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A COMPUTER PROGRAM FOR STMULATION OF MULTÏVARÏABLE

SELF-TUNTNG REGULATORS

This neport contains a listing of a simp-l.s computer
pnogram fon simulation of mul-tivaniable self-tuning
negulators. The results of the simulations ane pninted
on line-pninten, and they are also written in a file
which can be plotted di::ect1y by TDPAC.

This vension of
tennal use. The

fo]-]-ows:

the prognam is intended just fon in-
pnognam is stanted up on PDP15 as

s A NoN 4r5r7r15116
S GLOAD

ts STUREM, TNDAM, PRIM, SYSM, STURMI , FTLES
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$ IþiULÀT I{.]N OF' SËLT TUñ1 !NG FiËÊdLATIIRS F'QR I-lULT IVAR IÂËLË :iY$TKHS

AUTHOR: tJLF ITÜR I$l;r]N Tç7J-LI-?A

$IJBROUT INñ5 iIEfiU IRFD
i i\iDAM
pR ltf
SYSM
STLrRl"ll
F I LES ( in the pnognam libnanY)

tül4i"l0¡,ì Yl1( 4,7 ) ' YSM (,4 t7 ), Ul4 (4 r 10 ) 'Efl(4 r5 ) rFþ'( 1ó t16 t4 ) r TH 11ór 4) r
? ñA ( 4 ), Nß (4 ), Hü ( 4 ), KSYS( 4 l, KrtEG(4 ), ASYS( 4 t 4, 4),BSYS( 4,4, 41,
3 CSYS(4r4,4)ri\¡NPr
4 FVEt ( 4 ) , C0u 14,4 ) , I L0G, Fa,\,100, I'tAt0 ¡ MAÇ r NABMAX, pü I AË r ySUH r
5 fiL,uL tM,NSAt'lpr lP1, lP2, ltCINT, lCûUNr
ó lP, lY, lu, lËr lPHr l'lM, tAFs, lcuNSrJ00NS(gr4),
7 FNA¡'14 

'F¡IAMF ,'ot(2ü ) rtsUFF(ö2),KüD(1.CI ) ' I TAPE, I P0 | N

I P:4
lv=7
lU=1fl
lËs5
lPFl=16
lì Þ1=f 6
IABIJ=4

lii¡ TH l$ vERS l0t¡ lP ANtr lLt ARE USËD lì\ STURMl

çA.Lt ri{DAM(1)
ÇALL FRtf,l(1)

lF ( ITAPË , E$. û ) Ë0 In 3tì
Kûll(2)=2*NABr.lAX+1
Ktn ( 7 ):1

CALL f iIES('ËNTER'rõ,K00'f l.ìAl'1À, f B¡¡'¡t,¡-üG)
flALL F ILDAT ( I h¡R I TÈ' ,3, KOT],5 )
IF ( ITAPË. LË.1) GU TI] 3I]
Kü?ilT2=4
Kttr(?)=K0?I11"2
çALL r lLËS( 'ENÏËRt r4,KtD,rNAMdr f Lì lf,,J'rLeG)
üAL.L F ILIIAT ( 'h¡f{ | TE r ,4 ¡ K0Ð,5 )

SIT AIiRAYS Tr] 2\hRr.l

C

l'

\¿

c

tu
¿\)
C

C

t,

U

;iJ Y¡¡(1¡f)=ü.
0ÂLL Rtl0VË ( Yfi( 1,1
çAIL Rl.r(¡vr ( Yfl( 1,1
cALL Rl'4gvË ( yri ( 1,1
0ALt {t'40vË ( Yl"{ ( 1,1
tALL Hl'r¡yË( Yt',t( ! r 1

lL,0G:û
þilr 0 JJ: û
lücluN:CI
YSUl,l =û,

Þ1{f=14ACtl

ËäåULATÜR LOOP

)'1'Yl4(?r1)
)'1,Y$M(t'1
)'l,UM(tr1)
)r1rËfi(1r1)

¡ Lt
)r1
,3-,
r1,

lP*lY-1)
' I t)* I Y )
lPnlU)
lP* lÊ )

C

C
(:

),trËVËt(1)r1, lP)
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9A 0ü 50 0 I t0CIPs1, NSAMP
lünUN: lüCIUN+J.

S i M¡¡¡1E THE SYSTHM

ÇALL SYS¡,,I

¡J{j ÇüNTRCTL tF Pil IAG l5 NEäAT lVË

lF (FIllAfft L62,98,98

niJ 10C l=1, NF
YS'4( lr1)=Yr'1( lrI)/ACI( l)

tALL $TURr,'11( YSM r UM2 Tll r Pl'4' RL, NP, NA, NBr KRËG' IPM )

þìAKË SOHE CCIVARIAI\TE MAT[IIX EIITRIñS ZËRO
ççIJSTAí{T REüttLATOR PARA¡4ËTII;RS

C

98
1ü0

Lü6

Ç

IJ

c

C

c

C
r

ñ
l-

U

184

TO çËT THT DËS I RËN

lË ( lC0l''l5. Ë0. tJ ) G0 T0
Ð0 liiS J¡1, NP
I 1:J0üNS ( l, J )

DfJ 108 l:1,11
lP0S=JC0NS( l+1,J)
nü 1ü ó Jlr1, I P¡1
Pt't( tPilS, Jl, J ) =ü .
LìrJ 108 Jl=L, I Pi.l
Fr'4(Jt,lPüS,J)=û.

