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1.  INTRODUCTION

Signa l  f l owgraph  method  o f  l i near  ne twork  ana lys is  used

to  be  an  a t t rac t i ve  and  conven ien t  i ns t rument  on ly  j -n  the  case

o f  ve ry  sma l l  ne tworks .  E labora t ion  o f  compute r  p rograms

/ e . g .  S N A P  l A f ,  N A S A P  l Z l /  b a s e d  o n  s i g n a l  f l o w g r a p h  r e p r e s e n -

t a t i o n  o f  e l e c t r o n i c  n e t w o r k s  h ? =  a l l o w e d  t o  e s t i m a t e  r e a l

p o s s i b i l i t i e s  o f  t h i s  m e t h o d .  I n  p a p e r  C 4 )  t h e  a u t h o r s  h a v e

a f f i rmed  tha t  " resu l t s  f rom SNAP ind ica te  tha t  fo r  reasonab le

c o m p u t i n g  t i m e s ,  a  l S - n o d e ,  3 O - b r a n c h  n e t w o r k  i s  a b o u t  t h e

max imum tha t  can  be  hand led  "  .  The  res t r i c t i -ons  on  d i rec t  to -

po log ica l  ana lys is  methods  fo l l ow f rom exponen t ia l  g rowth  o f

the  number  o f  te rms  in  the  Mason 's  fo rmu la  fo r  the  ne twork

de te rminan t  as  a  func t ion  o f  a  g raph  nodes  number .  So  no

m a t t e r  h o w  e f f i c i e n t  t e c h n i q u e  w i I I  b e  u s e d  w e  s h a l l  n o t  b e

a b l e  t o  a n a l y s e  d i r e c t l y  l a r g e  s i g n a l  f l o w g r a p h s .

On the  o ther  hand  va r ious  ana lys is  p rograms based  on

the  numer ica l  methods  have  been  e labora ted  recen t l y .  They

a l l o w  t o  o b t a i n  s y m b o l i c  f u n c t i o n s  o f  l i n e a r  a c t i v e  n e t w o r k s .

An  app l i ca t ion  o f  sparse  mat r i x  techn ique  makes  them very

e f f i c i e n t  a n d  f a s t .  A n  a p p l i c a t i o n  o f  d i a c o p t i c  r e s u l t e d  i n

fur ther  improvement  of  the numer ica l  methods.  But  even then

t h e y  s t i l I  d o  n o t  e n s u r e  s u f f i e c i e n t  a c c u r a c y  i n  s o m e  p r a c t i c a l -

c a s e s  a n d  s t i l l  a r e  n o t  e f f i c i e n t  e n o u g h  f o r  s o l v i n g  s u c h

ne twork  des  ign  p rob lems as  cen te r ing  and  tun ing  .  l 4any  o ther

computa t iona l  techn  j -ques  used  in  compute r  a ided  ana lys  i s  o f

e lec t ron ic  c i r cu i t s  can  be  improved  toge ther  w i th  the  method
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o f  s o l v i n g  t h e I i n e a r  e q u a t i o n s .

METHOD OF HIERARCHICAL ANALYSIS

The a im o f  th i s  paper  i s  the  p resen ta t ion  o f  the  compu-

te r  imp lementa t ion  o f  the  new topo log ica l  s igna l  f l owgraph

ana lys is  concep t  as  we l l  as  some computa t j -ona l  resu l t s  and

remarks  connec ted  w i th  the  p rogram to  be  d iscused .  Th is  rea l i -

s a t i o n  i s  b a s e d  o n  t h e  r e c e n t  p a p e r s  o f  t h e  a u t h o r s  L 5 , g J .

Recen t l y  the re  has  been  pub l i shed  some papers  on  topo-

log ica l  s igna l  f l owgraph  ana lys is  in  an  a t tempt  to  avo id  the  te rm

c a n c e l - a t i o n which can oceur  in  Mason 's  formula  for  the graph

d e t e r m i n a n t  f  A , i l .  N e w  s i g n a l  f  l o w g r a p h  t o p o l o g l c a l  f o r m u l a s

fo r  the  g raph  de te rminan t  have  been  p roved .  In  these  fo rmu las

n o  t e r m  c a n c e l a t i o n  c c c u r s .  S i m p l e  c r i t e r i o n s  h a s  b e e n  e s t a b l i s h e d

wh ich  permi t  to  e l im ina te  the  dup l i ca te  te rms  dur ing  the  genera -

t ion  rou t ines .  Bu t  s t i l l  t he  number  o f  te rms  to  be  genera ted

rema ins  the  exponen t ia l  func t ion  o f  the  number  o f  g raph  nodes

and  tha t  may  cause  p rob lems when  g rea te r  ne tworks  w i l l  t o  be

h a n d l e d .

