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B/ 3 B O N %
7'm 7 7 A (FORTRAN JV(DVCJ:é)

C SYSTEM DYNAMIGS ESTIMATION USING LEAST SQUARES MelHOD

DIMENSION X(5,1000),Y(5,1000),AVEX(5) ,AVEY(5),VARX(5) ,VARY(5)
INP(5,5,10),8SUM(10),§C(10),K1(20) ,KDIrF1(10),K2(10) ,K DIFFR{10)
250L(100), RESP(100) _

COMMON N, A(100,100),U(1000),V(1000) ,M,EM,LOG,NPL,NP2,11(,JJO
18(100,1) ,NPK ,KKO

Ce+++ READ OBJnCT AND PRESKT PARAMETERS ««».
KR=1
1 RE4D(5,1000)
1000 FORMAP(72H)
1
RyAD(5,1001) NX,NY,NDMAX
1001 FORMAT (315) ,
READ(5,1002) NR,(((NP(KX,KY,KR) KX=1,NX),KY=1 NY),NSUM(KR),NC(KR),
1K1(KR) ,KDIFF1(KR) ,K2(KR) ,KDLFF2(KR) ,KR=1,NR)
1002 FORMAT (14I5) _ _
IF(KR.GI.1) GO TO 2
WRITE(6,1003)
1003 FORMAT (1H1)
WRILE(6,1000)
WRITE (6,1004) NX,nY,NDMAX : o
100l FORMAT(1HO, 15X15HNO OF INPUIS =I5/1H , 15X15HNO OF OUTFUTS =15/1F
1,15X15480 OF DALA =15)
Cesee RUNeooo--
2 NC=NC(KR)
M=NSUM(KR)
EM=M
K1=K1(KR)
KDIFF1=KDIFF1(KR)
K2=K2(hR)
K DIFF2=KDIFr2(KR)
WRITE(6,1005) KR,NC,M - - _ ,
1005 FORMAT(1HO,2X7HRUN §0.12/1H ,15X22HNO OF OBStRVAT ION =15/1H ,15
1X22HOBSERV.D DaTA LENGTH =5I)
Cr+* CALQULATE LOCAITION(DATA ORIGIN) AND CHECK ....
LOC=0
DO 100 KY=1,NY
D0 100 KX=1,NX
NFK=NP(KX,KY,KR)
100 IF(NPK.GT.LOC) LOG=NPK
—-121—



. ND=LOC+M+KDIFF1+KDIFF2
IF(ND.GT.1000) GO T0 22
ND=ND-11
IF(ND*NC.GT .NDMAX) GO TO 23
DO 3 KC=1,NC
ND=.0C+M+KDIFFL+KDIFF2
EN=ND
WRITE (6,1006) XC
1006 FORMAT (1H0,5X16HOBSERVATION NO.I2)
Cee+se RBAD DATA AND CALCULATE AVERAGE AND VARIANCE <o
READ(5,1007) ((X(KX,KD),KX-1,NxX), (Y (KY,KD) ,KV=1,NY) ,KD=1,ND)
1007 FORMAT (12F6.2)
WRITE (6,1008)
1008 FORMAT (lHO 10X 3/HDATAL AVERAGE VARIANCE)
DO 101 K¥=1,NX
AV’EX(KX)=O-O
DO 102 KD=1,ND
102 AVEX(KX)-AVEX (KX)+X (KX,XD)
AVEX (KX)=AVEX (KX) /BN
VARX(KX)=0+0
DO 103 KD=1,ND
103 VARK(KX)= VAR (KX)+ (X (KX, KD) ~AVEX (KX) )** 2
VARX (KX )= VARX (KX) /BN
101 WRIT%(6,1009) KX,AVEX(KX),VARX(KX)
1009 Fﬁmm(mb 1ox2Hx(11,1H) 5XF9./ , 7XF9 . L)
DO 104 KY=1,NY
AVEY (KY)=0-0
DO 105 KD=1,ND
105 AVEY(KY)= AVEY(IQ()+Y(IQ( KD)
AVEY (KY ) =AVEY (KY) /BN
VARY (KY)=0-0
D0 106 KD=1,ND
106 VARY (KY) =VARY (KY)*+(Y(KY,KD)=-AVEY (KY))*=* 2
VARY (KY ) =VARY(KY)/EN
104 WRITE(6,1010) KY,AVEY (KY),VARY(KY)
1010 FORMAT(le lOXQHY(Il 1H) ,5%XF9.4, 7XF9,.4)
G0 10 (5,4) K
Ge+es HIGH PASS FILTER +--e
4,WRITE(6 1011) KDIFF1
1011 FORIVIAT(IHO 15X26HHIGH PASS FILTER REQUESTED/1H ,17X40H-°*<*DATA DIF
1FEFENTIATED WITH DIFFEFENCE =I2//1H ,20X19HDATA VARIANCE )
ND =ND-KDIFF1
EN=ND
D0 107 KX=1,NX
DO 108 KD=1,ND KDA=KD+KDIFF1
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108 X(KX,KD)=X (KX,KDi)~X(KX,KD)
VARX (KX)=0.0
DO 109 KD=1,ND
109 VARX(KX)=VARX (KX }+X(KX,KD)** 2
VARX (KX )=VARX(KX) /&N
107 WRITR(6,1012) KX,VARX(KX)
1012 FORMAT (1Hb,20X2HX(I1,1H),6XF9.4)
D0 110 KY=1,NY
DO 111 KIF1,ND KDa=KD4+KDIFFL
111 Y(KY,KD)=Y(KY,KDA)=-Y(KY,KD)
VARY (KY)=0.0
DO 112 KD=1,ND
112 VARY (KY )=VARY (KY + Y (KY , KD+ 2
VARY (KY )" VARY (KY) /&N
110 WRITE(6,1013) KY,VARY(KY)
101 3 FORMAT (1Hb,20X2HY (I1,1H) ,6XF9.4)
GO TO 50
Coeoave NOBMALIZE cece
5 D0 113 KX=1,NX
D0 113 KD=1,ND
113 X(KX,KD)=X(KX,KD)-AVEX (KX)
D0 114 KY=1,NY
DO 114 KD=1,ND
11/ Y(KY,KD)=Y(KY,KD)-AVEY (KY)
50 GO TO (7,6) K2
Cee++ TAKE OUTPUT DIFFERENCE +---
6 WRITE(6,1014) KDIFF2
101/ FORMAT (1HO,15X 37HUNREGULATED CHARACTWRISTICS PRRCEIVED/1H ,17X41H-

