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Abstract

Due to the mereasing population. there has been an mefficient allocation of resources in the health
care department In the past years, significant demaud and lmtation of capacity were faced across
every specialty in hospital but mostly this issue has bheen found in acadent and emergeney depart-
ment However, a hospital bed scems 1o be crucial resource for all health cane svstem Therefore
to extract the best solutions for the allocation of existing resources in A & E departinent. vanous
optmnzation techuiques were applied. In emergency departinent. diflerent sort ol uncertainties oc-
curs such that to deal with these uncertainties fuzzy optimization techniques were adopted in the
past vears. A hvbrid approach based on an adaptive neuro-fuzzy inference system (ANFIS) can be
adopted to prediet about the occurrence of the adverse events. An ANFIS network structure is split
mto two parts. the prennse{IF) 1s the first component, while the second component is known as
the consequence (THEN) and a fuzzy inference system is constructed on fuzzy sets and fuzzy rules
and 1t melndes three other components, cach of which plavs a speaific role in reasoning, imcluding
fuzzihcation. inference. defuzaitication. By using [F-THEN 1ules. the fuzzy mference svstem (FIS)
predicts bhehaviour of the svstem. These fuzzy inference rules are then applied on the optunization
problenis and the model 15 analysed and interpreted for the resource allocation of private and gov-
crimuent healih care organization  Decision-imaking tools assist us e the tecogninon. evaluation.
and aceeptance of alternatives on the basis of judgements, The essential 10le of health care decision
makers is to detenimme the wost etheient use of Inmted resowces, and distriburing the resources. use
ol teelimieal knowledge provided the information that is available at the moment One of the most
stghtlicant area ol decision makimg theory 1s multi criteria decision making (MCDM). Therefore. an
mmovative approach known as Best-Worst-Method (BWM) is used to solve MCDM problems. Both
best (e g. most appealing, most essential) and worst (c.g. least appealing, least significant) criteria
are evaluated first by the decision maker m accordance with BWNM. The scales for criteria are modi-
fied to intuitionistic fuzzy form by employing the Intuitionistic fuzzy best worst method (IFBWAM)
I'his thesis is classified in to three chapters.

Chapter 1. meludes introductory concepts that are essential to understand the subject ared

In chapter 2. health care resoutce allocation plammmg through fuzzy Tmear progrannnmg model s
(el f}
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presented. The solutions of the problemn are computed through ANFIS and it is then compared with
the solution ol actual problem,

In chapter 3, the concept of fuzzy hest worst for decision making are discussed in detail and
intuitionistic fuzzy best worst technique is implemented for resource allocation in A & E department.
The weights of the various criteria obtained from intuitionistic fuzzy best worst method (IFBWNM)

are compared with the fuzzy Best worst method.
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Chapter 1

Preliminaries

This chapter is consisting of all the terminologies which further helped to achieve tasks related to

fater work.

1.1 Fuzzy logic

Fuzzyv set theory is a generalization of classical scl theory. Fuzzy set theory has heen considered
to be perfectly natural from the concept of other scicnces. A brict study of history may mdeed be
beneficial to better explain the essence and influencing facturs of fuzzy set theorv. The 1esearchers
soal 15 to roaden the techiical dehmtion of a set and a premise in order to allow the fuzziness as
it is relevant to human communication. as well as in hutnan logic. review, and conclusions. This
s demonstiated in the st aiticle presented by Zadeh [1] and Goguen (2] on fuzzy set theory. To
achieve blurry conceptual phenomena utilizing fuzzy set theory presents a precise mathematical
formulation. This concept gained huge acceptance in the last century of with the first significant
real-world employment of fuzzy rule-based algorithms for the management of process development,
termed as fuzzy logic control. According to Zadch (3], fuzzy sct is a collection of attributes having
degree of membership function. A membership function which grants cach clement to @ membership
grade between zero and one are distinguished by this kind of sct. In the scope of furzy sets to
incorporate the notions of union. intersection, complenment. and various features ol these concepts
are established [ fact. both fuzzy set theory and probability theory as approachable methods to
capture uncertaintices occurs i every aspeets of the prevailing situations  Fuzzy logics are effectively
wsed in todavs organization such as in particularly control system cugineering, signal processing,
Biochenmeal engmeering. factory automation. biotechnology. home appliances. and optunization, in
health care cte. In health care department many uncertaintics occurs which s unpredictable And

as we know that one ol the most important application in the teld ot health care are medicines n
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which fuzzy sct theory was implemented and presented by Zadeh [4]. The most likely utilisation
of fuzzy based theory would be in diagnostic testing and was carly forccast by Zadch theory [5].
Smice fuzzy set theory allows to cnable interpretation and inferences from inaccurate information, it
is proposed to contrel uncertaintices and vagueness in cxpert systeimns. Clicnts information, personal
clinical records. as well as other inadequately information are extensively used in the diagnosis of
ilnesses and in the formulation of medical interventions in the sector of medicines, A rule-based
systemn is a computerized that utilized application of fuzzy inference. Through the use of an open
source development environment, it was constructed digitally for the detection of diabetes discase.
Web-hased Fuzzy Expert System for Diabetes Diagnosis (Web- FESDD )is an intelligent diagnostic
system that can he anployed by doctors. diabetic experts, and clients to diagnose. Invalid data
that cmerges and during discasc diagnosis and treatinent can also be treated by fuzzy knowledge -
hased systens [0] The vast majority of rescarch on fuzzy set theory in health care has already been
conducted by individuals and is still frequently viewed as unstructured related to his own predictions.
For the sake of better understanding and better understanding it is inevitable to learn and investigate

the fundamental propertics of fuzzy sets and it’s generalization.

Definition 1.1.1. Let U be a non-empty sct. A fuzzy set Fof 7 is a set of ordered pairs represented
as.

F= {(u.:\p(u))\ uell}

where the first element is from non empty set and second elenent 1s it's image under the mem-
bership funetion Az and this membership [unction is expressed as.

Ap il — 0, 1]

and /'\,;w(u) is called the grade of membership of w in the fuzzy sct F. The value 0 means that u is not

a member of the fuzzy set and the value 1 means that u is fully a member of the fuzzy set. A fuzzy

solis called normalized when at least one of its clements attains the maximum possible membership

grade.

Let U denotes the non-empty set and F and G arc the two fuzzy scts where ,\,: and 5\(;. arc the corre-

sponding fuzzy membership function. Then their intersection £ N G and union F UG are defined as
A (u) = nlin{:\,:.(u)\/\G(u)} Yuel/ (1.1.1)

G
;\[:LJGQH) = l]l&lx{/-\[}(ll).;\d(ll)} Ve l/ (1.1.2)
Example 1.1.2. Let U ={r. ro. 7501y r5} and suppose F .G are two fuzzy scts
= {(r1.0.2). 12,0:3). (r3,0.6). (r1.0.7), (5,0 9)}  aned
{

G = {(r1,0.1). (72,0.4), (r3,0.5), (r3.0.8). (5. 1) }
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then

Fm(::{(“~'\ﬁ‘rw(?(“)) Muel'} (1.1.3)
( Ué:{(’ll.;\ﬁud(ll)) Ve U} (1.1.4)

FOG={(r,0.1),(rs,0.3). (rs,0.5).{r4.0.7), (r5.0 9)}

FUQ={(1,02).(r2,01),(r4.06), (1. 0.8). (r5. 1)}

The complement I'° on a fuzzy set I is also a fuzzy sct with membershnp imction defiied
as.

/iﬁ( (W) =1=Ap(u) Yuel

For a € [0,1] .the a — level set is a subset of U containing all those elements having degree greater
than or equal a. to defined as. the set of all those elements helonging to fuzzy set U whose membership
function defined on the fuzzy set U s larger than or equal to the degree o, Mathematicallv, it is
denoted as:

F, = {u] }‘\ﬁ('u,) >a Yuel, oel01]}

where

Fo={ul /\1:~(1t) >ao Yuel, ael01]}
s known as strong-a level set or strong-a cut.

Definition 1.1.3. Fuzzy numhbers arc a generalization of crisp numbers to handle vague or uncer-
{ain mformation. A fuzzyv number is a mathematical concept that represents a real number with
uncettamty or inprecision, and it is defined over a fuzzy set. A triangular fuzzy number is the triplet

(€ . 1) with the membership function. Graphically. the membership s presented in igure 1.1
9 1 P !

0, ifu <€

. . “*l, i€ <u<w

Aplu o) =¢ vt (1.1.5)
3;_—5 i <<
0, =y
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L

vy,

v W

Figure 1,1: Membership function of triangular fuzzy numbers

1.2 Intuitionistic fuzzy sets
The concept of intuitiomstic fuzzy sets (IFS) was first, explamed by Atansassov [7] and it is a sct
of triplet represented as {{e. (g (), v (¢))}) where iz (), ¢ (c) denotes the degree of truth and
untruth respectively and n; (¢), ¢ (¢) € [0.1].

