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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

O | 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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I EICRERRERNICT D L.

Use a separate answer sheet for each field.

1.

(¥ A2 (Linear algebra) 43 %7]

(1) LLFOf751 A, B 0FT5IRE Zn2nk k.

1 2 3 4
202 4 6 8 10
A=14 0 9|,B=
2 46 8
11 2
357 9

(2) FEDOnRE=ATTIA = (a;;) I LT, det(A) =][L,as THDHZ & aTRE. 22
T, det(A) 1T A DITHAE KT

(1) Find the determinants of the following matrices A and B, respectively.

1 2 3 4
202 4 6 8 10
A=14 0 9|,B=
2 46 8
11 2
35 7 9

(2) For any upper triangular matrix A = (a;;) of order n, show det(A4) = [];_, @i, where

det(A) denotes the determinant of A.
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Use a separate answer sheet for each field.

2.

(AT « PFES) (Analysis and calculus) 4357 ]

(1) WOBDEHEE L. 72720 0, b IZTEOEHTHY, RIIEHEROELSEZRT.

22 2
Sl

/ (2* +y*)dady, D= {(ﬂc, y) € R
D

(2) kOWHHRRXOfE, 777 A EMmE W RS K. 7B, o 138 y(x) O 2 2B
L 1BEEEEERLTND

y" + 4y = coshz —sinhx, y(0) =2, ' (0) =3
(B) z=x+iy, v,y 1TFEHK, i=+v/-175. WOKMIZEZ L.
(a) BI%L e**(cos ay + isinay) NIER & 72 598 a %R K.
(b) EHIBRH w(z2) 25 2 %. Re(w(z)) = coszcoshy TRIND L E, w(z) R L.
7272 L Re(w(2)) 1%, w(z) DEHTH 5.

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

set of all real numbers.

22 P
S}

/uﬂw%mm Dz{@wGRZ
D

(2) Find the solution to the following differential equation using Laplace transforms. Here,

y" denotes the first-order derivative of a function y(x) with respect to z.
y" + 4y = coshx — sinhz, y(0) =2, y'(0) = 3.

(3) Let z = x + 4y, where = and y are real numbers, and i = v/—1. Answer the following
questions.
(a) Find a real number a for which the function €?*(cos ay + i sin ay) is holomorphic.
(b) Consider a holomorphic function w(z). Suppose the real part of the function w(z) is
given as Re(w(z)) = cos z cosh y, where Re(w(z)) denotes the real part of the function

w(z). Then, find a formula for the function w(z).
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Use a separate answer sheet for each field.

3. [~7 FAEHT (Vector analysis) 4357 ]
EARPEERICBNT, o, vy, 2z WIGMOBRANY Mvzenthi, j, k&35, N7 b
Y3 F % F =2xi+3yj + 62k & L7z &, PAdhE S : 822 + 12y + 2422 = 4 L OmES

/ A4z + 9y? + 3622 dS
S
LT OFNECTHFEE L.

(1) PAdE S EOK A (2, y, 2) IZBT DI E ERRT bbn Z2RD K.
(2) PHEhE S EC, F-n= /42?4 9y? + 3622 3LV YLD Z & &Rt
(3) /\/4x2 +9y2 4+ 3622dS &K k.

S

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

respectively. Let the vector field F' = 2zt + 3yj + 6zk. Calculate the surface integral

/ V4r? + 9y? + 3622 dS
s
over the closed surface S : 822 + 12y% + 2422 = 4 by answering the following questions.

(1) Find the outward-pointing normal vector n at each point (z,y, z) on the closed surface

S.

(2) Show F -m = /422 + 9y2 + 3622 on the closed surface S.

(3) Find / VA4x? + 9y? + 3622 dS.
S
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Use a separate answer sheet for each field.

4. [#e= - %3t (Probability and statistics) 57 #F]
b~ T ADREIZONT, 1IEOD A ANPEJRIZEDF O n 1L, IROMERIAMIHES
Moo TS, 7272L, AARAEARADAEEINLIMRIZIELLH 12 THDL LT 5.

1 "

ZOVUADORIIEALT, ROFMWIZEZ L.

(1) HDAADS T RZDONT, FORBNR2 THDEnholmh, FR2IBE LA AT
& D=2 R &

(2) BDHAADTTRZDNT, FADFOEN 2 Th D% KD L.

(3) HDHAADY T AZDNT, FTADFDOEN2 ThHhDENPoTGE, FOMRBN 2T
HDOMERERD L.

(4) HLAADY T RZONT, FADTORIN2 THD Lo TGh, A ADTOHL
2 ThHDHMERZRD &

VBT HIUTLL T DR ZFIH LTI,

Eim”=uﬁiy (Jz| < 1), zyl ? (|z| < 1)
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Use a separate answer sheet for each field.

As for a certain species of mouse, it is known that the total number n of children which a
female mouse produces in its lifetime is distributed according to the following probability
distribution P,.

1 "
P0:P1217 Pn:(§> for TLZQ

Here, we assume that the probability of giving birth to a male or female is 1/2. Answer the

following questions on this species of mouse.

(1) For a female mouse, given that the total number of its children is two, find the probability

that both children are male.
(2) For a female mouse, find the probability that the number of its male children is two.

(3) For a female mouse, given that the number of its male children is two, find the probability

that the total number of its children is two.

(4) For a female mouse, given that the number of its male children is two, find the probability

that the number of its female children is also two.

You may use the following formulas if necessary.

%nx —m for ‘.’L”<1, ;n:ﬁ —m for ’$‘<1
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(1/39)

fie%s O (Instructions):

L. MR, Thaed) OGNS 2 ETHOWTIZESRL.
Do not open the problem sheets until the start of examination is announced.

2. MEHANIERRZ T 39 X—2, ERUE 3D DD 28 (1 7HFIcDE 1#6) TH 5.
You are given 39-page problem sheets including this cover page, and 2 sets of 3 answer sheets
(1 set for each field).

