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ABSTRACT

Presented in this report is a computer-aided compensator design
program. Included with the main program is a set of catalogued com-
ments for clarifving many of the functions of the program. All sub-
programs are preceded by comments describing the function of the
program and defining the input-output /7/0) variables of the program.
Also, programs classified as specialized are preceded by theoretical

backgrounds.



COMPENSATOR GROWING AND IMPROVING PROGRAM

Introduction

In most control systems it is necessary to compensate them in order
that the system possess certain desirable properties. One such property
that is desired in almost all cases is a specific degree of relative
stability. In the past the design procedures for achieving compensators
for accomplishing this purpose have been trial and error techniques.

The general ideas behind these procedures are designing a compensator

and checking the relative stability; if relative stability is an accept-
able level the compensator is accepted; if not, the compensator is
rejected and a redesign is necessary. Such a procedure as this can be
tedious and time consuming. A better approach is a method called compen-
sator growing.! It is the purpose of this report to present a digital

computer program for performing compensator growing.

Compensator Growing Program

In the following the various routines for performing compensator
growing are given. Along with each program are explanatory comments and
a theoretical background, if it has some specialized function not commonly
available in computing facility libraries. All the programs are written
in Fortran V, and the whole program is self-dependent (does not depend

upon the system library).



Program Main

The purpose of the main program is to act as a controlling device.
It is used for controlling input, output, and procedural decisions.

A general flow chart of this program is shown in Figure 1.

In order to make thorough explanations of the program all comments
in the program are numbered, and the explanations are catalogued in the
following. When a ccmment number is followed by the word "Input", this
designates that in this comment the variables in an input statement or
statements are defined. In these comment statements there may also be
explanatory remarks.

Catalogued Comments
Comment 1 - Input

KSTART - The number of the first iteration to be performed.

KQUIT - The number of the last iteration to be performed.

GAIN =~ Used for conmnoting whether positive or negative feedback
is to be employed. It should be -1 for positive feedback
and +1 for negative feedback.

STPMAX - Used to specify the maximum step size to be used on any
iteration.

Comment 2 - Input

KINFOR - Denotes whether the open loop transfer function is the
input or whether points on the frequency response are
the input. KINFOR = 1 means the open loop transfer
function is given. KINFOR = 2 means points from the
open loop frequency response are given.

KPOINT - The number of points on the open loop frequency response

that are gilven.



Comment 3 - Input

Kl - Maximum order of open loop transfer function.

K2 - Maximum order of the numerator of the compensator.
K3 - Maximum order of the denominacor of the compensator.
R -~ Desired stability margin.

I0P

Designates whether open loop gain is to be held
constant., If IOP = 0 open loop gain is allowed
to vary. If IOP = 4+1 open loop gain is held constant.
Comment 4 - Input
COMM -~ Array of the numerator coefficients of the compensator*.
COMD - Array of the denominator coefficients of the compensator.
The compensator described by these coefficients is known as the
variasble compensator. This is the compensator that is to be
varied so as to improve the relative stability of the system.
Comment 5 - Input
KLOCK - This variable determines whether the directional vector
method is to be used for determining how the compensator
coefficients are changed. For KLOCK = +1 only the
directional vector method is used. The directional vector

method is more applicable for compensator improvement.

Ml - Connotes the order of the numerator of the constant
compensator.

M2 - Connotes the order of the denominator of the constant
compensator.

*a11 input and output polynomial coefficients are assumed to be in
ascending order according to the powers of s.



Comment 6 - Input
CNST =~ Array of the coefficients of the numerator of the
constant compensator.
CDST ~ Array of the coefficients of the denominator of the
constant compensator.
The compensator described by CNST and CDST is assumed to be in a
cascade configuration with the variable compensator. This compen-
sator is not changed by the program. It is used to make any
wanted changes in open loop frequancy response info:mation. With
the open loop transfer function as the input--rather than frequency
response information--this compensator has no meaning. If no con-
stant compensator is to be used then M1 and M2 should be set equal
to 0 and two blank cards should be inserted for CNST and CDST.
Comment 7 - Input
POLG =~ Array of the numerator of the open loop transfer function.
POLH =~ Array of the denominator of the open loop transfer
function.
If open loop frequency response information is used, these arrays
are never used. In this case the read statements for these are
disregarded by the program.
Comment 8 -~ Input
OMEGA - Array of chosen frequency points that are to be considered.

GR ~ An array of the real parts of the open loop frequency

response at the chosen OMEGA's.

GI - An array of the corresponding imaginary parts of the open
loop frequency response at the chosen OMEGA's.
If the open loop transfer function is read in, the read statement of

these variables is ommitted by the program.




Comment 9 - Initiallizations of some variables used in the program.
Only one of these should be changed; it is STEP. Vhatever value is
given to this variable at this point will simply determine the
initial step size. In most instants it is better for this variable
to be at least one-tenth smaller than the smallest coefficient of
the variable compensator.
Comment 10 - The following statements determine the minima with respect
to =1 + jO point,
If frequency response information has been read in, the sub-
program SRMINS is used. This program finds the approximate minima
by a search algorithm. On the other hand, if the open loop trans-
fer function is being used then the sub-program OPENL is used to
find the minima with respect to the ~1 + 30 point. This program
uses an analytical method.
Comment 11
. The following statements are used for calculation of the real and
imaginary parts of the open loop transfer function at eu-i: of the
minima with respect to the =1 + jO point,
Comment 12 - Statements used for calculating the stability margins.
Some of the variables used in these statements arve:
M = Number of minima with respect to the -1 + j0 point
RQ = Arzay of the required stability margins. The statement
RQ(I) = R sets all the margins to the same valus. However,
by using various IF statements in place of RQ = R the
stability margins can be made a function of frequency.
For example suppose that it was desirable for all ntabiliey

margine ococuring at frequencies less to 1.0 to be 1.5R and



those greater than or equal to 1.0 to be R. In this case
RQ(I) = R should be replaced by

IF(X(I).LT.1.0)RQ(I) = 1.5*R

IF(X(I).GE.1.0)PQ(I) = R

Of course many other combinations can be achieved.

X - Array of the frequencies at which the minima occur.
STBM = Array of the stability margins.
SML1 - Smallest stability margin for this iteration.
SBC1 - Largest stability margin of all the smallest at all
previous iterations.
IBEST -‘Itcration from which SBCl came.
Comment 13

The iteration, IBEST, is considered to be the iteration where the
best compensator occurred because this is where the system pos-
sessed the greatest stability. “Thun the variables BCOMN and
BCOMD are arrays used to store, respectively, the numerator and
the denominator coefficients of the best compensator for later
output.

Comment 14
The DO loop terminating at 320 is used to determine if system
specifications have been achieved. If they have, the program is
terminated after all pertinent information has been printed.
If not, the program continues unless the itcration number (LOX)
exceeds the stopping iteration number (KQUIT). If LOX > KQUIT,
the program is terminated.

