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/& 1 (Question 1)

(1) M3 1 XHBER Mz = bBER 3. =KL,

11 7 zy -7
M=12 1 a®+1|, = |z2|, b= |6a
3 2 17 z3 11

ThH5.
(1-1) HEL 1 REBRSEE—2DOME DD L5 o DEEED K.
(1-2) B 1 RABRBMBE RV E ST a DEZED £.
(1-3) L 1 RABAHERICS 02 oL ¥, B 1 XABEROMERD X.
(1-4) M = P+Q ®ifi/=F X 512, MIMTHI P L RAUTHIQ 2D . BB, P QI P=P2iQ=-Q
BT %, ThEhNFMTAl L ZRITFI e Eh 5. 2 2T, 'RIBESTHI R OEBEH 5b 7.
(2) A ZNFTHI, B 2ZRYTHIL T 3.

(2-1) ADERIOL =, AP INPMTFITH 5 Z L 2R,
(2-2) B (2n+ 1) REATFIOL ¥, BOTSHIRIZ0THB Z L 2RE. REL, n>1 ZEAKTH3.

(1) Consider a linear system Mx = b, where

11 7 z1 -7
M=12 1 o?+1|, = |22|, and b= |6a
3.2 17 Z3 11

(1-1) Determine the value of a for which the linear system has exactly one solution.
(1-2) Determine the value of a for which the linear system has no solutions.
(1-3) Solve the linear system when it has infinitely many solutions.

(1-4) Find a symmetric matrix P and a skew-symmetric matrix @ so that they satisfy M = P + Q. Here,
P and Q are called symmetric and skew-symmetric matrices if they satisfy *P = P and !Q = —Q,

respectively, and ‘R denotes the transpose of a square matrix R.

(2) Let A and B be symmetric and skew-symmetric matrices, respectively.

(2-1) When A.is invertible, show A~! is a symmetric matrix.
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il 2 (Question 2)

AT D 2 BB EE XD,
r+y

flz,y) = PR
(1) f(z,y) OFRKEZKD L.
2) (z,9)=(,0) 2 (1) DEAEEZEZHEE TS, LTOMBBPERD &

. f(l'sy)“f(a;ﬁ) )
@y)=(@8) /(z — )2 + (y — B)?

e O aoeke

__ Tty
f(z,y)—— 1'2+y2+1

(1) Find the maximum value of f(z,y).

(2) Let (z,9) = (@, 8) be a maximum point of the problem (1). Evaluate the following limit.

lim f(x,y) —f(Ol,,B)
i ries) /(@ — ) + (y - B
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(1) FEADOHERER X BRDEIR/AFX—F A 2 bOBEIHEBIHI bD LT3,
Fx(z)=1-¢e*, (z>0).

7L, X BIEEETH B,

(Flﬂx?méﬂr Y MG L INEE 2 <y b

(b) i=v=1 Ll %, X OIFHEES o(u) E[™X] 2RO,

X Y BENEFNERDA Fx(z), Fy(y) 2 b OHNIAHERERTHD, X +Y OHERIHERO L) &
AFNF 2 AT BB TERT 5.

P@+Y§9=//_“ﬂ&@ﬁww

(1) Let X be a non-negative random variable having the following exponential distribution function with

parameter A.
Fx(z)=1-¢e**, (z>0),

where X is a positive constant.
(a) Derive the mean and variance of the random variable X.
(b) Let i = v/—1. Derive the characteristic function of X, ¢(u) = E[e’™X].

(2) Let X and Y be the independent random variables having the probability distribution functions, Fx(z)
and Fy-(y), respectively. For the probability distribution of X + Y, define the Stieltjes convolution

PX+Y <€) = j / AP @aFr ),

(a) When X and Y are independent and identically distributed exponential random variables with pa-
rameter ), derive the probability density function of X +Y.

(b) When X and Y are independent exponential random variables with parameters A1 and Az (A1 # A2),
respectively, derive the probability density function of X +Y.
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1. There are 9 question sheets including a front sheet.

