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Abstract

This paper presents a Fortran IV subroutine called NELME
that is a straightforward implementation of the simplex
method for function minimization proposed by Nelder and
Mead. NELME is written and documented according to the

rules of the Scandinavian Control Library.

NELME has been tested and compared with a quasi-Newton
algorithm without derivatives and with the Powell-Brent
algorithm.

The result of the tests shows that it is hard to rank the
algorithms.



1. INTRODUCTION

This paper presents a Fortran IV subroutine called 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 Powell-Brent

algorithm.

Chapter 2 describes NELME and the computer codes can be
found in Appendix A. Chapter 3 treats the problem of evaluating
NELME and test results are presented. Appendix B contains

additional test results.

2. NELME

NELME is a Fortran IV subroutine that is a straightforward
implementation of a simplex method for function minimization
proposed by Nelder and Mead (1964). In this implementation
the reflection coefficient is chosen to 1, the contraction

coefficient to 0.5 and the expansion coefficient to 2.

NELME is written and documented according to the rules of

the Scandinavian Control Library and consequently the sub-
routine within itself contains all adequate information

how it is used. A listing of the subroutine NELME can be found

in Appendix A.



3. EVALUATION

In Himmelblau (1972) chapter 5 and in Brent (1973) section
7.7 the problem of evaluate algorithms for unconstrained
nonlinear programming is discussed and a number of algorithms
are evaluated. The jinventors 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 is Zero, were:

(1) Rosenbrock”s parabolic valley (Rosenbrock (1960)) >

- L 2,2 2
y = 100 (x, x7)7 + (1 X1) 7

starting point (-1.2,1),

minimum point (1,1)

(2) Wood“s function (Colville (1968))

2 2

_ _ 2 _ 2

2

2
+ 90(x4—x3 )

+ (l—x3)

+ lO.l((x2—l)2 v (x,m1) %) + 19.8 (x,-1) (x,-1),

starting point (-3,-1,-3,-1),
minimum point (1,1,1,1)

(3) Fletcher and Powell”s helical valley (Fletcher and Powell
(1963))

- = _ 2 /e, 2 2y 2 2
y = lOO(x3 1oe(xl,x2)) + (xl +x, ) 1)° + X3

where 2m6 (x,,x,) =/ arctan(x,/x;), x; > 0
! T+ arctan(xz/xl), x) < 0

starting point (-1,0,0)

minimum point (1,0,0)



(4) Powell”s quartic function (Powell (1962))

y = (xl + le2)2 + 5(x3—x4)2 + (x2—2x3)4 + lO(xl—x4)4,
. . X
starting point (3,-1,0,1)
minimum point (0,0,0,0)
(5) A quadratic function with truncated linear terms
_ 2 2
y =x7 + e(lxll) + 5 X, e(x2),
where e(z) = sign(z)+n, n is the largest integer <|lz],

starting points (2, z2),

minimum point (0,0)
The properties of functionsl-4 are discussed in Brent (1973),

The progress of NELME on function 1-5 has been studied for
different sizes of the initial simplex. The number of itera-
tions, the number of function evaluations and the value of
the test quantity (TESTQ) were noted when the function value
had been reduced to lO_j for j =1, 3, 5, 7. TESTQ (to be
compared in the algorithm with the desired accuracy in the

minimum value) is given by

k4

1 n+1

2
TESTQ = . §=1 (f(xi)—f(XcJ)

where n is the dimension of the optimization problem, the
X;:s are the vertices and X the centroid 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.

If a number in 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.



In order to get a feeling for the relative efficiency of
NELME, the problems 1-5 were solved with the help of NUFLET
and POWBRE. NUFLET is based on a quasi-Newton method without
derivatives. The method is described in Fletcher (1971).
POWBRE is an implementation of a version of Powell”s
algorithm, modified by Brent (1973). Powell”s algorithm is a
conjugate direction method without derivatives. The computer
codes (in Fortran) can be found in Killstrdm (1978). NUFLET
and POWBRE have some additional parameters that have to be
set. The values of these parameters have been chosen according
to Kallstrtm (1978),

i.e.
in NUFLET DFN = -0.2 (estimate of the likely reduction
to be obtained in f(x) is 0.2|f(xo) .
DFN is only used on the first iteration
sO0 an order of magnitude estimate
suffices)
XM=[{1,...,1] (no scaling wanted)
HH=lO—3 (the step length used when calculating
the gradient is 107 °)
EPS=lO_5 (the accuracy required in Xy is 10—5)
MODE=1 (the initial estimate of the Hessian
matrix is set to the unit matrix)
and
in POWBRE DIST=1 (estimated distance from initial
approximation to minimum)
SCALE=1 (no scaling wanted)
TOL=lO_6 (wanted relative accuracy in x)
MODE=1 (the algorithm is started with the

coordinate axes as search directions)
ILLCO=,TRUE. (the problem is supposed to be illcondi-
| tioned)
NSTOP=1 (number of iterations without progress

before termination)

The results for NELME with VDIST=1 (initial size of the simplex),
NUFLET and POWBRE on functionsl-4 are given in Table 1-4.



Table 1

Number of iterations (ni) and number of function evaluations

(nf) to reduce Rosenbrock”s function to < 10 7.

3 NELME NUFLET POWBRE
n; ne n, ne n; ne

1 59 185 23 99 37 102
2 75 231 29 140 47 127
3 82 253 31 152 52 140
4 83 256 32 158 52 140
5 86 268 33 164 52 140
6 88 276 34 170 57 152
7 89 279 35 176 57 152




Takle 2

Number of iterations (ni) and number of function

evaluations (nf) to reduce Wood”s function to < 10 J.

5 NUFLET POWBRE

By Ne By Ne | Ng
1 30 105 68 664 253 681
2 35 125 72 704 265 709
3 35 125 73 714 270 719
4 81 269 74 724 287 758
5 94 310 75 734 287 758
6 |103 344 76 744 294 777
7 |108 358 77 754 299 787




Table 3

Number of iterations (ni) and number of function
evaluations (nf) to reduce Fletcher and Powell”s
helical valley to < 1077,

i NELME NUFLET POWBRE
By Dg 0y Tf By e
i 154 480 | 18 102 | 43 110
2 172 533 | 24 158 | 57 143
3 185 576 | 28 191 | 63 158
4 189 590 | 29 199 | 63 158
5 193 606 | 29 199 | 67 166
6 196 616 | 30 207 | 67 166
7 200 632 | 31 215 | 73 180




Table 4

Number of iterations (ni) and number of function
evaluations (nf) to reduce Powell”s quartic function
to < 1079,

5 NELME NUFLET POWBRE
4 Ne 0y N oy Ng
1 31 99 9 61 38 91
2 56 177 10 67 43 101
3 68 206 12 79 48 111
4 70 218 22 161 55 130
5 76 238 23 171 65 152
6 78 246 25 191 72 171
7 85 276 27 211 77 182
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The results speak 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 1) is very good, but

NELME fails for some sizes of the initial simplex. POWBRE
too had difficulties and stopped at (-0.988, 0.986, -0.949,
0.913) and declared that this point is a minimum. But

when NSTOP was increased to 5, POWBRE found the minimum
point and it is these results that are given in Table 2.
Brent (1973) reports that with DIST=10 POWBRE after 191
linear searches and 452 function evaluations had reduced

the function value to 6~lO_l4.

This dependence, which is not a paioid known, makes it
difficult to rank NELME, NUFLET and POWBRE. Function 5

is discontinuous when x_. or X, is an integer and one may

1
suspect that NUFLET and POWBRE might fail. As seen from

the results in Table 5 this is the case.

If 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
is a hard question. This problem is discussed in Murray
(1972) . 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 different method



Table 5

Number of iterations (ni) and number of function

7

evaluations (nf) to reduce function 5 to 10’ for

different starting points.
starting NELME NUFLET POWBRE
point ni nf ni ne n, nf
(2, 2) 28 94 8 44 12 34
(2,-2) 24 86 failed T failed %)
(-2, 2) 31 104 8 69 12 34
(-2, -2)| 26 90 | 12 87 | failea >

1) stopped at (1.9996, -2.0098)

2) stopped at (-l.53-10-3, -2)

3) stopped at (1.01-1073, -2)

13
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APPENDIX A

Computer Codes

NELME 16
NEWX 24
PNELME 25

15
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APPENDIX B

Results from the minimization of five functions using

NELME.

Function 1 (Rosenbrock”s function)
2 (Wood~”s function)
3 (Fletcher and Powell”s helical valley)
4 (Powell”s quartic function)
5 (A quadratic function with
truncated linear terms)

If a number in the column "number of evaluations
required"”" is 2000 or greater, it means that NELME
failed. The polyhedron has degenerated before

reaching the minimum point.

29
37

1 45
. 53

61

28
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1. INTRODUCTION

Z is a real-time monitor which makes it possible to run
procedures in Pascal in parallel and provides facilities for
interaction and synchronization between different
procedures.

This work was done as a projekt in a graduate-course held at
the department. The title of the course was?

Modern Languages
for
Process Computers

Responsibily for the course were

Leif Andersson
Hilding Elmgvist
Sven Erik Mattsson

Z is implemented on an LSI-11. The relevant software is
1. RT-11
2. Pascal-compilers:

OMS51 PASCAL-1
Version 1.1 for RT-11

May 20. 1978
Copyright 1978y Oregon Minicomputer Softwares Inc.

2. USER’S MANUAL

When studying this chapter the reader is adviced to now and
then look at the example in chapter 3.

A users who wants to run different processes in parallel»
writes the different processes as procedures in a superior
Pascal program. In the procedures the user can call for the
external procedures which are used for making interaction
and sychronization between different processes. In the main
body of the program an initialization is done. Two sections
follow which are written in order to explain in more detail
how the superior program shall be written.



