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fiftZ: . OTEE (Instructions):

1.

RREARIE, THhD ] OB H D F TEWTITAR S 720.

Do not open this cover sheet until the start of examination is announced.

FREFMRIEIRRZ B 7T, MERKIZ3IHOS0 1 5FIZoX 1) ThD.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for
each field).

LLTFD 67500 30 O0RETHZ L. AL D EICHERBRZINCTHZ L.
Select 3 fields out of the following 6 fields and answer the questions. You must use a separate

answer sheet for each of the fields you selected.

78y field page
1| #AREK Linear algebra 2
2 | BAy HRE Differential equation 3
3| X7 MVENT  Vector analysis 4
4 | BREEGH Complex function theory 5
5 | = - et Probability and statistics 6
6 | L5l Symbolic logic 7

fREMMRO IS, FEA, a—24 (FRAEHEZERS) , @ROEBES (OTHD) , %
BRE TR IOCRAZREATLZ L.

Fill in the designated blanks at the top of each answer sheet with the department name,
course name (except the department of informatics), the selected field number (mark with a

circle), your examinee number and your name.

CREIRERICREAT 2 2 L. AXN=ARE Y RWGRITERZHWTH RV, LD

AL, BHEICENHDLZ AT 5 L.
Write your answers on the answer sheets. You may use the backs of the answer sheets when

you run out of space. If you do so, indicate it clearly on the sheet.
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

1.

(¥ A2L (Linear algebra) 43 %7]

e | LA AN, )
(LB DFTHN A % BIHITIR Y 4791355 B F(A) = VEQq_A>LObT,uT@%%L
AL

(1) ANESATHIO L &, f(A) bELITHIE 25 2 L &5t

(2) AgZ I1x14T8 Ay = (1) & L, fEEOESn > 11Tk L, 2"x 2" (T4 A, & A, = [(A,_1)
LEFRT D, TOLE, HELNLO2MKRITITY M1 = (1,1,...,1) L1751 A, D
FE 1A, &Rk K.

(3) {v1,v2,...,v4} & A DHNZEM (A DI MVRRDEGZER) OREET S, 20

(5] ) () ()]

7% F(A) DFIZEMD I L 725 = & R,
Consider the following function f that takes any matrix A as argument and returns a matrix

1 (A A
f(A) = — < 4 A) . Answer the following questions.

(1) Show that if A is orthonormal, then so is f(A).

(2) Let Ag be the 1 x 1 matrix defined as Ay = (1) and for every integer n > 1, let A,
be the 2" x 2" matrix defined as A,, = f(A4,_1). Then, obtain the product 1A4,,, where

1=(1,1,...,1) is the 2"-dimensional raw vector whose components are all 1’s.

(3) Let {vy,v9,...,v4} be a basis of the column space of A, where the column space of A

is the span of the column vectors of A. Show that

(e) ) () ()]

is a basis of the column space of f(A).
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Select 3 fields out of the 6 fields and answer the questlons. Use a separate answer sheet
for each field.

2. [#5r e (Differential equation) 57 5F]
x>0 CTERSNIEE y(2) (BT LUT O HERAICTENT, ZE L = 20T
—WefRz kD L. 72d, o X y(z) O 2 BT 5 1 BEERE AR L TS,

(1) 22y —zy —2—3y =0

(2) 3 " +6ZL’2 " —|—4xy’ o 4y — 0

Find general solutions with the replacement z = €' to the following differential equations, in
each of which a function y(z) is defined for x > 0. Here, ¢’ denotes the derivative of first

order with respect to x for a function y(z).

(1) 22y —xy —2—3y =0

(2) 3 " + 61’2 " + 4xy’ _ 4y =0
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

3. [~7 FAEHT (Vector analysis) 53 %7 ]

EA R RIZIBWNT, o, y, 2 G MOBENARY MV EZNEN G, §, kLT D, X7 MGE
A=xzi+y2’g+3zk L L, MS%{(r,y,2): 22+y* <22 0<2<2}DEXRmMLT5.
A DS EomREsy 2R L

Let 2, 7 and k denote the unit vectors on x, y and z axes of Cartesian coordinates, respectively.
Let S be the surface of { (z,y,2): 2*+y* < 2% 0< 2z <2}. Evaluate the surface integral
for the vector field A = z2% + yz?j + 3zk over S.
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

4. [#FE9%GH (Complex function theory) 47 %7 ]
mcotmz

BB f(2) = T2 AR D, L, >0 2T 5. ROAMICEZ L

(1) f(z) DFT_XTOMICEIT D EEERD L.
(2) BNCRTHE Oy IS T-EHERS ¢ f(o)dz &2 5. 12770, NIZEREKETS.

Cn

lim f(z)dz DfEZ KD L.

N—o0

m
Nh_r}xgo% f(z)dz DfEZ AT, Zn2+a2:2 COthﬂa—ﬁZ{_’T“@f

T
N+=)(=1+10) N N+5)(1+10)
; & lh ;
> Re
<N+%)(—1—i) :)—<N+%>(1—i)
mcotwz

Consider the complex function f(z) = where a > 0. Answer the following questions.

