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Abstract: This report describes ANLYZ, a digital computer program for
the complex analysis of distributed-lumped-active networks. The pro-
gram is designed to be used in complex optimization studies of a broad
class of this type of network. The program provides as output the
magnitude (or the reciprocal of the magnitude) of the voltage transfer
function for the network as evaluated at a specific point in the com-
plex frequency plane. The program is designed to be used with the
GOSPEL optimization software package described in a previous report.
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ANLYZ - A Digital Computer Program for Complex
Optimization of DLA Networks

1. Introduction

This is one of a series of reports concerning the use of digital computa-
tional techniques in the analysis and synthesis of DLA (distributed-lumped-
‘active) networks. This class of networks consists of three distinct types of
elements, namely distributed elements (modeled by partial differeﬁtial equa-
tions), lumped elements (modeled by‘algebraic equations and ordinary
differential equations), and active elements (modeled by algebraic equations).
Such a characterization is especially applicable to the broad class of cir-
cuits referred to as linear integrated circuits, since the required fabrication
techniques readily produce elements which may be referred to as "distributed",
as wéll as producing elements which may be characterized as 'lumped" and/or
"active'". The DLA class of networks is capable of realizing network functions
with a wide range of properties. In addition, such realizations usually have
fewer componenté and superior characteristics than realizations using only
lumped elements, or realizations using lumped elements and active elements.

The analysis problem for this class of networks, however, is considerably more
complex than the analysis problem for more restricted classes of networks.
Thus, one is lead logically to consider using the digital computer as an analy-
sis for DLA networks. Previous reports have described a digital computer
program for making such analyses.1’2 The program is called DLANET and it has
the capability for providing a sinusoidal steady state analysis of a broad
class of DLA networks of prescribed frequency ranges.

A problem associated with DLA networks which is of even greater complexity
than the analysis problem is the synthesis problem, i.e., determining the topol-

ogy and the parameter values for a network so as to realize a specified set of



characteristics. The analytical synthesis methods whcih have been discovered
to date héve been too specialized and too complicated to be of any appreciable
value. Thus, again, the application of the digital computer appears to be
called for. As a preliminary step to such an application, in a previous

report a general optimization software package named GOSPEL was described.3_
This program providéd a means for using the digital computer to solve a broad
range of optimization problems. The program was designed so that it could be
immediately applied to specific DLA network configurations, hoﬁever;‘it was
necessary that the equations describing such configurations had to be re-pro-
grammed for each different network configuration. In this report we describe

a network program similar in fuction to the general DLANET program referred to
above but designed so that it may be directly used with the GOSPEL optimization
program. Thus, as required by GOSPEL, this network program is prepared in sub-
routine form and is named ANLYZ. The ANLYZ program has been specifically
designed so that it will analyze a broad range of DLA networks in such a
manner than any of the individual optimization strategies of the GOSPEL program
may be directly applied to it. 1In addition, the program has been written so
that an analysis may be made not only at sinusoidal frequencies but also at
complex frequencies. Thus, ip may be directly applied as a means to achieve
complex optimization. In such a usage the values of the parameters of a given
network are varied so as to minimize the magnitude of the network function at
given points in the complex frequency plane where zeros of transmission are
desired and also to maximize the magnitude at complex frequencies where poles
are desired. An optimization strategy such as those available at GOSPEL is
used to determine the proper variations of the network parameters. Thus,

dominant zeros and poles are effectively created to realize some specified



network characteristic. - More details of the complex optimization procedure may
be found in a paper which was prepared under this grant.4 The actual operation
of the ANLYZ subroutine is described in more detail in the following sections
of this report. The treatment given here assumes that the reader has a knowl-
edge of the basic operation of the DLANET and GOSPEL programs as covered in

the above referenced reports.

11. General Theory of the Digital Computer Program ANLYZ

In this section we describe the general theory of the digital computer
program named ANLYZ. The general operation of this program is determined by
the following functions:

(1) It reads input data describing the specific DLA network configura-
tion formed as an interconnection of any of the allowed network elements.
These include lumped resistors, lumped capacitors, distributed RC networks of
various tapers, and single or differential-input VCVSs.

(2) It reads input data determining which of the network parameters are
to be optimized (or varied), and which are to remain fixed. For the latter,
the actual parameter values are read as input data,

(3) It has provision for receiving as input the complex numbers specify-
ing the frequencies at which dominant poles or zeros of the network function
are desired. These are entered from the calling program (GOSPEL) by the use
of common variables.

(4) 1t reads input data consisting of constants which determine whether
each of the specific complex frequencies described in (3) above are to be con-
sidered as poles or zeros. This determines whether the magnitude of the network

function or its reciprocal is to be minimized.



(5) 1t has provision for receiving as input, the current values of the
variable network parameters as determined by the optimization algorithm., These
are also entered into the program as co;mon variables.

(6) It computes the magnitude of the network function at each of the
specified complex frequencies provided in -(3) and supplies these values (or
their reciprocal) as outputs. The outputs are returned to the GOSPEL optimiza-
tion program by means of common variable linkages.

In the above list, items (1), (2), and (4) provide information on the
topology of the DLA network which is being analyzed and on other invariant
specifications of the problem. As such these items need be implemented only
once in the optimization process. Thus, they comprise a section of the ANLYZ
program which is executed only once, namely, the first time the program is
called. This call will normally be made as part of the operation of the GOSPEL
program, Items (3) and (5) provide for input of data directly from the GOSPEL
program. Such input is provided by using the same common variables in the sub-
routine ANLYZ as are used in GOSPEL. As described in the GOSPEL report, these
variables are stored in a block of common storage labeled OPT. Finally, item
(6) provides for the actual computation of the magnitude of the network func-
tion at specific frequencies. The logic for doing this is similar to that
used in DLANET. A major difference, however, is the use of complex arithmetic,
which makes it possible for the ANLYZ subroutine capable to be applied to com-

plex optimization problems.

