2025 4F 10 A A%, 202644 FIA% (October 2025 and April 2026 Admissions)
IK%k?ﬁﬁﬂﬁ%ﬁﬂﬂﬁﬁﬁﬁﬁ%ﬂmﬁﬁ%ﬁ%EﬁGﬂ&%ﬁ)éﬁﬂﬂﬁlﬁﬁﬁﬁﬁ%
Rl A
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
Question Sheets
(2025 4 8 F 28 H9Hfi / August 28, 2025)

REELH TR (FFRE ) Targ h HERE . RBRES
Subject Informatics and Data Science 1 Program Informatics and Data Science | Examinee's Number M

SRERESIE © O % 00 23 ~11 B 00 %7  (Examination Time : From 9:00 to 11:00)

2R EOIEEER
1. ZOMERIREEEALHD D ET,
2. FIEE X OB —12, RBESLZHALTILEI W,
3. AUEEEAIALT T, RS AIORE FRNCEEA LTS E W,
A REREEEhACE X, AUAEOBEEFALTOMCERA. LEL, ZOHAR MBichEd ) BRYLRAL

TERICERLEZ B Z X3 LTS W,

5. FRTOMECBELT IS,

6. FIEAANIEE R & bIcEIRL &5,

7. B ® 2 VTSNS 2 HERFRRETTIEIWN,
Notices

1. There are b question sheets including a front sheet.

L

6.

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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1111 2 -1 ~1 -1
1111 -1 2 -1 -1

A= i ' , Bu= 1 233,
1111 -1 -1 2 -1
1111 -1 -1 -1 2

(1) 475 A QRS & B {E% R X.
(2) 175 B OREM L EIEEERD k.
(3) 7R BWHFTHEZLRRL, W77 B! off AR EREEZRD &.

(4) AL BRAERTHEZ L, Thbb AB=BAPRDIOILERL, (ABYF ZRD L. EEL, k
WEHAK QM EOBE) TH5.

i1 3 1 G N e )
, ; e Y
VPR LU | RN L
1111 Syt R L
I ity 19

(1) Find the rank and the eigenvalues of the matrix A.
(2) Find the rank and the eigenvalues of the matrix B.

(3) Show that the matrix B is invertible. "Then, find the determinant and the eigenvalues of the inverse

matrix B~ 1.

(4) Show that the matrices A and B are commutative, i.e., AB = BA, and find (AB)¥, where k is a natural

number (an integer greater than or equal to 1).
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: I (x.y) 2 .
€ D 2 TR J (z,y) BT, HoC 2 LB F(2,y) & F(z,y) = /Dﬁ e T dt LEDB. UTDE
WEZX.
(1) £(0,00=0LFBEE, Flz,y) OT7n—Y VERE 2 ROBETRD L.
@) floy) =sin (@ +9?) EFHEE 1%5%1) kDL AL, r= /TP

(3) fay) =22 —ay+y° ETHLE Tiiglw*F—(—-in FRoH k. BL, r= 22> +9°%

Let f(z,y) be a C* function of two variables. Answer the following questions for a two-variable function
f@Ey
F(z,y) = / et dt.
0

(1) Calculate the Maclaurin polynomial of degree 2 for the function “F(x,y) when f(0,0) =0.

) Fla. v
(2) Let f(x,y)= sin " (z? + y?). Evaluate li_r_)%, (:2’ y), where 7 = /2% + 3%,

e F{z,y ;
(3) Let f(x,y) = 2% — 2y +v°. Evaluate liI_I(_lw (5: 9) , where v = /72 + 4>,
= "
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BB X &, ROEBEEEREHFOERIMCHEI LT 5.

1 s z—p)?
[ L'ZET, —o0 < & < 00.
2mo

f(z) =

(1) 4 BX] BEUHHE Var[X] 2R &.
(2) WEREW 7= (X — p)/o DV E[Z] BLUHH var(Z] ZRDE.

(3) RN F(z)=P(Z <z) WHNLT, Fz)=p EBLE, P(Zl<2) Zp ERAVWTEY.
(4) 2 OREREHBEERDE.

Let X be a random variable that follows a normal distribution with the following probability density function:

) = _(z=p?
flz) = V2_7Fae 2wt ,  —00 <& < 00..

(1) Find the mean E[X] and the variance Var[X].
(2) Find the mean E[Z] and the variance Var[Z] of Z = (X — p}/o.

(3) .Let F(2) = P(Z < #) be the cumulative distribution function of Z. Suppose that F(z) = p. Express
P(|Z]| € z) in terms of p.