22 4+a?’

(1) Find the residues of f(z) at all its poles.

(2) Consider the complex integral f (2)dz, where Cy is a closed path as shown in the
figure and NV is a natural number. Find the value of]\}lm f(2)dz
=00 Jou

1
(3) Using the value of hm j{ f(2)dz, prove that Z n2 i % cothma — 2
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Select 3 fields out of the 6 fields and answer the questlons. Use a separate answer sheet
for each field.

d.

[#fe=2 - %5l (Probability and statistics) 7]

MEp0<p<l) TROHDLAA L EZMNTLIADT LAY =0T —Lb%E2L. 7
LAY —3RDRE 0 L LTH—L&BA L, A2 P AT TEAHIUTE 60 11
Z, ERHNVTROAN 1ELEIT (U REFES) 20 IRT. FHAN21C20E7
LAY =R TS =035 T L, FFHRN 222X 7 LA v —Ddb Ty — L4056 T
T5. LTOARMICEZ K.

(1) &k =1,23122WC, TE2k TV RTT LA Y—0FIT 2R, BIOTE 2k
FZUY RTT LA Y= AL T DRz 22k K.

(2) ZOTF=LTT LAY —0BFT DRz KD K.

(3) 2D —2% 100 [V RT L &, T LA T —03 R 5 B O WIRHIE & s R K.

(4) p=06¢,7T%5. ZOF—AL%100FE#YIRT L X, T LA Y—0F7 % B 50 F
ORI 1/10 L0 KRE WA EH ERIE X L.

Consider a game by a single player using a coin with head probability p (0 < p < 1). The
player starts the game with her initial score 0, and repeats a trial (called round) in which
she tosses a coin and increases her score by one if head, otherwise decreases her score by one.
The game is over with her win once her score gets to 2, while the game is over with her defeat

once her score gets to —2. Answer the following questions.

(1) For each k = 1,2,3, answer the probability that she wins the game exactly at the
2k-th round and the probability that she looses the game exactly at the 2k-th round,

respectively.
(2) Answer the probability that she wins the game.

(3) Answer the expectation and the variance of the number of times that she wins when she

repeats the game 100 times.

(4) Let p = 0.6. Establish with reason whether or not the probability is higher than 1/10

that the number of times she wins is less than 50 when she repeats the game 100 times.
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Select 3 fields out of the 6 fields and answer the questlons. Use a separate answer sheet
for each field.

6.

(G5B (Symbolic logic) 77 #7]

(1) =7 b =p—(p—14q), q b r & HRBEEEIC LV FERE L.
(2) A==(p=gAp=7) =2 (PN V(pA-T) T2
(a) =A% pA(=qgVp)A(pV —=r)A(=qV 1)V (=pVq)A(—pVr) IZFEEET HiEE
ot
(b) EHE (resolution) 12XV ANRETHDH Z & &Rt
(3) LT odiEmBiEE 2 5. 72721, a,b TEEGLETHS.
i VaVyVz (W(z,y) A\W(y,z) = W(z,z))
i Vavy (W(z,y) = -W(y,))

. Vady W(x,y)
iv. Wi(a,b)

(a) Vo =W (z,z) 7 ii OFmBFRECTH D Z L 2Ry,
(b) 3z (W(x,a) AW (b,x)) 731, ii, iii, iv ORI CTH D = & 2Rt

(1) Prove by natural deduction the sequent =(p — (p — q)), ¢ F 7.

(2) Let A==((p=q)A(p—7)) = ((PA-q)V(pA-T)).
(a) Show the steps to convert —A to its equivalent formula:
pA(=gVP)A(pV =r)A(=gV =r)V (=pVa) A(=pVr).
(b) Prove by resolution that A is valid.
(3) Consider the following predicate formulas, where a and b are constants.
i VaVyVz (W(x,y) A\W(y,z) — W(z,x))
. VaVy (W(x,y) — -W(y,x))
. Vady W(x,y)
iv. W(a,b)

(a) Show that VYa =W (z,z) is a logical consequence of ii.

(b) Show that 3z (W (x,a) AW (b,z)) is a logical consequence of i, ii, iii, iv.
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000000 (Instructions):

1. 000000000000 0000D00O000O0oDoog
Do not open this cover sheet until the start of examination is announced.

2. 000000000031 00000003000020 (100000 1D0)OOOO
You are given 31 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field).

3. 00060000 20000000000000000000DO0O0O0OO0OOOOOOOO
000000000000 000DO0bO000
Select 2 fields out of the following 6 fields and answer the questions. You must use a separate
set of answer sheets for each of the fields you selected, and use a separate answer sheet for

each question.

RN field page
10000 Circuit theory 2
20000 Information theory 6
3|00o0oooooag Automata and formal languages 12
410000 Electromagnetism 16
5| 00000000000000  Algorithms and programming 22
6| J000O0OOOOO Computer architecture 26

4. 000000000 00ODOOCOO0OO0 (DODDOCoOOOOUOO)ODoODDoOoOOoOoOoOoooo
000000000000 0oogon
Fill in the designated blanks at the top of each answer sheet with the department name, the
course name (only for the department of advanced information technology), the selected field,
your examinee number, your name, and the question number.