111. Details of the Operation of the Digital Computer Program ANLYZ

In this section we present a description of some of the details of the

operation of the digital computer program ANLYZ. A flow chart of the program



may be found in Appendix A and a listing of the Fortran statements in Appendix
B,

The program ANLYZ consists of a main subroutine called ANLYZ and three
accompanying subroutines named YDA, CMRD and CONS. First let us consider the
subroutine ANLYZ. This has two main functions. These are reading input data
not supplied as common variables from the calling program GOSPEL, and perfo;m~
ing computations (using complex arithmetic) to determine the required magnitude
of the network transfer function. The first function, i.e., the reading of
input data, is performed only once, namely, the first time the subroutine is
called. To accomplish this a constant KREAD is initialized to zero at the
time the subroutine is compiled by the use of a data statement. At the com-
pletion of the input data reading part of the program this constant is then
set to unity. On subsequent calls of the subroutine a test of the value of
this constant is made. If it is unity, the data reading portion of the sub-
routine is bypassed. The input data reading operation begins by defining a
constant NHZ which is equal to NH/2 where NH is the number of values of the
functional parameters specified in GOSPEL. Since, for complex optimization,
each complex frequency requires two functional parameters, NHZ is thus the
number of complex frequencies at which an evaluation of the network transfer
function is to be made. The NHZ constants KPZ(I) (I = 1, NHZ) next read as
zeros for each frequency which is to be considered as a zero, or ones for
those which are to be considered as poles. Next a serles of constants speci~
fying the number of nodes; the number of distributed networks, resistors,
capacitors, and VCVSs; the number of resistors optimized, capacitors optimized,
and VCVSs optimized; and the data for the distributed networks including the

node numbers to which each network is connected, the number of sections to be



used in the lumped model, the number of polynomial coefficients used in describ-
ing the taper, and indicators for designating whether the resistaﬁce or the
capacitance or the polynomial coefficients are to be optimized. The program
newark now considers each type of element in turn. Using the variable IP as
the index of the optimized variables stored as X(I) in common with GOSPEL it
successively prints the appropriate X(i) value if a variaéle is to be optimized
or reads and prints the data if the variable is fixed.

The second purpose of the subroutine ANLYZ is implemented by the portion
of the program beginning at stateﬁent 265. This portion is repeated at each ‘
call of the subroutine. The logic begins by assigning the variables X(I) which
are to be optimized in correct sequence as variables of the DLA network. This
is done by using the quantity NX as an index variable. Next a DO loop is
entered for the computation of the NHZ values of the transfer function magni-
tude. Two successive values of the functional parameters H(I), as read by
GOSPEL, are assigned as the real and imaginary parts of each complex frequency.
The subroutine YDA is then called to compute models for the distributed net-
works and to store the effects of these elemeﬁts in the complex admittance
array YR. .  The operation of this subroutine is similar to that of the subrou-
tine YDIST in the program DLANET. Next, the values of resistance and capacitance
are a&ded to the appropriate elements of the YR array. The values of capacitance
are, of course, multiplied by frequency and treated as imaginary quantities. = =
The effect of the VCVSs on the network is now taken into consideration by
appropriately constraining the YR array using the subroutine CONS. The opera-
tion of this subroutine is similar to that of the CONST subroutine in the

program DLANET. Finally, the subroutine CMRD (similar to CMRED in DLANET) is

used to solve for the voltage transfer function. The results are stored in



the common variables G(I) directly, or after inversion, depending on whether
.the frequency being considered is specified as a zero or a pole. The program
GOSPEL uses NH values of the quantities G(I) in computing the error function.
Since there are onlyvNH/2 determinations of the transfer function made by the
subroutine ANLYZ, each value so computed is stored in two successive locations
of the G(I). At the end of the last transfer function>magnitude computation
the subroutine ANLYZ returns control to the calling program, namely, GOSPEL.
The transfer of variables between ANLYZ and its component subroutines is through
the use of a common block of storage labeled DLA. The program is written in
FORTRAN 1V, and, although it has been developed on the CDC 6400 computer, it

is applicable to a broad range of medium to large size digital computers.

IV. The Use of the Digital Computer Program ANLYZ

The digital computer program ANLYZ is designed for use in complex optimi-
zation studies of a broad class of DLA networks. As such, it is designed to
be used with one or more of the optimization strategies.of the GOSPEL software
package. It is also readily usable for jw axis matching of transfer function
characteristics by using complex frequencies in which the real part is set to
zero. As currently dimensioned, the program has the capability of analyzing
networks with up to nine nodes (not including the reference node). In addition;
as currently dimensioned the following upper limits apply: . five distributed
networks, ten resistors (of which five may be optimized), ten capacitors (of
which five may be optimized) and five VCVSs., The distributed networks may be
modeled as uniform elements in which the resistance and capacitance per unit
length are constant, or as elements with a polynomial taper. In the latter

_case the variation of resistance and capacitance per unit length is given as



2 3 4 5
r(x) = Ro(l + plx + P,yx + P4X + ¥ + PsX )

2 3 4 5
c(x) = CO/(l + PyX + p,yx + P,X + X + PoX )

For a uniform line the total resistance or the total capacitance or both may
be optimized. For a tapered line, the quantities Ro and Co in the above rela-
tions plus as many polynomial coefficients as desired may be optimized. -A list
of the order of which the optimized variables X(I) of the program GOSPEL are
assigned to DLA network variables is given in Appendix C. A list of the for-
mat used for the input data cards for the program is given in Appendix D, It
should be noted that, in assigning numbers to the various nodes of the network,
the input node must always be labeled as node 1 and the output node as node 2,

As an example of the use of this program consider the network shown in
Fig. 1. The network function which it is desired to realize has four complex-
con jugate dominant poles and realizes a maximally-flat-magnitude low-pass

characteristic. Thus, it has the form

] H

Vi (-p) G -5 (-py) -5y

A listing of the input data and the output data which were obtained from using
subroutine OPT9 (the Fletcher-Powell optimization subroutine) of the GOSPEL
software package are given in Figs. 2 and 3. The starting point was selected
from a set of values given for this network in the literature.5 It is readily
observed that a decrease in the total error was obtained as a result of the
application of the optimization strategy. Thus, the program achieved an
improvement in the dominance of the designated poles at which the behavior of

the network was evaluated.
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TEST OF NLA ANLYZ ON 2 RUNKE® TwA STAGESy MFM, P¢32,X1SC1oXP2CP ¢ X3=K1 4 Xb=KD

