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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 shest.
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.



2021 4 10 A A%, 2022 4 4 A A% ( October 2021 and April 2022 Admission)
T Bk 2 R B R S T T AR R RHE 3R AT ( — M) SRR A ARERBRRTE
Graduate School of Advanced Science and Engineering (Master’s Course), Hiroshima University
Entrance Examination Booklet (General Selection)
( 20214 8 A 26 HEHE / August 26, 2021)

REAE | ERRE (FEMABED PATE AN THERRLE SZERES
Subject Informatics and Data Science I Program Informatics and Data Science | Examinee’s Number M

R 1 (Question 1)

0

(0%

(1) A:[ _OO‘} DFRTOEGEE BEAT N VERKDE., 722U, at0RERET5.

(2) Ak &Rk, EL, kREOBRE T2,
(3) BESFH X IZxL T, THIOEKEEE

| =

X’“:E+X+%X2+--~

=~

exp(X) =
k=0
CRETSE. ZhiL, TRTOFH X IZHL TIET S 2 25N TwWd . 2EL, EIRRBATHITSH

5.
exp(A) = {C"w B Smo‘} Y8BT E R

sinae  cosa

(1) Find all the eigenvalues of a matrix A = {O

—a
} and the corresponding eigenvectors. Here oo # 0 is a
o4

real number.
(2) Find A*. Here k is a positive integer.

(3) For real square matrix X, exponential function is defined as

| =

AIX’“:E+X+%X2+~~.

o

xp(0) = 3
k=0

It is known that this function converges for all matrices X. Here E is the identify matrix.
cosa —sina

Show that exp(A) = [

sinae  cosa
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R 2 (Question 2)

2 I F(z,y) = 22 + 2Bzy +y? KOWTIATORWIZEZ &£,
(1) (z,y) # (0,0) KBWT F(z,y) >0 & %5 g DHFEHZRD X.
(2) B (1) PHENIZHS L LT, BTOLRBMAOEERD &.

lim // log +/F(z,y) dzdy
D.

e—+0

77U, €>0, D.={(z,y) eR?: € < F(z,y) <1}.

Answer the following questions for a function of two variables F(z,y) = z2 4 2By + v

(1) Determine the range of f so that F(xz,y) > 0 at (z,y) # (0,0).

(2) Under the assumption that /3 is in the range of the question (1), evaluate the following improper integral.

lim /f log v/ F(z,y) dzdy,
e—+0 D.

where € > 0 and D, = {(z,y) € R?: €2 < F(z,y) < 1}.
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X,Y, 715 01 0ffi & SRUTMELIT . 2 ORI p(o,y,7) = P(X =2,Y =9,7 = 2) &K
DEIHIEZ B,

P(O, 0, 0) = Up00, p(Q: 0, 1) = Upo1, P(O» 1, 0) = Ug10, P(O, 1, 1) = U011,
p(ly 070) = U100; p(1>0, 1) = U101, p(lv 1a0) = U110, p(la 1, 1),2 U111-

IDLENTORMICER X,

(1) HER P(X = m%&v?ﬁEﬂL'ﬁﬁwa]%ﬁwk

(2) % P(X =0,Y =0) £R® . | |

(B) ZHENERE P(X =0|Y =0) 8L P(X=0[Y=0,Z= m%*w;
m)%&%ﬁff.X+Y+ZL%?6%$B%&G@) E[zF]) ko &k, T Tzuﬁﬁw%ﬁféé
(

5) oo = Uo1o = Uoi1 = Utpo = 101 = u111 =0 D& ¥ Efz H| = E[zX|E[zY]E[?] L7253 uodl, uy10 DEZ
R &,

Let X, Y and Z be discrete random variables taking values 0, 1. The Jomt probability mass function p(z,y, 2) =
P(X =2,Y =y,Z = z) is given by

p(oa 07 0) = Up00; p(oa 0’ 1) = Upo1, p(ov 1a 0) = U010, P(O, 1, 1) = Up11,
p(l, 0) O) = U100, P(l, 0) 1) = U101, P(1» 1’ 0) = U110, p(la 11 1) = U111-

Answer the following questions.
(1) Find the probability P(X = 0), the mean E[X] and the variance Var[X].
(2) Find the probability P(X =0,Y = 0).
(3) Find the conditional probabilities P(X =0 |Y =0)and P(X=0|Y = 0,Z =0).

