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+  dareads - remote procedure aall  (RPC) s5s+evvu
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mu\H?rot.essw arthitecture
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default: no shared memery

* motr file deswipwt not shared
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it main() {
int fd;

fd = open("a.txt
e )3

printf ("%d
return 0;

, O_RDWR|0_CREAT,

defoul : shared memary
will tware  file ohescripters
share Piletas\-em context
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- 0S5 ./fd

int main() { 3

fd: + 0S5 cat a.txt
! hello

UVl B W N e

1Nt
fd = open("a.txt", O_RDWR|O_CREAT,
printf("%d\n", fd);

write(3, 11¢

return 0;

~N

'@ 0 ™

1
11

main() { + 0S ./fd
int fd; .

fd = open("a.txt", O_RDWR|O_CREAT|O_TRUNC, 0666); + 05 cat a.txt
printf("%d . greetings
write(3,

return ©;

* protest 1D, parent procecs 1D, process group (D, Se<sim ID

»+ 0S5 1s -1 a.txt
-rw-r--r-- 1(ibhamasti) Gtaff) 10 Feb 8 05:07 a.txt

vibhamasti@ubuntu:~/de ollege/0SS 1s -1 a.txt
-rw-r--r-- 1 vibhamasti vibhamasti 16 Feb 7 21:24 a.txt
vibhamasti@ubuntu:~/dev/college/0SS stat a.txt

File: a.txt
10 Blocks: 8 10 Block' 4096 regular file

801h/2049d Inode: 401408 Links:
(8644/-rw-r--r--) Wmd: ( 1000/vibhamasti)®)
2021-02-07 21:24:11.137154897 -0800 \
2021-02-07 21:24:11.137154897 -0800 ot

2021-02-07 21:24:11.137154897 -0800 “5\‘; group D
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- either user-leve] o  kernel l\evel
+ POSIX ttandard AP\ — specification

* In UNIX OSes — Solarig, Linux, Mac0S

PTHREAD_CREATE(3) BSD Library Functions Manual PTHREAD_CREATE(3)

NAME
pthread_create -- create a new thread

SYNOPSIS
#include <pthread.h>

int
pthread create(pthread t *thread, const pthread attr t *attr
void *(*start routine)(void *), void *arg):

DESCRIPTION N routing S poinker Yo list of angs

The pthread _create() function 1s used to create a new thread, with
attributes specified by attr, within a process I1f attr is NULL, the
default attributes are used. If the attributes specified by attr are
modified later, the thread's attributes are not affected Upon success-
ful completion pthread_create() will store the ID of the created thread
in the location specified by thread.

The thread is created executing start routine with arg as its sole argu-
ment. If the start routine returns, the effect is as 1f there was an

PTHREAD_JOIN(3) BSD Library Functions Manual PTHREAD_JOIN(3)

NANE
pthread_join -- wait for thread termination

SYNOPSIS

#include <pthread.h>
tncead 1D return
< < olue

int

pthread_join(pthread t thread, void **value ptr);

DESCRIPTION
The pthread join() function suspends execution of the calling thread
until the target thread terminates unless the target thread has already
terminated.

On return from a successful pthread_join() call with a non-NULL value ptr
argument, the value passed to pthread_exfit() by the terminating thread is
stored in the location referenced by value ptr. When a pthread_join()
returns successfully, the target thread has been terminated The results
of multiple simultaneous calls to pthread_join() specifying the same tar-
get thread are undefined. If the thread calling pthread_join() is can-




#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

#define NUM_THREADS 5

void *PrintHello(void *threadid) {
long tid;
tid = (long) threadid;
printf("Hello, it's thread #%ld!\n", tid);
pthread_exit (NULL);

int main(int argc, char xargv[]) {
pthread_t threads[NUM_THREADS];
int rc;
long t;

