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Abstract. This article describes the system of difference-differential équations for the ex- 
pected income in HM-network Systems with priority requests and the method of its solution 
by means of différence schemes. Examples of finding the expected income for networks 
with different number of States are presented.

Introduction

Queueing networks with income or HM (Howard-Matalytski)-networks were 
introduced in [1, 2]. A survey of the results on Marko v HM-networks are given in 
[3]. Such networks with different characteristics are currently ander study. In this 
páper we study a Markov HM-network with priority requests in the case where the 
intensity of their service is time-dependent.

Consider a closed network in which K. requests of the first type and K2 requests 
of the second type circulate, and requests cannot change their type. The matrix of 
transition probabilities between the Systems network requests, || ||wXw is irreduc- 
ible. System S contains m. parallel lines of service, the service time requests of 
each type in every line of the system has an exponential distribution, i = 1, n. The 
probability of service requests type c in the lines of -S', during time interval 
[t, t + Ai] is /ijc (t)At + o(At), where ft!c (t) - the intensity of service requests such 
as c in every line system S, at time t, i = 1, n, c —1,2. Functions fiic (t) will be 
considered restricted for each time interval, i = 1, n, c —1,2.

The same type of request in the queue of a queuing system (QS) is selected for 
service in random order, for example, FIFO. Requests of the first type have abso­
lute priority over the requests of the second type. In this case it means the fufill- 
ment of two conditions: a) if at the time of the release of a QS line after the service 
requests in its queue has priority requests, then any of them can occupies the vacant 
line, and b) if in the service system, all lines which are busy, but not only the prior­
ity of applications received priority application, it replaces the low-priority request 
from one of the lines and Starts to service this line, the request is extruded into the
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considération all the QS. When the request goes to the repressed service again, it is 
served over the remaining service time. Since the service time is exponentially 
distributed, we can assume that the displacement re-application will be maintained, 
i.e. we hâve so-called non-identical service.

Network States in this case given by vector k(t) = (k,ť) = 
= (kíl,kí2;k21,k22;...;knl,kn2;t), where kjc - the number of requests of type c in QS

Z’ ^2^/1 ~ ^P 52^/2 ~ ^2-

i=l i=l

Let /;1 - the vector of dimension 2n with zero components, behind an excep­
tion component with number 2z-l, which is equal to 1, Ia - the vector of dime- 
sion 2n with zero components, behind an exception component with number 2ž, 
which is equal to 1, l0 - the vector of dimension 2n with zero components

k + Z;1 — Ijí = (kn,k12;...; klt +1, ki2,...; k .x —1, £ -2;...; kní,kn2)
(1) 

+ A’2 “ Ą'2 = (^11^12 ^/P ^i2 +1L-Ó ^yp ^J2 ~ ^,^2)

The system of équations for state probabilities P(k,ť) has the form:

= - É (kn ) + A2 (í)Q2 (kií, ki2 )\PiJP(k,t) +
dt ij=l

+ £ Mí(k, ť)P(k + Iíí -1jí ,t) + yj(k, ť)P(k + Ii2 - Ij2,Q] (2)
'■.M

where:

fiij(.k,ť) = Pií(.t}£ií(.kií)u(.kií)u(.Kí-kjí)pij

yij(k,t) = /ji2(t)Ei2(kií,ki2)u(ki2)u(K2-kj2)pij (3)

Qi (kji ) = min {fc;1, }, i = 1, n

k,2’ kjí + ki2 < nij,

£í2 (kn, ki2 ) = \nii- kiY, kiY < m,, kiY +ki2> m,, i = 1, n,
0, kjí > nij.