Comments are made on three parts of the programi
declarations of types
declarations of processes
main body

2z.1.1 type declaration:

Some of the formal parameters which have to be used are
of types which are not standard in Pascal. Therefore

the user must declare these non-standard types.

The

following type declaration shall be done: (Observe what

is written about the type semaphore).

type procid=integers
unsignedint=0..655353
semaphore=(teletyp9slineprinter)i
time = record
minstick:integers
endi

procid:

declared ih the same way in Z. It is used

initproc.

semaphore:
may be any user defined ordered set

enumeration types so the set above is only

example.

time:
must be declared as aboves because time
declared in this way in Kernel.

in

A variable of type time tells how many minutes

and ticks (tick=20 ms) have elapsed since
internal clock was started. Kernel has
variable "clock" of type time. clock.tick

the

a
is

incremented by one after each interupt from the

internal clock. This occurs every

tick

(= 20 ms). Every time clock.tick is inecremented

it is also normalizeds which means that

if

clock.tick is greater than 3000 then clock.min

is incremented by 1 and clock.tick

is

decremented by 3000

(3000 tick = 3000%20 ms = 1 minute).



All integers are ranging between 0 and 327547
because an integer is represented by 16 bits. So
the internal time is counting modulo 32768
minutes (¢= 546 hours = 22.7 days). Therefore a
user must use variables of type time carefully.

The user does not need to normalize time because
if any external procedure is called whiech has
time as a parameters the time will be novrmalized
by Kernel. So the only problem with the variable
time.tick is the limit 32767.

2.1.2 process declaration and initialization:

A procedure can serve as a process type. A process
instance is created by a call to the standard procedure
initproc followed by a call to the procedure itself.
The first statement of the procedure body must be a
call to the procedure ready.

Observe that there are no objections for a process to
initiate another process.

Processes may communicate with each other using
non-local variables. Mutual exclusion should be ensured
by the programmer using semaphores and the procedures
signal and wait.

From the procedures it is possible to call for the
following external procedures:

initproc
ready
wait
signal
await
cause
sleep
clocktime
setpri
awake

Example:
initproc(procs3:1000,PROCESS) 3
PROCESS(i=3)3



2.1.3 main body:

The wmainprogram is treated as a process with two
exceptions:

1. A call for initkernel must be done as the first
statement in main pragram.

2. When the mainprogram pass its end all executing
stop.

This procedure must be called at the first line in the
mainprogram and starts Z and main.
freememory s

returhs available memoryspace (in bytes) for
processes

kernelrequest:

memoryrequest for kernel(in bytes).ln most cases
100+100% (humber of processes) will be enough.

mainrequest:

memoryrequest for stack and dynamic heap by the
user’s main program.

Example: initkernel(free»1000,1000)3

initprocf{var ident:groeid?gria:intgggr;mgmoryrgguest=unsignedint;

A process is initialized by first a call for initproc

then a call of the corresponding procedure.
ident:

ident is the identifier of the process returned
by Z. The processes get values 2:3 etc.



Priot

Prio defines the priority. Observe that the
implementation is such that low numbers
correspond to high priorities.

memoryrequest?

memoryrequest in bytes for parameterss local
variabless stack and heap for process

procedure processt

Included +to ensure that process has only var
parameters. (otherwise the compiler will
protest)

Example: initproc(proci3s;1000,PROCESS) |
PROCESS¢ var parameters )3

Notice that this procedure must be called
immediately after initproc.

Should be the first statement in every procedure that
defines a process.

Examplet PROCESS( var parameters )3
local variabless)
begin
- readys’

end}’

s e e s S e S e e e B e ot . ey v

Before using a common resource x» a call for wait
should be done.

Example: wait(teletypeli

sighal (xisemapharels

After a common resource X has been used the resource
must be released so other processes can get access to
the resource.

Example: signal(teletypel;)



A call for await will put calling process in delayed
queue of semaphore x and will remove calling process
from running state. A process delayed by procedure
await will not reactivate unless procedure cause called
by some other process releases the delayed procedure
from the queue of delayed. Procedure await may be used
when checking some external condition before proceeding
execution. Busy waiting may be prevented this way»
since another process reaches running state.

Example: awaititeletype)s’

A call for cause will transfer all processes of the
delayed queue of semaphore x to the semaphore queue of
Xx. When cause has been called the transferred processes
will reach running state after a sufficient number of
calls for signal.

Example: cause(teletype)]

A call for sleep will delay the process until time x.

Example: sleep(timel)}’

Returns absolute time in x.

Example: clocktime(timel)s}

setpriidentsprocidi_priptintegerd}

Sets the priority of process with identifier ident to
prio. Observe that this command can be used anywhere in
the wuser program provided the process has been
initialized.

Example: setpri(procils 533



KERNEL

Kernel
Declaratinnsllll..-.llII-.'IIIIII..OOIIIlllz

Internal Procedures
Enterkern®l.eccssscannnsanaansnusnonananasnd
SavestotUS.cessanssansosnasscsanancasnnaasth
SWKEPrNEl.scseenanesannunuananasnenennsasd
CWUSE e asssnosnsonsunsnsnanasaassnsnasaesd
StartrUNcucanssaucsasnananasanssnnnununenssd
NOTrMaliZBueconasunonusnosnnonnaveannnennnnusd
Put--n-nt-n-----------.-un-u-ua.asg-----b
REeMOVE@.:sanusnssnaannnanasnsssannssssananssd
Putpriority.cececeavencuosancsnsssnssnnnsncthd
ClKksStOrE.ewceesnsscnsnnnnnnsvanunsosannssd
5EeMQUEUE s ssssessannannnnnssnsnsasonnnnsd
Schedul®.cecavssnnsnasanaassansnnnncnssn?
ClKkiNt.cosunnusanavnssnsassvaanennnnnanns?
EXitproCiscecssscnascnscnsnvsnnnsnnsnnnand
CEMEr PO P e s acsanussununanussssnsnsnneasnad
MemOPrYerirO rccsecasannsosssassnnnsnnnnunuB
IdleproC.esenassaasnassnsssssavsnsnnnnansd

User interface to kernel
InitkernBl.ccaseennsvasunsnnnannunsuossad
INitpProCeesssssncsnssencusnssunsansnnansll
REAdYwasesseasnsnsncnsnnsunnnnnnnsnnneanll
Waitevowuevacaennannncssnsanansnnannansnnll
Signal.secuannssonnsecssanansnnnnnannsall
AWAitounooannscacansnsanansnannnnnnaceal?
COUSEBecunonsunosrnunsnsassenaunnunnsanseald
SlEEPecessnsasncansnrssnsvunnnnnnnananald
ClocKktim@ueoeaessuassnossnnsannnsnannnnneasll
Setpriceccsssssscssasscasannnnnnnnuwnsnsld
AWOKB e o vrcusonananssssansansnansnnananesld



KERNEL

program kernelj’
{ A set of procedures for running concurrent processes in Pascall}

{$T->
{kerneldatal

const idleprocsize=1003
const kernsize=10035 {This includes kernel global variables+
stack area for idleprocl}

type processref=sprocessrec)
type semref=isemaphore}

type procid=integers;

type unsignedint=0..655353}

type time=record
minstick?integer
end}’

type processrec=record
succiprocessrefs
pred:processrefs
childiprocessref’
nextproci:processrefi
stacktopiinteger?
identifier:procids}
priorityfintegers)
starttimettime

ends$

type semaphore=record
succisemrefs
numberiintegers
flagtintegers
qgueue:processref)
delayed:processref
end}

var runsrdysclksallsplsp2sp3iprocessref)
semsslisemrefs
procsizesallocstartssizetunsignedints
kernsprkernheapsspiparentspschildspiunsignedints
prochriprocids’

qtypesitintegers’

clock:times’

asb:booleans)

{#$C
} KERNEL DATA ALLOCATED DIRECTLY IN THE PROGRAM CODE
5 ACCESSIBLE ONLY FROM MACRO CODE WITHOUT USING R5

PSUSR: -BLKW
PCUSR: «BLKW
NPARAM: «BLKW
PCMON: «BLKW

ROSAV: -BLKW
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R5USR* « BLKW
USERRS: - BLKW
KERNRS : - BLKW
PCSAVE: - BLKW
SAVEKORE: «BLKW
VAREND 3 - BLKW
>

{

Internal procedures:

procedure enterkernels

{Called when a process enters the kernel via a procedure call to
simulate an interrupt by insertion of the PSW before the PC value
on the local stackl}

begin
{$C
MoV (h6)++%0 i POP STACK TO RO
MTPS #.0340 5 TURN OFF INTERRUPTS
MOV (%&6)»—(%63) § PUSH PC
CLR 2(L6) $ USER PS VALUE
MOV 7Z04—(%L6) § RESTORE STACK FOR RETURN OP.
>
end?’
{- - }

procedure savestatus(nparambytesiinteger)’

{Called when a process enters the kernel to save the status of the
process on the local stack and switch to kernel mode.

nparambytes is number of parameters of the kernel entry call in bytes}

begin
{$C
MOV %0 s ROSAV i SAVE RO
MOV %5+ RSUSR i SWITCH RS
MOV KERNR5 %53
MOV (%4&)+3 PCMON § POP 4 ELEMENTS FROM LOCAL STACK
MOV (%4&)+31NPARAM
MOV (%446)+3»PCUSR
MOV (%4&6)++PSUSR
MOV KERNSP (%5) : %0 5§ RO IS.NOW KERNEL STACK
ADD NPARAMs %6 i R6 POINTS TO CELL BEFORE PARAMETERE
MoV %&3sSP(4S) § SAVE THIS VALUE FOR LATER USE
TST NPARAM § SKIP LOOP IF NO PARAMETERS
BEQ L0S1 T
LOSO: MOV =(%6)y—=C70) 3 MOVE PARAMETERS TO KERNEL STACK
sus #2 sNPARAM § 2 BYTES
BNE L.0SO
LOS1: MOV SP(4S) %6 3 RESET Ré
MOV PSUSRs—(%6) 5 STORE PROCESS RESTART INFO: FIRST F
MOV PCUSRy—(%4&) 5 RESTART ADDRESS
MOV ROSAV=(%4&) 5 REGISTERS RO — R3 + $KORE
MOV %1s—CZLE)%

