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Abst rac t

A computer  p rogram o f  symbol ic  ana lys is  o f  decomposed s igna l  f lo lvgraph
is  p resented .  The program uses  the  mode i f i ca t ion  o f  the  downward  method
of  h ie rarch ica l  decompos i t ion .  New method permi ts  the  condensed fo rm
of  s to rage o f  resu l ts  in  the  memory  o f  the  computer ,  wh ich  makes poss ib le
fu l l y  symbol ic  ana lys is  o f  la rge  ne tworks  and g ives  more  conven ien t  fo rm
for  fu r ther  computa t ions .

] .  IN 'TRODI IC ' I ' ION

When the  h ie rarch ica l  decornpos i t ion  method has
b e e n  p r o p o s e d  f o r  t h e  a n a l y s i s  o f  l a r g e  e l e c t r i -
ca l  ne tworks  a l though remarkab le  reduc t ion  o f
c o m p u t a t i o n  t i m e  h a s  b e e n  a c h i e v e d  s o m e  i n -
conven iences  cou ld  be  no t i f ied .

F i r s t l y  s o m e  o p e r a t i o n s  w e r e  r e p e a t e d  d u r i n g
computa t ions  and be t te r  o rgan iza t ion  o f  ana ly -
s i s  c o u l d  r e s u l t  i n  r e d u c i n g  t h e  t i m e  c o n s u m -
pt ion  f rom invo lu i ion  toward  l inear  one.

The second cons is ted  in  the  fo rm o f  resu l ts
ob ta ined.  A l though a l l  resu l ts  rvere  genera ted
in  fu l l y  symbol ic  rvay  the  fu l l y  symbol ic  s to ra-
ge  o f  charac ter is t i c  po lynomia ls  in  the  fo rm
o f  l i s t  o f  t e r m s  w a s  i m p o s s i b l e  f o r  b i g  n e t -
rvork .  I t  resu l ted  in  the  semisymbol ic  fo rms
where  on ly  the  rnos t  impor tan t  e lements  were
l e a v e d  a s  p a r a m e t e r s .

The mod i f ied  method o f  h ie rarch ica l  ana lys is
permi ts  to  reso lve  above prob lems.  And so
the  f i rs t  approach was ca l led  downward  and
t h e  s e c o n d  u p w a r d  a n a l y s i s .  T h e  n a m e  i s
connected  w i th  the  d i rec t ion  o f  exp lo ra t ion  o f
the  decompcs i t ion  t ree  when represented  in  the
m o s t  c o m m o n  g r a p h i c a l  w a y  / s e e  f i g .  1 . 1 .

2"  I I IERARCHICAL DECOMPOSITION

L e t  u s  c o n s i d e r  a  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
a s  l n  [ 3 ,  + ] .  W e  s h a l l  c o n c e n t r a t e  o n  t h e  n o d e
b isec t ion  o f  a  s igna l  f lowgraph on  each ]eve1
o f  t r i e r a r c h i c a l  s t r u c t u r e .

lVe  sha l l  p rec i  se  some te rn t ino logy  used fo r
t h e  d e s c r i p t i o n  o f  t h e  h i e r a r c h i c a l  s t r u c t u r e .

We sha l l  ca l l  a  h ie rarch ica l  decomoos i t ion  a
c o n n e c t e d  g r a p h  I M
e d g e s  s u c h  t h a t :  V { x ,  y ) G  H  3 1 . 2 ,  1 x ,  z l  €  H .
I n  a  g r a p h  H  w e  h a v e  o n e  i n i t i a l  n o d e ,  d e n o -
ted  by  xo ,  such tha t  r -  * t * , io f f lTL  We sha l l
c : r11  a  midd le  node such a  node x  tha t

3  y  ( x , y )  €  H .  A l l  o t h e r  n o d e s  a r e  t e r m i n a l
n o d e s .  t f  ( x , y ) €  H  y  i s  c a l l e d  a  d e s c e n d a n t  o f
x  a t n d  x  a  a s c e n c l a n t  o f  y .

