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ABSTRACT

The goal of the article is to present certain uses of the differential subordination the idea on subclasses of
univalent functions that include certain convolution as a operators. Numerous complicated mathematical
investigators, such as Euler, Gauss, Riemann, Cauchy, as well as a number of others have grown throughout
this period. Analysis as well as geometry come together or interact in geometric function theory. The above
paper's primary goals are to study the dependence principle as well as to add an additional subset over
polyvalent functions via an additional operator that is connected to derivatives products of higher order. In
light of the different geometric properties, including coefficient estimation, deformation and expansion
bounds, radii for strlikeness, convexity, as well as close-to-convexity, the results were significant. As an
these classes of functions, that we investigate geometric characteristics such as coefficient bounds,
distortion theorem, as well as radii of starlikeness as well as convexity. The integral operator and extreme
points have been looked into.

Key words: Differential Subordination, Univalent Function, Extreme Points, Hadamard Product, Analytic
Function, Convex and Starlike Functions, Distortion Theorem, Integral Operator.

1. INTRODUCTION

With the help provided by the Hadamard product that represents the fundamental higher-order products of
differential subordination for diverse functions, the study's goal is to be able to investigate an additional
category of multivalent functions referred to as a novel linear operator as well as start examining the fresh
linear operator. As an higher-order products of variations subordination within the open unit disk, multiple
outcomes will be obtained by utilizing the universal hypergeometric function as well as the characteristics
associated with the generalized a byproduct operator.

The Bieberbach speculation, commonly referred to as the value of the coefficient issue, served as the main
stimulus over this type of reasoning because it provided a ton of room for advancement between 1916 and
De Branges's successful resolution of the issue in 1985, resulting in to an enormous number of conclusions
centered on the speculation. that time then, Geometry Function Theory continues to be treated
independently. One popular subject was geometric function theory. Regardless of that, it still finds new uses
in a variety of disciplines, such as contemporary computational physics, medical science, engineering, and
various other areas, as well as in more conventional physics areas such as fluid mechanics, not linear
compatible systems theory, as well as the study of partial differential equation theory. The company
geometric function is a function that's used within complex analysis outlines particular geometries.
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We have demonstrated a correlation between the subclass and higher-order products of diverse functions.
Results concerning harmonious multivalent functions determined by operators with differential properties
are very interesting. The investigation of the analyzing univalent function subclass related to the notion of
variations subordination. We looked at certain outcomes of variations subordination as well as
superordination including a particular class that focuses upon the domain of univalent meromorphic
functions within a wide unit disc.

Particularly, this area has caught the attention of several investigators in practical science within an
assortment of circumstances. The precise solution over computational modeling, including in the analysis of
physical, chemical, as well as engineering areas, is also determined in part by these concepts [1-3].

Many of the key ideas for complicated evaluation is the notion of harmonically along with analytical [4]
univalent mathematical functions (bi or multi-types) [5-8]. In order to establish fresh, intriguing categories
or subclasses of special functions associated to multiple operators [9-12] who could be optimized or
improve a few actual issues by applying a particular functional household arising about the notion of
conventional functions by means of specific characteristics of complicated functions [13-16], some special
components have been described with this framework of theory.

Take A represent the function class? in the shape of

£0) = ) et (e > 0,v € ) M
=1
that serves as analytic within the disk unit¢ = {v € C: |v| < 1}. A function ¢ being related to class A
is believed to be starlike (convex) in shape ¢ (r) if: [17-20]

% {v{"(V)] o (% {1 vf’”(V)] 0 tively in which v € ¢(r), 0 <1
e o) >0, Reil + o) > 0, respectivelyinwhichv € ¢(r),0 <r < 1.

As an a specific set of analytic functions £(v) = }.2,e,v' and T'(v) = .2, b, v*, we indicate by £ = I the
convolution of £ and I" according to by: [21-24]

(€+D)) = ) eyt = T+ ). @

=0
presently, we provide the next operator means, which extends certain well-known operators.

Definition 1.1: In order to #: A — A, the generalized operator Sffi: A — A is defined by

o (2+e—,u)”

arn _ I+e—1
Surf (W) =v+ Q2T — 21+ 2)«

=2 Qu—2p+ 2)@ 1
whena ENyg,n €C, andt = pu = 0.

eV, 3)

Examples for this operator's special cases:
1- The Srivastava- Attiya operator Sg 2[25].
a+1,0

2-  The Salagean operator S;', ~"[26].
3- The Generalized Salagean operator initiated by Al-Oboudi S75"°[27-28].

The researchers present a fresh subclass via the operator Sff, 7as shown below:
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Definition 1.2: In order to SMiﬁ(e, X, Z, &) become a function class? in the shape of

oo

£(v) :v—Zetv‘, 4

=2
as well as meeting the following requirements

2 (qan " rqam
E+2 (V (Smf(”')) fsmr{'(v)) L2y
1-¢ vSTe(v) 1+2Zv’

Ww,T

(5)

when(0=¢é<1and(-1=Z<X=1).

2. THE MAIN FINDINGS

On the following subsection, we come a condition that is both required and sufficient over the function ¢
about the class SM;7(e, X, Z, §).

Theorem 2.1: The function £ in the shape of (4) is enrolled in a class SM,,; (e, X, Z,&) assuming and only

assuming
C0

D@ O+X1U- O+~ D)Fe < (26 - D +XE - D), (©)
;?Nhich
B (2+ u(— 1))6{_1 1+ 0\7
T - ) (2+-'-) e 7
Proof: Allow £ € SM,;} (e, X, Z, &), subsequently we're left with
e of (P (smew) —ese) L
1— f an 1| <77 (8)
vS, £(v) 1+ Zh(v)

uT

at which |h(v)| < 1, h(0) = 0, for each v + 0, then

2 (can an
v2 (Se1e(v)) — &sew) | .
2 +Xv)(1 - vSTe(w) — 2 (v2 (sirew)) - gsjj;e(v))
Thus,
@,(t—2)Eeyv't
Q+xv)A-¢) 22(Z—-8)+X(1 -8+ (—1))Fertt =t
w =2 Lt

establishing v =r, (0 < r < 1), we receive
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Z(s —2)Fer" < @rOIA=8) Z(Z(s —O+X(A -8+ (@—1)Fert

w

allowing r — 17, Afterwards we receive the desired result.
In contrast, demonstrating that

v2 (s5e)) — &E1e)| - @ + X - OsEew) — 2 [v2 (sE1ew)) — gsew)]| < o.

Selectingv =r, (0 < r < 1), we receive

D -2 Ee| - @rmazs) ~ D (@E-+ XA -+~ D) Fe!
1=2 1=2

w

<) (-2 Fer - ((2 A0, N (2a— o+ X1 -+ (- 1) F)

w
1=2

< Z(Z(r. —O+XA -8+ 0—1)EFe,— (2+Xv)A1-8) =0,

as a result, we gain £ € SM, !

Wt

(e,X,Z,%).
Now we provide our integral operator assets to identify the class' sSMM(e X, Z, &) extreme points.

Theorem 2.2: Take £(v) = v with
0w = ((vf(Z - X)+v(l-2)+v(X - 1))) P EZ-X)+X -2

' EZ-0D+-D+x-1) )" EZ-X)+&X -2t
FoIIowmg that £ € SMM(e X Z, -f) if it is possible to express it in a manner

¢() =Zm 2, (m > O,Zm - 1.) (10)
=1 =1

Proof: From (10), therefore,

o) = (ml(f(z —X)+(1-2)+ X - 1)))F B vw,((Z-X)+(1-2)+ X - D)F,
EZ-D+(1-2D+X-1D) EZ-X)+&X -2t '

presently, using (1(0)0), we receive

9)

(11)

Y p(EZ-X)+ X -2) y
L(EZ-0+Q-D+X-D)E-(EZ-X)+&X-D)v?

(S(Z—X)-I-E(l—Z)—I—(X_l))E t—l_ = B
l (S(Z—X)-I-(X—Z)) - _Zﬂ:—l—,u1<1.

The following demonstrates € € SMM(e X, Z,§).
However, how about £ € SMm(e X,Z, &), afterwards
(Z-0+x-2)
(f(Z N+A-D)+X-DF-(CEZ-X+X-2)v
Placing
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-+ Q-D+X-D)E-(CEZ -+ X -2t
o EzZ-X+(X-2)

and

H, = 1 _Z‘u“
=2

we receive,
o0

OEDYRIO!
=1

L= 2

’

Theorem 2.3: A function p(v) specified by

p(v) = ule(u)du, (12)

0
in which ¢ belongs to the class SMM(e X,Z, &) whether the function ¢ € SMM(e X,Z,&), and an is ¢

number that is real.

Proof: Take
p(v) =ev—322,tv, (t,=0), (13)
in which,
_c+ 1
t, — . 14
T o (14)
Then,

+1
Zz(f(z T =D ¥ DAL :Zz(m —0 -2+ (K- D)ES e
=(Z-0+0-D+K-1)Fe, = ((Z =X)+ X —2))ey.

Assuming ¢ € SMM(e X,Z, %), it follows that p(v) € SMM(e X,Z,¢).
The radius of Starlikeness as well as Convexity have provided through the theorem.

Theorem 2.4: The radii of Starlikeness for the classH;*.(a, 4, B, §)is give by

17}&
1
B CZ-+A-2)+&x - 1))&)H
n =M., ( L(f(Z oo Z)) , L= 2. (15)
Proof. We need to show that
vew) 1 <1 =mn;0 1
o) =T (v=mn;0<n <1)

Subsequently is simple to demonstrate if

Z(z — e, rl_l =1 +Zetv Z:eL o L (16)
1=2 =2

=2
and
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e t—evt < 1. 7

NMs

Il
o]

L

T

=

rough (10),
((f(z - X)+(1-2)+ X - D)F, - v‘_l) 1
L " EZ-+x-2) -
As aresult, (17) will be accurate if
e (CEZ-X+(1-2) + (X - D)F,
-1 _ =1
TV s ( EzZ-X)+(x—-2) )

(18)

bsﬂg

or

L ((z(z - X+(1-2)+ X - 1))14:)*-11

' ((zZ-x)+x-2) '

The outcome is precise for the function

o) = ((vf(z —X)+v(1-2) +v(X - 1)))F -0+ -2 _
EZ-+(Q-2)+x-1) )" (ECZ-X)+&-2))h1!

Theorem 2.5: Allow a function ¢ for given create (4) in SM,;1(e, X, Z, &), thus it

r(2—3Z+Xx+8Z - X))) - EZ-+&X-D)r
2-3Z+X+8Z-X) )" (EZ-X)+E&X-D)'

Y(r) = [E()] = ( (19)

r r=v
Y(r) { r(2-3Z+X+&(Z - X)) ; ((@Z-X)+ (X - D) - (20)
( 2-3Z+X+¢&Z—X) )L_(f(Z—X)+(X—Z))v otherwise
supplied the order

{(e(z - X+ -2+ X-DE-(CCZ-X+X- Z))v‘_l} , (21)
1=2

optimistic and not diminishing. Also,

EZ-X+&X-2D)r
C(2-3Z4X+EZ-X)FR-(EZ-X)+ X -D)
='W =

2—-3Z+X+E(Z-X) 2(X-2)+¢@Z - X))r?
(2— 3Z+ X +E(Z—X))r (- +EeZ-0)r
supplied the order
{(f(z ~X)+i(1-2)+ X -D)F - (E(Z—-X)+ (X — Z))v‘_l}m
1=2

L

€1

(22)

is beneficial and non-decreasing, (|z| =r,0 < r < 1) and E, is specified by (7)

Proof. Allow ¢ € SM, (e, X, Z, £), then assumingly, we arrive at

oo

e, < (Z-x+x-2)
o

2-3Z+X+¢Z-X))R-CEZ-X)+X-2)v

1=2

138



Journal of Natural and Applied Sciences URAL No: 4, Vol: 1\December\ 2023

and,

i"‘e _ 3(¢8(Z - X) + (X - 2))

LT (2-324X+8Z - DR -3 -0+ X -D)v’
For v =r,(0 < r < 1), we achieve

[£(v)| = |eyv — Zelv‘ <r (1 + Z e, vt +Zelr*_1) <r (1 + v+ r)z et)
1=2 1=2 1=2

1=2

{(2—32+X+§(Z—X)) 2@ -0+ & =2D)r?
23z xviz—0)" T G-+ x—)r

and

r (el — Z:eL r‘_l) =r (1 + Z e, (vl — r‘1)> <
1=2

=2

eyv— ) ev'|=[£W)],

=2
hence , [(v)| = r if r < v, though if » > v, we achieve {v'"* — "1}, is unfavorable and declining, so
the situation

= 2-3Z+X+&(Z—X) 2(8(Z — X) + (X — 2))r?
[£(V)| = r(1+(v—r);el) = (2 —3Z+X+§(Z—X))TF2 — (f(Z—X)—I—(X—Z))r )

and using the identical method, we arrive at the outcome (22). We can use the formulas #(v) = v and
£ ) = 2-3Z+X+&Z-X) 20 - X))+ X —2D))?
2T\ 3z x ez 0)" T -0+ x—D)w

Theorem 2.6: Allow the function # stated by (4) to take the class SM,; (e, X, Z, &), we get
EZ-X)+&X—-2D)e FZ-X+&X-2)e,

— 2
R CEE RS T vy ) A el CEE VRS 7 ays) U
and
o BE_OFE-D)er e, (EFE D)y )

(2-3Z+X+¢Z-X))F, (2-3Z+X+EZ-X))F,

Proof. Using supposition, we've obtained

ie _ -0+ -2)e
T (2-3Z4X+EZ-X))F,’

=2
and

i o 2(6(Z —X)+ (X —2))e,
s T (2-3Z4X+EEZ-X))F,
Then, through (4), we're left with

= = = Z-X)+(X—2Z
[tV = |e;v— ) eV =er +Z:eq,,L r'* < er+ rgz L= er+ (¢ )+ ( e
(2-3Z+X+&Z—-X))F,
1=2 1=2 1=2
and
Z—-X)+(X—-Z

(2-3Z+X+¢(Z—-X))F,
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Further, there is

oo o0

) ~ 20Z-X)+ X —2))eg
[2'(v)| < e, +r;zetr 2<e + ?‘122:.5@L <e + =32+ X+EZ—X)F, "
and
‘. 20Z-X)+ X -2))e -

(2-3Z+X+EZ-X))F,

Consider the following function to get clarity
262 -X)+ (X —2))e; 2
(2-3Z+X+¢CZ-X))F,

{,(v) =ev—

3. CONCLUSIONS

It was found in this paper some applications of the notion of differential subordination as it relates to
subclasses of univalent functions that use specific convolution as operators. We did examine geometric
properties of these kinds of functions, including coefficient bounds, distortion theorem, starlikeness and
convexity radii, among others. Extreme points and the integral operator have both been studied.

We investigated a few of the characteristics of variations subordination of analytical univalent functions
over an open unit disc as well as deduced specific subordination as well as superordination properties using
the characteristics of the broader a byproduct operator. Additionally, it gave insight into geometrical traits
like coefficient disparities and Hadamard product characteristics. There were installed certain intriguing
findings for derivatives differential subordination as well as superordination of analytical univalent
functions. Then, a few findings of variations subordination that involve linear operators have been presented
employing the convolution with two linear operators. The convolution operator has been used to deal with a
number of leads to over differential subordination within the unit disk with open edges employing broader
hypergeometric function.

Through the use of an operator with linearity as well as variations subordination, we arrived at a few
conclusions as well as a few sandwich theorems. As an a few convolution as a operators, we as a species
provided a few variations subordination programs towards subclasses about univalent functions. Through
the application of a straight-line operator, it was possible to achieve certain important outcomes in the
variations subordination as well as variations superordination about meromorphic analyzing univalent
functions of the second order. Lastly, we provided a few outcomes over 2nd-order differential subordination
within the open section disk involving broader hypergeometric function employing the convexity operator.

4. UPCOMING STUDY

The next phase of investigation is broken down as follows:

e The ability to investigate a novel linear operator by employing the Hadamard the item as its
fundamental hypergeometric function along with to study a novel category of multifaceted functions
determined by the newly discovered parametric operator.

e As a 4th order differential subordination within the open unit disk, a number of leads to will be
obtained through the broader hypergeometric function along with the characteristics associated with the
broader a byproduct operator.

e Can create two brand-new bi-univalent function subclasses while getting notions to feed the class about
functions projections.
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Abstract

Heavy metals that may be hazardous to one's health after consuming contaminated
foods are lead, cadmium, copper and chromium. Table salt is one of the most widely used
food additives with a unique position in food consumption. Although purified table salt is
expected to obtain a lower level of contamination, this study aims to investigate the
contamination of consumed table salt with heavy metals. Unwashed salt (from soil sites) was
analyzed using an atomic absorption spectrophotometer to detect toxic heavy metals The
result was a pb concentration equal to 1.325, 0.592, 0.279, 0.295, a Cd concentration of
9.103, 10.574, 17.191, and 18.294 for the samples, a Cu concentration of 43.545, 20.534,
7.182, and 17.693, and a Cr concentration of 11.926. 7.759, 12.389, 9.611 for samples A, B,
C, D, in order, and in comparing the results of lead concentration (FAO/WHO), we note that
the values are lower than those of FAO/WHO. Based on the findings, Cd, It was discovered
that the values are much more than the (FAO/WHOQO) limit, as well as the concentration of
Cu, which is a heavy metal and much of its consumption can be hazardous to one's health.

Keywords: table salt, atomic absorption spectrometry, heavy materials.
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Introduction

Heavy metals may be found in abundance in the Earth's crust, air, water, and a variety
of man-made items. Heavy metals can be absorbed through the skin or inhaled.
Contamination of food products with heavy metals makes the food chain and diet a major
pathway for human exposure to heavy metals. Despite the normal state that foodborne, Food
poisoning owing to hazardous and heavy metal concentrations should also be considered as
a result of meals contaminated with microbes. [1, 2].

Salt is considered one of the natural products that emerge from the ground in areas with
salt deposits in a specific season when the rainy season falls, the winter season in Irag. When
the rain water evaporates, the salt comes out naturally from the ground to the surface in the
month (April, May and June). These months are called the salt harvest season in the central
and southern regions of Irag. Saline areas extend along the highway linking Baghdad and
Basra in southern Irag. Figure (1) shows a Google Maps satellite snapshot of saline
locations.

Table salt is a major source in daily consumption, as it is included in all human food,
and table salt is free from pollutants and heavy elements, which is very necessary for human
health, and for this | found it necessary to reveal the percentage of minerals present in table
salt.
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Figure (1) picture from Google Maps of a salinity site in the city of Diwaniyah
Materials and devices used
Table salt (sodium chloride)

Molecular formula (NaCl) Molar mass 58.44 g/mol Appearance White crystalline
powder Density 2.16 g/cm® Melting point 801 °C Boiling point 1465 °C Solubility in water
36 g/100 ml water. Figure (2) shows the Braves lattice of a sodium chloride crystal, a face-
centered cube (FCC), the length of its sides (a = 5.63 A). A single cell contains four lattice
points, each point of which is accompanied by a base consisting of two ions, sodium Na and
chlorine Cl. They are separated by a distance equal to the radius of the cubic unit cell. With
the sides and the center of the cube or vice versa, a sodium chloride crystal can be depicted
as consisting of two FCC-type lattices, one of which is a sodium lattice and the other a
chlorine lattice, each one displaced from the other by (a = 1/2) [3,4].

Figure (2) Crystal structure of sodium chloride (table salt) [4]
Atomic Absorption Spectrometer (AAS)

The term atomic spectroscopy is applied to the set of techniques that are used to
determine the different elements in their atomic state, where the samples are exposed to a
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thermal or electrical energy source to break the molecular bonds, and once these bonds are
broken and free atoms are given, the analysis process is done using atomic absorption
spectroscopy, atomic emission, or atomic fluorescence [5]. Fig. 3 shows an (AAS) device
based on the principle of atomic absorption, based on the fact that most of the atoms of the
substance are found in the ground energy level (E ) that is not excited from the energy levels
of the atom, and with the presence of a light source with a suitable wavelength A, the
electron in the ground energy level absorbs this light beam to move to a higher excited
energy level. Thus, the intensity of the light beam (1) passing through the atomic fog
Aerosol will decrease and escape from the fog with intensity I, and this decrease is
proportional to The number of absorbent atoms has, and this is consistent with the Beer-
Lambert law, where the absorbance is expressed by the symbol A and is given by the
relationship: -

A =log (I /1) = er.l.C, this relationship is directly linear within a specific range of
concentrations.

Where 1 _is the intensity of the incoming light ray, I is the intensity of the transmitted light
ray, | is the path length, C is the concentration, €A is a qualitatively characteristic value of the
atomic absorption at wavelength A of the studied element [6,7].

Figure 3: The Atomic Absorption Spectrometer (AAS)
Studied Elements
Lead

a chemical element with the symbol Pb and atomic number 82. It belongs to the carbon
group, which is the fourteenth group on the periodic chart and the fourth group overall. Lead
is a heavy metal with a high density that is typically seen in the hue bluish-silver. However,
when exposed to air, this color soon loses its brilliance and turns opaque gray. In addition to
being a component of many alloys, lead is a soft, malleable metal that is ductile and
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malleable. It's a stable metal as well, and three of its isotopes are towards the end of the
decay sequence for radioactive heavy elements. It is a toxic metal, which led to limiting its
applications in most countries after discovering its toxicity. Lead affects negatively inside
vital bodies, where its effect is similar to neurotoxins in terms of the ability to harm the
nervous system and disrupt the functional performance of some vital enzymes, causing
neurological and movement disorders [8, 9].

The most effective way to find trace quantities of lead is to use AAS, either through a
graphite or quartz tube. The 4.5 ng/mL lower limit of detection is possible. Typically, lead is
treated with sodium borohydride to produce volatile lead (1) hydride, which is then
collected in a lab beaker and electrically heated to temperatures above 900 °C. Lead can then
be detected using a hollow cathode lamp because it exhibits an absorbance at 283.3 nm.
[10,11].

Cadmium

It is an element in the periodic table of elements with the chemical symbol Cd, atomic
number 48, and atomic weight 112.411. The element is poisonous, as are its salts, and Cd
also endangers the environment. The kidneys, skeletal system, and respiratory system are all
adversely affected by cd, which is classified as a human carcinogen. Although there are only
little amounts of it in the environment, human activity has greatly increased those levels. Its
color is blue to whitish. Cd dissolves in acids and does not dissolve in alkalis. Boiling
cadmium produces toxic yellow fumes [11,12].

Copper

Copper (Cu) is characterized by its high conductivity and great ability to conduct heat
and electricity. It has a reddish-brown color that has become covered with time with a green
layer as a result of its exposure to moist air. It has an atomic number of 29, an atomic mass
of (63.54 g/mol), a boiling point of (2567 C), a melting point of (1083.4 €), and a density of
(8.96 g/cm?). Copper helps in the synthesis of many enzymes. To extract energy from food
and to absorb iron, it thus plays a role in preventing anemia, as an increase in its
concentration in the body leads to many diseases, the most famous of which is Wilson’s
disease [13,14].

Chromium

Chromium is a chemical element whose symbol is Cr, and it is of two types, the
first is trivalent, which is safe for humans, and the second is hexavalent, which is a poison
that causes health problems.The recommended daily dose (men 0.2-35, women 0.2-25,
pregnant 29-30) micrograms [11, 15, 16].
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Sample preparation and method of work

Samples were collected from different salt sites, where the samples were kept in
polyethylene bags after being exposed to air and sunlight for a week for the purpose of
drying them from moisture. Salt samples were crushed in the laboratory, then sifted into 80
mesh, after that they were transferred to sealed glass containers. Four elements were
detected, namely lead, cadmium, chromium, and copper, by an atomic absorption
instrument. Figure (4) shows the salt samples that were collected and examined.

.
——
——

Figure 4 shows the salt samples that were collected and examined

Using a desiccant and a previously distilled moisture plate, (0.05 g) of salt was put in an
oven to determine its moisture content. The dish spent two hours in the oven, which was set
to 110 degrees Celsius. In a desiccator, it was chilled after heating. This plate was weighed
after cooling, and the formula below was used to determine the sample's moisture content:

Weight% Moisture = (A/B) x100 where: - A = weight loss in grams after drying. B
= weight in grams of the salt sample.

Use an AAS with an analytical model (Hitachi Z8000) that contains the details of the
examined minerals indicated in Table 1. The volume of the sample was made (1 liter) by
dissolving twice distilled water (DDW) in a 1000 ml beaker, heating this sample solution at
110 ° C for 15 minutes, and then condensing it for 30 minutes without boiling. The sample
was made by dissolving (10 ml) of (HNO3) and (5 g) of the sample to make a mixture, and
this mixture was covered with a glass for 30 minutes. chilling the sample solution, adding 5
ml of pure HNO3, and then reflowing it For 30 minutes, sample the remedy once again.
Most of the samples did not emit any brown fumes during reflux, indicating the presence of
HNQO3, but those that did were added to 5 ml of concentrated HNO3 and mixed again for 30
minutes, until no brown fumes were detected.

Table (1) Features of Metal AAS
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Metals

pb
Cd
Cu
Cr

Results and discussion

283.3
228.8
324.8
367.9

A(max)nm

No: 4, Vol: 1\December\ 2023

Flame gases

Air-acetylene
Air-acetylene
Air-acetylene

Nitrous oxide

Sensitivity

20
1.5

Maximum
lamp current

15
8

10
12

It is well known that heavy metals have an active role and occupy an important place

in many biological processes. Table No. (2) and Figure (5) show the results of the analysis
of four samples of salt collected from different locations, where the sample A and B were
collected from two different locations in the city of Samawah, and samples C and D were
collected from two different locations in the city of Diwaniyah in central Iraq.

no

O O mw >

Table No. (2) Results of (AAS) analysis in table salt samples

Pb(ppm) Cd(ppm) Cu(ppm) Cr(ppm)

1.325
0.592
0.279
0.295

9.103

10.574
17.191
18.294

150

43.545
20.534
7.182

17.693

11.926
7.759
12.389
9.611
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Figure (5) Results of (AAS) analysis in table salt samples

We note in Table (2) that the percentage of lead (pb) in salt was the lowest in all salt
samples, and in comparing the results of lead concentration with the Food and Agriculture
Organization / World Health Organization (FAO/WHO) as a result of the analyzes in Table
(3), we note the values within the limits recommended by FAO/WHO, which is around 2 mg
kg™ As for cadmium from the results, it was noted that the values are much more than the
FAO/WHO equal 0.5 mg kg* [16]. The World Health Organization recommended that the
maximum content of copper in salt be 2 mg / g. It is a heavy metal and much of its
consumption can be dangerous to human health. It is recommended that the salt contain a
smaller amount of this metal or if it is possible not to contain it at all [17]. As for chromium,
all results were in much greater than the maximum human consumption specified by the
Codex Alimentarius.

Table (3) average concentration of heavy metals in salt sites in Iraq compared to the maximum limit
of the Codex Alimentarius

Tracer Mean + SD Codex maximum limit
pb 0.6227+0.021 1.0
Cd 13.7905+0.002 0.25
Cu 22.2385+0.80 2
Cr 10.42125+0.143 0.5

Table (4) Comparing the concentration of heavy metals in salt sites in other countries by a group of
researchers
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location Pb (ppm) Cd (ppm) Cu (ppm) Cr (ppm) References
Himalayan 0.06 ND 0.04 0.42 7
NIGERIA 0.36 0.50 0.03 ND 18

Iran 1.59 0.91 1.24 ND 19

Ghana 0.001 2.80 6.88 ND 20

Egypt 0.66 0.22 0.47 ND 21

KSA (Riyadh) 0.0114  0.0002  0.0009  0.0005 9
Sri Lanka ND 4.07 ND ND 22
ND=not detected
Conclusions

The purpose of the current study was to assess chemically unprocessed rock salt at
significant salt producing sites in Irag. During the research, the focus was on comparing the
outcomes with regards to the upper limits set by the Codex Alimentarius Commission, the
World Health Organization (WHO), and the Food and Agriculture Organization (FAO) for
human consumption. In Codex the concentration of Cd, Cu and Cr was above their safety
limits as stipulated in the SON and Codex regulations. These results indicate that some
metallurgical processes should be performed the samples' salt purity should be increased. To
increase their degree of purity, samples of unrefined rock salt must go through some sort of
chemical or physical process. To increase the purity of salt samples to 97%, they must
additionally go through rigorous refining and metallurgical operations. The mineral content
just has to be below the limit for human consumption defined by the Codex Alimentarius
Commission.
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Abstract

Another popular swarm intelligence technique for handling optimization issues is the Flower Pollination
Algorithm (FPA). It has grown in prominence as a result of its straightforward architecture and powerful
optimization skills. FPA shares some drawbacks with other swarm-based algorithms, including a propensity
for local optima and slow rate of improvement for high-dimensional global optimization problems. The
Effective Local Flower Pollination Algorithm (ELFPA), a modified version of FPA, has been offered as a
solution to these problems. By employing a balanced exploitation and exploration approach, ELFPA seeks
to improve exploitation capabilities and solution accuracy. In order to avoid local optima, it uses random
operators. These tactics work best together, which improves FPA performance. Benchmark test functions,
including those from the CEC 2017 test suite, were evaluated experimentally. The findings of comparing
the performance of ELFPA to other swarm intelligence algorithms and sophisticated methodologies were
quite positive and encouraging.

