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Question 1

1.A Whatis theorderof complexity of analgorithm?
Whatis meantby polynomialorderandexponentialorder? [5 marks]

1.B Considerfunction
�������

definedon positive integers,s.t.
���	�
��� �

,
�������� �

,
and
��������������������������������������

for all
� �!�#"

Whatis theorderof complexity
of a recursive procedurefinding a valueof

������
? Canwe computethe valueof�������

moreefficiently? [12 marks]

1.C Whatis themaincharacteristicof thedivideandconquermethodof algorithm
design? [3 marks]

1.D Which sortingalgorithm– quick-sort, merge-sort, or bubble-sort– hasbeen
usedto sortaninput arrayof integers:

$&% �'"(")��*,+-� %/. �10#�32#�,���4��56���87#�
� . �39:���
�6�
�;�:�<�=���
*6�>�#�1*6���<+
?

%
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
+

Justifyyouranswer. [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 sayingthataclassof problemsis infeasible? Giveanexam-
pleof aninfeasibleproblem,explainingwhy it is infeasible.

[5 marks]

2.C Solve thefollowing instanceof theKnapsackproblem

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

wherethecapacityof a theknapsackis 7.
Whatis theprincipleof thedynamicprogrammingmethod?

[12 marks]

2.D Whatis theHalting Problem? How difficult is thisproblem?
[3 marks]
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Question 3

3.A Give theparsetreefor theprogram:

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

which is derived from the productionfor program in grammarbelow. (With the
usualdefinitionof identifierandconstant). [8 marks]

<program> ::= <block>
<block> ::= begin <statement_sequence> end;
<statement_sequence> ::= <statement> | <statement> <statement_sequence>
<statement> ::= <assignment_statement> | <block> | <repeat_statement>
<assignment_statement> ::= <identifier> := <expression>
<repeat_statement> ::= repeat <statement_sequence> until <boolean_condition>
<expression> ::= <term> | <expression> <adding_operator> <term>
<adding_operator> ::= + | -
<term> ::= <identifier> | <constant> | (<expression>)
<boolean_expression> ::= <expression> <comparison_operator> <expression>
<comparison_operator> ::= < | >| <= | >= | =

3.B Statein BNF thesyntaxof theconditionalstatementof Javaandthesyntaxof
theindefiniteloopwith post-conditionof Java. [5 marks]

3.C What is the differencebetweenan indefinite loop with preconditionandan
indefiniteloopwith postcondition. [7 marks]

3.D Definethesyntaxandthesemanticsof agenericprogramminglanguage.
[3 marks]
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Question 4

4.A Describetheprocessof functionaldecompositionin programdesign.
[5 marks]

4.B In choosinga suitablefunctional decompositionwhat propertiesshouldbe
demonstratedby themodules? [3 marks]

4.C Whatis thedifferencebetweenaprocedureanda function? [5 marks]

4.D Whatis meantby aliasing? [5 marks]

4.E In high-level programminglanguagesfour differentwaysto passparameters
to procedures(callingmethods)aremadeavailable.Describethemall.

[7 marks]

Question 5

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

5.B Whatis astronglytypedlanguage? [5 marks]

5.C Thebindingof thenameof anarrayto its requiredamountof storageis called
name-sizedbinding. Describethetwo possibletypesof bindings. [5 marks]

5.D A binary treeis representedasa setof nodes.Eachnodeis representedby a
structureof tree_node which hasthreefields: a datafield andtwo fields that
are,respectively, thepointersto theleft handsub-treeof thenodeandto theright
handsub-treeof thenode.Write a pseudo-codeprocedure,whoseparameteris a
pointerto the root nodeof the tree,that visits eachnodeof sucha treein left to
right, depth-first,pre-order. Thisprocedurehasto berecursive. [8 marks]



Answers to question 1

1.A The order of the Algorithm If theapproximatetimetakenby analgorithmis
about

�������
and
�������

becomesabetterapproximationas
�

getslarger, we saythat
that the complexity of the algorithmis of order

�������
. We sometimesalsoapply

theconceptto thestoragespaceneeded.
An algorithmis of polynomialorderif its order

�������
is a constantpower of

�
,

i.e.
�������@?A���CBD�

, whereE is aconstant.For example,thebubblesortmethodhas
order

?A���GF1�
.

An algorithm is of exponentialorder if its order
������

is a linear power of a
constant,i.e.

