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Parallel Machine Scheduling Considering the Moving Time of Multiple Servers

Kyun-Rak Chong*

Abstract

In this paper, we study the problem of parallel machine scheduling considering the moving time of

multiple servers. The parallel machine scheduling is to assign jobs to parallel machines so that the

total completion time(makespan) is minimized. Each job has a setup phase, a processing phase and a

removal phase. A processing phase is performed by a parallel machine alone while a setup phase and

a removal phase are performed by both a server and a parallel machine simultaneously. A server is

needed to move to a parallel machine for a setup phase and a removal phase. But previous

researches have been done under the assumption that the server moving time is zero. In this study

we have proposed an efficient algorithm for the problem of parallel machine scheduling considering

multiple server moving time. We also have investigated experimentally how the number of servers

and the server moving time affect the total completion time.
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void job_setup(j, Si, et);
{
My = deleteMSQ();
etS(i) = et + g + my;
job(My) = j;
etM(k) = et + 5 + p;;
insertMRQ(M);
et = mi

}

void job_remove(S;, et)
{
M, = deleteMRQ();
i = job(M,);
etM(y) = et + r;
job(My) = 0;
insertMSQ(M,);
etS(i) = et + r+ my;
insertSQ(Si);
Si= 0;

Fig. 1. Job setup and remove procedures

Parallel Machine Scheduling Algorithm
{

initialize SQ MSQ, MRQ;

for (each server i) insertSQ(S);

for (each machine k) insertMSQ(My);

S =0;
j=0;
done = false;
while (not done) {
switch (findcase(S;, |, et)) {

case 1 : // et(i,x) is min
=i+ 1
jop_setup(j, Si, et);
break;

case 2 : // etli,y) is min
job_remove(S;, et);
break;

case 3 . // et(g,x) is min

=i+ 1;
Si = deleteSQ();
job_setup(j, Si, et);
break;

case 4 : // et(q,y) is min
Si = deleteSQ();
job_remove(S;, et);
break;

case 5 : // algorithm termination
done = true;

}

}

retrurn maxvivk(etS(i),

etM(k));

Fig. 2. Proposed parallel machine scheduling algorithm



Parallel Machine Scheduling Considering the Moving Time of Multiple Servers

105

et(q, x)7F HA4Q 490l 3, obd A9l 45 -t
83 H ARG etoll A
4nE Afdes ¢ngEs

|=R= zl—oJo] Hﬂaé u—]/\ ]

r
f

TE & Aol g
zrlo] Ag|rt BuUs g2 AASA Hi BE 2 Ee] A
Hel SRtk Al arelgel] a9 20 yehd vk

FAEd e AR W BT = e ool wAlE B
H, Au] A AR 7he AlRte] 7R whE A7t A of
old zpje] En(AA) e sk o] AH el ths AR
7Fs ARk Aed 2ol Eul(AA) AR Ao olE Al
e S7RE S vl A el Ak S, MEE AR
wetth e AR 7he AlRke] s SskAl dnk = WE
HAE AR wivheh 2Rie] =H) AR} Aje] AR E= A
7 AR B ARE 7 AlRte] Sk En R
ol Ftell e A BE HAERE AR 7Fs ARt
W EAUR GEE] sl AFEET] diEel ool EAl
= Ak Bt

IV. Performance Evaluation

MAale & 305 ARESERlaL, A
o &S)E 1, 2, 3, 4, % AREBITE AH 17F AAE $13]0)
A WY WAl k2 ol Fsk= AIRE my = smtcxk® 7HE8IATH
Alg smtee= 0, 5, 10, 20& }%ﬁ}oﬁ%tﬂ smtc = 0°]H A
olF A &S on|gitt B 2 AW7E Al 9o A 2
& Y wrlo R o]Fdh= AREE Fdsittal 7Hgssich.
Aol 4= 1,00070E AHEF3laL, 2hgie] 0] ARk} A Al
e (24004 9F 2ol MY FaHload)E AHE-8le] o= A
*éﬂ“‘ﬂr A Faks FH AR e A AR fFow
UE o= o=, AW Rk LY W A=) Alzre] 3¢
[0, PlollA] o2 AAEH 1] A7 31 [0, LePlollA
RBAETE AA AR FH) AR 2 TR A o= A
HAok MH Fabe= L=0.05, 0.5 F 7HA A5-& e
), 7 -5l tial] 10714 1ol = dole & AAdste] A 2
I& S350k

e

41L =05 A%

A 53171 0.5 A9 2] A Alzke] Hatol et
St TH) AIZEE AA AZEe] qfe] Z42F 05t7) Hnk &, Hi
FH] AR Bt AA A go] Bt A Al 2 He

A2 A Fal7h w2 Ag-olnh 7t el FH) 34 3 AA
WS 7L ARG EBE W7} 7FEEE Algke] oA A b

a, Y HAES AHZE A4S SHlsFAY Aglel Evd
AAS & w7A] 7hsdtA] B2 e Zve A .

