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ABSTRACT

Jaadl|

Sugar is one of the most important strategic food commodities for many of the
world’s countries. The principal research problem surrounds the fact that domestic
sugar production is unable to meet the requirements of increasing demand;
therefore, the research aimed to assess the state of water and food security for sugar
in Egypt. The results of the research were as follows. The quantity of virtual water
exported ranged from lowest to maximum of 375.7 million m3 and1278 million
m3 during 2012 and 2016, respectively. The inland water footprint also ranged
from a lower to upper point of about 1979 million m3 and 3570.5 million m3
during 2011 and 2015. The quantity of virtual water imported ranged from a
minimum to maximum of 1,705.4 million m and 3,2934.8 million m3 during 2017
and 2020, and the external water footprint can be cited as being between a
minimum and maximum of about 983.6 million m3 and 2081million m3 during
2011 and 2017; the total water footprint was set between a minimum and
maximum of about 2962.6 million m3 and 5615.5 million m3 with regard to food
security in Egypt, thus reflecting 0.011 in 2019. The research therefore
recommends that the concept of virtual water should be introduced in the
development of the agricultural sector’s future strategy to ensure the adoption of
less water-use agricultural production systems, focusing on the import of
agricultural products with high water needs.
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ABSTRACT

gaall|

Natural pharmaceutical compounds are relied upon for the treatment
of many diseases due to their capacity to possess natural ingredients
with medicinal properties that can treat side effects resulting from the
toxicity of chemical compounds, such as drugs that treat cancer. We
prefer to use ginseng, which is well known for the treatment of
stubborn infertility cases and hormonal disorders associated with
menopause, hence the importance of this study and the possibility of
benefiting from the use of ginseng to treat negative side effects
resulting from the use of the drug Doxorubicin. Doxorubicin is a
widely-used anti-cancer drug, but it causes a number of negative side
effects when treating tumours, including its effect on Graafian follicles
and corpus luteum bodies, which play a major role in ovarian activity.
We conclude that ginseng is able to maintain near-normal levels of sex
hormones despite the presence of the toxic effect of Doxorubicin on
ovarian activity. This is due to ginseng’s beneficial effect on the
abnormal stimulation of gonadal cells or the increase in hormonal
secretion (FSH & LH). Ginseng is also able to stimulate the genes
responsible for producing ovarian hormones by mimicking their
receptors instead of their original complex. This might result in an
improvement in the number of ovulation phases.
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ABSTRACT

The problem of unconstrained optimization (UOP) has recently gained a great deal of attention from researchers around the globe due to its numerous real-life
applications. The conjugate gradient (CG) method is among the most widely used algorithms for solving UOP because of its good convergence properties and
low memory requirements. This study investigates the performance of a modified CG coefficient for optimization functions, proof of sufficient descent, and global
convergence of the new CG method under suitable, standard Wolfe conditions. Computational results on several benchmark problems are presented to validate
the robustness and efficacy of the new algorithm. The proposed method was also applied to solve function estimations in inverse heat transfer problems. Another
interesting feature possessed by the proposed modification is the ability to solve problems on a large scale and use different dimensions. Based on the theoretical
and computational efficiency of the new method, we can conclude that the new coefficient can be a better alternative for solving unconstrained optimization
and real-life application problems.
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1. Introduction

Consider the following optimization problem:

min f(x),

where f:R™ — R is a smooth and convex function satisfying the
condition:

filax + By) < afi(x) + Bf;(y),

for all x,y€R™, af€ER, and a+B =1 a=0, §=0.
Convex optimization deals with minimizing specific convex functions

x ER" 1.1)

over convex sets, while the non-convex optimization deals with
problems where the objective function is non-convex. These
problems are solved using local optimization methods that require an
initial guess. This point significantly influences the performance of
the objective value of the local solution.

One of the widely used methods for solving (1.1) is the conjugate
gradient (CG) method, which computes as follows:

X1 = X + Qpdy, (1.2)

where Xy 41 is the new iterate and a > 0 is generated by a suitable
line search process through the search direction d:

dr = —9k (1.3)

where 3}, denotes the CG parameter that differentiates various CG
formulas and g = Vf(x) is the gradient of f (Yakubu er a/, 2020;
Malik er al, 2020). Generally, for k=0, dy = —g,, which
represents the classical steepest descent direction. If @, satisfies the
exact line minimization condition and f(x) is a strictly convex
quadratic function, (1.2) and (1.3) will reduce to the linear CG method

di+1 = —Gres1 + Brdi

the conjugacy, such as:

,ICUR = glgk/”gk_lﬂz, (Fletcher and Reeves, 1964)  (1.4)
BE® = ik grs)/Ngill>,  (Polak and Ribiere, 1969)  (1.5)

BPY = gl 1 gks1/VEsk (Dai and Yuan, 2000) (1.6)

DL = gl (Vk — tsi)/yT sk, (Daiand Liao, 2001) (1.7)

where Y, = gr4+1 — gi and the parameter t = 0. For a detailed
discussion on advances in the conjugate gradient method, refer to
Hager and Zhang (2006) and (Sulaiman er a/. (2022).

The nonlinear CG algorithm plays a significant role in solving large-
scale unconstrained, differentiable functions due to its simplicity and
good convergence properties (Powell, 1984; Sulaiman er a/, 2020;
Mamat er al, 2020). Numerous studies have investigated the
convergence of these classical CG methods. For instance, Zoutendijk
(1970) studied the convergence of the Fletcher—Reeves (FR) method
under exact line searches with the following condition:

gidi <cllgel>  c¢>0. (1.8)

By restricting £ 77 to be non-negative, Gilbert and Nocedal (1992)
confirmed the global convergence of the ,fRP method under
suitable conditions. For more convergence results on CG methods,
refer to Wolfe (1969), Sulaiman er a/ (2021a), Grippo and Lucidi
(1997), Malik er a/ (2021), Sulaiman er a/ (2021b), Hestenes and
Stiefel (1952), Kamfa era/. (2020), Deng and Wan (2015), and Awwal

eral (2021).

Recently, Audu er a/ (2020) developed a robust variant of the FR
method by introducing a new term to the denominator for the
classical FR method as follows:

(Hager and Zhang, 2006). However, for the general nonlinear case, .BUMW _ Ilgrll? (19)
the parameter Sy is computed using algorithms that do not satisfy k al (@ gl ”gk—gk). ’
- k-1
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The authors proved the decency property and established the global
convergence under suitable conditions.

One of the efficient and widely recognized variants of the CG
algorithm is the three-term gradient algorithm (Liu and Du, 2019;
Maulana eral, 2023), which is formulated by defining a new term as
the classical CG search direction (1.3). Notes on the three-term CG
method were first presented by Beale (1972). The author employed
the classical ﬁ,’zs method defined in Hestenes and Stiefel (1952) to
construct the following dy:

dr = =gk + Brdk-1 + Vids, (1.10)

where d; denotes the restart direction and y, = 0fork =t + 1,
and

gkye
T

o k>t+1. (1.11)

Vi =

In practice, this method is less effective and possesses finite
termination properties (Hager and Zhang, 2006; Dai and Liao, 2001).
In addition, Beale's method is not guaranteed to generate a descent
direction under different line search procedures (Zhang er al, 2007).
As a result of these shortcomings, Powell (1984) and McGuire and
Wolfe (1973) improved the performance of the Beale (1972) method
using an efficient restart strategy by imposing the following
condition,

grdi = ollgiclllldell, (1.12)
and the Powell Beale condition,
lgk-19i| < 0:21lgicll?, (1.13)

on (1.10), which guarantees the descent condition.

Arecentstudy on the three-term CG method was presented by Zhang
eral.(2007). The authors utilized the good convergence properties of
PRP to define a three-term CG method termed TTPRP, with the

formula expressed as follows:

A = —9x + Brdi-1 + Ok-1YVk-1, (1.14)
T
where 8, = ”zk—dk“_;. The authors extended the idea to ﬁ,’:s (TTHS)
as follows: ko
dv = { —Gk if gk ye < €1llGre—111"Sk-1Sk-1
7 =gy + Brdy—1 + Ox—1Vk-1, otherwise

W|th9k—MandSk 1 =X — Xg—1,7 = 0,&1 > 0. Zhang

etal. (2007) skhowed that both methods satisfy the descent condition,

gid < —llgell,

regardless of the line search procedure used, and further established
the global convergence of TTPRP under modified Armijo conditions
and the convergence of TTHS, which was studied under the standard
Wolfe condition. Motivated by the idea of Zhang er a/ (2007) and
utilizing the efficacy modified FR parameter defined in (1.9), this
study develops a new class of three-term CG methods for
unconstrained optimization functions.

The remainder of the paper is structured as follows. Section 2
presents the method formulation and algorithm. In section 3, we
establish the convergence of the proposed method under suitable
Wolfe line conditions. Experimental results on a number of
benchmark functions are presented in section 4 to demonstrate the
robustness and efficacy of the new algorithm. In section 5, the new
algorithm is applied to solve real-life application problems. Finally,
the conclusion is presented in section 6.

2. Three-Term Conjugate Gradient
Algorithm

This section presents the derivation process of the new three-term CG
algorithm for optimization functions.

2.1 New Three-Term CG Method:

The proposed method is derived as follows:

do = —9o,
di = —gi + Brdy—1 + 9;51)}’1(—1, (2.1)
and
dy = —gi + By + 6% (2.2)
k g + Bredic—1 k YVk-1» .
where
2
‘B}gMW Ing”H ” 2.3)
dk 1(dg-1— Tor— ”gk gk)
and
(1) _ _ gk @) _ _ _kdks
O = gz 2 O IO (2.4)
From (2.1)—(2.3), itis clear that
digx = =gkl (255)

which implies that dj is a descent direction. It is also clear that 8, =
0 if the exact minimization condition is applied.

Algorithm 2.1

Step 1: Initialization: xo € R™, dg = —go, setk = 0. If || g |l < &,
then stop. Otherwise continue.

Step 2: Compute S by (2.3)
Step 3: Compute 0y by (2.4) i.e,, 9,51)
Step 4: Determine (X}, based on the following Wolfe conditions:

f(xk + akdk) < f(xk) + Sakg,fdk, (26)
9 + ard ) dy = ogidy, 2.7)
where0 < 6 <o < 1.

Step 5: Update x;, based on (1.2)

Step 6: Check if [|gill = O, terminate. Otherwise, go back to step 2
with k =k + 1.

The proposed TTUMW method and the classic TTPRP formula have
similar structures. However, the TTUMW contains a new coefficient,
Pi . and a three-term parameter, 6y, that differentiate the new
method from other methods.

It is mandatory to show that the direction dy, defined by (2.1) and
(2.2), possess the descent properties before discussing the
convergence results.

Lemma2.0

Let ,BEMW be defined by algorithm 2.1 where dj, follows from (2.1).
If gTd_1 = 0, then

B
T ldq I
Proof

Begin with the following simplification and let grd,_, = 0 (Rivaie
etal,2012).

uw _ g ll? = Ngkll
dip—1(dk—1 —m = git) lgr-1l

|gk
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_ llgilI? . llgell ¢
- ’ - k-18k
1112 = w — di_; 8k k-1l
< gl .
lldr-1lI?

This completes the proof.

Lemma 2.1

Let the sequence {x;.} follow from algorithm (2.1), dj, from
(2.1),and Hk given as (2.4). Then,

Iide < —=llgell* Vk=0.

Proof

From (2.1), (2.3), and (2.4), it follows that:

T 2 T T g}cdk—l
Irdr = —lgill* + giedy—1Bx — gk'W'Yk—l

< —llgell®.

This completes the proof.

3. Convergence Analysis

The convergence result of the new method would be studied based
on the following assumption.

Assumption 3.7

(1) The function f is bounded on 2 = {x € R™: f(x) < f(x0)},
where (2 defines the level set.

(2) f is smooth and bounded below on R™,and its gradient, g (x), is
Lipchitz continuous on the neighborhood N of Q. That is, for some
L > 0,itimplies:

vx,y €N, llglx) — gl < Lllx —yll. 3.1)

For some positive constant i1, we have the following results,
which come from Assumption 3.1:

lg)Il <u vx€Q. (32)

To prove Assumption 3.1, we begin by presenting the
subsequent lemma with proof stemming from Zoutendijk
(1970) and Wolfe (1969).

Lemma 3.1 Consider x; as the initial guess that Assumption 3.1

holds true. For a CG algorithm of the form (1.2), with (&}, satisfying
(2.6) and (2.7) and d}, is a descent direction, then,

(9k)*
Yke1 e < (3.3)

Proof
From (2.6), we have
9kYk = JicGre1 — i) = (0 — Dgidy,
and after (3.1), it follows that
(Gr+1 — g dr < arLllgill*.
Combining the two inequalities will give
a—1 gld,

L ldell®

which reduces to

akZ

_ (gFan)’
fe—fe-12zc Tanle (34)
where ¢ = §(1 —0)/L. Summing up (3.4) and noting that f is
bounded below implies that (3.3) holds, and thus completes, the
proof.

3.1 Sufficient Descent Condition:

The following results will be used to show that TTUMW satisfies the
descent properties under the Wolfe line search.

Theorem 2.7

If supposed algorithm (1.2) holds where ,Bk is given as (2.3) and 0y,
is generated by (2.6) and (2.7), then

Grdr < =1 = )llgell? vk = 0. 3.5)

Proof

The proof of this theorem is induction. Suppose k = 0, then gl dy =
llgoll?. Hence, (3.5) holds. Assume that (3.5) holds true fork — 1,
this implies that

Git-1dk-1 <0, (3.6)
which suggests that (1.13) is true.

Multiplying (1.14) by ¥ gives:

gk dic = —1gell? + i g1 + 6" gk gic—s.
Substituting (2.3) and (2.4), we have
llgill?
= ~llgll* + - Gk -
‘ d£—1(dk—1r—m—gk) et
_ k%1 grd
[ [t
wherem = g Ik
lgr-ll .
From Lemma 2.0, it follows that ,8,5’””’" = ”ggk” E when exact line
search is used. Hence, o
llgi|I? g1
Ly = —llgill? + T gl dmy — L T,
Ik Ak Ik ”dk—lllz Gk A1 ”dk—1”2 Ik Ak-1
T T
-1 i -1
= —llgll* + Il ||2< >— “ Grdy-1,
Gl T R\ 1 l2) ™ g2 96
2
— _”g ”2 + ”g ”2 i glzdk—l _ (gl’lgdk—l)
* A - R TP A T
=1 -a)llgell®

which follows from (3.5), and thus, completes the proof.

3.2. Global Convergence Property:

The global convergence analysis of the proposed method will be
discussed under weak Wolfe conditions.

Theorem 2.8

Suppose Assumption 3.1 holds true, then Algorithm 2.1 produces an
infinite sequence {x;} satisfying

Jim, infllgell = 0. 67)
Proof

Assume (3.7) is not true. Then, there exists a constant ¥ > 0 such
that

lgell > 8,v k. (3.8)
From (2.1) and (2.4), we have:
T
dy—

ldill = || g + BEY diy = 2%t |,

T

dy_
< llgill + 1B sl + [P35 sl (39)

llgill? Il lidg—1l

<
< lgell + g 2 el + 50 = Ve lh 310
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Ngel? | gl

= |lgell + == et e ”L”Xk — Xp—ll, (3.11)
< llgell + A2l o ALl + N D, (3.12)
lgr-1ll ~ NGr-1
2
Su+%+%L(2§) =T,

where (3.9) comes from the Cauchy—Schwarz inequality; (3.10) from
Lemma 2.0; (3.11) from part 2 of Assumption 3.1; the fifth inequality
from relation (2.6) in Liu and Du (2019); and (3.12) from (3.2), (3.8),
and part 1 of Assumption (3.1).

Based on the above analysis, we can state that the sequence of
{lld I} has a common upper bound, that is,

[ldill < T, Vk. (3.9)
By using (3.8) and (3.9), we have:

[oe]
gl _ < o
2= T2
T, = L
which contradicts the Zoutendijk condition given in (3.3). Hence, the
conclusion is that (3.7) is true. This completes the proof.

= 400,

4. Results and Discussion

This section presents the performance results of the proposed
method. The computational results are compared with that of other
three-term CG methods from Zhang er a/. (2007) to demonstrate the
efficiency and robustness of our method. All test functions used for
the experiments (Table 1) are from Andrei (2008). For each test
function, we chose four initial points under the standard Wolfe
conditions. All algorithms were coded on the MATLAB 2015a version,
and the termination condition was set as || g || < 107°.

Table 1: Unconstrained Optimization Functions

Functions Dim Initial Points
Treccani 2 (0.5,0.5), (5,5), (10,10), (15,15)
Booth 2 2.2),9,9), (10,10), (13,13)
Three Hump Camel 2 (2,2),(9,9), (10,10), (13,13)
Sphere 2 (5.5),(15,15), (25,25), (50,50)
Ext DENCHNB 2 (5.5), (15,15), (25,25), (50,50)
Six Hump 2 (2,2), (10,10), (15,15), (20,20)
Hager function 24 (2,2),(10,10), (15,15), (20,20)
Quadratic QF2 24,10 (2.2,.2), (10,10,.,10), (15,15,.15), (25,25,..25)
Power function 24,10 ~2),(10,10,.,10), (15,15,.,15), (25,25,.,25)
Gen Tridiagonal 2,410,100 2,..2), ), (9,9, 9) (15,15,..,15)
Quadratic QF1 2,4,10,100 Y, (1515,..15), (25.25,..25)
Matyas function 2,4,10,100 ), (15,15, 15) (525,25
Dixon and price 2,410,100 ), (15,15,...,15), (25,25,...,25)
Gen Tridiagonal 2 2,410,100 ),(9,9...,9), (15,15,...15)
Gen Quartic 2.4,10,100,1000 | (2.2, .v.,z) (010 10) 15),(25.25,.,25)
Gen Quartic 2,4,10,100,1000 | (22..2), 10), 15),(25,.25,..,25)
Sum square 2,4,10,100,1000 (22,..2), ), .15),(25,25,..,25)
Treccani 2,4,10,100,1000 y K 0),(13.13,..13)
Ext freudestain andRoth | 2,4,10,100,1000,10000 7). ,(13,13,..13)
Ext Beale 2,4,10,100,1000,10000 X 15),(25,25,..25)
Fletcher 2,4,10,100,1000,10000 .3), ,(15,15,...15)

The performance results presented in Figures 1 and 2 were plotted
using the performance profile tool introduced by Dolan and Moré
(2002). This was achieved by recording the number of iterations
(NOI) and CPU time for all solvers () on a set of problems (A).
Suppose the set of solvers S consist of 71, problems and n; solvers.
Then, for every solver s € S and problem p € P, we can define tps
as the number of iterations or CPU time needed by solvers € S to
solve problemp € P.

For every algorithm, the Dolan and Moré tool plots a fraction (#) of
the benchmark function to obtain a profile curve, as shown in Figures
1 and 2. The method with the curve lying the highest is regarded as
the top performer.

Figure 1: Performance profile based on number of iterations
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Figure 2: Performance profile based on CPU time
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From Figure 1, it is clear that the convergence of all the methods
follow a similar pattern. This can be attributed to the structure of the
algorithms. Despite the close relationship among these algorithms,
the proposed method demonstrated a better numerical performance
because it was able to solve the majority of the test problems. In
addition, based on Figure 2, it is clear that the proposed TTUMW
method outperformed the three other methods considered for
comparison. Based on these results, we can conclude that the
proposed TTUMW method is both superior and promising.

