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Merhaba Degerli Meslektaslarimiz,

2017 yilmin son sayist ile karsimizdayiz. Bu sayimizda 2 6zgiin
makale, ayrica 28. Cilt (2017) yaz1 dizini, Endiistri Miihendisligi

dergisi tanitim1 ve yayin politikasi yer almaktadir.

Ik caligma Begiim Giray, Aysel Gezen, Caner Orug, H. Cenk
Ozmutlu, Fatih Cavdur ve Nuri Mutlu’ya ait olan “Bir Otomotiv
Firmasi iklimlendirme Sistemi Montaj Hattinda Uretim Kapasitesi
Optimizasyonu” baslikli makaledir. Calismada, bir otomotiv
firmasindaki iklimlendirme sistemleri montaj hatti i¢in hat dengeleme
ve c¢evrim siiresi optimizasyonu i¢in bir arac gelistirilmistir.
Iklimlendirme sistemi hattimin iiretim Kkapasitesini arttirmak igin
otomatik ve manuel klimalarin ¢evrim siirelerinin minimize edilmesi
amaclanmistir. Boylelikle iklimlendirme sistemi hattinin etkinligi
artarak, istasyonlarin is yiikleri dengelenmis olacaktir. Bu sekilde,
firma tarafindan herhangi bir yatirim gerektirmeyen &nemli bir

iretim artig1 saglanmaktadir.

Ikinci galisma ise Fatma Zeynep Sargut ve Meral Azizoglu’na ait olan
“Diziye Bagli Kurulum Siireleri ve Yan Kisitlar1 Olan Paralel Uretim
Hatlar1” baslikli makaledir. Makalede, ¢oklu iiretim hatlari ve diziye
bagli kurulum siireleri ile bir mesrubat {iretim tesisinde gézlemlenen
bir ¢izelgeleme problemi ele alinmistir. Calismada, toplam agirlikli
kargilanamayan talebi en aza indirecek haftalik bir program elde
edilmesi ve toplam iiretim ve kurulum siirelerini en aza indirilmesi
hedeflenmektedir. Herhangi bir giinde kalip sayist ve vardiya sayisi
sinirlidir. Problemi bir Karma Tamsayili Dogrusal Program olarak

formiile edip, ¢dziim i¢in birkag sezgisel prosediir dnerilmektedir.

Dergimizde yayimlanan makalelere http://www.mmo.org.tr/endustri
adresinden erigebilir; makale ve yazilarinizi http://omys.mmo.org.tr/

endustri/adresinden bize ileterek dergimize katkida bulunabilirsiniz.

Dergimizin bu sayisinda ¢aligmalarina yer verdigimiz yazarlara ve
calismalarin degerlendirilme siirecine katkida bulunan hakemlerimize

tesekkiirler eder, iyi okumalar dileriz.

TMMOB Makina Miihendisleri Odast

Yonetim Kurulu



Endiistri Mihendisligi Dergisi Makale
Cilt: 28 Sayi: 4 Sayfa: (2-6)

PRODUCTION CAPACITY OPTIMIZATION OF AN HVAC ASSEMBLY
LINE IN AN AUTOMATIVE COMPANY

Begiim GIRAY', Aysel GEZEN', Caner ORUG', H. Cenk OZMUTLU", Fatih GAVDUR'", Nuri MUTLU?

'Uludag Universitesi, Miihendislik Fakiiltesi, Bursa
bgmgry@gmail.com, ayselgezenn@gmail.com, orucaner@yahoo.com.tr, hco@uludag.edu.tr, fatihcavdur@uludag.edu.tr,

%\/aleo Otomotiv Sistemleri, Bursa
nurimutlu82@hotmail.com

Gelis Tarihi: 20.08.2014; Kabul Edilis Tarihi: 02.05.2018

ABSTRACT

The objective of this study is to present a tool for line balancing and cycle time optimization for an HVAC system assembly line
in an automotive company. To increase the production capacity of the HVAC system assembly line, we aim to minimize the cycle
time of two mainly produced products, automatic and manual ACs. By doing that, the efficiency of the HVAC system assembly
line is increased and the workloads of stations are balanced.

We implement an integer programming model using a commercial software package and are able to obtain the optimal solution
in less than a few minutes usually. Furthermore, we analyze different scenarios by making some changes on the line. As a result
cycle time is reduced about 10%. A remarkable increase in the number of products is provided by this reduction in cycle time
without any investment required by the company.

Keywords: Assembly line balancing, cycle time reduction, mathematical programming

BiR OTOMOTIV FIRMASI iKLIMLENDIRME SiSTEMi MONTAJ HATTINDA URETiM KAPASITESI
OPTiMIZASYONU

0z

Bu ¢aligmanin amaci bir otomotiv firmasindaki iklimlendirme sistemleri montaj hatti i¢in hat dengeleme ve ¢evrim siiresi
optimizasyonu igin bir aracin gelistirilmesidir. Iklimlendirme sistemi hattinin iiretim kapasitesini arttirmak icin otomatik ve ma-
nuel klimalarin ¢evrim siirelerinin minimize edilmesi amaglanmigtir. Bdylelikle iklimlendirme sistemi hattinin etkinligi artarak,

istasyonlarin ig yiikleri dengelenmis olacaktir.

Ticari bir yazilim kullanilarak olusturulan tamsay1li programlama modeliyle optimal ¢6ziimler genel olarak birkac dakikadan
daha kisa bir siirede elde edilebildigi goriilmektedir. Buna ek olarak, hat iizerinde bazi degisikliklerin 6ngériildiigii farkli senaryolar
incelenmistir. Sonug olarak, ¢evrim siiresinin yaklasik olarak %10 azaldig1 goriilmiistiir. Bu sekilde, firma tarafindan herhangi bir
yatirim gerektirmeyen 6nemli bir liretim artis1 saglanmaktadir.

Anahtar Kelimeler: Montaj hatt1 dengeleme, ¢evrim siiresi azaltma, matematiksel programlama

* [letigim yazart



Production Capacity Optimization of an HVAC Assembly Line in an Automative Company

1. INTRODUCTION

Assembly is combining parts in a specific order in
a system. Assembly process begins with completely
separated segments and ends with combining all those
parts in to a system (Sinanoglu and Borklu, 2002). An
assembly line is a flow-oriented production system where
workpieces visit stations and combine in sequence and a
specific order. (Sinanoglu and Borklu, 2002). "Assembly
Line Balancing" is assigning operations to assembly
stations considering; minimizing the lost time during
production (Tanyas and Baskak, 1996). The utilization
ratio of each of the work station on the assembly line
(total operating time) should maximize operator effici-
ency or minimize the risk of a line stoppage (Xiaobo et
al., 1999). Assembly-lines are used to produce a variety
of products in many different industries.

Assembly line balancing problems are examined as
single model, mixed-model and multi model assembly
lines. Two types of optimization problem arise in line
balancing problems. In the first type, given the number,
time and priorities of the operations and the cycle time,
the purpose is to find the minimum number of stations.
Type 1 is usually used at new assembly lines. In the
second type of problems, the number of stations and
operations are constants and the aim is minimizing the
cycle time (Ajenblit, 1998). Another classification is
as follows:

* Single Model Assembly Lines: Single model as-
sembly lines are mass production of one product.
Equal amount of same procedures are made at each
station continuously. This type of assembly lines is
the least complex compared to other assembly lines.

* Mixed-Model Assembly Lines: Several models of
a product are produced on the same assembly line.
Production processes of model are nearly the same
however, some of the features, size, color, materials,
operations and operation time, the priority relati-
onships differ. The first study on the mixed-model
assembly line balancing is made by Thompoulos
(1967-1970). Later on, different balancing methods
have been used in many studies.

e Multi-Model Assembly Lines: Few products are

produced at one or several assembly line. Due to
significant differences in the production processes, it
is necessary to rearrange equipment in the assembly
line when produced product changes. Efficient time is
reduced because of preparation times at multi-model
assembly lines. As a result, in order to minimize lost
time at preparation.

