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Notices

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

o

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

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

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.

[

. 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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(1) AoFr7i2bETh3.
(2) A OEEEOIITCE 2B ETHE
(3) Az =0 O3~ DTEHE.
(4) 119 A OB TENT KM THE.

(5) —RMNIRARZ Fobw L wHFEEL Av = Aw =0 Zilikcd

Let A be a nonzero and real 2 X 4 matrix. Determine whether each of the following statements is true or false.

If it is true, provide a reason. If it is false, give a counterexample.
{1) The rank of A is at least 2.
(2) The dimension of the null space of A is at least 2.
(3) - The equation Az = 0 has exictly one solution.
(4) The two rows of A arc always linearly independent.

(5) There exist linearly indepeadent vectors ¢ and w such that Ae = Aw = 0.
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RO X3 2= f(z,y), RUOTE D 2IERT L.
| S, y) =2 — 2w cosy — cos 2y + 2, D::{(-"s'.‘l)loﬁxa 0 <, 517+‘.9’S12r"}~
(1) Uk D TOMK 2z = f(x,y) OI/MEZRD L.

(2) RIS T = / / | Fle,y) | dedy 231504 &,
D

Let the function z = f(2,%) and the domain D be defined as follows:
flz,y) =2® —2xcosy—cos2y+2, D= {_(:U,y) IQ <x 0<y, a+y< er-} .
(1) Find the minimum value of the function z = f (m,y) over the domain D.

(2) Evaluate the double integral I = / f | £, ) | doredy.
D
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RSB X 13, TR R 0> 0, REST A=K B> 0 OF Y THMISHED L T5. HY o D
JEREELIB R THA BN D,

. 1 4
fX(“;) = I‘(Q)[gmma 16 s

ZTT, Tla) BAY=MIETHS. %k, MFLR T BUTOMTEEMALZFOLT 2.

e

x>0,

fr(t) = l/‘l;;"_l, t>1, v>0.
DT Hik. =EL, Fo<MEDMEE Ma+1) = al(a) ZMATEW.
(1) HERA EX] 2RO &,
(2) ZSrHL VarlX] 2R k.
(3)  MERE E(X] =1, D8 Var[X] = n (5 > 0) £ B 4 > <o hi ORESSHERECE KD L.

(4) v=1Qr 2, MFEET]HBEET 08 &L, FETIHGTZOMZRD X,

L

(A4

(5) v=3DLE, JiGTR ) E[T] ﬁ’T_T‘j—’min ))TTLIWL‘ TS BT BREofiTRD X,

A random variable X follows a gamma distribution with shape parameter a > 0 and scale parameter > 0.

The probability deusity function of the gamma distribution is given by

Ix(z) = r(a)a'n 2l E, a0,

where I'{(«) is the gamma function. Also, let 7' be a random variable with the following probability density

function:
y ; g—v—1 |
Jrt)y=vt™", t>1, v>0

Answer the following questions. You may use the property of the gamma finction P'(a + 1) = of'(a).
(1) Find the expectation £[{X].
(2) Find the variance Var[X].
(3) Find the probnbiiity density function of a gamma distribution with E[X] = 1 and Var[X] =7 ( > 0).
(4) Find E[T] for v =1, if it exists.

(5) Find E[T] for v = 3, if it exists.
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BE A={1,2,3,4,5} £ ¥%. BHF RCAXA # R={(x,y) |z <y} THHT 2,
(1) R D3RR, AR, mﬁMLb7#zw L. FheiucounTilfie b X,
(2) R ZEPETFICRL. MET3ERST 7MY (B2 7 7 TH 2 B8R 3RV,
(3) & A BB 3 WEERATHSEAEEL,
(a) TTHER SRR S HTETIN 0D B D
(b) HAESORAEES 5 TRIPIR SO RVIEE, ZOAFRHR THIREINC DB 5.

