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fiftZ: . OTEE (Instructions):

1. BRI, (4R ] OAKNH 2 F TRV TR B0,

Do not open the problem sheets until the start of examination is announced.

2. RIBEIFIAUIRAE 500 6 ~— 3, MERSHE3 KOS (1B E 1) Th 5.
You are given 6-page problem sheets including this cover page, and 3 answer sheets (1 sheet

for each field).

3. BRI, MRV - RS D 2 SERICIN A T, X7 MVIRNTE K OWESR - HiE D 1 A
BIRL, Bt 3 WO WA T2 Z &, BATESBEICHERRZINCT S Z L.
Answer three fields in total, including Linear algebra and Analysis and calculus, and either
Vector analysis or Probability and statistics. You must use a separate answer sheet for each

of the fields you selected.

738 field page
FRIZAEL Linear algebra 2

fENTS - #5055  Analysis and calculus
N7 N VIRAT Vector analysis
e - etk Probability and statistics

S| | W

=W N =

4. FRERROEEIC, HlA, TRESBIOCRAZTATDHZ L. 3BHOERMKIZONT
I, @EIRULInEEs B Fidd) 2OTHIrZ &.
Fill in the designated blanks at the top of each answer sheet with the department name, your
examinee number and your name. Mark the selected field number (3 or 4) with a circle on

the third answer sheet.

5. REIIMERMICTEATH 2 &, A=A RV RWEEITEmZ AW T RV, £
e, BEIHENRHD Z LWL o 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.

6. EEIX, BAGE, FFEOWTHOTRATDHI L.

Your answers must be written in Japanese or English.
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Use a separate answer sheet for each field.

(¥ A2 (Linear algebra) 43 %7]

(1) KD 3 D>DXT R~ ay, ag, az ([COWTLLFOMWIEZ L. 72720, z,y,2 1$FEKT
Hb.

T —1 4
a; = 0 s Ay = Yy s az = 4
-3 3 z

(a) a;, ag, a3 WAWVNIERTH & X, x,y,2z DIEEZRD K.
(b) 2=2,y=1,2=-1&L, 175l A=[a apa3) £ T 2. EEOEELKnIZHLT,
AM Z R L.

(2) B4 2 TCOSR 1 ThHhDAdRIEFITH, I3 % dIRBEAATINET 5. d=2,3,4DFH
EILDGEINZOWT, 174 By — dly DR ZE RS L.

(1) Answer the following questions about the three vectors a;, as, and ag below, where z, y,

and z are real numbers.

a; = 0 ) ag = ) ) as

I
SIS

(a) Find the values of x, y, and z such that a;, ay, and az are mutually orthogonal.
(b) Let x =2, y =1, and z = —1. Define the matrix A = [a; a, as]. For an arbitrary

positive integer n, find A™.

(2) Let E4 denote the square matrix of order d whose entries are all 1, and I, the identity

matrix of order d. For d = 2,3, and 4, find the rank of the matrix Fy; — dly.
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Use a separate answer sheet for each field.

2.

[f#HT - #7855 (Analysis and calculus) 47 %7]

(1) kO EFHEE L. 72720 o, bIZTEOEKTH 5.

/ x2+y2d$dy D={(z,y):a<x+y<b x>0,y >0}
D(x+y>3 9 ) * e — — - ¥ -

(2) WO TR — iR %2 KD K.

2
(3) Bﬁﬂiﬂﬁ’ﬁm:?’aotf@%ﬁ%f(Zle)de%:ﬂ%abot. FEL, CRA =r (> 1) &
C
¥%.

(1) Calculate the following integral, where a and b are positive constants.

/$2+y2dmdy D={(z,y):a<z+y<b,z>0,y>0}
AEEmE raseryshezty=0n

(2) Find the general solution to the following differential equation.

dy (y) Yy
—=cos|—|+—+1.
dx T T

2
(3) Calculate the complex integral ]{ (QZTIPdZ’ where the closed contour C' is given by
o (2

the circle |z| =7 (r > 1).
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Use a separate answer sheet for each field.

3. [=Z MAEHT (Vector analysis) 43 %7 ]
EAEERIZEWT, o, y, z WA MOBARY brvizzinfivi, j, k&35, S ~ Sy
BIRDOLDITEFKT D

Sii1<a?+y*<4, 2=0
SQ:x2+y2=4, 0<z<5h
5’3:1§$2+y2§4, z=25
84:x2+y2:1, 0<z<5

%EEESC%50251USQU53US4 kj—Z) ESQL@%}:%C]_ 72

xr = 2cost
y=2sint  (0<t<107)

= —
2T

ET 5. MOFRNTEZ L.

(1) XV M F%F = —yi+aj + 2k 95, O, ICh>T, #A2,0,0) 0058
B(2,0,5) £ COMML [ F - dr 2R L.

(2) X7 MG F B F =202t +2%25 + 22k TH D L X, WS [[o F-ndSZROL n
1% S, DIMAIE BALER 7 MV THS.

(3) BAMIE S, FIZ350 T, £A(2,0,0), £B(2,0,5), £C(1,0,5), AD(1,0,0) % IE @i
L, OUA(2,0,0) ICROMARKC. 2525, BREC BT, RANHABET
DREEEILCL THD. mBNORCETORKE Cy, RCHAD ETORKC;, AD
MHRAETORKCE, ThENMIETD. X7 MG F % F = (2uy*z+e”)i+
(22%yz+cosy)j+ (2?y? +sinz)k & §5. VX F & IO C \JIn> 7oAl ¢, F-dr
R &
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Use a separate answer sheet for each field.

