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Abstract

This paper presents a Fortran rv subroutÍne calred. NEL¡{E

that Ís a straightforward implement,ation of the simplex
method for function minimization proposed by Neld.er and
Mead. NELI4E is wrítten and documented according to the
rules of the Scandinavian Control Library.

NELME has been tested and compared wiür a quasi-Newt,on
argorithm without, derivatÍves and with the powell-Brent
algorÍthm.

The result of the tests shows that it is hard to rank the
algorít.hms.
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1 ÏNTRODUCTION

This paper presents a Fortran rv subroutine calred NELME
that is a straightforward implementation of the Nelder and
Mead search. NELME has been tested and compared with a quasi-
Newton algorithm without derivatives and with the powel1-Brent
algorj-thm.

chapter 2 describes NELI'IE and the computer codes can be
found in Appendix A. chapter 3 treat.s the problem of evaluating
IIELME and test resurts are presented. Append.ix B contains
additi-onal test results.

2. NEL}TE

NELI4E is a Fortran rv subroutine that is a straj-ghtforward
implementation of a simplex method. for function minimization
proposed by Nelder and }lead (1964). In this implementation
the reflection coefficient, is chosen to L I the contraction
coefficient to 0.5 and the expansion coefficient to 2.

NELMtr is written
the Scandinavian

and documented accordi_ng to the rules of
Control Li_brary and consequenÈly the sub-

routine within itself contains all adequate information
how it is used. A list,ing of the subroutine NELME can be found
in Appendix A.



5

3. EVALUATTON

rn Himmelbrau (1972) chapter 5 and in Brent (1973) section
7.7 the problem of evaluate argori-thms for unconstrained
nonlinear programming is discussed and a number of algorithms
are evaluated. The inventors have of course evaluated their
method and Himmelblau (1972) discusses explicitly the method
of Nelder and Mead.

Five different functions were used to test, NELME. The functions,
whose minimum value j_s zero, were:
(1) Rosenbrocl<-s parabolic valley (Rosenbrock x

+ (I-x 2
1

starting point (-L.Z,I) |
minimum point (1r1)

(1e60) )

y - 100 (xr-x r')'

y = 100 (xr-x,

,

222

(-

(2) Wood-s funct,ion (ColviIle

+ (l-xr)
(1e68) )

+ 90(x

starting poj-nt
minimum point

2 +(x -1) 2

(-3, -l- ,-3 ,-L) ,
(1r1r1r1)

2 + (I-x
3

valley (Fletcher and powell

2 2

4^3 )

+ 10.1 ( (xr-1)
4 ) + 19.8 (*Z-L) (x¿-t) ,

(3) Fletcher and powell-s helical
(1e63) )

y' = 100 (xr-100 (x, ,xr) )2 + (x +x2 2
1 2 ) Ð2 * *32

where 2n0 (x'xr) arctan (xr/xr) , xl > 0

Tr + arctan (xr/xr) , *1 . O

í
l.

starting point (-1,0
minimum point (1r0r0

' 
0)

)
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(4) Powell-s

y= (xt

quartic

+ 10x
2

E
i=I

42

function (Powell

+ s(xr-xn)2 + (xz -2x + I0 (xr-xn)

(re62) )

3
4

starting point (3r-lr0rl)
minimum point (0r0r0r0)

(5) A quadratic function with truncated linear terms
),)y = *l * e(lxrl) + 5 *2" + e(xr),

where e(z) = sign (z).n, n is the largest integer alrl ,

starting points (*2, x2) ,
minirnum poj-nt (0 r 0)

The properties of functionsr-4 are discussed in Brent (1973).

The progress of NELMB on funct.ion l-5 has been studi-ed for
different sizes of the initial simplex. The number of ltera-
ti-ons, the number of function evaluations and the value of
the test quantity (TESTQ) were noted when the function value
had been reduced to 10-l for j = L, 3, 5, 7 . TESTQ (to be
compared in the algorithm with the desired accuracy in the
minimum value) is given by

TESTQ 1
N-FÏ

(f (x )-f(xa c

where n ís the dimension of the optimization problem, the
xi: s are the vertj-ces and x" the centroj-d of the polyhedron
and f(.) the function to be minimized.

The results can be found in Appendix B. The maximum number of
times the loss function could be evaluated was set to 2000.
rf a number j-n the column "number of evaluations required',
is 2000 or greater, it means that the polyhedron has degenerated
(to a point) before reaching the minimum point.

X

n+
2

)
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In order to get a feeling for the relative efficiency of
NELME, the probrems 1-5 were sorved with the help of NUFLET

and PowBRE. NUFLET is based on a quasi-Newton method without
derivatives. The method is described in Fletcher (1971).
PohrBRE is an implementation of a version of pov¡err-s
algorithm, modified by Brent (1973) . powell-s algoritþnr is a
conjugate dj-rection method without derivatives. The comput,er
codes (in Fortran) can be found in KäIlström (1978). NUFLET

and PowBRE have some additional parameters that have to be
set. The values of these parameters have been chosen according
to KäI1ström (1978) ,

í. e.
in NUFLET DFN = -0.2 (estimate of the liJcely reduct,j_on

to be obtained in f (x) is 0. 2 | f (xo) | .
DFN is only used on the first iteration
so an ord.er of magnitude estimate
suffÍces )

XI'f=[l, . . . 11] (no scaling wanted)
ilH=IO ' (the step 1ength used. when calculat,ing

the gradieint is 10-3)
-REPS=10 5 (tfr. accuracy required in x. j-s tO-5)

MODE=} (the initial estimate of the Hessian
matrix is set to the unit matrix)

and

in POI{BRE DIST=I (estimated distance from initial
approximation to minj-mum)

(no scaling wanted)
(wanted relative accuracy in x)
(the algorithm is started with the
coordinate axes as search directj_ons)

(the problem is supposed to be illcondi-
tioned)

(number of iteratj-ons without progress
before termination)

SCALE=1
_e

TOL=10 v

MODE=l

ILLCO=.TRUE.

NSTOP=1

The results for NELME with VDIST=I (initial
NUFLET and POWBRE on functionsl-4 are given

size of the sj-mplex) ,

in Table L-4.
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Table I

Number of iterations (nr) and number of firnction
(nr) to red.uce Rosenbrock-s function to < l0- j.

evaluations

l NELME

n. n-l-r

NUFLET

n. n-l-t

POWBRE

n. n-l_r

37

47

52

52

52

57

57

L02

L27

140

140

140

l-52

]-52

I
2

3

4

5

6

7

59

75

82

83

86

88

89

185

23L

253

2s6

268

276

279

23

29

31

32

33

34

35

99

140

152

158

r64

L70

L76



9

Table 2

Number of iteratíons (nr) and number of functj-on
evaluations (nr) to reduce Wood-s function to < I0

)

1

2

3

4

5

6

7

NELME

n.
l-

tf
NUFLET

n.
t-

n-t

POWBRE

n.
J.

n-r

253

265

270

287

287

294

299

681

709

7L9

758

758

777

787

30

35

35

81

94

103

108

I05

I25

t25

269

310

344

358

68

72

73

74

75

76

77

664

704

714

724

734

744

754

j
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Tab1e 3

Number of iterations (nr) and number of function
evaluations (nr) to reduce Fletcher and Powell's
helical vaIley to < 1O-1.

j

I

2

3

4

5

6

7

NELDfIi

n.
l-

tf
NUT'LET

n.
L

tf
POI/VBRE

n. n-r-r

43

57

63

63

67

67

73

110

143

1s8

158

166

L66

r80

L54

L72

185

189

193

L96

200

480

533

576

590

606

616

632

18

24

28

29

29

30

31

L02

158

191

199

199

207

2L5
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Table 4

Number of íterations (nt) and number of function
evaluations (nr) to reduce Powell-s quartic function
to < 10 J.

j

I

2

3

4

5

6

7

38

43

48

55

65

72

77

9t

101

111

t30

L52

L7L

L82

NUFLET

n-In.
L

POWBRE

n. n-l_I

NELME

n.I n-r

9

10

I2

22

23

25

27

61

67

79

161

r7t
191

2LI

31

56

68

70

76

78

85

99

r77

206

2r8

238

246

276
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The results speal< for themselves and only a few comments
will be given here. As seen from the resuLts in Appendix B

the size of the initial simplex has a significant effect
on the speed of the convergence. Wood-s function is an
illustrative example. The result shown in Table 2 (the
size of the initial simplex is f) is very good, but
NEL}IE fails for some sizes of t,he initial simplex. po!{BRE

too had difficulties and stopped at (-0.988, 0.986, -0.949,
0.913) and declared that t,his point is a minimum. But
when NSTOP was increased to 5, POVüBRE found the minimum
point and it j-s these results that are given in Table Z.
Brent (1973) reports that with DIST=IO POWBRE after 191
linear searches and 452 function evaluations had reduced
the funct,ion value to 6.10-14 .

This dependence, which is not ct" lJtLíorLi known, makes it
difficult to rank NELME, IJUFLET and pOWBRE. Funct,ion 5

is dj-scontinuous when x.,. or x, is an integer and one may
suspect that NUFLET and potrIBRE might fair. As seen f rom
the results in Table 5 this is the case.

rf no special information is available that can confirm
the result of a "minimization algorithm" to be a close
approximation to the solution, how can it. then be decided
whether the solution of the problem is found or not? This
j-s a hard questj-on. This problem is dlscussed in Murray
(L972) . He gives the following advice:

1) Check the rate of convergence
2) Restart the routine
3) Try other starting points, input parameters, rescale

the variables
4) Try a dj-fferent method
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Table 5

Number of j-teratÍons (*i) and number of function
evaluat.ions (*f) to reduce function 5 to 1O-7 for
different starting Points.

POWBRE

n,
l-

tf

L2

failed

L2

failed

34

2',)

34

3)

r)
2)

3)

stopped at
stopped at
stopped at

(L.9996, -2.0098)
(-1. 53.10-3 , -2)
(1.or.ro-3, -21

}TÜFLET

n-In.l-tf
}TEL$iE

n,
l-

I

failed

I

L2

44

1)

69

87

starESng

poj:,tt

(2, 2)

(2,-2)

(-2, 2)

('2, '2)

28

24

3I

26

94

86

104

90
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APPENDTX B

Results from the minimi
NELIÍE.

Function 1

2

3

4

5

zatíon of fi ve functions us

(Rosenbrock-s function)
(Wood-s function)
(Fletcher and powe1l-s helical valley)
(Powell-s guartic functj_on)
(A quadratic functj-on with
truncated linear terms)

29

37

¡45
, 53

61

Tf a number in the corumn "number of evaruations
required" i-s 2000 or greater, it means that NELI{E
failed. The polyhedron has degenerated before
reaching the mÍnimum point.
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t. INTRC¡I'UCTICIN

z is ð real-time monitor whieh makeE it possíu!9. to run

fnoeedures in Pascat in pårållel and provides faeilities for
interaction and synchnonization between different
pnoeedures.
ThiE Work was done ê5 a pro¡ekt in a graduate-ÊouFse held at
the department. The title of the course wåsi

I'lodern Languages
for

Pnoeesg Cornputers

ResponsibilY for the eounset werer

Leif AndensEon
Hilding ES,mqvist
Siven Erih Mattsson

z is irnplernented on ên LËl-11. The nelevant software is

1. RT-ll

3. Pascal-eornPilenl

ot',ts1 PASCAL-t
Version 1.1 fon RT-l1

May 28; 1978
Copynight 1978r Oregon l"linicornputen Softwarer Lnc.

2. UËER'5 HANUAL

when studying this ehapten the reader ís adviced to now and
then look at the exarnple in ehapten 3'

A userr who wantg to run different pnoee5ses in pånållelI
writes the different processeE as proeedures in å superior
Paseal pnogîêffi. Itr the proeedures the user eatr call for tl'¡e
externai procedures w¡ich ane uEed for rnaking intenaction
and syehronization between dífferent procesães. In the main
body äç tt e progrãrn ån initializatíon is done, Two seetions
fol low whieh anå wnitten Ín order to explain in nrore detai I
how the superior prognam shall be written'
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2.7.1 type deelarationl

some of the fonrnat panameters which have to be used ê¡ne

of types wh i ch a re not sta nda nd i tr Pasea I . The ref o re
the ugen ntust declare these non-standard types' The
following type deeLaratíon shall be done¡ {observe what
is wnittån about the type sernaphone) '

type Proeid=integeri
unsi gned i nt=[l. . 65533 ï
seffrapho re= {teletype I I i nep ri nter ) i

3.,1-9eoue!Ès-sn-!þe-superåor-EesÊel-Preqråü

Cornments are nrade on thnee parts af tlre Prograrnl

deelarations of tYPes
declarations of ProeeËses
rna i n body

titrre = record
minrtiek!integeri
end i

9ggnten!e

procid I
declared in
initproc.

t,he garne wåY in Z' It is used ir¡

sernaphore I
fiiåy be ålly uËer
enumenat iotr tYPe I
exantp I e .

t irne ¡

defi ned
so the set

ordened
above is

set ef
only an

must be deetared as abover beeause tirne iE
deeLared in this waY in Kennel.

