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Notices

There are 5 question sheets including a front sheet.

. Fill in your examinee’s number in the specified positions in this cover and each question sheet.
. This examination booklet consists of only question sheets. Use other separate sheets for answers.

. 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.
Answer all the questions.
Return these question sheets together with the answer sheets.

Raise your hand if you have any questions.
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7 1 (Question 1)
1 1 1
(1) A= &5 5.
1 0 -1
WHER R 2R Ea sy =f(z) =4z (z € R, y € R?) LEHT 5.
(1-1) B Im f OXTY 1 HOBELRD X,
. B {
(1-2) ¥ Ker f DXt 1 #HOEEEZRD &.
(2) B #% 3 RIEMFMTFIE L, BT (i),(ii) 2@ 53,
(i) BOBEHEMEIZ AN =1, =5, 3=3TH5.
1 1
(i) ug= 1|, ua = | 0 | &, THAZHEEME I, A3 IZHIETEEER7 AL THS.
1 -1
(2-1) BB X = -1 1T 2EE RS bl ug KD X,
(2-2) 175 B &K k.
11 1
(1) Let A= 1| .
1 06 -1
Let f: R® — R2 be a linear mapping defined by z — y = f(z) = Az (z € R?, y e R?).
(1-1) Find the dimension and a basis of image Im f.
(1-2) Find the dimension and a basis of kernel Ker f.
(2) Let B be a 3-dimensional real symmetric matrix satisfying (i) and (ii) as follows:
(i) The eigenvalues of B are Ay = —1, A2 = 5, and A3 = 3.
1 1
(i) uz = |1| and ug = | 0 | are eigenvectors corresponding to eigenvalues Ay and A3, respectively.
1 -1
(2-1) Find an eigenvector u; corresponding to the eigenvalue Ay = —1.

(2-2) Find the matrix B.
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[EEE 2 (Question 2)

BREEDOSR 22 +92 4+ 22 =118/ LT, B flz,y,2) = (z +y)V22 + 1 ORKERUER/MEZ KD L.

Find the maximum and minimum values of the function f(z,y, 2) = (z+y)v22 + 1 on the sphere z?+y2+22 = 1.
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78 3 (Question 3)

X1, Xoy .., X BT RHELEEHTHD, AB—D7 A% A (>0) b OEEOHICHEISDLETS. 22T,
X; (j=1,2,...,n) OEREEBRHIUTOLILEI6N 5.

—Az . )
=0
(1) X; (1=12,...,n) DERIHEL Pr{X; <z} 2K L.
(2) i E[X;] &8 Var[X;] 2RO &,
(3) Y = max{X1,Xo,...,Xn} TEASNLBRAEDOHERIHEHE KD L.
(4) Z=min{X1, Xz, ..., Xn} TERX N EB/MEDHERT WEAEERD L.

(5) 2 ODHEREHOM X; + X411 (7=1,2,....n—1) OBEEFEBHZRD £.

Let X1,Xs,...,X, be independent random variables, all exponentially distributed with the same parameter

A (> 0), where the probability density functions of X; (j =1,2,...,n) are given by

Xe™™ for0 <z < oo
(o) = |
0 otherwise.
(1) Find the probability distribution functions of X; (j = 1,2,....n). Pr{X; <=z}.
(2) Find the mean E[X,] and the variance Var[X;].
(3) Determine the probability distribution function for the maximum Y = max{Xy, Xz,..., Xn}.

(4) Determine the probability distribution function for the minimum Z = min{X7, Xa, .., Xp}

(5) Determine the probability density functions of the sum of two random variables X; + X;11
(j=12,...,n—1).



2024 FF 4 A A% (April 2024 Admission)

RERERFEGERE TRBZMARHE LR (—BER) EMRE AZHBME

Entrance Examination Booklet (General Selection)

(2024 £ 1 A 25 HEM / Janua

Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

rv 25, 2024)

G B

Subject

RERBE (FFRET)

Informatics and Data Science I

Furss A

Program

TRER

Informatics and Data Science

XRES

Examinee’s Number

M

18 4 (Question 4)

EEXYINLT, 25X xY ={(z,y)lr € X,y e Y} % X,Y DEBL WS, ZTRVES X KHLT,
XxXOBSESR% X LOTIEBBEE W, (a.b) c RO E, aRb ¥ EL. ZTHRWES X Lo IHER

RTCUTO (i)~(iii) 23 b 02 FEEMRE V.

(i) FED z € X IZHL T, zRx.

(i) EED z,y € X TN LT, Ry %563 yRz.

(itl) FEED z,y,2 € X KN LT, zRy »D yRz 25 zR=.

ZOrE, LUTORWIER L.

