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ABSTRACT:

Liver disease and disorders are serious public health burdens because of the high prevalence among populations worldwide and
poor long-term clinical outcome. The outcomes of the disease include deaths from liver decompensation, cirrhosis and HCC. Many
liver diseases, including chronic HBV and HCV infection, ALD, NAFLD, autoimmune liver disease and drug-induced liver disease
(DILI), potentially threaten a large proportion of the global population. The fuzzy soft set principle theory has been used for the
developing of a diagnostic system in medicine and devise a prediction system named as fuzzy soft expert system which is a rule-
based system uses fuzzy set and fuzzy soft set. There are five main components included in the basic structure, they are: (1) A
fuzzication that translates the inputs (real-values) into fuzzy values, (2) obtaining fuzzy sets, (3) changing in to fuzzy soft sets, (4)
reduction of normal parameter of fuzzy soft sets, (5) output data by algorithm. Fifty two individuals suspected and managed as
HBYV patients were involved in this study.All of them were attending liver diseases unit at Azadi teaching hospital in Duhok,
Kurdistan Region-Irag. They were being managed by the herpetology specialist as HBV infected patients. Their parameters
(Alanine Aminotransferase (ALT), Aspartate aminotransferase (AST), Total Serum Albumin (Alb.), and Total Serum Bilirubin
(T.S.Bil.)), were used as input data and the score of each patient was calculated. The developed fuzzy soft expert system was used
to obtain the score for each as prognostic model for liver disorders. The score of 10 of those patients are selected and compared
with the clinical status of each base on signs and symptoms of the HBV infection. Score more than 101.844 was considered to be
highly linked with HBV infection. Scores less than 101.844 was considered to be not related to HBV infection.

KEYWORDS: Fuzzy soft expert system, Liver disorders disease, Mean corpuscular volume, Alkaline phosphates, Alanine

aminotransferase.

1. INTRODUCTION

The liver is one of the vital organs of the human body and it
is one of the members of the digestive tract that helps to
digest food and get rid of toxic body materials. Liver diseases
occur as a result of exposure to chemicals, infectious agents
and harmful alcoholic drinks, but some people born with
problems in the liver. Because of the high prevalence
worldwide, liver disease cause serious public health
problems, including premature deaths from liver
decompensation, cirrhosis and HCC. There are several types
of liver diseases, for example, at least 2 billion people
worldwide are affected with HBV infection; among those,
350-400 million are considered as chronic HBV carriers. The
HBYV carrier rates vary from low (0.1%—-2%) in the USA and
Western Europe, to intermediate (2%-8%) in Mediterranean
countries and Japan, and to high (8%-20%) in sub-Saharan
Africa and most parts of Asia(Lok 2004). About 150 million
people worldwide are affected with HCV infections, both
ALD and NAFLD are highly prevalent in developed
countries and reported to have prevalence of approximately
7.4% and 20%-33% in the general adult populations,
respectively(Lazo et al. 2011; Rehm et al. 2013). In 2005,
more than185 million people were estimated to be HCV-
specific antibody positive, representing 2.8% of the world’s
population. However, there are marked differences in the
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HCV prevalence among different countries and regional age- and
risk-groups, ranging from 0.1% to 5% (Cui et al. 2013). The
presence of metabolic syndrome is a strong predictor for the
presence of nonalcoholic steatohepatitis (NASH) in patients with
NAFLD. Moreover, type 2 diabetes causes more severe
steatohepatitis and advanced fibrosis, and patients with diabetes
have an increased risk for cirrhosis and HCC. In general, all types
of chronic hepatitis will finally progress into end-stage liver
diseases (ESLD), such as cirrhosis, chronic LF, and HCC when
remain without efficient treatment. The presence of hepatocyte
death, reflected by increased of serum alanine amino transferase
(ALT) and aspartate amino transferase (AST), is a widely used
marker to screen and monitor patients with liver disorders.
Moreover, these markers drive therapeutic decisions; have
prognostic value for patients with hepatitis B virus (HBV)(Lok
2004; Lazo et al. 2011; Cui et al. 2013; Rehm et al. 2013), and
hepatitis C virus (HCV)(Wiese et al. 2000; Ghany et al. 2003;
Hui et al. 2003; Wiese et al. 2014). There were also no reports on
the combination of liver lobe volume with albumin to determine
the presence of esophageal varices in cirrhotic patients(Ranjith et
al. 2003; Wiese et al. 2014). Many liver proteins are routinely
measured in serum to diagnose liver dysfunction. For examples,
serum aspartate amino transferase (AST), alanine amino
transferase (ALT), and alkaline phosphatase (ALP) are useful
diagnostic markers for liver diseases, including nonalcoholic
fatty liver disease (NAFLD), which is a clinically important
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manifestation of the metabolic syndrome. Serum CRP levels
are also increased in NAFLD (Kerner et al. 2005; Booth et
al. 2008).