The unit vectors on x, y, and z axes of Cartesian coordinates are denoted by ¢, 7, and k,

respectively. Define the surfaces Sy, S, S3, and Sy as follows:

Siil<a?+y*<4, 2=0,
Syt +y* =4, 0<z2<5,
53:1§x2+y2§4, 2 =05,
S4zx2+y2:1, 0<2<5h.

Let the closed surface S, = S; U S, U S3U Sy. Let € denote the path on Sy defined by the

following parametric equations:

T = 2cost,
Yy = 2sint,
t
= —. 0<t<10
T o (0= t=10m)

Answer the following questions.

(1) Let the vector field F' = —yi + xj + zk. Calculate the line integral [, F -dr along C,
from point A(2,0,0) to point B(2,0,5).

(2) Let the vector field F' = 2x2i + %25 + 2°k. Calculate the surface integral [/, F -ndS,

where n is the outward-pointing normal unit vector of .S..

(3) Consider the closed path C. on the closed surface S., which starts at point A(2,0,0),
passes through points B(2,0,5), C(1,0,5), D(1,0,0), and returns to A(2,0,0). The path
from A to Bis C. The paths C5 from B to C, C'5 from C to D, and Cy from D to A are the
line segments. Let the vector field F' = (2zy?z +¢e%)i+ (22%yz +cos y)J + (v?y? +sin 2) k.
Calculate V x F and the line integral ¢, F - dr along C..
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Use a separate answer sheet for each field.

4.

[fe=2 - %51 (Probability and statistics) 7 #F]
6 IO VYA anz 1 TS LE, ZRENOANRHLIMERITTNTELL : THD
bDET D LITOMWIER L.

(1) ¥4 aa% 6 BETH. HiZBRTXTERDMEELRD L.

(2) Aok 6 EEIFS. 6 DHBIENE X, 1 OHBEEE Y LBLE, X LY O
FRERE B P(X =2,Y =y) 2RO L.

B) A vz 6 AEFTH. 6 OHBEEEZ X, 1 OfBEHZY L ex, Lo
Cov(X,Y) &Rk L.

(4) A aa% 6 mEFEEZA 1 OERLLH L 2HHEZERFN-TND. 6 &
LOHBEEZZNLZEN X &Y Lt EORMMEME PX =k | Y =2) %
k=0,1,2,3,4 2% L TR L.

Consider a fair six-sided die, where each face appears with equal probability % when rolled

once. Answer the following questions.

(1) The die is rolled 6 times. Find the probability that all the outcomes are distinct.

(2) The die is rolled 6 times. Let X be the number of times face 6 appears, and Y the number
of times face 1 appears. Find the joint probability mass function P(X = z,Y =y).

(3) The die is rolled 6 times. Let X be the number of times face 6 appears, and Y the

number of times face 1 appears. Find the covariance Cov(X,Y).

(4) The die is rolled 6 times, and it is known that face 1 appeared exactly 2 times. Let
X and Y be the number of times face 6 and face 1 appears, respectively. Find the
conditional probability P(X =k |Y = 2) for each k =0,1,2,3,4.
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f% L oTEE (Instructions):

1. MR, a0y OERIDH 5 £ THWTIZ RS0,
Do not open the problem sheets until the start of examination is announced.

2. AR RZ 5D 38 -, ERMII3KOOD 28 (1 IO X 1) TH 5.
You are given 38-page problem sheets including this cover page, and 2 sets of 3 answer sheets
(1 set for each field).

3. URD 6 7806 2 P A BUET 2 2. MEAKIX1I2EFICOE 18, KM1o57%
D 1KE[MAS 52 . 1HITKRRE 2 M EO@E 2 FEN TR 5720,
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. One sheet in a set is for one question.

You may not use one sheet for two or more questions.

Par i page field page
A | EXEE 2 A | Circuit theory 4
B | TG 6 B | Information theory 7
C|A—-—F~brrEit 8 C | Automata and formal languages 10
D | B 12 D | Electromagnetism 16
E| 71a)Xa 20 E | Algorithms 24
F|&tEE—F77F % 28 F | Computer architecture 34

4. ERROEIRIC, ZEH&S, K4, #EEROHH, BIUMERESEZRLATL L.
Fill in the designated blanks at the top of each answer sheet with your examinee number,
your name, the selected field, and the question number.

5. MEBFIIMRERMICEHAT 2. AR—ZADE D BRVWHEREEHZHNTH RV, 205
A, BRHCHERHZZ e ZHilT 52 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.

6. A, HAGE, HEFEOWITILTIHATI L.

Your answers must be written in Japanese or English.
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6 TS 2B REIME TSI, BALDHBIHERK LI ZHVE. £,
KM 127D 1 MOEHRER-W &,

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 an answer sheet for each question.

A.

CEETE)

Zo [(M1), [(M2], [(M3] iCEX XK. BERRISEREY L MEESZIAT 2 L.

(1] M1DEEIBNT, BHILREF v & O
DESNE S N, FRIBIE i(t) = 4coswt [A] TR
INZEWI PR/ TVS., 2L, R=15/2[Q),

C = 5 [uF], w=10000[rad/s], I =4[A] &F 5. LA R
ToOMWIZEZ X. —o—
A <
(1) T ofaflzE R4 v E—K YR Z, mTHE Ve A
BEV, HEOHRZRKD K.
1@) v Vel == ¢

(2) VR, Vc, V, I@B‘g{%%ﬁj—7l—“ﬁ'%%((j
722U, BRIDO7 ==V 2HiAmE 35 L.