5. Application of the TTUMW Method for
Function Estimation in Inverse Heat
Transfer Problems

The family of CG methods are known for their low memory
requirement and global convergence properties when solving
optimization functions. Most of these problems are traced to specific
areas of engineering, namely, the sciences, economics, and social
sciences. Recently, several studies have investigated the performance
of CG methods on different application problems, such as robotic
motion control, compressive sensing, fuzzy nonlinear problems, and
inverse heat transformation problems (see Umar et al, 2020;
Sulaiman et al, 2022b, 2022¢; Razzaq er al, 2020; Omesa er al,
2023). This section examines the inverse heat transformation
problem. The problem is transformed into a minimization problem
and solved using certain stabilization techniques (Colaco and
Orlande, 1999).
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Consider the following inverse heat transformation problem:

min Bi(X,Y, 1) (4.0)
where Bi is the dimensional heat transfer coefficient, X and Y are the
dimensional coordinates, and T denotes dimensional time. The
method for solving (4.0) involves the iterative procedure of the CG
method. Recent studies by Jarny er a/ (1991) and Orlande er al
(1997) estimated the unknown heat transfer coefficient as follows:

Bik+1(X, Y, T) = Blk(X, Y, T) - bkdk(X, Y, T) (41)

where k denotes the iteration number. The descent direction is a
conjugation of the previous direction and gradient computed as:

dk(Xt Y,T) =]l’<(X' Y, t) +gkdk—1(X:Y:T)~ (42)

The conjugation coefficient, Sy, utilized in this study is defined by
equation (2.1), and the step size @, is computed based on (2.6) and
Q2.7).

To generate the simulated measurement, we needed to rewrite
Bi(X,Y,1) asfollows:

Bi = 6f,(t)fx(X)fy (¥). (4.3)

Different functional forms were tested for f;(t), fx(X),and fy(Y)
(Lally ez af, 1990).

By generating the following simulated measurements with the
functional form, this study demonstrates how to estimate the spatial
changes and temperature shifts of the heat transfer coefficient as
follows:

Bi(X,Y,0) = 6e~(05X7°f, (9) (4.4)
where

fo(8) = 51,338 — 893.2780 + 8566.5302 — 46,264.903 +
154,2800* — 333,2170° + 47,5396% — 445,69207 +
264,5040% —90,201.76° + 13,476.361° 0.103<68<1.

(4.5)

The function given by equation (4.5) comes from the data of Stewart
er al (1996), with the initial guess set as Bi°(X,Y,8) = 1. By
considering the final time of 0.125 and applying algorithm 2.1, the
solution (6.9161, 0.0168) was arrived at after one iteration with a
CPU time of 0.7155.

6. Conclusion

This study investigated the performance of new three-term CG
algorithms for non-convex optimization functions. The new
algorithm was extended to solve the problem of heat transfer. An
interesting feature of the proposed algorithm is that it possesses the
descent property g,{dk < —||gk||2, irrespective of the line search
condition used. The global convergence analysis of the method was
discussed under suitable conditions. Numerical computation on a set
of benchmark problems was presented to determine the performance
of the method. The experimental results showed that the new
algorithm outperformed the classical three-term CG in terms of
number of iterations and CPU time.
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ABSTRACT
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This study aimed to analyze the whole genome of the bacterial strain PL,
isolated from pond sediment, to evaluate its genetic characteristics in the
degradation of waste and toxic substrates and the generation of bioelectricity.
This was compared to the type strain of the bacterial species Geobacter
sulfurreducens (G. sulfurreducens) (PCA) and the strain KN400. Genomic
taxonomy on the TYGS platform established the affiliation of strain PL with the
bacterial species G. sulfurreducens. Subsequently, a genomic study of strains
PL, PCA, and KN400 was performed using various bioinformatics tools. These
included the study of genes associated with functional categories (COG)
through genome annotation using the RAST server, followed by gene
identification using the Prokka program to discover and identify genes related
to electricity production. The results of the genomic analysis of the PL strain
showed that it possesses many genes necessary for generating electric current.
These included genes related to the formation of thick biofilms, adhesion to the
anode of microbial fuel cells (MFCs), oxidation of various substrates and
environmental pollutants, and extracellular electron transfer. Overall, the
obtained results indicate that the PL strain is a promising candidate for
sustainable bioenergy generation.
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ABSTRACT

Water is a natural resource with multiple uses. It is precious and important; therefore, it must meet the standard criteria. The goal of this project is to verify and
estimate the physicochemical and bacteriological quality of water from the Dar Bentata source and its therapeutic benefits in medical diseases. These analyses
covered several physicochemical water parameters. These parameters are temperature, hydrogen potential, MO, electrical conductivity, total dissolved solid
(TDS), turbidity, O,, total hardness, alkalinity, color, CI"; SO,* ; NO5 ; NO, ; HCO5 ; Ca®!, Mg®*; K*; PO, , and Na™... ,and a certain number of bacteriological
parameters such as total germs, total fecal coliforms, fecal streptococci, and Clostridium sulfitor. Three water points were sampled for five days during
December 2021. The different hydrochemical facies of the Dar Bentata were used to determine the quality of the water. The results show that this water source
is sodium chloride in nature and has therapeutic properties for calcium lithiasis.
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in preventing these small kidney stones. Our kidneys are incredible
1. Introduction organs that filter our blood to remove waste and produce urine.
When we do not enough drink, urine becomes more concentrated,
which promotes the formation of these famous stones. Therefore,
drinking to evacuate the stones is the key to keeping our kidneys
healthy. According to several studies, the chemical composition of

Health issues associated with the formation of urinary stones are
frequent. It is a complication of urinary divers’ ion and is now a
cause of increasing concern. In addition, the mechanism of
lithogenes is still to be clearly understood in the therapeutic process

(Vani eral, 2021; Birowoer al, 2020; Patankaret al, 2020; Songer l, drinking water plays an important role in the dissolution of kidney
2022; Lu eral, 2022) stones (Ricciardi er al, 2016; Lieskeer al, 2014). For example,

calcium, an essential element for bone health, also plays a role in the

Nephrolithiasis or renal stones are mineral deposits in the renal formation of kidney stones. However, if we have calcium-related

calyces and pelvises that are either affixed to or free of the kidney
papillae. Stone formation is the result of complex biochemical
processes involving proteins and is facilitated by the supersaturation
of ions in urine. Stone samples are composed of crystalline

kidney stones and, already consume enough calcium in our diet, we
may want to opt for low-calcium water to avoid excessive
intake. However, uric acid kidney stones can be a real source of
discomfort. Gaseous water rich in bicarbonates can help reduce the

inorganic, organic, and elemental species. Inadequate water intake is acidity of urine and thus prevent the formation of uric acid stones.

the primary cause of stone formation. Other risk factors, such as
family history, diet, and systemic diseases, have also been identified
as contributors to these processes (Deshpande er al, 2022; Haner
al, 2015; Siener, 2021).

Common minerals found in stones include calcium oxidalate
monohydrate (COM, whewellite), calcium oxidalate dihydrate
(COD, weddellite), magnesium ammonium phosphate hexahydrate
(MAPH, struvite), calcium hydrogen phosphate dihydrate CHPD,
brushite), penta calcium  hydroxy triphosphate  (PCHT,
hydroxyapatite), and other rare substances. Uric acid (UA) is another
uncommon organic compound responsible for stone formation.
Stone samples are typically composed of more than one mineral

Knowing that several thermal sources in the world are known for
the treatment of kidney diseases, the thermal springs of Pithecusa,
Evian, Volvic, Badoit, La Salvetat...

The source after having been approved by the State may take the
designation of a natural mineral water. Dar Bentata village is located
60 km from Tlemcen, between Nedroma and Ghazaouet in the
Algerian region. On a national scale, this fountain is known for its
miraculous therapeutic effectiveness. Our work consisted of
studying the physicochemical and bacteriological properties of Dar
Bentata thermal spring water located west of Algeria with the aim of
comparing the properties to other drinking water and discussing its

effects on kidney stones.
type, with COM and/or COD predominating in terms of occurrence

and relative abundance. Other minerals include MAPH, CHPD, Dar Bentata is a small village located 60 km from Tlemcen city,
PCHT, and organic matter (Tonannavarer al, 2016; Grases et al between Nedroma and Ghazaouet cities, in the Tlemcen province,
1996 ; Sienerer al, 2002). west of Algeria (Fig. 1).

Crenotherapy, or the therapeutic use of thermo mineral waters for
treating a variety of maladies (rheumatic, dermatological, renal,
genital), is supported by a large body of scientific research and
clinical studies (Maarmrier al, 2012; Mohimer al, 2022; Dubois,
2009; Karunakaran er a/, 2022). Hydration also plays a crucial role
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Figure 1: Study area.
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Urinary lithiasis is characterized by the development of kidney
stones. There are five types of kidney stones. Seventy-five percent of
stones are calcium oxalate that affects the human body in cases of
obesity, diabetes, and hypertension. An excess of calcium oxalate
will precipitate in the form of crystals. 15 % of these have calcium
phosphate due to overconsumption of Na* sodium combined with a
low potassium K" ratio. 5 % of stones comprise
phosphatoammoniacomagnesium caused genetically. Uric acid
calculations account for 5%—10% of lithiasis cases, but in the
Mediterranean countries, they are thought to account for almost
30% of cases. Uric acid precipitates after the terminal breakdown of
purines. The purine-rich foods are offal, shrimp, liver, red meat, and
anchovies. Cystine stones affect less than 2% of all lithiases and
comprise cystine (Deepika eral, 2018).

Kidney stones are considered very small solids of hard material that
form in the kidneys. In most cases, 90% of patients suffer from
calcium stones. In general, patients are asked to have a calcium
intake of approximately 1 g/ day. For Lithiasis, the orientation of
choice of drinking water is made according to the mineral
composition and its chemical nature in addition to the minimum
amount of drink recommended for patients depending on the type
of Lithiasis. The type of water consumed must be considered in the
overall treatment strategy for Lithiasis.

2. Materials and Methods

The samples were taken at three different sites (P1, P2 and P3) in
Dar Bentata village for five days during December 2021 at 10
o'clock. Points (P1) and (P2) are located upstream of the main
source of Dar Bentata (P3). Sampling was performed in plastic
bottles rinsed with distilled water. Sampling for bacteriological
analysis was performed in glass bottles tempered at 220°C. The
analyses were carried out under a cold regime (4°C) in the
laboratory of the Hammam boughrara drinking water production
plant of the Algerian Water Company in Maghnia, located in the
Tlemcen province of Algeria. Several physicochemical water
parameters, including temperature, hydrogen potential, electrical
conductivity, total hardness, CI, HCO5, Ca®*, Mg*, K*, and Na* ions,
and bacteriological parameters such as: total microorganisms and
fecal, microorganisms were analyzed. The chemical analyses were
carried out in reference to (Rodier eral, 2016).

3. Results and Discussion

The diverse analyses performed on samples of Dar Bentata spring
water have enabled the determination of descriptive parameters of
the physicochemical and bacterial quality of the water. The results of
the analysis were compared with Algerian and World Health
Organization (WHO) standards.

3.1. Physicochemical Parameters:

Because water temperature regulates nearly all physical, chemical,
and biological reactions, it is an important factor in aquatic
environments (Chapman, 1996). In the study area, the results
obtained show that the degree of this temperature does not present
great variations from one source to the other (Fig.2a), with a
minimum of 13°C and a maximum of 16.8°C.

3.1.2. Turbidity

Turbidity is a parameter of potable water quality and an indicator of
groundwater well stabilization. The clarity of water is a physical
characteristic of turbidity. The turbidity of natural waters is caused by
suspended matter, such as clay and sediment particles, organic matter,
microscopic organisms, and colloids. Water turbidity is measured
optically as a property of light dispersion (Popek, 2017). For turbidity,
we found low values due to the absence of organic and inorganic
matter (groundwater) (Fig. 2b). By combining our results with Algerian
and WHO standards, we can say that the Dar Bentata waters are clear
waters.

3.1.3. Organic Matter

Organic matter is an index of pollution that comes from the
decomposition of bacteria in addition to giving an unpleasant smell
to the water. For the different sampling points, the median values of
organic matter did not exceed 1.5 mg/L and sometimes were equal
to 0 and with their absence. Dar Bentata water is inodeur (Fig.2c).

3.1.4. pH and color of Dar Bentata water

The pH depends on the origin of the water, the geological nature of
the substrate, and the watershed traversed. This parameter
determines numerous physicochemical balances between water,
dissolved carbon dioxide, carbonates, and bicarbonates, which
provide favorable conditions for the development of aquatic life
(Belghiti, 2013). The pH values ranged from 7.4 to 7.7 (Fig.3d).
Therefore, the source appears to be neutral. According to the values
of the color in Fig. 2e, we can say that the waters of Dar Bentata are
transparent.

3.1.5. Conductivi

The electrical conductivity of water is the conductance of a column
of water between two platinum electrodes with a 1 cm? surface area
and a 1 cm separation. The opposite of the electrical resistivity.
Conductivity indicates the mineralization of water and is an
excellent indicator of the water’s origin (Beyaitan-Bantin er al,
2020). In fact, measuring conductivity permits estimation of the
number of ions dissolved in water and, consequently, its
mineralization. The values recorded during the study period vary
from 884 to 1441. The increase in the values at the 3rd station (P3)
determines the high mobility of the ions in the water (Fig.2f).

3.1.6. Hydrometrical Title

The hydrometrical title is the total concentration of Ca**and Mgb
ions. Magnesium concentrations recorded at the studied sources
were between 180 and 310 mg CaCO4/L (Fig.2g). They stay clearly
below the allowable limit for hydrometrical title, ie., 500 mg
CaCO,/L.

3.1.7. Full Alkalinity Title

Alkality is due to the presence of hydroxides, carbonates, and
bicarbonates. TA measures hydroxides and carbonates, and TAC
measures OH", CO5?, HCO5. The bicarbonates in the water aid
digestion and soothe heartburn because of the antacid properties of
sodium bicarbonate. As a result, bicarbonate waters are good for
athletes to fight against the acidity produced by the muscle during
exercise (Labadi and Hammache, 2016).
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The TAC values by the Algerian standard must be greater than 65 mg
CaCOy/L. According to the results expressed in Fig. 2h, we find that the
TAC values are approaching the standard in the waters of DAR
BENTATA, which are also characterized by low alkalinity (< 1000
mg/L) (Pierre, 2000).

Figure 2: Spatial distribution of the values of physicochemical parameters of Dar Bentata water,
Tlemcen; Algeria (December; 2021). a)Temperature (°C) ; b) Turbidity (NTU) ; c) OM (mg/L) ; d) pH;
e) Color (UCV); f) Conductivity (ps/cm) ; g) TH (mg CaCO5/L) ; TAC (mg CaCO4/L)

s
[ ® a5
w0 N
s
15 N
Temperature Turbidity 25
) . (NTU) 2
s
s L
g7 I
B 4 N
D1 D2 D3 D+ DS b1 2 b3 b4 Ds
12 10
g @
© W
L]
.
oM s
(mg) L
va —
o2 2
o | - S S N
D1 D2 D3 D4 Ds b1 D2 D3 LY
1
© .,
e
1w T
Color (_un(lucrluh
weyy | (ns/cm)
.
o)
D1 1 D2 Ds DS
@
TH .
(g Caco3L) ™ ‘ (g Cacoa 1)
: l | |
bs pS
“PI P2 =P34 AlgeranNorm  « OMS Norm

3.1.8. Other physicochemical analyses

The following table (Table.1) shows the average value of the five-
day pollution parameters in December 2021: NO;, NO,and PO,*,
and chemical parameters such as: K, S0, Na"and CIin relation to
the water structure for the main source of Dar Bentata (P3) used for
the treatment of kidney stones. The obtained results were compared
with World Health Organization and French standards. In contrast
to nitrate, the levels of nitrite, potassium, sulfates, phosphate,
sodium, and chlorine are extremely low. Nitrate, however,
marginally exceeds the standards. Consequently, the study waters
are susceptible to nitrate contamination.

Table 1: Physicochemical parameters.

The parameters Testresults (mg/L) S[and\:{:(()mg/L) French Standard (mg/L)
Nitrite 0.027 3 0.1
Nitrate 533 40 50
Potassium 8 10 -
Sulphate 50 400 250
Phosphates 0 - 0.4
Sodium 88 150 -
Chlorine 5 250 -

3.2. Chemical Facies:

Several methods have been defined by various authors to classify
and determine the different hydrochemical facies of the waters. In
our study, we used the most well-known main methods, namely
Piper’s classification, Schoeller and Berkaloff classification, the
classification of Stiff, and the Stabler classification. All of these
classifications are based on the chemical composition of the waters,
from which the properties of our water of Dar Bentata (P3) can be
deduced; we compared our results with those of Ifri, SAIDA, and
GUEDILA mineral water.

3.2.1. Piper diagram

Piper's diagram (1994) uses the major elements to determine the
different families of sources. It is composed of two triangles and a
diamond. Triangles are filled with cations and anions. The transfer of
the water test results to the Piper diagram shows the variability in
the chemical facies. The concentrations in this diagram are
expressed in % (Shah er al, 2021; Daser al, 2021). There are two
poles in Fig. 3; the first pole is characterized by calcium and
magnesium bicarbonate facies (Ifri, Saida and Guedila waters). The
second pole representing the water of Dar Bentata is characterized
by sodium and potassium chloride facies.

Figure 3: Piper diagram illustrating the hydrogeochemical facies of water samples from the study
area
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3.2.2. Schoeller-Berkaloff diagram

The semi logarithmic graphic representation is the Schoeller—
Berkaloff diagram. On the axis of the abscisses, various ions are
represented. For every major ion, the actual concentration in mg/L is
plotted on the y-axis, and the resulting nodes are connected by straight
lines (Viljoen er al, 2019; Popek, 2017). The obtained graph (Figure 4)
allows for visualisation of the mineral water in question. The
Schoeller— Berkaloff diagram analysis revealed that the groundwater
contained elevated levels of chlorides, potassium, and sodium.

Figure 4: Schoeller-Berkaloff diagram
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3.2.3. siff diagram

Stiff's diagram presents the analyses in two different axes, the left
axis presents the cations (Na’, K*,CaB,ng) and the right axis
presents the anions (Cl, HCO5, CO;?, SO, NO5). The values used
are expressed in meqg/L (Hounsinou, 2020). According to Stiff's
diagram (Fig. 5), we observe the following facial features:

(] Calcium bicarbonate: for GUEDILA and IFRI water.
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®  Magnesium bicarbonate: for SAIDA water.

(] Sodium chloride: for DAR BENTATA water.

The figure above also shows that the water of the DAR BENTATA
spring is a water of low mineralization compared to the mineral
drinking waters chosen.

Figure 5: Stiff diagram
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3.2.4. Stabler diagram

The Stabler diagram is used to quickly determine the different titles
of water. For this purpose, the meq/L concentrations of anions and
cations are reported on two separate bars or columns of the same
length, and the concentrations are reported in % (Hans-Friedricher
al, 1989). According to the Stabler diagram in Figure. 6, we observe
that the dominant face is calcium bicarbonate represented by the
mineral waters GUEDILA and IFRI. The other facies are magnesium
bicarbonate for SAIDA water and sodium chloride for DAR
BENTATA spring water.

Figure 6: Stabler diagram
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3.3. Bacteriological Analyses:

The purpose of these analyses is to determine the types of
microorganisms in the water because they are responsible for water-
borne diseases. Several parameters were examined, including total
germs, total sprouts, total coliforms, fecal coliforms, fecal
streptococci, and Clostridium sulfito-reducer. The results are given
in Table 2.

