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Abstract: A retrial queuing system with two types of batch arrivals is considered. The arrivals are called type | and type 11 customers.
The type | customers arrive in batches of size k with probability ¢, and type Il customers arrive in batches of size k with probability dy
(k>0) according to two independent Poisson processes with rates 4, € = 44 Y, kcand A, d = 2, Y7, k dy, respectively. Service
time distributions are identical, independent and are different for both type of customers. If the arriving customers are blocked due to
server being busy, type | customers are queued in a priority queue of infinite capacity where as type Il customers enter into a retrial
group of infinite capacity in order to seek service again after a random amount of time. All the customers in the retrial group behave
independent of each other. The retrial time is exponentially distributed with rate a. A type | or type 11 customer who has received service
departs the system with probability (1-g) or returns to the retrial group with probability q. For this model the joint distribution of the
number of customers in the priority queue and in the retrial group is obtained in closed form. Some particular models and operating
characteristics are obtained. A real life example is given. Few numerical models are generated by assuming particular values to the

parameters.
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1. Introduction

In the field of queuing theory, retrial queues have been
concentrated research topic for the last sixty years. Retrial
queues are characterised by the fact that an arrival finds the
server busy upon arrival is asked to leave or decides to leave
the service area and joins a queue called orbit. After some
random time the customer in the orbit can repeat their
request for service. This request is independent of the rest of
the customers in the orbit. For detailed survey one can see
Yang and Templeton (1987), Falin (1992), Choi and Chang
(1999), Artalejo and Gomez-Corral (2008) and Kim and
Kim (2016).

Falin (1984) investigated a multichannel retrial queuing
system. Choi and Park (1990) investigated an M/G/1 retrial
queue with two types of customers in which the service time
distribution for both type of customers are the same. Khalil
et al. (1992) investigated the above model at Markovian
level in detail. Falin et al. (1993) investigated a similar
model, in which they assumed different service time
distributions for both type of customers. In 1995, Choi et al.,
studied an M/G/1 retrial queue with two types of customers
and finite capacity. Kalyanaraman and Srinivasan (2004),
studied an M/G/1 retrial queue with geometric loss and with
type | batch arrivals and type 1l single arrivals. Lee (2005)
studied a non-Markovian retrial queue with two types of
customers and with feedback of customers. In 2011,
Thillaigovindan and Kalyanaraman have analyzed a
feedback retrial queuing system with two types of arrivals.
Kalyanaraman (2012) analysed a feedback retrial queue with
two types of batch arrivals. Gao (2015) analyzed a retrial
queue with two class of customers, in which the primary
customers have pre-emptive priority over secondary
customers. Toth and Sztrik (2021) studied the performance
analysis of two-way communication retrial queuing systems

with non-reliable server and impatient customers in the
orbit.

This paper deal with a retrial queuing system with two types
of batch arrivals and with feedback to orbit, in which both
type of customers arrive in batches of variable size. In
section 2, we give the descrition of the system. In section 3,
we obtain the joint probability generating function for the
number of customers in the priority queue and in the retrial
group when the servers are busy as well as idle. The
expressions for some particular models are deduced in
section 4. Some operating characteristics are derived in
section 5 and a real life related situation is given in Section
6. A numerical study is carried out in section 7. Finally, the
last section ends with a conclusion.

2. The Model

A retrial queuing system with two types of customers is
considered in this paper. The type | customers arrive in
batches of size k with probability ¢, and type Il customers
arrive in batches of size k with probability d, (k>0)
according to two independent Poisson processes with rates
M= 1 Yrkcoand A, d = A, X7, k d, respectively.
The services are given singly by a server. If type Il
customers, upon arrival find the server busy, they enter in to
an orbit of infinite capacity in order to seek service again
after a random amount of time. All the customers in the
retrial group behave independent of each other. The retrial

time is exponentially distributed with mean 1/a . The type
I customers are queued in a priority queue of infinite
capacity after blocking, if the server is busy. As soon as the
server is free, the customers in the priority queue are served
using FCFS (First Come First Served) rule and the
customers in the retrial group are served only if there are no
customers in the priority queue. A type | or type Il customer
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who has received service departs the system with probability
(1-g) or returns to the retrial group with probability g, 0<q<1
for additional service, as feedback customer. The model
description is given in Figure 2.1.

