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0 O (Mathematics)

gr7rogo 10

000000 (Instructions):

1.

gobbobobobogoobbboodgobobbuooan

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

. 0000000000 7000000030000 (100000 10)0000O

You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

0006000030 00000O0O0ODO0ODODODODODOODODOOODOODbDOODbDOODOn
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.

oo field page
1| 0000 Linear algebra 2
2|0000a Differential equation 3
3| 000000 Vector analysis 4
4 100000 Complex function theory 5
500000 Probability and statistics 6
6| 00000 Symbolic logic 7

000000000000 0000oo00o0o0ooooo0oo0oode0OonoOonoO
O0o00oooDooooooogon

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.

0000000000 DO0bO000O0DO0O0DODO0oDO0oDbOO0bO0ObOOoObOUODOobDOoDOon
O00000DbO00O00000O0ooDoDbOooOo
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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0 0O (Mathematics)
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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. 00000 (Linear algebra) 0 0 O

-2 -3 -3
ogd A= 6 7 6 oooooooooogood
—6 —6 —5
T1
(1)Ax:—21:DDDDDDDDDD1:: zo |0 100000
x3

n
(2) Ay=dy000d#-2000000000y= |y |0100000

Y3
d 0 0
(3) Ap=pPDO0O0OD0O0OCODOO POODOOOD=|(0 do O0|0100D00OC
0 0 ds
(4) POOOO P'OO0OOO
(5) A0D0000
-2 -3 -3
Consider the matrix A=| 6 7 6 |. Answer the following questions.
-6 —6 -5
I
(1) Find a nonzero vector x = | x | that satisfies Ax = —2x.
T3
Y1
(2) Find a number d # —2 and a nonzero vector y = | y, | that satisfy Ay = dy.
Y3
d 0 0
(3) Find an invertible matrix P and a diagonal matrix D = | 0 dy 0 | that satisfy
0 0 ds

AP = PD.
(4) Find the inverse P~! of P.
(5) Find A'.
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for each field.

6000000030000 oooooOobOoooooooooao
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet

2. 000000 (Differential equation) O 0O O
00000 «x(),y¢) 0000000000 DO0O0OODOOOO

dx .
a
dy

FUA

dx .
@I
dy

FUA
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0 0O (Mathematics)
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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. 0000000 (Vector analysis) 0 0 0O

gbobobobdtbez,y,z 0000O00OO00OO0O0ODOODOO 2,5, k000000D00DOO
oo

(1) 00000 ¢0 ¢=e"siny+e"cosy0 00000 AD A= (22— 2)i—2j+2k00
0000 (1,01)0000 ¢0000 ADODDOOOOOO

(2) 00000 A=2z2—-3)+4xyk 00000000 SOOOO ADOODOOODOOOO
S: 6r+3y+z2=3 (x>0,y>0, 2z>0)

The unit vectors on z, y and z axes of Cartesian coordinates are denoted 2, 7 and k, respec-

tively. Answer the following questions.

(1) Let the scalar field ¢ = e**siny + e” cosy and the vector field A = (2z — z)i — 25 + 2k.
Evaluate the component of the gradient of ¢ in the direction of A at the point (1,0,1).

(2) Evaluate the surface integral for the vector field A = z¢ — 37 + 4zxyk, along the following
surface S.

S: 6r+3y+z2=3 (x>0,y>0, z>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.

4. 000000 (Complex function theory) 0 O O
0000 f(¢) =u+w0D000000002z=20+w0000020y 0000wl 000
00000i=+/-1000020y0000 2=rcosf0y=rsinf0000000000
oo0ooooooooooooboboOoOooooooooboboOoooo

ou 10v Owv 10u

ar  roe o rol
O
Consider an analytic function f(z) = w + iv, where z = z + iy is a complex number, = and y
are real numbers, u and v are real functions, and ¢ = /—1. Suppose x and y are written in
the polar form = = rcosf and y = rsinf. Prove that the Cauchy-Riemann equations in the

polar form can be written by the following equations.

ou 10v Ov 10u

o radg’ or  rof
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

5. 000000 (Probability and statistics) 0 O O
Q={(z,y) eR*|0<2<1,0<y<1} 000000000000 (X,Y)OOODOODO
00

feg) = Gle™ +e) (y) €0

ooooooooooboooob oc>0o00000O00DOODOOOODOOODO

(1) cooooooo
(2) XO0yOOOOOOOOOOOOO0OOOO
(3) Y=00000ODOO0XO0O0O0OO0OO0OOODO

Let Q = {(z,y) e R? |0 <2 <1, 0<y <1}, Let (X,Y) be a pair of continuous random
variables given by the joint probability density function

feg) = ole +e) (@y) €D

where C' > 0 denotes the normalizing constant. Answer the following questions.

(1) Compute the value of C'.
(2) Establish whether or not X and Y are independent.

(3) Find the expectation of X under the condition of Y = 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.