2. PROBLEM DEFINITION

In order to observe the current situation and identify
bottlenecks, a simulation model is created using Arena.
Input data for the simulation model are collected via
time study analyses, and probability distributions are
obtained. According to the results of the simulation
model which represent the current situation, there is a
workload imbalance between stations as seen in Table 1.
The utilization ratio differences between stations cause
downtimes for some stations and increase the cycle time
of the line.

Activities that reduce the speed of the line are obser-
ved, and as a result of these, eight scenarios are designed
for both products (automatic and manual HVACs) as seen
in Table 2 and Table 3, respectively. While calculating the
costs of the scenarios, the costs that will arise as a result
of modifications are investigated. For instance, the cost
of an extra table when some of the operations are taken
out of the assembly line or the cost of rearrangements
due to changing the sequence of operations is ignored
since such arrangements will be obtained from firm’s
resources so that they will not create an additional cost.

3. IMPLEMENTATION AND RESULTS

The mathematical model derived from the literatu-
re is implemented using Mathematical Programming
Language (MPL). An MS Excel interface is created to
provide a user-friendly decision support system which
presents optimal job assignments and cycle time without
interfering MPL, and therefore, the optimal solutions
for all scenarios can be reached easily by changing the
required data in Excel sheets. The utilizations of the
stations are also shown with an automatically created
graph in order for the user to check the utilizations of
the stations visually.



Table 2. Scenario Descriptions for the Automatic HVAC Unit
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Table 1. Operator Utilizations

Operator

Utilization

1

0.1129

0.1791

0.1658

0.1592

0.1509

2
3
4
5
6

0.1264

Scenario Number of Number of Number of Operations Cycle Time
Operators Operators Stations (off-line)
(on-line) (off-line)

Current 6 - 5 - 90.88
S0 6 - 5 - 80.07
S1 6 1 5 10, 25, 26, 27 75.24
) 7 - 6 - 68.83
S3 7 1 6 10, 25, 26, 27 63.94
S4 6 1 5 10 78.19
S5 6 1 5 25,26, 27 75.93
S6 7 1 6 10 66.49
97 7 1 6 25,26, 27 63.95

Table 3. Scenario Descriptions for the Manual HVAC Unit
Scenario Number of | Number of | Number of Operations Cycle Time
Operators Operators Stations (off-line)
(on-line) (off-line)

Current 6 - 5 - 91,10
SO 6 - 5 - 83,31
S1 6 1 5 10, 26, 27, 28 78,10
S2 7 - 6 - 69,30
S3 7 1 6 10, 26, 27, 28 66,40
S4 6 1 5 10 82,01
S5 6 1 5 26,27,28 80,10
S6 7 1 6 10 69,30
S7 7 1 6 26, 27,28 68,80
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Solution of the problem needs to fulfill the following
conditions:

We have the following objective function

min ¢ (D)
* Each operation must be assigned to exactly one . . .
i P & y with subject to the constraints
station.
* The time of any station cannot be greater than cycle
. . n
time of the line. ) )
. . . . . Xij = 1, Vj
* Operations must be assigned to stations considering i
their priorities.
We define the following parameters:
* jand prepresents operations (i=1,...,n,p=1,...,n) Z 3)
. . . . tix;i <c, Vj
* ¢ represents the processing time for operation AR ]
i=1
* krepresents dummy operation (k=1,...,K)
« jrepresents stations (j=1,...,m)
*q, is defined as 1 if operation p is the predecessor of n n
Lo . . . 4
operation i and 0 otherwise. ij” < ij”’" Vi, Vg, =1 4)
* cisthecycle time variable and the decision variables i=1 p=1
x; are defined as
X {1, if operation i is assigned to station j 5)
U o, otherwise tk<c, Vk
= vakoadsm - Microsoft xcel Trerx
e
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Figure 1. User Interface for Input-Output Operations
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Objective function (1) minimizes the cycle time.
Constraint (2) assures that each operation can only be
assigned to one station and constraint (3) ensures that
the total time of the operations assigned to stations is
not larger than cycle time. Constraint (4) satisfied the
precedence relationships. Constraint (5) states that none
of the dummy operations processing time can be greater
than cycle time. The model created in MPL is integrated
to the MS Excel through macros in order to provide ease
of use as seen in Figure 1.

4. CONCLUSIONS

In this study, we implement an integer programming
model to eliminate the imbalances in an HVAC unit
assembly line. Our model can find the optimal solutions
in reasonable time periods, usually less than in a few
minutes. To provide ease of use at real-life conditions
and a flexible structure, an interface created in Microsoft
Excel through which the optimal solution of the integer
programming model, station utilizations can be seen as
well as the inputs of the model can be changed.
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ABSTRACT

We consider a scheduling problem observed in a soft-drink production facility with multiple production lines and sequence-dependent setup
times. The primary objective is to obtain a weekly schedule that minimizes the total weighted unsatisfied demand. As a secondary objective we aim
to minimize the total production and setup times. The number of molds and the number of shifts at any day are limited. We formulate the problem

as a Mixed Integer Linear Program and propose several heuristic procedures for its solution. The results of our extensive runs have revealed the
satisfactory performance of our heuristic procedures.

Keywords: Scheduling, sequence-dependent setup times, heuristic, integer programming

DiziYE BAGLI KURULUM SURELERI VE YAN KISITLARI OLAN PARALEL URETiM HATLARI
0z

Coklu tiretim hatlar1 ve diziye bagl kurulum siireleri ile bir mesrubat iiretim tesisinde gézlemlenen bir ¢izelgeleme problemini ele aliyoruz.
Birincil hedefimiz, toplam agirlikl karsilanamayan talebi en aza indirecek haftalik bir program elde etmektir. Ikinci bir hedef olarak, toplam {iretim
ve kurulum siirelerini en aza indirmeyi hedefliyoruz. Herhangi birgiin de kalip sayisi ve vardiya sayist siirlidir. Problemi bir Karma Tamsayil

Dogrusal Program olarak formiile edip, ¢dziim i¢in birkag sezgisel prosediir onermekteyiz. Kapsaml ¢aligmalarimizin sonucu, sezgisel prosediir-
lerimizin tatmin edici performansini ortaya koymustur.

Anahtar Kelimeler: Cizelgeleme, dizi bagimli kurulum zamanlari, sezgisel, tam sayili programlama

* [letigim yazart
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1. INTRODUCTION

We consider the problem of allocating parallel pro-
duction lines to multiple products at a soft-drink pro-
duction plant. A product type is represented by its group
(drinks using the same syrup type) and its shape, size,
and container type. A setup is required when the product
type changes. During this setup time, if the bottle shape
changes, the mold at the blowing station is changed.
Moreover, if the syrup type differs, the tank feeding the
bottling station is cleaned and refilled. For each product,
there is a set of eligible production lines and each eli-
gible line has a different throughput rate. We intend to
schedule the production lines to meet the requirements
of the weekly production plan as far as possible, so that
the total weighted unsatisfied demand is minimized. As
a secondary concern is to minimize the total time spent
in the system. Simultaneous scheduling decisions have
to be made among the lines as the number of molds and
number of shifts at any day are limited.

Soft drink production process is composed of two
stages (see Figure 1).

1. Syrup preparation: Syrup is the most expensive
ingredient of the soft drinks. After being prepared

in the syrup room, it is transferred to the tanks that
feed the production lines. The issues here are the
tank capacities and the perishability of the syrup. The
shelf life of the syrups is only 24 hours; therefore,
they should be prepared just before the production.

2. Bottling: A production line is composed of five stati-
ons: blow, fill, label, package, and pallet. Tanks feed
the filling station at the second stage.

In the literature, the majority of the soft drink pro-
duction scheduling studies consider two stages of the
production process together. The planning horizon is
divided into macro periods of constant length, each of
which has a demand for each product type. Each macro
period is divided into micro periods of varying length, in
which one type of product is produced. This problem type
is named as integrated lot sizing and scheduling problem.
Drexl and Kimms [8] give an extensive review of the lot
sizing and scheduling problems. In lot sizing phase, lot
sizes, inventory or backlogging levels at the end of each
macro period for each product type are determined. In
scheduling phase, the order of each product type at each
production line is determined.