Hread
for (t = @; t < NUM_THREADS; ++t) { J/ i
printf("In main: creating thread %ld\n", t);
rc = pthread_create(&threads[t], NULL, PrintHello, (voidx) t);

if (rc) {
printf("ERROR; return code for pthread_create() is %d\n", rc);
exit(1);

pthread_exit(NULL);
return 0;




#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

void *PrintHello(void *n) {
int var;

var = (int) n;

printf("Hello, it's thread %d\n", var);
pthread_exit(NULL);

main(int argc, char xargv[]) {

pthread_t tid;

int n = 9;

int rc;

rc = pthread_create(&tid, NULL, PrintHello, (void *)n);
if (rc) {

printf("ERROR; return code from pthread_create() is %d\n", rc);
exit(1);

pthread_join(tid, NULL);

pthread_exit (NULL);
return 0;

+ unit2 gcc threadl.c -lpthread -o threadl
-+ unit2 gcc thread2.c -lpthread -o thread2
thread2.c:21:46: warning: cast to 'void *' from smaller integer type 'int'
[-Wint-to-void-pointer-cast]
rc = pthread_create(&tid, NULL, PrintHello, (void *)n);

-+ unit2 ./thread2
Hello, it's thread 9




I .
roce condihion

unit2 ./threadl unit2 ./threadl <+ unit2 ./threadl

main: creating thread main: creating thread 0 In main: creating thread

main: creating thread main: creating thread 1 In main: creating thread

main: creating thread main: creating thread 2 In main: creating thread

main: creating thread main: creating thread 3 In main: creating thread
Hello, it's thread #0! main: creating thread 4 Hello, it's thread #1!
In main: creating thread Hello, it's thread #0! Hello, it's thread #0!
Hello, it's thread #1! Hello, it's thread #1! In main: creating thread
Hello, it's thread #3! Hello, it's thread #2! Hello, it's thread #2!
Hello, it's thread #2! Hello, it's thread #3! Hello, it's thread #3!
Hello, it's thread #4! Hello, it's thread #4! Hello, it's thread #4!

thread3.c

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

void *PrintHello(void *n) {
int var;
var = (int) n;

printf("Hello, it's thread %d\n", var);

var += 2;
return (void x) var;

pthread_exit(NULL);

main(int argc, char xargv[]) { + unit2 ./thread3
Hello, it's thread 9

pthread_t tid; 11
int n = 9; tan ‘PQSS

int rc; arvri

void *a; ‘/ S‘hud’

rc = pthread_create(&tid, NULL, PrintHello, (void *) n);
if (rc) {

printf("ERROR; return code from pthread_create() is %d\n", rc);
exit(1);

meémory locakm

pthread_join(tid, &a); 4o retrieve from
printf("%d\n", (int) a);

pthread_exit(NULL);
return 0;




THREAD SCHEDULING

© distinction bfw  user-level and kerne(-level threads

« vser-level tareads on \\gwmam processes  CLWP)
- =+ Mareads within app I process
- : fhreads  Within sugtem

APl to specify scope of dnread (PCs a S¢5)
= PTHREAD - Scope. PROCESS « PCS
= PTHREAD- SLoPE_ SYSTEM @ SCS

*  Linux § Mac0S °“¥5 ollow PTHREAD_ SLOPE _ SYSTEM

« More: mtps://www.qeeksforqeeks.orq/thread-scheduling_/

User Space
Process P1 Process P2 Process P3
PCS SCS PCS

11 824 3 4 s 16 7 9 T10

:
OO0

—\ 8

© © OO ©

Kernel Space




Scope. c
#include <pthread.h>
#include <stdio.h>

int main(int argc, char xargv[]) {
int scope;

pthread_attr_t attr;

pthread_attr_init(&attr);

if (pthread_attr_getscope(&attr, &scope) !'= 0) {
fprintf(stderr, "Unable to get scheduling scope\n");

else {

if (scope == PTHREAD_SCOPE_PROCESS) {
printf("PTHREAD_SCOPE_PROCESS\n");

}

else if (scope == PTHREAD_SCOPE_SYSTEM) {
printf("PTHREAD_SCOPE_SYSTEM\n");

