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1. Do not open the pages before a call for starting.

2. This is the “Problem Set A” in pages including this front cover.
After ihe call of starting, check all pages are in order and notify jaroctors (professors) immediately if missing
pages or with unclear printings are found. ,

3. Answer 4 of the following 9 questions§ A-1, A-2, A-3, A-4, A-5, A-6, A-7, A-8, and A-9. State the Question
Numbers you choose on the Answer Sheet. |

4. Use one sheet for each question. If required, the reverse side may be used, stating “Over” at the end of the
page. Note that in case two or more questions are answered in one sheet or two or more sheets are used for
one question, they may be regarded as no answers. |

5. Do not separate the pages of answer sheets; keep them bound.

6. Notify proctors (professors) immediately if the pages are separated for some reason.

7. Answer the questions either in Japanese or English.
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EPERA
IA-1],[A-2} |A-3} [A-4], [A-5] [A-6],[A-7], [A-8], DR HARZBIR L TRER K,

Problem Set A

Choose and answer 4 questions out of|A-1},|A-2, [A-3],|A-4], |A-5],|A-6], [A-7[A-8], and [A-9]

A-1

THOTRTOMIZEZ X. (English translation is given on the next page.)
(1) ATORMICEZ X.

(a) BHEM z =rcosh, y=rsinf DY ILTHB LUV ZDTFIAZRD X,
(b) B I DRERERD K.

I= [[ e aay, D={(w.9)]a* +¥ <R}, R>0
D

(c) B (b) DI I2DWVT, KOERERD k.

lim I
R—o0

(d) XA ZEEHE &,
/oo e dz = 7
() RATEEINS z >0 DB I(z) Ic>WVT, I'(1/2) D% KD k.
I"(m)=/°°t“_le_tdt
0
(2) UTOMIcEZ &, 7L, Tl ARRRTEIONS, £, o 3EETHB.
a 1
A=l ]
(a) T ADEBELEARTRY FLERD X,
(b) n Z IE¥HL TS, A" %ERD L.

continued on next page

R R ) L <




Answer all the following questions.
(1) Answer the following questions.

(a) Find the Jacobi matrix and its determinant of the transformation z = rcosf, y =
rsiné.

(b) Evaluate the following integral I.
I= // e~ @+ dzdy, D= {(z,9) | 2> +y* <R}, R>0
D

(¢) Find the following limit, where I is defined in Question (b).

lim 7

R—o0

(d) Prove the following equation.

o0 2
/ e ¥ dr =7

—00

(e) Find the value of I'(1/2), where I'(z) is a function of z > 0 defined by
[= <]
L(z) = / t*le "t dt.
0
(2) A matrix A is given by
a 1
A=)

where a is a real number. Answer the following questions.

(a) Find the eigenvalues and eigenvectors of matrix A.
(b) Let n be a positive integer. Find A™.



A-2

TEDM (1), (2), )5 2D RATEAL.
Answer two of the following questions (1), (2), and (3).

(1) 7=V ZERIZBETHUTOMICEAL. ZEL, B f¢) D T7—V) IE# F(w) XA T
EBEINS.
Answer the following questions related to a Fourier transform. Note that the Fourier
transform of a function f(¢) is defined in the following.

F@= [ fwea (=v7D)
ROBIK f1(2), f2(2), f3(t) D7 — ) TEBRERD K.
Find the Fourier transform of f;(t), f2(t), and f3(t) defined in the following.

0 (It| > a1 >0)
h®= { (i <a)

20,1

0 (It| > a2 > 0)
fL)=4q¢ 1 [t

— == ({jLa
a2 a% (l'— 2)

sin ast
a3t

f3(t) = (a3 > 0)

(2) ROMASHRRO—RMERD &
Find the general solution of the following differential equation.

dy .
P —(y+cosz)sinz =0

(3) LATORICEA K.
Answer the following questions.
(a) ROWEH [IZDNT,z=¢eY (i =+/—1) LBWVT, 2 KETZHEFEMS TRE.
By using z = ¢!’ (i = 1/=1), express the following integral I in the complex integral
with respect to z. '

2m cos? @
1_/0 e ) (0<a<))

(b) M (a) DRERZEANT, Bs T ERD&.

Evaluate the integral I taking the result of Question (a) into account.



A-3

TFTROTRTOMICEX L.

Answer all the following questions.