Some noteworthy studies on the applications of the

- i
STAGE 1: Tank Tank
FLAVOR/SYRUP 1 2
PREPARATION
rf
Blow Blow ] Blow
Fill Fill Fill
STAGE 2: ‘< Label Label Label
BOTTLING
Package Package Package
\ Pallet Pallet Pallet
Line 1 Line 2 Line 3

Figure 1. Soft Drink Production Process



Parallel Production Lines with Sequence-Dependent Setup Times and Side Constraints

lot sizing and scheduling problem in soft-drink industry
are due to Toledo et al. [19, 20, 21], Ferriara et al. [9, 10,
11], Baldo et al. [3], and Maldonado et al. [15]. Meyr
and Mann [16] give a decomposition approach for lot-
sizing and scheduling decisions in parallel production
line environments. Clark et al. [6], Araujo and Clark [2],
and Gicquel and Minoux [13] study a lot sizing and sche-
duling problem on a single line for the general setting.

Toledo et al. [19, 20, 21] consider the two-stage lot
sizing and scheduling problem with sequence-dependent
setup times on unrelated parallel machines. The first
study proposes a mixed integer linear model, the second
study presents a multi-population genetic algorithm for
hierarchically structured populations, and the final study
suggests a genetic algorithm embedded into mathemati-
cal programming. Ferriara et al. [9] consider a two-stage
problem, and propose a mathematical model that links

the stages via continuous variables.

Ferriara et al. [9] consider a single-stage and single
machine lot-sizing and scheduling problem with sequ-
ence-dependent setup costs. They aim to minimize the
sum of the inventory, backorder, and machine change-

over costs.

In Ferriara et al. [11], the first stage of the soft drink
production process is embedded into the second stage
by modifying the setup times in the second stage. The
setup time is taken as the maximum of the bottling line
product setup time, and the respective tank syrup setup
time. The objective is to minimize the total holding and
backlogging costs.

We model the second stage of production since its
optimal schedule forms the basis for the organization of
the first stage. We include the first stage in our model
by putting the constraint that a limited number of syrup
types can be prepared at a given time.

Our model covers many aspects of scheduling prob-
lems that have been extensively studied in the literature.
Basically, it is a parallel line scheduling problem, in
which lot splitting is allowed, setup times are sequence

dependent and the number of molds is limited (related
to tool constraints in the literature).

Yalaoui and Chu [22] consider an identical parallel
machine scheduling problem with sequence-dependent
setup times and lot splitting, and minimize the makespan.
They propose a heuristic procedure, by first reducing
the problem into a single machine scheduling problem,
whose solution is used as an initial feasible solution.
Following this, they apply improvement steps consi-
dering lot splitting and setup times. Tahar et al. [18]
consider the same problem and state that the considered
problem is NP-hard. They suggest a heuristic algorithm
and show the satisfactory performance of their heuristic.
Chen and Wu [5] and Shim and Kim [17] consider an
unrelated machine scheduling with machine-and sequ-
ence-dependent setup times and tool constraints and aim
to minimize total tardiness. Chen and Wu [5] propose a
heuristic using threshold-accepting methods, tabu lists,
and improvement steps. Shim and Kim [17] develop a
branch and bound algorithm along with several domi-
nance properties and lower bounds.

Dhaenens-Flipo [7] also consider unrelated parallel
machine scheduling with machine- and sequence-de-
pendent setup times. Their model has limited time to
process all jobs and the objective is to minimize the total
cost of production, distribution, and switching. Boudhar
and Haned [4] consider an identical machine scheduling
problem where preemption is allowed and makespan is
minimized. They show that the problem is NP-hard and
present heuristics and lower bounds to approximate the
optimal solution. Freeman et al. [12] consider an unrela-
ted parallel machine scheduling problem with sequence-
dependent setup times and their objective is to minimize
the total waste and overtime costs. They formulate the
problem as a Mixed Integer Program and propose a
decomposition heuristic from its solution. Kaya and
Sarac [14] study an identical parallel machine scheduling
problem with sequence-dependent setup times. Their ob-
jectives are minimizing the makespan and total tardiness.
They use goal programming to solve a real-life instance
from a plastic product manufacturing plant.
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Our model differs from the previously reported
models in many aspects. First it is different in terms of
its objective function. Our objective is to minimize the
weighted sum of unsatisfied demand at the end of the
planning horizon. When there is a sufficient production
time to satisfy all demand, the secondary objective of
minimizing the total processing and setup times becomes
effective. The secondary objective reflects the produc-
tion cost. Different from all other studies we have time
limitations and shift considerations. The time to comp-
lete all production, and our planning horizon is 6 days.
The number of workers is limited and each day they are
distributed to the production lines by shifts. Suppose that
the number of workers is enough to cover six shifts a
day and we have three production lines. We also decide
which shifts are to be covered at each line. There can
be a feasible solution, where lines 1 and 2 cover three
shifts, and line 3 stays idle.

We start with formulating a specific model and
proposing efficient solution procedures for finding app-
roximate solutions. In Section 2, we define our problem
and give a Mixed Integer Linear Programming model.
In Section 3, we present our heuristic procedures, and
in Section 4 we discuss their performance. In Section 5,
we conclude the study by pointing out our main findings
and suggestions for future research.

2. PROBLEM DEFINITION AND THE MODEL

The plant makes weekly production plans. Therefore,
the preset planning horizon is for six days. We discretize
the planning horizon as follows. A day is composed of
three 8-hour shifts. A day has a number of intervals
each o hours long. We denote a time period by its day
and interval number. d represents the day index, k is the
shift index, t is the interval index. Therefore, a (d,t) pair
represents the decision time. When o = 4 we have the

case in Figure 2.
We make the following further assumptions.

* The bottling (second) stage of production is consi-
dered as its optimal schedule forms the basis for the
organization of the syrup preparation (first) stage.

* At most one product type is assigned to each period,
to avoid frequent setups.

* The setup for the first day is carried out the previous
night, therefore the setup time for the first period of
the planning horizon is zero.

* Each product belongs to a single group but each
group may have more than one product.

We have the following operating constraints.

1. Syrup room constraint: Syrups are perishable and
therefore are prepared immediately before produc-

t=1 t=2 t=3 t=4 t=2 t=3 t=4 t=5 t=6
L e e e e e T
1 1 ,‘l I\ I\ |
Y Y Y | l Y f
k=1 k=2 k=3 | k=1 k=2 k=3
| 11 |
| '|I‘ ¥ :
d=1 ‘ d=2

Figure 2. Periods For Two Days When a =4
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tion. Since there are limited number of tanks for
preparation, the number of different syrups that can
be used at a given time is also limited.

2. Mold availability constraint: Each product requires
a specific mold type. There are limited number of
molds of each type and this restricts the number of
lines that can simultaneously produce each product
type using the same type of mold.

3. Line eligibility constraint: The technological
capabilities of the lines are different; hence each
product can be produced on a specified subset of the
production lines.

4. Number of shifts available in a day: There are a
limited number of workers available during the day,
which determines the number of shifts available in
a day.

5. Same shift on all days: The company aims to run
the same shifts at each line for each day throughout
the planning horizon to ease the production control.

The preferences that form the objective function are
listed below.

* Demand satisfaction and product priorities: For
each product, we keep track of the fraction of the
demand satisfied by the production schedule. Some
product types have prespecified priorities. The pe-
nalty for failing to satisfy a unit of a product type
depends on its priority level.

* Production time and setup time reduction: The
total production time and time used by setups are as
small as possible.

The parameters of the problem are defined below.

a: length of a planning period in hours. It should be
more than the maximum setup time between product
types and an integer that divides 8. The possible values
are 1,2, 4, and 8.