A variable of type tin¡e tells how fnåny rninutes
and ticks (tick=ËB ms) have elapsed since the
internal elock wås started, Kennel has å

variable "cIock" of type tirne' cloek 'tiek is
incrernented by one after eaeh intenupt fnom the
internal. elàek ' This oceurã every tiek
(= 20 fï¡5) . Eveny time eloek.tick iE inenemented
it Íg a Igo norûìå I i zed I whieh rûtan5 tlrat i f
clock,tiek ig greater than s00tl then cloek.füin
is incremented by 1 and clock 'tick is
deerertented bY 3UOtl
(SOUU tiek = SBOO*20 ms = I minute) '
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Atl inteqers ane ranging between O and 3.2767
beeause an integer is represented by t& bits' €io

t he i nte nna t [, i,ne i s cou nt i ng modu 1o 3,27 68
minutes (= 346 houns = ?,2.7 days) ' Therefore å

user rnugt us;€l våriableg of type tÍme earefully'

The user does not nead to normalíle tin¡e beeause
if any external procedure is ealled whieh hag
tirne Ë¡5 ê panametenr the time wil.l be norrnalized
by Kernel. Eio the only pnoblern with the variable
tirne.tiek is the lirnit 32767.

2.1.3 process declaration atrd initialization:

A procedure eån ãeFVê åE Ê¡

inEtance is ereated bY a call
initproc followed bY a eall
The f i rst Etate¡rrent of the
call to the Proeedune readY.

observe that there are no ob¡ections for ð proeess to
i nit iate another PFclcËle;s.

Proeesses måy cc,lûrtunicËtte with eaeh other using
non-local vanl,ableç. l"lutual exclusion should be ensured
by the FrogFêfnmer using sernaphones and the proeedunes
signal and wait.

From the procedures it ig possible to call for the
following external Pnoeedures;

pnctcesci !YPg. A ProcÊss
to the standard Proeedure
to the procedure itself'

pnoeedune bodY must be a

Exanrple:

i nitproe
neady
wa it
signa I
awa it
cåuge
sleep
clockt ime
setpni
awake

i nitproc ( proe r3 I {O00 ¡ PROCESE) i
PROCESS(i r¡) i



6

2.1.3 main bodYl

The rûåinprogrårfi iE tneated êtË ð Frocess with two
except ions:

t. A call fan initkennel fûust be dotre as the f irst
statement in nraín Prc:gt.ëlrrr'

2. l^lhen the ¡nainpnograrn
stop.

peEs its end all executitrg

3.,.ä-Heu-Èe-sse-!he-dÀf f e.Ee!!-eät elnêl-Elsseds¡Ês

ån i !!e¡ne I lye n-flÊeüeüs¡yåuggåstredån!å-keltrs¿.IeSgeg!¿
oeånresses!åsnsls$eg i !!¿å

ThiE proeedune must be catled at ttre fÍrst litre in the
mainprogram and starts Z and main¡

f reernemony:

returns avai lahle merûonyspåee ( in bytes) for
procÊ65eã

kernel request I

rfiefûoryrequest for kernel(in byteg).ln most eåsÊs
100+tb0*itrurnber of proeesses) will be enough'

mainrequest !

fnElmt]ryrequest for staek and dynarnie heap by the
user' s rnain ProgrËllll¡

Examplel initkernel(freer1OOOrltoo) i

ånÅ!p ngg ( ya r:-identåErogådåprie¿åntsse¡lgeüerv.tÊstsesg:sEsÅqgedån!å
ETgÊÊdUIË-ETEgEEE¿å

A proeesg is initialized by finst Ë¡ call for initpnoc
then a call of the eornesponding procedune'

ident I

ident
bv z,

is tfre identifier
The pFoceç¡ses get

of the pnoeess returned
values 2r3 ete.
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Fnio !

merûoryrequest:

Prio defines the priority. Observe
irnplementation is such that low
cclrnespond to high Priorities.

Ineluded to
pa nameters.
pnotest )

Éng¡unê that
(otherwise

parametens r
process

pîocess has onlY
the conrpi ler

that the
numbers

loea I

var
wi 11

ûremoryrequest in bYtes for
vaniablesr Etack and heaP for

procedure Proeesis¡

Example: initproe(PrcreT3TIOOOTPROCESS) i
PROCESS( van parameters ) ¡

Notice that this Proeedure
immediately after iniÈProe.

must be cal led

neådvå

Should be
def i nes Ë¡

Example:

wåiËlsåFeüåPbsre¿!.

Befone
shou 1d

the fínst statement in every proeedure that
proce5Ë.

PROCESS( var Parameters ) i
loeal vaniablesi
begi n
neady i

end i

using å eomrrrcln reãouree xt Ê eall fon wait
be done,

Exarnple: wait(teIetYPe)i

eisnplSxiÞeüepþsrelå
the resouree

get aeceEs toAften a comrflon Fegouree x
must be neleased so othen
the regource,

has been used
proeessÊ!Ë Cên

Example¡ signal (teletYPe) i
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€¡wåit(x!semaohore) i:-------
A eall for await will put ealling proceEis in delayed
queue of semaphore x and will remove calling proeess
fnom running state. A prBeess detayed by procedune
await will not reactivate unleEs proeedure cêuse ealled
by sorne other p¡E¡ce55 releases the delayed proeedure
f rorn the queue of delayed, Pr¡¡cedure awaít may be uged
when eheeking Ëome external. condition before proceeding
execution. Busy waiting r¡åy be pnevetlted thiE wåyt
since another proeess reaehes nunning state.

Example: åh,åit (teletYPe) i

såuselrlEÊüspbo.tË¿å

A catl for cauEe will transfen all prctcesses of the
delayed queue of semaphore x to the semaphere queue of
x, When eêuse has been called the tranEfenned prctceE;ÊiÊls

will reach nunning Etate after a suff ieient nurnber of
calls for signal.

Exarnple: cåuse (teletYPe) i

slesslvar-xåÈåselå
A call for sleep will delay the proeess until time x

Exarnple ¡ EleeF (t in¡et ) i

sÅes E!år,s ( Ys,[-83!åoelå

Returns absolute tíme in x,

Exarnple: cloektirne(timel) i

eelBrålå$en!3p nssådå-p¡åeåånleee¡li

of process with identífier ident to
this cornmand cðn be used anywhere in

provided the Proeess has been

Sets the prionítY
prio. Observe that
t he usen p rog rð¡rn
initíalired.

Exampte: setpri (Pree{¡ 5) i
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Kennel

Dgelarations¡. ¡.... r. ¡ r r.. ¡. r... ¡.. ¡. t....3

Internal Procedurcle¡
Entgrkgrnel.t. ¡¡ ¡ r r. r ¡ ¡.. ¡.t ¡..r... ¡. r...4
EiavggtatU5... ¡.. ¡ r.. ¡ r. ¡...... r. r... t - ...4
Swkgrngl¡..¡¡
Bwuggnrrr¡¡.¡
StartFlJft. r...
Normaliãê....
Put.....i¡¡..
Removgr.....¡
Putpriority..
Clkgtore.r..r
Siemqueue... ¡ r
SchedulË!.....
ClkiËIt.. ¡. ¡. r
Exitproe¡..¡.
Sgmgrror¡.. ¡ r
l"lemoryerîol. ... ¡. ¡ ¡. ¡ ¡ ¡. ¡. ¡ ¡. r ' - ¡. t
Idleproe...¡.. ¡.. rrr ¡ ¡.r¡ ¡. ¡. r¡ ¡. ¡. ¡ ¡. tt
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Ueer intenface to kernel
InitkgrnEl r.. ¡ r.. ¡ ¡... .
Initproe¡. ¡... ¡ r . r ¡ ¡ t. ¡

Readyr... r r. ¡. ¡... ¡... ¡

Wait. . . r . t . t . I ¡ . . ¡ ¡ ¡ ¡ ¡ .
Signal. r.. ¡ ¡.. ¡... ¡ r...
Aweit..... ¡, ¡. ¡... ¡ r ¡ r.
Caugg... r t. t. t. ¡ r ¡ ¡ ¡ t ¡.
Sleepr. ¡ ¡ ¡ . ¡. r . r ¡ ¡ ¡, ¡ ¡ .
Clocktiû|e... ¡ ¡. ¡ ¡, ¡ ¡ ¡. ¡

SetPni. ¡. r r.. ¡. ¡ ¡ ¡ ¡.. ¡.
Awakgr.. r ¡. r... ¡. ¡ ¡.. t.
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Frogrêrn
tAset

kernel i
of proeedures for nunning ec¡ncurrent pnocesËieç¡ in Paseal)

{sT-}
{kerneldata}

conEt idleprocgize=100i
eonst kerneize=t00i tThis includes kernel gtobal variables+
staek årea for idleproc)

type proceesnef=^ processrec i
type ãemref=^semaphorei
type procid=integeri
type unsignedint=O. .65535¡

type time=recond
min¡tick:integer
end i

type pFocËssrec=reeord
suee: proeessref i
pred; pnoceørref i
chi ld I processref i
next p roe I p rocess ref i
staektop! integeri
identifierlproeidi
pniority: integeri
gta rtt irne: t ime
end i

type semaphone=record
g¡uee I sernref i
nurnber: íntegeri
fl ag I i nteger i
queuel proeegsrefi
delayed I processref
end i

vår runrrdyrclkrall rplrp2rp3!proeessnefi :

semrsl:gernref i
proesi zE r Ër I locsta nt r s i ze I unsi g ned i nt i
kernsp r kernheaP r EP r pa rentsp r chi ldsp¡ungignedint i
proenr I procid i
qtyper i: integeni
elockltimei
arblbooleani

t$c
i KERNEL DATA ALLOCATED ÞIRECTLY IN THE PROGRAM
I ACCESËIBLE ONLY FROI"I MACRO CODE WITHOUT USING

PSUSR ! , BLKI^I
PCUSR! .BLKW
NPARAM! .BLKW
PCMON: . BLKt^l
R05AV: .BLKt^l

CODE
R5
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R5U5R:

USERRS:
KERNRSs

PCBAVE¡
SAVEKORE!
VARENO:
l

.BLKI^I

.BLKW

.BLKW

.BLKW

.BLKI^I

.BLKW

t-------
Internal pnocedures:

------ l

proeedure enterkennel i
tçalled when a procesis' enters the kennel via a proeedure eaIl to
simulate an interrupt by insertion of the Pst"' befc¡re the PC value
on the local staek)

beEin
t$c

L050r

l.lOV
FITPS
l",lov
CLR
Ì'lOV

HOV
MOV
I'lov
l"lov
MOV
MOV
Ì"40v
f"loV
ADÞ
HOV
TST
BEO
MOV
SUB
BNE
HOV
MOV
l"loV
I'lov
l-lov
MOV

('/.$) + rï.t
{i^0340
(16) t-C7.6,
2Cr.â'
Y.fJ¡- (7.â)

i POP STACK TO RI]
i TURN OFF INTERRUPTS
i PU5H PC
i USER PS VALUE
; RESTORE STACK FOR RETURN OP.

pnncedu rel Eåvestatus ( npa rambytes ¡ i nteger) i
{Ca1led when a process enters the kernel to save the status of the
pnocegs on the local staek and switch to kernel fiiode.
nparambytes iE nu¡nber of parametenE of the kennel entry call in bytes}

begin
tltc

----- )

i SAVE RO

I SI,ITTCH R5

I POP 4 ELEI",IENTS FROM LOCAL STACK

i RB I5.$OI^I KERNEL $TACK
i R6 POINTS TO CELL BEFORE PARAHETERS
i SAVE THTS VALUE FOR LATER USE
î sKrP L99P rF NO PARANETERS

