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The Effect of

Product Structure Complexity and Setup Time-RunéelRatio (R)

on Makespan in Multilevel Product Scheduling

VincenciusAriyono' * and Yosephine Suharyanti?
Industrial Engineering Department
Universitas Atma Jaya Yogyakarta, Yogyakarta 5S5H8DONESIA
Email: aron@mail.uajy.ac.id
yosephine@mail.uajy.acid

Abstract. The makespan in multilevel product scheduling is affected by product structure complexity and
process routing complexity. This study was a part of long term study in multilevel product scheduling done by
Production System Laboratory of UAJY. The objective of the study isto find a short-cut justification of lot size
decision giving minimum makespan, based on some parameters of product structure complexity and process
routing complexity. This paper presents a preliminary result of the study, i.e. the effect of product structure
complexity and setup time-run time ratio (R) on makespan. The analysis was based on a set of hypothetical
data. Product structure complexity was limited up to 5 levels and up to 5 parts in one level. Process routing
complexity was limited up to 3 machines and up to 5 operations. Forward scheduling was used to compute the
makespan. Different R was employed to find the minimum makespan. The R giving the minimum makespan
was called optimum R. The result showed that the values of average optimum R varied from 0.198 to 0.455.
This study is still underway for analyzing further the effect of product structure complexity and process

routing complexity.

Keywords: short-cut justification, multilevel product scheduling, setup time-run time ratio, makespan

1. INTRODUCTION

Recent researches about lot size and lot sizings wer
done related to recent issues such as lean maarifaygt
agile manufacturing, and supply chain management.
Munson et al (2003), Tang et al (2004), and Jiahgle
(2006) are some examples of those. Most of them
concerned to cost minimization, as well as the ipres
researches such as Anwar and Nagi (1997), Loved@p,
Friend et al (2001), Ghomi and Torabi (2001), Chndvaet
al (2006), Marinelli et al (2007), and Liu et alo@B), or
mathematical models and approaches such as Ghaini an
Torabi (2001), Friend et al (2001), Loparic et a0@3),
Tang et al (2004), Guan et al (2006), Beraldi ef28106),
Wve (2006) Chiu et al (2006), Hwang (2007). Faagtical
purposes, time minimization and short cut justtiima for
immediate decision making is important. This paper
concerns to find a short-cut justification of latisg in the
term of time minimization for scheduling of mulavel
products, in make-to-order and job shop environment

t : Corresponding Author

The material discussed here is a part of a studye do
by Production System Laboratory of Universitas Atlaga
Yogyakarta (UAJY). A preliminary study showed thihae
makespan in multilevel product scheduling is a#dcby
several parameters: product structure complexigve(l
number of parts in one level, total number of passd
process routing complexity (setup time and run }ime
Erawati (2006), Patria (2006), and Rinawati (2003&d
conducted case studies in several manufacturingpanias.
Their studies had shown that there was a spedficize
resulting minimum makespan for a specific case.

Scheduling problems are NP-hard problems (Pinedo,
2002), especially in job shop environment. It iiclilt to
justify the scheduling result before creating tlobeslule
itself. In the other hand, it is important to dex&theduling
or planning parameters such as lot size as soposssble
to immediately respond to the orders. The mainaibje of
the study is to find a short-cut justification qipaopriate
lot size decision based on some parameters of produ
structure complexity and process routing complexitye
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expected result of the study is a general empifmahula
to decide an optimum lot size, i.e. a lot size myvi
minimum makespan, to help a production plannerdiegi
the production lot size immediately and simply. SThaper
presents a preliminary result of the study.

