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Notices

—

. There are 5 question sheets including a front sheet.

N

. 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.



2022 £ 4 A A% (April 2022 Admission)
[E B RERBOE T T RAPEFIR S T A (— R SFTRE AR
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)

(2022 £ 1 A 27 HEEHE / January 27, 2022)

REBRRE | R (BRRE ) A=T A NN THER RBEE
Subject Informatics and Data Science 1 Program Informatics and Data Science | Examinee’s Number M
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A,B,C,P,Q % n ROEATTHIL T5. %7, E ¥t O 2ZThZhn ROBAITHILFTIIL T 5.

(1) ABA2=A2WETLE, AOBEAMIINTOXLIZ1THS L ZaIAE &,

(2 B£0O¥ L, 28 k>2HLTB =0 PHDIIOL T 5. ZOLE, BREMMTAITRNI L%
AERRE XK.

tr(CX) =0k BIEC =0ThH?Z L RiHE .

(4) PQ— QP =E ¥725 X5 RIEATH P,Q BFEL RV L 2T X.

Let A, B,C, P, and Q be n-dimensional square matrices. Let E and O be n-dimensional identity and zero
matrices, respectively.

(1) When A satisfies A% = A, prove eigenvalues of A are either 0 or 1.
(2) Suppose B # O and B* = O for some integer k > 2. Prove B is not an invertible matrix.

(3) The trace of an n-dimensional square matrix M = [m;;] is defined by tr M = 37, my;. Prove C = O
when tr(CX) = 0 for any n-dimensional square matrix X. ’

(4) Prove that there are no square matrices P, @ such that PQ — QP = E.
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fERE 2 (Question 2)

(1) B 2 = 2(u,v) &, BB (u,0) e RZ LT, CPHRTHDLIET 5. 7, (2,y) eRZIINLT, &
B (u,0) = (z+y,z—y) BEHT D.
0%z 0%z . 0%z 8%z 8%z
zzm—w:zzy—%vﬁvzyy“a_yz % Zuu—w,zuv—’Ma

(2) EHmO0(0,0) A TERS N7 B

N 0%z
B 2y = — ZHVWTHRYE.
Ov?

z=(z+y)n{2(z® + %)}

DETDBEBLTZTDL ED (z,y) 2RO K.

(1) Suppose that the function z = z(u,v) is of class C? in real variables (u,v) € R2. Define the mapping by
(u,v) = (z +y,z —y) for (z,y) € R2
&z b? 8%z 0%z o2 0%z

z .
— Zgy = ———, and 2y, = — in terms of 2z, = and zyy, = —.
0z2” "V oyox’ vy ’ Ov?

2
Express zgq = By 9wz’ 7 T udu

(2) Find all local extrema and their extremum points of the function
z=(z+y)In{2(z® + %)}

defined for (z,y) # (0,0).



2022 4 4 A A% (April 2022 Admission)
Jh B RS SEBRSE TR BT RAHE L SRR (—BOEH) BPIR A ASRBHE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
(2022 4 1 H 27 HEEMi / January 27, 2022)

RERE | EERE (EFIRAE ) VA= DAV A BB SRR
Subject Informatics and Data Science I Program Informatics and Data Science | Examinee’s Number M
fRE 3 (Question 3)

X; (=1,2) BRI A=F \; ORT Y VHERERE L, Z ORERBEEIL

T ,—Aj
)\je
zl

Pr{X; =z} = z=0,1,2,...
ko THEAONB LTS, DTOMWIZEZ L.

1) X; (j=1,2) D LEERD K.

(2) Pr{Xi+X,=z} 2RD X,

(3) Pr{Xy=z|Xi+Xo=1} BRDE. 22T, 2=0,1,2,...,1 TH5.
4)

X (j=1) LT, HERER Z U TOL ) % 2 HIMIHE) £ T 5.

Pr{iZ=z|Xi=2}= (z)pz(l -p)*7?, z=0,...,z.

IDLE Pr{Z =z} ZRDX.

Let X; (j = 1,2) be the Poisson random variables with parameters Aj, where the probability mass functions
are given by

Aee~Hi
Pr{X; =z} = Jz' , =0,1,2,....

