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Question Al

Answer the following questions.

(1) Calculate the determinant of the matrix A.

T z+1 z—-1 z+42
22 2?41 22-1 2242
z+1 z-1 =243 T
5z 4 . 3z 2z

(2) Solve the general solution of the differential equations below.

(a) v +y sin‘.:v =y’ sinz

(b) zy' +y=y’logz
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Question A2

Consider the encoding algorithm of the following “Telegram 1” made of four symbols
(characters) a, b, ¢, and d by using Huffman code composed of symbols 0 and 1.

“Telegram 1”
|cadabbaacabaaacdaaab—|

(1) Describe the process to obtain the occurrence probability p(ch) of all symbols
ch in the input telegram by using a pseudo program.

(2) Describe the process to make the Huﬁman code for each symbol ch usmg the
occurrence probability p(ch) by using a pseudo program.

(3) Obtain the probability of occurrence and the Huffman code of each symbol of
the above “Telegram 1”. ’ V

symbol | probability of occurrence | Huffman code

a

b
c
d

(4) Encode the following “Telegram 2” by using the Huffman code obtained above.

“Telegram 2”

lcadabbaal
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() UFPOTBYIIVTRRITTBLE, (a), () DHIFTRERZ S,

#include <stdio.h>

int f(int *i, int *j) {
*1 += 4 + xj; _
printf("%d, %d\n", *i, *j); // (a)
return *i + *j; ’

}
~ void main() {
int x = 2;
x = f(&x, &x); »
printf("%d\n", x); ' // (B

-

(2) Eﬁgmiﬂ;ﬁl«_%ﬁ“é JIT (Just In Time) I 2781 L—2/ 3 2 3, Fﬁﬁ%bl
- @HAL. TOHRIC DOV THANE,

(3) 777w b L = {a,b} 7’3‘6&55‘]@95\ BREDEDFTXT 80)5’}—’:5(
T3 LS I3—B LAV FEHRFER (regular expression) ZFtH, T T T,
ok 1& a DO ELLEDRED iiug~ﬁb (alB) iE a BBV B DOVTRHIT—
B BIERERRET 5, ' |

4) TVI7 Ry k= {a,b} BHEBFID5 B, aabbabx . FEED o £ EHF
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Question A3

(1) Write down the print out results at (a) and (b) when the following C program
is executed. ’ ' T

#include <stdio.h>

int f(int *i, int *j) {
*i += 4 + *j;
printf("%d, %d\n", *i, *j); // (a)
return *i + *j;

}
void main() {
int x = 2;
x = f(&x, &x);
printf ("%d\n", x); /7 (b)

}

(2) Brié_ﬂy explain “JIT (Just-In-Time) cbmpilation” in programming language pro-
cessing and its benefits.

(3) Write a regular expression that only matches the language over the alphabet & =
{a,b} consisting of all those strings that contain an odd number of alphabets.
Note that (c|B) matches either o or 3, and ax matches zero or more of .

(4) Write a regular expression that only matches the language over the alphabet
Y = {a, b} consisting of all those strings that contain an odd number of a’s, such
as aabbab. Use the same notation as in (3).
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Question A4
Answer the following questions regarding processors.

(1) Explain the pipeline technique for executing instructions in processors.
(2) Explain three cases where the pipeline technique may not work efficiently.

(3) In typical five-stage pipeline architecture such as in MIPS, conéisely explain what
each of the five stages, F, D, E, M and W does, respectively.

(4) Explain the forwarding technique used in pipeline architectures.

(5) Draw a diagram of pipeline execution, as shown in Figure A4-1, filling in blanks

each of five stages, F, D, E, M, and W defined in question (3) as to the following

~ sequence of pseudo instructions. Assume that branch instructions are predicted

to be not taken and that initially $1 = $2 holds. Note that $n is register n.

Also assume that the forwarding feature is available and draw where forwarding
occurs.

N

i cycles =i O 6/ 181 " OR10R

Figure A4-1: instruction sequence

Note the operatiohs of the pseudo instructions are shown as follows: -

e beq $s,8t,label : Branches to “label” if the two registers, $s and $t, are equal
o lw $t,offset($s) :- A word is loaded into register $t from address $s+offset

o sub 8d,$s,8t : Subtracts registers $t from $s and stores the result in register 8d
e add $d,$s,$t : Adds two registerss $s and $t and stores the result in register $d

(6) Compare the number of cycles taken for the completion of instructions in ques-
tion (5), with and without pipelining.