r n  f  5 , g J  t h e  c o n c e p t  o f  h i e r a r c h i c a l  d . e c o m p o s i t i o n  h a s

been  p resen ted .  Th is  method  a l lows  to  ob ta in  the  invo lu t i ve

dependance  fo r  ana lys is  t ime  in  a  func t ion  o f  g raph  nodes  num-

ber .  For  quas i -op t ima l  pa r t i t i ons  the  exponen t  o f  the  power

i s  a b o u t  2 .

A  s igna l  f l owgraph  can  be  decomposed  in  one  o f  th ree

m a n n e r s  / s e e  F i g . L / z

I  N o d e s  d e c o m p o s i t i o n .  A  g r a p h  i s  d i v i d e d  i n t o  e d g e  d i s j o i n t

subgraphsr  the  sum o f  wh ich  con ta ins  a l l  nodes  o f  a  g raph .

Common nodes  o f  d i f fe ren t  subgraphs  a re  ca l led  b lock  nodes .

I I  E d g e  d e c o m p o s i t i o n .  A  g r a p h  i s  d i v i d e d  i n t o  n o d e  d i s j o i n t
s u b g r a p h s  b y  e x t r a c t i o n  o  f  a  s u b s e t  o f  t h e  s e t  o f  e d . g - e s  .

I I I  Hybr id  decompos i t i on  a  comb ina t ion  o f  two  p rev ious  decom-
p o s  i t i o n s  .

r n  o u r  p r e s e n t a t i o n  t h e  e d g e  d e c o m p o s i t i o n  a n d  C o a t e s  r e p r e -
s e n t a t i o n  o f  e r e c t r i c a l  n e t w o r k s  : 2  w i l r  b e  u s e d . .
L e t  u s  c o s i d e r  a  f l o w g r a p h  w h i c h  c a n  b e  a  g r a p h  o f  a n  e l e c t r i -

c a r  n e t w o r k  o r  a  g r a p h  o f  a n y  s y s t e m  o f  l i n e a r  e g u a t i o n s  a s  w e l r .



We deno te :

c (v ,n )  a  f l owgraph  w i th  v  se t  o f  ve r t i ces  and  E  se t
o f  edges ,

. ' t ' )
w =(w'  ,w")  set  o f  ver t ices such that ,  wr  ,  w2 c  v  and

card In I t  =  card  W2 = k .

De f in i t i o !  _1  .  we  ca l l  a  genera r  k -connec t i on
spann ing  subgraph  o f  G  such  tha t .w  fo rms  in
paths wi th  w l  se t  o f  begg in i -ngs r r ra  w2 set  o f
o f  l oops  d i s j o i n t  w i t h  t hese  pa ths .

where  n  deno tes  number  o f  1oops  in  cW.

Formu las  fo r  a  de te rminan t  and  a

c a l c u l a t e d  w i t h  a n  a i d  o f  M a s o n ' s  r u l e

o f type C,., any
W

G k separated

ends  p lus  a  se t

co fac to r  o f  a  f l owgraph

are  fo l l ow ing

r f  a  f u n c t i o n  w ( e )  i s  a  t r a n s m i t t a n c e  o f  w e i g h t  f u n c t i o n
o f  g r a p h  e d g e s ,  t h e n  a  w e i g h t  o f  a  k - c o n n e c t i o n  i s  d e f i n e d  a s
f o l l o w s

f ( cw)  =  ( - r ) " w(e  ) / L /,/

e€.w

r
c e C

r
c reC

W

where  w  =  ( i , i ) .

Le t  us  deno te :

Ecu t  cu tse t  o f  a  g raph  G ;
Vcu t  se t  o f  ve r t i ces  i nc iden t  w i th  Ecu t  edges ,  b lock  ve r t i ces ;

" r (E r ,  
u r )  ,  

" r ( r z ,  
u r )  -  s imp le  edse  decompos i t i on  i n to  two

d isconnec ted  g raohs  ob ta ined .  f ron  G  a f te r  remov ing  edges  Ecu t .

D e f i n i t i o n  2 .