MINTMUM ERROR = 1.000E=~nT MAXTMUM ITERATIONS = 40

) 10
INPUT DATA 4 VARTABLES 4 DATA POINTS

INITIAL VALUES AF VARIARLES
1.154F¢n1  1,179E+01 2.030F+01 2.292E+01

DATA POINTS ] -
«3 ,B827F=01 9,239F=N] =0,239F=n] 3.827E=0]

DESTRFD VALUES
0. n. (\,. 'Oo

OPT9 FLETCHER POWELL HAS REEN GALLED

PARAM(94+1)=PERTURRATION SIZE FOR FINDING GRADTENT = 1.00E=06
PARAM(Q,2)~MAX TTERATIONS IN NNF RIMENSIONAL SEARCH = 2.00E+n)
PARAM (Q+3)=NUMRFR OF RESFT CYCLFS PERMITTED= 3.00F+00

NOPT (Q,1)=FIND ARADIENT RY (n) PERTURBATION, (1) ANLYDesee 0
NOPT (042)=PRINTNAUT (=INNNEs (0) REQUCEDSY (1) 1=Dy (2) ABH,s 0

-FIRST CALL OF DLA ANLYZ, OPTTMIZATION AT 2 FREQUENCIES

FREQUFENCY 1 IS A POLE LOCATED AT =3,83E=01eJ 9,24E-01
FREQUFNAY 2 IS A POLE LOCATFD AT =Gs24F=Nle) 3,83E=01
NUMRFE®R OF NUDES (REFERENRFE NONE NOT INCLUDED,.Q.O....C..'.. s

DISTRIRUTED NETWORK 1

NUMRFR OF SECTINNS IN DISTRIRUTED NETWORK'C.O..O...l.‘.l... 50

DISTRIRUTED NETWORK CONNFCTEN TO.NODES...OOQOQOOCQQQ. 1 3 4

DISTRIRUTFED R OPTIMIZED (15YFS, ﬂﬁNO)oOoooo.ocﬁ}Ootoooooooo 0

DISTRIRUTFED € OPTIMIZED (‘=YFQ0.0=NO)o.cooooic'ooo..oto..oo 0

NUMRBRFPR OF TAPER COEFFICIENTS (O=UKIF0“M LINF)eososeveevssnas 0
FIXED DISTRIRUTFD RESTSTANCE seveosseserenos 1060000E+00
FIXED NDTSTRIBUTFEND CAPACITANCEsdoensnesseeee 10000E+0NN

DISTRTRUTED NETWORK 2

NUMRFR 0OF SECTINANS IN DISTRIQUTEFN NFTWORKeeeosssoassovssaccs 50

DISTRIRUTED NETWORK CONNFCTED TO NODESeeesoesessseses & 5 2

DISTRIRUTED R NOTIMTIZED (1=YFS, ﬂ;NO)oOOOQOoontoooOOOOOnooo 0

DISTRIANTED € OPTIMIZED (‘=YF§0‘0=NO)nooo.ocoo'ao.ooonnoooo 0

NUMRER OF TAPER COFFFICIFMTS (N=UNTFORM LINF) ., e00000eccecves 0
FIXED NISTRTIAUTFN RESTSTANCF ssseceasacavssae 1¢0N0NESND
FIXED NISTRIKBUTFEFN CAPACTTANCE cveecencceseee 1a0000E+NQ

NUMREFD OF LUMPEN QESTSTNNS gnegeoeacste08seserotosesoatsnssos
JMRpER OF LUMPEN RESISTNRS OPTIMI7FNoessessonansosacseracoss
NUMQFD OF LUMPF” CAPACITOHS¢.......00000.O.oo-'ooc'.o'..o.o
NUMPRER OF | UMPEN CAPACTITNRS NPTIMTI/FDsosssonecsscseesascecescs
X( 1) w NOPTIMIZED (HMPEN CARPACTITOR 1 NODES 31 6as 1e1563Een)
X{ ?2) = NOPTIMIZEN LHUMPEN CARPACTTOR 2 NODES & 6.0 1e1797E+0]

NV DD

X 1) = NPTIMIZEN VAVS s 0HTDUYT NODES 4 0
YT e e ] n . NANE L F1 Ta - . - M. NnaINn1tany



X( 4) = OPTIMIZFD VCVS 24 ouTPUT MODES 2 0
INDUT NODES S ny NCDE S ElLIMeaoenss 2 2922E+n1

ITERATION 0 FRROR= 6,646E=0T 1l
X(1) Te196E+n1  14179F+01 2.030E+01  24292E+01
ITERATION KA=18  FRRNR= 2,239€=09 ALFA= 5+036E+N4
S T.172E+01  1.194F+01 2,032E+01  2.284E401
H MATRTX
1.00F+00 0., 0, e
0. 1.00F«00 O, e
0. 0. 1000F¢00 Ou
OO 0- 00 IOOOE.OO

. gUMMARY OF OPTIMIZATION RESULTS
1 TTERATIONS 2.73896957F=0n9 FINAL ERROR

FINAL VARIARLF VALUES

1.17202R8B3E+01
1+19565366E+0Y
2.02165177E+0Y
2.2837988GE+01

& WY~

FINAL VALUES OF G(I)

2.61606596E=0%
24616N459KE=05
2.08594137E~08
2.08594137E~05

B W\~

08/2R/69  SCAPE 3e¢le?H UNTVFRSITY OF ARIZONA
12.57.57 JHUEL 35 ,
12.67 .57 HUEL3sT109CM4SN00+»RTT1RN3900082Y
12.57.57 «RUN(S)
12.5R.04,LOADy INPUT,
12.58,0R,LG0O.