Comment 15

The following statements are used to calculate the step size for

the present iteration. The theory is that if relative stability



has increased from the past iteration to the present that the
step size should be increased. The step size is never allowed to
exceed STPMAX. On the other hand, if a decrease in relative
stability occurs, the iteration is repeated (although the iteration
number increases) with a step size one-half the immediate past
step size. This is repeated until a decrease in relative stability
occurs or until the step size gets below a predetermined value speci-
fied in the IF statement following the statement 360 STEP = STEP/2.0,
Commeat 16
The following statements are used to output certain information
at some iterations. The variable KHOP designates the number of
iterations in which the step size is increased that should be skipped
before additional information is printed out. The sub-program OTPT1
is the main output device of the program.
Comment 17
The sub-program PARCLT calculates the vectbrl (PRX and PRY,
numerator and denominator vectors vespectively) that determine how
the compensator coefficients are to be varied. One of two methods
may be employed. The first of these is the weighted gradient
sum. The second of these methods is the directional vector
method. The second determines a vector which has a component in
the direction of the gradiente of all the minima where stability
margins are less than a certain prescribed level. If KLOCK = 1
the computer uses the directional vector method only.
Comment 18

1f the gradient sum method is used, the conjugate gradient method

is employed in order to speed up the solution process. The



following statements are used to reset the conjugate gradient
directions (PX,PY) to O every L1 + L2 + 1 iterations. If the
directional vector method is employed resetting occurs every
iteration. The result being that the directional vector direc-
tion is left unaltered by the conjugate gracient procedures.?
Comment 19
Actual calculations of the conjugate directions is accomplished
by the following DO loop. It should be obvious that if the
directional vector method is used the conjugate directions simply
become the negative of the directional vector directions.
Comment 20
The following two DO loops change the compensator coefficients
according to the calculated direction vectors PX (numerator) and
PY (denominator). The variable DEL is the step size divided by
the magnitude of the calculated direction vector. The compensator
coefficients are constrained to be greater than or equal to 0. The

reason for this is to maintain the stability of the compensator.
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ZF(KI%FOR.uiol)Gu Tv 130

C CCONIENT

REAL(50380) (FCLCE(L)
REAL(D990) (PLLER(1)
) FOCrvAT(SEle )
CC 100 (=1,.1
Kks Ll + 1 = ]
FULNIKEIZ FLLG(T)
100 FCLLKk)= - Lk(])
WRITE(60110)
100 FCRMATC('0' s auXe? Cet FICLENIS OF OFEN LOGH ThArSFLIc FUNCTION®)
WKITE(0el20) (FCLM(L1)eISlrLy)
aRITEC60220) (FCLL(L)0IS1l0id)
120 FORVAT('0% 0 34010rided)
eC T0 i50
COVMENT 8
130 REAC(S0140) (CvEGACE) st oG (D)0 e RECENT)
1y FORMAT(YFBey)
IF{viI+V2eEG,GIGC Ty LL0
LU 148 1I=1onFCINT
XVa OVEGA(L) * Geizcac
CALL FULFVILNSTeiVaraVveCivikoCNI)
CALL FOLFVICUST»izoxVeCLikeCLI)
Gl= ST (CNR&*2+Ch14%2)
ARhi= ATANZCUNTI o Civik)
Ge= SURT(CL4*24CLIne2)
ANE=S ATAN2(CLIvCLR)
G32 SGRT(GR(I)**2+¢1(
AN3= ATANZ2C(SI(I)eGiK(]
GT= (G1*6G3)/¢e
ANTS ANL = a2 + Ang
Crrli)= T * CCo{nli
l4g Gl(L)= 6T 4« SINCALY)
150 COUNTINGE
1ty FURNATCY0 92X g 'FREGUENRCY TG BE SUPPIESSED S'FiGedH)
190 COMT IMNUE
CUMMENT 9
STEF= 0,01
KHCF=0
LOX= KSTART
SvLé= u.U
PSGL= Ll.0Ezy
200 COMTINUE
Nv=U
IFIKINFOR=1)Z2002200210
COMMENT 10
210 CALL SKMILS(COVMINICOUVL oK rGoGIoKPCINT UNLGAP XN oo HT)
GC T0 &bt
2zl CALL CPENL(FCLNIPCLL ' KLeCONINPCOND oKa s A0 KGNk o K e KERKKOR)
COUVMFENT 11
IF (KERRCR) 450G e 2309440
£S5 CONTINGE

=21iell)

vl
e IS1eLY)

I)*%2)
))
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Wl 24U ISlofW
AVE X(g)
Caulll FCLFV(RthnonloavePLReb ivl)
CALL FULFV(puluerloavebLkerLl]) )
PLS PLIks%z ¢ FoLAK
B Cl)S (BhKaplic 4 PrlsrLI) /g
cHO PICD)S(=Phisxb LI + FRivFLR) /L
<0 CChTINVE
C CUWIVLENT 12
SeCl= K
SvLl= 10060
L‘J "90 lzl'hl"
Aell)s K
xvs K()
CALL FOULFVILOMP s 2oaveClaielinvg)
CALL FORFVILONLenZoaveCitioltl)
Cle CLr»x2 ¢+ Cul#*xwe
Cha (CaRR*ClLin + CHIACLI)Z/CL
Cl=(=CiviidCuLas + Co lsCuk)/ZCH
ST ()= SERTC(Letit Ak (F)=CLlaFJ(I))4%2 + (uﬁ*|1(l)+LI*HH‘1))**d)
IFCSTEX (L) el eSMLI)LC TU &ct
SviLis STumv(y)
cUd COUNTINUE
IFCSTEM(L) e uTesrClICC TG 29U
SECI= STIw(y)
<% Con InuL
IF(SuC24CTeSECL)EC 1L 293
SrCes sSuCl
C LUVt 13
ILESTS LOX
el 291 [=1,LKC
291 cCCMN(I)= COuM(])
LC 2%¢ 1=1r.0C
292 BCCMUVI)I= CuMD (D)
<S3 CUhIINUE
C CCMNMENT 14
CC 220 I=1onM
FCkiv= 1.0
10 IFU(STERI)=RG(I) ) *ECRM)3%Ur 3200220
20 CONTINUE
WRITE(60330)
330 FORNAT(YO? g iSXp vy ALL SYSTENM KEGWIRLVMENTS FAVE BEEN MET *%k&k%?
1)
s40 CUNTINUE
CALL CTPTLI(STEMoArniv pCOMNeCGMUPICP Lz O LCAPFRXPFRY)
WwhITE(Ge3G1) IQEST
241 FORNMATCOYU  p 1 5X0 Yk BEST COVMPENSATLR *4%x41//21X0 *OCCURREL ON ST
/EP Y IY)
WkITECE»7G) (BCCuM(L) v IS1oNC)
WRITE(6e70) (BCONG(L)eI=loLLC)
WRITE(60345) S3Ce
43 FORNAT(r09 9 22Xo 'SMVALLEST STABILITY waRGLiv FOKk The UFEST CONPENSATOR