(7) Explain the technique called out-of-order execution in processors. )
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Question. A5

The following codes A and B consist of three instructions respectively and updafe
the shared variable x. Suppose the initial value of x is 0. The codes A and B are
executed once by a single thread respectively, and these two threads execute the codes
concurrently. |

Code A 7 Code B
A1l: Load the value of x into register r1. B1: Load the value of x into register r2.
A2: Add constant 1 torl. - B2: Add constant 2 to r2.

A3: Store the value of rl into x. B3: Store the value of r2 into x.

Assume each instruction is ezecuted indivisibly and threads can execute at any relative
speed and arbitrary thread interleaving is possible. Each thread has a dzﬁerent set of
registers. The value of z is only updated in the above codes.

Answer the following questions.

(1) Describe all possible execution orders of the instructions Al,;A2, A3, B1, B2
and B3 that cause the final value of x to be 3.

@

(2) Determine all possible final values of x other than 3.

(3) Consider the case ‘when the code A is executed by two threads and the code B
is executed by three threads. These five threads execute the codes once concur-
rently. Determine all possible final values of x. Explain why.

(4) Describe a solution that ensures the final value of x obtained by the sequential
execution of the codes by using a synchronous prnmtlve (instruction). Define an
appropriate synchronization instruction and show the pseudo code.

A-10
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Question A6
(1) Answer the following questions on LANs (Local Area Networks).

(a) Explain Manchester Encoding scheme.

(b) Explain CSMA/CD (Carrier Sense Multiple Access/Collision Avoidance).

(c) Explain realtimeness and security problems of communications based on

CSMA/CD.

(2) Answer the following questions on basic technology necessary for TCP/IP im-
plementation. ’ '

(a) Explain the routing mechanism that uses routing tables.

(b) ‘Explain flow-control mechanism of sliding window scheme.

A-12
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Question A7
(1) Answer the following questions on Boolean Algebra.

(a) Show the truth table of following Boolean expression (%), and its disjunctive
canonical form. ' '

(@ +B)(b + ) | G

- (b) Translate the following Boolean function (i7) into simplified Boolean func-
tion in the “Sum of Product” expression. The right side of the following
Boolean function (iz) expresses the disjunctive canonical form of logical sum
of minterms in the decimal number form.

F(w,z,y,2) = X (0,1,2,4,5,6,8,9,12,13,14) (@)

(2)" Answer the following questions on the simplification of Boolean function (74)
using the Quine-method.

z(a,b,c,d) = a'b'cd + bed + abd’ + ab'cd (117)

(a) Translate function (ii7) into the disjunctive canonical form.

(b) Answer all the first-step combined terms that are generated from the com-
bination of two minterms answered in question (a), using the equation -
'y +zy=uy. ’

(c) Answer all the next-step combined terms generated from the combination
of two first-step combined terms, repeating this step if possible. Complete
the simplification so as to minimize the number of literals in the function.

(3) Answer the questions on Moore’s law proposed by Dr. Gordon E. Moore.
(a) Explain Moore’s law.. o

(b) Recently, it is often said that Moore’s law has been slowing down. Explain
representative technical issues for-the cause of this situation.

A-14
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Question A8

(1) Explain the following three sets of terms concerning geospatial information, by
clarifying the relationships between the terms within each set.

- (a) spatial data, data models, attribute data
(b) maps, ‘large-scale/ small-scale, detail

(c) navigation, 'landmarks, spatial referencing

(2) Answer the following questions about spatial data analysis.
Suppose that a researcher wants to analyze the data sets (a), (b), and (c) for each
objective below using a geographic information system (GIS). Give the name of
a method of spatial analysis suitable for each objective, and briefly discuss the
details of each analysis. '

- (a) [Datal] The following five data layers:
* Soil types
* Population
* Roads and railways
* Areas for preservation (development-restricted areas)
* Current. farm lands |
[Objective] To seek for an area suitable for new agricultural development

(b) [Data) Occtirrences of bicyéle accidents
- [Objective] To find places where bicycle accidents occur frequently

(c) [Datal] The following two data layers:
* Railways '
* Rental houses and rental rates

{Objective] To examine the relationship between the distance from a sta-
tion and housing rent

A-16
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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 questlons _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 calculatlon Only
the answer sheets will be considered valid.

. Write a question number and your examinee’s number in the des-

1gnated 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.
10.

Do not take away this booklet, the answer sheets, and the scratch
paper.

Write your exammee S number and your name in the des1gnated boxes
below.
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