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ABSTRACT
This paper considers a discrete-time Geo*/G/1 repairable queue with server ”s multiple vacations, customer feedback

and p-entering discipline. The arriving batch enters the system with probability p or is lost with probability 1-p during
server vacations. The customer who has just been served returns to the queue with probability 1-q for another service or
leaves permanently with probability g. The server may break down during service and does not continue to work until it
is repaired. Using the z-transform and renewal process theory, the reliability indices of the transient and steady-state
unavailability, the expected failure number during (0+, n+] and the steady-state failure frequency of server are studied.
The transient structure of the server reliability indices is characterized. As a real-world application the reliability indices
of the proxy server in a network access proxy system are analyzed numerically.

Keywords: repairable queue; batch arrival; multiple vacations; customer feedback; proxy server

1. Introduction

Discrete-time vacation queues have been widely studied over the past decades due to their wide applications in
broadband integrated service digital networks (BISDN), asynchronous transfer mode (ATM) and computer
telecommunication systems. For a comprehensive review of the main results, methods and applications, readers may
refer to the papers [1-7], the books [8-9] and their references. Based on the fact that the sever of a queueing system is
subject to unpredictable breakdowns and repairs when serving a customer, some researchers, such as Tang et al.[10], Liu
and Gao[11], Lan and Tang[12,13], Kulshrestha et al.[14] and so on, analyzed the reliability of the server in some discrete
-time repairable queueing systems. However, existing studies have mainly focused on the discrete-time repairable queues
with a constant arrival rate. In fact, the customer arrival rate may have something to do with server states. For example,
in a telecommunication network the arrival rate of a message may vary when the server is under a maintenance activity
(e.g. virus scan). On the other hand, the feedback is a common phenomenon in real world, e.g., in telecommunication
systems the messages that produce errors at the destination need to be sent again. In a call center a user may call again
when their problem is not completely solved. Thus the reliability study of discrete-time repairable queues with vacations,
feedback and variable arrival rate is not only significant for theoretical investigations but also valuable for practical
applications.
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In this paper, we consider the reliability of the server for a discrete-time Geo*/G/1 queue with vacations, feedback
and p-entering discipline. The arriving batch enters the system with probability p or is lost with probability 1-p
during server vacations. The customer who has just been served returns to the queue with probability 1-q for another
service or leaves permanently with probability g. The server may break down during service and does not continue to
work until it is repaired. Using the z-transform and renewal process theory, the server reliability indices, such as the
transient and steady-state unavailability, the expected failure number during (0+, n+] and the steady-state failure
frequency, are studied. The transient structure of the server reliability indices in this type of repairable queue is
characterized.

The proposed queueing system can be used to model a network access proxy system (NAPS). In such a
system, maintenance activities (vacations), such as virus scanning, are required to keep the proxy server operating
properly. After completing one maintenance activity, the proxy server either performs another maintenance activity
or begins serving waiting requests. A service request received with errors at the destination may be retransmitted
(feedback). In addition, a busy server may stop working when unpredictable events occur, such as network
congestion. The service interruption is repaired immediately, and once the interruption is recovered, the server
resumes service. Because channel requests, grants, data transmissions, and receptions all occur in fixed time
intervals, and because the batch-request arrival rate differs between the server maintenance period and the busy
period, this system can be modeled as a discrete-time repairable queue with vacations, feedback, and a variable
arrival rate. Moreover, for the NAPS described above, the server reliability indices obtained in Section 3 are
useful for analyzing the effects of system parameters on proxy-server performance (see Section 4).

The remainder of this paper is organized as follows. Section 2 presents the queueing assumptions and several
preliminaries. Section 3 derives the server reliability indices using the z-transform and renewal-point techniques and
discusses several special cases. Section 4 provides numerical examples to validate the theoretical results for a network
access proxy system. Section 5 concludes the paper.