Definition 1.2.1. Let S be the non-empty set and mathematically a fuzzy suhset L of S is repre-

sented as:

L={{e.nple) vile)) lee S) (1.2.1)

Where 17 and pj are function from S to the interval [0. 1] commonly called membership and non-

meinbership function with

O<yite) +o7(0) €1 ces (1.2.2)
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1.2.1 Operations defined on intuitionistic fuzzy sets

Let L; and Ly denotes the two intuitionistic fuzzy scts. then the arithinetic operations and set theory

on mtuitiomsiic [uzzy sets are defined as:

Fyt Ly = (e, (64 g () =g, () g, () wr,le)l [ e S)
Lyx Ly ={(ecnz (e, ()¢ () + v, (e) = v elep,(e) e € S}
Fr U Ly ={{e.max(yz, (), ng () minle, (2, () e € 5)

L1 Lo ={(eomm(ng, (¢). g, (€)- max(ep, () 2p, (€) | e € 5)

Ly Ly ={eng, () v, p,(€)) e € S)

v = Lo ={{eang, g (e) e, i€l e € S)

ey \()‘771_'2 (e)

it g () 2 g, (o)

. _ 1=y, (0)
ng,-ple) = :
0 otherwise

%’L’](‘—) . " o

- 2540 pp e € ople)

rl,l—/f_,(‘ ) :
1 other wisc

and:
1y (e}

f—(—) if e (O < g, )
and iy (¢) >0
g L) = ‘2
L and ’/L'l(")wiz(() < g, ((’):*El((’)
0 otherwise

prle)-o, (e} .

= it or () <er,(e)
>

wr, r,le) =

otherwise

—_

1.3 Fuzzy Inference System

(1210

(1.2.11)

One of the most powerful technique for coping with nonlinear and ill-determined mapping of model

parameters to particular output paranicters is a fuzzy inference system. which is addressed under

fuzzy set theory. A Fuzzy inference knowledge base is constructed on fuzzy sets and fuzzy rules. A

tuzzy inference system includes includes tuzzification inference , defuzzification By using IF-THEN

tules. the fuzzy inference svstem (FIS) predicts behavior of the system. It is the technique of applying

probabilistic logic to convert a collection of specific inpul paramelers to an output parameter. Five

mant operations are perlormed by [uzzy inference syslem [8] see figure 1.2

1. A rule base comprising multiple fuzzy [F THEN rules.
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2 A collection that outlines the membership criteria for the fuzzy sets used in the fuzzy rules
3 Rules are inforred using a decision-making mechanisin.

4. A process of transforming the degree of correspondence with linguistic characteristios from the

Crisp pataneters is fuzzification.

3. A process of converting the fuzzy outcomes into crisp outcomes s known as defuzzification

Knowledge base

i Fuzzy inference
j method !
| }

Rt T sl “

o
!
—_— [P - - 1] i
| Fuzzy sets | - | Rule base
; +
N 1 /
A
~ -
\'.\g AV g."/
~ Cnsp | Fuzzificaunon mlzﬁmswnh . De- Crisp
ey SIS ‘ Process b . . mgun w fuzzificanon o sets
‘ | : process ‘

Figurc 1.2: Fuzzy Inference System

1.3.1 Fuzzy IF-THEN Rules

A zzy IF"THEN rale is made np of two components  The first is the IF part and the second 1s
THEN parc which are terined as the premises and consequent tespectnely Asstiming that L s the
univarsal set (the input space) then a fuzzy set £ and G in U are deseribed as a collection of ordered
pairs.

/\,: = {(u.;\p(u)[u € (")}.;\G = {(1',;\(;.(17) rell)}

Tu the hterature, Fuzzy inference system (FIS) have already been devised in a var icty of form [9]. It
atises from alterations made to the derived component’s composition and the defuzzification tech-
Hiques.  One of the most common type identified by Takagi and Sugeno FIS [10] m which the

consequential parameter for each rule is expressed as a linear cotmbination of input parameceters The
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weighted average of the output of each rtule is the final outcome. Based on two fuzzy rules a first
order Sugeno fuzzy model is developed using two input parameters . v and one output parameter

J [11]. For exanple

Rule 1: If wis ﬁl and vis Gy then f = pru+ gro+ry where l:’]. 1:} €
Faud GGy € G

Rule 2: If v is Fy and ¢ is Gy. then | = pou + qz0 + 12 where . F, €
Fand G,,Gy € G,

where pe. g, 70 are the e rule’s succceding parameters. The £, and G denotes fuzzy sets. Their

cortesponding membership functions are defined as:
we = Az ()N A5 (0) e=1.2
t ‘e

Where the membership functions of v and v in fuzzy scts Fe and (7, are represented by A and A

respectively.

Fuzzification

It is a mathematical procedure by which crisp input values are transformed in to a membership value

of a fuzzy set Let U denote the universe of discourse for the fuzzy scts 7 and ¢ The fuzzification
) . , .

process receives the elements w. e € {7 and produces their membership degrees.

Apta), Ap(e). /\\(:,(u). /\(;(t')

Weighted Average The final output of the system s the weighted average of all rules outputs as:

Z:l:l u'ef(*
Z:lzl we

Final output =

1.3.2 Adaptive neuro- fuzzy inference system

Fuzzy and ncural networks arc combined in the neuro fuzzy inference system which also includes
retramng and laboratory tests The artificial intelhigence method wlich integrates fuzzy logic with
artificial neural networks are Neuro-fuzzy. In the literature, when the analyvsis were conducted var-
1ous neuro-fuzzy approaches has been presented by Vieira et al. {13[(sce hgure 1.3). In the carly
of 1990w popular fuzzy mifcrence svstem (FIS) was launched as Talbagr - Sugeno - Kang. While
oplunizing uncertainties to evaluate nonlincar functions both neural networks and fuzzy systems are
combined in ANFIS by Jang [12]. To perform instructions from sampling. ANFIS cmploys a train
data set that is the same as that used by artificial neural networks. Therefore the most efficient
ANFIS structure for treatmg the significant ssues are determined. To sec its influence on samnples
the generated structure is evaluated  The suitability of ANFIS model reveals the smaller error in

the resules. It distributes a number of membership functions to cach input and presents optimunt
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if-then rules based on optinnzation methods. An ANFIS network structure is split into two parts:
the premise s the first component. while the second component 1s known as the consequence. ANFIS

structure is made up of five lavers: [14]

Fuzaficanon
A

Laver N
Summatuon
layer

\ Defuzzificauon
Laver

Figurc 1.3: Layer of ANFIS

Layer 1+ Fuzzication layer is the first layer in order to obtain fuzzy clusters from imput values by
using membership functions. The form of membership function are determined by parameters and
these parameters are called premise patameter. The premise parameter set are denoted by {€, v, v}

0, ifu <&
e <u<u.

/7] = ’i‘i‘(“‘é- po) = v—£"
YoV iy < g D,
v v
0, =

Laver 2- This layer is known as rule layver in which the firing strengths (w, ) for the rules are generated

by using membership values in fuzzication layer we values are computed as:
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1;2 = = Aplu) A(u) e=1.2
Laver 3@ The normalized ring strengths belonging to cach rule are calculated by this normalization
laver. The ratio of the «th rule’s fuing streugth to the sum of all firing strengths is the nonnahsed
value represented as:

w
3 _ _ 4
I’ =uw, = T

; —
Z(:I We

Laver 4 . Each node of this laver also known as the defuzzification layer computes the weighted

values of the rules. By using rst order polynomial this value is evaluated. () is the output of the

normalization layer and the collection of paramcters p, qo, andr, are known as consequence param-

oters. In the fourth layver the consequence of every node is represented as:

=t f, = the(pett + qov+ o).

Layer 5 : The summation layer where all the output of ANFIS are detennined by adding the results

obtained from cach rule independently.

Working of ANFIS

The concept of mapping a fuzzy inference systein into a neural network structure and then optimizing
the membership functions and succeeding component parameters with only a hvbrid learning method
are built on an ANFIS. The parameters of the membership functions are identified using a neural

network learning algorithim in this process
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Laver s

\
?

/

Layerl
s
.'//
\\\
\ E.
A 6
.'/,
-~
7
\\\\-
\"‘-\\$ G":

The ANFIS structure contains two input parameters (u, v) and f (ohjective function) as well as
the two rules established in the preceding section The fuzzifving laver which uses the parameters
Je and g is the first phase. The membership functions of these parameters are the result of ths
fayer  I'he prennse parameters are determined in this stage  ‘T'he tiring stiength for cachi rule are
determined in the second phase. Algebraic product of the input parameters are the output of this

laver, The normalized laver is the third phase in which every node determmes the ratio of the firmg

strength of the (f

The output of every node in the fourth laver are represented as.