In the current study, it has been intended to develop a hepatic
disorders fuzzy soft expert model based on fuzzy soft sets.
This model simulates the physicians in the prognosis
assessment process of the liver disorders. Many other
medical expert systems have been established such as
INTERNIST(Miller et al. 1982) and CADIAG-2 (Adlassnhig
et al. 1982). However, all of them have been applied to assess
the risk factors of cardiac disease (Genest et al. 1991; Wung
et al. 1999; Gamberger et al. 2003; Ranjith et al. 2003;
Chirinos et al. 2007; Vaisi-Raygani et al. 2010).

The fuzzy expert system (FES) has a set of fuzzy rules and
functions, i.e., acquisition of knowledge, is considered to be
the important issue in the design and establishment of fuzzy
expert system. However, it is difficult for the experts to
define the exact rule set when there are too many potential
rules. In a project conducted by (Neshat et al. 2008) for the
diagnosis of liver disorders using the fuzzy expert system, all
of the data used in this project, enabled liver disorders
diagnosis according to their qualities, Hopfield neural
network and fuzzy Hopfield neural network was also used for
the diagnosis of liver disorders and it was presented for the
first time by (Neshat et al. 2010). Diagnosing hepatitis
disease by using fuzzy Hopfield neural network was
introduced by (Neshat et al. 2014). Breast cancer and liver
disorders classification using artificial immune recognition
system (AIRS) with performance evaluation by fuzzy
resource allocation mechanism was discussed by (Polat et al.
2007).

The current paper is designed as follows. Section 2 presents
the fuzzy soft sets and data description. In Section 3,
methods and the implementation of the potential system are
presented. The experimental results are discussed in details
in Section 4. Conclusions are presented in Section 5.

2. BACKGROUND

Zadeh (1965) introduced the theory of fuzzy sets. The fuzzy
set theory has been used to solve problems in variable
disciplines. But there exists a difficulty: how to set the
membership function in each particular case. (Molodtsov
1999) initiated a novel concept of soft set theory, which is a
completely new approach for modeling vagueness and
uncertainty. Soft set theory has a rich potential for
applications in several directions, few of which had been
shown by Molodtsov in(Molodtsov 1999).  After
Molodtsov’s work, some different applications of soft sets
were studied in(Chen et al. 2005),(Maji et al. 2002).
Recently, (Mohammed et al. 2016) used expert system it's
called "Soft Expert System" for the prognosis and diagnosis
the coronary artery disease. (Maji 2001) presented the
definition of fuzzy soft set and Roy et al. presented some
applications of this notion to decision making problems
in(Roy et al. 2007). Using the fuzzy soft set theory, (Roy et
al. 2007)have presented an algorithm for identification of an
object, which is based on the comparison of different objects.
Later, (Kong et al. 2009), pointed out that Roy’s algorithm is
incorrect and then they presented a modified algorithm,
which is based on the comparison of choice values of
different objects.(Bashir et al. 2013) introduced the concept
of possibility of fuzzy soft expert set and also defines its basic
operations, namely complement, union, intersection, AND &
OR, studies some of their properties. Also it gives an
application of this theory in solving a decision making in
problems. In another study, (Adam et al. 2016)introduced the
concept of a multi Qfuzzy soft expert set and its operations,

