International Journal of Applied Mathematics and Statistics,

Int. J. Appl. Math. Stat.; Vol. 61; Issue No. 2; Year 2022,

ISSN 0973-1377 (Print), ISSN 0973-7545 (Online)

Copyright © 2022 by International Journal of Applied Mathematics and Statistics

An Analysis of Two-State Retrial Queueing Model with
Feedback having Impatient Customers

Neelam Singla' and Harwinder Kaur>

' Associate Professor, Department of Statistics
Punjabi University, Patiala - 147002, India
neelgagan2k3@pbi.ac.in

2Research Scholar (Corresponding Author)
Department of Statistics
Punjabi University, Patiala - 147002, India
harwinderkaurchahal@gmail.com

ABSTRACT

Present paper considers a two dimensional retrial queueing model with feedback having
impatient customers. If the server is idle on customer’s arrival it is served immediately else
it may balk because of impatience. If the server is busy the customer joins the orbit and
retries for service until it finds server idle or may renege from the orbit. After service the
unsatistified customer may join the orbit as a feedback customer. The primary as well as
secondary calls follow Poisson process. Service times follow Exponential distribution. The
transient probabilities for exact number of arrivals and departures when the server is idle
or busy are obtained. Some performance measures, numerical and graphical solutions are
also computed
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1 Introduction

Recently, significant contribution has been provided to retrial queueing systems. In contrast to
standard queueing systems there is no waiting space in retrial queueing systems. Infact, on
encountering a busy server in retrial queueing systems, the customers instead of leaving the
system forever, joins the orbit (virtual queue) and retries for service from orbit after a random
period of time. These systems are highly applicable in restaurant reservations, telecommunica-
tion systems, computer systems. The simplest and most commonly referred example of such
system is when a customer trying to connect to a call gets a busy line, he retries to connect af-
ter a random interval of time. (Falin and Templeton, 1997), (Artalejo and Gémez-Corral, 2008)
are the books available as a great source for retrial queues.
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Figure 1: Basic Structure of a Retrial Queueing System

(Pegden and Rosenshine, 1982) analyzed ‘Some new results for the M /M /1 queue’ in which
a closed form solution with finite sums is obtained for the probability that exactly « number of
arrivals, j services occur over a time interval ¢. (Singla and Kalra, 2018) worked on ‘Perfor-
mance analysis of a two-state queueing model with retrials’.

In case of higher demand for any service, reneged and balked i.e., impatient customers are
usually observed. A wide study has been done in this direction for both standard and re-
trial queueing systems. (Abou-El-Ata and Hariri, 1992) analyzed ‘The M /M /c/N queue with
balking and reneging’ where the steady-state distribution of number of units in the system
is derived. (Garg and Kumar, 2012) worked on ‘A Single Server Retrial Queue with Impatient
Customers’ in which difference-differential equations are solved recursively to find the transient
probabilities of exact number of arrivals and departures from the orbit. (Singla and Kalra, 2020)
published ‘A two-state multiserver retrial queueing model with balking’.

Dissatisfaction is a common phenomenon that comes into picture in many real life situations.
For example: when a message faces a failed transmission it can be sent again. (Kumar and
Raja, 2006) published ‘On multiserver feedback retrial queues with balking and control retrial
rate’ in which the optimization of retrial rate and specific probabilistic descriptors of the system
are obtained. (Chang, Liu and Ke, 2018) analyzed ‘On an unreliable-server retrial queue with
customer feedback and impatience’ where the system is analyzed as a process of quasi-birth-
and-death (QBD) and the quasi-progression algorithm is applied to compute the rate matrix of
QBD model.

