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I. OBJECTIVES

Computer-aided circuit design procedures, in general, are iterative
in na‘cure1 _5. Typically, the circuit designer begins with a set of specifica-
tions. He then selects a network configuration and makes an initial choice
about the element values based on a combination of established synthesis
procedures and past experience. The circuit Woula then be coded fqr an
analysis ~ ~ ( using standard analysis programs such as NASAP, ECAP,
HYBRID, etc.) and the desired response evaluated., Should the analysis show
that the overall response was not satisfactory, the designer would then change
either the circuit topology, the components he was using, or the element values
of some of the circuit components. This modified circuit would be resubmitted
for analysis to sze if the circuli's response was improved, He does this, 2

number of times, until the cirveuit's resnonse is within a present tolerance

limit. This procedure is illustrated in the block diagram shown In Fig, 1.
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The major objective of the research conducted at Stevens under

NASA Grant No. NGR 31-003-050, was to develop a direct design procedure



to arrive at a good initial estimate of the circuit element values, and to

incorporate NASAP into a direct design oriented algorithm, similar to

the one shown in Fig. 1, and automate and speed up the convergence of the
14:‘ . . .

process by using the method of steepest descent. The resulting modified

scheme is shown in Fig. 2.
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The :r'equiréd inputs to the program are the circuit topology, desired circuit
f-requency responée and a preselected acceptable error bound between the
ideal and achievable frequency response. The outputs of the program are the
final values of the circuit elements, satisfying the ideal frequency response

within the error hound.

1I. APPROACH

-13
The approach taken basically consists of two distinct 'steps:9

(i) to determine an initial estimate of the circuit elements applying



the method of Constraint Imbedding, using the specification at one selected
critical frequency,

(ii) to improve upon this initial estimate in order to match thg
response characteristic over the entire frequency spectrum, by utilizing
the transfer function and sensitivity capabilities of NASAT.

These two procedures are briefly described below.

A. CONSTRAINT IMBEDDING: Given a network N of arbitrary

topological structure of kn_own elements (R, L, C and controlled sources),
the method of Constraint Imbedding is used to determine the unknown element
values required to meet the design specifications at a single frequency. This
is accomplished by first converting the design requirements into a set of
voltage current constraints on the appropriate nodes and braaches of the
circuit. These voltage-current constrainis cie then implanted oz imbedded
into the network, and their effect on the V-I relationships of the remaining
variable elements determined. Application of Ohm's law then yields the
nominal values required of the variable elements. The mechanics of imple-
menting this approach is as follows:

The network is divided into two separate parts, one consisting of
the fixed portion of the network and the other consisting of the variable portion
of the network elements. For the fixed portion of the network, the network
equation on a nodal basis is written as:

YV = Is (1)

where



Y is the (n-1) x (n-1) nodal admittance matrix,

V is the (n-1) vector of node voltages,
and

Is is the (n-1) vector of forcing currents.
For the variable part of the network (consisting of r variable elements}, the
incidence relationship can be written as:

AI=0 (2)

where

A is the (n-1} x r node incidence matrix,
and

Iis the r vector of currents through the variable elements.

)
nd
(o

Combining equations (1) and {2} yia
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Alternately, a consistent network forumulation based on a loop analysis yields:
vV
[B: 2] [—I-—I = [v_] (4)

whe re
B is the (b-nt+l) x r circuit matrix for the variable part of the network,
Z is the {b-nt+l1) x (b-nt+l) impedance matrix for the fixed portion of
the network,
Iis the b vector of branch currents,
and

V is the (b-ntl) vector of source voltages in the various (b-n+1)



number of basic meshes.

To either of the equations (3) or (4), equality relations accounting for
appropriate forcing constraints can be appended. The problerr; now is to
determine a feasible solution for the augmented or constrained system of

network equations. In general these equations can be brought to the form

Ax =y (5)
where
I VV .
. var va
x is the unknown vector or )
I
all all
A is the coefficient matrix, in general,rectangular in nature,
and
y is the forcing vector [IS] or [VS] .
15-18
The general solution to this vasteris cqgnation car be writien ag
+ T ¢
o= Ay b {I-A Als {6}
where
+ .
A is the pseudo inverse
and

ate
EA

z is an arbitrary vector orthogonal to the column space of A .

z can be appropriately chosen in order to realize positive network elements.

B. OPTIMIZATION USING NASAP: Once an initial estimate for the

variable elements has been found based on a single {requency design using the -
method of Constraint Imbedding, the problem now is to extend the design using

NASAP. This is done as follows:



Let the initially estimated values for the variable elements as
obtained through the method of Constraint Imbedding be denoted as r
vector 2’3'0. Using this set of element values, the network is analyzed
with the help of NASAP and the actural response characteristic evaluated.
It is obvious that at this stage of design there is no assurance that this
actual characteristic will match the desired characteristic at frequencies
other than the one selected for Constraint Imbedding application. A typical

situation that might be expected at this point is illustrated in Fig 3.
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To force the actual response to coincide with the ideal response, NASAP is
employea as follows: a number of frequency points (equal to the number of
adjustable parameters) is chosen. At each of these frequency points the
sensitivities of ]G(jw)] with respect to each of the adjustable parameters are
evaluated using NASAP. Knowing the deviation of the actual gG(jw}f from
the desired characteristic at the selected frequency points, the sensitivity

equations can be written as
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_ o
Solving this set of linear simultaneous equations for the changes .&Xi , the

new improved values (assuming convergence), for x.'s are:
: i

>_<_1 = 50 4 [gxo (8)

The whole process could now be iterated with this set of new values, in

which case equations (7) and (8) are modified as

J ] j k
|G goar | - 16 | v |Go ] A
j = Z S k ° r ;)= 1, , T (9)
,Gk ‘ i=1 Xi Xi
and
2 g e (10)

respectively, at the kth iteratioun,

The entire process can be stopped when the desired accuracy, defined by

T
2 - < ¢ (11)

where € is a small number specified by the designer, is realized. Computer
programs based upon implementation of thi s design procedure, given in

Appendices I and II, are termed ACCIP and NASAP II.



III. EXAMPLES:

The programs listed in Appendices I and II are now illustrated
with a few typical examples.

1, A series resonant circuit

It is desired to deterrine the values of K, L, and C for the circuit
shown in Fig. 4(a), so that the magnitude of the current characteristic will

be as shown in Fig. 4(b).

Fig. 4(a) Fig, 4{b)
Solution: (1) First a critical fregquency, w= 1,618 rad/sec is chosen and
ACCIP is applied to determine an initial estimate for R, L, and C which
gave the following results

R=1.0002 ; L=1.385h ; C=0.5F.

(2) Using this as the starting set of values NASAP II is then employed
to determine the element values in order to meet the given specifications at
the other two frequencies also. The necessary input cards for NASAP 1I ie
given below:

1, 1,1 4 No. of variable resistances, no, of variable inductances,
and no, of variable capacitances



2, 3, 4 <] Branch no.
0.618, 1.000, 1,618
0.707, 1.000, 0,707
NASAP PROBLEM N
vi 1 2 1
RI 2 3 1
L1 3 4
cl 4 1 0.5
OUTPUT
IR1/VvV1

EXECUTE

The final values:

R=1{;L=1h;

of the variable elements

The standard data se’c‘ as in

<] NASAP application.

C=1F

2. A third-order Butterworth filter

It is desired to select the values of Ll’ Cl’ and C2 for the circuit

showu in Fig. 5(a), so that the response will be a Butterworth response

shown in Fig. 5(b).

<! The selected frequency values in rad/sec

<] Ideal response values at the selected frequencies.

Ri=L L IGIA
A OfY. 05
035361 1 = = 2\
up iy o | ‘
Vi @ zal Tl &) SRI=1 l :
0-0[:2«1’———_!____._,| -
0 7
0-2 10 20
Fig. 5(a) Fig. 5(b)
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Solution: (1) First a critical frequency of w =1 rad/sec is chosen and

ACCIP is applied. The network realized by this program is shown in Fig. 5{(c).
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Fig. 5(c)

(2) Using th‘is as the starling set of values NASAP II is then employed
to determine the element values in order to meet the given specifications at
the other two frequencies also. The necessary input data for NASAP II is
given below:

i, 1, 2 <} No. of variable resistances, no. of variable inductances,

no. of variable capacitances
4, 5, 6, 7 <] Branch no. of variable elements
0.2, 1.0, 2 0 <<] The specified frequency points
d. 5,0, 3536, 0. 062‘ Q Ideal response at the selected frequencies.
NASAP PROBLEM
Vi 1 ' 2 1
R1 2 3 1

R2 5 1 1 The standard data set as in

as in NASAP application.
R3 4

o

0.396
L1 3 4 2
Cl 3 1 1.2

c2 5 1 0.8
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OouUTPUT
VR2/VVl
EXECUTE
The final values are:
R3I¥ 0§ Ll=2h; Cl=1F ;C2=1F

3. Bridged-T network

It is desired to select the values of Rl’ R, L.,, and C for the

2 1 1’

circuit shown in Fig. 6(a), so that the magnitude response is as shown in

‘Fig., 6(b).
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Fig. 6(a)

Solution: (1) Since the phase characteristic even at one frequency was not
specified for this problem, ACCIP cannot be applied. Therefore, an initial
guess was made for the element values. They are as follows:

R1 =1.50; R2= 0.58; L1 =1h ; C1 =1F

(2) Using this as the starting set of values NASAP II is then employed

to determine the element values in order to meet the given specifications at

all the four frequencies. The final values are:

Rl1=1Q;R2=1 ; L1 =0.5h ; Cl =0.5F.
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IV. CONCLUSIONS AND RESULTS

The design procedure dgscribed in Section II has been incorporated
in a computer program, the use of which is illustrated in Section III with
several examples. The program is to be used in two stages, first as a
single frequency design using ACCIP (A. C. Constraint Ii‘ra.bedding Program),
and then for the optimized design using NASAP II, which incorporates the
method of steepest descent as the optimizing scheme. Both these programs
are listed in the Appendix. During the course of the development of NASAP II
the following advantages have been gained as by products:

Modify capability: NASAP in its present form can be used to find the transfer

function only for one set of element values. But now it is possible to determine
the effect of element value variziions, on the transfer fenciion, Also, the
program will evaluate the tranefer function, if desired; at spacified {reguancies.