T MOVE PARANETERS TO'KERNEL STACK
i 2 BYTES

i RESET Rå
i STORE PROCESS RESTART INFOI FIRST F

; RESTART AÞDREsS
i REGISTERS RB - R5 + lüKORE

7.0r ROSAV
7.5 r RSUSR
KERNR5 r25
(%â)+ r PCMON
('Aâr+ I NPARAH
('/.â)+ r FCUSR
C/.âr+ I PSUSR
KERNSP (7.5) tI.B
NPARAPIT T,å
%å r SP (7.5)
NPARAI"I
LOSt
- C'/,6, t -('/.Q)
*2TNPARAH
Ltt50
BP(7.5) r%å
P5USR t'(7.â)
PCUSR t-(7.6)
ROSAV t-(7.6)
7,1t- (Zb)'/.
'/.2t-(16r'/,

LOS{ !
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f'îOV Y.3t-<'/.âr'/.
MOV 7.4t-(f.617.
HOV RSUSR t-(7.â) I LOCAL VALUE STORED ABOVE
llOV SKCIRE ¡-('/.6)
MOV 7.åISP(7.5) i SAVE PROCESS STACK POTNTER IN 5P
I'IOV PCUSRT-(7.O) i HAKE KERNEL STACK T.OOK LIKE LCICAL S

CLR -(%T) I THIS ANÞ NEXT T5 USED BY RETURN COT'

Ì-lov Pcl'loNr-(7.0)
MOV 7.Ot7.â ? SWITCH TO KERNEL STACK
MOV XERNHEAP(%5) r$KORE i SWITCH TO KERNEL HEAP

l
¡.Ut ra . gtacktop ! =Ep
end i
,{------ --------
proceduFe Ewkennel i
begin
r$c

HTPS l*^O34O t TURN OFF INTERRUPTS
HOV %5¡USERRS i $AVE PROCESS Rs
HOV KERNRST%5 ¡ SI^IITCH TO KERNEL R5

)
end ¡
{
pnoeedure EwuË¡er¡
tTo be cålled after s$¡kernel)
begin
tsc

I'IOV U5ERR5 r 7.5
Ì'|TPS *O

l
end i
{-------

i RESTORE USER R5
i TURN ON INTERRUPTS

pnocedure Etårtrunl
igxits from kernel by starting pnoeess pointed out by runl
begin
5pi!FrUn^ 'StaCktoPirsc

Ì'lOV ÈKORETKERNHEAP(7.5) ¡ $AVE KERNEL HEAPTOP
Í'lOV 8Pl'/.31 t'/'6 i PROCESS 5P
l-,lOV <i/.â)+TTSKORE i RESTORE PROCESS STATU$

. MOV (i/.6r+t'/.5
MOV ('/.61+t'44
MOV (/,þ)+ty.l
¡-lOV ('/.6)+t7,2
HOV (7.â)+t7.7
MOV (./.â)+ty.CI
RTI i BTART PROCESS

l
end i

l

t
procedure nonmË¡l ize(van x :ti¡ne) i
t No rma I i zes p roeesst i me x )
hegin
while x.tick Þ= 3OOO do

begin

-----)
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x.fnin!=X.min+l i
x.tiÊk!Elx,tiek-3OOO
end

end i
t-------

l

numben
in the

nr in
I ist

procedure put (prq ! processrBf) i
{Inserts pnoeessvåriðble p before q in q's liet}
begin
p^.gUeC!=qi
p¡ . pred !=Q ¡ . pred i
qe.prêdâ'.guce!'ãFf
g^.predl=p
end i
{ ------]
procedure FÉmt¡ve(plproceEsrefi van q!proceEsref) i
tRemoves proeessvariåble p frclñl it's liEt and sets q3=p)
begin
q!=pi
F^. pfgd¡ 'SUBC:=p^ .sUeCi
Fr.sueea. pred !=P^ . pred i

----------Ì
pnoeedure putpnionity(prq ¡ processref ) i
{InEerts pnctcËtssvariable p in queue g aeeording to priority)
begin
Pl ! =q ¡ .5UÊE i
while (pl {} q) end
put(prpl)

(p,r,priority Þ= pte.priority) do pl.l=pl¡.sLJCCi

pnoeedure clkstore(var p!pFocessref) i
tstores p in clk-queue if stanttime ) eurrent tir¡e. In,this cåEe
Fl=nilr othenwise p is not ehanged)
begin /

if (F^,starttirne.rfiin ) clock.rîin) or (p^.starttime.min = elock.min)
End (p^.gtanttime.tick Þ cloek.tick) then

begi n
ptl=elke,EUeEi
tPut prcreÊss in clk-queue aceording to Etarttimel
whi 1e (p1 {} elk) and ( (pie '5tËrttime'rnin ( P^ '5tårttir¡e'rnin) or
(pl^.EtËtnttine.r¡Ín = pA.EtErttime.rnin) and
(pt^,starttirne.tick t p^.stårttirne.tiek) ) do pt¡=pie.suBEi
put(prpl) i
Pl=ni1
end

end i
d
procedure sBrnqueue(nr! integeri vêl' slsemnef ) i
tReturns ê referenee to the semaphore variable wíth
the semaphone list, If nn non-exigtent ê new entry
is ereated)

begin
E ! =gerû i
b: =t rue ï
while (s {} níl) and b do

)
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if s^,number = nr then þ;=false
É1Se S:=g^.SUee;
if b then^

hegin tCreate new Eemåphone)
new(s) i
5¡.5UECi=tãm;
geû¡: =g ¡
gem^ , nUmbenl=nf i
çíe{n^.flag:=1¡
new (6ern^ , guÉue) i
5eûìA . QUÉUee . guee ! =seln^ . queue i
SefnÀ , QUElUte . pFed : =ËÊlnA , queue ¡

SEfr¡ . QUBUËIe . ident i f ier ¡ =o i
new(5eûì^,delayed) i
E€lfû.r ,delayedr .suÊE:=sefn.\ .delayed i
sg!m^ ,delayed ^ . FFêd !=sern^ 'delayed i
sern.t .delayed ^ . ident i f ier I =O
€lñd.r

end i
{_______ ------}
prneedure sehÊdulei
in*eides which proeess to be stanted by looking at nun ãnd the first
elernent in rdy-queue and stånts itÌ

begin
if rdy^,Buce {} rdY then

begin {rdy-quÊluËr not enrPtY}
if run {} nil then

begin {run-queuÊ not ernpty}
if rdy^,e¡UÊEr.prionity (= nun,r.prioFity then

begin {switch Pnocess}
remove ( rdy^ . suce I p?) i
putprioritY( runt rdy) ;
pu¡: =pZ i
end

end
rlse

begin trun-queue emptyr then rdy-queue eannot be ernptyl
rettove ( ndy^ .succ r nun) i
end

end i
sta rt run
end i
{------- ------}
procedure elkinti ,

{Cloek interrupt noutine}
begin
Fåvestðtus(0) i
cloek . t ick :=eloek . ¡ is[a+l i
nonmê1 ize(cloek) i
e!=truei
{þlove all pnocesses in elk-queue r¡ith Etarttime (= clock to rdy-queue}
whi le (ctk^.s,uÊc (Þ ctk) and å and (ctk¡ .gucc¡.5tånttilûe,min )= O) do
if (clk^,succ¡.st¿lrttime,fiiin { elock'nrin) or
(ctk¡,EUCÊ¡.Ëtðrttime.min = eloek,rnin) and
(el ka, siuccr.Ftê¡ntt inte.tiek {= elock.tiek) then
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begin
rernovÊt (el k e . succ r p2) i
putpniority(p2r ndy)
end

else å!=fã15ei
sehedu le
end i

----- ]t
proeedure exitproei
begin
gwkernel i
¡unt=niIi
schedu le
end i
t
proeedure seffteFroni
{Called if sernaphore reservation erron
begin
writeln(' Process!' r Fun¡'identifienr'
' wrong onder') i

deteeted in waitl

terrninated¡ wait nequests in' r

detected )

¡u¡: =ni I i
schedu le
end i
t-------
procedu re memorYenror i
{ Ca I led i f mernory reservat ion error
begin
wni te I n (' mmí¡mfl¡nrmmmrnmmrn' )
end i
t-------
procedure idleProei
{IdIe proeess - alwêYs laEt in
begin
repeat
until false
end i

rdy-queue or nunning)

{-------
User interfaee to kernel

--- ]

--- ]

trSE+l
proeedure initkernel (van f reemernory I unsigned i nt i kernel request r

ma i nrequest ¡ unsi gned i nt ) i
begin
rsc

l"'lov
l'10v
MOV
HOV
MOV
MOV
SUB
5UB
MOV

(Lâ) t PCSAVE
7.5 r USERR5
tüKORE r 7.5
7.5 r KERNRS
7,6 r NERNSiP (f.â)
L6¡7,O
73tl,t
*KERNSIZÊ.t7.0
%OtÊLZE(7,3)

|SAVE FC FOR I"iAIN
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l
proceii ue 3 =kernel request i
si ze: =si ze-pnoegi ze i
a I loesta rt ¡ =kernsp-procsi ee i
kennheap ¡ =a I I oeEta nt+2 i
{9C

l"lOV KERNHEAP(7,5) TSKORE
)
nun:=ni I i
sê1fi!=nili
new ( rdy) i
ndya,suee¡ =rdY i ndy^ . PFtd ;=rdy i
new(eIk) i
clk^,5'gcer=clk i elk ^ . p¡6¡d :=elk i
{start idleproc}
tsc

MOV ALLOCSTART (7,5) t'AO
cLR (7.O1

I'IOV *IDLEPROCT-(7.8)
SUB *1O, r 7,O
MOV USERRS t-(7.O)7.
Ì-lOV ALLOCSTART (i/.3) q7,7

SUB *IDLEPROCâLZEt7.t
ADD *2t7.7
MOV 7.tt-(7.O)

l
new(p2) i
with p?^ do begin

staektop : =a I loesta rt-lå i
a I locsta Ft ! =a I locsta nt-id leproesi ze i
identifier:=1 i
PrioritY:Fmêxint i
sta ntt i rne. mi n I =O i
starttime,tick:=O

end i
putpnionity(p2r rdy) i
{staek ðnd heap for main}
procslãe:=må¡inrequest i ttesten)
{$c

MOV ALLOCSTART (7.3) r 7,O
CLR (7,8'
I'IOV PCSAVE t-(7.0)
SUB *10. r 7,O
MOV USERRST-(%O)
MOV ALLOC$TART ('/,31 tï.l
SUB PROCSIZE (Z5) rf.1%
ADt, *2tI7
MOV 7.1t'(7.O1

)
si ze ¡ =si ze-proeEi ze-i d leproesi ze i
freememorY ! =5i ze '
neh¡ ( p3) i
with p3e do begin

staektop c=a I loesta rt-1å i
a I locsta rt ¡ =a I locsta nt-pnocsi ze i
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identifien¡=2i
pnocnn: *2 i
PrioritY!=maxint-l i
sta rtt ime. ¡¡i ¡: =B i
starttime.tiekl=O

end i
all^.nextproe:=p3i
putpriority(p3r rdy) i
clock . rni n: =O i
eloek.tick!=Bi
t$c

MTPS S^O340
I'IOV ll¡O340rãf*^O102
¡'lOV *CLKINT r ð*^O1OO

)
Eehedu le
end i
t
procedure ínitpnoc(var ident : proeid i prio! integeri

rne¡TÞryrequest : unsignedi nt i procedune p) i
tnremoryrequest in bYtes)
begin
enterkernel i
savestetus(1O) i
if memoryrequest Þ gi¡e
then rrrclffloryernor
else begin

p roes i 2 s ! =rnËrlro ry req u est i
si ze: =Ei ze-procsi ze i
g¡pi=nunA ,staektoPi
t$c

t-,tOV ALLOCSTAR'¡ (y.3) fl.1 i DEFINE LCTCAL PROCESS STACK
HOV 9P(7,5) r7.0
ADD *1å. t'/.tï.
I'IOV T,CIt (7.!) |STACK VAREND
NOV ALLOCSTART (7.5) r7.O

, SUB PROCSIZE ('/'5) t7.O7.
ADD *?t'/'e
HOV 7,Qt-.(7.1) |STACK SAVEKORE

)
new ( p2) i
with p2^ do begin

stacktop ¡ =a I I ocsta nt-? i
a I I oesta rt : =a I locsta rt-proesi ze i
prclcnrl =procnr+t i
I dent i fi er I =proenn i
i dent : =p ¡oen r i
priority ¡ *Prio

end i
runâ .ehÍ l6l=p?i
pl;=al1e. nextproei
for i!=Í to procnr-3 do pt:=pt^,nextproci
pl^,nextproc:=p2
end i

schedu le
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end i
t --------)
procedure reðdyi
begin
entenkernel i
saveEtatus(Bl i
ehi ldsp:=runA .ehi ld ^ . staektoP i
pa nentsp ! =nun^ . stacktoP i
tsc

HOV CHTLDSP Ç/,51 fl,7 ;1t
MOV <7,7)+ r SAVEK(IRE
HOV (7.1)+TVARENÞ
MOV PARENTSP (7.5) t7.2
ADD *18, r 7.2
HOV VAREND r 7.O i2

19!CMP -(./.0) rUSERRS
BHIS l*7.
l"lOV (7.01t PCSAVE
HOV *EXITPROCT (%O)

I"1OV VARENDI%O ;3
2* Ë M0V - (7.0) t-(.'47)

CMP IO¡7,7
BNE 26
MOV VARENDT%O i4
l"lOV S18' t7.37.

