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ABSTRACT

COMPUTER AIDED DESIGN OF LUMPED
AND DISTRIBUTED BROADBAND MATCHING

AND FILTERING NETWORKS

KOKSAL , Adnan
M.5. in E.E.E.

Supervisor : Assoc.Prof.Dr. Nevzat YILDIRIM

July, 1987 ; 140 pages

In this study a computer program which can be used to
design and optimize lumped and-or distributed equalizer
networks 1is developed. The program aims po obtain a
specified gain versus Ifrequency response OVEr a
pfescribed frequency band between complex generator and

load networks.

The Simplified Real Frequency Technique is applied to
Loth the Jumped and distributed equalizer cases.
Inclusion of the finite Jw 1transmission zZeros, if

needed, 1s made possible.
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A element'opg$mlzat10n part 1s also added which ¢an be
used 1if 1mpract1ca1 element values reszult from 'the
Simplified Real Fregquency part. This part also enables

the trial of mixed typre equalizer designs.

The same optimization technigue, namely the Levenberg-
Marquardt Finite Difference Optimizatlon ls applied to
both the galn and element optimization parts., The

element optimization part is realized by penalty method.

The computer program 1s run for several practical
problems of single and double broadband matching, The

results are quite satisfactory.

Key Words: lumped, distributed, equalizey, simplified
real frequency technigue, transmission zeros, levenberéf;
marquardt, single matching, double matching, broadband,

optimization
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Bu galigmada, kompleks kaynak ve yik devreleri arasinda
belirli Dbir frekans araliginda istenen KXazang-frekans
efrisini veren empedans uyumiama devrélerinin
tasariminda kullamnilmak Uuzere bir bilgisayar yazilam

paketi geligtirilmisgtir.

Birlegik ve dagimKk elemanl: tasarimlar igin
Basitlestirilmis Reel Frekans Teknigi kullanilmigtir.
Ihtiyag halinde sinirl: Jw-ekseni iletim si1firlar:
eklenmesi de mimkin hale getirilmigtir. Basitlestirilmis
Reel Frekans Teknifi ile kazang optimize eden Kisimdan
pratik olmayan eleman degerleri elde edilmesi durumunda
kKullan:lmak uUzere Dbir eleman optimizasyonu Kismi da
eklenmigtir. Boylelikle Xarigik tip uyumlama devreleri

de denenebilir hale gelmigtir. Kazang ve eleman



optimizasyonu yapan her 1Ki Kisimda da ayni algoritma -
Finite Difference  Levenberg-Marquardt Optimization
Technique - Kullaniimistir. Eleman optimizasyonunun

gerg¢eklestirilmesinde cezZa metodu Kullanilmistir,

Bilgisayar yazilimi  birgok tekli ve 1Kkill uyumlama
problemlerinde  denenmis ve tatmin edici  sonug¢lar

“alinmistir,

Anahtar Kelimeler: toplu, daginikK, uyumlama devresl,
pasitlestirilmis reel frekans teknigi, iletim sifirlari,
levenberg-marquardt, tekll uyumlama, 1Kili uyumlama,

genis band,
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CHAPTER 1

INTRODUCTION

Broadband matching problem (BBH) “1s - defined as the

'achlev‘ementv Qf a deslred performanée between arhkitrary -

load and generator networks over a given fregquency band.
Gain, noise figure and voltage standing wave ratio areé
typical performance measures that are mostly

encountered.

In the design of communication networks matching is
extremely important, especially in the microwave
frequencies where the cost of each dB of gain rises

I"&Pldl)ﬁ

The prohlem of achileving a preassigned transfer functien
from a real impedance generator to a frequency dependent

load 1s Known as single matching (Fiﬁf.i.i), Whél"&&&i that

.Of. from a fregquency dependent EEI’I&I’;atOP 10 a frequency

_«:1epehdent. load 1s kKnown as doubkle matching (Fig.l.2)

There are two trends In solving the broadband matching

“probklem: The analytic theory and the computerized

mexhods.
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Le]

Equalizer

Figure {.1. Single HMatching Problem

|
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Equalizer

Figure 1.2. Double Matching Problem



The analytic theory of broadband matching [1,2,9, 16]
deals with the proklem of finding a realizable‘ggﬁaA;zer
network giving the opitimum response. In order that the
analytic theory Can}be applied the analytic forms of the
1oad and generatar netﬁerhs must be . Known or
.approximated. when the degrees of ~th€ ‘polynomials
Invelved are Sm&ll the analytic theory 1s not very
difficult to apply, ©but the difficulty in choosing the

optimum transfer function for the complex generator and

load networks still remains,

A review of the analytic theory of BBM developed by
Youla [9, 161, Carlin and Yarman [1,2] is given 1in

Appendilx A.

The other approach to the problem is computer crientedﬁi~
The most usual trend in computer oriented methods 1is tﬁe

optimization iof the values of the elements 1n.a chosen
circuit topology. The optimization problem emerged by
this approach’ 15 highly n¢n11near and requlires
sorhisticated algorithms and good cholce of circult

topology and initial element values.

The RealjFrequency Technique (RFT} introduced by Carlin
[6,14] 18 an alternative to element optimization in the
81hgle matching problems. In thlsk techinique minimum
phase equaiizers are assumed and the real part of the

equalizer impedance Zg (Fig. 1.1) 1s approximated by line



egments. Using the Hilbert‘transfarm'Pelatlcns hetween

L2}

the real and the imaginary parts of a minimum phase
function, the equallizer impedance can be constructed in
terms of the.same line segments. Hence the optimum line
segment approximation gives a realizable equallizer. The
RFT  1s later extended by Yarman [i{] to solve thé double

mateching problems,

The results of the problems solved by the RFT show that
the method 1s efficient and.easlly applicable even in
the cases 1the analytic. theory 1s too difficult to be

applied,

Another method, whi¢h 1s called Simplified Real

Frequency Technique (SRFT), simplifying the optimization

procedure 1s introduced by Yarman [4, 1%, 151 and applled.

to the design of double matching networks and to the

design of matching networks of microwave amplifiers, The

coefficients of 1the 1nput reflection factor to the

resistively terminated eéqualizer are directly optimized
in this method. The choice of transmission Zero
characteristics of the equallizer, togetner with the
initialized <c¢oefficlents ﬁentioned, glves rise to the
generation of the scattering matrix of the equalizer

which 1s used to construct the objective function.

In this work Simplified Real Frequency Technique is

investigated and extended to handle the design of

s
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commensurate distributed equalizer networks. A computer
Program 1s developed to Solve the double matching

.problem wit.h this technigue.

Since the SRFT is an unccnstiﬁained method , impractical
element values can be obtained. Therefore an element
optimization part 1s added to the program. This,part_'
also enables the trial of the miEed type eqﬁ;l’ize'i*_“

ety

networks. . -

The work can be outlined as follows: in chapter II -the
SRFT 1is explained and the methods for lumped and
commensurate distributed equalizer networks are given,
The approach used in the element optimization part 1s
given 1in chapter III.  GChapter IV consists of tne
explanation of the prﬁé'rém'.a‘na the examples. The

conclusions are presented in chapter V.

ot



CHAPTER 2

SIMPLIFIED REAL FREGQUENCY TECHNIQUE
2. 1. INTRODUCTION

The Simplified Real Frequency Technique (SRFT) 1s a
cemputer aided d651€n‘pr066dure’f0r the solution ¢of the
double maiChlng PPOﬁlem. It 15 introduced by B, 8, Yarman
[4] and 1s simpler in nature than the Real Frequency
Technique (RFT) introduced by H.J. Carlin (9, 14,2, 1].
The simplicity of the method is that the coefflclents of
the input reflection factor to_the equéllzer terminated
hy a reference resistance at the IOéd side IS. optimized
directly. It is rnot necessary to find the analytic form
of the equalizer impedance in the optimization process

as in the KRFT.

The algorithm takKes the initialized coefficiénts ot the
“input reflection factor and real frequgnéy' measurement
data of the generator and load impedances as input and
yields the equalizer 1iriput impedance with the equalizer

terminated 1in a reference resistor at the load side as



the output,. Then by the use of the element e€xtraction

technigques thie equa}izer‘ element values can he

determined.

In this chapter the method 1§ described in detail first
for the lumped elemeni‘.equalizer design. Then  the
necessary theorems relailng to the distributed networks
are given for the development of the commensurate
transmission line equalizer deslign algorithm using SRFT.
Finally the algorithm for the distributed design case 1s
described for the two widely applied class of networks,

namely the low-pass and the band-pass types.

2. 2. THE SIMPLIFIED REAL FREQUENCY TECHNIQUE

" FOR THE LUMPED ELEMENT NETWORKS

For the‘lﬁmped element equalizer case the problem is to
find a realizable two-port network [E], such that the
gain bhetween its terminations 1is optimized over a given

frequency band (Fig.2.1).

The core of the method lies in the selection of the real
normalized scattering parameters of the equalizer [E].

If the real normalized scattering matrix of [E] 18 given
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Z
d\DEG : Equalizer L

Figure 2.1. Doubly Terminated 2-port |
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|

the transducer power gain, T(WE) of the network in

Fig.2.1 c¢an be written as [17]: .

(1 - I1sgl2) (1 - Ispl®) Ispyql®

T(w2) = 2.2
It - sy4 Sgl% 11 - sguy spl2

where,

Zg - Ro !

sg(s) = 2.3.a
ZG + Ro
Z, - Ro

sL(5) = 2.3.a
ZL + Ro

where Ro 1s the normalization resistance.

If reciprocal equalizer is assumed then Spg(S) = Syp(S)



4
and sp4(s) can be written as :

f(s)

5p24(8) = 84p(8) = t —— 2. 4
B(S8)

where g(s) is a strictly Hurwitz polynomial [12} and

f(s) 15 a polynomial containing the transmission zeros

of the equalizer formed by the factors of the form:

sk

(s2 + wp2)M,
(sE = Sie)t
where K, m 1t being positive integers.

' In order that spq(s) to be the scattering parameter of a
realizable network 1t must be bounded real, hence the
degree of f(s) must be less than or equal to the degree
of g(s).

The zeros of £(s) are the transmission zeros of the
equalizer which are 1located at s - O, s ﬁ;tjw or at
s = ¢ t jw, The transmission zeros at s - @ are created
1f the degree of g(s) 1is greater than the degree of
£(s). The number of the transmission zeros at infinity
is equal to the difference of the degrees of g(s) and

f(s).

Using the unitary property [12] of the scattering matrix

of the equalizer and employing the analytic continuation



&

the following group of eguations can be written.

S11(5) 814(-8) + 8p1(8) S21(-8) = 1 2.5 a
‘8141(8) spy(-8) + spy(8) Sgé(-s) : O e.5. b
Sp1(8) Syq(-8) + spq(-8) Sgalg) = 0 2.5 ¢
Spp(8) Spp'(-s) + spy(s) spy(-85) = 1 2.5. 4

The substitution of 2.4 into 2.5.a gives:

: g(s) g(-8) ~ f(s) f(-s8) | ,
S14(8) sqq(-8) = - 2.6.a
' ' g(s) g(-s8) ,

Spectirally factorizing the numerator pélynemial th?

followlng can be written.

g(s) g(-8) - £(8) f(-8) h(s) h(-s)
cz 2 2.6.b

CE&(s) g(-3s) g(s) g(-8)

The factorization used here is arbitrary, that is, the
roots of h(s) and h(-s) may be chosen as required.
However,  usually the left half plane zéfos of
S544(8) S44(-8) are used to construct h(s) in order 1o

obtain minimum phase StPUCtUPéS.

Now 1f the numerators are equated the well-Known

FeldtKeller equation iz obtained.
é(S) g(-8) = f(s) £(-8) + h(s) h{(-s8) g.6,¢C

The degree of g(s). as 1t 1s shown from 2.6.¢ 18 equal

10



to  either the degree of f(s) or that of h(g), whichever

is greater.
From 2.6.a sq4(8) can be written as:

: h(s)
844(8) = — 2.7
g(s) -

and substituting 2.4 and 2.7 in 2.5 b or 2.5. ¢ gives :

f(s) h(-s)
s22(8) = - | : = 8
£(-8) g(s)

From the discussion up to here 11 can be concluded that
if the numerator polynomials hi(s) and £(s) are kKnown
then the scattering parameters of the equallzer network

can be constructed,

Here 1t 1s worthy to note that one can start by
substituting 2.4 into 2.5.d and obtaln spp(s) and then
use these to construct sg;q(s). The choice 1s arbitrary

if computer aided design 1is considered,

The next step 13 to find these parameters’ unknowns

satlsfying the desired galn requirements.
2. 3. THE METHOD FOR THE LUMPED DESIGN [4]
The PGSUlté ¢f the previous section may be combined with

an QPtlmlﬁaIIOH routine for achieving the gain

11



requirements. For this purpose the coefficients of the
numerator polynomial of sy4($), l.e. h(s) are chosen as
initials. Since for many practical problems equalizer
networks having transmission zeros at s:0, s:=o and at
s=tjwp; are sufficlent, f(s) is chosen to contain factors
of sk anda (s? + wp;2)M  only. With this choice of

f(s), using 2.4 and 2.8, Spy(s} and Spp(S) becomes :

sk

l B
spy(s) = ——— FAsZ + wp 2)mi 2.9.a
g(s) 1=1
h(-s) -
spa(s) = -(-1)K —«—— 2.9.0
g(s)

and from 2.6 the unknown polynomial g(s) 1s related to

the specified f(s) and trial h{s)} as:
g(s) g(-s) = h(s) h(-s)+(-1)E sEKIi‘lrsE + wpyByemi 2 40
where t finite Jjw transmission zeros with réspective

multiplicities my are assumed. ;

The c¢ircult type and the topology depends on the choice
of 1the type and the number of the transmission 2zeros.
The degrees of the functions are also determined by
these cholces, considering 2, {9 and 2.9, a the following

classes can be outlined:

I) K=0andmy =0, 1 =1, 2, .., 1

12



This corresponds to the low-pass type equallizer since no
transmigsion zeros at s$=0 and at s:-tjw; are assumed. The
only transmission zeroes are at s:=w due to the degree of

g(8). The degree relations are:

.deg(f) = O.
deg(g) = # of transmission ZzZeros at s:=o.
deg(h) - deg(g).

Transformerless design can be made in this case by

setting the coefficient of the sP in n(s) to zero.
II) K = 0, and my not zero for all 1,

This case leads to the low-pass ladder elements together

with the finite Jw transmission zero creating elements . .

which are elther serially 1inserted parallel LC
combination, or parallel connected series LC
combination, The degree relations can be written as

follows 1In this case:

L
deg(f) = & 2my
i=1

deg(f) + # of transmission zeros at ®

]

deg (g)

deg (h) deg(g)

Transformerless design 1s also possible for this case.

i3



ITII) k> 0 andmy = 0 for t = 1, 2, .., 1

e .
This cholce results in an equallzer network naving botn
high-pass and low-pass elements in general. However,

1f  deg(f) = deg(g), this results 1n a high-pass
equalizer having no low-pass elements.  Number of

low-pass elements 1s equal to the difference:
deg(g) - deg(f)

The degree relations are:

aeg(f) = Kk

deg(g) ! deg(f)

deg(h) = deg(g) - 1f deg(g) » deg(f)
deg(h) ¢ deg(g) if deg(g) = deg(f)

Choosing the 1nequality 1n the 1last relation means
perfect match at s=-o.
The transformerless deslgn iz not possible in this case

since transmission zeros at =:=0 exist.

IV K » 0 and my not zero for all 1.

-

fhls corresponds to the most general type., All types of
tranamission =zeros which are possible in the method can
be realized. However 1If deg(f) = deé(g) ne low-pass
elements occur as in III. The degree relations are as

follows:

14



(2

deg (1)

"
=
-
A
n
=
[

deg(g) ! deg(f)

"

deg (i) deg(g) if  deg(g) > deg(f)

deg(hi) ¢ deg(g) 1f deg(g) - deg(f) choosirig the

inequality meaning perfect match at s:o.

The cholce of trial h(s) 1s not critical, since the
transfer functlion created in terms of i1s coefficients
penaves smoothly. However, initilizatlon with alternating
sign and comparable magnitude proved to be faster 1n

convergence,

Assuming that the degree of the initial polynomial 1§, .~

determined according to the outlined rules andth(s) 1ls

initiated as,
h(s) = hg + hy s + .. hy sd ., + .. + hy s0

The fe¢llowing computational steps may be written for the

optimizatlon»prqcedure [4],

1. The even poelynomial g(s) g(-s) 1s constructed using.
2. 10, assuming K transmission zeros at £:0 and t finite

Jw transmission ZEeroQs.

2. The roots of g(s) g(-s8) are found.

3. Tne left half plane roots of €(s) g(-s) are ‘chosen

1%



and the strictly Hurwitz polynomial g(s) 15 constructed.

4, The scattéring pérameters of the eguallzer are
evaluated at each optimization frequenéy vy according

t0 the following:

hjwy)

514(JWy) :
‘ g(Jiwy)

.(5W1)5 (-wi8 + wpeE)ml L (cwy@ 4 owp By

Spylawy) = ¢

g{iwy)

‘h(-Jwyi)
and spp(iwy) = - (-1
g(iwjy)

5. The values found in 4 are substituted in transducer -
power gain equation and T(wjZ) are obtained at every

optimization fregquency.

(1 - Isgl2) (1 - Isp12) Isaq(Iwy) |2

T(Wla) =

14 - Sqq(IWy) Sg(IWE) I8 11 - Soup(dwy) sp(dwy) (2

Zgliwi) - Ro

where sg(Jwy) '
Zg(Jwi) + Rg

Z;,(Jwi) - Rg

)

and s (JIwy)
2, (Jwi) + Ro

6. A direction for all'hjﬁs i1s obtained such that the
errors between the current gain values and the required
gain values are minimized at all .optimlzation

Irequencies,

16



7. Hew values Qf.hJ'S are computed~and the procedure is
Pép&&t&d beginning from step 1 until the gain errors at

each optimization frequency fall in a tolerable range.

After the procedure 1s completed, the input impedance to

the equalizer Wwith the equalizer terminated in the

reference resistance at the load side is computed using,
1 +.844(8)

Zin(2) = Rp T 2. 11
1 - gqq(8) .

Finally the equalizer element values are extracted from
‘the input impedance obtained leaving the resistance Rg

at the load side.

2.4, THE SIMPLIFIED REAL FREQUENCY TECHNIQUE FOR ~THE

COMMENSURATE DISTRIBUTED DESIGH

In this section the ESRFT will be used to obtain
equalizer networks containing unit elements (Fig.2.2.a),
open-circuited stubs (Fig.2.2.b), and short-circuited

stubs (Fig.2.2.¢).

o

The analysis is restricted to the mostly encountered two

types of networks : low-pass and band-pass types.

Low-pass commensurate transmission line networks

consist of series UE’s and shunt open-circuited. stubs

17



Characteristic impedance = Zo
Length = |

Figurejle. 2.a. Unit Element

o__——-— ]

Characteristic impedance = Zo
Length =1

Fieure;f:‘- 2.b. Open Circuited Stub

o

Characteristic impedance = Zo
Length = |

Figure 2.2,¢. Short Circuited Stub
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whereas band-pass commensurate  transmission  line
networks consist of series UE’s, shunt short-c¢ircuited

and series open-circulted stubs.
It 13 well Known that under the transf@rmatlan
A=z B+ 19 - tanhBt = tanhwl 2. 14

whére B=2n/Ag Ag belng the gulded wavelengtih, L
the commensurate length, and [ the oné way time delay on
?hE» commensurate length; the commensurate circult
zynthesis 1s simplified, The positive realness of
impedances and bounded realness of scattering matrices

hold  for these circuits  under the specified

' transformation [12]. Furthermore the distributed filter

des;gn is simplified since it is possible to use the

fllter tables in the A domain and then to replace the AT

domalin capacitors andvlndﬁctcrs by open-circuited and
short-circuited stubs respectively. However all these
stubs are connected at the same polnt without any
PhYSlCal separatlion. Therefore redundant UE’s must e

incorporated to separate the stiubs,

On the other hand 1f a special form for spq(A) 185 chosen
then the realization of bounded real input reflection

factor only with the UE’s are guaranteed.

The following theorem given by Carlin states the

conditions on 8pq1(A) of commensurate distributed

19



networks 1in order that ihe network 1is realizable with

only UE’ s,
Theorem 2.1 [3]

The necessary and sufficient conditions that a tWO-PQPt

formed of a cascade of UE’S Dpossess a 'presdribed_

1512 (JR) 12 (A:E4JR) 1s that,

0 ¢ 1spg (12 ¢ 1 ' 2.15.a
| . (1 + @)1 -
Ispq (JR)1E = 2. 16. b
C(1 - Ag)n S
Spg (A) Spg(-X) = S i 2. 158. ¢
Ppn (-2€) o -

where Pp 1s an even polynemial of degree 2n. The
significance of this theorem 1s that any cascade of UE’s
must have spq(A) satisfying the theorem, and conversély
any function satisfying the theorem c¢an bhe realized by a

cascade of UE’s.

