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MEPHIEHRE £ 1/ (Question Al)

B f(t) T 7T ABHITRDOIES F(s) [CE->TEREESND.

F(s)=L{f()}= r F(t)e ™ dt

ZIT L{NIT TSI AEWE R RS Th D, £i0, B e 1%, BRI DEE
#7.

LT ORIVIZE % L.

(1) Lia}, L{t}, L{ce®} %8EHE L. Z2C o p lFEKRET 5.

2
(2) B s o-wpomwoEmE L0 LD 0575 a gk k.

(3) AT FRREXOWNE T 77 AEH L L{X(t)), L{Y(1) ZRD L.

—d)flﬁt) = re -3X(1)

2T X0)=0 Thb.

2
a0 oy =2
di di

22T r0)=1, @:1 ThD.

(4) L{X(@0)Y, LY(t)y 207 7T AEH LT X(0), Y1) ZRD L.
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Question Al
The Laplace transform of a function f{(¥) is defined as the integral F(s) as follows,

F(s)=L{f()}= r F(t)edt .

L{ } denotes the symbol for the Laplace transformation.

The constant e is the base of the natural logarithm.

Answer the following questions regarding the Laplace transformation.

(1) Derive L{a}, L{t} and L{ ae” }, where a and f are both constants.

ZAU) and d°f (1)
dt

(2) Obtain the Laplace transform of %
t

, which are the primary and

secondary derivatives of f{¢), respectively.

(3) Obtain L{X(¢)} and L{Y(?)} by deriving the Laplace transform of both sides of the

following differential equations.

dx(t) _

el +e? -3X(),
7 (?)

where X(0) = 0.

2
dY(t)+3dZ§t)+2Y(t)=2,

dr’

a(0) _

where Y(0) = 1 and 1.

(4) Obtain X(¢) and Y(¢) using the inverse Laplace transform of L{X(¢)} and L{Y(¢)}.
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BEPHERE F£ 2/ (Question A2)

WD L DIR2NT—LE"FEZD. —HBHESE, MGFNREE D,

o HMHEEITIOEMTOEEID D, FHOBTIX TR TEARDI LD LTS, 0235
IZRTH L.

o MREFITIZDEEIRDARNL D72V LD TYTH, ZDODIZHZHE D AT
DO (BHTOEFENT N THRR D) 1N SHEFRITRT. I Bsioxt
L CHEE I IblowDE EhitD# A K %2 5. Z Z ThlowkhitDEFRITIKDIED T
H5b.

o blowklE, T LMBEDEE DORT, FUHIZFELEFE R HDHD.

o hit&lE, ZTOEELMBEDHELE DRIT, HIXEI DRI LEFRHDHH .
7= & 20X, 24851745272 Hblow/ 1D (4), hit2322(2,5) THDH. bHAA, IE
ZeOUNTIZUVMT 7220,

INE ANDHEE, aCa—dBRERELRDL OB TT v 77 MLz,

FTDOTAT T NEBRTHEANRED 2 — V(TR HDHWIFBEHEEZLTHL LW

L, 7727 NI TR)EBZTHIW) DR EEZ, TNOOMEL BASHE

THRIRRE., Flo, ZOMBEOREZEOL-OIL, EOXH>BT7ral) XA

MWEZOLNDD, HEERREL. $—FR—KAJ], 7TFANRRTETT LT 2

T LDOETHNIKA2-1DE ) TH 5.

Think a 4-digit number; (ET&YKL)
each digit must be different.
| will make a guess and you answer |My answer (4): 5640
the number of blows and hits. No. of blows ? >0
No. of hits ? >2

My answer (1) : 2654
No. of blows ? >1 My answer (5) : 2486
No. of hits ? >2 No. of blows ? >2
No. of hits ? >2

My answer (2) : 6251

No. of blows ? >0 My answer (6) : 2468
No. of hits ? >2 No. of blows ? >4
No. of hits ? >0
My answer (3) : 9524 Solution !
No. of blows ? >0 Continue (yes/no) ? no

No. of hits ? >2
(BLIZE L)

A2-1




Question A2

Consider the following two-person game where one person plays as a defender and the other
as a challenger.

e The defender prepares a 4-digit decimal number. Each digit must be different. The
most significant digit may be zero.

e The challenger attempts to guess the number in as few rounds as possible. In each
round, the challenger shows the defender a 4-digit number (of which each digit is
different).

