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Abstract. The article deals with the technique allowing stiraate and forecast expected
incomes, logistics transport systems subjects vearsh squares. The technique is based on
application of HM (Howard-Matalytski) - queueingtwerks with incomes.

Introduction

The logistics structure is a system which congiétgarious functional areas,
such as: stores, information, stacking and warehdwndling, transporting of
products and other areas [1]. Thus the main taglos$ minimization and profit
maximization for producers’, customers’, warehouets

Logistics systems (LS) differ in their structureterprise sizes, functions,
a warehouse economy, transport models and so ouct@tl modifications in
a carrier render, prices for fuel and other makegisources, scientific and technical
process influence them a lot. The latter causesp@t services cost modification.
As a result, transport strategy and the whole L&esestimated.

Working out LS models is an important problem. Huenber and the arrange-
ment of producing units (the enterprises, firms,)ean amount and the arrange-
ment of warehouses, transport models, connectidnirdormation systems are to
be taken into consideration.

According to the analysis routing is logistic’s igasin the sphere of transporta-
tions. There are three areas in this sphere: genfeof available algorithms, work-
ing out new economic-mathematical models which @ordflect promoting of
material stream better, confluence of routing medth other functional logistic
models, such as storekeeping.

The problems, being solved by LS, can basicallgiieled into three groups:

1. The problems connected with market service zameping, material stream
prognosis, material stream handling in servingesysta warehouse of a suppli-
er/customer, an enterprise of wholesale trade).

2. The problems including transportation orgamzgstem engineering (transpor-
tations plans, activity distribution plans, goodxfic planning, train diagram of
vehicles, etc.).
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3. The problems connected with storekeeping atrgrges, firms, warehouse
complexes, arrangement of stores and servicing thyemehicles and infor-
mation systems.

These problems’ solution is based on working oetdtinategy and logistics con-
cept of transport service model for customers @nasfwhich is based on efficient
transportation routes and schedule compiling fodpction delivery to customers,
I.e. routing of transportations.

The efficiency of LS does not only depend on perfew intensive industrial
and transport manufacturing, but on warehousingedls Warehousing contributes
to quality preservation of products, materials gagl materials; it increases steady
and organized manufacturing and transport worknesfthe use of enterprises’
territories; decreases transport idle standing @madsportation cost; it prevents
workers from inefficient cargo handling and extrarehouse labour to use their
efforts in mainline manufacturing.

Warehouses of various types can be formed in tgabimg, middle and in the
end of goods traffic or manufacturing for temporaaygo accumulation and oppor-
tune supply of manufacture with necessary amountaiérials. They shouldn’t be
considered only as devices for cargo storage, btraasport warehouse complexes
as well in which cargo transition processes playimportant role. The work of
these complexes has dynamic, stochastic charastetodnon-uniformity of cargo
transportations.

Usually economic, economic-mathematical, statistizethods are used to solve
theoretical and practical logistic problems. Streawh production, arriving from
producers and addressees at stochastic time moareshtsme intervals which are
necessary for manufacturing, product unloadingyistain warehouses and sales
have predetermined the necessity of queueing thmetiods use for working out
mathematical models applied in logistics. In [1§ #pplication of Markov's queue-
ing systems (QS) when defining the number of trartsprarehouse workers in
a brigade for cargo loading according to the tetdgical scheme: a warehouse —
a loader - the car is described. It's clear thatase we want to describe function-
ing of various producers, warehouses and custoafdise LS as a united system,
queueing network (QN) consisting of various QSregponding to the subjects of
the LS can serve as the model of such functionling important problems for
logistics transport systems (LTS) are problems sifimeation and forecasting of
their subjects’ incomes, received from product gpamtation between subjects by
various means of transport. Let's assume that L®Ssists of n subjects S,

S,, ..., S, (factories-manufacturers, warehouses, addresses)carry out cargo

transportation. Transportation by car brings sonwerine, received by realization
of product, and the income of one subject decretts®sof the other one. Thus
transport expenses (fuel, car repairs), a drivealary can be referred to either of
the subjects. The «unloading - loading» car timéhiwi LTS subjects and car
streams between them are casual. It is necessastitoate (to predict) expected
(average) incomes of LTS subjects carrying out smahsportations. A similar
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situation arises with estimation and forecastingrahsport agency (TA) incomes
from cargo transportation between subjects. Camyusportation from the subject

S to the subjectS; brings TA some casual income, howedg incurs some

losses. To solve these problems a new class ofeingemetworks - Markov net-
works with the incomes, recently named HM (Howardtdytski) networks [3, 4]

which can be used to forecast incomes of variogtesys, not necessarily logistic
[5] is being introduced.

