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Referat

REFERAT

Examensavrbetet har utfisrts pa uppdvrag av
Kockumation ABs Malmd och gar ut pa att
implementera en adaptiv prediktor i en LSI1-11.

Programmet hav skrivits sa att man via
operatdrskommunikationen kan andra alla
intressanta pavametrar. Modellens parametrar
och variabler kan visas p& terminalen och dessa
uppdateras da efter varje samplingstillfdlle.
Vidare kan en Kkurva ritas upp som visar
pradiktionen ettt valfritt antal
samplingsintervall framdt i tiden. HKurvan kan
genom omskalning fivrstoras.
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Introduktion

INTRODUKTION

I manga industriella processer finns =1y}
tidsfiordridgning inbyggd. Denna medfir att wan
vid &ndringar i insignalerna inte owmedelbart
far en d@ndring 1 utsignalen. Tidsfirdrogningen
behdver inte wvara inbyggd utan kan 3dven vara
padtvingad t.ex. pa grund av md3tanordningarnas
placering. Genom att prediktera framtida varden
pd processens utsignal kowmmer wan ifrdn de
oliagenhater som tidsfirdedgningar medfor. For
att kunna prediktera hkravs att processen
beskrivs av en matematisk modell. Modellen ar
dynamisky tidsdiskret och lingar i pavametrarna
med en utsignal y» wminst en insignal u och en
brussignal e.

acqg Hyetry = Beq Hucey + ceqg et + K

didr Ay B och C ar polynomy av valfritt gradtal.
i bakadtshiftoperatorn och K &dr en konstant. Om

det finns flera ingignalery eller matbara
stirningars kowmer dessa in pad sawma s3tt som
u‘

Parametrarna i model len uppdateras

kontinuerligt med minsta kvadratwmetodens vilket
innebdr att man dndrav parametrarna sa att
summan av kvadraten pad snstegsprediktionsfelet
minimeras. Efter varjye uppdatering
stabilitetstestas C-polynomet. Detta ar
nddvandigt eftersom prediktorn bara blir stabil
am C-polynomet 3r stabilt.

Den bdsta prediktorn beridknas ur
A m
Cytt+mit) = GyCt> + BFult+m) + q FK

dir wm dr prediktionshorisonten och polynomen

_1_ —_
G{g » och Fig 1) bestdms ur identitetan

C=4aF +gq "6 .

For harledning av parameterskattaren och
prediktorn se bilaga A.



Intvroduktion

OperatSren har & kommandon till sitt firfogande
f5r att styra och fi3ljpa hindelsautvecklingen.

ON H
OFF :
PAR :
DISP H
SAVE 3
UNSAVE @

samplingen startas.

samplingen stings av.

indring av pavametrar.

parvametrar och prediktion visas pd
terminal och uppdateras efter varje

samplingstillfille.

alla parametervirden lagras pa
sekundidrainne.

alla parametervirden lises fran
sekundd rainne.

pen pricipiella uppbyggnaden av programmet
visas i figur 1. Miglighet att stdlla ut ett
referensvirde pd DA-omvandlare finns.
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Operatbrsmanual

Processens matgivare kopplas samman wed
AD~omvandlaren. Utsignal till kanal Oy insignal
1 €ill kanal 1y insignal 2 till kanal 2 osv.
Signalen in till AD-omvandlaren wmdste vara
mellan -10V och +10V. Internt i datorn
representeras signalen av ett tal i owmridet
£ -1.0 s 1.0 I. Om referensvardessignal dnskas
fa&s denna fran DA-omvandlarens kanal 0. En
linjeskrivare kan kopplas till DA-omvandlarens
katal 1y ddr de predikterade vardena stdlls ut.
Fran DA—omvandlaren f8s en signal i omrddet
L —-10v s +10V 1.

Programwet startas med kommandot R MAIN, varvid
skdrmen suddas. Cursorn stannar pa
kommandoraden. Borja med att trycka ner
RETURN-knappen en gang. batorn dr nu redo att
ta emot kommandon.



Operatorsmanual

Om

kommandoraden inte dr tom suddas den genom

att RETURN trycks ner tva ganger. Det finns sex
wommandon till firfogande ¢ ev startvirden pa
parametrar anges inowm parantes y @

ON

Samplingen skall startas. Det +finns tva
samplingstider som skall sdttas. Dels hfast
¢ S0 tick = 1 sekund } som &r den korta
samplingstiden. Den signal sow samplas hkan
hdr filtreras genom ett forsta ordningens
ladgpassfilter vars filterkonstant kan dndras
med ett PAR—kammando. Den langre
samplingstiden hslow ¢ 0 ) anger twr ofta
man skall lisa av den signal som redan
samplats med hfast. Ett exempel ! hslow = 5
medfS5r att nar vi samplat snabbt S5 ggr skall
vi ldsa av den filtrerade signalen.

OFF

Samplingen stangs avy hslow sdtts lika wed
DI

PAR parameternamn

Anger att parametarn med namnet
parameternamn skall dndras. First wvisas
nuvarande varde och ‘“newvalue:='" skrivs ut.

Om ingen dndring dnskas maste man skriva dit
det gamla vardet. Om parameternamn ar en
vektar visas innehlllet i hela vektorn.
Ovanfisr varje varde visas 1 vilken position
det ligger. Ddrefter skrivs “positioni=" pa
kommandoraden. Den position som skall dndras
skrivs varefter wman far 'newvalue:=" igen.
En firteckning dver parameternamn finns

nedan.

DISP namn

Anger att hela bildskdrmen tas i bruk f3r
visning av dels parametrar och variabler och
dels kurvor. Detta kommando wedfdr att de
virden som visas pa bildskdrmen uppdateras
efter varje samplingstillfdlle. Datorn kan
@) ta emot andra kommando medan DISP  dv i
funktion. Disptillistandet lawnas genom att
trycka ner RETURN. Tva olika "mamn'  finns
tillgidangligay all och curve. All medfor
visning av model lpolynonans gradtals
skalningsvectorn: parametervektorn
variabelvektorn ¢ ar multiplicerad med
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skalningsvektorn ) K-vektorn samt splret av
P-matrisen. Curve visar sawplingstidernas
filterkonstants vilken typ av prediktor som
anvandssy prediktionshaorisontens kst ( se
nedan fir forklaring } samt en kurva som
visar dels en gamforelse mellan gawla
prediktionar och wmotsvarande utsignal och
dels den senaste prediktionen. Om prediktion
och utsignal stammer Sverens syns endast stt
'+ pa den raden. Se figur 2.

SAVE

Anvdnds da man vill spara samtliga
parametrar och variabler. "Filename:" skrivs
ut och ett valfritt namn anges. PaA DXO finns
tww an fil namn.DAT. Filen kan dock inte
lisas av kommandan typ “TYPE namn" eftersom
det inte 3r ASCIlI-tecken som lagrats.

UNSAVE

4

Laser in samtliga parvametrar och variabler
fran sekunddrminne. Funktion som SAVE.

# wpred. outp. 000 040 o4O 060 0.80 (.00
+ = real outp- ! | I | ' |
L | | ! | !
+*
wt
"t
* 5
|hfest= | sec o
hslow= 4 » ‘\‘ﬂl! :"
filterconst = 0. 40 +
NMULTISTEPPRED
predhorizon = 10 *®
kst = =
1)
"
]
"%
o
*®
%

Fl?ut 2 komman (./o{ CURVE.



Operatdrsmanual

PAR-konmandot accepterar fi5ljande parametrar:

HF : den korta samplingstiden ¢ 50 >. Anges i
ticky ddr 1 tick=20 wms. Om HF=0 utfirs ingen
sampling.

HE : den langa samplingstiden ( 0 ). Anges i
antal korta samplingsintervall. Ex om HF=50
{ =1sec ) och HS=2 s utfirs samwplingen
varannan sekund. OBS om HF adndras och
samplingsintervallet dhskas konstant s8
maste HE justeras.

MOOFU @ antalet insignalers sow matss ¢€ill
processen { 1 ).

CHAN @ anger vilken kanal pa AD—omvandlaren som
mitsignalen kopplas till. CHAN ar en vehktor
dar position 1 avser processens utsignalos
position 2 ... avser insignalerna ( posi=0»
paos2=1 ... J.

FILTERC : filterkonstanten ¢ 0.25 > i det
exponentiell utjamningsfilter som finns
efter den snabba samplingen. Om FILTERC ar
ndra 1 tas liten hdnsyn till mdtvirdet, dvs
stor utjamning erhllles. Om FILTERC dr nara
O blie kdnsligheten £or variationer i
mitsignalen stor.