}

else {
fprintf(stderr, "Illegal scope value.\n");

S

return 0;

Unit 2 gcc-scope.c -lpthread -o scope
* Unit 2 ./scope
PTHREAD_SCOPE_SYSTEM

Linux

$ gcc -pthread scope.c -0 scope
$ ./scope

PTHREAD SCOPE_SYSTEM



#include <pthread.h>
#include <stdio.h>

#define NUM_THREADS 5
void xrunner(void *);

int main(int argc, char *argv[]) {
int scope;
long i; + Unit 2 gcc scope2.c -lpthread -o scope2
pthread_t tid [NUM_THREADSI; A ke Tt
=
pthread_attr_t attr; -
1 runner - 1
runner - 1
runner - 1
- Unit 2 ./ 2
pthread_attr_init(&attr); FIHREAD SCOPECZSEIEM
runner - 1 =
runner - 1
. runner - 1
if (pthread_attr_getscope(&attr, &scope) !'= 0) { runner - 1

fprintf(stderr, "Unable to get scheduling scope\n"); EESFUNBERSS S

I TR

oo
N O W

else {
if (scope == PTHREAD_SCOPE_PROCESS) {
printf("PTHREAD_SCOPE_PROCESS\n");
}
else if (scope == PTHREAD_SCOPE_SYSTEM) {
printf("PTHREAD_SCOPE_SYSTEM\n"); PTHREAD SCOPE SYSTEM
¥ Inside runner - 1 =
else { Inside runner
Inside runner

i
i
Inside runner 1
Inside runner 1

S ./scope

fprintf(stderr, "Illegal scope value.\n");

't S ./scope
PTHREAD_SCOPE_SYSTEM
Inside runner i
Inside runner
pthread_attr_setscope(&attr, PTHREAD_SCOPE_SYSTEM); Inside runner
Inside runner
Inside runner

1
{ =
1

for (i = @; i < NUM_THREADS; i++) {
pthread_create(&tid[i], &attr, runner, (void %) i);

for (i = @; i < NUM_THREADS; i++) {
pthread_join(tid[i], NULL)

return 0;

void *runner(void *param) {
int i = (int) param;
printf("Inside runner - i = %d\n", i);
pthread_exit(0);
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* Win32 APl

one -Yo-one mappin
S\A.Wuﬂ' for o bre “\oraﬂd - W“'ﬁ'h'm““‘()

tread

Create Thread ()
Woik For Singje Objecte)

Glova) Vvarg
— fhared by A\ Havead

- stoved in doto .sewaevw

Local vove
- for each *aread

DWORD - \mo nt



#include <stdio.h>
#include <windows.h>

DWORD Sum;

DWORD WINAPI Summation(LPVOID Param) {
DWORD Upper = *(DWORD x)Param;
for (DWORD i = @; i <= Upper; ++i) {
Sum += 1i;
}

return 0;

main(int argc, char const xargv[]) {

DWORD ThreadId;
HANDLE ThreadHandle;

int Param;
if (argc '=2) {

fprintf(stderr, "An integer parameter is required\n"); Z:\Desktop>multi 8
return -1; Sum =

Z:\Desktop>multi 2

Param = atoi(argv([1]); Sum =

if (Param < 0) {
fprintf(stderr, "An integer >= @ is required\n");
return -1;

ThreadHandle = CreateThread(
NULL,
0!
Summation,
&Param,
0,
&ThreadId
)7

if (ThreadHandle !'= NULL) {

WaitForSingleObject(ThreadHandle, INFINITE);

CloseHandle(ThreadHandle) ;
printf("Sum = %d\n", Sum);

return 0;




MUTURL EXUVSION § SYNCHRONISATION

Producer produces iteme fov bulffer
Congumer  tontuwes  itewms from  buffer

© Countr incremented When producer produces
Counter decvements when  Comtumer ontumes

