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1. INTRODUCTION

In 1938 Ostrowski [1] proved an inequality stated in the following result (see also
[2, p.468]).

Theorem 1.1. Let f : I — R where I is interval in R, be a mapping differ-
entiable in I° the interior of I and a,b € I°, a < b. If ’fl(t)| < M, for all
t € la,b], then we have
1 b 1 (z—afb)?
- tdt| < | =+ 2" | (b—a)M,z € [a,b].
@)= 5 [ s < | {4 G2 - apac
Ostrowski inequality gives bounds of integral average of a function f over an
interval [a, b] to its value f(z) at point = € [a,b]. Ostrowski and Ostrowski type
inequalities have great importance in numerical analysis as they provide the
error bound of many quaderature rules [3]. Therefore in recent years, so many
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such type of inequalities have been obtained and generalized (see [4, 5]).

As fractional calculus is a generalization of classical calculus concerned with
operations of integration and differentiation of fractional order so in this research
article we will use Katugampola fractional integrals to generalize the Ostrowski
type inequalities given in [4].

In [6] Laurent give definition of Riemann-Liouville fractional integrals.

Definition 1.2. [6] Let f € Li[a, b]. The Riemann-Liouville fractional integrals
J&, f and J f of order o > 0 with a > 0 are defined by

Tect@) = s [ =0T @t > a

and
1

b
T fe) = g [ =2 e <,
respectively, where I'(a) = [~ e “u®"'du. Here I'(a + 1) = oI (),
JO, f(x) = JP_f(z) = f(z). In case of a = 1, the fractional integral reduces to
the classical integral.

Definition 1.3. J. Hadamard introduced the Hadamard fractional integral in
[7], and is given by

o 1 z A dr
I3 f(z) = F(a)/a (109;) Fr)—,
for Re(a) >0, x > a > 0.

Recently Katugampola generalized Riemann-Liouville and Hadamard fractional
integrals into a single form called Katugampola fractional integrals.

Definition 1.4. [8] Let [a,b] be a finite interval in R. Then Katugampola
fractional integrals of order o > 0 for a real valued function f are defined by

)= f [ @ e
and -
@ = [ e e

with a <z < band p > 0.

Where T («) is the Euler gamma function. For p = 1, Katugampola fractional
integrals give Riemann-Liouville fractional integrals, while p — 0T produces the
Hadamard fractional integral. For its proof one can check [8].

The p-Gamma function [9] for any two positive numbers z, y denoted by *T'(x, y),
is defined by

T(a) = / e~ (tP)* v dt.
0
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We can have the following relation
PT(z) "T'(y)
P = . 1
Bz, y) T(o.g) (1)
Definition 1.5. [10] A non-negative function f : I — R is said to be p-function,
if for any two points x,y € I and t € [0, 1]

fte+ (1 =t)y) < f@)+ f(y).

Definition 1.6. [11] A function f: I — R is said to be Godunova-Levin func-
tion, if for any two points z,y € T and t € (0,1)

flr+ (1 -1ty < M#-M
t 1-1¢
Definition 1.7. [12] A function f : I — R is said to be s-Godunova-Levin
function of first kind, if s € (0,1], for all z,y € I and ¢t € (0,1) then we have

flx)  fy)

1t
Definition 1.8. [13] A function f : I — R is said to be s-Godunova-Levin
function of second kind, if s € [0,1], for all z,y € I and t € (0,1) then we have

f@) W)

ts (1—1t)s"

We organize the paper in such a way that in the following section we prove
some Ostrowski type fractional integral inequalities for s-Godunova-Levin func-
tions of second kind via Katugampola fractional integrals. Also we will obtain
some corollaries for p-functions and Godunova-Levin functions and deduce some
known results of [4].

ftz+ (1 -1ty <

[tz +(1=1)y) <

2. Ostrowski type fractional integral inequalities for mappings whose
derivatives are s-Godunova-Levin of second kind via
Katugampola fractional integrals

