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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 questions.
6. Return these question sheets together with the answer sheets.

7. Raise your hand if you have any questions.
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78 1 (Question 1)

cosf —sind

2 XL EHETE R(9) = { } KOWTLTOMICEZ L.

sinf  cos
(1) R(O) DI NTOBAMEEMET BEERY MLERSDE.

(2) R(6) B2= 2 V(TR U 2RV THHALE &,

(3) MALOFREMNT, RO ZRDE. EL, ndEOBEET S,
(4) MAEOBRAERNT, 3B X CRILOIEEE A BHE X,

cosfl —sin@

Let R(0) = [

) be the rotation matrix in the two dimensional Euclidean space.
sind cos®

(1) Find all the eigenvalues of the matrix R(0) and the corresponding eigenvectors.
(2) Diagonalize the matrix R(f) by using a unitary matrix U.
(3) Find the R(6)™ for the natural number n by using the result of the diagonalization.

(4) Derive the sum formulas for the sine and the cosine by using the result of the diagonalization.
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& 2 (Question 2)

PToORWIEZ L.

do
sin @

) xﬁﬁﬁ/ bk k.

(2) $EI% {(m,y) € R [ loy] > 1, 2% + 4% < Rz}, R>0 OFR S(R) ko &.

_ S(R)
(3) REI—IFloo 7TR2

R &,

Answer the following questions:

(1) Calculate the integral : _d_G_
sin @

(2) Find the area S(R), R > 0, of the region {(x,y) € R? ’ lzy| > 1, 22 + 942 < R2}.

, oo S(R)
(3) Find the limit : REH}OO pyol
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R 3 (Question 3)

MR X OBRBHIIMTOLEI RV UAHIZRSIHED LTS, UTOMWIZEZ L.

Pr{X =z} = Ame—A, (z=0,1,...).

!

(1) X ORERRBK EzX] kb k. ZIT2|<1TH5.
(2) X OFHEeHEERD &,

(3) MEREE X, (1=1,2,...,n) BEWKHZTHD, X LR—OD/MIES bDLTE. Y0 X; ORERE
BesRked &

(4) FEBED I (=0,1,...) THLT, REMER Pr{Xi =z | X1+ Xo=1} (z=0,1,...,1) ZRD L.

Suppose that the random variable X has the following Poisson probability mass function. Answer the following

questions.

Pr{X =2} =22 (z=0,1,...).

T
(1) Derive the probability generataing function of X, E[zX], where |2| < 1.
(2) Derive the mean and variance of X.

(3) Let X; (i =1,2,...,n) be mutually independent and obey the identical distribution of X. Derive the
probability mass function of > | X;.

(4) For an arbitrary I (= 0,1,...), derive the conditional probability Pr{X; =z | X1 + X = I} (z =
0,1,...,0.
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& 4 (Question 4)

b v~ 2 CENEEBRETLIEEREZXS. 1WRLEZ 97 GORER (vertex) WEHISH v~ 2z DWW TH
IS L, & (edge) WX ZOMIMINIGT % 2 HAMICERPRENRETH 2 2 2R, SFHCHLS
NEBFEEOBEARRT. LTORMIEZ £.

1) 727 GRBLTOERI 1 2BERL 72875 (adjacency matrix) A 2 ZHINIET 25 537
17%) (Laplacian matrix) L #Z/R¥.

(2) 797 GDANR=V K (spanning tree) &, FHSE—EZIHED, o, B (cycle) DWVWX S 7%
BEELZBEARICHET S, ZOXIRERIZ RV IARMPMIGED HBHRE. 72770, il RE.

(3) Bl (2) D55, BBBHOPRLRVWANRY FRE RO TEORERZRE.

Suppose we want to lay out an electric power grid to connect locations v ~ z. In Graph G shown in Figure 1,
each vertex corresponds to one of the locations v ~ z, and each edge represents that an electric power line is
possible to construct between the locations at the endpoints of the edge, with which the digit indicates its cost.
Answer the following questions.

(1) Show the adjacency matrix A where each element is 0 or 1 and the corresponding Laplacian matrix L of
Graph G.

(2) A spanning tree of Graph G can be defined as a connected electric power grid that visits each location
exactly once, not forming a cycle. Show how many different spanning trees are possible for Graph G. Also
state the reasons for your answer.

(3) Out of the possible spanning trees considered in Question (2) above, find the one with the least total cost
and show that total cost.

