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Abstract

This paper discusses the utilization of mixed ietelinear programming (MILP) model to optimize cdst multi-

project scheduling in a machine maker company. dlhjective is to minimize total project’s penaltyst@and labor
cost. The model formulated shows how to achieventijective i.e. whether to use outsourcing or arertto finish all
projects. The model of multi-project scheduling wsadved by Branch & Bound algorithm coded in Lin§d.0

software. The case study shows that if a companytsvep minimize lateness, it should use overtimsteiad of
outsourcing, which minimize total lateness of petgeby 144 days or 73.5%. Whereas, if a companytssanoptimize
cost, they should use outsourcing instead of awertiwhich reduces total cost of about 10,873,00R i 28.5%.
These results indicate that the model developagicable for optimizing multi-project scheduling.

Abstrak

Optimas Biaya Penjadwalan Multi-Proyek pada Industri Pembuatan Mesin berbasis Engineer to Order. Paper
ini membahas tentang penggunaan modeéd integer linear programming (MILP) untuk mengoptimalkan biaya dari
problem penjadwalan multi-proyek pada industri peathn mesin. Industri ini dicirikan dengan adangtekambatan
dalam memenuhi pesanan sehingga menyebabkan abiaygapinalti dan tambahan biaya pekerja. Karemauiuan
dari studi ini adalah meminimalkan kedua biayadieus. Model yang dibangun dan dipecahkan dapat njekkan
bagaimana mencapai tujuan tersebut yaitu metaltsourcing (alih daya) atau melalui lembur. Model penjadwalan
multi-proyek ini dipecahkan dengan menggunakanrdfga Branch & Bound yang telah deoding dalam software
Lingo 14,0. Hasil dari studi kasus yang menggunakan fradenenunjukkan jika sebuah perusahaan ingin rkene
keterlambatan maka sebaiknya digunakan lembur bakiamaya. Penggunaan lembur pada studi kasug degeekan
keterlambatan multi-proyek hingga 144 hari atalb%3, Tetapi, jika perusahaan ingin menekan biayaansdik daya
harus digunakan. Dengan jalan ini perusahaan dapagurangi biaya sebesar 10.873.000 IDR atau 28:E#il ini
menunjukkan model yang dibangun dapat digunakaagsebmodelgeneric pada penjadwalan industry multi-proyek
pembuatan mesin.

Keywords: Branch & Bound, outsourcing cost, overtime cost, mixed integer linear programming, multi-project
scheduling, penalty cost

1. Introduction differences in the characteristics of ETO manufiactu
compared with Make-to-Stock (MTS)

Machine manufacturer is classified as Engineer+ite®©

(ETO) company based on manufacturing type. ETO or Due to the different nature of ETO manufactureusi¢s

project based manufacturer is usually called “amsto project management for the planning approach [iiods

manufacturer. This term refer_s to manufacturerg tha orders in ETO companies are seen as a numberjet{so
produce products that are unique and often complex . . .
because they are designed to follow specificatfon running simultaneously. Problems that often ocaur i
customers and may require unique engineering design  £10O companies are delay in the completion of tiogept.

significant customization. As a result, each custden It has been found that less than 10% of engineering
order will have a unique set of item numbers, niater  projects finished on time, and over half took twa®
requirements, and different activities. Table lvehsome long as the original schedule [3]. This symptonoals
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occurs in a machine manufacturer, and it is desdrib
Table 2.

Table 2 shows that the percentage of late projiscts
more than 50%. Delay in completion of projects \ahic
deviates from target will affect on-time delivei®TD)
for customer. When there is delay in project cottiqhe
and it exceeds the deadline agreed, late penatisfbe
charged by customer. This cost is unnecessaryftoss
the company.

Delay always exists because each project is unmcenta
variations will undoubtedly occur [4]. Manufactugin
process of a production ETO company, which is vidwe
as project-based manufacturing, also has uncertain
duration [5]. Indeed, variations always occur ire th
system, but they can be overcome by scheduling and
control [4].

