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DESCRIPTION AND USER'S GUIDE - GAIN INITIALIZATION PROGRAMS
' GRADGN and LERNGN |

I. Introduction

'GRADGN and LERNGN are Fortran IV digital computer programs designed

to automatically determine stabilizing feedback gains for linear time-

| invariant systems with output feedback. Such gains ars requiredﬁifof

example, for initialization of the SOCDESl design procedure.
Given the system

B(t) = aya(t) + By w(s) - (1)

y(t) = Cz(t) E | 4 (2)
where z(t) is an NS-dimensionaliétate vector
u(t) is an NGAdimensional’controi vector
z(t) is an NU-dimensional output vector
we wish to determine a linear; time-invariant output-feedback controller
u(e) = - K p(8) B
to stabilize the system. o | |
We consider an entirely équivalent problem, where the first NU

states of the system
x(t) = A x(t) + Bu(t) | (W)
are to be fed back by the controller

a(t) = - K'x(t) L (5)

where K has the form
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Both GRADGN and LERNGN are capable of solving the above problem, provided

they are started sufficiently close to a solution region in gain space.

' That is, both GRADGN and LERNGN are designed to reduce the maximum real

part of the set of eigenvalues of Eq. (7). An inopportune starting point

may result in the programs "stalling out" on a local minimum and failing
to determine a sacisfactory set of gains, even'though such gains may exist.
Both programs normally are started with all‘gains'zero. If, for

@ specific prob’em, there exists prior information which indicates a better

‘choice of starting gains, these gains can be used instead.

In general GRADGN is more efficient than LERNGN. LERNGN, however,

has some features‘whicﬁﬁmay allow it to produce a solution in cases whers

"GRADGN fails. The recommended procedure is to first try GRADGN. If it

fails when a solution is felt to exist, try LERNGN or attempt to determine
é set of starting gains close to a stable region.

 Note that both GRADGN and LERNGN are pragrammed only to find
stabilizing gains. A triviael modification to either program would allow

the degree of stability to be specified.
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II GRADGN

The basis of the GRADUN progrem, as developed in [2], is the

equation . jth solumn
' T i i :
CRY Y Lg..._q:bk:_g...gjzi
k . T
9 Jk v, X

where Ki is an eigenvalue of A

and.yi are the corresponding row and column eigenvectors

Al
. th .,
Ek is the-k colum of the matrix B

- The gradienﬁ of the maximum real part of the set of eigenvélues of
eﬁ; with respect to the gain matrix,K,‘is obﬁained:from Eq. (8). As aﬁ aid
to convergence the éonjugate gradient ﬂﬂ is then computed. For the jth
iteration, the conjugate gradient is défined by

|larap. || ©

' CGRAD, = GRAD, + ——d— CGRAD,. (9)
dJ . dJd ”GRA,DJ-l“ o J-l

where GRADj is the jth gradient

CG-RADj is the jth conjugate gradient

CGRADl = GRADl
Thus the conjugate gradient is a linear combination of the actual gradient
and the conjugate gradient of the preceding iteration.  As is indicatéd in
[3], this combination provides a better direction of gain édjustment than
the‘true gradient. The gains aré adjusted along the negat;ve of the con-
Jjugate gradient, thereby increasing the stability of the least stable mode
at each iteration. | |

The program, comprising a MAIN an@rseven subpragrams, is described’

below. A flow chart is given in Fig. 1 and a program listing, together

with a sample problem, are given in Appendix A.




| AT
i

- HSBG

MAXRT

i
s | ATEIG
ii

i RIGVEC

k.

- The MAIN provram is used for input-output, control of the various

subprograms, computation of the gradient and conjugate gradient

matrices and adjustment of the gain matrix.

" To run a problem the numbers of states, controls, states available

Tor feedback, and the parameter IGAINS are read-in on the first
data card using the 4LT10 format. IGAINS O sets the initial gain -
matrlx to zero, while IGAINS = 1 indicates that a guess at a

stable set .of gains is to be read in.

The A matrix of Eq. (4) (AMAT in the program) is then read-in

by rows, followed by the B matrlx (BMAT in the program) and, if

IGAINS = 1, the 1n1t1al K matrix. The 7FlO L format is used for

all of these.

Computes AHAT = AMAT - [Buar] [ T]

Conve1bs AHAT to single- subscrlpt notation AAAA, for use in variaule-

dimensional subroutines.  This conversion is not necessary at some

fac1lit1es, but is included for maximum utility of the program.

'uomputes ASQR = DUUUQ for subsequent use in subroutine RIGVEC

Preconditions AAAA to upper Hessenberg form, for subsequent ﬁse

by subroutines ATEIG.

Détermineé the eigenvalues of AHAT.

Selects from the eigenvalues of AHAT the elgenvalue having the

maximum real part. | » ,
Computes the row and column eigenvectors of AHAT corresponding to

the eigenvalue having the maximgm real part. BError messages SWl,

ITER and DIF indicate the succeéé of this erration.

The progrdm may fall in the case of a repeaéed value of th@peigen-

value with the maximum real part, since subroutine EIGVEC may fail

to determine eigenvectors for such a case.
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Like GRADGN, the LERNGN program is.aimed at reduction of the maximum
real part of the set of eigenvalues of Eq. (7). Unlike.GRADGN,‘howevér,
LERNGN dbes not'depend on calculation'of a g}adient.' Instead, each gain
is adJjusted individually to‘reduée the‘makimum real part of the set of
eigenvalues. The adjustment entaiis'a predetermined variation of»thé gain
followed by an iterative procedure to determine}its optimum value. The
gains are adjusted in éequence, with the program "learning” better gains
at each stage.‘ The process continues uatil either the system is stabiliZed
or the méXimum allowable numbér'of adjustment cycles is reached.

The program comprises a MAIN and six subprograms, several of which
are also used in GRADGN. A flow cﬁart is given in Fig.2 and a‘program
listing with a sample problem is given in Appendix B.

Main

N Used for input-output, control of the subpfmgrams, and the pre-

determined variation of each gain. The datalcards required to run a

problem are exactly the same as in GRADGN.

AMHT, VECT, HSBG, ATEIG

Same as in GRADGN.

Function RMAX

Same as MAXRT in GRADGN.
GITER

Iteratively computes the optimum value of the gain being adjusted.
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APPENDIX A

A sample problem was run to iilustfate the‘use_of GRADGN.' The |

- plant was a seven staté'modelvof=thé'saturn v bobster, with the first two
states fed baék to a.sinéle7qontrollér. CompleteAighorance.of-stabilizingi
gains was assumed, so the gaihmatrix was initializgdito Zero. ‘The>input
cards requirea for the problem aré‘sh0wn in Fig. A=-1. A prograﬁ listing,
- together with the outputs for‘the sample problem, is giveﬁ below.

Solution time for this problem on fhe IBM~-360/50 computer was
10.4 sec. compared with 28.2 sec.‘for:éolution of the same problem by the

LERNGN program.
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13

14
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16

17

18
19
20
21

22

23
24
25

26

27

28 -

29
30
31

32

23
34

OO0 OOOOOON

JOB

10

OO0

14
15

40
50
5%

60

OO

70

80

SO0

92
94
90

OO0

4188 MCBRIMNLINECAT=55 10.

PROGRAM GRACGN '
COMPUTES STABILISING CUTPUT FEECBACK GAINS FOR LINEAR SYSYENMS
WRITYEN BY DEREK E. MC BRIMN -~ SYSTEMS ENGINEERING DIVISION
- RENSSELAER PLLYTECHNIC INSTITLTE
TROY, NEW YORK, 12181

TELEPHONE S18~-210-¢324
2ND. SEPTEMBER 1969 ‘

COMPLETE ULSER'S MANUAL AVAILABLE FRCM "ALTFCOR

DIMENS!CN AMAT (30, 30398W&T(30;30)vhhAT(BCoBO)pAAAb(QCO)qASGR(BCp

130V RRO3C)eRI(30)»IANA(30) o W(3004) o XR{30)eXI(3CI,VRI3CIVIL2C),
2IRCW{30, 22'CRADR(30930) GRACI (39, 30) GRAF(3G’3C§9CGRAD(3093C)7
JVRNI(30)4VEINT2C)

REAL K(30,30)
FCRMAY (7110)

IGAINS CLNTRCLS INITI&LIZAIICN CF GAIN MATRIX K
READ (1,10) hSohCohU»!GAINS

FORMAT (1H1)

FORMATY (l/TQe'STﬁTES',4X9'COh)RCLS'.4X9°FEECBACKS')
WRITE (3,14)

WRITE (3519}

WRITE (3410) NS,NC,NU
TA=NS

NS2=NSaNS

D0 40 I=1,AS

DO 40 J=1,NC
KITgd)=Ca

FORMAT (4EL18.7)

FORMAT (2E20.6)
FORMAT (7F10.4)

SYSTEM CATA MATRICES ARE REAC IN BY ROWS

READ (1+60) (LAMATUIJ)p J=14NS)y I[=1¢4NS)
FORMAT (//73,°SYSTEM MATRIX ANAT')

WRITE (3,470)

WRITE (3,50) ((APAT(I,J)9J=1yNS),I=1yNS)
READ {l460) ((BMAT(IsJ)y J=1¢NC)y I=1,NS)
FORMAT (//T3,°CONTRCL MATRIX BMAT®)

WRIVE (3,80) '

WRITE (3,50) ((BMAT(loJ)9J=lvNC)'l=l'hS)

INITIALIZATICN CF GAIN MATRIX K

IF (IGAINS) 94494,92

READ 61960"((K(lod)oJ=ipNC’cl=lvNL3
CONTINUE ‘

FORMAT (//7T3,¥GAIN MATRIX K*)

KRITE (3,90) .

WRITE (3,590) ((KQX9J)9J=ivNC,nI=1oNU)
CALL AMHT(ANATBMAT oK oNSsNCoAHAT)
CALL VEC?(AP@TQNS,@AAA)

CALL MSC(ARABA,NS,ASQR)

CCHMPUTATION CF EIGENVALUES




35
36
37
38
39
40
41
42
43
44
45

&6

47

48

49
50

52
53
54

55

56
57

58
59
60
61
62
63
64
65
66

67
68
69

70

71
12
73
74

2XsX2)

100

120

aNelel

190

2 Xz Xa)

COOOO0D

1200
210

220
2319

e NoNe]

o 11.
CALL HSBG(NS,AARA,IA)

CALL ATEIGINS,AAAA,RR,RL,IANA,IA)

FORMAT (//T2,9RCCTS® ¢5X, "REAL PART®, 11X, *IMAGC PART®)
WRITE (3,1C0) | 4

WRITE (3,55) (RRUI)SRICID,E=1,KS)

CALL MAXRTLRS ,RR,RI}

‘RCCTR=RR{1)

- RCCTI=RI{1)

FORMAT (//TZ@'NAXIPUN REAL PART CF RCGTS°)
WRITE (3,120) ‘
WRITE {3.50) RCOTR

CHECK FCR SYSTEW STABLLITV'

IF (RCOTR) BCCO 190,190
CONYINUE

COMPUTATICOA CF EIGENVECTCRS

CALL EIGVEC(3, AHAT ASQR,hQ!RCh,XR,XI'VR Vi RCOTR, RCOT19A593C909
lSNLo[TEReD[FOZ)

SWL = 0 FCR AN EXACT E!GENV&LLE ANC NO RCUNC-CFF ERRCR

ITER = NUMBER CF ITERAVYICNS USEC TC FINC EIGENVECTYCRS.