= r'(c) = f ( c ) / 2 /

r( cr) / 3  /

comple te  graph spanned on b tock ver t ices inc ident
is  ca l led a  subst i tu te  graph for  a  subgraph Gi  andwi th  edges

denoted G?
I

E .
l-



D e f i n i t i o n  3 .  G r a p h G d = G :
J @ G; @ Gcur(E.rr t  ,  v" ,- , t )  is car led a

S

o f  s imp le  edge  d .ecompos i t i on  the  de te rminan t
ca lcu la ted  f rom the  fo rmu la

subst i tu te  graph for  a s i m p l e  d e c o m p o s i t i o n .

Def in i t i -on i ! .  we cons ider  a  graph Gd wi th  ordered set  o f  nodes
/  e .  g .  in teger  pos i t i ve  numbersr / .  k -connect ion pW of  that  graph
is  ca l led Rroperry  ordered one o f  the type cw i f

a / p..r€ C,^, I- W  W

b/  set  of  parhs Z i  
= pW n 

" i
has  no  longer  than  one  e lement  pa ths

-V ( t r , r r )  ,  1u ,w2)  €  z r ( r r ra  u2) r r (
The set  o f  proper ly  ordered.  k -connect ions o f  type cw
Pw '  and  w i  a re  se ts  o f  bo rd ,e r  ve r t i ces  o f  G i  edges .

Excgple- I . Le t  us  cons ider  a  s impre  decompos i t i _on  p resen ted  in
se t  o f  n roper  l y  o rdered  o -connec t i_ons  o f  the  g raph

{1, r> , <2,2>
,  { ( t ,z)  r€2re3r (s,4> ,  {3,3> ,  i6, ;> ' } ,
,u\ ,"4:  ( : ,0)  ,  4.q,a) ,  (s, ,5>J ,  {"r ,e2,ul  ,un,(s,6>j ! ,  {G,r)  re3re4, 1e ,5;  ,  24,+> ,
{(z,z}  ,€1,a2, (r ,n) :  (s,5>

*r)

we denote

F i g ' . 2 .  T h e

cd is  c  =  
{

lu ,u) 3
{  (z , t
( : ,  a)  ,
( . , ,  s )  ]  r

T h e o r e m  l .  I n  a  c a s e

o f  a  f l owgraph  can  be

A =y/ \  
/ _

c

where

F ( C W )  =
t_

n
( - r )  c  r (E" r , t^ " )u6cwr  F(cw2 / 4 /

L
t * , - '

r "  number of  loops

For  a  f l owgraph  w i th  d i f fe ren t

/  4  /  has  no  reduc ib le  te rms  .

Ana logous  fo rmu las  can  be
t o r s .

16.w,  )
cr.,

v v i

l - n  c .

edge  t ransmi t tance  the  fo rmu la

fo rmu la ted  fo r  f l owgraph  co fac_



When a  s imp le  decompos i t i on  i s  app l ied  many  t imes  towards

the  subgraphs  ob ta ined  dur ing  p rev ious  s teps  we  dea l  w i th  the

h i e r a r c h i c a l  d e c o m p o s i t i o n .  T h e  s e q u e n c e  o f  s i m p l e  b i s e c t i o n s

appear ing  in  the  h ie ra rch ica l  decompos i t i on  can  be  represen ted

a s  a  t r e e  o f  d e c o m p o s i t i o n  w h i c h  v e r t i c e s  d e n o t e  e i t h e r  s u b s t i -

tu te  g raph  when  fu r the r  pa r t i t i on  occurs  o r  f i na l  subEranhs  o f

a  decomposed  g raph  .  /ELg .3  /  .

3 .  MAIN CHARACTERISTICS OF THE PROGRAM OF ANALYSIS

The FORTRAN program FANES based  on  p resen ted  resu l t s  has

been  e labora ted .  As  the  inpu t  da ta  the  decomposed  s igna l  f  l o rv -

g raph  shou ld  be  in t roduced .  Bu t  as  none  res t r i c t i ons  a re  impo-

sed  on  the  par t i t i on  p rocedure  the  decompos i t i on  can  be  ca r r ied

o u t  a u t o m a t i c a l l y .  A n y  e f f i c i e n t  a l g o r i t h m  f o r  g r a p h  p a r t i t i o n

c a n  b e  u s e d .  M a n y  o f  t h e m  h a v e  b e e n  r e c e n t l y  e l a b o r a t e d  / e . 9 .

s e e  f g J / .  T h e  p r o g r a m  r e a l i z e s  f o r m u l a  / 4 /  i n  t h e  h i e r a r c h i c a l

s t ruc tu re .  5  po lynomia ls  o f  the  ne twork  a re  computed  in  fu l l y

s y m b o l i c  f o r m  a n d  p r e s e n t e d  a s  p o l y n o m i a l s  o f  L a p l a c e  v a r i a b l e  s .