* Counter-keeps trade of ‘wuffer
* Shared variable counter

PRODUCER

while (true) {
/* produce an item in next_produced */

while (counter == BUFFER.SIZF)
; /* do nothing */

buffer[in] = next_produced;
in = (in + 1) % BUFFER SIZE;
counter++;

CONSUMER

while (true) {
while (counter == 0)
; /* do nothing */

next_consumed = buffer[out];
out = (out + 1) % BUFFERSIZE;
counter—;

/* consume the item in next_consumed */

Yace
cond tion



R

\

time

return
2615

-

child = 2615

pid_t child = fork ();

request
pid i

-
next_available_pid = 2615

//
;4 \
-

—

R

request
pid

-

return
2615
e

—_—

child = 2615

pid_t child = fork ();

Crivical sechom: Segment of code where kerne! dato

shruchuves  are

- dnownpy
- u\)t}\v;Q'vf\\%
- w\'i-\’il\a Fle

wmodified
wmmomm Vo
procecs Yoble

. sxfirowxof N proceges i?o,ru---'\ﬂ

Onkn

no Other procest

one  process in (Citeal sectimm ot awn

allowed o wwer crifical

iven twme,
sethn

tadn process otks permission to  eater el seckion



entry section

critical section

exit section

remainder section

} while (true);

W@ Pois execuking tn WS uritial section,
wo oYher process can be execu\i!\s in trilica) gechon

X 7

seleckion of processes  Haat Wil enter trikical section
next WO e Pos*yone& lno\e(—‘mi\—db

A bound ONn number of *+imes Mot opiher
processes are allowed +to enter (& after G procest has wade
0 vequeth o enter fts €8 and before thot request i granty



* allows preemption when ruwni r\g’\'m kerne) mode
+ difficut 4o degign on ¢MP architectures

rung  unti) exite kernel mode, blocks sy volun'\ur'tl\d yields
cPv

- free of vroce wondifion in kernel wode
Pree of voce condiiome on kernel dato  Structures

Preemptive kermel fotter, more respowsive

- Sobtwore-bosed coluhnon

Assume lood|[store inthruchione  ave  atomic (cannot be
interrupted)

for two processes on\b
b oavd P 5 §=1-L

' Recwim 1 procses +o share 2 data  items

turn: whose turm it s to ewrer (§
Plog arragy: indicates i process ready ' enter (S



Algorithm (s 9D

do {

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

critical section

lflag[i] = false;

remainder section

} while (true);

To prove Co\mhian 1§ (orrect

o

[ Muwtual exclusion  preserved:
P eates s only if o

2, ?roﬁrug vregmirement ‘«  sahsfied
3 Bounded mu\ﬁrﬂ Xime r%w'reW\eni' K met

Prove 29 2

we note that a process Pi can be prevented from entering the critical section only if it is stuck
in the while loop with the condition

flag[j] = true and turn =j; this loop is the only one possible.

If Pjis not ready to enter the critical section, then flag[j] = false, and Pi can enter its critical
section.

If Pj has set flag[j] to true and is also executing in its while statement, then either turn=/ior
turn==j. If turn =1, then Pi will enter the critical section.

If turn == j, then Pj will enter the critical section.

once Pj exits its critical section, it will reset flag[j] to false, allowing Pi to enter its critical
section.

If Pj resets flag[j] to true, it must also set turn to i.

Thus, since Pi does not change the value of the variable turn while executing the while
statement.

Piwill enter the critical section (progress) after at most one entry by Pj (bounded waiting).



do {

flag[i] = TRUE

turn = j

while (flaglj] && turn == j);
/* do-nop *x/
critical section

flag[i]=FALSE;
remainder section

} while(TRUE);

do {

flagl[j] = TRUE

turn = 1

while (flag[i] && turn == i);
/* do-nop *x/
critical section

flag[j]=FALSE;
remainder section

} while(TRUE);