Type-l

Type-I

Queue

.
l} ':-.:/

Orbit T

>
( Server

Fieure: 2.1 System Model

The service time distributions for both type of customers are
independently distributed random variables with different
distributions. Supplementary variable technique is used for
the analysis and the variable considered is the residual
service time of a customer in service. The service time

density functions are b, (x); k=12 and B,f*)(s) =
Jy €7 by (x)dx,k = 1,2 is the Laplace transformation of
the distribution function b;, (x).

The Stochastic process related to this model is {X(t)} =
{(«f(t),N (), N.(t), S, (t)) t> o} where
N, (t) = number of customers in the priority queue at time t

N, (t)=number of customers in the retrial group at time t
& (t)=the server state at time t,

(@)
0,
= {1,
2,

when the server is idle

when the server is busy with a type I customer
and
S (@) =

when the server is busy with a type Il customer
the residual service time of a type k customer
in service at time t, k=1,2.

The stochastic process {X(t): t = 0} is Markov process

with state space
Q = {012} x {0,1,2,..}X{0,1,2,..} X (0,0) and the
corresponding stationary process is {(f N, N,, Sk)}.

The related probabilities are defined as

q;(t) = Pr{&(t) = O,N,(t) =/} and

p (k,i,j;x,t)dx = Pr{& (t) =k,N, (t) =i,N, (t) =
J, Sk (e (x,x+dx)}L k=1,2.

In steady state, the corresponding probabilities are, q; =
log, .. q; (t) and
p(k,i,j;x) =logL,0(k,i,j;x,t) and the
transformation of p (k, i, j; x) is
pW(k,i,j; s) =f e p(k,i,j;x)dx,

0

k=12,:i,j= 0.

Laplace

It is clear that,

pP(k,i,j;0) = [, p(k,i,j;x)dx = Pr={£ =k N, =

L N: = ) . . .
is the steady state probability that there are i customers in
the priority queue, j customers in the retrial group and the
server services a k™ type customer.

For -1 <127,2Z, <1, the following probability
generating functions are defined for the analysis:

Q(Zy) = Z?:o qué

C(Z) = X062y

D(Z)) = ¥ diZ)

PO (k,i;s,Z,) = Z p® (k,i,j;$)Z2,
j=0
i=012.;k=12
PO (k;s,Zy,2Z,) = Z P® (k,i;5,2,)7), k=12
=0

P(k,i;0,2,) = Z p® (k,i,j; 0)Z),
=0
i=012.;k=12

oo

P(k;0,Z,Z,) = P (k,i;0,2,)7,

j=0

k=12

3. The Analysis

Using the mean drift argument of Falin (1984), it can be
shown that the system is stable if p; + p, <1 where

P = _/11531(*) 0),p; = —A,d Bz(*) (0).

Now the mathematical equations that govern the system are
obtained by employing the remaining service time as the
supplementary variable. Relating the state of the system at
time t and t+dt, the following partial differential difference
equations are obtained.

For j 20,x 20,i =0
o d
A+ a)aq,- ®
= Q-9p(10,;0)+ (1
—q@p (2,0,5;0,t) +qp (2,0,j — 1;0,¢)
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--------- (3.1)
—-0p(1,0,j;x,t) —0p(1,0,j; x,t)
+
0x ot )
= —Ap(1,0,j; x, t) + A by (x)q; (2)
+(1 = )by ()p(1,1,/;0,8) + A, Xj—; di p (1,0, —
k;x,t) (3.2)
—op(1,i,j;x,t) —0dp(L,i,j;x,t)
- (i
ox at Ap(L,6,j %, 6)
+(1 - )b (x)p(1,i+1,5;0,t)
+ /112 ar(l,i—k,j;xt)
k=1
)'2 ijzl dk p(lr lr] - k; X, t) _____________ (33)
—0p(2,0,j;x,t) —0p(2,0,j;x,t)
+
ox at
= —p(2,0,j;x,t)
Jj
+ 43 by(x) zk_odk+1 q;—i(t)
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+( + Daby (g1 () + A2 Bhey diep (20, — ki x,) —