Table 2: Bacteriological parameters

Type of analysis Results of the analysis (CFU/ml) [Algerian standard (CFU/ml)
Total germs at22C°(CFU/1 mL) 3 <10
Total sprouts at 37C°(CFU/1 mL) 3 <100
Total coliforms (CFU/100 mL) 12 0
Faecal coliforms (CFU/100 mL) 0 0
Faecal streptococci (CFU/100 mL) 0 0
Clostridium sulfito-reducer (CFU/100 mL) 0 0

The count of total germs is a much more general type of indicator with
respect to microbiological pollution. This determines the total bacterial
load. The results obtained were 3 germs/1 mL at 22°C and 3 germs/1
mL at 37°C in our sample. However, they remain compliant with the
standards prescribed by Algerian regulations (<100 germs/1 mL at
22°C and <10 germs/1 mL at 37°C). The count of total coliforms in the
water sample shows that the bacterial load of the water studied (12
CFU/100 mL) is higher than the Algerian standard (10 CFU/100 mL),
which may be due either to septic spurs or by contamination of
boreholes near the region. The regulations of our country imperatively
exclude the presence of fecal coliforms, fecal streptococci, and

Clostridium sulfito-reducer in 100 mL of water. The results found in
the water sample analyzed are (0 CFU/100 mL), which corresponds to
the Algerian standard (0 CFU/100 mL).

Finally, due to the quality of the waters of DAR BENTATA and
according to their nature and chemical compositions (low
mineralization, low calcium content, etc.), it is recommended for the

treatment of patients who suffer from calcium lithiasis (Pierre,
2000).

4. Conclusion

The various analyses carried out on the samples of water from the
source of DAR BENTATA have made it possible to determine the
behavior of certain descriptive parameters of the physicochemical
and bacteriological quality of the waters. In the field of
hydrochemistry, there are several types of chemical facies. Our
study shows that the waters of DAR BENTATA are classified as
sodium chlorinated water and the low mineralization claim its
effectiveness on calcium renal stones.

Finally, we conclude by proposing the following perspectives:

®  The improvement of the source by the renewal of the pipes
and placement of hydraulic accessories (e.g.: valve, etc.) to
protect these waters in a quantitative and qualitative way by
the State.

®  The State must take advantage of this natural wealth and
provide opportunities for investors.

® Nationally recognize DAR BENTATA as source waters to
maintain healthy glass bottling while protecting the water.

®  The quality monitoring of this thermal source for one year to
determine its chemical stability will be carried out in the
future.

We have concluded that this source has therapeutic virtues.
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ABSTRACT
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The Tliberalisation of the exchange rate witnessed major fluctuations that
subsequently affected many economic variables, including exports.
Therefore, this research aimed to identify the effect of the exchange rate of
the Egyptian pound against the US dollar on the value of Egyptian
agricultural exports during the period 1990—2021, as it was shown through
the unit root test. The two separate time series for the two variables are not
stable at the level, but they are stable at the first difference; thus, there is a
co-integration relationship, that is, the existence of a long-term relationship
between the two variables. In measuring this relationship, it is evident that
increasing the exchange rate of the Egyptian pound against the US dollar by
1% leads to an increase in the value of Egyptian agricultural exports by
1.14%. The model is free of measurement problems represented by the non-
normal distribution of the model’s residuals, the autocorrelation between
the regression residuals, and the variance of the errors. Therefore, the
research suggests the necessity of verifying the stability of the time series
before studying the relationship between economic variables, which
prevents the occurrence of the problem of false regression and obtaining
unrealistic results.
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ABSTRACT
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Sustainable development is a process and a driver of nations that requires
continuous improvement in an integrated manner, while considering
economic, social and environmental aspects. In 2015, United Nations
Member States adopted the Sustainable Development Goals (SDGs) as a
global call to end poverty, protect the planet and ensure peace and
prosperity for all people. Saudi Arabia is making great efforts to achieve
these goals, while considering its own perspectives and the National Vision
2030. There is no single indicator of sustainable development; rather, there
are multiple measures for sustainability that collectively indicate a positive
trend over time. These indicators have been measured in the Kingdom at the
national level, but there is still a need for application at the local and regional
levels. This study aims to measure those indicators in the Al Ahsa Oasis
based on preliminary data collected in the field from a simple random
sample of 257 individuals. A set of descriptive frameworks and statistical
methods were used to assess the environmental situation, identify the most
important influencing factors and propose policies to contribute to Al Ahsa's
environmental sustainability.
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ABSTRACT

Inflammatory bowel disease (IBD) is a progressive, relapsing disorder. Biologics for patients with moderate-to-severe IBD have shown promising therapeutic
outcomes. This research aims to compare the efficacy, safety and cost of adalimumab versus ustekinumab in a group of patients with IBD who failed treatment
with infliximab. A prospective cohort study was performed on 108 patients, 53 of whom received adalimumab (Gp A) and 55 received ustekinumab (Gp U),
followed up for 24 weeks. Clinical response, clinical remission and C-reactive protein (CRP) normalisation were assessed for efficacy; a cost-effectiveness
analysis was conducted, and safety was evaluated. The clinical response was achieved by 86.8% of the patients in the Gp A and 92.7% of those in the Gp U
group, respectively, without a significant statistical difference. The patients in the Gp A group experienced clinical remission and CRP normalisation in
proportions of 47.1% and 37.3%, respectively. In contrast, the patients in the Gp U group experienced 69.8% and 58.5%, respectively, with significant statistical
differences between the two groups. Adverse events were fewer in the Gp U than in the Gp A group, with a significant statistical difference. Ustekinumab was
more costly than adalimumab, with a significant statistical difference between both groups. In conclusion, ustekinumab is considered more effective and safer
than adalimumab in infliximab-experienced patients but with a higher cost in patients with moderate to severe IBD.

KEYWORDS
biologics, cost-effectiveness, Crohn's disease, Humira, Stelara, ulcerative colitis

CITATION
Soliman, A. M. E., Ebid, ALLM., Al-Atrebi, K.E.AM.,, Elessawy, HA A, Elyamany, E.M.E., Abdel- Motaleb, SM.M. (2023). Adalimumab versus ustekinumab in Egyptian patients with

moderate to severe inflammatory bowel disease: A cohort study. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 24(2), 46—52. DOI:
10.37575/b/med/230041

1. Introduction

Inflammatory bowel disease (IBD), which involves Crohn's disease
(CD) and ulcerative colitis (UC), is a chronic inflammatory relapsing
disorder affecting the gastrointestinal system and is known for its
progressive nature and unpredictable disease course. Although UC
affects only the colon mucosa, CD can affect any location from the
mouth to the anus and all layers of the gut (Roda er a/, 2020).

Cases of IBD have increased globally over time to reach 6.8 million
in 2017 (Alatab er al, 2020). Although the greatest percentages of
IBD cases have been documented in Western nations, the
occurrence of IBD in the Middle East considerably increased in the
twentieth century because its countries became more Westernised
(Shamkh er al, 2022). In 2021, the incidence rate of UC in Arab
regions, including Egypt, was 2.33 per 100,000 people per year,
while that of CD was 1.46 per 100,000 people per year (Mosli ez al,
2021).

Inflammatory bowel disease typically develops in adolescence and
often affects both males and females equally (Sauer and
Kugathasan, 2009). The IBD aetiology is still largely ambiguous;
however, the complex interaction between genetic and
environmental factors that affect immune responses may be the
cause of the disease (Karthikeyan er a/, 2021). The most reported
symptoms of IBD are weight loss, diarrhoea and abdominal pain, as
are extraintestinal manifestations, including dermatological and
musculoskeletal symptoms. Rectal bleeding is more frequent in UC,
while fistulas and anal lesions are typically linked to CD (Seyedian et
al, 2019).

An IBD diagnosis is usually dependent on the assessment of clinical
manifestations, laboratory findings such as faecal calprotectin (FCP),

C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and
complete blood count (CBC) and radiologic, endoscopic and
histopathologic findings (Flynn and Eisenstein, 2019). Achieving and
maintaining remission and minimising the negative health impacts
of the disease itself are the major treatment goals of IBD. In addition,
the therapies used to manage it aim to reduce the rate of
hospitalisations, surgeries and disability (Cai er a/, 2021).

Although conventional therapy for IBD, like corticosteroids,
aminosalicylates and immunomodulators provide symptomatic
improvement, their use can also result in negative impacts and some
patients fail to respond to these therapies. More targeted
pharmacological therapies, called biologics, including infliximab,
adalimumab and ustekinumab, have altered how IBD is treated
(Moreno er al, 2021). Unfortunately, the use of biologics can put a
significant financial strain on the global health system.

Both infliximab and adalimumab target and inhibit human tumour
necrosis factor-alpha (TNF), while the p40 subunit of interleukin
(IL-12 and IL-23) may be inhibited by ustekinumab (Holmer and
Singh, 2019). About one-third of patients are non-responsive to
anti-TNF induction therapy due to primary failure, while some
patients who initially respond discontinue treatment due to
secondary failure or an intolerable adverse event (Singh eral, 2018).
Secondary failure will be considered if, following an initial response,
the effectiveness is lost over time, the cause of which may be the
development of anti-drug antibodies, which can neutralise the drug
or result in sub-therapeutic levels. Primary failure will be considered
if the drug is ineffective, with no clinical response within the initial
treatment period and that may be due to a mechanistic failure
(VaIIejo—Yague er al, 2021). To date, there is no definite proof for
second-line biologics of choice in case of failure of the first anti-TNF
drug; as such, the choice between a second anti-TNF drug or a
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different class of biologics is based on physician experience, drug
availability and cost (Gisbert and Chaparro, 2021).

The induction and maintenance of remission using adalimumab and
ustekinumab in patients suffering from IBD are well reported. Their
use as second-line therapies has also been documented for non-
responders or patients who are intolerant to infliximab (Ahmed er
al, 2019).

A recent study compared only the efficacy of second-line biologics
after exposure to anti-TNF agents in patients with IBD from two
electronic health records-based cohorts; the study found that patients
with CD had better clinical outcomes with second-line ustekinumab
compared to second-line vedolizumab or an alternative anti-TNF
agent, while no difference in the efficacy was observed when
comparing second-line vedolizumab with an alternate anti-TNF agent
in patients with UC (Ibing er af, 2023). Due to a lack of research
comparing ustekinumab versus adalimumab in patients with IBD,
particularly in the Egyptian population, this research was carried out to
assess the efficacy, safety and cost of both drugs, in addition to
determining factors related to clinical remission in patients with IBD.

2. Materials and Methods

2.1. Study Population

The research was carried out on adult patients with moderate to
severe IBD, either UC or CD, who failed on infliximab therapy.
Patients were eligible for the study if they were 18 years or older and
had a history of infliximab therapy failure. Clinical scores of disease
activity defined the severity of the disease according to either the
Harvey Bradshaw Index (HBI) as >8 points for moderate to severe
CD and based on a partial Mayo score (PMS) 25 points for moderate
to severe UC (Mentella era/, 2019; Zittan er al, 2017).

Patients were excluded if they had indeterminate colitis or
malignancy, were biological therapy-naive, had mild disease activity,
were pregnant women, lacked adherence (missing 1 dose or more of
the prescribed biologic agent), refused to sign the informed consent
form or failed to be followed up (patient with non-complete data at
week 24).

2.2. Study Design and Methodology

In a comparative, prospective and observational cohort study,
patients were selected from the IBD clinics of El-Demerdash
Hospital, Cairo, Egypt, and the National Hepatology and Tropical
Medicine Research Institute, Cairo, Egypt and recruited by the
physicians in both hospitals. The study period was from July 2021
until January 2023, and the follow-up period was 24 weeks for each
patient. The institutional review boards of both hospitals approved
the research protocol and ethical approval was granted by the
Ethical Committee of the Faculty of Pharmacy, Helwan University,
Cairo, Egypt (ethical committee approval number: 02H2021).

A total of 108 patients were eligible for inclusion, 53 of whom
received adalimumab (HUMIRA®, AbbVie, North Chicago, USA,
Batch Number: 28203XH04, EXP: 3-2023) (Gp A) and 55 received
ustekinumab (STELARA®, Janssen, Beerse, Belgium, Batch Number:
KJ53FM], EXP: 9-2023) (Gp U) based on physician experience and
drug availability and followed up for 24 weeks. Regarding the
assessment of patients’ adherence, a double-check process was
implemented to ensure the administration of the biologics to each
patient; the first of these was through regular follow-up and direct
communication with the patients in the IBD clinics during the
physical visits and the second through regular review of the
hospitals’ electronic medical records, in which patients” medical data
was entered and updated on a regular and continuous basis (Date of

biologics’ administration, either HUMIRA® or STELARA®, was
recorded for each patient).

2.3. Treatment Protocol and Drug Use

According to the treatment protocols of both hospitals, a
subcutaneous dose of 160 mg adalimumab was given initially on
Day 0, followed by 80 mg two weeks later for induction and then 40
mg every two weeks for maintenance. Ustekinumab was given
through intravenous infusion with a weight-based single dose for
induction (for body weight <55 kg: 260 mg; >55 kg to 85 kg: 390 mg;
and >85 kg: 520 mg), followed by a subcutaneous dose of 90 mg for
maintenance every 2 months. Adjuvant medications, such as
immunomodulators, corticosteroids, mesalazine and multivitamins
were used concurrently with adalimumab or ustekinumab as part of
the treatment protocol.

2.4. Data Collection

Patient characteristics such as sex, age and body mass index (BMI),
were assessed at the baseline. In addition, a detailed medical history
(age at diagnosis, disease extent, perianal behaviour, behaviour of
disease, location of disease), comorbidities and co-medications were
collected. Colonoscopy and laboratory investigations, which
included virology testing (hepatitis C virus, hepatitis B virus and
human immunodeficiency virus), were performed at baseline.
Measurements were taken for CBC, CRP and ESR at baseline and at
week 24. The scores for the HBI and the PMS were calculated at
baseline, week 16 and week 24.

2.5. Clinical Evaluation and Assessment

Efficacy was assessed by: 1) achievement of clinical response after
16 weeks of treatment initiation, which was described as a decrease
of at least 3 points in the HBI from baseline for CD and a reduction
of at least 2 points in the PMS from baseline for UC; 2) achievement
of clinical remission after 24 weeks of treatment initiation, which
was described as an HBI score <5 points for CD and a PMS <2 points
for UC; and 3) achievement of CRP normalisation (CRP <5 mg/L)
after 24 weeks of treatment initiation (Allegretti er al, 2017,
Castiglione er al, 2022; Zacharias er al, 2017). To identify factors
associated with clinical remission, patients were classified into 2
groups depending on their IBD type (either CD or UC).

Safety was evaluated by recording any adverse events that occurred
among the patients during the period of 24 weeks. Adverse events
were considered serious if they resulted in a life-threatening
complication or required inpatient hospitalisation.

For cost assessment, a cost-effectiveness analysis was conducted
from a healthcare system perspective, calculating the incremental
cost-effectiveness ratio (ICER) as follows: ICER = (direct medical
costs of the ustekinumab group - direct medical costs of the
adalimumab group) / (effectiveness of the ustekinumab group —
effectiveness of the adalimumab group) (Dos-Santos er a/, 2021).
Costs were collected in Egyptian pounds, and only direct medical
costs were considered in the analysis, such as the costs of the
biological agent, co-medications, investigations and adverse drug
events, including the need for hospitalisation, investigations and
medications. The effectiveness was calculated using the clinical
remission percentage at week 24, and the results of the ICER were
plotted on a cost-effectiveness plane.

2.6. Statistical Analysis

All statistical analyses and graphs were conducted using the Statistical
Package for the Social Sciences (SPSS) version 26. Continuous data
were summarised as mean + standard deviation (SD), while discrete

Soliman, A. M. E., Ebid, A1L.M., Al-Atrebi, KEAM., Elessawy, HAA, Elyamany, EM.E, Abdel- Motaleb, S.M.M. (2023). Adalimumab versus ustekinumab in Egyptian patients with moderate to severe inflammatory bowel disease: A
cohort study. The Scientific Journal of King Faisal University: Basic and Applied Sciences, 24(2), 46—52. DOI: 10.37575/b/med/230041



48

variables were described as counts and percentages. The
Kolmogorov—Smirnov test assessed normal distribution. To test for
significant differences in the mean values of the continuous variables,
an independent samples t-test was performed. In comparison, the
Mann—Whitney test was applied to data that were not normally
distributed. The significance of differences between the mean values
of two related samples that were normally distributed was assessed
using a paired sample t-test. In contrast, the non-normally distributed
samples were tested by a Wilcoxon signed-rank test.

Friedman's analysis of variance (ANOVA) for non-normally
distributed data was conducted to test the significant difference in
clinical scores within each treatment group during the follow-up
period. The chi-square test and Fisher's exact test were both used to
compare categorical data. To determine the association between
variables, Spearman's correlation was used. A binary logistic
regression analysis was carried out to detect factors related to
clinical remission and to evaluate the risk of confounding factors. A
two-sided p<0.05 was used to determine significance.

2.7.Sample Size Calculation

According to evidence from a similar study and considering
ustekinumab's effectiveness in inducing clinical remission in patients
with IBD as a primary outcome (Cerpa-Arencibia er al, 2020),
the sample size was calculated using the EpiCalc 2000 version1.02
software, assuming 80% power and a significance level of 0.05.
Finally, the sample size was computed as 51 patients in each group,
considering an extra 5% of the estimated sample size was added to
account for the loss of follow-up in our study.

3. Results

3.1. Patient Demographics and Distribution

A total of 125 patients were evaluated for study eligibility and
among them, 17 were excluded. A total of 108 patients met the
study's eligibility requirements. Among them, 53 received
adalimumab and 55 received ustekinumab. During the 24-week
follow-up period, 4 patients dropped out of the study after 16
weeks. A total of 104 patients completed the study, of which 51 and
53 were in Gp A and Gp U groups, respectively (Figure 1).

co-medications, all patients were taking multivitamins; 58.3% of
patients were on steroids, calcium and vitamin D; 45.4% of patients
were on mesalazine; and 62% of patients were on azathioprine (Table

1and2).
Table 1. Baseline Characteristics of the Eligible Patients
q Adalimumab grou Ustekinumab grou
Variable (N= 53)3 P (N= SS)g P P
Age (Year), mean + SD 32:9 29.2+9.2 0.06™
BMI (kg/m?), mean = SD 248137 242+57 011"
BMI< 18 (kg/m?), N (%) T{T9%) 579.1%) 02T
Female: Male, N (%) 35 (66%): 18 (34%) 30 (54.5%): 25 (35.5%) 0.22°
UC.CD, N (%) 33G23%);20377%) | 31(56.4%): 24 (43.6%) 0.53°
Type of infliximab failure N (%)
Primary failure 1(1.9%) 5(9.1%)
Secondary failure 42(79.2%) 44 (80%) 0.16"
Drug intolerance 10 (18.9%) 6 (10.9%)
Endoscopic activity (SES-CD/Mayo score), N (%)
Moderate 35 (66%) 34 (618%)
Severe T7(32.1%) 20 (36.4%) 0.84°
Not applicable (L4) 1(1.9%) 1(1.8%)
Co-medications, N (%)
Prednisolone (Solupred ORO) 35 (66%) 281(50.9%) 0.11°
Mesalazine (Marsalaz)® 29 (54.7%) 20 (36.4%) 0.06°
Azathioprine (Azathioprine)® 47 (88.7%) 20 (36.4%) <0.001*¢
Calcium and vit. D (Osteocare)® 35 (66%) 28 (50.9%) 0.11¢
Multivitamins (Vitayami)® 53 (100%) 55 (100%)
MMann-Whi[ney test, (Chi-square, Fisher exact test, *statistically significant, statistical significance at p <

0.05. SD, standard deviation; BMI, body mass index; UC, ulcerative colitis; CD, Crohn’s disease; SES-CD,
simple endoscopic score for Crohn’s disease; vit.-vitamin

Table 2: Baseline Montreal Classification of the Eligible Patients

Variable Adalimumab group Ustekinumab group P
Montreal classification for CD, N (%) N=20 N=24
AT (<16 years) 120%) T(16.7%)
A2 (17—40years) 76 (80%) 79 (79.2%) >0.99F
A3 (>40years) 0 (0%) T(4.2%)
L1 (Terminalileum) 7 (35%) 7(29.2%)
12 (Colon) 2 (10%) 2 (83%)
T3 (Tleacolon) 70 (50%) T4 (583%) 095F
T4 (Upper GI) 1(5%) 1(4.2%)
BT (Inflammatory) 11 (55%) 11 (45.8%)
B2 (Stricturing) 2 (10%) 8(33.3%) 0.16F
B3 {Penetrating) 7 (35%) 5(20.8%)
Perianal behaviour (P), N (%) 3(15%) 5(20.8%) 0.7TF
Montreal classification for UC, N (%) N=33 N=31
ET (Ulcerative proctitis) 0 (0%) 0 (0%)
2 (Leftsided UC) 2T (63.6%) T4 (45.2%) 0.14C
E3 (Pancolitis) 12 (36.4%) 17 (54.8%)
CChi-square, FFisher exact test, *statistically significant, statistical significance at p < 0.05. UC, ulcerative

colitis; CD, Crohn'’s disease; Gl, gastrointestinal

3.3. Clinical treatment

3.3.1. Efficacy

All laboratory parameters and clinical scores were significantly
improved after treatment in both treatment groups (p < 0.001) as
shown in (Tables 3 and 4).

