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I. OBJECTIVES 

Computer-aided c i r cu i t  des ign  p rocedures ,  i n  gene ra l ,  a r e  i t e r a t ive  

i n  na ture  . Typically,  the c i r cu i t  des igne r  begins  with a s e t  of spec i f ica-  
1-5 

t ions.  He then s e l e c t s  a network configurat ion and m a k e s  a n  ini t ia l  choice 

a,bout the element. va lues  based on a comhination of es tabl ished synthes is  

p rocedures  and pas t  exper ience .  The  c i r cu i t  would then  be coded f o r  a n  

a i ia lysis  ( using s tandard  ana lys i s  p r o g r a m s  such  as NASAP, ECAP,  
6 - 8  

HYBRID, e t c . )  and the  des i r ed  r e s p o n s e  evaluated. Should the ana lys i s  show 

tha t  t he  ove ra l l  r e sponse  was  not s a t i s f ac to ry ,  the des igne r  would then  change 

e i the r  the c i r cu i t  topology, the components  he was  using, o r  the  e lement  va lues  

of s o m e  of the c i r cu i t  components.  This  modified c i r cu i t  would be resubmi t ted  

limit. This  p rocedure  is  i l lus t ra ted  in  the b loch  d i a g r a m   show:^ i i r  Fjge 3 I 

The m a j o r  objective of the r e s e a r c h  conducted at Stevens under  

NASA Grant  No. NGR 31 -003-050, was  to develop a d i r e c t  des ign  p rocedure  
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t o  a r r i v e  a t  a good in i t ia l  e s t ima te  of the c i r cu i t  e l emen t  va lues ,  and to  

inco rpora t e  NASAP into a d i r e c t  des ign  or iented a lgo r i thm,  similar to  

the one shown i n  Fig.  1,  and au tomate  a n d  speed up the convergence of the 

1 4  
p r o c e s s  by using the method of s t e e p e s t  descent .  

s cheme  is shown i n  Fig.  Z ,  

The resu l t ing  modified 

The requi red  inputs  t o  the p r o g r a m  a r e  the c i r cu i t  topology, des i r ed  c i r cu i t  

f requency  r e sponse  and a p rese l ec t ed  acceptab le  e r r o r  bound between the  

idea l  and achievable  f requency  response .  

f ina l  va lues  of the c i r cu i t  e l emen t s ,  sat isfying the idea l  f requency  r e sponse  

The outputs of the p r o g r a m  a r e  the 

within the e r r o r  bound. 

11. APPROACH 

9-13 
The  approach  taken bas ica l ly  cons i s t s  of two d is t inc t  s t eps :  

(i) to de te rmine  an  in i t ia l  e s t ima te  of the c i r cu i t  e l emen t s  applying 
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the method of Cons t ra in t  Imbedding, using the specif icat ion at one se lec ted  

c r i t i c a l  f requency ,  

(ii) to improve  upon th is  ini t ia l  e s t ima te  i n  o r d e r  to  ma tch  the  

r e sponse  c h a r a c t e r i s t i c  ove r  the e n t i r e  f requency  s p e c t r u m ,  by uti l izing 

the t r a n s f e r  function and sensi t ivi ty  capabi13ties of NASAP. 

These  two p r o c e d u r e s  a r e  br ief ly  desc r ibed  below. 

A .  CONSTRAINT IMBEDDING: Given a network N of a r b i t r a r y  

topological s t r u c t u r e  of known e l emen t s  (R,  L,  C and controlled s o u r c e s ) ,  

the method G f  Cons t ra in t  Imbedding is used to  de t e rmine  the unknown e l emen t  

va lues  r equ i r ed  to  m e e t  the des ign  specif icat ions at a single i requency .  This  

is accomplished by first converting the des ign  r equ i r emen t s  into a set  of 

vol tagc c:v..r t - c ~ t  cons t r a in t s  on i l>c :a,;;i: - -  

c i r cu i t  e 

into the  network,  and the i r  effect  on the V - I  re la t ionships  oi tlic: ~ ~ ~ t t - i ~ ? I > $ ~ ! ~  

v a r i ab le  e l emen t s  de te rmined .  

nomirial va lues  requi red  of the va r i ab le  e l emen t s .  

menting th i s  approach  is as follows: 