/ 2Y%9F10.8)
ST1CH
J3H0 CCNTINLE
CUMMENT 1%
IF(LOAGRL o, LIT) G ¢S4
IF(SVLL=SvLg) 3eUricue 20
Jul) STEFS STEPR/ceC
IF(STLR eLTodoliz=n7iel TC 20y
GLU 10 450
37U STER= 240 * ST¢i®
SwL2s Sl
IF (STER«CT e TPYAL) SIEPS STHENMAX
CUVIFENT 1o
IF(LOCX oGl o KiyLI Tt IR PG
IF(RHUF «GTouylCo it wddd
nhkCFSES
WHRITE(oed4y0) SIS
tUJ FCRVATLYGYy 15K ik SuhY DTEP Sf2E 2'b1067)
CALL CTRPTL(aTtNe, sive oCUNMLICUVO o LIP oL 2o UriLGAPFI oY)
GC 1C wad
4iJ KHCk= KiHOP = 1
429 COATINUL

. COMIENT 17

CALL FARCLTICCONMMeCui ot RoHb o Koivk o FRAHERY sk o Z o STV o SMLL1 Oy
/ Raerke 10P)

. CUMMEDNT 18

KRESET=L1+L+1
IF (KLCCKoNE O KIESETIS LT 4 L2 + ]
RRESET= KRESETt1
IF (RRESET el febl 1t iti) s TC 80
KKLSET=0
CC 270 I=1s 2
Fx(I)=ueO
2760 FYCLI)=Ge0
2ty CUNTINLE
FARSWS0.V
Cu 430 I=lygprls
B30 FARSGES PARSy + Fax ()2 4+ FRY (1) %82
LETAS FARSWU/ZIFSGL
FSG= Gel)
CUNMENT 19
LG 436 I=10FeLNC
FACLEIS =FPRX(L) + fcir * Px(Yg)
BEL FLGS FSC ¢ px (1) x%,g
CU 440 1=I0eLLC
FY(L)S «PRY(1) + i“tTA #* FY(])
G40 FSes PSC + PY(L) sk,
FvEs SGRT(FSG)
FSeLs FSG
Cel= STEP/PRG
CC 462 1=iCkrLinC
462 CCTN(L1)= CCiwh(I)



- BO 464 1=1CreLLC
de4 CLTL(I)= CuprD ()
Gu 10 465
4ty Lebk= Cel/Zéeu
LC Y407 1=I0pel.nC
he7 COMMILI= Corinl )
LG 4oe 1siCcPelCC
gt COML IS Cuiw(l)
4eb CChTIMNUL
COVpanT 20
CCU 470 I=10FeLNC
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09U IF(CCMOCT) e TeGer)CeNC()Zual)
syl CUNT INUL
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CGC 1¢ 200
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Program PARCLT

The purpose of this program is to calculate the first partial
derivatives of the stability margins with respect to the compensator
coefficients. The theory supporting the program is given in the
following discussion. In [1] a stability margin is defined as a
minf[|1 + Gc(jw)Go(jw)IZ] in which G,(jw) and G,(jw) represent the
compensator and open loop transfer functions, respectively, evaluated
at the radian frequency w. Assume that a stability margin occurs at

w = w. Then
Go(jwl) = a-+jdb (1)

If the numerator and the denominators of the compensator are of order K

and L respectively, then they can be written as

(Ju,) % (Jw )t (2)
N - X, « (4 2
Ju, 140 i Wy
and
L "
D(jwy) = } ¥4 * (Jup) (3)
1=0

ith numerator

where N means numerator, D means denominator, Xy is the
coefficient, and Yy is the 1th denominator coefficient. Next, dividing

(2) and (3) into their real and imaginary parts the results are

N

%um)ni%ggdﬁmﬁi (4)
P

Nﬂwp-zogwmmﬁmﬂﬂl (5)
im

%g%>-iiquMmpﬂ (6)
R [

Dy (Ju,) = gogﬁﬁafmpﬁ“ (7
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wvhere the number of odd terms in N(s) is N+l1l; the number of even terms
in N(s) is P+l; the number of odd terms in D(s) is Q+l; the number of
even terms in D(s) is R+l, After some simplification the stability
margin (SM) at w, becomes

(Dp + aNg = bNp)Z + (Dy + b + anp)?

SM = . (8)
2 2
DR° + D1

where the functional notation has been dropped for convenience. Rather
than maximize (8) the compensator growing method chosen was the minimi-

zation of the reciprocal of (8).! The reciprocal of (8) becomes

DR2 + DIZ

2 2 (9
(Dg + aNp + bN;)2 + (Dp + bNp + aNy)

The desired partial derivatives become:

8 -2H[(Dg + alNp + bNp)a + (Dy + b + aNp)b](~1)1(w,)2i (10)

ax21 ) (DR + ‘NR + bNI)a + (DI + bNR o+ .NI)Z
i -2H[(Dg + aNg + bNy)b + (Dy + bNp + aNp)al(-1)%(u,)?*!
Xo 141 ) (Dg + aNg + bN;)2 + (Dp + bNg + aNy)2 (11)
)t
—— = [H/Dg? + D;?)12Dg(=1)d ()2
avaj
2(Dg? + Dy2)[(Dg + aNg + bNp) (=1)3 (u;) 23] n

[(DR? + D1?)/ii)?
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oH

= [H/(Dg? + Dy2) 12D (1) (w,) 23+
Wr3+

2(Dg? + Dy2)[(Dy + blNg + aNp) (-1)3 (u)) 244!

[(DR? + D1?)/H])?2

(13)

i - 0’ l. 2’ ..I,K

4 = 0,1, 2, ..., L¥

From the preceding equations the partials of a stability margin can be
calculated. Equations (4), (5), (6), (7), (9), (10), (11), (12), and
(13) are programed in PARCLT.

This program calls one sub-program, VECTOR. VECTOR does not affect
the inter workings of PARCLT. VECTOR takes the partial veciors from
several stability margins and combines them to form two vectors. These
two vectors, ocne for the numerator and one for the denominator, are
used to change the compensator coefficients so as to increase relative

stability.

*If the numerator or denominator polynomial is even ordered, then
the number of odd term partials should only be K-1 or L-2 respectively.
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LC Y0 iSleinge2
FFYI(L)ISFYR2L (1)
GClurltinid= pFYLLY)
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Program VECTOR

The purpose of VECTOR is to take the gradient vectors (the partials
of the numerator and the denominator are placed in a single vector with
the numerator partials coming first) of several stability margins and
combine the more pertinent ones by the weighted gradient sum method.

The weighting factor is chosen so that the gradients corresponding to
the points of smallest stability margins are weighted more heavily.
Also, any gradient whose weight is less than a certain level is disre-
garded in the sum.

One of the major ideas in the whole program is to increase the
smallest stability margin on every iteration. It has been assumed that
in doing this the relative stability of the system is being increased.