The following lemma (given and also proved in [9]) is very useful to obtain our
results.
Lemma 2.1. Let f : [a?,b”] — R be a differentiable mapping on (a”,b”) with
a < b such that f/ € Ly[a,b], where p > 0. Then we have the following equality
(xp — ap)a + (bp — wp)a f(xp) _ (ap +p— 1)P(a) «
b—a pl=(b—a)
(I3 f(a?) + P13 f(7)]

p_ gp)etl ol ,
_ plaf —a?)* / PPl (1P 4 (1 — tP)aP)dt
0

b—a
P — pryatl 1 ,
G i — ) / Pt (0w 4 (1= )W)t @ € [a b (2)
P
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Theorem 2.2. Let f : [a”, b’] = R, a,b >0, a < b be a differentiable function
on (a®,b?) and fe Ly[a,b]. If }f" is s-Godunova-Levin function of second kind
and |f/ (xp)‘ < M, z € [a,b], then the following inequality holds

‘ ((a?p —a’)" +(b”—1‘”)“> Fa) — (@p+p— D)

b—a p=o(b—a)
P — gP)otl p _ pp)otl
I f(a) + P12 ()] | < M[( O = et
! PT(a+1) T(1—s)]
[oﬂrls T(a+2—s) ]7956[@719]- (3)

Proof. Using Lemma 2.1 and the fact that ’ f/’ is s-Godunova-Levin function of
second kind, we have

(2 —a?) + (B =)\ ., (ap+p—T(a)
( b—a ) 1=

X

Vﬁme+wgﬂwﬂ

p_ gp\ot+l pl ,
p? —af)* / Pt £ (PP + (1 — tP)a”)|dt
0

- b—a
o 1
+7p(bpb—_x2) +1/0 1P TP £ (P2 (1 — t9)bP) |dt
p(xP —aP)ott L rgerte=1 opto=t
< [ [ Vel gl @l
P — )t [Tt porto1
O [ S el gl @l

Mp(a? —ar)*tt fhppeetemt - perteiy

< t

S A [@@S_%O—WF}

Mp(br —ar)ett fLfgectemt | goetemt ]

t

A A {<wv *(1—wr}

(2P — aP)ott + (bP — xP)otL

20— a) } x

-

1
/ [topprto=1 4 gerto=1(1 _ 40)=3] g1,
0

o [@ ) g @ arye

Mp[ 20—a) }X
1 PT(a+1) PT(1 — )

L}(er—S)+ pT(a+2—s) ]

_ M{(w” D :c”)o‘“]

b—a
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1 Pl (a+1) PT(1 — s)
a+l-—s PT(a+2—s)
Here we use (1). The proof is completed. O

Remark 2.3. (i) If we put p =1 in (8), then we get [4, Theorem 3.1].
(i) If we put p=1 and a =1 in (3), then we get [4, Corollary 3.1].

Corollary 2.4. In Theorem 2.2 , if we take s = 0, which means that |f/| 1
p-function, then (3) becomes the following inequality

‘ ((xﬂ LR W) o) (app Lo ?Z)(a) }

1% f(a?) + P10 F() \

- 2M [ (xf — a?)ot 4 (bP — 2P)ot!
“a+1 b—a

]; x € |a,b].

Corollary 2.5. In Theorem 2.2, if we take s = 1, which means that |fl| 15
Godunova-Levin function, then (8) becomes the following inequality

‘ ((ﬂ?p - GP)Z:L((L?)” - 1‘”)"‘) Fa?) — (aiig(;i)g)(a) »

[PI7-f(a”) + PL F (D))

b—a
Theorem 2.6. Let f : [a”,b°’] = R, a,b >0, a < b be a differentiable function
on (a?,b?) and f € Lila,b]. If ’f/ ! is s-Godunova-Levin function of second
kind and ’f/ (ajp)| < M, z € [a,b] then the following inequality for Katugampola

fractional integrals holds

‘ <<asp — )+ (b — )) P YR INC)

o Mlox ) —ot)? e 07 et
- «

]; x € [a,bl.

b—a pl_a(b—a) X
LIS fa?) + PI% F(0°)] ‘
(2 — a4 @ = [ JE
= [<b—a><1+p<ap+p_1>);}[1_[)3} v @€ ab); (4)

with%+%:1whereq>1.

