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Abstract: A retrial batch arrival single server queueing system is considered with generally distributed service time.
Whenever the system becomes empty, the server takes vacation following the Multiple Adapted Vacation (MAV) policy.
The MAV policy generates all the other server vacations including the non-vacation case. The present paper also assumes
that the server may take Bernoulli schedule single vacation’in between two consecutive services for pre-preparatory work
or maintenance of the system. The system is subjected to‘unpredictable breakdowns and the service interrupted customers
resume their service from the point of interruption assoon as the system is fixed. Also, a customer who is not satisfied with
the service may demand for instantaneous re-services. The system is, analysed under steady-state and the probability
generating functions of the queue size, the queue size probabilities and'mean queue lengths when the system is in different
states are obtained. The performance measures of theSystem are also inspected numerically. Decomposition property for
vacation is established and the results of various vacation models.are derivedas,particular cases.

Index Terms: Retrial, Multiple Adapted vacation, Bernoulli Schedule'vacation, breakdown, feedback.

I. INTRODUCTION

The mathematical results on retrial queues were first published in 1950%s..Yangand Templeton (1987) surveyed the works on
the retrial queues. Later fundamental methods and results on'the retrial queues are found inthe detailed study of Falin and Templeton
(1997) and Artalejo (1999) gave a bibliography on this topic. Artalejo and Atencia (2004) have worked on the batch arrival retrial
queues with single server.sTakacs{(1963) introduced the feedback of the customers when the service is not satisfactory to the
customers. The present modeldeals with the infinite feedback where the customer may claim for the repetition of the service for
infinite number of times until the customer gets satisfied with his service. Kalidass and Kasturi (2013) considered a model describing
the transaction in ATM machine where the customers-after performing a transaction cansfeedback immediately for the next
transaction not moving to the tail of the queue. Another application of feedback queuessis Automative Repeat re-Quest (ARQ)
protocol, a high frequency communication network.

Server vacation model was first.discussed.by. Levyand‘Yechiale (1975). Various authors analysed the vacation queueing models
by considering different types.of‘vacation as independent. characteristics. Baba(1986) considered the batch arrival queue with
multiple vacations. Aissani (1998) discussed the retrial M*/G/1 queueing models with exhaustive vacations. Then, Choudhury
(2002) modelled batch arrival queueing system with a.single vacation. Multiple vacation retrial models were analysed by Krishna
Kumar and Pavai Madheswari (2003). Later a new vacation policy for M*/G/1 queueing system where the server may leave for
atmost J-vacations was proposed by Ke and Chu (2006) andiKe et al. (2010). The Multiple Adapted Vacation policy was considered
by Mytalas and Zazanis (2015). Nawel ARRAR et al (2017) explained the decomposition property for retrial single server model.
Keilson and Servi (1986) introduced the Bernoulli scheduled vacation i.e. vacation between services. Gaver (1962) seems to be the
first to study the effect of server breakdowns for M*/G/1 queues. The breakdowns are assumed to occur only when the server is
busy and are independent of each other. Keilson (1962), Yue and Tu (2001) and many others have contributed a lot to the queueing
models with server breakdown. Fiems et al. (2008) fixed the probability for repeat / resumption of service whereas Krishnamoorthy
et al. (2009) provided specific rule to decide whether to repeat / resume an interrupted service. The most recent works on queueing
models with interruptions may be found in the survey paper of Krishnamoorthy et al. (2012).

Il. MATHEMATICAL ANALYSIS OF THE SYSTEM

Model Description

Arrival Pattern: The customers arrive in batches following Poisson process with batch arrival rate A. The batch size X of the
arriving customers has the probability distribution Pr(X = k) = gy, k = 1,2, ... where Y}, g, = 1. There is no waiting space in
front of the server. If the arriving customers find the server free, then one of the arriving customers begins the service and the others
leave the service area and enters a queue of blocked customers called orbit in accordance with FCFS queue discipline; whereas if
the server is busy or on vacation then all the customers join the orbit. The retrial times are generally distributed random variables
with distribution function A(t).

