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LEGAL NOTICE

This report was prepared as an account of Govermment sponsored
work. Neither the United States, nor the Commission, nor any
person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied,
with respect to the accuracy, completeness, or usefulness
of the information contained in this report, or that the use
of any information, apparatus, method, or process disclosed
in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for
damages resulting from the use of any information, apparatus,
method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee
of such contractor, to the extent that such employee or contractor
of the Commission, or employee of such contractor prepares, dis-—
seminates, or provides access to, any information pursuant to his
employment or contract with the Commission, or his employment with
such contractor.
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TRANSFER FUNCTION SYNTHESIS AS A
RATIO OF TWO COMPLEX POLYNOMIALS

by

C. K. Sanathanan and Judith Koerner

ABSTRACT

Experimental data for frequency response obtained
from a linear dynamic system is processed to obtain the
transfer function as a ratio of two frequency-dependent
polynomials. The difference between the absolute magni-
tudes of the actual function and the polynomial ratio is the
error considered. The polynomial coefficients are evaluated
as the result of minimizing the sum of the squares of the
above errors at the experimental points. The magnitude and
phase angle of the transfer functionare evaluated at various
frequencies by means of the computed polynomial ratio and
are compared with the observed data.

The numerical solution of this problem was obtained
by using an IBM 704 FORTRAN program.

The method presented here gives an analytic de-
scription of the complex transfer function superior to that
given by minimization of the "weighted" sum of the squares
of the errors in magnitude.

This method is applicable to both minimum and non-
minimum phase systems.

I. INTRODUCTION

It is often desirable to express the transfer function G(s) of a
linear dynamic system as a ratio of two frequency-dependent polynomials,
namely,

_Po * pylio) + p(jw)* F . ..
e () e (DT

G(jw)*

*Setting q, = 1, does not restrict the problem in any way.



Several methods(1‘3) have been devised in the past to fit the exper-
imental data with a function such as the above. In the following, one s‘uch
method is presented briefly along with its deficiencies. A procedure is
suggested to eliminate the deficiencies.

The error at frequency Wy is given by

P (jok) (2)
S = Clelis =t
k (%) - Fe
The problem becomes quite difficult to solve when the coefficients
Po» Py» Pzr + =+ 5 9p» Q5 « - - ATE evaluated as a result of simply minimizing
the slum of |€k| at all the experimental points. If Eq. (2) is multiplied by
Q(jwk), the weighting function, the weighted error at point k is

€k = Q>R = Glu)Q(wy) - Plg) (3)

and the sum of |€}'(l2 for all the experimental frequencies is

n

n
y oy 2 2
E(po’pl’pz’ R ad e ) = kz |€k| = z |€k| |Qk| - (4)
:l =

The sum E is partially differentiated with respect to each polynomial co-
efficient and equated to zero. The resulting set of linear simultaneous alge-
braic equations are arranged in the matrix equation form

[(A][X] = [B] (5)

and solved to obtain the polynomial coefficients characterized by the
"weighted" minimum mean-square-error criterion.

The above has the following deficiency:

The weighting function IQ(_]'CDk)|Z may vary considerably as Wk is in-
creased through several decades, and at higher frequencies may attain values
considerably higher than those at lower frequencies. Because of the heavy
weighting of the errors at the higher frequencies, there is a general ten-
dency for the contributions of the lower frequencies to E to become ineffec-

tive. Therefore, this method may be expected to give a poor fit at lower
frequencies, which it actually does.

It is suggested that the above deficiency may be overcome by elimi-
nating the weighting by an iterative procedure.

Equation (3) is modified such that

" (kg _kQUen | Glw)Qlwe, — PUwk) 1,

k ° Q(jwk)y,_ Q(jwk)L_l_ Qlw)y_;  QUww); -(6)




where the subscript L corresponds to the iteration number. As Q(jwy) is
not known to begin with, it is set equal to 1. The subsequent iterations
converge rapidly and €f tends to be equal to €k, and the weighting ceases
Eatexist,

II. ANALYSIS*

From Eq. (6),

2

len 12 = [oGow o(wk)L-P(jwk)Lﬁ/loowk)L_llz : (7)

2
Substituting Wy [ = l/lQ(jUJk)L_l |” in Eq. (6), summing for all k's,
and calling the result E', there is obtained

n n
2 n,2 _ 12
E=) gl = X el Wir, (8)
k=1 k=1
where 61'( is a function of PorPys Py v v - s ql,qz,q3, . oa " The*snmoE i stnow

partially differentiated with respect to each of the polynomial coefficients
and equated to zero to evaluate the coefficients. This yields the following
matrix equation:
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*Since the analysis given here is quite brief, the reader may find it
LBl o 2ot tn Leyy 2),



where

e (10)
No= o), R Wiy,
k=1
. i
i = ) (0 ReWir, (18
k=1
T, = Y, (o) G WL (12)
k=1
~ i
U= Y (o) ®E+ B Wi, )
k=1

Here, Ry and I are the real and imaginary parts of the transfer function
at wy obtained experimentally.

The coefficients q;, gz, 93, - - - evaluated at iteration L - 1 are used
to evaluate Wy for the next iteration.

III. EXAMPLE

The experimentally measured data for the transfer function of EBWR
(Experimental Boiling Water Reactor) operated at a thermal power of 40 Mw
and a pressure of 600 psi are fitted with the transfer functions obtained by
the least mean-square-error criterion as well as the "weighted" least mean-
square-error criterion.

As the reactor transfer function is believed to have an excess pole
over the number of zeros, the numerator polynomial is made to be of one
degree less than the denominator polynomial. In this example, the numer-
ator polynomial is chosen to be of degree 6.

The experimental data consist ¢f the magnitude and the phase angle
of the transfer function at 24 frequencies ranging between 0.03 and 40 radians
per second. The polynomial coefficients for the "weighted" minimum mean-
square error are obtained at the end of the first iteration of Eq. (9), and
those for the least mean-square error are obtained at the end of the tenth
iteration. In general, the number of iterations depends largely upon the
nature of the transfer function and the desired accuracy in the values of
the coefficients. The magnitude and the phase angle of the transfer function

are also computed at the experimental frequencies from the polynomial
coefficients.



The results are shown in Figs. 1 and 2 and in Table I. It is to
illustrate the insufficiency of the "weighted" minimum mean-square-error
criterion clearly that the authors have chosen the synthesis of a fairly
large transfer function such as that of a nuclear reactor.
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Table I

POLYNOMIAL COEFFICIENTS

Evaluated by the

Weighted Error Criterion

(Iteration 1)

Evaluated by the Minimum
Mean-square-error Criterion

(Iteration 10)

En 9.2894 - 107! 1.2768

P 725 10aE 1.2803

P, 1.1254 - 1071 73258 1Giat
P, 1.0363 1)~ 7.9181 0%
D) 1.6044 - 107° 8.0884 - 10772
Ps 8.8747 i 2.8947 10
P, 4.7145 - 1076 2.0136 1032
a, 1.0000 1.0000

q, 2.1108 1) 2.5314

d, 8175398 R1I0R2 4.2697 - 107!
d, 5.6295 - 1073 5.4644 - 1072
a, 1.0042 1m= 4.5364 110/~
q, 1.1678 1) 1.9840 Lo}~
e Z5212 ;5 pt 1.1446 - 1075
q, 2. 2945 -0 78 1.0519 iifof=1

imately one minute.

IV. DISCUSSION

Note: Running time on the IBM 704 for the above problem was approx-

In the example cited above, |Q(jw)| 2 varied from 1.0 to 6.25 x 107
through the frequency range.