Answer the following questions.

(1) Derive the mean and variance of X; (j = 1,2).
(2) Derive Pr{X; + X, = z}.
(8) Derive Pr{X; =z | X; + Xp =1}, where z = 0,1,2,...,l.

(4) For Xy (j =1),let Z obey the binomial distribution

Pr{Z=z|X1=1}= (j)pz(l—p)”"‘, z2=0,...,2.

Derive Pr{Z = z}.
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M p (FFLp>1) LB a,bICHLT a— b2 p DFMTH L E, hp BT ak bRAFTHE LV,
a=b (modp) LEL. BHp (72 Lp>1) BIUp LEVWCRRER a 1N LT b =1 (mod p) 7258/
DERH k%, Hp B2 o OMBLIER. ZOLE, HTOMWEZ L. -

(1) 3z=1 (mod 11) 2 0< z <11 ¥ 5%z RD &.

(2) HEEROBE p,a,b,c,d (ELp>1)KHLT, a=b (mod p) D c=d (mod p) %5, a+c=b+d
(mod p) TH 3 Z & ZALHIE &.

(3) HE1L BT 3 DAEERD L.

(4) HEEOFEHpr, p tEVWCERREROEM e 2EX 5. 7 2N —O/NEEED, P =1 (mod p) B3
RDIID. Zxw—0/NEBREFALT, EpltBlF5 a DMED p— 1 OFNEL 5 Z L 2FEAE &.

For an integer p with p > 1, integers a and b are-said to be congruent modulo p if @ — b is a multiple of p, which
is denoted as a = b (mod p). For an integer p with p > 1 and an integer a that is coprime to p, the smallest
positive integer k£ such that a* =1 (mod p) is called the order of a modulo p. Answer the following questions.

(1) Calculate integer z such that 3z =1 (mod 11) and 0 < z <11.

(2) Prove that a+c=b+d (mod p) if a = b (mod p) and c =d (mod p) for any integers p, a, b, c,d with
p>1. 4 ' '

(3) Calculate the order of 3 modulo 11.

(4) Let p be any prime, and let a be any integer that is coprime to p. From Fermat’s little theorem, it holds
that a1 = 1 (mod p). Using Fermat’s little theorem, prove that the order of a modulo p is a divisor of
p—1.
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RERLOZEEHEE
1 COMERMIERRZ S8BT,
2. BB LOHEA—Dk, TBRESERALTLES L,
3. THUSMEARGTY, M RAIMOMERRICEAL TR S,

4 EVEEZENRVEEE, ACAKOBEZAAL COMOERA, XL, 2085613 TBIk) BELEAL
THREERLZ LT LI LTLEI Y,

5. fIE 1~6 OH» 5 3HBIRL CHBELTLAE v, ZHIIMZAT, ME7 IS LT3, BEIREESEC
ATHRTHREVETAD, HTHERSE2ERLTHBEL TS, B, BRLZMEL, BEHRRSEOR
R OHE T TL &,

6. MIEAMIIHERIKE L bIcEIRL £ 7,
7. BHS 2 VEARALRBH 5 HBERFEEI LRI,

Notices
1. There are 8 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. 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.

7. Raise your hand if you have any questions.
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/& 1 (Question 1)

4y POEIR x = (x1, 20, 23,24) DRI, UTORTHLNZ 3Ly POREL Y b c1,c2,c3 BZIMA T2 (7,4) N
I VB w = (21, 29,23, T4, C1, C2,¢3) WDOWT, UTOMICEZ .

c1=o1+ T2+ 23
Co = To + T3 + x4
€3 =21+ T2 + By

(1) B x=(1,1,0,0) THTEHEEw ZRKD X,

(2) EOH1IEy FUTTH 5 Z MR NEER»HZEFEyY = (1,1,1,0,0,1,0) ZXfEL. ZoL
B EWR x LEEINEHEE w IZOWTH by 50 BEANICHAE X.

