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NOTES
1. This is the Question Booklet in 9 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.
F-1(F-1-1,F-1-2) Linear Algebra, Calculus---:-------oveeee Pages 1 to 4
F-2 (F-2-1,F-2-2)  Algorithms and Data Structures -+~ Pages5to0 8
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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Master’s  Fundamentals Question
Program  of Informatics Number
Question is translated in English in the section below; this translation is given for reference only.

[Linear Algebra, Calculus] F-1

Use one answer sheet for each of F-1-1 and F-1-2.

| F-1-1

Q.1 Wehave a2 x 2 square matrix A given by

Answer the following questions.

(1) Calculate the determinant of A.

(2) Calculate the inverse matrix of A.

(3) Calculate all the eigenvalue(s) and the corresponding eigenvector(s) of A.
(4) Judge whether A is positive definite or not. Explain why.

(5) Diagonalize A.

Q.2 Answer the following questions regarding an arbitrary real symmetric matrix.
(1) Prove that all the eigenvalues are real numbers.
(2) Prove that eigenvectors corresponding to distinct eigenvalues are orthogonal to each other.

(continued on the next page)



Use one answer sheet for each of F-1-1 and F-1-2.

| F-1-2

Q. Answer the following questions.

(1) Consider a straight cone with a constant volume. What is the ratio of the height to the base
radius that minimizes the lateral surface area?

(2) Compute the following integrals.

1
(2.1) /1og(1+ﬁ)dx
0

(2.2) // (22 + ) 2dzdy, D={(z,y):*+y* > 1}
D
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A,B,L,R ZEMEESNTHO, BIDOA T v AZ 0 MEEES, Alx:y]id AKIND
Aly-1]1 ETOHHEIELRL . B len(n) idB5 A DEZZKT. A.append(z) l3A
A DREICEE z 28U, print (3)13ES A DNEZHIL. floor(z) i z LT
DEROEEZERT. Bl AL A=(1,2,3] D& F len(n)=3., Al[0:2]=[1,2].
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(2) func([2,9,5,3,7,0,1,4))ZETLALEE. BhZHNETEZ X,

B) ZOV—r7INTdYXLOKHEFGFREEEZRL, TORWLERRK.

1 | func(a) {

2 n = len(a)

3

4 if(n == 1)

5 return A

6 }

7

8 m = floor(n / 2)

9 L = func(A[0:m])

10 R = func(A[m:n])

11

12 B =[]

13 i=3 =0

14

15 while([_a ]){

16 if(i == len(L) and j < len(R)) {
17 B.append (Ej)
18 =3 + 1

19 } else if(j == len(R) and i < len(L)){
20 B.append (¢ )
21 i =1+ 1

22 } else if ([ d ]{
23 B.append (L[i])
24 i =1+ 1

25 } else {

26 B.append(R[j])
27 jo=3J+1

28

29 }

30 print (B)

31 return B

32 |}

(RDR—21ZHE<)
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text A[B|X text AlB|C|X
ALK f A
pattern| A|B|C|A pattern| A|B|C|A
‘lA BIC|A P A | B |C| A
X (a) B (b)

(1) pattern ONE j THREDERBUZRE, pattern ZRKAXFE THICT B 2h %2
shift[j]) TET T & & T %, K (a) T shift[3] = 2. K (b) Tid shift[d] =4 THB, XD
pattern i< DWT, shift[j] (1 < j < 4) DIEZRD K,

(i) AAAB

(ii) ABAC

(2) (1) D pattern (i) & text “ABABBAABACA” & DIREDREZKRYE Ko pattern &
text DEDXFEMNHRENTITI N ZIHRT S &,
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Question
Number

Master’s Fundamentals

Program of Informatics F-2

[Algorithms and Data Structures]

Question is translated in English in the section below, this translation is given for reference only.

Use one answer sheet for each of F-2-1 and F-2-2.

F-2-1

Q. The following pseudo code of a function func (A) performs sorting of a numerical array A in
ascending order. In this code, A, B, L and R are numerical arrays whose indices start from 0.
A[x:y] denotes A’s subarray going from A [x] to A[y-1] and A.append (z) appends a number
z to the end of A. The function len (A) returns the length of A, the function print (A) outputs the
content of the array A, and the function £1loox (z) returns the greatest integer less than or equal to
z. For example, when A=[1,2,3], len(A)=3, A[0:2]=[1,2] and A.append (4) tums A
into[1,2,3,4].Answer the following questions.

(1) Write appropriate code for | a LI b || ¢ | and E

(2) Write the outputs in the order of execution when func ([2,9,5,3,7,0,1,4]) 1s called.

(3) Describe the time complexity of the algorithm with the reason.

1 | func(a) {

2 n = len(a)

3

4 if(n == 1){

5 return A

6 }

7

8 m = floor(n / 2)

9 L = func(aA[0:m])

10 R = func(A[m:n])

11

12 B = []

13 i=13=0

14

15 while ([ _a ]){

16 if(i == len(L) and j < len(R)){
17 B.append (b )
18 jo= 3+ 1

19 } else if(j == len(R) and i < len (L)) {
20 B.append()
21 i=1+1

22 } else if ([ d ){
23 B.append (L[i])
24 i =1+ 1

25 } else {

26 B.append (R[j])
27 =9 + 1

28

29 }

30 print (B)

31 return B

32 |}

(continued on the next page)



Use one answer sheet for each of F-2-1 and F-2-2.

[ F-2-2

Q. Consider a string matching problem of finding a pattern string with length m from the
head of a text string with length n.

For example, in the case of Figure (a), we compare a string from the position 7 of text with
pattern “ABCA”, and find that the third character does not match. If the characteristic of
pattern is examined beforehand, we notice that shifting pattern to the right by one character
would be waste of time; it is more efficient to shift pattern by two characters and to restart the
matching at the position i + 2 of text. On the other hand, in the case of Figure (b), when the
fourth character does not match, we can shift pattern by four characters, and restart the
matching between the position ¢ 4 4 of text and the first position of pattern.

1 i i+2 n 1 i i+4 n
text A|B|X text AlB|C[X
AA A A
pattern| A|B|{C|A pattern|A|B|C|A
#A B{ClA e A | B | C| A
Figure(a) Figure (b)

(1) We use shift[j] to denote the maximum number of characters by which pattern can be
moved to the right when a mis-matching occurs at the position j of pattern. In the case of
Figure (a), shift[3] = 2; in the case of Figure (b), shift[4] = 4. Calculate the values of shift|j]
(1 < 7 < 4) for the following patterns:

(i) AAAB
(ii) ABAC

(2) Show the process of matching pattern (ii) of (1) with a text “ABABBAABACA”. Clearly
explain which characters in the pattern and the text are compared.

(3) Show the time complexity of the algorithm and the maximum number of character
comparisons with a concrete example (pattern and text).