Multiple Adapted Vacation (MAV) Policy: Cycle starts when the system becomes empty and the server is deactivated. During
this idle period, the server may leave the system for a vacation with probability 8, or remains idle in the system with probability1 —

1JSDR2004027 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 168


http://www.ijsdr.org/

ISSN: 2455-2631 © April 2020 1JSDR | Volume 5, Issue 4

84. Upon returning from the first vacation, the server joins the system to begin a busy period, if he finds at least one customer in
the retrial orbit. Otherwise if the server finds the system still empty, he either takes a second vacation with the probability 8, or
joins the system and remains idle with the probability 1 — §,. This process continues until a batch of customers arrives and then
starts a busy cycle. Thus, the vacation policy is determined by the sequence of the probabilities {8;} where j = 0,1, ... The vacation
time of the server is independent and identically distributed with the distribution function VI(t), the corresponding density function
vI(t) and LST VI*(0).

Busy Period: Busy period starts immediately when at least one customer enters the empty system or the customer in the head of
the orbit retries when the server is idle. During busy period the server serves the customers one by one. The busy period ends when
the system becomes empty again.

Feedback policy: At the end of each service, if the customers are not satisfied by the service they may claim for re- service with
probability f, or leave the system with probability 1-f. Thus instantaneous re-service is provided to the customers on their demand
and is termed as feedback services. Such feedback services continue until the customer is satisfied and leave the system. The service
time of the regular or feedback services are arbitrarily distributed with distribution functions S;(t), the corresponding density
function s;(t) and LST S;(0) fori = 0or 1.

Breakdown Period: The server may breakdown at any time during regular or feedback services with Poisson rates «, or
o4 respectively. Then the server is immediately sent for repair and'the service is stopped for a while. The interrupted service will
be resumed as soon as the server returns to the channel after the repairsbeing rectified. The repair times of the server are arbitrarily
distributed with distributions R;(t) and density functions ri(t) fori = 0 or 1. according as the breakdowns occur during regular or
feedback services.

Bernoulli Schedule Vacation: After completing a service to a,customer and sending:him out of the system, the server may take at
most one vacation before starting a new regular service to the next customer, with probability p or prefer to continue to serve the
next customer with probability 1-p. Thedbusy vacation time of the server is assumed to be‘independent identically distributed random
variables with common distribution VB(t), density function vB(t) and LST VB*(0):

The model is denoted by M*/G/LIMAV/breakdown/feedback(e)/BSV. Iff(x) is the density function of the probability distribution

F(x), then the LST is given by F*(6) = [ e=®* d(F(x)).

Let A°(t), VI®(t), VB (8),S3 (1), S (), R§(t) and RI(t) respectively denote the remaining times of the random variables namely
retrial time, vacation time.during idle and busy periedyprimaryrand feedback service time and repair time during primary and
feedback service at time t.'Furtherdifferent states of'the server-attime t are designated by Y(t) = {0,1,2,3,4,5,6} which respectively
denotes idle state, vacation-during idle andsbusysperiodssprimary andsfeedback busy state, repair during primary and feedback
service. The supplementary variables are introduced infordertorobtain a bivariate Markov process {N(t), 3(t)} where N(t) denotes
the queue size random variable and 8(t) = (A°(t), VI°(t), VBA(E), S§ (1), SP (1), R§ (1), R (1)) according as Y(t) = (0,1,2,3,4,5,6)
respectively.

Let PI,(w,t)dt = Pr{N(t) = n,w < A°(t) < w + dt,¥(t) = 0} be the joint probability that at time t, there are n customers in the
retrial orbit and the server is idle with the remaining retrial time between w' and w + dt, where n > 1 and let PI,(t) =
Pr{N(t) = 0,Y(t) = 0} represents the probability that the server is idle at time.tiand there is no customer in the retrial orbit.

