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Research on Hybrid Solution Algorithm for Layout Problem of Rectangular Parts
with Multiple Constraints

Abstract

Abstract: A hybrid algorithm based on a cutting and matching algorithm and an improved ant colony
algorithm was proposed to solve the layout problem of rectangular parts in the process of wood and
glass blanking. A layout optimization model was established to maximize the mean square utilization and
the remaining processing time; the ant colony algorithm was used as the layout sequence algorithm to
determine the layout sequence of some parts and meet the processing time constraint. In order to
improve the search efficiency of the ant colony algorithm, an adaptive pheromone updating strategy was
proposed, and a hybrid mutation strategy based on genetic mutation and 2-opt mutation was introduced
to enhance the local search capability. For the arrangement of parts on the workblank, in order to improve
the mean square utilization of the workblank and meet the guillotine constraint, a cutting and matching
algorithm was proposed to optimize the layout of rectangular parts. Finally, the improved algorithm was
compared with other optimization algorithms by international standard test cases and actual enterprise
cases, and the effectiveness of the proposed hybrid algorithm was verified.
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at Rbl
Rbr
i R, i
(a) BEAIRE OENGLS:

B3 Pl R

Fig. 3 Two patterns of cutting
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HE—ANEEEARREBERAE, K15
FTEHRHTB AN E R AR E 24 T BR,
FEAS T B0 AT DL HOH RS 1) B IR 4% 22 4% HE TR
FERT SKHCE AR, 1R 6)IEIAE T E B A
A F BRI R=0 B T B A REHEBUT AT — %
FHE) R<min(R), LI IR EZ BN HAS TG
TR —AA R, AR IE 4 P

R=R, +R; ,+R, (16)
#IN: RESULT, SORTEDITEMS, ITEMS*RESULTZS 45 B4,
SORTEDITEMSH ¥ ZA+4E, ITEMSZHATHERERF4/
Wath: RESULTHERE G T b/

1 RC(RESULT, SORTEDITEMS, ITEMS)

2 {compute R, R, R, R,

3 compute A,B<—Rar, Rm, Rbr, Rbl

4 ifthearea 4 >0

5 {BINA<~A

6 itemA=SAM(SORTEDITEMS,BINA)

7 put item A into RESULT

8 delete item A from [TEMS and SORTEDITEMS
9 RC(RESULT, RSORTEDITEMS, ITEMS)

10 }

11 ifthe area B>0

12 {BINB—B

13 item B=SAM(SORTEDITEMS, BINB)

14 put item B into RESULT

15 delete item B from ITEMS and SORTEDITEMS
16 RC(RESULT,RSORTEDITEMS, ITEMS)
17 )

18 return RESULT

19 )

4 FETRHISE DA
Fig. 4 Pseudocode of rectangle cutting algorithm

3.3 FIAHZRMR

DENSE AT G, RS
RHAT M Z R, N S FE RO MY
T M RARARE M, W R T A 3N T MO E
BT IR B I JE R R RO S AT R A
HEE BN R 3 B0 Oz — B a) R [a] B AR 25
QBT HMERTET M; QFEMHIERDEA
RIREA: O RENRSG —DNERETTHH
HRASRIEBI M, BEI IR ] 2 fT 8 R A HERE AT AT
G AR S m A S5 R XA HEE R
T EBRNEE, PrOEGBHERSIRN, &
WHCR AR A RN RN T =4 HE
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b BB IIG N, B I SRR A [ 1
B, XN SELEE, KIS GRET
PEAL S I, HI Iy B R 5 5 Z 0 A9 B R AR AR
[, AR F Nk s B, XA AR AR T
FRI AT R A R A FE DA 1A 5
Ft7s o

¥iN: SORTEDRECTS,SORTEDITEMS, ITEMS, RESULT,
Rete, R*SORTEDRECTS A ESLEEL, SORTEDITEMSH
BRFREHTFH), ITEMSHUTTHFEFS, RESULTAZARTZE SR
£, Rete NUFTEHFIR, RANUATHAL B

it best*best STRTT IR EAE, B, FIFIARSH LY
1 SORTEDITEMS COPY+—SORTEDITEMS

2 ITEMS COPY<«ITEMS

3 best«——Rete; R, RESULT

4 bIndex = the index of R

5 while(rate<M and SORTEDITEMS not null)

