WX 8 —26—11—23

g Z2ae

175

A T84l 515 Fzol B AT

(A Study on the Efficient Synchronization Mechanism
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Abstract

Recently, as the configuration of computer systems are changed to the system equipped with
several processors, operating system to support these systems has been needed.

The purpose of this paper is to implement concurrent execution of processes as synchronization
mechanism by using concurrent programming language, pascal-s.

In this paper, concurrency of processes is represented by “cobegin/coend” statement, semaphore
is adopted in the synchronization mechanism among processes, and then pascal-s is constructed
concurrent system, the interpreter simulates concurrent system with the implementing algorithm

for processes.

Conclusively, the synchronization mechanism in this paper shows the concurrent execution of
processes as tools of system program.

*IEgA, KASE BRAHEH

(Dept. of Computer Sci. and Sta., Nat’l Univ.)

*IEEA, MEARK HEREHEH

(Dept. of Inf. Man., Kwandong Univ.)

rEER, MRKABK BT TR

(Dept. of Elec. Eng., Dankook Univ.)

BEXHF . 1989% 94 11H

(% o] AT+ 198935 FF st Ak ]2

AFu] 2 Yol elsle] o] Fof 3.

891~1103-005~1)

HAYE

(1804)

I. M &

2 5ol AR T 2AA (processor) 2] A
3 AZE AR F1ee) BD2 alehe] ARE 29
8 FAL gFEH e A2 (multiprocessing system),
FAbA 2] Al A" (distributed system), 5% &
A2 5 e Alada o] o7 Ao 2 dAEA
sl wAer A= n Yo, 2, 3).

ubebA] o]zl gk Alag-g YT F9 AlAl (opera-
ting system)oll th& dA+7} 2753 Qo 21 F



176 19894 11/]
o] slhurl Zg A A5 ¥l A (concurrent exe-
cution) 2 $3F %73} & (synchronization mecha-
nism) ol &g AFeoleh(2, 3, 4],

ZRA~EY o %3 Agolgl o] L2 A 2Fo] &
Aol zhed (task) & 3 E o, ol M7 A% A&
(interaction) 8+#] 9% 7

S wEe Aden, 4
Eojol 44T 9L 715 Aabol weh Al
A% e

°l&

=
T

olwj LgAxFol N2 HEso] e AL
7o olugl e T =] T A A Alolol] Al

{(communication) ©| o|Foj e} ek e} 7t Z g

Azv SYAoe AQE FA87] wlFol Fum
B sokg AL vl 2% 4 9, 2 4%

$9¢ = 9ok debd Az ggsjol
277 Beg Adold Aum g o
2 =N

AR
2] 7(4 o2 R A5

D]a] bS] 3l
ZZAA
T 4 3lar,
Az Abole) Humdt &
et Az A Fois 2

o)
2

rE o
e
o = H]Ey] o7 HL/U] —5—}:

=

=
].
WA og Er)8t F2E ZrAls Aolo] AHw
s gho] o} % d A o

on) &) ol wet Fr)3 Fx

=

i)

2)
N

r

oz & 2 AH (critical regi-

o

) b PR
UA A e 2E AsHolAE 25 04 (comm-
on variable) & ol &-ako] QA odedo] kol

{access) & EA|etm 2] ZE A A Alo]e] AW w3
7188w, o|2d E7]8 22 % semaphore,

monitor, path-expression, serializer

=2
5

=3 A dde] gl Al Al Ao E =z
At (message passing)oll 28] ZZ A A Alo]e] A

U2
HREE 1%, o)A@ $/3% FEZE send

/receive, DP, CSP, RPC %] 3lth(6, 8).
E =T2 oy TEAAE °] CPUE Z #3534
Walos AdHLE 515 725 A%siel Wal

zzaey slgen FHas] g ool
Aotel Zzaxgel W4 TA Folae Age
o3t 28 oz FHH,

ol &

T Ll

skl "t (5,6, 7).

ol 2lck(5,7).

A, 7}Z2] pascal glojeoll WHA 75 =
“COBEGIN/COEND” ¥ 5713 7|54 Z+ “WA

» o

[T (s)/SIGNAL (s)"%& H7}3}o] pascal-se}le
d zzag dolE 74 °F9\1°“4 o] oJoj & o] &

EE)

0.

st ZaAlASe) WYL FHsn, ZoAAS
o) $715hE A% 4 ii:eg—% 4 shgtet.