2. METHODOLOGY
2.1 Concept and I dea

A preliminary study showed that the makespan in
multilevel product scheduling is affected by seVera
parameters of product structure complexity (leweimber
of parts in one level, total number of parts) amdcpss
routing complexity (setup time and run time). It is
hypothesized that other routing complexity paramseseich
as number of operations and number of machinesalsitl
affect the makespan. If:

Ls = optimum lot size,

H = level of product structure,

W = maximum number of parts in one level,

N = total number of parts,

Ts = average setup time of all the operations,

T, = average run time of all the operations,

P = maximum number of operations in part routings,
M = maximum number of machines used,

the main objective is to find a general empiricahfiula:

Ls=f(H, W, N, T, T,, P, M) Q)

From a study about the effect of setup time and run
time to makespan, it could be identified that tbe dize
decision actually depends on the ratio of setuge @md run
time, not on the value of the time itself. Several
experiments using different values of setup timd am
time gave similar optimum lot sizes if the ratiossetup
time to run time are similar. An un-dimensional roen
called setup time-run time ratio then generatefblémvs:

R= s
LT,

s*r

2)

The function presented in equation (1) then cowd b
re-formulated as:

R =f(H, W, N, P, M) ©)
2.2 Scope and Design of The Study

The main objective of the study is to find a shart-c

justification of appropriate lot size decision bdism some
parameters of product structure complexity and gsec
routing complexity. To achieve that objective a itad
study evaluating product structure complexity wasigned
up to 5 levels and up to 5 parts in one level. $tape of
the study is shown in Table 1. The darkened ardizates
the studied area completed so far.

Table 1: Scope of Study

0}

Maximum Number of Items in Each Lev
1 2 3 | 4] 5
A B 1

v

Number
of Levels

BNEE

The study was divided to several sub-studies. Edch
those was conducted by different co-researchers who
created their own hypothetical cases. That is wdwemal
controlled variables still could not completely ¢cmntrolled.
So far, there are four completed sub-studies:

1. Area |, with the number of item in each level is 1,
number of level is up to 5, item to produce is sy

2. Area ll, with the number of item in each level {sto 5,
number of level is 2, item to produce is 30 units.

3. Area lll, with the number of item in each levelup to

2, number of level is up to 5, item to produceQsudits.

4. Area IV with the number of item in each level istop3,
number of level is 3, item to produce is 32 units.
While Area A and B is the intersection between Aread

Il and Area Il and IIl respectively.

Analysis steps for each cell (intersection between
Number of Level and Number of Item in Each Leval) i
shown in Figure 1.

Different number of BOM for each cell was generated
because each cell has its own characteristic. Taté5
BOM had been generated (4 for Area I, 5 for Are20 for
Area lll, and 6 for Area IV). The example of gerteth
BOM can be seen in Figure 2.

Figure 2: Examples of Generated BOM for 4 Leveld 2n
Items in Each Level

Nusa Dua, Bali — INDONESIA December 3rd — 5th, 2008
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( Start ) Process routing complexity was limited up to 3

machines and up to 5 operations. A minimum of three

. replications of routing file were generated for led®0OM
_ . . with the setup time varied between 6 to 10 minfdegach
- Define the number of unit to be produceq i . K X
F;eﬁne the number of replicatiof lot and run time varied between 1 to 5 minutesefch unit.
The example of generated routing file can be se€fable
2.
A
(Gienerate Product Structuny (BOM) Table 2: Example of Generated Routing File
v _ Setup time Run time
) ) Item | Machine ] ) )
Penerate Process Routmi (‘Routmg ﬁli) (ml nutes/lot) (ml nutes/unlt)
| ! Y 7 5
: z 6 2
Use various R to define the possible lot sizes
A X 9 3
I Y 6 5
Fompute the processing time for each itenl Z 6 1
X 6 3
3 Y 10 1
ﬁchedule each item in the corresponding
[BOM using forward scheduling B Z 8 1
X 8 2
A
Plot the result in Gantt chart and find the Y 8 3
makespatl z 6 5
Y 10 1
C
X 7 2
z 9 2
X 6 4
D Z 8 3
Y 7 2
X 8 2
z 7 3
E
X 6 4
Y 9 1
Using the generated routing files, we use diffefRmnb
define the various lot sizes possible for each. detr

example, refer to Table 2, the unit to be produse?D, the
average of setup time is 7.476 minutes, and theageeof
run time is 2.619 minutes. The possible lot sizbdoused
for specific R can be seen in Table 3:

Figure 1: Analysis Steps for Each Cell

Nusa Dua, Bali — INDONESIA December 3rd — 5th, 2008
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Table 3: Possible Lot Size for Various R

R Lot Size Possible
Lot Size

0.1 28.54525 30
0.2 14.27262 15
0.3 9.515082 10
0.4 7.136312

0.5 5.709049

0.6 4.757541 5
0.7 4.077892

0.8 3.568156

0.9 3.171694 3

From Table 3, for the 30 units to be produced, we
scheduled using 5 lot sizes, 3, 5, 10, 15, and 30.

yields minimum makespan.
6. Find the optimum R using equation 2.