1. HM-networks application to LTS subjects’ expected inames
forecasting

Let's designate by(t) = (k,t) = (k,(t),k,(t),....k,(t)) - LTS condition vector,
wherek; (t) - a number of cars in poir§ (being in turn and at unloading-loading)
in the moment. From the outside of LTS the elementary streanmaos with inten-
sity A(t) arrives. We will consider that cars «unloadingading» time intervals in
S are distributed under the exponential law withapaeterp, (k, (t)) , i =1n. It
means that our exponential network is knt ( gondition, wherek (t) - number of
requests in-th QS, y; (k; (t)) - the requests’ service intensityiith QS, i =1n.

Let's consider a case when transition incomes legtwetwork conditions are

determined by functions that depend on conditiothefnetwork and time, and QS
networks are one-linear. Lef(k,t) - the full expected income which is received

by system§ for time t, if in an initial instant the network is in the &&, and we
will assume that this function is differentiatedtom (k) - the system incom§ in
the unit of time when the network is at the state, (k + I;,t) - the system income
S, when the network makes transition from the stgket) to the state
(k+1;,t+At) for time At; -R,(k—1,,t) - the income of this system if the network
makes transition from the statk 1 9 the statek — I;,t +At); f (k+ =1 ,t) -
the system incom& (the expense or a system Id39 when the network changes

the state fromKt, Jon (k+|i -1 j ,t+At) for time At, i, | :ﬁ.

Let the network be in the stat& { , Puring the interval of timeAt it can re-
main in this state or pass to statefk—I;,t+At), (k+1;,t+At),
(k+1;-1;,t+At), i,j =Ln. If the network remains in the stafe,t+At ek-
pected income of systei§ will make ar; (k)At plus the expected income(k,t),
which it will receive for remained time units. The probability of such event is
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equall—()\(t) +Zn:u i (k; ()u(k; (t))JAt +0(At) . If the network transits to the state
j=1
(k+1;,t +At) with probability A(t) pgAt +o(At) system incomeS will make
[rsi(k+1,,t)+v (k+1,,t)], and if to the statdk —1;,t +At) with probability the
Hi (ki (D)) u(ki (1)) pjoAt +o(At)  income  of this system will make
[-Ro(k=1;,t)+v,(k=1;,t)], i=Ln. Similarly, if the network transits from the
state  (k,t) to the state (k+ li =1 ,t+At) with  probability
M (kj ()u(k; (1)) pjiAt +o(At), it brings into system th&§ income in a size of
hij (k+ li =1 ,t) plus the expected income of a network for remaimee if the
state was an initial state of the netwc{H<+ li -1 j). We will tabulate mentioned

above (table 1).
Then, using the formula of total probability forpectation, for the expected in-

come of systemS it is possible to receive the system of differedifterential
equations (DDE):

w = A0+ Zn:“j (k; @)u(k; ) v (k,t) +
ji=1

n
+ 3 N0 Py (k17,0 + 1 (K @)tk ) pyovi (k=1 .0)] +
i=1

n
# 3 [lj j ©ul )j c+ 1 = 1.0 + 1y (5 Ol ) Py (k=1 +17,0)]+
I
# [l O O)uck; @) pyiry (ke 1 =101 G @)l @) pyry (k=1 +17.0)]+
=
+ ZUs(ks(t)) PcVi (K + 1 =15, t) + A(t) poiroi (K + 13,1) =

c,s=1
C,S#i

= Hi (k (©))u(k; (1)) pioRio(k = 1j,t) + 1, (K) 1)

