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PREFACE

The honourable Rector of Universitas Sriwijaya

The honourable Dean of Faculty of Teacher Training and Education of Universitas Sriwijaya

The honourable invited guests, participants and speakers of National Conference on Mathematics
Education (NaCoME) 2019.

On behalf of all National Conference on Mathematics Education (NaCoME) 2019 and Workshop
on Mathematical Modeling Committees, | would like to express my deepest gratitude for your
participation in this event. This year, NaCoME and Workshop on Mathematical Modeling 2019 is
themed “Modeling in Mathematics Instruction: The First Step towards Problem Solving”.

With the existence of industrial revolution 4.0, teachers are required to become more innovative in
conducting instructions, either by utilizing technology, evaluating students’ processes and learning
outcomes, especially facilitating students to support their higher order thinking skills. With those frames
in mind, students must be fostered to be able to compete globally, therefore, the purpose of holding this
event is to increase student achievement and competitive spirit, while increasing the insight of
educators, prospective educators, and education personnel to improve the quality of education.

As the chair of this event, | would like to report that we have invited participants from all of South
Sumatra Province through collaboration with the Mathematics Education Alumni Association
(IKADIKMAT) and Universitas Sriwijaya. The total participants in this event consisting of 131
speakers, 162 non-speaker participants, and 41 workshop participants, come from 11 provinces from
all over Indonesia namely from DI Aceh, South Sumatra, Lampung, DKI Jakarta, Banten, West
Sumatra, Bengkulu, Jambi, West Java, West Sulawesi, and Nusa Tenggara Timur. The Keynote
speakers of this Event are Dr. Tan Liang Soon from the Academy of Singapore Teachers, Prof. Wono
Setiabudhi, Professor of mathematics from the Bandung Institute of Technology, and Dr. Yusuf
Hartono, Associate Professor of Mathematics Education from Universitas Sriwijaya.

Through blind review session, revision, and editors’ considerations, we have selected 86 articles out
of 131 submitted papers to be published in Scopus-indexed IOP Conference Proceeding (Journal of
Physics: Conference Series). Hopefully, these papers will make a significant contribution to education

in Indonesia and throughout the world.

Chair of NaCoME 2019

Dr. Darmawijoyo
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The modified branch and bound algorithm and dotted board
model for triangular shape items

S Octarina'*, M Janna', E S Cahyono', P B J Bangun' and L Hanum?
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Universitas Sriwijaya, Palembang, South Sumatra, Indonesia

2Department of Biology, Faculty of Mathematics and Natural Sciences Universitas
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*Corresponding author’s email: sisca_octarina@unsri.ac.id

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
classified 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

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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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

2.1. 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
/i'\
B D C

Figure 1. Triangular

Based on Fig. 1, BC > 4B and BC > AC with BC = [; (length of the it" item), AD = w; (width of
the it" item) and BD =¢; 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 l; > [, > --- > [,,, where m is
number of item. Arrange required widths,
w; (i=1,2,---,m) andlengths e; (i = 1,2,---,m) according to the corresponding lengths.
Step 2: For (i = 1,2,---,m) and j = 1 do Steps 3 to 5.
Step 3: Set a;; = || 1)

L1

L_Zé_:l zj lz

o =[] @

where L is the length of the main sheet. a;; is the number of pieces of the it" item in the jt" pattern
along the length of the main sheet and |y| is the greatest integer less than or equal to y.
Step 4: If a;; > 0, then set b;; = [WKJ 3)
Else set b;; = 0, where W is the width of the main sheet. b;; is the number of pieces of the i*" item in
the jt" pattern in the main sheet.
Step 5:  Set Pi]' = (Zaij - 1)bij (@)
where P;; is the number of pieces of the it" item in the jt" pattern in the main sheet.