(4)

It is displayed in the same way as in the case when the intensity of service requests 
in the lineš of Systems does not dépend on time [4].
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1. Case when incomes of transitions between states dépends 
on states and time

Let us designate through v,(£,i) - the fuli expected income which is received 
by system S; at time t, if during the initial moment of time the network is in state 
k; rßk,t) - the income of system S; in unit of time, when the network is in state 

(k,t); r^ßk + I^ -Ij1,ť) - the income of system S; (the expense or loss of system 
5 ), when the network changes state from (k,t) to (k + Iil—Ijl,t + At'j during 

time At, r(2\k + Ii2-Ij2,t) - the income of system S; (the expense or loss of 
system 5 ), when the network changes state from (k,t) to (fc+ /,2-fy2,t + At) 

during time At, j = 1, n, j i.
During time interval At, the network may either be in state (k,ť) or change 

its state to (k + In -1^,1 + At), (k - Itl+1^,1 + At), (k + Ii2-1 j2,t + At) or 

{k-Ii2 + Ij2,t + At). If during Ai the network passes to state (k + Z;1 -ljX,t + At) 

with probability ß/k + f;1 -f;1,í) = //;1(i)f;1(Ä:;1)w(Ä:;1)w(7C1 -k^p^At + o(Aí), 

the income of system S; is equal to r(1)(& + Z;i-Zpí) plus the expected income 
v, (k + liV -1, t) of the network over the remaining time under the assumption that 

the initial the network state was (k + 1^-1 jß, j-l,n. If during Aí the network 

passes to state (k +Ii2-1 j2,t + At) with probability y^k + li2 -Ij2,t) = 

= Pj2(t)£j2(kjl,kj2)u(kj2)u(K2 — ki2)pjiAt + o(Ať), the income it is equal to 

r(2\k +1i2 -1j2,t) plus the expected income of the network over the remaining 
time under the assumption that the initial network state was (k + Ii2-Ij2), 

j ž i. If during Aí the network passes to state (k - Z;1 + Ijl,t + Aí) with probabil­

ity ßßk-1^ + 1 ^,1) = pßßEßkßutkßutK^-ßßp^At + otAt), the income 

of system S; is equal to r(1)(£ -/;1 +/yl,t) plus the expected income 
vßk-1^ + 1 jY,t) over the remaining time under the assumption that the 

initial network state was (k-1^+1 jß, j = l,n. If during Aí the network 

passes to state (k-Ii2 + Ij2,t + At) with probability Yjßk-Ii2 + IJ2,t) = 

= pi2 {ť)ei2(ktl,ki2)u(ki2)u(K2 - k-2 )PijAt + o(Aí), the income equals

r(2)(k - Ii2 +1j2,t) plus the expected income over the remaining time under the 

assumption that the initial network state was (k — Ii2 +1 -ß, j ïi. Similarly, if the
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network remains in state (k,t + Ať) with probability 1- ^[(/z ■1(t)g;i(fc ;1) + 
7=i, 
7*<

+ Juj2(t')£j2(kjvkj2')')Pji +(A,i(ř)ť,i(fc,i) + /LLi2(ť)£i2(kiVki2)')pij}Nt + o(Nt'), the 
income of system S; isequalto r;(£,t)At + v;(£,t).

Then, using the total probability formula for conditional expectation, we can ob- 
tain a system of difference-differential équations (DDE):

óřv i k~7t = “ Œ ^£JI ) + ^ej2 (kji , kj2^Pji +

t/i y-j,
j*'<

+ (/z;i (?)£-,! (kiV ) + Hi2 (t)ą2 (fc;i, ki2 )) Pjj ] V,, (k, f) + 

n
+ S^ji(t)£ji(kji)u(kjl)u(K1 - k^pji[rm(k + Z;1 - Z;1,ř) + v;(k + Z;1 - Z;1,ř)] +

>i 

n
+ ZA’2 (0£j2 (kjl ’ kj2 MkJ2 MK2 - ki2 ) Pji I/(2> (k + <2 - 7;2 ’0 + Vi + 1 i2 ~ 7;2 ’0] + 

7=1 
j*í

n

+ ^//,.1(î)£-,1(â:,.1)w(â:,.1)w(7C1 - k^p^-r^k - Iit + Z;1,ř) + v\k - Iit + Z;1,ř)] + 
7=1 
j*<

n

+ X A'2(i)ą2<A1 ^/2)«(^/2')u(K2 - kj2)Pij X
7=1
7*'

X[-r(2)(&-Ii2 +Ij2,ť) + V/(k-Ii2 +Zy2,ř)] + r^k,!), i = l,n (5)

System (1) in the matrix form can be rewritten as

^22=q (ř)+A (ř)v (z), z-=(6) 

dt

where VtT(t) = (v;(l,t),.. ,,v;(L,t)) - the vector of incomes of system S;, L - the 
number of network States.