W: Number of shifts available per day

A: Number of different types of syrups that can be
prepared at any time

i Product type index, i=1,.., N

d: Production day index, d=1, .., D
k: Shift index in a day, k= 1,2,3

t: Period index in a day, t = 1,...,24/a.
I: Line index, [ = 1,.., L

m: Mold type index, m= 1,.,M

E: Set of eligible drinks for line

q,: Demand for drink 7 in units

v;: Penalty of not satisfying one unit of demand for
product type i

B : Available number of mold type m

T,: Set of periods in shift

kT, = 8(k D+1 8y
Tie= o)

0, : 1 if drink i requires mold m, 0 otherwise

RT : Rate of production for product type 7 on line [
in units per hour

Gyl if drink 7 belongs to drink group g, 0 otherwise
ﬁ.],: Setup time from product type i to j in hours

€ ,: Weight of the second objective (a positive value)
Our decision variables are

Xidcl :

satisfied in period (d,t) at line [

Fraction of demand for product type i that is

Y- 1 if the line Iis setup for product type 7 at the
beginning of period (d,t), otherwise 0

z,, 1 if there is a production of product type 7 at line
lin period (d,t), otherwise 0

st,,: Setup time spent in period (d,¢) at line

§ ig 1 if a product type from group g is produced in
period (d,t), otherwise 0

A, 1 if shift k is utilized for line I throughout the

planning horizon, otherwise 0

v,: Fraction of the unsatisfied demand of product type
i at the end of the horizon.
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Now, we can present our Mixed Integer Linear Prog-
ramming (MILP) model.

The objective is composed of two components, gi-
ven in the order of importance. The first part is the total
weighted penalty of the unsatisfied demand at the end
of the horizon.

Z Vidi i

Second term is the total time spent on production
and setup.

ZZZ Rq_}xidtl—i_ZZZStdﬂ
T4 11 i d 11

Constraint set (1) ensures that products are assigned
to their eligible lines. Constraint set (2) keeps track of
the product type which is currently setup on a line for
each period (d,t). Constraint set (3) ensures that for a
given time period and line, if there is a production, then
the related z variable takes value 1. Constraint set (4)
calculates the fraction of unsatisfied demand for each
product type at the end of the horizon.

Constraint set (5) ensures that for each line and time
period, production can occur if there is a related setup.
Constraint sets (7) and (8) calculate the setup time if
there is a product change from one period to the next.
We assume that setup for the first day is carried out
the previous night, therefore the setup time for the first
period of the planning horizon is zero. This assumption
is ensured by Constraint set (6).

Constraint set (9) ensures that if a period is used,
then the whole time is spent for production and setup,
the idle time is not allowed. Constraint set (10) allocates
the available shifts during the day to the lines. This sche-
dule is applied during the planning horizon. Constraint
set (11) ensures that earlier shifts are preferred to later
shifts. Constraint set (12) ensures that a period can be
used if the related shift is used.

Based on constraint set (13), it is impossible to use
more than the available number of molds for each type
at any time during the planning horizon. Constraint set
(14) checks whether any product type for each product

group is produced for each period in the planning ho-
rizon. Constraint set (15) ensures that no more than 4
types of groups are produced at the same time.

Constraint sets (16, 17, and 18) define the binary
variables and constraint sets (19) and (20) ensure the
nonnegativity.

3. SOLUTION PROCEDURES

Our initial experiments revealed that the MILP model
cannot be solved within a reasonable time even for small
sized problem instances. To find high quality solutions in
areasonable time, we develop three heuristic procedures,
based on a number of relaxation schemes designed to
provide lower bounds on the optimal objective function
value.

3.1 Relaxation Schemes

We present two relaxation schemes in this section. In
the first, all integer decision variables are relaxed, and
in the second only the setup related decision variables
are relaxed. These solutions are used as constraints in
our heuristic algorithms. We first define these relaxation
schemes, and then discuss the details of our heuristic
procedures.

Pure Linear Programming Relaxation (LP)

We obtain the pure linear programming relaxation of
the model by relaxing all integer decision variables, i.e.,
the setup variables, shift variables and group variables,
iaep Zigep M and B, ). The binary requirement on deci-
sion variables are simply removed and replaced by the
constraint forcing them to be between 0 and 1. Our first
lower bound is the optimal objective function value of
the model LP.

Partial Linear Programming Relaxation (PLP)

We obtain the partial Linear Programming relaxation
of the MILP by relaxing only the binary requirements
for the setup and production variables, y,, .and z,, . Our
second lower bound is the optimal objective function
value of the PLP model.

3.2 Decomposition Heuristic

Our first heuristic procedure is based on the concept
of decomposing the problem into smaller subproblems,
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each of which is solved to optimality by an optimization
software. Each subproblem has the same flavor as the
original problem, except that it considers fewer periods.
Once the problem is decomposed into subproblems of
p days long, it is assumed that all subproblems, except
the last one, have exactly p days. The last subproblem
considers the remaining days.

Two consecutive subproblems uand u + 1 are related
in the sense that the product type produced in the last pe-
riod of subproblem u will be the reflected as the product
type setup in the first period of the subproblem u + 1.
Therefore, the product types produced in the last period
of each line for a subproblem are taken as constraints
for the next subproblem.

Each subproblem aims to maximize the weighted
sum of the satisfied demand. In doing so, as much work
as possible is concentrated to the initial periods, favoring
our the concern of producing at earlier periods. Such a
solution may be essential when there is incomplete in-
formation about the product types and demand values.
For those uncertain environments, it is more logical to
use the initial periods with known demands, and assign
the slack capacity to the new product arrivals or extra
production requests. We give the stepwise description
of our first heuristic procedure below.

Heuristic 1(p)

Step 0. Divide the problem into U subproblems,
where U = |—D/p—|

Let u =1, solve the first subproblem by considering
the first p periods.

Step 1. If u < Uthen let u =u + 1 else go to Step 3

Solve subproblem u considering the days (u— 1) p
+ 1 through min{D, u*p} by fixing the shift decisions
taken in subproblem 1,

the updated unsatisfied demand values after subprob-
lem u — 1, the setups done at each line in the last shift
in subproblem u — 1.

Step 2. Update the following parameters of the
problem

» the unsatisfied demand amount for each product type
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using the production in subproblem u

» the production types setup at each line by the setups
valid in the last period of subproblem u

» the current objective function value by adding the
second part of the objective from subproblem u.

Go to Step 1

Step 3. Stop, all subproblems are solved. The total
weighted unsatisfied demand is added to the objective
value.

This heuristic uses the maximum number of days
considered for a subproblem, p, as the main parameter.
As p increases, the solution quality of the heuristic
improves at the expense of increasing the solution time.
At one extreme p = D, hence no decomposition is done,
and at another extreme p = 1, hence each day forms its
own problem, and D subproblems are solved. The latter
problem is the easiest to solve and produces poor quality
solutions.

3.3 Linear Programming Relaxation Based
Heuristic Procedures

Our preliminary experiments on small sized problem
instances have revealed the satisfactory behavior of the
Partial Linear Programming Relaxation (PLP). Based on
the instances that are solved to optimality, we find that
most of the products that are fully unsatisfied are same
for the optimal solution of the original model (MILP) and
the PLP. Therefore, we decided to use the optimal solu-
tion of the PLP in developing two heuristic procedures.

The first LP-based heuristic procedure, Heuristic
2, uses the shift decisions given by PLP, and finds the
values of other decisions by solving MILP, by taking
shift decisions which are parameters, rather than deci-
sion variables.

Moreover, we observe that the majority of the product
types that are not included in the solution of PLP (i.c.
the ones with zero satisfied demand values) are also not
included in the optimal MILP solution. In other words,
if we obtain y/*"= 1, then it is very likely that y’= 1.
Following this observation, we will not consider product
type Iify"#= 1. Therefore, we reduce the problem size.
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Below is the stepwise description of our first partial
linear programming relaxation based heuristic procedure.

Heuristic 2

Step 0. Relax the binary constraint on setup and
production variables.

Include constraints, 0<y  <land0<z <1.

Step 1. Solve the resulting linear programming
relaxation problem.

Suppose that A** and y*”are the optimal solution
values for the partial relaxation.

Step 2. Reduce the problem size by removing each
PLP —

product type i if y,

Solve the reduced MILP model using the AL;“" va-
lues as parameters and replacing the constraint set xidt
< yidtl by zidtl < yidtl.