‘ The present method is not applicable to functions that have poles at
the origin. However, the experimental data may be modified to have them
fitted with a function that does not have poles at the origin, and, then, the
required number of poles at the origin may be introduced to this function.
This procedure is clearly illustrated by Levy.(z)



Suitable scaling of Eq. (9) was necessary for successful computation;
namely, Eq. (9) was solved by writing

1078 [A][X] = 1078[B]

The reciprocal of the geometric mean between the first and the last matrix
elements is a reasonable scale factor. The expression for G(j®w) obtained
after the first iteration corresponds to the minimization of the sum of the
squares of the weighted errors, since Wy is initially set equal to unity for
all k's.

Table I shows that the polynomial coefficients are altered consider-
ably in the subsequent iterations.
V. THE COMPUTER PROGRAM
An IBM 704 FORTRAN program, TRAFICORPORATION, was devel-
oped for the numerical solution of this problem. This program is given in

its complete form in the following discussion.

A. Description of the Programming of the Computing Procedure

Symbols
Used

ALPA Absolute value of the ratio between the imaginary and the real
part of the numerator.

ALTERI1 Absolute value of the calculated magnitude of the transfer func-
tion in decibels.

ALTER?2 Absolute value of the calculated phase of the transfer function
in degrees.

AMDA A

BETA Absolute value of the ratio between the imaginary and the real
parts of the denominator.

CDBM Calculated magnitude of the transfer function in decibels.

CEM Calculated magnitude of the transfer function.

CONV1 Convergence criterion for the magnitude.

|| ERMAGI| - |[ERMAG2|| = CONV1
CONV2Z Convergence criterion for the phase.

||[ERFAZIL| - |[ERFAZ2|| = CONV2

CPH Calculated phase of the transfer function in degrees.

11
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Symbols

Used

G RER

CURNER

DBM
EM
ERFAZI1
ERFAZ2
ERMAG
ERMAGI1
ERMAG2
ERORM

ERORP

ERPASE

IDNO

L

MAXPTI1

MAXPT?2

MAXPT3

MAXPT4

N

NOLAMD

Calculated phase of the transfer function in radians.

If the error in magnitude exceeds the value (CURNER * AL-
TERI1) at a given point, the calculated value of the magnitude
is substituted for the experimental magnitude.

Experimental magnitude in decibels.
Experimental magnitude.

Maximum error in the phase for iteration L - 1.
Maximum error in the phase for iteration L.
Same as ERMAG2.

Maximum error in magnitude for iteration L - 1.
Maximum error in magnitude for iteration L.

Absolute value of the difference between the experimental and
calculated magnitudes in decibels.

Absolute value of the difference between the experimental
and calculated phases in degrees.

Same as ERFAZ2.
Identification number of the problem.
The current iteration number

Point at which the maximum error in magnitude has occurred
in iteration L - 1.

Point at which the maximum error in magnitude has occurred
for iteration L.

Point at which the maximum error in phase has occurred in
iteration L - 1.

Point at which the maximum error in phase has occurred in
iteration L.

The degree of the denominator.

Number of lambdas in the matrix.



Symbols
Used

NOMEGA
OMEGA
PABS
PABSI
PABS2
PABSQ
2T
PHE,
QABS
QABS1
QABS2
QABSQ
R
SCALE

THETAI
THETA2
UR

w

WALT

WX

13

Number of experimental points.

w

Magnitude of the numerator.

Real part of the numerator.

Imaginary part of the numerator.

Square of the magnitude of the numerator.
Experimental phase in radians.
Experimental phase in degrees.

Magnitude of the denominator.

Real part of the denominator.

Imaginary part of the denominator.

Square of the magnitude of the denominator.
Real part of the experimental transfer function.

Scale factor, used to decrease the size of the matrix
elements.

tans: (ALPA)

tanas(BETA)

Imaginary part of the experimental transfer function.
Reciprocal of the square of the magnitude of the denominator.

If the error in phase exceeds the value (WALT - ALTER2) at
a given point, the calculated value of the phase is substituted
for the experimental phase.

Initial value of W.

B. The Computing Procedure

Initially, the required \'s, S's, T's and U's are computed and sub-
stituted in the matrices [A] and [B]. The matrix-inversion subroutine,
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ANF 402,* is used to solve the matrix equation [A] [X] = [B] to obtain the
polynomial coefficients p;, py, - - - » PN-1» and q,, q,, . . . , q- Here, g,
is set equal to 1. The magnitude, the phase angle, and the errors of the

transfer function are computed at each experimental point as follows:

1
: for Function = | EABSLEH (PABEHE 2
1. Magnitude of the transfer function (QABS1)Z ¥ (QABS2)?
£ Sy SRy PABS2 -1 QABS2
2. Phase of the transfer function = tan PABST OABSL
3. The errors are computed as the absolute difference between the

experimental and calculated values of the magnitude and phase of the trans-
fer function. The maximum errors in magnitude and phase are located.

1
(QABS1)? + (QABS2)
at this time, the convergence criteria are met, the iterative procedure is
ended and the output is obtained; if not, the matrix elements are recomputed
and the above procedure is repeated.

4. W= > is used for the next iteration. If,

Suitable scaling may be necessary for the successful solution of the
matrix equation. The reciprocal of the geometric mean between the first
and the last matrix elements is a reasonable value for SCALE.

C. Input Information

Card Set
Number
1 FORMAT (316, 2E12.5)
IDNO, NOMEGA, N, CURNER, WALT
Note: IDNO = 32, 768
NOMEGA = 250
Ni= 152
2 FORMAT (3E12.5)
OMEGA (J), DBM (J), PHE (J) J =1, . .., NOMEGA
Note: The OMEGA's need not be in ascending or descending
order.
3 FORMAT (4E12.5)

WX, SCALE, CONVl, CONV2

Note: WX = 1.0 gives the polynomial coefficients with the
weighted mean square error criterion at the end of
the first iteration.

*ANF ‘%OZ, Matrix Inversion with Accompanying Solution of Linear
Equations (FORTRAN II), Burton S. Garbow, February 23, 1959.



D. Output Information

The iteration at which the problem converged, the maximum error
in magnitude and phase, the point at which each occurred, the polynomial
coefficients, the calculated magnitude, the calculated phase, the errors in
magnitude and phase, and the reciprocal of the square of the magnitude of
the denominator for each frequency are written on-line on tape 6 for each
problem.

E. Operating Instructions

A standard 72-72 reader board, a SHARE 2 printer board, and an
underflow switch are necessary for running this program.

SENSE SWITCHES:

1,2, 3,4 Not used
5 1ufizs Normal
DOWN: ERMAG, the point at which ERMAG occurred; ERPASE, the

point at which ERPASE occurred; the numerator and the
denominator coefficients; and OMEGA, CDBM, CPH, ERORM,
ERORP, and W at each point are printed on-line for the
current iteration.

6 UPR: Normal

DOWN: The matrix elements as they appear in the matrix and the
A's, S's, T's, and U's are printed on-line for the current
iteration.

TAPES:

6 Blank for output

RUNNING PROCEDURE:

1. Mount and ready tape 6.

2. Depress the underflow switch and set the sense switches as desired.
3. Ready the program deck and the input cards in the card reader.

4, CLEAR and LOAD CARDS.

5. At the completion of a series of problems, write an EOF on tape 6
and remove for printing off-line on program control.

15
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VI. THE FORTRAN PROGRAM LISTING

It is believed that the transfer function of a nuclear reactor has an
excess pole over the number of zeros. Hence, the program RE 277A was
written such that the numerator polynomial is of one degree less than the
denominator polynomial.

If, in a problem, the form of the function is unknown, it is suggested
that the observed data may be fitted by a ratio of two complex polynomials
of equal degree. The program RE 277B was written to do this.

Both versions of the program use the same input information and
have the same operating instructions.

The cutput for the sample problem cited in the article is also given.
The results of the first iteration (the results obtained by the "weighted"
mean square error criterion) were obtained by depressing sense switch 5.



