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Abstract. Cutting Stock Problem (CSP) is a problem of cutting stocks into items with certain
cutting rules. This study used the data where the rectangular stocks were cut into triangular shape
items with various order sizes. This study used the Modified Branch and Bound Algorithm
(MBBA) to determine the optimal cutting pattern then formulated it into a Dotted Board model.
Based on the results, it showed that the MBBA produced three optimal cutting patterns, which
used 6 times, 8 times, and 4 times respectively to fulfill the consumer demand. Then the cutting
patterns were formulated into the Dotted Board model. Minimum trim loss of the three models
are 1,774 cm?, 1,720 cm?dan 980 cm?.

1. Introduction

Efficiency in production is very important where currently the available natural resources are less and
the market demand is higher. Industry players must strive to overcome these problems in order to
compete in a globalization world. One effort to improve production efficiency is by optimizing the use
of raw materials, namely minimizing the remaining cutting (trim loss). Many types of raw materials used
in industry including wood, paper, glass, steel, marble, and others. The raw material used will be cut
according to the specified cutting pattern.

The problem of cutting in Optimization in order to optimize raw materials is known as Cutting Stock

Problem (CSP). CSP is divided into three parts based on the number of dimensions, namely one-
dimensional CSP, two-dimensional CSP, and three-dimensional CSP. This study examines two-
dimensional CSP, wherein cutting only based on the width and length of the raw material.
CSP has been extensively developed by researchers with various problem-solving algorithms starting
from generating patterns, formulating models, and solving methods. Research that discussed the pattern
generation such as [1] who formulated CSP in a linear program model. The formula introduced by [1]
was used to solve one-dimensional CSP. Furthermore, according to [2] two-dimensional CSP can be
classiﬁe'into regular and irregular items. Then [3] completed a two-dimensional CSP by generating
patterns using the Modified Branch and Bound algorithm. This method can be used in cutting large
quantities but limited only to rectangular items. Whereas [4] made cuts on rectangular-shaped items into
triangles of various sizes.

A study of two-dimensional CSP for irregular-shaped items by proposing a model called the Dotted
Board [5]. The packing problem and the cutting of raw materials which are also irregular in shape was
conducted by [6]. The optimal solution is obtained from several models including the Dotted Board
model and the 3-Phase Matheuristic model. Whereas [7] conducted a study on how to design and create
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applications for cutting pattern generation in two-dimensional CSP. Furthermore, [8] implemented the
Pattern Generation Algorithm on Gilmore and Gomory models in two-dimensional CSP and [9]
formulated the Gilmore and Gomory models in two-dimensional multiple stock size cutting stock
problem whereas [10] implemented branch and cut method on n-sheet model in solving two dimensional
cutting stock problem.

Based on this background, this research looks for cutting patterns for triangular items. Patterns were
searched using the Modified Branch and Bound method. Furthermore, the pattern obtained was modeled
into the Dotted Board model which in previous studies was used for irregular shaped items. This study
uses research data from [4] where the raw materials used were rectangular and then cut into triangles of
various sizes. Previously, [4] used the Gilmore and Gomory models, therefore another model will be
formed using the Dotted Board model.

2. Literature Review

B . Modified Branch and Bound Algorithm (CSP)
Modified Branch and Bound Algorithm (MBBA) is one of the method used to form cutting patterns in
CSP. In this research, the rectangular raw material is cut into triangular items.

A
/N
B D C

Figure 1. Triangular

Based onFig. 1, BC = AR and BC = AC with BC = [; (length of the i*" item), AD = w; (width of
the it" item) and BD =e; where (i = 1,2, +-,m). The length and width were denoted by £ and W
respectively. The steps of MBBA [4]:

Step 1: Arrange lengths, [; (i = 1,2, ---,m) in decreasing order, ie [, > [, > +-- > [,,, where m is
number of item. Arrange required widths,
®; (i=1,2,-~-,m) andlengths ¢; (i = 1,2,---,m) according to the corresponding lengths.
Step2: For (i = 1,2,-~-,m) and j = 1 do Steps 3 to 5.
Step 3: Setay; = LLI (D)
1 .
L-Ylay: Iy
8 a; = [%J as 2)
where L is the length cd.he main sheet. a;; is the number of pieces of the it" item in the j*™ pattern
along the length of the main sheet and |y] is the greatest integer less than or equal to y.
w
Step 4: If a;; )‘l,then set bijlt lw_;] (3)
Else set b;; = 0, where W is the width of the main sheet. b;; is the number of pieces of the it™" item in
the jt" pattern in the main sheet.
Step 5:  §t Pi; = (2a;; — 1)b;; (4)
where P;; is the number of pieces of the i item in the j** pattern in the main sheet.
_ 0 ,’.P{'j‘ = 0
ij _{X.;PU >0
Step 6: Cutting loss
(i)  Cut loss along the length of the main sheet:
Cy = (L_E:z1 aij fi)W (5)
For=1,2,--,m I (L =¥, a;; I;) = w; and W = [; then set:

L= aij & _
Ay = [W—’] ©)

]
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w
Bu‘_{ il >0 ©)
0 ; otherwise
Py = (24,B,) - 1 ®)
Else set :
B;j=0 (10)
IfAU>0,thenhetCuz((LfEfilaUll) 7AUW1)BUII (12)
Co= (TP ). (W= By 1) (13)
C=(3lw) g (14)

i*" item in the j*™" pattern along the length and

width of the C,, rectangle respectively and C, and C,, are the total cut loss area along the length and
width of the C,, rectangle respectively.
(1) Cut jmss along the width of the main sheet: €, =
(aij i) - kij (15)
kl‘jZW*b{'j‘W{' (16)
If bU w; = 0 then set kl} =0
Forz # i, If (a;; [;) = l; and k;; = w, then set:

where, A;; and B;; are the number of pieces of the

kij
BU‘:{ l;ﬂ i425 >0 (18)
0 ; otherwise
P,; = P, + (2a,; — 1)b,; (19)
Elseset: A;; =0 (20)
By =0 1)
P =P (22)
If A > 0thenset: C, = (a;; l; — A1, ).Byjw, (23)
Cp:al-j fi .(kij—szWz) (24)
Else C, = (% Lw) (25)

where, A,; and B,; Wte the number of pieces of the the i*"* item in the j*" pattern along the length
and width of the C, rectangle respectively and C,, and C, are the total cut loss are along the length and
width of the C), rectangle respectively.
(iti)  Cut loss within the triangular shape items in the main sheet:

If a;; = 0 then set C, = %ei w; +§(ll- — e)w;elseset C, =0 (26)
Forz # i,Ife; = [, and(e:—(lzg;‘ez))mz Wy (27
Then [;— ¢, = I, and%z w, (28)
set: £,y = | £ (29)
FZ,_{WZJ ifEzy >0 (30)
0 ; otherwise
P, = Py + (2E,; — 1)F,5b;; (31)
Elseset: E;; =0 (32)
F,j=0 (33)

P;j =Py (34)
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If E,;> 0thenset:C, = Gei w; — GEZJ L, wz)) else set C; :§ei w; (35)
Forz #iIf (I — e) 2 [ and (=l > (36)
then : Ezj = lllt_—glJ (37)
wi s )
P, ={ = S ifE,; >0 (38)
0 ; otherwise
P,j = P, + (2E,; — 1) Fy5by; (39)
Elseset: E,; =0 (40)
F;; =0 40
If E,;> 0then:
1 1 1
Co=[- N (3Ej Low,)|selse set. €. =2l — e w; (43)

where, E; and F,; are the number of pieces of the " item in the j*" pattern along the length and
width of the C; rectangle respectively and C; is the total cut loss area of the triangular shapes.
Step7: Set r=m-—-1 (44)
while r > 0 do Step 8
Step 8: While a,; > 0 set j =j + 1, and do Step 9
Step 9: If a,; = b,;, then generate a new pattern according to the following conditions:

Forz = 1,2, ., v —1,Set azj = azj_]_ and sz = Dzj-1 (45)

Forz =r

Set QAzj = Qzj-1 — 1

If az; > 0, then set by; = lwil,else set bz; =0 (46)
z

Calculate a,; and b,; using Eq (1) and (2)
For i =1,2, ...,m,Set pU =a['jbl'j (47)

Bo t@Step 5

Else generate a new pattern according to the following conditions (a,; < b,;):

Forz = 1,2,..,vr— 1, Set Qzj =dgzj—1 and sz = 0zj-1 (48)
Forz = r,Seta,; =az;;and by = by —1 (49)
Forz = r+1,..., m, Calculate a,; and b,; using Eq (2) and (3)

Fori =1,2,..,m, Set pU = a[-jbl-j (50)
Do Step 5

Step 10: Set r = r-1 (5D

Step 11: STOP.

