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Abstract. We consider a M3/G/1/m queueing system with arrival of customer batches,
which uses a threshold control mechanism of the service time and arrival rate. The system
receives two independent flows of customers, one of which is blocked in an overload mode
(under the condition that the number of customers in the system exceeds a given threshold
value #). Full blocking of the input flow is carried out from the moment when the queue
length reaches the number m until the beginning of the service of the first customer, for
which the number of customers in the system does not exceed /4. From the beginning of the
service of the first customer during the excess of number of customers in the system of %
until the completion of full blocking the time of service of customer is distributed under the
law of F(x) (an increased service rate is used). Rest of the time the system applies the
normal service rate with the distribution function F(x) of service time. Laplace transforms
for the distributions of the number of customers in the system during the busy period and
for the distribution function of the busy period are found. The average duration of the busy
period is obtained. Formulas for the stationary distribution of the number of customers in
the system, for the probability of service and for the stationary characteristics of the system
are established. The obtained results are verified with the help of a simulation model
constructed with the assistance of GPSS World tools.

Keywords: queueing system, flows of two types of customers, batch arrival of customers,
threshold control, busy period, distribution of the number of customers

Introduction

For the purpose of preventing overloads in the information and
telecommunication systems a control both of an input flow and its parameters, and
service rate is used. According to [1-3], the queuing systems with threshold control
may be adequate models for evaluating the quality of functioning of SIP servers
under overloads.

A large number of publications, in particular articles [4-8], are devoted to the
study of queueing systems with threshold strategies of functioning. Most studies
examined a single-channel system with an arbitrary distribution of the service time.
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In this paper we consider a M$/G/1/m queuing system with the independent

flows of two types of customers. In this system the control is applied both to the
parameters of these flows and to the service rate.

Constructions of queueing systems which are closest to the considered system
are discussed in [4, 5, 8]. System with flows of two types of customers is also
studied in [4, 8], and in [5] a similar mechanism of full blocking of the flow of
customers is used.

In contrast to [4], in the studied system a batch arrival of customers is provided,
the switching of the service rate is applied and another threshold control
mechanism is used. In contrast to this article, the mode of partial blocking of the
input flow is not considered in paper [5], and in [8] a hysteretic control mechanism

of the input flow intensity for a multi-channel system MX/M/n is applied.

1. Description of the system

Let us consider a M}/G/1/m queueing system that receives independent flows
of two types of customer batches and that is formally described as follows. Let
sequences of random variables {¢,,}, {a,,}, {6,}, {B,}. {Zi’n} (n=1) be
specified, where ¢, is the time between arrivals of the (n —1)-th and n-th batches
of the flow number i (i=1,2), 6, is the number of customers in the n-th batch,

and A, and ﬁn are the service time of the n-th customer in the normal service

mode and in the mode of full blocking respectively. All these random variables are

supposed to be totally independent and P{c, <x} =1—e_l’x 4,>0;i=1,2);

PO, =k}=a, (k=1), iak=l; P{B <x}=F(x) (x=0), F(0)=0 and

P{,Bn <x}= ?(x) (x=0), ?(O) =0.If P{6,=1}=a, =1, then customers arrive
in the system one by one (this is the ordinary flow).

Thus, the time intervals between the moments of arrival of customers batches of
the flow number i are independent random variables distributed exponentially

with parameter A, (i=1,2). In the total flow being a superposition of the first and

second type of flows, the time intervals between the moments of arrival of
customers batches have the exponential distribution with parameter 1=A4,+ 4,
[9, p. 83].

Customers are served one by one, a served customer leaves the system, and the
server immediately starts serving a customer from the queue, if one exists, or waits
for the arrival of the next customer batch. The first-in first-out (FIFO) service
discipline is used. A queue inside one customer batch can be arbitrarily organized,



0
The system M, /G/1/m with threshold control of the arrival rate and service time 151

since the characteristics under study are independent of the way in which the queue
is organized.
Let m be the maximum number of customers that can simultaneously be in the

queue. Thus, if a batch of 6, customers arrives in the system containing
k [0, m+1] customers, then, only min{6,,m+1-k} of these customers join the

queue, the remaining ones being lost.

