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Abstract

The implementation of the operating system is described which realizes the cooperating

process in ALGOL or FORTRAN environments.

layered.

The nucleus of the system is highly multi-

This is based upon both the abstraction corresponding to the resources and the primitivity

of primitives. This approach is an attempt to make the system. structured The required

scheduling mechanism is described. The implemented protection system is sketched. And, the

handling of the stateword is outlined. Finally, an example of the application of the system

is given.
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Fig. 1 The structure of the nucleus
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type P=1..mazimum number of process;
D= lmaximum number of capabilities;
procedure fork
(var i: P; pname: alpha; startpoint: addres; p: integer;
d: array [D] of integer);
begin
storestateword ;
i:=createprocess (pname, p);
setstartpoint (startpoint, process[i]. stateword);
start (i, d);
end

Fig. 2 primitive fork

procedure await (var s1,82: array);
begin
storestateword ;
s1[s1[3]] :=currentprocess;
81[3] :=succ (s1[3], s1[2]);
s1[1] :=s1[1]—1;
suspend (currentprocess);
signal (s2);
schedule ;
end;
procedure cause (var s1,s2: array);
begin
while s1[1]<0 do
begin
s1[4] :=succ (s1[4],s1[2]);
s2[s2[3]] :=s1(s1[4]];
82[3] :=succ (s2[3], s2[2]);
s2[1] :=s2[1]-1;
s1[1] :=s1[1]+1;
end
end

Fig. 3 primitives await/cause

primitives | primitives used to construct the primitive
schedule executeprocess, setcurrentprocess, hold
suspend storestateword, modifysuspended, ascendant, daughter,
pe! sibling, modifyactiveprocess, schedule
release modifysuspended, ascendant, daughter, sibling,
modifyactiveprocess
wakeu setstate, setwws, ascendant, daughter, sibling,
P inreadylist
block storestateword, setstate, setwws, daughter,
outreadylist, schedule
start storestateword, setstate, daughter, inreadylist,
schedule
sto storestateword, setstate, ascendant, outreadylist,
P schedule
fork storestateword, setstartpoint, createprocess, start
signal succ, release
wait storestateword, suspend, succ

Fig. 4 The state of the pile of primitives
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Fig. 5 The states of processes and the primi-
tives that cause the transitions between
them
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Fig. 6 The relation between ready/blocked,
suspended/unsuspended, and the primi-
tives.
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10 CONTINUE

T = RANDU(IV)#10.

IFC T EQGe 0 ) 60 TO 10
CALL SIGHAL(MASTER)

P =Pl

CALL WAIT(SEM(1+P1))
CALL WAIT(FSEM)

JFU FORKS(1) «F4s 2 ) 60 TO 11
CALL AWAIT(EVFNT(FSEM)
G0 TO 12

CONTINVE

CALL MOUIFY(1,-1)

CALL SIGNALIFSEM)

1

n

1

-

13 CONTINUE
T = RANDULEV)=®10.
IFC T LEGe 0 ) GO TO 13
CALL TIMER(TT)
TTT = TT+T#100
WRITE(60100) TreTTT

100 FORMAT (/' = 1 *°¢115,115/)
CALL SIGNAL (MASTER)
Pz PL
CALL WAIT(SEM{1/P1))

C
CALL WAITI(FSEM)
CALL MODIFY(1lr1)
CALL CAUSE(EVENTrFSEM)
CALL SIGHAL(FS§)
<
60 70 10
C

[

Fig. 7 The algorithm for the phylosopher 1.
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onn

CALL FORK(PLs*KENJAL1?+$10+3+0)
CALL FORK(P2+ *KENJUA2'»$20+3+D)
CALL FORK(P3¢'KENUA3' ¢$3003,0)
CALL FORK(PY¢"KENJAL®»$40¢3sD)
CALL FORK(PSe *KLNJAS?»35003,D)

SCHEDULER

onnNnon

LO 7 K = 1210
TIMETLIK) = 2as34
MARK(K) = +FALSE.
CONTINUE
CONTINUE

CALL WAIT(MASTER)

