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Abstract—Prompt medical service and supplies are very im-
portant to reduce the life loss in response to disasters. In this
work, we focus on how to allocate the limited medical supplies to
affected areas in different situations with fuzzy triangular values.
Using the a-cut method and Giove’s acceptability index, we
first propose a method of comparing fuzzy triangular numbers.
Then, based on our previous work, we develop a situation-based
approach for allocating medical supplies with fuzzy triangular
values. A simple example shows the effectiveness of the developed
approach.

I. INTRODUCTION

The unconventional disasters, such as earthquakes, hurri-
canes and infectious diseases, often disrupt the preparation
of emergency decision-makers, pushing them in disorientated
situations. In response to these disasters, prompt medical
service and supplies are very important to reduce the life loss
[1]-[2]. However, it is a challenge to properly allocate scarce
medical supplies to affected areas in different situations due
to the following characteristics:

(1) The surged demands for medical supplies far exceed
the limited supplies at the initial response stage [3]-[4], so the
available medical supplies are often allocated proportionately
to different affected areas.

(2) The situations in different affected areas are various,
which result in different demands for medical supplies, and
the situations often involve multiple factors in different di-
mensionalities such as disaster levels and trapped populations

[5].

(3) The information of the situation factors is not always
precise (crisp) due to the uncertainty and emergency of the
disasters response [6]. When people face uncertain situations,
they prefer to estimate the situation factors using interval or
fuzzy values.

Motivated by this, we are focusing on how to propor-
tionately allocate limited medical supplies in accord with the
situations of different affected areas. In our previous work [3],
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we developed a situation-based method for allocating relief
supplies in disasters where all the situation data were crisp
values. In this work we extend the situation-based allocation
method to deal with the situations with fuzzy triangular values.

The rest of this paper is organized as follows. Section 2
introduces a method of comparing fuzzy triangular numbers.
In Section 3, we present the developed approach for allocating
medical supplies when the situation information contains fuzzy
triangular values. Section 4 illustrates a simple example to
show the feasibility of this approach. Conclusions are finally
drawn in Section 5, with recommendations in future studies.

II. A METHOD OF COMPARING Fuzzy TRIANGULAR
NUMBERS

As mentioned in the Introduction, our focused decision
problem involves fuzzy triangular values, so it is necessary
to determine how to compare fuzzy triangular values. Since
Zadeh [7] proposed the concept of fuzzy sets, many researches
on comparing fuzzy numbers have been reported. Please refer
to [8]-[10] and the references therein for details. In this work,
we first use the common a-cut method [11] to transfer fuzzy
triangular values into interval values, and then compare them.

Assume that @ = (ai,as,a3) and b = (b1, ba,bs) are
two fuzzy triangular numbers, their membership functions are
respectively as follows:
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By the a-cut method, the a-cuts of a and b are two crisp
interval numbers:
= [(az — a1)a + a1, a3 — (ag — az2)q] 3)

ba = [(b2 — b1)a + by, bs — (b3 — ba)al @)



where 0 < o < 1. The « level to some extent denotes the
truth level, so in this work we take o > 0.6.

On how to compare two interval numbers, Sengupta et
al [12] defined an acceptability index, and then Giove [13]
modified the index. In this work, we not only compare two
fuzzy numbers but also compare two crisp numbers, so the
Giove’s acceptability index is used, that is,

where

m(aa) = %(((az —a1)a+ay) + (as — (a3 — az)a))  (6)
and

m(e) = 5(((b — b+ b) £ (bs — (bs ~ b)) (D

are the mid-points of a, and ba respectively, and

w(a) = %((ag — (ag — a2)a) — ((a2 —ar)a+ay))  (8)
and
w(ba) = & ((bs — (b5~ ba)a) (b~ bi)a+ b)) ©)

are the half-widths of a, and INJQ

III. A SITUATION-BASED APPROACH FOR ALLOCATING
MEDICAL SUPPLIES WITH FUZZY TRIANGULAR VALUES

Assume that there are n medical aid points (MAPs)
Ay, As, ..., A, in a disaster, and there are m situation fac-
tors influencing the allocation of medical supplies. Thus, the
situations of these MAPs can be represented by a matrix of

situation factors S = []ﬂ i =1,2,...,
nxm

where fz = ((fz)l,(fz)g,(fl) ). The quantity of available
medical supphes is S. Based on our previous work [3], we
develop the following approach for allocating medical supplies
proportionately in accord with the situations of these MAPs
when the situation factors contain fuzzy triangular values.

m,j=1,2,...n

The m situation factors may be in different dimensionali-
ties, so we first make them dimensionless by normalizing them.
For any fuzzy situation factor fi = ((f})1, (f})2, (f})3),5 =
1,2, ..., n, its normalized value is:

Fi_((fi i oy - (__Ui—min((f))1)
fj - ((fj)h (fj)27 (fj)i’a) - (max((f]zj)g_),min((f;)l)v

(F)2—min((fH)1) (F)s—min((fH)1)
max(([)3)—min((f)1)* max((/7)3)—min((/})1)

(10)

where min((f7);) and max((f})3) respectively return the
minimum of {( ')173 = 1,2,...,71} and the maximum of

{(f})s3,d =1,2,....,n}.

