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ABSTRACT

Most of the existing topological formulas developed for network
analysis are not well suited for digital computation. Recently Chan and
Chan modified Mayeda's formulas '
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so that the topological termc can be computed by means of & single tree-
finding program.
In ©ais work it is shown that the ccipuiational process for evaluating
(1) and (2) can be shortenca consldera 1y Ty The use of a new tree-finding
program. Specifically it is shown that IU is equal to the trees o; a
Y ) N 3 Tt ™

subnetwork ll‘ Do of the given networx X, and that pl2 1ot 12,,1,2
can ve aubomatlcally computed from the set of 2-trees requiredé for the
evaluation of 1 1o This represents a significant improvement of the work

3

of Chan and Chan since ihe tree finding program is applied only four times,
instead of nine,.

A program for cveluating the various topological terms in (1) and (2)

has been written based on these principles using the new tree finding subprogram
developed by the autnors.

¥This work was supported in part by the National Aeronautics and Space
Administration, Grant No. NGR-05-01T7-0l2.
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1.  INTRODUCTION
. 709 WIO4 ALITIDVY
Topological formulas for netvork analysis have been developed by

numerous authors. [1]-[10] Recently. Chan and Chan modified the formulas
of Mayecda and Seshu [3] for digital computation using nine sets of
trees for obtaining all the necessary Tactors in the expressions. In
this study, these topological formulas are further developed so that
only four sets of trees are required, using only one tree finding progranm.
In addition, a tree finding elgorithm is developed for computing all
trees of a network without duplication.

) A ViATRIX

2. OPEN-CIRCUIT IMPEDARCZ ZOC

' PATRIX

The topological expression for the open-circuit impedanceg, ZOc of a

passive two-port N without mutual inductances (Fig. 1), as given by

Mayeda and Seshu {11}, is:
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wicre V is a sum of all tree-admittance products of the network N,

né W indicates the summation of 2-tree admittance products of the

same network. The types of 2-trees are defined by the subscripis of

ecach W, namely, the vertices on one side of the comma are in one
connected part, and the vertices on the other side in the other connected
part of the 2~tree. V can be generated from the graph of N by applying
can be obtained by

& tree Tinding program. As known, Wi P of X
b

coalescing vertices i and J of N to form sub-network Nij {s1].

¥DPhis work was supported in part by the National Acronautics snd Space
Administration, Grant No. NGR-05-017-012.
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wl 10 is therefore the sum of all tree admittance products of N
R _

lll ?
and W2 o is the sum of all tree admittance products of N22, .
> ’ ’ . . ,
Here we shall show that W12,1,2' and w12',1'2 can be found

by selecting the trecs -of Niiy - Observe that

W + W

M TV Y

= + . "
W12 ™ Mpor a0 F Wy Vioe 5ip W oo

Thus, when a tree of Nll' is found, it is also placed in sum W12.1,2,
. ’ =3 '
if it has vertices 1 and 2 in one part and.vertices 1' and 2' in the other
part of the 2-tree of N . wl2, 112 is generated similarly. Such sorting
. . .
of trees is much simpler and-faster than establishing w12,1‘2‘—w12‘,1‘2

by using any tree finding process four times ds done by Chan and Chan [10].
T MATRIK ‘
3. . SHORT-CIRCUIT ADMITTANCE,\YSC

- Assuming that ZOC is ‘already known, the only term to be determined in
the formula for . Y (11] .

sC _ ,
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is LU, where
EU = Ujoe o0 ¥ U)o qip0 ¥ Upp o1 30 T U o0 gipr (3)

The symbol U indicates the summation of 3-tree admittance products where’
groups of its subscripts indicate the relationship of four vertices (1,1,2,2").

Liere we shall state and prove the following theorem.

Theorem 1. Tne expression, ZU, 1is equal to the sum of all tree-admittance
products of the subnetwork Ny, oo (Fig. 2).
- b

Proof. By combining vertices w and 2' into a single vertex 2" a subnetwork
Ny, Tesults (Fig. 3). Similarly, as shown earlier for W, 5
' >

r ; . . ' 2 Y .
nl,l' of the metwork h22, is equal to the sum

the sum of
2-tree admitiance productis

of all tree admittance products of Ill‘ opt * (Here K, instead of W, is
" . >
used to emphasize that a different subnctwork is used.)

We shall éhow that Kl 1 "is equal to U as follows. Observe that
. b

SN | . { . X
ST TE PURTEL U LF L (4)



and that vertex 2" represents the combination of vertices 2 and 2

into one vertex in forming Nppy +  Thus, (4) can be rewritten as
K1 % Kge,2n), 1 T Ka(e,2)
=Ko or g T Ko a0 Py T o000 (5)

K being mercly a symbol'of summation of the k—tfee admittance products.
Consequently, if K is replaced by U, with the terms rearranged (5)
becomes . ‘ »
= | + + ’ + 5
K) 30 = Vo o0 U paver U0 o 10 F U o0 g : (6)

Comparing (3) and (6), ve conclude that

o= Kl,l'
and the proof is complete.

