
ThreadsOne way to redu
e 
ontext swit
h time is to run lightweight pro
esses within the sameaddress spa
e. This abstra
tion is often 
alled a thread. Look at Figure 2-6.Global variables and resour
es are shared between threads within the same pro
ess. Ea
hthread has its own sta
k.What system uses threads? Ma
h, Xinu, OSF/1 (Digital Unix), Java Virtual Ma
hine,almost all new OSes.Threads vs. Pro
esses� threads are 
heaper to 
reate� swit
hing between threads in same pro
ess is mu
h 
heaper� easier sharing of resour
es between threads� la
k of prote
tion between threads within a pro
ess

CS 502 1 week4-threads.tex



Notes� Relative to pro
esses, they should be 
heap to 
reate, destroy, and 
ontext swit
hamong.� Good to use on multipro
essors.� Good to use for appli
ations that naturally have 
on
urrent parts|performan
emonitor, user interfa
e, data retrieval� Often use with a multi-threaded server. Create a thread to handle an in
omingrequest.� Reentrant 
ode issues. Must be 
areful of routines that return pointers to stati
storage in memory. Subsequent 
alls will overwrite this spa
e.Context Swit
hing Among Threads� no page or segment table manipulations� no 
ushing of the asso
iative memory 
a
he (when swit
hing among threads sharingan address spa
e)� no 
opying of data when ex
hanging messages among threads of the same addressspa
eSyn
hronization primitives:� mutex� 
ondition variables. Can unlo
k mutex, wait on a 
ondition and then get it ba
kwhen the 
ondition o

urs.S
hedulingCan use either preemptive or non-preemptive s
heduling. Why one over the other? Sameissue as with pro
ess s
heduling? Closer 
oordination. Preemptive s
heduling does notseem as 
ru
ial.Windows NT/2000/XP uses preemptive threads.
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User vs. Kernel threadsFig 2-13 (from perspe
tive of user threads):+ 
an implement on a system not supporting kernel threads+ fast 
reation of threads (kernel not involved)+ fast swit
hing between threads (kernel not involved)+ 
ustomized s
heduling algorithm� must have ja
kets around system 
alls that may blo
k� no 
lo
k interrupts for time sli
ing� use threads when there are many system 
alls, not mu
h more work to swit
h threads inthe kernel.� do not gain on a multipro
essor.� for all threads, worry about non-reentrant 
ode (errno).Have pthreads pa
kage on our system (must use 

 and 
++ to 
ompile). Run-time library.Shared Memory Fork()Linux supports a 
lone() system 
all that 
reates a new pro
ess like fork(), but 
auses thememory spa
e of the two pro
esses to be shared.Sharing 
an be done like threads, but pro
esses have prote
tion from ea
h other. Swit
hing
osts between pro
esses are more expensive than between threads within the same pro
ess.
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Mutex Example/* in mutexthr.
 */#in
lude <stdio.h>#in
lude <pthread.h>/* 

 -o mutexthr mutexthr.
 -lpthread */void Deposit(int), BeginRegion(), EndRegion();pthread_mutex_t mutex; /* mutex id */main(){ pthread_t idA, idB; /* ids of threads */void *MyThread(void *);if (pthread_mutex_init(&mutex, NULL) < 0) {perror("pthread_mutex_init");exit(1);}if (pthread_
reate(&idA, NULL, MyThread, (void *)"A") != 0) {perror("pthread_
reate");exit(1);}if (pthread_
reate(&idB, NULL, MyThread, (void *)"B") != 0) {perror("pthread_
reate");exit(1);}(void)pthread_join(idA, NULL);(void)pthread_join(idB, NULL);(void)pthread_mutex_destroy(&mutex);}int balan
e = 0; /* global shared variable */void *MyThread(void *arg){ 
har *sbName;sbName = (
har *)arg;Deposit(10);printf("Balan
e = %d in Thread %s\n", balan
e, sbName);}void Deposit(int deposit)CS 502 4 week4-threads.tex



{ int newbalan
e; /* lo
al variable */BeginRegion(); /* enter 
riti
al region */newbalan
e = balan
e + deposit;balan
e = newbalan
e;EndRegion(); /* exit 
riti
al region */}void BeginRegion(){ pthread_mutex_lo
k(&mutex);}void EndRegion(){ pthread_mutex_unlo
k(&mutex);}
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Syn
hronization Example/* in p
threads.
 */#in
lude <stdio.h>#in
lude <pthread.h>#in
lude <semaphore.h>sem_t psem, 
sem; /* semaphores */int n;main(){ pthread_t idprod, id
ons; /* ids of threads */void *produ
er(void *);void *
onsumer(void *);int loop
nt = 5;n = 0;if (sem_init(&
sem, 0, 0) < 0) {perror("sem_init");exit(1);}if (sem_init(&psem, 0, 1) < 0) {perror("sem_init");exit(1);}if (pthread_
reate(&idprod, NULL, produ
er, (void *)loop
nt) != 0) {perror("pthread_
reate");exit(1);}if (pthread_
reate(&id
ons, NULL, 
onsumer, (void *)loop
nt) != 0) {perror("pthread_
reate");exit(1);}(void)pthread_join(idprod, NULL);(void)pthread_join(id
ons, NULL);(void)sem_destroy(&psem);(void)sem_destroy(&
sem);}void *produ
er(void *arg){ int i, loop
nt;loop
nt = (int)arg;for (i=0; i<loop
nt; i++) {CS 502 6 week4-threads.tex



sem_wait(&psem);n++; /* in
rement n by 1 */sem_post(&
sem);}}void *
onsumer(void *arg){ int i, loop
nt;loop
nt = (int)arg;for (i=0; i<loop
nt; i++) {sem_wait(&
sem);printf("n is %d\n", n); /* print value of n */sem_post(&psem);}}

