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This is a closed-book, closed-notes, written examination. You mustanswerall questionsn the “Core”
section. You will thenanswerall questionsn the othertwo sectionsyou have chosen. You have three
hours.

Do notwrite any answern this paper Write only your name, ID number, andassigned ID code on this
paper Write your answern the blank sheetgravided. Use only oneside of eachanswersheet.Write
your assigned ID code and the page number at the top of each answer sheet. In particular do not put
your nameon your answersheets.



1 Core

1. ThefunctionEQ3 is a 3-bit comparatorit takestwo 3-bit inputsandoutputsa 1 if they areequaland
0 otherwise.

a. Write down booleanfunctionsto describethe outputof EQ3 in termsof its inputs Ag, A1, As,
and By, By, Bs. Youranswershouldbein minimal sum-of-productgorm.

b. Draw acircuit diagramfor yourimplementationusingonly NAND gates.

c. Describenow youwouldimplementyourfunctionusinga PROM, thatis, aprogrammableead-
only memory (“Programmable’meansyou canput whateser you wantinto thelocationsof the
memory andit won’t changeonceyou put it there.) How mary bits of PROM memoryare
requiredto implementEQ3?

2. It is notunusuafor a computertodayto have a gigabyteor moreof “real” memory With thatmuch
storage,almostall programscanfit entirely in the machines memory Yet, evenif all programs
runningprogramscouldfit simultaneouslyn therealmemory virtual memorywould still bea useful
mechanismExplainwhy.

3. Thefigure belon shavs a datastructureusedin implementingan associative store. The storeallows
values to be storedandretrieved by associatinghemwith userselectedags. At all times,thereis at
mostoneentrythatcontainsary giventag.

tag value chain
tag value chain
Nex
o——
ValueTab
HashTab

Thehashtablecontaingndicesinto thevaluetable. Thevaluetablecontainsrecordsof type ENTRY,
which have thefollowing fields:

TAG tag;
VALUE val ue;
| NDEX chai n;

Entrieswhosetagshashto the samevaluearechainedtogetherthroughtheirent ry _chai n fields;
thisfield containgheindex of the Theendof thelist is indicatedby specialindex END. Thevariable
Next containsa pointerto the next free (unusedentryin thevaluetable.

Thestoreis accessethroughtwo methodsget andput:
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e VALUE get ( TAG t ) —returnsthe value associatedvith the tag ¢, if thereis one,andthe
specialresultNl L (whichis guaranteedo be differentfrom every meaningfulvalue)if thereis
no valueassociateavith ¢ in the store.Getis implementedasfollows:

h = hash(t);

current = HashTab[ h];

while (current !'= END AND Val ueTab[current].tag !=1)
current = Val ueTab[current]. chain;

if (current == END)
return NIL;

el se
return Val ueTab[ current]. val ue;

e voi d put (TAG t, VALUE v)—associatethevaluev with thetagt. If somevaluewas
boundto thetagt prior to thecall, it is overwritten. If nothingwasboundto thetagt beforethe
call, anew entryis created.The put() methodis implementedasfollows:

h = hash(t);

current = HashTab[ h];

| ast = END;

while (current != END AND Val ueTab[current].tag !=t) {

last = current;
current = Val ueTab[current]. chai n;

}
if (current == END) { // not found; allocate it
if (last == END) // hash table slot was enpty
HashTab[ h] = Next;
el se
Val ueTab[l ast].chain = Next;
current = Next;
Next = Next + 1;
}

Val ueTab[current].tag = t;
Val ueTab[ current].val ue = v;
Val ueTab[ current].chain = END;

We ignorethe questionof how bindingsareremaovedfrom the store.

a. Theabove codeworksfinefor asinglethread but hasproblemsf therearemultiple threadsand
their executionis interleaved (i.e. callsto get() andput() arenot atomic). Explainthe problem
andgive anexampleof whatcangowrong.

b. Shav how to correctthe problem. Usearny approachyou want, but your solution mustallow
executionof get() andput() to beinterleaved—thatis, you may not simply make the methods
atomic. If you assumehe existenceof ary synchronizatiorprimitives,explain their semantics.
(Note: simpleris better)



2 Databases

Projects written_by Developers
written_in
Platforms available Languages

Figurel: E-R Diagram.

