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The problem of control stability obtaining in corpte computer networks is considered.
The method of stabilization of control systems wldita delays of and control signals based on
compulsory inserting poles of system function uriid circumference of z-plane is developed. New
structure of etalon model for control system cosipg of series linear compensating loops of first
order is created.

Poszenanymo 3aoauy 3abesneuenusi cmiikocmi YnpaeninHs KOPNopamusHUMU KOMN' 10MepHUMU
mepexcamu. Po3pobneno memod cmabinizayii cucmemu YnpagninHs 3a HAAGHOCMI 3aMPUMOK 8
O0aHUX NPO CUSHANU YNPAGIIHHA, WO 0A3YEMbCA HA NPUMYCOBOMY B8€0EHHI NONIOCIE CUCMEMHOT
@yukyii ecepeduny kona ZHnowunu. Cmeopeno HO8Y CMPYKMYpY emaloOHHOI MOOeui, Wo
CKIA0AEMbCS 3 NOCAIO0BHO CHOLYYEHUX JHIIHUX KOMNEHCAYIIHUX IAHOK NePuL020 NOPAOKY .

Paccmompena  3a0aua  obecneuenus — ycmouyugocmu — YnpaeieHusi  KOPHOPAMUSHLIMU
KomnvlomepHuimMu  cemamu. Paspaboman memoo cmabunuzayuu cucmemvl YNpasieHus npu
HAIUyuU 3a0epircek OAHHBIX O CUSHANAX YNpAeleHus, 0a3upyiowuticss Ha NPUHYOUMeENbHOM 8800€
NONI0CO8 CUCMEMHOU QYHKYUU 6Hympb OKpyscHocmu Z+inockocmu. Co30ana Hoeas cmpykmypa
IMANIOHHOU MOOEIU, COCIMOAWAS U3 NOCIe008aMENbHO COCOUHEHHBIX TUHEUHbIX KOMNEHCAYUOHHbIX
38eHbes Nepeo2o NOPsOKA.

Statement of purpose Network management is the dissolving of

First of all let's give some important terms'SUCh organlzgtlon problems:
and definitions. It is common knowleddéd] - regulation of data exchange between
that corporate network are one of the mo&€ighboring and remote networks;
popular information and calculating systems for ~ Prevention of congestions;
using in large institutions, enterprises, — billing and interaction with another
educational organizations etc. As usual€twork operators/providers;
corporate computer network consists of some — security and protection from
autonomous segments with connection througiauthorized intrusions, providing of data
high-speed communication lines. The main goaitegrity;
of network operating is observing of guaranteed — inspection of resources and so on.
set of services with conditioned quality (so This is process with discrete running of some
called quality of service — QoS). actions for providing of efficient functioning of
The main problem of network control ispetwork.
maintaining of network in needed organizational \ye may represent this process as finite set of
and technical state. _ stable states of managed object.
So we differentiate the partial problem of Technical control is continuous process of

network management as implementation ofnajysis, prognosis of parameters and state of
procedures of observing QoS and another partiglyyork units, devices and elements, detection

problem o_f_technlcal cont_rol for prowdmgand localization of breaks and malfunctions,
needed efficiency and technical and eXplo'tat'ogbecifically such as:

parameters.
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— routing and switching; There are some papers and documents

- traffic policing and shaping; described so-called delay-tolerant network

— control data flows; architecture  [2], which includes a

- control parameters of internal and bordenop-by-hop transfer of reliable delivery
network gates, transit nodes; responsibility and optional end-to-end

- regulation of activity of network andacknowledgement. It also includes a number of
terminal nodes et al. diagnostic and management features.

Actually we consider the processes of Butthe problems of stable and efficient control
technical control (further — control) asparameters and state of network as autonomous
continuous and randomized. system do not research. We develop the adaptive

Variations of parameters of controlledcontrol method with application of etalon model

equipment are considered as continuous rand@fnetwork autonomous segment (AS) as object of

The diagram of control actions for This method allows obtaining stable control

management and control is shown on fig. 1. it gesired quality of transient processes under
This paper is dedicated to providing of Stab"'néonditions of unknown random delay of
of control autonomous network segment by MeaN§ mation and control data.
of analysis of parameters and state and prognosis
with application of etalon model. Themodel of informational
The problem of network control is dissolved and control structure of the network
under the conditions of incomplete a priori

inf i d d b As we mentioned above, only technical part
iormaron, and curent data sbout paramet.e?? control process without human intervention is
and state of network come to control system wit

random delay. considered unlike papgs].