The number of the equations in this system is etughe number of network
states.
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Table 1

Possible transitions between states of the networtheir probabilities and system
incomesS

Possible transitions be- Incomes of systerfy from

Probabilities of transitions

tween network states transitions between their states
1-(a(t) +
(k,1) - (k,t+ 4t) + z w; (k; (O)u(k, (t))jAt + r.(k)4t +v, (k, 1)
+0(4t)
(K1) » (k+1,,t+4),
| #i A(t) po; 4t + o(4t) r (k)4 +v (k+1,,t)
(kvt) - (k _-Ij’t +At)’ /uj(kj (t))u(k] (t)) ijAt+ ri (k)At _'_vi (k_ |j,t)
j#I +0(4t)
(o0~ (K, (O)u(k, () p, 4t +
(K+1, =1, t+2), #s UGN L) P (KA +v K+, = 1_1)
) +0(4t)
C,S#I
(k,t) - (k+1,,t+4t) A(t) py 4t + o(4t) ri(K+1,t)+v.(kK+1,,1)

K (ki (t))u(ki ) P4t +

(K1) = (k-1,,t+4t) Rk =1,,t)+ +v(k=1,,1t)

+0(4t)
k1) ~ K+l —1,t)+
(K+1, =1t +4), u; (K @)ulk; (1) p; 4t + ri ( B FRY)
j:tji +o(4t) +(k+1, =1 1)
(k*t) - K (ki (t))u(ki (t))pijAt-'- _rji (k_li +|j’t)+
(k=1 +1,,t+4), j#i +0(4t) + (k=1 +1,,1)

Let's consider the case when intensify) = 4, p; (k () = (k), i=1n, does

not depend on time. In this case for the closedorts the set of equations (1) can
come to a system of a finite number linear inhomegeils UDE with constant
factors which in the matrix form can be noted iraapect

av; (t
MO -qm+avw @
t
where: ViT(t) =(vi @t),v (2t1),...v (I,t)) - a required vector of system incomes
S . | - number of network states. The solution of th&tesy (2) can be discovered,
using a direct method or a method of Laplace t@nsdtions.
Let's consider both methods in a more detailed \way.the solution of system
(2) by direct method having multiplied both partstlee system (2) bye_At, we
will receive

e MV'(t) =e MAV () +e MQ (1)
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or
e M(-AV(t)+V'(t)) = %(e"“v (t)) =e MQ(t)
SO
eMV(t) =V (0) + je—‘“Qi (T)dt
that is i

V(t) =e™V (0) + je’*‘t‘”Qi ()dt (3)
0

A%4? - AMm
et

wheree® = + At + +... - a matrix exponential curve, - an

identity matrix. For determination of the matrél" we should discover eigenval-
ues gp,0,...,q Of a matrix A and a complete set of right eigenvectors corre-
sponding to thenu(l),u(z),...,u(') if it is possible. Then we should use representa-
tion

eM =uB@u (4)

whereU - a matrix the columns of which are eigenvecm@,u(z),...,u('), B(t)
- a scalar matrix

t
By=| 0 €% - 0 )
0 o .. it

For the solution of system (2) by the method of laep transformations, we
will set a vector of entry state (0) . Let U;(s) be a vector of Laplace transfor-

mations of incomew; (j,t), i :ﬂ, G (s) - a Laplace transformatio@, (t) . Then
sU;(s) —V; (0) =Gj(s) + AU;(s) or (sl —AU;(s)=G(s)+V,(0). From here we
discoverU;(s) :

Ui(s) = (sl - A)IGi(s) + (sl - AV, (0) (6)

The vector of income¥; (t) can be discovered by means of inverse transfoomati

for (6). If W(t) - an inverse Laplace transformation of a mafek— A)™* corre-
spondingly inverse transformation translates aimlg6) in (7):
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Vi (1) =W(1) * Q (t) +W() V; (0), i =1n 7)

t
where W(t)*Q(t)sz(u)Q (t—u)du. In case when incomes from transitions

0
between network states are determined magnitudendang on states of the net-

work, the set of equations (1) will look ads\%zq + AV,(t), and its solution

Vi(t) =W(t)(Q +V;(0), i =1n. However, we shouldn'’t forget that the number of
closed QN states is equal t=C_,, where K - the number of the requests

served in the network, and it is big enough considerather smallin and K, i.e.

the number of the equations in system (2) will disdoig enough. Experience has
shown that such methods are possible to use whka o@dculations for networks
with rather small state spade<(100); direct method can be used for bigger dimen-
sion networks than the method of Laplace transftons.

