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ABSTRACT

While the forest resources are decreasing and the labor cost is increasing overseas
recently, wood industry should not only focus on new techniques but also introduce new
equipment in order to provide great quality and reduce the production cost. Each piece of
wood, a kind of natural resource, has different defects. To cut off the defects, waste material
occurs naturally during the cutting process. As a result, to produce demanded objects and
lessen the amount of waste material while cutting, the Cutting Stock problem deals with how
to optimize the cutting pattern. To take a wood factory as an example, the study chooses
4-meter hand rail as a study topic. The combined structure of hand rail is complex. When we
plan a cutting process by using optimizing cross cut saws, the ratio of WIP numbers tends to
be incorrect, which causes the wood utilization to be declined.

This study sets up the mathematical optimization model by the integer linear
programming technique in three phases. First, it is assumed that all the raw materials have
fixed length and no defect, and the goal is to get the minimum total material waste. Second,
we assume there are several kinds of materials, and each has fixed locations and lengths for
the defects; the goal is to get the maximum hand rail productivity. The last phase, by
considering the amount of a day batch of woods, because the number of variables increases
dramatically when the problem size increases, this phase uses k-means clustering to reduce
the number of variables. The goal is to get the maximum hand rail productivity. Three
models are solved by using LINGO 10 software.

Eventually, we validate the total lengths before and after planning are equal, which
proves that the conservation of wood material. By comparing 10 batches of wood, the rate of
final products (which is defined as the total length of final products divided by the total
length of raw materials) by our method is 79%, which is superior to that of the current
process. Currently, the factory can take advantage of the results to modify the ratio of
standard cutting lengths of optimizing cross saws to increase the yield.

Keywords: Cutting Stock Problem, Integer Linear Programming, K-means,
Optimization
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X31,10 4 0 2 0 0| 80
X311 3 2 1 0 0 90
X3112 3 1 0 0 1| 40
X 3113 3 0 1 1 0| 70
X31,14 2 4 0 0 0| 100
X 3115 2 2 0 1 0| 80
X 3116 2 1 2 0 0| 80
X31,17 2 0 1 0 1] 30
X 3118 2 0 0 2 0| 60
X 3119 1 3 1 0 0| 90
X3,1,20 1 2 0 0 1| 40
X31,21 1 1 1 1 0| 70
X3,1,22 1 0 3 0 0| 70
X3,1,23 1 0 0 1 1| 20
X 3124 0 5 0 0 0| 100
X 3125 0 3 0 1 0| 80
X 3126 0 2 2 0 0| 80
X3127 0 1 1 0 1| 30
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k k=1 k=2 k=3 k=4 k=5 |2
120mm | 240mm | 370mm | 500mm | 660mm ;;3
Gitry. itk
X3,1,28 ) 0 1 0 2 0| 60
X3,1,29 0 0 2 1 0| 60
¥ 3R s 2 57 L (600mm) 2 #r g 2r BB 5
K| k=1 k=2 k=3 k=4 k=5 |2
120mm | 240mm | 370mm | 500mm | 660mm ?T
Citn, itk
Xei(r), i)
X321 ) 5 0 0 0 0 0
X322 3 1 0 0 0 0
X323 1 2 0 0 0 0
X324 1 0 1 0 01110
X325 0 0 0 1 01100
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Hak CL 7B AR T 2 [ 02 A RA1 A (A

