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Abstract: We present a single server with two heterogeneous service stages having different general (arbitrary)
distribution, subject to random breakdowns and Bernoulli scheduled server vacation. The customers arrive in
batches and the server provides service one by one. The second stage service must be provided after completing
the first stage service by the server. On completion of the first phase of the service with FCFS schedule, the
second phase starts. With probability p the customer feedback to the tail of original queue for repeating the
service until the service be successful. With probability 1 - p = q the customer departs the system if service be

successful. Upon the completion of the second stage service, the server will go for vacation with probability 6

or staying back in the system for providing the service to the next customer with probability 1—6, if any. The
vacation time follows general (arbitrary) distribution. The system may breakdown at random time and the
breakdowns occur according to Poisson stream. Once the server breakdown, it could not be repaired
immediately, so that there is a waiting time, called ’delay time’ before the server getting repaired. Both the
delay time and repair time follow exponential distribution. We obtain the time dependent probability generating
functions in terms of their Laplace transforms and the corresponding steady state results explicitly. Also we
derive the average number of customers in the queue and the average waiting time in closed form.

Keywords: M el Queue, Heterogeneous Service, Bernoulli Vacation, Probability Generating
Function, Delay Time, Mean Queue Length.

I.  Introduction

Due to the improvement and advancement of science and technology, performance in modeling is one
of the vital parts that affect the design, configuration and implementation of any real time system. Queueing
modeling is being used tremendously and effectively in congestion problems encountered in day to day life as
well as industrial scenario including computer systems, web services and communication networks, waiting
lines at airports, railway stations, banks etc. The study of queueing systems with feed back have been
concentrated by many authors. Choudhury and Paul [8] inspected the M/G/1 system with two phase of
heterogeneous service and Bernoulli feedback. In this system a customer may get an unsuccessful service, then
it retries to take the service until a successful service. With probability p(0 < p <1) the customer feedback

instantaneously to the tail of the queue or depart from the system with probability q = 1 -p. In most of the
research study of queueing models, the server is assumed to be reliable such that the server works for ever, but
this is not the case in most of the real scenarios that the servers are reliable such that the servers may meet
breakdowns. Also there are numerous papers on queueing models with vacations and breakdowns. Baba[3]
studied about batch arrival single server with vacation. A comprehensive survey can be found in Doshi[11].
Igaki[12] analyzed two servers with exponential service with N policy and general vacation. Keilson et al.[15]
studied the dynamics of non-Markovian vacation. Maraghi et al.[22] have obtained steady state solution of
batch arrival queueing system with random breakdowns and Bernoulli schedule server vacations having general
vacation time.

Many researchers have paid their attention and efforts in queueing theory by considering various
aspects like two phases queue system with random break downs, Bernoulli vacation etc. Anabosi et al.[1]
studied a single server queue with two types of service, Bernoulli schedule server vacations and a single
vacation policy. Artalejo et al.[2] discussed about the steady state analysis of an M/G/1 queue with repeated
attempts and two-phase service. BadamchiZadeh[4] studied two phases queue system with Bernoulli feedback
and Bernoulli schedule server vacation. Choudhury[7] analyzed about two phases batch arrival queueing system
with a vacation time under Bernoulli schedule. Madan[20,21] discussed a single server with two types of
service and deterministic server vacations as well as Bernoulli vacation. Whenever the server encounters a
break down it could not be able to serve unless it should be repaired. Therefore the server should undergo a
repair process, but sometimes the repair process will not be started immediately due to the non availability of the
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repairing equipment or repairmen. Such situations can also be modeled as queueing model and which has been
studied by many authors. Burke[5] studied delays in single-server queues with batch input. Madan[19] studied
queueing system with random failures and delayed repairs. Gautam choudhury et al.[10] discussed a batch
arrival, single server queue with two phases of service subject to the server breakdown and delay time. Rehab et

al.[24] have obtained the steady state solution of an M X/Gn queue with Bernoulli schedule, general
vacation times, random breakdowns, general delay times and general repair times.

Most recently the study of transient behavior in queueing systems have been growing extensively due
their potential applications in which a practitioner needs to know how the system will function up to a time
horizon. Takagi [28] analyzed time-dependent analysis of M/G/1 vacation models with exhaustive service.
Thangaraj[30] have obtained transient solution of two phase heterogeneous services with compulsory vacation
and random break downs. In this paper we consider a queueing system wherein the customers arrive in batches
and the server provides service one by one in FCFS basis. Each arriving batch has to undergo two stages of
service provided by a single server and the service time for two stages is assumed to follow general distribution.
As soon as the second stage of a customer’s service is completed, the server may go for a vacation with

probability @ or continue staying in the system to provide service to a next customer, if any, with probability
1-6.