PARV @ wodellens parametrar ¢ samtliga har
startvdrde 0 ).

SCALE @ skalningsvektor { samtliga startvdrden
= 41 ) som anvinds for att skala variablerna
s4 att diagonalelementen i P-matrisen blir
av samma storleksordning.

GRAD @ en vektor som innehdller
modellpolynomens gradtal { samtliga
startvirden=3 ). Posli=A—polynomets gradtals
pos2=B:s gradtals» pos3=C:s gradtal . Om
flera insignaler anvidnds placeras de mellan
B-~ och C-polynowmet.

FORGET @ glomskefaktorn ( 0.928 ). Mogliggior
forandringar i processens dynamik. Innebar
att wan vid parameterskattningen tar wer
hansyn till de senaste matviardena. Om
FORGET=1 medges inga forandringar i
processdynamiken.

MAXTRP : anger maximum av sparet av P-matrisen
( 100 ).
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TDELV @ an vektor vars innehdll anger de olika
insignalernas tidefbrdrégning { samtliga
startvivrden = 0 3.

EST @ anger typ av paraneterskattare. Endast
@led dr inplenenterad.

PRED ¢ anger typ av prediktor ( nltistep ).
Man kan vidlja wmellan anstegsprediktor,
k-stegeprediktor ach nultistegsprediktor.

PREDHOR @ pradiktionshorisonten ¢ 10 3.

KET & wvid nmultistegsprediktion kan man vElja
vilken prediktion som skall Jjémfiras med
varklig utsignal ¢ 4 ). Anvinds endast vid
display av kurvor.

QUTP @ referensivirde pd AD-omvandlarens kanal O
L = I I

POS & anger mellan vilka positioner pd skdraen
gom kurvan skall ritas ¢ 25 - 75 ).

LIM ¢t skalgradering ¢ 0.0 - 1.0 ).

10



Operatdrsmanual

Startvirdan

De parametrar som kan indras fréan terminal har
£51jande startvardens

CHAN = [ 0 1 2 3 & 1
EST = elasl

FILTERC = 0.23

FORGET = 0.98

GRAD = [ 3 3 3 0 0 0 1
HF = 30

HIGHLIM = 1

HIGHPOS = 73

H8 = O

KST = 1

LOWLIM = O

LOWPOS = 23

MAXTRP = 100

NOOFU = 1

oute = 0

PRED = multistep

PREDHOR = 10

PARVy SCALE = samtliga positioner (3]
ToELV = ¢ 0 O O O 1

Svriga parametrars gtartvdrden ar?

GRADPARVECT = 10

POINTVECT = € 1 4 7 10 0O 0O O ]
STOPFLAG = false

TRP = 10

YPREDVECT s DLDYV:

OLDYPREDVs TDELSAVE»

SAVEMATs INVECT = samtliga positioner 0

Ky VARVECT = samtliga positioner 0

P = diagonalelenanten 1. dvriga positioner O
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Bilaga A

HARLEDNINGAR

Modellen.

Modellen dr en dynamisks tidsdiskrety MISO wed
linjdra paranetrar 3

aq Hyk) = Biq Dutkr + ciqg etk + K

ddr y k) = ytsighal fradn processen
utk) = insignal till processen
@lk) = @] miatbart brus
K = konstantterm
ACq—i) = 1 + a q—1 + wuw *t a2 q-na
y tna
-1 -1 ~nb
B 3} =0b + ... + b
q 1q an
CCq-i) = 1 + ¢ q—1 + W.e *+ C q—nc .
1 ne

Om det Ffinns flera insignalery eller mdtbara
gtirningars komwmer dessa in pa samma satt som
U

Prediktorn,
Definiera

- - —m+
Fiqa X =1+ Ffg "+ eee v F g 1 oaen
1 m—1

-1 -n+1

=1
Gc ) = + + - s s + -
q QD giq gn—iq

Modellen kan skrivas om som ( argumentet q

utelannas hadanefter ) 3

Ay Ck+m) = q Bu(k) + Celk+m) + q'K

13
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Bkriv C/A som

C/74 stk+m) = glk+m) =+ Fie(k+m-1) + aa. + F“ 1e€k+1) +
M-

+ Ff el(k) + F alk—-1) + ... {27
m m+1

aelh+m) + ... + ¢ laCk+1) predikteras med sitt
m-
medelvdrdes dvs 0. Om serieutvecklingen i (3)
avbryts efter ¥ 1e(k+1) kan resten skrivas om
m=

som q G/A dvs

C=AF +q G .

M-stegsprediktionen blir alltsa

A m m
Ay (k+m{k) = q Butk) + Ge(k) + q K £33

el{k) kan berdknas tack vare kdnnedom om gamla
virden pa y och u. Frdn (1} far vi

Cetk) = Aytk) — Butlk? - K
For att prediktorn skall bli stabil krivs det

att C dr stabilt. Sitt in detta i 33y och vi
far

A m m
Cytk+m|jk> = q BFutk) + Gy(k} + q FKk

K-stegsprediktorn anvdnder denna formel direkt,
madan wmultistegsprediktorn anvdnder formeln
rekursivéd med m = 1 enligt
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A A
yCk+mik) + ciy(k+m—1|k) + sea *+ C

+ g ytt) +

m—z

+

A
[ y(k“‘\'-'l) + .. *+ O
1]

BFuCk+m> + q FK

13

A
y{k+1i1{k) +
m—1

A
y {k+m—nr | k+m—n-13
n

A A
qoy(k+m—1|k) + .. * g _ka+1lk) +

m—-2

+ g y (k+m—n) <+

n—1
fér k <= n och

A A
yik+mfk) + ... + © yik+m-njk) =

n

A
e gDka+m-1lk) + ... *+ g

+ BFulk+m} + qmFK

Paranetarskattaren

Model len kan skrivas om som

N
fér k > n.

y(k) = (1-Ady(k) + Bulk) + (C-Del(k) + elk) + Kb

dav
1-A = -a q—‘1 — ass — & q—na
1 4 na_'c
C~-1 = e q + ..+ C q !
ne
Kb = konstant.
Definiera
~ A A A A A ~ A T
GCk—i) = E a saan &8 b aws b c ans K ]
1 na 1 nb 1 nc b
k=13 = [ —y(k=1) ... =y(k—na) Ulh=1) e Ulh—nb)
A
e(k-1]k=1k.. » e(k-nc fk-nc) 1 1
Bruget e(k) ... skattas som en sehkvens av

A
enstegsprediktionsfel elkik) .

A AT
v(kj{k—1) = © (k=13 (ks

ackik) = (k) - 87 (k)q(k)

A
1ka+m—n|k) +
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Arbetsgang:
A
1> Berdkna y(k|k-13.
2) Uppdatera K enlig¢
-1

K{k) = PCk—1)pC(k)>C 1 + m(k)TPCk—1>ka) ] .
3} Uppdatera 6 enligt

A A A

OCk) = 0(k—=1> + KCkIL y(k) - y(kik=-1> 1 .
4} Uppdatera P enligt

- T
P(k)=PCk—1)—PCk—1)¢Ck)C1+m(k)TPCk—1)ka)] 1tp(k) Plk-~1) .

A
53 Berdkna e(k|k) .
A
4) Uppdatera ¢ med ytk)s uilk) och etkik) .
K ar en firstidrkningsvektor som anger hur
mychket parametrarna i o-polynomnet skall

A
uppdateras. P dr kovariansmatrisen. I 6-vektorn

finns nu skattningarna av koefficienterna i A,
B och C-polynomen som kan anvandas fior
prediktion ach reglering.
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Bilaga C

SYNKRONISERING_AY_PROCESSERNA

Synkroniseringen mellan processerna sher
mastadels med meddelandeny mernt aven
hindelsevariabler och semaforer anvandes.

Process CLOCK rdknar upp an semafor
(samplersync) varje gidng den har vantat ettt
samplingsintevrvall. Process SAMPLER vantar pa
att samplersync skall bli stdrre dn O. Ndr =4
sker rdknas samplersync ner med 1 och SAMPLER
exekveras. gist i SAMPLER skickas ett
neddelande till PARESTBOX. Nar process
PARAMETEREST inte exekverar s& viantar den pa
att maddelande i PARESTBOX. PARAMETEREST
skickar i sin tur ett meddelande till PREDBOX
ndr skattningen av parametrarna ar fardig. I
PREDBOX vantar process PREDICTION. Nar
PREDICTION har ridknat ut prediktionen paverkas
en hindelsevariabel (dispchange) som talar om
F5r OPCOMWRITE att displayen kan uppdateras.