CS 502 7 week4-threads.tex



Syn
hronization Example (C++)/* p
threads.C */#in
lude <stdio.h>#in
lude <iostream.h>#in
lude <pthread.h>#in
lude <semaphore.h>sem_t psem, 
sem; /* semaphores */int n;main(){ pthread_t idprod, id
ons; /* ids of threads */void *produ
er(void *);void *
onsumer(void *);int loop
nt = 5;n = 0;if (sem_init(&
sem, 0, 0) < 0) {perror("sem_init");exit(1);}if (sem_init(&psem, 0, 1) < 0) {perror("sem_init");exit(1);}if (pthread_
reate(&idprod, NULL, produ
er, (void *)loop
nt) != 0) {perror("pthread_
reate");exit(1);}if (pthread_
reate(&id
ons, NULL, 
onsumer, (void *)loop
nt) != 0) {perror("pthread_
reate");exit(1);}(void)pthread_join(idprod, NULL);(void)pthread_join(id
ons, NULL);(void)sem_destroy(&psem);(void)sem_destroy(&
sem);}void *produ
er(void *arg){ int i, loop
nt;loop
nt = (int)arg;CS 502 8 week4-threads.tex



for (i=0; i<loop
nt; i++) {sem_wait(&psem);n++; /* in
rement n by 1 */sem_post(&
sem);}}void *
onsumer(void *arg){ int i, loop
nt;loop
nt = (int)arg;for (i=0; i<loop
nt; i++) {sem_wait(&
sem);
out << "n is " << n << "\n"; /* print value of n */sem_post(&psem);}}
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Java ThreadsJava has a pre-de�ned thread obje
t. Can write new threaded obje
ts by extending this
lass in Java. Threads 
an be assigned di�erent priorities.Mutex Example (Java)// in Mutex.java// java
 Mutex.java// java Mutexpubli
 
lass Mutex {publi
 stati
 void main(String[℄ args) {A

ount a

t = new A

ount(); // 
reate shared obje
tA

tThread thrA = new A

tThread("A", a

t); // 
reate A threadA

tThread thrB = new A

tThread("B", a

t); // 
reate B threadthrA.start(); // start A threadthrB.start(); // start B threadtry {thrA.join(); // wait for A to finishthrB.join(); // wait for B to finish} 
at
h (InterruptedEx
eption e) {System.out.println("Join interrupted");}}}// in A

tThread.javapubli
 
lass A

tThread extends Thread {private String myName; // string identifierprivate A

ount a

t; // referen
e to shared obje
tpubli
 A

tThread(String whoami, A

ount a

targ) {myName = whoami;a

t = a

targ;}publi
 void run() {CS 502 10 week4-threads.tex



a

t.Deposit(10);System.out.println("Balan
e is " + a

t.GetBalan
e() + " in Thread " + myName);}}// in A

ount.javapubli
 
lass A

ount {private int balan
e;publi
 A

ount() {balan
e = 0; // initialize balan
e to zero}// use syn
hronized to prohibit 
on
urrent a

ess of balan
epubli
 syn
hronized void Deposit(int deposit) {int newbalan
e; // lo
al variablenewbalan
e = balan
e + deposit;balan
e = newbalan
e;}publi
 syn
hronized int GetBalan
e() {return balan
e; // return 
urrent balan
e}}
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Syn
hronization Example (Java)// in PCExample.java// java
 PCExample.java// java PCExamplepubli
 
lass PCExample {publi
 stati
 void main(String[℄ args) {SharedN nobj = new SharedN(); // 
reate shared obje
tPCThread thrP = new PCThread("P", nobj); // 
reate produ
er threadPCThread thrC = new PCThread("C", nobj); // 
reate 
onsumer threadthrP.start(); // start produ
er threadthrC.start(); // start 
onsumer threadtry {thrP.join(); // wait for produ
er to finishthrC.join(); // wait for 
onsumer to finish} 
at
h (InterruptedEx
eption e) {System.out.println("Join interrupted");}}}// in PCThread.javapubli
 
lass PCThread extends Thread {private String myName; // string identifierprivate SharedN nobj; // referen
e to shared obje
tpubli
 PCThread(String whoami, SharedN nobjarg) {myName = whoami;nobj = nobjarg;}publi
 void run() {int i;int loop
nt = 5;if (myName.equals("P")) {// produ
er threadfor (i=0; i<loop
nt; i++) {nobj.In
rementN();}CS 502 12 week4-threads.tex



}else {// 
onsumer threadfor (i=0; i<loop
nt; i++) {System.out.println("n is " + nobj.ReadN());}}}}// in SharedN.javapubli
 
lass SharedN {publi
 int n;int 
ValueAvail = 1; // initially use one valuepubli
 SharedN() {n = 0; // initialize N to zero}// use syn
hronized and 
onditions to 
ontrol a

ess to Npubli
 syn
hronized void In
rementN() {while (
ValueAvail > 0) {try {wait(); // wait for value to be 
onsumed} 
at
h (InterruptedEx
eption e) {System.out.println("Wait interrupted");}}n++;
ValueAvail = 1;notifyAll(); // 
ould also use notify() if only one is waiting}publi
 syn
hronized int ReadN() {while (
ValueAvail == 0) {try {wait(); // wait for value to be produ
ed} 
at
h (InterruptedEx
eption e) {System.out.println("Wait interrupted");}}
ValueAvail = 0;notifyAll(); // 
ould also use notify() if only one is waitingCS 502 13 week4-threads.tex



return n; // return value of n (will 
ontinue after notify)}}

CS 502 14 week4-threads.tex