@)

(3) MR EF ¥ X CEBEZNENR, O ITLHE

L7AGR, WFRIEED, V= (1-a)Ve+alg, X 1
V| =32V e, HEEONFIRELZ.
DEEDazRD XK.

(2] X2oMEEEICENT, EBFIZEREBRR
ThHY, t< 0BV THKIXEFIREEIEL T
W3 E$ 5. BRi(), it) TOWTL TR =0

WITBR X §X um(P [}um

(1) t = 0 TRAA vF S ZHVWLERD i,(0),
i2(0) 23K X.

(2) t >01ZBIT B i01(t), is(t) ZRD XK.
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6 TEDD 2T BOMRET L. BALTHHIHERK 1T ZHCE. £,
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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 an answer sheet for each question.

(3] M3pks5%, A4 E¥—&>2175] (Z2475) Zy (k=1,2,...,n) ZFDO n @D 2 5T
W% Heft U7z [ DONWTE R 5. Za(n) X200 1-1, 2-2° Ol FRHED A4 v B —&Z >
21T RIET DO LT 5. &2 PO Z1T5 2, 1ZRKNTR L7 X o TH WS E %
ZFRNEIIZHR-sTVWEET S, UFOWITEZ XK.
(1) n=1TE2mMTFHEIERT TSN TVWD L E, T 11, 2207 FIX
> ZATH Y A (1) B3
(142 2
Yall) = < 2/ 1—2j>
Yol (BALZS) . o %2R, FRHC ZA(1) 28, 72701, Za(1) IZFEBOREHR
T CHRATRER D THS Z L ICHET S Z L.

(2) Zy K (3-1) DEIWCHEZOGNS T2 (HAIXQ). EEDHARBITH LT ZA(n) %
Kb, HiFonf 1-17, 2-2 [ D 2 Y708 70 o S [B] % 2 i 1

[ 2k-3j 2k
Z, = <2(n +1-k) 2k +j> (3-1)

(3) Zy K (32) DX S ICHEZONBE LT 5 (HAIXQ). Zo=5[Q], ZL=R-5j[Q D&
X, Z, CHBEINZHEBEBEBNEZERRICTSE2n e RERD K. TITRIEIFEKTH 3.

2 2
Z, = ) ) -2
k (2] 1 +]> (3-2)

N o

()
&
1 rC 10
.. |N
w
Ll LT T
L Z |
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6 TEDD 2T BOMRET L. BALTHHIHERK 1T ZHCE. £,
K 12570 1 OMEH#KEHW XK.

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 an answer sheet for each question.

A. [Circuit theory])
Answer the following questions ( [Q1] , [Q2] , [Q3] ). Make sure to specify the selected

field and the corresponding question number on each answer sheet.

[{Q1] In the circuit shown in Fig. 1, resistor R and capacitor C are connected in series, and
current I represented by the time domain expression of i(t) = 4 coswt [A] flows. Given that

R=15V2[Q], C = \% [WF], w = 10000 [rad/s], and I = 4 [A], answer the following questions.

(1) Find the impedance Z measured rightward from
the terminal, terminal voltage V', and power fac-

tor of the circuit. R
—O—| Ii
(2) Draw a phasor diagram representing the relation A <V— A
of Vg, Vi, V, and I. Note that the phasor of the R
current I should be aligned with the real axis. I <T> 14 Vel ——C
(3) When resistor R and capacitor C' were replaced
with R and C’, respectively, the terminal voltage

o

became V' = (1 — a)Vxz + aVp, and |V'| = 32V/5,
improving the power factor of the circuit. Find « Fig. 1
at this point.

(Q2] In the circuit shown in Fig. 2, the power sup- Li |2
ply is a DC current source and the circuit reached
the steady state at t < 0. Answer the following t_g 2 (€]
questions on the currents i;(t) and is(?). S X 1 [A] <T> [ 1 [Q]

(1) Find i1(0) and i2(0) just after the switch S is 2[H]

opened at t = 0.

(2) Find i(t) and 4s(t) for ¢ > 0. Fig. 2
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6 TEDD 2T BOMRET L. BALTHHIHERK 1T ZHCE. £,
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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 an answer sheet for each question.

[{Q3) Consider the circuit in which n two-port networks, each having the impedance matrix
(Z-matrix) Zy, (k = 1,2,...,n), are connected as shown in Fig. 3. Here, Z,(n) denotes the
impedance matrix of the two-port network between terminal pairs 1-1” and 2-2’. Assume that
each Z-matrix Z; is not affected by the connections shown in the figure. Answer the following

questions.

(1) When n = 1 and the entire two-port network is composed of linear elements, the
admittance matrix Y (1) for terminal pairs 1-1" and 2-2’ is given as follows (unit: S).

Ya(l)= (1;/5‘7 1 3x2j>

Find z and the impedance matrix Z,(1). Note that Za(1) can be composed of linear

elements.

(2) Suppose that Zj, is given by equation (3-1) (unit: ). For an arbitrary natural number
n, find the impedance matrix Z,(n), and draw the equivalent circuit of the two-port

network between terminal pairs 1-1” and 2-2".
[ 2k —3j 2k
Zy = (2(n +1-k) 2k +j> (3-1)

(3) Suppose that Zj is given by equation (3-2) (unit: ). When Zg = 5[Q] and Z; =
R — 55 [Q], find the values of n and R that maximize the power consumption of Zp,

Zy = <2 2] ) (3-2)

where R is a real number.