On account of, the system may subject to breakdowns, the breakdowns occur according to Poisson
process. Once the system breakdown, the repair process will not be started immediately so that the system has
to wait before it could be repaired, such a waiting time is known as ’delay time’ which follows exponential
distribution. the repair time follows exponential distribution. After the repair process complete, the server
resumes its work immediately. Also whenever the system meet a break down, the customer whose service is
interrupted goes back to the head of the queue. The rest of the paper is organized as follows. The mathematical
description of our model is in Section 2 and equations governing the model are given in Section 3. The time
dependent solution have been obtained in Section 4, the corresponding steady state results have been derived
explicitly in Section 5 and the concluding remarks is in 6.

II. Mathematical Description of the Model
We assume the following to describe the queueing model of our study.

e Customers arrive at the system in batches of variable size in a compound Poisson process. Let Ac,At
(1=1,2,3,....) be the first order probability that a batch of i customers arrives at the system during a short interval

of time (#,¢+At), where 0<¢, <1 and Z:lci =1 and A >0 is the mean arrival rate of batches. The

customers are served one-by-one on a "first come-first served" basis.
® Each customer undergoes two stages of heterogeneous service provided by a single server on a first come
first served basis. The service time of the two stages follow different general (arbitrary) distributions with

distribution function B (v) and the density function b;(v),j=1,2.

® Let £4(x)dx be the conditional probability of completion of the i h stage of service during the interval (X,
x+ dx] given that elapsed service time is X, so that

b(x) .
(x)=—"—"—,i=1,2. 1
14;(x) 1~ B(x) i (1)
V,u.(x)dx

and therefore,  b.(v) = 1, (v)e_'[O L Li=12.2)

e After completion of first phase service and second phase service if the customer is dissatisfied with the
service for certain reason or if customer received unsuccessful service, the customer may immediately join the
tail of the original queue as a feedback customer for receiving another regular service with probability
p(0< p<1). Otherwise the customer may depart forever from the system with probability q(= 1 - p). The

service discipline for feedback and newly customers are first come first served. Also service time for a feedback
customer is independent of its previous service times.

® As soon as the second stage service of a customer is completed, the server may go for a vacation of random
length V with probability €(0 <@ <1) or it may continue to serve the next customer (1—8).
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® The vacation time also follow general (arbitrary) distribution with distribution function V(s) and the density
function v(s). Let 7(x)dx be the conditional probability of a completion of a vacation during the interval (x, x
+ dx] given that the elapsed vacation time is X, so that

yo=2D g

1-V(x)
—J.Sy(x)dx
0

® On returning from vacation the server instantly starts serving the customer at the head of the queue, if any.
® The system may break down at random and breakdowns are assumed to occur according to a Poisson stream

and therefore,  v(s) = y(s)e 4)

with mean breakdown rate o > 0.
® Whenever the system breakdown, its repairs do not start immediately and there is a delay time. The delay

1

times follows exponential distribution with mean time —

n
® The repair time of the server is exponentially distributed with mean time — .

® Various stochastic processes involved in the system are assumed to be independent of each other.

III.  Definitions And Equations Governing The System
We let,

1) Rfl)(x, t) = Probability that at time ’t’ the server is active providing first stage service and there are n’
(n>0) customers in the queue excluding the one being served and the elapsed service time for this customer
is x. Consequently Pn(l)(t ) denotes the probability that at time ’t’ there are ’n’ customers in the queue
excluding the one customer in the first stage service irrespective of the value of x.

(i1) sz)(x, t) = Probability that at time ’t’ the server is active providing second stage service and there are 'n’
(n>0) customers in the queue excluding the one being served and the elapsed service time for this customer
is x. Consequently Pn(z)(t ) denotes the probability that at time ’t’ there are ’n’ customers in the queue
excluding the one customer in the second stage service irrespective of the value of x.

(iii) ¥, (x,¢) = probability that at time ’t’ the server is on vacation with elapsed vacation time x, and there are
n’ (n>0) customers waiting in the queue for service. Consequently ¥ (#) denotes the probability that at
time ’t’ there are 'n’ customers in the queue and the server is on vacation irrespective of the value of x.