The P,C vol t n g e  - cu-i’i c ;it L O D  s tr  I 

Application o i  Ohm’s  law then yields the 

The mechanics  o i  i m p l e -  

The ne twork  is  divided into two s e p a r a t e  p a r t s ,  one consis t ing of 

the fixed port ion of the  network and the o ther  consis t ing of the  var iab le  port ion 

of the network e l emen t s .  

equation on a nodal b a s i s  is wr i t t en  as: 

F o r  the fi:<;;cd port ion of the i l c ~ t \ ~ ~ C ~ ~ 3 i 7  the network 

YV = I 
S 

where  
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Y is the (n-1) x (n-1) nodal admit tance ma t r ix ,  

V is the (n-1)  vec tor  of node vol tages ,  

and 

I is  the (n-1) vec tor  of forc ing  c u r r e n t s .  
S 

F o r  the va r i ab le  par t  of the network (coiis;.sting of r variable e l emen t s ) ,  the 

incidence re la t ionship  can  be wr i t t en  as: 

AI = 0 

where  

A is the (n-1) x r node incidence i n a t r j x ,  

and 

I is the r vec to r  of c u r r e n t s  through the var iab le  e lements .  

Conihini; ig equat ions  (1)  %:IC: (2) y . i .~~ l r i s=  

Al te rna te ly ,  a consis tent  network fa rumula t ion  based on a loop ana lys i s  yields: 

where  

B is the ( b - n t l )  x r c i r cu i t  m a t r i x  f o r  the va r i ab le  p a r t  of the network, 

Z j s  the  ( b - n f l )  x ( b - n t l )  irripedailce matrix for  t h c  f ixcd  portion of 

the network, 

I is the b vec to r  of branch c u r r e n t s ,  

and 

V is the (b-nC1) vec to r  of s o u r c e  vol tages  i n  the va r ious  ( b - n t l )  



number  of bas i c  m e s h e s .  

To e i the r  of the equations (3) o r  (4), equality re la t ions  accounting f o r  

appropr i a t e  forc ing  cons t r a in t s  can  be appei3ded. The p rob lem now is to  

de t e rmine  a feas ib le  solution f o r  the  augmented o r  constrained s y s t e m  of 

netwoflc equations.  In gene ra l  t hese  equa,tic)ns can  Gc brought to  the  f o r m  

A x =  y (5) 

A i s  the coefficient matrix, i n  gene ra lp rec t angu la r  i n  na ture ,  

and 

where  

4- A is the pseudo i n v e r s e  

and 
.b ‘1% 

z is  a n  a r b i t r a r y  vec tor  or thogonal  to  the column space  of A . 
z c a n  be appropr ia te ly  chosen i n  o r d e r  to r ea l i ze  posit ive network e l emen t s .  

€3. OPTIMIZATION USING NASAP: Once a n  in i t i a l  e s t ima te  fo r  the -- _1_-------.-----~~ 

var i ab le  e l emen t s  h a s  been found based on a s ingle  i requency  design using the 

method of Cons t ra in t  Imbedding, the p rob lem now is to  extend the design using 

NASAP. This  is done as follows: 

I 
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Let  the ini t ia l ly  es t imated  va lues  f o r  the var iab le  e lements  a s  

obtained through the method of Cons t ra in t  Imbedding be denoted as r 

vec to r  X o .  - Using th i s  s e t  of e lement  va lues ,  the  network i s  analyzed 

with the he lp  of NASAP and the a c t u r a l  r e sponse  c h a r a c t e r i s t i c  evaluated. 

E is obvious that at this  s t a g e  of design the re  is no a-ssural-rce tha t  this 

ac tua l  c h a r a c t e r i s t i c  will  ma tch  the des i r ed  c h a r a c t e r i s t i c  a t  f requencies  

o ther  than the  one selected €or Cons t ra in t  Imbedding application. A typical  

s i tuat ion tha t  might be expected a t  this  point i s  i l lus t ra ted  i n  Fig.  3 .  

