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WELCOME SPEECH FROM
THE CHAIRMAN OF STMIK AKAKOM YOGYAKARTA

The honourable

Keynote Speakers (Dr. Zoohan Gani from Victoria University and Assc. Prof. Ahmad
Hoirul Basory from King Abdul Azis University)

Chairman of Widya Bakti Foundation and his staffs,

Representatives from IEEE Indonesia Chapter and Central IEEE,

Team of Indonesia Researcher and Scientist Institute,

Researchers and conference attendees,

Ladies and Gentlemen,

Assalamu'alaikum Wr. Wb.
May peace and health be upon us all.

First of all, let us express our utmost gratitude to God Almighty (SWT) for His blessings and grace so that
even though in this coronavirus pandemic atmosphere, we can all still participate in the third iSriti
international conference. On this occasion, let me express my sincere appreciation to the Keynote Speakers:
Dr. Zoohan Gani from Victoria University, Sydney Australia, and Assoc. Prof. Dr. Ahmad Hoirul Basory
from King Abdul Azis University, Rabig, Makkah, Saudi Arabia for their willingness to share their brilliant
ideas and insights to be presented at this conference.

Dear ladies and gentlemen

On this occasion, as the head of STMIK AKAKOM Yogyakarta, I am saddened to state that the third iSriti
conference had to be held online, considering that the coronavirus pandemic has not ended. Even though a
pandemic currently hits us, the researchers' enthusiasm is apparent in the number of research articles
submitted. We received up to 262 articles from 17 countries. Around 135 articles were accepted to be readily
presented online in a conference forum with the theme: Artificial Intelligence for Social Interactions.

As the organizers of iSriti, we are very proud and grateful for the researchers' participation who have been
willing to submit their research results to be published in this conference forum. We would also like to thank
IEEE and IRSI, who have trusted and supported this conference from the very beginning. We still hope to
build networks and information exchange between academics, practitioners, researchers, and the
government to identify and explore issues, opportunities, and solutions to face challenges in the current era
of technological disruption.

Finally, on this occasion, I would like to express my utmost gratitude to:

1) The distinguished keynote speakers who have been willing to share their valuable knowledge in this

conference;

2) The third iSriti researchers who have presented and will present their research results;

3) Reviewers who have carefully reviewed the articles of the researchers;

4) Moderators who are more than willing to lead the plenary session;

5) IEEE for trusting us to hold this international conference;

6) IRSI, which has supported the third iSriti activities until now;

7) The committee that has been working hard to prepare this international conference according to plan;
Last but not least, as the organizer, I would like to sincerely apologize for any shortcomings or
inconveniences during this event.

Thank you very much for your kind attention, and Wassalamu'alaium Wr. Wb.
Yogyakarta, 10 December 2020

The Chairman of STMIK AKAKOM Yogyakarta

Totok Suprawoto, M.M., M.T.
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WELCOME SPEECH FROM
THE GENERAL CHAIR OF THE 3" ISRITI 2020

Dear colleagues and friends.

On behalf of the organizing committee, I am delighted to welcome all participants to the 3rd International
Seminar on Research of Information Technology and Intelligent Systems (ISRITI 2020). This conference is
the third international conference held by STMIK Akakom Yogyakarta, Indonesia and the first to be held
by STMIK Akakom in virtual form on December 10th, 2020.

In this conference, the committee decided to choose the following theme: “Artificial Intelligence for Social
Interactions”. This highlight was chosen because various advances in the field of Al have recently raised
concerns that AI will replace various things that are the human domain. For us, Al can be used to better
understand social interactions and to build machines that work more collaboratively and effectively with
humans. Therefore, by highlighting that theme in ISRITI 2020, we hope we can raise awareness towards Al
for social interactions.

The aim of the conference is to provide an interactive international forum for sharing and exchanging
information on the latest research in the area of information technology, computer sciences, informatics,
and related fields. Nearly 135 academicians, researchers, practitioners, and presenters from 17 countries
(Indonesia, Malaysia, India, USA, Brazil, Australia, South Korea, Hungary, Morocco, Vietnam, Iraq,
China, Thailand, Turkey, Ireland, Romania, Russia, and Saudi Arabia) gathered in this event. In total, there
are 262 active papers submitted to this conference. Each paper has been reviewed with tight criteria from
our invited reviewers. Based on the review result, 135 papers have been accepted, which lead to an
acceptance rate of 51.5%. This conference will not be successful without extensive effort from many parties.
First, I would like to thank all keynote speakers for allocating their valuable time to share their knowledge
with us. I would also like to express my sincere gratitude to all participants who participate in this
conference. Special acknowledgement should go to the Technical Program Committee Chairs, Members,
and Reviewers for their thorough and timely reviewing of the papers. We would also like to thank our
sponsors: IEEE Indonesia Section and Research and Society Service Institution at STMIK Akakom. Last
but not least, recognition should also go to the Local Organizing Committee members who have put
enormous effort and support for this conference. At last, we hope that you have an enjoyable and inspiring
moment during our conference. Thank you for your participation in ISRITI 2020.