The number of priority and non-priority requests do not dépend on each other, 
so the number of States in the considered network equals the number of ways to 
place priority requests K1 and non-priority requests K2 in the service Systems, that 
• T _ s-vn-l s~<n—].
1S — ^n+K[-l^n+K2-l‘

Consider first the example of a network with a small number of States.
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Example 1. Consider a closed network with the following parameters n = 2, 
K{ = 3, K2 = 2, m1 = m2 = 1. System (5) in this case is:

— r.(k. f) [(ß21(t')£21(k21) + ß22(f)£22(k21, k22)) p 21 + (/Ąj (t)í’11 (kn) + 
dt

+ + Z^21 (0^21 (^21)M(^21)M(^1 — *

x[r(1)(fc + IU -I2l,ť) + vv(k + lu -l21,t)\ + /J22(t)£22(k21,k22)u(k22)x 

xu(K2 — ki2)p2i[r^ \k +112 — I22,ť) + vt(k +112 — I22,t}] + /Zu(t)£qi(&n)X

x uik^uÇK^ — k2l)pl2[—r (k — Ąj +12^ ,ť) + vi(k — + f2i T)] + ß2 (t)x

x£í2(kíí,kí2)u{kí2)u{K2 — k22)pl2[—r \k — Il2 + I22,t) + V\(k —122 + I22,t}\
<

~ [(All(í)í-ll(fcll) + AnW^nl^ll’ ^12^P12 + (ZAzi 0)^21 (^21 ) + 
dt

^22 W^22(^21’ ^22^ P2i\V2^ d) + /Zn (t)£n (ku )ll(k11)ll(K1 — k2l)pl2 X

X [r (k + 122 — Ąp t) + V2(fc + ^21 — ĄpO] + A12 ^12)M(^12) x

xu(K2 — k22)p22[r \k +I22 — Ii2,t^ + v2(k +122 — /12,t)] + /Z2i0)^2i(^-2i)^ 

xu(k2í)u(K2 —ku)p2i\—rm(k — l2i + /n,t) +v2(& -Ąi + 7n,t)] + /J.22(t)x
X ^22(^2!’ ^-22)M(^-22)M(-^2 — ^■n^P2'S~r — ^22 ^12’^) V2^ ~ ^22 ^12’^)]-

The initial conditions are v, (k,G) = 0, i = 1,2.
The number of network States are L = Cn~ï ,Cn-l , =12, they are (0,0;3,2), n+K\— 1 n+&2~ 1 ’ *, v z

(0,l;3,l), (0,2;3,0), (l,0;2,2), (1,1;2,1), (l,2;2,0), (2,0;l,2), (2,1;1,1), (2,2;l,0), 
(3,0;0,2), (3,l;0,1), (3,2;0,0). We number them from 1 to 12.

Assume that the incomes from the transitions between States are linearly 
dependent on time. We define them by the means of matrices: 7?(1)(t) - ^(t)

Il J 1112x12 

and 7?(2)(t) - rl2> (t) . In matrix Rm(ť) at the intersection of line i and column
II J 1112x12

j, ( iž j) is the income from the transition from state i to state j for requests of 
the first type; if i — j, then on the main diagonal incomes rj(^,t). In matrix R(2\t) 
at the intersection of line i and column j, (z j) is the income from a transition 
from state i to state j for requests for the second type; if i — j then, on the main 
diagonal incomes r2(k,t) ■ Let incomes r^k,!) and r2(k,t) dépend linearly on 
time as well: r\(k,t) = ^(k)t and r2{k,t) = r2(k)t. We define matrices 7?(1)(ř) and 
R(2\t) as:
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a 3 5 6 7 8 2 4 6 3 5 n
3 3 8 1 3 6 4 5 7 9 6 i
3 5 3 7 4 1 2 3 6 5 8 9
1 4 5 1 6 7 8 2 0 4 2 6
1 3 8 5 1 4 2 6 2 5 8 6
4 5 6 9 8 4 3 6 5 8 6 2

II 

c

1 4 5 6 9 5 1 1 2 3 6 9
t

7 8 2 6 3 4 6 7 7 1 2 3
5 6 9 8 7 1 2 5 5 7 2 8
1 2 3 4 9 8 7 6 5 1 3 1
4 6 7 9 1 2 3 5 7 1 4 9