Let QI x(x, t)dt = Pr{N(t) = n,x < VI°(t) < x +dt,Y(t) = 1} be the joint/probability that at time t, there are n customers in the
retrial orbit and the server is in k' vacation with the remaining vacation time between x and x + dt, where n > 0.

Let QB, (x,)dt = Pr{N(t) = n,x < VB°(t) < x + dt, Y(t)'= 2} denoté the joint probability that at time t, there are n customers in
the retrial orbit and the server is under busy vacation with the remaining vacation time between x and x + dt, where n > 1.

Let P2(x,t)dt = Pr{N(t) = n,x < SJ(t) < x + dt, Y(t) = 3} represents the joint probability that at time t, there are n customers in
the retrial orbit and the server is busy under primary service to the customer with the remaining service time between x and  x +
dt, where n > 0.

Let P1(x,t)dt = Pr{N(t) = n,x < SY(t) < x + dt, Y(t) = 4} be the joint probability that at time t, there are n customers in the
retrial orbit and the server is busy under feedback service to the customer with the remaining service time between x and x + dt,
where n> 0.

Let BRI (x,y, t)dt = Pr{N(t) = n,SJ(t) = x,y < R}(t) <y + dt, Y(t) = 5} denote the joint probability that at time t, there are n
customers in the retrial orbit, the remaining primary service time is x and the server is under repair during primary service to the
customer with the remaining repair time between y and y + dt, where n > 0.

Let BRL(x,y,t)dt = Pr{N(t) = n,S%(t) = x,y < R{(t) <y + dt, Y(t) = 6} be the joint probability that at time t, there are n
customers in the retrial orbit, the remaining feedback service time is x and the server is under repair during feedback service to the
customer with the remaining repair time between y and y + dt, where n > 0.

At steady state, as t — oo, the queue size probabilities are assumed to be independent of time. Let PI,(w), QI (x), QB (x), PY(x),
P1(x), BRO(x,y) and BR}(x,y) respectively denote the steady-state probabilities and PI,,(6), Ql,x(6), QB,(6), PY(8), Pi(0),
BRY(6,0") and BRL(8,8") be the corresponding LST of the probabilities. Various stochastic processes involved in the queueing
system are assumed to be independent of each other. The equations under the steady state condition are analyzed using
Supplementary Variable Technique.
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LST of the Steady State Queue Size Equations

API; = 32, (1 - §;) Qlp;(0) + (1 — 8)(1 — (PP (0)+P; (0)) (6]
OPI;,(8) — PI,,(0) = API;(6) — X2, Ql,;(0)A"(8) — (1 — p)(1 — H(PL(0)+P1(0))A"(6) — QB,(0)A*(B), n=1 (2
08QI51(68) — Qly,1(0) = AQI5;(8) — §(1 — H(PY(0)+P}(0))VI*(6) ®)
8QI5(0) — Qlox(0) = AQI5x(8) — 81 Qlo k-1 (0IVI*(), k=2 (4)
08Ql;1(8) — Qlyk(0) = AQI;(8) — AL, QI (0)g;, n>1k>1 (5)
OPY"(8) — PP(0) = (A + ag)PY"(8) — AS3(6) Tioy J Plookss (W)dw (1 — 804) — Pl (0)S5(6)

—AXho1 P ()8 (1 — 89,n) — APIogn41S5(6) — BRY'(8,0), n=0 (6)

BP1*(8) — P1(0) = (A + a;)PL*(8) — f(P2(0)+P1(0))S;(8) — AXP_, X (8)gi(1 — 8,n) —BRL(8,0), n=0 (7)
8QB;(0) — QB,(0) = AQB;(8) — p(1 — N(PL(0)+P1(0))VB*(6) —AXRZ1 QB (O)gk(1 —8,,), n>1 ®)
6'BRE'(6,6") — BRE(8,0) = ABRL™ (8,0") — A2, BRE(6,0)gx(1 — 80,) — P (O)R; (), n=0,i=0,1 (9)

The following partial generating functions are introduced to study the model.