Yogyakarta, 10 December 2020
General Chair of the 3rd ISRITT 2020

Dr. Bambang Purnomosidi D. P.
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PREFACE

A language and reasoning can be said as some of the characteristics of human abilities. On the other hand,
the ability of human thinking can be modeled as computation. The development of cognitive science that
combines scientific development with technology began to appear in the 1960s. In those years, human
behavior did not adequately explain cognitive processes. Although, there has been much debate by
behaviorist experts regarding the cognitive science approach. However, with a variety of approaches, there
is something quite encouraging that computer models of cognition can be used as an alternative approach
to these various models. Furthermore, computers can be used to test hypotheses where computation itself is
the subject of the mind. So that there are various kinds of models developed in the field of cognitive science
with different fields of science, including anthropology, artificial intelligence (AI), philosophy, linguistics,
neuroscience, and psychology. Even though there are different scientific fields, it turns out that they can
work together in explaining various kinds of cognitive science models. Al is a part of the field of computer
science that can describe intelligent computer systems. This system can show characteristics related to
intelligence in human behavior, such as reasoning, understanding language, learning, solving problems, and
so on. This intelligent system has a long-term goal of equaling or surpassing human intelligence. The
approach used in simulating this system uses mathematical approaches, discursive reasoning, language, and
so on. New developments related to the paradigm in this field emerged in the mid-80s, bringing together
developments in the fields of philosophy, Al, and cognitive science.

Human intelligence is illustrated as a result of a program running on the human brain. In connectionist's
view, information processing on computer devices is a fundamental difference from the brain. In the context-
sensitive cognition model, human intelligence depends on the physical properties of the neurons. So that
artificial intelligence requires brain-like computer skills, better known as neurocomputers. The purpose of
this terminology is to design hardware compatible with neuro-computing. In this case, the model that is later
known massively is an artificial neural network in which this model is trained, not programmed. Much
information is extracted deeper than a representation that is presented in various forms that can be
understood by humans. In the past, artificial emotions were somewhat neglected in Al and cognitive science.
However, currently, emotional intelligence is one of the things that is raised with relevant information
indicators in solving a case or problem. Emotion has an important domain in motivating and directing
behavior. So that discussions in cognitive science and Al become one of the raw materials in representing
information, then use it in social interactions. This representation is a language capable of thinking about
problem-solving and social processes. This explains the systematics or methods used are very important in
understanding cognition and communication in the context of social interaction. This pattern has appeared
in the childhood phase in the learning process until later understanding their identity and interacting with
others in the form of communication. The basis for this transformation is then essential in solving many
cases in the world of science and technology.

Editor of 2020 3rd ISRITT

Ferry Wahyu Wibowo
ORCID ID: 0000-0003-1913-436X
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Abstract— Cutting Stock Problem (CSP) is a problem to
optimize the stock usage with specifics cutting patterns. This
research implemented the N-Sheet model in Capacitated Multi-
Period Cutting Stock Problem with the pattern set-up cost. This
study used the data of the rectangular stocks, which cut to a
variety of item sizes. The Pattern Generation (PG) algorithm
determined the cutting patterns. The PG produced 21 optimal
patterns based on the length and 23 optimal patterns based on
the width to fulfil customer requirements. And then, we
formulated the patterns into the N-Sheet model. The optimal
solution from the N-Sheet model in this research were six cutting
patterns. We used the 1%, 2", 5t and 19" patterns for cutting
based on length, and the 4" and 23" patterns for cutting based
on the width. The solutions of the model were not so optimal
because it yielded too many surplus items.