Table 3: Clinical Scores Measured Before and After Treatment

Adalimumab group Ustekinumab group

M +SD
Figure 1: Flowchart of Patients' Enrolment and Follow-up ean HBI PMS HBI PMS
At Baseline M1+37 76115 12.7+3.7 78+14
Patients assessed for AtWeek 16 59+32 35+18 57+26 24+19
cliglbiiity Excluded Patients (n=17): AtWeek 24 62545 33129 57£32 T8£15
(@=125) g wscaen (i P <0.00T" <0.007" <0.007 <0.007
FFriedman ANOVA test, statistical significance at p < 0.05. SD, standard deviation; HBI, Harvey Bradshaw

l_> ~Biologics naive patients (n=8)
~Patients with mild disease activity (a=5)

Eligible Patients ~Patients refused to assign the informed consent (n=1)

(=108 Patients with indeterminate coliis (1)

Adalimumab Group Ustekinumab Group
(@=53) (1=55)

l [ Follow up ] l

Paticnts excluded after 16
weeks of treatment (n=2)

Patients excluded after 16

Dot il o woeks of treatment (1=2)

infection (n=1) ~Patients lost to follow up
~Paticats with Jack of oA
adherence (a=1)

[ Analysis ]

Patients completed the study in
ustekinumab group

Pationts comploted the study in
adalimumaly group

(n=51) (11=53)

Index, PMS, partial Mayo score

Table 4: Laboratory Parameters Measured Before and After Treatment

Variable Adalimumab group Ustekinumab group

Mean+SD ["Atbaseline [Atweek24 | p Atbaseline [Atweek 24| p
CRP (mg/1) 2461198 9.41+10.6 [<0.001 319+21.1 8.2+9.2 |<0.001
ESR (mm/h) 439+30.7 [29.2+45.7 [<0.001 53.9+27.7 [279+42.7]<0.001
Hgb (gm/dL) 105+19 11.6+1.8 [<0.007 102+18 12+15 [<0.00T
HCT (%) 32.7+51 355+43 [<0.001T"| 33.4+47 37.2+4 [<0.001"
Plt (xT07%/mcL)|363.1+ 132.2[374.5 + 88.2(<0.001" | 380.5 + T11.7| 332.6 + 68 [<0.001

3.2. Baseline Characteristics

The Gp A and Gp U groups shared comparable baseline characteristics
without significant differences in age, BMI, gender, IBD type, age at
diagnosis for CD and location of the disease, Montreal classification
and endoscopic activity using the simple endoscopic score for CD
(SES-CD) and the endoscopic Mayo score for UC (p> 0.05). Regarding

PPaired sample-t-test, " Wilcoxon signed-rank test, statistical significance at p<0.05. SD, standard deviation;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hg, haemoglobin; HCT, haematocrit; Plt,
platelets

At week 16, the clinical response was found in 86.8% of the Gp A
and 92.7% of Gp U group patients, with a non-significant statistical
difference (p = 0.36). At week 24, the Gp A group experienced
clinical remission and CRP normalisation in proportions of 47.1%
and 37.3%, respectively. In contrast, the Gp U group experienced
these results as 69.8% and 58.5%, respectively, with a statistically
significant difference between both groups (p<0.05). (Table 5).

Table 5: Achi of Clinical Resp Clinical R and CRP Normalisation after
Treatment
Outcome [ Adalimumab group Ustekinumab group | P
Clinical response at week 16, N (%)
TBD 76 (86.8%) ST(92.7%) 0.36F
UC 31(93.9%) 3T(100%) 0.49F
D 15 (75%) 20(83.3%) 0.71F

Soliman, A. M. E., Ebid, ALM., Al-Atrebi, K.EAM., Elessawy, HA.A, Elyamany, EM.E.,, Abdel- Motaleb, S.M.M. (2023). Adalimumab versus ustekinumab in Egyptian patients with moderate to severe inflammatory bowel disease: A
cohort study. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 24(2), 46—52. DOI: 10.37575/b/med/230041




49

Clinical remission at week 24, N (%)

8D 2T @7 %) 37(69.85%) 0.02°C
TC T6 (48.5%) 23776.7%) 0.02°C
D T G44%) T4 (60.9%) 0.30C
CRP normalisation (<5 mg/L) at week 24, N (%)
8D T9(37.3%) 3T(58.5%) 0.03°C
TC TT(33.3%) T8 (60%) 0.03°C
(4] S @44%) T3(56.5%) 0.44C
FFisher exact test, “Chi-square, * statistically significant, statistical significance at p <0.05. IBD, inflammatory

bowel disease; UC, ulcerative colitis; CD, Crohn’s disease; CRP, C reactive protein.

At week 24, a positive association (r = 0.38, p < 0.001) was found
between clinical remission and CRP normalisation in both groups;
78% of patients who achieved CRP<5 mg/L were in clinical
remission, whereas 59.3% of patients who did not achieve CRP <5
mg/L were not in clinical remission.

In the univariate analysis of binary logistic regression for clinical
remission, adalimumab use relative to ustekinumab use (p=0.02), a
high PMS at week 16 (p < 0.001) and severe endoscopic activity at
baseline (p = 0.03) were significant negative factors of clinical
remission in UC at week 24. In contrast, a high HBI score at week 16
(p =0.008) was a significant negative factor of clinical remission in
CD at week 24 (Table 6).

In multivariate analysis, a high PMS at week 16 (odds ratio [OR] =
0.36, 95% confidence interval [Cl], 0.22—0.62) and severe
endoscopic activity at baseline (OR = 0.16, 95% Cl, 0.03—0.94) were
negative factors of clinical remission in UC at week 24, while a high
HBI score at week 16 (OR = 0.46, 95% Cl, 0.24-0.88) was a negative
factor of clinical remission in CD at week 24 (Table 6).

Table 6: Factors Associated with Clinical Remission at Week 24

Binary logistic regression analysis for clinical remission

For UC (N=63) For CD (N=41)
Variabl Univariate Multivariate Variabl Univariate Multivariate
ariable ariable
ORI (7) ORI (7 ORICT () ORICT ()
UST use Reference ... UST use Reference ...
ADMuse | 0.29 [0.09-0.85](0.02) ADMuse | 051[0.15—1.80] (0.30)
036[0.22-062] HBIat16 0.46[0.24—
PMS a1 16 weeks| 03710.24-0.58](<0.00m| " 0 wedke | 04810.27-08310.008)| " 6
Severe
endoscopic 0.16[0.03—
0.30[0.10-0.87](0.03 Male gender | 0.27[0.07—1.06](0.06,
activity at [ 1003) 1§ 9410.09) ale gender [ 1(0.06)
baseline
Steroiduse | 0.48[0.17-1.36](0.17) Steroid use | 0.37[0.12—1.14](0.08)
AZAuse | 053[0.16-1731(0.29) AZAuse | 0.75[0.22-2.57](0.65)
CRP>10ac | 4 )10.29-3.581(0.98) CRP>10a ) 5310,09-3.28](0.49)
baseline baseline
BMI<1 BMI<T
<18at 1 18[0.02-1.88)(0.15) <18at 1 86[0.05-14.71)(0.92)
baseline baseline

OR, odds ratio; Cl, confidence interval; * statistically significant, statistical significance at p < 0.05. UC,
ulcerative colitis; CD, Crohn’s disease; ADM, adalimumab; UST, ustekinumab; PMS, partial Mayo score; HBI,
Harvey Bradshaw Index; AZA, azathioprine; CRP, C-reactive protein; BMI, body mass index.

Univariate analyses of binary logistic regression for clinical response,
clinical remission and CRP normalisation showed that azathioprine
use was a non-significant factor of these outcomes (OR = 0.58, 95%
Cl, 0.15-2.33), (OR = 0.69, 95% Cl, 0.31—1.57) and (OR = 0.59,
95% Cl, 0.26—1.30), respectively.

3.3.2. Safety

Regarding safety, post-dose fatigue was experienced by 17% of Gp A
and 1.8% of Gp U (p = 0.008) group patients. Non-severe infections
(upper respiratory tract and urinary tract infections that did not
require hospitalisation) were reported by 3.8% of Gp A and 3.6% of
Gp U (p>0.99) group patients. Severe infections, hypersensitivity
and swelling at the injection site were found in 1.9% of Gp A (p =
0.49) group patients. In comparison, 7.3% and 1.8% of Gp U group
patients had itching and tenderness at the injection site (p = 0.12
and > 0.99, respectively). Adalimumab adverse events as a whole
were compared to ustekinumab adverse events and showed a
significant statistical difference (p=0.005) as shown in Figure 2.

Figure 2. Adverse Drug Events Reported in Both Treatment Groups
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3.3.3. Cost-Effectiveness Analysis

For Gp A group patients, the total direct medical costs, including the
biologic agent, co-medications, investigations and adverse drug
events, was estimated to be LE 977,534.71 with an average of LE
18,444.1/patient, whereas for Gp U group patients, this was
estimated to be LE 3,581,167 with an average of LE
65,112.13/patient. This difference between the Gp A and Gp U
groups was considered significant (p< 0.001). The calculated ICER
was +LE 2,055.86/effectiveness, where ustekinumab is thought to
be more effective but requires a higher cost than adalimumab as
clarified in Figure 3 (Cohen and Reynolds, 2008).

Figure 3. Cost-Effectiveness Plane Showing Ustekinumab with a Higher Efficacy and Cost
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4. Discussion

The introduction of biologics is undoubtedly the best therapeutic
progress in managing IBD, especially in the last few decades,
allowing targeted treatment with high efficacy and safety profiles.
This research aimed to prospectively compare the efficacy, safety
and cost of adalimumab (Humira®) versus ustekinumab (Stelara®)
for managing moderate to severe IBD in a group of Egyptian patients
who failed on infliximab therapy.

According to the hospitals’ protocols, patients first started treatment
with infliximab. They subsequently shifted to either adalimumab or
ustekinumab as a second biological agent after infliximab failure
due to primary failure, secondary failure or drug intolerance.

Baseline characteristics of the studied patients in the Gp A and Gp U
groups were comparable with a non-statistically significant
difference. However, we noticed a statistically significant difference
in azathioprine use as a co-medication among the two groups (p <
0.001). Owing to the high risk of antidrug antibodies developing
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with adalimumab (0%—54%) compared to ustekinumab (1%—11%),
an immunomodulator agent such as azathioprine could be used to
reduce immunogenicity (Strand er a/, 2017; Vermeire er al, 2018).
The binary logistic regression analyses revealed that azathioprine
use had no confounding effect on the outcomes achieved by the
studied treatment groups.

The achievement of clinical response, clinical remission and CRP
normalisation were the parameters used to measure adalimumab
and ustekinumab efficacy in this study. Moreover, biochemical
evaluation and clinical score changes were considered from baseline
to the 24-week follow-up period. Both adalimumab and
ustekinumab showed significant improvements in all laboratory
parameters and clinical scores compared to baseline findings (p<
0.001), and the results were comparable with the previous studies
from the literature (Afify et al, 2021; Forss et al, 2021; Kim et al,
2021; Okuyucu eral, 2022).

Our results revealed that both adalimumab and ustekinumab
achieved a clinical response in CD and UC patients at week 16. This
result agreed with a previous study on adult patients with moderate
to severe CD (Ahmed er a/, 2019). In addition, ustekinumab showed
greater efficacy than adalimumab, as evaluated by clinical remission
and CRP normalisation at week 24 (p < 0.05). Interestingly, this
difference in efficacy resulted in UC but not CD patients, possibly
due to the more complicated nature of CD compared to UC. These
findings were consistent with those of existing studies (Cerpa-
Arencibia er al, 2020; Ahmed eral, 2019; Sands er al, 2022).

Cerpa-Arencibia er a/, 2020 compared ustekinumab and anti-TNF
drugs as second biologics in patients with CD who were non-
responsive to the first anti-TNF agent treatment, which was
comparable with our finding that showed no significant statistical
difference in CRP normalisation between CD patients in both
groups. However, it showed that ustekinumab had higher efficacy in
achieving clinical remission than adalimumab. This difference may
have resulted from their study comparing ustekinumab-treated
patients to anti-TNF-treated patients (Cerpa-Arencibia er a/, 2020).

The binary logistic regression analysis conducted in this research
detected factors related to clinical remission at week 24 and
evaluated the risk of confounding factors. The multivariate analysis
revealed that severe endoscopic activity at baseline and a higher
PMS at week 16 were considered negative factors of clinical
remission in UC patients. In contrast, a higher HBI score at week 16
was considered a negative factor of clinical remission in CD patients.

The results of this study were comparable to similar studies of
regression analyses on clinical remission in patients with IBD (Dalal
er al, 2021; Hassan er al, 2017, Mihl er al, 2021). Conversely,
research by Liefferinckx er a/ (2019), who studied CD patients on
ustekinumab who had previously been exposed to several biologics,
revealed that a baseline BMI <18 kg/mzwas considered a negative
factor of clinical remission in CD; the difference between this result
and the findings of the present study may have resulted due to the
few patients in our study who had a BMI <18 kg/m*at baseline (only
6 patients) (Liefferinckx eral, 2019).

This study showed a positive but weak association (r = 0.38, p<
0.001) between clinical remission and CRP normalisation, and this
finding was consistent with earlier researches. Their studies
explained that although clinical remission was attained, the systemic
inflammatory process could not be completely reduced in some
patients, leading to higher CRP values. The remaining inflammatory
process subsequently resulted in an early relapse (Hoekman er al,
2016; Lin eral, 2020; Murdoch eral, 2015).

This study showed that ustekinumab was superior to adalimumab in
terms of safety as evaluated by recorded adverse events during a 24-

week follow-up. Post-dose fatigue was the most frequent side effect
related to adalimumab, while injection site reactions were the most
frequent adverse effect related to ustekinumab.

Overall, reported adverse events were consistent with previous
studies without any additional serious events. In contrast, the
SEAVUE trial showed similar safety profiles for adalimumab and
ustekinumab. This may have been because this trial had been
performed only on bio-naive non-Egyptian patients with CD and
lasted 52 weeks as opposed to 24 weeks (Prieto-Perez er al, 2016;
Sands eral, 2022).

The study findings showed ustekinumab was more effective in
managing patients with moderate to severe IBD but at a higher cost
than adalimumab, calculated based on the ICER equation. This
matched a study conducted by Aliyev er a/ (2019), which revealed
that ustekinumab was more expensive than adalimumab; however,
the study was performed from a societal rather than a healthcare
system perspective.

5. Conclusion

In conclusion, ustekinumab was found to have better efficacy and
safety profiles than adalimumab in managing moderate to severe
IBD in Egyptian patients. However, treatment comes at a higher cost
compared to adalimumab. The study showed a positive but weak
association between clinical remission and CRP normalisation in
patients with IBD. In addition, higher clinical scores at week 16 and
severe SES-CD at baseline were linked to lower clinical remission
rates at week 24.

This study has several strengths as follows. 1) To the best of our
knowledge, this is the first observational study to compare
adalimumab versus ustekinumab in the management of patients
with moderate to severe UC who failed treatment with infliximab; in
addition, it is the first study to compare the two drugs in the
management of moderate to severe CD in Egyptian patients with a
history of infliximab failure. 2) The study's prospective design and
head-to-head comparison of two promising biologic agents in the
real world presents an actual reflection of their role in IBD
management. 3) The research was carried out on patients with UC
and CD. 4) The efficacy evaluation was performed clinically and
biochemically. Conversely, the study limitations included 1) a
relatively short follow-up period, preventing us from assessing the
long-term efficacy and safety outcomes. 2) The FCP biomarker and
endoscopic activity were not followed up.
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ABSTRACT

The new urban theories (e.g. sustainable development and smart growth) prioritise inclusive, safe, resilient, and sustainable urban planning protocols to improve

the quality of urban life (QOUL). In response, researchers have developed various indicators to assess and monitor QOUL. However, these indicators are not
currently linked to contemporary planning theory (CUPT) indicators, representing a limitation in their applicability. Therefore, this study proposes a detailed
examination of CUPT principles and their contribution to QOUL to address this limitation. Initially, a comprehensive review of the existing QOUL indicators and
CUPT principles is conducted to provide a foundation for identifying conventional QOUL. Then, a comparative analysis is performed to identify gaps and overlaps
between the current QOUL indicators and the principles of CUPT. By translating these principles into measurable subjective and objective indicators, we aim to
advance the measurement of QOUL. Following this, the extracted indicators from CUPT are added to the final proposal. The proposed framework encompasses
six objective sub-dimensions with 17 indicators and four subjective sub-dimensions with 13 indicators. This offers a holistic framework for evaluating QOUL.
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1. Introduction

Urban areas around the world have experienced significant changes
due to population growth, economic restructuring, and uncontrolled
expansion. These changes have resulted in various challenges related
to transportation, air pollution, urban planning, and resource
allocation. To address these challenges and improve the living
conditions of people in densely populated cities, the concept of the
quality of urban life (QOUL) has emerged (Bovkir et af, 2023). The
concept of QOUL encompasses several aspects (Abbate eral, 2001):
® |t examines the relationship between individual and collective life
situations and the interplay between material and non-material
dimensions of well-being.
® |tintegrates subjective perceptions of living conditions with objective
living conditions.
® It evaluates subjective and objective characteristics of preferences and
behaviours based on inherent traits, focusing on QOUL as an individual
perspective of socio-territorial circumstances.
® Itemphasizes identifying well-being, analysing social phenomena, and
providing feedback for urban policies.
The QOUL framework examines the relationship between individual
and collective well-being, considering both material and non-material
aspects. Therefore, it combines subjective perceptions of living
conditions with objective measures and evaluates preferences and
behaviours based on inherent traits. The framework also focuses on
identifying well-being, analysing social phenomena, and providing
feedback for urban policies (Duan er af, 2023). Indicators of QOUL
directly impact the liveability of cities, including the quality of public
spaces, land use patterns, recreational opportunities, infrastructure
development, population densities, accessibility to public services, and
social attributes such as health, safety, education, equality, and social
inclusion. These indicators help decision-makers and urban planners
assess the effectiveness of their initiatives and measure people's
behaviour, life satisfaction, and happiness (Marans and Stimson, 2011).

