2024 R 10 HHIAE: /2025 52 4 AIAZE
FAERE: REREHREF R
ELRE AREREa—R | T—FRa—X AEERKRBRNE
(=)

202448 A 6 H 9:00~11:00

[EE]

1. FERFECOREEED T I DD,

2. FEBBHEOARNHHETHE R TUIWTR0,

3. HRERBEMATR. MEEERL ., T EITHIRO AR ORHIVUTEHIZHLUHLZE,
4. RRE BAGELIEEEOM T CHESIL QD TRTHELREN,

Fl-l, Fi1-2 %&ﬁg{ﬁ;&\ %(ﬁj\?ﬁﬁj\ .......................... 1-4 /\‘k._:/
F2-1,F2-2 P N N e - R 5-10 =

wn

BRTFEEDRVRY . BASE /- I335E CHRETH2L,
6. fREAMRICGIHSIN QO AEEFEIISDWTHLEETAIL,

October 2024 Admissions / April 2025 Admissions
Entrance Examination for Master’s Program
Intelligence Science and Technology Course / Data Science Course
Graduate School of Informatics, Kyoto University

(Fundamentals of Informatics)

August 6, 2024
9:00 - 11:00

NOTES
1. This is the Question Booklet in 11 pages including this front cover.
2. Do not open the booklet until you are instructed to start.
3. After the examination has started, check the number of pages and notify proctors (professors) immediately if
you find missing pages or unclear printings.
4. Questions are written in Japanese and English. Answer all the questions.
F1-1,F1-2 Linear Algebra, Calculus----------oereeeeeeee Pages 1 to 4
F2-1,F2-2 Algorithms and Data Structures --+-----+++ Pages 5to0 10
5. Write your answer in Japanese or English, unless otherwise specified.
6.  Read carefully the notes on the Answer Sheets as well.
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Question

[Linear Algebra, Calculus] Number

| F1-1

Use one answer sheet for each of F1-1, F1-2, F2—-1, and F2-2.

In the questions below, R denotes the set of all real numbers, al stands for the transpose of a
vector a, A~ is the inverse of a matrix A, and I,, denotes the identity matrix of size n x n.

Q.1 Letv € R" be a nonzero column vector, and define a matrix T as

-
'r:hng%.

Answer the following questions.
(1) Show that T is a symmetric matrix.
(2) Show that T is an orthogonal matrix.
(3) Compute all the eigenvalues of T.
(4) Compute the determinant of T..
(5) Define a column vectof e; € R" as

1

0

e =
0

Given a column vector x € R™, which is not e; multiplied by any scalar. Determine v so that
Tx becomes e; multiplied by some scalar, and express it using x and e;.

Q.2 Answer the following questions.

(1) Let P be an arbitrary real matrix of size n x n. Assume that I, + P is non-singular. Show
that the following equation holds.

I, +P)'P=P1,+P)!

(2) Let Q and R be arbitrary real matrices of size n X m and m x n, respectively. Assume that
I, + QR is non-singular. Show that I,,, + RQ is non-singular and that the following equation
holds.

(In + QR)ulQ - Q(Im + RQ)—.I
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Program  of Informatics [Linear Algebra, Calculus] F1-2

Number

Use one answer sheet for each of F1-1, F1-2, F2—-1, and F2-2.

In the questions below, log = denotes the natural logarithm of z, and e denotes Napier’s constant
(the base of the natural logarithm).

Q.1 Answer the following questions. Derivations must be clearly shown.

2~

(1) Let n be a positive integer. Compute the n-th derivative of f(z) = z%e™".

(2) Compute the following limit.

lim log(tanz)®®®
— 50

Q.2 Compute the volume common to a sphere 22 + 32 -+ 2* < 36 and a cylinder 2% +92 < 9,
—00 < z < oo. Derivation must be clearly shown.

Q.3 Answer the following questions.

(1) Show that the inequality

0<6—i—1~<—3—
s Kl 2(n+1)!

holds for any positive integer n.