Cannod predick when eath process pee

in¥ery upred



Hardware soluyion for critical Section prololem

()ro\-ec\' ceitical oveas wiva \ocks 5 lotk ond
unloctk +echn'\q,ue

Lotking — entry section , process then woves +o  triteal
tection, then enters exitr tection, um\ock.insf exit  gection

A 3 conditione of critical Section torsfed

Moderm  O§es cannot  dicable preemption

fromic hardware inttyuthons — cannot be interrupted
- ket wewwryy wyvd and S value ket oand seb)

- Swop tonkente of 4wo memw“ weYds

Lest_ond - set  inthruttion — Sywe

Returne old  value of mew\wa location and Sett it +o |\
v oan otowmic oyemhon

One process exewnting et and-ser  (annor be intervupred by
onother process  executing tuh- and- ser (atomic)



+ Te wwtual exclusion Sakefied?

. S\'OHQNA volue: lock =0

while (true) {
while (lock != 0);
/* do nothing */
lock=1;
critical section

lock=0;

remainder section

lock =0

while logk!=0;

while ok !=0:

loce =\

loce =\

cridical Seckion

while (true) {
while (lock '= 0);
/* do nothing */
lock=1;
critical section

lock=0;

remainder section

muhual  exclugion
not soMsfied



Lest. and- Set Inchruchion

boolean test_and set(boolean *target) {

boolean rv = *target; — lowl| var
*target = true; will not
oet outeved
Y return TV,
* Afowic
10 lock = ©

Implementorion  of Mutual  Extlusion

56470.7‘(0-&\’ -0
do {
while (test_and_set(&lock)) ¥V =~ 0
; /* do nothing */
/* critical section */

lock = false;

/% remainder section */
} while (true);

compare - and- Swap  Inchuction

int compare_and swap(int *value, int expected, int new_value) {
int temp = *value;

if (xvalue == expected)
*value = new_value;

return temp;

}



*  RAromic
+ Only ¥ *volue == expected, xvalue = new.-value
« x8b § Tranium — CMPX(HG

do {
while (compare and swap(&lock, 0, 1) !'= 0)
; /* do nothing */
/* critical section */

lock = 0;

/* remainder section */
} while (true);

Rounded m\\'ivsﬁ fequirement wot  taticfied

do {
waiting[i] = true;
key = true;

while (waitingli] && key)
key = test_and set(&lock);
waiting[i] = false;

/* critical section */

j=G+1) %n;
while ((j != i) &% 'waiting[j])
j=0G+ 1 %n;

if (j == 1)
lock = false;
else

waiting[j] = false;

/* remainder section */
} while (true);



+ Software soluhon o (S Problem

+ Protect €S with ocquire () and unlock wiva release ()
Cooth ofomicd

* Requives 5 called (wagkes CPV
apdesd

no niexty swidth when process  wauey wait on loek
¢ when lotks Weld for  thork 4imet - wsefu)
«  wulrithreaded suskems

acquire() { release() {
while (lavailable) available = true;
; /* busy wait */ 1

available = false;

acquire lock

critical section

release lock |

remainder section

} while (true);



More soph\3+im+ed Moan  mutex ok
* Semaphore  S- inteer variable

* To actess: woir) owvd s&bm\()

wait(S) { .
while (S <=0) signal(8) {
; // busy wait St+;
S 1

ir\\'zﬁer value 0 o | Same ot mutex lock
. unresivicted dowain
So,mapnore sﬂnoh inifialiged 40 O

P1:
Sy
signal(synch);
P2:
wait(synch);
S,;



Semophore  Twplementotion with no Buty Waiking
' < Y

- astouoted wO\'\Ht\& onene for samo\p\«ore
. p\ace invo\(iws process onto voa'\’rinﬁ queue

. remove O process from ‘*’“‘*""\3 queue and place
in reowha quene

wait (semaphore *S) {
S->value--; o\acremenf
if (S->value < 0) {
add this process to S->1ist;
block();

signal (semaphore *S) {
S->value++; ijncvrement
if (S->value <= 0) {
remove a process P from S->1ist;
wakeup (P) ;

Semaphore $truck

typedef struct {

int value;

struct process *list;
} semaphore;



Covvect uéa%e ‘.