Proof. Using Lemma 2.1 and then Holder’s inequality, we have

‘ ((xﬂ LA xﬂ)“) o) (a/; j_g(; PZ)(“) )
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PI% f(a?) + PI% F() \

p _ gr)atl pl ,
gﬁg——ﬁl—f/‘w“ﬂ*U(ﬁﬁ+41—WMﬂWt
b_a 0
p _ ppyatl ol ,
4—549454§alggft/’t“P+P“|f (tPa? + (1 — t°)b°)|dt
- 0

p _ gr\at+l 1 i
Sp(xa)(/ plaptp— 1dt> </ ’f tpxp+(1t”ap|dt>
b—a 0
e — pryatl 1 i
+% </ tp(a’”pl)dt) </ |f (tPa” + (1 P)bP) | dt> . (5)
- 0

Since |fl |q is s-Godunova-Levin function of second kind and ’f/ (:E”)| < M, we
get

/ |f (tPz? + (1 ap)’thx

1 1 ’
|9 |9 t
< [} [yl e+ gl @]
! 1 1
< M1 t =
< [ g+ ey 4= )
similarly
(tPx? PP |Tdt < .
[ @ ameptas 7)
We also have
1
1
pleptr=1) g — ' 8
A 1+plap+p—1) ®)
Using (6), (7) and (8) in (5) we can get (4). O

Remark 2.7. (i) If we put p =1 in (4), then we get [4, Theorem 3.2].
(i) If we put p=1 and a =1 in (4), then we get [4, Corollary 3.2].

Corollary 2.8. In Theorem 2.6, if we take s = 0, which means that |f/| 18
p-function, then (4) becomes the following inequality

’ ((x” - a”)‘;irc(Lb” - w”)“) Fa) - (app;rg(zl);(a) o

[P1;- f(a”) + PI7 f(V°)]
M {(a:p —aP)otl 4 (b — pP)otl
~ (L+plap+p—1)) b—a

; ¢ € [a,bl.

=
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Corollary 2.9. In Theorem , if we take s = 1, which means that |f/| 15
Godunova-Levin function, then (4) becomes the following inequality

‘ ((ﬂcp —a’)* + (v —1‘”)"‘> Fa) - (@p+p—Dl(a)

b—a pl=(b—a)

Vﬁf@%+W$ﬂst Mp
(L+plap+p—1))»

{(xﬂ — ap)‘”; j;bf’ - :r”)a“} {1;—;} . s 2 € [a,b).

Theorem 2.10. Let f : [a”,b°] = R, a,b >0, a < b be a differentiable function
on (a?,b?) and fe Ly[a,b]. If |f/ |q is s-Godunova-Levin function of second kind

and |fl (xp)| < M,z € [a,b],q > 1, then the following inequality for Katugampola
fractional integrals holds

\(“f‘a”fo”‘x”a)f@ﬂ—-”Ziﬁ@iff”x

V@Jw%+w;ﬂwﬂ

Mp (2P — aP)* Tt 4 (b — zP)otl
S(aerp)ltll{ b—a }X
1 PT(a+1) /T(1—s)\*
<p(0¢—s—|—1)+ pPF(a_3+2) ) ,I'G[G,b], (9)

Proof. Using Lemma 2.1 and power mean inequality, we have

e R

vxfmw+wgﬂwﬂ

p _ opyatl L ,
o plar —a)™ / 120 f (1P + (1 — 1°)a”) |dt
b—a 0
p _ ap\atl 1 ,
+ P> —2P)* ; z°) / PP f (PP + (1 — tP)bP)|dt
4 .

1

1
+1 1 T q
< p(pr_ ap)a (/ tap+p—1dt> ! >
—a 0

</1 t“P+P—1|f' (tPaf + (1 — tp)ap)\th>
0

1—1

a+1 1 q
+ p(bpl: zp) + </ tap+p1dt) %
—a 0

1
q
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1 1
</ PPl F (P2 4 (1 — tP)bP)] dt> : (10)
0

Since |fl |q is s-Godunova-Levin function of second kind and ’f/ (l‘p)| < M, we
get

1
/ taf’+ﬂ—1]f' (t°x? + (1 —tP)a”)|"dt
0

1 tozp+p71 taep p+p—1 N J
< _ —_ 14
<[ o Ve gl @]
toszrp 1 tocp+p 1
< M1 / dtx
IEERRTETr
T(1 —
Y PT(a+1) PT(1 —s) (1)
p(a—s—|—1) pPT(a—s+2)
similarly
1
e e+ (e fan
0
p PT(1 —
< Mo 1 T(a+1) T(1—s) (12)
pla—s+1) p T (a—s+2)
Using (11) and (12) in (10) we can attain (9). O

Remark 2.11. (i) If we put p =1 in (9), then we get [4, Theorem 3.3].
(i) If we put p=1 and a =1 in (9), then we get [4, Corollary 3.3].