D Ksajes <=1

j(53)=1

165

D Koy <=1

i(52)=1

165

Z X51.i(51) <=1

i(51)=1

165

Z Xs0,j(50) <= 1

i(s0)=1

165

Z Xg9.jag) <=1

j(49)=1
117

Z Xyg jag) <=1

j(48)=1

108

Z Xg7 jary <=1

j(47)=1

102

Z X46,j(46) <=1

i(46)=1

99

z X5, i(45) <=1

j(45)=1

76

Z X4a,j(a) <=1

j(44)=1

73

Z Xg.jaz) <=1

j(43)=1

73

Z Xe jaz) <=1

i(42)=1

65

Z X41,j(a1) <=1

j(an=1
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55
Z Xg0,ja0) <=1

j(40)=1

55
D Yanjam <=1

§(39)=1

46
Z X38.i(38) <=1

i38)=1

46
z X37.i37) <=1

j(37)=1

37
z X36,j(36) <=1

i(36)=1

35
z Xa5.j(as) <=1

i(35)=1

30
Z Xaq jaey <=1

j(34)=1

24
Z X33.i(39) <=1

i(33)=1

23
Z X3 §(32) <=1

i(32)=1

21
Z X31,i(31) <=1

i(31)=1

18
D Xajan <=1

§(30)=1

17
D Xasiee <=1

i(29)=1

17
D Yo jam <=1

j(28)=1

14
D Xorjon <=1

i2n=1

13
z X26,j(26) <=1

j(26)=1

13
D Yosjam) <=1

j(25)=1

13
Z Xog joay <=1

j(24)=1
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12
Z Xp3.j23) <=1

i(23)=1

12
Z Xo.j22) <=1

j(2=

11
Z X1, i(21) <=1

icn=1

10
z X0, j(20) <=1

i(20)=1

10
Z X19,i(19) <=1

ja9)=1

10
D K jan <=1

jas)=1

,
Y Kujan <=1

jan=1

3
Z Xi6,i(16) <=1

j(16)=1

3
z X5, i(15) <=1

j(15)=1

3
Z Xi4,j(14) <=1

j(14)=L

3
D Ky <=1

j13)=1

2
D Kujan <=1

i12)=1

2
D Kujapy <=1

j(1D=1

2
Z X0, j(10) <=1

i(10)=1

2
D Xoje <=1

i9)=1

1
D Yo <=1

i®=1

1
D X <=1

im=1
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D X <=1
1
D Xy <=1

j@=

1
D Xy <=1

i@

1
D Xy <=1

i2)=1

1
D K <=1

im=1

BRAUTHLRBLBIHS S AL 2

53 J(i)
z Z @)L IJ(i)

i)=

53 (i)
;=2 2 CimaXiin -
i=L j(i)=L
53 J(i)
Zy = Ci,iiaXi.id
i=L j(i)=L
53 (i)
Z,= Ci,j(i),4Xi,j(i)
i=L j(i)=L
53 (i)
Z5 = CI J(I)kXI j(i)
i=L j(i)=L
SEF TRV S ST Y
2x Ya = hl
Ya= h2
2xYyg =h,
Yg = h4
2xYy. =hg
Ye =N

