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Abstract: - At present time the windows environment and graphical output devices facilitate the widespread use
of non-numerical, graphical and topological methods. In this paper a possibilities for implementation of the
topological network analysis method with help of singular elements (nullators and norators) are described and
the project of the graphical design environment based on generation of set of network multi-skeletons is
presented. This method is well suited for the calculation of active analog systems transfer characteristics and

for the symbolic analysis as well.
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1 Introduction
Evaluation of network functions with the help of
topological formulas has been considered to be an
attractive approach in modeling of electrical systems.
The method is based on application of Kirchhoff
theorem [2][3]. This theorem has been proofed for
reciprocal networks, i.e. networks consisting of
bilateral (regular) one-ports as resistors, capacitors or
inductors. For the case of nonreciprocal active
systems the two graph method was proposed [1]. An
alternative solution has been shown [5], that two
singular elements - nullator and norator - have to be
added and concept of regular skeleton have to be
formulated in the case of nonreciprocal active
systems. The method with singular elements is
advantageous namely in the cases when there is
fewer nonreciprocal elements (as transistors or
operation amplifiers) then reciprocal elements (as
resistors, capacitors or inductors) in the system.
Network functions as immitances or transfer
functions are equal to ratio of two network
determinants. The generalized formula for evaluation
of network determinants (values of network graphs)
requires explicit listing of the all regular skeletons of
multi-graph. There has been considerable interest in
the design of efficient algorithms for skeletons
(named also spanning tree) enumeration and a
number of algorithms with varying efficiencies have
been reported in the literature. In this paper we will
use method of successive transformations of graphs
with singular elements (nullators and norators).

2 Problem Formulation

Generally an electronic system is a complex network

containing different components. At the beginning of

the system modeling it is necessary to determine the
state variables of the two kinds of equations:

1. Signal continuity and equilibrium equations in the
ports of a system. These equations are not
dependent on technology. In electronic systems
theory the variables are port voltages and port
currents, and the equations of continuity and
equilibrium are known as Kirchhoff laws.

2. Individual models of components. This models
depends on the applied technology.

Basic problem of an analog system modeling is
computation of the signal at the output port in
response to the excitation at the input port, i.e.
computation of transfer function:

_output signal

input signal [poundary condition

T (D

In the simple case of a lumped RLC network the
set of components is a set of resistors, inductors and
capacitors or generally a set of reciprocal one-ports
with one parameter - resistivity or conductivity or
inductivity or capacity. In such case a graph concept
is useful aid for computation of the transfer function
(1). In the case of the system with active and
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nonreciprocal components e.g. with operational
amplifiers (OA), it is necessary to generalize the
graph method. One useful procedure of
generalization is stated in [5] and briefly described in
[6]. In this method for modeling of nonreciprocal
properties of active components the singular
elements (norator and nullator) are exploited and
generalized topological formulas will be stated.

2 Generalized Topological Formula
Graph

FNF > EF’ NF)

where
V; is set of n nodes, 2)
E. is set of m edges,

N is set of m, nullator- norator pairs.

is a structure which consists of three sets
V.,E.,N, and two relations Rz and R, . Set of
edges E. is an association of regular edges E,
(impedances Y or admitances Z), nullator edges
E, and norator edges E, i.e.
E.=E UE,UE,
where
E, is set of regular edges,
E, is set of nullator edges,
E, is set of norator edges.
Relation R_: (edge-nodes relation)
R = {(V+,V_,E); vi,v eV forallecE} .
Relation R, : (nullator-norator edge relation)
Ry :([Eo]r :[Eoo]r)
where
[E, ] 1s vektor of nullators of graph I',
[E. ] is vektor of norators of graph I".

Generation of multi-skeletons is based on process
of the successive transformations. Let two particular
sub-graphs of graph I exists

. T,V {E;UE;}LN;) ,

3)
2. T (Vo.{E;UE_},N;).
Where
E, €E,,
NT = ([EO]T :[Em]T )
is relation norator-nulator edge after the

transformations.
Graphs (3) have the following properties.

1. Graphs

FO(V’{ES U EO}’NT)
I (V,{E,VE, .Ny)

are connected of the

graphI'(V,E,N).
2. Graphs

in all connected parts

LoV {E WE LNy
I (VAEVE N

have no loops.
The permutations of singular elements after
transformations are defined:

E
Ty = L5 ]: is a permutation of nullators;
[Eokr

T, = ([ w]r) is a permutation of norators.
[Eoc ]T

We say that graph I' (V.,{E;UE, UE_},N;) is
the regular skeleton of the graph T'(V.,E.,N.). Let
S(I') is the set of all regular skeletons.

Let all regular edges e € E, have values

val(ee E, )={y,..z.}

where in general case Yy, and z,

operators. In the simple case of RCL network:

are complex

{y.=G+pC, z,=1}
for admitances,
{z,=R+pL, y, =1}
for impedances.
Value of the graph I'(V.,E,N,) is defined as

valleeE, )=

A= Z Zn(ﬂ'O)-Zl’l(ﬂ'w)(H Y, H z,) 4

VseS(IN) VeeE; VeeEr -Eg

where function zn(zr)=+lor-1 is the sign of
permutation 7 . Sign of permutation T is plus (+1)

if number of inversions of permutation is even and



minus (—1) if number inversions of permutation is
odd [4]. In applied process of transformations a sign
is generated automatically as number of successive
inversions.

