2024 4F 10 A A%, 20254 4 AA% (October 2024 and April 2025 Admission)
IRERFREGER TRAEMARHELRENT (—RER FMRE A ZHABREE
el A AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

Question Sheets
(2024 £ 8 H 22 HEM / August 22, 2024)

RBEE | WERE (FPIRED) Far7 s TEHRE |- ==Es

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

SAEREME : 9 00 7~11 K004 (Examination Time : From 9:00 to 11:00)

ZREOAESE
. COMERARRBREEZEAHHDET,
2. REBIUBER-V1Z, ZERBSEILALTLEX N,
3. ZHUIMEAKTY, MEIIMOBEARKICEAL TLIEEY,

4. BENEFEEALVE 2, ACAKOBERZMELTHBVEEA, 7L, 20HEIE B RYLEAL
TEEIREE LI eBTPEL5IILTLEZWY,

5. TATOMBEICBELTIEE N,
6. PIERSISRERRL & dIcEIRL £5,
7. B 53 VIEFIAR AN D B ESEEREFTLHEIL,

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. 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:
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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I 1 (Question 1)

A= )
sinf cosé@ 0 3| |—sind cosh

cos @ -sinO} [2 O] |:cost9 sin@} YFE. BREL, 0 RERTHE.
(1) ADFFIRZRD X,
(2) ADEFME N, ERETIEEXRZ Pl v, v 2RO K. 7270, v L v, DEXIZ1L253,

(3) ERORZ Lz cR? (7270, 2#£0) KRLT, 2T Az>0BWMHIDZ v 2RE. 7L, o' i
DEEEZRT.

(4) 6:%@& E, A"ERDE. HEL, n REOEKE T 5.

Let A=

cos —sinf| (2 0 cosf  sin@ .
_ , where @ is a real number.
sinf  cos® 0 3] |~sinf cosf

(1) Find the determinant of A.
(2) Find the eigenvalues A1, A2 of 4 and their corresponding eigenvectors vy, v; having unit length.

(3) Show that inequality 2T Az > 0 holds for any nonzero vector = € R?, where T denotes the transpose of
x.

4) Let @ = Z. For a positive integer n, find A™.
4
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& 2 (Question 2)

HHED={(z,y) |0<z, 0<y, 0<a?+y2 <1} TREBINAMEY
z=f(m,y)={ vlog o (@) #(00)
k (z,y) =(0,0)
BB, RFEU, B (0,0) THE 2 = f(z,y) REHTHELTS.
(1) kDOEZRD L.
©2) z=f(z,y) DEAEERDE.
(3) WUTFOLEH-EMNERDE.

/ /D [z, y) dudy

Consider the function

1 .
log —— (z, 0,0
Z:f(m’y):{ 2log =—3 (.9) #(0,0)
k (z,y) = (0,0)
defined on the domain D = {(z,y) | 0 < z, 0 <y, 0 < 22 +y* < 1}, where the function z = f(z,y) is

continuous at the origin (0, 0).
(1) Find the value of k.
(2) Find the maximum value of z = f(z,y).

(3) Evaluate the following improper double integral.

/ /D f(z,y) dady
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978 3 (Question 3)

ERER Xy, Xp BEWITHILTH ), ZRZNMUT OBEBEIHEI D ET 3.

. T
P(X;=x)=e M ‘;Z! :

z=0,1,..., i=12
T p,po BEDERTH B,

(1) P4 BIX,] B L OHH# Var[X,] 2%k k.

(2) WERDES B[] 2Rk k,

(3) P(Xi+Xy=1z) 2RD &,

(4) PXi=z|X1+Xo=n) 2RDL, TITn BEDEETHS,

Let X1, X2 be independent random variables with the following probability mass functions:

P(Xz :Z‘) =g M P

c=01,..., i=1,2
where p1, fg are positive real numbers.

(1) Find the mean E[X;]| and the variance Var[X;].

(2) Find the probability generating function E[z%1].