Multiple sensitivity capability: NASAP in its present form can be used to

find the sensitivity of the transfer function with respect to only one element.
But now it is possible to determine the sensitivity of the transfer function
with respect to any number of parameters. Also, the program will evaluate
these quantities, if desired, at specified frequencies,

The computer programs listed in the Appendices I and II were
thoroughly tested for possible bugs by the students of a graduate course on
'"Computer-Aided Circuit Design' conducted at Stevens during 1968-69, and

the resulting experiences are detailed in reference 12.
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9 THIS TS AC CONSTRAINT IMBEDDING PROGEAM PY BSEUDO INVERSE TECHNTQUE
1 COMADN T (50),ETa(5) ,CS(20),Y(20,20),CHURR{(2D) ,VFE(5) ,VCFE(5),
TGATN (5}, 6M(5), 98P (30)  W1(20,20Y,21(20,20),T14{290,20) ,FT(20,20),
2S0L(20) ,NVPE,UNT,KTRIP (30,3} ,KQUAD(5,2) ,KQUIN(20,2) ,KVR(15),
3KVFE (5, 2) LNSE(5 2),NNKQ,N,NN,KOUAV(S,Z),KOUAC(5.2).NVR,KQUAS(S.Z)
2 COMPLFX WI,ZI,Tl,FI,SCL ,
3 COMPLEY AD#I(50),%,B2TA,CS,Y,CUFR,VFE,VCFR,GAIN,GM,CEPLY,CONJG
4 COMPLEX U(20,20) ,X(20, 10),ALP!A())
5 EXTERNAL CABS
C N3, OF RE3,CAP,THD BP.,&WD?S,:CNTQO}LEW SOURCES,¥0LT.8 CURR. SOUELCES
4 1000 RR&D 10, W \,NC,\L,HM,NCO‘"’ vbvvo,avLcJo,Nchsc YYOS0, HCURRS
7 NBRS=¥R+ NC+NL , o
3 N=NN-T .
C EES,CAP, IND. VALUTS
9 raa 20, (REP (1) ,I=1,4BRS5) y
C FOR EACH BRANCH INITIAL NOUE,FINAL WODZE,AED VOLT. SOURCE NUNEEE
10 READ 10, ((KTRIP(T,3) ,9=1,3),T=1,NBRS)
I VALUES OF THE VOLTAGE SCUZCZS
11 READ 20, (R{1),I=1,NV0S50)
12 IF (HCURRS.Rg.0) GO TC 9F
c FOF EACH INDEPENDENT CURR.SOURCE,INITIAL & FINAL NODES
13 HEAD 10, {(KQUIR(144d) ,d=1,2) ,1=1,HCUFKS) )
C YALUFS OF THR INDEPENDENT CURRENT SOURCES
14 READ 20, (CS(1) ,I=1,NCUERLS)
15 98 IF (NCONSO) 105,105,106
C - . TFOR EACH COPR.CONTHROLLFD CHUER,SC L&,IT; ARANCH & 115 CONTOLLING ER.
16 106 REARD 10, ({(XQUAD{I,J) ,J=1,2),1=1,NCONSD)
C VALUES OF THE CURKENT GAIN
17 READ 20, fUETA(I) . 1=1,UCONSOY
13 105 IF (NVCVSD)y 167,307,108 -
C FOR FACH VOLT.CCNTROLLED ¥OLT,S5CURCF,ITS FREANCY 3 ITS CONTROLLING #R,
19 708 READ 10, ({KOUAV{LI JY (J=1, 2V, =7, 5VCTs0Y ’
C VALURES OF THE VOLTABT SLINS
29 READ 20, (SRIN(I) , I=1,8VCVEN)
21 107 TF(uveesny 117,117,118
C FOR EACH VOLT.CONTEROLLYID CURR.SOURCE, 175 LRANCH ¢ ITS CCHTROLLING EBER,
22 118 READ 10, ({XOWAC(1,J) ,Jd=1,2) ,I=1,KNVCCS0)
C VALUES OF THE TRANS CONDUCTAWNCES
23 RFAD 20, (GM{I} ,1=1,NVCC50)
24 117 IFINCCVS0.EQ.D) GO TO 119
o FOR EACH CHRP.CONTROLLED VOLT.SOURCE,ITS BRRANCH & CONTGL.BRANCH
25 READ 10, {({KQUAS(I,d) ,J=1,2y ,I=1 NCCVJO)
C VALUES OF ALPHAS
26 READ 20, (ALPIA({I) ,I=T7, NCCVSO)
27 119 CONTINUE
< VALUE OF OMEGA
28 READ 20,0MEGA :
c NO.0OF VARIABLE IAPDADARCFG, V0. OF VFE,HO. OF CFE,
29 R AD 10,NVR,NVFE,NCFE
, € BRANCH .Uﬂ”“?” CT THF VARTRFL® THDPEDRAUCES
39 R?AD 10, (KVRA{L)Y T=T, 80 8)
31 IF(NVFE.EQ.OY GO T0 212
C PLUS AND MINUS NODE FOF LACH VFE
32 ReaD 10, (RVEE(T, NN o051, 2, I=7,0VIE)
C VALUE OF EACH VFFP
33 READ 110, (VFE(IY,IET,RVEE
34 212 IF (NCEE ,E0. . 0) 69 TO 329
C FOL EACH CFE,175 BFANCH YO, AND ITWJICTIUR ®OD=
35 RPAD A0, ((NSR(T,;3),Jd=1,2) ,1=1,NCER)




VALUE OF EACH CFE

36 READ 110, {VCFR(1),I=1,8CFI)

37 329 Do 317 1=1,20

33 CURR(T)=(0.,0.)

39 po 317 J=1,20

an 317 ¥(1,3)=(0.,0.)

41 IF(NR .FQ. 0) GG 70 5

1) Do 2 I=1,8R

43 XR=1./08BP (1)

4 i 2 ADHMT(I)=CHPLX{XF,0.)

us5 5 IF(dC .EQ. 0)Y50 To O

L f Do 3 I=1,HC

47 XR=ONFGA*RRY (L¥HT)

4y K=14ND

Bo 3 ADMI(¥)=CATLX (9. ,%XR)

50 4 IF(KL .EC. 9) GO TO &

51 DO 14 I=1,NL

52 AR=OMEGAXRAD (T 4+MR+NC)

53 L=1+NP+XNC

51 ADMI(L)=CHPLX{2.,XR)

55 T4 ADMI(I+NR+NC)Y=1,/RADHI(I+NR+NC)

56 6 CONTINUE )

57 Do 300 I=1,MVR

58 300 ADMI(RVE(L)}={D.0,5.D)

59 330 IF(NVFE .EQ. 0) GO Tn 213

60 DO 303 T=1,NMVFE

£1 L=4VFE(T, 2)

62 NBRS=VRRS+]

£3 NN=NN+ 1 - )
a4 NCURRS=NCURRS+ T b
65 RUNT{MBRS) =CaPLX (1. ,0.1

66 KTRIE{NBFS, 1) =N

67 KTRIP{NBHS, 2} =1L o
Hhe KTRID{NERS,3)=50

n9 E(50)=(0.,7.) o
70 CS (HCURRS) =VF2 (I) *A0DMT (FRRS)

71 KODIN (NCURES,1)=L

72 KQUIN (NCURRS,2)=NN

73 303 CONTINUE

74 213 IP(NCFE .30, N} GO TO 107

75 bo 304 I=1,HCFE

76 K=NSR (I, 2)

77 NN=HN+ 1

73 BCURRS=NCURRS#+1

79 CS (NCURRS)=VCFE(Y)

80 KQUIN (NCURRS,1) =¥

21 KQUIN (HCUIRS,2) =NN

82 L=NSEB(I, 1)

83 IF (KTRIP(L, 1) .EQ. K} KTRIF (L, 1)=8N
84 IF{KTFIP{L,2) .EQ. K} KTRIP(L,2)=N%
85 308 CONTINUE

86 109 TF(NCONSO) 102,102,103

g7 103 DO 91 I=1,H8CONS0

R LL=XQUADR(I,2)

£9 KK=KOQUAC{I, D)

D) J=KTRIP (XK, 1)

a1 K=KTRIF(KK,?2)

92 LLL=KTRIP(LL, )

93 CURR{J)=CURF {J) ~ADRL(LIY XL (LLLY ¥BETE{)
g4 CUBR(K)=CURR (K)+ADXT(LL) *E (LLL) *RETA(T)
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L=KT®TP(LL, 1)

96 M=KTRTP(LL,2)

37 Y(J,L)=Y (J,L) *PETA (L) *ALFI(LL)

ag Y (K,®)=Y (K,®)+RBETA(I)*ADMI({LL)

99 Y(K,L)=Y(X,L)-GETA (1) *ADFI(LL)

100 91 Y(J,¥) =Y (I, 4)-RETA(I)*ADNI (LL)

21 102 TF(NVCV50) 111,111,112

102 112 DO 82 I=1,NYCVSO

103 LL=KCUAY (I,2)

104 =KCUAV (T, 1)

105 J=KTRIE (KK, )

1006 K=XKTRIP (KX,2)

167 L=KTRIP(LL, 1)

108 M=KTRIF(LL,2)

109 LLL=KTRIF (LL,3)

110 CURR (J) =CIRR(J) +F(LLL) #GATN(T) *ADHI (KK) .

111 CUER (K) =CURR (K)~F (LLL) ¥GRAIY (1) * ALHT (FK)

112 Y (K,L)=Y (X,L) +GAIN (I) * ADNT (KK)

113 Y(K,H) =Y (R, M) —GATN (1) FALAT (KK)

114 Y{J,L)=Y (J,L)=GATY (I) *ADHAT (KK)

115 32 Y(J,R) =Y (J,A) *+GATN (1) FADAT (EK)

115 111 IF(NVCCS0) 121,121,122

117 122 DO 93 1=1,HNVCCS0

118 LL=KCUAC (I, 1)

119 KK=XQUAC (I,2)

120 J=KTRIP (KX, 1)

121 L=KTRIP(KK,2)

122 LLL=KTFIF (K%, 3)

123 L=KTRIP (LL, 1)

124 M=KIiRIP{LL,2Z}

125 LIR‘({)*PHPn(L)*Gu(I)Vr{f§1; & T

126 CURE{%) =CURR (A} ~CM (T} * 5 {LLL)

127 Y(I(J)—Y(L,J)¢¢’{H

123 Y (L, K} =Y (L,X)~6M{1)

129 Y(u,Jd)=Y {4,J) =54 (1) -
© 130 93 Y(#,K)=Y (M,&K)+GN(T)

131 121 IF(HCCVSO) 131,137,732

132 132 DO 94 I=1,NCCVSC

133 LI*K@UA“ T,72)

134 =KQUAS (I,1)

135 S:KIRIF(KK,w)

136 K=KTRIP(KK,2)

137 L=KTtI1E(LL,1)

138 M=KTRIP(LL,?2)

139 LLL=KTRIP(LL,3)

140 CURR (J) = cnnR(J)+r(LLL)*APMI(LL)*ALPFA(I)*A M1 (KK)

141 CURR (K)=CURF(K) ~B(LLL) *L.LRT(LLY ¥4 LEIP(I)oADQT(Kh)

142 Y(J,L)=Y (J,L)-ADMI(LL) *ALP{A (1) *ADAT (KK)

143 Y(JI, M) =Y (J,%) *+ADHT (LL) ¥ALDPHA (1) ¥ADAJ (RX)

14y Y{K,L)=Y(K,L)+ADMI (LL) *ALPHA (T) *ADMT {KK)