The paper is structured in sections as: In section 2 the model is described both theoretically
and mathematically. The solution of the model is given in section 3 where the time-dependent
probabilities are obtained. Section 4 gives verification of results. The numerical and graphical
representations of the system are illustrated in section 5 where effect of various parameters
is studied. In section 6 busy period probabilities are obtained including the numerical and
graphical results. Finally, the paper is concluded in section 7 and followed by references at the
end.
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2 Model Description

We considered a two-state retrial queueing model with feedback having impatient customers.
The primary or fresh customers arrive at system following Poisson process. On arrival if the
entering customer finds the system free it is served immediately else it may balk from the
system or may join the orbit and retry for service as a repeated call or secondary customer.
The secondary customers also follow Poisson process. The customers retrying from orbit
in case getting busy server may renege from the orbit. Also, if the customer after service
feels unsatisfied may join the orbit in order to obtain satisfied service. Service times follow
exponential distribution.

« Arrival Process: The primary calls arrive at the system following Poisson process with
mean arrival rate \.

» Retrial Process: The secondary calls from the orbit also arrive at the system according
to Poisson process with mean retrial rate 6.

Impatience: The fresh customers on encountering busy server may balk with probabil-
ity (1 —a1), ap > 0. Also, the customers retrying for service from orbit as secondary
customers on encountering busy server may renege with probability (1 — az),as > 0.

Feedback Rule: After receiving service, the customer joins the orbit with probability ~
(i.e., when unsatisfied) and departs from the system with probability 1-+.

» Service Process: The service times follow Exponential distribution with parameter .

The input flow of primary calls, intervals between repetitions, service times are statistically in-
dependent.

Laplace Transformation of f(s) of f(t) is given by:
f(s) :/ e S f(t)dt;  Re(s) >0
0

The Laplace Inverse of

%_ n. mpg tmk*leakt i l—I% i o ford
P<p>‘§;<mkz>!<z1)!*(@) plp) PPk JoriE

where

P(p)=(p—a))™(p—az)™...(p — an)""
Q(p) is a polynomial of degree < mjy +mg+mg+ ...+ my — 1

25



International Journal of Applied Mathematics and Statistics

The Laplace Inverse of

_ 1
Na,b,c _ ;
minans(8) = O G e (s
_ _ -1 l—m—1
oy Z Z e—atyns 1(71)m+1 (m—l) (Hglzlo (n1 + 91)) <H92 0 (7’12 + 92))
nl,”z,ns

(n3 — D!(m — Db — a)r2tm—1(c — q)mti—m

=1 m=1

i L et = () (T 4 90)) (T + g2)
+ ;mz:l (ng — D!(m — 1)!(a — b)nstm=1(c — pynmati-m

m L et (= () (ng:;no_l(m + 91)) ((ns +g2))
T T G Dlm— Dia— (b —

If L7 {f(s)} = F(t) and L™ {g(s)} = G(t), then

L7 {f(s) g(s)} = /1 F(u)G(t —u)du=F * G,
0

F*G is called the convolution of F and G.

2.1 The Two-Dimensional State Model

2.1.1 Definitions

P; j0(t) =Probability that there are exactly ¢ number of arrivals, j number of

departures from the system by time ¢ when server is idle.

P; j1(t) =Probability that there are exactly < number of arrivals, j number of

departures from the system by time ¢ when server is busy.

P, ;(t) =Probability that there are exactly ¢ number of arrivals, j number of

departures from the system by time ¢.
Py j(t) = Pijo(t) + Pija(t) Vi, j; i >

Pijot)=0; i<j Piju(t)=0; i<j
Initially

Pooo(0) =1; Pj0(0) =0and P;;1(0) =0; i#j
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2.1.2 Difference-Differential Equations Governing the System

d L . .
gpFiao(t) = =+ (i = 7)0) Pijo(t) + (1 =) Fyjo11(t) + pyFija(t); 02520 (2.7)
d
S P101(t) = =(Aar + u)Proa(t) + APoo0(t) + 0Proo(t) (2.2)
d