—e—smic=0 ——smic=5 —p—smic=10 —m—smuc=20
60000
50000
40000
30000

20000

total completion time

10000

number of servers

Fig. 3. The comparison of the total completion times for L=0.5

19 3ol AW F-517F 0.5 uwfl AW ] Gref A o]
of ek & ¢w AREe] WSk 2R aeA vk
I B smtc7h 021 A9 A 7 19 we] %
Azl mls) Aue] 427} 2, 3, 4, bR F7tEE F ¢
Y2} 50%, 33.4%, 25%, 20%% ©]/dX 0.2 71543}
Aol 471 S7F i = B A7) 1/5e] ¥ A

Atk smte7b ALGFH AW o]F Algto] Hojx] Auje
7FS7F H9E & QPEAV%O] 1/SEe oF ARE veha
ot A3 Aol o8k smtc7t 209 W A 71 2, 3,
5 F7Febd Mule] $27F 191 79l vl & 48 A7t
7} 53.1%, 35.9%, 27.1%, 21.8%= skl Ith

o mZ Ol-ﬂ
r“ Y
Mol A

N,
©

# 30

N

—g—SMiC=] ———sHC=] =—t—smitc=10 =20

——:

14000

12000

10000

8000

G000

4000

total completion time

2000

0
5=1 5=2 5=3 5= 3=5

number of servers

Fig. 4. The comparison of the total completion times for L=0.05

4.2 L = 0.05¢ 4%
A 5517F 00591 A9 29de] EHlo} Al ] Bt ARt
it A7l Alzke] 20%82] 10] B A2 Aqn Rapr) e A9
ofch Arjel Wd walo] Ht Alte] 00591 Akl 9] vl 244
& B Aol sge 9 wiale] BEoR faska, 1 ALl
AHE T A9E9] FH) Aol AA A 8

Au] Fap7t w] wiel] Aue] 5 STMARE &

PN
4 = 3ok

2 A3k



106  Journal of The Korea Society of Computer and Information

sz vl L=0.5¢1 7ol Hlal 2 =

a7 4ol MB F87F 0.069 o AuEje] =of AH| ofF Al
ol et & ¢ Al7ke] Wsbr) a2 aeA Sl A9

A7E By smic7t 09 A9 A 71 19 v F g
A zroll Hls) Mol =7} 2, 3, 4, 52 FteHH F ¢E AR
o] Z¥z} 53.5%, 43.1%, 39.5%, 37.8%7} At} L=0.5¢1 2%
o} vwabd 7zt 3.5%, 9.7%, 14.5%, 17.8% AA 7+As

< & 5 Stk 53] M9 £5 404 5= St AL A
FollE & ¢ AREe] L=0.59 Aol 25%14 20%= 5%
Fidl L=0.05¢] Aol 39.5%0A 37.8%= 1.7% 1}
HadtA] gk smie7t ALFH Ao 71 SUkh
F 4= AREe] A9 F7b 19 Aol HlE) AideR o
wol Faatsith. 43 A% 1 smeert 202 W) Ao £

=)
7} 2, 3, 4, 52 F7¥sPA AW F7) 191 Aol nis & &
B A7ro] 77t 56.6%, 41.5%, 32.7%, 27.5%= 7rAsta )
T} = =059 73%9} Hwehd 27 3.5%, 5.6%, 5.6%,

V. Conclusion

sAEYE Avlsh ¥ Magel 9
CERESEER RN L

oﬂﬁ e s S drEe

‘\-r‘_‘_‘

O =2 9= -0
B A @8 A9 A A8l oF AU A
T 95 A 1EE o B2 g AHES AFEShe Aol §
949 sl Agared 289 Aoz sgan,

RS

B Q7 BARE 7 Aule] o5 Ak e vl 4
% F 98 0L H2w o 584

2% Aow Arud.

REFERENCES

[1] J. H. Lee, J. M. Yu and D. H. Lee, “A tabu search algorithm
for unrelated parallel machine scheduling with sequence—
and machine-dependent setups: minimizing total
tardiness, ” Intl. J. of Adv. Manuf. Tech., 2013.

[2] K. Lee, J. Y.-T. Leung and M. L. Pinedo, “

minimization

Makespan

in online scheduling with machine

eligibility,” Ann. Ope. res., vol. 204, pp. 189-222, 2013.
[3] X. Xie, H. Zhou, Y. Li, and Y. Zheng, “Scheduling Parallel
Machines with a Single Server,”IEEE Intl. Conf. on MIC,
pp. 453-456, 2012.
[4] K. Chong, “An efficient algorithm for scheduling parallel
machines with multiple servers,” Journal of the Korea
Society of Computer Information, vol. 19, no. 6, pp.
101-108, 2014.
[5] A. H. Abdekhodaee and A. Wirth, “Scheduling parallel
machines with a single server: some solvable cases and
heuristics,” Computers and Operation Research 29, pp.
295-315, 2002.
A. H. Abdekhodaee, A. Wirth and H. S. Gan,

processing and equal setup time cases of scheduling

(o))

“Equal

parallel machines with a single server,” Computers and
Operation Research 31, pp. 1867-1889, 2004.