IF TCLERANCE IS NCT ACHIEVELC, PRCGRAM ACCEPTS VALUES AT ITER = 15.
CIF =‘LARGEST CHANGE IN ANY EIGENVECTOR CCMPCNENT AT FINAL ITER,

FORMAY (//T3,*EIGVEC ERRCR ”ESSQGES”

FORMAT (T3+'Skl="ELl0.4,10Xs? ITER=?,15, 1Cko°ClF='gE1004)

WRITE (3,2C0) '

WRITE (3,210) SwWl,ITER,CIF

FORMAT (//7V3,'EIGENVECTCRS CCRRES TC MRP EIGENVALUE')

FORMAT (T6,'RCW REAL PT’.?X;'RCN INAG ”T°*7X9“COL REAL PT ', 7x,'CCL
1 IMAG PY*)

WRITE {3,220)

WRITE (3,230} " : C '

WRITE (3,50) (VRUEIJoVIL{E) o XR{I)eXI(D),TI=1,NS)

NORMALISE EIGENVECTORS INNER PROCUCT

. VECMGR=0.< -

240

250

290
300

VECMGI=C.

00 240 I=1,NS

VECMGR= VECNGR*VR(I)&XR(!) V!(!)ﬂXl(19
VECMGI=VECMGI+VR{TI)aXI([)+VI{I)=XR(])
VECMGS=VECMGRaVECMGR+VECHGI#VECWGI

DO 25C IsleNS

VRN{T) = (VR(i)!VECMGR#VI(ID'VECNGI)/VECMGS
VINCI)={VI(T)sVECMGR-VR(I)»VECMGI)/VECMGS

" CCMPUTE GRADIENT MATRIX

DO 300 J=sleNU

DC 3C0 L=slyNC

GRAOR{J 4L ¥=0,

GRAD[(J'L)*O-

CO 290 I=1,AS

GRADR(JsL )= GRADR(JwL)*VRh(I)HBNAT(leQ
GRADI(JsL)=CRADI(J,L)I+VIN(T)=BMAT(I,L)
GRAD(J,L)=GRACR(JoL)aXR(JI+CGRADI(J, L) XI(J)




75

76
17

- 18

79
80

- 81

82
63
84
85
86
87

88

89
90
9l
92
93
94

95

96

97
98
99

100
101
102
103
104

105
106
107
108

109
110

11l

112
113
114

115

310

320

340

OO0

350

aNeNe

coo

380

390

aNeoRe

OO0

FORMAT {//T3,°GRACIENT MATRIX') 12.

WRITE (3,310} '
WRETE (3450) {(GRAC(I,J)eJd=1ygNC),oI=1,NU}
GROSC=0.

DO 320 Isl.NL

DO 320 Jds1,NC
GRDSC=GRESC+GRAD(II4J)®GRAC(I,J)

ADJUST GAIN MATRIX K

CELK=={RCCTR+.01) /GRDSC

DO 340 I=l NG

0C 340 J=l,NC
K{Lod)=K{I,J)+DELK®GRAC{I,J}

WRITE (3,90} |

HRITE (3550) ((K(15d),J=14NC)ol=14NU)

CONJUGATE GRACIENT IS CCWPUTED FCR SECCNE ANC SLBSECUENT [TER'S,

DO 350 Isl,ML

0C 35C Jsl«NC

CGRAD(I,4J)= GRAD(I;J)

GRUSCL=GRDSC '

DO 7C00 XKCUNT=1,10

CALL AMHT(ANAT,BMAT KeNSyNCoAHAT)
CALL VECT(AHAT NS,ABAR) ,
CALL NMSCQUAAAA(NS,ASQR)

CCMPUTATICN CF EIGENVALUES

CALL HSEBG(NS,AMAA,IA)
CALL ATEIGINS,AAAA,RR,RIZIANA,IA)

~KWRITE (3,1C0!

WRITE (3,55) (RR{ID4RI(I)4I=1,4NS)
CALL MAXRT(NS,RR4RI})

RCOTR=RR{1)

RCOTI=RI(l)

WRITE (3,120)

WRITE (3,50) RCCTR

CHECK FCR SYSTEM STABILITY

IFf (RCOTR) 8CC0,380,380
CONTINUE

IF (KCUNT~10) 390,7500,75C0
CONTINUE

COMPLTATION CF EIGENVECTCRS

CALL EIGVEC(3,AHAT ASCRyh, lRCN,XR,Xl’VRgVI RCCTRGyRCOTIHZNSH13C,H0,
I1SWl,ITER,DIF,2)

WRITE (3,2C0)

BRITE (30210) SWl,ITER,CIF

WRITE (3,4220)

KRITE (3,230)

WRITE (3o50) (VR(IDoVI(IDoXRIT)yXI(TI) o I=14NS)

NORMALISE EIGENVECTCRS INNER PRCCUCT
VECMGR=C.




116 VECMGI=G. - . ‘ , 13,
117 DO 420 Is1,NS |

118 VECMGRSVECNGROVR(!)'XR(l)-Vl(K)!Xllli
119 420 VECMGI=VECNHGI+VR{IV&XI(I)eVI{I)aXR(])
120 VECMGS”VECWGRGVECMCR+VECNGI“VECWGI
121 - DO 440 Isl4NS
122 VRN(!)‘(VR(I)QVECNGR+V!ll)*VECPb!BIVECMGS
123 440 VINIIM=(VI{I)aVECHGR-VR(I)=VELMGI)/VECMGS
C ‘
C COMPUTE GRACIENT MATRIX
- C
124 DO 460 J=1,NU
125 00 460 L=1l,NC
126 GRADR{JS,L)=0Q.
127 GRADI{J4L)=0.
128 00 4%0 Isl,eNS
129 : "GRADR{JoL)=GRADR(JyL)-VRN{E)aBMAT{I,L)
130 450 GPAD[!Jql)ﬁGRADflJ.LX¢ViN(l)'BHAY!EvL?
131 460 GRAO(JyL)=GRACRIJyL)SXR{JIIEGRACI(J L) uXI{J)
132 WRITE (3,310}
133 WRITE (3,50) {(GRAD{IoJ)ed=1yNC)yI=2,NU}
134 GRDSC=0.
135 0O 480 I=),NU
136 ‘ 00 480 J=sl.hNC
137 480 GRUSC“GRDSC*GRAD(l,Jl'GRAD(IpJ)
C
C COMPUTE CONJLGATE GRADIENT MATRIX.
C
138 BETA=GRCSG/GRESQL
139 CGRSC=0,
140 DC 5C0 I=slyN\L
141 C0 500 J=slyNC
142 CGRAC(I,40Y=BETA4CCRAD(I,J)+CRAD(I,J)
143 500 CGRSC*CGRS"CGRAD(!;J)“CGR@D(I:J)
144 GRDSCL=GRDSG
145 510 FORMAT (//V3,°CONJUGATE GRALIENT NATRIX')
146 WRITE (3,510} -
147 WRITE (3,50) ((CGRAD{IoJ)eJ=1,NC}eI=1yNL)
C ADJUST GAIN MATRIX K
C ‘
148 DELK==-(RECTR+.01)/CGRSC
149 DO 520 I=slohU
150 80 520 Jxl,4NC :
151 520 K{fiysJ)= K(IpJ)*DELK'CGRﬁD(I J)
152 ARITE (3,99)
153 ' WRITE (3,50) ({K{IsJD)ad=mlKC)yI=1,,NL)

154 7000 CCONYINUE

155 7500 WRIVE (3,7600)

156 7600 FORMAY (//T1ly'NC STABILISING GAINS FOUNC. THIS COES NCT IMPLY THAT
1 NC SUCH GAINS EXIST?')

157 GO TC 9C€00

158 8000 WRITE (3,81C0)

159 81C0O0 FORMAT (//73,°LAST GAINS SHCMN GIVE STABLE RCCTS AS LISTED')

L&0 SCCO CONTINUE

161 | SVCe

L62 END




163

164

165

OO0

le6

Le7

168

L69
170
il
172

100

SUBRCUTINE AMHT(AMATY yBMAT o KoNS NCoAFAT)
COMPUTES AFAT = AMAT - BMAT®*K(TRANSPCSE)

DIMENSICN AMAT(30,30)+BMAT{3C,30)9AFAT(3C,3C)
REAL K(3C,30)

N0 100 I=14NS

00 1CO JslyNS

AHAT L o J1=ANMAT(( )

CO 100 L=s14NC

AHAT{I 9 J)=AHAT( 4 J)=BMATII LY 2K(JsL)

RETURN

END

1.




173 SUBRCUTINE VECT(AHAT,NS,ARAA)

. C ,
C CONVERTS AHAT TC SINCLE SURSCRIPT FCRIM AAAA
C o
174 DIMENSICN AHAT(30,+30),42AA(SCO)
175 - DO 1CO J=1,NS '
176 DO 1CO I=1,NS
177 K=(J-1)eNS+1] :
178 - 100 AAAA(K)=AHAT(I:J)
179 RETURN- '

180 ENDC




. MR DwS  aew

el GNNE SN

181

182

L83
184
185
L86
187
188
189
120
191

eNeNe

1C0

SUBRCUTINE MSC(AAAA,NS,ASQR)

CCMPUTES ASGR = AAAAqaaAd

DIMENSICN 2AAA(900),ASCR{30,30)

DO 1C0 Is14NS

DC L1CO J=l,NS

ASQR(I+J)=0.

OC 1C0 K=1,KS

Kl=NSe(J=1)+K

K2=NS#{K=1)+]
ASQRUTsJISASCRIT,JI+AAAA(KL) =AAAA(K2)

RETURN

ENG

16.




192 SUBRCUTINE HSBG(NoA,TA) | ok

C .
o CONVERTS A TC UPPER KESSENBERG FCRM
c |
193 ocuate PRECISICN DABSCFLCAT,CSIGN,CBLE,CEXP,RLCG, LLOG[O DATAh
LeDSINGDCCSoCSCRTZCTANH,CMCC,CMAXEL,CNINL
194 BCUBLE PRECISICN S |
195 DIMENSICN A(9CO)
196 L=N
197 NIA=LelA
198 LIA=N[A-]A
199 20 IF{L-3) 360,4C,40
2C0 40 LIA=LIA~IA
201 Ll=L~-1
202 L2=L1-1 ;
203  ISuUB=LIA#L g
204 iPIV=ISUR~-1A i
205 o PIV=ABSIA{IPiV)) . i
206 [F(L=-3) 90,9C,+50 ,
207 50 M=[PIV-1A .
208 ' 0O 8C I=L,M,IA
209 T=A8S(ALL)). .
210 IF(T-PIV) 80,80,60
211 60 IPIv=1 :
212 PIv=T
213 80 CCNTINUE
214 90 IF(PIV) 1£0,320,1C0
215 1CO IF(PIV- nescntxsuaa)) 180,180,120
216 120 M=[PIV-L » §
217 0O 140 1=1,L
218 N J=M+]
219 | T=A(J)
220 K=LlA+]
221 AlJI=A(K)
222 140 A(K)=T
223 © M=L2-M/1A
224 0O 160 I=L1, AIA A
225 T=AL])
226 J=[-V
227 - ALT)=8(4)
22¢ 160 ALJ)=T
229 180 DU 20C raL,L'Awia
230 2C0 ALI)=ALT)/A(ISUB) ;
231 ==1A | E 5 -
232 0O 240 I=1,L2 2
233 J=delA
234 LduLed
235 DO 220 K=sl,Ll
236 K J=K+J
237 KL=K+LIA
238 220 A(KJ)=A(KJI)~ A(tJ)*A(KL)
239 240 CONTINUE
240 K=—1A
24 DO 3C0 Isl,N
242 | K=K+ 1A
263 LK=K+L1
244 S=A{LK)
245 Ld=L~-1A
246 DO 280 Js1,L12

247 JK=K+J




BN
7

| 248 LJ=LJ+[A . ~ LS.
L 249 280 S=S+A(LJ)#A(JK)w]l.0D0 - | ' R
250 300 A(LK)=5 : , .
251 OC 316 I=L,LI4,1A .
252 310 A(I)=0.0 .
253 320 t=L1
254 6o .TC 20
255 360 RETURN
256 END -

5 -




o

257

258

259 .
260
261
262
263
264
265

266

267
268
269
270
271
272
273
274
275
276
277
218

279

280

281

282
283
284
285
286
287
288
289
290
291

292

293

’ -\')o"-l'

\\
‘{7‘ \\ )

295
296
297
298

299

360

301

302
303
304
305
306

307

aos
309

- 310

311
al2

i

SUBRCUTENE ATEIG(M,A,RR,RI,TANA,[A) | o 19.

