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Notices
1. There are 5 question sheets including a front sheet.
2. Fill in your examinee’s mumber 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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178 1 (Question 1)

(1) 2 KEA3 [; Z] DFRTOEEMEE MIET BEEARY P AERD &,

(2) Mz, y, 2 BBEL TS 2 RENITI A=

~E.

z ﬂ DT COEEEERD, TNONEME LI L E

(3) 1751 A OEEMEE M, de (M1 > X2) 2T 5L, 175 A BREZRATSI

R(8) [cose —sinﬂ]

sinf cos@

ZHVT,
. MO
TAR@G)=1{"" .
R(9)" AR(6) = [0 /\2]

DESiHEkTES, 22T, RO)T X RE) DEBEET. TOLE, cos20 B sin26 Rz,y,2 %
WTRE,

1
(1) Find all the eigenvalues and the corresponding eigenvectors of the 2-dimensional square matrix [2 3]
Ty
y z

(3) Let A1, A2 (A1 > A2) be the eigenvalues of the real symmetric matrix A. Then the matrix A can be

(2) Let x,y, z be real. Then find all the eigenvalues of the 2-dimensional real symmetric matrix A

and show that the eigenvalues are real.

diagonalized by using the orthogonal matrix

R(®) [cose —sinﬂ]

sin cosd

R(6)T AR(6) - [’t; ;)2],

where R()T denotes the transpose of the matrix R(f). Express cos26 and sin 20 using z,vy, 2.
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%8 2 (Question 2)

2
e—-t

2EBOI S, 9 % flo0) = T 9lsit) = et LEDE.
i, 2, y>0BWT, R2EZEB 3R R(z,y), S(z,v) %

R(z,y)={(s5,t) eR2: 0<s<z,0<t <y}
Sy ={(st)eR®*: 0< s +t*<z*+y% sy tx>0,t >0}

L¥5. ZOLE,

oF
(1) Gy EROE. BL, Flog) - / /; o, T s

oG )
@ 52 eo k. HL, G- [[ CCL

—t2

Let f, g be functions of two variables defined by f(s,t) = 1:—53, g(s,t) = e ="~ And let R(z,y), S(z, ),

where z, y > 0, be closed domains in R? defined as follows:

Riz,9)={(5,6) cR2: 0<s< 2,05t <y},
S(z,y)={(s,) eR?: 0< s> +2 <2? +9% sy —tz>0,¢t>0}

Then answer the following questions:

(1) Find the partial derivative %, where F(z,y) = / / f(s,1) dsdt.
) R(z.y)

(2) Find the partial derivative %g, where G(z,y) = / [9 ( )9(3, t) dsdt.
Ty
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X1, Xy X BEOICHZ»OR—R2HICRE ) BEERLE L, X, i=1,...,n, OBRFEEEEE
fl@)=Xxe*, >0, A>0
T3, ¥, n=23,... KNLTY, =max(Xy,...,X,) 2B&EL, Y, ORFEHEERE g.(z) ©RT.
(1) 4 B[X:), 28 Var[X;] & X CHE P(X; > ) R0 &,
() BE P(X: > X)) kD&,
(3) B P(Y, > z) BIXUERFEERHR g.(z) 2RO L,
(4) B P(X3> Ys) #RD &,
(5) n=3,4,... CXNT 2L P(X, > Yo-1) RO &,

Let X;,Xz,...,X, be mutually independent and identically distributed random variables. The probability
density function of X;, i =1,...,n, is given by

fl@)=2xe"?*, z>0, A>0.
Also define Y;, = max(Xjy,..., X,) forn = 2,3,.... The probability density function of Y, is expressed as g, (z).
(1) Find the mean E[X1], the variance Var[X;] and the probability P(X; > ).
(2) Find the probability P(X2 > X1).
(8) Find the probability P(Y> > z) and the probability density function ga(z).
(4) Find the probability P(X3 > Ya).