MOV %2+=C(hEI 7%



KERNEL
MOV A3+ —(%hEI %
MOV %bhas—CLEIZ
MOV RSUSR»y—-(%&) § LOCAL VALUE STORED ABOVE
MOV $KORE s —(%6)
MOV %&38P(%45) § SAVE PROCESS STACK POINTER IN SP
MOV PCUSRs=(%0) 5 MAKE KERNEL STACK LOOK LIKE LOCAL &
CLR -(Z0) § THIS AND NEXT 1S5 USED BY RETURN COD
MOV PCMON s —<%0)
MOV %Z0:%6 i SWITCH TO KERNEL STACK
MoV KERNHEAP(%5) + $KORE § SWITCH TO KERNEL HEAP
b
runs.stacktopes=sp
end}
A » ¥
procedure swkernels
begin
{%C
MTPS #40340 i TURN OFF INTERRUPTS
MoV %5 +USERRS i SAVE PROCESS RS
MoV KERNRS %45 i SWITCH TO KERNEL RS
¥
end’
{ -3

procedure swusers:
{To be called after swkernell}

begin
{4C
MOV USERRS5 %5 $ RESTORE USER RS
MTPS #0 3 TURN ON INTERRUPTS
¥
ends’
{ - o }

pfocedure startruni
{Exits from kernel by starting process pointed out by run}

begin
spi=runs.stacktopi
{$C :
MOV $KORE»KERNHEAP(%Z5) 3§ SAVE KERNEL HEAPTOP
MOV SP(L5) %6 i PROCESS SP
MOV (726)++1$KORE § RESTORE PROCESS STATUS
MoV (L&) ++75
MoV (&) +174
MoV (7Z&62++%43
MOV (L&)++72
MOV (%&)++71
MOV (76)++7.0
RTI 3 START PROCESS
>
ends$
{ = >

procedure normalize(var xitime)s
{Normalizes processtime xJ
begin
while x.tick »= 3000 do

begin
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Kemini=x.min+1j
x.ticki=x.tick-3000
end

end?

{ -

procedure put(psqi:processref)i

{Inserts processvariable p before g in q’'s list}
begin

ps.succt=qi

psa.predi=qs.preds’

qgs«.preds.succi=pi

ga.predi:=p

ends’

{ - :
procedure remove(p:processrefi var giprocessref)s)
{Removes processvariable p from it’s list and sets qéi=p}
begin

qi=p}

ps.predas.succi=pa.succh

ps.sUCCs.predi=pa.predi

ends

{
procedure putpriority(psqiprocessref)}

{Inserts processvariable p in queue q according to priorityl
begin

pli=qa».succ}

while (p1 <> g) and (pas.priority »= pla.priority) do pli=pl..succs
put (prpid

ends

{ -
procedure clkstore(var piprocessref)i
{Stores p in clk-queue if starttime > current time. In this case
pt=nils otherwise p is not changed?} :
begin /
if (pa.starttime.min > clock.min) or (ps.starttime.min = clock.min)
and (pa.starttime.tick > clock.tick) then
begin
pli=clkas.succh
{Put process in clk—queue according to starttimel
while (p1 <» clk) and ((pla.starttime.min € ps.starttime.min) or
(pla.starttime.min = pa.starttime.min) and
(pls.starttime.tick € pa.starttime.tick)) do pli=pl..succi
put(pspl); .
pi=nil
end

- ends

{

procedure semqueueinriintegeri var sisemref)]

{Returns a reference to the semaphore variable with number nr in
the semaphore list. If nr non-existent a new entry in the list
is created}

begin

si=semi

bi=trues

while (s <> nil) and b do
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if sa.number = nr then b:=false
else si=sa.succi
if b thena
begin {Create new semaphorel}
new(s)s}
Sa.SUCCI=SEMS |
sem:=s}
sems . numberi=nr}
sama.flagi=13
new(sems . queual;
s@mMma . QUEeURB s . SUCC s =sems .queus’
sems .queues.predi=semas .queue’
sems .queues.identifier:=03
new(sems.delayed);
sems .delayeds.succi=sems.delayedi
sems .delayeds.predi=sems.delayedi
sems .delayeds.identifieri=
enda
end}
{ - ———=3
procedure schedulei
{Decides which process to be started by looking at run and the first
element in rdy—queue and starts itX
begin
if rdyas.suce £ rdy then
begin {rdy-queue not emptyl
if run <> nil then
begin {run—-queue not emptyl
if rdys.succs.priority <= runs.priority then
begin {switch processl}
remove(rdyas.succip2l’
putpriority(runsrdyds
runi=p2si
end
end
else
begin {run—queue emptys then rdy-—queue cannot be empty?l
remove{rdyas.succsrund i
end
ends’
startrun
endj’
{ E=—c —-= - - b
procedure clkinti
{Clock interrupt routinel
begin
savestatus(0) i
clock.tick:=clock.tick+13
normalized(clock)s
ai=true’
{Move all processes in clk-gqueue with starttime <= clock to rdy—queuel
while (clka.suce <> clk) and a and (clka.succa.starttime.min >= 0) do
if (clka.succa.starttime.min € clock.min) or
(clka.succa.starttime.min = clock.min) and
(clka.succa.starttine.tick €= clock.tick) then
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begin
remove(clks.succIip2)i
putpriority(p2:rdy)
end
else at=falsel
schedule
end}’
{ - b
procedure exitprocsi
begin
swkernel
runi=nils}
schedule
ends’
{ -3
procedure semerrori
{Called if semaphore reservation error detected in waitl}
begin
writeln¢’ Process:’sruns.identifiers’ terminated: wait requests in’y
' wrong order’)s
runi=nils
schedule
end?’
{—-- = -—=13
procedure memoryerrorsi
{Called if memory reservation error detected’}
begin
writeln(’ mmmmmmanmanmmn’ )
end}’
{ - -1
procedure idleprocsi
{ldle process — always last in rdy—queue or runningl}
begin
repeat
until false
ends’

{ e o
User interface to kernel

{$E+}
procedure initkernel(var freememory:tunsignedintikernel request
mainrequestiunsignedint) i
begin
{4$C
MOV (%63 +PCSAVE iSAVE PC FOR MAIN
MOV %5sUSERRS
MOV  $KORE» %45
MOV  Z5sKERNRS
MOV  Z&sKERNSP (%453)
MOV  %64%0
suB %5.%0
SUB #KERNS1ZE.%Z0
MOV  %0sSIZE(LD)
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¥
procsizei=kernel request}
sizel=size-procsize’
allocstarti=kernsp-praocsize’
kernheap:=allocstart+2)
{%$C
MOV KERNHEAP(Z5) s $KORE
b
runi=nils}
semi=nils;
new(rdyd i
rdyas.succt=rdyirdys.predi=rdy}
new(clk) i
clka.succi=clkiclka.predi=clk}
{start idleproc’
{%C
MOV ALLOCSTART(453}+%0
CLR (¢ZO)
MOV #IDLEPROC,- (%0
SUuB #10.:%0
MOV USERR5.-(Z0)7%
MOV ALLOCSTART (%433 %1
SUB #IDLEPROCSIZE»%1
ADD #2+%1
MOV  %1.—-(%0)
¥
new(pzl}i
with p2+ do hegin
stacktopi=allocstart-1463
allocstarti=allocstart-idleprocsizes’
identifieri=13
priorityi=maxinti
starttime.mint=03
starttime.tick:=
endi
putpriority(p2srdyds
{stack and heap for mainl

procsizet=mainrequest}) {tester}
{$C

MOV ALLOCSTART (453,70

CLR (%D

MOV PCSAVE.- (%00
SUB #10..%0
MOV  USERRS—(%Z0)
MOV  ALLOCSTART(Z5) %1
SUB PROCSIZE(%S) +%41%
ADD #2+%1
MOV Z1is—-(ZOD
¥
sizet=size~procsize-idleprocsize}’
freememoryi=size}
new(p3) 3
with p3+ do begin
stacktopt=allocstart-143
alloecstarti=allocstart—-procsizes’
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identifier:i=23§

prochnri=23

priorityf=maxint-13
starttime.min:=03
starttime.tick:=

ends’

alla.nextproci=p3i
putpriority(p3srdyds

clock.mine=03%
clock.tick:=03

{$C

MTPS #0340
MoV #+,0340:a#.0102
MOV #CLKINT»a#A0100

¥
schedule
end?’
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{

procedure initproc(var identiprocidiprio:integers
memoryrequest tunsignedintiprocedure p)i
{memoryrequest in bytes}

begin
enterkernel?’

savestatus(10) 3§
if memoryrequest > size
then memoryerror

else begin

procsizet=memoryrequesti
sizei=size—-procsizes
spi=runs.stacktopsi

{&C
MOV
MOV
ADD
MOV
MoV
sue
ADD
MOV

X

new(p2) 3

ALLOCSTART(%5) %1
SP(%45),%0
#18. s 40%

%05 (%1)
ALLOCSTART (%50 %0
PROCSIZE(%5) 1 %0%
#2:70

#40s—(71)

with p2+ do begin
stacktopi=allocstart-2j5
allocstarti=allocstart—procsizesd
procnri=prochr+13
identifieri=procnri
ident:=procnri
priority:=prio

end?