1. ConsidetheEntity-Relationshigliagramdescribingheoperation®f asoftwarecompary (Figure2).
Let theentity setsin thediagramhave the following attributes:

Projects(ld, CodeName, StartDate, EndDate, Budget);
Developers(SSN,Name, StartDate, Position, Salary);
Languages(ld, Name, Type);

Platforms(ld, Hardware, OS);

a. What participationandkey constraintsare presentin the diagram? Describethe meaningof
eachconstrainin plain English.

b. TranslateheE-R diagramto therelationalmodel. Write all necessarQL commandso create
theapproprateelations.

2. Fortherelationalmodelthatyou built in Probleml, expressthefollowing queriesin SQL.:

a. Find all developerswho work on projectswritten in Perl. Returnnamesand salariesof the
developers.

b. Findthetotal of the salariesof all developerswho work on projectsfor Macintosh(hardware)
OSX (software)platform.



c¢. Findall developerswho do notknow Java andwork on projectsfor which Javais used.Return
the namesof the developersandthe codenamesf projects.

d. Findtotal budgetsfor projectsby platform. For eachplatformreportits hardwareandsoftware
componenttotal numberof projectsunderdevelopmentand the sumof budgetsof all these
projects.

3. Write query(a) from the previous problemin relationalalgebra.

4. Considerthefollowing setof transactions:

T1 T2 T3 T4
R(A)
R(A)
R(B)
R(C)
W(B)
W(C)
W(A)
W(C)
commit
commit
commit
commit

a. Indicateall blind writesin the scheduleabove.
b. Is thescheduleabore serializable®Vhy or why not? (Show your work).

c. Rewrite the schedulausing2-Phasdocking with deadlockpreventionusingwait-die. Transac-
tionsthathave startedearlierhave higherpriority (e.g.,atthebeginning T1 haspriority over T2
which haspriority over T3 which haspriority over T4).



3 Programming L anguages

1. Your bosshasheardthat object-orientedanguagesare hot, andthat lots of folks useProlog. You
aretold to designobject-orientegrolog (to be calledOrlog). You complainthatthis combinationof
ideasmakesno senseYourbosstells youto explainwhy, in writing. Thatexplanationis thefirst part
of this problem.

2. Your bosswasnt corvinced,and maybedidn’t even readyour explanantion. You are requestedo
designOrlog eventhoughyou think it is silly. Soyou do your bestto connectthe ideasof object-
orientationandProlog. Your designof Orlogis the secondpartof this problem.



4 Compilers

Considerthe following extendedform of the while loop (in fact thereis an experimentalprogramming
languageusingit) providedin the EBNF notationwherethe partin “[, ]” is repeatederoor moretimes.

WhileStatement= “while” (Expressioh“do” (Statemerjt
[ “else” (Expressioh “do” (Statemerjt]

An exampleWhileStatemenis:

while (b ==true) do{i=i+1;}
else (j ==2002) do{i=i+2;}
else (j > 2500) do { i = 1000%;; }

The semanticof WhileStatementre that (Expressiois are evaluatedone at a time in the given order
until one of themis found to be true. The corresponding Statemerjtis then executedand the process
of evaluating conditions({Expressiolis) is repeated. If every (Expressioh evaluatesto false,the loop

terminates.

Assumethat you want to generatecode for a stackmachine(P-stackcomputer)You may assumethat
the P-stackmachineusesthe following instructions”U _JumpL” for unconditionaljump to label L and
"Jump.on_TrueLl” forajumptoL on’true’. Thegeneratedodeis storedn thecomputememoryaddresses
asanarray For examplethecell with addres00is referredto asmem[200].