~CCMPUTES RCCTS CF LPPER RESSENBERG MATRIX A

DOUBLE PRECISICN DCABSCFLOAT,CSIGN, CEBLEZCEXP, DLCG CLGGIC DATAN

loDSIh DCCSyOSCRTHyCTANHZ,CNOC yCMAXL 4CVMINL

DIMENSICN A(9CO)oRR(30)4RI(3C)4PRR{2), PR!(Z)oIANA(BC)
INTEGER P,P1,C
€7=1.0E-8

. E6=1.0E-6

E10=1.0E~1C
CELTA=S0.5 ‘ / 0

N=M’

20

Ni=N-1
IN=N1s«[A

" NN=IN&N , . 4 _ !

$3Q

40 i

60

65
61
68

70
75

80

TF{N1) 30,130C,30
NP=N+1 '

ag
g
it
o
U

| 4
0 Sy
0

N2=Ni-1 .
INL=IN~1IA
NNL=TNL+N
NIN=IN+NL
NINL=INL1EN]
=A(ALNLYI=A(ANN)

U=T#T

V=4.C*A(NIN) nA(NNL) ;
[F(ARSIV)-L#ET) 1G0,100,65

T=L+V “ .
[F(ABS{TI=ANMAXLLL ABSIV)I®EG) 67,67,68

T=0.C [- | \
U=(AININL)4A(NND) /2.0 4

V=SCRT(ABS(T))/2,0

IF{TIL46,70,70

IF4u) _80475,75

RR(NL):LeY

RR{N)=L=-V - ‘ .

GO TC 13¢ | - e
RR{N1)=L~V - | A -

CRRIN)=L4Y - | - \

1100

1ic

120

130

140

GO TC 130 o ; B - I3y,

IF{T)120,110,110

RRINL)Y=8{(MINL)

RRIN)=ATAN)

GO ¥IC 13¢c- . . : o
RRINL)=AINN) .
RR{N)=A(NINL) =
RI‘N"’:OOC .
RI(N1)=C.0

GO TC 160

RRINL)=L

RRIN)=U.

e




S

313
3l
315
316
317
318

319

320
321
322
323
324
- 325
326
327

- 328

329
330
331
332
333

334

355
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
a53
354
355
356

357

358
359
360
361
362
363
364
365
366

367

d368//
369
370

225.

160
180

240
25¢C
260
3G60
320

1
340
360

440

460

480

'5C0

RI{NL)=V

RI{N)=-V -
IFIN2)1280,1280,180 , .
NIN2=NIN1-1A 4 “

RMOO=RR{NL)#RR(N1)+RI{NL)SRI(N])
EPS=ELO#SCRT(RMCC) -
[IF{ABS(A(NLINZ))-EPS) 1280, 1280 240

IF(ABS(A(NNL) )~EL10#ABS(A(AN))) 13C001300o250

IF{ABS(PAN1- A(AINZ))—ABS(A(NLNZ))Gﬁé) 1240,51240,260
IF(ABS{PAN-ALANL) )~ ABS(A(N~19)-56)k240°124o. co
IF(IT-MAXIT) 320,1240:1240 3\

J=1 o5 )
00 360 Isl,2 ‘ . BN
K= NP~[

IF!ABS(RR(K)—PRR(I))+ABS\RI€K) PRI(I)) CELTA-(AES(RR(K))‘
+ABSI{RI(K)))) 340,360,36c

J=J+1

CONTINUE

GO T (440,46C, 4660,480) 44

R=0.{} ,

S O.k ' ,

GO T 5C0 , | N

J=N+2ry -

R=RR{U) eRR (J)

S=RR({J)+RR{J)

GO TC 5¢CC ' :

R=RRAN) *RR(NL)=RI(K)®RI(N])

S=RR(N)+RR(NL)

PAN=A{NNL) , . . -

PANL=A(MNLIN2) Co : : : )

DO %2C I=1,2 - A | '

K=NP-1

520

PRR{I)=RR{K)
PRI(I)I=RI(K)

P=N2
IFIN-3)€€0,60C,525 j
IPI=NIN2 J
DO 580 Js2,N2 ¥

530

[PI=IPI-TA-1 _

IF{ABS(A(IPI))=EPS) 6004600 ,530
IPIP=IPI+[A

IPIP2=IPIP+IA L

D=A(IPIP)s(A(IPIP)~ S)+A(IPIP2)ﬁA(IPIP+1)OR

~IF{D)54C,560,540

1
560
580
600

620

650

660
680

)) -ABS(C)=EPS) 62096200560 v V‘
P=N1-J
CONTINUE S S R :
Q= P/ ‘ Co S o - f
GG TC 680 ' : . | L
PL=P-1 ' ' ) ' B ‘ ‘
Q=pPl ‘ 5
IF{P1-1)680C,¢80,650 : .
D0 660 [=2,P1 )
IPI=IPI-1A-1

(F(AES(A‘!F[)) EDS)68016800660 A

Q=6-1

ll—(P~1)|KA*P

£0 1220 I=P,Al e
Irt=1-14 { ®

)
Oy

&%

540 IF{ABS(ALIPI)#A{IPIP+1))=(ABS(A(IPIP )*A(IPIP2+1) c)&iBS(A(!PIP¢9Z

i\



i anmnii

ij-;i-»—x b

371

372
373
374

375

376

317

378
379
igo
381

3ge

283

384

385

386

387
388

389

390
391

392
393
394

3195

396
397
398
399
400

401"

402

403

404

405
406 . -
407

408

409

41C

411

412
413

414

41%

- 416

417
418
419
420
421
422
423
424
425

- 426

427
428

429

430

720
o G2=A(IT1e1) .
O IF(I-NZ2)T404740,760C

CHIP=Iler
CIF(I-P)720,7C0,720

700

IPI=1]+1
[PIP=1IP+1]

GLl=A(LI)®{A(II)-S)+A{LIP)4A(IPI}+R

- G2=ALIPI) o {A(IPIP)¢A(IT)=~S)

140

760
780

8C0C

820
84C

G3=A(IPI)=A(IPIP+])

CA{IPI+1)=C.0

GO TC 780
Gi=AtIlI1}

G3=A(I[1+2)

GO TC 780

G3=0.0 -
CAP=SCRT(G1#Gl+G28G2+G3063)
IF(CAP)B0O,860,800 -
[F(G1)820,640,840

CAP=-CAP

T=GL+CAP

PSIL=G2/T
PSI2=G3/T |
ALPHA=2,0/(1. C@PSIIGPSEI&PS!ZEPSIZ)

GO TC 880

860

860

G900

929

540

960

980

1660

1020

1040
1060

1080
1100

ALPHA=2,0

"PSIL=0.0

pSl2=OoO : '
IF{I-¢)SC0,496C,900
lF(['5392019409920

A(LI1Y==CAP

GO YC 360

AtTil)==-A(II1)

IJ=11

D0 1040 Jniah
T=PSULlea(lJ+l) .
!F(l-hl)98091C0091000
[P2d=1Je2
T=T+PS[26A(IP2J)
ETA=ALPHAR(T+AITJ))
AlLJI=A{IJI-ETA | o
AtIJel)=A{lJ+]1)-PSI1=ETA
IF{I-N1)1020,1040,1040
AfIP2U)=A(TP2J)~ PSIZ“ETA
[J=0J+TA
IF(!°N1)10809106P 1060
K=N :

GO TC 11co

K=i+2 ‘

[P=LIP-1I

TDC 1180 JsCyK

1120
1140

JIP=IP+y

Ji=JIP-TA
T=PSILleA(JIP) :
IF(I-~-N1)L120,1140,1140
JIP2=JIP+1A
T=T+PSI2=A(JIP2)
ETA=ALPFA&(T¢A(JI))
A{JEd=A({JI)~ETA

ALJIP)=ALJIPI-ETA®PSIL

[F(I-N1)2160,1180,1180

21.



431
432
433
434
435
436
437

- 438

439
440
441
442

443

444
445
446
447
448
449
450
451
452
453
454
455
456

1160

1180

1200

A(J!PZ) A(JIPZ) -ETA«PSI2
CONTINUE
!F(I—N2)1200g1220o1220
JI=11+3 '

. JIP=JI+1A

1220

1240

1280

1300

1320
1400

JIP2=JIPeIA

ETA=ALPHAaPS[2#A(JIP2)

ALJEY=-ETA

AlJIPI=-ETAsPSI]

A(JIP2)=A(JIP2)-ETARPSI2
[I=[1IP¢]
[T=(T+l

‘uO TC 6C
lF(ABS(ﬂ(hhl)’-ABS(AININZ)))

[ANA(N)=0
IANA(N] ) =2

N=N2 '
IF{N2)14C0,14C0,20
RR{NI=A(NN)
RI(N}=0.0
[ANA(N) =1
IFiNllléCOvl4C0c1320
N=N1

GO TC 2¢

RETURN

END

1300,1280,1280

22.
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- x . ‘, f'. . - -'~;'. » ' . B

457

%58

459

460
461
462
463

4664

465

aNeNe

50

160

SUBRCUTINE MAXRT(NS,RR,RI)

o
(CL

COMPUTES RCCT HAVING MAXIMUWM REAL PART

DIMENSICN RR(30), thao)
DO 100 I52,NS |
[F (RRIL)-RR(I)) 50, 100 100

SRELLY=RILE)

RRUELI=RR{I)

