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ABSTRACT

Single server retrial queue with general retrial time is considered. Customers may balk or renege at particular times.
The server is subject to breakdowns with repairs. The repair is not immediate and it starts after a random amount of
time. While the server is being repaired, the interrupted customer can either remains in the service position or leaves
and return by maintaining its rights to the server. The probability generating function is employed to obtain joint
distribution of the server state and queue length. The probability of an empty system, availability of the server, failure
frequency and the mean number of customers in the retrial queue are derived.
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INTRODUCTION

Queueing systems with repeated attempts are appropriate for modeling the processes in communication networks,
where a customer meeting a busy server tries its luck again after a random time. The increasing interest in this topic is
mainly motivated by the development of new facilities in telecommunication technology such as ‘repeat last number’,
‘ring back when free’ and so on. Recent work on retrial queues includes Aissani [1], Artalejo [2, 3] and Nathan [9].
Several authors have studied two phase queueing models, interested readers can refer to [7, 8].

Systems with a repairable sever are worth investigating from the queueing theory as well as reliability view pint, since
the performance may be heavily affected by the breakdowns. Queueing System with random breakdowns have been
studied by numerous researchers including Wang [12], Wang and Li [11], Atecia et. al [4], Geni Gupur [6], Aissani [1],
Baskar et. al [5] and Rehab et.al [10].

In this paper, two phase retrial queueing system with general retrial times, allowing balking of new arriving customers
and reneging of customers in the retrial queue is discussed. The server is subject to breakdown and repair. We also
include the concept of delay time and reserved time.

THE MATHEMATICAL MODEL

Single server retrial queue is considered. Primary customers arrive in a Poisson process with rate A. There is no waiting
room in front of the server. If an arriving primary customer finds the server idle, it begins service immediately and
leaves the system after service completion. If the server is found to be blocked, the arriving primary customer either
enters a retrial queue with probability p or leaves the system with probability 1- p. The retrial time is generally
distributed with distribution function A(x) and Laplace Steltjes transform A*(s). The retrial customer cancels its
attempt for service if a primary customer arrives first and either returns to its position in the retrial queue with
probability r or quits the system with probability 1-r.

The server provides two phases of service — essential and optional. The first phase service is needed to all customers.
As soon as the first phase service of a customer is complete, then with probability T he may immediately enter into

second optional service or else with probability 1- t he may leave the system. Let B;(X)and B?(X) be the
distribution and Laplace Steltjes transform of the i ™ phase service time with moments i, i=1,2,n > 1.
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It is assumed that the server is subject to breakdown when it is busy. The life time of the server is exponentially
distributed with rate o;, i = 1, 2. Once the system breaks down the repair does not start immediately. There is some

delay to start the repair. The delay time distribution is general with distribution function D;(X) with moments vi,, i =

1,2, n> 1. The repair time is also generally distributed with distribution function H; (X), Laplace Steltjes transform
HT(X) with moments hi,, i=1,2,n > 1

Upon failure of the server, interrupted customer in the i phase (i = 1, 2) either remains in the service position with
probability (; until the server is up or enters retrial orbit with probability 1 —(; and keeps returning at times

exponentially distributed with mean — until the server is repaired. If the interrupted customer enters the retrial orbit,
i

the server after repair must wait for the same customer to return. This waiting time of the server is referred as reserved

time. The server is not allowed to accept new customers until the customer in service leaves the system. The server is

said to be blocked, if the server is busy, under delay, under repair or reserved.

JOINT DISTRIBUTION OF THE SERVER STATE AND ORBIT SIZE

The state of the system at time t can be described by the Markov Processes {N(t):tZO}z

{J(t), J* (1), X(1),&q (1), & (t),ﬁf(t),&?(t),e’;?(t); t> O} where J(t) denotes the server state 0, 1, 2, 3 or 4

according as the server is idle, busy, waiting for repair, under repair or in reserved state respectively. J* (t) denotes
the interrupted customers position 0 or 1 according as the customer is in service position or in retrial queue. X(t)
denotes the number of customer in the retrial queue at time t. If J(t) = 0 and X(t) > 0 then &, (t) represents the elapsed

retrial time. If J(t) = 1, 2, 3 or 4 &;(t) represents the elapsed service time in i phase (i=1, 2). If J(t) = 2,
éjz(t) represents the elapsed delayed time, if J(t) = 3, é?(t) represents the elapsed repair time and if J(t) = 4,

§4 (t) represents the elapsed reserved time.

