
PhD Qualifying Exam, Algorithms: Spring 2001
Choosethreeproblemsfrom thefirst easy group,andtwo from thehard group.You should answer FIVE

questions total.
Easy

1. Givea definitionanddraw a graphto illustrateeachof thefollowing.
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2. Give Big-O valuesfor Quicksort,Mergesort,Heapsort,andInsertionSort. Be carefulwith Quicksort–
youmightwantto mentionaverageandworstcasevaluesfor this.

3. Why would wepreferusinga binarysearchtreeto a linkedlist?

4. We’ve got a roadmapwith estimateddriving timesandthe total numberof miles for eachsegmentof
road.Whatalgorithmwould youuseto determinetheway to getfrom onecity to anotherby driving the
leastnumberof miles?Whatalgorithmwould youuseto minimizetotal driving time?

5. We have five differentblocks(all thesamesize,but differentcolors).How many differentwayscanwe
stacktheminto a tower5 blockstall?

6. Hashtablesareusedin many programsto improve computationalcomplexity. Describeanapplication
whichcommonlyutilizesahashtable,andexplainhow thehashtableimprovesperformance.

7. Give anexampleof a problemfor which dynamicprogrammingis appropriate,andsketchpseudocode
for theproblem.

8. 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?

Hard

1. Let P1 � P2 ������� Pn ben programsto bestoredon a singledisk. ProgramPi requiressi kilobytesof storage,
andthe capacityof the disk is D kilobytes,whereD 	 ∑n

i 
 1si. We want to maximizethe numberof
programsheldon thedisk; give anoptimalgreedyalgorithmto do this, andprove that thealgorithmis
correct.

2. Arbitrageis theuseof discrepanciesin currency exchangeratesto trasnsformoneunit of currency into
morethanoneunit of thesamecurrency. For example,supposethat1 US dollar buys0.7British pound,
1 British poundbuys9.5 Frenchfrancs,and1 Frenchfrancbuys0.16US dollars. Then,by converting
currencies,a tradercanstartwith 1 US dollarandbuy 0 � 7 � 9 � 5 � 0 � 16 � 1 � 064US dollars,thusturning
aprofit of 6.4percent.

Supposethatwe aregivenn currencesc1 � c2 ������� cn, andann � n tableR of exchangerates,suchthatone
unit of currency ci buysR 
 i � j � unitsof currency c j.

Giveanefficientalgorithmto determinewhetheror not thereexistsasequenceof currenciesci1 � ci2 ������� cik
suchthatthesequenceallowsanincreasein value.
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3. Supposewe have n people,andsomeof thesepeopledislike eachother. We needto gatherthemat a
rounddinnertable,andcannotplacetwo peoplewho dislike eachotherin adjacentseats.Describean
algorithmthatwill find aseatingplan,or will statethatno suchplanis possible.Provethatthisproblem
is NP complete.
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