5. Jb0dO0bUbo0obUoUobOo0obUoUobOoUobUoobUoobUob0obOoUobUoobUoobOon
OO000Db00O00DbO000DO0oDbOobOooo
Write your answers on the answer sheets. You may use the backs of the answer sheets when

you run out of space. If you do so, indicate so clearly on the sheet.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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1. 00000 (Circuit theory) 000

gbi1goog4b00 20 0b0dgbobogobbooooboboooobobooobbod

gb 10 bi1gbgoboobobo nLb Lo
DDDD%DDDDDDDDDDDDDD

(1) Ry, Ry, X1, X,0OOODODOOOO0O

(2) [L|=15A,|L=20A000000
E
Ul-1roogoood cos{arg(—)}

7
ssisisls
0020 0200000000000000 Ri L,
000000000 EQJOODODOOD wd —VVA
000

TR
(1) 0260)0000000001-1Y000
0000000000000 E,000

0000000 Z, 00000 ¢

(2) 02)00001-1Y0002(b)000 (a)
0000000 RODOOOOCOOO
D00000RODOOODOODOODOO R R
D00 ROCOOOOO

(3) 02()0000 11000 2(c)000 ¢ CFTQ
0000000 RODDOODO G000
D00000RODOOODODODOODOO (b) (c)

000 ROOODOO 02
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

gb 30 b30dbooobooboogboon
gobbboooobbbild wbbboo

() 0000 L0LOL0000000000
0000000

(2) D0 C,000Cc,00opoooooooo
o0 prp000d0n0 O00b000goon
gobodgo RODDOOODD POD
oo

Ub40 040000000000 ¢t=0000
O00bO0OSOO0obO0obooobooobooo
oboobooooobobob Sobooooo
O0000000000000¢g(0)=00000

(1) t>0000000 ¢()00000

(2)t>00000000000D0OD0O ()0
goboobod,bboao

M

(\'r\
lC,

Ol 3E e,

|
—: 0.25H % i(?)
q(?)

g3

2Q

10V

04
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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Select two out of the four questions] Q1000 Q400and write the number of the selected

question on the answer sheet.

0 Q10 Consider the circuit shown in Fig. 1, where
the phase difference between I; and I is 5

(1) Find the equation representing the relation
among Rl, RQ, X1 and XQ.

(2) Find the wvalue of power coefficient

E
COS 4 arg 7)} in the right side of termi-

nal pair 1-1’, when |[;| = 1.5 A and || = 2.0 Fig. 1
A.

0 Q20 Consider the circuits shown in Fig. 2,
where the sources £ and J have the same angu-
lar frequency w. Answer the following questions. Ri L 1

(1) Find the open voltage Ey and the internal

impedance Zo'for .the voltage source equiv— E] @ J @\) R
alent to the circuit between the terminals

1-1" in Fig. 2(a).

(2) The variable resistance R and the variable
capacitance C' shown in Fig. 2(b) are con- (a)

nected in series between the terminals 1-1
in Fig. 2(a). Find the resistance R and the o o
capacitance C' when the effective power at

R is maximized.
C Co

(3) The variable resistance R and the fixed ca- o——r
pacitance Cy shown in Fig. 2(c) are con- (b) (c)
nected in series between the terminals 1-1’ Fig. 2
in Fig. 2(a). Find the resistance R when
the effective power at R is maximized.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0 Q30 Consider the circuit shown in Fig. 3,
where w is the angular frequency of the power

source. M

P N
(1) Write the mesh equations using the mesh c

currents I, I, and I3 as variables. EI@ I, § é L |\=Z=| I §
L, L, C, R

(2) Find the power consumption P at the re-

sistance R when the phase difference be-

tween the source voltage E and the current Fig. 3
I3 becomes zero by changing the values of
the capacities C7 and Cj.
0 Q40 In the circuit shown in Fig. 4, the switch
S is closed at t = 0. Answer the following ques- l
tions under the assumption that the circuit is in 2Q g 2Q
steady state just before the switch S is closed, 6V 10V
and ¢(0) = 0. —  025H l i(?) —_
* q(t
(1) Find the charge ¢(t) for t > 0. LE T 70)
(2) Find the time t,, at which the current i(t) Fig. 4

is maximized for ¢ > 0.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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2. 00000 (Information theory) d O O
goodooobob 1o 20000ggad

00 10 X3, X,,. 00000000 X ={1,2,3}0000 MarkovO OO O0OODOOO0O Markov
gboboboooobboooobobboogan

= N[ N =
O NI
Blwni= O

0

D0000004j0000000000 Pr{X,,1=4/X,=i}00000000000
00000000000 0Olg,30log,500000000000

() 00000000000

(2) t=1,2,..00000000000 H(X,)00O000O

3) t=1,2,..000000000000000 H(X;1|X,)0000DO

(4) t=1,2,..0000000000000 H(X;,X;y,) 00000

(5) t=1,2,..0000000000000 H(X;,X,,...X,)00000
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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00200000000 1000000000000 O ob50200000000000((MDDOO
O00eOOOOOODO)

05
0 > 0
&\
e
05
1 05, 4
01

() D0ooooooo.

