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ABSTRACT

Scheduling is defined as the allocation of resources to task over time in such a
way that a predefined performance measure is optimized. Scheduling is a decision
making function that plays an important role in manufacturing industries. In this
research, a model of Mixed Integer Programming is proposed based on the
scheduling problems in an automotive part production company. This mathematical
method provides a theoretical framework for the formulation and solution of the
models which involve the translation of the real problem into a model. This model
targets to optimize the scheduling production in order to increase productivity. All
standard constraints encountered in the production scheduling are included in the
model (machine capacity, material balances, manpower restrictions and inventory
limitations). Machine setup time changeover and cost changeover for the different
product will influence the arrangement of scheduling process. The objective function
that is minimized considers all major sources of variable cost that depend on the
production schedule, such as changeover cost between products, inventory cost and
labor cost. The result from this study are presented and discussed based on the
optimal production schedule.
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ABSTRAK

Penjadualan ditakrifkan sebagai peruntukan sumber daya untuk tugas dari
masa ke masa sedemikian rupa sehingga saiz prestasi yang telah ditetapkan
dioptimumkan. Penjadualan adalah proses membuat keputusan yang memainkan
peranan penting dalam industri perkilangan. Dalam kajian ini, model ‘Mixed Integer
Programming’ dibentuk berdasarkan kepada masalah penjadualan yang timbul di
bahagian pengeluaran automotif di syarikat. Kaedah matematik memberikan
kerangka teori untuk formulasi dan penyelesaian model yang diterjemahkan dari
masalah nyata ke dalam bentuk model. Model ini mensasarkan untuk
mengoptimumkan penjadualan  pengeluaran dengan tujuan meningkatkan
produktiviti. Semua rintangan yang wujud dalam penjadualan pengeluaran akan
diserapkan ke dalam model (mesin kapasiti, keseimbangan bahan mentah, sekatan
tenaga kerja dan keterbatasan inventori). Pertukaran masa persediaan mesin dan
pertukaran kos untuk produk yang berbeza akan mempengaruhi tatacara proses
penjadualan. Fungsi objektif yang diminimalkan mempertimbangkan semua sumber
utama dari kos pembolehubah yang bergantung pada jadual pengeluaran, seperti kos
pertukaran di antara produk, kos persediaan dan kos tenaga kerja. Hasil dari kajian ini

disajikan dan dibahas mengikut penjadualan pengeluaran yang optimum.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

Scheduling can be broadly defined as the allocation of resources to tasks over
time in such a way that a predefined performance measure is optimized. From the
view point of production scheduling, the resources and tasks are commonly referred
to as machines and job and the commonly used performance measure is the
completion time of jobs [1]. In manufacturing, there are many types of scheduling
such as job shop, flow shop, sequencing, parallel and etc. Problems arise in
scheduling when the process of the production has many products to be produced.
Therefore, scheduling can be said as a strategy to determine what product will be
produced in a certain day based the certain limitations that need to be considered.

In order to have a good scheduling planning, a technique can be applied in
this problem is Mixed Integer Programming (MIP). Mixed integer programming is
known as a guiding quantitative decision in business, industrial engineering and to
the social and physical sciences. In World War 11, this technique used to deal with
transportation, scheduling and allocations of resources under constraints like cost and
priority gave subject an impetus that carried it into the postwar era. This means that,
this technique can be used in order to help in solving scheduling problem. In this
study, MIP is used to model the real life situations in scheduling of automotive parts

production process.



1.2 Problem Statement

Scheduling is a complicated problem where there is a variety of products
needs to be scheduled in a certain period of time. In one day, production only can
produce a certain amount of product. This issue is further complicated where a
decision needs to be made in order to schedule the production process for all of the
products. This decision must take into consideration about the limitations that may
present during the scheduling process. Limitations that present in the scheduling
problem are machine capability, labor hour, changeover time for transition between
two products, change over cost for transition between two products and cycle time
for each product. Each type of product may have a different cycle time process where
it will restrict the amount of production due to the machine capacity. Besides, in one
day, there is possibility to have more than one product to be manufactured which
involve the changeover time and cost between those products. Therefore, a good
scheduling planning is needed to overcome all the restriction so that an optimal

production can be achieved.

1.3 Objective

In order to complete this project within the time frame and the scope given, several

objectives for this research have been identified and listed such as below:

a) To formulate a model based on Mixed Integer Programming (MIP)
method which can solve scheduling problem in an automotive part

company.



b) To determine the optimum schedule for the automotive part

production process.

