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PROGRAMS FOR EVALUATIODI OF IDEN1TIjFIED MOÐELS OF

SIMU,I,ATED D'ATA.

T. Söderström

ABSTRACT.

In this report. some programs for evaluation of the good-
ness of models are given. It is generally assumed that
the true system is known.
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I. DESCRIPTION OF THE PROGRAMS.

The major part of the programming work has been performed
by Mr. E. Burström whích 'is gratefully acknowledged. fhe
routine SLOSS is described Ín the program library of the
Division of Automatic Control. The subroutine PMPY is gi-
ven in Söderström (1973 d).

Assume that the following system is given:

-1 -l-A(q )Y(t) = B(q -1)u(t) + C(q )e(t) (1)

(2)

-1 -I .NA

2

A(q )=l+alq "ua9

-1 -'t -NBB(q t) = blg ¿ + ... + b*"e '

+ +

c(q-1 -1 + -NC) =1+c1g + tNcQ

e (t) white noise ge (t) = 0 Ee (t)
u(t) white noíse nu(t) = 0 nu(t)
{e(t) } and {u(t) } independent.

2

-t -1

=VE
-VU

It is a,Is'o assumed that the following model of the true
system is gÍven:

-1 1),r(t) * ô(q-1)e(r)A(q )y(t) qB (

A -NMA( q ) =1+a1g + t¡ltun9J-

* bx¡,tg9 -NMB

-1 )=1+c1q -1 + + tutr,tc9-NMC

The purpose of the programs of this report is to compäae

the mod.el (2) with the true system (1) . In Söderström
(1973 c) examples are given in whích the programs are
used.

c ( q



2.

l-. V¡{L. This program computes the. variance of the residu-
als ¿ (t). The ineguality

2
E ¿ (t) ) vE

holds generally, see Söderström (1973 a). If the vari-
ance ís close to VE the model is good, compare also
Söd.erström (1973 b) .

2. MERRO. This program computes the variance of the deter-
ministic model error, i.e. the signal

^ _1g(q ')
^ _1
A(q *) u (t)

-tB(q')
-1A (q ')

u (t)

(øi-si)

where the impulse response of the system (the model)

is 9i Îôrl at time i after the impulse.

3. MVS. It is assumed that the model (2) is used for the
design of a minimal variance regulator. This regulator
is assumed to be implemented on the system (1). The va-
riance of the output of the controlled system is com-

puted. Clearly

Ii=l-

For a good model the variance is close to zero. The va-
riance can also be interpreted as the sum of squared
deviations of the impulse response, í.e.

2

Ey
2 (r) > vE



3.

always holds and if the variance is close to VE the
modef may be considered as good.

4. PAÐD. This subroutine performs polynomial addition.

5. POSSIBLE IMPROVEMENTS. II iS possible to use a simpler
routine for polynomial addition.
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TII. LTSTS OF THE PRCGRAMS

5UBRCIl.JT I iiñ Vrtrt- ( T r TM r l.lA r friB r NC r NMA r hlMB r I'IMC I VU r VH r I 5TA r V )

COMPUTËS THE VARIAI.JCË OF THË RESIilUALS
AUTI"IOR ËRIK BlIRSTÊöM L972-L2-21+
RËVI5EÜ TCIRSTÊ:I.I SC5NËRSTRTJM 1973'05-01
REFIREIJTË REP{RT 7515(C) .

T
Tt{

-VECTOR OF ORÜTR (NA+T.JB+NC) COruTAIFJTNG THE SYSTEM PARAMETËRS
-VECTOR ÛF ORÜSR (NMA+NMB+NMC) COI.JTAINING THE MODFL PARAMETERS

r.¡A - f'jUHnËR rF
lvd iJtJ¡rìBER :lF
hC - hIUI.",IBER ñF
F¡Í',iA - ITUI"IBER T}F

