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ZREDEIEFR

1.
2.

3

CORERMERER EA 5D D E T,
FEB L UBR—VI, SRESFTALTLEE,
AU AT Y, RSB ORE ST A LT X0,

fREMEE SNV E 21X, AUAROEBEFHELT HRENE A, 72721, FOBAIE TEickdl i AL
TEEIERLCEHEMB L5 L TR,

IR TORBEIBEE L TLEE N,
. FEAREERRYL b izEIR L 27,
CHES5WETHEREDD ZBERBFREETTLEE Y,

Notices

1.
2.

3.

There are 5 question sheets including a front sheet.
Fill in your examinee’s number in the specified positions in this cover and each question sheet.
This examination booklet consists of only question sheets. Use other separate sheets for answers.

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.

. Answer all the questions.
. Return these question sheets together with the answer sheets.

. Raise your hand if you have any questions.
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Informatics and Deta Science I

FIRE 1 (Question 1)

n RENFHTH A = [0] O n HAOEHEMEE A\ < X2 <

T3, LToRCEL k.

@) tr(A) =Y N ERBILETRE.

i=1

2 Zn: ‘::a?,- =§nj X sz rRRE.

Let A = [a;;] be an n x n real symmetric matrix with eigenvalues A3 < A2 < -+ < A, and corresponding*

i=1 j=1 =1

eigenvectors u1, Ug, . .. ; %y,. Answer the,following questions.

(1) Show that tr(4) = 3_ As.
i=1

b3 n n
(2) Show that Z Za?j = Z A2

i=1 j=1 =1

RSP i 4 L,. ﬁﬁﬁ?—aﬂﬁ&y % Wi, U,y o, Up &
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& 2 (Question 2)

2 BB o(u,v), P(u,v) 1 C° BT 0(0,0) = 9(0,0) =0 2 L, f(z,y)=e = Yoy &7 5.
UFORWZEZ .

1) (z,9) = (0,0) TBVT, B flz,y) PHEE LZME > PHERL.

(2) 52(0,0)=a, 52(0,0)=b, 5£(0,0)=¢, $£(0,00=d 2L, f(z,v) & o(u,v), ¥(u,v) &OEREHE
g(u,v) = flo(u,v),Y(u,v)) T2 E, glu,v) DIZR—) VER%Z 2IROEETRD L.

(8) ad—bc#0 L FTBHLE, (u,v)=(0,0)ZBWVT g(u,v) WBMEZ & 25 Y5 HhTR L.

Let ¢(u,v) and 1(u,v) be two variable C* functions with ¢(0,0) = ©(0,0) = 0, and let f(z,y) = e™® ¥ zy.
Answer the following questions:

(1) Determine if the function f(z,y) has a local extremum at (z,v) = (0,0).

(2) Let %‘5(0, 0)=a, %5(0, 0) =10, %’5(0,0) =¢, and %f-([), 0) =d. Let g(u? v) be a two variable composite
function g(u,v) = f(i(u,v),¥(u,v)). Calculate the Maclaurin polynomial of degree 2 for g(u,v).

(3) Determine if the function g(u, v) has a local extremum at (u,v) = (0,0) in the case that ad — bc # 0.

v
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97 3 (Question 3)

X1, Xs, -, Xn WE B D R— R0 ) BEEHERERE L, X (i=1,2,...,n) ORRERE
PX;=k)=p, k=0,1,...,m

LT3, REL 20, N ope=1Th3, FkX,..., X, Db X, =k 53 X, DEHEEEER V;
TET. ' '

() m=1F3LE, BEPY, =k D

L5 LETE,

(2) m=1%,73L%, FYEY;] B&UIH Varlvy] 2R &.
@) m=2rT5LE, BWEPY =k 2ROL,

4 m=2LrT5LE BEPY,=kYi=1) 2Dk,

(6) m=2 L¥BLE, BEPY,=y,Ys=1p) 2RO,

Let Xi, Xs,...,X, be mutually independent and identically distributed discrete random variables. The prob-
ability mass function of X; (i =1,2,...,n) is given by

P(Xi=k)=p, k=0,1,...,m,
where py, > 0 and 37" px = 1. Let ) be the number of X; that equal k¥ among X1, ..., X,.
(1) When m = 1, prove that the probability P(Y; = k) is given by
P(Yy=k)= (Z)p’fpg"k-
(2) When m = 1, find the mean E[Y;] and the variance Var[Y;].
(3) When m = 2, find the probability P(Y; = k).