3rË !HOV -<f,2, t'(T.Ol
SUB *?t7.3
BNE 3$
I'lÖV T,0TPARENTSP(%5)
cLR -<7,71 ¡5
HOV 14. (7.A) ¡- (7.7) ¡ STACK SAVEPC FOR CHILD
MOV PCSAVETI4.(AOI iSTACK PCSAVE FOR PARENT

SUB *1O, r 7,1
HOV USERRST-(7.1)
MOV SAVEKCIRE t-('Al)
HOV 7.1I CHILDSP (%5)

)
rUn^ . staektop ! =pa nentsp ;
run.r . chi 1d ^ . stacktop: =ehi ldsp i
r^uFt¡ .chi Id e . ttå rtt ime : =Pun^ . 5tåntt ímei
putprionitY( nun^ .chi ld r ndY) i
sehÉdu le
end i
{ --------- )
prBeedure wait(nr! integen) i
iPerforns the P operation on Ëernaphore with value nnl
begin
Enterkennel i
saveãtåtu6(2) i
{Cheek for semaphore reservation erron}
5{ : =Setn i
while sl {} nil do
if' (gt^.nurnben > nn) and (sl^.euÊture,identif ien = run^,identif ier)
then gemennor eIEe s{i=ã1¡.sUÊCi
g¡ernqueuEl ( nr r sl) i
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ifsl¡,flåg=lthen
begin
ãte.f lag;=6;
st¡,euÊuer . identifÍen¡=nunA' identifier
Ëtnd

el se
begin
putprionity( nunr Ei{e . queue} i
nun ! =ni I
end i

schedu le
end i
t-------
pnoeedure signal (nn: integer) i
{Performs the V operation on senraphore with value nr}
begin
enterkennel i
Eavestatus(2) i
semqueue(nnrs{) i
ifsl^,flag=Bthen

begin
Bte . euelUee, identi fier :=g;
if st.r,queue.r.Suee = giA.QUÊut therl g1^.flagl=1
else

begin tRelease ð pt'ocess f rom seroaphore queuel
removEt (91 ^, QUÊluGla . suEBr p2) i
putprionity(p2r ndY) i
El^,tluÊrucre. identif ier;=p2^. identif ier
end

end i
sehedu le
end i
t ----------)
pnoeedure êwait (nn! integer) i
begin
enterhernel i
gavestatus(2) i
gi : =gem i
while s1{}nil do
i f (s1^ , nurnberlnr) and

(sl 
^ . QUEtuGle . ident i f ie r=run^ . ident i f i e r)

then seítennctr else s1!=ste.SucEi
sElffiquêuÊl(nrrsl) i
putpriority ( run rel ¡, delaYed ) i
if El^,flêg=[ then begin

51¡ . QUEUte . ident i f ien;=Oi
if st¡.QU€IU€!¡.succ=51^ .QU€lUt then 5t¡. f lag:=1
else begin{ReIeaEe a proeess fnorn semaphore queue}

relûCtve (ã1 
^ . eUÊUÉa . suEe r p2) i

putpriority(PZr ndY) i
e¡1 ^ .eueUte . identif ien!*p2^ . ident i f ier I

end i telge)
end i
nun: =ni I i
schedu I e i

----)
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end i
{
proeedure cåus€t(nn: integer) i
begin
enterkernel i
gavestatus(2) i
whi le sttlni I do

íf (sd^,nurnberlnr) and
(st 

^ . eueUte' ident i f ier=nun^, ident i f ier)
then Eerterror elËe sl : =El.r ,suEC i

semquelue(nrrEl) i
whi te sl^ .delayede,suce()Bta .delayed do begitt

nemove(51^.delayed¡ .suBCr p2) i
putprionitY ( P? r s1 e . QUêue) i

end i {whi le}
sehedu le i
end i
t ------)
proeedure sleep(van x¡tirne) i
iRernoveE ealling pnoÊ€rss from running state fon a restart at
absolute titoe x)

begin
enterkernel i
savestatus(2) i
noFrnålize(x) i
runA.Ëtä"¡¡¡¡¡g;=xi
{if 7 { ident { Procnn+1 }
clkstore( nun) i
Echedu le
end i
{-------
pnoeedure eloektime(van x :time) i
{Retunnã eurrent abEolute tirne in x}
begin
swkernel i
xl=eloeki
gwuE¡€tr
end i
t_______ ------)
procedure setpri ( ident : procid i prio! integen) ;
iS*tr tt " 

pniority of prçlcess with nåfrtgr pnoename to pniol
begin
enterkernel i
savestatus(4) i
pl r=al I ^. nextproei
whi le (pt^. identif ier { ident} do pt:=pl'r . nextproci
pl,..pnioritY:=prioi
gehedu le
end i
r_______ ------l
preeedure awake( ident ; procid i x ¡ti¡ne) i
iAwakes sleeping prc,eess (in clk-queue) with nårnÊ proenåme fon gtart
at time x)

begin
enterkernel i
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6åveståtuE(å) ¡
tLook for pnoeess in elk-queue)
å!=truei
p2!=clke.BUEtri
while (p2 () elk) and a do
if p2^.identifier = ident then å!=false
else p2l=p2r,succ;
if not a then

begin {Have faund Froeess! nernove and re-schedule}
remove(p2rp?) i
p2^.startti¡¡çlæxi
if x.min )= 0 then

beEi n
elkEtore(p2) i
if p2 {} nil then putpriority(p2rrdy)i
end

elEe put (p2rclk)
end i

schedu le
end ï
t-------
begin
end.

1"
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t
{
Fnogråm DDCPAC;

type ungignedi nt=O. .65535i
proeid=i nteger i
t ime=reeond

minrtiek ! integer
end i
semaphore=(s0 r51 r s? rs3rs4rE3rs6 rs7rs8 rE9) i

function adin(chan: integer): real i extennal i
procedure daout (chan: integeri valuel real ) i extennal i

proeedure

procedu re

proeedure
pnocedu re
procedure
proeedure
proeedure
proeedu ne
procedure
proeedu re
proeedure

initkernel (van f neememory!unsignedint i
kernel request rmainrequegt ¡unsignedint) i extennal i

initproe(van identlproeidi pnio! integeni
rfiemoFynequest:unsignedinti pnocedune p) i external i

readyi extennal i
wait(nr!ser¡aphore) i extertral i
signal (nr;semaplrore) i extennal i
await (nnlsernaphore) i external i
eauel€r(nr :se¡naphore) i extennal i
sleep(var x!time) i external i
elocktime(van x:tirne) i external i
setpri ( ident: pnoeid i pnio¡ integen) i external i
awake(ident:pnoeidi x¡tirne) i external i

congt AÞ='AD ' i
DA='DA ' i
t iekspergeeond=58.0 i
blankE=' 'i
nodel istEiee=Z0i

type nametype=ðrnË¡yt{,. . tOl of chari
addresE=reeond

nême: narnetype i
nur¡ber ¡ i nteger

endi{addresE}
nodetype= ( i nnode r PIDnode r outnode) i
pa narntype=record

eëË€r tag:nodetYPe of
innede : ( i nsig : add ress i

scaler fi lterl real ) i
PIDnode ! ( PIDinr PIDref I PIDout ¡addressi

k rti rtd ralfa r bete r I imit ¡ real ) i
outnode ¡ ( i ns i 91 r i nsi gã r i nsig3 r i nsi g4 r output : add ress i

seall rscal2rsealSrEeal4r level I real )
endi{panamtYPe}

statetype=reeord
fi lterstate r yold r i pa nt r dpa nt ! nea I i

enditstatetYPe)
ddenodetype= reco nd

fwdrbt^¡d¡integeri
në¡me ¡ narnetype i
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vë¡ r

priority! integeni
pe riod r n:ounter ! i nteger i
outvalue! real i
på rampê rt : pa ramtype i
gtate ! stêtetypÊr

end ¡tddenodetype)
eornmandtypeÊå rnêy f l . .61 of eha r i
opindex=(openx rshowx r I inkx rdeletex r lastopindex) i
va riablei ndex= ( periodx r i nsigx r síc¡¡ lex r fi I terx ¡

PIDi nx r PIDnefx r PIDoutx r kx rt ix I
tdx r I Ínritx r i nsigtx r insigZx r

insig3x r insiE4x routputx rscaltx r

Ievel x r lastva rindex ) i
enrors= ( fewarg r toornånyÊ¡ rg I i I I narnet noçípåce t

notopen r bLankadd r r nonode t Feferr I not i nr
nctnême r prienr r noop r tagerrl i

nodernon i to rty pe= reeo rd
nodelist¡arraytl.,nodel istsizel of ddcnodetypei
i r regindex: integeri
ent rygate : Ê¡erôð pho re i

end i { nodemoni tortype}

regu l node r opeorûnode I ddcnodetype i
namÊ: nametype i
eloek:tirnei
op¡arraytopindexl of eomrnandtyFei
vårslarraytvaniableindexl of eornr¡andtypei
opx !opi ndex i
va ri ndex ¡ va riablei ndex i
eornnrand : eommandtype i
opened r anyfound r notfound r notspðee¡ boolean i
nodernon i to n : noder'non i to rtype i
al locationanea !unsignedint i
ident ity: i ntegen i
opqueue r oFeomgueue r TTYqueue I Eemaphore i

t
procedu re setsemaPhores i
tlnitializeE all semaPhores)
begin

nodernonitcrr ' ent rYgate¡ =gO i
oPqutu€! ¡ =s{ ï
clPcofirguElue ¡ =s2 i
TTYqueue ! =s3 i

end i
t )
procedure regputgetnode i
{Copies a node of the nodelist into a
statevalues fnom regulator's copy into
var done:booleðni
begin

wa it (nodemonitor, ent rygate) i
wíth nodernonitor do begin

if regindex()l then begin
with nodelisttregindexl do begin

regulaton'si copy or eopies back
nodel ist l
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trutvå lue ! = regu I node. outva lue i
state | !gregu I node. state

end twith)
end i
done¡=falsei anyfound ¡=falsei

rePeat
negindex:=nodel iEt tregindexl . fwd i
if regindex={ then done:=true
else begin

with nodelisttnegindexl do begin
if penÍodl0 then begin

counten: =counten-l i
if eounter{=O then begin

counter I =ppriod i
anyfound I =t nue i
regu Lnode ¡ =nodel ist t negi ndexl i
done: =t nue

end
end

end twith)
end

until donei
{eontinue(oPqueue) }
eåuser(opqueue) i
signal (opqueue) i

end i twith)
si gna I ( nodemotri tor' ent rygate)
end i t regputgetnode)
t_______ -----1
pnoeedure getoutval'ue(var number: integeri

van outvalue; real) i
begin

outva I ue ! =nodemon i to r. node I i st I numberl . outva I ue
end itgetoutvalue)
{_______ -----}
pnocedure lookup(var name:nametypei vån ptn:integen) i
tseans nodel ist for node name)
begin

with nodemanitor do begin
nodel ist ttl . n;¡lrìe:=namei
ptnl=1i
nepeat

pt r : =nodel ist tPt nl . ft¡d
unt i I nodel ist tpt rl . ttarre=nan¡e i

etrd twith)
end i{ lookuP}
.f 

-------
procedure opgetnode(var node:ddenodetypei

vår notfound r notsPåce: boolean) i
{Cheeks nodetist fon a node called (node,nafire). When found node gives
Ë¡ nefenenee)
var ptr: integeni
begin

wa it (nodemonitor. ent nYgate) i
lookup ( node, narne r Pt r) i
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if ptn()l then begin
notfound !=falsei
node:=nÞderûonitor. nodel ist tpt 11 end

else begin
notfound !=t rue i
notspace ¡ =nodÊ¡noniton. nodel ist t21 . fwd=?

