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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 formulated it 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, including
paper, wood, yarn, marble and so on. The cutting problem in
optimization is known as the Cutting 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
et al. (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

was in square or rectangle. Bangun et al. (2019) implemented
a branch and cut method on the n-sheet model in solving 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) and the 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 used
the Gilmore and Gomory model. Based on this background, this
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

2.1 Method
Steps 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
[; is the length of item i, where i=1,2,3,4 so 1;=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
¢; is the width of item i, where i=1,2,3,4 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:
« Define the 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 Modified 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 ((d;)(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

M Item 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
4 27 27 63 32 32 71 34
Cutloss (cm?) 152 168 158 222 152 146 144
iItem 8 9 10 11 12 13 14
1 1 1 1 1 1 1 1
2 1 0 0 1 0 0 1
3 2 7 6 1 5 1 0
4 44 34 42 51 52 88 59
Cutloss (cm?) 124 214 202 116 182 118 104
ihtem 15 16 17 18 19 20 21
1 1 0 0 0 0
2 0 3 3 1 1 0 0
3 0 4 0 19 15 33 27

4 95 25 48 14 39 8 35
Cutloss (cm?) 110 120 108 164 144 58 70

MItem 22 23 24 25 26 27 28
1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
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
for item 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.
Items 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 4 17 20 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
Cut loss (cm?) 104 108 58 - -
Usage 6 8 4 - -
Item 1 Item 2 Item 3 Item 4 Trim Loss

A

A

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 I;, 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 The First Pattern
The constructive phase for the first pattern can be seen in Model

(1).

Minimize

© 2020 The Authors.

Science and Technology Indonesia, 5 (2020) 23-27

z=41. 885 +39. 653 +2.61° + 8.6]* + 2.51° +8.6]° + 12.67° +18.51°0 + 2.63 +
4.58° +8.6132 + 8.61%% +20.61%% + 12.6}% + 14.6777 + 16.6257 +18.67°1 +20.65%* +
22.835% +24.63%5 +26.6{%° +28.64%° + 30.64% + 32.6;% + 34.65%7 +36.65° +
38.8511 + 40.65M + 41658 + 41.65%* +41.55° + 86.5]°2 + 86.55°° + 86.65° +
43.55%° + 45.67%% +90.67°% +90.6]2% + 90.67%* + 94.67% + 94.5]%% + 94.6]%% +

47.875* +98.87%8 + 49,572 @
Subject to
8656 =1 (L.a)
553 =1 (Lb)

SIS + 670+ 810 4+ 610 + 835+ 6100+ 836+ 659 + 6132 + 5170 4 6153 + 617 + 6777 +
SIS+ 6P 4 S 4 8165 4 5P 4 610 4 5150 401 + 65 4 655 457V 46510 +
BEHT 4S50 4 5EGH 4 50 45702 4+ 5ER 450 4850 48736 4 51 + 87 + 57 +

5766 + 5762 + 8758 + 8754 + 6% + 82 =43 (Lo
(1-68%¢) <1 (1.d)
(1-68) <1 (1.€)

(1-6")+ =81 + (1 -8 + 1-8]") + (1 -5+ 1-8"D+(1- 5D+
(1-8+Q -8B+ Q-6+ A -8)+ A -8+ (1-62+(1-65")+
A=8P)+ (1 -8R+ (1-675) + (1-8°) + (1 — 829 + (1 - 65°) + (1 — 51 +
(1=-62)+(1=-685)+ (1= 85*)+ 1 =65 + (1 — 65*) + (1 —55%°) + (1 — 6§54 +
(1—855)+(1—387°%) + (1—65°8) +(1—65") +(1-85) +(1-87°%) + 1-6]")+
A=82)+ A —8])+ (1 -8+ (1 - 67D+ (1 -6 + (1 - 6]%) + (1 - 6]°%) +

(1-6]9)<59 n
8¢+ 8¢ <1 (Lg)
8¢ e {01} [€ND)
z =0 (1.0)

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 2
(1.a), (1.b), (1.c), (1.g), (1. h), (L.i)

88 = (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.a), (1.b), (1.¢), (1.d), (1. €), (1.1), (1. 9), (1. h), (1.0

8% +685%° +61° + 8]* + 8% + 8]0 +87°+ 810+ 87° + 85 + 67 + 6120 + 51 +
817+ 8377 + 837 + 6P 0T 4835 + 8] + 81 + 810 +517 4570+ 0] +
B 8511 + 85" + 6500 + 655 + 8550 + 8]0 + G5 + 5% + 50 +6% + 8] +
8728 + 872 +57%6 + 8762 + 85758 + 875 + 678+ 679221 (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

