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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 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 guestions.
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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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FRE 2 (Question 2)

2 S F(z,y) = 22 + 2Bzy + 42 WOWTATOMWIZEX X,
1) (z,y) # (0,0) 2BWT Flz,y) >0 &5 g OEEERD &.
(2) BAY (1) PEBPICH S & LT, UTDEHEMD DOEERD &.

lim // log /F(z,y) dzdy
e—+40 D.

727U, €>0, D.={(z,y) €R?: € < F(z,y) < 1}.

Answer the following questions for a function of two variables F(z,y) = 2 + 28zy + 3%

(1) Determine the range of 3 so that F(z,y) > 0 at (z,y) # (0,0).

(2) Under the assumption that £ is in the range of the question (1), evaluate the following improper integral.
lim // log \/ F(z,y) dzdy,
e—+0 D.

where € > 0 and D, = {(z,y) €R?: € < F(z,y) < 1}.
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fIRE 4 (Question 4)

SEE S 7 ORD LS HERE—BEEEZL LS. VY97 G, 2—2Vy FEE LRSIV E A 1 ROMO
WeRET L ESICHBETEL L & 1-FENTH 2 L0, 2R UERD 38 1 A TRET S I L 3FFEIIR

WHDYF 3.

1) 1-EEHTED 5131 S FE TRV S 70RRRLASN, REL, 2077 78 FHTEZN
rOEmBMAIHTEIIL.

(2) EFELD, EEOTENS T 71 - PHEETLH 5. EEKCUTOMERD Y S 75 1-FENTHE L R
SEBH U &, ‘

(3) £E I-FHIN S S 70 MBOREE 4 6 THEZeMHONTWS. (1) THERALY S 7 20ES
Mﬁmﬂﬂj}%@ofﬁ%ébtém.kﬁb%%?%ﬁﬁ@2Eﬁﬁgﬁ%éfﬁ6h1m&<1m
BOERVEDLT 5.

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 BEuclidean plane in such a way that 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
graph illustrated in (1) with a set of colors {G‘Sb’ c,d,e, f} in such a way that any two adjacent vertices

are given different colors.
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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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il 2 (Question 2)

ELHOPT i BEICNZIVWERLZFET 7 LT Y X L% Select(4,p,r,4) \RT. Select(4,p,r, i) XEHI A DELD
BCH-Alp) 2> 6 Alr] D55 i BEINZWERZIRT. LKL, BEOELRIAY A CBFeTIcBrL TS L
5. %72, WA A DATEERY Al TR »

(1) F3l A = {35,19,3,12,6,20,5,30,34,17} IZ% LT Select(4, 1,10, 3) 2B TEZFT.

" (2) (1) DEEF] AWK LT Select(4,1,10,3) IR T L, Select BHIRINCILUHE NS, BAIOITH L%
AHT, Select DIEH LT D5 A —R A,p,ri DERET. 72720, BFl A XOVWTIETRTOER
rE{ZL. , '

@zml 1 ], [ 2 ], [ 3 |x@EthcEsk

(4) BIBICRS S N7z n BROFS] A %85 X —&IT LT Select (A,1,n,1) BIFTH E N7z &, Partition
D 41TH OB TON 2 ERE A X. ' ‘

(5) nEDOEEDEEITHT 3 Select DYIFFHERE Y v 2 O METRL, £ OHH 2 HRICHIE L.

. i < rf E . 1 l‘t_“ £ 1 - '1_[ i‘iﬁ'"ﬁ ,i,ﬁ.‘g"i-,‘- PRSVRE o oy PSS /A, Ve

‘:‘_,'\ EAiuQ_r,__'g Ll
e —

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(A,1,10,3) for array A shown in (1), Select is called recursively. Describe the values
of parameters A, p, 7, and ¢ for each recursive call of Select, including the first call. All elements of array
A should be described.

(3) Fill blanks | 1 |, | 2 |, and , appropriately.