2. Queueing Assumptions and Preliminaries

We consider the following discrete-time Geo*/G/1 repairable queue with multiple vacations, Bernoulli feedback
and p-entering discipline. The model is considered under the LAS-DA (late arrival system with delayed access) setup[9]
, that is, the batch arrival and repair-start epochs occur in (n-,n), and the customer departure and repair-completion
epochs take place in (n,n+). The various time epochs involved in our model can be viewed through a schematic diagram
(see Figure 1). When the server is on guard the batch arrival intervals, {ti,i>1} are independent identically distributed
(i.i.d) random variables generated by a geometric distribution. P{Ti=j}=A(1-A)"*,(j=1,0 A 1).During server vacations
the arriving batch enters the system with probability p or is lost with probability 1-p,(0 p<t1). Each batch size X is a
random variable obeying an an arbitrary distribution P{X=k}=x, k=1 with finite mean E(X) and probability-
generating function (PGF) X(2)=2"_X.Z"|z|<1.

A: potential batch arrival

A A
I ' V_Ll ! ! b | ' V_Ll | |
I » — 1 1 T v — T 1
n- n n+ (n+1) n+1 (n+1)+
D D
D: potential departure
potential bateh arrival epoch 4%  potential departure epoch
[] ending of repair epoch Il  beginning of repair epoch
* outside observer's epoch i (n+, (n+1)-): outside observer interval

Figure 1 Various time epochs in a late arrival system with delayed access
Customers in different batches are served in FCFS order, and the service order within a batch is arbitrary.
The server serves only one customer at a time. The service times, {x,, n = 1}, are i.i.d random variables with
distribution g; = P{y, = j},j = 1 with PGF G(z) = Z?;lgj #,|z] < 1 and mean service time 1/u. The
customer who has just been served returns to the queue with probability 1—q (0 < g <1) for another service or

leaves permanently with probability q.
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Whenever the system is empty the server takes multiple vacations. Upon returning from a vacation, the
server immediately starts serving until the system becomes empty again when there is a waiting queue, or else
the server leaves for another vacation. The server vacation times, V,, i = 1, are i.i.d. random variables satisfying
an arbitrary distribution v; = P{V, = j},j = 1 with PGF v(z) = Z;’il vjzf, |z| < 1.

The server may break down during service. The broken server is repaired immediately. After repair, the
server is as good as new and continues serving the customer whose service has not yet been completed. The
service time for a customer is cumulative. Assume that the failure distribution of server is geometric with mean
1/a,0 <a<1. and its repair time follows an an arbitrary distribution r;,j =1 with PGF r(z)=

Z;_’il r;7,|z| < 1 and a mean repair time 1/p.

At the initial time 07, the server is idle and waits for the first batch arrival when the customer number in
the system N(0%) = 0, or the server starts service when N(01) > 0. After the first busy period, the server begins
to take multiple vacations. All random variables are mutually independent.

For later analysis, the following notation is used throughout this paper: P(A) is the probability of event A.

m!
K{m—k)!’

N(n*) denotes the system size at time n*. C¥, = 0 < k< m. E({) is the mean of random variable ¢.

Also, we give some preliminaries as follows.

2.1. The batch arrival interval distribution during server vacations.

By the queueing assumptions, the batch arrival intervals during server vacations, denoted by 77,1 = 1,2, -,
i.i.d. random variables with geometric distribution P{1} = j} = pA(1 — pAyY~L,j = 1.
2.2. Generalized service time of a customer.

This is the length of time between the time when the service of a customer begins and the time when the
service of this customer ends, which may include some repair times of the server due to server breakdowns while
serving this customer.

Let ¥ denote the generalized service time of a customer, then from [2], the PGF of ¥ is given by

C(2) = Z P(F = )7 = Glazr(z) + z(1 — )], |zl < 1, (2.1)
=1
and the mean is
dG
Ep =), =] @2)

uB
2.3. Total generalized service time of a customer before departure.

Denote by ¥, ¥, and A, the ith generalized service time, total generalized service time and total
generalized service number of customer n before departure, respectively. Then according to queueing
assumptions we get P(A, = k)=q(1 —¢)* Lk=1,and ¥, = Z‘:ﬁljﬁl ,n=1 are ii.d. random variables,

where ¥, i,n = 1 are mutually independent and have the same distribution as ¥.
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Furthermore, the distribution g;, PGF G(z) and mean E(¥) of total generalized service time ¥ for one

customer before departure are given, respectively, by

Ay 7 ke
g,=P Z%‘l:f =Zq(1—q)*'-lp dH=inizt, (23)
: i=1

B qG(Z)
G(2) = Zgj = A< (2.4)
dG
E(x) = (Z) =1 = —au;r;. (2.5)

where E(z) is given by (2.1).
2.4. Server busy period.

