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ANLYZ - A D i g i t a l  Computer Program f o r  Complex 
Optimization of DLA N e t w 0 r k . s  

I. In t roduct ion  

This i s  one of a s e r i e s  of  r e p o r t s  concerning t h e  u s e  of d i g i t a l  computa- 

t i o n a l  techniques i n  t h e  a n a l y s i s  and syn thes i s  of DLA (distributed-lumped- 

a c t i v e )  networks. This  class of networks c o n s i s t s  of t h r e e  d i s t i n c t  types of  

elements, namely d i s t r i b u t e d  elements (modeled by p a r t i a l  d i f f e r e n t i a l  equa- 

t i o n s ) ,  lumped elements (modeled by a l g e b r a i c  equat ions and ord inary  

d i f f e r e n t i a l  equat ions) ,  and a c t i v e  elements (modeled by a lgeb ra i c  equat ions) .  

Such a cha rac t e r i za t ion  is e s p e c i a l l y  app l i cab le  t o  the  broad c l a s s  of  c i r -  

c u i t s  r e f e r r e d  t o  a s  l i n e a r  i n t eg ra t ed  c i r c u i t s ,  s i n c e  the  requi red  f a b r i c a t i o n  

techniques r e a d i l y  produce elements which may be r e f e r r e d  t o  a s  "d is t r ibu ted" ,  

as well as producing elements which may be cha rac t e r i zed  as "lumped" and/or 

"act ive".  The DLA c l a s s  of  networks i s  capable  of r e a l i z i n g  network func t ions  

wi th  a wide range of p rope r t i e s .  

fewer components and supe r io r  c h a r a c t e r i s t i c s  than r e a l i z a t i o n s  using only 

lumped elements, o r  r e a l i z a t i o n s  us ing  lumped elements and a c t i v e  elements.  

The ana lys i s  problem f o r  t h i s  c l a s s  of networks, however, is considerably more 

complex than t h e  a n a l y s i s  problem f o r  more r e s t r i c t e d  classes of  networks. 

Thus, one is lead  l o g i c a l l y  t o  consider  us ing  t h e  d i g i t a l  computer as an analy-  

sis f o r  DLA networks. Previous r e p o r t s  have descr ibed a d i g i t a l  computer 

program f o r  making such ana lyses .  ''* 
t h e  c a p a b i l i t y  f o r  providing a s inuso ida l  s teady  s t a t e  a n a l y s i s  of a broad 

c l a s s  of DLA networks of prescr ibed  frequency ranges.  

I n  addi t ion ,  such r e a l i z a t i o n s  usua l ly  have 

The program is c a l l e d  DLANET and i t  has 

A problem assoc ia t ed  wi th  DLA networks which is of even g r e a t e r  complexity 

than the  a n a l y s i s  problem is the  s y n t h e s i s  problem, i.e.,  determining t h e  topol -  

ogy and the  parameter va lues  f o r  a network so as t o  r e a l i z e  a s p e c i f i e d  s e t  of 
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c h a r a c t e r i s t i c s .  The a n a l y t i c a l  syn thes i s  methods whcih ha;.e been discovered 

t o  da te  have been too spec ia l i zed  and too  complicated t o  be of any apprec iab le  

va lue .  Thus, again,  t h e  app l i ca t ion  of t h e  d i g i t a l  computer appears t o  be 

c a l l e d  f o r .  As a prel iminary s t e p  t o  such an app l i ca t ion ,  i n  a previous 

r e p o r t  a gene ra l  op t imiza t ion  sof tware package named GOSPEL was descr ibed.  

This  program provided a means f o r  using t h e  d i g i t a l  computer t o  so lve  a broad 

range of op t imiza t ion  problems. The program was designed so t h a t  i t  could be 

immediately appl ied  t o  s p e c i f i c  DLA network conf igura t ions ,  however, i t  was 

necessary t h a t  the  equat ions descr ib ing  such conf igura t ions  had t o  be re-pro-  

grammed f o r  each d i f f e r e n t  network conf igura t jon .  I n  t h i s  r e p o r t  w e  descr ibe  

a network program similar i n  fuc t ion  t o  the  genera l  DLANET program r e f e r r e d  t o  

above but designed s o  t h a t  i t  may be d i r e c t l y  used wi th  t h e  GOSPEL optimizat ion 