(4) Find the probability density function of Z2.
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A N={0,1,2,...} REFEB XCERE TEEK N> NEEXD, | KL THUTORWREZ &

(a) BEBL 7 oHsHE, 25t eistoERZ, —EEREOR e HnTEhFhRREE L, XL, B
8 f e N LEOERES, BIXURERES V3, ==AV, - 7YY 2RAVWCERIETZ 2k, B0
RERLELT, 28, 3o edstoR\ L REMICEERE X,

(b) XD & 5 R f OBEBE EhEh—oFTOBT L, KL, ZEEIBRNICERL, REFOMEES
7 B e BRI ERERE o 4

(1) BigHCIRAR B
(i) 25 TERVER
(iif) SHETII W (2L, ()6) L3RR 3EHICXZIY)
(c) (b)(iii) T TRBEHTIRVEE ORMBHN, () TRLE reHstcH s v ORERBRER

WS RO PRI L, REREO Y OREDED LR ORCEEL, EEHL OMEICESY
THIEBANCERS 2 &,

Consider a function f : N — N, where N = {0,1,2,...} denotes the set of natural numbers. Answer the following
questions concerning the properties of f.

(a) Express the definitions of injectivity, surjectivity, and bijectivity of a function £ using formulas in first-

order predicate logic. Use only the function symbol f, variable eymbols over N, and standard logical

‘aymbol‘. (such as V, 3, =, =, A, V, 7, etc.) to formulate the expressions. ‘Start by presenting the formula
for 1n_]ect1v1ty, then proceed step by step to extend it to surjectivity and finally to bijectivity.

(b) Give one concrete example of a function f for each of the following cases. In each case, explicitly define
the function and-briefly explain why it does not satisfy the specified property.

(i) A function that is not injective.
(i) A function that is not surjective.
(iii) A function that is not bijective, for a reason different from those in (i) and (ii).
(c) Refer to the example you gave in part (b)(iii). Explain why the function you presented fails to sdfisfy the

formal definition of bijectivity given in part (a). Identify which part(s) of the logical formula are violated,
and justify your answer with reference to your specific example.
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Notices

1.

2

3.

There are 10 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 downr “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 T able.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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RI&E 1 (Question 1)

RO (1)-(3) IKEZ k.

(1) 200%SE2, = (0,0,0,0,0), o =(1,1,1,1,1) »5HR3 2THBEEXS. TOLE, LT (a); (b)

KEX .

(a) @ &2 DANZI v IEREE KD X

(b) COBSTMYy FETHIZITLETES 2, TOBMML L bIREL L.

(2) LITORAETHH 230 2TCRENSEEZ 2.

: 1111
H=1{0 1 1 0
1010

(a) TOMEFBOLERITH G 2RD &.

-
—

[ "]

0
0
1

(b) == (1,1,0,0,1,1) BESE»,EDH, HHL L DREZ L

DrE, BTD (a), (b) KEX .

(3) 2TCMIBREICBVT, ZEBy= Y1,....0.) KHLT, iBHOEY by TROYBBEL TV E
ei=1, ZI3TRVEE e, =08LK5 e=(e1,...,en) BERDAY ML LR LB 2 TTRERE KBV
T, FEOZEFEDOS Y Fa—ALBYRZ M ADY Y FR—-ABRFL VI L E2RE.

Answer the following questions (1)—(3).

(1) Counsider a binary code that uses two code-words @y = (0,0,0,0,0) and 3 = (1,1,1,1,1). Answer the

following questions (a) and (b).

(a) Calculate the Hamming distance between x; and z5.

(b) Show the maximum number of bits that this code can correct and give your reasoning.

{2) Consider a binary linear code with the following check matrix H. Answer the following questions (a)

and (b).

1111
H=10 110
1010

[l
- o O

(a) Obtain a generation matrix G of this linear code.

(b) Answer whether = (1,1,0,0,1,1) is a code-word and give your reasoning.

(3) In a binary linear code, for a received word y = (1, ¥}y e =(ey,...,en) is called the error vector,
where e; = 1 if an error occured in the i-th bit y;, and e; = 0 otherwise. In any binary linear code, show
that the syndrome for any received word equals the syndrome for the error vector.