runas.childi=p23j

pi:=alla..nextproci
for i:=1 to prochr-3 dao pili=pil..nextproc)
pls.nextproc:=p2

end’
schedule

sDEFINE LOCAL PROCESS

§STACK VAREND

iSTACK SAVEKORE

STACK
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e
{

rd s
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B

procedure readys’

b

egin

enterkernel}
savestatus(0) 3§

childspi=runa.childs.stacktop’
parentspi=runs.stacktopsi

{

>

runs.stacktopi=parentsp}
runs.childas.stacktop:=childspsi
runas.childa.starttime:=runs.starttimes’
putpriority(runas.childsrdy);

=
e
{

procedure wait(nriinteger)si

sC
MOV
MOV
MOV
MOV
ADD
MOV
1%:CMP
BHIS
MOV
MOV
MOV
2% 1 MOV
CMP
BNE
MOV
MOV
36 :MOV
suB
ENE
MOV
CLR
MOV
MOV
suB
MOV
MOV
MOV

chedule
nds

CHILDSP(ZL5) %1
(%1)+:SAVEKORE
(%412+,VAREND

PARENTSP(%5) %42

#18..%2
VAREND» 70
—(%0) sUSERRS
1%7%
(7.0) s PCSAVE
HEXITPROC, (40D
VAREND s %0
=(7%0)+—=C%41)
%0072

2%

VAREND %0
#$18. s %3%
—-(%2)+—-(%0)
#2+%3

3%

7%0s PARENTSP(%3)

~(%41)
14.(%40) s = (%1)
PCSAVE»14. (Z0)
#10.-%1
USERRSs—(%1)
SAVEKORE »—(%1)
%1+ CHILDSP (%3)

iS5

———=3

5STACK SAVEPC FOR CHILD

5STACK PCSAVE FOR PARENT

{Performs the P operation on semaphore with value nrl}

b

egin

enterkernel i
savestatus(2)}

{Check for semaphore reservation errorl}

s

t=gems

while s1 €» nil do

if (s1a.number > nr) and (sls.queues.identifier
then semerror else sli=si1a.succs

semqueue{nrisl);

runas.identifier)
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if s1sa.flag = 1 then
begin
sla.flag:=03%
sls.queues.identifieri=runa.identifier

12

end
else
begin
putpriority(runssis.queuel’
runi=nil
endj
schedule
end}
{ -2}
procedure signal(nriinteger);
{Performs the V operation on semaphore with value nrk
begin
enterkernels
savestatus(2)}
semqueue(nrssl)
if s1s.flag = 0 then
begin
s1s.queueas.identifier:=03
if sis.queues.succ = sla.queue then sila.flagi=1
else
begin {Release a process from semaphore queuel}
remove(sias.queues.succIp2)j
putpriority(p2srdy);
sla.queues.identifier:=p2as.identifier
end
endj
schedule
ends’
{ = —-— ¥
procedure await(nriinteger)i
begin

enterkernels
savestatus(2)3
sli=sems
while s1<{>nil do
if (s1a.number>nr) and
(sla.queues.identifier=runs.identifier)
then semerror else s1i=s1..succ)
semqueue(nryisid
putpriority(runssias.delayed)s
if s1s.flag=0 then begin
s1s.queues.identifiers=03
if s1s.gueueas.succ=sls.queue then sis.flag:=
else begin{Release a process from semaphore queuel
remove(sla.queues.succIp)
putpriority(p2srdy)}
sls.queues.identifieri=p2..identifieri
endi{elsel
ends’
run:=nili;
schedules’
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ends$

{ — -
procedure cause(nriinteger)s’

begin

enterkernels
savestatus(2) i
while si1<{>*»nil dao
if (sia.number>nr) and
(s1s.queuesr.identifier=runa.identifier)
then semerror else slii=sls.succs
semqueue(nrisl)
while si1s.delayeda.succd>s1s.delayed do begin
remove(slas.delayeds.succirpl) i
putpriority(p2s:sis.queuel’
endi{while’}
schedule}
end}

{ ——
procedure sleep(var xitime)?

{Removes calling process from running state for a restart at
absaolute time xJ

begin

enterkernels

savestatus(2)3j

normalize(x)

runas.starttimez=xi

{if 1 € ident < procnr+l *

clkstore(rundi

schedule

ends’

.c -
procedure clocktime(var x:itimels

{Returns current absolute time in xX

begin

swkernel i

xi=clocks’

swuser

end;’

{ -_—— -

procedure setpri(identiprocidiprio:integer)s’

{Sets the priority of process with name procname to prio}
begin

enterkernel}i

savestatus(4)j

pl:=alls.nextprocs

while (pla.identifier € ident) do pli=pils.nextprocs
pla.priorityi=prios}

schedule

ends’

.c —— — —— ————

procedure awake(ident:procidix:itime)ls

{Awakes sleeping process (in clk—-queue) with name procname for start
at time x2X

begin

enterkernels’
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savestatus(s)
{lLLook for process in clk—queue?}
as=trues
p2i:=clka.succs
while (pZ <> clk) and a do
if p2a.identifier = ident then at=false
else p2:=p2as.succi
if not a then
begin {Have found process: remove and re—-schedulel
remove (pZsp2)3
p2s.starttimes=x3}
if X.min 2= 0 then
begin
clkstore(p2) 3
if p2 <> nil then putpriority(p2srdy)}
end
else put(pZs:clk)
ends;
schedule
end$’
{ - J——

begin
end.
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{

{

program DDCPACS

type unsignedint=0..635353%
procid=integers}
time=record
minstick:integer

end?

semaphore=(s01s1152153154385156157558189)§

function adin(chaniinteger):reals

procedure
procedure
procedure

procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure
procedure

const AD=’AD !
DA=' DA '
tickspersecond=50.0
blanks=’ !

externals
dacut (chantinteger’ valueireal)i externals

initkernel (var freememoryiunsignedintij

kernel requestsmainrequestiunsignedint)i externals

initproc(var identiprocidi prio!integers

memoryrequestiunsignedinti procedure p)i externals

ready’i external}

wait(nrisemaphore)i externali

signal (nrisemaphore) i external}
await(nrisemaphore)i externalj
cause({nrisemaphore)j externalj

sleep(var xttime)i externals

clocktime(var x:time)j externals
setpri(ident:procidi prioftinteger)i externals
awake(ident:procidi xttime)’ externals

»
9
.
3

nodelistsize=203%

type nametype=arrayl1..101]

of chars’

address=record

nameinametypes’

numbertinteger
end3{addressy
nodetype=(innode:PIDnodesoutnode) i
paramtype=record

case taginodetype of

innode: (insigsaddress;

scalesfilterirealls’

PIDnode:(PIDinsPIDrefsPlDout:addressi

kstistdsalfasbetaslimitsreallds

outnode:(insiglsinsig2sinsig3sinsig4routputaddresss

scallsscal2yscal3sscal4slevel ireal)

endi{paramtypel
statetype=record
filterstatesyoldsipart.dpartireals
endi{statetypel
ddcnodetype=record
fwdsbwd:integers
name:nametypes’
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priorityftintegeri
periodscounter:integers’
outvalue: reals
parampartiparamtype}
statetstatetype
endi{ddcnodetype?’}
commandtype=arrayl[1i..6] of charsi
opindex=(openxsshowxslinkxsdeletexslastopindex)’
variableindex=(periodxsinsigxsscalexsfilterxs
PIDinksPIDrefxsPIDoutxskxatixs
tdxslimitxsinsigixsinsig2x,
insig3xsinsigé4xsoutputxsscalixs,
scalZxiscal3xsscalaxs
levelxslastvarindex):
errors=(fewargstoomanyarg:illnamesnospace:
notopensblankaddrsnonodesreferrsnotin,
nonamesprierrsnoopstagerrl i
nodemonitortype=record
nodelistfarrayll..nodelistsizel of ddcnodetypes’
isregindexsinteger;
entrygateisemaphores
endi{nodemonitortypel

var regulnodes;opcomnode:ddcnodetypes’
namefhametypesl
clock:times’
op:arraylopindex]l of commandtypej
varsiarraylvariableindex] of commandtypej
opxfopindexi
varindexs:variableindex}’
command tcommandtypes
openedsanyfoundnot foundsnotspace:booleans’
nodemonitorinodemonitortypes
allocationareaiunsignedintsi
identity:integers
opgqueuesopcanqueues TTYqueueisemaphores

.c — e
procedure setsemaphores)
{Initializes all semaphoresl}
begin
hodemonitor.entrygate:=s03
opqueuesi=si;
ppocomqueue:=s23
TTYqueuei=s33;
ends’

{ o -—
procedure regputgetnodes
{Copies a node of the nodelist into a regulator’s copy or
statevalues from regulator’s copy into nodelist}
var done:boolean’
begin

wait (nodemonitor.entrygatels

with nodemonitor do begin

if regindex<>1 then begin
with nodelistiregindex] do begin

copies back
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outvalue:=regulnode.outvaluej
statei=regulnode.state
end {withl}
ends}
done:=falsei anyfound:=falsei
repeat
regindexi=nodelist[regindexl.fwd}
if regindex=1 then done:=true
else begin
with nodelistLlregindexl do begin
if period>0 then begin
counteri=counter—-13
if counter{=0 then begin
counteri=period}
anyfound:=truei
regulnode:=nodelistlregindexl;
done:=true
end
end
end {with}
end
until dones
{continue(opqueue) ¥
cause{opqueue) i
signal (opqueue) i
endi{withl)
signal (nodemonitor.entrygate’
endi{regputgetnode’

'C — -—
procedure getoutvaluelvar numbertintegers’
var outvaluefreal)ds
begin
outvaluei=nodemonitor.nodelist[numberl.outvalue
endi{getoutvaluel