As it is shown in [5] the formula for computation
of the transfer function (1) in case of short-circuit
(SC) or open circuit (OC) boundary conditions can
be expressed in the form

A B
T — (output : input) (5)

input, output

where

"input" = "boundary condition at the input port"
and

"output" = "boundary condition at the output port"
both are equal SC or OC.

"(output : input)" express that boundary condition at
the output port is replaced by the nullator and

boundary condition at the input is replaced by the
norator.

3 Implementation of Algorithm for
Evaluation of All Regular Skeletons of
Graph I'(V,E,N]

The program NTW for input of graph topology
and graph parameters was realized. Two view
windows are in Fig. 1. The output document format
of the program NTW is used as input document
format of program NTWTOOBYV. This program is
used for generation of all regular skeletons and
evaluation of network determinants as sums of multi-
skeletons. In the program is used efficient method of
successive de-compositions and transformations of
multi-graph. Result of program NTWTOOBYV is list
of signed multi-skeletons. An example of the
program output is in Fig. 2.
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Fig. 1 — Two windows of program NTW

(a) Parameter list view window.

(b) Graph view window.



4 Conclusion

The theoretical foundation of topological methods is
representation of a graph values as explicit function of
values of graph edges. There are simple relations
between the edges values of a topological model and
the components parameters of a real system. The
results of these methods are formulae, which express
explicitly the dependencies of current and voltages on
system parameters values. Such output is in really
symbolic or in semi-symbolic form. From the
symbolic expressions obtained in such a way, the
frequency characteristics may be calculated with help
of simple algorithms. By this method it is possible
calculate not only short or open circuit parameters but
also the scattering parameters [7] or models of devices

with distributed parameters [8]. The benefits of
suggested methods will be manifested especially in
systems composed o subunits, which may be
considered as separate subsystems.

There was one disadvantage of topological
methods, which hindered the widespread application of
those methods in the past; excessively large number of
members in symbolic expressions. However, it is
possible to overcome this flaw by substituting the
values of single skeletons into value of
multi-skeletons. These substitutions are based on
results which have been developed in study [5] and
briefly in the paper [6]. This method is used in the
program systems presented in this paper.
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From file : ULOHY%ntwhi_HSC one read
Spaning Tree :
Level {(Khlad) = 3 Signum = 1
Edges 5 1 2 3 4
5pTree . -2 -2 -2 1
Hullors = li] 8 a8 a8
Spaning Tree :
Level {Khlad) = 3 Signum = -1
Edges 5 1 2 3 L
5pTree . -2 1 3 -2
Hullors = ] 5} 8 8
Htyp[1]:1 Htyp[2]:12
Htyp[5]:15 Htyp[6]:=2

Tabulka grafu - dal3i interval 2 [A - ano | H - ne | Esc - abort ]

[

3*

: L6 items.

Htyp[3]:12 Htyp[4]:1%

Fig. 2 — The final part of output window of program NTWTOOBV



5 Acknowledgments

This work has been supported by the Grant Agency
of the Czech Republic grant No. 102/03/0241
“Simulation and Optimization of Mixed Electronic
Systems with Respect to Signal Integrity”.

References:

[1] Seshu, S., Read, M. B., Linear Graphs and
Electrical Neworks, Addison-Wesley Publ. Co
Inc. Reading, 1961.

[2] Kirchhoff, G.: Uber die Aflosung der
Gleichungen auf welche man bei der Untersuchen
der linearen Verteilung galvanischer Strome
gefiirt wird, Ann. Phys. Chem.., vol. 72, 1847, pp.
497-508.

[3] Weinberg, L., Network Analysis and Synthesis,
Mc Graw-Hill, 1962.

[4] Culik, K., Dolezal, V., Fiedler, M., Kombinato-
rickd analyza v praxi (Combinatorial Analysis in
Praxis)(in Czech), SNTL, 1967.

[5] Braun, J.: Kombinatorické metody v analyze a
modelovani elektronickych soustav*
(Combinatorial Methods in Analysis and in
Models of Electronics Systems.) (in Czech)
Academia, Praha 1990.

[6] Braun, J., Berka, Z., Zilka, Z., Application of
topological Methods in models of Analog
Nonreciprocal ~ Systems,  Proceedings  of
Radioelectronika 94, Brno, 1994, pp 46-49.

[7] Braun, J., Berka, Z., Zilka, Z., The Scattering
Model of Twoport Based on Topological
methods, Proceedings of the International
Conference  Applied  Electronics  “2002’,
University of West Bohemia, Pilsen, 2002, pp.22-
25.

[8] Braun, J., Berka, Z., Zilka, Z., One dimensional
model of the general z(x)y(x) sandwich
structures, Proceedings of the International
Czech - Slovak  Scientific ~ Conference
Radioelektronika ‘2004’, Slovak University of
Technology, Bratislava, pp. 314-318.



	Evaluation of network functions with the help of topological