(4) ‘When m = 2, find the probability P(Yz = k|Y; = 1).

(5) When m =2, find the probability P(Y; = y1,Y2 = y2).
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F%8 4 (Question 4)

FHEOEALS L NG DHEARRER S RILRAP LB/ 5 72 FEY 57 LW, FES 7 AR
275 7EFEMTHILES. S (=HRE)s DLV 5 7% K, LY. MTOMyicEXIRE L,

(1) Ky BFED, BRHXEDXERLREW.

(2) BEA—72SZFHEED 2 HEBIE L 1 ZOLHFRONTWS Y S 7 2EMY 5 7 LY, YO 2R
SRR L T PEESRZDN S & 5 REMTFEY 5 7 2 BATFEY 7 7 X, {3 p(> 3) OF
RPEY 57 DB q 5, BEEr ZAVTe=3/2)r CHODOINZ L REHLEZIL,

3) LORREAWT, WM p OEBOTEY S 7 OLB g5 ¢ < 3p— 6 RWRTILEEHRLRE V. HEH
TREEY 5 7 CHET 544 5—ORREAVTHEDRL.

(4) Ks O308E 10 RO T, LOEEP L Ks PEENCIREVWI L Bb# 5. Tk Ks » oEED:D% 1 4H
RLTEBNSY5 73 FEIY, BHELDREXREN. BETR, RO 9<3p-6" #7775
THETH 37D DBBEETED EP IR CRRVEACERET3Z .

A graph that is drawn in the plane with & collection of vertices and edges, without any crossing, is called a
plane graph. A graph is said to be planar if it can be transformed into a plane graph through isomorphism.
Let K, denote a complete graph with x vertices; i.e., order z. Answer the following questions.

(1) Answer whether K is planar or not, together with the reason.

(2) A graph with ho self-loop and at most one edge between any two vertices is called a simple graph and a
simple graph whose planarity is violated by adding an edge between any two vertices is called a’ maximal
planar graph. Prove that the number of edges g of any maximal planar graph of order p(> 3) satisfies
¢ = (3/2)r, where 7 denotes the number of regions in the planar drawing.

(3) Prove that the number of edges g of any planar graph of order p satisfies ¢ < 3p — 6, using the above
result. In the proqof, you can use the Euler’s formula on plane graphs.

(4) The above result implies that Kjp is not planar since K5 contains 10 edges. Then, answer whether the
graph obtained by deleting an arbitrary edge from K is planar or not, together with the reason. Note
that “g < 3p —6” 15 a nécessary but not a sufficient condition for the graph to be planar.
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FREOIESE

1.

2.

ZORIEAKIZRREEA 10D D £7,
ERBIUOER-IIZ, ZRBEZTALTLEZ N,
CHURRERR T Y. S RBIMOMERRICTAL T ZE W,

fEsEE eV 2, RUEARKOEEZAHELTOBVERA, 72751, 2058 TEICEEL ] ZY AL
TEEICEEB LI LD 2 X3 L TLEE N,

IR 1~6 D25 3HBER L THRE L T3V, ZAMAT, ME7 KBS L TLEIW, BEIMESSIECY
ATORS THBNERASY, BIMERS LB L THEL TLEE W, &8, ERULBEL, MERREROE
FHRIZORIZ AT T Z &N,

MIEFAAUIRE A ¥ SICEINL £95,
D 2 VWEARPLRED D BH/ERIFEBETTLILE N,

Notices

1.

2.

3.

There are 10 question sheets including a front sheet.
Fill in your examinee’s number in the specified positions in this cover and each question sheet.

This examination booklet,consis_ts'of only question sheets. Use other separate sheets for answers.

. 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,.

. 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.

. Return these question sheets together with the answer sheets.

.- Raise your hand if you have any questions.
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% 1 (Question 1)

RIRXRT LI, 1BRIE S = {51,52,83,84} DZTHER A L T 5.
®1: EHREFES BT 3 /E A

S A
S1 0
sy 110
S3 10
S4 T

(1) APBERICHESEEL K2 & 5% AOREHEs 210K &.

2) Q) EBIBFE ADZHREERL, ChEHAVTHE AXBRCESTETHS L 2HHEE L.
3) (1) 2B BHE ADKIEK A2 Tkt

(4) FBAP—RIIESAETH 2 0L 5> » e HEE .