_ 0 ;Pij <0

b= {X ;Pij >0
Step 6:  Cutting loss
(i)  Cutloss along the length of the main sheet:
Cu = (L—21 a;j ;)W (5)
For=1,2,--,m,If (L—X" a;; ;) =w; and W > [; then set:

A = L-%iZ;aij b
Lj - w;

(6)
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w
By = { o] s> 0 )
0 ; otherwise
Else set :
Aij =0 (9)
P =P, (11)
|fAl] >0, then set : Cu = ((L_Z:rilau ll) _Al] Wi)Bijli (12)
C‘U = (Z:ﬁl al-j ll)(W_Bl] ll) (13)
1
¢ = (1 w) (14)

where, A;; and B;; are the number of pieces of the it" 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.

(i)

Cut loss along the width of the main sheet: C, =
(aij ;) - kyj

kij =W — bl] Wi

If bij w; = 0 then set kij =0

Forz # i, If (a;; [;) = I, and k;; = w, then set:

_laijl
Azj = l 1 J
kij| o4

Bj ={ leJ iAzj >0

0 ; otherwise
PZj = PZ] + (Zazj - 1)sz
Elseset: 4;; =0
Bij = 0
Pij = Pij

If AZj > 0 then set: C,, = (aij l; _AZj lz)-szWZ

C‘U = al-j li (kl] — BZjWZ)
Else C; = G 1; w)

(15)
(16)

(17

(18)

(19)
(20)
(21)
(22)
(23)
(24)
(25)

where, A,; and B,; are the number of pieces of the the it" 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.
Cut loss within the triangular shape items in the main sheet:

(iii)

If a;; = 0 thenset C, = %ei w; +%(li — e;)w;elseset C, =0 (26)
Forz # i, Ife; > I, and St > 7)
Then I; — ¢; > I, and% > w, (28)
set: E,; = L%‘J (29)
wi . .
Fj= { wl pirE >0 (30)
0 ; otherwise
PZj = PZ] + (ZEZ] - 1)FZ]bl] (31)
Elseset: E,; =0 (32)
PZj = PZ] (34)
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1 1 1
If E,; > 0thenset:(C, = (E e; Wi — (E E,il, Wz)) else set C; = S € Wi

Forz# i, If (I, — ) 2 I, ang L=f0=ee e > )

i—ei
then: E,; = [l"— eiJ

lz

wi
— ; ifE,; >0
FZ]:{ ZJ

Wz
; otherwise
PZj = PZ] + (ZEZJ - 1) szbl]
Elseset: E,; =0
FZj = 0
PZj = PZ]
If E,; > 0then:

Ct = [% (ll — € ) w; — (%EZ] lZ Wz)], else set, Ct = %(ll — el-) w;

(35)
(36)
@37

(38)

(39)
(40)
(41)
(42)

(43)

where, E,; and F,; are the number of pieces of the it" 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
whiler > 0 do Step 8
Step 8: While a,; > 0setj =j + 1, and do Step 9

Step 9:  If a,; > by, then generate a new pattern according to the following conditions:

Forz = 1,2,..,r—1,Seta,; = a,j_q and b;; = b,j_4
Forz = r

Set azj = azj—l -1

Ifa,; > 0,thenset b,; = lwﬁl elseset b,; =0

Forz =r+1,....m ’

Calculate a,; and b,; using Eq (1) and (2)
Fori=1,2,..,m, Set pij = aijbl-j

Goto Step 5

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

Forz = 1,2,..,r—1,Seta,; = a,j_qand b,; = b,j_4

Forz = r,Seta,j =a,j_;andb,; =b,;_1 —1

Forz = r+1,...,m, Calculate a,; and b,; using Eq (2) and (3)
Fori=1,2,..,m, Set pij = aijbl-j

Do Step 5

Step10: Set r = r-1

Step 11: STOP.

2.2. Dotted Board Model

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

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 t and placed at point (5¢ ) 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).