e In response to the number presented, the defender reports the number of blows and
that of hits, where blow and hit are defined as follows.

o Ablow occurs when a digit matches at the same decimal place.
o Ahit occurs when a digit matches at different decimal places.
For instance, for 2485 and 7452, there occur one blow (4) and two hits (2, 5). Of
course the defender must not tell a lie.
Let us consider writing a program where a computer and a human play this game as a
challenger and as a defender, respectively. Design the structure of basic modules (either
procedures, functions, objects, classes, or a mixture of those) for this program and concisely
describe it in a natural language. Also sketch how we can optimize the challenging algorithm.
Figure A2-1 shows an example of execution of the program in question where a computer
challenges with a number and a human answers the number of blows and that of hits in

response to it.

Think a 4-digit number; (continued from the bottom—left)
each digit must be different.
| will make a guess and you answer | My answer (4): 5640
the number of blows and hits. No. of blows ? >0

No. of hits ? >2

My answer (1) : 2654
No. of blows ? >1 My answer (5) : 2486
No. of hits ? >2 No. of blows ? >2
No. of hits ? >2

My answer (2) : 6251

No. of blows ? >0 My answer (6) : 2468
No. of hits ? >2 No. of blows ? >4
No. of hits ? >0
My answer (3) : 9524 Solution !
No. of blows ? >0 Continue (yes/no) ? no

No. of hits ? >2

(to be continued to the top-right)

Figure A2-1
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MEPHIERE £33 (Question A3)

|

Mty N7 —F%T7 7 F BT DHT KLy T HRUTOWNTL T ORWIZE 2

L.

(1) VLORFEMERM LI, AT v 7 AET Ry vy ZER—=2T Ry
T DA =R LT HAE L.

(2) a7 IrhvrH— (PC) DIEEDEFIZEI>TT RLAEFKET S PCHH
KT Ry 7%, E0X D REEICAR L.

(3) TRy I HFROBESOBENS, 7r 77 20EZISTIL, Tay
T LDEITHREDM D FL— RF 7o\ Tt kL.



Question A3

Answer the following questions regarding addressing mechanisms in instruction set
architectures.
(1) Explain the mechanisms of indexed-addressing and base-addressing that use register
modifications.
(2) Show example cases where PC indexed-addressing, which expresses a memory
address by the difference from the value of PC (program counter) register, is effective.
(3) Discuss trade-offs between the simplicity of programs and the performance of
programs in execution from the standpoint of richness in addressing mechanisms in

instruction set architectures.
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PHTIEERE F 4R (Question A4)

Z Ly ROFBHNIZOWTLLFTOWCE 2 L.

(1)

(2)

LLUF OFER) % RIS K.

(a) 7 v FavyZ

b) S=2—T TR

(c) B FRRZ v h=v

(d) U YV —R BT

BIA4-11TR STz B transferiX, 52 HIL722DD A X 7 stackl & stack2

IZxF L, stacklHREFEZEY H L Tstack2iIZ ANDEERZ HRY & L T3k

L7ebDThHD. HEDOAL Yy NP2 OREEAEMSFREEN H 5512132

OB IZHRE L2 WIGE R H 5.

(a) BREE L 22505 Ofil 2217 L.

(b) Z OB ZE BB ITHES D7D DEIER%E 2 ORE.

(c) Il CHRITTEERZD YL, ELONRWFIMEEED D ETIHEMTHD
NEERE L.

void transfer (Stack stackl, Stack stack?2)
{
if (stackl == stack2) return;
stack1. mutex_lock () ;
ltem item = stackl.pop();
if (item 1= null)
{
stack2. mutex_lock () ;
stack2. push (item) ;
stack2. mutex_unlock ()

}

stackl. mutex_unlock ()

Ad-1



Question A4

Answer the following questions regarding thread synchronizations.

