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BEMIERSE £ 1M (Question A1)

LT ORRENCEZ L.
(1) U:Eﬂmﬁgﬂ- ERD L.

2) v = IO"Z“ xtcosxdx ERDL.

) B y=lnx+1+—o— OEMEERDE. FEL, x>0&T5.
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Question Al

Answer the following questions.

(1) Find the value of U = lim S0 4% =S X

x—=0 X

(2) Find the value of ¥ = If x*cos x dx .

'

5

x> +1

(3) Find the minimum value of the fanction, y = n Vx> +1 +

)

where x>0.
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Fy=10,
Fi=1
—Fu+2 = EJ +E1+1 (n = 0)

AP DRMEIZE AL

() FsZ&2Rdk.

2} DFO74RFvFEHOHETINI) XLADEEE (F—4—) 2Rk,

int fib(int n) {
if (n == 0) return 0;
if (n == 1} return 1;

return fib(n-1) + £ib{(n-2);

}
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Question A2

The Fibonacci numbers are a series of numbers defined by the following equations.

Fo=0,
F1=], _
Friz=F, + Fpug (n = 0).

Answer the following questions.
(1) Calculate Fs.

(2) Explain the time complexity (order) of the following calculation algorithm of Fibonacci

numbers.

int fib(int n) {
if (n == 0} return 0O;
if (n == 1) return 1;

return fib(n-1) + fib{(n-2);

(3) Describe a more efficient (faster) algorithm to calculate Fibonacci numbers than the one

shown in (2). Also discuss its time complexity.
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Question A3

(1) Memory sub-system in computer is usually organized hierarchically. Describe the reason

why the hierarchical organization is employed.

(2) Suppose we have a 4-level hierarchically organized memory sub-system that .consists of
a level-1 cache memory, a level-2 cache memory, a semiconductor main storage, and a
magnetic disk secondary storage. They have 1 ns, 10 ns, 70 ns, and 1 ms of access time,
respectively. Assume the level-1 cache hit ratio is 85% and the level-2 cache hit ratio is
90 % and the main storage hit ratio is 95%. Give average access time of this memory

sub-system.

(3) Classify cache mechanisms from the viewpoint of address mapping and writing strategy.
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TSI TEECBT AU TORMICE L

(D 7DE5A§§%EZ:JSDDL%EEEEU% (tail recursion) &iZfldy, FIERICHHAR X,
(2) Ty s AEEERLERE L.

int factorial (int n) {
if (n <= 1) {
return 1;

} else {

return n * factorial (n-1);



Question A4
Answer the following questions regarding programming languages.
(1) Briefly explain what “tail recursion” means in programming languages.
(2) Write a program equivalent to the following one without recursive calls.
int factorial(int n) {
if (n <= 1} {
return 1;

} else {

return n * factorial{n-1);
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Question A5
Answer the following questions regarding multi-process computing.

(1) Briefly explain the meaning of “deadlock™ in multi-process computing. -

Figure A5-1

Figure A5-1 shows the “dining philosophers problem”, where five philosophers sitting at a
table performing two things: eat or think. A fork is placed in between philosophers as
shown in the picture. To start eating, each philosopher takes one fork to his/her left and
‘one fork to his/her right. Each philosopher repeats the following process:

Think

Take the left fork
Take the right fork
Eat

Put the left fork
Put the right fork -

(2) Explain how the deadlock situation occurs in the problem above.

(3) Explain the method to avoid the deadlock situation in the problem above.
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Question A6
~ Answer the following questions regarding the transport protocol TCP in the Internet.

(1) Give another transport protocol than TCP used in the Internet. Briefly describe five
characteristics of TCP compared with the other transport protocol.

(2) The following equation approximates the characteristics of a TCP communication in the

Internet. x, a, b, and ¢ represent one of the quantities among packet size, packet loss,

bandwidth, and latency, respectively. Answer which quantity each of them represents and

briefly describe the eround for vour answer. Note that k is a constant.

.7‘6_ k-a
b-+c

(3) The Internet implements various transmission technolo gies at physical and link layer that
enable high-bandwidth communications. Give three examples of such technologies and

briefly explain them. Also answer the bandwidth of each technology can achieve.

(4) Discuss the efficiency of TCP in the highest-bandwidth communication scenario that one
of the transmission technologies in the previous question could possibly achieve.

If you think the current TCP is inefficient in such a scenario, explain the reason as

concrete as possible and describe what needs to be improved in the current TCP.
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Question A7

(1

)

3)

Design a magnitude comparator that compares each 4-bit input X0, X1, X2, X3 with
another 4-bit input Y0, Y1, Y2, Y3, and that has each 1-bit decision output X>Y , X<Y,
and X=Y. First, draw the truth table of this comparator, and then design the logic circuit
by using AND, OR and NOT gates.

Enhance the magnitude comparator of (1) so that we can extend comparison by 4 bits at
a time by cascading 1-bit outputs X>Y, X<Y, and X=Y from another comparator as

inputs.

"Analyze the signal delay in the n-bit magnitude comparator cascading " number of

comparators designed in (2).
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Question A8

(1) Spatial data are information about or linked to places, and can be classified into
locational data and atiribute data. Answer the following questions about these two
classes of data.

(a) To identify the locations of places, one needs to describe them in a certain frame of
reference (or spatial reference system). Give two major methods of identifying or
describing locations, and briefly discuss their characteristics.

(b) Attribute data can generally be classified into four types in terms of the level of
measurement. Name the four scales of measurement and describe their characteristics.

And give one concrete example of each scale. |

(2) Answer the following questions about maps, a major method of preseriting spatial
information.

(a) In making maps, various kinds of map projections are used, and they necessarily
distort certain properties of the information about the Earth. Brieﬂy explain the reason
for distortion, and give two major properties that are distorted in map projections.

(b) Concisely discuss the concept of scale, which is a fundamental concept for spatial
information, by explaining the relationship among the scale of a map (representative
fractions), the level of spatial detail, and a spatial extent (or area) covered by a map.

(c) When maps are used for spatial orientation or route navigation, describe factors that
may affect the user's understanding of the maps, and concisely discuss good methods

or formats for presenting spatial information that are easy for the user to use.
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Entrance Examination for Masters Program
in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2009
(14:00-16:00, August 25th, 2008)

Directions: Do not open this booklet before the examination begins.

10.
11.

Read the following instructions carefully.

This booklet is for the examinees in Applied Computer Science Course,
Graduate School of Interdisciplinary Information Studies. :
This booklet includes sixteen pages. Report missing, misplaced, and
imperfect pages to the instructor.

This booklet includes eight questions. Select any four questions and
answer only those four.

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 four 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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