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Abstract. Two-dimensional Cutting Stock Problem (CSP) is a problem in cutting raw
materials where the trim loss is on two sides, namely the width and length sides. This research
implemented the Arc Flow model incapacitated multi-period with set up cost to minimize the
trim loss in the cutting of paper. The cutting patterns were generated by the Pattern Generation
(PG) algorithm. Furthermore, it was formulated to a linear Arc Flow model where the
constraints indicated the number of demands per item. The solution of the model was
completed using the LINGO 13.0 application. The optimal solution of the Arc Flow model
showed that the quantity demands for the second and third types of items were fulfilled. The
maximum amount of inventory contained in the second type of item for the second period was
132,517 sheets. Excess inventory will become a surplus. Based on the arc flow model solution,
it turned out that no trim loss was produced, or in other words, trim loss is equal to zero.

1. Introduction

The raw material used in the printing industry can be paper of various sizes. The available raw
materials usually do not meet the demand because the large standard size must be cut according to the
demand. Determining how to cut raw material in optimization is known as the 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 discusses two-dimensional CSP,
where cutting only considers the width and length of the raw material.

A heuristic algorithm was used to solve CSP " As the number of demand increases, the
probability of the number of patterns and decision variables increases exponentially. This heuristic
approach often yields integer solutions. Two-dimensional CSP is a problem to find patterns that meet
demand with different lengths and cut from two sides, namely, width and length . Two-dimensional
CSP aims to minimize the remaining cut which is called trim loss.

A pattern generation algorithm was improved by formulating the Gilmore and Gomory model
Constraints in the Gilmore and Gomory model were carried out to ensure that the strips cut in the first
stage can be used in the second stage. The Branch and Cut method was used to obtain an optimal
solution ). There were many pattern combinations when the optimal cutting pattern corresponding to
the first stage was combined with the second stage. On the other side, the model of two-dimensional
CSP for different stock sizes was formulated . The first stage generated the patterns based on width,
followed by the length in the next stage.
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All possible cutting pattems generated by the Pattem Generation (PG) algorithm were examined
and formulated to the n-sheet model ™. The formulation of arc flow model with a number of
constraints for damaged raw materials and a series of constraints which state that the number of items
must be entered was done . This model was strengthened by fixing several variables at the initial
level, to reduce the symmetry of the solution space.

Many other types of model CSP were also done """l Arc flow model has a conservation set of
flow constraints and a single set of demand constraints to ensure that the demands of each item are met
14 Capacitated multi-period CSP with pattern determination costs was discussed in this study.
Determining the pattern in each period aimed to minimize the total costs, including pattern setting,
inventory storage, and the cost of materials used. Therefore, this research intends to implement the arc
flow model incapacitated multi-period cutting stock problem with the pattern set up cost to minimize
the trim loss. The patterns were formed using the PG algorithm and formulated into the Gilmore and
Gomory model and the arc flow model. The data used in this study is in the form of raw size data and
item sizes for cutting regular shapes.

2. Methods
The steps taken in this study are as follows:

a. Describe the data needed in forming cutting patterns which include stock size (length and width),
item’s size, and the number of demand for each item.
The data used in this study was secondary data whereas the stock size is 3, 500 cm X% 3, 500 cm
which consists of 3 types of items. The size of each type of item and the number of demand can be
seen in Table 1.

Table 1. Size of items and number of demands

Item Width (mm) Length (mm) Demand (pieces)
1 755 555 4
2 496 555 6
3 200 378 75

b. Implement Pattern Generation algorithm to generate the pattern, whereas the first stage was
cutting based on the width and the second stage was cutting based on the length.

Resume the cutting pattern with the cut loss into the table.

Formulate the Gilmore and Gomory model and find the optimal pattern.

Formulate the arc flow model and find the optimal pattern.

me e o

Analyze the final solution.

3. Result and Discussion

3.1. The Gilmore and Gomory Model
Based on the pattem generation algorithm "% the cutting patterns which are according to the width
and length can be seen in Table 2 and Table 3 respectively. From Table 1, we can see that there are 3
items with different width and length. The greatest number of demand is the third item and the
smallest number is the first item. There are 23 cutting patterns based on the width and 28 cutting
patterns based on the length. The cutting patterns that had been obtained from the Pattern Generation
(PG) algorithm were formulated into the Gilmore and Gomory model.
Following are the steps to form a cutting pattern into Gilmore and Gomory's model:
a. Defining the variables

The variables that we used are:

z isthe objective function. It states the minimum number of stocks.