Vid start av samplingen miste man owm hfast=0
starta CLOCK. Det gdr man med hindelsevariabeln
change som sdtts i OPCOMREAD da man dndrar
hfast till ett vdrde stdrre dn 0. Om hslow=0
skall den langsamma samplingen inte utfiiras.
Det klaras genom att testa pad en logisk
variabel (stopflag). Om den dr true utfors inte
samplingen. Stopflag anvads dven d& vissa
parametrar i programwet dndras via DPCOMREAD.
Samplingen stoppas och darigenom stoppas dven
PARAMETEREST och PREDICTION varvid rdknefel
undviks. Samplingen startas automatiskt genom
att stopflag sdtts till false da
parameterdndringarna ar utforda.

F5r information om realtidskdrnan hdnvisas till
“Patorer i reglersystem : Realtids-
programmering® av H. Elmgvist. S.E. Mattson och
G. Olssansy Inst. for Reglerteknik, LTHy» Lund
1981.

18
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Bilaga D
VARIABELFORKLARING
Chanvect : kanalerna som signalerna kopplas till
L1 vas noofu+l ... maxnoofu+1 1 [ y ul ... ué 1
Parvect : modellens parametrar
Varvect @ processens in— och utsignaler
K : viktningsvektor
A
L 12 ... noofu+3d ... veclength 1 [ v ul ... u4é e ]
Pointvect : pekare pd polynomen i parvect,
varvect och K
A
L1 v noofu+3 ... maxnoofu+3 1 [ v ul ... u4éd e K
Gradvect : polynomens gradtal
A
L1 .0 oofu+2 ... maxnoofu+2 1 [ vy ul ... uéd e 1
Tdelvect @ u-signalernas tidsfirdrdgningar
L1 ... noofu ... maxnoofu 1 [ ul ... us ]
Tdelsave : innehdller de tidsfiordridjda u-signalerna
i 1 ... tdelvectl1]l ... maxtimedelay ] utl ...
;uufu sae ;4 . e
&axnoo?u «os tdelvectimaxnooful ...
o ! kovariansmatris
.1 . noofu+d ... veclength-
;uafu+3 .
;eclength “ew J

]
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1
o

Ypredvect : innehdller de predikterade y—vdrdena

£ 1 ... pradhorizon ... maxpredhorizon 1

Typen divvector ! diversevektor

£ 1 «.n maxgradC 1

Typen savematrix ! innehdller de sex senaste vardena

[ 2 S ¥

NOOFUTrZ «e.

maxnoofu+ ...

A
av y» u och y. Ev. tidsfdrdrigningar ligger
lagrade i tdelsave och skiftas in efter hand.

e maxgudcT Yk aee  y(k=3) ]
. UlCk) eee  UL(k=%)

WaCK)  one  UACK=D)
A A
yik+1{k)eoo ylk—4[k=5)

- -l
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Bilaga K

KOMPILERING OCH_ LANKMING.

For att underldtta &ndringar 3&Er programmet
uppdelat i block som ligger i separata filer.
Dessa ar

DEKL .PAS : deklarationer

INIT .PAS : initialiseringar

PRED .PAS @ prediktorn

PAREST.PAS : parameterskattaren

SAMP .PAS : samplaren och klockan

OPCR .PAS * komnmandohanteringen (rubouts error,
shipblanksy checkends getcom)

OPCPAR.PAS : kommandohanteringen (par)

OPCM .PAS : kommandaohanteringen (ons off,
filehandlery dispy main OPCOMREAD)

OPCW .PAS : displayenheten teraseterm» all,

curva)l
MAIN .PAS : huvudprogrammet.

Programmet dr s8 stort att allt inte far plats
samtidigt i primdrminneat. Darfir anvands
averlay—-tekniky vilket innebsr att minnet delas
in iy i detta fallets tv8 areor. Programmet
delas upp i tre delar. En av delarnas rotens
bestdr av huvudprogrammet. Roten liggs i en av
areorna i minnet. I roten anrapas
initialiseringsbiten som laddas i den
dterstdende arean. Nir initialiservingarna &r
avklarade behidvs inte denna del av programmet
mery wvarfor roten kan anropa resten av
programmeat som laddas ovanpa
initaliseringsbiten. Roten finns i MAIN.PAS,
initialiseringsbiten i INIT.PAS och bvriga
filer ar de Som laddas sist. De tre
programdelarna mdste kompileras var f3r sig.
Tre kommandofiler har skapats for att
underlatta kompileringen. KI.COM, KM. COM.
KLR.COM.

KI.COM =
R PASCAL
INIT»TT:/N=DX1:PREOPCyDX1:DEKLyDX1:INIT
MACRO INIT

I



Bilaga K

KM.COM @
R PASCAL
MAINyTT:/N=DX1:PREOPCDX1:DEKL yDX1:MAIN
MACRO MALN

KLR.COM &

P

COPY/CONC DX1: (PRED.PASPAREST .PASSAMP.PAS

OPCR.PAS) DX1:STP1.PAS

COPY/CONC DX1:(STP1.PAS OPCPAR.PAS»OPCM.PAS»

OPCW.PAS) DX1:STP.PAS
R PASCAL
STPL-11+TT:/N=DX1:PREOPCyDX1:DEKLDX1:STP
MACRO STP

Linkningskommando finns ocksd pd en kommandofil.

LIMK.COM 3
R LINK

MAIN=MAIN)DX1:TERM2+.DX1:KERNEL »DX1:PASLIB/C

INET/021/C
MAIN/O21

PREOPC innehdller extevrndeklarationer t£ill
realtidskdrnan och terminalhanteraren. TERMZ ar
terminalhanteraren och KERNEL innehdller
realtidskadrnan.

En komnmandafil exskveras genom att trycka
“2DX1:NAMN". Programmet exekveras med kommandot
R MAIN.



TEST

IEEI_MQI_EQEIEBQQEEEEN-QQE-&N&EQQ!MEEELNEN
Saltblandningsprocessen
grad& = gradB = gradC = 3
parvect =C -0.551 -—-0.243 0.044
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DEKLARATIONER

const

type

comlength
vaclength
maxnoofu
maxgradl
chanveclength
gradveclength
pointveclength
maxtimedelay
maxpredhorizon
maxBF length
maxsavey
stabrnumbear

chanvector
inputvector
gradvectoar
pointvector

timedelayvectar

vactor

matrix
timaedelaysave
savematrix
predvector
divvector

estimator
predictor

datamonitor =
mutexdata
dispchange
parvect
varvect »
N
p
tdelsave
ends

command = ({ on

parameters L

-

display

messagetype =
message =
nextmess *
case messty
parast :
opcom ¢

endsi

e
[

(% = maxnoofu + 1 %3
(# = maxnogofu + 2 *)
(% = maxnaoofu + I *)

WRM=ER NN MO

o G Ul 00 G wn e wn e oan O e

Wonononnsnnnwn

arvayli..chanveclengthl of integer)
arraylil..gradveclengthl of re@alsi
arvayl[i..gradveclengthl of integeri
arvayli..pointveclengthl of integersi
arrvay[l..maxnooful of integeri
arrayll..veclengthl of vealj
arrayli..veclength»i..veclengthl of real)
arrayll..maxnoofusl..maxtinedelayl of reali
array[i..gradveclengths1..maxgwadCJ of reall
arvayll..maxpradhorizonl of reald
arrayli..maxgradCl of realsj

oo oW oH N

= ( elsO + els2 » rml 33
= ( onestep » kstep » multistep 34
record
! gsemaphoresd
: evant) { Syncronises the displayunit. X
{ Used in the estimation of the )
{ a+ b and c—polynomials ¥
: vectorsi
T omatrixs
: timedelaysavei {Contains the u—-inputs ¥
{ during the timedelay ¥

xvoFFx»parxvdispx,savexsunsavexslastcomx )i

th»hspanuaFupschanpvFilterconstpsparvectps
scalepy gradpr tdelvectp. forgetps tracep:,
estpy predpy predhorizonpr kstepps outpp.

posps limitps wronghelps lastparp 3§
alld v stopd » curved » lastpard 33
¢ parest » regul » opcom 3

record

nessagerefi
pe : messagetype of

{ messvect @ inputvector )3
{ messdisp : display 3
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DEKLARATIONER

arrayl 1l..comlength 1 of chars
arrayl command 1 of identtype}
arrayl parameters 1 of identtypej

identtypea
comnametypa
parnametype

disphnametype arrayl display 1 of identtypes
var datamon » datamonitorsy

samplersyne ¢ semaphoresd { Syncronises the sampling- 3>
{ process to the clock. >

mutex ! semaphores’ { Used in process Clock. >

change : aventi { - - }

massagepool i

parestbox

praedbox s

opcombox

regulbox : mailbawxi

hfast { Samplepsriond. >

hslow ! integeaerd { In no of sampleperiods. X

filtere ! realsi

noofu ¢ integearyi { Number of u-inputs. X

chanvect ! chanvectors { Inputchannelnumbers. X

pointvect : pointvectors { Pointers on polynomials >
{ in parvect and varvect,. X

gradvect ! gradvectors§ { Degree of polynomials. >

gradparvect " integer) { Total degree of polynomials.?