program. Thus, as requi red  by GOSPEL, t h i s  network program is prepared i n  sub- 

r o u t i n e  form and is named ANLYZ. The ANLYZ program has been s p e c i f i c a l l y  

designed so t h a t  i t  w i l l  analyze a broad range of DLA networks i n  such a 

manner than any of t he  ind iv idua l  op t imiza t ion  s t r a t e g i e s  of the  GOSPEL program 

may be d i r e c t l y  appl ied  t o  i t .  I n  addi t ion ,  the  program has been w r i t t e n  so 

t h a t  an a n a l y s i s  may be made not  only a t  s i n u s o i d a l  f requencies  but a l s o  a t  

complex frequencies .  Thus, i t  may be d i r e c t l y  appl ied  as a means t o  achieve 

complex opt imiza t ion .  I n  such a usage t h e  values  of t h e  parameters of a given 

network are va r i ed  so  as t o  minimize the  magnitude of t he  network funct ion a t  

given po in t s  i n  the  complex frequency plane where zeros  of t ransmission are  

des i r ed  and a l s o  t o  maximize the magnitude a t  complex frequencies  where poles  

a r e  des i red .  

used t o  determine the proper v a r i a t i o n s  of t he  network parameters.  Thus, 

dominant zeros  and poles  are e f f e c t i v e l y  c rea t ed  t o  r e a l i z e  some s p e c i f i e d  

3 

An opt imizat ion s t r a t e g y  such as those a v a i l a b l e  a t  GOSPEL i s  
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network c h a r a c t e r i s t i c . ,  More d e t a i l s  of t h e  complex opt imiza t ion  procedure may 

be found i n  a paper which was prepared under t h i s  gran t .4  The a c t u a l  opera t ion  

of  the  ANLYZ subrout ine  is descr ibed i n  more d e t a i l  i n  t he  following s e c t i o n s  

of t h i s  r e p o r t .  The t reatment  given here  assumes t h a t  t he  reader  has a knowl- 

edge of t he  b a s i c  opera t ion  of  t he  DLANET and GOSPEL programs as covered i n  

t h e  above re ferenced  r e p o r t s .  

11. General Theory of  

I n  t h i s  s e c t i o n  w e  descr ibe  t h e  genera l  t h e m y  of t he  d i g i t a l  computer 

program named ANLYZ. The genera l  opera t ion  of t h i s  program is determined by 

t h e  fol lowing func t ions :  

(1) It reads  input  d a t a  desc r ib ing  t h e  s p e c i f i c  DLA network configura-  

t i o n  formed as an in te rconnec t ion  of any of  t he  allowed network elements.  

These inc lude  lumped resistors, lumped capac i to r s ,  d i s t r i b u t e d  RC networks of 

var ious  t ape r s ,  and s i n g l e  o r  d i f f e r e n t i a l - i n p u t  VCVSs. 

(2 )  It reads  input  da t a  determining which of t he  network parameters are 

t o  be optimized (o r  va r i ed ) ,  and which are t o  remain f ixed ,  

t h e  a c t u a l  parameter va lues  are read as input  da t a .  

For the  latter, 

( 3 )  It has provis ion  f o r  r ece iv ing  as input  t he  complex numbers spec i fy -  

ing  the  frequencies  a t  which dominant po le s  o r  zeros  of t he  network func t ion  

a r e  des i r ed ,  These are en te red  from the  c a l l i n g  program (GOSPEL) by t he  use 

of common v a r i a b l e s  e 

(4) It reads  input  d a t a  c o n s i s t i n g  of cons tan ts  which determine whether 

each of t he  s p e c i f i c  complex frequencies  descr ibed  i n  (3) above a r e  t o  be con- 

s ide red  as poles  o r  zeros .  This  determines whether t he  magnitude of t he  network 

func t ion  o r  i t s  r e c i p r o c a l  i s  t o  be minimized. 
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(5) It has provis ion  f o r  rece iv ing  as input ,  t he  cu r ren t  va lues  of the  

v a r i a b l e  network parameters as determined by the  opt imiza t ion  algorithm. These 

a r e  a l s o  en te red  i n t o  the  program as common v a r i a b l e s .  