2025 4£ 10 A A%, 2026 4F 4 A A% (October 2025 and April 2026 Admissions)
EEXFASEFOER TR MRS LN (R FPIRE ARSI
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
- Entrance Examination Booklet (General Seléction)
(2025 4 8 F 28 HEME / August 28, 2025)

HERE | AR (FPIRE I AP N T EERE RBES

Subject Informatics and Data Science I * Program ~ Informatics and Data Science | Examinee’s Number M

& 2 (Question 2)

K1 3EROES {2,6,9,11,16,18} 2L 2 DERA T TH 3. 2 5FIR T OEIR = 1§ 2 AE#ER
{E Left-Rotate(T,z) ¥ i y 3t3 2 GEEEIE Right-Rotate(T, y) i & 2 ROZEMER 2127, BFD
BB L k. kb, REREC, E5Sc CBRSREEEEEETRLEZVESE o key 20, HiR 2 DK
DOF, HOF, BELETELEZVERRENEN oleft, x.right,xp ZES T 2. :
(1) 2 HBEFRRITGTRELED.
(2) 29BFART ic, B8 13 WML 8 (D) & 15 RAEML L8 (D) 2IEICHAT 5. BAKD 295
BRI,
(3) His @ bl @ FRBALLERD 2 0%FEAT i LT, Right-Rotate(T, @) ¥ Left-Rotate(T, @) D"
EliziRfE% = OIECIT 5. ZhZhOBERFE & L®ROK T 2RE.
(4) (3) OEEIZ X 2 RDFE DELRERE.
(5) EHERMFORIC 2 SRS TRASHER SN I PER L. F, TOBHER 2 OS2 - THY
XK.
(6) EHEERIEIC D2 RITHEIDA — X — 28,
Figure 1 illustrates a binary search tree 7' storing the set of integers {2,6,9,11,16,18}. Figure 2 shows the
changes in the binary search tree 7" resulting from the left-rotation operation Left-Rotate(7, x) on node z and
right-rotation operation Right-Rotate(T,y) on node y in the tree. Answer the following questions. Note that
on the answer sheet, use z.key to represent the integer stored at node z, and z.left, z.right, and z.p to represent
the left child, right child, and parent of node z, respectively, if needed.
(1) Describe the property that a binary search tree must satisfy.
(2) Insert node containing integer 13 and node @ containing integer 15 into binary search tree T in this
order. Show the binary search tree after the insertion.
(3) For the binary search tree T after inserﬁng nodes @ and @, perform the rotation operations
Right-Rotate(T), @) and Left-Rotat,e(T, @), in this order. Show the tree T' after each rotation.
(4) Show the change in the height of the tree 7' as a result of the rotation operations in (3).
(5). Answer whether the property satisfied by the binary search tree is preserved after the rotation operations.
Additionally, explain the reason using the symbols in Figure 2.
(6) Show the order of execution time for the rotation operation.

p P
Left-Rotate(T, =) ~
: (...4.....................,...«....-
(R P > A
Right-Rotate(T, y)
' B B C

A
X1 298EKT X2 EHRiEE

Figure 1 Binary search tree T Figure 2 Rotation operations
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Listing 1 1%, $HEEEFICR L THRAY - 2ETT2 CERS 0I5 4THS. O/ T 7 ANZFEEDOK
W7 — X% HAAS, BRECENFXTRRT 2. Listing 2 BETRREZRLTWS. MUTOR (1)~(¢) <
B2 k. ,
(1) Listing 1 02| 1-1 |~| 1-8 |##p k. kB, Turss3EB0% 4 XK LT
B2 k5, AANCERTS L. »
(2) Listing 2 DEFRERcH 22| 2-1 |~| 2-3 |%»#E»px
(3) FAY — } 7Y AXC BT 3 BER - BEN - PEOROBRHERICOVT, RLETREASDER
MTORPOBIRE A~D 758X 2B, N IEFOBREET3.

ERE | BB Rl | PR
A O(N) ON% | oD
B O(NlogN) | OW? O(N log N)
C | ONlgN)| ON? | OW?
D O(N) O(Nlog N) | O(Nlog N)

(4) Listing 1 BRMECY —FLTW3. ThEBECEETZ2DIB 1TOEETHY. EEITAELFTO
ABRSLLEARREX K. 2L, AROBEWTOBEFERRETL L.

Listing 1 is a C language program that performs insertion sort on an array of structures. This program reads
student grade data, sorts them by score, and displays the results. Listing 2 shows the execntion results. Answer
the following questions (1) to (4).

(1) Fill in the blanks [ 1-1 l to |11-8 | in Listing 1. Note that the program should be written

generically to work with arrays of any size.

(2) Fill in the bl_a.nks[ 2-1 J to| 2-3 | in the execution results shown in Listing 2.