end i
signat ( noder¡onitor . ent rygate) i

end i{opgetnode}
{-------
pnoeedu re deletenode (thÍs : i nteger) i
tDeleteE the node (thiE) frorn the nodeliEtl
begin

wa it ( nodernonitor, ent rygate) i
with nodemonitor do

with nodelisttthisl do begin
nodel íst tfwdl , brr¡d : =bwd i
nodel ist tbwdl, fr+d : =fwd i
bwd¡=2i
fwd ! =nodel ist t?l . fwd i
nodel ist t2l . ft¡d : =thisi
nodel ist tfwdl , bwd : =thiE

end i twith)
signa I ( nodetnonitor. ent rygate) i

end itdeletenodel
{------- -----}
procedure linknodei
var thisrptnl integeri
tLinks a node to the nodeliEt)
begin

wa it ( nodearonitor. ent rYgate) i
lookup (trpeofiinode, naûïe r this) i
with nodemoniton do begin

if'thÍs(Þt then begin
with nodelisttthisl do begin

period !=ctpcornnode. Peniod i
på rampa rt i =opco¡r¡node . pa rampa nt

end {with} end
elEe begin {a new node}

this!=node1 ist tZl ' fwd i
ptr :=nodel ist tthisl . fwd i
nodel ist tPtrl, bwd !=?i
nodel ist t21 . fwd ¡ =Ptri
nodel i Et tthi 5J ! =opcctmnode i
Ptr:=ti
with nodelisttthiEl do begin

repeat
Pt r;=nodel ist tPtnl, fwd

untit pnionity{nodet isttptrl,priorityi
fwd:=ptri
bwd : =node I i st t Pt rl . bt¡d i
nodel ist tPtrl . bwd ¡=thiEi
nodel ist tbwdl . fwd ¡=this

end twith)
end {with}
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end i
signê I ( ¡rodemsni ton. ent nygate) i
enditlinknode)
{------- -----}
p nocedu ne eheck nêrne ( va r nårre : nanretype i

van ptnrpnisinteger)¡
{RetunnË ð refenence to a node and its priority}
begin

wa it ( noder¡oni ton. ent nygate) i
lookup(namerptn) i
if pt rtÞl then pri !=nodernonitor. nodel ist tpt13 . pniorityi
sí gna I ( ntrdemonitor. ent rygate)

end i{ehecknarne}
t-------
pnoeedu ne i nitnodemonitori
{Initial izes nodel ist}
vêr kr integeri
begin

wa it ( nodemoniton, ent rygate) i
wÍth nodemoniton do begin

neg i ndex : =1 i
with nodelisttll do begin

fwd!=1i bwd!={i
PrioritY ¿=32767 i

end i{t¡ith}
for |¡:=2 to nodel istsize do begin

with nodelisttkl do begin
fwd!=k+1i bwd;=k-1

end twíth)
end i t forl
nodel ist t?] . bwd:=nodel istEizei
nodel ist [nodel istsi zef . fwd :=2 ¡

enditwithl
si gna I ( nodernonitor. ent rygate) ï

end i t i nitnodemonitor l

---)

t l
proeedure opeomi
label ?qqi

pnocedure enror(err:enrors) i
{Makes print-outs of erronE}
begin

wait (TTYqueue) I
cêEe err of

fewarg: writeln('rnissing angurnentg' )i
toornanyang: writeln('too rnåny angumentE' ) i
i l lnarne! writeln(' i l legal name' ) i
nospêce! wniteln('the nodelist iE full') i
notopen: wríteln('no node is oPen' ) i
blankaddr: writeln('undefined signal' ) i
nonode: wniteln('the node didn' 't exist' ) i
referr! writeln('other nodes use this node')i
notin: wniteln('the signal has wrong ',

'di rection' ) i
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nonêmÊi wnitetn('undefíned sÍgnal')i
príerni writeln('the value is not 'I

'êvåilable here') i
noop¡ h¡ritetn(' i l legal operation' ) i
tagerr! writetn('wrong nodetYPe')

end i teasel
signal (TTYqueue) i
goto 9?9

end i{erron}
{ l
pnoeedure writeadd ress(addr :addresE) i
begin

wait(TTYqueue) i
wíth addn do begin

if' name=AD then writeln('AD 'rtlurûber!2)
else if narne=DA then wniteln('DA ' rnumber!2)

else writeln(name)
enditwith)
signal (TTYqueue) i

end itwriteadnesgl
{a a a a ¡ r, i ¡ a ¡ t r. t a ¡,, ¡ ¡ t. ¡.. a ¡ ¡ a, ¡ ¡ ¡ a ¡ r ¡ a ¡ t l r a t ¡ t,. ¡ ¡ ¡ ¡ ¡, ¡ t a a a r ¡ ¡ a a. a.}

procedure readnarnei
{Reads nêmes written by operator on TTY}
begin

wait (TTYqueue) i
if eoln then error(fewang) i
read ( narne) i
if not eoln then error(toomanyang) i
i f ( name=A[¡] or ( narne=[¡A) on

(narne=blanks) then ernor( i I lnarne) i
signal (TTYqueue) i

end i t neadnamel
ta a a,l, ¡ a a ¡ l ¡ ¡ ¡ a ¡ ¡ a ¡ a a ¡ ¡ a a.. ! r,,, r ¡ ¡ ¡ ¡ a a a a, t ¡ ¡ r a a ¡ ¡ t t ¡ a a r a a r r t ¡ ¡ a a a a t)

procedure openi
{Initializes å node or makes a eopy from the nodelist}
var donelbooleani

nodestring:årnayE1.,8J of chari
proeedure initname(vat" addn¡addresg) i
begin

edd r, ñêm€! ! =blankg i
add r, number ¡ =0

enditinitnarne)
begin

wait (opeomqueue) i
opened : =fa I Ee i
readnamei
opeornnodÊ. ñËrfiE : =nar¡e i
opgetnode (opeomnode r notfound r notspace) i
if notfound then begin

if notspaee then ernor(nosPace)
else begin

with opcomnode do begin
repeat

wnite('* PríonitY=')¡
neadln(PrioritY) i
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until (pniorÍtyltl) and (pnionityl3?7à7|i
Peniod;=0i
counter!=t i
outva lue ! =0. O

end i {with}
with opcomnode'pårarnpart do begin

repeat
done ¡ =t rue i
wnite('* nodetype=')¡
nead(nodestning) i
if nodestring='TNNODE ' then

tag : =i nnode
elEe if nodestríng='PTDN0DE ' then

tag l=PI0node
else if nodestríng='0UTNODE ' then

tag: =outnode
elåe begin done!=falsei neadln end

until donei
case tag of

innode: begin
initname( insigl i
scale¡=t.Bi
filter:=1'O

end i
Pltlnodeibegin

Iirnit:=t.Oi
k:=0.Oi
ti:=g'6¡
td ! =0,0 i
i nitnanre ( PI[ri n) i
i nitnarne ( PI0nef ) i
í nítnan¡e ( PIDout )

end i
outnode: begin

initname(insigi) i scall¡=O.0i
initname( insig2) i scal!:=0.0i
initnar¡e( insigS) i sca13;=0.0i
initnarne( insig4) i scal{:=O.Oi
i nitnarne (outPut ) i
level : =0.O

end
end {caEe}

end i twith)
with opeomnode.state do begin

fi lterEtate I =8. O i
yold:=B.Oi
iPant:=O.Oi

end twith)
end {else}

endi{if}
opened : =t ruÊ i
signal (oPeoroqueue) i

end i{open}
taatarrrra¡¡¡araaaa¡.t¡¡"1'¡t'¡t'l¡I¡¡'t¡t¡"¡'r'¡ttI¡¡"t¡'¡¡lt"¡'

)
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pFocGrdure shohri
{Prints the eontents of openator,s nodecopy on TTy}begin

if not opened then error(notopen) iwith opeomnode do begin
wnite(,NCIDENAHE¡, ) i t^¡riteln(nerne) iwnite(,PERIOD ¡, li writeln(period)i
wnite(,PRIORITy¡, )i wniteln(prionity) iwrite(, OUTVALUE:, ) i wniteln(outvaluä)

end i {with}
with opeomnode,pårampart do begin

eëse tag of
innode! begin

wnite(,INSIG ! ,l¡
writeaddress(insigl i
write(,FILTER : ,)i
writeln(filterl i
wnite('SCALE : ,)i
writel n (sca le) i

end i
PICInodet begi n

write('PIDREF : ,)i
writeadd ress ( pIt¡ref ) i
write('FIDIN 3 ,)i
wniteaddress(pI0in) i
write('PIÞOUT ¡ ,)i
writeadd ress ( Pltlout ) i
write('K ¡ ,)i
writeln(K) i
write('TI ! ,);
writeln(TI) i
write('TD ; ,)i
wniteln(TD) i
write('LIl",lIT ! ,)¡
writeln( l irnit) i

end i
outnode: beg i n

wnite('.INSIGI i ,);
writeadd ress ( i nsigl ) i
wnite('gCALl ! ,)i
writeln(scal l) ¡
write('INSIGz : , l;
writeadd ress ( i nsi92) i
write('SCAL2 ! ,);
writeln(sca12) i
write('INSIGS | , );
writeadd ness ( i nsi 93) iwrite('SCAL3 ¡ ,Ji
wniteln(scalg) i
wrÍte('INSIG4 ! ,)i
writeadd ress ( i nsi 94) iwrite('SCAL4 ¡ ,);
writeln(scal4) i
write('oUTPUT : ,)i
writeadd res;s (output ) i
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write('LEVEL !')i
wniteln(leveL)

end i
end i{eaEe}
with opcorrnode,state do begin

ease tag of
innodel begin

write(' FILTERSTATE !' ) i
writel n(fi ltenstate)

end i
PIDnode: beg i n

wnite('YOLD :')i
writeln(yold) i
write('IPART !')i
writeln( ipart) i
write('DPART r')i
wríteln(dpant) i

end i
end i {ease}

end {with}
end {with}

end i{show}
{
pnoeedure linki
tAdministrates linkage of operatoF's nodeeopy and hands over to
proeedure linknade above)
var ts¡ real i
begin

if not opened then ernor(notopenl i
with opeornnode, pË¡ rampa rt do beg i n

cås€r tag of
innode¡ if insiS'FlËlflrê=blanks thetr

erron(blankaddr) i
PI 0node I beg i n

i f PI Þ ne f , narne=b 1a nks t hen
errclr(blankaddr) i

i f PIDi n. naûre=blanks then
error(blankaddr) i

ts: =opcomnode. period./t ieksperseeond i
if til0.CI then alfa:=k*ts/ti
else alfa:=0.Oi
if (ts)0,CI) and (td>CI.CI) then

beta:=k*tdlts
else beta¡=0.O

end i
out node r beg i n

if (seall{}0.O) and
(insigl. name=blanks) then
error(blankaddr) i

if (gca12{}0.O) and
( i nsig?, name=bl,anks) then
ernon(blankaddr) i

íf (sea13{}O.0) and
( insi93, name=blanks) then
erron(blankaddr) i

)
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if (sca14{}0.0) and
( i nsi94, nårrrÊ=blanks) then
erl"oF(blankaddr)

end
end {case}

end i twith)
linknodei

endittinkl
{"t¡¡'ttI¡".-¡¡'¡,aaararr¡.r.,¡aaa¡¡¡aaara¡aaarrarr¡r,|¡aaaa¡.rarr.}

procedure deletei
{AdministrateE deletion of node and hands oven to detetenode above}var thisr ptrr Fesutt : integeri

nodenarne r nårûetype;
begín

neadnamei
nodename ! =når¡e i
relgult:=g;
lookup ( nodenarne r thi s) i
if thiE=l then Fesult!=i
else beg.i n

ptn:=nodefi¡onitor. nodel ist tthisl . fwd iwhile (ptr{}i) and (result{}Z) do beginwith nodemoniton.nodelisttptrl .parampart do beginif insigl¡nêrìte=nodename then nesul,t:=2iif tag{}innode then begin
if insig2.nê¡rne=nodename then result:=2iif teg=sutnode tlren begin

if insigJ.narne=nodenaine then Fesult:=2;
i f i nsí94. nË¡ßte=r¡odename then res;u lt ! =?end

end
enditwith)
pt r ¡ =nodemonitor. nodel ist tpt rl . fwd

end twhi lel
end i
if resutt;0 then begin
{ if this=nodemonitor, negindex then detay(opqueue) i }if this=nedernonitor. re;index then await (opqueue) ideletenode(this) t
end i
if nesult=l then erFc¡r(nonode) iif rrsult=? then error(referr)