Piji(t) = —(Aa1 +p+ (i —j—1)0(1 — a2))P; j1(t) + APi—1j0(t)+

% I3
Aar(l = 6i—15)Pim1,j1(t) + (i — 5)0F; j0(t) + (i — §)0(1 — a2) Py j—1,1(¢);
i>i>0 (2.3)

Using Laplace Transform f(s) of f(t) given by
f@):ﬂ/ et f(#)dt: Re(s) > 0
0
and using initial condition in equations (2.1) to (2.3), we have

(5 + N Poo0(s) = P(0)
(s + A+ (i = 5)0)Pijo(s) = (1 = )P j-11(s) + pyPji(s);i > j >0 (2.4)
(s +Xa1 + p) Proa(s) = APoo,0(s) + 0P10,0(s)
(s+Xa1+p+(i—7—1)0(1 —a2))P1(s) = AP,—1j,0(s) + Aa1 (1 — §i—1) Pi—1,j1(s)
(i = §)0P,;jo(s) + (i — 7)0(1 — a2) P j—1,1(s);i > j > 0 (2.6)

where

0; otherwise

1 i—1=
di—1,j = { .

3 Solution of the Problem

Solving equations (2.4) -(2.6) recursively, we get:

1
Popo(s) = ST A (3.1)
— A 1 0 _
Proa(s) = s+ Aap + @ (s + )\> + s+ Aaj + ,LLPI’O’O(S) (3:2)
_ 1—~) -
Hmdgzﬁiigbam@) (3.3)
_ ~y .
Pioo(s) = m 5,0,1(5); i>1 (3.4)
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w(l =) A _ 0 _ 01 —az) =

p. . — P P . - .

PZ,Z,O(S) ST\ s+ /\al T i—1,0 1,0(5) + ST g+ 1 i) 1,0(5) + ST i+ 1 i) 2,1(5) 5
i>1 (3.5)

pl—v) 3 Y 5 .
P — Y __p — B > 2 3.6
10(s) = SEAT(-1)0 01(s) + SEAT (=10 a(s)si (3.6)
pl—7) 5 1y 5 ,
P — Y _p — B i>3 3.7
20(8) = SEAT (-2 *“@+5+A+u—m9’““)z (3.7)
— A = )\al =
P, = P P
) = e T -2 —w) ) T S e T e - 280 gy )
(i—1)6 . (i — 1)0(1 — az) _
P, . P; ;
e AT =200 —ap) O e Tt =20 —ag) o)
>3 (3.8)
_ A _ 0 _ 0(1 —as) -
P . — P4 P P . :

1,0 1,1(5) s+ Aap Tu i—1,0 1,0(5) + ST My Tu 1,0 1,0(3) + S+ My Yo (X 2,1(5)

i>2 (3.9)

i—j [i—j—1 1 U(s) ¥ (s) (i—j—k—1)tby,(s)
A SN\ t=)—k— k\S
Pija(s Z H (s+)\a1+u+m9(1*a2)) e

i—j (i—j—1
(3 Pranols) } + 3 { [T (k41001 - az)(rar) =41

k=1

m=k

1 } I ( )
s+ Aap + p+mb(l—az) Biskrnj-ta( s+ Aap + p+pd(l —az)

e
(Aar)' 7 Py 5 (s); j+2, 5> (3.10)
where
! k=1
() = 1+ P viu f?:l =) k=2toi—j
i k=i—j+1

s+Ada;+p+ (E—1)0(1 —ag)

, 1 k=1toi—j
Yy = o
0 k=i—j5+1
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i+l (i U(e)
. n(l =) j ( 1 ) AR (g ) TR ()
b =V AT A ’ '
,.7,0( ) s+A+(i—45)0 = }_:[k s+ Aap + p+mb(1 — ag) (o)

i—j i—j
n;ﬁ(s)PjJrk,ly]-,l,o(s)} + { (k+1)0(1 — az)(Aap ) —9=F

i—j
) 1
J‘+'w'—2»1(5)} +11 (s + Xa1 + p 4 pd(1 — a2)>

1
(s+/\a1+u+m9(lfa2) s
1

(Aa1)i Py 14 (s) + ——FT O Zﬁ 1 ¥ (s)
3hi=1, - s+ Aap + p+mO(1 — az)