6. 000000 (Symbolic logic) 0 O O

goboboobooogn

() ooodO0((p—q) —(r—=s)—=(t—-(@¢—w)—s) —(r—s) 0000000
goooooooon

(2) 30000000 VavyVz(P(z,y, z) = = P(z,y,2)), Ja3y(P(z, 2, y) NP(z,y,y)), YVaVyVz
(P(z,y,2) = (P(y,z,2) V P(z,z,y))) 00000 ¢y,90,¢: 0000

a) ¢ 00 VaVy—P(z,y,2) 00000000000

b) Y1 Av», 00000 {0,b} 00000000 10000

(¢) (b Ats) -, 000000000000000000

(
(

Answer the following questions.

(1) Show that the propositional formula ((p — ¢) — (r — s)) = (((t = (¢ = u)) = s) —
(r — s)) is a tautology.

(2) Let 11,19, and 13 denote the predicate logic formulas VaVyVz(P(z,y, z) — —P(z,y,)),
3y (P(x, 2, y) A P(z,y,y)), and VavyVz (P(z,y,z) — (P(y,z,2) V P(z,2,y))), respec-
tively.

(a) Show that v derives VaVy = P(x,y, z).
(b) Give a model for 1; A 1) whose domain of discourse is {a, b}.

(c) Determine the validity of (¢4 A ¢5) — 13, and justify your answer.
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BELEE AR

# M RE (Specialized subjects)
(/29

f#% EDVER (Instructions):

1. BRI, THD) OARIDH 5 E THWTIXAL S AW,
Do not open this cover sheet until the start of examination is announced.

2. MERAMRIIREZ &) 288, MERKIZIMOOD 28 (1 Bz DX 138) TH 5.
You are given 28 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field). ,

3. UTD60EH»56 20 H2B0METLII L. BAEIHEBCHRERKEZNIZTZZL. £
T, KE—D &7 ) —~MOMERKE BV & |
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.

L

8 field - | page

A | ERER Circuit theory 2
B | 15w Information theory 6
C|A—FT b LERE Automata and formal languages 10

| D | BHRZF ‘ Electromagnetism 15
E|7VIVRXL/"70sF3IVF Algorithms and programming 21
F|HBEET—X77F~ Computer architecture 25

4 BERBOSEI, ¥ha, 1-2A4 (WRAEIYEROS), BROGS, THRES, K
LB LUHERSELATE L. -
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. EIMEFRCEAT AL, AR—ABRVAVESRBEEAVTHEWA, T05
A%, BEHICEE DI 2HETI 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 so clearly on the sheet.
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6 THPO 20HEEURET DL, BALSHBCHERARK I B2AVE. £/,
KE—2H7- ) —HOBERKEZ AW X

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.

A. ‘[%ﬁ@]ﬂﬁ (Circuit theory) 43 %F] |

(B1] ~ (FI4] H52RI%5RY, MAFRBORMESESHIHREL MBS TAL L.

(f91) B 1OEBKIZOWT, MFORNCE

AX. 2L, EIREFEE Z'%(}m[z DA ZE vy X
B - -4 Ry A
arg(E/LL) =0 TH 5. _ , L
- ‘ 2
(1) Ry, Ry, X1, Xo DREIOBERNZ RE. E]@ %, %
8VDLE, Ry, Ry, X1, Xy DFAEE K
k.
X1
(f92] B20EBEIZDONT, SFOMVICE R, M jx
A&, L, BEEEEOARERE0E [ E:}__U
T35, | oL e
(1) 50 R, OB L WEES PEfdE,  E L3 ELZ R § P
(2 VT 2RVAXNWAIETHD L E, HE

BHPPERREZRZE5 X 2RO K,
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B FEHIL
BB THEEIK

RKE—2H 7 b —RDMEEAHEE AW &

6 B S 2 N EBOMET 52 L ﬁh%ﬁﬁﬁﬁ&:ﬁﬁ%ﬂi%ﬁl%ﬁ%ﬁ%m;. 17

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

(B3] M3DEERIZOWT, UTFTORWIZEX
k. EEL, BREE L OARBEREw LT 5.

(1) #HEHir DBER T 2K K.

(2) =R, 21 =jX1, 0= —jXo DL E, F
& I ORFZED arg(E/I) = 0 & 725 5MF
23RO k.

(f94] H4DEBEIZOWT, UTFOBWICER

L. 27U, E=V32V, Ri = Ry =2Q,

C=4F, L=1Ht7T5.

(1) A4y F S, ZBWEE, At =012
BWTAAvF S, 2L 3. oLk,
t> 028 5EMq(t) ZRD K. 772U,
q(0)=1CE ¥ 5.

RRIZELZZE, t=0128WTS; 2K &
FRZ S, 2BALA. ZOrE, t>0128
B &I i(t) ERD &,

(3) (2) TR~ i(t) DA Z éfﬁ%j:t 77 % B
Ztw2RD X,

El
N A5
) 22
Zzl
X 3
v AN~
Sl R] Sz R2
; .
-
R0
X 4
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6 DENO 20 HEEUHET S L. ﬁhf’ﬁﬁﬂt’ﬁ@/‘t}ﬁ%ﬁ: 1#ERNE. i,
KM —D b7 h —HROME FMkE AV &

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.

Select two out of the four questions [Q1] ~ [Q4] and write the number of the selected

question on the answer sheet.

