-’H‘l‘ﬂ*x]i °ﬂ1—1
Aol g8 vlg T5E A the

£ AT 2000%EE 4AUT AGREITL BN Ades
NEWEEY

tA AR e AREAER B8
hongech@sangmyung.ac.kr
2000 8% 109

2000 109 159

EERT
AR .

E 1 8% 53¢ AEHEE o2
& &3 Az A
24 7= 4+ (Configuration)
o 1] =] LIRS
A HE el ¥ Move)
npet ey #34
292 Quenching) fimaarany
A& Annealing) A EFelEls oda




2 Algdo]ElE o]

AlgdolE= odge Y A3 ZAE HE=
o =34 71¥{iterative improvement)ol A WA s
A Hirgg 2H5A Bie EAS Hdstd ¥j
T8 7Y TE A D HAGA =2IA aJ:E)r.
aLt AlEHe Elc ol‘%%" Markoy ZEZH4E F
A o] @eher) 3 Azro] o8 AU olF HA
g7l A3k /‘]-;:’JIO]EJ‘: old®y g wgale) uf
& B d77L dalEo] Y4Ti[2]. AEHIEE o

+ AFz ZA FE37) fEHs (1) FES 9&
g4 & (2) HY AUYE AR ﬂ‘é% "'1%, (3)
7l BE AeEs ‘:ﬂ—_‘?_.;é- Q= AE|AE - ul.
Aoz (4) FYPEEE WEA 57 HC’L ody mz
Azl WEATF afg,

Mgl AHEHe B¢ Ass 9Pds v g B
FAE <8 F FHAM WwE 2R A29 24, 7
A9 ek, 22 Fplies or nests)?] 7jEg 5ol
2T W odrEke)] gk FAAe g2 m)Rth FR=
Ade] ¢ F B AR EFE F7) HEE AA
o 2B 44 Ade] Eoivld BY AsE

[h=8

A&} BEi A gloo
2 o7 #rle] Hdo] 2 EF 4 WO g Ak
B3 Alse d¥taEez mrteln ¢ wWel B8 4o o
o] BRE FRE, oI 743 EY¥L k2 ARe HA
22 gREe Fde St A7 2 A9y =9 B
A Akl G PeFo|ny mEL A2y 2 fdd 7
2 A¥e sridte] ¥iAEE Zlo) ohiEy P&y B
He #EE ﬂa-}ffﬂ jER Eejol FEE )8 FHsbel=
AL 6% 9 AT Ak BF Asd Awe I¢F
2 A7, 7\1“;‘4‘ o AP FaF 71AH FA)t
B3 ARE 748 9o gRE o7 714 d=HE oy
A FRo] ALEA A7 F dosE 55 A=
Ak 2AS HEYE 7HA 459 2344 23 v—Hi’J ‘“Aﬂ
Z NP-Complete T2 2 2FA0(3]. walA, & &2
Folzl A7F otef] AT Thehs dnIHFEL E5) c] 7~1 oF
sEE B =Ee A9A 2ndFY sl AEeld
Z oldd 71HE AHEE g A9 #3 g ol
HE AL 7PEE WiAE 7RE 24 HF8EE Feh
Ao M A= Atk EA A 71Ee] d7E A
ek F3Eo) M B3 AR AREAY AT F9&
3, A4A AlgEolElE ol e W) tiste] 4
Bg vRTe 2 5PN 4 AHE EA4h

= B4 dhepAle slajm

pode

.

]

|

2. & e 2X0) s A7 S
ditfoz A% ZzIHd wHe HASE &5

HE o

43 2 A5 A 21

B g BA ghe) Wart A% 4 gle ge] g E
AFEhe A% 2o disty 85 2dE Adsid
S T4, 5], 5F T @ A% 2he £
#Fe 43 PFEA Fdgd. o A5 A
tAlE 2 @49 wig B A m7ie] el
B3 $ots mds vebdeh e,
e BA dsid HHAE 7E F
éﬂli ZAE ThtE FFY EAE 2
H-go] Z@arh
zZEodd VL 39E daEFY dFe=
A7 2dlg @ F o 2dE Jue] Fpag
vl ole§ WL FHHoE FHFHH= 3
Mejo) folold Tho] thee) ML g 4
e tistel HZAQ ALE fPoEH dojHct
43 712E S slok EAE HEHe dHg o
DA she W] Y 4 =t otk mEkd, B4 =
2aH" 7|He ZE A9 QA F 2 T4
F AH9 ghg Fohlle FAZ AZE 5 Utk o€
A g8 BFTE 7Rz AcHE].