As shown in Table 1, let 4 be the binary code of the information source S = {s1, 52,53, 54}

Table 1: Information source S and corresponding binary code A

5 A
S1 0
sy 110 '
s3 10

54 T
(1) Find one 4-digit codeword z such that A is instantaneously decodable.
(2) ‘Show a binary tree for A in (1), and using it, explain that A is instantaneously decodable.
(8) Show A? which is 2p4-order extension of A.

(4) Explain whether A is uniquely decodable or not. °
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BB (FFRED) [Fu75a] e T EBEE

fRE 2 (Question 2)

Alln] % n BOMRZSHORINL T 5. i <70 Alil > AY| DL &, 3 (i,§) % A DRELIE. HTOM

WIZE X .

(1) B3 Ay = (2,1,4,3) DRERTRTET &.

(2) BBl Az = (3,2,8,6,1) DREMERSD &. , :

(3) nEREDES {1,2,.. LN} DITRTOBEREFHOBHDOHT, 5’657 < @E@K%ﬁ@@ﬂ?ﬂ Ay BRE. X5
12, OB Ay HiEO REHE R k.

(4) #B|AY — b+ DEEEla— FvInsertivo‘n-Sort(Az) 2ERTT2HE82E23. Bla—-FoO51FHL 7/7E%E
ITLRERICBIIZER & j, 5 A, DIEZEATIBCTRNTURE. 72720 A, 13 (2) OBEFIL AL ¥ 3.

(5) EEla— F Insertion-Sort(A) OEFTHE X ANEH A OREH DR R B~ X.

(6) n BOBEHED &% 3 (LEOEFIH B U RERE BEFIC O(nlogn) BHITHET 3 7130 X ASHMEN B %

of A.
(1)

SIEZOBIEERL, fEUBVRSIEZ BB EDR K,

Let A[1..n] be an array of n distinct numbers. If i < j and Ali] > Alj), then the palr (z Jj) is called an inversion

Ansv& ser the followi ing questions.

List all inversions of the array A; = (2,1,4,3).

(2) Find the number of inversions of the array Ar = (3,2,8,6,1).
(3) Show the array Az with the most inversions among all the arrays-with all the elements of the set
{1,2,...,n} of n elements. In addition, find the number-of inversions of thisari'a.y As.

(4) Consider the case of executing insertion sort pseudo code Insertion-Sort(As). Show all the values of
variables ¢,j and array A, illll]ied.iatel'y after the 5th and 7th lines of the pseudo code are executed, in

order of execution. Note that the array Ao is the same as the array desciilped in (2).

(5) Describe the relationship between the execution time of pseudo code Insertion-Sort(A) and the number
of inversions in the input array A.

(6) If you.can make an algonthm that determines the number of i inversions in any permutation of n elementb
in ©(nlogn) worst-case time, outline it, or if you cannot, explain the reason.

Insertion-Sort(A)
1 for j=2to ‘A.le‘ngth

2 key = A[j]

3 i=j-1

4 whilei >0 and Ali] > key
5 Ali 4+ 1] = A[4]

6  i=i—1

7 - Ali+1] = key
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/

R 3 (Question 3)

Listing 113 C ERRICLBAZ y 7OREGIL, THEFALTT 2 M FOEMOIS ({713 9 T, “I" i&
“I" TBAL %) #WeBT 5 7”Dﬁ7A“C*E>6 7 ¥ 2 FHOBLOMREE R R v 71%“”?‘5&@ TH¥APDRE
T 5XFE—DFTOMD MU TUTIRT ()~ (iv) DBEEETL, £ 1~4 DVFRBHE: LTEWE L E
WEERT B UEHHB. 1771, Listing 1 3FELTHY, 2 00RBORR Y UE £ L TuiLw., Listing 2
& Listing 1 DRITREL LT, & v 7@%2!:&972?31{’5%35 SURE Y 7 2fo727F X bPOFERDOIEORE
BEREZTRLTVS. UToMVQI~3iIcEX L.

(i) B H X 7= FHiE ({7, “17, «0, 1) L,(ﬂ@i%nk&iﬁ B L,

(i) BUD M E N FHBEIEM (407, “[") OBEIE, TRERK v 2 IZANS (push). 7751, push L&
ST BLERTTIRRAR Y 202 IRV DIBE (LM 1) 1K DHODEME Lin o EDFREEX VD
THEBZRTT 5.

