, ]

ABRELH HEREE (EMRE T Tarsgn TEEEE XBRES
Subject Informatics and Data Science I Program Informatics and Data Science | Examinee’s Number M
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= Sl i J L
6.
7.
Notices
“""1."There are 5 question sheets including a front sheet. o -

%, Il fn yo&r examinee’s number in the specified positions in this cover and each question sheet.

- 3. Th”is' examination booklet consists of only question sheets. Use other separate-sheets for answers;»=

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.
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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)?

PO PUNEPS N & R Uy U IR PP )

__ZT+y
f(z,y)—— 1'2+y2+1

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

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

lim f(x,y) —f(Ol,,B)
i ries) /(@ — ) + (y - B




(1) FEADOHERER X BRDEIR/AFX—F A 2 bOBEIHEBIHI bD LT3,
Fx(z)=1-¢e*, (z>0).

7L, X BIEEETH B,

W&ml’f% LA st F
. = : r———
(i :

(b) i=+—1 L L7t %, X OREEH p(u) E[e™X] Z2RD X,
X Y BENEFNHERDA Fx(z), Fy(y) 2 b OHNIAHERERTHY, X +Y OHERIHERO L) &
AFNF 2 AT B I HBTERT 5.

P@+Y50=//+Qﬂ&wﬁww

(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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(i) a=

(iv)
°)

4)
(i)-(iv)
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SUBRIERT 13 55 30 9~15F 304  (Examination Time : From 13:30 to 15:30)
BB QTR

> BRI g o g Jy ok ok
:,__.,- = . .
s e —
F' — : ;
L;

[ b PN L v e S~ e B PN VL O §

1. There are 9 question sheets including a front sheet.
2. Fill in your ekaminee’s number in the specified positions in this cover and each question sheet.
3. This examination booklet consists of only question sheets. Use other separate sheets for answers.

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.

5. Select 3 quéstions 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.
6. 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.







2023 4E 4 A A% (April 2023 Admission) '
[RERZEAREEE TRAEMARE LN (—RER SN EAEEBRIE

N 70 _

[ JYE USRI~ S T O NS . I, JUG ORI N ¢ ¥ SR e

Entrance Examination Booklet (General Selection)
(2023 4% 1 A 26 HZEHE / January 26, 2023)

ABEIE | HHRNZ (FPRE ) A= 4- PN BERIE ' ZBRES
Subject | Informatics and Data Science II Program | Informatics and Data Science | Examinee’s Number | M
fiRE 3 (Question 3)
mEDORLZZDDDS kEEINEEOR 11,0 RSN, Gk (n——k)'k’ TRDBZZEHBTES. ¥k
ol=1r793.
LS RAAQZEFRELTHRDZ L Y BTE S, Listing JIZDL7-HE vhocld REAQI0ER

i

i

RNRAIND=AEZER - HAT238DTHY, k<ndr2onPBd3HBEADE L, > ERENLZRILD
ZEAKOHR LB TRE LD & k IZWIET 3 ,Cp DEZRDIFTEY. Listing 2 1%, B ptoc 27H
HFBRRINDZHEERLTWS. UTORWIEZ X.

(la) e 213;6804 2R k.

(1b) B ptoc TRDBZZLHTES ,,Cp, ODFT, BAELZOLEDn BIUVkEEZL L.

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

(1d) E¥ptoc T, HEX N BIUkIINLT, HEREHB L XEVHEREZLTWS. ZOHEEH

W5 X5, 7,10, 11, 13, 24, 5T HIZB VT AV BREOKE I B LU — FUHOEHEE T RE
BT 5ILT, RAINVOZABO—HEAER - RRLTH S, Cp OEEERT X 5I1CB ptoc 2F
B & &B, ¢C3 DBEECIX Listing 3N EN3dDL T35, %22 L, BERTESLEERD
WEEZMEFITEL Z L.
(2) oCx BRERNCHDRDZZLHTES. ULTOMWIER X.
(2a) -RORD (2a-1), (2a-2) WEED k. 1B, ZOREF > TRRAINVD=ZATHERMEDL ZLHTES.

nOr = Qe | e |
(2b) ERINC ,Ch BRD B8 crec BZEEME ¥ 57D, Listing 4 D (2b-1)~(2b-3) 2 X.

The number of combinations where k elements are chosen from n different ones is denoted as ..Ci and can be



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)

BEEREFLY, =x B+¢e (i=1,...,n) 8FX 3. TIT, BeRrBERRE, x; cRP ZFHAZHT
BY, e:=(e1...c0)7 1T 0 € R?, HEHIBITH £ € RO OBERIERH 5 Sl h 2 BEER T
H5. Thbb, e~N(OX) TH3. WEME (yi,x) (i=1,...,n) HLT, B:=(XTX) ' XTy tE&HT
3. 2T

xrir Y1

X3 Y2
X := ER™P, y:=]|" | eR* TH5. rank(X) =p Z2IRET 5.
Xn Yn

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

(2) p=1 DA, B=wa¢/2az§ L7235 BRE.
i=1

=1

f?hé”?j 2 ﬁmw-_ﬁza—nx 2z > Lot

r

P
F 4

]

(4) B DHBILHBATI] Var[B] 2R X.

= = €
(5) F¥—HL (heteroscedasticity) & IXfAIDHHE K. £%, MEOREERE TSR —FHERO LS
7Y oflEvroHITX.
x{ %

Consider the linear regression model Y; xXB+e (i 1,...,m), wh é‘% R? is the regressiop¥o¢fficient

e DD e Al meeelandmaer cemmialila vennbae and A e [ A~ N 2iala wandam wmnntar Adaoin [fram o

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.



2023 £E 4 H A% (April 2023 Admission)
JRBRERZ G ETE TR AEARHE LR (—B6&%K) EFIRE ALSEBRITE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

(2023 4 1 A 26 H¥EME / January 26, 2023)

HBFH | EERE (FPINE ) VAP EEElE ' RBRES
Subject Informatics and Data Science II Program Informatics and Data Science | Examinee’s Number M
/& 6 (Question 6)

(1) %77 ADERENET B2 =%y F7—2 0k, HABCEBUTOXIICERSNEY 7 boy
7 ABIBAE S L 5B,

exp(z;)
> exp(2;)

softmax(z); =

_’i’"ﬁ K ..Lm)—-l{[m}z;'h Pi"-m'%.
= ]

LY
* 1-

1l AL hEEEMNAE BEHONEESRT)

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.

3 -
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% 7 (Question 7)

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.