{ — - -— - -

procedure lookup(var nameinametypej var ptriinteger);
{Scans nodelist for node namel
begin
with nodemonitor do begin
nodelist[1].namei=namej
ptri=13
repeat
ptri=nodelistlptrl.fwd
until nodelistlptrl.hname=names’
end {withX
endi{lookup’

{
procedure opgetnode(var node:ddcnodetypes
var notfounds>notspacetboolean)s

{Checks nodelist for a node called (node.name). When found node
a referencel
var ptriintegers
begin

wait (nodemonitor.entrygate)i

lookup(node.namesptr) s

gives
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if ptr<>1 then begin
notfound:=falses
node:=nodemonitor.nodelistlptrl] end
else begin
notfound:=truej
notspace:=nademonitor.nodelist[2].fwd=2
ends’
signal (nodemonitor.entrygatel s’
endi{opgetnode’

{
procedure deletenode(this:integer))
{Deletes the node (this) from the nodelist}
begin
wait (nodemonitor.entrygateds
with nodemonitor do
with nodelistl[this] do begin
nodelist[fwd]l.bwd:=bwdj
nodelistCbwdl. fwd:=fwdj
bwd:=23
fuwdi=nodelist[2].fwd}
nodelist[2].fwdi=this}
hodelist[fwdl.bwd:=this
endi{withl}
signal (nodemonitor.entrygate)s
ends{deletenodel

{ - -
procedure linknodes
var thissptriintegers
{Links a node to the nodelistl}
begin
wait (nodemonitor.entrygate)li
lookup(opcomnode.namesthis) i
with nodemonitor do begin
if this<>1 then begin
with nodelistlthis]l do begin
period:=opcomnhode.periodsi
parampart:=opcomhode.parampart
end {with} end
else begin {a new nodel
thisi=nodelist[2].fwdj
ptri=nodelistlthisl.fwd}
nodelistCptrl.bwd:=25
hodelist[2].fwdi=ptr}
nodelist{thisl i=opcomnodes’
ptri=13
with nodelistlthisl do begin
repeat
ptri=nodelistiptrl.fwd
until priority<{nodelistlptrl.prioritys’
fwde=ptri
bwd:=nodelist[ptrl.bwds}
nodelistlptrl.bwdi=thisi
nodelist[bwdl.fwd:=this
end {withl
end {with?}
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ends’
signal (nodemonitor.entrygate)i
endi{linknodel

{ -—
procedure checkname(var nameinametypes
var ptriprifinteger)]
{Returns a reference to a node and its priorityl
begin
wait (nodemonitor.entrygate’s’
lookup{namesptr);
if ptr<>1 then pri:=nodemonitor.nodelistiptrl.prioritys
signal (nodemohitor.entrygate)
end i{checknamel

{
procedure initnodemonitors
{Initializes nodelist}
var kiintegers
begin
wait (nodemonitaor.entrygate)s
with nodemonitor do begin
regindex:=13}
with nodelist[1] do begin
fwdi=13% bwd:=13
priority:=32767)
endi{with’}
for ki=2 to nodelistsize do begin
with nodelistlk]l do begin
fwdi=k+13 bwd:=k-—-1
end {withl}
endi{forl}
nodelist[2] .bwdi=nodelistsize}
nodelistinodelistsizel.fwdi=2j
endi{with}
signal (nodemonitor.entrygatels’
endi{initnodemonitor}

{ -_— —— -—— —_ -_—

{ — - — —
procedure opcomi
label 999

procedure error(errierrors)i
{Makes print-outs of errors)
begin

wait (TTYqueue)i

case err of

fewarg: writeln(’missing arguments’);
toomanyarg: writeln(’too many arguments’):s
illname: writeln(’illegal name’)s

naspace? writeln(’the nodelist is full’)j
notopent writeln(’no node is open’)ds;
blankaddr: writeln('undefined signal’)}’

nonodes writeln(’the node didn’’t exist’)}
referr? writeln(’other nodes use this node’)}
notin: writeln(’the signal has wrong ’»

’direction’)s
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noname?s writeln(’undefined signhal’>s
prierr? writeln(’the value is not ’»
‘available here’)}
noop: writeln(’illegal operation’)3;
tagerr: writeln(’wrong nodetype’)

endi{casel
signal (TTYgQueue) §
goto 999
endi{error}
{UIII.III!lulunlﬂﬂuIlhll.’....’tﬂl.llIIlIOIJIO!IIIIl---llllln.ll.ll'.}
procedure writeaddress(addr:address)}
begin
wait (TTYgueue) s’
with addr do begin
if name=AD then writeln(’AD ’snumber:i2)
else if name=DA then writeln(’DA ’'snumber:2)
else writeln(name)
endi{withl}
signal (TTYqueue) §
endi{writeadress}
{ecessassesansncasnsnsssanassusnnanssussasesasansnassasnanssssnnnassal
procedure readnames’
{Reads names written by operator on TTYJ
begin
wait(TTYqueue)}
if eoln then error(fewarg)i
read (name) j
if not eoln then error(toomanyarg)i
if (nhame=AD) or (name=DA) or
(hame=blanks) then error{illnamel;
signal (TTYqueue)
endi{readname’
{ueounoeasasnsunnansneananassasuaassaasasnosnoanvanunussvsaanousnnanunl
procedure open’
{Initializes a node or makes a copy from the nodelist}
var donetbooleani
nodestring:array[1..8] of charj
procedure initname(var addriaddress);
begin
addr.names=blankssi
addr.number:i=
endi{initname’
begin
wait (opcomqueue)’
openedi=false}’
readnames’
opcomnode.name f=namej
opgetnode (opcomnodesnotfoundshotspace) s
if notfound then begin
if notspace then error(nospace)
else begin
with opcomnode do begin
repeat
write(’#* priority= ’)3
readln(priority)s
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until (priority>»0) and (priority<£32747)3%
period:=0j
counteri=13}
outvalue:=0.0
endi{with)
with opcomhode.parampart do begin
repeat
donesi=truel
write(’'* nodetype= ')}
read{nodestringl}
if nodestring='INNODE ' then
tag:=innode
else if nodestring='PIDNODE ’ then
tag:t=PlDnode
else if nodestring=’0OUTNODE ' then
tag:=outnode
else begin donei=false’ readln end
until donei
case tag of
innode: begin
initname(insigl}
scale:=1.03
filters=1.0
ends’
PlDnode:begin
limite=1.03
k:=0.0%
tis=0.03
td:=0.03%
initname(PIDin)j
initname(PIDref) )
initname(PlDout)
ends’
outnodetbegin
initname(insig1)j scal1:=0.03
initname(insig2) i scal2:=0.03
initname(insig3) 3’ scal3i=0.03
initname(insig4? i scal4:=0.03
initname(output);
level:=0.0
end
end {casel
endi{withl}
with opcomnode.state do begin
filterstate:=0.03
yold:=0.03
ipart:=0.03
end {withl}
end {elsel}
endi{if}
ppenedi=true)
signal (opcomqueue) i
endi{open}

{Illll'llll..l.l.l-lllllllllllllll..llI’l.llllll.llll..l.l..lll.'ll.'}
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procedure showj’
{Prints the contents of operator’s nodecopy on TTY}
begin
if not opened then error(notopen);
with opcomnode do begin
write('NODENAME: ‘)35 writeln(name);
write('PERIOD : "33 writeln(period)}
write('PRIORITY: ')} writeln(priority)}
write(’QUTVALUE: ’)35 writeln(outvalue)
endi{with)
with opcomnode.parampart do begin
case tag of
innode: begin
write(’ INSIG 2 )
writeaddress(insig)
write('FILTER ¢ ‘)
writeln(filter)s;
write(’'SCALE 2 )3
writeln(scale)};
ends’
PIlDnode:begin
write('PIDREF = ’)
writeaddress(PIDref
write(’'PIDIN A
writeaddress(PIDin)
')
ut
')

write(’'PIDOUT =
writeaddress(PIDo

W WS e A A Y s
a2

write('K s
writelntkK)j
write('T1 LI
writeln(TI);
write('TD LI I |

writeln(TD)}
write('LIMIT D |
writeln{limit)j
ends)

outnodeibegin
write(’'INSIG1 2 ’)3§
writeaddress(insig1)3;
write(’SCAL1 D B |
writeln(scal1)s;
write(’'INSIG2Z ¢ ’)3
writeaddress(insigz)}
writec¢’'SCALZ2 LR |
writeln(scal2);
write(’'INSIG3 : ‘)3
writeaddress(ingig3)}
write(’SCAL3 TS
writeln(scall3);
write('INSIG4 = *)3
writeaddress(insigé4);
write(’'SCAL4%4 R
writeln(scal4)s;
write('QUTPUT = ’)3
writeaddress(output);
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write(’'LEVEL 2 ')5
writeln(level)
ends;
endi{case}
with opcomnade.state do begin
case tag of
innode: begin
write(’'FILTERSTATE : ‘)3
writeln(filterstate)
end3’
PIDnodetbegin
write(’'YOLD 2 ')
writeln(yold);}
write(’ IPART HER R |
writeln(ipart)s
write(’DPART AR |
writeln(dpart)s
endj’
endi{casel}
end {withX>
end {withl}
endi{showl}
Casanansasdmsnnns sneananenemsmeess e wneeess eees e eeessesssnuesensss
procedure links
{Administrates linkage of operator’s nodecopy and hands over to
procedure linknode abovel}
var tsireals’
begin
if not opened then error(notopen)i
with opcomnode.parampart do begin
case tag of
innode: if insig.name=blanks then
error(blankaddr);
PlDbnode:begin
if PIDref.name=blanks then
error(blankaddr)’
if PIDin.name=blanks then
error(blankaddyr) i
tsi=opcomhode.period/tickspersecond}
if ti>0.0 then alfai=kx*ts/ti
else alfai=0.0}%
if (£s>0.0) and (td>D.0) then
betas=k#*td/ts
else beta:=0.0
end}
outnodetbegin
if (scali1>0.0) and
(insigl.name=blanks) then
error(blankaddr)}
if (scalzf>0.0) and
(insig2.name=blanks) then
error(blankaddr) s’
if (scal3<>0.0) and
(insig3.name=blanks) then
error(blankaddr)}
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if (scal4<>0.0) and
(insig4.name=blanks) then
error(blankaddr)
end
end {casel}
ends{withl}
linknode}
ends{link?