2. Analysis of the goods transporting model

Let's consider closed Markov HM-network with thengatype of requests, con-
sisting of M=n+m+..+m, service systems S,
[ =1..n11,...:],(q,...(n—])l,...‘,(n—1)m(n_1), represented by Figure 1, which illustrates
a model of goods transporting. In this model thetesy S, is "transport agency"
(TA), and under system§;, S,,...,S,-; we will understand «warehouses of con-
signors» where some goods are stor&g; 32 ""’Sm - «consignees» (their
warehouses, sale points of goods which have arrfi@t the warehouses,
i =1 (n-1)). Depending on the vehicle (V) chosen there camar®us expenses,
and consequently transitions from T, to a particular "the warehouse of the
consignor's;, S,,...,S,. Thus the request is understood as the enterprisany
sition from one system to another with the purpafsgoods transportation in logis-
tics system «transport agency - the warehousesofdhsignor - consignees».

- -1
Let's introduce some setsX; ={iy,ip,....in}, 1=1(N-1); ongxi;

X ={12,...,n}U Xo- As a network state in the momettwe will understand
a vector (k,t) = (ky, k2,...,kn,,...,kll,...,klml oK)y oo k(n_l)m(n—l) 1), where k;

is a number of requests in syste&dnin the moment, i 0 X . The number of net-
work states is equdl= CM ;% _;, whereK is number of requests in the network.
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Fig. 1. Network model of goods transporting

Let v; (k,t) be the full expected income which is received ystem S, for
time t, if in at the initial instant the network is in tegatek ; rjj (k,t) is the system
§ income, and also systef; loss or expense respectively in time if the net-
work makes transition to stat@,t + At) during this time;r; (k) - the systemS

income in c.u. during the unit of time when netwixkn the statek , i, j O X.

Let's consider a case when parameters of requeatesé QS networks depend
on time only, i.e. if the request is being servedth QS in the moment it will
be served in time intervat,t + At With probability z (t)At +o(At), i 0 X .

Let the HM-network be in the stat& { ., YWe will assume that the systes
receives the income af,(k) c.u. for the time unit during the phase when tae n
work is in the statek. If it remains in the statek(t , Jluring the time intervaht
the expected income of systes, will make r,(k)At plus the expected income
vh(K,t) which it will bring for remainedt time units. The probability of such

event is equal td.— ij (Hu(kj)At +o(At) , whereu(x) = {(])“ ))((Z% is the func-
jOX T

tion of Heaviside. When the network makes transifimm the statek(t, Yo the
state (k=1 +1,t+At) during time At with probability
Hju(kj)pjndt +o(At), it yields a loss to the systers, at the size of
lin(k=1; +1n,t), and the expected income of syster§, will make
=Ijn(k=1j +1p,t) plus the expected incomg(k—1; +1,,t) which will be re-
ceived for remained time if an initial network stavas(k—1; +15), j=1n-1

At the transition described above the V returnghi® company territory, and it
means that the syste), suffers losses. Similarly, when the network makaes-

siton from the state k(t, )to state (k+1j—I,t+At) with probability
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Hn(t)u(kn) pyjAt +0(At), it brings income to the systen®, as large as
Mj(K=1n +1j,1), that is a vehicle transits to the system «warséaf the con-
signor», and, hence, the systesp receives the income paid by the given ware-
house. The expected income of system «TA» will mgkg — 1, +1;,t) plus the
expected income of the network for remained tintbéfinitial state of the network
was (k+1j-1p), j:ln——l. When the network makes transition from state
(k,t) to state (k+I1.-Igt+At) in time At with the probability
Hs(t)u(ks) pAt +0(At), the expected income of the systef will make
rm(K)Atin time At plus the expected incomg,(k + I, —I4,t) which will be re-
ceived by it for remained time if an initial state of the network wa& + 1. — ),

s=1n-1,c= 1,5+ Sm -
Then for the expected income of syst&n it is possible to note type (1) sys-
tem DDE, [6]:

= (k) =V (k) D1 (Ou(k;) +

dvy (k,t) _
dt jOX

n-1
ZUn(t)U(kn)pnj (rnj (K=t + 1) +va(k=1Tp +1 1t))+

=1
n-1
+_Zluj<t)u(k,-)pjn(vn<k+ln—I,-,t)—rjn<k+In—lj,t))+
| + ) u(ky) PV (K= +1,t) +
t Y U OUR VL +1 =1, (®)

The system (8), in turn, can be reduced to theesysif a finite number of inhomo-

geneous UDE.
Let's rename network states sequentiall\2, ..., | . Take a note that it is pos-

sible to present a set of equations (8) in a maspect:

dVi, (1)

a OO+ AVL (O ©)
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It is possible to solve the set of equations a@)rby the means of Mathematica
5.1 package.

Example 1.Let's considelTA functioning within our LTS. The principal kind of
activity is automobile truck transport activity. \@eal big cars are available at the
enterprise. The majority of transported cargoefodsistuff, perishable products
and the goods that require special temperatureitimmsl for transportation. TA
renders its services to dozens of various orgadoizit

Having analyzed the statistics of the enterprisaméd on the basis of travelling
sheets data, amount of customers and requestsuicr in 2009, the following ser-
vice intensities presented in table 2 have beerodesed. Intensity of service is
understood as an amount of tours performed intaofitime (in a month).

Table 2
The data on fulfilled flights

Phase Intensity upkeeps
January 8
February 7
March 1
April 8
May 6
June 5
July 4
August 4
September 6
October 13
November 7
December 5

Using software product Advanced Grapher 2.2 [7] BAdstatistics presented in
Table 2, the best approximating function for regsieservice intensity, passing
through the points specified in Table 2 has besocodered:

., (t) = 3671007t - 0.019" + 0.397° - 45%° + 30534" -

~12147t3 + 2747632 - 314882 +14325 (10)

Let's describe how it is possible to use the tepmmidescribed above at fore-
casting of incomed'A. For example, let's consider thafl =3, the scheme of
transportations is specified in Figure 3. And lettnsider thatK =4, pq =5.0,

Hy, =15, p,(t) looks like in (10).

The system «warehouse of a consignor» we underaadvarehouse of some
consignor (in fig. 2 it is systen$)), and «consignees» we see as a warehouse of
some consignee and other enterprises (on Figi2systemsS, ), the systen®;
is TA.
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Fig. 2. The scheme of goods transporting at 3 sersystems

Let's assume that transitions incomes betweensstiienot depend on states
and time. Probabilities matrixes of request tramsibetween QS networks and
one-step incomes at requests transition betweear®&spectively represented as
follows:

0O 04 06 3 12 32
P =“ P H3<3 =1 0 0R= “rij “:«3 =118 51 0
0O 1 O 0 25 19

As the network is closed, the number of its statgsals tol = Cgﬁ_l =15.

Let's set a vector of initial state¥:(0) = (0,0,...0) . The vector of states looks
like (k,t) = (k;,ko,K —k; —k,). The states of such network are: (400) , (310),
B0D ., 220), (211, (202, (30X, 121112), (1O03), (040), (03D,
©022), 013, (004) . We will rename them exgpvely 1, ..., 15. In this case

the set of equations (8) looks like:

% =-5v, @t) +2v, (2,t) +3v, (3t) + 2.7,
% = 1, (O, (L1) = B+ L, (D)), (1) + 2V, (4,1) +3v, (5,1) + L8, (1) + 2.7,

% = 15v, (Lt) - 65v, (3 1) + 2V, (5,1) +3v, (6,1) + 27,

ded(:-,t) = U, (t)V2 (2,1') - (5+ y75 (t))V2 (4,t) + 2V2 (7,1') + 3\/2 (8,t) + 1.8,L12 (t) +217,
dvzd_(tat) =15v5 (2,t) + Ha (V2 (B) = (B5+ pa(t)v2 Bt) +
+2v, (81) +3v, (9,t) + 1814, (t) + 2.7,
dv, (6,t)