TE AYE duszes =8 g4 e 2E 7L
T8 e 2y T2E @45 E¥E EFHeR ¢
A oA g 7ok B By dnHFe o
o] HZERE AFste JAHs A7|A= HE T
ARt B A2r AFEE N QR 9o B
o2 9 iifﬂt} Ed #a sgelMe 2L AL

1 31
. ¥
o g =
L
[l
FII‘

[
]

¥o ol
ol EE o ot ik
’-'.E

kioma oy 1o

_ r
4
B
'u|ru

5

RO
£

g onr 1o rg, M
E =

JIF' ruh'.

o AZE ojRA HAFd, 9¢ A= HAHUS
o, 2 /6‘17] 248 7kR)7) leXg @A g4-E
AZ3EA e A2E ulEE dRde EXel (7.
o] & o]&% branch-and-bound 7IH< [8]d] 25}

ATFHSIT

Bottom~up Lelt—justified(BL) <mz|&EL sild =
BES £AE EERZ HEF F f2Ed eI o
HE eAdE 3 2 4 9le g g 71 o
Z A WA F AR oz WiRFE AYE B

e 1. 7Y HfHS ARHoen AESPE sl
o Alztg 7 2749 ‘”‘%01 EAsta AL AFE n
A2 FosA &4 d2E ) A= 2'nie]H BL
FUEE ALSEEE fo wolv AFYH =l 3
" ejstehe Aol FHEe] Al

BL ¢xn8Ze 4 miEE EE JFd vAES
UEZR olF f dnaEe F4H=E Bu A
=, EEWole i daRE AHEse Feolit
7H e HH9 wAE oA skgdoio, 11, 12
Tz} BL ¢3#lge fwe] Addes s gl




22 AR}HHTEA 2
l‘ List = (p1, p2, p2. p4)
‘-
ol _
{7l) P3 l : Bottorn-up move
P4

P2
s +— : Left-justified move
1

wol(ad)

o2 ool iy delds HEE 7} gvh ol
] B5t7] HM 449 ﬂ%—-ﬁ— Eisle &
BBl Y £4 PLEE F4 €T
gl Fopd & 2 HEE Alele] s

AEFET13]. B, [4]-Me 5F
Ag AT A 2 AEHE od™HL HE3)
o ojdy ~AE B WE F, AJHEE ol Ax
Hyov, 24 4 @394 a7se Be 79 A"
£ WA Rt

ols} o] f¢] HhEE He A FWE A E9)
AU ddxos dgg 48 Fopd HEE 5 817
R B RoME 949 £2F 2 AEHOHE o
49 71Ee o83t 34 A wjAE ohvvis=E &
Aoz Wolsd F U= FA A3 WAE Hew

C;

3. 58 ME MY = AR F=

B¢ A5 AT A9 £48 FHEY, oY T2
Aol Foi7\7) Hell, 2 sfEel] thste] HEH HFA
£ nEEFe NERS U oE ZE § L9 #HEd
tsted % (affinity)S == A l e Age 53
AEE A5 A7 AE el digiAE 0, 90,

o 4
180, 27OE91- e v Fs &3}""0 EA3
EfL T g Alelel FES LA WEsty HE'M
*}%'5]”-1 Aol T A= ﬂh’} gz T HYY
A2 Axd vt A7 v FEEE vehbdoh

3.1 TfEe| HIEY HE ﬂg

g 7}A) ZokE 7hR s e meiste &
£H0Z B Hely & 2 JAFEE AET] #H8HS
HEW-E AAF EY 44 A Jde AEs IF
e A AEEE bounding boxEE  Minimum
Bounding Rectangle(MBR)=Z % €]5l4, bounding box
Welx si=e] Wy 5 AA, R giF vE #g
7] 2Elste] golg F mHEl i Mgz # FEE

EEER

S84 A4 299 A1 F20022
2274 A ad 2), Boundmg box®] 4

o sEst= vES e

xyF
B 7EHE= AU

11111111111

12222222221

12222222221

12221111111

— 12221000000

12221000000

12221000000

12221000000

12221111111

12222222221

12222222221

Y 11111111111
N —eas

EEPREEEEL Bk BB

3.2 fslz MM

7 gt F g9 AAdel & & U T ol
BA+E, F 9 A®E @I I AAT
(bounding box)®} w#e] #H&F2 Fold 7hsA4ol
2Rz 948 = d@= 9 el A AES GE3
2ol Fejgrk

a;=a ( +—2'>+,Bp n

a? e F A9 AAH FAAAE A=E WE
s oe F AEE LEie Hi AEe dRE
eRIei R 3). est B F B9 HEAE el
W go] oy 18T e 2 ARk aF e ¥
Eq A Ay @ F AEd AALE vede
- BAA A= 7 B A 1RF gelA e ¥

g Asdtsted d=t) e AA 2014 Eol
A%e 3= F%e wAA gk

2ele) B
Aol

HMA= L0l tay
e e j

EEER =]
-2 1 RS

o] & A
f A Bt

Al

Z0ol:a,

WA £

o3 3 = A

(29 4= F Huy AA7 7\31]
adiacency)Z HWZ 3= o] F
bounding bhoxs H4E &= Eshc

= Fx(edgewise
s =



He

wekd, bounding boxg] YX(p)S FFT A4k E
FalAel @ity ¥E dge] WRHULE o 2§ AE
47 d2s T dgHE ZYSE bounding box® W
0|7} #AE$E A JMeAe] £ "HEet.