25.8316 + 26,5320 4 50.6816 + 4.857 + 6857 + 8.86151 + 105151 + 12,5195 + 14. 5325
16. 86259 + 18.52%° +20.52%% + 22.8353 + 24. 63%7 4 26. 8117 + 60.52%% + 32,8517 +
32.8513 + 68.85%7 + 728551 +36.8577 +76.6515 + 76.8511 + 40.8541 + 80.8545 +
40.55% + 84. 5575 + B4. 8579 + 44.5]°5 + 886799 + 88.5]'3 +92.87%° +92.5]1 +
92,8747 + 96.8]7% + 96.8]77
Subject to 4)
5416 4 5320 4 5816 = 3 (4.2)
87+ 857 + 8131 + 8151 + 81%5 + 8775 + 86759 + 8750 + 87P + 8753 + 63V + 847 + 819 +
8517 4 8513 4 554 4 5581 4 8577 4 8815 4 851 4 85T 4 855 4854 + 5575 48570 +
805 4 8709 + 5] 4873 + 8102 + 8]V +8]7 +8]77 =33 (4.b)
(1 —8218) + (1 — 8420 + (1 - 6816) <3 (4.6)
(1=8§7)+ (1= 87) + (1= 81%) + (1 - 83) + (1 - 861%%) + (1 - 83%) + (1 - 83%°) +
(L=83")+ (1= 8PN+ (1-67)+ (1-85") + (1 - 887 + (188" + (1 -85 ) +
(1-62)+(1-6*)+ (1 -8+ (1 -6+ (1 - 655) + A — 85" + (1 - 8§*) +
(1= 88%5) + (1 — 85%°) + (1 — 8575) + (1 — 857 + (1 — 8]%%) + (1 - 6]°°)+ (1 - 6] +

z =

(1 =8+ (1 — 8] + (1 —8*") + (1 —8]") + (1 -8]"7) < 48 (4.d)
8¢+ 68 < 1 (4.€)
84 e {0,1} “.N
z =0 [€X))]

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.¢), (4.f), (4.9)
sL=0 (5.a)

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 (6).

Minimize (4)

Subject to (6)
(4.a), (4.b), (4.e), (4.f), (4.9)

B35 + 5420 4 5816 + 557 + 557 + 511 + 5151 + 519% + 8375 + 57 + 6789 + 5303 + 5352 + 6397
HBT 4 S FEYT 4 6FI3 4 5T 4 GEOL 4 57T 4 SPIS 4 SEUL 4 65V 4 695 4 550 4
8575 4+ 887% + 8705 +8]%° + 8]+ 8]0+ 8]*F + 8]V 48] +8]77 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) .82 + ((20.1) + 0) .82 + ((24.1) + 0). 82 +((14.1)+0) .82 +
((16.1) +0). 825 +((36.1) + 0).62% +((40.1) +0). 833! + ((22.1) + 0) . 83%8+((24.1) +
0).63% +((52.1)+0) . 6§22 + ((56.1) + 0) .559+((30.1) + 0).5% +((32.1) + 0). 85 +
((68.1) + 0).85%° +((72.1) + 0).65%7 +((38.1) +0).6852* + ((40.1) + 0).85*1+((84.1) +
0).5578 +((88.1) +0) . 875 + ((46.1) + 0) . 8752+((48.1) +0).575° +((100.1) +0) . &5 +

((2.1) +0).63°+((4. 1) + 0).582+((4.1) + 0).6:5+((4. 1) + 0)875+((8.1) + 0).65° (@)
Subject to

8129 + 5166 4 5203 4 §240 4 §257 4 5294 4 5331 4 368 + 5355 + 5472 + 550+64% + 6513 +
8550 + 8557 + 85724 + 6541 + 8578 + 8]15 +8]52 + 8]0 +850¢ =22 (7.0)
53 + 68 +585+85+8° =5 (7.b)

(1-812) + (1 - 83%) + (1 = 67°%) + (1 — 85*) + (1 - 6557) + (1 - 83°) + (1 - 8°) +
(1—835%) + (1 - 83%5) + (1 — 6372) + (1 — &{59) + (1 — 84°°) + (1 — 85%3) + (1 — §55°) +
(1—685%7) + (1 =852 + (1 — 865*) + (1 — 8578) + (1 — 8725 ) + (1 — 6258) + (1 — 67%%) +

(1-88°%) <33 (7.0
(1=83)+ (1—822)+ (1 —826)+ (1 - 8] +(1-68) <8 (7.d)
5+ 62 < 1 (7.e)
54 e {01} @.n
z =0 .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.€), (7-1), (7.9)
sE=0 (8.0)

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.b), (7.c), (7.d), (7. €), (7-1), (7.9)

8329 + 5365 4 5203 4 G240 4 §257 4 5394 4 §331 4 G300 + 6305 + 5322 4+ 54640 + 8513 4+
8550 + 8587 4 5§2% + 65 + 6578 + 8115 + 8152 + 8]° +85%° + 67° + 642 + 845+ 616 +

& =1 (9.a)

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 cm?, 1749 cm?, and 980 cm?,
respectively which used to minimize the use of stock length and

width.

4. CONCLUSIONS

From 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
cm?, and 980 cm? respectively.
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