Corollary 2.12. In Theorem 2.10, if we take s = 0, which means that |f/} 18
p-function, then (9) becomes the following inequality

@)+ )\, . (aptp—DT(a)
( b—a ) J(@) p'=*(b—a)

X

1% f(a?) + 7I% F() \

= o f;))l—q [(xﬂ - a”)‘“r; j_ib/’ - $p)a+1:| [p(ai 1)]31 —

Corollary 2.13. In Theorem 2.10, if we take s = 1, which means that |f'} 18
Godunova-Levin function, then (9) becomes the following inequality

(a” —a?)* + (b —a?)*\ - (ap+p—DI(a)
(=) s - S

IO f(a?) + 7I% F() ]

Mp [(m”—a”)a+1+(b"—m")“+1] [14—04 a
q

< ;¢ € |a, bl
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We use the following lemma to establish some new results. Its proof is similar
to Lemma 2.1.

Lemma 2.14. Let f : [a?,b”] — R be a differentiable mapping on (a”,b?) with
a? < b such that f € Li[a?,b°], where p > 0. Then we have the following
equality

fa?) =

(ap+p—DT(a) [ P12 f(a?)  °I2 F(b9)
pl—a 2(xP —ar)>  2(bP — xP)™
P _ aP 1 ,
_ e 2 a’) / prtoLf (120 4 (1 — 19)aP)dt
0
(bp_xp) 1(1—&-—1/
- tOPTP=EF (tPa? + (1 — tP)bP)dt; = € [a, b]. (13)
0

Theorem 2.15. Let f : [a”,b°] = R, a,b > 0, a < b be a differentiable function
on (a?,b°) and f € Ly[a,b]. If ‘f,| is s-Godunova-Levin function of second kind
and |fl (:cp)| < M, x € [a,b], then the following inequality holds

o (aptp—DI(a) [ P13 f(a”) | PIZ f(b°)
) e Lt |
M(b? — a*) 1 PT(a+1) PT(1—s)]
= 2 [a—s—i—l PT(a — s+ 2) ] € la, . (14)

Proof. Using Corollary 2.8 and s-Godunova-Levin function of second kind of ’ f/{
we proceed as follows

’f(a:p) ECRT A AC) { I f(af) | I f() ] ‘
pi= 2(xr —ar)> " 2(bp — ar)”

< M /1 tap+Pfl|f' (tpxﬂ + (1 _ tp)ap)‘dt
0

P — 3P 1 ,
P —a?) . x )/ 1Pt £ (PP 4 (1 — t9)bP) |dt
0

p_ gP 1 rpapte—1 toaptp—1
<5 a)/o NG “x”)'*a—tws'““")@ "

+

bp _ xp tap+p*

+

[ S r @+ s ol a

o 1 a+ 1 ap+p—1

p(xf aﬂ/|:tﬂp tpp ]dt
0

(1—tr)s

bP — zP) 1 taerp 1 tap+ﬂ*1
M / | at
0 (1 —tr)*

1
_ Mp |:($p — ap bp — xp):| / [tapfszrpfl + tap+p71(1 . tp)fs] dt.
0
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M (zP —a”) + (b° — zP) 1 Pl +1) PT(1 —s)
- 2 pla—s+1) p PT(a—s+2)
_ M(b —a”) 1 PT(a+1) PT(1 — s)
B 2 a—s+1 T (v — s+ 2)
Here we use (1). The proof is completed. O

Corollary 2.16. In Theorem 2.15, if we take s = 0, which means that |f'} 18
p-function, then (14) becomes the following inequality

o (optp— (o) [ PI5 f(@) 2L )
e - R | e+ |
< %; x € [a,b].

Corollary 2.17. In Theorem 2.15, if we take s = 1, which means that ’f/} 18
Godunova-Levin function, then (14) becomes the following inequality

o (ap+p—1I(a) [ 71 f(a”) PIC, f(VP)
) Lt |
< Mla+ 1) - ap); x € [a,b)].