By Equation (3), we can get the a-cuts of the normalized

(FDa = [((F)2 = (FD)e+ (FDr, (Fs — (F)s — (F2)a] (1)
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Then, we use the Giove’s acceptability index to define the

Relative Demand Increment (RDI) of any ( f')a over other
values on the term of the same situation factor

RDI((f})a) = kil (o = (F)a)
k#3
S m((F)a)=m((f)a) i € {1,2,..m) (12)
=1 WD) w((Fe)+ T
k4
where
m((Fa) = 5(((F2 = Do+ D+ 43
((FDs = ((FDs = (fD2))
w((F)a) = (s = (- T—
((F)2 = (e + (D))
m((F)e) = 3(((FD2~ GDa+ DD+ g5

((fi)s —

((fo)s — (fi)2)a))
w(( )a) = %((( ) ((f;i)za — (f;f;)2)04)_ (16)
(D2 = (f))e+ (fi)1)

After calculating the RDI of each MAP A;, we can
determine the best and worst situations [3] [14]:

S* = {RDI((f1)a)", RDI((f2)a)", -, RDI((f™)a)}  (17)

Su = {RDI((f))a)ss RDI((f2)a)ss -, RDI((f)a)<}  (18)

where
RDI((f})o)* = min(RDI((F})a). RDI((f)a): (1)
-+ RDI((f})a))
RDI((f})a)s = max(RDI(f{)a), RDI((f3)): (50,
- RDI((73)a))

Further, we could calculate the distance of the situation of
any MAP from the best situation:

Dj :distanceﬁRDI((f Ja)s ey RDI((fT")a) s 21
{RDI((f})a)*, s RDI((f1)a)"})
and the distance from the worst situation:
Djy = distanci{RDI((?})a), ...,~RDI((JTm Db o
{RDI((f})a)ss s RDI((f]*)a)«})

In this work, the weighted Euclidean distance is used, that
is, for any MAP A;,

Dji = | > wilRDI((f})a) = RDI((F)a)")?  (23)
Dj2 = | S wi(RDI((J1)a) = RDI((fDa).)?  (24)
i=1



where W = [wy, wa, ...,
situation factors.

wyy,] denotes the weights vector of the

In order to measure the closeness of some situation to the
worst and best situations, the following relative similarity is
used:

. Zmem((*;) ) = RDI((f)a)")?
Q=T == 25)

S wi(RDI((F)a)s — RDI((F)a)*)?

i=1

Dr = Zw, (RDI((fi)a)» — RDI((f)a)*)?  (26)

denotes the distance of the best situation and the worst
situation. The greater the (); of MAP A; is, the more medical
supplies the MAP needs.

Thus, the allocated proportion of medical supplies for MAP
A; should be
Qj
2. Q;

j=1

R; = @7)

Finally, the allocated quantity of medical supplies for MAP
AJ‘Z
S;=R;S (28)

where S represents the total available quantity of vaccines.

IV. AN ILLUSTRATIVE EXAMPLE

To show the feasibility of the developed approach, we
illustrate a simple example in this Section. In some infectious
disaster, 10 MAPs are set up which are in different situations.
A batch of vaccines (10,000 doses) is available, which is not
enough for the actual demand of all the MAPs. Emergency
decision-makers are considering the following six situation fac-
tors to allocate the available vaccines: (1) fj1 : The infectious
rate per 100 persons in the affected area covered by MAP

Aj; (2) f2 The hospitalization rate per 100 cases in the
affected area covered by MAP A;; (3) f3 : The fatality rate
per 100 cases in the affected area covered by MAP Aj; (4) f; - 4.
The number of children and elderly population in the affected
area covered by MAP A;; (5) f" The number of the total
population in the affected area Covered by MAP A;; (6) f6
The average contact time between individuals in the affected
area covered by MAP A;.

Table I gives the randomly generated situations of the
10 MAPs, where the second row defines the range of each
situation factor. Using the normalization Equation (10), we
could get the normalized values, as Table 2 shows.