QOUL has significant implications for research and urban policy.

There are many studies on the development of QOUL dimensions in
the literature. These studies develop composite dimensions of the
demographic, social, environmental, and economic profiles of
individuals or groups to provide a general aspect to measures of well-
being and life satisfaction in the ordinary sense (Bovkir er af, 2023).
Although most of the dimensions are shared among researchers,
there are some differences due to the contexts. For example, the
QOUL measurements and methodology project of the European
spatial planning observation network (ESPON) aims to direct QOUL
implementation via six dimensions. In comparison, the current QOUL
has seven dimensions. These dimensions, represented by
environmental, physical, mobility, social, economic, psychological,
and political aspects, are necessary to measure and assess the current
QOUL in a city using sets of indicators (Popescu, 2020). CUPT
encompasses a range of perspectives, including new urbanism,
transit-oriented development, and sustainable development. These
theories emphasise compact, mixed-use neighbourhoods, efficient
transportation, and environmental stewardship to create liveable and
sustainable cities. The previous studies that have linked QOUL to
CPUT standards for measuring QOUL indicators are listed in Table 1.
These indicators are considered conventional for QOUL, as they do
not incorporate urban elements that keep up with sustainable
technological advancements. Therefore, it s critical to add additional
indicators and analyse the factors that influence QOUL, such as smart
sustainable and urban development (Discoli ez al, 2014).

Table 1: Linking QOUL to CPUT standards for measuring QOUL indicators - Previous studies.

Studies QOUL Focus Theories Focus
(Garau and Pavan, 2018) Urban sus[‘am‘abﬂl—ty and smart Sustainable-smart urbanism
indicators
(Elkawy and Ahmed, Urban sustainability and green Sustainable developmentand green
23) indicators urbanism
(Gomaa and Fouad, Subjective and objective New urbanism, smart growth, urban
2022) indicators village, and smart urbanism
(Mohamed et al, 2017) QOUL seven dimensions Urban capacity and capability

(Marans and Stimson, Objective, subjective, and
behavioural indicators

QOUL seven dimensions

Environments and behavioural theories

(Taqi er al, 2027)

Alvarez a;l;)c‘llg?uller{le, QOUL indicators Sustainable urban development

{OKba eral, 2076)

New urbanism and smart growth

Sustainable indicators ustainable development
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| (McCrea, 2007) | Objective and subjective New urbanism, smart growth, and smart

indicators urbanism

The research problem lies in the gap between CPUT and the assessment
of QOUL through indicators. CPUT focuses on sustainability, equity,
livability, and social inclusivity, but there often needs to be more direct
integration between these theories and the measurement of QOUL
indicators. QOUL indicators provide a comprehensive understanding
of urban life's dimensions, but they must align with the principles and
goals of CPUT. To fill the existing gap, this study aims to develop a
comprehensive set of QOUL indicators by comparing existing
indicators with the principles of CUPT. The goal is to identify new urban
subjective and objective indicators that support a multidimensional
evaluation of factors influencing residents' well-being and life
satisfaction. These proposed indicators will offer decision-makers a
holistic framework to assess the current QOUL in cities and evaluate the
effectiveness of urban policies and initiatives in developing and
improving urban environments. The research method of this study is
demonstrated in Fig. 1.

Figure 1: The research method approach of this study.

o +

Contemporary Planning

Theories CUTP
N Definitions
Physical
— Smart Growth
Mobility

Urban Quality of life

Green Urbanism

Psychological

Urban Quality of life ind

Comparative analysis of indi s and principles of contemporary
planning theories

Vv

Suggested indicators

a g
Results and Recommendations

]

2. Review and Conventional Analysis of
QOUL

Dimension, subdimension, and indicators are essential components in
understanding and assessing the QOUL, as shown in Fig. 2. Dimensions
represent broad categories or areas of focus within QOUL, such as
environmental, physical, mobility, social, economic, psychological, and
political aspects. Subdimensions further break down these broad
categories into more specific themes or subcategories. For example,
under the social dimension, subdimensions could include public health,
safety, education, equality promotion, and social inclusion. Indicators
are specific measures or metrics used to evaluate and quantify the
different aspects of QOUL within each dimension and subdimension.
They provide objective data and information for decision-makers and
urban planners to assess and improve urban environments (McCrea,
2007).

Figure 2: The hierarchical structure components of QOUL

Indicators

Sub-Dimensions

QOUL encompasses objective and subjective dimensions that
contribute to the overall well-being and satisfaction of individuals
living in urban areas (Ardestani er a/, 2022).

2.1. Objective Dimensions

QOUL is evaluated using quantifiable indicators that measure the
availability of residential services. This evaluation relies on spatial
data obtained from official sources. It effectively describes the three
dimensions of QOUL: environmental, physical, and mobility (von-
Wirth eral, 2015), as depicted in Tables 2 and 3.

(] Environmental: This dimension emphasizes the importance of
providing a clean and pollution-free environment for the population.
It mentions incorporating elements like trees and promoting the use
of multiple modes of transportation such as walking and bicycles.
Additionally, it highlights the potential use of technology and artificial
intelligence to promote renewable energy.

(] Physical: This dimension focuses on This dimension focuses on
humanising residential  neighbourhoods and creating urban
environments that are friendly and conducive to human well-being. It
also mentions the provision of services and facilities that cater to the
needs of the population.

(] Mobility: This dimension aims to provide various modes of
transportation, including walking, cycling, and public transport, which
are integrated into the design elements of residential streets.

2.2. Subjective Dimensions

QOUL assessment involves indicators that gauge population
satisfaction with city services. This dimension focuses on social,
economic, psychological, and political aspects and aims to assess the
efficiency and effectiveness of these services (McCrea, 2007), as
illustrated in Table 4 .

®  Sodial: Social: This dimension emphasises the availability of services
and facilities for all individuals. It is crucial to ensure that the
constituent elements of a healthy urban environment are present in
city neighbourhoods. Additionally, providing diverse housing options
that cater to various economic classes within society is of great
importance.

o Economic: This dimension focuses on supporting and stimulating
local commerecial activities owned by neighbourhood residents, such
as restaurants and cafes. It also involves ensuring facilitators are
available to support residents’ economic capacity.

(] Psychological: This dimension focuses on preserving the identity and
historical value of residential neighbourhoods, as this greatly
influences the residents’ sense of uniqueness and belonging.

(] Political: This dimension involves establishing urban policies and
regulations to manage urbanisation and prevent abuse, aiming to
preserve the urban setting and improve the overall QOUL. It also
emphasises the importance of involving the local community in
decision-making and brainstorming.

2.3. QOUL Indicators

QOUL indicators are measurable metrics that assess living conditions
and well-being in urban areas. They measure the key dimensions and
subdimensions that contribute to residents’ well-being. Classifying
the indicators of QOUL into a subjective category and an objective
category offers several advantages. First, this classification provides a
clear distinction between measurable, quantifiable factors and those
that rely on individual perceptions and experiences. Objective
indicators, such as income levels and healthcare access, offer a
standardised and comparable basis for analysis. On the other hand,
subjective indicators, such as happiness or life satisfaction, capture
the unique perspectives and diversity of individuals. Tables 2, 3, and
4 show the conventional structures of the objective and subjective
dimensions, subdimensions, and indicators according to the
literature. Second, this classification enables policymakers to
prioritise interventions based on specific dimensions. Objective
indicators help identify areas that require immediate attention, while
subjective indicators highlight the subjective well-being of
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individuals. By understanding both the objective and subjective Energy consumption | Electrical efficiency e
. . . level. .
aspects, comprehensive strategies can be implemented to enhance Projects of rencuwable alrvznjz:e
overall QOUL (Liu eral, 2023). Energy from renewable energy. A
sources
Percentage of supply onal ]
Also, basic needs and general goals are fundamental elements of Power Quality renewable supply. Rational use o
(Marans, 2012). resources.
QOUL indicators that encompass essential requirements for human Promote
A . . W water reuse
well-being and survival, as shown in tables 2, 3, and 4. Tand Sewage astewater and reduce
treatment
indicators focus on ensuring individuals have access to fundamental ";j‘i‘:;‘:‘”
necessities to live a dignified life. Basic needs typically include food
security, access to clean water and sanitation, adequate shelter,
. K L Table 3: QOUL Objective Indicators (Physical and Mobility).
healthcare services, and education. These indicators form the General
. N . . . Di Sub di dard indicator Basic needs I
foundation for assessing the overall QOUL in a community or society. S goals
R xpand share
. — . . Diversity index L .
Table 2: QOUL Objective Indicators (Environmental). Mixed Land Use Neighbourhood buildings or pn‘)|ec[
Di bdimensi Standard indicator | Basic needs | General goals completeness area; :?;;rs':slllple Provide
Average annual levels Infrastracture - services to
of PM10 of Land Use availabilit inhabitant
Average annual levels Con}ré ° (Chapman and ya sand
emissions . services an .
Atmospheric quality of environmental Larkham, Neighbourhood "y " Appropriate fostera
and . facilities availability. K
lead (Pb) 1999). Services and X community healthy
pollutants Faciliti The cleanliness of ’ 4 facilit )
Average ?ncn;ﬂl levels acilities the amenities. services and facilities envm:nm
o 2 . ent.
. . Ensure The attraction of
C?‘,r Qu‘ah(y/ Air quality health comfortable and amenities.
( ';B;;;’“ 2 index. Preservation healthy Effective use of land Land reuse Useful use of land
Air quality heat Residents perceive air| of public environment. Enhance
pollution as a health. liveability,
problem. Compact walkabilit
The general Neighbourhood Gross residential Provlde Iovablev Y amvj
Efforts to purify the | purifying of (Murgas and Density density environments while wransit
Air toxicity - . preserving the effectiven
atmosphere the Klobuénik, floor-area ratio. .
atmosphere. 2018). amenity ir:lsnsr::/e
Public health water public
quality rating. Continual, health.
e . Zones of distribution | high-quality Comprehensive street
Drinking water quality ¥ Complete streets .
Increased % of daily water — Square Network and Providi network catering to
potable water access supply S Street rovicing proper various uses and Urban
for the population ‘Ensure é\ Layout of a City evacuation routes. requirements. spaces are
Per capita domestic E"V“"’Iﬂ[""f"ml (f}\(/lIuLgaé aEd Providing adequate d\/\;ell-d
i uality for obucnil evacuation routes. efine
Water Quality . water use Reduce qua . Urb. ith
. Water consumption drinking water, L rban spaces wit P
(Liu ezal, 2019) P Industrial and water usage. subsugrface 2018). The Building Block Pavrkmg is well clear boundaries and 1nd
commercial integrated. enclosures. utilized.
sources, and Height-to-width i
The public health rate Safe water waterways. ratio of a building
of beach and - T
for human Building technology.
G . 4 Increase overall
The quality of lake water stream/la!(e Water | o creational Building Quality Fulfilment of efficienc
w qbu?jl'lly. use and building codes Y
ater bodies pose a L Durabili
activities . urability,
o Hgt:isllgii;: ‘ adaptation Fulfil
Encourage Quality (Kogak requireme;vté, househol
o land reuse Giingdr and Housi i average coln vmon Offer suitable shelter | ds’ needs
. Remediation of Land remediation by Terzi, 2022). ousing Quality overpopulation, for basic needs.
GEJ contaminated land preventing Reduce land access to kitchen
d bathi
S . was[‘e consumption, an athroom
£ | Earth Quality generation. facilities, and access
2 (Van-Kamp er — - . Eromg[e to infrastructure.
w P Living resources Habitat biodiversity, and
al, 2003) Biodiversity . X . Maintenance
conservation plan. |preservation.| accommodate policies,
Ecological footprints | Land must human activities. Management M ¢ and maintenance Empower community Devel([)pm
Environmental in Egypt. support and i/rl‘jiie[;"neannczn responsibilities, a facilities with susleari‘nabi
fingerprints Regional ecological human Maintenance resident's manual, ownership. Jie
footprints activities. and an on-site office W
are all available.
Encourage - -
Material . P . A sustainable Minimise . Primary and , Maximize walking Promoting
Material selection in Material selection in . Pedestrian secondary facilities’ physical
Quall(y N . . R construction exposure to ) distance before
(Comerder consideration of health consideration of materials hazardous Catchment Area pedestrian driving or cycling exercise
! impact health impact N catchment areas. i and
2017, and materials
) products Accessibility Index of the Direct lowering
(Lotfi and Route. automobil
Enjoy the scenery Green area Enjoy Koohsari, Index of e
percentage natural 2009). connectivity. Assess development's | emissions
Jand Connectivity . S
andscapes Size of the blocks. accessibility. to
and parks; External promote
Natural land gardens ACCESS‘IO Sreenspace | ensure connectivity is public
is simple biodiversit i
ty provided. health.
reservation i
P Slde:z/l::;:”mk Network for walkable
Increase 2 Network for X connects dwellings to | Encoura
2 o i i ge
The wind outdoor = | Walkability and Walk Sidewalk quality. R .
! = 4 alkable . diverse walking
environment comfort § Cyclability Safe ped‘esman neighbourhood uses. | while not
Local Consider building during the (Duan eral, crossing. excludin
Environmental ualit transition | Offer comfortable 2023). o Bicycle lane Km. The cyclonic network . s
i Outdoor thermal comfort quatity ‘ ivi Facilitiesand a . - . vehicles.
Quality(Marans, Layout, landscapin eriod and urban living Bicycle parking is connects dwellings to
yout, Ping, | P! - Cyclable Network ! ) R
2015) paving, construction, reduce conditions. available. diverse city uses.
and cladding discomfort Using public Use public Minimize car
materials during the transport transportation. dependency.
summer Various modes of Various modes of . .
. . Transit service Promote
Residents perception transportation are transportation are options public
Comfortin outdoor of noise pollution as a Public available. available. transporta
lighting problem Transportation The cost of public [ Frequency of public Frequency rate. tion
transit transport usage
Sunlight, external Improve Convenience, Make transportation '
Reduce the effect of : i i ! P
odour surfaces, and visual Appropriate public affordability, and | safe, comfortable, and
treatment for glare comfort transport safety. reasonably priced.

Salah, R, Embaby, M. and Okba, E.. (2023). A holistic framework for evaluating qoul linking contemporary planning theories principles. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 24(2), 53—60. DOI:

10.37575/b/eng/230045



56

Traffic, vehicle
. owngrshlp, work, Minimize traffic
Traffic volume distances,
) volume. P
§ population, and Minimize
Traffic Load . X
travel outside cities. traffic
(Sultan eral, . .
2021) Effective congestio
' Transportation transportation Implement traffic n.
demand demand policy to reduce
mar rent dangers.
measures.
Table 4: QOUL subjective indicators (Social, Psychological, Economic and Political).
Di i bdi i Standard Indicator
Equal access to low-cost housing.
Social Equity Social justice Access to services and facilities is equal.
and Inclusion Aims of the local community.
(Marans, 2012). Inclusive Enhancing familiarity, legibility, accessibility, comfort
communities and personal safety.
Housing is provided by the government.
Social integration Index of housing diversity.
Tenure with a mix of types.
The establishment of an open space network.
= Social Cultural facility provision.
S . - .
& | Connectedness Social network Provision of social services.
(Sousa-Gomes Religious facilities are provided.
etral,2010). Telecommunications service provision.
Legislation that encourages the community to
L . participate in organisations.
Participation in society - . .
Participate in the planning process
Management participation.
Behavioural Public awareness Urban quality of life awareness.
Performance Neighbourhood stability Tenure and percentage of temporary private
(Gomaa and dwellings secured.
Fouad, 2022). | Neighbourhood vitality Active frontage
Urban image Paths, boundaries, focal points and landmarks
_ Community | Design that is responsive. The local jargon.
z Idenification Heritage sites and Conserve heritage sites and historical remains
_g“ (W. Liu ezal., historical relics. s i
2 2018) - Personal territory, enhancements, privacy and entry
S Personalisation of space . X .
> customisation options are available.
= Pleasing Milieu. Architectural qua‘li[y Architectural quavlity.
Landscape quality Landscape quality.
Economic Employment, labour and skills and
Employment : .
Development jobs-housing balance
o |(vonWirth eral, . Locally owned firms, priority industries and new
= Local business
E 2015) ventures.
2 -
[ Economlcv The index of housing prices.
W | Standard Living - . 1
. . Cost of living Service and facility costs.
(Kubiszewski ez Ahybrid approach to housing finance.
al, 2018). yorid app! S :
QOUL policies. Policies enhancing QOUL.
Urban POIIC!ES Life Slra(egm‘s forurban Codes and principles for effective law enforcement.
and Strategies quality.
(Mulligan ez al, [ Management and urban .
- Smart governance and smart urban planning.
o 2004) governance
K Management and urban governance.
S . The public has an impact on council decision-making.
Civil and S N .
- X Participation of the Alook at how councils make choices.
Political Rights - . . . . .
. community in council [ Council decisions are made in the best interests of the
(Cummins, L X
decision-making city.
2000). | : :
Women's representation on local councils.

Based on Tables 2, 3 and 4, the most widely used indicators have been
identified and classified into objective and subjective components of
QOUL to verify the basic needs and overall objectives. Notably, the
environmental dimension emerged as the most thoroughly researched
because it has the most basic needs of well-being. Its goals include
preserving a comfortable and healthy environment, promoting
biodiversity, reducing land consumption, minimising hazardous
material exposure, providing pleasant urban living conditions and
assuring waste management safety.

3. Evaluating QOUL indicators Linking
CUPT Principles

3.1. Contemporary Urban Planning Theories (CUPT):

The term ‘urban theory derivatives’ describes the many branches and
uses that have sprung from the original urban theory, which seeks to
make sense of and explain urban complexity. However, there are
certain limitations to these variants. They may need to portray the
changing nature of cities as they adapt to rapid globalization and
technology advances, simplifying urban dynamics and ignoring cultural
and contextual aspects (Grant, 2019). Currently, the field of urban
planning is experiencing the rise of new theories and approaches that
provide different options for planning cities. Because conventional

thinking and technocratic planning have flaws and limits, planning
theories have grown to fill the gaps. CUPT brings new insights and
methodologies that may rely on different theoretical viewpoints. Its
goal is to support and improve the QOUL. CUPT uses many theories,
such as new urbanism, smart growth, compact cities, sustainable
urbanization, smart urbanism, healthy communities, and sustainable
development. CUPT aims to make societies that better meet the needs
of people who live and work in cities, keep cities from growing too fast,
and improve the quality of life in cities, as shown in Fig. 3, (Debrah et
al, 2020; Kaushik, 2018).

Figure 3. Classification of planning theories.

| Planning Theories |
[ ]
Contemporary Planning Theories and their Derivatives Theorl;sezzruman
|
[ 1
[ CUPT ] [ Derivatives ]
Maslow's theory

Urban village Resilient City
McClelland's theory

m Smene Adam's theory of

International City Technology City
Alderfer theory
New Urbanism Happy City

Max Neff theory
Smart growth Sponge city
Green urbanism Green city

Sustainable
Development Sustainable city

This research focuses on contemporary planning theories rather than
derivative ones. Specifically, four recent theories are selected: new
urbanism, smart growth, green urbanism, and sustainable development
,which are described as follows.

