
COMP303 Computer Systems and Architecture

Instructions.

All questionscarryequalmarks.Questionsaremarkedout of 25.

Question 1.

Modernlarge-scalecomputersystemsareexpectedto provide,amongstotherfeatures,(1) dynamicmem-
ory allocationto multiple processes,(2) informationsharingbetweenprocesses,and(3) supportfor struc-
turedhigh-level-languageprogramming.

(a) What problemsare encounteredwhen trying to supportthesefeatureswithin a simple linear-
memoryarchitecture? (10 marks)

(b) Discussthecontribution thatcanbemadeby
(i) segmentationand
(ii) paging

to solvingtheseproblems. (10 marks)
(c) Whatnew problemsmaybeintroducedby thesemorecomplex memoryorganisations?

(5 marks)

Question 2.

(a) Outline the principle of a pipelinedcomputer. Explain what is meantby a pipelinehazard,and
describethethreekindsof hazardwhich maybeencountered. (8 marks)

(b) A hypotheticalcomputerhasa regular instructionset,with thetypical form of instructionbeing,
for example:

ADD A, B, RES
interpretedasRES:= A+B.
Theprocessorexecutestheseinstructionsusingapipelineof six stages,namely:fetchinstruction,
decode,fetchfirst operand,fetchsecondoperand,executeinstruction,storeresult. Eachstageis
of equalduration.
Considerthefollowing sequenceof instructions:

ADD A, B, TEMP1
ADD P, Q, TEMP2
SUBTEMP1,TEMP2,TEMP3
BLT TEMP3,0, OUT ; (IF TEMP3 � 0 thenGOTO OUT)
ADD 1, COUNT, COUNT
BLT COUNT, LIMIT , LOOP

(i) Identify thehazardswhichmightbeencounteredin thispipeline,explaininghow they would
occur. (8 marks)

(ii) Briefly discusspossiblesolutionsfor eachtypeof hazard. (9 marks)

Question 3.

(a) Explain what is meantby a cachememory. What generalprinciplesareusedto make effective
useof cachememory? (8 marks)

(b) Outlinethethreecachemappingpolicies:directmapping,associativemapping,andsetassociative
mapping.Briefly discusstheadvanagesanddisadvantagesof each. (8 marks)

(c) Usean exampleof an instructioncacheto describethe operationof a direct-mappedcachein
detail. (9 marks)
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Question 4.

(a) Describethefour majorsecuritythreatsto adistributedsystem. (3 marks)
(b) Describefour methodsby whichsecurityviolationscanbeperpetratedin distributedsystems.

(3 marks)
(c) Cryptographyis onepossibleway of protectingthe informationin a system. Describethe two

mostimportanttypesof encryptionsystem.Draw adiagramin eachcase. (7 marks)
(d) Assumethe codefor the � -th letter of the alphabetis the number ����� : the codefor “a” is 0,

the codefor “b” is 1 andso on. Thesenumbersare representedas5 bit binary stringsin the
computer’smemory. Englishwordsareencodedassequencesof integers:thecodefor theword
“dog” is “3 14 6” (representedin binary as“00011 0111000110”). Computethe sequenceof
integersencryptingthe codefor the word “cat” usingRivestShamirandAdleman’s algorithm
(usethefollowing valuesfor theparametersrelatedto thealgorithm

��� �
	�� � ������ ��� ��� � �
andassumethattheinput sequenceis subdividedin blocksof bitsof length � ���

). (12 marks)

Question 5.

(a) List thedesignandimplementationissuesinvolvedin processorallocationin distributedsystems.
(8 marks)

(b) Describethemainfeaturesof Mutka andLivny centralisedalgorithmfor processorallocation.
(8 marks)

(c) Assume5 processors
������� ���!�#"����#$%�!�#&

aregiven. The following two sequencesrepresentthe
estimatedcompletiontime (in milliseconds)of 16 processesto beexecutedin thissystem.
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Using a graphin eachcase,show the load of eachof the five processorsafter the allocationis
completedusingthegreedyalgorithmfor dynamicloadbalancing. (4 marks)

(d) If all processeshave similar completiontimes,an alternative allocationheuristicis obtainedby
choosingtheprocessoron which a givenprocesswill beexecuteduniformly at randomfrom the
setof availableprocessors.
Usingthesequenceof randomchoicesin theset 5 � � ��� � �!� " ��� $ �!� &76 givenbelow, simulatethis
algorithmwith thesequencesof job sizesabove.

Randomprocessorchoices:
� $ � & � & � � � $ � � � � � � � � � � � " � " � " � $ � � � "%8

(5 marks)
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