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Question 1

1.A Whatis the orderof compleity of analgorithm?
Whatis meantby polynomialorderandexponentialorder? [5 marks]

1.B Considerfunction f(n) definedon positve integers,s.t. f(1) = 1, f(2) = 3,
andf(n) =2f(n—1) — f(n—2), for all n > 3. Whatis the orderof compleity
of arecursve procedurdinding a valueof f(n)? Canwe computethe value of
f(n) moreefficiently? [12 marks]

1.C Whatis themaincharacteristiof the divide andconquemethodof algorithm
design? [3 marks]|

1.D Which sortingalgorithm— quick-sort memge-sort or bubble-sort- hasbeen
usedto sortaninput arrayof integers:

A[1..15] = [4,9,6,11,7, 10, 14, 8,12, 13,2, 15,3, 5, 1]?

[ 4, 9, 6, 11, 7, 10, 14, 8, 15, 13, 2, 12, 3, 5, 1 ]

| 4, 6, 7, 2,3 5 1, 8 9, 11, 10, 14, 15, 13, 12 |

[ 2, 3,1, 4 6, 7, 5 8 9 11, 10, 12, 14, 15, 13 |

[ 1, 2, 3, 4 5 6 7,8 9 10, 11, 12, 13, 14, 15 |
Justifyyour answer [5 marks]
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Question 2

2.A Statethe Church-Turing Thesis. What evidencejustifies the belief in its
validity? [5 marks]|

2.B Whatis meantby sayingthata classof problemss infeasibl& Give anexam-
ple of aninfeasibleproblem,explainingwhy it is infeasible.
[5 marks]

2.C Solwe thefollowing instanceof the Knapsackoroblem

Type A B C
Size 1 2 4
Value 1 3 7

wherethe capacityof athe knapsacks 7.
Whatis the principle of the dynamicprogrammingnethod?
[12 marks]

2.D Whatis the Halting Problen? How difficult is this problem?
[3 marks]|
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Question 3

3.A Givetheparsetreefor the program:

begin x :=5; repeat x :=x - 2 until x <vy,; end,

which is derived from the productionfor programin grammarbelown. (With the
usualdefinitionof identifierandconstany. [8 marks]
<programe ::= <bl ock>

<bl ock> ::= begi n <statenment_sequence> end;

<statement _sequence> ::= <statement> | <statenent> <statenent_sequence>
<statenent> ::= <assignnent_statenment> | <block> | <repeat_statenent>
<assi gnment _statenent> ::= <identifier> := <expression>

<repeat _statenment> :.= repeat <statenent_sequence> until <bool ean_condition>
<expression> ::= <term> | <expression> <addi ng_operator> <ternp

<addi ng_operator> .:= + | -

<termr ::= <identifier> | <constant> | (<expression>)

<bool ean_expressi on> ;.= <expressi on> <conpari son_oper at or > <expr essi on>
<conparison_operator> ::= < | > <=| >=| =

3.B Statein BNF the syntaxof the conditionalstatemenof Jara andthe syntaxof
theindefiniteloop with post-conditiorof Java. [5 marks]

3.C Whatis the differencebetweenan indefinite loop with preconditionandan
indefiniteloop with postcondition [7 marks]

3.D Definethe syntaxandthe semantic®f a genericprogramminganguage.
[3 marks]|
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Question 4

4.A Describethe procesf functionaldecompositiomn programdesign.
[5 marks]|

4.B In choosinga suitablefunctional decompositionwhat propertiesshould be

demonstratetdy the modules? [3 marks]
4.C Whatis thedifferencebetweera procedureanda function? [5 marks]|
4.D Whatis meantby aliasing? [5 marks]|

4.E In high-level programmindanguagedour differentwaysto passparameters
to proceduregcalling methods)aremadeavailable. Describethemall.
[7 marks]

Question 5

5.A Give thedefinitionof datatypeanddefinehardware datatypes virtual data
typesandabstact datatypes [7 marks]

5.B Whatis a stronglytypedlanguage? [5 marks]|

5.C Thebindingof thenameof anarrayto its requiredamountof storagas called
name-sizedinding Describethetwo possibletypesof bindings. [5 marks]|

5.D A binarytreeis representedsa setof nodes.Eachnodeis representetty a
structureof t r ee_node which hasthreefields: a datafield andtwo fields that
are,respectrely, the pointersto the left handsub-treeof the nodeandto theright
handsub-treeof the node. Write a pseudo-cod@rocedurewhoseparameters a
pointerto the root nodeof the tree,thatvisits eachnodeof suchatreein left to
right, depth-first,pre-order This proceduréhasto berecursve. [8 marks]



Answersto question 1

1.A Theorder of the Algorithm If theapproximatdime takenby analgorithmis
aboutf(n) and f(n) becomes betterapproximatiorasn getslarger, we saythat
thatthe compleity of the algorithmis of order f(n). We sometimesalsoapply
the concepto the storagespaceneeded.

