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Question T1

Answer the following questions. In drawing the outline of the curves, draw their xy
coordinate axes and characteristics (for example, coordinates of a center point, a slope of
an asymptote, semi-major and semi-minor axes, etc.) together.

(1) Draw the outline of a quadratic curve x2 — 3y% — 6x + 6y + 2 = 0.

(2) Answer the following questions for a quadratic curve defined by
F(x,¥) = 5x2 + 8xy + 5y? + 19v2x + 17v2y + 28 = 0.

5 4
4 5

Obtain such a matrix P.

(a) Amatrix 4 = [ ] can be diagonalized by an orthogonal matrix P.

(b) Transform F(x,y) = 0 to its canonical form (the form without a xy term) by
using the matrix P. ’

(¢) Draw the outline of F(x,y) = 0.
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Question T2

(1) Lets assume an integer array array with length n contains non-negative integers.

(3)
(4)

Desribe a function in C programming language that prints out k largest elements
of a given array in decending order with indices. The function declaration is as
below:

void big(int array[]l, int n, int k);

For example, given int array(8] = {3, 9, 0, 5, 6, 2, 1, 4}; .,
big(array, 8, 3) would print out :

91
6 4
53

Describe a function in C programming language that calculates the value of a
given equation in RPN (Reverse Polish notation). For simplicity, lets assume
that the function only handles 1-digit non-negative integers, and operators + -
and *. The equation is given as a string.

The function declaration is int rpn(char *equ).

For example, RPN equation 13+4# is equivalen to (1+3) x4 and its value is 16.
Thus, pos("13+4*") returns 16.

Calculate the value of RPN equation 23%46+%,

Explain briefly “Exception handling” in programming ldnguages, with code ex-
amples. Please specify which programming language is used in the explanation.
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Question T3

Select one question from the following Questions T3-A ~ T3-C, and answer the
question. Mark the number of question you selected in the answer sheet.
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Question T3-A

(1) Answer the following questions about color systems.
(@) Discuss color appearance system and color mixing system in about three lines.
(b) Explain the Munsell color system in about three lines. You may use figures if
necessary for your answer.
(c) Explain in about five lines about advantages of using YCbCr color space
compared to using RGB color space in image compression techniques, such as
JPEG.

(2) Answer the following questions about Discrete Cosine Transform.

(a) Describe a formula of two-dimensional Discrete Cosine Transform for an image
of 8 x 8pixels.

(b) Discuss similarities and differences between Discrete Cosine Transform and
Discrete Fourier Transform. In your discussion, describe a benefit of using
Discrete Cosine Transform in image compression techniques, such as JPEG.
Answer this question in about five lines. You may use figures if necessary for your

answer.



i 3-B |

TAVAEREBV VP MHZEBREINERVBEF a7 o —XF
X, TR T4 ABICEE 9m/s OBEAEZ T THE Lz, BE
S50m/s ZHZABVWVHRARLWMADND LR ENEZT L0
b, BIo7BEHTHoTr, UTOMWIZE X X,

(1) K T3-B.l 3MAZZITTCVWABHOBBEZ L TWaD, #EIX
BrBBRCEBERRLARL, TRIEEATW, ROXAEBRRE
LLBORNSETE B FRETHAY L, REAVTHALTY
B, ‘

i

B (WrE)
% T3-B.1

2) ZORIVBHPBEICWVWEsTEERAI=ALE 2 2FT, £
DWT3ITRETHAE X,

(3) HAtER, RVB I~ —XBRHERESNE, QTETEAD
SAARHEL, CORVEBRBEURELAVWEDIZEZLN S E
B ERwE 32T, FL2ICOPWT2TERETHHAY L.



Question T3-B

The Tacoma Narrows Bridge, a suspension bridge in Washington State,

U.S.A., was collapsed by lateral winds around 19 m/s only four months after

its completion. The accident happened even though this bridge was designed

to withhold a lateral strong wind exceeding 50 m/s. Answer the following

questions.

(1)

(2)

(3)

Figure T3-B.1 shows a schematic illustration of a bridge girder with
lateral winds. When the lateral winds flow over the bridge, vortices are
formed and move downstream. Explain in about five lines how vortices "

are formed and how they move. You may explain it using illustrations.

Lateral wind

Bridge girder (Cross section)

Figure T3-B.1

Describe the two main mechanisms leading to the collapse of this
suspension bridge, and explain each in about three lines.

The suspension bridge, the Tacoma Narrows Bridge was rebuilt after its
collapse. Describe the three specific countermeasures for those
mechanisms described in (2) in order to prevent the suspension bridge

from collapsing again, and explain each in about two lines.
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Question T3-C

(1)Fill the blanks from [ A ] to [ F ] in the text below related to road
alignment.

"There are two design plans representing the central line of a road as a
three dimensional geometric shape. One is a horizontal plan
representing the horizontal alignment shape from aerial view of the
surface of the earth. The other is a vertical plan representing the
vertical alignment shape on a plane with a curved axis along the
horizontal plan as the horizontal axis and a perpendicular axis on the
vertical plane as the vertical axis.
Horizontal alignment consists with three elements; a straight line, an
arc, and a [ A ] curve. A [ A ] curve is known that driver can steer the
steering wheel at a [ B ] speed when the vehicle runs at a [ B ] speed.
Vertical alignment consists with two elements; straight line and [ C ].
Vertical grade changes linearly on [ C ] when the vehicle runs ata [ B ]
speed. One of the important conditions in the road alignment design
from the vehicle running safety is to keep'a [ D ] sight distance. To
keep this sight distance, not only the [ E ] together with lateral
clearance should be more than or equal to a certain value, but also the
[ E ] of convex vertical alignment (crest) should also be more than or
equal to a certain value. In fact, because the road alignment in reality
is three dimensional geometric shape so that it is necessary to confirm
the required sight distance exactly by using a representation of the
three dimensional [ F ] view".

(2)Recently, there are several problems with maintenance or renovation of
roads in Japan because the road infrastructures in Japan were developed
very rapidly with the motorization evolution after the World War II.
Explain the contents of problems in about five lines.

(3)Road is transportation facilities, and several different types of
stakeholders use these facilities. Bike (bicycle) facilities have rapidly
started to be developed recently in Japan, especially in urbanized area.
Explain the reason why such bike facilities are required, the effects and
significance of bike facilities, and the major problems to promote the

. development of bike facilities in about ten lines.
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