(3) FBRIC, ZEEy = (1,1,0,0,0,0,0) ZZfFL%. O E, Bl x LERFINIFEHE w IZOWTHD
D% EERNCEHEE X

(4) [k, ZEEyY =(0,1,1,1,0,1,0) 2ZfELE. Zor %, Bl x LREINLTEE w ZOWTAR
b H BRRNCEHR X

Assume we have the Hamming(7, 4) code w = (%1, T2, T3, T4, €1, C2, c3) that is obtained by adding three parity
bits ¢1, ¢o, and cg, defined by following equations after four bits of data x = (1, T2, 3, T4).

c1 =21+ T2+ 23
C2 = T2+ T3 + T4

c3 =T1+ Tp + X4
Answer the following questions.
(1) Obtain the code-word w for data x = (1,1,0,0).

(2)  Assume we have a channel guaranteed that the error is 1 bit or less. In case we received a word
y = (1,1,1,0,0,1,0) through the channel, explain what we can understand about data x and transmitted
code-word w specifically.

(3) Similarly, in case we received a word y = (1,1,0,0,0,0,0), explain what we can understand about data
x and transmitted code-word w specifically.

(4) Similarly, in case we received a word y = (0,1,1,1,0,1,0), explain what we can understand about data
x and transmitted code-word w specifically.
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il 2 (Question 2)

L/{—FODF‘EJL\k Z&.

(1) Table 1 IXBER (Tr), ¥R (S), ML (0), MBS (H), W (Y), 8 (Tk), BB (E) © 7 >0 A&
Brky. WtEEAL L, ERESTHOLOELL LirS 7 G OBIREARRSD k.

(2) BLOESDPFTATERZEAEOY S ZOBEAMEHE Y S 7 GIeBVT, BhEBAERD 2 74TV 2
LE AR k.

(3) (2) THRAETAIY XATRD bNBEH YT 7 HRANRIBARTS 5 2 v 2L X.
(4) (2) THBAT7 AT Y X A ERMEHMEE 2 HH L £ HITRE

(5) BAMNZHEME LSS 7 G BT, EUOBEABTRNTER > TWAE, GUEHE—ORNEAREROZL
ZAEARE X

Answer the following questions.

(1) Table 1 shows the distances between the seven cities of Tottori (Tr), Shimane (S), Okayama (O), Hiroshima
(H), Yamaguchi (Y), Tokushima (Tk), and Ehime (E). Find the minimum spanning tree of graph G with
the cities as nodes and the distances as weights of the edges between the cities. "

(2) Describe an algorithm to find the minimum spanning tree in a weighted connected graph G of any size

where all edges have distinct weights.
(3) Prove that the subgraph obtained by the algorithm described in (2) is the minimum spanning tree.
(4) Show the time complexity of the algorithm described in (2) with reasons.

(5) In a weighted connected graph G, prove that G has a unique minimum spanning tree when all edges have
distinct weights. ‘ /

Table 1
™| S| O|H|Y|Tk| E

T | - [ 108 ] 97 | 204 | 202 | 162 | 229
S [ 108 | - [ 121|131 203|298 183
O | 97 [121] - [139]233] 88 | 141
H 204131139 - | o4 | 197 | 78
Y | 292|203 | 233 | 94 | - | 258 126

Tk | 162 | 208 | 88 | 197 | 258 | - | 168
E | 220|183 ] 141 78 [ 126 | 168 | -
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7 3 (Question 3)

10 C 71025 M3H nunbers HORIEE Y — F L, ZORMEREED TRHBEMNT 25D TH 2,
(1)  4~8 {TH DB print EFI1H L U TR Mo 725 array OBERZH X FIRCHIT 5. 226 (1-1),
(1-2) Oy EHEDH T, BHETREE X,
(2) 29 THOFETHRICBVT, B nunbers DERDIEFZEX X.
(3) ATMTILRFTLELEDOHNZER K.
(4) B sort Itk 2 Y — MERAR1OT RS 4 WIS X518, 10~251THOMK sort Z&b
 ABRWEBETERLLV, TEEEHR L TEENEEEA S L, TOEMEEL K.
(5) BE¥K sort THEEXNTWAT ATV RALATAY — ERHELT, SRR HREL, saREK
ZOWTEWEIRA K.
The C program shown in Figure 1 sorts the numbers in the array numbers and outputs the results, 'including
the intermediate steps. ‘ ‘

(1) The function print in lines 4 to 8 prints the elements of the array array received as arguments in
subscript order. Fill in the blanks (1-1), (1-2) to complete the function.