e a3 LR e s 2 EM G
2xw, =h
2xw, =h,

2xw, =h,
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2xw, =h,

2xw, =h,

2xW; =hg
AAANTUERERL e E2 WEY T
Z, =2XW, +2xXW, +2xW

Z, =W, +W, + W,

Z, =11xw, +11xw,

Z, =8xW, +8xw,

Z; =6xW; +6x W
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=

e C2 F R Ak
piRa

C
Maxz=zym

m=A

S VRN

) 2 B (£ G 5

326

D Xso,jsn) <=6

i(50)=1
298

Z X49,j(a9) <= 2

j(49)=1

229

Z X4, j(48) <=8

j(48)=1

215

Z Xaz,jany <=1

j(47)=1

209

D X jaey <=1

i(46)=1

187

D s jus) <=4

j(45)=1

180

Z X44,j(44) <=1

j(44)=1

161

2 X jay <=59

j(43)=1

151

Z Xi2,ja2) <= 8

j(42)=1

138

D Xajey <=8

i(an)=1

130

D Ko juar) <14

j(40)=1

118

z X39,j(39) <=8

j(39)=1

112

Z X3, j(38) =11

i(38)=1

104

Z X37,j(37) <=42

i(37)=1

e
U=

L
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97
Z Xa.j(as) <= 13

i(36)=1

86
Z Xs5.35) <=19

i(39)=1

80
Z Xas. jza) <= 25

i(39)=1

73
Z Xs3 ja <=18

i33)=1

68
> Xy ) <=106

i(32)=1

63
Z Xs1.j(an) <= 49

j(3D)=1

56
z Xs0.i(30) <= 38

i0)=1

48
Z Xpg,i(29) <= 62

j(29)=1

45
Z Xog,i(28) <= D4

i(28)=1

40
Z Xy7.i2ny <=51

j@n=1

37
Z Xs6.j(20) <= 57

j(26)=1

31
Z Xos.j25) <= 71

j(25)=1

29
Z Xa4.j(2a <= 55

j(24)=1

26
Z Xos,i(23) <= 1D

i(23)=1

23
D Ko 2y <=100

i(22)=1

21
Z Xo1.i(opy <= 72

j(21)=1

18
Z Xa0.ic20) <= 17

i(20)=1
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18

D Ko jas) <=85

i9)=1

16

Z X, 18 <=100

j(18)=1

13
Z Xi7.ian <= 92

j@n=1

12

z Xi6,i6) <= 95

iae)=1

10
Z X5, a5 <= 83

j@s)=1

10

Z X jaey <=108

j4)=1

10

D X ja9 <88

j(13)=1

7
Z Xio, ja2y <=117

j(12)=1

6
z X1 jany <= 171

j(11)=1

5
Z Xi0,ia0) <= 203

ja0)=1

5
Z Xg.j(g) <= 223

i@)=1

3
2 %o jie <= 251

i®-=1
3

Z X7 iy <= 296

i(7)=t
2

> X j6) <= 259

i()=1
2

Z X5, 5 <= 204

iG)=1

1
D Xy <=171
i#=1

1

> X, 5 <=135

i3t
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1
2 %o <=9

i1

1
D Xy <=83

[OF

AR HER ALY 24 2 &P
50 J
Z=2, D C ko
s=1j
50
Z,= Z;, Csits)2%s,is) -
-

Zy = Z;, 2 Csi3%s.i
S=]

2= . C ki
s=1 j(s)=1
50 J(s)

Z5 = Cs. i)k %s.jcs)
s=1 j(s)=1

Mo Lot &2 EMG

2x Ya = hl

Ya=h,

2xyg =hy

Ye = h4

2x Y. = hs

BRuetoniide stz iM%

7

2xw, =h

2xw, =h,
2xw, =h,
2xw, =h,
2xW; =h,
2xW; =hg

Zt_kﬂ\;h]—ky i|] l?t’j?e' % _’E' @ i&z& ﬁi@ I,;/AJI'
Z, =2XW, +2xXW, +2x W
Z, =W, +W,; + Wy

s =11xw, +11xw,
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Z, =8xW, +8xw,

Z, =6 xW; +6xW,
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Mg D1 R E AR T ) RHCA AR B
* (I3 3)
k=1 | k=2 | k=3 | k=4 | k=5 | /% | 2
= X

G ik 2
Xi.i6)

X11 0 0 0 0 0| 46.7 1
X21 0 0 0 0 0 82.4 1
X31 0 0 0 0 0| 1159 1
X41 1 0 0 0 0 10 1
X51 1 0 0 0 0 14.4 1
X6,1 1 0 0 0 0 21 1
X71 1 0 0 0 0| 252 1
Xg1 1 0 0 0 0| 102.2 1
Xg2 0 1 0 0 0 0.6 1
X 16.2 1 1 0 0 0| 1025 1
X 19.10 0 0 2 0 0| 741 1
X21,11 0 0 2 0 0| 117.6 1
X 24.10 1 0 2 0 0| 645 1
X 2510 1 0 2 0 0| 745 1
X 26,11 0 2 1 0 0| 104.6 1
X 2713 0 1 0 0 1| 7938 1
X 28.16 0 1 0 0 1| 1045 1
X 29.16 0 1 0 0 1| 109.5 1
X 30,17 0 0 1 0 1| 553 1
X31,21 0 0 1 0 1| 107.3 1
X 32,22 0 0 3 0 0 85.8 1
X 33,23 0 0 3 0 0| 96.1 1
X 34,30 0 0 0 0 2 7.3 1
X 3535 0 0 0 0 2 74 1

(2]
©




K k=1 | k=2 | k=3 | k=4 | k=5 | /% | > 2
4 X

Ci,j(i),k 'E‘
Xi.i6)
X 37,45 0 0 1 1 1 4.1 1
X 3845 0 0 1 1 1 4.1 1
X 3955 0 0 3 1 0| 442 1
X 4054 0 1 0 0 2 99.8 1
X 41,65 0 0 0 2 1 81.5 1
X 4273 0 0 0 1 2 24.4 1
X 4373 0 0 0 1 2 27.9 1
X 4476 0 0 0 1 2 30.1 1
X 45.99 0 0 0 0 3 68.8 1
X 46,98 0 0 4 1 0 81.3 1
X 47 108 0 0 0 4 0| 102.9 1
X 48.117 0 0 0 3 1 3.6 1
X 49,165 0 0 0 2 2| 116.9 1
X 50165 0 0 0 2 2| 117 1
X 51165 0 0 0 2 2| 117.9 1
X 52165 0 0 0 2 2| 118.1 1
X 53,161 0 0 3 0 2 8.9 1
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N D2 B AR TMLE P A A RDI2 Bd2
(12 4)
k| k=1 k=2 k=3[ k=4[ k=5 | ;a3 | >3
= 5\
Cs i)k B
Xs.is)
X11 0 0 0 0 0 110.1 |83
X31 1 0 0 0 0 63.8 110
X 21 1 0 0 0 0 1142 | 171
X52 0 1 0 0 0 50.4 204
X1 2 0 0 0 0 1081 |1
X o2 0 1 0 0 0 108.1 | 247
X73 0 0 1 0 0 37.9 296
X g3 0 0 1 0 0 104.3 | 251
Xg5 0 0 0 1 0 41.5 223
X104 1 0 1 0 0 1104 |1
X105 0 0 0 1 0 100.4 | 202
X115 1 0 0 1 0 38 171
X127 0 0 0 0 1 47 117
X138 0 1 0 1 0 10.2 1
X 139 0 0 2 0 0 102 |87
X147 1 0 0 0 1 104 |1
X110 |0 0 2 0 0 50.4 | 107
X157 1 0 0 0 1 528 |1
X 15.10 0 0 2 0 0 92.8 82
X 16,12 0 0 1 1 0 6.5 95
X712 |0 1 0 0 1 272 |1
X3 |0 0 1 1 0 572 |91
X 18,16 0 0 1 1 0 110 100
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k=1 | k=2 | k=3 | k=4 | k=5 | ;2% | >
= X