1297 G. Figurel Graph G.
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1. ZOMBERREERRZEATHDD £75,

2. KB LUBER-VIZ, ZBESLZHLALTIEIN,

3. ZAUIRIEAKT T, MBI OMEHMICEEA L T EE W,

4. RENEXETARVE 2T, FUHROBEEZAHAL T BuERA, 2L, ZOHEE TEigh ) /Y eELAL
THEICHEH LB T2 L5 LTIREW,

5. BB 1~4 OFFH S 3RIRINL THRE LT Z XV, ZHMAT, MES ELTLIEEW, BEIMEESIRIC
ATV THBNERAL, DIERESEIR U THEL T EI W, B, BRULMER, BEHRKIKD®
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Notices

1. There are 7 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 4 and answer these questions. Also answer Question 5 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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fRE 1 (Question 1)

TR, (7,4) NI VTS C DRFERE 19, 13, %6, 715 THH. TTT, CDRFEFE (0 <7 < 15) BZRFID 4 E
b O 2 HERER > TV AR S TH S, COFFIBELT, XOM (1)-(5) IKEZ K.

@y = [0010110], 5 = [0011101], 26 = [0110001], 715 = [1111111]

(i) CRENIVIFEERDT, z9+ 23 =[0010110] + [0011101] = [0001011] = 21 D K D ICFFFFREDFIEANT D
I/\Tgﬁbfll\%) X2, Tp 75\5 T4 %Sﬁbc}:

(2) COFFBERITIIGIE, k(0<k<15)D4EY FD2WREZ L, LT HLE, = [,GICX DS o
ZRDBITITHS. HIZIE, 20 = [L,G = [0010]G = [0010110] DX SITKB. 31,22, 74,28 D5 C DFF
BHEMRITI G Z2RD XK.

(3) GIEMLT GHT =0 7330 7 4 ET3 H ZRD XK.

(4) CICED 1DDIFEFEEREL, BLL LYY MEL ORFSEE y = [1001001] BAZfEE Nz, H ZHWz y D
BOBHETY, ELEOPBNE HICXDETET A HEAZFAL, LI EROFEHEZRYE.

(5) CleBNT, HIZXBHEL y hOMDITENTEARNT & RHIE &,

The followings are four code words z9, 23,z and z15 in a (7,4) Hamming code C. Here, C is a systematic code
that the first 4-bit in each code word x;(0 < ¢ < 15) corresponds to a binary representation of ¢. In this code,
answer the questions (1)—(5).

g = [0010110], z3 = [0011101], 26 = [0110001], z15 = [1111111]

(1) As C is a Hamming code, then C is closed under linear addition of code words such as zo + z3 =
[0010110] +- [0011101] = [0001011] = z;.  Obtain z4 using zo and ze.

(2) A generator matrix G of C is a matrix to obtain zj by z = [G where I;(0 < k£ < 15) is 4-bit binary
representation of k. For example, zo = I,G = [0010]G = [0010110]. Obtain the generator matrix G for C
using x1, 2,24 and Ts.

(3) Obtain the parity check matrix H for G where GHT = 0.

(4) A code word in C was sent, and a code word y = [1001001] is received with at most a single bit error.
FExecute error detection for y using H. If some error is detected, then explain error correction method
using H, and show an error-corrected code word.

(5) In C, explain why multiple-bit error correction using H is impossible.
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filRE 2 (Question 2)

BERE—DODERIH LT nBOFMBHERR = {1,...,n} D 3. ThZhOBER IBIBIZL s(i) LR TH
A f(i) ORBTRENS. “ODER i, j ORMHERZSRIFIUE, DFD £() < s(f) BBV F() < s(3) 25
1, K4, 133EFAEE (compatible) THBLWS., ROWHES R\, R OLD_ODERDHFAIGETH
By XHEARETH B VWS, BRI A XOHEIRELREREGERDE7NVITY X LT NIV AL LIZRT.
(1) M1 11 AOERERT. 203 BER T L HFARETRVEREITNTER K.

(2) M1 OFATROERIT LT, HEFABELREROBEABIIVWC OPEZ L. ZO LI BREROEEEZ—D

R

(3) M1 DHAERDEEETNITY XL 1LRANTS. ZOL ED while V—FTDIEVIRLIED i, R, AD
ExEE.

(4) HFEL7Z RETZAVTV AL 1IREZ A 22T, 44THOMED O(1) 12785, 0 &5 ICHERLETH
(= PRV

(5) (4) DEMILIE L X 5733 THIZ & 5T while L— 7 OEFHERA O(n) 12725 T ¥ 2 HE &

We have n requests R = {1,...,n} to use a resource such as a lecture room. The 4-th request corresponds to
an interval of time starting at s(i) and finishing at f(z). Two requests ¢ and j are compatible if the requested
intervals do not overlap: that is either f(i) < s(j) or f(j) < s(z). We say that a subset R’ of R is compatible if
no two of requests in R’ overlap in time. Algorithm 1 shows the algorithm that computes a compatible set of
maximum size.