6 {bIndex = blndex-1

7 if bindex==-1

8 {delete items in RESULT from SORTEDITEMS
9 delete R from SORTEDRECTS

10 return best

11 }

12 ITEMS=ITEMS COPY

13 SORTEDITEMS= SORTEDITEMS COPY

14 R=SORTEDRECTS[bIndex]

15 delete other items in RESULT except to the first item
16 RC (RESULT,SORTEDITEMS,ITEMS)

17 compute rate < RESULT

18 if rate>rate in Best

19 {best—Rete, R, RESULT

20 break

21 }

22 }

23 delete items in RESULT from SORTEDITEMS
24 delete R from SORTEDRECTS

25 return beat

K5 AR SEE D AR

Fig. 5 Pseudocode of utilization optimization algorithm

3.4 HILACSEIRRAE

77 | UL (cutting and matching, CM) 572 32 %L
MEEEIE 6 . &BRIAIT

AR N RA AL IR

B2 PRI —DMETE .

A PR3 A DLC % 2R 5% SAM MR TE 77 1
AL RC VFSE SRR, ]I 5 R 5 R 244 7 40 (B
EZCOP

RGN AR
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[t NitemsRibins |
— Mizemﬂifé?#i |
\REMMﬁ&ﬁMﬁgiﬁ,ﬁNE%mM‘

v
PATRIR RIS |

AS
8 |

items NE

R
| |

K6 CMELRTE
Fig. 6 Flow chart of CM algorithm

4 LI HESXTEH

R A 5k JACA-CM) M it B 5 9 K H
Python3.7 & 5 7£ Intelli] IDEA V& E%i'5, HI7E
8G RAM, Intel(R) Core(TM) i5-6200U CPU
(2.30GHz)ML & % % Lig4T . Sikis 4T bR rESL
5 B SR F SCHR (1] 6 1) B i H $icdl 5 MR 4
Nice&Path % 41| fl PisingerSigurd £ %1 £ 4 45 1 5
T8 B R S A AR T Rk S PR s S5 (KBH B H
—HREL1 3-HREL1I0 AR PRS2 AW
55— HR B 3 L SE I I VA R, B 141
56 FH SR 56 VIF 5k WSORE SR A M, M\ Nice&Path
F 5 H A B b 4% HROR B Ik 4% PathS0i( /) FH )
Path300i( * HUE).  Path500i( A HEAR)3 413 4k 1) %
PEEEREAT X EE o #T s 58 2 A S 06 UF BV e Sk
55 3 L SR IO R IO UE 2y B DAL VA A 0, X 3 R
REBCHE SR 07 LS 06 . 55 BB Eb o A A S B
55 HA B3 (SCHR[ 1] 70 1) BFS(best-fit with stacking)
Bk, SCHR[6]% HHA (hybrid heuristic algorithm)%.

ST 4, HUT R AL ¥ A1 3 ik [9] H ) GDRR(goal-driven ruin and
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0.7, BHEHAMMSEEE Ne=1. p=2, FHFRK/NE
EH 200, ERREE 60, KTl EJ7 AL
R HFFE Rt DZF ST DASRAE RFRCR™,

4.1 BUREEE IR

BT, Bl R /N AR S AR
B /NFH LAY, /N RS R /N ¥ B A 50 H AR
L5 B O 200 KHIAEE B E O 500, A kIO (G
BEERSHLE Np=0.05. 2H100E 3 R
CSCEE SRR B AN AR R SR SR M R R L, DA AR
FHATT L2385 SRAIE B 43 1| T e B2 2801
4.1.1 BB R AR UE

SCHEISCRE B2 R NAE JE R T SRR I S
AR SELVE AT X b, AR A3 B/ R AR 5
WK 7 iR .

ME 7R LUE H, NS B 2 5 R R AT
DATR 47 SRR 254 M REEAT TR 2, AR EE T A itk
SR T RIRAT AR B AR, (R W E 7)o,
FE RS 1] R b, A5 S5 38 B SR o HERE 45 L1
SN B AR /N, JCHAE SRR, AR B
M R /)N, SO 1 BV 5 AR SR T I
ML, BRI R AR R AT I N B B3
SO A A P S S

HIRF, S5 2 LN A HERE 1 R IR R AR AL

Vol. 36 No. 3
Mar. 2024

oSt SO SR R I ON VR 78 7 SR O 5 A
WORESTVEHEAT XS b, A A5 2 s AR 45 R
K8 7 o

MRAE B 8 T AN, I TR & 22 S LR 1 5k

oot [
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s
L’é
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IEAIREL
(a) /NI
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Fig. 7 Comparison of three scales of pheromone strategy
improvement
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Fig. 8 Comparison of three scales of mutation strategy
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Fig. 9 Comparison of three scales of algorithm convergence
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Table 1 Results of simulation