Now 1f sp4(A) 1s chosen as: -

(1 - agynse
Spg(A) = = 2.16
Dp (A) ' '

where D(A) 1s a strictly Hurwitz polynomial of degree n
whicn 1s obtalned from the spectral factorization of

Pn(-Af), a network containing n UE’S can be deslgned.



A transmission zero on A= cannot be ¢bhtained with this
form of Ssp4(A). In order to have a transmission
zero at A-@w the denominator of spq(A) must be higher 1n
degree than the numerator, This suggests that the
transmission zeros at A:-w can be ¢btained by increasing
the degree of Dp(A), which effectively means the

introduction of open-circuited stubs.

If the effect of the stubs 1s also 1ncluded spq(A)

becomes:

|
(1 - A2)yn/2
Spe(A) = - 2. 17
Dn+q(2)

wWhere n UE’s and q open-circuited stubs are assumed.

Together with the added finite JjR tiransmission zeros

Sp¢e (A) becomes:

(1 - xE)n/E

1"

t
Spq(A) T, (A2 + @p;2)mi 2.18

D(A) iz

F () f

D{X)

where D(A) 1S a Hurwitz polynomial and t finite JQ
transmission zeros are assumed,namely Ai"" Ag; having
multiplicities my,.., my respectively.

with this <cholice of Sgi(%) both low-pass and band-pass

network design consideration 1s made possible, with the
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Proper frequency transformation.

with @ = tan(wl) transformation the previous scattering
Parameter 1n the A domain gives the transmission zeros
at A:=w only. These corresponds to the frequencies where
the open circulited stubs have a guarter-wave length.
However, 1f the transformation 1is chosen as Q:=-cot(wl)
1t 1is seen that this has the effect o0f replacing A Dby
1/%1 in all of the previous equations. Ana with this
cholce the transmission zeros at A-Q ¢an be obtained. By
these cholices of frequency variable both the low-pass

and the band—pass'netwdrks are handled.

The finite JQ transmission Zero creating elements are
two UE’s connected 1in series 1in Dbetween, but shunt

connected to the equalizer neiwork (Fig. z.3}. N

~— -0
Zoy Zog
F
o— -

Figure 2. 3. Filnite-Jjw Transmission Zerc¢ Element
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Now consider an equalizer network consisting of
commensurate distributed elements of the specified
types., Using the unitary properiy of 1ts real normalized

scattering maitrix in the A domain,

S14(A) S44(-A) = 1 - Spy(A) Spg(-A)

D(A) D(-A} - F(A) F(-A)

D(2} D(-A)

and by making analogy to the lumped case 11 c¢an be

written,

H(A)
811(A) = — 2. 20. a
D(A)

Putting 2.20.a into 2.19 and equating the numerators

give the Feldtikeller equation for distributed case.
D(A)Y D(~-A) = H(A) H(-A) + F{a} F{-A) 2. 20, b

Using the unitary properties spp(s) can be written as:

13
v

F(A) H{-A)
Spp(A) = -
F(-A) D{A)
H(-2)
T - —— 2,20, ¢
D(A)

2.20. ¢ results since F(A) 1s even.

If the number of UE’S 1s n and the number of stubs 1s g



thie degree relations of the functions involved can bLe

stated.as follows; 5,

t
deg(F) =z n + & 2my
. : 1:=1
deg(D) = deg(F) + g
deg(H) = deg(D).

Some important design concepts should be emphasized
related 1o the functions involved before continuing with

the computational steps.

I) For the low-pass case the quarter-wave frequency must

pe outside of the matching region.

II1) The coefficient of the AV, i.e Hy for low-pass case

must be zero since all lines disappear at D.C.

III) For the band-pass case, the quarter-wave frequency

must be taken in the passhand region.

IV) If the first extracted element is a shunt Short-
circuited stub; the coefficient of the highest power of
A 1n H(A) for the band pass case must be equal to the
negative of the corresponding coefficlent in D{A) since
at D.C. the short-circuited stubs causes  full

reflection and s;yy=-1 for these types of networks.

Therefore, as 1n the lumped case realizable scattering

24
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parameters of the equalizer are constructed. Next
coefficients of H(A) are chosen as initiated values

the method for the design 1s given.

2. 5. THE METHOD FOR THE DISTRIBUTED ELEMENT

EQUALIZER DESIGN

Assuming that H{A) 1s given as,

H(A) = Hp + Hf A + .. Hy AJ ., + .. + Hp AP

the

and

The following computational steps may be given as in the

lumped case.

1. The even polynomial

D(A) D(-A)

H(A) H(-A) + F(A) F(-A)

1]

] ,
H(A) H(-A) + (1 - Aa)nivgfxe + Qq8)2mt

is generated assuming n UE’s and t transmission zeros.)

2. The roots of D(A) D(-A) are found.

3. The LHP 1ro0ts of D(A) D{-A) are chosen and

strictly Hurwitz polynomial D(A) are constructed.

4, The scattering parameters of the equalizer

evaluated at each transfqrmed frequency Ak- JQk.

25
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H(JIQK)

514 (IQK) =
D(J9g)
H(-J%)
Spa (i) = - —
D(ieyk)
(1 + @2ynse .
spy (J9g) = T (@12 - @g2)mi
D(Jjk) 1=1

5. The values found in 4. are substituted in transducer
power gain equation and T(Wka) are obtained at each

optimization frequerncy using,

(1 - Isgl2) (1 - 1sp12) Ispq(dwg) 12

T(wg?) = .
11 - 54403wg) Sg(IWg) 12 11 - sout (Iwg) sp(dwg) 12

Zg(Jwk) - Ro

where Sg(Jwg)

Zg (JWk) + Rg

21, (Jwg)

I
A
Q

and 81, (Jwg)
21, (Jwg)

+
o
o

Rpo being ithe normalization resistance. ;

6. . A direciion for all Hj’s 1s obtained such that the
errors between the required and the obtained gain values

at all optimization frequencies are minimized.

7. New values of HJ’S are obtained and the procedure 1is
repeated Dbeginning from step 1 until the errors fall in

a tolerable range.
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After the procedqure 1s completed, the input impedance
of the resistively terminated equalizer 18 'obtained,
The input impedance to¢ the equalizer with the equalizer
terminated in the reference resistance at the load side

is,

for low-pass case

. ¥
&

. 1+ 84¢(2)
Zin{A) = Ro g, 24
1 - s4¢4(R)
and for the band-pass case:
: 1+ 8¢44(8/2) -
Zin(A) = Ro 2.256
1 - s544(€8/2)
because of the difference 1in the frequency' .

transformations between these two type of designs as

mentioned earlier,

The characteristic impedances of the unit elements and
the stubs are obtained by Richard’s extraction technique
and the short-circuited and open-circuited  stub
extraction procedures respectively. since the
realizatien 1s not wunique when the npumber of unit
elements 1s greater than the number of stubs, the circult
that gives the most practical element values should be

selected.



CHAPTER 3

TRANSFER FUNCTION IN TERMS OF ELEMENT VALUES
3. 1 INTRODUCTICON

As explained in the previous chapter the SRFT 15 used to
directly optimize the coefficients of the numerator
polynomial of the input reflection factor of  the
equalizer, and hence 1S an unconstrainted method. The
element values are determined freely by tﬁeA“

v

method. Whereas a c¢omputational efficiency is broﬁght‘fm‘”
about by this pfoperty, impractical element values can
be found in some problems., Another class of pfbblems may
require the trial of the mixed type equalizer networks,

for example a lumped element may be desired in a
distributed equalizer in order to supresé the harmonic
response of the network. In either of these cases an
element optimization routine 1s needed. In order 1o
satisfy 1this requirement a part of the written computer
Program 13 intended to deal with element optimization.

The following sections describe the method used in that

part,
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3. 2. FORMATION OF THE INDEFINITE ADMITTANCE MATRIX

The indefinite admittance matrix relates the total
current at any node in the network t¢ the voltages at
the nodes, voltages Dbeing referenced to¢ some node

external to the network. Considering the network [N] in

Fig.3. 1,

R

Reférence Node

—
—-—
-

Flgure}3.1. n Terminal Passive Helwork

its node currents c¢an be related to the voltages



measured with respect to the reference node R as:
1(s):=Y(8) V(8) 3,1

where Y({s8) is the indefinite admittance matrix and I(s)
and Vv(s) are n dimensional vectors, The elements of the
indefinite admittance matrix are given as,
1
Yig = ——— 3.2

Vk=0, K#j

Inspection of the matrix reveals its 1mporiant

rroperties stated helow.

I) Bach column sum of Y(s) is equal to zZero.

II) Each row sum of Y(8) is equal to Zero.

III) Yji 158 the sum of all admittances connected to node

1'

Iv) YIJ 18 equal to minus the sum of all admittances.

V) Yij = Yjyi. ;

with the use of these propertiies the indefinite
admittance matrix of passive elements can be written DY
inspection, The generation of the matrix in a computer
Program 1is also simple. The building blocks ¢f lumped
and distributed neuyorl{s are capacitance, Iinductance,

unit element, short circuited stub, and open' circulited

stubs.
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3.3 REDUCTION OF THE INDEFINITE ADMITTANCE MATRIX [6]

If the n terminal network of Fig. 3.1 is a two port
‘network, then the current sum at the internal nodes of
the network 1s zero and the indefinite admittance matrix
can be reduced to the admittance matrix of the two port

network,
Assuming that the jth node 1s an internal one,

0 - 3,3

IJ = YJ{Vi + ,, + YJJVJ + .. 4+ YJnVn
and VJ can be written as:

¥Yit . Yin
VJ = - V1 — e =

Y3l Y34

Hence Vj can be eliminated from all n equations, leaving
an (n-1)x*(n-1) matrix. The elements at the K’th row of

the new matrix can ke written by using 3.4 as

’ YJi

Yki® = Yki -

YKJ ‘ ’ 1¢J 3.5
Yij .

o

For a 1two port network this process can bhe continued

until the dimension of the reduced matrix 1is 3»3. In

this resulting matrix one node is for input, one node 1is

for output and the remaining one is for the reference

Vn 3.4



nede or the common rail. Now if the voltage of the
reference node 1s set equal to zero, 2x2 admittance

matrix of the two-port network results (Fig.3.2).

?!

Figure 3. 2. Two-port Network with y-parameters

3.4, GAIN IN TERMS OF Y-PARAMETERS

After reduction of the indefinite admittance matrix the
two-port network can be modelled by its ad¢1ttance or

short circuit parameters as in Fig.3.3.

Now considering the broadband matching problem 1n
Fig. 3. 4 the output impedance Zout can be written in
terms of the y-parameters as:

Yi1 + Yg

Zout - 3.6
DY + ¥Ypp Yg
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O
+ ‘ +
Vi Y11 l l Y22 Vo

Y12V Y21 V1
o- iy
Figure 3. 3. y-parameter Model of TWo-poris
6
[E] |
EG . ] ZL
E qualizer

Figure 3,4, Double Matching
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where Yg = 4/Zg and Dy = Y11 Ye2 - Yi2 Yot o
The transducer powelr galn 1s gilven as:

Re (Zoyt) Re(Zp)
G = 4 - - - 3.7
[Re (Zoyt) +Re(2Z1,) 12 + [Im(Zoyt) +Im(2) 18

Up to now, i1 i3 shown how to obtain the gain values of
a given tWO-POP& neiwork betwéen specified load and
source impedances starting frcm'the n térmlnal network
descrlpplon. In the next section, the optimization
method  of the element values for the'BBH problem i3

Eiven.

3,5 THE METHOD FOR ELEMENT OPTIMIZATION

A

e

If the glven element values of a tWé-POPt equalizer are
chiosen @&s initials and the transducer gain 1s cemputed
using y-parameters as objectlve function, the following

computational steps <¢an be outlined.

i. The indefinite admittance matrix ¢f the n-terminal

network is constructed with the current element values.

2. The indefinite admittance matrix is reduced and the

y-parameters of the equalizer are constructed.

3. The gain values at each optimization frequency and

hence the errors from the desired value are obtalned.
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4, A direction fors the element values is chosen in order
to minimlze the error values at each optlmlzation_

frequency.

5. New element values 2are obtained and the steps
beginning from i are repeated until the errors fall in

.a tolerable range,.

The optimization technique used in  the element
oﬁflmiZation part 1s thé same as that of the SRFT part.
The problems that cannot be soiQed»by the approach used
in tﬁis work may be handled by more sophisticated

optlmizaticn'routines.

o
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CHAPTER 4 .

. COMFUTER FROGRAM AND APPLICATIONS

4, 1. INTRODUCTION -

The BEEM problem, when considered in a numerlgai'manner-
is a nonlinear optimization problem.  The problem
consists ofs finding a set of unknowns related to the
‘equalizer such that the objective  function, thé
transducer power gain, is maximized. In the genefélj?
problem of obtaining a specified gain response over a
given = bandwidth, the obJjective function becomes the
a1fference between the desired and the actual transducer

power gain values at optimization freqiencies,

In this work, a gradient optimization is implemented for
the solution of the BBM problem. In the gradient
optimization methods, the optimum solution is approached
by a convergent sequence of the .unknowns. Wwhen the
ekhjectlve function 1o be minimized has more than one
minimum, there 1s a great possibility of finding a

suboptimal solution. In such a case the trial of more
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than one initial point and choosing the best among the
solutions "aval;égie are mandatory. Thé objective
function 1in the BEM problem hasz this PPOPeftY, s¢ the
solution found may not be the global minimum, However,
1f a sclution satisfles the deslign requirements, it c¢an
bhe taken as a feésible solution from the engineering

roint of view.

In the SRFT design methods outlined in Chapter 2, tpe:ﬁe

are no constraints on tﬁe coefficlients of thé numerator
polynomial of the. input releectlen factor of the
resistively terﬁlnated equalizer. Hence this leads to an
unconsirained nonlinear optlmlzaticn Problem.. However
wvhen the eleﬁents are optimized as outlined in Chapter
3, the posltiveness of the element values must _be
guaranteed, Hencé the element optlmlzailon is 'a~~

consirained nonlinear problem,

Withh a locally convergent optimization method, if éQOd
initial values can ke chosen or Known for element, the
EEM problem can be solved in an unconstrained manner.
Also a penalty function may be used for constraining the

solution to positive v‘alues,

-
In the computer program developed, The Finite Difference
Levenberg-Margquardt Least Squares Approximation is
implemented for both SRFT and element “optlnuzatlon
parts. The element optimization part is supported by a

Fibonaccl search sectlon.
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In thisvchabter, the Levenberg-Marquardt Teéhnique is
described first in 4. 2. Inféection 4.3 the Fibonacci
search part 1is explained. The explanation of the
' computer program is given in 4.4, Section 4.5 'éonsists

of the applications of the computer program.

4, 2. THE FINITE DIFFERENCE LEVENBERG-MARQUARDT NONLINEAR -

LEAST SQUARES APPROXIMATION [5, 18]

If m optimization frequencies and n unknowns aré
assumed, the BBM problem can be modelled -with the
following nonlinear least squares minimizafion. The
unknownsl are either coefficients as in Chapter 2, or

element values as in Chapter 3.

minimize e(x) = B ITi(x) - Toil2

. In
= B | £1(x) |2
i-1

= 11 F(x) 112 4. 1
where, ™
X : n dimensional vector containing the unknowns.
Ti (X) : the transducer power gain at each optimization

frequency wy.
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To; + The desired  trafisducer power gain at each
’ 2

optimization frequency wj.

If the soilution to the problem is denotgd'by x¥, then x*

1s contained among the zeros of |

ve(x) = J(x)T F (X) ~ Co42

where Ve (x) denotes the gradient of e(xX) and J(X) 15 the

Jacobian matrix of F(x).

The following sequence of approximations to x* is shown

to be convergent.

B

g - [gI+J(x) Ta(xp) 17t J(x) T F(xgk) 4.3

g+l

where Xy 1S the K-th approximation to x* and pg is a

sequence of nonnegative real constants. I 18 n¥n

identity matrix.

when the derivatives are approximated numerically, the
Finite Difference Levenberg-Marquardt  approximating

sSequence 1s obtained.
Ky q=Xg- [WRT+J (X, b)) To (2, i) 171 Oz, ) T Fixg) 4.4
: : . oy

where the 1-th, J-th element of J(Xk,hg) 1s given by,

fi(xg + hygd uy) - f1(xg)

hKJ
where UJ dentctes the J-th unit column vector anq 974 and
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hi’s are chosen as .

Mg = ¢ |l F(Eg) |lmax 4.6

10 whenever - .6 ¢ || F(Ek) llimax
¢ = i whenever 1 & 1] F(EK) limax ¢ -6 4.7
. 1 whenever P F(Xg) llpax ¢ - ¢
"ngd = min { 1] F(XK) |imax: Ox! 3 4,8

where hy and @k are n dimensional vectors and the
superscript j shows the Jj-th components of these vectors

with,

1079 if | xgd | < 1076
ogd = 4,9
L0014 | xkd 1 1f 1078 ¢ | xmyd |
By this cholice of the new lteration point, the 108&;
‘¢onvergence éf' the oblective function is guaranteedpf“
c is called the stabllity constant and decreased
as the iterations get closer to X*, that is, as the

error becomes smaller. These choices of parameters lead

to a good convergence characteristics.
4, 3. FIBONACCI SEARCH [13]

In the element optimization part, 1f the boundaries of

element values are Known and good initial values are
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available then optimization by Fibonacci search 1s
possible. Since the Fibonaccl search 1s é line search
method, only one variable can be optimized at a time,
the others being neld constanf. If more than cone
variable are to be optimized, then tne solution will

depend on the initial cholces of the variables. It 1

1]

because of this property that a good 1lnitial start must

be. available.

Fibonaccl search 1s implemented by first initlalizing
‘tné variables in the given regions and then applying the
method to all variables one at a time. The variables
,ofnér than the one which is being optimized, are held
constant. After a variable 1s optimized it 1s taken as .

constant until the search for all variables ends;'

Assuming that there are n variables with lower and upper
limits L4, .., Lp anda Uy, .., Up respectively, the

problem for oplimizing the j-th variable 1s,

o m .
minimize e(xj) = L | Tj(xy) - Tpoji(xj) |2
1-1

= | £(xy) |
subject to : Ly ¢ X5 ¢ Uy | 4,10

“where m dptlmlzation frequencies are assumed and T; and

Toi are the same as described 1n sectlion 4, 2.
An important point here to note 1is that, Xj must have
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only one relative minimum in the given region in order
for the method to be correctly applied. If more than ohe
relative minimum exists, the solutlon may be suboptimal,
‘but in any case, the objective function after the

"techmique i3 applied will be smaller than before,
The initial width of uncertainity 1s,
ay = Uy - Ly - 4,11

It dg denotes the widih of uncertainity after K
measurehents, @hen a total of N measurements are to be

made, dg 1s given by :

Fy-k+1
Fn

where Fyg’s are the Fibonaccl numbers generated by the.

following recurrence relation,
Fy = Fy-1 + Fyg-p s Fo = Fi = 4 4,13

The procedure for reducing the width of uncertainity to
dn 18 as follows: The first two c¢alculations of
obhjective funciion are made symmetrically at a distance

of:
( Fy-1 /7 Fy ) 44

from the ends of the initial interval,.

ACGQlenE 10 which of tnesé is of smaller value, an

42
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uncertalnity interval of width dp = ( Fy-g / Fy ) a4y 1s
determined. jhe ‘third c¢alculation point 1= placed
symmetrically ~ in this new interval with éespect to  the
calculation point already in the interval. The result of
this third calculation gives a width of uncertalnity
dz = ( Fy-p / Fg )} 44 . In general, each successive
calculation point is placed in the current interval of
uncertainity  symmetrically with the point already
existing 1n the interval. After all N calculations are
‘completed, the smallest of the last two points gives the
optimal value of the variable, This 12 different from
the termination o¢f the Fibonaccl method but, if the
number of calculations is large enougn.the aifference

will not be important,

4,4, COMPUTER PROGRAM

\The computer program is an improved version of a SRFT
lumped equalizer network deslgn program written by
E. Telatar and ©O. Arikan for the fullfilment of B. S
project 1in EEE [19]. The program 1s written in Turbo
Pascal programming language. It congists of three main
‘parts : SRFT for lumped equalizer design, SRFT fop
distributed equallzer design , and element optimization
parts. The block diagram of the program 1s given 1in

Fig. 4.1,
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SRFT SRFT

Element
Optimization

Lumped Distributed
design design
1
'
Entrys
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—St-a ! ==

;
]

' Element
Entry

{

7

Optimization
of gain

Optimization
of Element
Values

Figure|4. {. The Block Diagram of the Program
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Generator and load impedance data with the desired gain
response are entered in the entry section. In this
section eltngf scattering parameter or impedance Dbased
data with real-imaginary or magnitude-phase format may
be entered, saviﬁg the data and loading a pré-saved data

utilities are also available.

Since the network topology 1s the outcome of the SRFT

part. no -input is required regarding the element values

in these parts. The required data are the number and the

location of the transmission zeros. Hence the degree of

the equalizer netwbrk and the‘ transmission Zero
(CD&P&Ct&PiSthS are also entered in the entry Ssection.

"Finite Jjw transmission ZzZeros, with c0nstant or varlable

location, may be added in this sectlon.