=, 57l A pascal soll o) HAH =

2Al22) |0l (PTAB) & 28l #italo] w8 4]
28e sk, e Ji*ﬂ AFE Alntzo)E o
Sote] ZzAlag Atele] 4EAES F718h solch

A, A 20] oL aofsg Aleselol S A

(1805)

4526 % H 11 %%

Al
2

oy s
ol A3l

&+ 748k,
t

EXR RCEIRE T

Al

O, "8 =2 M2of Y 2

st 1

=

]/\4 vl 3l A

2~ (process)+ A| A o) ] 3l
gepspoe

24 2] 4

3
o] 27} (main memory) of|
_\LELJ_BHA Al EBC’“ I«E}-E} b2

24 2]

o] &

d E (interrupt) 7} WAy dje] =g
DS 3, Tgaae] A
Sdala ol d A 3
2 g 12 (executing program)

1A

SR ERERE B
sed, ol ZzMlaE A AT
Wz ddgn ey o
= WEY ASE F715 Aafol

X

O ot oox §2 |

i
ll

ol
i)
A
2 do o rlo

£ L

Ao op

e o

£ Jo wo nn
fu

ok &

.

°4 2 Zg A A7 54
o ¥4 (concurrency of
a1 ol WY ZaAxge

e},

SR TR

A5 o]

3 g 4 processes)

/(l

A4 g N

S ICT ] 1;/-“:_] :

LS

kK]
A g 2 i

4E % g8

— 9 Tn

8=

O8],
Fig. 1.

el Za el Ay Aes
Executing status diagram of concurrent
processes.

