PhD Qualifying Exam, Algorithms: Spring 2001
Choosehreeproblemsfrom thefirst easy group,andtwo from the hard group. You should answer FIVE
guestionstotal.

Easy
1. Giveadefinitionanddraw agraphto illustrateeachof thefollowing.

O(f()
o(f(m)
Q(f(m)

2. Give Big-O valuesfor Quicksort,Mergesort,HeapsortandInsertionSort. Be carefulwith Quicksort—
you mightwantto mentionaverageandworstcasevaluesfor this.

3. Why would we preferusinga binarysearchreeto alinkedlist?

4. We've got aroad mapwith estimatedriving timesandthe total numberof miles for eachsegmentof
road. Whatalgorithmwould you useto determinegheway to getfrom onecity to anotherby driving the
leastnumberof miles?Whatalgorithmwould you useto minimizetotal driving time?

5. We have five differentblocks(all the samesize,but differentcolors). How mary differentwayscanwe
stacktheminto atower 5 blockstall?

6. Hashtablesareusedin mary programsto improve computationatompleity. Describean application
which commonlyutilizesa hashtable,andexplain how the hashtableimprovesperformance.

7. Give anexampleof a problemfor which dynamicprogrammings appropriateandsketchpseudocode
for the problem.

8. We're in Las Vegas, using a slot machine. It hasthreewheels,eachwith 8 differentvalues(Elvis,
Horseshoe?, Dollar Sign,Hearts,Clubs,SpadesDiamonds).The machinetakesonequarter andpays
outonequarterf two of thevaluesmatch,andonedollarif all threematch.Whataretheoddsthatwe’'ll
getaquarterback?Whatarethe oddsthatwe’ll geta dollar back?

Hard

1. Let P, P,,...P, ben programgo be storedon a singledisk. ProgramP, requiress kilobytesof storage,
andthe capacityof the disk is D kilobytes,whereD < ¥ ;5. We wantto maximizethe numberof
programsheld on the disk; give an optimal greedyalgorithmto do this, andprove thatthe algorithmis
correct.

2. Arbitrageis the useof discrepancief curreny exchangeratesto trasnsformoneunit of curreng into
morethanoneunit of the samecurreng. For example,supposehat1 US dollar buys0.7 British pound,
1 British poundbuys 9.5 Frenchfrancs,and 1 Frenchfranc buys 0.16 US dollars. Then,by corverting
currenciesatradercanstartwith 1 US dollarandbuy 0.7 x 9.5 x 0.16= 1.064 US dollars,thusturning
aprofit of 6.4 percent.

Supposehatwe aregivenn currencegs, cy,...Ch, andann x n tableR of exchangerates,suchthatone
unit of curreny ¢; buysR]i, j] unitsof curreng c;.

Give anefficientalgorithmto determinewvhetheror notthereexistsa sequencef currenciess, , Ci,, ...Ci,
suchthatthe sequenceallows anincreasen value.



3. Supposave have n people,andsomeof thesepeopledislike eachother We needto gatherthemat a
rounddinnertable,and cannotplacetwo peoplewho dislike eachotherin adjacentseats.Describean
algorithmthatwill find a seatingplan,or will statethatno suchplanis possible.Prove thatthis problem
is NP complete.