- 2a
Theorem 2.18. Let f: [a?,b°] = R, a,b >0, a < b be a differentiable function
on (a?,b?) and f* € Li[a,b]. If |f/ 1 is s-Godunova-Levin function of second
kind and ’f/ (acp)| < M, z € [a,b] then the following inequality for Katugampola
fractional integrals holds
faey_ (00 = D) [ I S@r) Iz f09)
pl—a 2(xP —ar)>  2(bP — xP)™
Mp(b? — a”) { 1
T 21+ plaptp—1))r L1 —ps
wz’th%—l—%:l where ¢ > 1.

F;xe[a,bL (15)

Proof. Using Corollary 2.8 and then Holder’s inequality, we have

Fla?) - (ap+p—1I(a) [ PIY f(af)  PIRLf(BP) }
pl-a 2(xP —ar)>  2(bP — xP)™
1
< P(;np; ap) / tap+p71}fl (tpxp + (1 _ tp)ap)|dt
0
1
+ p(bp 2_ xp) / tap+p—1’f’ (tpwp + (1 _ tp)bp)‘dt
0

1
1 P
< M </ tp(apﬂ)l)dt) %
0
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</ |F (PP + ( )zzp)}th>é
+ 76/]2_‘#) (/Olt”“"ﬂ*f’ 1)dt>; x
(/01 |f (tPaf + (1 - t”)b”)\th>; . (16)

Since |f/ |q is s-Godunova-Levin function of second kind and ’f/ (xp)| < M, we
get

/1 I (70 + (1 — t9)a?)|"dt
0

1
1 v i 1 -
< L —_ P dt
<[, lorlr e gl e
1
1 1 M1
< M1 dt = 17
<ar | [(t,,)ﬁ(l_tp)s} s 1
similarly
M4
/ |f (P2 + (1 —t7)bP)|“dt < . (18)
1—ps
We also have
/ tplartr=1) g — ! . (19)
0 1+plap+p—1)
Using (17), (18) and (19) in (16) we can get (15). O

Corollary 2.19. In Theorem 2.18, if we take s = 0, which means that |f'} 18
p-function, then (15) becomes the following inequality

‘f(x”) B Aj(p; ;—{)r(a) [z(; ff,f))a + ;( éfib” ’
p(b* —a”

< - x € [a,b].
2(plap+p—1)+1)»

Corollary 2.20. In Theorem 2.18, if we take s = 1, which means that |f'} 18
Godunova-Levin function, then (15) becomes the following inequality

et |
Mp(t — a) 1 73
2(plap+p—1)+1)7 {1_p} P

Theorem 2.21. Let f : [a”,b°] = R, a,b >0, a < b be a differentiable function
on (a?,b?) and fe Lyla,b]. If |f/ |q is s-Godunova-Levin function of second kind

€ [a, b].
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and |fl (x”)| < M,z € [a,b],q > 1, then the following inequality for Katugampola
fractional integrals holds

oy (aptp—1D(a) [ PIx fa?) | PI3 (V)
’f(x ) plfo‘ |:2(Ip _ ap)a Q(bp 7 :EP)O‘:| ‘
< Mp(bp — aP) < 1 Pr(a+ 1) pF(l o S)

T 2ap+p)e \pla—s+1) p Pl (o — s +2)

)é;xe [a,b].  (20)

Proof. Using Corollary 2.8 and power mean inequality, we have

for) - L= UNE) [P S) 21 S0 ]
pl—e 2(xP —ar)>  2(bP — xP)
< p(m”Q_ af) /1 tap—l,-p—l‘f/ (tpxp +(1- tp)ap)|dt
0
+ p(b? 2_ xP) /1 tap+p71|f/ (tPz? + (1 — tp)bp)|dt
0

1

1
1 _1
< p(l‘pQ— ap) (/ tap+p—1dt) ! %
0

(/01 terte=L) £ (1P 4 (1 — tp)ap)|th>

P _ P 1 1-3
Gt (/ to‘p+p1dt> x
2 0
1 , q
(/ et f (tpxp+(1—tp)bf’)\th> . (21)
0

Since |f/ ‘q is s-Godunova-Levin function of second kind on [a?, b”] and |f/ (zF)] <
M, we get

1
/ ta"+p_1|f/(tpxp +(1- t”)ap)‘th
0

1 [taptpo—1 tap+p—1 ,
<[, S er e«

< M / 1 Vmpl Ml } dt
=) ey T a—wey

1 PD(a+1) PT(1 — s)
pa—s+1)  piT(a—s+2) ]

= M (22)

similarly

1
/ tor e £ (Pl 4 (1 —t2)b°)|"dt
0
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q 1 Pl +1) PT(1 — s)
=M [p(a—s—I—l) p PT(a—s+2) } (23)
Using (22) and (23) in (21) we can attain (20). O

