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NOTES

l.ThisistheQuestionBookletin3pagesincludingthisfiontcover.

2．Donotopenthebookletuntilyouareinstructedtostart.

3．Afierstart,checkthenumberofpagesandnotifyproctors(professors)immediatelyifyoufind

missingpagesorunclearprintings.

4. Thisbooklethas2questionswritteninEnglish.Solveallquestions.

5．WriteyouranswersinEnglish,unlessspecifiedotherwise、

6． ReadcarefilllythenotesontheAnswerSheetsaswell.
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Q､1 Answerthefbllowingquestions.

1.1Giventwosequencesoflength",writepseudocodeofanO("2)-timealgorithmtofinda

longestcommonsubsequence.Notethatasubsequencedoesnotnecessarilyhavetobe

contiguous.Forexample,ifX､A,B,C,B,D,A,B)andy=(B,D,C,A,B,A,B),the

sequence(B,C,A)isacommon(butnotlongest)subsequenceofXandy.

1．2Givenasequenceofpermutedmtegers廿omlto",writepseudocodeofanO("1(

algorithmtoiindthelengthofthelongestmonotonicallyincreasingsubsequence.

lto",writepseudocodeofanO("log")-time

Q・2Givecontext-fiPeegrammarsthatgeneratethefOllowinglanguages. Inallparts,the

alphabet(tem血alcharacterset)is{0,1}.

2.1 {"I"containsatleastthreels}

2.2{"lthelengthof"isoddanditsmddlesymbolisaO}

2.3 ｛の|の＝のR,whereRdenoteswritingbackwards,thatis,"isapalindrome}
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Q､1 1nagameoftwoplayers,Aliceistryingtoguessasecret4-bitnumberchosenbyBob.
Ancegetsinfbrmationaboutthesecretnumberbyproposinga4-bitnumber・Bobrepliesby
mdicatinghowmanylsintheproposednumberareinthesamepositionasinthesecretnumberb
Ibrexample,ifBobchosethe4-bitsecretnumberlllOandAliceproposesllOO,shewillgetthe

l巳ply@crwoIs伽COr花αposi"o"''fiPomBob.IfAlicethenproposesO100,shewillgetthereply
c@oFzeI加CO"窓αpos"io"j'AndfbrlllO,shewillgetthereply"肋花eIs腕COr形αpos"わ"･99

l.1WhenAliceproposesthenumbern,letusdenotewithXhthenumberoflsinthesame

positionasinthesecretnumberblfweassumethatBobchoosesthesecretnumber

accordingtoaunifbnndistribution,theneachXincanbeseenasarandomvariableandwe

cancomputeitsentropy.TY1eentropyofX1111isH(Xilll)-2.025.Computetheentropyof

XOooo,Xio,0,X1100andXillo.(Ybucanusetheapproximation:/og23-1.19.)

1.2WhatisthemumalinfbnnationofXio1oandXmo1？Whatistheconditionalentropyof
XilooglvenX10oo？WhatisthemumalinfbrmationofXioooandX1100？

l.3Usingtheresultofquestionl.1,provethatanystrategyfbrfindingBob'snumbercorrectly
willrequireAlicetoproposeatleastthreenumbersintheworstcase.

l.4ItisacmallypossiblefbrAlicetoalwaysconectlyguessBob'snumberusingatmostthl℃e
propositions.OnepossiblestrategyistoalwaysproposethenumberslllO,1001andOO11.

IffOragivensecretnumbeI;wehaveXillo=1,Xioo1=0andXbo11=1,whatisthesecret
number？

l.5Accordingtoquestionl.1,pmposingllllgivesthemostinfbrmationonaveragetoAlice

(i､e､H(Xilll)hasthehighestvalue).Howeveritcanbeproventhatnooptimalstrategyfbr

Aliceinvolveproposingllll(i.e. ifAliceproposesllll,shewillstillneedtomakethee

additionalpropositionstofindthecorrectnumberintheworsecase).Explainhowthis
seeminglyparadoxicalsituationcanhappen,intennsoflnformationTheoryandMutual
Inmnnation？

Q､2MinisterXclaimsthathispoliciesfOrpreventingmotorbikeaccidentscausedbyyoung

driversaresuccessfUl:thenumberofyoungdriverscausingmotorbikeaccidentshashalved.His

politicalopponent,Mr.Y;aIguesontheotherhandthattheproportionofmotorbikeaccidents

thatarecausedbyyoungdIivershasincreasedfrom20%to40%.

2.1ExplainbrieHywhyMinisterX'sandMmY'sassertionsdonotcontradictwitheachotheI:

2.2Aoistheinitialtotalnumberofaccidents(withbothyoungandolddrivers),andA1 isthe

totalnumberofaccidentsafterMinisterX'spolicies.ExpressA, intermsofAo.
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