Fig. 3 

To f o r c e  the actual  r e sponse  to  coincide with the ideal. r e sponse ,  NASAP is 

employed as follows: 

adjustable  p a r a m e t e r s )  i s  chosen. 

sens i t iv i t ies  of 1G(jo) I with r e s p e c t  t o  each  o€ the  adjustable  p a r a m e t e r s  a r e  

evaluated using NASAP. 

the des i r ed  c h a r a c t e r i s t i c  a t  the selected frequency points ,  the sensi t ivi ty  

equations can be wr i t t en  as 

a number of f requency points (equal  to the  number o€ 

At each  of t h e s e  f requency  points the 

Knowing the deviation of the acim.2 f G(j:,>) Croin 



0 
Solving th i s  set 01 l i n e a r  s imul taneous  equations f o r  the  changes Ax 

new improved  va lues  (assuming convergence) ,  f o r  x.'s are: 

the  
i '  

3. 

1 0 0 
x = x  I -I-& - 

The whole p r o c e s s  could now be i t e r a t ed  with this  set of new va lues ,  i n  

which c a s e  equations (7) and (8) a r c  modiiied as 

respec t ive ly ,  al. the  kth i terht iOll .  

The en t i r e  p r o c e s s  c a n  be stopped when t h e  des i r ed  a,ccuracy, deiined by 

w h e r e  is a small number  specif ied by the  des igne r ,  is real ized.  Computer  

p r o g r a m s  based upon implementa t ion  of thi s des ign  procedure ,  given i n  

Appendices  X a!id 11, a re  t e rmed  AC'CIP a n d  N A S A P  11, 



111. EXAMPLES: 

The  p r o g r a m s  l i s t e d  i n  Appendices I and I1 a r e  now i l lus t ra ted  

with a few typical  examples .  

1. A s e r i e s  resonant  c i r c u g  

I t  is d e s i r e d  t o  detei-mine the \ialLLt:s of E,, L, and C: fo r  the circuit  

shown i n  Fig.  4(a) ,  s o  tha t  the magnitude of the c u r r e n t  c h a r a c t e r i s t i c  will 

be as shown i n  F ig .  4(b).  

R L 

Solution: ( I )  First a c r i t i ca l  f requency,  w = 1. 618 r a d / s e c  is chosen and 

ACCIP is applied t o  de t e rmine  a n  in i t ia l  e s t i m a t e  f o r  R,  L, and C which 

gave the following r e s u l t s  

R =  1.00057. ; L =  l . 3 8 5 h  ; C =  0 . 5 F .  

(2) Using th i s  a s  the s t a r t i n g  s e t  of va lues  NASAP I1 i s  then  employed 

t o  de t e rmine  the  e l emen t  va lues  i n  o r d e r  t o  m e e t  the  given specif icat ions at 

the o ther  two i r equenc ie s  also. The n e c e s s a r y  input  c a r d s  l o r  NASAP 11 is 

give n b e 1 ow : 

1 ,  I ,  1 4 No. of va r i ab le  r e s i s t ances ,  no. of va r i ab le  inductances,  
and no. of va r i ab le  capac i tances  
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2 ,  3 ,  4 <I Branch  no. of the  va r i ab le  e l emen t s  

VI 

0. 618, 1. 000,  1. 61 8 

0. 707, 1. 000, 0. 707 

NASAP PROBLEM 

VI. 1 2 1 

R1 2 3 1  

L1 3 4 1.385 

C1 4 1 0 . 5  

O U T P U T  

IR1 /VV1 

EXECUTE 

?‘he f l : d  vn lues :  

<I The se lec ted  f requency  va lues  i n  r a d / s e c  

<J Ideal  response  va lues  at the se lec ted  f requencies ,  

--I I 

2. A t h i r d - o r d e r  But te rwor th  f i l t e r  

It is des i r ed  t o  se l ec t  the values  of L C1, and C f o r  the c i r cu i t  
1 ’  2 

shov$:i i n  Fig.  5 (a) ,  so  that the r e sponse  will  be a But te rwor th  r e sponse  

shown i n  Fig.  5(b) .  

R2= 1. 

Fig. 5(a) Fig.  5(b)  
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Solution: (1) First a c r i t i ca l  f requency of w = 1 r a d / s e c  is chosen  and 

A C C I P  is applied.  The network r ea l i zed  by th i s  p r o g r a m  is shown i n  Fig.  5(c) ,  

i 

Fig.  5(c) 

( 2 )  Using th is  as the  s t a r t i ng  s e t  of va lues  NASAP I1 is then  employed 

to  determine the e lement  va lues  i n  o r d e r  to  m e e t  the given specif icat ions at 

the o ther  two f requencies  a l so .  The n e c e s s a r y  input  da ta  fo r  NASAP I1 is 

gjvel-! belnw: 

4, 5, 6, 7 4 Branch  no. of va r i ab le  e lements  

0 . 2 ,  1 .0 ,  2. 0 4 The specified f requency  poiiits 

0. 5 , 0 ,  3536, 0. 062 

NASAP PROBLEM 

<I Ideal  r e sponse  at the se lec ted  f requencies .  