scalevert v oveactori

tdelvect ¢ timedelayvectori { in no of sampleperiods.}

faorget »

maxtrP

trP i reals { Trace of P-matrix. X

ypradvect { Contains the predicted X
{ y—-values. }

oldypradv » { 0ld k-step predictions. }

oldyw * predvectaors { 0ld y-values. ¥

est ! estimators { Estimationmethod. }

prad : predictors { Type of predictor. }

pradhorizan } integeri { How far to predict. ¥

lowpos { Colposition for the lowest )}

highpos I ointegersi { and highest curvevalues. b

lowlim o { Array bounds for the curve- 3}

highlim : reals { values. X

kst ¢ integersi { The k-stepprediction to he )}
{ displaved. X

outp : realj { Referencevalue. b

dispflag : booleani { Syncronises the display- }
{ unit to commands given From 2}
{ the terminal. ¥

stopflag ! boolean} { Stops process parameterest )
{ while parameters are changed?

comname caomhamatype?i

parname parnametypej

dispname dispnametypes’
function ADin( chan integer )¢ reali externals

procedure DAout( chan : integer 5 value : real )3 externalji



INIT

CHBE+F*)
procedure initsi

procedure initvarsi

var i : integeri

begin
initsem{ mutex » 1 33
initevent( change v mutex 7§
initsem( samplersync » 0O 24§
hfast = 503
hslow = 03
filtevre 3= 3.25%

noofu = 13§

for i := 1 to chanveclength do
chanvectl i 1 = i = 13}

for i = 1 to noofu+ do

begin

gradvectl i 1 3= 3j
pointvectl i 1 =1 + Ci—1X%35
end}’
pointvectl noofu+3 1 i= pointvect[ noofu+2 1 + I3
for i = noofu+3 to gradveclength do
gradvectl i 1 = 0f
gradparvect := 103
fFor i = noofu+d to pointveclength do
pointvectl i 1 3= 03
for i = 1 to veclength do
scalevectl i 1 = 13§
for i 3= 1 to maxpredhorizon do

hegin
ypredvectl i 1 &= (0X]
oldyvl i 1 = OF
oldypredvl i 1 := O}
and?}

for i = 1 to maxnoofu do
tdelvectl i 1 = OF

maxtrp = 1003

trp == 103

forget = O.923

gst = els0i

pred = multisteps’

predhorizon := 103§

stopflag = truei

lowpos =

highpos =

lowlim 3=

highlim =

kst == 13

outp = 0O

end’

procedure initdatamonsi
var i s g ¢ integeri
begin

with datamon do



INIT

begin

initsem{ mutexdata »

1 )3

initevent! dispchange s+ mutexdata )3

for i = 1 to veclength do
for J = 1 to veclength do
pL i +» 3 1 = 0F
for i = 1 to veclength do
begin

parvectl i 1]

varvectl[ i 1]

KE i 1 2= 0O

pL i + 1 1]
end s}

8]
0

~E8 5%

us mm

[

varvectl pointvectl noofu+3 1 3]

for i = 1 to wmaxnoofu do
for 3 = 1 to maxtimedelay do
tdelsavel i + 53 1 = 0}
end’
end}’
procedurs initnawes)
begin
comnamel onx 1 = T OM
comnamel offx 1 &= 'OFF
comnamef parx ] = ’ PAR
comnamel dispx 1 5= *DISP
comhamefl savex 1 = ' SAVE
comnhamel unsavex 1 = ' UNSAVE
parnamal hfp 1 := ’HF
parnamef hsp 1 = ' HS
parnamef noafup ] := ' NOOFU
parnamel chanp 1 == ’ CHAN
parnamel filterconstp 1 := *FILTERC
parnamefl parvectp 1 = ' PARV
parnamef scalep 1 := ' SCALE
parnamel gradp 1 &= ' GRAD
parnamef forgetp 1 := 'FORGET
parnamel tracep 1 := *MAXTRP
parnamef tdelvectp 1 := ' TDELV
parnamel estp 1 = 'EST
parnamef predp 1 := ' PRED
parnamefl predhorizonp 1 := " PREDHOR
parnamel kstepp 1 := TKST
parnamel outpp 1 := TauTe
parnamel posp 1 := ' POS
parnamel limitp 1 := TLIM
dispnamel alld 1 == TALL
dispnamefl curved 1 := * CURVE
end?’
begin

initvarsi

initdatamonsi

initnamess;
ends;

«l-iﬂ‘\lqIl!lﬂil\l!ld!l\i-lqid‘!‘ﬂi"-‘!lﬂ
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PREDICTION
dummys makemessages invfilt, countGF

CHBES*)

procedure dummyi
begin
end s’
procedure makemessage! box @ mailbox § no * integer )i
var mess : messageref)
i 1 integeri
begin
for 1 =1 to no do
begin
naw! mess 23§
sendmessage( box » mess )i
end?
endj (% makemessage #*)

{ PREDICTION Y

function invfilel val » oldval ® veal ) & realsl
begin

invFilt t= ¢ val — filtevrec % aldval > / ¢ 1 - filterc 33
ends

procedure countGF( var Gidivvector § var Fipredvector § phiinteger )}

var i v 3 2 gr ! integeri { Identifies the G~ and F-polynom X
begin
with datamon do
begin
for i = 1 to maxgradC do £ Put zevos in G and F }
GE i 1 == 03
for i = 1 to maxpredhorizon do
FEC i 1 == 0O}
GLC 1 3 == 13 { Initialize G J
for i = 1 to gradvectl[ noofu+2 1 do

GL i+1 1 = parvectl pointvectl noofu+i 1+i—-1 15
for i == 1 to ph do
begin { Count G and F Y
FL i 1 == GC 1 1%
for j = 1 to wmaxgradC-1 do
if 3 (= gradvectl 1 1 then
GL 3 1 := 6L 3*+1 1 -~ FL i 1 # parvectl 3 1
elsa
GCL 5 1 := GC 3+1 1%
ends’
end$
ends’ L countGF *)



PREDICTION
countpred

function countpred( G : divvector § F : predvector J

mat @ savematrix § ph : integer ) : real}

type BFvector = arrvay [ 1..maxBFlength 1 of reals

varr r realsj
gr v 1 9
J+ 1 2 n: integeri
BF : BFvectors
begin { Counts one predictionvalue )}
faor i *= 1 to maxBFlength do
BFL i 1 2= O3}
r o= 0F
gr i= gradvectl rnoofu+2 1 - ph + 13
if gr { gradvectL 1 1 then
gr := gradvectl 1 1§
for i = 1 to gr do
voi= v 4+ GL 1 1 % matL & + i 315
with datamon do
begin
for i = 1 to noofu do { For the number of inputsignals do )
begin
for J *= 1 to ph do { Count BF %
for 1 i= 1 to gradvectf i+1 1 do
BFL 3+1-1 1 := BF[ j+1-1 1 +
parvectl pointvectl i+1 I+1-1 1 % FL 3 1%
for Ji:=gradvectli+1il+ph—1 dawnto tdelvactlil+gradvect[i+1] do
begin
it tdelvectl i 1 ) O then { If time-delay then }
v =+ BFL 3 1 # tdelsavel i + 1 1
else { glse }
v i= p + BFL 3 1 % matl i+1 +» 1 33
endsi
for jgi:=tdelvectlil+gradvectli+il-1 downto gradvectfi+1] do
begin
if tdelvectf i 1 ) O then 1 If time-delay then )}
Toi= r + BFL3]1 % tdelsavel i +» j-gradvectl i+1 1+1 1
elsa { alse >
v oF= v + BFL 3 1 #% matl i+i » j-gradvectl i+1 J1+1 13
and
for 3 != gradvectl i+1 1-1 downto 1 do
v = v + BFL 3 1 # wmatl i+1 » gradvectl i+i I-3 13
ends}
for i = 1 to gradvect[ noofu+Z 1 do
v #= r — parvectl pointvectCnoofu+21+i-1 1 # matfnoofu+Z+ils
for i = 1 to ph do i F % Kaonst )
r = r + FL i 1 % parvectl pointvectf roofu+3 1 1%
countpred = rj { The predicted value
and
end UL countprad #*)