1..¡Mß - FlUr,lBER fiF
I'riqc - hlul,iBER oF
VU THE VARIA¡JCE
VË THE VARIA}JCE

A-PARAMETERS
B-PAÊAMËTER5
C.PARAMETERS
A-PARAMETËRS
S-PAIîAMËTERS
C-PARAMETËRS
OF THE II'JPUT
OF THE h¡OISË

SYSTEM
SYSTEM
SYSTEM
MODEL
MCIOËL
f',100ËL

( MIN
( MIN
( MIT{
( MIN
( MIN
( MIÞJ

0r
0r
0r
0r
0r
0r

MAX
MAX
MAX
MAX
MAX
MAX

10)
10)
10)
10)
101
10)

ISTA If" THE VARIANCE DOES NOT EXIST IST¡ =1 (ELSE ISTA=O)
AND A I.IESS:.G[ TS PRTNTËS

V THE VAIìIANCI OF THH RESINUALS

SUBRCIIJTII..¡E ftETUlRID
ËþIPY
PADCI
5LO5S

LiMËNSIO,'J T{ 1) rTM( 1)
ùIMENSIOTI A(tA) rB(12) rC(12) rAl(t2) rBl(12) rCl(12) rGl(P4) rG2(2¡*) r

*G5 ( ä4) r çI+ (24) r Ê5 ( ã4)
u0 10 I=L¡24
G3(I)=0.
r3¿+(I)=0.

1û ü5(I)=0.
f a- {
ál(-l ¡
I DA=NA+I
I pB=N8+1
I üC=NC+1
rû41=l'llvlA+tr
I ilB I=Ni,lF+ 1
1ùC 1=Nr'lC+ I
À(1)=1.
Li ( 1) =0.
s ( 1):1.
Al(1)=1,
ä1(L)=0.
ü1(1)=1.
r5TAl=0.
sTA2=t.
O I I-lrNA
(I+1)=T(I)
ü 2 I=1rl''lB
( I+t ) =T 

( I+¡.tA ¡

o 3 I=Lrt'lC
( I+1) =f ( [+lrl,{4¡¡S )

ü 4 I=i.rI'IMA
I ( I+1) =Tl.'1( I )

o 5 I=Lrl.Jþ18
l(I+1)=T'v](I+";MA)

t/0 Õ I=LrfiMC
6 ç1 ( I+l ) =Tþ1 

( I+tJMA+..'MB)

I
Lt

1A
Lt

¿ti
ir

3r.
u

4A
U

5Lr

c
c

(:ÂLL PMFY (GT I IDGI r AI. r IDAl IBI II}B)



c
c

CALL PMPY 162t LÐGZIAr IÐArBl I IÐ81 )

t)0 7 I=LrID62
7 r;2(I)=-G2(I)

CALL PAPO(61rGl tG2¡G2r63r64 tZRtZRrDrOr ID6lr IDGâr IOGSr I )
CALL PMPY (6¿lr ID6¿lrAr IDATCI I IDCI )

1¡¡66=MAX0 ( IDGS r IDG4 ) -1
CALL sLCISS(64IG3I ID6G? ISTA1 ? VI )
IF( ISTAl.EQ. 0) PRI¡lT 101

101 FORMAT {/LAXI ITHË A'POLYNOMIAL HAS ANY ROOT OUTSIDE THE UNIT CIRCLE
*t )

V 1=V1*VU

LP
LP

c
c

L

CAL
CAL

MPY (G5r ID65r Al r IDAI rCr IDCI
MPY (G4r TDË¿l r Ar IDAr Cl r IDCI )

¡06¡'¡=MAX0 ( IDGr+ r IDGS) -1
CALL 5LO5S(Ë4IG5I IDGI{I ISTA2I V2}
IF(ISTAå.EQ.O)PRINT 1CI1
v2=ve*vE
v:v1+v2
RETURN
ENO



10)
10)
10)
1CI)

L

c
c
c
L
c

c
c
Lr
c

c
c
c
c
c

SUBROUT¡i'JË lqfiìRû ( T I Tf,i I NA rl'.lB I t',lMA r N{B I V )

TOMPUTES THE VARIANCI OF THH DETERMTNISTIC MODEL HRRCIR

AUTi{OR EiTIK tr"jRSTRäM L972-L2-24
i¡iEVISEü TCIRSTTN SöDEilSTRöl'4 1975-05-01
REFERENCE REPÕRT 7515(C).