I i l  f ) L l i  c a ' . s e  e v o r v  r i t L c i r l l e  n o d e  h a s  t ' " v o  c i e s c e n -

c l a n t s .  I f  n e c e s s a r y  \ 1 ' e  c a n  c a l l  t h e m  a r b i t r a r y
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l e f t  and r igh t  descenda-n t .  Each node is  s ; i tua-
ted  on  a  cer ta in  leve1 o f  the  h ie rarch ica l
s t ruc tu re .  The Ieve l  number  o f  a  node x

- .---
equa ls  the  lenght  o f  the  pa th  f rom xo  to  x ,
We say  the  h ie rarch ica l  decompos i t ion  is  the
k- leve l  one i f  the  max imal  leve l  number  o f
E t l  n6des  is  equa l  k .  We dea l  w l th  the  case
of  un i fo rm h ie rarch ica l  decompos i t ion  i f  a l l
t e r  m b e r .

In  the  a im to  fac i l i ta te  the  fu r ther  ana lys is
o f  the  h ie rarch ica l  s t ruc tu re  we sha l l  number
the  nodes f rom 1  to  N in  the  fo l lo lv ing  way:
i f  t x , y ) €  H  t h e n  n u m b e r  o f  x  <  n u m b e r  o f  y .
In  th is  numera t ion  the  in i t ia l  node has  ahvays
t h e  n u m b e r  1 .  N " B .  t h a t  i n  o u r  c a s e  N  i s
a lways  odd.  In  the  F ig .  1  rve  have an  example

F i g .  1 .  D e c o m p o s i t i o n  t r e e .

o f  the  3- leve l  decompos i t i .on .  The midd le  nodes
a r e :  1 ,  3 ,  4  a n d  t h e  t e r m i n a l : .  2 , 5 , 6 , 7 .  F o r
example  the  descendants  o f  3  a re  4  and 5
a n d  t h e  a s c e n d a n t  o f  ?  i s  4 .

3 .  UP\ ITARD FI IERARCHICAL ANALYSIS

To shorv  what  i s  the  d i f fe rence o f  the  method
of  h ie rarch ica l  ana lys is  p resented  now in
c o m p a r i s i o n  t v i t h  t h i s  p r e s e n t e d  i n  I f  ]  w e
sha l l  b r ie f l y  ou t l ine  the  main  concepts  o f
the  dorvnward  h ie rarch ica l  ana lys is .

T h e  n o d e s  o f  t h e  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
have the  fo l low ing  representa t ion :
a /  the  te r rn ina l  node l  a re  the  subgraphs  o f

t h e  i n i t i e l  g r a p h  / r .  e .  ' . h e  m c , d e l  o f  a n
e l e c i r i c a l  n e t r v o r k /  r , r ' i t h  c l i s t i n g u i s i r e d  b l o c k
n o d e s

U P I
t

D O W N



! :+
iri
;€

:*
}l4
,,lF
,.x
i . {
r4
ift

rfr
rf
ir5

;{
i{,'"1"

.{jl
.,i!:

i ir

.;-il

rir
, 4
,#
,Jc

"(
..*!

itF

tk"
ia- t l

TI;m
t.&ru
sf,
#

#
E'&

ss
&
F

I

It
t;
I
i
'j

, .  .  , n e  n r i r r r J l e  n o d e s  r e p r e s e n t  t h e  n o d e  a s s o -

c . i i t i o n  o f  t r v o  b l o c k s  f r o m  t h e  n e x t  l e v e l .

: . .  . i i e  d o $ n r r a r d  m e t h o d  t h e  a n a l y s i s  h a s  b e e n

. . , r r r e d  o n  t h e  0 - l e v e l  a n d  p r o c e e d e d  d o r v n  t o

l , r .  l e v e l s  r v i t h  t h e  a n a l y s i s  o f  t h e  s u b s t i t u t e

. : . r ip i i s  in  the  p laces  o f  the  midd le  nodes.  On

e ' , c h  l e v e l  t h e  t y p e  o f  n e c e s s a r y  f u n c t i o n  f o r

t . s  n e x t  l e v e 1  h a s  b e e n  d e t e r m i n e d -  A r r i v i n g

: r  : 5 e  t e r m i n a l  n o d e  t l r e  a n a l y s i s  o f  t h e  s u b -