Keywords: Flower Pollination Algorithm, Swarm intelligence, Metaheuristic algorithm, Local optima,
Optimization algorithm

1. Introduction

In a mathematics problem known as an optimization problem, a collection of variables is changed to reduce
or increase an objective function while satisfying a set of constraints. In other words, it is the challenge of
identifying the optimum solution from all those that satisfy the given constraints. There are two primary
types of optimization issues: linear and nonlinear. The objective function and restrictions in linear
optimization problems are both linear functions. The objective function, the restrictions, or both are
nonlinear functions in nonlinear optimization problems. Numerous disciplines, including engineering,
economics, finance, computer science, physics, and many others, encounter optimization issues [1].
Common instances of optimization problems include:

Find the shortest path between any two points on a graph, minimize the error in the regression model,
maximize the accuracy in the classification model, and optimize the position of objects to minimize
collisions in a three-dimensional environment. These tasks are all related to finding the minimum cost of
producing a certain amount of product. Numerous optimization procedures, including graded ratios,
Newton's method, simulated softening, genetic algorithms, and many others, can be utilized to address
optimization problems. The particulars of the problem, the traits of the target function, and any constraints
will determine which algorithm is used. There are numerous categories of optimization algorithms, each
with a distinct methodology. However, the following are some broad groups of optimization algorithms: [2]

Deterministic optimization algorithms: These algorithms employ a particular strategy to locate the best
outcome. Mathematical programming techniques including linear programming, quadratic programming,
and accurate programming are typically used. Random optimization algorithms: These algorithms look for
the best answer based on a set of probabilities. The majority of the time, they rely on metaheuristic
techniques like simulated annealing, genetic algorithms, particle swarm optimization, and ant colony
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optimization. Algorithms for gradient-based optimization: These algorithms iteratively search for the
minimum value using the gradient of the target function. They are typically employed for objective
functions that are smooth and distinct. Derivative-free optimization algorithms: These algorithms are
capable of handling heterogeneous or non-differentiable objective functions since they do not rely on the
objective function's derivative. The Nelder-Mead simplex approach, evolutionary algorithms, and pattern
search are a few examples of methods that are commonly based on research. Algorithms for hybrid
optimization: These techniques integrate two or more optimization algorithms to boost the potency of each
and improve performance. An imperative technique and a random method, for instance, might be combined
in a hybrid algorithm. The goal of cascading algorithms is to handle difficult optimization problems that are
beyond the scope of conventional mathematical techniques. These algorithms, which are based on heuristics
and research techniques, don't promise to find the best solution, but rather to do so in an acceptable amount
of time.

Metaheuristic algorithms come in a variety of forms, but the following are the most popular:

Natural selection and evolution are the foundations of genetic algorithms (GAs). They begin with a variety
of viable answers and then create new ones using genetic elements like intersection and mutation. The best
solutions are chosen for the following generation [3], Particle Mobilization Optimization (PSO): These
algorithms are based on the behavior of particle swarms, and solutions are evaluated based on their
applicability. The Ant Colony Optimization (ACO) algorithms are based on how ants navigate to find the
shortest path between their colony and a food source. Each particle represents a potential solution and
moves through the search area, adjusting its position based on its best position and the best position of the
swarm. These algorithms are based on the physical annealing process, where the material is gradually
heated and cooled to obtain the least energy state. Each ant symbolizes a potential solution and travels
across the search space, leaving the pheromones that draw the other ants to follow the same path. To explore
the search space and escape the local Optima [6], Tabu Search (TS): These algorithms are built on the idea
of retaining a list of recently visited prohibitions or disallowed solutions. The algorithm starts with a high
temperature and gradually lowers it. The algorithm traverses the search space, dodging obstacles and
venturing into uncharted territory.

2. Preliminaries
2.1 flower pollination algorithm (FPA)

One of the metaheuristic optimization algorithms, the flower pollination algorithm (FPA), was first put forth
by Xin-She Yang, the same researcher who came up with the Firefly method. The Flower Pollination
Algorithm, also known as FPA, is a brand-new optimization algorithm created based on the pollination
process carried out by plants. It was first introduced in its paper "Flower Pollination Algorithm for Global
Optimization," published in the journal "Unconventional Computation and Natural Computation™ in 2012
[7]. This program applies the pollination process to the suggested solutions in each optimization cycle using
a novel model [8]. The flower pollination algorithm is predicated on the idea that stronger candidates for
solutions in the current generation tend to have genetic traits that are more likely to be handed down to
succeeding generations. Since plants are pollinated at random, the algorithm makes use of this notion to
produce a random pollination process that aids in diversity and encourages exploration throughout the
solution's potential domain. Numerous example challenges, including concerns with numerical methods,
performance optimization, data categorization, image analysis, artificial intelligence, and deep learning, can
be solved using the flower pollination algorithm. The flower pollination algorithm (FPA) is a relatively new
optimization technique, and Yang's initial algorithm from 2012 has undergone numerous modifications and
extensions. The Binary Flower Pollination Algorithm (BFPA) is made for tackling binary optimization
issues and is especially well suited for feature selection tasks. The following are some of the most recent
versions of FPA along with their references. Implementation of the flower pollination algorithm This paper
presents a new optimization approach based on the Flower Pollination Algorithm (FPA) to solve the
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Economic Load Dispatch (ELD) and the Combined Economic Emission Dispatch (CEED) problems in
power systems. This approach integrates economic and environmental objectives into the optimization
process using the FPA algorithm. The suggested FPA is a meta-heuristic algorithm that draws inspiration
from how flowers in nature pollinate one another [11]. The proposed DECD-FPA algorithm offers a
promising approach for optimizing engineering design problems with multiple objectives and constraints. It
is a modified version of the FPA algorithm that incorporates a new search strategy to improve its
performance in solving mechanical engineering design problems. [12]. The invention of an adaptive version
of the FPA algorithm that integrates self-adaptation techniques to increase its performance in resolving
software test suite minimization issues is the contribution of this research. A viable method for optimizing
software testing issues with intricate and sizable software systems is the AFPA algorithm [13]. The
suggested AFPA algorithm offers a potential strategy for building antenna arrays with increased
performance and decreased complexity and cost. Synthesis of linear antenna arrays. Other varieties of
antenna arrays and other optimization issues in the field of antenna design and optimization can be
addressed using the method [14]. The paper provides insights into the benefits and drawbacks of the FPA
algorithm, which can help researchers and practitioners choose the best optimization algorithm for their
particular problem. Flower pollination algorithm: a comprehensive review of the FPA algorithm, its
variations, and its applications in various fields. The evaluation also identifies the areas that require more
study if the FPA algorithm is to perform and operate more effectively [15]. The novel flower pollination
algorithm suggestion is a novel modification of the FPA method that improves the algorithm's performance
for continuous optimization issues. The suggested IFPA method provides a more effective search space
exploitation while maintaining population variety, improving optimization results [16]. Tuning the flower
pollination algorithm's parameters First, it offers a thorough evaluation of the impact of the various FPA
algorithm's parameters on performance. Second, it suggests a fresh method for parameter adjustment that
could result in better optimization outcomes [17]. The performance of a modified flower pollination
algorithm in resolving global optimization issues is enhanced. The suggested approach, a flower pollination
algorithm with pollination attraction, includes a new mutation operator and a new technique for updating the
flower population [18]. a thorough examination of the suggested strategy, which compares the new flower
pollination algorithm, the improved pollination mechanism, and the adaptive learning mechanism to other
cutting-edge metaheuristic algorithms on a number of benchmark functions [19]. While the adaptive
learning mechanism updates the step size and aids in balancing exploration and exploitation, the increased
pollination mechanism enhances the search capability by introducing pollination with random flowers and
nearby flowers. An improved method for discreate flower pollination was tested on several datasets [20],
and the findings demonstrate that it performs better than previous algorithms in terms of both solution
quality and convergence speed [21]. The approach is straightforward, simple to use, and in some
circumstances outperforms competing optimization algorithms. To acquire the best outcomes for a
particular optimization problem, it is advised to test out a few different optimization algorithms because it
may not always be the best option. The flower pollination algorithm (FPA) has several disadvantages in
addition to its benefits, such as the possibility of a lengthy processing time. The optimal solution may take
an algorithm longer to find than it does for some other algorithms. The severity of the issue could be
considerably impacted. Large-scale or high-dimensional problems might be challenging for the algorithm to
handle, and these situations may necessitate adjusting the algorithm to improve performance. You might not
always come up with the best answer. In some circumstances, the algorithm might have trouble locating the
best solution, or it might come close to the best solution but fall short. To enhance its performance, you
might have to make changes. By making various adjustments, such as modifying the values of some
parameters or the update method for solutions, the algorithm's performance can be enhanced. You might
experience the issue of settling for local answers. If the start is bad, the algorithm may struggle to avoid
falling into local solutions and failing to find the best answer. The Flower Pollination Technique is a
powerful optimization algorithm that offers a number of benefits, such as: Ease of application: The Flower
Pollination Algorithm is easily applied to a variety of issues that call for numerical solutions. Speed of
solution: Because the algorithm is based on the idea of probability and regular movement between options,
it finds the best solution to the given problem fast and efficiently. A flower pollination algorithm is capable
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of handling a wide range of issues and, in certain situations, outperforms other algorithms in locating the
best solutions. Ability to avoid settling for local solutions: The algorithm's ability to settle for local solutions
Is what gives it a better chance of finding the ideal answer. Capacity to enhance existing solutions: The
algorithm's ability to enhance current solutions rather than only find optimal answers distinguishes it and
makes it valuable for resolving complicated issues. The algorithm's capacity to learn and adapt to its
surroundings is used to enhance both its performance and the solutions it provides. The flower pollination
algorithm, which is regarded as one of the best in the fields of optimization and data analysis, has a wide
range of advantages and benefits. The local search process in the algorithm was modified in this study in
order to avoid these flaws and try to discover solutions to them by increasing the randomness inside the
equation and changing the updating process for the local solution rather than depending on a dominant
factor. The comprehensive solution has undergone changes. the exploration and exploitation operations by
including a control factor as a counterbalance in the modernization equation. Original Flower Pollination
Algorithm There are two main types of pollination: biotic and abiotic. About 90% of flowering plants are
biopollinated, which means that pollen is spread by pollinators like insects and animals. The remaining 10%
of flowering plants are pollinated abiotically, which means that no pollinators are needed. With at least
200,000 different species of pollinators, including insects, bats, and birds, pollinators, also known as pollen
carriers, can be extremely diverse. A notable example of a pollinator is the honey bee, which has the
potential to develop a trait known as "flower stability” in which it favors particular flower kinds over others.
Because it will improve the passage of flower pollen to the same plants and hence increase the reproduction
of the same flower species, such floral stability has evolutionary benefits. Because pollinators can ensure
nectar supply with their limited memory and at the lowest possible cost, rather than concentrating on some
new, unpredictable, and potentially more rewarding flower species, this bloom constancy may also be
advantageous for pollinators. The stability of flowering may call for a low initial outlay and, most likely, a
nectar intake that is ensured. Self-pollination is the fertilization of one flower, such as peach flowers, from
pollen of the same flower or different flowers of the same plant, and frequently takes place when there are
no pollinators present. Pollination by cross-pollination, self-pollination, or cross-pollination means that
pollination can occur from flower pollen from a different plant. Pollination can be seen as comprehensive
because cross-pollination can take place over great distances and because pollinators like bees, bats, birds,
and flies are capable of flying great distances. Additionally, bees and birds have been known to engage in a
type of flight behavior known as fibrous flight, in which the steps of the jumping or flying distance are
subject to a fibrous distribution and the stability of the flower can be used as an upward step by comparing
or contrasting two flowers. The following four rules can be used to explain the stability of the bloom and the
behavior of pollinators throughout the pollination process: Abiotic self-pollination is local pollination, but
biocross-pollination is global pollination because pollinators make a lengthy journey. The likelihood of
reproduction, which is inversely correlated with the resemblance of two different flowers, might be thought
of as flower wandering. Additionally, it should be highlighted that A has the potential to influence the
interaction between universal pollination and local pollination by adjusting p. [0,1]

2.1.1 Mathematical representation of mass vaccination and local pollination

global and local pollination represented mathematically the two key steps in the flower pollination
algorithm are bulk and local pollination processes. Pollinators like insects spread pollen in large quantities,
and since they can probably fly and move quickly, pollen can go great distances. The following is how they
can be mathematically represented:

v =yf +y #1B) * Of — Ybest) e (1)
X
() = 0.01 x — )
|v|P
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Whereas, y; the solution in the course:t, v, the best solution obtained in the course ¢, y Scaling factor to
control step size, I(B) levy distribution trace parameter, yf** the new solution.

As for local pollination, self-pollination, that is, between flowers on the plant itself, and it can be

Its mathematical representation is as follows

t+1 _

yitt =y +ex (v —vi) e (4)

Whereas, y; the current solution at iteration ¢, and yf ** the new solution: v,y two different solutions j, k

randomly selected values, e random variable following a uniform distribution

Pseudo-code of Flower pollination algorithm

Objective min or max f(X), X = (X1, X2, ... Xn)
Initialize a population of N flowers /pollen gametes with random solutions
Find the best solution g* in the initial population
Define a switch probability p € [0,1]
While (t < Maxiter)
For (all N flowers in the population)

If rand<p
Calculate L which obeys a Levy distribution
Global pollination via x/™* =xf + I(B) (¢" — x})
Else
Generate € from a uniform distribution in [0,1]
Randomly choose j and k from N
local pollination via x{**=x{+e (x/-xf )

End if
Evaluate new solutions
Update the best solution
End for
Find the current best solution g.

End while

2.2 Proposed method

The Levy distribution is used to calculate the global search percentage in the original blossoming
pollination method. This percentage represents the difference between the optimal solution and the current
solution. By adding qualitative options that are far from the present optimal solution through uncertainty
and unpredictability, which is given by the ratio that follows the Levy distribution, this update process may
produce good results, but it may be constrained in variety for far solutions. Since the SSA technique's step
size is dependent on the factor ¢;, we added a step size based on the search space as a third term to the

original equation to create the proposed approach. As a result, the original algorithm's global search can be
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improved, and better results are attained. For example, in the equation below, the current solutions can be
replaced with new solutions that cover a region that is very remote from the current solution and the best
solution. This increases the likelihood of obtaining promising solutions that enable the algorithm to
approach the best global solution.

X=X IR (g —x)t e+ (Wb — 1) vy +15) .(5)

the Levy distribution, and the original flower pollination algorithm updates the current solution by adding
the proportion of tracking the normal distribution within the interval [0,1] from the difference between two
sites within the current iteration that are randomly selected within the community, and this step is initially
intended to aid the algorithm. If the community adopted a method of choosing three random solutions, and
the percentage of addition between the two random solutions was the same percentage or value that we used
in the global search process described above, c¢; and this percentage is not added to the current solution but

added to the third random solution that is chosen, the search process will be faster and more accurate.

X =xh e s (xh—x8) e (O)
At 2
c, = 2e [Maxiter) (7)

Enhanced Local Flower pollination algorithm
Objective min or max f(x), X = (X1, X5, ..., Xy)
Initialize a population of N flowers /pollen gametes with random solutions
Find the best solution g* in the initial population
Define a switch probability p € [0,1]
While (t < Maxiter)
Compute the value of ¢; by eq(7)
Evaluate the objective function of each solution x| as Fitness(i)
For (all N flowers in the population)
Xnew = zeros(dim)
If rand<p
Calculate L which obeys a Levy distribution
Global pollination via
Xnew = x! + 1(B)* (g" — x}) + ¢, * ((ub — Ib) * c, + Ib)
Else
Generate e from a uniform distribution in [0,1]
Randomly choose 7,7, and rsfrom N
local pollination via
Xnew = x} + ¢ * (x), —x;,
End if
Evaluate the objective function E,,,, at the solution Xnew
If E,.,, < Fitness(i)

xf*t = Xnew
End for
Update the best solution
End for

Find the current best solution g.
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End while

3. Experimental Results and Analysis

For replicating real-world issues, a wide range of unique test routines might be quite helpful. These
functions are consistently used by researchers to gauge how effective random algorithms are. This contrasts
the performance of the proposed algorithm with a number of sophisticated metaphysical algorithms,
including as BAT [23], PSO [4], CSO [24], and SCA [25], and WOA [26], MFO [27], HHO [28], and SSA
[29]. This compares ELFPA's performance with CEC2017 test functions [22]

Input Ib, ub, Search Agents

v
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v
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in 50 dimensions. Organize the test's setup. Using the CEC2017 test functions with a dimension of 50,
which are described in Table 1, the effectiveness of the ELFPA algorithm will be evaluated in this section.
It is intended to demonstrate how the ELFPA algorithm performs well with various test functions by
evaluating the enhanced algorithm using this collection of test functions. When comparing the ELFPA
algorithm to other optimization algorithms of the same type, which include Since metaphysical algorithms
are random, it is best to assess and contrast them unbiasedly to ensure that testing procedures are fair. The
trials were carried out on an Intel Core i5-7200U (2.50 GHz) processor with 4 GB of main memory, and all
algorithms were created in Python 3. All forms of functions, including monotony, multimodality, hybridity,
and compositeness, are covered by the test functions.

50 dimensions have been used with CEC 2017 issues and test functions as shown in Table.1. We repeat
each test 30 times, concentrating on each distinct function, to make sure that all of our tests are accurate,
performed consistently, and fairly. The maximum number of iterations and population size (N) are specific
to each experiment (maximum).

Table 1. CEC 2017 benchmark function.

Fun

F1

F2

F3

F4

F5

F6

F7

F8

F9

F10

F11

F12

F13

F14

F15

F16

rI r ©* T T T I I < < < £/ <Z < £ (¢ c *2'
g
D

F17

Function name

Shifted and rotated bent cigar function
Shifted and rotated Zakharov

Shifted and rotated ROSENBROCKS
Shifted and rotated restrains

Shifted and rotated expanded scoffers 6
Shifted and rotated Lunacek bi -restrains
Shifted and rotated non-continuous restrains
Shifted and rotated levy

Shifted and rotated Schwefels

Hybrid function 1 (n=3)

Hybrid function 2 (n=3)

Hybrid function 3 (n=3)

Hybrid function 4 (n=4)

Hybrid function 5 (n=4)

Hybrid function 6 (n=4)

Hybrid function 6 (n=5)

Hybrid function 6(n=>5)
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H F18 Hybrid function 6 (n=5) 1900
H F19 Hybrid function 6(n=6) 2000
C F20 Composition function 1 (n=3) 2100
C F21 Composition function 2 (n=3) 2200
C F22 Composition function 3 (n=4) 2300
C F23 Composition function 4 (n=4) 2400
C F24 Composition function 5 (n=5) 2500
C F25 Composition function 6 (n=5) 2600
C F26 Composition function 7 (n=6) 2700
C F27 Composition function 8 (n=6) 2800
C F28 Composition function9 (n=3) 2900
C F29 Composition function 10 (n=3) 3000

2. Measure performance and determine parameters

Metrics must be employed in order to compare and show the effectiveness of the ELFPA algorithm; thus,
we will use three metrics to assess how well the suggested algorithm performs. The average of the results
of the improvement is the first metric, and it is determined as follows:

1 n
Mean = —Z X; (8)
=

It stands for the outcome of each development. The improvement outcomes' second measure and standard
deviation, X;, are calculated as follows:

1 n
Std = mzl(x] — Mean)2 (9)
i=

In addition to the third scale, the standard deviation and median (MED), in comparison, show how stable
the method is. A more reliable and adaptable algorithm will have a lower standard deviation, according to
science. Table 2 lists the parameters for the ELFPA and other algorithms. The comparisons made are
accurate since each algorithm is set up to operate in a setting that is optimal for its parameters.
Additionally, the bolded results are the best ones.

Table 2. Hyperparameter settings
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Algorithm Parameter range\value
ELFPA p [0, 1]
Coefficient ¢; [2/e, 2]
FPA p [0, 1]
MFO T [-1, 1]
CSO Phi 0
BAT Loudness, Pulse rate 05,05
Frequency minimum 0
Frequency maximum 2
PSO Inertia weight (wmin, wmax) | 0.04, 0.09
Cognitive coefficient 2
HHO Beta 1.5
WOA Convergence constant (a) [0, 2
2]
Coefficient (b) 1
SCA Convergence constant r; [0, 2]
SSA Coefficient ¢; [2/e, 2]

4. Numerical performance evaluation

The results are shown in the tables, with the best result shown in bold. The ultimate values of win (W),
draw (T), and loss (L) for each algorithm are shown in the last row of each table. Using the CEC 2017
standard with 50 dimensions and a focus on the phases of exploration, exploitation, and the capacity to
avoid local optimal solutions, the efficiency of the ELFPA was compared to the efficiency of various
improvers. Additionally, the overall performance of ELFPA is contrasted with that of comparable
algorithms.

Table 3. Results of Unimodal functions for the ELFPA vs some recent techniques.

Fu Criteria CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFPA

n

F1 avg 1.81E+12 3.08E+09 1.52E+11 1.16E+10 1.36E+12 7.10E+11 5.28E+11 4.88E+11 2.55E+12 9950.32
std 2.192E+11 2.537E+09 4.952E+10 4.472E+09 3.237E+10 7.922E+10 5.719E+10 1.969E+11 3.180E+11 9.664E+03
med 1.779E+12 3.430E+09 1.549E+11 1.010E+10 7.765E+10 7.318E+11 5.219E+11 5.181E+11 2.589E+12 4.980E+04
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F2 avg 469217.6 109430.5 163000.6 193137.4 4181579 203536.7 145726.5 300850.9 615757.4 272714
Std 1.585E+06 2.506E+04 2.967E+04 6.001E+04 1.505E+04 2.757E+04 2.341E+04 1.047E+05 7.499E+04 5.892E+04
med 3.806E+05 1.095E+05 1.616E+05 1.825E+05 8.602E+04 2.003E+05 1.420E+05 2.793E+05 6.229E+05 2.596E+05

ran WIT/L 0/0/2 1/0/1 0/0/2 0/0/2 0/0/2 0/0/2 0/0/2 0/0/2 0/0/2 1/0/1
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Fig. 2 ELFPA for F1 and F2 Convergence curves and other traditional algorithms during 2500 iterations

4.1 Capabilities for exploitation analyses and exploration

The test functions F1 and F2 are single-minimum value functions, and the efficiency of the proposed
algorithm ELFPA is tested in the exploitation process by applying the algorithm to these two functions. The
results showed the superiority of the algorithm in these functions, which confirms that the algorithm is very
efficient in exploitation by achieving a strong ability to solve these Problems and reaching the optimal
solution, and this is evident from Table 3 Also, Figure 2 shows the convergence of the algorithm compared
to other algorithms.

As for testing the ability of the algorithm to solve multimodal optimization issues, which are the functions
that include more than one minimum value, which are the F3_F9 functions, the results of the algorithm were
very strong, and this can be seen in Table 4 as well as Figure 3, which shows the algorithm’s convergence
compared to other algorithms, and this shows the strength of the algorithm in exploration and obtaining new
solutions.

Fun Criteria  CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFPA
F3 avg 66998.4 800.18 4753.17 1153.63 52324.62 21138.93 8630.45 5358.94 126831.3 587.44

std 1.402E+04 9.771E+01 1.296E+03 1.460E+02 4.641E+02 4.230E+03 1.756E+03 3.475E+03 2.009E+04 3.358E+01

med 6.602E+04 7.918E+02 4.930E+03 1.123E+03 1.190E+03 2.077E+04 8.607E+03 4.342E+03 1.303E+05 5.969E+02
F4 avg 1464.14 846.29 973.99 976.4 1176.15 951.15 1091.82 990.8 1704.29 579.93

std 6.610E+01 7.137E+01 6.156E+01 7.472E+01 4.057E+01 3.603E+01 3.351E+01 9.151E+01 7.674E+01 1.354E+01
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med 1.486E+03 8.457E+02 9.729E+02 9.589E+02 7.339E+02 9.484E+02 1.095E+03 9.703E+03 1.713E+03 5.671E+02
F5 avg 769.98 685.59 684.8 718.45 711.76 702.1 699.78 689.39 808.64 604.84
std 1.194E+01 1.113E+01 8.197E+00 1.568E+01 1.041E+01 6.522E+00 5.907E+00 1.282E+01 1.147E+01 2.336E+01

med 7.734E+02 6.834E+02 6.856E+02 7.190E+02 6.340E+02 7.025E+02 6.981E+02 6.871E+02 8.092E+02 6.050E+02

F6 avg 4193.63 1461.41 1514.89 1791.32 3002.68 1749.65 1707.13 2173.39 6170.34 857.71

std 2.826E+02 1.626E+02 7.016E+01 9.950E+01 1.004E+02 5.799E+01 7.866E+01 5.200E+02 3.970E+02 2.179E+01

med 4.111E+03 1.435E+03 1.496E+03 1.780E+03 1.098E+03 1.773E+03 1.714E+03 2.121E+03 6.237E+03 8.516E+02

F7 avg 1790.8 1182.11 1250.4 1253.28 1745.96 1205.97 1405.86 1403.36 2040.57 879.49
std 7.072E+01 7.845E+01 5.276E+01 5.448E+01 8.739E+01 3.710E+01 3.010E+01 7.913E+01 8.556E+01 1.378E+01
med 1.774E+03 1.179E+03 1.246E+03 1.255E+03 1.037E+03 1.200E+03 1.411E+03 1.373E+03 2.051E+03 8.788E+02
F8 avg 70048.41 15780.9 19896.09 28484.07 16486.89 14882.34 25728.7 18673.84 104988 960.79
std 1.002E+04 3.043E+03 3.964E+03 8.005E+03 4.102E+03 1.171E+03 4.033E+03 5.450E+03 1.333E+04 3.800E+01

med 7.268E+04 1.459E+04 2.026E+04 2.641E+04 1.189E+04 1.463E+04 2.542E+04 1.782E+04 1.043E+05 9.477E+02

F9 avg 15720.22 8708.89 14571.83 11940.56 11469.7 11395.55 15019.39 8900.26 15272.34 7237.95
std 5.936E+02 8.483E+02 7.082E+02 1.400E+03 2.588E+03 1.303E+03 3.663E+02 1.228E+03 5.108E+02 8.830E+02
med 1.578E+04 8.008E+03 1.469E+04 1.196E+04 7.076E+03 1.111E+04 1.506E+04 8.895E+03 1.529E+04 7.116E+03

rank WIT/L | 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 0/0/7 710/0

Table 4. Results of Multi-unimodal functions for the ELFPA vs some recent techniques.

As for testing the ability of the algorithm to solve multimodal optimization issues, which are the functions
that include more than one minimum value, which are the F3_F9 functions, the results of the algorithm were
very strong, and this can be seen in Table 4 as well as Figure 3, which shows the algorithm’s convergence
compared to other algorithms, and this shows the strength of the algorithm in exploration and obtaining new
solutions.

