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0000000 000 (Question A1)

(1) 00O0O0O0O0O0O00O0

e 4 3x
0 ald lim —mMmM
z—=0 1 —coszx

tan 2z

O bO R e——
m—glgn—o tan(z + 7)

(2) 000000000000 U00X,(t) 00000k, ko, ke DOOODOOOOO

d)iilt(t) = —(ke + k12) - X1(t) + ka1 - Xa(?)
dXs(t) = k1o - X1(t) — ko1 - Xo(2)

0000X;(0)=A0X2(0)=00A0000000000
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Question Al

(1) Find the limits of (a) and (b).

e 4 3x
0 ald lim —mMmM
z—=0 1 —coszx

tan 2z

O bO R e——
m—glgn—o tan(z + 7)

(2) Consider the following simultaneous differential equations and derive X;(t).

k12, ko1 and k. are positive constants.

d)iilt(t) = —(ke + ki12) - X1 (t) + ka1 - Xa(?)
d)ilzt(t) = k12 - X1 (t) — ka1 - Xo(t)

where X7(0) = A and X2(0) =0 (A is a positive constant).
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Question A2

Consider a game of selecting a subset from a given integer sequence. The goal is to
maximize the total sum of selected numbers, but you cannot select numbers that are
adjacent. For example, if you select 5 from the sequence 1,5,2, —4,6, you cannot
select 1 or 2 because these are adjacent to 5. Similarly, if you select 1, you cannot

select 5.

(1) Following the above rule, select a subset of numbers of maximum total sum
from the sequence 3,5,7,6,2,4.

(2) Following the above rule, describe an algorithm that calculates the maximum
total S,, of a subset from a given sequence of n integers x1, o, ..., Ty.

(3) Calculate the computational cost of the above algorithm answered in (2) in

terms of n.
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0000000 000 (Question A3)
0000000000000000000CO0000000000000

(1) 000000000 nO0000000000D00 factorial(n) U (a) 00000
goobooooooo

int factorial(int n) {

(a)

}

(2)2000000mO,000000000000000 GCD(m,n) O (b)OO0O
gobboooobobbooobbom>ndooobobOoo

int GCD(int m, int n) {

(b)

}

(3) n0 bO0D0D0O0O000D0O0G 00000 FG,b) 00DO00000000000
000@G) 00 F(a,b) 0000000000 0000000000000
(000 (d)000000000000000

char* F(int n, int b){
static char outb[66] = {0};
int i = 64;
for(; n>0&& i >0 ; ——-i, n /= b)
outb[i] = "0123456789abcdefghijkl"[n % bl;
return &outb[i+1];

}

(c) printf ("%s\n", F(428,16) ); (d) printf ("%s\n", F(226,4) );



Question A3

Answer the following questions. All source codes are written in C language.

(1) Fill (a) in the following function factorial(n) which obtains the factorial of

a given positive integer n. (a) may contain multiple lines.

int factorial(int n) {

(a)

}

(2) Fill (b) in the following function GCD(m,n) which obtains the greatest common
divisor of given positive integers m and n. (b) may contain multiple lines.

Assume that m > n holds.

int GCD(int m, int n) {

(b)

}

(3) n and b are positive integers. (i) Explain the return value of the following
function F(n,b). (ii) Explain the maximum value of b for the normal execution
of the function F(n,b). (iii) Answer the results when the function F(n,b) is

called as (c) and (d), respectively.

char* F(int n, int b){
static char outb[66] = {0};
int i = 64;
for(; n>0&& i >0 ; —-i, n /= b)
outb[i] = "0123456789abcdefghijkl" [n % bl;
return &outb[i+1];

}

(c) printf ("%s\n", F(428,16) ); (d) printf ("%s\n", F(226,4) );
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Question A4

(1) Answer the following questions on memory management architecture.

The following figure shows the status of 1024 words main memory allocation

at time ¢.
Region Memory Address Allocation Status

000~199 Free
200~249 Allocated (Allocation Block 1)
250~399 Free
400~449 Allocated (Allocation Block 2)
450~549 Free
550~699 Allocated (Allocation Block 3)
700~884 Free
885~999 Allocated (Allocation Block 4)

1000~1024 Free

The following table shows a sequence of memory block allocation and deallo-

cation requests after time t.

Time t+1 | t+2 | t+3 | t+4 | t+5
Block size of memory allocation request 135 25 170 100
Allocation block number of memory free request 2

Explain update sequence of memory block allocation status during all these

requests has been served using (a) the best-fit algorithm and (b) the first-fit

algorithm. Assume that, in the first-fit algorithm, memory blocks are searched

in ascending address sequence.