After normalizing the situations, we use the a-cut method
to obtain the interval values with high confidence levels of
the fuzzy triangular numbers in the situations. Here we set
o = 0.6. Take the fj1 of Az for example, the value is a fuzzy
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triangular (0.167, 0.278, 0.389) in Table II. Using the Equation
3), we get:

(fH)a = [(0.278 — 0.167) x 0.6 + 0.167,
0.389 = (0.389 — 0.278) x 0.6] = [0.233,0.322]

In the same way, the other values in Table III could be
obtained. Then, using the Giove’s acceptability index, we

calculate the RDI of any (f z)O, in Table III, as Table IV shows.
Thus, the best and worst situations are got:

S* = [-4.378, -4.786, -4.750, -5.125, -4.382, -3.956]
S, = [4.867, 5.214, 5.250, 4.875, 5.178, 3.939]

Using Equations (21)-(24) and (26), we could get the
distances of any MAP from the best and worst situations,
and the distance between the best and worst situations, as
the second, third and fourth columns in Table V show (Here
the weights of the six factors are set the same, that is, W =
[wy, wa, ...,we] = [1/6,1/6, ..., 1/6]). Finally, we calculate the
relative similarities, the allocated proportions and the allocated
vaccine quantities for all the MAPs, as the last three columns
show.

By comparing the original situations of these MAPs and
the allocated results, we could test the effectiveness of the
developed approach. For example, the original situations of
MAP A; and MAP A, are as follows:

S, = [0.43,0.15,0.03, 1470, (5400, 5500, 5600), (4, 6, 8)]
S = [0.40,0.12,0.03, 1464, (5300, 5400, 5500), (3,5, 7)]

As we can see, the situation of MAP A; is a little worst
than that of MAP A,, so more vaccines should be allocated
to MAP A; in term of the fairness. Actually, the developed
approach allocates 989 doses of vaccines to MAP A; which
is a little more than the 913 doses to MAP A,.

In order to show the effectiveness, we compare the alloca-
tion results in Table V with those produced by the method in
[3], as Fig.1 shows. Note that, the method in [3] can not deal
with fuzzy values, so we take the crisp values with membership
degree being 1 in Table I (that is, the ( f;)g) as the factor values
for the method in [3]. Seen from the comparison, we can see
the allocation results by the proposed approach are basically
consistent with those by the method in [3], which tests the
effectiveness of the proposed approach for dealing with fuzzy
triangular values.

—— The approach in [3] —=— This approach
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Fig. 1. The Comparison with [3]



TABLE 1.