(5) Find the probability P(X, > ¥,_4) forn — 3,4,. ..
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Z5 IMFENTHLREDYS 72 LR DS RBX 5 b R HETESZ LRSS (AR LLOME
2ERQ). ThE0 k5 R#EY S 7 OFEMEL PR,

(1) EEEEV = {a,b,c,d,¢, f}, TEAE E = {ad,ac, ae, ad, ec, ed, fb, fc} 8275 7 G = (V, E) DFHEH
EERLEZEWV., ZZTabBRERe L b EBIAERIEZDOOTIOLTS.

(2) LCEX-THHEE B 2BAREITRTAFELZI V. BETE, HXE=202 ab, be, ca CEEI

BRZ abc DS WRBATH L.

(3) p DB L ¢ HOBEFH>EROEEE L TEEHN Y 5 7 DFHHEX

r=q¢g—p+2

BOEBERHOZ LRGN TS, ZO%X% ¢ CHT 2BENBWMELBOTERALR X W, T4bs,
HDED q= 0D L FIERPBLT 5T L BRLELT, BOEH ¢-1 DL ERSRBEAT L6
HOEN gD BRI FTETLBRLAZL.

(4) 757 GREA2FOWERMLTY 5 7 2IFEREMC LI, @ETIE, Bo5hiSS 78 VPEMTIE

RWEHbHRITEI L.

A greph is said to be planar if it can be drawn on the plane in such a way that its edges intersect only at their
endpoints. Such a drawing is called a planar embedding of the graph. -

(1) Nlustrate & planar embedding of graph G = (V, E) with vertex set V = {a,b,¢,d,¢, f} and edge set
E = {ab, ac,ae,ad, ec, ed, fb, fc}, where gb denotes an undirected edge connecting a and b.

(2) List all regions in the planar einbedding given in the above answer. In your answer, express the region
bounded by three edges ab, be, and ca simply as abe, for example.

(3) It is known that any planar embedding of a connected graph with p vertices and ¢ edges has

r=q—p+2

regions. Prove the above egquation using mathematical induction on g. That is, first show that the
equality holds for planar embeddings with ¢ = O edges, and then show that the equality also holds for
planar embeddings with ¢ edges if it holds for planar embeddings with ¢ — 1 edges.

(4) Add at most two edges to G so that the resulting graph is not planar. In your answer, state why the

resulting graph is not planar.
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1. COMBEMAIERE S IWB D £,

2. REBIUVFR-—TIL, RRBEELEALTIES W,

3. THFIERETY. MEIIMOMERAKICRALTLEEN,

4, RERBEEALNEE i3, ACAROBEAZRALTCHRVERA, 2FEL, zoEEE MEizHed] RYLEAL
TERRERLAZLPGPB L3I LTLES N,

5. [ 1~6 OF» 56 SRR LTHREL TLEIW, ZhikMA T, BE7 KBELTEEV., REIHESSECH
ATWRITHEOEEAN, HIMERESZRERLTHEEL TIEIW, B, ERLUMER, RERAKREDOE
FCOEIE T TLEE WY,

6. MEAMIIBERARK b CEIRL %7,

7. BRI 3 WETHRRSE D3 BEARFEETTLEE N,

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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f9#& 1 (Question 1)
nBOBERREDOEEEREEHEE S, kL, 2O S, KNT3 282 C, LT5. & (1)-(4) iLBZ &

(1) RDKS7% S CHUTNTIVRS Cp 2FRT BBUCBRENIABMERRL, NTYVRHECs LT
HRSE Lo, 2RD &.

S 51 So S3 8q S5 86
*~ 1 032 022 020 0.16 006 0.04 |

(@) (1) TR®I= Ce VERACESTRAFFES TS B T L% (1) OREEE AV THIY L.