It was reasoned that the probability of increasing the smallest stability
margin is very low if the calculated vector for changing the compensator
coefficient does not possess a component in the direction of the gradient
of the smallest stability margin. Thus the dot product of the gradient
sum vector and the gradient corresponding to the smallest stability
margin are checked. If this dot product falls below a certain prescribed
level the gradient sum vector is rejected and an alternate approach is
sought to calculate the coefficient change vectors. (This is accomplished
by the program, DIRVEC.) Once this happens the gradient sum method is
disregarded on all higher iterations and the alternate approach becomes
the sole means of calculaﬁing the change vector.

On the other hand, the programmer may specify that the gradient sum
method never be used. This is accomplished by specifying the variable

KLOCK as 1 in the input of the main program. This is very advantageous
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where the program is being used for compensator improvement, rather than
for compensator growing. The reason for this is that the alternate
method calculates a vector for increasing all stability margins below
the desired level. This cannot be said in regard to the gradient sum.
However, the gradient sum possesses the advantage of easily being

calculated.
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NVON/GIN/RLCCH

KEARCS 11 + M)

wNA
CC

wel
6(1I
IF (
IF ¢
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TINUE
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CALL LIKVEC(GIeKol. ot dlorFrokFYeu)
GC TC 700

CONhTINCL

CC 900 I=1n.1i
FEX(L)= Lv(,)

CC 600 1=lenl
FEYC(D)S Cv(i+ihn])
RETURE
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Program DIRVEC

The function of this program is to find a vector B which is calcu-
lated as

D = a9 + 2,96, + ... + & VG, (14)

in which VG, is the 1th gradient vector of the 1th stability margin
chosen for improvement and m is the number of stability margins to be
improved. The vector (a;, a,, ..., a,) 18 a vector of weights that are

to be determined in order that
D M VGi L qi i L 1. 2. o0 0y m (15)

where the qq's are selected positive constants.* Using (14) and (15) the

following matrix equation is obtained

ﬂ
VGI . VGl VGI i VGZ see VGI e VGm

a) q
VG2 . VGI VGZ . VG2 e VGZ . VGm 81 ql
) o bl (16)
VGm . VG1 VGm . VG2 coe VGm . VGm an q
— Se— b J ) — ——

If the gradients form a basis for m-space, then the matrix formed by the
dot oroducts of the gradients, [VG * VG], 18 non-gingular. Hence the

weighting factors are calculated as
T -1
[a), Byy see am] = [VG ¢ VG] {q;, Aps oee s qm] . (17)

Thus it is seen that it is impossible to calculate a change vector (or

change vectors if the numerator and denominator are considered separataly)

*In this program they were selected arbitrarily as 1.
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for the compensator coefficients which can result in improvement of all
the chosen stability margins. It should be obvious that this program
is very applicable in compensator improvement.

It should be pointed out that if the number of chosen stability
margins (those chosen for improvement) becomes greater than the number
of compensator coefficients that are being varied, this program will not
be applicable. The reason is that in this case [VG * VG]~! will not
exist. When such a condition occurs the complete program is automatically

terminated.

T Ut
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Syt VECLGrisMondor 1eBFXopFYevbichT)
CINECTIONAL  veCTCH FrROULRAM
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bl LINSION LolSi-(su)
CAVERSICN Culh(uu)e Cot(bu)
COMMON/WCLZLCHE P CCL Pl
A ARCS vl + wl
KKESQ
1o CONTIMNGL
LG 200 KS1rpniv
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ALCael)= Jey/Zi(lol)
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i CONT ENUL
CALL NATIWV (AN 0 &L IER)
IFCLEREGL0)GO T Sl
WRITE(Er2SU)
280 FCRIVAT(Y0 9 i9Xp *THE FATIACGS ARE NOT LINEAALY IRCEFENDENTS  THUS 1
/HE FROGKAM S Ty in/ 1iGe?)
sTCKR
JCU CALL NMATMUL ANV o AL pivi o0 EZCHTP LX)
3149 CCRTiNUE
GC 450 I=1ekPAKC
SUVS (1)
CC 40U W=1lopnW
wUO SUWS Surv + Gluel) + 5 (0)
#nul pv(iI)= SuUV
CC 470 u=1lril
SUMSULU
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FEx(I)s Oviy)

LC eUU 1=19,)

PRYCL)IS Dy (g+ivy)

iF (RRE eEG o L)EC T cuu
IF(OALIN®*CCrwitl) =t aui=destolo) . T, bUU
IFGFFX R AaATN L ToLsU) e 1L BEG
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CC €50 w=1oi0r
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IFCCOVMU L) =l el =licenzTobel )l Ty &du
IFGRFY (L) eToden )l TU cBU

hri=sl

LC €70 v=109,0

GlorNLtNL)ZL o0

IF(KRE o GT o) GC T\ LLY

RETURRMN

LhE
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Program SRMINS

The goal of this program is to find the approximate minima of the
open lonp compensated frequency response of a control system with
respect to the -1 + jO point. It is assumed that the open loop fre-
quency response is accurately described by N descrete points. The
compengator transfer function is evaluated at the same N points. From
this the compensated open loop frequency response is calculated by
multiplying the corresponding points. From this information the

program uses a search algorithm to determine the approximate minima of

(|1 + 6y (Jw)Ce (Jw) |21 .

T TP
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GFEN LCCF i LULINCY phBPOASK

LESCRIFTICKN CF 170 vAn ALES

190
el

34

40

S0

COMIN - = VEQTCR OF ihu WUNeRATOK CORFFICIENTS (F TrL CCMPENSATOR
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X = VECTOR UF MINIMUMS
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S1=0.0
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AVe ONEGA(L) * €.2d8231882

CALL FOLFVICUMNemZopVIChityCNI)
Chnlk POLFVICCNT 1 2oaveCLnroLLI)
CLECUR»#24C I*a2
CHS(CNR*CLHR+CNLI*¥CL L) /CU
CLa(=Ci\k*CL L+ChIx( i) /CL

S (La0CRAGR (L) =CLeCTI(1) )24 (Cix@ (L) +CIncR(]))*n2
hShg=252=51
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1 CAGNLIAASNG Y200 00 q U
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hvanve}
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CONT INUL

RETURN

ene
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100 FORNATCO Y09 19X 0 'STACTLITY SACIUS RCe "0 l&r "= 9E3Ue309X0 "FREGUENCYS?
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FORVAT (G ocSRo *IT 1 ATION nUe Yo i)

CU 110 i=laW

FREw= A(I1)

IF(LI=kTCT)BueE00 7L

aRITE(Ee60)

FORMATCY O Y9 BXy ' T T UATEL FREGULELCY IhFORMmTICKY)
CL 1C Yu

WR1ITE(B2&D)

FORNATOY0 Y oz Xo? L upnlIVE SIYARILITY LIWFGIG-ATLIONRY)
COUNTINUE

WhITECe0120) 19 STunr(l)e FuilG

1F1Ge5)

110 CCATINUE
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i
i
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Ly

WITE(oe130U) (BRX(L)eIZICPeL2)

