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Extended Abstract

'Introduction

The continuous development of science and
technology has led to a rise in the use of
advanced medical equipment, which comes
at a significant cost. [1] The provision of
necessary medical supplies represents one
of the most financially demanding
components of healthcare services, with the
management of their purchase and
consumption offering great potential for
considerable cost savings and improved
healthcare providers’ effectiveness. [2]
Several factors, such as multiple purchase
requirements, limited financial resources,
traditional management policies, lack of
skilled manpower, and inappropriate
performance in the management of
providing medical supplies, have led to
fund losses in this sector. [3,4] The
influence of different people and
organizations in this chain has increased its
complexity, [5] making the selection and
purchase of medical supplies one of the
most challenging decisions. [6] Therefore,
identifying the influencing factors on
decision-making and using scientific
methods to choose appropriate medical
supplies in medical institutions have gained
special importance. [1] So far, various
methods have been employed to improve or
facilitate the process of purchasing medical
supplies in healthcare centers. For example,
many hospitals rely on specific vendors to
supply the medical equipment they need,
leading to a monopoly in the market. [7]
Others utilize bidding systems for
purchases, which can often lack
transparency and create opportunities for
corruption [8] In some countries, healthcare
providers outsource parts of their
purchasing activities to reduce complexity.
[5] Numerous studies have emphasized the
necessity of empowering and training
procurement officials to identify and select
the best suppliers. [8-10] However,
hospitals continue to struggle with a
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shortage of skilled employees and resort to
non-specialized and conventional
procedures in this regard. [6] Kohler and
Wright [11] have argued that transparency
in procurement is necessary to prevent the
risks of corruption. Ellahi et al. [12] have
examined the role of optimal logistics in
providing medical supplies and found that
the medical community does not apply the
written method in this field. Lari et al. [13]
have suggested that supervisors should be
provided with the necessary information
about the consumables of each department
in order to make correct and timely
selections of medical supplies. Jafarnejad
and Soleymani [14] have concluded that
preparing databases on the web a useful
solution for organizing information related
to the optimal provision of medical
supplies. Baral et al. [5] have introduced an
intelligent cloud-based system to manage
and distribute information  between
suppliers and medical centers. None of the
previous studies has offered a suitable
method to address all the above issues.
Therefore, the aim of this study was to
design an intelligent system, based on
expert opinions, that could assist managers
and experts involved in the preparation and
supply of medical equipment to healthcare
centers with the decision-making process
and selection of medical supplies. The
proposed system was intended to ensure the
highest levels of safety, quality, and
efficiency while minimizing financial
burdens associated with the provision of
healthcare services.

Methods

The present research was a developmental-
applicative study that employed a
descriptive-survey  method for data
collection. and it is part of extensive
research for the design of an "intelligent
decision support system for the expertise
purchase of medical supplies” in 1401. In
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the initial step, medical supplies used in
medical centers were identified and divided
into four clusters based on the two
characteristics of "unit price” and "total
price" by using the k-means algorithm. The
Davies Bouldin Index was used to evaluate
the results. Each cluster had varying levels
of importance, price, required quantity, and
type of use for essentials. In the next step,
the criteria for purchasing medical supplies
were identified through library studies and
experts' opinions and modeled in a
structural format containing five categories
and sixteen sub-categories of criteria. These
criteria were then weighted by experts
according to the best-worst linear method
for four clusters of medical supplies. The
results of the previous steps were used to
develop an intelligent model for purchasing
medical supplies. In doing so, two experts
in the field of medical supplies who had
university degrees and experience were
selected by using a combination of targeted
and judgmental methods through non-
probability sampling and collaborated with
the researchers.To prepare the input data of
the neural network, we identified the first
320 medical supplies used in medical
centers. Next, a number of medical
necessities were sampled from the four
clusters in a "stratified" manner according
to the Morgan table. The appropriate
number of 175 samples was determined and
randomly selected. Then, each of the
medical supplies was marked with a brand
name. A total of 3200 data items were
extracted from the databases of the General
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Directorate of Medical Equipment for the
calculation of quantitative indicators such
as price, records of accidents and recalls,
sub-criteria of compliance with the
requirements, and history of the seller's
company. Other guantitative data, such as
discounts and benefits from purchases and
transportation costs, international
approvals, and time and place of delivery of
goods, were obtained from the databases of
medical centers. Furthermore, experts
evaluated the desirability of qualitative
criteria such as discounts and benefits,
quality and ease of use of essentials, place
of delivery of goods, and the level of
responsiveness and support of the seller
compared to ideal conditions and linguistic
terms. Various methods for using fuzzy
values to analyze linguistic variables have
been presented in the literature. However,
most approaches require cumbersome
calculations and are not suitable for solving
problems with more than 10 options and 10
features. [15] In contrast, Chen and Hwang
[16] proposed a method that addresses these
issues by transforming fuzzy linguistic
terms into deterministic data through a two-
step conversion process:

1- Converting linguistic terms into fuzzy
numbers, where linguistic terms are defined
according to the third scale of Chen and
Hwang’s method [16] as "very low,"
"low,", "medium,” "high," and "very high."
In the present study, Figure 1 was presented
to the experts to evaluate the quality
criteria.
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Figure 1: The third scale of Chen and Hwang's method [16]
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2- Converting fuzzy numbers into definite
numbers. Let U be a set with x elements.
The fuzzy set A in U is represented by the
membership function pa(x) as follows:

A ={(x,us(X)), xeU} Eq. (1)
pa0 = {1 A Eq. 2

The elements that have non-zero
membership degrees are considered the
support of that fuzzy set.

S(4) = {x e U] pa(X) 2 0} Eq. (3)

Now, according to a maximization set and
a minimization set as:

x, 0<x<1

Hmax (%) = {O, otherwise Ed. (4)
1—x, 0<x<1

Hmin (%) = {0, otherwise Ea. (5)

The value on the right side of M is obtained
from the intersection of the line y=x and the
right part of the fuzzy number M as follows:

HRr(Mm) = SUp [tem (00 Mmax ()] Eq. (6)

The value on the left side of M is obtained
from the intersection of the line y=1-x and
the left part of the fuzzy number M:

tromy = Sup [ty () Mmin (X)] Eq. (7)

And the total value of M is calculated as
follows:

Urmy = [.uR(M) + .uL(M)]/Z Eq. (8)

For example, equation 9 presents the graph
equation of the fuzzy number "very low."
The value of 0.18 is obtained from the
intersection of its right side with the line
y=X, and the value of 0 is obtained from the
intersection of its left side with the
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line y=1-x. The result of converting the
fuzzy number into a definite number for the
"very low" option is then calculated by
taking the average of the two values. [15]

1, x <0.1
Hyery low = {02__"’ x>01 Eq. (9)

0.1

pur(Very Low): (0.2—-x)/0.1=x So x=0.18 and pg(Very Low) = 0.18

w, (VeryLow): 1=1-x So x=0 and p, (Very Low) =0

dran = [0.18 + 0]/2 = 0.09

According to the above relationships, the
results of calculating values for verbal
expressions were 0.09 (very low), 0.28
(low), 0.5 (average), 0.72 (high), and 0.9
(very high). In the end, in order to gather the
experts' opinions, we calculated the average
scores of the qualitative criteria for each of
the medical requirements and used them,
along with the values of the quantitative
criteria, as inputs to the network. In order to
determine the output of the network, the
experts were asked to assign a score in the
form of decimal numbers between zero and
one to each of the medical necessities in
comparison with the ideal option based on
the score of all the criteria and the average
score was also considered as the output of
the network. As previously stated, this
decision-making model included positive
and negative quantitative and qualitative
criteria, which were represented by the R
matrix. In this section, several operations
needed to be performed on the decision
matrix, including scaling, weighting, and
normalization. The most common method
used for de-scaling is linear transformation,
[17] which for positive criteria is equal to:

d;; = —U Eq. (10)

Y max (r;)

and for negative criteria is equal to:

min (7;)
ij -

d Eqg. (11)

Tij
where rij represents the elements of matrix

R and rj demotes the elements in the jth
column that are related to each of the



Yournal of Health Administration

criteria. Applying the above
transformations generated the matrix D. In
order to give weight to the criteria in the
decision matrix, we multiplied the elements
of each column of the matrix D by the
weights of that criterion in the
corresponding cluster and created the
matrix V. For normalization, the Min-max
normalization method and the following
equation were used. [18]
vj—min (j)