We s ta r t  ana lys is  by  de te rmin ing  p roper l y  o rdered  connec t ions

o f  the  subs t i tu te  g raph  f rom the  leve l  1 .  On  each  s tage  when

dur ing  the  ana lys is  we  dea l  w i th  the  subs t i tu te  g raph  we  con-

t inue  p rocedure  on  the  lower  leve1  accord ing  to  the  s t ruc tu re

o f  t h e  h i e r a c h i c a l  d e c o m p o s i t i o n  t r e e  a n d  f i n d  k - c o n n e c t i o n s

of  the type determj-ned on the prev ious level  / theorem L /  .

Computat ions are organtzed in  the way that  maximal-  number of

i n c i d e n c e  m a t r i c e s  t r e a t e d  s i m u l t a n e o u s l y  i s  n o t  g r e a t e r

than  number  o f  l eve ls  in  the  t ree  o f  decompos i t i on .

The  edge  Cecompos i t i on  and  the  no t ion  o f  p roper l y  o rdered

k-connec t ion  enab les  us  to  such  o rgan isa t ion  o f  the  p rogram

tha t  connec t ions  a re  de te rmined  in  g roups  wh ich  reduces  the

n u m b e r  o f  t r a n s f e r s  i n  t h e  h i e r a r c h i c a l  s t r u c t u r e  a n d  a s  r e s u l t

t h e  t i m e  o f  c a l c u l a t i o n s .

I f  w e  a n a l y s e  a  s i g n a l  f l o w g r a p h  o f  a n  e l e c t r i c a l  t w o p o r t

5  charac te r i s t i c  po lynomia ls  o f  the  ne twork  can  be  ob ta ined

from the formulas



ki,-, = N/F (c )

krr,, = N/F (ct)

kui = N/(F (..o) -r (c.") -r '

k i  i  
=  N/ (F (cn)  - r ' (cc)  - r ' (c

N = r ' (ca)-  r ( .n)

GrJ +r'(crr))

")+r ' ("r ) )

t ,

/a  /

/ 7 /

/ 8 /

/e  /

w h e r e  i n d i c e s  r e p r e s e n t  a d d i t i o n a l  e d g e s  s h o w n  i n  F i g i . 4 .

The  fo rmu la  /4 /  has  no  reduc ib le  te rms  i f  a l l  f l owgraph

e d g e  t r a n s m i t t a n c e s  a r e  d i f f e r e n t .  I t  i s  n o t  t h e  c a s e  w i t h

var ious  f  l owgr raph  represen ta t ion ;  o f  e lec t r i ca l  ne tworks .  Th is

i s  t h e  c a u s e  o f  r e d u c i b l e  t e r m s  i n  M a s o n ' s  f o r m u l a .  W e  s h a l l

show now how st rong is  the dependance of  the number of

genera ted  te rms  on  the  va r iab les  choosen  as  ve r t i ces  fo r

t h e  s i g n a l  f l o w g r a p h .

On purpose  to  p ro f i t  t he  au tomat i c  f c rmat ion  o f  a  f l ow-

g raph  fo r  an  e lec t r i ca l  ne twork ,  two  mode ls  o f  onepor t  have

been  examina ted  /  see  t r i g  .5  /  .  As  an  examp le  le t  us  cons id .e r  a

p a s s i v e  l a d d e r  f  i l t e r  w i t h  t  I  a d m i - t a n c e  b r a n c h e s  a n d  7  n o d e s .

In  the  tab le  I  the  resu l t s  o f  computa t ion  fo r  bo th  rep resen ta -

t i ons  a re  compared .

A I l  computa t ion  o f  FANES have  been  execu ted  on  CDC

C y b e r  7  3 .

TABLE T

char  ac te-
r i s t i c  po
Iynomia I  s

Represen ta t , i on  5b
n o  o f  e d g e s  4 4 , n o  o f
v e r t i c e s  7

Represen ta t i on  5c
no  o f  edges  49  ,  no  o f  ve r t i
ces  16

N o  o f
terms

E x e c u t i o n
t i m e ( s e c )

N o  o f
terms

Execut  i -on
t i m e ( s e c )

I .
l-n

797 .05 53 .  1 6

uu 5 4 9 . 04 r33 . 1 9

1
U I

248 .03 80 .13

l ,
I I

360 .a4 32 . 1 I

n 4 .02 4  I  . 0 3
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I t  i s  ev iden t  tha t  w i th  the  5c  rep resen ta t ion  number  o f  genera ted

te rms  i s  much  reduced  in  compar i s ion  w i th  5b  g raph .  In  the  case

o f  the  ana lysed  f i l t e r  the  co lumn 3  g ives  the  exac t  number  o f

t e r m s  f o r  c h a r a c t e r i s t i c  p o l y n o m i a l s  s o  n o  r e d u c t i o n  o c c u r s .

