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BEDTEHRT £ 1M (Question A1)

T ORVICEZ X
(1) RO HTRRD iz K k|

dy 21 + 21>
de 2y + 2%y

(2) ETRD SN MR S, y(1) = 3 B TERE KD k.
(3) KOFFFIDEHEZ KD X,

Ao ( 3 -1 )
2 0
(4) EDOATHI AN LT P AP DSNATTAN & 70 2 & 9 Zd 2 72 IERIFTS P 23R8 X
(5) B r = Va2 T 2+ 22 1220, 1/r AR V1/r 2R X,
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Question Al

Answer the following questions.

(1) Calculate the general solution of the following differential equation.

dy 21 + 21>
de — 2y+ 2%y

(2) Calculate the particular solution that satisfies y(1) = 3 of the general solution
calculated above.

(3) Calculate the eigenvalues of the following matrix.

e 3 -1
2 0

(4) Give a suitable regular matrix P for the above matrix A so that P~ AP may be
a diagonal matrix.

(5) Calculate the gradient V1/r of 1/r for the function r = /2?2 + y? + 22.
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BEDTEHRT E2M (Question A2)

HREAV, UEAGE, HOEIZRTEAME Y c: £ - RO JHEMTRIINS
797G=(V,E,c) bLVDOIHR s VG267 E, s»LIEDDTXTOIHMNN
DREFRIEDOREZ (MU, mENEH) Z2RO235A4 7A 70703 ZLIZDONT,
TD3ODMWICEZ X, Y47 A 7D703Y XLDEMa— FIZLLTO@ED
Thb, ke, Fluv) DEAc(u,v) F 2RI TEZoNTHWEbDE L, 4
DIELRWEZADEAIIHR K o &7 5,

for (HFIHF v e V) Dlv] = .

X =0,D[s ]

while (
V X D DEPR/NDIEKZ v £ 5,

\_/O

(1) KA2IZH 27771 LTHA AL FO7NTY RALZEH LD, 110
HoO@ED, RA2IRINTVE, ZIT, s6dETDOTL7 7y b
HEEZ, ORXDOHEETHLILZ, XBV-XDHEETHL L%, OlF
ZOMEDIRLTX OBELBIZRSIEEZR LTV, 2O E, 2HDE, ¢
NTDORDORFEHISE S N5 F TOEEO %2R A2 & FAKLFEATRE,

’ [l %% ’Z{%l‘ s ‘ a ‘ b ‘ c d
X © X X X X
1EIH D 0 00 1 8
X A2 # A2

(2) FICHUR L5 a — FisB»T, T s 205 ORFHIMES T < Rk b
KD ZICIE, EDXIICLESBODEIIE X (FETHITZRY) . £/,
KA2I1ZH 277 7128WT, [HE s 6JHM d R IR Z R,

(3) 777 GUEBHETIITRIUIN T EbDET S, ZDLEE, HROE%E n, 4
DEHEMELT, FA7AL 707 L) A LORREIREZ KD X, 77201,
X & D OYIHHIZ 0 A IR AR R IEEL L TR,
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Question A2

Given G = (V, E, ¢) and a source vertex s in V' where V' denotes a vertex set, £ denotes

an edge set, ¢ denotes a weighting function ¢ : £ — R representing the length of the

edge,

answer the following three questions about the Dijkstra’s algorithm that finds

the lowest weight (the shortest distance, in what follows) between the source vertex s

and every other vertex. The pseudocode of the algorithm is shown below. The weight

c(u, v) for each edge (u,v) is assumed to be given in the form of two-dimensional array

and, if there is no edge between two vertices, the weight is set to be oo.

for (each vertex v € V) D[v] = co.
X =0,D[s] =0.
while (X #V) {
u = the vertex with the smallest value of D in V' — X.
X = X U{u}.
for (each edge (u,v) s.t. v €V — X which is tangent at the vertex u)
Dv] = min(Dv], D[u] + c¢(u,v)).

The processing in the first step is shown in Table A2 when the Dijkstra’s algo-
rithm is applied to the graph shown in Figure A2. Here, the alphabets s, a, b, ¢, d
denote vertices, O shows that a vertex is an element of X, X shows that a vertex
is an element of V' — X, and © shows that a vertex becomes an element of X
in this step. Show, in the same way as in Table A2, all the processing of the
algorithm from the second step to the last step that finds the shortest distance

from the source vertex s to every other vertex.

