
Abstract

Regionalisation of Local Blood Banks (LBBs) is so vital for blood supply to facilitate the clinics in the obligated regions to go along 
with the requests in typical conditions and the moments of crisis. Determination of location of LBBs is a key factor in the selection 
of alternatives in the blood store networks. In this paper, we first develop a new multi-objective possibility mixed integer linear 
programming model (MOPMILP) for blood bank location problem considering distinctive contradictive goals at the same time and 
additionally the loose way of some basic parameters, for example, requirements of hospitals and number of emergency referrals 
for clinics or hospitals. At that point, in the wake of applying legitimate procedures for changing over this possibilistic model into a 
precise novel multi-objective linear model (MOLP), we propose a novel intelligent fuzzy method to understand this MOLP and find 
a proper trade off arrangement. Eventually, we propose a careful analysis and will see the performance of the proposed model.
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Introduction
The problem of facilities’ location is the procedure of 
choosing a location to place specific facilities, and also 
deciding how to allocate the demand points to each facility 
with consideration of the objective of the proper use of 
resources. Daskin and Dean (2004) depicted that finding 
facilities’ location is a basic problem for both industry 
and medicinal services. The ramifications of poor facility 
location in social insurance expand well past expense and 
client administration contemplations. A little number of 
facilities isused without thought of location; it might bring 
about expansions in mortality rates. Along these lines, 
office location tackles a significantly more prominent 
element when connected to issues in the decision of social 
insurance facilities. In numerous developing countries, 
human services framework outline and arranging 
happen essentially at the government or territorial level. 
Regionalisation of medicinal services administrations is 
essential to arrangement of mentioned framework. Also, 
regionalisation is much of the time tried to enhance the 
expense or nature of a human services framework through 
better and more efficient circulation of service. Questions 
with regards to regionalisation are for the most part 

identified with deciding ideal implementation focuses 
(location problems) and ascertaining the allocation of 
assets to every administration point (asset distribution 
issue) and forecasting the demand of hospitals. Blood is 
important for therapeutic treatment systems, be that as it 
may, it is a rare asset and should be dealt with uniquely 
in contrast to different sorts of items or goods. Blood 
logistics is a way to deal with oversees and utilizes blood 
efficiently and productively. Location of blood bank is a 
key choice in the blood logistics.

Where choices include assets and information that are 
claimed by various elements inside of the blood store 
network, there are two issues with utmost importance that 
a decision maker will face:

(1) Contradicting objectives that might emerge from 
the coordination of operations (e.g., minimising cost 
and simultaneously build client administration) and the 
structure of the supply chain where it is frequently hard to 
adjust the objectives of the diverse pickups within supply 
chain. (2) Absence of exact information (e.g., cost and 
lead time information) and/or vicinity of vulnerability 
with stochastic parameters (e.g., request volatility). Thus, 
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it is important to focus on models which consider the 
previous complexities as well as arising problems.

In this paper we propose a novel CLPER1 
model including different hospitals, one RBC2  
which found LBBs considering different contradicting 
goals at the same time, and additionally the stochastic 
features of some basic parameters, for example, demand 
of hospital and number of emergency referrals for hospital. 
We consider two vital target capacities: minimising the 
total altered expenses of LBBs, periodic transportation 
costs, and emergency referral transportation costs 
connected to LBBs.

The rest of this paper is organised as follow. The 
significant writing is accounted for in second section. In 
third section we characterise our documentation, express 
our proposition, and develop another multi-objective 
possibilistic mixed integer linear program (MOPMILP) 
for the proposed CLPER issue. With the presence of 
applying exact methods for changing over the possibilistic 
model into an auxiliary crisp multi-objective linear model 
(MOLP), we propose a novel intelligent fuzzy method 
to deal with this MOLP and locate an effective bargain 
arrangement in fourth section. Computational results are 
provided in fifth section. Conclusions and suggestions for 
future work are provided in sixth section.

