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True-false questions

(1)

(2)
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(4)

(5)

(6)

(7)

T F Thebest caserunningtime for INSERTION SORT to sortann elementarrayis O(n).

Answer: True

T F By the mastertheorem,the solutionto the recurrencel’(n) = 37 (n/3) + logn is
T(n) = O(nlogn).

Answer: False

T F Givenany binarytree,we canprint its elementsn sortedorderin O(n) time by per
forming aninordertreewalk.

Answer: True. For eachnodein thetreewe will be calling INORDER-TREE-WALK recur
sively exactly twice (oncefor theleft subtreeandoncefor theright subtree).

T F Computingthemedianof n elementsakes)(n log n) timefor ary algorithmworking
in thecomparison-basewhodel.

Answer: False

T F Everybinarysearchreeonn nodeshasheightO(logn).

Answer: False

T F GivenagraphG = (V, E) with coston edgesandasetS C V, let (u, v) beanedge
suchthat(u, v) is theminimumcostedgebetweerary vertex in S andary vertexin V — S.
Then,the minimum spanningreeof G mustincludetheedge(u, v). (You mayassumehe
costson all edgesaredistinct,if needed.)

Answer: True

T F Computinga’ takesexponentiattime in n, for n-bit integersa andb.

Answer: True(Outputsizeis exponentialin n).
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(8) T F Thereexists a datastructureto maintaina dynamicsetwith operationsinsert(x,S),

Delete(x,S)andMember?(x,Sjhathasanexpectedrunningtime of O(1) peroperation.

Answer: True.Useahashtable.

(9) T F Thetotalamortizeccostof asequencefn operationgi.e.,thesumoverall operations,

(10)

(11)

(12)

of the amortizedcost per operation)gives a lower boundon the total actual cost of the
sequence.
Answer: False.Thisonly givesanupperboundonthe actualcost.

T F Thefigure belov describes flow assignmenin a flow network. The notationa/b
describes: unitsof flow in anedgeof capacityp.

Trueor False: Thefollowing flow is a maximalflow.
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Answer: True.Theflow pushes8 unitsandthecut{s, a, c} vs. {b, d, t} hascapacity8. The
cut mustbe maximumby the Max-Flow Min-cut theorem.

T F LetG = (V, F) beaweightedgraphandlet M be a minimum spanningreeof G.
Thepathin M betweerary pair of verticesv; andv, mustbea shortespathin G.

Answer: False.Considethegraphin whichV = {a, b, ¢} andtheedgesare(a, b), (b, ), (c, a).
Theweightof theedgesare3,3and4 respectiely. TheMST is clearly(a, b), (b, ¢). However
theshortespathbetweern: andc is of cost4 not 6 asseenfrom the MST.

T F nlgn=0(n?

Answer: True.Clearlynlgn < n?.
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(13) T F Let P beashortespathfrom somevertex s to someothervertex ¢ in agraph.If the
weightof eachedgein thegraphis increasedy one, P remainsa shortespathfrom s to ¢.

Answer: FalseConsidethegraphG = (V, E) whereV = {a, b, c} andE = {(a,b), (b, ¢), (a,c)}.
Let the weight of the edgesbe w(a,b) = 1,w(b,c) = 1,w(a,c) = 2.5. The shortesipath
from a to c is a—b—. Howeverif theweightsareincreasedy 1, thenew shortespathis a—c.

(14) T F Supposevearegivenn intenals(l;,u;) fori =1,--- ,n andwewouldliketo find a
setS of non-overlappingintervals maximizing ) .. ¢ w;, wherew; representshe weight of
intenal (1;, u;). Considerthe following greedyalgorithm. Select(in the setS) theinterval,
say(l;, u;) of maximumweightw;, remove all intervalsthatoverlapwith (;, u;) andrepeat.
This algorithmalwaysprovidesanoptimumsolutionto this interval selectionproblem.

Answer: False.Considetthefollowing 3 intervals(1,10),(2,5) and(6,9) with weights10, 6
and6. Theabove greedystratgly would chooseheintervals{ (1, 10} which hastotal weight
10while the optimal setof intervalsis {(2, 5), (6, 9) } which hastotal weight12.