"2.5R,14.FL= 0465000 cPU2 000,482 PPU= 0004680
12.5R,17.5TUP , L
12.5R,18.FL=z 022500 CPUz 003,169 PPuU= 000.918

Figure 3
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V. Conclusion

In this report the theory and application of a digital computer program
named ANLYZ was described. This program has the capability of performing com-
plex optimization for a broad class of DLA networks. Thus, it provides a
valuable generél tool for research in this area. It should be néted that if
extensive optimization studies on a specific DLA ne;work configuration are to
bg carried out, it may be more effective, computationmally, to prepare a program
ANLYZ specifically for the network which is being treated. In such a case, the
general digital computer program ANLYZ described in this report will prove
extremely valuable to provide verification of the correctness of sucﬂ a speci-

fic program,
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Flow Chart for ANLYZ Subroutine for DLA Network
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Flow Chart Page 2

(from page 1) 15
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Flow Chart Page 3

(from page 2) 16
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Flow Chart Page 4

(from page 3) 17
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Flow Chart Page 5

(from page 4) 18
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Flow Chart Page 6

(from page 5) 19
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Flow Chart Page 7

(from page 6)
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Is NDIST =07? Yes

No

Call YDA

P-4
Y

Compute YR array

Is NGAIN =07

Yes .

Call CONS

N

Ccall CMRD

Compute voltage transfer
ratio VD

= 19— =
1s KPZ 1 Gy 1/G21~1

i = i+ 16— Is i < NH/2?

Yes
i No

Return
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ANALYSIS SUamoUTINE Fuk LA WEiwUurney Y=0on 21
REGUTHES QUSHOUTINEDS TuasbLiiu g (UG
COMMON /01 /8(20) s AL {2Ul aAU(Z0) s A{ZU) sAr{P0) ti{20) s l{l20)swn (20)
LeG(Z20) aPauti (109 7) oWVUF T LU U) sigiNRy TERRy L TERyuHiaIng [ TAAXALF A (8)
COMMON /DO /YR(IGe LU aru(De0) alU{9e50) oNUL DY aNUZIS)Y 9niD3(S) o
1uSFCT(ﬁ).MMeuA(b),symulkb).Nne(b),nwj(g)-uba(b),JL(b),
2NN NOAINs I [ST
COMPLEA YraS
O DIMENSTON .fr%l(‘())olvH(‘(IU)vNLl(lU)yNLd(lU)vHr')(l(!)9(..“!-’(11))1 )
IRE10010) 4Cl10010) 8P (219) o8PLI10) aNP (D) sNPA(S) 9 NDRR(S) ¢NUCA(Y). s
2XT (D) e R0 (W) 2L ({5)
COMPLEX vD
DATA KeEAO/G/
Ir=1
CIF (KKEADLEG.1) GU Tu_Zob . ..
NHP SNH/ 2 .
READ 10%s (KPZ{I)sl=1oivm2) T *
READ lob,mJ.NUISToNH,NCyNuAINyNRKvNCAoNbAINA
A0S FORMAT (201 3)
IF (NDIST.LEW0) GU Tu a7
. DO 106 I=1»NUIST

loNe]

000050 READ 109¢ NDLI(I) onN2(L) onNw3 (L) oNSECT LI 9P (1) oNRBX(L)
o INDRA D aNOC AR T Y
000103 106 CONTINUE
000106 YO0 PRINT R g NG e
000114 4058 FORMAT (//1X%FIRST CALL OF wLA ANLYZs UPTIMIZATION AT®I3
R L% _FREQUENCTES#/)
000114 DO 404 I=1sNnHp
0ooYle L IF AKPZUL) LEWQ, 1) GU_ YV %02 e
0121 PRINT 40)1elem(2%[=1)9sH{(2%1)

_wu0134 _____40) _FORMAT, (lXﬁﬁﬁhﬁyﬁﬁgiﬁléfmii_ﬁ_lEﬁgﬂkﬁﬁﬂltg_ﬁlﬁélﬁz312”‘9’&9:2L“”
000134 Bvo TO 404

000135 402 PRINT 4035 ]sH(2%]=1)an{c¥1)

000151 403 FORMAT (IX#FREQUENCY®#13% [S a PULE LOCATED AT#ELlUeRes2H*J1ED.2)

L. 000181 . .. 404 CONTINUE . e e e e e e e —— e e e e
V00154 PRINT 406 9N .

S00016) 606 FORMAT e

11 A¥NUMBER OF NODES (REFerRENCE NUDE NOT XNCLUUE.L))'otnooo.ooooutﬁl
wee 00036, IR INDLIST W LE.D) . GUTU. 202
000163 0O 201 L=1sNuIST
w-000166 o PRINT L2 e o e et e e
00017 129 FORMAT (#aquiSTRIsUTED Ntfwoanulf)

LoUD0Y7Y. .. . PRINT 127 «NSECT(L)aNQI LY aND2 (L) eNDI (L) aNURA (L)Y o NOCA (L) atvP L)
000222 127 FORMAT ( ]

— PIXONUMGER._OF SECTIONS_IN_LISTRIGUIED NETwORKaeas asessanessa uu.ﬁl

31A*UISIHIHUTC;D Nli.iNUH'v\ chV‘V&LTﬁU —[0 NUUtS'QOQQOQooQQou-Q“:BI:i e

e G IXEDISIRIRUTED R OPTIMILEY (L=YES . NQ)-n.-o.n.:c:....n;..-.:?l

SIX#UISTRIKUTED C vPTIMIZEW {1=YESS Q NV) -oo'-otn¢000¢-¢ooo.ool‘”

e e BYAWNUMBDER OF TAPEK CubFrlGleEnTS (usUNIFORM LINE) e s cesane. l:nnnt“_'

000222 IF (NDLIGLY SLELO0) Nl (L)SNNe] ?
..300”230 IR 2 il LE 0 ) Nu2 Ll =N+l
0007236 IF (W03 (L) oLEL0) NUI L) SNN+]

000264 oL LIF ANPUL) GLE.0) .60 0. 30
000247 READ 19%+X7 (L) . .
NaQRss . L CPRINT Q02 nwP AL ) e AT L e,

0267 407 FORMAT (
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PLA#0L R OF TARE K CuotrriCelnTs OPileltUcoooayooaOQoe.o-ooooo*13
AUr#T0Tal e Tr uF LIS nUTED LINEeosasssscsaensssssoe*tlled

GQuRAT 140 IF (RPAlLY«LELD) U TU 15U
BONPTY Io=4PA (L) 22
VRS 4 SN led I=1s17¢ _ - - ——— - — .
UaG2TN [AziiPe]l~)

D277 HRINT 1aSsTAsI e X(1A) - —
Vuo3le 142 CONTInNUE
200318 IP=r+nP (L)} -
Ga0317 145 FORAAT |

. 11X« A(#]2%) = OPTIMIZEUL. TAPENR LUtFklLleiﬁlJ“..J.J.-..,.L.“Lll.&w~
G037 150 IF (NP{L)JLESANPX({L)) GU TV Jo%
Con323 [Pa=s1+HPX (L) e e e e e
U326 I2=nNP (L) . -
000330 READ 199 (P (LI s I=lPA L) e
000344 168 FORMAT (KF10a.0)
SU00344 . S UPRINT lone(lep(bLsl)al=lrasice) .