�������H� ?A� E1I � , for someconstantE . For example,the recursive
algorithmgeneratingFibonaccinumbershasorder

?J�	�8KMLON PF � I � .
1.B Function

�������
is definedasfollows:

���Q����� �
,
���������R�

, and
�������S�@�������A�

���T�U�����V�!���<�
for all

�U� �#"
Notice that the definitionof function

�������
is very

similar to the definition of a sequenceof Fibonaccinumbers.I.e. the valuesof���Q���
and
�������

aregivenexplicitly, andthevalueof
������

(for
�W� �

) dependson
valuesof

�����X�V�
�
and
�����Y�Z���

. Thusthenumberof recursivecallsof aprocedure
thatcomputesa valueof

�������
anda procedurethatcomputes[ I is thesame,and

weknow thatit is exponentialin
�

.
Onecancomputeavalueof

�������
moreefficiently usingthedynamicprogram-

ming method,i.e. storingall consecutive valuesof
����\D�<�

for
\]� �4���6�;"^"^�	��"

Using
this methodwe avoid recursive calls (eachvalueof

����\D�
is computedonly once)

andtheorderof thealgorithmis
?A�����<"

More carefulanalysisof thedefinitionof
�������

shows that
�����`_a�����b�������c�

�������d�e����f���
�
, for all

� �!�
. Thismeansthattheconsecutivevaluesof function�������

form anarithmeticprogresswith a stepof size
���g���S�U��Q���Y� �h� �A� �6"

And knowing thatwe canconcludethat
�������� �i_��#���Z�U�
�S�@�j�H�U�'"

1.C Divide and conquer In this recursivemethodthestrategy is to split theprob-
lem into smallerparts,which are usually of the sametype as the original but
involve lessdata.Eachof thepartsis treatedseparatelyandthenthesolutionsone
thetwo (or more)partsarecombinedin somewayto getasolutionto thecomplete
problem.



1.D An inputarrayof numbershasbeensortedby thequick-sortalgorithm.In the
first roundelementk hasbeenselectedto split the sequenceof all numbersinto
onesubsequenceof all numbersthataresmallerthan k (storedto theleft of k ) and
anothersubsequenceof all numbersthataregreaterthan k (storedto theright of
k ). Later, both subsequencesaresplit similarly by numbersl and m#n , whenthe
next level of recursivecallsis applied,etc.
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Answers to question 2

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

The justificationis thatmany systemsfor specifyingprogramssuchasTuring
machines,Computerprogramsand Markov algorithmshave beenproved to be
equivalent,andthatwhenpeoplehave tried to expressany algorithmin computer
codeit hasalwaysbeenpossibleto do soif thealgorithmappearedto bepossible
on theotherconsiderations.

2.B The infeasibleproblemsarethosefor which thecomputingtime (or thedata
spacerequired)increasessoquickly with theproblemsize,thatit cannotbeenvis-
agedthat therewill ever becomputerssufficiently powerful to solve theproblem
for largeproblemsize

�
.

TheTravelling salesmanproblemis a famousproblemwhich is very timecon-
sumingto solve. Given a set of

�
cities and the distancesbetweenthem, the

problemis to find a routeof minimumlengthwhich visits eachcity exactly once
andreturnsto thestartingpoint. Thereare

���V� ���<o
differentroutesto check,so

thework involvedin anexhaustive searchof all routesis of orderof
���p�R���<o

op-
erations.This increasessofastthatany suchmethodis completelyinfeasiblefor
all but very smallvaluesof

�
. Despitea very largeresearcheffort no algorithmis

known which is significantlybetterthanthis.

2.C
Type&Size 1 2 3 4 5 6 7

A
� K�q �4F q �4r q .'s q * Ptq 24u q 5'v q

A wB � K�q � Kyx . Kyq-Kyx 2 F x 5 Kyq F x 0 r x �;7 Kyq r x
A wB wC � K�q � Kyx . Kyq-Kyx 5 KMz 9 Kyq-KMz �87 KyxGKyz ��� Kyq-KyxGKyz

Theprincipleof dynamicprogrammingmethodis similar to theoneof divide
andconquer, 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 solve,
we simply solve themall, thenstoretheanswersaway to beusedlater in solving



largerproblems.
2.D TheHalting Problemis theproblemof takinga student’s program(or indeed
any otherprogram)andits dataasinput, andanalysingthemto saywhetherthe
programgiventhatdatawill loop for ever or would eventuallyterminate.Unfor-
tunatelyit canbeprovedthatit is impossibleto write suchausefulprogram.
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Answers to question 3