(2) Explain the following technical terms on computer architecture.

0 ald Microprogram
O b0 Bus
0 ¢ Memory Mapped 1/0
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Question A5

Answer the following questions on the virtual memory paging.

(1)

Demand paging is a paging policy in which a page is fetched into memory only
when it is needed. Demand paging has an advantage that it does not fetch
the pages that are never accessed. However, prepaging (anticipatory paging) is
often used in addition to demand paging in the real operating systems. Describe
an example of prepaging policies and describe its advantages against demand
paging.

In the paging system with n-level page tables (n > 2), a virtual address is
translated to a physical address by successively looking up n-level page tables.
Illustrate the outline of this paging scheme for n = 3.

Describe the advantages of the paging system with n-level page tables described
in (2) compared with the paging system with a 1-level page table.

In the paging system with n-level page tables described in (2), we assume that
all the page tables are in memory and that address translation is always done
through these page tables. If no page fault occurs, how many times of memory
accesses are required for each page access (access to a desired page instance)?
To reduce the number of actual memory accesses, the address translation looka-
side buffer (TLB) is used in real computer systems. Assume (a) a page access
through TLB takes 100 nanoseconds, (b) a page access through page tables
takes 200 nanoseconds, and (c) a page access in a page fault takes 10 millisec-
onds. If the hit ratio of TLB is 90%, to reduce the average page access time

below 150 nanoseconds, to what extent should we reduce the page fault rate?
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0000000 000 (Question A6)
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Question A6

Answer the following questions regarding TCP (Transmission Control Protocol).

(1) Explain congestion control.

(2) Explain Cumulative ACK and Duplicate ACK.
(3)

(4)

Explain why sequence number is necessary.
Explain what causes packet loss and delay and how TCP achieves reliable data
transmission.

(5) Explain how the timeout for packet retransmission is determined using all the
following terminologies, and the reason why it is determined this way.

EWMA, Deviation, Premature Timeout, Round Trip Time (RTT)

(6) Explain Fast Retransmit.

(7) Explain Fast Recovery.

(8) When an end host with private address communicates with a server with global
address through TCP session via NAT, explain how address translation is
achieved giving an example.

(9) Bandwidth achieved by a TCP session is approximated by the following equa-

tion (1). Note that B is bandwidth, M SS is maximum segment size, L is

packet loss, and RTT is round trip time. Explain the case where the current

TCP is not appropriate for contemporary usage of the Internet and propose

how you could improve it.

_1.22-MSS

 RTT-VL @
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Question A7

(1) Answer the following questions on sequential logic circuit.

Assume that we are designing a sequential logic circuit which has an input of
sequential bit signals one-bit by one-bit, separates them into three bits unit,
and outputs “1” only when even number of input “1”s are included in the three
bits. Here, zero is considered as even.
0 all Show state transition diagram of this sequential logic circuit. If possible,
simplify the diagram.
0 b0 Show state transition table of the sequential logic circuit in which circuit
statuses are represented in binary numbers.
O cO Design the sequential logic circuit using Flip-Flops, “AND” gates, “OR”
gates, and “NOT” gates.
(2) Answer the following questions on Boolean algebra formulas. Here, X’ means
“not X7.
00 all Prove the following equation.
AC+A'B+BC=AC+ A'B
0 b0 Simplify the following formula, showing the simplification process.
ABC + A'BC' + AB'C' + A'B'C’
O cO Simplify the following formula, showing the simplification process.

AB+ C(AB+ (")
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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.

0 al locational information, spatial frames of reference, spatial language

O b0 spatial distributions, spatial autocorrelation, distance

0 cO city shrinkage, compact cities, vacant land

(2) Answer the following questions about geographic phenomena and spatial anal-
ysis.

0 ald Define the terms “legible cities” and “comfortable cities,” and concisely
discuss methods for creating those cities from the perspective of (i) physical
environments, (ii) the psychology of residents, and (iii) the application of
information technology.

0 bO Suppose that a researcher wants to examine (i) the relationship between the
use of well water and an infectious disease, (ii) the relationship between the
distance from a railway station and land prices, and (iii) the distribution
of crime. Concisely discuss possible methods for the three analyses, using
the following terms concerning spatial analysis. Use all three terms by
allocating one term to each of the three analyses.

<Terms to be used:> overlay, buffering, kernel density estimation.
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