CONTINUE

RETURN
END




s RS B e

2k,

466 SUBRCLTINE ETGVEC(IVC, Ay By Wy IRCWy XR, XI, VR, VI, RCCTRE,
1 RCOTIE, NEo NNMAX, T2, Skly COUNTE, ERR,NMPNM)

C SUBRCLTINE TC FINC THE EIGENVECTORS CF A NCMN~SYMMETRIC MATRIX
c BY A WOCIFIEC WILKINSCN'S INVERSE ITERATION METHOD.
c CCNTRCL IVC CCCE IS
. L FIND CNLY THE REGLLAR EIGENVECTORS (A X = LAMBCA X)
- 2 FINC CNLY THE TRANSPCSEC EIGENVECTCRS (AT v = LANBDA
c 3 FINC BCTH TYPES CF EIGENVECTCRS. -
467 "~ DIMENSICN A(30,30)+B130,3G),W(3054), xaaac».xx«ao) VR(BO)eV[(BC)p
| = LIRCK{30,2} ‘ |
468 INTEGER COUNT, CCUATE, T2
469 10l=1
470 . 163=3
471 RCCTR = RCCTRE
472 RCCTI = RCCYIE
473 N = NE
474 M = MMM - |
475 ‘NL = N - 1
476 NPL = N ¢ 1
417 fVCL = IVC - 1
478 [VC2 = IVCl ~ 1
479 - COUNT = 1
480 DO 400 [=1,N
481 W{I,1)=C.CEQ
482 | XR{1)=0.CEOQ
483 400 CONTINUE
484 CLIM = 1.0E~4
485 IF(RCOTI) 1, 60, 1
C S
o CCMPLEX EIGENVALUE.
c
486 L TEMP = = RCOTR = RCOTR
487 ISk = 2
488 TEMP2=RCCTRRCCTR+RCCTI4RCCTI
489 Jd = 360
490 DD 606 I = 1, N
491 IF(T2) 6C0, 6C3, 6CO
492 600 DO 602 J = L, N
%93 Jd = JJ o+ 1
494 [F(JJ - 251) 602, 601, 6Cl
495 60L JJ = 1
' 496 READ (T2) (w{LLy1)y LL = 1,250)
497 602 BIIyJ) = AL1,J)@TENP + WildJyl)
498 GO TC 605
499 603 DO 604 J = 1y N
500 604 B(Lyd) = ALL,J)«TEMP + B(I,4)
501 605 BII,I) = B(I,1) # TEMP2
502 606 AlT,1) = A(I,I) -~ RCCTR
503 [F{T2 oNE. 0) REWIND T2
504 GO TC 7C0
505 607 IFLEICCY 622, 608, 622
c
c MATRIX SINGULAR.
C
506 622 IFLIVC2) 623, 625, 623
507 623 DO 624 LL = 1,y N
508 WILLy2)=040
509 624 XI(LL)=0.0 |
510 IFCIVCL) 625, 514, 625

511 625 00 626 LL = 1y N




e JEME @ UEE PR s e

512

513 -

514

515
516
517
518

516

520

521

522
223

524

525

526

527
528
529
530
531
532
533
534
53%
536
537
538

539

540
541
542
543
544

545

546

547

548
549
550
551
552
553

554

555
556
557
558
559
=50
561
562
563
564
565

626

000

608

609

aEele

699
610

6Ll

612

613
615
6lé

617
618

619

620

621

6217

628

629

630

631
632
633

r
\J1)

WilLy4)s0.0

Vi{LL)=0,.0
GO TC 511

MATRIX NCT SINGULAR,
00 609 LL = 1, N

WitLsl)=1.0

WiLL,2)=1.0

hiLi,3)=1.0

WILLy4)=1.C

IFLIVC?2) 610, 612, 610

PC 6il I = 1o N

[I2 = [RCh{I,42)

XI(I2) = Wll,1)&RCCT!

DO €ll1 J = 1, N ,
XILI2) = XI{(12) ¢ A(I,d)oW{d,2)
IF(IVCL) 612, 500, 612

DO 613 I = 1, N

VI(I) = W(I,3)#RCCTI

DO 613 J = 1,N ‘

VI(L) = VI{I) + A{J,I)eW(J,4)
GO TC 469 :

CERR = (0.0 v

IF{IVC2) ¢1é, 619, 616

‘DO 618 1 s 1y N

XR(I1) ~hWl{ly2)

DO 617 J = 1, N

XR{I) XR{TI) + A{IsJ)axit(y)
XRII) XR{I)/RCOTI
IF{IVCl) 619, 633, 619

no

0C 621 [ = 1l N
YR{E) = =W(l,4)
DO 620 J = 1, N
VRI) = VR(I) ¢« A{J,I)eavI{J)
VR{I} = VR({I)/RCCTI
SEARChH VECTCRS FCR LARGEST ELEMENT ANC NCRMALIZE.
AMAX = 0.0 |

DO 629 L = 1, N

TEMP = VYR(L)¥#2 ¢ VI(L)aw2

IF(TEMP - ANAX) 629, 629, 628

AMAX = TEMP

{2 =1

CONTINUE

Cl = VR(IZ2Y/AVAX

C2 = =VI112)/7AVAX

CC 630 L = 14 N

YEMP = VI(L)

vIi(L VRIL)%C2 + TEMPe(C]

YR(L) = VR{L)SCLl = TEMPa(?2

[FICCUNT LEC. 1) GC °tC €32

DO 631 LL = 1, N ‘ ‘
CERR = AWMAXLI(CERR, ABS{VRILL) = W(LLs3))p ABS{VI{LL) - w(’
IF(IVC2) 633, 638, 633 .
AMAX = C.0

00 635 L = 1, N

TEMP = XR{L)#«2 ¢ XI(L)aa2

IF{(TENMP - ANAX) 635, 635, 634

t i




566
567

568

569
570
571
572

573

574
575

576

577

578

579
560
581
582
583
584

585

586
587
588
589
590

591

592
593
594

595

596
597
598
599
600
601
602
603
604

605
606
607
608
609
610
611

612
613
614
615
616

OO0

634

635

636

AMAX = TEMP
12 = L

CONTINUE

CL = XR({I2)/AWMAX

C2 = -XI{I2)/AMAX

DO 636 L = 1, N

TEMP = XI(L)

XI{L) = XR{L)«C2 + TEMPsCl
XR({L) = XR(L)%C1l —- TEMPa(C2
IF(CCUNT .EC. 1) GC TC 646

DO 627 LL = 1,4 N

637

638

639
647

642

640

641

644

645

- 646

OO0

aNeaNel

648

667

649

68

60

650

651

652

680
681
682

683

CERR = AMAXL{CERRy ABS{XRILL) = WiLlLlsl))y ABSIXI(LL) = W{LL,21)"
TEST FCR CCNVERGENCE.

IF(CCUNT .EC. 1) GC TC 646
IF(CERR .GE. 1.0E-4) GC TC 539
IF(CERR .GE, CLIM) GC TC 648
CLIVM = CERR -
IF(CLEM oLE. Ll.Q0E-8) GC TC &48
IF(CCUNT .GE. 15) GO TC 68
COUNT = CCLAT + 1 &
IF(RCOTI) 642, 673, 642
IFLIVC2) 640, 644, 640

DO 641 LL = 1, N

WilLsl) = XR(LL)

WlLLs2) = XI(LL)

IFLIVCLS 644, 610, 644

00 645 LL = 1, N

HiLLe3) = VR(LL)
W(lLo4) = VIILL)

GO TC 699

CERR = (.0

IFUICC) 648, 647, 848
ERR = CERR

COUNTE = CCUNTY
IF{RCCTI) 667, 668, &617
DC 649 I = i, N

Af{l4I) = A(I;I) + RCCTR
RETURN

PRINT 101, RCCTR, ROCT!, CERR
GC TC 648 :

REAL EIGENVECTCRS.,

ISW = 1
00 651 I = 14 N
0O 650 J 5 1, N

lled) = A(I,J)

BlIs1) = B(IyI) ~ RCCYR
G0 TC 7CC

IF{ICC) 680, ¢85, 680

SINGULAR MATRIX.

IF{IVC2) 681, 683, 681
CO 682 L = 1, N

X{éiL) = Ca0 ‘
IF(IVCL) 683, 514, 683
DO 684 L = 14 N




617

618

619
620

621

622
623
624
625

626
627
628
629
630
631
632
633
634
635

636

637
638
639

640

641
642
643
644
645
646
647
648
649
650
651
6952
653
654
655
656
657
658

659

660
€61
662
563
664
665
666

667

G Oy OY.

e NeNe

sEoNel

684

685
653
654

656

657

655

658

659

660

VI(L) = C.0
GO TC Sil

MATRIX NCT SINGULAR.

lF(lVCZ) 653; 656, 653

DC 654 ¢ = ),
XT{L) = 1.0
IF{IVCl) 656,

DO 657 L = 1,
VI(L) = 1.0
GO TC 499

N

500.
N

656

 NCRMALIZE REAL VECTCRS..

CERR = (0,0
[F(IvC2) 658,
Cl=0.0

€C2=0.0

DC 660 L 5 1,

662,

N

TEMP = ABS({XI(L))]

IFI{TEMP - Cl)

ClL = TEMP
C2 = XI(L)
CCNVINUE

DO 661 L = 1,
XTILY = XI{L}/C2
CERR = AWAXL(CERR,

661

662

663

664

665

668
665

670

671

672

70
673
674

675

499

YRIL) = XI(L)
IF(IVCL) €62,
£2=0.0

C1=0.0

D0 664 L 5 1,
TEMP = ABS{VI(
IF(TEMP - C1)
Cl = TEMP

C2 = vI(L)
CONTINUE

660,

N

638,

N
L)
664,

BO 665 LL = 1¢ N

VI(LL) = VI(LL}/C2
CERR = AMAX1(CERR;

WiLL,L1)=VI(LL)
VRILL)=h{LL,1)
G0 TC 638

658

660, €59

ABSIXI(L) - XR{L}))

6é2

6664, 663

ARSIVIILLY) -~ W(LLy1)i}

IFLIVC2) 669y 671, 669

0C 670 L = 1,
XT(L) = 0.0
IFLIVCL) 671,
BC 672 L = 1,
vi{L) = C.0
RETURN
[FIIVC2) 674,
O 675 1 = 1,
[2 = IRCK({I,2)
XI(L2) = XR(I)
GO TC 5C0

N
70,
N

502,
N

671

674

BACK SUBSTITUTICN SECTION.

IF(IvC2) 5C0,

502,

5Co

7.