In addition to testing the strength of the proposed algorithm in the process of exploitation and exploration,
the capabilities of the algorithm were tested in the process of balancing between these two processes, and
therefore the functions F10-F19 are the functions designated for this purpose. The results of the algorithm in
these countries were very excellent compared to other algorithms as in Table 5 And also Figure 4, which
shows the closeness ratio of the algorithm compared to other algorithms within these functions, which
confirms the power of the algorithm in the balance between exploitation and exploration.
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Fun Criteri  CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFPA
a

F10 avg 50469.2 2449.69 4504.52 2782.58 92218.77 | 16365.74 | 8828.7 22276.62 | 93327.88 | 1376.93

SN ey o\ 2023
TIG1E+0 ~ 6.237E+0 — LO23EF0 — 2B795+0 — LOSBEF0 — L.646E+0 — 1.500E+0 — 6.071E+0

4 2 3 2 3 3 3 4 4 1

med 4817E+0 = 2.402E+0 = 4.120E+0 2.677E+0 4.662E+0  1.719E+0 8.579E+0  1.725E+0 = 9.404E+0  1.387E+0
4 3 3 3 3 4 3 4 4 3

F11 avg 9.00E+11 | 2.56E+09 | 3.76E+10 | 6.61E+09 | 7.07E+11 | 3.84E+11 | 1.22E+11 | 6.28E+10 | 1.13E+12 & 3.47E+0

8
std 2.132E+1 | 2.641E+0 @ 1.675E+1 | 3.649E+0 & 1.301E+1 @ 1.112E+1 @ 2.931E+1 & 4.455E+1 | 1.478E+1 @ 3.012E+0
1 9 0 9 0 1 0 0 1 8

Med 8.373E+1 | 1.834E+0 | 3.448E+1 | 5.755E+0 | 5.699E+0 | 3.967E+1 | 1.243E+1 | 4.834E+1 | 1.160E+1 | 2.814E+0
1 9 0 9 9 1 1 0 2 8

F12 avg 5.67E+11 | 147799.2 = 5.64E+09 @ 1.8E+08 499E+11 = 1.70E+11 = 4.21E+10 2.33E+10 | 6.13E+11 = 122560.5

std 2.047E+1 | 6.688E+0 | 3.459E+0 | 2.499E+0 | 1.131E+0 | 1.173E+1 | 1.563E+1 | 2.875E+1 | 7.107E+1 | 5.854E+0
1 4 9 8 9 1 0 0 0 4

med 5.895E+1 | 9.423E+0 = 4.518E+0 | 1.125E+0 | 1.139E+0 @ 1.409E+1 @ 3.750E+1 | 7.490E+0 | 6.323E+0 @ 2.814E+0
1 4 9 8 9 1 0 9 8 8

F13 avg 1.8E+08 687403 1178547 2291624 1.39E+08 | 3040895 4859968 2359651 3931085 135729.5

2 7
std 9.520E+0 = 7.672E+0 = 1.201E+0 = 1.707E+0 = 8.484E+0  3.166E+0 = 3.373E+0 = 4.014E+0  1.400E+0 = 1.482E+0
7 5 6 6 5 7 6 6 7 5

med 1.040E+0 | 5.727E+0 | 6.766E+0 | 2.127E+0 | 6.438E+0 | 1.999E+0 | 3.737E+0 | 1.033E+0 | 3.675E+0 | 1.110E+0

8 5 5 6 5 7 6 6 7 5
F14 avg 1.64E+11 = 74358.9 1.03E+08 = 2669228 1.08E+11 = 1.94E+10 6E+09 1.53E+09 | 2.55E+11 = 94143.94
9
std 6.306E+1 | 3.138E+0 | 9.247E+0 | 4.638E+0 | 1.330E+0 | 1.468E+1 | 2.984E+0 | 2.910E+0 | 6.767E+1 | 4.442E+0
0 4 7 7 9 0 9 9 0 4

med 1.464E+1 5368E+0 6.167E+0 = 6.974E+0  5.678E+0  1.708E+1  5.575E+0 = 3.652E+0  2.625E+1  8.261E+0
1 4 7 6 6 0 9 5 1 4

F15 avg 11158.38 | 4037.96 4501.68 5515.57 10049.51 | 7402.1 5858.66 4471.31 12723.78 | 2805.54

std 1.748E+0  5.624E+0  6.527E+0 = 8.221E+0 = 5.171E+0  1.753E+0 = 4.389E+0 = 5.127E+0  8.793E+0 = 3.704E+0
3 2 2 2 2 8] 2 2 2 2

med 1.087E+0 | 3.842E+0 | 4.574E+0 | 5.421E+0 | 3.145E+0 | 7.033E+0 | 5916E+0 | 4.468E+0 | 1.281E+0 | 2.771E+0
4 3 3 3 3 3 3 3 4 3

F16 avg 61252.86 | 3683.91 3426.7 4192.94 148244.1 | 5216.22 4709.87 4534.96 2791807 2532.01

std 1.634E+0 | 3.799E+0 | 3.704E+0 | 4.726E+0 | 2.495E+0 | 1.085E+0 | 2.911E+0 | 1.526E+0 | 1.943E+0 | 2.421E+0
5 2 2 2 2 3 2 3 6 2

med 7.325E+0  3.568E+0  3.375E+0 = 4.113E+0 = 2.855E+0  4.952E+0 4.716E+0  4.182E+0  2.403E+0 = 2.527E+0
4 3 3 3 3 3 3 3 6 3

F17 avg 4.47E+08 | 5141403 7889465 1632870 4.53E+08 | 7121286 2754321 1294000 2.54E+08 | 1762044

7 5 7 8
std 2.342E+0 | 4.167E+0 = 5.373E+0 = 1.274E+0 | 1.130E+0 @ 4.117E+0 = 1.397E+0 = 1.501E+0 = 9.834E+0 | 1.464E+0
8 6 6 7 7 7 7 7 7 6

med 3.408E+0 | 4.547E+0 | 6.203E+0 | 1.167E+0 | 3.500E+0 | 5.392E+0 | 2.351E+0 | 9.159E+0 | 2.455E+0 | 1.220E+0
8 6 6 7 6 7 7 6 8 6

F18 avg 6.1E+10 1705361 1.57E+08 = 2907309 17754.6 7.66E+09 = 3.74E+09 = 8.19E+08 @ 1.12E+11 | 922549.4

3 2
std 2.695E+1 | 1.984E+0 | 2.194E+0 | 6.049E+0 | 8.186E+0 | 8.203E+0 | 1.666E+0 | 2.304E+0 | 2.759E+1 | 8.978E+0
0 7 8 7 7 9 9 9 0 5

med 7.234E+1  8.922E+0  6.868E+0 = 1.058E+0 = 5.009E+0  6.083E+0 = 3.407E+0 = 3.988E+0  1.187E+1  7.397E+0
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F19 avg 4560.53 3255.36 3812.37 3765.37 4237.13 3521.72 4007.32 3843.33 4703.76 2734.93

std 2.392E+0  2.869E+0 = 3.241E+0 = 3.512E+0 = 4.889E+0  2.806E+0  1.611E+0  2.922E+0  1.384E+0  2.029E+0
2 2 2 2 2 2 2 2 2 2

med 4.499E+0 | 3.235E+0 | 3.884E+0 | 3.813E+0 | 3.144E+0 & 3.596E+0 | 4.007E+0 | 3.797E+0 | 4.734E+0 = 2.732E+0

3 3 3 3 3 3 3 3 3 3
rank wit/l 0/0/10 1/0/9 0/0/9 0/0/10 1/0/9 0/0/10 0/0/10 0/0/10 0/0/10 8/0/2
Fy F, Fs
e © o o © © © © © D SN e e B
. R,
% ® o
| \'S"\ R\t 5*‘2’: e -
R - - e
@ \\\.'L » L @ \ ‘! n i 2 ii,' ﬁ ;1; ! g '
o 10% 1 ~.—’_ B o 105 ‘ ; - b o 9~
| oy <4 o= B * =
£ e t'e oo & T i *\t F+eee-
™1 \ N, \‘. T —e—w \
\ '\_\ \ x
10° 4 = -*l\ \l\= R B “ \\‘
‘“ﬁ_;';-r-ﬁ:ﬁ b, N w— T e i
0 1000 2000 0 1000 2000 0 1000 2000
Iterations Iterations Iterations
Fs Fg
'-_’—}' L e e e S S 10° S e e
|| \
1) \ ‘\; ' = '
E " 3
@ I\. - “ * & 9o -9 @@ @ '\ 2 —‘ - 1 \22 =
@ - = 8 ?'";* $-o- 8
5 i Y et g - = _ 2 10¢ 4
= ‘113}1 H=g—p- = o o [T‘ x = \
¥ T tpog-e- t‘ X
.
~ \
10° “Ye 22 \ :
e N vl iy it 10° 1 N e e e
0 1000 2000 0 1000 2000 0 1000 2000
Iterations Iterations Iterations
A
U
5
w
Aot S S
*
\
e e 3
0 1000 2000
Iterations
—+— ELFPA  —=— MFO @ BAT —=m— PS5O  -+- HHO -+ - WOA —m - SCA e SSA

—=— FPA —- C50
Fig. 3 ELFPA for F3 — F9 Convergence curves and other traditional algorithms during 2500 iterations
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Table 5. Results of Hybrid functions for the ELFPA vs some recent techniques.

Table 6. Results of Composition functions for the ELFPA vs some recent techniques.

Fun Criteri  CSO SSA PSO WOA BAT HHO SCA MFO FPA ELFP
a A
F20 avg 3394.65 2631.47 2813.24 2959.14 31505 3035.39 2908.03 2787.96 3561.62 2375.6
2
std 1.330E+0 | 6.514E+0 | 4.596E+0 | 1.013E+0 | 5.125E+0 | 8.516E+0 | 4.460E+0 | 7.420E+0 | 1.004E+0 | 1.291F
2 1 1 2 1 1 1 1 2 +01
Med 3.413E+0 | 2.646E+0  2.819E+0 | 2.953E+0 | 2.530E+0 | 3.014E+0  2.903E+0 | 2.781E+0 | 3.576E+0 | 2.377E
3 3 3 3 3 3 3 3 3 +03
F21 avg 17427.72 | 97035 15929.13 | 1327357 | 13899.39 | 13398.6 16654.28 | 10489.39 | 17047.9 8449.8
1
std 6.786E+0 = 1.850E+0 | 1.745E+0 | 1.324E+0 | 2.528E+0 | 1.208E+0 | 4.319E+0 | 1.010E+0 | 3.105E+0 | 9.450E
2 3 3 3 3 3 2 3 4 +02
med 1.746E+0 | 1.031E+0 | 1.639E+0 | 1.348E+0 | 8.790E+0 | 1.333E+0 | 1.674E+0 | 1.068E+0 | 1.704E+0 | 8.517E
4 4 4 4 3 4 4 4 4 +03
F22 avg 4962.48 3182.71 3442.9 3721.23 4617.8 4233.77 3590 323058 4369.76 2813.2
3
std 3.582E+0 | 9.997E+0 | 8.097E+0 | 1.883E+0 | 9.548E+0 | 2.132E+0 | 7.492E+0 | 7.564E+0 | 7.429E+0 | 1.830E
2 1 1 2 1 2 1 1 1 +01
med 4972E+0 | 3.147E+0 | 3451E+0 | 3.751E+0 | 2.989E+0 | 4.207E+0 | 3578E+0 | 3.219E+0 | 4.366E+0 | 2.811E
3 3 3 3 3 3 3 3 3 +02
F23 avg 5568.49 3264.89 3663.53 3776.15 4863.85 4496.28 3774.79 3245.59 4246.09 2989.8
5
std 5384E+0 | 9.187E+0 | 7.984E+0 | 1.723E+0 | 1.376E+0 | 2.405E+0 | 6.064E+0 | 5.091E+0 | 5.547E+0 | 2.092E
2 1 1 2 2 2 1 1 1 +01
med 5434E+0 | 3.270E+0 | 3.653E+0 | 3.773E+0 | 3.165E+0 | 4.486E+0 | 3.768E+0 | 3.243E+0 | 4.253E+0 | 2.990E
3 3 3 3 3 3 3 3 3 +03
F24 avg 32360.55 | 3308.2 5747.74 3486.85 25086.01 | 10165.09 | 7382.41 6354.31 64870.05 | 3052.4
9
std 6.108E+0 | 8.815E+0 | 6.977E+0 | 1.335E+0 | 4.286E+0 | 9.735E+0 | 7.762E+0 | 3.849E+0 | 1.022E+0 | 2.246E
3 1 2 2 2 2 2 3 4 +01
med 7.154E+0 | 6.000E+0 | 1.169E+0 | 5.534E+0 | 4.604E+0 | 1.981E+0  1.746E+0 | 1.161E+0 | 6.396E+0 | 3.048E
4 3 4 3 4 4 4 4 4 +03
F25 avg 24868.14 | 8193.6 10853.3 13984.83 | 21653.95 | 1492257 | 12815.13 | 9048.23 22207.85 | 4637.7
1
std 2820E+0 | 2.675E+0 | 7.221E+0 | 1.215E+0 | 7.765E+0 | 7.011E+0 | 4.847E+0 | 8.458E+0 | 9.439E+0 | 1.651E
o 3 2 3 2 2 2 2 2 +02
med 2562E+0 | 8.475E+0 | 1.081E+0 | 1417E+0 | 6.629E+0 | 1.479E+0 | 1.277E+0 | 8.941E+0 | 2.235E+0 | 4.638E
4 3 4 4 3 4 4 3 4 +03
F26 avg 8032.7 3809.11 4606.11 4285.97 3200.01 6350.56 4578.91 3646.24 5001.54 3432.7
3
std 1.113E+0 | 1.688E+0 | 1.867E+0 | 4.691E+0 | 1.018E+0 | 9.094E+0 | 1.743E+0 | 1.230E+0 | 2.435E+0 | 9.904E
3 2 2 2 2 2 2 2 2 +01
med 8.130E+0 | 3.864E+0 | 4.684E+0 | 4.151E+0 | 3.640E+0 | 6.339E+0 | 4.608E+0 | 3.658E+0 & 4.992E+0 | 3.416E
3 3 3 3 3 3 3 3 3 +03
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F27 avg 18662.53 3790.64 5610.76 4264.04 3300.01 9890.64 7309.72 8507.42 17611.1 3358.6
9
std 2.195E+0 2.585E+0 5.386E+0 2.741E+0 5.211E+0 8.839E+0 6.693E+0 1.117E+0 1.165E+0 3.264E
3 2 2 2 2 2 2 3 3 +01
med 1.847E+0 3.751E+0 5.717E+0 4.245E+0 40404E+0 | 9.849E+0 7.295E+0 8.865E+0 1.764E+0 3.359E
4 3 3 3 3 3 3 3 4 +03
F28 avg 437524.5 6309.82 7034.7 8313.3 412148.1 28187.87 8006.84 5752.27 46046.67 4238.8
4
std 1.062E+0 7.372E+0 8.103E+0 9.872E+0 3.547E+0 2.448E+0 8.454E+0 6.151E+0 3.324E+0 3.018E
6 2 2 2 2 4 2 2 4 +02
Med 2.641E+0 6.215E+0 7.157E+0 8.264E+0 4.812E+0 1.969E+0 7.943E+0 5.622E+0 3.178E+0 4.220E
5 3 8] 3 3 4 3 3 4 +03
F29 avg 1.09E+11 4.84E+08 8.97E+08 5.83E+08 8.86E+10 1.25E+10 6.1E+09 1.87E+09 1.29E+11 882459
92
std 4.397E+1 2.303E+0 5.753E+0 3.097E+0 2.399E+0 7.920E+0 1.983E+0 3.894E+0 2.765E+1 3.493E
0 8 8 8 8 9 9 9 0 +07
med 9.897E+1 5.117E+0 7.147E+0 5.299E+0 3.399E+0 9.554E+0 6.234E+0 1.181E+0 1.350E+1 7.980E
0 8 8 8 8 9 9 8 1 +07
Rank wit/l 0/0/10 0/0/10 0/0/10 0/0/10 2/0/8 0/0/10 0/0/10 1/0/9 0/0/10 8/0/2

In addition to the above, it is necessary to test the strength of the algorithm in complex or complex
functions, and these functions are F20-F29. The results of the proposed algorithm within these countries
were very superior to other algorithms, which confirms that it is one of the strong algorithms, and this can
be seen through Table 6 and Figure 5 as well, which Shows the algorithm's affinity compared to other
algorithms
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5. Conclusion and future work

An improved version of the Flower Pollination Algorithm has been presented, called the ELFPA (Effective
Local Flower Pollination Algorithm). The ELFPA algorithm effectively addresses the shortcomings of FPA,
such as premature convergence and a lack of exploration-exploitation balance, by incorporating efficient
local search mechanisms, such as a parameter balanced between exploitation and exploration, and using the
mechanism of the random solution.

The performance of ELFPA has been extensively evaluated experimentally on benchmark functions,
including the CEC 2017 test suite, and compared to other cutting-edge metaheuristic algorithms. The results
show that in terms of convergence speed, ability to escape local optima, and solution efficiency, ELFPA
beats the original FPA and other methods. The suggested method demonstrates its superiority in handling
complex global optimization issues, making it a potential optimizer for practical use.

The effective use of ELFPA as a feature selection algorithm emphasizes the algorithm's adaptability and
efficiency in addressing a range of optimization problems. The suggested ELFPA algorithm can be tested
and used to handle a variety of real-world issues in the future. The study's encouraging findings urge more
research and possible ELFPA improvements to advance the field of swarm intelligence optimization.
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Abstract

The research encompassed the synthesis of 2-(4-nitrophenyl) acetohydrazide through the reaction between ethyl 2-(4-nitrophenyl)
acetate and hydrazine. Subsequently, Schiff bases were derived from the interaction between 2-(4-nitrophenyl) acetohydrazide
and various aromatic aldehyde derivatives. Additionally, quinazoline was synthesized by reacting the Schiff bases with 2-
aminobenzoic acid. The structural characterization of the compounds was achieved using an array of analytical techniques
including melting point determination, color assessment, Nuclear Magnetic Resonance spectroscopy (*H-NMR and 3C-NMR),
and Fourier-Transform Infrared (FT-IR) spectroscopy. These analyses were conducted to confirm the structural attributes of the
compounds. Furthermore, the biological activity of the synthesized compounds was evaluated against two bacterial strains,
namely Escherichia coli and Staphylococcus aureus.

Keywords: Quinazoline, Hydrazones, Hydrazide, Biological activity.

1. Introduction

Quinazoline represents a class of bicyclic heterocyclic compounds incorporating a pyrimidine system.
These compounds are distinguished by their significant biological activities, rendering them of great
interest. Their diverse medicinal properties have been well-documented, including remarkable effects as
anticancer agents [1], antioxidants [2], anti-inflammatory agents [3,4], antimalarials [5,6], antiviral agents
[7], and antimicrobial agents [8]. Hydrazones, classified as pivotal organic compounds, possess the general
structure (RIR2C=N-NH2), originating from aldehydes and ketones wherein the oxygen atom is replaced
by the functional group (N-NH2). Typically synthesized through hydrazine-aldehyde/ketone reactions, the
C=N linkage is crucial for their biological activity. Hydrazones have gained significant attention in
pharmacy due to their potent biological properties, including antibacterial [9], antifungal [10], anticancer
[11], anti-inflammatory [12], antioxidant [13], antidiabetic [14], anxiolytic [15], and antimalarial activities
[16]. Hydrazides, with their versatile nature, serve as valuable precursors in heterocyclic system synthesis.
In medicinal chemistry, hydrazide-hydrazones continue to captivate interest due to their extensive array of
biological attributes, spanning antidiabetic [17], antimalarial [18], anticancer [19], antifungal [20],
antioxidant [21], anti-inflammatory, and anxiolytic [22].

2. Experimental:

All chemicals and solvents employed were sourced from Aldrich and Fluka and were used without further
purification. Melting points were measured using an open capillary tube on a Stuart melting point apparatus.
Infrared spectra were obtained using a Shimadzu FTIR-8100 spectrophotometer with KBr discs, while 1H
NMR spectra were acquired on an MHZ spectrometer using DMSO-d6 as the solvent. Reaction monitoring
and compound purity verification were conducted using thin-layer chromatography (TLC) on silica gel-
coated alumina sheets (type 60 F254 Merck, Darmstadt, Germany).

2.1. Preparation of Hydrazide:

A solution of 0.01 mol of the ester (4-nitrophenyl acetate) in 20 ml of absolute ethanol was prepared. To
this solution, 0.04 mol of aqueous hydrazine was added, and the mixture was heated for 4 hours. After
cooling, the solution was concentrated by half. The resulting precipitate was filtered and dried [23, 24].

2.2. Preparation of Hydrazones:

Equal moles of the prepared hydrazide compound (AB1) were mixed with an aromatic substituent for
benzaldehyde in 20 ml of absolute ethanol. A drop of acetic acid was added to the mixture, which was
stirred continuously for 3 hours. Following this, the solution was concentrated, the precipitate was filtered,
and recrystallization was carried out using ethanol [25, 26]. Physical properties of the synthesized
compounds [AB2-AB8] are presented in Table 1.

2.3. Preparation of Quinazoline:
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Equal moles of the hydrazone prepared with ortho-aminobenzoic acid were dissolved in 20 ml of absolute
ethanol. Gradually, 3 drops of triethylamine were added with stirring, and the mixture was allowed to
escalate for 6 hours in a water bath with continuous stirring. The resulting solution was then treated with 10
percent sodium bicarbonate. Filtration, drying, and recrystallization steps were performed to obtain
quinazoline compounds [27, 28]. Table 1 lists the physical properties of the prepared compounds [AB23-
AB29].

2.4. Biological Activity Evaluation:

Biological activity assessment was conducted using the propagation method and the Kirby-Bauer diffusion
method. In the Kirby-Bauer method, 0.1 ml of bacterial suspension was spread on Mueller-Hinton agar
plates and allowed to absorb for 5 minutes. Subsequently, wells of 5 mm diameter were created on each
plate using a cork borer, and 0.1 ml of the prepared solutions was added to the fourth well as the control
sample using DMSO. The plates were then incubated for 24 hours at 37°C [29, 30]. The diameters of
inhibition zones around each well were measured in millimeters following the Prescott method.

3. Results and Discussion

3.1. FT-IR spectrum

Confirmation of the reaction involving the hydrazide derivatives [AB1] was achieved through the
observation of alterations in physical characteristics such as melting point and significant color changes.
The melting point was recorded at (168-170) °C, and the product displayed a light-yellow hue. A favorable
yield of 85% was obtained. Moreover, the identity of the hydrazide derivatives [AB1] was established via
infrared spectra (IR) and nuclear magnetic resonance (*H,*C-NMR) measurements. The infrared spectrum
of [AB1] revealed absorption bands at (3033) cm™ for aromatic (CH) bonds, (3188) cm™ for stretching
(NH) bonds, and (3305) cm™ and (3409) cm™ for (NH>) stretching [31]. A decline in the carbonyl group
(C=0) frequency, indicating its association with [NH-NHz] groups, was observed at (1656) cm™. The
infrared spectrum also displayed bands at (1610) cm™ and (1413) cm™ corresponding to (C=C) aromatic
bonds [32].

The identification of prepared hydrazones (AB2-AB8) was based on changes in physical properties, such as
color and melting point, and supported by infrared spectra (IR) measurements. The IR spectrum displayed
absorption bands corresponding to (NH) stretching (3180-3247) cm™ [33], (Ar-H) stretching (3056-3084)
cm?, (C=0) stretching (1660-1670) cm™, and (C=N) stretching (1600-1618) cm™ [34].

The infrared spectrum of quinazoline derivatives (AB23-AB29) exhibited absorption bands corresponding
to (N-H) stretching (3186-3257) cm™, (Ar-H) stretching (3058-3076) cm™, (C=0) stretching (1664-1674)
cm? [35], (C=0) stretching of the quinazoline ring (1604-1616) cm™, (C=C) aromatic bond stretching
(1413-1558) cm™, and (C-N) extension (1223-1267) cm™.

3.2. IH-NMR spectrum

The proton nuclear magnetic resonance (*H-NMR) spectrum of compound (AB1) displayed signals at
(3.725) ppm for (CH2) protons [36], (4.31) ppm for a proton (NH>), (9.31) ppm for a proton (NH) [37], and
multiple signals within (7.53-8.57) ppm attributed to aromatic ring (Ar-CH) protons.

The proton nuclear magnetic resonance (*H-NMR) spectrum of compound (AB4) indicated signals at (4.2)
ppm for (CH2) protons, (11.29) ppm for a proton (NH) [38], (8.26) ppm for a proton (N=CH), and (3.014)
ppm for a proton (CHs), along with multiple signals within (6.77-8.11) ppm related to the aromatic ring (Ar-
CH) protons.

The proton nuclear magnetic resonance (*H-NMR) spectrum of compound (AB25) displayed signals at
(4.18) ppm for (CH2) protons, (11.30) ppm for a (NH) proton, (7.53) ppm for a (NH) proton of the
quinazoline ring, (6.80) ppm for a (CH) proton, and (3.01) ppm for a (CH3) proton, along with signals
within (7.54-8.27) ppm associated with the aromatic rings (Ar-CH) [39].

3.3. BC-NMR spectrum

The carbon nuclear magnetic resonance (*}C-NMR) spectrum of compound (AB1) showed signals at (39.9)
ppm for carbon (CH>), (168.9) ppm for carbon (C=0), and multiple signals in the range (123.4-146.7) ppm
corresponding to carbons in the aromatic ring (Ar-CH) [40].
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The carbon nuclear magnetic resonance (**C-NMR) spectrum of compound (AB4) revealed signals at (41.3)
ppm for carbon (CH>) [41], (151.9) ppm for carbon (CH), (172.2) ppm for carbon (C=0), and signals in the
range (112.2-146.1) ppm corresponding to carbons in the aromatic ring (Ar-CH).

The carbon nuclear magnetic resonance (*3C-NMR) spectrum of compound (AB25) indicated signals at
(41.3) ppm for carbon (CH2), (112.3) ppm for carbon (CH) [42], (171.1) ppm for carbon (C=0), (165.3)
ppm for carbon (C=0) of the quinazoline ring, and (39.3) ppm for carbon (CHs) [43], along with signals
within the range (121.8-151.9) ppm corresponding to carbons in the aromatic ring (Ar-CH).

3.6. Evaluation of the biological activity of prepared compounds:

Compounds with heterocyclic rings are characterized by different biological activity against Gram-positive
and Gram-negative bacteria, so the biological activity of compounds prepared in this study was evaluated on
two types of bacteria, which are as follows: Escherichia coli and Staphylococcus aureus. Spreading on Petri
dishes using Mueller Huntington medium for compounds prepared at concentrations (0.01, 0.001, 0.0001
mg/ml) and the diameter of the inhibition zone was determined in millimeters [44]. The results were
compared with a standard antibiotic. When comparing the effect of these compounds, it was noticed that the
prepared compounds had a clear effect against the first type of bacteria compared to the other type [45].
Some of them had a clear effect against the second type of bacteria compared to the other type, which did
not appear for any of the prepared compounds to affect them, as shown in tables (3). From the table below,
compounds with strong efficacy and inhibition can treat diseases caused by the aforementioned studied
bacteria after conducting histological and anatomical studies of the prepared compounds [46]. Antibiotic
amoxicillin was used as a control sample, depending on what is used in the Ministry of Health laboratories
and based on the World Health Organization examinations [47].

Table (1) shows some of the physical properties of (AB2-AB8) and (AB2-ABS).

Comp. No. Z Molecular Formula M.P °C Yield % Color
AB2 4-F C1sH12N3OsF 178-180 80 White
AB3 2,3-Cl C15H11N30sCl> 203-205 78 Yellow
AB4 4-N(CH3)2 C17H18N4O3 190-192 75 Red
ABS 4-Cl C15H12N303Cl 227-229 75 White
ABG6 4-NO2 C15H12N4Os 240-242 72 White
AB7 4-Br C1sH12N303Br 209-211 67 White
ABS8 4-OCHs C16H15N304 219-221 55 Brown
AB23 4-F C22H17N4O4F 188-190 45 Yellow
AB24 2,3-Cl C22H16N404Cl2 206-208 44 Yellow
AB25  4-N(CHa); C24H23N504 208-210 40 Orange
AB26 4-Cl C22H17N404Cl 232-234 42 White
AB27 4-NO; C22H17Ns0s 230-232 41 White
AB28 4-Br C22H17N4O4Br 250-252 40 White
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AB29 4-OCHjs C23H20N404 198-200 42 Yellow

Table (2): Results of the FT-IR spectrum (cm™) for (AB2-AB8) and (AB2-ABS).
Comp. Z vNH vAr-HvC=0 vC=N vC=C Ar vC-N Others

AB: 4-F 3180 3082 1666 1604 1512, 1400 1228 vC-F 1014
ABs 2,3-Cl 3199 3056 1670 1612 1544,1450 1259 vC-Cl 784
ABs 4-N(CHg), 3189 3087 1667 1608 1550, 1462 1283 vCH32842, 2970
ABs 4-Cl 3194 3078 1668 1613 1555, 1427 1287 vC-Cl 781
1515, 1440 vNO2

ABs 4-NO; 3182 3083 1670 1591 1261

1344, 1392
AB7 4-Br 3180 3078 1666 1606 1515, 1485 1263 v C-Br676

ABg 4-OCHs 3247 3074 1674 1604 1546, 1458 1255 v C-O-C 1166

Comp. z vN-H vAr-H vC=0 vC=0 cycle v C=C-Ar vC-N Others

AB2s  4-F 3257 3072 1674 1604 1544,1413 1234 v C-F 1064
AB2s 2,3-CI 3197 3058 1670 1616 1544, 1452 1243 vC-Cl 864
AB2s 4-N(CHz). 3205 3054 1667 1613 1543, 1446 1239 vCHz 2852, 2968
AB2x  4-Cl 3232 3056 1664 1614 1558, 1477 1267 vC-Cl 867
ABz7  4-NO, 3186 3082 1668 1609 1515, 1446 1261 v NO, 1344, 1396
ABzs  4-Br 3184 3070 1666 1610 1515, 1487 1265 vC-Br 582

ABz 4-OCHz 3245 3076 1670 1606 1546, 1421 1249 vC-O-C 1184

Table (3): Result of the biological activity test of the selected compounds against bacterial species
measured in millimeters around the agar pit loaded with chemical compounds.