T .VECTOR OF ORDER (NA+NB) COI.ITATNII{6 THE SYSTEM PARA
].i4 -VECTOR CIF ORDSR (FIMA+NMB) COI'JTAINING THE MODEL P

l'¿A - i\¡Uþ188R .'rF A-PARAMËTËRS OF THE SYSTEM (MIN 0r MAX
lvËl - NUMBER üF I]-PARAMETËRS OF THE SYSTE',vI (MIN 0r MAX
t.,rr4A - t.tUptBER ûF A-PARAMETËRS CIF THE MODEL (MIN 0r MAX
ivf,,t6 - NUMBER ilF ¡3-pARAMETERS OF THE MODËL (MIi'J 0r MAX
V Ti"IË VARIANCI ÕF THE OËTËRMINISTIC MOOEL ERROR

METERS
ARAMËTER5

SUBROUTI¡.¡E ËÊ¡:.ìUIRCD
PMPY
PADD
5LOS5

iJIMENSION T{ 1) rTþl( I )

iiIMËNSIuii A(1?),8( 12) r
*G3(24) tË4(24)

UCI 10 I=l r 2¿+

G3(I)=0.
t0 G5(I):t.

T 5TA=O
zË=1.
IüA=rJA+i.
IÜ8=T'JB+1
I üA 1=NMA+ 1
IUBl=N¡{b+1
,q(1)=1.
f3(1)=0.
Å1 { I ):1.
b1(1)=0.

A1( le) rBl ( 12) rG5(24) rGl l24l tGAllt+l t

=1r 1¡lA

=T(I}
=LrNB
=T ( I+Ì.i,4I
=l r l.lMA
)=TM(I)
=1r l"lMË

4 St ( I+1) =Ti'/T( I+:.JMA )

CALL Pf{F}Y(Gl r f Ð61rAr IDArBlr IDBl)
CALL Pt4PY (G2r TDGZr Alr IDAl rBr IDB)
ti0 5 I=J,rID62

5 6e(I)=-G2(I)
Cl\LL PAiiil(Gl rõ1 rGârG?rGSrG4rZRrZRrDrCIr IDGI r IDG2r IDGSr 1)
CALL PlilPY (G5r IDGSrAr IDArAlr IDAt )

lû6S=MAXü ( Inç:lr IrlÇ5) -t
CALL SLOSS(G5rG3r IDGGr ISTATV)
IF ( ISTA.Ëû.Û) PRINT 101

1TI FOR¡4AT(/lOXT ITHE ,/T-PCILYNOMIAL HAS ANY ROOT CIUTSIDE THË UT.¡TT CIRCLE
+r )

ÍiËTURN
ËND

I
2

3

uCItI
A ( I+1)
û02I
b(I+1)
uOSI
A1 ( I+1
úo4I

c
c

c
L



c
c
c
c
c
L
c
c
c
c

c
c
c
c
c
c
c

t'
c

c

SUBROUT I ¡!H i4V6 ( T I TII¡I I I.IA I NB I NC I NMA I I'IMB r NI4C I VE I ISTA I V )

ÇOMPUTËS THË VARI'IÎ'JCË OF TI{H OUTPUT OF TF.I6 5YE¡U', b'I{EN IT IS
COh¡TROLLED BY I MIT'JIMUM VARIANCH STRATEçY CONSÎRUCTHD
FROM THE IlûDEL

AUTHOR ËRIK i3tlqgTÍiötu L972.-I2-e4
HEVISED TORSTF.Ì'J SCIDERSTRöM 1975.05-01
þìEFERENCË REPTJRT 7315(C) .