The second partial Linear Programming Relaxation
based heuristic procedure, Heuristic 3, uses the producti-
on decisions given by (PLP), i.e., x,,, values, in addition
to the shift decisions. As in heuristic 2, we first reduce
the problem size by removing the products with y*=
1. Moreover, on each day, we only consider the product

types produced in the optimal solution of (PLP). We set
: PLP
Dot 2 Yian = 01f 32, 37w = 0.

We define S, as the set of products that are produced
in day d in the optimal solution of (PLP), i.e.,

: PLP
Sg={i Z Zi‘fdrs > 0}.
i 1
Table 1. Parameters
w o L D M
6 4 3 6 6 2 1

Formally, we incorporate the following constraint
for each d.

ZE:ZZ%da.::UDI‘ ZZ;:

1 igSa t

Z Year = 0 (21)

e PL P _
I‘det!’ =0

Note that according to the above constraint set, the
heuristic selects among the products in set S,. Below is
the stepwise description of our third heuristic.

Heuristic 3

Step 0. Relax the integer constraints on z,, and y .

Step 1. Solve PLP.

Let XPLP XPLP

> » and yj" Pbe the optimal solution

values.

Step 2. Reduce the problem size by removing the
products with y*= 1.

Compute S, for each d.

Solve the reduced MILP model with constraint set
(21).

The idea of fixing some variables based on the
optimal values coming from relaxations is also used by
Ferreira et al. (9, 10).

4. COMPUTATIONAL RESULTS

We evaluate the performance of our heuristics and
MILP on various parameter settings. The algorithms are
coded in C# programming language, and mixed integer
linear models are solved via CPLEX 12.6 and run on 16
GB Dual channel RAM laptops with 17-5600U processor.
The company needs an immediate solution, therefore we
put a time limit on all our runs. Time limit for MILP is
3600 seconds and the run stops when the optimality gap
becomes less than or equal to 1%. The time limit for all
heuristics is 900 seconds.

We generate 12 different combinations of the prob-
lem parameters. We randomly generate three parameters
(demand, production rate, and setup time) from different
intervals using uniform distribution. We consider three
values of number of product types, N = 5,10,20. Some
parameters have fixed values, given in Table 1.

* Demand and setup times: Demand and setup times
are randomly generated based on uniform distribution
using the intervals in Table 2. We determine the lower
and upper bounds of the uniform distribution that rep-
resents the real case at the soft drink production plant.

Note that all setup times are smaller than our defined
period length of (o = 4) hours, hence no period will be
occupied by only setup operations.
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Table 2. Demand and Setup Time Distributions

High (H) Low (L) Constant(C)
Demand U[800000/N,1500000/N] U[200000/N,1000000/N]
Setup time U[1.8,3.6] U[0.9,1.8] 1
Table 3. Production Rate Distributions
R (Random) LD (Line dependent)
Rate Probability of eligibility Rate Probability of eligibility
Line 1 U[500,3500] 1 U[1000,1500] 1
Line 2 U[500,3500] 0.3 U[1000,2500] 0.8
Line 3 U[500,3500] 0.4 U[1000,3500] 0.6

Line eligibility and production rates: Each of our
three production lines can process a subset of all pro-
ducts, hence have different production capabilities.
Based on the real case, we assume that the first line
is capable of producing all product types.

For the other two production lines, for each product
type we generate a uniform random number between
0 and 1. If the generated number is below the proba-
bility of eligibility, we include that product into the
eligible set of the line.

There are two alternatives for generating production
rates. In random case (R), the production rate of a
product type is uniformly generated from the same
interval for each line, however if the production rates
depend on the line (LD), they are generated from
line-dependent intervals. Line-dependent set is in
line with current operation of the company, such that
for a given product type, production rate of line 1 <
production rate of line 2 < production rate of line 3.
We generate data using the values reported in Table
3.

Mold availability: Based on the practical case, we
take the number of available molds for a given type
as 1 or 2 with respective probabilities of 0.7 and 0.3.
Note that we expect that about 70 percent of the mold
types has only one available unit.
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* Product-mold requirement: In our data set, each
product belongs to a single group and the group of
each product is assigned randomly. All groups are
equally likely.

e Product penalties: For each product type, we uni-
formly generate an integer in [1, 10].

For each combination of problem parameters, we
randomly generate 10 problem instances. To compare
the performance of the heuristics, we use the following
measures for each instance.

o TS: the time spent by heuristic i (in seconds), i =
MILP represents the original mathematical model

* Q. the objective value obtained by heuristic 7 at the
end of the time limit, i = MILP represents the original
mathematical model

e Gap: the optimality gap of MILP in 3600 seconds

* Gap;: the relative gap of heuristic i (run for 900
seconds) in terms of the solution obtained by MILP
in 3600 seconds

Qi B Q;\IILP

Gap; = + 100

Qumirp

We give an example of an optimal schedule in the
following figure, for a five-product case. Only two lines
are utilized and the other line is kept idle. The numbers
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day 1 day 2 day 3
t 1 2 3 4 5 1 2 4 5 6 1 2 3 4 5 6
line 2 1 1 1 1 1 1 1 5/2 2 2 2 2 2 2 2
line 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
day 4 day 5 day 6
t 1 2 3 4 5 6 1 2 4 5 6 1 2 3 4 5 6
line 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
line 3 3 g 3 3 3 3 3 3 3 3 3 g 3 3 g 3 g

Figure 3. An Optimal Schedule for a Five-Product Case

in the boxes represent the product type. We have a setup
from product 1 to product 2 on day 2 at t=4.

The summary measure is average, which is the ave-
rage of the all instances with given set of parameters.
First of all, we test the performance of MILP. Table 4
gives average solution times and optimality gaps at the
termination limit for all problem settings. We observe
that the biggest factor that affects the running time is the
size of the problem, N.

As Nincreases, running time increases significantly.
In high demand cases, average running time is below one
minute, when there are 5 products and above one hour
when there are 20 products. For the cases, in which the
optimal solution is not obtained in one hour, average
gap also increases significantly as the number of product
type increases. For high demand rates, average gap is
about 0.5%, 2% and 10% in average for N= 5, 10, and
20, respectively. The problem becomes harder as N inc-
reases, the running time is an exponential function of N.

We observe that running time of MILP is also sensi-
tive to the demand rate. The instances with high demand
rates are much easier to solve than those with low de-
mand rates. The reason is that MILP with first objective
function is much easier to solve than the one with second
objective function. Low demand instances leave more
room for product to line assignments, therefore this leads
to many assignment alternatives. More alternatives, i.e.,
a bigger feasible region, increase the complexity of the
search. When N =5, the average running times are below
one minute for high demand instances and about half an
hour for low demand instances. In cases, where N = 10,

almost all of the low demand instances have an optima-
lity gap after one. Whereas, average running times are
around 2000 seconds for high demand cases. Optimality
gap decreases as demand rates increases. When N =5,
and demand rate is high, average gap is around 0.5%
and when demand rate is low, average gaps are around
3%. When N = 10, average gap is around 2% and 20%
for high and low demand instances.

When we have random production rates, the model
has to search more to assign products to production lines.
We observe that when the setup times are constant, i.e.
sequence independent, the instances with line-dependent
production rates are easier to solve. For example, for N=
5, and when demand rate is high, the running times are
2.57 and 17.07 seconds for line-dependent and random
production rates, respectively. When demand rate is low,
the running times are 409.95 and 808.41 seconds for line-
dependent and random production rates, respectively.

On the other hand, when setup times are sequence-
dependent, the running time of MILP is insensitive to
dependency of production rates to lines. We next discuss
the sensitivity of the running time to the size of setup
time. The solution time or gap is smaller when the setup
times are lower. When we have high setup times, the
objective function value is more sensitive to the sequence
of products, i.e. a small change in the sequence may
lead to higher deviations in the objective function value.