F(n)“
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Fig.1. Processes of variation of organizational tetinical states
of network as control object:

F(n) — functions of state and regulation;

Sig(N) — state of management operator;

S(n) — state of technical component;

Ureg(N) — regulating signal
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Information structure of AS under control k _ K1 _ ph=0 3)
with etalon model is represented on fig. 2. _ _ N

This is shown in[3] that the delays of Asymptqtlc estlmatgs .of stablllty of the
receiving of information about state andystems with characteristic polynomial (3) and
parameters of network take place while contrélomains of stability are calculated[i8]. There
process flows. The delays of control datwas shown that it's necessary to reduce absolute
delivery to object of control arise too. Controvalue of feedback coefficient in control loop
system is described by discretized differentiavhile increasing of delay of control signals for
equation with divergent argument. It's possibleupport of stability of control system.
to approximate this equation by difference However, the problem of finding of
equation of such kinfB]: dependence between feedback coefficient and

delay hasn’t single valued decision in closed

Yaos() = Yo 1)+ by { 1= B+ @ 1, (1) form. Besides, the uncontrolled deviations of
: . : _ dynamic characteristics and deterioration of
where yas( n) is function of object state; quality of control have place.

k andm are the delays of state and control The method of compulsory return of system

signals respectively; in stability domain is developed for overcoming
u(n— m) Is control signal. of these demerits.
In general case# m. Developing of the method of support

System function of object described by of control system stability

equation (1) is of such kind:
quation (1)1 ! ! The roots of the polynomial (3) are the poles

z" of system function (2) omplane. They have to
H (Z) 1= 71— p7* (2) be in unit circumference atplane for stability
support. So we must permanently inspect
Characteristic polynomial of (2) has jusposition of poles while data delay and/or
specific mode: feedback coefficients vary.

Ureg(N
The device of o)
forming of - AS

control signals
A

\

» Etalon model Analyzer
Y
The device of formin Net K stat Estimator
of etalon model |« roe r\:\gor_ 3: ?C: of network
parameters prognosis devicg parameters

Fig. 2. Information structure of AS adaptive cohttgstem with etalon model
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The upper estimate of polynomial roots may System function

be obtained on the basic of lemma about module 1
of senior (polynomial) membé4]: H(z)= .
B ( ) 1_ Qz_l _ Q Z—2

Max S 1+, (4)  The roots of characteristic polynomial are:
‘ ‘ — for first set

where B is maximal module of all coefficients r,=0,1+]0,8¢
near another members of polynomial;

b, is coefficient near senior member (in ouf"0dule e =0.8;
— for second set

case coefficient neaz* by, =1). _
rn,=0,1%t )11z

If ‘b‘ <1 in considered polynomial (3), then

B=1 as the module of coefficient nearmoldmer:modzl’zg" o of e
k-1 n other words, poles of system function lies
memberZ". Thereforef,, < 2. inside unit circumf;’rence (sz)I/ane in first case

However, estimate (4) is too rough for ougnd they lies outside unit circumference of
problem of stability support. Such uppeg-plane in second case (fig. 3).
estimate doesn’t give practical way for choice A a
stable roots and obtaining necessary quality of Imz|, — by=-1,25
control. So we have to use more precise
methods of roots estimation.

Now its  fait accompli general
computerization of network equipment. So we
may recommend direct calculation of roots by
the method of Newton or Lobachevsky. Last
method does not need preliminary separation of Re :
roots, it gives the estimates of all roots with
good accuracy, and the need of cumbersome
calculations is not large difficulty for modern
specialized processors.

In assumption that problem technically is not
critical we give the answer on principal question
of choice of sites of new polynomial roots
insideunit circumference of-plane.