Keywords—Cutting Stock Problem, Pattern Generation, N-
Sheet, Multi-Period, Pattern

I. INTRODUCTION

Industry players are always looking for ways to get
optimal profits without increasing capital or detrimental
consumers. They can optimize raw materials and minimize the
remaining cut (trim loss). Wood, paper, glass, steel, marble,
and other industries mostly used this method. The problem of
setting raw materials in Operation Research (OR) is
commonly called the Cutting Stock Problem (CSP), which is
cutting the available standard raw materials in specific sizes to
minimize the trim loss. According to its dimensions, CSP
consists of one-dimensional CSP, two-dimensional CSP, and
three-dimensional CSP. Cutting only one side is called a one-
dimensional CSP. This study discussed two-dimensional CSP,
where the cutting considers the width and length of the raw
material. Meanwhile, for three-dimensional CSP, cutting
considers the width, length, and height.

Reference [1] said that in general, cutting raw materials
consists of cutting a specific set of small objects or commonly
referred to as items, from certain more massive groups, called
stock sheets. Reference [2] stated that according to its form,
CSP is divided into two, namely irregular and regular.
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Researchers have developed CSP research from time to
time with various problem-solving algorithms starting from
pattern formation [2]-[6], model building [7]-[10], and
solving methods [11]-[13]. Two-dimensional CSP using the
Arc-Flow model with guillotine constraints was formulated
by [1]. And then, [14] used the matheuristic approach to
solved the Arc-Flow model. In general, CSP research uses the
Arc-flow model and other models, such as the N-Sheet
model, Dotted Board and others. Another study was
conducted by [15] regarding two-dimensional CSP of the
guillotine problem by minimizing trim loss. This study’s
result indicated a modified model to handle specific cases, for
example, the correct two-stage guillotine cutting without
trimming. Reference [16] proposed two heuristics for the
capacitated multi-period CSP with the pattern set-up cost.

Capacitated multi-period CSP is a cutting process with
more than one period, where the period is the units of time
for completing the work. Furthermore, [17] created a pattern
formation program for two-dimensional CSP using a
modified Branch and Bound algorithm, but this program still
produces many of the same patterns. Reference [6] examined
CSP with the Pattern Generation algorithm for one-
dimensional problems with pattern setting costs. Reference
[18] implemented the Branch and Cut method in the two-
dimensional N-Sheet CSP model, wherein this study did not
take the pattern set-up cost. They used the N-Sheet model for
solving problems with one-dimensional or two-dimensional
raw materials. This model can solve a single stock or multiple
stock problems, however they used only a single period, not
multi-periods.

This study designed the cutting patterns for rectangular
and guillotine-shaped items with the pattern set-up cost. The
cost included the inventory cost per unit in each period, each
item's usage cost and the pattern cost. The search for cutting
patterns in this study used the Pattern Generation algorithm.
There have been limited studies concerned with capacitated
multi-periods CSP. Therefore, this research formulated the
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N-sheet model on the Capacitated Multi-Period CSP to
minimize the trim loss.

II. RESEARCH METHOD

There are some steps taken in this study. First, we
described and classified data. These data included the stock’s
size, item’s length, width measurements, and item’s requests.
The stocks were rectangular, and there were three types of
item’s dimension. The data implemented in the Pattern
Generation algorithm were sorted, descending from the most
extensive to the smallest sized product. The Pattern
Generation algorithm processed data to obtain the first stage
cutting pattern and the second stage cutting pattern. The N-
Sheet model was formulated and solved it using the LINDO
61 program.

III. RESULT AND DISCUSSIONS

This study used paper raw material data in the form of a
rectangle with a length of 3,000 mm and a width of 3,500 mm
with three items. Table 1 showed the item's sizes and demand.

TABLE 1. ITEM SIZE AND DEMAND

The i*" item Length Width Number of Demand
1 378 mm 200 mm 75 sheets
2 555 mm 496 mm 6 sheets
3 555 mm 755 mm 4 sheets

Table 1 showed the highest demand was 75 sheets, while for
the second demand as many as six sheets, and third demand as
many as four sheets. There are three items, with 378 mm x
200 mm, 555 mm X 496 mm, and 555 mm X 755 mm
dimensions.

The stock with standard width (w’ = 3,500) and standard
length (I" = 3,000) is cut to 3 sizes with a certain width and
length, respectively denoted by w; and [; where (i = 1,2,3)
and w; >w,> w3. The cutting pattern of the PG algorithm is
needed to meet the demand. A cutting pattern with the
minimum trim loss is referred to as a feasible cutting pattern.