668
669
670
671

672

673

L 6T4

675
676
617
678
679
680
681
682
683
684
685
686

- 687

€88
689
690
691
692
693
694
695
696
697
698
699
700
701
102
703
704
705
706
707
708
709
710
711
712
713
714

715
716
717
[R %:
149
720
721
722
723
124

OO0

5C0

501
511
502

503
504

505
506

507
508

5C9

510

514

526
527

528
529

100

101

00 501 1 = 2, N

1L =1 ~1

DG 501 J = 1, I1

XECE) = XI(I) - BUI,d)exI(J)
[F{IVCL) 502+ 514, 502

BO 510 I. = 1,4 N

[t =1-1

[F(I1) S5C3, 5CS,
DO 5C4 J4 = 19 Il
VITIL) = vI(I). - B(J, I)‘V[(J)
IFCICC) 505, 506’ 505 '
IF{B(I,I)) 5Cé, 507, 506

VILI)Y = VI(IY/B(I,1)

GO TC sl1¢C '
IF{VI(I)) SC8, 509, 508

VI(I) = VI(I)#l.0E+16G

GO TC 510 ‘

VI{I) = 1.0

CONTINUE

IF(IVC2) 514, 525, S14

£C 522 I = 1, N

IR = APl -« 1 v

IF{* - 1) 515, 517, S15

I2 = [R ¢ 1 :

CC 516 J = (24 N

XI(IR) = XI{IR) = B{IR, J)'XI(J)
[F{ICC) 517, 518, 517
[F{B(IR,IR)) 518, 519, 518
XI(IR) = XT(IR)/B{IR4IR)

GO TC 522

IF{XI(IR)) 52Cy 52}y 520
XI(IR) = XI{IR)wl.,CE+IS

GO TC %22

XI{IR) = 1.9

CONTINUE &

IF(IVC1) 5285, 529, 525

DO 526 | = 2, N

IR = NP} - 1

[2 = IR + 1 :

0O 526 J = [2y N

VI(IR) = VI{IR
CC 527 L = 1
{2 = lRLh(Lv
VR{IZ2) = VI{(
DO S28 L = 1
YI{LY = VR(L)

IF{RCOTI) 615, 655, 615

5C3

) = BlJyIR)aVI(Y)
v N
1)
L)
v N

FACTCR MATRIXa

ICC =0

SW1=1.0E72

DO 7CL LL = 1y N
IROWILL,L) = LL
BC 708 K = 1y NI
AMAX = ABS(B(K,K))
[MNAX = K

KL = K ¢ 1

DC 7C2 I = K1,y N

IF(ANGX «GT. ABS(B!IeK)}) GC YC 702

(¥
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725
126
727
728
729
730

731
7132

733
734
735
136
137
7138

739

740
Tél
742
743
144
745
T46
747
T48
149

750

751
752
753
754
755
156
757
758

- 159

160

761

762
763

764

765

T66

167

768

702

723

1]

AMAX = ABS(B(I,K)) . @3-
IMAX = I ‘ | :

CONTINUE

[F(AMAX .LT. SW1} SWl = AMAX .

IF(AMAX .GE. 1.0E-25) GC TO 723

B(K¢K) = 0.0 *

ICC = ICC + 1

GO TC 7¢8 -

[F(IMAX JEC. K' GO TC 704

.00 703 J =5 1y N

CAMAX = BI{K.J)

703

704
705
706
707
708

712

713
709

1051
1050
710
711

1052

101

102

/DATA

BEKed) = B(IFNAX,J)

BCIMAX,J) = AMAX

[2 = IRCWIK,1)

IROW (K1) = TRCWIIVAX, 1)

[ROW(IMAX,1) = 12

DO 707 I = K1y N

IF(B(L,¥)) 705, 707, 705

B(EoK) = B(IsK)/BAKK)

0O 706 J = Kls N '

Bllod) = B(Isd) = B(KeJd)®BI{I,K)

CONTINUE

CONTINUE

AMAX = ABS(B(N,N)) .

IF{AFAX - 1.0E~-25) 712, 712, 713

BI{NyN)=0.0 ‘

SWi=G.0 :

ICC = ICC ¢+ 1

GO 7C 709 .

iF{AMAX JLTe SW1) SWL = AaMAX

IF{ICC JLE. ISWY GC TQ 710

IF(tMM) 1050,1050,1051

WRITE(IC3,102) ICC

COUNTE = 0O o

RETURN

WRITE(IC3,1052) ICC

CC 711 LL = 14, N 5

I2 = IRCW (LL,1) C

IROW{I2y2) = LU

IF(RCOTI) 607,y 6529 607

FORMAT(///23H snenasa WARMNING savvan 0! SUBROUTINE EIGVEC kn
LFOUNC AN EIGENVALUE CF APPARENT MULTIPLICITYS',

1 . ; 44723040 COMPLTATIUN OF -
2GENVECTCR(S) CONTINUES AT USER § CPTICN'Z/) ' -
FCRMAT(3EHONCRE YHAN 1S5 LCGCPS FCR EIGENVECTCOR CFy2EL2.4,
2 144 CIFFERENCE CFyEl2.4) - '
FORMAT{16HO®% s e WARNING#ue® , [4, 71K ZERCS ON CIAGONAL CF FACTCH
1 MATRIXsa CHECK FOR MULTIPLE EIGENVALUES./2CX,
29 SUBROLTINE EIGVEC WwILL NCT PFRFGRM CCMPUTATICN FOR THIS FIGEHY
3T0R */7)

END




STATES
' 7

SYSTEM MATRIX AMAT

C.COCCCO0OE a0
0.00CCC00E 00
0.COCCOCCE 00
¢.2558020€ 01

CCNTROLS
1 .

~0.4068250€E-01 °

i

FEEDBACKS
2

0.1CC0CCOE 01

© 0.C00CCOOE
/" 0.00CCCOOE
0.CO0CO00E
-041336680E
0.00CCCOOE
0.COCCOO0E
0.COCCOOOCE
-2+ 10CCO00E

\
\
!
CONTROL WATRIX BMAT
0.00CCOOOE 00
0 COCOOOOE 00

00
o
Q0
g0
0o
0C
00
02

GAIN MATRIX K
0.CCOCOQ0E GO

RCOTS REAL PART
= =0.471T798E 00
 0.423402€ 00
0.137118E~01
-0.668340E-01
~0.668340E=01
-045CC00CE 0Ol
-0.500C00€ 01

MAXIMUM REAL PART
0. 4234025E Q0

OF R

EIGVEC ERROR MESSAGES
SWl=0.8345E~-06

'0.2546100E

0.CCCCCOOE CO
C.2C30470E 00
0.CCCOCO0E CO
0.1998600E-03
C-CCCCCOOE 0O
0.1CCCCOOE Ol
0.CCCCCOOE €O
03
co
0l
co

0.C0CCCOOE
C.1CCCCOOE
0.0CCCCOOE

0.0CCCCOOE
C.0CQOCOOE

co

0.0CCOCO0E QO

C.CCOCCOE
0.CC00COE
C.CCOCCOE
0.668309E

-0.668309E
0.5CCCCOE

~0.5CC000E

CCTS

ITER= 4

00"

 0.CCBCCOOE-
~ 0.50CCCO0E

‘\f\]} M
: Nl

0.6CCCCCOE CO
0.00CCCO0E 0QC
~0.6534950E GO

=0.13¢6150€~-01

-0.1463C00E-01
G.CCCCOCOE CO
0.C00CCCOE 0O
0.CCUCCCOE GO
0.CCCCCOOE 00
0.CO0COCOE 00
0.COCCCOOE 00
0.CCCCO00E €O

00
02

; i

IMAG PART

¢o
00

G0

ol
01
01
01

" EIGENVECTORS CORRES TC WRP EIGENVALUE

ROWw REAL PT
~0.1411699E-01
0. 10CCOCCE 0L
0.4375202€ 0O
0.2059637E-03
-0+ 1463000E~01
-0.2263338E Q0
-0.2171400E~-01

C.CCCCCOOE

RCW INAG PT
0.CCCCCOOE
0.CCCOCOOE
0.CCCOCOQE
C.CCCCCOCE
0.CCCCCOOE
C.0C00CO0E

00
Cco
co
€O
g
€O
co

C.CCCCCOOE CC
0.CCCOCCCE CC
-0.1555CC0E-02
0+1CCOCCOE 01
-0.22382CCE~-G1

0.0CCOCCOE
.G+CCCCCCOE
~Ce44E6BLILE
0.CCCOOCCE
. 0.CCCCCCOE
0.CCCCCCOE

-0.5CCCCCOE

0.CCCCCCOE

. CIF=0,3578E-0€ .

CCL REAL PT
0.1CCCOCOE Ol
0.4234034E 00
0.8825014E 0O

. -0.2525228E-26

~0.1345601E~27

0.8821868E-26
<0e4707256E~27

N

4

ac
C¢C
02
Y
¢ca
cae
07

¢ccC

CCL IMAG PT

C.CCCOCCOE
C.0CCCCTOE
0.CCCCCCOE
C.CCCCCCOE
C.CCUCCOCE
C.CCCCCCOE
C.CCCCCCOE

Ce
CC
ac
(o
ofs
cc
CC




31,
GRADIENT MATREX ‘
0.1364676E 01 0:5778083E CO
-'\‘L:-\\:\‘ ’ ’
GAIN MATRIX K | [ |
~0.2693Q76E 00  -C.114(257E €O
ROOTS'  REAL PART ~ [MAG PART =< =&
© ~0.108505€ 00  0.651177€ 01 "
~0.108505E,-00 -0.651177€ 01
S -0.492104E 01 0.511454E 01
al ~0.492104E Ol ~0.511454E 01
U 0.130264E~01 0.357715E Q0
o 0.130264E-01 -0.357715E€ 00
i ‘ ' =06.141324E 00 0.000CCOE 00
' MAXIMUM REAL PART OF RCCTS |
a, 0.1302638E-01 |
1 EIGVEC ERROR MESSAGES N :
Lo shes 0-2023E-04 ' ITER= 6 CIF=0.6199E-05
‘ELGENVECTDRS‘CORRES TC PRP EIGENVALUE o
u ~ ROW REAL PT  ROW IMAG PT CCL REAL PT CCL IMAG PT
. 0.65323556-01 = Gd49011871E CO 0.6386257E 00  -0.4902583E-01 °
{ '0.9955998E 00 0.1192093E-06 | 0.2584410E~01 0.2278044E CC -
0.8332038E-01  ~0.5551251E 00 \@ 6149467€ CO 0.6CT4160E- 01
0.1014182E~02  -0.1339428E-01 '0.9999993E GO0 . 0.23B4186E-0¢
~0.14737196~01  =C.6705523E-05  0.1301199E-01 C<2577101E CC '
L ~0.2389640€ 00 0.11545256-01  0.1749%20€ 00 Ce2243631E-03 o
© =0.2379218E-01 o,zaazgquwoz 0.2205972€-02 C.625848BE-01
- GRADIENT MATREX R R -
- 0.2796646E 00 0.5744416E Q0 ' i
 CONJUGATE GRADIENT MATRIX Co
' 0.5333089E 0 0.6818354E 00
v GAIN MATRIX K o | | o )
: - =0, 2856960E 00 = -0.1349784E 00" | e 0
’ qco\s REAL PART IMAG PART

"=0.107712E 00

=0, 107712€E 00

=0.491035€ 0Ol
-0.491035E Ol
~0.326955E-02
=0e328955E-02
~04131366E 00

0.648022E 01

~-(4648022E 01

0.514299E 0} =

© =0.514299E 01
- 0.381773E ©C
“-0.381773E 00
 0.CCCCOOE “CO



.
[

MAXIMUM REAL PART OF RCCTS
-0.3289552E-02

LAST GAINS SHONN GIVE STABLE RCCTS AS LISTEC

CBHP[LE TIME= 34.22 SEC.EXECUTION TIHE‘-: ' 10.43v~-SE'CoUBJECT CCLE= 37944 BY'\

3
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FIG. A-L INHJ’I‘ CARDS REQUIRED TO RUN
SAMPLE PROBLEM ON EITHER
'GRADGN' OR 'LERNGN' PROGRAMS
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3k
APPENDIX B

The use of LERNGN is illustrated‘by‘the same'sample'problem 85 WAS

" -used for GRADGN~(see Appehdix A). The input cards are unchanged, and

are shown in Fig. A-1.. We note again that LERNGN took 28.2 sec. to solve

'this'problém, compared with 10.4 sec for GRADGN. A‘program'listing,ani

the outputs.for‘the sample problem follow.