Costanza's
Refor ion of

Human Needs
Theory

®  New Urbanism: New urbanism is an urban design movement that started
in the 1980s in the United States. It aims to tackle issues caused by urban
sprawl and suburban growth after World War Il. The movement has
influenced real estate development, urban planning, and land use
strategies. The principles of new urbanism are: (i) mixed land use, (ii)
pedestrians and crossings, (iii) civil buildings and places for public
gatherings, (iv) groups of parks, (v) housing levels, (vi) economic
construction, and (vii) a safe and secure environment (Forsyth, 2021)..

® Smart Growth: In the early 1990s, several national organizations
recognized the problems facing neighbourhoods. In 1996, these
organizations formed the smart growth network, which is now a broad
coalition of 32 organizations supporting smart growth. It developed the
nine principles for smart growth. These principles envision the
characteristics associated with healthy, vibrant, and diverse
neighbourhoods that support a QOUL (Ye er al, 2005). The principles of
the smart growth theory are summarized as follows: (i) mixed land use
from compact building design, (ii) a range of housing opportunities and
options, (iii) creation of pedestrian-friendly residential neighbourhoods,
and (iv) a strong incubator to connect people with the place and enhance
the sense of belonging. (v) preserving open spaces and agricultural lands,
(vi) developing existing development, (vii) providing a variety of
transportation options, (viii) making economic development decisions
out, fair and cost effective and (ix) encouraging the community to
cooperate (Porter, 2002).

®  Green Urbanism: Green urbanism is a planning approach that aims to
create cities and communities that are beneficial to both humans and the
environment. It promotes sustainable lifestyles and reduces global
resource consumption. This theory originated in 2007 and has been
embraced by countries like Dubai, Singapore, and the United States. The
new administrative capital in Egypt stands out as a prominent example of
a city that applies the principles of green and smart urbanism. The
principles of green urbanism are summarized as: (i) urban planning and
transportation, (i) water and biological resources and (iii) energy and
resources (Elkawy and Ahmed, 2023).

® Sustainable Development: Sustainable development has become a
prominent global concern, addressing economic, social and
environmental aspects. The 2030 development plan, adopted by world
leaders at a significant international summit in 2015, outlines 17
sustainable development goals that are now being implemented.
Principles of sustainable development are summarized as [38] and serve
as guiding principles for achieving a balanced and resilient future. They
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include: (i) eliminating poverty in all its forms worldwide, (i) ending
hunger, ensuring food security and nutrition, and supporting sustainable
agriculture, (iii) promoting healthy lifestyles and well-being for all ages,
(iv) ensuring inclusive and equitable high-quality education for all, as well
as opportunities for lifelong learning for everyone, (v) working towards
gender equality and empowerment for all women and girls, (vi) ensuring
universal access to and sustainable management of water and sanitation
services, (vii) ensuring universal access to inexpensive, dependable and
long-term energy services, (viii) fostering economic and sustainable
growth, full and productive employment and decent work for all, (ix)
creating resilient infrastructure, promoting inclusive industrialization and
fostering innovation, (x) reducing variability within and between
countries, (xi) making cities and human settlements inclusive, safe,
resilient and sustainable, (xii) ensuring sustainable consumption and
production patterns, (xiii) taking urgent action to combat climate change
and its impacts, (xiv) preserving the oceans, seas and marine resources
and using them in a sustainable manner to achieve sustainable
development, (xv) protecting, restoring and promoting sustainable use of
terrestrial ~ ecosystems, sustainably managing forests, combating
desertification, halting and reversing land degradation and halting
biodiversity loss, (xvi) encouraging the establishment of peaceful societies
in which no one is marginalized to achieve development and (xvii)
providing access to justice for all and building effective, accountable and
inclusive institutions at all levels.

3.2. Methodology:

To develop a holistic framework for QOUL, this study employed a
structured multimethod approach, as illustrated in Figure 4. The
methodology consists of several phases:

At Phase 1: Review Existing QOUL Structures: This phase involves
studying well-known QOUL structures, both subjective and objective,
to understand common indicators that are used to assess QOUL.

At Phase 2: Compare QOUL Indicators with CUPT Principles: Buildin
on Phase 1, this phase compares the identified QOUL indicators witl
CUPT principles. It identifies any gaps and suggests additional
indicators to align the QOUL framework with contemporary planning
theories.

At Phase 3: Develop a Theory-Based Framework: In this phase, a
comprehensive framework is created by synthesizing the findings from
Phase 2. It establishes a strong connection between QOUL criteria,
including indicators, subdimensions, and dimension, and the principles
of CUPT.

At Phase 4: Create a Comprehensive List of QOUL Criteria: Using the
framework developed in Phase 3, a comprehensive list of QOUL criteria
is generated. Researchers select relevant, reliable, valid, and applicable
indicators to effectively evaluate and measure the quality of urban life.

Figure 4. The method research approach of this study

Quality of Urban Life

Phase 1

Objective Subjective

Environment, Physical,
and Mobility.

Social, Economic,
Psychological, and Political.

Comparison of QOUL Indicators with CUPT

T Phase 2
Development of a Theory-Based Phase 3
Framework
Creation of a Comprehensive List of Phase 4

QOUL Criteria

By going through these phases, the methodology ensures a systematic
and logical approach to developing a holistic QOUL framework. It

considers existing structures, incorporates contemporary planning
theories, and results in a comprehensive list of criteria to evaluate
QOUL effectively. The methodology employed in this study ensures a
systematic and rigorous approach to developing a holistic QOL
framework. By integrating elements from existing QOUL structures and
aligning them with contemporary planning theories, the framework
provides a structured and comprehensive basis for evaluating QOUL.

4. Results and Discussion

When assessing the QOUL, it is essential to consider both objective and
subjective dimensions as equally significant. Therefore, it is crucial to
analyse all seven factors simultaneously to capture QOUL accurately.
These factors include objective living conditions as well as people's
happiness and well-being in each city under analysis. Social and political
aspects, which have a significant impact on QOUL, are particularly
important subjective indicators to consider during the evaluation process.

4.1. Comparative Analysis:

This study analyses the CUPT, examining both the objective and
subjective aspects of QOUL. This includes reviewing the criteria and
principles of various theories and their connection to the main
dimensions of QOUL, with the aim of effectively measuring QOUL in
cities. Initially, a plan was developed to establish the relationship between
QOUL indicators, dimensions, and CUPT, as illustrated in Table 5.

Table 5: The proposed structure of QOUL indicators linking CUPT.
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Table 5 shows there are new indicators for each comparison, e. g. two
new indicators for new urbanism, 12 for smart growth, seven for
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green urbanism and 15 for sustainable development. Therefore, the
most comprehensive theory of subjective QOUL indicators is
sustainable development. Sustainable development included some
indicators that traditional QOUL indicators ignored, such as
participation in public life and providing electronic means in
commercial operations of all kinds. Despite this, it lacks some
important objective indicators, such as a smart transport indicator
covered by the smart growth theory. The smart growth theory focuses
on components of smart, such as transportation and urbanisation,
which are not included in the subjective or objective indicators of
QUOL. Within its framework principles, the theory of new urbanism
does not include environmental, psychological or political indicators
of QOUL. According to the green urbanism paradigm, QOUL
indicators include transportation and green urbanisation
components. Table 5 shows sustainable development principles lead
to more humane cities, whereas smart growth and green urbanisation
lead to more liveable cities.

Figure 5. aillustrates the proposed objective QOUL indicators, which
accurately measure the QOUL indicators in cities. These dimensions
consist of six sub-dimensions and 17 indicators derived from CUPT.
For example, smart environment and ventilation belong to the
environmental dimensions with multiple sub-dimensions of QUOL,
whereas smart transport and green transport fall within the mobility
dimensions with various sub-dimensions. Furthermore, smart urban
and sustainable urban are part of the physical dimensions with
several sub-dimensions. In addition, the suggested subjective
dimensions include four sub-dimensions with 13 indicators. These
include the smart community as the social dimension with several
sub-dimensions, the smart sustainable economy as the economic
dimension with multiple sub-dimensions and belonging as the
psychological dimension with various sub-dimensions of QOUL.
These are the proposed objective QOUL indicators, as depicted in
Figure 5. b. The social aspect is an essential dimension of QOUL.
CPUT acknowledges the importance of social justice, preventing
racial discrimination and ensuring fair distribution of resources in
developing inclusive and equitable cities. By integrating these
principles into the creation of indicators, urban planners can evaluate
how well urban environments foster social cohesion, provide equal
access to resources and opportunities and eliminate discriminatory
practices. This approach ensures that the assessment of urban quality
encompasses the community’s diverse needs and aspirations,
thereby fostering a more inclusive and equitable city for all residents.

The indicator of upgrading to green buildings, parks and smart
facilities is repeated in the smart growth and sustainable
development in the objective indicators. The subjective indicators
also have four repeated indicators, as shown in Figs. 5a and b,
respectively.

As demonstrated in the discussions above, it is vital to continuously
identify dimensions and indicators and develop public policies that
incorporate the elements of QOUL. This approach is crucial for
promoting ecologically sustainable, resilient, socially inclusive, safe,
and economically productive cities. Policies, plans, planning laws,
and regulations for cities should be designed and regularly updated
based on evidence-based information that takes into account the
relationships between cities and QOUL. By doing so, urban
development efforts can effectively prioritise and enhance the overall
well-being and quality of life of urban residents.

Figure 5: The proposed QOUL indicators. a) Objective indicators. b) Subjective indicators.
The repeated indicators are not highlighted.

@)

Dimen
sions.

Subdimensions| Indicators.

Smart

environment | .

Environmental

Ventilation

Green
Transport

Suggested Objectiveindications
Mobility

Sustainable
urban.

g |
B Indicators
fusions| _ns
Digital education and empowerment to work on
information and communication technology
i
k-
3
=l
E
s
2
f_{ . productivity and entreprencurship
] o -
2 Providing electronic means in commercial
2 ConomY | erations of all kinds
3
5 Providing (electronic banking services and
@ electronic shopping).
21
1%
g
3
&

4.2. Proposed Approach to QOUL Indicators:

The criteria deduced from the theoretical study were used to develop
the final proposed approach to QOUL, which includes both objective
and subjective indicators as depicted in Fig. 6. The result is a holistic
proposed framework.

Figure 6: Proposed classified approach to QOUL. (Conventional and suggested indicators.)

Environmental Mobility

1. Quality of Air 17. Accessibility 30. Economic Development
1.1 Atmospheric quality destrian Catchment Area 30.1 Employment op
1.2 Air quality heat vty
1.3 Al pollution prevention measure. EEEIEETES
nd Cyclability
2. quaity of water 181 Walkable Network 31. Economic standard of Living.
2.1 Drinking water quality. 18.2 Cyclable Network and Facilties 311 Costof Living
222 water consumption 183 Traffic Calming
2.3 Lake water quality 32. Green smart economy

19-publc Tonporation 321 o egorecompetthenass

32.2 productivity and entrepreneurship
32.3 Providing electronic means in commercial
operations of al kinds

32.4 Providing electronic banking services and electronic

195
15.6 Ease of access to public ransport faclties

4. Quality of Material
4.1 Selection of materials considering the impact on shopping).

20, Traffc Load
20,1 Traffc Volume —
Transportation Demand Management Political

5. Quality of Local Environmental

33. Urban Policies and strategies

5.5 Comfortin outdoor lighting 2 3. Lfe Strategies

5.6 Reduce the ffect of odor systems

B— TR s 33.3 Urban Governance and Management
¥ 22, Smart Transport 34. Civil and Political Rights

6.1 Energy consumption 21

6.2 Renewable energy. 22

34.2 Community Involverent in Coundil Decision Making

3

@
7.1 solld waste. 35.1 Improve community access to all data
3

7.2 Sewage. sodal

5. smart environment p— . and social inclusion
a1 3 and Inclusion
2311 Social ustice 35.3 Facltate smart services

23.2 Inclusive Communities

2a. Social Connectedness.
201 Social Integration

fac
83 Reduce energy use

9. Ventilation 24.2 Socil Network
5.1 Observe guidance 24.3 Saclal Partcipation
5.2 Ventlation and natural ight 75, Behavioral Performance
25.1 public Awareness.

25.2 Neighborhood tabilty
25.3 Viality

v 26, Smart community
261 on

Information and communication technology
101 Mived Land Use 26.2 Public awareness of the quaity o ife and fts

103 Effective Use of Land 26.3 Education for Ever
11, Compact Neighborhood 26.4 Flexbilty and creativty

102 Density 265 Participation in publiclfe
112 Graded Density

ut
12.1treet and square Network
12.2 Builing Block

13. Housing 8 Bulldings Qualty
15.1 Building Qualty Pychological
13.2 Housing Qualtty

14, Management and Mairtenance. TR
4.1 Management and Malntenance. 27.2 Responsive Des

27.3 Preserve Heritage Sites and Historical Remains.
CEErR e 27.4 Space Personalization

15.1Green Infrastructure

153 Achievin the Gities Sustainabilty Code L
282 Landscape Qualiy.
16. Smart Urban
2. Belonging
16:1 Smart Pedestrian 29.1 Create a sense of belonging for the city's residents.

162 Smartspaces being invalved n sl ity polces
16.3 Smart infrastructure R 7

Salah, R, Embaby, M. and Okba, E.. (2023). A holistic framework for evaluating qoul linking contemporary planning theories principles. 7he Scientific Journal of King Faisal University: Basic and Applied Sciences, 24(2), 53—60. DOI:
10.37575/b/eng/230045



59

5. Conclusion

Itis important to include a wide range of characteristics, from the macro
(city) to the micro (neighbourhood/building) level, when assessing
QOUL. City indicators should be incorporated into existing data
collection to allow for continuous monitoring of progress. Indicators of
QOUL should consider both objective and subjective factors, with an
emphasis on perception and sustainable choices. Though no single
theory can account for every facet of QOUL, they all work together to
provide a more complete picture.

This study highlights the importance of linking CUPT with indicators
used to assess QOUL. By examining CUPT principles and translating
them into measurable indicators, this research aims to advance the
measurement of QOUL. A comprehensive review and comparative
analysis identify gaps and overlaps between existing QOUL indicators
and CUPT principles. In conclusion, the proposed framework includes
six objective sub-dimensions and four subjective sub-dimensions,
encompassing 30 indicators. Finally, a holistic framework provides a
comprehensive approach to evaluating QOUL and addresses the
limitations of current indicators by incorporating principles from
contemporary planning theories. Policymakers and planners working
on rural development should prioritize the following:
® Linking QOUL to to CUPT standards allows for regular assessment and
improvement of indicators based on societal changes, technological
advancements, and emerging planning theories, facilitating continuous
monitoring, and enhancing QOUL over time.
® Combining subjective and objective indicators gives a more holistic
understanding of QOUL. By providing a comprehensive evaluation of
the urban environment, decision makers have a complete picture of the
urban environment, enabling them to make informed and effective
decisions that address the community's well-being and aspirations.
®  (Considering subjective indicators ensures that the evaluation of QOUL
takes diverse perspectives into consideration and promotes inclusivity

and equity in city planning.
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Bioremediation of petroleum pollutants is a new, environmentally
friendly technique that promotes sustainability. This method is based on
employing microorganisms to degrade petroleum contaminants in the
environment. This study focused on characterising and selecting bacteria
isolated from the local environment to study their efficiency in reducing
hydrocarbon compounds with engine oil as the sole source of carbon. The
findings of this study have shown that six bacterial isolates were chosen
and utilised in the bioremediation process. Two of these isolates, SL4 and
IW2 were robust in the treatment of hydrocarbon compounds of engine
oil with efficiency reaching up to 83.17% and 76.58%, respectively, in 20
a day- period. During the biodegradation process, SL4 and W2 achieved
the highest growth rate as well as the highest redox rate of 2,6-
dichlorophenol indophenol (DCPIP) at a percentage of 79.79% and
74.55%, respectively. After conducting morphological and biochemical
testing the result confirmed that SL4 and IW2 isolates were Klebsiella
pnoumoniae - Bacillus subtilis. based on the results, it can conclude that
the local bacterial strains isolated in this study have great potential to
degrade petroleum contaminants.
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ABSTRACT

In this paper, we study some properties of the determinant of a neutrosophic matrix. Also, we prove that |4.adj(4)| = |A| = |adj(4).4] and define the matrices
A, ..pmlas.am)@Nd Agoq)- Further, a method is presented for calculating the determinant of a neutrosophic matrix that has a large number of columns and rows.
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1. Introduction

The Neutrosophic Theorem is a new approach to dealing with issues
including imprecise, indeterminant and discordant data.

A neutrosophic set is described philosophically by Smarandache
(1998). It is a generalization of the concept of the fuzzy set and the
intuitionistic fuzzy set. Each elementin the neutrosophic set has three
related defining functions that are independent of one another: the
membership function (t), indeterminacy function (i) and the non-
membership function (f). These three functions are defined on the
universe of discourse X (Smarandache, 2006). The definition of the
neutrosophic set, known as a single-valued neutrosophic set, was
then provided by Wang et a/. (2010). The single-valued neutrosophic
set is applied to algebraic and topological structures. Getkin and
Aygiin (2015) introduced the concepts of neutrosophic subgroups of
a given classical group and neutrosophic of a given classical ring
(Cetkin and Aygiin, 2019). Also, Getkin er a/. (2017) presented the
definition of the neutrosophic submodule of module and studied
some of its fundamental properties.

Molodtsov (1999) established the soft set theory, and it is a new
mathematical tool for modelling ambiguity and uncertainty.

Matrices are very crucial to science and technology. However, there
are situations when the classical matrix theory is unable to resolve the
problems with uncertainties that arise in an uncertain environment.

Dhar et a/. (2014) introduced a type of neutrosophic matrix, called a
square neutrosophic matrix, with entries in the form a+Ib
(neutrosophic number) where a, b are the elements in [0,1] and [ is
an uncertainty such thatI"* = I ; n being a positive integer. Sumathi
and Arockiarani (2014) introduced new operations for fuzzy
neutrosophic soft matrices. Uma er a/ (2017) have introduced the
determinant and adjoint of square fuzzy neutrosophic soft matrices.
A type of matrix termed a neutrosophic matrix, with inputs from a
single-valued neutrosophic set, is defined by Varol, er a/ (2019)
along with some algebraic operations describing it. By using the
operations component wise addition and component wise
multiplication, they have proven that a collection of all neutrosophic
matrices forms a semiring.

The determinant of a neutrosophic fuzzy matrix has been introduced
by Sophia and Jayapriya (2019), and they have researched its

properties. In addition, the trace and the adjoint of a neutrosophic
fuzzy matrix are defined. Salama er al (2022) introduced the
neutrosophic matrix in a completely different form compared to Dhar
er al. (2014), where a square neutrosophic matrix of ordern X nis
defined as M = A + BI, such that 4, B are two square real matrices of
ordern X n.

In this work, we will recall the notion of a single-valued neutrosophic
set, which is referred to as a neutrosophic set for convenience. Then
we give a brief summary of neutrosophic matrices and several
algebraic operations on them. Furthermore, we present a definition
of the determinant of a neutrosophic matrix and some of its
properties. Finally, we give our conclusions.

2. Preliminaries

In the section, we give some definitions that are used in the paper.

First, the operations vV and A for a, b € [0,1] are defined as follows:
aVb =max{a,b},a Ab =min{a, b}.