11ó

1IJ Û

tr

1Ló
L?A

1$CI

140
150
1ôû

c
(1

ta¿
I64
U

170

t74
1ß0

l_ 82

lF (uLlt"l) 162,!62,L?t
Dü 1ó0 I :1, NF
lF (uif( i,1)-il[lM) 140,140,13t
Ul'r(l,t)=ULIM
sü r0 1ó0
lF (LlFl( I rl)+UL ll'1) 15û¡1ó0rlóil
Ui"ì( I r L ) =-iJL lM
Cûr.lT I itJUL

CT)\PUTF ITIF LOSS FUNÇT ION

Llü t64 I =1, NP
Y$Ui"l=YSUM+YM ( l ,1) *Y¡,i( l ,I )

OALL FR I¡1( 2 )
lF ( I IAPh.80.0 ) ü0 T0 5{Jfi
lF (l'lÛn( ICOUN' lPtltl,;) ) 5t10,1.74'5CI0
üO 180 I:1, NAHMAX
l"it I ):Tl"l( 1,1)
n0 L82 l=1,l\ABr'4AX
J= l+NAB14AX
14(J)=TM( 1,2)
J:J+1
r/i(J)=YSUl"l
0AtL F l LilAT ('trR I ïH r r3ri,jrz*i\tAlìMAX+l)
l r il rAPË, üË.2 ) ü0 T0 194
ûü l'0 50û

FOR TEi{PORARY USE, ÐIVIDË PARAI.'IETËRS ßY TI"I(NA+f )*MATRIX

¡-:lrlA ¡ 1) *NP
ÐLT:TÞ1 ( L+1, I ) *Ti't ( L+2,2) -Ti'r(L+L, 2)*TM( L+2, I )



.f

il I 1l*ll'l ( L +2 t7 ) /¡.iEl
gl22=Tt"i(L+1,1)/DËT
I I 12=-TF ( L+2,1) /llhT
¡l I ?1= -Tl"ì( L+1, 2) lnh'f

t{ ( 1 ) EH I L1*ïM ( 1' 1) +ii I 12*TM lL,2}
ti ( 2 ) =B l 1f *Ti,r (2 tt) +ß t 12ãTþt {2,2)
lJ( 3 ):Ë I 21*Tivt( 1,1) +ß l2ä*Tt4 ( 1,2 )
r,i ( 4 ) =# t2l.*Tiy (2, L) +fì I 2?xI n (7,2)

0AL[ Ë lLt]Aï( rl^lR t TËt ¡4 tti,Kú2nT?)

lË ( lütuþJ-lPl) 2a$,2ûu,19ii
lF (f.liln( lcfluN!, lp?) ) 5ù{:r,2rJü,5üü
'nä ll F(6,10ú0 ) (h( I ), l:1,4)
FüRI,IAI(' RÉü P,AR: I4FÓ,2)

Êi'ril lF Th,"ipüRARY Ç0uÉ

CtJi\i I I i\Uh

A5r rtfì LlË$ I FEII tiJ\T I NLI¡1 ¡ ¡¡1

cÅi-L i ftuArl ( 2 )
Ü{) I0 (550'óflü'55ü,55\),55ú'551,,999,999r550), lüCNT
lË (lïAPE.É0,0) GC ltr 5ó0
tA[L r I LËS( f CL0SËf ,3rKtI]rF]tAf,tA, r¡3 | rur rtÛ,r,

l r il TAPË. LF,1 ) G0 T0 5óä
cALL r I LEs('cLcsÊt,4rN0D'ËhAl"ld, fil I lrlf 

'LÜG)ËLl T0 ( 1Lì,6t0 r ?t t2l1 ,2t),2ü, ?99 r999,999 ) , tC¡JhJT

cA[L pR il'l( 3 )
Gü .ril 90

Ç

IJ

190
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AUTHOR ¡ ULF

I i\l- T Ypç 0F

tJf? I rË ( Lv r 1050 )

DCI 5t) K=f itl

lü=1
Dü 5ú J;J ¡ i'JP

ntl ä0 | =l ¡ irlP
BSYS(J,lrK)=RTTFF(

I ir:llAl',1 ( I irj )

