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= General structure of process P;

while (true) {

entry section 99,9 4>

critical section il u 4l

exit section 9, 4l

remainder section
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Algorithm for Process P,

while (true){

while (turn = =);

[* critical section */

turn = j;

/* remainder section */
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Process PO: Process P1:
while (true){ while (true){
while (turn = = 1); while (turn = = 0);
[* critical section */ [* critical section */
turn = 1; turn = 0;
/* remainder section */ [* remainder section */
} }
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<P Algorithm for Process P,

while (true) {

flag[i] = true;
turn = j;
while (flag[j] && turn = = j)

4

/* critical section */

flag[i] = false;

/* remainder section */
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Process PO:
while (true){

flag[0] = true;

turn = 1;
while (flag[1] && turn ==1)

[* critical section */
flag[O] = false;

/* remainder section */
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Process P1:
while (true){

flag[1] = true;
turn = 0;
while (flag[0] && turn = =0)

[* critical section */
flag[1] = false;

/* remainder section */
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= Two threads share the data:

boolean flag = false;
int x = 9;

= Thread 1 performs
while (!flag) 5
print x
= Thread 2 performs
X = 100;
flag = true

What is the expected output?

100
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tflag = true;
x = 100;

Two threads share the data:
boolean flag = false;
int x = 0;

Thread 1 performs
while (!flaqg)
print x

Thread 2 performs

flag = true
x = 100;
What is the expected output?
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= while (!flag)
memory_barrier();
print X
Ma@ﬁ@‘bﬁ)’o)‘gﬁ\’m):
X = 100;
memory_barrier();
flag = true
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= Definition
boolean test _and set (boolean *target)

{

boolean rv = *target;
*target = true;
return rv:

uww u
sloaias s testandset gius oo 51 o 0gd oo Lzl il &)50 4,
Alo )5 o |y Syl yolyly Lol jloae ™

5Lyl —V+ 45 Jole panpns e lie 6.27 VoVP OIS B el 250




o

\yfm Solution Using test_and_set()

el false 7 adgl jlase as'lOCK oL 4, BoOlean _s1yl s ™
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do {
while (test_and set(&lock))
; /* do nothing */

/* critical section */

lock = false;
/* remainder section */
} while (true);
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= Definition

int compare_and_swap(int *value, int expected, int new_value)

{

int temp = *value;
if (*value == expected)
*value = new_value;

return temp;
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= Does it solve the critical-section problem?

while I(true){ . . .
while (compare and swap(&lock, @, 1) != @) int compare_and_swap(int *value, int
; /* do nothing */ expected, int new_value)

{

int temp = *value;
if (*value == expected)
*value = new_value;
return temp;

/* critical section */

lock = 0;

/* remainder section */ }
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boolean waiting[n]=false; int lock=0;

while (true) {
waiting[i] = true;
key = 1;
while (waiting[i] && key == 1)

key = compare_and swap(&lock,0,1);
waiting[i] = false;
/* critical section */
j=(1i+1) % n;
while ((j !'= i) && lwaiting[j])
J=(@G+1)%n;

if (j == 1)
lock = ©;
else

waiting[j] = false;

/* remainder section */
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Ll o5le solgincrement()

void increment(atomic_int *v)

{
int temp;
do {
temp = *v;
}
while (temp != (compare_and swap(v,temp,temp+1));
}
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while (true) {
acquire lock

critical section
release lock

remainder section

}
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wait (S) {
while (S <= 0)
; // busy wait
S-—;

signal (S) {
S++;
}
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wait (mutex) ;

CS

signal (mutex) ;

el el g aes S2 9 ST Leadlygws 90 hylo a5 w0 150 Ll 0 1, P2 g P1 glans1s =
a5l S2 51 L3 ST as el

ol + ol adgl lade a5 aS slxl “SYNCh” JYCOWE VN
Pl:
S,
signal (synch) ;
P2:
wait (synch);
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Gl e ™
typedef struct ({
int value;
struct process *list;
} semaphore;
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wait(semaphore *S) {
S->value--;

if (S->value < 0) {
add this process to S->list;

sleep();

signal(semaphore *S) {
S->value++;

if (S->value <= 0) {
remove a process P from S->list;

wakeup(P);
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<% Problems with Semaphores

498leww laldas 5l caw ol oolawl ™
° signal (mutex) ... wait (mutex)
Aidd 39 Sl pow axl 0wl pase
° wait(mutex) .. wait (mutex)
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* Omitting ofwait (mutex) and/or signal
(mutex)
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SFIEA_ Monitors
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monitor monitor-name