2.1. Definition (Wang er a/, 2010):

A single-valued neutrosophic set A on the universal set X is defined
by the following form: A = {{x. t,(x), i4(x), fa(x)) : x € X}, where
ta, ia fa: X = [0,1] define the degree of membership function, the
degree of indeterminacy function, and the degree of non-
membership function, respectively, for each element x € X in the
set Asuchthat 0 < t,(x) + iy(x) + f4(x) < 3.

2.2. Example (Wang et al., 2010):

X = {x1, x,, x3}, where x, is capacity, x, is trustworthiness and x5 is
cost. The values of {x;, x,, x5} are in [0,1] and are obtained from
questionnaires completed by experts. The experts assess their point
of view in three combinations: the degree of goodness, the degree of
indeterminacy and the degree of poorness to explain the
characteristics of the objects. Suppose A is a single-valued
neutrosophic set on X , such that A=
{(x,,0.3,0.4,0.5),(x,,0.5,0.2,0.3 ),{(x3,0.7,0.2,0.2 )}, where for x;,
the degree of goodness of capacity is 0.3, the degree of indeterminacy
of capacity is 0.4 and the degree of falsity of capacity is 0.5 etc.
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2.3. Definition (Varol et a/, 2019):

A neutrosophic matrix of order mxn is defined by A=
[(ta(ais), ia(ay), fa(ay))]. such that ta(ay;), ia(ay), fa(ay;) denote
truth-membership,  indeterminacy-membership  and falsity-
membership values of the ij-th element in A, satisfying the condition

0< tA(aij) + iA(aij) +fA(aij) < 3 foralli,j.
2.4. Example:

The following matrix A is a neutrosophic matrix of order 3 x 1:

(0.3,0.4,0.5)
(0.5,0.2,0.3)
(0.7,0.2,0.2)

A=

2.5. Definition (Varol et a/, 2019):
Let A = [(t4(ay). ia(ay). £ 4(a;))] and
B = [(ts(by), is(bij), fo(bi;))]

be two neutrosophic matrices of order m X n.

Then the matrix addition and subtraction are defined as

A+B= [(tA(aij) \% tB(bij)J iA(aij) \% ’:B(bij)JfA(aij) Afg (bij))]-
A =B = [(ta(ai) = ts(byj), ia(ay;) = i5(by), falay) = f5 (b )]
where

taa) = ta(0) = {4500 7 4(0) = 85(00)

0 ; otherwise

ia(ay) — ip(byy) = {iA(gij) () > iy (by) .

; otherwise

fA(aii) - fB(bi]) = {fA(alij) ’ fA(aU) = fB(b”) .

; otherwise

And the component wise matrix multiplication is defined by

A« B =[(ty(ai;) Atp(biy),in(ay) Aip(big), falay) v f5(bi))]-

2.6. Definition (Varol et a/, 2019):

Let A = [(tA(aij), iy (aij),fA(aij))] and
B = [(tB(bij), iB(bU),fB(bU))] be two neutrosophic matrices of

orderm x nand n x p, respectively. Then the matrix product AB is
defined as

AB =

(\/ talag) Aty (bkj)' \/ ialag) Nig (bkj)' /\fA(aik) \% fB(bkj)>]
W(’::zm also write, . =
AB =

(z talag) tg (bkj)' Z ia(ag)-ip (bkj)' 1—[ falay) +f3 (bkj))]

k=1 k=1 k=1
In this case, A and B are conformable for multiplication.

2.7. Definition (Varol et a/, 2019):

Let A = [(tA(aij), iy (aij),fA(aij))] be a neutrosophic matrix of
order m x n. Then the transpose of A is defined by

AT = [(ta(@ji), ia(ae), fal@i))]-
2.8. Definition (Varol et a/, 2019):
Let A = [(tA(aij), iy (aij),fA(aij))] be a neutrosophic matrix of

order mxn and k€[0,1] . Then the neutrosophic scalar
multiplication is defined as

kA = [(k Ata(ay) ke Aig(ai), (1= K) V fa(a))]-

2.9. Definition (Varol et a/, 2019):
Let A be a neutrosophic matrix of order m x n.

If all its entries are (0,0,1), then 4 is said to be zero neutrosophic
matrix and denoted by 0.

If all its entries are (1,1,0), then A is said to be universal neutrosophic
matrix and denoted by J.

2.10. Definition (Varol ez a/, 2019):

The identity neutrosophic matrix of order n x n is denoted by I,,,
and definedas I,, = [(t,n(lij), i,n(lij),f,n(ﬂij))],

00,1) ;i +#j
where (&, (1)), i1, (4), i (3))) = {E1,1,0§ ; i : :

2.11. Definition (Sophia and Jayapriya, 2019):

Let A be a neutrosophic matrix of order n x n.

o if (tA(aU),iA(aij),fA(aij))=(0,0,1) Vi>j , then the

matrix A is called an upper triangular neutrosophic matrix.
o if (tA(aij), ia(ay) faa;)) = (00,1) Vi<, then the
matrix A is called a lower triangular neutrosophic matrix.
®  The matrix A is called a triangular neutrosophic matrix if either
taaij)ia(ai), fa(ai;) ) = (0,0,1) vi > j or
ta(aij)sia(ai), fa(ai;)) = (0,0,1) Vi < j.

3. Determinant of a Neutrosophic Matrix

3.1. Definition (Sophia and Jayapriya, 2019):

The determinant of a neutrosophic matrix 4 of order nxn is denoted

by det (4) or |A] and is defined by
[Al = z (tA(ala(l))’ iA(ala(l))'fA(ala(l))) ‘e

OESy
. (tA(ana(n))J iA (ana(n))' fA(ana(n)))
We can also write,

\/ ta(@1oy) A e A ta(@nogmy), \/ i4(a151)) A o A ia(@nom)s

|A | — OESn OESR

/\ fA(ala(l)) V..V fA(ano(n))

OESn

where S, is the symmetric group of all permutations of {1,2, ..., n}.

3.2. Example:
Let A be a neutrosophic matrix of order 2 x 2 such that

_1(0.3,0.1,02) (0.1,0.4,0.5)

4= 1001,02) (0.90.1,0.1)

. Then

|4l = (0.3,0.1,0.2). (0.9,0.1,0.1) + (0.1,0.4,0.5). (0,0.1,0.2)
=(0.3,0.1,0.2) + (0,0.1,0.5)
=(0.3,0.1,0.2).

3.3. Properties of the Determinant of a Neutrosophic
Matrix:

3.3.1. Property 1 (Property of Reflection)

The value of the determinant of a neutrosophic matrix remains
unchanged if any two rows (columns) are swapped.

3.3.2. Property 2 (Property of All Zero)

If there is a row (column) in a neutrosophic matrix A with all its
elements as (0,0,1), then |4| = (0,0,1).
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3.3.3. Property 3 (Property of Scalar Multiple)

If there is a row (column) in a neutrosophic matrix A with all its
elements multiplied by a non-zero constant, then the determinant
gets multiplied by the same constant.

3.3.4. Property 4 (Property of Triangle)

Let A be a triangular neutrosophic matrix of order nxn. Then

[Al = H(tA(aii)r ig(ap), fulay)) .

3.3.5. Property 5 (Property of Transpose)

Let A4 be a neutrosophic matrix of order n x n. Then |A| = |A7|.

3.4. Definition (Sophia and Jayapriya, 2019):

Let A be a neutrosophic matrix of order n x n and 4;; is the
neutrosophic matrix of order (n — 1) X (n — 1) formed by deleting
row i and column j from A. The adjoint matrix of A is denoted by
adj(A) and is defined by adj(4) = [|Aﬁ|]‘

4. Main Results

4.1. Theorem:
Let A = [(tA( 11) I.A( U) fa ( U)) be a neutrosophic matrix of
order (tA(au) "A(au) fA(au)) =

(talazo), iA(aik),fA(aik)) ; k= 1,2, .on for all 1<i<n, then
|4l = (tA(all)- iA(all)JfA(all)) (tA(ann)l iA(ann)va(ann))‘

Proof
By definition of |4, we get
Al = (tA(an)» iA(all):fA(all)) (tA(ann)l iA(ann)lfA(ann)) (@)
For any permutation o € S5, we have

(talai), ialay), falag)) = (tA(aia(i))'iA(aio(i))JfA(aia(i))) ;

i=12,..,n

since(ta(aw), ia @i, fa(aw)) = (talaud), ia(au), fala)) ;
k=12,..,nforalll <i<n.

Hence
(talarn), ia(arn), fa(@11)) - (ta(ann), ia(ann), fa(@nn))
2 (tA(ala(l))J 2 (ala(l))'fA(ala(l))) e
: (tA (o), ia(anom). fa (ana(n)))
= (talan) ia(arn), fa(a10) - (t4(ann), ta(@nn), falann)) =
D (t4@s0m) a@r0) fal@1o)) -

OESy
'(tA(ana(n))‘ iA(ana(n))' fA(ana(n))) = IAI (2)
[Al = (tA(all): iA(all):fA(an)) (tA(ann)a iA(ann)lfA(ann)) ;
by (1) & (2).
4.2. Theorem:

Let A = [(tA(aij), iy (aij),fA(aij))] be a neutrosophic matrix of
ordern X n. Then |[4AT| > |A|.

Proof

Let 44T = [(tAAT(pij)» iAAT(pi]')'fAAT(pij))]lWhere

(tAAT(pij)J it (i), faar (Pi/))

= Z talap). tAT(akj)'Z ia(a). iAT(akj)' 1—[ faCay)
k=1 k=1

k=1
+fAT(akj)

Z ta(ag). fA( k) Z ia(ag). ’-A( k)!l—[fA(aik) +fA(ajk)
k=1

for "ih je{12,..,n}

If i = j,we see that

(tAAT(pu) I.AAT(p”) fAAT(pu))
(Z talay), z ia(ag), 1—[ fa (‘Lk))

- Zm(am), ia(@s0), £ (@)

For any permutation o ézg’n, we get

Z(% (@), ia(an), falag)) = (tA(aia(i))J U (aia(i))'fA(aia(i)))
k=1
ief1.2,..,n}

|ad™| = Z (tAAT(pla(l))' iAAT(pla(l))'fAAT(pla(l))) s

OESy
. (tAAT (pmr(n))' iAAT(pna(n))' fAAT (pno(n))) 2

(tAAT (P11), taar @11, faar (Pu)) (tAAT Pnnds tgam @an), faar (pnn))

= (Z (taCaze), ia(as), fA(alk))>
k=1

-(Z(u(ank), iA(ank).fA(ank))>
k=1

= (tA(ala(l))’ iy (alo'(l))'fA(alo'(l))) B
. (tA (ana(n))' iA (ann(n))' fA (ana(n)))

Thus,

[AAT| = z (tA(ala(l))’ iA(ala(l))'fA(ala(l))) ‘e

OESy

'(tA(ano(n))' iA(ana(n))‘ fA(ana(n))) = IAI

4.3. Remark:

In general, we have that |AB| # |A||B| where A and B are two
neutrosophic matrices of order n x n. This is illustrated in the next
example.

4.4. Example:

(0.14,0.7,0.1) (0.25,0.6,0.12)] d

LetA = [(0.12,0,7,0_3) (0.24,0.7,0.1)

5= [(0.5,0.3,0) (0.3,0.5,0.2) ]
~1(0.2,0.6,0) (0.16,0.7,0.4)]

Then 4B = [(0-2,0.6,0.1) (0.16,0.6,0,2)]

(0.2,0.6,0.1) (0.16,0.7,0.3)

Therefore, |A| = (0.14,0.7,0.1), |B| = (0.2,0.5,0.2),
|Al.|B] = (0.14,0.5,0.2) and |A. B| = (0.16,0.6,0.2).

We notice that |AB| # |A||B].
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4.5. Theorem:
Let A and B be two neutrosophic matrices of order nxn. Then
1) |AB| = |Al|BI,

2) |AB|=|A+B|.

Proof
1) |4B|=
[(Z talay)-ts(by;), z ig(ay). ip(byj), 1—[ falay) +f3 (bkj))]
k=1 k=1 k=1
we have
|AB| =
z (Z talagp). tp (bka(l))'z ia(ag).ip (bka(l))» 1—[ falas)
oES, \ k=1 k=1 k=1

+ /5 (bka(l))> ‘e

. (Z ta(ani)- tp (blm(n))' ia(ang). ip (bka(n))' 1—[ falan)
k=1 k=1

k=1

+ fp (bko(n))

0€Sy \Ky,kn

=Z<Zu@0w@@%%mhu%m)

Z ia(asey) - ta(@niey)- 18 (Bryon)) - i (bryony):

Kq)nkn

[T fiase) - falanen) + fo(bsow) - fo (o)

Kqyekn

- z z (talas) ia(ani), falsey)) -

GESy Ky,okn,

(tA (ankn)' iA(ankn)' fa (ankn)) . (ts (bkla(l))' ip (bkla(l))' fB (bkla(l)))'
e (tB (bkna(n))J iB (bno(n))' fB (bkna(n)))

= > (@) ialane,) falane,)) - (eaani), ia (i, ).

Kq,nkn

faan) - . (6(bso) is(besow) fo (o)) -

OESy

. (tB (bkna(n))J iB (bkna(n))' fB (bkna(n)))

2 > (@) iaane,) falane,)) - (eaani ). ia (i, ).

Kq)okn

faan) - . (t6(bio) is (bao). o (Brocw) ) -

OESy

. (tB (bmr(n))' iB (bna(n))' fB (bna(n)))
= > (o) iaane,) falane,) - (6aani, ) ia (),

(k1 kn)ESn

fa(@ni,)) - 1BI
= 141|B.

2) 4Bl =
z (Z talagp). tp (bka(l))' z ia(ag).ip (bka(l))» 1—[ falas)
€S, \ k=1 k=1 k=1

+fp (bka(l))> ‘e

. (Z ta(ani)-ty (bka(n))' ia(ang).ip (bka(n))' 1—[ falan,)
k=1 k=1

k=1
+ fB (bka(n))
= Z < /\ (tA(am) Vitg (bta(l))) ’ /\ (iA(als) \ iB(btJ(n))) K
gES, \sstsn 1sstsn

\/ (fA(als) A fB (bta(l)))> < /\ (tA(ans) \% tB(bta(n))) )
/\ (iA (ans) \% iB (bta(n))) ’ \/ (fA (ans) A fB (bm(n)))>

1<st<n 1sst<n
= Z (tA (ala(l)) Vitp (blu'(l))' ig (ala(l)) Vig (blﬂ(l))'fA(ala(l))
OESy

A fB (blo(l))) (tA (ana(n)) Vip (bna(n))‘iA(ana(n))
\% ’:B (bna(n))' fA (ana(n)) A fB (bna(n))>
=|A+ B

4.6. Corollary:

(1) Let A4y, ..., A, be neutrosophic matrices of order n x n. Then

Sa

m
[Agl oo 1A < [Aq. o Al < ;meN.
k=1

(2) Let A be a neutrosophic matrix of order nxn. Then
A" = |Al; r €N.

4.7. Theorem:
Let A, B and C be three neutrosophic matrices of order nxn. Then

|é gl = |4l.|B], where 0 = [(0,0,1)] is the zero neutrosophic matrix

of ordernxn.

Proof
Suppose that [g g] =D= [(tD(dij),iD(dij),fD(dij))], then,

|g gl = z (tD(dla(l))'iD(dla(l))JfD(dla(l)))'"'

TESon

. (tD (d2n0(2n))' ip (dZnJ(Zn))' o (dZnU(Zn)))

= Z (tD (dla(l))J iD(dla(l))afD(dlau)))

OESon
o(i)sn;isn

. (tD (dZTID'(ZTl))’ iD (dZna(Zn))' fD (dZnJ(Zn)))

+ Z (tD(dla(l))' iD(dlﬂ(l))'fD(dlﬂ(l)))

OESyn
3i>n; o(i)sn

. (tD (d2n0(2n))' ip (dZnJ(Zn))' o (dZnU(Zn)))

Since, for any permutation ¢ € S,, such that 3i >n;o() <n,
there is that

(tn (dio) in(dio). fo (dia(i))) =(001)
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Therefore,

2= D (o) in(diow) foldio)) -

OESon
o(i)sn;isn

. (tD (dZna(Zn))' ip (dZnJ(Zn))J o (dZna(zn))) =

D7 (to(diay) in(dracey) fo(daacny)) - (60 (@atn o (dna)

aESy
a()=o(i)

;isn

So(draw))- . (to(dipn).in(dapn). foldapen))

OESon
B@D=a(i+n)

;isn

o (to(dngem)s 0 (dnpem) o (i)
= |A|.|B].

4.8. Theorem:

Let A and B be two neutrosophic matrices of order nxn. If both 4 and
B are upper triangular neutrosophic matrices or both lower triangular
neutrosophic matrices, then |AB| = |A[|B|.

Proof

Let A and B be two upper triangular neutrosophic matrices of order
nxn.

Assume that AB = [(tAB(dij),iAB(dij),fAB(dij))].The ij-th element
of the product AB is (tAB(dij), iup (dij),fAB(dU)) =

n

Z tA(aik)-tB(bkj)' iA(aik)-iB(bkj)'l—[fA(aik)
k=1 k=1

k=1

+fB(bkj) iLj=1.2,..,n

Fori>j:if k> ithenk > jso that (tB(bk,), i5 (b)), fo(bey)) =
0,0,1) and if i>k then (ty(aw), ii(ay), is(ay)) = (0,0,1),
hence

tan(d) = ) talai- to(big) = ) tal@): (0) + ) (0).tg(by)
k=1 k=1 k=1

=0 k>i k<i

Similarly, we obtain

iAB(dij) =0 & fAB(dij) =1
Thus,

(tAB(di]')' iAB(dij)'fAB(dij)) =(0,0,1) Vi>j
This means that AB is an upper triangular neutrosophic matrix.

Therefore,

|AB| = 1—[ (tas(di), iap (i), fap(d))

i=1
Now, we have

(0)-f3(b,a-); i>k
tA(aik)' (0) i<k
tA(aii)' tg(bii) ;i=k

0 i+ k
= talag)- tp(b) = {tA(aii)- tp(by) s i=k

ta (aik)' tp (bki) =

n

= (i) = ) talaiw):tabeo) = ta(ai)-to(bi)

k=1

Similarly, we obtain,

iap(dip) = ig(ay). ip(by) & fap(dy) = falay) + fp(by)

Thus,

n

|AB| = H(tA (a)-ts(by), igla)- ip(by), falay) + fz(by))

=1

= l—l(tA(aii): ig(aw), falai) . (ts(bi), is(bip), f5 (b))

= (1—[ (tala), ig(ai), fa (%‘))) . <1—[(t8 (b, i (b)), f3 (bn'))>

i=1 i=1

= |Al.|B|
Similarly, we can prove this property for lower triangular

neutrosophic matrices of order nxn.

4.9. Remark:

Let A and B be two neutrosophic matrices of order nxn. If both 4 and
B are upper (lower) triangular neutrosophic matrices, then AB is an
upper (lower) triangular neutrosophic matrix.