, o . imj—1 (i—j—1 o
AV (s)(/\al)(Z_J_k_l)wk(S>¢k(S)Pj+k,j,O(s) + Z { H (k.Jrl)e(liaQ)()\al)z—J—k—l

m=k
1

1 _ - 1
P; i
(s + Aay + p+mb(1 — ag)) dtktg 1’1(5)} N 1;[1 (s +Aay + p+ pd(1 — ag))

P
(Aax) 7 P ja(s); i>j>1 (3.11)
where
1 k=1
k0a1 . .
/ 1 k=2toi—
() = +s+)\a1+u0+(k71)6(17a2) or—J
k
k=i—j+1
s+ Aar+p+ (k—1)0(1 — ag) Y
, 1 k=1toi—j
Yy = . .
0 k=i—j5+1
1 k=1
k9a1 . .
/ 1 k=2toi—j—1
bp(s) = Jrs—l—/\al—|—u—|—(l€—1)9(1—ag) or—J
k0 o
k=i—j

s+ Aap +p+ (k—1)0(1 — az)

" 1 k:].tO’L—]—].
W_{ 0 k=i—j
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Taking the Laplace inverse of (3.1)-(3.11), we get the transient state probabilities as:

Pooo(t) = e (3.12)
I
1 e<7H>t
Cya ) e s
Pl,O,l(t) = de ﬁ ﬂ (313)
a ay
Prio(t) = p(1—7)e ™ * Proa(t) (3.14)
Pioo(t) = pye” T s P4 (2); i>1 (3.15)
w
1 e(ia)t
Pio(t) = p(l —y)re T * Pi_1i-1,0(t)
a ar
u
_ 1 e(_a)t
+ p(1 = 7)fe N T} * Pyi_10(t)
a ar
_ Cae el L ﬂ o h)ei 1
+ u(l —5)0(1 — ag)e 7i 7i * P 01(t);1>2 (3.16)
a a
Pi,l,O(t) = ,u(l — ’y)e_(’\+(i_1)9)t * Pl"(),l(t) + /t’}/e_()\+(i_1)9)t * Pi71,1(t);i Z 2 (317)
Pioo(t) = p(1 —)e” MDD by g 4 pye” OTEDO 4 Py 4 (1), i>3 (3.18)

P 1(t) _ )\6—()\&1+#+(i—2)9(1—a2))t %P1 O(t) + )\ale—()\a1+u+(i—2)9(1—a2))t % P lll(t)

+ (i — 1)ge=Qertut (=200 a2t by (1) + (i — 1)0(1 — ap)e” A tut(=200-a2)t y b | (1);
]

i>3 (3.19)
Pi,ifl,l(t) = )\6_(A+/L)t * Pifl,ifl,o(t) + 96_(/\+”)t * Pi,i*l,()( ) 9(1 — az) —(Atpt * P (t);
i>2 (3.20)
) i—j—1 tm,1 i—j—1
Pi,,j,l(t)_/\()\al)iJQ{ H e()\a1+u+m9(1a2))t(1)'} +1]0 _|_ Z )\ /\a i—j—k—1
m — .
m=1 k=2
T e p1—ane | 1" & "
o~ Aa1+p+mb(l—az))t /\ z J—