2.2. Dotted Board Model
The Dotted Board model aims to minimize the use of board length and width by presenting a number of
dots on board for each row and column. This method is done as a reference for laying items on a board
based on the reference point. According to [6] reference points can only be positioned on the dot of set
D that represents the board. The shape of the board used is a rectangular flat shape that has length L and
width W. The advantages of the Dotted Board model are convex and non-convex items can be placed on
the board in the same way. Items of type ¢ and placed at point (§¢ ) have three basic restrictions, namely:
e Each piece needs to be positioned entirely inside the board.

e All the pieces need to be positioned.

e The pieces may not overlap.
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Inner-fit polygons (IFP) are met if each item that is positioned fully inside the board, while the nofit
polygon (NFP) is met if each item does not overlap.The dotted board model for two dimensional Cutting
Stock Problem according to [5] can be seen in Model (52).

Objective Function:

Minimize
z=((c.gx + xM).08) vdelFP, ,VteT (52)
Subject to:
(c.gy +xM). 68 < z vd e IFP, ,Vt e T; (52.a)
Yacwr 68 = q Vt €T; (52.b)
8¢ + 64 < 1 Ye € NFPE, .Vtu €T vd € IFP, (52.¢c)
g € {01} vd € IFP, ,¥t € T; (52.d)
z = 0 (52.e)
where
d _ {1 if the reference point of a piece of type t is positioned on dot d
5t = { : (53)
0 otherwise.

where z is objective function, ¢ is board column, r is board row, g, is grid resolution in x axis, xgw
is horizontal distance from the reference point to the end of item, §¢ is binary decision variable, g, is
numbers of item type ¢ that should be positioned. d, e are type of point on board. t, u are type of item.
IFP is inner fit polygon and NFP is nofit polygon.

3. Method

The steps in this study are as follows:

a. Describe the data which includes the length and width of the product along with the demand.

b. Implement a Modified Branch and Bound Algorithm to form cutting pattern in a two-dimensional
CSP by

e Define the used variable such as length of item ([;), one side of the item (e;), length of raw
material (L) and width of raw material (W).

e Form the cutting pattern using Modified Branch and Bound Algorithm in accordance with
predetermined variables by sorting the length (I;), forming the cutting pattern and counting the
cut loss along the length, width and in the form of a triangle on the main sheet.

c¢. Formulate the Dotted Board Model by defining the used variable, formulating the objective function
that minimizes the used of the board and a set of constraints that ensured all of the demand is
fulfilled.

d. Analyze the final solution.

4. Result and Discussion

This study used the data of rectangular marble slabs with a size of 50 cm % 15 ¢m, then the material was
cut into triangle items according to the order size in Table 1. The Modified Branch and Bound Algorithm
(MBBA) is implemented in Two Dimensional CSP for triangular shape items. The objective function
of MBBA is to determine cutting patterns, maximize the number of items ordered according to consumer
demand and minimize the use of stock.

Table 1. The size of items and the number of demands.

[tem | 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

Based on MBBA, there are 3 optimum cutting patterns, as shown in Table 2. This research assumed
that the rotation of items are not allowed. The optimum pattens from MBBA were put in Dotted Board
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as shown in Figure 2. 3 and 4 respectively. The Dotted Board model for each cutting pattern can be seen
in Model (54), (55) and (56).

Table 2. Optimum cutting pattern.