7 6 4 3 1 1 5 3 5 7 9j

p 3 4 6 7 9 8 2 7 1 9 3a

3 3 6 7 9 1 5 1 6 2 3 6
4 6 4 8 7 4 1 2 3 5 6 8
1 2 3 1 8 7 4 5 6 9 8 5
1 2 6 5 7 1 3 6 5 8 9 1

II

2 3 6 9 7 5 2 3 6 4 7 5
t

2 9 8 7 4 6 5 3 6 2 1 6
2 8 6 4 1 2 5 9 8 7 1 3
2 9 7 1 3 6 9 5 2 1 4 6
1 3 6 2 6 5 4 1 3 6 9 1
3 6 4 7 9 8 5 6 4 7 2 3

U 3 6 9 5 2 3 6 5 4 7 4?

The matrix of transition request probabilities between QS networks has the form 

Ô]

and let /zn(t) = ant, /z21(t) = a2lt, = ant, /z22(t) = a21t, «„=11,
«21=13, «12=7, a22=9. Substituting the expressions for the intensities and 
transition probabilities between the requests in QS system (3), we obtain
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dVl(\,ť> = q (k)t - [(13f21 (k2l ) - 9ą2 (k2l, k22 ) -1 lą - 7ą2 (&n, kn ))]tv1 (k, t) +
dt

+ l3£2^k2i)u(k2i)u(K{ - kn)t[rm(k + In - I2l)t + vt(k + In - I2l,Z)] +

+ 9r-’22(O,. OO//(OO//( Â7 — k^t^r^Çk + Z22 — I22)t + v^(k +1^2 — Z22,0] +
+ ll£11(^11)w(^11)u(7ř1 -ł21)i[-/1)(ł-Z11 +I2l)t + vl(k-Ill + Z21,o]+

+ 7£l2(kn,kl2)u(kl2)u(K2 -k22)t[-r(2)(k-Il2 + I22)t + vl(k-Il2 +I22,t)] (8)
<

~ — r2(&)Z — [(13ř21(&21) — 9£22(k2i,k22) — 1 7£*12 (ÆX1, Æ12))]?v2 (Æ:,?) +
dt

+ llí-11(^11)w(^11)u(7ř1 -&21)r[r(1)(& + /21 -7n)r + v2(& + /21 -/n,0] +

+ 7^12(^11, ky2 )u(^12)u(if2 — k22)t\r^ (k +122 — I^t + v2(k +122 — Zj2,t)]+

+ 13ť21(^21)w(^21)u(7ř1 - łn)i[-r(1) <k - Z21 + In)t + v2(k - I2l+ 7n,0] +

+9£22(k2l,k22)u(k22)u(K2 — kl2)t[—r(2\k — I22 + Il2)t + v2(k — I22 + /12,r)]

For varions States of the network, this system can be rewritten in the form of 
two Systems of differential équations:

= -20tv2 (1, t) +13t \ (4, t) + 78t2 +t, 
dt

ćfV1(2,f) = -20tv2 (2, t) + 7t \ + l 3t\ (5, t) +18t2 + 3t,
dt

dv^3d) = -20ZV! (3, t) + 7t2v1(2, t) + 13t\(6, t) + 13t2 + 3t, 
dt

ćfV1(4,f) = -24ZV! (4, t) +1 It \ (1, t) +13t \ (7, t) + 104t2 +1,
dt<

dv^5^ = -24tVj (5, t) +1 It \ (2, t) +13t \ (8, t) + 78t2 +1, 
dt

dv^6^ = -24tV1 (6, t) +1 It \ (3, t) +13t\ (9, t) + 65t2 + 4t, 
dt

dv^ld) -24^(7,?)+ llt2v1(4,t) + 13t2v1(l0,t)+ 39t2+t, 
dt

ćfV1(8,f) = -24ZV! (8, t) +1 It \ (5, t) +13t\(11, t) + 26t2 + 7t,
dt
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óA’|(9-/-> = -20iV1 (9, t ) +1 li \ (6, i ) +13í \ (12, i) +104i2 + 5t, 
dt