Literature Review
In the literature, the exploration on blood logistics 
concentrates on the intricacy of viability and proficiency 
of blood location distribution. Or and Pierskalla (1979) 
considered a provincial blood administration issue 
where hospitals were connected by a territorial blood 
bank in their location, and built up alocation-allocation 
display that minimises the total transportation costs and 
the framework costs. Brodheim and Prastacos (1979) 
developed a model for the regional blood center (RBC) and 
hospital blood banks with a specific end goal to improve 
blood accessibility and usage for a customised blood 
circulation framework. Sapountzis (1984) added a whole 
number programming model to allot blood from a RBC to 
hospitals. The target of the model is to minimise the total 
expected number of units of terminated blood. Jacobs, 
Silan, and Clemson, (1996) built up a programming model 
for blood accumulation and dissemination framework. 
Their exploration demonstrated an investigation of 
alternatives of locations and administration regions of 
American Red Cross blood facilities. Şahin, Süral, and 

1	Capacitated Location Problem With Emergency Referral
2	Regional Blood Center

Meral (2007) showed a blood bank location model and 
added to a few location-allocation models to deal with 
the issues of regionalisation in view of a various leveled 
structure; nevertheless, the facilities altered expenses of 
the RBC were not respected. Recent research by Çetin 
and Sarul (2009) demonstrated a numerical programming 
model for location of blood banks among facilities or 
clinics their objective was to minimize the total altered 
expense of LBBs and the total traversed routes between 
the blood bank and hospitals. After a thorough survey, 
we have found that the area of crisis expenses in location 
issue has yet to be investigated, particularly in the theme 
of emergency referral.

A standout amongst the most prevalent models for open 
office location issue is the P-middle model. The P-middle 
issue, initially proposed by Hakimi (1964), is the problem 
of finding the location of P facilities to minimise the 
whole of the demand-weighted total links between every 
demand node and the closest facility. Daskin and Dean 
(2004) proposed the location model of P facilities to 
minimise the scope links subjected to a prerequisite that 
all requests are met. Hriber and Daskin (1997) proposed 
a heuristic for the P-middle issue. The heuristics confines 
the span of the state space of a dynamic programming 
approach. Correa, Steiner, Freitas, and Carnieri (2004) 
depicted the use of the capacitated P-middle model to a 
certifiable issue and proposed a hereditary calculation 
to tackle the P-middle model. Church (1990) proposed 
the regionally constrained P-median problem (RCPMP), 
which can be depicted as P-middle issue with two 
extra arrangements of imperatives, one to guarantee a 
base number of facilities for every locale and other to 
counteract more than a predefined most extreme. Gerrard 
and Church (1995) based upon the RCPMP by permitting 
local requirements to be interrupted and defining a model 
that seeks to minimise both the total weighted links and 
the quantity of local limitations that were disregarded.

Jarupong et al. (2004) respected the most extreme 
traversed links between supply node and demand node. 
Nonetheless, imprecise nature of some basic parameters 
is not viewed as their model. 

It must be said that dissimilar to past studies that accept 
dynamic deterministic demand, basic parameters are 
stochastic (fuzzy) in nature because of deficiency and/
or inaccessibility of required information over the mid-
term choice skyline. In such conditions, the retailer/
wholesaler knows its demand prerequisites probably, 
yet cites it in a stochastic way. Thus, we need to assess 
the issue parameters subjectively with regards to current 
inadequate information and the chief’s experience. 
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That is the reason in this paper we connected a fuzzy 
demonstrating approach.

Problem Description and 
Formulation

Problem Definition
In this study, we focus on the area of Isfahan, which 
comprises 10 hospitals. A couple of clinics in the locale 
have surrendered blood accumulation and made a supply 
concurrence with a regional blood center (RBC). Some 
of these hospitals request blood from RBC occasionally. 
Every request amount is controlled by every hospitals 
taking into account past experience and learning of the 
specialists. Every hospitals sends blood ask for together 
with transportation to get blood from RBC and after 
that arrival to the hospitals. For the most part, RBC is 
situated a long way from every hospital in the capable 
area. This causes a considerable measure of protracted 
and wasteful outings, prompting high transportation cost. 
In addition, blood may not be available to hospitals in 
time of necessities particularly for those patients in crisis. 
Keeping in mind the end goal to transport the blood in the 
event of crisis, it is imperative to constrain the greatest 
traversed links between local blood banks (LBBs) and 
hospital.

The capacitated location issue with emergency referral 
model (CLPER) coordinates the selection procedure to 
decide the ideal number and locations for LBBs and in 
addition an ideal task of hospitals to LBBs. The target 
of the issue is to minimise the total altered cost of LBBs, 
intermittent transportation costs, and critical referral 
transportation costs connected with LBBs. Specifically, 
given an arrangement of applicant LBBs and an 
arrangement of hospital locations, we try to decide an 
arrangement of potential LBBs from the entire rundown 
of accessible LBBs to be opened at hospital in a manner 
that (a) every hospital must be relegated to stand out LBB, 
and (b) the quantity of LBBs is precisely the quantity of 
accessible hospital. 