3.A A parsetreeis obtainedby replacinga syntacticcategory by the right hand
sideof oneof its productionandshowing thederivationin hierarchicalform. The
parsetreefor theexpression:

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

in thegivenlanguageis givenbelow:

term
{

identifier

y|

 Program

block
}

begin
}

statement~ _sequence end� ;�
statement~

repeat� _statement

repeat statement~ _sequence until� boolean
}

_condition

expression� comparison� _operator

term
{

<�
identifier

x

statement~
assignment� _statement

identifier :=� expression� ;�
        x

term
{
identifier
�

x

expression� expression�adding� _operator

term
{
constant�

2

        −

;�



3.B TheJavaconditionalstatementis of theform:

<conditional_statement> := if (<Boolean_expression>) then <statement_sequence>;
[else <statement_sequence>;]

TheJava indefiniteloop with post-conditionis of theform:

<indefinite_loop_with_post_condition> := do <statement_sequence> while
(<Boolean_expression>);

3.C Theindefiniteloop with preconditionhasthepseudo-codeform:
while conditiondo statementsequencewhile in Javais expressedby thestatement:

<indefinite_loop_with_pre_condition> := while (<Boolean_expression>) do
<statement_sequence>;

It first checkswhethertheconditionis true, thenif this is the casethe statement
sequenceis executed. So, if the condition is never verified then the statement
sequenceis neverexecuted.
The indefinite loop with postconditionhasthe pseudo-codeform: do condition
while statementsequencewhile in Java is expressedby thestatement:

<indefinite_loop_with_post_condition> := do <statement_sequence> while
(<Boolean_expression>);

In thiscasethestatementsequenceis executedbeforetheterminationconditionis
checked. Thereforeit hasto beusedonly in thosecasessuchthat it is desirable
thatthestatementsequenceis executedat leastonce.

3.C Syntax: Thesyntaxof a programminglanguagespecifiestheform in which a
program(andall its sub-units)shouldbespecified.Semantics: Semanticsdenotes
themeaningwhich is to begivento thevarioussyntacticunitsof a program,and
to theprogramitself.
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Answers to question 4
4.A Theprocessknown asfunctionaldecompositiondecomposesa largeprogram
into a hierarchy of smallermodules,eachof which shouldcarryout its own well
specifiedfunction. Somesoftware programscan be madeof a a considerable
numberof lines,thusmakingthedesignof theprogramitself quitedifficult. If the
problemto be solved is large it is impossible(or at leastinadvisable)to start to
write down thedetailedstepsneededwithoutfirst decomposingtheprobleminto a
numberof smallersubproblemswhicharesosmallthatthecompletesolutioncan
be easilycomprehended.The whole solution is thenconstructedby combining
togetherthesesmall modulesinto a tree-like structure. Somemoduleswill do
little but organisethecalling into operationof othermodules.At theupperlevel
themoduleswill beperforminglargestepsin thecomputation(mostof thedetail
beingdoneby theirsubmodules)but lowerdown in thedecompositionthemodules
will becarryingout simpledetailedsteps.

4.B Themodulesobtainedby applyingcorrectlythedesignrule of functionalde-
compositionshoulddemonstratea high degreeof cohesionanda low degreeof
coupling. Theconceptsof cohesionandcouplingdescribeconflictingprinciples
thatleadto programdesigncompromise.
Cohesionrelatesto thefunctionalindependenceof themoduleandto theperfor-
manceof a single”task” within the module. The overall objective is to separate
theproblemin to partssuchthateachpartbecomesamodulethatwill bedesigned
to completean independenttask. It allows a programmerto write a moduleof a
largerprogramandtestit independently. This modulebecomea ”black box” in a
largeprogram.
Couplingallows modulesto beconnectedby aninterface,which enablesthepro-
grammerto transferdatafrom onemoduleto another. Threecouplingtechniques
areparametersusedin functions,functionnamesanddatathatall themodulescan
access.Couplingallows for communicationbetweenmodules.It allowsprogram-
mersto usenecessaryvariablenameswithout loosingthecohesionin themodule.