Sl b e e Tods Qela Wi i
R Bola - K9
Fl

=
i

B T ﬂ;ﬂn. ﬂm.

| ADAF TAF AL AH] A1 [ AT AK] AL [N &HA0] A8 AD] AR| AS] AT A1) &VISWE #| AY] A7|BA[ 6 BCBD BE_ BF [BG]EH
B 6 0a oz

s Bl o EE R S

Ll
AZE
. -2

2
=
VIT® Y | I |AA[

AET

Zloa o8 5 AB

(E] big 3 (201

8 =6 88 7 48 &

8 MC 10 MCE

2] e 5 5 1 2

137 107 E[FiEH

Figure 2: Part of Gantt Chart

3. RESULT

The number of BOM variations, the number of lot The lot size that yields minimum makespan iderdifie
size variations, and the number of replicationsefach cell from the analysis for each BOM then is used to fihd
is presented in Table 4. optimum R. The optimum R obtained for each BOMnis t

average value of all the replications. The optimRnior
Table 4: Number of BOM variations/Number of Lot &iz each BOM is shown in Table 5.
variations/ Number of Replications
Table 5: Optimum R for Each BOM
Number of Items in Each Level
1 2 3 4 5 Number of Item in Each Level
2 | 1/5/7 and| 1/5/5 and| 1/5/5| 1/5/5| 1/5/5 1 2 3 4 5
Number 1/5/5 1/4/3 2| 0.296| 0.251| 0.261| 0.259 0.237
of 3| 1/5/7 3/4/3 6/4/5 0.274| 0.145
Levels | 4 | 1/5/7 6/4/3 3| 0.371| 0.224 0.228
5| 1/5/7 10/4/3 0.216| 0.255
0.155| 0.175

One of possible objective function to be minimized 0.276
makespan. Assume that all the ready time are & tieno, 0.230
makespan is equivalent to the completion time ef ltist 0.160
job to leave the system. A minimum makespan usually 4| 0.455| 0.200
implies a good utilization of the machine(s) (Piog2002). 0.187
The R that yields the minimum makespan is called 0.230
optimum R. To find the minimum makespan in each BOM Number 0.185
and each replication, we use these steps: Of Level 0.090
1. Compute the processing time for each item: 0.144
2. Processing time = setup time (minutes/lot) + rumeti 51| 0.414| 0.152

(minutes/unit) x lot size (unit). 0.213
3. Use forward scheduling to schedule each item in the 0.188

corresponding BOM, starting from the lowest level. 0.209

Forward scheduling assumes that procurement of 0.128

material and operations start as soon as the 0.159

requirements are known. The events or operatioas ar 0.203

scheduled from this requirements point of view 0.118

(Narasimhan et al., 1995). 0.142
4. Plot the result in Gantt Chart, the example is ghaw 0.209

Figure 2.
5. Find the makespan and identify which lot size that

Average optimum R for each cell is shown in Table 6

Nusa Dua, Bali — INDONESIA December 3rd — 5th, 2008
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Table 6: Average Optimum R

Number of Item in Each Level
1 2 3 4 5
2| 0.285| 0.199 0.261 0.259 0.287
Number | 3| 0.371| 0.199 0.220
Of Level | 4 | 0.455| 0.173
51| 0.414| 0.172

ANOVA could not be used because the area hasn'’t
been completed yet. From table 6 we can see tleabge
optimum R is varied from 0.198 to 0.455. The sthdgn’t
encountered optimum R either below 0.05 or over 0.5

4. CONCLUSION
4.1 Conclusion

The objective of the study is to find a short-cut
justification of appropriate lot size decision bdism some
parameters of product structure complexity and gsec
routing complexity. Scenarios were developed asgtaof
hypothetical data for each scenario were generdisgn
the scenarios, it was found that each BOM has s o
optimum R. There were any weaknesses in our s@enari
but from this preliminary study we never experiaghce
average optimum R below 0.198 or above 0.455.