(3.4)
_ap(z; l’l_];xlt) _ap(z' l"];x’t) .
Ep . + TR = —p(2,i,j;x,t)
A
+/112 ap,i—kj;xt)
=1
J
+/122dkp(2,i,j—k;x,t)
k=1
(3.5)

In steady state, the equations (3.1) to (3.5) become,

A+ja)g = A—qp (10,j;0)+ (1—q)p (2,0,);0) +
' qpr (2,0,j —1;0) ------ (3.6)

=P (L0j;x) = =Ap(L0.j;2) + Ay by(@)g

+(1 = by (P15 0) + A Fjey die p (10, = k; )

3.7)

—p (Lij;x) = —Ap(1,i,j;x)
+(1 = OB @PLi+1,j;0)
L
F4) Gpi-kjiv)
=1

Ay Yoy di p(L, 0, j — ks x) (3.8)

—p'(20,j;%) = =Ap(2,0,j;%)
j
+ 43 by (x) Zk_odk+l qj—k

+( + Dab,(x)qj 41 + A Xjy diep (2,0,) — k; x)
- (3.9)

—p' (2,i,j;%) = =Ap(2,i,j; %)

) J
L
+ A E apRi—kjix)+ A, E dpyp2,i,j — k;x)
k=1
k=1

and the normalization condition is,

Yoo X0 Jy p(Lij,x)dx + %70 5o J, p(2,1,), x)dx +
Ej'o:o g =1 - (3.11)
Whel‘e A= Al + Az_

By taking Laplace transformation of equations (3.6) to
(3.10) and multiplying by Zé and then summing over j,
from 0 to oo the following equations are obtained.
Q(Zy) + aZ, Q'(Z,)
=1 -q)P(1,0;0,7;)
+(1-¢)P(2,0;0,Z,) + qP(2,0;0,Z,)

(s =14 2,D(Z,))PM(1,0;5,Z,) = P(1,0;0,2,) —
A BY()0Z) — (1 - B ()P (1,1;0,2,))
(3.13)

(s =14+ 4,D(Z))PY(,i;5,2,)
=P(1,i;0,Z,)

— A Y PO (- ks 2)
k=1

— (1 —q)BY ()P (1,i + 1;0,2,))
—-(3.14)

(s =2+ 2,D(Z,))PM(2,0;5,Z,) = P(2,0;0,Z,) —
2 B () 220Z) ~aB()Q' (Z) - (3.15)

(s = A+ ,D(Z))P9 (2,135, Z;) =
M Ther PO Qi —k5,Zy) e (3.16)

Multiplying equations (3.14) and (3.16) by Zt and
summing over i=1,2,... and using equations (3.13) and (3.15)
we get,

(s =2+ 2, C(Z) + 1,D(Z))P Y (1;5,21,Z,) =
P(1;0,Zy,25) — 1BV (5)Q(Z,) +

g™
%ﬁl(s)[p (1;0,0,Z3) — P (1;0,Z4,Z5)

(s =144 C(Zy) + 2,D(Z))PM(2; 5,24, Z5)

= P(2:00,2) - 1,8 (5) 22 0(2)

— aB(5)Q' (Z2)

------------------ (3.18)

Substituting s = A — 4, C(Z;) — 1,D(Z,)
(3.18), we get

in (3.17) and

(*)
12y Z1—-(1-q)B; ()
P(1,0;0,Z,) = —Q (Z,) ——————=—=P (1;0,72,Z
(10:0,2,) = $700 (Z) = 70030 P (130,2,,2,)
-------------- (3.19)

P(20;0,2,) = B’ O [%220Z) +
--------------------- (3.20)
l=21—-2 C(Z)) — 1;,D(Z)

ag' (22)
where
Using equations (3.19) and (3.20) in (3.12) and simplifying
one can get the following equation,
alZ, ~ (1-q+q2)B; (DIQ' ()
©) D(Z,)
+|A-MhZy — (A —q+qZ)1B, (Z)Z—z Q(Z)

- W74
B3I

P (1;0,2,,7;)

