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m (a) Three processes each with one thread

m (b) One process with three threads

Process 1 Process 1 Process 1 Process
\\ | | i
User {
space
Thread Thread
Kernel
space Kernel Kernel

(a) (b)
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code data files code data files
registers slack regislers | registers ||| registers
stack stack stack
thread —» 4—— thread
single-threaded multithreaded
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putch ( chout );

80




(Race Condition) adluwe b o

&b okl paiz a5 Wl e o9y 4 By alus Lo ®
LC JVSRNICOVWE LI ‘3"‘"‘3} P uLo)A.Q )3.2.3 ‘) LS“ ool r:)l.‘ﬁ‘
d> 45 0gd oo st wlwl (pl o STl ola ools Sles
S o okl Al sl B

DL Glejer sloain]yd cddiliw blyl 5l 6,5 6l> sl

81




82

@l.o}ob L J.ol.: W oY
a5 Jloo ) calies Jed slaass] )b ailgy b Jole i @
g (o0 el anlB J S sle Sob lawgs B cpl &S
A arass b anl gl o e al) ple Wb ble gl ®

o 510,50 o 5b L g
(=955 3 6999 SLalliws o oy clabl> wasjls y &34)

wlhools e s ale g b ools Wl Jule phwcs ®
QS adasle SO0 wl 8 aules b cdlss Ll

(b ()l £5550) Al 500 plejes slo

82




83

L onis! 48 0 y9lxo

> % o ool o Olbls,l s o] )5 o glxe @

F08SG 0929 5l ol e oMbl ulul ) leojgls o)lgs o
:o; (GO dwd
Al J&s I 00,8550 Tl a),8 bl o m
<, .
TS G- T VISR S VRIS IE NE L T S v o
SICELY

STl dlwgs (5, Son
il LI o Koo L sl L SKass 5l el m
LU )| Loy (5K

83




84

L onis! 8 0 y9lxo

IS o il Jils RSy el G ) AT )

Jlize slassl Wl Sl i anT 3 S e m COUERY IR ORI PTA
S5 m Al s Oley L3 b Ol m
Jolize jlaxsim @w\‘;:,.{w.x;.ﬂf'e@lsjl Gk sl oK ssb bl 3
(Gt ) o ® s gl sl b cled! Sl ,<J&, 3 petes
S5 om Al ansly  Saw 3e) Lls et
o osls S, m AT s Oleg s Ll Ol m (S22 8 G b
(P rae plo)iv (pm el S T3 Sl B G b Sl e sk byl
S om| S S bl L P o RS Sl s
Al B s Oles s 8B Ol m bt adsl Jolss
O
UAJ\.%‘J.‘? o)‘gbw o_Y JJJ\}-

84




85

&lo sl » ! 9 Cub

S o cold) sy ol sl eolaiul gl g an]yd ais oS Ko =

Dgus 3,95 Wb Al dw b cdd,y sloa]d 0,90 ,o B

e i gl e (mutual exclusion) plite lasil &g,
(critical section)

@ 58 ol 8,90 (S i alasl>) Shared Memory ol (Lo a5 4ol 5l cidu: iy, W
04 0 03wl (Il mu yis) Critical Section L ( Jl > a.>U) Critical region o ,.5

oedn @ 0 Slejesgase gle Colls
(deadlock) cews p ®

Ll dgasme oyl ke jaax 0 Slppu asl @ 8 ole dd e oloss @
(starversion) w5 ®

85




86

1) 2 Slegile Wb v9d ags blite jlasdl 3l colos sl a5 B b SUS jo

23,5 Jleel Wb blite Llassl :Mutual Exclusion

Sosb Bl 0sd o Bgie 093 Slyow e jiSu yo S sun])s :Progress
cal asla S0 sle aslid o S0 e a5 WS s

WSl Shsu jisu SO oy 4 5L 45T sanl 8 sl :Bounded Waiting

oo (o S b G o 0l Al 3g3g T 0gamals uslail BB a wls

86




87

L 0sd 4 blite Jlasil 5l coles gl a5 (LB L UL o

Al S 09,9 S Slyow Al 0 gui] )8 e oS LK

ol g3 cos Lol e b g Lo sl )b slows o,b)0 (oo,8 g

255 0 )2 Sl 4l jo ogame gl sl ks ol B 2

87




88

S 3 s wlie oo

95 45 Sloyen slo wl 3 sl Gy |y )18 p 5 0,505,
alasl> 5l as gl oaislo p wim b (gl onislo p SO sloiils
2,5 g3l ool S o colaiul S i

88




89

S 3 s wlie oo

S oy
.d)‘d 929 P2 5P1 M‘JB 99 lhos m
(Pj Sosanl,®) Prasls IS el =

do {

entry section

critical section

excit section

reminder section
+ while (1);
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oW gl
nt turn =