(iv) D, (¢) = Probability that at time t, the server is inactive due to breakdown and the system is under waiting
time before the server getting repaired while there are *n’ (7> 0) customers in the queue.

(v) R, (¢) = Probability that at time t, the server is inactive due to breakdown and the system is under repair

while there are 'n” (1 > 0) customers in the queue.

(vi)Q(t) = probability that at time ’t’ there are no customers in the system and the server is idle but available in
the system.

The queueing model is then governed by the following set of differential- difference equations:

s PV (x, t)+ P(”(x D+ (A+ 1 (x)+ )PV (x,0) = /120 P (x,t) n=1(5)
i=1
L RO+ RO+ (A D+ R (D=0 (©
n—l1
s P?(x, t)+ P(z)(x 0+ (A+ iy (x)+ )PP (x,1) = 2D ¢,PeN(x,t) n>1 (7)
i=1
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s P (x,1) - P<2>(x D+ (A+ 11, (x)+ )PP (x,1) =0 (8)
aﬁV(x t)+ﬁV(x D+(A+y()W, (x,1) = A;CV () n>1 ©)
aﬁV (60 +— 0 V(D + (A7 (<)1) =0 (10)
%Dn (t)=—(A+n)D, (1) + AZC, (D +a j PO (x,0)dx+a PO (x,1)dx (1)
diDo(z)=—u+n)Do<r) (12
—R () =—(A+P)R (t)+ lnzllc,Rn ()+nD, () (13)
%Ro(z)=—<z+ﬂ)R0<r)+nDO(t) (14
%Q(t) = =20(0)+ BR,(1)+ [ ¥, (e )y () + (1= ) [ B (x, 1) pty ()l (15)

Equations (5) to (15) are to be solved subject to the following boundary conditions.

RV (0,6)= ¢, A0(0)+ BR (1) + [V, (x, )y (x)dlx

+(1—0){pj°°1%<”(x,z)uz<x>dx+qfe<2>u2(x)dx} (16)
PO,6)= SR, (0)+ [V, (x,0)7 (x)dx
+(1- e){pj Rfiz(x,zwz(x)dwqfﬁ‘”uz(x>dx}+zanQ(t) a7
PR0,0)= [ P (x, ) (x)dx n=0 (18)
V,00,0=0[ B (x,0),(x)dx 1> 0 (19)

We assume that initially there is no customers in the system and the server is idle. So the initial conditions are

PY(0)=0;n=0,12...,j =1,2;V,(0)=V,(0)=0;0(0) =1 (20)

IV.  Probability Generating Functions Of The Queue Length: The Time-Dependent
Solution
We define the probability generating function

PO(x,z,0)=) " "B (x,0); P (z,0)= z"P(t)
V(x,z,0)=). 2V, (x.0:V,(z.)=) 2"V, (t)
D,(z.,)=Y" "D, ()R (z.)=Y z"R (t)

C(Z)ZZCnZ" Q1)
n=1
which are convergent inside the circle given by | z |[<1 and define the Laplace transform of a function f{t) as
J©)=] f@edi (22)

Taking Laplace transforms of equations (5) to (15)
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n—1
aﬁ PU(x,5)+(s+ A+ (x)+ )P (x,5)=AD ¢,P")(x,5) n=1 (23)
X i=1
2F“)(x )+ (s+A+ 1, (x)+a)P(x,s)=0 24)
oL ) H 0 >
n—1
aif_’,f”(x, $)+(s+ A+, () +)P? (x,5)= 1D ;P2 (x,5) n=1 (25)
x i=1
aﬁ P2 (x,8)+ (s + A+ 1, (x) + )R (x,5) =0 (26)
X
n—1
Z T 09) (4 A+ 7@ (58) = A3 6T, (59) en
X i=1
a—i Vy(x,8)+ (s + A+ y(x)V,(x,5) =0 (28)
n-l1 00— 00—
(s+A+m)D,(s)=21D D, (s)+a jo PY)(x,8)dx+a jo P%)(x,s)dx (29)
i=1
(s+A+1m)Dy(s)=0 (30)
n—1
(s+A+P)R,(s) =AY ¢:R,_(s)+nD,(s) 31)
i=1
(s+ A+ B)R,(s)=n1D,(s) (32)
(s+ )0 () =1+ Ry () + [ V(e )y(x)de+ (1= p) [ B (x, )ty (x)dx (33)

for the boundary conditions

PO(0,s)=(1- ,9){p .[:}_30‘2) (x,8) 44, (x)dx + qj:f_’l @ (x,8) , (x)dx }

+ [ T, )p () + R, () + 2,0 (s) (34)
PO0.5)= (1-0){p [ P (x. )00 + [ B2 ) (o)