1.4 Scope of the Study

In this research, the data used were taken from a company named company |
which is located at Pasir Gudang, Johor. This study focused only on the production
department where automotive component part is produced. The scope is narrow
down by only selecting a single production line as the subject in this study which is
capable to produce 8 different types of product. A complete data for a month

duration will be used in the study.

1.5  Significance of the Study

The significance of this study is to create a Mixed Integer Programming
model based on the company scheduling problem. This model will be used to solve
the scheduling problem in order to help the company to have a better planning in the
scheduling production process. Through this model, an effective scheduling planning
for the production process in a month period can be created as a guide to the

company so that an optimal production can be obtained.



1.6 Outline of the Report

The structure of the report can be summarized as shown in Table 1.1. The description

of each chapter in the report is as follow:

1)

2)

3)

Chapter 1: Introduction

This chapter gives a broad idea about the whole study. The main topics
included in this chapter are background of scheduling and mixed integer
programming (MIP) technique, problem statement, objective, scope,

significance of study and the outline of the project report.

Chapter 2: Scheduling

This chapter summarized all the theories, information and previous
research that related to the scheduling problem and mixed integer
programming technique. Discussion based on the finding from journals,
books, internet, articles and etc are done in this chapter. Topics included
in this chapter are production planning, scheduling, mixed integer

programming (MIP) and previous research related to scheduling problem.

Chapter 3: Methodology

This chapter describes research methods used in this study. It gives
information on how the study are done and conducted through the whole
period in completing the study. Data will be collected from the
company’s information during the case study. Once data have been
completed, an analysis of the data will be done by using AIMMS software

in order to produce optimal production schedule.



4)

5)

6)

Chapter 4: Formulation Model

A mixed integer programming model formulation will be created and

discuss in this chapter. Information about the model is explained in details

here.

Chapter 5: Optimal Production Schedule

This chapter presents all the results of this study which was solved by

using AIMMS software. The solution of the problem will be proposed

once it satisfied all the restrictions in production process.

Chapter 6: Conclusion

This chapter summarizes the report. Recommendations for future works
will be suggested in this chapter also.



Table 1.1: Structure of the report

CHAPTER

CONTENTS

Chapter 1

Introduction

This chapter examines the overall perspective for the
research, such as:-

- Background of the study

- Problem statement of the study

- Objectives of the study

- Scope of the study

- Significant of the study

- Outlines of the report

Chapter 2 This chapter focuses on the following topics:
Scheduling - Production planning
- Scheduling
- Mixed integer programming
- Previous research
Chapter 3 This chapter introduces the research methodology
Research structure

Methodology

and research process which consists of:-
- Research methodology

- Data collected

Chapter 4

Formulation Model

This chapter discuss about the data used in the process of
created a MIP formulation model based on the company’s
scheduling problem which consists of:

- Problem structure

- Problem definition

- Model formulation




Chapter 5 This chapter discuss about the data analyses, findings and
Results and | the proposed solution. Topics included are:
Discussion - Result

- Findings

- Discussion
Chapter 6 This chapter is the last chapter of the thesis which is the
Conclusion concluding and recommendation part.

- Conclusion of the study

- Recommendation for future works

1.7 Conclusion

As the conclusion, scheduling problem is a big issue to the manufacturer. A
good manufacturer will identify the problem of the company’s scheduling planning
so that the problem can be solved by using certain suitable method. This study was
done in order to help in improving the company scheduling planning by using
application of the mathematical formulation. In the next chapter, further discussion
about the problem in scheduling and Mixed Integer Programming technique will be

discussed for more understanding on this research.



55

References

[1] Ozguven.C,Ozbakir.L.,Yavuz.Y. (2009). Mathematical Models for Job-Shop
Scheduling Problems with Routing and Process Plan Flexibility. Applied

Mathematical Modelling.In Press.

[2] Kanishka Bedi. (2007). Production and Operations Management. Second

editon. Oxford University Press. India.

[3] Heizer.J. and Render.B. Operations Management. 9" edition. Upper Saddle
River, N.J.Pearson Prentice Hall. 2008.

[4] Wazed.M.A, Ahmed.S. and Nukman.Y. (2009) .Commonality Indices in
Design and Production Planning. Journal of Advanced Manufacturing
Technology. Vol. 3(1). Pp 1-20.