145 94 Y(R, M) =Y (X, 1) ~AUKI(LLY 6L CHA (1) FADHI (KX}

146 131 CONTTKUE

CALCULATE CORTRIBNTION OF IND. CURRENT SOURCES TO WSS

167 IF (NCURRS) 101,1C1, 104

168 106 Do 17 I=T,9CURTS

149 =KQUIN(I, T)

150 K=KQUIN (T, 2)

151 CUKR (J) =CUBR (J)-CS (1)

152 77 CURR(R)=COUNR (R)+C3 (17

153 101 CONTTNUE




, C CAL.CONTRI.OF R TO Y MATRIX & CCNT,OF VOLTAGE SOURCES TO RSV
154 DO 12 T=1,NBES
155 J=KTRIFP (I, 1)
156 K=KTRIP (I,2)
157 L=KTEIP (T, 2
158 Y(J,K)=Y (J,K) ~ADHMI ({I)
159 Y(K,Jd)=Y (K,J) ~ADMI (1)
165 Y (J,d)=Y (J,J) +ADMT (T)
161 Y(K,K)=Y (X, K) +ADHNI (1)
162 CURR (J)=CUAR (I}~ F (L) *ADKIL (T
163 12 CURR(K) =CURR(K)+E (L) *ACKI (1)
164 NHI=NF-~-KYFE-NCFE
165 IF(NVFE EQ. D)GO TO 214
166 DO 310 I=1,4VFE
167 K=NNI+1
168 L=¥KVFE (I, 1)
169 M=KVFE (1,2)
1790 CUER (M) =CURR () +CNRR (X)
171 DO 500 JL=1,4N
172 500 Y (JL,LY=Y{JL,L)+Y(JL,K)
173 DO 310 J=1,uN
174 310 Y (M, ) =Y (M, 1)+ Y (K, D)
175 274 NHJ=HN-NCPR :
176 IF(NCFE .70. 0) 60 TO 341
177 DO 311 I=1,NCFE
178 K=NNJ+I
179 L=NSB(I,2) ‘
180 CURR (L) =CURR (L) +CURK (K)
191 DO 321 J=1,NN
132 327 YL,y =Y (I LY+ V{J, K
181 DO 311 JL=1,N0 o
184 311 Y(L,JdL) =Y (L, JL)+Y{X,JL}
165 347 NHR=MNKWT T
186 DD 312 JI=1,UN4
187 K=NNK+ 1-J4J “”
188 DO 312 I=1,NN
189 312 Y(I,K+NVR=1)=Y (I,K)
190 DO 314 I=1,NN
191 DN 314 J=1,48VR
192 314 Y(T,d)=(0.,0.)
1493 DO 313 1=1,NVR
194 K=KTRIP(KVR (1) ,1)
165 L=KIRIP (KVR (1) ,2)
156 Y(K,T)=(1.0,0.0)
197 312 Y(L,1)=(~1.0,0.0)
198 NNK2=NNK+NVE~1
199 DO 320 1=2,N%
200 CURR (T-1)=CURR (1)
201 DO 320 J=1,NNK2
202 320 Y{I-1,J)=Y(I,J)
293 N=HN~-1 -
294 DO 39 T=1,X
205 39 PRINT 1, (Y (I,d),d=1,H8K2) ,CURR(T)
206 IF(N.FQ.NNK2) GO TO 42
207 DO 41 I=1,%
208 DO 41 J=1,HNK2
209 WI(J,T)=CoNaG (Y (I, )
219 41 CONTTNUE »
C WI IS CONJUSATE TRANSPGSE OF ¢
211 CALL PSEUDD(WI,FI,NNK2,H)




212

DO 44 I=1,H

213 DO 44 J=1,K¥K2
214 . TI(J,I1)=CONJG(FI(I,J))
215 4y CONKTTINUE
216 GC TO 43
217 42 CALL CROUT(Y,TI,N)
215 43 CALL PLODCT(TL,CURK,50L, NNK2, M)
219 IF (N.EQ,NNK2) GO TO 516
C THIS SECTION IS T0O CONSTRUCT IDGNT1:Y MATZIX OF NULL SPACE
220 DO 504 I=1,NNK2
221 DO 50U J=1,NNx2
222 5Uf=(C.,0.)
223 DO 505 K=1,%
224 505 SUN=SUM+TI (T,%X)%*Y(&,J)
25 IF (I-J) 506,¢07,506 -
226 507 U(I,J)=CHNPLX{1.,0.)-5U#
227 GO TO 5006
228 506 U(I,J)=-SUHM
229 504 CONTINUE
C THIS SECTTION IS TO PRIFT OUT THE HCEZERC COLUMNS OF NULL SPACF
230 NCOUHT=0
231 DO 508 J=1,HNX2
232 DO 50U TI=7,4nkK2 :
233 IF(CAES(U(I,J)}.63.(1.5=-2)) 50 7O 51¢
234 50¢ CONTINUE .
235 GO TO 508
236 51C NCOUHT=NCOUNT#1
237 BN 511 XK=1,3PK2
238 71 X (¥, NCOUNT) =U(K,d)
239 508 CONTINUE :
240 TF(NCOIAT. EQ.0) GO 70 BTFE TR
241 DO 512 I=1,NNK2 o s
242 572 PRINT 513, sﬂL(T},( 05, 0 OETSTCUAT)
203 513 FORMAT {/,3{(2212.3,5X))
Uy PRINT 13
2u5 13 TORMAT (1X,////)
2u6 516 CONTINUE
2u7 DO 2193 T=1,NHK2
244 TF(L.GT.NVR) G0 TO 2175
249 PRINT 2192,4VE (I) ,SOL(T)
250 2192 PORMAT (1X,201(,12,80) = ,2E15.7)
251 GO TO 2193
252 2195 IK=I-NVE+1
253 PRINT 2194,1IH,50L (1)
250 2194 FORFAT (1K,28V(,12,8H) = ,2E15.7)
255 2193 CONTINUE
256 IF(N.NE.HAK2) 6D T0 300
257 DO 810 T=1,NVR
258 TI=KIK1P (KVE(L), 1) +8VR-1
259 JI=KIPTF(KVR{I),2) +NVR~1
267 TF(RIRTD (VR (1), 1) o 50, ¥} T1=WAKZAT
201 IF(KTRTE(KVR(I) ,2) . EQ. 1) JI=wirz+1
262 IF (KVR(I) .GI.NR) GU TO 811
263 BLEVAL=F®AL ({SOL(II)-~-SCL(JJ))/SCL(1))
264 PRINT BO1,&v2 (1) ,ELEVEL
265 201 FOEMAT (1X,2BR(,I2,4H) = ,1PE15.7,6H O0H4S)
266 GO TO 810
267 311 IF{KVRP(I).GT.{(NR+NC)) GO TO 312
263 ELE VA"AIﬁ&h((JOI(I))/((SOI(TI)‘Q)L(JJ))*O“I"A))
2%Q PIINT 8(G2,%V=(TI) ,EIREVAL




G0 TO 1999

275 802 PORAART (1X,2HC(,T2,41) = ,1PE15.7,8H FARADS)
271 GO TO 810
272 812 TLEVAL=ATNAG ((SOL(II}-SCL(JJ) )/ (SOL (I} *0MFGA))
273 PRTNT B03,KVE(T) ,FLEVAL
274 803 FOEMAT (1X,2HL(,I2,4H) = ,1PE15.7,3H HENFIES)
275 310 CONTINUE
276 304 CONTINUR - )
277 1 FORMAT (/, (1X,8E12.3))
278 10 FOPHAT (4012) N
273 20 FOPMAT (6E12.13)
239 116G TORMAT (5F1).5) -
271

232

UND




283 SUBKOUTINE CROUT (G, F, )

254 UI"H“SIO\ 520,20y, A(26,20y, F(20,20)

275 %~PLFX G,A,F,SUN . i

2446 "'2’4“

287 5019 I=1,¥W

224 DO 11J=1,%

PEE 11 S(I,V+J)=(0.G,®.o) -

280 O G(T, K+ )~(1 C,u.0)

c FIRST COLORN Or AUXILIAFY MATRIX IAS TH® TIKkST COLUNN OF THE GIVFN HA
291 DO 20 I=1,%
292 20 AT,V =6(L,T)
¢ FIFST POW OF YVIXTLTARY FATRIY IS NOTFHALISFD ROKN OF 9 BIVIE MATHEIY

293 DN 30 J0=2, 8K

204 36 A0, N =G{1,3)/A (1. 1)

295 DO 40 I=2,H

296 DO 4D J=2,NH

237 =T~ 1

293 Ji=1-1

299 IF (1-J) 2,3,3

300 3 SUFE={C.C,D. 0)

301 D0 4 K=1,JJ

N2 ] SUﬁ=SUH#A(I,K)*A(K“H

303 A{T, V=6 (1,J)~-31H )

306 50 T 49

365 2 SiM=(C.0,7.0)

306 Do 5 k=1,

37 5§ sUN=sUa+ A {T,E) ®A(K,.])

368 A(I,N) = (6 (T,3)-SUx) /A (1,1}

309 40 CONTIBUER B

310 PO 51 J=1,%

311 ?(‘,J)'ski,ﬁ+3} -
312 DNosn 1=2,M4

313 Ii:r—1 T -

314 STK={0,0,3.0)

315 Du o ¥=1,7¢1

316 60 SUF=SU4+A {(H-T+1, b-YfW)*I(w-K+1,J)

317 50 F(N-I+471,J0)=A(N-I+T,N+J)~S1N -

318 51 CONTINUE

319 no 70 1=1,K

320 70 PRINT 6,{(¥({L,1),3=1,1)

321 & FTOFMAT(1X,8710.5) T

322 RETIRY

323 ZND




324 SULROUTINE PUODCT{A,R,C,HN, 1)
325 DIMENSION A(29,20),8(20),C(20
3246 CORDPLEY &,R,C

327 DO 11 1=1,20

328 11 C(I)=(0.0,9.0)

329 DO 10, I=1,M

339 DO 12 K=1,N

331 12 C{Iy=C{T) +A (I, KY*B(K)

332 10 CONTIKRUE

333 ARITE(1,1})

334 T3 FOINAT (14, //)

315 RETIRN

234 END




337

SURRONTINE PSSUDO(A,T, M, N) ' '
M IS THE NH¥BFR OF RCYS OF THY GIVEN MATRIX

C
C N 15 THE HUMERP OF COLUNMNS OF THE GLiVAN MATRIX
C % IS5 GREATTR TUAN N

338 DIMENSION A(29,20},B(27,20),D(20,2C),T(27,20)

139 COMPLEX A,B,D,T,P,¥W,0,CONIG

340 DG 1 L=1,%

341 DO 1 J=1,H

342 1 T{L,J}=(0.,0.)

