oo otduootgd
Jubodootdbbotdgdbgtdbootdnn
Jooodoodoogd
ooy
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oottt td gbodboodboogdog

guobbgooboooboboobboobbuoobbooobooobboon
goodoooooobbobboooooo
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0000000 000 (Question Al)
0000000000

() Dooooooopoooooooo
y//+4y/+4y:62x

(2) 00D0y(0)=10y(1)=-1000000

(3) 000022 +y* =0z 0000022442 —2ay=0(a>0)00000000
0000000

(4) 0000 ADDOODODAYODOOO

11 -6 -2
A=120 —-11 —4
0 0 1
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Question Al

Answer the following questions.

(1) Give a general solution of the following differential equation.
y// +4y/_'_4y — €2x

(2) Solve the above differential equation with the conditions: y(0) = §0y/(1) = —3.

0|

(3) Calculate the volume enclosed by a paraboloid: z? + y? = az and a cylindrical
surface: 22 + y* — 2ay =0 (a > 0).

(4) Calculate A for the following matrix A.

11 -6 -2
A=120 —-11 —4
0 0 1
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0000000 000 (Question A2)

0000000000000000000000000000000000
0000000000000 KOOOOOOO00000000000000 F(K)O
00000200000000000000000000000000000 (NO
00000)0000000000G(N)000000000000

DO0OOF(K)O 0~ 1270G(N)0 —128 ~ —1000000000000000
G(N)=-NOOOF(K)D 1270000000000 G(N)0 1280000000
DO00D0F(K)=127 (G(N)=-128)0000000000000000000000

(0D)oooooo
caaaabbbbbbbcabacaaaab

goooog
G(l)c F4)a F(T)b G(5) c abac F(4)a G(1) b

gbobobouoogon

() DoooOooDOOOOODODOOO0O000000000000ODOOOOoOooO
gooobbbbbbbbbobbbbtdtddddouoooooooood
gbooboooobbobo2000000

(2) 000000 0O0ODDO0OCOOO0D p00O0ODDOOCOOOOOOOOODDOOOYp
oboobuoobbooboboobuooboobboobudbpubbOoObOd
gbobobooogoboood

(3) 0000000000000000000000000000 (A)O(B)O(C)O
00000000000000

0000((2)0p00000F(K)0D00 K—-p000000INPUT(c)OODO
00000 c¢0100000000 (0000000000)00000000
0000 EOFOO0OOO0O00 OUTPUT(c)0 ¢00 100000000000
OUTPUTS(n, s) 0000 s[]00000n00000000000s[]000
00000000000000000000000000000000000
0ooooo
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(K, NOOOOODOc,c0DDDDOOOOs[|00000000ODOpOOOOO)

K=0; /40000000000 */
N=0;/*00s[]0index0s[]000000000000000 %/
While (INPUT(c) |= EOF) { /*EOF 000000000000 */
If(K==0&&N==0){ /40000 */
sINl=¢ N=1; /00 cOs[|O0D0O */
c0=c;K=1; /0000 c00 cOOO */
Continue; /* 00000 */

h
If (c 1= c0) {

} Else {
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Question A2

Consider the following algorithm to compress successive values in the binary data.

When the same value is continuing for K bytes in the input data, 2 bytes of data are

output for compression that consist of F'(K) which is representing run length and one
byte of the value. Otherwise, the byte string of N bytes is output preceded by G(V)
which is representing the length of the string.

Here, F'(K) takes integer values from 0 to 127, and G(NV) takes integer values from
—128 to —1. G(N) = —N and when F(K) becomes larger than 127 or G(NN) becomes
smaller than —128, input string is separated at F'(K) = 127 (G(N) = —128).

ex) Input byte string

Output byte string

caaaabbbbbbbcabacaaaab

G(1)c F4)a F(T)b G(5) c abac F(4)a G(1) b

Answer the following questions.

(1)

Suppose that there are no consecutive sequences of the same value in the input
byte string. Answer the decreased or increased percentage (to two significant
figures) of the length of the output byte string compare to the input when using
this algorithm.

When using this algorithm, input can be compressed (using F(K')) when the
same value is continuing for p bytes or more, and it is better to output without
compression (using G(N)) when the same value is continuing for less than p

bytes. Answer the value of p and explain the reason.