1+-+0UTPUTS DIFFERENTIAT®D WITH DIFFERENCE=I2//1H ,20X19HOUTPUTS
2 VARIANCE)
ND=ND-KDIFF2
BN=ND
D0 115 KY=1,NY
D0 116 Kb=1,ND KDA=KD+KDIFF2
116 Y(XY,KD)=Y(KY,KDa)-Y(KY,KD)
VARY (KY)=0.0
D0 117 KIF1,ND
117 VARY (KY)=VARY (KY )+ Y(KY ,KD}* 2
VARY (KY) =VARY (KY) /5N
WRITE(6,1013) KY,VARY(KY)
Cee+- DYNAMICS ESTIMATION +---
7 WRITE(6,1015)

1015 FORMAT (1HO,15X4OHESTIMATED FESULTS FROM THIS OBSERVATION)

00 3 LY=1,NY
NDIf=0
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D0 8 KX=1,NX
8 NDIM=NDIM+NP(KX,LY,KR)
sees CHRCK soee o
IF(NDIM.GL.100) GU TO 24
seese MAIRIX A +--- 1
LX=]1
LLO=0
9 IX=1
110=0
JX=1X
JJO=110

10 DU 118 KD=1,ND
U(KD)=x(IX,KD)

118 V(KD)=X(JX,KD) _
IF(IX.NE.1) GO TO 11
N=1 _

GO [0 12

11 N=2

12 NP1=NP(IX,LY,KR)
NP2=NP(JX,LX KR)

CALL MATRXZ  _  _
IF(IX.5Q.NX) GO TO 13
IX=1%4+1

IT0=I110+nP1l

JX=JX+]

JJO=JJO+NP2

GO 10 10 _

13 IF(LX.£Q.NX) GO 10 14
LLO=LLO+NP(LX, LY ,KR)
L¥=1X+1
GO I'0 9

‘eees MATRIX B oo

14 KX=1
KKO=0

15 DO 119 KD=1,ND

» U(KD)=Y(LY ,KD)

119 V(KD)=X(KX,KD)

NPK=NP(KX,LY ,KR)

CALL MA[RX2
IF(KX.EQ.NX) GO IT 1§
KX=KX+1

KhO=KKO+NPK

GO 7O 15 _ _

»-ee COMPUIE NORMAL HLQUATION «»-

16 CALL MATINB ( A,NDIM,100,B,-1,DEL)
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Ceees PRINTS c°°°

KX=1
" KKO=0

17 NPK=NP(KX,LY,KR)
SUMSOL~0.0
DO 120 LP=1,NPK
JJ=KKO+LP
SOL(LP)=B(JJ,1)
SUMSOL=SUMSOL+SOL (LP)

120 RBSP(LP)=SUMSOL
WRITE (6,1016)KX,LY

1016 FORMAT (1H1,5X2HX(I1,7H) VS Y(I1,1H)/1H ,10X/OHNO

1S BSTIMATES)
GO0 TC (19,18) K2
18 WRITE(6, 1017)
1017 FOBMAT(lH , 5X16HIMPULSE RESPONSE)
GO TO 20
19 WRITE(6,1018)
1018 FORMAT(1H ,5X1 3HSTEP RESPONSE)
20 WRITE(6, 1019) (LP,SOL(LP),R=SP(LP),LP=1 ,NPK)
1019 FORMAT(le 10X12,14XF9.4,14XF9.4)
IF (KX F‘Q.I\TX) GO TO 3
KX=K¥+1
KKO=KKO+NPK
GO TO 17
3 CONTINUE

