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True-false questions

(1) T F Thebest case runningtime for INSERTION SORT to sortan � elementarrayis
��� ��� .

Answer: True

(2) T F By the mastertheorem,the solution to the recurrence� � �����
	 � � ���	������������ is� � ������� � ����������� .
Answer: False

(3) T F Givenany binary tree,we canprint its elementsin sortedorderin
��� ��� time by per-

forminganinordertreewalk.

Answer: True. For eachnodein the treewe will becalling INORDER-TREE-WALK recur-
sively exactly twice (oncefor theleft subtreeandoncefor theright subtree).

(4) T F Computingthemedianof � elementstakes � � ����������� timefor any algorithmworking
in thecomparison-basedmodel.

Answer: False

(5) T F Everybinarysearchtreeon � nodeshasheight
��� ��������� .

Answer: False

(6) T F Givena graph � � � ��!#" � with coston edgesanda set $&% �
, let

�(')!#* � beanedge
suchthat

�(')!#* � is theminimumcostedgebetweenany vertex in $ andany vertex in
�,+ $ .

Then,theminimumspanningtreeof � mustincludetheedge
�-'.!/* � . (You mayassumethe

costson all edgesaredistinct,if needed.)

Answer: True

(7) T F Computing0�1 takesexponentialtime in � , for � -bit integers0 and 2 .
Answer: True(Outputsizeis exponentialin � ).
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(8) T F Thereexists a datastructureto maintaina dynamicsetwith operationsInsert(x,S),
Delete(x,S),andMember?(x,S)thathasanexpectedrunningtimeof

�3�54 � peroperation.

Answer: True.Useahashtable.

(9) T F Thetotalamortizedcostof asequenceof � operations(i.e.,thesumoverall operations,
of the amortizedcost per operation)gives a lower boundon the total actualcost of the
sequence.

Answer: False.Thisonly givesanupperboundon theactualcost.

(10) T F The figure below describesa flow assignmentin a flow network. The notation 0 � 2
describes0 unitsof flow in anedgeof capacity2 .
Trueor False:Thefollowing flow is amaximalflow.
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Answer: True.Theflow pushes8 unitsandthecut X V ! 0 ! WZY vs. X[2 ! U ! L Y hascapacity8. The
cut mustbemaximumby theMax-Flow Min-cut theorem.

(11) T F Let � � � ��!\" � bea weightedgraphandlet ] bea minimumspanningtreeof � .
Thepathin ] betweenany pair of vertices

*S^
and

*[_
mustbeashortestpathin � .

Answer: False.Considerthegraphin which
� � X[0 ! 2 ! W`Y andtheedgesare

� 0 ! 2 � !`� 2 ! Wa� !`� W ! 0 � .
Theweightof theedgesare3,3and4 respectively. TheMST is clearly

� 0 ! 2 � !`� 2 ! Wa� . However
theshortestpathbetween0 and W is of cost4 not6 asseenfrom theMST.

(12) T F �������b� ��� � _ �
Answer: True.Clearly �������dc8� _

.
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(13) T F Let e bea shortestpathfrom somevertex V to someothervertex
L

in a graph.If the
weightof eachedgein thegraphis increasedby one, e remainsa shortestpathfrom V to

L
.

Answer: FalseConsiderthegraph� � � ��!#" � where
� � X[0 ! 2 ! WZY and

" � X � 0 ! 2 � !`� 2 ! Wa� !`� 0 ! Wf�gY .
Let theweight of the edgesbe h � 0 ! 2 �i� 4�! h � 2 ! Wf�i� 4�! h � 0 ! Wa���>Qkj T . The shortestpath
from 0 to W is 0 –2 –W . However if theweightsareincreasedby 1, thenew shortestpathis 0 –W .

(14) T F Supposewearegiven � intervals
� l�mn!/'om � for p � 4�!rqZqZqs! � andwewould like to find a

set $ of non-overlappingintervalsmaximizing t m�urv h m
, where h m

representstheweightof
interval

�(l�mG!#'wm � . Considerthefollowing greedyalgorithm. Select(in theset $ ) theinterval,
say

� l�mx!#'wm � of maximumweight h m
, removeall intervalsthatoverlapwith

� l�mx!#'wm � andrepeat.
Thisalgorithmalwaysprovidesanoptimumsolutionto this interval selectionproblem.