Define the probabilities,

lo()=P{I()=0,X(t)=0}

I, (5, X)dx=P{IM) =0, X(t)=n,x <Ey(t)<x+dx}n=>1
Forn>0;i=1,2;j=0,1

W, (t,x) dx = PLI(t) = 1, X(t) =n, x <&;(t) <x+dx}

Di jn (LX) dxdy=P{LI) =2, J* (1) =], X®) =n, x< &; (t) < xrax, y< £F (1) <y +dy}
Fijin (LX, Y)dxdy =PQ(®) =3, J* (1) =], X(® =n, x <& (t) <x+dx, y< &?(t) < y+dy}
Rin(tX,Y)dxdy =P{I®) =4, X®) =n, x <& (t) <x+dx,y<&*(t) <y+dy}

A0 = B g G gy

a h (x)
1- A(X) 1-B.(X) " 1-D.(x)

Let 77(X) = m .

Theorem 1: The necessary and sufficient condition for the system is to be stable is K} +1t K, <1-r+rA*(})

1-q.
where Ki = appjp {1+ ai( 69' + Vi + hilﬂi =12
i
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Proof: Let Si(k) be the generalized service time of the k™ customer in i"™ phase service. Then{ Si(k) } are independently
and identically distributed with Laplace transform

0i(5)=B [smi —a, [M H; (5) D?(s)j}
S+6

and expected value E(Sf”) = pj {1+ a{lgqi +Vj +hilﬂi= 1,2
and E(SM) =g(sM) +rE(SY)

Suppose the retrial queue has a large number of customers in the following discussion. Let P(S) and P(l) be denote
respectively the probabilities that the system is blocked and idle. Le E (S(k)) be the expected blocked time and E(I) be

the expected idle time then

EiS®)

=————— andP(l) = EQ)
E(SM)+E(1)

T ES ) E()

The arrival rate at the retrial queue when the system is blocked is ApP(S).

P(l
The exit rate from the retrial queue by entering service is A* (1) % .
i . _ _ P(I)
The exit rate from the retrial queue by leaving the system is {1— A* (A\) {1 — r}%
_ _ . P(1)
The Total exit rate from the retrial queue is {L—r + rA* (X)}%

The system is stable if and only if total arrival rate is less than the exit rate.
Hence, K} +1 K5 <1-r+rA™* (L) is necessary and sufficient condition for the system to be stable.

STEADY STATE RESULTS

The steady state equations are

Mo =@-1 [Wyo(X) g (X)dX+ [W, o(X) o (X)dX M
0 0

M=—(Hn(x))|n(X),nz1 @
dx

dWi,n (X)_ 0

TP i)+ 0 Wi (x) + (I)Fi,o,n(X,Y) Bi(y)dy+ 0

[Rin(X,y)dy+pr(1-80) Wip1(X) ,n=05i=1,2 0

0

o 0
{5_X+5} Di jn (6 Y)==(p2+ ¥i (¥)) Dj jn (X, ¥)+pA( 1= 80p) Dj jn_a (X, y) ,n20:i=1,2;=0,1 (4)
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—+— | Fijn 5 ¥) == (pa+ Bi (Y Fi jn (X, ¥) +pM( 1= 80p) Fi jna (X, YY), n205i=1,2;j=0,1  (5)

~ T Ri,n (X,y) == (pr+8;) Ri,n (X,¥) +pM 1-8¢p) Ri,n—l(xiy) n=05i=12 (6)
oX oY |
with boundary conditions,
M (0) = @-1) [Wyp(X) my(R)dx + [Wo () pp (X)X .0 > 1 U
0 0
Wio(0)=2lg + [li(X)n(x)dx+(1-r)a[13(x) dx (8)
0 0
Wip (0)= 1 (X)n(X)dx+ (1-r) A [l (X) dx+ra [l (x) dx,n>1 9)
0 0 0
Wi, (0) =1 [Wi g (X) g (x)dx >0 (10
0
Dion(X,0) =0 0 Wi h(x),i=1,2,n>0 (12)
Di1n(x,0) =1-0;) o Wj (). i=1,2n>0 (12)
Fijn(X0)=[Djjn(X,y) vi(y)dy,i=1,2j=0,1n 20 (13)
0
Rin(x,0) =[F1,(Xy)Bi(y)dy,i=1,2n>0 (14)
0

The normalizing condition is

I0+Z jl (x)dx+Z Z [jW,n(x)dx+Z [H Di jn (X y) dxdy
n=l 0 n=0 i=1l =0 00

+ 1] Fijn(x,y) dxdy]+ H Rin(x,y) dxdy]=1 (15)
00 00

Define Probability generating function as follows:

I(z, x) = iln(x)zn , W;(z,x) = %Oj W, (x) 2"
n=1 n=0
Dij(z,x,y)= ZODi,j,n(X’y)Zni Fijzxy) = ZOFi,j,n(X’y)Zn
n=| n=|

Ri@xY) = 3 Rig(x,y)2"
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Theorem 2: If K’1+ T K’z <1-r+r A*()L), then the partial generating function of the steady state distributions of

