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An open queueing network with partly non-active customers is considered. Non-
active customers are in a system queue and do not get service. Customers may turn
from non-active condition into condition, when they may get their service and vice versa.
The form of stationary distribution and criterion of stationary distribution existence
are obtained.
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1. INTRODUCTION

Nowadays queueing networks with partly non-active customers become actual to a
marked degree. Non-active customers are in a system queue and do not get service. Re-
sults for queueing networks with partly non-active customers may be used for epidemic
progress analyzing and prognosis.

In paper [I] G. Tsitsiashvili and M. Osipova observed an open queueing network
with non-active customers and established the form of stationary distribution.

This paper generalizes results for network from [I]. We consider network, where
customers may partly loose their capacity for service. Customers may turn from non-
active condition into condition, when they may get their service and vice versa. We
researched the form of stationary distribution and established the criterion of stationary
distribution existence.

2. SYSTEM DESCRIPTION

Consider isolated system. Positive and negative customers arrive at the system
according to a Poisson processes at rates A and A~ accordingly. When arriving at
system positive customer queues up and needs service. A negative customer induces a
positive customer, if any, to leave the system immediately. A negative customer does
not produce any action if there are no positive customers at the system. There is input
Poisson flow of non-active customers at rate . Non-active customers queues up and
can not get service. There are three input Poisson flows of signals at rates v, ) and
. When arriving at the system the signal at rate v induces an ordinary customer, if
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any, to become non-active. When arriving at the system the signal at rate ¢ induces a
non-active customer, if any, to become an ordinary. A signal at rate 1 induces a non-
active customer, if any, to leave the system immediately. Signals do not need service.
The service time has exponential distribution with the parameter pu.

Let n(t) and n/(t) are numbers of ordinary and non-active customers at the system
at time t accordingly. X (¢) = (n(¢),n'(t)) is a continuous-time Marcov chain with a
space of states X = {(n,n'), n,n' =0,1,...}.

Under the condition of stationary distribution existence stationary probabilities
m(n,n') satisfy global balance equations:

A+ Or(n,n')=(p+ A )r(n+1,0) +r(n,n" +1);
2) n>0,n =0:

A+pu+ X" +v+n(n,n)=Ar(n—1,n")+ (u+X")r(n+1,n")+

+pr(n—1,n"+1)+¢Yr(n,n + 1) ;
3) n=0,n" >0:

A+p+0+)m(n,n)=(u+ A )r(n+1,n") +vr(n+1,n" — 1)+

+Om(n,n' — 1) + ¢Ym(n,n +1);
4) n>0,n>0:

A+pu+A +v+p+0+)r(nn)=Ir(n—1,n")+ (u+ A )m(n+1,n")+
+vr(n+1,n' = 1)+ pr(n—1,n"+1)+0x(n,n' — 1) +Yr(n,n' +1) ;
Lemma. Condition of reversibility is:
Av) =60+ A7)ep.
Theorem 1. If inequalities
A<+ A", <,

hold, hence Marcov process X (t) is ergodic. And under the condition of reversibility
X (t) has stationary distribution:

s = (120 (- D) ()
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3. NETWORK DESCRIPTION

Consider open queueing network with set of systems J = {1,2,..., N}. Positive
and negative customers arrive at the network according to a Poisson processes at rates
Ai and A, accordingly, ¢ € J. Non-active customers arrive at the network according to
a Poisson processes at rates 6;, © € J. Non-active customers queue up to corresponding
system and can not get service. There are input Poisson flows of signals at rates v;, ¢;
u 1;, © € J. When arriving at the system ¢ € J the signal at rate v; induces an ordinary
customer at system, if any, to become non-active. When arriving at the system 7 € .J
the signal at rate ¢; induces an non-active customer, if any, to become an ordinary.
A signal at rate 1; induces an non-active customer, if any, to leave the system ¢ € J
immediately. Signals do not need service. Service times are independent, exponentially
distributed random values with parameters pu;, © € J.

After finishing of service process at system ¢ € J customer is routed to system
j € J with the probability p;; as a positive customer, with the probability p;; as
a negative customer, with the probability ¢; ; as a non-active customer and with the
probability p; o is removed from network (Z;-V:l(pi,j +pi;+qij) +io=1),i€ J. Let
pii =0, =¢;=0,1€J.

Let n;(t), n}(t) are numbers of ordinary and non-active customers at system i € .J at
time ¢. Consider X (t) = ((m (t),n\(t),..., (nN(t), n’N(t))> X (t) is a continuous-time
Markov chain.

A traffic equations system is:

€
——  DPji
j T
€

/\“LZ
i

1 €

N .
£; i J
— K
N .
g = A\ + ——p.
R

J=1

N
8.
wi= 0+ =L, i€
Z Z 7j=1 6;+qu]7l

One can prove that under certain conditions traffic equations system has unique non-
trivial solution.

Under the condition of stationary distribution existence stationary probabilities
w(n,n') (n=(nq,...,nx),n" = (n},...,ny)) satisfy global balance equations:

m(n,n') [Z (Ai + il 20 + N Inzo + Vil 20+
1e€J

+@iluzo + 0; + %‘In'ﬂéo)] =

= Z [ﬂ(n — e, W )Nl 20 + (0 + €0 ) ipio + (0 + e, n' )N+
icJ
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+m(n+ e n’ — e Vilyso +m(n — e, n' + ;) 0ily, 20+
+(n,n' — €;)0; Lo + m(n,n' + ;) i+

+ Z (W(n +e; —ej, n,)ﬂipi,jlnj;éﬁ + 7r(n + e; + €5, n,)ﬂipi_ﬂ'—F
JjeJ

+7T(TL + €, TLI — ej)uiqm[n#o)] .
Theorem 2. Under conditions of ergodicity:
€ < U +¢&;,

w; <y, i=1,...,N,

under conditions of reversibility:

£; V; w; .
— —l:—l,ZEJ,
g e Wi

X (t) has stationary distribution:

m(n,n') = m(ny, n))ma(ng, ny) ... wx(nN, nly),

where ,
E; W; E; i\ T
o) = (1= 22) (- 2) () ()"
i +€; v/ \ i + g; ;i
here €;, €, , wi, © € J — is a solution of a traffic equations system.
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