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Section A

Ql.          (a)  List all the topological orderings of the Directed Aeyclic Graph (DAG) G
given below.
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(b)ConsiderthefollowingprocedrreSUM-ARRAYwhichcomprtesthesun
of n numbers in arty A[] :n].
SUM-ARRAY (A, n)
I   son-0
2    fori=lton
3         Szm =sen + A[i]
4     retumig"z#
State  a  loop  invariant  for  this  procedure,  and   use  its  initialization,
Ihaintenance, and termination properties to show that the SUM-ARRAY
procedurerefumsthesunofthenunibersinA[1:n].

(c)Quicksortpartitionsanamyinfotwosuharraysbasedonapivotelement
Therurmingtimedqudsonhowbalancedthepartitionis.Supposeateach
slap,thepivotdividesthearrayintotwopartsintheratio1:3.Fomulafethe
recurrencerelationfortherunningtineOfQuicksortinthiscase.Solvethe
reellmmceanddeterminethetineconp]exfty.
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(d)ConsiderahashtatleOfsizellwiththehashfunedonhot)=kmod11.
Inserfthekeys21,32,43,54,65,and76intothetable.Handleany
collisionsusinglinearprobing.

(e)   A  matrix  multiplication  technique  reduces  the  number  of  recursive
multiplicatiousbydividingmatricesintosubmadicesandcombiningresults
using  fewer multiplications  than  the  conventional  method.  Identify  the
algorithmandcomputetheproductofthefollowingmatricesusingthesane
algorithm.

Given two matrices:

A-I;    :I       B-[f     4al                                  `

®Considertheintervalschedulingproblemwherchwearegivenaresource
andsetOfrequestseachhavingastattine:andfinishtine.Thegoalisto
maxiniz€thenumberofrequestsscheduled.Showthatthegreedystrategy
Of selecting the request win the forest incompatible requests does not
alwaysyieldanoptinalsolutionforthisproblem.

(g)LetScVbeasubsetofverticesinaconnected,weichted,undirectedgraph,
andletV-Sdenotetherelnainingvertices.Supposeanedge(u,v)hasthe
minimum  weigivt  among  all  edges  comecting  S  and  V-S.  Determine
whetherthisedgeshouldbeincludedinaMininunSpanningTree(MST).
Justify your answer.

(h)   A delivery company has packages with weights  {2, 5, 7, 3, 9}  and truck
capacity  15  kg.  Design a greedy algorithm to maximize the number of
packagesloaded.Explainitstimecomplexfty.

Section 8

(a)Whichsortingtechniqueismostefficientiftherangeofinputdataisnot
significantlygreaterthanthenunberofelementstobesortedandrunsin
®(7z+A)time,wherenisthesizeofthearmyandkistherangeofthenon-
negativekeyvalues.SontheanayA={5,9,0,I,5,4,2,0,6,9}usingthe
sane algorithm.

(I))Considerthefollowingtwoalgorithmsusedforsortingalistofnunbers:
•    Algorith A preserves the relative  order of equal elements  and

followsadivide-and-conquerapproach,usingextramemory.
•    Algorithm a  `nes a tree-based stmcture, requires mininal extra

space,butdoesnotpreserverelativeorder.
i. Identify Algorithm A and Algorithm 8.
ii.IdentifythepropertythatensuuspreservationoftherelativeorderOf

equalelements.                      t     ,
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iii.State.thetimecomplexityofAlgoritha8.
iv.Analysetheruningti.mecomplertyofthealgorfroAdyformu]ating

andsolvingarcourrencerelationforthesame.

Q3.          (a)   The Quick sortalgorithm produceshigry unbalanoed patitious for already
sorfedinputs.Analyzethissinationkyformulatingandsolvingareetlrrence
relation to determine its tine complexity. Suggest an inprovenent to the
pivot selection strategy to reduce the likelihood of this behaviour. Justify
youranswer.

(b)Acity'semengencyresponsesysfemismode]ledasagraph,whefeJocations
suchashospitals,frestations,andintersectionsarerepresentedasvertices,
androadscormectingthemarerepreschtedasedges.Allroadsaeassuned
to have equal travel time. Suggest an algorithm for the control centre to
deteminetheminimunnumberofroadsrequiredtolcacheverylocation
fromacentralemelgencyhubAinthefollowinggraph.Findoutthepath
dctermineddythealgorithmfromAtoallotherlocations.
The graph is defined as follows:
Vertices: {A, 8, C, D, E, F, G}
Edges:{A-B,Arc,BID,B-E,C-F,E-F,ne,F€}

Q4.           (a)   The subset-sum problem involves agivensetx= {xl, x2, x3 ......... xn} and
apositiveintegertangetsulnS.So]vetheprob]enforthesetX={2,3,7,
8, 10}, S = Ill and determine its running time.

(b)   Consider a graph with n vertices and in edges, where all edge weights are
non-negative. Analyze the time complexfty Of Dijkstra's algorithm when
implemented using a priorfty queue (min-heap).  Explain the role of the
priorityqueueininprovingtheefflciencyofthealgorithm.

Q5.          (a)   A  digital  media  company  schedules  video  programs  on  a  streaming
platfom.Eachprogramhasasfarttine,endtine,andasscoiatedrevenue,
and  only  one  program  can  be  shorn at a time.  Whicfi  algorithm  will
maxinize the total revenue? Also, determine the optimal set of programs
thatmaxinizestherevenue.Explainwhyagreedyapproachmaynotyield
the optinal solution.
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a)  Write a recursive algorithm to find the ith Fibonacci number. How can the
algorithm  be  improved  using  dynamic .progranming?  Compute  the  6th
Fibonaccinumberusingthedynanicprogramming.

(a)`.Bubblesortintroducesaflagvariablewhichisscttotrueifnoexchange
ismadeforanentirepassoverthearray.Itrducesthenunberofpasses."
Explalnwithanexaple,howthisvariauehelpsreducingthenunberof
Passes.

(b)Atravellerhasabackpackwithamaximuncapacftyof10kg.Thereare5
items available:

Valuei-E±i=i-EEEii-E±i=i-E±i-
can either be takenEhach item completely or left. Find the maximum total

value the traveller can carly withaut exceeding the capacity and list the
selecteditems.Designadynanicprogrammingtabletosolvetheproblem
and state its time complexity.

(a)  Wife the bestuse and worstrase time complexities of insertion  and
deletion  operations  in  hashing  when  collisions  are  resolved  using  the
chainingmethod.Explainitwithanexampl,e.

{b)Whatisabiparrfegraph?DescribehowBrcadth-FirstScarcha}FS)canbe
usedtocheckwhetheragivengraphisbipartbe.Stateitstimecomplexity.