THE SITUATIONS OF MAPS

MAPs 7 717 1 77 72
[0.3,0.6] [0.1,0.3] | [0,0.1] | [600,2000] [2000,10000] [5,30]
A 0.43 0.15 0.03 1470 (5400,5500,5600) (4,6,8)
Ao 0.40 0.12 0.03 1464 (5300,5400,5500) (3,5.7)
As (0.33,0.35,0.37) 0.17 0.08 1474 (3100,3300,3500) | (11,15,17)
Ay 0.41 0.15 0.03 997 (8200,8500,8600) | (25,28,30)
As (0.40,0.44,0.46) 0.21 0.01 1036 (2900,2950,3000) (5,8,10)
Ag 0.48 0.22 0.06 859 (2500,2600,2700) (16,19,22)
Aq (0.30,0.32,0.35) 0.22 0.06 1173 (5600,5700,5800) | (17,19,21)
Asg 0.42 0.21 0.01 862 (8300,8600,8800) | (15,18,20)
Ao (0.32,0.34,0.37) 0.16 0.00 1396 (3700,3900,4000) | (20,22,25)
Ao 0.31 0.26 0.07 1011 (8900,9000,9100) | (22,25,27)
TABLE II. THE NORMALIZED SITUATIONS OF MAPS
MAPs 1} R 17 I
A 0.722 0.214 | 0375 | 0.993 | (0.439,0.455,0.470) | (0.037,0.111,0.185)
Ao 0.556 0.000 | 0375 | 0.984 | (0.424,0.439,0.455) | (0.000,0.074,0.148)
As (0.167,0.278,0.389) | 0.357 | 1.000 | 1.000 | (0.091,0.121,0.152) | (0.296,0.444,0.519)
Ay 0.611 0.214 | 0375 | 0.224 | (0.864,0.909,0.924) | (0.815,0.926,1.000)
As (0.556,0.778,0.889) | 0.643 | 0.125 | 0.288 | (0.061,0.068,0.076) | (0.074,0.185,0.259)
Ag 1.000 0.714 | 0.750 | 0.000 | (0.000,0.015,0.030) | (0.481,0.593,0.704)
Aq (0.000,0.111,0.278) | 0.714 | 0.750 | 0.511 | (0.470,0.485,0.500) | (0.519,0.593,0.667)
Ag 0.667 0.643 | 0.125 | 0.005 | (0.879,0.924,0.955) | (0.444,0.556,0.630)
Ag (0.111,0.222,0.389) | 0.286 | 0.000 | 0.873 | (0.182,0.212,0.227) | (0.630,0.704,0.815)
Aqo 0.056 1.000 | 0.875 | 0.247 | (0.970,0.985,1.000) | (0.704,0.815,0.889)
TABLE III. THE «-CUTS OF THE NORMALIZED SITUATIONS
MAPs I 2 £ £ 13 13
Ay 0.722 0.214 | 0375 | 0.993 | [0.448, 0.461] | [0.081, 0.141]
Ao 0.556 0.000 | 0375 | 0.984 | [0.433,0.445] | [0.044, 0.104]
As [0.233, 0.322] | 0.357 | 1.000 | 1.000 | [0.109, 0.133] | [0.385, 0.474]
Ay 0.611 0.214 | 0375 | 0.224 | [0.891, 0.915] | [0.881, 0.956]
As [0.689, 0.822] | 0.643 | 0.125 | 0.288 | [0.065, 0.071] | [0.141, 0.215]
Ag 1.000 0.714 | 0.750 | 0.000 | [0.009, 0.021] | [0.548, 0.637]
Ar [0.067, 0.178] | 0.714 | 0.750 | 0.511 | [0.479, 0.491] | [0.563, 0.622]
Ag 0.667 0.643 | 0.125 | 0.005 | [0.906, 0.936] | [0.511, 0.585]
Ao [0.178, 0.289] | 0.286 | 0.000 | 0.873 | [0.200, 0.218] | [0.674, 0.748]
Ao 0.056 1.000 | 0.875 | 0.247 | [0.979, 0.991] | [0.770, 0.844]
TABLE IV. THE RDIS, THE BEST SITUATION AND THE WORST SITUATION
MAPs £l 72 f3 £ 1 1
A 2.148 | -2.643 | -1.000 | 4.810 | -0.050 | -3.609
Ao 0.516 | -4.786 | -1.000 | 4.712 | -0.200 | -3.956
Az 22,110 | -1.214 | 5250 4.875 | -3.317 | -0.612
Ay 1.060 | -2.643 | -1.000 | -2.881 | 4.346 3.939
As 2.324 1.643 | -3.500 | -2.247 | -3.871 | -2.963
Ag 4.867 2.357 2750 | -5.125 | -4.382 | 0.896
Az -3.532 | 2357 2750 | -0.020 | 0.249 0.908
Ag 1.604 1.643 | -3.500 | -5.076 | 4.511 0.488
Ag 22,500 | -1.929 | -4.750 | 3.607 | -2.463 | 2.006
Ao -4.378 | 5214 4.000 | -2.654 | 5.178 2.903
The best situation S™* -4.378 | -4.786 | -4.750 | -5.125 | -4.382 | -3.956
The worst situation S 4.867 5.214 5.250 4.875 5.178 3.939
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TABLE V. THE FINAL ALLOCATION RESULTS

MAPs | D;ju | Do | DY | Q5 | Ry | S;
A | 5460 | 5.664 | 9480 | 0.576 | 0.099 | 989
A; | 5038 | 6446 | 9480 | 0531 | 0091 | 913
As | 6194 | 5521 | 9480 | 0653 | 0112 | 1122
Ay | 5654 | 5418 | 9.480 | 059 | 0.102 | 1024
As | 4028 | 6783 | 9480 | 0425 | 0073 | 730
A | 6004 | 5987 | 9480 | 0.633 | 0.109 | 1088
A; | 5465 | 4872 | 9480 | 0576 | 0099 | 990
As | 5439 | 5935 | 9480 | 0574 | 0099 | 985
Ay | 4604 | 6.696 | 9.480 | 0486 | 0.083 | 834
Ao | 7316 | 4913 | 9480 | 0772 | 0.133 | 1325

V. CONCLUSION

In this work, we first proposed a simple method for compar-
ing fuzzy triangular numbers, and then extended the situation-
based allocation approach to deal with the disaster situations
with fuzzy values. The illustrated example showed that the
extended approach is effective to allocate limited medical
supplies to MAPs in different situations with fuzzy triangular
values. However, further studies are needed to perfect this
approach, such as the determination of the factor weights and
the consideration of decision-maker’s preferences.
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