* Process

firtk  walk (mured; thea sigm\ (rwtedd

Two Or more processes waiti mderi-e\«a Loy oan event
Mt tan be caunsed only by one of tne wmhv\a processes

Can lead +o starvation; halks progress indefinitely

never vremoved Ffrom sewaiphore gqueue

be hrgm Yo access

Ca. let wo processes Po and ¢,
4o |

o &moxﬂnorcs § and @, both inihalis

P() Pl
wait(8); wait(Q);
wait(Q); wait(8);

signa'l(Q);

signal(S);
signal(S);

signal(Q);

/ \
\ / dead lock.



. Soheo\u\ina Prob\em: low Frior'\hd process holdg  lock ruw'\m\
by Wigh priority process

+ Solution: Prioril'ﬁ inheritance yrohcol

T8 several tfasks are waiting fov o vesource, e task
currenty  lholding ir i given  privity

* Thvee processes: P)  priority ), PL prigvily 2, 3 ?rim-ha 3
- P> ho\dina smo\P\no!e g, el voq'\-’riv“ for §
Pssume  P3 preempted by ' indicecHy  blotks  $ 4rom Pl

- P2 shil holding ¢
- Pl cannot accece $

To prevont: Prim-h\.) inheritance Prohul

Intermediate +asks cannor peeevmpt vesource — avoiding
prievity iavecgio

After re,lea.s'm% uritical resouree, priovity sl back  to
oribim\ rvrimri’r“

* Mare Sojourner in 1a17: kept foacing resets due +o
fr‘\ori’g inversign —— solved bﬂ serii \oal variable
to enable frior‘\’ra inheritance on all semaphores



producer

* n oublers

* eath hold$ one item

+ Semaphore  mutex: init 4
* tewaphore full + init ©

. SeW\mP\r\ore emp’adt intt n

Buffer of n siots

» Producer and contumer share above cesources

do {
/* produce an item in next_produced */

wait(empty); // wait until empty > @ and then decrement ‘'empty’
wait(mutex); // acquire lock

/* add next produced to the buffer x/
signal(mutex); // release a lock

signal(full); // increment full

} while (true);

do {
wait(full); // wait until full > @ and then decrement 'full'
wait(mutex); // acquire the lock
/* remove an item from buffer to next_consumed x/
signal(mutex); // release the lock
signal(empty); // increment ‘'empty'
/* consume the item in next consumed x/

} whiié (true);

S CONBUMBT



Shaved resouvte 4o be accessed b'() multiple procestes
Process: veadey o ariter

Any  number of readery Can vemd simultaneously
One writer at o +ime

Ouring write, a0 other read or write allowed

No write if vead Mpyming

Hle/ dotabase

dataset

Semmphore rw._ murex: iniy |
semp\norc mutex: inid |
inteper vead- count inir 0

do {

} while (true);

wait (rw.mutex);

/* writing is performed */

1. No <Yeader \ept walting
unlets  writer hoe
permistisn 4o use shared

signal (rw mutex);

ok\')ed—
do | a one writer  ready, writes
wait (mutex) ; ASAP
read count++;
if (read_count == 1)

wait (rwmutex) ;
signal (mutex) ;

/* reading is performed */

wait (mutex) ;

read_count--;

if (read_count == 0)
signal (rw mutex) ;

signal (mutex) ;

} while (true);



\*\»ﬁ\\ s 4
37 g,

. P\(\'\\Mo?\neﬂ tithing ot ciccwar fable for Ainner
Pioc up Chopehick one o o fime

+ Need ‘co¥h Yo eat
+ Release both When done

- Coage: 5 philosophers

smaphore chopstick [€) = init |
bowl of rice Cdatnset)

do {
wait (chopstick[i]);
wait (chopstick[(i+1) % 5]);
/* eat for awhile */

signal(chopstick[i]);
signal (chopstick[(i+1) % 51);

/* think for awhile %/

} while (true);



* No 4wo neiﬁhboum tan eat ot once

+ lan owte oealote (eavh pitks up lef+ choptRel: an thavved

Allow at most four philosophers to be sitting simultaneously at the table.