PREDICTION
multisteppred

procedure multisteppred{ var mat ® savematrix § ph * integer 37

var G : divvectors { Counts the multistep )}
F : predvectori { predictionvalues )
i ! savematriuxi
i v 3+ 1 1 integersi

begin

countGF¢ G v F +» 1 33
with datamon do
begin

wait¢ mutexdata )3 { Count $C k+1 I k ) )

matf noofu+rld o F v mat + 1 23
ypredvectf 1 1

m = mati

i1 = countpredt( G
:= matl noofu+2 » 1 13

for i 5= 2 to ph do { Count the number of predictions
begin
for J = 1 to noofu+l do { Uppdate m—-wmatrix }
begin

for 1 1= maxgradC downto 2 do
mC g v 13 t=mlL 3 » 1-1 13
if 3 =1 then
mC 1 » 1 1 == ypredvectl i-1 1
else if 3 ¢ ¢ noofu+2 3} then
if tdelvectf j3~1 1 )= C i~1 ) then
mC 3 » 1 1 = tdelsavel 3-1 » tdelvect[j—-11-i+2 1]
aelse
begin
if tdelvectl j-1 1 ) O then
mL g » 1 1 = tdelsavel 3-1 » 1 13

end
else
mL 3 » 1 1 = countpred¢ G » F » a » 1 3
end’
voredvaectl i 1 = ml noofu+d » 1 135 £ The predicted value }
endsj
signal ( mwutexdata )i

aendi
end?’ L3 wultisteppred #*)



PREDICTION

ksteppred) process prediction

function ksteppred( mat @ savematrix

matl i+1

tdelsavel i

o
)

ph @ integer ) : real}

{ Counts the K-stepprediction )

{ Uppdate m—matrix 2>

do
1-1 13

v tdelvectl i J1-3+1 13

mat » ph 3

var G : divvectors
F : predvectori
i» 31 : integeri
begin
countGF(¢ G +» F » ph 33
with datamon do
begin
wait( mutexdata )3
for i != 1 to noofu dao
tor g = 1 to ph do
begin
for 1 = maxgradC downto 2
matl i+1 » 1 1 =
if tdelvectf i 1 )= 3 then
wmatl i+1 » 1 1 2=
end}
ksteppred := countpred( G » F
signal( mutexdata )3
and}$
end?’ L3 ksteppred *)

£330 96 3 3b 36 36 9436 36 b 33 9 3 3B I

* PROCESS PREDICTION *
I 30 I I H I NW N

(% process #) procedure prediction

var mess ! massageref’
savemat } savematrixi { Contains the six latest values of }
i+ ! integeri { yv» u and vpred. ¥
begin
setpriovity( 10 33§
for i := 1 to gradveclength do
for 3 = 1 to maxgradC do

savematl i » 3 1 1= 03



PREDICTION
process prediction

while true do
begin
receivemessage( predbox » mess )i { Wait for sync. message
for i = 1 to noofu+l do { Uppdate savemat
begin
for J := maxgradC downto 2 do
savamatl i » J 1 = savematl i » 3-1 13
if i ( { noofu+ ) then
savemat[ i + 1 1 := mess.wessvect{ i 13§
andi
Far i 3= maxpredhorizon downto 2 do { Uppdate oldypredv
begin { and oldyv
oldypradvl i 1 = oldypredvl i-1 13
oldyvl i 1 = oldyvl i-1 13
end}
oldyvl 1 1 @
case pred of
onestep : begin
multisteppredi savemat » 1 D)3
oldypredvl 1 1 := ypredvectlD 1 13
DAout? 1 » ypredvectf 1 1 D3
and}j
begin
for i := maxpredhorizon downto 2 do
ypradvectl i 1 &= ypredvectl i-1 13

= mess.messvectl 1 13

kstep

w o

L)

ypredvectti]==ksteppred(savematvpredhorizun)%
oldypredvl 1 1 := ypredvectl predhorizon 13

DAout? 1 sy ypredvectf 1 1 23§

ends’

begin
multisteppred( savemat » predhorizon bR
oldypredvl 1 1 i= ypredvectl kst 13
Daoutt 1 v ypredvectl kst 1 )3

endi

multistep

aend?’
with datawmon do
begin
waitt¢ mutexdata )3
cause{ dispchange )3
signal( mutexdata }3
endi
sendmessage( messagepool » mess )i
and’
ends’ G prediction *)
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PARAMETEREST
vaectoulty matrixmultsy PmatrixOK

procedure extendedls( mess ! wmessageref )i

var yest »

eest

forg

sum ! realid

i v 3

gradC

point : integeri
oldc } divvectors
vec ¢ vectors

function vectmult( var x 1 z @ vectar § length : integer 3 ! realj

var i ! integer’
m : reals
begin 3 vectmult *3
m 3= O3

for i =1 fto length do
m ¢=m <+ L i J % zL i 1%
vectmult = wm§
ends’ 3 vectmult #)

procedure matriumult( var xsyivectorjvar zimatrixilengthtinteger )3

var i+ J 8 integersy
Sum :oreals
begin
for i := 1 to length do
begin
sum 2= 0Of
for 3 =1 to length do
sum = sum + =L i +» 3 3 % y[ 5 135
xL 1 1 == sumj
aend’
endj o matrixmnult *3

function Pmatrix0OK @ booleans

begin
with datamon do
begin
trp 1= OF
for i = 1 to gradparvect do { Count trace of P. }
trp = ¢trp + pL i v i 1%
if trp (= wmaxtrp then
PmatrixOK = true
aelse
PmatrinOK = falsej
ands’

end s . PmatrixOK #*)



PARAMETEREST
stabtest

procedure stabtest)

var S T
tumber
fi
vacl
vecs
veck
stable

intagers
realsi

divvectors
booleansi

(3% stabtest *)

datamonr do

begin
with
begin
stable = fa
numbeyr = O3
fovr i &= t
begin
vecll i 1
vec2{ gradC-i+1 1]
end?}
while not stable do
bagin
stable truesl
vacl = veclsi {
i = 13
while ¢
begin
if vecll 1 1
stable
else
begin
fi &=
foar J
begin
vecit
vecal
end}
end?i
i ==
end?’
if not stable then

1= parvectl point+i-1
vecif i 1%

i (= gradC » and stable do

{= O then
false

11 / wvecll 1 13
to gradC — i do

e £

ec2i
1

J 1
gradC-i-g+1 1]

i+ 13

if number = stabnumber then
begin
vacd = oldci
gstable = truej
end
elsa
begin
number = number + 13
gest = esest / 23§
for i = 1 to gradC do
begin

vaclf i 1
vecl gradC-i+1 1
and’
end?’

41

{ Contains C-polynom.
{ Converted C-polynom.

{ Contains current C—polyhom.

{ Reverse C.

Save current C-polynom.

{ Tests stability.

vecil 3 1 - vec2[ 3 1 % fij
vecil 3 1%

1= vaee3Il i 1 + ki point+i-1 1 * eests’
t= vecll i 13

(W

>

}



PARAMETEREST
stabtesty uppdate

endi C* while not stable do *)
for i != 1 to gradC do
parvectl point+i~1 1 = vecIL[ i 13 { Put back stable C.
end;’
endi CH stabtest *)
procedure uppdate! mess ! massageref Jj { Uppdates tdelsave
{ and varvect

var i ! integer’

inp : reals

begin L uppdate *)
with datamon » mess do

begin
for i = 1 to noafu do 1 Shift in new inputs
it tdelvectl i 1 ) O then { in tdelsave.
begin

inp = tdelsavel i + tdelvectl i I 13
for 3 i= tdelvectl i 1 downto 2 do
tdelsavel i +» jJ 1 = tdelsavel i » J-1 13

tdelsavel i » 1 1 = wmessvect[ i+1 13
messvectl i+l 1 = inp} 1 Put tiwmedelayd input
ends’ £ in messvect.