’ Step ‘ Variables ‘ s ‘ a ‘ b ‘ c ‘ d
First X © x : x x
° D 0 | oo | 1 8
Figure A2 Table A2

Explain how you can modify the above pseudocode in order to find not only
the shortest distance from the source vertex s but also the shortest path from s
(describe in words). Also, show the shortest path from the vertex s to the vertex

d in the graph shown in Figure A2.

The graph G is assumed to be given in the form of adjacency matrix. Calculate
the time complexity of the Dijkstra’s algorithm when the number of vertices is n
and the number of edges is m. Here, you can ignore the time complexity needed
for initializing X and D.
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REPTEHRTE £ 3M (Question A3)

BI% f(x) = a(z — )2+ cZFHE R D, a,bc FFEBEKT, a >002c<0TH?
ET5. fla)Da = 20 BT BERM g(x) 1F, fl(x) = 2a(x —b) £ET B L g(x) =
f(xo)(x —x0) + f(mg) £ B, ZDEE, UITDRWIZEZ K.

(1) LKFo7Vvay ALz984 2% C7a 77 LDB% double func(double x0)
ZantE, 72720 x0 I3 0 NDIERBDELEDIANISND LT 5, 728 a,b,c
ZZDOBBDIMATERSI N TS E LTI,

(a) z DEHEDEZ 2g £ T 5.

(b) BUED x I28T 5 f(z) DERAD 2 VI 2 KD, ZNZH7-LBAED x DfE
£9 5%,

(¢) v DEDTFINEKET 2 £ T (b) Z#E DR L, mMENZ z DIEZIERET,

(2) BI% func (32 G5 L T 2 2308 X,
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Question A3

Consider the function f(z) = a(z — b)? + ¢, where a, b, ¢ are real constants, a > 0, and
¢ < 0. The tangent line to the function f(x) at x = xg, g(x), is g(x) = f'(zo)(z —
xo) + f(x0), where f'(x) = 2a(x — b). Answer the following questions.

(1) Write a function double func(double x0) in C programming language that
represents the following algorithm. Input x0 is a real number and is not equal
to b. Constants a, b, ¢ are defined outside this function.

(a) Set the current value of z to xy.

(b) Calculate the z-intercept of the tangent line to f(z) at the current value of
x, and replace the value of x with the z-intercept.

(c) Repeat (b) until z converges sufficiently, and return the final value of z.

(2) Explain what this function func() calculates.
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BEPITEIRE £ 4 (Question A4)
(1) v Fay 7T 2 TOMWIZEZ K.
(a) 7Ty Favy 7 &3 fah 3 k.
() Fv FOv 2350k 5 =B A S 35 BRI 72 01% 215 <30I &
(c) v Fuay 7%z T 57200 FkE%E 1 DFFHHE X,

(2) AV EL—=YOHEFIIHTIUTO7 7 2 AN ED X 9 % b D23iH
X,
(a) DAC: Discretionary Access Control
(b) MAC: Mandatory Access Control

(3) FAIVRALy RIOMBEFRD—2IC A v =y > v I 5, R

Xy =y w7 e, JERIMIBI X v 2 —2 0%y > v T OEEDE % 381
¥ k.



Question A4

(1) Answer the following questions regarding deadlock.

(a) Define deadlock.
(b) Explain a possible case of deadlock with a concrete example.

(c) Explain an example of deadlock avoidance techniques.
(2) Explain the following access control mechanisms for computer resources.

(a) DAC: Discretionary Access Control
(b) MAC: Mandatory Access Control
(3) Message passing is a well-known communication method among tasks and/or
threads. Message passing can be classified into two types: synchronous message

passing and asynchronous message passing. Explain the difference of behaviors
between both types.
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REPTEHRTE £ 5M (Question A5)
(1) 7= ZBUBIT 2L TORWICE R K.
(a) FEVNIFE DAYy E 2 —F L TORIBOMELZ v MoK % - Tl
B X,

(b) Little Endian & Big Endian D7 —% 77 F ¥ IZEWT, %34 FROEE
(B 7212, 16bit BB 32bit Bh) 2N FNED L) ICFEBHI LD, 2
DEDDH 5 &) ISHAE X,

Wl
4

(2) XYy a2 XEVICEAT AU TDOX A= X L% X,

(a) ¥4 L7 b=y 7HR
(b) ZATV T T4 7HK
(c) ¥y b7V YT T4 7
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Question A5

1) Answer the following questions about data expressions.
g
a) Explain the typical binary format of floating point numbers in computers
(a) Exp yp y gp puters,
using a figure of a bit sequence of the numbers.

