
CSIS0230APrinciple of Operating Systems(ClassA)
Notesfor Tutorial 9

Semaphore

In the tutorial, you will do someexperimenton semaphore.We usesemaphoreto implement
“ReaderandWriter problem”.

1. Semaphore

In SystemV (one of the two main commercialUnix flavours, the other being BSD), the
following threefunctionscontrolsemaphores.Codeusingthesethreefunctionsshouldinclude
<sys/types.h>, <sys/ipc.h> and<sys/sem.h>. Semaphoresaremaintainedin sets. Eachtime all
semaphoreswithin asetarecreated,modifiedanddestroyedtogether.

int semget(key_t key, int nsems, int semflg);
A setof semaphoresiscreatedby invokingthefunctionsemget(). LikeotherSystemV IPC
constructs(messagepassing,sharedmemory),a key (an integervalue)maybeassociated
with the set. This allows other processesto accessthe createdset of semaphores,by
callingsemget() with thesamekey value. It sharesthesameproblemwith otherSystemV
constructs:it isdifficult to makesurethatnameswon’t clash.If nosuchkey isneeded,one
canpassIPC_PRIVATEasthekey.

Thesecondargumentdefinesthesizeof thesemaphoreset,andthelastargumentspecifies
the permissioninformation,which is an octal valueof the usualUnix permission(e.g.,
0600specifiesuserreadandwrite access).Two otherflagsmaybebitwise-or’edwith the
permission:IPC_CREAT specifiesthat the IPC resourceshouldbe createdif it doesnot
alreadyexist; IPC_EXCLspecifiesthat the functionshouldfail if thesemaphorealready
existsandtheIPC_CREAT flagis set.

If everything goesright, the function returnsa positive identifier for the semaphore.
Otherwise,it returns-l. All latersemaphoreoperationsrequirethis identifier. Thecreated
semaphoreshaveundefinedvalues,andmustbeinitializedusingsemctl().

int semop(int semid, struct sembuf *sops, size_tnsops);
Thesemop() functionis usedto performatomicallya setof semaphoreoperationson the
semaphoressetassociatedwith semid. The sopsargumentshouldbe an arrayof nsops
semaphore-operationstructures(sembuf), definedlikethis:

struct sembuf
{

unsignedshort int sem_num; /* semaphorenumber, 0 = first semaphore*/
short int sem_op; /* semaphoreoperation*/
short int sem_flg; /* operationflag,setto 0 for ourpurpose*/

};

Here,sem_opis an integer that definesthe operation:if sem_opis 0, the operationwill
wait until the semaphorevaluebecomeszero. If it is positive, that valueis addedto the
semaphore.If it isnegative,theoperationwill wait until thesemaphorevalueisat leastthe
absolutevalueof sem_op. Thenthatvalueis subtractedfrom thesemaphorevalue.

int semctl(int semid, int semnum, int cmd, ...);
Thesemctl() functionprovidesa varietyof semaphorecontroloperationsasspecifiedby
cmd. Thefourthargumentisoptional,dependingupontheoperationrequested.If required,
it is of typeunion semun, whichmustbeexplicitly declaredby theapplicationprogram:
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union semun {
int val;
struct semid_ds *buf ;
ushort_t *array;

} arg;

For our purpose,the mostimportantvaluesfor cmd areSETVAL, which setthevalueof
thesemaphoresemnum within thesemaphoresetto val within theunion;andIPC_RMID,
whichremovesthesemaphoreset.

Thedetailsof thethreefunctionscanbefoundin themanpage.

2. Reader and Writer Problem

A dataobject(suchasafile or record)is tobesharedamongseveralconcurrentprocesses.Some
of theseprocessesmaywantonly to readthecontentof thesharedobject,whereasothersmay
wantto update(thatis, to readandwrite) thesharedobject. Wecall theseprocessesreadersand
writersrespectively. Two or morereaderscanaccessthesharedobjectsimultaneously. On the
otherhand,awriter musthaveexclusiveaccessto thesharedobject,or chaosmayensue.

Thissynchronizationproblemis referredto asthereaders-writersproblem.We usesemaphore
to solve the problem. A semaphoreis an integer variable that, apart from initialization, is
accessedonly throughtwo standardatomicoperations:wait andsignal. Theseoperationswere
originally termedP(for wait; from theDutchproberen,to test)andV (for signal;from verhogen,
to increment).Oneof solutionsis thefollowing:

For thestructureof awriter process

wait(wrt); // wrt is thewrite semaphore
...
// writing is performed
...
signal(wrt);

For thestructrueof a readerprocess

wait(mutex); // mutex is thereadcountsemaphore
readcount++;
if (readcount==1)

wait(wrt); // wait until all writersaredone,andstopnew writers
signal(mutex);
...
// readingis performed
...
wait(mutex);
readcount−−;
if (readcount==0)

signal(wrt); // No morereader, sowrite canproceed
signal(mutex);

Thedetailsof thefunctionof P andV andSemaphoreis in Chapter7 from thebook“Operating
SystemConcepts”.