The following pseudo code describes this algorithm. Fill (A), (B), and (C). Here,
F(K) is set to K —p using p in (2). The function INPUT(c) reads one byte data
from input into ¢ (the return value is its value) and return EOF when input is
finished. The function OUTPUT(c) outputs the value of ¢ (one byte data). The
function OUTPUTS(n,s) outputs the first n bytes of array s[ ]. The array s[ ] is
for temporarily storing the input byte string and has enough length.

A-5



(K, N are integers, ¢ and c0 are bytes, s[ ] is an array of bytes, p is a constant

integer)

K = 0; /* The number of bytes of the same value */
N = 0; /* Index of array s| |, the number of bytes stored in s[ | */
While (INPUT(c) != EOF) { /* do the following until input is EOF */
If (K==0&& N ==0) { /* Initial state */
s[N] = ¢; N = 1; /* store the input byte ¢ into s | */
c0 = ¢; K = 1; /* store ¢ into the previous value c0 */
Continue; /* to the next input */

}
If (¢ !=c0) {

(A)

} Else {
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0000000 000 (Question A3)
() 000 CO000000000000:

int T(int x, int y, int z) {
if (x <=y) {
return y,
} else {
return T(T(x - 1, vy, z), T(y - 1, z, x), T(z - 1, x, y));

}

(a) T(4, 1, 2000000000000 000OO0OOOOOOOTOOOOO
gobboboodaoboo

() TOOODODODODODODODODODODODDODODODDUODODUODODDOODDOO
T2(int x, int y, int z) JOOO0OO

(¢c) T2(4, 1, 2)00000000O0ODOOOOOOT20000000000
goboooog

2) ® = {0,b) 000000000 LC P+ 0000000000 (Context-Free
Grammar (CFG)) 000000000000 O0O0O

S — ABa
A—bB
B —aB | Ab| ¢
OO0 0000000000 OOOO LOODODODOODOOOOO

S — ABa — bBBa — ba

OO0 bbbaca 0 LOODODODOODOODOODOOOOOOODOODODO
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Question A3

(1) Consider the following C program:

int T(int x, int y, int z) {

if (x <=y) {
return y,
} else {

return T(T(x - 1, vy, z), T(y - 1, z, x), T(z - 1, x, y));

(a) Give the return value of T(4, 1, 2). Write down all the function calls to
T with parameters in the order of execution.

(b) Implement T2(int x, int y, int z) that returns the same value of func-
tion T, but requiring the fewer numbers of function calls.

(c) On computing T2(4, 1, 2), write down all the function calls to T2 with
parameters in the order of execution.

(2) Let ® = {a,b} denote a set of terminal symbols (i.e., alphabet) and let L C ®x
denote the language represented by the Context-Free Grammar (CFG) below:

S — ABa
A — bB
B —aB | Ab| ¢
The string ba belongs to L, as shown in the derivation below:

S — ABa — bBBa — ba

Show that the string bbbaaa belongs to L, by providing a derivation as above.
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0000000 000 (Question A4)
() 0000000000 000000000000

(a) O0O0ODOODODOOOOO0OO0O0O0000O0O0000000D0O00O0Ooooo
goboboooobbbuooooobod

(b 0000000000000 00O000O0O0O0O0ODOOTLB (Translation
Lookaside Buffer) DO 000000000 O00O0OO

(2) 0000000000000 0O0O0O0O0OODOOOOOOO

(a) 0O000D0O0OOOO000DDODOOOO000DODOODOOO0DODOOOOOO
gobbooodgboo

(b 0ODDOOCOOOO0O0OODDODOCOOOOOUOOODOO

(¢ 00DOOO0O0ODOOOOO0OODOOOOODODOOOOOOOODO
gbobboooobbboodobbbooan
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Question A4

(1) Answer the following questions on cache memory.

(a) Compare the two methods of cache memory write: write-through and write-
back, and discuss their advantages and disadvantages.

(b) Explain functions and outline of organization of TLB (Translation Looka-
side Buffer) which is a kind of cache memory used for the implementation

of virtual memory.
(2) Answer the following questions on pipeline architecture.