^(1°’^ =-20^(10, í) + llí2v1(7,í) + 9í2v1(ll,í) + 8 li2 + í, 
dt

< = -20iVj (11, i) +1 li2vx (8, i) + 9i \ (12, i) + 27i2 + 4i,
dt

dv^n^ = i li2v (9, i) - 3i2 + 9i,
dt 1

v2(J,V) = Q,j = \&

dv2(Lt} 2 /.—------ = 13ív2(4,í) + t,
dt

= _20ív2 (2, i ) + 7í 2v2 (1, i ) +13i 2v2 (5, i ) + 2 li2 + 3i, 
dt

dv^3^ = -20iv2 (3, i) + 7i \ (2, i) +131 \ (6, i) + 42i2 + 4i, 
dt

dv^4^ = -24iv2 (4, i) +1 li 2v2 (1, i) + 13i 2v2 (7, t) +13i2 + i, 
dt

dv^5^ = -24iv2 (5, i) +1 li \ (2, i) + 13i 2v2 (8, i) + 33i2 + 7i, 
dt

dv^6-t} = -24ív2 (6, i) +1 li \ (3, i) +13i \ (9, i) + 66i2 + 5i, 
dt

■ dv^^ = -24iv2 (7, t ) +1 li \ (4, t ) +13í \ (10, t ) + 6612 + 5i, 
dt

dv2^ = -24iv2 (8, t ) +1 li \ (5, t ) +13í \ (11, t ) + 3 3t2 + 9i, 
dt

dv^9^ = -24iv2 (9, i ) +1 li 2v2 (6, i) +13i 2v2 (12, i) + 22i2 + 2i, 
dt

dv^10^ = 8řVz (10,ř) +1 h2v2 (7, í) + 9i2y2 (i 1,ř) + 77i2 + 6i, 
dt

dv^11^ = _18řVz (11; i) + i h2v2 (8, i) + 9i2v2 (12, i) + 77i2 + 2i, 
dt

dv^n^ = -i iip2 (12, i) -1 1í2v2 (9, i) + 33i2 + 4i, 
dt

v2(j,0) = 0,j=U2.
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We solve this system by means of différence schemes, for each node makes up 
a system of linear algebraic équations

(Q+1 ) = Vi ) + Qi )h + Ai (tj W/ (tj W,

T —t, — tQ + jh, tQ = 0, h = —, i — 1, n.
, J N

where V,T= n = 2, /z = 0.01, T = 30, A/= 3000. deciding
to obtain the values of incomes at these points. Figure 1 shows a graph of the in- 
come changing of system Sj if the initial state of the network was k = (3,0;0,2).

Fig. 1. Income of system £ for initial state of network k = (3,0;0,2)

Vectors Q^t), Q2(t) and matrices Ą(t) and A2(t) hâve a greater dimension 
equal to the number of States of a network. Their calculation takes a long time due 
to the fact that it is necessary to keep in memory a large number of éléments (espe- 
cially networks of a large dimension). Therefore, an algorithm for finding incomes 
significantly speeds up the process if one does not receive an explicit matrix in (2) 
and does not store any intermediate information, and immediately gets the final 
resuit for the expected incomes.

Example 2. Consider a closed network with the following parameters n = 20, 
K1 = 60, K2= 40, ni - (2,1,1,3,1,4,1,5,3,2,4,3,2,1,3,2,1,3,4,2), where component i of 

the vector is the number of service lineš of QS number i, i —1,20. Let the matrix 
of transitions probabilities of requests between QS networks:
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10 0 0
10 0 0
10 0 0
-000 7
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

p= o o o o
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

,o o o o

- - o o o o o
5 5
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
o I I I I I I

7 7 7 7 7 7
1 0 0 0 0 0 0
1 0 0 0 0 0 0
1 0 0 0 0 0 0
1 0 0 0 0 0 0
1 0 0 0 0 0 0
- 0 0 0 0 0 0
6
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 1
0 0 0 0 0 0 -4
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
J_ 
6 
o 
o 
o 
o 
o 
o 

o 
o 
o

00000000

00000000
00000000
00000000
00000000

00000000
00000000
00000000
00000000
00000000
1 1 1 1 o o o o
6 6 6 6 
00000000
00000000
00000000
00000000
00000000
00000---4 4 4 
0 0 0 0 1 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 1 0 0 0,

The intensity of service is set by such functions as = 15t, //;2(t) = 10i, if 
modulo i to 3 is 1; = 13t, /z;2(t) = 18t, if modulo z to 3 is 2; //;i(t) = 17t,
/r;2(t) = 16t, if modulo z to 3 is 0.