which are equality, union, intersection and subset, OR& AND.
and also illustrated application of this novel concept in a decision
making process and it is expected that the approach will be useful
to handle other realistic uncertain problems. (Hassan et al. 2016)
studied and introduced a fuzzy soft expert system to be used for
the prediction of patients who suffer from coronary artery
disease. It is a pioneering approach that apply fuzzy soft sets to
a medical problem solving. Hence, this pioneering application
can be extended and expanded further to be implemented in other
databases. (Hazaymeh et al. 2012) introduced the principle of
generalized fuzzy soft expert set and explained some of its
properties, also, the application of this theory has helped in
decision making processes.

2.1 Soft Sets

Definition 2.1.1 (Zadeh 1965)A fuzzy subset A of a universal set
X is defined by a membership function p,:X — [0,1], where
1a(x) is interpreted as a grade in which an element x € X has a
property A, or a grade in which x is consistent to A. The closer
the value of py (x) is to 1, the more x belongs to A. Ais
completely characterized by the set of pairs

A = {(xpa(®))Ix € Xand py = X — [0,1]}.

The classical union and intersection of ordinary subsets of X can
be extended by the following formula, proposed by(Zadeh 1965):
Vx € X,

Hang(X) = min [ua (%), up(x)],

vx € X, paus(®) = max[ps (%), pg(x)],

Where pang and paup are, respectively, the membership
functionsof An Band A UB.

Definition 2.1.2 (Molodtsov 1999) Let X to be as an initial
universe and E as set of parameters, and let P(X) be denoted as
the power set of XandA = E. A pair (F, A) is referred to as soft
set over X, where F is a mapping given by F: A - P(X). On the
other hand, a soft set over X is a parameterized family of subsets
of the universe X, for ecA, F(€) might be recognized as the set
of e —approximate elements of the soft set(F, A).

Definition 2.1.2 (Maji 2001) Let X refers to an initial universe
and E as a set of parameters. Let IX denote the fuzzy set of
XandA = E. A pair (F, A) is called fuzzy soft set over X, where
F is a mapping given by F: A — X,

Definition 2.1.3 (Maji 2001) (OR operation on fuzzy soft sets) If
(F,A) and (G,B) are two fuzzy soft sets over X, then
“(F,A)OR(G,B)” denoted by (F,A)V (G,B) is defined by
(F,A)V(G,B) = (H,A x B), where  H(a, B) = F(a) U
G(B),v(a, B) € A x B, where L is the union operation of fuzzy
sets.

Algorithm 2.1.4.(Roy et al. 2007).

1. Input the fuzzy-soft-set (F, A), (G, B)and(H, C).

2. Input the parameter set P as observed by the observer.

3. Compute the corresponding resultant-fuzzy-soft-set (S, P)
from the fuzzy soft sets (F, A), (G, B) and (H, C) and place it in
tabular form.

4. Construct the Comparison table of the fuzzy-soft-set (S, P) and
compute r; and t;for o;, Vi.

5. Compute the score of o;, Vi.

6. The decision is Sy if S,= max;S;.

7. If k has more than one value, then any one of o, may be
chosen.

Algorithm 2.1.5 (Kong et al. 2009).

From Step 4 the algorithm is revised as below: c;; and ryshould
be redesigned as

¢j = Xk (fix — fir), and ;. = XL, ¢, where fy is the value
of the membership of the v; object for the kth parameter, m is
the parameters number.

113



R. A. Mohammed et al. / Science Journal of University of Zakho 5(1), 112-119, March-2017

Step 5: the decision is K if rg= max;r;.