The fifth laver calculates the overall capacities as the mean ol all mput variables. which determines

the result

Figure 1.4: Structure of Neuro-Fuzzy System

wefo=w pou+qoo+i,).

u

rule to the average of the firig strength of all the rules are expressed as:
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1.3.3 Data set

To extract data from ditferent organization there are many tools nsed in the research But question-
naire is the hest tool used in the rescarch to conduct <urvey and to collect the accurate mformation.
personal beliel, attitudes from respondents. A questionuaire contains a form which 15 consisting
on list of questions and purpose of distributing this survey form m to variety of organization is to
gather data and analyze it for future work. This might helps in data collection and for statistical
analysis. decision making. In order to design best questionnaire one of the most important attribute
in the research form is uniform design and planning. A well structured questionnaire requires proper
atrangements needed to design in a proper steps. “oHowing are the wmain pomts which should he

kept inanind before designing questionnaire:
gq

¢ Question should be clear, simple. casily understandable.

Length of questionnaire must be shorter as it also grabs 1espondent’s attention

Be direct and formal as much as possible according to respondent’s perspectives

Must avoid the words with ¢ivptic meaning and place the questions in a good manner.

Guidelines must be provided to respondent’s in order to obtain accurate data.

A questionnaire has two forms: structured or unstructured. Structured questionnaire are are the
queshionnaire i which respondents are restricted with fixed scheme like multiple choice question and
ves \ no or true \ false. The questions are presented with exactly the same wordings and in the same
order for all respondents and respondent’s own words are minimized.

For example: where do the people comes from at your hospital?
e rural
e urban

when these attributes are not present in a questionnaire then it s termed as unstructured ques-
tomaire. In this questionnaire, general guidelines are provided to respondent’s and then it is the
respoudent’s responsibility to provide the exact formulation of given questions.

[or iustance which steps must be taken by the government to make awaieness in people to stop

taking drugs?

1.4 Fuzzy Linear Programming

There are following steps which are used for developing fuzzy linear programnning model,
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1

Developing linear programming model
A linear programning model consisting of decision variables, patanicters. objective function

and constraiuts is developed to address the real world scenario under consideration

Creating fuzzy numbers

Based on the fuzzy mtormation in the problem, design fuzzy coelficients. fuzzy objectives. and
fuzzy constraints by converting real values  Algebra containing fuzzy numbers: For the casy
operation of converted fuzzy numbers, the arithmetic operations are dehined and specitically

the relations between fuzzy quantitics.

Change linear programming to fuzzy linear programming
After converting the real values of the linear programming model to fuzzy numbers, a fuzzy

linear progranuning model is forned

Construction of fuzzy membership /non-membership function
Fuzzy membership /non-membership functions are cieated according to the problem which

transfoims the LP model to FLP

Conversion of Fuzzy linear programming to Linear Programining
For solution of fuzzv hnear programming model through the existing techniques. new linear
programuing model is obtained based on aspiration level and membeiship funetion through

the application of algebraic operations and inethods over fuzzy huear programming model

An optimization method as a solution
Any suitable optimization method can be used to solve the given crisp model. In this manncr.

the best optimal solution that satisfies feasible bounds 1s obtamed.

1.5 Best-Worst Multi-Criteria Decision Making Method

Every single day. to make judgements about certain aspeets of our lives that are usually asso-
ciated to our individual problems as well as in carcer. Decision-inaking tools assist us in the
recogmition, evaluation, and acceptance of alternatives on the basis ol judgements, heliefs and
preferences. Utihzing a variety of criteria. uulti-criteria decision making are employved to con-
trol and coordinate decision and planning-related challenges. Over the past ten years several
multi criteria decision making approaches have been implemented in a variety of supply chain
management. health administration. resource management ctc. Pairwise comparisons among
nuinerous criteria are essential for all of these techniques One of the wost significant avea of

decision making theory is multi-eriteria-decision making (NCDM) Multy ciiteria problems are
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typically split into two categories: continuous and disercte with 1espect to the problem opti-
mal solution. To cope with continuous problems. multi objective Decision-making (MODM)
techniques are utilized. Multi-Attribute Decision-Making (MADM) techmques are proposed (o
deal with diserete problems. While performing pairwise comparisons a vast stategies suffers
from inconsistent results and was suggested by Rezaei (2013) [15]. Therefore, an innovative
approach known as Best-Worst-Method (BWNM) is used 1o solve MCDM problems and also
1esolve the inconsistency problem oceurs in pairwise comparison . this technique demands for
fewer comparisons as compared to previous NCDM strategios. In order to choose the hest op-
tion in an MCDM problein . a wide 1ange of possibilities arc assessed in the context of varicty
of criteria. Both best (e.g. most appealing, most esseutial) and worst (c.g  least appealing.
least significant) criteria are evaluated first by the decision maker in accordance with BWNM.
By emploving pairwise comparison between the best and worst and then compared against the
other criteria. By combining the weights from many evaluation eriteria and possibilitics. the
best option is determined. and the outcomes of the acceptable option are computed A con-
sisteney ratio is established for the BWM to examine the accuracy of conparisons. Following
are the hasic steps involved in developing BWA:

Steps To Construct BWM

Stepl. To determine a set of eriteria for making the decisions

hithe Brst step to assist m decision makmg relyving on the the study of research and individuals
puint of view. a sct of k eriteria (s, 005500 a0 ) are determined.

Step2: The best criteria (e.g. the most desirable. the most essential) and the worst criteriaf
least desirable. least significant) are chosen

Step3. To express your priority for the best criteria over the other eriteria. choose a nuinher

between 1 and 9 scale. The veetor representation of best-to-other veetor(BO) can be denoted as:

Qgp =(€R1,€R2.CByy ., 01

where
g denotes the prefrence of hest criteria B over crtteria . Also we have egg=1. Every
professionals who participated in decision making process may agreed on the obtamed final
value

Step4: To cvaluate the prefrence of alinost all of the eriteria over the worst criteria using a

scale from 1 to 9. The vector representation of others-to-worst{OW) are denoted as:

_ , , , ST
oy = (€1y. €24, €y S (K u)
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where
€1y denotes the prefrence of all other eriteria m over the worst criteria W. Also we have
e =1 Every professionals who participated m decision making process mav agreed on the

obtamed final value

Figure 1.5: Best to other and other to worst prefrences

Step5: 'Iu determine the optnnal weights (o). &y, iy, . uy)

To evaluate the optimal weight for the criteria in case of cach pair o and ’L‘L—L which then
wlimiately resulted in the forn of weight as: ;’:—‘L = "R,'””’“IHL = ¢,n11 we must need to figure
oul the solution winel satisfies the above condition tor all m and also the greatest possible
absolute differences | :,#‘IL -€pm | and | ,‘T‘ﬁ-‘- - en | are minimized for all w.

Let us consider the sum and non-negativity condition for weights duce to which the following

problem occurs

. w w
(= min/max{l £ _ €lim | and | == — ¢,y I} (1.5.1)
m wy wy

such that > wy =1, w,, >0 VYmn

m

Now tns programming model is remodeled into the followmg programnmng model which are

defimed as

nun o

such that

upg , -
| —epm| <d VYm
'rn
uw i .
J"_” - ‘Jm\"J <o Vi
wy
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Z w,, =1

n

Up, 20 Ym

We will pet optimal weights (afy, . aiy, .. .. wy ) and C alter solving thie abuve problem (1.5.1)
Now.as the BWM is applied on a real world problems so to better understand its implementa-
tion example is presented helow:

Think about the dress selection problem where the cotton fabric is a criteria Now. the consis-
tency tatio for the BWNM is defined as:

Foi every it the condition EBm X Coilr = €pw 1s satisficd where ¢ oand ey and ¢ gy
denotes the corresponding prefrence of best eriteria over other eriteria m. and the prefrence
of other erteria over worst, and the prefrence of best criteria over worst criteria then this
comparison is known as fully consistent.

Now to measure the consisteney of a comparison as it is more likely for some m not to bhe fully
consistent. so subsequently the concept of consistency ratio is developed. T order to achicve
this, by fguring out the minimal consistency of a comparison as dlustrated below:

As the maximum possible value of egy is determined by the deesion maker but mostly max-
imum value of gy are 9 so em € {1l. . ceaw} Morcover . case of CHm X €pt = €y
and g, % €0y > egy- or emw # cgw the inconsistency occms It € 1 -ande,yy have the
maxnnun value or equal to egyy then the INCONSISLENey MUst attain 11s maximum value d We
know that o T = ﬁ‘— - the fughest inequality arise due (o alocate the maxinun values
FO G and cgp, and N s a quantity which st be added in ¢ g7y, although being reduced
(roun e g5, and e,/y1 More aceurately. it s represented as

(¢ 1 = 0) X (€pny- = 6) = (e +d)

Now 1 case ol nummun consstency €4, = e, \w = 5w then we have.