0060362 160 FURMAT (9Xs #FIXED TAPER CUthIthNT”I3*'aooocoonoooo“El1 4
000362 . 169 IF (NURX(L)GLELO) GO IO L5 s
000365 PRINT 170¢ 1PWX(IP)
000375 .. 170 FOrMAT (

e e e e e e e e o o o = ot o o e o 2 2k e e S o 8 e e o e

llX“K(ulZ*) - OPTIMIZEU wisTRInUIED HtSISIANCtooooooaooo.° B 11eé
_00037s . _IP=IP+] : :

000377 GO TO 1mns
000377 . o 178 READ 109 s 180 Ll ) o oo e e et e et e e e e
000406 PRINT 140, RO(L)
000415 180 _FORMaT (9Xs #FIXED Qlﬁ!deRLEQ"ﬁééléléﬁﬁi;:::::::;:;x:A:ﬁ_ﬁll:iw*
G00415 18% IF (NDCX(L).LE 0y 6u TU 19>
_ 000420 PRINT_ 1904 1PeX(1F)
000430 190 FORMAT (
Al xEX(#I2%) - OPTIMIZED DISTRIBUTED CAPACIlﬂﬂ&ﬁA:A:AJJAxif_Llliﬁw*
0430 IP=]Pe+l
_wuQ632 60 T 201 e e e e e e e e e e e e e e e e et e e e e e e e e
000432 195 REAY 195%,C0(L)
000441 e JPRINT 200,GCQ(L)_ :
vo0450 200 FORMAT (9Xs #FIXED QISIKIBUTED CAPALITHNCE'Cto'ccooocooc“ t1104~§
~0004%0 .._...20) CONTINUE . __. e i
000453 202 IF (NReLFE,D) GO TU 130
00048 REAU 109 {NRY () anNr2{])el=]stuid) _ -
000472 130 IF (NCelLELu) 60 TU 13/7°
000676 . _READ 109« (NCYL (1) onC2(1)elzlaNC)
00051 137 IF (NGAINJLE.0) GU TO 2Uh
000513 . .2D0 139 . I=1aNOAIN____ e e e e e e et e e e
000514 READ 1USgNGL(I)oNG2(I) onG3 (L) eNOG4(L)oJL{T)
000936, 139 CONTINVUE e _— -
00054 208 PRINT 133
000545 138 FORMAT . )
. 000545 PRINT 4104NRaNRXsNCoNCX
. 0005%6] -.--= 410 FORMAT ( . . - et e e e e e o ot e et B
11 A#NUMBER OF LUMPEU thlb]qu.....lQ.O.l'.'..l'"."QIGOOOOOOC“I
e 21ARNUMBER  OF LUMFED RESTISTORS. UPTIPl‘tUaomnan-t.ncjn--;unlo.-e“L

B]X%NUMDER OfF LUMPtU CAPACIlDHS.p....o...-..........-.....o-..o*f
”_u_mw~__41x*NUMbEHA0F4LUMP&DNCAHﬂcLJQ“S~QRLLMthuLLLLLLLLLLLLLLILL!JCJJ-J

. 000561 IF (NRXJLFLD) GO TU 215
L 000%63 DO 212 I=VeidKX . . USRS :
000564 IAzIP+l=)
o NN0S66. ... PRINT Z11slAsTeNRICI aNR2S Y o X CTAY
0607 212 CONTINUE

fia i e emewemme e me i e e e e % Ao s A T e e sen S m s e oot e 4k e e o A it e ey e T S S S . S S o o e il kA o T Sk G e A o i e i S S e i S P Bk S0 e S S o 1t e e AN



SR PRV 211 Fonddaad |
TLARA(#{44) w OPTIMIZEU LUIPEU RESTSTURR[ 3% NUNES#Z1l3%eee®bl]lob

HO0RY P Pz IPeNKX
0Uunn~13 215 IF (NKeLF nRX) GO fU d£5 23
J00AL6 Ta=NHA+)
Ganaly READ 19Hoe (RES({L)sl=3]aenk)
DR3P PRINT ¢20s {(TeNRL(L) oK1 aRESt1) al=]A i) -
vadabs 220 FORMAT (99X #FITXEU LUMPLED KESTSTURRL3Y WUDESY2[3% .0 e%E [l e%
S 0HRh 225 1F (NCALLF.0) GU Tu 239
Su0AHT w0 232 T=1eNCX
AN YOI TA=z]P+[=] . :
Julno? PHRINT 2339las]enNCl(I)eNG2LI)ex(1A)
00703 . 232 CONTINUE o o o
000706 233 FORMAT ( i E

A AlAaRX(Rig%) - OPTIMILEN LUNPEU,CAPAC170H*13* NOUESH#2I3%ee¥k 1146
Q00706 [P=IP+NCX
00707 235 1F (NCeLEJNCX) GU TU_ 245 _

060712 [A=NCX+] .
0u0713 . READ 155, (Cap(I)sl=lhAwnG)
000726 PRINT 260y (1oNCL(I) oNC2 (L) yCAP (T) v I=1AsNC)

000751 _ 240 FORMAT (ax _%FIXED ___ LUMPED  CAPACITOR®[3%# NOUES#2I3%. %Ellse ..
000791 245 PRINT 138
000755 IF _(NGAINX.LE,0) _GU TV 25b

000757 DO 250 I=19s NGAINKX

000760 LA IR =
000762 PRINT 2919 TAeToNGLUL) oNG2UL) oNOGI(L) s NGELT)sJL{I)sx(IA)

- 0010Ys 250 CONTINUE -
001017 251 FOrRMAT |

J1xsx(#12%) - OPTIMIZED VCYS*I3%s OUTPUT NOUES®#213/
21AXYINPUT NODES%2I3%y NUUEWLI3% El IMenoseoe¥El]ed)
_boroyw IP=IP+NGAINX_ SO SR .
*1020 255 IF (NGAIN,LEJNGAINA) GO TO Z2eb

_wylozz o TR aNGA LN e
001024 READ 1556 (GA(I)sl=lasNoaln)

2001037 PRINT_ 2585 (TeNGLI) oNO2 (L) aNO3 (1) o NGs (L) s JL (1) aGALI) s I=TIANGAIN).
001073 258 FORMAT (OX¥FIXED VCVSH#Id#y QUTPUT NODES#2I3/ .