(4) Find P(X; = z|X; + X2 = n), where n is a positive integer.
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[ 4 (Question 4)

FHECHPRELBZOVE I CHET 6 I LA TEL Y772 FEANTHELED. F-BETIEACALE
DPEIDHTHRRVE S CEERICBZEIDYTE I 207 7ORER LR,

(1) 3SEUTTHEET S L TERWI 6 OFAEN Y 7 7Ol —ORLEE V. EETE, 20757
PEEHTH BEEM L 3 BLUTOAEANTERVERLRLEZI L.

(2) (¥ n OEEDOEMVFERNS 7 7 DBBEHE 230 -6 THD I BFHLNTWS. ZOBREAVT, £E
DBHFHERBIZ S 7I2E KBS U TOERPDP R b 1 BEFEET LRI E2IHLZE N,

(3) Mu#in DIEEDTHER S 7 705 BUTTRELTES) LESFREEHAA LTS, 4UTFToEEDE
REn L TEHAPBLT S I 2 LRI W,

(4) nZ AU LOEBROBRBL L, IO OWTANRILTLLRETS. 0L Eillin+1 OFENS
7 GHBOLRBALUTOERERHTE, G2 BUTCAEATEL I LETRLARZL,

A graph is said to be planar if edges of the graph can be drawn in the pléne without crossing each other.
Assigning a color to each vertex in a graph so that adjacent vertices are not assigned the same color is called

vertex-coloring of the graph.

(1) Give an example of a planar graph of order six that cannot be vertex-colored with three or fewer colors.
In your answer, provide evidence that the graph is certainly planar and explain why it cannot be vertex-
colored with three or fewer colors.

(2) It is known that the number of edges of any simple planar graph of order n is at most 3n.— 6. Using this
fact, prove that any simple planar graph has at least one vertex of degree five or less.

(3) Let A be the statement that any planar graph of order n can be vertes-colored with five colors or less.
Prove this statement holds for an arbitrary natural number n less than or equal to four.

(4) Let n be a natural number greater than or equal to four, and assume that Statement A holds for n. Prove
that if a planar graph G of order n + 1 has a vertex of degree four or less, then G can be vertex-colored

with five or less colors.
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EREDIZSEH

1.

2.

IOMERRRRREEA 10D D T3
REBIUBR-TI, RBRESERLAL TS WY,
ZHIRHERRTT. BEIROBERICEEAL TR Z W,

BEPESTSIARWE 213, ALAKOEE2AALTHBVELA, 7L, ZTOBEEE TBitEEd) REEEAL
TEAREH LB d L3I LTLEE W,

FIEE 1~6 DPH e SEERIRLTHEE L TLFE W, JHIZMAT, BETIBEL T FE W, BERBEESIRIZ
ATV THEWERAD, HDTFHEESEZEHLTEEL TIFEEW, 48, BRUABERL, REREREDE
R CEHIZ I T E Y,

. FERRREEARE 2 bICE L £,
BB ZVEBTHZERD BBERTFERETTLEZ W,

Notices

1.

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 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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=8 1 (Question 1)

RO (1)-(4) 1I2BZ &, B, SEUTOEZIEBHREL 75.

.5'=<311 52 53)
§ K

(1) SOy ro¥— H(S) ZEETRD X.

=
a |

(2) SIEHFTALTO2EME C BERICESTERL I L 2HEE &

S C
s 0
s9 01
s 11

(3) S D2KILABEHES? KHTEINTT U FEOFEHFERRL ERD &.

(1) UzIEoETEERELT3. COrE, Uo KEKERFE U2 LT, HU?) =2HU) k3
T A L.

Answer the following questions (1}—(4). Let S be a meinoryless information source as follows.

81, 82 83
S= (l 1 l)
2 4 4

(1) Calculate the numerical value of entropy H(S) of S.

(2) Explain why the following binary code C for S is not instantaneously decodable.

s C
s 0
59 01
sz 11

(3) Calculate the average code-word length L of a Huffman code for the second extension 52 of S.

