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0000000 000 (Question Al)
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() 00000 v = (2%, —2y?2%,2y?2) 0000000 A(1,2,3) 0000 divo
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() 0000000000000 0DO00000000000 fY(z)0 f@(x)
O0f(z+h)0 f(x—h) 000000000 f(z)0D00000D00OO
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Question Al

(1) Answer the following questions.

a) Calculate div v and rot v for vector field v = (222, —xy®22, 2y?z) at point
Y Y p

A(1,2,3).

(b) Calculate div ¢ and rot ¢ for ¢ = grad f where f is a scalar function of
f =222+ 3% + 422

(2) Answer the following questions.

(a) Assume that the (n — 1)th-order derivative f™~1(z) of the function f(x) is
continuous and the nth-order derivative of the function f(x) exists. Make
the Taylor expansions of f(z + h) and f(z — h) up to f¥(x) for small
quantity h.

(b) Make approximate expression of f)(z) and f®(x) using f(x + h) and
f(z — h) as well as f(z) if necessary by terminating the higher-order term
of the above results.
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0000000 000 (Question A2)

00000 VOOOOO FO0OO0OOOOO GO (V,E)DODDODO,00eeEO0OODO
000 length(e)DOOOO00O0OOODOOOOO
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end
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gboboboogobobbuoobooboboogobobuooobiy

(3) 00000000 G=(V,p)0OOODOOOOOoOooooooooooooo
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Question A2

Let G = (V, E) be a graph with a set of nodes V' and a set of edges F. Each edge
e € E has a non-negative value length(e).

1) Below is an algorithm written as pseudo-code that calculates the shortest distance
d(v) for each node v from the given start node s (s,v € V). Fill (i) in the pseudo-code.

(i) may contain multiple lines.

for each v € V| d(v) « (0 if v = s, otherwise oo)
Q—V
while (@ is not empty)

(i)

end

(2) Apply the algorithm described in (1) to the below graph, and calculate the shortest
distance for each node from the node s.0 Copy the graph to the answer sheet, and

write the shortest distance on each node.)

3) Describe an algorithm as pseudo-code that determines whether a given graph
G = (V, E) is a tree or not.
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0000000 000 (Question A3)
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() DOooDoODO0O0O00O0Rn0O0D0OD0000000 Fp)OOOOOOO COOOOO

0000 fib(m) O () D000OO000O0O0O0OOOOOO

int fib(int n) {

(2) DO0DD0O0OO0D0DNOOOOOODDOOODOODOOOOOO Fn)OOODO

MOO0OOO0OO0O0DO
N =F(n)+ M

00 MOODOOOOOOOOOOODODOOOO Fm)OOOOO LOODOO
oogd

M =F(m)+L

000000000000000000NDDOOOOOOO F(n),F(m),---0
00000000 AF] 00000000 CO00000000 fib_split(N)
0 ()000000000000000000000000 Folo]l 00 Fb[45]1 0
000000000 F(1)0O0 F46)00000000000000 NO F(46)
00000000000

int Fb[46]; /* F(1)) OO FM46) 0OOO */

int AF[46]; /* F(n), F(m), ... 0000000 =/
int T =0; /« ODAFOOODOOOO */

int fib_split(int N) {

(i)
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Question A3

The Fibonacci sequence is a sequence of numbers as described below in which the next

term is the sum of the last term and the previous term of it.

1st 2nd 3rd 4th 5th 6th 7th 8th . nth
term | term | term | term | term | term | term | term term
1 1 2 3 5 8 13 21 e F(n)

(1)

Fill (i) in the following subroutine fib(n) written by C language which obtains
the Fibonacci number F'(n) that is the n-th term of the Fibonacci sequence. (i)
may contain multiple lines.

int fib(int n) {

For any positive integer N, it is possible to split it into the largest Fibonacci
number F'(n) which does not exceed N and the remainder M.

N=Fn)+M

And as for M, it is also possible to split it into the largest Fibonacci number
F(m) which does not exceed M and the remainder L.