There are three modes of control of the input flow intensity: normal mode,
partial blocking mode and full blocking mode. In the normal mode customers of
both types are accepted for service and F(x) is the distribution function of the
service time of each customer. In the partial blocking mode the acceptance of
customers of the second flow stops and customers of the first flow are accepted
only. In the full blocking mode accept of all customers stops. In the partial and full
blocking modes the service time is distributed according to the law of F(x).

Let us describe the mechanism of switching modes. Let / be a given number
(2<h<m-2). Denote the number of customers in the system at time ¢ as £(¢)
and let 7, be a moment of beginning of a customer service. If &(z,) <h, then
during the service of this customer the normal mode is applied. Switching to the
partial blocking mode takes place at the moment 7, of service beginning the first

customer for which the inequalities 7 +1<&(z,) <m hold. The full blocking mode

is activated in the moment of reaching of the queue length of m and continues
until the moment 7, of the service beginning the customer for which the equality

&(t,)=h holds. Switching to the service mode with the function of the service

time distribution of F (x) is carried out not at the start of the the partial blocking

mode, but at the beginning of the first customer service during the term of this
mode.

The assumptions 2</h<m-—2 are introduced only in order not to consider
cases for which the formulas are different from those shown here, and in no way
detract from the generality of the obtained results.

To study the probability characteristics of the described queueing system we use
an approach based on the potential method proposed by V. Korolyuk [10]. This
approach was previously used by us, in particular in the works [5, 6, 11].

2. Basic notations and auxiliary results

Denote by P, the conditional probability, provided that at the initial time the
number of customer in the queueing system is # >0, and by E (P) the conditional
expectation (the conditional probability) if the system starts to work at the time of
arrival of the first batch of customers. We introduce the following notations:
n(x,A) is the number of customers arriving in the system during the time interval
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[0;x) under the condition that the time intervals between the moments of arrival of
the batch of customers is exponentially distributed with parameter 1; a'* is the
k-fold convolution of the sequence a,; a(s.z)=s+A(l-a(2)); a(s,z)=s+

+A4,(1-a(z)) . Let

f&)=[edr),  f(9)=[e dF(x)
= TxdF(x) <w; M= Txdﬁ(x) <w; e = ika <w

F)=1-F(x), Fm=1-F@x); a(z)= i Za,;

=Y. BO=-YAO.  6=3a0)

We specify the sequences p,(s), p,(s) (Res>0)as

_ 1 [ - =L g o (AH)x (ﬁ,x)
p,(s)= 7o P{n(x,A)=i+1}dF(x) f(s);am { TR
)Te-”P{n(x,lei+1}d’ﬁ(x)= (1)

0

1
D,(s)==
S (s
1 i+1
f (8) =0
The sequences of functions R, (s) and Ek(s) (k>1) are defined by the
equalities
o _ - )= ~
;z R =~ 1 ZzR() ot | 21<v(5). (2)

where v(s) and v(s) are unique roots of the equations f(a(s,z))=z and

a,+1_[ e (ilx) dF(x), i=-l.

V4

7((11 (s,2)) =z respectively on the interval [0; 1].
The sequences ¢,(s), §,(s) (i>0) are given in the form

q,(5)=
3)

kel

e P(x,A) = F(x)dx =Y "*]’je‘WW (’Z‘) F(x)dx;

q,(s)=

ct— 8 ot—3

P 2) =R F(0ds = Yal [t A W) ) F oy

0
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Introducing the notations

p;=limp(s), R =lmR(s), g = limg,(s),

- ~ 4)
B =lmp(s),  R=lmR(s). g =limg(s),
using (1)-(4) we obtain the relations:
i+l i+l
p=Saifer P arco, p =S fer B aF e, s
k=0 0 k k=0 0
Rlzpi’ Rk+1= (R Zpl klj’ kZl’
-1 =
~ 1 1 &~
R ==, Risi = - Ri — D Ri—i k>1; ®)
p—l p—l i=0
1-f(4) C 1
90~ > q: = aqy,; — s k> 1;
0 1 k ; k 1
o _I-f(h) . & . B
qoz%a qkzzaqu—i_p;ll’ k=1.
i=1

