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Abstract. To determine the memory volume of information systems (IS), it was proposed
to use a stochastic model, based on the use of a queueing network with bypasses, known as
an HM-network. This model includes the servicing of heterogeneous requests along with
their volumes, the ability to change the volume of such requests with their passage of time
and the possibility of finding computer viruses in them, and therefore servicing requests
can be interrupted at some random time. The expressions were obtained for the expected
total values of the volume of requests in IS nodes.

MSC 2010: 90B22, 60K25, 686M20
Keywords: HM-network, information systems, volumes of requests, positive and negative
heterogeneous request

1. Introduction

In IS, the total volume of memory is limited to a certain value, which is usually
called memory capacity [1]. When designing systems, the main task is to find the
expected volume of memory to take into account the conditions that limit the share
of lost information. One of the methods for solving problems of IS design is the use
of HM-queueing networks (QN). According to IS, we will continue to understand
systems as information transformation objects, delivered in the form of messages
(requests) [1]. HM-networks can be used to determine the volume of a buffer storage
of systems that are representing processing IS nodes and transferring demands.

Neglect time dependence of requests processing of their volumes can lead to
serious errors in finding the buffer memory in IS. The solution in the general case
of the above problems can be based on the use of HM-networks with requests of
many types (heterogencous requests) and bypasses. In such networks, the request
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during the transition from one queueing system (QS) to another brings some
bypass last (which is equal to the volume of this request), and the bypass (volume)
of the first QS is reduced by this amount.

Note that the method of finding non-stationary probabilities and average charac-
teristics of G-networks, i.e. networks with positive and negative requests, operating
under conditions of high load using the apparatus of multidimensional generating
functions described in monograph [2]. The HM-network of such type was also
investigated (in this case networks with positive and negative only homogeneous
requests were considered). For the first time, the use of HM-networks to estimate
memory in IS has been described in [3]. In [4], the method of finding the expected
volume of homogeneous requests in open HM networks with a limited number of
waiting places and bypasses of requests of the servicing systems was described,
in [5] - HM-networks with the limited sojourn time of the requests in the queues,
and in [6] - HM-networks with unreliable service of requests in systems.

Open networks with two classes of requests - “positive” and “negative” - were
proposed in [7] (they are now called G-networks). In [8, 9], G-network analysis
with positive and negative heterogeneous reports in a stationary mode was carried
out.

Consider an open network with 7 - one-line systems to which r-type requests
come. To the S; system from the outside (from the S, system), the simplest stream
of positive c-type requests with intensity A, and the simplest stream of negative
c-type requests with intensity 4, will enter, i =1,n, c =1,r. All stream requests in
the network are independent. Requests come to the service randomly, i.e. if there
are s-type k;, - requests in the i-th QS, then the probability that the c-type request
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i=Ln, c=1,r. Negative c-type request, which enters the network system, in which
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2. Analysis of HM-Markov networks with positive and negative
requests of different classes

Consider now our network, taking into account changes in the total volume of
requests in systems when servicing positive and negative requests. Consider the
case when changes in the volume of requests related to transitions between network
states are deterministic functions, depending on the network and time states. Let /,.
be the dimension vector nr with zero coordinates except the coordinate with the

number r(i —1)+c, which equals 1; v, (E,t) - total volume of requests in the i-th
QS system at time ¢ if the network was in the k-state at the time of the initial;

u(x) - Heaviside step function, A" = iiﬂ&c LA = ii/%’m Possible transitions

i=l c=1 i=l c=1

between network states, probability of transitions and changes of the total volume
of network system requests related to these transitions are recorded in Table 1.

Table 1. Possible transitions between network states, probability of transitions
and changes of the total volume of requests in the system S,

Changes of the total
volume of requests in the
Probability of transitions system S; related to
transitions between

network states

Possible transitions
between network states
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Cont. Table 1
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Using the formula for the total probability for the expected value, we get
a system of difference-differential equations (DDE) for the expected volume of
v, (k,t) in the system S;:
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The number of equations in this system is equal to the number of network
states, i.e. for an open network, equal to infinity . Formally, the system of equa-
tions (1) can be reduced to a system of a countable number of nonlinear inhomoge-
neous DDE, and solved using numerical methods. But in practice this method
can be used only in special cases, when the matrix of coefficients in the system
of DDE has a special form.

3. Analysis of the expected volumes of requests in the systems
in the case when their changes from transitions between network
states are random variables with given average values

Let random variable (RV) &, - time of servicing the ¢ type request in the system
S;, which has the exponential distribution with the cumulative distribution function
Ffic(l) =1—e " i=1,n, c=1r. Consider the dynamics of changes to the overall
volume of the requests in the system S; of the network. Let, at the initial moment of
time, the volume of requests for this QS be equal to v,,. We will be interested in the

volume Vl.(c)(lg,t) of c-type requests in the S; system at time ¢, when the network

was initially in the state of k and is associated with transits of c-type requests
between states of network systems. Changes in the volume of requests in the time
interval [¢,+ At) can be described by the formula

Vl.(”)(lE,HAt):Vi(”)(lE,t)JrAV,.(”)(lE,t,At), ()

where AV,.(C)(IE,t,At) - change of S; system volume in the time interval [z,7+ At),

related to the transitions between QS network systems of c-type requests, ¢, i =1,n,

c =1,_r. In order to find the volume of c-type declarations in the system S;, we will

save the conditional probabilities of events that may occur at time A¢ and change

the volume of requests for this QS at that time. The following cases are possible:

1) with the probability Ay, Af+0(Af) in the system S; enters a positive c-type
request, which will increase the volume of requests by the size r,,., where r;. -
a random variable (RV) with the expected value (e.v.) E{7,.} = dq,, i =11,
c=1r;

2) with the probability 4, Af+0(At) in the system S, enters a negative c-type
request, which will reduce the volume of requests by the size —7;,., where 7;,. -
aRV with the e.v. E{T,.} =@y, i=1n, c=1,r.