In the setting of this examination, transportation course is 
a way that begins from a LBB and comes back to the same 
LBB in the wake of going to no less than one hospital. 
Every hospital is allowed to just a solitary visit in every 
transportation course.

The basic assumptions of this research are
	 a)	 Some local hospitals are likewise working as 

LBBs. The quantity of LBBs is altered, not to sur-
pass the quantity of accessible hospitals.

	 b)	 The hospitals in an area get their normal neces-
sities once per week. The blood transportations 
are made by vehicles with temperature-controlled 
holders, beginning from a LBB and coming back 
to the same LBB.

	 c)	 If there arises an occurrence of emergency referral, 
a transportation vehicle will be dispatched from 
LBB promptly to convey blood to the required 
hospital and after that arrival to the LBB without 
making any more stops at different hospitals.

	 d)	 The data of the quantity of emergency referral and 
links between hospitals is procured in light of real 
data.

	 e)	 There is upper bound on the most extreme traversed 
links. This assumption is truly computational.

	 f)	 Because of inadequacy and/or inaccessibility of 
crucial information amid the mid-term choice sky-
line, basic parameters, (for example, demand of 
hospital, number of emergency referrals for clinic) 
are thought to be stochastic (fuzzy) in nature. In 
addition, the example of triangular fuzzy number 
is embraced to speak to each fuzzy parameter. The 
triangular plausibility transportation is the most 
well-known device for demonstrating the impre-
cise nature of the vague parameters because of its 
computational effectiveness and effortlessness in 
information obtaining (Liang, 2006; Zimmermann, 
1978). For the most part, a probability circulation 
can be expressed as the level of event of an oc-
casion with imprecise information. Fig. 1 displays 
the triangular plausibility transportation of fuzzy 
number n = (np, nm, no), where np, nm and noare 
the most negative esteem, the most conceivable 
quality, and the most potential estimation of n by 
a decision maker.
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The subscripts, sets, parameters, and decision variables 
used in the model are as follows:

a) Subscripts:
I index of hospitals
j index of LBBs
Sets:
I set of all hospitals
J set of hospitals that are allowed to be LBBs
b) Parameters:

dij
distance between points i and j (versus time 
(min))

fj fixed cost for LBB j

ri number of emergency referrals for hospital i

qi demand of hospital i

Qj capacity of LBB j

C cost per kilometer of a delivery vehicle
P number of LBBs

M maximum traveled distance (versus time 
(min))

c) Decision Variables:
xij If hospital I is assigned to LBB j
zj if a LBB is established at location j

Problem Formulation
As a rule, fuzzy mathematical programming is ordered 
into two after significant classes (Inuiguchi & Ramik, 
2000):

�� Fuzzy scientific programming with dubiousness 
when there is adaptability in the given target estima-
tions of target capacities and the versatility of limita-
tions. This class is alluded to as adaptable program-
ming (Kumar, Vrat, & Shankar, 2006; Liang, 2008; 
Mula, Poler, & Garcia, 2006; Selim & Ozkarahan, 
2007). 

�� Fuzzy scientific programming with questionable co-
efficients in target capacities and limitations which 
is called possibilistic programming (Hsu& Wang, 
2001; Lai& Hwang, 1992; Lai& Hwang, n.d.; Liang, 
2006; Wang & Liang, 2005)

In adaptable programming models, the enrollment 
elements of fuzzy targets and requirements are by and 
large inclination based and controlled by the chief 
subjectively. Possibilistic writing computer programs 

depends on the target level of occasion event for each 
imprecise data and henceforth the related plausibility 
disseminations are resolved impartially depending on 
some accessible chronicled information with a comparable 
to the likelihood appropriations. Our proposed fuzzy 
programming model lies in the second gathering since a 
few parameters in the total cost target capacity, and some 
mechanical coefficients and right-hand sides in a few 
requirements are vague in nature.