(1) X={0,1,2},Y = {a,b} &N LT, X xY DEZEEITNTRE.

(2) X = {0, 1,2} £ 5. X LoZHBEFZOS L, AEBRTRVIOELRETRVSOZEHBHL EBIT1D

(3)

.

(A) FED z,yc X ML T, zRy 6 [z]lr=[y)r TH 5.
(B) FBDz,ye X XNMLT, (2] # e B5E [zlrNylr =0.

ZTEFREVES X LORBEFERBEIU re X THLT, [z]g ={y € X|zRy} L EFETS. ZOLE,
ZTEFRVEROES X LOEEORIERR RISNLT, UTO (A), (B) ZiHHE X.

For sets X,Y, the set X x Y = {(z, y)|z € X,y € Y} is called the Cartesian product of X,Y". For a non-empty
set X, a subset R of X x X is called a binary relation on X, and aRb denotes (a,b) € R. A binary relation R

on a non-empty set X is called an equivalence relation if the following (i)—(iii). are satisfied.

(i) For any z € X, xRx.

(ii} For any z,y € X, if xRy then yRx.

(iii) For any z,y,z € X, if xRy and yRz then zRz.

Answer the following questions.

(1) For X = {0,1,2} and Y = {a, b}, show all elements in X x Y.

(2) Let X = {0,1,2}. Show one binary relation on X that is neither an equivalence relation nor an empty

set, together with the reason.

(3) For an equivalence relation R on a non-empty set X, define [z]r = {y € X|zRy}. Prove the following (A)

(A) For any z,y € X, if zRy then [x]g = [y]r:

and (B) hold for any equivalence relation R on any non-empty set X.

(B) For any z,y € X, if [z]r # [y]r then [z]z N [y]r = 0.
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COEERRIRREEAINDDET,
EEBLUBRR—DI2, SHRESPTALTIEEL,
CHIEERE T, RARIMORERSICEALTLEEW,

WENBEENZVL &R, ALAKOEEEZAAL THHVELA. LEL, ZOHEE THICH RYLEAL
TEEICEB LI 025 LU TLIEE N,

 FIE1~6 OF» 5 SEEBIRL TREL TLEE VL, JAUTMAT, METICHREL TLEI V. BERFEESIRC

ATWEL THHEONEEAN, DTHEESZEML TREL TEEW, 2B, BRULZMER, BEHKRKDOE
FRRCOMEIFTLZE W,

. FEARKIRERRKE £ DICEIRL 5,
BB BZVEFALAS D BBERFLETTILI W,

Notices

)

. 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.

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

. 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.

. Raise your hand if you have any questions.
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fE1RE 1 (Question 1)
2 TN SRER ZH 1 1ITRT. RFDGLB e ld X 75 Y NEELEESIHEE LI 2RT. ROM (1)-(4)
WEZ K. 1L, X 2B 2 SHEERE P(x1) =7, Plz2)=1-7r275.

l-p—gq
z1=0 y1=0
X yp=¢€e Y
z2=1 ys =1

l1-p—g
X1 2 FTXFREFEER

(1) XRDWERE (a), (b) ZRF A =% p,q, £72id p,q,r ZHVTERE.
(a) P(yslzz)
(b) P(ys)

2) REMETY FRE— HY|X) = - ¥0, P(z:) S5, P(y;12:) loga Plyjla:) 2787 X — % p,g #HWT
Ecacl

(3) MEBREI(X;Y)=H(Y)-H(Y|X) %215 A—%p,qr EAVTERY.

(4) K1 DOBEEBEEC R TA—K p g ZAVTERE.

Figure 1 shows a binary symmetric erasure channel. In the figure, the symbol e shows that a symbol from X
is erased in transmission to Y. Answer the following questions (1)—(4). Here, probabilities of symbols in X are
P(x1) =7 and P(ze)=1—7.

1-p—gq

.’L‘1=O y1=0
p '
i‘}yzze Y

I-p—q
Figure 1 A binary symmetric erasure channel

A

X

>

zo =1 ys =1

(1) Show the following probabilities (a) and (b) using parameters p and g, or p,q and r.
(a) P(yslzz)

(b) P(ys)

(2) Obtain the conditional entropy H(Y|X) = — Zle P(z;) Z?=1 P(y;|z;) logy P(y;|x;) using parameters p
and q.

(3) Obtain the mutual information I(X;Y) = H(Y) — H(Y|X) using parameters p,q and r.

(4) Obtain the channel capacity C of Figure 1 using parameters p and g.

P
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i’ 2 (Question 2)

W57 G = (V.E)I2oWT, $ATOA (u.v) € EWHUTc(u) # c(v) £z T8 c: V - {0,1,...,k-1}
* EELRY, RRESTEET A8, G & LRAREL VLS. NTOMOCER .