CILtlt;r]:g y Optlmunr?l:'dttems » Demand Surplus
| 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 - -
Number of usage 6 8 4 - -

Minimize
z=4065856439853%12815+ 887 +2510+867°+12576+18510+2830+4558+86132+86128 4206163+
12 6198 4 1462274166257 +1862°1 4205321 4225365 424639542651 29+ 285459 +305 493 4326523 +34
5557436 55874388511 +4055%! +415568441555% +4155504865]°2+865578+8655%4+4355%+
455736 4905732 + 90 5]28+905]2% +945766+945762+ 945758 +47 5]5%+ 98 57881495792
subject to
5856 =1 (54)
5539 =1
S5+ 61 4 8% 4+ 8]0 + 654 610+ 636+ 88+ 52 +6,2F +612 +6° + 6227 +
6257 4 5291 4 5321 4 5365 4 §395 4 8129 4 685° 4 5893 4 852 46557 + 677 + 551 +
SE4L 4 5568 4 56+ 4 5E60 | 5702 4 5698 | 5694 4 5690 L §736 4 §732 4 5728 | 5724 4
82%% +67%2 +67°% +67%+ 6] +6]°2 =43
88 + 68 < 1
5d e {01}
z = 0

The Model (54) shows that the minimum trim loss is 1.774 cm?.

=

N\

O 123456T89101112131415161718192021 2223 242526272829 30313233 M 35363738 394041 424344454647 4849 30

A\

Figure 2. The dotted board of first cutting pattern.
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O 123456 TE9100112131415161T18192021 2223 2425 26 2728 20 30 31 3233 M4 353637 38 394041 424344 4546 47 4849 50

Figure 3. The dotted board of second cutting pattern.

Minimize

z= 256391 + 25 635* +50 850 + 4878 + 66112 +8 6142 + 108176 + 12 8206+ 14 5340 +16 §27°
+18 63%% 4 20633 +22 63 + 24 63°% + 26 6437 +28 572 + 30 67°°+ 96 652° +34 65°° + 108
537°0438 652 +120855* +42 5§88 +1328]18+928]52+34 5755+38 5520 +42 558+ 19258748
+36.5785+120 8§50 +132 571 + 42 5580 +46 57%+44 57104485774 +46 512

Subject to

63°1 +87° +687°1 =3

Si8+ 81124+ 81"+ 8170+ 86500 + 870+ 5270+ 50 + 873 + 67°0 + 657 +
043% + 64%2 464 +67% +67°° +687°° +8° + 655 +65%°% +6]18 +
8758 + 8756 + 6520 588 4 5748 4 5786 4 5850 + 5714 4 5L80 + 74 +
St +8]7 +67% =34

58 + 88 < 1

(55)

5 e {01}
z > 0, The minimum trim loss of Model (55) is 1.720 cm?.
A
15
14
13}
124
1
10
a
g
f
5
4
k]
)
1
O 123456TE910012131415161TI8192021 2223 425 26272829 3031 3233 M 353637 38394041 4243 44454647 4849 5

Figure 4. The dotted board of third cutting pattern.
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Minimize z = 8 §32° + 20 6355 + 24 5202 +14 62%0 + 16 8257 + 36 62%%  +40 6331+ 22 5358+
24 63%5 452 6422 + 56 85°%+ 3064% +32 651 + 68465°° + 72685%7  +3865%% + 40 65+
84 6578 +88 6715 + 46 5772+ 48 5% +100 65°° + 2638 +4 637 +4 616+ 45154865

Subject to (56)
5;:29 +53166 +5§03 + 5%40 +53257 + 532,94 + 5;31 + 53368 + 53385 + 5;22 +6§‘5°+6§‘°"’ + 535:13 +
8550 + 6557 + 852 + 554 + 6570 + 6715 +67% +670 450 =22

8% +04% +8°+6;°+8° =5

8+ 88 < 1

54 e {0,1}

z > 0, the minimum trim loss of Model (56) is 980 cm?.

5. Conclusion

Based on the results, it can be concluded that the Dotted Board Model is formed based on the cutting
pattern obtained from the Modified Branch and Bound Algorithm (MBBA), which are three optimal
patterns that meet each limit on demand. For item | requests are fulfilled using the first 6 cutting patterns.
Item 2 request is fulfilled using 6 times the first pattern and 8 times the second pattern. Item 3 requests
are fulfilled using 4 times the third pattern. And item 4 requests are fulfilled using the first 6 times. 8
times the second pattern, and 4 times the third pattern. Minimum trim loss of the three models are
1,774 cm?, 1,720 cm®dan 980 cm?.
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