2] 143

N O

()
&
O] rC 10
.. |IN
w
Cl LT T 1
L Z |
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DEDS 2B ERNRET 5 . BARTIHHCRENR LEZHWE. £,
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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 an answer sheet for each question.

B. [UHHRaER %]
xo (1], [H2] KEX & BERMUSER YT EHERSEZRLATL I L.

(1] BWE7 L7 7Ry b2 A={1,23} 327 Aa7ERIFEX = X1, Xy,--- 2EZ 5.
COEHRIRICE T 2 <L a 7 EHDIKEEB NI PN TEA oMb DT 5. KL,
0<p<30<qg<3BEHTHS. ROEFMWIZEZ L. XL, v o —0H#
fiild bit & L, log,3 =1.58, log, 5 = 2.32 & L TitHE ¥ K.

C@ Oos)

e

(1) Zo~La 7 EEOEE Iz RD &.

2) p=q¥T5. ZovLaZEREOLY tur—L—F H(X)ZRD L.

B) p=g=sKUp=g=1DrEDrtrt—L—} H(X) Z2ZhZThitHEE X,
(2] 7177y X = {a,b} LOMNTIRHERZR X, (t =1,2,3) DWERDMA, p(a) = 0.9,

p(b) =01 TEZLATVWE LTS, ROBHWIZEZ K. KL, = htobr—DH
Il bit ¥ L, log,3 = 1.58, log,5 =2.32 ¥ L TRIEHE &.

(1) X,oxzv bab—%2Rd k.

(2) Xi iCXTB2TNT7 v UFaL, ZOPERFSRERD K.

(3) XiXp T2 2TeNT U5 L, ZO1XTHh OFEFSREZRD K.
(4)

4) X1 Xo X312 FT B 2N URTRE, FDO1IXFEHI-D DGR SEEZRD X.
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TEPO 2B BIMET L. BARHBIHERK 1T ZHCE. £,
j(laﬁ 12570 1 MORERKZE WX
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 an answer sheet for each question.

B. [Information theory])
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[(Q1]

[(Q2]

Consider a Markov information source X = X7, Xs,--- with the source alphabet A =
{1,2,3}. The state transition diagram of the Markov chain for this information source
is shown in the following figure, where 0 < p < % and 0 < ¢ < % are constants. Answer
the following questions. Use bits as the unit of entropy, and assume log, 3 = 1.58 and

log, 5 = 2.32.

C@ O8]
e

(1) Find the stationary distribution of the Markov chain.

(2) Let p = q. Find the entropy rate H(X) of the information source.

(3) Calculate the entropy rate H(X) for the cases p = ¢ = % andp =q = }1, respectively.
Let random variables X; (¢t = 1,2, 3) be independently drawn according to a probability
distribution p over the alphabet X = {a,b}. Assume that p(a) = 0.9 and p(b) = 0.1.

Answer the following questions. Use bits as the unit of entropy, and assume log, 3 = 1.58

and log, 5 = 2.32.

1) Find the entropy of Xj.
2
3

4

Find a binary Huffman code for X, and its expected codelength.
Find a binary Huffman code for X; X5, and its expected codelength per symbol.
Find a binary Huffman code for X; X5 X3, and its expected codelength per symbol.

(1)
(2)
(3)
(4)
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6 TS 2B REIME TSI, BALDHBIHERK LI ZHVE. £,
KM 127D 1 MOEHRER-W &,

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 an answer sheet for each question.

C. [F—Fr= Y EETH]
X [F1), [M2)] K&z . EARIGERDBA EHERSEZTLAT S Z L.

= e

ZIT, QIFRLAEZRIILETDHS. 223, 10100 LIE LITEENSD, 105
@0, 1808, 10811, 2EXFINILIZEENR V. £z, LIETLFHOHFT, 20
RO ERERDBECR 2 KO BTN 2 E5EE Lyt T 5. 122 21X, 19190
R0 Lo IZFENED, 109130, 181011E Lo IZEF FRZRW.
ROEMNTEZ &

(1] 50,102 LEZWSIK»SR2, 7L77Ry F Y ={0,1,0} LOSFELEEZ 3.

1) L Z%P5 2R 3 OIREWAHRA — b~ + OIREERN ZRE.

(1)
(2) L 2RI EMERHEZRE.
(3) Lo Z2%H Y 2 INRER 4 OIFPETEARA — b= b > DIREEBBIX 2 RE.
(4) Lo 2R T IEHKRBZ2RE.

2
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6 TS 2B REIME TSI, BALDHBIHERK LI ZHVE. £,
KM 127D 1 MOEHRER-W &,

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 an answer sheet for each question.

(2] S22 710 77Ry beF3. 8 EOXFIwiZHL, UTD200E2EZ %:

BEL wND20ODLFEANEZ B,
BE 2. w DD L F L RBEBICHRET 5.
N OBREZHWT, 2% LOMUTND 2 0DBE(REERT 5:
P(L):={weX | e LiwldwiZH#E1Z 0B EEHT 22 THELND T,
Py(L):={weX | € Liwidw' i ZHFE2Z2 0B LEHST 22 THoN2 |
Bl z1x, BREFE Lo = {ab, abab} IZF LT,
Py (L) = {ab, ba, abab, aabb, abba, baab, baba, bbaa}, Py(Lg) = {ab, ba, abab, baba} ¥ 7% %.
KDY, ={a,b} LFOKSFEEEZ 5:
Ly = {(ab)" | n = 0},
Ly = {ww |w € (1)}
7272, wriEXF N w OREEZRT. HIZIX (ab)® =baTH 2. LLFOEBNTEZ .