We obtained the feasible cutting pattern through a search
tree. The tree level represents the required width, arranged in
descending order where the largest is at the first level while
the smallest size is placed at the tree's last level. The initial
vertex of the first level represents the standard width used to
generate the pattern. Therefore, a separate search tree is used
to create patterns according to each standard width.

The branch of level i in the search tree represents the
multiplication of the number of items by the width
w; obtained according to the j* cutting pattern. This
multiplication represents the sum of the widths cut from the
stock to fill the width w;. The vertices from the second level
to the nt" level represent the remaining width after fulfilling
the specified cut from the previous i — 1 branch. The final
vertex of the search tree shows the remaining reductions
resulting from the different cutting patterns. The search tree is
built from top to bottom, then left to right.

We generate the cutting pattern by applying PG algorithm
[2] to the data in Table 1. The steps of the PG algorithms are
as follows [2]:

1.  Ordering the width w; (i =1,2,3) in descending
order. So, we have w; = 555 mm, w, = 555 mm, and
w3 = 378 mm.

2. Use Eq. 1 to fill the first column. (j = 1)

I _yi—1
au:l%J,izl,Zﬁ (1)
3. Use Eq. (2) to find the trim loss.
¢ =w—Xia;w 2

4.  Set level index (row index) i ton — 1.

5. Check level of vertex, eg. vertex (i,j). If the vertex
equals to zero (ai j = 0), go to Step 7. If not generate
new column j = j + 1 with these elements:

a. azj = az(j_l) (Z = 1, 2, ,l - 1) to fill the
preceeding vertex (i, j).

b. a;; = a;;j—1) - 1to fill the vertex (i, ).

c. Fill the remaining from vertex-j using Eq. (3).
@y = [ ()

6. Use Eq. (2) to find the trim loss from the j** pattern. Go
back to Step 4.

7. Seti=i—1.Ifi > 0, go to Step 5. Otherwise, stop.

By implementing the PG algorithm and the data in Table
1, we got 21 cutting patterns based on the length shown in Fig.
1 and 2. We must read the search tree in Fig. 1 from top to
bottom and continue from left to right. From Fig. 1, we can
see that the first level is 3,000. It means that the length of the
stock is 3,000 mm. After that, we took the second level of the
tree from the top. If we used the 3,000 mm of the stock to cut
the item with a length of 555 mm, we could get five pieces of
555 mm. The remaining stock is 225 mm. From 225 mm of
the remaining, we continue to the third level of the search tree.
225 mm of the remaining can not use any more to cut the
second item of 555 mm, so the number of cutting is 0. In the
fourth level of the search tree, we use 225 mm of the
remaining paper to cut the third item with 378 mm. Because
the remaining stock is smaller than the item, we can not use it
to cut for the third item, and the number of cuts in the fourth
level becomes zero. We can see the trim loss in the last vertex
at the tree's bottom. The first pattern based on the length is
five pieces of 555 mm with 225 mm of trim loss. The second
pattern is four pieces of 555 mm and a piece of 555 mm with
225 mm of trim loss. The third pattern is four pieces of 555
mm and two pieces of 378 mm with 24 mm of trim loss. The
patterns continue until the 21" pattern. Fig. 2 is a
continuation of Fig. 1. For details, the cutting patterns based
on the length as shown in Fig. 1 and Fig. 2 can be seen in Table
2.

On the other hand, by implementing the PG algorithm to
the data in Table 1, we got 23 cutting patterns based on the
width. These patterns can be seen in Fig. 3 and Fig. 4. We also
must read the search tree in Fig. 3 from top to bottom and
continue from left to right. From Fig. 3, we can see that the
first level is 3,500. It means that the length of the stock is 3,500
mm. After that, we took the second level of the tree from the
top. If we used the 3,500 mm of the stock to cut the item with
a length of 755 mm, we could get four pieces of 755 mm.
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The remaining stock is 48 mm. From 48 mm of the remaining,
we continue to the third level of the search tree. 48 mm of the
remaining can not use any more to cut the second item of 496
mm, so the number of cutting is 0. In the fourth level of the
search tree, we use 48 mm of the remaining paper to cut the
third item with 200 mm. In this last level, we get 2 pieces of
200 mm. The trim loss is in the last vertex at the tree's bottom.
The first pattern based on the width is four pieces of 755 mm
and two pieces of 200 mm, with 80 mm of trim loss. The