The element optimization part requires the entry of the
ciréult topology and the element values.. This 1s done in

Entryt section. Either variable or constant element

values may be specified,

- The Dblock diagrams of the main parts of the program are

given in Appendix B.

After the entry operation 1s completed, the optimization

begins. In the optimization part a menu is available for

'éontrolllng the optimization procedure., The utilities

contained in the menu are :

I) Changing and observing the variables.
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II) Changing the maximum tolerable error.
III) Chahging the stability constants,

IV) Observing the gain values.

V) Stopping the optimization and returning to the main

menu.

These wutllities allow an interactive optimization
Procedure which becomes necessary é@“tn§,qcmp1ex1ty of

the problems rises.

4.5. AFPLICATIONS

t

EXAMPLE ‘1: It  1s required to construct a matching

network to optimize the transducer power gain of: th§§;v5‘

system in Fig. 4. 2.
Inputs:

Generator and load networks are as shown in Fig. 4. 2.

n:=4; four element ladder.

K:=2; two high-pass elements.

Tpi=0. 765; estimated gain 1evé1 for each  optimization
ffequenéy. |

Initial guess of hjy’s:

ho=f, hy=-1, hp=1, hz=-1, hy=-1

Matching region: 0.3 ( w ¢ 1 where w 1s the normalized

frequency.

m:15; 15 evenly distributed optimization frequencies.
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Fleurel 4.2. The Circuit of Example 1

Outputs:

hgp=0. 254, hy:=-0.365, hp:1.365, hz=-1.398, hy=-0.79
T(-w2):=0. 765t0. 0273; obtained gain performance of the

system, .
é
The realization 1is not unique in this problem since two

high—pass eléments exist. A possible matching network 1is

given as follows:
Cyz=2.28, Cp:z2.26, L3:=0.T17, Lg=1.024, n:=1,024

The return loss response of the matched network is given

in Fig. 4. 3.
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EXAMPLE 2:

a) It is desired t¢o design a lumped element equalizer

for the problem shown in Fig. 4. 4.

e = ——— - -'1

——H——1 2: L2 i

U - —10:

]

{

.:Ec. —-— C3
|
-
L
L

69 ®

v om ame em we w W e

e—— Generater —— _ _IE]_;(- LoaJ-J

Figure 4.4. The Circuit of Example 2.a

Inputs:

Generator and load networks are as shown in Fig. 4. 4.
n:é; three element ladder.

K-0; Thigh-pass elements are not wanted but the
transformer is allowed.

Toi:0.96; estimated galn level of for each optimization
frequency.

Initial guess of ni’Si

ho=1, hy=-1, hp=1, hz=-1
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Matching region: O ¢ w ¢ 1 where w 18 the normalized
frequency.

m=10; evenly distributéd optimization frequencies.
outputs:

ho=0. 139, h¢:=-0.322, hp:0.159, hz=-2, 093
T(-w2):0, 9610.0218; obtained gain performance after
optimization.

The equalizer element values are:
Cy=1. 322, Lp:=2.47%5, C3=1.113, n=1.15

The return. 1loss of the matched system 1is given in

Fig. 4. 5.

b) It 1s desired to design a distributed matching_. ..

network as shown in Fig.4.6 for the same load and

generator networks g1ven in part (a) of the example.
Inputs:

ng=3; three unit elements are specifled.

q=1; one open-circuited shunt stub 1s allowed.
f_centerz1; the normalized center frequency of the stoé
band region. ‘ |

To1=0.96; estimated gain‘level fér each éptlmlzation
_frequencies.

Initial guess of Hjy’s:

Hy=1, Hp=-1, H3=i, Hg=-1, with Hg set to zero.
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Matching region: -0 ¢ w ¢ { where w 1s the normalized

frequency.

m=10; evenly distributed optimization frequencies.

j R

Fq®

J
1

Lo o it s ey emm

«- Loac(-;[

SR B G0 D M e e =

Je— Genecador—pt [E]

Figure 4. 6. The Circuit of Example 2.b

Outputs:

Hy:-0.6804, Hp=-1.0387, H3:1.1314, 'H;:—i. 35117 :
T(—wa):o.96:o.15{?' obtained gain perfonmahc 4$fter
optimization, Here T(-w2)it ‘relation 1s “not. ‘
the gain deviation is small in the positive dlrection.

The equallizer element values are:
Zoy:1.4384, Zgp=0.3895, Zg3=1.3535, Zoy=1.8487

The return 1loss o¢of the equalized system 18 shown 1n

Fig. 4. 7.

52



q'z 91dWeXE FO S50 UJNISY SUL 'Lk °-MIId

(1) favanbaiy pazjjousan

o, 1, e

¢ o, ~ s ot
Lt B L = L w4

! _ | _ L | | 1 I

]

£

T oLrmEy
53

]

B

oo

.,
h

§=1=




EXAMPLE 3: Distributed Low Pass Filter
=R

In this ezample the tfanSducer power galn values of a
fifth order Chebychev filter consisting of unit elements
only are.entered as required galn data and thB‘ChebYChev

capture effect of the program is tested.
Inputs:

Zg=Z1,-1; Load and generator are pure reésistances.

ng=5; five unit elements are specified.

q:=0; open-circulted stubs are not allowed.

Required gain . values at the optimization frequencies
are given in table 4. 1.

Initial guess of Hy's:

Hy=1, Hp=0, Hz=-1, Hy:=0, Hp:=1, with Hg set to zero.
Qutputs:

Hy=1, 225, Hp=0, H3=39.576, Hy=0, Hg=117.273

The found values are close to the Chebychev coefficients
which are:

Hy:3.16, Hp=0, Hz=44,27, Hy=0, Hs=114, 50

T(-wE)=Tg;10.06 dB;" obtained  gain performance of the
optimized network.

The resulting network is shown in Fig. 4.8, Its return

loss is given in Fig. 4. 9.
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Freq. (GHZ) o Gain (4ap)

0.2 e e )
0.4 ettt vea s -0. 06
0.6 et e ey -0. 75
0.8 e e -1, 17
1.0 L e e o T Y -0. 41
1.2 . Y. AR -10. 68
1.4 » ... W4 -19. 50
1.6 .y Y Ry, N -25. 70
1.8 ...... Y. ANy -30, 49
2.0 caac A oo Ao -34, 11
2.2 A -36, 87
2.4 e irieeneeee. -3B.01
2.6 A Yo - 3
2.8 e ~41, 14
3.0 R S -41. 60

-

Table 4.1. Galn Values of Fifth Order Chebychev Filter
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Figuref 4, 8. The Circuit of Example 3
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EXAMFLE 4: Distributed Broadband Transformer.
“In this example & 10:41 broadband distributed transformer

]

will be designed.
Inputs:

Zg=1, Zp=10

ng=g; two unit elements.

g:=1; one short circuited stub (High-pass design).
Passband region: 3 GHz ¢ f ¢ 6 GHz., - | N
Toi-1t: desired gain level.

f_centerz4,5 GHz; center of the passband region (Quarter
wave frequency).

Initial guess of Hy’s:

Ho:ogs. Hy:-0. 5, Hé:0.5, Hz:5

m:16; evenly distributed optimization frequencies in tn§?~ 

rassband reglon.
outputs:

Hg=1. 2515, Hy=-3.0728, Hp:4.0503, H3:0.8934

Maximum  deviatien from Tgy 18 0O.0028 'after the
optimization.

The transformer 18 shown in Fig. 4.10 which has the

return loss of Fig. 4. 11, N
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CHAPTER 5. CONCLUSIONS.

In this thesls work, a computer program 1s developed for
* B ) ) o LS
the solution of the double matching problem using lumped

or distributed equalizer element matching networks.

The Simpllfied}Real.Frequéncy Technique is extended to
handle  the design  of commensurate . distributed
equalizers. The dlstributed networks that can be used in
‘the program are two widely used protétypes;’the low-pass
o nigh-pass. Finite transmission zeros may  be
incorporated  into these type of structures. The
.applications of the distributed design part of the
ppograﬁ showed that it can be used in the design of
~distributed equalizers. . Since couplers are not
incorperated 1n the design procedure the performance of

_the program is nat.efflcient,as the lumped counterpart.

‘The - performance of the lumped element equalizer design
‘part 1s shown to¢ be competent with the known analytical

results of double matching problems.

:.Eiément optimization problem 1s found to be,  as
expected, a higniy nonllneér problem. Unless a good
initial point 1s known, the optimizer 1s found to be
weak to handle the double matching'probléms' Thée reason
of this 1s thought to be the types of the optimization

method and the error function éhoice. together with the
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highly nonlinear behaviour of fhegprablem defined 1in
terms of element values. However, the results of the
SRFT parts may be improved using this part. The computer
program developed in this work can be extended and
strengthened in many ways. The element handling capacity
of the distributed SRFT part can be enhanced, the
element optimization part can be strengthened to
handle the design of more general matching and filtering
problems, the losses of the elements can be incorporated
into design and so on. In these aspects, the work 1s

belléved to be the root of other studies.
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AFPENDIX A

ANALYTIC THEORY OF BROADBAND HMATCHIRG

A. 1., INTRODUCTION

The analytic theory ‘of BBM deals with finding a
realizable equalizer networks for obtalning a
preassigned transfer function between complex generator
and locad networks over a given frequency band. The
double matching problem is shown in Fig.A.t for: ease of

reference.

26
[e]

) <N) EG Equadlizer L

Figure! A. 1. The Double Matching Problem
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The analytic theory of BBM‘ls,necessary for defining and

understanding of the problem.

Throughout  the: analysis uhlt—normalized scattering
parameters. will e used. These parameters are real
nermalized scattering parameters where the normalization

resistance 1s { ohm as implied by the name.

A.2. POSITIVE REAL AND BOUNDED REAL FROPERTIES [f, 161" -

Fositive real and bounded real properiies 'ahe'.§ery
important in network théory. In order an impedance 1o be
physically realizable it must be positive real. ‘Fér. a
scattering matrix to De a scattering matrix of a

realizable network 1t must be bounded real.

Definition 2.2.1.: Z(S) represents a positive real (PR) -

matrix if,
1) Z(Sy) = Zy(S) 1in Re[s) ! ©
11) Z(s) is analytic in Re[s] > O

iii) 2Z(o,w) = [Z(s) + ZT¥%(s))] s 2 is nonnegative

definite In Re[s] > O and almost everywhere on s:Jw.
1f Z(s) represents a lossless network then,

111) Z(0, W) = [Z(JW) + Z(-JW)} / 2 = ©
Definitlon &2.2.2 : S(S) represents a bounded real (BR)
- matrix 1f,
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1) S(Sy) = S4(s) in Re[s] 2 O
11) 8(s) 1& analytic in Re[s] > ©
i11) Q(o,w) = In - ST*(jyw) sS(-Jw) is nonnegative

definite in Re[s] > O

If 8(s8) represents a lossless network, then the

constraint on Q(o,W) becomes

111) Q(O,w) = Ipn - S(Jw) S{(-Jw) = 0, and S(s) 1s said

to be para-unitary.

|

In the BBM problem 2-port networks are moestly
encountered. S0 1f the ithird o¢f the BEBR properties 1is
substituted for the scattering matrix of a l1ossless and

reciprocal 2-port network, the following are obtained.

Al

S94(8) Sgq9u(8) + Spy4(8) sSpyy(s) = 1 A.l.a
Spp(8) Sppx(8) + 8py(8) Spyx(s) = 1 A 1.D
S94(8) Sqq4x(8) = 8pp(8) Sppx(8) Al ¢
j
S11x(8) Spq(8) ;
spp(s) = - At a
Spyx(s)
where sy(s) denotes s(-8).
Hence at real frequencies, i.e at s = Jw,
IS4 (IWI I = Ispp(IW)18 = & - 1spgs(IW) (2 A2
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A. 3. RELATION BETWEEN UNIT NORMALIZED AND YOULA-COMPLEX

HORMALIZED SCATTERING PARAMETERS.

Sirice the complex terminations are very common, it is
necessary to derive the input reflection coefficient of
a lossless two-port network [N], when the output port of

[N] is terminated »y an arbitrary complex l1oad

(Fig. A. 2).

[~]

Lo S(s) o Zis,

Sin 1(s) Sc{s) Zo(s)

p;gurei A. 2. Two-port with Complex Load |

Using scattering formulas,

sp12 8

Sing = St1 ¢t
-1 - 8 8pp
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Z{s)-1

Z(s) +

&

Here sjngy c&n be written as,

-

Sint
1 - 8-8pp

where_Aé S41 Sagy - Sgia

Sp1
Spex
521 S - sppx-
Hence, Sing = — -

524« 1 - 8 spp
From A.1.D, the following can be written.

Spy (8) 531(75) =t - Sppls) Saa(;s)

Substituting the unit normalized output

coefficient which is given as,

Zo(s) -1

Sge - )
Zo(8) + 1

the following 1s obtained,

Sgi(S) Spq(-8) = 1 - e :
Zg + ! Zox + 1

2(Zgo + Zox)

(Zo + 1) (Zgx + 1)

70
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Now considering (Zg + Zox) / &

R

If Zg = N /D (D 1s strictly Hurwitz) then,

Zo + Zox NDy + DNy
= A, D
2 DDy

If the numerator of A.4 1s spectrally factorized then
A 4 can be rewritten as:
ZO + Zox Aly

= = FFy . A6
2 DDy v

where F: (A,/D) and A has all 1ts zeros on Jw and in LHP.

With the use of A. 6, A 4 becomes,

. 4FF,
Sp1 Spix - A7
(Zg + 4) (Zgx + 1)
This suggests that,
2F
Spy = A. 8
Zg + 1

With the substitution of A.8& into A. 3, sy becomes,

Ay Dy Z - Zéx

1"
?.
e

ta

int

N

A D  Z+ Zg

How let

n : A 10, a

T1
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b = A 10D

D b
Z"‘ ZO*
8¢ = b —m8mm A 10. ¢
Z + Zgp
Then Sjipg = N Sc($S) : ' A 11

Here 1t is important to note that,

181n1 (IW) 1 = IsctIW)] = Isc(dw)|

— Z - ZO* °
where S¢ = —mm A 12
Z + Zp '
is defined as Youla complex normalized scattering

parameter [9]. sSc(s) 1s the corresponding regularized

-
~

scattering parameter because RHP poles of s¢ due to Zpy =

are removed by b = (Dy / D).

Hence with the use of A, 11 thevunli normalized 1input
reflection coefficient to the two-port networx of
Fig.A. 2 1s related to the Youla sCatter;ﬁg 'parameters.‘
This result will be applied to BBM problem 1in the

following sections,

L)

A. 4. YOULA CONSTRAINTS [9)

Youla constraints are the necessary and sufficient

T2



R

conditicns on the complex  scattering parameter,

_— Zg = Zy
S¢(s8) = ——m ’ A 13
Zo + Z

in order that Zg(s) be pnysically realizable.

Definition 2.4.1 : Let Z(s) be a non-Foster (Real part

not strictly zero) PR impedance and;

r{s) = Ev{Z(s)]}
r(s)
aA(s) = -
Z(s)

Then a zero of transmission sg = Og + JWg With og ! O‘éf

‘multiplicity K 18 saild to be a zero of transmisslon of ;f

order K.

A Zero of iransmisslon sg of Z(s) of order K belongs

to one of the following classes.

Class I : Og > O which includes all the open RHF Zeros

of transmission.
Class II : 0g = O and Z{Jwg) = O

Class III.: &g

"

0 and 0 < Z{Jwg) < ®

0 and [Z(JIWg)l = ®

1]

Class IV : op

Then,
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, 2r(s) b(s) T
Zols) = _ — = Z(8) ' ' - A 14
b(s) - sc(8) i

——

15 PR 1if and only if sc(s) is a bounded real scattering
coefficlent éatlsfylng'the coefficlent constraints given
pelow. The constraints are on the coefficients of the
Laurent series expressions of the following terms about

a zero of transmission Sg.

D* w .
b = = Z Bp (s - so)¥ = A. 15
D =0
® , .
F = 2r(s) b(s) = BOFr (s - sg)T A 16
P: . B
S¢ = D = L Sp (s - sg)T A LT -0

then 1the coefficlient constraints C;ﬂ the BR refleciion

coefficient sq(s) are stated as :

0,1,2,.., k-t A, 18

Class I: By = Sp ro:
Class II: Bp = Sp r=:o0,1,2,.., k-1 and,

(Bgk - Sg) / Fgeg 2 O A 19
Class III: Bp = Sp r = 0,1,2.. k-2  andg,

(Bg-1 - Sg-1) / Fg 2 O A. 20
Class IV: By = Sp r - 0,1;2}..,‘K—1 and,
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(Fg-1) / (Bg - Sg) 2 0 ~ At
An important point to note here 1s that, Sc(S) defined
in A. 13 1s different from that defined in A.ié. ™is
difference occurs because of the different  power
transfer conslderation‘§n the two equations [9]. . This
will Dbe particularly useful for reducing the double
matching problem to two sets of coefficient constraint

equations as will be described in the next section.

A. 5. REDUCTION OF THE DOUBLE MATCHING PROBLEM

TO YOULA CONETRAINTS,

A non-Foster PR impedance c¢an be realized as the input
impedance of a lossless two-port network fermlnatea in a
resistor [121. Using tnis rrinciple the doubly
:termihated structure (Fig.A.1) c¢an be transformed 1into

that of Fig. A, 3.

Considering Fig. A 3, the transducer gain from port { to
port 2 1s equal to'that from port 3 to port 4, so the
imaginary ports 1 and 2 can be used as the starting

roint.

Using A 10.¢ and A.11 and considering Fig.A 4 and

Flg. A.5 the following can be written:
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Figure  A. 4 Circuit for Generator Extraction
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S¢ #2

2qz ZL

Figure: #. 5 Circuit for Load Extraction .

Sin 2 |

; Zq1 - Zgx
Sci1(8) = ¥y ~ A 22
: Zgz - 2L« :
and Sgpp = MR ; A, 23
2q2 *+ ZL
where Zqgy - #y / Dy ¢ 1input impedance t¢ [EL],
Zgp = Mg / D2 input impedance to [EG],

by = Dyy / P11

1 for Zg and € for Zj,

1, 2

and,
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Sint & —— = 0@ 5S¢yt

where ng 1s an all pass functlon constructed by RHP
zeros of rg(s). Similarly Sjijpp = N, Scpp Where nj 1S

constructed by RHP zeros of rp(s).

considering Fig.A. 4 the following conclusions ¢an- ke

made:

I) Sing(s) 1s related to Sgyy(S) Previously as:

Sin1(8) = n s¢cq14(8)

—_— 2q1 - 2Gx

11} 8¢(8) = is Youla complex scattéring .

rarameter which 1s used in A. 114,

III) Considering section A.3 and the equatiqn A. 13 1t
¢an be concluded that, the Youla coefficient constraints

may be applied to sc(s) which 1s given in II to leave a

realizable Zqgy.

After the coefficient constraints are applied the:

‘remaining n¥&twork becomes thai of F1g.A. 6. Next the
scattering parameters of the new network are found and

the coefficlent constraints are applied at port- 2 of

Fig. A. 6 to extract [L], leaving a realizable 2Zgp. Since

78
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this 1s the input impedance of the equalizer terminated
In a 1 @ resistor, 11 can be realized by Darlington

synthesis procedure [16].

10 [e] [t] 1o

Zq1 2q2

Figure : A. 6. Reduced Matching Problem

Although the procedure outlined above conslists of two
steps 1in terms of scattering parameter evaluﬁtlon, 1t 1is
showvn by Yarman [i1] that the two extractions can be made
slmﬂltaneously' This 1s achieved by applying the
coefficient constraints to both the scyy and Scpp 0f the
initial network. This property is easily seen 1f the

constraints are written for the two cases and compared.

Now with these results the procedure for analytic BBM

¢an be given.
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A, 6. ANALYTIC PROCEDURE FOR EBEROADBAND ﬁATCHIHG {11

The following steps may be.given for the procedure @

I) A transfer function T(Wa) having the same
transmission ZET 035 of both generator and load
‘1mpedances with at 1least the same multiplicity 1s
chosen. The parametefs of the transfer function are 1o

be found to optimize the performance'mﬁasure.
S0 Spq(s) Will in general be of the form :

Ty

sp1(8) = ng ni, p(s)

g

where p(s) 1s an all-pass function which may be required
to satisfy the Youla coefficlent constraints. fy has all
1ts zeros in the closed RHP. ng and np, are obtained by
the RHP zeros of generator and load impedances
respectively, as indicated previously. If non-distinct
RHP  zeros of transmission of generator and load
impedances ex1st then they cannot be inserted 10 Spy as
all-pass functions, since coefficient constraints cannot
be satisfied in that case. Hence common RHFP transmission
zeros are inserted in spy(s) but not in all-pass form

These type of zZeros emerge as all-pass 1n eilther sqq(8)

or spp(s8) due to scattering equations.
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Thien,

i
1

S5pp(8) Sagg-s) - 3p1(8) 8p¢(-8)

"

1 - T(-g8) is formed,

and

Spp(8) = h / g 1s obtained from the  spectral

factorizaton of :
hy + ffyx = B8y

II) Consistent Palr of scattering paramﬂtersy 5¢¢(8) and
5pp(s) 1s defined.

h

[ —— ng ng, V¥
g

g22(8)

Dy

1"

5¢1(8) - i ng np, ¥

4
where " 15 a sign term (I = * 1) and ng and n;, contain

all the zeros of transmission whether distinct or not.