(4) Find the probability generating function for the random variable H = X +Y + Z; G(z) = E[zH ] where z
is any real number.

(5) Find the values of ugo; and ui10 such that E[zf] = E[zX]E[2¥]|E[2%] when ugo = uo10 = Uo11 = U100 =
u101 = ug11 = 0. ‘
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SEEZ S 7ORD &S hERE—MbEEZ LS. 97 G, 2—2 Vv FERRCHENE A 1 ROMD
e T3 55 ICHETES L ¥ 1-EENTH D 205, R UEED 3N 1 RTRET 5 2 L i3fFani
Ws DY T3,

(1) 1-FETED 2 3N S FEEETIZRNS T 7OFIRRLLE N, kEL, 20775 70 FEIT TR
e OBHEBNETAIL.

(2) EHELD, EEOFHZ T 71 1L FERNTHH 5. HEKCUTOREDZ S 75 1-FENTHL L %
ZFEH U7z &, ‘

(3) EBO I-EHEN Y S 7 OEBOBEEL 6 THEZHMbATWVWS. (1) TEALY S 7 20EG
{a,b,c,de, f} o THBB LRIV, RELEET2AEO 2 HABERIZATELALTWRL T
BERNVBDLT . ‘

Let us consider the following natural generalization of planar graphs. A graph is said to be 1-planar if it can
be drawn in the Buclidean plane in such a way thdt each edge has at most one crossing point with other edge
and any three edges do not cross at a point.

(1) Give an example of 1-planar graph which is not planar, with a certification of non-planarity.
(2) By definition, any planar graph is 1-planar. Prove that any graph with at most six vertices is 1-planar.

3) Tt is known that the chromatic number of any 1-planar graph is at most six. Give a vertex coloring of the
y i ‘ g
graph illustrated in (1) with a set of colors {a,b,¢,d,e, f} in such a way that any two adjacent vertices
are given different colors.
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L COMERARKIREEZEA IKHD 7,

2. BB L UOER-ViL, ZBESEZHEAL TS,

3. THIMERMKTY, BERIHROMBERMKICEAL TV,

4. ENEEENZVEER, ALAROEEZHAL THBOERA, L, ZOHEIF TEICH ) RELEAL
THEECERLZZ E92 XL TLRIY,

5. BISE 1~6 OHH» o SERBIRLTBE LT E v, ZRIINAT, BIE7 I0@E LT #3v, BEIREREE
ATOLRLTHEOETAD, HTHESS2HEBLUHEELTLEZ W, 28, BIRL-MEIZ, BEHERKOR
R OHMZE I TLEE W,

6. MIEANMBERRE & b IcEINL 7,
7. BRH 5 VETHLRDBD 2HERFEETTILE Y,

Notices
1. There are 9 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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HRE 1 (Question 1)

nEy MEDXEYDET—FILBWTHALEY MY OTWRERH 2 L T5, RO (1)-(3) K& &,

(1) 8EY FAEVIKIEY PDXNYF4EY F2AML, ZOEZ8EY M IRTOPMBNHEMLE TS &
WWED, 1€y FOBRDRHIEERTE S, ARICLT, 42 bORYF A EY b P, Py, P, Py 2T,
&P (1 <4< 4) B MBI EZRET s LickY, 2y F BEY FXEYH+4EY FRY
TA)D1EY FERYITENERTE S, ThaRRT 50T, ROED Py, Py 1HY) R PbEHER %
FETIEY My Z7HIR AN, 2N R REARKICEEY X,

| [1]2]34]s]6]7]8]
PV IV ]|V v |V
P v v | Vv vV I v
Py

Py

(2) d=(10111100) Z X EV AR T 2BADE P, (1 <1 < 4) iz (1) KHEIOTRL, RUF 4 2E&D
7212y FD A+ PIPRPP i 1EY FRDPEBI57BEARRED LI ICLTEHETE 20%, flziHn
THHE &,

(8) WUTAEYF4EY FOEET, RYF4EY F2EDTRRAEY MEOXEVETIE Y FED 2ET
ETE 2038 &,

Assume at most a single-bit error in a word of n-bit width memory. Answer the following questions (1)—(3).