VI 

R1 

R2 

R 3  

L1 

c 1  

c 2  

1 2  

2 3  

5 1  

4 5  

3 4  

3 1  

5 1  

1 

1 

1 

0 .396  

2 

1 . 2  

0. 8 

The s tandard  d a t a  set  as  in  

4 as i n  NASAP application. 
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OUTPUT 

VR 2 /VV 1 

EXECUTE 

The f inal  values  a r e :  

3. B r i d e - T  network 

It i s  des i r ed  to  se l ec t  the values  of R1, RZ, L1, and C1, f o r  the 

c i rcu i t  shown in  F ig .  6(a), so  that  the magnitude r e sponse  is  a.s shown i n  

Fig. 6(b). 

L 
Fig.  6(a) Fig. 6(b)  

Solution: 

specified f o r  th i s  problem,  ACCIP cannot be applied. 

gu.ess '1~a.s made f o r  the element  va lues ,  

(1) Since the  phase cha rac t e r i s t i c  even at one frequency was  not 

The re fo re ,  a n  ini t ia l  

They a . r e  a s  i o j l o ~ ~ s :  

R = 1 . 5 0 ;  R = 0 . 5 S k ; L  = l h  ; C  = 1 F  

Using th i s  as the  s t a r t i ng  set  of va lues  NASAP I1 is then employed 

1 2 1 1 

( 2 )  

t o  de t e rmine  the e lement  va lues  in  o r d e r  t o  m e e t  t he  given specif icat ions at 

all the four  f requencies .  The f ina l  va lues  a r e :  

R1 = 1 0 ;  R2  = la ; L1 = 0 .5h  ; C1 = 0 . 5 F .  



IV, CONCLUSIONS AND RESULTS 

The  des ign  p rocedure  desc r ibed  i n  Sect ion I1 has  been incorpora ted  

i n  a compute r  p r o g r a m ,  the  u s e  of which is i l l u s t r a t ed  i n  Sec t ion  I11 with 

s e v e r a l  examples .  

s ingle  f requency des ign  using R G C I P  (A. C ,  Constraint  3iinbeddiilg Progi.arn): 

The p r o g r a m  is to be used in  two s t a g e s ,  f i r s t  as a 

and then f o r  the opt imized des ign  using NASAP 11, which inco rpora t e s  the 

method of s t eepes t  descen t  as the  optimizing scheme .  Both these p r o g r a m s  

a r e  l i s ted  i n  the Appendix. 

the following advantages have been gained as by products :  

Modiiy capabili ty:  

funct ion only f o r  one s e t  of e lement  values .  

During the cour se  of the development  of NASAP I1 

NASAP i n  i t s  p r e s e n t  f o r m  c a n  be used to find the t r a n s f e r  

But now i t  is possible  t o  d e t e r m i n e  

p r o g ~ z m  wjll. e v a l u a t e  this $1-2 

c__ Multiple sens i t iv i ty  capabili ty:  NASAP i n  its p re sen t  €orill can  bc USCJ 10 

find the seiisi t ivity of the t r a n s f e r  function with r e s p e c t  to only one e lement .  

But- now it is  possible  to de t e rmine  the se:qsitivity of the t r a n s f e r  function 

with r e s p e c t  to any  number  of p a r a m e t e r s .  

t h e s e  quant i t ies ,  i f  d e s i r e d ,  at specif ied f requencies .  

