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Abstract

Cutting stock problem refers to the way that a given product is reasonably placed in the layout
space to achieve the highest utilization rate under the necessary constraints. This paper estab-
lishes a two-dimensional plane packing model based on the analysis of the utilization ratio of
wood panels. Considering the profit maximization, a two-dimensional plane multi-objective pack-
ing model is established to solve the following problems: 1) solving the single product cutting
problem by combining the “four-block” programming; 2) solving the double product cutting prob-
lem by using greedy algorithm; 3) using the optimal angle-occupying strategy to solve the problem
of double product cutting which meets the requirement of task number; 4) solving the problem of
multi-product cutting by using hybrid genetic algorithm (GA) and simulated annealing algorithm
(SA).
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Figure 1. Two layout drawings of “Four blocks method”
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Figure 2. Layout of two contradictory situations
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Table 1. The result of single product cutting problem
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Local optimal solution found.

Objective value: 59, 00000
Ubjective bound: 59, 00000
Infeazibilities: 0. 000000
Exztended solver steps: 58
Total solver iterations: 518
Elapsed runtime seconds: 0.11
Model Class: PIQP
Total variables: g
Nonlinear wariables: 8
Integer variables: g
Total constraints: 9
Nonlinear constraints: 1
Total nonzeros: 24

Nonlinear nonzeros:

Variable Value Reduced Cost
¥1 1. 000000 -6. 999999
T4 7. 000000 6. 000000
X2 4. 000000 -13. 00000
71 13. 00000 -3. 999999
X3 7. 000000 -0, 1000000E-05
T2 0. 000000 0. 000000
¥4 0. 000000 -0, 9999990
T3 1. 000000 0. 000000

Figure 3. Lingo solution of “four block method”
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4.2.4. BEROEEL

MR B R A NN 2 PR

Table 2. Enumeration combination scheme

=2 MBEERER

HA R T EHIE

Pl i P2 ¥R BRI /% P1 ¥k P2 ¥k BRI /%
0 48 99.17 30 22 95.44
1 47 97.11 32 21 96.70
1 46 96.71 33 20 96.30
3 45 97.97 35 19 97.57
4 44 97.57 36 18 97.17
5 43 97.17 37 17 96.77
6 42 96.77 39 16 98.03
8 41 98.04 40 14 95.57
9 39 95.57 41 13 95.17
12 38 98.50 44 12 98.10
13 36 96.04 45 11 97.70
14 35 95.64 46 10 97.30
16 34 96.90 47 9 96.90
18 32 96.10 49 8 98.17
20 31 97.37 50 7 97.77
21 29 94.90 51 6 97.37
22 28 94.50 52 5 96.97
24 27 95.77 54 4 98.23
26 26 97.04 55 3 97.83
27 25 96.64 56 2 97.43
28 24 96.24 57 1 97.03
29 23 95.84 59 0 98.30

> SR

T b gl AT, BRATTAT ARIE R —BARAR _E)E] P1ORD P3 PR AR A 44, HIH
JE TR PR AR, BT O BV R PR SRR AT SR AR BIA R L A R, S %
HEORAR A FH 26t v 2UEHE T 19T 3 FdE0 7 2, FIR R B &S 2R HES N 99.17%. 98.50%LA % 98.30%,

BARGE RN 3 JioR:

Table 3. Result of multi-product cutting problem results of multi-product cutting problem

3. ZEmyIEIEEA SR

ES ks P1 %R P3 % AR FH 2
1 0 48 99.17%
2 12 38 98.50%
3 59 0 98.30%
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Figure 4. Points of angular action
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Figure 5. The basic flow chart of the algorithm GA
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Figure 6. Optimal cutting scheme for multiproduct cutting problem
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Table 4. Result of double product cutting problem meeting task number requirements
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33 0 48 99.17%
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1 7 39 92.23%
Ak 47 774 1623 AT FHZ: 98.78%

4.4. ZE@YIANEIE

4.4.1. EEEYRERNEE

WAL SEAE /NG B N SRR 4 R U B RCR . MERRVE R R A, B T RV Bl SR AR S R st
FE BRI BCEREAT 2 BT, AR5 AT 55 B SR IR s DI i) b R 44 Mg 2677 X, 1 g &
1E(GA) AT DL R R ZE R, (2 X T DU i I 2H A 2B 5355312 (59 % 31 x 48 x 61) AR CL & AN & 2L
K, FEMGHER FO I S B AL B (GA) K A= 3 i D0 I T 7 A UGB K B (SA) IR RN 2, 42
H—FPVE & GA B5AT SA HLK) HGASA 5ik.