Let p, - the probability that on servicing in S; QS there are entries of c-type,
i= I,_n, c =1,_n. Let’s assume that requests for different streams are expected to
be serviced in different queues; all queues are r. If the service line becomes free,
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3)

4)

5)

6)

7)
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P
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then servicing with the probability will enter the request from queue c,

c=Lr,i=1n.

with probability s, rpie Picott (ki (£)) A+ 0 At) the c-type request from the
Zp ic"
=l

S; system will go to the external environment, the total volume of requests in
the system S; will decrease by the size R,,, where R.,, - a RV with the e.v.
E{Rico} =b,.,i=lLn,c=Lr;

a positive c-type request from the S; system will go into the §; system as a s-type

pic pz-:]bu(kzc(t))At—}_O(At)a i,j=1,_n,

request with the probability u, —
2P
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s,c=Lr, i#j, s#c; while the volume of requests in the S; system will

decrease by the amount of R, (& ):

1
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0

0

p Js

with the probability u, —
*Zp js*

s =1

request will pass from the system §; to the system S§; as a c-type request, while

p_/:,.cu(kic(t))At+o(At), the negative s-type

the volume of requests in the S; system will increase by the amount R_/m(i is ),
and the volume of requests in the system §; will decrease by this amount,
E{ Ry (&) = @er =L, j#15

a positive c-type request from the S; system will pass into the §; system with the
Pic

probability ;. —
2P

ic
.
c=1

i # j; the volume of requests in the §; system will decrease by the amount of

Pigs At+0(Ar) as a negative s-type request i,j=1,n,

Eicjs, where Eiq‘s - RV with the e.v. E{Eiq’s} = Cigjs» iL,j=Ln,i#j, s,c=1Lr;

1

with the probability 1—{/1@/1+Zn:iyicu(kic(t))}m-l—o(m), in time At,
i=1 c=1

the network will not change;
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From the above follows

Toie with probability Ay, At+ o (At),
Ty with probability Ay, At+ o (At),

-R,, with probability y;, ,pic PicolU (ktc (t )) At+ O(At ) ’

*Zpic*

c =1

Ry, (&) with probability s, —2— p* u(k, (1)) At+o(At), j=1n, j #i,
Zpic*
AV,.(C)(IE,t,At) - !
R, (&) with probability s, Zp—f Phictt (ko (1)) At+o0(At), j=1n, j#i,
o .

je
c=1
R,  with probability . —2<— p= At+o(Ar), j=Tn, j#i,
Z pic*
=1
0 with probability 1 - [I’Jr A+ Z”:Zr: ou(k;, )} At+o(At).
i=1 c=1

(€))

We find the expression for changing the average volume of requests in the
system S; at the time ¢. Using (3) for the conditional expected value, we can write:

E{AV,.(”) (k.,t, A1)k (t)} = g (Ao A+ 0( At)) = @y Fyo At + 0( At)) +

beo| 1oL Eu(hy (1)) pg At +0(At) | -
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;: o o icﬁ'=
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+ZZ @i | rij p;;l.CEu(kjS(t))AtJro(At) -
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;¢i . Z 'Oic*
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By calculating the average value on both sides in (2) with respect to lg(t),
we have:

v (ke Ar) = E{ i(")(IE,HAt)} =\ (k.t)+ 3 P(k(1)= E)E{A i(")(lE,t,At)} =

k

E)+ D 3D P(R() = () okl 1)) Aot A (1) = (k) 1) (1)) =

:vi(c)(i(.,[)-}- aOicj(-):c_aOic;LO_ic_bicOﬂic rpiC picOEu(klc(t)) At +
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Jj#i Zpic* Zpic* ijs*
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~ r 7 r n_r P
c + _ _ _ .
Vi(k’t)z Vi (k»t):Vio+Z(a0ic’10ic_a01c’10ic)t+zZcicjs/‘icpicjs ; =t
c=1 c=1 Jj=lc,;s=1
J#i Zpi"

c=1

- ZbiCOIuic picO rpiC Eu(klc(t)) +

c=1 Z D .

ic
c =1



76

M. Matalytski, P. Zajac, D. Kopats

In

+Zn:Zr: _aicjsluicpitjs#Eu(kic(t))—}_ajsicﬂjsp;sic,»'O—jsEu(kjs(t)) :

7=l e,s=1 z Z
pic* - pjs*

J#i
=l s =1

the case when it operates under high load conditions, i.e. V>0, kl.c(t)>0,

the last value takes the form:

v"(l;’t)zivt@(lz’ ) V10+Z(a0wjom Ayic 4 w) zbwoﬂmpmo ,pc r+
- - - zpic*

o
c =1

=

r

_ Pic + Pijs
+ Z z (cicjs picjs leS‘ plqv )Iutc r ajsic lu_/‘s p_/‘sic I3 L.
J=lec,s=1
J#i Z p - Z pjs*

s =1

4. Conclusions

Further research in this direction may be related to the analysis of any

(non-Markovian) networks with random volume requests and Markovian networks
with other different features.
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