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Abstract

Cutting Stock Problem (CSP) is a problem of cutting stocks with certain cutting rules. This study used the data of rectangular
stocks, which cut into triangular shape items with various order sizes. The Modified Branch and Bound Algorithm (MBBA)
was used to determine the optimum cutting pattern then formulat into the 3-Phase Matheuristic model which consisted
of constructive phase, improvement phase, and compaction phase. Based on the results, it showed that the MBBA produces
three optimum cutting patterns, which was used six times, eight times, and four times respectively to fulfill the consumer
demand. Then the cutting patterns were formulated into the 3-Phase Matheuristic model whereas the optimum solution was

the minimum trim loss for the first, second and third patterns.
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1. INTRODUCTION

Raw materials are important in the production process where
the material will be converted into desired goods and then sold.
Production activities require a variety of raw materials, includiff;}
paper, wood, yarn, marble and so on. The cutting problem m
optimization is known as utting Stock Problem (CSP). CSP
is divided into three types namely one-dimensional CSP, two-
dimensional CSP, and three-dimensional CSP. These three types
of CSP are not only seen from the cutting results but also the
residue, which is called trim loss. The smaller of the trim loss
obtained, the objective function will be more optimum. Cutting
patterns with the smallest trim loss will be used as the optimum
cutting pattern.

This research discusses two-dimensional CSP. Rodrigo et al.
(2012) created the Pattern Generation algorithm to find cutting
patterns. Then, they improved the algorithm to become Modified
Branch and Bound Algorithm (Rodrigo et al, 2013). Octarina
etal. (2017) explained that in a two-dimensional CSP, the cutting
pattern was seen in terms of the length and width of the raw ma-
terial. CSP is known as cutting raw materials into smaller forms
or it also can be interpreted as one of the optimization methods
by minimizing the remaining raw materials and maximizing
the profits (Rodrigo and Shashikala, 2017). Previous research
about two-dimensional CSP has been done, but most of the item

x\p in square or rectangle. Bangun et al. (2019) implemented
a branch and cut method on the n-sheet model in solvifgf two-
dimensional CSP. Octarina et al. (2018) implemented the Pattern
Generation algorithm in forming Gilmore and Gomory model
for two-dimensional CSP. Then the research was developed to
multiple stock sizes (Octarina et al, 2019).

In this research, we cut the stock into a triangular shape.
Cherri et al. (2016) explained that in the 3-Phase Matheuristic
model, there were 3 phases including a constructive phase which
is useful to get an initial solution, an improvement phase to im-
prove the initial solution and a compaction phase to increase
the initial solution to best solution. The 3-Phase Matheuristic
model has 2 models namely the Dotted Board model that has
been described by Gomes and Oliveira (2006) he Mixed
Integer Linear model that has been described by Toledo et al.
(2013). The Dotted Board model is in the constructive and im-
provement phases. Whereas the Mixed Integer Linear model is
in the compaction phase.

This study used data from Rodrigo et al. (2013) that cut raw
materials into triangular items of various sizes but they lnt:
the Gilmore and Gomory model. Based on this background, &
study used the Modified Branch and Bound Algorithm to find
cutting patterns then modeled them to a 3-Phase Matheuristic
model.
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2. EXPERIMENTAL SECTION

Method
eps in this research are as follows:
1. Describe the length and the width of the stock includes
the side length of triangular items.
2. Define the variables and parameters as follows:
L is the length of stock, L= 50 cm
W is the width of stock, W=15 cm
l; is the length of item i, where i=1,2,3,4 so 11=40,25,8 4 cm
w; is the width of item i, where i=1,2,3,4 so w;=13,12,5,2
cm
e; is the width of iteili, where i=1,2,34 so €;=30,24,2,2 cm
53=0 or 1 whereas 1 if the reference point of item ¢ is
positioned in d and 0 if otherwise
t is the number of item
d is the positioned of item
3. Find cutting patterns using the Modified Branch and Bound
Algorithm
4. Formulate the 3-Phase Matheuristic Model by:
« Defindhe objective function to find the minimum
initial solution using the Dotted Board Model.
« Improvise the initial solution using the Dotted Board
Model
« Get the best solution using the Mixed Integer Linear
Model
5. Solve the 3-Phase Matheuristic Model.