(1w = 6) x (cpw =) = (epu + 4)

this implics that

6 = (14 2¢4w)d + (B —csn) =0 (1.52)

Now . the largest possible value of 6 can be deter mined by soling cquation (1 3.2) for nimncrous
various values of ¢ gy as ey ranges from 1,2.3.. ..9. This largest value of ¢ s defined as
the consisteney index. Atter determining the consisteney index . consisteney ratio s calewlated

with the hielp of this formula given helow

;

5 .
consistencyralio = @ ———> (1.5.3)
consistencyimde g

Our problent is based on discrete data so to handle the discrete MCDA problems, the discrete
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data arc represented in the form of matrices as:

ar o2 ay Oy
L T T2 Ty Tlin
P2 | Tey To2 T3 T
H=py |l m 150 138 - 714
fo \Tol To2 To3 - Tuy
where p, 2, ... p, represents the set of feasible choices and d1.02,. ..0, 10presents the set

of criteria for making that choices . and T vepresents the grade of choices i in regards to
choices k. The target is to determine the choice which is the most appealing or valuable and
has the best worth. To evaluate the total worth of chowce 1 « X« ¢an be obtained with the help
of several approaches. T a generalized form, for the most NCDM] techuiques to determine vy,
the additive weighted value function are adopted [3] and can he expressed as:

n

\ = Z WL T4 (15.4)

A=
where wy > 0. ZL wy = 1. Now. the thing which matters in the above cquation is the path by

which sct of veetors or weights of the eriteria wy, w,, . ... uy are determmed.
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Chapter 2

Health care Resource Allocation
Planning through Fuzzy Linear

Programming Model

2.1 Introduction

With a population of over 210 million. the Islanic Republic of Pakistan is the thirty-third biggest
state in termns of area and the fifth-most populated Pakistan’s population is equal to (2.83%) of the
wotldwide population. In Pakistan. Population ages 0 — 14 years (34.63%). 15 — 64 years (60.97%)
of total population. 65 years and older (4.4%) of total population was repotted in 2021 [16]). In
the presence of average income per capita. the overall population hierarchy reflects an age strictuie
with a high dependence ratio. Pakistan is one of the world’s youngest countries. with more than
GO% of the population under 30 and many arce unemploved. While a big voung gencration are now
demandmg lor employment to [l their needs due 1o inappropriate job opportunitics, along with
puor capital development may change this cconomic bounty into scouge

It helieved that the health care svstem of Pakistan 1s under massive pressure With the passage of
tune, these davs it is quite diffienlt to make the best use of resonrces (e.g . bed capacity and average
duration of stay. staffing budget, ete.) withm the hospitals. So due to the rapid increase in demand
and inadequate capacities are experienced across all the specialties (aceident and cmergency) within
hospitals. The incieasing ratio of accidents are closely related to worsening provailing conditions and
with the rapid inerease m population. that often has multiple complicated situations which occuns
in-accident and emergeney department forms the highest demands for heds Througlh providing

guidelines and make proper awarencss in people it tay be possible to get overcome on the increasing

17
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tativ of accidents [t is essential to allocate resources within A & E departinent due to the cases
rising in aceident death rates. However. a hospital bed scems to be erucial 1esources for all health
care systeur. Developments e research and nedicines lead notably decrvasing Jength of hosprral
admissions for inpatient and cnhancing the pereentage of day cases outpatient, A LT3 departinent.

A hospital does not have appropriate resources o improve capacity. cither in regards of heds ol
staff, due to madequate budget. As a result, hospital administrator mnust explore efficient and ef-
fective solutions to use current resources. Therefore to extract the best solutions for the allocation
ol existing resources in A &E department, various optimization techniques have heen devised [17)
Optimization is the art to make things more acceptable or to bring things nearer a standard. Many
optimization techniques have been invented and applicd in engmeermg. biology. information tech-
nology. ete. NMathematicians, professionals used optimization for decision niaking. The goal of such
decision is ro inerease profit or benefit as much as 1s practically possible to design a product or to
draw something, These are the feedbacks and rough idea of why we need optimization in our daly
practice. Optimization tools provide us the best possible means to make things happens in the hest
possible pracucal wav Through the rigorous use of optinnzation, we are able 1o mvestigate severdl
wore hypotheses than a human heing is capable of. Optinuzation methods assutes that the solution
ol given problem is as accurate as possible. Forceeasting refers to decision-makmg strategies that
lielps o forecast uncertain future evenrs hy taking into account past and present ovents. Forecast-
ing techuiques enable in establishing how to distribute resources and in predicting patient deinand
'18]. When a paticnt is admitied to a hospital, a physician or nurse must 1cally be informed of the
reason for the admittance as well as the patient's condition history Later. he or she will want clin-
ical. radiological, and statistical data. which are some of the most frequently used diagnostic tools,
Forecasting techniques cnable in establishing how to distribute resources and in predicting patient
demand, including inpatient. outpatient. A & E department. It may also be helpful to distribute
tesources (e.g. bed capacity. stafting cost. average length of stay cte.) in the A& E departinent

I emergency department, ditferent sort of uncertainties oceus, To deal with the unceertainties
fuzzy optinnization techniques has been introduced hased on the data obtamed from private and
government health care organizations [19]. These fuzzy techmques then applied on the optimization
problems and model is then analyzed and mterpreted for the optimal resource allocation of private
and govermment health care organization. Fuzzy sets and luzzy nuinbers may be employed to rep-
resent uncertam parameters and can be modified usmg multiple operations on fuzzy scts and fuzzy
nunbers, The fuzzy sct theory established by Zadch (1965) has a considerable impact on the behav-
101 of a dynamic situation. However, no models have analyzed existing and forecast bed occupancy
tate at the hospital within Pakistan. To capture the uncertainties n A& E departinent by the use
of simulation techniques to test at a wider range of activities (average length of stay. treating time,

bed occupaney rate) with hospital investinents (total revenue, cost) with the aim of testing unde
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chffevent situations. So the optinization is now needed to evaluate the exact hed requircments within
hospital under constraints (total targeted beds, nurse to patient ratio. consultation time. consultation
hours). The combination of optimization and simmulation [20] and forccasting boosts decision-making

potential

2.2 Case study:Re-allocating number of beds in emergency
department

In order to deal with uncertaintics occurs in cmergeney department and to reallocate number of
beds and stalling level in emergency department the concepl of fuzzy optimization was introduced.
To cmploy fuzzy optimization technique we adopted the concept of ANFIS by which we introduce
fuzzy inlerence system through inference rules in health care departments. As in curtent situation
in Pakistan the most prevailing diseases ane tvphoid fever and dengue fover and almost 50% are
suffering from this fever and admitted m cmergeucy department due to theh eritical conditions. Now
problent occurs in the amergencey is due to the inadequate resources. proper nianagenment, inadequate
equipments. exceeding 1atio of nurse to patient ratio as there are more tha trty patients winde
the supervision of one nurse at a time. due to the shortage of time period the total consultation thne
provided by consultant to their patients also affects the patients health improvenments. To obtain
data from ditlerent hospitals we have several imputs from different resources, local data. literature
data, financial 1esources are listed m the wodel as constraints A quantitative study was conducted
thus a questionnaire is used for data colleetion. The questionnaire is distributed through email to
ifferent hospitals  In this study. Excel is used for data entry of vespondents cthnicity that arc
collected from hospitals. The questionnaire is consisted of seven section: the first section of the
questionnaire is related to the general information of hospitals like hospital name. arca of belonging
of people who comes to the hospital. The second section of questionnaire is related to patients
age group (for instance: age group of patients who are highly preferable for the allocation of beds.
age group of patients who have wmaximum length of stay at hospital durmg 2021, age group of
patients who needs more councelling at the time of chscharge. age group of patients who were mostlyv
affected and admitted at hospital due to COVIDI9. pollen allergy, diartheal discase cte.) The third
scetion is about hospital stay (for instance about the number of heds currently available, number of
admiitted patients, number of discharged patients. average duration of stay of paticent in emergency
deparument). The fourth section is about resource utilization ( proportion of nurses per patient,
proportion of consultant to patients . lab technicians in laboratry . ventilators available in ICU )
The fitth section is related to hospital management (treating tmie. daily utilization of operation

theatres. duty hours of staff. maxuamm time of completion of operation and average walting time
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tequited by patients ete ). The sixth section is related to staffing cost. average annual carning of
nurses and consultants, total revenue from inpatient and outpatient clective specialty. The last
section of the questionnaire is related to hospital demand (like we are interested in finding out about

the target level of hed occupancy in cach specialty).
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Figure 2.1: Flow chart for emergency department
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2.2.1 Data analysis

The data is consisted of activities performed at hospital. To gather data from different hospitals
a questionnaire was distributed among well known hospitals through which it is casily possible to
forecast related to patient’s admission and number of beds available in emergency department, nurse
to patient rahio. revenne (stafling budget. pay of nurse per shilt. payv of consultant per shift, annual

average income of consultants and nurses ete. This data is divided n to different parts: Local data
e Name of patient
e Gender
e Age group
o Distance (arca of belonging of patient)
o Nuwber of patient’s adinitted and discharged
¢ Ticating time
o Total number of inpatient clective specialty
¢ Total number of inpatient non clective specialtics
Literature data
o Overall 1atio of beds occupied as needed
o Average level of bed oecupancey rate
o Annual mcome of speciahists
o Average nutse salary per year
e Nurse to patient ratio
Financial resources
o Overtune cost
o Patients related cost (cach specialty)
o Stalfing budget (inpatient, outpatient )

o Consultant fee per hour (per patient)