Allow a philosopher to pick up her chopsticks only if both chopsticks are
available (to do this, she must pick them up in a critical section).

Use an asymmetric solution—that is, an odd-numbered philosopher picks
up first her left chopstick and then her right chopstick, whereas an even-
numbered philosopher picks up her right chopstick and then her left
chopstick.

« Sumof n  natural numbere
« Thread 3: eventum
« Thread 2: odd Sum

#include <stdio.h>
#include <pthread.h>
#include <unistd.h>
#include <stdlib.h>

pthread_t tid[2];
pthread_mutex_t mutex;
unsigned int rc;

int N;

void *PrintEvenNos(void *);
void *PrintOddNos(void *);

int oddsum = 0;
int evensum = 0;

main(int argc, char const *argvl[])
void xevenl = 0;

void *xoddl = 0;

int sum = 0;




if (argc !'= 2) {
fprintf(stderr, "An integer parameter is required\n");
return -1;

N = atoi(argv[1]);

if (N <0) {
fprintf(stderr, "An integer >= @ is required\n");
return -1;

pthread_create(&tid[0], @, &PrintEvenNos, NULL)
pthread_create(&tid[1], @, &PrintOddNos, NULL)

pthread_join(tid[@], &evenl);
pthread_join(tid[1], &oddl);

sum = *x((int *) evenl) + *((int %) oddl);
printf("Sum of first N natural numbers: %d\n", sum);

return 0;

void *PrintEvenNos(void *Nptr) {
rc = pthread_mutex_lock(&mutex);

do {
if (N%2==20) {
evensum += N;
——N;
+
else {
rc = pthread_mutex_unlock(&mutex)
+
} while (N >= 0);
return (void *)&evensum;

void *PrintOddNos(void #Nptr) {
rc = pthread_mutex_lock(&mutex);

do {
if (N%2==1) {
oddsum += N;
,,N;
}
else {
rc = pthread_mutex_unlock(&mutex);
}
} while (N >= 0);
return (void x)&oddsum;




+ Seveval Processes com?ehno foxr Same resouvze

Process ho\olima 6 vetourte and wWoiting fov  another
vesource that & being held oy another procest

Finite wumdoer of  vegources
* Eoch vesouree type Ri ha¢ Wi incrowces

Each process: requestO), use, releaset) resource

l,l,

o'-k
f,
A\
‘Uq,, ) /
{% G 0-"s %XO

P() Pl
wait(S); wait(Q) ;
wait(Q); wait(S);
signél(S); signél(Q);

signal(Q); signal(S);



I four Condihons wet by 2 procecses timu\\-anu\ulﬂ
Mutual exclution
Hold and wait

No \)reemp-\'i(m
Cireular woit

Directed groph deccri\oina vesourte  allocation

6GLV,E), V jartirined inko P ={P,R... P processes  and
R= L& Ry. .. Rn}  resources

Reguest edae: n— R
P«tcia\nmem edac-. Ry = @

Sﬂmbo\ﬂ

process Py refource Ry wirth & inttances

Pi regmetks fox  inttance of Ry
b, )— 2 g

P ho\di!\s inctanee of R;

& [ool&



EXMN\Q\E :

.. No deadlock - nd cpyle

R,

, @

Ps

2. Deadlode - uycle

R‘ R3
[} L]
\

® L ]
L]
R,



I Prevention| avoidance
a. Derect & rvecover

3. Iﬁnore

© toch recource given o numeric valwe 3 R={Ri;Ra... R}

Processes  mugk request &Y  vesourtes in intreaging  svder
of value

I# o process is Volding o veouree ,eq, Rs, and makes
a vequest fov Ry, the request will not ‘oe granted

