2025 4 4 H A% (April 2025 Admission)
E%ﬁ?ﬁ?ﬁ%ﬁﬁi%ﬂiﬁ%ﬂﬁiﬁﬁﬁ%(ﬂ%ﬁﬁ)%Wﬂﬁl?ﬁ%ﬁ%
SEEYEE
Graduate School of Advarnced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
Question Sheets
(2025 £E 1 A 23 HEHE / January 23, 2025)

SR E EERE (FFREAI) sz s TEHRBE ZBEE |
Subject Informatics and Data Science 1 Program Informatics and Data Science | Examinee’s Number M

SREARERS ¢ 0 BF 00 9 ~11F5 004 (Examination Time : From 9:00 to 11:00)
ZREOIEER

1. COMERRRREEELS B ET,

2. BEBXURR—JIZ, ZBRBESEHLALTIES V.

3. ZAIEEARCY., BERIMORERKISEEAL TSV,

4. BEVEE TRV ER, RUARKOE@EERAL THEVELA. KL, Z0HET TEITH<) RELRAL
TERRER LI e AIP B XL TS

5. FNTOMEICEELTLIEEY,
6. MEAKIIMERAKL L bIcERLET,
7. BB 5 VIETHRADND ZHERFEBETTILE W,

Notices
1. There are 5 question sheets including a front sheet.
2. Fill in your examinee’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. Tf 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. Answer all the questions.
6. Return these question sheets together with the answer sheets.

7. Raise your hand if you have any questions.
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55, 72720, cREBTHS.
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(1) c=0rF5. ADEBERDS.

(2) e=1v¥3 ADEHAMEETXTRD L.

(3) ADfTHIRE c DFEHAL LTRD K.

@) ACBEEMENTRTELRZEDOBETIFEE c ORMFL LTRE.

(5) ¥ (4) DRMRWET LT B, o Az =0 Rl T z e R* BT NTRD L. REL, cTERZ Pz D

EBERRT.
¢c 1 1 1
Let A= Loe 1l for a real number c.
11 ¢ 1
1 1 1 ¢

(1) Let ¢ = 0. Determine the rank of A.

(2) Let ¢ = 1. Find all eigenvalues of A.

(3) Compute the determinant of A as a polynomial of c.

(4) Express, as a condition on ¢, the necessary and sufficient condition for all eigenvalues of A to be pbsitive.

(5) Assume that c satisfies the condition in (4). Find all z € R* such that zT Az = 0, where z 7 denotes the

transpose of vector .
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R2 12817 5EA#E R(z,y) & R(z,y) = {(s,t) eR}0<s<2,0<t<y st< %} YEDSD.

' .
BL, z>0, y>0, ay>-. DL %"EﬁﬁF(w,y)z[/ ———8—2 dsdt I2DoWT,
2 R(z,y) 1-— (St)

OF OF
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1
Let R(z,y), where z > 0, ¥ > 0 and zy > 3 be a closed domain in R? defined as follows:

R(z,y)y = {(s,t) ceR%0<s<z,0<t<y,st< %} And let F(z,y) be a double integral defined as

F(z,y) = / / —1—2 dsdt. Then answer the following questions:
J R(z,y) 1- (St)

(1) Find the partial derivatives %S— and 5};

F(u?,u)

(2) Evaluate u—lllfoo "
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X BUTORREERBUCESERERL T5.
f(z) = %e"" (o0 < z < 00).
TIT x| Xz OENERRT.
(1) FHEX] 2K X.
(2) S8 VarlX] 2R &
(3) k=1,35.. REQFKLTZ. ZOrE, kXE-AV L EX] 2RDL.
(4) k=2,4,6,... *EOBRr3%. ZOLE, FRE-X} E[X*] 2R X.

3) Y= X2 OhERET RN
1 :
_ —/¥

/TR &y

Let X be a random variable with the probability density function
Lo-lel
f(:z:)=§e (—o0 < & < 00),
where |z] dendtes the absolute value of z.

(1) Find the mean E[X]:

(2) Find the variance Var[X].

(3) Let k=1,3,5,... be positive odd integers. Find the k-th moment E{X*].
(4) Let k= 2,4,6,... be positive even integers. Find the k-th moment E[X*].

(5) Show that the probability density function of ¥ = X 2ig

o(y) = ———c™VF (0 <y < o).

2y
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SH P(z) % (2 WEiECH5), SHQ@) & N RHERHFETHE) LT3,
(1) UTFoRErAFXBOSETHAL L. EL, BEDEOEHHIHRALEL T5.