3. LLFD 6 7806 2 2 OfE 9 5 2 & BRI 1 0B OE 1, K1 Dd7e
D 1IRZEMEHTS L. 1 RICKR 2 R EOREZH N TR SR,
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.

o8y page field page
A | EXUAIES 2 A | Circuit theory 4
B | TH 6 B | Information theory 7
C|A—FrXF2EEiE 8 C | Automata and formal languages 10
D | &EY 12 D | Electromagnetism 16
E| 7)V3ay XL 20 E | Algorithms 26
F | GtBg—F77F v 32 F | Computer architecture 36

4. RERMRORERIC, Z8FS, K, BEROHH, BXUOHERSZILATS 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. RERBMERRICRIAT S 8. AR—ADE D EWEERETZHONTERWA, Z05;
alE, HHICMENDHZ 2T 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 so clearly on the sheet.

6. fiREIX, HAGE, JEEOWINMTRHATS L.

Your answers must be written in Japanese or English.
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6 THNS 2 N BROMRE S S . BAR TEBICHEMMR L zHVX. X,
KT—DdH 7z b — I OfRE A Z - K.

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, [FEXEIE ]
xo (R1), (2], 3] ICEAKX. EHMRICERE Y EMERS 2K AT 5
ct.

(R1] X 1DEEKICHWT, %+ be HIC Ry
EnARDA 2V ZY ZPMHNHHTENTOS.
LIFOBWIZEA K. 212U, R = L[],

RQ = \/Lg [Q], YLk = —j [S](k) = 1,2,...,72,), a _]) Rl b
V= 28] TH5. e T
(1) n=20L%, BWTbclDT kI XY ”
2 Y, R E. ETC’\D Voe|| [R2 YLiqg = <YL,
(2) n=10)83<_2, V;;b, Vbc’ ], IR2, ]Ll o~
DFEAERT 7 o —PREHE, (i d n c
72 arg (=) 2R K.
(3) MifH7E arg() = F DL ED n &R !
O XK.
(fF 2] 2 DEERICBNT, BIREE e(t) = .
Ssin2t [V] 2 AN U CEBAAYERERIEIC L7 1%, 1o 0sH
Wizl t > 0 Te(t) =0 [V] & LTz, Eifi(t) & &
o q(t) WICDWTLLFDRBIWICE Z XK. e(f) I@ IF = q(?)

(1) i(0), q(0) %R X,
(2) Bl t > 012313 % i(t) BsRd X, 5 2
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6 TEHMNE 2 R BEOME ST S L. EARTHICHERMK LT ZHVK. £k,
j(F'EJ#“)%K — I DfEE I il &
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.

(79 3] ma@@ﬁm,¢%mmﬁﬁmxz{g qfﬁ%émézﬁ%ﬂmaq%%a@

BB D, (K) OINCHEE S N TR E N 2 ENA Y U XY AR, DIF
DEIVICE Z XK.

(1) ‘/2, IQ 7&, Vi, ]1 B&Ux%ﬂﬂb\f:fﬁf‘i%@
(2) 2 BT (K) . BIBETORTHKENT LS L%, o2k k.

(3) TOMEEED 1-1 TR, X 3(a) DK IICKRRELEIL EDBEHANTWS. 2-2 b1
X0, FEfZRTZEIEK 3(D0) TRIMAFMER E AT eNTEEL LT, Vo
BXRU Zyw 2RO K. T2720, (2) DFMHFEBNLL TS EDET 5.

I 1, K Iy L

o—] 2 = ) — =0
o A 1 A [ Y
O l O
1’ 2’

(a)

Zouw |—
Vo
(b) >
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(4/39)

K —DH 72 b —OMERZ N K.

6 NS 2 HRROMREST 2T L. BATTHHICHENM 1 EEHVE. 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 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 the answer sheet.

{Q1] Consider the circuit shown in Fig. 1,
where Ry and n inductors are connected in
parallel between terminals b and ¢. Answer

the following questions, where Ry = ‘/73 [},

Ry = \/Ag [, Y = —j [S](k = 1,2,...,n)
and Y, = —25 [S].

(1) When n = 2, find the admittance Y.
A0

between terminals b and c.

(2) When n = 1, draw a phasor diagram
representing the relation of V,,, Vi,

I, Igo and Ip;. Then find the phase

difference arg(“% ).

(3) Find n when the phase difference

ong() = 3

[(Q2] In the circuit shown in Fig. 2, the source
voltage e(t) = 5sin2t [V] was applied and the cir-
cuit reached the steady state. When t = 0, e(t) was
set to 0 [V]. Answer the following questions for the
current i(¢) and the charge ¢(t) .

(1) Find ¢(0) and ¢(0).

(2) Find i(t) for ¢t > 0.

«— VIR2 Vi N

Fig. 1

1Q  05H i)

Y

e

| I—|

2F

L2 g(9)

Fig. 2
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6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
KT—DdH 7z b — I OfRE A Z - K.

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 with a two-port network (K) at the center. (K) is defined by a cascade

matrix K = [_xj ﬂ, as shown in Fig. 3(a). The values shown for the elements connected

outside of (K) represent their impedance. Answer the following questions.
(1) Express V5 and I in terms of V4, I3, and x.
(2) When the two-port network (K) consists only of linear elements, find x.

(3) In the circuit, an AC voltage source E is connected between terminals 1-1°, as shown
in Fig. 3(a). Assuming the equivalent circuit viewed from the left side of terminals 2-2’
can be represented as shown in Fig. 3(b), find V and Z,,;. Assume that the condition
from (2) holds.

)
o—=2j = (K) ——1——5

o L[ 1% ]

OF il =15 Al |- V2
0 : Q
K 2

2
Zout —O
™V
o
(b) 2



BT HEE NNRERAREY AT LEHRRVEN TGP A5
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6 TEHMNE 2 R BEOME ST S L. EARTHICHERMK LT ZHVK. £k,
KE—DH 7z b —KOfifE Hfk 7z FHV &

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. [Nk E]
2o (1], (M2 IZEZ K. ERRICER BN L HER S ZIEAT S L.

(RE1] AN7V 77Xy b3 {0,1}, HATIVT 77Xy vH{0,1,2} TH O, EEBTHNX

[FE 2]

DITHITEH % BEECRIBIEE W (Y|X) BEZ 5.

I—p—gq D q
D l—-p—-q ¢

1el2U, X BANT2R IR, YV IZMNZRIMHERZBTHD, BEBITIID (1, 5)
BRI WGl ZEL, 0<p<1,0<q¢<1,0<p+q<1&T%. £z, SANRS
DEREERZ Px(0) =w, Px(1)=1-w &35 (0<w<1). TOEE, ROZRHWIC
BAX.