(2) After executing line 29, what is the order of the elements in the array numbers?

(3) Answer the result that is output when this program is executed.

(4) TImplement the function sort in lines 10-25 with the fewest changes so that the sort results from the
function sort are in reverse order from the program in Figure 1. Indicate the line number and answer the
reason for the change. '

(5) Compare the algorithm implemented in function sort with bubble sort and describe the differences in

terms of time complexity, number of comparisons, and number of swaps.

1 #include <stdio.h>
g #define N 4
4 void print(int *array, int size) {
5 for (int i = 0; ; i++)
6 printf("%d.", );
7 printf ("\n");
8
10 void sort(int *array, int n) {
11 int i, j, k, x;
12 for (i = 0; i < n. - 1; i++) {
13 In{rj.n“c(array, n);
14 - = 1; \
15 x = array[i];
16. for (j =i+ 1; j <n; j+t) {
17 if (array[j] > x) {
18 ; k=173,
19 x = array[jl;
20 }
21
22 array[k] = array[il;
23 array[i]l = x;
24 }
25 }
26
27 int main() {
28 int numbers([N] = {2, 1, 4, 3};
29 sort (numbers, N);
30 print (numbers, N);
31 return 0;
32 } ,

® 1 (Figure 1)
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T O™ LUT(Look-Up-Table) Bl AR L CHH, ZE3EY DT FVAAT ag,a1,a0 &, TEY b
OHA 2 2O EY POXEY TH S, RIZIEA TV RIBMSNTOAEIRENTED, s=aAay Aag D’
D250, o LUT B3 AH AND #'— k& UCEIfET 5, /

(1) L7 ZHEEE3EY FOAN s, a1, 00 £ 1 EY PO ¢ 256, o=a, PRDILD. €L 27 FEEKIZ 1
B LUT B CRETE 32, 20 LUT FEKO XY DEZTE.
(2) 2o LUT HE 1AL, EEOBE f:{0,1)3 — {0,1} 2HI1ETE 3 2 L 2T &,
(3) FERE DB f: {0,1}* = {0,1} BEA3 2D LUT BIHCFHETES Z L 2RE,
(e b flas,ag,a1,a0) DA, az3=0D &L & f(0,a2,a1,a0), az=1DELE f(1,a2,a1,00) TH5)
(4) RO f:{0,1}" - {0,1} (n>3) &, ®x2" 2~ 1{HD LUT AR CHETE 5 2 LRRE,
(5) (4) &b, EEOBEE f: {0,111 — {0,1} i3, 2° —1=5111H¢ LUT HETEHETE 5. LUT OEBHHI
WeEs, DD, 511 & h AR WER LUT BECEETE 2 2 L 23T X,
(v b B2 LUT [BIFE 28 = 256 D FET 5.)

The figure below illustrates an LUT(Look-Up-Table) circuit, an 8-bit memory with a 3-bit address input
as, a1, ap and a 1-bit output z. In the ﬁgure, the values stored in the memory are shown, and this LUT circuit
works as a 3-input AND gate from z = ag A a3 A ap.

(1) A selector circuit has a 3-bit input s, a1, ap and a 1-bit output x, and satisfies z = a,. A selector circuit
can be implemented using a single LUT circuit. Show the values stored in the memory of this LUT circuit.
(2) Explain that any function f: {0,1}® — {0,1} can be computed using a single LUT circuit.

(3) Show that any function f : {0,1}* — {0,1} can be computed using at most three LUT circuits.

(Hint: The value of f(ag,as,a1,a0) is f(0,az2,a1,ap) if as =0 and f(1,az,0a1,00) if a3 = 1.)