343 DO 2 I=1,%

344 DO 2 J=1,H

_ 345 D(1,3)=(0.,0.)

T DO 3 K=1,4

347 3 DIT,J)=D(I,J)+CONIG(A(K,T))*A(K,J)

3uA 2 B(T,N)=D(I,J)

349 DO 4 K=1,¥

350 P={0.,0.)

351 DO 5 J=1,N

352 5 P=P+D (K, d) *D (J, 1)

353 IF(CAES(P) .FG.0.) GO TC 4

354 DO B L=1,0

355 W={0.,0.)

356 0={0.,0.)

357 DO 6 J=1,¥

358 0=04LR (K,J} *T (J,L)

359 TF{({L.GT.N).0R. (L. LE.K})) GC TO €

359 Wede DN, DV ED (T, 1 "

161 CONTINUE

362 DO 7 J=1,N - o T

363 T{I, LY =TI, 0y eD 3 Ky A {CONIG {A 1L K} -0y /T

344 TF((L.Gr. Ny . On (L VIE ey oo o7~

365 DI, L) =D (I, Ly ~D{I, Ry * {¥ /1)

366 7 CONTINGE

367 ] CONTINUE

368 i CCNTINUE

349 RETUERN

370 END



APPENDIX B



1,.MCD 13 MATY DATE = 69144 12,08 ¢21

FORTRAN TV G LEVEL
: c MAIN SECTION FOR NASAP IT
. 0001 COBNON /INPUT/DUM1T(120)
: 1.IDD(40) ,DUN2 (80), IS*(QO),DUﬁ3IHO\.IJTAP(HO).IKTA"{“O). (40) M2
- 0002 COMMON /LOOPS/ INC(25,42) ,DUNS(543),H,N,DUNL(3205)
0003 COMMCN / SAVE/ TCDP!15).ISTP(15).IJTAuPl15),IKTnFP(151 ZP(15),
g 1INCP (15, 15) ,MPER ,NPER, M2PER
0004 COMMON /STORE/ PSCON(15).PSJAY{15).PSN1(15.10).PSD1(15,10).
i 1PSN2(15,10),PSD2(15,19)
0005 COMMON /TRIAL/Z CMEGA(10),KTRIAL
. 0006 COMMON /0UTPUT/ A{10,10), KVR(10),G{10),5T (10} ,ERRCR{10}),S0L (1D
0007 COMNON/BINGO/KMOD NTREE, NLINK, KTREE(10) , KLTINK (10)
T 0003 COMPLEX W,0P,DOWXN,UP1,DOWN1T,UP2,DOWN2
0009 5 _KMOD=1 . - a
i 0010 : KTRIAL=1 . , A
C NUMBER OF VARIARLE RFS{ TANCE,INDUCTANCE AND CAPACITANCE ELEMENTS
0011 READ 7,NR,NL,NC
0012 NFREcznn+uL+mc
C BRANCH NUMBER OF VARIABLE ELEMENTS
0013 READ 7, (KVR(I) ,I=1,NFREQ)
c THE FREQUENCY POTNTS AT WHICH THE MATCH IS DFSIRED
0014 READ 8, (OMEGA(T) ,1=1,NFREC)
o c DESIRED MAGNITUDE VALUES AT THE DESIRED FREQUERCIES
0015 READ 8, (GY(I),I=1,NFREQ)
0016 6 GO TO (21,22,23,24,25,26,27,28,29) ,KTRIAL
L0017 21 _CALL 2ERO
t o018 "CALL MNASINP
. c 10D, IST, IKTAG,TJTAG, ISTAG  JHC 7, M, N, ¥2 HAV? REEK STORZED IN HMASIND.
S 0019 9 IKTAG{KVR(1)}=1 .
L0020 1__CALL GETCON(ISH)
i 0021 .CALL FSORL : : A
0022 CALL HIGORL i I
C NOW IDD,IST,IKTAG,IJTAG;TNC,Z,d,8,M2 ARE RESFT R
0023 N=NPER
0024 M=MELER
0025 M2=M2PER
0026 po 1001 I=1,HM
0027 IDD(I)=TIDDP (I)
0028 CIST({I)=ISTP(I)
0029 __IJTAG(Y) =1JTAGP (1)
0030 " IKTAG(I)=IKTAGP (I)
0031 Z(I)=2p (1)
0032 1001 CONTINUE
0033 MNH=N+1
i 0034 DO 1002 T=1,HNN
0035 DO 1002 J=1%1,H2
; 0036 INC(I,J)=INCP(I,J)
£ 0037 1002 CONTINUE
10038 KTRIAL=KTRIAL+
0039 IF(KTRIAL.GT.NFREQ) GO TO &
© 0040 GO T0 6
: 0041 22 _IKTAG(KVR{2)) =1
L 00u2 GO TOo 1
0043 23 IKTAG (XVR(3})=1
. 00u4Y GO TC 1 i
0045 24 IKTAG (KVR(4)) =1
006 GO TO 1




:FDRTRI\N IV. 6 LEVEL 1, M¥oD 13 i MAIN . DATE = 69144

12/08 /2

nou? 25 TKTAG (KVYR(5)) =1
.. 00us GO TO 1
0049 26 TKTAG (KVR{6))=1
. 0050 GO TC 1
. 0051 27 IKTAG(KVR(T7)) =1 S
. 0052 GO TO 1
{0053 28 IKTAG {(KYR(8)) =1
, 0054 G0 TO 1
© 0055 29 TKTAG (KVE{9)) =1
i 0056 GO0 TO 1
_0057 ] CONTINUE
0058 SQERR=C, '
0059 bo 10 I=1,NFREQ ~ =
i 0060 ¥=CMPLX (0. ,0MEGA (I)) A
i 0061 CALL TF(W,PSJAY,UP)
0062 CALL TF(¥®,PSCCH,DOWN)
0063 G{I})=CABS(UP/DOHN)
006U ERROR (I} = (GI(I)~G(1))/G(I)
0055 SOERR= (SQOERBR+ERROR (1) *%2)
0066 DO 10 J=1, NFREC :
0067 CALL SF{W,PSN1,UP1,0)
0068 CALL SF(W,PSN2,UE2,J)
0069 CALL SF({W,PSD1,DCWN1,J)
0070 CALL SF(W,PSD2,DCHWN2,J)
9071 AT, JV=REAL({UDP1/DOWNT) + (UP2/DOWNZY)
0072 10 CONTINUE
0073 AK=1, ,
007 IF {{SQERR/NFEREQ) .6T..08) AK=2,
0075 IF { {SOFRR/NFEED) .GT. 0% AK=5,
0076 ‘DO 53 J=1,NFREQ
00177 DO 54 K=1,NTHEE .
0078 IF(KVR (J) . NE.KTREE(K)) 50 TO 54 S
c TREE ELEMENT HAS BREEN FIXED
n079 F(J.GT. (NR+NL}) GO TO 55
| ¢180 / DO 56 T=1,NFREQ
0081 ( 56 A(L,J)=A(I,J)/2 (KVR(J))
0082 GO _TO 53
0083 ‘'55 po 57 I=1,NFREQ
0084 57  A(T,J)=-A(I,J)*Z (KVE(J})) v~
0085 GO TO 53
0086 54 CONTINUE
0087 DO 58 K=1,NLINK
0088 IF (KVR{J).NE.KLINK(K)) GO TD 58
c LINK ELEMENT HAS BEEN FIXED
0089 IF(J.GT. {NP+NL)) GC TO 59
0090 DO 60 I=1,NFREQ
0091 60  A(I, N ==A (I, /2 {KYR (I}
0092 60 TO 53
0093 54 DO 61 I=1,NFRED
0094 61 A(I,J)=A(X,J)*Z (KVR(J))
i 0095 GO TO 53
i 0096 58 CONTINNE
0097 53 CONTINUE
0098 DO 3C I=1,NFREQ
0099 ERROR{I)=FRROR(I}/AK ,
0100 30 PRINT 31,(A(I,J),Jd=1,NFREC),EKROR(I)




L«

1..10D 3 MATIN

FORTRAN IV G LEV=EL

0101 L CALL LEC(A_NFREM
- 0102 DO 41 I=1,NFREQ

0103 _SDL (1) =0,

0104 DO 42 J=1,NPREQ

0105 42 SOL(I)=SOL(I)+A(I,J)*EIROR (J)

0106 41 CONTINUE .

0107 Do _43 1=1,NFPZQ

0108 44 TIF(I.GT.(NR+NL)) 60 TO 45

0109 Z(KVR(I))=Z (KVR(T)) +SOL{T)

0110 PRINT 32,KVR(I),2{XVR(I))

0111 GO _TOQ 46

0112 8% Z(RKVR(I))=1./((1./2(KVR{I)))+SCL(I})

0113 TEME=1,/Z (RVE(1))

0114 PRINT 32,KVR(I),TEMP
0115 46 ZP (KVYR(I))=Z {KVR (1))

. 0116 %3 CONTINUE
0117 KTRIAL=1
;0118 KMNCD=KNOD*1 ~

0119 IF (KMOD.LE. 10} GC TO 9
0120 7 FORMAT (1012)

0121 8 __FORMAT (5E12.4)

0122 31 FORMAT (1X,3E15.7,5X,315.7)
{0123 32 FORMAT (1X,283(,13,8M) = ,E15.7)
i 0124 GO TO S

0125

END

N g s v e i b o a8 10d e e e g e L

12/,08/21



. FORTRAN IV G LEVEL 1, MOD 3 ZERO DATE = 69120 20/43/

SUBROUTINE ZERO

0001
: 0 ZERO
- 0002 COMRON /LOOPS/ IVV (40,40),ITT(40,40), IHH(HO 40)
;0003 DYHENSION ZIP(4300)
{0004 EQUIVALENCE (2IP,IVY) - 4 ; S
OS5 DO T I=T,5800 :
0006 'zxp(r)-o.
0007 RETORN
0008 END