(1) Concisely explain the following terminologies.
(a) Deadlock
(b) Mutex
(c) Priority Ceiling Protocol
(d) Resource Ordering

(2) Function transfer shown in Figure A4-1 is implemented to pop an item from the stack1
and then to push it to the stack2, for a given pair of stacks, stackl and stack2. When
this function gets called from multiple threads concurrently, it may not operate as
intended.
(a) Give an example scenario where this function may not operate as intended.
(b) Provide two kinds of solutions to make this function operate as intended.
(c) Among the two solutions given in the previous question, discuss which solution

would perform better in terms of higher concurrency of the operation.

void transfer (Stack stackl, Stack stack?2)
{
if (stackl == stack2) return;
stackl. mutex_lock () ;
ltem item = stackl.pop();
if (item !=null)
{
stack2. mutex_lock () ;
stack2. push (item) ;
stack2. mutex_unlock ()

J

stackl. mutex_unlock ()

Figure A4-1
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MESIERE F£5R (Question A5)
(1) WOIEHFKRBL (Regular Expression) (2~ v F 4 5 LFHN OB A ZIT L.
(0 | [1-91[0-9]%). [0-9]*[1-9]

72720, EREBOIGEILLTOmY TH 5.

Xk IEMES x DN 0L EEE L bDIC~ vy T T 5.
Xy ERRB x 2y B E~vyFT5.

(xly) EREHx ERIyvICvyTFT5.

[0-9] (O | 1] 2...]9 LRZEDEH.

[(1-9] (1| 2...] 9 LFRE%EDEH.

(2) ZOEMEEIZ~ v T T 5 LTFHNOAER LS BNF TELT.
FEEImFL 1T <EDTHH - TRIEL (B2 1X<X0), ARl ED & ADDX
Hnizix = ZHVWE.

(3) IEMSCE, SONRHB3UE, IRMERFSGE L IZThENED L S b Dh, ARk
BAlZ AW TERE L.
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Question A5

(1) Write example character strings which match the following regular expression.

(0] [1-9][0-9]%).[0-9]*[1-9]

The grammar of the regular expression is defined as follows.

x* This matches a string which contains more than zero occurrences of “x”.
Xy This matched a string “x” followed by “y”.

(xly)  This matched a string “x” or “y”.

[0-9] Thisis equivalentto (0| 1]2...]9).

[1-9]  This is equivalent to (1 |2 ...| 9).

(2) Give a generative grammar in BNF that generates strings that would match the regular
expression given above. A non-terminal symbol must be put between “<” and “>” (e.g.,
<X>). Use “::=" as a delimiter symbol to divide the left side and right side of the
generative grammar .

(3) Define regular grammar, context free grammar, and context sensitive grammar by

showing their generative rules.

A-10



HBEDHERT F£ 6/ (Question A6)

A F=Fy MTBIT D8 Il BANICE L TELF ORWICE 2 X

(1) UFo7m ha/ oW THRICHRAE X,
(a) TCP/IP
(b) BGP
(c) ICMP
(d) SMTP
(e)HTTP

(2) DATFTOBERERFEMIZHOWTRERIZHAE L.
(a) CIDR
(b) -7 % > b (Subnet) + A—/s3—=% - I (Supernet)
(c)AS
(d) DNS

(3) HA6-1IZ T X1z, 2B5OARA R (Client: A ~4iZelient. dome. net,
Server : I8 A b4 idserver. doms. net) 23/ —4 (Router) Z /L TH v hU—
7 FIZESFH ST 5D, WE, Client)>HServer|ZHITPY 7 = A K 21X A5E
B RS, ClientlTixHlServer DR A M4 LVHIBRWERET H & &, HA
N DR DG E WHTTPY 7 = A b D37 R h3ServeriZEET 5 E TO
WA CTE DT FMIC R~ K., HEHRA LN, —%, Xy NU—7 DT RLX
BREFH RSN b DM, V=T 4 7T =T NRARPT — 7 /UL EHTIK
RBICHL R ERHRREEZ L THEORWIMRE LT LIFE T2 L.

IP Address:10.2.0.1 Hostname:server.doms.net

MAC Address:00:00:ba:ad:f0:0d IP Address:10.2.0.2
MAC Address:00:00:de:ad:be:ef

\

LAN LAN

Client 10.1.0.0/16 10.2.0.0/16
Hostname:client.domc.net / O Network
IP Address:10.1.0.2 IP Address:10.1.0.1 B Network Interface
MAC Address:00:00:ca:fe:ba:be | | MAC Address:00:00:ab:ad:ba:be
[ ] Hostor Router

A6-1
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Question A6

Answer the following questions regarding the communication technologies in the Internet.
(1) Briefly explain the following protocols.
(a) TCP/IP
(b) BGP
(c) ICMP
(d) SMTP
(e) HTTP
(2) Concisely describe the following technologies.
(a) CIDR
(b) Subnet/Supernet
(c) AS
(d) DNS
(3) Figure A6-1 shows two hosts (Client: hostname is client.domec.net, Server: hostname is
server.doms.net) communicating over a router (Router) across two local area networks.
Suppose Client sends HTTP request to Server. Provided Client knows only the hostname
of Server, describe the process beginning from the hostname resolution to the HTTP

request packet arrival at the Server in as much detail as possible. Use addresses of hosts,

router, and networks as shown in Figure A6-1. Although you can make reasonable
assumptions such as routing tables and ARP tables are up to date etc, explicitly put down

the assumptions made.