(15) T F Givenasetof n elementspnecanoutputin sortedorderthe k£ elementgollowing
themedianin sortedorderin time O(n + klog k).

Answer: True. Find the medianandthe partitionaboutit to obtainall the elementgyreater
thanit. Now find the kth largestelementin this setandpartition aboutit andobtainall the
elementdessthanit. Outputthesortedist of thefinal setof elementsClearly, thisoperation
costsO(n + klgk) time.

(16) T F ConsideragraphG = (V, E) with aweightw, > 0 definedfor everyedgee € E. If
aspanningreeT’ minimizes) . w. thenit alsominimizes)_, , w?, andvice versa.

Answer: True.Only therelative orderof theweightsmatter theactualweightsdo notmatter
for theMST. And asif w(e;) < w(ey), then(w(er))? < (w(ey))?, theresultholds.

(17) T F Thebreadthfirst searchalgorithmmakesuseof a stack.

Answer: False.BFSusesaqueue.

(18) T F Intheworstcasememesortrunsin O(n?) time.

Answer: True.Mergesortrunsin O(nlgn) time whichis O(n?).

(19) T F A heapcanbe constructedrom anunorderedarrayof numbersn linearworst-case
time.
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(20)

(21)

(22)

(23)

(24)

(25)

(26)

Answer: True. A heapcanalways be constructedn O(n) time usingthe BUILD-HEAP
procedure.

T F No adwersarycanelicit the ©(n?) worst-caseunningtime of randomizedjuicksort.
Answer: True. No adwersaryhascontrol over which randomnumbersthe algorithmwill
use,andno adwersarycandeterminewvhich randomnumberghe algorithmwill use.There-

fore, althoughit is true that RANDOMIZED-QUICKSORT runsin ©(n?) time in the worst
caseno adwersarycanforcethis behaior.

T F Radixsortrequiresan“in place”auxiliary sortin orderto work properly

Answer: False.Radixsortneedsa stablesortingalgorithm.

T F Alongestpathin adagG = (V, E) canbefoundin O(V + E) time.

Answer: True

T F The Bellman-Ford algorithmis not suitableif the input graphhasnegative-weight
edges.

Answer: False.BellmanFord is usedwhentherearenegative weightedgesijt's Dijkstra’s
algorithmthatcannotbe used.

T F Memoizationis the basisfor a top-dovn alternatve to the usualbottom-upversion
of dynamicprogramming.

Answer: True

T F Givenaweighted,directedgraphG = (V, E) with no negative-weightcycles, the
shortestpath betweenevery pair of verticesu,v € V canbe determinedn O(V?) worst-
casetime.

Answer: True.Floyd-Warshalls algorithmperformsexactly thisin O(V?) time.
T F For hashinganitem into a hashtablein which collisionsareresolhed by chaining,
theworst-caseime is proportionalto theloadfactorof thetable.

Answer: False. Even with a low load factor(say%) in the worst caseyou cangetall n
elementgo hashto the sameslot
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(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

T F A red-blacktreeon 128 keys musthave atleastl rednode.

Answer: True

T F The move-to-frontheuristicfor self-olganizinglists runs no more than a constant
factorslower thanary otherreoiganizationstrateyy.

Answer: True. In recitationwe’ve seenthat it’s 4-competitive, which meansthat the best

algorithmthatcanexist (“God’s algorithm”) could only do betterby afactorof 4.

T F Depth-firstsearchof agraphis asymptoticallyfasterthanbreadth-firssearch.

Answer: False.They bothrunin time ©(V + E).

T F Dijkstra’salgorithmis anexampleof agreedyalgorithm.Answer: True

T F Fibonacciheapsanbeusedto make Dijkstra’salgorithmrunin O(E+ V' 1g V) time
onagraphG = (V, E).

Answer: True

T F TheFloyd-Warshallalgorithmsolvesthe all-pairs shortest-pathproblemusing dy-
namicprogramming.

Answer: True

T F A maximummatchingin a bipartitegraphcanbe found usinga maximum-flav al-
gorithm.