{-llllIl.llIllIII--I-l-I.-.IIIIl-lll-l.l----l.ll-llulllll-lln-n----nl}

procedure deletes
{Administrates deletion of node and hands over to deletenode above?
var thissptrisresult:integers
nodename :nametypes
begin
readnames
nodename=name’
result:=0;
lookup(nodenamesthis);
if this=1 then result:=
else begin
Ptri=nodemonitor.nodelistlthis]l. fwd;
while (ptr<>1) and (result<>2) do begin
with nodemunitor.nodelisttptr].parampart do begin
if insigl.name=nodename then result:=2}
if tag<>innode then begin
if insig2.name=nodename then result:=23
if tag=outnode then begin
if insig3.name=nodename then result:=2}
if insig4.name=nodename then result:=2
end
end
ends{with’}
ptri=nodemonitor.nodelistiptrl. fwd
end {whilel
ends; .
if result=0 then begin
{ if this=nodemonitor.regindex then delay(opqueue);’ ¥
if this=nodemonitor.regindex then await (opqueue)’
deletenode(this);
end?
if result=1 then error(nonode)}
if result=2 then error(referr)
endi{deletel)
{....................................................................}
procedure readreal(var variable:real}
tag:nodetype);
{Reads parameters etc. from TTY?}
var rireals
begin
if opcomnode.parampart.tag<*tag then
error(tagerr))
if eoln then error(fewarg)s;
read(r)j)
if not eoln then error(toamanyarg)
variable:=yr
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ends’
{-------------------.-------------------.-‘..---------u--------.-..-.-}
procedure readaddr(var signaliaddress}
taginodetypes
outsignal :boolean);
{Reads address of signal-reference from TTY?}
var nrspritinteger;
begin
if opcomnode.parampart.tag<>tag then
error(tagerr) s’
if eoln then error(fewarg)s$
read(name)l;
if name<>blanks then begin
if outsignal <> (name=DA) then
error(hnotind;
if (name=DA) or (name=AD) then begin
if eoln then error(fewarg)}
read(nr) end
else begin
checkname(namesnrspri);
if nr=1 then error(noname);
if opcomnode.priority<=pri then error(prierr)
end
ends;
if not eoln then error(toomanyarg)s
sighnal.namet=name}’
signal.numberi=nr
endi{readaddr’}
{....................................................................}
procedure setvariables
{Administrates setting af variables}
var ifintegers’
begin
with opcomnode.parampart do begin
varindexi=periodx}
varsllastvarindex]:i=commands}
while vars[varindex]<>command do
varindexi=succ(varindex)}
if varindex=lastvarindex then error(noop)i
if not opened then error(notopen);
case varindex of
periodx: begin
if eoln then error(fewarg)}
read (i)}
if not eoln then
error(toomanyarg)j
opcomnode.periodi=i
endj;
insigx: readaddr{insigsinnodesfalse)}
scalex! readreal(scalesinnode)s;
filterx: readreal(filtersinnode);
PIDinx: readaddr(PIDinsPIDnodesfalse);
PIDrefx: readaddr(PIDrefsPIDnodesfalse)]
PIDoutx: readaddr(PIDoutsPIlDnodestrue)}
kxe readreal (ksPIDnode)



14
DDCPAC

tixs readreal(ti,PIDnode) s
tdx: readreal (tdsPIDnode);
limitx® readreal(limit»PIDnode);
insigix: readaddr(insiglsoutnodesfalse);
insig2x: readaddr(insig2s:outnodesfalse);
insig3x: readaddr(insig3soutnodesfalse);
insig4x: readaddr(insig4s;outnodesfalse);
outputx:® readaddr(outputsoutnodestrue);
scalilx: readreal(scalisoutnode)}
scalidx: readreal(scalZsoutnode)}
scald3x: readreal(scal3southode);
scal4x: readreal(scal4ioutnode)’
levelx: readreal(levelsoutnode);
lastvarindex: error(noop)
end {case}
end {with}
endi{setvariable}
{....................................................................}
procedure initialize;
{Initializes opcom?
begin
oplopenxl:=’QPEN
oplshowxli=’SHOW *
opllinkxl:=’LINK
opldeletexl:=’'DELETE’;
varslperiodxl:= ’PERIOD’
varslinsigxJi= ' INSIG '’

9

9
varslscalexl:= ‘SCALE '3
varslfilterxle:= 'FILTER’
vars{PIDinxl:= ‘*PIDIN '3}
vars[PIDrefxl:= 'PIDREF’}
vars[PIDoutxl:= ’*PIDOUT’;
varslkx] = 'K '
varsltixl:= 'T1 * s
varsltdx]:= 'TD '3
varsllimitxle= L IMIT ‘3
varslinsigixl:= *INSIG1‘}
varslinsigZxl:= ' INSIGZ’;
varslinsig3xl:i= *INSIG3’;
varslinsigaxli= ’INSIG4’;
varsloutputxl:i= ’'QUTPUT' ;
varsiscalixl:= '8caL1l '}
varslscal2xl:= 'ScCALZ '3
varslscal3xli= ‘*gcaL3 '
varslscal4xl:= ’'SCALSG '3
varsllevelxl:= ‘LEVEL '3}

openedi=false
endi{initialize’
{....................1...............................................}
begin {opcom?
readys;
initializes
repeat
write(’>’)3}
read (command)
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opllastopindex]:=command3

opxi=openx’

while oplopxl<»command do
opxi=succ(opx)i

case opx of

openx ! openi
showx . showji
linkx g links
deletex ! deletes

lastopindex: setvariable
endi{case’}
999:readln
until falses’
endi{opcom?

{ - - >
{- - - , == -3}
function ulimCuslolimshilimireal):reals
{Limits signal u?}
begin
ulimi=us$
if ud€lolim then ulim:= lolims
if udhilim then ulim:= hilim
endi{ulim}
{ = - - - ————— e e >
function nodevalue(var addriaddress) :ireals
{Fetches outvalues from AD-converter or node?
var valuetreals
begin
if addr.name=AD then valuef=adin(addr.number)
else getoutvalue(addr.numbersvalue);
thodevaluei=value}
endi{nodevalue?
{ - ———— ¥
procedure inregsi
{Filters a sighal’
var valuesout:reals
begin
with regulnode.parampartsregulnode.state do begin
value:=scale*nodevalue(insig)}
value:=(1.0-filter)*filterstate+filters#value?’
filterstatet=value
endi{with}
regulnode.outvaluet=value
endi{inreg’
{ et ——- == - e e - ¥

Procedure PIDreg?

{Performs calculations for PID-control?

var esyrsysuireall

begin

with regulnode.parampartsregulnode.state do begin

yri=nhodevalue(PIDref)};
yi=nodevalue(PIDin) 3
eisyr-ysi
ipart:=ipart+alfaxe’
dparti=beta*(yold-y);
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ui=k¥et+tipart+dparts;
ui=ulimCus—limitslimit)
yolde=yj§
if ti>0.0 then iparti=u-dpart-k#e;
{anti-reset-windup?
if PIDout.hname=DA then
daout (PIDout .numbersu)}
regulnode.outvalue:i=uy
end {withl}
endi{PIDregl
{ — ——
Procedure outregi
{Calculates a weighted sum and performs limitations when
DA-conversion is expected?
var outsirealil
begin
with regulnode.parampart do begin
out:i=level};
if scall1<>0.0 then
outi=out+scali*nodevalue(insig1)s;
if scal2<>0.0 then
outi=out+scalZ#nodevalue(insig2);
if scal34<>0.0 then
outi=out+scal3*nodevaluel(insig3);
if scal4s<>D.0 then
outi=out+scal4*nodevalue(insig4) ;
regulnode.outvaluet=outs;
if output.name=DA then begin
out:=ulim(outs-1.0,1.00;
daout (output.numbersout)
end
end {with’}
endi{outreg}
{ PR " — —
procedure regulators
{Administrates regulating facilities and keep record of timel
var nextclock:times
begin
ready?’
repeat
nextclock.ticki=clock.tick+13
sleep(nexteclock) s
clocktime(clock);
regputgetnode;
while anyfound do begin
case regulnode.parampart.tag of
imnode: inregsi
PIDnode: PIDregsi
outnode: outreg
endi{casel}
regputgetnodes’
end {whilel
until falses’
endi{regulator)
.c ——— S T o T T o T T e e e e e e e o e e e e e e e e et et e o e e v e e s s e e e e e e e
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{
begin {mainl
setsemaphoress

initkernel (allocationareas1000:1000);
writeln(’allocationarea=’sallocationarea)}

initnodemonitors

initproc(identitys8+1000sregulator);

writeln('#’ sidentity)3;
regulators

initproc(identitys10+1000s0pcom) ;

writeln('#' sidentity)s

opcoms

writeln('#’ sidentity)s

repeat until falses
end.

{

{ —_

{
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enterkernel
savestatus
swkernel
swuser
startrun
exitproc

The two first proecedures in the 1list are comwmented
below.

enterkernel:

The programcontrol can switch from the users
code to the kernel’'s code in two wayss by
procedure rall (e.g. wait(x)) and by interrupt
(for the time being the only interrupt is the
clock—interrupt). See figure on next page.
Howevers in the other direction (from the
kernel’s code to users code) the programcontrol
can switch in only one ways by

RTI

(See startrun). Therefore the stack must be
modified in the case of procedure call. This
modification is done by enterkernel.

savestatus:

When PC goes into the savestatus it still uses
the 1local stack <(the stack belonging to the
process which are calling a kernelprocess ar
being interruptl). On the top of this stack some
information is kept which is moved to the
kermelstack by savestatus. After that the values
of the registers and $KORE are saved on the
local stack. For details see the code.