(1-1) vz (P(z) = Q(x))
(1-2) Yz (P(z) A Q(x))
(2) @R % SHEMRPETIRCARARRIFETS) L35,
(2-1) @ R %, =, P(z), Q(z), RERTS, REHEALSEMVTRE.
(2-2) ®EROGEEHARFOEETHENL.
(2-3) ROBEOKEHIHOL &, HEALKOKS, HRORS, FTEMMZEOREOREHFREAVE
THI.

Let P(z) be the statement “z is a professor” and Q(z) be the statement “z is a computer scientist.”

(1) Translate the following propositions into English, where the domain for quantifiers consists of all Japanese
people.
(1-1) Yz (P(z) = Q(z))
(1-2) vz (P(z) A Q(z))
(2) Let R be the proposition “There is a Japanese professor who is not a computer scientist.”
(2-1) Express proposition R in terms of z, P(z), Q(z), quantifiers, and logical operators.
(2-2) Express the negation of proposition R in English.

(2-3) Assuming the negation of proposition R is true, draw a Venn diagram illustrating the inclusion

relations among the sets of Japanese people, professors, and computer scientists.
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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.

‘6. Return these question sheets together with the answer sheets.

. Raise your hand if you have any questions.
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UTOBETHH 232 (7,4) NIV IRFE2WT, MUToMEZ L.

H=
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110
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O o= O
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(1) TONIIFEBOFEEx MiEESh, ZFFy: =(1,1,1,1,1,0,0) BREL. I 1Ey FRT
THBLREL, BEENEFESEx, 2R, TRE2YO LR L THELIFRE L.

(2) 2OV ITFBOREE x HEESNh, REFy2=(0,1,1,0,1,0,0) BREFEL%. BOH 1y bBIT
THBYREL, BEShREFEEx2 2RL, ThEYOXS L THRL HHAL L.

(3) (1), (2) KBV, dL, EHH2Ey M HokiBl, BEINEREE x84, TATHhOZEE y1,y2
P oBBNIZL A BHEHAR L.

Assume we have the (7,4) Hamming code whose parity-check matrix H is as follows:

1011100
H=}1 110010
0111001

Answer the following questions.

(1) After sending & code word x; of the Hamming code, a received word y3 = (1,1,1,1,1,0,0) was ‘coming.
Assume that the error is 1 bit or less. Show the code word x; and explain how you obtained the code
word.

(2) After sending a code word x2 of the Hamming code, a received word y2 = (0,1,1,0,1,0,0) was coming.
Assume that the error is 1 bit or less. Show the code word x5 and explain how you obtained the code
word.

(3) In (1) and (2), explain why if the error is 2 bits, the code word xi1, X2 cannot be obtained from the
received word yi, ya, respectively.
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FEHB k DEENTVBHEND 7 ZMEY LTy > 2 Rdib 5. BRI m Td BES T(0: m — 1]
Enyagke L, BB k) = (k+3) modm 2 Ny a2l T2. RT IS L 2HRAT28E%
Hash-Insert(T,k) & U, B8 Lk 2R T » o5 T #{F% Hash-Search(T,k) ¥ 75, DTORWIER L.

(1) m=10 ¥¥%. Table 1 TRTED Ny P aR T T, TEDOER 16, 12, 22, 18, 45, 44, 28 * ZDJEK
Hash-Insert(T}, k) 2o THAT 3. BABO v 2R 27E.
(2) m=10 2 F%. Table 2RI "y ¥aR T 15 4HOERK 1, 22, 40, 23 % T. THZPILOER kI
W, Hash-Search(Ty, k) MR 3EL Ny > 2B h(k,i) ZEHETARPEEX K.
B) MERENIOLEZ Ny Y 2R nBADOBESBAZATVWE T2, —RICBEZNHLRBHEZ DNy
PaRIHEATELE, Ny v REHETIREN 1 ETHEHERERD L.
(4) n <« m DY &2 Hash-Insert 3y ¥ 285 E T 3ABOMFEOA - X —%RL, TOEHEEHR
WA X
(5) m=10 D2 E Ny ¥ 2B A/ (k) = (k +5i) mod m MBI TRVWEHEZBRR X,
A hash table is a data structure that checks whether a set contains an integer k. Let the array T[0 : m — 1]
with 7 elements be a hash table and the function h(k,i) = (k + 37) mod m be the hash function. Let
Hash-Insert(7, k) be a procedure that inserts-an integer & to a table T', and Hash-Search(7, k) be a procedure
that searches for an integer k in a table T. Answer the following questions.