RE277A TRAFICORPORATION
TRANSEER _FUNCTION EXPRESSED_AS_A_RATIQ OF TWO COMPLEX POLYNOMIALS
WHERE THE NUMERATOR IS OF ONE DEGREE LESS THAN THE DENOMINATOR

DIMENSION OMEGA(250)yPH(250),DBM(250),R(250),UR(250),W(250) ,AMDA(5
10),V(50),S(25),T(25),U150)3A(25:251,8(25)EM(250),P(15):Q(15)+QABS_
211250),QABS2(250),QABSQ(250),QABS(250),PABS1(250),PABS2(250),PABSQ

--3(250) . PABS(250Q)+CEMI250),CORM(250), ERORM(250) +CPH(250) s THETAT(250)
4, THETA2(250), ERORP(250),ALPA(250) ,BETA(250) 4PHE (250) ,CPHR(250)

A. RE 277A

c

L.

c READ INPUT
C

1005 FORMAT(6E12.5)

1006 FORMAT(316,4E12.5)

1000 READ 1006'IONO,NOMEGA,N'CURNER.HALT

DO 1010 J = 1,NOMEGA

1010 READ 1005,0MEGA(J),DBM(J),PHE(J)
1500 READ_1005,WX,SCALE,CONV1,CONV2

ERMAG1=0.
ERFAZ1=0.
MAXPT1=0
MAXPT3=0

ITER=1
DO 1510 _J_ = 1,NOMEGA

1510 W(J) = WX

(R S
C CONVERSION OF EXPERIMENTAL G(J) INTO THE REAL AND IMAGINARY PARTS
E
DO 500 J = 1,NOMEGA
SEHG e PHE ) 00T TUD3SE .o oo cadl i e
EM(J) = EXPF(DBM(J)/8.6858896)
_R(J) = EM(J)*COSF(PH(J))
500 UR(J) = EM(J)*SINF(PH(J))
N2 = N=2
QZERO = 1.
e NOLAMDY =" N#2=). .. S
c
L. _COMPUTATION OF LAMBDA,U,T AND_S e
c

e T N0YS Je= 1o N2 2

S TEMP = 0.
DO 10 K = _1,NOMEGA SEE
J1 = J=1

10 TEMP = OMEGA(K)#*#)1#W(K)+TEMP Seiidas e e B SNEL  BR S T
AMDA(J) = TEMP

15 _AMDA(J+]) = Q.

20 DO 35 J = 1,N2,2

SRS IENE. = (e . ... e SR b AT TN AL

DO 30 K = 1,NOMEGA

O 1 L 1 L e BN SO SR
30 TEMP = OMEGA(K)GO(JI)!(R(K)'lZ#UR(K)'¢2)OH(K)+TEMP
U(Jd) = TEMP

35 UtJ+1) = 0.
uo D055 .J =_F+N SO N
45 TEMP = 0.

DO 50 _K_=__1.NOMEGA L s e et

J2 = Jw2-1
50 TEMP = OMEGA(K)#x(J2)*UR(K)*W(K)+TEMP
55 T(J) = TEMP
L=N-1 I i

60 DO 75 J= 1,L
65 TEMP S=0i s AT
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)0 70 K = 1,NOMEGA

L2 = _dx2

70
e i

TEMP
SC1) TEMP

OMEGA(K) ##(J2)*R(K)*W(K)+TEMP

80

81

oo

2000

Wonon

TEMP 0.
DO 81 K_=_1:NOMEGA

TEMP = R(K)*W(K)+TEMP

SZERO.=_TEMP

SUBSTITUTION QOF PROPER MAGNITUDES IN THE MATRIX

DO 2000 J
DO 2000 I
K = 1+J=1
A(I,J) = AMDA(K)

= N+1

nn
-
=

DO 2020 J = MST1,N2

..D0 2020 I_= MST1.NZ

2020

ORI S =) = NP
AlIsJ) = U(K)

DO 6000 I = 1,N
IV = 2%

6000

6005

6010

VATV =10N=C 1T
VLIV) = S(1)

DO 6005 I = MSTI1,N2
DO 6005 Jd_.=_]1.N

K = ol o+ J=N-1
Allsd) = VIK)

DO 6010 I = 1,N
D0 6010 J = MST1,N2

K = I+J=N=1
A(Lsd) =_NIK)

ASSIGNING CORRECT SIGNS

T0 THE MATRIX ELEMENTS

obo

8000

=2 W

DO 8010 I=L,N2,2

_BO10 A(I,J)==A(1,J)

~ IF(N=J)8100,8020,8020

8020
_8030

J=J+1

DO 8030 I=1,4N2
All,J)==AlTsJ) __

J=J+1

1F(N=-1)8100,8035,8035

8035
8040

.8050

DO 8040 I=2,N,2
ALI,J)==Allsd)

DO 8050 I=LLyN2,2

AT sal) == A Tpsl) s T - s

J=J+2

IF(N=-4)8100,8000,8000

8100
.8105.
8110

8120

J=N+1
DO_8110_1=2¢N,2___

AlI,J)==A(1,J)

DO 8130 I=1.N.2

8130

8140

AlI,Jd)==AlI,J)

oo DO._B140 _I=LsN2s2

A(IyJ)==A(1,J)
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IF(N2-J)8500,8150,8150
B150.D0_8160_1I=1,N2
8160 A(I,J)==A(1,J)
J=J+1
IF(N2-J)8500,8105,8105
SHSO0CBNT) = S7ERO. .- 1. S R
DO 8501 I=2,N

BI(N+1)=0,
NIWO = N+2 : e
DO 8505 I=NTWO,N2
___________ I R D e e Al 5 L s (e < Nk et 2 S
8505 B(I) = UI(K)
L2 L0 T s CER N X b oo 3 PRI Gl S oS, S0t I TRER 1 S T
Cc PRINT MATRIX ELEMENTS ROW BY ROW IF SENSE SWITCH 6 IS DEPRESSED
3 A

IF(SENSE SWITCH 5)8510,8520
--8310 PRINI_3755,IDNOQ, JTER e Cme
IF(SENSE SWITCH 6)8513,8520
8513 _PRINT_8511 - L
8511 FORMAT(42H THE MATRIX ELEMENTS PRINTED ROW BY ROW/)
DO 8512 I=1.N2
8512 PRINT3792, (A(I,J),J=1,N2)
C
c SCALE MATRIX ELEMENTS

8520 DO 8700 I=1,N2
DO 8700 J=1,N2
8700 A(I,J)=A(I,J)=SCALE
00_8701_I=J.N2
8701 B(I)=B(I)=SCALE

c SOLUTION OF MATRIX EQUATION

CALL MATINV(A4N2,B,1,DETRM)

8530 IF QUOTIENT OVERFLOW 8550,8531
UGS PRINT=BOL 8- IDNOS LTER: oo - o o A
8545 FORMAT(9HI1PROBLEM I6,42H HAD AN ACCUMULATOR OVERFLOW IN ITERATION
113)
GO TO 1000

__B550 PRINT 8555,10NQ, ITER
8555 FORMAT(9HI1PROBLEM I16,38H HAD A QUOTIENT OVERFLOW IN ITERATION I3)

B O e el e
8531 PZERO = B(1)
N1=N-1

DO 2500 I=1,N1
2500 _P(1) = _B(1+]) S

N1=N+1
DO _2505_I=N1,N2 e et S e
IMN=I-N

2505 Q(IMN) = B(I)

c

e CALCULATION OF THE MAGNITUDE.PHASE AND_ERROR . .

