CSIS0230APrinciples of Operating Systems(Clas#\)
Notesfor Tutorial 5
Semaphoe

Whenmultiplethreadsharesnemoryrace conditionscanoccut i.e.,wrongresultsnayoccur
if themultiplethreadsiccesshesharednemoryin certainorder Raceconditionscanbesolved
usingsemaphoresin thetutorial,youwill dosomeexperimenton semaphoraisingsemaphore
to implement“Readerand Writer problem”. In this note,we will explain whatis SystemV
semaphorsupportedy OS,andhow to useit.

1. Semaphoe

The lectureintroducessemaphoresa valuethat can be decrementedsometimegalled wait
or p) andincrementedsometimesalledsignalor v), while maintainingthatthe semaphorés
non-neative all thetime by forcing someprocesgo walit.

SystemV (oneof thetwo maincommercialUnix flavours,the otherbeingBSD) providessys
tem callsto supportuserlevel semaphoresTo useit, programsshouldinclude <systypesh>,
<sysgipch> and<sygsenmh>. SystemV semaphoreextendsnormalsemaphorem two impor-
tantaspects.Firstly, semaphoesare createdand destroyed in sets Valuesin the sameset
canbemodifiedatomically. Secondlysemaphoresperationg€anadd and subtract arbitrary
numbers insteadof always1.

int sem@t(key_tkey, int nsemsint semflg;

A setof semaphoress createdby invoking the function semet(). Like SystemV IPC
sharedmemory a semaphorsethastwo integer namesa programmessuppliedkey and
asystem-preidedidentifier Thisfunctionmapskey to anidentifier, possiblycreatingthe
semaphorset. If nokey is neededyselPC_PRI\ATE asthekey.

Thesizeof the semaphoresetis specifiedby nsemsand semflgspecifieshe permission
information(we use0700specifyingall permissiorfor theusercreatinghesemaphorand
no permissionfor everyoneelse). Otherflagsmay be bitwise-or'ed with the permission:
IPC_CREA specifieghatthelPCresourceshouldbecreatedf it doesotalreadyexists,in
thiscasdPC_EXCLspecifieghatthefunctionshouldfail if thesemaphoralreadyexists.

If everythinggoeswell, thefunctionreturnsapositiveidentifier for thesemaphoreOther
wise,it returnsl. All latersemaphoreperationsequirethisidentifier Theinitial values
of the createdsemaphoesare undefined,and must beinitialized usingsemct).

int semofint semid struct semlif xsopssize_tsop$,

Thisfunctionperformsasetof semaphoreperation®nthesemaphoresetassociatedith
semid Thesopsargumentshouldbe anarrayof nsopssemaphore-operati@tructureof
typestruct semlof. Thisstructurds definedin likethis:

struct semioif {
unsignedshort int sem_num /* semaphor@aumber0 = first semaphorg/
short int sem_op [* semaphoreperatiort/
short int sem_flg [* operatiorflag,setto O for our purposet/

h

Here,sem_ops aninteger that definesthe operationif sem_ops 0, the operationwill
wait until the semaphorealuebecomesero. If it is positve, that valueis addedto the
semaphorelf it is negative,theoperatiorwill wait until thesemaphorgalueis atleastthe
absolutevalueof sem_op Thenthatvalueis subtractedrom thesemaphorealue.
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int semctl(int semid, int semnum, int cmd, ...);
Thefunctionprovidesa varietyof semaphoreontroloperationsasspecifiedoy cmd. The
fourth agumentis optional,dependinguponthe operationrequestedIf required,t is of
typeunion semun, which mustbeexplicitly declaredoy theapplicationprogram:

union semun {

int val; [* for SETVAL */
struct semid_ds xbuf ; [* for IPC_STAT andIPC_SET*/
ushort_t «array; [* for GETALL andSETALL */

}arg;

For our purposethe mostimportantvaluesfor cnd are SETVAL, which setthe value of
the semaphoreemnum within the semaphorsetto val within theunion;andIPC_RMID,
whichremovesthesemaphorset.

2. Reader and Writer Problem

Readerand Writer problemoccursin mostapplicationsusingsharedmemory In the general
form, a dataobject(suchasafile or record)is to besharecamongseveralconcurrenprocesses.
Someof theseprocesseseedonly to readthe sharedobject,whereasthersmay alsoupdate
(thatis, to readandwrite) it. We call theseprocesseseaderandwritersrespectrely. Two or
morereadersanaccesshe sharedobjectsimultaneouslywhile a writer musthave exclusive
accesso thesharedbject.

Thetextbookdescribes solutionusing2 semaphoreart andmutex. It is reproducederefor
easyreference.Try to understandt completely

Writer
wait(wrt);

writing is performed

signal(wrt);

Reader

wait(mutex);

++readcount;

if (readcount==1)
wait(wrt);

signal(mutex);

readings performed

wait(mutex);

—readcount;

if (readcount==0)
signal(wrt);

signal(mutex);