3. Distribution of the number of customers in the system during
the busy period

Let z(m)=inf{r>0: £(¢) =0} denote the first busy period for the considered
system and

0 (LE)=P O =ko(m)>1}, 1<mk<m+1,

D (s.k)= je-”(pn(tk)dt, Re s> 0.
0

We introduce the notations:

g,(5.k) = g(s.0)P,,_,() + ¢,_, () + Ik =m+1}7,,_,..,(s),
g,(s.6)=g(s.0)p,_,()+G,_, () + Ik =m+1}q,_,.,(),

g(s,k)=Ih+1<k<m) f(s )f 1 f(S)

gk =Ith+1<k<mf""" (S)M_
N
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Here I{A} is the indicator of a random event A ; it equals 1 or 0 depending on
whether or not the event 4 occurs. Let also

m—1-n m—n—i

L($)= P+ T B =T ) Y 5S) S R P, (5):

i=h+1-n Jj=1
m=1-i

Ah(s,k)=i@(s)[g,(s,k)+ o) S pj(S)(’R;_h(S)Em—f—j(S)x

J=h+1-i

53 Te/(s)gh+,(s,k>—mfh(s)g,fﬁ,(s,k))}

A(S)= Ry(5) = S ()X R (L (5) = F(5)Ratn(5) DR ()¢

m—h

X m_z_, pj (s)km—l—j (S)(l + 7m+1_h (S)Zkl (S);m_h_, (S)j

J=h+1-i

Theorem 1. For 1<k<m+1 and Re s>0

©

Ie_”Pn {S() =k, z(m)>t}dt = (Rh—n(s) - f(S)hZ_}f R (s)L,., (S)jq)h (s.5)—

0

YR (S)(f(S) Y 5 (@ R (5) -
_m_i_j}él (S)gn+/+j+l(sﬂk)J + 8 (s:k)ja 1<n<h- 1, (6)

0

[e P {&(0) =k, T(m) > 1}t = Rua ()P, (5, k) — 7 )@, (s.k) %

(=}

x> RSPy i) - > R()E, (5.0, h+l<n<m-1,
i=1 i=1
where

q)h (S,k) =

A, (s,k) _ 1 ~m+1=h
Ry ((1+f (5)%

m=h__ _ m=h__ (7)
<> R (s)ﬁm_h_,-(sﬂcbh(s,k) +2 R (s>§h+,(s,k)J.
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Proof. 1t is obvious that ¢, (¢,k) = 0. The total probability formula implies

m-n 1

0, (1K) = [Pln(x, A)=i}p,.,  (t— x.o)dF (x)+

i=0 o

+jP{77(x, A)zm+1- n}t:fo{mZ_il,E, € dv} @,(t —x—=v,k)dF(x)+

m—k _ m+l-k __

+Ih+1<k< m}jP{ﬁ(x,ﬁ.))Z m+1—n}P{Z B <t-x< Y B }dF(x)+

i=1

(PO, ) = k—nm}y+ Itk =m+ 1YP{(t, A) = m+ 2 -m})F(t),  1<n<h;

m=n 1

0,05 = Y [P(x. 4) = 1}, (1 = x.h)d F (x) + @)

i=0 ¢

1—-x

+jP{n(x,z1) >m+1-n} j P{mfﬁ, e dv}(ph (1 —x—v,k)dF(x)+

m+l-k

+1{h+1gkgm}jp{n(x,4)2m+1—n}1>{mz_fﬁ, <t-x< )y ﬁ,}df(xﬂ
+(P{77(t,21)=k—n}+l{k=m+1}P{77(t,21)2m+2—n})1?(t), h+l<n<m.