C

___________ IE_(XMODF(N.2))12510,2510.2509
2509 NSTOP = (N-1)/2
GO T0Q 2516

2510 NSTOP = N/2

. 2516.D0_2521_J__=_1sNOMEGA g
2515 TEMP = 1.0
D0_2520 1_= _3,NSTQP

19
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K = 2#]
2520 TEMP = (=1.Q)=#I1#OMEGA(J)2eKsQ(KI)+TEMP ___________

2521 QABS1(J) = TEMP
2525 IF (XMODF(N,2112530,2530,2529

2529 NSTOP = (N+1)/2
GONTIL 2555

2530 NSTOP = N/2
2535 DO 2550 J .= 1sNOMEGA

2540 TEMP = 0.
pg 2545 1 = 1;NSTOP

K = Z%l=]
2545 TEMP = =(=1,)#*]*QMEGA(J)*=K*Q(K)+TEMP. L
2550 QABS2(J) = TEMP

DOF2560°J = 1NOMEGA_

QABSQ(J) = QABST(J)#=#2+4QABS2(J)#=2
_ W(J) = 1.0/QABSQ(J)

2560 QABS(J) = SQRTF(QABSQ(J))
2600 IF (XMODE(N,2))2605,2605.2610 - . .~

2605 NSTOP = (N=2)/2
GO TO 2620

2610 NSTOP = (N=1)/2
2620 DO 2626 J = 1,NOMEGA

2621 TEMP = PZERO
0026251 = 1,NSTOP

K = 2#]
2625 TEMP = (=),.)#2]*QMEGA(J)**K=P (K)+TEMP
2626 PABS1(J) = TEMP

2630 IF (XMODF(N,2))2640,2640,2641

2640 NSTOP = N/2
GO TO 2645

2641 NSTOP = (N=1)/2
2645 DO 2655 J = _1,NOMEGA

2646 TEMP = 0.
S S DOS26 50 =L ] s NSTOP.

KE="2%wI—1
2650 TEMP = =(=]e)==]*OMEGA(J)*#K%P (K)+TEMP.
2655 PABS2(J) = TEMP
2660 DO 2670 _J_ = _1.NOMEGA
PABSQ(J) = PABST(J)=#2+PABS2(J)#%2
PABS(J) = SQRTF(PABSQ(J))
CEM(J) = PABS(J)/QABS(J)

CDBM(.)=8.6858896#L 0GF(CEM(.1))

ERORM{J)=ABSF(DBM(J)-CDBM(J))
e ALTER1._=__ABSE(CDBM(.))

IF (ERORM(J)=-CURNER#ALTER1)2661,2661,2663
2663 IF(ITER-112661:2661:2665

2665 DBM(J) = CDBM(J)
,,,,, _PRINT 2664,

2664 FORMAT(///66H EXPERIMENTAL MAGNITUDE CHANGED TO CALCULATED MAGN
LLTUDE AT )= TN O e

2661 ALPA(J) = ABSF(PABS2(J)/PABS1(J))
IF_QUOTIENT _ QVERFLOW 7300,7301

7301 THETA1(J) = ATANF(ALPA(J))
7304 BETA(J) = ABSFE(QABS2(J)/QABS)(.))

IF  QUOTIENT OVERFLOW 7302,7303
7303 THETA2(J) _=_ATANE(BETA(J)) .

GO TO 7305
7300 THETA1(J)=1.570796425

GO TO 7304
7302 THETA2(J)=1,570796425

7305 IF(QABS2(J))2700,2701,2701
2700 THETA2(J) = =THETA2(J).




2701
S2v 10

IF (QABS1(J))2710,2711,2711
THETA2(.) = 3,1415927=THETA2(J)

2711
2720

IF (PABS2(J))2720,2721,2721
THETAL(J) = —-THETA1(J)

2721

2730 _

2731

IF (PABS1(J))2730,2731,2731
THETAL(J) = 3.1415927-THETAT(J)
CPHR(J) = THETA1(J)-THETA2(J)

o LPHUJ) = CPHR(J)#57,2957795

ERORP(J)-ABSF(CPH(J) =PHE(J))
ALTER2 = ABSF(CPH(J))

2673

IF (ERORP(J) ~WALT*ALTER2)2670,2670,

PHE(J) =  CPH(J)

| PRINT 2672,J

2672

2671

FORMAT (///58H EXPERIMENTAL PHASE CHANGED TO CALCULATED PHASE AT

1 J = I4/)

2670

CONTINUE
ERMAG2=_ERORM(1)

MAXPT2 = 1
DO_3700_1 _=_2,NOMEGA

3710

IF(ERMAG2-ERORM(I))3710,3700,3700
ERMAG2= ERORM(I)

3700

MAXPT2 = 1|
CONTINUE

ERFAZ2 = ERORP(1)
MAXPTY = 1

DO 3720 I = 2,NOMEGA
IF_(ERFAZ2-ERORP(I1))3715,3720,3720

Af15

ERFAZ2 = ERORP(I)
MAXPTY = 1T

3720

CONTINUE

aNalal

PRINT RESULTS OF CURRENT ITERATION IF SENSE SWITCH 5 IS DEPRESSED

NLESS1=N-1
IF _(SENSE SWITCH 513750,9000

3755

FORMAT(/////111H11520/RE2T7 COMPLEX CURVE FITTING ROUTINE

21H ITERATION Iu4/)

3750 PRINT 3760,ERMAG2,MAXPT2,ERFAZ2,MAXPTY

.PROBLEM NUMBER I4//1 __

3760

FORMAT (/18H ERMAG = F10.5y

17H

OCCURED AT J = 14,

114H ERPASE = _F1045:17H __QCCURED AT _J

14

)

PRINT 3765

_3765 _FQRMAT(/50H______NUMERATOR_COEFEICIENTS P(0).P(1),P(2),ETCa ARE) ________

PRINT 3766,PZERO, (P(I)s1=14NLESST)

3766 FORMAT(/1PE20.5,1P6E]5.5)
PRINT 3770
3770 _FQRMAT(/52H DENQMINATOR _COEFFJICIENTS Q(0),Q(1),Q(2),ETCe ARE) ______
PRINT 37664QZERO,(Q(I)y1 = 1,N)
_______ PRINT_ 3715 R AR RGNS R IO AW BN R s e
3775 FORMAT(/88H J OMEGA CDBM CPH
1ERORM ERORP W/)
PRINT 37B0,(J, OMEGA(J).CDBM(J),CPH(J),ERORM(J)'ERORP(J).w(J)'J =1
_________ 15 NOMEGA) S
3780 FORMAT(/IU4,1P6E15.5)
........... T e R N R S N TR s F000 B e b R AR SR e B RO
3781 PRINT 3782
3782 FORMAT(/28H LAMDAS ARE THE FOLLOWING)
PRINT 3766, (AMDA(J),J=1,NOLAMD)
PRINT_3784 IS D S v
3784 FORMAT(/2T7H S(0),S(1),S(2),ETC. ARE)

__PRINT _3766,SZERO(S(J)sJ=1,NLESS1)

21



PRINT 3786
3786 FORMAT(/2TH TL1)sT(2)2T(3)+ETCa ARE)

PRINT 376645(T(J)yJ=1,N)
PRINT 3788

3788 FORMAT(/2TH ul1)1,uUl2),U(3),ETC. ARE)
PRINT 37662 (U(J)2:0=15N2)

3792 FORMAT(/1PBE15.5/)

c Ry
c TEST FOR CONVERGENCE
L

9000 IF(MAXPT1-MAXPT2)9100,9050,9100

IF(TEST-CONV1)9051,9051,9100
=906 FTE(MAKPTI=MAXPTN4)9100,9052¢9300 "~~~ wews

9052 TEST=ABSF(ERFAZ1-ERFAZ2)
IF(TEST-CONV2)9010,9010,9100

9100 MAXPT1=MAXPT2

ERMAG1=ERMAG2
ERFAZ1=ERFAZ2

ITER=ITER+]
GO 10 7

By WRITE_OQUTPUT _TAPE 6

c
9010 WRITE QUTPUT_TAPE_ 6+3755:I0NO,ITER

WRITE OUTPUT TAPE 643760,ERMAG2,MAXPT2,ERFAZ2,MAXPTY
WRITE QUTPUT TAPE 6.,3765

WRITE OQUTPUT TAPE 643766yPZERO, (P(I)yI=1,NLESST)
_WRITE QUTPUT TAPE 653770

WRITE OUTPUT TAPE 6,3766,QZERD,(Q(I)yI = 1,4N)
e CWRITE-OUTPUT TAPE 63775

WRITE OUTPUT TAPE 643780,(J,OMEGA(J),CDBM(J),CPH(J),ERORM(J),ERORP
1(J)sW(J),J=1,NOMEGA)

