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An efficient algorithm for scheduling parallel machines
with multiple servers
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Abstract

The parallel machine scheduling is to schedule each job to exactly one parallel machine so that
the total completion time is minimized. It is used in various manufacturing system areas such as
steel industries, semiconductor manufacturing and plastic industries. Each job has a setup phase
and a processing phase. A removal phase is needed in some application areas. 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. Most of previous researches used a single
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server and considered only a setup phase and a processing phase. If a single server is used for

scheduling, the bottleneck in the server increases the total completion time. Even though the

number of parallel machines is increased, the total completion time is not reduced significantly. In

this paper, we have proposed an efficient algorithm for the parallel machine scheduling using

multiple servers and considering setup, processing and removal phases. We also have investigated

experimentally how the number of servers and the number of parallel machines affect the total

completion time.

» Keywords : parallel machine scheduling, the total completion time, NP-hard

. M 2

HE ol 2AEHE o dlel WY wil(parallel
machine)E°| & w 2AGob)ES] & &5 AlH(total
completion time, makespan)°] 47} A AAES 4
4 vAlo] gl FAQME, A A, wi=A A=, PCB

3 27 g4, 9 olle] 54, 4]
o B4, Al As B4 A9 5ol weh v)$ Ty
@ BRSO ATHG, B4 PRt F 4R ARk 32

>
=

e
)
e
>
)

JOJ_

w2 M7t 2t 08 Aeld we] $28 vyt 3P A9 7t
w2l MellA M= AIRE d/vyZh Eok BE i, jeoll sl
vi=1°1" FY(identical) WAlolg} 3k, RE i thsl
vii=vi°|H 5 (uniform) #alele} star, vy7h dejolH
F(unrelated)dtckar (2], 2F AHEL FH] (setup) &
A, A2 24, A A (removal) ZFgo] 9l Hie] EAow
ZAAEo] PR XYE F e A ofUH 2 7l
A7t e Al Asde] AlEE gaE x| A
T ol A A Gt Ul oAl Al F A A Sl
ATH1].

718 ATEL URE Fd AW E ARSsta, 7 2
o] 4] A7k X AlzkRe Sl H(3)(4)(5). ©
MM E ARESEaL TR AIZE, A AIRE, AA AR BE

rr

o

it

e

f

2otke WE w4l 2AIEH ] (6)d1M ATFEHAE o] A
7F NP-3l=9jo] =t T 442l 34 d=x 724
Nadsl7] 8l dgH oz Aese
7F8W 7} (annealing) 3¢l tisl 71<si9ich. 1€ w3l
el 4 3YEC] Bl et HA o)Fd 7177t A
T AME 7Fed 832 2t aed b2 £33
Al 7FE o] Al o 71 o] B o] F2 715717t A
AS SFRA AR ) of7|A o5 7]57]E A
$3EE 9E a2 3dee Zjos et &
3, W AYPE o5 7SI 2YE SR 2Y
ke A, Al $3E71 1hsle B, AlAE o8
15717 2YE& 8320 d2dsh= 29io] "k
@d MHE AMgehs BE vl 2AZYM e
Ho} A|A Hgel] HEA] ALgEofol stuR WE vl
7F BolAH Aol W Aol s F 94E ARl
oIAA Hrt. ® WE vkl 5 T AHEE ¥ 48
Alzte] &2 AAER] @ BAEE 7R Sl
ol d5 A S ARgsle dFEE AEHAEY FH
7 A2l HH& nelaAY A2 FF A=A A) R
<= 2HBATHTI(8).
£ AT o Awel BY mAES AMSta, £
1ZE, Azl AzE AlA AIZEe BF 223 HE vl 24
BAIZ 913 2829 guelES Agksigie. E A
SFE mElel theket Hlo|ElE Adeta Awe] 429} ¥
9] 5 S7/MZ wnict 7t WE waloA 2 Eo] gha
2% AlzZto] o2 TEEex] ddS
=29 e v 2t 23ME
AR 33N E A st Agkd &