(i) HD HENEXFHELEL (), 97) OBBICIE, BEIZRXy 2ICARSNEXFEERD B (pop).
pop L&D YT BLEIZRE Y I HZEDIRE (LM 2) BIUY, pop EN7XFHESBEOMEENTH S
BE (ﬁe# 3), FMAHEL TV HET .

(iv) STOXFENELLRIERA Xy 2 OFEERETS. &y AT Eofcu\f:i%% (%t 1), ¥

- ARELTWRLEHET 5.

Q1 Listing 2 IZRTEITHERSE SN 5 & 512, Listing 1 D2 Q1. 1~Q1.6 ’E:igﬁ)ck

Q2 Listing 1 DFETRER Y LT, Listing 2 FDZEM Q2.1~Q2.3 2 b k. ,

Q3 Listing 1 Tl&, LEEOERH 1~4 DF D= oHFEX TV, Q3.1 &;t#ﬂﬂl@i‘lﬁsﬁﬂxn*cmtw@k
Listing 1 Z3EAEN TV L AT 5. Q32 IMHEMOIEHEN TN B DIz Listing 1 33 F5A3ERT
WRWEHAT R, EFBIZOWT, t@ﬁeﬂ:ﬁﬁéﬁéh’cmm\@#%ﬁ&x;

Q3.1 ][[{[a]}]]} - Q32 {[[{[[aJ]}]]}

Listing 1 is an example implementation of a stack in the C language and a progra.m that uses it to verify
whether brackets are balanced (Use“}” to close “{”, and “]” to close “[”) in-the text. To check the balance
between brackets in the text using a stack, it is necessary to execute the following processes (i) to (iv) by
taking out one character from the text in order from the beginning, and to judge that the brackets are balanced
when ‘not all conditions 1 to 4 are satisfied. However, Listing 1 is incomplete and does not implement two
conditional processing. As the execution result of Listing 1, Listing 2 shows the basic’ operations of stack and
the confirmation results of the balance between brackets in a text using a stack. Answer the questions Q1-3.

(i) If the extracted character is not a bracket (07, 37, « [”, “1”), do nothing.

(ii) If the extracted character i is an opening bracket (“{”, “[”), put it into the stack (push). However, if the
stack is already. full when trymg to push (condition 1) the character can’t be pushed into the stack and
the subsequent processing is not guaranteed to be correct 'so terminate the verification.

(111) If the extracted character is a closing bracket (“}”, “1”), the last opening bracket pushed onto the stack
is pulled out (pop). If the stack is empty when trying to pop (condition 2) or if the types of the extracted
and popped bracket are different (condltlon 3), judge that the brackets are not balanced.

(iv) After processing all characters, check the contents of the stack. If there are brackets left in the stack
(condition 4), judge that the brackets are not.balanced.

Q1 Fill in the blanks Q1.1 - Q1.6 in Listing 1 to obtain the execution result shown in Llstmg 2.

Q2 Fill in the blanks Q2.1 - Q2_3 in Listing 2 to show the execution result of Llstmg 1.

Q3 In Listing 1, two of the above conditions 1-4 are not implemented. In Q3_1, although the brackets are
not balanced, Listing 1 outputs that they are balanced. In Q3_2, although the brackets are balanced;|
Listing 1 outputs that they are not balanced. Answer which conditioh is. not being processed for each
contradiction.

03t ICH{[a1}11} 32 {[[{{11}]]} .




#include <stdio.h> -
#define MAX_DATA 5

typedef struct stack{
char arr[MAX_DATA];
int top;

} STACK;

void init stack(STACK *s

Listing 1: program
// definition of stacks as a.structure

tk){ . // initielization of a stack

for (int i = 0; i < MAX DATA i++) stk->arr[1] =277,

stk->top = -1;

int push(STACK *stk, char input) { // pushing e data into thé stack

printf ("push: 7c\n",

input);

if (stk=>top = ) 4

prlntf("Thlsusta
return O;
} else {

ckulsufull \n");

stk,—>arr = input;

return 1;