Define,
)
(1-q)B; "(D-Z1
Zy,2y) = ———H~——
f @20 ==

Z, <1. By Rouche's theorem, there is a unique solution

for each fixed Z,, -1 <

Zy = h(Z,) of the equation f (Z,Z,)=0. Now (3.21)
becomes
, A=A h(Zp) =AU (z)22)
Q'(Z,) =- 2Q(z;) - (3.22)

o U(Z2)~Z2
where h(Z,) is the root of the equation Z; = B{(l) and

U(Z) = (1-q+9qZ)B ()
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Using (3.22) in equation (3.21), it can be seen that
P(]., 0, Zl’ZZ) =
{L[z2-(1-q+q2)B O] +RIU 2 -221}B,
[ ® Q (Zy)
-8 (0-21] [V (Z2)- 7,
where L = A — A h(Z,) — A, U (Zz)%m and
2
* D (Zy)
R=1-MZ — (1-q+0aZ)hB~ 1)
Using equation (3.23) in (3.19), we obtain
P(1;0,0,Z,) =
[4121+RI[U (Z2)~Z2]+LIZ2— (1—q+qz2)B3 " (V)]
A-QI[U (Z2)-2Z7]

(3.23)

Q(Z2)

(3.24)

Using equation (3.22) in (3.20), we get

0277 2 (Z2)~Z2)+L3BL ) (O
[U (Z2)-22]

P(2;0,0,Z;) =

(3.25)
The general solution of the differential equation (3.22) is

1 (1 A ()2 02
Q (ZZ) = Q (1)8Xp’{7 fZZ T dx —

(3.26)
Where Q (1) is a constant, which is the probability that the
server is idle.

QZ) -

Putting s = 0 in equation (3.13) and in equation (3.14) and
summing over i = 0 to oo, We get
22(D (Zy) = D) XZo P O(1,550,7,) = (1 -
P P(0;0,2;)—-24,Q(z) - (3.27)

Putting s = 0 in equation (3.15) and in equation (3.16) and
summing over i = 0 to oo, we get
22(D (Z2) = D) XL P ©(2,6;0,Z,) =P(2;0,0,Z5) —

MQz) T2 - Q' (Z) - (328)

Adding equations (3.27) and (3.28) and using equation
(3.12), leads to
_ D@y

R (D(Z) = 1) Tizg Ber P Ok, 150,25) =2y (1 -2

g1-72B2 (+)DI272Q72+ a1-22q52 (+)/-10'22
3.29)

Evaluating at Z,=1 and using normalization condition we
get

‘1) = ik O—e®
QM) ="—""; (3.30)
Using equation (3.30) in (3.26) leads to
QD) = cd=p)U=0)=pz 1 (3.31)

(1-q) C+p1—-p16)

In steady state, the probability generating function for the
number of customers in the orbit when the server is idle is
obtained from equations (3.31) and (3.26).

Substituting s = 0 in equation (3.17)

P®(1,0,2,,2,) = —

71

Where
A=[(A-q9—Z]P(10,2,,Z3) + 11Z,Q (Z2) - (1 =
q) P (1;0,0,2,)
(3.32) together with equations (3.23) and (3.19) yields the
joint probability generating function for the number of

customers in the priority queue and in the orbit when the
server is busy with type I customer as

©) — B
PT(1,0,21, 2;) z[(1—q>Bi‘(z)—Zﬂ[U(zz)—zzlQ(ZZ) (3.33)

B= [1-B"ONL[Z, - (1 - q + qZ)B, (V)]
+ R[U(Z;) — Z,]}

Putting s=0 in equations (3.18) and (3.22) we get
o) =1 L D(#2) _
PO@0,21,2,) = {7 + 2 5] 0(Z)

V7211V 7 — (3.34)

(3.34) together with equations (3.22) and (3.20) yields the
joint probability generating function for the number of
customers in the priority queue and in the orbit when the
server is busy with type Il customer as

. [1-B7 (] (A;D(z2) L
PO(20,2,,2;) = =2 {2 1 ) 0(2))

(3.35)

Thus we have the following theorem:

Theorem 3.1: The stationary distribution of { (§,N,,, N,.,S; }
has the following generating functions

_ _ < D(x)
. {1 [KISLGEAOs dx}

a’l Ux)—x

c[A-p1)(A-q)—p2]
7.y = ld=p)=a)=pa]
Q(Z2) (1) @+p1-p10)

P®(1,0,2,,Z,) =
[1-80{t][72-(1-a+422)8 ) O] +R U 22)- 2,1}
|1-9B -2 @z2)-22]