2.2 Database Description

In the current study, the Data are obtained from patients
recruited to the liver diseases unit at Azadi teaching hospital
in Duhok, Kurdistan region. The attributes of the52 patients
that were involved in the current study are:

(1) Alanine aminotransferase (ALT) or (SGPT)

(2) Aspartate aminotransferase (AST)

(3) Total Serum Albumin (Alb.)

(4) Total Serum Bilirubin (T.S.Bil.)

3. MATERIALS AND METHODS

The system discussed in the present work offers a diagnostic
assistance concerned with liver diseases. The outputs
obtained by the system are compared with independent
diagnosis provided by physicians. The generic medical fuzzy
soft expert system that has been designed has been examined,
and it was found to be helpful in diagnosing the liver disease
risk with certain accuracy. The basic structure of fuzzy soft
expert system includes four main components, as depicted in
(Fig. 1): (1) a fuzzication, which translates inputs (real-
valued) into fuzzy values; (2) from fuzzication of data set to
obtain fuzzy soft sets; (3) a new fuzzy soft sets by normal
parameter reduction of fuzzy soft sets; (4) an algorithm to get
the output data.

Input data H Fuzzication ‘

Obtaining fuzzy
soft sets

!

l Algorithm

Output data

Figure 1. Fuzzy soft expert system basic structure

3.1 Computing of Data Set Membership Functions

The membership functions associated with each membership
variable shape is defined using the membership function
editor in the fuzzy tool box, each input variable membership
functions are defined as follows:

3.1.1 Alanine Aminotransferase (ALT): Alanine
Aminotransferase field is one of the most important factors
considered in this system. In this field, we have 3 linguist
variables (fuzzy sets) (Low (L), Normal (N) and High (H)).
Membership functions of "Low" and "High" fuzzy sets are
trapezoidal while membership function of "Normal" fuzzy
sets is triangular as shown in Figure 2. We defined the fuzzy
membership expressions for ALT input field as in Equation
1.

1 x<7
ALT, (x) = 9;96 T <x<9
> <
X7 7 <x<315
SX S .
ALTy (o) =4 245
1. <
245 31.5<x <56
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(x—53)3
ALT (x) = { 27 S3=x <56 1)
1 56 <x

Figure 2. Membership function ALT

3.1.2 Aspartate aminotransferase (AST): The effect of
aspartate aminotransferase level on the result was salient and can
alter it easily. The alkaline phosphates field is categorized into
three fuzzy sets are Low (L), Normal (N) and High (H)).
Membership functions of "Low" and "Normal" sets are
trapezoidal whereas membership functions of "High" sets are
triangular. Membership functions of alkaline phosphates field are
shown in Figure 3. The fuzzy membership expressions for the
alkaline phosphates input field was defined as in Equation 2.

1 x <10
=112 —
AST () {Tx 10 < x < 12
x—10
15 10 <x <25
S R 25 < x <43
18 x <
(X —38)2
1 40 <«x

|
8 ] = = E3 E] [

Figure 3. Membership function AST

3.1.3  Total Serum Albumin (Alb.): variable values of total
Serum Albumin may be easily contribute to the alteration of the
results. The input variables were classified into three fuzzy sets,
they were (L) low, (N) Normal, and (H) high. The membership
functions of "low" and "high" were trapezoidal while
membership functions of "Normal™ were triangular. We defined
the fuzzy membership expressions for mean corpuscular volume
input field as in Equation 3. The membership functions of the
mean corpuscular volume (MCV) field are illustrated in Figure
4.