P




‘FORTRAN IV G LEVEL 1, MOD 3 ' NASINP DATE = 69120 20/43/5
0001 SUBROUTINE NASINP
0002 DIHEHWSION FEQ(I) T R
0003 DIMENSION ITSK1(15,4) ,1TSK2(3,6) ,ITSK3 (15,6},
; TITSKE (10, 5), LTSKS5 (9, 10),IﬂrgTTSWT‘TvgﬁTTTHUT‘TﬂsBTz(21 5)
! 0004 COHHON /INPUT/DUH1(120) :
! : T, IDD(40] DUEZTEUT”YgTTEUT‘ﬁUHXTKUT”TﬁTﬁ@THUT”YKTIGTEUTTZTﬁE77Tﬁr“
i 0005 co&mou /LOOPS/ INC(25,42) ,DUH5(583),8,8,DUNS({3205)
. OU0% CORHON /RQRANT/VWRQU (10)
10007 COHMEON / SAVE/ IDDP(15),1ISTP(15),IJ3TAGP(15), IKTar9{15) 29115),
TIHCP {75, 15} » ﬁ?ﬁ?‘ﬂ?ﬁﬁ“ﬁzvﬁg
0008 DATR INSETY/
T 16290, 1T, 6%0, T8, 9%0, 79, 21,0, 20, 1950 3, 2,15, V2505 8 7 z*ums“s*@7v,
2 10,11 0,4,3%0,13,14,1,4%0,~1,-2,-3,-4, -5 +=6,-7,-8, —9 10
. 37 ' .
0009 -DATA INSRT2/
T 171,2,1,9,6,5,4,0,7,8,2%0,70,0,3, T2, 3%0, T3, 16 €0,
21, 3*0 2, O 8 u*o 4,3,2,5,0,6,1,0,7,0,9,10,11,12,
3 13 0, 5 (4 o u +3.0, 2~Bﬁo 6, 3*0 I 0,5,0,V,%,3,0,2,0%0,7,3,0,
4 8;6,&#&,7
5/ .
0010 DATA 113K/
T 22,65, 2T, 70,6, 21,6, 2%18,6, 27,6, 19, 22,723, %, TT¥22, 19, 22,723,758,
2v11¢22 2#7 23,12%22,2%15,23
Ly ‘
0011 DATA ITSK2/
—u
GOTZ BATE ITSEI/ T T
1 10,8#22,19,17,19,5,22,23,10,8%22,26,18,3%22,23,9, -
BRI 7%, LFY?*Z:,TU“Q?W@ w“,aa%* VI IR VB, 2F5E, e
! '3 19,23,9,2%19,12,4%11,12, 25,3$7? 19,23 22,2*39 HEI2, %
; 15, 3% 22,15, 73 5 o
§ 4 /
i 0013 DEATR — ITSKS/"
: 1 2%22,13,2%22,13,2%19,2%23,22,6,22,2%6,22,19,
2 22, zﬁ?W”H“S?IY‘T§“77"7W237875F2?7772272123,
3 6*22 19,22,2%23
3/
0014 DATA  ITSKS/ , o
, N2 I, Y325 22, VI, V9, 22, 20,22 ,5%6, 19, 2% 22, 0, 5%27,
2 19,2%22,8,5%22,19,7,7%22,19,16,3%22,13,2%22,
313,719, 3ﬁ??‘ﬁ*ﬁ“T@“?V??‘E‘SFZZ‘Tv“?$22 B, 5%27,
g 7, 7 2*22 5%27,19,28,23
7
bo1s 101 FORHAT(69A1)
) o1 AVATIABLF) ,
0017 103 FORﬁAT(zeﬂ INPOUT CODING ERROR IN COLUHH, 13)
ooTe TO0 FORAKT (Z7TH HACHTWE LRNGUELE BREAKLOWNY T e
. 0019 105 PORMAT (44H USE HEADING CARD LABELED HASAD PROBLENY
{0020 T06 FORHAT{T5T67)
i 0021 107 FORMAT (1X,5041)
0022 TO8 FORHAT (EY.2)
. 0023 109 FORHAT(17HTOO MANY ELEMENTS)
0020 TT0 FORHRT(TX,8512)
0025 111 FORMAT(1X,/////)
T O02% T15

FORHAT (THT)




‘ &

"FORTRAN IV G LEVEL 1, MOD 3 NASINP DATE = 69120 20/43/5

0027 116 FORMAT(1X,/)
0028 — WRITE (6,7119) ,
0029 1 READ (5,101) INLST
C TEST FOR EOF ON INPUT UNIT
1 0030 986 CONTINUE ;
0037 ; YF (ICHAR (ANLST (1)) =55) 2,64,2
- 0032 2 WRITE (6,105)
0033 3 WRITE (6,7715)
© 0034 301 READ (5,101) INLST
= C TEST FOR EOF ON IHPUT OWIT "
0035 IF (ICHAR (INLST (1)) ~-55) 2301,%,301
0036 T DO 5 1=1,01 ' ~
0037 2(I)=0 _ : "
0038 ) b0 5 J=1,25
0039 S INC(J,I)=0
0040 IROR=0
0001 IFRQ=~-1
G052 ITHE=0
0043 FEQ (1) =0.
IR0 : FEQ[2)=0.
. 0045 THI=O
10301 N=2
£ 0087 WRITE (6,107) INLST
5048 - WRITE (6,776}
0049 6 ISGN=+1
0050 16=0
0651 L1=1
1Y 7 LE=T -
- 0053 1%=0 “ v 4 ]
TTO0SH TYTET - : S g o o
. 0055 A B=Ke$ 5 . ) ,
056 READ {5, 707y IULST -
. . €  TEST FOR EOF ON INPUT UNIT
;0057 WRITE (b,3107) INLST
i 0058 260 DO 39 I=11,50
0059 ) TTST=ICHAR (TNLST (I
. 0060 IF (INSRT1(ILS5T+1))10,98,8
|- 0061 § LI3STHSRTT{ILST+ 1)
! 0062 IL5T=L3
{ D053 ~IF(INSRTZ(L3,L1)y99,98,9
P 0064 9 L3I=INSRT2(L3,L1) +1
;0065 GO0 10 11
. 0066 10 L3=1 ‘
0067 TLST==INSRTT(TIE T+ 1T =1
0068 . 11 60 T0 (12,13,14,15,16),L1
06069 T2 LISYTSKT (1.3, 12)
0070 J=3
607T COTO 17
0072 13 L3=TITSK2(L3,L2)
6073 GO T0 17
0074 14 L3=ITSK3(L3,L2)
0075 GO 017
0076 15 L3=ITSKU (L3,12)
U077 J=0
0078 G0 TO 17

0079 16 LI=TTS5R5 (13,12}




‘FORTRAN IV G LEVEL 1, KOD 3 NASINP DATE = 69120  20/43/5

;0080 .~ IF(L3-2u4)293,200,292
0087 292 IF(L3=25Y793,250,293
© . 0082 293 IROR=IRQR+1
;TUUB3 TF{IRQR="T0Y 294,294,717
- - 0088 294 NRQR (IRQR) =IKLST(I) ot
U085 T7 CONTINUE
; 0086 - 60 TO (18,19,19,20,22,23,24,25,26,27,29, 32,33,34, 35 36 37,38,39,
; T43,97,98,99,200,250,265,270,290),1.3
. 0087 270 L2=7
a8y ISGN=ET
0089 n=4
0090 G0 TO 23 -
- 0091 290 L2=7 y
U092 ' H=T
! 0093 ISGN=1
o094 GO0 TO 39
. 0095 265 IF(IFRQ) 266,203,203
v096 266 IF[ITHEY 39,339,202
0097 202 THI=IZ
I S T1ReES : THISTAI®T0.¥% [-LD)
. 0099 L1=5
0100 TTHE=0
0101 Lp=0
0102 - ISGH=T
0103 6o 10 7
i U107 U3 T ITHQ=IFROF T
;0165 FEQIIPRQ)=17
HEE VB 2337 FEQ{IFROT=FEQ (IFRy ¥ 10 SF =0T
L 9107 L1=3
STl TZ=7 2
0109 LD=0 i
0770 ‘ T7Z=0 =
0111 _ ISGN=1
0172 TI=T
0113 IF(IFRQ~3) 260,204,204
ARL 200 1LY1=5 »
0115 IFRQ=-1
URR L . GO TO 7
6117 200 IFRQ=0 .
0718 “ITETIFG
0119 GO TO 255
U120 250 I1=1+%
0121 : ITHE=1
TOT22 255 1.1=3
. 0123 R L2=1
TOT2Y ) GO TO 260
i 0125 18 HE=10%HNSILST :
0128 : T IRCHEF 3, Ny 0¥ (L2 3y s 3/ { (L 2= 3T ER 271 vE 2
© 0127 6O TO (38,37,35),13
U128 20 IF{ILSTY 99,39, 21
. 0129 21 HR=ILST
T30 GO TO 38
. 0131 22 ISGN=-1
U132 GO TO 38 N

i 0133 23 INC(J,H) =100%ISGN*ILST
¢ 01354 GO TO 38




‘PORTRAN IV G LEVEL 1, MOD 3 NASINP DATE = 69120 20743/

£ 0135 24 INC (J, M) =INC (3, M) +TSGN*HN

0136 60 10 (3671,38,35,38),9
: 0137 25 INC(J,H)=INC(J, n)4zscnv(1o¢ma41L5T)
07138 GO TO 38 ' )
‘0139 26 LD=LD+1 , : e
07140 27 YZ=10¥IZ+ISCN*ILST '
0141 IF(ILST) 99,39,28 :
TO0TGZ 2B LZEL 2 (T20+ L% (2-L2%6)) /36
' 0143 GO TO 39
TOTGE 29 TF(IRC{3 L H) /T00=0} 30,371,330
! 0145 , 30 LD=LD+9+ (TLST-9) #(81~13% (ILST-9)}) /10
o166 IT LD=LD+3-1I15T
: 01“7 L2=6 .
A ELY:] G0 To 39 -
t 0149 32 L1=8
0TS0 LZ=1
0151 33 ISGN=(4- ILST) /3
07152 GO T0 38
0153 38 L1=%
0754 NB=H=1
0155 J=1
0156 =2
0157 60 TO T
07158 : I5 LI=LT+1
0159 L2=1
5150 60 T0 39
0161 36 L2=12~1
0762 SNV )
0163 37 12=12+1 et .
oTen I TTELITY ‘ = ‘ T
0165 39 CONTINUE S
0766 TXF({TOFLTe L2y /T3 5,40, 0
0167 , 40 INC(4,M) =0
0768 BTy J=T
0169 IF(L1-5)42,7,99
0170 TG Z(HY=12Z
0171 Z(H)=Z%Z(M)*10.0%% (-LD)
0172 GO T0 &
0173 43 CONTINUE
07174 9 B0 50 1=5,75
0175 DO 45 J=3,HB
0176 TF{INCIY,JYy°7, 45,87
0177 : 45 CONTINUE
0178 5T CONTINUE
0179 \ 52 N=I-3
R B T H=HB=Z
0181 H2=H+2 -
OTHZ - HT=851 «
0183 N3=N+3
0788 NZ=N¥2
0185 Ni=N+1
07186 GO TO 150
0187 47 CONTINUE
07188 53 CORTINUE
0189 50 CONTINUE