[5] Yavuz.Y. et al. (2009). Mathematical Models for Job-Shop Scheduling
Problems with Routing and Process Plan Flexibility. Applied Mathematical

Modeling. Elsevier Inc. In Press.

[6] Pochet.Y. and Wolsey.L.A. Production Planning by Mixed Integer
Programming. United States of America. Springer .2006

[7] Yavuz.Y. et al. (2009). Mathematical Models for Job-Shop Scheduling
Problems with Routing and Process Plan Flexibility. Applied Mathematical

Modeling. Elsevier Inc. In Press.

[8] Omar.K.M and Teo.S.C. (2006). Minimizing the Sum of Earliness/Tardiness
in Identical Parallel Machines Schedule with Incompatible Job Families : An
Improved MIP Approach. Applied Mathematics and Computation. Vol.181. pp
1008-1017.

[9] Blomer.F and Gunther.H.O. (1998). Scheduling of a Multi Product Batch
Process in the Chemical Industry. Computers in Industry. Vol.36. pp 245-259



56

[10] Doganis. P and Sarimveis.H. (2006). Optimal Scheduling In A Yogurt
Production Line Based On Mixed Integer Linear Programming. Journal of Food
Engineering. 80:445-453.

[11] Harjunkoski.l , Isaksson.J and Westerland.T. 1998. Solving a Two-
dimensional Trim-Loss Problem with MILP. European Journal of Operational
Research. VVol.104. pp 572-581.

[12] Nystrom.R.H , Harjunkoski.l and Kroll.A . 2006. Production Optimization
for Continuously Operated Processes with Optimal Operation and Scheduling of

Multiple Units. Computers and Chemical Engineering. VVol.30 . pp 392- 406.

[13] R.Simpson and A.Abakarov. 2009. Optimal Scheduling of Canned Food
Plants Including Simultaneous Sterilization. Journal of Food Engineering.
Vol.90. pp 53-59.

[14] Lee.H, Pinto.J.M, Grossman.l.E and Park.S. (1996). Mixed-Integer Linear
Programming Model for Refinery Short-term Scheduling of Crude Oil Unloading
with Inventory Management.Industrial Engineering Chemistry. VVol.35. pp 1630-
1641.

[15] Choi.B.C et al. (2007). Single Machine Scheduling Problem with
Controllable  Processing Times and Resources Dependent Release

Times.European Journal of Operational Research. Vol 181. Pp.645-653.

[16] Mendez.C.A., Grossmann.l.E., Harjunkoski.l. and Kabor.P. (2006). A
Simultaneous Optimization Approach for Off-line Blending and Scheduling of
Oil-Refinery Operations. Computers and Chemical Engineering. VVol.30. pp 614-
634.

[17] T’kindt.V., Jatinder.N.D.G, and Billau.J.C. (2003). Two Machine Flowshop
Scheduling with a Secondary Criterion. Computers & Operations Research. Vol
30. Pp 505-526



58

[27] Orcun.S., Altinel.l.K. and Hortacsu.O. (2001). General Continuous Time
Models for Production Planning and Scheduling of Batch Processing Plants:
Mixed Integer Linear Program Formulations and Computational Issues.
Computers and Chemical Engineering. VVol.25. pp 371-389.

[28] F.Werner. (1997). Parallel Machine Scheduling Problems with a Single
Server. Mathematical Computater Modelling. Vol. 26. Pp 1-11

[29] Earl.M.G. (2005). Iterative MILP Methods for Vehicle-Control Problems.
IEEE Transactions on Robotics. Vol.21.

[30]Grotschel.M. and Nemhauser.G.L. (2008). Georgre Dantzig’s Contributions
to Integer Programming.Discrete Optimization. VVol.5. pp 168-173.

[31] Jin.M., Luo.Y. and Eksioglu.S.D. (2008). Integration of Production
Sequencing and Outbound Logistics in the Automotive Industry. Int.J.Production
Economics. Vol.113. pp 766-774.

[32] Kim.s. et al. (2008). A Mixed Integer Programming Model for the
Multiperiod Scheduling Problem of Blending Zinc Bearing Materials to Minimize
Setups in the Hydrometalurrgical Process. Metallurgical and Materials
Transactions B.Vol.39B.pp 896-905.

[33] Omar.M.K. and Teo.S.C. (2006). Minimizing the Sum of Earliness/Tardiness
in Identical Parallel Machined Schedule with Incompatible Job Families : An
Improved MIP Approach.Applied Mathematics and Computation. Vol.181. pp
1008-1017.