"

IF( «NOTe ENFLAG ) GO TO 1002
CALL SIGNAL(MASTER)
ENFLAG = JFALSL.
GU T0 1000
1062 CONTINUE
[+

CALL TIMER(TT)
TIMETL(P) = TT+T*1U0
MARK(P) = JTRUF .«

OSW I JFALSE.
CONTINVE

o

CONTINUE
IFC U 46T. 7 ) GO TO 1
IFL +UTe MARK(J) ) GO TO 2
IFC TT oLTe TIMETL(J) ) GO TO 3
MAKK(J) = oFALSE.
CALL SIGNAL(SEM(1:U))
Sw = JTRUE.
CONTINUE

&

N
o
-3

12
=1
-
z
<
4

I

CONT INUE
IFU (READYP +FWe 1) <AND. (+NOT, SW) ) GO TO 1000
ENTIME = 2%s34
LO 1001 I = 3.7
IFL .NOT. MARK(I) ) GO TO 10401
IFC ENTIME JLE. TIMETL(I) ) GO TO 1001
ENTIME = TIMETL(I)
1001 CONTINUE
CALL TIMER(TT)
ENTIME = ENVIME=TT
60 TO B
1000  CONTINUE
CALL TIMER(TTI
SW = oFALSE.
GO TOo &

Fig. 8 The scheduler for the phylosophers’
system.
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Fig. 9 The result of the simulation of the dining phylosophers’ system.
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No. of Instruction “THE”-Multiprogramming System,” Comm.
FORTRAN d D.
statements®  (words) (words) ACM, Vol. 11, No. 5, pp. 341~346 (1968).
level 0 227 4) Lampson, B. W.: “A Scheduling Philosophy
level 1 149 477 187 for Multiprocessing System,” Comm. ACM,
level 2 158 454 170 Vol. 11, No. 5, pp. 347~360 (1968).
level 3 119 531 142 « . .
dat base 1,004 5) Lampson, B. W.: “Dynamic Protection Struc-
miscellaneous** 3,702 2,156 tures," Proc. of AFIPS FJCC, pPp. 27~38
total 426 5,431 6,715 (1969) .

(a) The summary of the SOS

No. of Instruction

FORTRAN code Date

statements* (words) (words)
semaphore 10 30 12
signal 18 68 27
wait 19 71 25
await 9 56 14
cause 13 73 18

(b) The size of the typical primitives.

* FORTRAN program part (including debugging aids)
** FORTRAN libraries
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procedure semaphore (var s: vector; n: inte-

ger);
begin
if n<4
then semaphore violation

else begin

s[2]: =n;

s[3]: =5

s[4]: =n;
end

end
BHAMNRY—F27 - VX PELTHERTS. 2
DOHA4 £ tail (s[3]) & head ([s4]) %>, tail
TRYPIDEEZ 7 L —a%iEL, head THRBLITA DR
FDL1DOFO7 Vv —L%iET. ZOL77 4t T 5
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1 waiting ! | waiting
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(a) The structure at

(b) The structure of the.one
the semaphore variable

dimensional semaphore array
Fig. 11 The structure of the semaphore
FIEME signal/wait OBEL XU ZNSTHVWAEE
$RHRME succ DBBERIRDE B TH 3.
procedure signal (var s: vactor);
begin
s[1]: =s[1]+1;
if s[1]=<0
then begin
s[4] :=succ (s[4], s[2]);
release (s[s[4]]);
end
end;
procedure wait (var s: vector);
begin

n b Jan. 1975

storestateword ;
s[1]: =s[1]-1;
if s[1]<0
then begin
s[s[3]]: =currentprocess;
s[3]: =succ (s[3], s[2]);
suspend (currentprocess);
end
end;
function succ
(pointer : integer; vecsize: integer): integer;
begin
if pointer=vecsize
then succ : =5
else succ : = pointer+1;
end
await/cause T2 1 XV MEBLTAIS D=
7+xEERALTEY, #ERL<ALTHS. L
> TA XY FREBLFTH| semaphore & N TEET
BUEMHB.
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