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Abstract

This paper discusses the Two-Stage Guillotine Cutting Stock Problem (2GCSP) in the garment industry, namely
how to determine the two-stage guillotine pattern that is used to cut fabric stocks into several certain size t-shirt
materials that are produced based on the demand for each size of the shirt. 2GCSP is modeled in the form of Linear
Integer Optimization and finding solutions using the Branch and Bound method. In this paper also presented a
Graphical User Interface with Maple software as an interactive tool to find the best fabric stock cutting patterns.
The results show that the optimal solution can be determined by solving numerically using the Branch and Bound
method and Maple optimization packages. The solution is shown with an illustration of the pattern and the amount
of fabric cut based on the pattern.

Keywords: Two dimensional stock cutting problems, two-stage guillotine patterns, linear integer programming,
branch and bound methods, graphical user interface.

1. Introduction

The garment industry is an industry that produces apparel and apparel equipment. One of the raw
materials used in the garment industry is fabric. The fabric has a standard size larger than the size of the
material used to make items ordered. Therefore, a cutting problem arises which is referred to as the Two
Dimensional Cutting Stock Problem. These problems can be classified based on the rules of cutting
patterns, one of which is the two-stage guillotine. There are two stages for determining the two-stage
guillotine cutting pattern. The first step is to determine the pattern of cutting fabric stock to form several
strips. The second stage is to determine the strip pattern to form the required t-shirt material. This 2GCSP
problem was found in the Merch Cons Bandung garment industry in producing T-shirts. The industry
must produce several shirt sizes on demand, but with minimum use of fabric stock. To solve this
problem, 2GCSP can be modeled in the Linear Integer Optimization formulation with the objective
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function of minimizing the amount of fabric stock cut. To facilitate the industry in finding optimal
patterns, applications are needed that can provide these solutions (Genova & Guliashki, 2011; Wu & Ge,
2012; Kavun et al., 2014; Widyastiti et al., 2016; Qu et al., 2017; Mikolajkova et al., 2018; Wang et al.,
2019).

Based on this description, the problem discussed in this study is how 2GCSP in the garment industry
can be stated as a Linear Integer Optimization problem. Then, how is the 2GCSP optimal solution using
the Branch and Bound method in a case study in the Merch Cons Bandung garment industry? Finally,
how the pattern finder's Graphical User Interface (GUI) provides the introduction (background,
objectives, systematics) of your paper.

2. Literature Review
2.1. Branch and Bound Method

The literature on the branch and bound method can be seen in (Zhou & Cao, 2013; Jiao et al., 2014;
Tian & Posypkin, 2014; Andrianova et al., 2016; Smirnova & Voloshinov, 2018).

2.1.1. Initialization Stage .
For the maximization objective function, specify Z' = -c0. As for the objective minimization function,
specify Z' = oo.

2.1.2. Iteration Stage

Branching. For example, x; is a noninteger decision variable, x; = rj, r; € R. Form two subproblems
with the addition of constraints x; < |r;] for the first subproblem and x; > |rj] + 1 for the second
subproblem in the initial integer linear programming model. According to Chinneck (2015), there are
several subproblem selection rules to be branched out, as follow.

e Best-first or global-best: choose the subproblem that has the best limit of any subproblem. For
the minimization problem, select the subproblem with the smallest limit. For the problem of
maximization, select the subproblem with the largest limit.

e Depth-first: select a subproblem that has the best limit of the newly branched subproblem. If
there are no subproblems that can be branched on that level, go back one level and branch out on
subproblems that have not yet been branched.

e Breadth-first: branch out subproblems in sequence on one level.

Bounding (restrictions). Round down the value of the objective function (Z) for the maximization
problem. Instead, round up the value of the objective function for the minimization problem.
Fathoming (disappearance). For each new subproblem, apply the fathoming test as follows.

e Test 1: In the maximization problem, fathom if the limit is < Z". Whereas on the minimization
problem, fathom if the limitis>Z". Z" is the current incumbent Z value.

Test 2: Fathom if PL relaxation does not have a viable solution.

