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Abstract

Purpose: This paper aimed to design a robust blood supply chain model that includes the stages of collection, processing
and distribution of blood and blood products taking into account the lifespan and age of demand, which seeks to reduce
supply chain costs and reduce the shortage and waste of blood products.

Methodology: In this paper, MINLP method is used to model the research problem and in order to face the uncertainty
in the problem parameters, the MPFRP method based on fuzzy data is proposed. The designed model was first evaluated
for validation with numerical examples in small and large size and using real data in a case study in GAMS software?

Findings: Using numerical examples and real data, the output indicates the performance of the proposed model. The
output also had acceptable flexibility in the face of uncertainty in the parameters of the research model.

Originality/Value: In this study, in order to reduce the shortage of blood products in situations where blood product
is not available in the same group as the requested blood product, the ABO-RH adaptability principle has been used to
replace the received demand with a compatible inventory. And also, to deal with uncertainty in uncertain parameters in
the supply chain a solution based onmixed possibilistic-flexible robust programming is proposed.

Keywords: Robust programming, Robust possibilistic programing, Mixed integer non-liner programing, Blood supply
chain.
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Table 1- Compatibility of blood groups.
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Table 3- Designed examples to solve the problem. EYA
Jte i by L m h t p
) Jle 2 1 2 1 2 2 8 1
YJe 2 1 2 1 2 3 8 1
YJee 3 2 2 1 2 3 8 1
fJe 3 2 2 2 2 4 8 1
b 4 2 2 2 2 4 26 2

\1,

s 4 2 2 2 2 4 26 2 3
Y e 5 2 2 2 2 4 271 2
AJue 6 3 3 2 3 5 27 2

q e 6 3 3 3 7 28

Ve Jle 7 3 3 3 4 10 28 3
VY e 8 4 4 3 4 12 30 3
‘& 10 6 6 3 6 16 30 3

(goae Jlo Jo byl by -F Jgux
Table 4- Parameters of solving the numerical example.
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DemO, Ul (1,5) Csh, 100 ry, {p1:5,p2:3}

Dy;, Ul (1,5) DJ,, Ul (1,5) Zp,  {p1:0.6,p2:0.4}
Zm,  UI(3000,10000)  Dm,, Ul (1,5) 7, Ul (1000,3000)
Zb, Ul (1000,5000) Zb, Ul (1000,5000) Zi, Ul (70,90)
Zg, [0+0.34,0-0.04, A+0.27, A-0.03, B+ 0. 22, B- 0. 02, AB+ 0. 07, AB- 0. 01]
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Table 5- The problem uncertainty parameters.
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cb, {51013}  Cih, {10,12,16}
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Cm,, {358} Cim, {10,12,16}
cl, {369 Ccw {50,70,83}
Cmh,, {10,12,16}  csh, {80,100,113}
cap, {110,125,136}
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Table 6- RBC compatibility.

A+ A- B+ B- AB+ AB- 0O+ O-

A+ 1 1 0 0 0 0 1 1
A- 0 1 0 0 0 0 0 1
B+ 0 0 1 1 0 0 1 1
B- 0 0 0 1 0 0 0 1
AB+ 1 1 1 1 1 1 1 1
AB- 0 1 0 1 0 1 0 1
O+ 0 0 0 0 0 0 1 1
O- 0 0 0 0 0 0 0 1
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Table 7- The answers to problem.
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Figure 1- Geographical schematic of the establishment of collection facilities and demand centers.
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Table 8- The obtained value for the objective function using the GAMS.
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Table 9- Blood collected in collection centers during the period.
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Table 10- Aggregated blood in blood and blood products centers.
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M1 4776 4647 1657
M2 2318 2255 101
M3 955 929 34
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Table 11- The corrupted (expired) products and deficiency of each hospital.