(Q1] Consider the circuit shown in Fig. 1, 4

‘where the phase difference between the source 4\/\/\,—Qﬂ)’\—

voltage E and the current I is arg(E /) = 0. Lt R, JX
1

(1) Find the equation representing the re-
lation among R;, Rz, X; and Xs. E1® R JjX,

(2) Find the values of Ry, Ry, X; and X,
when [I1| =2 A, |L|=1A,|V|=4V

(Q2] Consider the circuit shown in Fig. 2,
where the source voltage E has the angular Ry ,M\ JX
frequency w. Answer the following questions. — VWV e l I

(1) Find the current I and power consump- EI@ L;% éo L, R, ? P

tion P in the resistance Rj.

(2) Find the reactance X for which the
power consumption P is maximized = = Fig. 2
when X is variable.
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6 THNO 2 NHEROMET B L. BALSHEICHEAK 1B2AVE. 7,
RKE—2H7- b —KROMBEREKE AW .

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.

(Q3] Consider the circuit shown in Fig. 3, where

21 ,
the source voltage £ has the angular frequency w. . l I
Answer the following questions. : 20 ",
' EI("yY) : § r
(1) Find the current I in the resistance r. '
20 22
(2) Find the requirement for which the phase dif- _ 1
ference between E and I is arg(E/I) = 0 —
when 2o = R, z; = jX; and 2 = —jX5. . Fig. 3

[Q4] Consider the circuit shown in Fig. 4,
where E = V3/2V, R =R, =2Q,C =4F
and L =1 H.

(1) The switch S; is closed at the time ¢t = 0
while the switch S, is left open. Find the

charge ¢(t) for ¢t > 0 under the assumption

R,
of ¢(0) =3 CE.

(2) S; and S, are left closed and open, reépec-
tively, and the circuit is in the steady state.

After that, S; and S, are simultaneously ‘
opened and closed, respectively, at ¢ = 0. Fig. 4
Find the current i(¢) for ¢t > 0.

(3) Find the time ¢ at which the magnitude
of the current i(t) obtained in (2) is maxi-
‘mized.
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6 DEHPS 2ABELBUOMET 2. BALSHBICMERRK 1B2AVE. %7,
A—2dh7 b —HOMEREE AV L. o

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.

B. - [‘Fﬁ*?ﬁ@?ﬁ (Information theory) 43 %7]
oW ( [M1] [F2] ) T&X L.

(R 1] WHIET L7 7 Ry X = {a,b,c,d} OHEBURRMIERESS D, T2sc X OH
BHER p(a) U TORTERZSNTVWS. EELO0<a<l T3,

T a b cl|d
(a:) al|ll—-a]|1]1
P 21 2 |11

BTORWIEZ L.
) ZORBMEDOTY O —% o OEHE LTRD L.

) 0<a<iDEEDIDHEHRFIINTZ228NT7 U FEE1DORD &.

(3) (2) PHBDFHHER (NEROMMHE) 2 o 0B LTRO K.

4) j<Sa<] OLEQIOBBMRINT 2 2N 7 IV BASOEHIHERERD &.
(5) ZOBEHIFIZXT B 2N T Y HEDOFEEFERE La) L BL. ac (0,5 X
T35 L(a) DF5 7 %&b,
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6 BN O 2N FEEOMET S L. BAZDHBIIHMERK I B2AVE. £/,
K —2 b7 ) —ROFEAE AW L. .
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.

(2] 7477~y b {1,2,3)} £O Markov B3I X, X, - - DBBHERITHIA

0.25 0.25 0.5\
P=(pj)=|04 06 0
0 0.2 0.8

TEZAONTWAH L E, ROEMIZBEZX K. 7L, p E X =iD L TX, 1 =5&

BRI EHEREET. , |

(1) P OEBEO—2#1THSI L &RE.

(2) 7R Mo REEE LISHET 2 POEEERS MVTHY, ZOEROKAIA
1 THBLT5. vDFOEKREDRRK. 7L, BEEENINETE POLEES
RZ ML, vP= wiERTEOTRWVEFRZ MLoDI L THED.

(3) EAM1IENIET 3 POAEGRS ML aRb . 772U, EEENCHET S P
DEEENZ MV, Pu= u%2E-3E0TRWIAIRZ MLVuDZ L THS.

(4) BBDRZ ML o it2WT, [ju]), TZOBEROEIMEDRIM AT, T2 Flv
Z2WT, [Py < |jv|; & RE.

(5) POEROEFEOMMNEIXIANTTHS Z L 2RE.
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~ Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets

6 7HHO 20 H2REUMET LI L. BALSHBIMERK1TZ2HAVE. £,
RE =257 ) —ROBERKE AV K.

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

(Q1)

Answer the following questions ( [Q1] [Q2] ).

Consider a discrete memoryless source with source alphabet X = {a,b,c,d} whose

probability mass function p(z) is given by the following table (0 < o < %)

T a b - cvd
() al|ll—-al|ll1
PO 9 79 1|1

Answer the following questions.