= 15v, (3t) - 65v, (6,1) + 2v, (9,t) + 3v, (L0t) + 2.7,
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% =W, (D), (4,1) = B+, (V)V, (7,t) + 2v, @L1t) +

+3v, (12,1) + L8, (t) + 27,

@Y _ 15V, (4,t) + W, (), B, t) — (65+ 1, (D))V, B,1) +2v, A2t) +
+3v, (131) + 184, (1) + 27,

dv, (9,t)

dt

=15V, (5,1) + M, (), (6,1) = (65+ i, (1)v, Ot) +2v, (L3t) +

+ 30V, @41) + 18, (t) + 2.7,

% = 15v, (6,t) — 65v, (LOt) + 2V, (L41) +3v, (L5) + 2.7,

% = U, (1), (7,1) — 1, 1)V, @1 t) + 1.8, () + 5.1,
dv, @21)

N202Y _ 1 6, (7,0)+ 1,0V, (81) ~ (1 (8) + LIV, A21) + L84, (1) + 51
dt
D283 =150, 80+ 46OV, 0~ () + 19V, 030 + 1840+ 51

= 15v, 1) + £, (0)V, QL0.1) ~ (14, (1) + L5V, (L4 1) + L8, (1) + 5.1,

% =15v, (L0,t) - 15v, (5t) + 5.1

dv, 141)
at

In Figure 3 the income modification ofA" systemv, (k,t) depending on time
is presented at the initial networks state (20,2) discovered by the means of
package Mathematica 5.1 and firmware function D&@lv

w

30
20
0

10

t

Z % G g 10 1z

Fig. 3. Incomes modification offA" systemv, (1,21,t)
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3. Application of HM-networks at warehouse designig

We'd like to mention that the HM-network can be dismt only for LTS sub-
jects expected incomes forecasting, but also feigdeng of warehouse squares,
determination of transport warehouse workers amisuhtigades that are engaged
in cargo loading and unloading. We will illustrattén the following example. Let's
assume that LTS subjects amewarehousess, S,,...,S, between which cargo

transportation is carried out. For cars loading anidading in a warehousg m

brigades are createdi,=]71. For simplicity we suggest that the same brigade i

engaged in car unloading and in loading it aftedsaxith new production for fur-

ther transportation so that the car’s stay idlestiwas minimum. Transporting of
the goods from one subject to another brings ttterlsome casual income and
consequently the income of the first subject isuoed to this random variable
(RV), however, or it can be vice versa, it doesnétter for the model. Let’s con-
sider the dynamics of the network syst&incomes modification (warehous®

of LTS). Let's designate by/,(t) systenfincome at the moment and by
Vip =V; (0) its income at the initial moment. Then it is pb&sito present its in-
come at the moment+ At as the following:

Vi(t+A1) =Vi () + AV (t,A) (11)

where AV, (t,At) - the modification of income QS inn time interval[t,t + At) .

To determinate this magnitude let's write out ptabaevents which can happen in
time At, and incomes modification ¢ systems connected with these events.

1) With the probabilityA(t) pgiAt + o(At) the request to syster§ will be re-
ceived (to a warehousg car) which will bring some income, occupying space

r» Wherer, - RV with expectatiotM{rg;} = ag;, i =1n.

2) With the probabilityz (k; (t))u(k; (t)) piiAt + 0(At) the request of§ will go to
the outer world, thus income of Q% will be reduced to the magnitude, occu-
pying the of spaceR,, where R, - RV from expectationM{R,}=b,,

i=1n
3) With the probabilityptj (k; (t))u(k; (t)) p it +0(At) the requestS; system wiill

pass to the§ system, thus§ system income will increase by magnitude, oc-

cupying the space dof

;i » and the§ income (i.e. the occupied area of the ware-
house S;) will decrease by this magnitude, WhGI’ﬁ,‘ - RV from expectation

M{rji} =ay, i,j=1ni#].
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4) With the probability p; (ki (t))u(k; (t)) p,jAt+o(At) a request from systers,
transits to systeng, thus the income of will decrease by magnitude, occu-
pying spaceR; and the income on (i.e. the occupied square of the ware-

houseSj) will increase by this magnitude, whef§ - RV from expectation
M{Rj} =hj, i,j=1n,i#j.

