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

Do not write any answerson this paper. Write only your name, ID number, andassigned ID code on this
paper. Write your answerson theblanksheetsprovided. Useonly onesideof eachanswersheet.Write
your assigned ID code and the page number at the top of each answer sheet. In particular, do not put
your nameonyour answersheets.

1



1 Core

1. ThefunctionEQ3 is a3-bit comparator:it takestwo 3-bit inputsandoutputsa1 if they areequaland
0 otherwise.

a. Write down booleanfunctionsto describetheoutputof EQ3 in termsof its inputs
���
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���

,
���

,
and � � , � � , � � . Youranswershouldbein minimal sum-of-productsform.

b. Draw acircuit diagramfor your implementation,usingonly NAND gates.

c. Describehow youwouldimplementyourfunctionusingaPROM, thatis, aprogrammableread-
only memory. (“Programmable”meansyoucanputwhateveryouwantinto thelocationsof the
memory, and it won’t changeonceyou put it there.) How many bits of PROM memoryare
requiredto implementEQ3?

2. It is not unusualfor a computertodayto have a gigabyteor moreof “real” memory. With thatmuch
storage,almostall programscan fit entirely in the machine’s memory. Yet, even if all programs
runningprogramscouldfit simultaneouslyin therealmemory, virtual memorywouldstill beauseful
mechanism.Explainwhy.

3. Thefigurebelow shows a datastructureusedin implementinganassociative store. Thestoreallows
values to bestoredandretrievedby associatingthemwith user-selectedtags. At all times,thereis at
mostoneentrythatcontainsany giventag.

chainvaluetag

chainvaluetag

Next

HashTab

ValueTab

Thehashtablecontainsindicesinto thevaluetable.Thevaluetablecontainsrecordsof typeENTRY,
whichhave thefollowing fields:

TAG tag;
VALUE value;
INDEX chain;

Entrieswhosetagshashto thesamevaluearechainedtogetherthroughtheirentry_chain fields;
thisfield containstheindex of theTheendof thelist is indicatedby specialindex END. Thevariable
Next containsa pointerto thenext free(unused)entryin thevaluetable.

Thestoreis accessedthroughtwo methodsget andput:
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� VALUE get(TAG t)—returnsthe valueassociatedwith the tag 	 , if thereis one,and the
specialresultNIL (which is guaranteedto bedifferentfrom every meaningfulvalue)if thereis
novalueassociatedwith 	 in thestore.Getis implementedasfollows:

h = hash(t);
current = HashTab[h];
while (current != END AND ValueTab[current].tag != t)

current = ValueTab[current].chain;
if (current == END)

return NIL;
else

return ValueTab[current].value;

� void put(TAG t, VALUE v)—associatesthevalue 
 with the tag 	 . If somevaluewas
boundto thetag 	 prior to thecall, it is overwritten.If nothingwasboundto thetag 	 beforethe
call, anew entryis created.Theput() methodis implementedasfollows:

h = hash(t);
current = HashTab[h];
last = END;
while (current != END AND ValueTab[current].tag != t) {

last = current;
current = ValueTab[current].chain;

}
if (current == END) { // not found; allocate it

if (last == END) // hash table slot was empty
HashTab[h] = Next;

else
ValueTab[last].chain = Next;

current = Next;
Next = Next + 1;

}
ValueTab[current].tag = t;
ValueTab[current].value = v;
ValueTab[current].chain = END;

Weignorethequestionof how bindingsareremovedfrom thestore.

a. Theabovecodeworksfinefor asinglethread,but hasproblemsif therearemultiplethreadsand
their executionis interleaved(i.e. calls to get() andput() arenot atomic). Explaintheproblem
andgiveanexampleof whatcango wrong.

b. Show how to correctthe problem. Useany approachyou want,but your solutionmustallow
executionof get() andput() to be interleaved—thatis, you maynot simply make themethods
atomic.If you assumetheexistenceof any synchronizationprimitives,explain their semantics.
(Note: simpleris better.)
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2 Databases

DevelopersProjects

know

Languages

written_for

Platforms

written_in

available

written_by

Figure1: E-R Diagram.

1. ConsidertheEntity-Relationshipdiagramdescribingtheoperationsof asoftwarecompany (Figure2).
Let theentity setsin thediagramhave thefollowing attributes:

Projects(Id, CodeName, StartDate, EndDate, Budget);
Developers(SSN,Name, StartDate, Position, Salary);
Languages(Id, Name, Type);
Platforms(Id, Hardware, OS);

a. What participationandkey constraintsarepresentin the diagram? Describethe meaningof
eachconstraintin plainEnglish.

b. TranslatetheE-Rdiagramto therelationalmodel.Write all necessarySQLcommandsto create
theappropraterelations.

2. For therelationalmodelthatyoubuilt in Problem1, expressthefollowing queriesin SQL:

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

b. Find the total of thesalariesof all developerswho work on projectsfor Macintosh(hardware)
OSX (software)platform.
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c. Find all developerswho do not know Java andwork on projectsfor which Java is used.Return
thenamesof thedevelopersandthecodenamesof projects.

d. Find total budgetsfor projectsby platform. For eachplatformreportits hardwareandsoftware
component,total numberof projectsunderdevelopmentand the sumof budgetsof all these
projects.

