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0000000 000 (Question Al)
(1) 00000000000000000000000000000000000

3r+4y+52z=a
20 + 3y + 4z =0
r+2y+3z=c

(2) D000 f(x) D z=1/200000000000000000000000OCO
goo

1

o)==

(3) 0000000000

(i) /01 X/Q%ﬂdx (ii) /Olewdx
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Question Al

(1) Give the condition(s) in which the following simultaneous linear equations have
a solution. Also, calculate the solution.

r+4y+5z2=a
20+ 3y +4z=0»
r+2y+3z=c

(2) Calculate the Taylor expansion of the following function f(z) around = = 1/2.

Also calculate its radius of convergence.

1

o=

(3) Calculate the following definite integrals (i) and (ii).

(i) /01 \/ﬁ dx (ii) /01 e“dx
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0000000 000 (Question A2)
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gooooooooooo
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D(Slsg"‘snfl,Q1QQ"'qul)DDDDDDD|:|DD

0000000000000 DCartisan”,”distance”) 0000000000000
0000 [4]0 DCarti?,”dis”) 0000000
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n
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(4) D("artisan”,”distance”) OO0 000000000000 O0OOOOOO(M™O
gooooooooobobobbn
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Question A2

The edit distance D(s,q) of two strings s and ¢ is defined as the minimum number of
edit operations (character insertions, deletions, and substitutions) required to trans-
form a given string into the other. For example, D(”stay”,”take”) = 3, because it
requires one insertion and one deletion (-), and one substitution (|), as shown in the
next diagram:

st a -y
| (%)

t a k e

(1) Calculate D(”across”,” costs”) and show its corresponding transformation using
the notation as exemplified by the diagram (*).

(2) D can be calculated based on its subproblems. Define D(s182 - Sn, q1q2** * @m)
using its subproblems D(s189 -+ Sp—1,q1G2 " * - Gm), D(S1S2 -+ S, q1G2 * * - Gm—1), and
D(s183+Sn1, 142 * * Gm—1)-

Below is a table for calculating D(”artisan”,” distance”) using dynamic programming,.
For example, the cell |4 ]| represents D(”arti”,”dis”).

S+ 39

N O Ot W N~ O

N O U W NN~ = Q
S U W W NN N S,
s w[h]w w ow o w oy
C] 00 0 O e s b o
OO0 00O ot > ot 2
OO0 ot ot ot o 3
(0000 o o o 9 o
OO0 OO0~~~ o o

S 2 o

(3) Fill in all the blanks of the above table.

(4) Calculate D("artisan”,”distance”) and show its corresponding transformation
using the notation as exemplified by the diagram (*).
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0000000 000 (Question A3)
0000000 data00000000000000000000000000000

left right
] 0000 data !
IEENECRE | | | | | |

(1) 000 COO0000 mSort O 000000000 dataD left 00 right 000
0000000 left 00 mid 000000 mid+1 00 right 00000000
00000000000000000000000000000000000
D00 merge() 00 00000000000000000000O0OOOOODN
000 +tmpl1 000000000000 eft00 right 10000000000
00000000000 ()0G)00000000 (()00000000000
0oo

void mSort(int data[], int tmp[], int left, int right){
if ( (i) ) return;
int mid = (left + right) / 2;

(i)

merge (data, tmp, left, mid, right);

2) D000Omerge(O 0 COOOOODODOOOOOD ()ODOODOOOOODOOO
g
obhoboboobooobooboon

void merge(int data[], int tmp[], int left, int mid, int right){

(i)
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Question A3

Consider the program that sorts the elements of the following integer array “data” in
ascending order of value.

left right
l integer array “data” l

’ element ‘ element ‘ . ‘ ‘ ‘ ‘ ‘ ‘ ‘

(1) The following C program mSort () divides the given array “data” into two sub-
arrays, sorts each sub-array in ascending order of value, and merges two sorted
sub-arrays in ascending order by using the program merge (). The element range
of the array “data” is from “left” to “right”, and the element ranges of the two
sub-arrays are from “left” to “mid” for the former and from “mid+1” to “right”
for the latter.

Fill in the following blanks (i) and (ii). The elements from “left” to “right” of

the array tmp[] are used for workspace. Blank (ii) may contain multiple lines.

void mSort(int data[], int tmp[], int left, int right){
if ( (i) ) return;
int mid = (left + right) / 2;

(ii)

merge (data, tmp, left, mid, right);

(2) Fill in the following blank (iii) of the C program merge() used above. Blank

(iii) may contain multiple lines.

void merge(int datal[]l, int tmp[], int left, int mid, int right){

(iii)
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0000000 000 (Question A4)

gbopbobobboobooboobooboobd
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gooboooon

(4) 000000000 0O0ODO0O0ODO0ODO0O0O0ODODOO0OD0OOODOOODODOO
gbobobooogon
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Question A4

Answer the following questions on cache memory.

(1) Explain the purpose and mechanism of cache memory in about ten lines.

(2) Explain the reason why processor performance decreases drastically when cache

miss rate increases, giving a concrete example.

(3) Even if we solely double the processor performance, we cannot double the total
computer performance. Explain the reason in relation with the memory hierar-
chy including cache memory.

(4) Explain the requirements and problems on cache memory mechanism of contem-

porary computers and solutions for these issues.
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0000000 000 (Question A5)
0000000000000000000000000
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gogbudgboobbodgbobooobuooboobbooboobboad
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Question A5

Answer the following questions on file system design.