(4) Let U be any memoryless information source. For the second extension U 2 of U, prove that H(U?) =

2H (U holds.
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78 2 (Question 2)

V%=1 UXAsort(Anl..) &, ECH AfL: n]®n@®?«1®¥§%ﬂm§¢:‘/——b?é 7L, k@Zo7n
TVZALBED T A—ZTHS. LTOMWIER X.

(1) BE¥l A = {2.5,3,0.2,3,0,3} X3 % sort(4,8,6) DETITOWVWT, 6{THER L 8 fTHERIDES C @

BEROBEERELZFRL, ZRFEAERL TV 2 HHHAE K.
(2) (1) DEITIZDOWT, 81TEHD for XDERDELICBIT SEH B LS C OFEROEEZ T
(3) sort(A,n, k) PEAREETH 272D DEH A &M% LAV TTRE.

(4) sort(A,n.k) RRETHS. KETH5 i3, ALEOERIANCHRT 2IBFCTHACHRT LS
HEE2WS. §{THD for X% 126 n FTORIBIEELGE, RETH30Ehrnt. HiEd
~E.

Algorithm sort(A,n, k) sorts all n elements of the input array A[l : n] in an ascending order, where % is a

parameter specific to this algorithm. Answer the following questions.

(1) On the execution of sort(A.8,6) for A = {2,5,3.0.2.3.0, 3}, show the value of each element of the array
C just before line 6 and just before line 8. respectively. and explain what each represents.

(2) On the execution of (1), show the value of each element of array B and array C at each iteration of the

for statement on line 8, respectively.
(3) Express the conditions for the array A to which sort(A,n,k) can be applied u.éing k.

(4) sort(A.n, k) is stable. Stability is the property that elements with the same value appear in the output in
the same order as they appear in the input. When we modify the for statement in line 8 to an ascending

order from 1 to n, show whether it is stable or not. Explain the reason.

sort{A,n. k)
1: Let B[1: n] and C[0: k] be new arrays
2: fori=0tok

Cli]=0:
forj=1ton

ClApl = ClApll + 1
fori=1tok

Cli] = Cli| + CJi — 1];
for j = n downto 1

BICIAl]) = Aljl;
10: ClAlf]] = ClA[] -
11: return B
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fii#E 3 (Question 3)

CE&Blck 3 sourcecode 1 ¥ 2 X FNFN, BEKEF-EE Y R M BIUEHITORZEDEI L HIFR % E1T
TE3ELIWCLEDBDTHS.
(1) source code 1 iCBALT, UTFOEM (A)~(C) TIE LWEREA T 2 TR TEX. ZIT, BE% struct
Node BIGF 7.
(A) addElement B THEE® U R MBI FORESEIX ?
i FERY, BICVRFOXHEICHAT 3.
i, FERE, EVAMRSURFOKEE, FRALSMIV A FOFEICHEAT 3.
i, FERF, BV MRS YANOEKEIZ, ZHLSNIY X FORBIZEMT 5.
iv. FIEFEE, EVRAIMROVAMOEER, FALMMIV A NOEEDERICHEAT 3.
(B) removeElement BA¥{ T/ETHER ¥ Z DO REDHIFRNEH Rz 2 HZ ?
L AEERLMOEZRTIEY R NOEHFHELNER 5729,
i, REERLMOBRTREAT Y BROSESER S5,
iii. EEERLSNOHIBRIBRAEL N TR, AEEROHIRRHITER .
iv. REEZROHIRKFOA Y AL ORIRZEETIRENH S0,
(C) printList BI¥{® current 1= NULL &{FOEENIAD?
i URFDBEDBERA—FTEETLREVWISICT 5.
i. BERZ—ETOUNEL, BRERDERORTRTT3.
ili. REOBERIREOBERTH L0 I>02HET5.
iv. EORHIN— KT T 258%R7.
(2) source code 2 {CEL T, FuF T ADZEM [1)~[14]) ZEHD X.