Ë0R I SS0N t973-11-20

OPËÊAT I ON

c

TU

1¡ li\ lT IAL IZAI l0hi
2I OONÏ INUAT IOI\I

c ,l M i'10 [J y M ( 4 , 7 ) , Y s iT ( 4 , 7 I r U X ( 4 , I 0 ) , E M ( 4 , 5 ) , P F4 ( 1 ó , 1ó , 4 ) , T l'{ ( I ó , 4 ) r
z ri A ( 4 ) , N I ( 4 ) , it 0 ( 4 ) , K s Y s { 4 ) , K R F (j ( 4 ) , À S Y S ( 4 , 4 t 4 ) , B S Y S ( 4 t 4 , 4 \ ¡
3 CSYS(4, 4, 4)' r\'i\,iP,
4 ËVEt(4), C0V (4,4 ), tLtG,Ht\j0D,HAtfl,MAt, NABþtAXrPD lAG, YSUM,
5 RL, UL I M, Í{SAMP, I P1 , IP2, I üONT, I OOUN,

'É' lp, lY, I'J' lF, lPM, lTM, lAFjûr IC{JN$'JC0N$(9r4),
7 FNAi\'!A,FNAMB,i^¡(20 ),BUfF(3?) rÁ00(10)' I TApË' lP0 lN

LV=10

ûl1 T0 (10,300),lN

t^tR I rE ( Lv r 1ü1ü )

lC=1"
N:R I TFF'( lt )

NP:RTTFË(lû)

þiRtTE(Lv,1ûer))
I ü:1
Dû 2A l:1 ' NP
KSYS( I ):RTIFË( lC)

'n¡Rll'E(LV'1030)
lC=1
n0 30 | :1 r irlP
KRËrj( l)=RTïFF( lt)

IrR I Tn ( LV,lü40 )

ÐCI 4t K;f i\l

lCcl
nil 4t J:1rilP
nü 40 | :1, itlP

ASYS(J,l,K)=RTTFF( rc)

C

2U
u

3rl

4i)

l"

5{j rü)

óu
\-
5ô

!,iR I lË(LVrx.Ltó0)
niJ ó0 K:1 r I'j
It=1
tti étl J:1-, l\P
D0 ó0 I =1,1'.iP
CSYS(J, i,K)=RTTFF( I C)

''^lRITË(LVIlÛó1)
lC=l
llAPÊ=RTTFT(lC)
I F ( I TAPÉ. Fû,0 ) üO TO 6T

L
I^'FlI iE(LV'1Uó5)



OALL RL I NE ( 9I B, BIJF F 
'1,')l=1

CALL RAdC( I,T NAPiA,AEI ND)
l Ë ( Ats l i!L),8Q.2 .0R. AB l l'JD , Ë0,4 )

t F ( l rAPË. L8,1 ) {ìil To 134
TALL RL I NE ( 9 ¡ 8, EUFF,1 )

l:1
CALL tlAB0( l,FNAI'1BrÅts I i\¡¡
I fr ( Aå I NIl. Êtì.2 ,0R. AB I ND. þ0.4 )

5

1óu

1..5 2

c
134

Çü r0 1,5û

fit) T[¡ t32

t,

1,{R I rE ( LV,1[jóó )

l C:L
lP0lÍ{=RTTFF ( lC )
ld* I fn ( LV ' 1r:ìó7 )

lC=1
KNÐ(1)SRTTFF( lÇ)

þtRltE(Lv,1ü7ü)
I ü:1
',"1TYP=RTIFF( lC)
COV(1,1):ü.
CA[L Rl'lCIVE ( ü0V ( 1, 1) ' I r CûV (2,1,i'J., iP* lP-t )
lË (l'ITYP-l) ôót62t66
D0 ó3 l:1 r NP

tüV( l, l )=1.
fri! Ic óB

I C=1
j_l ü 67 J=l ¡ i,,l P

Dn 6T l=f ¡ r,jp
üUV(J, I )=RTTFf( lC)

i'{lì I IE ( LV ¡It75)
| Ç:1
i.iACt=RTTFF ( lÇ )

l^iHilE(LV,1090)
lÇ:L
np 'lú l=t, trlP

l'jA( I ):RTïfr( lt)
hrRlTE(LV,1ûgü)
It=1
nfj B0 l=f ¡l"tP
rrits( t):RTTFF( lC)

\AaMÄX=tJ
flü 8ó l=l,l'lP
¡JAn=i{A( I )+l{B( I )
lF (l'iAB-NaBMAX) 8ór86,84
f.lAll'.lAX=NAB
flrj\iT li{UE
Í.i À I-lM A X I iv A ßrlA X *r,.1 P

i',in I TË ( LV r 11üü )

lC=L
Dtj 9tl | :l ¡ i,jP
Fü ( I ) stìl TFF ( lC )

'r,ilt I IE ( LV r 111ü )

liJgl
PjllAG;RITFF( l0)

61"