PI*(z,0) = Y2, PI;(6)z" Pl(z,0) = Yo, PI,(0) z"

Qli(z, 8) = 250 Qli 1 (6)2" Q(z,0) = B Qo (0)z" k=1

P (2,0) = T2 By (6)2" Pi(z,0) = 55, Py(0)2" i=01
QB’(z,0) = i, QB; (0)2" QB(z,0) = %7_QB, (0)22

BR"'(z,6,0") = Y2, BR¥ (0,0)z"  BR*(z,0,0)& Y2, BR*(0,00z" =01

Probability Generating Functions
The partial probability generating functions of.the queue size probabilities at an-arbitrary epoch when the system is in different
states are obtained through algebraic manipulation and are listed below:

1-Sp (h(XQ (wx (Z))) 1—R6, (wx(2))

BRO"(2,0,0) = ao(1 ~ DR (0) + PH(O))Qr(2) — 2 == —0 T8 (10.1)
B Sh(hao(Wx(2)) 1283 (e, (Wx (@) 1=R}, (wy(@)
BR™(2,0,0) = auf(1 — DR @ B (0)Qr(D) =2 i T (@ (10.2)
Po(2,0) = (1~ D(R 0) R} () e ) SESLIB(K0) (103)
\ _ So(hao(Wx(2))  1=83(hq, (Wx(2)))
P(2,0) = f(1 = DR+ P ()0 (2) =i GGl o) (10.4)
. o (1-088(hap (Wx@)) '\ 1-VB* (wx(@)

QB*(z,0) = p(1 - H(RP(0) + 5 (0)) (QR(Z) ) ) = (10.5)
Q" (2, 0) = (1 — D(PLO)HR (0)) B, B TTIC, 8 =, 2 (10.6)
PI*(z,0) = (1 — D(P(0) + P2 (0)) Vg (2) 52 (10.7)
where wy (z) = A(1 —X(2)) ; hai(wx(z)) =w,(2) + O(i(l — R’{’(wx(z))) i=0,1

(@) = ~ s ) VR (11)
IVR(z) = A*(D) % + M; (2)1Vy(2) (12)
Vo(2) = Zig B TTiCo 8“1 s 4 p M () (13
with VI*(wy(2)) = 250 Ba 2" Ba = J; €7 Zfzo%d(vl(t))

[where g;i) = Pr{there are n customers in the orbit at the end of k™ batch arrival}]
HBV; (wy(2)) = w@ P+ PVB'(we(2) ) M (2) (14)
R N 1—fS’1(ha1(wX(z))) pTp X 1

M;(z) = A"() + X(2) (1 - A" (D) (15)
W@ = (- D@ (1 4 v (@) - 102 (16
Io(2) = @ + Tl BS TS0 8; (1 = VI*(wy(2))) + p(VB*(wx(2)) — 1) 1)

The PGF of queue size probabilities during busy period and idle period are respectively given by

wx! « (1-HS5(he (Wx(2))
Ro(2) = o BRE (5.00) + ELoP (2, 0) = (1 = D(FS(0) + B} (0)) 221 - Sbeol )]
X —o1\ Mo \Wx

(1-DSh(ha (Wx(@)) ]

and Pgi (z) = QB (z,0) + QI*(z,0) + PI*(z,0) + PI, = (1 — H(P(0) + P{(0)) T2 [ e ()

wx(2)
Thus the total probability generating function (PIFg(z)) of the queue size probabilities is
PIFR(z) = YL, BR¥* (z,0,0) + Y1, P¥*(z,0) + QB*(z,0) + QI*(z,0) + PI*(z,0) + Pl,
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PIFR(z) = (1 — f)(PQ(0) + P2

(18)

11l. PERFORMANCE MEASURES

In this section, the performance measures such as the steady state queue size probabilities and the mean queue size of the proposed
model at different states are calculated. The following results derived from equations (11) to (17) are used to obtain the performance
measures.