[34] Chen.K. and Ji.P. (2007). A Mixed Integer Programming Model for
Advanced Planning and Scheduling (APS). European Journal of Operational
Research. VVol.181. pp515-522.

[35] Wolsey.L.A. (1997). MIP Modelling of Changeovers in Production
Planning and Scheduling Problems. European Journal of Operational Research.
Vol.99. pp 154-165.

[36] Rocha.P.L. et al. (2008). Exact Algorithms for A Scheduling Problem with
Unrelated Parallel Machines and Sequence and Machine Dependent Setup
Times. Computers & Operations Research. VVol.35. pp 1250-1264.



59

[37] Dastidar.S.G. and Nagi.R. (2005). Scheduling Injection Molding Operations
with Multiple Resource Constraints ans Sequence Dependent Setup Times And
Costs. Computers & Operational Research. VVol.32. pp 2987-3005.

[38] Roslof.J. et al. (2002). Solving a Large Scale Industrial Scheduling Problem
Using MILP Conbined with a Heuristic Procedure. European Journal of
Operational Research. Vol. 138. Pp 29-42.

[39] Mokotoff.E. (2004). An Exact Algorithm for the Identical Parallel Machine
Scheduling Problem. European Journal of Operational Research. Vol.152. pp
758-769.

[40] Pochet.Y. and Warichet.F. (2008). A Tighter Continuous Time Formulation
for the Cyclis Scheduling of a Mixed Plant. Computers and Chemical
Engineering. VVol.32. pp 2723-2744.

[41] Taha.H.A. Operations Research: An Introduction. 8" edition. Upper Saddle
River, N.J . prentice Hall .2007.



61

DATA : DEMAND FOR ONE MONTH

-..‘."
Ge G0t Jow Qoo Bon Setngs [ooh \indee o
zw Moram> XNEFCHFAND v

Yo B vttt 8 X
B Man masteneoviens 4]
& S0 Dectanston
[ Oan
[5) Procuas
[§) Comectaness
§) Mumsen
= & Pacrmesw Dectanson
[F) Cemanany
[F) Changeovttataponl)
[B) TemeSetspnn)

Demarc |Data Pege] Demand 1%

_ome |
<N

e
04

<) En

::lsraa:l

1042

“@e

[F) CroeTimeProsua
[P) sl otsix)
[B] severurotsi)
() ComectvenesaTatiesiat)
& & varath Deciarsnon
[ ProcuaPreaucen n
(¥ oveesonsi )
[ remet)
[ ety
[ SNSETURLKm)
= & Consvant Osctaaten
K ToProcua
) vammumloProsecl X
) unimumiotrosec)
) TotuMaenaBalance)
Totaltacrwne Timed)
] Tt TininneOn0)
£ septomn
) seedo i -
) Smes0om)
) Sehpd oy 1
0 it -l

]

Ll
&

Xi vodet tigiorwr... | T8~ Page Maragm
st ok o] At Cane: W reaoe

DATA : CHANGEOVER COST

te (3t Yow (03 B Gt ook findom tvo
Mo DO @ NETGREIND W

narges ot (Daka Page] ChangroverCost | 19

B U ~aienookes
5 0 St Dyciwancn " o

Parameter Declarion ‘-I":P}knnnn

Dermndy) G 310 35 333 310 330 348 30

[B] ChangeoverSetipon) ¥ 9 M8 M M8 10 e M8

[B] CrangeawCosti ”n IN 2N M8 18 M

. 0 N8 M4 34

m Aaderent L M0 M8 0

(P) Cpernventoryy) - 38 0

(F) CyeTimeProauty) ” %0

Myt ote0r) "

WremunL ot

[P) ConvchvanassTatéesia s)
= & Vanatie Dedarason
& & Conatraint Dectiratcn
) Usrirascancn
() UarEssamen
2 ManTermmadon
B Prececared idecten |reasonl

e

X ot togrsr... | T8 Poge Marmom
) A Cone: [t | W o




D) A5 - Norcome
He U0t v Dva B Jver lwk e o
zw

Doshn>

}

k Mg
| & SetDeclaradon
Paearmter Dectaraton
[ Demanax
[P} Crangeaverietpicl)
[P} TeoeSenspinl)
[P} LadorCont
() Osentrartoryih)
[ CroseTimeProcucyny
(P Masmumiotscx)
[F) Mrsrrus ctsx)
[P} CommavarensTaes(an)
Vartate Dedtarabon
Conymnt Docariden
B Manntakcann
() Manlancon
B ManTermematon
(@ Fredectined erttens eadont|