2. ZTeALe] F7)8)
e} Za AL Sl AWY w), Tz AsSo]
e Asagelx dow walz Adaln, 4z ¢

T AFE 2AH g A Ao wal A

+

oly 74

Ll

o2 o YL HAlos M=z
T2 Als) AR A Al

anjat PAelnz zrAsto] T HE
7l HF A5 ES T Ao %73 (synchroniza-

tion of processes)zetir g},

3hs
/‘E

4%
i

=2
o] -
AR

-%mih



° v 177
AR AEstn v T2 Al Abole 78 uiy PROGRAM pascal-s;
L g3 P2 @»%Lut}o}_ 2ol & =g & 9l CONST list of hypothetical machine:
. . VAR code | ARRAY (1., codemax] OF instruction:
A 4 (critical region) & A A slod LE w2 (co- ’ !
Al 49 (eritical region) H_ o T PROCEDURE BLOCK
mmon variable) ol] 28] 3t A] Hof 4 F}rte] =g~ BEGIN
ab QA odod.g ol Ad A YEE AT vi A (mut- {compile the pascal-s program)
ual exclusion) 3} 2. 2 4] =7 8% ng = {store the compiled instruction into the array code)
28 2+ AY) FE (entry code) ot AEF I E (exit END;
- PROCEDURE INTERPRET:
code) & F& W42 3dlod oA d o) hal A5 w) ) ’
)= ozo v o ] © VAR stack : ARRAY (1, . stackmax) OF integer ;
A 232 (algorithm) & eElA o)), BEGIN
(simulate the instruction in code)
Ithe array stack serves as the memory of the simulated
machine!
REPEAT END:
tHA| 1 D IF {entry section) THEN (&h#] 25 BEGIN Imain programi
ELSE (x}# 4 ) initialize ;
ghA 2 DA ARl 2R A Aol oA ofed Gt BLOCK;
) INTERPRET
Al 3 D 1F {exit section) THEN (Eb#] 4 END
ELSE (x4 2> .
cHAl 4 el 2 ae) o)y
UNTIL false T3 3. pascal-s®] F&
Fig. 3. Structure of pascal-s.
J2. FEUEE ol8Y A 45 a2
2l E
. . . . ‘ _<e9] #AHglol Q 31 ¢
Fig. 2. Mutual exclusion algorithm by using common 2. pascal-s®| Zstelee} ojap sx
Variable. a) Hspaded
pascal-s & A3y ¢4F W g aelS A5
old ¥ 4 elt Sokdl WERre Hstgion, 4
\ 2} (identifier) Eoll el Az 7icket 218 25 A
50 X o
I "3 ==z oA £5h9ich
1. pasca]_s }Ll = pasca]— ‘/] 74"}'01 -‘Cf)—i%" L]“E]'L\H_ 7/‘i0]-"1.
W ZedAGe] A wieln Axg Z7 e 1‘%.4 45 Az} el o] & TAB (identifier table) 2] =
Welrl SlaldE M d 22 e clos} 2 g e Fash 2 T4 845 depd soleh
(10, 11, 12J. °1uﬂ TAB-& 89 WE T X% (nest structure)
2 wrolMe 7129 pascal dotoll ¥ & A (cone- £8o] Hgse] 7t TABS 82 Lo qulag
urrency) 7]%5$ Z+= “COBEGIN pl;p2;.. :pn CO- o]-g-afol oA £ ghet,
END”—?—IP % 713} (synchronization) 7] 5 & zZ+:= “WA-
=] # 7} 5lo scal-s gl ui
T (s)/SIGNAL (s)" %% Fsted pascal-s 2l g 1. Pascal-sel #slal o4
GE Zw el <dels ¢4leterh LR
} Table 1. Compiling factors of pascal-s.
o] odol& Bl TZ (block structure) 9} 7| A £4
4 (machine dependency) & o] fo]djn] ws =g abel W& #Aajel g4
el Age £ ol ol =g (interpreter) o]t} data type integer, boolean, char
pascalt s= 7}4 7| 4] (hypothetical machine) & A structure array Ska,
A strings letters.... form
datn 22 & Adodshs 53 gl e a8 A operator integer (+, —, *,div, mod), boolean(and,or,not)
fadslo]l ARl a4 2 Molxl zm=o) delsio] A relation =, () (= =
declaration const, type, var, procedure, function
el Al BB - 51 A ER z] A gl 3o 2
Aol Z'] e T LE] = Oﬂ A © L]‘ —= statement assignment, if, while, repeat, for
sHAste] Adalsle el 4 ojdez P52 *concurrency | COBEGIN / COEND
F2= azl3a 7o *synchronization| WAIT (s) / SIGNAL (s)
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lnamel link J obj ] typ I ref |norma|] level] adrl

name . packed array(1..10);

link . index of nesting block;
obj . const, variable, procedure, function;
typ . integer, boolean, chars, arrays;
ref . index into the block table;
normal | boolean of process;
level : level of nesting block;
adr . index into code table;
a4, A Hel Lol Ar P2

Fig. 4. Data structure of identifier table.

b) oAl 2=

pascal-s 9] 7zt 7|15 &
instruction) & 7 s}l #]
HaEch oluf oA ;== =8l Y (operation field)
9o} = 7o 2wl X (operand field) Xt Y2 +A4
9o, X& o4 2ush 2@ Bae) WI F2o)
g A @ (static level) S 7belaa, YE 9#
Yol Ad 2g o) F4 (address)E 7+ei et
a8 5 o4 e F2F veRd Zlolch

24t =¥ (pseudo
L=y

(p-code)=

F)peration code I X (level)I Y (addresﬂ

g5, o4 =
Fig. 5.
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Structure of pseudo code.

Nelzalee Asidel o8 dleletd: A4
35}0}"4 vled  ~® (array stack)oll A3 code
(pcode), tab (identifier table), btab (block table) 5%
# A shed Alalghct F 2 & pascal-soll AR <A
el-g Asidelo] & oAt nez wEtstod A4
st M4 2 7152 2oksled dhebd Aole,

oupA o g B3 F =3} olo] (block-structured la-
nguage) oA 2 FH L WES T2
2 dxg AadE segment) ol  #] 25
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e} wigol it o Z Al (offset) & 7heglch

(nested structure)