(1) It is possible to detect a single-bit error in an 8bit memory using an additional parity bit of which value
is obtained by exclusive-or for all 8bits. Similarly, it is possible to correct a single-bit error using four
additional parity bits Py, Py, P3, P4, of which values are obtained by exclusive-or for relevant selected bits
in 12bit width memory (8bit memory + 4bit parity). In order to realize such error correction, show the
settings of exclusive-or for P3 and P, by entering checks in the following table, and then copy it in your
answer sheet for this problem.

| _Jrl2[3[4]s]6]7]38
P\ vIiv |V v IV
Pl v v iv v |V
P
Py

(2) Based on (1), show values of P; (1 < 7 < 4) in case of storing d = (10111100). Then, explain how to
correct a single bit error in d+ P; P, P3P, that is a 12bit value containing parity bits by using an example.

(3) By using the four parity bits and a single-bit error correction, show and explain the maximum number
of memory width containing parity bits.
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Al 2 (Question 2)

LHOHRTi FEIWNEVEERET 7LD Y X L% Select(4,p,r, i) IZRT. Select(A,p,r, i) 1&E5 A DED
BEsl Alp) 28 Alr] D55 i BEINSWEZZIET. 2770, £A0OBERIIES A Bl FIKBEIrA TV L
T3, %7, B A OETHERE A[l] TRT. '

(1) BiFl A = {35,19,3,12,6,20,5,30, 34,17} 12X LT Select(4,1,10,3) 2HE 5 EZ EHJ.

" (2) (1) OFF AT LT Select(4,1,10,3) ZIERH T L, Select BFIRINCIFUNH NS, BAIOMH L E
EHT, Select DIEHL Z X DTG RA—& A, p,r,i DEEET. 72720, B ACOVWTRETIRTOER
BBz, | , |

@ z=ml 1 |, [ 2 ], [ 3 |rzEtcEDk

(4) RIEEBII SNz n BROEH A %8F X =2 LT Select (4,1,n,1) BFUHEN/- L &, Partition
D 417 BOHEATON B B R K. | \

5) nAOEZDEAIHT 2 Select DYIFFHEAMME Ly 7 O K TRL, £ OMEZMRCHIE X,

Select(A, p,r,4) is an algorithm to find the i-th smallest element in a set. Select(A,p,r,) returns the i-th
smallest element in the subarray A[p] to A[r] of array A. We assume that the set is not sorted and resides in

array A. The first element of array A is represented by A[1].

(1) For array A = {35,19,3,12,6,20,5,30,34,17}, show the return value of Select(4,1,10,3).
(2) When we call Select(4, 1,10, 3) for array A shown in (1), Select is called recursively. Describe the values

of parameters A, p,r, and i for each recursive call of Select, including the first call. All elements of array
A should be described.

(3) Fill blanks | 1 ], | 2 J,and , appropriétely.

(4) Count the number of comparisions on the 4th line of Partition, when Select(4,1,n,1) is called with

sorted array A of n elements in ascending order.

(5) Show the expected time complexity of Select for a set of n elements, using big-O notation. Explain the
reason of the complexity, briefly.