end i{delete}
{
procedure readreaL (var vaniable: real i

tag: nodetYPe) i
tReads parameters ete. f rorn TTy]
våF rl neal i
begin

i f opeomnode. pê rãrnpË¡ rt , tag{}tag thenenror(tagerr) i
if eoln then error(fewang) i
nead ( r) i
if not eoln then ennor(toomanyarg) ivariable!=r
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end i
t. , a , a a t a a l ¡ ¡ a ¡ a a t r . a a t r a ¡ . a a ¡ . , . a ¡ a ¡ ¡ ¡ . a ¡¡r ¡ a a r . a a ¡ a , ¡ a a a ¡ ¡ a a ¡ . r , a , , a )procedure reådåddn(vðr signêl !address¡

tag : nodetype ¡
outsigrlal:boolean)i

{Reads addness of ãignål-neference frorn TTy}
vaF nrrpri ! integeni
begin

if opeomnode. pêrampant.tag{}tag then
enr(1F(tagenr) i

if eoln then error(fewarg) i
read (name) i
if narnetlblånks then begin

i f outsígna I {} ( nanre=DA) then
error(notin) i

if (name=ÞA) or (name=AD) then begin
iF eoln then error(fewarg)i
read(nn) end

else begin
checknalr¡e ( narne r nn r pri ) i
i f nr={ then error ( nonarne} i
if opcornnode. priority.(=pri then error(priern)

end
end i
if not etrln then erron(toomanyarg) i
signal . name;=namei
signal . number!=nr

end i{ readaddn}
{t t t ¡ ¡ t 

' 
¡ ¡ 

' 
¡ 

' I t ¡ ¡ t t ¡ a. ¡ ¡ a t a ¡ ¡ ¡ ¡. ¡ a a ¡ ¡ ¡ ¡ ¡ t ¡ ¡,. ¡ ¡ ¡ r a a ¡ ¡ r. ¡ r t a ¡ r. r t a a. a a}proeedu ne Eetva niable i
tAdministnåtes setting af variables)
vår Í ! integeri
begin

with opeomnode.parampart do begin
varindex ¡=peniodx i
vå rs I lastva ri ndex] : =con¡mand i
whÍ le vårstvarindex]{}command do

va ni ndex ! =EUec (va ri ndex ) i
if varindex=laEtvanindex then erron(noop) i
if not opened then error(notopen) i
eåsi€t varindex of

peniodx¡ begin
i f eol n then errcrr ( fewa rg ) i
read(i) i
if not eolr¡ then

erFoF(toornanyang) i
opeomnode. pel'iod | =i

end i
insigxr readaddn(insigr innederfalse) i
sealex ! readreal (seaLer innodelr i
fi Lterx¡ readreal (filtenr innode) i
PIDinx: readaddn(plDinrplDnoderfalse) i
PIDrefx s readaddn(PIDref r plDnoder false) i
PIOoutx ¡ readaddn(PIDout r plDnodertrue) i
kx: neadreal (krplDnode) i
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tix¡ readreal (ti rpIÞnode) i
tdx : read rea I (td r plDnode) i
I imitx : read rea I ( I imit I plDnodel ïinsigtx¡ readaddr(insigl ¡outnoderfaLse) iinsig2x I readeddr( insite routnoder fal.se) iinsig3x¡ readeddn( insigf routnode¡ false) iinsig4x : readaddn( insi94routnoder false) ioutputx : readaddn(output routnodertrue) iEeallx ¡ readreal (seall routnode) i
seal?x ¡ reêdreal (Eeal?routnodel iEeaISx! readreal (Eeal,3routnode) iEeal4x: readreal (Eca14routnode) ilevelx¡ readreal (level routnode) ilastverindex : error(noop)

end tcase)
end {with}

end i tsetva niahle)
tt t t t ¡ t ¡ t ¡ ¡ ¡ ¡ ¡ ¡ ¡ 

' 
¡ t 

' 
¡ i ¡ a ¡. r ¡ ¡ ¡ ¡ r a ¡ a ¡ a ¡ ¡ ! r... a a r r ¡ t ¡ a ¡ a a r r r a r r a. a a a a. - )pnoeedure initializei

tlnitiatizes opcoml
begín

op[openxJ !=, OPEN , i
op[showxJ !=, SHOI^, , i
optl inkxl :=, LINK , i
optdeletexl !=, CIELETE, i
vê¡rsIperíodxJ:= , PERIOD, ivårsIinsigx3:= , IN$IG 'ivðrsi[sealex] != , SCALE ' ivêrsIfiltenx] :=,FILTER, i
vðrstPIErinxf ;= , pIDIN , ivênsIPIDrefx]:= , pIDREF, ;varslPlÞoutxl:= , pIÞçUT, ivårsilkxl:= ,K 'avêFs[tix]¡= ,TI 'ivêrsltdxl ¡= 'TÞ ' ivårsflirritx] !=, LIt"lIT' ivårslinsiglxS:= , INSIG1, ivårsIinsig3x3:= , INSIGZ, i
vênslinsigsxJ t= , INSIG3, ;
vårsIinsig4xJ l= , INSIG4, ivèrs[outputxJ:= , C,UTPUT, ;
varslsealtxJ != , SCALI ' ivårstseål2x]:=,SCALã' i
vð'rs¡[scel3x] ¡=,SCAL3, ivêrsfscal4xl r= , SCAL4 ' ivarsllevelxf != , LEVEL , ;
opened : =fa lse

enditinitiatize)
t r r a , a ¡, ¡ r r . ¡ a a . ¡ . a a .,¡ i ¡ a ¡ ¡ . . r . r a r ¡ a ¡ a . .
begin topcom) 

¡ " ¡ " " ¡ i ¡ r ¡ ¡ r ' ¡ . r. r ¡ . ¡. . . ..'' .. . ¡ ¡ r.. . ¡ r ¡ ¡ r . ¡ . ¡ r . . r. ,, r )
ready i
initializei
nepeat

write(, >, ) ;
read (cornrnand) i
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op I låstopi ndex J | =cor¡rrnand i
opx r=openx i
whi le op[opxJ{}command do

opx:=suce(opx) i
eÊ¡sie opx of

openx ! openï
showx ¡ showi
linkx ¡ linki
deletex ; de¡.ete;
lastopindex ! setvaniable

end i{ease}
999; read I n

until falsei
end i{opeom}
t )

)funetion ul im(u r lol irnrhi lim: real ) :
{Limits signat u}
begin

ulim:=ui
if u{lolirn then ulinr:= tolirni
if ulhilim then ulirn¡= hilim

end i{ul im}
t-------
function nodevalue(var addn!êddres
{Fetches outval.ues from AD-convert
vên vålue¡ real i
begi n

if addr.nårne=AD then value¡=adin
e'Ise getoutva tue (add r, nurrrber rvål
nodeva I ue ; =va I ue i

end i{nodevalue}

real i

;;;;;;;
er or node)

(addr.numben)
ue) i

{
proeedure inregt
tFilters a signal)
vån våluerout¡ real i
begin

wíth reguInode.pðrðnpãrtr reguInode,state do begin
va lue ! =c¡eê le*nodeva lue ( i nsig) i
va lue I = ( .1. O-fi lterl *fi Itengtate+fi lter*va lue i
fi ltenstate¡=vaIue

enditwith)
regu I node, outvê I ue ¡ =va I ue

enditinregl
t-------
Proeedure PIDregi
tPerforms ealculatíons for pI[r-eontnol )
vêF etyîryrulreêl;
begin

with regu I node. pê rêrltpå rt , regu l node. state do beg i n
Yr :=¡.o6*ve lue ( PIf,ref ) i
Y ! =nodeva lue ( Pltli n) i
g: =yr_y i
i pa rt : =i pa rt+¡ I fa*e i
dPa rt ! =þsl¡* (yold-y) i

----- l

---------- )
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u ! =k{te+i på rt+dpê rt i
u iËul im(u r-l irnit r I imit) i
yoldr=y¡
if ti>0.0 then ipart¡=u-dpart-k*ei
{anti-reset-windup}
if PIDout,nafie=DA then

daout (PIDout, numberru) i
regu I node, Butvå lue ! =u

end twith)
end i{PI[lreg]
{-------
Pnocedure outregi
tcalculates a weighted sum and performs lirnitationr whenDA-conversion is åxpeeted)
var out ! real i
begin

with rergulnode.parampart do begin
out:=level i
if seatl{>tt.0 then

out ¡ =out+sea I i*nodeva lue ( i nsiglt iif seal2{>B,O then
out : =BUt+sea lZ*nodeva lue ( insig?) iif EcalS{}0.0 then
out ! =outrsea lJ*nodeva lue ( i nsi93) iif seal4{}0,O then
out ¡ =out+seð L4*nodeva Iue ( i nsi94l i

regu I node . outva I ue ! =out iif output,name=fiA then begin
out :=ul i¡n(out r-1.0 r 1.O) i
daout ( out put , nu¡¡rhe r r out )

end
end t¡¡ith)

end i tout reg )
t
proeedure regulatoni
tAdministrates reguLating facitities and keep recordvêr nextelock:tirnei
begin

ready i
repeat

nextcloek. t ick : =cloek. t ick+l i
sleep(nextcloek) i
clockt irne (eloek ) i
regputgetnode i
while anyfound do begin

ease regu I node. pÊ¡ rðrrrpê rt , tag of
innode¡ inreg i
PIË¡node¡ pI[rreg i
outnode: outreg

end i tcase)
regputgetnode i

end {whi 1e}
unti I falsei

end i{ regulaton}
t-------

------)

---------)
of t ime)

'

--------)
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t-------
begin trnain)

setsemaphoresi
initkernel (al loeationa rea r IOOOr 10001 iwriteln(' al loeationareð=, ral locationarea) i
i nitnodemoniton i
i nitproc( ident ity rB ¡ 1OOO, negulator) iwniteln('*' r identity) i
regu laton i
Ínitproe( identityr lOr l0OBropeom) i
writeln(' *' r identity) i
opeomi
writeln('*' r identity) i
nepeat until falEei

--------)

)
lt

t- ---)
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entenkernel
5aveståtuçí
swkernel
sWUãen
stå rt run
ex itproe

The two
below.

f í rst proeeduras i n the I ist å Fe coormented

entenkennel:

savestatuE I

9.Ë.2 |"|TSCELLANEOUS PROCEÞURE$

' The miseellaneoug proceduresi are

The Frognamcontrol cån switeh from the use!rs
eode to the kennel's code in two htåy6r by
proeedure eal l (e.9. hrËrit (x) ) and by interrupt
(for the time being the only interrupt iE the
eloek-interrupt). See figure on next påge.
Hot¡everr in the other direction (fnorn the
kennel'E code to uEers code) the prognarv¡control
can switch in only onÉ wõ¡yr by

RTI

(See stantFun). Therefone the stack rnust be
modified in the case of procedune call. This
nadification is done by enterkernel.

tlhen PC goes into the EavestatuE it stitl'usåE
the loeal staek (the Etaek belongíng to the
Fnocess which are eaLling a kerneLprocess an
being interrupt). On the top of this stack sc¡me
infonmation is kept whieh is moved to the
kernelstaek by savestatus. After that the values
of the regigters and .$KORE åre saved on the
loeal staek. For details gee the eode.
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The effect of interrupt

before interrupt

PS ! UOUrl

R7!PC

Rå A

stack

/////
//t///
//t//

/ / I / / ll
/////!

/ / / / / ll

after internupt

PS ! 0340

R7 ! CLKINT

R6! A+4

The effeet of ¡ump

J5R

--.\
\
\---Þ

to subroutine

PC r SBR

//////
/////

//////
/////

staek

////
T]BOB

PC

t/////

befone

R7 PC

R6!B

after

R7! SBR

! --------->

staek

ll / t /
l///
lf / / /

//
//
//

staek

/l
/////!
PC+2 !

/ / / / / /l
/////

/////
B+2 ! ---\Rå!

\---->
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normð I i ze
put
refitove
putpriority
el lrEtone
6efngueue
schedule
elkint
fi¡emoryef ror
Ee,nenron
idleproe

The program-eode is in thege eases eåEy to underEtand.
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10. APPLTCATIONS --- DDC-PACKAGE

An available Concurrent-Paseal-version of a FnoEram-paekage
designed for di neet digital control (DÞC) by l,Jieslanderr
Hattson et al wås rnodif ied Euch 'that
Coneurrent-PaseaI'-features wene exehanged by tools offened
by the kennel.

The pFogrårn is struetured ås tt¡o eoneurrently exeeuting
proeedures (regulator and opcorn) sharinE a common database
(nodet iEt) .

mê 1n
node !->
liet !

(1) i{-
------!

I ----- i | ----- !