' From the above theorem, it is evident that only one set of trees
(of N 22,) is required in obtaining IU . :
> : :

L, . EXAMPLE

The fdllowing example will illustrate that the set of all trees of

Nll‘ 01 corresponds to the 'set of all terms in IU . Also, it will show
b . .
that the terms involved in W \ny can be extracted from the expression
12,1'2
for W . e
- 1,1 ‘
Exanple 1 . Find all the terms for ZOC and Y%C for two-port N of

Fig. 4. (This example is from Chan and Chan [2] in order to make a
comparison). Establish also the sum of all adwittance products; each
adnittance was given the value of unity. The result is printed as the
output of the computer program.

5. TREE FINDING ALGORITEM

‘"his algorithm is developed to compute the terms in the topological
formulas presented in preceding sections. In this swmmary only a brief
description of the basic principle involved and some of the advantages
of the algoritnm are included. The algorithm is based on the Tollowing
definition of a tree:.

A +tron o

A LIee O

f & connected graph G with v vertices and e edges is
a conneoted subgraph G, of G with v vertices end v-1 edges [11].
) oA

Basically, this algorithm consists of two steps:



Step 1. Torm all subgraphs OL ‘G, of G with v-1 .edges and v vertices
Y 5 g
(isolated vertices are fiot permitted).

tep 2. Seclect the connected subgraphs.
Some of the advantages of this algorithm are:
a) The determination of each tree is done’ independently so that the
trees need not be stored but can be printed immediately upon
being found--this being an advantage over the algorithm developed

by Mayeda and Seshu (12].

b) No extra storage is needed for subgraphs as required in Minty's
algorithm [13]. :

¢) The selection of subgramno is not based on circuit comparison and
hence it is not necessary to generate (and hence to store) any
circuits in the entire process.

6. CONCLUSIONS

The example illustrates that ZOC and ‘YSC can be evaluated by

generating only four sets of trees. The same tree finding algorithm is
used with the followipng networxs: : :

1. DNetwork K for computing V ,

{(obtained from N with vertices 1 and 1' short circuited)

2. Network Nll'
e v v 3 1
for computing Jl,l" W12,1'2" and wlZ',l‘Q s
3. lNetworx _N22: (obtained from N with vertices 2 and 2' short circuited)
Tor compuling w2’2, ,
L. HNetworx N " (obtained from N with vertices 1 and 1' short

111,221
circuited together) for computing XU .

Altdoagn the example is simple, this program can be used for a two-
port network with up to 20 elements and fifteen vertices. It can be
easily expanded if the speed of the computer permits so. '

It should also be pointed out that the same principles can be extended
to the analysis of active networks with mutual inductances.
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FIND ZOC AND YSC OF NETWORK N WITH 6 VERT.36 EDG.AND
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INCIDENCE METRIX A

pmst
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41 60.011
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1'l 010100

FOUR SETS OF TREES
TREES OF N TREES OF Ny  TREES OF Ny  TREES GF
1 12246 1 1346 1 123 4 1 135
2 12'35 ¢ 2 1356 2 1245 2 136
3 13456 3 1456 31246 3 235
4 12 45 6 4 234 6 4 1235 4 23 6
o 5 2356 5 1345 5 13 4
6 2456 6 123 6 6 145
7 3456 7T 1346 7 146
| 8 23 4
9 245
10 2 4 6
11 3 4 5
12 3 4 6
Vo= YIY2Y3Y4Y6+Y1Y2Y3YSY6+YLIY3Y4YSY6+YLY2Y4Y5Y6

W{ly1®) = YLY3Y4YO+YIYZYSYO+HYLY4GYSYE+Y2Y3Y4YH6+Y2Y3YSY6+
+Y2Y4YSYE+Y3Y4Y5Y6

W{12+1'2")—W(127,1%2) = Y1Y3Y4Y6

W(2:27) = YIY2Y3Y4+YLIY2Y4Y5¢YLY2Y4Y6+Y1Y2Y3Y5+Y1Y3Y4Y5+
+Y1Y2Y3Y6+Y1Y3Y4Y6

SUM U = YLY3Y5+VIVY3Y6+Y2Y3YS5+Y2Y3Y6+Y1Y3Y4+Y1Y4YS+
+YLY4YOo+Y2Y3Y4+Y2Y4Y5+Y2Y4Y6+Y3Y4YS+Y3Y4Y6

i
k]

Y1=10HM - Y2=1F Y3=1CHM Y4=10HM VYS=1F Y&6=1CHHM

2.5%%2 + 4.5 + 1 L 2.5%%2 # 4.5 + 1

N ) ey
11,22

21l = ————mme e YL = —em e
2.5%%2 + 2.8 2eSu%EZ2 + 6.3 + 4
1 a . 1 ,
1125721 % ————mmmmm e Y12=Y21 = == e
2.5%%2 + 2.8 : 2.5%%2 + 6.5 + 4
2.5%%2 + 4.8 + 1 . 2.5%%2 + 4.5 + 1
122 = ———mmmmm e - Y22 = mwmmm e e
2@5*’:‘2 + 2.5 ' 2-5**2 + 6.5 + ¢4
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