15

- 16
7

18

.19

20

21
22

23

24

25

26
27
28
29

30

31
32
33

34
35
36

OO0 AN

OOO

OO

Jcs  alee MCBRIAN L INECNTS55

PRCGRANM LERNGA

COMPUTES STABILISING CUTPUT FEECBACK GAINS FOR LINEAR SYSTEPS

WRITYEN BY DEREK E. MC BRINN - SYSTEMS ENGINEERING CIVISICA

‘ RENSSELAER PCLYTVECHNIC INSTITLT
TRCYy  NEW YORK, 12181
TELEPHONE 518-270-6324

ZND. SEPTENBER 1969

CUMPLETE USER*S MANUAL AVAILABLE FRCM AUTFOR

DHNENSIUA ANAT(30930)98#AT(30:30)06V(4)oRN(4!:RR(3Oi RI{30),
1AHAT(30430),A5AA(9C0}, lANA(3OD

REAL K(3C,30)

10 FORMAY (7110)

IGAINS CCNTRCLS INITIALIZATICN GF GAIN MATRIX K

OO0

READ {1,10) NSyNCoNUSIGAINS
14 FORMATY (1H1)
15  FORMAT l//749°57ATES'34X0'CCNTRULS',#X,'FEEBBACKS',
C MRITE (3,14)
WRITE (3,15)
WRITE (3,1C) ASSNC,NU
[A=NS
NS2=N5eAS

50  FORMAT {(4E18.7)

55 FORMAY (2€2C.¢)
60 FORMAT (7F10.4)

SYSTEM CATA MATRICES ARE REAC IN BY rows

- READ (1,6C) {{AMAT(IsJ)y J=14NS), I=1,NS)
70  FORMAT (//T3,'SYSYEM MATRIX BNAT')
| - WRITE (3,70) ‘ ‘
WRITE (3,5C) ({AMATIIsd)yd=1yNS)yI=1,NS)
READ [1,60) ((BMAT(Isd)y J=14NC), 1=10N5)
BO  FORMAT (//73,°CONTROL MATRIX BMAT!)
| WRITE (3,8C) |
WRETE (345C) ({BMAT(IaJd},J=13NC)yI=1,NS)

INITIALEZATICN CF GAIN MATRIX K

DC. 40 I=1,AS
CC 40 Jsl,NC
40 Kilo,Jd)=0Ce ,
IF (IGAINS) 94994492
_92 READ (19603 ((K(IQJ)9J319N€361=19NU,
94 CONTINUE ~
90 FORMAT (//T33'GAIN MATRIX K%}
. WRITE (3,9C)
WRITE (3,5C) ((K{IoaJ)pd=1,NCisI=1,NU)
CALL AMHT{AMAT BMAT sKaNSeNC,AHAT)
CALL VECT(AHAT,ANS,80AA)

COMPUTATICN CF EIGENVALUES

OO

CALL HSBGINS,ARAA,TA)
CALL ATEIG(NS,AAAA,RR4RI,IANA,1A)
100 FORMAT (//72,*RCOTS 45Xy 'REAL PARTY 411X, " IMAG PARTY]




ot w—

3T - WRITE ({3,1C0)

38 o BRITE (3455) (RR{I)yRI(I)yI=1¢NS)
,g CCHMPUTATION CF RCCY HAVING MAXINMUNM REAL PART
39 ' RTM=RFMAX (NS ,RR) - : :
40 120 FORMAT (//T2,°MAXIMUM REAL PART CF RCOTS®)
41 ‘ WRITE (3:120) :
42  WRITE (3,50) RTWM
43 : 00 3000 KCYCL=1,S
44 _ DO 30C0 Kil=1,hU
45 00 3000 K2=1,NC
c o .
C CHECK FCR SYSTENM STABILITY
46 IF (RTM) 800,270,200
C .
C PERFCRM PRECETERMINED VARIATICNS CF GAIN
C ' ‘ ,
4T 2CC RP{I)sSRTN
48 GVI3)aKi{Kl,K2)
49 KIKLogK2)=K(KLlsK2)+1,
50 WRITE (3,9C) | ' ‘
51 WRITE (3+50) ({K(I¢Jiapd=lcNC)pl=1,aNL)
52 CALL AMHT(APAT,BMAT,KeNSyNC,AHAT)
53 CALL VECT(AFAT NS, 2AAA)
54 -CALL HSBG(NS,AAAA,1A) .
55 CALL ATEIGINS,ARAA,RR,RI,IANA,IA)
56 WRITE (3,100 .
ST '  WRITE (3455) (RR{IJjoRI(I)eI=14NS)
58 : RTM=RMAX(NSHRR)
59 WRITE (3,120)
60 "HRITE (3,5C) RTM
631 . IF (RTM) 8C0GC 400,400
62 400 RM{4)=RT¥M ;
63 GV{4)=KHKL,,K2) .
64 KIKL,K2)sK(KLl,K2)=1.5
&S WRITE (3,90) ‘
66 WRITE (3,50) ((K{T9J)eJdzloNC)yI=1,NU)
67 CALL AMRTIAMAT  BMAT KaNSyNC,AKAT)
68 CALL VECT{AHAT NS, ,RARA)
69 : CALL HSBGINS,,88AA,1A)
70 - CALL ATEIGINSAAAA;RR,RIZIANA,IA)
ST . WRITE {3,1C0)
12 WRETE (3,55) (RR{I)yRI({I)yI=1,NS)
73 RTM=RMAX{NSyRR)
74 WRITE (3,120}
75 WRITE (3,%0) RTM
76 : IF (RTM) 5CC04+6C0,4600
17 6C0 RM(2)=RTV
78 GV(2)=K(K1,K2)
79 K({KLyK2isK(K1,K2)~0.5
80 WRITE (3,90) ‘
81 WRITE (3,50) ({(K{IsJd)pad=lyNC)ylI=14NU)
82 CALL AMHT[AMAT ,BFATyKaNSoNC,AHAT)
83 CALL VECT(AHAT,NS,AAAA)
84 CALL HSBGINS;ABAA,LA)
85 CALL ATEIGUINS;ARAARRyRIIANA,IA)
86 WRITE (3,1C0)

87 WRITE (3,55) (RR{I)oRI{I)yI=1yNS)



88 RYM=RMAX{NSRR) 37-

89 . WRITE (3,120)

90 WRITE (3,50) RTW

91 IF (RTM) B0CO,8C0,800

92 800 RM(1)=RTN

93 GVIL)sK{Ki, K2)

C .
C OPTIMISE GAIN BEING VARIEC
C

94 | DO 2000 KITER=1,6
95 CALL GITER{GV,RM,KNG)

96 IF (NNG-5) 1C00,3000,30C0

97 1000 K{K1,K2)sGV(NAG)

98 WRITE (3,90C)

59 WRETE (3,50) ((K(TsU)yd=lsNC)yT=1,NU)
100 CALL AMHT{AMAT,BMAT KoNSsNCoAHAT)
10t | CALL VECT(AHAT,NS,28AA)

102  CALL HSBG(NS,AAAA,IA) .
103 CALL ATEIGUNS ,ABAA RRoRI¢IANA,TA)
104 WRITE {3,1C0)

105 WRITE (3555) (RROI),RICI),[=1,NS)
106  RTM=RPAX{NS,RR)
107 WRITE (3,120)
108 WRITE (3,50) RTM
c
C CHECK FCR SYSTEM STABILITY
c

109 IF {RTM) 8CCO,1100,1100

110 11CO RM{NNG)=RTWM

111 2000 CONTINUE

112 3000 CONTINUE

113 7500 WRITE (3,7600) |
114 7600 FORMAT (//T1,*NC STABILISING GAINS FOUNC. THIS COES NCT [MPLY Th
- 1 NG SUCH GAINS EXIST?) .

115 GO TC 9€00

‘116 8000 WRITE (3,81C0C) |
k17 8100 FORMAT (//T3,*ABOVE GAINS GIVE A STABLE SYSTEM WITH LISTED RCCTS
118 9CCO CONVINUE

119 STUP

120 END




121

122

123

124
125
126
127
128
129
130

aNeXe)

100

SUBRCUTINE ANMHT (AMAT ,BMAT oKy NSyNC o AFAT)
COMPUTES AHAT = AMAT - BMATsK(TRANSPOSE)
DIMENSICN ArATtao.ao).ewnrtao,ao),nnart?c.ao)

REAL K(30,30)
00 100 Is1,AS

00 1C0 Jal,NS

AHAT (I, J)=AMATL(I, 4
00 100 Lsl,NC
AHAT (L J)=AFAT(I,4)~ BMﬂT([.L’ﬂK(JvL’

RETURN
"END




131 SUBRCUTINE VECT(AHAT,NS,s208) P |

c .

C CONVERTS AHAT TC SINGLE SUBSCRIPT FCRM AAAA
| C ' : : ‘

132 : DIMENSICAN AHAT(30,30),224A(SCQ)

133 DO 100 JslyNS

134 BC LCC Isi,NS

i35 K={J=1)«NS+]

136 100 AAAA(K)I=AHAT(I,J)

137 RETURN ' :

138 END

D aamn B~ R = " ST S v

- e




> ottt

139

140

141
I42
143
144
145
146
147
148
149
150

151

152

153

154
155
156
157
158
159
160
161
162

163

164

165

166
L67
168
169
170
171

172

173
174
175
176
177
178
179
180
181

182
183

184

185

186
187
188
189
190
191
192
193
194

SUBRCUTINE FSEGIN,A,IA)

CONVERTS A TC UPPER HESSENBERG FCRW¥

he

ODOUBLE PRECISION DABS’CFLCATvCS!GNaCBLE{CEXP»DLOG.CLCGIC.DATAN

1oDSINyCCCSsCSERTyCTANHLCMCL ,CMAXLCVINI
DOUBLE PRECISICN §

- DIMENSICN A(9C0)

20
4C

50

L=N

NIA=le]A ,
LIA=AIA-TA
IF(L-3) 360,4C,40
LIA=LIA-]A
Lli=L-1 ‘
L2=L1i~1
[SUB=LIA+L
IPIv=ISUB~1A
PLV=ABS(A(IPIV))
IF(L~31490’9C150
M=iPIV-1A A

DO 80 l=L;~‘1!A

- T=ABS{A{I))