1. Describg(or draw apictureof) theschematiview of codegeneratedor WhileStatemenproduction.

2. Attribute this productionwith semanticactions(to make an attribute grammarfor a syntaxdirected
translation}o handlecodegenerationYoumayassumehatyouaregivenfunction‘em t _code()’,
andthatthecallsem t _code( Expressi on) andeni t _code( St at ement ) generateorrect
codefor Expr essi on and St at enent , respectrely. Also, emit_code(j unp L) produces
codej unp L. Youwill needotherfunctionsaswell; pleasedefinethem. If it is convenientfor you,
you canrewrite the productionin the BNF notation.



5 Distributed Operating Systems

1. Write amonitorbasedsolutionfor thefollowing versionof thereaders-writerproblem:
At most 10 readers can be inthe critical section at any given time. Writers have priority over readers,
that is, a waiting or arriving reader gains access only when there are no writersin the system.

2. Statewhetherthefollowing statementaretrueor false.Justify your answer, i.e. if the statement is
true proveit; if it isfalse give a counter example.

Notation: If a denotesaneventof a distributedcomputation]® denoteshe Lamporttimestampof
eventa, andt* denoteghe vectortimestampof eventa. — denoted.amports “happenedoefore”
relationamongevents. || denotessoncurreng amongevents).

a. If a||b andb||c then,al|c.

b. If « andb aretwo eventsof a distributedcomputationthenone of the following statementss
alwaystrue

ot < th
o 10 — b
ot >tb
c. If channelsaareFIFOthenmessagearecausallyordered
d. If 1* < [® thena — b
e. Lamports mutualexclusionalgorithmwill work correctlyif channelsaarenot FIFO

3. Discusstheadwantagesinddisadwantage®f thefollowing in the context of distributedfile systems

a. full-file cachingandblock file caching
b. statelesdile senerandstatefulfile sener
c. clientcachein memoryandclient cachein disk

4. Whatarethe main causesf thrashingin distributedsharedmemorysystems?How doespagesize
affectthe performancef a DSM system?

5. Whatis two-phasdocking?Whatproblemcanit causeHow doesstrict two-phasdocking eliminate
this problem?Whatis the dravbackof strict two-phasdocking?



6 Networks

1. Supposgouwantto transmitsomedataonawire usingthebyteOx6E (01111110Rsaframedelim-
iter. However, it is possiblethatthe patternOX6E may occurasoneof the bytesin the messagetHow
canyou preventtherecever from prematurelythinking the framehasended?llustrateyour scheme
with anexamplemessageontainingthe byte Ox6E.

2. Considera stop-and-wait protocolbeingusedon a 100Mbps(102 bits/sec)point-to-pointlink. The
one-way lateng of thelink is 5 milliseconds(0.005sec)in eachdirection,andthe maximumframe
sizeis 1250bytes.

a. How long will it take to transmitafile of 1.25MB (1.25 x 10® bytes)usingthis protocol?You
mayassumano lossesoccur thatprocessingakesno time, andthatacksarezerobits long.

b. Which changewould have the greatereffect on performance:cutting the lateng in half (to 5
millisecondsround-trip),or doublingthe bit rateto 200 Mbps?

3. This problemdealswith routingin the network shavn above, which is representedsan undirected
graph.The numberaext to edgegepresentistancesandshortest-pathoutingis in use.
a. A longtime afterthe network startsup, shav theroutingtableat NodeB.

b. Now supposéhelink betweerB andE goesdown. Explainwhathappengi.e. whatmessages
aresentwhere,andwhattablesgetupdated)f a distance-vector protocolisin use.

c. Repeafor alink-stateprotocol.
4. In the TCP/IP protocolsuite, the port is the only form of addresdefinedabove the network layer.

However, portsareonly meaningfuin thecontext of anetwork addressln otherwords,it is necessary
to give bothanInternetaddressnda port numberto uniquelyidentify a particularprogram.

a. Describeaschemeavherethisis notthecasethatis, wheretransporddressesanbeinterpreted
independentlyf any network address.

b. Whatadwantagesnightberealizedif your schemevereimplemented?

c. Whatproblemsmighttherebein implementingthis scheme?