óä
6S

ç
óó

6'7
L,

6S

t

69

7J

8ü
L,

8È'
4ö

?0

14il

r'
(:

lr'r I Tl ALt'¿[ c0vARlAî\rçË MATRtx



6
PI.1(1'1,1):PlllAlì
Pi'l(2,1r1)=U.
CALL ilM0VE ( PM (2,1.,1) r 1, Pt'! ( J, 1r 1) , L 'tALL Rl'i0VË(Pl'1(1'1 tL),L,PH(2,2,!.1,L,
CAIL RM0VE(Plt(1r1,1 ) r1,pM(1't,21,L,

I Pi"4-1)
lPt"t*'¡Fr¡- IPM-t )

I PMr lPFlr$ ( lP-l) )
l-

1. r.0

Lt?
114
|"

r¿u

9'¿

93

96

100

f,tÊllE(Lv,1112)
lÇ=1
lCûNS=RTTFF(lÇ)
I'f ( lC0l¡S.80. ü ) G0 T0 tZA
tiR t TE ( Lv,1113 )

tA 11ü J=1 ' NF
lü=1
JÜÛf\S ( 1, J ) =RTTFT ( ¡ C )
i^JR I TE ( LV,1114 )

D0 11"4 J=l ¡ NP

ti- (Jc0Ns(1,J),Ëû.c) G0 Tu 114
l1=JcoNS(1,J)
ÐiJ LIz l:1, l1
I U;1
JÇ0i{S( l+1,J):RTTFF ( lC)
lP0S=JC0N5( l+1,J)
Pi'1 ( | PL)S' I P0$, J ) :ü .
c0r.tr li{uE

I.JR I TF ( LV, T12Û )
lü=1
UL ll,1:RTTFF ( lC )

i^lRttÊ(Lv,!1.25')
lC*L
l\lTl=RTTFF(lC)
It ilNlTt) 9b,96,92
n0 93 J=! ¡ i\,lp
t,ril ITE(LV,LL26t
lÇs1
Díj 9S |:t,tiABMAX
TFl( I'J):RTTFf ( lC)
Gij T0 1CIt
Ti"l(1r1)=0.
0À[L Rl'lOVÊ( f]"r(1, 1 ), I, Il''i (2 tLl, 1, I Tl"l* I P-l)

r^jt+ I TË ( LV,1130 )
I C:1
NSAMP:Rl'TfF( lC)
RL:RTTFË( IC)

iJRllE(LV'1140)
lC=1
lPf:HTTFf( lt)
lÊ2=RTTFF ( lC)
ül..1 T0 999

l¡iR I TE ( [V,13ûtl )

lCgl
lü0l.lT:RT Tf F ( lC )

Cû T0 (999'100, 6!,69,14t-Jr5úr999r999,999), lçCINT

EËlrlRxl

t

I
3riü

r
999
C

1rJ10 rüRF1AT ( 1H1, ' ûRDER OF IiYSTF¡4' , /
It NUÞ,iäËR 0F 0UTpUTS ( MUSr BE Tr.,tË
FilRHA T ( I NUHI*ËR Oi T IMF NÊtAYS OF

NUMBËR üË' INPUTS)I)
KSY$( I ) r )

$Al-,tË AS
SYSTFM,1ù20



7

1u3C
1t.)4ü
1ü5t
1ü60
1'.Jó1

1" i.ì65
1" il6ó
L|J 67
1,,1 7 0

tü7b
l-iiBt)

1ir90
11ü t
11 1(]
1"L1?
1 11S
1114

112 0

tL25

1-L26
1t 3û
11.4 0

1,5û0

FÜRI'14 T ( 'r0Ri"lAl ( t

FOÊMAÏ ( '
FüRf-,!AT ( '
FORÍ'1A T ( '

1,5X , | 2i
15X'tS:
L5x, r 4 ¡

15X, | 5 i
1lX, f ó!
llx' ' /I5Y,t9i
Fi!n

;! i.Jt.1B É R

A.MA TR I

A-MATR I

C-t4AlR I

i1 APEt /

Ct]I''JT INUh
C0Niï lN{.1Ë
CüNT I NUh
c0rJï |NUE
c0ill t NuË

ST[tP ! )

ÛF
XP
XP
XP

Tl¡'rE þuL¡yS 0r RE$U[AI0Rr t{RËG(t)')
0LYl{01,t I AL' )

0Lvtii0f"l lALf)
0LYN0t"l IAL | )

S IMULI\T IüN './
C0VAf'l lAiÌCE PIATR lX t/
ÑEGULATüR I /
pll I Aü r./
lTApË'/

15X, '01 NCI llr\IA SAVËii 0N TAPF ' /
15X, '1: i)ATA SAVËU 0ri tT],t /
L>X,I2i I)ATA SAVËÐ ON NTl AND CIÏ2')
F0Rr,tAT(| FILË NAMh!)
Fi)Ri{Af(' lPCIlN (EVEËY lP0lN!TH pCIlNT lS SAVEü 0N TAPË}')
FüRMAT ( ' i!UI''IBFR TF RETCIRÐS IN THË Ë ILE ' )