+ [ 7, (e )y () + BR, . (5) +4c,.,0(5) (39)
P2(0,s)= L “PO(x, ), (x)dx;n=0,1,2,... (36)
I7O(O,s) = pJ:E(Z)(x,s)yz (x)dx;n=0,1,2,... (37)

Now multiplying equation (23) by z" and summing over n from 1 to o0, adding to equation (24) and using the
definition of probability generating function, we obtain

aﬁéj”(x, 2,8)+ (s +A—2C(2)+ p(x) + )P (x,2,5) =0 (38)
X
Performing similar operations on equations (25) to (32)
o — _
P Pq(z)(x, 2,8)+(s+A-AC(2) + 1, (x) + a)Pq(z)(x, z,5)=0 (39)
aﬁ V. (x,2,8)+(s+ A= AC(2) + y (X)), (x,2,5) =0 (40)
X
(s+A—AC(z)+n)D,(z,5) = m{ J’:pqm(x, z,8)dx + L °°13q<z>(x, z, s)dx} (41)
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(s+A—-AC(2)+ PR, (z,5) =nD,(z,s) (42)
For the boundary conditions, multiply both sides of equation (34) by z, multiply both sides of equation (35) by

z" , summing over 1 to 00, adding the two results and using the definition of probability generating function,
we get,

2P,(0,2,9) =[1=50(s)]+ AC(2)~1)O(5) + R, (2.5)+ [V, (x,2, )y (x)dlx

+(pz+@)(1=0)[ B (x, 2,5) y (x)dx “3)
Performing similar operation on equations (36) and (37) we obtain

B2(0,2,9)= [ B (x, 2,5)p4 (x)dx (44)

7,(0,2,8)= p| B (x,2, )1, (x)dx (45)

Integrating the equation (38) from 0 to x yields
—a — 7(S+A—J.C(z)+a)x7‘|.x,ul (t)dt
Pq( (x,2,8) = Pq( (0,z,5)e 0 (46)

where 13(](1)(0, z,8) is given by equation (43). Again integrating equation (46) by parts with respect to x yields

1-B/(s+A-AC(2)+a)
(s+A-AC(2)+ )

P (z,5)=P"(0,z, s){ (47)
where

B(s+A—=AC(2)+a) = [ e G, (x) (48)
is Laplace - Stieltjes transform of the first stage service time B,(x). Now multiplying both sides of equation
(46) by 44,(x) and integrating over x, we get

00 — _ f— 1 p—

J;) Pq(” (x,z,8) 1 (x)dx = P:z( (0,2,5)B,(s + A—AC(z) + ) (49)

Similarly, on integrating equation (39) and (40) from 0 to x, we get

X
—0 —0 7(s+)r/1C(z)+a)x7J. My (t)dt
P (x,z,5)= B (0,z,5)e 0 (50)

_ _ —(s+i—ﬂC(z)x—J.xy(t)dt

I/(](X,Z,S)=pV:](O,Z,S)€ 0 (51)
where ISq(z)(O, z,8) and I7q (0,z,s) are given by equations (44) and (45).
Again integrating equations (50)and (51) by parts with respect to x yields,

BO(z.5)= PO, Z’S)P—EZ (s+/1—/1C(Z)+05)}

(52)
(s+A-AC(z)+a)
B _ 1-V(s+A-AC
V,(z,s)=pV,Q0,z, S){ (s ELSA —AC(z )()Z))} h
where
By(s+A=AC(2)+ @)= [ & H 7O 0 aB, (x) (54)

is Laplace - Stieltjes transform of the second stage service time B, (x), and
V(s+A-AC(2)= jo e O Y () (55)

is Laplace - Stieltjes transform of the vacation time V' (x).Now multiplying both sides of equation (50) by

M, (x) and integrating over x, we get
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jo P2 (x,z,5) 11, (x)dx = P?(0,2,5)B, (s + A— AC(2) + @)
Now using equation (49), equation (44) reduces to
l_’q2 0,z,5)= I_’qm(O, z, S)El (s+A-AC(2)+ )
Now multiplying both sides of equation (51) by ¥(x) and integrating over x,we get
jo Va(x,z,8)y(x)dx = pV (0,z,5)V (s + A—AC(z))
Now using equations (56) and (57), equation(45) can be written as
I7q(0,z,s) = pl_’q(l)(O,z,s)l_?l (s+A—AC(2)+a)B,(s + A—AC(z) +cx)