Passing to the Laplace transform on both sides of equalities (8) and taking into
account relations (1)-(3), we obtain the system of equations with respect to the
functions @ (s,k) (1<n<m)

m-n-1

(502 ) L PO (b + fOT T OB OO+

+g,(8,k), 1<n<h

O, (50 = F(5) 3. B ()P, (5.0)+
=1 (10)

~m+l-h

+f ()P, D, (k) + &, (s.k), h+l<n<m,
and the boundary condition

@, (s,k)=0. (11)
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Using Lemma 1 of the paper [6], solutions of the system (10) are given by

®,(5:0) = Rus()0, (500~ 7" 0, (SR LR (), ()~

m=n (12)
~SRi($)8,,(s.k).  h<n<m-l.
With the help of (12) the system of equations (9) is rewritten as
h—n-1 m—1-n
@, (s.k)= f(s) Z PP, (8,)+ (L, ()P, (s.K)+ f(5) D, p(s)x
i=h+l-n
(cp (8,6)Rm-n-i () — Z Ri($)€,,.4, (s, k)J+ g,(s.k), 1<n<h.
Jj=1
We again use Lemma 1 of [6] and deduce that
h—n
@, (s.k)= (Rh_n ()= ()Y R(SL,,, (S)j‘bh(s’ k)—
(13)
—Z&(s)(f(s) Y. ps)x
i=1 J=h+l-n—i

. m—n—i—j __
X [d)m (8, k) Rin-n-i-; (8) — Z Ri(8)&,111 41 (S5 k)j +g,.(S, k)J, 0<n<h-1.

=1

Considering the equality (12) with =/ and (13) with »=0, and using the
condition (11), we obtain the system of two linear equations with respect to the
functions @, (s,k) and @, (s.k):

(1+7 (S)ijR (8)Pyros- ;(S)jq)h(s k) = Ru-(5)®,, (5,k) = —WZjR ()&} (5:K);

m=1-i

(R () - f(S)ZR ()L, (S)jCD (5.6) = f ()P, (s, k)ZR (8) D ()R-~ ()=

J=h+1-i

m=1-i m—i—j

= —f(s)ZR(S) > () Z Ri(5)g,,,,/(s, k)+2&(s)g, (s,k).

J=h+1-i

The solutions of this system are defined in form (7). Equalities (6) follow from the
relations (12) and (13). The theorem is proved.
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4. Busy period and stationary distribution

If the system starts functioning at the moment when the first batch of customers
arrives, then

©

je’” P{E() =k, t(m) > t}dt = i a,®, (s,k)+a,, D,. (sk). (14)

m+1

The total probability formula implies

Pt (1K) = ”P{fﬁ e dv} 0, (t —x —v,k)d F(x)+

m—k

+I{h+1<k< m}jP{Z,Z’, <t-x< nikﬁ,}dﬁ(xhl{k = m+ 1Y E ().

The Laplace transform of ¢, (¢,k) is given by

+1

@ (k) =7 (O, (k) + [h 1 <k<m+1}f =L 5
S

Using the relations (12), (13) and (15) we rewrite the equation (14) in the form

Te-SfP{ﬁ(z) = k,7(m) > t}di = (fan(Rh_n ()= FOISREL,, (s)j +a, -

TS L 4, LR 9+ T DD ) -

h-1 h—n m—1-n—i

AP, (k) + 2 a, S RENSE) Y, p(5)x

J=h+1-n—i

m—n—i—j m=1

X Z k/ (S)gn+l+j+l (S’k) - gn+i(s’k)) - Z an Zk’ (S)gnﬂ'(s’k) +
=1 n=h+1 i=1

7 (16)
va Hh+1<k<m+13 7" (S)l—_f(S)’
S

where

h-1 h—n m—1-n—i

A(s) = f(s)ZanZK.(s) 2 P, () Ro-n-i; (5) — mz_:anii’m_n(s)—am.