Moraxella E. coli S. pyogenes S. marscence for bacterial

10% 102 10! 10° 102 10! 10® 102 10! 10° 102 10t

Niz niz 0 0 13 AB5
0 0 12 12 12 19 0 0 15 Niz AB6
0 0 10 niz 0 0 12 AB23
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0 0 10 0 0 14 0 0 11 AB25
Niz 0 0 13 0 0 10 AB26
Niz Niz 0 0 13 0 0 12 AB27
0 0 11 0 0 12 AB28
Niz
Niz 0 0 12 AB29
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Figure (13): Evaluation of the biological activity of prepared compounds.

4. Conclusions: The accuracy and validity of the prepared compounds were confirmed through spectral and physical
measurements, where the infrared spectrum proved the presence of active aggregates accurately, and this confirmation increased
the nuclear magnetic resonance spectrum of the proton and carbon, which accurately agreed on the validity of the structures of the
prepared compounds. These compounds are stable at laboratory temperature and do not degrade or change color. The prepared
compounds showed high and good inhibitory activity against Gram-positive and Gram-negative bacteria, and the results were
compared with control samples, which are antibiotics.

References

1.

10.

11.

El-Gazzar, Y. 1., Ghaiad, H. R., El Kerdawy, A. M., George, R. F., Georgey, H. H., Youssef, K. M., & El-Subbagh, H. 1.
(2023). New quinazolinone-based derivatives as DHFR/EGFR-TK inhibitors: Synthesis, molecular modeling simulations,
and anticancer activity. Archiv der Pharmazie, 356(1), 2200417.

Pore, A., Gaikwad, G., Hegade, S., Jadhav, Y., Mane, R., & Kumbhar, R. (2023). Analyzing the Impact of the Substituent on
the Quinazolinone Schiff Base and the Interaction of the Fe (I11) and Cr (I11) with Different Quinazolinone Schiff Base for
Antioxidant and Anti-inflammatory Activity. Analytical Chemistry Letters, 13(1), 39-59. Romeo, R., lannazzo, D., Veltri, L.,
Gabriele, B., Macchi, B., Frezza, C., ... & Giofre, S. V. (2019). Pyrimidine 2, 4-diones in the design of new HIV RT
inhibitors. Molecules, 24(9), 1718.

Kothayer, H., Rezq, S., Abdelkhalek, A. S., Romero, D. G., & Elbaramawi, S. S. (2023). Triple targeting of mutant
EGFRL858R/T790M, COX-2, and 15-LOX: design and synthesis of novel quinazolinone tethered phenyl urea derivatives for
anti-inflammatory and anticancer evaluation. Journal of Enzyme Inhibition and Medicinal Chemistry, 38(1), 2199166.

Luan, M. Z., Zhang, X. F., Yang, Y., Meng, Q. G., & Hou, G. G. (2023). Anti-inflammatory activity of fluorine-substituted
benzo [h] quinazoline-2-amine derivatives as NF-«xB inhibitors. Bioorganic Chemistry, 106360.

Charoensutthivarakul, S., Lohawittayanan, D., Kanjanasirirat, P., Jearawuttanakul, K., Seemakhan, S., Chabang, N., ... &
Phanchana, M. (2023). Rational Design and Lead Optimisation of Potent Antimalarial Quinazolinediones and Their
Cytotoxicity against MCF-7. Molecules, 28(7), 2999.

Ibrahim, Z. Y. U., Uzairu, A., Shallangwa, G. A., Abechi, S. E., & Isyaku, S. (2022). Virtual screening and molecular
dynamic simulations of the antimalarial derivatives of 2-anilino 4-amino substituted quinazolines docked against a Pf-
DHODH protein target. Egyptian Journal of Medical Human Genetics, 23(1), 119.

Abuelizz, H. A., Bakheit, A. H., Marzouk, M., El-Senousy, W. M., Abdellatif, M. M., Mostafa, G. A., ... & Al-Salahi, R.
(2023). Antiviral activity of some benzo [g] quinazolines against coxsackievirus B4: biological screening and docking
study. Pharmacological Reports, 1-17.

Patel, P. J., Vala, R. M., Patel, S. G., Upadhyay, D. B., Rajani, D. P., Damiri, F., ... & Patel, H. M. (2023). Catalyst-free
synthesis of imidazo [5, 1-b] quinazolines and their antimicrobial activity. Journal of Molecular Structure, 1285, 135467.
Zhou, Y., Zhang, S., Cai, M., Wang, K., Feng, J., Xie, D, ... & He, H. (2021). Design, synthesis, and antifungal activity of 2,
6-dimethyl-4-aminopyrimidine hydrazones as PDHc-E1 inhibitors with a novel binding mode. Journal of Agricultural and
Food Chemistry, 69(21), 5804-5817.

Senkardes, S., Han, M. 1., Kulabas, N., Abbak, M., Cevik, O., Kiiciikgiizel, 1., & Kiigiikgiizel, S. G. (2020). Synthesis,
molecular docking and evaluation of novel sulfonyl hydrazones as anticancer agents and COX-2 inhibitors. Molecular
diversity, 24, 673-689..

Alsaif, N. A., Bhat, M. A., Al-Omar, M. A., Al-Tuwajiri, H. M., Naglah, A. M., & Al-Dhfyan, A. (2020). Synthesis of novel
diclofenac hydrazones: Molecular docking, anti-inflammatory, analgesic, and ulcerogenic activity. Journal of
Chemistry, 2020, 1-12..

187



Journal of Natural and Applied Sciences URAL No: 4, Vol: 1\December\ 2023

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Yadav, M., Sharma, S., & Devi, J. (2021). Designing, spectroscopic characterization, biological screening and antioxidant
activity of mononuclear transition metal complexes of bidentate Schiff base hydrazones. Journal of Chemical Sciences, 133,
1-22.

Karrouchi, K., Fettach, S., Anouar, E. H., Bayach, I., Albalwi, H., Arshad, S., ... & Himmi, B. (2022). Synthesis,
Spectroscopic Characterization, DFT, Molecular Docking and Antidiabetic Activity of N-lIsonicotinoyl Arylaldehyde
Hydrazones. Polycyclic Aromatic Compounds, 1-13..

Prokopchuk, E. G., Aleksandrova, A. 1., & Kravchenko, I. A. (2020). Neurotropic properties of new complex compounds of
SnCl4  with salicyloyl hydrazones of benzaldehyde and 4-bromobenzaldehyde. @apmakonoeis  ma nrikapcera
moxcuxonozis, 14(5), 308-315.

Karnatak, M., Hassam, M., Singh, A. S., Yadav, D. K., Singh, C., Puri, S. K., & Verma, V. P. (2022). Novel hydrazone
derivatives of N-amino-11-azaartemisinin with high order of antimalarial activity against multidrug-resistant Plasmodium
yoelii nigeriensis in Swiss mice via intramuscular route. Bioorganic & Medicinal Chemistry Letters, 58, 128522.

Duong, T. H., Devi, A. P., Huynh, N. V., Sichaem, J., Tran, H. D., Alam, M., ... & Nguyen, T. C. (2020). Synthesis, a-
glucosidase inhibition, and molecular docking studies of novel N-substituted hydrazide derivatives of atranorin as
antidiabetic agents. Bioorganic & Medicinal Chemistry Letters, 30(17), 127359.

Ramirez, H., Fernandez, E., Rodrigues, J., Mayora, S., Martinez, G., Celis, C., ... & Charris, J. (2021). Synthesis and
antimalarial and anticancer evaluation of 7-chlorquinoline-4-thiazoleacetic derivatives containing aryl hydrazide
moieties. Archiv der Pharmazie, 354(7), 2100002.

Umapathi, A., Navya, P. N., Madhyastha, H., Singh, M., Madhyastha, R., Maruyama, M., & Daima, H. K. (2020). Curcumin
and isonicotinic acid hydrazide functionalized gold nanoparticles for selective anticancer action. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 607, 125484,

Popiotek, L. (2021). Updated Information on Antimicrobial Activity of Hydrazide—Hydrazones. International Journal of
Molecular Sciences, 22(17), 9389.

Jabeen, M., Ahmad, S., Shahid, K., Sadig, A., & Rashid, U. (2018). Ursolic acid hydrazide based organometallic complexes:
synthesis, characterization, antibacterial, antioxidant, and docking studies. Frontiers in chemistry, 6, 55.

Reddy, A. K., & Kathale, N. E. (2017). Synthesis and anti-inflammatory activity of hydrazones bearing biphenyl moiety and
vanillin based hybrids. Oriental Journal of Chemistry, 33(2), 971.

Pan, X., Chen, L., Xu, W., Bao, S., Wang, J., Cui, X., ... & Chen, R. (2021). Activation of monoaminergic system contributes
to the antidepressant-and anxiolytic-like effects of J147. Behavioural Brain Research, 411, 113374.

Dalaf, A. H. (2018). Synthesis and Characterization of Some Quartet and Quinary Hetero cyclic Rings Compounds by
Traditional Method and Microwave Routes Method and Evaluation of Their Biological Activity. M.Sc. Thesis, Tikrit
University, Tikrit, Iraq: 1-94 pp.

Dalaf, A. H., & Jumaa, F. H. (2018). Synthesis, Characterization of some 1,3-Oxazepane -4,7-Dione by Traditional and
Microwave routes method and evaluation of their biological activity. Al-utroha for Pure Science. (8): 93-108.

Dalaf, A. H., Jumaa, F. H., & Jabbar, S. A. S. (2018). Synthesis and Characterization of some 2, 3-dihydroquinozoline and
evaluation of their biological activity. Tikrit Journal of Pure Science, 23(8): 66-67.

Salwa, A. J., Ali, L. H., Adil, H. D., Hossam, S. A. (2020). Synthesis and Characterization of Azetidine and Oxazepine
Compounds Using Ethyl-4-((4-Bromo Benzylidene) Amino) Benzoate as Precursor and Evalution of Their Biological
Activity. Journal of Education and Scientific Studies, ISSN: 24134732. 16(5): 39-52.

Abd, 1. Q., lbrahim, H. L., Jirjes, H. M., & Dalaf, A. H. (2020). Synthesis and Identification of new compounds have
Antioxidant activity Beta-carotene, from Natural Auxin Phenyl Acetic Acid. Research Journal of Pharmacy and
Technology, 13(1): 40-46.

Dalaf, A. H., & Jumaa, F. H. (2020). Synthesis, Identification and Assess the Biological and Laser Efficacy of New
Compounds of Azetidine Derived from Benzidine. Muthanna Journal of Pure Science (MJPS), 7(2):12-25.

Saleh, R. H., Rashid, W. M., Dalaf, A. H., Al-Badrany, K. A., & Mohammed, O. A. (2020). Synthesis of Some New
Thiazolidinone Compounds Derived from Schiff Bases Compounds and Evaluation of Their Laser and Biological
Efficacy. Ann Trop & Public Health, 23(7): 1012-1031.

Yass, I. A., Aftan, M. M., Dalaf, A. H., & Jumaa, F. H. (Nov. 2020). Synthesis and Identification of New Derivatives of Bis-
1,3-Oxazepene and 1,3-Diazepine and Assess the Biological and Laser Efficacy for Them. The Second International & The
Fourth Scientific Conference of College of Science — Tikrit University. (P4): 77-87.

Salih, B. D., Dalaf, A. H., Alheety, M. A., Rashed, W. M., & Abdullah, I. Q. (2021). Biological activity and laser efficacy of
new Co (1), Ni (I1), Cu (I1), Mn (11) and Zn (1) complexes with phthalic anhydride. Materials Today: Proceedings, 43, 869-
874.

Aftan, M. M., Jabbar, M. Q., Dalaf, A. H., & Salih, H. K. (2021). Application of biological activity of oxazepine and 2-
azetidinone compounds and study of their liquid crystalline behavior. Materials Today: Proceedings, 43, 2040-2050.

Aftan, M. M., Talloh, A. A, Dalaf, A. H., & Salih, H. K. (2021). Impact para position on rho value and rate constant and
study of liquid crystalline behavior of azo compounds. Materials Today: Proceedings.

Aftan, M. M., Toma, M. A, Dalaf, A. H., Abdullah, E. Q., & Salih, H. K. (2021). Synthesis and Characterization of New
Azo Dyes Based on Thiazole and Assess the Biological and Laser Efficacy for Them and Study their Dyeing
Application. Egyptian Journal of Chemistry, 64(6), 2903-2911.

188


https://www.iasj.net/iasj?func=search&query=au:%22Salwa%20A.%20Jabar%20%D8%B3%D9%84%D9%88%D9%89%20%D8%B9%D8%A8%D8%AF%20%D8%A7%D9%84%D8%B3%D8%AA%D8%A7%D8%B1%20%D8%AC%D8%A8%D8%A7%D8%B1%22&uiLanguage=ar
https://www.iasj.net/iasj?func=search&query=au:%22Ali%20L.%20Hussein%20%D8%B9%D9%84%D9%8A%20%D9%84%D8%B7%D9%8A%D9%81%20%D8%AD%D8%B3%D9%8A%D9%86%22&uiLanguage=ar
https://www.iasj.net/iasj?func=search&query=au:%22Adil%20H.%20Dalaf%20%D8%B9%D8%A7%D8%AF%D9%84%20%D8%AD%D8%B3%D9%8A%D9%86%20%D8%AF%D9%84%D9%81%22&uiLanguage=ar
https://www.iasj.net/iasj?func=search&query=au:%22Hossam%20S.%20Aboud%20%D8%AD%D8%B3%D8%A7%D9%85%20%D8%B3%D8%B9%D8%AF%D9%8A%20%D8%B9%D8%A8%D9%88%D8%AF%22&uiLanguage=ar

Journal of Natural and Applied Sciences URAL No: 4, Vol: 1\December\ 2023

35.

36.

37.
38.

39.

40.

41.

42.

43.

44,
45.
46.

47.

Khalaf, S. D., Ahmed, N. A. A. S., & Dalaf, A. H. (2021). Synthesis, characterization and biological evaluation (antifungal
and antibacterial) of new derivatives of indole, benzotriazole and thioacetyl chloride. Materials Today: Proceedings. 47(17),
6201-6210.

Dalaf, A. H., Jumaa, F. H., & Salih, H. K. (2021). Preparation, Characterization, Biological Evaluation and Assess Laser
Efficacy for New Derivatives of Imidazolidin-4-one. International Research Journal of Multidisciplinary Technovation, 3(4),
41-51.

Dalaf, A. H., Jumaa, F. H., & Salih, H. K. (2021). MULTIDISCIPLINARY TECHNOVATION. Red, 15(A2), C44H36N1008.
Dalaf, A. H., Jumaa, F. H., Aftana, M. M., Salih, H. K., & Abd, I. Q. (2022). Synthesis, Characterization, Biological
Evaluation, and Assessment Laser Efficacy for New Derivatives of Tetrazole. In Key Engineering Materials (Vol. 911, pp.
33-39). Trans Tech Publications Ltd.

Alasadi, Y. Kh., Jumaa, F. H., Dalaf, A. H., Shawkat, S. M., & Mukhlif, M. Gh. (2022). Synthesis, Characterization, and
Molecular Docking of New Tetrazole Derivatives as Promising Anticancer Agents. Journal of Pharmaceutical Negative
Results. 13(3): 513-522.

Dalaf, A. H., Jumaa, F. H., & Yass, I. A. (2022, November). Synthesis, characterization, biological evaluation, molecular
docking, assess laser efficacy, thermal performance and optical stability study for new derivatives of bis-1, 3-oxazepene and
1, 3-diazepine. In AIP Conference Proceedings (Vol. 2394, No. 1, p. 040037). AIP Publishing LLC.

Alasadi, Y. K., Jumaa, F. H., & Dalaf, A. H. (2022, November). Synthesis, identification, antibacterial activity and laser
effect of new derivatives of bis-1, 3-oxazepene-4, 7-dione and 1, 3-diazepine-4, 7-dione. In AIP Conference
Proceedings (Vol. 2394, No. 1, p. 040019). AIP Publishing LLC.

Toma, M. A,, Ibrahim, D. A., Dalaf, A. H., Abdullah, S. Q., Aftan, M. M., & Abdullah, E. Q. (2022, November). Study the
adsorption of cyclopentanone on to natural polymers. In AIP Conference Proceedings (Vol. 2394, No. 1, p. 040007). AIP
Publishing LLC.

Hamad, A. M., Atiyea, Q. M., Hameed, D. N. A., & Dalaf, A. H. (2023). Green synthesis of copper nanoparticles using
strawberry leaves and study of properties, anti-cancer action, and activity against bacteria isolated from Covid-19
patients. Karbala International Journal of Modern Science, 9(1), 12.

Selvam, T. P., & Kumar, P. V. (2015). Quinazoline marketed drugs. Research in Pharmacy, 1(1).

Wang, D., & Gao, F. (2013). Quinazoline derivatives: synthesis and bioactivities. Chemistry Central Journal, 7, 1-15.
Kovécs, A., Vasas, A., & Hohmann, J. (2008). Natural phenanthrenes and their biological activity. Phytochemistry, 69(5),
1084-1110.

Martins, M. B., & Carvalho, 1. (2007). Diketopiperazines: biological activity and synthesis. Tetrahedron, 63(40), 9923-9932.

189



NV, =%, VUI. 4 \WCLCIIINCI 2023

Solving Tri-Criteria and Tri-Objective for
Total Completion Time, Total Earliness,
and Maximum Tardiness Problems
Using Exact and Heuristic Methods on
single machine scheduling problem

Nagham M. Neamah®?*
Bayda A. Kalaf?
! Department of Mathematics, College of Science for Women,
University of Baghdad, Baghdad, Iraq
2Department of Mathematics, College of Education for

Pure Science Ibn-Al-Haitham,

University of Baghdad, Baghdad, Iraq




Journal of Natural and Applied Sciences URAL No: 4, Vol: 1\December\ 2023

Solving Tri-Criteria and Tri-Objective for Total Completion Time, Total Earliness,
and Maximum Tardiness Problems Using Exact and Heuristic Methods on single
machine scheduling problem

Nagham M. Neamah!?" Bayda A. Kalaf?

! Department of Mathematics, College of Science for Women, University of Baghdad,
Baghdad, Iraq

2Department of Mathematics, College of Education for Pure Science Ibn-Al-Haitham,
University of Baghdad, Baghdad, Iraq

Abstract: A multi-criteria single-machine model is introduced in the presented work. A
machine scheduling problem (MSP) for n jobs on a single machine was considered for
minimizing the function of tri-criteria: total earliness(XE; ), total completion time(%C;), and

maximum tardiness(T;,4.), and is an NP-hard problem. In the theoretical part of this work,
the mathematical formula for the addressed problem will be presented and then the
importance regarding dominance rule (DR) that could be applied to the problem in order to
improve good solutions will be shown. While in the practical part, two exact methods are
important; a Branch and Bound algorithm (BAB) and a Complete Enumeration method are
applied to solve the three proposed MSP criteria by finding a set of efficient solutions. The
experimental results showed that CEM can solve problems for up tojobs. Two n =11
approaches of the BAB method were applied: the first approach was BAB without
dominance rule(DR), and the BAB method uses dominance rules to reduce the number of
sequences that need to be considered. Also, this method can solve problems for up to
n = 2000, and the second approach BAB with dominance rule (DR), can solve problems for

up to n = 3000 jobs in a reasonable time to find efficient solutions to this problem. In

addition, to find good approximate solutions, two heuristic methods for solving the problem
are proposed, the first heuristic method can solve up to n = 5000 jobs, while the second

heuristic method can solve up to n = 4000 jobs. Practical experiments prove the good
performance regarding the two suggested approaches.

Keyword: Multi-Criteria, Multi-Objective Function, Exact Methods, Heuristic Methods.

1. The introduction
Sheduling problems have gotten a lot of attention in literature since 1954. The
researchers started out by focusing on just one objective function[1]. The decision-maker is
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required to select just one objective in practical cases. There is more study being done on
multi-criteria scheduling problems today. An overview regarding multiple and binary
scheduling problems was published by Nagar et al.[2]. Hierarchical and concurrent
minification are the two main structures used to resolve competing criteria[3].The primary
criterion is the first, and the secondary criterion is the second. In this scenario, one lowers
the primary criterion and selects a table with the secondary criterion's minimum value.
Pareto set will be formed in the second method, and the decision-maker will be the one with
the optimal composite objective function[4]. In 1956 Smith published the first study on a
topic of that type[5]. Scheduling n jobs on only one machine could only be handled in this
study one job at a time, uninterrupted. At time zero, each job becomes accessible for
processing, necessitating positive processing time. Also, the first and two criteria (bi-
criteria) scheduling problem was actually solved by Smith, where the problem of
1//(ZCj,Tmax). In 1995, Hoogveen and Van presented an algorithm for finding all effective

tables for Problem 1//(ZCj,Fmax)[4]. In 2015, Zainab and Tarig studied the problem
1//(ZCj,Zﬂ,Tmax) and fined sub-problem, also solved this problem by branch and bound

method. In 2017, Hafed and Tariq presented a multi-objective function
UIXC + XT; + Thnax + Emax and solved this problem by branch and bound[6]. In 2019,

Hameed and Chachan attempted to solve a new multi-objective problem
Ury(Ci+T; + Ej +V;), they suggested the use of the BAB approach for solving the

aforementioned problem. In 2020 Aseel et al provided a multi-criteria objective function
UI(XC;, X.E; )problem in the SMSP that is solved by BAB[7]. In 2020, Ahmed and Ali

provided the problems 1//(ZCj,RL,Tmax), 1UIY.C; + Ry, + Ty in the SMSP solved through

BAB and certain heuristic approaches [8] [9]. In 2021, Anmar and Adawyia used BAB to
solved the problem 1//3.C; + YTj + Ey0x -

The following table shows the basic problem codes that were used in the presented
work.

Table(1): some basic notations and rules for the problem.

Abbreviations | Description

N Number of jobs s.t.N = {1,2, ..., n}, n: No. of available jobs.
Dj Processing time of the job j.

d; Due date for Job j.

S Slack time for Job j s.t.s; = d; — p;.
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L; Lateness time of job j, s.t.L; = C; — d;.

T; Tardiness for job j, s.t.T; = max {0, L;}, T pax: Maximal tardiness s.t.Tyax = maxen{T;}.
E; Earliness time for job j,s.t.E; = max {0, —L;}, LE;: Total earliness time.

Cj Completion time for job j,where ¢; = ¥4 _, pi, XC;: Total completion time.

Fcer Objective Function of (Scz Mr)Problem, Fsp: Objective Function of (SP)Problem.

MOF Multi-Objective Function, MCF: Multi- Criteria Function.

BAB(WDR) Branch and Bound Method With Dominance Rules, where DRs is the Dominance Rules.
BAB(WODR) | Branch and Bound Method Without Dominance Rules.

SPT Shortest Processing Tim: Jobs are Sequencing in a non-decreasing order of processing times p;
(i.e.p; = py = -+ = py), this rule has been well known for minimizing 2.C; for problem 1// ¥.C; [5].

EDD Earliest Due Date: Jobs are sequenced in non-decreasing order regarding their due dates
dj(where d, = d, = -+ = d,), this rule utilized for minimizing Tyax for problem 1// T, [10].

MST Minimum Slack Time: Jobs are sequenced in a non-decreasing order regarding their slack time
s;=d; — p; (where s; < 85 =+ = s,). For minimizing Epqx With the use of this rule [4].

EFSO Efficient Solution [7]: A schedule a* is known as efficient solution or Pareto optimal or (non-
dominated) If cannot found another schedule « satisfying h;(a) < h;(a®),j = 1,2,..,n, With at least

one of the above considered a strict disparity. Another way is that @* is dominated by a« [11].

This paper introduces three-criteria scheduling problems and starts with some basic
scheduling concepts for multi-criteria problems. The basic rules are introduced, and the
dominance rule is described in Section (1). Section (2) provides information on the original
problem and the formulation and analysis of the sub-problem. In Section(4), the exact and
approximate methods and algorithms for solving the two problems given in the previous
section were presented, in addition to that the experimental results of the two problems were
presented. In Section (4) Results and Discussion. The conclusions and lists of future works
are given in Section (5).

1.1. Dominance rules in MSP[12]

The size of search tree (i.e., number of the nodes) grows as the number of (n)
increases in the (BAB) approach, particularly in the branching scheme. Thus, it is necessary
to decrease this size by removing irrelevant solutions or choosing intriguing ones. The
problem is that while the complementary subset of the solutions is being stored, one subset

of the solutions is being rejected. The goal of dominance rules is for reducing the available
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research on scheduling problems. Consequently, as a process for reducing search area and
shorten search period.

Definition[13]: The graph G depicts a finite number of the vertices or nodes V and a finite
number of edges joining 2 vertices; the edge joining a vertex to itself has been referred to as
the loop.

Definition[13]: If n vertices make up a graph that is referred to as G, then A(G) = [aij] be

the matrix (referred to as adjacency matrix), whose i*"and j*" element is 1 if there is at least

0,ifi=jori»j
1 edge between 2 vertices v; and v, and 0 otherwise, a;; = { 1,ifi = j
aij, otherowise

2. The Mathematical Formulation for 1/ (¥.C;, Y.E;, Tynax) Problem.

The problem(S-zMr )considered in this paper is to schedule a set of N of jobs
N ={1,2,...,n} on a one-machine. Every job j,j € N has an integer processed time p;, due

date d;.Given schedule § = (6,6, ...,8,), then for each job j calculate the completion
time by C; = pyand C; = Xz, ps, for j = 2,3,...,n. The tardiness of job j is defined by
T; = max{Cj — dgj,()} and earliness by E; = max {daj - Cj, 0}. Let S be a set of all of the

feasible solutions (where a feasible schedule means it satisfies all the constraints of problem
(SceMy ) that minimizes the multi-criteria (XC;, XE;, Tnax), and 6 = (61,8,,...,6,), is a

schedule in S. The mathematical form of the problem (S M+ ) may be written as:

FCET = Min{zcerEermax}‘
s. L.
€1 = Ps,
Cj = ps, j=1.2,..,n
G =Ci-1*tprs;, J=2,..,m > (SceMr ).
?}ECj—dé‘J j= 1,2,...,?’1
E; 2 ds, — G j=12,..,n

T; > 0,E >0 j=12,..,n )
Where &; indicate where job j falls in ordering & and S specifies collection of all of the

schedules. Finding the set of all of the efficient solutions to the problem (SczMr )is

complicated due to the fact that it is an NP-hard problem (due to the fact that the problem
UI¥53=1 Ejis NP-hard). The aim is finding a processing order & = (63,85, ...,8,), for
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problem(Scz M )for minimizing total earliness, the total completion times, and maximal
tardiness.
2.1 Sub problem of the S M problem.