3. RESULTS AND DISCUSSION

3.1 Mo d Branch and Bound Algorithm
The data of item size and the number of demand for each item
can be seen in Table 1.

Table 1. Item size dan number of demand

Type of Item 1 2 3 4
BC (cm) 40 25 8 4
AD (cm) 13 12 5 2
BD (cm) 30 24 2 2

Demand ((dj)(pieces)) 6 30 125 500

These cuts can be categorized as non-oriented cuts, where
cuts between the length and width can be reversed. All cutting
patterns that were generated from the Modified Branch and
Bound Algorithm can be seen in Table 2.

Based on Table 2, there are 28 cutting patterns in the form
of triangular items. Next, the optimal pattern will be chosen by
looking at a minimal trim loss. The 20th pattern only fulfills the
3rd item and 4th item. So to get the 1st item and 2nd item, the
pattern which has a minimum trim loss is taken to produce the
item. The optimal pattern can be seen in Table 3.

Based on Table 3. three optimal patterns have a minimal trim
loss which can then be used on the model. Furthermore, the 14th
cut is called the 1st pattern, the 17th cut is called the 2nd pattern
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Table 2. Cutting Patterns

i"tem Cutting Pattern
1 2 3 4 5 6 7
1 1 1 1 1 1 1 1
2 1 0 0 0 1 0 1
3 4 8 4 7 3 3 3
4 27 27 63 32 32 71 34
Cut loss (em?) 152 168 158 222 152 146 144
Mtem 8 9 10 11 12 13 14
1 1 1 1 1 1 1
2 1 0 1 0 0 1
3 2 7 6 1 5 1
4 44 34 42 51 52 88 59
Cutloss (cm?) 124 214 202 116 182 118 104
ithItem 5 16 17 18 19 20 21
1 1 0 0 0 0
2 0 3 3 1 1 0 0
3 0 0 19 15 33 27
4 95 25 48 14 39 8 35

Cut loss (cm? 110 120 108 164 144 58 70

iMtem 22 23 24 25 26 27 28

1

2

3 21 15 10 6 3 1 0

4 63 91 112 125 152 154 172
Cutloss (cm?) 78 86 102 98 82 82 91

and the 20th cut is called the 3rd pattern. After obtaining the
optimal cutting pattern, then the pattern can be made according
to the existing cutting pattern. Furthermore, to meet the demand
forfffem 1, the 1st cutting pattern is used. Items 2 are fulfilled
by using 6 times of the first pattern and 8 times of the second
pattern. Items 3 are fulfilled by using 4 times of the third pattern.
ITtems 4 are fulfilled by using 6 times of the first pattern, 8 times
of the second pattern, and 4 times of the third pattern.

Figure 1. The First Pattern

Figure 1 shows there are 1 piece each of item 1 and item 2
and 59 pieces of item 4. Then, the second cutting pattern on the
dotted board can be seen in Figure 2.

Figure 2 shows there are 3 pieces of item 2 and 48 pieces of
item 4. The last, the third cutting pattern on the dotted board
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Table 3. Optimal Cutting Patterns

Optimal Pattern
th P
i'Item e 2 Demand  Surplus
1 1 0 0 6 0
2 1 3 0 30 0
3 0 0 33 125 7
4 59 48 8 500 270
Cutloss (em®) 104 108 58 - -
Usage 6 8 4 - -
Item 1 em 2 tem 3 tem 4  Trim Loss

Figure 2. The Second Pattern

can be seen in Figure 3. Figure 3 shows there are 33 pieces of
item 3 and 8 pieces of item 4.