(3) Regarding the time complexity of the insertion sort algorithm in the best, worst, and average cases, select
the most appropriate combination from the options A to D shown in the table below. Note that NV
represents the number of elements in the array.

Option | Best Case | Worst Case | Average Case
A O(N) O(N?) O(N?) .
B O(Nlog N) O(N?) O(Nlog N)
- C O(Nlog N) O(N?) O(N?)
D O(N) | O(NlogN) | O(NlogN)"

(4) Listing 1 currently sorts in ascending order. To change it to sort in descending order, only one line
needs to be modified. Provide the line number and the modification needed. Note that in case of ties, the
original order should be preserved.
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Listing 1: C Program Source Code

#include <stdio.h>

typedef struct {
int id;

char name: [20] 5
int score;

} Student;

void printStudents(Student arr{l, int n) {
printf{"ID\tName\tScore\n");

printf ("--\t-——-\t-——--\n"});

for (int i = 0; i < m; i++) {

}

printf ("%d\t¥%s\t%d\n", | 1-1 , arr[i].name, arr{i].score);

void insertionSort(Student arr[l, int n) {
for (int 1 = 1; i < m; i++) {

}

/* Save current element (BREOBERZEM) «/

Student key = 1-2

int j = 1-3 |

int moves = Oj .

printf("Insert: %s (score=%d)\n", , key.score) ;

/* Find insertion position while shifting elements (BEHZ T o L bMALEBELZET)
while (j >=.0 && arr[j].score > key.score) {

1-5 = arr[jl;

1#6 g
3=

arr[l 1-7 ll = key; )
printf("Moves: %d, Position: %d\n\n", moves, j + 1};

int main(} {
Student students[] = {

};

{101, "Alice", 85},
{102, "Bob", 92},
{103, “Carol", 78},
{104, "David", 88},
{105, "Eve“, 90}

wen-[ 18

‘insertionSort(students, n);

printf("Sorted array:\n");
printStudents(students, n);

return O;

4

Listing 2: Sample Output

Insert: Bob. (score=92)
Moves: 0, Position: 1

Insert: Carol (score_=78)
Moves: , Position: O

Insert: David (score=88)

Moves:

1, Position: 2-2

Insert: Eve (score=90)
Moves: , ‘Position: 3

Sorted array:

ip
103
101

104
105

102 -

Name Score
Carol 78
Alice 85
David 88
Eve 90
Bob 92
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nEy FOAN 2,21, ..., Za1 KNLT, ZOFO 1 OEEE m €y b 2EBRTREL, B s0,51,...,8m1
L LTBZEASDREBRE Sh,m) LERT 2. Thbb, XOFRPRYVIODLTS !

X+ Xy A F Bpor = 2040+ 215y - 4+2" 15 .

%7z, 200 m ¥y b 2ERRE yo,y1,- . Ym-1 BE X 20,21, 2Zm—i FASILL, ZO%E m+1
F 2 EMER ag,01,...,0, ¥ UTHIT2EEE A(m) vRYT. Thabb, ROFXPELIASDIDE TS .

Voo + 2y + o+ 27y + D+ 2 4+ 2™y =200 + 20a - + 2™,

E5 S(n,m) & A(m) 120V, UFORIEZ k. 22T, B1ITRT 2 AHOHES — 1 (AND, OR, XOR
BY) DAEBWTHASOEEREZBRT 2d0L 15, £z, H@Q)~ () KBWTHEL LTty 2 K
T, Stnym) BEY A(m) 2RI20 X5 T (Fuv2)) E UTREL, 2ho0oRECE RN 5RES —
N OFEIBRRER LTIV T 5. : '

(1) S(2,2) % 2@OHES — + ZHVTRIRE .

(2) 5(3,2) % 2D 5(2,2) & 1 HORES - P EHCTRIRE & Efz, TOFKRTHRSINL 53,2) K&
FhAHRES— P OBBERD X

(3) A(2) %, 5(2,2) ¥ §(3,2) 2T 1ETORWTHRE k. &7, COFETHRINE A2) K&
ENBRES— b OBBERD &.

(4) 5(4,3) % 1{HD AQ2) ¥ 2D 5(2,2) FAVTERE L. ¥k, ZOHBETHRENE 54,3) IK&Fh
BT — F OBBERD k.