I snHEs
¢ Zgute
; bounding box

FHEHE LEst=
Bounding box &
EAES-13

= ME 2 HAMo|
HAE Hol®
Bl
1% 4 Edgewise adjacency® hounding box7} #7)
of WiXE 4e

AEHolEE ojdge duFHez Agke] 2 ZE
22 AEg g vE Y E EEHOE AME
915 quadtreel} pyramid® 2L EFZE diF d
77 ¢eg st £E, vE P A4 A dE=
o} Ao} Ao Be Azte] AaFE
Yoo & Ay el Z ke dide] Y=
mlg Axdste Agstn Pod A8 A2 BAS
A Y & slck

3.3 HjE2| S8/ AlM

AlEFolEE odFy Y AR A T #ge =
FARE Fvidoz A4 & Sl PEoE BiEY
Argdle] S8 ASE AgFHoE ot ¥ 5 K
¥ 5.

PROCEDURE FIND_OVERLAP

begin

i g

&

1,
1

1!

N
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for (all pattens j !={) do
if (bounding boxes of pattern { and j are
averlapped)
compute the number of overlap between
boundary map of a pattern [ and a whole
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compute the number of overlap between
boundary map of a pattern j and a whole
map of a pattern i
end
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PROCEDURE ERROR-TOLERANT
SIMULATED ANNEALING
begin
INITIALILZE:
k= 0
repeat
calculate [<E>| in Ti /+ Average cost error in
one accepted move #/
E(8) =0 /= E (9 is the total amount of cost
arror in & given stream length #/
repeaf
PERTURB(config. { config. /4G
if 4C; <= 0 then accept
ﬁl.SQ
E(s)

/* set the initial temperature Ty #/

= Eis) + G

_ﬂ I-a- L,
B)=E)+4C,-e T (i—'ﬂ— 1) 6

T
/e i is the 7 iteration in the
stream length +/
/* is the acceptance ratio %/
if exp(-4G; /Ti ) > random [0,1] then accept;

if accept then
UTFDATE(confg. /)
until equilibrium is approached sufficiently
closely; /¢ perturb states in L times #/
Tir= @ X Ty, /* temperature decrement ratio=0.95 */
=kl
it ( B(s) = T logu ) then /+ u = 1.05 +/
increase stream length;
clse
decrease stream length;
until stop crterion == true (system is ‘frozen');
/# final temperature 77 is reached */
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Ask displacement
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Send reject responss
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3 Calenlars cost Caleulare cost
4 Move dequyion
5 T move accepled / 1f move accepted
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Time

Master Frocessor

Slave Processor

Pick two pattemis randomly
Ask exchange type 1

™a

1f inver-move asking 15 geing on
Smd rejeot response

/ S:-nd BCCRPL response

-

If agking 18 accepted
Calenlate cost

1f askmg is aecepted
Calculate cost

:}.. Move decision

s

I move accepted
Updare state

If move accepted
Update state
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ATEdel & 22 A 20@ A 1 E00022)

A w@E shte] Z2AM 94 ghelr PAel=
v ol T T2 AA g9 dAA waE e
2 Z2 A0 wE(intra-processor exchange)® T=
AX7} mE(inter-processor exchange)e 2 ERFHC
(¥ g 9). ZaAAT e F A Hefrl EAF
+ ded AdA FHe ?5‘1-1-?'-—1 ZZA AN wEhE
5 HEe ddstgont nE H e Fo ARy 9

A7} o5 F EZ2AN dYe] WA Yehke F$ol
3, % WA AT 2B FePE T olE =24
MR #2 shtel Ade Yo A9E ¥ 5 A
2 Sy Aoy Z2ANTG 2B FEE R
F 248 ZeAaTe] FARES T HHY dde
A,

Time Master Processar Rlave Processor

1 Pick # pavtem randomly
Ask exchange type 2

\ If inter-move sskmy % gowg on
Send reject response
2 Bl

/ Plek a patern randomly

Send accept response

—

If askung 15 aceepied
Caleulate cost

If asking 15 accepled
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