Select (4, p, 7"., 7) Partition(4,p,r)
ifp==r a z = Alr]
return Alp] ’ i=p—1
q = Partition(A, p,r) for j=ptor—1
k=q—p+1 ifAlj] <z - // 4th line
ifi == : i=1+1
return A[g] ' | ‘ exchange A[i] with A[j]

else if . exchange Afi + 1] with A[r]
return Select(4;p,q — 1,) return 7 + 1

else

return Select(4,q+ 1,7, )
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MUTo—#EDMNE a~cld, N PEOHFRDEA, Nx N OBHEEELFRED—DOTHS. ZOFHER C

EEOTSU I A LEbOOEFHEREN1IZ, 20OV —2a—F2R2KRT (2070 r7 AXEDFHFK

MAHEN EOARELLEMET 3) . B, BAMZE, H1ERT DD ES3Z, N x N EOESFEDT

MUCEREE L, #t B NAROVTADINCOWTD, ZOFIORFOEHMATIIREbDDILTH

3. B 12 oHEOYXOBM N? ETORFE 1 0T OBRELIFo7dbDEE .

[ o] —F LOBOHFRDOENMC 1 EAND

[LE b] BIDRF v S TCAREELDELDOLMCROEEANS. FLBEE>TWERS, HIORTFy /T
ANT=E LD T OENMTROEE AN

[ o] BB (N?) AN ETUED ZHDIET.

72720, BEROELDESIZERBETEROEL, BTFTEOELVOE ITRELBORL, —HFBLGDOELDE

BIER—BEDLLERE. MTOMWER K.

(1) N=30r%, LROFHEETHERINIBIEEEL L.

(2) K207usI D% (2-1)~(2-9) ZFANTEX X, ((2-1) & 3 EHICHN, TXTREL S OH

A%)

The series of operations a-c in the following is a procedure for constructing an N x N magic square when N
is a positive odd number. Figure 1 shows an execution result of this procedure as a C program, and Figure 2
shows the source code (this program will only work correctly when a positive odd number is entered). A magic
square is, like a square shown in Figure 1, a square with N x N numbers in it, and the sums of the numbers in
each row, each column, and each diagonal are the same. In particular, it uses all the numbers from 1 to N 2 in
the square without any excess or deficiency.
[operation a] Put 1 in the top-center cell. :
[operation b] Put the next number in the cell to the upper-right of the cell filled in the previous step. If the
upper-right cell is occupied, put the next number in the cell below the one filled in the previous
step.
[operation ¢] Repeat operation b until you fill the last number (N?2).

However, the further up of the top row becomes the bottom row, the further down of the bottom row becomes
the top row, and the further right of the rightmost column becomes the leftmost column. Answer the following
questions.

(1) For N =3, answer the magic square created by the above procedure.

(2) Answer all the blanks (2-1) to (2-9) in the program shown in Figure 2.((2-1) appears in three places,

all of which contain the same thing.)

s D
input a positive odd number: 5
| 171 241 1| 8] 15|
L e E T B
[ 23] sl 7| 14| 16}

4l 6l 13] 20| 22|
10] 12| 19] 21| 3]
11| 18] 25| 2] 9|

Il 4o
T+ - ha - T

- J

1 (Figure 1) an execution result of the program

—t—t—+




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

4
5
6
7
8

10
11
12
13
14
15
16

17

int main(void) {

int n, **array = NULL;

int i, j; // the position of the target cell

int nexti, nextj; // the next position of the target cell
int size; // the stze of the magic square

/% ask the size of the magic square */
printf ("input,a positive odd number:, ") ;
scanf ("%d", &size);

/% dynamically allocate an array for the magic square */
array = (int *¥)malloc(sizeof (int *) * (2-1) D;
if (array == NULL) return -1;

for (1=0; 1 <[ (21) | i+ {
array[i] = (int *)malloc(eizeof(int) # );
if (array[i] == NULL) returm -1;

/* initialize the array for the magic squaere */
for (i = 0; i < size; i++) {
for (j = 0; j < size; j++) {
array[i1[j] = 0;

}

/#* make o magic square */
/* set the initial position to the top-center cell */
i=0;
j= size / 2;
for (n = 1; n <= (2-2)  f; n++) {
array[i][j] = n;
/% get the position of the upper-right cell*/

if ((nexti = i - 1) < 0) // set the next position to the upper row and check whether it is over the
top edge or mot

nexti = (2-3) |} // if the newxt position is over the top edge, move it to the bottom row
if ((nextj = j + 1) >= size) // set the newt position to the right column and check whether it is
over the right edge

nextj = ; // if the nemt position is over the right edge, move it ito the leftmost
column
/% determine whether the target cell moves to the upper-right cell or the lower cell */
if (array[nexti] [mextj]l ==| (2-B) D { // check the upper-right cell is occupied or not?
/* move to the right upper cell */

is= (2-6) |;
j= @-7n |
} else

/% move to the lower cell #/

if ( (2-8) | // set the nezt position to the lower row and check whether it 4s over the
bottom edge or not
i =0; // if the next position is over the bottom edge, move it to the top row