An algorithmis of polynomialorderif its order f(n) is a constanpower of n,
l.e. f(n) = O(n®), wherec is aconstantFor example,thebubblesortmethodhas
orderO(n?).

An algorithmis of exponentialorderif its order f(n) is a linear power of a
constanti.e. f(n) = O(c"), for someconstantc. For example,the recursve
algorithmgeneratingFibonaccinumbershasorderO((1+T\/5)”).

1.B Functionf(n) is definedasfollows: f(1) =1, f(2) = 3,andf(n) = 2f(n —

1) — f(n —2), for all n > 3. Notice thatthe definition of function f(n) is very

similar to the definition of a sequencef Fibonaccinumbers.l.e. the valuesof

f(1) and f(2) aregivenexplicitly, andthevalueof f(n) (for n > 3) depend®n

valuesof f(n—1) andf(n—2). Thusthenumberof recursve callsof aprocedure
thatcomputesavalueof f(n) andaprocedurghatcomputes?), is thesameand
we know thatit is exponentialin n.

Onecancomputeavalueof f(n) moreefficiently usingthe dynamicprogram-
ming method,i.e. storingall consecutre valuesof f (i), fori = 1,2,..,n. Using
this methodwe avoid recursve calls (eachvalueof f(i) is computedonly once)
andtheorderof thealgorithmis O(n).

More carefulanalysisof the definitionof f(n) shavsthat f(n + 1) — f(n) =
f(n)— f(n—1),foralln > 3. Thismeanghattheconsecutie valuesof function
f(n) form anarithmeticprogresswith a stepof size f(2) — f(1) =3 -1 = 2.
And knowing thatwe canconcludethat f(n) = 1+ 2(n — 1) = 2n — 1.

1.C Divide and conquer In thisrecursve methodthe stratey is to split the prob-

lem into smaller parts, which are usually of the sametype as the original but

involve lessdata.Eachof the partsis treatedseparatelyandthenthe solutionsone
thetwo (or more)partsarecombinedn somewayto getasolutionto thecomplete
problem.



1.D An inputarrayof numbershasbeensortedby the quick-sortalgorithm.In the
first roundelement8 hasbeenselectedo split the sequencef all numbersinto
onesubsequencef all numberdhataresmallerthan8 (storedto theleft of 8) and
anothersubsequencef all numberghataregreaterthan8 (storedto theright of
8). Later, both subsequenceare split similarly by numbers4 and12, whenthe
next level of recursve callsis applied,etc.
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Answersto question 2

2.A The Church-Turing thesisstatesthat all reasonablelefinitionsof algorithm
that anyone will ever make will turn out to be equialentto the definitionswe
alreadyknow, which include the algorithmsthat can be specifiedby computer
programs.

Thejustificationis thatmary systemdor specifyingprogramssuchasTuring
machines,Computerprogramsand Markov algorithmshave beenproved to be
equwvalent,andthatwhenpeoplehave tried to expressary algorithmin computer
codeit hasalwaysbeenpossibleto do soif thealgorithmappearedo be possible
ontheotherconsiderations.

2.B Theinfeasibleproblemsarethosefor which the computingtime (or the data
spaceequired)increasesoquickly with the problemsize,thatit cannotbe ervis-
agedthattherewill ever be computerssufficiently powerful to solve the problem
for large problemsizen.

The Travelling salesmamroblemis afamousproblemwhichis very time con-
sumingto solve. Given a setof n cities and the distancesbetweenthem, the
problemis to find a route of minimum lengthwhich visits eachcity exactly once
andreturnsto the startingpoint. Thereare (n — 1)! differentroutesto check,so
thework involvedin anexhaustve searchof all routesis of orderof (n — 1)! op-
erations.This increaseso fastthatany suchmethodis completelyinfeasiblefor
all but very smallvaluesof n. Despitea very large researcleffort no algorithmis
known which is significantlybetterthanthis.