For problem(ScgMr), sub-problem can be concluded: The
UI(XC; + YE; + Tpax) problem is referred to as the problem(SP). The objective of the
problem 1 // Y.C; + YE; + Ty,4, is to find the sequence of job processing that will minimize
2Ci + Y E; + Tpnax- Following is a definition of this sub-problem:

Suppose that a is any machine schedule that is possible to formulate as follows for
a given schedule a = (ay,a,,...,a;). Assume that « is any schedule which could be
expressed in the following way for a specific schedule a = (a4, a3, ..., ay,):

Fsp = Min{Y.C; + YE; + Tpax} )
s. L.
C‘1 = pal
Cj 2 pq, i=12,...,n o
_ _ . . > .
Ci=Cay p+Pay J=2,mum (SP)
T; = Cj—dg, ji=12,...,n
Ejzdaj—Cj j=1,2,....,?’1
T; > 0,E; >0 ji=12,...,n)

Finding a processing order @ = (aq, ..., a,,) for the jobs on one machine that minimizes
the summation of total completion times, the total earliness, and maximal tardiness

(ZCj(a) + YEi(a) + Tmax(a)), a € S (where S is the set of all of the feasible solutions), is

the aim of this problem.
3.Methodology:

This section is devoted to examining the approaches for solving the
problem(ScgM7) and (SP). Of the exact approaches, the BAB is utilized as the main
approach for solving the problem,

3.1 Exact Solution for Multi-Criteria and Multi-Objective Function Problems
A. Complete Enumeration Method(CEM)

Complete counting can be defined as a simple approach for generating all of
the feasible tables and after that selects the optimal one, with regard to multi-criteria
(multi-objective function) problem of n jobs, there are tables of number.n!
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B. Branch and Bound(BAB) Approach

The scheduling problem-solving approach that sees the most use is probably
the BAB approach. It is an illustration of implicit enumeration method that could identify
the optimal solution by methodically reviewing sub-sets of alternatives. A search tree
with nodes matching to such sub-sets describes BAB.

3.1.1 Using BAB to Solve (SczMr) and (SP) Problems

Through implicitly enumerating every solution in solution set (in other words, the
testing gradually smaller sub-sets of solution set), BAB finds optimal solutions. Those
subsets could be thought of as groups of solutions to smaller problems that relate to the main
problem. In order to accurately find a solution that enhances the (minimum) problem, the
(BAB) approach is applied. The process for (BAB) is introduced in the present study by
suggesting a number of the upper and lower bounds, and a number of the dominance rules
have been introduced in order to lessen the quantity of branching.

3.1.2 BAB without DRs (classic technology) for Problem(S-gM7).

This approach could be summarized in the following way: the upper bound (UB)
utilized depends on MST rule and lower bound (LB) for a non-serial segment per node
depend on SPT rule. The steps for BAB(WODR) are:

Algorithm: BAB(WODRSs) Algorithm

ST (1): Input n,p; and d; forj=1,2,..,n
ST (2): Let S = ¢, for any a define Frpr(a) = (ZCj(a),ZEj(a),Tmax(a))

ST (3): Calculate an upper bound UB of the problem Sz M+ by sorting the jobs in
a = MST rule. Calculate . Set j=1,2,..,nfor Fegr(a)

at the search tree’s parent node. UB = Fopr(a) = (ZCj(a),ZEj(a),Tmax(a))

ST (4): For every node of search tree of the BAB approach and for every partial
sequence 1 of jobs, calculate LB(m) = cost of sequenced jobs + cost of sequence

jobs that have been obtained by sequence jobs in SPT EDD rule (where m = SPT).

ST (5): Branch from each node with LB < UB.

ST (6): At the last level of search tree, get a set of solutions, if F () the result is
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indicated, m are added to the set § unless they are dominated by the efficient
solutions previously obtained in S, this process is called § filtering.

ST (7): Stop.

3.1.3 BAB with DRs Method for Problem S My

This approach could be summarized in the following way: UB depend on MST
rule and LB for un-sequenced part for each one of the nodes will depend upon the SPT and
EDD rules. This BAB is based on DR to decrease the number of the branched(open) nodes
which saves time and increases n number of solved problems. The steps of BAB(DR) are as
follows:

Algorithm: BAB(WDRs) Algorithm

ST (1): Input n,p; and d; for j = 1,2, ..., n.Find Adjacency Matrix A.

ST (2): Let S = ¢, for any a define Fgr(a) = (ZCj(a),ZEj(a),Tmax(a)).

ST (3): Calculate an upper bound UB of the problem S-z My through sorting jobs
in  a=MST rule. Calculate Let J=1.2,..,nfor Fepr(a)

.search treeat the parent node of the UB = Fgr(a) = (ch(a),ZEj(a),Tmax(a))

ST (4): For each node of the search tree of the BAB method and for each partial
sequence S of jobs B = MST, compute LB(f) =cost of sequenced jobs +cost of

unsequenced jobs obtained by £.
ST (5): Branch from each node with LB < UB and i — j.

ST (6): At the last level of the search tree, get a set of solutions, if F(B) the result
Is indicated, a are added to the set S unless they are dominated by the efficient
solutions previously obtained in S, this process is called S filtering.

ST (7): Stop.
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3.1.4 BAB Without DRs (Classic Technology) and BAB with DRs Method for
Problem(SP).

For the(SP) problem, use the same BAB that is used for the(Scz M) problem,
with some modifications indicated by BABsp. First, calculate UB for (SP) problem
st., UB(a = MST) = Fgp(a) = X.Ci(a) + YEj(a)+ Tpqx(a), then calculate the LB of
any node consisting of sequence and non-sequence parts (obtained by SPT rule) s.t.,
LB(c = MST) = Fsp(0) = X.Ci(0) + YEj(0) + Tnax(a), where o is the rule for
unsequenced jobs. Repeat these steps until an optimal solution is obtained from the root.

3.2 Heuristic Methods for S.gM+ and(SP)Problems.

Many research academics use approximatively or heuristic algorithms to handle
scheduling problems fast and efficiently since almost all of them are NP-hard and solving
them with the use of a CEM and BAB technique could be time-consuming. An algorithm or
strategy which searches for the optimum or nearly optimum solutions in a reasonable period
of time without a guarantee of optimality or even to see how close that solution is to an
optimum one in several circumstances is referred to as a heuristic(or approximation)
strategy. For problems(S-zMr)and(SP), new approximation methods for the two problems

will be proposed, and these methods are discussed in the following:

3.2.1 The First Heuristic Method for Solving(S-gMy)and(SP) Problems

For the first heuristic method since the SPT rule to solve the 1//}.C; problem. First,

calculate the objective function using the SPT rule. Then put the third job in the second
position and the other jobs are still ordered based on SPT rule and calculate the objective
function, etc. until n sequences are obtained, repeat the same procedures when using the
MST rule.

Algorithm: SM — S -gM(SP) Heuristic Algorithm

ST (1):input:n,pjand d;,j =1,2,...,n,8 = ¢@.

ST (2): Arrange jobs in the SPT rule (3;) and calculate
Fi(B) = (26 (B, ZE; (B, Trmax(B) ); § = 8 U {F11 (B},

ST (3): Fori =2,...,n, put the job i in the first position of f;_; to get ; and
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calculate Fy; (B;) = (X6(B), XV; (B, Emax (B) ); @ = a U (Fyi ()},

End;

ST (4): Arrange jobs in the MST rule () and calculate

Fo1(01) = (26;(01), £Vj(01), Emax(01) )i § = 8 U {21 (01)},

ST (5): Fori = 2,...,n, put the job i in the first position of g;_, to get g; and
calculate Fy;(07) = (£6;(07), 2V;(07), Eynax(07) ) § = 8 U {Fai(0)}.

End;

ST (6): A filter set S to obtain a set of efficient solutions to the problem S-g M.
ST (7): Output: the set of efficient solutions S.

ST (8): End.

Where ST=Step

3.2.2 The Second Heuristic Method for Solving(SgMy)and(SP)Problems

The idea of the second heuristic approach is based on dominance rules and is
summarized by finding a sequence sort with a minimum of p;andd;, which isn’t

inconsistent ~ with  dominance rules, and calculating objective  function.
DR — S -gM(SP) algorithms can be summarized in the following steps:

Algorithm: DR — S-zM(SP) Heuristic Algorithm

ST (1):input: n,pj and d;,j = 1,2,...,n.

ST (2): Apply remark or theorem (1) to find the DRs and corresponding adjacent
matrix 4; N = {1,2, ..., n} calculate s; = d; — p;,Vj € N,§ = ¢.

ST (3): Find a sequence a; with a non-increasing order of p; that does not conflict
with DR (matrix A), if it is more than 1 job order a; by Sjs then § = S U {a,}.

ST (4): Find a sequence a, with a non-increasing order of d; does not conflict with

the DR (matrix A), if there is more than 1 job that breaks links arbitrarily order a,
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by p;, then S = S U {a,}.

ST (5): Find the dominant sequence set S’ from S.
ST (6): Calculate Fezr(S').

ST (7): Output: Effective solution set S'.

ST (9): End.

Note that the SM — S M(SP) and DR — S ;M (SP) proposed in the previous section
will be used for the problem(SP).

3.4 Practical Examples of Utilizing the Proposed Methods

In this subsection, (5) randomly generated examples of p; and d; s.t. p; € {1,2,...,10} and
d; € {1,2,...,70}, provided that d; > p;, forj = 1,2,...,n.

First, let's define the following abbreviations:

ACT/S:  Average of CPU-Time per second. EX: Example.

Av: Average. NEFS: Number of efficient Solutions.

ANEFS:  Average number of efficient solutions. 7, : The number of jobs, where i is the number of problems tested.
CT/s: CPU-Time per second. RL: 0 <Real<1.

3.5 The Results of The Comparison of Problem S My

The results of applying BAB(WODR), and BAB(WDR) that were compared to the CEM
for the problem Sz My have been listed in Table (2), n =4, 5,,,,,11

Table (2): Comparison between BAB(WODR) and BAB(WDR) with CEM for problem S¢gMr.

CEM BAB(WODR)LB=SPT, UB=MST BAB(WDR)LB=SPT, UB=MST
MCF TIME  NES MCF TIME  NES MCF TIME  NES

AV (Fgr) ACT/S ANEFS AV (Fgr) ACT/S ANEFS AV (Fezr) ACT/S ANEFS
(60.8, 24.2,2.2) RL 8.2 (59.0, 26.4, 2.5) RL 7.0 (59.0,27.3,1.8) RL 46
(90.1, 23.3, 6.5) RL 10.2 (84.5,30.2,7.3) RL 5.0 (100.6,20.3,10.1) RL 48
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(89.6, 23.2, 5.5) RL 146 (81.5,33.7,7.4) RL 5.6 (120.5,23.6,11.2) RL 12.2
(113.4,32.4,9.2) RL 36 (99.1,51.5,12.5) RL 7.2 (126.3,22.4,12.6) RL 22.6
(153.3,26.1, 16.1) RL 562  (137.4,47.9,19.1) RL 3.8 (149.8,29.5,16.2) RL 31.2
(215.1,19.0, 24.7) 6.8 354 (18252081790 RL 12 (203.1,36.7,27.8) RL 24.8
(210.6,34.6,204) 712 1186  (1853,64.8,27.3) RL 16 (193.0,38.1,18.1) RL 71.8
(301.8,20.9,359) 8453 724  (2784/434397) RL 12 (286.6,23.9,35.3) RL 29.8

In Table (3) the results of applying BAB without DR and BAB with DR for problem
SCEMT! n = 12, very 25

Table (3): Comparison between the BAB without DR and BAB with DR for problem S¢cg My, n = 12, ..., 25,

BAB(WODR) BAB(WDR)

EX MCF TIME  NES MCF TIME  NES

ns AV (Fear) ACT/S ANEFS AV (Fear) ACT/S ANEFS
12 (326.9,55.6,42.2) RL 2.0 (323.7,28.2,37.7) RL 39.2
13 (344.8,59.8,47.6) RL 1.0 (345.8,30.8,45.6) RL 35.8
14 (455.3,26.4,62.3) RL 16 (453.0,14.9,58.1) RL 21.6
15 (530.0,52.2,67.3) RL 1.4 (556.8,25.4,66.8) RL 48.6
16 (498.4,63.6,61.8) RL 1.0 (514.4,31.1,60.9) RL 47.0
17 (617.5,43.4,73.0) RL 14 (631.9,21.4,72.7) RL 33.2
18 (670.1,82.2,75.7) RL 12 (702.0,38.0,74.0) RL 79.6
19 (712.3,60.6,77.6) RL 12 (697.1,33.4,75.7) RL 48.2
20 (789.8,70.2,80.7) RL 14 (827.9,35.5,81.7) RL 55.4
21 (803.1,66.4,81.3) RL 12 (718.3,22.8,69.2) RL 67.2
22 (1099.1,66.8,106.8) RL 12 (1032.8,39.5,100.5) RL 40.2
23 (1187.0,54.0,107.0) RL 1.0 (1142.3,30.8,101.2) RL 28.0
24 (1257.2,73.6,116.6) RL 1.0 (1271.5,33.7,115.5) RL 50.0
25 (1454.8,51.2,125.6) RL 1.0 (1445.1,24.5,123.6) RL 23.2
30 (1934.4,60.2,146.6) RL 1.0 (2393.2,28.1,148.4) RL 9.8
40 (3302.2,78.6,199.6) RL 1.0 (4036.1,31.6,203.0) RL 10.6
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50 (4784.6,91.0,241.0) RL 1.0 (6188.4,29.5,247.8) RL 13.6
100 | (20597.8,96.6,542.4) RL 1.0 (24137.7,24.5,547.2) RL 12.4
1000 | (1935453.8,0,5484.6)  194.9 1.0 (1935453.8,0,5484.6) 43.9 1.0
2000 | (7639198.8,0,10912.0)  1433.1 1.0 (7711677.4,0,10976.6)  358.6 1.0
3000 - - - (17299485.2,0.0,16444.2)  1290.4 1.0

In Table (4) The results of applyingSM — S-g M7 andthat were compared to DR — ScgMr
the CEM for the problem Sz M+ have been listed in Table (4), n=4,5,...,11.

Table (4): Comparison between SM — Scz My and.n = 4,5, ...,11 ,S.z M problemfor with CEM DR — S My

CEM SM — ScsMy DR — Scz My
EX MCF TIME NES MCF TIME NES MCF TIME NES
ns AV (Fgr) AT/S ANES AV (Fcgr) AT/S ANES AV (Fepr) AT/S ANES
4 (57.4,2.5,15.8) RL 6.4  (60.2,257,2.9) RL 5.6 (78.5,22.5,6) RL 6.0
5 (88.2,7.2,12.3) RL 72 (91.924473) RL 58  (112.9,26.315) RL 7.0

6 | (110.2,11.6134) RL 152 (113.7,289,11.3) RL 68  (132537,135) RL 6.0
7 | (128.1,142109) RL 256 (131424.1,144) RL 78  (120520,138) RL 4.0
8 (150.9,16, 11.8) RL 208 (155.6,324,18) RL 80 (99.7,52,0.7) RL 3.0
9 (216.4,25985) 82 212 (2253,21.3277) RL 68 (1949257,224) RL 7.0
10 (205,18.3,12.1) 872 400  (224536523) RL 104 (189.836.3,143) RL 4.0

11 (301,35.5,8.3) 1800 26.8 (317.7,23.9,37.9) RL 8.8 (296.3,25.5,35) RL 4.0

In Table (5): The results of applying SM — Sz M+ an DR — Sz M7 that were compared to
the BAB(WODR), and BAB(WDR) for the problem Sz M7 have been listed in Table (5),
n=24,>5,..,25.

Table (5): Comparison between SM — S My andS¢z Mr problemfor BAB(WODR), and BAB(WDR)with DR — Scg My, n =

45,...25.
BAB(WODR)LB=SPT, BAB(WDR)LB=SPT, SM — SczMy DR — S¢z My
UB=MST UB=MST
MCF TIME MCF TIME MCF TIME MCF TIME
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AV (Fepr) ACT/S AV (Fcpr) ACT/S AV (Fepr) ACT/S AV (Fegr) ACT/S
(59.0, 26.4, 2.5) RL (59.0,27.3,1.8) RL (60.2,25.7,2.9) RL (78.5,22.5,6.0) RL
(84.5,30.2,7.3) RL (100.6,20.3,10.1) RL (91.9,24.4,7.3) RL (112.9,26.3,15.0) RL
(81.5,33.7,7.4) RL (120.5,23.6,11.2) RL (113.7,28.9,11.3) RL (132.5,37.0,13.5) RL
(99.1,51.5,12.5) RL (126.3,22.4,12.6) RL (131.4,24.1,14.4) RL (120.5,20.0,13.8) RL
(137.4,47.9,19.1) RL (149.8,29.5,16.2) RL (155.6,32.4,18.0) RL (99.7,52.0,0.7) RL
(182.5,20.8,17.9) RL (203.1,36.7,27.8) RL (225.3,21.3,27.7) RL (194.9,25.7,22.4) RL
(185.3,64.8,27.3) RL (193.0,38.1,18.1) RL (224.5,36.5,23.0) RL (189.8,36.3,14.3) RL
(278.4,43.4,39.7) RL (286.6,23.9,35.3) RL (317.7,23.9,37.9) RL (296.3,25.5,35.0) RL
(326.9,55.6,42.2) RL (323.7,28.2,37.7) RL (378.9,31.8,42.9) RL (396.8,27.8,46.8) RL
(344.8,59.8,47.6) RL (345.8,30.8,45.6) RL (415.5,31.8,44.2) RL (429.3,30.3,47.2) RL
(455.3,26.4,62.3) RL (453.0,14.9,58.1) RL (507.7,15.1,58.4) RL (515.8,14.3,58.4) RL
(530.0,52.2,67.3) RL (556.8,25.4,66.8) RL (624.7,26.4,64.8) RL (641.9,22.5,65.7) RL
(498.4,63.6,61.8) RL (514.4,31.1,60.9) RL (601.3,32.4,60.4) RL (628.9,30.8,62.4) RL
(617.5,43.4,73.0) RL (631.9,21.4,72.7) RL (711.5,24.3,72.9) RL (739.1,21.8,72.3) RL
(670.1,82.2,75.7) RL (702.0,38.0,74.0) RL (832.8,40.6,75.2) RL (859.7,35.1,76.8) RL
(712.3,60.6,77.6) RL (697.1,33.4,75.7) RL (880.3,30.2,79.3) RL (917.8,24.7,79.9) RL
(789.8,70.2,80.7) RL (827.9,35.5,81.7) RL (1039.4,31.3,89.1) RL  (1090.8,20.6,92.9)  RL
(803.1,66.4,81.3) RL (718.3,22.8,69.2) RL (1101.7,33.1,87.0) RL  (1133.6,31.5914) RL

(1099.1,66.8,106.8) RL  (1032.8,39.51005) RL  (1183.6,39.7,92.8) RL  (1253.4,31.7,941) RL
(1187.0,54.0,107.0) RL  (1142.3308,101.2) RL  (1203.4,31.4,93.3) RL  (1224.1,26596.6) RL
(1257.2,73.6,116.6) RL  (1271533.7,1155) RL  (1497.2,39.4,112.7) RL  (1560.9,33.2,113.0) RL

(1454.8,51.2,125.6) RL (1445.1,24.5,123.6) RL (1605.0,37.2,112.7) RL (1673.8,35.0,116.0) RL

Table (6) presents the results of applying SM — Sz My and problemfor DR — S¢g M7y
n, for different Scg My

Table (6): Comparison results SM — S;z My and.nfor different S¢zMzfor problem DR — Scp My

SM — S My DR — S¢z My

EX MCF TIME  NES MCF TIME  NES
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ns AV (Feer) ACT/S ANEFS AV (Fezr) ACT/S ANEFS
40 (4022.5,32.7,201.1) RL 16.4 (4568.4,23.6,224.9) RL 16.0
60 (8577.7,32.9,298.0) RL 18.2 (9080.7,22.1,307.6) RL 13.0
80 (16483.9,37.1,424.9) RL 20.8 (16093.5,27.4,445.8) RL 13.0
100 (25917.9,38.9,544.9) RL 21.0 (26323.7,35.2,568.4) RL 19.0
400 | (415738.1,34.3,2179.2) 11 34.2 (384681.3,0.3,2238.3) RL 3.0
600 | (940295.2,35.0,3258.7) 2.2 38.2 (695900.0,0.0,3266.0) 1.2 1.0
800 | (1688582.7,29.4,4394.1) 3.8 39.0 (1195823.0,0.0,4279.0) 2.3 1.0
1000 | (2637870.0,32.0,5487.0) 5.8 39.2 (1867334.0,0.0,5345.0) 3.4 1.0
2000 | (10547780.3,30.5,10979.9) 102.3  40.2  (7711677.4,0.0,10976.6)  353.6 1.0
3000 | (23709647.0,30.6,16446.7) 289.3  40.4  (17299485.2,0.0,16444.2) 12995 1.0
4000 | (42101524.4,30.9,21895.1) 694.7  39.8 - - -
5000 | (65994864.8,36.4,27466.0) 1348.9  40.0 - - -

3.6 The Results of The Comparison of Problem S M .

The results of applying BAB(WODR), and BAB(WDR) that were compared to the CEM
for the problem(SP) have been depicted in Table (7), n = 4,5, ...,17

Table (7): Comparison of BAB(WDR) and BAB(DR) with CEM for problem(SP), n = 4:17.

CEM BAB(WODR), BAB(WDR),

EX LB=UB=SPT UB=LB=SPT

MOF TIME MOF TIME MOF TIME

ng AV(Fsp) ACT/IS AV(Fsp) ACT/IS AV(Fs)  ACT/S

4 84.2 RL 84.2 RL 84.2 RL
5 116.6 RL 116.6 RL 116.6 RL
6 141 RL 141.0 RL 141.0 RL
7 154.2 RL 154.2 RL 154.2 RL
8 189.6 RL 189.6 RL 189.6 RL
9 253.8 6.8 253.8 RL 253.8 RL
10 257.6 72.5 257.6 351.4 257.6 RL
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11 348 847.9 348.0 145.8 348.0 RL
12 - - 409.8 628.2 409.8 RL
13 - - 418.2 1800 418.2 11
14 - - 537.2 254.3 5314 11
15 - - 629 1800 629.6 97.2
16 - - - - 607.4 17.0
17 - - - - 718.2 RL

The results of applyingthe or fthat were compared to the CEM DR — SPand SM — SP
problem(SP) have been listed in Table (8), n = 4,5, ...,11

Table (8): Comparison between SM — SP and DR — SP with CEM for problem(SP), n = 4,5, ...,11.

CEM SM — SP DR — SP

EX MOF TIME MOF TIME MOF TIME

ns AV(Fsz)  ACT/S AV (Fsp) ACT/S AV (Fsp) ACT/S
4 84.2 RL 84.2 RL 85.6 RL
5 116.6 RL 118.2 RL 117.2 RL
6 141.0 RL 147.2 RL 144.0 RL
7 154.2 RL 162.8 RL 163.8 RL
8 189.6 RL 194.0 RL 196.6 RL
9 253.8 6.8 267.0 RL 267.6 RL
10 257.6 72.5 272.4 RL 270.4 RL
11 348.0 847.9 358.4 RL 361.4 RL

Table (9) presents the results of applying SM — SPand DR — SP for problem (SP) for
problem S-gMr, for different n. Table (9) also shows the comparison between BAB without
DR, BAB with DR, SM — SPand DR — SP for problem (SP) for different n.

Table (9): Comparison results between the BAB without DR, BAB with DR, SM — SP and DR — SP for problem (5P) for
different n.

BAB(WODR), BAB(WDR), SM —SP DR —SP
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EX LB=UB=SPT UB=LB=SPT
MOF TIME MOF TIME MOF TIME MOF TIME
ns AV (Fsp) ACT/S AV(Fsz) ACT/S AV (Fsp) ACT/S AV(Fsp)  ACT/S
4 84.2 RL 84.2 RL 84.2 RL 85.6 RL
5 116.6 RL 116.6 RL 118.2 RL 117.2 RL
6 141.0 RL 141.0 RL 147.2 RL 144.0 RL
7 154.2 RL 154.2 RL 162.8 RL 163.8 RL
8 189.6 RL 189.6 RL 194.0 RL 196.6 RL
9 253.8 RL 253.8 RL 267.0 RL 267.6 RL
10 257.6 351.4 257.6 RL 272.4 RL 270.4 RL
11 348.0 145.8 348.0 RL 358.4 RL 361.4 RL
12 409.8 628.2 409.8 RL 423.4 RL 426.2 RL
13 418.2 1800 418.2 11 450.4 RL 451.2 RL
14 537.2 254.3 531.4 11 548.0 RL 545.6 RL
15 629 1800 629.6 97.2 648.2 RL 648.4 RL
16 - - 607.4 17.0 625.2 RL 623.8 RL
17 - - 718.2 RL 738.6 RL 734.8 RL
18 - - - - 828.6 RL 828.2 RL
19 - - - - 854.8 RL 851.0 RL
20 - - - - 1031.0 RL 1030.0 RL
40 - - - - 3583.2 RL 3580.4 RL
60 - - - - 7359.0 RL 7346.8 RL
80 - - - - 13638.8 RL 13616.0 RL
100 - - - - 21258.8 RL 21236.8 RL
400 - - - - 312938.6 15 312795.4 1.8
600 - - - - 697160.0 2.7 697006.6 4.0
800 - - - - 1245389.8 5.0 1245259.0 9.0
1000 - - - - 1941079.4 8.2 1940938.4 21.0
2000 - - - - 7722685.6 46.1 7722683.0  140.8
3000 - - - - 17315967.4 130.6 17315958.4  496.3
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4000

30700639.2 307.1 30700633.4 1255.7

A sign (-) indicates unresolved examples.

4. Results and Discussion

Analyze the results by discussing the problem ScgMr:

From Table(2), note that BAB(WODR) starts to give the minimum values for the
SceMr problem compared to the results for BAB(WDR) and that CEM performs

better than BAB for n=4:11, but CEM takes a long time compared to

BAB(WODR).
Fr From Table(3), note that BAB(WDR) starts to give the minimum values for the
SceMyr problem compared to the results for BAB(WODR) for n = 12:24. While,

BAB(WODR) starts to give the minimum values for the Scz M7 problem compared to
the results for BAB(WDR) for n = 25,3 x 10,4 x 10,5 x 10,10%,103,2 x 103,

om Table(4), Note that CEM performs better than SM — Sz M7, and DR — S My for
problem S-g M for n=4:10, and that SM — S.g M7 performs better than DR — S-g M7

From Table(5), note that BAB(WODR) starts giving the minimum values for the
SceMr problem compared to the results for BAB(WDR), while BAB(WDR) gives

better results than SM — Sc.gMr .Also, SM — S.gMy gives better results than
DR — S g M7, for different n .

From Table (6), Note that Heuristic SM — Sz Mt gives better results than

DR — S.gMy forn = 40,60,100. while, DR — S-g M7 gives better results than

SM — Scg M forn = 80,400,600,..,3000, for problem Scg M+

Regarding the problem SP

e From Table(7), note that the application results of BAB(WODR), BAB(WDR),
and CEM are identical, but CEM and BAB(WODR) take a long time compared to
BAB(WDR). The problems are solved using the CEM method for n = 11, the
BAB(WODR) method for n = 15, and the BAB(WDR) method for n = 17.

e From Table(8), Note that CEM gives better results than heuristic SM — SP and
DR — SP for problem SP for n = 4: 11.Also, CEM takes a long time compared to
heuristic methods

e Note from Table(9), note that the application results of BAB(WODR) and
BAB(WDR) are identical, BAB(WODR) takes a long time compared to

BAB(WDR).
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e From Table(9), note that Heuristic DR — SP gives better results than SM — SP for
problem Sz My for different n, DR — SP takes a long time compared to SM — SP.

5. Conclusions and Future Works

In the present study, a single multipurpose machine function (MSP) with
dominance rules was considered 1//(ZCj,ZEj,Tmax), and from this problem can be derived

a subproblem 1//(ZCj + XE; + Tmax). In this paper, two techniques of BAB methods are

proposed to solve the two problems (SczM;) and (SP) Problems, With and without DR,
and results demonstrate the accuracy of the BAB results. Suggest 2 new heuristic methods
SM — Scg M7 (SP)andwith good efficiency for the two problems that DR — Sz My (SP)
have been discussed.

In the future, it will be interesting to conduct research on the MSPs that are listed.

1) U/ Lex(XC;, X Ej, Tinax).
2) Ul Lex(X E;, X Ci, Trnax)-
3) U/ Lex(Tiae X C;, X E; ).
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Abstract

The inverse problem for the modified Helmholtz equation's linked to heat conduction in fins is considered in this
paper. The goal of this study is to estimate the boundary temperature and heat flow on a segment of an under-
specified boundary (a portion of the outer border of a given domain) using the known Cauchy data on the other
portion. Numerical solutions to this problem are found using a proposed meshless method. In order to test the
stability, a noise is added to the Cauchy data.

Key words: Inverse Cauchy Problem, Preconditioned Conjugate Gradient Method (PCG), Polynomial Expansion,
Modified Helmholtz Equation, and Conjugate Gradient Least Square Method (CGLS).
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Introduction

One of the key applications in the design and optimization of inverse problems is the identification of an unknown
obstacle and its resistive characteristics. This motivates us to solve an inverse Cauchy problem to get the temperature
on the inner boundary of an annular region, which is governed by a modified Helmholtz equation.