N sode tgiore... | T ue Margn

62

DATA : CHANGEOVER TIME ( IN SECOND)

SN

NETEGHFLND W
T et [Duta Page] Chargeoversetep

. SN
+ h 2 n N B R N N
00 WIE 1378 %34 10 TR 1200
1018 1aod 1067 1006 1100 a4
198 1R e B
1200 1IN W) tade
112 W0 1018
oo
e

.

XAIXITIAY

1 Act.Case: Drvts Data

DATA : CYCLE TIME FOR EACH PRODUCT

I Set Deciaraten
Parameles Declanton

(F) Demanax)
[F] ChangpeoveeSatapoc
[B] CrangesveeCostn g
[F] LabarCont
() Operamventon;
CronTimeProauiy
[F] Masimussotsin)
[B] Mramunt ot
(P] ConchvanressTatiescad)
vanatle Decarason
S Comatrant Caciaradon
2) Mariraskesson
) WanExecudon
| VanTermmaton
1 Precscared idecten Dead-onh|
1

X s tocirer... T8 Fooe Mavece

leae

3 oo
=" "
|

n "

N »

L

- wr

" ol

n

als)
LIL]

a1 ActCaon: (vl D

o 2o



63

CONSTRAINT : TOTAL PRODUCT

& * AIMMS - Non
Ele Edit Data Run Settings Tools Window Help

O@seBX AN NETDELRE N

amb 4 x | 4 x
@‘zgtgzij{‘;t;j“‘““ Type o — | al#/8E v|B|GR
Parameter Declaration | dentifier foralFroduct [ Check and commit]
Variable Declaration Index domain [
5~ &) Constraint Declaration Text
TotalProduct(k) Unit %

MaximumLotProduct(i k) Property B

MinimumLotProduct(i k)
TotalMaterialBalance(k)
TotalMachineTime(i)
TotalTimelnOneDay(i)
Setup1(im,k)
Setup2(i,k,m)
Setup3(ik,m)
Setup4(ikm)

[ Maininitialization

[ MainExecution

[B) MainTermination

@ Predeclared Identifiers [read-only]

Definition sum [ (i), ProductProduce (1,%)] = Demand (k)

¥i Mode Explorer, = Page Manager Comment

nasterlmovalues.prj |Act.Case: [Initil Data masterlnovalues] o READY

CONSTRAINT : MAXIMUM LOT

§ * AIMMS - Non-cor

e Edit Data Run Setfings Tools Window Help
0@ e@EX A BEHRDEHNE W
odel Explorer: masterinovalues.amb 1 X ) | 4%
5 * Main masterinnovalues

=, T C h M
1 &) SetDeclaration we cnarraint 5 #| oltslE v|E 0|6
1- ] Parameter Declaration Identifier MaximumLotProduct
1- &) Variable Declaration Index domain [ (1, k)
1- & Constraint Declaration Text

- otalProductik) Unit ﬂ

MaximumLotProduct(i,k) Property ﬂ

dinimumLotProduct(i k)
otalMaterialBalance (k)
otalMachineTime(i)
otalTimelInOneDayii)
etup(im.k)
etup2(ikm)
etup3(ikm)
etupd(ik,m)

[EJ Mainlnitialization

[EJ MainExecution

-[BJ MainTermination
% Predeclared Identifiers [read-only)

Defi ProductProduce (i, k) <= MaximumLots(k)*BIN(i,k)

s

7 Model Explorer... | Page Manager Comment

asterlnnovalues.prj |Act.Case: [Initial Data masterinnovalues] f READY



64

CONSTRAINT : MINIMUM LOT

& * AIMMS - Non-

File Edit Data Run Settings Jools Window Help
4B @ X e NEBEEEHME

Aodel Explorer: masterlnnovalues.amb B X

MinimumLotProduct | 1bpx
D g e ope cosnim o] n| 2/t|s|®
- & Parameter Declaration Identifier Min immLotProduct
Variable Declaration Index domain 4] (1, k]
- &} Constraint Declaration Text
TotalProduct(k) Unit 2
MaximumLotProduct(i k) Property ﬁ
MinimumLotProduct(i,k)
otalMaterialBalancek)
otalMachineTime(i)
otalTimelnOneDay(i)
Setup1(i,m,k)
Setup2(ikm)
Setup3(ik,m)
--[C] Setup4(ik,m)
[B] maininitialization
--[PJ MainExecution
[BJ MainTermination
ﬁ Predeclared Identifiers [read-only]

