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Disasters, especially earthquakes, have adverse consequences such as
destruction, loss of life, and weakening of the effectiveness of health
services, and a significant challenge after a devastating earthquake is how
to provide blood for the affected people. In this paper, a multi-objective
mathematical model and algorithms are presented to a blood supply chain
network design considering temporary and permanent collection centers,
regional and field hospitals in order to reduce costs with respect to
reliability. In addition, the use of the national blood supply network, blood
group compatibility, and incentive policy are considered. In this model,
the amount of blood collected from donors, the number and location of
blood collection centers, and the amount of blood in each center and
hospital are vsrified. Furthermore, in order not to waste time and save the
lives of the injured, especially in the early hours of the crisis, blood
transfer has been planned both by ambulance and helicopter. To evaluate
the model in small dimensions, the problem has been solved with GAMS,
and sensitivity analysis has been performed on the main parameters. To
solve the problem in large dimensions, NSGA-I1 and MOICA algorithms
have been used, and the Taguchi method has been used to adjust the
parameters. A comparison of five evaluation indicators shows that the
NSGA-II algorithm usually provides better results than the MOICA
algorithm.
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1) INTRODUCTION

The need for blood in times of crisis increases as one of the vital factors for humans. In this regard,
various researchers have addressed the blood supply chain. For example, Asadpour et al. (2020) studied
the blood supply chain in crises by considering blood groups and expiration dates. Fahmi Hassan et al.
(2020) used data mining based on decision tree, KNN, SVM, and MLP algorithms to predict blood
donation. Hosseini Motlagh et al. (2020) considered blood spoilage, blood group substitutability, and
blood characteristics based on the blood age. However, designing a blood supply chain for a disaster
condition is a complex issue, considering reliability, use of the national blood supply network,
compatibility of blood groups, and incentive policies. Incentive policies such as promoting a culture of
blood donation can help attract and retain blood donors. In addition to appropriate distribution, the blood
age should be considered. Because some patients need to use fresh blood (blood that has been donated
for at least 10 days), but some patients can use normal blood that has been donated for up to 32 days. In
this regard, managers, by establishing a national blood transfusion network, assign provinces to each
province based on geographical location, rural population, etc., to avoid blood shortages. However, no
study has been found that considers these issues together.

2) PROBLEM DEFINITION
This paper designs a blood supply chain network including donors, blood collection centers (permanent
and temporary), regional hospitals, field hospitals, and specific provinces that can provide sufficient
blood supply after a crisis. In designing this network, in addition to implementing incentive policies for
donation, attention should be paid to the compatibility and priority of using blood groups according to
Table 1.

Table 1. Blood code, compatibility and priorities

code  Patient’sbloodtype O- O+ A- A+ B- B+ AB- AB+
1 O- 1
2 O+ 2 1
3 A- 2 1
4 A+ 4 3 2 1
5 B- 2 1
6 B+ 4 3 2 1
7 AB: 4 2 3 1
8 AB+ 8 7 5 3 6 4 2 1

3) MATHEMATICAL MODELLING
The components of the proposed model are as follows

i Donation points HN, n Holding Cost of each unit of blood in field hospital
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J Temporary blood collection BK; Capacity of the permanent blood collection center k
centers
n Field hospitals CJ; Setup cost of temporary blood collection center j
a Blood age Tf Maximum lifespan of fresh blood
k Permanent blood collection CapV, vehicle v Capacity of
centers
m Regional hospital R The maximum coverage radius
t periods CapJ; j Temporary blood collection center
capacity
v Vehicles  CapKi k Permanent blood collection center
capacity
ee’ Blood groups
Parameters: Decision variables:
HK, Holding cost of each blood unit in the SIKiket The amount of fresh blood type e

center k permanent . L
P transferred between donation point i and

permanent center k in period t

Disl];; the blood donation point Distance between STK ket The amount of fresh blood type e
the temporary center j andi .

transferred between temporary center j

and permanent center k in period t

DisIK the blood donation point Distance between Sijet The amount of fresh blood type e
the permanent center k andi . .

transferred between donation point i and

temporary center k in period t

DMF .. The amount of fresh type e demand in InvM, et The amount of inventory Of blood type e
period t. inm regional hospital . . . . i
at age a in regional hospital m in period t