messvectl noofu+2 1 = gests
i = nooafu + 23

far 3 = gradparvect-1i downte 1 da { Shift in messvect
if 3 = pointvectl i 1 then { in varvect.
begin

if i = 1 then
varvectl 3 1 = -messvectl 1 1 % scalevectl 1 3

elsa
varvecti{jl = messvectl[i] #* scalevectpointvect[il]ls
i =i - 13
end
eise

varvactl 3 1 = varvectl( j-1 13
end?’
and}j o uppdate *3

(W

vy

(S
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PARAMETEREST
main extendedls

begin { % %% pxtendedls #*34%)
with datamon » mess do
begin

wait ¢ mutexdata 3
for i = 1 to gradparvect do
parvectl i 1 = parvectl i 1 # scalevectl i 13
gradC := gradvectl noofu+2 1i§
point := pointvectl noofu+i 13

for i = 1 to gradC do { Save old C-pol. 2
oldel i 1 := parvectl point+i-1 13
yest := wectmult( parvect » varvect s gradparvect 33
eest != massvect{ 1 1 — yests
matrixmulevecrvarvectiprgradparvect)i £ vec = P * varvect. }
sum = 1 + vectmult(varvectivecrgradparvectli { sum = 1 + X
for i = 1 to gradparvect do { vavrvect * P 1}
bagin { % varvect. ¥
kL i 1 2= vecl i 1 / sumi
parvaectlil = parvectlil + kLil * easti { parvect ready. 2
end 3
stabtest}) { Checks stability of C and }
{ returns a stable C-polynow. Y
if pmatrixOK then
forg := forget
elsa
forg = 13§
for i = 1 to gradparvect do { Count p. %}
far j := 1 to gradparvect do
pL i+ 3 3 2= ¢ pL i v ) 1 - vecl i 1 * kL 3 I > / forgs
for i s= i to gradparvect do { Clean P. 1}
for J *= i to gradparvect do
begin
pL i+ 3 1 2= ¢ pL i » 331+ plL g i 1) /7 23
pE 3 i} s=pL i +» g 13
andj
yest = wectmult( parvect » varvect » gradparvect )3
eest i= massvect{ 1 1 — yestsi
uppdate( mess )i { Uppdates tdelsave and varvect. )

for i = 1 to gradparvect do
parvect{ i 1 = parvectf i 1 / scalevectl i 13
signal( mutexdata )3
ends’ (% with datamon 1 wmess do *)
end}j %% extendedls #3434 )



PARAMETEREST
process parameterest

33 3 3 303 903 3630 33 Sk 2 3636 b 96 36 9 I 6 9 3 34 98 34

»* PROCESS PARAMETEREST *
IS W)

(% process #) procedure parameterests’
var mess ¢ messageref)

begin (% main parameterest *)
setpriorityv( B )3
while true do
begin
receivenassage( parestbox » mess )}
case est of

@ls0 ! extendedls( mess )i
els? LI |
rml LI |
end§
sendmessagel predbox » wmess )§
and t# while #)3

ends3 (% main parameterest #)



a3
SAMPLER

€ 33 96 3 3 3 36 3 3 3 30 33 3 3k I 3N MWW

»* PROCESS SAMPLER *
P et s T L BRI L LE L L L Ly

(# process #*) procedure samplers

var mess : messagerefi
i v o : integeri
inveect : inputvectorsi

function filtert val + £ & real 3 2 real’

begin

fFilter = filterc # £ + ( 1-filterc > * valsi
and} t# filter #*2
begin (% main sampler #*3

setpriaority( 4 )3
for i = 1 to gradveclength do
invectl i 1 = 03§
o = 13§
while true do
begin
wait( samplersync )3
DAout( O + outp J3§
fFor i = 1 to noafu+l do { Put filtered input in invect }
invectlil = filtert ADin( chanvectlil ) » invect{il )}
if not stopflag then
if ho = hslow then
begin
no = 13§
receivenassage( messagepool » mess yi{Get empty messagel}
with mess do
begin
nesstype 1= parest?
for i *= 1 to noofu+l do

messvectl i 1 := invectl i 13 { Put inputs in X
and?’ { message ¥
sendmessage( parestbox » mess 335 { Send message to }

end { process parameterest }
else
ho = no + 13
ends’ (# while true do %)

end} {(# main sampler *



CLOCHK
process clocks vrubout

U FE 30 302 30 3 36 36 3 3 6 9 2 3 3 9 3 O 94 3

* PROCESS CLOCK *
F NN I N )

(# process #) procedure clock}

begin (% main clock =)
setpriority( 2 )3}
while true do
bagin
waitd mutex )3}
while hfast = O do await( change 3§
signal ¢ mutex 4§
signal( samplersync 3§
waittime! hfast )3}
end}
end} (# main clock #)

procedure rubout! row » col 3 integer )%
begin

setcursor( row » col )§

arases’
endj

a5

{ Start process SAMPLER >

{ Rubout oane

row 2}
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OPCOMREAD
arrors skipblanks

1 9635 36 3 3 3 3 3 30 3 3t I3 b 3t 3 A 6 3 36 43

* PROCESS OPCOMREAD *
309690 3020 303030 30 30 3 I MW KN )

(% process %) procedure opcomreadi { Reads commands from terminal
label PACAE]

const blanks
type errars

ki 7w
1

« tnomanyargsillcam’illpar»Fewarq»chanuseds
tdelwrongnosampsrhofilesoutofrange )i

HI ||

var conmandx : conmandi
coamm t identtype)
ch : char}
i v Kk 9 1
wrong
row  col : integersi
r t reall

procedure evrorf arr I errors PR
{ Writes errormessages on the commandline.
The errormessage is removed by return 2
begin (#% arrar *
setcursort 23 +» 50 33
case err of

toomanyarg write(’ TOO MANY ARGUMENTS 13

illcom : write(' ILLEGAL COMMAND’ 3
illpar : write¢’ ILLEGAL PARAMETER" )3
fewarg : write(' MISSING ARGUMENTS' 33
chanused r write¢' CHANNEL OCCUPIED® >3
tdelwrong t write(’ O (= TDEL {= "+ maxtimedelay:2 )3}
noasamp ! write(’ SAMPLING IS OFF ")i
nafile : write(’ FILE NOT FOUND 7 )3
outofrangs ! write(’ VALUE OUT OF RANGE ")J3
end?’

setcursart 23 1+ 497 33
readlnd
read( ch )3

end}’ {# erropr #*)

procedure skipblankssi
begin t# skipblanks #)
while ¢ not eoln > and ¢ ch =" 7 ) do
read( ch 33§
endsj {* skipblanks #)}
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checkends getcom

procedure checkend:
{ Checks the lineend )

begin (% checkend %)
skipblanks?i
if ch O ' ' then
begin

error!{ toomanyarg J)3§
goto 9993
ends
and;’ (% checkend #)

procedure getcoms’
{ Reads one command from the camnmandline )
var n ! integery

function upper¢ ch : char ) : char}
(% converts to big letter *)
begin t%  upper #)
if Cch )= "a" ) and ¢ ch (=
upper i= chvr( avrd( ch » - 3
else
upper = gchj§
ends’ L% upper #)

Y then
p)

N

3]

begin C%%  gatcom #%#%)
comm 2= blanksjs
shipblanksi
n o= 13
ch = upper( ch 3
while ¢ ¢ ch )= 8" > and ¢ ch (= 2" 3 ) ar
CCehi)=70" 3 and ¢ ch (= 9" Y ) do
begin
if n ) comlength then
begin
arror{ illpar )3
goto 9995
end?
commf n 1 = chi
n = n + 13§
if 2oln then
ch = "
else
begin
read( ch )3
ch = upper( ch )}
andji
and} (* while #*)
end3 % getcam *k4)
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procedura parsi
{ Handles the PAR command & PAR paramster }

label 2003

var param : parameters)
irgel : integeri
" : reals
flag : booleanst
procedure showi { Shows the parametervalue on the commandline 2
begin

rubout ¢ 23 +» 2 33
write( 'PAR Ty
case param of

parnamel pavam 1 7= )3

hip : write( hfast:d 35
hsp : writel hslow:d )i
noofup : writel noofuil 23
filterconstp § write( filterc:5:i2 3§
forgetp : write( forget:g4:3 )3
tracep : write( maxtrpi&il )3
predhorizonp : writel predhorizon:d 33
kstepp : write( kst:2 )3§
outpp : write( outp:d:2 )i

end?

write(’ newvalue:="13}3j

end}’ L% show *)

procedure showvect!{ limit @ integer »3i{Shows the parametervectorl}
bagin
rubout ¢ 23 +» 2 33
write(’PAR v parnamel param 1 )3
for i = 1 fto liwit do
begin
setoursor( 19 + i*7 )5
writet 1i:2 33§
setcursor( 20 » i#*7 )3
case param of

chanp : write( chanvectl i 1:2 23
parvectp : write! datamon.pavvect[ i 1:4:2 35§
scalep ! write( scalevectl i 1:431 D)5
gradp : writel gradvectD i 1:2 D)3
tdelvectp ! writel( tdelvectl i 1:2 33

end’

end?