Definition ProductProduce(i, k) >= Minimumlots (k) *BIN(1i,X)

Model Explarer... | T Page Manager Comment

'asterlnnovalues.prj |Act.Case: [Initial Data masterInnovalues] v READY

CONSTRAINT : TOTAL MATERIAL BALANCE

B * AIMMS - N
Fle Edit Data Run Settings Tools Window Help
O@sREXx A MEELES
Viodel Explorer: masterinnovalues.amb B X .

@ * Main masterinnovalues

Bws e
| Trx

Set Declaration Type Constraint - ﬂ B BE v G| B

Parameter Declaration Identifier fotalMaterialBalancs [Check, commit and close (Ctrl-Enter)|
Variable Declaration Index domain ﬁ (x)
=& Constraint Declaration Tert

- [€] TotalProduct(k)

Unit =
=

MaximumLotProduct(i k) Property 7

MinimumLotProduct(i, k) .
TotalMaterialBalance (k) Definition OpenInventory (k) + sum[(i),ProductProduce (i, k)] = Demand(k) + sun[(i),Inventory(i, k)]
TotalMachineTime(i)
TotalTimelnOneDay(i)
o Setup1(i,m,k)
[E] Setup2(ikm)
b Setup3(ik,m)
- [C] Setupd(ikm)
[BJ Maininitialization
- [PJ MainExecution
[BJ MainTermination
@ Predeclared |dentifiers [read-only)

R Model Explorer.... | T Page Manager Comment

nasterlnnovalues.prj |Act.Case: [Initial Data masterInnovalues] «f READY



65

CONSTRAINT : TOTAL MACHINE TIME

AIMMS - Non:

Fle Edit Tools Window Help
| & En @ X G dh T

Viodel Explorer: masterlnnovalies.amb B X
& * Main masterinnovalues T
- &) SetDeclaration e
Parameter Declaration |dentifier TotalMachineTime
-- Variable Declaration Index domain ﬁ {i)
= Constraint Declaration Text
- TotalProductik)
MaximumLotProduct( k)
MinimumLotProduct(i k)
TotalMaterialBalance(k)
TotalMachineTime(i)
TotalTimelnOneDay(i)
Setup1(i,m,k)
Setup2(ikm)
Setup3(ikm)

- Setupd(ikm)
[B] Maininitizlization
[BJ MainExecution
- [PJ MainTermination
@ Predeclared Identifiers [read-only]

I i ‘ qb3

x| o888 v|B|G[E

Unit
Property

Definition Time (i) = sum[(k), ProductProduce(i,k)/CycleTimeProduct (k)] + sum[(k,m), ChangecverCost (k,m) *BINSETUP(i,k,m)]

i Model Explorer... | B Page Manager Comment
nasterlnnovalues. prj % READY

CONSTRAINT : SETUP 1

[ * AIMMS - Non-corm
File Edit Data Run Settings Tools Window Help

il bEREX MM NEERELRB IR
s NN | TotaiTmelnOneDay | Setupt | b %
* Main masterinnovalues
B e Er— m| ofe[8|E v|B/o/E
Identifier Setupl
Index domain %] (1,m, k)
=8 Constraint Declaration Text
TotalProduct(k) Unit ﬁ
- [€] MaximumLotProductii kj Property ﬂ
Gl MmimumLotProduct £ Definiti BINSETUF (1, ¥, m)<=1+(1-BIN(i, k) )+(1-BIN (1,m) ] sun[ (m-1<=k<=Lk+1) ,BIN(,]]
TotalliaterialBalance(k) elimtian . TS ! ! e ’
TotalMachineTime(i)
TotaTimelnOneDay(i)
[E] Setupiimk)
Setup2(ikm)
Setup3(,km)
b Setupd(ikm)
- [B) Maininitialization
- [BJ MainExecution
“..[B] MainTermination
@ Predeclared Identifiers [read-only]
16 Model Explorer.. | T Page Manager Comment

masterInnovalues.prj | Act,Case: [Initial Data masterInnovalues] o READY



66

CONSTRAINT : SETUP 2

le Edit Data Run gettings Tools Window Help - -
ST Y. NEEEEHWE W
el Explorer: masterTnnovalues.amb | X