5) With the probabilityl— (A(t) py; +; (k ()u(k, (1) + D1, (k; @)uk; (1) py;) %
j=1
j#i
xAt+o(t) at time intervallt,t + At )the § system state modification will not

happen (i.e. the occupied square of the wareh&uséll not vary), i =l_n.

Besides, for each small time intervat systemS§ (subjectS) increases the
income by magnitude At by the means of percent on the money which issin i

bank, wherer; - RV from expectatiorM{r, } =¢, i =1n. We will consider also

that RV rj;, R, roi, R are independent in relation to Ry, i, ] =1n.

It is obvious thatr; = R;; with probability 1, i.e.

a; =b;, i,j=]71 (12)

Then from the mentioned above we can concludedit@fing:

Iy +r; At with probability A(t) pgi At + o(At),
- R, *1, At with probabiliy M (K @)u(k (1) poAt +o(At),
ry +r At with probabiliy 4 (k; @)k (1) p;iAt +o(At),
—-R; +r, At with probabiliy 4 (K ())u(k; (1)) p; At +o(At),

AMGAD=Y A with probabiliy 1—[/1(0%+M(ki(t))u(ki(t))+

+> 45 (k; O)u(k; ©) pj; At +0(At)
=
j#i
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At the fixed realization of proces&(t), considering (13), it is possible
to note:

M{AV; (t, A1) /k(t} =| A(t) poiag +& — ki ( (D)u(ki ©)] Pigho + D Py |+
i=1

ji
n
+ > 1 (k(O)ulk; (1) pjia; |At +o(At)
)
Averaging onk { )taking into account a normalization staEP(k(t) = k)=1 for

k
modification of subject§ expected income we receive:

M{aV; At = 3 K k) =B M{ AV, (At k(D) =
k

(o)

= i iZ Pk() = (ky (0), Kz (1), Ky (1)) %
K,

k,=0

4 =0k,=0
x M{AV, (t,At) 1 k(1) = (ky (1), K, (1), ...k, (D)} =

= | A(t) Poiag; +G ~| Bighio *+ 2 By [ Pk () = Kk (i (©)u(k () +
j=1 k

J#i

+ Z pjiay Y P(k(t) =k j (kj (©)u(k; (1)) At +o(At)
F

Let's consider that time intervals of servicingeguest in the syster§ (inter-
vals of one car «unloadings - loadings» at the hawse §) are distributed upon
the demonstrative law with parameter, i =1n, andA(t) =A. In this case

it )= RSO D= put4 0 = min 0.m) =30,

Let's assume also that the expression averagingk(t))u(ki(t)) gives
w; min(N; (t),m) , i.e.

M min(k; (t),m) = min(N; (t), m) (14)
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where N; (t) is the average number of requests (expecting ened) inS at the

moment of timet, | =J71. Taking into account this supposition we receilve t
following approximate relation:

M{AV; (¢, At} =| A(t) poidg; +6 —Hi min(N; ©).m)] Poho *+ . Py |+
=1
%

n
j=1
J#i

As an elementary stream of requests arrives inaonk with intensityA , i.e.
the probability of a requests inflow in§ for time At looks like

Al
Pa(At):Me‘Apmm, a= 012..., the average number of the requests
a

which have arrived from the outside $ for time At is equal toApgAt. We will
find the average number of the occupied serviceslim § at the moment,

i=1n, by p; (t) . Thenp;p; (t)At is the average number of the requests which have

n

abandoneds for time At, and Zujpj(t) pjiAt is the average number of the
)

requests which have arrived 8 from other subjects for timat . Therefore

n -
Nj (t + At) = Nj (t) = ApgiAt + > Wjp; (£) pjildt —pip; (DAL, i =1n
)
Consequently, at that -~ 0 we receive the UDE system fox; (t):

dN; (t)

" = D 1P O P ~Hip (D + Apg, i =10 (16)

j=1
j#i

The precise magnitudg; (t) is impossible to discover and consequently it is
approximated by the expression
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oo NONOSm
pi)={ O M = i, 0, m).

