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Abstract

Purpose: Cloud manufacturing is a service-oriented production model that centralizes production resources to respond
to specific customer needs in different locations. One of the main issues in cloud manufacturing systems is the proper
allocation of sub-tasks to enterprises and their optimal scheduling. Most studies assume that all tasks have only one type
of structure, although it is possible to have tasks with different structures in one order set. Furthermore, existing
scheduling models in the cloud manufacturing literature tend to assume that all tasks are available at time zero and that
the logistics time/cost among entetprises is negligible. Thetefore, in this study, an optimization model with three
objective functions of task completion time, the cost imposed on the cloud manufacturing system, and the quality of the
selected services are developed to get closer to the real world; three features are included in it: 1) the possibility of tasks
with two structures, series and parallel, 2) different arrival times of tasks in the cloud manufacturing system, and 3)
time/cost of logistics between different enterprises.

Methodology: First, six examples with different numbers of tasks and subtasks are designed with both sequential and
parallel structures. To solve the proposed model accurately and achieve the global optimum, the CPLEX solver is used
in the GAMS software.

Findings: To verify the importance of the characteristics of the developed model, two comparative studies are carried
out. In the first comparative study, the presented model is compared with a similar model in which it is assumed that all
tasks are available at time zero. The second comparative study examines the effect of considering logistics time/costs
between enterprises when allocating subtasks to services. The results of the comparative studies show the misleading
level of the cloud manufacturing manager in the face of the reduced models.

Originality/Value: This research aims to present a model for the simultaneous scheduling of tasks with sequential and
parallel structures, considering the different task arrival times and logistics in the cloud manufacturing system.
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Table 1- An overview of optimization literature in cloud construction.
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Table 2- Set of sub-tasks of each task.

gy S (TS) $3lee (TP)
-rl T3 TS TZ T4 T6 T7
T
T e e e R
u=3 oA N
u=4 \/

-Olojlw y sla g yw acgozeo =T Jgu
Table 3- The set of services of each organization.
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Figure 1- The presented problem framework.
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Table 4- Symbols.
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Table 5- The results of solving the model in an exact way.
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Table 6- The results of the comparison of the first and second case.
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Table 7- Comparison results of the first and second case.
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Figure 2- Comparing the effects of task arrival time parameters and logistics on objective functions.
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Table A.8- Duties information.