Answer: False.Considerthefollowing 3 intervals(1,10),(2,5)and(6,9)with weights10,6
and6. Theabovegreedystrategy wouldchoosetheintervals X �54�!r4

P Y whichhastotalweight
10while theoptimalsetof intervalsis X � Q ! T � !`� N !\y �\Y whichhastotalweight12.

(15) T F Givena setof � elements,onecanoutputin sortedorderthe z elementsfollowing
themedianin sortedorderin time

��� �{� z ����� z � .
Answer: True. Find themedianandthepartitionaboutit to obtainall theelementsgreater
thanit. Now find the z th largestelementin this setandpartitionaboutit andobtainall the
elementslessthanit. Outputthesortedlist of thefinal setof elements.Clearly, thisoperation
costs

��� �{� z ��� z � time.

(16) T F Consideragraph � � �x��!\" � with aweight h}|�~ P definedfor everyedge��� "
. If

aspanningtree � minimizes t | uf� h}| thenit alsominimizes t | ur� h _| , andviceversa.

Answer: True.Only therelativeorderof theweightsmatter, theactualweightsdonotmatter
for theMST. And asif h � � ^ ��c h � � _ � , then

� h � � ^ �/� _ c � h � � _ ��� _ , theresultholds.

(17) T F Thebreadthfirst searchalgorithmmakesuseof astack.

Answer: False.BFSusesaqueue.

(18) T F In theworstcase,mergesortrunsin
��� � _ � time.

Answer: True.Mergesortrunsin
�3� ��������� timewhich is

�3� � _ � .
(19) T F A heapcanbeconstructedfrom anunorderedarrayof numbersin linearworst-case

time.
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Answer: True. A heapcan always be constructedin
�3� ��� time using the BUILD-HEAP

procedure.

(20) T F No adversarycanelicit the � � � _ � worst-caserunningtimeof randomizedquicksort.

Answer: True. No adversaryhascontrol over which randomnumbersthealgorithmwill
use,andno adversarycandeterminewhich randomnumbersthealgorithmwill use.There-
fore, althoughit is true that RANDOMIZED-QUICKSORT runs in � � � _ � time in the worst
case,no adversarycanforcethis behavior.

(21) T F Radixsortrequiresan“in place”auxiliarysort in orderto work properly.

Answer: False.Radixsortneedsastablesortingalgorithm.

(22) T F A longestpathin adag � � �x��!\" � canbefoundin
���x� � " � time.

Answer: True

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

Answer: False.BellmanFord is usedwhentherearenegative weightedges,it’ s Dijkstra’s
algorithmthatcannotbeused.

(24) T F Memoizationis the basisfor a top-down alternative to the usualbottom-upversion
of dynamicprogramming.

Answer: True

(25) T F Given a weighted,directedgraph � � �x��!\" � with no negative-weightcycles,the
shortestpathbetweenevery pair of vertices

')!#* � �
canbe determinedin

���x�i� � worst-
casetime.

Answer: True.Floyd-Warshall’salgorithmperformsexactly this in
�3�x�i� � time.

(26) T F For hashingan item into a hashtablein which collisionsareresolvedby chaining,
theworst-casetime is proportionalto theloadfactorof thetable.

Answer: False. Even with a low load factor (say
^_ ) in the worst caseyou canget all �

elementsto hashto thesameslot
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(27) T F A red-blacktreeon
4 Q� keysmusthaveat least

4
rednode.

Answer: True

(28) T F The move-to-frontheuristicfor self-organizinglists runs no more than a constant
factorslower thanany otherreorganizationstrategy.

Answer: True. In recitationwe’ve seenthat it’ s 4-competitive, which meansthat the best
algorithmthatcanexist (“God’s algorithm”)couldonly dobetterby a factorof R .

(29) T F Depth-firstsearchof agraphis asymptoticallyfasterthanbreadth-firstsearch.

Answer: False.They bothrun in time � �x� � " � .
(30) T F Dijkstra’salgorithmis anexampleof agreedyalgorithm.Answer: True

(31) T F Fibonacciheapscanbeusedto makeDijkstra’salgorithmrunin
�3�(" � � ��� � � time

ona graph� � �x��!\" � .
Answer: True

(32) T F TheFloyd-Warshallalgorithmsolvestheall-pairsshortest-pathsproblemusingdy-
namicprogramming.