III) Youla complex normalized scatterling parameters are
obtained and coefficlent constraints are satisfied at

both generator and the load side,

>

h
r— ng v
e

Sepp(8)

hy

Se¢r1(s8) = - T ng ¥

&1



"

IV) ~Assuming the generator extraction first, the unit
nermalized scattering parameters of the new network

[EL] are computed (Fig. A. 3).

’ L - B11x / St

1 - 811x 841

ZG* - 1
where Byt = ———-—-——-— ng bi
. Zg + 1

and Zg = Ng / Dg , by = Dgx / Dg

and the new Youla reflection factor ~Scpa(s) 1s given by

1 - Byix / S11x
§) = spp : ;

1 - 8114 8114

After these, the Youla constraints are applied to scpa(S): .

V) The input impedance qu fo the resistively terminated

[(E] is obtained by,

ery(s) ba(s)

Zgp (8) = - Z1,(8)

’ /
ba(8) - scpa(s)
and syntheslzed using Darllngton procedure.

Here it 13 possible to extract the load impedance first
and then continue with the extraction of the generator

impedance.
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A. 7. EVALUATION OF ANALYTIC THEORY [1,2,8, 14]

‘_Analytlé BBM method ¢an be applied to prQﬁlems where the
load and generator impedances are Known in an analytical
form as a function of s : O + JW. if this is not the
case approximations to the measurement data of generator
‘and load impedances must be made. A practical difficulty
is posed heré; ISinbé the same data can be approximated
by many functions and the gain-bandwidth constraints
‘aepend  on the forms of these functions. |
After this, another difficulty arises in choosing - the

1

. transfer function which will optimize the performahqe

measure and naving the neceéssary transmission zeros ‘Off:

the load and generator networks. Also as the degrees Of”

generator, load and the equallzer are increased the

analysis becomes extremely difficult,

These difficultles are the reasons for the developed
computerized methods and the résults obtained and given
in the literature show that the computerized methods are

more efficient than the analytical ones.
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APPENDIX B. BLOCK DIAGRAMS OF PROGRAM

Enter impeéénce and gain
versus ?rﬂqueﬂeg data

]

En4erAJe$'.|3n 4ype and .
| 4+he order of the eq’uamaer

]

Enfer  finide-jw

+ransmission 2ecos

J

E nter  hy's

. - JL -OPTIMIZATION
Caﬂch,a%e (________ Calcufate %(_
. Sy (w) , | gwd from|
' ] few ‘1;..'5

| Caleudate
T w*) and
{ ecfrors

“Yes

\L | i‘d?TlMliATtoN MENU

Disﬂ% Désﬂw | List Chaﬁat |t Change Ckaﬁse 1

hi’s jélemeo'h ‘}.,e:g:‘; hi’s s-}ahim}» Tohraqég

RQ“'U!‘O

Figure B. !, Block Diagram for Lumped Design.
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Enter impedance and gain

versus greqmq data

‘

Enler decign dype 3ad the
fumbec o.? UE's 3nd stubs

|

Enter  finite-jw
transmission 2eros

|

Ealter H;’s

L ~-QPTIM(1A‘TION
) Cl-'cu,’ﬂ“!
Cavcuh«\e 7 S D(-n:‘ gtolﬂ T
SGj (-n-t) new 5 “:’5
oF QCnh-‘!
TEAN 3ad |
€rrocs

Di&flﬂ, Disang ﬂL‘:S"' C‘\Igse
eturn

Losses

C‘ﬂasc .d\él\at
H,’ tolerance shl»:l;ﬁ

Hi's || elemenls

|

Fjgurei B, 2. Block Diagram for Disiributed Desixn«!
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Eater impedance 3nd qain

Veesus agrﬂ]uencz 48“'3

l

Enbec the nodes 20
the e‘tme«f values

!

Enfer Jowee and upger
Dimils o{ themed  values

J{ DPTIMIZATION
Calculale indef. ‘
Reéua H\c ahsum adbey
imk@'ni-k & Using few Le_
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| |
C QDCQQG-"C Ne 3
T-w;d) 30d |
ecrrors Yes
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Figure B.3. Block Diagram for Element 0pt1m1zat10n‘
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APPENDIX C. LISTING OF THE PROGRAM,

PROGRAR RATCH (INPUT,OUTRUT);
type . vector = array[1..40] of realy

satriz = arrayl[l..401 of vector;
polynoaial = array[0..39] of real; —
intarr = array[1..40] of integer; - 2
var . distelat,ludpelat,finish : boolean;

key : char;
%1 entryl.pas}
{¢1 enter.pas}

function alp(n:integer) : integer;
begin
if odd{n) then
alps=-1
glse ,
alps=tl;
‘end;{Function alp}

function fact{ niinteger}: integer;
begin

if n=0 then

fact:=t

else

facts=fact{n-1}tn;

end; {function fact}

function power{x:real;n:integer): real;
begin : '
if n=0 then
poser:={
‘slse d
power:=yipower{y,n-1};
end;{Function power}

procedure evalpoly(p:polynosialjn:integer;z_re,z_imirealjvar p_re,p_im:real);

var i ¢ integer;
p_are,p_ais : real;

begin ,
p_res=l.y p_ims=0.;
for i1=n downto 0 do
begin
p_are:=p_:re¥:_re-p_istz_i§; _aimi=p_relz_istp_iskz_re;
p_res=p_are+p[il; p_ie:=p_aie; '
end;
end; {Procedure evalpoly}

procedure polyroot{var a:palynoaiél;ip:integer;var Lu,yyivector);

label  70,80,90,170,190,210,230,240,250, 260,280,300, 320;
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.

var

k,n,

70:
80:
FitH

17¢:

190:

210:

230:
240
250

2602

280:

¢ : polynomialy
it : boolean;
ng,ny,i,m,kt,ic,i ¢ integer;
1y x0,y0,42,y2,
xbyytyp,yp,dx,dy,
uy,uy,u,v,t,5,al ¢ realy

begin

its=false; ni=ip;
if n¢=0 then goto 300;
if 2[n]=0 then goto 300;
nxs=ipy nyi=ng is=lf kisng
for 1:=0 to k do
. tlk-1)s=ali}y
0125, 00101E-03; y0:=1.000101E-02; 8:=0; .
x:=x0; x0:=-108y05 y0:=-100x; x:=x0; yi=y0; e:=atl; ice=0; -
=03 uy:=0; uz=c[nl; vi=d; xti=l; yti=0; n
if u=0. then gote 230; - )
for i:=1 ton do
begin ,
tr=clp-i]jx2s=aixt-yhyt;y2=nlyteytatyus=urtlavizvitlyZ;
ugi=uxtittintyuyssuy-istdytynti=a2iyti=y;
ends
ss=sqriug)+sgriuyl;
if s=0. then goto 190; :
dys={viuy-ukuz}/s; dy:s-({ubuytviuz}/s; xi=sddi; yisyHdy;
if (abs{dx)+abs{dy}}{1.E-07 then gota 170;
ici=ictly
if ic<1500 then goto 903
if it then goto 170;
if a¢3 then goto 80;
‘goto 300;
for i:=0 to ny do
begin
ti=alk-i1; alk-ili=c[il; clils=ty
and;
kti=n; ni=nxj nxiskt;
if it then goto 210;
iti=truesgps=uiyps=y;goto 90;
if not it then goto 80;
KESHPRYISYRS
it:=false; .
if ahs{y}{1.E-4%abs{x) then goto 240;
als=2bg;si=sqrix}+sqr{y);n:=n-2;goto 250;
g:=0snys=nx-1inye=ny-1;
yi=03s:=0;ali=x;ni=n-1;
cli]i=ci]+altc[0];
for i:=2 to n do
clie=c[il+alsc[i~-1]-skc[i-2];
sljh=ngyylilisyiis=itl;
if s=0 then goto 280;
yi=-y;si=0;gota 260;
if nd0 then goto 70;
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' gota 3204
3001 writeln{'Unable to cospute after 1300 iterations’);
320:end;{Procedure polyroot}

prncedure palyeult{var alsinteger;aZ:integer;f, f2:polynoaial; var ffipolynoeial);
var iy ¢ integer;
begin '
for i:=0 to al+sZ do
begin
ff[i}:=0
for J'=0 to i da
H{iJe=fHlifL10E2{i-31;
end; '
pli=pita;
end; {procedure polyault}

overlay procedure g_cal{var g re.phlynuéiaii hipolynosialin,kiinteger;
var_zero,sultiptintarry zerosvector; nuvzer, nue_zero:integer;
zerflg:boolean);

var f,ff,f2,q_ie,hh ¢ polynosial;
— . rt_re,rt_is & vector;
ryfyy ¢ realj
el,a2,p,1,1,j,k1,k2 : integer;
begin '
for i:=0 ton do ’
begin

hh[il:=0.;
if 2ti > n then
begin.
kli=2ki-ny k2:=n;
end
else
begin
kl:=0y k2:=21i;
end;
for j:=ki to k2 do
hh[il:=hh[il+alp{i}3h[iI¥h[28i-i];
end;
f1[0]:=1; ali=0y
if zerflg=true then
begin
for pi=l to nus_zero do
begin
a2:=2kaultiplpl;
‘for 1:=0 to si+a2 do begin f[11:=0; £2[1]:=0; end;
for 1:=0 to el do f[1}:=ff[1];
for 1:=0 to 82 do
f2[11:=fact(a2)/(fact{1)}*fact{n2-1} ) tpover (zero[p],(21a2-201});
polysult(al,e2,f,12,ff);
end; ' :
for i:=0 to sl do bh[itkJ:=hh[i+kl+alp(k)¥ff{il;
end
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else A
hhikls=hhlk1+alplk)s
polyroat{hh,n,rt re,rt_ia);
. g_re[0]:=sqrt{abs{hhinl}}; g_ia{0]:=0.;
for is=1 ton do
begin
ri=sqrt{sqrirt_relil}+sqrirt_iafil}};
if rt_ia[i140. then
rt_is[i}s=-sqri{abs{{r-rt_ref[il}/2}}
else
rt_is{ils=sqrt{abs{{r-rt_re[i1}/2}};
rt_re[ili=sqri{abs{{r+rt_reli]}/2)};
g_refi}i=0.; g_im[i]:=0.;
. end; .
for is=1 ton do
begin
for j:=i downto 1 do
begin )
w3=g_re[j-11+rt_relilso_reljl-rt_is{iltg_in[il; yi=g_ie[j-11+rt_re[iltg_ia[jl+rt_ie[iltg_relil;
g_reljle=z; g ielili=y; .
end} ' :
ui=rt re[iltg_re[0]-rt_is{ilég_ia[0]; y:=rt_re[ilég_ia[0)+rt_ia[iltg_re[0];
g_ref0l:=x; g_ia[0]:=y;
end}
end; {Procedure g_cal} -

overlay procedure gcal_dist(var g_re:polynoaial; h:polynosialjn,q,
ladder,nd:integerjvar_zero,aultipsintarr;zeratvectorjnuvzer nua_zero:integer;
zerflg:boolean);

var {,tf,f2,0_ia,hh : polynosial;
rt_re,rt_ia : vector;
e,y ¢ real;
al,n2,p,1,i,§,k1,k2 : integer;

bagin
for i1=0 to n do
begin
hhii}i=0.;
‘if 281 > n then
begin
kls=2%i-n; k2:=n;
end
alse
begin
kls=0; kZ2:=2ki;
end;
for js=ki to k2 do :
hh{il:=hh{il+alp(j)th[iIsh[2¥i-i];
end;
for i:=0 to nd do ff[i}:=elp(i)tfact(nd)/{fact{nd-i)tfact{i}};
al:=ndj ’
if zerflg=true then
for p:=1.to nus_zero do
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_begin
82:=Zteultiplpl;
for 1:=0 to ai+aZ doPegin f[1]:=0; £2[11:=0; end;
for 1:=0 to al do f[1]:=ff§1];
for 1:=0 to a2 do '
“f2[1]:=fact(e2)/{fact{1)¥fact{a2-1))tpover{zeralp],{2¢a2-211}));
polysult{ast,s?,f,12,1f}); o
end;
tor i:=0 to el do hh[il:=hh{il+ff[i];
polyroot{hh,n,rt_re,rt_ias);
g_ref01:=sqrt{abs{hhln])); g_ia[0):=0.;
for i:=1 to n do
begin .
ressqrifsqrirt_refilisqrirt_ialil}};
if rt_is[i140. then
rt_im[i)i=-sqri{abs{{r-rt_re[i]}/2}}
glse
rt_is[ili=tsqrifabs{{r-rt_refi]}/2}};
rt_refili=sqrifabs{{rtrt_re[i]}/2}};
g_re[il:=0.; q_isfil:=0.;
end;
for i:=1 to o do
begin
for j:=i downto 1 do
begin
se=g_reli-11+rt_re[iltg re[jl-rt_ia[il¥q_ia[i];
yi=g_is[j~11+rt_re[iltg_ia[jl+rt_ia[iltg re[i};
g_re[il==x; g_isljl:=y;
end; .
21=rt_refiltg_re[0}-rt_is[ilég_ia[0];
yi=rt_refiltg_ia[01+rt ia[ilkg_re[0];
g_ref0}:=x; g_in[0]:=y;
end;
if {ladder=0} and {{h[nl/g_reln]}>0} then
for i:=0 ta n do g_re[il:=-1tg_re[i];
if {ladder=1} and ({h{01/g_re[01}{0} then
for i:=0 to n do g_re{ili=-13g_re[il;
end; {Procedure geal dist}

procedure u;
begin

{to separate}
end;

overlay procedure yf_cal (freq : realy fnode,tnode,el_type : intarr;
init_el,init_ang,ffreq : vector; nus_el : integer;
var. y11,y12,y21,y22 1 real);

var adeit ¢ satrix;

n@ax,i,j,k ¢ integer;
te,si,co,co0 ¢ real;
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begin
ngaye=0j
for i:=l to rdus_el do
begin
if fnodelilineax then neax:=fnode[il;
if tnode[i]rnmax then namax:=tnode[il;
end} o
if neaz{3 then nmaxi=3;
for i:=1 to neax do
begin
for ji=1 to nmax do
admit[i, j]:=0;
end;
for i:=1 to nua el do
begin .
if {el_type(i]420) AND (el_type[i]<31} the
begin SR
te:=init_anglil¥freg/ffreqfil;
if {te=0) or {te=Pl} or (te=24Pl) then si:=1E-14
else sir=sin(te); B
if (te=PI} or {te=34PI} then co:=1E-14
else cos=cos{te/2};
if{te=P1/2) or (te=34P1/2) then coo:=1E-14
else coo:=cos(te);
end;
if el _type[il={ then
begin ,
adeit[fnode[i],fnode[i]]:=admit[fnode[i],fnode[i]]-1/{freqtinit_el[il};
adeit[tnode[i],tnode[i]]:=adeit[tnode[i],tnode[i]]-1/(freqtinit el[i]);
admit{fnode[i],tnode{i]):=adeit{fnode[i],tnode[i]]+1/(freqtinit_elli]);
adnit[tnode[i],fnodeli]]:=adait] fnodei],tnode[i]];
end}
if el_type[i]=0 then
begin d
adeit{fnode[i],foodeli]):=adeit] fnodef[i],fnede[i]]+freqtinit el[il;
adeit{tnode[i],tnode[il]:=admit[tnode[i],tnode[i]]+freqtinit_el[i];
adsit] fnodeli], tnode[i)]:=adait] fnode[i],tnode[i]]-freqtinit_el[il;
‘admit{tnode[i], frode[il]:=adsit[ fnode[i},tnode[i]l;
end;
if el_typefil=3 then
begin _
adnit{fnode[i],frodefi]]s=adait]{fnode[i],fnodeli]]-coo/(init_el[il¥si);
adeit{tnode[i],tnode[i]}:=adait{ tnode[i],tnodefi]]-coo/(init el[i]tsi};
adait]fnode[i],tnade[i]):=adeit] fnode[i], tnode[i]]1+1/{init _el[i]tsi);
adeit[trode[i], fnode(i]]:=adait] fnode[i], tnode[i]];
admit{fnode[i],3):=adait{fnode[i],3]-cin{te/2}/{init_el[ilbco);
adeit[3, fnode[i]]:=adeit] fnode[i],3]; ,
 admit[tnode[i],3);=adeit[tnode[i],3]1-sin{te/2)/(init_elliltco);
adsit[3, tnode(i]]s=adeit[tnode[i],3];
adait{3,3}:=adeit[3,31+2tsin{te/2)/(init_el{ilkco);
end;
if el_typelil=4 then

1
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begin :
adsit{fnede[i],fnode[il]:=adait{fnode[i], fnode[i]]-coo/{init_el[iltsi};
adeit[tnode[i],tnode[i1]:=adait] tnode[i],tnode[i]}-coo/{init el[iltsi);
adgit{fnode[i], tnode[il}s=adeit] fnodeli], tnodefi]]+coo/ (init _el{ilisi)y
adait[tnode[i],fnode[i}d:=adait[fnode[i],tnode[i]];
end;
if el _typelil=5 then
begin .
adeit]fnode[i],foode[i]}:=admit]{ fnode[il, fnode[i])+si/(init_el[ildcoo);
admit[tnode[i],tnode[i}]:=adait[tnode[i],tnodeli]1¢si/(init_el[il8coo};
adeit{fnode[i],tnode[i)}:=admit{frode[i],tnode[i]]-si/{init_el{ilicon);
adsit{tnode[i], fnode[f]}s=adeit[ frode[i], tnode[il];
end;
end;
for i:=nmay downto 4 do
begin
for j:={ to i~1 do
begin
for ki=1 to i-1 do
adeit]j,k)e=admit(], k]-adait[j,i}adeit]i,k]/adnit{i,i];
end; '
gnd}
yils=admit{1,1]; yi2:=adait[1,2];
y2li=adeit[2,1]; y22:=adeit{2,2];
end; {procedure yf_cal}

pracedure gauss{var a:satrixj var bsvector; n:integer; var solution:boolean};

var . i,isax,j,k s integer; -
gax,tesp : real;

begin
:=1; solution:=truey
while solution and (k{=n} do.
begin
pax:=0.;
for i:=k ton do
if max{abs{afi,k]} then
begin
gax:=abs{ali,k]); imax:=i;
end;
if sazx0, then
begin
if imaz{>k then
begin
for js=k to n do
begin -
tempi=alimax,il; a[imax,jli=a[k,jl; afk,il:=temp;
end; v :
teap:=blimaxl; biisax]:=b[kl; b[k]:=teap;
end; )
for i:=1 to n do
if i0k then



begin
tesps=ali,kl/alk,k];
for j:=k to n do
ali,il:=ali,j]-tesptalk,il;
blili=b{i]-tempsblkl;
end;
end
else
solutioni=false;
ki=k+lg
end;
if solution then
for i:=1 to n do
blils=bli}/ali,il;
end; {Procedure Bauss}

gverlay procedure err{freq,sl_re,sl is,sq_re,sg_ia,gopt,x: vector;
var f,ttf;véctof;nopt,é,ladder,nd,k: integer;
var_;erﬁ;ﬁultip:intarr;zgra:vecto(;nuvzer,
nus_zerotinteger;zerflgshoolean; g_typesinteger);
var ’ hyg : polynomialg
Jyiyn ¢ integery
hp_re,hp_ias,hn_re.hn_ia,
tzer,g_re,qg_im,gsaq,gain,
sqre2l,sk_re,sk_is,tg,121,denZ,
denl_re,den!_iam,nuel_re,nusl_ie,
ell_re,ell_is,e2_re,e?i ias,
822 re,e22 is,e22p re,e?2p is ! real;

begin
tase ladder OF
§: begin
ns=nopt-1;
for i:=1 to nopt do
h{i-13:=x[i];
end;
+13 begin
ni=nopt;
hi6l:=0.;
for i:=1 to nopt do
h{il:=x[i];
end;
-1: begin
" nr=nopt;
h[nl:=0.;
for i:=1 to nopt do
hi-1h=x[il;
end;
end; N
g_cal{g,h,n,k,var_zero,eultip,zero,nuvzer,nus_zero,zerflgl;
for is=1 to a do
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begin
o tzerisly
evalpoly{h,n,0,+freqlil,hp_re,hp_ia};
evalpaly{hn,0,-freg[i],hn_re hn_ia};
evalpoly(g,n,0,+freqli],g _re,q 1@),
geags=sqr{g_re)+sqrig_im};
tgi=i-{sqr{sg_reli])+sqrisg 1@{1])), 1215=1- (sqr(sl _re[il}+sqr{s] 1@{1]))
el _res=(hp_refq_rethp_iadg_is)/geag; ell_im:=(hp_istg_re-hp_rekq_ia)/geag;
sk_re:=power{freq[i],k)¥COS{kEPI/2); sk_im:=pomer(freq[i],k)ASIN(KIPI/2);
if zerflg=true then for ji=t to nus_zerg do .-
tzers=tzertpower{sqrizero[i]})-sqr{freg[i]},aultip{il);
21 _re:=(sk_retg_re+sk_iafq_im)/gaagitzer;
g2l _imi={sk_imlg_re-sk_relg 1s)fgﬂag!tzer,
sqre2l:=sqrie2!_rej+sqr{e2l _im}; -
ed2_re:=-alp{k)¥{bn_relg_re+hn_islg_im)/qeag; e22_im:=-slp(k)¥{hn_islg _re-hn re!g _in}/gmag;
- nual_re:={sqri{e2l_re)-sgr(e2!_ia))¥sq_re[i]-20e2{ _refe?l iatsq is[il;
© puel_im:=(sqr{e2!_re)-sqr{e2i_is)}¥sq_im[i1+24e21 rete2! isdsq re[il; ]