}
}

/% display the magic squarex/

for (i = 0; i < size; i++) {
printf ("+");
for (j = 0; j < size; j++) printf('--—+");
printf("\n|");

for (j = 0; j < size; j++) printf("%3dl[", (2-9) D; // display the number

printf ("\n");

printf("+");
for (%(:\Oﬁ)j < size; j++) printf(M---+");
print n");
return 0; ’

2 (Figure 2) the C source code of the program
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nEY F Ry THIY FABE P, L, nEY FOANX =xox @y EmEY PDOHIT S =81 5150 %
b0, TIT, miEn <2~ 1 REETRAOBE TS S, JORy Ty MEEE, ANO 1ol R,
Z D% 2@ cHAT S, MR, Pid, AR X =1101111 0L %, 10K 62D T, B S=110
b,
(1) Ps oEIMER (K1) 2RAIE &,
2) 2D 2EY LD 2B A=a1a0 &£ B=biby, BEFLEY D 2B C =co BANL, AEFA+B+C
%ﬂm, ZOMEE 3EY P D 2MER S = sp8180 CHATHEBERAERE L, MlXF, AHA=10, B=0l,
=10LE, S=1000HH3N5, ZoOEKE 2HD P ZHWTRIE L, P oFEEE (R2) 2V
E%l HRTHT L.
(3) 4{HD P3 2T Py 28N &,
(4) 2D P; & 3D Py #F\T Py DRENTE 5 T L2 FE &,
(5) Pym_y (m>2) % Py OBMGTHETEIEWTES, Pym_y ZRETT 2 0ICBEY P A ETRE, (€
V2D Pomer g EEBO P BT Py 2EREITHIENTES)

An n-bit popeount circuit P, has n-bit input X = ®o®1 -« - ©p—1 and m-bit output § = s, 1 - 5180, Where
m is the minimum integer satisfying n < 2™ — 1. A popcount circuit counts the number of 1’s in the input and
outputs the resulting value as a binary number. For example, P; outputs S = 110 for an input X = 1101111,
because the number of 1’s is 6.

(1) Complete the truth table (Figure 1) of Ps.

(2) Let us design a circuit such that, for two 2-bit binary numbers A = a;q0 and B = b1bg, and a 1-bit binary
number C = cg, the sum A+ B + C is computed, and the resulting sum is output as a 3-bit binary number
S = $9818p.. For example, for inputs A = 10, B = 01, and C = 1, it outputs S = 100. Design this circuit
using two P3’s. The circuit symbol of Ps (Figurelz) should be used.

(3) Design Py using four Py’s.

(4) Explain that Py can be desxgned using two Py’s and three F3’s.

(5) Pym_q (m > 2) can be designed using only Ps’s. Show the number of P3’s necessary to design Ppm_i.
(Hint: Pym_y can be designed using two Pym-1_4’s and multiple P3’s.)

To X1 Th
930"31,902 5150 ‘ l ‘
000
001 By
o T
51 8o
M 1: Py OEBEER & 2 P RS

Figure 1: The truth table for P; ~ Figure 2: The circuit symbol of P;
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f7E 5 (Question 5)

BMEREFLVY, =a+ Bz +e (G=1,...,n) BEZB. 2L, o BUIF, B EERFRE, e1,..., 6, BEW
WIS 0, 98K 0% OIERDTICHE S REHRTH 5. UT TR, HilgLo®iz, a =0, 0? BEEHITH 2
YIRET 5. BHAEE 2, 13T VA ATIERL, BETH B LHET 3. 1B, T 0, 58 o? OIERGTROMERE
FERREL f(u) BT TH 5.
fu) = g™ 27
v 2mo?