(1) Figure 1 shows 11 requests. Describe all requests that are not compatible with request 7.

(2) For the set of requests shown in Figure 1, describe the maximum size of compatible request sets and one
of such request sets.

(3) Describe the values of i, R, and A for each iteration of while loop, when the set of requests shown in
Figure 1 is input into Algorithm 1.

(4) By giving preprocessed R to Algorithm 1, the 4-th line takes time O(1). Describe this preprocessing.

(5) Explain that while loop takes time O(n) by the preprocessing described in (4) and additional idea.

7L AU XL 1 (Algorithm 1)

. R 11+
1: R: the set of all requests 10
2 A=0 9—
. g

3: while R # (§ do : 7 —
4 Choose a request 7 € R that has the smallest 56

finishing time 4

. 33—

5: Add request i to A 2 —o
6: Delete all requests from R that are not compat- 1 . L | ! L L |

ible with request 7 0 5 10 15 20 25 30 35 40
7: end while Time
8: Return the set A as the set of accepted requests B 1 (Figure 1)
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178 3 (Question 3)

11&, 256 RMOEDELH % 8 ¥y hOFERL 2EH TR UZBOR LMY Y N (MSB : Most Significant Bit)
ERODBIOITSLDCEETOY—AI—REZRLTWVWS, UTOBWIZER &.

(1) B countl &, Bl vEZSEY NOFERL 2EHTRUAZBIZ, 1 LR2EY NOBEEVEZH >
THYY FUTEYT. BRI, 518 v 04 85(0x55, 01010101) D& ¥, 4 2. 2 (-1 |~
[[(-3) JeytirzsRreszd.

(2) B#icount2id. Bl vESEY NOFERL 2 BTRUAZKRIZ, 1 L2258y hOBELEY FY T H
BHESTAYY RUTEY. 2 (-0 M (2-3) RS T EsREEAL,

(3) B count3 i, Bl vE SEY NOKERL 2EHTRUAZBRIZ, 1LRBEY hoKEzLCY MNEET
AV MUTET. 514K v DED 228(0xe4, 11100100) D& ¥, B count3 2 ETUL2EBODT—HIVE
v, v2, v3DfEE S ¥y NOKFERL 2 B TEA L.

(4) B £i111, BIEv A2 SEY hORFBRL 2EMTRUAZBIZ, 1 B2 TVWE—BEDLY M baHIZ
1 THYD, TOREEEBB out ITRATS. FIZIE, 518 v OfEA 33(0x21, 00100001) D& ¥, 00111111
PRAING, ZD&E, BRIl 00—V ER vi, v2, v3 DfEZ 8bit DREAL 2 B TEZ &.

(5) B coumnt3 & £ill 2T main BIBOEM (-1 |~ (6-2) |[REDT, AAINEBUECHL
THREMYY N (MSB) 2 H$2 T0Y I 02%HIT L. 22U, REY MCETF/EMPS 005 7T
DY MEENEDVIRONT WD &L, FlZIE, 33(0x21, 00100001) O MSB 15 TaHb.

Figure 1 shows the C language source code for a program that finds the most significant bit (MSB) in 8-bit
unsigned binary value of a positive integer less than 256. Answer the following questions.
(1) The function countl counts and returns the number of bits set to 1 in the 8-bit unsigned binary value

of argument v by division. For example, when the value of the argument v is 85 (0x55, 01010101), it
returns 4. Fill in each bla,nkl (1-1) | ~ | (1-3) | with an expression.

(2) The function count2 counts and returns the number of bits set to 1 in the 8-bit unsigned binary value
of argument v by bit shift. Fill in each blank l (2-1) | ~ | (2-3) |with an expression.

(3) The function count3 counts and returns the number of bits set to 1 by bit operations. Answer the 8-bit
unsigned binary value of the local variables vi, v2, v3 in the function count3 after the execution when
the value of the argument v is 228 (0xe4, 11100100).

(4) The function £ill fills the right side bits with 1 from the leftmost bit set to 1 in the 8-bit unsigned
binary value of the argument v, and assigns the result to the argument out. For example, when the value
of the argument v is 33 (0x21, 00100001), the function assigns 00111111 to the argument out. Answer

the 8-bit unsigned binary values of the local variables vi, v2, v3 in the function £i1l when the value of
the argument v is 33 (0x21, 00100001).

