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boolean flag[2] = {FALSE, FALSE};

PO(void) P1(void)

{ {

while(TRUE) { while(TRUE) {
while( flag[1] ); while( flag[0] );

flag[0] = TRUE; flag[1] = TRUE;
critical-section( ); critical-section( );
flag[0] = FALSE; flag[1] = FALSE;
non-critical-section ( ); non-critical-section ( );
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boolean flag[2] = {FALSE, FALSE};
PO(void) P1(void)
while(TRUE) { while(TRUE) {
flag[0] = TRUE ; flag[1] = TRUE;
while( flag[1]); while( flag[0] );
critical-section( ); critical-section( );
flag[0] = FALSE; flag[1] = FALSE;
non-critical-section( ); non-critical-section( );
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boolean flag[2] = {FALSE, FALSE};

PO(void)
{

while(TRUE)

{

flag[0] = TRUE;
while( flag[1])

{

flag[0] = FALSE;

delay_for_a_short_time();

flag[0] = TRUE;

b

critical-section( );
flag[0] = FALSE;
non-critical-section( );

j
}

P1(void)

{

while(TRUE)

{

flag[1] = TRUE;
while( flag[0] )

{

flag[1] = FALSE;
delay_for_a_short_time();
flag[1] = TRUE;

b

critical-section( );
flag[1] = FALSE;
non-critical-section( );

b
}
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boolean flag[2] = {FALSE, FALSE};

int turn = 0;
PO(void) P1(void)
while(TRUE){

while(TRUE){
flag[0] = TRUE;
while( flag[1] )

if (turn == 1){
flag[0] = FALSE;
while( turn == 1) do;
flag[0] = TRUE;

flag[1] = TRUE;
while( flag[0] )

if (turn == 0){
flag[1] = FALSE;
while( turn == 0) do;
flag[1] = TRUE;

} critical-section( );
critical-section( ); turn = 0;

turn = 1; flag[1] = FALSE;
flag[0] = FALSE; non-critical-section( );
non-critical-section ( ); }

TRUE jlade 095 4y bog o flag [0 g 055 Slyow (yisw o)l aalgsy PO a5 oK
280 o 7y Sl g0 AT WS o owyp | P14y bgy o flag e 20105 o

2l TRUE Ll s flag[1] - il
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S o TRUE | 5095 flag e g 99 yoo ol turn U oo s plxil (6,15 PO oK ]
sl FALSE il flagl1] -

3,185 oo FALSE jlade 0¢5 flag (o ¢ gl you (idu 3l zg,5 5l o g ol Gl (idu o4l PO
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boolean flag[2] = {FALSE, FALSE};

turn = 0;
PO(void){ P1(void){
! {
while (TRUE) while (TRUE){
flag[0] = TRUE; flag[1] = TRUE;
turn = 1; turn = 0:
while (furn == 1 && flag[1] while (turn == 0 && flag[0]
); :
critical-section(); ); ical . )
flag[0] = FALSE; critical-section();
non-critical-section(); flag[1] = FALSE;
} non-critical-section();

.Q)L)J Yl.a u,us) L> (5’5‘.04 as Og.wsa o 9 Gmojlm w&c)., turn )‘J.Q.o c)iu.”.»..w‘ u_:LS P

P21 PO gl Jlio 5l 4y
turn = 1;
while(turn—1 && flag[1]);
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Sl 1y o 4l ay 99,5 wad (50 (0 PHGlejen Loyl jsbo 4 P13 PO 025 (63
03,5 0,31y il o)led j 0 aS Pl Jgoo,S opmdtumn (o) 595 o,leds ais] )8 90 y»
s® While ,gwd 4 P1gP0 a5 Sboj Jl> 09l oo 1 5l turng &b o turn o ol olels
D a2 > (oo adl> 0 PL (Jg 098 (oo (Slmm 42l 0)l5 9 00,5 j9e adl> 51 PO )
B9 (003 Sl 4l o)ly 9 (Joie
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TSL Jos)l jgws =Y

SWAP fosdl jsio -V

L aadg  pisladl H15 51 Jodl jgwo
g o3lain L5 5Ty be aadg aled o Sl mw aml b 09,9 (Ao 40 Wb ail 3 o (> ol ol (o
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P(int i){
while(TRUE)