0150 WRITE (6,109}




FORTRAN IY G LEVEL 1, MOD 3 NASIRP DATE = 69120 20/43/5
0191 . 60 T0 3
0792 97 WRITE (6,102)
0193 G0 TO 3
oT9n 98 WHITE (6,103) T
0195 YRITE (6,107) INLST
U196 GO TO 3 o
0197 99 YRITE (6,104) S
UT98 GO T0 3 P — P
06199 150 DC 151 1=1,M2 :
U200 IDD{IT=0
. 0201 IST(1}=0
. 0202 TITEG (T =0
' 0203 Z(I)=Z(1+2) ‘ "
0200 51T IRTAGIV=0 ~
0205 152 IFP(INC(2.3)) 153,179, 153
0206 153 D0 150 1=3,H82
0207 IP(IABS(INC(Z 3))-TABS (INC(3,I))) 154,155,158
U209 155 TJTECTI= 2V =1 -
0209 INC(%,I)=INC{1,3)
U270 TGO 29
0211 154 CONTINU®
07712 T79 CORTINUE
0213 : HRITE (6 300)
VAL 300 {40
0215
0276 29T IF(IRC{Z,07) 279, THETITY
0217 279 DO 280 1=3,H2 : B
PRTS TP YEBS (INC (<, OV V= 1ARGITHT {3, 5yYT 280, 2Wa, 2380 -
0218 282 IKTAG{I-2)= P
U270 TGO T UES .
0221 280 CONTINUE R
0772 G0 T0 99 ‘
0223 385 CONTINUE
— 0228 PO 78S 1=3,H2
0225 J=TABS (INC(3,1)}) /100
02726 : TF{J=3Y 156, 160, 156
0227 156 IF{J-7) 157,161,157
228 ST IP{I=5) 158,162,758
0229 158 IF(J-4) 159,163,159
0230 159 TF (J=1) 99, 764,99
0231 160 IDD (I-2)=1-2
07232 TIST{I=2) == 1
0233 Z{1-2)=1./2(1-2)
U230 INC (NI, IV=3
0235 G0 TO 165
07236 16T IP(THC (O, Ty 178, 175, 1775
0237 174 IRC{N3,I)=6
IPRE DO B2 J=5, 02 ‘ 7
0239 IF(IRBS(IHC(H I)) INC(3,d)y 182, 183 182
200 183 IDD (I-2y=1-2
p2u1 _ GO TO 165
LY 182 CONTINTE
i 0243 175 INC (K3, I)=7
AL IO {I=2)=0
0245 GO TO 165
07056 162 IDD (I=2V =12




FORTRAN IV G LEVEL 1, HOD 3 NASINP DATE

69120 20/43/°

0247 . IST(I-2)=1
0258 — INC(¥3,I)=5
0249 GO TO 165
0250 T63 IDD(I=2)y=1-2
0251 INC(N3,TI)=4 -
0252 G0 TO 165
. 0253 . 164 IF (INC(4,1))172,173,172
{0258 T7T2 INC (N3, IV=2
' 0255 po 180 J=3,H2
0256 -IF(I&BS(K%@T@“YTT”Y?C(3 Jyy 180,387, Y80
0257 181 IDD(I-2)=3-2
0258~ GO TO 165
0259 180 CONTINUE M
0260 173 INC(N3, ) =1
0261 IDD (I-2) =0
0262 , GO0 TO 1565
0263 165 CONTINUE
0260 PO 17T I=3,87
0265 IP (INC(L4,1)) 166,171,166
0266 166 DO 170 J=3, 42
0267 IF(IABS(INC(u 1))~ INC(3 J)) 170,167,170
FTERRT‘“‘“‘“’“‘T€7‘IFTIEc(u 1Y) 168,99,169
0269 B INC(N3,J)=6
0270 ~ GO TO0 171
0271 169 INC(N3,J})=2
0772 TG0 10 171
0273 170 CONTINDE
v O2TH T TONTINUE : -
1 0278 Do 177 I=1,H T 4
G276 TIT INC{{, I+17 = f‘
0277 _ pe 178 I=1,8 i o :
T8 5O T ST W e it =
0279 , 178 INC(J,I+1)=INC(J+3,1+2)
0280 1178 InC ({1, 1) =0
0281 2178 INC{1,42}=0
0282 3778 INC (N, 1) =0
0283 4178 INC(N,H2)=0
U280 DO 1002 I=T,N
0285 Do 1002 3=1,H2
07296 - Iﬂ@PTI"HT—TRC(I N
0287 : 1002 CONTINUE
0288 5178 R=8=1
0289 - H2PER=M2
07290 NPER=N
. 0291 . MPER=H
0292 DO TO0T ISV, H
© 0293 ~ IDPDP{X)=1DD(I)
0290 - YSTPIVYETST{T)
0295 IJTAGP (I)=IJTAG (1)
0296 , IXKTRGP (L= TKTAGC (I
0297 ZP (1) =2 (1)
VAL TO0T CONTINUE
- 0299 1000 RETURN

U300 ERD
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FORTRAN IV G

DATE =

LEVEL 1, HOD 3 ICHAR 69120 20/43 /¢
0001 FUNCTION ICHAR (NBECD)
0002 INTEGER ALDHAX(6H)
0003 DIMENSION NONV (6Y4)
000G DXTA NONV/ v e
c 0 1 2 3 4 5 6 7 8 9 )
TT0, T, 72573, T8, 75,76 77,78, 79,
25,5,5,5,5,5, 10,
C A B ¢ D E F 6 H T
341,42,43,068,45,46,47,48,49,
c T . T T IT = -
7%,3,5,5,5,5, 20, ,
C J K T K § 0 F 0 F -
451,52,53,54,55,56,57,58,59,
T T T T T T T BLANK /7
55,5,5,5,5,5,0 .21,
T ST 0 V W X Y Z
662,63,64,65,66,67,68,69 /
T o1 v, K| g 5 3
0005 DATA ALPHAX/4HO  ,4HY  ,uH2  ,4H3  ,4H4  ,4HS  ,4H6
C 7 B ) YO 1T 1213 T8 15718 17 18 19
1487 ,4#8 ,4#9 ,0,0,0,0,0,0,0,4HA ,4HB  ,4HC ,
C 70 py 272 73 75 75 2637 78
248D ,4HE ,SHF ,8HG  ,4HH  ,4HT  ,4HI  ,4H. ,4HI
T 79 30 I 12 73 35 TS % 37
3441 ,4HI  ,4HI  ,4H-  ,48J  ,4HK  ,4HL  ,UHM  ,GHN
(o 38 39 iy T Y, T3 LD 55 56
4810 L UHD S UHD L HHR JUHY  ,BHI ,BHY LURX S BT .
T 57 o 59 55 57 57 ¥ Bt
S4HT  ,4H JUH7  ,8HS  LUHT ,BHU  ,%EV  ,8uW
TSy 55 5 e ey
6LAX  UHY L 4HZ .
~p006 DO TG J=7, 53 , - i =
0007 IF (NBCD .EQ. ALPHAX (J)) GO TO 11
0008 10 CONTINUE
i 0009 11 ICHAR=NOKY (J)
0010 RETURE -
0011 END

o g
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DATE = 69138 23,44/

. FORTRAN IV G LEVEL 1, HOD 3 GETCON

0001 SUBROUTINE GETCON(ISW)
. 0002 COHHON /INPUT/DURT (120)
: '4,IDD (40) ,DUN2 (40) , IST(80) ,DUHI(B0) ,TITAG (40), IKTAG(HO) 7 (40) ,NE
. 0003 COHHON /LOO?S/INC(25 42y ,TTSK1(15,4), thxz(a 6) ,ITSK3(15,6),
) 1ITSEL (10,5) , ITSKS5 (9,10}, IHLST(SO) INSRT1(80),INSRT2(21 5) (M, N,
: 2DUHG (3205) ‘
oo COMHON /CONV/LCONC (10,40} ,LEATH(10,40) ,NLCH (80),ISTART
0005 COHNON/BINGO/KHOD,NTREE, NLINK KTREv(1o) RLINK (10)
0006 CONHON/TRTAL/OHEGA (10}, KPRIAL
0007 100 FORHAT{912,E12.3}
- 0008 101 FORHAT (212)
0009 102 FORHAT(1X,4012) e
0010 103 PORNMAT(1%,/////) a
- 0011 106 FORHAT (1%,2013)
. 0012 107 FPORMAT(2X,912,E12.3) ,
0013 108 FORHAT(47H ALGORTSH FAILURE, REVIEW CIRCUIT CODIEG RULES.)
0014 ISH=0 '
06615 WE=R
0016 B1=841
6017 H2=H¢2
0018 Ni=841
0019 F2=H+¢2
0020 DO 71 II=1,H2
06027 HLCW (I1) =0
0022 Do 71 JI=1,N2
0023 ~71 LCOHC(J1,I1)=0
0024 8 CONTINUE .
ERD SECTIDN ONP., THCIDERCE MATRYX.
6625 9 DO 58 I=1,8
0026 J=IbD {1} ‘ - : o
0027 " IF{%-Jy56,58,56 ~ o
0028 56 {F(Jd)57¢58,57 e
0029 ‘57 HLCN (J)=NLCH (J) +1
0030 LL=VLCH (J)
0031 LCONC (LL,J) =1
0032 58 CONTINUE
0033 1=2 .
0034 po 27 1=1,5
0035 DO 27 J=2,H1
0036 T IF(IHC(N1,3)-1) 27,10,27
0037 10 IP (INC({Y,J)) 11,114,123
0038 11 o 12 J1=2,81
0039 12 INC(T,JI)=-INC(T,JdT)
0040 13 11=2
0041 MEHRY=-1
06082 760 TO 15
0043 18 T1=1¢1
70068 HEHRY=4+1
© 0045 15 TP {11-%) 16,116,284
| 0046 16 b0 23 Ii=11,%
[ 0047 47 IP(INC(IY, ) *{I1-T)) 18, 23,18
: 0048 18 IF (HEHRY) 19,28,21
. 0049 19 DO 20 JT=2,H1
{0050 HI:INC(I,JI)¢IRC(II,JI)
. 0051 20 INC(II,JX)=(({3-BI*%2)*KT) /2
[ 0052 GO TO 17




