
Exam Questions

1. In themanufactureof computercircuit boards,it is common to haveamachinethatautomaticallysolders
wires to various points. This machine hasa spool of wire, andundercomputer control, movesto one
spoton thecircuit board andconnectsoneendof a wire; it thenmovesto anotherspotandattachesthe
otherendof thewire. Normally, therearethousandsof wiresthatneedto beconnected,sothemachine
hasa lot of work to do.

If themachinealwaysmovesat a constantspeed,is it possibleto changetheorderthatconnectionsare
madesothat it takestheminimumtime possibleto complete thewiring of a circuit board? Eithergive
anoptimal(polynomial time) algorithm for this,or explain why oneis notpossible.If it is not possible,
provideanalgorithm within at leasta constant factorof optimal.

2. Supposeyou have a setof train carson a trackthatsplits into a “Y,” asshown in thefigure. Designan
algorithm to rearrangethecarsfrom a random startingorder, into ananorder wherethey arearranged
by increasingnumber. Makeyouralgorithm asefficientasyoupossiblycan,minimizing theamount that
you move the train cars;your algorithm is allowedto useany polynomial time algorithm to determine
how thecarsshouldmove for “free.” What is thecomplexity of your algorithm for thecarmovement,
andfor thealgorithmsusedto determine how youshouldmove thecars?

3. Assumeyou have accessto flight costsbetweenall major cities, and have employeesin your com-
pany scatteredall over thecountry. Explain analgorithm to determine whatcity you shouldhold your
company-widemeetingin, if youwantto minimizetheexpensesof sendingeveryoneto thatcity.

4. Describeadynamic-programmingapproachtodeterminetheminimumnumber of coinsrequired tomake
changefor agiven amount (assumingthecoinshavearbitraryvalues; for example, 1,7,11,36,51,rather
thantheUS denominationsof 1, 5, 10,25). Thisalgorithm is “pseudopolynomial;” why?

5. Your company is building anairplane, andthereareseveralsubassembliesthatneedto beconstructed;
someof themmustbe completedbefore others canbegin. For example, attachment of wings takes3
days, but thatcannotbegin until boththewingsandthefuselagearecomplete.Designanalgorithm to
determine the earliestdatethat the airplanecanbe finished,assumingyou have enough employeesto
work onall partsat thesametime.

6. Optimizing compilers frequently rearrange the orders of someinstructions whengenerating machine
code. Why dothey do this?Doesthis change thebig-Ocomplexity of analgorithm?
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Figure1: Traincarsin anarbitrary startingorder (andtheremaybemorethanfour cars).Thisfigureis only to
illustratetheproblem,andyouranswershouldnotbespecificto this instance.
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