Fill in your examinee’s number in the specified positions in this cover and each question sheet.

NA

This examiination booklet consists of only question sheets. Use other separate sheets for answers.

w

4. If the space is exhausted, use the reverse side of the sheet and write down “to be continued” on the last line of the
sheet.
Select 3 questions from Question 1 through Question 6 and answer these questions. Also answer Question 7 in

addition to the selected 3 questions. Never fail to fill in the Question Number in each answer sheet. Moreover, mark
the Question Number that you have selected with a circle in the Mark Column in the Table on the cover of the answer

=

sheets.

Return these question sheets together with the answer sheets.

&

7. Raise your hand if you have any questions.
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fé/E 1 (Question 1)

2THEEREN 1 ICRT. ROM (1)-8) REXE. REL, X KB 3TLEHBESEY P(z) =71, P(z)=1-r
23535,

A
B 1: 2 JLEEEE
(1) E1OBEBTIIERE.
() E1iBWT, W% Pay,1) BRUP) 1T X - e r BAVTRD L.

(3) E1icBI2HERERI(X;Y)2_52A—K e L r BAVTEE,

Fig.1 shows a binary channel. Answer the following questions (1) - (3). Here, probabilities of symbols in X are
P(z))=r, and P(z3) =1—r.

3:2"—T—‘—>y2

Fig.1: Binary channel
(1) In Fig.1, show the channel matrix.
(2) In Fig.1, show the following probabilities; P(z1,y2) and P(y:) using parameters e and r.

(3) In Fig.1, obtain mutual information I(X;Y’) using parameters e and r.
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" EDORLZDOHS kERIEGEOR X ,C b REEh, .0 m TRDBELHBTES. £
=175,
M RAPAOEEHRENTHRDAZ LS TES, Listipe LR F-MI ntoc 1t RO 108D,

<

RAAND=FHE2ER - HAT3dDTHD, k<nponBH3HEANDE o, EREINTZRAILD
=0T S THRE L & kSRS 3 O DEZ RO TRY. Listing 2 1, B ptoc 27H
NTBRRAAIANDZAFERLTHS. UTORWIZEZ X.

(la) e ?3;6804 2R X.

(1b) B ptoc TRDBZLHTES ,Cpr, DT, BAELZOLED o BIUTk2EZ L.

(lc) Listing 1 @ (1c-1) %D T, B ptoc DRV ME (,Cr DE) 2HREE L.

(1d) BE¥ptoc T, HEEXNAn BLUkIINLT, EERAHBE X EVREREZLTWS. ZOMEEH

WMo Lo, 7,10, 11, 13, 24, 25 FTHR BV T A EVEROARE E B LUV — TRBOEER T2 E
HF322TC, RRINLVO=AHO—EE2IMER - R L TH D, ,Cp DEZIET X5 I1ZB M ptoc 2F
HE X B, ¢Cz DBEEICE Listing 3PHAENEdDL T3, 27201, BEITESLEERD
HWERMSFITEL Z .

(2) oCp BERNCHRDZZBTES. UTOMWEZ .