(memory
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ke 2. pascal-soll AAE oAl =9 A4 FHej
Table 2. Integer type of predefined p-code in
pascal-s.
AZHE G4 2 7] 5
0 load address
1 load value
2 load indirect
4 cobegin
5 coend
6 wait
7 signal
8 end of line and end of file
18 markstack
19 procedure call
31 halt
32 return procedure
33 return function
62 readin
63 writeln
others omitted in the this table
22 F2z23 doial pascal-sollA&= A el & 4
#5}7] Hsted w4 AL il o2 displayE: °l
£3tch o]ul displayw 232l HEH ¥ (nesting

level) 2 && A E o vl ol®lA (index of ar-
ray)oll thd A8 5 Zt=cf

ulebd W49 AeR7l (level, address)=(x, y)°l
w, W49 FA2E display(x) +y2 A4k & 5
Atk

286 F zad P ZgAFo] r#} s(s
r9 T A Fo])E displayol o8 HAAlzze A

& Jeld Folth old dynamic linke 32 3%
A4 (p—r — s)& el 1, staticlinkys #42
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Access method of variable by display.
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3. ZEA5 3%

pascal-s QI E] Ze]E] &= Z 2| FolE 15}»};] o1

AAA ol L2 2l (normal program) S & o
pc (program counter), t(top pomter), b (bottom poi-
nter), stacksize, display 59| 439l ANzl A

2% =2 H A elo] PTAB (process table)-8 ©|%
afed Al 8 ghet,

o, Z2AfFolE 238 o
3.2 (procedure call}ol] tgF A9l ofz =] 2} &
719 A& (memory) 7t o 3lE 2 °Ia94 3] %
A} 29l 9 W< (operand) 7} HAEH Xejo Tt
gto] Ao, olul =2 A|Folo] HHE AAs}r]
98 gyl 7o AAE FF d 7= AR (Activati-
on Record)e} 317, ¥% dlzcele 273 32
ot 7hz| 9] g Al Srolol tidk A M} A gsch

OL—

AR[0 ) =function result;
AR(1])=return address;
AR[ 2 ) =static link;

AR (3 ) =dynamic link;
AR(4 ] =table pointer;

a7, z2AFofol W g dlaxe] nis
LA
Fig. 7. Fixed factors of activation record for

procedure.
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o] 22 ¥)o]¥ BTAB (block table)& A3k, w}
2~ (markstack) @& o] BTAB-E A#o ¥ts}
3., 3% (procedure call) W# o] BTABS qlel =g
Eof] Atsled A3

27 8L upasd =Wyl o8] BTABo] 8o
gty A2 epd Aol o37]4 BTAB(1)&

pascal-s &l AA¥olH Aels AMAFS “environ-
ment”ol] gk Ealolm BTAB(2)® & 229
e T Yt Eeelct
V. g8 Z20zo| 3

1. W3 Ao F4

oupd oz iz ZRAAES Yoz Adsled
7t 22 A2 45 Vel m gl L2 AA o
2] (process image) &} o] 5 ZEAx9 A9 W
(local variable) & # %3tz Q& Lo F 7hA] 5

24 o

| Ao} 983t

FHol F713f Fxoll BE AT 179
tn)—>:>
local variables
actual parameters
4 Hindcx (TRB pointer) BTAB (1t}
3 dynamic 1ink
2 static link
1 return address
b[n} —> | function result y
t{2) —> 1
tocal variables
of main program
1 btab{2].last
3 BTAT(2}
2
1
b(2] —>
) —> btah[1]. last
BTAB(1]
b1} —>
stack
T2l 8. 2 HlolEeo| A&l &ty Abed
Fig. 8. Allocated status of stack for BTAB.
oluf, EA ZzAAd Adsied 28l AAxl
z2 AL ol & EeF A e ARzl A
et
3§ pascal-s2 T EAA olv|AE t, b pe, st-

olmZ o5 942 7t T A 2o
o & PTAB (process table) & A g},

ol 54 T Alag AdYste “WITH PTAB
{curpr] DO”Sof o3} s} =g 422 PTABS 9l
Bl Z 2l ejoll A ste] A gtet.