Objective Functions

The CLPER can be calculated by the following equation:

Min Z f z cd x c d xb r
j

j j
j i

ij ij
j i

ij iji = + +∑ ∑∑ ∑∑  (1)

j
ijx∑ = 1 "i

j
jz p∑ = (3)

i
ij j jx Z∑ ≤q Qi "j (4)

d x mij ij ≤ "i "i (5)

xij = { }0 1, "i "i (6)

Zj = { }0 1, "j (7)

The objective function (1) minimises the total expense 
of LBBs altered costs, intermittent transportation costs, 
and earnest referral transportation costs. Constraint 
(2) expresses that every hospital must be allocated to 
precisely one LBB. Constraint (3) expresses that we 
should find precisely p LBBs. Constraint (4) expresses 
that blood supply for each LBB must not surpass the 
blood limit of each LBB. Constraint (5) expresses that 
the confinement of most extreme traversed links in the 
middle of hospital and LBB is not allowed to be more 
prominent than particular m esteem. Constraints (6) and 
(7) are standard integrality limitations.

Solution Methodology
Considering aforementioned objective functions and 
constraints, we are developing a multiple objective 
possibilistic mixed integer linear programming model 
(MOPMILP). To deal with this issue, we apply a two-stage 
approach. In the primary stage, the first issue is changed 
into a comparable helper fresh various goal blended 
whole number direct model. At that point, in the second 
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stage, a novel intuitive fuzzy programming methodology 
is proposed for finding a favoured trade off arrangement 
through a communication between the decision maker 
and model analyzer.

An Auxiliary Multi-objective Mixed Integer 
Linear Model 
We apply a broadened rendition of a popular methodology 
proposed by Lai and Hwang (1992, 1994) to change the 
MOPMILP model into an assistant fresh numerous goals 
blended number straight programming model. To do 
as such, we ought to apply appropriate procedures for 
changing over the fuzzy total cost objective function and 
some delicate constraints into the equal fresh mathematical 
statements. 

Treating The Imprecise Total Cost Objective 
Function 

Given the stochastic coefficients in the objective function, 
for the most part, one can’t promise a perfect answer for 
issue (1)–(19). There have been a few methodologies 
for getting trade off arrangements in the writing (Lai 
& Hwang, 1992; Luhandjula, 1989; Sakawa, & Yano, 
1989; Tanaka & Asai, 1984; Tanaka, Ichihashi, & Asai, 
1984). As expressed in Hsu and Hwang (1992), the last 
four methodologies (Luhandjula, 1989; Sakawa, & Yano, 
1989; Tanaka & Asai, 1984; Tanaka, Ichihashi, & Asai, 
1984) have prohibitive presumptions and are regularly 
hard to actualize by and by, along these lines; we executed 
that of Lai and Hwang (1992).

Since a percentage of the parameters in the fuzzy total 
expense of logisticsTC has triangular probability 
circulations, the TC objective function would have a 
triangular plausibility dissemination too. Geometrically, 
this fuzzy goal can be completely characterised by 
the three unmistakable focuses (TCp 0), (TCm , 1) 
and (TCo , 0). In this way, this stochastic target can be 
minimised by pushing the three focuses towards the left. 
Thusly, minimizing the stochastic target workTC needs 
minimizingTCp , TCm and TCo simultaneously. Be that 
as it may, there might exist a contention in the concurrent 
minimisation of these fresh targets. In this way, utilizing 
the Lai and Hwang’s methodology [(2016) which is 
likewise embraced by different scientists (Church, 
1990), we minimise TCm , maximise (TCm −TCp ), and 
minimise (TCo −TCm ) as opposed to minimising TCp
, TCm and TCo all the while. These three goals still fill 
the need of pushing the three target focuses to one side. 
In this way, the first fuzzy total expense of logistics (1) 

is supplanted by the accompanying three fresh goals to 
accomplish a bargain arrangement:

MinZ f z cd x cr d xj j
j

i j i j
ji

i
m

i j ij
ji

1 = + +Â ÂÂ ÂÂ (8) 

MaxZ cr d x cr d xi
m

i j i j
ji

i
p

i j i j
ji

2 = -ÂÂ ÂÂ (9)

MinZ cr d x cr d xi
o

i j i j
ji

i
m

i j i j3 = -ÂÂ ÂÂ (10)

Treating the Soft Constraints 

To determine the stochastic requests in the left-hand side 
of imperative (4), we can utilise the fuzzy positioning idea 
(Hsu & Wang, 2001; Zimmermann, 1978), and supplant 
each imprecise constraint with three proportionate 
auxiliary inequality constraints. In this way, we can get 
the accompanying helper limit requirements:

j
j
p

ij j jq x ZÂ £ Q (11)

j
j
m

ij j jq x ZÂ £ Q (12)

q x Q Zj
o

i j
j

j jÂ £ (13)

We can respect these three to one:

	 j
j
o

ij j jq x ZÂ £ Q (14)