Also, the p r o g r a m  will  eva lua te  

The computer  p r o g r a m s  l i s ted  i n  the Appendices I and I1 w e r e  

thoroughly tes ted  f o r  poss ib l e  bugs  b y  t h e  s tudents  CI a g e cu1iL"se on  

'Computer-Aided C i rcu i t  Design'  conducted a t  Stevens during 1968 -69, and 

the resu l t ing  expe r i ences  are detai led i n  r e f e r e n c e  12. 
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A P P E N D I X  A 









$1 I 
~ 

c C A L . C O N T F I . O F  R T O  Y P lATRIX & CCNT,GF V O L T A G E  S O U B C E S  TO R S V  
1 5 4  P d  1 2  T = l  ,NE!kS 
155 J = F l ' F T F  {I ,  1)  
1 5 6 K=PTP- I  P ( T  , 2 )  
157 L = K T F T P ( T , ' )  

159  
- 15i! Y { J ,  K )  =Y ( J , K )  - A D P I  (I) 

Y ( K ,  J )  = Y  ( K , J )  - F . C i l i  (I) 

1 fJ ' 
1 6 9  I I = K  VFF (I, 2 )  

L = C V F E  ( I ,  1 )  

170  
17 7 DO 500 J L = l , ! ? Y  

CUFIi ( Y )  =C!lER (!I) 4 C r J ? R  (K) -- 

17% 50P Y ( J I . , L ) = Y  ( J L , L ) + Y ( J I , K )  
1 7 3  DO 3 1 P  J=l,X!J 

178 
1 7 3  L=NS:! (I, 2)  

K = N E? J+ I 

I n 9  
1 ' 3  1 D O  3 2 9  J=I,W!J 

CVHS ( L )  = C i l P ?  ( L )  +CURE (K) 

- 1 o c  DO 314 I=1,NN 
1 .3 1 DO 3 1 4  J = l , ' . I V R  

1'34 K = K T R I P  ( K V R  ('I) , l )  
l ' i 5  L = K T P f P  (KVT; (T) ,2) 
136 Y (K , P) = f 1 . i: , c 0) 
1 9 7  3 1 3  Y (t,I) = ( - 1 . 0 , O . O )  

-- I 

1 9 8  
119  PO 3 2 G  T = 2 , N K  

N ?j K2= N N K +  t i  V E- I 

2c)d C!JRR ( T - l ) = C U ! < S ( T )  
2 0  1 DCI 3 2 0  J=I , ? IWK2 



2 2  6 537 TI ( T , J )  =C1M,PLX (1. ,c).) -S!fk! 
2 2 7  G O  TO 5 0 4  

2115 1 3 I’OFMAT ( 1 X I  / / / / )  
3 4  h 516 C O N T I X U 2  

2 5 5  2 1 9 3  C O N T I N U E  
2 5 6  IF(X.6E.N3K2) TO S 0 0  









3 5 6  o= ( O . ,  c .  ) 
-- 3 57 DO h J = 1 , K  

35e  Q - O s I : ( K , J j  + r ( J , L )  
~- 



APPENDIX B 



P 

N T V  G I. !?VET* 1- f M A T F J  = 691rril 13/!38 / 7  1 

C M A t N  S E W  FOR N A S A P T  
0001 

Con MO N/BT NG O/K?TO C I NTR EE, N Lf NK , KT REI? I 1 O f  a KLf N 
COMPLEX W , VP, DOWN I rJP 1, DOWN1 , U F2, DUXrJZ 0003 

, 0009 5 K ? I U D = l  d 

i 0010 KTRIAL=l 

i 0011 HEAD ' ? , N R , N L , Z I C  
C NUEBER OF VAPXAELE R F S f S T A ~ ~ C F , X N D r j C T A N C E  A N D  CAPACXTAtJCE ELEMENI'S 

i 0012 NFP EQ= a!? +h L4 EIC 
I C B R A N C H  NUABER O F  V A R I A E L E  ELEHENTS 

i 0025 ll2= M2PER 
! 0026 Da lor31 I = I , M  

00 31 Z I I l = Z P f f )  
0032 1001 CONTINUE 

1 0 0 3 3  E N M = N +  1 
10034 DO 1002 T-1,MNM 
* 0035 . DO 1002 J=l,M2 
: 0036 INC(I~J1 = I V C F ( t , J )  

! 0041 22 IKTAG ( K V Q  121 1 = 7  
(7042 GO TO 1 
COY3 23 I K T A G  (KV?? (3) ) = 1 

, 0044 GO TC 1 
' 00&5 24 IKTAG {KVR (41 ) =1  
0046 GO TO 1 



P 



L 

R A N  TV 6 L E V  i jr , I .  1, %OD 2 HA TN DATU I h Q l U 4  l Y n d , / l l  7 7  

0109 44 IF(I.GT. ( N R t N L ) )  GO TO 45 
0109 
0110 PRINT 32 , K V R  (I) , 2 ( K V R  (X) 1 

Z ( K V R  

GO TO P G  

1 = 2  ( S V F  t 1) 1 +SOL IT) 