(1) Pi(Ly), Py(Ly), Py(Lo) WXIEMEFBEE I UREESETH 5. 2HZ2UTDOVT,
o EHITHNII, Z XM T 2REMERA -~ b OREEBXNZRE.
o EMITRINIE, ZhZEMT 2 UREBHEEZESZ K.

(2) I Ly - Ly 23 Py(Ly) DEREETHZ 2 (Ly- Ly C Py(Ly)) %FFAE .

(3) i “Xo = {a,b,c} EDOIEMEFE Ly = {(abc)" | n > 0} 1I2DWT, Py(Ls) iFXRA
HTH 2" BEMs»ZHEL, ZOitHAZE5Z K. 2ot %, LFoHEZHHW
TH X,

LIOXIREHERER 51X, ROFEME 27 T IEE-  p BFEET 2 - RS pL LD
EEOXFH 2z € L%, LR Z#ZT L5112 2 = wowry EDRTE 3.
(a) vwr DRZE p AT, (b) ve DERZWE 1L, (o) fEED i > 01X LT,

w'wz'y € L.
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for each of the fields you selected and use an answer sheet for each question.

C. [Automata and formal languages]

Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1] Consider the following language L on the alphabet ¥ = {0,1,®}. L consists of the
expressions involving the addition of the numbers 0 and 1. Here, we use the symbol &
to represent the addition operator. For example, 14160 and 1 are contained in L, but
none of 10, 0, 1404, 10h11, and the empty string is contained in L. Moreover, let L
be the language that consists of the strings in L such that the result of calculation is an
even number. For example, 16160 and 0 are contained in Ly, but none of 1, 06140,

and 1161 is contained in Lg. Answer the following questions.

(1) Draw a state transition diagram of a deterministic finite automaton that accepts L
and has three states.

(2) Give a regular expression that represents L.

(3) Draw a state transition diagram of a nondeterministic finite automaton that accepts

Ly and has four states.

(4) Give a regular expression that represents Ly.
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[Q2] Let ¥ be an alphabet. For a string w over X, consider the following two operations:

Operation 1: Swap two characters in w,

Operation 2: Move the first character of w to the end.
Using these operations, let us define the following two mappings on 2*":
Pi(L) :={w e X" |Fw € L, w can be obtained
by applying Operation 1 zero or more times to w'},
Py(L) :={w e ¥ | Fw' € L, w can be obtained

by applying Operation 2 zero or more times to w'}.

For example, for the finite language Ly = {ab, abab},
Pi(Lo) = {ab, ba, abab, aabb, abba, baab, baba, bbaa} and Py(Lg) = {ab, ba, abab, baba}.
Consider the following languages over 3; = {a,b}:
Ly ={(ab)™ | n > 0},
Ly = {ww® | w € (31)*}.
Here, w® denotes the reversal of the string w. For example, (ab)® = ba. Answer the
following questions.
(1) Each of Py(Ly), P>(Ly), and Pj(Ls) is either a regular language or a context-free
language. For each of them,
e if it is regular, draw a state transition diagram of a deterministic finite automa-
ton that accepts it;
e if it is not regular, give a context-free grammar that generates it.
(2) Prove that the concatenation Ls - Lo is a subset of Py(Ly), i.e., Ly - Ly C Py(Ls).
(3) Determine whether the proposition “For the regular language L3 = {(abc)™ | n > 0}
over ¥y = {a,b,c}, Pi(L3) is context-free” is true or false, and give a proof. You
may use the following property:
If L is a context-free language, then there exists a positive integer p such that
any string z € L of length at least p can be decomposed as z = wvwzy, where
(a) the length of vwz is at most p, (b) the length of v is at least 1, (c) for all
i >0, wiwa'y € L.
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D. [WREESE)
Ko (1], (2] &R & BEACERIEA L MEESETATS .

[(BI1] B 1 IRd, EERZENTN a/7,a/3,a TIES O TE DRENEARERT A, B, C &5
2%, BRERGE A X0 Nl ZE[E A ik 1, BB A & B ORIOZEM A fEK 2, BAKEB & C O
M DZEM 258k 3, BREKE C K VIMUDZEMATERK 4 &7 5. 4 DOEBITIEZETHL L L, HE
Rl e kT 5.

(1) ERERR A IS BN Q252 5. [RODERERRO .05 Bl r ONE TOBROKE B X
OMERRGE U 2 AL 2 ke K.

(2) HIRERB A & B OO ER B Cap, BRI B & C O OB ER T Coc 3 L OERERE C D
PR3z R T D A i Co 23R .

(3) WAKERFA BICTZ B Q&5 2 5. 81,2, 3,4 DFE-RLX—2KD L.

(4) KEIPEAR TE HHIVER CEHEKERHR A & C 285 L7TREETERERGE B IZETEMN Q 25 %
L. 7272 L, ERERE B IR A, C EEXMIICHER I TWD ., AERERE D MR I
X9 5 EAL, BIRERGE A BN DB L OEK 1,2,3,4 OFFET= R L —%RD K.
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R4

BIRBRFRA
B{REKFXB

BABRmBC
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(2] 2UCRT LI, BEPOERZEERD 24l LI, K& &S [ TEDFHICAN > TEF O
WEBRAFEN TN D, xlill EOFA OO HEia DA% P, HEixDAEZQ, O<a<x, & T5. £77,
A (a, 0,1/2), 5 B(a, 0,-1/2), 5 C(x,, 0,—1/2), 8D (x,, 0, 1/2) ZEDH. 7=72L, HEOHRFE
ou, k35, LTFORWICEZ K.