ABO-RH asLi 5,8 )5 b o 55 qolr a0 ) shite 4y Sl sl (5325000 Jobe )
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H1 337 3 8 91 6 4
H2 115 22 0 13 1 1
H3 16 76 0 0 0 0
H4 230 2 0 72 1 3
H5 437 2 1 75 1 3
H6 16 51 0 0 0 0
s H7 211 4 0 57 1 3
i H8 827 1 0 634 20 28
H9 432 7 0 14 1 1
H10 276 1 0 133 4 6
H11 204 2 0 90 1 4
H12 57 8 0 0 0 0
H13 28 22 0 0 0 0
H14 426 1 0 143 6 6
s H15 91 2 0 8 0 0
il H16 185 1 0 0 0 0
H17 18 31 0 1 0 0
1w H18 123 3 0 16 2 1
H19 11 23 0 0 3 0
Jbos, H20 16 17 1 0 0 0
H21 32 9 0 0 0 0
Uidel H22 29 3 0 0 0 0
H23 66 1 0 10 0 0
OlaY H24 278 1 11 1 0 0
H25 61 1 0 0 0 0
29,5 H26 200 2 0 10 0 0
JYS) H27 395 1 0 17 0 1
S5 H28 342 4 0 23 2 1
&bt H29 138 1 2 1 1 0
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Table 12- The rate of change of the objective function based on the change in the robuat factor.
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Figure 2- The rate of change of the objective function relative to the robuat factor.
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Table 13- The amount of changes in the objective function relative to the penalty level.
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Figure 3- Graph the amount of changes in the objective function relative to the changes in penalty levels.

S loleion g ol =¥

0l il 0 JWESt b 52,08 e JLa Y+ 51 5 Rl Jaws ABO (555 05 8 s <125 5loy 51 a8l 2525,
053 S ile 55555 (glaainy 53 5 ol a8l 5103 208 S35 (553108 5 W e ST Sy 5 anunily Ko o 58
LDl 5 3 b SO sl al o 55 sla iy «Sdsil oo sl (sl iy amwss 5 5Vsb e 4 55 (slaesysl 3
548 S i 5 SY 0l ams ol 03,8 sl 3 K8 S5 (el Gl 5L SlilesT ploil 5 ey b
GeS il by 53 S5 milie e S e 5 0% b anugs Sl 5o ol Olley G pnae Gl Wl 55 (el
S VS 35 5 b sl it s Jald aS eap ol puelie oty S (b 0 51 s oS el iy D0
O S1e 4 5 03500 S 55 QBASIAAl 1) 55 45 035 Suld 5 Smete (055 (Soslen SLadls Gl (slio iy Sl e
33 bl 2 8 QLB Gl G55 SN paams 358 oo (5515 500y 0 N aamms 4 (5 055 S50 53 dilai e S
~05* 057 @B 0355 reries J5 & e B b5 S e Syl Lol 51,0 4 iz (Jgams b )5 OV s i
Ll 035 0] 5 s ke Sl 4y g5 DV a0 e 450 3 5 okl 5 055 5S10 50 055 S50 <SS
Conad e 1> (sla 2l 53 Combad pde L alse 5 (5 3lud e (61 tlania= SISl Jlsnal (65l (5 3ludibe 3 oS () 5o
olael 5550 505 Sl 5 53 35 aiiS Jo r:wisn Loy S50 5 S8 (Slaoylil 53 Aol lit (g3l stanl 3l g 5 0 03l
S0 OIS Ol (55 JLEsH e jlas (slaesls ulad y sddinlgiiny Jde ulal (63550 anlllae S OLL 55 .05 5 513 i

el 03 ek flgitiy Joe IS 3l (Sl gl o8 230

:»jf‘_;» 5%&5>)bﬂﬁ)fﬁ¢uﬁ>5)}b“f

Mol S\ e 05 )0 ) G5 GRonsl 2 Y oS (e 3 s Jam Bl 325 5533\ ow (poelBe i Sy et Qi gy T

N5 5o o e 3550 2 ssfatons BSe 0 pomiy 5 onas 4SS ) 3kl 5 b 1 Doy g a0 5\B\B sy

N puars § IS S 33 S5 SN guame 23 s B3 3580 5 5 G590 e DS 36 5\ S\ 1 o0 QRDM A o2 T
le

e Gl iy 5 ) el Bl 5> Dl i YA —

L;'LA‘))—L;Z;"J.@.: M‘f vSl? .}a.:_\}f»j 45&)..,0\} .})l.bt;w‘ g)':j)&'.'-&)b )‘ wﬂbéfu) Qm J> :gj'.’.ﬁ"\" M
Algsa 4l sl 039 Gaios e Slaal 5l S A8 By (S50, Caome a0 ) o Lilgn 5 ABL ails s 3900 S