FORTRAN 1V G LEVEL 1, HOD 3 GETCOR DATE = 69134 _23/44/48

0053 21 Do 22 Jr=2,m1
0054 MI=INC(I,JT) +INC (II,JT)
- 0055 22 INRC(I,JI)=((3-HI#*%2)*H1) /2
0056 : GO TO 10 - :
0057 - 23 CONTINUE s e
. 0058 24 TF (INC(I,J)) 28,26,25
0059 25 INC(I, N =INC(1,J)
0060 I=1+1 _
© 0061 IF (I~%1) 27,29,28
0062 26 TP (INC{N1,J1-2)59,59,27
0063 27 CONTINUE .
0064 28 GO TO 59
0065 29 CONTINUE T "
0066 31 COHNTINUE - _
- C END SECTION TWO, CUTSET MATRIX.
0067 32 po 41 JT=2,M1
0068 Do 81 IT=2,N
0069 IF(INC (T, 1) -INC(1,J1))861,40,41
0070 bo INC(1,31)=0
0071 THC(IT, A2 =InC(¥1,J1)
0072 41 CONTINUE
0073 J=2
0074 42 TP (INC(1,J))43,80,083
0075 . 03 J=J3+¢1
0076 . GO TO 42
0077 a4 Ji=3+1
G078 PO 87 I3T=31,01
6079 TP (TaC({1,dYy) 45,67,65
0060 ks po 46 11=1,81
0081 66 INC{I1,d)=T0C{IL,J1}
0687 COTHE(1,JT¥=0
0083 T J=J4
0084 47 CONTINUR
0085 DO 48 YI=1,K1
0086 k8 INC(II,J)=IHC(IT, N2)
0087 33 CONTINUE
C END SECTTIOH THREE., COHPRESSED CUTSET MATRIX.
0088 IF (XTRIAL.GT.1) GO 70 35
0089 IF (KHOD,GT. 1} 60 T0 35
0090 : "NTREE=K1-2
0091 YLIRK=J-2
0092 DO 85 I=1,NTREE
0093 . 85 KTREE(I) =INC(I+1,1)
0094 DO 86 I=1,WLYNK
0095 . B6 KLINK{I)=TNC{1,I+1) L
0096 35 JH1=3-1
0097 Hi=%N+1
0098 - DG 65 11=2,J09 , T
6099 JI=INC{1,IT) : ‘
0100 IF (JI-IDD(JT}) 65,648,665
0101 88 2 (J1)=1./2 (J1)
0102 IST (JI)=~-1IST (J1)
0103 65 CONTINUR
0108 DO 55 11=2,N
0105 po 55 Ji=2,JIH1

0106 IPR=THC(1,J1)
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.PORTRAX IV G LEVEL

1, HM0D 3 GETCON ‘DATE = 69134

2384,

© 0107 IPC=INC(II, 1)
. 0108 IF (INC(1I,J1))68,55,68
. 0109 68 IP (IPC-IDD(IPC))67,66,67
: ENTER CUT SETS
i 0110 66 NLCN(IPR)= HLCH(IPB}%1
SEEED LL=FLCK (IPR)
© 0112 'LCORC (LL,IPR)=-INC(TTY,JI) #IPC
b ENTER TIE SETS
10113 67 IGH=1 ' G
R ET 76 IF (IPR~IDDB(IPR)) 55,52,55
. 0115 52 IP(ITHC(IT,3)-2}55,75,56
0116 75 IF (IPC-IDD(IPC))51,54,51
" 0117 51 TGN=~1IGN :
0118 54 NLCN(IPC)=NLCH(IPC) +1
. 0119 "LL=NLCK (IPC)
0120 LCONC (LL,IPC) =TGN*IRC(IT,JI) *IPR
L0121 55 CONTINDE
© 0122 36 COHNTINUE
: 0123 37 po 81 I=4%,H
0124 ¥=KLCK (I}
0125 LCONC (N+1,I)=0
0126 IF(8-1) 81,81,77
0127 77 NHi=H-1 :
0128 PO 80 J=1,NH1
0129 KK=N=-J :
0130 po 79 K=1,KK
01314 LI=LCONC (K, )
0132 L2=LCONC{E+5, D) TR
0133 TV (TABS{LI)~TARS IL2}) 79,298,780
0136 T8 LCONC (X, I5~02 TR
6135 CLCONC{®®1, ¥y =L . .
G138 79 COUTINUE T 7
6137 B0 CONTINUE
0138 81 CONTINUE
0139 38 conTINUER
0160 39 RETURN -
0141 59 WRITE (6,108)
0142 60 TSH=1
0143 RETURN
0144 "END




" PORTRAN IV G LEVEL 1, MOD 3 FSORL DATE = 69120 2074377

0001 - SUBROUTINE FSORL
¢ % FINDS ALL FIRST ORDER LOOPS BY THE HETHOD OF SERBAGT AND WATERS

0002 COMMON /CONV/LCONC (10,40) ,LPATH(10,40) ,NLCN (40), ISTART
0003 cGTEGF76?5?”7TV“ETEGT7TVT?TEUTTTEiﬁﬁﬁTEUTTTKiTKG’““ﬁ*ﬁ(n P —

1 TUN(40), IP&TH(QO) JPATH (40) ,TAA (40) , TARA {40) :
0008 —CORNON/TNPUT/T Yy, IVT {80y, IC0O(40), IDD (40}, I y L IST(G0Y,
: 1 -IGE(uO),IJTAG(uO),IKTAG(uO),Z(uoy,us
0005 CONHON /LOOPS/VLOOP (927} , ISLOOP (927) , JLOOP (92 7Y, KLOOP (9277,

ALOOP (927) , JLP (40}, ISLP (40) ,  VLP (40) YLP(&O),NEGGP SIGNC, K, 901{2)

~C PHINT 75 '

€ 25 FORMAT {1H1,3%4 FIRST ORDER LOOPS BY COH&QCUTIVE FODPJ)

0006 NLOODP=0

0007 NPINS=NE : “
0008 T NPINHT=NPINS=1 -
0009 DO 4 IP=1,NPINH1
0070 I¥(LCONC (1,1IP) .EQ.0) GO TO 28
0011 ISTART=1pP
0072 KT=1IP
0013 K2=1
WLER 5 CALL ?EPACK(K1 K2, TTRIG,2)
0015 6 IF(ITRIG)9,8,7
R L T K{=ITRIG
0017 K2=K2+1
00718 GO0 T0 5
0019 8 K2=K2-1
00720 TP (KZ.£0.0) GO TO 20
0021 81 CALlL aFﬂAquxz ID0H, ITRIG, 1) :
G072 GO T 6 ' T
C THIS TS APATH RECORD I% .
IPX] TRLOGTERLOTPE 3 i & ‘ T T
0024 IP{WLOOP.LE. 927} GO 70 27 oy , SR o
00725 , YRITE 16,26) L T e
0026 - : STOP
0027 26 FORNAT(JYH FLOWGRAPH FIRST ORDER LOOPS EXCEED 927) T
0028 27 CONTINUE
0029 po 11T I=1,K2
0030 11 IPATH(I+1)=LPATH(1,1)
0O3T TPETH{TY =ISIGN (ITSTART, LPATH (T, K2 '“”
0032 K2P1=K2+1
€ 12 FORHRT (IS, 55X, 1915)
c WRITE(6,12) NLOOP, (IPATH(I),I=1,K2P1)
0033 CALL VISJ[KZ,NLOOP)
0038 G0 TO 81
T ;
. C HAVE COMPLETED ALL PATH FROM ONE PIN
C DELETE ITT FRON THE SET
c .
0035 20 IPPERLCH{ID)
0036 po 21 1=1,1IPP
V037 ZT LCORT (I, TPy =0
0038 24 IPPi=IpP+1
D039 « DO 22 JEIPPT,NPINS
0040 IF (LCONC (1,J) .NE.IP) GO TO 22

THIS ONE IS BEING DELETED

(s X2 Ke




FORTRAN IV G LEVEL 1, #0D 3 FSORL DATE = 69120 20/43 /5

- 0041 . IPP=NLCHN (J) -1
QU422 DO 23 K=1,1IPP
0043 23 LCONC (X, J) =LCONC (K+1,J)
0044 LCORC{IPP+T,J)=0 i B ]
0045 22 CONTIKUE e S L
0046 ~—HCONTINUE : )
0047 RETURN

91021251 ERD
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| FORTRAN IV G LEVEL 1, KOD 3 REPACK  DATE = 69120 20/43/

0001 ‘ SUBROUTINE REPACK (L1 LZ ITBIG IWAY)
; C gt 3 £ e 3 ', L3 Xt %= Lo 13 s (1 X T X% 1o X
: c * LCONC HAS LIST OF CONNECTION. COLUMNN 1 THOSE FROM 1
j C % COLURN 2, THOSE FROH 2
: c * Ir Is ASSUHED THERE ARE AT HOST 20 EXITS FPOM ANY ONE PIN
: C = E NU Y B '}
c_*
5 s . . Mcled . , I THE
: C * 1P EQUAL TO ONE OF THE PR”CF&DIHG EL“HENTS IN FIRST ROW WIL
T DROP TT ELSU AND HEPEAT p e
C * ITRIG=0 ¥0O HORE IN THAT COLUEH
¢ % YTRIG=~1 FOUND STARTING NUHBER
C * ITRIG .GT. o, Nau vanua ,
- C T3 z e FETEETFE TEFE **#*#**#W**#**#*%’i&'ﬁ***#**
;0002 \coanou /COHV/LCONC(1O uo;,LPATH(1o 50) ,NLCN (40}, ISTART
0003 T IF(IVEY.EQ. 2} GO WO 17
i 0004 L=11
o005 10 DO 17 1=7,9
L0006 "LPATH(I, L) LPATH (1+1,1)
0007 T YF{LPETH (I, LY. E(.0) GO TO 16
0008 11 CONTINUE
0009 16 LPATH (1% 1, LY =0
0010 15 JTRIG=IABS (LPATH (1,1))
00T TF{JTRIG.EQ.OY GO TO 1%
0012 IF {(JTRIG.EQ. ISTART) GO TO 13
[« STNCE F ISTAR]
0013 IF (L .EQ. 1 so T0 %a .
TOTs LET=1=1 g T
0015 po 12 J=1,1LH1 ( ‘ :
SN Ty F IIEBSIIPETH T, IV Y L EOLTITEIGY TR TITYD
0017 12 CONPINUE
00TE CO TS
0019 13 JTRIG=-1
U020 T4 TTRIG=JTHIG
0021 ‘RETURN
C . T
c "ENTRY SHIPT
0022 T7 CONTINUE
c THIS ROUTINE ¥YILL HOVE THE L1 COLUMN OF LCONC TO THE L2
C COLUNN OF LPATH
: o AFTER THIS IS DONE IT WILL TEST THE FIRST VALUE
G023 I=12
002¢ IP=NLCH (L1} +1
U025 DO 2V I=T,1P
0026 ~ LPATH(I,L)Y=LCONC(I,LY
U027 27 CONTINUE
0028 G0 TO 15
0079 ¥ED
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-FORTRAN IV G LEVEL 1, MOD 3 visd DAfE = 69129 20/43/°

0001 . SUBROUTIHE VISJ(N NN)
FpE — 3
. c ¥ IPATH CONTAIN THE PATH FLEHENTS, N Ib THE WUMBER OF ELENENTS, 3
C ¥ "WN IS THE PATH NUFBLR ¥
0002 COMKON /LOOPS/VLOOP (927, ISLOOP(QZ?),JLOOP(QZ?) KLOOP({927),
_ 1LOOP(927),JLP(QO),ISLP(&UT_VEPTWUT’KIPTEUT”HIGUP‘SITNC“K‘UUHTZT”*
.0003 . CONMON/ORDER/IVOE(40) ,IVTE(40),IELORD (40),IKN (40),IEKN(40),
T ION {40V, IPATH {40y, JPRTH (U0} , YEE(UUY, YRR (40}
0004 .conﬂON/INPUT/IVO(MO),XVT(MO),ICO(MO),Inn(uo; IBL}iﬁimI?T(QO},
Y IGE(80), IJTES T80y, IRKTAG {¥0Y ,2 (L UY, ¥E : e T
0005 DIHENSION IPOUER{4D) ; , T U
00086 DATR TPOHER/1,2,H,8,16,32,64,128,256,512,101“,20“8, T
14096,8192, .