FOË¡4ÄT ( I TOVAR IANCË MATR IX ÊOR THE NO ISE I /
15Xr r1¡ Ur'{lT MAIRIXt/
L5X,t2i SPËCIAL r..tATRlX (Tri ith TYIIEü lr{ R0i.lS)')
F0RtlAl(' OilD li\iTEGËR ËClR r{r\Q[lt¡
FORMAT(I RËGULATOHI'/
15X, I {.iUf''ìtsËH OF ALË A PARAMhTËÊS t )
FTJRT'1AT ( 5X, I NI-]MBËR CIF tsËÏA PARAI"lETERS t )
F0RMAT(' B0(l)')
FuRplAl'(' PntAËr/' (PDIAG<Ut i\0 C0NTRüL) !)
f üRMAT ( ' I t0ivS ( Nirl'TËER 0F CTNSTANT RËGULAT0R FARAMËTËRS ) r )
FL}RI'1AT( I i{UMBËR OT CüNSTANT PARAMËTER5 IN RTI,i T, 2T . ,. rNPI )

FÜÐMAT(I TYPã I{:ONS POSITIüNS OË CO¡\¡STAi\T RËGULATOR II
1' PARÂrIËTËRS IN T-VETTOR ËOR THË RIJhIS L, 2, I I I ,IrJP'}
FORMÂT ( ' L II-4 IT üN THF COITTRÛL S IGNAL I /
15X, I (CI 0R 3ú i N0 L lt-,t ll r /
15X")0¡ Ll!1 lTr)
FCìRI"1AT ( I II.I I T IAL VALUhS OF Ti{Ë RËGULATOR PARAMËTËRS ' I15Xr'Ù: ZËR0ËSr/
15X,rt! $pÈtlALf)
FORI'iAT(I ËLEMEI'ITS OF NEXT ÇOIUMNI)
F0RMAT(' i,lLj¡4EElì 0l SAI"IPLE P0lNTSf/t RLr)
FüRMAT(' lFTr¡
1' lP?!)
F0Rì"lA l(lHl,' C0,!T Ilrl¡J4¡ I0r\tI
LFX, r 1: f,,lFì/'r l¡J lT IAL leAT lüi\ I /

IHË
FROM
r ROM

I'ROM
F RO¡,I



B

r
C

c

\,
U

SUTIH0UT lf'JE

IPRI - TYPË

PR I i'l( rPR I )

TF OPHRAT IOI\

1¡ PR Ii'JT II\ I T I AL VALUFS
2I PR I NT 5 I MULATËD DATA

AUTH0R: ULF rj0R lSSClh¡ 1973-:.1-2ü

c0Mt"l0l{ YM (4,7 ) , Ysl'! (4,7 ) , u¡{ ( 4 r 10 ), Ëþ,1 ( 4 r 5 ) , PM ( 1ú,1ó r 4 ) , TM I 1þ 2 4l t
?* t{ A ( 4 ) , N I ( 4 ) ' 

t tj ( 4 ) , l( S Y S ( 4 ) , K R E G ( 4 ) r A S Y S ( 4 r 4 ,4 ) , Ë S Y S ( 4 ¡ 4 t 4l ¡

3 ÇSYS(4t4,4)rNi,hlP,
4 FVËÇ ( 4 ), C0\t I 4, 4 )' I L0G r f*!iti0D r''{ACti, MAC' l.¡AÊMAX, Pn I AS r Y$UM ¡

5 RLrUL lM'NSA¡'IP, lPL' lP2, lC0NT, lÇ0UN'
ó lP, lY, li,l' lÉ, lPMr lTM, lABü' lOüNSrJtOt¡S(9r4),
7 fNAMA,FN¡\MÈrw(20 )'BUFF(ö?),t{00(1t), I TAFË, lp0 lht

lF" (l{N0D-l) b,4,6
f,JR trE ( Õ,1005 )

Gü T0 (10'2t0'30CI), lPRl

PR INÏ If{ IT IAL VALUES

i,.,¡H I IE ( 6,1ü10 ) i'J, ÞtF

l.Jlt I Tç(ó,10?0) ((SYS( I ), I :lrNP)
l,'lR l TË(ó'103û) (KRHç( l ), lclrNP)
l¿iRlTË(ó,104ti)
nü 20 K=l ' h¡

t;RITE(ó,1û50)
n0 2t J= 1 r itlP
liRI IÊ(6,1ü6t) (ASYS(J, I rK)r !=1,NP)

i,lrr I TË ( ó,1U70 )

nil 30 K;1rN
rdRttË(ó,1050)
n0 3t J:t, fdP

l,lR ITE(6'1tj60) (BSYS(J' l,K) r l=1'NP)

4
ñ

ó

r.