(1) 777 G P 4-FEFARETH B Z L ZRE.

(2) HEDOAKY 1-BETRETH S - L #EHAY L.

(3) 1757 G ORAREE A LT, TOLE, G (A+1) BRARTHD L #HHE L.

{) BREEP ADLE, (A+1)-HEARKETDHD, »2 A-FETARETHE L5 2O00ER2EES 57
ZRE.

For an undirected graph G = (V, E), a function ¢ : V — {0,1,....k — 1} satisfying c(u) # c(v) for all edges
(u.v) € E is called k-coloring. G is called k-colorable if there exists k-coloring for G. Answer the following

questions.
(1) Show that graph Gy is 4-colo;able.
(2) Prove that any tree is 2-colorable.
(3) Let A be the maximum degree of an undirected graph G. Prove that G is (A + 1)-colorable.

(4) When the maximum degree is A. show two distinct connected graphs that are both (A +1)-colorable and

A-uncolorable.
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I 3 (Question 3)

Listing 1 i3 CEECE B HEA V22 FALTY R M2 REIR2NWERFE-/- 7054 THS. )R MNIME
{k struct Node Zffio TEHEEN 2. M printlist XV X FONEZEEISFTTRT 5. B reverselistL
FEL—TUEERF-oTY R M2 REEXHE S, B reverseListR XHERLAERFE->- TV A M2 REZES. T
OV (1)~B) IEZ K. -

(1) Listing 1 ®ZEM (1-1) BE U (1-2) 2HE &.
(2) Listing 1 DHARREZTE.
(3) LUTD(A)~(F)DEED> 5, #HELUEZBRLEY L TRELGEORRETRT D2 TRTEN.

(A) ARy 7+ —n"—70—DY A7 HPI.

(B) BEMILREMELSERTE 3154, MEOAEERML THRBICRETES 22T, a— FOAGHES
=X AARENEN D 5.

(C) MEUH LOF —N—~y F2H 270, EITEEIELZRBFEIZ.

(D) KEDF— L 2B T 3FECERK y F A —N—T7 0 —DAESESD 5.

(E) a— FAELLDR2F L, AFRMMEL R2AHRNY S 5.

(F) EATEEDNEL REZBEBE .

Listing 1 is a program code that uses pointers in C language to reverse a list. The list is defined using the
structure struct Node. The function printList displays the contents of the list from the beginning. The.
function reverseListL reverses the list using a loop. On the other hand, the function reverseListR reverses
the list using recursion. Answer the following questions (1)-(3):

(1) Fill in the blanks (1-1) and (1-2) in Listing 1.

(2) Show the output of Listing 1.

(3) Among the following items (A) to (F), select all that indicate the characteristics of implementing repetitive
processing as recursive processing.

(A) The risk of stack overflow is low.

(B) If mathematical induction can be applied. it may be possible to express the essence of the problem
concisely. which can increase the readability of the code.

(C) Due to the overhead of function calls, the execution speed often decreases.

(D) There is a possibility of stack overflow when processing a large amount of data.

(E) The code may become longer and have lower readability.

(F) In many cases. the execution speed is faster.
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Listing 1: program code

#include <stdio.h>

#include <stdlib.h>

struct Node {
int data;
struct Node* next;

void printList(struct Node* node) {
while (node != NULL) {

printf ("%d.", -1 P;
node = (1-2) |;

printf ("\n");

struct Node#* reverselListL(struct Node* head) {
struct Node* prev = NULL;
struct Node* current = head;
" struct Node* next = NULL;
while (current != NULL) {
printf("current:,");
printList(current);
next = current->next;
current->next = prev;
prev = current;
current = next;
printf("prev:,");
. printList(prev);
} §
return prev;

}

struct Node* reverselListR(struct Node* head) {
printf (“head: ");
printList(head);

if (head == NULL || head->next == NULL) {
return head;

struct Node* rest = reverselListR(head->next);
head->next->next = head; )
head->next = NULL; .

printf ("rest:,");

printList(rest);

return rest;

int main() {
struct Node* head = NULL;
struct Node* second = NULL;
struct Node* third = NULL;

head = (struct Node*)malloc(sizeof(struct Node));
second = (struct Node*)malloc(sizeof(struct Node));
third = (struct Node*)malloc(sizeof(struct Node));

head->data
head->next
second->data H
second->next third;
third->data = 3;
third->next = NULL;

1;
second;
2.

printList(head);
head = reverseListL(head);
printlist (head);
head = reverseListR(head);
printList (head);

return O;
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178 4 (Question 4)
T VBB f:{0,1}F = {0,1} (k> 1) ZRDEIWCED 3.

fx1,22,...;28) =0 (x1,T2,..., 2 D1 ZEL)
=1 (x1,29,...,25 DXTXRT0)

(1), f(z1,m2), f(21, 30, 03) DEIERZ ZHENHF .