Figure 3. The Third Pattern

3.2 3-phase Matheuristic Model

This formulation has 3 phases including the constructive phase,
improvement phase, and compaction phase. This research as-
sumes that item rotation is allowed but the values of 1;, w; and e;
are assumed not to change even though the item has a rotation.
The board used is rectangular with a length of L= 50 cm and
a width of W=15 cm (50.15) where there are 4 types of items
placed on the board.

3.2.1 3-Phase Matheuristic Model For [Ehe First Pattern
The constructive phase for the first pattern can be seen in Model

(1).
Minimize
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z= 41, 65 +39, 857 4+ 288 + 8.6 + 2.6  + 86"+ 12.8° + 18,6 + 2.6]° +
£.87° 4+ 8.6+ BE1T 4 200605 412,60 + 14,577 + 16,675 + 18,577 + 20,577 4+
22.80%% + 24. 8] + 26,68 + 28815 + 30,8} + 32.6]%7 + 34607 + 36.4]" +
I8 A 4 40085V 4 416559 4 41855 4 415557 4 868777 4 86,65 4 BR.ETM 4
43809 + 4587 + 90.8]7 +90.8]%" + 90,6 + 94.8]% + 94.8]%? + 94.8]% +

47,675 + 98. 6] + 49,87 1
Subject to
55 =1 (La)
551 =1 (1.b)

B + 814+ B + 8]0 4 8% 4 G104 EI 4 5{7 + 51 + 610 4 815 4 517 4 6 4
6‘257 +6{19[ + 5'321 + 6;365 + 6;\95 + 6:19 +8:59 + ﬁ:ﬁ! + 6'523 + 5{5? + d‘:ﬂ? +6‘:l! +
BEVL 4 SEOE 4 LM 4 GPE0 4 102 4 BI04 PO 4 00 4 E]0C 4 ST 4 8]0 4 5T 4

B9 4 8752 + 5] 4 575 + 8] + 5] =43 (Lc)
(1-68) =1 (1.d)
(1-8" <1 (Le)

(1=63)+ (=8 +(1=6) + (1=8]) + (1 =87 + L =8")+ (1= &%) +
(1—85) + (1 =810+ (1 -8 + (L — 85 + 1 -8 + (1 -8+ (1- 675) +
=870+ (=870 + (1-8%) + (1-81") + (1 - 8P + (1 - 6%) + (1 - 6" +
(1—65)+ (1-87") + (1 - 6% ) + (1 — 85 + (1 — 8P + (1 - 8558 ) + (1 — 85%4) +
(=8 + (1 =8 + (18" +(1-&") + -8 +(1-6) + Q-8+
(U =&72)+ (=82 4 (1= 8]%) + (1 =810 4 (1= 6) + (1= 8]%) + (1= 8]) +

(1-4]*)=59 (L)
&5+ &8 = 1 (Lg)
&2 e {01} (Lhk)
z =0 (L)

Constraint (1.a) and (1.b) in Model (1) indicate that there
are 1 piece each of first item and second item which positioned
in board. Constraint (1.c) indicate that there are 43 pieces of
item 4. Constraints (1.d), (1.e) and (1.f) limit the displacement
between variables along the width. Constraints (1.g) indicate
that each item placed on the board does not overlap one another.
Constraints (1.h) indicate that each item is positioned on the
board.

The improvement phase for the first pattern can be seen in

Model (2).

Minimize (1)

Subject to @
(La), (1.B), (1.¢), (1. g), (L.h), (1.0}

sh=0 (2.a)

Constraint (2.a) in Model (2) indicate that each item is positioned in the board.

The Compaction Phase for the first pattern can be seen in Model (3).