; r : r p h  h a s  b e e n  e x e c u t e d  i n  d u e  t o  g e t  t h e

- " . " . r " . u  f u n c t i o n  o f  t h i s  b I o c k .  A f t e r w a r d s

: : : r .  \ \ ' av  up  has  been executed  as  the  mul t i -

) i : c a t i o n  o f  t r i ' o  f u n c t i o n s  o n  e a c h  m i d d l e  n o d e "
, , \ ' i ren  a l l  the  r l ' ay  back  had been acompl ished

. , r t ' h a v e  g o t  t h e  g r o u P  o f  
' t e r m s  

d e s c r i b i n g

: l : e  f u n c t i o n  o f  o u r  i n i t i a l  g r a P h .

l r :  the  upward  ana lys is  1ve  move on ly  in  one

r l i rec t ion  l rom te rmina l  node l  to  th6  top  leve l

0 . . 5 u c h  a t t i t u d e  g i r r e s  u s  f o l l o r v i n g  a d v a n t a g e s :

: i  '  . , , .  e  pass  a long the  h ie rarch ica l  s t ruc tu re

on ly  once and add i t iona l l y  rve  avo id  the

nru l t ip le  ana lys is  wh ich  occurs  in  the  case

o f  d o r v n w a r d  a n a l Y s i s

i r  /  th is  approach permi ts  the  app l ica t ion  o f

the  condensed fo r rn  o f  resu l ts  and f ina l l y

be t te r  poss ib i l i t y  o f  the  s to rage o f  fu l l y
symbol ic  resu l ts  o f  b ig  ne tworks .  The pro-
pos i t ion  o f  such s to rage o f  resu l ts  w i l l  be
presented  in  the  nex t  par ts  o f  th is  paper ,

l f  b iocks  o f  decompos i t ion  are  numbered in  the
prev io rs ly  de f ined way,  the  process  o f  ana lys is
c rn  be  per fo rmed accord ing  to  the  f lo rv -char t
o r e s e n t e d  i n  t h e  F i g .  2 "

F ig .  2 .  F lo rv -char t  o f  the  program

The a lgor i thm conta ins  two main  procedures :
a /  LOOI 'Y  -  the  ana lys is  o f  the  te rminaL b lock
b/  ASOC -  the  assoc ia t ion  o f  two prev ious ly

ana lysed b locks .

{ .  ANALYSIS OF T 'ERMINAL BLOCK

The ana lys is  o f  the  f lo rv -graph is  per fo rmed in
ihe  a im to  ob ta in  the  func t ion  o f  the  e lec t r i ca l
n a t u  o f  k s .  T f : e  f o r m t r l a s  f o r  t h e s e  f r - r n c t i o n  h a v e

been presented  fo r  example  in  [  3  ] .  Genera l l y
speak ing  tve  are  ob l iged to  genera te  the  se ts
o f  m u l t i c o n n e c t i o n s  I  S ]  o t  d i f f e r e n t  k i n d s  w i t h
t t re - iespEi t  o i  t t re  input  and ou tpu t  var iab le
n o d e s .  W e  m u s t  d e c i d e  w h a t  k i n d s  o f  s e r s  w e
have to  de termine dur ing  the  ana lys is  o f  the
subgraphs  o f  the  in i t ia l  g raph.  They  have to
be genera l  enough to  reduce the  number  o f
d i f fe ren t  k inds  d  se ts  and on  the  o ther  s ide
t h e  p r o d u c t s  o f  t h e s e  s e t s  s h o u l d  d e t e r m i n e
new se ts  o f  mu l t i connect ions  w i thout  dup l i ca-
t i o n s .

Le t  us  cons ider  a  subgraph rv i th  n  nodes,  nb
b lock  nodes,  NB se t  o f  b lock  nodes.  The fo -
l low ing  k ind  o f  mu l t i connect ions  is  cons idered

D e f  i n i t i o n  1 .

c  ( n ; u )  w h e r e  e = { b r , . l l

'  o . r r i  '  r . =  l e1 ' a l
"  

- m l

u ,h i  chB U E  C  N B ,  i s  a  s e 1  o f  r n u l t i c o n n e c i . r ' o n s
have the  fo l lo rv ing  proper t i .es :
a /  the  on ly  inc idence o f  b lock  nodes is  de-

f i n e d  b y  s e t s  B ,  E ,  n o d e s  o f  B  a r e  o r i g i . n s
a n d  E  a r e  e n d s  o f  m u l t i c o n n e c t i o n s  e d g e s ,

b /  a l l  o ther  nodes  have fu l l  inc idence.