by jLsle  atuby (M) puaw; olo)  atubgw) Wil g (M) Guigew lo)  ouigpw vl slude

e T, 17.153 n S, efs=2 0.375 3.000
S, c{s=1} 0.628 3.000

S, efs=1} 0.337 3.000

S, efs=2) 0.330 3.000

S, efs=2) 0.348 3.000

S, efs=3) 0.536 3.000

0 S, efs=1} 0.672 4.000
S, e {s = 2} 0.584 4.000

S, efs=3} 0.393 4.000

S, efs=1} 0.301 4.000

S, efs=3} 0.343 4.000

T, 11.143 . S, efs=1} 0.396 5.000
S, efs=2} 0.426 5.000

S, e{s=3 0.564 5.000

S, els=1 0.346 5.000

S, efs=3} 0.327 5.000

b S, efs=1} 0571 4.000
SZ e{szz} 0.717 4.000

S, efs=2) 0.388 4.000

S, efs=1} 0.306 4.000

S, efs=1} 0522 4.000

S5 c {s = 2} 0.570 4.000

? S, efs=1} 0.425 1.000
S, efs=2} 0.325 1.000

S, efs=3} 0.457 1.000

S, els=1 0.548 1.000

S, efs=3} 0.598 1.000

T, 10.939 b S, efs=2} 0.583 2.000
S, efs=1} 0.338 2.000

S, els=1} 0.707 2.000

S, efs=2) 0.399 2.000

S, e{s=2) 0.520 2.000

S, e{s=3) 0.706 2.000

b S, els=1} 0.539 4.000
S, efs=2} 0.638 4.000

S, efs =3} 0.341 4.000

S, efs=1} 0.548 4.000

S, e{s=3} 0.344 4.000

b S, efs=1} 0.625 4.000
S, e{s=2} 0.351 4.000

S, ef{s=2} 0.384 4.000

S, efs=1} 0.554 4.000

S, efs=1} 0.281 4.000

S, e{s=2} 0.529 4.000

b S, efs=2} 0.305 3.000
S, e{s=1} 0.339 3.000

S, e{s=1} 0.278 3.000

S, e{s=2 0.573 3.000

S, efs=2 0.716 3.000
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S, efs=3} 0.434 3.000
sl T, 18717 h? S, e{s=1} 0.392 4.000
S, e{s=2} 0.372 4.000
S,e{s=2} 0.564 4.000
S,e{s=1} 0.442 4.000
S, ef{s=1} 0.496 4.000
S, efs=2} 0.418 4.000
h? S, e{s=2 0.430 1.000
S,e{s=1} 0.293 1.000
S,e{s=1} 0.411 1.000
S4 c {s = 2} 0.312 1.000
S, e{s=2} 0.547 1.000
S, e{s=3} 0.633 1.000
T, 7.393 h? S, efs=1} 0.678 4.000
S, e{s=2} 0.545 4.000
S, e{s=3} 0.309 4.000
S,e{s=1} 0.506 4.000
S,e{s=3} 0.673 4.000
h; S, ef{s=2} 0.665 4.000
S, e{s=1} 0.646 4.000
S, ef{s=1} 0.636 4.000
S,e{s=2} 0.716 4.000
S, e{s=2} 0.447 4.000
S, e{s=3} 0.572 4.000
h} S,e{s=1} 0.286 1.000
S, e{s=2} 0.313 1.000
S, e{s=2} 0.317 1.000
S,e{s=1} 0.642 1.000
S, ef{s=1} 0.332 1.000
S, e{s=2} 0.653 1.000
T, 2.809 h? S, e{s=1} 0.267 1.000
S, e{s=2} 0.385 1.000
S, e{s=2} 0.344 1.000
S, efs=1} 0.547 1.000
S, e{s=1} 0.668 1.000
S, e{s=2} 0.424 1.000
h} S, efs=2} 0.330 1.000
S2 IS {s = 1} 0.543 1.000
S,e{s=1 0.276 1.000
S,e{s=2} 0.293 1.000
S, e{s=2} 0.254 1.000
S, efs=3} 0.547 1.000
hS S e{s=1} 0.330 1.000
S, efs=2} 0.686 1.000
S, e{s=3} 0.581 1.000
S, efs=1} 0.503 1.000

S, e{s=3} 0.307 1.000
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Table A.9- Services information.

Lol Bowgme  wslganid  Coats Cobl mhe ol LU
@ g Filor Gl slael  (lineb

E, s=1 16.021 10.000 4.000 3.000 4000 6.415
s=2 10.822 10.000 2.000 1.000 6.000 7.777
s=3 15.778 10.000 6.000 4.000 3.000 7.070
E, s=1 15.932 9.000 5.000 1.000 1.000 5.367
s=2 16.839 2.000 5.000 9.000 7.000 9.030
E, s=1 11.588 1.000 10.000  3.000 7.000 6.664
s=2 13.318 6.000 3.000 5.000 4.000 5.423
E, s=1 13.159 2.000 3.000 4.000 8.000 7.861
s=2 15.199 10.000 6.000  5.000 2.000 5.110
s=3 13.638 9.000 7.000  8.000 7.000 8.710
E, s=1 11.678 4.000 4.000 6.000 7.000 9.525
s=2 16.831 1.000 2.000 2.000 9.000 7.804
s=3 15.054 5.000 10.000  2.000 6.000 7.364

CyaslsS) Wagslojlos (o el i ol - ) + -l Sy
Table A.10- Geographical distance between organizations (kilometers).

wlojlw E, E, E, E, E,
E, 0 2.066 2.494 2.440 2.263
E, 1.230 0 2.413 2973 2.710
E, 2.243 2.403 0 2.581 2.220
E, 1.109 1.970 1.105 0 1.390
E. 1.452 2.627 2.983 2.501 0

Aol )b b =1 V=il Jgan

Table A.11- Other parameters.
s ol Slade waly &y
I, Ul24" asiss & Les!
lcou, U [1, 10] $ & Ll
Tmax 50 uPro S
C. 1000 o S0
Qmjn 50 o dae
M 100000 o S0
W 03 & Lae!
W, 03 & Lae!
i 04 )l

&% }l ujoLa; dae J.»J}? oRD uLuJ U[a,b]*
RO} - DY FRRPTATWRCES IS