{

disable_interrupts();
critical_section();
enable_interrupts();
non_critical_section();

h
j
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TSL ol jgsmwo

Sl jgiws (ol il oo TSL(Test and Set Lock) Josdljsiws (sl)ls o 5goalS 51 (6l
ool pled ol 1 Jlade w320 0,18 SLS o9 silgs | (lock) aladl> 5l asls” S
ygiwd Gl ALl U g Wigd oo ploil a8 yuf Oldae (] 0S 0 0,05 aladls>
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enter_region:
tsl reg, lock
cmp reg , #0
jne enter_region

ret
0,3 1 Jlade lock ;0 Lo § 00 0,053 yiwo>, jolock (L3 i jgiws ol lawgs
Py (0
oo ,1,S0 Sldae ) 055 0 ST 088 o duslin O Lilock (LB jlade pgo j5iws lawgs
Sl 00,5 1 1 lock a5 Jl> ;0 00,5 S 5b aol 5 090 0 51 g (Jgrioo Uil adl>)
0,33 1,0 ol yo cenl 35 ¢ Sl aml 5l 79,5 plSia (o lock 0,5 SU (gl 1,585
0,8

move lock , #0

ret
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oolazwl Jlyow aml a4 59,9 Jlgy, SO g (gl e swap pb @ Lol giws 5 les o
05310 1 Yo ) SO Olgiome e JB 8 0 lg Jae G 0wl o Hgiws pl oS
WS buls aladls aals SO Shgioe U

enter_region:
move reg, #1
swap reg, lock
cmp reg, #0

jne enter_region

ret
031, 0 o1 jo sl B« Sl oo aml 5l 7,5 e jolock 40,5 S (gl p i y5ad
S,
Sl ge swap 550 el xchg S35
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wakeup g sleep 48l paosd ol )5 4y a5 WAl = ,las signal gwait &b go¢ Dijkstra Lawgs

il ) O )90 4y signal g wait aolgs

void wait(semaphore s) void signal(semaphore s)
{ {
s.count = s.count - I s.count = s.count + 1;
if (s.count < 0) if (s.count <= 0)
{ {

place this process in s.queue;
block this process; remove a process from s.queue;
)

) place this process in ready queue;
) h
b

Sgds o )3 abbgy e Al )8 el hie ST 9 00,5 oS o leds I axly G ¢ wait U
Dgl (oo
S 0gds o 5l yideg ond el jlade ST 0uS o adlol ondlads 4y axly SO signal &b
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void wait(semaphore s) void signal(semaphore s)
{ {
if (s.count == 1) if (s.queue is empty)
s.count = 0; s.count = 1;
else { else {
place this process in remove a process from s.queue;
s.queue; place this process in ready queue;
block this process; }
h
h
)

ol (soges jglows b Jolao (29995 j58lons ja3 e
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semaphore mutex =1;

void p(int 1)

{

while(TRUE)

{

wait(mutex);
critical-section( );
signal(mutex);

non-critical-section( );

h

o oo |y lecil SO jgilons jlade (e await b (l>1 b ogl >l Jgl P1 0uiS 5,8
@ oo P2 STl Slow axl jo P1 oS Jloj 10 048 o0 Slow amlioglg g uiS
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P1 P2
S1; Wait(s);
Signal(s); S2;
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P1 P2 P3
Wait(Q) ; Wait(S) ;

Signéil(s) : ) Signél(Q)

.P:éwlg:

3,0 51,8 wait(Q) giws P2 glaul jo 9> el I)al Wilgs 3 P2 0,8 (P (gly2 5l o
P3 anl,8 (Pl jlasy ST Jg 05l (e P2 ol aSsl el dQ jo8lows o SG e 4 a8

=11, P2 0l 3 P3 5l o )l o0 o) bl o signall(Q) Hgiws S99 Cle 4y o |,

P1,P3,P2. : 3| el & \le Koo syl i 5 S5 s 0,5
Jlo

ua.?u.wo ‘) ABCDE «_JL> 0950 sMb )M ).g‘).g Q 9 S )9.9Lo.w 99 d«.a.]ﬁ‘ )‘d.a.a 6\5.».:‘ uo).‘BL:

PO P1
Signal(Q) Wait(Q) ;
Wait(S) ; cout<<"A";
cout<<"C"; Signal(s) ;
cout<<"D"; | cout<<"B";
cout<<"E";
ey

il 00l jaseins o,leds b 1>l ol )5 g 50

PO P1
1 Signal(Q) 2 Wait(Q) ;
6 Wait(S) ; 3 cout<<"A",

7cout<<"C"; | 5 Signal(s) ;
8C0ut<<"D"; 4C0ut<<"B";
9 cout<<"E";

Jbo
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P1 P2
cout<<"1"; Wait(S) ;
Signal(s) ; cout<<"3";
Wait(Q) ; Signal(Q) ;
cout<<"2"; Wait(S) ;
Signal(s) ; cout<<"4";