(2 000000 ODO00OO0OO0O0,100000000000000O0DO0DOOOODOOO
gogobobbboogoooboboobobbdodooooobobbuoooooooo
gobboooobbooobbbuooobbbuoodbbbooobbooon
gobboogobbbuooooobobooan

(3) 000000000000 O0U0OoOooooooOOoDoUODODOOOD 10000 11
gbgobobooboobobooboobobooboobobobooboob
gobboobooooooobog.

odoooon (ooooooo
00 0
Oe 0
el 0
11 1
le 1
el 1
ee 0

gobbobouoooobobobouoooobn
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

(4 0000000000000 000000000000000000000200
00 A, BOOOOOCOOOOODOOD 400000 (a-(d)0000 1000000
D000000000000000CO00000000000000 ROOOOO
00000 PROOOOR<COODDO[A |rR>coooo
B 0
(1) 000D00000000,000000 R =00000.

() 00 e>000000000000000000,0000000P.>¢00
0o.
() 000 e>0000000000000000,R <<00000000000.

(d) 000e>000000000000P.<e000Q0O0OOOOODOO
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets

for each of the fields you selected and use a separate answer sheet for each question.

Answer the following questions (0 Q110 Q20 ).

0 Q10 Suppose that Xi, Xs, ... is a stationary Markov chain with alphabet X = {1,2,3}. Let

the probability transition matrix of the Markov chain be

1 1

220
1 1
2 03]
1 3
404

where the ij-entry is the conditional probability Pr{X,;1 = j|X; = ¢}. You may leave
logarithms such as log, 3 and log, 5 in your answer.

(1) Find the stationary probability distribution.

(2) Find the entropy H(X;) for t =1,2,....

(3) Find the conditional entropy H (X;;1|X:) for t =1,2,....
(4) Find the joint entropy H(X;, X;4q) fort =1,2, ...
(5)

5) Find the joint entropy H (X, X, ..., X;) for t =1,2, ...
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0 Q20 Consider a binary erasure channel with an erasure probability 0.5, illustrated in Figure 1.

(The output symbol e denotes an erasure.)

0.5
0 >0
&
e
0.5
1 05 4
Figure 1.

(1) Find the channel capacity of the channel.

(2) Suppose that we transmit a message, which is 0 or 1, without channel coding. We
consider the following receiver: The receiver declares that 0 (or 1) was sent if the
output from the channel is 0 (or 1). The receiver declares that 0 was sent if the
output from the channel is e. Find the average probability of decoding error when

a message to be sent is chosen with probability 0.5.

(3) Next, let us consider a simple channel coding scheme in which a code word 00 is
sent for a message 0 and a code word 11 is sent for a message 1. Assume again that
a message to be sent is chosen with probability 0.5. The receiver declares which

message was sent according to the following table.

Received symbols | Decoded message
00
Oe
el
11
le
el
ee 0

el Bl H ol el N an ) I an)

Find the transmission rate and the average probability of decoding error.



doooooooobooooooobooooooo g
gdooooooooo
0 O O O (Special subjects)

031000 110

o™

U
U

o™

0
gooo

o0l 2000000000000000O00O000O00OD 1O00O0UObOOoOO
odoo00ooooooooooooog

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

(4) The following sentences with two blanks, A and B, state the channel coding theo-
rem for discrete memoryless channels. For each blank, choose one sentence from the
following four options, (a)-(d).

“Let C be the channel capacity of a given channel. Let R be a transmission rate and

P, be the average probability of decoding error. If R < C', then ’ A \
If R > C, then|B &

(a) for a sufficiently long code length, any code satisfies P, = 0.

(b) there exists an ¢ > 0 such that for a sufficiently long code length, any code
satisfies P, > e.

(c) for any € > 0 and for a sufficiently long code length, there exists a code satisfying

P <e

(d) for any € > 0 and for any code length, there exists a code satisfying P, < e.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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3. 0000000000 (Automata and formal languages) O O O
goodooobob 1o 20000ggad

0010 00000000000000000000000 M =(K,%,0,q0, F)0000O0DOO
O0000000000K ={q0,q1,92,93}, X ={a,b}, 8, q0, F ={q1,¢} 000000
gdouououotuouooooobobobooboooonooooooo

1) MOOODO acecbb D0 O0DO0O000D0O0OO0OOOOOODO

(1)

(2) MOODODDOOOS000000000000000

(3) MODODOODOODOODOD L,00000000000000

(4) 00 Ly ={a™™ |n>1,m>1,n,m000000}000000000 4000
0000000000000 D0D0DDODODDDDO

(5) 00 Ly ={a™™ |n>0m>0}NLNLOODOOOOOODOODOOOOODOOO
YOOOODOOO LODODOO0OOLOD LO000o0o0ooo
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

o™

U
U

o™

0
gooo

b 200000000040

(1) 00 Ly ={a"" |n>0}00000000000 Gy, =(N,%,P,5)00000
000 PO0O0O0O0OOOON, ={8}, 5 ={eb}, 500000000000
00000000000000000000