(4) ROMBEEZ 2, Ve € 4, Jy € A, (v <y) ShEDHHETEARCHEL, BBZWEL, Az 5
Z &,

Let A = {1,2,3,4,5}. Define a relation R C A x 4 as

R={(z,y) |z <y}
(1) Determine whether R is reflexive, symmetric, and transitive. Provide justification for each.

(2) Represent R as an adjacency matrix and draw the corresponding directed graph (no need to be a simple
graph).

(3) From set A, select 3 elements to form a subset:
(a) How many distinct subsets are possible?
(b) If the maximum elément in the subset must be 5, how many subsets satis{y this condition?

(4} Consider the proposition:
vz € A Jye A (x<y)

Express this formally in predicate logic and determine whether it is true. Provide a proof.
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tices

. 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 separaie sheets for answers.

. If the space is exhausted, use the reverse side of the shect and write down “to be contittued” on the last line of the

sheet.

. Yelect 3 questions from Question 1 throngh Question 6 and answer these questions. Also answer Question 7 in
addition to the selected 3 questious. 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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FECEMEHE U 2L TRT. XOM (1)-(4) KHEX L. BREBZERIWTCTlog, 3= 1.6 v k.

U= Uy U 13
1/2 1/3 1/6

(1) EEREATRIRL E Y 0 X 5 RIEIEE Bk 2 AR k.
(2) Uorrbut— HU) ZBHETRSD L.
(3) UD2RIERU? O@LBADI S, (ur,uz), (us,ma), BEY (ug,uz) OREHR 2z ThThRD k.

(4) UPoxryirb—HU?) 2E{ETRD K.

The memoryless information source U is shown below. Answer questions (1)-(4). Use log, 3 = 1.6 as necessary.
3 Lo Y

U= 1‘L1 Ha U3
/2 1/3 1/6

(1) Explain what a meinoryless information source means.
(2) Calculate the entropy H(U) of U numerically.

(8)  Calculate the joint probabilities of (wu1,u2), (u3,u1), and (ug,ug) for the symbols of U?, the second

extension of U, respectively.

(4) Calculate the entropy H(U?) of U? numerically.
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1"% My EF a3, FERPELAEELOF-AFETHY, RIEREOHVEREROW T eiTE
T, BRI EF R RAL - VEETILOLTE,

- I3H All.n] ik DEMERS, All] 2R % ”’%‘—J’L?JK THD, b—TIHNESN TV 5 ¥R~
m £T3 (m<n). FHEET AL, ... Alm] [KFBH , B OEHEICH LT, AT, BOF, Borhz
NOALB % left(i), right(i), pcuen_t(z) TEY 5,

left(s) = 24, right{i) =24+ 1, parent{i)= [%J
BROIELD. XLRATOESR (2<i<m) IoWT
Alparent(z)] > Al

ERBe—-TERMEHLT IO cRih .
HASCHIFRI X b 20X 1’#75’#5%71 Ehz L oA, WAMOED ANE 2R LSRR, ThRkED
ANEZ B2 TRSRR Y LR 48, BAREIC Alm+1] 17V, HBREHE A 2ROBRLL0r §3.
b= QML TROBIEEEZ S,

o Insert(Q,z) . BH o AL, LRAIEZHEZITS

e Extract-Max(Q) | RAEEERHIRL, FRESEHCHMLER, FHsHL2a>.

14

o Update-Key(Q,i,k) : fifift i QEEOMIIER k CEEL (b 37moMbll), EfE#sedr.

U

ZOLE, ROMNTERZX.

(1) O —7" Q& #&EN S5, 10; 2, 9, 6 DEREZINC Insert T2, #IFARD L — 72 All.m] T
TR

(2) f (1) O e —7 Q Wi LT Extract-Max(Q) % 1 HETF 5. MEkofy LRk,
(3) (1) pfEft e —7 Q it L T Update-Key(Q,3,11) ZH{TT2. B{EHRDEIERE

(4) =R TV A ERRE m 2 L, Insert, Extract-Max, Update-Key MGt Rf 2 2hzht —
—AIETHE R, FOMEFEHRICLAX.