When N =5, demand rates are high, and production
rates are line dependent, average running times are
3.24 and 48.24 seconds, for low and high setup times,
respectively. When N = 10, demand rates are high, and
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Table 4. The Performance of MILP (time limit = 3600 seconds)

Average Average

N Demand Prod Rate Setup Time TSMILP Gap

5 H LD L 3.24 0.56
5 H LD H 48.24 0.74
5 H LD @ 2.57 0.47
5 H R L 2.54 0.39
5 H R H 20.81 0.38

5 H R © 17.07 0.45

5 L LD L 1101.58 3.01

5 L LD H 2351.77 5.48
5 L LD C 409.95 1.35

5 L R L 1445.67 2.26
5 L R H 1477.64 3.07
5 L R C 808.41 1.11

10 H LD L 1587.83 1.20
10 H LD H 2131.73 1.76
10 H LD C 2320.41 2.88
10 H L 1922.40 1.16
10 H H 2911.54 2.43

10 H R C 1575.76 1.06
10 L LD IL 3600.00 18.46
10 L LD H 3483.14 15.76
10 L LD © 3600.00 11.13
10 L IL, 3600.00 16.97
10 IL, H 3600.00 20.58
10 IL, R © 3260.00 17.06
20 H LD IL, 3600.00 9.91

20 H LD H 3600.00 19.06
20 H LD @ 3600.00 7.37
20 H R IL 3600.00 9.59
20 H R H 3600.00 14.64
20 H R © 3600.00 7.55
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production rates are line dependent, average running
times are 1587.83 and 2131.73 seconds, for low and
high setup times, respectively.

We now discuss the performance of our heuristic
procedures. The performance is measured by average
running time or average gap when the time limit is ex-
ceeded. We define gap as the deviation of the heuristic
solution from MILP solution as the percentage of MILP
solution. MILP is considered as the best objective value

obtained at the termination limit of one hour.

We report the performance of Heuristic 1 in Table 5.
p = 1 refers to the case with 6 subproblems, each one day
long and p =2 refers to the case with 3 subproblems, each
3 days long. Heuristic 1 uses MILP for each subproblem.
Heuristic 1 does not provide satisfactory solutions, since
the smallest gap is 778% when p = 1, and 304% when p
=2. We want to note that both cases are of high demand.
As we predicted, the solution quality becomes better as p
increases, with an increase in running time, which is less
than 2172.95 in average over all instances. We suggest
to use it when demand values are not available, namely

in uncertain environments.

We evaluate the performance of Heuristic 2 and
Heuristic 3 in Table 6. A negative average gap value
in tables indicates that on average, heuristic solutions
are better than the solutions returned by MILP at the
termination limit.

The positive average gap values for Heuristics 2 are
3 are very small (i.e. for heuristic 2, <8.57 when N=5,
<5.70 when N = 10, and < —1.98 when N = 20). These
observations indicate that their performance (in 15 mi-
nutes) is close to performance of MILP (in one hour).
The average gap improves as N increases. When N =5,
average gaps are between 6% and 9.5% for the hardest
combination, and for the other settings almost all average
gap values are below 6%.

When N = 20 and demand rate is high, all average
gaps obtained by Heuristic 2 and Heuristic 3 are nega-

tive. When N = 10, and demand rate is low, half of the
average gaps are negative for both heuristics. Negative
gap values indicate that for hard problem settings, both
heuristics perform much better than MILP. We observe
that Heuristic 2 and Heuristic 3 do not dominate each
other, hence they can be used together to achieve higher

quality solutions.

We suggest practitioners to use MILP for the cases
with N < 10 with high demand rates, and for all cases,
where N <5. For N > 10 or low demand rates, Heuristic

2 or Heuristic 3 should be used.

5. CONCLUSIONS

In this study, we consider a scheduling problem faced
in a soft-drink bottling plant. The problem resides in
sequence-dependent setup times, side constraints that
stem from the shifts, mold types, and drink groups. Our
objective is to minimize the weighted sum of the unsa-
tisfied demand and total production and setup times. We
model the problem as a MILP, and show that it is capable
of solving instances with up to 5 and 10 products for high

and low demand cases, respectively.

We develop three heuristic procedures that use de-

composition and Linear Programming

Relaxation ideas. We compare the performances of
the heuristics relative to the solutions returned by the
MILP model at a specified termination limit of one hour.
We observe that the decomposition based heuristics find
rapid solutions, but at the expense of decreased solution
quality. Linear Programming based heuristics produce
higher quality solutions, in a shorter time and could solve
the instances with up to 20 products in 15 minutes. We
consider that our study has contributed to the schedu-
ling literature, and practices in the soft-drink industry.
Future research may lead to the development of exact
procedures for the problem under consideration in this
study. Moreover, other lower bounds can be developed

to assess the quality of our heuristic procedures.
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Table 5. The Performance of Heuristic 1, for p = 1,2 (time limit = 900 seconds)

p=1 p=2

Average Average Average Average
N Demand Prod Rate Setup Time TS, Gap, TS, Gap,
5 H LD L 0.55 825.40 0.44 328.80
5 H LD H 0.34 820.30 0.35 326.58
5 H LD C 0.31 778.18 0.26 307.18
5 H R L 0.24 861.41 0.25 340.95
5 H R H 0.26 887.88 0.30 354.54
5 H R @ 0.22 977.57 0.27 386.75
5 IL LD L 0.35 2333.87 0.58 872.48
5 IL LD H 0.31 2962.92 0.69 1121.50
5 IL LD C 0.30 3480.86 1.77 1256.20
5 IL L 0.31 2164.57 3.24 801.50
5 IL H 0.50 1696.45 0.65 665.30
5 IL © 0.31 1588.06 0.67 616.00
10 H LD IL 0.76 850.64 1.51 335.19
10 H LD H 0.96 810.91 2.26 323.20
10 H LD @© 0.99 935.93 1.56 374.41
10 H R IL 1.02 843.81 1.56 333.94
10 H H 1.13 895.96 3.69 356.06
10 H @ 0.91 893.78 2.58 355.85
10 IL, LD IL 1.45 1662.27 137.85 643.58
10 L LD H 3.66 1446.42 185.42 540.82
10 L LD © 1.22 2047.14 57.48 706.91
10 L IL 1.93 1678.71 206.78 639.25
10 L H 1.71 1845.22 193.40 727.43
10 L R C 1.91 2289.70 283.84 838.71
20 H LD L 3.74 867.74 42.66 341.69
20 H LD H 14.14 875.54 833.48 330.93
20 H LD C 4.19 935.92 100.29 359.00
20 H R L 4.44 820.66 169.28 319.30
20 H R H 71.62 783.42 2172.95 304.25
20 H R © 4.84 874.58 189.54 343.06
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Table 6. The Performance of Heuristic 3 and Heuristic 2 (time limit = 900 seconds)

Heuristic 3 Heuristic 2
Average Average Average Average
N Demand Prod Rate Setup TS, Gap, TS, Gap,
5 H LD IL 2.57 0.14 2.26 0.27
5 H LD H 5.12 5.84 5.02 5.55
5 H LD C 1.08 1.33 0.89 1.37
5 H R IL, 1.04 4.59 0.90 4.60
5 H R H 4.17 3.57 2.32 1.74
5 H R @© 7.44 3.34 5.10 3.25
5 L LD IL 255.83 3.50 294.19 3.10
5 L LD H 288.01 2.46 414.15 -0.06
5 L LD © 95.76 1.39 110.96 1.19
5 L L 22438 6.70 270.52 6.35
5 L H 179.60 9.35 270.40 8.57
5 L R @ 155.46 7.26 205.78 7.02
10 H LD L 127.60 1.02 241.60 0.86
10 H LD H 253.59 1.19 347.48 1.06
10 H LD C 479.20 1.57 488.01 1.54
10 H L 296.90 3.45 313.22 3.46
10 H H 354.01 1.79 342.63 1.35
10 H R © 192.88 5.29 303.08 5.00
10 L LD L 808.90 -2.14 884.42 -2.65
10 L LD H 826.16 -0.08 1583.94 -1.35
10 L LD © 827.09 0.30 920.84 0.21
10 IL R L 738.66 4.19 737.26 5.70
10 IL R H 937.64 -2.55 935.67 -3.70
10 IL R © 725.54 0.71 911.27 0.52
20 H LD L 924.63 -2.30 885.97 -3.61
20 H LD H 939.53 -5.85 939.24 -7.26
20 H LD C 929.14 -1.72 929.01 -1.98
20 H R L 934.21 -2.33 857.78 -2.63
20 H H 929.47 -2.87 928.96 -4.54
20 H © 921.53 -1.67 921.64 -2.15
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ENDUSTRIi MUHENDISLIGI DERGISI