* 0113 T E ? l P = l .  /Z f K V R  1 
0114 PRINT 32,KVR (1) , TEHP 
0115 46 Z P I  K V R I I ) )  =Z ( K V R  f X 1 1  

, 0116  43 C O N T I N U E  
0117 P T R I A L = l  
0118 KMCD=KROD+l 
01 19 - ff(KM03.LE.10) G G  T O  9 
0120 7 PQRllAT (10x2) 
0 4 2 1  8 FCfRYAT ( S E 1 2 . 4 )  

; 0122  31  FORMAT ( lX,3E15,7 , ! iX,3 l !? .7)  

i 0124 GO TO 5 
i 0 1 2 3  32 FORMAT ( l X , 2 f f 3 ( , 1 3 , 4 H )  = ,E15.71 

0125 END 
i 

I 



.. 
i 

L 

' i  
i i 

i 
_I_ 





, 







t 
I 



F O R T R A N  fV G LEVEL 1, ROD 3 NRSINP DATE = 69120 20/43/' 

--- 

GO TO 165  

U 

0260 173 IN 
02 59 

c ( B j  #I) - 4  
0261 I D D  {I- 2) =O 

-- 100 CONTINUE - 
I 0262 GO TO 165 

. .  

OZYB 1007 C-E; 

0300 EN D 
02 99 l o b o  R E T U R N  

-- 0297 ZP (I) =?I (I) 

-- 



* 

FORTRAN IY G LEVEL 1, ROD 3 I C H A R  D B T E  = 69123 

-- ~. I_-- 0001 FUNCTION I C H A R  (NRCD) 

0003 D I H E N S I O N  N O N V  ( 6 4 )  
0002 INTE GER ALP R A X  ( 6 4  1 

- - D A T A  NONB/ 
C 0 1 2 3 4 5 6 7 8 9  

1701 11,72673, ?4# 15,76,7 

A B C D E F  C G M f  
2S,5,5,5,5,5,10, 

3Y 1,42,43,44,45,46,47,48,49, - c ‘7-. I T  I I 

C J K L M N O P Q R  
1 5 , 3 , 5 , 5 , 5 , 5 , 2 0 ,  



f a 

. F O R T R A N  TV G LEVEL 1, ROD 3 CETCON DATE = 69134 2 3/11 ;a/ 

0001 SDBR0UTT:NF: GETCON (ISFI) 
0002 C ~ ~ ~ O ~  prrPoT/DUal(120~ 

0039 12 lIC(P,YX)=-TBC(P,JB) 

0041 BEF!RI=- 1 
' GO 'PO 1s 

0540 13 T1=2 

I__- 

' 6049 19 DO 20 JT=2,H1 - 
1 0050 R f = f N C ( f , J P )  +TWC (Tn , sr )  
; 0051 
i 0052 
I 

! 



FORTRAN IV G LEVEL 1, BOD 3 GEPCON DATE = 69134 2 3/4 4/4 

0053 21 DO 22 JI-2,Hl 
0054 ?!iI=XNC(f,Jf) + f N C ( T I , J I )  
0055 -- 22 TNC(I,JT)=( (3-pII**2) *RI) /2 
0056 GO TO 10 
0057 23 C O N T I N U E  

0064 28 GO TO 59 
1 ---- 0065 29 CONTINUE 

0066 31  CONTINUE 

0067 32 DO 41 J1=2,€41 
' C  END SECTPOI? TWO, CUTSET f4"f f tRlX.  - 





r T T m s  - __ 
f 6040 I F  (LCONC (I, J )  .NE.XP) GO TO 22 

0038 - 8 

c 
C THIS ONE IS BEING DEXETED 
C 

------ 
I 



FORTRAN IY G LEVEL 1, ROD 3 PSO Ut DATE = 69120 2 014 3/E 



I .. 



* '  . - 



& I t  , - - 

POBTRAB IY G LEVEL 1, ElOD 3 PLGRPH DATE = 69120 20/4 3/ 

-_----I- 

___._ 
24 $ J A Y  (JS)  SJAY ( Y S )  - - 4 v v  

- -  GO TO 29 

-- 



F O R T R A N  IV G LEVEL 1, PiOD 3 AND DATE = 69120 20/43/5 

0001 FUNCTION AND (K, E l )  

0003 IQ= K 

0012 GO TO 6 
00 13 7 A N D = 1  
00 14 R E T U R N  

-llmT-- RETURN 

R - 

001 5 8.AND=O j .  