Then the set of equations (16) will become

dN; (t)

= M Pjimin(N (O, m;) =y min(N; (©,m) + Apgi, =10 (17)

=1
J#i

It is a linear UDE system with the discontinioughti members. It is necessary to
solve it by space phase patrtition into a seriesreds and solve each of them. The
system (17) can be solved, for example, by the mefrcomputer mathematics

Maple 8 system.

Let's introduce a sigm; (t) = M{V;(t)}, i =1,n.. From (11), (15) we receive
Vi (t+AL) =v (1) + M{AV (t,At)} =
n
= Vi (t) +| APoidg + 6 — M min(N; (1), m)| pigho + X Pyby [+

=1
J#i

+ Zn:pj min(N; (t), m;) Pjia;i }At + 0(At) .
j=1

Then, passing to a limit ait — 0, we will receive inhomogeneous linear UDE of
the first order

dv (t : n
(Ijt( ) == min(N; (01”]){ pioQo + Z p”'hj J +
=1
n . . o
+ > 1 min(N; (t),mj) pjiaji + Appiag +G , 1=1n (18)
)
Having set entry conditions; (0) = vig, | =]71, it is possible to discover ex-

pected incomes of network systems (average magpstofl squares occupied in
warehouses).
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Knowing the expressions foN; (t) and the average warehouse squares occu-
pied with cargoes, it is possible to design theelvause squares of subjes

i =l_n. Let's consider the following modeling example.
Example 2.We will consider the closed network presentedguré 4, consisting

of n=16 one-linear QS, wher& =75 is the number of requests in the network. The
requests service intensities in the network syditees are equal toy;, = 1, = 2.7,

He =Hys =3, My =Hg = Myp = My = 21, Uy =Py W =2, U3 =Hg =Hyp = 45,
M, =Hs =32 and probabilities of request transitions betwee® @Qetworks is
Py =115, ps=1 i =115 let's define also p; =-1i=116, remaining
p; =0i,j =116,

Fig. 4. The network scheme for example 2

Let's assume that the network functions so thaheraverage there are no queues
observed in the peripheral QS, and the central @8tibns in the conditions high

workload. Then system DDE for the average numbeeadiests in the network sys-
tems (16) will be represented as follows:

dN; (1) _ & i =116
dlt() =D K PN (1) + Py, 1= 116 (19)
E

Let's set values of income expectations from ttiansi between network states in
the following way:

¢ =7sin M =116
2(i+1

&, = 05,i=16, ay =09,i= 714, a,q; = 155
aie=  (911182028108151091217,4135), i = 115
Then expected incomes of network systems discoumréde means of the pack-

age Mathematica 5.1 provided that at the initialstant of time
v,(0)=5i =115 v,;(0)=50, and entry conditions N, (0)=4,i= 458,
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N, (0)=2i= 13712, N;(0)=5,i= 21314, N,(0)=3i = 6,9101115 N, (0) =20,
behave as it is shown in Figure 5.

vi(t)
250

200

150

100

50

' t

0 5 10 15 20
Fig. 5. Expected incomes of systeiBs S, §;

Conclusions

Casual transport streams between various LTS dgbjezsual duration of time
intervals necessary for vehicle loading-unloadioasual volumes of transported
cargoes and squares occupied with them in warehuase predetermined the ne-
cessity of QN use for working out mathematical nieaé LTS functioning. In our
report the new class of QN - Markov HM-networkshithicomes is used for fore-
casting of expected incomes and squares of LTSestshjvarehouse, and unlike
previous researches such a case when the intexisiigr stream arriving in LTS
and the intensity of their service in subjects depen time is considered.

The prospects of further work in the field is cocteel with the analysis meth-
ods development of arbitrary (non-Markov) webs viittomes and various peculi-
arities, control problems solution for them.
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