_____ e e O X P INPUT . WORESH 21320 _NVDE# 132 _ELIMenesssatblladl. ——e e
001073 265 NXx=0 _

001074 _________ IF IND TS Tl B0 B0 T 30D e e et e e
001076 DO 299 L=)9NUIST '

001017172 KD=(
001100 IF (NPA(L)LEL,0) GO TQO 279

001102 I2=NPX LY. — e e e e e e 2 e e e e e
001104 D0 270 I=yele

001106 NASNX®l - S -
061110 PlLsI)SA(NA)

001114 270 _CONTINVE
001l1lle KB=1 .

holvrr o 275 IF (NDRR(L)IALE-0) GO 1O 280
0011272 NX=NX+1 .

001123 RO LY S A UNX e o e e e i
00li2e Ku=1]

001127 2BO0._IF (NDCX(L)LelLE0)_GQ_1u_2n5
001132 NX=nNX+1] ‘

e 00133 o B0 LY B AN X ) oo e e e B |
001136 T OKD=1 :

SR LY I b e iy AN 285 IF (KREAND EQe0)-GU-TO 290 . SO e e O -

1140 IF (KD#EQ.0) GO TO 299
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41 290

GV=NSECT )

! '+
NLll44 <OD=ROUY 70V
01 14m CON=CULL)Y /00V
Juilsoe 1F (NP {L) JLED) wu U 270 24
Val1mp DMzist CT (L) =1 e )
vullish 12=NSECT (1)
1157 HO 244 I=1s18
vuilod ==} .
dull6? XO=0T*AT (L) /UM e )
JO1166 APz,
CUOVIGT 13=NP (L) o L o
BUl1171 DO 292 Jd=1+13
yall73 AR AR R (| g ) X ORR T ~ -
001205 2972 CONITINUE
S0wi?lo o RO s D) =0 A e e e -
001214 2G4 CD(L21)=C0ON/AP
~00izgee. .60 TO «99__ -
wolzee 296 [72=NSECT (L) '
boye2s L DO 9B 1oy 0 L 2 e e R -
0nlzeeée RD{L+I)=R0OV
_001232_ 298 Cu(Lsl)=COL _____ .
001240 299 CONTINUE
001243 305 IF (NRASLE.Q) GO TO 315
001245 DO 310 I=]eNHX
001246 N X N K e
001250 310 RES(I)=XA(nNA)
_. 001255 __ ________GO_T0 320 . - S,
001255 315 IF {(krEAD.GT.0) GU Tu 3490
_ 001260 320 VO_325 I=1sNN
ooizee DO 325 J=1sNN
_.Rolges ] RAIsJ)=da SR
1767 325 CONTINUE
12746 IF _(NReLE ) _GR_TQ 340 .
V01275 DO 335 I=1¥NK
— 0012771 COND=1/REI(T)
001302 KRYI=NRLIC(D)
001306 KRr2=NK2 (1) - e —
001306 IF (KR2.LE.0) GO Tu 330
e 00307 RUKR2 e KR L= COND * R UK 2 982 ) e e e
001313 RIKRZIARR1)==COND*R (KR2 KK 1)
01320 RIKRIsKR2)LsR(KRZ2sAR]L)
001328 330 R(KR19KK1)=SCOND*R (KRl IR])
001332 __ B3O ON T DNV o e e e e e e e e e e e e
001334 340 IF (NCAJLE.N) GO TU 3920
001336 D0 .345_1=12NCX - S .
. u01337 NX=NX+]1
001341 345 CAP(I)L=X(NX)
- 001346 GO TO 35%
001346 ____ 350._IF _(KREADLGT«0) GO TO_375 S, .
001391 355 DO 3A0 I=1sNN
- Q01353 DO 360 J=leNN____ e e e e e e e et e e e e
¢ 001354 Cllsd)=0, ‘
001360 360 CONTINUVE
001365 IF (NCeLELD) GO TU 375
. 001366 . D0 370, L3NG e e e e e e e e e
. 001370 KC1=NCIA(I)
L B01372 . KO 2 aNC 2 L ) e e e
1374 IF (KC24LE.0Q) GO Tu 30b

___________________________________________________________________________________________________________________



AR RN CARCPenCPY =0 (1Y +CnL2en0LA)

Py led? CinCA2anCly==CAaR () +L{nLdynL])
Jolaoy CARCIaKT2Y=2C(KCAeRL L)
0014615 365 CKClenCly=Cap (1) +C(nClani]) 25
dulaZ3 370 CONTINUER )
Julaers 379 I (NOGAINxGLEL.D) LU TV B
V1627 2O 377 I=1sNOAINA
gila3u NAZINX+ ]
Goialp 377 GA(T)Y=A{NX)
Julaldy 380 KKEAD=L
S 00ls4a0 ‘ 00 40y L=teNnp o o
Juldaep L2=z=2vl
ufli4aal L2M=L2-1 , B e
01445 SaCHRPLA(H(L.2M) yH (L))
3014652 B0 389 I=1sNN e
001453 DO 345 J=1aNh
001656 YR{I9J)=(0490,) Y.
001463 385 CONTINUE
001470 IF (NUISTLEWn) GO 10 367
U0lae7? CalLl YuA
001673 387 DO 390 1= aNN
001475 PO 390 J=1)eNN _ 'j
001476 YRAIs D) =YR([o L) +R(]9JI+C(LlaJ) %S
001521 390 CONTINUE
_00lsee NM=NN e e e e e e e e e e et e e e e e e e e e e
001527 IF (NGAIN,LEeN) GO TO 395
- 001%30 AL O S
001531 39% CALL CMRY
_ 001532 VD==YRI(2,1)/YR(2+2)
001542 GILZMI=CaRS (VD)
001546 IF _(KPZL(L)WEQ.)) G(LEMI=]e/G(L2M) SO -
71553 400 G(L2)Y=G(L2M)
—v0l561 RETURN i
001562 END