(1) BN z=-0 20D z=0 TTHND & &, BAL—T ABCDIHRZ T HRKR O DK E SE2KD L.

W, BIRBPVEARYT "URT UYL AICONWTEZRD, BRITz D DOHRTHDZ LICEET
HE, AD X, yEZIX0THY, FROMNLHM ZICHIEMRBHR Tdz IZE->THRQIZAL DY |
WWIRT % VD z 57 d4, (x,) 1%, Rk - THZ2 LS.

Hy 1dz
d4 S sl e
z('xO) 47[m
Q) MEWMN z=~t DO z=f FTOXMZEND L X, M QIZAELDIRY MVKRT U ¥ ILD z (157
A, (x,) ZRD X, BHOBRZLLF O AXE AW TR,

I\/Zl_kd2=ln(z+\/22+k), 7277 L kiZEEK.
z +

B) (HEBARELILEEDRQERPDONRY MUVKRT UV X VD 2R D7E A (x,)— A, (a) KD L.
(4) Bi/L—7 ABCD |28 > T A DFEFES Z 3R, (D)TRDZBER © &l L. £72, xfifl LofEE
DEIZBITDHVxAZRDEL. 72720, x>0, L, A(IFEHRELTHAZONDZbDETS.
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! B(a,0,-1/2) C(x,,0,-1/2)

X 2
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D.

[Electromagnetism]
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1] Consider concentric spherical conducting shells A, B, and C with radii a/7, a/3, and a, respectively, as

shown in Fig. 1. Here, the three spherical conducting shells have negligible thickness. The spaces inside the

spherical shell A, between the spherical shells A and B, between the spherical shells B and C, and outside the

spherical shell C are defined as regions 1, 2, 3, and 4, respectively. The four regions are in vacuum and have an

electrical permittivity of &.

(M

2

3)

“4)

Only the spherical conducting shell A is charged with Q. Find the magnitude of the electric field and the
electric potential relative to infinity at a point of distance » from the center of the concentric spherical
conducting shells.

Find the capacitances between the spherical conducting shells A and B, Cag, and between the spherical
conducting shells B and C, Cgc. Also, find the capacitance of the spherical conducting shell C with respect to
infinity, Cc.

Only the spherical conducting shell B is charged with Q. Find the electrostatic energy stored in each of regions
1,2,3,and 4.

The spherical conducting shells A and C are connected to each other with a conducting wire having negligible
radius and only the spherical conducting shell B is charged with Q. Here, the spherical conducting shell B is
electrically isolated from the spherical conducting shells A and C. Find the electric potential relative to infinity
of each spherical conducting shell and the electric charge which appears on the spherical conducting shell A.
Also, find the electrostatic energy stored in each of regions 1, 2, 3, and 4.
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region 4

region 3

spherical conducting shell A

region 2
spherical conducting shell B

spherical conducting shell C

Fig. 1
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[Q2] As shown in Fig. 2, on the z-axis of the Cartesian coordinate system in vacuum, a steady line current is
flowing toward the positive direction at magnitude /. The points of distance a and x, from the origin O on the x-
axis are P and Q, respectively, where 0 < a < x, . Also, the points A (a, 0, 1/2), B(a, 0,-1/2), C(x,, 0,-1/2),
and D (x,, 0, 1/2) are defined. The permeability of vacuum is z,, . Answer the following questions.

(1) Find the magnitude of the magnetic flux ® linking to the closed-loop ABCD when the line current flows from

z=—0 t0 z=00.

Next, we consider the vector potential 4 created by the current. Noting that the current has only the z component,
x and y components of A are 0, and the z component d4, (x,) of the vector potential generated at the point Q by

the current segment / dz, which is located at the point of distance z from the origin O, is given by the following
equation.

dAz(xO):& Idz

4z \|z* + x,”
(2) Find the z component 4 (x,) of the vector potential occurring at the point Q when the line current flows from

z=—{ to z=/.The following integral formula may be used in the derivation.

I ! dz= 1n(z +z22 + k) , where k is a constant value.
Nzt +k
(3) Find the difference of the z component 4, (x,)— A4, (a) of vector potential between the points Q and P when

¢ becomes infinite.
(4) Find the line integral of the vector potential A along the closed-loop ABCD and compare it with the magnetic
flux @ obtained in (1). Also find V x A at an arbitral point on the x-axis, where x>0 and 4, (a) is given as

a constant value.
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Az A0.12) D(x,,0,1/2)
@

! B(a,0,-1/2) C(x,,0,-1/2)

Fig. 2



B SEE  JUNKFEREGES R T LEHREIERT EHRE T 2EHR
B AR (SEHiH SR 748 H 26 H)
5 M £} H (Specialized subjects)

(20/38)

6 TS 2B REIME TSI, BALDHBIHERK LI ZHVE. £,
KM 127D 1 MOEHRER-W &,
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E. [712V 2 L5E)
X [F1), [M2)] K&z . EARIGERDBA EHERSEZTLAT S Z L.

(1] HSESV = {v,v0,...,0,}, HES E OEARLEMER S S 7 G = (V, E) O
PHEMHER L2V, XOMWIZEZ X.