WhITECGe120) (PRY (L) I=S1CF0L2)
FORMVATCPO v ARTI/ALG wITh RESPECT TC Y'eYEited
FCRMVATCYUY » 'FARTLIALS WITH AESPECT TO A'08EL10ed)
WHRITE(Ge140)

FURNATCYG Y p 19X o *COVFENSATON COEFFICLLNTSY)
WhITECO2150) (CCI'RN(g)riz=ioL2)

whITE(Ge150) (COHL (L) rlSirLe)
FCRVAT('0re5X0QF L0eY)

KETURN

Ene

SULKROQUTINE vATING (Aoioe Yo LE)
th' NSIU"\ >(\50'v‘.4>' Y(3U'5U)

SUBROUTINE FOK Fihiate AN INVERSE OF A MATRIX

X = MATRIX FOR WhRICH INVERsE IS TC B TAKERN
h = CIMENSLION CF SuLARE MAIKIX X
Y = INVERSE CF X

iR = EKRCR COCE
IER= 0 = WC EunkCr EXISTS
IERS 2 = NMATHIX LCES NOT FOCSSISS aN 1hVERSE
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C FRCCRAM FCir EVALLATING A POLYRUMIAL AT v LEVACINARY FREGUENCY

C

s N + 1
CC 20 13l
LU 30 Kehvie 2

IF(Lehb e D) XCTor ) tiny
IF(LoEuwel)A(LrK)=10y
contlInie
IFCARBSIRCTr ) ) el T aiaitb=2E) e TU 4e
L0 49 L=1lein
SCia=X(1r1)

Ll 35 K=1'ﬁ4
ACTeKISACL o) /5C o
CC 40 L=1aiy
iF(Lertel)Ci, TC ol
S5LCF= x(Lel)

LU 39 mn=leng

ALeK)S 2lLoR) = SLub t A(1eK)
CCNTI“LL

CbhliﬁUL

LG al [=Slenv

CU 41 KWl

L=K=N

Y(lol)= X(1pK)

CGC TJ 42

IER=2

ETURN

ChE

SULBROLTINE waT/UL CnrirArineizohCoe X)
CIVENSICN ALI0eEi ) (1) Xx(1)

VATRIX MULTFICAYICH

FULVIFLIES (A) * ()
A IS AN N X KW
IS AN kW x NC
X IS An NR A NC

Ce 4 1}
X(I) =
Cc I
[
LC & o=1rny

XCI)= X(1) + A(I,o) & 13(J)
RETURE
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JEFIWITICHS CF J/ZC Varartrenb

ro =VLCTOR rulthuirl, b COLPPLICIENTS
¥ =Jdhilb!s Cpr Pobil o lid
A sFRELUERLY TO e tvaetiaiel, nd

bit AL =K Al ﬁAnT QF F“(ux)
FU-AGC =IFAacInAY OF Fulor)d

LavehsSIut +,, (1)

hLvinaint ), e

nCCL=(n+l) /.

Y=1le0

FnLaLzueU

L 20 4Sleng VEY

LEg*xf=]

Fi.nls brizac + - (o) =0
L) Y Seyxx®x

Y=X

FINAGE( S0

wC ¢ Islek¢lL

L=g*l

FL/nGs FIvag + | (L) *Y
cd T==YhaxX

rETURN

£Ent

~ SLEROUTINE CPERLIFCLIPFOLE v Rl eCUUNPLONLrinZ o Kehi r\M o RPKERRCIS)
FROGHAN FUR Crithkv e Ine VINANUVS wITh roSFRECT o THe =1 + J0eU IF
Tl VPR LOCP JRANSEL G FULCTION IS GIVE .

LeF INITICKRS CF I/C vAR L ARLES

FULN  =CPiiv LCUF T harEl FULNCTION LUMLATOR CCOLEFELICINTS
FOLL  =CFEN LGUF IRabobER FURCTICN SENGE INATCI CCLFY ICIERTS
hi =WARLINUN CRULER Ik CHLN LUCP T.aNSFER FULCTICGN

Culhv =COMFENSATOE Iy thTCR CCEFFICLENTS

Colie  =CCMFENSATCR LOhOMINMATCR CCEFIICIGhTS

ne =MAXe CRLER 15 Trii COMPENSATCK

A “VECTOR OF MINIVLMS wITkh RESFECT 10 TeE =1 + Jlel) FOINT
Ra “REGUIKEL STALILLTY wARGLIES

il UMbl OF FILIVUWS

b ~REGVUIKE. STALLLLITY wALLUD

KRERNCR=ERKOK FOR TEAMINATLIRNG FRCGRAY UnUER Cohilait CONDITICMS

CAMENSLICON FOLN(LY» GLLCLY e COMMC(L) e CCRLIEI) oCLILBU)» GRI(LQ)
1 COH(SU) plSUIF (BuieACL)y RGUEL)» AVEU)» R’ (BG) e FLLX(SU)
< FINX(LO) e FLA(LO)» LPOL(sU) e s (oU) e i (00)
CALL CALFACHOLN o CLL P K2 v CONNPCCH Lo KZ PR3 CH Lo CRNIP GLIL P CUR v GROUV 0
1 GOSUN rRERIKCK)
IF(RERRCR) 1001001ty

10 CONTINUE
KU= K3
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ni= €2

}‘\D='-0'1

LU 29 a=1eky

Lo=iwe=}

Fha(lda GRour (LS)

FLatais CLau™(LS)

CALL FulLkatFUAerCortnXonGokLubaeh. LoebmCLer DUI0)
norA= LU

f\'\b"’: f\b‘U + 1

LU 40U 1=3enuN

1\‘[‘“= A“ttaw + ]l - i
IFCALBSOFLCACINVARIZCe nxlE JT ArdiiC) )l eubE=a ) SUe 300
AU Rl =

CuiviInbe

Gl 10 1L

CCiviInli

ISFs KLU + |

ASKRES FLUX(L9P)/Zal stlluallsk))
LU eU s=10l5F

FuCX(l)= FuuX(i)/ZFGLAUIGE)

CALL KEALKT(FOLXeKuL r Ao vl pinPhix)
iFCERR)L1BU B0 70

IF (NPRIKENKR ) L8001 a0l
whiletlorYu)

FOURNAT(Y0 95Xy 'ny nEnL wLCTS cXimi?)
v TO 180

sisJ1E(6el1i0)

FCRVAT(Y0 o8 X Al rbAlL ROCTS vk oG FQULWNLY)
if (InR)LBUeLdr120

wRITEC(Ge130) (X:(I1)r1310d)
FURMAT(Y0 0L X0GF126)

¢ 1C 1EO

CCNTINUE

CC 190 I=1.nLC

FLELIL)S IaprUlx(L40)2ALRE

LG 170 ISleink

Avaad(l)

Chl FOLVIFLLLI/KIC=arXveVALZ)
vaLlLe= VALZ

IF(vALLLE) 16901700170

heSiawvtl

ALhwv)IR SORT(AE(T))