- deni_res=1-(ell _re¥sq_re[il-ell_iaksq_is[i]); denl ims=-(eil retsq im[i]+ell_istsg re[il};
é??p_re:=e22_re+(nual_rétdenl_re+nual_iatden1_is)l(sqr(denl_rg)+sqr(den1_is) | H
e2?p_imi=e2Z_igt(nuel_istdenl_re-nual_retdenl_ia)/(sqr{denl_re}+sqr{deni_ia}};
denZi=sqr{i-{e22p_retsl reli]-e22p_istsl_ialil}}+sqr{-{e22p_retsl 13{1}*922p 1§¥§1 Jefillly .
gain:=tgil214sqre2l/((sqridenl_re}+sqridenl_is))}tden2}stt{ils=gain;
if g_type=1 then gain:=10#1n{gain}/In{10};
flil:=goptlil-gain;

end;

end; {Function err}

overlay procedure errdist{freq,sl _re,sl_is,sq_re,sq_ie,gopt,x: vector;
var f,tt: vector;nopt,s,ladder,nd,q: integerjvar_zero,
sultipsintarryzerosvectornuvzer ;nua_zerosinteger;
zerflg:boolean; g_type:integer);

var h,g : polynomialj
‘ Jyiyn ¢ integer;

£ hp rehp_im,hn_re,hn_ia,

tzer,g_re,q_is,qeag,ain,

sqre2l,sk_re,sk_is,tq,121,den2,

deni_re,den!_im,nusl_re,nusl_is,

ell_re,ell_ia,e2l re,e?l_is,

227 re,e2? im,e22p_re,e22p is

e

reals

bagin
case ladder OF
+1: begin
ni=nopt}
- hI03:=0.
tor i:=1 to nopt do
hfils=x[il;
ends
0: begin
ni=nopt-1;
for i:=1 to nopt do
 hli-1Ts=x{i];
end}
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end;

gcal_ﬁist(g,h,n,q;ladder,ﬁd,var_;eru,snltip,zero,nuvzer,nua_;era,zerflg}}

for i:=l to & do

begin
tzer:s]
evalpuly(h n,0,+freqfil, hp_re hp_ial;
evalpoly(h,n,0,-freqlil,hn_re,hn_ia);
evalpolylq,n,0,+freqlil,g_re,q_is);
geag:=sqr{g_re)+sqrig_is);
tgs=i-{sqrisg_re[il)+sqr{sg_ia[i])}; 12t:=1-(sqr(si_re[il}+sqrisl_ia[i}});
ell _re:={hp_refg_re+hp_istq_is)/gmag; ell_im:={hp_is¥q_re-hp_retg is)/geag;
e22 _re:=-{hn_retg_rethn_ialg_is)/gaag;
e22_im:=-(hn_islg_re-hn_retg im)/qeag;
it zerflg=true then for ji=! to nue_rerc do
tzer:=tzertpower (sqrizero[jl}-sqr{freq(il},multip[j]};
sus=power{{1+sqrifreqlil)),nd}; xxi=sqri(yx);
e2l_re:=xxktzerig_re/geaq; e2l_im:=-xxitzertq _is/qeag;
sqre2ii=sqr{e2!_re)+sqr{eZl_ia};
nual_re:=(sqr(e21_re}-sqrie2!_im)}tsq_re[il-2te2{ _rete2] imisg_is[il;
nual_im:={sqr{e2l_rej-sqr{eZl im))tsq_is[i]+2te2! rete2! im¥sg _relil;
denl_res=i-{ell _refsq re[il-ell_isisq ia[il]); denl_im:=-(ell _refsqg_ie[il+ell imisg re[il);
e22p_fe:=922_fe+(nuel_re!den1_;e+nual_jatden1_ja)1(sqr{denl_ye)+5qf(den1_ja));
e22p_im:=e22_imt(nusl_ia¥denl_re-nusl_refdenl is)/({sqr{den!_re)+sqr{denl_is));
den2s=sqrii-{e22p_retsl re{il-e22p_istsl_is[i]))+sqr(-(e22p_re¥sl_ialil+e2Zp_imisl relil});
gain:=tgX121isqre2l/((sqr{denl_re}+sqr{den! xm))tden?),
tt[i]s=gaing
if g_type=t then gain: "1021ﬂ(g31n}11n(10),
flil:=gopt{i]-qainj

end;

end;{Function errdist}

averlay procedure err_elst{freq,zq_re,2q_im,zl re,z1_im,gopt : vector;
& ¢ integer;fnode,tnode,el_type,varil,vari2:intarr;
I_lisit,u_lieit,llang,ulang,ffreq : vector
var init_el,init_ang : vectorjnua_sl ¢ integer;
var f,f1 : vectory g_type : integerjvar ttivector);

var yil,ylZ,y21,y22,
denl,ys_re,ys_is,
den?,den_re,den_is,2q_re,
zq_ia,t,dend_re,dend_ia : real;
kyi,i : integer;

hegin

for i:=1 to & do

begin
ys_res=zg_re[i}/{sqr{zg_re[i])+sqr{zg 15[1})),
ys_ie:=-zq_ia[il/{sqr{zq_re[il}+sqr{zg_is[il}}; ‘
yf_cal{freq[i], fnode, tnode el type init_el,init ang,ffreq,nua el,

yit,y12,y21,y22);

denl:=-y118y22;
den2:=-yi2by21; .
dend_rer=-y228ys_imjdend_im:=y22tys_re;
den_re:=denl-den2+dend_re; den_im:=den3_is;

°y
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2q_res={ys_retden_retden_imk{ys_istyll)}/{sqr{den_re)+sqriden_ia}};
2q_imi={{ys_is+yl1)3den_re-den_imbys_re}/(sqr{den_re}+sqr(den_ia});
ti=abs{48z] _re[i]¥zq_re/{sqrizl_re[il+zq_re)+sqriz]_is[il+zq_ia)}};
ttlils=t;
if g_type=t thea t:=10%ln{t}/1n{10};
fi{ils=qopt[il-t;
for ji=i to nus_el do
begin
if varil[il=1 then
if (init_el[i}<1_limit[i]) or {init_elliDu 1xa1t[Jl) then tizt+l;
if vari2{il]=1 then
if {init_ang[iJ<1lang[j}} or (init_ang[jJrulang[j]) then t:=t+l;
end; : '
flil:=gopt[i}-t;
end;
end; {procedure err_glst}

procedure separate?;
begin

{to separatel overlays}
end;

overlay procedure optis{freq,sl_re,sl _im,sqg re,sqg_im,gopt : vector;
var x: vector;ladder,kq,nd,n,y,a,dist: integer;
var tolerance,zref,fmay,f _center: realj
var_zero,sultip 1 intarry var zers ¢ vector;
nuvzer,nus_zero : 1nteger' zerflg : boolean;
q type'lnteger},~.

var » Jac,Ject}ac : matrixg
jactf,hl, func, funcp,hh, funct,tt ¢ vector;
gsh,zna,zdn,el :polynomial;
stab ¢-array{1..3] of realj
gg,0m,eaxl max, tesp,u,c 1 real;

ng,an,i, i,k ¢ integer;

solution, lindep,rett ¢ boolean;

opt @ charg

procedure change_stab;

begin
window(30,2,80,6) jgotoxy{l,1);
griteln{ Enter Stability factors for:’);
write{" .6 { Error s " )3readin{stab[1]);

arite{* .1¢ Errqi (. " )jreadln{stab{2]});
write{’ Error {.1 :');readln{stab[3]);.
window(1,21,50,23);

ends

procedure change_tol;
var teap : real;
begin
window(30,7,80,B) ;go0toxy{l,1);
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write{'Enter tolerance:'}jreadin{teap); :
if {temp{=tolerance) and {solution} then solution:=false;
tolerance:=tespjwindow(1,21,80,23); -~

end; g

procedure change_h;
var i,j 1 integer;
@ax i realy
begin .
window{30,9,80,13) ;gotoxy(1,1);
for i:=1 ton do
begin:
je=itround{{ladder-1.2}/2};
write{" h{’,i12,")="};readin{xz[il};
solutioni=false;
end;
window{1,21,80,23);
end; '

procedure disp_h;
var i,j ¢ integer;
begin ' -
window{30,16,80,23) sg0toxy{l,1);
for i:=t to n do
begin .
ji=itround{{ladder-1,2}/2);
writeln{’ h{',i:2,")=",x[il};
end;
windou{1,21,80,25);
end; - .

procedure list_gaing

var xp,¥p ¢ integer;
gax,p : real;
fil 1 text;
filenase : string{20];
ok ¢ boolean;
begin ’

window{1,1,80,20); clrscry norevideo;

for i:=1 to & do.

begin
tt{ile=1-tt[i}s
tE[iYs=-10%1n{tt[i]}/In{10};
writeln{ return loss at freq °,freqlil:10," is  *,tt[i1:10);

end; - _— ‘

write{'filenase :');readin{filenase);

assign(fil,filenase){$1-} reset{fil});{$I+}

pki={ioresult=0);

if ok then

begin

resrite{fil};

for i:=t to s do writeln(fil,freqfil,tt{il);

end;
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close(fil};
window{1,21,80,25});
end;{procedure list gain} -
procedure disp_elsts; )
var ord ¢ stringl20];
. ch s char;
isp,impl,impZ,iep3,z_sss,z_sos,z_ocs,z_ch @ real;
‘ i,d,vy ¢ integer;
znal,zdni 3 polynomialj
flag :boolean;

procedure cfrac{var a,h,s:poiynoaial;n:integer;var flag:honlean);

var temp ¢ real;
i,0 ¢ integer;
realization @ boolean;
begin
flag:=true;
if abs{a[n])<1.E-7 then
begin
flage=false;
for i:=0 o n do
bagin
tesps=ali); ali]:=bfi]l; blil:=teap;
end;
end;
o:=n; realization:=true;
while {0X0} and realization do
begin ‘ oo '
if abs(b[o])>1.E-7 then . - SRR
realizations=false ‘ '
else
begin ,
s{oli=a[o]/blo-1];
for i:=o downto 1 do
hegin
teap:=a[il-s[o)¥b[i-11; alil:=bi]; bli]:=teap;
end;
temps=a{0]; al01:=b{01; bl0J:=teap;
end; ' ‘
os=0-1;
end;
if realization then
s{01s=a[0}/b[0]
else
writeln(‘No ladder realization’);
end; {Procedure cfrac}

procedure evaluate{p:polynoaial;n:integerjz_re,z_im:realjvar p_re,p_isireal};

var i1 integer;
p_are,p_ais : real;
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begin
p_re:=0.; p_im:=0.g
for i:=n downto 0 do
begin : e
p_ares=p_redz_re-p_isbz_is; p_aime=p_resz_is+p_islz_re;
p_res=p_are+p[il; p_is:=p_aie;
end;
end; {Frocedure evaluate}

procedure pratty
{x s real; unit ¢ char);
var expo 3 integer;
expstr : string[?];
begin .
expstre="pnts kMBT' ;pxpoi=0;
if x0. then
* begin
while (abs{x))=1000.0) and {expo{4) do begin x:=x/1000.;expo:=expotl; end;
while {abs(x)<1.0} and (exzpo)-4} do begin x:=x%1000.;expos=expo-1; end;
end;
writeln{x:8:2,expstrexpoti],unit);
end; {procedure pretty}

" procedure richard{var z:polynosial; m:integer);
var - tesp : polynosial;
it integer;
begin
 for i:=n downto 0 do temp[i):=0.;
for i:=n downto 2 do
begin _
teapli-2}s=z[i};z[i-2):=z[i-2}+2[i];2[i}:=0;
‘end;
for i:=n-2 dosnto 0 do z[i]:=temp[i];
end; {procedure richard}

. procedure sos_extract{var zns,zdn : polynoaial; var z_sos : realj n:integer);
var zn,zd ¢ polynomial;
it integer;
begin
for i:=0 o n do
begin
nfils=zne[ily zd[i)s=zdnfil;
end;
z_sas:=zn[0]/2d[1]}
for i:=1 to n-1 do
begin.
mf{i}i=zn{i+1]-zn[i+2]82_sns;
wdfils=zd[i+1];
_end;
for i:=0 to n do
begin
nafili=an[i); zdnfils=zdli);
end;
end; {procedure sos_extract}
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procedure sss_extract{var zna,zdn : polynomial; var z_sss : realj niinteger);
var n,zd ¢ polynomialg
i 1 integer;.
begin -
for 1:=0 to n do
begin
zd[il:=znefi]; znlili=zdniily
end; ‘
z2_sssi=zn{0]/2d[11}
for i:=1 to n-1 do
begin
wnfils=znli+l]-zn[i+2}8z _sse;
zd[i):=zd[i+l];
end;
for i:=¢ to n do
begin .
ma[i}s=2d[i]; zdnfile=zn{il;
end;
end; {procedure sss_extract)

procedure open_extract{var znm,zdn : polynomialy var z_pcs @ real; niinteger);
var zn,zd : polynosial;
i: integer;
teep ¢ real;

begin

for i:=0 to n do

begin _

wnfils=znaliljzd{ili=adnlil;

end;

z_ocs:=zd[n}/znln-11;2d[n]:=0;

for i:=l to n-1 do zd[n-i}:=zd{n-il-zn[n-1-i]8z_ocs;

for i:=0 to n do

begin o
zngfils=znlil;zdnfils=zd[i];

end;
end; {procedure open_extract}

begin
if dist= 0 then
‘begin
case ladder of
0: begin
npi=n-1; v
for i:=1 to np do hli-1J:=x{i}; -
and; :
+1: begin
h[0]:=0.; for i:=1 to'n do h{ili=x[il;
end;
-1: begin
hyls=0.; for i:=1 to n do hli-1]:=x[i);
end;
end; '
g_cal{g,h,y,kn,var_zero,sultip,zero,nuvzer,nua_zero,zerfigl;
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window(1,1,49,20) jclrscrnoravideo;gotoxy(l,1};
. case ladder of
{(:begin
writeln{'No ladder realization’};
writeln{’I_in{s)=a{s}/b(s};"};
for i:=0 to y do writeln{'a[’,i:2,")=’ Jolilhlil)e10);
for i:=0 o y do writeln{"bl",i:2," 1= (gli]- h[x]) 10);
writeln(’I-ref= ,zref s:)s
arlteln( ref.freq.=",faax:10};
ends
+1:hegin
writeln(’ Loﬁ_paas ladder ..." )3
for i:=0 to y do
begin
zna[1]'-h[1l+q[1]'zdn[1]"q[1} h{xl, -
end; o
if zerflg=true theu
begin '
writeln{ with finite-ju transsxsslon Zergs ),
for i:=0 to y do writeln{'a[’,i:2,"}=",{g[i]+h[i]}:10);
for 1:=0 to y do writeln('b[’,i:2, ]- L(gfil-hl[i]}:10};
writeln(’I-ref=",zref:5:1}; :
writeln{'ref.freq.=',feax:10});
end ,
else cfrac(zna,zdn,el,y,flag);
end;
-1ibegin
uriteln{ High_pass ladder ...'};
for i:=0 to y do
begin
zne[x]'-h[y-1]+g{y-1] zanf[ilz=gly-i1-hly-il;
end;
if zerflg=true then
begin
writeln{ with finite-jw transmission zeros'};
for i:=0 to y do writeln{'a[’,i:2,"]=",{g{i}+h[i]):10};
for i:=0 to y do writeln{'b[",i:2,")=’ ,(g[l]-b[11) 10}
writeln{'I-ref=’ ,zref 3l
writeln{ ref.freq.=",faax:10);
end
else
begin
cfraczdn,zna,el,y, flagl;
for i:=0 to y do elfil:=l/elli};
end;
end;
end;
if {ladder(>0) 8ND {zerflg=false} then
begin
writeln("Ladder elesents {fros gen. 1 H
for i:=y downto | do
begin
if flag then
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begin o
write{'L",{y+1-1)12,"=")jpretty(el{ilzref/{2ipitfaax], "} );
end g -
else
hegin
write{'C’,{yt{-1}:2,"="};pretty{el{i]/ {zreftZtpitfaax),'F');
L H T
{lag:=not flag;
end; .
end; '
end;
if dist=1 then
begin
case ladder of
+1¢ begin
h[03:=0.;for 1:=1 ton do hiils=x[ily
endy
0: begin .
for i:=1 to n do hli-1]:=x[i];
end;
end; .
geal dist{g,h,y,kq,ladder,nd,var_zern,sultip,zero,nuvzer,nus_zero,zerflgl;
case ladder of
+1: begin
for 1:=0 to y do ) !
begin

zne[il:=g[il+h[i];

zdn[ili=gli]-hlil;

it zerflg=true then

begin
writeln{ Low-pass design ...'};
writeln{ with finite-ju transaission zeros'};

- for 1:=0 to y do writeln{'af",i:2,"}=",(gliJ+h[i]}:10};
for i:=0 to y do writeln{'b{",i:2,"1=",{gli]-h[i]}:10);
writeln{’'I-ref=",zref:5:1);
writeln{ quarter wave freq.=',f _center:i0});

end;

_end;
end;
0: begin
~ for i:=0 to y do
begin
znafi)i=gly-ilthiy-il;
zdnli]:=gly-i1-hly-i};
if zerflg=true then
begin
writeln(’Band-pass design ...')}
writeln('with finite-jw transaission zeros');
for i:=0 to y do writeln{'af’',i:2,"}=",znali}:10};
for i:=0 to y do writeln{"b[",i:2,"1=",2dn{i]:10}; -
writeln{'I-ref=",zref:3:1);
writeln{'quarter wave freq.=',f_center:10};
end; ‘
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end;

end;

end;

if zerflg=false then

begin
window(l,
ariteln{’

" writeln(’

writeln{’
griteln{’
writeln(”
writein{’
writeln{’

1,80,19);cirscrigotony(l,1);
ENTER Elesent Extraction Order ..."'};
Hrite The Elesent Types In The Order You');
¥ant The Extraction To Be Made.’});
Use 3 for UNIT ELEHMENT ');
4 for SHUMT OPEN-CIRCUITED STUB');
5 for SHUNT SHORT-CIRCUITED STUB');
& for SERIES OPEN-CIRCUITED STUB');

‘writeln(" DD HOT USE any other characters’);
griteln{ SEMLERERRRERERIRRRRERARRRELRLRESLLLERIL " );
~write(” ORDER= ')jreadln(ord)jclrscriyyi=y;
for is=l toy do . -~
begin i
che=copy{ord,i,i};
case ch of
'3": begin
evaluate(zna,yy,1,0,1mp,i8pl);
evaluate{zdn,yy,1,0,iap2,ispl};
z_chi=zreftisp/imp2;yys=yy+l;
nel[0]:=zna{0];znal{yyl:=-1tzdn[yy-1]tiap/inpZ;
for ji=yy-1 downto 1 do znalljl:=zna{jl-zdn[j-1]tisp/inpZ;
zdni[0):=zdn[0]%iap/impZ;zdnlyyls=-1tznalyy-11;
for ji=yy-1 downto ! do zdnl[j):=zdn[j]¥imp/iepZ-znalj-11;
for j:=0 to yy do .
begin
zna{jls=znel{j1tinp/inp2;zdnljTi=zdni[j];
end; :
richard{zna,yy};richard{zdn,yy});
writeln{i:2, th elesent; UE of Ch.lepedance’,z_ch:10);
¥yi=yy-2;
end;
"5y begin
sss_gxtract{znm,zdn,2z_sss,yyl);
yyisyy-ly
writeln{i:2, th elesent; GCS of Ch.laspedance’,zref/z_sss:10);
end;
'4": begin
sos_extract{zne,zdn,z_sos,yy};
yys=yy-1i
writeln(isZ,"th elesent; OCS of Ch.lapedance’,zrefiz_sos:10);
end;
‘4" begin
open_extract{zne,zdn,z_pcs,yyl;
yyi=yy-1;
writeln{i:2, th elesent; OCS of Ch.lspedance’,zref/z_nocs:10);
end;
end;
end;
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and;

end; . .
windou(1,21,80,25);
end;{procedure disp_elsts}

procedure unify;
yar i,j o integer;
begin
js=ly
for i:=1 to nue_zero do
if var_zerolil=1 then begin x[ntjl:=zern[il; ji=j+ij end;
end;{procedure unify}

procedure resolve;
var i,i ¢ integer;
begin
ji=1
for i:=1 to nus_zero do .
if var_zero[i)=1 then begin zero[ils=x[n+il; i:=itl; end;
end;{procedure resolve} :

begin
gas=0; .
if g_type=1 then.
for is=1 to & do
begin 7
gg:=abs(goptli}};
if ggige then ge:=gg;
end; , '
solution:=false;stabl1]:=1.0;stab[2]:=0.0;5tab{3]:=10.0;
windou(1,21,80,25) ;clrscrygotoxy{l,1) jrett:=false;
if {zerflg=true} and {nuvzer}Q} then unify;
writeln{ Start of Optieization...’};
writeln{’F{ : Change 5tab F2 : Disp Elsts  F3 : Change Tol
F& : List-RL “};
writeln('F3 : Chg W{il''s F7 : Disp h[il''s F4 : Return'};
noravides;
repeat
if keypressed then
begin
read(kbd,opt);
if opt=8§27 then
begin
read{kbd,opt};
case opt of
§39:change_stab;
§b4:1ist_gaing
#41:change_tol;
863:change_h;
§63:disp_hy
$60:begin
if {zerflg=true) and (nuvzer)0) then resolve;
disp_elsts;
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end;
g2:retts=trus;