2.C
Type&Size 1 2 3 4 5 6 7
A 11A 22A 33A 44A 55A 66A 77A
A | B 11A 31B 41AlB 623 71AZB 93B 101A3B

A|B|C 11A 31B 41AlB 710 81A10 101B1C 111A1B1C

The principle of dynamicprogrammingmethodis similar to the oneof divide
and conquey in which a large problemis split up into smallerproblemswhich
are solved independently In dynamicprogrammingthis principle is carriedto
an extreme,i.e. whenwe do not know exactly which smallerproblemto solwe,
we simply solve themall, thenstorethe answersaway to be usedlaterin solving



largerproblems.

2.D TheHalting Problemis the problemof takinga students program(or indeed
ary otherprogram)andits dataasinput, andanalysingthemto saywhetherthe
programgiventhatdatawill loop for ever or would eventuallyterminate.Unfor-
tunatelyit canbe provedthatit is impossibleto write sucha usefulprogram.
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Answersto question 3

3.A A parsetreeis obtainedby replacinga syntacticcateyory by the right hand
sideof oneof its productionandshawving the derivationin hierarchicaform. The
parsetreefor the expression:

begin x :=5; repeat x :=x - 2 until x <vy; end;

in thegivenlanguagas givenbelow:

Program
block

begin statementsequence end

statement

repeat statement

repeat statementsequence until booleancondition
statement expression comparisonoperator
assignmenttatement term
// T
identifier = expression identifier identifier
X expression  adding operator expression y

term - term

identifier constant

2




3.B TheJavaconditionalstatements of theform:

<conditional _statenment> := if (<Bool ean_expression>) then <statenent_sequence>;
[el se <statenent_sequence>; ]

TheJavaindefiniteloop with post-conditions of theform:

<indefinite | oop_with post condition> := do <statenent_sequence> while
(<Bool ean_expressi on>);

3.C Theindefiniteloop with preconditionhasthe pseudo-codéorm:
while conditiondo statemensequencavhile in Javais expressedby thestatement:

<indefinite_l oop_with_pre_condition>:= while (<Bool ean_expressi on>) do
<st at enent _sequence>;

It first checkswhetherthe conditionis true, thenif this is the casethe statement
sequenceas executed. So, if the conditionis never verified then the statement
sequences never executed.

The indefinite loop with postconditionhasthe pseudo-codéorm: do condition
while statemensequenceavhile in Javais expressedy the statement:

<indefinite_|l oop_w th_post_condition> := do <statenment_sequence> while
(<Bool ean_expressi on>);

In this casethe statemensequencés executedbeforetheterminationconditionis
checled. Thereforeit hasto be usedonly in thosecasessuchthatit is desirable
thatthe statemensequences executedat leastonce.

3.C Syntax The syntaxof a programmindanguagespecifiegheform in whicha
program(andall its sub-units)shouldbe specified.SemanticsSemanticglenotes
the meaningwhich is to be givento the varioussyntacticunits of a program,and
to the programitself.
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Answersto question 4

4.A Theprocesknown asfunctionaldecompositiomlecomposea large program
into a hierarcly of smallermoduleseachof which shouldcarry out its own well
specifiedfunction. Somesoftware programscan be madeof a a considerable
numberof lines,thusmakingthe designof the programitself quitedifficult. If the
problemto be solvedis largeit is impossible(or at leastinadvisable)}o startto
write down thedetailedstepaneededvithoutfirst decomposinghe probleminto a
numberof smallersubproblemsvhich aresosmallthatthe completesolutioncan
be easily comprehendedThe whole solutionis then constructedoy combining
togetherthesesmall modulesinto a tree-like structure. Somemoduleswill do
little but organisethe calling into operationof othermodules.At the upperlevel
themoduleswill be performinglarge stepsin the computationmostof the detail
beingdoneby theirsubmoduleshut lowerdown in thedecompositionhemodules
will becarryingout simpledetailedsteps.

4.B The modulesobtainedby applyingcorrectlythe designrule of functionalde-
compositionshoulddemonstrate high degree of cohesionand a low deyree of
coupling The conceptf cohesionand couplingdescribeconflicting principles
thatleadto programdesigncompromise.

Cohesiorrelatesto the functionalindependencef the moduleandto the perfor
manceof a single”task” within the module. The overall objectve is to separate
theproblemin to partssuchthateachpartbecomes modulethatwill bedesigned
to completeanindependentask. It allows a programmeto write a moduleof a
larger programandtestit independentlyThis modulebecomea "black box” in a
large program.