{
// shared variable declarations
function P1 (..) { ... }
function P2 (..) { ... }
function Pn (..) {...}
initialization code (..) { .. }

}
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SFEA_ Schematic view of a Monitor

entry queue

shared data

o5 45" S o peends (MONItON) " jgiile” & Le %0
il JUb Hgile 09,5 Oloy So s wnld S

Jae sl (monitor construct) sl L%

SU 98 4 gile pBod b 7,k 5l (S 5l

~

. e . o o
operatons & loplEon (slao yilSe Wb Lo o jgbaie ol o],y
W )LA}LM) Ja..wg.a LQ r:).uli,o u.:‘. MS ub).x.: L59L~0‘
code ..
Ngh o @51, (condition construct) L

e )b Sy (b 4y 5l 45 gl adly %
3 e di b SG Wlgs ol b lh (o5l
Sy ,a5 (condition) b ys gg
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”*’""*m y98lows 31 00lisiunl b gisilo (5L o0ly

semaphore mutex
mutex = 1

gdee il 25 0)lee LP &l e
" Function P () {

wait (mutex) ;
body of P;

signal (mutex) ;

D9 p (el Hgiile SO (9,0 (hlie jlasl ®
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SFIEA_ Condition Variables

" condition x, y;
Sy b oS o Slel 8 |, Sldee opl a5 gonsTs Xowalt(): =
D9 oo 3lae gl sols X.SIGNAl() a5
Sle=s 1 Xwalt() a5 1, olasls sl S x.signal(): =
35S 0 o 5l (3979 Sz 40) Wles)S
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w Monitor with Condition Variables

entry queue

shared data

queues associated with
X, y conditions

operations

initialization
code
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m-*m ‘Usage of Condition Variable Example

Joallygiss 93 sl s 5ls a8 0,5 ks 0 1, P2 5 PL (glaas, 13 ™

P2 4 P1 Ly o35 a5 a5 oS slnl F2 g FL b g0 b jenile 5 ®
gl oo Sly>,8
el ol gl lade a5 XY o e SO

“done” Jo e G ™

Fl:
Sy
done = true;
x.signal() ;
F2:

if done = false
x.wait ()
S,
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w5 111, signal(mutex) jyiws jsiile 5l zg,> 5l am g

5,5 wales oolansl Signal-and-walt 7 b 5l o4 gjlwosls oL ®
0 48,5 w5l ol B aile St wb ssses JUKw anlyd aS Slxl )
NeXt oL & Lol L9050 jadlosw SO il Hlae L oS S5 1, 9k
oal.é.’:.w\ o? Gl gl NEext ;| JJJ‘}?LSQ RN JLi.w LSLQJJJ‘)é =
s5bige 5,5 L5 4 NEXE (s, 3les LSLQM‘)S
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SF7EA Single Resource allocation

S Coglgl olael 5l eolatwl b o8, sloanl b o axly aie & anads ©
ol 00,5 (63,5 4al p a3l oolatil (lp anl S G aST ], Sley iSTos

.2l ResourceAllocator ¢4 5l ol aiges R sl ;o ©

3,lea 3,k 5l (ResourceAllocator) slv soiss jmoass 4 owyiws ™
199 oo plal

el puo 3l oolawl (gl p anl )8 SO oS conl Sloy iSTast ] joas @
o] od; S ¥y

R.acquire (t);

access the resurce;

R.release;
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#a»_A Monitor to Allocate Single Resource

monitor ResourceAllocator
{
boolean busy;
condition x;
void acquire(int time) {
if (busy)
X.wait(time);
busy = true;
}
void release() {
busy = false;
x.signal();
}
initialization code() {
busy = false;

}
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w«m Single Resource Monitor (Cont.)

acquire
release
Yol slacldes 5l caw ol oolawl ™
° release() .. acquire()
° acquire() .. acquire())

*  Omitting of acquire () and/or release ()
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4 ¢ 99les b (Mutex Lock) Llae Lasl o8 aisbe g jlupKon
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S, PP IE- v BRI I S ST ICIE TR

S oo oLl 2B SR 5l slacgomme 4 (LIVENESS): 4099 0uiy ™
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(Liveness Failure) :yog osi; conslls 1 laigas Sgumols JWazsl =
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0

1hds a5 wis (golaug, patn Sgumol job 4 ML.S x> b ogo (Deadlock): oty ™
g olul lasl b o Lglax.ﬂjé 3 S lawsd wilgd oo

wait(S) ; wait (Q);
wait(Q) ; wait(S) ;
signal (S) ; signal (Q) ;
signal (Q) ; signal (S) ;