Test 3: Fathom if the optimal solution for PL relaxation is an integer. If this solution is better
than the incumbent, then this solution becomes a new incumbent and test 1 is reapplied to
subproblems that are not removed with the new Z".

2.1.3. Optimality Test
Stop if there are no more subproblems left. The incumbent (prospective optimal solution) that applies
is optimal. If not, re-do the next iteration.
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2.2. Two-Stage Guillotine Cutting Stock Problem (2GCSP)

Two-Stage Guillotine Cutting Stock Problem (2GCSP) is a problem that arises in the industry when
goods in the form of square or rectangular must be cut from raw materials with the two-stage guillotine
cutting pattern (Mrad et al., 2013; Chen, et al., 2015). The classification of the deduction of items in
2GCSP is a regular form. The guillotine pattern is a cutting pattern that starts from one side of the raw
material and then continues on the other side. In this problem, there are two stages in determining the
cutting pattern. The first stage, determine the cutting pattern where the cutting is done based on the width
of the items or the length of the items on the raw material, to produce several strips. The second step is
cutting one by one the strip according to the requested item size.
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Figure 1: Two-stage guillotine pattern based on item width Figure 2: Two-stage guillotine pattern based on length of
items

3. Main Results

3.1. 2GCSP Linear Integer Optimization Model in the Garment Industry

The following are the assumptions in this model.

Fabric stock and rectangular T-shirt material.

The cutting pattern is following the two-stage guillotine pattern with the provisions of the pattern
based on the width of the shirt material, the length of the shirt material, and without rotation.

The optimal cutting pattern is only influenced by the number of requests for each size of shirt,
other factors are not taken into account, for example, the price of fabric stock or the price of the
shirt.

The formation of a cut pattern of fabric stock based on the width of the t-shirt material in the first
stage starts from the strip with the largest width of the t-shirt material in the fabric stock pattern.
While the formation of a cut pattern of fabric stock based on the length of the shirt material in
the first stage starts from the strip with the largest length of the shirt material that is in the pattern
of the fabric stock.

Formation of strip cutting patterns based on the width of the t-shirt material in the second stage
starts from the t-shirt material with the largest width in the strip pattern and the width of the t-
shirt material is less than or equal to the width of the strip. Whereas the formation of strip cutting
patterns based on the length of the t-shirt material in the second stage starts from the t-shirt
material with the largest length in the strip pattern and the length of the t-shirt material is less
than or equal to the length of the strip.
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e In the second stage of cut strip pattern, there is at least one T-shirt material that has the same
width as the strip width for the cut pattern based on the width of the t-shirt material and at least
one T-shirt material that has the same length as the strip length for the cut pattern based on the
length of the t-shirt material.

e The cut (the shirt material) may be more than demand.

Table 1: Parameters for the 2GCSP model in the garment industry

No Notation Information
1 m the number of different width of the shirt material
2 mP the number of different length shirt material
3 I width of the smallest t-shirt material i-th, i =1, ..., m'
4 Pa) length of the smallest t-shirt material i-th, i =1, ..., m"
5 T the number of cut patterns of fabric stock based on the width of the shirt material
6 ° the number of cut patterns of fabric stock based on the length of the shirt material
7 I the number of strip patterns with 1 width, i =1, ..., m', and length P cut into rectangles according
Pi to the size of the requested shirt material
8 D the number of strip patterns with p length, i = 1, ..., m?, and width L cut into rectangles according
Pi to the size of the requested shirt material
9 aj; the number of strips with | width in the j-cloth cut pattern, i=1, .., m\j=1, ..., 7
10 ai}’ the number of strips with p, length in the j-cloth cut pattern, i =1, ..., m°, j=1, ..., 2
1 b the number of type s t-shirts included in the k-stripe pattern with lg width, s € N, I < I,
sik k=1.p i=1 ., m
the number of type s t-shirts included in the k-stripe pattern with pg length, s € N, ps < pg),
12 bl ol 0
sl k=1.p",i=1.,m
Table 2: Variables for the 2GCSP model in the garment industry
No Notation Information
1 X! the numbler of fabric stock patterns based on the width of the j-jock material cut in the first stage, j
J =1, ..,
2 WP the number of fabric stock patterns based on the length of the j-jock cut in the first stage, j =1, ...,
3 y! the number of k-strip patterns with the width of I and length P cut in the second step, k =L..,0i|
I andi=1,..,m
4 yiE the number of k-strip patterns with pg;, length and L width cut in the second step, k =1,..,¢oi"I and

i=1,.,m°

According to Mrad et al. (2013), the total number of strips with I width in the pattern of fabric stock

cut in the first stage is greater or equal to the total number of strip patterns with I; width and length P cut
in the second stage, so

