CSIS0230APrinciple of Operating Systems(Clas#\)
Notesfor Tutorial 9
Semaphoe

In the tutorial, you will do someexperimenton semaphoré/Ne usesemaphoreéo implement
“ReaderandWriter problem”.

1. Semaphoe

In SystemV (one of the two main commercialUnix flavours, the other being BSD), the
following threefunctionscontrolsemaphoresCodeusingthesethreefunctionsshouldinclude
<systypesh>, <sysipch> and<sygsenh>. Semaphorearemaintainedn sets Eachtime all
semaphorewithin a setarecreatedmodifiedanddestroyedtogether

int sem@t(key_tkey, int nsemsint semflg;
A setof semaphoreis createdy invokingthefunctionsemegt(). LikeotherSystemv IPC
constructfmessag@assingsharednemory),a key (anintegervalue)may be associated
with the set. This allows other processes$o accesshe createdset of semaphoresyy
callingsemegt() with thesamekey value. It shareshe sameproblemwith otherSystemvV
constructsit is difficult to make surethatnameswvon’t clash. If nosuchkey is neededpne
canpasdPC_PRNATE asthekey.

Thesecondargumentdefineghesizeof thesemaphorset,andthelastargumentspecifies
the permissioninformation,which is an octal value of the usualUnix permission(e.g.,
0600specifiesuserreadandwrite access).Two otherflagsmaybe bitwise-or'edwith the

permissioniPC_CREA specifieghatthe IPC resourceshouldbe createdf it doesnot

alreadyexist; IPC_EXCLspecifieghatthe function shouldfail if the semaphoralready
existsandthelPC_CREA flagis set.

If everything goesright, the function returnsa positive identifier for the semaphore.
Otherwisejt returns-l. All latersemaphoreperationsequirethisidentifier Thecreated
semaphorebave undefinedraluesandmustbeinitialized usingsemct().

int semofint semid struct semlif *sopssize_tsop$,
The semo) functionis usedto performatomicallya setof semaphor@perationon the
semaphoresetassociatedvith semid The sopsagumentshouldbe an array of nsops
semaphore-operati@tructuregsemioif), definedik e this:

struct semiuf

{
unsignedshort int sem_num /* semaphor@aumbery0 = first semaphoré/
short int sem_op [* semaphoreperatiort/
short int sem_flg [* operatiorflag,setto O for our purposet/

3

Here,sem_ops an integer that definesthe operationif sem_ops 0, the operationwill
wait until the semaphoreraluebecomesero. If it is positive, that valueis addedto the
semaphorelf it is negative,theoperationwill wait until thesemaphoregalueis atleastthe
absolutevalueof sem_op Thenthatvalueis subtractedrom thesemaphorealue.

int semctfint semidint semnumint cmd ...);
The semct() function providesa variety of semaphoreontrol operationsasspecifiedby
cmd Thefourthargumenis optional dependingipontheoperatiorrequestedIf required,
it is of typeunion semunwhich mustbeexplicitly declaredy theapplicationprogram:



union semun {
int val;
struct semid_ds+buf;
ushort_t array;

}arg;

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

Thedetailsof thethreefunctionscanbefoundin themanpage.

2. Reader and Writer Problem

A dataobject(suchasafile or record)isto besharecamongseveralconcurrenprocessessome
of theseprocessemaywantonly to readthe contentof the sharedobject,whereathersmay
wantto update(thatis, to readandwrite) thesharedbject. We call theseprocessereaderand
writersrespectrely. Two or morereadersanaccesshe sharedbjectsimultaneouslyOnthe
otherhanda writer musthave exclusive accesso thesharedbject,or chaosnayensue.

This synchronizatiorproblemis referredto asthereaders-writerproblem. We usesemaphore
to solve the problem. A semaphoras an integer variable that, apartfrom initialization, is
accessednly throughtwo standardatomicoperationswait andsignal. Theseoperationgvere
originally termedP (for wait; from the Dutchproberento test)andV (for signal;from verhogen,
to increment).Oneof solutionds thefollowing:

For thestructureof awriter process

wait(wrt); // wrt is thewrite semaphore
[/ writing is performed

signal (wrt);
For thestructrueof areaderprocess

wait(mutex); // mutex is thereadcounsemaphore
readcount++;
if (readcount==1)
wait(wrt); // wait until all writersaredone andstopnew writers
signal (mutex);

[l readings performed

wait(mutex);
readcount——;
if (readcount==0)
signal(wrt); // No morereadersowrite canproceed
signal (mutex);

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