Using above equation, equation (53) becomes

1-V (s+A-2C(2))

(56)

(57)

(58)

(59)

V,(z,8)= pP,’(0,2,5)B,(s + A—AC(2) + @) B, (s + A /IC(Z)WLO‘){ (s+A—AC(2))

Using equations (49) and (56) equation (41) becomes
1-B/(s +A—AC(2)+a)B,(s + A— AC(z) + @)
(s+A-AC(2)+a)(s+A—AC(z)+n)

D, (z,s)= aqu(l)(O,z,s){

Using equation(49),equation(42) becomes

R (z,5)=cznP"(0,z, s){
1 1 (s+A-AC(2)+a) s+ A —AC(2)+ B)(s + 1 — AC(z) + 1)

Now using equations (56), (58) and (60) in equation (43) and solving for 1_3;”(0, z,8)
we get
P, 2,5) = £1(2,5) f3(2,9) f3(z:9)[(1=50 () + A(C(2) DO (s)]
¢ T Dr
where D(2) = f,(z,5) f,(z,8) f;(z, S){Z —[(pz+q)(1-60)— HV(S +A—-AC(2))]
BL,(z.)B,Lf; (2,91}~ appre(1- BLfi(z B, f;(2.5)])
fi(z,5)=s+A-AC(2)+
fr(z,8)=5s+A-AC(2)+ B
fi(z,8)=s+A-AC(2)+71

1-B(s+A—-AC(2) + @)B,(s + A — AC(2) + @) }

} (60)

(61)

(62)

(63)

(64)

Substituting the value of 1_’;”(0, z,8) from equation (63) in to equation (47), (52), (60), (61)and (62) we get

B0 (o, ) = LEAE=50(6) + ACE) - DO - BLAG )]

(65)
D(z)
PO(z,5)= f2(z2,5) f3(z,9)[(1-sQ (s))+/1(C(2(—;)§ (DIBILS, (2, 9)1[1=B,[ £, (z,9)]] 66)
_ _ _ — 1=V (s+1-2C(2))

B Ph(z,9)[1(z,9) f3(z,9)B, [/, (z,s)]Bz[fl(z,s)][(l—sQ(s))+ﬂ(C(z)—l)Q(s)]{sz))}
V(z,5)= (67)
D(z)

D,(2.5) = fy(2.5) oz[1- B[ f,(z, )18,/ (z,s)]D][((l)— sQ(s))+ A(C(2)-DO(s)] (68)
z
R (2.5) = arg LEBUAGSIBLA @] l[)((l—)sQ (5)+ A(C(2)-1DO(s)] )
z

where D(z) is given by equation (64).
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V.  The Steady State Analysis
In this section we shall derive the steady state probability distribution for our queueing model. To
define the steady state probabilities, suppress the argument’t’ where ever it appears in the time dependent
analysis.
By using well known Tauberian property

Lt_osf(s)=Lt,_,. f(1) (70)
multiplying both sides of equation (65),(66),(67),(68) and (69) by s and applying property (70) and simplifying,

- P(5) =L (Z)M(C(Z)D_:)]U_Em ()10 o
po)(z) = LELEIAUCE) - lfl LAENI=BLAEGNQ )
V (0) = phELELEBLS (z)]E;)[rﬁ (I (A= AC(z)~110 )
D, () = A ENCE =D f;[fl (IBLAENQ "
R ()~ 22ECE) =Dl - ;?r LAIBLAEINQ o

where Dr = f,(2)£,(2)f5(2)z = [(p7-+9)(1-0) = 6F (A~ ACENBLAIBLA))
~aprE(1-BLH@BLAE) 76)

f(2)=A-AC(2)+a
f(2)=A1-2C(2)+ p
f(2)=A-AC(2)+n

Let W;(z) denotes the probability generating function of queue size irrespective of the state of the
system. Then adding(71),(72),(73),(74) and (75) we get
W:](Z)ZPq(l)(z)+R;2)(z)+Vq(z)+Dq(z)+Rq(z) (77)
W (2)= [2(2) [,(DIAC(2)-DO][1-B[£(2)]]
! Dr
L L@ L@ACE) - DOIB, LA -B,[£i(2)]]
Dr
L S2(2)Aez(C(z) - D1~ BAB,LA(2)]10
Dr
+p [£1(2) /2(2) i) BLAEIB,LA()]IOV (A~ AC(2) 1]
Dr
N Aanz(C(2)~D[1- B[ £(2)]B,[ /()]0
Dr