9999 GO TO 1000
. END(051+0,0,0)




B. ‘RERT(B

RE2778B TRAFICORPORATION
c TRANSEER FUNCTION EXPRESSED AS A _RATIO_OF TWO COMPLEX POLYNOMIALS. ..
WHERE THE NUMERATOR AND THE DENOMINATOR ARE OF EQUAL DEGREE

DIMENSTON OMEGA(250),PH(250),0BM(250),R(250),UR(250) ,W(250) ,AMDA(5
10)2VI(50)55(25),T(25),U(50)4+A(25,25),B(25),EM(250),P(15),Q(15),QABS.
21(250),QABS2(250),QABSQ(250),0ABS(250),PABS1(250),PABS2(250),PABSQ
3(250) +PABS(250),CEMI250),CDBM(250), ERORM(250) ,CPH(250), THETA1(250)
i THETAZ(ZSO).ERORP(ZSO).ALPA(ZSO).BFTA(ZSO).PHE(ZSO).CPHR(ZSO)

READ INPUT

[ NaNel

1005 FORMAT(6E12.5)

1006 FORMAT(31654E1245) .

1000 READ 1006.IDNO:NOMEGA.N'CURNER,NALT
DO 1010 J = 1,NOMEGA

1010 READ 1005,0MEGA(J),DBM(J),PHE(J)

1500_ READ. 1005, WX+ SCALE; CONV1,CONV2_
ERMAG1= 0.

MAXPT 1= 0
MAXPT3=0
ITER=1
SDOSIR 10 = VL NOMEGA - o = CRTAE T o S A
1510 W(J) = WX

c e
c CONVERSION OF EXPERIMENTAL G(J) INTO THE REAL AND IMAGINARY PARTS
E

DO 500 J = 1,NOMEGA
_PH(J) = PHE(J)*0,0)74533 SRS IBRIRIE B X T e
EM(J) = EXPF(DBM(J)/8.6858896)
R(J) = EM(J)*COSFE(PH(J)) ”
500 UR(J) = EM(J)*SINF(PH(J))

A | A
NOLAMD = N2+1
_NQUS = N2=-1 __ h Ferliid 1 A
NPONE = N+1
QZERQ = 1. et i T s et e SR D ¢
Cc
[ COMPUTATION OF | AMBDA,U,T AND S
Cc
7 DO_15.J_ = _1.NOLAMD,2 =3
S TEMP = 0.
DO_10 K _=_1,NOMEGA A e R SR s
J1 = J9-1

10 TEMP = OMEGA(K)##J]*W(K)+TEMP
AMDA(J) = TEMP
.15 AMDA(J+1) = Q. SRS TR e
20 DO 35 J = 1,N2,2
25 TEMP_=_ 0. = 5 18 R
DO 30 K = 1,NOMEGA
J1 = J+1
30 TEMP = OMEGA(K)##(J1)#(R(K)=#2+UR(K)*#2)*W(K)+TEMP
uld) _=_TEMP

35 ULJ+T1) = 0.

45 TEMP = 0
D0 50 K = 1,NOMEGA
92 = ya2-1
50 TEMP = OMEGA(K)#*#(J2)#UR(K)*WIKI+TEMP
55 T(J) = TEMP
60 DO TS5 .= 1N




65 TEMP = 0.
DO 70 K _=_1,NOMEGA

J2 = J#2
70 TEMP = OMFGA(K)##( 02 )#R(K)#W(K)I+TFMP
75 S(J) = TEMP
80 TEMP. = 0.

DO 81 K = 1,NOMEGA
B1 TEMP = R(K)=W(K)+TEMP
SZERO = TEMP

(4

c SUBSTITUTION OF PROPER MAGNITUDES IN THE MATRIX

T S Sk L e e e e i i i e S e S S
DO 2000 J = 1,NPONE

__________ DQ_2000 I = _1.NPONE daic: o e
K = I+J=1

2000 A(T.J) = AMDA(K)
MST1 = N+2

DO 2020 I = MST1,NOLAMD
__________ KE= Td=5=N2 o
2020 A(I,J) = U(K)

DO 6000 I = 1,N

IV = 2#]
e NIV L) =, T
6000 v(IV) = S(I)

DO _6005_ 1
DO 60054
K = 1+J=N=2
6005 A(I,J) = VI(K)
DO 6010 I =_1,NPONE £ abk.
DO 6010 J = MST1,NOLAMD
e K= ) =N
6010 A(I,J) = V(K)

MST1.NOLAMD
1,NPONE

C
(% ASSIGNING CORRECT SIGNS TO THE MATRIX ELEMENTS
C

__8000 DO 8010 I=MSTI1,NOLAMD.+2
B010 A(I,J)==A(1,J)
J=J+1
IF(NPONE-J)8100,8020,8020
8020 DO 8030 _I=1,NOLAMD.
8030 A(I,J)==A(1,J)
TN L S
IF(NPONE-J)8100,8035,8035
8035 DO 8QuQ [=2,NPONE,Z
8040 A(I,J)==A(I,J)
DO 8050 I=NTHREE.NOLAMD,2
8050 A(I,J)==A(1,J)
=l SR S S OO
IF(NPONE-J)6100,8000,8000
~ 8100 J=MST1
8105 DO 8110 I=2,NPONE,2
8110 AlIsJ)==A(IsJ) _____
J=J+2
IF(NOLAMD=J)8500,8120,8120
8120 DO 8130 I=1,NPONE,2
B30 AtLled)=~Aldsd)
DO 8140 I=MST1,NOLAMD,2
8140 A(I,J)==A(1,J)
J=J+1
IF(NOLAMD=J)8500,8150Q,8150




C
C
c

c
c
C

8150 DO 8160 I=1,NOLAMD
8160 A(I,J)==A(I,.)

J=J+1
_IF(NOLAMD=-4)8500,8105,8105

8500 B(1) = SZERO
DO 8501 I = 2,NPONE
8501 B(I) = V(I=1)
B{N+2) Oe
NTHREE N+3
D0 8505 1 = NTHREE,NOLAMD.

" n

K = I-N=2
8505 B(I) = U(K)

PRINT MATRIX ELEMENTS ROW BY ROW IF SENSE SWITCH 6 1S DEPRESSED
~IE(SENSE SWITCH 5)8510,8520

8510 PRINT 3755,1DNO, ITER

IF(SENSE SWITCH 6)8513,8520

8513 PRINT 8511

8511 FORMAT(42H  THE MATRIX_ ELEMENTS PRINTED ROW BY ROW/)
DO 8512 I=1,NOLAMD

8512 PRINT3792, (A(1,J),J=1,NOLAMD)

SCALE MATRIX ELEMENTS

8520 DO 8700
DO 8700 J I'NOLAMD

8700 A(I,J)=A(]1,J)#SCALE

[aR Nl

DO 8701 I=1,NOLAMD

~SOCUTION: OF MATRIX EQUATION. . ' . - IO S et
CALL MATINV(A,NOLAMD,B,1,DETRM)
IF ACCUMULATOR OVERFLOW 8540,8530
8530 IF _QUOTIENT OVERFLOW 8530,8531 S
8540 PRINT 8545,IDNO, ITER
8545 FORMAT(9HIPROBLEM I6,42H HAD AN_ACCUMULATOR OVERFLOW IN ITERATION_
113)
GO0 TO 10Q0 el