Let's consider illustrative example of Amplitude-frequency response of this
difference equation system Is

y(n)=hy(n-1)+ by r2)+ ¢ » H(e) = 12 2

Ja-beosy—b cosa)' +(t s+ sng
where ® =wTl, is normalized angle
frequency;

b2:-0,8

Fig. 3. Configuration of poles

with coefficients
b, =-0,2, b,=-0,¢

orb, =-0,2, b,=-1,2% T, is discretization period.

We make accent that coefficierin,, in The fig. 4 shows amplitude-frequency
responses and pulse responses for both sets of

second set is equalby, . coefficients.



22 ISSN 1813-1166. Proceedings of the NAU. 20@8.

H(w) h(n
5 1
0.8

0.6
0.4

2.5 0'02 m {\ A An | |
0.2 U \;H/ V20 30 40 n
0.4

-0.6]
-0.8 b11: - 0,2 sz - 0,8

0 T T T T T T T T
0 18 36 54 72 90108126144162180%), 1
a

H(w) h(n)
> 250!
200
150

58 | Ny ﬂ

L% \WA
500 10 20 30| %})U n
-100
-150 b= - 02 b=-1,25 |

0 ‘ ‘ ‘ ‘ ‘ ‘ (0N
0 18 36 54 72 90108126144162180 n  -200

c d
Fig. 4. Amplitude-frequency responses and pulsgomeses:
a, b — system stable;
¢ d — system unstable

Pay attention to identity of amplitude- 4. Find roots modules.
frequency responses both stable, and unstables. If moduler_ ,>1, find reflected roofr, :
systems where implied identity of dynamic
parameters of considered systems. In other —_. "~

: : re =4r. ;

words, parameters of transient processes in both ' '
systems are equal, i.e. stable system converges- for complex root
with the same speed as unstable one diverges. [ =& * jd,

Using this property of digital dynamicformula for
systems we can realize compulsory mirror __a d
reflection of outside poles inside unit i = 6,124,0*2—J a+d?
circumference of-plane. Calculating algorithm

— for real root

6.1f module r ,=1, decreaser, =1-¢,

is the next.
1. Determine the range of equation. e=1. o
2. Determine feedback coefficient. 7. Calculate  coefficients ~ of  new
, . polynomial with reflected poles inside unit
3. Calculate equation roots, | =1K .

circumference ot-plane.
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8. Construct new etalon model for stable It's even possible obtaining robust control for

control system. wide class of non-stationarities, which is
Equation (1) for stabilized system takes ofspecially important for such specific objects
form with  distributed parameters as corporate
networks.
V(N =ho Vo D+ R, y 2 +.. .+ In conclusion cite an example of control
system with data delayk=5 periods and
(ke + By K+ G R i feedback coefficient b=0,4. Characteristic
characteristic polynomial after mirroring oprly?Omlal IS
unstable roots into unit circumferencezeflane z2-7-0,4=0,
and system function, respectively, the set of roots are
Z+Q 2+ B, %+ + bz b0, r,=0,437k j 0,6918;
S r;,=—0,534% j 0,4619
), A b pE
1 24 T r, =1,1957.
The valuesy(n-2),y(n-3)...,y( n- k+ 1 Unstable rootr, is real. Reflected root

by definition are unknown, so they are specified r,, =0,8365,
according to etalon model, which describes

desired behavior of object of control: coefficients of stable characteristic polynomial
are

y(n-1)=h ,y(n-1+1), 1=23,. k- 2.(5) b, = —0,9406;

Such representation of etalon model actually b, =0,0703;
is similarly to transition to its implicit ' ’
equivalent[5], comprising of series dynamic b, =0,0841;
first order loops.

The desensitization of model conditioned b =0,1005;
by simplified representation (5) allows
reducing control system sensibility to b, =-0,2798

variation of parameters of transmittingfig. 5, stabilized system pulse response is shown
processes of control data. on fig. 6.

0 5 10 15 20 25 30 35 40 45 50

Fig. 5. Pulse response of original unstable corstystem
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Fig. 6. Pulse response of stabilized control system
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