0x378 x378

’X378|| 3x378 5%378 6x378
|

|

HO® O @

second pattern is three pieces of 755 mm, two pieces of 496
mm, and a piece of 200 mm with 43 mm of trim loss. The third
pattern is three pieces of 755 mm, a piece of 496 mm, and
three pieces of 200 mm with 139 mm of trim loss. The patterns
continue until the 23" pattern. Fig. 3 is a continuation of Fig

4. For details, the cutting patterns based on the width as shown
in Fig. 3 and Fig. 4 can be seen in Table 3.

Figure 2. The Tree of Cutting Patterns Based on The Length Part 2
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Figure 4. The Tree of Cutting Patterns Based on The Width Part 2

From Table 2, if we use the first pattern, we can get five ~ Minimize
pieces of items with length 555 mm and 225 mm of trim loss, _ T nopor pmax
and so on until the 215* pattern. From Table 3, if we use the z = ( hi L +mg 1 (PO ﬁ)x”) *
first pattern, we can get four pieces of items with width 755 {=1( rohi L + Zg=1 (pC + B)yp) @)
mm, two pieces of items with width 200 mm, and 80 mm of

Subject to :
trim loss. All of the patterns from Table 2 and 3 were lj,njlsxc o pma
formulated to the N-Sheet model. The objective function of i=n3axl Xp <1, i=1,. ®)
tllljet N—SheettmO(liel g to ml;(rtlimize the trim loss in order to 25‘;1 Livp <1i,j =1, .__’pmax (6)
obtain an optimal cutting pattern. Z?:;ax Xy = N,i =1, o p" ™
The N-Sheet model for the cutting patterns in Table 2 and meax =N =1 ma )
Table 3 can be seen in Model (4)-(8). j=1 Yp =N J=4L.0p
X, is the number of p pattern which cut based on the length. n  is the number of item.
¥p is the number of p pattern which cut based on the width. =~ T is the number of period, T = 2
l;; is the number of the i item which cut according to the h; is the inventory cost per unit per period.
jth pattern L is the length of stock, L = 3,500
' C s the unit cost, C = 3,500
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I;; is the inventory number of the i*" item in the t** period. ~ p™?*is the maximum number of patterns
p  isthe number of pattern.
t s the period. By using the data in Table 1 with the variables and parameters
B is the pattern set up cost, § = 0.01 L that had explained before, the N-Sheet model can be seen in
N is the positive integer number Model (9).
TABLE 2. THE CUTTING PATTERNS BASED ON THE LENGTH TABLE 3. THE CUTTING PATTERNS BASED ON THE WIDTH
The j* The Number of Items Trim loss The The Number of Items Trim loss
pattern 555 mm 555 mm 378 mm (mm) j*pattern 755 mm 496 mm 200 mm (mm)
1 5 0 0 225 1 4 0 2 80
2 4 1 0 225 2 3 2 1 43
3 4 0 2 24 3 3 1 3 139
4 3 2 0 225 4 3 0 6 35
5 3 1 2 24 5 2 4 0 6
6 3 0 3 201 6 2 3 2 102
7 2 3 0 225 7 2 2 4 198
8 2 2 2 24 8 2 1 7 94
9 2 1 3 201 9 2 0 9 190
10 2 0 5 0 10 1 5 1 65
11 1 4 0 225 11 1 4 3 161
12 1 3 2 24 12 1 3 6 57
13 1 2 3 201 13 1 2 3 153
14 1 1 5 0 14 1 1 11 49
15 1 0 6 177 15 1 0 13 145
16 0 5 0 225 16 0 7 0 28
17 0 4 2 24 17 0 6 2 124
18 0 3 3 201 18 0 5 5 20
19 0 2 5 0 19 0 4 7 116
20 0 1 6 177 20 0 3 10 12
21 0 0 7 354 21 0 2 12 108
22 0 1 15 4
23 0 0 17 100
Minimize

Z =131, + 13,11;, + 10,511,; + 10,511,, + 5,78l3; + 5,78l3, + 3535x; + 7035x, + 10535x5 + 14035x, +

17535x5 + 21035x¢ + 24535x, + 28035xg + 31535x¢ + 35035x;, + 38535x,; + 42035x;, + 45535x,35 + 49035x,, +
52535x;5 + 56035x,4 + 59535x;, + 63035x,5 + 66535x;9 + 70035x,¢ + 73535x,, + 3535y, + 7035y, + 10535y, +
14035y, + 17535y + 21035y, + 24535y, + 28035y5 + 31535y4 + 35035y, + 38535y,; + 42035y,, + 45535y,5 +
49035y, + 52535y, + 56035y, + 59535y, + 63035y, + 66535y,4 + 70035y,, +73535y,; + 77035y,, +