8550 PRINT 8555,IDNO, ITER

8555 FORMAT(PH1PROBLEM 16,38H HAD A _QUOTIENT. OVERFLOW IN ITERATION I3) _
GO TO 1000

BORIRRFERO = B (1Y) L Lo el e
DO 2500 I = 14N

= 2500 -P(I) = BLI+]1) Lo e S R

C
C

DO 2505 I=MST1,NOLAMD
FUN=I=N=1 _ . .=
2505 Q(IMN) = BI(I)

CALCULATION OF THE MAGNITUDE PHASE AND ERROR

o = — M ——

2515 TEMP = 1.0 i f.

[F (XMODF(N,Z))2510.2510'2509
2509 NSTOP = (N=))/2 S O

GO TO 2516
2510 NSTOP = N/2 SO 4 32 Al - LA VES T .
2516 DO 2521 J = 1,NOMEGA

DO 2520 I = 1,NSTOP
K =.2%1
2520 TEMP = (=1.0) %% I#0OMEGA(J)**K*Q(K)+TEMP
2521 QABSI(J)_=_TEMP ; Sk s e

25
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26

2525 IF (XMODF(N,2))2530,2530,2529
2529 NSTOP .= .UN+1.):/2

6O TO 2535
2530 NSTQP = N/2

2535 DO 2550 J = 1,NOMEGA
2OH0TEMP = Q. -

DO 2545 1 = 1,NSTOP
K= 2#]=1.__

2545 TEMP = =(=1.)##[#OMEGA(J)*#K*Q(K)+TEMP
2550 QABS2(J) = TEMP

DO 2560 J = 1,NOMEGA
_ QABSQ(J) = QABS1(J)*#2+0ABSZ2(J)**2
W(J) = 1.0/QABSQ(J)
2560 QABS(J) = SQRTF(QABSQ(J))
2600 IF (XMODF(N,2))2605,2605,2610
2605 NSTOP = N/2

GO TO 2620
2610 NSTOP = (N=1)/2
2620 DO 2626 J = 1,NOMEGA
2621 TEMP = PZERO
DO 2625 1 = 1,NSTOP
e MR W]

2625 TEMP = (=1.)##1#0MEGA(J)**K=P(K)+TEMP
2630 IF (XMODF(N,2))2640,2640,2641
2640 NSTOP = N/2

GO TO 26u5
2641 NSTOP = (N+11/2

2645 DO 2655 J = 1,NOMEGA
2646 TEMP = Q, _

DO 2650 I = 1,NSTOP
B pelel . ...

2650 TEMP = =(=1.)#*[*OMEGA(J)**K*P (K)+TEMP
—2655 PARS2(J) = TEMP

2660 DO 2670 J = 1,NOMEGA
PABSQ(J) = PABSI(.J)*%2+PARS2(J)*%2

PABS(J) = SQRTF(PABSQ(J))
CEM(J) = PABS(J)/QABS(J)

CDBM(J) = 20.#LOGF(CEM(J) )*#0.43429468
. ERORM(J) = ABSF(DBM(J)=CDBM(J))

ALTERY = ABSF(CDBM(J))

IF (ERORM(J)-CURNER®*ALTER]12661,2661,2663
2663 IF(ITER=-1)2661,2661,2665
2665 DBM(J) = COBM(J) ___

PRINT 2664,J

2664 FORMAT(///66H  EXPERIMENTAL MAGNITUDE CHANGED TO CALCULATED MAGN

1ITUDE AT J = I4/)
2661 ALPA(J) = ABSF(PABS2(J)/PABSI1(.))

IF QUOTIENT OVERFLOW 7300,7301
7300 THETALLA) = ATANEQALPALYYY) - - = .
7304 BETA(J) = ABSF(QARS2(J)/QABS1(J))

IF QUOTIENT QVERFLOW 7302,7303

7303 THETA2(J) = ATANF(BETA(J)) Fis
GOATUORTEOaRe Sl oiic o B0 S aaly
7300 THETA1(J)=1.570796L425
GORTORTA 0 by wione SRR w i 2l SR i
7302 THETA2(J)=1.570796425
7305 IF (QABS2(J))2700,2701,2701 e
ZTOOSTHETAZ () ~=A=THETAZ (NS N
2R0DRIE R (OABSTAII) V2T T0, 271, 27011 Lt e
2710 THETA2(J) = 3.1415927-THETAZ2(J) SR
2711 IF (PABS2(J))2720,2721,2721




2720 THETA1(J) = -THETA1(J)

272V IES(PABSICNN 2730,272Y,273) . .. PN S n S L

2730 THETA1(J) = 3.1415927-THETA1(J)

2731 CPHR(J). = THETA1L(J)=THETA2(J) - SRR S

CPH(J) = CPHR(J)%57.2957795
ERORP(J) = ABSF(CPH(J)=PHE(J))
ALTER2 = ABSF(CPH(J))
IF (ERORP(J)-WALT=ALTER2)2670,2670,2671
2671 IF(ITER-1)2670,2670,2673
2673 PHE(J) = CPH(J)
PRINT 2672,J
2672‘FORMAT(///58H EXPERIMENTAL PHASE CHANGED TO CALCULATED PHASE
J = Iu/)

2670 CONTINUE el
ERMAG2=ERORM( 1)
MAXPT2=1_ £
DO 3700 I = 2,NOMEGA
IF(ERMAG2-ERORM( 1)) 3710537003700

3710 ERMAG2=ERORM(I)
MAXPT2=1

3700 CONTINUE
ERFAZ2=ERQRP(1) _ _
MAXPTU=1
DO 3720 1 = 2,NOMEGA __ 27 14
IF(ERFAZ2-ERORP(1))3715,3720,3720

3715 ERFAZ2=ERORPLI).________ ______________ e AT B2 N
MAXPTUu4=1

3720 CONTINUE SO ) AY,

AT

PRINT RESULTS OF CURRENT ITERATION IF SENSE SWITCH 5 IS DEPRESS

[aKaNa}

BERSENSE "SWITCH 5)3750,9000 — = - e
3755 FORMAT(/////111H11520/RE2TT COMPLEX CURVE FITTING ROUTINE
|

21H ITERATION I4/)
3750 PRINT 3760,FERMAGZsMAXPT2sERFAZ2,MAXPTH

ED

__PROBLEM NUMBER Ib//1

3760 FORMAT(/18H ERMAG = F1045,17H OCCURED AT J = Ik,
114H _ ERPASE = F10.5:17H __OCCURED AT J_ = I4) 2 e RS
PRINT 3765

3765 FORMAT(/S50H  NUMERATOR COEFFICIENTS P(O)sP(1),P(2),ETCa ARE)

PRINT 37664PZERO, (P(I)sI = 1,N)

3766 FORMAT(/1PE20.5,1P6E15.5) o S SR Ty

PRINT 3770

3770 FORMAT(/52H____ DENQOMINATOR COEEFICIENTS Q(0),Q(1),Q(2)4ETCa ARE)

PRINT 3766,QZER0,(Q(I)sI = 1,N)

=

__PRINT 3775 o T T A
3775 FORMAT(/88H J OMEGA CDBM CPH R
1ERORM _ ERORP. WL L A
PRINT 3780, (JsOMEGA(J)COBM(J)4CPH(J) ,ERORMIJ) s ERORP(J) W (J)yJ
i AoNEchE o e N 7

3780 FORMAT(/I4,1P6E15.5)

3781 PRINT 3782

3782 FORMAT(/28H. LLAMDAS_ARE_THE EOLLOWING) . . - et

PRINT 37664 (AMDA(J),J=1,NOLAMD)
PRINT 3784

IF(SENSE SWITCH 613781,%2000 - I L N s e

3784 FORMAT(/2T7H S(0),S(1)4S(2),ETC. ARE)
PRINT _3766,SZERQ, (S(J)sJ=14N) d
PRINT 3786

3786 FORMAT(/2TH_____ J(1)2T(2)sTf3)s ETCe ARE). .
PRINT 3766,(T(J)yJ=1,4N)

PRINT 3788, _ e T S PSR L S e )