4.2 Further Sudy

The scope of the study has not been completed vyet,

there are still many blank areas. This study Iswstderway

to complete the area to gain a better perspective o
optimum R. The next study will be focused on prsces
routing complexity.

ACKNOWLEDGMENT

The author would like to thank the followingp-
researchers who have helped us from January to200&:
Lestianingsih, Kartika Arum Sari, Monikha Pravitarb
and Maya Carolina.

REFERENCES

Anwar, M.F. and Nagi, R. (1997), Integrated lotisig
and scheduling for just-in-time production of compl
assemblies with finite set-ups$nternational Journal of
Production Research, Vol. 35, pp. 1447-1470.

Arnold, J.R.T., Chapman, S.N., and Clive, L.M. (2D0
Inrtoduction to Materials Management, Pearson Education,
Inc., Upper Saddle River, NJ.

Beraldi, P., Ghiani, G., Grieco, A., and Guerrielo,
(2006), Fix and Relax Heuristic for a Stochasti¢-5@ing
Problem, Computational Optimization and Applications,
Vol. 33(2-3), p. 303.

Chiu, Y.S.P., Lin, H.D., and Cheng, F.T. (2006),
Optimal production lot sizing with backlogging, chrm
defective rate, and rework derived without deriedi
Proceedings of the Ingtitution of Mechanical Engineers,
Vol. 220(B9), pp. 1559-1563.

Chubanov, S., Kovalyov, M.Y., and Pesch, E. (2006),
An FPTAS for a single-item capacitated economic lot
sizing problem with monotone cost structuviathematical
Programming, Vol. 106(3), p. 453.

Erawati, M.D., 2006, Penjadwalan Batch untuk
Mengurangi Makespan (Studi Kasus di CV. Yuan F),
Thesis, Industrial Engineering Department, Faculty of
Industrial Technology, Atma Jaya Yogyakarta University.

Friend, C.H., Swift, A.L., and Ghobbar, A.A. (2001)
A predictive cost model in lot-sizing methodologyttw
specific reference to aircraft parts inventory: appraisal,
Production and Inventory Management Journal, Vol.
42(3/4), pp.24-33.

Ghomi, S.M.T.F. and Torabi, S.A. (2001), Extension
on common cycle lot-size scheduling for multi-protu
multi-stage arborescent flow-shop environmelrgnian
Journal of Science and Technology, Vol. 26(B1), pp. 55-68.

Guan, Y., Ahmed, S., Nemhauser, G.L., and Miller,
A.J. (2006), A branch-and-cut algorithm for thec$tastic
uncapacitated lot-sizing problem, Mathematical
Programming, Vol. 105(1), p. 55.

Hwang, H.C. (2007), An efficient procedure for
dynamic lot-sizing model with demand time windows,
Journal of Global Optimization, Vol. 37(1), pp. 11-26.

Jiang, J.C., Yeh, H.P., Lee, T.H., and Fan, H.00@),
Cosntruct the lean-batch production system for the
discontinuous process typ€roceedings of the 7" Asia
Pacific Industrial Engineering and Management Systems
Conference, Bangkok.

Liu, J., Wu, L., and Zhou, Z. (2008), A time-vargin
lot size method for the economic lot schedulingbpem
with shelf life considerations,European Journal of
Industrial Engineering, Vol. 2(3), pp. 337-355.

Loparic, M., Marchand, H., Wolsey, L.A. (2003),
Dynamic knapsack sets of capacitated-sizMgthematical
Programming, Vol. 95(1), p. 53.

Nusa Dua, Bali — INDONESIA December 3rd — 5th, 2008

243



APIEMS 2008 Proceedings of The 9th Asia Pasific Industrial Engineering & Management Systems Conference

Lovell, M.C. (2003), Optimal lot size, inventories,
prices, and just-in-time under monopolistic competition,
International Journal of Production Economics, Vol. 81(1),
pp. 59-66.