Sl Y% 3 505 4 8% 3 bolunsle 55 55 SV guarms 5508 Ol SalS 3 o)l8) 0T 4 Gl Geod ol 53 3550



}»JQ}A&:PL})J A:,wﬂ‘wﬁ&udd?budla@M))dﬁ)“bj)lﬁ\ug.‘sk;wvlud»&uv%%?%)‘ﬂj)ﬂjsdjﬁg

S s B 555 S35 9m Sk 33 G e e B ok (g LB 3 40533 JolsS (Slatgaptons a1
3550 48 Jgarmn 05,5 03,5 0 0l 5 (6 il Jool S ealinad il bl LS W plila 03 555 SV paames 3508 e
oslatens ano s Gl 800 aiSS ul 035 g i sl il 3RS 53 30 (6 s Gel Jool 4 4l (3550 31 805 Jpmames ey
35 Lo S asons sl e prlans cpl 53 SSG ol 3ol el sy o b o sl Sl (5 305000 5 5l o3l

e prr 3 Sl 0391 SAE Solsl 5 0350 4 Slsl SLI> ol Sl 4l £ (il wg O Jldds 5358 0 ceand Jdae
OB,:S e 5 Ol (Sl i Slaaiz 32 5l (6,85l oo s ey Conlad puts aland sy Bs s Sl el 4 45

(1]

(2]

(3]

(4]

(5]

(6]
[7]
(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

gl od Sl a5 eShe 35050 4 (Slag 2 ael  la sy ple 534S Sogmed 355 oo Slajlu

&b

Osorio, A. F., Brailsford, S. C., Smith, H. K., Forero-Matiz, S. P., & Camacho-Rodriguez, B. A. (2017).
Simulation-optimization model for production planning in the blood supply chain. Health care management
science, 20(4), 548-564. DOI:10.1007/s10729-016-9370-6

Dillon, M., Oliveira, F., & Abbasi, B. (2017). A two-stage stochastic programming model for inventory
management in the blood supply chain. International journal of production economics, 187, 27-41.
DOI:10.1016/j.ijpe.2017.02.006

Zahiri, B., & Pishvaee, M. S. (2017). Blood supply chain network design considering blood group compatibility
under  uncertainty. International  journal of  production research, 55(7), 2013-2033.
DOI:10.1080/00207543.2016.1262563

Zahiri, B., Torabi, S. A., Mohammadi, M., & Aghabegloo, M. (2018). A multi-stage stochastic programming
approach for blood supply chain planning. Computers and industrial engineering, 122, 1-14.
DOI:10.1016/j.cie.2018.05.041

Kalantari, M., & Pishvaee, M. S. (2016). A robust possibilistic programming approach to drug supply chain
master planning. Journal of industrial engineering research in production systems, 4(7), 49-67. (In Persian).
https://ier.basu.ac.ir/article_1568.html?lang=en

Nahmias, S. (1978). Fixed-charge perishable inventory problem. Operations research, 26(3), 464-481.
DOI:10.1287/opre.26.3.464

Ghandforoush, P., & Sen, T. K. (2010). A DSS to manage platelet production supply chain for regional blood
centers. Decision support systems, 50(1), 32—42. DOI:10.1016/j.dss.2010.06.005

Hemmelmayr, V., Doerner, K. F., Hartl, R. F., & Savelsbergh, M. W. P. (2010). Vendor managed inventory for
environments with stochastic product usage. European journal of operational research, 202(3), 686—695.
DOI:10.1016/j.ejor.2009.06.003

Nagurney, A., & Masoumi, A. H. (2012). Supply chain network design of a sustainable blood banking system.
International series in operations research and management science, 174, 49-72. DOI:10.1007/978-1-4419-
6105-1 5

Gunpinar, S., & Centeno, G. (2015). Stochastic integer programming models for reducing wastages and
shortages of blood products at hospitals. Computers and operations research, 54, 129-141.
DOI:10.1016/j.cor.2014.08.017

Ramezanian, R., & Behboodi, Z. (2017). Blood supply chain network design under uncertainties in supply and
demand considering social aspects. Transportation research part E: logistics and transportation review, 104,
69-82. DOI:10.1016/j.tre.2017.06.004