(2) 000000 Gy =(Na, 30, P, 8)000000000N, ={S}, 3y ={b,c} 00
0D0PRO00PO0000«0b00b0¢005,0500000000000000
D000000L(GY) - L(Gy) = {zy |z € L(Gy),y € L(G,)} 0000000000
0 Gs = ({S1, 92,95}, {a,b,c},LUP,UP;, S;) 00000000 00000

3) ;0000000 L(G;) 00000

(4) 000000 G = ({S,T},{a,b,c},P,S)0000000 L(G)O000O00000DO
P={S—aSc|T, T —»bTcle}0 000000000000

(5 GO0O0O0O0O00 L(G)00000000000000000000000000
000 M = (K,%,T,6,q0, %, F)ODDO000000K = {g}, £ = {a,b,c}, T =
{a,b,c,S, T}, Zy=5,F={¢}000000000000000000000000
0000000000000000000000000000000000000
0000000000000 é0000000000

6(qo,€,8) = {(q0,),(q0,T)}

9(q0,¢,T) = {(a0,5), (q0,€)}
6(qo,a,a) = {(qo,€)}
6(q0,b0,0) = {(g0,7)}
6(qo,c.c) = {(q,)}

00000r00000 o,8,700000



obobbooboobooboobooboobo g

o™

U
U

o™

0
gooo
gobobooogboo

0 O O O (Special subjects)
0310 00 140

o0l 2000000000000000O00O000O00OD 1O00O0UObOOoOO
odoo00ooooooooooooog

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

Answer the following questions (0 Q110 Q20 ).

0 Q10 Answer the following questions for the non-deterministic finite state automaton M =

(K, %, 0, qo, F') which has the following state transition diagram. Here K = {qo, ¢1, ¢2, q3},

Y

{a,b}, 6, qo, and F' = {q1, g2} represent the set of states, the alphabet, the transition

relation, the initial state, and the set of final states, respectively.

Give the state transition when M accepts the string aaaabbb.
Give all strings of length at most 5 accepted by M.
Describe the strings in the languge L, accepted by M.

Give a state transition diagram of a non-deterministic finite state automaton which
has at most 4 states and accepts the language Ly = {a™0™ | n > 1,m > 1,n and m
are both odd numbers}.

Describe the strings in the language Lz = {a™b™ | n > 0,m > 0} N L; N Ly. Here,

for any language L over ¥, L represents the complement of L.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

o™

U
U

o™

0
gooo

0 Q20 Answer the following questions.

(1) Give the set P; of production rules for a context free grammar G; = (N, X4, Pp, S1)
which generates the language L1 = {a™0™ | n > 0}. Here N7 = {S1}, X1 = {a, b},
and S represent the set of non-terminal symbols, the set of terminal symbols, and
the start symbol, respectively.

(2) Consider the context free language Gy = (N, X, Py, S3), where Ny = {Sy}, 3y =
{b,c}, and P, is obtained from P; by substituting a with b, b with ¢, and S}
with S5. Give a set P3 of production rules for a context free grammar G3 =
({S1, S2, 53}, {a,b,c}, P, U P, U P53, S3) which generates L(G1) - L(Gs) = {zy | x €
L(G1),y € L(Gs)}.

(3) Give the language L(G3) generated by Gs.

(4) Give L(G) generated by the context free grammar G = ({S,T'}, {a, b, c}, P, S), where
P ={S — aSc|T,T — bTc|e} and ¢ represents the empty string.

(5) Consider the pushdown automaton M = (K, %, 1,6, qy, Zo, F') which accepts L(G)
with the final state and with empty stack. Here K = {q}, ¥ = {a,b,c}, ' =
{a,b,¢,5, T}, Zy = S, and F' = {qo} are the set of states, the input alphabet,
the alphabet for the pushdown stack (pushdown store), the start symbol for the
pushdown stack, and the set of final states, respectively. The transition relation ¢

is given as follows:
6(q0,€,5) = {(q,

6(qo,€,T)

4(qo, a, a)
(g0, 0,0) = {
) = {l@w,e)}

Give strings «, 3, and v over T'.

§(qo, ¢, c
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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4. 00000 (Electromagnetism) 0 O O

gbigoog3ubo200b0gogoobogobodbbooboooboonoboon

00100 1000000000 A0200000000D0¢t0ODO00O0DOO0O0DOOOObDOOO
O0.0000000e«)000000000000000.0000000 ¢ 00O0.

e(x)=eo+kr (k>0,0<z<t)

oooboo0+UOO0O0bO0O00DLO0 —QUUODbOOObO.bDO0ODOOooDobOOn.

1) 000000000000 D(x)OOODO.

(1)

(2) 0000000000 E(@ 0000,
(3) 0000000000 P(z) 0000,
(4)

4) Jobooboobooobooboo.obooobboobbooboobobon

gooo.

area A

area A4

01
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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U
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gooo

O00200000000000000000000Q(0,0,h)0000y0000O0ODODODOO
ooooobobdoboboyboooobobobo/0b0oboobDoboboboin
O000000000000000P(2,0,0)0000000z—y00000000O
bydbbooodbbbuoobobbooobbbuoodbbbyb00000
Oobdbbikl,bxkhOOODOOOOOOOOOODOODOOOOOODOODOO
oboo pdiboo

(1) 0P (2,0,00000000000 200 B.(x)00000
(2) 000000000000000 ¢é(z)00000

(3) 0000000000000 V(x)0O0O00O

(4)

4) 0000000000000 V(x)OOOOODODDODOOODOOODOOOOOO 2
gopbooobod

P s = e

O 2
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.