(a) Explain why pipeline does not work well in case that a program includes
conditional branches.

(b) Explain the representative methods for solving the above problem.

(¢) Show another example where pipeline does not work well, and explain the
reason and solution of the example.
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0000000 000 (Question A5)
000000000000000000000000

(1)

goooboobbbbobooboobbbbbbbddoooooooooood
gooooobobbobobobobobobboootddddoodooooooooog
gbbobooogbbobuoooobobuooooboobouooon

oboobooboboooboborLRuODboboooboboooboboood
goboboooobbboooobbobil1ogobooobbobooon

O000000000000000 FIFOODODDODOOOO(2)UOUODODOODODOO
gboogbbobodgboobbodoboobbooobbboobbobod
googbbooboobodboooboobooboboobooonobon
gbobobooogoboobod

gboogbobobbodbobuooboobbbuooboobooboobbod
gooooobobboboboboboobbbbbbdiddodooooooooon
gbooooao
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Question A5

Answer the following questions about page replacement strategies.

(1)

Compare the local page replacement strategy in which a fixed number of pages
are allocated to each process and the global page replacement strategy in which
pages to be replaced are chosen from all available page frames in main memory;,
and discuss merits and demerits of these strategies.

LRU approximation algorithms are used in practical systems. Describe the rea-
son why, and explain an example of LRU approximation algorithms which uses

a reference bit.

What kind of pages can be wrongly replaced for FIFO replacement algorithm?
What mechanisms can be used to avoid disk accesses for such a wrong replace-

ment choice?

In shared-memory multiprocessor systems, the page replacement algorithm that
manipulates a reference bit may cause performance degradation. Explain the

reasomn.
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0000000 000 (Question A6)
000000000000 00000000000000

(1)

000000000000 0000S00000000000000OO00O0O@G)O
Ooo0o0oooOo0O0O0O0O0O0O0O0OO0O0, () D00000000O0O0oOoooo-
020000000000

gooooooooooooooobobobobbobobo obobooboo
obobobooboobooboobuoobo

O000000D0OD0ODODODO3000000>G) 00000000000 0g()o
0000000000000 0000000ODO000DG) D 0bOoOOooooO
guogooobooobbobboooooa

(a) BGP

(b) DHCP

(c) ARP

(d) OSPF

RIP

DNS

e

)
)
)
)
(e)
(f)
g200030dbbgdbodbugobuoobbobuoobbuoobbod
gbuodgbboobuodgbbooobuodgboobbooobbbooobbod

goboboogoboboboooooon

g40o0o0o0oooooouodddodddiduouoooooooood
gboggbbobugobbogbuoobboobuoobbooboboobbod
goo

OOo0obooO0oooooooboooobo0oo AgoooooboooBOOOOO
gbbogdgbbosbugobodbbodobbuoobbooobooobbdan
gboboggbboodgbbbuoogobbooobooobobbuoooboboa

O0000000AOBOOO RTT (Round Trip Time) O 100 msec 0 0 0 0 010
GbhpsOODOODOOOOOOODOODOODOODOOOOOODOD
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Question A6

Answer the following questions regarding the Internet protocols.

(1) Draw the sketch of 5 layers of the Internet protocol stacks, and for each layer,
briefly explain (i) between what entities it is defined, and (ii) what service(s) it
defines.

(2) Explain what “encapsulation” means in the Internet protocols, drawing the
sketch of protocol stacks and a packet layout.

(3) Select three protocols from the following list and for each of them, briefly explain
(i) what it stands for, (ii) what service(s) it defines for which layer (iii) which
layer it is implemented.

(4) Briefly explain the difference(s) in the addressing schemes for identifying network
interfaces in Layer 2 and Layer 3. Also explain why either of the two addressing
methods is not enough.

(5) Among the protocols defined for Layer 4, give the one that most frequently used
today and explain why it is used most from the applications point of view.

(6) Explain in as much detail as possible how the data transfer between two endsys-
tems A and B is achieved in each of the 5 layer protocol stacks, when A and B
are using the protocol in the previous question. Assume appropriate conditions.