7! ol
Zaile; 2Zyi'k, i=1..m'. 1)
=1 k=1
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Then the total number of strips with length pg, in the pattern of cut fabric stock in the first stage is
greater or equal to the total number of strip patterns with length p; and width L cut in the second stage,
SO

P pip
SapxP = > yE, i=1..mP. )
j=1 k=1

Because the strips cut in the second stage must be able to produce t-shirts according to demand and be
allowed more than demand, the total amount of production of t-shirt type s is greater or equal to demand
so that

t
m' i

2

blyyik >ds, s=1..m. @)
tefl, p} il k=1

Then, each decision variable is a non-negative variable and is an integer, it can be written down

X520, j=1..7'tefl, p},

Vi =0, k=1...p8,i=1...m" te{l, p}, 4)
xand y are integers.

Because the main purpose of this model is to minimize the amount of fabric stock used, the objective
function is to minimize the number of cut patterns of fabric stock in the first stage based on the width of
the shirt and the length of the shirt. So it can be formulated as follows

72'1
min > > xj. (5)
tefl,p} =1
3.2. Case Study

3.2.1. Data Processing
Data on the demand for t-shirts production at the Merch Cons Bandung garment industry can be seen
in Table 3.

Table 3: Request t-shirts size S, M, L and XL

T-shirts Size  Demand (pieces)

S 24
M 24
L 36
XL 24

The raw materials used to produce these shirts are combed 20s cotton fabric with a length of 200 cm
and a width of 100 cm. The standard size of the t-shirt material used at Merch Cons is the USA
international standard size with details of the size of each t-shirt that is in Table 4.
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Table 4: US International Size Standards for t-shirt materials

T-shirts Body Material Body Material Length of Arm Section Sleeve Material
Size Length (cm) Width (cm) Material (cm) Width (cm)
S 70 46 43 22
M 72 51 48 245
L 75 56 525 25
XL 77 61 57.5 28

To make one shirt, two pieces of body parts are needed, namely the front and back of the shirt so that
the material requirements for making each size of shirt can be seen in Table 5.

Table 5: Request for each material

Material Request (Sheets)
Sleeve material size S (S)) 48
Sleeve material size M (M,) 48
Sleeve material size L (L) 72
Sleeve material size XL (XL,) 48
Body material size S (Sy) 48
Body material size M (M) 48
Body material size L (L) 72
Body material size XL (XLy) 48

3.2.2. Problem Solving

First, determine all cutting patterns of the first and second stages that are possible. The following is an
illustration of the first and second stage cutting patterns based on the width of the shirt material and the

length of the shirt material.

P

l 2}
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Figure 3: lllustration of first stage pattern based on shirt width and shirt length
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________________

Figure 4: lllustration of second stage pattern based on shirt width and shirt length

By determining the pattern, the values of the parameters can be determined so that the 2GCSP
problem in the Merch Cons Bandung garment industry can be stated in the Linear Integer Optimization

model.

Then, here are the steps to find a Linear Integer Optimization model solution with Maple software
based on the Branch and Bound method.

Type restart to delete data that has been previously input as follows.

> restart

Use the optimization and linalg packages in the worksheet by typing as follows.

> with(linalg) :

¥ with(Optimization) :

The form of the first stage cutting pattern matrix is based on the width of the t-shirt material
ij || where each element is a constraint coefficient 1-8 with the following syntax.

matrlx\(nall, a1J Jags-.. agj]])

The form of the first stage cutting pattern matrix is based on the length of the shirt material ([aijp])

Where ch elem nti a 9-16 c nstraint coefficient with the following syntax.