Ç

1û

2'ú
L

3r
C

4L.

r,ifì I TE ( ó,1û80 )

Dû 4t i^i=1,lJ
i^lRITh:(6,1i15û)
nil 4CI J:1, i\P
liR I TË ( Õ,1ûó{) ) ( CSYS( J, L K ), I :J., i\¡P)

) MAÇ{]
)

) (COV(Jr l),l=l,t$P)
) (ilA(l)rl=1'\P)
) (NB(l),1=1r;ilP)
) (äCItl)'l=l'\P)
) Pi] IAG
) l üONS
,il) tìu T0 4g
) (iCLìNS(lrJ),J=lrhlP)
) RL

þJRITE(ó,1CIÓ2) ITAPF
lF ilTAfrË.É:0.(J) G0 r0 44
ì/iH I TE(ó, 1OÓ4 ) F NAI'1A,FNAMË
I'iR ITE(6,1ü6ó ) lpCI tN,Kün(1)

L,

44

45

r,tR I

i{R I

Ðii
r4R I

þJR I

l,{H I

þJR I

tdF I

1,.rR I

IF
hiì I

LIR I

TE(ó,1090
rE(õ,L095
45 J=f , f!P
[Ë(6,1üó0
rË(ô,11tJ0
IË ( ó,1110
TË(ô,LL?0
TE(ó,1i30
TË ( ó ,It32
( l tcNs, Ë0
ìË(6,1.1,J4
TE(ó,11404b



I
riR I

þjR I

l"lí{ I

nll

TE
iE
rË
5C

( ó,1150 ) UL lrl
( 6, t1ó0 ) f{SAl.iP
(ô,117ü)
J:1' NAIJNAX

rt

5r
C

C

c

1CI20
1ü30
1040

ldR l TÊ(6'1510) (T¡4(J, l ), l :lrNP)

tJLì TÛ 999

PH lr\lT S ITTULATËn DATA

l,r ( lcûu\t-lP1) 251J,25u,21ü
I f" ( Þ10n ( lclluN, I p2 ) ) 999 ,25 'J ,999
hH llE(6r15û0) lCOUN,YSUÍ"Ir (Yl*4( l'1) 

'UM( 
lrl) r l:lrNP)

nü ?61) l=1ri\AÉir"lAX
l,iH I IE(6'151û ) (TM( l,J)'J=l.rNP)
G0 I f-r q99

r'tRlTE(6,1L40) R[
üu r c) 999

RETIJRi\

F0Rr'1AT ( t DËC0l'1p0S lf l0N 0F ü0V lN Sl..rBR0UI INF Hi\CIÐ I 14AS FA lLEtlr )

FÛRMAT(1HI,'ORI]ER OT SYSTEI,Ii I I 11./
1' NUt',1rjËR 0F 0UTPUTS (INFUTS)¡ t,l?)
FOR',IAT ( ' T IME DËLAYS {JF SY5lEI'{ ¡ ' ,8I7 )
FüRMAT(I TIMË I]HLAYS UF RTüIJLATOR¡ I,ðI7)
F0RPl AT(//t PARAMEIFRS 0F rHE Slt4tlLArED SYST6¡,ri¿
1' A-lr,ìATR tX PflLyNCIt"l tAL I t )

trijRt.iAï ( 1X )
rORþ1AT(BF1{j.õ)
FÛRT4AT(I IÏAPE¡ I,I1)
F0Rt"1ÀI(' F lLË .¡Af'1hS: 

"A5r5XrA5)FüRMAT(t iP0lNi tr l4rSXrfKOD(1):r, l5)
rÜRMAl (/I 8-I'JATRIX POLYNÛMIAL! )

F0Rt'1AT ( /r Ç-ptATR lX P0LYr{CtMl AL' )

F0RMAT(/' 0DIl INTEGER F0R l',ÇNrl0l: t,l4l
Fi]iI¡4AT ( I üÛVAR IANT]F MATR IX FCIR NO ISË I )
FI)Rì'1AT(' ùIIJMBFR CIË ALËA PAftAI"IËÏËR$¡ ',8I7)
F$Rr"lA T ( ' NUrf EËrì 0t BE rA PAfìAllËTËRS l ', å 17 )

FUR,"IAT( ' B0( I ) i r r8F10.3)
FORMAT(I Ii\! ITIAT VALUE OT i"ìIAçÛNA[ ËLË},IËNT! IIF1O,3)
FÜRi.4AT ( ' TI]TAL ì\UMFER OF CON$TAI!Ï RËGULATÛR PARAHñTERS I
1t,lã)
FilRr"1AT(r i!UMBER tË C0ivSTAr{T PARAMbTËRS lN ÊACH R0t'l 'rSl5)
F0RMAT( | ËXP0NFr{T IAL r¡E lGt"{T ll\ç FATTQR! t rFLCI.7)
FilRr.tAI(, Ll¡rlt 0N c0NÏRüL Slûi!AL¡ f ,Fl0.3)
F0Ri,tAT(, ¡iUH[ìËR 0F SAl'4PLE pCIl¡üTS¡ t,l6///'
TORMAT(' IN'ITIAt ÚAUtIbS OF RË'JULATOR PARA¡,IËTËRS')