J=h+1-n—i n=h+1
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0

To obtain a representation for Ie“"’P{r(m) > t}dt we sum up equalities (16) for
0

k running from 1 to m +1. Making sure that
m+l1 s) 1 s
£,9)= 3, () = £y - ROPRFPREI(C 1)

~m—h

g,(s)= mign(sk) f(s) f ()= B (s )+ f(S)

BE YNEUES ¥ (s)[g,(s)+f(s) P (s)(Rm R ()

J=h+1-i

x'"zR/(s)gh+,(s) mZ”Rf(@gw(s)D q)h(s)ziq)h(s’k):?(is));

D, 20 (k) =5 )((n? @2k <s>pmh,(s)Jq> )+

+3 R, (s)j,

From (16) we obtain an expression for the Laplace transform of the distribution
function of the busy period

Te“"’P{r(m) > fydt = [hz_l: a, (Rh—n(s) - f(S)hZ_’i R(s)L,., (S)j +a, -

0 n=1

_?m+1_h (s) mz_: a, mz_sz ()P () + 7m+l_h (S)j @, (s) -

n=h+1 h_li:l N L (17)
—A()®D,,(s)+ ZanZR.(s)[ 1) > p(s)x
X m_i_j}é/ (S)gn+z+/+l (S) & (S)J -
- Z 'fR ()2, (s)+a, 11”8—“)

Passing to the limit in (17) as s — +0, we derive the formula for the mean
duration of a busy period of the studied queueing system. To calculate this limit

using the sequences defined by (4), (5) and take into account the following limit
relations:
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i L) f()

s—>+0 Ky ‘—>+0

lim g, (s)= M +(m~ h)Mpm_n; lim g,(s)= M (1+(m~h)p,_,);

=nM (n=1), lim A(s) = 1;

—1 h—n m—1-n—i

= hm A(s) Za ZR Z D, Runen-iej — g ankm—n -a,.

i=1 J=h+l-n—i n=h+1
Therefore we proved the following result.

Theorem 2. The mean duration of the busy period of the queueing system is
determined in the form

Er(m)=i (M+(m h)Mpml+MRmhmZI:Ip( Zh:

J=h+1-i

- m—i—j=1__ . _
—Run-n R + (m — h)(Rm_h - Rm_,'_j )j —
: (18)
h-1 h—n m=1-n—i N
~CyARwi+> a3 R ( p,Crs, —M—(m-hMp,_,_, |-
n=1 i=1 J=h+l-n—-i

m—1
- > a,C, +(m+1-h)Ma,

n=h+1

m+1 >
where
C = M('fk,- +(m— h)(km_n - 1))
i=1

Applying the same reasoning as that in the paper [11, p. 169-170] and using the
key renewal theorem [12, p. 46], we obtain the equalities

lim P{&(1) = k} —T()jp{g(u) k,c(m)>uldu, 1<k<m+1;
(19)
lim P{&(r) = 0} _T() [Pieom <u,2m) + & =y

Since P{r(m)<u,r(m)+¢& 2u}=P{r(m)+& >u} —P{r(m)>u}, then

TP{z’(m)<u, T(m)+ & 2utdu =%. (20)
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Passing in (16) to the limit as s — +0 we get

@ — m=h__ __ h—1 h—n
j P{E() =k, t(m) > }dt = S, (k) — ARn-s > RGui(k)+Y.a, > R x
0 i=1 n=1 i=1

m—1—-n—i m—n—i— J m—1 m—n
x( > p, D, RiGnis o1 (k) — G,H,(k)]— Ya ZR Gui()+ (1)

Jj=h+1-n—i =1 =h+1
Ma, Ith+1<k<m+1},
where
m=1—i m—h m—i—j
5,(k)= Zzz (G K+ > p, (Rm 5 Roncie ,ZR,GW(k) Z R,G,+j+](k)j]
J=h+1-i

G(k)y=q, ,+I{h+1<k< m}Mﬁm_, +Itk=m+1}q,., ;
Gi(k)=G,, +I{h+1<k<myMp, ,+I{k=m+1}q,., ,.
Introducing the notations: p, (m)=1lmP{S(*)=k}, 0<k<m+1;

h=n

B, (k)= ZKGn+,(k) Zqun,+MZ  Porni’

m—n

D, (k)= ZRGn+,(k) ZR,qkn, M(Tem_n—1).