- H o
end; -
end;
if not solution then
begin
if dist=1 then errdist(freq,sl_re,sl_is,sq_re,sq_im,gopt,x, func,tt,n,s,
ladder,nd,kq,var_zero,aultip,zero,nuvzer,nua_zero,
zertlg,q_type) )
‘else err({freq,sl_re,sl_is,sq_re,sq_is,gopt,x, func,tt,n,n, ladder,nd,kq, -
var_zero,sultip,zero,nuvzer,nua_zero,zerflg,g_type);
gaxi=0.; nni=ntnuvzer;
for i:={ tom do
if sax { abs{func[i]} then max:=abs{func[i]};
gotoxy(10,4)juriteln{ Error sax =',sax:B:4});
“if sax ) tolerance then
begin '
ci=stab{2]; if max { 0.itge then ci=stab[3];
if max > 0.58gs then ci=stab[1]; ui=claax;
for i:=1 to nn do
begin
hifils=1.E-3tabs(x[il};
if hifil ¢ 1.E-9 then hi[i]:=1.E-9;
it hi[i] > @ax then hi[i}:=sax;
end;
for j:=1 to nn do
begin
s[3e=x[1+015]5
if {zerflg=true) and {nuvzer)0) then resolve;
if dist=1 then errdist(freq,sl_re,sl_is,sg_re,sq_is,qopt,x, funcp,tt,n,
8, 1adder,nd, kq,var_zero,sultip,zero,nuvzer,
nug_zero,zerflg,g_type)
else err(freq,sl_re,sl_im,sq_re,sg_im,qopt,x,funcp,tt,n,s,ladder ,nd,kq,
var_zera,sultip,zero,nuvzer,nue_zers,zerflg,q_type);
x[ide=xlil-hiliL;
for i:=f to s do
jacliyjle={funcplil-func[i]}/hILiT;
end;
for i:=1 to nn do
begin
for ji=1 to nn do
begin
teap:=0.;
for ki=1 to & do o~
teaps=teaptjack,iMiaclk,il;
jactjacli,jls=teap;
end;
jactjacli,ils=jactjacfi,il+u;
end;
for i:=1 to nn do
begin
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teap:=0.;
for je=1 to & do
teaps=tesp+iac[j,iJtfunc(ily =
jactf[ili=teap; S
end}
gauss{jactiac,jactf,n,lindep});
for i:=! to nn do x[il:=x{i]-jactflil;

if {zerflg=trus) and {nuvzer)8) then resolve;

end
glse
begin

if {zerflg=true) and {nuvzer3(} then resclve;

solutions=true;
end}
end;
until retts
window{1,1,80,23);clrscr;
end; {Procedure optia}

pverlay procedure opt_plat{fnode,inode,el_type,varil,vari2 : intarr;
1 limit,u_lisit,1lang,ulang,ffreq: vector;
var init!_el,initi_ang: vector; rus_el,nus_var: integer;
freq,zq_re,zq_is,z1_re,zl_im,gopt : vector; s: integer;
var tolerances real; zref,fmax: real; g_type : integer};

var jac,jactiac :
funcpZ, funcl,jactf,h, func, funcp,init_el, tt :

stab 1

1,088,832 saxl, temp,u,c ¢

Felgdgkyp ¢

rett,solution,eq,lindep :

opt

ﬁrncedure fibonacci(l_lieit,u_limit,llang,ulang ¢

gatriv;

vector;

array[1..3] of real;
real;

integer;

booleans

char

vector; var initi_el,

init!_ang : vectorjnua_el,nus_var ¢ integer};

var ' f : array[0..10] of integer;
errl,err? @ vector;

new,01d, teap, test1, test?,
gax2,saxl,upper,lower,difl,dif2 : real;

igd,k ¢ integer;
flag : boolean;

labsl B,Ls
begin
fI0J:=1; fl11:=l; -~
for i:=2 to 10 do flil:=f[i-1)+f[i-2];
window{l,1,80,20);clrscrigotoxy{f,1};
for i:=1 to nue_el do -
begin

if varitfil}=! then initl_gi{i]:=l_}iait[i]+randomt(u_}iait[i]-l_}iait[i});
if vari2[il=1 then initl ang[il:=1lang[il+randost{ulang[il-1lang[il};

end;
for is=1 to nus_el do
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bhegin

if varii[il=t then
begin o
difiz=u_lisitfi}-1_limit[il;
lowsr:=1_limit[il;upper:=u_limit[il;
olds=upper-f[31/f{1010difL;
initl _elfi}:=old;
err_elst{freq,zq_re,zg 1@,21 re,zl 1a,gapt 8, fnode ytnode,el_type,
varilyvari2,] lisit,u_liasit Ilang,ulaﬂg,ffreq,1n1tl el,initl_ang,
nua el errl,err2,g type tt);
aaxl"ﬁ,
for ki=l to e do saxli=paxi+sqrierrifk])jmanls=paxi/e;
for j:=% dosnto 2 do -
begin

o\

“testiislower+f[§1/£[1018dif1;

test2:=upper-f[j1/f[10]1difL;
if testi{testZ them
begin

teapi=testl; testi:=test2; testZ:=temsp;
eni; \ '
if old=test! then
begin

news=test?;
end
else
begin

newi=testls
end;
if new{old then flag:=true
else flag:=false;
initl el[i]:=new;
err_elet{freq,zq_re,zq_is,z1_re,z1_ias,gopt,s,fnode,tnode,el_type,
varil,variZ,l_lisit,u_liait,1lang,ulang,ffreq,initl_el,initi_ang,
nug_el,errl,err,g_type,tt);
gax2:=0;
for ki={ to & do manZ:=man2tsqrierrifk]}; eax2:=paxl/s;
if {max2-maxi) = 0.0 then
begin

tempr=initl_el[i]/1000; temp:=tesptinitl elfil;

initi_el[il:=tesp; goto B;
end;
if {@axZ-saxi) < 0.0 then
begin .

if flag=true then

begin

upper:=testl; old:=new; saxii=max2;

end

else

begin

upper:=new; saxli=say?;
end;

~end;

if (maxZ-saxl) > 0,0 then
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begzn
if flaq—true then lower:=test?
else
begin
lower:=old; old'-nea,
end}
-end}
endy )
initl_el[i]:={lower+upper}/2;
end;
if vari2[i]= -1 then
begin ’
dif1:=ulang[i]-llang{i1;
iowers=1lang{il;upperi=ulang{il;
olds=upper-f[9)/f[10]xdifl; ~
initl_ang[il:=old; =
err elst(freq,zq_ye 2g.is,71 _re, zl _is,qopt,s, fnode, tnode, ol _type,varil,
vari2,1 lisit,u_lisit Ilang,ulang,ffreq,xnxtl el, Lnltl _ang,nus_el,errl,
errz,g_type,tt};
sail:=0;
for k:=1 to @ do maxli=maxl+sqr{errilk]);maxls=aaxl/e;
for i:=% downto 2 do
begin
testii=lower+f[1/[10]8dif1;
test2:=upper-f[j1/f[1018difl;
if testi<test? then
begin '
teap:=testl; testl:=test?; testZ:=tesp;
end;
if old=test! then
begin
newi=test?;
end
else
begin
news=testi;
end;
if new{old then flag:=true
else flag:=false;
initl_anglili=new;
err_elat{freq,zq_re,zqg_is,zl_re,zl_is,qopt,s,fnode, tnode, el _type,
varii,variZ,1 limit,u_limit,1lang,ulang,ffreq,initl_el,init!_ang,
nus_el,erri,err2,g_type,tt);
gaxZs=0y
for k:=! to & do sax2:=saxZ+sqrierrifk]}; saxZ:i=aaxd/e;
if (max2-gaxl) = 0.0 then ‘
begin
© teap:=initl_ang[i]/1000; tesp:=teaptinitl_ang{il;
initl_ang[i}s=teap; goto B;
end}
if {(maxZ-maxi) ¢ 0.0 then
begin
if flag=true then
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begin
upperi=testl; old:=new; saxli=aax?;
end '
glse W5
begin v
upper:=new; saglizaax?y
end;
end; v
if (gax2-maxl) > 0.0 then
begin -
if flag=true then lower:=test2
else '
- begin
lower:=old; old:=new;
end;
end;
end;
initl_ang{il:=(lowertupper}/2;
end;
end;
‘end;{procedure fibonacci}

pracedure stab change;

begin ,
window(1,1,80,20);clrscrynoraviden;gotoxy(l,1});
writeln{ Enter Stability factors for:'};
grite(" .6 { Error ¢')yreadln(stab[1]);
grite{® .1 { Error <.6 :');readin{stab{2]);
write(” Error (.1 :"};readin{stab[3}});
window(1,21,80,23}; '

end; {procedure stab_change}

procedure tol _change;

var tesp : real;

begin
windaw(i,I{BO,EO);clrscr;nnravideo;gatuxytl,1);
write( Enter tolerance:')jreadln{tesp};
if (tesp{tolerance) then solution:=false;
tolerance:=tesp;
window(1,21,80,23);

end; {procedure tol_change}

procedure elat_change;
var i: integer;
begin .
window({1,1,80,20);clrscrinoravidec;gotoxy{l,1);
for i:=1 to nus_el do
begin
writeln{'eleaent between nodes’,fnode[il:2,’-",tnode[i]s2);
if {el_type[i]=0) or (el _type[il=1} then :
begin
if variifi]={ then
begqin
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grite('Enter lower lisit "}jreadln(l_lisit[i]};
write{ Enter upper limit '}; readIn{u_limit{il};
end; ’ _
grite{ Enter elesent value “}; readln{initi_elfil});
end; .
if el_type[iD1 then
begin
if varii{il=l then
begin
write( Enter lower ispedance limit'); readin{l_limit{il};
write{ ‘Enter upper impedance lisit’}; readln{u_limit[il};
* endj
write{ Enter elegent impedance’}; readln{initl_elfil);
if vari2[il=! then
begin
write( Enter lower angle limit’}; readln{llanglil};
write('Enter upper angle limit’'}; readln{ulang[il);
end;
write{'Enter electrical angle’}; readln{initi_anglil};
write('Enter quarter wave freq.’); readln{ffreq[il};
end} :
end;
window(1,21,80,23);s0lution:=false;
end;{procedure elat_change}

procedure elat_disp;
var i,j : integer;

procedure pretd{x : real; unit ¢ char);
var expo ¢ integer;
expstr : string[%);
hegin
expstri="pnfa kHBT' jexpoi=0;
if 230, then.
begin
while {abs{x}>=1000.0) and (exzpo{4) do begin ¥3=¢/1000.;expo:=expotl; end;
while {abs(#}{1.0} and {expo’-4} do begin x:=x11000.;expoi=expo-1; end;
end;
writeln({x:8:2,expstriexpotd],unit};
end; {procedure pret3}

begin
window(1,1,80,20};clrscrigotoxy(1,1);
for i:=1 to nus_el do
begin
if el_type[il=l then
begin
write('Nodes:',fnode[i}:2,"-",tnode[i}:2,", LI",i:2,71='};
pretI{init_el{iltzref/{2tpitfaax},"H'};
end;
if el_type[i]=0 then
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begin :
write('Hodes:’,fnode[13:12,"-",tnode[i]:2,, C[",132,"3" )
- pret3{init_el[il/{zrofiZipitiaax), F'};
=2l <
if el _type[il=3 then
begin
write( Nodes:’,fnodelil:2,’-",tnodeli):2," ,UE of Ch.lmpedance="});.
griteln({initl el[i]:10," , and El.Angle=",initl ang[i]:16});
end;
if el _type[il=4 then
begin ] .
write{ 'Nodes:’,fnode[i]:2,'-",tnodefil:2," 005 of Ch.lspedance="};
writeln{init] el[i}:10," , and El.Angle=",initl_ang[i]:10};
end} o
if el_type[il=3 then
begin
write{‘Nodes:',fnode[i]:2,’-",tnodeli):2," 508 of Ch.lspedance='};
griteln{initi s1[i}:10," , and El.Angle=" initl_ang[i]:10);
end; .
end;
window{1,21,80,23});
end; {procedure elat _disp}

procedure list_gaing
var ip,yp ¢ integer;-
Bax p ¢ realy
fil 1 test;
filenage : string[20];
ok i boolean;
begin ‘
window{1,1,80,20}; clrscry noravideo;
for i:=l to a do
begin
tt[id:=t-ttil;
ttlile=-1081n{tt[i1)/In(10});
ariteln('return loss at freq “,freglilstd,’  is  °,ti[i):10);
" end;
write{’filenase :')jreadln(filenase);
assign{fil,filename};{$I-} reset{fil);{$I+}
ok:={ioresalt=0};
if ak then
begin
rearite(fil);
for i:=1 to s do writeln{fil,freq[i],tt[il});
end;
clase{fil}; “~
window(1,21,80,23);
end; {procedure list_gain}

procedure unify;
begin
pi=nus_varjri=l;
for i:=1 to nua_var do
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begin
if varilfil=l then
begin
init_el[pl:=initl el[il;
peply ”
endy
if vari2[il=1 then
begin -
init_elir}i=initd_anglils
ri=rtf;
end;
end;
end} {procedure unify}

procedure resolve;
begin
ps=nue_varjri=l;
for i:=1 te nus_var do
“begin '
if varilfil=! then.
begin
initl_ellil:=init_elpl;
pr=p-1
end;.
if vari2fil=1 then
begin
‘initi_ang[il:=init_ellr];
rizril;
end;
end;
end; {procedure resolve}

begin
ga:=0;
if g_type=t then
for i:=1 to & do
begin
gg:=abs{gapt{il);
if ggdoe then ga:=gg;
end;
unifysrett:=false; ‘
solution:=falsejstab{1]:=1.035tab[2]:=5.0;5tab[3]:=10.0;
windou{1,1,80,23);clrscr;
window(1,21,80,23);qotoxy(1,1};
writeln{'Start of Optisization...’);

-driteln{'F1 : Chg Stab F2 : Ret F3 : Chg Tol FB : Jusp '}
writeln{F5 : Change elats F4 : List-RL F7 : Display elats');
norsviden; '
repeat

if keypressed then

begin
read{kbd,opt};
if opt=827 then
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ohy

begin
read{kbd,opt};
fase opt of.
§5%:stab_change;
#60:retti=true;
§61:tol_change; ' .
§62:1ist _gain; o
§63:begin
elat _change;
anify; )
end;
#63:begin
resolve;
elat disp;
end;
$h6:begin .
fibonacci{l limit,u_liamit llang,ulang,xnxtl el, 1n1t1 -ang,
nug_el,nus_var};
stab[1]:=20;5tab{2]:=20;5tab[3]:=204
end;
end;
end;
end;
if not solution then
begin ‘
err_elst(freq,zg_re,zq_is,z]1 re,z1_is,qopt,s, fnode,tnode,el_type,
varil,variZ,1 lisit,u_lisit llang,ulang,ffreq,Lnxti el,init!_ang,
nue_el, func,funcl,g_type,tt});
max:=0, jmanis=0;
for ir={ to s do
begin ‘
if gaxl  abs{funci[i]} then saxi:=abs{funciil};
if max { abs{func{i]} then max:=abs{func[il);
end} '
gotoxy(1,4);writeln{ Error sax =", maxl:B:6};
if saxl ) tolerance then
begin
ci=stab[2]; if sax { 0.1%ga then ci=stab[3];
if max > 0.68ge then ci=stab[l]; u:=cimax;
for i:=1 te nua_var do
begin
h{il:=1.E-3tabs{init _el[il};
if hfi] ¢ 1.E-? then h[i}:=1.E-9;
if B[i] > say then h[il:=max;
ead;
for ji=1 to nua_var do
begin
init_el{jl:=init_el{jl+h{jl;resolve;
err_elatifreq,2q re,zg_im,z1_re,zl_is,qopt,s, fnode, tnode,el_type,
varilyvari2,1_limit,u_limit,llang,ulang,ffreq,initl el initl_ang,
nus_el, funcp, funcp2,g_type,tt};
init_el{jl:=init_el[j]-h[j1;
for i:=1 to g do
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jacli,jle=(funcplil-func[i]}/RL}];
end; o
for i:=1 to num_var do
begin
for j:=1 to nus_var do
hegin
temp:=0.3
for k:={ to & do
teap:=temptiacfk,iltiaclk,il;
jactiac[i,jls=teap;
endy
jactjacli,ils=jactjacli,iltu;
end;
for i:=1 to nua_var do
begin
temp:=0.3
for ji=1 to a do
teap:=temptjaclj,il¥funcljl;
jactf{il:=teap;
endy
gauss{jactjac,jactf,nua_var,lindep};
for i:=1 to nua_var do
init_el[i}s=init_el{il-jactfliljresolve;
end :
else
begin
solution:=true;resolve;
end;
end;
until rett;
end; {Procedure opt_elat}

procedure xuxj

begin

{ to separate overlays}
end;

“overlay procedure elet;
var freq,sl_re,sl_is,sq_re,sq_im,gopt,
21 re,zl_iam,zq_re,zq_in,l_lisit,u_lisit,init_el,

1lang,ulang,init_ang,ffreq : vector;
fnode, tnode,el_type ,varil,variZz : intarr;
tolerance,zref,feax : real;
g_type,nue_var,i,a,nua_el ¢ integer;

function stoz_re(s_re,s_imireal}:real;
begin
if s_re=1, then stoz_re:=100.E+12
else stoz_re:=(1-{sqr(s_re)+sqr{s_in)})/{sqrii-s_re)+sqris_ig}};
end;
tunction stoz_is(s_re,s_im:real):real;
begin
if s_re={. then stoz_is:=0.
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glse staz_j§.=215_jai((sqr(l—s_re)*sqr(s;jﬁ))):
end;

procedure pretZ{x : realj unit : char)y
var expn ¢ integer;
expstr 1 string{9];
begin
* expstri=‘pnfa KNBT' jexpo:=l;
if x00. then
hegin ‘
while (abs(x)) 1000.0) and (expod4) do begin x:=¢/1000,;expo:=expotl; end;
while {abs(x)<1.0) and (expo)-4} do begxn %:=521000, jexpoi=expo-1; end;
end;
writeln{x:8:2,expstriexpo+3] unit);
end; {procedure pret2}

begin

window(1,1,80,25}; clrscr;nnrsvxdeo,
entryl(freq,sl_re,sl_}a sq_re,sq_is,gopt,zref,e,q_type);
feax:=freq[al; '
for i:=1 to & do
‘begin

freqlid:=freq[il/faax;

zg_re[il:=stoz_re{sqg_re[il,sqg_ia[i]};

zg_ia[i}:=stoz_is{sqg re[i],sq_ie[il};

2l re[i}s=stoz_re(sl_re[il,s]_ia[il);

2l ie[i]s=stoz_ia(sl _re[i], sl _ialil);
end;
uxndou(l,l,30;25);clrscr;norsvideu;gotoxy(l,l);
write('Enter Tolerance Fros Optisus Gain ')jreadln{tolerance};
tlrscrienter(fnode, tnode,el_type,varil, variZ,faax szref,

1_limit,u_limit,init_el,llang,ulang,init ang,ffreq,nus el,
nuB_var);
opt elat{fnode,tnode,el type,varil,vari2,l_lisit,n_lisit,1lang,
ulang,ffreq,init_el,init_ang,nus_gl,nua_var,
freq, zq_re,zg_is,z] re,zl _is,gopt,s,tolerance,zref,faax,g_typel;
window{1,1,80,25);clrscrinoravideo;gotony(l,1};
window{l,1,80,23); clrscrg
window{1,21,80,25);
gotoxylé,L)uriteln{’F1 ¢ Optimize Bain'});
qatoxy({33,1}juriteln{"FZ ¢ Optimize Elesents’);
gotoxy(53,2);uriteln{'F5 : Stop');
end;{procedure elat}

overlay procedure dist_gain;
var gopt, h_init,freq,sl _re, ,
zero,sl_ie,sq re,sg_is : vector;
hyg,zna,2dn,el : polyaceial;
teap,faax,f_center,td,tolerance, zref : real;
nd,q,dist,i,j,s,n,nupt,ladder,
g_type,total,nuvzer,nua_zero : integer;