(1) T DB(EEROEERIRN7Z XRE XK.

(2) fER P(X £Y) ZRD XK.

(3) Y DLy haE— H( )b‘%ﬁ@&%om%ﬂ%g:.

M ZIEOER, X 2D {1,2,..., M} THHMERELEL, X ORI HZ py &

9%. B X EMNIR T Ci#RE &ab, 1L 2R q, 0L BMERE 1 —q&T
5 (0<q<1). WERERY %

{X (B =0)
Y =
M+1 (B=1)

1

EEDD. RDOEVICEZ K. 72720, T2 baE—0HANIE nat &3 5.
(1) YO a¥—H(Y)%Z, XOILYraE—H(X) & q¢ZHVTEYE.
(2) FIEI NIz px IS U HY) Dk b 5% g 2R XK.
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6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
KT—DdH 7z b — I OfRE A Z - K.

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 the answer sheet.

(Q1]

(Q2]

Consider a memoryless channel W (Y|X) with the input random variable X over the

alphabet {0, 1}, the output random variable ¥ over the alphabet {0, 1,2} and the tran-

I-p—gq j% q
p l-p—q q)’

where the (4, 7)-th component of the transition matrix denotes W (j|i) with 0 < p <1,

sition matrix

0<q¢g<1land 0 <p+qg<1. Setthe occurrence probabilities of the input symbols as
Px(0) =w and Px(1) =1 —w, where 0 < w < 1. Answer the following questions.

(1) Draw a channel diagram of this channel.

(2) Find the probability P(X #Y).

(3) Find w when the entropy H(Y) of Y is maximized.
(4)

4) Find the channel capacity of this channel.

Let M be a positive integer and X be a random variable with probability distribution
px over {1,2,... M}. Let B be a binary random variable that is independent of X.
Suppose that B takes 1 with probability ¢ and takes 0 with probability 1 — ¢, where
0 < g < 1. Define a random variable Y by

X, if B=0,
Y —
M+1, i#B=1

Answer the following questions. In your answers, use nats for the unit of entropy.

(1) Express the entropy H(Y') of Y using ¢ and the entropy H(X) of X.
(2) Find ¢ that maximizes H(Y") for a fixed px.
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6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
KT—DdH 7z b — I OfRE A Z - K.

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. [(A=r~ by EeEilntt]
RO (1),  [H2) IKEFA K. BERRICGEIROITY L MERS 2RI AT 5 T L.

(1] 777y b8 = {a,b} FOLFH wicit LT, sub(w) (& w DI SLFHIDES %
KI5, DX, sub(w)={yeX* |,z e T w=ayz} £T5. Xz, ZEFS
e ld B N EDODARZ—=TY—FG%, LMK > THIRNICERT 5.
() 0, {}, {a}, (b} BZNEFNRAZ—TV—EFETH 5.
(ii) R, SHEZNFNARX—T ) —SETHB L E, FESRUS, HiER. S, KU ¥

BT 2HIES RIEIETNENAZ—TV—FiETH 5.

(iii) (i) BXU (ii) CEXBEHRINAZ—TY—FiETH 5.
Bz, T,U, VIS LOAREETHZEE, LLh=TUU-V)EL,=*=01&
BE5HLAX—T Y= THb. TTT, ROY LOKSHEEEZS.

Ly ={w € X" | aba ¢ sub(w)}
Ly ={w € ¥* | sub(w) N {aa,bb} = 0}
Ls = {ab}* = {(ab)* € 2% | k > 0}

LIROKRINCEZ K.
(1) Safi Ly 2529 2 K8 4 OPUEMAIRA — b~ F > OIREEB X ZRE.
(2) it Ly WARX—T VY —EihTH BT LZmRE.

(3) Saf Ly 2329 ZIRE8E 4 DPVEMEIRA— F < F  DIREEB X Z2RE.
(4) S5 Ly WAR—T V) —SHETH BT LB2RE.

(5)

5) Bib Ly MAZR—TY—SiETHA T L.
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6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
KE—DH 7z b —HDfRE M2 WV 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.

[([92] 7L 77"y b S = {0 gy '} EOTFIwicH L, LIFD 3 MEOBEEE 2 3.
BEL D oIS p € {aa ! o e} BHBIT B 2%, p OB 1 D% wh HHDERL .
BlE2 twHlZp e {yy Ly Wy} DTS E, pOHED 1 D% wh5HDBRL.
BES wNOMEKIT % 2 DD T ANEZ 5.
e 3TN RERT L, RDEEHELEEZS.
h_{we{uf%* ﬁﬁl%@mﬁéza%OEuiﬁoﬁazaf}
whbeMBEENS

w e {z. -1} BEL 2T 2 0RM ERDIRICETuwhD
’ T DAN SR BMBMEDO T (e Z25L) MEHN5

{wez* ﬁﬁ1,2®wfhb%ﬁﬁﬁéz&%0EuL}

Ly

Ls WO LT 0D e AEBND

BlEL, 2, 3oWIhhE#EHTLSCexz0mLE
MORFTZETwhbeMtEENS

L4:{U}€Z*

SiE Ly, Ly, L3, Ly DFNFNIIDONT,

— XiREHTONE, ZTNZ24dkd 2 REHSGEOESIRAIOEEZ 52 XK. 7272
L, JE&mad s 0ESEZ {SY &L, BllhidsS7Z S &9 %.

— YWRAHATEINZE, FOTEZRE. TOEE, LTFOMHEEZHNTE XL,

XAREHSEOREME. L2 RAMNEHEET 5. HEBEn > 1 MHELT, w
MEE nLED LOEyin6id, UM 2iic 805 s, ¢, u, v, zZH0
T, w=stuvz EFT 5.

(1) tuw DEZIE n AT, (2) tv #£e. (3) HEREDOEEE > 0IIH LT, st'uv'z € L.
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6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
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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.

C. [Automata and formal languages]

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

the corresponding question number on the answer sheet.

[Q1] For a string w over the alphabet ¥ = {a, b}, sub(w) denotes the set of substrings of w,
that is, sub(w) = {y € ¥* | Iz, 2 € ¥*, w = xyz}. Let € be the empty string. We define
star-free languages over ¥ recursively as follows:

(i) 0, {e}, {a}, and {b} are star-free languages.
(ii) If R and S are star-free languages, then the union R U S, the concatenation R - S,

and the complement R in ¥* are star-free languages.
(iii) Only the languages derived by (i) and (ii) are star-free languages.