Qe(D) = TIVR() ;

IVR(l)

QR(1) = = [IVR (DEX) + (E(X(X D) + 22 (AE(X(X — 1))E(HBVy) + (AE(X))ZE(HBV,'{)))]

IVR(1) = A*(A) + + Ziczo B [Ti0 8 E(VD) — pE(VB) ;

IVR'(1) = AEQX) [0 B8 TTio 8 (AP Evn) + 220 )) p(FE2 (”E(VB) + 2]

1%(1) = S50 5 Tk 5, BV — pECVE) © V(1) = E(X)(zk S B TT B ECVIY) - PE(VB?))

[HBVR (W (2)]=1 = 15 [HBVR(Wy(@)]5-1 = AE(X) (E(Ho) + E(Hl) +pE(VB) + 5 %) = ;

[HBV (Wx(2))]y=1 = AE(x(x — 1))EHBVR) + (AE(X))’ E(HBVR)

where E(HBVy) = E(H,) + —~E(H,) + pE(VB) + 52

and E(HBVZ) = aOE(SO)E(R )+ E(SB)(1 + aOE(RO))Z + oy 2E(SERS) + = E(SH (1 + 0(115(111))2 +2 - E(Ho)E(H,)
+2(= ) (E(H,))” + pE(VB2) 4 2pE(VB) (E(HO) +— E(Hl)) +2 <E(H0) +——E(Hy) + pE(VB))

with E(H;) = E(S)(1 + o4E(Ry)) i =01
M;(1D)=1; Mj(1)=EX)(1-A"M))s M{(1)=EXX= 1))(1 —AW)

Ya() = Qe(D =@ Yr(1) = Qu) + ABCOQR(D) (B(Ho) + 5 ECHY) + PEWB) ) Sy (1)
() =¢; 1p(1) =AEX) (PEVB) — XL, B§ T 8 E(VD)

1-A*(D)

Steady State Queue Size Probabilities
Let the steady-state queue size probabilities during the server’s breakdown state, busy state, vacation state during busy & idle
period and idle state respectively be.denoted by Py, Pousy , Pyg 3Py and P Then these steady state queue size probabilities are
derived by considering the equations (10.1) to (10.7) at z=1 and_using results mentioned above.
i) Py = Pbro + Pbr1
where P, = BRO(2,0,0)|,-;, = ao(1 — N (B(0)*+PF(0))Qr(E(So)E(R,)
and Py, = BR'"™(2,0,0)|,-; = o f(P{(0) + P} (0)) Qe(E(SE(R,)
ii) l:)busy = l:)busyo t Pbusy1
where l:)busyo =P%(z, 0)|, g =(1= f)(Pc?(O) + PO1 (0))QR(1)E(SO)
and Pousy, = PH(2,0)|,=1 = f(P7(0) +B3.(0))Qr (E(S,)
i) Pyg = QB*(z,0)],=, = p(1 — H(P(0) +PBg(0)) (Qr(1) — DE(VB)
iv) Py =QI"(z,0)],=y = (1 — (POO(O) + Pol(o)) )y Blé Hk 0 8 EQ(VD)
V) B = PL@ 0= + Plo = (1= D(R(O) + B O)(Yr ()5S +2)
(PO0 (0) + B} (0)) can be found by using the normalizing condition PIFR(l) = 1 and is given by: P2(0) + P3(0) =

AE(X)
1-HQr(1)

Mean queue size
In this section, the mean queue sizes for the proposed model when the system is under different states are calculated. Let
Lpr » Lbusy » Lve » Ly and L; represent the expected queue size during the server’s breakdown state, busy state, vacation state during
busy & idle period and idle state respectively. These lengths are obtained from the derivatives of the equations (10.1) to (10.7) at
z = 1 in which the above results are employed.