Re(hivs= R

CONTINUE

GO TO 190

KERKkOr=l0u

RETURNM
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TINE FCR DETenrMINING THE FUNCTICN F(x)oe

INITION OF VARIABLES
FUlh = CPEN LGCF TRANSFER FUNCTICN ANUVERATOR FC VKCMIAL

PCLL = OPEN LUCF TRANSFER FUNCTICH LenCMIRATCR FOLYNOMIAL
K1 = GRDER OF PCLN ANC POLL

CCVMh = CUMFENSATCE. NULVERATCOH PCLYNCMIAL

CCNC = CONMFENSATOR CLNONMINATCR PCLYNOSYAL

ke = UFLER OF COMPeNSATGR

FX = RESULTANT rCLYRCMILAL

k3 = (CER CF ReSULTAKRT POLYNCMIAL

CIVENSICN PULN(L)» HOLCCL) e CCMRUL) e COMLIL)y CNL(SD) e GL(HOU)
i eniB0)e COR(1)y ¢DICL) e GNR(L)y Gl l1)y CCRS(E0)y GLIS(SE0)
2 GARS(H0)» GRIS(LL)» GMNSLNMIL) e CDSWNMEL)

CIVENSICN RARRAY(SU»S0)

CALL POLNMUL(POLNICCrHM o LlrKE2GN1)

CALL FCLNMUL(HFOLBoCOVL PNl rKerGL)

L1SKl+4Ke

CALL PCLADL(GCsGhLrLLr1eJ0GN)

CALL ROUTH (oL L o RARKAY o NCoRERRCH #lvig)

IF(KERROR) 12030020

WITE(6015)

FORMATCOY0 Y .5Xo AN cLLVENT AN THE FIRST COLUWN I& ZERGY)

GC 1¢C 30

wiRITE (G 28)

FORMATCO0% 9 15X9p'A wirCLE HCa IS Z2ERGY)

CONTIMNUE

L4ASinG

LC 40 I=Slohk

IF(RARRAY(X91))3704g 04U

KeAkCiks=]

WHITE(0e38)

FCRVATC(OUP o OXp v akexax STISTEM IS UNSTABLE #xxixt)

LASNC=1/2

it (RERKOR)S U 45050

CUnTIhLE

CAaLL FEVCDU(GLoL1oGLReGLT)

CALL PEVODL(GhoL1-GARPGILL)

Chil POLNMUL(GCRoGCRoLLIL Lo GLRS)

Chablllk FCLMUL(GLI GLAoLIPL 1P CLIS)

CALL FOLMUL (GNReGiRicoL 1oL 19 GHRS)

ChlL POLMUL(CGRIvGhIsL1rLLochIS)

Lesui+ll

CALL POLACL (GLUISeCLLIS L Lo UPGLSLY)

CALL PCLACL (GNRSeCNISrLr1eLrGNSLN)

n3d=s L1

RETURN

EnL



cer

-
5

receceon

refNNoOOC oo nen

REPRQDUCIBILITY O

LRG0 Craalieen)
Llhs\&l\* utll

34

whCSE

ey

Malh LTLEL

fFUhERATON

LEMNOGMINATCR

CUSCERDING CivileR

FURCTACK SUL=BuoGEAN For FLILwInt Thy VALLE GF ALl A
crndtbue 1o The LASGi 200
I/C vhuwamoneS
- - b0
" shubiok G LIS T
C¥ o AkgeHT LLENLHT N L 7CCULiihe T4
CIFAAS ALS(L(4))
«C 10 ISl
A AAQS L) )=, dave U
WWEAS A SGLa))
1t Ceintline,
L Tutih
Wi
SLERSGUTIME rCLou o wlirobneunt Leber o oFOL (oLl 0L o)
et Pl lise TRE Leavtiave OF o o« 2TLONAL Polyhoui [aL
L7v VAR LABLLS cefFlinlllan
FUh = VECIUR Or CuctriClents UF PCLYLUMEIAL LN
- o (KRCEix ur ' L
FCLL = VECTuit oF Curr b ICLENIS CF POLYIWGNEIAL I
K o CHex CF 1l
LECLn= L LIVERHTCH CF o flvAl v
= o WPk CF bt
CPOLC= LENCIWANTOr F LunlvaTllve
v e (hieEn CF Chotlu
ASSULYFTAON & LivbUT POLYiGidante CCLFFICIENTS ANE 40 ©
b‘n;nCL11i'-Lb i\‘.’.{:(,, H ot = FOLYNCH AL LLT.C-Q.'L‘\:h
FCLat.ii = FULYNCNIAL LU EY TGN

CAMahoaUl Ful i(L )
TeGROLLGSU) o CLLE L)
LC 10 I=i..
LFCLCE)S T » PCL.(,41)
vl cU 131K

«d FrCLUE)= |4 » PCLL(44))

’hLu(l)'

il

OFOCLA(L) e LECLL(L)

Cnll FPCLMLLAFOLLrEFC.tved=a e GPCL)
Crniee FOLMLLWFOL eFPLirvrin=lorilL)

SAtU=l
CALL FLLALLU (ot oL

(P ke =leuriCl-CuLiv)

Crie FOLVYLLIFCLL st G e ipiFoly)

LEGL(50) e FECL(S0)
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vaR+K
HETURN
tink

SLURCUTINE nOUTH G S Chuch e ARKEY s o vishng  Roepes)

SUERCULTINE For APELY LA bhe CLTH bkt d CRITLRION Tu A FOLYNOW LAL

1/C VARIAULES

Fuo e FOLYNONMIAL CLLFFICIunTS In DESCEILING Chivh
ACRUERK=URLe OF 1o WOLYRGY AL
RAanAY= ThE kCUTr rubinIT4 AREAY

n o WUVLER G LulUdn S AN ThE pikitaY
bk - LMt Royn IN The ARKAY

AL oRUR=IRG CLul.
+1 otheTes & whole KCw UF T ARKAY AS e ING ZERC
=1 LENGTES ke FInat ELtrenT GF o wiy AS LHEING Z2ERC

LINVENSIUN Fu(B9) e artAY(Syes0)e Fix(l)
RTs KORLEK + 1}

L0 & I=LeK)

1i

LiIs KT + ) =1

Folids rFi (i)
Re(KOKLek+2) /72

LG 10 I=1ery

CC 10 u=lik

KARKAY (iru)aliey
LUVGS(RURDER*1) /7
MWVER(KCHULRYE ) 22

I (NUNE=NUNG) Yz nléngn

12 113¢é
ag=id
GC V0 1¢
a4 1131
ic=¢
Lo CONTINUE
LU e wEleiviivk
wXZgRtl=[¢

Py

BATRAY (L Leu)= FE(UX)
LG 30 u=lahhye

vAha 2rGtl=]
RARRAY(Ll2rwi= FS{wn)
Lée (KOKLERYg) /2
LeSKORLER= )

hLRRQOR=(O

LG U =1l

CC 60 v=2rle

RV D

RAKKAY Cit2000)5 GeAgin s, Y L1 o LIRRARKAY UL T ) mpiiuiRAY (T o 1) #RARRAY (T4 10y



