Master s Exam, Algorithms: Spring 2000

Answeratotal of four problemstwo from the easygroup,andtwo from the hardgroup.

Easy

1. Giveadefinitionanddraw a graphto illustrateeachof thefollowing.

* O(f(m)
* O(f(n)
e O(f(m)

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

getaquarterback?Whatarethe oddsthatwe’ll geta dollar back?

. We implementa simplelinkedlist, in which we appendat the endof thelist. To performthe append,
we traversethelist to find the lastelementthenattachthe value. Whatis the compleity of insertingn
variablesandhow canwe improvethis?

. GivetheBig-O for goodimplementation®f algorithmson thesecommonproblems.

¢ Insertof anelementinto abalancedinarytree.
e Breadth-firssearctof agraph.
e Sortinganarrayof nintegers.

Hard

. Sketch pseudocodédor Dijkstra’s shortestpath algorithm. Be sureto stateclearly what sort of data
structureyou use.How is Dijkstra’s algorithmdifferentfrom ordinarybreadtHfirst search?

. Sketchpseudocodéor Prim’s or Kruskal's spanningreealgorithm. Statewhich oneyou’re using.

. Elvis hasreturnedrom thegrave,andis planningatour. Hewantsto play aconcertatthecapitalof each
state andhe absolutelywantsto spendtheleastamountof time possibletravelling. He hasaskedyouto
planthetour; whatdoyoutell him? (Yes,thereis anappropriate&computerscienceelatedanswer)

. We havea setof tasks,andasetof emplo/ees.Eachemployeecanhandleafew tasks but notnecessarily
all of them. Eachemployeecanbe assignedneandonly onetask,andeachtaskrequiresoneandonly
oneemployee. How would we determinean assignmenof employeesto taskssuchthatwe handlethe
maximumnumberof taskspossible?lt is sufficient to explain how to apply a well known algorithmto
this problem.

. We have a smallgift for Don Knuth on his birthday Unwrappinga box s fun; unwrappinga box inside
aboxis evenmorefun. If we have avariety of boxes,describeanalgorithmto maximizethe numberof
boxeswe useto wrapthepresent.

For example,if we have 3x3x3, 4x7x8, and6x2x6 boxes,we canplacethe 3x3x3 boxinto the 4x7x8 box,
andusetwo boxesto wrapthepresentThealgorithmshouldwork for anarbitrarynumberof boxes, find
themaximumnumberof boxes,andbereasonablgfficient. A boxwill fit into anotheboxif atleastone
of thethreedimensionss larger;you canrotateandturn boxesary way you wantto.