(5)  Fill the blanks | (5-1) l and | (5-2) l in the function main using functions count3 and f£ill
for completing the program that outputs the most significant bit (MSB) for the input numerical value.
Assuming that each bit is assigned a bit number from 0 to 7 in order from right to left. For example, the
MSB of 33 (0x21, 00100001) is 5. '




34

39

41
42
43
44
45
46
47
48
49

#include <stdio.h>

int countl(unsigned int v) {
int count = 0;
if (v > 0 && v < 266) {

while ( (1-1) ) {

count += (1-2) |;
(1-3) k
}

return count;
} else {
return -1;

}

int count2(unsigned int v) {
int count = 0;
if (v >0 & v < 266) {

for (imt i=| (-1 [ i<| (22 [ i+ {
count += ((} (2-3) | & 0x01);

}

return count;
} else {

count = -1;

}

int count3(unsigned int v) {

if (v > 0 && v < 256
unsigned int vi1
unsigned int v2
unsigned int v3
return v3;

} else {
return -1;

3

e
~

(v & 0xB5) + ((v >> 1) & 0x55);
(vi & 0x33) + ((vi >> 2) & 0x33);
(v2 & 0x0f) + ((v2 >> 4) & 0x0f);

}

void fill(unsigned int v, unsigned int ¥out) {
unsigned int vl = v | (v > 1);
unsigned int v2 = vi | (vl >> 2);
unsigned int v3 = v2 | (v2 >> 4);
*out = v3;

nmounon

}

int main() {
unsigned int v, filled = 0;
scanf ("%d", &v);
if (v > 0 && v < 2566) {

e )
printf ("MSB:%d\n", ) ;

} else {
printf ("out of the range\n");

1 (Figure 1) the C source code of the program
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[ 4 (Question 4)

(1) a=ABCD 2 005 15 DEHERT Ay FOBEEH LTS, #lZiX, A=C=0»2B=D=10D¢
& a=0101135TH%, 7—NVEE fla)ld, a?’FH(2,3,5,7,11,13) DL E f(a)=1ThHH, BEHTK
WEE fla)=0TH5. fla)DAN/ —K (Fig. 1) 2RS¥ &,

(2) flo) Z2EHET 270 0RO WHELBAHKO 7 — 1K i RE,

(3) fa) ZEHET 2D OR S WHAMER O 7 — LR ETE,

(4) B=ABCDE % 095 31 D¥EHKART 5y bOBEEK LTS, 7—VEHgB) I 0<B<10DLE
g(B)=0THDH, 11<B<L0DEEgB)=1Th2%. Fik, 21<F<3THS B3 gDERKTRL, 9(8)
DOfEiE 7= VEDMEHBIC 2 5 X ICREL T\, g(B) DA N/ —H (Fig. 2) ZRE I L. P 7y 7 AHER
X rECZL,

(5) g(B) ZFET 2 7.0 DR HBERLEBIH O 7 — VX E R,

(6) g(B) ZFHT 5 720 DR L EHLMEH O 7~ 1Rz R,

FEE: (2), 3), (5), B) IKBVWTRHBHLE T —NVAD 2B U EFET 2HEE, 2095 122RIERL,

(1) Let @ = ABCD be a 4-bit integer variable representing an integer from 0 to 15. For example, o = 0101 is §
if A=C=0and B=D =1. Let f(c) be a Boolean function such that f(«) =1 if « is a prime number (2, 3,
5, 7,11, 13) and f(a) =0 if « is not prime. Complete the Karnaugh map (Fig. 1) for f(a).

(2) Show the simplest sum-of-product Boolean formula to compute f(c).

(3) Show the simplest product-of-sum Boolean formula to compute f(a).

(4) Let 8 = ABCDE be a 5-bit integer variable representing an integer from 0 to 31. Further, let g(83) be a
Boolean function such that g(8) =01if 0 < 8 <10 and g(8) =1 if 11 < 8 < 20. We assume that 8 satisfying
21 < B < 31 is not the domain of g and the value of g(8) can be determined so that the resulting Boolean
formula can be simplified. Complete the Karnaugh map (Fig. 2) for g(8). You should write X for all don’t-care
inputs.

(5) Show the simplest sum-of-product Boolean formula to compute g(3).

(6) Show the simplest product-of-sum Boolean formula to compute g(3).

Note: if two or more simplest Boolean formulas exist in (2), (3), (5), and (6) then you can show only one of
them.

CD DE A=0 A=
AB™\|00]01]1110 BCXN |oo|o1|11]10]00]01|11]10

00 00

01 o1

11 11

10 10

Fig. 1: Karnaugh map for Boolean function f(a) Fig. 2: Karnaugh map for Boolean function g(f)
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78 5 (Question 5)

B ETZ TN ECTIRIEE L FEHEICOWT, 400 FRETHZCIZ D X, b LEALETs TOWRVWEEI,
B2 1 5 7 [BIRARICE T A BoR 0O ERL — O Y, 2oL ¥ $17, BEkER - 2% 400 FEETHEBEE L. BE
AR HARICEEAE &,

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.