Answer: True.We've seerthisin recitation.

T F Forary directedacgyclic graph,thereis only onetopologicalorderingof thevertices.
Answer: False.Consideragraphwith two verticesandno edges Eitherorderis atopologi-
cal ordering.

T F If someof theedgeweightsin agrapharenegative,the shortespathfrom s to ¢ can
beobtainedusingDijkstra’salgorithmby first addingalargeconstantC' to eachedgeweight,
whereC is chosenarge enoughthatevery resultingedgeweightwill be nonneatie.
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Answer: False.Considetthefollowing figure. The shortespathfrom s to ¢t goesthroughv.
But if we add?2 to eachedge,sothatwe make the costsnonnegative, the edgefrom s to ¢
becomes shorterpath.

_ O
%

(36) T F If all edgecapacitiesn a graphareinteger multiplesof 5 thenthe maximumflow
valueis amultiple of 5.

Answer: True. Considerthe minimum cut. It is madeup of edgeswith capacitieghatare
multiplesof 5, sothe capacityof the cut (sumof capacitiesof edgesin the cut) mustbe a
multiple of 5. By the maxflov-mincuttheoremthe maximumflow hasthe samevalue.

(37) T F Forary graphG with edgecapacitiesandverticess andt, therealways exists an
edgesuchthatincreasinghe capacityon thatedgewill increasehe maximumflow from s
tot in G. (Assumethatthereis atleastonepathin the graphfrom s to ¢.)

Answer: False. Theremay be morethanone minimum cut. For example,considerthe
following graph.Thereis no singleedgeyou canincreaseo increaseheflow.

C 1 C 1 C
(38) T F Heapsortquicksortandmemgesoriareall asymmptoticallyoptimal,stablecomparison-
basedsortalgorithms.

Answer: False

(39) T F If eachoperationonadatastructurerunsin O(1) amortizedime, thenn consecuire
operationsunin O(n) timein theworstcase.

Answer: True. Recallthatamortizedanalysisdoesnotmake any assumptiongaboutthepos-
sibledistribution of inputs(thatis, it doesnt take into accountwhathappenson average”)

(40) T F A graphalgorithmwith ©(F log V') runningtime is asymptoticallybetterthan an
algorithmwith a©(FE log F) runningtime for aconnectedundirectedgraphG(V, E).

Answer: False. Comparelog V' andlog E. We know that E < V2/2 (one edgefor each
pair of vertices),which meanslog E < 2logV. Thatfactorof 2 won'’t do us ary good
asymptotically
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(41)

(42)

(43)

(44)

(45)

(46)

T F In O(V + E) time a matchingin a bipartite graphG = (V, E) canbe testedto
determinef it is maximum.

Answer: True: useDFSto determinehereis anaugmentingpathin the correspondinglow
graph,which canbedonein lineartime

T F nintegerseachof valuelessthann!? canbesortedin lineartime.

Answer: True.Useradix sort,for example
T F For ary network andany maximalflow on this network therealwaysexistsanedge
suchthatincreasinghe capacityon thatedgewill increasehe network’s maximalflow.

Answer: False.Theremaybetwo min-cuts,with theedgein questiorincreasinghecapacity
of only one of them. The otheronewill remainasit is, preventing the max-flov from
increasingary further

T F If thedepth-firstsearclof agraphG yieldsnobackedgesthenthegraphG is agyclic.

Answer: True

T F Insertionin a binary searchtreeis “commutatve”. Thatis, insertingz andtheny
into abinarysearchireeleavesthe sametreeasinsertingy andthenz.

Answer: False.Considerinsertingz, y in anemptybinarysearchreeto seewhy.

T F A heapwith n elementxanbe convertedinto abinarysearchreein O(n) time.
Answer: False.Building aheaptakesO(n) time. If we couldcorvertthatheapinto abinary
searchtreein O(n) time,thenwe could performaninorder tree walk (which we know takes

O(n) time) andthussortn elementdn atotal of O(n) time. This contradictsthe fact that
ary comparison-basesbrtingalgorithmtakes(n log n) time to sortn elements