( 6 )  It computes the  magnitude of t h e  network func t ion  a t  each of t he  

s p e c i f i e d  complex f requencies  provided i n  (3 )  and supp l i e s  t hese  va lues  ( o r  

t h e i r  r e c i p r o c a l )  as outputs .  

t i o n  program by means of common v a r i a b l e  l inkages.  

The ou tpu t s  a r e  re turned  t o  the  GOSPEL optimiza- 

I n  t h e  above list, items (1)) (2 ) ,  and (4)  provide information on the  

topology of t h e  DLA network which is being analyzed and on o t h e r  i n v a r i a n t  

s p e c i f i c a t i o n s  of t h e  problem. As such these  i t e m s  need be implemented only 

once i n  the  opt imiza t ion  process.  Thus, they comprise a s e c t i o n  of  t he  ANLYZ 

program which is executed only once, namely, t h e  f i r s t  time t h e  program is 

ca l l ed .  This  c a l l  w i l l  normally be made a s  p a r t  of t he  opera t ion  of t he  GOSPEL 

program. Items (3) and ( 5 )  provide f o r  i npu t  of da t a  d i r e c t l y  from t h e  GOSPEL 

program. Such input  is provided by us ing  the  same c m o n  v a r i a b l e s  i n  the  sub- 

r o u t i n e  ANLYZ as are used i n  GOSPEL. As descr ibed i n  t h e  GOSPEL report, t hese  

v a r i a b l e s  are s to red  i n  a block of common s t o r a g e  labe led  OPT. F ina l ly ,  i t e m  

(6)  provides f o r  t he  a c t u a l  computation of t he  magnitude of t h e  network func- 

t i o n  a t  s p e c i f i c  f requencies .  The log ic  f o r  doing t h i s  is s i m i l a r  t o  t h a t  

used i n  DLANET. A major d i f f e rence ,  however, is the  use of complex a r i thme t i c ,  

I which makes i t  poss ib l e  f o r  t he  ANLYZ subrout ine  capable t o  be app l i ed  to  com- 

p lex  opt imiza t ion  problems. 

I 

111. D e t a i l s  of t he  Operation of t he  D i g i t a l  Computer Program ANLYZ 

I n  t h i s  s e c t i o n  we present  a d e s c r i p t i o n  of some of t he  d e t a i l s  of t h e  

ope ra t ion  of t he  d i g i t a l  computer program APJLYZ. A flow c h a r t  of t he  program 
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may be found i n  Appendix A and a l i s t i n g  of  the  For t r an  s ta tements  i n  Appendix 

B. 

The program ANLYZ c o n s i s t s  of a main subrout ine  c a l l e d  LYZ and t h r e e  

accompanying subrout ines  named YDA, CMRD and CONS. F i r s t  l e t  us consider  t he  

subrout ine  ANLYZ. This  has two main func t ions .  These a r e  reading  input  d a t a  

no t  suppl ied as common variables from the  c a l l i n g  program GOSPEL, and perform- 

ing  computations (us ing  complex a r i t h m e t i c )  t o  determine the  requi red  magnitude 

of the  network t r a n s f e r  funct ion.  The f i r s t  funct ion,  i.e., t he  reading  of 

input  da ta ,  is performed only onceb namely, the  f i r s t  time the  subrout ine  is 

c a l l e d .  To accomplish t h i s  a cons tan t  KREAD is i n i t i a l i z e d  t o  zero a t  the  

time the  subrout ine  is compiled by the  use of a d a t a  s ta tement .  A t  t h e  com- 

p l e t i o n  of t he  input  da t a  reading p a r t  of t he  program t h i s  constant  is then 

set t o  uni ty .  On subsequent c a l l s  of t he  subrout ine  a test of t he  va lue  of 

t h i s  constant  is made, I f  i t  is uni ty ,  t h e  da t a  reading  po r t ion  of t he  sub- 

rou t ine  is bypassed. The input  d a t a  reading  ope ra t ion  begins by de f in ing  a 

cons tan t  NHZ which is equal  t o  NH/2  where NH is t h e  number of va lues  of t h e  

f u n c t i o n a l  parameters s p e c i f i e d  i n  GOSPEL, Since, f o r  complex opt imizat ion,  

each complex frequency r e q u i r e s  t w o  func t iona l  parameters,  NHZ is thus  the  

number of complex f requencies  a t  which an eva lua t ion  of t he  network t r a n s f e r  