L))/RARRAY(I+10]
IF (KARRAY(I+20])
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)
V) T7vscgr 74

02 KtikhQRs=1

LC €H u=
IF (KARKA

09 CUNTINUL

nLhnOR=+
¢C 1C &0

2ile
Y([420l) )t urBrusd)

1

70 Le=s K = I/2
BO hr=j+2

KLTURN
LiL

SLERGLTI

NE ~CLACL(RFULLYIHCLP Koo POLA)

ThIS PRGGRAM WILL FINE THE WEIGHTED SUM oF Tw0 FOLYRCWIALS e

CIVeNwSICN PUL1(L) e FCL2(1)» POLAC(L)

haK+}
LC 10

IS1N

10 FCLA(L)= PQLLICT) + K * IPOLZIT)

RETURN
Lni

SUEKQUTI
LIVENSIU

NE FEVCLLU(PCL Lo POLEVIPCLCD)
N Pol.(l)e FCLEVIL)» POLCUI(L)

, THIS FROGRANM (I, ES A PCLYRCMIAL INTO ITS CCD ANL EVEN PARTS. IN THE
., ODL ANC EVEN PAA! EVERY OTHEK NChN ZEKROQO wLENMUNTS IS VULTIPLIED BY =l.

10

NNt}

CO i0 1
w=(1+3)/
FeLevil)

FOLOC(I)= GoS # (POLCI) +(=1e0)%x(I+2) * POL(

RETURN
EWNC .

SULEROUTI

=1l¢K

2
= 0e5 * (FOL(I) +(=1o0)xx(I+1) * POL(I); o
1)

* ok

r—u

*
*

oo
~

NE KEALRT(FAPKCROERI?ROOTSINRSOT P (PD)

" BRCGRAM FOR FINDING THE POSITIVE REAL ROGTS OF A PCLYNGMIAL

A 2 S

.48 4 % 5K T8 -

THECRY LSED IN PRCGRAM « STURM METHGL OF FINLING REAL ROOTS

kX

KCRCER
RUCTS

LEFINITION OF I/0 vARIABLES

~VECTOR OF COEFFICIENTS IN ASCENCING CRDER OF THE
POLYNCMIAL FOK WHICH THE RCOTS ARE TO BE FOUNU

=GRLER CF Fx

~PusITIVE ReAL ROCIS OF FX



REPRODUCIBILITY Of [ Ht

3 NsCCT *hNUNVBEIL CF FCSITIVe REAL RCCTS PFouinl

CAvENSION FalLl)e FatS0)e v oCTS(L) e STFTLLOeS )
LOLELE PREVLSICN SirTe FAe vVAXe AU
WhCCT2Y
hWEFesu
&
| & u:.'\[_[\HIL b'b"' l"Lf\CT;Lh‘J
(
CALL STURVYF(FAIRC et siFTonFX)
he=s KFX
Wl S l;l'ﬁf'l\
LU 3 oSlral
3 FAlL)IZS STHET L)
AhOYds CAALE KoK
U 4 o=l
D ShrlCled) = STFT(T el )/ h0Cii
= nl=1

u

o C

Lo'.lL“r I‘\E A'\ L"','{ " _,'Q.I\L. ‘;r\ ;:.a\. ":'3\ ‘."

Al4)= lelLice
iFCACQ) )07t
! Cuivi Inut
i hiea
Lu=Ued
NOU=SKOhULP+ )
vl & ISl ¢
3 Fx(l)s FXUL)/ZF (M)
Wl Z‘J I:IOI’\\,HLILI"
JaRCluhtl=,
Ir(eEXx(w))ivecleli
19 iF(EpPr)IclUr2yrll
cJ WFRS]
el F(FX(V)=y)coghoes
22 ¢=Fxlw)
¢h COCNTINLE
IF(y)ccrtinenm
e X(4)2 Lo 4 (ALS(C/Zr ACKORLEK*L) ) ) o4 (L e U/ 110)
C
C ULTEKMIKE ROCTY
C
A3 COhI AU
A(1)= vel)
Al2)z xtl4)
Ale)=Xx(l)
rSNAP=Y
KSTCP=U
29 CChilnlL
KETUFSKETUF4 L
IFCASTOP=1uy) 3ue (e
< CCihlihLL

ORIGINAL PAGE 1S POOR

Alb)e KNSCU(Y)
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34
36
38
40
he

50
e

=6

65

70
75

80

10

NSC(2)26

LG 40 u=le2

Avax(utl)

KLSKhF X

VALZ2=2(G 0

LC 40 LS1eKEX

LC 32 I=1,KL

FXCL)S STFT(Le1)
nL=sikl=1

CaLlk FOULV1I(pXerkLeXvevAaLl)
vALL1Z VALL/aleS(VALL)
IF(VALL)34r400234

IF (VAL2*VALL) 36056038
NeClU)S NSC(U)+]

VALe= VvALL

CUNTINUE

I (INPU)BO Y459
WPCSIABS(NSC (1) =nSCL2))
IFUNPLYBO e BUED

IF(LABS (NSC (L) =NSC(g))=1)eue8520590
CONTIMNUE

X1z x(2)

re= X(3)

rlg)= x(2)

AL3)2 X3(X1eX2eFXoKCRDER)
CC 1¢ 75

xtl)=xz)

Al2)s (X(3)+x(2)) /240
GC 1C 70

X(2)sx(2)

x(z2)= (x(2)+x(1)) /2.0
Gu 10 29

IF(ABS(X(3)=X(2))=1,0E~C2) 750290 26C

ALCCT=NROOT+1
RCCISINROOT)= X(3)

IF (NKCOT=NPU)2ErB0080
RETURN

ENC

FUNCTION X3(X1oX20FXoK)
CINVENSICN FA(1)

RIS X2

Yiz X1

Yoz Xg

CALL POLV(FxXxeKeY10G1)
CALL FOLVIFXrKeY2062)
iF(61)20010+10

F1s 61

Fes @2

G0 1C 36
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<)

H

(&9
(P4

ey

Als Y2

A= Y1

Fes 81

Fl= &8¢

CUMTINULE

A3 (Xe+X1l)/ced)

IFCasSUAd=ng) =1l LoLa)Gurc)eld

CALL FCLVIFrArkPA
IF(F3)ourEurnl
AlS X3

F1= F3

Ahs X1

¢C TC du

Ae= X3

Fe= F&

AR A2

CC TC &t
APLTURN

Live

vllbuLlt FRECISICH
CINMBENSLICON (1)
LOLBLE IFRECLSTen

FUNCTION SUk=FrQGE AV
WwAGHLTLLE IS Tre LAR

ASSUNPTICN=-

i/7C VARIAHLLY
3 -AREY
K =hUIVEER

VAR = CALGLST ebciftNT &0 B

EivAxs UABS (i (1))
LC 10 I=1len

el

FunCTIun uvaX(toor)