For example, for finite languages T', U, and V over &, L1 = TU(U - V) and Ly = ¥* = 0

are both star-free languages. Consider the following languages over >

Ly ={w € X" | aba ¢ sub(w)},
Ly = {w € ¥* | sub(w) N{aa,bb} = 0},
Ls = {ab}* = {(ab)F € 2% | k > 0}.

Answer the following questions.

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

(2) Show that Lj is a star-free language.

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

and has four states.
(4) Show that L, is a star-free language.
(5) Show that Ls is a star-free language.



BT HEE NNRERAREY AT LEHRRVEN TGP A5
L ASEalBRi e (FEMiH SM6FE9 1 0H)

= M £} H (Specialized subjects)
(11/39)

6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
KT—DdH 7z b — I OfRE A Z - K.

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.

[Q2] For a string w over the alphabet ¥ = {z,27% y,y '}, consider the three following

operations:

Operation 1: If p € {xz~, 27 2} occurs in w, then remove an occurrence of p from w.
Operation 2: If p € {yy~!,y 1y} occurs in w, then remove an occurrence of p from w.

Operation 3: Swap two consecutive characters in w.

Let € denote the empty string and consider the following languages:

zero or more times, we can create ¢ from w

Ly = {w € {z, a1}

By repeating an application of Operation 1 }

By repeating an application of Operation 1
Ly=<{ we {z,2 '} | zero or more times, we can create a string of even length » ,
consisting only of z (including ¢) from w

I e By repeating an application of any one of Operations
—_= w s
’ 1 or 2 zero or more times, we can create € from w
I — By repeating an application of any one of Operations
=w .
* 1, 2, or 3 zero or more times, we can create € from w

For each of the languages L1, Lo, L3, and Ly,

— if it is context-free, give production rules of a context-free grammar that generates
the language, with the set of non-terminal symbols {S} and start symbol S;

— otherwise, show that it is not context-free. In this case, you may use the following

lemma:

Pumping lemma for context-free languages. Let L be a context-free language.
Then there exists some integer n > 1 such that if w is a string in L of length at least
n, we can write w = stuvz with substrings s, ¢, u, v, and z that satisfy the following
properties:

(1) The length of tuv is at most n, (2) tv # ¢, and (3) st'uv’z € L for every integer
i>0.
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D.

(AR5
2o (1], (2] 18k WETIHCBIRI4 LREFS 2R AT 5 C L.

(R 1] EHEOHEERZE L35, UTOFMIIEX K.

() K LIZRT IS, xhbEDR x=6/2 ICHFETHEMN Q L xllhi bR x=-6§/2 1277

T HEM —Q ICLDBEEMMFE2EZD. ZOBEBLIMBAIZ L 2 EBLMGAT— A
FORZEM 1, M=Q5 THZLN, FA O N 72BN P ONE TOE
filE, Mcos /(4mer?) & FT 2 LNTES. 22T, 6 1%, x MEDH X253+ 2% 0P
DY O THY, r>»>8&T5H. ZOBXMBIZLD5 P TOERD r Hi
5y E, BEXONOHISY Eg & €9, M, 1,0 % W THEAE,
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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.

Iz, K21 T L9108, P RO I BPEZEFICHIGEEEZD. 12721, EK1OHL
RO EL, ER1DOEYI (x =0) 1T EMEE+p, OEM T, 0 (x<0) 1T—
K72 AT FE —py DEE A Tl 72 STV B

Q) ER 1D+ amnainnb iz &, BK1IE, JFUROWET HEKIMME - & 2led 2 &n
TE5., ZOZEEFHLT, BR1 OMFEK h<x<h+Ah OIEER &, fEIK —h—Ah <
x < —h ODRBHIMELBELZBGAE—A L FORESEZRD L. 72721, 0<h<R,,
Ah K hET 5.

(3) Bk 1 O&ERICEL DBEBZIM AT — AL PORKEES MM aE2 X £, (x,y,2) =
(Ry,0,0) DILETOEBROREIEZEZL. 12721, Ry>» R &ET 5.

(4) Bk 1 E13BINZ, PR RO 2™ B AHGEEEZD. ER2OHLI(x,y,2) = (R,0,0)IZ[EHE
ENnTEY, D, B2 0¥ (x=R) X —HREBEMBE+p, DEM T, £y
(x S R) 1T BRARBIEE—p, DEM TSN TND., ZOWREND, EEMS y=0
DI, AEMD? y <0 OBEBITFHET D L 91T, K 2 ZEHESE 25O LB fh®
Z €9, My, R,py, R, ZHWTEYE. 72721, R®>» R, R, T 5.

>

§ 8 b
§ B E_ }
P 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 an answer sheet for each question.

[ 2] B3 @Rt Lole, EREOEMRABIOCBAEZERIZENINLTNS. ERA
& Bt e I x-y N T y I EATICR =, 260 F0fizznEhx=08 L0
x =d DAEIZEE SN TS, X3 (b) IR T L9212, 2 RKOEMROWHIIMNETHY, =
DYERITEBIZaTHD., TNHDEMRI, REIVNELIAAEOERI ZH L. B
BOBEFRII ug 5. Flz, d>»a LT 5.

(1) BN EMRE ORI TV DA EE XD, x-y FHNTO x =7 2B D8
REEOREIEZRDL. 72720, a<r<d-a t35%.

Q) (HDHZEITBNWT, x-y FHNDa<x<d—-aBLN0<y<I TEINDHHELSEEL
WRORESZRD I, 77, B A L BOORAFERKOBEMNES Y-V DHETCA
VHE YR AERD K.

(3) &IZ, WIS ERNEIC HRITHEN TV DERICTONWTEZD. BRAICKENLTVDE
MREBMRANDx =7 (0<r <a) DNEIMELMRBEEDORE I ZRD L.

4) Q)DL AEIZEBNT, BRADOKNERA X7 X AERD K.

(5) B)DELEITEBWT, Wik A & BOORAFEBREOBNESYZVOACA VX T X
A ERD K.

ylk
1 i
a
—»
l ,,,,,,,,,,,,,,
_}— S
0 d g
EHRA EHRB

(a) (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 an answer sheet for each question.

