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4 line

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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FIRE 1 (Question 1)

n RENFHTH A = [0] O n HAOEHEMEE A\ < X2 <

T3, LToRCEL k.

@) tr(A) =Y N ERBILETRE.

i=1

2 Zn: ‘::a?,- =§nj X sz rRRE.

Let A = [a;;] be an n x n real symmetric matrix with eigenvalues A3 < A2 < -+ < A, and corresponding*

i=1 j=1 =1

eigenvectors u1, Ug, . .. ; %y,. Answer the,following questions.

(1) Show that tr(4) = 3_ As.
i=1

b3 n n
(2) Show that Z Za?j = Z A2

i=1 j=1 =1

RSP i 4 L,. ﬁﬁﬁ?—aﬂﬁ&y % Wi, U,y o, Up &




2023 £ 10 A A%, 2024 4F 4 AAZ (October 2023 and April 2024 Admission)
LEEARFRERCERTRBEMARG L RENY (—2K) SPREASERBREE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University

Entrance Examination Booklet (General Selection)
(2023 4 8 A 24 HEME / August 24, 2023)

AEEE | EHREE (EMRE)) Tarsh | HERLE XERES
Subject Informatics and Data Science 1 Program Informz_itics_ and Data Science | Examinee’s Number M

& 2 (Question 2)

2 BB o(u,v), P(u,v) 1 C° BT 0(0,0) = 9(0,0) =0 2 L, f(z,y)=e = Yoy &7 5.
UFORWZEZ .

1) (z,9) = (0,0) TBVT, B flz,y) PHEE LZME > PHERL.

(2) 52(0,0)=a, 52(0,0)=b, 5£(0,0)=¢, $£(0,00=d 2L, f(z,v) & o(u,v), ¥(u,v) &OEREHE
g(u,v) = flo(u,v),Y(u,v)) T2 E, glu,v) DIZR—) VER%Z 2IROEETRD L.

(8) ad—bc#0 L FTBHLE, (u,v)=(0,0)ZBWVT g(u,v) WBMEZ & 25 Y5 HhTR L.

Let ¢(u,v) and 1(u,v) be two variable C* functions with ¢(0,0) = ©(0,0) = 0, and let f(z,y) = e™® ¥ zy.
Answer the following questions:

(1) Determine if the function f(z,y) has a local extremum at (z,v) = (0,0).

(2) Let %‘5(0, 0)=a, %5(0, 0) =10, %’5(0,0) =¢, and %f-([), 0) =d. Let g(u? v) be a two variable composite
function g(u,v) = f(i(u,v),¥(u,v)). Calculate the Maclaurin polynomial of degree 2 for g(u,v).

(3) Determine if the function g(u, v) has a local extremum at (u,v) = (0,0) in the case that ad — bc # 0.

v
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X1, Xs, -, Xn WE RSO R— R0 ) BEEBERERE L, X (i=1,2,...,n) ORREKE
PX;=k)=p, k=0,1,...,m

LT3, REL e Z0, N ope=1Th3, F% X1,..., X, Db X, =k 53 X, DEHEEEER V;
TRY. : '

() m=1F3LE, BEPY, =k D

BB LETE,

(2) m=1%,73L%, FYEY;] B&OIH Varlyy] R &
@) m=2ETBLE, BEPY =k 2ROL.

) m=2rF3L% BEPY,=kYi=10) KDL,

(6) m=2 L¥BLE, BEPY,=y,Ys=1p) 2RO,

Let Xi, Xs,...,X, be mutually independent and identically distributed discrete random variables. The prob-
ability mass function of X; (i =1,2,...,n) is given by

P(Xi=k)=p, k=0,1,...,m,
where py, > 0 and 371" px = 1. Let ¥) be the number of X; that equal k¥ among X3, .., X,.
(1) When m = 1, prove that the probability P(Y; = k) is given by
P(Yy=k)= (Z)p’fpg"k
(2) When m = 1, find the mean E[Y;] and the variance Var[Y;].
(3) When m = 2, find the probability P(Y; = k).