S5 Z YR HTRATHERE 1 R IR A R R SR AT

- B  BREA FIEREs AR
% M 90% 95%
/N 6 7 6 6
By 6 27 23 20
N 6 68 61 59

308x493  308x493 336x507  308x636

© © @
II!!III\&..J

336x507  308x493 308%493

B0 HERE K

Fig. 10 Layout simulation
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RIER VA1, 3PP T HERE B IR
FI 215 L 90% LL_E B IR 1 A4 P B 2R 11 85%
PLE, AR SR8 95% LUt 4 Ky, T
H, BEmiE RSN —A BT, HALERESE
BRI RMU

HE10 T LA H, BT EAZRAHEA LM
%#%%%Egﬁ%%%,hmﬁm6A%ﬂ¢
A BRI ZRIEH] T 95% LA E, Hr g
ﬁ%64%%ﬂ%$%ﬁ%ﬁ$mwnm%%%
ACHFE R AR E PR A — 22 EMME.

4.2 HiEMEREXT

ot eSO BT R, T U @)%
B AR T ) BB R K, I HLA(8) R AR S
Bt 27 I 7 i = 8 0 I (] 52 3. R 2~4 23 5]
2R T3 R RCE SR LR SVA K 2 5 A AR AE RS LE
R HE A [ R, b R A O AR AL
R U B SR A R bR H

K2 MAFIHHRER LI LR

Table 2 Experimental results of M series data set %

¥iEdE  IACA-CM  GDRR BFS HHA
M1 95.3 96.8 91.2 96.8
M2 95.5 94.4 81.0 91.4
M3 96.7 96.1 90.1 94.8
“FME 95.83 95.76 87.43 94.33

#3  PisingerSigurd R 5 R &I S IR 45 5

Table 3 Experimental results of PisingerSigurd series data set

%

é&%&% IACA-CM  GDRR BFS HHA
92.8 88.5 78.5 83.7

I 93.8 93.1 73.2 92.7
11 86.8 84.5 70.2 75.0
v 88.2 87.4 70.0 84.0
\Y% 83.0 81.7 66.2 71.6
VI 85.2 86.3 64.2 82.5
VII 84.8 81.2 65.5 73.4
VIII 83.7 80.3 67.0 73.8
IX 66.1 60.8 54.2 55.7
X 87.4 86.5 75.8 81.5
“FHME 85.18 83.03 68.18 76.89
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Table 4 Experimental results of Nice&Path series data set
%

RGN AR
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RS AR T RER R A SR 45 R
Table 5 Experimental results of enterprise wood blanking
%

Hymte IACA-CM  GDRR BFS HHA e IACA-CM  GDRR BFS HHA
Nice25i 89.4 99.6 55.6 90.0 KBH-LI1 953 90.6 76.3 86.0
Nice50i 90.7 87.5 60.5 79.6 KBH-L2 90.7 89.5 69.5 77.2
Nicel00i 88.9 84.2 64.3 77.9 KBH-L3 93.4 90.4 76.8 87.5
Nice200i 85.0 85.7 72.4 83.2 KBH-L4 91.8 88.2 70.0 83.1
Nice300i 89.3 87.0 75.3 84.5 KBH-L5 94.1 91.0 791 86.3
Nice400i 89.0 88.9 734 86.4 KBH-L6 93.0 86.9 717 7.7
Nice500i 89.7 87.5 76.9 86.6 KBH-L7 93.2 90.5 8.9 89.6
Path25i 92.9 100 62.2 94.5 KBH-L8 957 92.0 75 89.7

. KBH-L9 94.5 88.2 68.6 87.3
Path50i 923 96.2 67.1 90.0

KBH-L10 96.5 91.8 7.5 90.2

Path100i 93.3 91.2 69.7 87.4
Path200i 92.1 89.3 76.5 87.1 5 L
Path300i 94.7 91.3 76.3 90.5
Path400i 93.2 90.9 78.4 89.9 b 0 s TR) BR ) A — TT VI 20 R 2 BRs B
Path300i 93.5 933 756 884 PR T AR HERE 19 B3R IR A SRR VL . SR &
“FH{E 91.00 90.90 70.30 86.86
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