The  inconven ience  o f  the  5c  rep resen ta t ion  i s  tha t  the  num-

ber  o f  edges  and  ve r t i ces  i s  g rea te ,  than  fo r  5b  wh ich  in

sp i te  o f  l ess  te rm number  causes  longer  computa t ion  t ime .

To  g ive  the  idea  o f  the  inc rease  o f  computa t ion  t ime

w i t h  t h e  s i z e  o f  a n a l y s e d  g r a p h r  w €  s h a l l  p r e s e n t  s o m e  e x a m -

p l e s :

a /  a  f l o w g r a p h  o f  a n  e q u a l i z e r  w i t h  1 8 0  e d g e s  a n d  2 4  n o d e s

t ime o f  computa t ion  o f  semisymbo l - i c  fo rm o f  vo l tage  t rans fe r

f u n c t i o n  I  1  s e c

b /  a  ca lcu la t ion  o f  semisymbo l i c  fo rm o f  a  de te rminan t  o f

m a t r i x  ( l Z  x  7 2 )  w i t h  2 0 4  n o n - z e r o  e l e m e n t s  t i m e  I 0  s e c

c /  t i m e  o f  g e n e r a t i o n  o f  a  t r a n s f e r  f u n c t i o n  o f  a  r e s i s t i v e

ladder  in  compar i son  w i th  o ther  symbo l i c  o r  topo log ica l

methods is  shown in  a tab le I I  .  , /Compare [ - t  O]  /  .

TABLE TI

Number of  nodes
inc lud ing  re f .  node

Execu t ion  t ime  in  sec

FANES SNAPEST NAPPE SNAP

l 1

I 3

1 5

L 7

10

t l

r4
1 9

2 9 8

3 7 0

4 6 3

5 6 7

L  . 23

L .67

2  . 35

3 .12

3  . 2 7

1 9 . 8

1 4o .)u

I 6  m i n *
xe  s  t ima ted

4 .  C O N C L U S I O N S

The paper  p resen ts  compute r  imp lementa t ion  and  shor t  rev iew

of  an  e f f i c ien t  topo log j -ca l  method  fo r  genera t ing  symbo l i c  fo rm

of  t rans fe r  func t ion  fo r  l a rge  ne tworks .  The  method  shown in  the

p a p e r  p r e s e n t s  u s u a l  a d v a n t a g e s  o f  t o p o l o g i c a l  a n a l y s i s  I i k e

e . g . :



I

I  /  High accuracy of  computat  j_ons

2/  Reduct ion of  the tota l  computat ion t ime when the b ig number of
f requency  r ro in ts  o r  o f  changes  o f  e lements  va lues  i s  reques ted

3 /  s i m p r i f i c a t i o n  o f  s e n s i t i v i t y  a n a l y s i s

4 /  Poss ib i l i t y  o f  accomp l i shment  o f  approx imat i ve  symbo l i c
a n a l y s i s

5  /  Poss ib i l i t y  o f  genera t ion  o f  macromod.e ls  t rans f  e r  f  unc t ions
6 /  s imp l i f i ca t i -on  o f  t ime-domai -n  ana lys is

7  /  E a s i e r  s t a b i l i t y  a n a l y s i s  a n d  d e t e r m i n a t i o n  o f  z e r o s  a n d
p o l e s  o f  t r a n s f e r  f u n c t i o n s

8  /  E a s i e r  t o l e r a n c e ,  c e n t e r i n g  a n d  s t a t i s t i c a l  a n a l y s 1 s .

The  p resen ted  method  can  s t i l l  be  improved .  A t  p resen t
the  mod i f  i ed  h i ' e ra rch ica l  ana lys is  method  i s  e l -abora ted .  The
ana lys is  w i l l  be  s ta r ted  now on  the  lower  leve l  o f  decompos i t i on .
Es t imat ions  o f  the  method  permi t  to  a f f i rm tha t  new approach
can  resu l t  j -n  d im inu t ion  o f  computa t ion  t ime  w i th  on ly  s l i gh t
increase of  the computer  memory demand.
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