Companies often face problems of project delaysrse
they are working on several projects at once (multi
project). Scheduling and resource allocation fodtimu
project companies are more difficult than a simlgect.
Computation time increase quite significantly imalti-
project scheduling or when there is a big schedulin
problem. In common practice where project schedulin
exists, some occurring problems include limitedbueses
and multiple active projects at the same time. &foee,
multi-project scheduling has the potential to bénoiged.

Regarding the problems described, there are sard&st

applicable to most companies that deal with complex
multi-project. Moreover, meta-heuristic method does
guarantee that the results obtained are the mdtistalp

Other studies by [9] did scheduling optimizationthwi
different objectives, which was to minimize comjaat
time of all projects and the cost of outsourciignéans
companies need to minimize the completion timehef t
project at the lowest cost of outsourcing usingeaied
heuristic algorithm.

By reviewing and comparing some literatures, it was
found that there is a lack of research on the lufss
company in scheduling, especially at the cost tefilass
penalty fee and labor cost (outsourcing or overtime
cost). When a company is overloaded with projdbts,
company usually uses overtime or outsourcing tisHin

it. By using overtime, the company must pay empsye
overtime cost, which is higher than standard salary
during regular working hours.

With outsourcing, the company must pay outsourced
employees fee which is higher than company’s
employees fee. Therefore, the company needs tdeleci
on an option, whether to use overtime or outsogroin
just let projects delay, which can save the cost of
company. The goal is to minimize the losses suffféne
the company.

Tablel. Differencesof Make-to-Stock and Engineer-to-
Order [1]

that have tried to optimize multi-project schedglinith

MST ETO

different methods and objectives. A study by [&]rojzed
scheduling to minimize delays with heuristic prigri
rules method. However, rules of priority will obtaiot
necessarily optimal result.

Other studies also optimized scheduling with thedlve

to minimize makespan and delay, which uses meta-
heuristic method of Ant Colony Algorithm [7] or by
creating their own heuristic method [8]. The use of
meta-heuristic method was expected to obtain optima
scheduling approach with shorter time. But to use a
meta-heuristic method, companies must invest in the

Standard Products Unique Products

Deep and Unique Bills of

Flat Bills of Material Material

Product Lead Times in Product Lead Times in

Days/Weeks Weeks/Months/Years
Focus on Material Focus on Production
Planning Scheduling

Plan with Master Plan with Project
Schedule Management

creation of a network model, which is required pplg
meta-heuristics method [6]. Therefore, the metisaabit

Table 2. Project Latenessin an ETO Manufacturer

Year 2013 Ng:gjt;:s()f On Time Delivery Late Delivery Late Projects Petege
Jan-Mar 20 9 11 55%
Apr-Jun 15 5 10 67%
Jul-Sept 25 4 21 84%
Oct-Dec 14 2 12 85%
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In short, cost optimization scheduling model is dexk
to minimize company cost, both lateness penalty aod
total cost of using overtime or outsourced emplsyee

Engineer-to-Order (ETO). Engineer-to-Order (ETO) is
one of manufacturer types to produce goods. ETGpaosn
produces high customization of products which niged
be designed and made in detail as per the speifisa

of customer orders. Therefore, the production msce
lead time is relatively longer than other manufaow
type such as Make-to-Stock, Assemble-to-Order, and
Make-to-Order.

M ulti-project scheduling. Scheduling is one of the steps
in project management. Project scheduling is tloegss
of allocating available resources to the projediviyg

to determine the start and finish of each actijty].

Project scheduling in literature mostly concensabe
making the sequence of activities and schedules tha
optimize resource scheduling and most often to miire

the duration of the project. The optimized schedhlzuld
serve as a basic schedule for implementing theeproj
[11]. Initial schedule has important roles in a jpob.
The first role is to allocate resources to actgtithat
exist in the project. The second is as a basistter
planning of external activities such as procuremnant
materials, preventive maintenance and deliveryooidg

to external or internal customers. Initial schedideves

as a basis for communication and coordination with
external parties in the supply chain stakeholdesesl

on the initial schedule, the committed deliveryedat
material is asked to subcontractors and the due idat
set for the project.