T16388,32768,655386, 131072,26213“ 524788, 10688576,2097152,8793300,
28388608 16777216 3355““32 67108864, 13“217728 268&35056 3687091

J30 13747828/

0007 K=IBATH( )
0008 KE=TEBS (K]
- 0009 - J=KK
oUT0 YAAVA O]
L 001 ITI=I5T (J)
002 TK=0
0013 JP=IPOWER(KK)
TTO0Th : JLOUP RN} =0
0015 ASSIGN 6 TO NNN
L ERES IFIJTAC IV Y 7,2, 1
0017 1 ASSIGHE 8 PO WNY
nuYs JLOOTTUNT=Y T
6019 2 CONTINUE s
05720 TIFTRTER T L, 5,0 T o T o
0621 , 8 IR=1%+1 , G »
LR P 5 CONTINTE - ~ T T
0023 . DO 10 1I=2,W
00720 szﬁrPATﬂ(x)
0025 KK=IABS({IPATH(TI)) :
0076 J=KK , =
S 0027 22=22%7% (J)
0028 TISTI#IST{J)
© 0029 ‘ JP=JP+IPOWER (KK)
0u30 60 TG HNW, (5, 8B)
0031 6 IF (IJTAG(J}) 8,8,7
0032 7 ASSIGN 8 70 WWN B
0033 _ JLOOP (NN) =1
L) B IF(XRKTEG (OV) 10, 10,9 -
0035 9 IK=IK+1 : \
0036 T CONTINUE
0037 ZK=K )
o038~ VLOUP[RUY =2 Z¥5TCN [T, 2K}
0039 ISLOOP{HN) =11
0Uams v LOOP {NN)=JP ‘” “
0041 ‘ KLOOP (NN)=IK
0052 TF{IRY 7T, 12,11
0043 11 ILAG=1
000n T2 CONTINUE
0045 RETURN

0046 ERND
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FORTRAN IV G LEVEL 1,

MOoD 3 FLGRPH

DATE = 69120 20/43/

- 0001 SUBROUTINE FLGRPH
0002 CORHON 7L00PS/VLOOP (927) , ISE ., . P
: 1L00P (927) ,JLP(U0) ,ISLP(40) ,VLP(40) ,KLP (40) ,NLOOP,SIGNC,K,DUN(2)
0003 T 1Y, S CSKAY BTV, SJRZ(8T), SIZRO(BTY -
1SJOKZ (81) ,SIKO(B1) : s
0004 JSERT=ISLP{K) ’
0005 VV=VLP (K) *SIGNC
0006 YF (JLPIKYY 20,720,728
' 0007 20 SCON (J5) =SCON{JS) +VV
UU0E IF{KLP{RY V2T, 27, 22
' 0009 21 SJIKZ(JIS) = SJIKZ(JIS)+VV
o 0010 GO TO 29
¢ 0011 22 SJIZKO(JS)=SJZKO(JS) +vV ”
o012 23 T SKEY (JSV=SKAY ISy +VV —
0013 GO TO 29
' Joy = yFVY "~
0015 IF (KLP (X)) 25,25, 26
0076 25 SJORZ(I3V=SJOKZ(IST+VV -
0017 GO TO 29 . .
0078 26 SIRO[JISY=SIRO(JISYFVV
0019 GO 10 23 ‘
U020 29 CONTINUE
0021 RETURK
0022 END

3
e




'Q L 3

&

FORTRAN IV G LEVEL 1, MOD 3

AND

DATE

69120

20/43/%

0001 FUNCTION AND (K, M)
- T0002 TP=0
. 0003 10=K
“OU0w & P=IP
0005 P=p/2.
~p006 “TP=P
0007 0=10
o008 0=0/7-
' 0009 . 10=0
“BUT0 TF((P. e T T AND. (U-WE.TQVY GO 0 7
L 0011 IP((IP.EQ.0) .OR.(IQ.EQ.0)) GO TO 8
00712 GO TO & / .
0013 7 AND=1 s
DAL RETURN
0015 8 AND=0
0076 RETURN
. 0017 END

o e s e e S
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 FORTRAN IV ¢ LEVEL 1, NOD 3 TF

" DATE =

69120

20/41/00

0001 SUBROUTINE TF (FF,ANN,VALUE)
\ THYS SUBROUTINE EVELL F
" 0002 DIBENSION ANH(1)
i 00073 CONPLEX TEHPT,TEHPZ ,/TERP3, FIV,VALUE pER
0004 TENP1=(0.,0.)
0005 TERPZ=(0.,0.)
0006 TERP3=(0.,0.)
U007 DO 1O I=T, TS
6008 K=8-T
vo0Y IF{R) 2, 5,8
0010 § TEHP1= (TEHP?+CHPLX(A§B(I) 0. ))*FF
00TY GO0 TO 10 g
0012 3 TEHP2=CHPLX (ANN(8) ,0.) .
00713 60 T0 10 ‘
0014 2 -~ TEHP3= (TEKP3+CHPLX (ANN (16+4K) ; 0. ))/FF
ouTS 10 CONTINUE
0016 VALOE=TENP1+TENP24TERP]
00T7 RETURE
0018 END
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FORTRAN IV G LEVEL 1, MOD 3 K33 " DATE = 69128 T 07/59/4

0001

SUBROUTINE SF(FF,ANA,VALUE,J)
THIS SUBROUTINE EVALIIAI"‘S THE SENSI"‘IVITY FONCTION

0002 DIMENSION ANA(15,10)
0003 COMPLEX FF,TEMP1,TEMP2,TEMP3,VALUE
0004 TEMP = (o.,o ) , R . ' RN
0005 TENP2=(0.,0.) - ‘ ER
06005 TEAPI=(0.,0.)

. 0007 Do 10 I1=1,15

j 0008 K=8-1

£ 0009 _ »IF(K)Z 3,4 _

0010 4 - TENPi= (TEﬁ?1+ﬁﬂPLX(ANA(t J), L)) ¥FE

© 0011 GO TO 10
0012 TERP2=CHPLX (ANA(B,J) ,0.)

© 0013 GO TO 10 ' “

., 0014 2 TEHAP3= (TEHP3+CMPLX(ANA(16+K 31,0.)) /FF

. 0015 10 CONTINUE

i 0016 T VALUR=TEMDI+TERD24TENP 3

LN RETURN .

; 0018 END
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"FORTRAN 1V G

TEVEL 1, HOD 3 T 1EQ ' DATE = 69128 077538

0001 SUBROUTINE LEQ(A,N)
- 0002 DIMENSTON A(10, 10)
~0003 "DINENSION "IPIVOT (64), xwogx(su )
0004 DIMENSION PIVOT(64) , , - o
0005 EQUIVALENCE (IRou JROW) , (ICOLUN,JCOLUM), (AMAX, T, SWAP)
Cc . B
C INITIALIZATION
0006 10  DETERN=1.0
: 0007 15 DO 20 J=1,H
0008 20 IPIVOT (J)=0
© 0009 - 30 DO 550 I=1,W
- C
: c SEARCH FOR PIVOT ELEMENT - f e
; < —Smn = 15 LS it
£ 0010 40 . AMAX=0,0
0011 %5 DO 105 J=1,0
T 0012 50 IF (IPIVOT(J)-1). 60, 105, 60
[~00713 60 DO 100 XK=1:N ;
I 0014 70 IF (IPIVOT(X)-1) 80, 100, 740
0015 80-  1F (ABS (ANAX) -ABS (A{J,K})}) 85,100,100
0016 8% TROW=J .
0017 90  ICOLUN=K
0018 95  ANAX=A(J,K)
0019 100 CONTINUE
0020 105 CONTINUE -
0021 710 IPIVOT (ICOLUM =IPTVOT (ICOLUA) +1 et
C
C INTEACHANGE ROWS F0 PHT PIVOT ELENENT O DIAGONAL
p ,
0022 130 IF (IBOW-ICOLUA) 150, 260, 140
0023 340 DETERH=-DETERH
0024 150 DO 200 L=1,N
<0025 160 SWAP=A (IROW,L)
0026 170 A(IROW,L)=A (ICOLNN,L)
| 0027 200 A(ICOLUM,L)=SWAP
. 0028 260 INDEX(I,1)=I1ROW
. 0029 270 INDEX(I,2)=ICOLUH
0030 310 PIVOT (1) =A (1COLUH, ICOLUﬁ)
0031 320 DETERM=DETERM*PIVOT (I)
c ;
c DIVIDE PTIVOT ROW BY PIVOT ELEMENT
~ c
. 0032 330 A(ICOLUM,ICOLUM)=1.0
0033 350 DO 350 L=1,W
0034 350 A (ICOLUM,L) =A(ICOLUM,L) /PIVOT (1)
c , R
c REDUCE NON~-PIVOT ROUYS
0035 380 DO 550 L1=1,H
06036 390 1IF (L1~ ICOLUH) 400, 550, 600
0037 400 TsA(L1,ICOLUH)
0038 420 A(L1,1COLUN)=0.0
0039 430 DO 450 L=1,N
170060 - 450 A(L1,1)=A(L1,L)-A(ICOLUH,L)*T ™
1+ 0041 550 CONTINUE . o




“FORTHAN IV G LEVEL 1, HOD 3 LEQ

07/59/1

DATE = 69128
c :
C INTERCHANGE COLUMNS
. C
0042 600 DO 710 I=1,N
- 0043 610 L=N+1-T
. 0044 620 1F (INDEX(L,V) -INDEX(L,2)) 630, 710, 630
. 0045 630 JROW=INDEX (L, 1)
. 0046 640 JCOLUM=INDEX(L,2)
j 0047 650 DO 705 K=1,N
. 0048 660 SWAP=A (X,JROY)
00489 670 -A(K,JRO®) =& (K,JCOLUHN)
i 0050 700 A(K,JCOLUM)=SHAPD
-~ 0051 705 CONTINUE
. 0052 710 CONTINUS . w
¢ 0053 740 RETURN
¢ 0054

_EWD




