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Question T1

Consider-the following four vectors: '

1 1 T 1 ' 0

r a1=1,.'a= 1‘,a=_1,a=_2.
1772 |-3]" 11" ™ 2
1

—3 =14 4

The matrix A= [a; a; a; a4] can be decomposed as A= QR, where
Q= [q1 9 g3 q.] is an orthogonal matrix, and R is an upper triangular
matrix. Answer the following questions.

(1) Calculate q; = a;/lla;ll and g, = (a;— a4l a; q1)/Nla; — q} a, G'1||
respectively. Note that ||a1[| is a norm of a,.

(2) In the same manner, calculate g3 and g, by the Graﬁl-Schmidt'

orthenormalization.
(3) Calculate the matrix R. -

(4) Consider a system of equations '.Bx= b where B is a matrix with ¥
rows and M columns (N > M), x is an unknown M-dimensional vector,
and b is an N-dimensional vector. Since the number of equations is
larger than that of the unknown variables, the exact solution is not
necessarily obtained. Here, we consider thé minimization of the error
value E? = ||b— Bx|| 2. Give the proof of the fact that x = Rg Q4" b
gives the least square solution when the matrix B can be decomposed
as B = QgRp where Qg is the matrix with N rows and M columns
which satisfies Qz Qg =1 (I is the identity matrix), and Rpis an
upper triangular matrix with M rows and M columns. '
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Question T2

Answer the follov;ring questions concerning methods to handle a set in a
computer. Assume that the size of the set equals ». The order of
computational complexity is an estimation of computation time as a
function of n ignoring constant factors. For example, the order of
computational complexity of linear search is O(x).

"(1) An array or linked list can be used to represent a set. Consider an
operation to get £-th element of the set (get) and an opefation to insert
an element at the head of the set (insert). Answer the order of
computational complexity of get and insert, respectively, for an array
and linked list. Describe the behavior of insert for a linked list using a

diagram.

(2) Assume that the order relationship among elements is defined in a set.
. Consider an operation to add a new element to a set (insert) and an
operation to delete the minimum element in the set (deletemin). There
are two poésible methods to achieve this using a linked list. (A)
Re-order the list in ascending order every time a new element is inserted
and simply delete the first element at deletemin. (B) Do nothing
special when inserting a new element and search for the minimum
clement at deletemin. Answer the order of computational complexity
of insert and deletemin in these two methods, respectively.

(3) There is a data structure that can efficiently perform insert and
deletemin for a set with order relationship among elements. Answer
the name of the data structure and give the order of computational |
complexity of insert and deletemin when using the data structure.
Describe the behavior of deletemin using a diagram.

(4) Consider an operation to add a new element to a set (insert) and an
operation to examine whether an element is already contained in the set
or not (member). Assume that insert prevents an element already in
the set from being added again. Answer the order of computational
complexity of insert and member when using a linked list.

“[Continue to the next page]
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(5) There is a data structure that can efficiently perform insert and
member for a set without using order relationship among its elements.
Answer the name of the data structure and givé the order of
computational complexity of insert and member when using the _data

structure. Describe the behavior of member using a diagram.
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Question T3

Select one question from the following Questions 3-A ~ 3-C, and answer
the question. Mark the number of question you selected in the answer sheet.

\
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Question T3-A

Answer the following questions regarding signal processing. You may draw
figures, if necessary. Figures are not included in the number of lines.

(1) Sampling and quantizatién are performed when an analog signal is
converted to a digital signal. Explain sampling and quantization within

3 lines, respectively.

~ (2) Generally, a band-pass filter is required for analog-to-digital conversion.

Explain the reason within 10 lines.

(3) Explain sampling and quantization when capturing images by digital

still cameras within 5 lines, respectively.

(4) We consider the following two ‘methods to compress the digital image
data. _
[A] the change of the number of intensity levels
- [B] Huffman coding ‘
Explain the influence on the image quality by each method within 3

{ines.
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Question T3-B

Similitude of two flows is achieved if ratios of forces acting on corresponding boundary
surfaces and geometry in the two systems are the same. Answer the following questions
regarding the dimensionless parameters related to similitude. Use the variables below if

necessary. -
a speed of sound  L: characteristic length U characteristic velocity
u: viscosity v: kinetic viscosity p: density

o: frequency:

(1) Answer the following questions regarding the Reynolds number.
D Describe- the Reynolds number using the variables and explain its physical

. meaning within 5 lines.

@ Explain how the flow changes with the increase in the Reynolds number within 5

lines.
(2) Answer the following questions regarding the Mach number.
(D Describe the Mach number using the variables and explain its physical meaning

within 5 lines.

@ Explain how the flow changes with the increase in the Mach number within 5

lines.
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Question T3-C

Answer the following questions regarding the environmental impact of

highway vehicular traffic.

(1) The major environmental impacts of highway vehicular traffic are as
follows.
[A] Air pollution issues with vehicular emission noxious gas
[B] Noise and vibration issues by running vehicles
[C] Issnes .on .emergy consumption or CO, éemission by running
vehicles .
~ Write the characteristics and the alleviating methods of these issues [A],
- [B], and [C], in particular, regarding their spatial and temporal changes,

within 3 to 5 lines.

. (2) The electric vehicles (EVs) are expected to be environment-friendly.
Write the advantages and disadvantages of the EVs from the viewpoint
of the Life Cycle Assessment (LCA) within 5 to 10 lines.

(3) Not only the EVs but also the Hybrid Electric Vehicles (HEVs) and the
Plug-in Hybrid Vehicles (PIIVs) are believed to be environment-friendly,
therefore, the number of these vehicles will rapidly increase in near
future. Write the financial impact of the increase inh the number of such

- vehicles on the governmental source of revenues for malintaining and
repairing the highways within 5 to 10 lines. The reasons and the

solutions of such financial impact should be included.

- X
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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 14 pages. Report missing, misplaced, and imperfect

. pages to the instructor.

This booklet includes a set of three questions (Questlon 1 ~3). Answer

~ all the three questions. Regarding Question 3, select one question from

three questlons

Each question is described both in Japanese and in Enghsh 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 &
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 ﬁmshed L

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