Endistri mihendisligi dergimiz akademik alanda, sek-
torde 6nemli bir yeri olan, bilim insanlari ve uzmanla-
rin, 6grencilerin, miihendislik konularina ilgi duyanlarin
yararlandigi bir basvuru kaynagidir. Yaklasik 15 yildir
bilimsel calismalara verdigi katkiyla yayin hayatini siir-
diren dergimiz, kurum ve kuruluslarda calisanlarin,
bilim insanlarinin, 6grencilerin, uzmanlarin teorik ve
uygulamayayénelik calismalarinayer vermektedir. 3 aylik
periyotlarla yayimlanan dergimiz endiistri mihendisleri,
endustri sistemleri muihendisleri, endistri ve sitem
miihendisleri, endistriyel tasarim muhendisi, isletme
miihendisi, sistem miihendisi, isletme miihendisi, en-
distri- isletme miihendisi Uyelerimize, abonelerimi-
ze, Universitelerin ilgili bélimlerine, sektére ve kamu
kurumlarina ticretsiz génderilmektedir. Ayrica, www.
mmo.org.tr/endustri adresinden de ihtiyaci olan her-
kesin erisimine sunulmaktadir. Mihendis ve Makina
dergimiz online kiitiiphane hizmeti sunan, diinyanin en
¢ok kullanilan veri tabanlarindan biri olan EBSCO’da ve
International Abctracts in Operations ReseaRch tarafin-
dan taranmaktadir. Ayrica, dergimize online lizerinden

erisebilirligi artirmak icin ulusal ve uluslararasi bircok
kurum/kurulusa basvuruda bulunulmustur.

EM Dergisi Online Makale Yonetim Sistemine
Giris (OMYS)

Makale alimlari, Online Makale Yonetim Sistemi
(OMYYS) http://omys.mmo.org.tr/en-
dustri adresinden gerceklestiriimektedir. Dergimize ilk
defa makale génderecekseniz, www.mmo.org.tr/ en-
dustri adresinden yeni kullanici olarak kayit olmalisiniz
(Sekil 1).

Kaydinizi yapip sifrenizi aldiktan sonra makalelerinizi sis-
teme yiikleyebilirsiniz (Sekil 2). Géndermis oldugunuz
makaleler editor tarafindan 6n degerlendirmeleri yapil-
diktan sonra hakemlere gonderilir. Hakem degerlendir-
mesinin ardindan makalelerinizin kabul edilip edilme-
digine, eksikliklerin olup olmadigina dair bilgilendirme
mesaj, makalelerin iletisim yazarlarina génderilir. Kabul
edilen makaleler en kisa siirede dergimizde yayimlanir-

tizerinden,

ken, eksiklikleri bulunan makaleler icin “kor hakemlik”
siireci devam ettirilir. Bu makalelerin yazari veya iletisim
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Sekil 2. OMYS Yazar Ana Sayfasi ve Makale Gonderim Sayfasi

yazarlari eksikliklerini tamamladiklari metinlerini yine
ayni adres Uizerinden sisteme yiikleyebilirler. OMYS
biitiin bu islemlerin yapildigi bir sistemdir. Kisacasi bu
sistem, makale yazarlarina gonderdikleri makalelerin
ilk ve son durumlarini gérebilme, yani makalelerinin
hangi asamada (editor veya hakem siirecinde) oldu-
gunu ogrenebilme, mevcut bilgilerini gilincelleyebilme,
makaleleri hakkinda editérle diyalog kurabilme imkani
sunmaktadir.

Endstri Mihendisligi Dergisi, TMMOB-MMO tarafin-
dan ii¢ ayda bir yayimlanan siireli ve hakemli bir yayindir.

Hedef Okuyucu Kitlesi

Endistri Mihendisligi (EM) ve Yoneylem Arastirmasi
(YA) konularinda arastirma yapan, egitim veren, egitim
goéren ve bu alanlarda calisanlardan olusur.

Yayin Amaclari

EM ve YA alanlarindaki gelismeler, calismalar ve araglar-
la ilgili akademik nitelikli yayin yapar.

EM ve YA alanlarindaki basarili uygulamalarin yayginlas-
tirilmasi ve deneyimlerin paylasilmasi icin yayin yapar.
Meslek ile ilgili goriislerin aktariimasini ve tartisilmasini
saglar. EM ve YA alanlarinda ortak bir dilin olusmasina
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katkida bulunur.
Yayin ilkeleri

EM Dergisi, Yayin Kurulu (YK) tarafindan yayina hazirla-
nir. YK yazilarin segimini hakem goriislerini alarak yapar.

Yazarlara, okurlara ve kurumlara tarafsiz yaklasir.

Konu zenginliginin korunup gelistirilmesini tesvik eder.
igerik, dil ve bicim agisindan nitelikli yayin yapar. Yayin
dili Tiirkge ve Ingilizce’dir.

Makalelerini EM Dergisine gonderen yazarlar:

* Makalelerinin herhangi bir yayin organinda yayimlan-
mamis oldugunu,

* EM Dergisindeki degerlendirme siireci boyunca baska
bir yayin organinin degerlendirme siirecinde yer alma-
yacagini,

* Kabul EM
Dergisine gectigini ve baska bir dilde ve/veya ortamda,
yayincinin onay! olmaksizin yayimlanamayacagini kabul
etmis olurlar.

edilen makalelerin yayin haklarinin

Yazi Tirleri ve Degerlendirme

EM Dergisi, yayin amaglari ve ilkeleri dogrultusunda



hedef okuyucu kitlesini ilgilendiren Makale, Uygulama,
Teknik Not, ileti§im, Doktora Tez Ozeti ve Odiil Almis
Calisma gibi farkli tiirde yazilara yer verir.

Makale, literatiire katki saglayan 6zgiin yazidir.

Uygulama, mesleki pratige katki saglayan ve mesleki bir
konuda tutarli, rasyonel ve basarili uygulamalari anlatan
yazidir.

Teknik Not, makaleye gore dar kapsaml, literatiire kat-
ki saglayan 6zgiin yazidir.

iletisim  Yazilari,
uygulamalarina genel anlamda katki saglayan; meslege
yonelik felsefi tartismalar baslatma ve meslege yeni agi-
limlar kazandirma potansiyeli tasiyan yazidir. Meslek ve

egitime, meslegin icrasi ve

alanla ilgili eser, kitap ve yazilimlari tanitan ve degerlen-
diren yazilar da bu kapsamdadir.

Doktora Tez Ozeti, doktorasini son iki yil icerisinde ta-
mamlamis arastirmacilarin doktora tez 6zetidir.

Odiil Almis Calisma, juri tarafindan belirli Sl¢iitlere gére
degerlendirilmis ve 6ddile layik bulunmus yazidir.

Makale, Uygulama, Teknik Not ve ileti§im Yazilari EM
Dergisi yayin amaglari ve ilkeleri 1siginda YK tarafindan
on degerlendirmeye alinir, hakemlik siirecinin baslatil-
masina ya da yazinin ret edilmesine karar verilir. Ha-
kemlik slirecine alinan yazi en az iki hakem tarafindan
degerlendirilir. Bu siirecte adlar iki taraftan da gizlenir.
YK, hakemlerin gorisleri dogrultusunda yaziyr kabul
veya ret eder veya yazinin revize edilmesini ister. De-
gerlendirme sirasinda tiim haberlesme iletisim yazart ile

yapilir.

Doktora Tez Ozeti ve Odiil Almig Galisma tiirii yazilar
YK tarafindan degerlendirilir. Gerekirse hakem goriisii
alinir. Ayrica, EM Dergisinde tanitim yazisi, haber, séyle-
si, ani ve ceviri gibi farkli yazi tiirleri YK degerlendirmesi
ile yayimlanabilir.