(4) ‘When m = 2, find the probability P(Yz = k|¥; = 1).

(5) When m =2, find the probability P(Y; My, Yz = y2).
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fE& 1 (Question 1)

R UICRT X502, THHIES = {51, 50, 55,5 DICHER A LT 5.
%1 1HEIE S LS 5 -THE A

S A
S1 0
sy 110
S3 10
S4 X

(1) ADPBERCESFREL B X5 2 4ANO/EEz 21 oKD X.

2) (1) CBYBHE ADZHARERL, ZHEAVTHE ASRBEICEERETHS L 2HEE L.
8) (1) KB BHE ADRKIA A2 R,

(4) W5 AD—RCESTETH B0 L > pEBIL L.

31,32783,34}-

- e the binary code of the information sburce S =
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‘1" THL %) 2HBI 2 70/ 7 4TH3. 7R M HOFMONIEE R X v 7 CHRET 51213, TﬂFZ b D%
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WERT 2 RENHB. I ... Listjge 1 BEFLSTHH 9om$¢tmmzrummx»zﬁzv TrAFEIN T inkine 0

Informatics and Data Science




1
2
3
4

B Listing 1: program
#include <stdio.h> - ' ) '
#define MAX_DATA 5

typedef-struct stack{ // defjnition of sticls as o ctructuro

"’E

7 } STACK;
8 < .
9 void init_stack(STACK *stk){ . // initialization of a stack
10 for (int i = 0; i < MAX_DATA; i++) stk-darr[i] = 2
11 stk->top = -1; : ' .
12
13 ,
14 int push(STACK *stk, char input) { // pushing a data into thé stack
15 printf ("push:_%c\n", input);
16 if (stk->top == | Qf4" ] {
17 printf ("This stack_is full.\n");
18 return 0;
19 } else { N
20 stk‘—>a.rr = input;
21 return 1; H
22 .
23}
24 .
25 char pop(STACK #stk) { popping a data off from the stack’
0 s mz e
27 printf("no data\n");
28 return ’\0’; /7
29 } else { ,
30 int top = stk->arr[] Q1.4 II
31 stk->a1jrll Q1.5 ,II =777
.32 printf("pop: %c\n", top);
33 return top; //
34 .} '
35 }
36
37 void show_stack(STACK *stk){ displaying all the data in the stack
38 printf ("STACK:. "); '
39 for (imt i = 0; i < MAX_DATA; i++) printf("ic,", [ Q1.6 );
40 printf (", top:%d\n", stk=>top); i
41 }
42 l 1)
43 int check_brackets(STACK *stk, char *data) { checking the correspo}/.iience of brackets in the text
44. init_stack(stk); h C ' )
45 char top; . . o
46, printf ("\ncheck: %s\n", data);
47 for(int i = 0; data[i] I= ’\0’; i++) {
48 printf("input: %cy", datal[i]);
49 if(data[i] == ’{’ || data[i] == ’[’) push(stk, data[i]);
50 else if(datali] == ’}’ || data[i] == ?]?){
51 . top = pop(stk); ) )
52 if(top == ’{’ && data[i] '= ’}’ []| top == ’[’ && data[i] I= {
53 printf("’Yc’,can’t be closed with;’%c’!\n", top, datali]
54 return 0;
55 -}
56 } else printf("\n");
57 Bl ‘
58 top = pop(stk);
59 if(top == ’\0’) printf ("There are_no extra brackets!\n"); 1
60 else printf("There,is an extra,’%c’!\n", top);
61 return 1;
62 } )
63 ; -
64 int main(void){
65 STACK stk;
66 // demonstration of the use of a stack
67 init_stack(&stk);
68 show_stack(&stk) ;
69 for (int i = 0; i < MAX_DATA + 1; i++) {
70 push(&stk, ’a’ + i); :
71 show_stack(&stk) ;
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Listing 2: result

STACK: 7 7-7
push: a
STACK: a ?
push: b

-~

STACK: a b 7.

push: c
STACK: a b ¢
push: d
STACK: a. b c
push: e

d

?