T -VECTOÊ OF ORTHR (NA+h¡B+hiC) CONTAINIIN6 THE SYSTEII4 PARAFIËTËRS
Tþ1 -VECTOR OF ORDER (NMA+T'{MB+NMC) COf'iTAINING THE MODEL PARAMETHRS
I\A
lvB
lrC
I\MA
NM$
irFlC

NUI-IBER .ìF
I.¡UftIBER ÔF
r.¡UlqBER ilF
T.JUMBER IF
T'¡Uf4BER OF
NUI4BËR ilF

-PARAMËTERS OF THE SYSTEM (MIN 0r MAXA
B
c
A
Ë
c

10)
1CI)
10)
10)
10)
t0)

-PARAMETERS
-PAËAMETËRS
*PARAMETERS

-PARAMËTER5
-PARAMËTËRS

SYSTEM (MIN 0r
SYSTEM (MIN 0r
HONËL (MIN OI
MOÐËL (MIN 0r
MODEL (MIN 0r

OF
OF
OF
OF
OF

THE
Tþ{E
THE
THE
THE

MAX
MAX
rdAx
MAX
þ!AX

VË THE VARIA¡JCE OF' THE NOISË
ISTA IF THE VÅ,RIANCE DOES NOT EXIST IST¡ =1 (ELSE ISTA.O)

Ar\¡D A I4ESS;GË IS PRINTED
V THE VARIAI,ICIi OF THË OUTPUT

SUBROUTIi..¡E R[iTUIRED
PMPY
PADTi
5LCISS

I"IMHNSIûl'J T ( I ) rTþ'l( 1)
tuIIvIENSIül'J A(12) rB(12) rC(12) rA1 (L2, ¡81(12) rCl (LZl t Gl(A4l ¡Ç2(2*l ¡

*G3( 241 t64 (2¡+) rG5(â4) rG6(et+l ¡Ç7 (,241
lr0 1 00 I:l r 24
üf.(I)=CI.

10t 66(I)=û.
ZR=1.
ISTA=0.
A(1)=1.
Ë(1)=0.
C(1)=1.
AÍ. ( 1) =1.b1(1)=û.
tl.(1)=1.
IDA:2A+1.
TOB=NB+1.
I OC=f\¡C+1
T OA 1=NMA+1
T DBI=NMB+1
tDc 1=NÍ.4C+1

I=1 r l'JA

)=T(I)
I=t rNÉ
)=T(I+NÂr
I:1r t'lC
) =T 

( I +N¡tr+ I'J[å )

I:1 
' 

NMA
1)=T¡4(I)
I:l r l'Jl*iR

1):Tþì(I+li[.,tf{)
C.Ëü.0) ,30 T.l 1CI

I =1. 
r NMC

1) =Tlq 
( I+¡!rMA+'.lMB)

tlUË.

Ir0 I
I A(I+1

üo2
2 b(I+1

UUJ
3 C ( I+1

ü'J 4
4 A1(I+

LÛ5
5 Ë1( I+

iF ( I'iM

iiü 6
6 tl(Ï+

1O CONTI
c
c



c
c

CALL PMPY (61 I TO61r81' TDBlICI IDCI
CALL PMPY (G2r IDG2r Ar IDATBI I IÐBl )
CALL PMPY (G3r IDGSrAlr I0AlrBr IOB)
TJO 7 I:1' IÐG3

7 G3(I):-63(I)
CALL PADD (,62¡ 62rGSrGSrG4rGTrZRrZRrDrOr ID62r I0Ç5r IDG4r I )

CALL PMPY (G5r IDGSrBr IÞBrCl I IDCl )

CALL PADT (6+I CI+IG5IG5 IÇ61 67 TZRIZRTDIDI IDG4I IDÇ5I ID66I 1 )

DO 11 I=1rID61
11 ü1(I)=61(I+1)

IDGl=IDG1-1
[CI tZ I=l r InG6

L2 G6( I )=G6( I+1¡
IDG6=IDG6-1
TDG=MAXO ( IDCI. r IDG6}.1
TALL SLOSS(G6IGT I IDGr ISTAIV}
IF( ISTA.Ëê.0)PRINT 101

T.O1 FORMATI/LOX,'TTHE A.POLYNOMIAL HAS ANY ROOI OUTSIDE THE UNIT CIRCLE
*t )