0
gooo

o™

U
U

o™

OO030b0ooobobobboob e0boboobobobsoobobobobooboonoog
gboboooboobbooboooobuooobboobb ROOCDODOODDOODDO
gobbbbooodepdbbbbegddbbbbbooooobbbbuooogobon
gbob/ogbooboobgoboboobgv=IROUO0OOODDOODOODO
ugbobb pdboo

(1) DDDD0OD (0<r<a@0O000000 (e<r<bh)0000000 H(r)OODODOO
0000r-00000000000000000

(2) 00D0O0O0DO0DO0oO0OoOoOoOoOODOO0OO0DO0DO0DO0DOD0ooooooooooDO UvU,00
gobooboobobobobboboobooboobuoobuoo Looboo

(3) 0000 (a<r<b) 000000 E(r)0000O0

(4) 0000000000000 OOO0O0OO00OOO0O0OOO0OODOOO POOOO
P=rROODOOOOOOO
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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Select two out of the three questions [0 Q10 0O 0O Q30 and write the number of the

selected question on the answer sheet.

0 Q10 A parallel plate capacitor consists of two conducting plates of the area A set with the
separation ¢ as shown in Fig. 1. A dielectric of the permittivity e(x) is filled between

the plates. The permittivity of the vacuum is €y. Neglect the edge effect.
e(x)=co+kr (k>0,0<z<t)

A charge +( is placed on one plate and —(Q on the other.

Give the electrostatic energy density in the dielectric. Give the energy stored in the

capacitor.

area A

area A

Fig. 1
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0 Q20 A straight conductor with infinite length is set parallel to the y axis and passes through
the point Q (0, 0, h), as shown in Fig. 2. A DC current [ flows in the conductor in
the negative y direction. A rectangular coil with sides of length [ and b is placed in the
x — y plane, and the long sides are parallel to the y axis. The center of the rectangular
coil is at the point P (x, 0, 0). The coil slides with a constant speed v in the positive
x direction. Here, b < [, and b < h. Thus we assume that the magnetic flux density is

uniform over the rectangular coil. The permeability of the vacuum is py.

1) Give the z component of the magnetic flux density B.(x) at the point P (z, 0, 0).

(1)
(2) Give the magnitude of the magnetic flux @(z) that interlinks with the coil.
(3) Give the electromotive force V(x) induced in the coil.

(4)

4) Give all values of x where the electromotive force V(z) induced in the coil becomes

maximum or minimum.

straight conductor

y

_rectangular coil

Fig. 2
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0 Q30 As shown in Fig. 3, there is a co-axial cable consisting of an inner conductor with radius
a and an outer conductor with radius b, where thickness of the outer conductor can be
neglected. Resistance R is connected between the conductors at one terminal of the co-
axial cable. An insulator with permeability p and permittivity ¢ is inserted between the
conductors. Current [ is flowing uniformly in the conductors, and the voltage V = IR

is generated between the conductors. Permeability of the conductor is py.

(1) Give the magnetic field H(r) in the inner conductor (0 < r < @) and the insulator
(a <r <b). Here, r is distance from the center of the inner conductor.

(2) Give the magnetic energy U, stored in the inner conductor and insulator per unit
length. Give the inductance L of the co-axial cable per unit length.

(3) Give the electric filed E(r) in the insulator (a < r < b).

(4) Give the electric power P transmitted by the co-axial cable by using the Poynting
vector. Show that P is given by P = I’R.

Fig. 3
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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5. 000000000000000 (Algorithms and programming) 0 0O O
00000000 1@DbO 20000000

001000 10 max-heapO0 OO0 000000000000 A[l..Alength](AlengthOOO A
O00000000)0 max-heapO0 000000000 AQODDOODODOOOOOO
oo
AlParent(i)] > Ali (2 <i < Alength)

0000 (A1)00000:00000000 00 Parent(d) 0000000000

ooooooood

(1) 00 A={23, 17, 14, 6, 13, 10, 1, 5, 6, 12} 0 max-heap0 0000000000 O

(2) 0O A={25, 18, 5, 16, 15, 10, 3, 12, 7, 11, 4, 8, 6, 1} 0 0 O O MaxHeapify(A, 3)
ooooooo

(3) 0 10 0000000000000 00OD A0D0ODDOOODOOODODODOODODOO
HeapSort(A)DODOODOO

Parent (7)
return [i/2]

Left (7)
return 2%

Right (4)
return 2%; + 1

MaxHeapify (A, %)

1 < Left(4)

r < Right (i)

if 1 < A.heapSize && A[1] > A[z]
largest <— 1

else largest < 1

if r < A.heapSize &% A[r] > A[largest]
largest <~ r

if largest # 1
exchange A[i] with A[largest] U
MaxHeapify (A, largest)

