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Abstract

Purpose: One of the most vital subcategories of the health care system is organ transplantation, and since organ transplant
centers deal directly with surgical operations and, as a result, human lives, the importance of this issue has received more
attention. One of the major differences between the organ transplant supply chain and other supply chains is the possibility of
corruption of related products. Therefore, the time and also the location of organ transplant centers are of special importance.
On the other hand, due to the rapid growth of the demand for organ transplantation and the lack of resoutces, the patient's
waiting time to complete the transplantation process plays a vital role in the organ transplantation system.

Methodology: This study presents a robust bi-objective mathematical model for the location problem of allocating organ
transplant centers under uncertainty, which includes the total costs of the organ transplant system as well as the average patient
waiting time for organ transplantation, which follows a G/G/m queuing system.

Findings: To solve this model, the Non-Dominated Sorting Genetic Algorithm IT (NSGA-II) has been used. Finally, the
applicability of this model and the efficiency of the mentioned algorithm compared to the defined indicators have been shown
through numerical experiments.

Originality /Value: Since each organ can spend a certain amount of time outside the body and there is a possibility of
corruption or a decrease in the quality of the transplant, the time between the organ leaving the body and the completion of
the transplant operation plays an essential role in the transplant system.

Keywords: Multi objective optimization, NSGA-II algorithm, Organ transplantation, Queuing theory, Supply chain
management.
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' Bi-Objective Mixed-Integer ? Simulated Annealing (SA)
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Figure 1- Organ transplant supply chain network.
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Genetic Algorithm

begin

Choose initial population

repeat

Evaluate the individual fitness of a certain proportion of the population
Select pairs of best-ranking individuals to reproduce

Apply crossover operator

Apply mutation operator

until terminating condition

end

S i ) S A -V S
Figure 1- Sedo code algorithm genetic.
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Table 1- Operating levels of the NSGA-I1 algorithm.
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1 2 3

pc 07 04 02

pm 02 05 07
Populationsize 20 40 100
Max iteration 100 200 300
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Table 2- Orthogonal arrays for NSGA-I1 algorithm.

J'*:’.U}T oyls Pc pm  Population Size  Maximum Iteration Z1 Z2
1 1 1 1 1 57244149.02 969.979
2 1 2 2 2 57189695.62 1934.984
3 1 3 3 3 57185017.70 1819.032
4 2 1 2 3 57195728.19 1118.022
5 2 2 3 1 57155752.28 4005.427
6 2 3 1 2 57209670.28 1668.772
7 3 1 3 2 57224162.21 1480.376
8 3 2 1 3 57198563.56 1107.204
9 3 3 2 1 57227953.84 914557
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Table 3- The optimal level of NSGA-II algorithm factors.

e I i P e

Pc 2 0.4

Pm 2 0.5

Population size 3 100
Maximum iteration 3 300
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Table 4- The fixed cost of building a hospital in location i (Ci).
() Wyl Loy Slasl Col 4y
i=1 i=2 i=3 i=4 i=5 i=6 i=7
2375 2475 2725 2425 2675 2425 2572
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Table 5- The fixed cost of building an organ transplant
center in location k (Cp).

(K) Sgay 351 po Slaml b aigya
k=1 k=2 k=3 k=4 k=5
3075 3225 3175 3025 3125

(CEIV Jig o 350 9T ¢ylias o oy o131, i a3 -5 Jgur
Table 6- The cost of concluding a contract between hospital i and
transportation center v (C%™).

(V) Jig Jorr cSys (1) gl Lo
i=1 =2 =3 i=4 i=5 i=6 i=7

1 0908 0.717 0.498 0.201 0.895 0.855 0.975
2 0399 0575 0.580 0.387 0588 0.181 0.288
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Table 7- The cost of equipping the transplant center of
member k for member o (r1,).

(0) giac g9l (k) ghas Wign 35150
k=1 k=2 k=3 k=4 k=5
725 685 825 635 685
625 525 875 805 725
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Table 8- The cost of O organ extraction operation in hospital i (rio).

(0) giac glgsl (i) Lol o

i=1 i=2 i=3 i=4 i=5 i=6 i=7
1 325 525 425 475 345 415 505
2 375 485 525 415 425 465 4.05

(o]
0
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Table 9- The cost of transporting samples and information from hospital i
to transplant center k (C).

(K) giac Wigw 35150 (i) by bow Lo
i=1 i=2 i=3 i=4 i=5 =6 =7

0.075 0.085 0.115 0.065 0.105 0.095 0.075
0.065 0.115 0.095 0.115 0.065 0.075 0.125
0.105 0.075 0.075 0.085 0.085 0.085 0.095
0.115 0.085 0.105 0.095 0.125 0.115 0.115
0.075 0.095 0.105 0.075 0.065 0.065 0.085
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Table 10- The cost of organ transfer from hospital i to transplant center k (C;{j’k’).

(K) giac wigas 35150 (1) Loyl s Lo

i=1 i=2 i=3 i=4 i=5 i=6 =7
0115 0205 0175 0195 0205 0225 0.195
0225 0195 0235 0175 0.55 0245 0.235
0195 0225 0155 0.235 0.145 0.145 0.145
0175 0175 0195 0215 0225 0.175 0.195
0.205 0215 0.185 0.225 0.145 0.155 0.225
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Table 11- The cost of transporting a member from airport a to link
center k (C&™).

