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A Polynomial-Time Algorithm for Linear Cutting Stock
Problem

Sang-Un, Lee*

Ao ABAY BAE AGE 29T F Yk HES R AIALPoR HA
S ABAOE AFHOR F1E] R ARde] RE ANE meishe A

=28 Sulimane] A8 7K S ek WS 48354 Aol e g
A ks ARES 302 AYALGE} 24 FuelFE A450 2n JEF AT DAL

i (T

Abstract

Commonly, one seeks a particular pattern suitable for stock cutting and the number of such
patterns through linear programming. However, since the number of the patterns increases
exponentially, it is nearly impossible to predetermine all the existing patterns beforehand. This
paper thus proposes an algorithm whereby one could accurately predetermine the number of
existing patterns by applying Suliman's feasible pattern method. Additionally, this paper suggests
a methodology by which one may obtain exact polynomial-time solutions for feasible patterns
without applying linear programming or approximate algorithm. The suggested methodology
categorizes the feasible patterns by whether the frequency of first occurrence of all the demands is

distributed in O loss or in various losses. When applied to 2 data sets, the proposes algorithm is
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found to be successful in obtaining the optimal solutions.

» Keywords : Cutting Stock Problem, 1D-CSP, 1st Frequency, Allocation
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Table 1. Example data for Paper Mill

Paper Roll Widths (Z): 1,000Cm | Optimal Zz;= 416 Roll
Order (4) Width (1;) F2E (¢9)
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3 310 395
4 140 211
& 415.240Cm
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Table 3. The Solution of Proposed Algorithm

(a) =HE
“ . 450 | 360 | 310 | 140 | A
0 5 2 2 3
6 T 2 2
2 12 7 4
2 1 T 1 1
%0 7 1 1 2 5
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2 7x0 4 0
0 2 [xo7 [ 1xo7 97 | 1 97
7 0| _1x0_|_2x0 5 0
EREL] 0 202 | 1 0
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Table 6. First Loss Quantity
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0 O | O O | O
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o 8 6 0| 14 0 0 4 8 6 4 0 9 | 10
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Table 8. ASS|gnment of Shortage Table 10. First Loss Quantity of fiber06_9080
w » 2200 | 2150 | 2140 | 2100 | 2050 | 2000 | 1930 | 1880 | 1820 | 1710 {1560 | 1520 | 1380 w 2 1250 1150 1120 1066 1000 520
PO OlOlO[O[@ 0] 6 | @006 LR ) (64) ) (18) (11) 1)
35 (@] Q0 46 4 2 4
30 | 136 (6]0) O 13 3 5
144 O 00 154 2 2 2 1 2
2 O O O 0 479 1 1 2 9
140 | 145 O (@] @) 620 4 4
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o8 0 5 0 0 0 0 3 0 6 4 0 0 3 1039 7 4
w 2 2200 | 2150 | 2140 | 2100 | 2050 | 2000 | 1930 | 1880 | 1820 | 1710 | 1560 | 1520 | 1380 z
lolelololololalol el@ ool ®]" E 1. 8 A 23 Y e
% 2 22 2 Table 11. Decision for Allocation Sequence and
30 | 136 0,0 0 0 Assignment
144 0 00 0
% 3 3 W N 1m0 [0 [ v | ocoss | oo |52 n
w0 [ T . Sm e | | @ | | oy | ey | 9] |WEed
7 222 ) %] 4 2 4 10 4
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15 | 2 2 2 1 2 9 5
R 1 2 9 13 1
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Table 9. Feasible Patterns for fiber06_9080 877 1 5 5 11 2
p 1250 1150 1120 1036 1000 520 w; | p, 1250 1150 1120 1066 1000 520 uw; 1038 7 4 1 3
; é 1 jéE Sﬁj 2 1 ! 23‘; w | » 1250 1150 1120 1066 1000 520 B
306 1 450 | o P 0 ' ' ) (54) ©) (18) (1 @1
4 6 1 514 | 94 4 3 2382 46 0 0 0 0
5 6 11 a0 9% L2 2 468 3 0 0 0
6 6 3 | 9% 4 2 1 2 48
75 2 10| i 4o 15 0 0 0 0 0 0
8 5 1 1 1 40| 928 4 1 3 1 14 0 479 1x5 1x5 25 %5 5
9 5 L 1o 620 e ) 4
0 5 1 1 1 16C |1003 8 1 2
15 2 170 1004 71 1 0® &7 1x3 5 o3 3
2 5 1 1 1124|1005 7 3 8 1039 0 0 0
3 5 1 1 1 19C | 1006 6 2 1164 - - - - - -
15 1 31350 1007 6 ? 3 i o7 55 =0 |64-16 =48] 98 =1 | 1815 =3 | 11-10 = 1 |91-60 = 31
55 2 117 1008 6 5w 12, F52 uiy
6 5 11 1 244 (1009 5003 1 W Table 12. ASS|gnment of Shortage
13 1 3 o A 1250 | 1150 | 1120 | 1066 | 1000 | 520
85 21301 5001 5 18 w | » :
9 5 1 310 1012 4 4 1 2% 0) (48) (1) 3) {1) (31)
05 5230|1013 4 3 % 100 1500 0 67 0 0 0 axt 7
1014 42 5 M Qe[ o ) 1 3 1 3
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35 1 1510|1016 IF R A T — r 0 2 0 3 L
5% § 2 4 | 1017 34 3w
5 b o 114 | 1018 R sz ix 0 2 u S
58 § 1 274|109 37 T W qe| 0 0 0 0 0 0
509 6 2 180 1020 31 )W tloss = 4,482, 9082 x 17 = 154,360 = & &1 2.9%
500 6 12| 3 1R
01 6 4100|102 26 1 4B
52 5002 1 %103 205 3 8 olgl abgal=gl y|=o] okg Ao v G
5 5002 1 o |10 24 5 W Ak el Eet 7129 daelge] des a7k
504 5002 250 [105 23 7 38 Azl @ A oltl Aol etjal=o] X ZAlako.
805 512 76 | 1026 107 9 0m Avhz 130 AAE] Sl ARk darelFe] § SdEE
306 5001 1 144 1027 2 1 1 om 2} 2o Ay 3] ol gle o =%
507 5001 1 2104|108 2 1188 7V 2 AvE A9l L PRA e o 4,2388 5
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51 5 7 2 13 |10 T o] Ae] WAEA| koo & F Ut
- 1035 1
0 8 120 [10% 11 % om _ L
910 71 174 | 1037 1 15 oM E 13. &2l Hs Tt
M 7 1 240 1038 g & ;
n : 2 low P Table 13. Compare of Performance for Algorithms
m 6 2 28 1040 7400 ol al= o :
oM 6§ 1 204 104t £ 5 4 29F L —4 2,
95 6 1 2 B4 |08 57 M 5 19 3.04%
%6 52 202 1043 49 SHP(1] 5 2 > 05
o7 5 7 36 104 IR TI) =oh
%18 5 2 2306|1065 I B0 ILS[10,11] 5 20 8.46%
9 501 2 44| 104 1 15 8
20 51 1 2 ulow 1% A FaAF 6 19 2.90%
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