4.4.2. BB GA E3EF SA HiERI HGASA B3%

> i

HGASA 5ik: % Memetic SVEMBAE, JRA GA FIEM SA HiLM HGASA Sk M —M# A%,
HgFE B AR E T GA HikM 4R R R Negligence 1 SA FVE K a1 & e

> R

FIEAEERR, 7= ERNRT RS FE S A R e BRI B M BB R R . KA HGASA Hi%,
A R R P A B EE B R T AR 2847 DL A1 1, SR JE SR BLCO JiUE S w2 AT HE R
BN, FRET R R, BHAEE, RATIAZIER, HERRREWE 7 fis:

4.43. RBRRKRBEERI

BT 8L BIE(GA) SR TR A GA BIER SA FIAM HGASA B RENS 58N =y 25 (4R 21 DU Ff = 5t 1)
BRHFVA G, ZEE I8 A R AN 2 7= A i R TR A HE 270t R AR T AL K I PR e 3% £
SR )G R BLOC JSUE SRS BT HEOR @ 7, v FOE Rk 2l , R GA B2 Ui 77 R AE X
TS, PATRATTER R RS, ERERE R LR &L, R& S R D E 07 Zrsk
fift, PRIESHRATRR AL R B —FHERR T R, sl 8 i

> SR

I FIREE BT T, NS R AR AR S, BRATAR BRI F 2 e R R RS
HETTE, TR TEA YRR, FHRARRMFHZER 98.51%: TR 1 FHE 41 JORIR, SFHRARMRMH]
29 98.51%; J75 2 % 5 YURMR, FFHAMRMIMHEN 98.29%; J7%H 3 HFHE 1 JURIR, PR
FIFZR 98.10%: 7R 4 TE 11 AW, BIARRMIFIHZN 97.55%; J7% S FE 71 R, oK
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IR 2N 96.86%; J75% 6 T B 1 KRR, RHRIRIIFIF A 96.53%; 775 7 FE 1 Rk, R
AMRIIFIHZEN 95.06%; 775 8 FaE 8 AR, HHARMIFIHFEN 92.66%; HE 9 FE 1 TRk,
AR IR RN 76.40%, A HEFIHZE, BEMAEGERWE S Fir:

BN R R R | 15
LN gyl i
in, \RSMBERAHESEAE
on, FEEMGHEH | BAR
HRENRE , H8RETO

L]

IEMBLCOERIGE L ERAHEER | i85
EREHEEFO

Y

FO<B

BEERARMARBERIEE | if
— | BT R RMENERESMbER
EriREL

L]

R —whenH it iEE TR E T
IPOX , ERXATMFHHTERIEE

v

HEEREEMEMEIHEEL
Lj . RiBETkIRRIRESSIEF |
Fj , BEIEHESIEREH]

= Y

BFi<B , WHi=Hj

B AFij=Fj-Fi , £AFij<0afexp(-
AFij/Tj)>random[0,118 , MIHi=Hj

E{EH>a*n

2

Tk+1:=Tk-ave_Temperature ,
k:=k+1

>Max Gen

HWRGBHHINER & FE ST AER
Bl | T AR ERSEAREERIEE

Figure 7. Flow chart of algorithm HGASA
& 7. HGASA B X RIEE
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1* i 1* i 1* i 1* 1* 3 i
201.0 % J201.0 x 3201.0 x 3201.0 x 3201.0x 3201.0 x J201.0 x 3201.0 % 4050 % 279.0 1 2* 201.0 x 3
' ' 373.0 x 201.0 232.0 % 477.
FE3 3= FE 3=
225.0 x 3]225.0 x 31225.0 x 33225.0x 3
1* i 1* i 1* i 1* 1* i
201.0 x 3201.0 x 3201.0 % 3201.0 x 3201.0 x 3201.0 x 3201.0 x 3201.0 x J 201.0 x 3
3= &= FE 3= 2%

225.0 x 31225.0 x 31225.0 x 31225.0 x 3]282.0 X 477.

1* 1* 1* 1* 1* 1* 1* 1* 1*
2010 x 32010 x 3201.0 % 32010 x 3201.0 x 3201.0 x 3201.0 x J201.0 x 3 201.0 x 3
4t 4t 4t 4t
225.0 x 3]225.0 x 31225.0 % 31225.0x 3
7=
282.0 x 477,
1* 1* 1* 1* 1* 1* 1* 1* 1*
2010 x J201.0 x 3201.0 % 3201.0 x 3201.0 x 3201.0 x 3201.0 x 3201.0 x J4= 4= 4= 4= 201.0 x 3