Najafi, M., Ahmadi, A., & Zolfagharinia, H. (2017). Blood inventory management in hospitals: considering
supply and demand uncertainty and blood transshipment possibility. Operations research for health care, 15,
43-56. DOI:10.1016/j.0orhc.2017.08.006

Ghatreh Samani, M. R., Torabi, S. A., & Hosseini-Motlagh, S. M. (2018). Integrated blood supply chain planning
for disaster relief. International journal of disaster risk reduction, 27, 168-188. DOI:10.1016/j.ijdrr.2017.10.005

Hamdan, B., & Diabat, A. (2019). A two-stage multi-echelon stochastic blood supply chain problem. Computers
and operations research, 101, 130-143. DOI:10.1016/j.cor.2018.09.001

Hosseini-Motlagh, S. M., Samani, M. R. G., & Homaei, S. (2020). Blood supply chain management: robust
optimization, disruption risk, and blood group compatibility (a real-life case). Journal of ambient intelligence
and humanized computing, 11(3), 1085-1104. DOI:10.1007/s12652-019-01315-0

Derikvand, H., Hajimolana, S. M., Jabbarzadeh, A., & Najafi, S. E. (2020). A robust stochastic bi-objective
model for blood inventory-distribution management in a blood supply chain. European journal of industrial
engineering, 14(3), 369-403. DOI:10.1504/EJIE.2020.107676

Doodman, M., & Bozorgi Amiri, A. (2019). Integrate blood supply chain network design with considering lateral

transshipment under uncertainty. Journal of industrial management perspective, 9(3), 9-40. (In Persian).
https://www.sid.ir/paper/408439/en

£¢¢

>

FYF-FFD taein NF Y QL‘LMJU Y n)Lo.fu c/\a)jécQL_-Lo&JD "_- ’jdﬁfr?«qa;/ gb\.{w;@b-l:



¢¢o

ABO-RH asLi 5,8 )5 b o 55 qolr a0 ) shite 4y Sl sl (5325000 Jobe )

(18]

[19]

[20]

[21]

[22]

[23]
[24]
[25]
[26]

[27]

Arvan, M., Tavakkoli-Moghaddam, R., & Abdollahi, M. (2015). Designing a bi-objective, multi-product supply
chain  network for blood supply. Uncertain supply chain management, 3(1), 57-68.
DOI:10.5267/j.uscm.2014.8.004

Heidari-Fathian, H., & Pasandideh, S. H. R. (2018). Green-blood supply chain network design: robust
optimization, bounded objective function & Lagrangian relaxation. Computers and industrial engineering, 122,
95-105. DOI:10.1016/j.cie.2018.05.051

Larimi, N. G., & Yaghoubi, S. (2019). A robust mathematical model for platelet supply chain considering social
announcements and blood extraction technologies. Computers & industrial engineering, 137, 106014.

Kamyabniya, A., Lotfi, M. M., Naderpour, M., & Yih, Y. (2018). Robust platelet logistics planning in disaster
relief operations under uncertainty: a coordinated approach. Information systems frontiers, 20(4), 759-782.
DOI:10.1007/s10796-017-9788-5

Eskandari, Z., Avakh Darestani, S., Imannezhad, R., & Sharifi, M. (2021). Optimizing a fuzzy multi-objective
closed-loop supply chain model considering financial resources using meta-heuristic. Scientia Iranica, 30(4),
1480-1497.

Pishvaee, M. S., Razmi, J., & Torabi, S. A. (2012). Robust possibilistic programming for socially responsible
supply chain network design: a new approach. Fuzzy sets and systems, 206, 1-20.

Mula, J., Poler, R., & Garcia, J. P. (2006). MRP with flexible constraints: a fuzzy mathematical programming
approach. Fuzzy sets and systems, 157(1), 74-97.

Yager, R. R. (1981). A procedure for ordering fuzzy subsets of the unit interval. Information sciences, 24(2),
143-161.

Jiménez, M., Arenas, M., Bilbao, A., & Rodri, M. V. (2007). Linear programming with fuzzy parameters: an
interactive method resolution. European journal of operational research, 177(3), 1599-1609.

Pishvaee, M. S., & Khalaf, M. F. (2016). Novel robust fuzzy mathematical programming methods. Applied
mathematical modelling, 40(1), 407-418.