func t ion  is t o  be made. The NHZ cons tan t s  KPZ(1) ( I  = 1, NHZ) next  read as 

zeros  f o r  each frequency which is t o  be considered a s  a zero, o r  ones f o r  

those which are t o  be considered as poles ,  Next a series of cons tan ts  spec i -  

fy ing  the  number of nodes; t h e  number of d i s t r i b u t e d  networks, r e s i s t o r s ,  

capac i tors ,  and VCVSs; t he  number of r e s i s t o r s  optimized, capac i to r s  optimized, 

and VCVSs optimized; and the  da t a  f o r  t he  d i s t r i b u t e d  networks inc luding  t h e  

node numbers t o  which each network is connected, t he  number of s e c t i o n s  t o  be 
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used i n  t h e  lumped model, t h e  number of polynomial c o e f f i c i e n t s  used i n  desc r ib -  

i ng  the  t ape r ,  and i n d i c a t o r s  f o r  des igna t ing  whether t h e  r e s i s t a n c e  or the  

capaci tance o r  t he  polynomial c o e f f i c i e n t s  a r e  t o  be optimized. The program 

network now cons iders  each type of element i n  turn .  Using t h e  v a r i a b l e  I P  as 

t h e  index of t he  optimized v a r i a b l e s  s t o r e d  as X(1) i n  common wi th  GOSPEL it 

success ive ly  p r i n t s  t h e  appropr i a t e  X ( 1 )  value i f  a v a r i a b l e  is t o  be optimized 

o r  reads and p r i n t s  t he  da t a  i f  t he  v a r i a b l e  is f ixed.  

The second purpose of t he  subrout ine  ANLYZ is implemented by t h e  po r t ion  

of t he  program beginning a t  s ta tement  265. This  po r t ion  is repeated a t  each 

ca l l  of t h e  subrout ine .  

are t o  be optimized i n  c o r r e c t  sequence as v a r i a b l e s  of t he  DLA network. This  

is done by us ing  t h e  q u a n t i t y  NX as an index v a r i a b l e .  

en t e red  f o r  t he  computation of t h e  NHZ va lues  of the  t r a n s f e r  func t ion  magni- 

tude. 

GOSPEL, a r e  ass igned  as the  real and imaainary p a r t s  of each complex frequency. 

The subrout ine  YDA is then c a l l e d  t o  compute models f o r  t he  d i s t r i b u t e d  n e t -  

works and t o  s t o r e  the  e f f e c t s  of t hese  elements i n  the  complex admittance 

a r r a y  YR. The opera t ion  of t h i s  subrout ine  is similar t o  t h a t  of t h e  subrau- 

t i n e  YDIST i n  the  program DLAMET. 

The log ic  begins by a s s ign ing  the  v a r i a b l e s  X ( 1 )  which 

Next a DO loop is 

Two success ive  va lues  of t he  f u n c t i o n a l  parameters H(I), a s  read by 

Next, t he  va lues  of r e s i s t a n c e  and capaci tance 

a r e  added to  t h e  appropr i a t e  elements of t he  YR a r r ay .  

are, of course, mu l t ip l i ed  by frequency and t r e a t e d  a s  imaginary q u a n t i t i e s ,  

The e f f e c t  o f  t h e  VCVSs on t h e  network is now taken i n t o  cons idera t ion  by 

appropr i a t e ly  cons t r a in ing  t h e  YR a r r a y  us ing  the  subrout ine  CONS. 

t i o n  of t h i s  subrout ine  is  s i m i l a r  to  t h a t  of t he  CCBJST subrout ine  i n  the  

The va lues  of capaci tance 

The opera-  

program D M E T .  E ina l ly ,  t he  subrout ine  CMRD ( s i m i l a r  t o  CMRED i n  DLANET) is 

used to  so lve  f o r  t he  vo l t age  t r a n s f e r  func t ion .  The r e s u l t s  a r e  s t o r e d  i n  
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t he  common v a r i a b l e s  G(P) d i r e c t l y ,  o r  a f t e r  inversion,  depending on whether 

, t he  frequency being considered is s p e c i f i e d  a s  a zero o r  a pole. The program 

GOSPEL uses  NH va lues  of t he  q u a n t i t i e s  G(1) i n  computing the  e r r o r  funct ion.  