This is the length of time between the time when the server begins service and the time when the system
becomes empty, which may contain some repair times of server due to server breakdowns during service.

Let b be the server busy period beginning with one customer and its PGF is denoted by b(z),|z| < 1. Based
on a similar analysis in an M/G/1 vacation queuel'?), we obtain b(z) is the root of the equation b(z) = G[z —
Az + 1X(b(2))z], and the mean is given by

Je)

E(b) = IEDA — p)’
(o) p=1,

p=t (2.6)

where p = AE(X)(a + B)/(1qf) is the traffic intensity of the discussed queue.

Let b= represent the server busy period beginning with i customers, then b<*> can be decomposed as
b<t® = Qq + - + ;. where (4, -+, Q; are mutually independent and follow the same distribution as b. Thus the
PGF of b=*> is expressed as b'(z).

3. Reliability indices analysis of the server

In this section, we first discuss the conditional probability that time n+ is during server busy period, the
unavailability and the mean number of failures during (0+ n+]. Next, we reveal the transient structure of serv
er reliability indices. Finally, we present the server reliability indices for some special queues.

3.1. The conditional probability that the time n+ is during server busy period.

Let TI,(n*) = P(the time n"+ is during server busy period|N(0*) = i),i > 0, and its PGF is m,(z) =
Yo I, (n*)z?, |z| < 1. Wedenote

k k o co
ZV“ l;\—ZT k=1, s =13=0, Z Z Z ml[i]=m; + ...+ m,.
i=1 i=1 mli=i m;=1 m;=1
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Denote by b=F> the server busy period beginning with k customers with PGF b*(z) (see subsection 2.4).
Based on the fact that the end points of server busy period and server vacation are renewal points, and the

assumption that the server takes no vacations when N(0") = 0, we can obtain

=]

n
Oy(n*) = Zxk P(t, < nt <1y + b~*) +Z’“ZZP(SJ 1< T =5, <5< Ly,
g k=1 =11= (3.1)
nt =1+ b+ s;, thetime n* is during server busy period).

The first term of (3.1) means that there are k arrivals at the initiation point of the first busy period by of

server and the time n* locates in b;. As the beginning epoch of b; is a renewal point, using renewal process

theory, the first term of (3.1) is expressed as

X » P(ry =P = m—i)*). (3.2)

In the second term of (3.1), the “s;_

the jth vacation period V; and total arriving batch number in V; is i. It means that at end point of V; total arrival

1 <171 =55 [; <8 < 1,47 implies that the first batch arrives during
number equals m[{]. Since the end point of V; is the beginning point of a server busy period. which is a renewal

point, the second term of (3.1) is given by

n n—u n—u—t

Z k ZZ Z xml - ‘mE Z Z Z 1_[‘m[a] ((fl —u—t— I')+) 3.3
= j=1 i=1mlil= u=k+1t=j—1 r=1 ( : )
X Pty + b<K> = w)P(s;; = O)v,CLPA) (1 — pA)™(1 — pA)L.
Multiplying (3.1) by z" and summing over n after substituting (3.2) and (3.3) into (3.1). we obtain
- Az e 12X (b(2))
(2 =7 —2)(1 - Py | R CLO)) B ¢ sy v 1 pewr ey 5y

(3.4)

Z Z Xy - Xom, mD](Z)Z v, 27 CL(pA)'(1 — pA) 7,

i=1 mli]=
where b(z),X(2), and v(z) are given by queueing assumptions.
Fori = 1, TI;(n*) shows that there are i customers at initial time 0. Based on the supposition in Section
2. the server busy period b=*> will begin at time 0*. Similar to the analysis of I15(n"). we have

M,(n") =P(n* <b<") +ZZ P(sp—1 <70 <sp, L <sp <y, nt =2 b7 + 5,

k=1 j=1
the time n™ is during server busy pel‘iod)
n  n—u n—u—t (35)
=1 - Z PO =k)+ 2 Z Z Xmy X, Z 2 Z Mg (n—u—-t-— 7)+)
k=1 j=1m[j]= u=it=k—1 r=1