DMN ., The amount of fresh or normal type e INUN, 0 The amount of inventory of blood type e

eriod t. inm regional hospital demand in . g . . .
P g P at age a in field hospital n in period t

DNF,,, field The amount of fresh type e demand in InVK;ger The amount of inventory of blood type e
period t. inm hospital . . .
at age a in permanent center k in period t

DNN,,., The amount of fresh or normal type e Y] assigned to arei Binary; 1 if the blood donors in region
period t.n in demand in field hospital otherwise 0. j, temporary center

(K, betweenv Fixed cost of using vehicle YK assigned to arei Binary; 1 if the blood donors in region
permanent center the andj temporary center otherwise 0. k, permanent center

k




Blood Supply Chain Design Network Based on The National Blood Supply Network, Reliability, and Prioritization of The
Use of Compatible Blood Groups Using NSGA-Il and MOICA

145

conditions and transportation safety between
and temporary center ki donation point

CKM,,,., betweenv Fixed cost of using vehicle Yijije assigned to arei Binary; 1 if the blood donors in region
m regional hospital andk permanent center in period, otherwise 0.j temporary center
CMN .., betweenv Fixed cost of using vehicle YIK;, assigned to arei Binary; 1 if the blood donors in region
and field hospital nm hospital regional kin period, otherwise 0. permanent center
GD,,, Compatibility between different blood YJKj is assigned to permanent j Binary; 1 if temporary center
e' and groups e in period t, otherwise 0.k center
Sup;. e The maximum amount of blood type e that YKM e Binary; 1 if permanent center k is assigned to regional
be donated in point i hospital m in period t, otherwise 0.
XJK 1 if temporary center j can send blood to YMN,, e Binary; 1 if regional hospital m is assigned to field
permanent center k, otherwise 0 hospital n in period t, otherwise 0.
XKM,, 1 if permanent center k can send blood to  SKMqet The amount of blood type e at age a transferred between
m, otherwise 0 regional hospital and regional hospital m in period t.k permanent center
InvKO,,, The initial inventory of blood type eatagea  SMN,nqet The amount of blood type e at age a transferred between
center k. in permanent regional hospital m and field hospital n in period t.
InvMO0,,,.,  Theinitial inventory of blood type e at age a Xonn Binary; 1 if field hospital n is supplied by regional
in regional hospital m. hospital m, otherwise 0.
InvNO,,,, The initial inventory of blood type e at age a XJ; utilized, otherwise isj Binary; 1 if the temporary center
in field hospital n 0
Co;, The incentive price to encourage donation NJKjept Number of vehicle v used between temporary center
point i to receive blood type e in period t.k and permanent centerj
RMN ..., travel between regional canv 1 if vehicle ~ NMN,,,,. Number of vehicle v used between regional hospital m
otherwise 0 n, field hospital hospital m and n in period t. and field hospital
BIK;; Average reliability in terms of road NKM;mpe Number of vehicle v used between permanent center k
conditions and transportation safety between and regional hospital m in period t

permanent center k andi donation point
BJK; Average reliability in terms of road ~ OMF,,4c0'¢ at age a to meet e’ The amount of used fresh blood type
conditions and transportation safety between m in in regional hospital e demand of blood type the
permanent center k temporary center j and period t
BKM,,, Average reliability in terms of road  OMN,, 4cc'+ at age e’ The amount of used fresh or normal blood type
conditions and transportation safety between in regional hospital e demand of blood type a to meet the
m hospital permanent center k and regional m in period t
BMN,,,, Average reliability interms of road ~ ONF, 407 e; at age a to meet e’ The amount of used fresh blood type
conditions and transportation safety between m in period tin field hospital e demand of blood type the

and field hospital nm hospital regional
BIJ;; Average reliability interms of road ~ ONN 407t at age e’ The amount of used fresh or normal blood type

m in field hospital e demand of blood type a to meet the
in period t

3-1) MATHEMATICAL MODEL
The mathematical model is given as follows:
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Min Zl = Zj C]} * X]j + ZkZaZeZtHKk * InUKkaet + ZmZaZeZtHMm * Invaaet + ZnZaZeZtHNn * InVNnaet +
ZjZkaZt C]Kjkv * N]Kjkvt + ZkZmZth CKMkmv * NKMkmvt + ZmZnZuZt CMNmmi * NMNmm;t +