Thus, we would have an auxiliary crisp multi-objective 
mixed integer linear programming model (MOMILP) as 
takes after: 

MOMILP:

Min Z Z Z Z    = -[ , , ]1 2 3

Z TC Z TC TCm m p1 2= = -, , 

Z TC TC Z TVPo m3 4= - =,  

	 s t v F v. . ,  Œ ( )  	 (15)
where v signifies an attainable arrangement vector 
including the majority of the constant and binary variables 
in the first issue. Additionally, F (v) signifies the attainable 
region including crisp constraints.
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Proposed Intuitive Fuzzy Programming 
Arrangement Approach
There are few strategies in the literature for explaining 
multi-objective linear programming (MOLP) models, 
among them; the fuzzy programming methodologies 
are as a rule progressively connected. The fundamental 
point of interest of fuzzy methodologies is that they are 
able to quantify the fulfillment level of every target work 
unequivocally. This issue can help the leader to make 
her/his official choice by picking a favoured proficient 
arrangement as per the fulfillment degree and inclination 
(relative significance) of every objective function. 
Zimmermann added to the primary fuzzy methodology 
for comprehending a MOLP called max–min approach 
(Zimmermann, 1978), however it is understood that the 
arrangement yielded by max–min administrator won’t 
be one of a kind or proficient (Lai, Y. J., & Hwang, 
n.d.; Liang, 2006, 2008; Mula, Poler, & Garcia, 2006; 
Selim, & Ozkarahan, 2007; Wang, & Liang, 2005; Lai, 
& Hwang, 1994; Luhandjula, 1989; Sakawa, & Yano, 
1989; Tanaka, & Asai, 1984; Tanaka, Ichihashi, & Asai, 
1984; Zimmermann, 1978; Li, Zhang, & Li, 2006). 
Subsequently, after that few strategies were offered 
to evacuate this inadequacy. Specifically compelling, 
Lai and Hwang (n.d.) built up the increased max–min 
approach (henceforth the LH strategy), Selim and 
Ozkarahan (2007) introduced an adjusted adaptation of 
Werner’s’ methodology (Werners, 1988) (from this point 
forward the MW technique), and Li et al. (2006) proposed 
a two-stage fuzzy methodology (from this point forward 
the LZL Tec).

In our beginning numerical tests for applying these 
ways to deal with tackle the issue, we have watched a 
few inadequacies. Among the single-stage strategies 
(i.e. the LH and MW) which explain the first model 
straightforwardly by only one assistant fresh model, 
the LH strategy here and there produces wasteful 
arrangements overwhelmed by the arrangement of LZL 
technique, and the MW strategy for the most part yields 
a proficient however lopsided and inadequately traded off 
arrangement so that the fulfillment degrees of destinations 
have significant contrasts, which is frequently not worthy 
by the chief. Then again, in spite of the fact that LZL 
dependably creates a viable arrangement, it applies a 
two-stage strategy which needs more computational 
endeavours than the single-stage strategies, particularly to 
solve the multi-objective blended whole number straight 
models. 

Therefore, we attempted to add to another single-stage 
methodology uprooting above inadequacies which 

prompted another fuzzy methodology. The proposed 
approach (from this point forward the TH technique) 
is really a hybridisation of the LH and MW strategies. 
Exceptionally compelling, we could demonstrate the 
proficiency of this strategy utilizing a comparable 
procedure to that utilised by Li et al. (2006).

In synopsis, our proposed intuitive arrangement strategy to 
fathom the first MOPMILP model is as per the following:

Step 1: Decide proper triangular probability 
transportations for the stochastic parameters and figure 
the first MOPMILP model for the SCMP issue.

Step 2: Change over the first fuzzy total expense of 
logistics into the three identical fresh goals. 

Step 3: Given the base adequate probability level 
for stochastic parameters β, change over the fuzzy 
requirements into the comparing fresh ones, and define 
the helper fresh MOMILP model. 