M =F(m)+L

Fill (ii) in the following subroutine fib_split(N) written by C language that
splits a given positive integer N into the Fibonacci numbers F'(n), F(m),--- by
repeating the procedure above and stores them in an integer array AF[]. (ii) may
contain multiple lines. Assume that the Fibonacci numbers from F'(1) to F(46)
are already stored in elements of an integer array Fb (from Fb[0] to Fb[45]).
Assume that N does not exceed F(46).

int Fb[46]; /* From F(1) to F(46) are already stored */

int AF[46]; /* Array in which F(n), F(m), ... will be stored */
int I = 0; /* Index of the array AF x*/

int fib_split(int N) {

(i)
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Question A4

(1) Answer the following questions on multi-core architecture.

(a) Answer the definition and advantages of multi-core architecture.

(b) Consider a program in which 90% of its code can be executed in parallel.
Discuss the performance improvement when the program is executed on a 4-
core processor, in comparison with the execution by a single core processor
with the same performance per core.

(2) Answer the following question on cache memory.

A cache system has a 95% hit ratio, an access time of 5 nsec on a cache hit and
an access time of 60 nsec on a main memory access. 60 nsec is the necessary
time after the cache miss. Answer the average access time.
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0000000 000 (Question A5)

gboobbobobobobooooooboboboobobobobobobobdg
gbobooboobooboboobooboobobbooboobobbooboo
gboboobgoobobool1ooboobobobooboobobooboob 10
obobobooboooboobobbobbooboobooboon

() 000000000000 0000D MOODODOOODOODODODODOOODOOOO
OO0 pO000D0O0O0DO0ODLOODLOODOOODLOODDOODOODLO0
gooo

(2) 000000000000 OOO0OOODOO0OODOOOODOOOOODODOO
gboogboboobbogbuogbboobbuooboobbobooobobod
goobooooobobooooboon

(3) 0000000000000 DOO0ODOO0D0ODOO0OUDOOOODOODOODODOO
gbobobudgbbogbooubuogbbuooboooboobobobbod
gboogbouobobodbooogbooobboobbooobooboobbod
gboogbodbooobubogobuoobboobobobuoobbobod
gobogobogbboogbb20b00bobooboobuoobbooobon
gooo

(4) 0000000000000 0O0O 1001 1101 1000 00000DCOCOOOOOOOO
gbobogbbogbobbodetbgobooobbooobbooboobbon
00000000 @) 0200000000 ooooooooOoooooon
gooouodgboboobodgbooobuoobooboobooboonbobod
gbboboooobbboogoobob

(5) 000000000 0O0OOODOU00DOOCOCOOODODODODOOOOUODODOOO
gbooooodgn

A-9



Question A5

In many file systems, the bitmap scheme is used for free-space management. In the

bitmap scheme free blocks in a hard disk are managed as a bitmap or bit vector. Each
block is represented by 1 bit. For example, if the block is free, the bit is 1; if the block
is allocated, the bit is 0. Answer the following questions about this scheme.

(1)

(2)

Assuming an available disk size of M bytes and a block size of B bytes, what
does the size of the bitmap have to be? Give your answer in bits.

Another scheme for free-space management is the linked-list scheme in which all
the free disk blocks are linked together. Compare the linked-list scheme and the
bitmap scheme, and discuss their merits and demerits.

There are at least two file space allocation schemes: the contiguous allocation
and the indexed allocation. The contiguous allocation requires that each file
occupies a set of contiguous blocks on the disk. In the indexed allocation, any
free block on the disk can be used for more space and each block of a file is
pointed by the index. Compare the two schemes and discuss their merits and
demerits.

The beginning of the free-space bitmap looks like: 1001 1101 1000 0000. The
system always searches for free blocks starting at the lowest numbered block. It
is not necessary to consider the blocks for indexes and other control information.
Show the bitmap after a new file is created and six blocks are allocated for that
file. Answer for each file allocation scheme described in (3).

Suppose that the free-space bit map on the disk is lost. Explain how the free-
space bitmap can be reconstructed.