(r)) 3“70:2]31/\ {{,u DPiE G BRe T 283K e — 7% HEE iz o R



A priority queue is a data structure in which each element has a priority, and it allows the element with the

highest priority to be retrieved. Here, we assume that the priovity queue is implemented using a heap. -

A heap is a complete binary tree rooted at A[1], represented by an array A[l..n]. Let m (m < n) denote the
number of elements stored in the heap. FEach element is stored in A{1],..., A[m]. For the element with position
i, the positions of its left child, right child, and parent are denoted by left(s), right(z), and parent(), respectively.

Then, the following relations hold: .

left(i) = 24, right(d) =2i+1, parent(i) = [%J
Furthermore, the heap maintains the following heap property for all 4 with 2 <i < m:
Alparent(s)] > Al7]

When insertion er deletion causes this property to nolonger be satisfied, the operation of swapping an element.
toward its parent is called upward adjustment, and the operation of swapping an element toward its children
is called downward adjustment. Insertion always places a new element in Alm + 1], and deletion always
removes the root A[1].
For the heap Q, consider the following operations:

e Insert(Q,z): insert =, and perform upward adjustment.

¢ Extract-Max(Q): delete the maximum element, move the last element to the root, and perform down-

“waid adjustment.

e Update-Key(Q,4,k): change the priority of the element at position i to k (where k is not smaller than

the original value), and perform upward adjustment.

Answer the following questions.

(1) Insert elements with priorities 5, 10, 2, 9, and 6 into an empty heap @ in this order. Show the array

A[l..m] after each insertion.
(2) Perform Extract-Max once on the final heap obtained in (1). Show the resulting array after the operation.

(3) Perform Update-Key((Q,3,11) on the final heap obtained in (1). Show the resulting array after the

operation.

(4) Let m be the number of elements stored in the heap. Show the time complexities of Insert, Extract-
Max, and Update-Key in Big-O notation, and briefly explain the reason for each.
(5) Show that any subtree rooted at position i in the array representation of a heap also satisfies the heap

property.
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Listing 1 13, A% FIWTIERF 2 -2 RE 42 C B0/ 74 THS. Fa2—-DKRKEE capacity BB
cap IKCEDHED, data IZEX cap OIS THS. ¥ 2—i3 front (G, rear CREDXDAM) ,
size (HEE) ko TEHMZILE. Listing 2 vi‘(@%ﬁﬁ’%" FARY. LT ]\ﬂ ()~(4) C&EX &.

1)

(2)
3
@)

ZOTT S AR F o — 2 TREN BN U TRDEYR D 0%, DITOERE A~C 25 1 0EN
¥ o — WM TR B - OSSR R U, PR TR T 2 2.
B. BAO#MHCE L 2L &, rear DRBICH S WX, EYeErERcRIEh s
C. BHEEMAT 2 7= IS BSNE % [OE 2 T B 2 Bl X2 5 720,

¢

Listing 1 OZ## | 1-1 |~ 1-8 | #Mlp k. XL, 22 - MFOMERE size ZHVE I L.

Listing 2 (2R T RITRHRICH T 2% | o2 1~ 2-2 | 24 K.

Listing 1 Tl, size EAVTE MM 2HELTWED, TITH size ZHAWVT, front ¥ rear
OATIRES FHIT 2 WHINRIEES 2 — 282 3. 2EL, ZrBfrRT a0, B0 s bEI
1 EHEDE RS LTRT IO T 5. 0L 2, Listing 1 D%} 1-3 }|<Dx1~7’)4frﬁﬁ ThHB

SHRET MR k. Rk, TOREANEHWES B D Listing 2 D29 DD XD B
PEZ X,

Listing 1 is a C program that implements a circular queue using an array. The queue capacity capacity

is determined by the argument cap, and data is a dynamically allocated array of length cap. The queue is

managed by front (the position of the first element), rear (the position immediately afier the last element),

and size (the number of stored elements). Listing 2 shows the. execution result of the program. Answer the

following questions (1)-(4).

