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Notices

1. There are 5 question sheets including a front sheet.
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R 1 (Question 1)

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

X

Pr{X;=2z}= o

z=0,1,2,...
Ko TEZoNB LT H. UMTOMWIZER L.
1) X; (j=1,2) D LEERD K.
(2) Pr{X;+ X, =z} ZRD X.
(3) Pr{Xy=z|Xi+Xo=1} BRDE. 22T, 2=0,1,2,...,1 TH5.
(4) X1 (j=1) KL T, HERER Z BT L) & 2 DI LT 5.

Pr{iZ=z|Xi=2}= (2)1)2(1 -p)*7% z=0,...,.

IDLE Pr{Z =z} ZRDX.

are given by

T =N
/\je Y

Pr{Xj = .'13} = zl

z=0,1,2,....
Answer the following questions.

(1) Derive the mean and variance of X; (j = 1,2).

70vN ™+ T (X | 0
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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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/& 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

c3 =1+ To + T4
(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
BB x LEEINEHEE w IZOWTH by 50 BEANICHiAE 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 b BARKNCHAE K.

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).

- - —ay E T

. T ———————————————————————————————————

Cop =Tz + T3+ T4

c3 =21+ T2 + 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
v = (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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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@[:zui LUT(Look—Up Table) k2R LTEY, 2E3EY +D7 ]~ vx]xjj ag, a1, ap &, 1EVY l~

RO ZHODT, IO LUT &R 3 A AND #— 1+ & LCEifET %
(1) eL 7 PEFIF3EY FOAN s, 01,00 £ 1EY PO 2 %}%% @ =a, BHLH LD, kL2 S 1
il LUT BB T 543, 20 LUT [E#O 2 €Y DEEZRE,
(2) 2@ LUT [iE% 1 AL, EEOBIS f: {0,1}° — {0,1} PFIHTE 2 Z L 2HHE &,
(3) DB f:{0,1}* = {0,1} BEA3 2D LUT BB CFHETES 2 L 2R,
(e bt flas,ag,a1,a0) DX, a3 =0D L E £(0,a2,a1,a0), a3 =1DEF f(1,a2,a1,a0) TH3)
(4) EEOBR £:{0,1}" = {0,1} (n > 3) I&, Ex27 2~ 1{HO LUT FECFHETE 5 J LRRE,
OGN Ak, £ fn il it .99 1 — &11 AL LSS X A TIIT.D

‘ . — NN 1 o . e SRR g ey w1 a2 BMDSY )L
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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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fiRE 6 (Question 6)

(1) %75 ANEERTI = a—9NVFy by =2 TR, HABOEEMESICY 7 bey 2 ABKBS K AV
5%, V7 bey s Ay = softmax(x) M T O LI IKEREIN T3,

_ exp(z;)

Y= S expleg)
TIT, g BRZ xRV 7 by 7 ABBICAS LTRSS WERDO S B,  BHOERRET (Tk
bbb, V7 ey AEROSFRAND i BEHOEEK o, BT 2 BEER 2R TXTOANDEEE
BofitsEzehns),
V7 bey 7 ZABBO AN o BT 22N,

Oy;
Oxy,

= Yi(Oar — Yk)
LRBILERE, TIT, 6 370Ry h—DFNVIEE (Kronecker delta) TH5 (i ldi=kDL
X1L,iAkDLEOLRD),
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REPRELIZ INE TR L ZPFREEIC O WT, 400 FRETCHBICELD X, b LENRSZTo T ViEAEI,
B & Ko AT A RIEDOFEEE — Y, ZoOMEL & i, EEERoEEE 400 FRECHEY X, #B%
AR AR REAY K.

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.