Since the re  a r e  only NH/2 determinat ions of  t he  t r a n s f e r  func t ion  made by the  

subrout ine  ANLYZ, each value so computed is s t o r e d  i n  two success ive  loca t ions  

of t he  G(1) .  A t  t he  end of the  last  t r a n s f e r  func t ion  magnitude computation 

the  subrout ine  ANLYZ r e t u r n s  c o n t r o l  t o  t h e  c a l l i n g  program, namely, GOSPEL. 

The t r a n s f e r  of variablesbetween ANLYZ and its component subrout ines  is through 

the  use of a common block of s to rage  labe led  DLA. The program is w r i t t e n  i n  

FORTRAN I V ,  and, a l though i t  has been developed on the  CDC 6400 computer, i t  

is app l i cab le  t o  a broad range of medium t o  l a rge  s i z e  d i g i t a l  computers. 

I V .  The Use of t he  D i g i t a l  Computer Program ANLYZ 

The d i g i t a l  computer program AlVLYZ is designed f o r  use i n  complex opt imi-  

za t ion  s t u d i e s  of a broad c l a s s  of DLA networks. As such, i t  is designed t o  

be used wi th  one o r  more of t he  opt imiza t ion  s t r a t e g i e s  of t h e  GOSPEL sof tware 

package. It is a l s o  r e a d i l y  usable  f o r  j w  a x i s  matching of t r a n s f e r  func t ion  

c h a r a c t e r i s t i c s  by using complex f requencies  i n  which the  real p a r t  is set to  

zero. 

networks wi th  up t o  n ine  nodes (not  inc luding  t h e  r e fe rence  node). 

as c u r r e n t l y  dimensioned the  fol lowing upper l i m i t s  apply: f i v e  d i s t r i b u t e d  

networks, t en  r e s i s t o r s  (of which f i v e  may be opt imized) ,  t en  capac i to r s  (of 

which f i v e  may be optimized) and f i v e  VCVSs, The d i s t r i b u t e d  networks may be 

modeled as uniform elements i n  which t h e  r e s i s t a n c e  and capaci tance per  u n i t  

l ength  are cons tan t ,  o r  as elements wi th  a polynomial taper. 

case  &he v a r i a t i o n  of r e s i s t a n c e  and capaci tance per  u n i t  l ength  is given as 

As c u r r e n t l y  dimensioned, t he  program has t he  c a p a b i l i t y  of ana lyz ing  

I n  add i t ion ,  

IR t he  l a t t e r  
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For a uniform l i n e  the  t o t a l  r e s i s t a n c e  o r  t he  t o t a l  capaci tance or  both may 

be optimized. 

t i o n s  p lus  a s  many polynomial c o e f f i c i e n t s  a s  des i r ed  may be optimized. A list 

of  t he  order  of  which the  optimized v a r i a b l e s  X ( 1 )  of t h e  program GOSPEL a r e  

ass igned t o  DLA network v a r i a b l e s  is given i n  Appendix C. A l is t  of t he  f o r -  

mat used f o r  t he  input  da t a  cards  f o r  t he  program is given i n  Appendix De It 

should be noted t h a t ,  i n  a s s ign ing  numbers t o  the  va r ious  nodes of t h e  network, 

t he  input  node must always be l abe led  as node 1 and the  output  node as node 2. 

For a tapered l i n e ,  t he  q u a n t i t i e s  Ro and Co i n  t he  above r e l a -  

A s  an example of t he  use of t h i s  program consider  the  network shown i n  

F ig ,  1. The network func t ion  which i t  is des i r ed  t o  r e a l i z e  has four  complex- 

con juga te  dominant po les  and r e a l i z e s  a maximally-f lat-magnitude low-pass 

c h a r a c t e r i s t i c .  Thus, it has the  form 

"9 U 

A l i s t i n g  of t h e  input  d a t a  and the  output  d a t a  which were obtained from us ing  

subrout ine  OPT9 ( t h e  Fletcher-Powell  op t imiza t ion  subrout ine)  of t he  GOSPEL 

sof tware package a r e  given i n  Figs .  2 and 3. The s t a r t i n g  po in t  was s e l e c t e d  

from a set of va lues  given f o r  t h i s  network i n  the  l i t e r a t ~ r e . ~  

observed that a decrease i n  the  t o t a l  e r r o r  was obta ined  as a r e s u l t  of t h e  

a p p l i c a t i o n  of t he  opt imiza t ion  s t r a t e g y ,  Thus, t he  program achieved an 

improvement i n  the  dominance of t he  designated poles  a t  which the  behavior of 

t h e  network was evaluated.  