Total income from patient care

o Pav of nurse per shift
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Total revenue from inpatient specialty

e Average revenue at nou elective specialty

¢ Average revenue at elective specialty

Annual Average revenue carning of consultants

* Average annual carning of nurse

Average Total | Nurse 1o
Available[Admitted Average e
Hospital length of Cost [BOR| targered | patient | CTS  [CHS
beds | patients revenue
stay bheds ratio
Holy
Family 100 28 1-2 175000 [ TIOOO[TH%0] 1500 Ix 120 26
Hospital
Shita
luterna- L y
35() 25 2-3 200000 |79000185%( 2100 3 940 3
tional
Hospital
[fauji
Founda- X
200 150 10-15 | 2,25000 | 69750 [45%.| 2100 ¥ 18750 | 19
tion
Hospital
Pakistan
histtute
of B0 350 3-5 175000 H5000(55% | 2100 206 22000 | 3
Medieal
Sciences
Rawal
[nstituce .
500 107 3-4 2.50000 {28000 [50% | 2300 3 3745 | 3
of Cardi-
ology

Table 2 1: Results obtained from questionnaire
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2.3 Mathematical Model

2.3.1 Objective function

To design the model for resource allocation in accident and cmergeney department we have several
objectives:

To maxinnze
e Numnber of discharged patients
¢ Bed occupancy rate
¢ Fmancial resources
and to mmimize:
o Length of stay
o Overtunne cost
Patient related cost
o Maximum completion time of operation
o Nurse to patient ratio

¢ Total waiting time of operation

2.3.2 Parameters

The parameters that are used in this linear programming model aie defined as
NDP, =unumber of patients discharged at speciality ¢

N B, =nuber of beds needed at speciality ¢

NV =number of nurses needed at speciahty ¢

BOR =indicates the 1atio of occupied beds at specralty o

Input parameters
e Distance
e Paticent’s age group

e Beds currently available

Number of admntted patients

¢ Number of discharged patients
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o Average length ol stay

o Proportion of nurses per paticut

o Proportion of consultant to paticnts

e Resource utilization (lab technicians in laboratry, number of ventilators available in ICU)

o Completion time (average maximuin completion time of operation. duty hours, average waiting

time required by patients)

o Stafling cost (approxunate consultant fee per hour, approxnnate total financial contributions.

approximate Payv of nurse per shift, approximate overtime cost of consultants and nurses)

o Revenue (nuber of patient’s with annual average revenue per pationt. total revenue hom
inpatient clective speeilalty, average anmual carnings of consultants. average annual carning of

nurses. average annual cost of ventilators in ICU)

o Target level of bed capacity (gviecology. peeds. cardiology, surgery departient. aceident and

cinergeney departinent. ICU. others)

General objective function and constraints

The mathematical model for hospitals arc as follows:

!
max Z NDP, (2.3 1)
v=1
subject to
BOR, < TARGET VYeeV (2.3.2)
{
Y NB, < BEDS (2.3.3)
=1
{ {
Z Revenmie > Z Cost (2.3.4)
uv=1 v=1
CH,>0CT, YveV (2.3 5)
NB,,DP..NN, NC, ¢ ZtVee V (2 3.6)

The constraint(2 3 1) indicares that the objective function is to maximizes the wmmber of patients
discharged 1o the speciality (¢). The coustraint (2 3 2) guarantees that the total targeted beds are
not exceeded by the bed occupancy levels Bed capacitios are allotted by constraint (23 3). The

(2 3 4) constraint assures that the total revenue from inpaticnt care will be greater or equal to the
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total cost, Constraint (2.3.5) cnsures that the overall consultation time provided by all specialists
will exceed the total amount of thne needed by every patients, The decision variables must he a
positive integers guarantees by constraint (2 3 6).

Time constraints
e Naximum conipletion time of operation
o Total waiting tine required by paticnts of operation
e Daily utilization of operating rootns
o Total surgery time
¢ Staffing honrs

e Theatre utilization by clective inpatient, clective outpationt and non-clective inpatient, outpa-

tent spectalty. number of working hours of nurses. patients

o Number of occupicd bed days. number of hed days in period

2.3.3 Results

Decision variables are explained below:

oy

1. number of bed occupancy rate

m

- largeted beds

 total revenue

o
!

D)

1. slalling cost

my

o

nurse to patient ratio

3

£, consultation hours

Holy family hospital

The objective flunetion are defined as

fL= 075 5+ 5~ 1750000~ 75 + 11000 + 5y + 5 + 26 « 5,
constraints for himear progravuming wodel for hospital ave defined as
51 < 1500

£ <00

Gy 20

eI

S > 120

'
}
|
|
|
i

o

>

o
I

3 5y

0

-
18
{n

2, 1
the solutions vbtamed by solving the lineal programming model for hospital with the help of Matlab

2018 ares
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Objeetive function

Constraints Results
Holy Family Hospital

£1 <4500 51=1500

075+ + 54 175000« 5 £, < 400 =1
+ 11000 x £4 3 ~ &y 20 &,=100000
165+ 26 o <18 = =100000

&g > 120 =18
£1. D, 5 =120
S €5 o2 0] Z=1.80030+10

Shifa Intcr

+79000 * =

+E5 + 8% £

08527 + 5 + 200000 * £

Fauji Fou

015 % €7 = =, 4+ 2250000 % =3

+00750 % 74

+i5 + 19x* 5,

vEa. &5, fg 20

=3=100000
= =100000

7=29477c+10

Pakistan Institu

ite of Medical Saicne

'~

= <2100 s - 2100
085 %) + 23 + 175000 * £ &y < 850 2=
+ 145000 * £, -5 20 £3=100000
+5, + 3% A 55 <20 == 100000
£, > 22000 =20
. S £,=22000
1. €5 £ 20| Z=2.7901c¢410
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Rawal Institute of Cardiology

€1 < 2300 €1 = 2300

0.5 x €1 + &, 4+ 250000 * &3 €2 <500 £3=500
+28000 x =, g3 —&3 20 €3=100000
+&5 + 3%, 5 <3 £3=100000

go > 3745 iq=3
Iy, Ey Su=3715
&, &5 >0 | Z=2.78000+10

2.4 Fuzzy Optimization

Firstly, the linear programining model for hospital is solved by applving optimization techniques and
then solution is obtained in case of cach hospital. To deal with the uncertainties that occurs in acci-
dent and emergencey department of hospital it is necessary to employ fuzzy optimization techniques
to solve the model. The following steps are kept in mind before designing fuzzy optimization hospital

model:

o Firstlv, under the several ohjectives functions it is required to make fuzzy constiaints for solving

the hospital model.

o Sceondly, it is necessarv to define the membership function betore making inferences.
1 nuniber of bed occupancy rate
5, targeted beds

240 total revenue

7. stafting cost

Sn.nurse 1o patient ratio

#, consultation hours

e After deciding the parameters for hospital inodel fuzzy IF THEN rules are defined over certam
criterta which are explamed at every stage.

o Set of parameter values and aspiration results are obtained by fuzzy optimmization

Fuzzy constraints

The general objective function are defined as:

t ,
maz )y Ve
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subject to
\i 2

A2 2 Gy

As

Vv
o
[

A
As

/\[J 2 Aj/(’

|

\\/
N
2

\\'ll(‘l'(‘;\1.;\2. /\5 /\4\5 Ao denotes the membership function of cach hospital
Ne U= 000 where zel”

and o denotes the membersiup hinetion defined on f, wherei=1. . . 6
The objective function and meibership function in case ol cach iospital are defined as
Holy family hospital

f1o= 0T % 504 65 4+ 170000 & 24 + 11000 4 €4 4+ 5 26+ 2,

0 ite) < -0.25,
@) A i -0.25 <6 <075
1) = -
LIf 075 < <175
0 it > 1.75
0 ifey < 1499
e TS 499 < &) < 4500,
{€2) = L
s 1500 < £, < 1301,
0. it > 1501
0. i3 < 171999,
e LT if 174999 < £ < 175000.
AlZy) = - _
T 175000 < £ < 175001
0. ifey > 175001
0. ity < 10999:
<y — 10944 : = .
\(:_l) _ m if 10999 < [ < 11000:
T e 111000 < &4 < 11001,
0. it > 11001
0 ity <17
) Sl if17 <& <18
Bog jfIR< & < 19
0 lf:r, > 19
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0. 5, <25
. S22 if25 < £, < 26
\(E()) - 97 _ s
s 26 < g <27
0. lff-(, - 27,

Figurc 2 2: Relationship between membership and aspiration
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3 &
>

100 01 10999 TTood o0 171999 17S000 173001

2= (.85 * 3_] + 5_2 + 200000 ::.5 + 79000 * 5'_4 + ::5 + 8 x 5_0

0.
&1+015
0 83+0 15"
1 85—+,

1 85-0385"

0.

0.
T2 -20899
2100=20449"
2101 <
2101-2100"

0.

its) < -0.15:
if ~0.15 <& <0.85,

if0 85 <& < 1.85:

<z, < 2000

9
if2100 < =2y < 2101,
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0.
&3 - 199999
200000- 199999 *

2100001 —<
2100001 - 200000

0,

0,
€3 —-73999
”\(_ ) 79000 ~78999 *
TH001 —£4
7900179000 "

0.