(f(z1), @2, 23) & f(f(@1,22,23), f(f(21), 22, 73)) DEBERZ ZHZNFHT.
DHEBERD 7 — 1V g % f DAZHWTEE.

EDEOIBRT—NVEED f OAZHWTRES Z L 2HHE L.

Let f:{0,1}* — {0,1} (k > 1) be a Boolean function defined as follows:

flzy,xo,...,x) =0 (z1,x2,...,2 include 1)

=1 (x1,2a,...,xy are all 0)

(1) Show the truth tables of f(z1), f(z1,22), and f(z1, 22, x3), respectively.

(2) Show the truth tables of f(f(z1),z2,23) and f(f(x1,z2,23), f(f(x1), 22, 23)), respectively.
(3) Show the Boolean function g below using only f’s.

(4)

4) Explain that any Boolean function can be represented using only f’s.

7 — VB g D EBEE
The truth table of Boolean function g
T1T2x3 | g

000 |1
001
010
011
100
101
110

111

= o= = O O = O
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fE1&E 5 (Question 5)

2 ODREN A Y Bid, ZhZNEE ug, up, B HBOHHODE o OERDTHIHS L FT3. 2hPhoREM
PoYAZXn DI TIARROHL, BEF A OH Y TAE {a1,...,an}, BEH B OF Y TNE {by,... by} T 5B. T
DY E, WIERD Ho : pa = pp, FILRH Ha @ pa # pp L 2 BEZITVRW. 22T, BERBET VY = xIB+¢
(i=1,...,2n) AW 2L, e ~N(0,0%), B=(81,B)T L, Xy B TD X5 ITEET 5.

xff (10 yi ' ai
T _ ,
1 a
x=| 7 |= L y=] * |=|*™
Xn+1 1 1 Yn+1 bl
Xg‘n 11 Yan b,

(1) B=X"X)" X"y 2T B ORI FRHER B ERD &.
(2) B: DHARFEE(B) 2R &.
(3) B2 D5 Var(By) RS &.

(4) B HWIEBRDTIHES L TH L &, AR Ho © pa = pp LINIRBL Hy ¢ pa # up & T AREOREFH B2 E MY
k. 7, TORERTEOERDAIIES DL RE.

Consider two populations A and B, both normally distributed with means p4 and pp, respectively, and a common and

known variance o2. Suppose we have a sample of size n from each population: {a1,..., an}b(population A) and {b1,...,b,}
(population B). We want to run an independent samples z-test to test Ho : pa = pp against Hy : pa # pp. We will run
this test by means of the simple linear regression model y; = x} B +¢; (i =-1,...,2n), where g; ~ N(0,02), 8= (81, 82)7,
x7 10 Y1 ax
T
X 1 0 a
Xn +1 ) 1 1 Yn+1 . b1

(1) Compute B, the least square estimate for 3, knowing that B=(XTx)"1xTy.
(2) Compute ]E(Ez), the expected value of Ba.
(3) Compute Var(fs), the variance of Bo.

(4) Knowing that Bg is normally distributed, what is the formula of the test statistic testing Ho : pa = pp against
Hi:pa # pp? What is the sampling distribution of this test statistic?
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[958 6 (Question 6)

(1) KWEE) DEEE, £owT, UTOLTOMVICEZ k.
(a) 3BT L2 fb
(b) BETHE = 5 EHEIc OV THEE &
(c) BEBEIMHET 5720 DRMEE 3 DB LB &
2) THEEHDEE, & HEGLEE OBOKOVWTERE, ¥, BENARKES ) EBEOT ALY

R 10 L&KL LEBEDOT LT A5 1 DOBEEEL (P T) XL EIC 150 FRL E#H->T) 3
B |

(1) Answer the following questions related to overfitting in machine learning:
(a) Explain what overfitting is,
(b) Explain what the main causes of overfitting are,
(c) Describe at least 3 different approaches that can be used to avoid overfitting.
(2) Explain the differences between supervised learning and unsupervised learning. Also, explain in your own

words the algorithms of one supervised learning method and one unsupervised learning method (explain

using more than 100 words per algorithm).
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EEMRELITIINETIIHELZHAEREEIOVT, 400 ?Efgfﬁiﬁ&: Fed& BLENLZTH> TR
BAR, EkERo WENEIET 3 RIOKEE —ORY, TOMEL L bic, FkE R MME 400 F
B CHITE k. ARSI AT 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.