60

80

90

100
120

140

160

180
2CC

220

240

[(F(T-PIvV) 80,80,60
[PIv=]
Plv=T
CCNTINUE
[F(PIv) 1CC,320,100
[IF{PIVv-ABS(A(CISUB))) 180,180,120
M=[PIV-L"
CO l14C IsietL
J=i+ ’
T=A(J)
K= 1A¢]
AtJdl=A(K)
AlK)=T ~
M= 2-V/1A
00 160 I=L1.NIA,IA
T=Aa{1})
J=[—-¥
AtT)=A(J)
CAGJI=T
CO 2C0 IsL.LTA,IA
AlT)=A(I)/7A(1ISUB)
== A R
OC: 240 Isl,tL2
JrJl+lA
Ld=L¢+d
00 220 K=1l,el1
KJ=Ke J
KL=Ke¢LTA
A(KJI=AIKJI)-A{LJI)=A(KL)
CONTINUE
K=-[4 v
00 3C0 IsleN
K=Ke¢lA o
LK=Kei 1l
S=A{LK)
L=L-]A
CO 280 J=14L2
JK=K*J



gt

e

195
196
197
198
199
20

201
202

203

280
300

310
320

360

Ld=LJ+IA | |
S=S+A(LJ)#A(JK)#1.000
AlLK)I=S |
DO 310 IaL,LIA,IA
AL1)=0.0

L=Ll

GO TC 20

RETURN

END

g




204

205

206
207
208
209
210
211
212
213
214

215

216

217

218
219

220

221
222

223
224

225
226
227
228
229
230

231

232
233
234
235

236

237
238
239
240
241
242

243
244

245

246
247

248
249
250

- 251

252
253
254
255
256
257
258
259

SUBRCUTINE ATEIG!N AsRRRI IANA, 1A}

CDHPUTES RCCTS CF UPPER FESSENBERG MATR[X A

COUBLE PRECISICN D&BS;BFLUAToBSIGNpDBLEmCEKPoDLGG,DLCGIO DATAN

LsDSIN,DCCS,DSCRTHyCTANH DHCL ,CMAX1,CMIN]
DIFENSICN A(9CO)sRR(30),RI{3C)yPRRI2)PRI{2),IANA(3Q)
INTEGER P,Fl,¢
E‘7=ROCE"8 )
E6=1.0E-6
E10=1.0E~-10
DELVA=0.5
MAXIT= 30
=M
20 Nl=N—-1 .
IN=N1a]A
NN=IN+N
[F(INL) 30s130C930
30 NP=N+1
1 7=90
00 40
PRR(I}
40 PRI(I)
2AN=0a
PANL=0.0
R=0.C
S=U.0
N2=N1-1
INL=IN-1A
 NNL=INLen -
NIN=[N&NL
O NINI=INL#NL
60\T A{NINL) - A(hh)
L u=Tey
V=4, C@A(KIN)GA(NNI)
IF(ABS{VI—-LUaET) 100’100'65
65 T=U+V
IF(AES(T)‘AWAleU ABS(V’)'Eb) 67, 67:68
67 T=0.0
68 U=(AINLINL)*A(ANIY/2.0
¥=SQRT{ABS(T))/2.0
CIF(T)140,70,7C
70 [F(U) 80,775,715
75 RR{NL)=L+V
O RR{N)=U=V
GO TC 130
80 RRINL)=L-V
C RR(N)=UsY
GO FC 130

100 IF{TIL20,110,110
110 RR{NLI=B{NINL)

RR(N)=4{NN)
GO TC 130

120 RRINL)=A{AN)
RRIN)=A{NINL)

130 RIIN)=0.0
RI(NL)=0.0
GO TC 160

140 RR(NL)=L
RRINi=U




o Pt 130

. e - » - ‘ : ) . \ 7 . R
260 . RI(NYL)=V : | : . L F

261 RI{N)=-V
262 le>lF(Nc)l?80912809180
263 180 NIN2=NINL—I A
264 RMOD=RR{NL)eRRIN1)¢RT{N1)#RTINI)
265 EPS=EL09SCRT (RMCD)
266 IE(ABS(AINLNZ) )~EPS) 1287, 1280,240
1267 240 IF(ABS(AINNL))~ELO#ABSTA(AN) )} 13C0,13CC,25¢
268 250 IF(ABSIPANL-A(NIN2) )=ABS(A(NIN2) )OEE) 124C,124C 260
269 260 TF{ABS{PAN=A(ANL))- ABS(A(ANL))cees124c,1240, oc
270 300 IF(IT-MAXIT) 3204124051240 | -
271 320 J4=1 . 2
272 DO 360 I=1,2 -
273 . K=NP-1 |
274 [F(ABS(RRI(K )~ pan«la)+Aes«a1(x)npnt(13) ~DELTAX(4BS(RR(K))
u L $ABS(RI(K)))) 340+36C,36C"
275 340 J=Jel ‘
276 360 CCNTINUE | - : .
217 GO TC (44004609460,480),4d :
278 440 R=0.0
279 $20.0
280 80 TC SC0
281 460 J=N+2~J
282 R=RR (J) #RR(J)
283 =RR(JI4RR( )
284 GO TC 5€C
285 480 R=RR(N]®RR(NL)=RI(N)&RI(ND)
286  $=RRIN)4RR{N]
287 . 500 PAN=A(NN1)
288 PANL=A(MLN2)
289 DO 520 I=1,2
290 K=NP—I
291 PRRITI=RR (K)
292 520 PRI{I)=RI(K)
293 P=N2 |
294 IF(N-3)600,600,525
295 . 525 IPI=RIN2
296 | DC 580 J=2 N2~ o * -
297 [PI=1PI~1A~] | W
298 - IF(ABSIA{IPI))=EPS) 600+6C0,530
299 530 [PIP=IPI+]A
300 1PIP2=1PIP+1A
361 C=A(IPIP)S(ALIPIP)=S)+ALIPIP2)«ALIPIP+1)4R
302 [F(D)54C,560,540 7
303 540 TF(ABS(A(IPI)sACIPIP+1) )% {ABS(ALIPIPI+A(EPIP241)=5)+ABS (A(1PLM,
111 -ABS(DIeEPS) 620,620,560 |
304 560 P=N1-J | ‘
305 580 CONTINUE - o o x
306 - 6C0 Q=P - ' : AN i)
307 GO TC 680 - .
308 - 620 Pl=P-1 <
309 © g=p1
30 IE(PL-1)680,680,650
311 65C DO 660 I=2.P1
312 IPI=IPi-fA-1
313 IF(ABS(A(IPI))~EPS)680,680,660
314 660 Q=G-1
315 680 L1=(P-1)elA+p ' .
316 DO 1220 I1=P,NL o ~
317 CrIL=11-1A




318
319
320
321
322
323
324
325
326
327

328 -

329
330

- 331

332
333
334

335.

336
337
338
339
340

341

342
343
344
345
346
347
348
349
350

352
353
354
355

356
357
358
359
3560
361
362.
363
364
365
366
367
368
369
370
371
372

© 373

374

375

376

377

700

720 G

740

780

800

820
840

860

880
300
920

940
960

580

10C0

1020
1040

1060

1080
11¢0

LIP=TI[+ILA ‘
[F(I-P)720470C, 740
IPi=11+1
IPIP=11P+1
Gi=A(II)e(A(I])~- S!+A(!IP)OA(IPI)+R
G2=A{IPI)=(ALIPIP)+A(I])=-S)
G3=A{IPI) A (IPIP+])
AlTPI®1}=0.0
GO TC 7180

1=allIl)
G2=AlIIl+1)
[FUI~-N2) 740,740, 760
G3=A{iIl+2)

60 TC 780
760

63=0.0

CAP= SCRT(GI-GIGGZGFZOGEGCB) -
[F(CAP)IB00,86C,800
IF{G11820,840,840

CAP=-CAP |

T=GL+CAP

PSIL=G2/T o

PSI2=G3/T

lALPH‘:ZOOI‘lVO‘PStIQPSXl‘PSIZ'PS'Z'

GO TC 88¢C

ALPHA=2,0

PSI1l=0.C

PSi2=0.0
[F(I-€)9¢0, 9609900
IF{[-P)1920,940,920
A{TIL)=~CAP '

60 TC 96C

A{TEL)=-ACI11)
fd=11

DO 1040 J=1I,N

T=P§IleA(1J+1) S
IF(I-=%11980,1C00,1C00
[P2y=[Je+2

T=T+PSE20A(IP2J)
ETA=ALPHA®{T+A(1J))
A(LJ)=ALEJ)~ETA
ACTJeL)=ALTJ+1)=PSTLeETA
IF(I-N1)1020,1040,1040
ALIP2J)=A(IP2J)-PSI2#ETA
[g=lJe LA
AF(1~N111080,+1060,1060

K=N

GO TC 1100 .

K=l ¢2 AN

[P=( P~ A
0O 1180 J=Qyk =
JIP=IP+)

JI=JIP-1A
T=PSILeA(JIP)

- IF{EI-N1)12120,1140,1140

1120
1140

JIP2=J1P+1A
T=T+PSI28A(JIP2) .
ETASALPHAS (T+A(JI))
AJII=ALII)=ETA
ACJIPI=A(JIP)~ETANPSIL
IF(I-N1)1160,1180,1180

v

7

s
=



378
379
380
38l

382

383
384
385
386

387
388

389

390

391
392

393
394

395
396

397

398

399

400

401

402

403

1160
1180

1200

1220

A(JIPZ)-&(JIPZ)*ET&“PSIZ

CONTINUE

fFEI- N2!12C09122091220
JI=[{%3

JIP=Ji¢lA

JIP2=JIP+1A -
ETA=ALPPA¢PSI2~A(JIPZ)
A{(JI)s~ETA
A{JIP)==-ETA#PSIL . :
ALJIP2)=A(JIP2)~ ETA«PSIZ
II=fipel

[¥=[Te1

60 TC 6C

1240
1280

1300

1320

14CQ

iF(ABS A(hkl)?‘ﬁ&S(A(Nth!))
lANA(N?«C

TANA{HL}=2

N=N2
lF(N231400014C099°
RRINI=AINNY
RI(N)=0L0

[ANA(NE=]
IFINLI1400,14C0,1320
N=N1

60 7C 20

RETURN

END

13CC,1280,128¢C

hs.




404

405 -

406
407

408

409
410
411
412

OO0

50

160

FUNCTIGN RMAX(NS4RR)

COMPUTES RCCT HAVING MAXINUM REAL PART

OIMENSICN RR{30)

00 100 I=2,4NS

IF (RRIL)I-RRII)} 50,100
RRI11=RR{I) |
CONTINUE

RMAX=RR{1)

RETURN

END

46.




413

414
415
416

417

418
419
420

421
422
423
424
425
426

- 427

428

429

430
431
432
433
434
435
436

437
438

439
440
441
442

443 .

444

445

446
4b4e7
448

449

450
451
452
452
454
455
456
457
458

459

460
461
462
463
464
465
466
467
468
469

e

100

120
160
2C0
220
240

260

300
320
360

- 500

151@

660
610
700
800

8l0

820

830

860
870

2840

900

910
920

SUBROUTENE GITER(GV,RM,MNG)

OPTIMISES GAIN BEING VARIEC

CIMENSYCH GV(4’.RN(4)
iF {(RM(1)-RM12)) 1C0,2C0,3C0

I¢ (R¥(L)-R¥{3)) 120,120,160

IF (RM(1)-RM(4)) SC0+500,6C0
IF (RM{3)=RM{4)) 500,5C0,6C0
IF (RM{L)}-RVN(2)] 220,240,260
[F (RM{1)-RK¥{(4)) 500:6C0,600
iF (RM{1)=-RM(4)) S500,T700,6C0

IF (RM{3)-RM{4)) 5C0,500,6C0

IF {(RM{2)~RNM({3}) 320,320,360
[F* (RM(2)1~RN(4)) 8C0,6C0,600
IF (RM{3)-RM(4)) 9C0,9C0,6CC
NNG=1

00 510 21,3
GVES-1)=CV(4-1)
RME{S=1)=RNV(4=1])
GVIl)=2.%GV(2)

RE TURN

NNG=4

DO 610 I=l,3

GVIT)SGVII+1)}

RMET ) =RV ([ +1)

GVI4)=2.4Gv.(3)

RETURN

NNG=5

RETURN

GVE4)=GV(3)

RM(G)=RF(3) | |

IF (RM(L)-RM(3)) Bl0,810,860
GYT=o8%GV(l)+o20GV(3)

IF (GVI2)-GVT} 820+820,830
NNG=3

GV{3)=GVT

RETURN

NNG=2

GVI(3)=GV(2)

RMI3)=RM(2)

GY{2)=GVT

RETURN
GVT=,.24GV(1)+.82GV(3)

IF (Gv(2)- GVT) 8704870, 880

NNG=3

GVI3i=GVT

RETURN

NNG=2 v

GV(3)=Gvi2)

RMI3)=RNM(2)

GVI{2)=GVT

RETURN

GVIL)=GY (2}

RM{LY=RN{2)

IF (GV(2)=GV(4)) 9104910,960
GVT=,8aGV(2)+.28GV(4)

IF [GV(3)-GVY) 920,920,930
NNG=3

GV{2)aGV(3}

L.
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470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486

330

560

970

S80

RM{2)=RM3) .
G¥{3)=GVT PR
RETURN 5

NNG=2

CVI2:=GVT

RETURN
GVT=,2aGV{2)+.8%CV(4)
IF (GV({3)=-GVT) 970,970,980
NNG=3 ” ’
GVI2)36V(3)
RM(2Z2)=R¥(3)

GVI13)=6GVYT

RETURN

NNG=2

GV{2)sGVvT

. RETURN

JCATA

END

43.