(1) Find the entropy of this information source as a function of a.
(2) Find a binary Huffman code for this source when 0 < o < I

(3) Find the expected code length for the Huffman code derived in (2) as a function of
.

(4) Find the expected code length of a binary Huffman code for this source when

1
agz.

S..

=

(5) Let L(a) be the expected code length of a binary Huffman code for this source.
Draw a graph of L(a) for a € (0,1].
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6 2H»S 20 HEBETMET LI L. BAESHBICHERRKLIT2EAVWE. £,
RKE—2 b7 b —MOMEREE AW X.

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.

[Q2] Suppose that the probability transition matrix of a Markov source X; X5 - - - over alpha-
bet {1,2,3} is given by ‘

0.25 0.25 0.5
P=(py;)=|04 06 0 |,
0 02 08

where p;; denotes the conditional probability of Xy, - j given X; = i. Answer the

following questions.

(1) Prove that one of eigenvalues of P equals 1.

(2) Suppose that v is a left eigenvector of P corresponding to the eigenvalue 1 and that
the sum of v’s all elements equals 1. Explain v’s meaning in the considered Markov
source. Here, a left eigenvector of P corresponding to the eigenvalue ) is a nonzero

row vector v satisfying vP = Av.

(3) Find a right eigenvector of P corresponding to the eigenvalue 1. Here, a right

eigenvector of P corresponding to the eigenvalue ) is a nonzero column vector u
satisfying Pu = A\u.

(4) For any vector v, let ||v||, denote the sum of absolute values of all elements of v.
Show that [[vP|[; < ||v||, for any row vector v.

(5) Show that the absolute value of any eigenvalue of P is not larger than 1.
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6 DHF»0 2 HEETRET L L. @htﬁﬁﬂk%ﬁﬁﬁl%%%wi 7z,
KE—2H7 b —MOBERME AW &

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.

C. [A—hr=brLEFE (Automata’ and formal languages) 22%F]
oMW (1] (2] ) &z &

(1) W\Twﬂﬁﬁu%i&%%%?ékﬂiﬁ'&ﬁﬁﬁif MY M=(K,%,6q,F) L, RDK
FIWIZEX & 7L, K = {0, 0}, T = {a,b},6,q0, F = {qo, 1} 1%, TN IRAEDE
A, TIVT7 7Ry N ERELK VIHIRE RRREBOESE2ET.

a

(1) MAERET 35BS 4 OXFHETRTIHEL L

2) MAZEEZEEL, CAIND TR EHBEE L.

(3) Ly 2T 5 RIERBNDPEMARA— v b L OREEBRE 52 &

(4) XFaTHEVXFITHRDE S LOXFHOEARSEL, LT3, SHL, N L,

ASET 5RESBNORELARA — v h VOREEBRE 5% &

(RI2] 14243 % 4+4-10 D & 5 IWHROMBE 4T > REHE B, ROXIREMXIEG 2EX 5.
X% G O#mEE 1 0,1,2,3,4,5,6,7,8,9, +, -, #%&n‘%‘navstis N,D, Ftasisix S T
B, ERHAIZROED TH 3.

1

)
)
)
)

S — N|S+N|S-N
N — D| DN
D-—o0]|1|2]3]|4|5|6|7]|8]9

FISHECS S 2 G EBFRRANC R > - EMZ I LV BHTE 2 XFHD, Gt k> TER



' , BHRPEL
i&SlEF hMﬁ?ﬁ?&/ZTAFﬁﬂ#%ﬂﬁﬁﬂﬁIﬁgm
ELEE AZEABREE
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6 PHO 20 HERPMET 5 L. BALZSBHEICHERFK1B2AVE. 7,
R —2H 7 ) —OEEEEE AW X ,

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.

NBXFFITHB. PIZIE G IEXTH 4+4-10 BIROBHAI £ D 4K T 5.

MOZRW (1), (2) K& X k.
(1) MOBEXFFRGIZE>TERINDD. IhBu o ITHHARER, Xk
oI XHEH % HAE X, |
(a) 5+13+9
(b) 2
(c) XS
(d) -4+15
()Gﬁwmsmww;9L@b®ﬁ%§T%ﬁ®%ErT§aoﬁﬁmﬁi%ﬂﬁi
BUTULED. 2O aXFIRERINBZVEIITBELAEZXEG 2EX 5.
DIIRFS130,1,2,3,4,5,6,7,8,9,+,-, I S, N, M, D, BithzRE
STHY, EFHRAIXIROBY THD. 72770 e FEXFH%2ERT.
| S —s N |S+N | S-N
N—ol|[i]
M — e | (i [Gi]
D—1]2|3|4|5|6|7]8]9
G AEEOBE R e 1 L [ | [ |EED L. ﬁtbGL;DE
BENBXFIIDS B, PRUECXFFILSMNG, TRTEIREVERENSE LS
K552, FMOBFAERITBENZVEMO ONENEZ L BHTHIDOL T
5. G IZBIZIE 0% 14301 X 0+0-203 ZAERT 543, 00 % 1+0301 IFAERL L 722\,
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6 DHD»S20HEBURETLZ L. BALELSHBICHERKITZ2EVE. £,
K —2H7 0 —WOMBERMKE AV L.