Jo 1sthe set of patterns in the first stage.

[
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l; isthe length of i*" item, fori =1,2,3, sol; = 378 mm, I, = 555 mm, and I3 = 555 mm.

w; is the width of i*? item, fori =1,2,3, so w; = 200 mm, [, =496 mm, and I3 = 755 mm.

29 is the number of stocks in the first stage which are cut according to the jt* pattern.

A is the number of stripe with width W and length I with s € {1,2,... m'} which are cut
according to the j pattern.

b; isthe demand of i*" item.

Table 2. The cutting patterns which are according to the width

The cutting Width of Items (mm) Cut Loss

pattem 755 496 200 (mm)
1 4 0 2 80
2 3 2 1 43
3 3 1 3 139
4 3 0 6 35
5 2 4 0 6
6 2 3 2 102
7 2 2 4 198
8 2 1 7 94
9 2 0 9 190
10 1 5 1 65
11 1 4 3 161
12 1 3 6 57
13 1 2 8 153
14 1 | 11 49
15 1 0 13 145
16 0 7 0 28
17 0 6 2 124
18 0 5 5 20
19 0 4 7 116
20 0 3 10 12
21 0 2 12 108
22 0 1 15 4
23 0 0 17 100

b. Determining the objective function and set of constraints
The objective function in this problem is to minimize the amount of stock to be cut but it can
fulfill the demand for the items ordered. This model can be seen in Model (1)

Minimize

z= DA (1)
Subject to

220 + 294329 + 649 + 222 + 429 + 723 + 923 + 29, + 329, + 649, + 829,+1129, + 1329,
+249, + 5295 + 749 + 1049, + 1249, + 1549, + 1729, —41 =0 (l.a)
229 + 234422 + 322 + 229 + 23 + 529 + 429, + 329, + 229, + 29, + 729 4613, + 529,
44295 4+ 3230+ 223, + 2%, - X6 A2 =0 (1.b)
429 + 329 + 329+ 329+ 222 + 222 + 229 + 223 + 229 + 215,40 —TH, A3 =0 (1.c)

9AL + 723 + 623 + 425 + 325 + A2+ 723 + 645 + 4243 + 322 + A3 + 645 +443 + 323, + A3, +
42354323, + 23 + 323, + 23423, = 75 (1.d)
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B4 2254322 +425+ 522+ 622+ 23 +223+323 + 483 + 523 + A3 +223 +323, + 423, +

3+ 223, + 343 + 43, + 223,+23, =6 (le)
B+ B+A3+83+23+2+228 12283 +223+ 203+ 223, 4323, 4323, 4323, + 323, +
433, + 443, + 4235 + 543, + 523, + 613, =4 (1.f)

with A= [A9 . AP AL LA LA LA AT AT

Table 3. The cutting patterns which are according to the length

The cutting Length of items (mm) Cut Loss (mm)
pattern 555 555 378
| 3 0 0 170
) 5 1 0 170
3 5 0 1 347
4 4 2 0 170
5 4 1 | 347
6 4 0 3 146
7 3 3 0 170
3 3 2 1 347
9 3 1 3 146
10 3 0 4 323
12 2 3 1 347
13 2 2 3 146
14 2 1 4 323
15 2 0 6 122
16 1 5 0 170
17 1 4 | 347
18 1 3 3 146
19 1 2 4 323
20 1 1 6 122
o1 1 0 7 299
24 0 4 3 146
25 0 3 4 323
26 0 2 6 122
7 0 1 7 299
28 0 0 9 %8

Constraint (1.a) ensured that the strip with width of 200 mm that produced in the first stage was
used in the second stage. Constraint (1.b-1.c) ensured that the strip with width of 496 mm and 755 mm
that produced in the first stage were used in the second stage. Constraint (1.d) states that the demand
for items measuring 200 mm * 378 mm was not less than 75 pieces. On the other side, the demand for
items measuring 496 mm X 555 mm and 755 mm X 555 mm were not less than 6 and 4 pieces
respectively.