}

char pop(STACK *stk) { // popping a data off from the stack

s (s e

printf("no data\n");

return ’\0’;
} else {

tint top = stk->arr[] Q1.4 II;

stk—>an—[| QL5 I] = J7,
printf("pop: hc\n", top);

return top;
: }
}
void show_stack(STACK *s
printf ("STACK:_ ");

tk){ /7 displaying all the data in the stack

for (int i = 0; i < MAX_DATA; i++) printf("%c,", [ Q1.6 D;

printf(", top:%d\n",

- int check_brackets(STACK

init_stack(stk);
char top;

‘stk=>top) ;

*stk, char *data) { // checking the corréspondencg of brackets in the text

prlntf("\ncheck u%s\n", data);

for(int i = 0; datal
prlntf("lnput uh
if(datali] == ’{
else if(datali]

il 1= \0’; i++) {
cu", data[il);
> || datali] == ’[*) push(stk datalil);

==}’ || data[i] == *]7)

. top = pop(stk);

if(top == ’{
printf("
return 0;

3 ‘
} else printf("\

.top pop(stk);

? && datalil '= *}’ || top == [’ && datali] 1= ’]’) {
*%c’can’t be closed with,,’%c’ !\n", top, datalil);

n");

if(top == ’\O’) rintf ("There are no extra brackets!\n");
P = P

else printf("There,i
return 1;

int main(void){

STACK stk;

// demonstration of

init_stack(&stk);

show_stack(&stk) ;

for (int i = 0; i<
push(&stk, ’a’ +
show_stack(&stk) ;

}
pop(&stk);
show_stack(&stk);

suangextra;’Y%c’ '\n", top);

the use of a stack

MAX_DATA + 1; 1++) {
i);

- // checking the correspondence of brackets in the tezt

check_brackets(&stk,
check_brackets(&stk,
check brackets(&stk
return 0;

*{[al}");
"{[[a]}");
"{[al}[");
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Listing 2: result

STACK: 7 7-7
push: a
STACK: a ?
push: b

-~

STACK: a b 7.

push: c
STACK: a b ¢
push: d
STACK: a. b c
push: e

d

?

3

STACK: abcde,

push: £

STACK: abc de

pop: e

STACK: a b c d ?

pop: d
STACK: a b.c
pop: ¢
STACK: a b ?
pop: b

> STACK: a 7 7

pop: a .
STACK: 7 7 7
pop: no data
STACK: ? 7 7

check: {[al}
input: { pus
input: [ pus
input: a -

h:
h:

~input: ] pop: [

[ Wan?

input: } pop: {

pop: no data

‘This stack is full.

1

top:-1

top:0

- top:l

top:2
top:3

top:4

top:4

+ top:3

top:2
topfl
top:0
top:-1

top:-1

Q2.1

check: {[[al}

input: { pus
input: [ pus
input: [ pus
input: a

input:‘] pop: [
input: } pop: [

h:
h:
h:

{
[
[

r

Q2.2

check: {[al}

T

input: { push: {
input: [ ‘push: [

input: a

input: ] pop: [

input: } pop: {

input: [ push: [

pop: [

L

Q2.3
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TR

Informatics and Data Science Examinee’s Number

X
M

i 4 (

Question 4)

4y FD 2R A = asagarag LT, 2 DMEEL L LESEOMEE d(A) L £ 7.
(1) & 1 ZFEMSE K.
(2) 4y D 2HER B = b3babibg 1, TRTD AIIKLT, d(B) =—d(A) ZHilz3dDE T 5. £2%27%WK
TH X INEMT BORFELRVE 21X, XXXX eELZ L.
(3) AZ AN L BZEHE T 2HERMEEE RT3 DICDEER by, by, bo,bs DAL —K (K1) ZFhZEh
ERE k. XXXXZ R b7 AhieakT L.
(4) (3) Zd &I, by, b1, be, by 2D HHLBEMEOXTRE.
(5) (3) &b I, b, by, by, by Tl d BH LML O TRE.

For a 4-bit binary number A = agasajag, let d(A) denote a number in 2’s complement notation.
(1) Complete Table 1.
(2) A 4-bit binary number B = bsbaby1by satisfies d(B) = —d(A) for all A. Complete Table 2. If no such B
exists, write XXXX.
(3) Tllustrate the Karnaugh maps (Figure 1) for by, by, ba, bs respectively, necessary to design a combinatorial
circuit with input A and output B. Consider XXXX as a “don’t care” input.
(4) Show the simplest sum-of-products formula for by, by, ba, bs respectively, based on (3).
(5) Show the simplest product-of-sums formula for by, by, ba, bs respectively, based on (3).