Answer: True

(33) T F A maximummatchingin a bipartitegraphcanbe foundusinga maximum-flow al-
gorithm.

Answer: True.We’veseenthis in recitation.

(34) T F For any directedacyclic graph,thereis only onetopologicalorderingof thevertices.

Answer: False.Consideragraphwith two verticesandnoedges.Eitherorderis a topologi-
cal ordering.

(35) T F If someof theedgeweightsin agrapharenegative,theshortestpathfrom V to
L

can
beobtainedusingDijkstra’salgorithmby first addingalargeconstant� to eachedgeweight,
where� is chosenlargeenoughthatevery resultingedgeweightwill benonnegative.
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Answer: False.Considerthefollowing figure.Theshortestpathfrom V to
L

goesthrough
*
.

But if we add2 to eachedge,so thatwe make the costsnonnegative, theedgefrom V to
L

becomesa shorterpath.

s

-2 -1

t
-2

v

(36) T F If all edgecapacitiesin a graphareinteger multiplesof 5 thenthe maximumflow
valueis a multipleof 5.

Answer: True. Considertheminimum cut. It is madeup of edgeswith capacitiesthatare
multiplesof 5, so the capacityof the cut (sumof capacitiesof edgesin thecut) mustbe a
multipleof 5. By themaxflow-mincuttheorem,themaximumflow hasthesamevalue.

(37) T F For any graph � with edgecapacitiesandvertices V and
L
, therealwaysexists an

edgesuchthat increasingthecapacityon thatedgewill increasethemaximumflow from V
to

L
in � . (Assumethatthereis at leastonepathin thegraphfrom V to

L
.)

Answer: False. Theremay be more thanoneminimum cut. For example,considerthe
following graph.Thereis nosingleedgeyou canincreaseto increasetheflow.

s t
1 1

(38) T F Heapsort,quicksort,andmergesortareall asymmptoticallyoptimal,stablecomparison-
basedsortalgorithms.

Answer: False

(39) T F If eachoperationonadatastructurerunsin O(1)amortizedtime,then � consecutive
operationsrun in

��� ��� time in theworstcase.

Answer: True.Recallthatamortizedanalysisdoesnotmakeany assumptionsaboutthepos-
sibledistributionof inputs(thatis, it doesn’t take into accountwhathappens“on average”)

(40) T F A graphalgorithmwith � �(" ����� � � running time is asymptoticallybetterthan an
algorithmwith a � �(" ����� " � runningtime for aconnected,undirectedgraph� � ��!\" � .
Answer: False. Compare����� �

and ����� "
. We know that

" c � _ �Q (oneedgefor each
pair of vertices),which means����� " c�Q������ �

. That factorof Q won’t do us any good
asymptotically
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(41) T F In
�3�x� � " � time a matchingin a bipartite graph � � �x��!\" � can be testedto

determineif it is maximum.

Answer: True:useDFSto determinethereis anaugmentingpathin thecorrespondingflow
graph,whichcanbedonein lineartime

(42) T F � integerseachof valuelessthan � ^(�n�
canbesortedin lineartime.

Answer: True.Useradixsort,for example

(43) T F For any network andany maximalflow on this network therealwaysexistsanedge
suchthatincreasingthecapacityon thatedgewill increasethenetwork’smaximalflow.

Answer: False.Theremaybetwo min-cuts,with theedgein questionincreasingthecapacity
of only one of them. The other one will remainas it is, preventing the max-flow from
increasingany further

(44) T F If thedepth-firstsearchof agraph� yieldsnobackedges,thenthegraph� isacyclic.

Answer: True

(45) T F Insertionin a binary searchtree is “commutative”. That is, inserting � andthen �
into abinarysearchtreeleavesthesametreeasinserting� andthen � .

Answer: False.Considerinserting� , � in anemptybinarysearchtreeto seewhy.

(46) T F A heapwith � elementscanbeconvertedinto abinarysearchtreein
��� ��� time.

Answer: False.Building aheaptakes
�3� ��� time. If wecouldconvert thatheapinto abinary

searchtreein
�3� ��� time,thenwecouldperformaninorder tree walk (whichweknow takes��� ��� time) andthussort � elementsin a total of

��� ��� time. This contradictsthe fact that
any comparison-basedsortingalgorithmtakes � � ����������� time to sort � elements