3

STACK: abcde,

push: £

STACK: abc de

pop: e

STACK: a b c d ?

pop: d
STACK: a b.c
pop: ¢
STACK: a b ?
pop: b

> STACK: a 7 7

pop: a .
STACK: 7 7 7
pop: no data
STACK: ? 7 7

check: {[al}
input: { pus
input: [ pus
input: a -

h:
h:

~input: ] pop: [

[ Wan?

input: } pop: {

pop: no data

‘This stack is full.

1

top:-1

top:0

- top:l

top:2
top:3

top:4

top:4

+ top:3

top:2
topfl
top:0
top:-1

top:-1

Q2.1

check: {[[al}

input: { pus
input: [ pus
input: [ pus
input: a

input:‘] pop: [
input: } pop: [

h:
h:
h:

{
[
[

r

Q2.2

check: {[al}

T

input: { push: {
input: [ ‘push: [

input: a

input: ] pop: [

input: } pop: {

input: [ push: [

pop: [

L

Q2.3
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(2)40000 200 B =b3bobibg 000000 ADDDODOd(B) =

40000 200 A=asaza100 0000020000000000000 d4)0000
()0 10000000

0000000000 BOOOODOOOOO0OOXXXXO00O0000O
(3) ADDDDD BOOOOOOOOOO0O0O0O0O00000000 bo,by,be,bs00000000 1000000
OD000OXXXXOO0OO0OO0O0oooooooo
(4) 3)00000bg, by, be,bs 0000000000000 00
(5) (3)00000bg, by, be,bs 0000000000000 DO0

(2) A 4-bit binary number B = b3byby b, satis es d(B) =

dA)0D00D00O00000OO0 2000

For a 4-bit binary number A = asasaiap, let d(A) denote a number in 2’s complement notation.
(1) Complete Table 1.

exists, write XXXX.
(3) Hlustrate the Karnaugh maps (Figure 1) for by, b1, bo, b3 respectively, necessary to design a combinatorial
circuit with input A and output B. Consider XXXX as a \don’t care" input.

(4) Show the simplest sum-of-products formula for by, b1, bo, b3 respectively, based on (3).

(5) Show the simplest product-of-sums formula for by, b1, b, b3 respectively, based on (3).

010000 A00DDOdA)DDO
Table 1: The values of d(A) for all A

A d(A) A d(A) A d(A) A d(A)
0000 0 0100 1000 1100
0001 1 0101 1001 1101
0010 2 0110 1010 1110
0011 3 0111 1011 1111
020000 A0DOOO BOO
Table 2: The values of B for all A
A B A B A B A B
0000 | 0000 || 0100 1000 1100
0001 0101 1001 1101
0010 0110 1010 1110
0011 0111 1011 1111

aiag

d(A) for all A. Complete Table 2. If no such B

a3az
00 01 11 10

00

01

11

10

0L ooogd
Figure 1: Karnaugh map
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(1) c2EBORBELTB3E5% KRTRZ Mlce=(c,c,---,c) KNLT, XRIBRDITDZ L 2 L.
o(z+c)=o0(2z)

2) EWMH >0THNLT, HBETHKREWEAEL H BTN EWBECTBET 3 0(z/H) OBz oW
~k.
(3) o(z) Dz (1<i<K) BT 2EEHEHY X,

o(z) = ,
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A8 7 (Question 7)

ERERRER TN ETIREE LFREICOWT, 00 FRECHRICELD L. dLZRALRToTURL
B, BEREZFE - EEAZCHET 3BE0EEY RS, TOMEY v 312, BEkEEHo-EBl% 400 F
RECHEY L. BEERREERRKICEAL K.

Describe the outline of your undefgraduate 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.