Assume that the incomes from the transitions between the States of the network 
are linear functions of time. In this case we define the coefficients of random sof- 
ware with built-in functions Delphi 7.0, which are based on a linear congruent 
random number generator. It is necessary to compute the members of a linear re- 
curring sequence modulo with a positive integer m given by the following formula:

Xk+1 = (a% k + <") mod m

where a and c - the integer coefficients. The resulting sequence dépends on the 
choice of starting Xo and its different values are obtained by different sequences 
of random numbers.

We present the Systems of differential équations for the expected income of 
some QS:
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dv2(k,t) _ _i(15f,,(£,)- 10řl2(Ł,,k,2) — 13e2,(k2,)-18£„(k2l,k22))]řv,+
7. Z ' ' L' 11'11' IZ' 11' IZ' Z1 ' Z1' Z Z ' Z1 ' ZZ ' ' J Z ' ' 'dt

+ V5£u(ku)u(ku)u(Ki—k2])t\rm(k + I2A—Iu)t + v2(k + I2A -/n,ř)] +

+ 10f12 (Ai,kn)u(kn )u(K2 - k22 )i[r(2) (k +122 - ln )t + v2 (k +122 - ln, i)] +

+ 13f21 (k2i)u(k2})u(KY — ku)i[-r(1) (k —121 + In)t + v2(k -121 +/n,i)] +

+ 18£22(fc21, k22)u(k22)u(K2 — £12)i[—r(2) (k —122 + ll2)t + v2(k —122 + Z12,/)], 

dV(,^,t^ = r^ky - [(15£-51 (£51 ) — 1O£-52(Á751, k52) — 17^61(Æ61) — 1ó£-62 (Æ61, át62 ))]ív6 (át,/) + 
dt

+ 15f51(Â:51)M(Â:51)M(Â:i-Â:61)i[r(1)(Â: + Z61-Z51)i + v6(Â: + Z61-Z51,i)] +

+1()£„ (k^Y, k^2)u{k^2)u{K2 — k^2)t\r (k + /f(2 — I$2)t + v^(k + /f(2 — /^2,/)] +

+ 17£61(ł61)w(ł61 )u(Ky — Æ51)Z[—r(1)(Æ —Z61 + Z51)í + v6(Æ — Z61 +Z51,í)] +

+ 16f22(kbl,k(l2)u(k(l2)u(K2 -k52)t[-r(2)(k-ZŘ2 + I52)t + v6(k-162 + Z52,/)]

dV14f,f) = r12O - [(15ą1,1ft1,1)-10ą1,2(qi,1 Jn,2) - 
dt

— 13^14,1(^14,1) —18^14,2(^14,1’ ^14,2))]^14(^’^) "I"

+ 15£ii>i(&iij)m(&iij)m(./C|. - ^14,1 )^[f (k + Z14>1 — /n,i)ř + v14 (k + Z14>1 — 1,1 )] +

+ 1O^11;2(^11,1, ^11,2)U (^11,2)U (^2 — ^14,2 (^ "I" A4,2 — A 1,2)^ "I" ^14 (^ "I" A4,2 — A 1,2)] +

+ ~ ^11,1)A-Çk ~ A4J "I" A 1,1)^ "I" ^14(^ — A44 "I" Ai,i’^)] "l"

+ 18£*22 (^21 ’ ^22)^(^22)^(^2 ^11,2)A (^“ A4,2 1,2)^ ^14 (^“ A4,2 A 1,2 ’ A

The initial conditions are given in the form vf (^,0) = 0, z = 1,20.

Fig. 2. Income of system for initial state of network
= (3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2)
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The number of States of the network is equal to L = Cn-l ,Cn-L , = 
=1234957962251465078613775579490700.

These Systems are solved by means of différence schemes. The Schedule of in- 
come in the first system for initial state k = (3,2;3,2;3,2;3,2;3,2;3,2; 
3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2;3,2) is shown in Figure 2.
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