~ o E M o2
i

Ar AN

M ol ol >

rr
N



0% AuE AHgsks WE vial 2AEHE A9 Bedd daels 103

i
p

o
=3
rir
T

Il 2

—_

AT

BE vl 2AEY A LRE e A7
ol Agolle 2 A4l Azl ARk aesitirl, &4 ARt
= o] zelske A7t APHA HZos AA ARE
w3k AF WA T3 M) F= T Ao
Al B AHE ARSSkE A7t KEE L Sl

tz AHE AMSslE HE HAl 2AEY BAE B
(MM e A=Y AWE ARS8k A7) Rt o]
TolME o8] e AHE ARgsh=d] 2] FH] ARk
A @a, A Al AA AZbeke ngsked A7
Al 2E A]lo] 2rka 7Pgaiint. (8)elMe 4 A
T AR A AREE mElska v AW E ARShE o
T7F AP AT 28 o] BY vjild Aurt Foli s
w F 48 A HAE she 2AEY 2A7F NP-sh=Y

Btk 553 A2 BE 29]9] A Azl £ A

25 o #A AS 9% o AIRE duglEE Akt

Hal, BE o] FH] Alzte] 1o]m WE wale] 47t m
A, AWe #7F mel Y we A tRk(pseudo
polynomial) Azt S12EE B}

oA e

Mo re rE

7} APHJEY HEAQ] AFE HA (3] e gL A

S ARgsla HE vale] g7} 2011, FH] A7k A2 Al
7HE 3 E o Z Alole] vl FF Az S AR
she 215 FA7F A7EAEd o] #4713 NP-sh=
oS sl FrejaE duEES Aotk (9)dA]
£ 2] 24] Azke] 2% 1w, 2AEF E47} NP-3}
=9 B3 oA} it Az duelEE Aklsignt B
wAle] 71 ol wie 73ek NP-st=9d-S B3t} (4)90A4

(e}

) ) o} Al SnelEE A

A2 Azko] 0] ARk 7R RS ) o} A]I5] Aol
(0] Ak} 2] ARb] Fo] BE 2L A9E 9@ g
ARE A duelES A Al A9E 9a Fel
2B AQKEI (1164 A2l Algke] v a2

ARbe] BE A2 A7k He} 2 e A9} 6] 4
w5 21 7 2kle) Ae) Azl The Agle] #u] A
o)

A2 AlREe] FEn 2L 22 7395 NP-¢h]
2]

F2HES Aokt (12)d8e 2] A7 AA A
Zre] B Tolm 7} A}ie] M7t Ui ulZ AA=E 4
5 g LS} LPT Fel 28 Aletsta #Hotol A4 4%
Hl&o] 12/77 4/3905 Bt}

9d A E AMESEA o] dle] BE wilS AMgshRe
2AZEE BAlo] et A2 B (13)04e Lukael A
Sl t3] FEl2EES Al d¥doz Bt
(14)9ME & F4 Z2 WS AR3ta o) a1 Zsk|
S8, #7194 H7Hbranch and price) WA= Z2d W
= AHESE FElzEE Ajtela Addoz st
(B)ollME 4] AIZE Az AIRE, AA AMS 25 e
2AEY BAlAM LPT Fel28s AMgetd Fote] 44

3% HlEe] 3/2-1/2mde B4t o] AFdAles FH7t
b A]le) Ae)rt viz AlRtER R A9de] Aejrt vt
A AAE vt & Zavt gla vzl AWzt ek o A
& 5= vk 7P (15)ME (6)oM el 2e =
oA 72t AQES m o] TR L8t 7 &
Agoict 3 7l WE WAl uigd A4S Hetel B8 A
Hjgo] 221 tha AJ7E AL SaElEE ARl
1 gkl FHE AFES BHA (16)d04 e 7 AdEe]
AE9E 7 o 2 Z]e] UEE $4E9E Al A
o2 vhe Ao g Aojstn, WEZEAA MY 2AE
TAE sidske d et 78 w2 A9iFE Melehs
o] AgA|7to] 7 g2 AP FH Melshs Wgelut 3t
3te] 7 A AQQRE Mdelehs WHE o 534
BTt 20l dAA ~AEY EAE A7EE
= B8 HAES o] Tl
Soll gt vl 2AP} (2] 3
Atk & Ao} 2vie] WE vl AMESPEA]
7} A2] AREe] ol SIA] AlH(release time) s 2|8}
2ol 2AEY EAZE (1704 A7Eer a9l
LPT €xe]5S AR o Hote] A9 % vlgo| 201,
T AlZho] BE 191 A9olle 4% Hgol 1.59% Bt
7} Aol Az £rvt WE vt dAsiA] &
Z 98 NS AR ks 2AEY EAZ) (18)0M A+
HR1, F AA(tardiness) A AR Sk BAIE 38
Asp] sl B 2] (1)elM A=Az, (19)d41=
Z 71 AA A7HS A2 s EA7F AFE A