From the viewpoint of modeling, many scheduling
problems in real life, such as lecture schedulsmprt
scheduling, train and flight scheduling, can be eted
as a variation of project scheduling problem withited
resources. In limited resources condition, carrying
activities based on the basic schedule is a ndggessi
even though sometimes activities will possibly déwi
from the schedule.

During project implementation, however, uncertasti

of project activities can lead to schedule delakisT
uncertainty may be derived from a number of causes
such as activity may take more or less time than
expected, the resources may be unavailable, the
materials may arrive behind schedule, due dateslbaay
changed, a new activity should be added or disdarde
because of changes in the scope of project, weather
conditions, etc. Disturbed schedule can cause highe
company’s costs due to lateness penalty fee indurre
human resources were idle, high inventory work in
process and system’s nervousness happens in fiequen
rescheduling.

Makara J. Technol.
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Managing multiple projects simultaneously is quite
common in modern industry. Some projects are psaces

in parallel and use limited resources. Multi-projec
scheduling doing general assignment of resources to
activities from time to time. Most projects in the
industry have limited resources. If they have npldti
projects and each project has a priority levemikes

the problem becomes complex. This problem should be
solved by considering a few things to get nearroati
result [10].

One method to find the optimal solution of scheulyli
problems is named mathematical programming [12]. To
use a mathematical approach, the existing probieiths

be modeled in a mathematical model. The created
mathematical model will be solved using exact on-no
exact method. Mathematical programming can be
considered as a linear programming (LP) in general.

Sequence based mixed integer linear programming

for scheduling. Based on two studies that have been
conducted by [13] and [8] about mathematical mdmigl|
for sequential scheduling, the model of mixed-ieteg
linear programming (MILP) is compiled as follows:
Definition:

i = subscript for job, i=1, 2,
j = subscript for operation ,j=1, 2,.., N;

k = subscript for work stations in each operatios, 1,
2, ..K;

Ci; = Completion time of job i operation j.

Yijx = 1 if job i operation j is done i workstation &;
otherwise.

Zi,;= 1if job i was processed before job r at operafio
0 otherwise.

Wi; = processing time of job i at operation j.

M = A large positive number

Constraints

> Y =100

C;2GC +Zf=1Yi,j,k DA LI, |

Gy G, #W, +M3-Y,, Y, =7, [k

@)
(2)

dani#r ()
G, =G, +W, +M[Z, +2-Y, =Y, a1, i k
dani#r (4)
C, 20 (5)
Y. Zi, 0{0Y (6)

Equation (1) makes sure that all job i operaticarn be
processed in any work station k but limited to oohe
work station. This equation is also called mutually
exclusive constraint: one decision must be chosem f

April 2016 | Vol. 20| No. 1
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a number of K. Equation (2) makes sure it is not
allowed to do the job on the next stage of the aipan

() if it has not completed the previous operat{pa).
This equation is called a precedence constraint.
Equation (3) and (4),called either or constraimg &
ensure that a job i and r can not be processed
simultaneously for each stage of the operation. The
second thing is also to comply with the requirersasft
work order in each operation. For this constraimtly

one equation is active. Equation (5) ensures that t
completion time of each job i, operation j must be
positive numbers. Equation (6) ensure that botialibes

are binary 0 or 1.

2. Methods

Mathematical modelling for outsourcing. Based on
the problem setting and data, mathematical modgllin
for outsourcing can be described as follow:

Definition:

i = subscript for project number, i = 1, 2,...1. ;| =
number of projects
j = subscript for activity number, j = 1, 2,...., N =

number of activities
k = subscript for workstation number in each atyivi

k=1, 2, ..., K; K= number of workstations
Variable:
Cij = Completion time of project i activity j.

E; = earliness of project i

L; = lateness of project i

M = A large positive number

Yi;k = 1 if project i activity j is done in workstatidg O
otherwise.

Z,; = 1if project i was processed before project r at
activity j; O otherwise.