F0ei4AT ( 1X, l5 ¡2X rl1ü. ü r 4X,5 ( Fó ' 2,1X, Ë 6,? r4Xl I
1lX,ó(F6.2, lX rFó,2,4X ) )

F¡JPI'1AT ( 8F11.3 )
Ët',rn

2rìû
210
?þ0

260

3ú0

9?9
(:

liiû5
1d1.0

1it5g
1U60
tu6?.
10ó4
1U ó6
J.070
1U80
1ü90
10 95
11"00
111 0

1,L2t
113 0

11"32

113 4
1 l.4 rl

1r.5 0

1ró0
117 0

ü

19û0

151 0
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$UBROUÏ Il\IE SYSI'1

S lrlULATÊ5 Å MrJIl IVAR lAtsLË SYSTËl'4

Y( l,T)+A( LJrL)*Y( l,ï-1,)+...*A( I'JrN)+Y( l rT-N):
=B( I rJ,1)*U( I rT-K-l)+.,,+d( I rJrN)*U( I rÏ-K-N)+
+É( lrT)+Ç( l,Jrl)*Ë( lrI-1)r,.,+t( I'J,\)*Ë( I'T*i\)

Yi"l I S ORGAI.I I ZFIJ AS YSM I I\ STURI4l

Ufr lS CIRGAN lZËiJ AS lN STUÊr'rl

ËI"ì-I'1A TR I X OF PRÛÇ

ËM( l'1):F( l,T-
RNTURNÊD AS El!4

hss
1)¡
( lrl

N I STURSAi\JOES ORGAN I ZFD AS FOLLOI^JS
Fl"{( 1,2)z'Ë( lrT-2), ËTÇ, , l str,,, rNP
)=Ë( l,T)' Ëþ1( 1,2):b( l,T-f-)r ËTC'

tE-1))

tY-1))

AUTr{0R I UIf B0R lSSf]i! L973^11-20

ccl":t4O¡t yM(4,7),Y sl't(4 ¡71¡ut{(4r10 ¡ rfitlt 4,51rPÞt(1ór1ór4), ïþ{(1ár4),
2 i\iA { 4 ), hJB ( 4 ), t3ü ( 4 ), l{SYS ( 4 ), KRËü ( 4 ), ASYS ( 4 t 4,4), BSYS ( 4, 4 t 41,
3 tsYS(4r4r4),Ni,NlP,
4 E V E Ç ( 4 ) , C O V ( 4 , 4 } , I L O G , I,Iitt U IJ , i{ A C (l , M A C: , N A B I'I A X , P A I A {; I Y S U H ¡
5 RL,UL l t4,lisAHP, l PL, lP2, l tiUNT, lC0UN,
6 lP' lY, lU' lËr lPl'a, l TM, lABCr lCüNS'JÇOluS(9'4),
7 Ft',iAÍ"tA, Fi'lAt'tä t"t(2u ) ,6uF F ( 3z ), K0ü( 1C ) , lTApË, lF0lN

Ç

CALI fì140VË(Ël'1( lP' lF-l),-1rËM( lF, lË),-1, lP*(
cALt Mi{CIll l ( ËvEC, c0v, l P, l P, r,lAt, l L()ü r i{N0n )

cALL Rt'l0vË(EVhÇ(1) r l,EM(1, l), IrNp)
CALL l{140VË(YM( lP,lY-l),-1rYM( lPr lY) r*1r lP*(

lilü

nrl lnii lsL,NP
Yi"l( lrl)=E¡9( lr1)
D0 10ü J=1, N

Y1"1 ( l, 1 ) = vf"l ( I r 1 ) -$CAPRii ( ASYS ( l, 1, J ), I ABC, YH ( I r J+l ), 1, NP ) +

1 SçAPRü(tiSYS( lrlrJ) r IABC'UM(l-,J+KSYS( l) ),1,NF)
I +SCApRû(ÇSYS( 1,1,J), I A8ÇrFM(l,J+1.),1rNP)

RËTURi{
çi!n

c
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11
suÊROuT | ÞJË $TriRt"ll ( Y5Þ1 r Ul4, Tluì, F.{ r RL, i.Jp, f\¡4, Nt r K r I PD I M )

SELF TUN Ii\iG ÊËTJULATOR FOR I.lULT IVAR IAi]LË SY$TËI'IS

THIS VËRSlt'N rlAS r\0 EXTRA TlMh UELAY lN THË RËGULAT0R

AUTHCIR ¡ ULF 80rl ISSûN 1973-11-?ü

T¡1Ë ALG0R lTHl'1 lS HASËil CIÀr THÊ M0llEL

y(l )+A( |.Jrl)*y(T-t{-1)+r r riA( l,JrNA( t) )*y(T-K-l-NA( l) )=

-i't3(l))+E(ï)