{ 1__1 ‘ }(m—k) Pitgo(t) + ; a)

i—j—1 m—k
{ e(Aa1+M+m€(1a2))t} W « Pj-&-k,j,o(t) + (i _j)gef()\aht,qumG(l*az))t

m=k—1 :

i—j—1 i—j—1
«Pijo(t) + 3 (k+1)8(1 — az)(Aay) I+ { 11 ewwwmeuaa»t}
k=1 m=k

e i—j—1
i % P ( ) + ()\a )i—j—k—l H e—(/\a1+/1,+p6(1—a2))t
(m — k)' j+k+1,5-1,1 a1

p=1

Pl o ‘

(I Pj151(t); i>j+2,j>1 (3.21)
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i—j
S i1~ (M (i—§)0)t 1 _(fymiCoaa)y
P jo(t) = p(l —y)A(Aar) e TR ZEEve
m=1 (a + ay )
S 1 O li-)0)t K
. _ —(A+(i—§)0)t i—j—
Z ! (£ + m0(1a2>)mT} *Figorolt) + (1 =7)e ! Z()\th) !
r=0 al al k=2
i—j m—k
1 (4 pmOUzag)yy " 1 }
—elatT e - — * Pji—1,-1,0(t)
N Gy 2 1 (& + BT
i—j i—j
. . 1 po mO(1=ag)y,
—(A\+(i—35)0)t —j—k+1 (H+—, b3
(1= 7)e FEINS Tk (Nay ) { Il s e "
k=2 m=k—1 ‘a1 al
m—k+1 tr 1 ) ) O (i—)0)t
> ] o mg(l,w))m_kﬂ_r * Piig-1j-10(t) + (1 =)@ —j+1)be
=0 gyt 7
1 (Ji_;'_me(il a2))t i*j
M mb(1—az) 2 mb(1—az) ' PiJ*LU(t) + (1 = ’7)670%(27”9)1: Z(k +1)0(1 - a2)
L+ ) (aT + =) =1
i—j m—k .
o 1 (#ypmOlizag)yy t’ 1
()\al)z Jj—k - ) —e'al aj — —
i—j
. L 1 o pP(1—ag)
—j o= (A+(i—4)0 G+t
% Piykjo21(t) + p(1 = y)(\) T e M0 Hm_ '
p=1 (al + ay )
1l 1 i—j—1 1
= - ¥ Pijo11(t) + pyA(Aap)i9 -2 M=o
e 1L Gy
m—1 i—j—1
(%‘pr(iiﬂlg))t " 1 . (A+(i—5)0)t i—j—k—1
e ! Z ! (& + mg(1,a2))m7T * Piyrjo(t) + pyde” Z (Aaq)
r=0 al al k=2
i—j—1 m—k
1 (L mOUzag)yy tr }
— e a1 aj —
H faz ym— Z ] mO(1—az) \m—ktl_r Pjtkgo(
{ m=k (i + mTIGZ)m h r=0 r ((TMI + (al 2> k-
i—j—1 i—j—1 m—k+1
o . 1 Y T
—(A+(i—5)0)t i—j—k ola )t v
+ pe J Z kf(Nay) { H (£ + meag)yyl_k+2 rl
k=2 m=k—1 ‘a1 al r=0
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# Prypgolt) + (i — e Or=nd _—
mO(1—a2) \m— k42— J+k.3.0 po mf(l-az)
(& + 2=l } (& + 200=a))
(g2t i 3
iy P;jo(t) + pye” AFE=0t Z (k+1)8(1 — ag)(Aap )71
(a + al ) k=1
{iﬁl 1 (L+me(17u2))t7§ o 1 }
et h
0 6 — | 0(1— m— —_r
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i1 — i 1 2 +M
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Verification of Results

The Laplace transform of P; (s) is given as:

_ U N .
Pi(s) =) Pij(s) = Gt ! >0
i=0

and its Inverse Laplace is:

e~ (/\t)i

Pit)=—

confirms that primary arrivals follow Poisson process.
The probability that exactly j customers depart from the system by time ¢ is given as:
[e o]
Pj(t) =) P (t)
i=j

Summing equations (2.4)-(2.6) over i and j we get:

Z Z {Pijo(s) + Pijai(s)} = %

i=0 j=0

and hence

i i {Pijo(t) + Piji(t)} =1

i=0 j=0
Define Q. (t)=Probability that there are n customers in the orbit where m = (0,1) i.e.,

either the server is idle or busy at time ¢.
For idle server we represent it by probability @, o(%).