IP Address:10.2.0.1 Hostname:server.doms.net
MAC Address:00:00:ba:ad:f0:0d IP Address:10.2.0.2
\ MAC Address:00:00:de:ad:be:ef

LAN LAN

Client 10.1.0.0/16 10.2.0.0/16
Hostname:client.domc.net ! (D Network
IP Address:10.1.0.2 IP Address:10.1.0.1 B Network Interface
MAC Address:00:00:ca:fe:ba:be | | MAC Address:00:00:ab:ad:ba:be
[ ] Hostor Router

Figure A6-1
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BEPHEHRTE £ 7 (Question A7)

mEREIE B D LA R ORWICE 2 K.

(1) Flip-Flop &1EED X 9 eRIE I L.

(2) NAND #*— R E 721X NOR #'— k& FV 7= Flip-Flop [l &, = D EAEE %
.

(3) FAHICE 2 EESHMAARERLRKNR AT N—FT =7 THS, DRAM
(Dynamic Random Access Memory), SRAM (Static Random Access Memory)
Flash Memory (22T, ZFDEWRDLMND X ) IZHHE L.



Question A7

Answer the following questions regarding logic circuits.
(1) Explain the Flip-Flop logic circuit.
(2) Draw a figure of the Flip-Flop logic circuit with NAND gates or NOR gates, and give
its true-false table.
(3) DRAM (Dynamic Random Access Memory), SRAM (Static Random Access Memory)
and Flash Memory are representative memory hardware mechanisms that allow users to
update the memory content. Explain these three mechanisms elaborating the differences

among them.
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[ TRy

TR % 8 [ (Question A8)

AT ORIVIZEE % L.

(1)

(2)

2215 — & OB, FIH, ofr, FHEVWI —HEOEEE2BIR)>ar Ba—
B UAT N BER S AT & (GIS) LIRS, HEEHR S AT A& =22
M7 — & I REE 22 LU OMECFIEIZOWT, RIS L.

(a) ZEFEIA) B CAH B

(b) Xy 7 7 U 7N X B2/t

(c) 2=l T —# Iz 7“6}%@7 v

ZEMRFER L 2V a—4% (MBFHRS AT L) TR D 72O O RBLE & 24[#

T—R2ETIIVEMES, EBRT—FZET VLT, LTFOMWZEZ L.

(a) EMT —HXET NV TIX, 7V x7 FEZORMPREICER LT, &
T4, MT—F, MT X ETHIERHDH. ZRHITOWTHIE
IZHA L, EnEho BARE e E 2 2807 X

) REWREB T —HETNE LT, TFAFX—T =X XTI X —T—HRNH
L. ENENDT — ZHEERHEIZ DWW TR~ L.

() ZEMT — X BT NIIBIT D bR a U —DOESIZ DWW TRFTRIZIR R XK.

(d) ZEf] 7 — & & 22 A r— v« i B D BFRIT DWW TR IR~ X



Question A8

Answer the following questions.

(1) A computer system designed for capturing, utilizing, analyzing, and displaying spatial
data is called geographic information system (GIS). Concisely explain the following
terms concerning the characteristics and techniques of spatial data analysis with
geographic information systems.

(a) Spatial autocorrelation
(b) Spatial analysis with buffering
(c) Attribute data in spatial data

(2) Answer the following questions about map projections and spatial coordinate systems.

(a) In spatial data models, objects are often classified into point data, line data, and area
data in terms of their geometric properties. Explain these three types of data concisely,
and give a real-world example of each.

(b) Explain the two major spatial data models, raster data and vector data, by focusing
on their data structures and characteristics.

(c) Briefly discuss the concept of topology in spatial data models.

(d) Briefly discuss the relationship between spatial data and spatial scale/resolution.
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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 2008
(13:00-15:00, August 22nd, 2007)

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.

Examinee’s Number
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