1 x <34
; ={3.6—x
Albuming (x) {_ 34<x<36
0.2
x — 3.2
= 32 <x<44
Albuminy(x) =4 g 44 <x <55
11 TeEE
x—5.2 4
Albuming (x) = {( 02 ) 52 <x<54 3)
1 54<x
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Table 2. The membership functions of some patients.

| I
T

Figure 4. Membership function Alb

3.1.4 Total Serum Bilirubin (T.S.Bil.): Total Serum
Bilirubin field is one of the most important factors considered
in this system. In this field, we have 3 linguist variables is
categorized into three fuzzy sets are Low (L), Normal (N),
High (H). Membership functions of "Low" and "High" fuzzy
sets are trapezoidal while membership function of "Normal”
fuzzy sets is triangular as shown in Figure 5. We defined the
fuzzy membership expressions for Total Serum Bilirubin
field as in Equation 4.

Patients ALT AST Albumin T.S.Bil
P1 0.40N 0.13N 0.88N 1L
1 P8 1H 1H 0.53N 1L
P14 1H 0.55N 0.48N 1L
] P20 0.28N 0.26N 0.15N,0.03H 0.1IN
3 p27 0.48N 0.8N 0.43N 0.33N
P33 0.57N 0.46N 0.73N 0.64L
P39 0.69N 0.8N 0.11N,0.27H 1H
P45 0.89N 0.83N 1IN 0.92N
P48 1H 1H 0.60N 1L
P52 1H 1H 0.91N 0.71IN

1 x<0.3
[ =104 —x
T.Beli, (x) {— 03 <x <04
0.1
x— 03 03 <x <095
. x <0.
T.Beliy(x) = 0265_ X
—_— 95<x<2
105 095<x <
T.Beliy(x)
x—1.7
:{( ) 17 <x<19 4
1 19<x

Figure 5. Membership function T. Bil

o

4. RESULTS AND DISCUSSIONS

The present study has been achieved on lab data of 52HBV
patients recruited attended the hepatology unit at Azadi
teaching hospital, Duhok city. The data of only ten patients
are interpreted. Input values of those patients are shown in
Table 1.

Table 1. The input values of ten DNA positive HBV patients
compared with DNA negative individuals.

Patients | ALT | AST | Albumin | T.S.Bil
P1 17 12 4.26 0.16
P8 130 65 491 0.14

P14 64 33 497 0.27
P20 14 14 5.33 0.37
P27 19 22 3.72 0.52
P33 21 17 4.69 0.72

P39 24 22 5.37 2.99
P45 34 28 4.44 0.9

P48 94 46 4.83 0.24
P52 130 | 108 43 1.25

The data in Table 1 is not convenient for applying to fuzzy
soft sets directly. For reason, we are using Equations (1-4) to
get patients values as shown in Table 2.

4.1 Fuzzy Soft Sets Obtaining

A fuzzy soft set is the combination of the result of a fuzzy set and

a soft set theory. Thus, a fuzzy set can be transformed to a fuzzy

soft set.

Let U = {p1,p2,p3,..,p52} be the set of fifty two adult

patients and the parameter
E = {(ALT)L,(ALT)N, (ALT)H, (AST)L, (AST)N , (AST)H,
(Albumin)L, (Albumin)N, (Albumin)H, (T. Bil)L, (T. Bil)N,
(T.Bil)H}. Suppose that A, B,C,D cE, where

A = {(ALT)L, (ALT)N, (ALT)H},

B = {(AST)L,(AST)N,(AST)H},
C = {(Albumin)L, (Albumin)N, (Albumin)H} and
D = {(T.Bil)L,(T.Bil)N, (T. Bil)H}.

Now, some fuzzy soft sets of E as
F:A-1%¥,G:B>1X, H:C - I*, M:D — I*, each fuzzy soft