X PO = WP(se_s = 0, CAY(1 ~ pAI (1 — piY.
Taking z-transform of (3.5), we get, fori = 1,
- 1=P@, V@ 2 2 Xy X T (Z)Zv ZC.@AY(1—pA) . (36)
i 1_z 1_ U(Z — ,U/:LZ) my -y ltmlj] T .U P

=1 m[jl=j
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Solving (3.4) and (3.6) and using the following equation:

DD sty @) D 0, T LAY (1 = pAY = v(z — pAz + pAzX(b(2))) — v(z — pAz),
j=1ml[jl=j =1

we obtain

Az X(b(@)(1-v(=)
= 1-— , 1, 3.7
o(2) (1—-2)1—-z+A2) 17v[zfp,?|mz(1fX(b(z}))] 12l < G7
,(z) = 1i 1 Y@L~ v(@)] L i=1, |z < 1. (3.8)

z 1—v [z — plz (1 — X(b(z)))]
It follows from the limitation theory of z-transform (see [2]) that limII;(n*) = liﬁl(l — z)m;(z). Applying
n—oo z

(3.7). (3.8), L’'Hospital’s rule, and (2.6), for p = AE(X)(a + B)/(qup) . the steady-state busy probability of

server, denoted by II, is

PAE(X)(a + B)
= T}LI{_}JH;(»"?-*) = lzi,gl(l —2)n(z) = {puqB — (1 — p)AEX)(a + B)’
1, p=1.

p=1 (3.9)

To analyze the unavailability and the number of failures during (0%, n™] of server, we introduce a classical
discrete-time reliability system consisting of a single unit. The system breaks down if and only if the unit fails.
The failed unit is immediately repaired and, after repair, is as good as new. When the failed unit is repaired, the

system resumes operation immediately. The failure distribution of the unit is geometric with mean 1/a,0 < a <
1. and its repair time follows an arbitrarily discrete distribution with the PGF r(z) and a mean repair time 1/5.
Assume that the unit is new at the initial time 07, and the failure and repair of the unit are mutually independent.

Forn =0, |z| < 1. let

U(nt) = P(the system is repaired at time n*), u(z) = Z U (n*)z", (3.10)
n=0
F(n*) = E(the failure number of the system during (0%, n*]), f(z) = Z F (n*)z", (3.11)
n=0

then similar to the discussions in a continuing-time single-unit reliability system(!6], we have

_ za[l —r(2)] B za ., s

1= A -2 —z+za(1-r@)] &= 1 -2)[1-z+za(1-1(2)] A=t (312
i : a _ F(mY) af

JImU@™) = lm(1 = 2u(@) =~ Jm— = =1lm1 -2 @)=~ (3.13)

3.2. The unavailability of server.
The unavailability of server at time n™ denotes the probability that the server is repaired at time n¥. Let

U;(n™) = P(the server is repaired at time n*|N(0%) = i). and its PGF is w;(z) = }°_ U; (n™)z", |z] < 1.

n=(

30



R. Liu et al. Journal of Intelligent Management (2026)1

From the assumptions in Section 2, we know that the server is under repair at time n™ 1f'and only 1f'the time
n' is within a server busy period, and the server is repaired at time n*. Since the starting points of server busy
period are regeneration points, by the law of total probability and the theory of renewal process, similarly to the

analysis of Tly(n*) in (3.1), Up(n*) is expressed as

=]

Uy(nt) = Z:xk P(ty < n< 1+ b=¥>, the server is repaired at time n™)

+szEZP(SJ L <TL <8, L<s; <y, nT 21+ b+,

k=1 j=1i=1

the server is repaired at time nt)

- (3.14)

- sz P (11 = DAL((n — )*)
k=1 i=1
w o n n—u n—u—t

+ xhzzzxml X Z z z U?,H((n—u—t—r) )

k=1 j=li=1m[i u=k+1t=j—-1 r=

X P(ty + b = u)P(s}-_l = )0, CL(pA)(L — pA) (L — pAY,

where A, (n*) = P(0 < n* < b=¥>, the server is repaired at time n*), k = 1.

