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Candidatesmay use any calculator which fulfils the following criteria: (a) it should be self-containedsilent,
battery-opeatedand podket-sized(b) it shouldhavenumegl-displayfacilities only and shouldbe usedonly for
thepurposeof calculation;(c) it shouldnot haveany printing device alphanumerideyboard,or graphicdisplay;
and (d) it shouldnot containanyrecoideddataor program. It is thecandidates responsibilityto ensue that the
calculator operatessatisfactorilyand the candidatemustrecoid the nameand typeof the calculator on thefront
page of theexaminationscripts. Listsof permitted/pohibitedcalculatoiswill notbemadeavailableto candidates
for refeenceandtheonuswill beonthecandidateo ensuethatthecalculatorusedwill notbein violationof the
criteria listedabove

Answer all questionsin the answer book provided.

1.

(OSlInterface15%)Mostcomputerfiaveanalar m device,whichcanbeconfiguredosend
aninterruptto the CPUaftersomenumberof mini-second$iave elapsed.In a multi-user
multi-programmeaperatingsystemthe device hasto sene all programsandusers.

a.

Write a plausibleinterfacefor userprogramdo usethedevice, e.g.,to wait for some
time definedby theuser

What partsof the operatingsystemneedcodeto dealwith this device and support
thisinterface?

For eachof theoperatingsystempartsyou answeredn (b), write pseudo-codéor the
sectionthathandleghedevice.

(Multi-threading 10%) Many operatingsystemssupportmulti-threadingmeaningmore
thanoneflow of controlcanbeoccuringin asingle address space atthesametime.

a.

The mappingshetweenprocesseandthreadsare differentbetweenLinux and Sun.
Explaintheir differences.

Give oneapplicationthatis easyusingtheimplementatiorof Linux butimpossiblen
thatof Sun,andvice-versa.

(Virtual memory15%)Oneof thetechniquesisedin the virtual memorysystemis called
copy on write. WhentheOSneedgo copy amemoryregion, it doesnotcopy thememory
but insteadmodify the pagetable.

a.

Givethreedifferentsituationsn whichthisVM mechanisncanbeused.Specifywhat
needdo be copied,andwhenis thecopying (i.e.,writing) actuallydone.

Considerthe C++ languageconstructst ri ng. Explain why the VM mechanism
cannotbeusedwhena stringis copiedto another

Isit possibleto usecopy-on-writeonC++ stri ng? If so,how? If not,why?
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(Scheduling, 15%) In Linux, processschedulingis controlledby a perprocesscounter
called the remaining time quantum. When a processcalls fork(), the remainingtime
guantumis splitedinto halves,onehalf is givento thenewly createdorocess.

a. Considetthefollowing alternatve:the remaining time quantumis copied to the newly
created process. Thisis not a good strateyy, and canleadto systemcrash. How to
make a systemcrashif this is the stratgy taken by Linux? Write codeto support
your claim.

b. Considerthefollowing alternatve:the remaining time quantum of the newly created
process is always zero, while the time quantum of the old process is unchanged.
Why thisis not a goodstrateyy? Which measure(sdpf schedulingefficiengy will be
affected? Supportyour answersvith asequencef systemcalls.

c. Whysuchconcernsrenotaddresseuh theLinux Round-Robin andFirst-1n-First-Out
realtime processes?

(Process synchronization, 15%) Usemonitor to solve thefollowing synchronizatiomprob
lem:In abusymini-busstation passengeigueueupin front of thestation. Whenaminibus
comesijt queuesn theminibusline until it isthefirstin it, waitsuntil 16 passengerareon
theminibus,andleaves. Whenapassengeromeshewaitsin thequeue.Whenapassenger
isin thefront of a queuehewaitsuntil aminibuscomesandgetsup into the minibus.

Implementthe systemsothatthe processearethe minibusesandthe passengersHints
In the monitor, recordsthe numberof passengerwaiting in the queue,the numberof
passengeralreadyin the bus,andthe numberof busalreadyin the station. Have three
conditionswhicharesignalledvhena seatbecomesvailablewhile somebodysin queue,
when a bus becomedull, andwhen a bus leavesthe station. Make surethat a waiting
passengeor minibuswill leave themonitortemporarily(or deadlockwill occur).

(Deadlocks, 10%) Considera situationin which threeprocessesyamedl, 2 and3, require
threedifferentnumberof resource#\, B andC. Thereare7 copiesof A, 5copiesof B and
3 copiesof Cin thesystemandno otherprocesxontenddor theresources.

Theprocessedeclaresheir maximumuseasfollows:

Process Maximum requirements

1 6A, 2B,1C
2 3A,5B,2C
3 5A,3B,3C

They performit in thefollowing order:



Process Operation

Requesb copiesof A

RequesBcopiesof B

RequesBcopiesof A

Request.copy of C

Reques® copiesof C

Requesti.copy of C

Freeall resourcegremembeto recheckdelayedoperations!)
Reques® copiesof B

Reques® copiesof B
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Why it is not good to prevent deadlockin suchscenarioby attackingthe circular
wait requirement?

Supposedeadlockavoidanceis usedinsteadto maintainthe systemin statesthat
deadlocks notpossible.Whatis thesequencen whichtheoperationsareperformed?
For eachoperationperformedshaov a possiblescheduldghatguaranteet complete
all jobs. For eachoperationdelayedshav theconflictingprocesses.

(Filesystems, 10%) In a Unix filesystem disk datablocks associatedvith a file canbe
efficientlylocatedby usinganindex-node (inode).

a.

For the ext2 filesystemof Linux, write an algorithmwhich canbe usedfor finding
the locationof the datablock given an offsetto a file andaninode. Illustrateyour
algorithmwith the following caseblock size= 1024,lengthof block numbers= 32
bits,numberof directblocks= 12,andfile offset(in bytes)=123456789.

Explainwhy it is impossibleto efficiently find the nameof afile givenaninode(and
nothingelse). Nameonein-memorykerneldatastructurehatis moreappropriatéor
thatpurpose.

(User protection, 10%) Considera world readableand executableSUID root program
which doesthefollowing atthe beginningof main():

system("helper");

TheC library implementsystem() by invokingthe/ bi n/ sh shellprogram.

a.

Why this programis not securan anernvironmentin which multiple untrustedoarties
canlogin themachine?How anintrudergainsaccess$o thesystem?

Supposehe helperreally needgo be executedat the beginning of the program but
actuallyneedsho specialprivilege. Ontheotherhand somecodeafterthecall would
requiretheprivilegeof ther oot user How youwould modify theabove codeto make
it secure?
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