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Question Al

(1) Calculate the general solutions of the following differential equations.

dy

(a) e Tv=0
dy
(b) 1—%—y

(2) Calculate an approximate value of log,(1.1) to the fifth place after the decimal

point using the Taylor expansion of natural logarithmic function log,(1 + x).
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Question A2

Consider a game using coins as shown in Figure A2-1. Two players alternatively take
coins. In each turn, a player can take one or two consecutive coins. The last player
who can take coin(s) wins the game.

o OO0

Figure A2-1:

(1) Write down a complete game tree starting from a position shown in Figure A2-1.
Use a notation such as [1-3] to represent a position of the game (for example, the
position in Figure A2-1 consists of 1 coin and 3 coins, so it can be represented
as [1-3]).

(2) Let the evaluation value of the position 1 when the first player wins, and —1
when the second player wins. Write all the evaluation values for all the positions

in the game tree.

(3) The Alpha-Beta pruning algorithm is a commonly known algorithm to eliminate
unnecessary search in game trees. Describe the Alpha-Beta pruning algorithm.

You may use diagrams and pseudo code for explanation.
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O000f1000 f2000000000000000000DOO00OO0DOOO CO
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void f1(int na, int a[], int nb, int b[]) {
int i, j, k;
for (i = 0; i < na; i++) {
for (j = nb-1; j >= 0; j—) {
if (b[j] > alil) {
break;
}
}
if (j < nb-1) {
for (k = nb-2; k > j; k) {
b[k+1] = b[k];
}
b[j+1] = alil;
}

1
}

void f2(int na, int a[], int nb, int b[]) {
int i, j, k;
for (i = 0; i < na; i++) {
for (j = 0; j < nb; j++) {

(i)

}
}

}

U0 a,p000000O0DOOO0OOODOOOOOO

int all = { 2, 17, 12, 4, 6, 19, 10, 13, 12, 7 };
int b[] = {0, 0, 0, 0, 0 };

(1) OO £f10 f1(10, a, 5, VY OOOOOOOOOOOPOOODOOODOOOO

(2) OO £20 £2(10, a, 5, ) J0000000000bL00000000(1)0
f1000000000000000000@G\) 000000000
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Question A3

Answer the questions about the following functions £1 and £2. All source codes are
written in C language.

void f1(int na, int a[], int nb, int b[]) {
int i, j, k;
for (i = 0; i < na; i++) {
for (j = nb-1; j >= 0; j—) {
if (b[j] > alil) {
break;
}

}
if (j < nb-1) {
for (k = nb-2; k > j; k—-) {
b[k+1] = b[k];
}

b[j+1] = alil;
¥
¥
}

void f2(int na, int a[], int nb, int b[]) {
int i, j, k;
for (1 = 0; i < na; i++) {
for (j = 0; j < nb; j++) {

(i)

}
}
}

The arrays a and b are initialized as follows.

int all
int b[]

{2, 17, 12, 4, 6, 19, 10, 13, 12, 7 };
{0,0,0,0,0};

(1) Describe each element of the array b after the function f1 is called with argu-
ments as £1(10, a, 5, b).

(2) Fill (i) so that all elements of the array b after the function £2 is called with

arguments as £2(10, a, 5, b) are the same as those after £1 is called with
arguments as in (1).
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(a) MMU (Memory Management Unit)
(b) SIMD (Single Instruction Multiple Data)
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Question A4

(1) Consider that we want to improve cache hit ratio H of cache memory system
with FIFO cache replacement algorithm. Explain expected effects on cache hit
ratio H when we apply the following methods, respectively.

(a) Extending the cache block size
(b) Extending the total cache memory size

(¢) Changing the FIFO cache page replacement algorithm into LRU

(2) Explain the technology of GPGPU (General-Purpose computing on Graphics
Processing Units). Especially, show an example of computation that can be pro-
cessed by GPGPU efficiently, and explain the reason why this can be processed
efficiently.

(3) Explain the following terms on computer architecture.