In this article, we look at the invers problem, which entails estimating the temperature u at the inner boundary of an
annular domain from Cauchy data on the outer boundary (boundary temperature and heat flux), under the assumption
that the steady-state temperature u satisfies the modified Helmholtz equation governing the heat conduction in a fin.

Viu—k?u=0, 0n/D

based on the knowledge of the boundary conditions on the boundary of and the knowledge of the Dirichlet
temperature data and Neumann heat flux data on the outer half of the boundary of Q , where is the outward unit
normal at Lesnic & Bin-Mohsin 1% These kinds of problems are ill-posed. In reality, a problem is well-posed in the
sense of Hadamard if a unique, stable solution exists **. If the solution does not satisfy one of these characteristics,
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the problem is ill-posed, and an inverse problem must be formulated to solve it >. In contrast to direct problems, the
inverse problem is typically known to be more challenging to solve ¢7-.

In addition, the inverse problems are unstable Hadamard, meaning that even a minor measurement error in the input
data might result in a significant inaccuracy in the solution &. Inverse problems have recently been considered in a
number of scientific fields ®. One of the inverse problem examples is the inverse Cauchy problem, are some
references to this 1**. In this type of problem, the boundary conditions (Dirichlet, Neumann) are only known for a
portion of the boundary (the accessible portion), while the remaining portion of the boundary has no information,
which makes it under-specified or inaccessible!**>,

In order to avoid the ill-posedness of this kind of problem, a suitable algorithm must be selected for it 5. The Cauchy
problem for the Helmholtz equation has been solved using a variety of techniques over the past 20 years .. We will
now briefly review a few of these techniques, including the truncation method, the conjugate gradient method, the
meshless generalized finite difference method, the Landweber method, and the fractional Tikhonov regularization
method?*8-2L,

In fact, the quality of approximation is significantly impacted by the direct Helmholtz equation numerical solutions'
dependency on the physical parameter; for additional information 222>, for some approaches that have been suggested
to solve the Cauchy Helmholtz equation for some large parameter k. [Jourhmane & Nachaoui, 1996] suggested an
alternating algorithm based on relaxation of alternating algorithms. In [Berdawood et al, the authors demonstrated that
an efficient relaxed alternating approach proved the convergence for all values of wave number k in the case of the
Helmholtz equation and accelerated the convergence in the case of the modified Helmholtz equation .

In order to approximate the solution of a Cauchy problem for a modified Helmholtz-type equation in a bounded
domain surrounded by a smooth boundary, the goal of this work is to investigate an approach based on polynomial
expansion. In this work, the meshless method suggested by Rasheed et al. [Rasheed et al is used to approximate the
temperature on the inaccessible inner boundary. This approach was well considered by Rasheed et al to solve an
inverse Cauchy problem and by Jameel et al. in 2022 to solve a Cauchy problem Helmholtz equation %.

The paper will be organized as follows: Basic definitions of the inverse Cauchy problem for the modified Helmholtz
equation are provided in Section 2. Our suggested approximation technique is presented in Section 3. In part 4,
numerically solving two separate examples of the linear system using CGLS and PCG

2- Inverse Cauchy problem for the modified Helmholtz equation

Have a look at the area with 2/D < R? where
O={1r,0):0=r<1, 0<6 <2n}
D={(r,f):0=r<pf, 0<f<10<6 <2}

The domain 2 < R? has as boundary dQ = I'; U I'; with
I, ={@0) :r=p.,(0) 0=86<pn}
I,={00) :v=p;(0) Pprn=6<=2n}

Where 0 < B < 1, for the modified Helmholtz equation given below, we consider the following inverse Cauchy
Problem:
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Mu(x, y) — kK?u(x,y) =0 in 2/D 1)
u(p,0) = h(0) onl; (2)
% (p,8) = g(6) onT; ®)

A note is made regarding the Cauchy data u(x,y) and d,u(x,y) on the accessible domain boundary. where the
functions k() and g(0) that are known. The boundary is divided in two portions, the part I'; is underdetermined and
the part I['; is overdetermined. The inverse problem for the modified Helmholtz equation is constructed in order to
find the temperature u on the underdetermined part of the boundary I',.

Remembering that Rasheed et al. (2021) and Liu & Kubo (2016) provide the following expressions for the normal
derivative of u, denoted by d;,,u:

du(p,6 " du(p,6
Ontu(p, 8) = n(OI 2 - & e (4)
]

Ve (0)+[p"(9)]?

We may also express the normal derivative d,u(x, y) in terms of d,u and dyu.
dnpu = 11(8)[coscos(H) —:j—;sin sin(8)] d,u + n(8)[sinsin(6) — g—;cos cos(6)]d,u (6)

3. Approximation of the solution by polynomial expansion

The solution u(x, y) can be expressed as a polynomial expansion
u(x,y) =X Xj_gcijx™ yI ™ @)

To find cij, the coefficients u(x,y) must be determined. The highest order of the aforementioned polynomial
(m(m-1)

is m-1, and the total number of these coefficients is n= .

Equation (8) allows us to determine dxu(x,y), dyu(x,y), and Au

i-j—1

dxu(x,y) = 212§=1Cij(i —J)x J’j_l €))

yu(ey) =EitiYjmsc; G — Dx' y/ ™2 9)
B, y) = (o) = T By eyl = ) = j = DxiTI2yi=t 4 (= 1) = 2t yI =3 = 2 (iiyi
(10

The coefficients in equation (8) ¢;; can first be expressed as an n-dimensional vector ¢ with the components
Cok=1,....... n). Wheni=1,....mand j =1,....,i are taken into consideration, the coefficients c_ij
are actually rearranged, with each index ij corresponding to one index k when k@ + j. The phrase

u(x,y) can be expressed as the vector at with inner product.

213



Journal of Natural and Applied Sciences URAL No: 4, Vol: 1\December\ 2023

ulx,y) =[1x y x2xy y? x3x%y xy? y3 .....1[c1c0¢3 v eyl = alc (11)

We obtain an expression for _n u by substituting (8) and (9) into (6). For each point on the accessible part of the
boundaryI’;, the normal derivative Anu can also be expressed as the inner product of a vector e with ¢, where the

| — th component of e is given by
er = n(8)[(i — j)x/~ty/" (coscos @) —2—;sin(9)) + (j — Dx*7y/=2 (sinsin 9) —g—;cos(ﬂ))] (12)

for those who used cij to calculate el for I = 1,..., n, keeping the same coefficients i, j. Now, for each point in the
domain, the term u(x, y) — k2 u(x, y) can be written as the inner product of a vector d with c, where the I-th
component,l =1,..., n, is given by

die = (i = )i —j — DxI 2y 1 4 (= 1) — 2)xtTyI=2 — k2 (xiTyI1) (13)

The boundary condition (2)—(3) is verified by selecting n1 points on boundary I';, say
(xi,yj) = (rcos(8;),rsin(6;)),and i = 1,2, .....n; . We also select n, points in the domain 2/D, say
(x;y;)and j =1, .....,n, (to meet the equation) (1),

We now have the linear system as a result Ac = b (14)
Therefore, the vector b is longer. (2n; +n,) X 1 and A is (2n; +ny) X m(rzﬂ) matrix provided in each
case by

A=la] ..Aj €] eq1d]. . dpy] b = [R(6,) . h(0,,1)g(6,) ... g(6,,,) 00] (15)

4 Solving the linear system

We use the well-known Preconditioned Conjugate Gradient Method (PCG) and the Conjugate Gradient
Least Squares (CGLS) to solve the linear system Ac = b

4.1 Algorithms of the Preconditioned Conjugate Gradient method (PCG) and the Conjugate Gradient least
square method (CGLYS)

We will initially define the preconditioned conjugate gradient method as an iterative approach to solving a linear
system of equations. A positive definite, symmetric, A € R™", Ax = b

Preconditioned Conjugate Gradient | Conjugate Gradient least
method (PCG) square method (CGLYS)
Algorithm 1: Preconditioned Algorithm 2: Conjugate
Conjugate Gradient method (PCG) | Gradient least Square Method
(CGLYS)
1. letagey = 15 2/ (Pi+1W)
2. letXpiq = Xp + Apsr1Pres1
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3. letrpy =Tp — ApqW _ o Inld
ook L6t @i = Gt v
4. letPr+1 = Zx + PrPr
5. let ﬁk = rizk/(ri—lzk—l) 2. let Xp+1 = X + ArPrv
6. letk=k+1 .
7. repeat the prior actions until 3.letTres = A"Sksa
convergence

4. P =Tk + Pr-1Pk-1

lrge 113
5. let ﬁk =

- - 112
gl

6.letk=k+1

7. repeat the prior actions until
convergence

4.2 Stopping criterion and Initial guess

For any numerical approach, it is essential to know when the algorithm can stop; hence we chose the following
halting criteria:

Il < Tol (16)

Il

"L < Tol (17)

5.1 Polynomials exact solution.
Here, we look at a Cauchy problem with an exact polynomial solution and a modified Helmholtz equation
Example (1)

We consider the Cauchy problem for a modified Helmholtz equation with an exact solution
u(x,y) = 6x2y? —x* — y* defined in an annular domain with constant radius p, = 1 and 8 = 0.5. This

problem is over -specified on the following cases of the outer boundary

Case 1: T; = {(r,8):x(8) ={(0.5)+(0.4(cos (8))+0.1 (sin(2* 8))))/(1+0.7* (cos(6)}
Case 2: T; = {(r, 0):x(8) =0.5x0.4)/sqrt(0.25 (cos(6)?) + 0.16 (sin(6)?))

for which we have the following Cauchy data

h =6x2y? —x*—y* g= (12xy? —4x?)cos(0) + (12x%y —3y?)sin(H) . We study different cases for a
different physical parameter =100 ,./52 ,,/25.5,+/15 . For the numerical computations , we take

n, = 100,n, =5 ,n, = 500 and so we take m =2,...... ,10 .we compare the results obtained by using the both
algorithms CGLS and PCG with tol = 10719,

Tables 1 and 2 show the results for the first case of the boundary for the cases k =v/15, k =v/25.5.
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Table(1): K=v15

m No. of Iter Error BY CGLS No. of Error BY PCG
Iter

2 3 9.73906051E-01 3 9.73906051E-01
3 7 8.79669444E-01 7 8.79669444E-01
4 14 1.02721781E+00 14 1.02721781E+00
5 27 6.17522753E-11 27 5.38786028E-11
6 52 3.18469866E-09 55 1.84298842E-09
7 110 2.25113365E-08 119 4.22935870E-10
8 244 3.09006110E-08 270 3.15870164E-08
9 579 3.27045307E-07 671 4.85552658E-08
10 1332 6.52945172E-04 | 1603 6.50824775E-04

In table.1, we note that the best accuracy is obtained for m =5 , for both CGLS and PCG.

In figure 1, the domain for example 1 is given with a comparison between the exact solution and the approximate
ones.

Fig.1.a: Domain Fig.1.b: Exact and approximate solution

Figure 1: In fig.1.a the domain for Example.1. In Fig.1.b. a comparison between the exact and the
approximate solutions calculated with CGLS and PCG.
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The error for both CGLS and PCG is given in figure 2.

Error

Fig.2.a Error with CGLS

Fig.2.b Error with PCG

Figure 2: In fig.2.a the error for CGLS and in fig.2.b the error for PCG.

Table(2): k = v/25.5

m No. of iter | ERRORBY CGLS | No. of Iter Error BY PCG

2 3 9.75178623E-01 3 9.75178623E-01
3 7 8.81066644E-01 7 8.81066644E-01
4 14 1.24563990E+00 15 1.24563990E+00
5 29 5.22910876E-11 29 2.99529892E-11
6 64 8.26849464E-11 66 3.09130694E-09
7 131 1.82353839E-08 144 9.87740857E-09
8 283 2.51246135E-08 345 2.57075318E-07
9 770 4.28457506E-06 1019 1.43427858E-04
10 1772 4.47752351E-03 1903 7.18023665E-02

For table 2, we note the same remark as table 1. In the following the figures in which we present, the domain, a

comparison between the exact solution and the approximate solution with CGLS and PCG and the error for these

two methods.
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Fig.3.a: Domain

Fig.3.b: Exact and approximate solution

Figure 3: In fig.3.a the domain for Example.1. In Fig.3.b. a comparison between the exact and the
approximate solutions calculated with CGLS and PCG.

The error for both CGLS and PCG is given in figure 2

Fig.4.a Error with CGLS

Fig.4.b Error with PCG

Figure 4: In fig.4.a the error for CGLS and in fig.4.b the error for PCG.

Tables 3 and 4 show the results that were achieved for case 2 of the boundary for the cases k =v25.5, V/52.

Table(3): k=v25.5

m No. of

Error BY CGLS No. of Error BY PCG
iter iter
2 3 9.99558107E-01 3 9.99558107E-01
3 7 9.55310212E-01 7 9.55310212E-01
4 14 1.01862277E+00 15 1.01862277E+00
5 29 5.59318029E-12 29 7.66792032E-13
6 60 3.68183499E-10 63 5.18132718E-10
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7 127 7.10992390E-09 136 1.70270745E-09
8 288 5.03971819E-08 309 2.14552063E-06
9 613 3.09162562E-05 714 3.08840693E-05
10 1633 4.04151247E-05 2003 4.45837147E-05

In table.3 , we note that the best accuracy is obtained for m = 5, for both CGLS and PCG.

s with CGLS and

hution

Approximate and exact solutions in function of #
o

Fig.5.a: Domain

Fig.5.b: Exact and approximate

Solution

Figure 5: In fig.5.a the domain for Example.1. In Fig.5.b. a comparison
between the exact and the approximate solutions calculated with CGLS
and PCG.

The error for both CGLS and PCG is given in figure 6

Lt Error

Eror

Error

Fig.6.a Error with CGLS

Fig.6.b Error with PCG

Figure 6: In fig.6.a the error for CGLS and in fig.6.b the error for PCG.

Table(4): k =v/52
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Error BY PCG

m No. of iter Error BY CGLS No. of iter
2 3 9.99638455E-01 3 9.99638455E-01
3 7 9.55431129E-01 7 9.55431129E-01
4 16 9.68936987E-01 15 9.68936987E-01
5 32 1.47870984E-13 31 3.43199687E-13
6 61 3.80264882E-11 61 1.35254817E-09
7 131 1.02373334E-09 133 2.55791415E-09
8 303 4.80568455E-09 316 8.14038323E-08
9 658 2.65454289E-06 728 2.14729247E-06
10 1231 8.19510989E-04 1403 8.24351431E-04

For table 4, we note the same remark as table 3 . In the following the figures in which we present, the domain, a
comparison between the exact solution and the approximate solution with CGLS and PCG and the error for these two
methods.

In the following the figures in which we present, the domain, a comparison between the exact solution and the
approximate solution with CGLS and PCG and the error for these two methods.
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Fig.7.a: Domain

Fig.3.b: Exact and approximate solution

Figure 7: In fig.7.a the domain for Example.1. In Fig.7.b. a comparison between the exact and the
approximate solutions calculated with CGLS and PCG.

The error for both CGLS and PCG is given in figure 8.
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Fig.8.a Error with CGLS

Fig.8.b Error with PCG

Figure 8: In fig.8.a the error for CGLS and in fig.8.b the error for PCG.

5.2 Non-Polynomial exact solution

Here, we examine a Cauchy problem with a non-polynomial exact solution arising from a modified Helmholtz

equation.

Example (2): The Cauchy issue for a modified Helmholtz equation with an exact solution is taken into
consideration u(x) = exp(—x?) defined in an annular domain with the constant radius p, = 1and 8 = 0.5.

This problem is over —specified on the following cases of the outer boundary

Casel: I'; = {(r,0):r(6) ={(0.5)+[0.4*(cos(8))+0.1*(sin(2* 8)))]/(1+0.7* (cos(®)}

Case 2: T; = {(r, 8):r(6) =0.5%0.4)/sqrt(0.25*(cos(0))*2+0.16*(sin(8))"2)

we have the following Cauchy data h = exp(—x?) , g = —2xexp(—x?2) cos(8) . we study different cases for a
different physical parameter k . For the numerical computations, we take n; = 100, n,, = 5,and son, = 500 and

we take m = 2,3.4,......... ,15 we compare the results obtained by using the both algorithms CGLS and PCG with

tol = 10712

Tables 5 and 6 show the results for first case of the boundary for the cases k =v/15, k =v/25.5.

Table (5): k=y/15

m No. of Error BY CGLS No. Error BY PCG
Iter of
Iter
2 3 2.18922306E-01 3 2.18922306E-01
3 7 8.50341732E-02 7 8.50341732E-02
4 14 1.18281068E-01 14 1.18281068E-01
5 29 1.22195109E-02 30 1.22195109E-02
6 57 7.78351097E-02 57 7.78351096E-02
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7 124 1.81342897E-03 139 1.81342064E-03
8 281 2.15562382E-02 343 2.15562867E-02
9 310 4.00931466E-04 400 4.00586008E-04
10 363 1.39073285E-03 442 1.39019462E-03
11 408 1.37071013E-03 509 1.36882741E-03
12 405 1.39630229E-03 581 1.29835797E-03
13 407 1.32112532E-03 584 1.30783443E-03
14 426 1.31550201E-03 565 1.31508624E-03
15 413 1.32666792E-03 452 1.50085569E-03

In table. 5, we note that the best accuracy is obtained for m = 9 ,for both CGLS and PCG.
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Fig.9.a: Domain

Fig.9.b: Exact and approximate solution

Figure 9: In fig.9.a the domain for Example.2. In Fig.9.b. a comparison between the exact and the
approximate solutions calculated with CGLS and PCG.

The error for both CGLS and PCG is given in figure 10.

Crroe

Fig.10.a Error with CGLS

Fig.10.b Error with PCG

Figure 10: In fig..a the error for CGLS and in fig.10.b the error for PCG.
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m No. of Iter Error BY CGLS No. of Iter Error BY PCG

2 3 1.70555296E-01 3 1.70555296E-01
3 7 4.42631255E-02 7 4.42631255E-02
4 14 5.13242776E-02 14 5.13242776E-02
5 28 3.58867653E-03 28 3.58867651E-03
6 59 3.09779480E-02 60 3.09779480E-02
7 130 1.02481525E-03 13 1.02481644E-03
8 248 1.25229052E-02 290 1.25228659E-02
9 283 3.30076589E-04 233 5.18991030E-04
10 298 7.10294942E-04 293 6.92124861E-04
11 266 7.44076232E-04 297 7.43990896E-04
12 290 7.49020655E-04 319 7.49018456E-04
13 284 7.45188912E-04 395 6.51084944E-04
14 309 7.18521148E-04 344 7.18513310E-04
15 311 7.20690076E-04 357 7.20584837E-04

For table 6, we note the same remark as for table 5 . In the following figures, we present the domain, a comparison
between the exact solution and the approximate solution with CGLS and PCG, and the error for these two methods.

In the following figures, we present the domain, a comparison between the exact solution and the approximate
solution with CGLS and PCG, and the error for these two methods.
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Fig.11.a: Domain

Fig.11.b: Exact and approximate solution

Figure 11: In fig.11.a the domain for Example.2. In Fig.11.b. a comparison between the exact and the
approximate solutions calculated with CGLS and PCG.

The error for both CGLS and PCG is given in figure 12.

Fig.12.a Error with CGLS

Fig.12.b Error with PCG

Figure 12: In fig.12.a the error for CGLS and in fig.12.b the error for PCG.

Tables 7 and 8 show the results that were achieved for case 2 of the boundary for the cases k =v/52, k =v/100.

Table (7) : k=1/52

m No. of Iter | ERROR BY CGLS | No. of Iter Error BY PCG

2 3 1.16740998E-01 3 1.16740998E-01
3 7 1.73110297E-02 7 1.73110297E-02
4 16 1.79808788E-02 14 1.79808788E-02
5 30 1.91133785E-03 28 1.91133786E-03
6 62 5.88344291E-03 61 5.88344294E-03
7 137 1.02293329E-04 136 1.02293197E-04
8 190 1.47957911E-03 194 1.47957703E-03
9 196 3.08577828E-04 198 3.08563701E-04
10 199 3.37963537E-04 194 3.37996374E-04
11 203 3.09597055E-04 193. 3.09612452E-04
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12 198 3.11453226E-04 198 3.11489884E-04
13 197 3.11073375E-04 194 3.11069280E-04
14 199 3.11359573E-04 196 3.11381173E-04
15 197 3.11470542E-04 194 3.11482196E-04

In table 7, we note that the best accuracy is obtained for m = 7, for both CGLS and PCG.
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Fig.13.a: Domain

Fig.13.b: Exact and approximate solution

Figure 13: In fig.13.a the domain for Example.2. In Fig.13.b. a comparison between the exact and the

approximate solutions calculated with CGLS and PCG.

The error for both CGLS and PCG is given in figure 14.

Fig.14.a Error with CGLS

Fig.14.b Error with PCG

Figure 14: In fig.14.a the error for CGLS and in fig.14.b the error for PCG.
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m No. of Iter ERROR BY CGLS No. of Iter Error BY PCG

2 3 1.00846217E-01 3 1.00846217E-01
3 7 9.45579760E-03 7 9.45579760E-03
4 15 9.53529041E-03 14 9.53529041E-03
5 28 1.01538311E-03 29 1.01538311E-03
6 65 1.60483645E-03 62 1.60483632E-03
7 154 3.08380102E-05 136 3.08466318E-05
8 179 2.91056151E-04 180 2.91062154E-04
9 163 9.79980560E-05 166 9.79877960E-05
10 175 1.01537054E-04 174 1.01530971E-04
11 169 8.40815055E-05 171 8.40422657E-05
12 180 8.40425645E-05 172 8.40475172E-05
13 181 8.32397574E-05 168 8.32356726E-05
14 170 8.32378273E-05 172 8.32391710E-05
15 172 8.32134185E-05 170 8.31962562E-05

For table 8, we note the same remark as for table 7. In the following figures, we present the domain, a comparison
between the exact solution and the approximate solution with CGLS and PCG, and the error for these two methods.

In the following figures, we present, the domain, a comparison between the exact solution and the approximate
solution with CGLS and PCG, and the error for these two methods.
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Figure 15: In fig.15.a the domain for Example.2. In Fig.15.b. a comparison between the exact and the
approximate solutions calculated with CGLS and PCG.
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The error for both CGLS and PCG is given in figure 14

Fig.16.a Error with CGLS Fig.16.b Error with PCG

Figure 16: In fig.16.a the error for CGLS and in fig.16.b the error for PCG.

5.3 Stability and effect of a noise

The inverse problem is a type of issue caused by the collected (measured) data, and these data may contain errors as a
result of measurement mistakes. The impact of data noise on the approximation of the answer must therefore be
studied. For this, we apply noise using the following form to the Cauchy data:

h(0) = u,.(p,0) + o * rand
For some measurement, error deviation , = 0.1,0.01,0.05,0.001 and for a Gaussian random error rand.

We study the perturbation of Cauchy data by noise for example 1, for a physical parameter /15
ny = 100, n, = 500 with Tol = 1071° and I3 = {(r,8):r(8) ={(0.5)+(0.4(cos (8))+0.1 (sin(26))))/(1+0.7 (cos
)}

g No. of Iteration for | Error with CGLS No. of Iteration for Error with PCG
CGLS PCG
Without noise 27 6.17522753E-11 27 5.38786028E-11
0.1 30 1.51541732E-01 31 1.51541732E-01
0.05 29 6.88828044E-02 29 6.88828046E-02
0.01 30 7.33304825E-04 31 7.33304770E-04
0.001 29 2.01073012E-03 31 2.01073004E-03
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Figurel7: Different level of noise for Example 1.

We note that for the different levels of noise, the approximate solution obtained still approaches the exact one with
good accuracy and has the same geometry.

Conclusion:

In order to retrieve unknown data on a portion of the boundary from supplied data on the other accessible portion, we
solve the inverse Cauchy problem of the modified Helmholtz equation. The polynomial expansion of the solution,
which implies constructing a linear system, is used to transform the inverse Cauchy problem into a direct problem,
which is then solved by PCG and CGLS. By resolving a few examples and contrasting the precision of PCG and
CGLS, the proposed method is confirmed to be effective in overcoming the ill-posedness of the inverse Cauchy
Problem. Applying noise to the Cauchy data confirm the investigation of the method's stability.
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Abstract. In recent years, face recognition algorithms have made great strides thanks to
the rapid development of deep learning techniques and the availability of large-scale
face datasets. However, despite these developments, there are still obstacles to reaching
high accuracy and durability in facial recognition systems in real-world applications.
Face recognition systems that combine many modalities or algorithms are gaining
popularity as a means of overcoming these challenges. The goal of this research was to
compile an overview of hybrid face-based recognition systems, detailing state-of-the-
art methods and their effectiveness in improving face recognition performance. First,
we talk about why double-mode techniques are preferable, and what benefits they have
over single-mode ones. This extensive analysis, emphasize the important parameters
that affect the efficacy of several hybrid face-based identification systems and indicate
their strengths and limits. We also cover obstacles and potential future research topics,
such as standardized evaluation methodologies and the incorporation of explainable Al
methods. Insights and suggestions for the future development of more accurate and
trustworthy solutions are provided in this review, making it a great resource for
researchers and practitioners working on face recognition systems.

Keywords: Biometrics; Indicators Of Individuality; Hybrid ; Face Recognition
Systems; Review.

1. Introduction

Recent years have seen a surge of interest in and tremendous advancements in face recognition
systems, thanks in large part to the quick development of deep learning techniques, the
proliferation of large-scale face databases, and the expansion in processing capacity [1], [2].
Surveillance, access control, forensic investigation, and even HCI have all found uses for these
kinds of systems. The technology behind facial recognition has come a long way., but they still
have a way to go before they can reliably identify a person in a variety of settings, such as
those with changing lighting, poses, expressions, and occlusions[3], [4].

In light of these difficulties, researchers have explored numerous methods for enhancing the
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performance of face recognition systems. Many researchers are focusing on developing hybrid
face recognition systems that incorporate features from other modalities or algorithms. When it
comes to improving identification accuracy, robustness, and generalization, hybrid systems
integrate the best aspects of different modalities or approaches[5], [6]. Through this research,
researchers aim to familiarize readers with the state-of-the-art approaches, their contributions,
and the future challenges associated with hybrid face-based recognition systems by providing a
detailed analysis of these systems. Multi-modal fusion, multi-algorithm fusion, and multi-level
fusion are the three categories into which we've placed these architectures. The research was
conducted to better understand the potential benefits and limitations of hybrid approaches. This
paper's contributions are summed up as follows.:
1. Comprehensive analysis of the prior research on hybrid systems, covering topics such
as their justifications, benefits over traditional methods, and potential effects on
recognition accuracy. We hope to provide scholars and practitioners with a
comprehensive grasp of the state-of-the-art methods in this sector by examining the
various types of hybrid systems.
2. Analysis of the integration of face images with other biometric modalities, such as
fingerprints or iris, to enhance recognition accuracy. We examine various fusion
strategies, including early fusion, late fusion, and decision-level fusion, and evaluate
their benefits and drawbacks. Additionally, we discuss the challenges associated with
multi-modal data acquisition and fusion, as well as potential solutions.
3. Exploration of hybrid systems with different facial recognition methods. Deep neural
networks, local binary patterns, and sparse representation-based algorithms are
discussed for hybrid systems. We examine the pros and cons of feature-level, score-
level, and decision-level fusion and their effects on recognition performance.
4. Investigation of how to combine low-level pixel-based characteristics with high-level
semantic representations to improve facial recognition’'s robustness and discriminatory
power. We talk about combining matching scores or decision outputs, as well as features
retrieved at various depths. We evaluate the advantages and disadvantages of multi-level

fusion and suggest directions for future study.
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The remaining sections of the paper are as follows: The many types of face recognition
systems, such as feature-based, template-based, and model-based, are discussed in detail in
Section 2.Section 3 discusses the motivations behind hybrid face-based recognition systems
and presents their advantages over single-modality systems. In Section 4, we categorize the
existing hybrid systems into three main groups: multi-modal fusion, multi-algorithm fusion,
and multi-level fusion, providing detailed explanations of each category. Section 5 presents a
comparative analysis of the strengths and limitations of different hybrid approaches. The
difficulties and potential future research areas for hybrid face recognition systems are discussed
in Section 6. The report finishes in Section 7, where the major findings are recapped and
suggestions for future research are offered...

2. Face Recognition Systems

Identifying people by their faces, as seen in Figure (1). can be broken down into various sub-
types according to the methods and processes that underpin them. The various forms of face
recognition systems, such as Holistic-based approaches, feature-based methods, model-
based techniques, and Hybrid-based approaches[7], [8], are discussed in detail below (see

Figure (2)).