>

—~

o,

o

N

il
[
|

LI V)

ey <199999:
if199999 < #5 <
if 200000 < £5 <

itey > 2100001:

iy < 78999;
if78999 < & <
if 79000 < &5 <

if &, > 79001;

ey < 2:
if2 <s <3
i3 <z <
ihzg > 4
i, <7
If7<s, <8
3 <s5<9
ileg > 9

200000
2100001;

79000
79001
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Figure 2.3. Relationship between membership and aspiration
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Figure 2.4: Relationship between membership and aspiration
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Pakistan Institute of Medical Sciences

f_, =000 % 7] + 4 + 173000 = 5 + 145000 * &4 + &5 + 3 * &5

0 its] < —0.45
e S 045 < & <055
El = 15
R 055 <& < 155
0 e 2 155
0 it £ < 2099
A T, 12009 < £ < 2100,
(€)= °
Pt i12100 < £ < 2101,
0. iy 2 2101,
0. if 55 < 174999,
ji) ST if 174999 < &5 < 175000
(53) = o
=g 175000 < &5 < 175001
0. ifeg > 175001
0. iy < 144999
e Ty 144999 < & < 145000,
AlZy) = _ __\
TPootsing. i 13000 < 5 < 115001,
0. iy 2 15001,
(. it 7 <25
v =20 Hor =
=2 j2n < gy <126
AF) =
S 26 <5y <27
0 lf,s 2 27
0, e <2
. 222041 <& <3
AMég) = f*f _
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Figure 2.5: Relationship between membership and aspiration
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0. 2y < 27999
M) = 2;‘,(,;,%7;%{)(,. if27999 < & < 28000:
Fa=S 28000 < £y < 28001;
0. ife; > 28001:
0 ites <2
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= i<z, <
0] ity 2 |1,

Figure 2.6: Relationship between membership and aspiration
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[F part THEN part {Fuzzy constraints|Aspiration|Decision variable|Objective funtion

Holy Family Hospital

076+ 64025>~ | 4 =0 £ = 17500
+173000 4 2

—_
=1
[}

-2 ",/; ‘)/2 =) =) = 1499

F1000% 5 | E-d499 >~y | v =0 | & = 171999
P+ 260 5| 4501 - >, | A =0 2= 10999
S 174999 > v | 4 =0 o= 1T
_ o 175001 = 2> v5 | 7y =1 W =2
) = AV AE) 30TAH819167 3125

710999 > ~,

11001 — £ >~

Shifa International Hospital

0.85%21 + &30 £4+0.15 > Y1 =0 &1 = 1.8500
+200000 % €3] 1.85 — &>~ Y2 =0 €9 = 2099
+79000 « S+ & - 2099 > v Y3 =10 €3 = 199999

S5+ 8% | 2101 =825 | 7 =0 5= 73999
S—199999 > v | 45 =10 =2
: : 2000001 = £ >~y 7, = 1 =T
dfe) = AT A9 16210723158 5725

o TRYYY > A,

79001 - £ > -,

$-229,
=229
I-T72%
9—2>%
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IF part THEN part [Fuzzy constraintsiAspiration|Decision variableiObjective funtion

Fauji Foundation Hospital

045 = I+ £+ 0.55 > ’)/J ’)/1 =10 =1 = 14500
+225000x €3 | 145 - &>~ | 45 =0 = = 2099

HO9T30x S+ | 222099 >, | Ay =0 | 5 = 224999

Su+ 19 x & 2101 - £ 27} =0 € =069719
E—221999 >~ | A5 =0 =7
) i 225001 — & >~y | g = 1 4= 18
d0fs) = A AE) SHA80TTO198 6525
£ GOTA9 >
69751 - >+
-T2
O-227
S 18 25
W -2 >,
Pakistan Institute of Medical Sciences
04555+ 8] T4+045>~ | v =0 | 71 =15500
+175000 * £3 155 -22>219) Yo =0 = = 2099

+145000 % s34+ £ - 2099 > ~5 3 =10 <3 = 174999
s + 3% ¢y 210l =€ > ~, Y3 =0 Sy = 144999
F—171999 > ~, Y, = &rn =20

_ \ 175000 — € >~y |~ =1 5= 2
D) = A Ay 31619052130 8325
S 111999 > A,

115001 - £ >~
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1 pant THEN part [Fuzzv constraintsjAspiration|Decision variable Objective funtion
Rawal Institute of Cardiology
0546 rep| 405> Ny =00 A = 15000
2500005 5| 15 - 2>, N, =0 =, = 2209
F2R000 % ¢kl 7002209 >~ | vy =0 | 5, - 219999
MR 2301 7> S =0 Iy o= 27999
I - 219999 > -y S =4 =2
) 200001 = 2> 47| A, =1 -
il = 2 M) 03283721307 75
2227999 > v,
28001 — & > ;4
S=22>1
1-72>75
2214
L= 22>
2.5 Conclusion

With the help of MATLAB 2018, the parameter values for the crisp model and fuzzy model which

wcludesbed occupaney 1ate, total targeted beds, total revenue, stafling cost. uurse to patient 1ato,

and consultation hours were computed. When the model's paramcter are obtamed, graphs are then

used to cotpare the results of the erisp and fuzzy models. Theaim 1s to maxinnse bed occupancy rate,

total targeted heds, financial tesonrees (staifing cost, total tevenue). and Lo ninmise mirse to paticnt

tatio  The graph indicates that the solutions obtained by solving the fuzzv model maximizehed

vecupancey rate for every hospital more than the crisp maodel sce Pigure 77

Resultsproducedfor

total targeted beds are improved using a fuzzy wodel rather than a cnsp model see Figuire 2.8 The

total mcome and staffing costs that are attained by solving the fuzzy model are greater than those

abtained by solving the erisp model see Figure 2 9. Figure 2.10. The nurse 1o patient ratio is shown

nnthe table ssignificantly greater e the ensp model but lower in the fuzzy nodel see Figure 2.11.

Mhe objective funcaion value s more efficientin the fuzzy imodel than the ernisp model see Figure 2.9.

Fhe Fuzzy outcomes are more significant than ClIsp outeoines
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Chapter 3

Best worst decision making

through intuitionistic fuzzy number

It is challenging for an individual decision maker (DM) to take into consideration all the components
of a problem | with the mereasing complexity of existing sociocconomic changes. In reality recruiting
- seheduling o promoting plans . and 1corganizing in major industries techuical committees make
cntical decsions Furthermore | sigmficant mmdgments are usually constiuered with the participation
of a dedicared stafl and speaiadists in business arcas like health care . judicial franeworks  wnd
welare programs Based on uneertan data . deesion analysis s necessan and aceeptable. Over
the past vears - researchers have put out nunber of mnovatve hvpothesis testing and strategies.
that are heing frequentdy emploved to address « wide range of problews and solve problems m the
evervday world like banking . administration . cconomy. production . svstemization . transportation
et The essential 1ole of health care decision-makers is to deternnme the most efhcient use of limited
resourees . and distributing the resources . use of teehical knowledge provided the information that
15 avatlable at the moment.,

Decision makig which refers to the reliability and personal satisfaction from set of chorees . the term
mli creria decision making (MCDM) deseribes the process of making decisions nsing multiple
cuteria One of the best MCDA was proposed by Rezaer of ol 150 and MOCDM 1~ o antieal
component 1 program implementation science . system mtegiation . and operational 1escarch and
have multiple uses in variety of helds, mcluding administration . techuology . and linance ete. MCDMI

is further categorized in to two parts:
o multi-objective decision-inaking (NODM)

e muti-attribute decision-making (NADMI)
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Multi-objective decision-making, {MODAT) in which decision variables are continuous in nature
and usually are extensive or unbounded number of choices and utilizing veetor hased optimization
approach which i also a mathematical prograning approach Although multi-attribute decision-
makimg (MADM) 15 a form of deassion-making in which the decision variables are discrete m natwe
and are typically known as diserete deciston-making (A CDA) and usually restricted or hounded
the number of choices and it determines the wltiple choices ac the very start and ind the high
rarked criteria and the low ranked citeria and then identitios best one

Uiicertain deeision-taking appears in a wide variety of human hohaviours | specthcally when dealing,
with sophisticated modellmg, Inanagement seiences and decision scences fzay set theory has
heen extensively used. Qver the past veurs . many approaches that hias heen presented to handle
wnee taintios within decsion-making challenges becomes a deimanding 1esearch problem. Coneern-
mg o medical and admmistative aspeets of health care . decision makmg may have an indireet or
direct influence on the patient's welfare  According to the perceptions of governments. insurers . and
patient’s decision-makers are usually remain unsure related to how well the eriteria they considered
should be valued. Tn health care service system . when patient's are entered in to the hospital they
are not treated as they arrived and alternatively optimized hased on the priority and intensity of
then requurements to the hospital. ‘To reflect. a mechamsm during which inpaticut beds are granted
(o clective admntance demands that are placed on hold on a schiedule For all waiting patient s
with the goal of hoosting, the accuracy of diagnostic . nonitoring . the optimal priortized alloca-
tonstrategy st be designed Bothy qualitative aimd quantitating aspects momdieaena decision
weking (VO ) are chadlenging tasks. Now., the assesstent of every patient admiltance urgency
is predicted on the basis of uncertam facts or fuzzy but there imght be o signiticant link in between
onitoring and evaluating standards.