(4) Count the number of comparisions on the 4th line of Partition, when Select(A,1,n,1) is called with
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MUTo—#EDMNE a~cld, N PEOHFRDEA, Nx N OBHEEELFRED—DOTHS. ZOFHER C
BB/ A LEbO0ETMERER1IC, 20V —2a— 2N 2IRT (Z07ulJ LMIEDFE
BANSHI-r ZEOAELLEET2) . B, BHMZIE, R1KRTd DD, Nx N EOEAHON
MUCEREE L, #t B NAROVTADINCOWTD, ZOFIORFOEHMATIIREbDDILTH
5. BZ12bAMO A0 N2 ETOMER 1 OFTOBRPRELLFo72dbDEED

-

Lz

L b] HDORF Y FTANTEEADE LD VRO EANS. HEEBEE>TWAE4S, HIORT v 7T
ANTE LD T DRNMTROEE ANS

[ c] BB (N?) 2 AN FTUED 2 DET.

72720, BEROELDE S ERBETEROEL, BTEOELVOE S ITRRLBOEL, —HFLGDOELDE

LIRAE—BEDRNLLRS., LITORWIEZR X.

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

2) R2D7ussaDZ%EM (2-1)~(2-9) BFRTEX X, ((2-1) X 3 EFHICHN, TRTRELSOH

A3)

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

IR ] L S I Pk - . 11 1 2 L A A
—— — il Y

f
; I




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

4 int main(void) {

5 int n, **array = NULL;

6 int i, j; // the position of the terget cell

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

9

10 /% ask the size of the magic square */

11 printf ("input,a positive odd number: ") ;

12 scanf ("),d", &size);

13

14 /% dynamically allocate an array for the magic square */

15 array = (int **)malloc(sizeof (int *) * (2-1) D;

16 if (array == NULL) return -1;

17 for (4 = 0; i< (2-1) |; i++) {

ris ¢ — . RPN s

— — e

= —_—_——

20 }

21

22 /* initialize the array for the magic squaere */

23 for (i = 0; i < size; i++) {

24 for (j = 0; j < size; j++) {

25 array[i][j] = 0;

26 }

27 }

28

29 /#* make o magic square */
R | f bt Ly

PSP WG, I BT 4
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178 4 (Question 4)

nEY F Ry THIY FABE P, L, nEY FOANX =xox @y EmEY PDOHIT S =81 5150 %
b0, TTT, m < om—1 2k TRAOERTH S, TORy Fhyy FEEE, AHO 1 ofEE R,
ZOfE% @ CHAT S, ML, Pk, AR X =11011110 L %, 10K 62D T, HHI3S=110
b,
(1) P DEBEE (K1) 257EIE &,
(2) 2D 2EY LD 2MEB A=aia0 & B=biby, BIPLEY PO 2R C=co ZANL, BETA+B+C
R, ZOMEE I Y b D 2ERS = sp515 CHAT2EPEERE L, HIRIE, AJTA=10, B=0L,
C=10%%E, S=100PHHEIN3, ZoOHKZ 2D Py ZACTHRIM L. P oFEEES (M2) 2wk
BIRHERRT S L,
(3) 4{HD P3 2T Py 28N &,
(4) 2D P; £ 31D Py I\ Py PREICTE S T L RFIE L,
(5) Pam_y (m>2) % B DARACTEITH I LBTES, Pym_y WIS 2 0WBER P OfifkeRE, (v
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' = ¢, the sum A + B + C is computed, and the resulting sum is output as a 3-bit binary number
= e D 1. S A TA. NA - ed fhia—T G cedamsde A AON Dol Ll aluessid

UI‘

using two P3’s. The circuit symbol of Py (Figure/Z) should be used.
[3) . DerirnDe reirefour Pale '

6
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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
?if—l =Y (o (f(x:)) —ti)x (b)

2 RVDE#E/METAILIZEDEANRTIA—ZANT M wEEBT LI 2EZ5L. DDA

BTHE (GAaBETE 2RMTs275%. K (b) 22PE (R7v 7R n2HVTw OEHRZRE.
(3) R(a) D ERB/MLT 57D CHERNAMKETHEERMET 2 L &, 71 2) 0EHA2FEHD & FX,
HERE TEE WV 2856 £ LR U CHERIAIECKE T2 v 2 58 ORK 2RI XK.

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

P(ti = 1x;) = o(f(x:)), P(ti = 0lxi) = 1 — o (f(x:))

where o(-) indicates a sigmoid function: o(a) = H—i:a— 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

E= —Z{ti log o (f(x:)) + (1 —t;)log(1 — o (f(xi))) } (a)

i=1
Show that the following equation holds:

Z(Cf (F(xi)) = ti)xi (b)

(2) Consider learning the weight parameter vector w by minimizing E 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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