{ N(t); t > 0 } under different server states are obtained as,

lo z[1— A* (W)][1 - B1 (G1 (PA(L— 2)))][L -3 + 5B (G, (AL~ 2)))]

= D(2)
_ Mg (L=2)[L-r+rA* (W][L- By (Gy (Pr(L-2)))]
W, (2)
D(z) Gy (pM(1-2))
W, (z)= Mo@-2L-r+rA* ()5 B1 (G1(pA(1-2)))[1- B3 (G, (pA(L-2)))]
D(2) G, (pA(1-2))

D, (2= G0 lo [L= T+ A (][~ B; (G (P(1— )L - D3 (P11~ 2))]

-0 pD(2) G, (PM(L-2))
D,y (2)= A=)t lo L=+ TA* (]IL- By (Gy (P 2))][1 - Di (M1~ 2))]

H pD(2) G, (PA(L-2))

Q0,10 [1- 1+ TA* (W)]8B; (G1(pA(L - 2)))[L - B3 (G, (PA(L— 2)))][L— D3 (pA(L - 2))]

D,o(2)=

PD(2) G2 (PA(1-2))

D, 1(2)- (L-qz)azlg [1-r+rA*(1)]8B; (G1 (PMA—2))[L-B3 (G2 (PA(L-2)))][L- D3 (PA(1-2))]
2.1 pD(z) G, (pM(1-2))

Gy 0q g [L=1+TA*(W)][L-B; (G, (PA(1-2)))ID; (PA(L—2))[1 - H (pA(L - 2))]
pD(z) G, (pA(1- 2))

Flo(2)=

(L—dy)ay lg [L-1+rA*(W)][L- B (G4 (pA(L—2)))ID; (PA(L - 2))[L— H; (pA(L—2))]
pD(z) G, (pA(1- 2))

Fa(2)=

Fr0(2) = 020,10 [L-1+TA*(2)]18B; (G, (PA(1-2)))D5 (PA(L-2))[L- B3 (G, (PA(L—2)))][L - H5 (PA(L-2))]
2,0 pD(z) G, (pA(L-2))

F,1(2)= (A= ap)anlg[1— 1+ FA* (1)]5B; (G (PA(L— 2))) D5 (PA(1— 2))[L— B3 (G, (PA(L— 2)))][1— Ha (PA(1 - 2))]
21 pD(z) G, (pA(1-2))

R, (z)= A=W A-2)lo [1-r+ rA* (][ B; (Gy (PAL-2))ID; (PAL- 2)H; (PM(1—2)
' D(2) Gy (PML-2))[PA(L-2) + 6]

R, (z) = 4-02)02h0=2)lo L1+ A* (MIL- By (G (AL 2)))I5B1 (Gu(PrL~ 2)))D5 (PR~ 2)Ha (p(L-2)
2 D(2) G (P~ 2)[PML-2) + 0]

where

D(2) = [1 [1- A*W)](1-2 )] [1-5+8 B3 (G , (PM(1 - 2))) 1By (G1 (PA(1 - 2))) - 2

i +0; * *
Gi(X) =X+ 0 — 04 qIX—I Di (X)Hi (X),i=1,2
X Oi
and the probability |, is to be determined from the normalizing condition.
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Proof: Multiplying equations (1) — ( 14) by 2" and summing over all possible values of n and solving it, we obtain the
following equations,

Iz, X) = 1(z,0) e ¥ [1-AX) ] (31)
W (z,x) = W (2,0) e C1(PHE=20x 1 _ B, (x)] (32)
Dij(z.x,y) = Dj(z,x,0) e P2V [1-D;(y)] (33)
F.i@x.y)=F(zx0) e PV H;(y)] (34)
R,(z,x,y) = R;(z,x,0) e PMI-2)+bily (35)
I(z, 0) = Mo z[1-B; (G (pA(L—2))][1 -6+ 8B, (G, (pA(l-2)))] )
D(2)
AMy(Q-2)[1-r+rA*(A
Wz 0) - Hlo0=2L - ()] -
W, (2,0) = Mo @=2[L=r+rA* (]38, (G, (Ph(1-2))) o
D(2)
_ _ * -G (PA(1-2))X (1 _
Dyo(2,X.0) = qrogMo[l-z][1-r+rA*(A)]e [1-B;(X)] @)
’ D(2)
_ _ _ * =Gy (pPA(-2))X 11 _
Dy1(2,%,0) = L-g)oqgMoL-z][1-r+rA*(A)]e ™ [1-B;(x)] o)
’ D(2)
1 * * 3 —G,(PA(1-2))X g _
D, 4 (2,%,0)= g0 Mo [1-Z][1-r+rA*(A)]0B; (G (pA(1—-2)))e 2 [1- B, (X)] @
’ D(2)
_ _ _ * * _ -G (P (1-2))X 1 _
D21(Z,X,0) - (l qz)azy\,lo[l Z][l I’+rA (7\,)]681 (Gl(pk(l Z)))e 2 [1 BZ(X)] (42)
' D(z)
711 — * *  We-Gi(PA-Z)X [
o (2x,0) = G0 Ho B ZI[L= T+ A ()]s (Pr(L—2))e [1-B;(X)] “
' D(2)
_ _ _ * * _ -G (PA(1-2))X (1 _
FLy(2,%,0) = (A-qy)aq Mo [L—Z][L-r+rA*(L)]D; (pA(L—-2z))e ™t [1-By(X)] "
’ D(2)
_ _ * * _ * _ -G (PA(1-2))X 1 _
Fy o(2,%,0) = q,0,Mo [L-z][1 -1+ rA*(1)]6B, (G, (pA(1—-2)))D, (pA(1—2z))e 2 [1-B,(x)] 5)
' D(2)
Fp1(2,%,0)= (A—-qp)a,Mo 1= Z][1—r+TA* (1)]3B; (G, (pA(1—2)))D3 (pA(1-2))e 2P X 1B, (x)] )

