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A Study on the Development of the Optimal Nesting Algorithm
Using the Simulated Annealing Technigue

Kyung-Ho Cho*

Summary

To minimize the waste of the raw sheet material, an effective nesting module has been developed
using the simulated annealing algorithm. This nesting algorithm would be the first one in which the
simulated annealing algorithm is applied to the nesting of arbitrary shapes with satisfaction. In the
implementation of the algorithm, a new concept of ‘gap filling with local annealing’ has been

introduced, and a dominant improvement has been obtained in the nesting efficiency.
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Fig. 1. Schematic flow of nesting algorithm.
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Heol Bz 34" Jods HgE Al Ay gl
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g2 A ALy Ay Az A
y; ol M x1%-8 x2744] parraygh-g dzste e
3 dueFes 7 strips] & BHE 2E¢
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{a) reference shape

(b) j-th rotated reference shape

I ||| |49

Yq Xi 8y X

) o1 %

oY, I I
(c) grid model of above (b)

Real Shapes Reference Grid Shapes

—— i Gehare (L 0 .

ref_Gshape (i, 9)

nstnp
t=1.2, ... nshape % [nslrip]
)= 1.2, .. ntheta ¥ [nslqp]

y [nstrip]

(d) storage of boundary data for gnd model

Fig. 2. Grid representation of shape and its
stroage.
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= M2 iy g d%A oz olsle 3y
o|c}, ® o whx]Abel] Sofl cf § 2t
292 Rojzled A& £ Ur ZE A
S" & So o|gshe} Hich

Fig.3& & d 7oA =R = ol sl 44 9}
P& AEHoz el oz FA*dst Fabe
2 Aeslgd 3 gae 7| E el A K (refx,. refx,,
G) 2 ¥ olofl 22 mzbd Folsled A2 wix
Al (*refx, *refy, *theta) & WA 3sjo] o] A2 L
olxE Fosle A& udeldch o714 refx,,
refy,, *refx, *refy 52 wha] ¢zl o g3l A=y
$ %= , oA ek %
Aot Wy + gl z A §Hsls] o
ol *thetagts Axlze AdHol 2AAH o2 715
2k 6,j=1,2, - nthetaZ 2] & 77t geoz
A=}

2

Procedure
Get_Neighbor(»id, *refx, *refy, *theta)
*id « nshape = r[0.1] /+ onc shape selected randomly +/
Ave 2e8xer/0)) -8 /* perturbationon x */
Ay e 2eByer(01] -8 /o perturhationon y */
AB 2080er{0)) -8 /* perturbationon 6 +/

*reft « refx, + Ax f* r:random no. between 0 and 1 */
srefy & refyv, + Ay

*theta — 8, + AB

d(ax, Ay

currently
allocatedshape
(*id)
neighborhood of
sheet shape (*id } with
I~ boundary small perturbation
of dandA

Fig. 3. Generation of neighbor configuration.
Fig. 4= HH A& fla)A 2 dFol A T3
2 7] 2Mel BEsolch 2ol d vehy
o} 7o) oloje) 25 T oA o] L3l & B Blchs) o

i

o

}

RS ghizic} oYX b gl vy e e B

do} ety w7tz A4go 25 Hibe 2 gol
T EL 220 Ao HY de 2x 2 Wl
# 7t opd®l & 2 A} (simulation) 3}EE Fed],
2 Y7} 94 (cooling schedule) o]} sl & o3
ATy /Ty=0.8~0952 slgdch 9oy &s
ol 4 aj7} " HyAdelol =daigl g A5t
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7t FA4 270l sla sl Ested oz 200*
nshape3] o] o] afoll o gho] Ajssigioni 4
PAdelel s Aoz AMafslodch =3 3 =
(stop condition) 0.8 &= oleie} e =AL AlL3}
9l e}

-AAE B e Bk FAghge] Haglo] A

NA=A e 4

Initialize Global Variables —I

Load Shapes &Make Referance
Grid Shapes

Generate Initial
Configuration Randomly
.
Y 1
Get_Neighbor(&id, &refx,
&refy, &theta)

!

Evaluate_Cost_Changelid, refx.
refy, theta, &deost)

i

LMctmpolis_Crilerion (T, dcost, &accepted) ]

T

N

stop_condition
atisfied ?
Y

Fig.4. Flow chart for the optimal nesting.
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Fig. 5(a) 5 (1991} o el tpRelxl
P gl 2 elA slolx, Fig.5Mb)€ §Y A
Geh & o Fol4 Qe Azpolet, el 9l 7

F7k 2 AEn Uy
se A5 gl 4
o71e] ol & oln ok MAMoR WEY &
oo) shE wch o7l Al Ao
Aol g yARY Bush 4% g 43 4
spolol 71Qlst: Aoz AzH

5T AN
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+ Jain

»
o
w
o
ox
4

o
U
—n
2
-
i

waste 130 = 206%

waste ano = 284% wasie i =26 3%

{a) )
Fig.5. Nesting results for same shapes(a) by
Jain et. al(1991) (b) by this work.

Fig. 6 3670 HAE 4A Fo| d4x floi whx
g vl clojc}, Alal HAo i@ dioleie AAE
AH(F) el 4] 3670 27 =¥ o] whx (Fig. 6(e)) ol 4
A28l ZHoe2 4, Fig.6(a), b), v & AF

o] AnEelzm Fig.6(d) % (e)v A7 474

(1990) o AM4EAH(F) ol 4] AEste AR 7]
LectraA| A& & I}O]E}
2 edgule A5 u g Bost GE 4+ Q7]

o) Foff A5 vl % AR wl@mshs A Lo AR
AzpHe] ol F NF oz s vlm dhe] Bt A
DAy sty vla AE ¥ F + Ydn

. olol abe} Fig. 6oll4} L& AdEo| Fol

A atafo] 7527 A glol shx sl o] 4t
2Z 7hA3lod olwh Lo =T Halx] el L,
1Eeg sl 7 slA ARE vlmled o] E
Table 1ol ®gich olaf &8 =52 9] (waste
ratio, wr)& cfgx} Fro] Al4baigich

0]
i
Lt

©
ofr
ot ™

te X ol r&
r oX.

_ WL-ZA L-L, )
= WL X 100= L, X100 (%)

o7l W, L& dxidef F 9l 21§ HolF, TA
=WL,& wixl s4ke] i 35 vepiich

Table 1. Summary of nesting results.

Fig. 6 L (cm) Al=L-Lo(cm)| AL/Lo (%)
(@) 350 1592 834
(®) 238 47.2 247
(©) 228 372 19.5
()] 250 59.2 30
(e) 261 70.2 3638

Here,
TA = 124x10°(cm?) ; Areasemof all shapes
W=65(cm) ; Strip width of the raw sheet material

L= 27 =190.8(cm); Strip length of the raw material
w for the ideal case

L ; Strip length of the raw material to be used

Fig.6(a) & 367 44 25§ S4lol neisjo] 2
Aul2) S Folrh 250l UFS Aok TAs)
of wpd SAYse LA Aol 2 Flhsix
et Agg wolt ook ML Yehbsol
2717k e YAEl WA FFA (3hB e 412
H)oll shrte] gelE EAE walch o WAL
e ol 4% 4 Uk YA Feo) WA ol
Zolzl RE A& Koz wARE A A
£ abAe} ol & A4 shale alol sldeie) of
o oeb qlojel whAlAgel A BAGEe e Fol
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Fig.6. Nesting results of 36 patterns;
annealing (24. 7%) ,
Lectra System (36.8%).
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(c)gap-fill with local annealing(19.5%),

(b} gap-fill without local
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