P2 L wlgy s 1>l ¢S 109 yao g « P2 glail jo wait(S) giws ;i oolaw! e a4 17wl
255 g3,

28 Hedlews ok signal(S) lawgs o 0gb oo ol 1 sae g 00 1> P1 ol ol i
o295 bols aslsl lgd cad ¢ Q (o yho g« Walt(Q) A o,y Cde Ay 05l 0 SO
b.cul.>3 W.osﬁ‘sn)i@ssow %Wait(S)}‘ o&.ﬁbu_i.‘{).g‘).gs Qg.?_spz A o

Llade signal(Q) jgiws Jl> .ogu

aolol 4y g ol aslol lgs cod cenl Jao ¢S ez Wat(S) 4 o, Lg 00,5 SO pln 1, Q
Sl 2 038 G g 00 Yoo ol Q g oo o, wait(Q) 3l el S pl Q e g ax8, Pl
926 Wait(S) 5lg 00,5 by P2 dsg 00l G plp S lade signal(S) lawsd Coled 0 05l oo

Cew] 00U )@.’?LA.M o)l.o.wl.i‘)?‘ w).t).»))o Os_.»ksoul_‘>4)‘d.a.ojoé;

P1 P2
1 cout<<"1"; | 3 Wait(S) ;
2 Signal(s) ; 4 cout<<"3";
6 Wait(Q) ; 5 Signal(Q) ;
7 cout<<"2"; | 9 Wait(S) ;
8 Signal(s) ; 10 cout<<"4";

70



o9 a=10,b=6 plp oles ke b il 4548> P2 g P1 slaoss],d sl >l ogon Jlis

(Wl (o0 Sy plp iab slopiie adgl Jlade 3 SO 20 S Hgdlows adsl jlade)

P1 P2
a=a+2; a=3;
b=b+1; wait(s);
signal(s); b=a+b;
b=b+1; wait(s);

a=a+b;

a=3,0=4,5=0 :3 )5 ;550 dw (pl >l 5l am 0gl o 12 P2 gl Hgiws an ol
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%9355 50 53 ppilons o Sty il aiz Sl

wait(S);
wait(P);
wait(Q);

signal(Q);
signal(P);
signal(S);
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full ,g8lor2
O adsl jlaie ) L 5 sl 6l slaws (3 )leds sl (5 98lons
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void producer (void){
int item,;
while(TRUE) {
item= produce( );
wait(empty);
wait(mutex);
insert(item);
signal(mutex);
signal(full); }

}

void consumer(void){
int item;
while(TRUE) {
wait(full);
wait(mutex);
item=remove( );
signal(mutex);
signal(empty);
consume( ); }

}

empty ,98loww 4 (3L 350 (b dgazmel BL ¢ 0uLS B pae —ouS W)l dliie yo S

0uiiS OB pao ;) signal(empty) jgiwd g 0aisS dJgi l wait(empty) jgiwd Az (O s
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semaphore room=4;
semaphore fork[5]={1};
void philosopher (int 1){
while(TRUE){

think( );

wait( room );

wait( fork[i] );

wait( fork[(i+1) % 5] );

eat(); //  Slyom 4l

signal ( fork[(i+1) % 5] );
signal ( fork[i] );

signal ( room );

h
b

void main( ){

parbegin (p(0),p(1),p(2),p(3),p(4)));

h
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#define LEFT (i-1)% 5 3l e
#define RIGHT (i+1) % 5

typedef int semaphore:

semaphore mutex=1:

semaphore s[5];

int state[5];

void philosopher {inti){
while(TRUE){
think({ ):
take_forks(i):
eat( ):
put_forks(i):

void take forks{inti){
wait{mutex);
state[il=1;
test{i);
signal{mutex):
wait(s[i]);

woid put_forks{inti}{
wait{mutex);
state[i]=0:
test{ LEFT J:
test{ RIGHT };
signal(mutex):

void test{int i){
if{ state[il==1 && state[LEFT]!=2 &:& state[RIGHT]!=2 } {
stateli]l=2:
signal(s[il);
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typedef int semaphore;
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semaphore mutex=1;
semaphore w=1;
int rc=0;

void writer( )

b

while(TRUE)

}

wait(w);
writing( );

signal(w);

h
b

void reader( )

;

while(TRUE)

j

wait(mutex);

rc = rc+1;

if (rc == 1) wait(w);
signal(mutex);
reading();
wait(mutex);

rc = rc-1;

if (rc == 0) signal(w);

signal(mutex);

j
j
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