ra N Mr R /o 1\ fa- o\ HEZ WAV T a3 AP a0 dh M T ALz - LA 2



Listing 1: function ptoc

1 int ptoc(int n, int k) {
2 int i, j, m = 10;
3 int **tp
4
5 if(n < 0 & n >= m) exit(1l);
6
7 tp = malloc(31zeof(1nt *) * m);
8 if (tp == NULL) exit(1);
10 for (1 = 0; i < m; i++) {
11 tpli] = (1nt *)malloc(sizeof (int) * m);
12 if (tp[i] == NULL) exit(1);
13 for (j = 0; j < m; J++){
14 if (§ == 1) {
15 tplil [j]1 = 1;
16 break;
17 } else if (§ == 0) {
18 tplil [ji =1;
19 } else {
20 tplil[j] = tpli ~ 11[j - 11 + tpli - 11[j];
21
22 }
23
24 for (i = 0; 1 < m; 1++) {
25 for (j = J <
26 pr1ntf("/5d" tp[l] [J])
27 if (j == i) break;
28
29 printf("\n");
30
31
32 return (1c-1) |;
33 }
Listing 2: resultl
1 1
2 1 1
3 i 2 1
4 1 3 3 1
5 1 4 6 4 1
6 i 5 10 10 5 1
7 i 6 15 20 15 6 1
8 1 7 21 35 35 21 7 1
9 1 8 28 56 70 56 28 8 1
10 1 9 36 84 126 126 84 36 9 1
Listirig 3: result2
1 1
2 1 1
3 i 2 1
4 1 3 3 1
5 i 4 8 4
6 1 5] 10 10
7 1 6 , 15 20
Listing 4: function crec
1 int ¢rec(int n, int k) {
2 if ( (2b-1) | return 1;
3 return crec( (2b-2) |) + crec( (2b 3)
4}
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378 5 (Question 5)

BWEEREFLY; =xIB+& (i=1,...,n) 8EX 3. TIT, BcRrZERRE, x; € RP BRHARHT
Y, e:=(e1...6,)T 13FH 0 € R, HBHTEITH = € RV OFERIERS D HHMIH X 3HERERT
H3. THhbb, e~N(,X) TH5. BEME (y;,x;) (i=1,...,n) THLT, B:=(XTX)'XTy Lt BT

5. ZZT
X{ Y1
x5 )

X:=| "|eR*?, y:=|" | eR" TH5. rank(X) =p 2RET 3.
x£ Yn

(1) B, ergmin(y —XB)"(y - XB) OBLBHILERE. D%, B B ORI _FHEER L 2 5.

(2) p=1 DA, B=wa¢/2azf L7235 BRE.
i=1

=1

v W %@f@ ek N B ST Ss——— R RRRDRDD
: = j

[ —

(4) B DHBELYBITH] Var[B] 2R &.

(5) F¥—HL (heteroscedasticity) & IXfAIDHEE L. £, MEOREERE TV BREG—FHERO LS

% 2 OPEVLOBIT . - )

Consider the linear regression model Y; x7B+¢; (i 1,...,n), where 8 RP is the regression coefficient
vector, x; € RP is the explanatory variable vector, and € := (g1...€n %\ a random vector drfym\from a
multivariate normal distribution with mean 0 € R™ and covariance matfixy. g R**™, ie. € ~ N(py2)} For a

x'ri; Yn

Assume that rank(X) = p.
(1) Show that B is the solution of arg ngn(y — XB)T(y — XB). That means (3 is the ordinary least squares

solution.

n n
(2) Consider the case p = 1. Show that B= z ZiYi Z z2.
=1

=1
(3) Show that (3 is an unbiased estimator of 3.
(4) Determine Var[Q), i.e. the covariance matrix of B.

(5) Explain what heteroscedasticity is, and give an example for ¥ that models heteroscedasticity.
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(1) %77 ADERENET B2 =%y F7—2 0k, HABCEBUTOXIICERSNEY 7 boy
7 ABIBAE S L 5B,

exp(2:)
> g exp(2;)

softmax(z); =

where z is a vector and z; is its i-th element (softmax(z); represents the i-th output when vector z is input

to the softmax function).

Show that the softmax function has the following property:

softmax(z); = softmax(z + c);

where c is a vector, with all its elements equal to a scalar constant c.

Also, show how the above property of the softmax function can be used to avoid overflow if any of the

input values to the softmax function becomes very large.
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REAEE X ZNE TIIREL APIEEEIONT, 00 FRETCERCIELOE. B LENSETFoTVAEY
BE, ERERE - A ERNECETIBEDFEEE —DES, TOMEL L BT, HkERKoEE% 400 F
BECIHEY L. MEMREERRIITAY L.

Describe the outline of ,your‘ undergraduate study or the research project you were engaged in, in approximately
200 words. If you have never been engaged in them, then choose one of the recent topics on Informatics and Data
Science you are interested in, and explain, as well as its outline, why the topic interested you in approximately
200 words. Write your answer on the answer sheet.