of Hr

) A >
oL o
e

e
N

N

N
Bt
2
i

[e]

U= )
o
Ach
o S

=

rr




104 Journal of The Korea Society of Computer and Information June 2014

. A el 2na|&

2 il 2AEY EAle v 2ol el "tk n A
9 ’Qf%‘ Ji Jo, o Jeol & AR gie] ] A 50
o, A2l AR pola, A7 AIREE rolth ArE o 24
< e vlilo] ddelA AelsiA vt Fv] 2 AlA
g2 Auist o W vidle] FAl e, A2 I
= ARk AR FH] 3ol fasw e
W walellA 2] A2t ke ARt L, Aele vhe o
<3 CARde Az v AlA e Al
== 11]71 e nE AP ot gl sl Azt
1638} "ot 2], AP, A7 gEe B
2 wj7A] dagElolof shp| F3lel F

<

M“ i HMl ﬂ 7he] Asink z%’i]%
g ook w4 tﬂ JJr AHEL A1E A AL 7Hssta,
Z T BE wile] FEE ASRE 1%
3L Z3k 'ﬁé}ﬂ %t—v}. AW7E BE wilo R o]F
7 o] E}xﬂg] ExLCL n= z}gj
2 3 2AES Fe Bt}
olaL, 7 AYY (s, pi, )7k Ji=(1,
4, 1, Jo=(1, 3, 1), J3=(2, 2, 2), Ju=(1, 2, 1),
Js=(1, 1, DL o & o2l 2AE9] o7} Yeht gie).
a3 1(a)e AWel =(8)7) 10]z BE viale] (Mol 3
d o) 2AIEHY A2 F 48 ARE 130]3, aY 1(bh)E
Aol 47} 20| 1 E vle] 471 3¢ Jﬂg‘%«l o=
% 98 A7k 100] "k

slot [ 1]2[3]4[5]6][7]8]9]10 11]12 13
S1 s1| s2| s3 r1| s4| r2| sb| 3 r4| rb
M1 | sl p1 r1| s4| p4 r4
M2 s2 p2 r2| sb| pH 5
M3 s3 | 3 3

(a) 5=1, M=3¢ o] A7|=
slot [1]2]3]4]6]6]7][8]a] 10 1112 13
S1 | sl| s3 r1] sb r4
s2 [ s2] ] 12| s4] 13 5
M1 | sl pl r 551 pb 5
M2 [s2] p3  [r2[s4] p4 |14
M3 3 | p3 3

(b) S=2, M=3¢! ule| AAIE
T2 1. HE ol AAEEe o
Fig. 1. An Example of Parallel Machine Scheduling
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Parallel Machine Scheduling Algorithm
{

initialize SQ and MQ;

for (each server i) insertS(Si);

for (each machine k) insertM(My);

avail = m;
for (each job j) {
Si = deleteS();

M = deleteM();
max = max(et(S), et(My));
if (avail = 0) {
h = job(My):
max = max-+rs;
et(S) = max;
et(My) = max:
avail++;
}
et(S) = max+s;;
insertS(S));
job((My) = j;
et(My) = max+sj+p;;
insertM(My)
avail—;
}
while (MQ is not empty) {
Si = deleteS();
M = deleteM();
max = max(et(S;), et(M));
h = job(My):
max = max-+r;

et(S) = max;
insertS(S);
}
retrurn maxvivk(et(Sy), et(My));

}

O% 2 Mkl HE oA AFIE YRR
Fig. 2 Proposed parallel machine scheduling algorithm
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E 1. L=0.052 mf & 2t= AlZe] H{w
Table 1. The comparison of the total completion times for