Similarly, U;(n*) is given as follows:

n n—u n—u—r

U,(n*) = 4, (n+)+zz Z xm--’fnuz Z Z Unip (2 == £=1)7) (3.15)

=1 j=1 m[j]= u=1i =
X P(b= = u)P(sk_l = t)v,CL(pAY (1 —pA)" 7 (1 —pl), i=1.
By considering the server during busy period as a discrete-time single-unit reliability system and applying
the law of total probability, we obtain
U(n*) = P(the system is repaired at time n*, b=*> > n*)

+ P(the system is repaired at time n*, b<¥> < n*)

(3.16)
= A, (n*) + Z P (b = )U((n— ™),
=k
which gives rise to
ZA;\. ()2 = u@)[1 - @], k=1, |zl < 1, (3.17)

n=_0
where U(n*) and u(z) are given by (3.10) and (3.12). respectively.
Taking z-transforms on (3.11) and (3.12) and using (3.17) yield

) AzX(b(2))
uﬂ( ) W[l — X(b(Z))] + (1 Z+ )[z)[]_ — U(Z - .U‘;LZ)]

X Z Z x‘nu 'xmgum[:.](z)zv z" Cl (.UI;I-) (1 - pﬂ')T 1 (3 18)

i=1 mli]=i
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. bt
u(z) = w21 - P(A] + %

X Z Z Xy o umm(z)z v, ZCL(pAY (1 — pA)™, i = 1.(3.19)
r=1

Jj=1mljl=;
Solving (3.18) and (3.19) and using (3.7) and (3.8), we get
w;(z) =u@)[(1—2)m(2)],i =0, |z| < 1. (3.20)

Therefore, according to the limiting theorem of z-transform, (3.13) and (3.9), for p = AE(X)(a + B)/
(1gpB). the steady-state unavailability of server, denoted by U, is
PAE(X)a
—A-prE®Epn P
U = lim0,(n*) = lim(1 - 2)u,(2) = nap— ({1 -p) (3.21)
n—co z - p>1.
a+p

3.3. The mean failure number of server during (0+, n+]

Let F;(n*) = E(the failure number of server during (0%, n*]|N(0%) = i),i = 0, and its PGF is f,(z) =
Y oFi(mh)z", |z] < 1. Also, fork = 1, let

Wyi(n*) = E(n* < b=*>, the failure number of server during (0%, n*]), (3.22)
T,(n*) = E(b=*> < n*, the failure number of server during (0%, b=¥]), (3.23)
then by conducting a similar analysis in (3.16) and (3.17) above on F(n'), we obtain
W,(nt)+ T, (n*)= F(n*) — 2 P> =)F(n—)"), k=1, (3.24)
=k
Z W, (") +T,(nN)]z" = f(2) [1 — b"'(z)], k=1, |z| <1, (3.25)
n=0

where F(n™) and f(z) are given by (3.11) and (3.12), respectively.
For Fy(n™), using the law of total probability yields

Fo(n") = Zxk {E(t, < n" < 1y + b=*> the failure number of server during(z,, n"])
=1
+E(n* = v, + b=*> the failure number of server during(t,, 7, + b<*>])}

n oo (=]
+Zxkzz E(m* =1, +b< +5;, 5,0, <1y <5; ; <5; < Ly,
k=1

= j=1 i=1

(3.26)

the failure number of server during(’r 1 +b<F +5 i n*])
Noting that the ending time of the first arrival interval t; is the beginning point of the first server busy
period. which is a regeneration point, by using renewal process theory. (3.22) and (3.23). the first term of (3.26)

is expressed as

(=] n

xkz [(We((n— DN+ To((n — DD]P(x, = D). (3.27)
i=1

k=1
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Similar to the analysis of (3.3). the second term of (3.26) is given by

n n—u n—u—t

Zxazz Z Xmy -Xmg Z Z Z Fpa (n—u =t =1)") (3.28)

k=1 j=1 i=1 mli|=i u=k+1t=j—1 r=
X P(ty + b= = w)P(s;_; = t)v,CL(pA)' (1 — pA)" (1 — pA)F,