The C language source codes 1 and 2 implement element addition and deletion operations using a linked list
with structures and an array, respectively. )
(1) Regarding source code 1, select all and only the correct choices for the following questions (A) to (C).
Here, an element is represented by the struct Node type.
(A) What is the implementation method for adding a new element to the list in the addElement function?
i. Always insert the new element at the beginning of the list.
ii. If the list is empty, set the new element as the head; otherwise, insert it in the middle of the list.
iii. If the list is empty, set the new element as the head; otherwise, add it to the end of the list.
iv. If the list is empty, set the new element as the head; otherwise, insert it right after the head.
(B) Why is the deletion process different for the first element and other elements in the removeElement
function?
i. Because the method for updating the list is different for the first element and other elements.
ii. Because the memory deallocation method is different for the first element and other elements.
iii. Because recursive processing is always necessary for deleting elements other than the first element,
but it is not required for deleting the first element.
iv. Because the list length needs to be changed only when deleting the first element.
(C) What is the role of the current != NULL condition in the printList function?
i. To prevent the loop from executing when the list is empty.
ii. To process each element once and terminate after the last element.

iii. To determine whether the current element is the last element.
iv. To indicate the condition that terminates the loop when it is true.

(2) Regarding source code 2, fill in the blanks {1] to [14] in the program.




source code 1: linked list

Fl

O 00~ DO Wk

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

struct Node {

int-value;
struct Node* next;

struct Node* addElement (struct Nodex head, int value) {

struct Node* newNode = malloc(sizeof (struct Node));
newNode->value = value;
newNode->next = NULL;
if (head == NULL) {

return newNode;
} else {

struct Node* curremt = head;

while (current->mext !'= NULL) {

current = current->next;

current->next = newNode;
return head;

25 struct Node* removeElement(struct Node* head, int index) {

if (head == NULL) retura NULL;
if (index =='0) {
struct Node* temp = head;
head = head->next;
free(temp);
return head;

struct Node* current = head;

struct Node* prev = NULL;

int i = O;

while (current !'= NULL && i < index) {
prev = current;
current = current->next;
i++;

}

if (current '= NULL) { .
prev->next = current->next;
free(current);

}

return head;

48 void printList(struct Node* head) {

struct Node* current = head;

while (current != NULL) {
printf("/d, ", current->value);
current = current->next;

}
printf ("\n");

main() {
struct Node*x head = NULL;

head = addElement (head, 10);
head = addElement (head, 20);
head = addElement (head, 30);

printlist (head);
head = removeElement (head, 1);
printList(head); .

return 0O;




source code 2: array

#include <stdio.h>
f#fdefine MAX_SIZE 100
void addElement(int list[], int *size, int value) {

/YA RBTATRNE & BHER
- // Check if the list is not full

if () i
7 BLVEZRE Y R FORRICER

// Add the new element to the end of the list

11 list = value;
12 /S VZAFDTA XZERT

P 0 NS R D WD e

13 // Increase the size of the list
15 }

16}

17

18 void removeElement(int list[], int *size, int index) {

19 /BT 2 BROA 7y 7 ADBEHEEANF = 7

20 // Check if the indez of the element to be deleted is within the walid range
21 if () {

22 /7 B3 2BEZDORADERY 1 o 2/1icHE)

23 // Move each element after the Temoved one one step forward
24 for (int i = index; i < m; i++) {

25 61 |

26 } )

27 VAR LDOYA X2 T

28 // Decrease the size of the list -
30 }

3t }

32

33 void primtList(comst int list[l, int size) {

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

35 /7 BEZEHMA

36 // Print each element

38

39 printf("\n");

40 }

41

42 int main() {

43 int list [MAX_SIZE];

44 int size = 0;

45

46 // VAPMCERZEMT S

47 // Add elements to the list

48 addElement (list, 9] , 10);

49 addElement (list, [10] , 20);

50 -addElement(list, [11] |, 30);

51 printList(list, [121 p;

92

53 VA MNDPOEREA Ty 7 REREELTHIET 3

54 // Remove an element from the list by specifying its index
55 removeElement(list, [13] , 1),

56 printList(list, (14 D;

37

58 return O;

39 )
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%8 4 (Question 4)

NOR(n) (n> 1) &, n¥y MAANORF—FTHD, TOEICAN ¢y, 22.....z, 1 ¥y FHTy 215,
y=1tR3DEr;=03=- =2, =0DLE, POEDLEDATDH3.