%4, pascal-s2 ?’:4“31" 2~#) (single ph-
S ofg] el A28 A2 E (sta-
ck segment) & —r—‘%‘]ﬂi Zb Al Eol B8 Z 24

252 PTAB shu4 ¥gtstnzd 29 dHelg
(stack table) & FA &, oleidh 28 Hlo]&E& ¥
gl A ~® (concurrent system)°]2}bil &},

‘”f’ﬂ 1’“‘%‘0“/‘1 22 AAE AYsiedw 2 H o]
A28 o] fate] AP T d2T PAL
sha, A 'H dpFol ol FH gt
g 7t =2 A eo]E PTABY F2%

acksize, display s

0]
E
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= =
el Aolxm, 28] 102 Hy zZzAdAF9 PTAB
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t b pc stacksize display | suspend | active
t s AE o] top E2lE]
b o 28 9 bottom E QI E
pc { program counter
stacksize | T2 A|A7 A 2E] Awe] 37
display ATl 20 g
suspend | wait FQl A|w}Fo] W
active cxz s A/t Al 4] flag
J3l9. A~ HelEe T2
Fig. 9. Structure of process table
L) —>|process 1 &
HE 29
<
bi1] —> J) I T
t{8) —>|process ¥ &
R Aigr=a1]
< — PTAB( 8}
b8 —>
stack process table
a0 Yy Z2 A Sl wfE el KA

pl;p2;

ENDE Abololl 2] %%l
Aol B EEE

Fig. 10. Concurrent system for concurrent

processes.

pascal soﬂ/‘i “i‘ﬂ
.pn COEND"F2o.8&
olul), COBEGIN®- &
Y pn% %

A Ak o) 7]

Al 1 : IF pflag THEN (concurrent procedure call)
ELSE (xtAl 5)
thA 2 : PTAB(0 ) =false, PTAB(i)=true
kA 3 1 PTAB(1), PTAB(2),.... PTAB(n) ol W& Alsg
<bA 4 : IF curpr— 0 THEN {procedure exit)
ELSE (<A 3)
A 5 . PTAB(0)=true, PTAB(i ] =false
1811, “COBEGIN pl,p2---, pn COEND"9| 43}
daels
Fig. 11. Executing algorithm of “COBEGIN pl, p2;
--;pn COEND”

L2 B 119

T2 F Al Ads Hxsla, e Lz

T8 FAo Adlsted L Alde] ftgEn s

Z A7 AYE B 2 e wgadol
2811 #H8 H2|F “COBEGIN pl;p2;...pn

COEND”2| 44 345 vjepd Zlelch o|w| pflag

(concurrent call flag)+ COBEGINS-ol oj#l widl =

2A 29 5%FF AA| Sk Hgolrh

Wy zaalae] ¥ dnyF

pascal-s & ®W3 Zgoalg A, ¥ =
2AAEY A4S A sbeAd AN LAzl
Ad shea aeja ez dr]e) Ay FAlzt
A7 5] oF et

£ Egeolse W& Hel§ “COBEGIN p1
p2: :pn COEND" o AlFge &3 Tz A
pl, p2,....pne AAslz, B4, Hl Z2AAE
spolsl 571 she Alehzo] QknelE g ol ool 478
alod, Z2AAE Alold wulE  stepcountE o]
a3l0) we Tz Ao 74 °E}J_E’4% S ol&alcf

28 e Hd ZaAsge 7Y dnoEe
£pd sloleh,

18 13 2 pascal-s2] el Z el o8] F =2
Azsh Wl T2z Abols] B35 Adz Y =
FAAEY 9 ARS A Fd oty g oA
Initialize PTAB (%process table*)

{PTAB[0) for main program}

{PTAB(curpr) for procedures !

REPEAT
IF PTAB( 0], active THEN curpr ;: = 0
ELSE IF stepcount=(Q THEN chooseprocess
ELSE stepcount . =stepcount— 1 ;

WITH PTAB(curpr] DO

BEGIN ir . =code(pc]; pc: =pct+ 1 END;

IF pflag THEN BEGIN

IF markstack THEN npr ! =npr+ 1;
curpr ! npr
END ;

WITH PTAB (curpr] DO
CASE ir. f OF

p-code instruction ;

lir. f is p-code’ s variable number |

ir, f

UNTIL ps () run;

el ZrAdafe] 7 daes

Implementing algorithm of concurrent

azh2.
Fig. 12.

processes.
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R 5t Hy 2 a8 ¥
Zgaaoltt, zeln F3L& FojR oA Z ey