(1) Let m = 10. Insert seven integers 16, 12, 22, 18, 45, 44, 28 into the empty hash table 71 shown in Table 1
using Hash-Insert(T1, k) in this order. Show table 7 after insertion.

(2) Let m = 10. Search four integers 1, 22, 40, 23 in table T5 shown in Table 2. For each integer &, answer
the value returned by Hash-Seai'ch(Tg, k) and the number of times the function h(k,%) is computed.

(3) Suppose that n integers are inserted in a hash table with m elements. When inserting a uniformly chosen
new integer into this hash table, find the probability that the hash function is computed only once.

(4) For n < m, show the order of the expected value of the number of times Hash-Insert computes the hash
function and briefly explain the reason.

(5) When m = 10, explain the reason why the hash function A'(k,) = (k + 54) mod m is inappropriate.

Hash-Insert(T, k) Hash-Search(7, k)
1 fori=0tom-—1 1 fori=0tom-—1
9 j=h(k,i) 2§ =h(k,i)
3 if T[j] == NIL or T[j] == 3 T[] ==
4 Til=k 4 return j
5 return j 5 if T[j]==NILori==m—1
6 error 6 return NIL
Table 1 Empty hash table (ZD v S a®R) Ty Table 2 Hash table (v &2 %) Th
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 O
|NILINILINILINILlNILlNILINILINILINILINILI (20| 1 |nf13 |14 [ni | 33 | || 40 |
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Listing 1 D AJNIX LT, Listing 2 #Hih 52 CEBE7 I 7 A% Listing 3 I2- 7. 207077 LIEE
AN CBYZFHABRASR, XTAY—F2AVTRAIRZY =L, Ei‘ﬁ'f%%ﬁ%ﬂi RV RS R 2 BEH )
Wi+ 3. Listing 3 ICBL T, UTFORWIEZR X,
@ =] 1 |~[ 10 |#v—2a—rdoaxriesscLUEd L,
(2) zo7urS5ADWECHETAHAL LTRHETRD D ERER.
A RTNY = bDN—TZEINORED SHBEL TVS.
B. EHEZTHIIR T 2BRICH 7= R EH 2 ARFERL TV 3.
C. ANEh2¥EINCEDOETED YA XTAEYZHERL TS,
(38) ZOF/Y I ALKOKMEEL ZHAHEY LTRLEDR O EN. BAEEREI NEr 5.
A. BEEHEE O(N?), ZREERE O(N)
B. Bt HEE O(NlogN), ERMFEHERE O(N)
C. KT EE O(N), Z=MEFEE 01)
(4) 2OFUT I ATBVTAT ALY — b BRLUZBEICEINERRHRENNEENEY — 7 LTY X
LED R o—0@R.
A BRRY— b
B. e—7V—%}
C. AV -1
For the input of Listing 1, the C language program that outputs Listing 2 is shown in Listing 3. This
program reads integers from standard input, sorts them in ascending order using bubble sort, removes duplicate:
elements, and outputs the result to standard output. Answer the following questions regarding Listing 3.
(1) Fill in the blanks [ 1 I- | 10 | based on the comments in the source code.

(2) Choose the most appropriate description of how this program works.
A. The bubble sort loop starts from the end of the array.

B. A new array is allocated separately when removing duplicate elements.
C. Memory is allocated with the appropriate size according to the input integer sequence.
(3) Choose the most appropriate overall time complexity and space complexity for this program, assuming
the number of array elements is N.
A. Time complexity: O(N?), Space complexity: O(N)
B. Time complexity: Q(N log N), Space complexity: O(N)
C. Time complexity: O(N), Space complexity: O(1)
(4) When considering replacing the bubble sort in this program, choose a sorting algorithm from the following
options that would improve the average time complexity.
A. Selection sort
B. Heap sort
C. Insertion sort

Listing 1: Sample Input

Listing 2: Sample Output

11236




_Listing 3: A C Program Source Code

#include <stdio.h>
#include <stdlib.h>

/* Dynamically allocate an array of int and return its pointer.

(int R HMMERL, ZOFRAS X XERT.) #/

allocateMemory(int size) {

/* Allocate memory for ‘size’ integers. (size 4D int FOATVRIRETS.) »/
int *arr = (int *)(size * sizeof(int));

/* If allocation failed, print an error and stop the program.