Step 4: Decide the positive ideal solution (PIS) and 
negative ideal solution (NIS) for every objective function 
by settling the relating MILP model as takes after (Kumar, 
Vrat, & Shankar, 2006; Liang, 2008; Selim, & Ozkarahan, 
2007; Wang, & Liang, 2005; Zimmermann, 1978)

z MinTC z MaxTCPIS m N IS m
1 1= =,

z Max TC TC z Min TC TCPIS m p N m pIS
1 1= - = -[ ], [ ],

z Min TC TC z Max TC TCPIS o m N IS o m
1 1= - = -[ ], [ ],

S t v F v. . .  Œ ( )
It ought to be specified that deciding the above perfect 
arrangements needs illuminating six blended whole 
number straight program which could be computationally 
exceptionally unwieldy particularly in vast measured 
issue occasions. Keeping in mind the end goal to lighten 
the computational many-sided quality, we utilise the 
accompanying heuristic principles:

�� Getting a rough positive perfect answer for every 
objective function by explaining the comparing 
MILP heuristically to acquire a tasteful attainable 
whole number arrangement. To do as such, the MIP 
solver is kept running until achieving pre-specified 
determination criteria, e.g., CPU time and/or opti-
mality hole.

�� As opposed to understanding a different MILP for 
deciding every NIS, we can assess them utilising 
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the positive perfect arrangements. Letand) mean the 
choice vector connected with the PIS of hth target 
capacity and the relating estimation of hth target ca-
pacity, individually. In this manner, the related NIS 
could be assessed as follows:

z max z v hh
N IS

k h h= ==( , , )
*{ ( )}; ,1 2 3 1 3

z min z v hh
N IS

k h h= ==( , , )
*{ ( )};1 2 3 2

Step 5: Determine a linear participation function for 
every target capacity as takes after:

m( )v
Z Z

Z Z

N IS

N IS PIS1
1 1

1 1

=
-

-

(16)

m( )v
Z Z

Z Z

N IS

PIS N IS2
2 2

2 2

=
-
-

(17)

m( )v
Z Z

Z Z

N IS

N IS PIS3
3 3

3 3
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-

-

(18)
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<Figure head>Fig. 2: Linear membership function for 1 3,Z Z

<Figure head>Fig.3:Linear 

function for 2Zmembership 

Indeed ( )h,μ v present the fulfillment level of hth objective function for the given arrangement vector v. 

Figs. 2 and 3 speak to the charts of these participation functions.
Step 6: Change over the auxiliary MOMILP model into a proportional single-target MILP utilizing the 
accompanying new auxiliary crisp definition.
Auxiliary MILP:

0( ) (1 ) h h
h

Max vγ ϕγ ϕ θ µ= + − ∑
s.t:

( )0 hγ μ v≤

( ) [ ]0,       0,1v F v andγ ϕ∈ ∈ (19)
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Fig. 3: Linear membership function for Z2

Indeed mh(V) present the fulfillment level of hth objective 
function for the given arrangement vector v. Figs. 2 and 3 
speak to the charts of these participation functions.

Step 6: Change over the auxiliary MOMILP model 
into a proportional single-target MILP utilizing the 
accompanying new auxiliary crisp definition.

Auxiliary MILP:

Max v h
h

hg jg j q m( ) ( )= + - Â0 1

s.t:

g m0 £ ( )h v

v F v andŒ Œ( ) [ ], ,g j0 0 1 (19)

where mh v( )and g 0  = minh h vm ( )[ ] present the fulfillment 
level of hth objective function and the base fulfillment 
level of destinations, individually. This plan has another 
accomplishment capacity characterised as a raised mix 
of the lower headed for fulfillment level of targets ( )g 0

, and the weighted total of these accomplishment degrees
( )g 0 to guarantee yielding a movably adjusted trade off 
arrangement. Furthermore, qh and j mean the relative 
significance of the hth target capacity and the coefficient of 
pay, individually. The qh  parameters are controlled by the 
chief in light of her/his inclinations such q qh

h
hÂ = £1 0, . 

Also j controls the base fulfillment level of goals and also 
the trade-off degree among the targets verifiably. That is, 
the proposed plan can yield both uneven and adjusted 
traded off answers for a given issue occasion taking into 
account the chief’s inclinations through changing the 
estimation of parameter.

In such manner, a higher worth for j means more 
consideration is paid to get a higher lower destined for 
the fulfillment level of goals ( )g 0  and in like manner 
more adjusted bargain arrangements. Despite what 
might be expected, the lower quality for j means more 
consideration is paid to acquire an answer with high 
fulfillment degree for a few destinations with higher 
relative significance with no consideration paid to the 
fulfillment level of different targets (i.e., yielding unequal 
bargain arrangements). 

