COMP303 Computer Systems and Ar chitecture

Instructions.

All questionscarry equalmarks.Questionsaremarkedout of 25.

Question 1.

Modernlarge-scaleomputersystemsareexpectedo provide, amongsbtherfeatures(1) dynamicmem-
ory allocationto multiple processeq2) informationsharingbetweerprocessesand(3) supportfor struc-
turedhigh-level-languaggrogramming.
(a) What problemsare encounteredvhen trying to supportthesefeatureswithin a simple linear
memoryarchitecture? (10 marks)
(b) Discussthe contributionthatcanbe madeby
(i) segmentatiorand

(i) paging

to solvingtheseproblems. (10 marks)
(c) Whatnew problemsmaybeintroducedby thesemorecomplex memoryorganisations?
(5 marks)
Question 2.

(a) Outline the principle of a pipelinedcomputer Explain whatis meantby a pipelinehazard,and
describethethreekinds of hazardwhich maybe encountered. (8 marks)
(b) A hypotheticalcomputerhasa regularinstructionset,with the typical form of instructionbeing,

for example:

ADD A, B, RES

interpretedasRES:= A+B.
Theprocessoexecuteghesenstructionsusinga pipelineof six stagesnamely:fetchinstruction,
decodefetchfirst operandfetch secondoperand executeinstruction,storeresult. Eachstageis
of equalduration.
Considerthefollowing sequencef instructions:
ADD A, B, TEMP1
ADD P, Q, TEMP2
SUBTEMP1,TEMP2,TEMP3
BLT TEMP3,0, OUT ; (IF TEMP3< 0thenGOTO OUT)
ADD 1, COUNT, COUNT
BLT COUNT, LIMIT, LOOP
() Identify thehazardsvhich mightbeencounteredh this pipeline,explaininghow they would

occut (8 marks)
(ii) Briefly discusgpossiblesolutionsfor eachtype of hazard. (9 marks)

Question 3.
(a) Explainwhatis meantby a cachememory What generalprinciplesare usedto make effective
useof cachememory? (8 marks)
(b) Outlinethethreecachemappingpolicies:directmapping associatie mappingandsetassociatie
mapping.Briefly discusghe advanagesanddisadwantage®f each. (8 marks)

(c) Usean exampleof aninstructioncacheto describethe operationof a direct-mappedachein
detail. (9 marks)



Question 4.

(a) Describethefour majorsecuritythreatsto a distributedsystem. (3 marks)
(b) Describefour methodsby which securityviolationscanbe perpetratedn distributedsystems.
(3 marks)
(c) Cryptographyis one possibleway of protectingthe informationin a system. Describethe two
mostimportanttypesof encryptionsystem.Draw a diagramin eachcase. (7 marks)
(d) Assumethe codefor thei-th letter of the alphabetis the numberi — 1: the codefor “a” is 0,
the codefor “b” is 1 andso on. Thesenumbersarerepresente@s5 bit binary stringsin the
computers memory Englishwordsareencodedassequencesf integers:the codefor the word
“dog” is “3 14 6” (representedn binary as“000110111000110"). Computethe sequencef
integersencryptingthe codefor the word “cat” using Rivest Shamirand Adlemans algorithm
(usethefollowing valuesfor the parameterselatedto the algorithm

P=13 Q=17 Kp=5 Kp="TT

andassumehattheinput sequencés subdvidedin blocksof bits of lengthk = 5). (12 marks)

Question 5.

(a) List thedesignandimplementatiorissuesnvolvedin processoallocationin distributedsystems.
(8 marks)
(b) Describethemainfeaturesof Mutka andLivny centralisedalgorithmfor processoellocation.
(8 marks)
(c) Assumeb5 processord,, Py, P3, Py, Ps aregiven. The following two sequencesepresenthe
estimateccompletiontime (in milliseconds)of 16 processeso beexecutedn this system.

(¢) 10101010101010101010101010101040

(%4) 10104010101010101010101010101010

Using a graphin eachcase,shav the load of eachof the five processorsfter the allocationis

completedusingthe greedyalgorithmfor dynamicload balancing. (4 marks)
(d) If all processedave similar completiontimes, an alternatve allocationheuristicis obtainedby

choosingthe processoon which a givenproceswwill be executeduniformly at randomfrom the

setof availableprocessors.

Usingthe sequencef randomchoicesin the set{ P, P, Ps, P;, P;} givenbelow, simulatethis

algorithmwith the sequencesf job sizesabove.

Randomprocessochoices:Py Ps Ps P, Py P, P, P, P, P, P; P; P; Py P, Ps.

(5 marks)