4.10. Theorem:

Let A be a neutrosophic matrix of order nxn. Then

n

Al = > (4@, a (@), ia@) Ayl =12, 0

t=1

Proof

[Al = z (tA(ala(l))’ iA(ala(l))'fA(ala(l))) ‘e

OESy

. (tA (ana(n))J iA (ana(n))' fA (ano(n)))

n

:Z Z (tA(ala(l))’ iA(alﬂ'(l))’fA(alg(l)))-

t=1 OESy
a()=t

. (tA(ana(n))J iA (ann(n))' fA(ana(n))) =

Z(tA (@), ia(ai), falaip))- z (tA (a1p1))s iaaspy) fa (%5(1)))

ﬁesnin[
(tA (ai—l 5(171)) ia (ai—l 5(1'71))' fa (ai—l 5(171))) . (tA (@is1pasn))

ia(@ir1 gaen)s Fa(@ie1 piinny)) - (Ea(@ngen))s ia(@npn)s fa(@ngn))
Where n; ={1,2,..,n}\{i} and S, denotes the set of all
permutations of the setn; on the setn,.

By definition of the determinant, we write
[A;] = Z (tA(alﬁ(l))’ iA(aw(l))-fA(amu))) e
BESnine
. (tA(ai—l pi-0) a1 pa-) fa(aio 5(1—1))) (taCaiss paen)
4(@ie1 parn) fa@in i) - (ta(@npan), ia(@npn): fa(@npen)

The Proof is complete.

4.11. Definition:

Let A be a neutrosophic matrix of order n x n. The matrix 4 p,...pmy is
. . \d1--Gm

the neutrosophic matrix of order (n — m) x (n — m) thatis a result

of A by deleting the row py,..., the row p,,, the column gq,.... and the

column q,,, from 4, wherep; < - <ppandq, < - < gp,.

The matrix A(plmpm) called a principal submatrix of order

P1--Pm.
(n—m) X (n—m)of A.
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4.12. Theorem:
Let A be a neutrosophic matrix of order nxn. Then
14|
_ Z (taarp) ia(arp), fa(arp))  (ta(asg), ia(arg), falasy)) lan,
= (ta(azp), ia(azp), faazp))  (ta(@zq), iaazq), fal@2))l | o g

where the summation is taken over all p and q in{1,2, ..., n} such that
p<q.
Proof

|[Al = z (tA(ala(l))’ iA(ala(l))'fA(ala(l))) ‘e

OESy

. (tA (ana(n))J iA (ana(n))' fA (ano(n)))
= z (tA(ala(l))' ig (a1a(1))-fA (ala'(l))) ‘e

OESy
a{1,2}={1,q}¢>1

. (tA (ana(n))J iA (ana(n))' fA (ano(n)))
+ z (tA (ala(l))' ia (alﬂ(l))'fA (ala(l))) ‘e

TESy
o(12)=(2.0)g>2

. (tA (ana(n))J iA (ana(n))' fA (ano(n)))
+o z (tA (‘110(1))' iA(ala(l))’fA (ala(l))) e

OESy
a{1,2}={n-1,q}g>n-1

. (tA (ana(n))J iA (ana(n))' fA (ano(n)))
= Z Z (tA (ala(l))' iA(ala(l))'fA (ala(l))) ‘e

p<q OESy
a{1,2}={p.q}

. (tA (ana(n))J iA (ana(n))' fA (ano(n)))
Let S(p,q) = {0: {1,2} - {p, q}| o is bijection}. Then
Al =

Z( Z (tA(am(n), iA(alﬁ(l))'fA(alﬁ(l))) (talazp)iia(azpez)

BESR.Q)

n

-fA(azﬁ(z)))- Z 1—[(tA(aia(i))'iA(aia(i))JfA(aiJ(i)))

OESy i=3
o(elp.a}

(taCasp) ia(asp), fa(arp))  (taCasg), ialasg), falasg))

)

L |(ta@zp), iaCazp), fal@zp))  (talazg).ia(azg). faCa)l 175 o)
4.13. Theorem:
Let A be a neutrosophic matrix of order nxn. Then
Al =

(tA(“lpl)'iA(a.lpl)-fA(alpl)) . (tA(alpk)'iA(a.lpk)'fA(alpk))
(tA(akpl)'iA(a.kpl)va(akm)) ‘(tA(akpk)'iA(akp.k)'fA(akpk)) .

JAr1 2 Lk
(m qu-Pk)
where the summation is taken over all Py Py D, €
{1,2, ...,n} suchthatp, < p, <+ < py.

P1<p2<<pk

A; 12 .k isthe matrix obtained from A by striking out the row1,
(101 pz-.-pk)
the row 2, ..., the row k, the column p,, ..., and the column p,,.

Proof

The Proof of this theorem is like the Proof of theorem 4.12.

4.14. Lemma:

(tA (a11),ia(a11), fa (‘111)) (tA(au): ia(aiz), fA(au))

Let A =
A= (aaz), inar), falaz)  (taCaza) ia(aza), falass))

neutrosophic matrix. Then

(tA (a11),ia(as1), fa (an)) (tA (a12),ia(as2), fa (a12))
(tA (a11),iaas1), fa (021)) (tA (a12),ia(as2), fa (a1z))

(tA (az1),ia (az1)'fA(az1)) (tA (az2),ia(azz), fa (azz))
(tA (az1), 14 (az1)'fA(a21)) (tA (az2),i4(az2), fa (azz))

Proof

< |4].

We have that

(tA (a11),ia(as1), fa (an)) (tA (a12),ia(as2), fa (a12))
(tA (a11),iaas1), fa (021)) (tA (a12),ia(as2), fa (a1z))

(tA (az1),ia(az1), fa (1121)) (tA (az2),ia(azz), fA(aZZ))
(tA (az1),i4(az1), fa (1121)) (tA (az2), ia(az,), fA(azz))

< (@ iaa), fal@i)- (ta(@r), ia (a1, fa(ar2)) ).
. ((tA (az1),ia(azy), fa (az1))- (tA(aZZ)' ia(az2), fa (azz)))

= (tA (a11),ia(as1), fa (a11))- (tA (az2), ia(az,), fa (azz))
+ (talarz), ia(asy), fa(ar2)- (taaz0), ia(azy), falazy)) = |Al

4.15. Definition:

Let A be a neutrosophic matrix of order n x n. The matrix A,_q is
the neutrosophic matrix that is a result of A by replacing the row q by
the row p from A.

4.16. Theorem:

Let A be a neutrosophic matrix of order nxn. Then
D |Aa-)|-[Ae-n| < 141

2) |Agopl-[Ap-n| < 141

Proof

1) By the theorem 4.12, we can write:

[4a-a|-[4-o]

- <Z (CICHIACHIACH) I CICHIACHIACH))
p<q (tA(alp)'iA(alp)'fA(alp)) (tA(alq),iA(alq),];(alq))

Z (tA(aZr)' iA(aZT)'fA(azr)) (tA(azs)' iA(azs)'fA(aZS)) |A -
’ = (tA(aZr)' iA(aZT)va(aZT)) (tA(aZS)' iA(GZs)-fA(Clz:)) ’ (r s)

<Z (tA(alp), iA(alp)'fA(alp)) (fA(“lq)r iA(am),fA(am))
a p<q (tA(aZT)r ig(azr), fA(aZT)) (tA(aZS)v igazs), fA(‘lZs))

r<s
(tA(alp),iA(alp).fA(al,,)) (tA(“lq)'iA(ala)'fA(alq))
(taCazr)s ia(az), falaze))  (talaze), ia(azs), falazs))

).

A(l 2)

TS

1)

)

)

A2
»a)

Az
& G

(tA(alp)' ia(asp), fA(alp)) (tA(alq)» iA(alq),fA(alq))
(ta(azp). ia(azp). falazp))  (ea(azq). ia(azq). falazq))

By the theorem 4.12, we know

(’fA(alp)r iA(“lp)va(alp)) (tA(alq)r iA(alq)rfA(alq))
(’fA(GZp)' ia(azp), fA(“Zp)) (tA(an): iA(an)'fA(am))
If(p,q) = (1,2) & (r,s) = (1,3),then

(tA (a11), ia(ayr), fA(all)) (fA(fllz). ia(ai2), fa (‘112))
(tA (a21),ia(az1), fA(a21)) (tA(aZS)r ig(azs), fA(aZ3))

12
= (o a)

=4

12
= o)

A0y

ey
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= ((fA(an). ig(as1), fa (all))- (tA (a23),ia(az3), fa (azs))

+ (ta(@12), ia(a12), falas2)). (talazy), iA(az1)rfA(a21)))- AG i) . AG 2
= (tA(all)r iA(all)rfA(all))- (tA(a23)r ia(az3), fa G 2) AG i)
+ (ta(@12), ia(@12), fa(a12)). (taaz1), ia(aze), falazn)). AG i) . AG 5)

= (tA(all): iA(all)rfA(all))' (tA(az3): iA(aZ3)rfA(aZ3))' |AG ;)

(@120 a2, (@) (eaa), ), faa): 4 2

(tA(all) ia(a11), faCain))  (talass), iaCass), falass)) |A z
(tA(au) i2(a21), fa(az1))  (taazs), iaazs), falaza))|’
(taarn), ia(arn), faCa1n))  (talasz) ia(as2), fulass)) |A
(tA(azl)'iA(”’Zl)lfA(aZl)) (tA(G-ZZ)I iA(aZZ)IfA(aZZ)) . (i i)

< |Al + |Al = |4l
Considering all the coordinates(r,s) # (1,2) involved in (1,3) and
(n — 1,7n), we obtain that,

(tA(all): ig(as1), fA(all)) (tA(an): ig(asz), fA(an))
(tA(aZT)r ’:A(QZT):fA(aZr)) (’24(‘125)' iA(aZS)JfA(QZS)) '

A < |A].
|(1§) 4]

T

If we apply a same argument forany p,q € {1,2,...,n} ;p <q,

this completes the Proof.

2) The Proof as (1).
4.17. Example:

[ (07,02,01)  (0.2,0.2,0.5)
Lecd = [(o 250.11,0.2) (0.1,0,0. 14)]'The"

p [(070201) (020205)]
-2 7 1(0.7,0.2,0.1)  (0.2,0.2,0.5)

A B [(0.25,0.11,0.2) (0.1,0,0.14)]
(-1 ™ 1(0.25,0.11,0.2)  (0.1,0,0.14)]

We have |Agop| = (0.1,0,0.2),|4¢-z| = (0.2,0.2,0.5) and 4| =
(0.2,0.11,0.14).
Therefore, [A (3.2 |A@o1y| = (0.1,0,0.5) < |Al.

4.18. Example:

(0.3,0.1,0.2)  (0.11,0.45,0.23) (0.33,0.5,0.1)
(0.22,0.4,0.16)  (0.4,0.2,0.1)  (0.7,0.2,0.1) |. Then
(0.9,0.1,0.2) 0,0.1,02)  (0.15,0.4,0.9)

LetA =

(0.3,0.1,0.2) (0.11,0.45,0.23) (0.33,0.5,0.1)
Agoy = [(03,0.1,02) (0.11,045,0.23) (0.33,0.5,0.1)
(0.9,0.1,02)  (0,0.1,02)  (0.15,0.4,0.9)

(0.3,0.1,0.2)  (0.11,0.45,0.23) (0.33,0.5,0.1)
Agos = ((022,04,0.16)  (0.402,0.1)  (0.7,02,0.1)
(0.22,0.4,0.16)  (0.4,0.2,0.1)  (0.7,0.2,0.1)

We have |[Ags|=(0.3,0.2,0.16), |A;-2| = (0.11,0.2,0.2) and
|A] = (0.33,0.4,0.2).

Therefore, |45-3)|- |A(1-2)| = (0.11,0.1,0.2) < |Al.

4.19. Remark:

If Ais a classical matrix of order n x n, then we know that |A| =0,
when the row p equals to the row g (p # g). But this problem in
neutrosophic matrices is different, as in the previous examples.

4.20. Theorem:

Let A be a neutrosophic matrix of ordern x n.Then
|A. adj(A)| = 1Al = ladj(4). Al.

Proof

We prove that |A. adj(A)| = |Al.

First, we considern = 2:

Let A = [(tA(all): ia(a11), falasn))  (talasz), iaasz), falas2)) .
H (taCaz)ia(azy), fa(azn))  (talaza), ia(asy), falass))
us,

adj(4) = [(tA(azz), iA(aZZ)'fA(aZZ)) (tA(alz)r iA(alz)'fA(alz))]

(talaz1),ia(@z1), fa(az1))  (talasn), ia(ass), falass))
= Aadj(4) =

141 (6@ (@), fa (@) (6a(@r2), ia @), fa(s2))

(ta(a20), 1a(@21), fa(@20))- (ta(022), 1a(a22), fa(022)) 14l
= |A.adj(A)I

=|A| + (tA(all)' iA(all)AfA(all))' (tA(alz)r iA(a1z)»fA(‘112))-
. (tA(au), iA(aZI)'fA(QZI))' (tA(aZZ)- iA(aZZ)'fA(aZZ)) = |A|

Next, we consider n > 2, we have

A.adj(A) =

Z(tA(au) ig(ase), fA(au)) |4yl Z(tA(alt) ia(ase), fA(alt)) |Ap

t=1 t=1

Z(rA(ano (@) fa(@)) gl Z(a(am).i,,(ano.ﬁa(am)).|Am|
=1

[Z(tA(an) lA(alt) fA(alt)) IA]tI

= |A.adj(A)| = Z 1—[ <Z(tA(alt) is(ay), fA(azt)) IAG(l)[|>

OESy i=1

(1) If 0 = e, where e is the identity of the group S,,, then
I 1(2 1(tA(alt) is(a), fA(aLt)) IAa(z)tI) [Al.

(2) Suppose that there exists k € {1,2, ...,n} such that G'(k) =k.
Then

Z(tA(akt) ia(ake), fA(akt)) IAJ(k)tI

Z(rA(akt) 4@, fa(ak)) - [Aiel = 141,

and
[] (Z(t,a(an), ia (@), f1(@0)) - o]

)
)

= (Z (tA(alt): iA(alt):fA(alt)) . IAa(l)tI - A] ...
Z( ta(ane), a (@, fa(@)). IAa(nnI)
TAL

(3) Assume that a(k) #k for all ke {1,2, ,n} . The
permutation ¢ can be writtenas ¢ = 6,0, .. ¢
disjoint cycles.

If o, = (1 2), we have

(Z (tA(alt)- ia(aie), fa (au)) - IAa(l)t I)

si 01, Oy, ..., Og are
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(Z (tA(aZt)v ia(aze), fa (a2t)) . IAU(Z)t I)

= <Z (tA (a11), ia(asy), fA(alt)) . |A2t|>-

t=1

-(Z(tA(an)» iA(azt)'fA(aZt)) . |A1c|> = |A(1a2)|' IA(Zﬂ)I < |A|

t=1
By the same argument, if o; = (p q), wherep,q € {1,2,...,n}, we

can prove that

I (Z(r,a(an), RCOYACHE IAa(mI) < 14|

i=1 t=1
If 6, = (p1 D2 - Py), Where py, 0y, ..., 0 € {1,2,...,n}, then we see
that

(Z (talap,e). ialap,e). falan,e))- |Aa(p1)t|> -

t=1

. i (tA (aprt)' iy (aprt)JfA (aprt)) . IAa(pr)t|>
= (i (tA(aplt), iA(aplt)'fA(aplt)) . IApzt|> e

. (Z (ta(ap,0),ia(ap,e), fa(@n,e) ). IAWI>

t
IA(szm)I' IA(nzapz)I IA(pﬁpr)I < |4]; by theorem 4.16.

According to the above discussions, for any o € S,,, we obtain that
n

I (Z(r,a(an), (@), fa(ai)) IAa(mI) < 14|
SNATddj )] = 14].
Similarly, we can prove that |adj(4). A| = |Al.

5. Conclusion

In our work, we have studied some properties of the determinant of a
neutrosophic matrix. Most of the proven properties are similar to the
properties of the determinant of a classical matrix. In addition, the
important relationship |A4.adj(A)| = |A|l = |adj(A).A|l has been
proven.
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author details, minor and major field of the topic, 80-word bio and
acknowledgements (optional). Below are explanations of how the
author details and bio are written.
®  Main Manuscript: It must be submitted in MSWord format. It must
consist of the following: manuscript title, abstract, keywords, main
body and references.

Author Details: Author details must be included in the following
order: full name, department, college, university, city and country
(or the equivalent). In the absence of an employer, one may write
‘Independent Researcher’. Ranks (e.g. Dr and Prof.) must not be
included. A star * should be placed next to the corresponding

author’s name. Below is an example:
Abdulrahman Essa Al Lily*
Department of Curriculum and Teaching Methods, College of Education, King Faisal
University, Al Ahsa, Saudi Arabia

Bio: The bio must be in the following format: the author’s name,
underwhich is written the author’s department, college, university,
city, country (or equivalent), the author’s contact number and
email address, under which is written an 80-word description of
the author. Author’s names and affiliations are not part of the 80-
word count. If the author has an ORCID number or personal
website, this can be included at the end of the description. Below

is an example:

Abdulrahman Essa Al Lily

Department of Curricultum and Teaching Methods, College of Education, King Faisal University, Al Ahsa, Saudi
Arabia, 00966000000000, scijkfu@kfu.edu.sa

Prof. Al Lily is an Oxford graduate, Saudi professor, a dean of research, former national-centre
director, editor-in-chief (Scopes) and bestselling author (Amazon). He has coined various
theories (e.g. ‘Multiple Stupidities’, “Retroactivism’ and ‘On-the-Go Sourcing) and 3 notions
(‘Crowd-Authoring’, ‘Crowd-Reflecting’ and ‘Door-Knocking)). His work is translated into 7
languages (including Spanish, Filipino, Indonesian, Chinese and Italian). His interviews is in 5
languages (including, French, Spanish and German). He has published 24 1SI/Scopus-indexed
articles with the globally largest publishers (Elsevier, Springer, Taylor & Francis, Wiley, SAGE,
Cogent, Palgrave, Nature Research & Oxford). His work is cited by 35 countries (Including
Hungary, Serbia, Russia, Peru, Korea, Colombia, Switzerland, Netherlands, Sweden, Finland and
Latvia) in 6 languages (including Turkish and Lithuanian). He has worked as a consultant for such
institutions as Wikipedia and the University of Hanover. He worked during the summer in New
Zealand and Italy. He has participated in conferences in Singapore, Greece, Spain, US, Japan &
Bulgaria.

OR%ID: 0000-0002-5116-422X. Website: https://abdulallily.wordpress.com/

3. Post-Reviewing Guidelines

Page Settings: Page size is A4. Margins are 2.5 cm, each side. Any
standard font is acceptable.

Headings: There must be no more than three levels of headings.
The first level of headings must be numbered: 1, 2., 3., etc. The
second level of headings must be numbered: 1.1,,1.2,,1.3., etc. The
third level of headings must be numbered: 1.1.1,1.1.2,1.1.3, etc.
The headings for abstracts, bios and references must not be
numbered.

Tables and Figures: Captions must be above tables and figures. In
the body, ‘see above’ or ‘see below’ must not be used. Instead, use
‘see Table 1" or ‘see Figure 1".

Measuring Units: In the case of using local measuring units in the
manuscript, the equivalent of international units must be included.
Scientific rather than provincial terms must be used. Currencies
must be in U.S. dollars.

Footnotes: Footnotes must be kept to a minimum. They must be
referred to in the text in uppercase numbers. Footnotes must
appear at the bottom of the page on which they are introduced.
References: Authors must follow the APA style of referencing.
References must be arranged alphabetically. The reference list
must not be numbered. Non-English references must be
“romanised” into English.

Digital Object Identifier (DOI): If a reference has a DO, it must
be included.

Proofreading Certificates: Once accepted, manuscripts must be
sent by authors to an accredited proofreading company. A
proofreading certificate must be submitted to the Journal. A
suggested company is: proofreadmyessay.co.uk
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