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

Every  mul t i connect ion  has  ass igned a  s ign
w i t h  r e s o e c t  t o  t h e  n o d e  n u m e i a t i o n

s ign  C=

( - t ) n * t * * o r d ( b r ,  b r , ,  b_ )  o rd  ( "  t ,  
uz ,

l l l
. . e  )rrr

o f  m u l t i c o n n e c -
Ioops  they  have

t !  /qu \ i  i lz  \ r i
i = 0

/NB2
, '  NB set  of  b lock nodes for
resu l t i ng  b lock .  Some sub -

! .  u 'hen the  number  o f  permuta t ions

order ing  the  se t  i s  even

- 1  i n  t h e  o p p o s i t e  c a s e

I  -  number  o f  loops

The number  o f  d i f fe ren t  C fo r  the  subgraph
wi th  nb  b lock  nodes is  equa l  to

n b  r  n b t 2
a  {  ,  

-  
I  wh ich  is  g rea t  reduc t ion  in  compa-

L  \ r  /
i = 0
r is ion  w i th  the  number  o f  se ts
t ions  de termined by  pa ths  and
to  fo rm.  Th is  number  i s  equa l

The procedure  LOOPY genera tes  a l l  se ts  o f

de f ined mul t i connect ions  and s to res  them in
a  l i s t  w i th  the i r  iden t i f i ca t ion  code.  Genera-
t ion  is  based on  the  inspec t ion  o f  the  node to

node inc idence mat r ix .

5 .  ASSOCIATION OF TWO BLOCKS

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

t ion  o f  two b locks .  Th is  k ind  o f  opera t ion  we

are  ob l iged to  per fo rm every  t ime rvhen in

the  h ie rarch ica l  ana lvs is  l ve  dea l  l v i th  midd le

n o d e s .

L , e t  u s  d e n o t e :  N B '
bo t l ' r  t r locks  and the .

I :  -  I - 1
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s e t s  o f  t h e s e  s e t s  w e  d e n o t e d  a s  f o l l o t v s :
CO\ ' I  =  NB,  n  NB,  -  the  se t  o f  common

n o d e s
RED = COI{  -  NB -  the  se t  o f  reduced

n o d e s

T h e o r e m-;------------:--
l \ n y  s e t  o l '  m u l t i c o n n e c t i o n s  C ( B ,  E )  c a n  b e
obta ined accord ing  to  the  fo l lo rv ing  ru le

c  (  B ,  E )  =  u  C r ,81 '  E r )  x  C r {  B l  E r ) l 2 l

rvhere  BtnB2 =  f l ,  E lnE2 =  P,
R E D  c ( B 1 U  8 2 )  n  ( E l U E 2 )

U  =  U r u  B ,  -  R E D ,  E  =  E t u  E ,  -  R E D

s u m m a t i o n  i s  p e r f o r m e d  o n  a l l  s u c h  s e t s  o f
m r r l t i c o n n e c t i o n s  C . , ,  C r .
For  every  mul t i con inec l i c , r r  c  e  C the  s ign  o f
c  can be  ca lcu la ted  as  fo l lows

t -

s ign  c  -  s i gn  c  I  
s i gn  c ,  ( -  1 ) ^

k=min (ca rd  E ,  n  82  n  COM ,

card Ern B,  n COl\ {  )+ card COI\ {

whe re  c  =  c1  u  c ,  
" l -  

C l  and  c re  C ,

Examnle
In  the  F ig ,  3  an  example  o f  b lock  assoc ia t ion
i s  p r e s e n t e d .

F i g .  3 .  A s s o c i a t i o n  o f  t w o  b l o c k s

For  th is  case rve  have:
N B r  =  { t , 2 , s 1 ,  N B z  =

N B  = f 1 ,  2 . 4 ] ,  R E D  =
4], coNT =f2, 3l

6.  FORM OF RESULTS

The condensed fo rm o f  resu l ts  was proposed
i n [ l ] .  I n  t h e  d o m a i n  o f  s i g n a l - f l o w  g r a p h  a n a -
lys is  i t  can  be  adopted  as  fo l lo ' rvs .