U409 gV i PO Gy




SUAROU Lk CHRD

000002

COMMON /OLA/YR(LUsTU)I9RU(D95U) 4 LU (5D0) 91 (S) v D2 (%) sivU3 (D)

TNSFCTUD) aNMeOA (D) 9590 {H) 2iNL2 (D) o B3 (D) sNGEIS) s JL (D) y

2HNNOA DTN NI ST

— R DS _ ; e 26
Juonye COMPLEA YRS
0002 CNAZNN=NGATN
w0004 NZ=NN= (2 e NGATIN)
. ‘UVO()_’\.)O(W e IF (NZelLT,.1) RF_T.,U?.*,N.___“,_..___ o ) . o
000011 DO 110 K=1NZ
Jhooers o NP=NA-l S
dG0019% 00 105 J=1aivk
w000 1T DO 1ob I=yenP e
g0020 YR{TeJIZYR(I o) =YH(LoeNA)JRYR(NAosJ) /YH(NAINA)
000052 A0S CONTINUE _
000057 110 Na=NA=Y
_ 000063 RETURN o -
000063 END
1 - e e e st o o o e e o e i S s . S i s e o
Jem—— e s e 2t it v o e e 2 s . o o o S - e i e S e o e e S 2 ot T T



SUBROUT INF YOA

Qo002 COUMOUN /DEA/ZYR {10l U) R {(De5U) aCD(H9S0) sNUL () aNLZ(5H) 9 NUI(9) o

JNSECTA(9) st aGA (D) 999NLL D) 9U2 (D) s N3 (9) aNG4 (5) 9 JL (D) s
2NN NGATNGNDTST

000007 COMPLEA Y2eh 27
Wanap COMPLEA AR{292)ebr(2s) sCn(292) sDRabLyOR
LJ0a0? DO 129 LZ=ieNDIST
VU004 109 DO 117 I=)s2 o
U0000s DO 110 Jd=1+2
GO000T7__ CRUTeI={Nes0,Y - e e
0000198 110 COMTINUE
_uonzo . . (o8 O O O B O P (L N _
000025 112 CONTINUE
buONn2 T e ENSEC T LY e e
000031 N0 120 I=1+12
000033 10 115 _IA=z1.7
000034 D0 1195 In=ls+2
000035 AR LT A I8 mCR LAY LB
000046 119 CONTINUE :
000053 ____________BR{1s1)=(1es0,)*COlLZo ) ¥RULZIY*S
000070 BR{l1s2)=CMPLA (RD(LZyl)v0e) .”f
000075 BR(2s1)=CN(LLy1)%S : L
000108 HR(292)=(1a90,) : o
000107 o CRUls1I=AR(1e1)¥uR(1yl)eAn(le2)¥BR(2v1)
000123 CR(1e2)=AR(1s 1) ¥R (1e2) +an(192)¥BK(292)
__000136_____________CR(Z¢1)=aR(2s1)¥%8R{1y1)*AR(2e2)¥BR(ZY) L
000152 CR(2:2)=AR(2y1)%BR(192) *AR(292)%E8K (292)
000165 120 CONTINUE
000170 DR=(1s90,)/CR(192)
000117 o _ERsOR#CR(242) U
. 702085 GR=DR¥CH{191)
e 0213 121 L=8D1004)
000216 MaND2 (L L)
000220 N=ND3(LZ) _
000222 YR{LsLISER+YR (L L)
000232 ) YRAMsMI=GREYR (Mo M) i
000242 YR{LeM)=wDReYR{L M) i
000282 S YR (ML) BYRA M) e e e e e e e e e e
0002672 YR(NglL)=DReER+YR(NsL)
— 000274 YRAL oN)=YR (Mol )
000308 YR(NyM)ZDR=GR+YR(NIM) G
000317 YR UMeN)=YR(NIM) - .
000330 YH(NoN) ZER+*GR= (a9 Qo) #ORSYR(NIN)
0003467 _______ 125 CONTINUE - i
000351 RETURN
0006352 END
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SurCuTINE COMNS
C LPr SUCKCJTTINE 239 REPLACES PERRY 233s JULY 1968
guouee CONMMUIN ZLLA/ZYH(L0910) ahb(5950) 9CL(D950U) s UL (D) 4 D2 (5) oND3 (D)

IhSECH () sDMsGA(D) 99 aNOL (D) o NG2 (D) oNGI3(H) aNGH (H) yJL (D)
ZANSNCAINsNDTCT

28

TOUGUEZ CUMPLEA YRS

gsuuade GATH NrbEbF/0y/

Vuduuz CIMENSICN NRE(10)oNCE(10)

0Cduug Nez=tNenGATN

ITVIVEA IF (MKEPLGTL.0) GO TO 121

000607 DU 140 119NN

V00Ul NeE (L) =0

Gouvilz 110 NCE(1)=0

00uuls L0 ley Js1oNGATN L
youul7 0O le0 I=) 9NN .
000020 IF (LebGQGeNGY(J)) NRE(I)=1 o
000uU24 IF (lebGoedL(J)) WCE(I)I=1

000031 120 CONFAINLE

000U36E . NHEP=]

000u37 121 In=1 o
0U0U40 CO 145 I=]aNM o
000042 123 IF (MRECIN)) 13051309125 '
00004E . 125 IN=lne]

000047 GO 1C 123

voous? 130 IF (iNeEGLI) GO TO 140

000US]} 132 CO 135 J=1,yhN

000053 135 YR(IsJ)SYR(INJ)

000uU7¢0 140 Ih=lne]

buou72 145 CONTINLE

000U74 CO 1tS I=14NGAIN

10007¢€ K=NGL ()

v00100 N=hNGa (1)