satcursort 23 + 18 33

write(’Position:z=")1i
end?} (% showvect *3
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procedure readl( low s high » t : integer i
begin { t=1 =) integers t=2 =) real }
if £ = 1 then { Reads new parametersettings }
begin
raeadt i 33j
if ¢ i {low ) or € i ) high ) then
begin
errort outofrange )3
param i= wronghslp)
goto 2003%
end’
end
alse
begin
readl r )3
if (. r {low 3 or ¢ v ) high ) then
begin
error( outofrange )}
param = wronghelp)
gota 2003
ends’
aendsi
ends’ (» readl *3
begin C* pavr *3
if commandx {) onx then
begin
ch =" 73§
getcomi
checkends’
end}’
param := hfp}
while ( parnamel param 1 ¢ cowm ) and ¢ param () lastparp ) do
param = succel param )§
F03: case param of £ Labal 200 b
hip ! begin
showi
re@adl( 3 s maxint » 1 3%
hfast = ij
if hfast ) O then
begin
waitd¢ mutex )3
cause!( change 3§
signal( mutex >3
end})
end}’
hsp : begin
shows’
readi( 3 » maxint v 1 33§
hslow = ij
if hslow > O then
stopflag = false
else
stopflag = trues

end s’
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begin
showsi

noofup

readl €

noofu
param

0

3
1
g

goto 2003

end ¥
begin

chanp

showvect(

readl

1

satcursov(
write("Newvalue:="2}§
read! 3 25

flag
for 1
if

€
+

J
1

if flag

else

chanvecttl i

end?’
begin
show?

filterconstp

readl

0

filterc

end?
begin

parvectp

ay

- az

falses’

1 to noofu+l do
chanvect{l1ll) and
truesd

then errort

true

adpi

k]

maxnoafu

noofu+l 3%
noofu+l + 1 33

L 1
23

5 )%

1

b

HER

-t
-8

showvect( gradparvect )3

readl

i

» gradparvect

setoursor(
writel{'Newvaluei=" 13

read(

with datamon do

begin

r

wait«

parvectl i 1
signal ¢ mutexdata )3

and}’
end?’
scalep ! begin

showvect( gradparvect J3§
» gradparvect

)
2%

readi
setcursar

1

bR

-
23

?

35 ¥

mutexdata 34§

HE N |

AT

write(’'Newvaluei="12}}

read(

)

bR

scalevectl i

end?’

= ri

bR

Ci{y 1o

193

i 7%

then

chanused 3
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gradp * begin
showvect{ noofu+2 3§
readlt O s noofu+2 +» 1 3§
saetcursaor( 23 ¢ 35 33
write('Newvaluei="}j;
re@adl gradvectl i 1 )3
for 1 = noofu+I to gradveclength do
begin
gradvectl 1 1 = 03
paintvectD 1 1 2= 0Q3Ff
and s’
pointvect[ pointveclength 1 = 03
gradparvect = 13
for 1 := 1 to noofu+Z do
begin
gradparvect!=gradparvect+gradvect[11;
pointvectl 1+1 1 = pointvectl 1 1 +
gradvect 1 13
ands’
pointvect [hoofu+3]:=pointvect Lnoofu+2] +
gradvect inoofu+21}
with datamon do
begin
wait( mutexdata 33
varvectl pointvectlnoofu+3] I = {1}
signal( mutexdata )3
and)
endsj
forgetp ! begin
show}
vreadic O 9 1 s 2 23
forget 2= ri¥
end}
tracep * begin
show}
readlt 3 + maxint +» 2 )3
maxtrp 3= i
end$
tdelvectp * begin

showvect( noofu 33
readli¢ 1 +» noofu
setcursor( 23 ¢+ 35
write(’”Newvalue:=’
readl 3 33
if ¢ 340 ) or ¢ paaxtimedelay 3 then
error( tdelwrong >
alse
tdelvectl i 1 3= 33

i 23
35
33

end’
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par

estp

predp

begin

setcursor( 12 » 1 33§

write(’i=ela 2=@glsd

I=vrml’ )3

rubout 23 1+ 2 33

write(’ PAR

case ast

est=" 33
of

elegd @ write(’17))
gls? : write(?’27)3§
rml P owrite("™3I7 23
end?’
write(” newvalua:=" )3

readlt 1 + 3 » 1 2%
case i of

1 : est = elsi
2 3 est = elsZ)
3T : est 3= rmlsj
end?’
endi
! begin

setoursor 19 » 1 33

writel('l=onestp 2=kstep 3I=multistep’)i

rubout( 23 » 2 23
write(’ PAR pred="34§
case pred of

onestep P write(’17)§
ksteap T write("27)
multistep Powrite(?37 35
and}
writal’ newvaluei=" 4§

for i 3= 1 to maxpredhorizon
begin
ypredvectlD i 1 3
oldypvredvl i 1 3
and
veadi¢ 1 » 3 +» 1 33§
case i of
i 3 begin
pred = onestepi
predhorizon := 13
end?’
2 @ begin
pred = kstepi

o
0

&3

do

param := predhorizonp’

goto 005
ends$
% : begin

pred = aultistepi
:= predhorizonp’

param =
goto 2003
enhds’
end?’
end)
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predhorizonp ® begin
show?
raadit 13+ maxp
predhorizon =
end s
kstepp ! begin
show}
readld O + maxp
ket 1= 1§
endi
outpp ! begin
shows
readld O 9 1
outp := ri
end?i
pasp : begin
rubout( 23 4 2
write(’ PAR PO
' new
readlie 25 + 130
lowpos = i}
rubout¢ 23 4 2
write(’'PAR POS
' new
readld¢ 25 + 130
highpos 3= i3§
endj
limitp : begin
rubout ¢ 23 4 2
write("PAR LIM
' newv
readl{ -maxint
lowlim = rj
raubout( 23 4 2
write("PAR LIM
! new
readl tmaxint »
highlim 2= rj
end s’
wronghslp LI
lastparp : ervard illpar )3
ends’
for i = 17 to 21 do
rubout! i + 1 )3

ends % par *)

54

redhorizon » 1 )%
is
redhorizon ¢ 1 3%

2

33
s lowpos=" »lowposs:3,
valuyaes=’)j

s 1 23

tiighpos=" shighpos: 3,

valuer=?33§
v 1 3%
bR

lowlim="slowlimids2,y
alues=? )3
r maxint + 2 23
)i

highlim=" shighlim:4:2,
value:=? } 3§
maxint )3

-
L
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ony offy filehandler

procedure on}
begin
comm @
parsi
comm 3
pari
ends’

'lHF‘ 7

L L]

~-n

,HS 7

procedure off}

begin
stopflag = truej
hslow 3= 0OF

end?’

-r

procedure filehandler

{ Save or

55

{ Handles the ON—command I}

{ Mandles the OFF-command ¥

read a file

type ft = racord
int * integers’
re : reall
endj
fil = file of ¥t}
var i+ g+ 1 & integers
rea : reall
c 3 command)
ext iy identtypes
f n Filyg
procedure rwf var i ! integer § var v & real )3
begin
case c of
savex : with £ do
bagin
int 3= i}
re = ri
putt £ )3
end}’
unsavex : with ¥ do
begin
get( f 23
i 1= int}
r o= resd
end}
endj’
end?’
begin % filehandler *3
rubout( 23 ¢ 2 )%
c = commandxi
writel! comnamel c 1 »’ filename:’ )3
ch =7 73§
readlns
getcomsi

checkends’
case c of

with parameters
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filehandler

savax * begin
i = —13j
rewritel £ » comm » "DAT" + i 3%
endsi
unsavex : begin
resetd £ » comm v "DAT’ v i )3§
if i = -1 then
bagin
errort nofile )3j
gota 9973
end?’
ends’
ands’

rwl hfast + rea )35
if hfast ) O then
begin
wait( mutex )3
cause( change 3%
signal{ mutex 3§
and 3
stopflag &= truei
rwl hslow v rea 23
if hslow » © then stopflag = falsef
rwt 3 v Filtere )3
rwl naofu » rea )3
for i = 1 to chanveclength do
rwl chanvectl i 1 » vrea )3
for i = 1 to pointveclength do
rwt pointvectD i 1 » vrea )4
for i 3= 1 to gradveclength do
rwil gradvectl i I +» rea )5
rwl gradparvect s rea )i
for i *= 1 to maxnoofu do
rwl tdelvectl i 1 + rea 3}
with datamon do

begin

wait!{ mutexdata 33§

for i = to veclength do

begin
vl 3 v parvectl i 3 33§
rwl 3] v scalevecti i 1 3§
rwlt 3 » KD 103 J3§

endsi

for i := 1 to veclength do
for 1 =1 to veclangth do
Wl o3 o pLoiov 101 3%
signal( mutexdata )3

and s’

rwl 3 v forget )3

Wl 3 v maxtrp )3

rwC 3+ Erp 33§

rwl 3 v lowlim )3

rwl 3 v highlim )3§
=]

closel + )3

end ¥
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procedure dispj

var

beg

end

£ handles the display command * DISP

disppar ® displaysi
mess ! wessagerefi
in (o disp *)
ch =7 73§
getcom’

checkendj
disppar = alld}
while ¢ disprameldispparl{)comm } and ¢
disppar = succ( disppar J}
if disppar (! lastpard then
dispflag = false}
receivenessage! messagepool » mess )i
with mass do
begin
messtype = opcom’
case disppar of

alld : wmessdisp := allds

stopd : messdisp := stopdd

curved : messdisp = curved)

lastpavrd : errort illpar 23
end?