< pascal-soll 2|3 Al gallo] et Axay F 2Lz
A A PTAB[0 )9l ¥ 8 =244 PTAB(1],PTAB
(2], PTAB(3) Alele] &7ist A = s ==
A aSo Wl Hel AxE ehd FHolch

PROGRAM concurrentexecution ;

VAR i, j, k!integer;
PROCEDURE samplel ;
BEGIN
for i: =1 to 3 do
writeln (" process-1")
END ;
PROCEDURE sample 2 ;
BEGIN
for )i =1 to 2 do
writeln { ‘process-2")
END ;
PROCEDURE sample 3 ;
BEGIN
for k=1 to 5 do
writeln { ‘process-3" )
END ;
BEGIN
COBEGIN samplel ; sample 2 ; sample 3 COEND
END.
3013 WY AE g oA ey

Fig. 13. Sample program for concurrent execution.

agHql T8 TRl W3 AT 181
4. #H3 A3l A 24

ofe] ZgAASo] wygor Agals] Yl 3

Mo ZRAage) Al e S, mas

Abole) A3 z2hg-8 gt 5713} uby, Al Z 24

2 kel AW w3 uy Fol slAslof et wbepa
= =gol M pascal-sehe # e ol & T slgle
o], o] olo] & oj&ste] R ATl ey BHI}
7)okl 8 AR wd S Wl Z2 aey
oz Fdskct

S Wy Za o leg 2adase
g Ag pEg An Edo|c)

1) g&alo] pascal-sx= £8l +28 =z oeg
TFAstre A 2R AL HalY FH e g

—]_?,HO] AL/HU] Alago] _Q,o] ].oi\:}

2) F A Aet ¥ Al A Alo] el 5_7]3‘;}._‘\—_
COBEGINZoll 28t 22 A|o] 3% ¥4 pflag
olgalglon, Wl meaagel Erse A
|l o3 &713k5 43 shdch
T Z2AHA process-09F v 8l
process-1, process-2, process-3 Alolo} &= 7] A
chA], el A3 chA| wHE TR cbAd 573
4 shge ebd oo,

by ag=s

o, rul

F 4= ZRAA

2j

i 4, ol TR AsE Aol E7|5) A A
Table 4. Exccutive step of synchronization
between concurrent processes.
z of| A 2 crede] Agalold AR
Table 3. Result of simulation for sample program. EEEHI'&A‘J—%’C‘}M 27| A RhA] | o A A “5‘33%5.‘?_741‘[
) process-(} true false true ‘
interpret process-1 false true false
process — | process-2 false true false
process —2 process—3 false true false

process — 3
process — |
process —2
process — 3
process — 1
process —3
process —3

process — 3

process active suspend pc
0 TRUE 0 36
1 FALSE 0 0
2 FALSE 0 0
3 FALSE 0 0

global variables
i —
j =
K

3) ZRALEe] By A 98 MeF “COB-
EGIN pl;p2;... COEND o4 A= =zA¥H
°{pl, p2, .pn% FAlol &sted AW dm
2 Fol ofa W oz Aadsiict

F5& HYP g4 A process-1,
cess-37F B SajHe|lug ez Ayl Halol
wf  AlE) Blai= 2o W4 (global variable) & o] &
shodet,

E50o o3t ¢AHez 43T F Ao
7} 1085 Adllsiof e, Wiz 4y éPEEH
319 +oz hedg o 5 Sirh

process-2, pro-

13

Chy
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E: 5. Wl ZzAage Wy A
Table 5. Concurrent execution of concurrent
processes.
e process-1 process-2 process-3
Ayl ) ] -
1 active active active
2 active active active
3 active active
4 active
5 active
E: 3 6. pascal-s H 3t lo] ol WA=l TAB
CODE
Table 6. Created TAB and CODE by pascal-s
comfiler
T ¥ 3 ® CODE TAB
reserved number 63 14
created number X y

4) pascal-so] #AgtadeE= A ey zeaAe
74 2k el sted A 2t TAB #} -44 %% CODEE A4
& &"o A §, ozt HF
g st A2 AY g3

g, ol&&
28 8458
48 g,

¥ 62 pascal-s Asjoleizt W 22 aHE As
Asle] F4& TABF CODE 4% itebdl 7o)},
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