In order to obtain Q, we use the normalization condition

w,(H+0=1 (79)
We see that z=1, W; (2) is indeterminate of the form 0/0. We apply L’Hopital’s rule in equation (78)
where EI(O) =1,i=1,2;7(0)=1,—V"(0) = E[V'] the mean vacation time

Now

(78)

B](l)(l) — iﬂnQ[l_El(a)]E(])

80
dr (80)
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P(Z)(l) — iﬂQﬂ[l _EZ (a)]gl (OZ)E(I)

(81)
dr
1, (1y= p 2B OB EDED) ©
D.(1)= MﬂQE(I)(ld—E(a)Ez(a)) @
r
R (1)= MUQE(I)(ld—E(a)Ez (@) .
r
W (1) = /IQE(I){(aﬂ+ﬁ77+770!)[1—3(0;)52 (@) +afpB @B (@EV)| o
r
where B B _ B
dr = (q+ pO)apB (@) B,(@) ~ AED{(@p + f-+10)[1- B (@)B,(@)]]
—AanE(DEWV)B ()B,() (86)
o-1- 1) { 1 + 1 1 LN E(V)} (87)
(4+p0) 1B (@)B.(@) B (@)B@) dB(@B@) n f a

and the the utilization factor p of the system is given by,

_2E() { Lo 1 1 1. 1, E(V)} (88)
(04

(¢+p0) | 1B (a)B,(a) BB (a)B, (Ot) aB(a)B,(@) n B
where p <1 is the stability condition under which the steady state exists, equation (87) gives the probability
that the server is idle. Substitute Q from equation (86) in equation (78), W;(z) have been completely and

explicitly determined which is the the probability generating function of the queue size.
The average queue size

Let L , denote the mean number of customers in the queue under the steady state, then

d
Lq = EVVq(z) |z:1
N(z
since this formula gives 0/0 form, we write W, (z) = (2)
D(z)

where N(z) and D(z) are the numerator and denominator of the right hand side of equation (77)
respectively, then we use

_D'(HN"(H)-N'MH)D"()
! 2[D'(HY
where primes and double primes in equation (88) denote first and second derivation at z=1 respectively.
Carrying out the derivatives at z=1, we have

N'(1) = AE(DQY(app+ Bn+na)+ (B () By(a) panEW) —(af+ B+ ne)]l} - 90)

(89)

N"(1)=20[2E(I)] {(T ~1)+B(a)B,(a)

[—%U)—p aPEW) - pBrE(V) - pnaE(V)+~ paﬁnE(V )]

+[B,(@)B, () + B () B, (@)][(af+ B +1ex) - paﬂnE(V)]}
+AQE(I(I V) (ef+ B +na)+ B,() By (@) pafirE(WV) —(af + B+ ne)]} O1)
D'(1) = —2E(I)(ef+ fn+na)+ B(2)By(@){(g+ pO)apn
+AE(I)(af+ fn+na)— pafnE(V)} (92)
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" _ 2 _0{,3+ﬂ77+770( n D
D"(1)=2[AE)] (1 TED )+ B,(a)B,(a)

[((q+pO)+ pE(V))af + fn +nc) —%aﬂﬂE(Vz)]

+[Ez<a>ﬁ;<a>+Emﬁxan[—%—(q+p0><aﬁ+ﬂn+na>+aﬂrpE<V)]

+ AE(I(I-1){-(afp+ S+ ne) + B (@) By ()(af+ S+ ne) —afrpEW)]] - (93)
where £ (Vz) is the second moment of the vacation time and Q has been found in equation (86). Then if we
substitute the values of N'(1), N"'(1),D'(1)and D" (1) from equations(89),(90),(91) and (92) in to (88)
equation we obtain Lq in a closed form.

Mean waiting time of a customer could be found

Lq
W, = rl (94)

by using Little’s formula.

VI.  Conclusion
We have proposed a single server with two stage heterogeneous service and Bernoulli scheduled
vacation. There is a delay before the server get repaired which has been incorporated whenever the server meets
break down. The probability generating function of transient solutions are obtained explicitly and along with
this the steady state has also been analyzed. Further performance measures like average number of customers in
the queue and the average waiting time of a customer in the queue are obtained.
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