IF(ISTA.ËG.O)RETURN
V=V*VE
RETURN
END



VALUE OF THE NEh' POLYNOMIAL IN Z hIHERH CZ=CZR+I*CZI.THE
ST
ST
ST
1A

cz. - c7. ïs

c
c
c
c
c
c
c
c
C

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c

c

SUEROUTI¡.JE PfifiD ( Afì I A I I BR I B I I CR r C I I ZR ç7I ¡CZRICZI I IDA I IDB I IDC I IR )

THIS SUBROUTII.IE ANDS TIdO GTVEN POLYNOMIALS AND COMPUTHS THE VALUE
üF THE 

''¡EW 
PCILYNO¡4IAL IN A CERTAIN POINT.

AUTHOR ERIK BLJRSTÍìõM I972-L2-?4

A . A ARE THE COËFFICIENTS OF THE POLYNOM¡¡¡

P (5) 
=A 

( CI ) +A ( I ) *S**1+. . .*A (NAl *S**NA

WHERE A (J}:AR (J) +I*AI (J) .

B - B ARÊ THË COEFFICIENTS OF TT{E POLYNOMIAL

p(5) :B{ 0 ) +B ( I ) *S**1+. . .*B (NB) *S**NB

WHÊRE B (J)=BR (J)+T*BI (J) .

C - C ARE THE COEFFICIENTS OF THE POLYNOMIAL

P ( 5 ) =C 
( 0 ) +C ( 1 ) *5**1+. . .*C ( NC ) *S**NC

vt,HEi{[ C (J)=cR (J] +I*CI (J) .

Z. - Z- I5 THE FOII.¡T II'J CIHICH THE VALUE OF THE NEhI POLYNOMIAL IS COÈ4-
PUTEI] WHERH Z=ZR+ I*ZI.

ITA IÍJA I
IDB IÞB I
IOC TOC I
IR IF TR=

HË AIMENSION OF THE POLYNOMIA¡ ¡ (MTN 1).
HE DIMENSIOI.¡ OF THE POLYNOMIAL B (MIN I).
HE NIMENSION OF THE POLYNOMIAL C.

ANü B ARE CO¡{SIÐERED REAL INDEPENDHNT OF AT RËSP. BI.

SUBROUTIf'¡E ÊE,:rUIRËÐ
NCIhJE

úIMENSION AR ( 1 ) rAI ( 1 l rBR( 1) rBI (t) rCR( 1) rCI (1)

COMPLEX ZtÇZti^sZ
EPS=1.0Ë,-07
IDC=MAXû ( IÛA r IDB )

Il=MIN0 ( IDA' InB)
12=I 1+1
CZ=(0.r0r)
Z:CMPLX(ZRrZIl
f.l0 1 I=1r I1
CR(I)=0.
cR(I)=AR(I)+BP(I)
tF ( IR. EQ. I ).60 TO I
{:I(I)=0,
cI(I)=Ar(I)+61¡1¡

T CONTINUE
IF(I1.ËQ.IDC)GO TO lCI
TF(IDA.LT.IDBIGCI TO 5
ü0 5 I=IârIOC
cR(I)=0.
CR(I)=AR(I)
IF ( IR. E(lt. 1 ) GO TO 3
cI(I)=0,
CI(I)=AI(T)

3 CONTINUE
G0 ï0 ltr

5 ü0 6 ¡=I2r IoC
cR(I)=0.



TR(I)=BR(I}
IF ( IR.EQ,1 ) GO TO 6
eI(I)=0.
cr(I)=81(I)

6 CONTINUE
1O CONTINUts

IF(CABS(Z}.LT.EPS)GO TO LE
üü t1 I=trIDC
IF ( IR.E(t. I ) DZ-CI'ïPLX (CR ( I ) r 0. )

IF ( IR.NË. I )ÐZ;CMPLX (CR ( I ) rCI ( I l )
11 CZ=çZ+\Z*Z**(I-1)

Ë0 T0 13
L2 CZ=CMPLX(CR(1) rCI ( 1) )
13 COhlTlNUh.

CZR=REAL ( CZ )
CZ I_AIMAG ( CZ }
RETURN
END


