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Question Al

Answer the following questions.

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

T — arcsinzx

() lim—7
r+ 1\*

b li

(b) s (x—l)

(2) Solve the following differential equation.
22y —xy' +y=2logx

(3) Obtain a regular matrix P such that P! AP becomes a diagonal matrix.

2 0 0
A= -6 11 2
6 —15 0
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Question A2

Consider an array of n elements, A = {ay, ...,a,}. If an element x appears more than
n/2 times in A, x is defined to be a majority element of A. For example, 3 is a majority
element of {1, 3,2, 3,3}.

(1) Describe an efficient algorithm in pseudo-code that determines whether A has
a majority element or not, and if so, determines its value. Assume that A is a

read-only array.

(2) Evaluate the order of the amount of memory required for the algorithm in terms

of the number of elements, n. Describe the reason.

(3) Evaluate the order of the computational cost of the algorithm in terms of the

number of elements, n. Describe the reason.
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int x[] = 0,1, 2, 3, 4, 5,6, 7,8, 9, 10, 11 };
int n = 12;
int m = 9;
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void funcl(int n, int *x, int m) {
int g, i, j, k, t;
g = gcd(m, n);
for (1 = 0; 1 < g; i++) {
t = x[i];
j =1
for (;) {
k=( +m %n;
if (k == i) { break; }
x[j1 = x[k];
j =k

}

x[j] = t;

(2) D0 z000200000n,mO ()DODODOOOODODODOODOOOOODODOO
O0 func3(O) 0D OO00OO func3(n, x, M) U0 OO0OO0O0O0O0OO0OO0OO 200
O0000001)0 funci(n, x, m) 0000000000000 0O0O00O0OC(®I)

(i), (i) 000000000
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void func2(int *x, int i, int j) {
int t;
while (i < j) {

t = x[i]; x[i] = x[j]; x[j] = t;

i

void func3(int n, int *x, int m) {

func2( (i) );
func2( (ii) );
func2( (iii) );
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Question A3

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

(1) An array x and two positive integers n and m are initialized as follows:

int x[] = 0,1, 2, 3, 4, 5,6, 7,8, 9, 10, 11 };
int n = 12;
int m = 9;

Describe each element of the array x after the following function func1 () is called
with arguments as funcl(n, x, m). The function gcd() returns the greatest
common divisor of two positive integers and is defined outside of this program.

void funcl(int n, int *x, int m) {

int g, i, j, k, t;

g = gcd(m, n);

for (1 = 0; 1 < g; i++) {
t = x[il;
J= 1
for (5;) {

k=( +m %n;
if (k == i) { break; }
x[j1 = x[k];
j=k
}

x[j] = t;

(2) An array = and two positive integers n and m are initialized as in (1). Fill the
following (i), (ii), and (iii) so that all elements of the array x after func3() is
called with arguments as func3(n, x, m) are the same as those after funci (n,
x, m) is called as in (1).
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void func2(int *x, int i, int j) {
int t;
while (i < j) {

t = x[i]; x[i] = x[j]; x[j] = t;

i

void func3(int n, int *x, int m) {

func2( (i) );
func2( (ii) );
func2( (iii) );
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Question A4

(1) Fetching the next instruction in executing the current instruction is a kind of
pipeline mechanisms for enhancing execution performance of processors. How-
ever, in executing a branch instruction, it is difficult to fetch the next instruction
so that this technique cannot be used. Explain methods resolving this problem.

(2) Answer the following questions on processors with three-level memory system
specified in Table A4.

Table A4
, Capacity Cost Access time | Hit ratio
Level ¢ . .
S; (bit) | ¢; (USD/bit) |  ta; (sec) H;
M, (cache memory) 1024 0.1000 1078 0.9000
M, (main memory) 216 0.0100 1076 0.9999
Mj (secondary memory) 224 0.0001 1073 1.0000

(a) Answer the average cost per bit and the access time of the three-level mem-
ory system specified in Table A4 in total, showing all your calculations.