(5) S(8,4) % 1D A(3) ¥ 28D S(4,3) ZAVWTERE X. %, ZOHETHRENE SB8,4) aEh

BRE T~ OBEERD X

— ol I — & a, |

] i T 2 &
—z, 532 . ° AQR) @, b

1292 | S
i —1 % — ¥% o

AND OR XOR
X1 X2




Given an n-bit input 2q, 21, .. , Tn—1, we define a combinational circuit S(n;m) that outputs the number of 1s
in the input as an m-bit binary number sq, 81, ...,8m—1. That is, the following equation must hold:

@+ 4+ Tpoy =200+ 218y +0 -+ 2™l 1.

Also, we define a circuit A(m) that outputs the sum of two 7-bit binary numbers yo,¥1,...,¥m-1 and
30y %1, - -+, Zm—1 88 an (m + 1)-bit binary number ag, a1, .. .,am. That is, the following equation must hold:

2°y0 ot 21y1 R 2"’"1ym_1 + 202:() +2'z 4 Qm_lz‘m_l = 200,0 + 21(51 4 o+ 2Man,.

Answer the following questions regarding the circuits S(n,m) and A(m). The combinational circuits must be
constructed using only 2—inpﬁt_; logic gates, such as AND, OR, and XOR, as shown in Figure 1. In the circuit
diagrams you draw as answers to questions (2) to (5), you may represent the modules S(n,m) and A(m) as
boxes (blocks), as shown in Figure 2, omitting their internal logic gate structures.

(1) Nlustrate S(2,2) using two logic gates.

(2) Ulustrate S(3,2) using two instances of 5(2,2) and one additional logic gate. Also, determine the total

number of logic gates contained in the resulting S5(3,2) circuit.

(3) Niustrate A(2) using one instance of each of 5(2,2) and 5(3,2). Also, determine the total number of logic

gates contained in the resulting circuit A(2).

(4) Tlustrate S(4, 3) using.one instance of A(2) and two instances of 5(2,2). Also, determine the total number

of logic gates contained in the resulting circuit 5(4,3)-

(5) Tllustrate S(8,4) using one instance of A(3) and two instances of S(4,3). Also, determine the total number
of logic gates contained in the resulting circuit S(8,4). -

—_ s, T ‘z’x [ S—
D3> T i
]
) — % . — Yo R _‘—~
AND OR - XOR - : : -
Figure 1 Figure 2
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Suppose we obtain a random sample yi,¥2,..+,¥n of size n from a population that follows an exponential
distribution with the following probability density function: i

1(0l0) = ge™°, y>0.

= '
Here, 8 > 0 is an unknown parameter. Let § = — Z y; denote the sample mean, and assume 3 > 0.
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Answer the following questions.

£ n”
(1) Let the likelihood function be defined as £(8) = H f(%:]8). Show that the log-likelihood function 1(8) =
=1
log £(0) can be expressed as:

1{8) = —nlog @ — %'gz‘

(2) Show that the maximum likelihood estimator of 8 is 8=17.

(3) Show that the maximum value of the likelihood function is

L@ =@ "e™
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—{E%H (binary classification) ¥ EH T 3BMFET € FADONESEERTMT 2 22 2EX 5. nl@OYY I
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(1) Cmic&bh M OERR (accuracy) , HWE% (FE, precision) , BHHE (recall) ZF k. BEXIEN
BORL, ERCRERIEEEEAA L TMNE 4 BETRD &,

(2) WELZp BHEEEZrLIBLE F{fi (F-score) %* p ¥ r OBfE UOURE. &L, BERLERE
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In this problem we focus on evaluating classification performance in the context of binary classification tasks
performed by machine learning models. Consider a dataset comprising n samples. Each sample is classified by
the model as either positive or negative, and the correctness of each classification is subsequently evaluated as
either true or false. Let ny, denote the number of samples that were classified as positive by the model and were
truly positive. Similarly, let 27, denote the number of samples that were classified as positive but were actually
negative, n:, denote the number of sa.mpleﬁ that were classified as negative and were truly negative, and n¢n
denote the number of samples that were classified as negative but were actually positive. These quantities define

Ttgn Tifp

the confusion matrix, represented by . Suppose that the confusion matrix.corresponding to a

Nfn  Nip
10 15

= ) Now answer the following questions:

binary classification model M is given by Cp = (
(1) Calculate the accuracy, precision, and recall of M based on Caq. Provide your answers as decimal values,
and if not exact, round them to four decimal places.

(2) Let p denote precision and r dénote recall. Express the F-score as a function of p and r, assuming equal
importance is given to both precision and recall. Furthermore, derive the expression for the F-score as:

.- 277-.*,?
2y + Npp + Nfn

(3) Provide an example of a representative machine learning model that performs binary classification.

Describe its principles in detail (minimum 100 words).
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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 in 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.

10