N=—TRD Eq. (12)

max(j)-min (j)

where min(j) and max(j) are the minimum
and maximum values of the criterion v in
the jth column. By applying this
relationship, we obtained a weighted
normal matrix, which was subsequently
used as an input to the network. Providing a
set of diverse and sufficient data along with
a properly designed neural network can
lead to the right decision and valid results.
[19] There is no optimal formula for
determining the right architecture.
However, the trial and error approach for
key factors can facilitate finding a suitable
solution. [15] Therefore, we started the
network design process by examining
various topologies and different structures
and parameters with MATLAB software
until an acceptable model was reached. In
this research, a model based on Multilayer
Perceptron, which involves common
networks for forecasting problems, was
used as the basis of the work. [14] The input
nodes were selected according to the
number of decision criteria. For the output,
a node was considered to predict the
required score. To determine the
appropriate number of layers, we trained
the network first with one and then with two
hidden layers, and compared the results
Additionally, the number of hidden neurons
was gradually increased to investigate their
effect on the network results. The initial
weights and bias values were randomly
determined  according to  Uniform
Distribution for the stability of the results.
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The backpropagation method was used to
design the network, which aimed to find
values for the weights of the network that
would minimize the error through the
gradient descent method. Three functions,
namely PURELIN, LOGSIG, and
TANSIG, were used in hidden and output
layers, and the performance of different
training and learning algorithms in the
network was investigated. The data were
divided according to the standard method to
train, validate, and test the model. Mean
square error and correlation coefficient
values were used to check the results and
evaluate the network performance, as
shown in equations 13 and 14 below:

YT (obs—calc)?

MSE = Eq. (13)

Y i(calc—avg.calc)

R ¥
\/Z?(obs—avg.obs)z Y (calc—-avg.calc)?

Eq. (14)

where n and N are the number of data
(observational and computational data
pairs), obs represents observational data,
calc denotes computational data or
estimated output of the network, and
avg.obs and avg.calc are the averages of
observational and computational data,
respectively.

Results

We tested different structures, activation
functions, and training and learning
algorithms to achieve the best results. The
results demonstrated that employing a
three-layer perceptron network with six
neurons in the hidden layer, the sigmoid
logarithm activation function in the hidden
layer, and the linear activation function in
the output layer had the best performance.
Also, the use of the Levenberg-Marquardt
optimization training function and the
Gradient descent with momentum learning
function yielded the best results
simultaneously in the overall efficiency and
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correlation function. The mean square
error, which is an indicator of network
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performance, is shown in Figure 2.
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Figure 2: Mean square error to show the efficiency of the network

Figure 3 displays the correlation
coefficients of the network, which indicate
the degree of compliance of the predicted
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all sections show the power and accuracy of
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Figure 3: Correlation coefficients in the three sections and in general

I)iscussion

In this study, an intelligent model including
a three-layer perceptron neural network was
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introduced as a suitable tool for predicting
the score of medical necessity. The results
showed that this network is capable of
predicting the desired output with high
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accuracy and an error of less than 0.0012.
In previous studies, Lari et al. [13] and
Jafarnejad and Soleymani [14] emphasized
the use of databases and created the basis
for making the right decision and choice.
Baral et al. [5] introduced a cloud-based
intelligence  system  to  distribute
information between suppliers and medical
centers. These researchers focused only on
the management of information preparation
and distribution yet failed to consider
decision support systems. This study is the
first to address decision support systems in
the context of medical supplies provision.
Kohler and Wright [11] pointed out the
existence of a fertile ground for corruption
in providing medical supplies and the need
to create transparency; however, they did
not propose any solutions to deal with this
issue. The present study proposed the use of
specific criteria and an intelligent system as
a solution to this problem. Ellahi et al. [12]
highlighted the need for a systematic
approach to optimizing logistics for
essentials, which was achieved in our study.
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Additionally, Abdi et al. [20] stressed the
importance of improving procurement
infrastructure, a need that the current
research fulfilled by introducing an
intelligent decision support system based
on technology and information
infrastructures. This intelligent system
simulates the decision-making process of
experts and therefore can compensate to a
great extent for the wvoid of expert
manpower and the lack of expertise in the
optimal selection and purchase of medical
supplies in healthcare centers. By
considering all the criteria for selecting
medical supplies and weighting the
purchase criteria of supplies in different
clusters, it can strike a balance between
quality and cost. It considers all the
selection requirements and helps the user
make the best choice in the shortest possible
time. For future studies, it is suggested that
interested researchers explore alternative
smart methods for addressing this problem
and compare their findings with those of the
current study.
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