(3) —Mlc, NI U/ASERFCESTER 2 TS THS. £, BRICESTER BORFSIEY 5L
32 BIR ST FORER YL 27 <1 RBERETD. T, Lim) WHEE (1 <i<n) OF
BRETH%. (1) TROE C BV 57 FORERPHIT T L 2T,

4) 5. nHOEZED2DDREV = {v1,v0. - U}, W = {wr; wa. - - - w, } IKBWT, v,w; >0 (1 <é<n)
POV, u=1 YL, w<1THh3LE, RORFMNHELTS. ChEAVT, —BIC H(S,) < I,
PRIAUT B LERYE. TTT, HS,) &S, DI rnt—, T, &8, lEnd 3B ESTEEE C,
DREPFSRTHS. . .

= E'Ui 10g2 v; S — Z Vs 10g2 Wy
i=1 i=1

Let S, and Cy beé a stationary memoryless information source with n elements and a binary code for S,
respectively. Answer the questions (1) — (4).

(1) Obtain a tree structure that is constructed in a Huffman code Cs for the following Ss, and then show
the Huffman code Cg and its average code length Lg,-

S 81 82 83 S4 85 Se
°7\ 032 022 020 016 0.06 0.04

(2) Explain that Cs is an instantaneous decodable code using the tree structure obtained in (1).

(3) In general, a Huffman code is an instantaneous decodable binary code. Moreover, any instantaneous
decodable binary code with n code words satisfies the Kraft inequality 3°;. , 274 < 1 in general. Here,
L(z;) is the code length of a code word z;(1 < i < n). Show thst Cs obtained in (1) satisfies the Kraft
inequality.

(4) . Consider two sets with n values V = {vy,vs.---v,}, W = {wy,w2.---w,} where v;,w; >0 (1 < i <
n} and Z?=1 vi =1, 30, wi < 1. Then, the following inequality holds. Using the inequality, show
H(S,) < Lc,, in general. Here, H(S,) and Lg, are an entropy of Sy, and the average code length of an
instantaneous decodable code C;, for S,,, respectively.

n T
= Z v loga vy < Z v; logs w;
=1 i=1
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R 2 (Question 2)

T2V X b sort(A,1,n) &, BEFIADnEOINCOEREFIECY — T 5. &5, swap(e,b) la ¥ bD
2 RBTI3FHETHS. UTORWEL L.

(1) BH A={2,8,7,1,3,5,6,4} IZXF 3 partition(4,1,8) OBIfEE, for XOFEDEL HLDEF A D&
BEROEC L i oEERWTHBR k.

(2) (1) PEF A %Y — }§ 3L 212 sort EIPUEHINBBOIROEE TN TEL X,
(3) 7TV X 4 sort ORBOREDETRMN On2) TH3 L k.

(4) ADFTRTOBRRERZDOLL, B0 2ENHSHETSS LIVE L b &, RITRME T(n) 2H{t
RoRe,

(5) TOTNITYXLRRETHIIHD, YOI RPRETHIEIEELTE 55 2B X HICHHES X.

Algorithm sort(A,1,n) sorts all n elements of the array A in ascending order. Note that swap('a, b) is a
procedure that swaps the values of @ and b. Answer the following questions.

(1) Explain the operation of partition(A,1,8) on the array A = {2,8,7,1,3,5,6, 4} using the value of each
element of array A and the values of variables 7,1 after each iteration of the for loop.

(2) Answer all tuples of arguments when the sort function is called to sort the array A4 in (1).
(3) Show that the worst case running time of the algorithm sort is O(n?).

(4) Assuming that all elements of A are distinct and all permutations of the input numbers have equal
probability, express the running time T'(n) as an asymptotic equation.