(1) BEFEFVTOLERE L(B) Oz RD L.

(2) BAHICE B B OHERDS, B = ZYW/ o} TRENDZLERE.
1

i=1

i=

(3) B ORFEEETRE. Db, Ef) =8 BRYE.

(@) B o, Varlf] = E[(6 - E[f])?] = o? img TRINB L ERE.

i=1

Consider the simple linear regression model Y; = o+ Bz; +¢; (i = 1,...,n), where o is the intercept, 8 is
the regression coefficient, €1,...,&, are independent normally distributed random variables with mean 0 and
variance o2. In the following, for simplicity, it is assumed that a = 0, and o2 is known. It is supposed that the
explanatory variable z; is not a random variable and it is fixed. Note that the probability density function f(u)
of the normal distribution with mean 0 and variance o2 is

1 _ u?
f(’l_b)= \/We 207,

(1) Write down the log of the likelihood function L(f) for the simple linear regression model.
R . n n
(2) Show that the maximum likelihood estimator 3 is given by 8 = Zl’;wi me .
i=1 i=1

(3) Show that the bias of § is zero, i.e. E[f] = 8.

(4) Show that the variance of J is given by Varlf] = ]E[(B - lE[,C;’])z] =02 / Z z?.
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& 6 (Question 6)

(1) ANEBARZ MU x; (i=1,--- ,N) 22T 280ES t; € {1,0} i =1,--- ,N) BEX 6Nk
%, XAROXSBRDEETNVEREZD.

P(t; = 1x;) = o (f(x:)), P(ti =0lxs) =1~ 0 (f(x:))

2T, o) Y 7 FEEG DB o) = i BRT. 7, f(x) BAANRY bx; LEAAT
X=ZRY M Lw ORET DD f(x) =wix; £35. WE, XD X5 RADONBREEIIOVWTEZS.

Z{t log o (f(x:)) + (1 —t;)log(1 — o (f(xs))) } (a)
ZOrE, XADWD IO L ZIRE.
N
g% = Z(U(f(xi)) —ti)xi | (b)

2) R(2) DE#BMET S LICE DEAST A—ZRY Mw B FET 5L RBERD. CORDICHR
BT (BABT® 2RAT2T5. R (b) L2BE (27 v 718 1 2AVTw OEHAZTE.
3) R (a) D E 2R/MET 5 b HERIARE FERRT 5 L %, §1f ) OEFREEEZD L. F,

R TR I 2152 b Hill U CHERIG AR T2 FlV 2 58 O 2 IR K.

(1) Given input real vectors x; (i = 1,---,N) and the corresponding supervisory signals ¢; € {1,0} (i =
1,---,N), consider the following classification model:

P(t; = 1|x;) = o (f(x:)), P(ts = 0lx;) = 1 — o (f(xs))

where o(-) indicates a sigmoid function: o(a) = 1—4:—(1;—0 Let f(x;) be the inner product between an input
vector x; and weight parameter vector w: f(x;) = wlx;. Now, consider the negative log-likelihood, as
follows:

N
=2 _{tilogo (F(xi)) + (1 - t)log(1 - o (£(x:)) } (a)

Show that the following equation holds:

N
B—E- Zo(fx,) ) — to)x (b)

(2) Consider learning the weight parameter vector w by minimizing F in Equation (a). Suppose the use
of gradient descent (or steepest descent) for this objective. Write an equation for updating w using
Equation (b) and learning rate (or step size) 7.

(3) If stochastic gradient descent is used for minimizing E in Equation (a), rewrite the update equation in
the previous problem (2). Also, briefly state the pros and cons of using the stochastic gradient descent,
compared with using the gradient descent.
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BEMBE I INECIBEELZFREEIOWT, 400 FERECHERBICE LD X, bLENSET>T0RVEAR,
BHIR % 3% o - AR T 2 BOE O FEER — 0B, ZOMEE L bz, HRE R LBElE 400 FRECHIAY L. HE

I UREARES FIRRIC RO &

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.
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