&S Ll L, walt(Q) gws PL s Walt(S) [giws PO 3145 oy 15 Jlas o
g PLaS Sloy b sl oS o Ll |, WaI(Q) jgiws PO a5 o5
iles e S |1 1,Signal(Q)
el Jlasl s o wsSS 1,>1 , signal(S) [gws PO a5 Sl GPL (Jl> ol b
it Sz PL PO igss sai 1,21 55 0 SiGNAI() Slilac el o bl 51

Solodldy
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~-=’w-z/:,:\ Classical Problems of Synchronization

D> Gilwplen loo Sug, cad (gl p LS il ®
(Bounded-Buffer Problem):sguse ;50 alivs
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ol adel Jlade L empty ol 4 jgdloccs SO ol o g ™

(producer sosSodg agl,d Jtsle b cwsl p3Y piomen ™
(CONSUMEr Process) cuuuS < pas ail s LsLe oProcess)
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= The structure of the producer process

while (true) {

/* produce an item in next_produced */

wait(empty);

wait(mutex);

/* add next produced to the buffer */

signal(mutex);
signal(full);
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xv”:l\ Bounded Buffer Problem (Cont.)

= The structure of the consumer process

while (true) {
wait(full);

wait(mutex);

/* remove an item from buffer to next consumed */

signal(mutex);

signal(empty);

/* consume the item in next consumed */
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(Readers-Writers Problem) Buuw g g Busiles aliows ™

Sl ay plejes anld paizr (S b 0010 dsgome SG i (pl o ®
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0 g5 ol 8 LSl ™

while (true) {
wait(rw_mutex);

/* writing is performed */

signal(rw_mutex);
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o g5 Wil ,8 Lisle ®

while (true){
wait(mutex);
read_count++;
if (read_count == 1) /* first reader */

wait(rw mutex);

signal(mutex);

/* reading is performed */

wait(mutex);
read count--;
if (read _count == @) /* last reader */

signal(rw_mutex);

signal(mutex);
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«fwﬁr”\ Readers-Writers Problem Variations

:(First Reader-Writer Problem) Jql sudilgs Sl Jod i ®
Sgls  Surdg o yorie Wilgh o ol &l LS ol jo aS > ol »
orlaes ol ) ide Jee Wy 35,8 odiun g5 ab] 3 G 45
JB.M:LSA oLl Jg‘ oJu.:‘g} LSYM J_QB L)‘ﬁ""c' 4 lS “ o

:Second Reader- erter Problem £33 ouidlgS (Su Ji JS,M
oasslys Sab Ja8' i 5l slaseus M pgo odslgs S L‘LQ.Q
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QBMLSQ.: oola osls u*"ﬁ’ o)L>‘ W o)‘g o)L: aS Lg‘o&.»..:‘g}

u...o.ca gl ol s e sy (Sgdowo o )Lb;u\ PBEY) P SUWRL
oo i pl > sl y S P Egitn oo Sy, Sl el §aog0
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4%7¢a_ Dining-Philosophers Problem
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f}\vDining-PhiIosophers Problem Algorithm

= Semaphore Solution

= The structure of Philosopher i :
while (true){
wait (chopstick[i] );
wait (chopStick[ (i + 1) % 5] );
/* eat for awhile */

signal (chopstick[i] );
signal (chopstick[ (i + 1) % 5] )
/* think for awhile */

}
=  What is the problem with this algorithm?
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“:'ifm ‘Monitor Solution to Dining Philosophers

mon1tor DiningPhilosophers
{ enum {THINKING; HUNGRY, EATING} state [5];
condition self [5];
void pickup (int i) {
state[i] = HUNGRY;
test(i);
if (state[i] != EATING) self[i].wait;
}
void putdown (int i) {state[i] = THINKING;
// test left and right neighbors
test((i + 4) % 5);
test((i + 1) %5); }
void test (int i) {

if ((state[(i + 4) % 5] != EATING) && (state[i] == HUNGRY) && (state[(i + 1)
% 5] 1= EATING) ) {

state[i] = EATING ;
self[i].signal () ;

}
initialization_code() {for (int i = 0; i < 5; i++){
state[i] = THINKING; }
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SFEA_ Solution to Dining Philosophers (Cont.)

blae e 5 4 |, putdown 4 pickup cldec | Gguds 2 ™=
WS (o (Sly> 2
DiningPhilosophers.pickup(i);

DiningPhilosophers.putdown(i);
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