Fuzzv judgments are tvpically used in decision-making to deal with uncertainties that arise in real-
wotld ciremnstances. U is up to decision makers to determine the most better and worst eritenia
among o set of eriteria while niaking decisions, A fuzzy planmmg model in decision makimg provides
mote accurate and reliable solution as possible whercas to handle uncertontios or unclea facts decr-
sion making is carried out. For the real based data where we have valid knowledge, Tt is appropriae
for the situation where there are no surety related to problem outconies o i ths case decision mak-
g becomes too hard and consider to be sophisticated process In the real world application which
are uder consideration s health cares And in health care there ate too many wneet Laintios Liappens
i accident and emergeney (A & E) department On the basis of the mtuitionstic fuzzy hest-worst

techmque. o fuzey multi-eriteria decision-making model is developed (21].
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3.1 Real World Problem

In chie real world . hospital is one of the important atea across all over the worlkd Hospital plavs a
vital vole i providing the hest serviees vo their patient’s in order 1o nuprove their repute and tomake
sure thewr paticnt’s to better enjoy services  In this modern time petiod L patient s are demanding
tor quality whieh mercases pressure onhospital administration: The case stidy that s under consid-
eration are cmergeney depantinent of hospital. Over the past vears . actoss all over the world corona
virus was the mnost prevaihug discase and mostly people were afected by this disease. In case of
COVID-19 pandemic . a fuzzy multi eriteria decision analysis was conducted [22 25| and to evaluate
the COVID-19 pandemic perforinance of insurance company in the health care treatment area an
Intuitionistic MACROS fuzzy technique was adopted [26]. Tn Pakistan , today's most prevailing dis-
eases are tvphoid fever - dengue . diarrhea | cte. So in order to deal with these patients the services
provided by hospital meludes patient appointments . availability of doctors . treatment time . in ase
of tmergent condition patient’s adnittanee . wamtenance of pationt’s histoty  time requued to shift
patient’s from OPD (o ward, allocation of heds  nurse care. consiltaney tme necded 1o adninted
patient’s . role of lab techimeians - guabity of medicines provided to admitted patient’s ete. Now the
decsion iaking process oceurs at every stage for both emergent and non emergent cases [0 nvolves
evaluation  diagnostic. smgical deasion making which oceurs at everv stage  [n case of emergency
depattinent. as most of the time uneertain event oceurs so m that time consultants need to take
quick decision and seleet the best treatiment area from all of the given opportunities m order to save
thew patient’s life and by using fuzsyv best-worst technique. group dectsion-making was cuployed iu
this domain 270 A case study of nruntenance assessnient in hospitals ustig only 4 fuzzy hest-worst
nutti-attribute decision-making approach utilizing triangula fuzzy nimbers was carvied mthe past
2281 Best worst method was Turther extended 1o intuitionistic fuzzy bhest-worst technique by NMou

Lal. 29,

3.1.1 Data collection

The data is gathered from various hospitals in Islamabad and Rawalpindi by means of a question-
naire that inquiries about the allocation of health care resources across aceident and CHICTEeNCY
department. The overall themne will serve to identify the best eriteria and Teast mportant. ic.. the
worst eriterion/theme. in order to devise the Liealth care resource allocation criteria This assessient
helps to derermime whether there exist sufficient and sutable medical facilitios (o treat cnlergeney

situations. The questionnaire has 7 critena.
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I Infrastructure
2 Consultaney tnne

S0 Paramedies

I Hospital stay

) Lmpact of health care tesource allocation

G. Health professional’s satisfaction

hnprovements in the allocation of health care resource allocation

3.2 Intuitionistic fuzzy best worst method (IFBWM)

Numerous studies have been done in the past with mtuitionistic fuzsy sots as a modification of the
hest-worst teehmique 301 . although to develop an inmovative IFBWAL such that the gencrated weighit
o the anteria m the model wall retain m luzzy muitionistic forna Steps nnolved mthe IFBWAL

e constricted as e
Stepl: To state the decision making problem as accurately as needed.

Step2: To develop a set of eriteria for drawing decisions if there aie k eriteria (sq. 85, 53, coh)

which must be evaluated before drawing conclusions

Step3: Professionals would decide whose eriteria have bocone the hestts ) and the worst (s, )

Step4: Lvaluation wust be performed while evaluating wlieh eritenia arve preferable over the host
ones  The generalized BWAL has been modified 11 this pliase 1o mtegrate mtwtionistic fuzzy
sets. [Uis essential o determine whether all ocher eriteria ate preferable over the best eriteria
incontiast to the tradittonadd BWA where decision-niakers mdicate then preference for the hest
cnteria over all other erteria For such an assessiment the interval unpottance degree (I1D)
seale is atilized. For suchi a scale. the decision-maker use o number that lies inside the range 0
and 1 to indicate the prefrence of one eriteria over the other criteria therefore correspondingly
mtuitiostic scalimg 1s cousidared at cach dehimed interval to hguring out the intuitionistic

prefrences over the ariteria.

Stepd: In order 1o deterinne the worst citetia prefience over every other eriteria. 1t rehes on the
Palise compalison matnx as detined e the cartlier step So m tns [FBW ] approach. to
caleulate the worst Grerna prefrence over all other ciiterta is based on the panwise compari-
son matrin of all other ariteria over the best eritenia, Hence, in tis way the cortesponditig,

intutionistic scale for the associated prefiences will he evaluated
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stepB: [ the last step. an intuitionistic luzzy mathematical model s developed and an assessment
of the preference of the worst criteria over the other crenia as well as the preference of the

other eriteria over the hest is necessary. As a consequence the model s developed as follows

min &

such that

Wy . :
—enpl €0 Ym
wy
iy , )
— =€y <0 v
IIIIH

—
2 w,, = 1

i

This wodel 1 i crisp enviromnent s to convert this ne to mtwtionistic fuzzy model we need to
replace the decision variables and parameters by inturtiomstic fuzzy munnbers so the wmodel has the

followmy forin

min(d,.d-)

such that:

(Il'l”'” ‘”l) i s , . N
l_I/___r_, —((': m/>.“qu(11), S (0,.0-) vin
(1 13 11'»,)) / - ' [

Hye v

Z (o)) vw) <

m=1

Moreover. by emploviug addition operation (1.2.3) and division operation 12 7 using (1.2.11. 1.2 12)

m the above equation, the final model s

g, o) L3210y
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Il,(H
! Y B
—5 < 4, e, = e v {3 2.2)
",
W= el s
| —= T > A v )
| IR Orc. o 132
"
w
U - Won NERARL!
it m/ Cty - ()Il( l/ . Vit \'}—) b
wy!
w't g Y
. > AL Y (3.2.5)
| T
w! < Yan (3.2.6)
1y -
dy+o.<1 (3.27)
P+ wm =o'V
U '7‘) T Yin (3.2.3)
!
E gy, =1 (3.29)
m=1
u',‘}‘ . “,’11;‘ u'i.’. 11‘&,1 . u"rf'.u‘,l/f. dab, e, >0 (32 10)

hi the above model equation 32 1 denotes the objective function of the model which is alwavs zero
Fquation 32,2 and 32 3 represents the preference of all other eriteria over hest eriteria which will
provide the membership and non-membersinp weight values wlile cquation 32 1 and 3 2.3 denotes
the preference of worst criterta over the other eriteria which will give the value of membership and
non-imembership weights The equation 32 6 and 3 2 7 ensures the condition for intuitionistic fuzzy
sots Equation 3 2 8 is used to defuzzifv the weights . Equation 329 ensures that swm of weight

mnst be equat 1o one and cquation 3.2 10 desertbes the non-negativiny of decision variables.
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Table 3.1: Fuzzy best worst pairwise comparison of overall criteria

Critena

Membership(n)

Nou-

Membership

Fuzzv Weight~

Detuzzified

results

(@)

Best Other Best | Other

to to to to

other worst other worst

(eli'nz) (CVI;W') (CI:’:HL) (e'nL/\/V)
Infrastrucome | 8 2 3 9 (0.007352911.0.039215636) | 0 4810686275
Consultaney | 9 1 2 1 (0 006535948.0.007 169655) | 0 1995331 165
time

] ; B

Paramedies 2 X 9 3 L0029 111765.0.0130T18595) | 0 3081694935
Hospital stav | 3 T N (O OTY60T L3 0 O1TITUIRR2) | () 5021509805
lmpact ol | T 2 I 9 (0.008103361.0.029111765) | 0. 18949579%
health care
Lesouree
allocation
Health pro- | 1 9 1 2 (D.08823529.0.0T37T02%38) | 04925303155
fesstonal
satisfaction
Iimprovements| 7 2 ! 9 (0.0I6806723 0 0331 10592) | U 1918300655
1 health
LeSONTCe
allocation
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Table 3.2: Fuzzy best worst pairwise comparison of infrastructure