i) Lpr = Lbrg + Lbr1

where Ly, = < BR”"'(z,0,0),-,

= ay(1 — H)(PP(0) + P$(0))[QR(1E(Se)E(R,) + 5 E(X)QR(l)(E(So)E(R )+ E(S3)(1 + aoE(Rp))E(R))]
and Ly, = EBRM (z,0,0)],=1

=, f(PP(0) + P3(0))[QR (DE(SE(R,) + 3 ECOQr((E(S)ERD) + E(SH (1 + alE(Rl))E(Rl))
FAECOQR(D) (E(Ho) + 15 B(HL) ) EGDERY)]

ii) Lbusy = Lbusyo + Lbusy1
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where Liysy, = %PO*(Z. 0)]2=1
= (1 - £)(PQ(0) + P1(0))[QR(1)E(S,) +§E(X)QR(1)E(53)(1 + ooE(Ry))]
and Lyysy, = %Pl*(Z. 0)]7=1
= £(P9(0) + P(0))[QR(DE(S,) + ZECOQR(DEGH(1 + &4 ER)) HEX)Qr(D) (E(Ho) + 15 ECH) | EG))]
i) Ly = = QB" (2, )],
= p(1 — H(RY(0) + B} (0))[QR(DE(VB) + X E(X)(Qr(1) — DE(VB?) + AE(X)Qr(1) (E(Ho) + %_fE(Hl)) E(VB)]
iv) Ly; =+ Q" (2,0) |,y
= 2E)(1 - £)(P¢(0) + P (0)) Tio B T 8 E(VI)
V) L= %PI*(Z, 0)2=1
1-A*(A)

= (1 = D(P(0) + P3(0))Yr (1) —
The total mean queue length of the system is given by
L= Lbro + Lbr1 + Lbusyo + Lbusyl + Lyg + Ly + 1y

IR [IVR'(1) . AE(X(X—=1))E(HBYR)+(AE(X))E(HBVZ)
L= (1= D(RYO) + P} (0)) 2 [ D) 2O IR BOIoVE

It is verified that the mean queue length of the model ebtained directly from %PIFR(ZNZ=1 also coincides with equation (19).

(19)

IV. PARTICULAR CASES
In this section, the decomposition property for vacation queueing models is justified and some particular cases are derived.

Decomposition Property
The total probability generating funetion in (18) can be rewritten as
_ (z-1)(1—ppr) Pigle(z) _  (z-1)(1-p) IVR(2)
PIFr(z) = (Z_(l—osg(hao(wx(z)))> Pigle(1)  z—HBV*(wy(2)) IVR(1) (20)
1—fS’i(ha1(wx(z)))

((1—ﬂsa(ha0(wX<z>))_Z

Pidle(?) _ AECQ \(1fSi(hay (wx(@))" 7/ Qr(@) _ f

Pidle(1)  Qr(1) 1—ppy ) PImAEO(E(Ho) + = E(H,)

The equation (20) shows that the'probability generating function of the queue size probabilities of the system can be decomposed
into the product of two probability generating functions, namely the’PGFof number of customers in the unreliable M*/G/1 retrial

queue with feedback services but without server vacation and the conditional queue size distfibution ?L‘*(Z) during the server idle

. idle(1)
period.

where

Total probability generating function for different vacation models

The total probability generating function of the queue size for the unreliable M*/G/1 retrial feedback queueing system corresponding
to different idle vacation policies is derived from the proposed model. These probability generating functions are obtained by
calculating IVR(z) in (20) through the selection of &;'s.

The selection of §;'s and corresponding IVR(z) for different vacation policies is given below.

