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BESITIERE £ 1/ (Question A1)
KOS HFRRARIZHOW T FToOMWvIc& 2 k.

ax(1)
dt
dax() _
dt

—a- X(1),

a-X(H)-b-Y(1),

2T X)), Y@) 1 IREE ¢ OB TH D.
F72, X(0)=c, Y0)=0 THY, a, b, c lTVTNHLEDEETH .

(1) Y@ #RbX. 72720 a#b T 5.

(2) YY) OERKREZGZ DM tyee &ZDEEDORKE Yt ZRKD K.
72720 a#b &7 5.

(3) a & b DHELWEAD Y1) 2RO K.
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Question Al

Answer the questions with regard to the following simultaneous differential equations,

ax(
dt =—da X(t)a

YO _ oy —b.
o=@ X(O=b-Y (),

where X(t) and Y(t) are the functions of time .

Also assume that X(0) = c and Y(0) = 0, and a, b and c are positive constants.

(1) Derive Y(t) under the assumption that a # b.

(2) Show the time t,,,, that maximizes Y(?) and the maximal Y(?,,,) under the assumption that
atb.

(3) Derive Y(t) under the assumption that a = b.
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BESWEHRE £ 2R (Question A2)

IR (spanning tree) (2RI B LU FORIWIZE X K.
(1) BERZERICERT L.
(2) H/IEHOK (minimum spanning tree) % iR I BT K.
(3) B/IAIARERD DT LY XAZEBITR L.
(4) MA2-1ICBIT D777 G OR/NER M LXDa R MR K.

X A2-1
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Question A2

Answer the following questions regarding spanning tree.
(1) Give a concise definition of spanning tree.
(2) Give a concise definition of minimum spanning tree.

(3) Sketch an algorithm to obtain a minimum spanning tree.

(4) Find a minimum spanning tree M and its cost of the graph G depicted in Figure A2-1.

Figure A2-1
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MEPHIERE £33 (Question A3)

RABFEIE S U T DL FORBIWIZE 2 L.
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(2) WERZ T T AT —ar EERT7 T 7 A T —2 a »ORMBEZ Y XK.
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Question A3

Answer the following questions regarding the mechanisms in virtual memory architecture.

(1) Explain the hardware mechanism for virtual memory that facilitates translation from a
logical address into a physical address.

(2) Explain internal fragmentation problem and external fragmentation problem in memory
management.

(3) Explain advantages and disadvantages of a single logical memory space shared by two

tasks and those of two logical memory spaces separately used by the two tasks.
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BEDIIFERE F 4 (Question A4)

Sy AL IZ RS9 2 LU R ORBEIZE X K.

BT WVAN—R(tuple space) &1L, 2 HOFSILEIZI T 5 7 vt AMiEE o —FH
ThHY, LLFOREE .
Ta R I T NANR—R LI D I ZER A2 L CEET 5.
BTNAR—=ZZx LT, UTFTOEREEN L TH IV EmAhEZTHILENTE
L (BTNVERFOEDU LT —ENER5T —2OMTHD) :
out(): ¥ I NEHZTINVAN—RTEMT 5.
in): XINAR—ZANDLvTTHXTVEHIRL, Tt 7 at X TRT.
MBI B TN RN 72 WEANE, et R T 7 ey s LTHRD.
read(): in & [FIEETZDS, e SNTZZ T X TN AR—=ZDBHIBR S LR,
=& 21E, out(A, 1) 1Z¥ TV, 1) X T IV AN— AR T HHIETH DA ITE
). Z XTI, in(A, 1)X° in(A, iinteger), read(A, 1), read(A, i:integer) 72 & OHIE
TR HTZ LN TE D, 22T iinteger 1 IMEE DRI~ v T T H 17— &R
Lo LTS,

BT NVANR=A e FIWT AL v 7 itk LIl a LU ISR

def stack push(d:data) def stack pop()
in(STACKLEN, i:integer) in(STACKLEN, i:integer > 0)
out(STACK, d, i+1) in(STACK, d:data, 1)
out(STACKLEN, i+1) out(STACKLEN, i-1)
end return d
end

Z ZC, STACKLEN, STACK [Z/E#. 7R E & LT out(STACKLEN,0)23 51T
INTWVWHLHLDET .

(1) EFEAEZHFIZ, FIFO (first-in first-out) ¥ = — % % 7 /L A~_— X & fWCHEBLE
r. EF0EEHICHOWTHRICHAY L.

(2) ZBINAR=2ZHNTEE T 1t A/ TOYFlE 2 BT L. £7-F 0%
BN DWW TSR L.

(3) FuvABRED R E LT, ZFNAN—=ALSMNAIE AR DR H DD,
Z DFHEE FE &




Question A4

Answer the following questions on distributed parallel processing:

“Tuple space” is a process communication method for distributed systems. Tuple space has
the following features:
Multiple processes communicate through a shared space called “tuple space”.
Each process can read and write “tuples” using the following operations. (a tuple is a data
structure consisting of one or more data elements):
out( ): adds a tuple in a tuple space.
in( ): removes a matched tuple from the tuple space and returns it to the process. This
operation blocks until a matched tuple is found.

read( ): similar to in( ) operation, but a tuple is not removed from the tuple space.
For example, out(A, 1) operation means creating a tuple (A,1) in a tuple space (here, A is a
constant). This tuple can be extracted by operations such as in(A,1), in(A, i:integer),

read(A,1), or read(A, i:integer). Note that i:integer denotes a pattern that matches any integer.