Q(Z2)

- (3.37)
P™(2,0,7,,Z,) =
[1-B (D] (42D (22) L
1 { Z +U(ZZ—ZZ)} Q(Z2) -
--------- (3.38)
Corollary: 1

The probability that the server busy is
Py =P®(1;0,1,1) + P(2;0,1,1) =
[p1(A=q)+cp2]
(1-q) c+p1—p10)

Corollary: 2
The probability that the server idle is
P =Q() =
c[(1-p1)(A-q)=p2]
(1-q) C+p1—p16)
(3.40)

4. Particular Models

By taking particular values to some parameters of the
queuing system analyzed in the paper, the following models
can be obtained:

Theorem4.1:Ford, =¢, =0,k # 1,g =0 and B; (x) =
B, (x) =B (x) the stationary distribution of
{(¢, N,, N, S;)}. has the following generating functions

1 (22— 24h(x) — U
Q(Zz)=(1—p1_p2){af 1U((9;))_x2 (x)dx}
1
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P®™(1;0,2y,2,)
B (1 - B(*)(l)) {L[Z, = BOW)] + RIUZ,) - Z,]) ,
B TERI0) —Zl][U((Zz) —Zz]) ¢ )
1-BYQ)
l [’12

P™(2;0,Z,Z,) =
L
AL
where py = =2, BY(0),p, = —2,d B (0),1 = 1 —
MZy =22y L=2—2A h(Zy) — U (Zy), R= 21—
M Zy — 2,BY (1),U (Z,) = B® (1) and h (Z,) is the root
of the equation Z; = B® (1) (Choi and Park (1990)).

Theorem 4.2. For d, =c,=0k+# 1,q=0 , the
stationary distribution of {(¢, N,, N,, S;)}. has the
following generating functions

1 (%2A—2Ah - AU
Q(Zz)=(1—P1—P2){ fl h(x) - 4, (x)dx}

a Ulx) —x
P®(1;0,2,Z,)
(1-B90){1[z, - B,OO] + RIUE) - 2,1 0
B, - zl][zg(zz) ~ 7] ) :
1-B,"0)
l [’12

L
‘|" m] Q (?z)

where p1 = =4 B&(0),p, = =2, B (0),1= 2 —

M Zy—AZy L=2A—A h(Z) — AU (Zy), R= A—

M Zy — 2,8, (D), U (Z,) = B, (1) and h (Z,) is the root

of the equation Z; = B® (1) (Falin et al. (1993)).

P®™(2;0,72,,2Z,) =

5. Operating Characteristics

Using straight forward calculations, the operating
characteristics like the mean number of customers in the
priority queue and the mean number of customers in the
orbit are calculated. After putting Z, =1 in equations
(3.33) and (3.35), then differentiating with respect to  Z;
and taking the limitas Z; — 1, we get

lim,,, P® (1;0,2,,1) = (1 —
pl11—g—p21—cA1+A112F1F2cd21—pl—gl—g
—c2p 1] (1—p1)1—g—p2] 2c1—pl—gl—glpl+c
(1= 1) frreeemee (5.41)

(1—q)[c2p 1+27¢3B1]+2qcpf

where 4, =
L7 26(1-p1-)2(A-)lp1+¢ 1—p1)]

AMAzB2¢d

2(1-q)
---- (5.42)

lim,,_; P (2;0,7;,1) =

After putting Z; =1 in equations (3.33)
and (3.35) and then differentiating with respect to
Z, and taking limitas Z, — 1, we get

-2 2
' Dq1|A (1—p1)4Dy—(1—q—p32)D
lim P ©) (1, 0,1,22) — _12[_;(5 P1 2 q_ P2 3]
Z-1 249¢°d" (1-p1)?(q—Dp1+c(1—p1)1Dg

(1—q—p2)(D4+A3¢Ds—Dg—D7) Dgc[(1—p1)(1—q)—p2]
2/11/125232(1—171)2(1—!1)[171+E(1—P1)] ZEZ(I—QZ)[pﬁE(l—m)J
A2p1p1(1—q—p2—p2¢)

A

ac(1-q)[p1+c(1-p1)1Dg (5.43)