! !->t ¡-
tal ,
Itll

! (2) i{- i (3) !{-
!-----il-----l

! ----- i
->i t---i

tltl

-i (n) i{-i
i-----!l

>

proc. rEgulator
(perforrns cê¡leu-
lations crn dEta-
base nodelist)

pnoc, opeofli

(Operator's corn-
munication with
databaEe)

Figune 1O.1: The maitr program takes care of initialization
and EtartE up the pnoeedures opeorn End negu lator by
kennel,-proeedune initpnoe and letE these procedures wonk
coneunnently. Opcom and regulator penfonm operations on å
cofl¡mon database ea t led nodel ist (cf . f igure above) r t¡hieh thuE
should be pnotected - when worked upon by appropriate
ke nne I p noeedu resi .

MaÍn E rooraffi

The main pnogrårn has the following outline¡

beEin
setsemaphores i
ÍnÍtkernel i
i nitnodemoniton ï
initpnoc( regulaton) i

' regulatori
initproc(opeom) i
opeorni
repeat until falEe

end,

t initial i zes senaphores)
t kernel )
{ database}
{starts negulator}

{Et¡rts operatorg eornn¡rnuni-
cation with database)

tprevents main from terminatingl



Main iE not allowed to terminater
exeeution of the proeedures regulaton

Nede!åe!

25

Einee thÍs stops .the
and opeolfir

The datebase nodeligt
reeords(nodes) r each of
PIDNODE on OUTNODE.

iE organised a6 ån
whieh cån be ehosen

ãrnåy of
åE INNODET

Innode containE address INSI6 to a Euitable unit of input
like AD-converter or some other node. Funthermore thene ane
Eealefaetor SCALE and filtenfaetor FILTER for scaling and
firEt'-order f iltening nesp, of ittput. The nesult is stored
in outvalue and laten in filterstEte.

PlÞnode eontainE addresEes to input-units of eommandsignal
(PIDREF) r Frocess-output (PIDIN) and output-unit (PIDOUT)
like AD(or DA)-converter or Éome other node. There ig alEo
space for eIl pararneters (KTTITTD) and Etates neeessary fon
PID-control and å satunation-limit LIl.lIT for the saturated
eontrol ler.

Finally outnode containe addresses to four different input
units (INSIGIT IN5I62r INSIGSr INSI64) with eornesPc¡nding
weÍghting factors (SCALIr 9CAL2¡ ÊiCALSr SCAL4) and a
eonstant term LEVEL in onder to calculate the exprèBsion
u*level + E'eå11*xl *....+seå14*x4.

Reeuåe!e¡

The proeedune reEulator penfonms caleulations on nodelist åE
indieated above. Regulator has hiEhen priority than opeorn
and will thus start exeeuting immediately after å
elockintenrupt unless it iEn't sti I I running after å
pnevious aetivation, When running r regulaton seðns the
nodelist¡ whieh is Eorted by priorityr ehecks vaniable
eountenr whieh tellEr whethen the caleulations Ehould be
penfonmed at thís time instant, l^lhe¡r so expeetedr negul,aton
makes a eopy(regulnode) of the node and ealeulations åre
done. Regulatnr then updates states of the node and proceeds
until atl nodes in nodelist has been examined. l^lhen f inished
opeorn stantE running.

9pseu

Opcom faei l itateE operator's cornmunication with nodel ist.
Opcom works interactively with the operator. When expecting
å new cornmand opÊorn writes '>' on TTY, The openaton eÊ¡n
ehoose between eomrnands OPEN I SHOt^l I LINK I DELETE and
panametereettings PERIODT INSIG¡ SCALET FILTERT PIÞINr
FIDREFI PIDOUTT KI TI I TDT LII"IITI INBIG1 I INSIGZI INSIG3I
INSIG4¡ OUTPUTT SCALIr 5CAL2¡ SCAL3T SCAL4 and LEVEL.
Furthermore opcollr takes cd¡re of error messages and othen
neferences to extennal units except for AD- and
DA-eonversi on.
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Kennel-referenee

Those procedures of DDCPACT which make use of the pnoteetion
facitities offered by the kernelr eonsist of the equivalents
of the Coneunnent-Pascal-feature entryproeedune of monitors.
X,n our pnoEnam certain pnocedureE have neeeived proteeti'On
by eallinE kernet-procedunes 'wait' and 'signal'in the
following fiÊtnt'têt'¡

pnocedure ¡¡1fa (r! neðl) I
begín

wait(semaphore{) i

signa I (semaphorel )
end i

l,lhen this simple-most way of declanation is usedr elarity is
gainedr fewen semaphore ernors are likely to oceur and
program gtrueture adhenes to that of Concurrent-Paseal. tlhen
Boûre other proeedune calls 'waít(semaphore{)' ¡ while
exeeution of alfa has passed 'wait' but not 'signal'r it
will have to make a bneak at least until alfE has passed
'signål'. l.lhen ë¡ calling procedure ealls 'wait' of a busy
giemaphoner it witl be put into the eemåphore-queue by
pnlority and exeeution will make a break until a sufficient
nurnben Of 'signal' has been exeeuted. Each 'signal' releases
one of the waiting pnoeedures in the gemaphore-queue and
tnansfers it to the ready-queue i.€!. the the qgege of
processes neady fon stant(or regtart) of e'xecution.

Kernelproeedures 'åwait' and 'cåuse' do nOt oceun påi¡rr¡ise
in a pnoeedune å5 'wåit' and 'signal' do' Procedure 'awai't'
rnay be eompared with the Coneurrent-Paseal-feature 'delay'r
which ie used when the calling pnoeedure should make å
break I unti I sofae eonditionr whieh is external of the
eallinE procedurer hag been fulfitled. Then a eall 'Eåu6e'
transfers the delayed pnoeedune to the semaphone-queuç!'from
which it will be neleaEed to exeeute after a suffieient
number of signals in the same manner Ë¡e; above. 'These
featureE åne not used exelusively to pnevent proceduresr
whieh compete about aecesg to ð colûfnofi resiouncet from bad
interaction - aE is the cåse about'wait' and'signal';- but
more ,Ë¡s ffieåns, to synchronize demands of eertaín resouree5
with their actuel capability. ThiE mÍght be useful ín order
to prevent ernorg for exarnple when trying to put chanaeters
into a fu!! buffer or when deleting a node of which the
reguleton has got a copy and works Upctn in orden to wnite
Uact< into the node without actuall.y occupying the node with
å sernaphone-nequest in the mean-tifire.

In DDCPAC the following proteetion faeilities have been
developed using the kennelproeedunes.



27

To proteet frorn bad interaetion due to competition about
database:

Êemspbete EueseÉgse Êouupn!

nedemonitor. regputgetnode
entrygate opgetnode

deletenode
I i nknode
eheekname
i nitnodemondtor

To protect admisEion to external units!

Ëeuephe¡e Erssedure SoguenÈ

TTY erFon
writeaddress
readnarne

To protect adrnisEion for different opeofns(not necessêry):

Ëeugphere Ereçedure €sromenÈ

oFcoûrquÊue opconr

To faci I itate mediurn-term-Eehedul ing of nodel iEt (deletion) :

Seoeebgre Ersge$srF Çeuæen!

opqueue regputgetnode deause)
delete {await}



2A

9perclerls-ånÈe¡f cse-t e-gggPAg

The opeom-pnocedune wonkg interactively with the operaton
and retunns ð'>' when expeeting a new corûrnandr which rnay be
choEen êmong comrrandE (cornputen outputs undenlined):

IOPEN {nodenamelstring of chanacterE}
lsHot^l
ILINK {nodename¡string of chanaetens}
}DÉLETE (nodename!string of eheraetersÞ

or årnong pararnetersEttings:

äPERIOD {number of tiekslinteger>
IINSIG {name:string of charaeters}/<' AD

ISCALE {seale!reå1}'
¿FILTER {filter: neal}
ìPIDIN {narne¡string of charactens}/<' AA

äPIDREF (nart¡e¡stning of eharaetensÞ/<' At
IPIDOUT {name:string of eharaeters}/<' DA

|K {gainr reål}
ITI {i nteg rat i ng t irne constant ¡ rea l}
lTD {denivative tin¡e conEtant: real}
lLIl"'lIT {l imit ¡ real}
¿IN5I61 {namelstríng of charaeters}/<' AÐ

}IN5I6? (name¡string of eharaetensÞ/(' AD

ÞINSIG3 {namelstning of characters}/<' AÞ
lINgI64 {narne¡string of charaeters}/(' AD

IOUTPUT {name¡Etring of ehaneetergÞ/<' DA

äåcrALt {sea1{;neal}
¿SCAL2 {sea12¡ real}
ÞSCAL3 {sea13¡ real}
}SCAL4 (scal4¡ nealÞ
ILEVEL {Ievel!real}

' r number l i nteger>

' r number l i ntegerÞ
' r numberl integerÞ
' rnumher: integenÞ

' rnumber! integÉr>
'rnurïber!integer>
' r number¡ integer>
' rnurflber! Íntegen>
'rnurnberlintegerÞ
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>! 6t l--
i ---,--- !

*2.5 ¡"---i{"------
ll

eomputen ! Proeess
,I

--Þ

¡0PEN RE6t
)* oriority= 1O
Þ* nodetvoe= OUTNODE

lrNgl6l AD O

lxNsr62 AD I
lrNsrGS AD 2
äouTPUT 0A O

äscALt 2.5
ä6CAL2 -2.S
ÞscAL3 -1.3
}LINK

Exaople-Et--Nesled-El8:lesgs tI
AD O i------i i I DA tl I !------l'. !

----->-+-l PIÞ1 l-Þ+-! PIÞ2 ¡-----ll->l 62 i-i-l Gt
! ------ ! | *----- ! ! --*+--

l---i
t-{ ¡

l---l
At2

i---¡ AD 7
---i-t ! ------l{------

i---l I

I

computen ! Pnoeess
II

-- | -->
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I0PEN PID{
* BFiority- 15
Ë_$sdÊlygs3 PI,DNODE
,¿PTDREF AÞ t¡
lPrDrN AO I
¿K l.ã
äTX toCI.O
ILI,NK
äoPEN PrDz
* nr.ionitv= 2O

"!_ngdgÈyps= PIDN0DE
r |PIDREF PIÞl
lPrDrN AD 2

. äK ?.1
¿TI 50.O
}LINK



APPENDIX T! KERNEL

Programlistings
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swË t( e-çådctr!:ptssådå-xi!åuelå

Awakes sleeping pnocesã wíth procid ident for stant'

Example: awåke(procesElrtime{} i
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A shontr instnuetive
ån idea about how to

10

artif ieial exarnple wi 11 give
how Z is working.

tima)

time)

How this is solved in Z

but veny
use Z and

Assume
write

that for ãoraa peculian re€¡scln you want å prognarn to

PnoeeEg 1 tirne iE tactual

every th¡o Eeconds and

Process 2 time is taetual

Ëvery third second on the terminål.
ig Ehown by the prograrn TwoprotrelsËÊS.

Pnogram TwoProeessesi
tA sirr¡ple exaraple of usåge of the prograrn kernel)

type proeid=integeri
unsi gned i nt=O., å5535 i
semaphore=(teletYPe r nothi ng) i
t irre=record

minrtiek I integeri
end i

vår å1 tocationarea :unsignedi nt i
proe{ r Proe?: Pnoeid i

Proeedure

Pnoeedure

Proeedu ne
Proeedure
Proeedu re
Proeedu re
Proeedu ns

initkernel (var f neerneff¡ory:unsignedint i kennel nequest I
rna i nrequest !unsigned i nt ) i externa I i

lni,tproe(var ident:pnocidi pnio: integeri
mefnonynequest !unsignedint i pnoeedurel Ft.oeess) i external i

neadyiextennal i
wait(xrsernåphore) i external i
signal (x:semaphore) i external i
sleep(var x:time) i extennali
eloektime(var x:time) i external i

Procedure pnocessl i
van time{ ¡ti¡nei

begin
ready i
cloektime(tÍmel) i
repeat

wait(teletYPe) i
write('Proeess I tÍme
writel n (t irne{' t ick ! 4 r'
signa l, (teletYPe) i
t irnet . t iek : =t irne{ . t ick
sleep(timet) i

unti l false
end i

is 'rtirnel ,6ri¡i4r'
tick' ) i

+ l0tli

minuteg ' ) i
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Proeedure proeess2i
va.r ti¡ne2¡timei

begin
ready i
eloektirne(time2) i
repeat

wait(teletype) i
wnite('process 2 time
wniteln(time2' t iek l4 r'
signal (teletype) i
t ime2. t ick ¡ =t irne?. t ick
sl eep (t ime?)

until false
end i

is' rtime2.6i¡!4r' rninutes')i
tick') i

+ 15Ot

{ =========3=¡====!'===:3:g===g=!ã======!É========E====E==æ====e= 
}

{l.lAIN PROGRAM =æ====s=======E===========ã::=ã=======c==}
{ =========Ë==========:!É==========3===ã:=======t==ã========== 

}

begin

i nitkernel (a I locat iona rea r 1OBO r 1OO0) i
wniteln(' al loeationareË¡=' rê1 loeationaneå) i

i nitpnoe (pnoel I 2 ¡ 1OO0 r pnoeessl ) i
proeessl i

i nitproc ( proeZ r 2 r 1OOO r proeess?) i
process2 i

repeat
until false
end.