can be written in the form {%l =123,..52and; € [0,1]}

vl p2 p3 p52
F(ALT)L = {F,F,F,...,T )
pl p2 p3 p51 p52}
F(ALT)N = {—,—,— ,...c,———,—
( ) 1{0.510 2.65 041 0.3561 052
pl ps p p p p
F(ALT)H = {—,—,— ,...,—,...,—,—},
A
pl pz ps pa p p p
susmL = g5 5 o T e
1 p2 p3 p51 p52
G(AST)N = {——— ) —}
( ) 01.13 0.93 0 8 033 0 37 5
pl pz p po p p p
AST)H = {—,—=,— ..., —, =, . . = —
G(AST) {0’0’1’ "1,71°7770.12° ’1}'
1 p2 p3 1 23 52
H(Albumin)L = {%%% PT --,pl PT}
) pl p2 p3 p52
HQAuminN = (e e a5 591
) pl p2 p3 p20 »39 p52
H(Albumm)H = {F,F,F ,...,W, ..,027,.., T},
. pl p2 p3 6 p52
M(TBll)L = {T,T,T,...,O—Z,...,T},
M(T.BiDN = {”—1"—2”—3&&} and
0 "0.38° 045 0.47 0.71
M(T.BiH = {2222 B8 4 B8 pS | pAS P10 po}
0 0 0 0 1 0 1 1 0

4.2 Reduction of Normal Parameter of the Fuzzy Soft Sets

In problems needing decision making, parameter reduction is an
important issue. In such process, the parameters’ number in a
problem could be minimized efficiently and only highlighting the
key parameters, for that we used (Kong et al. 2008) for a fuzzy
soft set (F,A) describe the ‘ALT’, the fuzzy soft set (G,B)
describes the ‘AST’, the fuzzy soft set (H,C) describes the
‘Albumin’ and the fuzzy soft set (M, D) describes the “T.S. Bil’.
Now, we can obtain a new fuzzy soft sets as following:

pl p2 p3 p51 p52}
F(ALT)N = {—,——,— , e, o> ——
(ALT) {0.40'0.65’ 0’7036 0 )
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pl p2 p3 p41 p51 p52 P39 0 0.8 0
FALDH = {F'F'T WTT} P45 0 0.83 0
G(AST)L = {P_lﬁ,ﬁ,ﬁﬁmﬂm@}, P48 0 0 1
0 0 0 01 1 0 P52 0 0 1
G(AST)N = {ilﬁlﬁ' 'E‘psz}‘ _
0.13°093° 0 053" 0 Table 5. Some fuzzy soft set (A, C).
G(AST)H = {E,E,E , ,ﬁ,ﬁ, ﬂ E} Patients | (Albumin)L=s | (Albumin)N=g | (Albumin)H=sg,
0°70’1 'L, 02T o1 5 088 5
. pl pZp prl p23  p52
H(Albumin)L = {—,—,—,...,—,...,—,...,—}, P8 0 0.53 0
0 00 1 1 0
. pl p2 p3  p52 P14 0 0.48 0
o= T T N I N B B
, pl pzp p p p :
H(Albumm)H —1{§,€,F ,.g,m;;,m,...,T}, P33 0 0.73 0
i pl p2 p p p P39 0 0.11 0.27
M(TBLZ)L = {T,F,F,...,E,...,T}, P45 0 1 0
M(T.BiDN = {&, 22 P2 2% P52 and P48 0 0.60 0
0 "0.38° 045 0.47 0.71 P52 0 091 0
M(T.BiDH = {2 2 B PR b PR pe PR
1’0 171 0
Thus each fuzzy soft of the form {% i= Table 6. Some fuzzy soft set (#, D).
123,..52 and j = 0} is neglected, Pat;ints (T.S.BllI)L—gg (T.S.Bl(I))N—gm (T.S.Bl(l))H—gn
. P8 1 0 0
4.3 Algorithm P14 1 0 0
By using the algorithm, it patient that suffer a liver disorders P20 0 01 0
will be predictable 2.1.4. according to the following steps: P27 0 0.33 0
1-  Input new fuzzy soft sets P33 0.64 0 0
(F,A),(G,B),(H,c),(M,D) as shown inTables P39 0 0 1
- 6. P45 0 0.92 0
P48 1 0 0
Table 3. Some fuzzy soft set (F, 4). P52 0 071 0
Patients | (ALT)N=g | (ALT)H=e
P1 0.40 0
P8 0 1 2-  Using the "OR" operation between the new fuzzy
P14 0 1 soft sets(F,A), (G, B), (H,¢), (M, D)as shown in
P20 0.28 0 Tables 7- 8.
p27 0.48 0
P33 057 0 3- Compute c;; and r;, as described by using Algorithm
P39 0.69 0 2.1.5. From (Tables 7 - 9), we can obtain r; =-69.755,
pas 0.89 0 7s = 302.564, 11, = 145.004, 150 = -639.676, 157 = -
pas 0 1 225.236, 133 = -112.915, 130 = 101.844, 1,5 = 270.844,
pE) 0 1 T4g = 323.884, , 1, = 254.204.
Table 4. S fzzy st st (2.2, ©ery i veluesof . ience s peen « potentlly
Patients | (AST)L=a | (ASTIN=& | (AS)H=2 suffering from liver disorders, The relationship
Pl 0 013 0 between P; and 7 where i =
P8 0 0 1 1,8,14,20,27,33,39,45,48,52 is illustrated in (Figure
P14 0 055 0 7).
P20 0 0.26 0
p27 0 0.8 0
P33 0 0.46 0
Table 7. Some results of fuzzy soft set (L, E).
Patients | &3 €14 €5 | €3 | €4 | €5 | €6 €17 €8 | €6 | €2 €28 €19 €10 | €1 €29
P1 040 | 040 | 040 | O | 040 | O 04 | 088 | 04 0 | 0.88 0 1 0.40 | 0.40 1
P8 0 0 1 1 1 1 0 0.53 0 1 1 1 1 0 0 1
P14 0 0.55 0 1 1 1 0 0.48 0 1 1 1 1 0 0 1
P20 028 | 098 (028 | 0 [026| O [028 | 028|028 | O | 015 | 0.03| 0.28 | 0.28 | 0.28 0
P27 048 | 08 | 048 | O 0.8 0 | 048 | 048 | 048 | O | 043 0 0.48 | 0.48 | 0.48 0
P33 057 | 057 | 057 | O [ 046 | O | 057 | 073|057 | 0 | 073 0 0.64 | 0.57 | 0.57 | 0.64
P39 069 | 0.8 [ 069 | O 0.8 0 [069] 069|069 | 0 | 011 | 0.27 | 0.69 | 0.69 1 0
P45 089 | 089|089 | 0 | 083 | 0 | 0.89 1 089 | O 1 0 0.89 | 0.92 | 0.89 0
P48 0 0 1 1 1 1 0 0.60 0 1 1 1 1 0 0 1
P52 0 0 1 1 1 1 0 0.91 0 1 1 0 0.71 0 1
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Table 8. Some results of fuzzy soft set (L, E).

mPpl P8 WPl4 WP20 mP27 WP33

P1,-69.756

P52,254.204

P48, 323.884
P45, 270.844

/0.‘

«\q‘
P33,-112.916

P39, 101.844

P27,-225.236
Figure 6. The relationship between P, and r;.

P39

P14,6145.004

Patients | €0 | €1 | €36 | €37 €38 €46 €47 € | €56 | &s7 €58 €39 €10 | €11 | €9
P1 0 0 0 | 0.88 0 0.13 | 088 | 0.13 | 0 | 0.88 1 0 1
P8 1 1 0 | 053 0 0 0.53 0 1 1 1 1 0 0 1
P14 1 1 0 0.40 0 0.55 | 0.55 | 0.55 0 0.48 0 1 0 0 1
P20 0.1 0 0 0.15 0 0.26 | 0.26 | 0.26 0 0.15 | 0.03 0 0.1 0 0.26
P27 0.33 0 0 | 043 0 0.8 0.8 0.8 0 | 043 0 0 0.33 0 0.8
P33 0 0 0 0.73 0 0.46 | 0.73 | 0.46 0 0.73 0 0.69 0 0 0.64
P39 0 1 0 0.11 | 0.27 0.8 0.8 0.8 0 0.11 | 0..27 0 0 1 0.8
P45 0.92 0 0 1 0 083 (091|083 | 0 1 0 0 0.92 0 0.22
P48 1 1 0 | 0.60 0 0 0.66 0 1 1 1 1 0 0 1
P52 0.71 0 0 0.91 0 0 0.91 0 1 1 1 0 0.71 0 0

Table 9. The some results of fuzzy soft set (L, E).