L=0.05
M=10 | M=20 | M=30 | M=40 | M=50 B
S=1 1.000 | 0.778 | 0.772 | 0.768 | 0.767 | 0.817
5=2 0.861 | 0.501 | 0413 | 0392 | 0389 | 0.1
5=3 0.837 | 0450 | 0335 | 0.289 | 0270 | 0.436
S=4 0.828 | 0432 | 0309 | 0.263 | 0.224 | 0.409
S=b 0.824 | 0424 | 029 | 0.236 | 0204 | 0.397

4.2 L =029 4%

AH] 2371 0,29 ASE S8 Lol wet eRle] 2o
7 AR A Bek 37 A% He AR 2 5 ok &
2¢] Zotg Byl AMel b R F 2B AR

1,=0.05% el 1]3} o ol Padhe S & 5 U, v
ol 2 wale] £2 AR 5 9 AT ¥ gk

=

|

;
o,

W @ee @ 5 A
A %ol vl ABE B Mol 10 Sl $71 19
ol Bl&l] S7F 29 W) & &5 AlRo] 0.479 A4sla, S

7} 8, 4, 54 wi= 247} 0.589, 0.624, 0.639 74319
Me] 5091 73t S7F 1< wel] Hlal S7F 2, 3, 4, 52
Z 95 ATkl 747} 0.499, 0.665, 0.749, 0.798 7H4s
St Mol 102 el vlaf vf wWol #axskaL Sl
et

e o ST me & 98 “éi‘ Ak B S=1¢
woll wall, s7F 2, 3, 4, 59 1z 0
0.721, 0.761 &3}t

2 Aule] Seoll sl W2 Al Gt viHE PS8
B 7119 A3l e e 48 SIS 3 48
A7l st ek Sleg & 4 9, §71 2, 3, 4, 59
74 o Mo] 10¢ “Hoﬂ H Mo] 204 “H7]‘ x—ﬂ‘” uJ—o] ZDL_/,\_
B 1 Ol Mol 7k Aok 234 Folt
o2 veht sk Me] 30% el 74 Hl&o] Me] 40,
50 wie}k 7<) vl g vale] #5300 o] AME-

sof 13
S Ae Bolulge e

S

H]

2. L=0.2¢ nj & 2= ARZte| vlw
Table 2. The comparison of the total completion times for

L=0.2
M=10 | M=20 | M=30 | M=40 | M=50 oy
S=1 1.000 | 0.999 | 0.999 | 0.999 | 0.999 | 0.999
S=2 | 05621 | 0.500 | 0.5600 | 0.500 | 0.500 | 0.504
S=3 | 0411 | 0.336 | 0.334 | 0.334 | 0.334 | 0.350
S=4 | 0376 | 0.260 | 0.252 | 0.261 | 0.250 | 0.278
S=b | 0.361 | 0.224 | 0.203 | 0.202 | 0.201 | 0.238

4.3 L = 1.09 A%

Al F87E 1,090 B2 EHlsh Al7el Hat Alzte] A
] B A} 2 B4R A a7t vl o}
E& M7t A S Flel T Zle] B Al A
Al o] AR 7REe] e JEE 7oAl .

¥ 39 A BBl Aule] 7t 2
FE TMIAR T 945 ARle] WA S
=AY B SR Y rale] ol dEgle]
B HER F &8 ARle] et gledl, Aol 57t k
7 ER F 948 ARR /KR He A4S & 5 A

E 3. L=1.0¢ i &A= AZt| |
Table 3. The comparison of the total completion times for

L=1.0
M=10 | M=20 | M=30 | M=40 | M=50 | &
S=1 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
S=2 | 0.500 | 0.500 | 0.500 | 0.500 | 0.500 | 0.500
S=3 | 0.334 | 0334 | 0.334 | 0.334 | 0.334 | 0.334
S=4 | 0.2561 | 0.250 | 0.250 | 0.250 | 0.250 | 0.250
S=b | 0.203 | 0.200 | 0.200 | 0.200 | 0.200 | 0.201

time ratio

5=2
number of servers

5=32 5=4 5=5

O8l 3 M| of| Chst Bt & 212 AR Hig
Fig. 3 Ratio of average total completion time on the
number of servers
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