(4) Show that any function f : {0,1}" —= {0,1} (n > 3) can be computed using at most 2" % — 1 LUT circuits.
(5) From (4), any function f : {0,1}** — {0,1} can be computed using 2° — 1 = 511 LUT circuits, Explain
that the number of LUT circuits can be reduced, that is, it can be computed using less than 511 LUT circuits.
(Hint: There exists 2° = 256 distinct LUT circuits)

LUT
“ @180 'oa 1
! oo x
o 01 00
10010
11 jo0 1
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fiRE 5 (Question 5)

HMEFETVY;, =a+ Bz +e (i=1,...,n) BEZLB. TITa ;WJ)# B HEIRERE, 1,...,en I3HE I
SNTERERTH D, a k ,B%a ﬁ@%d\wﬁfﬁ%ﬁ&?‘é Thbb, T—% (z,y) (@E=1,...,n) 5256

nrHAI, é, if(a,ﬁ)—Z(t (aﬂm)) ERAMCT S, 0T, BAGKET—FIRkoTat B i
i=1
—RICRDENB LIEET 5. UTOMGIER . %2, if(a,ﬂ) 0t Ztp) —0
e a=,6=f ‘95 a=a,6=p

DT B L 2L TL.

(1) BEOHRAMOTHZILERE. Thbb e =y — (G+fm) LLIEEE ) e =0 2R,

i=1

n

Zeimi =0 TH5 I EERE.

i=1

n

dyi= Z +Ze BRE. ZIT =&+ P

i=1 i= i=1
Consider the simple linear regression model ¥; = a+ Bz, +& (1 = 1,...,n), where o is the intercept,
is the regression coefficient, €1, ...,&, are independent random variables. Let &, and ﬁ be the least squares

n

estimates, i.e. for a data set (z;,1) (¢ = 1,...,n), & and § minimize f(, ) = Z (yi —{a+ ﬁ$¢)>2.

i=1
Assume that the data set is such that & and B are unique. If necessary, use that b@_ fle, B) =0 and
» N
0

ap

ACHE)

= 0, to answer the following questions.
a=6,8=p

w
(1) Show that the sum of all residuals is 0, i.e. Z e; = 0, where e; = y; — (& + ﬁxt)
i=1

n
(2) Show that Zeia)i =0.

i=1

(38) Show that Zyz Z + Z €2, where §; = & + B

i=1 i=1
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A= R/ N

Program

ABRRLE | AR (EPIREE 1)

Informatics and Data Science I1

Subject

fiRE 6 (Question 6)

1) %27 532A98RITI=a—F N2y b7 =0T, HABOWEMEESIZY 7 b=y 7 ZB#HH L AV
b5, V7 bey s Ay = softmax(x) EUTD & ) IKERIN TV S,
i = exp(z;) )
b X exp(z)

TTT, i BRZbvx &Y 7 Moy 7 ABBRIAS L TR NIMRERO I L, ( BHOEREHET (T
bh, V7 by 2 ABBOSTFRAND i BEHOEFK o, (BT 2 HHEE, SRHETNTOADOREEY

BofmcEzeh3),
V7 vy 7 ABEBDO AN xp BT B,
Oy Ty
Bz = yz(‘szk - yk)
LRBILERE, JIT, dp k7 uRy h—DFNIEE (Kronecker delta) ThHD (5 ldi=kDE

X¥1,iAkDLEOLERD),
(2) %7 FANERFTI=2a—INVRy b7 =2 THASNSRELY b u & —ZEB (cross-entropy loss)

2o X,
k-means 7 3 AZ Y PNV X LOEERES 150 FM L% o CHAY X,

(3)
(1) The softmax function is often used as an activation function for the output layer of neural networks in
multi-class classification problems. The softmax function y = softmax(x) is defined as follows:
i = exp(z;)
= e
225 exp(e;)
where y; is the i-th output when vector x is input to the softmax function (that is, the numerator is the
exponent of the i-th input z; and the denominator is the sum of the exponents of all inputs).
Show that the derivative of the softmax function with respect to input xj is given by

0y;
sz = 1;(ik — Yk)

where J;3, is the Kronecker delta (J; is 1 when ¢ = k and 0 when 4 # k) .

Explain the cross-entropy loss, which is one of the most commonly used loss functions for multi-class

(2)
classification problems.
(3) Explain in your own words the k-means clustering algorithm (explain using more than 100 words).
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Describe the outline of your undergraduate 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.