(1) Fd NOR(1), NOR(2), BLU NOR(3) DEB{ERZEM ¥ k.

(2) B/MEK® NOR #— F £ WVT, aVbVc REET s REER S RTRH X,

(3) B/MES D NOR #— FE VT, aAbAc R ET 2HBERZNTE L.

(4) J/ME¥D NOR 7 — FZAWVT, HFEHOR (aVb) A (cVvd) ZFTET 2 mEEEZ KR .

(5) HFEDREME £ {0.1)7 — {0.1}) DEBERSE L 6N/ &, [ RFE T 5HELBED NOR ¥ — DA
PRWCREICEZ L2t

Let NOR(n) (n > 1) denote a NOR gate with n input bits x;,®2,...,z, and one output bit y, as illustrated
below, such that y =1 ifand only if z; =20 =~ =z, = 0.

(1) Complete the truth tables for NOR(1), NOR(2), and NOR(3) as shown below.

(2) Iustrate a logic circuit that computes a V b V ¢ using the minimum number of NOR gates.

(3) Nlustrate a logic circuit that computes a A b A ¢ using the minimum number of NOR gates.

(4) Mustrate a logic circuit that computes the product-of-sum formula (a V b) A (¢ V d) using the minimum
number of NOR gates.

(5) Show that. for any logic function f : {0,1}™ — {0, 1} given as a truth table, a logic circuit computing f can
be designed using only NOR gates.

HEER
Trith tables

NOR(1)  NOR(2) NOR(3)

T1 | Y 122 | Y I1T2Z3 | Y
z, 0 00 | 000
;30— y 1 01 001
10 . 010
R 11 011
NOR(n) #¥— b 100
NOR(n) gate 101
110
111
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féiRE 5 (Question 5)

i an)?
2

X ~ N{p,0?) ¥F5B. 22T N(p,0?) 3—ZEBOERIHTHD, ZORREEBHIL p(z) =
ThH35.

(1) N(,o?) 25 OB AER 01, 70, ..., 00 HESNIL &, p OBRIMEBERD L. %72 L o REAT
BELDLT 5.

(2) —ZEEHIHORBMERIT ox () = e 17" TH5. Lox(t) ZRDE.
(3) Lox(t) BAWT, X OHFHE EX] 2R L.

Assume that X ~ N(u,02), where N(u,0?) is a univariate Gaussian distribution with probability density

1 2
function p{z) = e” mT(EH)
V2na?
(1) Given observations a1, Zz, - .., Z, that are independent samples from N (g, 0?), and assuming o2 is known,

derive the maximum likelihood estimator of x.

(2) Determine %gox (t), where @x(t) is the characteristic function of the univariate Gaussian distribution

iut—%aztz.

given bye

(3) Use Zyx(t) to derive E[X], that is, the expectation of X.
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fE1RE 6 (Question 6)

(1) K TEX MRS (K-fold Cross Validation Algorithm, K Z#IZZEREL) OFERBENE XUG7ALTY X
L (EBEIE) oW THSOSETHEL &,

(2) UToBBETEEMAELHHAY L.
(2) TR - TR bV - TRERCER

(b) =2—F N2y F7—7CHERAINS TEEUEE (2L, BECHEBSLETH 5HEICOVTH
HLThs, RENAEELBEEROHZ 2 DB EET LX)

(1) Explain in your own words the purpose of using the K-fold Cross Validation ‘Algorithm and how this
algorithm works.

(2) Explain the following machine learning related terms:

)

(a) “feature extraction,” “feature vector,” and “feature space”

(b) “activation functions” used in neural networks (explain why it is necessary to use activation functions

and also give at least 2 examples of commonly used activation functions)
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FEMETFRINE TIIRELUAPERBEIIONT, 00 FRETCHEBIIELDEL. LENSEFT> TRV
Bed, HEE R BRI T A BEOEEE 0B, TOMEL L, BkER BB 00 F
RETHEC L. BERISRERECEALL,

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.
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