D. [Electromagnetism]
Answer the following questions (Question 1, Question 2). Make sure to specify the selected

field and the corresponding question number on the answer sheet.

[Question 1] The electrical permittivity of vacuum is ;. Answer the following questions.

(1) Consider an electric dipole, which consists of an electric charge Q at the point x = §/2 on the x-
axis and an electric charge —Q at the point x = —§/2 on the x-axis as shown in Fig. 1. The
magnitude of the electric dipole moment due to this electric dipole, M, is given by M = @4, and the
electric potential at a point P due to this electric dipole is given by M cos 8 /(4me,r?). Here, OP =
r, 6 is the counterclockwise angle of the OP with respect to the positive direction of x-axis, and r >
6. Express the r-component of the electric field, E,, and the 8-component of the electric field, Eg,

with gy, M, 1, 6.

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 an answer sheet for each question.

Next, consider the case where Sphere 1 with radius R4, is in vacuum as shown in Fig. 2. Here, the center
of Sphere 1 is at the origin O, the right half of Sphere 1 (x = 0) is filled with uniform electric charge

density +p;, and the left half of Sphere 1 (x < 0) is filled with uniform electric charge density —p;.

(2) Observing Sphere 1 from a point far enough away, Sphere 1 can be regarded as the electric dipole
placed at the origin O. Using this, show the magnitude of the electric dipole moment due to the
positive charges of Sphere 1 within the region h < x < h + Ah and the negative charges of Sphere
1 within the region —h — Ah < x < —h. Here, 0 < h < R; and Ah < h.

(3) Answer the magnitude of the electric dipole moment due to all the charges of Sphere 1, M;, and the
direction. Also, answer the magnitude of the electric field at the point (x,y,z) = (R, 0,0). Here,
Ry > R;.

(4) In addition to Sphere 1, consider Sphere 2 with radius R,, whose center is fixed at the point
(x,v,z) = (R,0,0). In the initial state, the right half of Sphere 2 (x = R) is filled with uniform
electric charge density +p,, and the left half of Sphere 2 (x < R) is filled with uniform electric
charge density —p,. Express the work with gy, My, R, p,, R, required to rotate Sphere 2 from the
initial state to the state such that the positive charges are in the region y > 0 and the negative charges
are in the region y < 0. Here, R > R, R,.

>
>
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[Question 2] As shown in Fig. 3 (a), infinitely long conducting wires A and B are placed in vacuum. Both
wires A and B are kept in the x-y plane parallel to y-axis, with their central axes fixed along at positions
x = 0 and x = d, respectively. As shown in Fig. 3 (b), the cross-section of each conducting wire is
circular shape of radius a. Currents of equal magnitude but opposite direction, I, flow through these
wires. The permeability of vacuum is . Assume that d > a.

(1) Consider the case where the currents flow uniformly only on the surfaces of the wires. Find the
magnitude of the magnetic flux density at x = r in the x-y plane. Here,a <r < d — a.

(2) In the case of (1), find the magnitude of the magnetic flux passing through the area S defined by a <
x<d-—aand 0 <y <lin the x-y plane. Find the self-inductance of a unit length of the two
conducting wires A and B.

(3) Next, consider the case where the currents flow uniformly inside the conducting wires. Find the
magnitude of the magnetic flux density at x = r (0 < r < a) inside conducting wire A due to the
current flowing through conducting wire A itself.

(4) In the case of (3), find the internal inductance of conducting wire A.

(5) In the case of (3), find the self-inductance of a unit length of the two conducting wires A and B.

cross-sectional view of
a conducting wire

i i ,

| areasS

v

0 d X

conducting conducting
wire A wire B

(a) (b)
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 an answer sheet for each question.

E. [77)v3v XL57EF)
2o (1),  [[2] ICEX K. RERMRISER TS L REHR S ZRLA TS L.

(R 1] B3l A[0..A.length—1] 2ALL N D min-heap S&F 721729 & &, 5 A lX min-heap T
HBHENS (J271ZL, Alength\ZFEH] A WS EZRED .

AlParent(i)] < Al (1 <i < Alength —1)
%5, Parent(i) (&, IS0 U T FRLIRT GIRZTT > e 2K
Parent (i)

return | (i — 1)/2]

7zl2l, |x] & 2 LNORKOERZEKT. T HIC, Aidd| A% min-heap S 72729
K D ICEHS % T Z BuildMinHeap *°, BuildMinHeap ICB#9 % Z DD Fhi & H
TREDHED RENTNS.

Left(7)
return 2z + 1
Right(7)
return 2¢ + 2
BuildMinHeap(A)
for i < ([ A.length/2] —1) downto 0
MinHeapify(A, i, A.length)
print ¢ and all elements in A
MinHeapify(A, i, s)
[ < Left(7)
r < Right(7)
smallest < 1@
if | < sand A[l] < Alf]
smallest + 1
if r < s and A[r] < A[smallest]
smallest < r
if smallest # 1
exchange A[i] with A[smallest]
MinHeapify(A, smallest, s)
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ROFNCEZ K.

(1) A% A=(0, 3, 10, 6, 7, 8, 12) I& min-heap &2 /z 3 N ZANK. £z, %

D721 K.

(2) By A=(12, 18, 14, 10, 3, 7) K LT, F#Hi& BuildMinHeap Z 511 L7zREDH /)

2R

(3) LATOD| 244 (A) |, |Z2EH0 (B) |, | 2548 (C) |,

75 (D)

TRENRIC Y — b9 % Fhi & HeapSort 25208 K.

HeapSort(A)

BuildMinHeap(A)

s « A.length

for i = | ZEMH (A)

exchange A

s=s5—1

[

downto 1

ZEH# (B) | ] with A]

MinHeapify (A, | 2% (D)

2D, Bld Az —7Y—F

24 (C) |]
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for each of the fields you selected and use an answer sheet for each question.