Minimize (1)

Subject to @
(L), (1B, (L.c), (Ld), (L&), (LF), (Lg) (Lh), (L.0)

BE56 4 £639 L B35 4 ETH 4 B30 4 8]0 4836 4+ 5100 4 &35 4 858 L 13T 4 B18 4 5163 4
B 4 SFY 4 8P 63T + 6] + 8% 4 6% 48 + 8 + a0 48P 485 +
BI04 G511 4 FPYL 4 GE60 L I64 | gE60 4 §TO2 | GEU0 4 GEOE 4 SE90 4 gTI6 o §TI2 4
B7P0 4 67 4 8150 6707 4805 A A+ 5]T 21 (3.a)
Constraints (3.a) indicate that each item placed on the board does not overlap one another.
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3.2.2 3-Phase Matheuristic Model For The Second Pattern
The constructive phase for the second pattern can be seen in
Model (4).

Minimize

o= 25.650 426,682 + 50,850 + 4.5 + 6.8 + 8.8 + 10,615 + 12,6 + 14,672
16,675 + 18.6% + 20067 + 22.67% + 24, 67" + 26,6817 + 60,6 + 32,6577 +
32,671 + 68,857 + 72.65% + 36,8777 + 76,651 + 76851 + 40.68' + 80.68° +
40854 + 84.8]7% 4+ 84,8570 + 44.85]°% + 888]%" + 88.6]" 4 928" +92.6]Y +
92.8]%7 +96.8]7 + 96.8]77

Subject to )

8110 + 8370 + 8110 =3 (4.a)

57 4 537 4 SIAL 4 Fl61 4 5195 4 S5 4 g259 4 5280 | 5II3 4 ASI 4 G367 | M7 4 gpEd 4

GGV 4 S{ 4 SV 4 G0 4 BT 4P SN 4P 4 SPY EEY 4 875 8570 4

S105 4870 4871 +8] 48] 4 6] 48] +8]7 =33 (4.b)

(1=631%)+ (1 =8 + (1 - 5§1%) =3 (4.c)

(=87 + (1 —87)+ (1 - 613 + (1 — 83 + (1 - 81%5) + (1 - 67%°) + (1 - 67°") +

A=6")+ 1=+ (1-62)+ A=)+ Q=6+ Q- 8"+ (1-6§V )+

(=) + (1 =87)+ (1= 8") + (1= 857)+ (1 - 8515) + (1 - 87" + (1= 65*1) +

(1= 88%%) 4 (1 =88 + (1= 887) + (1 = 87 + (1= 67%%) + (1 - 61"+ (1= 6] +

A=87+ Q=8+ (1 -51) + (1 -8+ (1-8]7) =48 (4.d)
&+ 8 <1 (4.2)
58 e {01} (4.}
z =0 (+.9)

Constraint (4.a) in Model (4) indicate that there are 3 pieces
of second item which positioned in board. Constraint (4.b) in-
dicate that there are 33 pieces of item 4. Constraints (4.c) and
(4.d) limit the displacement between variables along the width.
Constraints (4.e) indicate that each item placed on the board does
not overlap one another. Constraints (4.f) indicate that each item
is positioned on the board.

The improvement phase for the second pattern can be seen
in Model (5).

Minimize (4)

Subject to (5)
(4.a), (4.b), (4.e), (4. 1), (4. 9)

=0

Constraint {5.a) in Model (5) indicate that each item is positioned in the board.
The compaction phase for the second pattern can be seen in Model (B).

(5.a)

Minimize (4)

Subject to (8)
(4.a), (4.b), (4.€), (4.1), (+-9)

B0+ 8120 4 6310 + 87 + 8T + 617 + 8 + 817 + 675 + 6750 4+ 670 + 6700 + 6750 + 67
+ENT A EP BV 4 E] SV 4 B B]TT 4 BPYS BN 4 BEM 4 BEY 4 PV 4
BT5 48570 46100 4 8107 48]0 4 6] 4 G 4 SV 457 48] 21 (6.a)

Constraints (6.a) indicate that each item placed on the board does not overlap one another,

3.2.3 3-Phase Matheuristic Model For The Third Pattern
The constructive phase for the third pattern can be seen in Model
(7).