4.C Both proceduresand functionsare comprisedof a setsof instructionsthat
performspecifictasks.A Procedure, in its genericsense,is aprogramunit written
independentlyof themainprogramandassociatedwith it throughatransfer/return



process.Oncetheprocedureis invokedor calledthecontrol is transferredto the
procedurethatcarriesout its taskandthenreturnsthecontrolto themainprogram.
Datais transferredto andfrom themainprogramandtheprocedureviaparameters
list. A function is a programunit similar to a procedureexcept that a value is
alwaystransferredbackto themainprogramas”the valueof thefunction” rather
thanvia theparameterlist. Thatis thevaluecomputedby thefunctionis associated
to thefunction’snamein a way similar to theonethatavalueis associatedwith a
variable.
4.D Thefollowing four callingmethodsaremadeavailable:� Call by value: When this methodis being used,on obeying a call to the

procedure,theactualparameteris evaluatedandits valueis usedto initialise
thecorrespondingformal parameter. Insidetheprocedureit mayor maynot
bepossibleto assignanew valueto theformalparameter.
� Call by result: Resultparametersareusedfor passingvaluesout of a pro-

cedure.On leaving the procedurethe valueof its formal parameter, ascal-
culatedby the procedure,is assignedto the actualparameter. The actual
parametermustthusbea variable;its addressis normallycalculatedat pro-
cedureentry. Thecorrespondingformal parametermustbea variableof the
sametype,which is not initialised.

� Call byValue-Result: Theseparameterscanfeedavalueinto aprocedureand
passoneout of it. They arelike resultparameters,but theformal parameter
is initialisedform thevalueof theactualparameter.
� Call by reference: Whena referenceformal parameteris referredto in the

procedurebody, the variablewhich is accessedis thatof the corresponding
actualparameter;thereis nostoragespacein theprocedurewhichis allocated
to thestorageof thevalueof theformalparameter. Thustheformalparameter
is analiasfor theactualparameter. Thewaythisis implementedis by passing
the addressof the actualparameterinto the procedure;this addressis then
usedastheaddressof theformal parameter.

4.E Theproblemknown asaliasingoccurswhenthesamevariablecanbereferred
to by two differentnamesat thesameplacein theprogram.This canhappenif a
procedurehasa formal parameterx andalsousesa globalvariablep of thesame
type. If now the procedureis calledwith the variablep asthe actualparameter
correspondingtox thenwehavealiasingbecausewithin theprocedure,bothpand
x referto thesamevariable.
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Answers to question 5

5.A Data type refer to both the interpretationgiven to a bit patternand the op-
erationsthat canbeperformedon thepattern.We distinguishthe following data
types:

� Hardwaredatatypes: arethetypesprovideddirectlyby theCPU.They con-
sistof: integers,floatingpointsandaddresses;

� Virtual data types: are the types provided directly by a high level com-
puter language(or its compiler). They consistof: hardwareintegers,hard-
warefloatingpointtypes,hardwareaddressestypes,Booleantypes,character
types,enumeratedtypes,arrays,records;

� Abstract data types: are the typeswhich have a hiddenlocal stateandan
interfaceof namedoperations.They areusuallyspecifiedby theprogrammer.

5.B Stronglytypedlanguagesarethosein whichthecompilercancheckthatall ex-
pressionsaretypeconsistent(possiblywithout it knowing thetypeof everything).
If a languageis stronglytypedits compilercanguaranteethattheprogramsthatit
acceptwill executewithout typeerrors.

5.C Thebindingof thenameof anarrayto its requiredamountof storageis called
name-sizebinding.Therearetwo mainpossibilities:

� Static array: In a static array boundsare fixed when the array variableis
declared,andit cannotchangeat run time. Thismethodis simpleto compile
andis fastat run time, but it is very inflexible. It is usedin Pascal,C and
Java.

� Dynamicarray: Thesizeof adynamicarrayis not determineduntil thetime
whenthe declarationis obeyed at block entry. This methodis slightly less
efficient (only at thetime of memoryallocation)thanstaticarraysbut much
moreconvenient,astheboundscanbecalculatedor taken from datavalues
readby theprogram.It is usedin JavaandC.



5.D A binarytreewill haveateachnodeaninformalfield,of typeint sayandtwo
fieldsor instancevariables,eachpointingto a subtreeor to nothingin which case
they would benull. Theprocedurebelow visits thetreein left to right, depth-first
pre-order:

Procedure tree_walk(tree: T)
begin

if T is not null
then

visit T.rood_node;
for i to t.no_of_child_nodes
loop

tree_walk(T.child_node(i));
end loop;

end if;
end tree_walk;