The constraint coefﬂuent matrlx form 17-24 is based on the second stage cutting pattern with the

followij q syntax.

matrix bl,l,ll"'1b:II.,8,18b1F,)1,1’ b184] [b81111 b8818b8 110 bs’?s,4]])

The Y matrix form as a constraint variable 17-24 as foIIows.

Y= matrix([[y/[1][1]], seq([y[[2][i]], i =1.4), seq([y/[3][i]], i =1
7), seq( 5 i), i=1. 10) seq([yI[5][i]],i=1.14),
]

[y [
seq([y[6][1]].i=1.17).seq( [y 7][i]).i = 1 .18),
seq([yI[8][i]].i=1.18), [yp[1][1]]. seq([yp[2][i]].i=1.4),
seq([yp[3]Li]).i=1.10), Veq([yp[4][l]] i=1.10),
seq([yp[5][i]].i=1..10), seq([yp[6][i]],i=1.6),
seq([yp[7]i])i=1.4) Seq ([ypl81)i=1.4 ]

Create the left side constraint function by using for as follows.
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138
> forifrom 1 to 8 do kendala3|i] 23[: 1Y 1

e Create the right hand segment function as follows.

> 4
TDL1] = Wi 11[1]: TDL[2] == Z_l-#[zl[#]: TDL[3]
&

I||
= ZJ;["][R’] TDL[4] := ZJF[“]["C] TDL[5]

|?
= ZJ'F[SH&']: TDLI6] = 2. yi[6][k]: TDL[7]

i foy

15

18
= Z{ﬂp][&-] L TDL[8] = *Zl_n"[S][H :

e 4
TOP[1] == yp[1][1]: TDP[2] == 2 ,wp[2][K] : TDP[3]
k=1
10 0
== D wpl31[K]: TDP4] = ;.W][k] —
10 g
= D wpl5][k]: TDP[6] == 2 ypl6][k] : TDP[7]
k=1
4

4
= D upl 7]kl TDPIS] = 2 yp[8][k]

k=1 k=1

> d1] =48 : d[2] == 48 : d[3] == T2 : d[4] == 4R : d[5] == 48 : d[6]
=48 d|T] == T2 d|8] = 48 :

e For the initialization phase, set Z1 = « and determine the solution of relaxation LP with the
following syntax.
Z1 = infinity
49 89

solusi == convert LPSolve[ le [J]+ pr [seq(kendalal[m]
=1
>TDL[{m],m=1.8), seq(kendala2[ ] > TDP[m],m=1.8),
seq(kendala3[n] > d[n],n=1..8)], assume = nonnegative),
rational)

e For the iteration step, do the Branch and Bound algorithm, complete the relaxation LP in each
subproblem by adding a new obstacle to the syntax solution in point 9.

The following solutions can be provided for the Merch Cons Bandung garment industry using the
Branch and Bound method with variable selection rules that are natural order that has noninteger values
and subproblem selection rules namely Depth First Selection (DFS).

Illustration of Fabric Stock Cutting Amount lllustration of Fabric Stock Cutting Amount
Pattern (Sheets) Pattern (Sheets)
R 4 -4
24 — 2
\—-\I \-_-\I o
C S Ci/_\
] |

O ll
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Thus, the number of T-shirt materials produced with the cut pattern is given in Table 6.

Table 6: The Number of t-shirt materials produced

Material Stock (Sheets)
Sleeve material size S (S)) 48
Sleeve material size M (M) 48
Sleeve material size L (L)) 72
Sleeve material size XL (XL)) 48
Body material size S (Sp) 48
Body material size M (M,) 48
Body material size L (L) 72
Body material size XL (XLy) 48

3.3. GUI Finders of Optimum Cutting Patterns on Fabric Stocks

In the GUI created there are 2 input choices. The first is the t-shirt size data input and the second is the
t-shirt material demand data input as shown in Figure 5.
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Input permintaan bahan kaos Pilih Opsi
II"IDLIt DETITIIFIEEFI ukuran kaos Pilih OPSl Bahan bagian lengan ukuran S: l:l lembar
Ukuran 5: D pes Bahan bagian lengan uhuran M: || lembar
Bahan bagian lengan ukuran L: l:l lembar
Ukuran M: l:l pcs |:|
Bahan bagian lengan ukuran XL: lembar
Ukuran L: l:l pcs Bahan bagian badan ukuran S: I:l lembar
| Kembali ke Menu Awal | Bahan bagian badan ukuran M: || lembar
Ukuran XL: l:l pcs