“n um

sultip,var_zers : intarrj
zerflg,flag ¢ boolean;
opt & char;
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bagin
disti=;
entryl{freq,sl_re,sl_is,sq_re,sq_is,qopt,zref,a,q_type);faax:=freqla];
window(l,1,80,25);clrscrynoraviden;gtoxny(1,1);
write{'Design type(b’);lowvidenjurite{'p’'};
porgvideojurite{ /1" };lowvideojurite{'p");noravidenjurite("} )
read{kbd,opt)jeriteln;noravides;
if opt in['b","B°] then
begin
ariteln {* Band_pass 2ee "}y ladders=0;
srite{ 'Center of pass | hand. }; readin{f center),
write (“No. of UEs:'}; readln {nd};
write {'No, of SC_Stubs:’)y readln {q);
ni=nd+q 3 nopti=ntl j
end
" else
begin
writeln{'Low_pass ...'}; ladder:=+i;
urite( Center of Stop_band:’); readin {f center),
write{ 'No. of UEs:'} ; readln (nd);
write{ No. of OC_Stubs:’} ; readls {g};
ni=nd+q ; nopti=n § '
end; ‘
ctlrscry gotoxy(l,1}; zerflg:=false; nuvzer:=0; nus_zero:=0;
write{’ Design with finite-jw transsission zeros {(y/n,Defin}’};
read(kbd,opt); writeln; A
if opt in ['y5’'Y'] then
begin
zerflga=true;
write{ Enter nusber of distinct zeros = '}; readin{num_zero};
for i:=1 to aue_zero do
begin
clrscry gotony(l,i);
writeln(’ Transeission zero °,i:2};
write{ Frequency = '}; readln{zerofil);
write{"Multiplicity ='); readln{eultip[il}; .
write{'To be optisized (y/n,Defiy}’}; read(kbd opt}; arzteln'
if opt in ['n",’N'] then var_zero[i]:=0
else begin var_zero[il:=1; nuvzeri=nuvzertl; end;
zerofi]:=zero[il/faax;
end;
total:=0; for i:=1 to nue_zero do total:=total+sultip[il;
nopti=nopt+2itotal; clrscry gotoxy{l,1});
enil;
griteln(’ Initial guess of h{i}''s ... )swriteln{ Enter’};
for i:=1 to nopt dg™
begin
je=itround({ladder-1.2)/2);
write(’  h{',j:2,")=");readln{h_init[i]};
end;
write{' tolerance value ‘}jreadln{tolerdnce);
Ade=1/{83f _center};
writeln{'f_center=",f_center};delay{5000);
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tase ladder of
+1: begin
for i:={ to & do : : .
begin
teppr=PItfreqli}/ (241 center);
if {abs{tesp-PI/2}{1E-4} or (abs(teap-StPIiQ)(iE-&) then
freq[il:=100
else freqlili=sin{temp}/cos(teap});
end;
end;
0: begin
for i:=1 to & do
begin
teap:=PI8freq[i}/(2¢f _center);
if (temp=0} OR .
{abs(tesp-P1){1E-6) OR (abs{tesp-24PI}{1E-4} then freq[i]:=100
else freqli}i=-cos (tesp)/sin{tesp);
end;
end}
end;
clrscrylowvideo;
optia{freq,sl_re,sl_im,sq_re,sg_im,gopt,h_init Iadder,q,nd nopt,n,s,dist,
tolerance,zref, f%if sf_center,var_zero, sultip,zera,nuvzer nus_zerso,
zerflg,g_typel; :
window{50,2,80,25) ;clrscr;
gotoxy(1,1});
case ladder of
+1: begin
© h[01:=0.; for i:=! to nopt do h[il:=h 1n1t[1],
end;
0: begin
for i:=1 to nopt do h[i-1]:=h_init[il;
end;
end;
geal_dist{g,h,n,q,ladder ,nd,var_zero,sultip,zero,nuvzer nus_zero,zerflg);
#indow(1,1,50,20)jclrscrinoraviden;
case ladder of
+1shegin
writeln{ Low_pass design ...');
writela("7_in{S8}=a{5)/B(8);");
for i1=0 to n do
begin
write(’gl",i:2,"1=",g[il:10);
writeln{'a[’,i:2,"]=",(g[i]+h[i]):10);
end;
for i:=0 to n do
begin
write{"h{",i:2,'1=",h[i1:10);
writeln{'b[’,i:2,"]=",(glil-h[i1):10};
end;
sriteln{’1_ref=",zref:5:1);
end;
G:begin

L3
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writeln{ Band_pass design ..."};
writeln('Z_in{8)=al8}/b{S}; };
for 1:=0 to n do writeln{’al’,i:2,"1=",(gln-i1+h[n-1]}:10};
for i:=0 to n do writeln{'b[",i:2,"]=",{gln-i1-h{n-i]}:10};
ariteln{’'I_ref=",zrefi5:1});
and;
end; o
window(,1,B0,25}; clrscr ‘ ¢
window{1,21,80,23}; .
gotoxy(6,t};uriteln{'Fi: Lusped Hatching’};
gotoxy{33,1);eriteln{ F2: Distributed Matching'};
gotoxy(53,2)suriteln{'F3: Return'});
end; {procedure dist_gain}

gverlay procedure luap_gaing
var gopt, h_init,freq,sl re,
zero,sl_ia,sq_re,sg_ie : vector;
h,g,zne,zdn,el : polynoaial;
faax,tolerance,zref,f_center : real;
gultip,var_zero ¢ intarr;
k, nd,q,dist,i,i,s,n,
g_type,total,nua_zero,nuvzer,nopt,ladder: integer;
zerflg,flag ¢ booleang
opt ¢ char;

begin
disti=0; nd:=0; qi=0; zerflg:=false; puvzer:=0; k:=0; nus_zeroi=0;
entryl{freq,sl_re,sl_im,sq_re,sq_is,gopt,zref,m,q_type);
feax:=freqiel; window{i,1,B80,25};clrscry
writeln( Enter:’);
write{' MNo. of reactive elesents. }ireadln{n};
write(’ Any transformers {y/n,Defin}’)jread{kbd,opt]swriteln;
if opt in ['y",'Y'] then
bhegin
ladder:=0jwriteln{ Design with transforser’};
write(" No. of hxgh_pass eleaents }yreadln{k};
nopti=ntl; -
end
else
begin
nopti=niwrite{’ Ladder type {h');lowvidenjwrite(’i’};
noravideajurite{ /1" );lowvideojurite{'o");
noravidenjurite(’ Def:1’};lowvideoswrite({ o’ };noravideosurite{’})’};
read{kbd,opt);eriteln;noravideo;
if opt in["h","H’] then
begin )
writeln{'High_pass ..."};ladder:=-1;ki=n;
end
else
begin
writeln{ Low_pass ..."};ladders=+i;k:=0;
end;
end;

o\
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clrser; gataxy{l il
write(’ Design with finite-je transamission zeros (y/n,Bef n}’ )
read{kbd spt), writeln; "
if opt in ['y',"Y'] then v
begin
zerflgi=true;
grite{ 'Enter nusber of distinct zeros = *); readln{nus_zero);
“for i:=1 to nue_zero do
begin
cirscry gotoxy(l,1)y
writeln{’ Transsission zers ',i:2);
write{ Frequency = "} readln{zerolil};
write{'Multiplicity ='); readln{aultipfil);
write{'To be optimized {y/n,Def:y}’); read(kbd,opt}; writeln;
if opt in ['n",’R’] then var_zero[i]:=0
else begin var_zero[ili=1; nuvzer:=nuvzer+l; end;
zerofils=zero[i]/faax; '
end;
totali=0; for it=1 to nue_zero do total:=total+sultiplil;
nopte=nopt+2ttotal;
end;
cirscry gotoxy{l,i};
writeln('Initial guess of h{i}'’'s ... }writeln{'Enter’};
for i:=1 to nopt do
begin
s=i+round{{ladder-1,2}/2};
write{' ~ h{’,j:2,')=");readln{h_init{il};
end;
write{" . tolerance value "}jreadln{tolerancel;
for i:=1 to & do fregqlil:=freq[i]/faax;
optia{freq,sl_re,sl_im,sq_re,sq_is,gopt,h_init,ladder k,nd,nopt,n,s,dist,
tolerance,zref, feax,f_center,var_zers eultlp,zero fnuvzer,nua_zera,
zerflg,g_typel);
window{1,1,80,23); clrscr;
ainduw(l,?l,BQ,?ﬁ);
gotoxy{é,1)uriteln{"Fis Lumped Hatching');
gotoxy{33,1)uriteln{'F2: Distributed Matching');
gotoxy(33,2);uriteln{ F3: Return’'};
ends{procedure lupp_gain}

procedure aenu;
yar return @ boolean;
key i char
begin
“returni=false; -~
window {1,21,80,25);clrscr;
gotoxy{6,1)jwriteln{"Fi: Luaped Matching'};
gotoxy{33,1};uriteln{ F2: Distributed Hatching');
gotoxy(33,2);uriteln{'F3: Return’ ),
shile not return do
if keypressed then
begin
read{kbd,key);
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if {key=827} and keypressed then
begin
read({kbd,key};
case key of ;
#37 ¢ lusp_gain; ’ o
840 : dist_gain; :
863 ¢ hegin
window{1,1,80,23}; clrscr
w1ndou(1,;1 806,25}
gotozy{6,1);writeln{‘F1 : Optieize Bain'});
gotoxy(53,1);uriteln('F2 ¢ Optisize Elesents’);
gotoxy(33,2}juriteln{ F3 : Stop'};
returns=true;
end;
end;
end;
end;
end;{procedure menu}

begin
clrscrylowvideo; :
gotof¥{5,10});urite(’ IHHHEHHHHHﬁﬁHﬁﬁﬁﬂHHﬁHﬁHﬁHHHHHﬂﬁﬁHHHHHHHHﬂﬁHﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ'
gotol¥{3, 11 urite{ ;s

-~ - ~
vvwwvwvww
MR N e e e e e ew e

gotaX¥(5,12) jurite{": Broadband Matching Progras

gotuXY(S,lB);urite(‘: by 1
gotodY{3,14)erite(": Orhan ARIKAN & Eare TELATAR

gotoXY(5,15) jerite( : Hodified by Adnan  KOKSAL

gotokY{%, 16} jurite(’: Hay 1986, July 1987, @nkara

gotokY{3,17);urite{ :
gotoX¥(3,18];erite(’ HﬁﬁﬁﬂﬁﬁﬁﬁﬁﬂﬁﬂﬁHHHRHHHHHHHHHHHHHHﬁﬂﬂﬁHHﬂHHHﬁﬁﬁﬂﬁﬁﬁhﬁﬁﬂﬂﬁﬂﬁﬁﬁﬁﬁﬁhﬁﬂ
delay{3000};clrscrifinishi=false;
window(1,1,80,25); clrscry
windou(l, 21 80,23);
gotoxy(6,1)suriteln('F1 : Dptxalze Bain’);
gotoxy(33,1);uriteln{'F2 : Optimize Elesents’});
gotoxy(33,2)juriteln{ 'F3 5 Stop’ |H
while not finish do
if keypressed then
begin
read{kbd,key};
if{key=827} and keypressed then
begin
read{kbd, key}y
case key of
839 ¢ menu;
#40 ¢ elat;
§43 ¢ begin -~
finishi=true;
window(1,1,80,25); clrscr;
ends

A-tn-.nu

end;
end;
end;
end.
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{ INCLUDE FILE ENTRYL.PAS }

overlay procedure entryl{ var freq,sl_ré,sl_}s,sq;fgjéq_jﬁ,gopt : vecters
var zref: real; var a: integer; var g_type:integer);

type caps = array[0..1,0..1] of string{30];

var  i,i,xpos,ypos,
disp,fors & integer;

key,opt @ char;
inpstr ¢ string{10];
auzstr 1 string[3];

cont, exit : boolean;
table ¢ array[l..6,1..20] of real;

.const caption : caps = {{' Freq {Hz) SL_mag 5L _pha{x) Sg_mag  Sg_phal{x)’,
* Freq (Hz) IL_smag{j} IL_pha{x) Ig_mag(i) Ig_pha(x}'},

{* Freq (Hz} Gl _re SL_ism Sgre  Gg.im ,
‘ Freq {Hz) IL_re(j} It_is(j) Ig_reli} Ig_iali} "I}

function atan2{x,y:real}ireal;
begin
if y=0, then
if ¥{0 then atan2:=pi
else atan2;=0.
else if x=0. then
atanZ:=y/abs{y)}tpi/2
else
begin
if x>0 then atanZ:=arctan{y/x}
else atanZ:=arctan{y/x}+pi;

end}
end;
procedure re{var %,y : reall;
var xt,yt s real;
begin .
xte=xfcos{ytpi/iB0)jyte=xksin{ytpi/1B0) ixi=atyy =yl
end;

procedure mag{var x,y : reall;
var mag,phase : real;
begin
sags=sqri{sqr{z)+sqriy));phase:=180/pitatan2{z,y};x:=aag;y:=phase;
end; : . '
function s_to_z_re(s_re,s_imireal):real;
begin '
if s_re=1, then s_to_z_re:=100.E+12
else s_to_z re:=zref¥{1-(sqr{s_re}+sqr{s_is}}}/{sqr{i-s_re}+sqr{s_im}};
end;
function s_to_z_ime{s_re,s_is:real):real;
begin
if 5_re=l. then s_to_z_im:=0,
else s_to z_im:=2fzrefis_is/{(sqr{l-s_rejtsqr{s_ia}}};
end;.
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procedure s_to_z{var %,y & real}y

var sb,yt ¢ real;
begin , e
sti=s_to_z rely,y)jyti=s_to_z_is(d,y)jxssutyyr=yty
end; ’
function 2_to_s_re{z_re,z_im:real):real;
begin

1_to s _re:={sqr{z_refzref}+eqr(z_is/zref}-1)/{sqriz_re/zrefel)¥sqriz_ia/zref}};
end;
function z_to_s_im{z re,z_ia:real}ireal;

begin
z_to_s_im:=28z_ia/zref/{sqr{z_re/zref+i)tsqriz_is/zref});
end; ‘
procedure z_to_s{var u,y ¢ reall;
var st,yt ¢ realy
begin ’
wte=z_to s _relx,yijytesz_to_s_ie{x,ylpuesutyyi=yts
end;
procedure cursor;
begin
gotolY{10#xpos-9,ypos) jurite( 2’ );
end; :
procedure print{x : real; i,j : integer};
var expo : integery
expstr ¢ stringl%];
begin
if 106 then
begin

expstri="pnta KNG  jexpo:=0;
if x(>0, then
hegin ,
while {abs{x)»=1000.0) and (expo¢4) do begin x:=x/1000,;expo:=espotl; end;
while {abs(x)<1.0) and (expoX-4} do begin x:=231000.;expos=expo-1; end;
end;
end;
gotoxy{108i-9,j);urite(x:B:2,expstrienpoti]l,” ');
end;{procedure print}

“procedure right;

beqin .
print{tabie{xpos,ypos],pos,ypos};
if gposdé then xposi=succ{xpos)
else begin upos:=1;if ypos{iB then ypos;=succ{ypos);end;
cursorjinpstri='";

end; {procedure right}

procedure left;
begin .
print{table[xpos,ypos],xpos,ypos);
if zposi! then xpos:=pred{xpos)
else begin xpos:=b;if ypos)! then ypos:=pred(ypos);end;
cursorjinpstri="";
endj{procedure left}
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procedure up;.

begin
print{table[xpos,ypos],zpos,ypos}; .
if yposi! then yposi=pred{ypos);
cursorjinpstri="";

end; {procedure up}

procedure down;

begin
print{table[#pos,ypos],xpos,ypos);
if ypos{18 then ypos:=succ{ypos);
cursarjinpstri="";

end; {procedure doun}

procedure insy

var  i,j : integer;

begin
if (818} and {ypos{= s} then
begin

gotoXY({108xpos-9,ypos) jerite(” *);insline;
for i:=g dosnto ypos do.
for j:=1 to 6 do
table[j,it+1]:=tablel],il;
gi=a+ljcursor;
end;.
end;{procedure ins}

procedure delj
var i, ¢ integer;
begin
if ypos{=a then
begin
delline;m:=a-1jcursor;
for i:=ypos to a da
" for ji=1 to 6 do
tablelj,ili=tablel,iti];
~ end;
end; {procedure del}

procedure togdisp;
var i ¢ integer;
begin -
window(1,1,80,23);disp:=1-disp;gotoXY{1,1);uriteln{caption[disp,fora]);
gotad¥{1,21};
if disp=0 then writeln{'F1 : Hag,Phase / Real Imag’ )
else writeln{'F1 : Real,lsag / Mag,Phase’});
if 80 then
begin
gotokY{1,23);norevidec;urite( Update data?(y/n,def:n)‘);read(kbd,opt);
gotoXY(1,23);clreol ;lowvideo;uindon(1,2,50,20);
if opt in ['y','Y'] then
begin
for i:=1 to & do
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begin
case disp of —_—
0: begin ’
mag(ta&le{?,i},table{S,i]); gag{table[d,i],tablel3,i]);
end; ’ :
11 begin .
re{table{2,i],tablel3,i1}; re{table[4,i],tableld,il);
end;
end B
print{tablef1,i],{,i);
print{tablef2,i],2,i);print{table{3,i],3,i);
print{table[4,i],4,1i);print{table[5,i],5,i);
end; .
print{tablelxpos,ypos],spos,ypos});inpstri=""jeursor;
end
else :
gotoXY(10txpos-B+iength{inpstr),ypos);
end;- o s
gotolV{2,2);
end; {procedure togdisp}

procedure togfora;
begin '
window(!,1,80,25);fora:=1-fora;qotok¥({1,1) uriteln{caption[disp,foral);
gotoX¥(28,21); ‘
if forg=0 then writeln{’F2 : Reflection / Iepedance’)
else writeln{'F2 ¢ Impedance / Reflection’);
if @0 then \
begin :
gotoX¥(1,25);noravideojurite! "Update data?(y/n,defin}’};read(kbd,opt);
gotoX¥(1,23)jclrenl;lowvideo;windon{l,2,50,20};
if opt in ['y',"Y"] then ‘
begin C
for i:=1 to e do
begin
case fors of
O:case disp of
§: begin
re{table[2,i],table{3,i]}; re{table[d,i],tableld,il};
z_to_s({table[Z,i],table[3,i]};
z_to_s{table[4,i],table[3,1}});
sag{table[2,i],table(3,i]};
pag{tablel4,i],tablefd,il};
and;
1: begin
z_to_s{table[2,i],table[3,i]);
z_to_s{table[4,i],tablefd,i]};
end;
end;
1scase disp of
0 begin
re{table[2,i},table[3,i1); re{table[4,i],table[3,i]);
s_to_z{table[2,i],table[3,il};



s_to_z{table[4,i],table[d,il};

gag{table[Z,i],tablel3,il); sag{tablel4,i],table[d,il};

and;
11 begin
s _to_z{table[2,i],table[3,i1);
s_to_z{table[4,i],table[§,i]);
end;
end;
end; .
print{tablei,il,1,i};
print{table[2,i],2,i)sprint{table[3,i],3,i);
print{table[4,i],4,i);print{table[5,i],5,i);
end; .
print(table[xpos,ypos],xpos,ypos)jinpstri=""jcursor;
end : -
else ST
gotolY(108xpos-B+1ength{inpstr),ypos);
end; T
gotol¥{2,2};
end; {procedure togfora}

procedure enter;
var  y:realjcodesinteger;
© begin
if length(inpstri>0 then
begin
val{inpstr,x,code) jinpstri=""
if code=0 then -
begin
tablefxpos,ypos]e=x;
if a{ypos then a:=ypos;
end;
end
else
begin
if ({zpos=4} or (xpos=3]) and {ypos>1} then
begin
table[xpos,ypos]:=tablelzpos,ypos-1];inpstri="";
if m{ypos then a:=ypos;
end; .
it {{xpos=2} or {xpos=3}} and {yposi!] then
begin
table[xpos,ypos)i=table[xpos,ypos-1]jinpstri="";
if slypos then mi=ypos;
end;
if {upos=4) and (ypos>!} then
begin
table[xpos,ypos]i=table[xpos,ypos-1]inpstri="";
if e{ypos then s:=ypos;
end;
end;
right;
end;{procedure enter}
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procedure aenu_entry;

begin
noravideo;
window{1,1,80,23);q0toxy(1,1)juriteln{caption[disp,foral};
window{1,21,80,23};clrser; :
gotoX¥{f,1); .
if disp=0 then writeln{'Fl : Hag,Phase / Real,lsag’})
glse writeln{'Fi : Real,lsag / Hag,Phase’);
gotolV{28,1};
if fora=0 then writeln{’'F2 : Reflection / Iapedance’)
else writeln{'F2 : Ispedance / Reflection’];
gotoxy{34,1);eriteln{"F3: HORE'};
gotoxy(1,2);writeln('F4: Save to disk’});
gotoxy{28,2);uriteln{'F3: Load from disk'};
gotoxy(54,2) ;uriteln{'Fh: Exit’);
gotoxy(1,3)swriteln( " Del: Deletes line'}y
gotoxy{28,3);uriteln{ ' Ins: Inserts line'};
gotoxy{36,3)juriteln{ Ctrl-c: Aborts’};

end;{procedure menu_entry}

procedure save;
var fil ¢ file of real;
‘filename : string[20];
¥g_type,xs,xfora,zdisp : real;
i ¢ integer;
ak,nop & booleany

begin
window({1,24,80,25) ;gotolY(L,1};
nops=true;
norevideojwrite{ 'Filenase : '}jreadln{filenase);
assign({fil,filename};{$I-} reset(fil}; {$I+}
oki={ioresult=0};
if ok then
begin
noravideojuriteln{’File exists, overwrite {y/n Def:n)'};read(kbd,opt);
if opt in {'y','Y"] then nop:=false '
else nopi=true;
end;
if not nop then
begin
rewrite(fil)jumi=a;xforas=forajxdisp:=dispjxg_type:=g_typejwrite(fil,xe,xdisp,xfora,xg_type,zref});
for i:=! to'e do write{fil,table[l,il,table[2,i],table[3,i],tablef[4,i],table[5,i],table]4,i]};
end; B
close(fil};
clrscr;
window(l,2,80,20) ;print{table[xpos,ypos],xpos,ypos)jcursor;
end; {procedure save}

procedure load;

var fil : file of real;
filename : string{20];