RUOTS |
-=0.477798E 00

RCOTS

STATES CCNIRQOLS

7 1

SYSTEM MATRIX AMAT -

0.00C0CCOE 00
0, 00C0CCOE 00
0.CCCCCCOE 00
0.2558020€ 01
~0.4068250E-01
0.0000CO0E 00
0.COCCOO0E 00
0.C0000C0E 0O
-0.1336680E GO
0.00C00C0E Q0
0.COC00COF 00
0.COCCOO00E 00
-0.1C0COC0E 02

CONTROL MATRIX BMAT
0.COCCCO0E 00
0.COCCOCOE 00

GAIN MATRIX K
0.COCO000E 00
REAL PART.

0.423402€ Q0
0,137118€-01

~0.66834CE-01

-0.66834CE-01
~0.5C0CCCE Gi

~0.500000€ 01

FEECBACKS
2

- Ca1C0CCO0E 01

C.CCCCCCOE 00

Ce2030470E QO

0.CCCOCCGOE 0O
0.1998600E-03
0.CCCCCOOE 00
C-1CCGCCOE 01
0.0C0CCOOE 0O
0.2546100E 03
C.0CCOCOOE CO

- CelCCOCCOE 01

0.GCCCCOOE CO

0.0C0CCO0E CO
CoGCCGCOOE CO

C.CCOCCO0E CO

IMAG PART
0.CCOOCGE 0O

0.CCCQO00F GO
0.CCCGO0O0E 00
~0.6534950€ 00
~0.1366150E~01

~0.14€¢3000E-01

0.COCCCOOE 00
0.CCCCCCOE €O

0.CCCCO00E CO

0.CCOCO00E 00
0.COCCCO0E 00
0.CCCCOOOE 00

0.CCOCOCOE CO

G.CCCCCOOE 00

0.5CCCCCOE 02

C.CCO000E 00

0.CC0000E CO
0.668309E 01
-0.668309E 01
- 0.5C0C3GE 01
-0.500CCOE 01

MAXIMUM REAL PART OF RCCTS

0.4234025€ 00

GAIN MATRIX K
0.10CCCO0E 01

REAL PART
0.132216E 00
0.132216E 00

-0.509800E 01

~0.509800E O

~0+124851E 01
0.104275E 01

=0e370012E~01

0.0CCCLO0E 0O

IMAC PART
C.670811E Ol
~0«67081LE 01
0.517533& 01
-0.,517523E 01
C.CCOOCOE GO
0-CCOCCOE COU
0.CCOCOO0E €O

"C.CCCOCCOE CC

0.CCOCCGOE 0C
~0.1555CC0E~-02
C.1CCOCOCE Ol

=C+33382CCE-01

0.CCCCCGOE QC
0.CCCCCCOE CC
~C.44€6811E 02
C.CCCCCCOE CC
0.CCCCCCOE €O
C.CCCOCCOE CC
~0.5CCOCCOE 02

0.0CCCOCOE GO



MAXIMUM REAL PART CF RCCTS
0.1042751E Ol

GAIN MATRIX K

~0.50CCCO0E 00 0.CCCOCOOE QO

ROOTS REAL PART : IMAG PART
~0.174675E 00 0.667893E 01
~0.174675€ 00 -0.667893E 01
~0.495482E 0l  0.490275E 01
-0.495482E 0L ~0.490275€ 01
0.800452E-01 0.632677E CO
0.800452E~01 - =0.632677€ 00

-0.753986E-01 0.COGCOOE 00

- MAXTMUM REAL PART QF RCCTS
0.8004516E-01

GAIN MATRIX K

~0.1CCCCOOE 01 0.CCOCCO0E 0O
ROOTS ©  REAL PART INAG PART
. -0.287612€E 00 0.668237¢ 01

1 -0.287612E 00 -0.66823TE C1

~0.491385E 0L C.47S901E 01
-0.491385E 01 -0.479901E Ci
0.143153¢ 00 C.1C1065E C1
0.143153E 00 -C.101065€ Ol

~0.,576860E~01 : 0.CCOCCQOE CC

MAXIMUM REAL PARY QOF RCCTS
0.1431528E QO

GAIN MATRIX K

~0.80CE000E 00 - C«0CCCCOOE CO

RQOTS REAL PART IMAC PARY
-0.241874E 0QC «”w096679975 cl1
-0.241874E 00  —~0.6&7SST7E 01
~Da492960E 0O} 0«484130E 01
~0.492960E 01 ~0.484130E 01
0.115094€ QO 0.87T612E QO
0.115094€ 00 ~0.877612€E 0O
-0.614523E~01 C.CONCCOE 0Q

MAXIMUM REAL PART OF RCCTS
0.1150939E QO

GAIN MAYRIX K o |
~0.640C0G0E 00 0.CCCCCOCE 0O




Bhan o mienmar s
i II - 2 : i ,‘ A i . ' .« 4’ N E‘ .

.» . 3 ; .- ) : E ’ -E- L A N ‘ ; B - ‘ .

- &

ROOTS REAL PART
~0.2058B17E 00
-0.205817E 0O
~0.494289€ 0l
~0.494289E 01

0.949065E~01L
0.949C65E~01

*0~667472E°0l

IPAG PART
0.667905E 01
-0.667905€ 01
0.487430€ 01

-0.487430€ 01

0.75608LE 0O
-C.756081E 00
0.0C0C00E 00

MAXIMUP REAL PART OF RCCTS

0.949065%1E-01

GAIN MATRIX K
~0.512CC000E 00

RQOTS . REAL PART

-0.177361E 90
~0.177361E 00
~0.495378€ 0Ql
-0.495378E 01

0.8L1626E-01

0.811626E-01
-0.743592E-Cl

0.0CCOCO0E €O

i¥AG PARY
0.667887E 01
~0.667887E 01
0,490034€ 01t

~0.490034E 01

0.644128€ CO
-C.644128E 00
0.CCOCCOE GO

MAXIMUM REAL PART OF RCCTS

i0a8116257E-01

GAIN MATRIX K
- =0.4096000€ 0O

ROOTS REAL PART
 -=0.154808E 00

-0+ 154808€ 0O
-0.496271E 0Ol
-0,456271€ 01
0.733345E~01

0« 73334%€-01

~0+859719E-01

C.CCCCCCOE CO

IPAG PART

C.667915€ 01
$°C 667915E 01
0,492085€ Gl

- ~0.492085E 01
0.53970LE €O -
~-0.539701E 0O

0.CCOCCOE 00

MAXIMUM REAL PART OF RCCTS

0.7333446E-01

GAIN MATRIX K
~0.4CCCDOOE 00

ROGTS REAL PART
~04152725€ 00
~0.152725E 00
~0.496355E 0l

C.0CCCCOOE CO

INAG PART
0.667923E 01
~C+8667923E Ol
Buw492278E 0L

51.




T T

RCOTS REAL PART

-0.496355€ Ol
0.728598E~01
0.72E598E~01

-0.875382E-01

-Ca%92278BE 01
0.528975E 00
-C.528975E Q0

MAXIMUM REAL PART OF RCCTS
0.7285982E~01

GAIN MATRIX K

~0.3276799E QO C-CCCCCOOE CO

ROOTS REAL PART
~0.136940E Q0

-0+ 1369408 00
-0.496599E 01
-0<496599E 01
0.719894E-01
0.719894E-01
~0,104508E 00

IMAG PARY
0=667955E 01
~0.667955E 01
0-493684E 01
-0.493684E 01
0.441165E CQ

C.CCCCOOE 00

MAXIMUM REAL PARYT OF RCCTS
0«7198636E~01 |

GAIN MATRIX K |

~0.3276799E 00 C.1CCCCOO0E 01

RCATS REAL PART
0.332208E~-01
0.332208€~01

-0.559947E 0l
0555947 ¢l
0.810&61E QU
0.233089€ 00
-0:854441E-01

0.783429E 01

0.384622E 01
~0.384622E 01
0.CCCOO0E 00
0.CCO000E GO
0.C000COE QO

MAXIMUM REAL PART UF RCCTS
0.8106608E 00

GAIN MATRIX K

-0.3276799E 00 ~0.5CCCCO0E PO

~0.482469E 01
~0,482469E Gl

0.541153E-01

0.541153€=01
~0.248026E 00
~0.248026E 0O
~0.13709CE 00

0.57L536E 01
~C.571536E 01
0.5919C1E 01
-0.591901€ 01
0.329629E CO
~C+329629E CO
C.CCCCOOE 0O

C.CCOCCOE CO

~0.441165E 00~

IMAC PART.

~C.783429E 01

IVAG PART.

52.



e

MAXTMUM REAL PART UF RCCTS o | o ”
© 0.5411530E-01 / |

GAIN MATRIX K
~0.3276799E 00 ~C«1CCCCOOE 01

ROOTS REAL PARTY - INMAG PART

-0.494302€ Ol  0.645551E 01
-0.494302€ 0Ol ~C.645551€ 01
0.542241E 00 C.530754E 01
0.542241E 00 ~0.530754€ 01
-0.114563E 01 ~ 0.C000COE 0OC
~U.113634E QO 0.911074€~01

~0.113634E Q0 ~0.911074E-01

MAXITMUM REAL PART OF RCCTS
0.5422406E Q0

GAIN MATRIX K o ' :
-0.3276799E 00 -C.2CCCCO0E CO

i

i ‘
ROOTS "REAL PART - IMAG PART
~0.100922E. Q0 0.637914E€ 01
-0.100922E 00 ~0+637914E 01 o “
~0.488015€E 01 ) . G.523478E 0L ~ 3
-0.488C15E 01 W -0.523478E 01 ’ .
-0.498866E~01 0.438476F Q0
~0-498866E~01 -0.438476E 00 :

-0.112543E 00 0.CCOCCOE €O s

i

MAXIMUM REAL PART OF RCCTS
=0.4988664E-01

SR
=5y

ABCVE GAINS GIVE A STAELE SYSTEM WITH LISTED RCOTS

]

COMPILE TIME= 19.36 SEC,EXECUTION TIME= 28,20 SEC,CBJECT CCCE=  23C".
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