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 ( [Q1] [Q2] ).

[Q1] Answer the following questions for the non-deterministic finite automaton M = (K ,2,0,q0, F)
which has the following state transition diagram. Here K = {go, ¢}, = {a,b}, 6, qo,
and F' = {qo,q1} represent the set of states, the alphabet, the transition function, the

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

(1) Give all strings of length 4 accepted by M.
(2) Describe the strings in the languge L, accepted by M.

(3) Give a state transition diagram of the deterministic finite automaton that accepts
L, and has the minimum number of states.

(4) Let the language Ly be the set of strings over ¥ that begin with the letter a and
end with the letter b. Give a state transition diagram of the deterministic finite
automaton that accepts the language L; N Ly and has the minimum number of

states.

[Q2] Consider the following context-free grammar G, which is designed to handle expressions
of additions and subtractions of numbers, such as 1+2+3 and 4+4-10. The grammar
G has terminal symbols 0,1,2,3,4,5,6,7,8,9, +, -, non-terminal symbols S, N, D, the

start symbol .S, and the following production rules:
S — N | S+N | S-N,
N — D | DN,
D—o0/|1|2]3|4|5|6|7]|8]o9.

The strings generated by G are those that can be derived from the start symbol S by
‘ applying the production rules. For example, G generates the string 4+4-10 with the
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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.

folloWing derivation tree.

Answer the following questions (1) and (2).

(1) For each of the following strings, answer whether it is generated by G. If it is, give
a derivation tree. If not, explain the reason. 7
(a) 5+13+9
(b) 25
(c) the empty string
(d) -4+15

(2) The grammar G generates strings, such as 05+3-0007, that contain a number with
an unnecessary leading 0. To avoid generating such strings, we want to design a re-
vised grammar G'. The grammar G’ has terminal symbols 0,1,2,3,4,5,6,7,8,9, +, -,
non-terminal symbols S, N, M, D, and the start symbol is S. The production rules

are as follows, where £ denotes the empty string:

S —3 N|S+N|S-N,
N—ol|[i]
M — e | i ][ ]

D—1]2|3|4|5|6|7|8]0.

Fill in the blanks | i | | [ ii ][ iii ]to define G’ as desired. Make sure that G’

generates all strings generated by G except those that we intend to exclude. Note
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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.

that we allow a single 0 that is not immediately followed by another digit. For
example, G’ should generate 0, 1+301 and 0+0-203, but should not generate 00 nor
1+0301. '
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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.

D.

(B S (Electromagnetism) 43-57)
(FF1] ~ (3] H52R% R, MEAKOMERSMIME L MERESLRAT L.

[F'ﬂ 1] K1ITRT X951 'a??%—f—so DODEZEFIZELNT-EHES, F"ilﬁza d DFATER = v

T/#®@WA,B®% ﬁs;‘étoqﬁwﬁwa%Ac%@E%mx iz

X HIT A, BIZHATI ﬁﬂbt BIWZOWVWTUTORWNZE 2 L. 7277 LI RITER T

EHHbDET B,

(DA, BZ#EML7-KEBCTCIIIEBR QZ2E5 X7 COAICEH LLREIZERNSER O,
C O B I L7 REIZHN 5 BR 0 23R L. '

Q) ACHDOZERIZEZ bNDHETRNLFX—W, BCHOZEMICEZ bNEHETRNLF
—W, =KD K.

GCAERTAHF EBIERT A I R ERkD k.
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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.

[Wz)lz_xﬁio , RN a ODNERER & EN ¢ TE S DERTE 3/ 858K

_ibﬂ%#—7wm%méﬂfkb,W%%Wuiﬁiﬁﬁﬁlﬂ—%ufnfmé.

() X 2@ FIHRICEEMIC ZOOBMERZ BRICHA Lz, Bk 1 & 2 oFRERIX
ENFhw, 1o THD. REMERL & 2128 ARROBRS Hi() L H(r) % NEE A D+
Lo OEREr RIS L LTRE. £/, BMER 1 & 21280 2MREE Bi(r) & Bar)
23R K. o .

2) H2@DHEICANT, ZOOBERNIZEZ 5N B EMEY Y ORRT RNV F—Un
EROL. ERIOBRNS, Ry —7AVOBMESYY DRABA VX2 Z R B+
A HE 2 R) LERD L.

() K2R ITHRICERMDOELR ENEIICERE & D o@&&%%ﬁkbn
2L, ZOOMEROEREIIELWET B, Zo0RMEENICRET AR O
Hi(r), Hy(r), BROBERBE Bi(r), Ba()ERD K.

ZALIEN) a1
eS|

X2



TS 1R SRR 5 DR ﬁf&%ﬁlﬁ%glﬁ
fELfiE AFABRME
B [ & B (Specialized subjects)
(17/28)

6 DEHN S 2N HEROMET L L. BALSHBIMEAKLIHEAVL. %7,
KM—DH%k ) —HMOMEREEAVE,

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.