28

C
C
c

0o

3788

3792

9000
9050

9051
9052

9100

9010

9999

FORMAT (/2TH Ut ,u(2),Ul3),ETC. ARE)

RRINT S 7665 1 ) = O S =
FORMAT(/1P8E1545/)

TEST FOR CONVERGENCE

IF (MAXPT1-MAXPT2)9100,9050,9100

TEST=ABSE(ERMAGI1=ERMAG2) ____

IF(TEST-CONV1)9051,9051,9100
IF(MAXPT3=-MAXPT4)9100,9052,2100

TEST=ABSF(ERFAZ1-ERFAZ2)

IF(TEST-CONV2)90105,9010,9100 . ___

MAXPT1=MAXPTZ
MAXPT 3=MAXPTY
ERMAG1=ERMAG2
ERFAZ1=ERFAZZ2

ITER=ITER+]
GO TO 7

WRITE OUTPUT_TAPE

6

WRITE QUTPUT TAPE

6,3755, IDNO.ITER

WRITE OUTPUT TAPE
WRITE OUTPUT _TAPE

6y3760,ERMAG2,MAXPT2,ERFAZ2,MAXPTY

WRITE OUTPUT TAPE
WRITE OUTPUT_TAPE

WRITE OUTPUT TAPE
WRITE OUTPUT_TAPE

6 3R 10N SR e K
693T664,PZEROy(P(I)y1 =1,N)
€231770 —
693766,QZER0, (Q(T)sI = 1,N)

6, 3775

WRITE OUTPUT TAPE

643780, (J,0MEGA(J),CDBM(J),CPH(J),ERORM(J),ERORP

1(J)sW(J)yJ=1,NOMEGA)

GO TO 100C
END(0+1,0,0,0Q)




C. MATINV
C
E MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS  ANF40201
SUBROUTINE MATINV(A,N,B,M,DETERM) FuichR0
” QUTINE MATINV(A,N,ByM,DETERM) F4020003
DIMENSION IPIVOT(25), A(25,25), B(2 » INDEX (25 STr
gonmou ol G 5+1)y INDEX(25,2), PIVOT(25) i:ggggg:
. L3 S S ot M)
& QUIVALENCE (IROW,JROW), (ICOLUM,JCOLUM), (AMAX, T, SWAP) Fu020007
g INITIALIZATION e & T AR A T PRI Eﬁ%éggg%
10 DETERM=1.0 ‘ : ey L
L e et i il
ST U 0T AT o T e N R VR T et e EB02001 2
o SR
%, —SEARCH FOR PIVOT_ELEMENT 23853812
O AMAX=0.00 . e
45 DO 105 J=1,N T T S e i:gggg}s
50 IF (IPIVOT(J)=1) 60, 105, 60 0
IR ORTOORIG=15 N s S S e 3 i:giggi?
_ 70 IF _(IPIVOT(K)-1) 80, 100, 740 Fu020022
gg iEOLABSF(AMAx)-ABSF(A(J,K))) 85, 100, 100 Fu020023
ROW=J RO T S T
DO ERE LTI =1 S T O SR T S N LT Fu020024
u FL020025
95 AMAX=A(JsK) F4020026
100 CONTINUE i F4020027
105 CONTINUE F4020028
. 110 IPIVOT(ICOLUM)=IPIVOT(ICOLUM)+1 Fu020029
e e s FuQ
g INTERCHANGE ROWS PUT PIVOT ELEMENT ON DIAGONAL Fuoggggg
(o 5 S S T . Ea E
130 IF (IROW-ICOLUM) 140, 260, 140 F:gggggg
140 DETERM==DETERM Fu020034
150 DO 200 L=1,N Fu020035
BHGORSHAP=NUTROW, | )OI . Do) ol oS i i F4020036
170 A(IROW,L)=A(ICOLUM,L) F4020037
200 A(ICOLUM,L)=SWAP N F4020038
205 IF(M) 260, 260, 210 F4020039
210 DO 250 L=1, M F4020040
220 SWAP=B(IROW,L) FL020041
230 BAIROW:L)=B(ICOLUMsL). T F4020042
250 B(ICOLUM,L)=SWAP Fu020043
D ST G e o) O e R EL02004Y
270 INDEX(I1,2)=ICOLUM FL020045
410 PIVOT(I)=A(ICOLUM,ICOLUM) E4020046
320 DETERM=DETERM#PIVOT(I) F4020047
C . AT o EL020048
c DIVIDE PIVOT ROW BY PIVOT ELEMENT FL020049
(4 B P e e F4020050
330 A(ICOLUM,ICOLUM)=1.0 F41020051
340 DO 350 L=1,N F4020052
350 A(ICOLUM.L)=A(lchuM.L)/PIVOT(I) FL4020053
355 IF(M) 380, 380, 360 o FLO20050,
360 DO 370 L=1,M FLO20055
370 BLICOLUMel )=B(ICOLUMsLY/RPIVOTLL) o E4020056
c F4020057
C REDUCE _NON=PIVOT ROWS FL020058
c FL020059
380 DO 550 L1=1:N e F4020060
390 IF(L1-ICOLUM) 400, 550, 400 FL020061
400 T=A(L1+ICOLUM) E4020062

29
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420 A(L1,ICOLUM)=0.0 Fu4020063
430 DO 450 L=1.N SRR E4020064
450 A(LT,L)=A(L1,L)=A(ICOLUM,L) =T Fu020065
455 IF(M) 550, 550, 460 ELY020066
460 DO 500 L=1,M Fu020067
500 B(LI,L)=B(L15L1=B(ICOLUM,1 )#T 23 F4020068
550 CONTINUE FL4020069
c s e o F4020070
c INTERCHANGE COLUMNS FL020071
c F4020072
600 DO 710 I=1,N FL020073
610 L=N+1-1 SR e S SOOI et R 0 ol R F402007Y
620 IF (INDEX(L,1)-INDEX(L,2)) 630, 710, 630 F4020075
- 630 JROW=INDEX(Ls.1). — R S R F4020076
640 JCOLUM=INDEX(L,2) Fu020077
— 650 DO 705 K=1.N Fu020078
660 SWAP=A(K,JROW) F4020079
_ 670 _A(K, JROW)=A(K,JCOLUM) F4020080
700 A(K,JCOLUM)=SWAP FL020081
.105 CONTINUE F4020082
710 CONTINUE F4020083
740 RETURN Fu02008Yy
750 END (2,2,2,2,0) F4020085
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VII. SAMPLE PROBLEM

SAMPLE PROBLEM INPUT DATA

S 24 1.0 +06 1.0 +06
4,2 =255 8.2
5.6 =02 2.4 3al
Te5 =02 3.3 2.9
Yal): .. - =0] 2.0 =622
1.3 =01 2.8 =Sel
1.8 =01 J.4 2264 +01
2.4 =01 3.0 =0V=2.57 01
B =0)=2.3 . o —1a.?h RO = m o B o) e G i S
4.2 =01=-2.1 =i il +01
BeW L —0)=3.] - - =2,16 . __: < 1 [ O SO OV OO WISl * 148 2« e o
=5 =-01-6.2 -9.7
Hggete o =0ab +9,2
1.3 =4,5 1.34 +01
dag o -y.BL 2263 A 01 R S G S A
2.4 -3.4 3.63 +01
Sy =1+3 6.83 o]} SRR S N S
4,2 1.2 5.28 +01
5.6 Lol 5422 +01
Teb 8.0 4,18 +01
T I +01_9,8 126 +01
132 +01 7.7 =6e1
1a84 _ _+01_ 6.8 =1,39 +01
2.36 +01 6.2 =-l.41 +01
3219 +01 5.6 =1.76 +01