(1)

2

3)
4

Choose the most appropriate reason why this program is called a circular queue from options A~C below.
P 2 1

A. Because the array is reallocated and rearranged in a circular shape whenever the queue becomes full.

B. Because when the index rear reaches the end of the array, it wraps around to the beginning, allowing
the entire array to be used in a circular manner.

C. Because the array contents are rotated at each enqueue operation to move the logical frout position.

Fill in the blanks through in Listing 1. Use size o determine whether the queue is
empty or full.. :

Fill in the blanks | 2-1 | and| 2-2 | in the execution result shown in Listing 2.

In Listing 1, the empty and full states of the queue are determined using the variable size. Here,
however, ‘consider a typical cireular queue that manages its state using only front and rear, without
using size. Assume that one array slot is always left unused in order to distinguish between the empty
and full states. Under this assumption, rewrite the condition for a full quetie in the blank in
Listing 1. Then, using this condition, determine the value of the blank in Listing 2.
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Listing 1: Program source code

#include <stdio.h>
#include <stdiib.h>

typedef struct {

int xdata;

int capacity, front, rear, size;
} Queue;

/« Initialize the queue by allocating memory with the specified capacity

FEBELRAEMTAEY 2L, F2-28HET5) «/

int init (Queue xq, int cap)

{
g->data = malloc ( * cap)j;
if {g->data ===NULL) return 0;
g->capacity = cap;
g->front = g->rear =
return 1;
}
/+ enqueue: returns 1 on success, 0 if the queue
int engqueue (Queue xg, int x)
{.
if ) return 0;
g->datal = Xj
g->rear = ;
g->sizet+;
return 1;
1

/% decqueue: returns 1 on success, 0 if the queue
int dequeue (Queue *q, int *out)

{

return 0;

1;

if (g->size == 0)

*out = g->datal

g->front
g->size~-;
return 1;

int main{void)
Queue g;
int x;

/+ Specify the capacity of the queue
if (Yinit (&g, %)) {

printf ("Memory.error\n”j;

return 1;

}

printf{"Initial:.front=%d, .rear=%d, .size=%d\n", g.front,

10);
20);
30);
&%}

enguaue {(§q,
engueue {&q,
enqueus {&q,
dequeue{&q,

printf{"Current:.front=%d, .rear=%d, .size=%d\n", ¢.front, qg.rear,

40);
50) ¢
&x);

enqueus {&q,
engueue {&q,
dequeue (&g,
engueue{&g, 60);

enqueue (&q, 70); ,
printf("Final:.front=%d, .rear=%d, .size=%d\n",

/+ free dynamically allocated memory (BIRNCHERLZX€Y 2T )

return 0;

(%2 —OHERBIHETS)

is full (enqueue: IIERE 1, MMCIHSE0 2ET)

is empty {(dequeue: FIRAE L1, EOESI0 ZET)

*/

g.rear, g.size);

g.size);

q.front, g.rear, g.size);

*/

*/

*/

Listing 2: Execution result

Initial: front=0, rear=0, size=0

Current: fronts rear=3, sizes=2

Final: front=2, , Size=5




. 2026 £ 4 A A% (April 2026 Admission)
B REEREEGE AL B T AR A DR R R RG] (RO SPTRE ALt
Graduate School of Advanced Science and Engineering (Master's Course), Hiroshima University
Entrance Examination Booklet {General Selection)
(2026 4 1 A 22 H#EAE / January 22, 2026)

RERE | SRR (WMEE I pAs LA N NE TR TEE S
Subject Informatics and Data Scieuce 1T Program Informatics and Data Science | Examinee's Number M

R 4 (Question 4)

Bl Cvba, v, BLOFY U—AN ¢ D IDOANENSEL, 200, Gty F s L3y V—H{h
Cous BEMT BEMNFIE (FA) TH5.