(1)

HGZohlz n xn 175 A[l.n][l.n] ® d3E (d>1) ZitET 2L FOFHi =
POWER_MATRIX(A, n,d) ® ZHD K.
POWER_MATRIX(A, n, d)
nxni7¥ B+ A
C%nxnithles2
forp« 1to (d—1)
fori< 1ton
for j < 1ton
Clillj] < 0
for k< 1ton

Cli][j] + Clallj] + | Z2M

© 00 N O Ut =W N =

B« C
10 return B

G DFEHEITH A = (a;;) &1, LTRZ7ZF nxn {THITH S :

a”::{l ({vi, v} € E),

0 (otherwise).

AT D (i,5) K5 o\ 13257 G ETHE v & v, ORIOEES d OEOMTH S 2
& B REERIRANIEIC & D RE.

777 G OEBOTHAMIGENFES 2, 777 GIIEMTHLI WS, 75
7 G OBHETH A LTHEB n ZATIE L, 757 G PEfETHIUL YES, #KET
AU NO %IBTFHi E Is_.CONNECTED(A,n) ZEEla— FT&EX . 775U,
FHi = Is_CONNECTED(A,n) 1&FHi ¥ POWER_MATRIX(A,n,d) ZMUH T L.
2B, BEla— F Otk POWER_MATRIX(A,n, d) IZHES Z
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(4) (2) TRUT, AL D (i,5) RS o) H275 7 G ETHM v & v, OMOES d 0
DETH 2 ZHWT, (3) THELI=FH = Is_ CONNECTED(A,n) 23, BEEEAT
A TRINZTESE n ©F 57 G OERMZIEL CHIET 2 2 & ZiliHE L.
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[fF 2] PARTITION &, 5 % &17=H05] A[l.. Alength] D pFEHD S r BEHOBERIIH LT, #
BEICHEOWTHEHRZMANEZ 2FHETH L. ZOFHmETIX, HEHEMTNOERE
Rz, 2R XD REVEREHANCEEIL, HEREEZOFENCAES 5. Alength
B A OBRZFERERL, 1 <p<r < Alength Zifi7z3d D3 5. ROMWVIZE

Z XK.

PARTITION(A, p, r)

1z <+ Alr

2 i p—1

3 forj<«< pto(r—1)

4 if Aj] <«

5 1 i+1

6 swap the elements of A[i] and A[j]
7 swap the elements of Afi + 1] and Alr|

8 returni+1

(1) BH) A=(4, 7, 2, 6, 1, 5, 3) X LT, PARTITION(A, 1, 7) ZEITLEAEI
PARTITION DR $fH, KT, FEITHROES A DEREZILEIOEZ XK.

(2) BIRIE, QUICKSORT(A, 1, Alength) BETEIN & 21T, B A ZHIEHIZY —
FNERFRETH D, | =M (A)|, |2 (B)], | 2= ()], |25 (D) 2D, Fiix
QUICKSORT % 528 &.

QUICKSORT(A, start, end)
1 if start < |ZEH# (A)
index <+ PARTITION(A, start, | Z2## (B) |)
QUICKSORT(A, | Z2## (C) |, | 2%4# (D) |)
QUICKSORT(A, index + 1, end)

- W N

(3) BLHl A=(4,7,2,6, 1,5, 3) X LT, QUICKSORT(A, 1, 7) BFEI[TEINTHLHHKT
T 5 FETIZ, FHE PARTITION BFEH XN 2 EEEE X L.

(4) B B, 1202567082 1D0FTOERL LTELL T 5. QUICKSORT(B, 1,
7) WETEI NIz ZI1Z, PARTITION OO H LRIE D R D /NE < 72 28251 B O
1OBEZ L. 2O, BiY| B OBFREHED SIACERT 2 Z L.
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E. [Algorithms])
Answer the following questions ( [Q1] , [Q2] ). Make sure to specify the selected field and

the corresponding question number on each answer sheet.

[Q1] We want to check the connectivity of an unweighted simple undirected graph G = (V, E),

where the set of vertices is V' = {v1,va,...,v,} and the set of edges is E. Answer the

following questions.

(1)

Fill in the of the following procedure POWER_MATRIX(A, n, d), which com-
putes the d-th power (d > 1) of a given n x n matrix A[l..n][1..n].
POWER_MATRIX(A, n, d)

n X n matrix B < A

Let C' be an n X n matrix

for p< 1to (d—1)

fori< 1ton

Clil[j] < 0
for k< 1ton

Cli]lj] + CIil[j] + Blank]

1
2
3
4
D for j < 1ton
6
7
8
9

B« C
10 return B

The adjacency matrix of G is an n x n matrix A = (a;;) that satisfies the following:

. {1 ({vi, v} € E),

0 (otherwise).

Show, by mathematical induction, that the (7, ;) element agj) of A% is the number

of paths of length d between vertices v; and v; in graph G.

Graph G is connected when there is a path between any pair of vertices. Answer
a pseudo code of procedure IS_.CONNECTED(A, n) that returns YES if graph G is

connected and NO otherwise, when the adjacency matrix A of graph G and the
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number of vertices n are given. The procedure IS_.CONNECTED(A,n) must call
procedure POWER_MATRIX(A, n,d). Your pseudo code should follow the notation
of POWER_MATRIX (A, n,d).