It is huge that there exists a relationship in the middle 
of and the scope of values (i.e.) so that there will be a 
constrained sensible interim of j in which it could be 
chosen for a given vector For instance, for the extensively 
huge estimations of this extent, j should be selected as 
a little esteem (e.g. littler than 0.3) as a result of express 
inclination of the leader for getting a lopsided trade off 
arrangement for this situation.
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Step 7: Given the coefficient of pay and relative 
significance of the fluffy objectives (θ vector), tackle the 
prescribed helper fresh model (19) by the MIP solver. On 
the off chance that the chief is fulfilled by this current 
compelling trade off arrangement, stop. Otherwise, 
give another productive arrangement by changing the 
estimation of some controllable parameters say j and b, 
and afterward backpedal to Step 3.

Case Study Definition
In this study, we focus on the area of Isfahan, which 
comprises of 10 hospitals. A couple of hospitals in the 
locale have surrendered blood gathering and made a 
supply concurrence with a regional blood center (RBC). 
Some of these hospitals request blood from RBC 
occasionally. Every request amount is dictated by every 
hospital in view of past experience and learning of the 
experts. Every hospital sends blood asks for together 
with transportation to get blood from RBC and after that 
arrival to the hospital. For the most part, RBC is situated 
a long way from every hospital in the mindful area. This 
causes a considerable measure of long and wasteful treks, 
prompting high transportation cost. In addition, blood 
may not be accessible to hospitals in time of necessities 
particularly for those patients with crisis consideration. 
Keeping in mind the end goal to transport the blood if 
there arises an occurrence of crisis, it is essential to 
restrain the most extreme traversed links between local 
blood banks (LBBs) and hospital.

The capacitated location problem with emergency referral 
model (CLPER) incorporates the selection procedure 

to decide the ideal number and locations for LBBs and 
additionally an ideal task of hospitals to LBBs. The target 
of the issue is to minimise the total altered expenses of 
LBBs, occasional transportation expenses, and emergency 
referral transportation costs connected with LBBs. 
Specifically, given an arrangement of potential LBBs and 
an arrangement of hospital locations, we look to decide an 
arrangement of applicant LBBs from the entire rundown 
of accessible LBBs to be opened at hospitals in a manner 
that (a) every hospital must be doled out to stand out LBB, 
and (b) the quantity of LBBs is precisely the quantity of 
accessible hospitals.

In the connection of this examination, a transportation 
course is a way that begins from a LBB and comes back 
to the same LBB in the wake of going by no less than 
one hospital. Every hospital is permitted to just a solitary 
visit in every transportation course and a percentage of 
the parameters, (for example, demand of hospital, number 
of emergency referrals for hospital) is imprecise.

Computational tests were performed utilizing different 
information sets from Isfahan Regional Blood Center, 
comprising 10 hospitals. All hospitals are competitor 
LBBs. The IRBC likewise furnished us with reasonable 
evaluations of the quantity of critical referrals, week by 
week blood requests, limit of LBB, transportation cost 
per unit links, and altered expenses of LBBs dictated by 
different sizes of the hospitals. The proposed numerical 
model was understood utilising GAMS on a PC with a 
1.73 GHz CPU processor and 4.00 GB memory.
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<Figure head>Fig. 4: Locations of Hospitals in Isfahan
<B level>Diagram Consequences for the CLPER Model
In this part we reported diagram consequences for the CLPER model. In the limited use of the CLPER 
model, we have a few situations were performed to give elective arrangements, utilising troublesome 
mixes of the most extreme traversed links and the quantity of LBBs allowed values. Four estimations of 
the quantity of LBBs (p) permitted to set up, running from 7 to 10 locations, were utilised as a part of the 
calculation. The greatest traversed links in the middle of LBB and hospital (m) is doled out to be10, 15, 
20 and 25 minutes. Every pair of (p, m) relates to an alternate situation for calculation. The outcomes for 
the locations of different estimations of LBBs and greatest traversed links in the middle of LBB and 
hospital are given in Table 1. Estimations of the quantity of LBBs and most extreme traversed links have 
some impact on the total fulfillment.

<Table head>Table1: Results of Objective Function Values

Fig. 4. Locations of Hospitals in Isfahan



An Interactive Possibilistic Programming Approach for Blood Bank Locations with Emergency Referral  25    

Diagram Consequences for the CLPER Model
In this part we reported diagram consequences for the 
CLPER model. In the limited use of the CLPER model, 
we have a few situations were performed to give elective 
arrangements, utilising troublesome mixes of the most 
extreme traversed links and the quantity of LBBs allowed 
values. Four estimations of the quantity of LBBs (p) 
permitted to set up, running from 7 to 10 locations, were 
utilised as a part of the calculation. The greatest traversed 
links in the middle of LBB and hospital (m) is doled out to 
be10, 15, 20 and 25 minutes. Every pair of (p, m) relates 
to an alternate situation for calculation. The outcomes 
for the locations of different estimations of LBBs and 

greatest traversed links in the middle of LBB and hospital 
are given in Table 1. Estimations of the quantity of LBBs 
and most extreme traversed links have some impact on 
the total fulfillment.