It is r e a d i l y  
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V. Conclusion 

I n  t h i s  r e p o r t  t he  theory and a p p l i c a t i o n  of a d i g i t a l  computer program 

LYZ was descr ibed.  This  program has the  c a p a b i l i t y  of performing com- 

p lex  opt imiza t ion  f o r  a bmoad c l a s s  of DLA networks. 

va luable  gene ra l  t o o l  f o r  r e sea rch  in t h i s  a rea .  

ex tens ive  opt imiza t ion  s t u d i e s  on a s p e c i f i c  DLA network conf igura t ion  a r e  t o  

be c a r r i e d  out ,  it may be more e f f e c t i v e ,  computationally,  t o  prepare  a program 

ANLYZ s p e c i f i c a l l y  f o r  t he  network which is being t r e a t e d .  I n  such a case, t he  

genera l  d i g i t a l  computer program ANLYZ descr ibed i n  t h i s  r e p o r t  w i l l  prove 

extremely va luable  t o  provide v e r i f i c a t i o n  of t he  co r rec tness  of such a spec i -  

f i c  program. 

Thus, it provides  a 

It should be noted t h a t  i f  
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Flow Chart  for ANLYZ Subrout ine f o r  DLA Network 

( I n i t i a l i z e  KREAD t o  0) 

IP = 1 

K D = o  
4 
J >@ ( t o  page 4 )  Is KREAD = 11 Yes 

i No 
NHZ = NH/2 
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of  d a t a  f o r  d i s t r i b u t e d  

networks 

P r i n t  gene ra l  d a t a  
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J 
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S e t  k = 1 

4 (from page 2)  

P r i n t  d a t a  f o r  k t h  d i s t r i b u t e d  network 

Yes 
-1 Is N D l k  f 01 

IS ~ ~ 2 1 ;  5 OP >ND2k 7 NN f 1 Yes 

Is ND3k f O? Yes 3ND3k 7 PlEJ f 1 



Flow Chart  Page 2 

.1 
I P  = I P  + 1 

(from page 1) 

\I 

Is NPk f O? Y e s  I 

I 
I P  - IP + 1 

 NO . .  

Read d a t a  f o r  k t h  d i s t r i b u t e d  
network (non-uniform) 

Is NPXk f 01 Yes 
1. 

% /  

15 

t f o r  k th  d i s t r i b u t e d  network 

( i  - i p ,  i p  + NP%) 
I + 
I 5 .IP * I P  + NP 

Read and p r i n t  d a t a  f o r  f i x e d  t a p e r  c o e f f i c i e n t s  
f o r  k t h  d i s t r i b u t e d  network 

4 
Read and p r i n t  va lue  of f ixed  

I 

( t o  page 1) 
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Flow Chart Page 3 

(from page 2) 
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16 

(to page 4 )  



Yes I 
Read and  p r i n t  CAPi (i = NCX + 1, NC) 
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Flow Chart Page 5 

(from page 4 )  
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F l o w  Chart Page 6 
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\I 
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Yes .1 
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Flow Chart Page 7 
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d. 
Re turn 
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- Card Variable  SJO. 

1 KPZ(1) 

2 m 

MDIST 

MR 

NC 

NGAIN 

NRX 

N CX 

MGAINX 

Input  

Appendix C 
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Data Format f o r  Subrout ine 

AMLYZ f o r  DLA Network 

Columns 

1-30 

1-3 

4-6 

7-9  

~ --” 

10-12 

13-15 

16-18 

19-21 

2 2 - 2 4  

Input  
Format 

l a 3  

1 3  

I 3  

I 3  

I 3  

I3 

13 

I3 

I3 

Purpose 

I n d i c a t o r s  f o r  whether t h e  i t h  
frequency is a zero  (KPX(1) = 0) 
o r  a pole  (KPZ(I) = 1). (i=1,10) 

Number of nodes (not  count ing r e f -  
erence node) i n  DLA network (0-9) 

Number o €  d i s t r i b u t e d  networks (0-5) 

Number of Lumped resistors i n  D U  
network ( 0- 10) 

Number of lumped capac i to r s  i n  
DLA network (0-10) 