N2 Lent Coe * Slijer + Xi Xk e 2ot COie * SIK et

Max Z, =32 % Bl * YI]ije + X X Xe BIKy * VIR + X X Xt BIKjie * Y] K e + X X X¢ BK My, ¥ YK My, +

Zm Zn Zt BMNmn * YMNmnt

Min Z; = ZmZaZe Ze’ZtPrie’ * (OMFmgee't + OMNmgee't) + ZnZuZeZe’ZtPrie' * (ONFpgee's + ONNpgee't)

iV + YKy <1

XiY]ij < M+ X];

DislJi; * Y];; < R

DisIKy * YKy < R

YiXeSijer + X Xt SIKijer < Supe
YiXeSlijer < Capl;

2iXeSIKiger < CapK

YeXeSUijer <M xYJ;

Ye Xt SIKiger < M * YKy,

YiSUijer = Xk SIK et

SJK e < M XJK

IVKyger) = INVKOyge — X SKMignae(er)
IvKy(anyer = Xi SIKiket-1) + 2 STKjket-1) — Lm SKMiem(aryet
VKot = VKR (a-1ye(t-1) — Lm SKMimaer
SKMypgor < M * XKM,,

Invaue(tl) = InVMOmae + ZkSKMkmue(tl) - ZnSMNmnue(tl) - Ze’ OMFmae’e(tl) -
Ze’ OMNmae’e(tl)

Inva(al)et = Zk SKMkm(al)et - Zn SMNmn(al)ec - Ze’ OMFm(al)e’et - Ze’ OMNm(al)e'et

Invauet = Inva(a—l)e(t—l) + ZkSKMkmuet - ZnSMNmnaet - Ze’ OMFmae’et -
Ze’ OMN g et

Za|asTfZe’ OMF e’ = DMFe;
OMFmgeers <M % GD !

OMFgeere = 0

Vijet

Vijket

Vkace
Yiketlt=2
Yikala=2et|t=2

Y kmaet

Vmae
Vmet|t=2
Vm,a|a > 2,e,t|t22

Vmet
Vmaee,t

Vmaee, tlt > Tf
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@
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YaXer OMNigee't = DMNpper

OMN oty < M % GDyyr

YonXmn =1

YaXie Xt SMNppger < M * Xy

IMUNpgee1y = INVNOyge + X SMNpyngeen) — 2ot ONFrgereqer) — Ze? ONNopgele(er)
INUNy q1yer = ZmSMNmn(al)et = X' ONFr(arye’et — Zie’ ONNy(a)e’et
InvNpger = INVNp(a-1ye(t-1) + Zin SMNmnaer = Xer ONFrgetor = Lot ONNgeter
Yajastf L' ONFrgeers = DNFpg,

ONF pgeere < M % GD,r

ONFpgeere =0

YaXie' ONNygee't = DNNpey

ONNygeere < M * GD gyt

YeSUijer = Y1ije

Yo SIKiker = YIKipr

YeSIKjker = YKt

YaXe SKMymaer Z YK Moy

YaXeSMNpnaer = Y MNpyye

YeSIKjer < CapViyry * NJKjwrye

YaXie SKMymaer < X CapV, * NKMypy

YaXe SMNppaer < Xy CapVy x NMNpyyyye

NMNpyppr < M * RMN,p,p,,

Yo Yo INVKqer < BK),

YaZelnvMpge < BMy,

YaZelnvNpgee < BN,

YMNyes YK My, YI Ko, YK, Y1ije, YK, Y]ij,X]j,ane{O,l}

S1ijets SIK ke SIK jkets SKMymaets SMNinnger, INVKigets INVMiger, INUNpger
OMF pee’ e OMN gee’ e ONF et ety ONNopgoror = 0

NJKjkpeo NKMyoye s NMNpppyye = 0 and Integer

Vmet
Vmaece,t
Vn

Vmn
Vnae
Vnetlt=2
Vnala=2et|t=2
Vnet
Vnaee,t
Vnaee, tlt > Tf
Vnet
Vnaee,t
Vijt
Vikt
Vijkt