9.2.2 MISCELLANEOUS PROCEDURES

The miscellaneous procedures are



The effect of interrupt

before interrupt

PS ! 0DOD !
R7 ! PC !
R6 ! A I >

after interrupt

PS ! 034D !
R7 ! CLKINT !
R& ! A+ 4 b=\
- \
\———>

The effect of Jump to subroutine

JSR PC»SER

before

R7 ! PC !

Ré& ! B L it >
after

R7 ! SBR !

R6 i B + 2 I ==\

stack

/7 7 77

W r s 777!

VAR AR AV A §

‘v /1 777

/7 7 7/

‘vv 4 1 1 17!

stack

‘v 4 1 1 /7!

/7 /7 7/

‘'v 4 /4 7 77!

/7 7 77

VAV AV AVS

VANV A A A
0000
PC

1
1
1
.

stack

‘v v 7 1 7 7!

/7 7 77

‘' 41 1 1 7 /)

stack

'y 7 7 7 7 7!

VA A O A §

VAV AYaYAS

1
.
1
.

VA A A A §
PC + 2
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normalize
put

remove
putpriority
clkstore
semqueue
schedule
clkint
MEROTYerror
semerror
idleproc

The program—code is in these cases easy to understand.
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10. APPLICATIONS --— DDC-PACKAGE

An available Concurrent-Pascal-version of a program—package
designed for direct digital control(DDC) by Wieslander,
Mattson et al was modified such that
Concurrent-Pascal-features were exchanged by tools offered
by the kernel.

The program is structured as two concurrently executing
procedures (regulator and opcom) sharing a common database
(nodelist).

main |-————— P i i ] R '
i==>1 node i->I =>i 1= -1 f=—
i i list 1 P I ase i :
=1 1) L= (2) 1<=1 (3) iL- =i (n) i<~
] ] [] ! ] ]

- e me mE mm e

proc. regulator proc. opcom
(performs calcu-—
lations on data-
base nodelist)

(Operator’s com—
munication with
database)

—— e e e e e
— e e mm e m
— e s e e

— e e e s e
— e s e e e e e e e M MmO e e e e

e e e e e e e e e e e e e e e

Figure 10.1: The main program takes care of initialization
and starts up the procedures opcom and regulator by
kernel-procedure initproc and lets these procedures .work
concurrently. Opcom and regulator perform operations on a
common database called nodelist(cf.figure above)s which thus
should be protected - when worked upon - by appropriate
kernelprocedures.

The main program has the following outline:

begin
setsemaphores? {initializes semaphoresl}
initkernels { kernell}
initnodemonitorsi { database}
initproc(regulator)s {starts regulator)
regulator?
initproc(opcom) i {starts operators commmuni-
opcoms cation with databasel
repeat until false {prevents main from terminatingl

end.
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Main is not allowed to terminates since this stops the
execution of the procedures regulator and opcom.

Nodelist

The database nodelist is organised as an array of
records(nodes)s each of which can be chosen as INNODEs
PIDNODE or OUTNODE.

Innode contains address INSIG to a suitable unit of input
like AD—converter or some other node. Furthermore there are
scalefactor SCALE and filterfactor FILTER for scaling and
first-order filtering resp. of input. The result is stored
in outvalue and later in filterstate.

PiDnode contains addresses to input-units of commandsignal
(PIDREF)s process—output (PIDINY and output-unit (PIDOUT)
like AD(or DA)-converter or some other node. There is also
space for all parameters (KsTI1sTD) and states necessary for
PID-control and a saturation—-limit LIMIT for the saturated
controller.

Finally outnode contains addresses to four different input
units C(INSIG1s INSIGZ2. INSIG3s» INSIG4) with corresponding
weighting factaors (S5CAL1s SCALZ2, SCAL3s ©SCAL4Y and a
constant term LEVEL in order to calculate the expression
u=level + scall#xl +....+scalsb*x4.

The procedure regulator performs calculations on nodelist as
indicated above. Regulator has higher priority than opcom
and will thus start executing immediately after a
clockinterrupt unless it isn’t still running after a
previous activation. When runnings regulator scans the
nodelists which 1is sorted by prioritys checks variable
counters which tellss whether the calculations should be
performed at this time instant. When so expecteds regulator
makes a copy(regulnode) of the node and calculations are
done. Regulator then updates states of the node and proceeds
until all nodes in nodelist has been examined. When finished
opcom starts running.

Opcam facilitates operator’s communication with nodelist.
Opcom works interactively with the operator. When expecting
a new command opcom writes '>’ on TTY. The operator - can
choose between commands OPENs SHOWs LINKs DELETE and
parametersettings PERIODs INSI1G» SCALEs FILTERs PIDIN:
PIDREFs PIDOUTs Ks TIs TDs» LIMITs INSIG1s INSIGZ2s INSIG3»
INSIG4s OUTPUTs SCAL1s §SCAL2s SCAL3s SCAL4 and LEVEL.
Furthermore opcom takes care of error messages and other
references to external units except for AD- and
DA—conversion.
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Those procedures of DDCPACs which make use of the protection
facilities offered by the kernels consist of the equivalents
of the Concurrent—-Pascal-feature entryprocedure of monitors.
In our program certain procedures have received protection
by calling kernel-procedures ‘wait’ and ‘signal’ in the
follaowing manner.

procedure alfa(r:real)}
begin
wait(semaphorel) i

signal (semaphorel)
ends’

When this simple-most way of declaration is useds clarity is
gaineds fewer semaphore errors are likely to occur and
program structure adheres to that of Concurrent-Pascal. When
some other procedure calls 'wait(semaphoreil)’, while
execution of alfa has passed ‘wait’ but not ‘’signal’s it
will have to make a break at 1least until alfa has passed
‘signal’. When a calling procedure calls ’'wait’ of a busy
semaphore: it will be put into the semaphore—queue by
priority and execution will make a break until a sufficient
number of ’'signal’ has been executed. Each ’'signal’ releases
one of the waiting procedures in the semaphore-queue and
transfers it to the ready—-queue i.e. the the queue of
processes ready for start(or restart) of execution.

Kernelprocedures ’'await’ and ’'cause’ do not occur pairwise
in a procedure as 'wait’ and ’signal’ do. Procedure ’await’
may be compared with the Concurrent-Pascal-feature ’‘delay’:
which is used when the calling procedure should make a
breaks until some conditions which is external of the
calling procedures has been fulfilled. Then a call ’‘cause’
transfers the delayed procedure to the semaphore—queue from
which it will be released to execute after a sufficient
number of signals in the same manner as above. ‘These
features are not used exclusively to prevent procedures:
which compete about access to a common resources from bad
interaction — as is the case about ‘wait’ and 'signal’ . - but
more as means to synchronize demands of certain resources
with their actual capability. This might be useful in order
to prevent errors for example when trying to put characters
into a full buffer or when deleting a node of which the
regulator has got a copy and warks upon in order to write
back into the node without actually occupying the node with
a semaphore-request in the mean—-time.

In DDCPAC the following protection facilities have been
developed using the kernelprocedures.
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To protect from bad interaction due to competition about
database:®

nodemonitor. regputgetnode

entrygate opgetnode
deletenode
linknhode
checkname
initnodemonitor

To protect admission to external units:

Semaphore Procedure Comment
TTY error

writeaddress

readname

To protect admission for different opcoms(nhot necessary):

Semaphore Procedure Comment

opcomqueue opcom
To facilitate medium—-term—scheduling of nodelist (deletion):

Semaphore Procedure Comment

opqueue regputgetnode {cause}
delete {await?}
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The opcom-procedure works interactively with the aperator
and returns a '>’ when expecting a new commands which may be
chosen among commands (computer outputs underlined):

>0PEN <nodename:string of characters>
>SHOW

>LINK <nodenamei:string of characters>
2>DELETE <nodenamei:string of charactersd>

or among parametersettings:

2PERIOD <£number of ticksiinteger>

>INSIG <name:string of characters>/<’'AD ’'snumberiinteger>
»SCALE <scale:real>

2FILTER £filter:real>

>PIDIN <nameistring of characters>/<’AD ’snumberiinteger>
>PIDREF <name:string of characters>/<’AD ’'snumber:integer>
dPIDOUT <nameistring of characters>/<’'DA ’'snumber:integer>
2K <gaintreal>

>T1 <integrating time constant:i:real>

>TD Lderivative time constant:real>
2LIMIT £limitereal>

>INS1G1 <nameistring of characters>»/<’AD
>INSIG2 <name:string of characters>/<{’ AD
2INSIG3 <namesstring of characters>/<’'AD
>INS1G4 <namelstring of characters>/<’'AD
PO0UTPUT <name:string of characters>/<’'DA
»5CAL1 <scaliireal>

>S8CAL2Z <scalZ:i:realX>

>SCAL3 <{scal3:real>

>SCAL4 {scal4treal’

>LEVEL «<level:real>

shumbertinteger>
shumbertinteger>
snumbertinteger>
shumber:integer?
shumber:integer>

-~ ® e e -
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20PEN PID1
#_priority= 13

# nodetype= PIDNODE

>PIDREF AD O

SPIDIN AD 1
2K 1.2

3>T1 100.0
SLINK
JOPEN P1D2

% _priority= 20

*_nodetype= PIDNODE
>PIDREF P1D1
SPIDIN AD 2

3K 2.1
'3T1I 50.0

SLINK

30



APPENDIX 1: KERNEL

Programlistings



Awakes sleeping process with procid ident for start.