Number of VCVS gain elements (0-5) 

Number of lumped r e s i s t o r s  optimized 
(0-5) 

Number of lumped capac i to r s  optimized 
(0-5) 

Number of VCVS gain elements o p t i -  
mized ( 0 - 5 )  

The fol lowing card  is requi red  NDZST t i m e g  

3 TaDl ( I )  1-3 1 3  Mode number f o r  terminal  1 of I t h  
d i s t r i b u t e d  network 

ND2 ( I )  4-6 1 3  Node number f o r  terminal  2 of Pth 
d i s t r i b u t e d  network 

ND3(I) 7 -9 I 3  Node number €or terminal  3 of Ith 
d i s t r i b u t e d  network 

BISECT( I) 10- 12 I 3  ber of s e c t i o n s  used i n  lumped 
i model €or I t h  d i s t r i b u t e d  network 

N P ( I )  13- 15 13 Number of polynomial c o e f f i c i e n t s  
used i n  descr ib ing  t ape r  o f  I e h  
d i s t r i b u t e d  network (CP.unfform l i n e )  
(0-5) 



NPX(1) 16-18 1 3  N u m b e r  of polynomial c o e f f i c i e n t s  
optimized i n  I t h  d i s t r i b u t e d  
l i n e  ( 0 - 5 )  

.- 

M U : i X ( I )  19-21 13 I n d i c a t o r  f o r  optimizing r e s i s t a n c e  
of I t h  d i s t r i b u t e d  l i n e  (1 = optimize) 

NDCX(X) 22 -24 I 3  I n d i c a t o r  f o r  optimizing capaci tance 
of I t h  d i s t r i b u t e d  l i n e  ( 1  = optimize) 

The following card group c o n s i s t i n g  of ca rds  4-7 is required NDIST 
s f o r  va lues  of I from 1 t o  NDIST., 

The following card group c o n s i s t i n g  of ca rds  4-5 is required only i f  
MP(1) > 0 

4 XT(1) 1-10 E1O.O T o t a l  length of Tth d i s t r i b u t e d  l i n e  

The  following card required only i f  NP(1) > NPX(1) 

5 P(I ,J)  1-80 8 E l Q . O  Values of non-optimized c o e f f i c i e n t s  
f o r  I t h  d i s t r i b u t e d  l i n e  (S=l+EJPX(I), 
MP(1) ) 

The following card required only  i f  NDRX(1) = 0 

6 RO(1) 1- 10 E 1 O . O  Value of r e s i s t a n c e  f o r  the d i s t r i -  
b u t e d  network ( t o t a l  r e s i s t a n c e  i f  
l i n e  is uniform) 

The following card required only i f  NDCX(1) = 0 

7 CQ(1) 1- 10 E 1 O . O  Value of capaci tance f o r  I t h  d i s t r i -  
buted network ( t o t a l  capaci tance i f  
l i n e  is uniform) 

The following card required only i f  NR > 0 

8 NRl(I), 1-60 2013 Node numbers t o  which the I t h  
NR2(I) r e s i s t o r  is connected ( I a l ,  N R )  

The following card required only i f  MC > 0 

9 N.C1(1) ,  1-60 2013 Numbers of nodes t o  which the I t h  
MC2 (It) capac i to r  i s  connected ( T = l )  NC) 
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The following card is required MGRIIJ times 

10 NG1(I) 1-3 I3 

MG3( I) 7-9 13 

M64 (I) 10-12 I3 

Number of node to which source of 
Ith VCVS is connected (other end 
of source is assumed connected to 
ground) 

lJumber of node to which positive 
( monf nver % sing) SnpuQ %e mmfb6al for 
Ith vcv5 is located 

IcTumber of node to which negative 
(inverting) inputt ternadnab for  Ith 
VCVS is located (this should be o 
i f  only ip single VCVS itapuc is 
US@d) 

Ember of node which i% io desired 
to eliminate [either %1(T), N G 3 ( f )  
SP NG4(I) 3 

The following card required only f f  NR> M'RZS. 

13 GA(I) 1-80 8E10.0 Value of unoptfmbzed VCVS gain 
for I th  source (I = NGAIi6X 4- 1, 
MGAIN) 
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Order i n  which variables X ( 1 )  are assigned to 

elewzsts of Sn$a network 


