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

Easy

1. Givea definitionanddraw a graphto illustrateeachof thefollowing.
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2. We’re in Las Vegas,using a slot machine. It hasthreewheels,eachwith 8 different values(Elvis,
Horseshoe,7, Dollar Sign,Hearts,Clubs,Spades,Diamonds).Themachinetakesonequarter, andpays
outonequarterif two of thevaluesmatch,andonedollar if all threematch.Whataretheoddsthatwe’ll
getaquarterback?Whataretheoddsthatwe’ll geta dollarback?

3. We implementa simplelinked list, in which we appendat theendof the list. To performtheappend,
we traversethelist to find thelastelement,thenattachthevalue.What is thecomplexity of insertingn
variables,andhow canwe improvethis?

4. GivetheBig-O for goodimplementationsof algorithmson thesecommonproblems.

� Insertof anelementinto abalancedbinarytree.
� Breadth-firstsearchof a graph.
� Sortinganarrayof n integers.

Hard

1. Sketch pseudocodefor Dijkstra’s shortestpath algorithm. Be sureto stateclearly what sort of data
structuresyouuse.How is Dijkstra’salgorithmdifferentfrom ordinarybreadthfirst search?

2. Sketchpseudocodefor Prim’sor Kruskal’sspanningtreealgorithm.Statewhichoneyou’reusing.

3. Elvis hasreturnedfrom thegrave,andis planningatour. Hewantsto playaconcertat thecapitalof each
state,andheabsolutelywantsto spendtheleastamountof timepossibletravelling. Hehasaskedyou to
planthetour;whatdoyou tell him? (Yes,thereis anappropriatecomputer-sciencerelatedanswer.)

4. 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.

5. We havea smallgift for Don Knuthon hisbirthday. Unwrappinga box is fun; unwrappinga box inside
a box is evenmorefun. If wehave a varietyof boxes,describeanalgorithmto maximizethenumberof
boxesweuseto wrapthepresent.

For example,if wehave3x3x3, 4x7x8, and6x2x6 boxes,wecanplacethe3x3x3 box into the4x7x8 box,
andusetwo boxesto wrapthepresent.Thealgorithmshouldwork for anarbitrarynumberof boxes,find
themaximumnumberof boxes,andbereasonablyefficient. A boxwill fit into anotherboxif at leastone
of thethreedimensionsis larger;you canrotateandturnboxesany way youwantto.
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