Marinelli, F., Nenni, M.E., and Sforza, A. (2007),
Capacitated lot-sizing and scheduling with parallel

machines and shared buffers: a case study in packaginglndonesia i

company,Ann. of Operations Research, Vol. 150(1), p.
177-192.

Munson, C.L., Hu, J., and Rosenblatt. M.J. (2003),
Teaching the costs of uncoordinated supply chains,
Interfaces, Vol. 33(3), p. 24.

Narasimhan, S., McLeavy, D.W., Billington, P. (1995)
Production Planning and Inventory Control, Prentice Hall,
NJ.

Patria, E.D., 2006, Penjadwalan Job Shop pada Pabrik
Garmen (Studi Kasus di PT. Hadi Bola & Sport Collection
Ungaran), Thesis, Industrial Engineering Department,
Faculty of Industrial Technology, Atma Jaya Yogyakarta
University.

Rinawati, A.A., 2007, Penjadwalan Produksi dengan
Mempertimbangkan Ukuran Lot Transfer (Studi Kasus di
PT. Budi Manunggal Yogyakarta)Thesis, Industrial
Engineering Department, Faculty of Industrial Technology,
Atma Jaya Yogyakarta University.

Pinedo, M. (2002)Scheduling, Theory, Algorithms,
and Systems, Pearson Education, Inc., Upper Saddle River,
NJ.

Staggemeier, A.T. and Clark, A.R. (2001), A survey of
lot-sizing and scheduling modé@3" Annual Symposium of
the Brazilian Operational Research Society, Campos do
Jordéo.

Tang, J. Yung, K.L., and Andrew, W.H. (2004),
Heuristics-based integrated decisions for logistics network
systemsJournal of Manufacturing Systems, Vol. 23(1), pp.
1-13.

Vyve, M.V. (2006), Linear-programming extended
formulations for the single-item lot-sizing problem with
backlogging and constant capacityMathematical
Programming, Vol. 108(1), p. 53.

AUTHOR BIOGRAPHIES

Vincencius Ariyono is a Lecturer in Department of
Industrial Engineering, Faculty of Industrial Technology,
Universitas Atma Jaya Yogyakarta, Indonesia. He received
a Master Degree from Institut Teknologi Bandung,
Indonesia in 2005. His teaching and research interests

include production planning and control and facility layout.
His email address is aron@mail.uajy.ac.id

Yosephine Suharyanti is a Lecturer in Department of
Industrial Engineering, Faculty of Industrial Technology,
Universitas Atma Jaya Yogyakarta, Indonesia. She received
a Master Degree from Institut Teknologi Bandung,
n 2000. Her teaching and research interests
include production planning and control and supply chain
management. Her email address is
yosephine@mail.uajy.ac.id

Nusa Dua, Bali — INDONESIA December 3rd — 5th, 2008

244



Anus S
2008

This is to certify that

D Y

has presented the paper entitled

“The Effect of Product Structure Complexity and Setup Time-Run Time Ratio (R) on

Makespan in Multilevel Product Scheduling”
in APIEMS 2008 held in Nusa Dua, Bali — Indonesia, 3-5 December 2008

Prof. Dr. Abdu! Hakim Halim Prof. | Nyoman Pujawan, Ph.D
Conference Chairman Conference Chairman

BB & * Minitan»-.

RIAIREAT O AT A w‘mﬁ DA LOFNCNTSE “.af *ﬂ'zf\ G
O ® S

Tl R




	Development of a 3D CAD Model Conversion and Visualization System using LexicalAnalyzer Generator and OpenGL
	A Study of Implementing SCM Concept, Internet and IT Technology in the PhotomaskQuality Management of Semiconductor Industry
	Ergonomic Approach For Designing Work System and Supporting Equipment for ElderlyWorkers In Foundry Workshop of PT.X
	The Determinant Factors of Safety Compliance at Petrochemical Processing Area:Moderator Effects of Employees Experience and Engineering Background
	A Study of Order Assignment for Multiple Color Filter Fabs
	Measurement of Indonesian Motorcyclist Behavior Using Driver Behavior Questionnaire(DBQ)