(2] BER EOTEDONEICENNIZZ =7y M EFR LIV, Fbih S HERENERZH
T BLLRO 2 DRIV ZLICDWTEZ 5. WEisE o i 3%, BREE
i LZBEL, 22—y FOEMIAEICERET S L, EBIEIE LBIEMED «
PRS2 IRY. T ORE, BEREEZ—Ty hRALEE KT,

SEARCHER_ALGORITHM_1
141
while (true)
JRRND o= (=1)" i FTBEITS. BEnghicx—7"y FhEM N
fIEICE#ET % &, EHBICEILL break
JFEICR %
141+ 1
return (B{EMLED o FEAR)
SEARCHER_ALGORITHM_2
141

while (true)

JFm D o= (=1)" .20 TTREITS. Bihghicxz—7 v FhEINTZ
(EICENET S &, EHICEIEL break

JFRICR S

1+—1+1

return (BENED x JFEER)

LICE—=T Y " = 15 ICEIMMTVWASROD SEARCHER_ALGORITHM_1 IZ X5
BRE OB 2R ] .
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T B
1: SEARCHER_ALGORITHM_1 IC X % ¥EERE OB HhfhbE

2=y b ONIE & RO OMEEZ d £ U, Z2—7 v bR T 2 X TICHRREM
W BHDEESZ D £ 95, RDOMWICEZ K.

(1) Z=%w "Dz = 3 ICEINTRED D Offie 2 DOBELRT7 IV I X LZNFHhIUC
DNTEHEZX.

(2) SEARCHER_ALGORITHM_1 IZHF %, D O d T 2lk2EZS. Z—7 v b
X [0, 1] ICEDPNTVBEGE, WREIEH  ZOBBILTEZ—7y b eRRRT
. LIzh>T, DD AdICHTBIHIE 1 THD. LLFTIE, TOXMELIMNSZ—
7y RAEDNIZREEICONWTEZ 5.
Z—=77y FOAED v BEEEMNIEDSEZEZ 5. 2k+ 1 < d < 2k + 3 Z2{filz Ik
PO LI UT, HEREE1,-2,3,-4,...,2k+1,—(2k +2) THORLZEH
LREIL, HEMD (2k+ 3) f\mwﬂz@;m EHTHE—7y M ERET 5.
Z—77y FONED v DR DLGEZEZ D, 2k < d < 2k + 2 Ziilz 3 IEAD
B L ISHUT, BR&EIT1,-2,3,-4,..., -2k 2k +1 TIHORLENSEHEL,
D —(2k +2) f\ﬁb‘ﬁﬁb@“%:ﬂﬁ“(& Ty MRS,
2=y FOAED o BEOIEAZHETNUE, (< d <+ 2 2o IFEOR
BOCHUT, BERENZ—T F2RRT 5 TICHRENITSHFOES D &

(+1
D = Z2i+d
=1
= |ZEMR (A)
— [z (B)]
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L7eh-> T, HODIZ

D ZEHH (A)
4 d
_ [z ()

Ths.

2SR (A) ], |25 (B) |, | 2500 (C) | ZHd K. 7=72L, |25 (B) |, |20l (C)| & d I
9% 0K TEHEAK.

(3) SEARCHER_ALGORITHM 2 ICBF 5, D O dIicxd 5% d BT % O Kid T&
AKX, TOEHEBHREEZ K.
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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 the answer sheet.

[Q1] When array A[0..A.length—1] satisfies the following min-heap property, array A is

called a min-heap, where A.length means the number of elements included in array A.
A[Parent(:)] < Ali] (1 <i < Alength —1)
Note that Parent(i) represents the result of the following calculation for ¢ and |z ] rep-

resents the greatest integer less than or equal to z.

Parent(7)
return [ (i — 1)/2]

In addition, the procedure BuildMinHeap, which transforms array A to satisfy the min-
heap property, as well as the other procedures related to BuildMinHeap, are shown

below.

Left(7)
return 27 + 1

Right(7)
return 27 + 2

BuildMinHeap(A)
for i «<— (| A.length/2] —1) downto 0
MinHeapify(A, i, A.length)
print ¢ and all elements in A

MinHeapify(A, i, s)

[ < Left(7)

r < Right(7)

smallest < i

if | < sand A[l] < Alf]
smallest < [

if r < s and A[r] < A[smallest]
smallest < r
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if smallest # i
exchange A[i] with A[smallest]
MinHeapify(A, smallest, s)

Answer the following questions.
(1) Answer whether or not the array A=(0, 3, 10, 6, 7, 8, 12) satisfies the min-heap
property. Also, describe the reason.

(2) Show the output when the procedure BuildMinHeap is executed for the array A=(12,
18, 14, 10, 3, 7).

(3) Fill in the following | Blank(A)

,| Blank(B) |, | Blank(C) |, and | Blank(D) | to complete

the procedure HeapSort, which sorts elements in array A in descending order using

heap sort.

HeapSort(A)
BuildMinHeap(A)
s < A.length
for ¢ = | Blank(A) | downto 1
exchange A[|Blank(B)
s=s5—1

MinHeapify(A, | Blank(D) |, s)

—

with A[ | Blank(C)

—
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[Q2] We want to find a target placed at an arbitrary location on the number line. We
consider the following two search algorithms, where the searcher starts from the origin.
The number line is considered as the xz-axis. The searcher moves on the z-axis and when
it reaches the location of the target, it immediately stops and returns the x coordinate

of the current location. We consider that at this time the searcher finds the target.

SEARCHER_ALGORITHM_1
141
while (true)
Move from the origin to x = (—1)**! . i. During the movement, on reaching
the location of the target, stop immediately and break.
Go back to the origin.
11+ 1

return (z coordinate of the current location)

SEARCHER_ALGORITHM_2
141
while (true)
Move from the origin to x = (—1)**! . 2¢. During the movement, on reaching
the location of the target, stop immediately and break.
Go back to the origin.
141+ 1

return (x coordinate of the current location)

Figure 1 shows the trajectory of the searcher with SEARCHER_ALGORITHM_1 when the

target is placed at x = —1.5.
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trajectory

Figure 1: Trajectory of the searcher with SEARCHER_ALGORITHM_1

Let d be the distance between the location of the target and the origin and D be the

length of the trajectory that the searcher travels until it finds the target. Answer the

following questions.

(1)

(2)

Answer the value of D for each of the two search algorithms when the target is

placed at x = 3.

We consider the ratio of D to d by SEARCHER_ALGORITHM_1. When the target
is placed in interval [0, 1], the searcher finds the target after it travels a distance d.
Hence, the ratio of D to d is 1. In the following, we consider other locations of the
target.