Where
_ Dy =[=g)A~p1)—p2]
Dy =pid+pc+c(1—-py) (d3_ 1-q)
D, =Dy [quzd + pady + 2,%d ,32]
_ - _,—3
Dy = 1T pp (1 — p1)*(2dq + dy) + 1A, ""d (1 — py)
2 a2
+ Aacad pilps + N7 d Pip,
_ .2, 2=353 253 3
Dy =A"A°c’d By +1,°d pi°cy
+ /11/12‘12d£1EZ (1-p)°
; + 24,2, dqp, (21 - p1)?
Ds = Aﬂzzzzd B2(1 = py) +212d p12p2cy
N + M2 25E°d Bipy + 1T dapp (1 — pr)?
Dg = 2/11/1225 dd-1)(1 - 21)2[1 —p1—p2—q(1 —py)]
97: M dy (1 = py)*[prd +Clqg(1 — py) + p2] —
c(1=py)] ;
Dg = 2d (1-d) (qt+p, — 1) -A,%d
lim P (2;0,1,2,)
Zz—>l

2
_ Azzd B2 A2p2Dy
2(1—q) ac(1—q)D,
p2°q

+
A -1 —p)A—q) —p]
p2[(A1=p1—p2)Dg+(c+p1—p1¢)Ds]
221 (1-p1)?Dgy (c+p1-p17)
--------- (5.44)

_ 2253 =2 5
Dy = iA,"c"d Br(1— p1) + od procapy +

_3—2 .
M22,8°d Bip, + LTl dyp,(1— py)?
From (3.30) and (3.31)

Qe = _
Y2 d _ cl=p1)U=0)=p2]
a |1—q (1-q) T+p1—-p10)

--------------- (5.45)
(i) Mean number of customers in the priority queue is

N, = lim P ®'(1;0,2;,1) + lim P ) (2;0,2;,1) - (5.46)
Z1-1 Zy—-1

Adding equations (5.41) and (5.42) we get (5.46)
(if) Mean number of customers in the orbit as

N, = lim P ®(1;0,1,7,) + lim P (2;0,1,Z,) + Q'(1)
Zy-1 Zy—1

---------- (5.47)
Adding equations (5.43), (5.44) and (5.45)) we get
(5.47)

(iif) Mean busy period : Busy period T, is the length of the
time interval that keeps the server busy continuously
and this continues till the instant the server becomes
free again and letT, be the length of the idle period. For
this model T}, and T, generates an alternating renewal
process and therefore

E (Tb) — PT'{T},} — PB

E(Ty) 1-Prifry} 1-Pg
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Pp
A (1-Pp)

BUtE(T) = 7,E(T;) =
Using equation (3.39) in the above equation, we get

[p1(1—q)+cpy]
Ac[(1—p1)(A—q)—p2]

E(T,) = -- (5.48)

6. Numerical Models

In this section, some numerical examples related to the
model analyzed in this paper are given. By varying type |
arrival rate, type Il arrival rate and the retrial rate, the
probability that the server busy, the probability that the
server idle, the mean number of customers in the priority
queue and the mean number of customers in the orbit are
calculated. For the analysis the  parameters

q,¢,C"(1),d,D"(1), By, B>, B (0) and BS? (0) fixed. The
results are shown in graphs and tables.

6.1. Graphs

The mean number of customers and the mean busy periods
are given as graphs in the Figures 6.1-6.6. In Figures 6.1
and 6.2, the retrial rate is taken as 0.6 and type Il arrival rate
is taken as 0.7 and 0.9 respectively, the graphs of the mean
number of customers in the priority queue and the mean
number of customers in the orbit are drawn by varying the
value of type | arrival rate. Whereas in Figures 6.3 and 6.4,
the retrial rate has been fixed as 0.9 but the type | arrival
rates are 0.7 and 0.9 respectively. The graphs of the mean
number of customers in the priority queue and the mean
number of customers in the orbit are drawn against varying
the value of type Il arrival rate.