1.0 1.0 =09 1.0 -03 1.0 =0=



1520/RE277  COMPLEX CURVE FITTING ROUTINE PROBLEM NUMRER
ITERATION 1
ERMAG = 6444429 OCCURED AT J = 16 ERPASE = 360606562 OCCURED AT J = 20

NUMERATOR COEFFICIENTS P(0)sP(1)sP(2)sETCe ARE

9428940E-01 1e71233E-01 1.12538E-01 1403626E-02 1.60443E-03 8e87465E-06 4eT1453E-06
DENOMINATOR COEFFICIENTS Q(0)sQ(1)sQ(2)sETCe ARE

1.00000E 00 2 N0 E= 0 8475386E-02 5¢62947E-03 1.00421E-03 Ife 1 67(BE=05 2e52117E-C6

2e29472E-08

J OMEGA CDBM CPH ERORM ERORP W
1 4420000E-02 —6440846E-01 =6 43689E=02 4414085E 00 8e26436E 00 1.00023E 00
2 5460000E-02 —6¢41309E-01 =B85 828 FE =02 3.04131E 00 3.78582E 00 1.00041E 00
3 7¢50000E-02 ~6¢42151E-01 =l 4946F=01 3494215E 00 3¢01495F 00 1.00073E 00
4 10.00000E-02 —64¢43631E-01 =155 A= =0 2464363E 00 6¢04672E 00 1.00131E 00
5 1.30000E-01 =6445967E-01 =1¢29293F=01 3444597E 00 4e¢90071E 00 1.00221F 00
6 1.80000E-01 —6451225E-01 —2¢76042E-01 2405123F 00 2¢61240E 01 1s00424F 00
1@ 2+40000E-01 -6459803E-01 —3468263E-01 9459803E-01 2853318 ERO) 1400755E 00
8 3420000E-01 —6e75141E-01 —4491495E-01 1.62486E 00 1.69085F 01 101347FE 00
) 4420000E-01 ST 00729E=01 —6e46059E-01 1.39927F 00 17,0589 ER0T 1402333E 00
10 5¢60000E-01 —7¢49018E-01 -8463538E-01 2¢35098E 00 2¢07365E 01 1404190E 00
1 7¢50000E-01 =818 39528FE=01 -1.16035E 00 5436047E 00 8¢53965F 00 1¢07659FE 00
12 1.00000E 00 ~1400826E 00 -1¢54967E 00 4459174F 00 1407497F 01 1e14073F 00
3 1.30000E 00 =il il (o1 =1499270E 00 3419803E 00 1453927E 01 1425068E 00
14 1.80000E 00 =2 11/ B ENOT —2¢43025E 00 2468825E 00 2487302E 01 1454102E 00
115 2+40000E 00 —4404199E 00 —2439834E-01 6e¢41991E-01 3465398F 01 2e15490E 00
16 3.20000E 00 —Te74429E 00 3485393E 01 6¢44429E 00 2.97607E 01 3e¢47992E 00

7 4420000E 00 6434644E-01 6467386E 01 5465356E-01 1.39386F 01 3439305F 00
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18

19

20

21

22

23

24

5460000
7600 00E
1.00 O0OE
1432000E

l.84 /00E

2436000E

3¢19000E

00

00

01

0l

01

01

4e23933E
Te65440E
9460360E
Te16976E

69505

6.6 199532E

5.60001E

00

00

00

00

00

00

00

b A2 E
4426550E
—3¢4T7466E
—6e4T094E

~1+39535E

-1440971E

-1476000E

01

01

02

00

01

01l

01

1.60665E-01
3l 4559 TE=01
1§56 38 5 =0
6497637E-02

4495142E-03

4465751E-04

6497374E-06

4488809F-01
8e54994E-01
3460066E 02
3¢70937E-01

5435231E-02

2491491E-03

2e78950E-05

e a1 190EEC0

Bis 5995 8F=0I

1e48971E-01

15 0T OB E=02

1s52538E=03

2¢81940E-05

3,8 D352 E=Q/

€¢



1520/RE2TT

ITERATION 10

ERMAG =

COMPLEX CURVE FITTING ROUTINE

2.38248 OCCURED AT J =

8

NUMERATOR COEFFICIENTS P(0),P(1),P(2),ETCs ARE

1.27675E 09

1.28033E 00

7.82329€e-01

DENCMINATOR COEFFICIENTS Q(0),Q(1),Q(2),ETC.

1.00000E 00
1.05189E-07
OMEGA

4.20000E-02
5.60000E-02
7.5C000E-C2
10.0000CE-C2
1.30000E-01
1.80000E-01
2.40000E-01
3.20000€E-01
4,2C000E-01
5.60000E-01
7.50000E-01
1.00000E 20
1.30000E 00
1.80090E C0
2.40000€E €O
3.20000€E €O

4.,20000E 0O

2.53138E 00

CDBM
2.0781CE
2.04415E
1.98319E
1.87797E
1.716T6E

1.37398E

8.66108E~-
B8.2U4834E~

~9.7T30L49E~-

-2.43625E
-4.18381E
-5.81407E
=6.58800E
-5.77078E
=3.72762E
-1.17640E

1.42988E

oc
00
00
oo
00
00
01
02
01
00
00
00
00
00
oc
00
00

ARE

4.,26968E-01

CPH
-3.65899E
-4.85873E
-6.45939E
-8.5027TE
-1.08361E
-1.43692E
=1.7T9244E
-2.14155E
-2.38418E
-2.41286E
-2.00665E
-9.57125€E

6.10798E
2.78866E
4.,21772€
5.03271E

S5.34TU5E

00
00
00
00
01
01
01
01
01
01
01
00
00
01
01
01
01

ERPASE =

7.91805€E-02

5.46436E-02

ERORM
1.42190€ 00
3.55849E-01
1.31681E 00
1.22032e-01
1.08324E 00
2.60163E-02
5.66108E-01
2.38248E 00
1.12695€E 00
6.63753E-01
2,01619E 00C
2.14068E-01
2.08800E 00
9. 70779E-01
3.27623€E-01
1.23599€E-01

2.29882E-01

18.77125 OCCURED AT J = 12

8.08841E-03

4.53640E-03

ERORP
1.18590E
8.55873E
9.35939E
2.30277E
5.73608E
1.20308E
T.TTSS58E
4.01553E
6.14179E
2.52863E
1.03665E
1.87713E
T7.29202E
1.5866LE
5.87723€
1.79729€

01
00
00
00
00
01
00
00
00
00
01
01
00
00
00
01

6.TU522€-01

2.89473E-04

1.98396E-04

L]
9.90298€-01
9.82882€E-01
9.69708E-01
9.473290€E-01
9.14213€-01
B U7559E-01
T.57791E-01
6.37824E-01
5.05801€E-01
3.65853e-01
2.44073E-01
1.54589E-01
9.85887E-D2
5.52373E-02
3.31256E-02
2.03603E-02
1.3577T4E-02

PROBLEM NUMBER

2.01356E-05

T.1446LE-05
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18
19
20
21
22

23

24

T7.6000¢
1.0000¢
1.3200¢

1.8409¢

2.3600¢

3.1900

m

E

)

=]

01
01

1

o

Q1

L UUTOIE
8.11098E
9.86U25E
T« 65339E

6.80158E

6.10519E

5.75582E

ocC
o
00
00

00

00

5.22161E
4,10505€
1.30109E
-5.98689E

-1.39296E

-1.39577E

-1.76388E

01
01
01
00
01

01
01

L4, 76949E-02
1.10976E-01
6. 424TTE-02
4,66133E-02
1.58048E-03

9.48080E-02

1.55817E-01

1.60542E-02
T.49498E-01
4,.10889E-01
1.13110E-01
2.95832E-02

1.42254E-01
3.87533E-02

9.94545E-03
B.6T95TE-03
5.82577E-03
2.39006E-03
1.41981E-0L

1.27420E-06
1.59849E-08

G€
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