Quo(t) =D Pisnjolt)
=0

The number of customers in the orbit in this case are calculated with the following for-
mula:
n = (number of arrivals — number of departures)

When the server is busy, it is represented by the probability @, 1(t)

Qna(t) = Piini1ja1(t)
j=0
The number of customers in the orbit in this case is calculated by the following formula:
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n = (number of arrivals — number of departures — 1)
Using above definitions in (2.1)-(2.3) and letting v=0, the equations we get under statis-
tical equilibrium are:

(A +n0)Qno(t) = pQn,1; n>0 (4.1)
()‘a‘l + 779(1 - aQ))Qn,l = )\Qn,O + )\alQn—l,l + (n + 1)9Q7L+1,0
+(n+1)0(1 —a2)Qny1,1; n > 2 (4.2)

which coincides with the result (3.68) of (Falin and Templeton, 1997).

5 Numerical Solution and Graphical Representation

MATLAB programming is used to generate numerical solution for the case p=0.7, n=0.6, v=0.5,
a1 = 0.6 and ay = 0.5. Observing the tables below for various time instants ¢, it is concluded
that the sum of probabilities at any instant approaches to 1.

Table 1: At t=1

Pooo | Pioo | Pirio P10 | Pspo | Pion Po1 | Poig | P | Sum
0.496 | 0.058 | 0.0708 | 0.0111 0 0.2585 | 0.0565 | 0.021 0 0.9719

P51 P51 P53 P54 Ps1 Ps31 Psa1 Sum
0.0108 | 0.0228 | 0.0209 | 0.0071 | 0.0072 | 0.0094 | 0.0061 | 0.9693

Table 3: At t=15
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Pr7o| Psso P60 Ps7o Psgo Py3 P53 P54 P31 P41
0.02 | 0.0158 | 0.0544 | 0.1254 | 0.1535 | 0.0099 | 0.0135 | 0.0186 | 0.0092 | 0.0246

B 5.1 Praq Prs5q P Psa1 | Pss1 | Frea Py7q Sum

‘0.02@32 0.0164 | 0.0337 | 0.0291 | 0.0118 | 0.042 | 0.0912 | 0.1005 | 0.9425

Table 4: At t=25

Psso | Peso | Preo | Prro | Peeo | Psro | Psso | Fsei P71 Sum
0.0011 | 0.0019 | 0.0027 | 0.004 | 0.0122 | 0.1112 | 0.7444 | 0.0194 | 0.0863 | 0.9832

Table 5: At t=35

Pooo | Psso | Frro Psgo | Psa1 | Psra Sum
0 0 0.0201 | 0.9629 0 0.0154 | 0.99984

The probabilities against time are plotted in following figures.

| p=0.7,n=0.6,y=0.5,2,=0.6,a,=0.5

=]
=]

1=}
=3

o
iy

Probabilities —

1=}
i

0 T S R R R R R R R

t(average service times)—

Figure 2

The probabilities Py and P10 are plotted against time ¢(average service times) in figure
2. for the case when p=0.7, n=0.6, v=0.5, a1=0.6, a2=0.5. It is clearly visible from the graph
that after starting from value 1 at time ¢t = 0 the probability Py o decreases with time and ap-
proaches 0. But the probability P ; o increases from initial value 0 at ¢ = 0 and then decreases

with time.

p=0.7,n=0.6,y=0.5,a,=0.6,a:=0.5

Probabilities —

t(average service times)—

Figure 3
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Figure 3 depicts the probabilities P39, P3.1,0 and P52 plotted against time ¢ for the case when
p=0.7, n=0.6, v=0.5, a;=0.6, a2=0.5. It is observed that all the probabilities increase from initial
value 0 at t = 0 and then decrease. The highest value achieved by probability Ps - is greater
than Ps 1, which in turn is larger than P; o o.