When the z coordinate of the target’s location is positive, for non-negative inte-
ger k that satisfies 2k + 1 < d < 2k + 3, the searcher moves with turning at
1,—-2,3,—4,...,2k+1,—(2k+2). It finds the target while it moves from the origin
toward (2k + 3).

When the = coordinate of the target’s location is negative, for non-negative integer
k that satisfies 2k < d < 2k + 2, the searcher moves with turning at 1, —2,3,—4, ...,
—2k, 2k + 1. It finds the target while it moves from the origin toward —(2k + 2).
We ignore whether the x coordinate of the target’s location is positive or negative.

Let ¢ be a non-negative integer that satisfies ¢ < d < ¢ + 2. The length D of the
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trajectory that the searcher travels until it finds the target is

+1
D = > 2i+d
i=1
= |Blank (A)
= |Blank (B)|.
Hence, the ratio is
D Blank (A)
d d
= |Blank (C)|.

9

Fill in‘Blank (A) || Blank (B) |, and‘Blank (C) ‘ Answer‘Blank (B) ‘and‘Blank (C) ‘

in O-notation with respect to d.

(3) Answer the ratio of D to d by SEARCHER_ALGORITHM_2 in O-notation with respect

to d, together with its derivation process.
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H
Blank Page




BT HEE NNRERAREY AT LEHRRVEN TGP A5
L ASEalBRi e (FEMiH SM6FE9 1 0H)

= M £} H (Specialized subjects)
(32/39)

6 IHND 2 N BEUME S S L. BAL TEBICHMEMMR L M2zHVX. X,
KT—DdH 7z b — I OfRE A Z - K.

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. [GIEHET—F7 7 F v 0]
2o (1),  [#2], [[3] ITEA K. EMRUCER B L RER S 2 AT 5 T
&.

(B 1) LR BBl & Tr & N3 BB Fa,b,c,d) & Gla,b,c,d) EOVWTEZ S, FEOD
BT, S0ES H BET S, T2 M a2 e s 5. S0 S oo
B sy, 5o, 53, ESOMEIES T OHUIOFRIBIE t1, t, 13 DL OB EIIEE TR E
NBHE, EEES H O % LT RIS H (0, y, ) ORMRAIE . 2L, #
SRR D BRI & (37 OFHRPIMEE ZTRRIEHIIRD S 5, MEED R IOE D
RAST. RN ORI SIS 28101, Z0%DTY 75 )VEMR
OB DEAET

aC>> AR
> S Y
S H COF
S —" 53 2
] —
tl T
T2 Y g w—Ye
tg z
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for each of the fields you selected and use an answer sheet for each question.

a b ¢ d H F G ‘ a b ¢ d H S1 So 83 | t1 to t3
0 0 0 01 1 0 00 0|0 O O|0 O O
0 00 110 O 0O 00 1|0 O 1,0 0 1
0 01 0y 0 0O 01 o0off1 o0 oO0|1 1 1
0 0 1 1 1 1 0 0 1 1 1 1 0O[1 0 1
01 0 00 1 01 0 OffO0O O 1|1 1 o0
0 1 0 1 x 1 0 1 0 1 0 1 0O]0 1 1
0 1 1 00 =« 0O 1 1 00 O 1]0 1 1
0 1 1 1 1 1 0 1 1 1 1 0 170 1 1
1 0 0 0 = O 1 0 0 0O 1 1|1 1 1
1 0 0 1 1 0 1 0 0 1 1 1 O[O0 0 1
1 0 1 0 1 = 10 1 00 O O1 0 O
1 0 1 1 0 = 1 0 1 1 0 0 1 1 0 O
1 1 0 0|0 =« 1 1 0 O 1 1 1 1 0 O
1 1 0 1 1 1 1 1 0 1 1 1 O|1 1 0
1 1 1 010 1 1 1.1 040 0 1[0 0 O
1 1 1 1]0 O 11 1 11 1 11 1 1
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(2] 5 DDRT—IWSRZIATISA VT —2RAEFTEA A=K 47170
TV OWTERD. RESNAT IV AT—V, IF @RI, 1D (@
7a—1R), EX (3H71), MEM (AE®VU7Z7tR), 65U, WB (4 k)X 7) T
HB. MEwT, O— RU—Raw, /—FXL—2 a3 Vi DIITICBIT 58 AT—
VOMBNRIEILLTORICHNES. TTT, MM TITA VA M—=IVOREZERE, %31
TIAL VAT =Y DORITIHICL 7y 7Y A 7))V TR T TERLNET 5. £z, WB
AT =V TLIARCEZIATENIAGZ, F—ray 7Y A 27)UCT, HiimaDID A
TV T LUARETH %, &B, {70 v 7Y% A 7)VCENT, HAT HHADHS
ZFITAREE T 5.

STy
add $x, $y, $z

O— FY— Ragfy
lu $x, offset($y)

J—FRXL— g3 VD
nop

AEY KOETIXREMBZEGL, R FHARODIc T T Z L -

VARV Sl CF T

15 U 7= i 45 O fi
. LYRRT 7 A
IWINBE LY AR $y
25 TNC $z ZRid
HL.

IS U7 O, L
VART 7 A B LY
AR $y ZHii L.

G U 7zt O

EX

LI AR T7A )
Gt LT ¢y &
$z DNEZ N

LY RZRT7A)Ih S
HHUTz 3y ODNE L off-
set ZMBELLAEY Y KL
AR

BRI L.

MEM

Frcae L Ohnsissse
% WB A7 —3I"\
Hi5i%) .

EX A5—YTCHhEKR L=
AEDYT RLAIKHINT
27— RTF—RET—~R
AEY D SEHH L.

BricHE L.

WB

MERRZL IR
Z2T7AIVNDLY
AR $x ICEXIA
H.

T =R AT S
LieT—RELIART
7AIVHDL Y AR $x 1
EEIAH.

FRICHEL .
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2CT, LRO7EY 707055 L (A) DEFFACONTEL S,

Vi A A LA NNICY
add $3, $5, $5
add $6, $4, $3
1w $2, 40($6)
add $3, $1, $1
add $6, $7, $3
1w $9, 40($6)
add $4, $9, $2

PIFOFRICEZ XK.