D(2)
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(L-0a) e, AL-2) Iy [L—r1+rA* ()] DX [1_ B, (x)]ID; (pA(L-2))H; (pA(l-2))
D(z)

R1(z,x,0)= (47)

R,(z,x,0)= A-0p)a A(1=2) lg [1-r + rA* ()]e” 2P X1 B, (x)]6By (Gy (PA(L— 2))) Dy (PA(L— 2))Hy (pA(L— 2)) “8)
o D(2)

Using the equations (36) to (48) and integrating with respect to x and y from 0 to co we get the results in equations (16)

to (28).
Using the normalizing condition we obtain Iy as [1-r+rA* (L) - K] —tK5]/ Ty

where Ty = (L= +TA* (L) + AL—r + (r — p)A* QK] + TK,) /p]

Corollary 1: Let P(z) be the PGF of the orbit size distribution of this model then under the steady state condition we
have
2

1

P@)=1g +1(2) + X[W;(2) + Zb[Di,j(Z) +F j(@]+R;(2)]
i= =

= 1o {(1- rA*()[1-(L-p+p2)[1-t+t B, (G, (PA(L-2))) 1 B; (G (PA(L - 2)))

— pzA*(){1-B; (G (PA(1—2))) [1~t +t B3 (G (PA(1-2))) I3} [pD@)]

Corollary2: Let n(z) be the PGF of the system size distribution of this model then under the steady state condition we
have

w2 =1y +1(0) +2 ¥ [Wi (2) + iO[Di,,-(z)+ F.(2)]+R; (@]
2

i=1
=lg{ (-t +rA* Q) [2—(Z —p+pz) [I- 1+ 1B (G, (PA(1-2))) 1B (G1(PA(1-2))) ]
—pzA*() {1 - B; (G4 (pA(L-2))) [1- 1+ B3 (G, (PA(1-2))) ¥ [pD@)]
SOME PERFORMANCE MEASURES

The stationary probabilities of the server state is given by
e Prob{the server is on idle in empty system} = Iy = [1-r+rA*(A) - K] —1K,]/ Ty
e Prob{the server is on idle in non empty system} = 1(1) = [ 1 -A*(W)][K7 + K51/ Ty
o Prob{the server isbusy} =W = [L—r+rA*(A)JA(ny; +Tip)/ Ty
e Prob{the server isin delayed mode} =D = [1—r+rA* (A)JA(ot Ly Vqg + TA Vo ) Ty

e Prob{the server is in repair mode} = F = [1—r +r A* (A)JA (ot ptq.0yy + T, 100 5,) /Ty

e  Prob{the server is reserved}=
R=[1-r+rA*(MMA—0a,)opyy /0 +1(1—05)onp, 16,1/ T,

e Availability of the server = A=1,+ (1) + W+ R
= [(A-r+r A*Q) + K’ A*(L)-A*(A) 1K)

+Ml=r+1 A* (M) [y T+ (T =qy)oy /0;) + o (1+(1—-qp)0, /0,) ] /T,

e The steady state failure frequency of the server is
F=AMl-1+1A*(M)(ogpy; +10515)/ Ty
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e The mean number of customer in the queue is

Lq=Ny /[Tip]+ TNy /[pTy]

e  The mean number of customer in the System is
Lo=MNo+ (L-r+rA*®) (x Ko+ KPI/[Typ]+ TN, /[pTy]

where Ni=[1-r+rA*W)][p+t K)+ Kil+p AWt Kb+ K]]
Ny=[1-r+r A*(V)] [pt K)+pKi+t K, Ki+(K] +K5) /2]
+pA*() [t Kb+ Ki+ K, Ki+(K]+ K5 ) /2]
T =r (1-A*) [t K)+Ki+t K5 K+ (K] +K%) /2]
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