(a) MMU (Memory Management Unit)
(b) SIMD (Single Instruction Multiple Data)
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Question A5

Consider the following scheduling algorithm for single processor systems. The priority
of each process is recalculated at time intervals of T" according to the following formula

C=ax(C+AC),
priority = C' 4 base level priority

where AC' is processor usage accumulated in the past T interval and « is a positive
constant. The initial value of C' is zero. The larger priority value is, the lower schedul-
ing priority follows. Priorities are divided into n levels and processes are assigned to
one of n queues according to their priorities. The scheduler reschedules processes in
the highest-priority-level (non-empty) queue and allows each process a time quantum

q. T is a multiple of q.
Answer the following questions.
(1) Discuss the merits of this scheduling algorithm especially for interactive pro-
cesses, compared with a simple round-robin scheduling algorithm whose time

quantum is q. Describe why this algorithm is not suited for hard real-time ap-
plications.

(2) Explain the effect that results from o < 1.
(3) Discuss how each of the three parameters ¢, n, and T affects the performance.

(4) Explain the merits of the multilevel queue scheduling in which a ready queue is
partitioned into multiple queues, one for each priority level, compared with the
single queue scheduling in which processes are stored in a single ready queue in

a priority order.
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No. Time Source Destination Protocol Length Info
1 0.000000 00:50:56:3d:1f:9a [(a) | ARP 60 Who has 172.16.35.136? Tell 172.16.35.142
2 0.000030|(b) 00:50:56:3d:1f:9a ARP 42 172.16.35.136 is at 00:0c:29:f5:a6:cc
3 0.000292 172.16.35.142 172.16.35.136 TCP 74 37594 > 5555 [SYN] Seq=0 Win=14600 Len=0 MSS=1460 SA
4 0.000331 172.16.35.136 172.16.35.142 TCP 74 5555 > 37594 Seq=0 Ack=1 Win=14480 Len=0 |
5 0.000699 172.16.35.142 172.16.35.136 TCP 66 37594 > 5555 [ACK] Seq=1 Ack=1 Win=14720 Len=0 TSval
6 4.166090 172.16.35.142 172.16.35.136 TCP 68 37594 > 5555 [PSH, ACK] Seq=1 Ack=1 Win=14720 Len=2
7 4.166120 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 [ACK] Seq=1 Ack=3 Win=14592 Len=0 TSval:
8 6.222673 172.16.35.142 172.16.35.136 TCP 68 37594 > 5555 [PSH, ACK] Seq=3 Ack=1 Win=14720 Len=2
9 6.222704 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 [ACK] Seq=1 Ack=5 Win=14592 Len=0 TSval:
10 6.686114 172.16.35.142 172.16.35.136 TCP 68 37594 > 5555 [PSH, ACK] Seq=5 Ack=1 Win=14720 Len=2
11 6.686138 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 [ACK] Seq=1 Ack=7 Win=14592 Len=0 TSval:
12 7.854088 172.16.35.142 172.16.35.136 TCP 66 37594 > 5555 |(d) ACK] Seq=7 Ack=1 Win=14720 Len=0
13 7.854185 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 |(e) ACK] Seg=1 Ack=8 Win=14592 Len=0
14 7.854604 172.16.35.142 172.16.35.136 TCP 66 37594 > 5555 [ACK] Seq=8 Ack=2 Win=14720 Len=0 TSval:

0 A6-1:
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Question A6

Figure A6-1 shows the packet trace of the communication between two end systems A
and B connected through the same switch. Answer the following questions.

(1) Fill in the blanks (a)-(e).

(2) Explain the general purpose of ARP protocol, and describe general names and
roles of packets No.1 and No.2 in this communication, respectively.

(3) Answer which numbers of packets are involved in the TCP session establishment,
and explain why TCP uses such a connection establishment method. Especially,
give concrete problems that would occur otherwise.

(4) Answer the total bytes conveyed in the packet payload of the packets between
No.6 and No.11 with the reason including the change in sequence numbers.

(5) Explain TCP flow control and how it is observed in the packet trace.

(6) Draw packet layout of the packets No.1, No.2, and No.6. Note that you must
draw Layer2 to Layer7 together with byte offset and length in as much detail as
possible.

(7) Guess what kind of applications are communicating between the end systems A
and B, and also explain the reason why you guess that.