Minimize

Constraint (7.a) in Model (7) indicate that there are 22 pieces
of third item which positioned in board. Constraint (7.b) indi-
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z= ((8.1)+0). 81+ ((20.1) + 0) . 6155 + ((24.1) + 0) . 62°° +((14.1)+0) .82 +
((16.1) +0) . 8257 + ((36.1) + 0).83% +((40. 1)+ 0) . 839 + ((22.1) + 0). &350 +((24.1) +
0).87% +((52.1) +0) . 6827 + ((56.1) + 0) . 8#5+((30.1) + 0).64" +{(32.1) + 0). &5 +
((68.1) + 0). 8550 + ((72.1) + 0).55%7 +((38.1) +0). 8524 + ((40.1) + 0). &H14((84.1) +
0).8§7 +((88.1) +0) . 87'5 + ((46.1) + 0) . 6757+((48.1) + 0).86]% +{(100.1) +0) . &° +

((2.1) +0).834((4. 1) + 0).524+((4.1) + 0).65+((4.1) + 0)875+((8.1) + 0).550 )
Subject to

G137 4 F166 4. F203 4 FIA0 4 FIF7 4. FEM 4 FI3 4 FI6E 4 365 4 FI22 4 FASIL LA 4 FEI 4
550 4 G587 4 B2 4 SEAL 4 GETR 4 715 4 §TS2 4 ST69 45806 = 2D (7.a)
G+ 82 +ES LA HEM =5 (7.b)

(1= 812 + (1 — E15) 4 (1 - 81°%) + (1 - 81%0) + (1= 537 ) + (1 - 87%) + (1 - 833) +
(1= 870y + (1= 835 ) + (1 = 6552 + (1= 835%) + (1 = 84°) + (1 = &§13) + (1 - 655") +
(1-857) + (1 = 654 + (1 - 884 + (1 - 857%) + (1 - 87" ) + (1 - 8]5%) + (1 - 5] +

(1-85%) <33 7.c)
(1=8"+ (1 =8+ (1 =85+ (1=8*)+(1=8" =<8 7.d)
[ (7.€)
&2 e {0,1} @.n
z =0 7.9)

cate that there are 5 pieces of item 4. Constraints (7.c) and (7.d)
limit the displacement between variables along the width. Con-
straints (7.e) indicate that each item placed on the board does
not overlap one another. Constraints (7.f) indicate that each item
is positioned on the board.

The improvement phase for the second pattern can be seen
in Model (8).

Minimize (7)

Subject to (8)
(7.a), (7.b), (7.}, (7.£), (7.4)
& = (8.a)

Constraint (8.a) in Model (8) indicate that each item is po-
sitioned in the board. The compaction phase for the second
pattern can be seen in Model (9).

Minimize (7)

Subject to (9)
(7.a), (7.5, (T.c), (7.d), (7€), (7.F), (7.g)

B139 4 §166 4 F203 4 P04 FIST 4 I 4 FIIL 4 SI60 4 FIRS 4 FAI2 4 FASSLFA96 4 g313 4
B350 4 §POT 4 SET4 4 FENL 4 SETE . ETIS 4 TSE 4 ST60 SR06 4 £38 4 FAT 4 546 4 5T 4
80 =1 (9.4)

Constraints (9.a) indicate that each item placed on the board
does not overlap one another. Based on the 3-Phase Matheuristic
model, the minimum trim loss from the first pattern, second
pattern and third pattern are 1,774 em?, 1749 cm?, and 980 em?,
respectively which used to minimize the use of stock length and
width.

CONCLUSIONS

rom the result and discussion, it can be concluded that 3 optimal
cutting patterns were got from Modified Branch and Bound
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Algorithm. All of the three patterns can be seen in Figure 1-3.
The 3-Phase Matheuristic model is used to minimize the use of
stock length and width. The minimum trim loss from the first
pattern, second pattern and third pattern are 1,774 cm?, 1749
em?, and 980 cm? respectively.
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