Patients | &0 €411 €59 €10 | €511 €69 €10 | €611 | €79 €10 €711 €89 €810 €811
P1 0.13 | 0.13 1 0 0 1 0 0 1 0.49 | 0.88 1 0 0
P8 0 1 1 1 1 0 0 1 0.53 | 0.53 1 0 0
P14 0.55 | 0.55 1 0 0 1 0 0 1 0.48 | 0.48 1 0 0
P20 0.26 | 0.26 0 0.1 0 0 0.1 0 0.15 | 0.15 | 0.15 0 0.1 | 0.03
P27 0.8 0.8 0 0.33 0 0 0.33 0 0.43 | 043 | 0.43 | 0.03 | 0.33 0
P33 0.46 | 046 | 0.64 0 0 0.64 0 0 0.73 | 0.73 | 0.73 | 0.64 0 0
P39 0.8 0 0 1 0 0 1 0.11 | 0.11 1 1 0.27 1
P45 0.92 | 0.83 0 0.92 0 0 0.92 0 1 0.92 1 0 0.92 0
P48 0 1 1 1 1 0 0 1 0.60 | 0.60 1 0 0
P52 0.71 1 1 1 0 0.71 0 091 | 091 | 091 0 0.71 0

5. CONCLUSIONS
ri

Based on the scores obtained from the data of the ten patients
involved in present study, a a fuzzy soft expert system has been
developed for the prediction of liver disorders among patients
depending on Alanine Aminotransferase (ALT), Aspartate
aminotransferase (AST), Total Serum Albumin (Alb.) and Total
Serum Bilirubin (T.S.Bil.) parameters. This would a pioneering
trend that apply fuzzy the soft sets and implement it in the field
of medical diagnosis in a way of predicting patients that are have
from Liver Disorders in DNA Positive HBV Patients. Table 10
shows the final score for these ten patients and the corresponding
action taken by the assigned specialist doctor. It helps the
physician to take the clinical decision. Scores shown in Table 10
are comparing between DNA positive HBV patients and DNA
negative individuals. Moreover, it has been concluded that
patients with HBV score greater than 101. 844 more likely will
have liver disorders.

Table 10. Score of each of the ten patients based on the fuzzy soft set formula

Patients | ALT | AST | Albumin | T.S.Bil. | Viral DNA load by (PCR) | ri- HBV* Decision
P1 17 12 4.26 0.16 Negative -69.756 | Low prognosis
P8 130 65 4.91 0.14 1965 iu/ml 302.564 | High prognosis
P14 64 33 4.97 0.27 6477 iu/ml 145.004 | High prognosis
P20 14 14 5.33 0.37 Negative -639.676 | Low prognosis
P27 19 22 3.72 0.52 Negative -225.236 | Low prognosis
P33 21 17 4.69 0.72 Negative -112.916 | Low prognosis
P39 24 22 5.37 2.99 Negative 101.844 | Low prognosis
P45 34 28 4.44 0.9 351.26 * 10"7iu/ml 270.844 | High prognosis
P48 94 46 4.83 0.24 26.2*10"3 iu/ml 323.884 | High prognosis
P52 130 | 108 4.3 1.25 3732666 iu/ml 254.204 | High prognosis

The formula could be designed as computer software that is
applicable for data entry by the lab technicians or the
physicians to get the right score of any managed patient and

to interpret the degree of prognosis of the function.

* Represents the score of each patient based on (fuzzy soft set formula).
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