£ 1 FTRTO AT S d(A) OE
Table 1: The values of d(A) for all A

A lda | 4 [da | a4 laa | A |aa asas
0000 | 0 0100 1000 1100 aiag 00 0L " ib 10
0001 | 1 0101 1001 1101 00
0010 | 2 || 0110 1010 1110
0011 | 3 || 0111 1011 1111 01

£ 2 FTRTD AT 2 BOE 1
Table 2: The values of B for all A

A B A B A B A B 10
0000 | 0000 || 0100 1000 1100 Ay
0001 0101 1001 1101 Figure 1: Karnaugh map
0010 0110 1010 1110
0011 0111 1011 1111
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fiI7E 5 (Question 5)

WEERET LY, =x B+e (i=1,....,n) 88X 5. 22T, BeRP BEERE, x; € RP EFHAZHT
B, e:=(e1...62)7 1P 0 € R, FEHGSGEITI T € R OFEREMRDHD S MM S h 2 HEREHT

H%. $bb, e~N(0,5) TH5. WEME (yixi) ((=1,...,n) KMLT, B:=(XTX)"'xTy Y EHT
3. 22T

(xT Y1
X=|"|erve, y= || cRr THA. rank(X) = p 2RET 5.
xZ Yn

(1) E[y] =Ely] Z/R€. %%L, y=X3 LEHT 5.
(2) Var[y] #R®E. 7L, Varly] i § ORSBITICTH 3.

Consider the linear regression model Y; = x'8+¢; (i=1,.. .,n), where 3 € RP is the regression coefficient
vector, x; € RP, and € := (g;... sn)T is a random vector drawn from a multivariate normal distribution with
‘mean 0 € R™ and covariance matrix ¥ € R™*™, that'is, € ~ N(0,%). For a data set (y;,x;) (i = 1,...,n),
xT
1 Y1
| 3 : Y2
define B := (XTX) ' XTy, where X := €R™P,andy:= | | € R". Assume that rank(X) =p.

Iy

X Yn

(1) Show that E[y] = E[y], where § := X 3.

(2) Determine Var[y], that is, the covariance matrix of y.
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VI bvy  ABBIIAL=2— 4%y FU—2BVTLIELIZFAV SIS,  OBEBIEEEN5R3~2
bz =(z1,22,...,2x) EAALL, XZ b p=(p1,p2,...,px) CRENZHEBSHEMATS. 22T, K
BERZ PAOITEETRT. V7 by 7 ABBIEIRD L3 IKEHRSNS.

o(z) = ( exp(21) »- exp(z2) ‘exp(zg) )
1 exp(zk) T exp(zk) | Yae, explen)

UTo2ToMWIcEZ &.
(1) c2EBORELTBE3% KRTLARZ b= (¢, ---,c) iR LT, RRPEHIIDOZ L 2L k.
o(z+c)=o0(2z)

(@) EMH >0IHLT, HIFAREWBEL H A+ IS WBEICET 2 o(z/H) DBEIZDOWTib
ORI
(3) o(z) Dz (1 <i<K) BT 28MEHRWHE X,

The softmax function is widely used in artificial neural networks. It takes a real-valued vector z = (z1,22,...,2K )
as input and outputs a probability distribution represented by a vector p = (pl, D2,...,Pk), where K is the
dimensionality of the vector. The softmax function is defined as follows:

U(Z) - ( exp(zl). ? eXp(zZ‘) y Ty exp(ZK) )
S exp(z) Sh g exp(zi)’ pe explax)

Answer all of the 'following questions.

(1) Prove that for any K-dimensional vector ¢ = (c,c,...,c), where ¢ is an arbitrary real number, the
following equality holds:
o(z+c)=o(z)

(2) Consider a real number H > 0. Describe the behavior of o(z/H) as H becomes sufficiently large and as
H becomes sufficiently small.
(3) Derive the derivative of o(z) with respect to z; (1 <i < K).
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FEWIFRET21E TN E TIHE LLHARBEICONT, 400 FRETHRCE LD . b LENSE[ToTHARL
BEE, BERER - LERRECET 3 BE0EEY— 0B, TOMBEL L BT, FR 2 H o L BH % 400 F
BECIHAL &, @EIIREERARCTAL L.

Describe the outline of your undefgraduate 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.