80535y,
Subject to :

©)

7x1 + 6%, + 5x3 + 3x, + 2x5 + 6x7 + 5xg + 3xg + 2x19 + 5%, + 3x43 + 2x14 + 3% + 2x17 + 2x19 = 75
Xy + 2x5 + 3x4 + 4x5 + 5xg + x5 + 2x9 + 3x19 + 4x11 + X153 + 2%, + 3%35 +F X7 + 2x5 + X0 =6
Xy + Xg + X9 + X109 + X41 + 2x95 + 2x13 + 2xq4 + 2x15 + 3x16 + 3x17 + x5 + 4x19 + 4Xy0 + 5%y = 4

17y1 + 15y, + 12y3 + 10y, + 7ys + 5y6 + 2y7 + 13y9 + 11y, + 8y11 + 6y12 + 3y13 + Y14 + Y15 + 716 + 417

+ 2y15 + 6Y20 + 3Y21 + Y22 + 2Y23 2 75
Y2 + 2y3 +3ys + 4Ys + 5Y6 + 6y7 + Ty + Y10 + 211 + 3Y12 + 4V13 + 5V1a + Vie T 2V17 + 3Y18 + 4V10 + V21 +2Y55 26
Yo+ Y10 + Y11 + Y1z + Va3 + Yia + 2Y15 + 216 + 217 + 2Y15 + 2Y19 + 3YV20 + 321 + 322 T4y 2 4
X+ X+ X3+ X+ X5+ X+ X7+ Xg+ X9+ X0+ X1 F X F X3+ Xs F X5 F X6 F Xp FXigF XpgF X+ =1
YitYat+YstYatYs+Vs+Y,+Vs+ Yot Vio+ Vi1t V12 + Vi3 T Via + Vis + YVie + V17 + Yig + V1o + Y20 T V21

+ynty;s =21

X1, X2, X3, X4, X5, Xg, X7, Xg, X9, X10, X11, X12, X13, X14» X15) X161 X17, X18) X19, X205, X21 = 0
Y1'YZ’3’3'3’4'YS'Y@J’WJ’S’3’9'Y10'Y11'Y12'Y13'3’14'3’15'3’16' Y17'Y18’3’19'3’20'3’21’3’22'3’23'111'112'121’122'131’132 =0

x; is the number of the i
length, i = 1,2,3, ...,21.

y; is the number of the Jjt* pattern which cut based on the
width, j = 1,2,3, ...,23.

By using the LINDO 61 the optimal solution of Model (9)

is Z=12,x,=9x,=2,x5=1, x;9=1,y, = 2,

Y,3 = 28. Based on the optimal solution obtained, we have

some of the results, as shown below.

Z = 12 means that we must use 12 pieces of stocks with

dimension 3,000 mm x 3,500 mm,

" pattern which cut based on the

= 9 means that it is possible to use the 1% cutting
pattem nine times,
X, = 2 means that we use the 2" cutting pattern two times,
xs = 1 means that we use the 5 cutting pattern one time,
X19 = 1 means that we use the 19" cutting pattern one time,
The value of x4, x5, Xs, and x;4 means that the 1%, 274, 5t
and 19" are cutting patterns based on the length in the first
stage. Also the value of y, and y,; means that the 4% and
23 are cutting patterns based on the width.
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Y, =2 means that the 4" cutting pattern is cut two times,
and y,; = 28 means that the 23" cutting pattern is cut 28
times based on the width. From the results, there are still
many cutting patterns chosen. And if we use the optimal
patterns, there will be many surplus for the first item.
Compare to the research by [18], Model (9) in this research
are still not useful enough in solving the problem with data
in Table 1, because of the surplus items.

IV. CONCLUSIONS

Based on the results and discussion, the N-Sheet model
can be used for single stock CSP where it can include the
cost component of pattern set. The pattern set-up cost
consists of the cost of the inventory per unit in each period,
the cost of using each item and the cost of determining the
pattern. These costs have been determined from the
beginning of the cutting pattern. The optimal solution
obtained shows that there is a great deal of surplus for the
first item. The solution shows that the N-Sheet CSP
Capacitated Multi-Period model is not useful enough in
solving problems in the data of Table 1.

For further research, the Cutting Stock Problem
model’s more extensions are critically essential to improve
than previous models. We suggest computational tests for
further study.
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