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EEEIE Instructions

Z ORI, RBRBMARD G H D E THWTIER LR,

Do not open this question booklet before the starting signal.
M1, REEZ SO TR TE—Udh D,

This question booklet has 5 pages including a cover.

4D L 2MERRL TREST DT &,

There are 4 questions. Please answer any 2.

fREE, T RTHERIRORE SN EFTICRRAT 2 &,

All answers should be written on the answer sheets.

ZBRAE L, SHERRORRE SWETCSLTRAT L &,
Write down your examinee number in the box on each answer sheet.
R IERIE, 120 3 Ch D,

You have 120 minutes for this examination.

TEEIL, MERTorpzERTLZ L,

You may use the blank space in this question booklet for making notes

or calculations.
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I [ BXEEEA— Y b2 Formal Languages and Automata ]

TIT 7 Yk {a,-b,c} FDOEFE L, Ly 2 LTD K DILEDD,

Ly = {w]|w®DKE aa}
Ly = {w|wiXaa, bb, ccDENEIHFIE L TEHEE RN Y

PFOMICER &
Let Ly, Ly be the languages over the alphabet {a,b, ¢} given as follows:

Ly = {w]the end of w is aa}
L, = {w | w contains none of aa, bb and cc as a substring}

Answer the following questions.

(1) BFEL % AW 2 HRERAERA—F v (NFA) DREEZHE RE
Give the transition diagram of a non-deterministic finite automaton (NFA)
which recognizes the language L.

(2) BB LRI WERERA—b v/ (DFA) DREBER X Z R,
Give the transition diagram of a deterministic finite automaton (DFA) which
recognizes the language Lo.

Wz, ThWI77 X% {0,1}&956, ATORBIZEZ &,
Next, consider an alphabet {0,1}. Answer the following questions.

( 3) EHEHR 010)* U0 KE>TEXLNDEFER [, L T6. Bl Lz 2@
WY 5 NFA DRBEMB X Z R,
Let Ls be the language given by the regular expression (010)* U (011)*. Give
the transition diagram of an NFA which recognizes the language Ls.

(4) UTOESIEZ L NG EFE Ly % £5T 5 XIREBXE (CFG) 2 5 &,
Give a context-free grammar (CFG) Whlch generates the language Ly given as
below.

Ly = {0™"1w10" | n > 0,w € {0,1}*}

nﬂﬁ

=L, arida GTak R,

L tunes

Here, @ - - a is denoted by a™.
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[ 704553224 Programming ]
LT ORIZE %2 L, Answer the following questions.

(1) 10,000 KmOFTEEEERDD CEFFEO T vy T LEERE L,
TEHEILTOHRBHERABOEENF CHEIC 22 EEHTH
5, BIZIE, 6 OFHIT1,2,3,6 T, 1+2+3=62L72Y, 61F5%E
Hchs,

Write a C program to find perfect numbers less than 10,000.
A perfect number is a positive integer whose divisors, except the
number itself, sum to the equal value. For instance, the divisors of

6are 1,2, 3,6,and 1+ 2+ 3 =6, so 6 is a perfect number.

(2) 1,000 REDOHBIT, FHTOL N DBHNAIEK L kDA C EEE
D7 77T hEERAE L, FIZIE, 100 REEORET, FHo L In
W5 MERILAZ|EL, b, 53,59 LA,

Write a C program to find prime numbers less than 1,000 in which
5 appears somewhere in each digit. For instance, the prime
numbers less than 100 in which 5 appears somewhere in each digit

are b, 53 and 59.
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[ [ERIEZH Information Theory ]

D 2 STR{ER DOBERATS T2 -T2 TRINEEETS % b
0.5

TEEREZD, 0

1 0 ay 0.5 b,
B [o.s 0.5}

ARNTNT7_ob d={a,,a,}, HAT VT 7 vbB={b,b,}, &AL RO FEHE
T Pla)=w, Pla,)=1-0 L35, ROBNITEZL, |

(1) HATNT 7Ry bOxbor™— HB) &KL,

(2) BAE H(B|4) #RkOE, 728, H(Bl4) HrATHEALND,

1
H(B|4) = Z P(a, )Z P(b,a, )1og2 Pl
(3) HHEEHRE 1(4;B) &RdDL,
Consider a binary channel shown in the figure having the a 1 by

binary channel matrix 7' given by

_ 1 O as 0.5 b2
105 05

Suppose input alphabet 4 = {;,a,} , output alphabet B ={b,,b,}, and the probability of

each input symbol is P(a)=w@ and P(a,)=1-w . Answer the following questions.
(1) Find the entropy of output alphabet H(B).
(2) Find the dissemination H(B[A) , Which is given by

1
P(b,a,

a;)

H(B|)=3 P(a)) P(b|a)log,

(3) Find the mutual information (4 ;B).
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‘ [ ##F2{X%0 Linear Algebra ]
v 2R T 5, 1151 Alx) &

TED B, UTOMIZER X,
(1) 1751 A(2) DEFEEEZ2TRD X,

(2) AQ2) DEFEEZNZRIITLT, AQ) DEIENRZ b Of%E 1 DEIT &, 7=
720, BRZ MUVTERORT MVEBEZD T L,

(3) 1731 A(2) Z3fabe X,
(4) 1751 A(z) BRALTTETH 272D D, © DEMEERD L.

Let z be a real number. Define a matrix A(z) by
2 -2z -1
A =
() ( S A | >
Answer the following questions.

(1) Calculate all the eigenvalues of the matrix A(2).

(2) For each eigenvalue of the matrix A(2), find an example of a non-zero eigen-
vector of A(2).

(3) Diagonalize the matrix A(2).

(4) Find the condition of z under which the matrix A(z) is diagonalizable.
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