Setup2 | 4b
3‘2;’;2?:‘3”&”:3‘“95 Tope Constzaint - % ale|8lE
-2} Parameter Declaration Identifier Setupz

Variable Declaration Index domain ﬁ (i, k,m)
- Canstraint Declaration Text
TotalProduct(k) [Unit [
MaximumLotProduct(i k) Property ﬁ
MinimumLotProduct(i k) o
Definition BINSETUP (i, k, m) >=BIN(i, k) +BIN (i,m)-1-sum[ {m-1<=k<=k+1) .BIN (1, k)]

TotalMaterialBalance(k)
TotalMachineTime(i)
TotalTimelnOneDay(i)
Setup1(i,m,k)
Setup2(i,k,m)
Setup3(i,k,m)
Setupd(i k,m)

[EJ Waininitialization
--[E) MainExecution

[EJ MainTermination
4 Predeclared Identifiers [read-only]

¥ Model Explorer... | TH Page Manager Comment

\| Messages / Errars

isterlnnovalues.ori |Act.Case: [Initial Data masterInnovalues] +f READY

CONSTRAINT : SETUP 3

@~ MMM - on-comi

Fle Edt View Data Run Settings Tools Window Help

BFMOL SEEEEHNE W
X SelupS‘ qbx
& * Main masterinnovalues

= 1 c ¢ E
-} Set Declaration e onerraint M B[4 BB v BB
- Parameter Declaration | Identifier Setup3
Variable Declaration Index domain 4] (1, k,m)
- Constraint Declaration Text

TotalProduct(k) Unit ﬁ

MaximumLotProduct(i k) Propeity ﬁ

MinimumLatProduct(i k) .

Definition BINSETUP (i,k, m)<=BIN(i, k)

TotalMaterialBalance(k)
TotalMachineTime(i)
TotalTimelnCneDay(i)
Setup(i,mk)
Setup2(i,k,m)
Setupd(i,k,m)
- [BJ Maininitialization

[E] MainExecution

[BJ MainTermination
@ Predeclared Identifiers [read-only]

N Model Explorer... | T Page Manager Comment
& Messages / Errors

nasterinnovalues.prj |Act.Case: [Initial Data masterlnnovalues] f READY



67

CONSTRAINT : SETUP 4

@~ AIMIM - NOn-comi

file Edt View Data Run Settings Tools Window Help

P B E

fodel Explorer: masternnovalues.amb B X

L] B REHEHEE N
Seh‘pdl 4bx

i o — »l alalsls) vielnln
-} Parameter Declaration
- &} Variable Declaration Index domain (1, k,m)
- &) Constraint Declaration Text

‘otalProduct(k) Unit 7

MaximumLotProduct(i k)

MinimumLotProduct(i, k)

otalMaterialBalance (k)

otalMachineTime()

otalTimelnCneDay(i)

Setup1(imk)

Setup2(ik,m)

Setup3(ikm)

[P Maininitialization

- [PJ MainExecution

- [PJ MainTermination

ﬁ Predeclared Identifiers [read-only]

Identifier zetups

Property 2|
Definition BINSETUP (i, k, m)<=BIN(i, m)

[¥=

#%: Model Explorer... | B8 pag Comment

A\ Messages [ Errors

1asterlnnovalues.prj |Act,Case: [Initial Data master nnovalues] of READY

OBJECTIVE FUNCTION

Fle Edt Data Run Settings Tools Window Help

SBREX AN D NTTSERRE W
Model Explorer: masterimnovalues.amb & X - | 1rx
@ * Main masterinnovalues
’—_|Y, M
% & Set Declaration g Yarizble @ Sl44E ¥ L5
= Parameter Declaration Identifier LeastCostScheduling
[F] Demand(k) Index domain %]
-[F] ChangeoverSetup(k,) Text
[F] ChangeoverCost(k) Range d
[F] LaborCost Unit 7
-[F] Openlnventary(k) Default
[F] CycleTimeProduct(k) Property