Cee.. REWIND TAPE AND GO CEEDING RUNes«--
TO

IF(KR.EQ.NR) GO
KR=KR+L
REWIND 5
GO_TO 1
21 STOP
22 WRITE(6,1020)
1020 FORMAT(IHO 25HOBSERVED DATA LENGTH OVER)
0 TO 21
23 WRITR(6,1021)
1021 FORMAT (lHO 21HNO OF DATA NOT ENOUGH)
GO TO 21
2/, WRITE (6,1022)
1022 FORMAT(lHO 2/HPARANMETRR DIVENSION OVER)
GO T0 21 -
END

10 5
pil

SUBROUTINF: MATRY1

LEAST-SQUARE

COvMON N,A(100,100),U(1000),V{(1000),M,EM,LOC,NP1,NP2,110,JJ0
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1B(100,1),NPK,KKO

IF(NP1-NP2) 301,302,303
303 ASSIGN 308 TO KEY1

ASSIGN 322 TO KEY2

GO TO 304
302 ASSIGN 312 TO KEY1

ASSIGN 322 TU KEY?2

GO TO 304
301 ASSIGN 312 TO KEY1

ASSIGN 316 TO KEY2
304 LIF1
305 TF=1_

LI=LOC-1

L2=L0C-LL

SUM=0,0

DO 306 K=1,M

L1T=L1+K

L2r=L2+K
306 SUMESUN+U(L1T J+V(L2T)

JJ=LL
307 IF1I+I1I0

J=JFJJ0

A(I,J)=SUM/EM

A(J,I)=A(I,J)

G0 TO KFY1,(308,312)
308 IF(I1.BQ. NPz) GO TO 309
313 L1T=L1+M

L2T=L2+M

SUM=SUM+U (L1 }* V(L1)-U(L1T ¥ V(L2T)

II=IT+1

JI=JJ+1

L1=I1-1

LL2-1

GO TO 307
309 IF(LL.EQ.NP1-NP2) GO TO 310
311 LL=LL+1

GO TO 305
310 ASSIGN 312 TO KBY1

GO TO 311
312 IF(JJ.NE.NP1) GO TO 313

IF(LL.NE.NP1) GO TO 311

GO TO (324,314),N
31/, LL=2
320 JJ=1
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L1=LOC-LL
L2=L0C-1
SUM=0.0
D0 315 K=1,M
L1T=L1+K
L2T=L2*tK
315 SUM=SUM+U (L1T }*V(L2T)
11=LL
318 I=II+I10
J=JJ+JJ0
A(T,J)=SUM/EM
A(T,I)=a(1,J)
GO TO KEY2,(316,322)
316 IF(JJ.EQ.NP1) GO TO 317
323 L1T=L1*M
L2T=L2+M _
SUM=SUMHTJ (L1 YV (L2)=U(L1T }* V(L2T)
I1=11+1
JI=JJ+1
L1=L1-1
L=L2-1
GO TO 718
317 IF(LL.RA,NP2-NP1) GO TO 319
321 LI=LLt+1
GO TO 320 _
319 ASSIGN 322 TO KEY2

GO TO 321 - -
322 IF(II.SE.NP2) GO TO 323
IF(LL.NE.NP2) GO TO 321
324 FETURN
END

SUBROUTINE MATRX2
COMMON W,A(100,100),U(1000),V(1000) ,M,BM,L0C,NP1,NP2,110,JJ0
1B(100,1) ,NPK,KKO

D0 401 LL=1,NPK
L1=10C-1
L2=L0C-LL
SUM=0.0
DO 402 K=1,M
L1T=L1+K
L2T=L2+K

4,02 SUM=SUM+U(L1T )*V(L2T)
J=LL+KXO
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401 B(J,1)=SUM/EM

RETURN
END

. 1“XPI.;I!.NA.'I'IOI\T soee

OBJECT. . .KANDEN SAKAII(THIS 1S AN EXAMPLE)
NX...--..NU UF‘ SYSTEM NPULS

NYe«++-++NO OF SYSTEM OUTPUTS

NDMAX - ++-NO OF SYSTEM DATA MEASURED

NRees+.-.NO OF RUNS(TRIALS)
NCe<+++«+NO OF OBSERVATIONS IN A RUN
NSUMe« + + - +NO OF OBSERVATION POINTS (EFFRECTIVE DATA LENGTH IN AN 0sS

ERVATION)
NPeeoons -NO OF PARAMETERS REPRESENT SYSTEM DYNAMICS
Kleeooos .1, NORMALIZING DATA

2, HIGH PASS FILTERING DATA
K2e*-++-+1, SELF-REGULATORY SYSTEM

2, UNREGULATORY SYSTEM
KDIFFL -+ »DIFFERENCE USED FOR HIGH-PASS FILTERING- DATA

KDIFF2* * *DIFFERENCE USED FOR DIFFERENTIATING OUTPUTS DATA OF UNTEG
ULATORY SYSTEM
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