[f13] K3@a) I T LT, $428 o BUESYUYOER n OBRIZEVWY L ) A

Raf veBEZERICE W, KIZ, ®30b) 7T L5, B4 =0 TER I 2 LA

O, B =T TERN Is WZRDIIIC—EDEATHMEE, ZORIZ—FEBR I &

Wliz., BEOHBREEL w 7 5.

1) BZ ¢t 1I2BNT, YL /A RaftrOoRAIBIUIMIIICRAT IHREBED KX X B
3R K.

2 B3@) ZrRTXHT, YL/ A Fasnr bz, ¥R r 0 1 BEXORKaA

\ NEBWE. B 12BWT, AEaANMCALREEHIORES V 2k L.

(3) 2) DFEREZHNT, /V/4F34w®¢mﬂm%>r%htﬂ% WZBITBRZ ¢ T
DERDODKEIE KD L.

@)/V/4B:4W@¢um#6r%ntmﬁmﬁuéﬁﬁz?®ﬁ4y?4yf&
7 bV S OREESLAEZRD K.

) (4) DFERZANT, Bl =0 256 (=T OFIZY L/ A Faf LVOBRI YD
WEZOLNAZRXNVE— U RO L. E-F0EHBRLRYE.

1
Q@@@@@@&@@Q&@@Q@

N

'~

g .--___-
\QA‘

S
~
S~ c———————T

e ——
Pt
‘~
,
- -
g ——-—

-

L

“TDCKDCKXDCXJCKRJCRDCXSCT" | ~
@ (b)

1 '
- QERVOCROBRVAEROG oo

~\

27
A1)

j rqﬂ>//> |
," AN S N A—

w@@@@@@@@@@@ﬁﬁﬁﬁﬁdmmmmmmf; """" YLV /A Raf

—————
,r—’ ~~,




ER3 1ER UNARAPE S AT At SRR
ELEE AYRBREE
& 9 & B (Specialized subjects)
(18/28)

6 PHNO 20 HRRUMET 5. BALSHEICHMERAR I B2AVE. £/,
KE—2H7- 0 —KROMERKEZRAN L. .

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.

Select two out of the three questions [Q1] ~ [Q3] and write the number of the
selected question on the answer sheet.

[Q1] As shown in Fig. 1, a pair of parallel conductor A and B with the area S and the spacing d is
placed in vacuum with permittivity &. A conductor plate C is parallelly inserted between A and B
so that the spabe between A and C becomes x. It can be assumed that the edge effect is negligible.
(1) The electrical charge Q is given to the platé C while plates A and B are kept at earth potential.
Give the electrical charge Q1 which appears on the plate C surface facing the conductor A. Also
give the electrical charge Q> which appears on the plate C surface facing the conductor B.

(2) Give the electrostatic energy W; stored in the space between A and C. Also give the
electrostatic energy W- stored in the space between B and C.

(3) Give the electrostatic force Fy acting on A. Also give the electrostatic force F» acting on B.
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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.

[Q2] As shown in Fig. 2, there is a co-axial cable made of an inner conductor with radius a and
an outer conductor with radius c, where thickness of the outer conductor can be neglected. Uniform
current / is flowing in the two conductors oppositely. ‘ |
(1 “Two coaxial layer magnetic materials are inserted between the conductors as shown in Fig. 2(a).

Permeability of the material 1 and 2 are 1 and gp, respectively. Give the magnetic field Hi(r)
and H»(r) in the material 1 and 2 as a function of » from the center of the inner conductor. Also,
give the magnetic flux density Bi(r) and B2(r) in the material 1 and 2. ,

(2) In the case shown in Fig. 2(a), give the magnetic energy Un stored in the two materials per unit
length. Also, give the self inductance (external inductance) L of the co-axial cable per unit
length. ‘ |

(3) Two magnetic. ‘materials with permeability 11 and g are inserted into left-side part and
right-side part between the conductors as shown in Fig. 2(b). Here, volumes of material 1 and 2
are equal with each other. Give the magnetic field Hi(r) and Ha(r), and the magnetic flux
density Bi(r) and Bx(r) in the two materials.

Magnetic Magnetic
material 2 material 1
Magnetic
material 1

Magnetic
material 2

Y o

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.

[Q3] An infinitely long solenoid coil of radius a having » turns per unit length is placed in
vacuum, as shown in Fig. 3 (a). The current / flowing through the solenoid coil is zero at time 7 =0,
and increases steadily to /s in time 7, as shown in Fig 3 (b). For time ¢ > T, a constant current /s
flows through the solenoid coil. The permeability of vacuum is upo.

(1) Give the magnitude of the magnetic flux density B both inside and outside the solenoid coil at
‘ time ¢. , ,

2) A one-turn circular coil of radius r is placed coaxially to the solenoid coil, as shown in Fig. 3
(c). Give the magnitude of the electromotive force ¥ induced in the circular coil at time .

(3) Give the magnitude of the electric field E at a distance » from the axis of the solenoid coil at
time 7 using the result obtained in question (2).

(4) Give the magnitude and direction of the Poynting vector § at a distance » from the axis of the
solenoid coil at time 7.

(5) Give the energy stored per unit length of the solenoid coil, U, at time ¢ = T using the result
obtained in question (4). Also, show how to derive the energy U.