In the same way, we have

oo oo oo n n—u n—u—t
F(n")=w,n)+ T,(n")+ EZ Z Xy X Z Z Z m (M —u—1t— ") 329
k=1 j=1 m[jl=j u=i t=j—1 r=1 ( ) )

X P(b=% = u)P(s;_1 = t)vTCf,(p)I.)f(l —pA) (1 —pA)i=1.
Taking z-transforms on (3.26)-(3.29). and applying (3.7). (3.8) and (3.12), we obtain
f.@ = @A - D), i =0, (3.30)
Further, by the limiting theorem for the z-transform, (3.9) and (3.13), for p = AE(X)(a + B)/(ugp). the
steady-state failure frequency of server, that is, in steady-state, the server failure occurrence rate, denoted by F,
is
pAE(X)ap

F,(n* — ,
F = Tll_)n; 1(:- ) _ 12111_{1(1 _ Z)zfi(Z) — Ju'if; (1 P))LE(X)(C( —I—B)

a+ B’

p<1,

(3.31)
p=1

Remark 3.1. (3.20) and (3.30) reveal the transient structure of server reliability indices. That is, analyzing
U,(n*) and F,(n*) is turned into analyzing U(n*) and F(n*) in the classical discrete-time single-unit reliability
system, and IT;(n*) presented in this paper. Since u(z) and f(z) in the classical discrete-time single-unit system
are known (see (3.12)), we only need to analyze I1,(n*) for U;(n%) and F,(n*). It is clear that (3.20) and (3.30)
greatly reduces the analytical difficulty of U;(n*) and F;(n*).

Remark 3.2. It is observed from (3.9), (3.21) and (3.31) that I, U and F are independent of the initial
state N(0%) =i, i = 0, and server vacations, which is consistent with intuition.

Remark 3.3 (special cases)

(1) If g =1 and P(X = 1) = 1, then our model becomes a discrete-time Geo/G/1 queue with multiple

vacations, a repairable server and variable arrival rate. In this case, for p = A(a + B8)/(uf). then

Ale + pia
= uﬁ—fl(—ap)fﬁzﬁﬁ)’ Pty B = (1 =p)Aa+f) o
1, p=1, ﬁ; p=1
pAap
RS 17 =y e VI )
ap
m, ,021
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@Q)Ifp=1PX=1)=1,and P(V; = 0)= 1,i = 1, then our model becomes a discrete-time Geo/G/1
queue with Bernoulli feedback and a repairable server. In this case, for p = A(a + £)/(ugf). then

A , 1
n:{1(0+8)/(uqﬁ). p<t ,_ Aa/(kaf). p <1 L f;;(#q) p<
1, p=1, aT B p=1, B p=>1

(3)Ifp=1,q=1and P(V; = 0)= 1,i = 1, then our model becomes a discrete-time Geo */G/1 queue
with a repairable server. In this case, for p = AE(X) (a + B)/(1f3). then

2
m= {AE(X)(G’ +B)/WB), p<1 , _ A/ h), p <1 . iéX)a'fu, p<1
1, p=1, Pk p=1, m' p>1

These results are very similar to those for the continuous-time counterpart [17].

4. Numerical Examples

As a real-world application. we numerically analyze the reliability indices of the proxy server in a network
access proxy system introduced in Section 1. Since channel requests, grants, data transmissions, and receptions
in such a system all proceed in fixed time intervals, this system can be considered as a discrete-time one. It is
assumed that service requests sent in batches by users are a Bernoulli process with rate A. Each batch request
size follows a geometric distribution with mean 1/y. During maintenance activities batches of service requests
sent by users are assumed to wait for service with probability p or be lost with probability 1 — p. The service
time of each request is geometric with mean 1/u = 2. A service request received with errors at the destination
may be retransmitted (feedback) with probability 1 — g. Also, we assume that unpredictable events inducing
service interruption occur according to a Bernoulli process with rate @ and service interruption is immediately
recovered. The recovery time obeys a geometric distribution with parameter f = 0.5. Once the interruption is
recovered the server will continuously start its service.

From (3.9), (3.21) and (3.3 1), we obtain values of the server reliability indices (see Tables 1-5). For analysis,

the traffic intensity p of the network system is also considered in Tables 1-5.

