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NOTES

l. This is the QuestiOn Bookletin 3 pagcs including this front cove二

2. Do not open the booklct until you are instructed to start.

3.ARer sta■,check the nlllnbcr ofpages and notitt prOctors orOfCSSors)immediately ifyou nnd
ltnissing pages or unclear printings.

4. This booklet has 2 questions、、■itten in English.Solve all questiolls.

5, write your ans、vers in English,unless specincd otheぃwise.

6.Read care的1ly thc notcs on the Answer Shects as well.
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Q.l Let C=(んど)bC all undirected graph,where/dcnotes a set of vertices whose labels are
indexcd by intcgers(0,…・)″),andゴ dcnotcs a set of edges,Consider thc following pscudo code

ftlnction of a graph廿伊crsal algorithlal in(a),Where,,ブare indiccs of vcniccs,ソな'″Cプレl is an
clemcnt of an array2、〃hich statcs if thc corrcsponding vertex has bcen visitcd or not,all the

elements are initialized as false For a certain graph C′,abc(0)statting from vertex O has a

following ttace in(b).

abC(0)

a旋●)

Pseudo Code:

h/oid,あc(veieとidつ

setソなアrを班,]tO mα

for cach veiexブattacent tO the veiex,ulthe gaph

r17r s,ァタ竹]もfalse

めCの;
else

printて
(chcckブ"

prillt`7 done')

check 0
rabC(1)

cllcck 3

abCO)

chcck l

chcck 0

2 donc

check 0

l donc

ぅdonc

check 2

cllcck l

O  d o n c

(b)

1,l Draw the graph C′

1.2 Function αあc implements a、vell―known traversal algoritlllm.■alat is its name?
′ヽ1.3 Provide attaCency sets in▼
1古r thc follo、ving graph.Assunne that attaCCnt vcrticcs in eachl,4 Provide thc tracc ofabc(3)

attaCency Set are listed in ascending orde■

Q.2 1n computing,Sign―Magllitude,1's complcmcnt and 2's complement are used to represcnt

positivc/ncgativc n― bers in binatt numbcr systems.

2.l Conh/crt htto decilnai numbcrs 26 and-117 to binatt using 8-bit Sign― Magnitudc, 1's

colnplement and 2's complement representrations,respectivcly.

2.2 油hat disadvantagcs docs Sign‐Magnittde representation havc?恥 hat is tte advantagc of 2's

colnplcmcnt rcprcscntation ovcr l's complement?

WVhat is the procedure for converしing a decimal numbcrto 2's complement representation

using l's complcmcnt?

Providc another idea of converling a decimal numbcr to 2's colnplement representation

without using l's complement.Plcase use-117 as all cxample.

2.3

2.4
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Q・ l  The entropy of a random variableあ ζ taking values il■a flnite set,V is a functiOn Of

the probabilities{P(ズ =密 ),密 Cχ },deined as r(ズ ):=_Σ ″cχ P(ズ
=何 )10g P(X=

り ヽヽ拓e COnttder in the fol10wing such a nnite set χ as well as two random vattablesズ、y
taking values in that set.

l Describe in one sentence what the entrOpyガ (ズ)meaSures,Provide examples of
randOn■ variables、ハrith lo、A′and high entropy

2.What is the deinitiOn of the cOnditional entropy Fr(Xly)?ProVidC a formilla th筑

u s e s  t h e  c o n d i t i O n a l  p r o b a b i l i t i e s  P (ズ=露 l y = y ) a n d  p r O b a b i l i t i e s  P ( y =伊 ) f O r
露ぅ伊c χ Show thatガ (ズly)≧ o

3 ヽヽ拓e write rr(夕て,y)for the entropy of(ジて、y),the joint random vaHable formed町
ズ and y that takes values in the Flnite set ,7× ブY  PrOve the chain rule fOrmula

Fr(ズ)y)=あてズly)十Fr(y),

4. ソヽ tM′ice ditterentiable real―valued function deined oll an interval of I《 is convex if its

second order derivative is non― negative every覇 /1lere On that interv胡, Prove that the

functiOnメdeined asメ(z)=-10g(密)fOr露∈(0,α〕おCOnvex.

5. Given a convex functiOn r and a real一valued randolll variableし「taking values in the
dolllain ofメラwe write lE[メ(y)l fOr the expectation ofメ(y). Vヽhat is the inequality
between Etメ(y)l andメ(Etyl)that」ensen's inequality provides?

6.PrOtt that the mutualinforlllation r(ズ ly):=Fr(ヌ )十〃 (y)_″ (ズ,y)iS Syml・・etric

and llon―negative. ん々竹サ! you l■lay use your al■s、verS to questions 4 and 5

7.Prove thatあくχぅy)≧2 111in(〃(ズ),F/(y))andガ(X,y)≦21a■ax(ゴ(ズ),ガ(y))

Suppose nOw that y is a deterministic Function ofズ ぅy=θ (X),Where g!χ → χゃ

2生nsM′er the questions beloMらeither、vith al■exalnple or a proof that nO such exainples cal■

exist.

8.Ca■ you and an example of a functiOn g such that Fr(y)≦ 〃 (ズ)?

9.Can you ind an example Of a fLlnction g such that Fr(y)=Fr(ズ )?

10 Can you ind a■example of a fllncjOn 9 such that Fr(y)>ぬくズ)7

Q.2 Given a source taking values randomly(independentlyぅ identically distributed)in

a IInite alphabet, HuIFl■lan proposed a lossiess colllpression algorithl■l in 1952-―k■0覇/n

as HuFlllal■coding一一、ハ/hich creates a variable length preflx cOde for the symbols ill that

alphabet.

l What is the deinitiOn of a variable― length preix code?

2 ヽ 「ヽhich Of the f0110、 ving sets Of cOdew′ Ords cOuld be the Hurlllan code fOr sOl■ e 4

symb01 source alphabet?」ustitt your answer`

( a ) 0 1 , 1 0 , 0 0ラ1 1 1 ;

( b ) 0ぅ1 0 , 1 1 0 , 1 1 1 ;

( C ) 1 , 0 1 , 1 0 , 0 0 1 ;

(d)0, 110, 111, 101.
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