7
6 —
L

4 —+Np
3 — N

0o 02 04 046 08 1 12

Figure 6.1: Type | arrival rate versus the mean number of
customers

6

5 —

0 0 04 06 08 1 1.2

Figure 6.2: Type | arrival rate versus the mean number of
customers
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Figure 6.3: Type Il arrival rate versus the mean number of
customers
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Figure 6.4: Type Il arrival rate versus the mean number of
customers
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Figure 6.5: Retrial rate versus the mean number of
customers
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Figure 6.6: Retrial rate versus the mean number of

customers
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Figure 6.7: Type | arrival rate versus the mean busy period
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Figure 6.8: Type Il arrival rate versus the mean busy period
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Figure 6.9: Retrial rate versus the mean busy period

In Figures 6.5 and 6.6, the same graphs with respect to
varying retrial rate are drawn for fixed values of type I and
type Il arrival rates (4, = 0.7,4, =09 and 4, = 09,1, =
0.7). From the graphs it is clear that as type | arrival rate
(type Il arrival rate) increases the mean number of customers
in the priority queue and the mean number of customers in
the orbit also increase whereas as the retrial rate increases
the mean number of customers in the orbit decreases and the
mean number of customers in the priority queue remains a
constant. In Figures 6.7,6.8 the graphs of mean busy period
are drawn against varying values of type | arrival rate and
type Il arrival rate respectively. From the Figure 6.7, it is
clear that as type | arrival rate increases the mean busy
period also increases whereas from the Figure 6.8, it is clear
that as type Il arrival rate increases the mean busy period
decreases. Figure 6.9 corresponds to the graph of mean busy

period with respect to retrial rate and is like the graph of
constant function.

6.2. Tables

The values of idle probabilities and busy probabilities are
given in the Tables.

Tables 6.1, 6.2 presents the idle probability and busy
probability. For various values of 4; for 4, = 0.7,0.9 the
two probabilities are calculated and are given in Table 6.1
and Table 6.2. The results shows that the idle probability
decreases for increasing value of A;. The same type of

behaviour is attained if we interchange A; and A,and the
results are shown in Table 6.2.
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Table 6.1: The Probabilities P, and Pg

7\1 o= 06, }\,2 =0.7 o= 06, )\.2 =0.9
P, Pe Py Pg
0.1 0.91 0.09 0.89 0.11
0.2 0.89 0.11 0.87 0.13
0.3 0.87 0.13 0.85 0.15
0.4 0.85 0.15 0.83 0.17
0.5 0.83 0.17 0.81 0.19
0.6 0.81 0.19 0.79 0.21
0.7 0.79 0.21 0.77 0.23
0.8 0.77 0.23 0.75 0.25
0.9 0.75 0.25 0.73 0.27
1.0 0.73 0.27 0.71 0.29

Table 6.2: The Probabilities P, and Pg

)\.2 o= 06, 9\.1 =0.7 o= 06, )\.1 =0.9
Py Ps Py Ps
01 | 085 | 015 | 0.81 | 0.9
02 | 084 | 016 | 080 | 020
03 | 083 | 017 | 079 | 021
04 | 082 | 018 | 078 | 0.22
05 | 081 | 019 | 077 | 023
06 | 080 | 020 | 076 | 0.24
07 | 079 | 021 | 075 | 0.25
08 | 078 | 022 | 074 | 026
09 | 077 | 023 | 073 | 027
10 | 076 | 024 | 072 | 0.28
7. Real life example

In a wireless sensor system, the sensor transmits information
to the central processing unit after getting information’s.
Assume that there are two types of information’s, called
primary important information and secondary non-important
routine information. The information may have a one line
information or cluster of information’s. The information are
processed one by one and a decision is taken by the central
processing unit. The system always gives importance to
primary information compare to routine information.
Sometimes the primary information may be again processed
after some times, but now it becomes secondary information.
We assume that the primary information are pooled in a
place, the system always gives first preference to this place.
The secondary information are pooled in a place, this part is
processed only if no primary information are available
(Fraden (1997)). We can model this situation using our
model analysed in this article.

8. Conclusion

In the foregoing analysis, an M/G/1 queue with retrial
customers and system with two types of batch arrivals has
considered. In addition, unsatisfied customers enter into the
orbit as a feedback customer for additional service. The
queue length distribution and mean queue length are
derived. Extensive numerical works are carried out to
observe the trends of the operating characters of the system.
The model can be generalised by taking retrial time as
general distribution. Also the model is extended by
incorporating the concept of MAP, BMAP, etc.
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