(2) Show that e is an irrational number using the inequality in (1).
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let G1(V1, E1) be an undirected graph with Vi = {vg,v1} and By = {{vo,v1} };
for i = 2ton do
begin
let v; be a new vertex;
let v; and vy, be distinct vertices randomly selected from Vi1
let G;(V;, E;) be an undirected graph with V; = V;_; U {v;} and
E;=F;, U {{vi,vj}, {’UZ',U}C}};
end
BB, YORRZESN (vj,0) KOWTH, ZOBEREERIZETHEDIDL TS, D
FATYVRLCEDERENDE YT T GV, Ep) WEBEETHD, n+ LEDCHEAZRS.
0, HCHERBIUZEDR2EERVOIRHEHLLTH S, LUT TR Gn T Gn(Va, En)
ERITDBODET B,

757 G 2B BTER v, € Vi, DREX (v, ST 2LDMEED % degg, (vp) E L. Va
FORL D 2THR v, v, MEBIARERE CIEPRDOER) ok (IR %
dist,, (vp,vg) £ F Bo dege, (vp) B W dista, (vp,vg) 1& TATYXLHFTT Y HLIZ
BRI HARKEL TRESEETH 5,

PFTIE. nZ24 oz L, CoO7 ATV XL DERINS 2FTXTD G,
LRBEETS TOEEE G, LT3, THLAILE EDnitfLTh,

mlnGnGGn{ min?}pevn {dean (Up)} } %) Ina‘XGnegn{ minvpevn{dean (UP)} } %) 2 X 7‘;50
FOBEZ., ®iTdegg, (va) =220, »D. YOEM v, € Vo OWVWTHHI
degg, (vp) 222 R 2DETH 5,

UTFozrhrhoEZEHE L, 2B, TAPAOEIER 280X 2550 DH 5,
(1) maXGnEGn{ maxvpevn{dean (UP)} }
(2) minGnegn{ ma‘xp<qupevn,’0qévn{di8tcn (UP? UQ)} }

(3) ma‘XGnegn{ ma*X;D<q,vp€Vn,quVn {dlSth ({Up7 'Uq)} }
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Program  of Informatics Number F2-1

Use one answer sheet for each of F1-1, F1-2, F2—1, and F2-2.

Q1 LetS=(3,-1,2,-4,5 ~1,3,-3,4,—2,1,—2) be a number sequence of length 12 and
s(4) is the value of the i-th element of S. For example, s(1) = 3 holds. Let us define
maxSum(i,7) = maX;<a<b<j Doe,e (k) and M = maxSum(1,12).

(1) Derive the value of maxSum(1, 4).

(2) Derive M and all the values of (a, b) that satisfy ¥%__s(k) = M.

(3) Derive all the values of (a, b) that satisfy $%__s(k) = M — 1.

Q.2 Consider an algorithm for generating an undirected graph using random numbers, whose
pseudocode is given below.

let G1(V41, E;) be an undirected graph with V3 = {vo,v1} and By = {{vo,v1}};
fori = 2tondo
begin

let v; be a new vertex;

let v; and vy, be distinct vertices randomly selected from V;_1;

let G;(V;, E;) be an undirected graph with V; = V;_1 U {v;} and

E; = Ei-1 U {{vi, v}, {vi, ve} }5

end

Note that for any pair of distinct vertices (v, vy), the selection probability is positive.
Obviously, any graph G, (Vy, E,,) constructed by this algorithm is connected, has n + 1
vertices, and does not contain a self-loop or a multi-edge. In the following, we use Gy, to
denote GV, En).

For a graph Gy, degg_(vp) denotes the degree of a vertex v, € V;, (i.e., the number of edges
connecting to v,), and dist,, (vp, vq) denotes the length (i.e., the number of edges) of the
shortest path (i.e., the path consisting of the minimum number of edges) between two distinct
vertices v, and v in V,,. Note that degg, (v,) and distc,, (vp, v¢) are positive integers
depending on randomly selected vertices in the algorithm.