Taking into account (19), (20) and equality Zk;ﬁn_l =R, —1, which follows from
i=1
(5), with the help of (21) we obtain the following statement.

Theorem 3. The stationary distribution of the number of customers in the system is
given by

1
1+ AEz(m)’

k k-1 k—n
p,(m)= lpo(m)(z Rq,,—Ya,> Rq,.,. j 1<k<h
i=1 n=1 i=1

po(m)=
(22)

m—h

Z k _m+1_,_j_l jJ Z_: Z m+1 n=i ARm th’ q’”+1 h—i +M—m+l +
h-l h= m—l—n—i m—n—i— "
+Z Z ( z Z Dnion-i-j-1 qmﬂ—n—,J}

i=1 J=h+1-n—i =1

\
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m—=1-i

pk(m>=zpo<m)(30(k>—2a B+ SRS pJ(RmhRm, D, (k)

n=1 i=1 J=h+1-i

h— h—n m—1-n—i

-D,, (k)) ARwsD (k)+Zan YR p,D,...(

n=1 i=1 J=h+l-n—i

—ZaD (k) + mHJ, h+1<k<m,

n=h+1
m—=1-i m—h
Pt () = ﬂpo(m)(zfl(qmﬂ Lt 2P (Rm #Ro-i- JZR/qu =
i=1 J=h+1-i

m—i—j m—1 m-n__ __ —y m=h__

- Z Rig G- J— IJ] Z a, ZR’ 6m+l—n—/ - AR”’l‘h ZR’ qm+l—h i +M—m+1
n=h+1 i=1 i=1
-1 h—n m—l-n—i m-n-i—j__ __ _
+Za ZR ( Z z Rl qm+l—n—l—]—l _Qm+l—n—1jJ'
J=h+l-n—i =1

5. Determination of stationary characteristics

Using the equality (18), the expression for the mean duration of the busy period
can be written as Ez(m)=MT(m) +MT (m). Then for the mean service time we
obtain the formula

Et(m)

M -
T(m)+ T (m)

The formula for the probability of service P, (m) we get as a ratio of the mean
number of served customers by the mean number of arrivals per unit of time

(1= po(m) () +T(m)) — py () (T () + T ()
Ae Et(m) e '

P (m)= (23)

Stationary queue characteristics, namely the mean queue length EQ(m) and
mean waiting time of service Ew(m), we can find by the formulas

_EQ(m)_ o4
Ae P._(m)

a SV

EQ(m) = kp(m): Ew(m)=
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6. Example of calculation of the stationary distribution
and the characteristics of the system

Assume that m =9, h=5, customers can arrive only one by one or two by two
(a,=0.75, a, =0.25), 4, =4, =1, in normal mode the service time is uniformly

distributed on the interval [1/3;1] with the mean value M =2/3, and in partial
and full blocking modes the service time is uniformly distributed on the interval
[0;2/3] with the mean value M=1/3. Then, the mean duration of the busy period
Ez(m) found by the formula (18) is equal to 118.319. The second row of Table 1
contains the probabilities p,(m), calculated by formulas (22). For the sake of
comparison, the same table contains the corresponding probabilities evaluated by
the GPSS World simulation system [13] for the time value #=10°. The values of

the stationary characteristics, found by formulas (23) and (24) and calculated with

the help of GPSS World, are shown in Table 2.
Table 1
Stationary distributions of the number of customers in the system