225.0 x 3]225.0 x 33225.0x 33225.0x 3

Figure 8. Optimal cutting scheme for multiproduct cutting problem

8. ZrEmIEIEEAIRIRINGT R

Table 5. Result of multi-product cutting problem
= 5. ZEmYEICRRER

AR S1 e P1 8= P2 4= P3 ¥ P4 e AR FH %

41 0 6 39 0 98.51

5 59 0 0 0 98.29

1 32 6 13 0 98.10

11 37 3 1 16 97.55

71 0 22 0 20 96.86

1 40 10 0 0 96.53

1 0 24 0 15 95.06

8 0 31 0 0 92.66

1 0 24 0 3 76.40
GitsE: 140 774 2153 1623 1614 KRBT % 97.06%

5. IRBIREN SHET
5.1. =AM

5.1.1. #EENE S
1) ACHHZH IR A GA HiEM SA FILMNE 6T GA LR SA kIR &, 76 SA Sk LAt I
WA RBN R AR, it GA BIEMR B4 R AR, AR PRI = A5 21 07 RAE AR B4 s Al Ag .
2) TEERRA A TN, @i MATLAB X5 8 —7= i BRI REAT X e, 7R S b i R il b 20
BT RBATHE, SEEREATRN, KK T I8 47 X E bR 4 1 25 RS A (R ek [
3) 1E “4 k" BRI A G, s BN BR SR, R AT JE
5.1.2. EERRLS
TE “4 Y B OB YO FOF JE RN BRI, di/N T SRBVEI, 2 )4 R R .
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5.2. BRBVRGHET

FE = YEARAARR R D, RARAARI R 08 L (K W (58). H (7). R o R s AR
BOREERITRA M VA G Rk o R SR O n, OO R RS S8 S BRI 1wy by
g IR

FESR T RAH A M 20 52 % A S DRI R RS 5 205, WA BILAE 5% T A I Py
T RSO ARSI DR 3RS T
o WRWIKE LN, A BYTER BT R T 2 BT LR
o BRWPRRHUATIZAN. MY B AR R S A 1 R A
o VRWPREHTRLN: RIBETE AL AR b L S PR A R I SRR B K e VU
o BRMINREERIF LR BN — e MR Se R B IR, st 5
o FREVEAW: HITRMIA E bR FFLE —SE ROV A, DRIE BT IR E T

SRk

[1] B, D972 ERW (28 4t TR SR RIM B A I]. MIREIAR, 2010, 29(22):125-128.

(2] JreEE. YRR AT RA B A T A E AR [D]: [ A i), s BURHEIR A, 2018,

[3] Yongyingprasert, P. and Vasupongayya, S. (2014) Evaluating a Two Dimensional Box Packing Algorithm on Batch

Processing Cluster Job Scheduling Problem. 2013 International Computer Science and Engineering Conference
(ICSEC), Nakorn Pathom, 4-6 September 2013, 79-84. https://doi.org/10.1109/ICSEC.2013.6694757

[4] Bui, L.T., Baker, S., Bender, A., et al. (2011) A Grid-Based Heuristic for Two-Dimensional Packing Problems. 2011
IEEE Congress of Evolutionary Computation (CEC), New Orleans, LA, 5-8 June 2011, 2329-2336.
https://doi.org/10.1109/CEC.2011.5949905

[S] Omar, M.K. and Ramakrishnan, K. (2011) EPSO for Solving Non-Oriented Two-Dimensional Bin Packing Problem.
2011 IEEE International Conference on Industrial Engineering and Engineering Management, Singapore, 6-9 De-
cember, 2011, 106-110. https://doi.org/10.1109/IEEM.2011.6117888

DOI: 10.12677/0rf.2019.94029 263 3

|
>

L

5
A


https://doi.org/10.12677/orf.2019.94029
https://doi.org/10.1109/ICSEC.2013.6694757
https://doi.org/10.1109/CEC.2011.5949905
https://doi.org/10.1109/IEEM.2011.6117888

	Research on Product Cutting Problem Based on Two-Dimensional Planar Packing Model
	Abstract
	Keywords
	基于二维平面装箱模型的产品切割问题研究
	摘  要
	关键词
	1. 引言
	2. 模型假设
	3. 符号说明
	4. 模型的建立与求解
	4.1. 单产品切割问题
	4.1.1. 木板利用率的计算
	4.1.2. 平面二维装箱问题“4块法”规划求解模型
	4.1.3. “4块法”规划模型求解

	4.2. 双产品切割问题
	4.2.1. 组合方式的确定
	4.2.2. 建立二维多产品装箱模型
	4.2.3. 基于贪心算法求解二维装箱问题
	4.2.4. 结果分析与结论

	4.3. 满足任务数要求的双产品切割问题
	4.3.1. 总利用率的计算
	4.3.2. 构建基于生产任务下的二维装箱模型
	4.3.3. 最左下占角动作放置策略
	4.3.4. 全局搜索的GA算法
	4.3.5. 模型的求解与结果分析

	4.4. 多产品切个问题
	4.4.1. 多产品切割模型的准备
	4.4.2. 混合GA算法和SA算法的HGASA算法
	4.4.3. 模型的求解与结果分析


	5. 模型的评价与推广
	5.1. 模型的评价
	5.1.1. 模型的优点
	5.1.2. 模型的缺点

	5.2. 模型的推广

	参考文献