In the following, n is an even number greater than or equal to 4. Let G,, be the set of all
possible undirected graphs G, generated by this algorithm. For example, for any n,

ming, eg, { miny,ev, {degg, (vp)} } = 2 and maxg,eg,{ miny,ev, {degg, (vp)} } = 2 hold
because degg, (vs) = 2 always holds and degg,, (vp) > 2 always holds for any vertex v, € Va-

Derive the following values. Note that the values may be given as mathematical expressions of
n.

(1) maxg, eg, { maxy,ev,{degg, (vp)} }
(2) ming, eg, { MaXp<q,veVa,vgeValdista,, (Vp vg)} }

(3) nl&XGnegn{ ma'Xp<qmpEVn,vq€Vn{diSth (vP7 Uq)} }
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1. traverse tree (x.right)
2. traverse_tree (x.left)

3. print (x)

5) AVCERZ nfAOBEEN SR AEINCHTZ G DY —F 4 77TV XLDE
BEAFHHEEIER L REETRBEHERELZEZ L

(ROR—12H: <)
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Master’s Fundamentals

Algorithms and Data Structures
Program of Informatics [Algorithm ]

F2-2

Use one answer sheet for each of F1-1, F1-2, F2-1, and F2-2.

Q.1 Answer the following questions.

(1) Depict the binary search tree, in the same way as that shown in Fig. 1, constructed by
inserting the keys prepared in a number list (8, 3,4,12,10,6,9, 14, 1) one by one from the first
element. Note that once a key is inserted, it is not moved.

Fig. 1: Binary Search Tree

(2) Depict the binary search tree after deleting key 6 from the binary search tree shown in Fig.
1.

(3) Depict the binary search tree after re-inserting key 6 to the binary search tree made in (2).

(4) Given a list of n different numbers, consider sorting the numbers in ascending order by first
constructing a binary search tree from the list and then using a recursive function that traverses
the nodes of it. Let us refer to this recursive function as traverse_tree (x)and a node of
the tree as x. Answer the correct order of the calls to the following three functions inside
traverse_tree (x)when x is not NIL. Note that x. left is the left child node and

% . right is the right child node of x, and each of them becomes NIL when it does not exist.

1. traverse_tree (x.right)
2. traverse_tree (x.left)

3. print (x)

(5) Answer the best-case time complexity order and worst-case time complexity order of the
sorting algorithm in (4) for a list of n different numbers.

(continued on the next page)
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Q.2 Assume that there are N types of items, 1, 2,..., N, and that the weight of each item is
¢ (1=1,2,...,N). Note that ¢; is a positive integer and ¢; = 1. Also assume that there are a

sufficient number of items of each type. Answer the following questions. Note that the
solutions must be given as equations that can be evaluated in constant time.

(1) I[i, 7] denotes whether it is possible to make the total weight equal to a given non-negative
integer 7, using at most one item of each type from 1 to . If possible, I[i, j] = 1, otherwise,
I[i, 7] = 0. Express I[i, 7] using some I[i’, j'] (for ¢’ < 4,7’ < j) other than I[i, j]. You do not
need to care about boundary conditions (i.e., you only need to consider the cases where

i> 2,7 > max{ci,c2,...,CN}).

(2) S[i, j] denotes the minimum number of items required to make the total weight equal to a
given non-negative integer j, using as many items of each type from 1 to ¢ as needed. Express
S|z, j] using some S[i’, ;'] (for ¢’ < i, j' < j) other than S[i, j]. As in (1), you do not need to
care about boundary conditions.

(3) Pli, j] denotes the number of ways to make the total weight equal to a given nonnegative
integer 7, using as many items of each type from 1 to i as needed. Express P[i, 7] using some
P, j'] (for 7/ < 4,7 < j) other than P[i, j]. Note that there is no distinction between items of
the same type. As in (1), you do not need to care about boundary conditions.

10