(1) Both access performance and reliability are important criteria in the design of
file systems. For these two criteria, discuss what schemes or mechanisms are

used in (i) file space allocation, (ii) management of file control information (file
meta data) and (iii) file I/O methods.

(2) Explain the methods for free-space management of disks: the method using
linked lists and the method using bit tables (bitmaps). Discuss the advantages
and disadvantages of these methods.

(3) Describe the mechanisms of file protection based on (i) access control lists and
(ii) capabilities. Discuss the advantages and disadvantages of these methods.
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0000000 000 (Question A6)

gbobboboobooboobobbobboboon

(1) MACOOOOOIPOOOODOOOOODOOOOOOOOO

)
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(3) 0000000000000 0D00O0OODOOOOOOO
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(4) VLANOOODOOODODOODODOOVLANODDOOOOOODODODOODOOooDDOOoo
oboboboobooboobooboon
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CSMA/CD, CSMA/CA, ARQ, ARP Query, ARP Reply, Ethernet,
MAC, IP, UDP, TCP, Slow-Start, Congestion-Avoidance, Flow-Control,
DNS, OSPF, HTTP, Congestion Control, IEEE 802.11, 802.1X, WPA2

Wireless LAN )
Access Point A HUB B Switch C Router D Router E

Server Y
Terminal X

Server G Server H Router F

O A6

(7) 0000000000000 0O000OO0C00O0DOODOO0DOODOO0OOOO
obooboooboooboooog
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Question A6

Answer the following questions regarding the Internet communication.

(1) Concisely explain MAC addresses, IP addresses, and host names.

(2) Briefly explain by which mechanisms those addresses and names in the previous
question can be translated to one another.

(3) Draw the header format in the Ethernet protocol.

(4) Explain what VLAN is. Also, when VLAN is defined, explain how the header

format in the previous question changes, if it does.
(5) Explain the differences among hubs, switches and routers.

(6) In Figure A6 where the terminal X associated with the access point A commu-
nicates with the web server Y via the HI'TP protocol, explain how packets get
exchanged between X and Y using all the terminologies listed below, including
packets that may be generated for the other devives connected. Underline the

terminologies used in your explanation.

CSMA/CD, CSMA/CA, ARQ, ARP Query, ARP Reply, Ethernet,
MAC, IP, UDP, TCP, Slow-Start, Congestion-Avoidance, Flow-Control,
DNS, OSPF, HTTP, Congestion Control, IEEE 802.11, 802.1X, WPA?2

Wireless LAN
Access Point A

@/U/ 7 7 V—Se}vgrv

<

HUB B Switch C Router D Router E

Ul 4

Server G Server H Router F

Figure A6

(7) In the previous question, enumerate the reasons why packet delays and packet

losses may be caused.
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0000000 000 (Question AT)

(1) 000 000OBoolean functions0 0 0000000000000

() 0 A7000000000000000 F(x,y,z) 00000000000
0000 (*1)0000

(b) F(x,y,) 00000000000 (*2)0000

(*1)00000000F(X,y,2) =xyz+xyz+...00000000000
0000000000000000000
(*2)00000000F(x,y,2) = (x+y+2)(X+y+2)..0000000
00000000000000000000000
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x y z|F
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G(a, b, c,d) = abed + abed + abed + abed
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(by 0 A7-20 0000000000000 OOODODOOOOOOOOOODO

(¢) 0 A720000000000COC0O0DOCOOOODOOO0OOOO4bitOa
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cdcl3c2clcOOOOOOOO
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Question A7

(1) Answer the following questions on Boolean functions.

(a) Given the following truth table (Table A7), obtain the simplified form of
Boolean function F(x,y,z) in sum of products (*1).

(b) Obtain the simplified form of Boolean function F(x,y,z) in product of sums

(*2).

(*1) “Sum of products” means the form of the sum of the products of inputs
such as F(x,y,z) = xyz +Xyz + .. ..

(*2) “Product of sums” means the form of the product of the sums of inputs
such as F(x,y,z) = (x+y+2)X+y+7)....

Table A7
x vy z|F
0 0 0]0
0 0 1]0
0 1 0[]0
0 1 111
1 0 010
1 0 1|1
1 1 01
1 1 1)1

(¢) Implement the following Boolean function G(a, b, ¢, d) with XOR gates and
AND gates.

G(a, b, c,d) = abed + abed + abed + abed
(2) Answer the following questions on logic circuits.

(a) Show the truth table of the logic circuit illustrated in Figure A7-1.
(b) Explain the function of the logic circuit illustrated in Figure A7-2.

(c) Design a multiplier of two inputs a (4 bits, a= a3 a2 al a0) and b (3 bits,
b = b2 bl b0, and one output ¢ (7 bits, c= c6 ¢5 ¢4 ¢3 ¢2 cl ¢0), using two
logic circuits shown in Figure A7-2, and some other logic gates.

(Continued on the next page)
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0000000 000 (Question AS8)
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Question A8

Spatial data are generally categorized into vector data and raster data. Answer the
following questions related to these two data types.

(1) Explain structures and characteristics of vector data and raster data, respec-

tively, while clarifying their differences.

(2) For an arbitrary spatial phenomenon of your choice, discuss which data type is
more appropriate to store its spatial information along with the reason(s).

(3) Explain potential loss of information that may occur when a vector dataset is

converted to a raster dataset using some concrete example(s).
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11.
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. This booklet is for the examinees in Applied Computer Science Course,

Graduate School of Interdisciplinary Information Studies.

This booklet includes 18 pages. Report missing, misplaced, and im-
perfect pages to the instructor.
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answer only those four.
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