Bahan bagian badan ukuran L: l:l lembar Kembali ke Menu Awal

Bahan bagian badan ukuran XL: l:l lembar

Banyaknya stok kain yang digunakan yaitu |:| lembar

Figure 5: Input window

Banyaknya stok kain yang digunakan yaitu lembar

For example, enter the t-shirt size data in the Merch Cons Garment industry in Bandung. Then after
clicking the solution, the results of the amount of stock of cloth used will appear in the textbox. Details
of the pattern of the first and second stages can be seen in the Microsoft Excel file as follows.
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POLA BERDASARKAN LEEAR BAHAN KADS

Fola Tahap Pertama

Kode Pola HNustrasi Pola Jumlah
[Lembar]
lebuar | 61 o
TFL-2E 12
lebaw - 48 o
labsar BB o
TPL-42 25
ladar - 28 o
labsar BB o
TPL-44 5
lebar - 148 o
L
TFL-4§ 22
bebaw - T o
L
TFL-47 2
lsbar - M om
Total T2
POLA BERDASARKAN PANJANG BAHAN KAQOS
Pola Tahap Pertama
) Jumlah
Kode Pola llustrasi Pola
{Lembar)
TPP-56 e R R 12

Total 12
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POLA TAHAP KEDUA

Lsbar s\mp . llustrasi Pola Juml_ah Bahan Kaos
(em) (Swip) |7 M, L, VL, Fs M, L, WL,
I ] \\_+__/ \. 1
22 1 - il 0 0 0 0 0 0 0 0
I + ~J- ]
245 1 5 0 20 0 0 0 0 0 0
L 4 ‘
25 1 2 0 0 5 0 0 0 0 0
28 1 K A i ’4 | 10 0 0 0 30 0 0 0 0
46 1 s q s ;E/——h 1 0 0 0 18 36 0 0 0
- — '
| ]
51 1 w — 1 0 0 13 0 0 36 0 0
|
\_.\ k_," . .'
56 1 ~ 30 0 30 0 0 0 0 60 0
b4
\.__\' .
61 1 - g - < 24 24 0 0 0 0 0 0 48
/—'ll —
Total 07 74 50 74 45 36 36 &0 [
POLA TAHAP KEDUA
Pamjang . . lumiah Bahan Kaos
stip (cm) ke- llustrasi Pola (Strip) 5 i, vL, 5, P, I, XL,
- 1
525 1 [l 12 0 43 0 0 0 0 0
I - 1
l =
a’:
72 1 Q' 12 o 0 12 12 0 0
5
' —"“J
2
75 4 — n| M 0 0 0 12 0
-
PN

Total

36

24

0

48

0

12

12

12

4. Conclussion

Figure 6: Detailed patterns of first and second stage in Microsoft Excel
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Two-Stage Guillotine Cutting Stock Problem (2GCSP) in the garment industry can be stated in the
Linear Integer Optimization model with the objective function of minimizing the amount of fabric stock
cut and constraints namely cutting pattern rules based on t-shirt widths, cutting pattern rules based on t-
shirt lengths, and pattern rules the second stage is based on the request of the shirt. The optimal solution
of 2GCSP in case studies in the Merch Cons Bandung garment industry can be determined using the
Branch and Bound method. The method provides an integer value solution for each decision variable.
The solution is an optimal pattern of cutting fabric stock in the first and second stages where the pattern
of cutting fabric stock can meet the demand of each size of the shirt. Graphical User Interface (GUI) to
find optimal cutting patterns can be made using Maple software. The GUI is used as an interactive tool
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for users to input t-shirt production data in the garment industry. The result is an optimal stage one and
stage two cutting pattern in a Microsoft Excel file. These results are the solution of the 2GCSP Linear
Integer Optimization model that has been made based on the Optimization package on Maple software.
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