BuildMaxHeap(A)
A.heapSize < A.length
for i < |A.length/2| downto 1
MaxHeapify (A, %)

0l
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0020000 Peterson D OO0 O0O0O00O0OD0OO0O0DOOO0DOODODOODOOODOOODOODOO

req[0] = 0

reqll] =0

//20 0000000 P00 PIOOOOOO

//0000 PO //0000 P1

req[0] =1 req[1]=1

turn = A turn = C

while( req[1] && turn == B ); while( req[0] && turn == D );
[critical section] [critical section]

req[0]=0 req[1]=0

gobobooodgn

(1) Peterson 0 0000000000000 OOOOOOO
(2) AOBOCODOODODOOOOOODOOD 1DOOODODO
(3) 20000 req0 turn 0000000 0OODOO
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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Answer the following questions (0 Q110 Q20 ).

0 Q10 Figure 1 shows algorithms handling a max-heap. When array A[l..A.length| satis-
fies the following condition, array A represents max-heap, where A.length means the
number of elements included in array A.

AlParent(i)] > Ali] (2 <i < Alength)

This means, the value of a node ¢ other than the root A[l] is at most the value of its

parent Parent (7).

Answer the following questions.

(1) Is the array A={23, 17, 14, 6, 13, 10, 1, 5, 6, 12} a max-heap ? Explain the reason.

(2) Hlustrate the operation of MaxHeapify(A, 3) on the array A={25, 18, 5, 16, 15, 10,
3,12, 7,11, 4, 8, 6, 1}.

(3) Define a procedure HeapSort(A) that sorts elements in array A by heapsort, accord-
ing to the descriptive method in the algorithms shown in Figure 1.

Parent (1)
return [i/2]

Left (7)
return 2%i

Right (i)
return 2*; + 1

MaxHeapify (A, )

1 < Left(4)

r < Right ()

if 1 < A.heapSize && A[1] > A[:]
largest < 1

else largest < 1

if r < A.heapSize &% A[r] > A[largest]
largest <~ r

if largest # 1
exchange A[i] with A[largest] U
MaxHeapify (A, largest)

BuildMaxHeap(A)
A.heapSize < A.length
for i < |A.length/2| downto 1
MaxHeapify (A, %)

Figure 1
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0 Q20 The following is a pseudo-code describing Peterson’s mutual exclusion algorithm.

reql0] =0

req[1] = 0

//Invoke two concurrent processes: PO and P1

//Process PO //Process P1

reql0] =1 reql1]l=1

turn = A turn = C

while( req[l] && turn == B ); while( req[0] && turn == D );
[critical section] [critical section]

req[0]=0 req[1]=0

Answer the following questions.

(1) Explain mutual exclusion behavior of the Peterson’s algorithm.
(2) Assign 0 or 1 to A, B, C, and D.

(3) Explain the roles of two variables req and turn.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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6. 00000000000 (Computer architecture) 0 OO

00000 (0010000 30)000oo

00 1000000000000000000 H(a,b,e,d)0000000000O0 20000 G(a,b,c)
000 F(e,dye)D00000O0OOCO0O000000000000OOOOe0O00O GOOOO
OobooboboboboooF0OOb0GUOOOOOOOOD

HHOO»—*»—HOE

O O O O O O O O
_ = = = O O O O|C
_ R O O~ K~ O O|o
_— O = O = O = O &
oo~ O o o
i e i e e e e el | )
e ===l IS
_ = O O~ = O Ol
_ O = O = O = O| &
0]

Q)
O
(@
oR
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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gbo20000000b000bb0obb0o40b00b00oboobooboobbobboobo
gbbbuoodgbobbbooobbbuoooobbbuoobbon

ooogo ooon
(ooo) 000000 (0000 |ALUOO |000D00O0 |0bogd
ooo ooon oo
oo0oo0 (Iw) Y ps X ps 300ps Y ps X ps
00000 (sw) Y ps X ps 300ps Y ps
0000 (and/or/add) Y ps X ps 300ps X ps
0000 (beq/bne) Y ps X ps 400ps

() DO00o0o0oOoDOOOoOoOOOOOO00000O0000OO00O0O0OoOoOoolIDODoODDD 1
gobbbuooogobobbbbooooobbbbbuoooobbbbod 29ns0
gboboobobooboboboboobobooboobo1bobboboon
gbooloobobooil1gbooboobooboboobuooboobboboboob
gboobodosnsbgbogoboobbOoobooboobooboobboob
Oob0oboboboooooooXoyYooooo

(2) 0000000000000 000D000D0ODODODODOOOOOOOO00O00O0OOoOo
gobobooogbbobuoooubstiggobbbooogobbbooobobod