(1) XOR, AND, OR%'— bOHERWTRINFERERZRG LEE W,
X =XsXoX:Xo LY = VaVuViYo B A ©w b D 2O, 7 = 2473727, 70 % 5 v D2 DM L5,
(2) 4D0OBMFE#HI Y FEANT, 4y MNEER Z =X +Y 2R LAEW.
(3) 4DODEMITRT Y 7 NOT 5 — FDOBEAVT, 4y PETHR Z =X -Y ZBGILEE V.
(4) BHAC v b QIISU CRZRTT 2 IE- B0 (AS) [ (M2) ZaftLadwv:
X+Y, ifQ=1,
X=-Y, ifQ=0,

7L, @mEssTay s XORT—bF, BXUNOT ¥ — bDAHEHNET &,

Figure 1 illustrates a full-adder (FA) with three inputs: two bits, = and y, and a carry-in ¢,, which produces

two outputs: the sun bit s and the carry-out bit cou.
(1) Design a full-adder circuit using only XOR, AND, and OR gates.

Let X = X3Xa2X1Xo, Y = ¥3Y2Y Yy be 4-bit 2's complement numbers, and Z = Z4534:21Z¢ be a 5-bit 25

complement number.
(2). Design a 4-bit adder circuit Z = X + Y using four full-adder blocks.
(3) Design a 4-bit subtractor circuit Z = X — Y using four full-adder blocks and NOT gates.
(4) Design an adder-subtractor (AS) circuit (Figure 2) that computes
XY, Q=1
lx-v, ifo=o,

using only full-adder blocks, XOR, and NOT gates, where ¢} is a control bit.

y T Yz Xa Yo Xo Yy Xy Yo X
|- IR O A DO S A A
Cout — FA —Cin AS — ()
1 : i ] | i i
S Z4 23 Z2 Z’_{ Zu
B 1 - Figure 1: Full-Adder 2 - Figure 2: Adder-Subtractor
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Subject
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Informatics and Data Science {1

Tur o h

Program

TR

Informatics and Data Science

M

[ 5 (Question b)

X1, Xy B, RACT A
TOMWIZHEZ L.

€y
(2)

3)

(4)

Let Xlﬁ...,

PR X, X 100 CRIERIH L(6) B3R k.

8 DIAHET / (MLE) 78

ThHBILERE

0 DFEFE

THL I ETIRE.

g ORI ELA) 23

—C@Q\.—t T‘E‘

§=

Folri) = goa™”

max(X1,...,Xn}

E[f] = —— 0

# > 0 is an unknown parameter. Answer the following questions.

(1
2)

(3)

(4)

Derive the likelihood function L{#) based on the sample X,..., X,

Show that the maximun likelihood estimator (MLE) of 4 is

0= max(X1,...,Xn)

Show that the probability density function of 0 can be written as

£5(10) = -(-){;.L

Show that the expectation of 0, ’E[ﬁ], satisfies

&3

L

72—1 0 ~<— 2 S 0.

k)

k13

0 = 0.

n+1

Examinee’'s Number

—& 0> 0 % Ho— 5 Uniform{0, 0] 7226 OHEIRSGTERE T 2.

Sy 2
DL E

X, be an independent and identically distributed sample from the Uniform{0, 8} distribution, where .
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In a binary classification problem, the prior probabilities of classes wy and wy are given by P(w,) = 0.6 and
P(wa) = 0.4, respectively. The loss function A{w;fw;), obtained when classifying a data of class w; as class w;,

is defined as follows:

_ Classification decision
True class :
: Wy Wy
Wy ’ 0 1
[#3:2) 2 0

For an observation 2 with the conditional probabilities P(z|w;) = 0.8 and P(z|wa} = 0.3, answer the following

questions.
(1) Compute the posterior probabilities of each class, P(wi|x) and P(ws|z)

(2)  When classifying , compute the conditional risks R(w, |z} and R{ws|z), and on this basis, determine
the class to which 2 should be assigned.

5, recompute the conditional risks and state whether the

If the loss A{wy|wa) is changed from 2 to

(3)

classification result changes.
Explain the relationship between the conditional risk and the loss function in approximately 100 words

(4)
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Summarize your undergraduate research project or any other rescarch 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 ihe answer sheet.
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