Table 1: Results of Objective Function Values

Maximum Traveled DistanceNo.LBBs 
(p) 25201510

0.6340.6450.7170.92*7
0.5840.5930.6310.7718
0.5460.550.5680.6219
0.5150.5140.5120.50910
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<Figure head>Fig. 5: The Total Costs for the CLPER Model of each p and m.
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<Figure head>Fig. 6: The Optimal Solution for the CLPER Model, when m=10 minutes.

Note: H indicates hospitals, A, B…, G indicates LBBs, indicates relationship between LBBs and its 
hospital

According to results, we can see that in the first case (m=10 min & p=7), the satisfaction is highest value. 
As a result, the administration has proposed to limit the maximum distance of 10min is considered. In this 
case, 7 hospitals are considered as the blood bank.

<A level>Conclusion
The CLPER model that we suggested in this paper is an expansion of the P-middle problem to suit blood 
request satisfaction and blood referral in dire situations with the conditions that limit and restricted 
traversedlinks in the middle of LBB and hospital are joined to the model and request of hospital and 
number of emergency referrals for hospital, fuzzy considered. This model is a MOLP. The goal is to 
minimise the total expense of LBBs altered costs, occasional transportation expenses, and emergency 
referral transportation costs. The model is altered from the P-middle problem, in which objective function 
is stretched out by including settled expenses of LBBs and emergency referral transportation costs in 
condition of instability. In addition, the limit of each LBB, and the greatest traversed links restricted are 
compelled in this proposed model.

Fig. 6. The Optimal Solution for the CLPER Model, when m=10 minutes.
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Note: H indicates hospitals, A, B…, G indicates LBBs, 
indicates relationship between LBBs and its hospital

According to results, we can see that in the first case 
(m=10 min & p=7), the satisfaction is highest value. 
As a result, the administration has proposed to limit the 
maximum distance of 10min is considered. In this case, 7 
hospitals are considered as the blood bank.

Conclusion
The CLPER model that we suggested in this paper is an 
expansion of the P-middle problem to suit blood request 
satisfaction and blood referral in dire situations with the 
conditions that limit and restricted traversedlinks in the 
middle of LBB and hospital are joined to the model and 
request of hospital and number of emergency referrals for 
hospital, fuzzy considered. This model is a MOLP. The 
goal is to minimise the total expense of LBBs altered 
costs, occasional transportation expenses, and emergency 
referral transportation costs. The model is altered from 
the P-middle problem, in which objective function is 
stretched out by including settled expenses of LBBs and 
emergency referral transportation costs in condition of 
instability. In addition, the limit of each LBB, and the 
greatest traversed links restricted are compelled in this 
proposed model.

This study proposes a two-stage interactive fuzzy 
programming methodology has been produced for 
possibilistic CLPER. In the primary stage, the possibilistic 
programming model is changed over into a helper fresh 
MOMILP by applying suitable techniques. At that point, 
a novel fuzzy methodology (called TH technique) is 
connected to locate a productive bargain arrangement. 
The numerical trials demonstrate that the proposed 
TH technique is exceptionally encouraging fluffy 
methodology which can create both unequal and adjusted 
proficient arrangements taking into account the leader’s 
inclinations alongside offering fitting adaptability to give 
distinctive answers for help the chief in selecting the last 
favoured trade off arrangement.

The proposed scientific model can comprehend for 
locations of LBBs ideally and can be advantageously 
used to dispense hospitals to each LBB. The model might 
be utilised for LBBs as well as for other suitable location 
issues in healthcare and different areas, for example, 
location of clinics and rescue vehicle stations with crisis 
or fiasco cases, or distribution center location with crisis 
requests. A few headings for future exploration should be 
possible by altering this model to help breaking down the 
impact of crises on the facilities locations and its related 

cost issues. Since the CPU time was not an issue in our 
numerical analyses, building up a productive metaheuristic 
calculation to tackle the relating MILP models should be 
useful in achieving effective arrangements.
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