Couplingallows modulesto be connectedy aninterface,which enableshe pro-
grammerto transferdatafrom onemoduleto another Threecouplingtechniques
areparametersisedin functions,functionnamesanddatathatall themodulescan
accessCouplingallows for communicatiorbetweemrmodules It allows program-
mersto usenecessaryariablenameswithout loosingthe cohesiornin themodule.
4.C Both procedues and functionsare comprisedof a setsof instructionsthat
performspecifictasks.A Procedug, in its genericsenseis aprogramunit written
independentlyf themainprogramandassociatevith it throughatransfer/return



process.Oncethe procedurds invoked or calledthe controlis transferredo the
procedurahatcarriesoutits taskandthenreturnsthecontrolto themainprogram.
Datais transferredo andfrom themainprogramandthe procedurevia parametes
list. A functionis a programunit similar to a procedureexceptthat a valueis
alwaystransferredbackto the main programas”the valueof the function” rather
thanviatheparametelist. Thatis thevaluecomputedy thefunctionis associated
to thefunction’s namein away similar to the onethata valueis associateavith a
variable.

4.D Thefollowing four calling methodsaremadeavailable:

e Call by value Whenthis methodis being used,on obeying a call to the
proceduretheactualparameters evaluatedandits valueis usedto initialise
the correspondindgormal parameterinsidethe procedurat mayor may not
be possibleto assigna new valueto the formal parameter

e Call by result: Resultparametersre usedfor passingvaluesout of a pro-
cedure.On leaving the procedurethe value of its formal parameterascal-
culatedby the procedure,s assignedo the actualparameter The actual
parametemustthusbe a variable;its addresss normally calculatedat pro-
cedureentry Thecorrespondindgormal parametemustbe a variableof the
sametype,whichis notinitialised.

e Call byValue-ResultThesegparametersanfeedavalueinto aprocedureand
passoneoutof it. They arelike resultparametershut the formal parameter
Is initialised form the valueof theactualparameter

e Call by refelence Whena referenceormal parameteis referredto in the
procedurebody; the variablewhich is accesseds that of the corresponding
actualparameterthereis nostoragespacen theproceduravhichis allocated
to thestorageof thevalueof theformal parameterThustheformal parameter
Is analiasfor theactualparameterThewaythisis implementeds by passing
the addressof the actualparameteinto the procedureithis addresss then
usedastheaddres®f theformal parameter

4.E Theproblemknown asaliasingoccurswhenthesamevariablecanbereferred

to by two differentnamesat the sameplacein the program.This canhappenf a

procedurenasaformal parametex andalsousesaglobalvariablep of thesame
type. If now the procedurds calledwith the variablep asthe actualparameter
correspondingo x thenwe have aliasingbecausevithin theprocedurebothpand

x referto thesamevariable.
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Answersto question 5

5.A Datatype referto both the interpretationgiven to a bit patternandthe op-
erationsthat canbe performedon the pattern. We distinguishthe following data

types:

e Hardware datatypes arethetypesprovideddirectly by the CPU.They con-
sistof: integers,floatingpointsandaddresses;

e Virtual data types are the types provided directly by a high level com-
puterlanguage(or its compiler). They consistof: hardwareintegers,hard-
warefloatingpointtypes,hardwareaddressetypes,Booleantypes,character
types,enumeratedypes,arrays,records;

e Abstract datatypes arethe typeswhich have a hiddenlocal stateand an
interfaceof namedoperationsThey areusuallyspecifiedoy theprogrammer

5.B Stronglytypedlanguagesrethosein whichthecompilercancheckthatall ex-
pressionsretypeconsisten{possiblywithout it knowing thetype of everything).
If alanguagas stronglytypedits compilercanguarante¢hatthe programghatit
accepwill executewithouttypeerrors.

5.C Thebindingof thenameof anarrayto its requiredamountof storagas called
name-sizéinding. Therearetwo mainpossibilities:

e Staticarray. In a staticarray boundsare fixed whenthe array variableis
declaredandit cannotchangeatruntime. This methodis simpleto compile
andis fastat run time, but it is very inflexible. It is usedin Pascal,C and
Java.

e Dynamicarray. Thesizeof adynamicarrayis not determineduntil thetime
whenthe declarationis obeyed at block entry This methodis slightly less
efficient (only at the time of memoryallocation)thanstaticarraysbut much
more corvenient,asthe boundscanbe calculatedor taken from datavalues
readby the program.It is usedin JavaandC.



5.D A binarytreewill have ateachnodeaninformalfield, of typei nt sayandtwo
fieldsor instancevariables eachpointingto a subtreeor to nothingin which case
they would be null. The procedurebelow visits thetreein left to right, depth-first
pre-order:

Procedure tree_wal k(tree: T)

begi n

if Tis not nul

t hen
visit T.rood_node;
for i to t.no_of child nodes
| oop

tree_wal k(T.child_node(i));

end | oop;

end if;

end tree_wal k;