1g_type,ze,xfore,xdisp ¢ real;
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i} ¢ integer;
ok,nop ¢ boolean;

begin
window{1,24,80,23};00t0lY{{,1);
nop:=true;
noravidenjerite("Filenase : '};jreadln{filenase);
assign{fil,filenasme};{$1-} reset{fil}; {$I1+}
nopi=nat {ioresult=0}); '
if not nop then
begin
read{fil,xs,xdisp,xfors,xg_type,zref)jms=trunc{xe) jforss=trunc{xfora);disp:=trunc{xdisp};
g_types=trunc{xg_type); o '
for i:=1 to & do read{fil,table[{,i],table[2,i],table[3,i], table[4,i],table]5,i],table[6,i]};
windou(1,1,80,25);clrscrygotol¥(1,1) juriteln{caption[disp, foral)jantony(52,1);
if g_type=0 then writeln{'Bain {ratin)")
else writeln{' Bain ( dB }'};
window(1,21,80,25) ;gotoX¥{1,1};
if disp=0 then writeln('F1 : Mag,Fhase / Real.lsag’)
else writeln{'Fi : Real,lsag / Mag,Phase’};
gotoxy(28,1}); :
if fore=0 then writeln{'F2 : Reflection / Ispedante’)
else writeln{'F2 ¢ Iapedance / Reflection’};
gotoxy(56,4) juriteln{ I _ref=’,zref:5:1);
genu_entry;
window(!,2,80,20};
for i:=] to s do
for j:=1 to & do
print{table[i,il,i,i};
gposi=ljyposi=ljcursor;
end ‘
else
begin
noravideogwriteln{'File cannot be accessed’)jlowvideo;delay{1000);clrscr;
window(l,2,30,20) ;90toX¥(108xpos-8+length{inpstr),ypos);
end; '
end;{procedure load}

procedure log{var x: real);
begin

x:=1081n{x)/In{10});
end;{procedure log}

procedure inv_log{var x: reall;
begin

xe=exp{x/108In{10}};

end; {procedure inv_log}

procedu}e gzref;
begin
window(1,21,80,23)sclrscrygotoXY{1,4)jnorevideo;urite( Enter I_ref(j) ')jread(zref});
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gotoXV{{,4);clrenljgotoXV{36,4)jclrenl;lonvideojuritel ‘F3 ¢ I_ref=",zref2d:l," i’}
window(1,2,30,20) jqotol¥{10%xpas-B+length{inpstr),ypos);
end;{procedure gzref} :

=)
procedure tog_gain;
var opt :charg
begin .
clrscrywindow(l,1,B80,20) ;0 type:=i-g_type;
gotoay(32,1};

if g_type=0 then writeln{'Bain ({ratio)")
else writeln{" Bain { dB }')3
window(1,21,80,25) jgotoxy(1, 1) urite( "update data? (y/n,definl’};
read {kbd,opt}suriteln;
if opt in ['y","Y'] then
begin
window{1,1,80,20);
for i:={ to m do
begin
if g_type=1 then
begin :
log{table[,i1);print{tablel,i],1,i)sprint(table{2,i],2,i};
print(table{3,i1,3,i);print{table[4,i],4,i);print{tableld,11,3,1};
print{tablelé,i],6,i};
end
glse
begin
inv_log{table[é,i]);print{table{1,i],,i};print{table[2,i],2,i};
print{table[3,i],3,i);print{table[4,i],4,i};print{table]5,i],5,1);
print{table[6,i],4,i};
end;
print{table[xpos,ypos],xpos,ypas)jinpstri=’" jcursor;
end; ‘
end '
else
gotoxy{10txpos-B+length{inpstri,ypos);
end; {procedure tog_gain}

procedure sore; .
var key
exit?

thar;
boolean;

. ww

hegin
window{1,21,80,25) ;cirscrynoraviden;exit2:=false;
gatozy(1,1)juriteln('F1 ¢ Change Z_ref{’,zref:5:1,")');
gotoxy{l,2};
if g_type=0 then writeln{'F2 : Power ratio / dB’}
else writeln{‘F2 : dB / Power ratio’);
ahile not exit? do
if keypressed then
begin
read{kbd,key);
it {key=827) and keypressed then
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begin
read{kbd,key);
case key of

§59 1 begin
gzref;
exit2i=true;

end;

§40 + begin
tog_gain;
exit2:=true;

end;
end;
end;
end;
aenu_entry;
window{1,2,50 20),gutoxy(lﬂlxpos-8+length(1npstr},ypﬁs)
end; {procedure more}

begin
1if luspelst=true then conti=true;
window(1,1,80,25);clrscrinoravideo;cont:=false;gotoxy(1,1);
writelnt’ If the data is freguency independent, after entering’};
griteln{" the first line of data press ENTER only when the sase’);
writeln{’' data is required ....ocoviisvnrscenesresnerosnnnciene’}
sritelnjuritelnjuritelnjuriteln;
writeln{’ Press F1 to continue’};
while not cont do
if keypressed then
begin
read{kbd,key};
if (key=#27) and keypressed then
begin - .
read(kbd, key);
if{key=459) then conti=true;
end;
end;
zrefs =50'xpas"1,ypas--l;a'=ﬁ,1npstr" "1dispi=0;fora:=0;
guiti=false;q_type:=0;
for i:=! to 5 do for j:=1 o 20 do table[i,j]:=0
clrscrytogdisp; togfore;uindow(l,1,80,25);
gotoxy(52,1);
if g_type=0 then writeln{'Gain (ratxo} }
else writeln{’ Bain { 4B }'};
eenu_entry;
window{1,2,80,20) sqotokV{1, ) ;erite(">"};
while not exit do
if keypressed then
begin
read{kbd,key};
if (key=827) and keypressed then
begin
read{kbd, key};
case key of
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§39. . 864:case key of

#59:togdispy
§h0:togfora; )
861:more; 3
862:5ave; :
§h3:10ady
BbArexnite=true;
end; '
#73,477,872,480,382,883:caze key of
o §75:1efty
§77:right;
§72:ups
$80:down;
§821ins;
#83:del;
end}
end;
" end
else
case key of

848, .857, 845, 8462 beqin
write(key:!);inpstro=inpstrikey;
end}
§71,877,484,8107,
§109,8110,8112, 8117:begin
str(3%(pos(key, pnus kHBT')-3),auxstr);
inpstrizinpstr+'E' +austr; '

enter;
end}
#13:enter;
end;
end;
for i:={ to s do
begin

freglils=table[,i];
case disp of
0: case fors of
B:begin. o
— ra(table[Z,iI,table[3,il);re(tabfe[4,i],table[ﬁ,i]};
sl _re[i]:=table[2,i1;s]_is[il:=table[3,il;
sg_relils=table[4,i)ysg_im[i]:=tableld,i);
end; ' -
1:begin
re{table[Z,i],table[3,i]};re{table[4,i],table[5,1i]};
sl_re[ili=z_to_s_re{table[2,i],table[3,il);
sl_ie[i]:=¢ to_s_is(table[2,i],table[3,i]);
sg_re[ili=z_to s _re(table[4,i],table[3,il);
sq_im[i}:=z_to_s_im{table[4,i],tableld,il);
end;
end;
1: case fora of
0:begin
s]_relil:=table[2,il;s]_im[i}:=table[3,i];
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sg_re[i]:=table[4,il;sq_is[ili=table[5,1];
end;
i:begin
sl_re{i]:=z_ﬁﬂ_§_fe(table{?,i],table[S,i});sl_ja[il:=z_ﬁ0_§_ja(table[2!i},table{&,i});
sg_re{i}.=z_ﬁn_5_re(table{#,i},tahle[ﬁ,i});sg_ja{i]:=z_ﬁu?§_js(tahle[ﬁ,i},tahle[ﬁ,i});
ends ) e
end;
end;
case g_type of
0: goptlili=table[s,i];
1: begin
{Binv_logltable[6,i]};}
gopt[i]:=table[s,il;
end;
ends
end;
end; {procedure entryl}

{END OF INCLUDE FILE ENTRY1.PAS}
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{ INCLUDE FILE EMTER.PAS}

overlay procedure enter{var fnode,tvode,el_type,varil,vari? : intarr;
- faax,zref sreal; -
var 1 _lisit,u_lieit,init_el,1lang,ulang,init_ang,ffreq : vector;
var nus_el, nua_var @ integer);

type ij = string[24];
: tt = array[1..4,1..20] of ij;
var 8,1,3,4pos,ypos,oc © 1 integer;
“key,opt : char;
inpstr : string[24];
14 ~ t stringl15];
auxstr : string{3l;
exit,luspelnt,distelst : boolean;
£%,0078 : realy
table itty

procedure aovel;

begin
if xpos=1 then gotoxy{Z,ypos);
if zpos=4 then gotoxy(62,ypos);
if xpos=2 then gotoxy{10,ypos});
if upos=3 then gotoxy{26,ypos};

endj{procedure sovel}

procedure cursorly
begin

aovel;

write{">');
end; {procedure curserl}

procedure printl{x ¢ ii; i,J 1 integer);
var 1 : integer;
begin
yposi=i; yposi=i;
I:=length{inpstr};
govels
write{x:l+l});
end; {procedure printl}

procedure rightl;
begin ,
printl{table[zpos,ypos],xpos,ypos);
if spos{4 then xpos:=succ{xpos)
else
begin
xposi=1; if ypos{18 then ypos:=succ{ypos};
end;
cursorljinpstri=’";
end;{procedure rightl}



procedure leftl;
begin
if xposii then gposi=pred{xpos)
glse
begin
gposi=4; )
if ypos>! then ypos:=pred{ypos);
end; ' ]
cursorlyinpstre=""y
endj{procedure laftl}

procedure uplj
hegin :
it ypos)! then ypos:=pred{ypos);
cursorljinpstri="";
end;{procedure upl}

procedure downl;
begin
it ypos{18 then ypos:=succ{ypos);
tursorljinpstri=""y
end;{procedure downl)}

procedure inslj
vaf  1,j,k ¢ integer;
bagin
ki=43 .
if (818} and {ypos{=e) then
begin
soveljurite(’ ‘)jinsline;
for i:=a downto ypos do
tor ji=1 to k do
table[j,i+i]:=tablefj,il;
ai=atijrursorl;
end;
ends {procedure insl}

procedure dell;
var 1,3,k 1 integer;
begin
k=4
if ypos{=a then
begin
dellinejmz=g-1;cursorl;
for ii=ypos to a do
for je=1 to k do
table[j,il:=table[j,i+1];
end;
end; {procedure dell)

procedure enterl;

begin
table[xpos,ypos]:=inpstr;
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if 5{yﬁas then e:=ypos;
rightl;
end; {procedure enterl]

procedure savel;

type ij=stringl24];
var fil 5 file of ij;
: ge ¢ i3
filename : string{203;
i ¢ integer;
ok,nop : boolean;

hegin
window(1,24,80,25) ;g0t0k¥{1,1);
nops=true; )
norgvidenswrite{'Filename ¢ "}jreadin{filenasel;
assign{fil,filenage);{$1-} reset({fil}; {$I+}
ols={ioresult=0});
if ok then .
hegin :

noravideojuriteln{‘File exists, overwrite {y/n Bef:n)')jread{kbd,opt};

if opt in ['y","V'] then nop:=false
else nop:=true;

end;

if not nop then

-begin -
rerite{fil}; stris,es)jurite(fil,sn};
for i:=1 to & do
write(fil,table{t,i],table[2,i],table[3,i],table[4,i1);

end; '

close(fil}jclrsers

window(1,2,80,20);

end; {procedure savel}

procedurs loadl;

type 1j = string[24];
var fil ¢ file of ij;
filenase : string[20];

ge ¢ 1§y

k,i,code,j : integer;
ok,nop ¢ boolean;

begin
window(1,24,80,25);gotoX¥(1,1); nop:=true;
noravideojerite{ Filenase : ")jreadin{filename};
assign({fil,filename);{$1-} reset(fiT); {$1+}
nops=not {ioresult=0);
if not nop then
begin '
read{fil,es}jval{es,s,code);
for i:=f to & do
read{fil,table[1,i],table[2,i],table[3,i],tableld,il};
window{l,1,80,23);clrscrigotodVil,1);



writeln{" MNodes-Type Valugs'js
window {1,21,80,25)sclrscrinoraviden;
gatoxy{1,2};eriteln{ F4: Gave to disk'};
gotoxy(28,2)juriteln{'F3: Load fros disk'};

““gotoxy(56,2)jeriteln{ Fb: Exit’);

© gotoxy(1,3)jeriteln('Del: Deletes line’);
gotoxy{28,3);eriteln{ Ins: Inserts line’});
gotoxy{38,3) juriteln( Ctri-c: fborts’);

window{1,2,80,20); ki=4;
for ix=1to'm do
for j:=1 to k do
printl{table[j,il,i,i};
zpas:i=ijyposi=ljcursorl;
end
elsa
begin
noravideojuriteln{'File canniot be accessed’ I H Inavzden,delay(lﬂ@&) clrscry
window{1,2Z, 30,2013 .
end;
end;{pracedure‘lnadl}

procedure inpreter{st : ij;var ¥ 3 real);
var exp ¢ string[3];
opt & chary
1,code,nus,nual ¢

integer;
begin ’
Ala: 'length(st}
opti=copy(st,nue,l};
nuel:=pos{opt, "pnus LHBT'};
if nuel=0 then val(st,x,code}
glse’ ‘
begin
delete{st,nua,nus);
nus:=3fnual-15;str(nue,exp};
sti=st+'E'texpjval{st,x,code};
sti='";
end;
end; {procedure inpreter}

procedure interpreter{table & tt};
var i,j,code,oc,0cl ¢ integer;
begin
for it=1 to g do
for j:=! to 3 do
begin
ocs=pos{’/’ stable[!,i]})sts=copy{table[{,i],i,0c-1};
val{st,xx,code);
if j=t then fnode[i]:=trunc{xx);
if j=2 then tnode[i}s=trunc{xx};
if j=3 then el_type[ili=trunc(xx);
 if el _type[il=0 then
begin
luspelati=true;
noras=2tfaaniPlizref;
end;
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if el_type[il=1 then
begin
luspelat;=trus;
noras=2tfeanifl/zraf;
end}
if {el_type[i]<30) and (el _type[il<31) then lumpelat: false,
delete({table[1,i],1,0c);
end;
if luapelst=true then
for 1:=1 to @ do
begin
pee=pos{ /" ,table[2,i}}; st.-copy(table{Z il 1 oc-1)3
delete(table[2,i],1,0c);0cts=pos( table[;,x]},
if oci=0 then
begin
opti=copy{st,oc- 1 A
if opt in ['c’,"C"] then
begin
delete{st,oc~ 1 oc-1)jinpreter(st,init_el{il};
init_elfijs=init_el{iltnore;
variifi}s=0;
1_lieit[i]:=0.0%knore;u linit[il:=100knors;
end
else
hegin ,
inpreter(st,init_el[il); init_ellils=init_el[il#nore;
varil[ij:=i;
1 limit[i]:=0. Oltnnrs u llalt[x]"IOOXnurs'
end;
end
else
begin
inpreter{st,! lisit[il}joci=pos(’/",table[2,i]};] 1151t{1]"l _lisit{i]tnors;
sti=capy(table[2,i],1,0c-1}; delete(tahle[? i],1,0c};
inpreter(st,init el[i])jvarit[ils=t;init_el{ils=init_el{i}dnora;
oci=pos{’/’ table[2,i])st:=copy(table[2,i],1,0c-1};
inpreter{st,u_lieit[i1};u_limit[ils=u_limit{i}tnors;
end;
end;
if luspelet=false then
begin
for is=1 to & do
for j:=1 to 3 do
begin
ac:=pos{ '/’ table[j+1, 1]) jsti=copy(tablelj+1,i], 1 0c-1};
delete(table{3+1 il,1 nc) ocli=pos{'/’ table[j+1, 1]),
if oci=0 then ‘
begin
opte=capy{st,oc-1,1);
if opt in['c’,"C"] then
begin
deletelst,oc-1,0c-1);
if j=1 then
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begin
inpreter{st,init_el[il}; init_el[il:=init_el[i)/zref;
variifi}:=0;
end;
if j=2 then
begin
inpreter(st,init_ang[il}; init_ang[i]:=init_ang[i]4P1/1B0;
vari2[il:=0;
end;
if j=3 then inpreter{st,ffreq[il); ffreq[il:=ffreqlil/faax;
end
else
hegin
if j=1 then
begin
inpreter(st,init_el{i]); init_el[i]i=init_el[i)/zref;
varitfili=ly
1_limit[il:=0.;
u_lisitfi}:=5.;
end}
if j=2 then
begin
inpreter(st,init_ang[il);init_angli}:=init ang[:]tPillBO'
var12[11“1,
1lang[i]:=0
ulang[i]:=31PI;
end; '
end;
end
else
hegin
if j=1 then
begin
inpreter({st,]1 limit[i]};]1 lisit{i):=1_limit{il/zref;
varidfil:=l;
pce=pos{’' /" table[2,i1}; st'ﬁcopy(table[2 il,1,0c-11;
delete({table[2,i],1,0c);inpreter(st,init 91[1]) init 91{11'"1n1t _elfil/zref;
sce=pos{ '/’ table[2,i]);ste=copy({table[2,i],{,0c-1};
delete(table{Z il,1,0c) jinpreter{st,u_limit[i}});
u_ligit[ils=u_limit[il/zref;
end;
if j=Z then
begin
inpreter{st,llanglil}y 1lang[il:=1lang[i]tPI/180;
vari2[i]:=ly )
oci=pos{’/’ table[3,i])jsti=copy{table[3,i],1,0c~1};
delete(table(3,i],1,0c}jinpreter(st,init_ang[il};
init_anglil:=init_ang[iltP1/180;
oci=pos(’/'  tablef3,i]);sti=copy{table[3,i],1,0c-1};
delete(table[3,i],!,0c) inpreter(st,ulang[i]};
ulanglil:=ulang[i]¥P1/180;
end;
end}



gnd}
end; . .
end; {procedure interpreter}

begin
sposi=ljypos:sly nus_gli=Ojinpstri=""jexiti=falseja:=0;
window{!,1,80,25)jclrscrynoravidenigotony{l,1};
for i:=! to 4 do
for j:=1 to 20 do
tablefi,jls=""
window(!,21,80,23)jclrscr;
gotoxy(1,2}suriteln{ 'F4: Gave to disk’);
gotoxy(28,2}uriteln{'F3: Load from disk’};
gotoxy(34,Z}juriteln{"Fé: Exit')
gotaxy{l,3};uriteln{ Del: Deletes line’);
gotoxy{28,3}suriteln{ Ins: Inseris line’};
gotoxy(36,3eriteln{ Ctrl~c: Aborts');
window(1,2,80,20);q0toXY{1,1)jurite('}};
while not exit do

if keypressed then

hegin
read (kbd, key];
if (key=827) and keypressed then
begin .
read{khd, key);
caze key of
B62..8b4:caze key of
#62:savely
§53:1oadl;
8hdsexiti=true;
end;
§73,877,872,880, 802,882 case key of
§75:1eftl;
#77:rightl;
#72:upl;
$80:downl;
§82:ins1;
§83:delly
end}
end;
end
glse
case key of
#48, 857,843, 845,
§71,877,884,8107,
§109,8110,8112, 8117,

847,§63,899,847  sbegin
write{key:i)jinpstri=inpstrikey;
end;
§13:enterl;
ends
end;
for it=1 to & do



begin
init el{ils=0jvaril{ils=0jvari2[i]:=0;ffreqli]s=0;
init_ang[i]:=0;11ang[i]:=0;ulang[iT:=0se] fypelili=l;
end; = '
interpreter{table};
nus_el:=a;
nug_vari=(;
* for i:=! to nus_el do
begin .
if variifi}=1 then nus_var:=nus_var+i;
if variZfil=1 then nus_varisnue_var+lj
© end; .
end;{procedure enter}

{ END OF INCLUDE FILE ENTER.PAS }
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