(nt turn:O;) ).w ).3‘).3 d-aJﬁ‘ )fou u

P, aul,s ol Busy wating) Jesiw Uil 4, B
do {

while (turn !=1i) ;
critical section
turn = j;
reminder section

} while (1);
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S 3 s wlie oo
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boolean flag[2]; m
tflag|O]=tlag|1]=false; aJq! jladi. m

do { I -
while (flagfj]) ; Pi ozl ol
flag[i] = true;
critical section
flag [i] = false;
remainder section
} while (1);
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uj ol sl pxio @
boolean flag[2]; =
flag[0]=tlag[1]=false; aJgl ,Joie m
do t Prasls sl =
flag[i] = true;
while (flagfj]) ;
critical section
flag[i] = false;
remainder section

} while (1);

£9d L% ‘_,;19 Sgl o0 00)9]).3 (mutual exclusion) Jol b, & =
.45 (progress)
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S 3 s wlie oo

do {
flag [i] = true;
while (flag [j])
{
flag [i] = false;
delay
flag [i] = true;

critical section
flag [i] = false;
remainder section

} while (1);

Syl gl e B
boolean flag[2]; =
flag[0]=flag[1]=false; aJql ,Joieo m

sl 0g>g 1l 5l gl dlis sl (Soe B
Sy S (2 ey el o5 bl
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boolean flag[2];
int turn;
void PO(Q)
{
while(true)
{
flag[0] = true;
while(flag[1])
if(turn == 1)
{
flag[0] = false;
while(turn == 1)
/*do nothing*/
flag[0] = true;

}
/*critical section*/
turn = 1;

flag[0] = false;
/*reminder section®*/

Dekker S

void P1()
{
while(true)
{
flag[1l] = true;
while(flag[0])
if(turn == 0)
{

flag[1l] = false;
while(turn == 0)
/*do nothing*/
flag[1l] = true;

}
/*critical section*/
turn = 0;

flag[1l] = false;
J/*reminder section*/

}

}

void main()

{
flag[0] = false;
flag[1l] = false;
turn = 1;
parbegin( PO, Pl);

}
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S 3 s wlie oo

Peterson o,
Sl (oo A egd 5 gl Slo it lea (STLN slo i
flag [i]:= true;
turn = j;
while (flag [j] && turn ==j) ;
critical section
flag [i] = false;
remainder section

! while (1);
erie g Sl Plite Jlass] 4 Cans anl,8 e xog bl flag gl 4l
WS oo J ) Sloyer lep Sy tUIN (g pusl yus

oS olsl m
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while ( true )
/* disable interrupts */
/* critical section */
/* enable interrupts */
/* remainder section */

}
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boolean testset (int 1)
d
if (1 ==10)
d
1=1;
return true;

b

else

{

return false;

j
j

u.»..wLo 03.3.5 LSLQ,-LQ.&” )9.7.».:0

4 b o)y plie jo anlis o g, (plo ®

Sl Al cpla 09,9 o3l (gas],8
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u.»..wLo 03.3.5 LSLQ,-LQ.&” )9.7.».:0

S yis oolo ®
boolean lock = false;
Piaglm
do {
while (Itestset (lock)) ;
critical section
lock = false;
remainder section
ywhile(1);
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int const n = /*number of processes*/

int bolt;
void P(int i)
{
while( true )
{
while( Itestset(bolt) )
/*do nothing*/
/ *critical section™/
bolt = 0;
/ *reminder section™/
§
}
void main()

{
bolt = 0;

patbegin( P(1), P(2), ..., P(n))

}

ol o9 (sledod jgrms
Joadl g b blice L] m

Id

&,105 Jlade g g
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Crile 0519 sledod! jgiws
Wl gy Oygar Glgiee |y adglae Joadl jgiwo ®

void exchange (int register, int memory)
int temp;
temp — memotry;
memory = register;
register = temp;

}
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int const n = /*number of processes*/

int bolt;
void P(int i)
{
int keyi;
while( true )
{
keyi = 1;
while( keyi |= 0)
exchange( keyi, bolt );
/ *critical section™/
exchange( keyi, bolt );
/ *reminder section™/
J
J
void main()
{
bolt = 0;
parbegin( P(1), P(2), ..., P(n))
j
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(semaphore) bl ,

{

}
{

struct semaphore |

int count;
queueType queue;

void semWait{semaphore s)

s.count--;

if (s.count < 0)

{
place this process in s.queue;
block this process

!

void semSignal{semaphore s)

s.count++;

if {s.count <= Q)

{.
remove a process P from s.queue;
place process P on ready list;

}

11




(semaphore) bl ,

struct binary_semaphore {
enum | zcro, one} value;
queueType queue;

I
void semWaitB(binarv_semaphorce s)
{
if (s.value == 1)
s.value = 0O;
else
{

place this process in s.queuc;
block this process;

}
}

void semSignalB(semaphore s)

{
if (s.queue is empty())
s.value = 1;
else
* |
remove a process I’ from s.quecuc;
place process I’ on ready list;
}
; 112
i

112



113

(semaphore) bl ,

Semaphore L it Llas!