(5) Explain what improvements can be made to speed up sorting when implementing this algorithm. Also,
explain why.

partition(4,p, r)
z = Alr]
i=p—1

sort(4,p,7)
ifp <o

q= partitiOD(A,p: T) for J =p tor 1

ifAlj]< =
T=i+1
swap(A[z], A[j])
swap(A[i + 1], A[])
return ¢ +1

SDl‘t(A,p, q- 1)
sort(4,q+1,7)
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% 3 (Question 3)
CHEROERERTNTY X LD—2RHUTFIZRT.
1. FMECY—FEhTWAESOFTRABI S5 EROEERD 5.
2-1. ZOfEXS LEMNOEX H/NXhE, 1. KR- THPRAE X Y RSOESIZHRSE.
2-2. ZOMEXH LEANOMAIHAZTINI, 1. KR THFRME X HATOEFZR< 2.
2-3. FOMEND LENOEzFLITHE, ZoNERET.
VAMLEZOTATYZX L% C EETrheNESEL M bsearchl ¥ bsearch2 ¥ 07w/ 5 L% RL
TW3. ThbOBEER-HFERIC L - TEA ary OFH 8 BIOH key DALED— 22 KRB TIRT (HHDHE
PEFFIZENBRI-1 RiEF). ary REMEKCY — FENTWEHDL L, head ¥ tail X ary DFTHET 5
WHEOEHE KBOMERZ £ Thnd. UTOMICEX K.
(1) VYRF1FOZERE (1-1) |~ (15) [EEDT, B bsearch2 BRME L.
(2) YRF2BVRP 10705 AOHABRO—HERL TS, B OHNEEREHZ &
(3) LIT®D (a)~(d) 5, B bsearchi 3B XU bsearch2 H3-1 BT b DR TRTEN.

1,3,5,7,8,10,14,15}, key = 3;
42,51,16,25,9,33}, key = 51;
%51,42,38,33,16,7 , key 7;

2,4,6,10,11,15,15,17},.key SHI9R

(a) int aryl[]
(b; int ary[]
(¢) int aryl]
(d) int ary[]
(4) (3) T-1ZEFTELESDOHI, BH bsearchl 3B LU bsearch2 D—MEEET 272 TLE D7V
TVRLDESHHFERTCRZIZ IR DOPHS. THE (a)~(d) O¥hDIER K. ¥k, BE

bsearchl B X Uf bsearch?2 FOEEHRELTES L ZOEERNETEEZ L.

nmnau
]

The following is an algorithm of binary search.
1. Find the value in the center of the array sorted in ascending order.

2-1. If the value is smaller than the key value, back to 1. and check the upper half of the array.
2-2. If the value is bigger than thé key value, back to 1. and check the lower half of the array.
2-3. If the value is the same as the key value, return the position of it.
List 1 shows the program including the functions bsearchl and bsearch2 implementing the algorithm in C
language. The functions find a position of the value key in the integer array ary and return the position as
an integer (if the value is not included in the array, the functions return -1). ary shall be sorted in ascending
order. head and tail represent the head and the tail of the array to be searched respectively. Answer the
following questions.
(1) Fill in the blanks [ (1-1) Ito l (1-5) I in List 1 to complete the function bsearch2.
(2) List 2 shows a part of the output of the program in List 1. Answer the remaining output.
(8) From (a) to (d) below, choose all that the functions bsearchi and bsearch2 return -1.
1,3,5,7,8,10,14,156}, key = 3;

(a; int ary[]

(b) int ary[] = {42,51,16,25,9,33}, key = 51;
(c) int ary[l = {51,42,38,33,16,7}, key = 7;
(d) int aryl] = {2,4,6,10,11,15,15,17}, key = 15;

{4) One of the items selected in (3) can be handled with binary search like the algorithm above by simply
changing some of the functions bsearchl and bsearch2. Answer which of (a) through (d) it is. Then,
answer the line numbers to be modified and the content of the modification in the functions bsearchi

and bsearch?2.