Table1 The reliability indices of the proxy server for different batch request arrival rate A
during server busy period (p = 0.6,q = 0.85,¥ = 0.5,a = 0.35)

A p I U F
0.05 0.4000 0.2857 0.1176 0.0588
0.10 0.8000 0.7059 0.2907 0.1453
0.15 1.2000 1.0000 0.4118 0.2059
0.20 1.6000 1.0000 0.4118 0.2059
0.25 2.0000 1.0000 0.4118 0.2059
0.30 2.4000 1.0000 0.4118 0.2059
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Table 2 The reliability indices of the proxy server for different batch request entering probability

p during server maintenance activities (4 = 0.1, g = 0.85,y = 0.5, & = 0.35)

p p I U F
0.2 0.8000 0.4444 0.1830 0.0915
03 0.8000 0.5455 0.2246 0.1123
0.4 0.8000 0.6154 0.2534 0.1267
05 0.8000 0.6667 0.2745 0.1373
0.6 0.8000 0.7059 0.2907 0.1453
0.7 0.8000 0.7368 0.3034 0.1517
Table 3  The reliability indices of the proxy server for different request retransmission probability

1-q (A =0.1,p = 0.6,y = 0.5,a = 0.35)

q p I U F
0.4 1.7000 1.0000 0.4118 0.2059
05 1.3600 1.0000 0.4118 0.2059
0.6 1.1333 1.0000 0.4118 0.2059
0.7 0.9714 0.9533 0.3925 0.1963
0.8 0.8500 0.7727 0.3182 0.1591
0.9 0.7556 0.6497 0.2675 0.1338
Table4  The reliability indices of the proxy server for different parameter value y of each batch

request size (1 =0.1,p =0.6,q = 0.85,¢ = 0.35)

p I U F
0.3 1.3333 1.0000 0.4118 0.2059
0.4 1.0000 1.0000 0.4118 0.2059
05 0.8000 0.7059 0.2907 0.1453
0.6 0.6667 0.5455 0.2246 0.1123
0.7 0.5714 0.4444 0.1830 0.0915
08 0.5000 0.3750 0.1544 0.0772
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Table 5 The reliability indices of the proxy server for different occurrence rate a of unpredictable
events (1 =0.1,p =0.6,q = 0.85,y = 0.5)

a P I U F
0.25 0.7059 0.5902 0.1967 0.0984
0.35 0.8000 0.7059 0.2907 0.1453
0.45 0.8941 0.8352 0.3956 0.1978
0.55 0.9882 0.9805 0.5136 0.2568
0.65 1.0824 1.0000 0.5652 0.2826
0.75 1.1765 1.0000 0.6000 0.3000

Table 1 illustrates the effect of batch request arrival rate A during server busy period on server performance.
It is observed that as A increases three server reliability indices increase initially and then remain unchanged.
This is because the network system changes from stable to unstable. Table 2 shows the effects of batch request
entering probability p during server maintenance activities on server performance. We see that p does not affect
the traffic intensity and the system is invariably stable. but I, U and F all increase with increasing values of p.
which is as expected. Table 3 shows that a small request retransmission probability 1 — g leads to smaller values
of all four indices. The effects of the parameter value ¥ of each batch request size onserver reliability indices are
shown in Table 4. It is clear that the influence of y on four indices is contrary to that of A. From Table 5 we know
that when the occurrence rate of unpredictable events a increases, the server reliability indices all increase
monotonically. What is more, when the value a is greater than or equal to 0.65. the network system is unstable
and the server remains continuously busy. The trends illustrated by Tables 1-5 are consistent with intuitive

expectations.

5. Conclusion

In this paper, a discrete-time batch arrival repairable queue with multiple vacations, feedback and p-entering
discipline is considered. Some reliability performance indices of the server, such as the busy probability, unavailability,
failure frequency, are studied. The transient structure of the server reliability indices is revealed, which is useful for
reducing analysis of server reliability indices. As special cases we present reliability results for several discrete-time
repairable queues. For illustration the reliability indices of the proxy server in a network proxy system are obtained
numerically. Furthermore, the effects of system parameters on proxy server reliability indices are also analyzed for
practical applications. In future study, we will investigate the reliability problems and real-world applications of more

complex discrete-time repairable queueing systems.
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