The following is an implementation of stack by using tuple space.

def stack push(d:data) def stack pop()
iIn(STACKLEN, i:integer) in(STACKLEN, i:integer > 0)
out(STACK, d, i+1) in(STACK, d:data, 1)
out(STACKLEN, i+1) out(STACKLEN, i-1)
end return d
end

Note that STACKLEN and STACK are constants, and an out(STACKLEN,0) operation is

performed as the initial setup.

(1) Following the example of stack, implement FIFO (first-in first-out) queue using a tuple
space. Briefly explain how it works.

(2) Implement mutual exclusion of multiple processes by using a tuple space. Briefly
explain how it works.

(3) Explain process communication methods other than a tuple space and their features.
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MESERE F£5R (Question Ab)

Tu 7T I FEICET LU TORWCE X L.
(1) Fu /I3 7SEICBITA~271a (Macro) OfFHREL A2 HiBH L.
(2) BIIC Lo THEEINEEY2a— V%, v/ 0|llEBXWI A LT, ST
HT ENDDH., FOHHAZHHE L.
(3) B fx)& gx)ERIFEDHEZITHO~ 71 FX) & GX)ELLTFO X I ITERL
7=. TR fg(ytt) &, F(Gy+H)DFEREEOE N Z Y L.

Tk, yHHIERy ZiHli L2 TER y A 7 VA T DL 2RKTHO
E95.

| BB ESR
function f(x) {

return X * x;

function g(x) {

return x + 1;

}

| w7 v DIER
#define F(X) (X * X)
#define G(X) (X + 1)



Question A5

Answer the following questions regarding programming languages.

(1) Explain the mechanism of “Macro” in programming languages.

(2) We can often improve the execution performance of function modules by replacing the
functions with macros. Explain the reason for this performance improvement.

(3) We define macros F(x) and G(x), which achieve similar operations with functions f(x)
and g(x) as follows, respectively. According to these definitions, explain the difference

in the execution results of f(g(y++)) and F(G(y++)).
Note: The notation “y++” means the variable y gets incremented after the evaluation of y.
| Function Definitions

function f(x) {

return x*x;

function g(x) {

return X + 1;

| Macro Definitions
#define F(X) (X * X)
#define G(X) (X + 1)
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WBESITIEHRZE £ 6B (Question A6)
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Question A6

Answer the following questions regarding the congestion control in TCP.

(1) Briefly describe why congestion control is necessary.

(2) Explain “Slow-Start” and “Congestion Avoidance”, clarifying the difference between
these two.

(3) Concisely explain what AIMD does in Congestion Avoidance. With time as X-axis and
congestion windows size as Y-axis, illustrate AIMD on a graph. Add in the graph
necessary explanations for AIMD’s characteristics.

(4) Suppose host H is communicating with web-server W via a TCP connection with the
following assumptions:

e H and W are connected over a 1 Gbps link with a round-trip-time (RTT) of 100 ms.

e TCP segment size is 1KB.

e TCP Congestion Threshold is 64KB.

e No need to consider packet loss (thus, no retransmission), queuing delay, processing
delay, nor other traffic (thus, no congestion).

e Receiver buffer size at an end-host (H and W) is infinite.

Answer the following questions regarding the communication between H and W.

(a) Suppose W is sending a IMB file to H via the TCP connection described above. Find
the elapsed time between the connection establishment and the time when congestion
avoidance starts. How much data has been transferred during this period?

(b) In the previous question, suppose AIMD is used in the congestion avoidance. Find the
elapsed time between the connection establishment and the time when W completes

transferring the file to H.
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MBESWIERE £ TR (Question A7)

LT O EIK %, AND 7 — K, OR 7 — K, NOT 7' — F Z W Tt L.
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(2) x,y,zD 3 AN KD LHREEE 3G K.
(3) x0,x1 D234 F Y ASD0~3 DA ERT D, LLTFD a~g #H 115,
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Question A7

Design the following combinational circuits using AND, OR, and NOT gates.

(1) Design a combinational circuit with three inputs x0, x1, and x2, and three outputs z0, z1,
z2. When the binary input is 0, 1, 2, or 3, the binary output is greater than the input by
one. When the binary input is 4, 5, 6, or 7, the binary output is less than the input by one.

(2) Design a combinational circuit realizing a majority function with three inputs x, y, and z.

(3) Design a seven-segment decoder a~g displaying 0~3 according to the two binary

inputs x0 and x1. Write its true-false table and combinational circuit.

Zin -5'3

Figure A7-1 7-segment combinational circuit
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Question A8

(1)

)

Explain concisely the following terms concerning a series of processes in the acquisition,
use, analysis, and presentation of spatial data.

(a) Spatial scale and temporal scale

(b) Overlay as a method of spatial analysis

(c) Major types of spatial data and their characteristics

Spatial information has attracted much attention these days, and it is now used and
applied in many ways. With such a situation in mind, answer the following questions
about the relationship between space, people, and information.

(a) Give one concrete example of spatial information used in our daily lives, and discuss
it concisely in terms of the type of information, the format of information
presentation, the situation and purposes of use, and so on.

(b) About the example that you gave above, discuss how its usability can be improved
from the perspectives of technologies, users, and regulations, by showing reasons for

your thoughts.
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