To run this example the ob¡eetfile is linked ag

gR LTNK
iOXt : KERNEX=T'X1' KERNEX I KERNEL I DXO! PASSUP

(The file with Twopnoeeãs€rs is eelled KERNEX)
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4. HOW A NORMAL PASCALPROGRAI'I USES THE PRII'IARY MEI-,IORY

To rnake it possibly to explain how z is implemented we will
here explain how à nonmal PaEeal progrË¡fn useã the prirnary
fnËtmory,

There ane two data areåE in the prirnêny mer$ory whieh are of
coneern to us - the globat data anea and the pngErarn etaek'
The global anea contåins the values of atl vaniables defined
at lãvel O within a PASCAL prðgråmf while the progrem Etaek
contains all variables loeal to PASCAL procedurEs along wÍth
I inkage inforrnation, Registen 5 (R5) always points to the
base of the globat data areår while the Etaek pointen (SPr

negister 6) ioints to the top of the_ prograrn stack. The
dyñarnie vðria'bLeE are stoned on the HEAF and the spãce is
ailoeated when the procedures ngbl is called'

TOP OF
HEI"IORY ==Þ

€iP ==Þ

$KCIRE ==Þ

! t"toNlTÕR ( RT-l1) !

USER STACK
AND LOCAL
VARTABLES

\/

FREE CORE

^
A

R3 ==Þ !

HEAP

GLOBAL
VARIABLES

! PASSUP COÞE

I USER'5 CCIDE

! INTERRUPT !

! vEcToRs !
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When å pnoeedure is ealledr the PASCAL system saves the
return addness and alloeates spêeel for parameters and loeal
variableE on the Etack. Eaeh sepðrate invocation of ê
procedune eÊ¡uses å new data ,¡¡FGrå (called ð dtaek frarnel to
be allocated. The foltowing diagram shows the strueture of å
gtack frame:

not used in Funetion neturn
va lue

PE rameters
(if any)

Return addness !

Loeal variables !

(if any) !

EìP =) ! Static link

The dtatie link is sirnply a pointer to the staek fnarne of
the tateEt invoeation of the proeedure lexically eneloaing
the one .¡ust entered. This pointer is used to compute the
address of interrnediate level variableg - vaniablee whieh
êFe neither local nor global. All local variableE (thoEe
which are defined by the eurrent procedunel Ë¡nÊt indexed
relative to the giP. 6lobal variables õ¡re aceessed by'
indexing f rom R5. To accesa ån intennrediate level vaníable,
it iE neeessðry to tnavense the static link list until the
proper staek f rame is reaehedr ênd indexÍng by that,"base
value. To r¡ake variable addressing å little easier for the.
t'tACRO prognË¡firûËlrr the eoropiler will neplaee the nafne of a
PASCAL variable by its offEet Ín a code insentr ðnd wíll
replaee the name of a PASCAL funetiotr or proeedune by its
entry label. Note that it ís the pnograrümer't responsíbility
to addnegE the PASCAL variable using the proper base
register (R5 for globalsr SP for locals). The eorrpiler will
give no ernor rnessage if this is done impnopenly.

z



5. HOI^I Z I5 XI"IPLEMENTED

Z f E ¡.¡ritten å5 Ë¡ llascalpnogramù (with inl ine
eoding) without åny main body. Thus the prognamt
called kernel r ÍE in fact only defining ä
pnoeedurês. Among these pnoeedures there are the
external proeedures (Available to a user)¡

t4

assernbly
which is

number of
Eo cal led

i nitkennel
i nitprec
ready
wait
eigna I
ewa it
eåu5e
sleeP
eloektirne
setpni
awake

l^lhen linking the users prclgram with Passupr the ug¡er has to
inelude the prognåfn kernei in the eommand string (see the
command string iñ eontext with the example TwoprocesEes) '

The kennel adrniniEterE the registers and the staekE to rnahe

it possible to switeh the program eontrol between different
p"oä"t**t. When a process, is nunningr the PC is pointing in
tfre eode of the process. The stackpoi¡rter ig pointing at the
local staek. The Pnocgsg continueE to nun untí1 a

significant event 6ccursr i,G!. when the pr[]cess calls ê

keinel proeedure or a clock internupt oceurs, t'lhen å

significant event happens the kernel deeÍdes which proeegE'
to run next. To stop a proeess and start up another 'is a

**=ry effain of fixing registers and the stackE of the
actual pnoeesses, The picture iE even frloFÊ compl icated
depending on the faet that the kernel in itself is, a prognåm
whích uEe the negisters and an own stack'

è. THE LIST STRUCTURES OF Z

7 keeps reeord oven the different proeesse5 by keeping
in five different queues. The queues êne organized as å
of nodes with ctne dumffiy node as a liethead pointed out
variable whieh iE used to identify the list. The
structures ðre deseribed by a figure on the next page.

them
ligt'
bya
I íst



This figures shows the lists'struetures.

run --------> suce
pred
chi ld
nextproe
staektop
proeid
prioríty
sta rtt irne

ndy > ------>
lagt nod{--

I ist head -Þ
\

XXXXXXX
! xxxxxxx

elk Þ ! ------Þ
! \------last nod{--

list head -Þ xxxxxxx !

! xxxxxxx !

------Þ
\------

------Þ
\------

13

L ist head
of delayed

!

!

xxxxxxx !

xxxxxxx !

--Þl ist
head

--)l i Et
head

serr -----Þ ! suec !

! nurnber !

! flag !

! queue !

-----)

list head

ãuee
nurrber
flag
queuE!

I ist head
of queue

! xxxxxxxx
! xxxxxxxx

al I ---Þ
last nod{-

1 i st lread
of deLayed

xxxx xx xx
xxxxxxxx !

---->

of queue

! xxxxxxx
! xxxxxxx

----> --ÞList head
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The figure desenibe å situation when q procÊËgÊE¡ årE!

defi ned .

The nun-queue conEists
prEeeg5.

of onlY the curnentlY nunning

The pnocessee whieh ane ready to Fun lies in the ready-queue
in pniorítY-ordÊr.

The eloekqueue eonsists of proeetses -waiting to be run in
the future. They ane ordereà aften indieated gtarttime' At
each elockinten-rupt the cloekqueue is cheeked and if the
leading pnocesses; stanttirnes åre equål to on less than the
actuat tirne the proeess will be moved to the neady-queue'

The semaphore-list eonsists of one queue for eaeh resouFce
(for exarnple teletyper l inepri ntert ctrmmon data areË¡ ete' ) '
In this example there are two semaphones'

The all-list is ån ËÍngle-tínked list which eonEist of all
pro"**r*r. The procÊrsi5e5 êra linked to the list in the order
of initializatíon.

7, ËTATUs OF THE RESTING PROCESSES

The status of a not nunning process ig gaved cln the local
staek after the static link ê5 in figur'

SL

P5W
PC
RCI

R1
R2
R3
R4
R5

SKORE

The stackpointer is stored itr the prcteessrecond¡ whieh iE
avaitable fon z via the liststructures. For saving the
status of an interrupted pl1ocess¡ the proeedureE enterkernel
and savegtatu5 åre selfexpiaining. For startup of a p¡ocesg
ehosetr by Z to be rutrning see pnoeedure gtartrun'



8. HEHORY ALLOCATTON

X,ni,tkernel initiates the I ists desenibed
cneateE pFocessreconds end gtartEtatuE
main. Aften that the cloek ig started
seheduling stants.
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in chapter 5 and
for idlepnoe and
and the reeltime

divided in two main groups'
two subgroups.

Cneating å new pnocesis (child) nay be done fnom any proeess
(parent).The m€tmonyålloeation is done hy initpnoc

On next page the fii€tûìoryËlloeatÍon is
example in chapteF 3,

iltustnated for the

q. PROCEOURES IN THE KERNEL

The
The

pnocedures in the kernel
second gnoup iE divided

1 External pnocedures.

a r€!
i nto

9.1. EXTERNAL

2. Internal proceduneg

2.1 Interfaeing proeedures

2.? Miscel laneous Procedures

PROCEDURE6

proeeduree; åne those pnoeedunest which the userThe
îñay

externa I
Uã€!.

i nitkennel
i nitproe
weit
signa I
au¡e it
cåu5e
sleep
eloekt irne
setpni
awake

Comrnetrts on the first two procedures are found in chapten å.

two pnoeedunes arÊ eortmelnted below.The next
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Figure illustnating the effeet of initkernel and initproe'
In this cË¡se two calls of initproe.

before aften

RT-11 ! RT-l1

SP==Þ USER'5 STACK ! KERNEL'5 STACK

FREE MEHORY tåKORE==) ! FREE HEMORY !

-------!
! KERNEL'5 HEAP

------- !

! IOLEPROC's STACK !

! I"!AIN'5 STACK

I FREE MEMORY

FIAIN'5 HEAP

ST'ACK 0r-' PAIICFSS I !

FRËE tf[t"tr)Ry

HEAP OF PROCESS 1 !

! $TACK OF Pli0cËlss 2 !
¿--".".....---

! FREE MEMORY !

HEAP OF PROCESS 2

FREE T4ENORY

tâKORE==)

I USER's GLOBAL !

R5==Þ ! VARIABLES !

PASSUP CODE

KERNEL'S CODE

USER'5 COÞE

! INTERRUPT
! VECTORS

R5==Þ
! KERNEL'S GLOBAL !

! VARTABLE5 !

I USER'S CLOBAL ' !

! VARTABLES !

! PASSUP CODE

KERNEL'5 CONE

USER'5 CODE

INTERRUPT
VECTüRS



fescluree x
decla nat ion

19

is fon example a
wait begin with

(x
of

wa it

wait(x) is a request for a
lineprinter). In kernel the

t

Proeedune wait (nr! integer)

But in the user'E pnogram wait is deelared ês

Proeedure wë¡it(x;sernaphore) i external i

This is possible because an ordered set with n elements is
by Pagcal handed as itrtegers fnom O to n-{. In that way the
type sernaphore ig a dynarnic f ield ' There are in principle
three different situations in whieh wait ean be called:

The nesource has not
befone. In this cðse

il å new sic¡rnåphore is ereated

been requested

to zeno to indieate
is occupied,

not moved from

The flag iE set
that the rÊËouree

ii)

iii) the proeess is
running position

iv) schedule is called

2. The resctunee has been nequested before but
the flag is set r whieh me¿¡ns that the
resource is fnee, In this eêge the moment
ii)r iii) and iv) above is done,

3, The resource har been nequested eanlier
and the flag is zero. In this cåEe

i) the process is moved from the
running position to the queuer where
it is placed in prionity-order.

ii) schedule is called

signal (x) i

ThiE pnocedure ig used when ð resource x is ntlt
requested sny rno¡"e, There åre in prineiple three
different situations when signel can be ealled.



The third one Ís in a waY not normal.

t The flag is zero and the queue is empty'
In this c¿¡se

1) the flag is set to one

ii) Echedule is eeIled.

2. The flag is aero and the queue is not
empty. In this cåse

i) the finst pr0ee55 in the queue is
moved to the readY-queue

ii) schedule is called

eall c¡f
by the

byê

zCI

SOlllE ¡

the
the

i) schedule ig called'

9.2 INTERNAL PROCEDURES

The procedures in the kernel which eån not be (by
Oegreä of sueeess) ealled by the uãen ånÊ ealled
in[ernal proeedure5. They are divided ín two group5t
interfacíng pnoeedures and the rnigcellaneous proeedureE¡r

3. The flag iE one, This rneðns that a
signal has al neadY been done
procÊtssl without bei ng fol l'owed
wait(x). In this cðse

g.?,1 INTERFACT,NG PROCEDURES

The interfaeing procedures adrninister the
the staeks which must been done when the
is switching between the users code and
eode. The interfacing procedures are!

negisters and
pnog nameont rol

the kernel's