(3 002000000000 COOO0O0000U0D0UDODODODODDODOOCOOOOOOOOOO
gbbuogobbuodgobooobbuooobodbbastibogoboobooobn
gbobbooogbbbuooobbbooobobboood

lw $2, 20($1) OR2 « Memory[R1+20]10

and $12, $2, $5 OR12 — R20 R50O

or $13, $6, $2 OR13 « R6 0 R20

add $14, $2, $2 OR14 — R20 R20

sw $15, 100($13) [ R15 — Memory[R13+100]10
sw $12, 104($2) OR12 - Memory[R2+104]0
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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(4 00 3)0D0OC0COO00U00D0ODOCOOU0U00D0DO0ODOCOOOOUDODODOODOOOOO
gbobbooogbbbuooobbboodobobbodgo

(5) 00 40000000000 DOO0OODOODOOO0DOODODODODOODOOODODODODOOO
gobobooooboboooonboo

(6) 00 (h)000DO0OOOUODDOOUODOODOOUODOOOODO 3)ODDOooOoO
gbobboboooddnshboogoon

. gggboobooaogboo
. gugggooboooobobboogaoobod

gbo3nboooboobobooboooboboo20b0ooooobobobooboobobo
Dboodboooboobo4b0boboobouobobollegboboboboonobo4
ooobobobob40000000000DODOODODLOODOOODOODbODOOD
0 (2000)0000000000000000OODODODOOO

1101 = 1011 = 1101 = 1111 = 1101 = 1100 = 1111 = 0001 = 1111 = 1100

gbobooogon

(1) FIFO (First In First Out) 00 000000000000 O0O00O0ODODOCOOOOO0O0O
(2) LRU (Least Recently Used) 00 000000000000 000O0OOOOOOOO0OO

(3) FIFOOOOOOOODOOOODO LRUODODOO0DOOOO0OO0OO0O0Oooooooooooo
gobbooogoobbbooobobbboooooobooo
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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Answer the following questions (0 Q10 0 0 Q30).

0 Q10 Let H(a,b,c,d) be a logic function whose truth table is shown below. Consider that H
is composed of other subfunctions G(a,b,c) and F(c,d, e) as shown in the figure below.
Show the truth tables of F' and G.

H
abcd‘HHabcd‘H‘ Ir ___________ |
000 o0[0f]1 00 0[O0 , I
000 1|01 00 1|1 I F '
001 0[0|1 0101 I e :
00 1 1|11 01 1|1 I :
001 00[0]1 10 0]0 ' G I
0010 1|01 10 1]0 ' I
01 1 0/1f1 1101 :_ |
01 1 1|11 11 1|1
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use a separate answer sheet for each question.
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0 Q20 Let us consider that we implement the following four types of instructions for a processor.

Assume that each step of the instruction execution requires the following time.

Instruction Steps
types Instruction | Register ALU Data memory | Register
(examples) fetch read | operation access write
Load(1w) Y ps X ps 300ps Y ps X ps
Store(sw) Y ps X ps 300ps Y ps
ALU(and/or/add) Y ps X ps 300ps X ps
Branch(beq/bne) Y ps X ps 400ps

(1) If the single-cycle datapath implementation, where each instruction is executed in a
single clock cycle, is used for implementing the processor above, the clock-cycle time
is 2.9ns. On the other hand, if the pipelined datapath implementation, where each
step of the instruction execution corresponds to a pipeline stage and each stage is
performed in a single clock cycle and in a pipelining fashion, is used for implementing
the processor, the clock-cycle time is 0.8ns. Compute X and Y, assuming that the

memory access time is longer than the register access time.

(2) For the single-cycle datapath and pipelined datapath implementations, compute the
execution time for each instruction type (unit: ns) and the number of clock cycles

required for each instruction type.

(3) For each of the two processor implementations above, compute the program execu-
tion time (unit: ns) for the following program. Ignore any data hazards which could

occur in the pipelined datapath.

lw $2, 20($1) OR2 « Memory[R1+20]0
and $12, $2, $5 OR12 — R2[J R50
or $13, $6, $2 OR13 ~ R6 0 R2[J
add $14, $2, $2 0OR14 — R20 R20
sw $15, 100($13) [R15 - Memory[R13+100]10
sw $12, 104($2) [OR12 - Memory[R2+104]10
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(4) There are data dependencies in the program above. Identify all these data depen-
dencies by describing which instruction depends on which instruction through which

register.

(5) Show which data dependencies actually cause data hazards in the pipelined datap-
ath.

(6) Compute the actual program execution time (unit: ns) when all the data hazards
above are resolved by means of
i. pipeline stall only,

ii. data forwarding and pipeline stall.

0 Q30 Consider a two-way set-associative cache memory implemented in a microprocessor chip.
Assume that the data word size is 4 bytes, the cache size is 16 bytes, the block size is
4 bytes, the address width is 4 bits, and the cache is initially empty. Suppose we have
the following sequence of memory references given as word addresses (represented in the

binary numeral system).

1101 = 1011 = 1101 = 1111 = 1101 = 1100 = 1111 = 0001 = 1111 = 1100
Answer the following questions.

(1) Find the cache hit rate by assuming the FIFO (First In First Out) block replacement
policy.

(2) Find the cache hit rate by assuming the LRU (Least Recently Used) block replace-
ment policy.

(3) Explain the reasons why the LRU block replacement policy can achieve a higher
cache hit rate than the FIFO block replacement policy from the viewpoint of locality

of memory references.
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