-[F] MaximumLots(k)
~[F] MinimumLats(k)
|E| CorrectivenessTables(a,b) Definition sum[(i, k,1),ChangecverSetup(k, 1) *BINSETUP(1,k, 1) J+sum[ (i, k), Inventory (i, k) ] +LaborCost*Time(i)
=& Variable Declaration
- ProductProduce(i k)
Inventory(i,k)
Time(i)
BIN(i k)
BINSETUP(i k,m})
=& Constraint Declaration
= Objective FunctionDeclaration
LeastCostScheduling
--[B] Maininitialization
[PJ MainExecution
--[F] MainTermination
@ Predeclared Identifiers [read-only]

Monvar status

+ Model Explorer... | T Page Manager Comment

/| Messages [ Errors

masterInnovalues.prj | Act.Case: [Initial Data masterInnovalues] +ff READY



68

DATA USED IN THE PROJECT

£ AIMMS - Non-commercial Student |
Fie Edt Vew Data Run Settngs Took Window Hep

D@ eBX AN HEME L SEEREHHE N

——— s mster]nnuvaluslnputnﬂutp.| X
@ ain mastermnovalugs
-“SetDeclaraﬂon Demand CyckTimeProduct LaborCost | 3000
E—]-“ Parameter Declaration M| ] 1l
E Demand(y) By ) 126
3 M| nM n 1
s3] ChangeoverSetunlk ) o | u i
~[F] ChangeaverCastk ) 5| 1 5 m
~[F] LaborCost B ) i
~[F] Qpeninizntany) g 2232 g ggl
~[F] CyceTmeProduct)
~[P] MasimumLets(¥
E HinimumLots(k) ChangeoverCost ChangeoverSetup
] ConecinesTablesat) MR MEK R M RROHME RN R
=, ) Pt HO 365 330 M0 330 350 30 A 1260 1018 1378 1404 1198 1378 1260
£ &) Vatete Dedateion P WO W MW R | R 1018 1404 1467 140 11 144
~[{] ProductProduce ) n MW OR W W | P 180 1932 1440 1404 1378
-] et M WO K U | || 160 178 1083 144
. P5 M0 %5 3 ] 1352 1440 1018
[ el % W | [ 1 1
~[@ BNGK) m 5| (| 144
BINSETUP(i,m) 6 )
[]-n Cangtraint Declaration
[] Objective FuncionDedaration
V] OjecveFuncion
{1 LeasiCasiSenaduing
- [P] Manlitalzation
- [F] MainErecution
- [P] MaiTerminaton

@ Predeclared Idenfifers [read-only]

N [E B B B

& Messages [Emors

masterTovalies,prj Act Case: [Infial Data masterIrnovalues] v READY



RESULT OBTAIN FROM AIMMS SOFTWARE

69

018Nl e Ve
Fle Edt View Data Object Run Settings Tooks Window Help

B Ddieex@han

¢ HENE @BNEAE NEER

g

3

L

[T W i ‘master]nnnvalms()ntput|

R Pace ez

4[] Il Data Pages

} E masternnovalugs Input n Out ProductProduce0nDay

\-[P] masternnovalues Oufput i I B N O O -
Y 3 T3
0 W W
0 &2 28
04 308 | 38
1] 538 53
0% 56 56
n [ 858
0B| 4 M0 &7
i} 3 3
D10 308 | %
D1 28 2
012 ) 58
03 48 i 62}
04 688 685
D5 56 56
016 388 | 38
07 won 106 =0
018 3 3
D19 08| 8
) 53 53
] 55 586
1724 kL] 148 | 480
023 3 T3
04 [} 88
0% 388 | 38
| T3
027 5% 586
D8 | 248 4 88
2] 56 T3
030 388 | 38
3] Y 20 41
Demand | 4250 1710 3334 3334 1657 200 500 2477

Totallime
PlR P M PS PEPT PR |Tholatime
oo 28 218
02 219 28
1] 20 210
4 200 20
05 28 28
1] 20 210
07 210 210
0§ | 135 82 210
0|28 28
il 200 210
o 20 210
02 210 210
M| 78 141 210
04 210 210
D15 20 210
D18 20 20
07 JEX I 59 210
e | 18 28
i 200 210
020 28 28
0 20 210
02 133 a4l 20
02| 18 28
04 210 210
028 20 210
0% | 19 29
07 20 210
08| 76 140 210
0% 20 210
03 20 20
0 19 42 97 165

I i
¥ Megel Bigl.. ﬁ Page Mana...
& Messages | Errars

nasterlrnovalues.pr |Act.Case: [Initial Data masternnovalues]

(66,24) - (436,516 size; 3901432 - Table

o Ry

4b