(b) Suppose that the cache memory is eliminated from the system for cost-
saving purpose. Determine the resulting percentage changes in the system’s
cost and access time, showing all your calculations.

(c) Discuss the trade-off between instruction set and cache memory in a fixed
chip area in designing processors.
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Question A5

Semaphore s is a data structure that has a counter s.count and a queue s.queue.

Semaphores are equipped with two primitives P and V. We define the operation of the

P primitive as follows:

P(s):

If s.count is greater than 0, it decrements s.count. Otherwise, the calling

process puts itself to s.queue and goes to sleep. The operation of P(s) is atomic
(indivisible).

The V primitive is used to wake up a sleeping process in the queue. Answer the

following questions related to semaphores and process synchronization.

(1)

(2)

(5)

(6)

Define the operation of the V(s) that corresponds to the operation of the above
P(s).

Describe the reason why the P primitive should be executed as an atomic (indivis-
ible) operation. What synchronization mechanisms can be used for implementing
this atomic operation? Explain giving an example.

Suppose that a piece of code must not be concurrently accessed by more than
one process of execution. Describe a scheme to implement such exclusive control
by using P and V primitives. In this scheme, what is the initial value of the
semaphore counter?

When data is passed from one process to another via shared memory, semaphore
can be used for synchronization between the two processes. In this case, one
process updates data, and another process gets to know that data was updated
by the mechanism of semaphore, and reads that data. Describe a scheme to
implement such synchronization by using P and V primitives. In this scheme,
what is the initial value of the semaphore counter?

Another way of passing data from one process to another is to use message
passing in which data is actually copied. Define a set of basic primitives of
message passing and explain their operations.

Compare the schemes of (4) and (5), and explain their merits and demerits.
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Question A6

Answer the following questions regarding TCP.
(1) Explain TCP’s congestion control in detail.

(2) Explain what AIMD is.

(3) Explain the connection establishment and tear-down in TCP between a server
and a client.

(4) Assume that a server and a client have established N TCP connections, Cy, - - -, Cy.
Explain what “Fairness” among (1, ---,Cy means.

(5) When N = 2, let the congestion window size of C; and Cy be by and by, respec-
tively. Also, let the available bandwidth between the server and the client be B.
[lustrate how b; and by change over time drawing a similar figure to Fig. A6-1.
Assume the initial state is represented as point Xj.

(6) When N = 2, is the fairness between C and Cy guaranteed? Explain the reason
why or why not, using Fig. A6-1.

(7) When N = 3, is the fairness among C;, Cy and C3 guaranteed? Explain the
reason why or why not, using Fig. A6-2. Assume the initial state is represented
as point Xo.

(8) When N = k, is the fairness among C}, - - -, Cy (k > 3) guaranteed? Explain the
reason why or why not.

b2 b2
B B
b3
B
S
X1 XZ/
o B b1 o B b1
Fig. A6-1 Fig. A6-2
(N=2) (N=3)
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Question A7

(1) Define “Mealy Machine” and “Moore Machine”, and explain the difference be-
tween them.

(2) Answer the following questions on the controller design of an automatic vending
machine, which accepts 50 yen coins and 100 yen coins, and provides a drink
bottle only when it accepts more than or equal to 200 yen in total.

(a) Design a state transition diagram of the above controller.
(b) Design a state transition table of the above controller.

(c) Design a logic circuit using flip-flops that implements the above controller.
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Question A8

(1) Explain the following three sets of terms (a)~(c) concerning geospatial informa-
tion concisely.

(a) location information, data sharing, privacy
(b) navigation systems, sense of direction, positional errors

(c) declining birth rate and aging population, shrinking cities, mixed land use
(2) Answer the following questions about locational information.

(a) Choose one place that you think of and give multiple ways of identifying or
describing its location (i.e., where it is located).

(b) Discuss the problems of the existence of multiple ways of identifying the
same location, from the perspectives of the (i) management, (ii) communi-
cation, and (iii) use of information concisely.
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