Solutions of Model (1) by using LINGO 13.0 were ;1?3 =1,A =8,42=2, and ,ﬁ? = 1. It meant
we used the 13™ pattern in the first stage and in the second stage we used the 1%, 6™, and 17" pattemn.
Based on the 13" pattern that was cut according to the width, there were 1 piece item of 755 mm, 2
pieces items of 496 mm, and 8 pieces items of 200 mm. The cut loss in this patterns was 153 mm.
From the first pattern, there were 6 pieces items of 555 mm with 170 mm of trim loss. The sixth
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pattern yielded 4 pieces items of 555 mm and 3 pieces items of 378 mm with 146 mm of trim loss. The
17" pattern yielded 5 pieces items of 555 mm and | piece item of 378 mm with 347 mm of trim loss.

3.2. The Arc Flow Model
The data that we used were as follows:
is the number of items, n = 3
is the number of period, T = 3
is the demand of the i**item
is 0,01 [;
is the production capacity in t period.
is the length of stocks, L = 3500
is the cost of one item, C = L
is the number of pattern , p = 4
is the period, t =3
is item, i = 3
is the pattern set up cost, § = 0,01 L
The Arc flow model can be seen in Model (2).
Minimize
Zare flow = 0,0113131 +0,0113135 + 00,0114 113 + 0,011,154 + 0,011,155 + 0,0113 153 + 0,0113134 +
0,011315, + 0,0115133 + 3500z + 350023 + 350023 + 3521 + 3523 4 3523 + 700027 4+ 700023 +
7000z% + 3527 + 3523 + 35z% + 10500zF + 10500z3 + 1050023 + 35z7 + 3523 + 35z3 +

WTOTS OO F RS

1400023 + 1400025 + 14000z% + 3527 + 352z% + 3524 (2)
Subject to

9xf + 7x?+6x3 + 4x% +3xF 4+ xZ + 7x} + 6x3 + 4x3 + 3x3 + x¢ + 61

4x3 + 3xfo + x4+ 4xdy + 3xd, + x4+ 3x3, + xfg + x5, = 56625 (2.a)
x% + 2x% +3x% + 4xF +5x2 + 6x2 + x5 + 2x3 + 3x5 + 4x3 +5xF + x5+ 2x3 + 3xdp + 4xP;
+xiy + 2x3, + 3x + xf, + 26§y + x5, = 2976 (2.b)
X2+ x5+l 4l +ad 23+ 223 + 203 + 203 4+ 23+ 2x3, +3x3,+ 3x35 + 33, + 34
+4x3s + 4xi, + 4x3g 4 5x39 + 5x3y + 6x3; = 800 (2.)
9xi + 7xf +6x% + 4x% +3xF + xZ + 7x} + 6x3 + 4xF + 3x3 + xd + 6x3+ 4x3 + 3x3,

+xiy +4xty + 3x74 + X35 + 3x3; + xig + x50 — lig — i = dyy (2.d)
xZ+ 2x% 4+ 3x% 4+ 4xZ7 + 5x2 + 6x2 + x3 + 2x3 + 3x3 + 4x3 + 5x3 + x5+ 2x3 + 3x3,

+aad vk 2l w3l 4 23+ 13 — Ly — 1y = dyy (2.e)
X3P+ x5 +x3 4+ x5+ a3 +x3+ 2x3 + 2x3 + 2x3 + 2x3) + 2x3; + 3x55+ 3x35 + 3xd, + 3x3
+4x3g + 4xid; + 4xig + 5339 + 5x3) + 633, — I3y — I3 =d3s (2.9
zi+ 228 + 323 + 421 < Q, (2.2)
23+ 223 + 323 + 4z3 < Q, (2.h)
23+ 223 + 3z5 + 428 < Qs (2.0)
Iip=0 (24)
IZU = 0 (21{)
f30 =0 (2‘1)

The optimal solutions were [;; = 84019 and [;; = 1 which meant the stock of the 15¢ item and
the 379 item were 84,019 picces and 1 piece respectively. From the arc flow model, it can be
concluded that the demand for the first and third items were fulfilled. The maximum inventory for the
second item in the second period was 132,517 pieces.

4. Conclusion
From the result and discussion, it can be concluded that the arc flow model can be formulated from the
optimal pattern of the Gilmore and Gomory model. The solution from the arc flow model showed the
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number of fulfilled items. The excess in inventory would become a surplus. Based on the arc flow
model solution in Model (2) it turned out that no trim loss was generated or in other words, trim loss
was equal to zero.
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