Face image

|

Face Detection

|

Obtain the face
area

Face Feature
Library / Database

——p |mage Pre-processing —— Feature Extraction ——b

Condlusion /
Identification

|

Feature Matching

|

Facial Features

FIGURE 1. Structure for facial recognition [9].

[1] Holistic-based Approach:
The Holistic method, sometimes called the Global method, takes into account the
complete face in its analysis. It analyzes the face as a whole and extrapolates features from
the overall configuration of the face. This is a common application area for statistical image
analysis techniques like Principal Component Analysis (PCA), Linear Discriminant Analysis
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(LDA), and others like them. Then, we employ these attributes for identification or
categorization. Though computationally efficient, holistic-based approaches may struggle
with factors such as position, illumination, and facial expression fluctuation[10].

[2] Feature-based Approach:

The Feature-based method, also known as the local method, is concerned with the
collection and evaluation of localized aspects of a person's face. This method extracts and
matches individual facial features, such as the eyes, the nose, the mouth, or local texture
descriptors, to carry out recognition rather than treating the face as a whole. Methods like
Local Binary Patterns (LBP), Scale-Invariant Feature Transform (SIFT), Histogram of
Oriented Gradients (HOG), and Convolutional Neural Networks are frequently utilized for
feature extraction in this method (CNNs). While feature-based methods may withstand
shifts in position and lighting, they may falter when confronted with occlusions or a lack of

data[11].

[3] Model-based Approach:

The Model-based method creates a mathematical or statistical representation of the face.
These models account for individual differences in the face's structure and appearance in
order to facilitate identification. Active Appearance Models (AAM) are a popular model-
based technique because they combine shape and appearance models to describe the
face. The Elastic Bunch Graph Matching (EBGM) technique is another good illustration; it
builds a 3D representation of the face that can adapt to changes in position and lighting.
Although model-based techniques are robust against shifts in position and lighting, aligning

face landmarks precisely can be difficult[12].

[4] Hybrid-based Approach:
The purpose of the Hybrid-based approach is to boost the efficiency of face recognition
systems by utilizing a combination of different approaches. To enhance recognition
precision, robustness, and generalizability, hybrid systems combine the best features of
multiple methods. Using a global feature representation and local feature descriptors, for
instance, a hybrid system may combine the holistic and feature-based techniques. To
improve recognition accuracy, another hybrid method might combine data from different
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modalities such as fingerprints and iris scans with facial photos. To overcome the
shortcomings of standalone methods and attain better results in complex settings, hybrid
approaches hold much promise[13], [14].

It's important to keep in mind that the lines between these methods aren't always well
drawn, and that many cutting-edge facial recognition systems use a hybrid approach.
Examples of deep learning-based systems that mix holistic and feature-based
representations include Convolutional Neural Networks (CNNs)[15]. As a result of its
capacity to mix diverse approaches or modalities, hybrid face-based recognition systems
have garnered a lot of attention in recent years, and we'll be taking a look at some of these

systems in the sections that follow.
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FIGURE 2.
Methods for Recognizing Faces[16].
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3. Hybrid Approach

Hybrid methods combine local and subspace features to reap the benefits of both
approaches, which could result in better face recognition system performance. Gabor
wavelets and linear discriminant analysis (HGWLDA) were employed to develop a
unique method for face recognition by Fathima et al. [17]. Similarly, the size of the
grayscale facial image that is an approximation is reduced. The grayscale face image
goes through a series of Gabor filters, each with a distinct size and orientation. After
that, they reduce the amount of space that exists within each class by employing the
subspace technique known as 2D-LDA, while simultaneously expanding the amount of
space that exists between the classes. For the purposes of classifying and identifying
the test face image, the k-nearest neighbor classifier is utilized. Comparing each
individual feature of the test face image to the features of the faces in the training set is
what the recognition process entails. The experimental results suggest that the
reliability of this approach remains unaffected by changes in illumination.
Experimenting with different activation functions (Softmax and Segmod) and
optimization algorithms; using a convolutional neural network (CNN) architecture for
feature extraction; using the histogram of oriented gradient (HOG), the scale invariant
feature transform (SIFT), the Gabor, and the Canny contour detector; Benradi et al.
[18] developed a novel strategy to improve face recognition accuracy when faced
with variance or occlusion.Before feeding the results of a feature extraction operation
using the aforementioned methods into the CNN architecture we were utilizing, we
preprocessed two of our face databases (ORL and Sheffield faces).Their simulation
results show that the SIFT+CNN combo performs exceptionally well, with an accuracy
of up to 100% even when noise is present.

For 3D face categorization, Dutta et al. [19] employed a PICANet-based composite
filter network after employing a cascaded linear convolutional network. Some of the
layers that make up these networks are convolutional layers, nonlinear layers, pooling
layers, and classification layers. The fundamental advantage of these networks over
DCNN is the network topology's simplicity and processing efficiency. Three publicly
available 3D face datasets (Frav3D, GavabDB, and Casia3D) have been used to assess
the effectiveness of the proposed approach. Recognition rates of 96.7%, 87.7%, and
89.21% were attained by the system when applied to photos of faces from Frav3D,
GavabDB, and Casia3D using the proposed hybrid network.
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Combining probabilistic neural networks (PNNs) with enhanced kernel linear
discriminant analysis (IKLDA)is the basis of a hybrid approach to face recognition
proposed by Ouyang et al. [20]First, a PNN approach is used to handle face
recognition problems by reducing the dimensionality of features from a sample while
maintaining its relevant information. Both the efficiency and accuracy of computing
are enhanced by the suggested IKLDA+PNN approach. Since they cover a wide variety
of facial emotions, facial characteristics, and degrees of scale, the ORL, YALE, and AR
datasets were used to evaluate the IKLDA+PNN approach to face identification. In
tests on three different datasets, it was shown to attain recognition accuracies of
97.22%, 83.84%, and 99.12%, respectively.

Latent dirichlet allocation (LDA), unbiased correction for collinearity in latent classes
(WCBC), and over-complete least-squares bias correction (OCLBP) were all
recommended by Barkan et al [21]. Adapting the LBP method allowed for this multi-
scale representation to be created. The LDA method is useful for dealing with the
many-dimensionality issue. For facial recognition, the final measure learning
procedure is called within class covariance normalization (WCCN).

Using high-dimensional Walsh Local Binary Patterns (WLBP) and enhanced correlation
filters, Juefei et al. [22] developed a periocular-based, single-sample, alignment-
robust face recognition system (WLBP). With this technology, you may quickly and
easily generate new face images across a wide range of 3D rotations thanks to the 3D
generic elastic model.The proposed solution outperformed state-of-the-art
algorithms on the LFW database across all four assessment methods, with an accuracy
of 89.6 percent.

A multi-sub-region based correlation filter bank (MS-CFB) is proposed by Yan et al.
[23] as a risk-free method of gathering data for use in facial recognition systems. Each
of the face's individual areas can have its own unique set of features extracted using
MS-CFB. as a risk-free method of gathering data for use in facial recognition systems.
Each of the face's individual areas can have its own unique set of features extracted
using MS-CFB.

Through the utilization of PCA, SIFT, and Fisher vectors, Simonyan et al. [64]
developed a fresh technique for recognizing people by their faces. As a solution to the
problem of the Fisher vectors' large dimensionality, the authors advocate for a
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discriminative dimensionality reduction. The vectors are then linearly projected onto
a more convenient axis. Using dense SIFT feature descriptors and Fisher vector
encoding, this method performs exceptionally well on the challenging LFW dataset in
both confined and unconstrained circumstances.

Using convolutional neural networks (CNNs) and stacked auto-encoder (SAE)
techniques, Ding et al. [24] the original holistic face image, the rendered frontal face
using a 3D face model (representing local facial features), and uniformly sampled
image patches into a multimodal deep face representation (MM-DFR) framework. The
proposed MM-DFR framework uses three-layer stacked auto-encoders (SAEs) for
feature compression and convolutional neural networks (CNNs) for feature extraction
to construct a low-dimensional representation of the face. Comparison to the LFW
database is used to gauge how well MM-object DFR detects objects. Figure 3 depicts
the proposed MM-DFR structure.

An efficient pose-invariant facial recognition system is provided by Sharma et al. [25],
which makes use of the PCA method and the ANFIS classifier. Principal component
analysis (PCA) is used to extract features from images, and an ANFIS classifier is
created to recognize images regardless of the subject's attitude. Since it is based on
PCA-ANFIS, the suggested system outperforms ICA-ANFIS and LDA-ANFIS on the face
recognition challenge. The ORL database is used for decision-making.

The fast facial recognition system developed by Mussa et al. [26]makes use of DCT
and PCA. In order to streamline the process and get rid of extraneous data, facial
traits are extracted using a genetic algorithm (GA) approach. Dimensionality reduction
and feature extraction are also carried out with the aid of the DCT-PCA technique. The
shortest possible Euclidean distance is used as the criterion (ED). We use many free
online face databases to demonstrate the efficacy of our strategy.

Mian et al. [27] In order to efficiently and robustly recognize facial emotions, it is
necessary to provide a multimodal (2D and 3D) face recognition system based on
hybrid matching employing principal component analysis (PCA), support vector
machine (SVM), and iterative closest point (ICP).The transformation makes it easy to
adjust the 3D location of a face based on the texture of the face. The SIFT descriptor is
used with a novel 3D spherical face representation (SFR) to build a rejection classifier,
allowing for effective recognition even in the case of large galleries. To draw a
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conclusion, we use a modification of the iterative closest point (ICP) technique. Over
the whole FRGC v2 database, the system achieved a verification rate of 98.6% and an
identification rate of 96.16%, making it less sensitive to and more resilient in the face
of facial expressions.

Cho et al. [28] used principal component analysis, local Gabor binary pattern
histogram sequence (LGBPHS), and GABOR wavelets to create a hybrid system for
facial identification. The number of dimensions can be minimized via principal
component analysis. For recognition, they then employ the local Gabor binary pattern
histogram sequence (LGBPHS) method, which was developed to lessen the burden of
the difficulties introduced by the Gabor filters. Recognition rates are shown to
increase experimentally under different illumination situations compared to PCA and
Gabor wavelet techniques. Using the Extended Yale Face Database B, we show that
this technique is effective.

Sing et al. [29] combine principal component analysis (PCA) and Fisher linear
discriminant (FLD) to create a novel hybrid approach to face representation and
recognition. In order to extract local attributes from a picture, segmentation is
required, while processing the full image at once will yield global characteristics. The
resulting fused feature vector is then subjected to dimensionality reduction methods
like principal component analysis (PCA) and Fisher linear discriminant analysis (FLD).
To do this, they query the CMU-PIE, FERET, and AR databases for facial features.

SPCA—-KNN Coupling Principal Component Analysis (PCA) with Kernel Neural
Networks, Kamencay et al. [30]develop a novel method for facial recognition. The
SPCA descriptor and the Hessian-Laplace detector are utilized for this purpose. SPCA
is used for facial recognition. To locate people with similar characteristics, the KNN
classifier is presented. Using the unsegmented ESSEX database, the experiment was
successful 92% of the time, whereas using the segmented database, it was successful
96% of the time (700 training images).

For sequential human activity recognition, Sun et al. [31] present a CNN-LSTM-ELM
hybrid deep structure that combines convolutional operations, recurrent units from
the LSTM network, and the ELM classifier (HAR). On the OPPORTUNITY dataset, they
tested their suggested CNN-LSTM-ELM system. Each sample represents a sequence,
and there are a total of 46,495 training samples and 9894 testing samples. Models are
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trained and tested on GPUs with 1536 processing cores, 1050 MHz clock speeds, and
8 GB of memory. Using a flowchart representation, Figure 4 depicts the suggested
CNN-LSTM-ELM architecture.
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3.2An Overview of Hybrid Methods

The various hybrid methods are summed up in Table 3.Recognition systems have been
given a boost in accuracy and speed thanks to the development of new techniques.
Combining local and subspace methods produces reliable recognition and dimensionality
reduction under varied lighting and expressions. It is also implied that these technologies

are susceptible to noise and resistant to scale and rotation.
TABLE 1. Hybrid approaches summary.

240



Journal of Natural and Applied Sciences URAL

No: 4, Vol: 1\December\ 2023

Author Technique Used Database Matching Limitation Advantage Result
Benradi ¢t S L ORL and A
AL[18] SIFT+ONN Sheffield HOG - accuracy rate 100%
. 96.93%,
FraviD, % A
: 7.7%.
Dutta[ 1Y) CNNAPICANet GavabDB, and PCA Complexity (‘om[.mla.t:onall.\ $21%
Casia3D. efficient and
89.21%
97.22%,
O:-{'l'.',"fl ¢ mipaseny  ORLYALEand SVM = processing time  83.8%
2= 99.12%
I ; . Hlumination 88%
h'a'l'"[l:":')“ GW-LDA ¥ \\;I";(sl;“ k-NN n:«::&l:in invariant and 94.02%
| MITINDIA M reducethe  8R12%
; N dimensionality
5.5
Sariae ot OCLBR LFW Reduce the ﬂlzﬁ
al, [21] LDA e MAP - J 9,70%
WCON i dimensionality o7 70,
ofci . iti o
.Iutl’c:‘t:t al, ACF and WLBP LFW _ Complexities Pose conditions 89.69%
22}
Simonyan Mahalanobis .
W) TRt RIET LFW matrix S"‘”';,:f:'“" Robust il
S PCA-ANFIS i 96.66%
RN g 1 ICA-ANFIS ORL ANFIS S cificity | Pose condifions  71.30%
al.[253] LDA-ANFIS apEEIONy 68%
92.62%
Moussa et ORL u Reduce the
al. [26] UCLRCA UMIST Euclidian . iexity  dimensionality  ooa0st
YALE distance 95.50%
Mian et al. Hotelling FRGC ICP Processing Facial 99.74%
[27] transform, time expressions -
SIFT, and ICP
Cho et al. . - . Extended Yale  Bhattacharyya  [llumination :
(28] B BN FaceWavelets  distance condition  Complexity  95%
Si i CMU Pose, 71.98%
T PCA-FLD FERET pe Robustness  illumination,  94.73%
(29] AR o and expression 68.65%
':“T[';‘;l‘ SPCA-KNN ESSEX KNN Processing Expression  96.80%
time variation
Sun et al High Automatically
T A CNN-LSTM- TRV N 1o processing learn feature 90.60%
[31] ELM OPPORTUNITY LSTM/ELM time representations
Ding et al. TN 9 : " g High o
24] CNNs and SAE LFW _ Complexity recognition rate 29%

Discussion on Hybrid Approaches in Face Recognition Systems

As a result of their potential to improve recognition performance and accuracy, hybrid
approaches have attracted a lot of interest in the field of face recognition systems. These
algorithms offer a comprehensive and powerful method of face identification by combining
regional and holistic features. The capacity to successfully manage both local and global
elements is a major benefit of hybrid systems. Unique traits are best extracted from
segmented face regions using local feature-based approaches including HOG, LBP, Gabor

filters, and correlation filters. Facial expressions and occlusions, however, might contribute
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significant background noise that can hinder their performance. Holistic approaches, on the
other hand, consider the whole face rather than just the eyes, mouth, and nose. Holistic
approaches are able to capture the full representation of a face because they treat the
facial image as a matrix of pixels. On the other hand, they might not distinguish between
different colors or textures in an image.

Hybrid approaches can be more effective than either option alone since they combine
regional and holistic approaches. Improved recognition accuracy and reliability can result
from combining the strengths of local and holistic approaches. The system's adaptability to
changes in illumination, facial expression, and stance is improved by utilizing both local and
global features for analysis of facial recognition. When deciding on the best approach, it is
vital to take into account the unique circumstances of the application. For instance, face
recognition systems that employ modestly sized photos may struggle with the accuracy of
local feature-based techniques. When choosing an algorithm, it is also necessary to take
into account the amount of training instances that will be needed. By combining the best
features of local and systemic approaches, hybrid methods provide a solution that can be
adjusted to meet the needs of a given application.

Future facial recognition system research should concentrate on improving hybrid
techniques. Development of 3D face recognition methods, multimodal fusion methods that
mix data from different sources (such as visible and infrared pictures), and the use of deep
learning (DL) methods are three intriguing avenues for further investigation. While issues
with lighting and position fluctuations plague 2D face recognition, 3D data can help, and
multimodal fusion techniques can boost recognition performance even further. With its
better accuracy in face recognition tests and its ability to learn high-level abstractions, DL
has shown considerable promise. As a result of bringing together local and global features,
hybrid techniques in face recognition systems provide an effective answer. The recognition
accuracy, robustness, and adaptability of such systems can all be improved by combining
the best features of both approaches. To further increase face recognition, future research
should continue to investigate and improve hybrid approaches, with a particular emphasis
on the creation of 3D face recognition, multimodal fusion techniques, and the application
of deep learning algorithms.

5. Conclusions
In conclusion, the field of face recognition systems has seen considerable developments,

with many approaches and methodologies being developed and investigated. hybrid
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techniques, which mix regional and holistic characteristics, have emerged as a potential
direction in boosting recognition performance and accuracy. these approaches integrate
regional and holistic properties. these methods offer a complete and robust solution for
face identification because they capitalize on the capabilities of both locally feature-based
methods and holistic representations. moving forward, the focus of future research should
be on further improving hybrid approaches and exploring new directions. for example, the
development of 3d face recognition techniques, multimodal fusion strategies, and the
integration of deep learning algorithms are all examples of new directions that could be
investigated. these advancements will contribute to the continued progress and adoption of
face recognition systems in a variety of domains, including biometric authentication,
security, and surveillance. they will do this by addressing the challenges posed by
changing lighting conditions and changing poses, as well as by improving overall

recognition capabilities.
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Abstract

This research encompasses the preparatory and theoretical investigation of the computational chemistry of a series of chalcones
utilizing quantum mechanics and molecular mechanics (MM2) methodologies. The investigation involves the evaluation of
electronic density, total energy of the molecule, heat of formation, atomic charges, bond angles, bond lengths, and various other
molecular properties. The quantum mechanics approaches employed encompass semi-empirical extended structure theory
methods, including the AM1 method. Additionally, an assessment of their antibacterial activity was conducted, involving the
synthesis of novel pyrazoline derivatives through the reaction of 5-chloroidanone with various benzaldehyde substitutes. The
chemical identity of the synthesized compounds was established via measurements of melting point and spectroscopic techniques
such as *H-NMR, **C-NMR, and FT-IR.

Keywords: Chalcones, pyrazolines, biological activity, 5-chloroidanone

1. Introduction

Heterocyclic compounds composed of five atoms, featuring two nitrogen atoms within their structure, are of
interest in this study. Conversely, pyroxylene is comprised of two hydrogen atoms and possesses a double
bond. Pyrrolidine, in contrast, consists of four hydrogen atoms and lacks a double bond [1, 2].
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Pyrazoline and its analogues have demonstrated notable pharmacological activity across industrial, medical,
pharmaceutical, and agricultural domains [3]. Furthermore, they serve as counterparts to various
heterocyclic compounds such as imidazoles, thiazoles, and oxazoles. Pyrazolines, known for their stability,
have incited chemists to explore structural modifications aimed at generating diverse compounds with
distinct pharmacological attributes [4]. The preparation of pyrazoline involves the interaction of chalcones
with hydrazine or phenylhydrazine under acidic conditions [5]. The presence of double bonds and alkyl
group attachments contribute to the multiple geometries exhibited by pyrazoline [6]. Solubility variations in
pyrazolines, linked to solvent polarity changes due to double bond shifts, have been investigated in the
context of medicinal chemistry [7]. Notably, pyrazole derivatives have been studied since Knorr's
pioneering synthesis in 1883, leading to the discovery of antipyrene and its derivatives [8]. The initial
pyrazolone derivative surfaced in 1884 as a treatment for pain, inflammation, and fever, marking a
significant advancement in the field. Subsequently, pyrazole derivatives have gained recognition for their
efficacy as anti-inflammatory, analgesic, and antipyretic agents [9].

2. Materials and Methods

2.1. Materials Employed: All chemicals utilized in this study were procured from Fluka, Aldrich, and
BDH Companies.

2.2. Instrumentation: Solids were fashioned into KBr discs and subjected to Fourier-transform infrared
spectroscopy (FT-IR) analysis within the range of 400-4000 cm”-1 using a Shimadzu Infrared FT-IR-8300
instrument. Measurements were conducted at the University of Tikrit - College of Education for Pure
Sciences - Department of Chemistry. In addition, proton nuclear magnetic resonance (H-NMR) and carbon-
13 nuclear magnetic resonance (C13-NMR) were performed at the University of Tehran using a Bruker
device and dimethyl sulfoxide (DMSO) solvent. Melting points were determined using an Electrothermal
melting point apparatus. Tracking of reaction progress and product purity assessment employed 9300
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fluorescently activated silica gel-G sheets (0.2mm) and various solvents, with iodine serving as revealing
agent.

2.3. Preparation of Chalcone

In a 100 mL round-bottomed flask, 0.01 mol of 5-chloroidanone was dissolved in 10 mL of ethanol,
followed by the addition of 10 mL of 10% NaOH solution. The mixture was stirred magnetically for 15
minutes. Subsequently, 0.01 mol of aromatic aldehyde dissolved in 10 mL of ethanol was added, and the
mixture was stirred for 2-3 hours in a water bath within the temperature range of 20-40°C. Afterward, the
mixture was refrigerated overnight, resulting in the appearance of a precipitate, which was then collected
via filtration and recrystallized from ethanol. The progression of the reaction was monitored using thin-layer
chromatography (TLC) [10, 11]. Table (1) presents selected physical properties of the synthesized
compounds (IB1-1B8).

2.4. Preparation of Pyrazoline

In a round-bottomed flask with a capacity of 100 ml, equimolar quantities (0.00257 mol) of one of the
chalcones were solubilized in 10 ml of ethanol. Subsequently, 0.00257 mol of hydrazine, dissolved in 5 ml
of ethanol, was introduced into the solution and stirred for a duration of 10 minutes. Following this, 10 ml
of a 10% sodium hydroxide solution was added to the mixture. The reaction mixture was allowed to proceed
for 6-8 hours under continuous stirring. Subsequent to this reaction period, the solution was concentrated,
cooled, and then gently added to crushed ice. The resulting mixture was neutralized by gradual addition of
diluted hydrochloric acid (10%) until the pH reached 7. Monitoring of the reaction's progress was
accomplished using thin-layer chromatography (TLC) [12, 13,14]. Physical properties of the synthesized
compounds (IB9-1B16) are detailed in Table (1).

2.5. Measurement of Biological Activity

Biological activity evaluation was performed through the Agar-well diffusion method. This involved
inoculating the bacterial cultures across the entire growth medium using a cotton swab. Wells were then
created in the agar medium employing a sterile puncture tool with a diameter of 6 mm. Subsequently, 100
microliters of each compound were placed within these wells on separate culture plates, each harboring a
distinct bacterial strain. This process was replicated across all prepared solutions, encompassing their
respective concentrations and targeted bacterial strains under study. The antibacterial activity assessment
was conducted on two distinct bacterial types: the gram-positive Staphylococcus citrus and the gram-
negative E. coli. To ensure the effectiveness of the test, both bacterial species were initially re-cultivated
and subsequently incubated in a controlled laboratory environment at 37°C for a duration of 18-24 hours.
This incubation period facilitated the preparation of bacterial inoculums with a concentration of 1.5 x 108
bacterial cells per ml, calibrated against the McFarland standard set at an optical density of 0.5 [15, 16].

3. Results and Discussion

This investigation encompassed several key aspects. Firstly, the reaction involving chalcones and various
reagents was undertaken to synthesize a series of heterocyclic compounds featuring pyrazoline rings. The
identification of the synthesized compounds was accomplished through spectroscopic techniques,
specifically Fourier-transform infrared spectroscopy (FT-IR) and proton and carbon nuclear magnetic
resonance (*H,®*C-NMR) spectroscopy. In addition, thin-layer chromatography (TLC) was employed to
verify the formation of the prepared compounds. The study further delved into the biological activity of the
synthesized compounds against two distinct bacterial strains, each yielding diverse responses based on their
unique biological profiles.

3.1. Characterization of chalcones

The utilization of 5-chloroanedanone alongside different aromatic aldehydes in an alkaline medium (NaOH
10%) served as the foundation for generating varied chalcones and their subsequent ring structures.

Upon analysis of the FT-IR spectrum of the chalcones, distinct absorption bands were observed, such as the
absorption at 3026 cm linked to the aromatic (CH) bond stretching [17, 18]. A noticeable reduction in the
frequency of the carbonyl group (C=0) of ketones was evidenced at 1696 cm, indicating its interaction
with the double bond, manifesting at 1598 cm™* [19]. Moreover, absorption bands appeared at 1492 cm™ and
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1415 cm™, corresponding to the aromatic bond (C=C). Comparable results were found in literature
references [20, 21], as in Figure (1).

When studying the 1H-NMR spectrum of compound [IB1] using DMSO-d® as the solvent, signals at 4.14
ppm were attributed to the (-CH2) group adjacent to the benzene ring [22, 23], while signals at 7.12 ppm
were attributed to the (B-CH) group [24, 25]. Multiple signals ranging from 7.29 to 7.92 ppm denoted the
protons of the aromatic rings, and a signal at 2.49 ppm was assigned to solvent protons (DMSO-d®) [26, 27],
as in Figure (2).

Likewise, the *C-NMR spectrum of compound [IB1] showcased signals at 192.09 ppm carbonyl group,
32.47 ppm (CH2) group adjacent to the benzene ring [28, 29], and (136.60-126.52) ppm carbons of the
aromatic ring [30, 31]. Signals at 39.97-40.48 ppm were attributed to the DMSO solvent carbon, aligning
closely with the literature [32, 33], as in Figure (3).

3.2. Characterization of pyrazoline

Similarly, the FT-IR spectrum of pyrazoline compounds exhibited characteristic absorption bands: C=N
bond stretching at 1606-1690 cm™ and N-H bond stretching at (3380-3310) cm™ [34]. The spectrum also
displayed bands indicative of aromatic bond (C=C) stretching at (1530-1591) cm™ and (1406-1506) cm™
[34]. Other features, such as aromatic (Ar-H) bond stretching, were observed within specific ranges. These
results mirrored prior findings [35, 36], as illustrated in Figure (4).

3.3. Biological Activity of preparation compounds

Moving to the biological assessment, the results from the inhibition zone measurements were tabulated
Table (3). Notably effective solutions were identified, such as (6, 3, and 2), showcasing efficacy against
both types of bacterial species [37, 38]. The potency of the compounds diminished with lower
concentrations, with the concentrated solution displaying higher effectiveness [39, 40]. In general, inhibition
zones varied from 10 mm to 31 mm. Compounds lacking effectiveness were indicated as "niz" denoting the
absence of inhibition zones [41].

3.4. Theoretical Study

Theoretical calculations were performed using Chem Office 12.0 software, which facilitated the
determination of key engineering and physical properties for newly prepared chalcones [42]. This
encompassed bond lengths, atom angle measurements, atom charges, as well as various energy variables,
including LUMO, HOMO, nu, and W. The AM1 method was utilized [43].

n=1/2 (E.nomo + E.Lomo0)...... (1) wp=1/2 (E.Lumo- EHomo).......(2) W=pu2/2n....... 3)

Upon examination of Table 6, it's evident that compounds compensated with electron-withdrawing groups,
like (1, 8, 5), exhibited higher HOMO energies compared to those compensated with electron-donating
groups such as (4, 6, 7). Compound (2) presented notably high values due to its NO2 group, indicating its
electrophilic behavior. These energetic relationships between HOMO and LUMO suggest enhanced electron
transition processes [44, 45]. The presence of withdrawal groups effectively reduces the energy gap and
increases compound stability [46].

The second set of effects, influenced by steric interactions like Van der Waals forces (attractive or
repulsive) and hydrogen bonding, played a role in determining molecular stability. Various theoretical
parameters were evaluated in this context, including bond lengths (C=C, C-C), atom angles (C=C-C),
overlap energies (1.4 VDW and Non-1.4 VDW), heat of formation (Hf), and various energies (Stretch-
Bend, Torsion, Dip-Dip, TE) [47, 48]. Notably, the steric hindrance effect was prominent in compound
(IB5), as indicated by its increased 1.4 VDW and TE values. Steric hindrance led to elevated compound
energy, resulting in decreased stability [49].