A-10



0000000 000 (Question A6)
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() 00000D00000000000000000000000 (a)(b)0000
00000@G(000000G)0000000000000000000000
000000000

(a) ping (b) traceroute

(2) 00000000 (a)~(e)000000000(D000000G) 000000
000000000000000

(a) ARP  (b) DHCP (c) DNS (d) OSPF (c) BGP

(3) 0 A6-10000 00 PCOOOOOOOO W (URLO http://www.example. com)
000000000000000000000000000000000000
0000000000000000000 A6-100000000000000
00000000
(a) PCO DHCPOOO DHCPOOOOOO
(b) PCODNSOOO DNSOOOOODO
(¢ 0000 Ry,---,R, 000000
(d) 000 R,00000000000000

) PCOOOO R OO000O0OO

) PCOOOO R, --,R,0000WO000O00O

e

(
(

IP:1.1.1.100/24 | pys | 1P:1.1.1.250/24 IP:1.1.1.251/24
MAC: 0:0:f:a:c:e MAC: 0:0:b:a:b:e MAC: 0:0:c:a:f:e

Subnet: 1.1.1.0/24
1P:1.1.1.1/24

MAC: 0:0:f:0:0:d

1P:1.1.255.1/24

The Internet

1P:2.1.255.1/24

1P:2.1.1.1/24
MAC: 1:1:f:0:0:d

P;2,1_1,1oo/24 Subnet: 2.1.1.0/24
MAC: 1:1:f:a:c:e

HOST:www.example.com

0 A6-1: OOODOOOOOOODO
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Question A6

Answer the following questions regarding the Internet.

(1) Explain each of the following tools (a) and (b) to examine the status of a net-
work in terms of (i) objectives and (ii) mechanisms that achieve the objectives
explicitly including protocol names.

(a) ping (b) traceroute

(2) Explain each of the following protocols (a)~(e) in terms of (i) objectives and (ii)
mechanisms that achieve the objectives.

(a) ARP  (b) DHCP (c) DNS (d) OSPF (e) BGP

(3) In Figure A6-1, explain the communication at each of the following steps at
per-packet level, when terminal PC' accesses a page at web site W (URL is
http://www.example.com). Note that you have to use all the addresses denoted
in Figure A6-1.

(a) PC communicates with DHCP server DHCP

(b) PC communicates with DNS server DN S

(c) Routers Ry,---, R, communicate with one another
(d) Router R, communicates with the Internet

(e) PC communicates with R;

(f) PC communicates with W through Ry, -+, R,

1P:1.1.1.100/24 | pns | IP:1.1.1.250/24 | ppep | 1P:1.1.1.251/24
MAC: 0:0:f:a:c:e MAC: 0:0:b:a:b:e MAC: 0:0:c:a:f:e

/ Subnet: 1.1.1.0/24

MAC 01010
MAC: 0:0:f:0:0:d 1 2

1P:1.1.255.1/24

The Internet

1P:2.1.255.1/24

1P:2.1.1.1/24
MAC: 1:1:f:0:0:d

P:2.1.1.100/24 Subnet: 2.1.1.0/24
MAC: 1:1:f:a:c:e

HOST:www.example.com

Figure A6-1: Network Topology
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0000000 000 (Question AT)
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Question A7

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

A sequential logic circuit with two flip-flops F' and G, two inputs ¢ and j, and
one output o is defined by the following Boolean algebra equations specifying
the output value and the next state.

F(t+1) = iF(t) +iG(t)
Gt+1) = ij+iG(1)
o = F(t)

(a) Draw the logic gate diagram of the sequential circuit.

(b) Derive the state diagram of the sequential circuit.

(2) Answer the following question on combinational logic circuits.

Derive the Boolean functions for outputs oy and o; as a function of four inputs
19, 11, 12, and i3 defined in the following logic gate diagram.

B,

i, = \ )
] F 1/

'2 |
i3 D—D‘:

0,
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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) location-based services, location identification, context awareness
(b) raster data, vector data, resolution

(c) map projections, spatial reference systems, distortion

(2) Answer the following questions about spatial information and geographical phe-

nomena.

(a) Give one example of a geospatial phenomenon in our daily lives that is
affected by distance.

(b) For the example given above, show the relationship with distance concep-
tually or schematically as a graph, and concisely explain what it illustrates.

(c) Concisely discuss the characteristics of geospatial phenomena using all of
the terms below.
<Terms to be used> spatial interaction, friction of distance, gravity model,
spatial behavior
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