and}j
if disppar = lastpard then
sendmessage! messagepool » mess )
else
begin
sendmessage! apcombox » mess )i
readlnsi
rubout( 23 + 2 33§
read( ch )}
dispflag = false}j
receivenessagel wessagepool » mess )i
mess.nesstype = opcom’
mess.vwessdisp := stopd’
sendmessage( opcombox » mess )i
and}
3 C disp *

57

parameter }

disppar{)lastpard ) do
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53

€ 936 0 305 main OPCOMREAD NN )
begin
setpriority( 12 )§
for i = 1 to 23 do
rubout? i v+ 1 )%
setoursor 22 + 1 3§
write("OFF" 4§
while true do
begin
999: setoursort 22 4 1 )3
if ¢ hfagst = 0 ) or ¢ hslow = 0 ) then
write(’OFF? 3
else
write(’ ON’)§
rubout( 23 + 1 33
write(’)" 3§
readlni
gsetcursor! 23 ¢+ 2 )4
ch = 7 73§
getcom’
commandx = onx§

while ( comnamefl commandx 1 () comwm ) and

f commandx () lastcomx ) do

comma ried
casg comma
onx
offx
parx
dispx

SAVEX
unsavex

lagtcomx @

end§
@nd}$ (o
end§ T e

K Iz guocl commandx )3

ndx of

! oni

! oFfFi

: pari

! begin
if ¢

else
dispi
end?’

! filehandler$
ervror( illcom J)3§

while true do #)

main opcomread

hfast=0 > ar
earraort nosamp )

k)

¢ halow=3 > then
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erasetermy all

{93 9t 36 3 3 3 I3 I 33 36 3 Sk I3 3 W6 3N

»* PROCESS OPCOMWRITE *
I3 KNI N )

(% process *) procedure opcowwrites

var mass : messagerefs
=]’
col
c
i T integers’
r : realsd

procedure erasetavrm)

begin
getcursar( row » col )3
faor i =1 to 21 do

rubout ¢ i + 1 3§

rubout¢ 24 + 1 )3
setcursor( row s+ col )3

end?j L eraseterm *3

procedure alli { Displays gradvectiparvectivarvect k and traceP.
Uppdating is done every sampleperiad }
begin

dispflag = truej

araseterm’

getcursor( row » col )3

setcursart 1 +» 1 )3

write('VECTPOS" ) 3§

for i }= 1 to 10 do
writa( i:7 )35

setcursor( 2 v 1 2%

write!{' GRADVELC" )i

for i 3= 1 to gradveclength do
writet ' 'y gradvectl i 1:46 33§

setcursort 3 » 1 33§

write!(’ POINTV ")3

for it= 1 to pointveclength do
write(’ "y pointvectl i 1:& )3

setcursar( 5 1+ 1 33

write(’SCALEV )3

setcuvrsart 2 » 1 3§

write(’ PARVECT" )3

setcursort 11 + 1 23§

write(” VARVECT )y

setcursor( 148 + 1 3§
write('K )i
setcursovr 17 + 1 33

write('tracefP "3
setcursor( row » col )3
while dispflag do
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with datamon do
begin
wait( mutexdata )i
await( dispchange 9§
getcursor( row » col )J§
for i 3= 1 to gradparvect do
if i (= 10 then
begin
e =5 4+ (i-1)#7%
s@etcursor( T +» o )%
writel(’ s gcalevectl i 12522 3§
gatcursor( 2 v c )§
writel(’ "y parvectl i 1:4:3 )§
setcursor( 11 v o 3§
writel” "y varvectf{ i 12423 )}
setcursar? 14 v ¢ 3§
writed’ "y KL i 13423 3§
and
elee
begin
c i=m B + (i-113#7%
s@tcursor( & v ¢ >§
write(’ "y scalevactl i 1:35:2 >3%
s2tocursor( 9 » c 3§
writel' "y parvectl i 114633 )3
asetoursor( 12 v c 3§
write(' "y varvect { 13423 23§
s@tcursor( 15 » o 3§
write(”™ "y k£ 1 12433 )%
end’
setcursor( 17 » 8 3%
writel €rpIds3 4§
setcursor( row » col 33§
signalf! mutexdata >}
end§ (% with datamon do 3
end§
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procedura curvel { Displays a curve of predictions

var J
paswidth ! integeri
y v hf »
stap »
limwidth

raalsl

begin
dispflag ¢
poswidth $= highpaos — lowposs
limwidth = highlim — lowlim}
step = limwidth / poswidthj
arasaeterm)
getcursar( row » col 23§
for i = 0 to 10 do
begin
] = i # poswidth div 103
saetcursort 1 » ( lowpos + J -2 )3
v = lowlim + step * 3§
write( r:332 )i
setoursort 2
write(” {73
end?’
setcursor( 2 » 1 23§
writeln{’ *=predicted output’)i
writel('+=real output’)}
setcursar( 13 + 1 3§
hf = hfast * 0.02§
writeln( hfast ="y hf:5:
writeln('hslow ="y hslow
writelnt{’ filterconst="»
case pred of

truesl

lowpos + J 23§

3 v'sec" )i
1T 47 # hfast™ )i
i

filterc:d:iI )i

onestep : writeln(’ONESTEPPRED® )3

kstep : writeln(’KSTEPPRED’ )i

nultistep ¢ writeln('MULTISTEPPRED” )3
end?’

writeln(' predhorizon=’» predhorizon:d )3
writeln( kst="1y kst:l )i
setcursort raw 1 col )3
while dispflag do
begin
with datamon do
begin
wait( mutexdata )}
await( dispchange )3
signal( mutexdata ?3

end?’

getcursor{ row » col >§

J = maxpredhorizon - predhorizoni
far i = 1 to 3 do

begin

ruboutt i+2 +» lowpas )3
r 1= pldypredvl j+is+kst—i 1 — lowlimd
setcursor( i+2 s+ lowpos + round( r/step ) 23
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curvey main opcowwrite

write (%)%

v = oldyvl 3+1-i 1 — lowliw}$

setcursor( i+2 +» lowpos + round( r/step ) 3§
write(’+7)3j

and?§
if { pred=kstep } or { pred=onestep ) then
bagin

rubout j3+4 + lowpos )3

v = ypredvectl 1 1 - lowlimi

setcursor( j+4 y lowpos + round( r/step ) J3§
write(™ %" )3

end
else
for i 3= 3+1 to maxpredhorizon do
begin
rubout ¢ i+3 +» lowpos 3§
r = ypradvectf i-3 1 - lowlim}
setcursaort i+I +» lowpos + round( r/step ) )%
write('#*? 35§
ends
setcursort row » col J)§
and
end’
€ 3 3 3 3% main opcomwrite HHHWD
begin

setpriority( 14 >3

while true do

begin
receivemessage( opcombox » mess ) 1§
with mess do
case messdisp of

alld : alls
stopd > eraseterms’
curved I curved

ends’

sendnessage( messagepool + mess )i

and}j
end?’ 3% main opcomwrite HH% )

o
]



MAIN STP
MAIN

procedursa
procadura
procedure
procedure
procedure
procedurea
procedure
procadurea
procedure

inits externals

dummy i externalsi
makemessage( box : mailbox 3§
prediction’ external}
parameteresti externali
sampleri externals

clock’ externali

opcomread’ externals
opconwrite externals

3036 3090 3 30 36 34 3 3¢
* MAaIn *

334 36 30 303 M )

begin L S main STP EE LI LD
inits
dummy §

initkernel ¢ 2250 >3

initiod

initmailbox{ messagepool Ji
initmailbox( parestbox 3
initmailbox( predbox 24
initmailbox( vregulbox i
initmailbox( opcombox )4
nakemessage!( wmessagepool + 10 33§
createprocess! pradiction » 220 )3§
createprocess( parameterest » 246350
createprocesst sampler » 110 23
createprocesst clock » 30 )i
createprocess( opcomread » 7235 )3
createprocess( opcomwrite » 200 )3
setpriority( maxpriority )4

end.

no

integer

33

o
“

axternali