3. Write query(a) from thepreviousproblemin 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 thescheduleabove.

b. Is thescheduleaboveserializable?Why or why not?(Show your work).

c. Rewrite thescheduleusing2-Phaselocking with deadlockpreventionusingwait-die. Transac-
tionsthathavestartedearlierhavehigherpriority (e.g.,at thebeginningT1 haspriority overT2
whichhaspriority over T3 whichhaspriority over T4).
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3 Programming Languages

1. Your bosshasheardthat object-orientedlanguagesarehot, andthat lots of folks useProlog. You
aretold to designobject-orientedprolog(to becalledOrlog). You complainthatthis combinationof
ideasmakesnosense.Yourbosstellsyouto explainwhy, in writing. Thatexplanationis thefirst part
of this problem.

2. Your bosswasn’t convinced,andmaybedidn’t even readyour explanantion.You arerequestedto
designOrlog even thoughyou think it is silly. So you do your bestto connectthe ideasof object-
orientationandProlog.Yourdesignof Orlog is thesecondpartof thisproblem.
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4 Compilers

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

WhileStatement::= “while” � Expression� “do” � Statement�
[ “else” � Expression� “do” � Statement� ]

An exampleWhileStatementis:

while (b == true) do 
 i = i + 1; �
else (j == 2002) do 
 i = i + 2; �
else (j � 2500) do 
 i = 1000*i; �
The semanticsof WhileStatementare that � Expression� s are evaluatedone at a time in the given order
until oneof them is found to be true. The corresponding� Statement� is thenexecutedand the process
of evaluatingconditions( � Expression� s) is repeated. If every � Expression� evaluatesto false, the loop
terminates.

Assumethat you want to generatecodefor a stackmachine(P-stackcomputer)You may assumethat
the P-stackmachineusesthe following instructions”U JumpL” for unconditionaljump to label L and
”Jump on TrueL” for ajumpto L on’true’. Thegeneratedcodeis storedin thecomputermemoryaddresses
asanarray. For example,thecell with address200is referredto asmem[200].

1. Describe(or draw apictureof) theschematicview of codegeneratedfor WhileStatementproduction.

2. Attribute this productionwith semanticactions(to make anattributegrammarfor a syntaxdirected
translation)tohandlecodegeneration.Youmayassumethatyouaregivenfunction‘emit_code()’,
andthatthecallsemit_code(Expression) andemit_code(Statement) generatecorrect
codefor Expression andStatement, respectively. Also, emit_code(jump L) produces
codejump L. You will needotherfunctionsaswell; pleasedefinethem.If it is convenientfor you,
youcanrewrite theproductionin theBNF notation.
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5 Distributed Operating Systems

1. Write amonitor-basedsolutionfor thefollowing versionof thereaders-writersproblem:
At most 10 readers can be in the 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 writers in the system.

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

Notation: If � denotesaneventof a distributedcomputation,��� denotestheLamporttimestampof
event � , and 	 � denotesthe vectortimestampof event � . � denotesLamport’s “happenedbefore”
relationamongevents. � denotesconcurrency amongevents).

a. If ����� and ����� then, ����� .
b. If � and � aretwo eventsof a distributedcomputation,thenoneof the following statementsis

alwaystrue
� 	���� 	�!� 	 �#" 	 !� 	���� 	�!

c. If channelsareFIFO thenmessagesarecausallyordered

d. If � � �$� ! then �%�&�
e. Lamport’smutualexclusionalgorithmwill work correctlyif channelsarenotFIFO

3. Discusstheadvantagesanddisadvantagesof thefollowing in thecontext of distributedfile systems

a. full-file cachingandblock file caching

b. statelessfile serverandstatefulfile server

c. client cachein memoryandclient cachein disk

4. Whatarethemaincausesof thrashingin distributedsharedmemorysystems?How doespagesize
affect theperformanceof aDSM system?

5. Whatis two-phaselocking?Whatproblemcanit cause?How doesstrict two-phaselockingeliminate
thisproblem?Whatis thedrawbackof strict two-phaselocking?
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6 Networks

1. Supposeyouwantto transmitsomedataonawire usingthebyte0x6E(01111110)asa framedelim-
iter. However, it is possiblethatthepattern0x6Emayoccurasoneof thebytesin themessage.How
canyou preventthereceiver from prematurelythinking theframehasended?Illustrateyour scheme
with anexamplemessagecontainingthebyte0x6E.

2. Considera stop-and-wait protocolbeingusedon a 100Mbps( ')(+* bits/sec)point-to-pointlink. The
one-way latency of thelink is 5 milliseconds(0.005sec)in eachdirection,andthemaximumframe
sizeis 1250bytes.

a. How long will it take to transmita file of 1.25MB ( '-,/.10%23'4(15 bytes)usingthis protocol?You
mayassumeno lossesoccur, thatprocessingtakesno time,andthatacksarezerobits long.

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

A B

C D

E

F

3

6

3 2

2

4 9

2

3. This problemdealswith routing in thenetwork shown above, which is representedasanundirected
graph.Thenumbersnext to edgesrepresentdistances,andshortest-pathroutingis in use.

a. A long time afterthenetwork startsup,show theroutingtableat NodeB.

b. Now supposethelink betweenB andE goesdown. Explainwhathappens(i.e. whatmessages
aresentwhere,andwhattablesgetupdated)if a distance-vector protocolis in use.

c. Repeatfor a link-stateprotocol.

4. In the TCP/IPprotocolsuite,the port is the only form of addressdefinedabove the network layer.
However, portsareonly meaningfulin thecontext of anetworkaddress.In otherwords,it is necessary
to give bothanInternetaddressandaport numberto uniquelyidentify a particularprogram.

a. Describeaschemewherethisisnotthecase,thatis,wheretransportaddressescanbeinterpreted
independentlyof any network address.

b. Whatadvantagesmightberealizedif your schemewereimplemented?

c. Whatproblemsmight therebein implementingthisscheme?
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