(@) wolssg (K) gias g 5150
k=1 k=2 k=3 k=4 k=5

a=1 07075 082 0115 0145 08025
a=2 0935 0155 0705 0.6825 0.525
a=3 05125 0295 05125 0935 059
a=4 1005 055 0575 084 0.155
C9) K g 3550 45 N oo o ddibaio 5 jlows JUSH aigza -V Y Jgan QY

Table 12- The cost of transporting the patient from recipient area
h to transplant center k (C"™*).
(h) o 5 3bLio (K) gae Wigwy 35150
k=1 k=2 k=3 k=4 k=5

h=1 0.045 0.065 0.065 0.055 0.055
h=2 0.075 0.055 0.055 0.065 0.045
h=3 0.065 0.0825 0.045 0.045 0.075
h=4 0.055 0.045 0.085 0.075 0.065

£8a; )i ylwlows ;o T log 30 (sogo sl ouicSTanl slaxi - VY Jguz

Table 13- Number of non-native donors at time t in hospital | (Sa} ).

() Sboj sosb (i) Loyl yLow

i=1 i=2 i=3 i=4 i=5 i=6 i=7
1 23 28 33 29 26 29 18
2 28 18 31 21 19 19 33
3 27 23 18 27 18 20 31

t
t
t
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Table 14- Native donor rate at time t in hospital I (Xd!).

() Sboj sojl (i) Loyl yLow
i=1 i=2 i=3 i=4 i=5 i=6 i=7

t=1 9 9 11 9 8 7 7

t=2 8 11 16 7 9 7 6

t=3 9 10 9 6 9 6 10

(Xa) i obwylow ;o tloy 30 (cog0 gud ouicSTodl &35 =10 Jgo

Table 15- Non-native donor rate at time t in hospital I (Xa!).

AMF=Q+0 1abp NFY QL"MA‘) ¥ Q)Lo.in A 0)93 GCJL_JMJJ "_- ’jdﬁs/‘tﬁ-ﬂs/ab&éﬁjéb‘é

(1) Sboj e (ORER
i=1 i=2 i=3 i=4 i=5 i=6 i=7

t=1 8 9 11 10 9 10 6

t=2 9 6 10 7 6 6 11

t=3 9 8 6 9 6 7 10

Eobog o0 oybiwylows 50 (3o SG 3l edolawaay O guac sluss -V 8 Jgu

Table 16- The number of organs O obtained from a body at hospital i at time t.

(1) Sloy srosl  (0) Lrgiac (1) Loyl s Lo
i=1 i=2 i=3 i=4 i=5 i=6 i=7

t=1 o=1 1 0 0 1 0 0 0

0=2 1 1 1 0 1 1 1

t=2 o=1 0 0 1 1 1 1 0

0=2 1 0 1 0 0 0 0

t=3 o=1 1 1 0 1 0 0 0

0=2 1 1 0 1 1 1 0
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Table 17- The total demand for member O in receiver area h at time t in the
optimistic state (Di,).

(0 Sy slasil  (0) bgias (1) o 5 giac Gblio
h=1 h=2 h=3 h=4

t=1 0o=1 456 512 576 456
0=2 600 992 1136 992
t=2 0o=1 328 512 320 296
0=2 640 976 576 576
t=3 o=1 328 376 320 296
0=2 640 696 576 576
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Table 18- Total demand for member O in receiver area h at time t in the probable
state (D)

(1) Slo sloosl  (0) lagias (h) 0 5 giae Gbloo
h=1 h=2 h=3 h=4

t=1 o=1 570 640 720 570
0=2 750 1240 1420 1240
t=2 o=1 410 640 400 370
0=2 800 1220 720 720
t=3 o=1 660 470 560 870
0=2 1260 870 800 1260

lbasas Sl ot yloy 4o N ows s adlaio 40 O guac gl J5 Glolii -14 Jgus
Table 19- The total demand for member O in receiver area h at time t in the
pessimistic state.

() Sloj osl  (0) lagias (h) 05 55 giac 3blio
h=1 h=2 h=3 h=4

t=1 o=1 684 768 864 684
0=2 900 1488 1704 1488
t=2 o=1 492 768 480 444
0=2 960 1464 864 864
t=3 o=1 792 564 672 1044
0=2 1512 1044 960 1512

(8d) dlaw g Cdle yo Cxdii yliwlows ;0 T yloj jo  cogs ouscSTanl sluss -V ¢ Jga
Table 20- The number of native donors at time t in hospital ii under optimistic mode
(Sd,).

(O $boj el (i) Loyl s Lo
i=1 i=2 i=3 i=4 i=5 i=6 i=7

34 34 40 32 28 24 27
28 40 58 27 34 26 23
34 38 34 23 33 22 36
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Table 21- The number of native donors at time t in hospital i under the
probable state (Sd.,).

() Sboj sosb (i) Loyl ylow
i=1 i=2 i=3 i=4 i=5 i=6 i=7

t=1 28 28 33 26 23 20 22
t=2 23 33 48 22 28 21 19
t=3 28 31 28 19 27 18 30

(SdY) wilgas Sl 40 Caoi i biwylon 43 T ko) 43 o2 oS Tanl Slass - Y Y Jgus Q¢

Table 22- The number of native donors at time t in hospital ii under pessimistic
mode (Sdy,).
(B Sl sleesls (i) Lt o
i=1 i=2 i=3 i=4 i=5 i=6 i=7
22 22 26 20 18 16 17

1
2 18 26 38 17 22 16 15
3 22 24 22 15 21 14 24

t
t
t
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