(7) In the previous question, if the RTT (Round Trip Time) between A and B is
100 msec, give possible problems caused when they need to achieve 10 Gbps
bandwidth.
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0000000 000 (Question AT)
(1) 00000000000000000000000000000

(a) Flz,y,2) =3(2,3,4,5) = ay'z + ay'2' + 2yz + 'y’
b) Glw,z,y,z) =w'z+xz+ 2’y + wa'z
( ) y Ly Y, Yy

(2) 00000D0D0DDOO0OOOOOOOOO0

(a) 1bit00 0000000000000 0ODODOOOOOO
(b 200040000000000000O0O0ODOODOOOOOOOOOO

(¢) 4000100020000000000000ODODODOOOOOOOOODO
gooo

(d) OO0O0OA7-10004000000 1bhit ALUODOOOODOOOOOOO
000000 (a), (c)DO000U00O00000O0O0O00OO0OOALUOOX,
Y, Cyp, (Carry-in) 0 3000000 Z, Cpy (Carry-out) 0 20000002
bitO0 O OO0 (Control) DO OO

O A7-1: 1 bit ALUO 400

Control 1 | Control 0 0ad
0 0 X+Y +Cy — Z,Cou
0 1 X&Y -7
1 0 XorY —Z7
1 1 X -7
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Question A7

(1) Simplify the following Boolean expressions, showing the calculation processes.

(a) Flz,y,2) =3(2,3,4,5) = ay'z + ay'2' + 2yz + 2"y’
(b) G(w,z,y,2) =w'z+xz + 2y + wa'z

(2) Answer the following questions on logic circuit.

(a) Design 1-bit full-adder, and show its truth table and logic gate diagram.

(b) Design a decoder with 2-bit input and 4-bit output, and show its truth
table and logic gate diagram.

(c) Design a multiplexer with 4-bit data input, 1-bit data output, and 2-bit
control input, and show its logic diagram.

(d) Design 1-bit ALU which has four operations specified in Table A7-1 below,
and show its logic diagram using units designed above (a) and (c). The
ALU has three data inputs: X, Y, and C;, (Carry-in), two data outputs:
Z and C,,; (Carry-out), and a 2-bit control input.

Table A7-1: Four operations of 1-bit ALU

Control 1 | Control 0 Operation
0 0 X+Y+Cy— Z,Coun
0 1 X&Y —7
1 0 XorY —7Z
1 1 X -7
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0000000 000 (Question AS8)

(1) 000000000000 a0000c0000D0O0000ODO0O0D0DODUODbDOO
obhoboboobooobooboon

() D0O0O0DO0DO0D0DO0DO0OOOODODOOOOOO0
(b DODODODOODOOODODODOOODOODOOOO
(¢ DODODDOOOOOOOOOOOODO

(2) 0000000 0OO0OOODOOOOOOOOODOO

(a) ADOD0O0O0OD200000000000000D00OO0O0O0OODOOOO
gogobbobbuoooooobbbbbooooobboobbboooog
gobbobuoooobboobogo

(b BOOOOODO230000000000000000000OO0O0O00O0O0O
gogbbbbbuoooobbbbbbodooodoobbbbboooood
gobobooogobbbuoooobobod

(¢ D0 2300000000000 0ODOOUOODOOOOOAODODOBOOODO
gob200000000000000000bbobbboouoood
gbobobooobbodbbooboo@mooboooboooboon
gobboooobbbboooobbbooogbobobogo



Question A8

(1) Explain the following three sets of terms concerning geospatial information, by
clarifying the relationships between the terms within each set.

(a) location information, spatial reference (coordinate) systems, location iden-

tification
(b) spatial interaction, gravity model, network distance

(c) sustainability, smart cities, information technology
2) Answer the following questions about maps and information presentation.
gq p p

(a) Person A wants to create a thematic map of the population of the 23 wards
of Tokyo. Give a concrete example of such a map by clarifying the method

for representing the population of each ward.

(b) Person B wants to create a thematic map of the population density of the
23 wards of Tokyo. Give a concrete example of such a map by clarifying
the method for representing the population density of each ward.

(c) When you overlaid the two thematic maps created by Persons A and B to
compare the population and population density of the 23 wards, you found
that the background maps did not match exactly. Discuss possible reasons

for the discrepancy concisely, assuming that the map scale was the same.
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