{

Fun'FIhClne Tht vakol b AND ARnAY WHCSE

Ghs e

CF LLENMENTS IM 2
ACCLRLINC TG wACHLITLELE

IFCLAGCSBRCL) )= in) iuedlteh

EvAXS LABS (1))
Cb;» 1 I‘\UL

fETURN

LG

SUERCUTINE ULV
CIVENSICN PAll)o
CCliekE FRECISICH
KC=nt+l

vVAL=0.0

CC 40 I=leike
FXCL)= EX(L)

(F oK
£

A
FX(
I-Xo

10 VAL= VALAX + Faly)

{)
Vil e KX

gXoVAul)

B AND b aa ARE LOGBLE TRECISIGH GUARTITIES

ataainiin ta gm ghie i dbiciiombwe . o a o
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vAL1= vkl
KETURM
L

SLEROLTINE LTL.vi- (FAri
CawbtnSICh Fall)e Ok (5
Lol YRECLSICH SirTe

neSThLeaRX)
Burbude FREIC(hoir b 2(ni)e b (ED)
"C:l v PFE2r i'F

FUKPLUSE CF FroGral = GERERATE STLaV L ¢TI0k GF A PCLYNOr AL

276G A TABLES GEFINITLION
i d = yoCTCR (r COLFFICIENTS OF oY Oprlpl FoCv sbICE THi
Sl FULWGTIGIHS AnE TG e chiver ATEL
K - (bbb CF FX
STET = AnitAY Uk LUEFFICALATS U SiIUKE L CTACHS
KF 2 = WLVEED G STUHG rURCTLIAS
Kk A=K+l

AU

Gy

CJ

£
9d

CU 10 [S1oKrX

WA= hFXx+l=-}

FFLOL)= FX(FA)
STFiI(leld= FL(S)

LU b L1=10K

FFRZOD)= (K4 =) 4 0(1)
CIFTI(gelds (F2(1)
L=d~1

Ll 80 WT3enr X

Call FOGLUIV(FF2riT islobtipnil)
wG 40 1S10L
S5TFT(url)= «PFL(T)
KLAFSL+1

LC 20 1Sl ehAF

 FRLUL)S FFZ(I)

Luy €J l=1rL

FFRetll)s STEI(Ge 1)
IF(&TFT(dol))onﬁtvct
==l

nFA=d

ne TURA

Eiv

1’EC)

SLORCUTINE  CLLIVICXeAX NNy
FC(1)» DX (ou)

CINVENSLION (L) LALT) e KEC

FuR COULLE rrECIUTUn REXCVL © FROM FIRSY CukLi¥ih GF NEXT CARL.
LOLELE PRELCLSTION war EXo BECe LX

FCLYiLr IAL DIVISIU

T ORUEH PolLYRCejal WHOSY VECTUR OF CCubriCinihT8 IS Ax IS CIVICEL
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CEFIRITICNS OF VAN WL
t-x - t/‘vl..‘“-‘
LA o Liviotk,

\ o ChubER CF - X

" - \ll'\ltt\ r "'’

N o SLOUTiL:.T L

bl Chead EFFLCT G Vi

ar
A * LiCHARL!
"A - t.,;_f.'.] W n'{.. '
l\A; N 1

ALGHENT X
¥ &

' .Nova

vl

L &
Ceall)s yeu

wA==p ¢+ ]

LU S ISirena

nhEe IS Ax()/7oalty

LU & o=l
4 walu)s AX(Y)

MAS Ma=1

LC S LSleivx

Khs L+1
5 AX(L)=

WL TurN

ML

SULECUTIKE s CLMLL (O

LAMENSION Cul ! 3+ L

- Aly)

Uxien)

[HI

(Q$W(ﬂrJA[

Ul v UYL vecion UF G
t.on TrHAIN e
l\/( L)
LS G Jiniig |
b HEFLACEL EY <EMALA

e (l)

pLGIT a2 KLUF)

(L) ACCEFCL) e Cuivialin)e
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tFFICAER TS IS | X

CF UnUFEK =)

COViA(S))

FOR COLLLL FRECISIch RuedOVE € FHCNM FinST CuwnLih CF KEYT CAnLoe
LUl FRECLISICN (Cihe CUVe ALCFe (COine CLNVMRA

ThE veCTOK Ui I A YECTOR OF ThL CULFFICIRIT CF A FOLYNCMIAL

CF CRUEK N

THE veCICr (ub IS a4 VECTICP CF TIE COFFICILTS Or A POLYNCWIAL OF
ohiEil e

THE VELCTCK ACCF 15 p VECTIGK CF THE CotFFiCcierty oF THE PROLUCT (F
A FOLYNONMIaL CF Chbie & AL A PoLYnGvaAL Or CrUEik de  THE
CVOLYRONVMLAL Uk Gk iCr ke COLFFICALLTS ot Tire vECICR XCUOF FaS Al

vitbtit CF w 4 i
LG 1 iSiep

1 CORNALL)ZULU
LAsSht]l
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LAYy
(th(LA):L‘.n“)
rAa=it]

bl w 1S1ev A

Y= bg=]
CC/inlgIscen () 1)
I-.\/ + ;:100.
IWAsvdidy
COVMARNAIZH LU
nYSi/+) 4}

NA=ANY

wL 1 RS1eKy
A‘.ﬁ.l‘(f\):'.'ou

L O LS=henga
ALCEIR)S CGnhktlL]
A (=]

e O =LK

Clivkh L) =Clinm o tl
CunTlinue

e T ey

i

SLUCLT aive pCLy

FIsCERAr EvilUAT,

CCLHFICLIENTS in ALCE.
LLIYENSICH sicu)
(=N
viLLES 4 ())
LG LU ISken
VALLES vALLL + ()0
E Y 9 i

he TURD
L.invi,

RIGINAL

Wi idh ‘L”,K\.U' (r)

tve s blLe)

PCLYLWUINIAL OF ¢
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Rl 1K X
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Additional Comments

43

In the discussion of the MAIN Program, it was pointed out that two

types of input data could be used in the program--that is frequency

response information or open loop transfer function information.

Past

experience has shown that for high order systems the frequency response

information is more practical.
with high order systems might not need the flexibility of giving the
program one of two typyes information.

the program to only accept frequency response information.

be easily done as described below:

1.

2.

In MAIN eliminate the variables KINFOR, K1, POLN, POLD,
POLG, and POLH. These variables are mentioned on cards

1, 3, 12, 14, 16, 50, 52, 53, 57, 58, 61, 62, 94, 104, and
105. Cards which can be wholely removed without resulting
in a program error are 50-64, 94} and 97-109. Other cards
containing these variables will g;ve to be modified.

After making the preceding mentiongd changes in the MAIN
Program the following oub-programlxmuat accompany MAIN:

SRMINS, POLFV, OTPT1, PARCLT, VECTOR, DIRVEC, MATINV,

MATMUL.

Thus, he might want to change

This can

Thus a designer whose only interest was

If the program is divided as described above, the bulk content of the

program will be reduced by more than one half.
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