) 1 ; I A
ARARIRINIRIAIRIRE)

l"--\ __________
I i
a |

@@@@@@@@@@@@@@@é"” v
‘ (a) (b)
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~
S ————————T
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-
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‘\
N,
Sew

I
~RRVIIXAVRIRAARIRRR) o,

,

4 L S N A L
[ [
{ i v, { 1 .
i i , i i circular

] ] 1 .
".‘ ," circular/>/J '\‘ ," coil
N/ coil A/ A —
et - .. . A
[0,0.C[00[00[00[0I00[0/0]00) ) solenoid coil
(©) /

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.

[ 69800 2 PHLRUMET 52 L. BAR TG MERE | HEAV L. 7,

E. (7Y Abh/Turs3xvy (Algorifhms and programming) 73]
ROLRW ( [M1] [(M2] ) 2B X X.

(1) ’a—-i'BﬂfcﬁﬁUal,az,...,an0)‘575,\1' <jWDa >a; (1<i,j<n) ThdLZ,

(R 2]

(as, a;) & KHE L I3,

(1) #511,6,3,5,2,4,7 O RKEED A Kb &.
(2) B2 6N=EF ay,a,,...,0, DREOEREZRZD2EOBVWT LIV XL %25

Z &

1iZ max-heap 21k > 7V 3V XL %KY, KF|All. Alength] A%, max-heap 5ff
2Rz ElE, BAAPRDOEEEHTLETHS (272U, Alength IXMF A A&

CEFRH .

A[Parent ()] > Al{] (2 < i < Alength)
s, (AL DAOHIR  OMEDS, ZOHi i OF Parent(i) DAL T O TH 5.

DEE, ROLBWIZEZ £. ‘

Parent(7)
1 return [i/2]

Left(z)

1  return 2%;

Right(7)
1 return 2% + 1

MaxHeapify(A,i)
1 1« Left(s)

2 r < Right(s)

3 if I < A.heapSize && A[l] > Al{]

4 largest « [

5 if r < AheapSize && A[r] > Allargest]
6 largest « r

7 . if largest # ¢

8 exchange A[i] with A[largest]
9 MaxHeapify(A, largest)

1: max-heap k5 7NV TV XLADELL I — F (RR—I~EEL)
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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.

BuildMaxHeap(A)

1 AheapSize < A.length

2 for i < |A.length/2| downto 1
3 MaxHeapify(A, 7)

1: (% &) max-heap 2 > 7V TV XL DM I — K

(1) 25 A={25, 18, 14, 6, 13, 10, 2, 5, 7, 11} I&, max-heap %2i#7=T 7%, HE %k
R, , |

(2) A1 A={27, 15, 5, 18, 14, 10, 3, 12, 7, 11, 4, 8, 6, 1} {253 % MaxHeapify(A,3) ®
BifE % ¥,

(3) M1D7NVITYXLDEEIZARL, BFAZ2e—TFY—rTY— NSRS 741
HeapSort(A) Z &l &. HeapSort(A) 2503 288, X1 DFH = MaxHeapify &
F#t & BuildMaxHeap Z iV Z k.
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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 ( [Q1] [Q2] ).

(Q1]

(Q2]

Given a sequence of numbers ai, as, . . ., an, (ai,a;) is an inversion if ¢ < j and a; > a;
hold (1 <4,5 < n).
(1) Count the number of inversions in the sequence 1,6,3,5,2,4,7.

(2) Give an algorithm for efficiently counting the number of inversions in a given se-

quence of numbers ay,as, ..., a,.

Figufe 1 shows algorithms handling a max-heap. When array A[l..A.length] satisfies
the following condition, array A represents a max-heap, where A.length means the
number of elements included in array A.

AlParent(i)] > A[i] (2 < i < Allength)
This means, the value of a node 7 other than root A[1] is at most the value of its parent

Parent(i). Answer the following questions.

Parent(7)
1 return |i/2]

Left(¢)
1 return 2%;
Right(7)
1 return 2% + 1
MaxHeapify(A,i)
1 1« Left(q)
2 r + Right(i) B
3 if I < AlheapSize && A[l] > Al
4 largest < [
5 if r < AheapSize && A[r] > Allargest]
6 largest « r
-7 if largest # ¢
8 exchange A[i] with A[largest]
9 .MaxHeapify(A, largest)

Fig. 1: Pseudo code for algorithms handling a max-heap (Continued on the next page)
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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.

BuildMaxHeap(A)

1 A.heapSize < A.length

2 for i < |Alength/2| downto 1
3 MaxHeapify(A, 7)

Fig. 1: (Continued) Pseudo code for algorithms handling a max-heap

(1) Is the array A={25, 18, 14, 6, 13, 10, 2, 5, 7, 11} a max-heap? Explain the reason.

(2) Ilustrate the operation of MaxHeapify(A, 3) on the array A#{27, 15, 5, 18, 14, 10,
3,12, 7,11, 4, 8, 6, 1}.

(3) Define a procedure HeapSort(A) that sorts elements in array A by heapsort, ac-

- cording to the dkescriptive method in the algorithms shown in Figure 1. Use the

- procedure MaxHeapify and the procedure BuildMaxHeap shown in Figure 1 when
you define the prodecure HeapSort(A).
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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.