0017 END --- 

I 

, 

t 

i 

- 



FORTRAN IY G LEVEL 1, NOD 3 TP DATE = 69120 2 O/QI /o  ' 
' 0001 SUBROUTINE TP (PF,ANN,VALUE) 

; 0012 3 TEtlP2=CRPLX ( A N N  ( 8 )  ,O.) 
0073 GO TO 10 

i 0014 2 TEEP'3t (TEHP3+CBPLX ( A w l  (169mC), 0 , )  1 /PF - 

t 0075 10 COWTXNII" 4 ' 0016 

t 0018 END 
R m  
V A CUE=TE flP1 +TE!iP 2 +TE WP 3 - i 0 O l - j  

-- 

i 

t 
, 

t 



DATE = 6Q128 0 7/59/4 

a 00 13 GO TO 10 - 

0015 10 CONTINUE -- 
i OOl4 2 TEBP3= (TE#P3+CMPLX ( A N A  (ldtK, J )  , O , )  ) /PP 

0016 V A Lo E=T E M P 1 +T E H P 2 + T E M P 3 
' 0917 R ETOR N - 
3 0018 END 

i 



Ea r 

F O R T R A N  IV G LEVEL 1, MOD 3 LEQ DRTE = 6 9 1 2 8  07/53/Y 

0001 SUBHOUTINE LEO(A,N) 

. -  
- -  

I 

. 0006 10 DETERM=I. 0 

J - -- SERRCH FOR PIVOT ELEPIENT 
- . .  C 
c 

j 0010 40 ABBX=O.O 
i 0011 45 DO 105 Y=l,N 
i 0012 50 TF ( ~ P l V O T ( J ) - l ) ~  60, 105, 6 0  

' 0013 60 DO 100 X=1:FJ 
1 O O l 4  70  IF (XPIVOT~K)-I) 80, 100, 740 
: 0015 8 0  IF ( A B S ( A E 1 A X )  -ABS (A{J,K)) f 85 ,100,103 
: 0016 85 I R O W = J  . 

0017 90 f C O L U H = K  
I 0018 95 A R A X = A ( J , K )  
I 0019 . 100 COH'IINUE 
0020 105 CONTINUE - t 0021 110 IXJZVOT [TCC!L??%g = f P T V Q T  [ICoLtJ!l) 41 - 

'I 0027 200 A ( I C B L U ~ , L )  =SBAP 
i 0028 260 INDEX (I, 1) = I R O R  
0029 270 I N D E X ~ ~ X ,  2j  = I C O L ~ M  
0030 310 PXVOT (I) = A  (PCOLU!5,ICOLUM) 
0031 320 DETEBR=DETERM+PIVOT (I) 

C 
- C DIVIDE PTVOT ROW BY PTVOT ELEfZEHT 

c 
, 0032 330 A (ICOLUH ,XCOLUpI) = l  .O 

0033 340 DO 350 L=l,N 
1 0034 . 350 A (ICOLUM,L) =A(ICOLUM,L) /PITIOT(I) 
i C 

i 6035 380 DO 550 L1=1,N ___-- 
0036 



L-b- 9 
P O R T K A L I  IV G LEVEL 1,  no^ 3 LEQ 07/59/4 DATE = 69123 

C 
C INTERCHANGE COLUMNS 
C 

- 0042 600 DO 740 I = 7 , 3  - 
0043 610 L=N+l-I 

. 0044 620 I F  (r~D~X(L,l)-TN~EX(L,2)) 6 3 0 ,  710, 639 
i 0045 630 JROH=INDEX (L ,  1) 
8 0046 640 J C O L U N - I N D E X  (~,2) 
i 0047 650 DO 705 K=1.N 

6 6 0  SWAP=A ( K , J k O V )  -I_ 

0048 
’ 0049 670 .A(K,SROW)=A(X,JCOLU~) 
; 0050 700 A ( K , J C O L l t H )  =S%AP 

0051 705 COSTI!i!JE 
0052 710 CONTINUE 

: 0053 740 RETURN 

i 

I 

1 

i 
i , --- 

__._-__-___I___ . .  