[7] A. H. Abdekhodaee, A. Wirth and H. S. Gan, “Scheduling
parallel machines with a single server: the general case,”
Computers and Operation Research 33, pp. 994-1009,
2006.

[8] H. S. Gan, A. Wirth and A. H. Abdekhodaee, “A
branch—and-price algorithm for scheduling parallel
machines with a single server,” Computers and Operation
Research 39, pp. 2242-2247, 2012.

[9] F. Werner and S. A. Kravchenko,
Scheduling with a Single Server,” Mathematics and
Computer Modelling, vol. 26, pp. 1-11, 1997.

[10] N. G. Hall, C. N. Potts and C. Sriskandarajah, “Parallel
machine scheduling with a common server,”Discrete
Applied Mathematics, vol. 102, pp. 223-243, 2000.

[11] P. Brucker, C. Dhaenens-Flipo, S. Knust, S. A.

Kravchchenko, and F. Werner, “Complexity results for

“Parallel Machine

parallel machine problems with a single server,” J. of
Scheduling, vol. 5, pp. 429-457, 2002.

[12] J. Hy, Q. Jhang, J. Dong, and Y. Jiang, “Parallel Machine
Scheduling with a Single Server: Loading and Unloading,”
LNCS 8287, pp. 106-116, 2013.

[13] X. Xie, Y. Li, and Y. Zheng, “Scheduling Parallel Machines
with a Single Server: a Dedicated Case,” Fifth Intl. Joint
Conf. on Computational Science and Optimization, pp.
146-149, 2012.

[14] J. Ou, X. @, and C. Y. Lee, “Parallel Machine Scheduling
with Multiple Unloading Servers,” J. of Scheduling, vol.
13, no. 3 pp. 213-226, 20009.

[15] F. Werner and S. A. Kravchenko, “
Multiple Servers,” Automation and Remote Control, vol.
71, no. 10, pp. 2109-2121, 2010.

[16] C. Wu, L. Wang and X. Zheng, “An effective estimation
of distribution algorithm for solving uniform parallel

Scheduling with

machine scheduling problem with precedence



Parallel Machine Scheduling Considering the Moving Time of Multiple Servers 107

i

constraints,” 2016 IEEE Congress on Evolutionary
Computation (CEC), pp. 2626 - 2632, 2016.

[17] M.-A. Hassan, I. Kacem, S. Martin and I. M. Osman,
“Valid inequalities for unrelated parallel machines
scheduling with precedence constraints,” International
Conference on Control, Decision and Information
Technologies (CoDIT) pp. 677-682, 2016.

[18] K. Abdellafou and Q. Korbaa, “Makespan minimization
for two parallel machines with unavailability
constraints,” IEEE International Conference on Systems,
Man, and Cybernetics (SMC), pp. 601-606, 2016.

[19] Z. Xu, A. Liu and Q. Wang, “Mixed 0-1 programming
model for three parallel machines scheduling problem
with machine—dependent unavailable constraints,” 13th
International Conference on Service Systems and
Service Management (ICSSSM), pp. 1-4, 2016.

[20] J. He, Q. Li and D. Xu, “Scheduling two parallel machines
with maintenance-dependent availabilities,” Computer
and Operation Research 72, pp. 13-42, 2016.

[21] L. Y. Wang, X. Huang, P. Ji and E. M. Feng, “Unrelated
parallel machine scheduling with deteriorating
maintenance activities to minimize the total completion
time ,” Optim. Letters, 2012.

[22] C. W. Lin, Y. K. Lin and H. T. Hsieh, “Ant colony
optimization for unrelated parallel machine scheduling,”
Intl. J. of Adv. Manuf. Tech., 2013.

[23] V. Kayvanfar, E. Teymourian and K. Alizadeh, “
Intelligent water drops algorithm on parallel machines
scheduling,” International Conference on Industrial
Engineering and Operations Management (IEOM) pp.
1-5, 2015.

[24] C. P. Koulamas, “Scheduling two parallel semiautomatic
machines to minimize machine interference,” Computers
and operation Research, vol. 23, no. 10, pp.945-956,
1996.

Authors

Kyun Rak Chong received the B.S. degree
in computer science and statistics from
Seoul national university, Korea, in 1978,
the M. S. degree in computer science from
Korea advanced institute and technology,
Korea, in 1980, and the Ph.D. degree in

computer science from the university of
Minnesota, Minneapolis, in 1991. He is currently a
professor in the department of computer engineering,
Hongik University. In 1998 and 2006, he visited the
department of computer information science and
engineering, university of Florida, Gainesville. His research
interests include network algorithms, wireless sensor
networks, public-shared networks, and parallel machine

scheduling.