(i) Single Vacation Model (8o = 1,8; =0V j = 1):
IVR(z) = A*(Q) % + M, (2) [1‘VI*(Wx(Z)) +p VB*(wx(2))-1

wx(z) wx(z)
(ii) Multiple Vacation Model (§; =1V j = 0):

_ 1 1-VI*(wg(2)) VB*(wg(z))-1
IVR(z) = My (2) [1—30 wx(@) wx(2)

(iif) J-Vacation Model (8o =1,8; =pvV1<j<]J-1,8,=0Vj=>]):
* _ =J-1 _ 5V 1-vI* * -
IVR(z) = A" ((1 —P)Bo 1-(BoP) + B{]I_)]_l) + M, (2) [1 (BoP)” 1-VI"(wx(z)) + pVB (wx(@) 1]

) A\ 1-BoP . 1-BoP wx(2) wx(2)
(iv) Non-Vacation Model (§; =0V j =0, p = 0):
IVR(z) = AT(“

Classical unreliable M*/G/1 queueing model with vacation and infinite feedback

The total probability generating function of the queue size probabilities of the retrial queueing model PIFr(z) given in (18) can be
reduced to the corresponding classical model under the condition A*(A) — 1.

- 1 0 1 z—1 ) o ok Tk 1-VI* (W (2)) VB*(wx(z))-1

Le. PIFy(@) = (1 = D) + B () — ) (5 + Zizo BETTiCo 8 7=, o  + p 20 )

T (e @) PPV ()
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V. NUMERICAL ANALYSIS

In this section, the queue size probabilities and mean queue lengths corresponding to the parameters of different distributions are
analysed. The distribution of each random variable and their measures used for numerical computation of the model are listed in
the following table.

Random Variable Distribution Mean Second Order
(Y) E(Y) Moments E(Y?)
Retrial Time Exponential (v,) 1 2
(A) v =9 V1 vi
Vacation Time during Erlang (c,n;) 1 o+l
Idle state (VI) c=4,1m,=03 N c(nf)
Vacation Time during Gamma (cq, M) [ ci(ci+1)
Busy period (VB) c,=2n=5 n n?
Primary Service Time Erlang (k, o) 1 k+1
(So) k=05,u,=0.8 Ko ()
Feedback Service Time Erlang (k, 1) 1 k+1
(S1) k=51 =0.64 M1 k(1))
Batch Size Geometric.(p;) 1 2p;
(0:9) p; =045 1-py (1-p1)?
Repair Time during Exponential (ry) 1 2
primary service (Ry) ro = 0.6 ro 5
Repair Time during Exponential (r,) 1 2
feedback service (R,) r, =0.36 Iy rf

Fig.1 & Fig.2 depict the effect of batch arrival rate (1) on the queue size probabilities. and the:mean queue lengths at different states
of the system. From the computations, it is observed that as A increases,

i) queue size probabilities whenthe system is busy (Pbusy), under repair (P,#) and in busy vacation state (Pyg) gradually increase,
whereas the queue size'probability during the idle vacation of the server. (Pyy) and that at the idle state of the system (P;)
decrease and

ii) total mean queue‘length of the system (L) along with the expected queue lengths during the busy state (Lbusy), breakdown
state (Ly;), busy vacation state (Lyg) and idle'state (Ly).increase but those mean queue lengths when the server is in idle
vacation (Ly;) decreases.

Figure 1 Figure 2
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Fig.3 shows that the change in the feedback probability (f) has the similar impact on the queue size probabilities that of the batch
arrival rate (L).

Figure 3
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Fig.4 & Fig.5 show that the effects of regular and feedback service rates p, and p; and breakdown rates o, and o; on the total mean
queue length (L). It is observed that
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i) As p, or p,decreases, both B¢, and L decrease and
ii) Py, and L increase with the increase in o or o .

Figure 4 Figure 5

= k=
(=2} =)}
= o
(5} (5}
- |
5]

> S
(<) (5}
= >
o (@2
c

3 &
§ [<5)
s =
o [}
= [

0.1 0.125 0.15 0.175 0.2
a0

VI. CONCLUSION

The present study shows that the queueing models needinot be treated separately for each vacation policy. Instead, if the

systems are considered under Multiple Adapted Vacation pelicy, then the results for every classical vacation queueing models
including the non-vacation case can be deduced. The stochastic decomposition property for vacation queues is established and a
sample of the effects of system parameters on performance measures is discussed numerically.
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