S yio oolo
semaphore mutex; / /initially mutex = 1
P.oslsm
do {
wait(mutex);
critical section
signal(mutex);
remainder section

} while (1);
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b[1] | bI2] | b[3] | b[4] | bI5] LA A S
Out In
producer: consumer :
while (true) while (true)
{ {
/* produce item v */; while (in <= out)
blin] = v; /* do nothing */;
in++ -

w = bl[out];
cut++;

/* consume item w */
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int n; void consumer()
binary_semaphore s = 1; {
binary_semaphore delay = 0; waitB(delay);
void producer() while(true)

{ {
while (true) waitB(s);
{ take();
produce(); n--;
waitB(s); signalB(s);
append() ; consume();
N++; if(n==0)
if(n==1) wateB(delay);
signalB(delay); }
signalB(s); }
} void main()
} {
n =0;
5 008 adgi alias (gl Canwyobs o ol S parbegin(producer, costumer);
l.:z)j.el,ow )‘ o.)Lé.’J.w‘ l.a IRVELY J).«m }
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int n;
binary_semaphore s = 1;
binary_semaphore delay = 0;
void producer()
{
while (true)
{
produce();
waitB(s);
append() ;
N++;
if(n==1)signalB(delay);
signalB(s);

LQ)9.9L<>.M: )‘ ool.éﬁ..u‘l.gow J),a.oﬁo‘.u.lfdﬁf.ls.?
($2.9°9°

void consumer()

{

}

int m; /*a local variable*/
waitB(delay);
while(true)
{

waitB(s);

take();

n--;

m = n;

signalB(s);

consume();

if(m==0)wateB(delay);
}

void main()

{

}

n = 0;
parbegin(producer, costumer);
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semaphore n = 0; void consumer()
semaphore s = 1; i

void producer() ?h11e(true)

{ »

while (true) wait(n);

{ wait(s);
produce(); take(Q);
wait(s); signal(s);
append(Q) ; consume();
signal(s); }
signal(n); } _ _

1 void main()

3 {
parbegin(producer, costumer);
}
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semaphore n = 0; void consumer()
semaphore s = 1; i
semaphore e = sizeofbuffer; While(true)

void producer()

{ wait(n);
while (true) wait(s);

{ take();
produce() ; signal(s);
wait(e): signal(e);
wait(s): consume() ;
append(Q) ; }
signal(s); L _
signal(n); void main()

1 {

} parbegin(producer, costumer);
}

1 yg3las 51 oolitil by 00iiS” 3 ae g 00iiS olgi altens (glyy o ol
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ONS &8 w0 g oS W o3 dliwwo

semWait(s) semWait(s)
{ {
while {(esiset(s.(lag)) inhibit interrupts;
/* do nothing *f‘; s.count—;
s.count--;

if (s.count < 0}

lace this process in s.queue;
rlock this process (must also set s.flag to 0

else
s.flag =0;
| :

semSignal(s)
{
while {!testset(s.flag))
/* donothing */;
s.count++;
if {s.count <= 0)

remove a precess I’ from s.queue;
place process P on ready lisl

sflag =0;

——

if (s.count <))

Elucu this process in s.queue:
lock this process and allow interropts

J
else
allow interrupts;
l
semSignal{s)
i
inhibit interrupts;
S.count++;
if (s.count <= {1}
{
remove & process P from s.queue;
place process P on ready list
1
I
allow interrupts:
I
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monitor bouendedbuffer; void producer()
char buffer[N]; {
int nextin, nextout; char x;
int count; while( true)
int notfull, notempty; {
produce( x );

void append(char x) append( x );
{ }

if (count == N) }

cwaite(notfull); void consmer()

buffer[nextin] = x; {

nextin = (nextin+1)%N char x;

count++; while( true )

csignal ( notempty ); {
} take(x);
void take( char x ) consume( X );
{

if (count == 0) 1 g

cwaite(notempty); . .

X = buffer[nextguzj; void mainQ)

nextout = (nextout+1)%N {

cognt——; nextin=0; nextout=0; count=0;
} csignal( notfull ); Parbegin(producer, cunsumer);

}
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void get_hole(int 1)

{
if (G == (U + 1))
<failure>;
if (<i_list empty>)
{
get_hole(i + 1);
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<put buddies on i_list>;
}
<take first hole on i_list>;
}
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