Y kmt
Vmn,t
Ykt
Vkmt
Vmnt
Vmnuvt
Vkt

Vmt

Vnt

Vi, j,nkmt

Vi j,eae,nkmt

Yj, kv, t,mn

(25)
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(34)
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Eq. (1) minimizes the sum of various costs. Eg. (2) maximizes the average reliability of blood
transfusion to different centers. Eq. (3) tries to use blood that has higher priority wherever possible. Eq.
(4) ensures that each donation point is assigned to at most one permanent or temporary center. Eq. (5)
states that blood can be donated to a temporary blood center if that center has been established. Equations
(6 and 7) state that a blood donation point is assigned to a temporary or permanent center if it is located
within their coverage radius. Eq. (8) ensures that the total blood received from donation points is less
than the maximum donation capacity of that blood in that area. Equations (9 and 10) ensure that the
blood received from donors should not exceed the blood receiving capacity of the temporary or
permanent centers. Equations (11 and 12) show that donors must be assigned to that collection center to
receive blood. Eq. (13) states that the amount of blood donated in temporary blood centers is
immediately transferred to permanent blood centers. Eq. (14) states that for blood to be transferred from
a temporary center to a permanent center, that temporary center must be a subsidiary of that permanent
center. Equations (15 to 17) show the amount of blood stock with different ages in the permanent center.
It is worth noting that given that the blood units received on the same day are tested for various tests,
therefore, considering Constraint (16) in a later period, it is calculated as one-day blood in the blood
bank stock of permanent blood storage centers. Eq. (18) states that blood is sent from the permanent
center to a regional hospital when that regional hospital can request blood from the permanent blood
center and that center is located in the specific province of that hospital. Equations (19 to 21) show the
amount of blood stock with different ages in regional hospitals. Relations (22 to 24) state that in order
to meet the need for fresh blood in regional hospitals, blood should be used that is compatible with the
recipient blood group and has a maximum Tf period of life. Relations (25 and 26) state that while
meeting the demand for blood in a regional hospital, attention should be paid to the compatibility of
blood groups. Relation (27) guarantees that each field hospital is assigned to exactly one regional
hospital. Relation (28) guarantees that blood is transferred from a regional hospital to a field hospital
when that field hospital is assigned to that regional hospital. Relations (29 to 31) show the availability
of blood of different ages in a field hospital. Relations (32 to 34) show that in order to meet the need for
fresh blood in field hospitals, blood should be used that is compatible with the blood groups and has a
maximum Tf periods of time. Relations (35 and 36) show that while blood is compatible, the demand
of field hospitals must be met. Relations (37 to 41) state that blood can only flow between different
points if a connection is formed between nodes. Relations (42 to 44) show the number of vehicles
required to move blood between different nodes. Relations (45) ensures that only vehicles capable of
traveling that route are used between regional hospitals and field hospitals. Relations (46 to 48) also
show that the blood stock level in each of the permanent centers, temporary hospitals, and field hospitals
does not exceed the capacity of those centers. Relations (49 to 51) also show the status of the variables
of the problem.

4) solution method

The proposed model is solved in small dimensions using the weighted average method and GAMS, and
in large dimensions using two algorithms NSGA-II and MOICA algorithms and 10 different size
problems. To adjust the parameters the SN ratio of the Taguchi method is used. Furthermore, to compare
the algorithms, 5 indicators are used: Number of non-dominated Pareto solutions (NOS), Quality Metric
(QM) (percentage of solutions without dominance), Mean ldeal Distance (MID), Diversity Measures
(DM) and computational time. The results of comparisons are given in Figures 1 to 5. Figures 1 and 2
show that in most cases the NSGA-II algorithm index performed better than the MOICA algorithm in
terms of the number of Pareto solution points and also the QM rate. Figures 3 and 4 also show that the
CPU times and MID indices in NSGA-II are better than MOICA, but in terms of the DM index (Figure
5), the MOICA algorithm is better than the NSGA-I11 algorithm. Finally, according to the results of these
comparisons, it can be seen that in most cases the NSGA-II algorithm has better results.
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5) conclusion

In this study, the design of the blood supply chain network for post-crisis conditions was addressed,
considering reliability, use of the national blood supply network, compatibility of blood groups, and
incentive policy, which is a very critical and complex issue. In this context, a mathematical model was
developed and the NSGA-1I and MOICA algorithms were used to solve large-scale problems. The
results of various indicators showed that the NSGA-II algorithm often performs better than the MOICA
algorithm in these problems. For future research, it is also recommended to pay attention to blood
products such as plasma, platelets, and the use of queuing systems in donation and service.
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