(1) 7= =Rzt d 572dDN— Ry o 7RI o~ r7a7aty Jics
WENTOERVWERET S, Lido7kr 70 7aZ 5 L (A) KL, nop i
HATAZLDATETDT—ENY— F2[htd 5. HEEK2E5/ND nop fiH
BEEZ K.

(2) F—ZNP— RZ[EET 2 72DN— R = 7L LTSA TS5A VA F—ILD
REFEELUT-, TRy T)Tas T L (A) ORIFICET 3 70y 794 7)IVEES
A K.

(3) F—ZNY— RZ[EET 2 7dDN— R 2 TEE LTS TIA VA =Lk
T—=R2T+T—T 1427 (MEM7&A5UICWB A7 —Y M5 EX A7 —IN) Z5HE
WLl 77070l L(A) DFATICEST S 70y 791 7 )VEZEZ K.

(4) 77TV TaTT L (A) DEFICBWT, (2) DIEITHT B (3) DFEDMEEEN
REEZK. L, SEEREEEREC L Ed 5.

(B3] FvviaX®EUERETLZYA 7 abydz2E2%. A7/ akydhityy
VaRAREVIKHB TR EEZIMATLE, YT — A E ALV AEVICHEIRTHLE
NH2. AAVABVICEZRTHETHS 1914 MA)V—] FRE [F14 1T ]
HRICODWTZENZNFIAL, Flm e Rz mN XK.
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F. [Computer architecture]
Answer the following questions ( [Q1] , [Q2] , [Q3] ). Make sure to specify the selected

field and the corresponding question number on the answer sheet.

[Q1] Let us consider the logic functions F(a,b,c,d) and G(a,b,c,d) shown in the following
truth table. Suppose a logic circuit in the figure below is composed of subcircuits H, S,
and T'. The logic functions sy, so, and sz of outputs from the subcircuit S, and the logic
functions tq, t9, and t3 of outputs from the subcircuit 7', are defined by the truth table
shown below. Show the minimum sum of products form of the logic function H(z,v, 2),
which represents the output of the subcircuit H. The minimum sum of products form of
a logic function means form having the smallest number of product terms among those
which represent the function. If there are two or more forms having the smallest number
of product terms, forms having the smallest number of product terms with the smallest

number of literals are chosen as the minimum forms.

] — SL
b So Y
S H COF
] — S5 -
] —
t
T2 Y g —a
t3 z
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a b ¢ d H F G ‘ a b ¢ d H S1 So 83 | t1 to t3
0 0 0 01 1 0 00 0|0 O O|0 O O
0 00 110 O 0O 00 1|0 O 1,0 0 1
0 01 0y 0 0O 01 o0off1 o0 oO0|1 1 1
0 0 1 1 1 1 0 0 1 1 1 1 0O[1 0 1
01 0 00 1 01 0 OffO0O O 1|1 1 o0
0 1 0 1 x 1 0 1 0 1 0 1 0O]0 1 1
0 1 1 00 =« 0O 1 1 00 O 1]0 1 1
0 1 1 1 1 1 0 1 1 1 1 0 170 1 1
1 0 0 0 = O 1 0 0 0O 1 1|1 1 1
1 0 0 1 1 0 1 0 0 1 1 1 O[O0 0 1
1 0 1 0 1 = 10 1 00 O O1 0 O
1 0 1 1 0 = 1 0 1 1 0 0 1 1 0 O
1 1 0 0|0 =« 1 1 0 O 1 1 1 1 0 O
1 1 0 1 1 1 1 1 0 1 1 1 O|1 1 0
1 1 1 010 1 1 1.1 040 0 1[0 0 O
1 1 1 1]0 O 11 1 11 1 11 1 1
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[Q2] Let us consider an in-order microprocessor that has a 5-stage pipelined datapath. The
implemented pipeline stages are IF (Instruction Fetch), ID (Instruction Decode), EX
(EXecution), MEM (MEMory access), and WB (Write Back). The operations in each
stage for three instructions, Add, Load Word, and No-Operation, are defined in the
following table. Assume that the operations in each pipeline stage can be completed in
one clock cycle except for pipeline stalls. The data written to a register in the WB stage

of an instruction can be read in the ID stage of a subsequent instruction in the same

clock cycle. In each clock cycle, at most one instruction can be issued.

Operations of the pipelined datapath

Add Load Word No-Operation
Stage add $x, 3%y, $z lw $x, offset($y) nop
IF Fetch an instruction from the memory and update the program counter
for fetching the next instruction.
ID Decode the fetched in- | Decode the fetched in- | Decode the fetched in-
struction. Read reg- | struction. Read register | struction.
isters $y and $z from | $y from the register file.
the register file.
EX Add the contents of $y | Add the contents of $y | None.
and $z read from the | read from the register file
register file. and the offset to form a
memory address.
MEM None (transfer the cal- | Read the word data from | None.
culation result to the | the memory associated
WB stage). with the address gener-
ated in the EX stage.
WB Write the calculated | Write the data read from | None.
result to register $x in | the memory to register
the register file. $x in the register file.
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(Q3]

Here, we consider executions of Assembly-Program(A).

Assembly-Program(A)
add $3, $5, $5
add $6, $4, $3
1w $2, 40($6)
add $3, $1, $1
add $6, $7, $3
1w $9, 40($6)
add $4, $9, $2

Answer the following questions.

(1)

Assume no hardware supports to solve the data hazards are implemented in the mi-
croprocessor. Consider only inserting “nop” instructions into Assembly-Program(A)
to solve all data hazards. Answer the minimum number of “nop” instructions re-
quired.

Assume only the hardware support of pipeline stalls for solving the data hazards
is implemented. Answer the number of clock cycles required to execute Assembly-
Program(A).

Assume the hardware supports of pipeline stalls and the data forwarding mechanism
(from the MEM and WB stages to the EX stage) for solving the data hazards are
implemented. Answer the number of clock cycles required to execute Assembly-
Program(A).

Answer the performance improvement rate of the implementation in (3) relative to
that in (2) for the execution of Assembly-Program(A) by assuming the same clock

frequency for them.

Consider a microprocessor with a cache memory. When the microprocessor updates data

in the cache memory, it must write back the data to the main memory. Explain the

“write-through” and “write-back” methods of writing back to the main memory and the

advantages and disadvantages of these methods.