\ t r 'e  s to re  a l l  resu l ts  sequent ia l l y  on  one l i s t .
I f  t h e s e  a r e  r e s u l t s  o f  f i n a l  b l o c k  d i f f e r e n t  s e t s
o f  m u l t i c o n n e c t i o n s  a r e  m e m o r i z e d .  I i a c h  o f
t h e m  h a s  c o d e ,  w h i c h  i s  t h e  b i t  r e p r e s e n t a -
t ion  o f  i t s  type .  For  example  t rvo  b i ts  fo r
e v e r y  n o d e  -  i f  t h e  f i r s t  b i t  e q u a l s  1  t n e  n o d e
r  i  I l ,  i i  t h e  s e c o n d  l ; i i  e q r r a l s  I  t h e l  t h e  n o d . r
n  € E .  S o  e v e r y  m u l t i c o n n e c t i o n  c a n  b e  c o d e d
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on the  b i ts  o f  one r , r 'o rd .

For  the  midd le  b locks  res t t l t s  a re  s l igh t ly

d i f f e r e n t .  W e  r e m e m b e r  l Z l  t h a t  e v e r y  s e t

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

o f  s e t s  f r o m  p r e v i o u s  l e v e l s .  I f  w e  w a n t  t o

conserve  the  condensed fo rm on th is  leve l  l ve

d o  n o t  d e v e l o p  t h e  f o r m u l a e  b u t  s t o r e  o n l y

a d r e s s e s  o f  s e t s  t o  b e  m u l t i p l i e d .  C o m p u t a -

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

of  parameters  can be  per fo rmed in  the  same

m a n n e r -

C o m p u t e r  t e s t  o f  t h i s  m e t h o d  h a s  b e e n  d o n e

for  the  fu l l y  symbol ic  ladder .

F i g .  4 .  T e r m i n a l  b l o c k s  o f  l a d d e r  d e c o m p o -
s i t i o n .

F i g .  5 , 6  s h o w  t h a t  b o t h  t i m e  o f  a n a l y s i s
and memory  needed fo r  s to rage o f  resu l ts
i n c r e a s e  l i n e a r l y  w i t h  t h e  n u m b e r  o f  n o d e s .
F ig .  4  p resents  four  types  o f  te r r r r ina l  b locks
ana lysed and resu l ts  ob ta ined show tha t  bo th
ana lys is  t ime and memory  depends on  the
k ind  o f  par t i t ion  per fo rmed.  We observe
tha t  the  op t ima l  te rmina l  b locks  are  ra ther
smal l ,  hav ing  on ly  few in te rna l  nodes  and as
l e s s  a s  p o s s i b l e  b l o c k  n o d e s .

7 .  CONCLUSIONS

T h e  p r e s e n t e d  m e t h o d  c a n  b e  u s e d  f o r  t t r e
f u l l y  s y m b o l i c  a n a l y s i s  o f  a n y  l i n e a r  s y s t e m
o f  e q t r a t i o n s  w i t h  p r a c t i c a l l y  n o n  l i m i t e d  n u m -
Lrer  o f  parameters .  The method is  very  e f fec-
t i v e  a s  t i m e  c o n s u m p t i o n  a n d  m e m o r y  d e m a n d s
a r e  c o n c e r n e d .  I f  s t r u c t u r a l l y  i d e n t i c a l  s u b -
n e t r v o r k s  a r e  i s o l a t e d  a s  s u b g r a p h s  t h e n  a n a -
Iys is  can be  per fo r rned fo r  one o f  them on ly
a n d  t h e  r e s r , r l t  o f  a n a l y s i s  s t o r e d  o n l y  o n c e .

' l i r e  i m l r : , 6 1  o f  a  s i n g l r :  l ) : r r a i t ) o t e r  o n  l i r c  f i r t a l
r e s u l t s  c a n  e a s i l y  b e  o b s e - r ' v e d  a n d  o n e  c a n
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take  advantage o f  i t  to  so lve

b i e r n s  o f  c i r c u i t  d e s i g n ,  f o r
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