Cs ik B
Xs.is)
X 1917 0 0 1 0 1 4.6 85
X 2017 0 0 1 0 1 56.4 77
X 21.20 0 0 3 0 0 22.6 12
X 2223 0 0 0 1 1 21 100
X 23.19 1 0 3 0 0 6.8 3
X 23.26 0 0 0 1 1 76.8 72
X 2423 1 0 0 1 1 12.4 2
X 24.29 0 0 2 1 0 52.4 53
X2z |0 0 0 0 2 248 |71
X3 |0 0 2 0 1 72 |55
X3 |0 0 1 2 0 372 |2
Xz3 |0 0 2 0 1 66.2 |51
X2 |0 0 0 3 0 191 |54
X247 |0 0 1 1 1 50 |62
X 30,56 0 0 0 2 1 3.6 38
X 3162 0 0 1 0 2 34.2 49
X 32,66 0 0 3 0 1 16.4 106
X 3373 0 0 0 1 2 25.7 18
X 34,63 1 1 1 1 1 8.5 1
X 3478 0 0 5 0 0 48.5 1
X 3479 0 0 1 3 0 28.5 23
X7z |1 0 0 1 2 198 |6
X 35,82 0 1 1 0 2 29.8 11
Xsgs |0 0 2 1 1 50.8
X3 | O 0 0 4 0 15.2
Xz9r | O 0 0 0 3 352 |12
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k=1 | k=2 | k=3 | k=4 | k=5 | ;2% | >
= X

Cs ik B
Xs.is)
X 37.101 0 0 2 0 2 19.2 42
X 3888 1 2 1 1 1 8.8 1
X 38.90 1 1 3 0 1 8.8 1
X310 | O 4 0 1 1 188 |1
X 38110 0 0 3 2 0 28.8 8
X 39118 0 0 0 3 1 19.9 8
X 40.128 0 0 4 0 1 95.2 1
X 40.129 0 0 1 1 2 45.2 13
Xais | O 0 3 1 1 272 |8
X |0 0 1 0 3 4 8
Xss |0 0 2 2 1 144 |59
Xz | O 0 0 1 3 13 |1
X5 | O 0 1 3 1 37 |4
Xaonm | 1 0 0 1 3 334 |1
Xar2s |0 0 3 3 0 43 |1
X 48227 0 0 1 2 2 12 7
X 48229 0 0 0 0 4 62 1
X 49295 0 0 3 1 2 26.8 2
Xs0s2s | O 0 1 4 1 84 |6
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iR E AFERLT AL RS LS RE

2w T LR N4 G ES S
1 110.1 83
5 142 96
3 183.8 135
4 234.2 171
5 290.4 204
5 348.1 259
7 407.9 296
8 474.3 251
9 5415 223
10 600.4 203
11 658 171
12 707 117
13 750.2 88
14 790.4 108
15 832.8 83
16 876.5 95
17 927.2 92
18 980 100
19 1034.6 85
20 1086.4 [
21 11326 2
7 1181 100
23 1236.8 &
24 1292.4 55
25 1344.8 1
26 1407.2 57
27 1466.2 51
28 1519.1 54
29 1589 62
30 1663.6 38
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o FORORLE R A R
31 1724.2 49
32 1786.4 106
33 1845.7 18
34 1898.5 25
35 1959.8 19
36 2015.2 13
37 2079.2 42
38 2138.8 11
39 2179.9 8
0 2235.2 14
41 2297.2 8
42 2354 8
43 2414.4 59
44 2493 1
45 2533.7 4
46 2633.4 1
47 2653 1
48 2702 8
49 2956.8 2
50 3038.4 6
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