p=0.7,n=0.6,y=0.5,8,=0.6,a,=0.5

o
o
&

—
o
o
b

=]
o
B

Probabilities
o
2

o
o
51

o
o
I=

V]

t(average service times)—

Figure 4

Figure 4 shows the comparison between the probabilities Py 1, P11 and Py 1 when plotted
against time ¢ for the case p=0.7, n=0.6, v=0.5, a1=0.6, a2=0.5. It is observed that all the
probabilities start increasing in the beginning and then decreases. Also, the probabilities attain
higher values for greater number of departures.

6 Busy Period Probabilities

The busy period distribution of the system as well as the server is discussed in this section.
The probability that server is busy is given by

P(Server is busy) = Z Pji(t) (6.1)

i>7>0
The probability that system is busy is given by

P(System is busy) = Z (Pijo(t) + Pijai(t) (6.2)
i>§>0

6.1 Numerical and Graphical Representation of Busy Period Probabilities

The numerical solution is obtained using MATLAB programming and following (Bunday, 1986)
work. The probability for system busy and server busy are studied by varying the value of p
and keeping other parameters constant at =0.6, v=0.5, a1=0.6, a2=0.5.
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Probability(System Busy) | Probability(Server Busy)
p=05 | p=0.7 | p=0.9 | p=0.5 | p=0.7 p=0.9
0 0 0 0 0 0
0.335 | 0.4298 | 0.5131 | 0.2698 | 0.3506 | 0.4195
0.4947 | 0.6126 | 0.7017 | 0.3584 | 0.4484 | 0.5194
0.5907 | 0.7096 | 0.7924 | 0.4034 | 0.4946 | 0.5637
0.6521 | 0.767 | 0.8423 | 0.4323 | 0.5232 | 0.5905
0.6933 | 0.8032 | 0.8721 | 0.4525 | 0.5425 | 0.6078
0.7217 | 0.827 | 0.8907 | 0.467 | 0.5558 | 0.6182
0.7418 | 0.8431 | 0.9022 | 0.4776 | 0.5644 | 0.622
0.7562 | 0.8537 | 0.9079 | 0.4851 | 0.5687 | 0.6185
0.7665 | 0.8598 | 0.9075 | 0.4901 | 0.5685 | 0.6067
0.7736 | 0.8614 | 0.8992 | 0.4928 | 0.5632 | 0.55862
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Figure 5

In figure 5 the probability of System busy and probability of Server busy are plotted against
time ¢ for the case when p=0.7, =0.6, v=0.5, a,=0.6, a2=0.5. It is observed that both the prob-
abilities increase rapidly and then decrease gradually Also, probability (System busy) remains
higher than probability (Server busy) as required.
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Figure 7

Figure 6 and Figure 7 shows the effect of a; on the probability (System busy) and probability
(Server busy) respectively keeping other parameters constant. It is interpreted from both the
graphs that probabilities are higher for larger values of a; for quite some time. After that these
probabilities start decreasing and also the trend is reversed i.e., probabilities are smaller for

larger values of a.
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Figure 9

Figure 8 and 9 depict the effect of ay on the probability of system busy and probability of server
busy respectively when p=0.7, 7=0.6, v=0.5, a1=0.6. It is observed that probabilities increase in
the beginning and then decrease gradually with time. Also, the probabilities in both the graphs

are higher for larger values of as.
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7 Conclusion

In this paper a single server two-state retrial queueing model with the concepts of feedback
and impatience is considered. As we know, managing impatient customers can lead to profit in
business The transient state probabilities for exact number of arrivals and departures from the
system for busy or idle server are obtained. Numerical and graphical representation are given
to study the effect of various parameters. Some performance measures are also obtained.
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