(EREBFRI 7 - 2RRL TR L2ELTB) +/

it (3 |==nUL) {

fprintf(stderr, "Memory,allocation,failed\n");

} H

return arr;

/* Read integers into the array using pointer arithmetic. (HA ¥ RERH TEFINEBHEFARAL.) »/
void readValues{int *arr, int size) {

}

for (int i = 0; i < gize; i++)
N

/% Execute bubble sort using pointer arithmetic. (KA Y RBEEEMFESTATNY —~bERTTE.) +/
void bubbleSort(int *arr, int size) {

¥

(

‘int

for (int i = 0; i < size - 1; i++) {

for (int j = 0; j < E; j++) {
/* Compare adjacent elements via pointers and swap if needed,

(BHEERERA VX THEL, DELROANEZS) «/

€ d_7_]<
int temp = *(arr + j);
*(arr + j) = *#(arr + j + 1);
*(arr + j + 1) = temp;

¥

/* Remove duplicate elements from a sorted inte:%er array and return the count of elements.

V- M EAHOBREERY | CEMERCEIRL, 208
removeDuplicates(int #*arr, int size) {
if (size <= 1) return size;
int unique_count = i;
for (int i = 1; i < size; i++) {
/* Check if the current element differs from the last unique one.

(BEOEZIBRBIBALLEEORVERL BRI DERT 2) +/

if (x(arr + 1) 1= *(arr + )) {

*(arr + unique_count) = *(arr + i);
unigue_count++;

SR EET)

¥

return unique_count;

/% Print all elements using pointer arithmetic. (KA VX EREFo T2 TOEREZHNITS.) +/
void printArray(int *arr, int size) {

¥

int

for (int. i = 0; i < size; i++)

printf("%d.", E) ;
printf("\n"); -

main(void) {

int N; -

scanf ("%d", &N);

int *p = allocateMemory(N);

readValues(p, N);

bubbleSort(p, N);

int newSize = removeDuplicates(p, N);

printArray(p, newSize); )

/% Deallocate the memory used for the array. (HERLZXEVERBHTS.) +/

[ 10 ]

return O;
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TORD L2728y + OFFMIREREEZLS. ZOHNTE, 8y b DEFEVNERE rszr 260504732271 1, 1
Uy bORFSEEs, 3¥y ORI e, BT 4y P OREER ficoEIxh, B (-1)2¢7% ( 1+ 2—’; BRT. PIZ

i, 8By OIS 110110111, s=1, e=5, f=11712DT, 10@&&»;(_1)1.25—3.(1 + %}) = —6.75
BRT.
(1) 8 v + DEFEI/INESEL 00111111 & 11000000 % Zh 24 10 B TR,

(2) TRTDYEy + OEENUEHDS B, BB/NIWVELRIKREWEEZZN N8 ¥y F OFENIAY
A v 10 EFNTRE.

(3) TRTH8 Yy b OBIMIAHDS B, BbYHISEVMER 8 ¥y b ORBVNMNIARR YL 10 #HATY
RTRE.

(4) 103#%(1,2,3,4,5,6,7,8,9 E ZhZh 8 ¥y t ORE/NIRENTRE.
(5) 103E# 2.3 ICBRBIAV 8 ¥y F OBV MARBETE.

Let us consider an 8-bit floating-point system as illustrated in the figure below. In this system, an 8-bit floating-
point number Tgr7TsTsT4TaToT; is partitioned into a 1-bit sign s, a 3-bit exponent e, and a 4-bit fraction f

and represents the value (—1)°.2¢73 . (1 + 2%) For example, the 8-bit floating-point number 11011011, in
. 11
which s = 1, e = 5, f = 11, represents the value (1) -2573. (1 + ?-) = —6.75 in the decimal system.
(1) Convert the 8-bit floating-point numbers 00111111 and 11000000 into their respective decimal values.

(2) Identify the smallest and largest values among ail 8-bit floating-point numbers, providing both the 8-bit
floating-point representations and the decimal values for each number.

(3) Determine all the values closest to zero among all 8-bit floating-point numbers, providing both its 8-bit
floating-point representation and its decimal value.

(4) Represent the decimal values.1,2,3,4,5,6,7,8,9 in the 8-bit floating-point system.

(5) Show the 8-bit Aoating-point number closest to the decimal value 2.3.

(a7 [%e |75 | |73 |22 1]
J1 J

l L

é f
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BRERZNRIC, BEMEOFESHVEREOFSIHWVIOVWTOT Y r— A& 21Tok. ZOFBRE, LT
RO XS hF—a2BBLEN:.