Provocol 1: Process wiates reguest for Ri and men Rj.
Requect  allowed  only W FCRY > FIRD Cwohere F:R-2N)

Protowol 2: Process rzq,ues’n‘na retource K‘—) must have released
o\l resouvces R suth that FLRD 2 FLRD

* If proYowls followed, Ciceular woit vl not hold

. 9_6._ ELHO)=§ , F(\;(W\-\-gr) =L, FC*.OLPL dﬁvﬁ);) et



Mutr not auest wmutex lodks ‘\n  different

/*

thread_one runs in this function */

void *do_work one(void *param)

{

1
/*

pthread mutex lock(&first _mutex);
pthread_mutex_lock(&second_mutex) ;i
VT

* Do some work

*/
pthread mutex_unlock(&second mutex) ;
pthread mutex unlock (&first_mutex);

—) coxreyy

pthread exit (0);

thread two runs in this function */

void *do_work two(void #param)

{

thread mutex lock(&second mutex) ;
gthreadmutex-lock(&first_mutex); - Wfd’Y\&
VTS

* Do some work

*/
pthread mutex unlock(&first mutex);
pthread mutex_unlock(&second mutex) ;

pthread exit(0);

Cmulfontous & > B and B-2A: dealock

sroers

void transaction(Account from, Account to, double amount)

{

mutex
lockl
lock2

acqui

lockl, lock2;
get_lock(from);
get_lock(to);

re(lockl);

acquire(lock2);

withdraw(from, amount) ;
deposit(to, amount);

release(lock2);
release (lockl);



+ To validate, tome retourtes showld be Shareable

+ Some Wil HIl ve won-tharkable L?rin\-w eted

© To invalidate, retourtes camnoy waake vequst if ey are
Q\(Mlb \f\ololio\b om to O refourte

tan Start exewdion on\b ofter oMl vesources have been

ollotated Clow Whilicahm of resources — \imtarion)

§ fr ho\dt
T ><,T C ue(h
R, Ry £ Pree ’\?M %

veleates vetource,
oeadlock  solved

* Male regources Puemp’rib\e

I€ process wakes vequest v unavailable recouree,
all ift vesouvtes ave veleased

« Added 4o \ikyk of vesources for  which process s
ma‘x—rina

- lan restart process m\y ofter o\l requived  recoures
allocated



© Maintowm  wait-fov ﬁfap\n

edge
I O T W “’“‘“"3 ¢ 05 Yo veleate vesource

Pociodically seavch for  wes in o graph

oln®) oPechms — N veviceg

—

R

resouvce allocation wmc‘mm\iqﬁ woik-£ay
(Aro\p\n ﬁmP\"

- Can wse OFS



. vector of lenath m (no\im—H(\% no. of availavie
resouvces of €ach iype

. nem  madrix  definiag no. of resourcec of eath
type currently olocated +fo eath  procesc

. nEwm moadrix 'mdim'\ir\g current vequest of eacth

procers, &%MHEHCS‘J =t weant Py © re,auued'ir\o6 L wmovye
intlances  of R:)

. Let ond be vectors
+ IniMalise Work = Available

for =152y ...,n, i€ Plotation [i1£0, xhen Finighlil =
false , else  Finidh(il= fvue

L Find on index i tuth Had  botvh
@ Ffinich (i1 = = false
(o) Request [il1 € Woavk
if no sudh i, go ‘o e 4

3. Work = Work + Allocation )
€inisy (il = Avue

90 o step 2



% 1¢ Finish Gl == falie, £y Some { '4idn . taen +he
sgshm 1® n deadlock Sto¥e (P deadlocked)

* 0lmaxn®) operatigns ; evewute once Gn hour of So

Allocation Request Available
ABC ABC ABC

P, 010> 000 000
P, 200 202
P, 303 —>000
P, 211 100
P, 002 002

o, Pyl Pu\P

. Psva'\\a\o'\li%ﬁ'- initial
- .. no deadlock

» I8 #, = ool, deadlock