0001v2 L=nG63 (1)

000104 vaJb (1)

000106 IF (NeEGe0) GO 10 148

000107 IF (MaEGeK) GO TO 151 .

000i11 IF (MetEGel.) GU TO 153

000112 LO l4o Jd= ]l 4MM

000114 146  YR(JIL)SYR(JobL)*YR(JygN)

000133 CO 147 J=19NM

000135 147 YRUJIK)=YR( j,K) =YR(JyNI/GA(])

000160 GO Iv 16¢

0uolel 181 CO 152 J=]leNM

000163 152 YR(JINIZYR(yN)=YR(J9K)#GA(I) S
000<05 GU 1L 1469 -
000cu6 183 [0 154 Us1eNM o
V00VEL10 154 YR({JIN)ZYR(JJN)*YH{JsL)

00027 GO 1C 155

000230 148  IF (L.EGCeM) GO Tu 155

00vz32 149 0O 150 J=1eNmM

000e36 150 YR(JIL)ISYR( jel) *+YR{J9K) *GA(I)

000256 GU TC 1€8

00057 155 CO 160 Js1enm

000261 160 YR{JaKYZYR(,K) *+YR(JyL)/GA(I)

000304 165 CONILINGE

000307 In=1

100310 CO 150 I=1,NM



Jowdll
Judlla
Juuile
JUudlE
000220
uios2e
GTU0o37
vuizal
000343
000244

10
1nb
194

IF (hCE (L)) 175917591740
Inzlin+}

LCH VR VI W

IF UINaEGaI) LU 10 185
06 ley Jd=]yivw

Yr{des L)Y (Je1Im)

I,\;:l.\#l

CURTANLE

RE TYURN

END

29




Appendix C

Input Data Format for Subroutine
ANLYZ for DLA Network

Card Variable Colunmns
No.
1 KPZ (1) 1-30
2 NN 1-3
NDIST 4-5
MR 7-9
NC 10- 12
NGAIN 13-15
NRX 16-18
NCX 19-21
NGAINX 22-24

Input

30

Format Purpose

1013 Indicators for whether the ith
frequency is a zero (KPX(I) = 0)
or a pole (KPZ(I) = 1). (i=1,10)

13 Number of nodes (not counting ref-
erence node) in DLA network (0-~9)

13 Number of distributed networks (0-5)

13 Number of lumped resistors in DLA

i network (0-10) :

13 Number of lumped capacitors in
DLA network (0-10)

13 Number of VCVS gain elements (0-5)

I3 Number of lumped resistors optimized
(0-5)

i3 Number of lumped capacitors optimized
(0-5)

I3 Number of VCVS gain elements opti-

The following card is required

3 NDI(I)

ND2(I)

ND3(1)

NSECT(I)

NP(1)

1-3

4-6

7-9

10-12

13-15

13

13

I3

13

i3

mized (0-5)

v

NDIST timeg

Node number
distributed

Node number
distributed

Node number
distributed

for terminal 1 of Ith
network

for terminal 2 of Ith
network

for terminal 3 of Ith
network

Number of sections used in lumped
model for Ith distributed network

Number of polynomial coefficients
used in describing taper of Ith
distributed network (O=uniform line)

(0-5)
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NPX(1) 16-18 13 Number of polynomial coefficients
optimized in Ith distributed
line (0-5)

NDHX(T) 19-21 13 Indicator for optimizing resistance

of Ith distributed line (1 = optimize)
NDCX(I) 22-24 13 Indicator for optimizing capacitance
of Ith distributed line (1 = optimize)

The following card group consisting of cards 4-7 is required NDIST
times for values of I from 1 to NDIST.

The following card group consisting of cards 4-5 is required only if
NP(I) > O <

4 XT(1) 1-10 E10.0 Total length of Ith distributed line

The following card required only if NP(I) ) NPX(1)

5 P(1,J) 1-80 8E10.0 Values of non-optimized coefficients
' for Ith distributed line (J=14+NPX(I),
NP(I) )

The following card required only if NDRX(I) = O

6 RO(T) 1-10 E10.0 Value of resistance for the distri-
buted network (total resistance if
line is uniform)

The following card required only if NDCX(I) = O

7 CO(1) 1-10 E10.0 Value of capacitance for Ith distri-
buted network (total capacitance if
line is uniform)

The following card required only if NR > 0

8 NRICI), 1-60 2013 Node numbers to which the Ith
NR2(1) resistor is connected (I=1, NR)

The following card required only if NC > O

9 NCI(I), 1-60 2013 Numbers of nodes to which the Ith
NC2(1) capacitor is connected (I=1, NC)
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The following card is required NGAIN times

10

The following card required only

11

The following card required only

12

The following cavd required only

13

NGL(TI)

NG3(1)

NG4 (1)

JL(I)

RES(D)

CAP(I)

GA(L)

1-3

7-9

10-12

13-15

1-80

1-80

1-80

13

;3

I3

13

8E10.0

8E10.0

8E10.0

Number of node to which source of
1th VCVS is connected (other end
of source is assumed connected to
ground)

Number of node to which positive
(noninverting) input terminal for
1th VCVS is located

Number of node to which negative
(inverting) input terminal for ith
VCVS is located {(this should be o
if only a single VCVS input is
uged)

Number of node which it is desired
to eliminate [either NGLl(I), NG3(I1),
or NG4(1)]

if NR> NRX

Values of lumped fixed resistors
R, (I =NRX + 1, IR)

if RC> NCX

Values of lumped f£ixed capacitors
Ci (I = NCX + 1, NC)

if NGAIN > NGAINX
Value of unoptimized VCVS gain

for Ith source (I = NGAINX + 1,
NGAIN)
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Order in which variables X(I) are assigned to

elements of DLA network

Order Condition Variables Assigned Number of Variables

Assignments number 1-3 are made NDIST times for values of I from 1 to HDIST

1 NPX(I)> © P(1,J) J = 1, NPX(I)
2 NDRX(L) = 1 RO(1) 1

3 NDCX (1) = 1 co(1) 1

4 NRX> O RES (I) I =1, NRX

5 NCX> © CAP (1) I =1, NCX

& NCAINX> O GA(T) I=1, NCAINX