Parameter:
Wi ;= processing time of project i activity (day)

D, "= due date project i (day)
P, = penalty fee per day of project i (IDR)
Ox = outsourcing fee per day per one additional

workstation of activity j (IDR)

Obijective function:

14 11
Minz = ZP 0L +ZZZYIJKDOJKD\N
i i=1 j=1 k=1
Constraints:
1) Y, =105, ) =1

6
DY =100, )22
k=1
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2) C,l_zk YWD dan j=1

3 C,-C ,_l_zk YW O dan j 22

M [3—Yi,j  Yeik = Zig, |*

Crj—Ci;zW,;0i,r,j,kdani#r

4)
r.j
M [Z_Yi,j P P T Zi,r,j]+

Ci;-C,;2W;;0i,r,j,kdan izr

5 CGu*tE-L =DM

Mathematical modelling for overtime. Mathematical
modelling for overtime scenario is similar to owtsoing.
The difference is only the elimination of the outszing
factor in the objective. Besides that, the limitmher of
work station in each activity phase is also modeted
constraint 1.

Obijective function:

14
Minz=>"P, 0L

i=1
Constraints:

1) ¥, =10i,j = 191011

z ..
DY =10, j =367
Zilllk—luntuk j=50i
Zill]k—l untuk j =8 i

z6l|]k—1untuk j=24 0

2) Cll_z:fl Y W Oi danj=1

C,-C,

;2

;0i danj=2

K
J k
k

-1

MEB-Yiik=Yrix -2

3

)Cryj—C,JZW r,j,k dan i #r
M[Z_Yi,jk_Yrjk+Zivf,j]+
Ci;-C,;zW;;0ir,jkdan i#r

i rj 2

4) C|;L1+Ei_|-i:DiDi
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3. Result and Discussion

Each project received passes through 11 (eleveaggsh
of activity and each activity has a number of difa
work stations as illustrated in Figure 1.

Optimization Result and Analysis. Based on the result
given, there are two points that can be analyzedt 5

to compare results before and after the optimimatio
with overtime and outsourcing option, and secontbis
create sensitivity analysis of the model.

From Table 3, it can be seen clearly that optinoznat
model with outsourcing can reduce lateness by 3% da
(26% of 196 days total project delay) and reducs by
IDR 10,873,000 or 28.5% of total cost IDR 38.14
million. On the other hand, optimization model with
overtime can reduce lateness by 144 days (73.528@®f
days total project delay) and reduce cost by IDR
3,205,500 or 8.4% from IDR 38.14 million.

If it needs to reduce lateness, then optimizatidth w
overtime gives less lateness than with outsourcing.
contrast, when viewed from total cost, optimizatiith

outsourcing has more minimum cost than with ovestim

4. Conclusion

This paper has created a multi-project schedulingeh
that can minimize the total cost of lateness pegria# and
employee fee, either with outsourcing or overtirtfe.
lateness is needed to be minimized, then it shaaédover-
time rather than outsourcing, which the numerixaheple
shows to improve lateness by 144 days. In contrdmstn
concerning total cost, outsourcing would be bettan
overtime, which reduces total cost by IDR 10,878,00
The results of sensitivity analysis of the modetanted
can be described as follows: a) When lateness tyenal
fee increases, the cost of outsourcing increaseshe
other hand, lateness declines as the penalty sese20%;

b) When lateness is lowered, the penalty fee regjuce
while the cost of outsourcing increases signifibars

a result, lowering lateness increases total cost.

This research can be further developed in the dutor
improvement. Some areas of improvement that cameloke

are followed: a) Expansion of the problem by coasity
multi-objective optimization model; b) Developinget
scheduling problem that more similar to multi-patje
conditions such as nondeterministic processing time
(stochastic), combining outsourcing and overtimene
optimization model; c) Using metaheuristic algarihthat
may get nearly optimal result with more time effitgy.

1 2 > 3 > 4 > 5 > 6 > 7 8 9 —» 10 —» 11
> 2 3 4 > 5> 6 > 7 8
2 > 4 > 5 — 8
e 2 > 4 > 5
2 >4
> 2 — o4

Figure 1. Project Activity Route

Table 3. Comparison Lateness and Total Cost Before and After Optimization

Result After Optimization Improvement thru Optimasi

Comparison  Before Optimization
With Qutsourcing  With Overtime  With Outsourcing With Overtime
Lateness (days) 196 145 52 51 144
To(tlaD'éOSt 38,140,000 27,267,000 34,934,500 10,873,000 3,005,5
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