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FZIRREAERE % 10 (Question T1)
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Question T1

Consider the n sets of data, which consist of input ¢ and output y of a
mesurement. We approximate the relationship between the input and the
output by the following linear equation:

Yk = ¢+ vty (1)
where k=1,2,3....... ,n. This equation can also be expressed as;
AZ=b (2)
1 Y1
A= Lo ,f:(i),l;: "
1 t;L Yn

Then the error vector of this approximation is given by,
&= A7 —b (3)
Answer the following questions:

(1) Derive the partial differentiation of the error vector € and its transposed

— — e =
vector € T with respect to I, i.e. % and 857

(2) What is the condition on the matrix A to minimize the error Ha ’?

(3) Derive vector & that minimizes the error HE—H by using A and b.

(4) Assume that we obtained the following 4 sets of data, obtain ¢ and v in
the linear equation (1) that minimizes the error € .

t[-1]0] 1] 2
v 1]o0|-2]4




SinRBERFE % 2/ (Questtion T2)
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Question T2

Answer the following questions about sorting a set of n real numbers
X ={X,X,,...,X,} to obtain a sequence Y =V,,Y,,...,¥
(Vi<y,<--<,).

in ascending order

n

(1) First, we consider sorting X by using the algorithm shown below. Describe in
what case the computational complexity of this algorithm becomes the best and

the worst, respectively.

Repeat the following steps from k=1 until k=n-1.

(D Suppose a subset {x,...,x} has already been sorted as a sequence

Z,...24(z<z,<---<2).

@ X, is compared with each element of the sequence in a descending order
from z to z,until the first z; which satisfies x,,, >z, is found.

@ A sorted sequence is then obtained as z,...,Z;,%,,,,Z z,. If none of

jHLre e

z is smaller than x., in Step @, a sorted sequence is obtained as

Xrr Ziveees Zy -

(2) Show the computational complexity of the sorting procedure for the two cases in

Question (1) by using n.

(3) Next we consider another sorting algorithm shown below (Step (D to Step @).
Here we assume n=2%. Show the computational complexity T(n) of this
algorithm by using a recursion formula. Use constants by defining them if

necessary.

@ If n=2, Y=vy,y, is obtained by comparing x and x,, and Y is
returned as the result.

@ If n>2 , X is divided into two sets X,={x,...,X,,} and
Xy ={zaar-- %} -

@ X, and X, are sorted by applying the same algorithm recursively to obtain
sorted sequences Z, and Z,.

@ Y=vY,Y,,...,Y, is obtained by merging Z and Z, by comparing their
elements in the ascending order, and Y is returned as the result.

[Continue to the next page]
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(4) Derive the order O of the computational complexity of this sorting algorithm by

using the recursion formula of T(n) in Question (3).

(5) Compare the computational complexity of the sorting algorithm in Question (3)

with those obtained in Question (2).

T-5
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Question T3
Select one question from the following Question T3-A - T3-C, and

answer the question. Mark the number of question you selected to the
answer sheet.
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f 3-A  (Question T3-A)
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Question T3-A
Answer the following questions (1), (2) regarding digital signal processing.
(1) Explain what the time invariant linear systemis.
(2) An unknown time invariant linear system is given. In order to identify the
characteristics of the system, explain how the characteristics below can be obtained.
(a) Impulse Response
(b) Frequency Response

Answer the following questions (3), (4) regarding information theory.

(3) Assume there are two information sources A and B. Explain what the mutua
information of Aand B is.

(4) Suppose the information source A is signals of the transmitter of a communication
system and information source B is signals received by the receiver. Explain the
mutual information of A and B. In addition, describe the factors that vary mutual
information in the communication system, and the range of its variation.
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R 3-B  (Question T3-B)
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Question T3-B

(1) Explain what stressis by using the terms load and cross-section.

(2) Consider the deformation of a bar by some tension. How do you solve its normal
strain? Assume that the length before the pulling is hy and the length after the

pulling is h, and the deformation is minute.

(3) Show atypical stress-strain curve of a mild steel bar during tensile testing. Then
explain what the tensile strength is referring to the graph.

(4) Describe about elastic region and non-elastic region using the terms el astic modul us,
Hook’s law, and yield behavior.
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R 3-C  (Question T3-C)
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Question T3-C

When a traffic signal changes, yellow time and all red time (a time period when traffic
lights for al approaches are red) are inserted generally. Answer the following questions

D, .

(1) Explain the meaning of yellow time and al red time in traffic flow control within 3
lines, respectively.

(2) What kind of problems may occur when yellow time and al red time are too short
or too long? Explain the problems within 10 lines.

Answer the following questions (3), (4) about smart grid as an energy system in the next

generation.

(3) Explain the concept of smart grid within 5 lines.

(4) Explain the merits of smart grid for urban disaster prevention within 10 lines.
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Academic Year 2012
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Directions. Do not open this booklet before the examination begins.
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Read the following instructions carefully.

This booklet is for the examinees in Emerging Design and Informatics
Course, Graduate School of Interdisciplinary Information Studies.

This booklet includes 13 pages (T-1~T-13) . Report missing, misplaced,
and imperfect pages to the instructor.

This booklet includes a set of three questions (Question T1~ T3).
Answer all the three questions.

Each question is described both in Japanese and in English. Use the
Japanese version primarily; the English version is provided for the
reference purpose only.

There are three answer sheets and a scratch paper. Use one answer sheet
per question. A scratch paper is provided for calculation. Only the
answer sheets will be considered valid.

Write a question number and your examinee’'s number in the designated
boxes located at the top of each answer sheet. The answer missing a
question number and/or an examinee’'s number will not be considered
valid.

Use only black pencils (or black mechanical pencils).

Answer the questions in Japanese as a general rule, although you are also
allowed to answer in English.

Do not leave the room until the examination is finished.

Do not take away this booklet, the answer sheets, and the scratch paper.
Write your examinee's number and your name in the designated boxes
below.
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