(@)
0 H
+
R

(R=4-Cl , 4NO2 ,4-OCH3 4-F  2-CH3.23-Cl, 4-N(CH3)2 , 4-B»)

NH, NH,

NaOH 10%
Cl
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Scheme (1): Route of prepared compounds (I1B1-1Ba1s)
Table (1): Physical properties of the prepared compounds (I1B1-1B16)

Comp. R Molecular formula m.p. °C Yield % Color
IB1 4-Cl C16H12CI20 208-210 72 off white
IB2 4-NO; C16H10CINO3 211-209 80 Dark brown
B4 4-F C16H10CIFO 207-205 68 Off whit
IBs 4-OCHs C17H13CIO2 175-173 60 Light White
IBs 2,3-Cl C16HoCl30 192-190 83 Whit
IBs 2-CH3 C17H13CIO 185-187 65 Light White
IBz  4-N(CHa)2 C18H16CINO 198-200 62 orange
IBs 4-Br C16H10BrCIO 220-222 75 Light White
IBo 4-Cl C16H12CI2N2 177-178 70 white
IB1o 4-NO> C16H12CIN3O; 182-180 78 Black
1B 4-F C16H12CIFN; 163-161 67 Yellow
IB12 4-OCHs C17H15CIN2O 150-148 53 brown
IB13 2,3-Cl C16H11Cl3N2 177-175 75 Yellow
IB14 2-CH3 C17H15CIN2 164-166 61 Light yellow
IBis  4-N(CHjs):2 C18H16CIN3 175-177 57 Light orange
IB1s 4-Br C16H12BrCIN2 189-190 71 White
Table (2): FT-IR (cm) absorption results for chalcone derivatives [IB1-1B8]
Comp. R v(C-H) v(C-H) v(C=C) v(C=0) v(C=C) Others
No. Arom.  Aliph.  Olphen v(C-ClI)  Arom.
IB1 Cl 3026 2908,2837 1598 1695, 813 1492,1415 = ----
IB2 NO: 3066 2937,2802 1595 1708, 846 1454,1421 v(N-O) 1344
B4 F 3050 2927,2810 1598 1697,821 1465, 1419 v(C-F) 952
IB3 OCHs 3058 2920,2839 1600 1693,815 1510, 1461 v(C-0) 1253
IBs 2,3-Cl 3065 2960,2805 1596 1700,827 1454,1421 = -----
IBs 2-CH3 3062 2968,2813 1596 1708, 875 1487, 1461 v(C-Cl) 738
IBr 4-N(CHs3). 3075 2910,2862 1587 1679, 810 1523, 1429 v(C-N) 1311
IBs 4-Br 3062 2921,2846 1596 1693, 813 1488, 1413 v (C-Br) 667
Comp. R  v(C-H) v(N-H) v(C=N) v(N-N) v(C=C) Others
No. Arom. v(C-Cl)  Arom.
IBo Cl 3062 3332 1611 1030, 812 1591,1515 = -----
IB1o NO: 3070 3324 1633 1042,815 1577, 1510 v (N-O) 1337
IBnn F 3028 3338 1606 1093, 835 1506, 1406 v (C-F) 954
IB12 OCHs 3048 3352 1608 1071, 819 1591, 1475 v (C-0) 1295
IBis  2,3-ClI 3066 3310 1654 1052,864 1588, 1466  -----
IBia 2-CH3 3058 3377 1690 1100, 870 1530, 1467  -----
IBis 4-N(CHz)2 3043 3365 1625 1097,815 1557, 1415 v (C-N) 1317
IB1s 4-Br 3064 3380 1606 1085, 819 1580, 1479 v (C-Br) 678
Table (3): Result of the biological activity test of the selected compounds
E. coli S. citrus Bacteria/ number
103 1072 10% 107 102 10% IB9
12 16 20 10 14 17 IB10
16 17 26 13 19 26 IB11
0 0 11 niz IB12
niz niz IB13
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16 17 28 12 13 15 1B14
niz niz IB15
0 0 11 niz IB16

*NIZ (No Inhibition Zone)

Table (4): Theoretically calculated energy variables for chalcones using the (MM2) method

Comp. E stretch E Bend E stretch- = E Torsion | E Non-14 | E 1.4vDW E TE
Bend VDW Dipole/Dipole | (kcal/mol)

1 1.002 | 10.3813 0.0384 | -11.0449 0.1854 | 14.9143 @ -0.4074 @ 15.0683
2 1.0958 | 11.1425 | 0.0448 -11.0655 @ 1.3804 @ 16.7556 | -0.2623 & 17.1918
3 0.9701 | 10.3255  0.0235 -11.0856 | 0.2826 | 14.3851 @ -0.4080 | 14.4931
4 1.2056 @ 12.7607 @ 0.0846 @ -11.0644 0.6786 @ 17.2172 | -0.4584 @ 20.4238
5 2.0178 | 17.3784 | 0.2207 | -11.6040 | 3.0533 | 18.5299 @ 1.9032 31.4994
6 15992 | 155491 | 0.1029 -6.9033 | 1.6604 & 16.2997 @ -0.4513 @ 27.8567
7 1.4195 | 15.3926 @ 0.3392 | -13.1270 | 3.1812 | 18.0255 @ -0.5396 | 24.6913
8 1.0042 = 10.4450  0.0475  -11.0289 | 0.1202 @ 15.0733 | -0.4122 | 15.2490
Table (5): Theoretically computed values of the physical variables for the bases of chalcones using
method (AM1)

Comp. Charge (Coulomb) Bond Length (&)  Angle (Degree) Hs
C1 C2 @3 C cC c—¢cC C1C21C3  (Kcal/Mol)
1 -0.1797  -0.044 -0.0585  1.340 1.450 131.1 23.0389
2 -0.1543  -0.0693 -0.0393  1.340 1.450 131.1 34.4711
3 -0.1829  -0.0407 -0.074 1.340 1.448 131.0 -15.1673
4 -0.1954  -0.0279 -0.0991 1.341 1.447 131.3 -8.3085
5 -0.1529  -0.0618 -0.0275  1.339 1.455 138.5 27.0839
6 -0.181  -0.0385 -0.0586  1.340 1.457 131.8 27.2942
7 -0.2091  -0.014  0.1273 1.342 1.444 131.3 38.2252
8 -0.1759  0.0473  0.0454 1.340 1.450 130.5 35.0667

Table (6): Theoretically calculated values of energy variables for chalcones using (AM1)
Comp. HOMO (eV) LUMO (eV) I11(eV) u(eV) o (V) A(L-H) (eV)

1 -0.3465 -0.0486 0.148 -0.197 0.131 0.297
2 -0.3749 -0.0953 0.139  -0.235 0.198 0.279
3 -0.3444 -0.0471 0.148  -0.192 0.124 0.297
4 -0.3324 -0.0398 0.144 -0.186 0.120 0.292
5 -0.3513 -0.0524 0.146  -0.201 0.138 0.298
6 -0.3409 -0.0403 0.15 -0.190 0.120 0.300
7 -0.3008 -0.0267 0.137  -0.163 0.096 0.274
8 -0.3477 -0.0502 0.148  -0.198 0.132 0.297
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4. Conclusions: High product percentages can be obtained from fresh chalcones by stirring in a 10% alkaline medium. By using
chalcone as a raw material for the preparation of heterocyclic rings, a good proportion of the product was obtained, and the
method is simple and easy, and the product can be obtained directly. Some of the prepared compounds showed moderate activity
against the tested bacteria. The theoretical results obtained using quantum mechanics methods for chalcone compounds were
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consistent with the practical part in terms of product percentage, where the compounds substituted with withdrawn groups
showed more product percentage than the groups compensated with electrons pushing groups..
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Abstract

The study was conducted at Samarra University-College of Education- Department of
Life Sciences for the purpose of recycling plant residues and converting them into organic
fertilizer.
The results of the study showed that the fertilizer was of good efficiency, with changes
occurring in some of its physical and chemical characteristics for the period from November
2022 to February 2023, as fluctuations were recorded in the pH ranged between 3.5-6.5,
while the electrical conductivity values varied between 4-2.5 microsiemens/cm, while the
organic matter values were 23.5-20.1%, the humidity ranged from 70.5-76.4%, and the N:C
ratio recorded values ranging between 8.44-16.5. While nitrogen recorded results between
1.4-4.33%, and phosphorous recorded 0.12-1.3%.

Through the results, it was found that the basin's efficiency in recycling plant residues is
good, in addition to being easy to use and inexpensive.

Keywords: recycling, plant waste, organic fertilizer, plastic, leaf residue.
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Using the public estuary and evaluating its water during the study of organic and
inorganic pollutants before and after the treatment station and comparing them with
international standards.

Assistant Lecturer: -Ban Khalil Ali / Dhi Qar Education Directorate/Iraq

Summary

The study included collecting water samples from two stations located on the general downstream river, one of which
was an untreated station and the other was treated to study organic and inorganic pollutants, and their suitability was
evaluated by comparison with international standards, whereas samples were taken during the period 2022-2023 (April
represents the spring season, July represents the summer season, October represents the fall season, and January
represents the winter season) to observe the locational and temporal changes of the river. Temperature, PH, electrical
conductivity, total dissolved solids, suspended solids, salinity, turbidity, dissolved oxygen, chloride, carbonates,
sulfates, phosphates, nitrates, phenols, pesticides, fecal coliform bacteria, bicarbonates, hardness, oils greases, sodium,
sodium adsorption rate, and concentrations of some heavy metals were measured. The results showed the abundance
of pollutants and the influence of river water on the climate of the southern rugged region before treatment. However,
the station that treated the water proved efficient in eliminating all pollutants except pH, dissolved oxygen, nitrates,
fecal coliform bacteria, and some heavy elements such as copper, lead, and iron, as their percentages were high and

required further treatment
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Abstract

This study in focus was centered on the synthesis of heterocyclic compounds incorporating a seven-
membered ring, specifically 1,3-oxazepine. The initial phase of the synthesis involved the preparation of
azo compound (1) through the coupling of the diazonium salt of 2,3-dichloroaniline with 4-
bromoacetophenone in an alkaline alcoholic medium. This was then succeeded by the reaction of azo
compound (1) with 4-nitroaniline and 4-methoxyaniline in absolute ethanol, employing glacial acetic acid as
a catalyst, resulting in Schiff base derivatives (2) and (3) respectively. Subsequent to this, Schiff base (2)
was reacted with phthalic anhydride and maleic anhydride, as well ass succinic anhydride in a dehydrate
benzene environment, leading to the formation of heterocyclic seven-membered compounds (4), (5), and (6)
respectively. Lastly, Schiff base (3) was subjected to reaction with phthalic anhydride and maleic anhydride,
as well as succinic anhydride in a dry benzene, resulting in the synthesis of heterocyclic seven-membered
compounds (7), (8), and (9) respectively. Each of these synthesized compounds underwent characterization
via FT-IR and 1H-NMR spectroscopic analysis, and the progress of reactions was monitored through Rf and
TLC techniques. Melting points were recorded as part of the characterization process. Additionally, an
investigation into the biological activity of these compounds was conducted against both positive and
negative bacterial strains.

keywords: Schiff bases, oxazepine, azo compounds

Introduction

Heterocyclic compounds have shown a great deal of significance in the synthesis of a lot of
pharmaceutical drugs . This has increased its importance in the field of biology @, due to its participation
in important biochemical processes and the formation of basic substances such as DNA and RNA, in living
cells @, Heterocyclic compounds have been associated with many anaesthetics and sedatives as basic
materials for many biomolecules, anti-inflammatories ' antibacterial, antivirals, antiepileptics, and others.
One of these important compounds is the heterocyclic oxazepine ring. Azo compound widespread
compounds used as dyes in addition to their uses in the pharmaceutical industry ®). azo compound can be
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differentiated by functional group -N=N- the azo group which can be carry on both ends alkyl or aryl group
©) aromatic azo compounds used widely in the chemical industries as dyes, food additives, and as initiators
in free radical reaction and in drugs industry . Schiff bases, prevalent and significant in the realm of
coordination chemistry due to their mixed donor systems, first found recognition in the 19th century, with
their synthesis reported by Schiff in 1884. The preparation of these imines was facilitated through the
condensation of primary amines with an aldehyde or ketone under specific conditions® , Schiff bases, due
to their relatively straightforward preparation, synthetic versatility, and the unique properties of the C=N
group, are regarded as exceptional chelating agents. It has been discovered that their metal complexes
display noteworthy biological activities. Oxazepine is a heterocyclic compound featuring a ring that is
seven-membered that incorporates two heteroatoms - nitrogen and oxygen ©. These oxazepine compounds
are considered to hold biological as well as medical relevance, and possess various pharmaceutical
implementations. Moreover, one of their chemical derivatives, the heteropolymer, has demonstrated a
significant role in combating cancer, exhibiting efficacy against fungi and bacteria. Certain oxazepine
derivatives have also been purported as medicinal drugs utilized in disease treatment 10
Materials

Fourier-transform infrared (FTIR) spectra, going from 400 to 4000 cm-1, were shown on a
SHIMADZU FTIR-8400S Fourier transform instrument using samples prepared in a KBr disk. The
determination of melting points was executed using a Stuart apparatus, located in the UK. Both 13C-NMR
and 1H-NMR spectral analyses were conducted using a Fourier transition Bruker spectrometer, working at
400MHz, with deuterated dimethyl sulfoxide (DMSO-d6) serving as the solvent. These measures were

performed at the Department of Chemistry, Kashan University, Iran.

Methods
Synthesis Azo Derivative (1) 1112
The diazonium salt was prepared by dissolving (0.01 mol) of the amino compound  2,3-
dichloroaniline in a solution consisting of 60 ml of distilled water and 4 ml of concentrated HCI. The
solution were cooled to (0-5) °C inside an ice bath add to it a resolve of 20 mL Distilled water (0.01 mol
,0.7 g) of sodium nitrite (NaNO3), eventually added with continuous stirring, left then for (20) minutes at a
temperature of (0-5)°C to end the dizoziation method. Gradually, Then add the formed diazonium salt to the
component solution from (0.01 mol ,0.797 ml) of 4-bromoacetophenone and 1 g of sodium hydroxide
dissolved in 130 ml of distilled water and left the mixture for two hours with continuous stirring at PH = 6

to get a black precipitate that is washed with distilled water and then recrystallized with ethyl alcohol.
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Synthesis Schiff base compounds (2,3) 1314

The compounds (2,3) Schiff base was prepared by reacting (0.0026 mol ) of compound (1)
dissolved in 10 ml ethanol absolute and put three glacial acetic acid drops with (0.3201 g, 0.0026 mol) of 4-
nitroaniline (compound 2 ) and 4-methoxyaniline (compound 3) in (10 ml) of ethanol absolute and reflux
at (78 °C) for (12 — 24 hr), the solution is then allowed to settle at ambient temperature for 12 to 24 hours,
after which the precipitate is recrystallized using methanol.

Synthesis oxazepine derivatives (4 ,5,6)1%

An amalgamation was formed that incorporated 0.001 mol of compound (2) in a medium of 25 ml
benzene, further supplemented with an equivalent quantity of 0.001 mol of each - phthalic anhydride as well
as maleic anhydride, and succinic anhydride. This confluence was then treated under reflux conditions for a
span of 28 hours, maintaining a constant thermal environment of 80°C. Post-reflux, the solution was
allocated a resting period of 24 hours without interference. Subsequently, it was subjected to a filtration
process and the extracted product was subjected to recrystallization, employing ethanol as the medium.

Synthesis oxazepine derivatives (7 ,8 ,9)(16)

In this procedure, 0.001 mol of compound (3) was dissolved in 25 ml of benzene. Subsequently, 0.001 mol
of each of phthalic anhydride, maleic anhydride, and succinic anhydride were added to the solution. After
that, this mixture was refluxed for 30 hours at 80°C. The solution was left to stand uninterrupted for 24

hours after the reflux process was finished. After filtering the solution, the result reconstituted using ethanol.

Preparation of Microbiology Culture Median

250 mL of distilled water were used to dissolve 10 g of nutrition agar to create a nutrient agar
medium.. The mixture was then subjected to sterilization in an autoclave at 170 °C for a duration of 25
minutes. After the sterilization process, the medium was allowed to cool to a temperature of 37 °C, upon
which it was poured into Petri dishes, thus rendering it suitable for bacterial streaking. The bacteria strains
used, specifically Staphylococcus aureus as well as Escherichia coli, were isolated from a hospital
environment. These strains were subsequently cultured on the prepared plates, which were then incubated at

a constant temperature of 37 °C for duration of 24 hours to facilitate the growth of the bacteria.
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Schemel : Prepare of some oxazepine derivatives
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Scheml1: prepare of some oxazepine derivatives

Results and Discussion
Compound 1

FT-IR spectrum data for compound (1) demonstrate band at 1712 cm™ for (C=0) ,1635 cm™ for
(C=C) ,3070cm™ for(Ar-H) ,2995 cm™ for (C-H) of (CHs) ,1440 cm™ for (N=N) .!H NMR (DMSO)
spectrum data of compound (1) show 1.9 ppm (S, 3H, CHzallyl ), 7.7-7.8ppm (S ,6H, Ar-H ), . The
13C- NMR (DMSO) data of spectrum compound (1) show : 27 (C14) , 197 (C13) , 136 (C1,7) ,130 (C1s, 115-
132 (Caromatic)-

-----------------------------------------------------
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Fig. 1: FT-IR of compound 1

Fig. 2: 'HNMR of compound 1

PN AR PRI ATk A DTS WSS
Fig. 3: ®*CNMR of compound 1

Compound 2

The Fourier-Transform Infrared (FT-IR) spectroscopic examination of compound (2) demonstrated
specific absorbance bands at 1658 cm-1 attributed to (C=N), 1416 cm-1 assigned to (C=C), 3000 cm-1
ascribed to (Ar-H), 2800 cm-1 for (C-H) of (CH3), and 1440 cm-1 for (N=N) vibrations. The signals from
compound (2)'s proton nuclear magnetic resonance (1H NMR) spectral data appeared at 2.1 ppm (singlet,
3H, CH3), 3.3 ppm (singlet, 3H, OCH3), and between 6.6-7.9 ppm (multiplet, 10H, Ar-H).. The Carbon-13
Nuclear Magnetic Resonance (13C-NMR) spectrum inside DMSO for the said compound exhibited peaks at
the following chemical shifts: 27 (C13), 55 (C20), 132.1 (C2, 3), 132.9 (C10, 7), 131 (C14), and within the
range of 114-130 (Caromatic).
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Fig. 4: FT-IR of compound 2

Fig. 5: THNMR of compound 2

Fig. 6: ®*CNMR of compound 2
Compound 3
FT-IR spectrum data to compound (1) express band at 1681 cm™ for (C=N) ,1620 cm™ for (C=C)
,3008cm* for (Ar-H) ,2964 cm™ for (C-H) of (CHs) ,1398 cm™ for (N=N). *H NMR (DMSO) spectrum
data of compound (3) make 2.9 ppm (S, 3H, CHz) , 7.2-7.9ppm ( M ,10H , Ar-H ), . The ¥C- NMR
(DMSO) spectrum data of compound (3) express: 15 (C2o) , 149 (Ci3), 135 (Cug) , 114-134 (Caromatic) -
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Fig. 7: FT-IR of compound 3
| .

Fig. 8: tHNMR of compound 3

IS,

Fig. 9: ¥CNMR of compound 3

Compound 4

FT-IR spectrum data for compound (4) ex express and at 3000cm™ for(Ar-H) , 2839 cm™ for (C-H)
of (CHs), 1700 cm™ (C=0) amid , 1600 cm™ for (C=C) , (1180) cm™ for (C-O-C) and 1257 cm™ for (C-N)
of oxazepine . *H NMR (DMSO) spectrum data for compound (4) show 2.5 ppm (d , 3H , CHs) ,3.6ppm (q ,
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CH), 6.5-7.8ppm ( M ,14H , Ar-H ) . The 3C- NMR (DMSO) spectrum data of compound (4) make: 27

(C26) , 55 (Cu13) , 166-170 (C14,17) , 151(C1,7) , 144 (C2,3) ,134 (Cg) , 139 ( C14) , 114-132 (Caromatic) -

Fig. 10: FT-IR of compound 4

Fig. 11: THNMR of compound 4

Fig. 12: *CNMR of compound 4
Compound 5
FT-IR spectrum data for compound (5) demonstrate band at 3170 cm™ for(Ar-H) , 2970 cm for
(C-H) of (CHs), 1624 cm™ (C=0) amid , 1458 cm* for (C=C) , (1180) cm™ for (C-O-C) and 1157 cm™ for
(C-N) oxazepine.'H NMR (DMSO) spectrum data for compound (5) express 1.2 ppm (S, 3H , CH3) , 4.2
ppm (S ,4H , CH=CH), 7-7.7ppm (S ,10H, Ar-H ), . The *C- NMR (DMSO) data spectrum compound
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(5) show : 14 (Cz4) , 61 (C13) , 129(Cis,16) , 142(C17) , 168,169(C1417) , 137(C21) , 135(Cs) , 114 — 131

(Caromatic) .

$

Fig. 13: FT-IR of compound 5

Fig. 14: HNMR of compound 5

Fig. 15: 3*CNMR of compound 5

Compound 6

FT-IR spectrum data for compound (6) express band at 31

70 cm™ for(Ar-H) , 2970 cm™ for (C-H)

of (CH3), 1700 cm™ (C=0) amid , 1580 cm™ of (C=C) , (1180) cm™ for (C-O-C) and 1157 cm! for (C-N)

for oxazepine . *H NMR (DMSO) spectrum data of compound
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3.79,3.72 ppm (t ,4H , CH2-CH2) , 6.8-7.9ppm ( M ,10H , Ar-H) . The *C- NMR (DMSO) spectrum data
of compound (6) express : 14(C24) , 55,73 (C15,16) , 22 (C13) , 167,175 (C14,17) , 114-135 (Caromatic) -

Fig. 16: FT-IR of compound 6

Fig. 17:'HNMR of compound 6

Fig. 18:13CNMR of compound 6
Compound 7
FT-IR spectrum data for compound (7) demonstrate band at 3065 cm™ for (Ar-H), 2970 cm™* for (C-
H) of (CHs), 1624 cm™ (C=0) amid, 1458 cm! for (C=C), (1180) cm* for (C-O-C) and 1157 cm™* for (C-N)
for oxazepine. *H NMR (DMSO) spectrum data of compound (7) make 1.2 ppm (S, 3H, CH3) , 1.99 ppm
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(S,3H, OCHs), 5.4 ppm (T ,4H, CH2-CH2) , 6.5-7.7ppm (S ,10H , Ar-H ), . The 3C- NMR (DMSO)
spectrum data of compound (7) express: 163,169 (C14,17), 16(C24), 59(Ci0), 77,69(C15,16), 100-155 (Caromatic)

g

Fig. 19: FT-IR of compound 7

Fig. 20: THNMR of compound 7

Fig. 21: 3 CNMR of compound 7
Compound 8
FT-IR spectrum data for compound (8) demonstrate band at 3162 cm™ for (Ar-H), 2930 cm™* for (C-
H) of (CH3), 1712 cm™ (C=0) amid, 1512 cm! for (C=C), (1172) cm! for (C-O-C) and 1030 cm™* for (C-N)
for oxazepine. *H NMR (DMSO) spectrum data of compound (8) express 2 ppm (S, 3H, CHs), 2.55 ppm (S,
3H, OCHj3), 5.5 ppm (d ,2H, CH2=CH,), 6.1-7.8ppm (M ,10H, Ar-H), The 3C- NMR (DMSO) spectrum

data of compound (8) make: 166,167 (C14,17) , 21(C24) , 55(C13) , 27(Cz2s) , 140(C15,16) , 101-158 (Caromatic)
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,,,,,,

Fig. 22: IR of compound 8

Fig. 23: THNMR of compound 8

Fig. 24: 3 CNMR of compound 8

Compound 9

The Fourier-Transform Infrared (FT-IR) spectroscopic investigation of compound (8) depicted
characteristic absorption bands at 3062 cm-1 corresponding to (Ar-H), 2931 cm-1 designated for (C-H) of
(CHJ), 1712 cm-1 (C=0) amide, 1635 cm-1 representing (C=C), 1180 cm-1 ascribed to (C-O-C), and 1049
cm-1 attributed to (C-N) for oxazepine. Spectral study of the proton nuclear magnetic resonance (1H NMR),
structured in DMSO for compound (9), presented resonances at 1.2 ppm (singlet, 3H, CH3), 1.99 ppm
(singlet, 3H, OCH3), and a range of 6.5-7.7 ppm (multiple, 10H, Ar-H). The Carbon-13 Nuclear Magnetic
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Resonance (13C-NMR) spectral data, made in DMSO for compound (9), demonstrated peaks at the
following chemical shifts: 154,167 (C14,17), 21 (C28), 27 (C28), 54 (C13), and a range of 101-136 (C

aromatic). 7
 Fig.25: FTIR of compound &
Fig. 26:1H_|\‘|M‘R of compound 9
Fig. 27:'3CNMR of compound 9
Conclusion

It may be inferred from the aforementioned research that the synthetic chemicals significantly inhibit
the growth of the bacteria Escherichia coli and staphylococcus aurous. The findings of the antibacterial
activity are displayed in fig. 28. The compounds that showed promising action were (3,4,6,9) and (9,10)
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against staphylococcus aurous and Escherichia coli,

T T—— 8 4] [ ‘P—v

r 7
< 4

respectively. L - A

Fig. 28: Biological activity of compound prepared against Staphylococcus Aurous
”~ » f"
[ 5

Fig. 29: Biological activity of compound prepared Escherichia Coli

Table 1: Activity is classified based on the extent of inhibition

Compounds Bacterial species
NO.

Staph. Aureus  E. coli

3 ++ +
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4 ++ _
5 + +
6 ++ B
7 _ +
8 _ +
9 +++ +++

Activity is classified based on the extent of inhibition. Inactivity, denoted as "No inhibition"”, implies
no observable effect. "Slightly active” is designated by "+" and corresponds to an inhibition measurement
ranging between 5-10 mm. "Moderately active"”, symbolized as "++", refers to an inhibition measurement
within the range of 11-20 mm. A significantly active state, represented as "+++", corresponds to inhibition

measurements exceeding 20 mm, indicating good activity.

Table 2: Preparation of Some Oxazepine Derivatives

No Name of comp. M.F M.W|M.P(C| R.f |Color| %
)
1 |1-(4-bromo-3-((2,3- 335.1195 - Dark |67
dichlorophenyl)diazenyl)phenyl)ethan-1-one C13Hu1BrN4O2 6 brow
n
2 |1-(2-bromo-5-(2-((4-nitrophenyl)imino) -2- 507.1serum (0.12| Dark [85
. _ C21H16BrCI2N4O
yl)phenyl)-2-(4-nitrophenyl)diazene 9 brow
’ n
3 |L-(2-bromo-5-(2-((4-methoxyphenyl)imino) -2- 492 .2serum [0.57| Dark 91
yl)phenyl)-2-(2,3-dichlorophenyl)diazene C22H19BrC2Nz0 2 brow
n
4 13-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)- CanHuBICLNO 651.1180 [0.11|Dark |79
4-(2,3-dichlorophenyl)-3-methyl-3,4- 6 brow
dihydrobenzo[e][1,3]oxazepine-1,5-dione ’ n
5 [2-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)- 601.1172 |0.52|Dark [91
3-(2,3-dichlorophenyl)-2-methyl-2,3-dihydro-1,3- CoHBreliN0 0 brow
oxazepine-4,7-dione ’ n
6 [-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)-1- |C23sH17BrCIsN20591.1140  |0.21| Dark {85
(N-(2,3-dichlorophenyl) formamido)ethyl 3 0 brow
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n
7 3-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)- 630.3|/149 (0.42|Dark 70
( ( . p ) % Jpheny) CasH23BrCI2N4O
4-(4-hydroxy-6-methylpyrimidin-2-yl)-3-methyl- 2 brow
3,4-dihydrobenzo [e][1,3]oxazepine-1,5- * n
8 [2-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)- 580.2/166  [0.03| Dark |65
( ( . p . % phenyh C24H21BrCI2N4O
3-(4-hydroxy-6-methylpyrimidin-2-yl)-2-methyl- 6 1 |brow
2,3-dihydro-1,3-oxazepine-4,7-dione * n
9 [22-(4-bromo-3-((2,3-dichlorophenyl)amino)phenyl)- 582.2/150 [0.77|Dark 80
( ( . .p. ) phenyh C24H23BrClI2N4O
3-(4-hydroxy-6-methylpyrimidin-2-yl)-2-methyl- 8 brow
1,3-0xazepane-4,7-dione * n
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