Obijective Function:

Minimize
z= ((c.gx + xM).68) Vvd elIFP,,VteT (52)
Subject to:
(C.gyx+xM). 88 < z VdelFP, ,VteT,; (52.a)
Yde IFP, 8¢ = q VvVt €T; (52.b)
58 + & < 1 Ve e NFPt‘,iu , Vt,bu €T ,Vd € IFP; (52.c)
5¢ e {01} Vd € IFP, ,Vt e T; (52.d)
z = 0 (52.e)
where
4 _ (1 ifthe reference point of a piece of type t is positioned on dot d
58 ={ . (53)
0 otherwise.

where z is objective function, c is board column, r is board row, g, is grid resolution in x axis, x}
is horizontal distance from the reference point to the end of item, 8¢ is binary decision variable, g, is
numbers of item type t 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 (I;), 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 x 15 cm, 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.

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

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.

Clling:g y Optlmurr;7Patterns 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
Cut loss (cm?) 104 108 58 - -
Number of usage 6 8 4 - -

Minimize

z=4050°6+39883%+2851°+ 857 4+251°+4857°+12676+1861°0+2630+4528+85132+85128 +205103+
12 8% + 146227+1665257+186291+2058321+226365+24639°+266429+286459+305493+325323+34
8257+36 6787+385211 +405541 +415268+4152%% +4155°0+866]°2+865298+866294+435290+
4567%° +90687%% + 90 67°5+90687%* +945]°0+946]%%+ 9465,°° +47 6]°*+ 98 57%5+495,°
subject to

576 =1 (54)
8830 =1

S+ 6%+ 68° + 610 + 835+ 61%0+ 630 + 628 + 6132+ 6128 + 693 + 6 + 8277 +
8257 +682%1 4+ 6571 +6835° +63%° +65%° 4685 + 6888 + 633+ +63% +651 +
82* + 6528 +55°% +68%0 + 6707 4+ 857 +685°% + 650 +63¢ + 813 +6]%8 +68** +
5760 + 6872 + 6758 +675% + 6788 +6]°% = 43

8¢+ 68 <1

5¢ e {0,1}

z > 0

The Model (54) shows that the minimum trim loss is 1.774 cm?.
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Figure 2. The dotted board of first cutting pattern.
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Figure 3. The dotted board of second cutting pattern.

Minimize
z= 2568;°1 + 25 55°% + 50 6801 + 4578 + 65112 + 865142 +10 6376 + 12 62%0+ 14 5240 +16 527°
+18 87%%+ 20 653 +22 63%8 + 24 638 + 26 6432 +28 57%% + 30 677+ 96 57%¢ +34 670 + 108
6270438 657 +12085°* +42 65%8+1326]18+925]°2+34 63°°+438 6520 +42 578 +925]*8
+36 63°0+120 67°0 +132 5] + 42 55%° +46 5]**+44 5]10+486]7*+46 5]**
Subject to (55)
62&01 +8§}54 + 8?01 =3
878 + 6312 + 6142 + 6176 + 6206 4 5240 + 5270 + 5304 4 533% + 5368 + 6398 +
5232 + 5262 + 5;196 + 5[:,26 + 5260 + 5290 + 5224 + 5254 + 5288 + 5218 +
5;52 + 54556 + 5220 + 6284 + 6248 + 5286 + 6250 + 5114 + 5280 + 6;}744 +
8710 + 6877 +6]*? =34
5¢ + 88 < 1
5& e {0,1}
z > 0, The minimum trim loss of Model (55) is 1.720 cm?.
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Figure 4. The dotted board of third cutting pattern.
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Minimize z = 8 §3%% + 20 6366 + 24 5293 +14 620 + 16 6257 + 36 62%%  +40 5331+ 22 5368+
24 63%° +52 652% + 56 63°7+ 30 63%° +32 631 + 6863°° +7263%7 +3865%* + 40 6541+
84 5578 +88 87'° + 46 57°%+ 48 67%° +100 65°° +265% +464% +4 550 +4 5]°+8 63°

Subject to (56)
S12° + 6166 + 6393 + 6340 4 6357 + 6394 + 6331 + 6352 + 63%5 + 6422 + 6459+84% + 651 +
8550 +65%7 +65%% + 65" + 6570 + 6715 467 4679 450 =122

838 +64% +646+6]°+68°=5

8¢+ 8% <1

5¢ 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 1 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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