F. [#El7-%72F% (Computer architecture) 28]
ROZEW( (A1) ~ [M3)] )icBx X,

(1) M FOIEMERTE X 5 N7 REEE F(a,b,c,d) X TREND & 5 1B G(a, b, ¢, d)
BEUNAND = 2o TERTEI L 2E2 2. BHGOREENEE2RYE

IabcvdF

000 0]0

000 1|0

001 01 |

001 1|1 '

010 0|0

010 1|1 —DO‘L

011 01 }L

011 1]1 }DF
1 00 0[0]| aCr>

100103% G—l—

101 0fl1] d—=>—1

101 1|1 X
1 100]/0 |

110 1|1

1 110]0 ’

111 11



TR 1R AMKEAE A7 atespe BAIEE
BLHERE AFRABRMEE
B M Bl B (Specialized subjects)
(26/28)

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

6 F 5 20 HERUMET LI L. EAtﬁEﬂkﬁ@é)ﬁﬁRlﬁB%)ﬂb\i it,
RE—Dd7= ) —MOBEAEE AWV &

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets

(2] 5200AF—=IYDN6RB 14754 VRTFT— XA Z2ETEe17urlakyHizon

(3 3)

TERD. FEINENALTIAVAT=VF, IF (4EE), ID (4T3 —K),

EX (217), MEM (AEYT727%A), o™, WB (51 h\v) TH3B. UTF

DEMVIER L. | |

(1) A T4 VOB XD 704 v S MEEAST T 2 5 &SI &

(2) ZORAT T4 VHETHRET D RAW (Read After Write) N — F2#HT 574
R AR ( &H 2 DES, %ﬂ%ﬂ@%ﬁ(ﬁ%ﬁﬁ@% ZEHEAE K.

(3) 7u 7 LEATHRRIZ, [E1T@mNE] TCPI(Clock cycles Per Instruction)] 127 @ v
YA 7 )VE OBTEMTES. ZDONA1TI54VDAT— I8 ERML 75
B, WEEMIHTEAEERRL, TOmEE BT,

(4) =Mz, AT VBBERMURD 2546, Taty VHEEER EOEAWIXIR
BIZNE S BBERICHD. TOHEAEBR .

16 v FOT FLA (adr[15:0) ZANLTBXA VI bYy THF vy Y aOBEFHI DO
TEXS. NMIT RNV YV ITHARTHY 1B FXANTM LT B RFvyyoa7y
EZ2IZBWT, adr[15:8], adr[7:4] 725 T adr[30] X, EhEh, 2T 74—)VF, 4
VTFYIATA4—=VE, A7V T 14—V RELUTERINE. UTORMWIZEZ L.

(1) Fyyvasuy s X2Ex X.

(2) Fyvyaduy ol EEZ L.

(3) F ¥y aOWAPREIIETHE LT 5. UTD 16 BEREN=A1 FT FL AR
NUTAEYT 2L AAIRARAE L BEOF vy Y2 IAREERE,

0x0000 = 0x0004 = 0x0020 = 0x1120 = 0x1104 = 0x0004 = OX1120 = 0x0020
= 0x0024 = 0x0020
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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 ( [Q1] ~ [Q3]).

(Q1] Let F(a,b,c,d) be a logic function whose truth table is shown below. Consider that F
is composed of another subfunction G (a,b,c,d) and NAND gates as shown in the below

figure. Show the minimum sum of products form of G.
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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.

[Q2] Let us consider a microprocessor that has a o-stage pipelined datapath. The imple-
mented pipeline stages are IF (Instruction Fetch), ID (Instruction Decode), EX (EXecu-
~ tion), MEM (MEMory access), and WB (Write Back). Answer the following questions.

(1) Explain why the performance of a processbr can be improved by introducing pipelin-
ing. '
(2) Show at least two approaches to resolve RAW (Read After Write) hazards that

~ occur in the pipelined datapath, and explain how to implement them briefly.

(3) Program execution time can be approximated by the product of three items, “in-
struction count”, “CPI (Clock cycles Per Instruction)”, and “clock cycle time”.
Select an item that can be improved by increasing the number of pipeline stages
and explain why. '

(4) In general, if you increase the number of pipeline stages, then the degree of processor

‘performance improvement tends to reduce gradually. Explain why.

[Q3] Consider designing a direct-mapped cache memory that inputs a 16-bit address (adr[15:0]).
Suppose a byte-addressing scheme and the word size is 4 ‘bytes. On each cache access,
adr(15:8], adr[7:4], and adr[3:0] are referenced as a tag field, an index field, and an offset

field, respectively. Answer the following questions.

(1) Answer the cache block size.
(2) Answer the total number of cache blocks.
(3) Suppose the cache is initially empty. Find the cache miss rate, when the memory

accesses with the following hexadecimal byte-addresses are issued sequentially.

0x0000 = 0x0004 = 0x0020 = 0x1120 = 0x1104 = 0x0004 = 0x1120 = 0x0020
= 0x0024 = 0x0020
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