
Masters Exam, Algorithms: Fall 2000
Answera totalof four problems,two from theeasygroup,andtwo from thehardgroup.

Easy

1. Describeasituationin whichheapsortwouldbefasterthanarelatively simpleimplementationof quick-
sort.Why do peopleusuallyusequicksortanyway?

2. Givea definitionanddraw a graphto illustrateeachof thefollowing.
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3. How many differentorderscanwe placethelettersA, B, C, D, andE in?

4. Whatis thecomplexity of asortingalgorithmthatobtainsaresultby insertingeachelementatthecorrect
locationin a linkedlist?

Hard

1. Assumewe have a directedgraphwith no cycles. Sketchpseudocodeto find the longestpaththrough
thisgraph.

2. TheFord-Fulkersonalgorithmmayperformpoorly on somegraphs;theEdmonds-Karpalgorithmfixes
thisproblem.Show a graphwhereFF performspoorly, andexplainwhathappens.

3. Wehaveasetof tasks,andasetof employees.Eachemployeecanhandleafew tasks,but notnecessarily
all of them.Eachemployeecanbeassignedoneandonly onetask,andeachtaskrequiresoneandonly
oneemployee. How would we determineanassignmentof employeesto taskssuchthatwe handlethe
maximumnumberof taskspossible?It is sufficient to explain how to applya well known algorithmto
thisproblem.

4. Supposewe have a cookiemaking factorythat makessquarecookies. We first bake onesingle large
cookiein a rectangularpan,andthenmake the individual cookiesby cuttingapartthe largecookie. It
costsusk2 to makea slicek unitslong,andwe have to sliceall thewayacrossthecookiewith eachcut.
For example,the3 by 2 cookiein thefigurebelow canbeslicedwith onelongsliceandfour shortslices
(totalcost32 � 12 � 12 � 12 � 12 � 13)or with two mediumlengthslices,andthreeshortones(totalcost
22 � 22 � 12 � 12 � 12 � 11). Describean algorithmto determinethe optimal (minimum cost)way to
sliceanm by n cookie,andexplainwhy it’soptimal.
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Figure1: A 2 by 3 cookiecanbeslicedin differentways.Thefirst wayhasa total costof 13,while thesecond
wayhasa total costof 11.
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