Y5}I-þlATR IX OF $üALFÐ PROÇÊ5S {.]UTPUTS f]RGAN IZËD AS FOLLOþiS
YSi"1( 1,1):Y( l,I) r YSI{(l '2) =Y( lrT-1),ËTü. ' 131r..,'NP
RHTLIRNÊD AS YSI'I( lr-1.)=YSH( lrI),YSM( l',2)=Y( lrT) r
YSl,l( l'3):Y{ | tZ) rYSl'l( l r4):Y( I rõ),ËIC.

tJf"i-i"lATR I

tJÞ1 ( I r

RE TUR

Til.tÏATRIX I]F RFüULATCIR
ALFA(1,1,1) ,,.
ALFA(1ri"JPr1) .,,

a

ALËÂ(1rlrf']A(1) ),.
ALFA(1,NP,NA(1) ).
ßFTA(1rl,t) ..,
3ËTA(1,iiP,1) ., !

PROCFSS I þ;PtJT5 ORGAN I ZEÐ AS FCILLOl.lS
(l,T-L)rUM( l,?)zU( l,T-?)rËïC', l=Ir.,.,NP
AS Ul'1(lrl):U(l'T)r UH(1,2)sU(lrT-21 , ËTC,

XOF
1):iJ
NË I]

A$ F0[10þ¡S

BËTA (LtL,liÉ(1) ), tsË'T"A(NPr1,¡\rB(fJP) )
trTA 11,i'JP, í\B ( 1) ) . tsET.A ( t\p, j\¡P,,\1ts ( i{P ) )

t I MFhrS I üN YSM(1r1),UM(1.,1), TM(1,1 ) rPM(1,1,1 ),NA(1 ) rNB(1 ),K(1)

C0i"1r,lC!lii/SLqSK/ IIIJM ( 112l '1(to ) r P ( 1ó,1ó) ,F I (ó4 ), nUME(64)

0H$Aii lZË DATA F0R THE lDËiirT lF lüAT l0N R0UT INE

PA¡iA.MFTÊRS üRGANIZËD
ALt A ( NP, t,1 )
ALFA ( i\¡', NP,1 )

ALFA(IJP,1ri,iA(NP) )

AIFA ( NP, ¡¡p, NA ( 1!P ) )

BçTA{trp,1,1)
BETA ( NP, NP,1 )

üü 5tl | =t ¡ i,tP
Ki=K(l)
iiAl:i'JAtl)
Y I i,l:YSl''l( l' 1 ¡-tJil (

J: Íl
nil l-û J1=1, NÁ I

n0 1û J2s1,NP
J=J+1
l_:K l+1+J1
Fl (J)=-YSM(J2,[)

IF (N
¡1 u l=1..1

Ba 30

4t r 4 ii, 20

rNdl

, K I +1)

1ri
0

F( r) )

2,J ti( i)
J1: X-

lil 50 J2:1' \lP
J=J+1
L:K l +L+J1
f I ( J ):tJf"l( J7 tL)

i,lPA=(i\¡A( I )+Nä( ¡ ¡ )*ltiP
tALL Rf'lCIvÊ(ïH(1r I ),1,T(1),1,NFA)
cALL Rl,10VË(Pi'4(1", 1, I ) r1,P(1r1) r1r25S)

3ij

4Lr
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L,

5rj

C

t,

L,

l'

tALL RTLS Iil(TrP¡F l,YIl\J,NPA, IPil ltl'RL,RËSr0ËNOM)
CALL R¡40VF( ï(1 ),1, Tt'{t1r I ),1,NPA)

üALL f{i'10vË(P(1r1)'1,Pi"l(1rl"r I ),1",2561

RÉûRGAi'l IZE ÐATA F0R NËXT STFP

FfJñ S II,IPL IC ITY THË i4HOLË ARRAYS ARË SH IË TFD IùI TH IS VERS IÛN

cAIL Rl"iûvE ( yst'{( 4, ó ), -1, ysl'i( 4 ,71 t-L,241
cALL Rþl0VË (UM(4,9),-L,tiM(4,1û) r-1.,õó)

CÛÞIF,UTË COI"'ITROt S IGNÄL

llti 10ij l=1,NP
Ul'¡ (lr1):iJ.
J:0
ljAl¡f,tA(l)
D0 7t Jt:1, NA I

Dç 7t Jl:l¡trlp
J=J+1
Ulvi( l rl):Ul4( l r1 )+TM( J, I )*Y$i"l( J?,Jl^+Ll
lÊ (i\,tB( I ) ) 1û0,10ü,gij
Ì'llCl:f\jË(l)
Du ?ü .Jl=1,Ntìl
Dü 9l_r J2=1, \lP
J=J+1
Util ¡,1)sUrq( 1,1)-TM(Jr I )*UH{J?,J1+1)
Çt-ìî\i t I l{uË
RËTURí\I
Ê f',1 û

t
l:

7ts

ßú

Y tr'

r_r0