(b) Explain the difference of multi-byte integer implementation (such as 16-bit
integer and 32-bit integer) between the little endian architectures and the
big endian architectures.

(2) Explain the following terminologies on cache memory.

(a) Direct mapped cache
(b) Full associative cache

(c) Set associative cache
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REPTIEHRTE £ 6 (Question A6)

Fv b7 =270k )UIET 3RELBED D DTIEII OV TU FORWIZEZ X,
(1) Checksum & 1 fil%s, HIY & F505 % 3¢ k.
(2) TCP & UDP IZB W TH W 5415 Checksum DHHERIZ DOV TIAR K,
(3) ACK & NACK HWZFHL, 206 2 >DMHEm %t k.

(4) TCP T3 ACK E NACKD EE 60—, H2VIEMGBH-6N50E 9 b
BHMEIC L, Z OBz HiHE X,

(5) CRC & a3l &,
(6) Parity Check & (Z2FiHE XK.

(7) WEICB T 5L 7 —EG[IEDHIEIT DWW TRFHIZIBR K|
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Question A6

Answer the following questions regarding robust communication in networking proto-
cols.

(1) What is Checksum? Explain its objectives and a calculation method.
(2) Explain the difference between Checksums used for TCP and UDP.

(3) Explain the objectives of ACK and NACK and clarify the difference between
these.

(4) In TCP, explain whether either ACK or NACK is used, or both are used, and
tell the reason.

(5) Explain what CRC is.
(6) Explain what Parity Check is.

(7) Briefly explain the error corrections in communications.
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BEDTEHRT 7 (Question A7)

NEF7 Rl B3 2 BUT DRIWIcE 2 k.

(1) A, B, Carry-in ® 3 AJ1 L, Sum & Carry-out @ 2 i1 2 i 2 7= 2ME 2 (Full
Adder) DEBMER L7 — T HIEXZRE,

(2) A, B, Borrow-in @ 3 AJJ &, Sub & Borrow-out @ 2 /% fifi 2 7= a8 dR (Full
Subtractor) DHEIER % R X.

(3) (2) DEIMERZSHICL T, &WERD 7 — KK %2R,

(4) CO,ClD2E Yy FOHEAIAIINCED, AO~A3ZD A A6, 1D%ERL TH
19 5~LF 7L 7% (Multiplexer) % ikatt &,

(5) ANDHE, ORVHE, & LA, 5l EHOKERLMZ 5, 1 Ey FMEE (ALU:
Arithmetic Logic Unit) %%t X,
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Question A7

Answer the following questions on sequential logic circuits.

(1) Show a truth-table and design a gate circuit of Full Adder that has 3 inputs of
A, B, and Carry-in, and 2 outputs of Sum and Carry-out.

(2) Show a truth-table of Full Subtractor that has 3 inputs of A, B, and Borrow-in,
and 2 outputs of Sub and Borrow-out.

(3) Design a gate circuit of Full Subtractor by taking into account the truth-table

shown in (2).

(4) Design Multiplexer that selects 1 output from 4 inputs of A0, ..., A3 with 2-bit
control inputs of CO and C1.

(5) Design 1-bit ALU (Arithmetic Logic Unit) that has AND, OR, Add, and Sub-

tract functions.

A-14



REPTEHRTE £ 8M (Question A8)

ZZHIEREMAICBE T 2 LT O (1) 205 (3) DREAIDORTIZDWT, ZNZNiliZOM
SO B E SR I 72 % K 9 ICHIHY X

(1) Aa/ A58, Ny 7707
(2) &5t —%, AIZEHAHLIX[EE (modifiable areal unit problem; MAUP)

(3) Za— Ve, a— AV
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Question A8

Explain the following three pairs of terms related to spatial information science, while
clarifying their differences and/or relationships.

(1) Voronoi tessellation, buffering
(2) Aggregate data, modifiable areal unit problem (MAUP)

(3) Global analysis, local analysis
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Entrance Examination for Master’s Program

in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies,

The University of Tokyo.
Academic Year 2013
(14:00-16:00, January 15th, 2013)

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 16 pages. Report missing, misplaced, and im-
perfect 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 scratch paper. Use one answer
sheet per question. 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 des-

ignated 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.

Examinee’s Number

Name