Example: awake(processistimel)]

s
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3. EXAMPLE_OF USAGE_OF_Z

A shorts

instructive but very artificial example will give

anh idea about how to use Z and how Z is working.

Assume that for some peculiar reason you want a program to

write

Process 1 time is {actual timel

every two seconds and

Process 2 time is {actual timel

every third second on the terminal. How this is solved in z
is shown by the program Twoprocesses.

Program TwoProcesses)

{A simple

example of usage of the program kernell

type procid=integers’
unsignedint=0..65335}
semaphore=(teletypesnothing)li
time=record

minstickiintegers’
ends;

var allocationareaiunsignedints
procisproc2iprocids’

Procedure
Procedure

Procedure
Procedure
Procedure
Procedure
Procedure

Procedure

initkernel (var freememoryiunsignedintikernelrequest,
mainrequestiunsignedint) iexternals

initproc(var ident:procidi prio:integers’
memoryrequestiunsignedint’ procedure process)i externals

readyiexternals

wait(xisemaphore)i externals

signal (xisemaphore)i external}

sleep(var xitime)i externals

clocktime(var x:time); externali

processii

var timelstime)

begin
ready}

claocktime(timel)s;

repeat

wait(teletype)lsi

write(’'process 1 time is ’‘stimel.mini4,’ minutes ')}
writeln(timel.tick:4s’ tick’)i

signal(teletype)}’

timel.

tick:=timel.tick + 1003

sleep(timel)
until false

ends’



Procedure process2i
var time2:time;
begin
ready’
clocktime(time2) i
repeat
wait(teletype)s’

write(’process 2 time is ’‘stimeZ.mini4,’ wminutes

writeln(time2.tick:4s’ tick’)s
signal (teletype)’
timeZ.tick:=time2.tick + 1503

11

PR

sleep(time2)
until false
ends’
{==== === Smsommmms === == mec=msm==)
{MAIN PROGRAM EEE s L L ======= = =====}
{E==mms=msssmSEsSSmRITSEES ==== = === ===7}
begin

initkernel¢allocationareas:100051000)5
writeln¢’allocationarea= ’‘sallocationarea)s

initproc(proc1+2+1000sprocess1) i
processl}

initproc(procz:2,1000yprocess2)
process2}i

repeat

until false

end.

To run this example the objectfile is linked as
=R LINK

#DX1 :KERNEX=DX1 :KERNEX s KERNEL » DXO: PAGSUP

(The file with Twoprocesses is called KERNEX)
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4. HOW A NORMAL PASCALPROGRAM USES THE PRIMARY MEMORY

To make it possibly to explain how Z is implemented we will
here explain how a normal Pascal program uses the primary
MEeMmory .

There are two data areas in the primary memory which are of
concern to us - the global data area and the program stack.
The global area contains the values of all variables defined
at level O within a PASCAL programs while the program stack
contains all variables local to PASCAL procedures along with
linkage information. Register 5 (R3) always points to the
base of the global data area» while the stack pointer (EP:
register &) points to the top of the program stack. The
dynamic variables are stored on the HEAP and the space is
allocated when the procedures new is called.

TOP OF
MEMORY ==> ! MONITOR (RT-11) !
! USER STACK :
! AND LOCAL :
! VARIABLES !
! \/ !
! N/ :
SPp ==>» ! N/ !
! FREE CORE !
$KORE ==> ! -
. !
- !
! A !
! HEAP :
! GLOBAL !
RS ==> ! VARIABLES :

! PASSUP CODE :

! USER'S CODE !

! INTERRUPT !
! VECTORS !
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When a procedure is calleds the PASCAL system saves the
return address and allocates space for parameters and local
variables on the stack. Each separate invocation of a
procedure causes a new data area (called a otack frame} to
be allocated. The following diagram shows the structure of a
stack frame:

not used in ! Function return !
Z ! value !
! Parameters !
! (if any) !

! Return address !

! Local variables !
! (if any) L

SP => ! Static link !

The otatic 1link is simply a pointer to the stack frame of
the latest invocation of the procedure lexically enclosing
the one Just entered. This pointer is used to compute the
address of intermediate level variables - variables which
are neither 1local nor global. All 1local variables (those
which are defined by the current procedure} are indexed
relative to the SP. Global variables are accessed by
indexing from RS. To access an intermediate level variable.
it is necessary to traverse the static link 1list until the
proper stack frame is reacheds and indexing by that base
value. To make variable addressing a little easier for the
MACRO programmers the compiler will replace the name of a
PASCAL variable by its offset in a code inserts and will
replace the name of a PASCAL function or procedure by its
entry label. Note that it is the programmer’s responsibility
to address the PASCAL variable using the proper base
register (RS for globalss SP for locals). The compiler will
give no error message if this is done improperly.
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5. HOW Z 15 IMPLEMENTED

Z is written as a [ascalprogramd (with inline assembly
coding) without any main body. Thus the program» which is
called kernels is in fact only defining a number of
procedures. Among these procedures there are the so called
external procedures (Available to a user):

initkernel
initproc
ready
wait
signal
await
cause
sleep
clocktime
setpri
awake

When linking the users program with Passups the user has to
include the program kernel in the command string (see the
command string in context with the example Twoprocesses) .

The kernel administers the registers and the stacks to make
it possible to switch the program control between different
processes. When a process is runhings the PC is pointing in
the code of the process. The stackpointer is pointing at the
local stack. The process continues to run until a
sighificant event occurss i.e. when the process calls a
kernel procedure or a clock interrupt occurs. When a
significant event happens the kernel decides which process
to run next. To stop a process and start up another is a
messy affair of fixing registers and the stacks of the
actual processes. The picture is even more complicated
depending on the fact that the kernel in itself is a program
which use the registers and an own stack.

6. THE LIST STRUCTURES OF Z

Z keeps record over the different processes by keeping them
in five different queues. The gqueues are organized as a list’
of nodes with one dummy nhode as a listhead pointed out by a
variable which is used to identify the list. The list
structures are described by a figure on the next page.
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The figure describe a situation when 9 processes are
defined.

The run—queue consists of only the currently running
process.

The processes which are ready to run lies in the ready—queue
in priority-order.

The clockqueue consists of processes waiting to be run in
the future. They are ordered after indicated starttime. At
each clockinterrupt the clockqueue is checked and if the
leading processes’ starttimes are equal to or less than the
actual time the process will be moved to the ready-—-queue.

The semaphore-list consists of one queue for each resource
(for example teletype» lineprinter» common data area etc.).
In this example there are two semaphores.

The all-list is an single~linked list which consist of all
processes. The processes are linked to the list in the order
of initialization.

7. STATUS OF THE RESTING PROCESSES

The status of a not running process is saved on the local

stack after the static link as in figur.

! sL !

PSW
PC
RO
R1
R2
R3
R4
R5
$KORE

e sem sem s swm s sem Ses e
o sem smm s vem b sem see e |

The stackpointer is stored in the processrecords which is
available for Z via the liststructures. For saving the
status of an interrupted process the procedures enterkernel
and savestatus are selfexplaining. For startup of a process
chosen by Z to be running see procedure startrun.
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8. MEMORY ALLOCATION

Initkernel initiates the lists described in chapter 5 and
creates processrecords and startstatus for idleproc and
main. After that the clock is started and the realtime
scheduling starts.

Creating a new process (child) may be done from any process
(parent).The memoryallocation is done by initproc.

On next page the memoryallocation is illustrated for the
example in chapter 3.

9. PROCEDURES IN THE KERNEL

The procedures in the kernel are divided in two main groups.
The second group is divided into two subgroups.

1. External procedures.

2. Internal procedures

2.1 Interfacing procedures

2.2 Miscellaneous procedures

9.1. EXTERNAL PROCEDURES

The external procedures are those proceduress which the user
may Use.

initkernel
initproc
wait
signal
await
cause
sleep
clocktime
setpri
awake

Comments on the first two procedures are found in chapter 8.

The next two procedures are commented below.
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Figure illustrating the effect of initkernel and initproc.
In this case two calls of initproc.
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wait

wait{x) is a request for a resource X (x is for example a
lineprinter). In kernel the declaration of wait begin with

Procedure waitinrtinteger)
But in the user’s program wait is declared as
Procedure wait(xisemaphore)’ externalj
This is possible because an ordered set with n elements is
by Pascal handed as integers from O to n-1. In that way the

type semaphore is a dynamic field. There are in principle
three different situations in which wait can be called:

1. The resource has not been requested
before. In this case
il a new semaphore is created

ii) The flag is set to zero to indicate
that the resource is occupied.

iii) the process is not maoved from
running position

iv) schedule is called

2. The resource has been requested before but
the flag is set s which means that the
resource is free. In this case the moment
iid)s iii) and iv) above is done.

3. The resource har been requested earlier
and the flag is zero. In this case

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

ii) schedule is called

signal (x>}

This procedure is used when a resource x is not
requested any more. There are in principle three
different situations when signal can be called.
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The third one is in a way not normal.

1. The flag is zero and the queue is empty.
In this case

1) the flag is set to one

ii) schedule is called.

2. The flag is zero and the queue is not
empty. In this case

i) the first process in the queue is
moved to the ready—-queue

ii) schedule is called

3. The flag is one. This means that a call of
sighal has already been done by the
process without being followed by a
wait(x). In this case

i) schedule is called.

9.2 INTERNAL PROCEDURES

The procedures in the kernel which can not be (by some:
degree of success) called by the user are called the
internal procedures. They are divided in two groupss the
interfacing procedures and the miscellaneous procedures.

9.2.1 INTERFACING PROCEDURES

The interfacing procedures administer the registers and
the stacks which must been done when the programcontrol
is switching between the users code and the kernel's
code. The interfacing procedures arel