© N U AW

[ B R T

#include <stdio.h>

int

int

int

bsearchl(int #ary, int head, int tail, int key) {
int mid = head + (tail - head) / 2;
printf ("bsearchi: head = %d, mid = %d, tail = %d\n", head, mid, tail);
if (head > tail) return -1;
if (arylmid] < key) {
return bsearchi{ary, mid + 1, tail, key);
} else if (ary[mid]l > key) {
return bsearchl(ary, head, mid - 1, key);
} else
return mid;

besearch2(int #*ary, int head, int tail, int key) {
int mid;

while () {
mid = head +. (tail - head). / 2;

printf ("bsearch2: _head = Jd, mid = %d, tail = %d\n", head, mid, tail);
if (arylmid) == key) {

retuin (1-23 |;
} else if (ary[mid] < key) {

Cao )

} else

[aw &
}
return | (4-5) |

main() {

int keyl = 24, key2 = 3;

int aryi(] = {2, 3, 6, 9, 12, 14, 18, 22, 24, 28%;

int ary2[] = {1, 2, 5, 10, 16, 18, 22, 24, 28, 31};

printf("bseatchl: index = %d\n", bsearchi(aryl, 0, sizeof(atyl) / sizeof (int) - 1, keyl));
printsf ("bsearch2: index, = %d\n", bsearch2(aryl, 0, sizeof(aryl) / sizeof(int) - 1, key1));
printf ("bsearchi: index = %d\n", bsearchil{ary2, 0, sizeof(ary2) / sizeof (int) - 1, key2));
printf ("bsearch2: jindex, 5 %d\n", bsearch2(ary2, 0, sizeof(ary2) / sizeof (int) - 1, key2));

JZ k1 (List 1)

bsearchi: head = 0, mid = 4, tail = 9
bsearchl: head = 5, mid = 7, tail = 9
bsearchil: head = 8, mid = 8, tail = 9
bsearchi: index = 8

bsearch?: head = 0, mid = 4, tail = 9
bsearch?: head = 6, mid = 7, tail = 9
bsearch2: head = 8, mid = 8, tail = 9

3
bsearch2: index = 8

Y & b 2 (List 2)
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RuWir FREEAT o LT, EED AL B(€ {0,1)) KHLT, AoB = 1BRIULODE A=BOL
E, POZDLEORTHS.
(1) TO Ao BDEBEREZR IV .
(2) Ao B 25HET2HEY — 52 LIRET 2. COREY—FEAVWTNOT ¥ — M 2 KETES T LER
2,
(3) ZHEEET o BIHAEMRHEL T, 2%, (AoB)oC=Ao(BoC) BPHIKRDI-Z L%, HEHEREMN
WCEERRR X ’
(4) AocBoC =13 Y 2Dk, AB CHEREDOERFOLE, P#OEDLEDATHSE T LEIHL L,
(B) TRTDnN (>2LK2VT, Xj0X0---0X, =1BEDMUD2DIZ, X1, Xs,..., X, PEEMED02RFOL
E, DOEFQLEORATHE I LE, n K2V TOEENRMNEL THHEE L.

Let o denote a logic operator such that, for any A and B in {0,1}, AcB=1ifandonlyif A =B
(1) Complete the truth table of Ao B below.
(2) Suppose that we have a logic gate to compute A o B. Show that NOT gate can be implemented using this
logic gate.
(3) Prove that logic operator o is associative, that is, (Ao B) oC = Ao (B oC) always holds using a truth table.
(4) Prove that Ao Bo C =1 if and only if A, B, C contain even number of 0’s.
(5) Prove that for all n (> 2), Xy 0 X2 0---0 X, = 1 holds if and only if X3, X3, ..., X, contain even number

of 0’s by induction on n.

AoB @Eﬂﬂﬁf
The truth table of Ac B

I AoB

- - O O
- o = o|ly
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R/ 5 (Question 5)

B8 25 ORISR N(p,25) 2 oM Lk, K% 3 36 DIEEOTFEN 149 CTHok. MBERBLT, MUTF
whx bhihRESEY L.