1 7yr—MERE OB

| [ B | sEmpFs | &5
EFE A 20 10 30
EEHHF S 20 30 50

| &ft [ 40 | 40 | s0 |

(1) EFEOFEHHVEHBOF L HVHHIITH 2 LIET 258, HEIFE TEFEIMRNEAR Y, @ED
FETERDFERAROHFERZ ENENFER L.

(2) EFEQF FHVERBOF EHVIBILTH S LW 3 RRERHEZBET 2 4 HIT, Pearson x: REERE
ek, Tibb, BREFTE X2 25HL, ARKE%Y TRESIFES NI 2Z2HHE L. XL,
BEERL 2,4 © x2 B S 05%EE L h e 3.84, 5.99, 049 THB L T 5.

(3) zoREEFI L LT, FatRSRECET 28 1 MoHRs X0 2 MoBTuc oW THE &.

A survey was conducted among high school students regarding their preference for Japanese language class and
their liking for reading. The results obtained are shown in the table below.

Table 1: Survey Results (Number of Respondents)

| B ” Dislike reading I Like reading || Total

| Dislike Japanese language class ” 20 | 10 30 )
I Like Japanese language class II . 20 30 50 |
| Total | 40 40 | so |

(1) Under the assumption that liking Japanese language class and liking reading are independent, compute
the expected number of people who like reading but dislike Japanese language class, and the expected
number of people who like reading and also like Japanese language class.

(2) Perform Pearson’s x? test to examine the null hypothesis that “there is no relationship between liking
Japanese language class and liking reading.” Thus, compute the test statistic X 2 and determine whether
this null hypothesis is rejected at the 5% significance level. Note that the 95th percentile values of the X2
distribution with 1, 2, and 4 degrees of freedom are 3.84, 5.99, and 9.49, respectively.

(3) Using this test as an example, explain what are Type I and Type II errors in statistical testing.
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[ 6 (Question 6)

ANEHADF =28 w b {xp,tn} (n=1,...,N) (EEL, t,€{0,1}) LEAXRI P wIINTBERIAT 1y
JEIRBEFNVIRBIIZ2RET Y PO —REBEE

N
FE=- Z{tn Iny, + (1 _-tn) 11’1(1 - yn)}
n=1

Z%'A’.Bﬂé f:ffb, yﬂ = a(an) = m, an = WTXn 'Gb 0,' 0'() ‘Etu :‘/"X?"*f‘y y:‘/7v:E’f FF‘;@E%{,
exp(-) i e ZEL T HHEBEE, ¢ BEAMHIn() DETHS. UATOMNIZEZR X,

(1) EDy, tET3REBEHD Lle 2 RZI2LERE

Yn (1—yn)

(2) ¥ @ an ICBIT BREMHE WL, TOBRMEAOHH y, OB 4D &5 LAZRY &,
(3) EOowitEAToaREELTE L.
4 ExBMT2wiaRkosBrAVShRBELFEOEREZ —DEIT L,

The cross-entropy error function in the logistic regression model for a data set of inputs and outputs {Xn,tn}
withn=1,...,N (where t, € {0,1}) and a weight vector w, is given.by

N
E=—=) {talny,+ (1 —t:)In(1 —yn)},

n=1

where y,, = 0(an) = sy ad an = w'x,. Here o(-) is the logistic sigmoid function, exp(‘) is the
exponential function with base e, and e is the base of the natural logarithm In(-). Answer the following
questions.

(1) Show that the partial derivative of £ with respect to yn is-;ﬁ.

(2) Derive the partial derivative of y, with respect to a,, and then transform jts equation so that the final
form of the equation is a function of y,.

(3) Derive the gradient of E with respect to w.

(4) Give the name of one optimization method that can be used to find w that minimizes E.
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FERE 7 (Question 7)

REFRELBINECEHBLAEANEHEEICOWT, 00 FEETHRIZEF DL, LENLSR2IToTVEW
BEE, BEEF oA BHEHFCETIREOHEEE OB, TOMEL &I, ERER-BEAE 400 F
BEETHAY L. BERIESBERRKCEZALX.

Summarize your undergraduate research project or any other research project you have engaged in, in approx-
imately 200 words in English. If you have never been engaged in such research projects so far, then choose one
of the recent topics on Informatics and Data Science you are interested in, and explain what it is and why it
interests you in approximately 200 words in English. Write your answer on the answer sheet.