(8) Suppose there is a router R between end systems A and B, and when applica-
tions are exchanging lots of data between them, explain how flow control and
congestion control work.

Time Source Destination Protocol Length Info
0.000000 00:50:56:3d:1f:9a[(a) | ARP 60 Who has 172.16.35.1367? Tell 172.16.35.142
0.090030“b) 00:50:56:3d:1f:9a ARP 42 172.16.35.136 is at 00:0c:29:f5:a6:cc
0.000292 172.16.35.142 172.16.35.136 TCP 74 37594 > 5555 [SYN] Seq=0 Win=14600 Len=0 MSS=1460 SA
0.000331 172.16.35.136 172.16.35.142 TCP 74 5555 > 37594 Seq=0 Ack=1 Win=14480 Len=0 |
0.000699 172.16.35.142 172.16.35.136 TCP 66 37594 > 5555 [ACK] Seq=1 Ack=1 Win=14720 Len=0 TSval:
4.166090 172.16.35.142 172.16.35.136 TCP 68 37594 > 5555 [PSH, ACK] Seq=1 Ack=1 Win=14720 Len=2
4.166120 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 [ACK] Seq=1 Ack=3 Win=14592 Len=0 TSval:
6.222673 172.16.35.142 172.16.35.136 TCP 68 37594 > 5555 [PSH, ACK] Seq=3 Ack=1 Win=14720 Len=2
6.222704 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 [ACK] Seq=1 Ack=5 Win=14592 Len=0 TSval:
6.686114 172.16.35.142 172.16.35.136 TCP 68 37594 > 5555 [PSH, ACK] Seq=5 Ack=1 Win=14720 Len=2
6.686138 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 [ACK] Seq=1 Ack=7 Win=14592 Len=0 TSval:
7.854088 172.16.35.142 172.16.35.136 TCP 66 37594 > 5555 [(d) ACK] Seq=7 Ack=1 Win=14720 Len=0
7.854185 172.16.35.136 172.16.35.142 TCP 66 5555 > 37594 |(e) ACK] Seq=1 Ack=8 Win=14592 Len=0
7.854604 172.16.35.142 172.16.35.136 TCP 66 37594 > 5555 [ACK] Seq=8 Ack=2 Win=14720 Len=0 TSval:
Figure A6-1:
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(a) PLD (Programmable Logic Device)
(b) HDL (Hardware Description Language)
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Question A7

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

Figure A7-1 shows an electric fan controlled by two buttons. One is the power
button, and the other is the wind power mode button, which can select wind
power among “Weak”, “Middle”, and “Strong”. When we push the power button
in power-off state, the fan starts working in “Weak” power mode. While the fan
is working, we can rotate the power mode “Weak”, “Middle”, and “Strong” in
this order, using the wind power mode button. When we push the wind power
mode button in “Strong” mode, the power mode returns into “Weak” mode. We
can switch-off the power by pushing the power button in any power modes.

- Wind - Strong
Power Power .
On/Off Bl Middle
Mode
- Weak
Wind Power

Figure A7-1: Electric fan and its operation panel

(a) Show the state transition diagram of this electric fan which has two kinds
of inputs: power button push, and wind power mode button push.

(b) Design sequential logic circuit implementing the state transition of this elec-
tric fan. Show the design process such as true-false table of combinational
logic circuit included in this sequential logic circuit.

(2) Explain the following terms on logic circuits with concrete examples.

(a) PLD (Programmable Logic Device)
(b) HDL (Hardware Description Language)
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Question A8

(1) Explain the following three sets of terms (a)~(c) concerning geospatial informa-
tion, by clarifying the relationships between the terms within each set.

a) map information, scale, resolution (precision

b inf tion, scale, Tt precisi
ig data, open data, data concealmen

b) big dat data, dat 1 t

(c) digital maps, physical space, reference (datum) points

(2) Answer the following questions about the use and development of location-based

systems.

(a) Concisely explain the concept of context awareness in space by giving con-

crete examples.

(b) Concisely explain the idea of user-friendly systems by giving concrete ex-

amples.

(c) Concisely discuss the prospects and problems of the use and development
of spatial decision support systems, from the viewpoints of information

technologies, users, and social systems.
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