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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
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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¢ mje| AAIE

T2 1. HE ol AAERel of
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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