(1) MTERELE. EL, EEKEI% ¥ T5.
TRHEREE Ho : u = 150
SRR Hy : p < 150

(2) (1) ORETCHERSIZHRATERVEATIOMEE M 2 L TRD &.

(3) u=148%¢7T3rE ZOWREDH —EBORY, B_EBOR) OMRrhohRd L.

(4) B—EOMY, FEOMD OERLRHN L OFRERRX.

(5) BHBHRFOBE, (1) tAKORREINLRET 5ICBED L3 RRERTIREIBRE

A sample of size 36 was drawn from a normally distributed population with unknown mean p and variance 25,
N(1,25). The sample mean was 149. You may use the table given below, if necessary.

(1) Test the following hypotheses by setting the significance level at 5%.
Null hypothesis Hg : = 150
Alternative hypothesis H7 : u < 150

(2) Find the range of the sample mean, to 2 decimal places, that fails to reject the null hypothesis of (1).
(3) When p = 148, get the Type I error rate and Type II error rate.
(4) Describe the associations among: the Type I error rate, the Type II error rate, and power.

{5) Describe which hypotheses testing procedure should be used if the population variance is unknown.

R FBERSTO 2 20 0.6 25 1.60(0.01 2% B 3 EHEIRES.
Table. Right-tail probability for the standard normal distribution, for z from 0.6 teo 1.69
(step size 0.01).

z 0 1 2 3 4 5 6 7 8 9

0.6 0274 0.271 0.268 0264 0261 0.258 0256 0.261 0.248 0.245
0.7 0.242 0.239 0.236 0.233 0.230 0.227 0.224 0.221 ©.218 0.215
0.8 0.212 0.208 0206 0.203 0200 0.198 0195 0.192 0.189 0.187
09 0.184 ©6.181 0179 0176 0.174 0171 0.169 0.166 0.164 0.161
1.0 0159 0.15 0154 0.152 0149 (.147 0,145 0.142 0.140 0.138
1.1 0136 0.133 0131 0.129 0127 0125 0123 0121 0119 0.117
1.2 0115 0.113 0111 0109 0.107 0106 0.104 0.102 0.100 0.098
1.3 0.097 0.095 0.083 0092 0.090 0.088% 0.087 0.085 0.084 0.082
1.4 0.081 0.079 0.078 0.0768 ©0.075 0.074 0.072 0.071 0.089 0.068
1.5 0.067 0.066 0.084 '0.063 0.062 0.061 0.059 0.058 0.057 0.056
1.6 0.055 0.0564 0053 0.052 0.051 0.049 0048 0.047 0.046 D.046
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1% 6 (Question 6)

(1) =a—35A%ky V-2 TCLELIERVSRE S Z7EA FE o(z) = ﬁgx—:,—(_—zy I DWTRASIR D 1T
.
1—o(z) = o(~z)

(2) >4 PR o OBBEHEBRNTREINS L 2TE.

a%q(z) =o(z)(1 - o(z))

(3) ¥7EA FEHK o oOWERIIoYy FERETENSE. vy MR o KOWTKRRMK DD Z ¥
ERE.
-1 o P
o ‘(p)_log(l-—p)

L, 0<p<L1L¥s.

(1) The sigmoid function o(z) = m——wf is often used in neural networks. Show that the following
equation holds:
" 1-o(z)y=0o(~z) .

(2) Show that the derivative of the sigmoid function o can be written as:

.%a(x) =o(z)(1 - a(x)) .

(3) The inverse function of the sigmoid function o is called the logit function. Show that the logit function

o~ ! can be written as:
_1 - Y2
o (p>_"1°g(1__p)1

where 0 <p <1,
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fiEE 7 (Question 7)

FEREE LR INETRRELEMARBZOVT, 00 FRETHRIE I LD L. LTINS ET>TVAWY
Bk, BrkiFoAEENRICET IREOHEL OBV, TOMHE LIz, FBRER > ABEHE 4007
BETHAE L. BEIIERERRICEATL.

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.

N