(4) By the fact shown in (2) that the (i, 7) element az(;l) of A% is the number of paths of
length d between vertices v; and v; in graph G, prove that the procedure
IS_CONNECTED(A, n), which you answered in (3), correctly determines the connec-

tivity of a graph of n vertices represented by an adjacency matrix A.
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[Q2] PARTITION is a procedure that rearranges the elements in the index range from p to r of
a given array A[l..A.length], based on a pivot value. In this procedure, elements smaller
than or equal to the pivot are moved to the left side, elements larger than the pivot
are moved to the right side, and the pivot is placed between them. A.length indicates
the number of elements in the array A, and it is assumed that 1 < p < r < A.length.
Answer the following questions.

PARTITION(A, p, r)
1z < Alr

2 1+ p—1

3 forj<«pto(r—1)

4 if Aj] <«

5 11+ 1

6 swap the elements of A[i] and A[j]
7 swap the elements of Afi + 1] and Alr|

8 returni+1

(1) Given the array A=(4, 7,2, 6, 1, 5, 3), answer the returned value of PARTITION( A,
1, 7), and the elements of the array A from the first to the last after executing the
PARTITION procedure.

(2) The following is the procedure QUICKSORT which sorts elements in array A in
ascending order when QUICKSORT (A, 1, A.length) is executed. Fill in | Blank(A) |,

Blank(B) |, | Blank(C) |, | Blank(D) | to complete the procedure QUICKSORT.

QUICKSORT(A, start, end)
1 if start < |Blank (A)
index <— PARTITION(A, start, |Blank (B)|)
QUICKSORT(A, |Blank (C) |, | Blank (D) )
QUICKSORT(A, index + 1, end)

= W N

(3) Given the array A=(4, 7,2, 6, 1, 5, 3), answer how many times the PARTITION pro-
cedure is called from the start to the completion of the execution of QUICKSORT( A,
1, 7).

(4) Let an array B contain each of the integers from 1 to 7 exactly once. Answer one

example of such an array B that minimizes the number of PARTITION calls when
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QUICKSORT(B, 1, 7) is executed. In your answer, list the elements of the array B
from the first to the last.
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F. (RHEKT—*7 725 v 7]
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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 an answer sheet for each question.
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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 an answer sheet for each question.
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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 an answer sheet for each question.
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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 an answer sheet for each question.
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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 an answer sheet for each question.
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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 an answer sheet for each question.

F. [Computer architecture]
Answer the following questions ( [Q1] , [Q2] , [Q3] ). Make sure to specify the selected

field and the corresponding question number on each answer sheet.

[Q1] Suppose to make the logic function of the circuit in the figure below equal to the function
depicted by the truthtable shown below, with assigning proper values (0 or 1) to inputs
k1, ko, ks, and k4. Show the values of ki, ko, k3, and ky.
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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 an answer sheet for each question.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
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[Q2] Let us consider an in-order microprocessor with a datapath consisting of 5 steps: IF

(instruction fetch), ID (instruction decode and register read), EX (execution), MEM

(data memory access), and WB (register write). The latency of each step is shown in

the table below.

Step IF ID EX | MEM | WB
Latency || 0.7ns | 0.8 ns | 1.0ns | 1.0 ns | 0.5 ns

Program execution time ET on this microprocessor can be represented by the following

equation:

ET = ICx CPIx CCT,

where IC' is the total number of instructions executed (and committed), CPI is the

average number of clock cycles required for each instruction execution, and CCT is the

clock cycle time. Answer the following questions.

(1)

We design this microprocessor by implementing a “single-cycle datapath” that ex-
ecutes each instruction in one clock cycle, i.e., all steps of each instruction are
executed in one clock cycle. Answer the maximum clock frequency in this design
(unit is MHz).

We apply a “5-stage pipelined datapath” to improve the performance of the datapath
explained in (1). Here, each step is implemented as a pipeline stage (for example,
the “IF step” is implemented as the “IF pipeline stage”). Data hazards are solved by
introducing pipeline stalls, and their implementation does not cause any overhead
in terms of circuit delay. The operations in each pipeline stage complete in one
clock cycle, except for pipeline stalls. Answer the maximum clock frequency of the
enhanced microprocessor design (unit is MHz).

Assume a program execution in which data hazards occur on the datapath imple-
mentation explained in (2). Answer the impacts of applying the 5-stage pipelined
datapath on IC and CPI, and the reasons for it, respectively, compared to the
single-cycle datapath implementation. If there are no impacts, answer “no effects.”
In the datapath implementation described in (2), we introduce a data forwarding

mechanism from the MEM and WB pipeline stages to the EX pipeline stage in order
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to avoid the pipeline stalls caused by the data hazards. Answer the impacts of this
enhancement on /C, CPI, and CCT, and the reasons for it, respectively. If there are

no impacts, answer “no effects.”
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[Q3] Consider computer memory systems. Assume a full-associative cache memory imple-
mented in a microprocessor. The cache size is 16 bytes, the size of the cache block is
4 bytes, the address width is 4 bits, and the data size stored in one address is 4 bytes.

Suppose the cache is initially empty. Then we have the following memory access (1)~

consecutively.

’ Memory access number | Accessed address (the binary numeral systems) ‘

1011
1111
0010
1011
1001
0010
0101
1011
0110
0010

CO® P ®E®I

Answer the following questions.

(1) Find the cache miss rate by assuming the FIFO (First In, First Out) block replace-
ment policy. Also, answer all the memory access numbers that hit the cache. If

there are no cache hits, answer “no hits.”

(2) Find the cache miss rate by assuming the LRU (Least Recently Used) block re-
placement policy. Also, answer all the memory access numbers that hit the cache.

If there are no cache hits, answer “no hits.”
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