Cotena) Membersinpin) Non- Fuzzy Weighs Detuzaified
Membership resulrs
(¥)

Best to | Other Best | Other

other to to to

(erm) worst other worst

(em/W) ((fénL) (Bnlw’)

b1 2 7 9 1 (0.12556251.,0.02790278) | 0.5488298065
1.2 T 2 4 9 (0.035875. 0.06278126) 0 18655
1.3 5} 3 § 3 (0.05022501.0.01185117) | 0 3012
1.4 T 2 1 9 (0.033875.0 06278120 (1RG5
[ N 2 3 9 (0031390063 0.083605691  0.1739
1.0 6 b i 3 (0018 117.0.00185517) | 0.5
17 1 9 1 2 (0.17182239.0.10573685) | 0.3363
I » 9 1 2 1 (O OE3217110.0 0261311 0. 1931
19 2 7 Y 4 (0 12556251.0 02790275 1 05520
1.10 7 2 4 9 (0.033875H, 0.016206) 01918
1.1 ! ! 7 7 (0.06273126.0.02643121) | 0.51817
112 D 3 G 3 (0.05022501.0.03083992) | 0.50969
1.13 6 2 5 9 (0 014185417.0 0370079) 0 50242
.11 b 2 3 9 (0 03139003.0 0616T983) | 0 I8ES
1.15 | 4 T T (0.06278126.0 02613121y | 051817
Il B ) N O (0.US83TOR. 003139063 (53029
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Criterial Membership(n) Non- Fuzzy Weights Detuzzified
NMembership results
(@l
Best  to | Other Best | Other
other to worst | to to
(€13 ) (emw) other worst,
(Cﬂrm) (”1/{“’)
2 ] 2 3 9 (0.0512278.1.0.1195313) 0.46585
2.2 ) 1 6 7 (0.08196:135.0.0683039) 0.50683
24 T 3 ! o] (005851611 0 072200650} 019317
2] t ! D T 0 06830379 0 06NU379) 0.230737
20 3 N X 3 (0. 13600755.0.05122751) 0 51269
20 ) 2 3 9 (0.05122784.0.13660753) 0.15731
27 9 1 2 1 (0.04553586.0.01992194) (0.512807
2.8 2 9 9 2 (0.20:191137.0.0 1503380 0 57909
2.4 1 Y 1 2 (0,250 1723 0 199219489 () H2h61
2.10 R 3 3 8 (0.051228.0.119532) 0.16584
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Table 3.1 Fuzzy best worst pairwise comparison of paramedics

Criteria] Membershipin) Non- !‘ Furay Weghits Detuszafied
Membershnp i results
() |
Best  to | Other Best | Other
other to worst | to to
(erm) (€mw) other worst,
(el;’nl) (en;VV)
31 §) 2 5 9 (008352 0 1136) O X197
|
AU S S B —
E 02 0 3 6 N (0 1002 409163 () H02%
|
S ) S SN _
3.3 6 2 b} 9 (0.08352.0 11.350) U 18497
3. ) 3 0 3 (0.1002 0 0418) 0.3162597
— ; :
30 | g L 2 P 02000 USLTL L0 1606
|
3.6 i | T T (01252500716, 1).52068
3 8] 2 ) 9 (00810 1002) 0192
4N 9 1 2 1 (0 035650 033-1) 0.762
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Table 3.5: Fuzzy best worst pairwise comparison of hospital stay

Chiterta) Membershipin) Non- Pz Werglits Detursitied
Membership results
{e)
Best  to | Other Best to | Other
other to warst | other to
(eBm) (emw) (eBm) worst
(emw)
il | D | O (0291 0 1765 (URYIRSY
1.2 2 ! 2 6 CH0.1T6) -(717(1201 L. N Wﬁ(il ‘)?v)v’ii” .
13 2 | 2 T ' (01765 0 0300) JORIx
i y ! 0 | (LU1706 . 00129 0.51709
1.5 D 2 3 ) (00706 U.0392) 0.5157
16 3 3 3 ] (03176 . 002911 (.51112
1.7 3 3 3 3 (O L1761 00315 0006
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cation

of impact of health care resource allo-

] Defurzaficd

Chtenial NMembershiptn) AYVIIS P Werghis
|
NMenhership | results
) !
Best to | Other Best | Other
other to worst | to to
(€tim) (ermw) other worst
({313’m) ((3,7;”/)
| |
51 2 2 9 9 OUTYT 0 0351 TRTY)
| | !
. ' ‘;
102 3 2 > Y 00531 U0, [ 0199
i |
1
o3 3 t > D { (0003 0.055%) 0. 199
R S S ! N
9.1 3 6 by 3 ’ 10 0531.0.0199) 0517
L . |
5.0 i I T [ 2040 01yl L0221y
i |
5.0 3 2 ~ 9 SO G2 U 0308 SO0
i |
a7 1 T ] (00797 00177) 0 5309
L |
a8 3 6 N ) (0 100. 0 0358) 0.525
Yy 3 2 b} 9 (L1062 0.055y) [ 525
| |
] | |
), 10 2 2 Y (0109 0035, ‘ 05062
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Table 3.7 Fuzzy best worst pairwise comparison of health professional satisfaction

' Criterial Mamsbershipe gy Noi- Plusay Wognes | Denrsined
‘I Membership | ‘ resnits
‘ \
’ Y |
’ |
T , i |
1 ' Best to | Other Best | Other 1
other to worst | to to ;
(e13mm) (emw) other worst
(eI§7VL) (en;VV)
|
# ;
] 6. ! I T I Frouss 00300 L osin
‘ | 1 |
- l; St S N O -
e L 2 I‘ N 9 CHOOTON 00275 [ 022
| J H—
- — e - _ - L A‘T,,‘ S e e — b
o3 0 3 ’ 4 | % CIO 062 002303 | 05113
| I
| | | |
ol {H 3 Y > } (0.1062 . U 0236}
\ |
| |
( b G | ’ Y { 7 ) (0106 0021,
i | ,
l 9 N PO T002 00256,

-0 0236)
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Fuzzy hest worst pairwise comparison of hmprovements in health resource

T ,
Criterna .\[mn!m.\lnpu/) Nou-Nenmershng -y C by Wolohits ' Deturzified
| results
Best to | Other  to Best to I Other to |
|
other worst other worst : i
((J[j’IIL) (Cn;‘rV) (eli’rn) (c7r;W) J ’
| |
T 3 2 ¥ 9 ‘ (001010027 ’ 0.5065
|
|
A I | L
T2 | 1 T ] " (00303 0.0099) 05102
| T3 3 | 2 N 9 LU0 D2TH 0300
; \ ! ! 1
| | | _ 3
B | 2 I 3 9 " N Cuoohn bo2p By
| 1
! ‘ !
| l . ‘
T 3 2 N 3] OO0 00270 0.50065
- [
7.0 2 2 9 9 ’ L U606 . 0.02 1) , 0.5181
|
| |
I 3 2 h ‘ 4 oL o027 U000
,l , L
i ) E N | UL UL 05000
| |
S S S | ———
7Y 2 2 9 ’ 9 ‘ 00606, 00211 (.01
Y 2 3 9 S { L0 0606 . 0021 f 0518
| | | |
- | I
Tl 2 3 9 N A 00606 . 00213) ’I (5181
|
- 1 |
¢ 12 2 | 2 9 9 PO 0606 00213 ‘, 0 5H1x]
| |
- I T T
| B 1 | P | T ALSON U ) ST IRV UNTY
‘ i
| J | \
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Table 3.9- Consistency index of fuzzy best worst met hod

Chitena o Consistenoy aades ¢
———— - e e e
| Menhersap Nov-Mewhership
Inhastiucture ‘ U 115 3aN2 0 47259908
‘ Consultancy tnne JT U 1')5).'-5—4\ U 21060335
Pavnniedics | 0250537 0 062059
S llm’]nl]ﬁlm’ DHY2 0 0T1IS95
[mpact o health care vesource allocation 0 15938 02872
j Health professional satisfaction 0 0902655 0.13271
}'llllj)]'()\'(‘lll('l'.l.\‘ i health care resource allocation 0 10589 12 0 129908
‘ Overall eriteria comparisons (3 03882353 0 0I8R2353
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Chable 3 T Iatuitionistic fuzzy best worst pairwise comparison of infrastructure

Chroverie Naemborshiptg, No- [ nitonistic Denzzified
Membershiptep) Weighits results
Other to|Worst to| Other to|/Worst to
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Table 3 150 Intuitionistic fuzzy best worst pairwise comparison of impact of health care

resource allocation
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Tahic 3 16 Intuitionistic fuzzy best worst pairwise coruparison of health professional’s
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Lalne 3 I~ Consisteney index of intuitionistic fuzzy best worst method
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worsoton CROG e Toesb ol o e WAL e hnnicionastle iy BW AL esnecind'y By paanaise
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