Yazi Gonderme

EM Dergisi Yazi Kurallar’na™ uygun bir sekilde yazilmig
yazilar, elektronik ortamda http://omys.mmo.org.
tr/endustri/ adresinden génderilir. iletisim yazarinin
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ENDUSTRi MUHENDISLiGi DERGISI YAYIN POLITIKASI

Endiistri Mtihendisligi Dergisi, TMMOB-MMO tarafindan i¢ ayda bir yayim-
lanan streli ve hakemli bir yayindir.

Hedef Okuyucu Kitlesi

Endistri Mihendisligi (EM) ve Yéneylem Arastirmasi (YA) konularinda arag-
tirma yapan, egitim veren, egitim géren ve bu alanlarda calisanlardan olusur.
Yayin Amaclari

EM ve YA alanlarindaki gelismeler, calismalar ve araclarla ilgili akademik
nitelikli yayin yapar.

EM ve YA alanlarindaki bagarili uygulamalarin yayginlastirimasi ve dene-
yimlerin paylasiimasi i¢in yayin yapar.

Meslek ile ilgili goruslerin aktariimasini ve tartisiimasini saglar. EM ve YA
alanlarinda ortak bir dilin olusmasina katkida bulunur.

Yayin ilkeleri

EM Dergisi, Yayin Kurulu (YK) tarafindan yayina hazirlanir. YK yazilarin
secimini hakem goruslerini alarak yapar.

Yazarlara, okurlara ve kurumlara tarafsiz yaklagir.

Konu zenginliginin korunup gelistirimesini tegvik eder.

!gerik, dil ve bigim agisindan nitelikli yayin yapar. Yayin dili Tiirkge ve
Ingilizce’dir.

Yazinin EM Dergisine gdnderilmesi,

. yazinin herhangi bir yayin organinda yayimlanmamis oldugunu,

. EM Dergisindeki degerlendirme streci boyunca bagka bir yayin orga-
ninin degerlendirme sirecinde yer almayacagini,

. yazi kabul edildiginde yazinin basim haklarinin EM Dergisine gegtigini
ve baska bir dilde ve/veya ortamda, yayincinin onayi olmaksizin ya-
yimlanamayacagini

gosterir.

Yazi Tiirleri ve Degerlendirme

EM Dergisi, yayin amaglari ve ilkeleri dogrultusunda hedef okuyucu kitlesini
ilgilendiren Makale, Uygulama, Teknik Not, lletisim, Dokiora Tez Ozeti ve
Odiil Almig Galisma gibi farkli tiirde yazilara yer verir.

Makale, literatire katki sadlayan 6zgiin yazidir.

Uygulama, mesleki pratije katki sadlayan ve mesleki bir konuda tutarl,
rasyonel ve basarili uygulamalari anlatan yazidir.

Teknik Not, Makale'ye gére dar kapsaml, literatiire katki saglayan 6zgin
yazidir.

iletisim, egitime, meslegin icrasi ve uygulamalarina genel anlamda katki
saglayan; meslege yonelik felsefi tartismalar baslatma ve meslege yeni
aciimlar kazandirma potansiyeli tasiyan yazidir. Meslek ve alanla ilgili eser,
kitap ve yazilimlari tanitan ve degerlendiren yazilar da bu kapsamdadir.

Doktora Tez Ozeti, doktorasini son iki yil igerisinde tamamlamig aragtirma-
cilarin doktora tez zetidir.

Odiil Almig Galisma, (bilinen) bir 6dl igin juri tarafindan belirli litlere gére
degerlendirilmis ve ddule layik bulunmus yazidir.

Makale, Uygulama, Teknik Not ve iletigim yazilarn EM Dergisi yayin amaglari
ve ilkeleriisiginda YK tarafindan 6n degerlendirmeye alinir, hakemlik stirecinin
baslatiimasina ya da yazinin ret edilmesine karar verilir. Hakemlik strecine
alinan yazi en az iki hakem tarafindan degerlendirilir. Bu stirecte adlar iki
taraftan da gizlenir. YK, hakemlerin gérisleri dogrultusunda yaziyi kabul
veya ret eder veya yazinin revize edilmesini ister. Degerlendirme sirasinda
tm haberlesme iletisim yazari ile yapilir.

Doktora Tez Ozeti ve Odiil Aimis Galisma tilrii yazilar YK tarafindan deger-
lendirilir. Gerekirse hakem gorisu alinir.

Ayrica, EM Dergisinde tanitim yazisi, haber, s6ylesi, ani ve geviri gibi farkli
yaz tirleri YK degerlendirmesi ile yayimlanabilir.

Yazi Gonderme

EM Dergisi Yazi Kurallar’'na uygun bir sekilde yazilmis yazilar, elektronik or-
tamda http://omys.mmo.org.tr/endustri/ adresinden génderilir. lletisim yazarinin
e-posta ve posta adresleri, faks ve telefon numaralari agikga belirtilmelidir.

JOURNAL OF INDUSTRIAL ENGINEERING EDITORIAL POLICY

Journal of Industrial Engineering (EMD) is a refereed periodical which is publis-
hed quarterly by TMMOB-MMO (Turkish Chamber of Mechanical Engineers).

Target Audience

The targeted audience of the journal comprises researchers, educators
and practitioners in the fields of Industrial Engineering (IE) and Operations
Research (OR).

Objectives of Publication

It publishes academic manuscripts on the developments, processes, and tools
in the fields of IE and OR.

It publishes for the purpose of extending the successful practices in IE and
OR and enabling the sharing of experiences.

It provides a ground to transfer different views on the profession and discuss
these viewpoints.

It promotes the formation of a common professional language in the fields
of IE and OR.

Principles of Publication

EMD is prepared for publication by the Editorial Board. The Editorial Board
selects the material to be published by consulting the referees.

It holds an objective attitude towards authors, readers, and institutions.
It ensures and encourages variety in topics.

It publishes manuscripts which are qualified in terms of content, language
and form.

Publication language is Turkish and English.
The fact that a manuscript is sent to EMD indicates that:

. The relevant manuscript has not been published previously in another
journal.

. It will not be under the editorial evaluation of another journal as long
the evaluation process in EMD continues.

. Once it has been approved for publication, EMD acquires the right to
publish the manuscript and the manuscript cannot be published in a
different language or domain without the approval of the publisher.

Types of Publication and Evaluation

In accordance with its publication objectives and principles, EMD gives place

to a diversity of studies that are of interest to its readers such as manuscripts,

applications, technical notes, communication articles, dissertation abstracts,
and works which have received an award.

A manuscript is an original work which contributes to the relevant literature.

An application is an article that describes the consistent, rational and suc-
cessful applications related with a professional topic, and thus, contributes
to the practice of the profession.

Atechnical note is an original article which contributes to the relevant literature
but which is limited in scope compared to a manuscript.

A communication article is an article which contributes to the practice and
applications of the profession and which has a potential to initiate philosophical
discussions and bring in new developments regarding the profession. Reviews
of anarticle, a book or software related with the field are treated in this category.

A dissertation abstracts is the summary of the dissertations of the researchers
who completed their PhD within last 2 years.

A prize-awarded work is an article which has been evaluated according to
certain criteria by a jury and deemed worthy for a prize (that is acknowledged).

Manuscripts, applications, technical notes, and communication articles are
first taken under pre-evaluation by the Editorial Board in accordance with the
EMD objectives and principles of publication and a decision is made whether
to initiate the process of referee evaluation or to reject the work. In the process
of referee evaluation, the work is evaluated by at least two referees. The
names of the both parties are kept anonymous in this process. The Editorial
Board approves or rejects the articles in accordance with the comments of the
referees or it asks for further revision of the articles. Throughout the evaluation
process, all the communication is carried out with the contact author.

Dissertation summary and prize-awarded articles are evaluated by the Editorial
Board. If needed, referee opinion can be asked.

In addition, works as diverse as reviews, news, interviews, and memoirs can
be published in EMD as long as they are evaluated by the Editorial Board.

Manuscript Submission

The manuscripts complying with the norms of publication in EMD are sent
electronically to http://omys.mmo.org.tr/endustri/. E-mail and postal addresses
and fax and telephone numbers of the contact author should be clearly stated.