Corollary 2.22. In Theorem 2.21, if we take s = 0, which means that |f/} 18
p-function, then (20) becomes the following inequality

ey - o242 - DT [;é%f o+ 2|
- 2?5(2(1:%—) 1))a1p)é {p(ai 1)} el

Corollary 2.23. In Theorem 2.21, if we take s = 1, which means that |f/} 15
Godunova-Levin function, then (20) becomes the following inequality

‘f(x”) = Hf:f f:fa o gcbpf)))a} ’

Mp(bP — aP) [1—}—0[
T 2p(a+1) e L opa

F;xe[a,b].

3. Conclusion

All results proved in this research paper can also be deduced for Hadamard
fractional integrals just by taking limits when parameter p — 0.

Acknowledgement

The research work of Ghulam Farid is supported by Higher Education Commis-
sion of Pakistan under NRPU 2016, Project No. 5421.

Competing Interests

The author(s) do not have any competing interests in the manuscript.

REFERENCES

1. Ostrowski, A. (1937). ber die Absolutabweichung einer differentiierbaren Funktion von
ihrem Integralmittelwert. Commentarii Mathematici Helvetici, 10(1), 226-227.

2. Mitrinovic, D. S., Pecaric, J., & Fink, A. M. (2012). Inequalities involving functions and
their integrals and derivatives (Vol. 53). Springer Science & Business Media.

3. Dragomir, S. S. (2017). Ostrowski-type inequalities for Lebesgue integral: A survey of
recent results, Aust. J. Math. Anal. Appl, 14(1) 1-287 .

4. Noor, M. A., Noor, K. I., & Awan, M. U. (2014). Fractional Ostrowski inequalities for
s-Godunova-Levin functions. International Journal of Analysis and Applications, 5(2),
167-173.

5. Farid, G. (2017). Some new Ostrowski type inequalities via fractional integrals. Interna-
tional Journal of Analysis and Applications, 14(1), 64-68.

6. Laurent, H. (1884). Sur le calcul des drives indices quelconques. Nouvelles annales de
mathmatiques: journal des candidats auzx coles polytechnique et normale, 3, 240-252.



110

10.

11.

12.

13.

G. Farid, U. N. Katugampola, M. Usman

. Hadamard, J. (1892). Essai sur l’etude des fonctions, donnees par leur developpement de

Taylor. Gauthier-Villars.

. Katugampola, U. N. (2014). A new approach to generalized fractional derivatives. Bull.

Math. Anal. Appl, 6(4), 1-15.

. Farid, G., Katugampola, U. N. & Usman M. (2017) Ostrowski type fractional integral

inequalities for mapping whose derivatives are h-convex via Katugampola fractional inte-
grals. (Submitted).

Dragomir, S. S., Pecaric, J., & Persson, L. E. (1995). Some inequalities of Hadamard type.
Soochow J. Math, 21(3), 335-341.

Godunova, E. K., & Levin, V. I. (1985). Inequalities for functions of a broad class that
contains convex, monotone and some other forms of functions. Numerical mathematics
and mathematical physics (Russian), 166, 138-142.

Noor, M. A., Noor, K. I., Awan, M. U., & Khan, S. (2014). Fractional Hermite-Hadamard
inequalities for some new classes of Godunova-Levin functions. Applied Mathematics €
Information Sciences, 8(6), 2865-2872.

Dragomir, S. S. (2015). Inequalities of Hermite-Hadamard type for h-convex functions on
linear spaces. Proyecciones (Antofagasta), 34 (4), 323-341.

Ghulam Farid

COMSATS Institute of Information Technology, Attock Campus, Pakistan.
e-mail: faridphdsms@hotmail.com, ghlmfarid@ciit-attock.edu.pk

Udita N. Katugampola

Department of Mathematics, University of Delaware, Newark, DE 19716, USA.
e-mail: uditanalin@yahoo.com

Muhammad Usman

COMSATS Institute of Information Technology, Attock, Pakistan.
e-mail: falb-rmt-022Q@ciit-attock.edu.pk, usmanmani333@gmail.com