Number of customers (k) 0 1 2 3 4 5
p,(m) according to (22) | 0.00421 | 0.01063 | 0.02426 | 0.05302 | 0.11529 | 0.25042

p,.(m) (GPSS World) 0.00429 | 0.01094 | 0.02447 | 0.05336 | 0.11565 | 0.25041
Number of customers (k) 6 7 8 9 10
p,(m) according to (22) | 0.23442 | 0.16229 | 0.09027 | 0.04274 | 0.01245

pp(m) (GPSS World) | 0.23403 | 0.16228 | 0.08958 | 0.04240 | 0.01259

Table 2
Stationary system characteristics

Characteristic P (m) | EQ(m) | Ew(m)
Analytical value 0.78721 | 4.70955 | 2.39302
Value according to GPSS World | 0.787 4.704 2.391

Conclusions

The advantage of the proposed algorithm for calculating the stationary
characteristics is that the recurrence relations (5), used to define the sequences

vy bt a3 14,3, R}, {T{k}, do not depend explicitly on the volume of
storage heater m and the threshold value % and depend only on the parameters of
the input flow and the distribution functions F(x) and F (x) of the service time.
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Therefore, in case of a change of parameter m and % there is no need to
recalculate the values of these sequences.

References

(1]

(2]

(3]
[4]

[3]

[6]

[7]

(8]

(]

[10]

[11]
[12]

[13]

Abaev P.O., Gaidamaka Yu.V., Samouylov K.E., Hysteretic control of signaling load in the SIP
server network, Viestnik of the Russian Peoples Friendship University. Mathematics. Computer
Science. Physics 2011, 4, 54-71 (in Russian).

Abaev P., Gaidamaka Yu., Samouylov K., Queuing model for loss based overload control in
a SIP server using a hysteretic technique, Lecture Notes in Computer Science 2012, 7469,
371-378.

Abaev P., Gaidamaka Yu., Samouylov K., Modeling of hysteretic signaling load control in next
generation networks, Lecture Notes in Computer Science 2012, 7469, 440-452.

Pechinkin A.V, Razumchik R.V., Stationary characteristics of the system M,|G|1|r with hyste-
retic policy of control of the input flow intensity, Informatsionnyie Protsessy 2013, 13, 3,
125-140 (in Russian).

Zhernovyi K.Yu., Investigation of the M°/G/1/m system with service regime switchings and
reducing blocking of the flow of customers, Informatsionnyie Protsessy 2011, 11, 2, 203-224 (in
Russian).

Zhernovyi K.Yu., Zhernovyi Yu,V., An M°/G/1/m system with two-threshold hysteresis strate-
gy of service intensity switching, Journal of Communications Technology and Electronics 2012,
57, 12, 1340-1349.

Zhernovyi Yu.V., Stationary characteristics of M*/M/1 systems with hysteretic switching of
the service intensity, Journal of Communications Technology and Electronics 2013, 58, 6,
613-627.

Zhernovyi Yu., Kopytko B., The queueing system M}/M/n with hysteretic control of the input
flow intensity, Journal of Applied Mathematics and Computational Mechanics 2014, 13(1),
149-161.

Bocharov P.P., Pechinkin A.V., Queueing Theory, RUDN, Moscow 1995 (in Russian).
Korolyuk V.S., The Boundary Problem for the Compound Poisson Processes, Naukova Dumka,
Kyiv 1975 (in Russian).

Zhernovyi K.Yu., Zhernovyi Yu.,V., System M°/G/1/m with two-threshold hysteretic strategy
of service intensity switching, Informatsionnyie Protsessy 2012, 12, 2, 127-140 (in Russian).
Ivchenko G.I., Kashtanov V.A., Kovalenko I.N., Queueing Theory, Vysshaya Shkola, Moscow
1982 (in Russian).

Boyev V.D., Systems Modeling. Tools of GPSS World, BHV-Petersburg, St. Petersburg 2004
(in Russian).