(1) E@D & 52, REPIZR aONTREE & L2 b OHNREETHREINLERSLO b>a)
ORBABHE X v /3 228H 0, BER (a<r<b) IHEER: 0FTEEHTHLELTNS.
TIZTr ZFAEAEE X v R Z ORLEN L OEMTHD. i, BEOBEERL o0& T
5. B, e>a0ThHY, BEOHETHRIIBETEDILDLTS.
Consider a cylindrical co-axial capacitor of length L composed of inner and outer conductors of radii a
and b (L > b > a), respectively, in vacuum as shown in Figure (a). The space between conductors (a
< r < b) is filled with a dielectric material which has a permittivity &, where r is a distance from the
center axis of the cylindrical co-axial capacitor. The permittivity of vacuum is . Here, & > &, and the
edge effects of the conductors are assumed to be neglected.
(a) NHEGR L UOMBEEICENTNLER +Q BLUV -0 25x7¢ &, r OB%E LTH

HMARE X v A FNOBEREERSICESERD L.
Find the dielectric flux density and the electric field in the cylindrical co-axial capacitor as a
function of  when the internal and external conductors have charges +Q and -Q, respectively.
(b) REMER X ¥ v 2 OBRBEAELRD L.
Find the capacitance of the cylindrical co-axial capacitor.
©) BOD LS, REMAEE ¥ U ZhbBBEER S x 31 RV EHROBEEFRLRD
X.
Consider that the dielectric material is pulled out by the length x from the cylindrical co-axial
capacitor as shown in Figure (b). Find the capacitance.
@ BB WT, BEMIC—EEE V 2527, ZOROBEELEEICEB HLEZDS
mERD XK.
In the case of Question (c), a constant voltage ¥ is applied between the conductors. Find the force
at the upper end of the dielectric material and its direction.
Inner

a

Inner Conductor b
Conductor ,/7/ b
Dielectric,. X,
N / o /) ~ /’ .

\L_/ Outer
Outer I | Ps Conductor

» Conductor

[ 4

(A
1
]
!

A P
\

\
78

€
~
\"
/
7
=
pa N
<
~
{
§
\

| Dielectric

X(a) E(b)
Figure (a) Figure (b)
(2) BRKFICETIROAFELHAT L.

Explain the meanings of the following terms related to the electromagnetism.
(@ (BR) &

(Electric) image method
() 77 77— OEFEEIER

Faraday’s law of electromagnetic induction
(c) EF « 13— DRl

Biot-Savart law



A-4
FTROTRTOMICZ %2 &. (English translation is given on the separate

pages.)

(1) BA L EHEIZEAT HUTOMICE X K.
BB g () TRENBERBICHOVWT, TOT7—VZEBREZC(HLTDHL,
ALY MGHIER@D X D 12725, 2L, fraxtEC(H)DRKE

EHETHS.
1G(NI

/AN s
O fuux

"fmax
X(a)
(o) AT, DA > 7NV ARFIs()BKRKXTEZ BND B, s()DEHT7— ) =k
HERTENT X.

s(t) = z 5(t —nT,)

n=-—oo

LSO TNVIEERTHS.

b) 7Y v TR = 1/T, CHEEg() DEBSEEARL LBy ()i
RATEZLNS.
gs(t) = g(@®)s(t)

gD T— Y EBREGC(H & LIEHE, GNP ED L DR D0BAEE
SIROR AV THAE L. - AEEEIRTARS MABERDRVE
iz oW TR K.

(©) A7 MABERLRVWEHFTT, BRgO)ZgO)PDETTHIZHD
T A NE DRI OWTIRAR X,

cont‘ihued on next page
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(2) KIZTRTEREBTYOICETILUTOMICEX K.

y(t) = Z i[klp(t — kT) cos 2 f .t — Z qlklp(t — kT) sin 2z ft

k=-c

k=—o0

I TCLRIIREEOBEK, piku—NF T T 7 FaDN— LA X Fad
A va—F T /NVARER, TIE AR (f>» 1/T), ik], qklidEhZ

NIF¥RLBLVQF ¥ RNVOFERRIIETS.
(@) p)PAEHEEEKERE.
(b) i[k]€{-11}, qlkl€{0}tT5B. TDLEEBYO)DERAFTROL
&%, TORKEE 2 ORE.
© ik e{-1-331} qie{-1,-331} ¢35 ZDLEESHE

DERFIRDOBEHREEZ, £ORKEE 2 OTE.

continued on next page
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Answer all the following questions.
(1) Answer the following questions related to the sampling theorem.

Given a time function g(t), G(f) corresponds to the Fourier transform of
g(t) where fn., is the maximum frequency of G(f). The frequency
spectrum |G(f)| is shown in Figure (a).

[G(PI
AN
| >
—f max 0 f max
Figure (a)
(a) The impulse train s(t) with period T is given by the following
equation.
S(t) = 6(t - nTs):
2

where 8(t) is the delta function.

Derive the exponential Fourier series expansion of s(t).

(b) Sampling g(t) by the frequency f; = 1/T; gives gs(t). Gs(f) is the
Fourier transform of g.(t). The function gs(t) is given by the following

equation.
gs(t) = g(t)s(2).

Explain G;(f) by using figures in the frequency domain.

Show the condition in the frequency domain to avoid spectral overlap.

(c) Show the condition of the filter required to recover the original signal
g(t) from g.(t) where the spectra do not overlap.

continued on next page
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(2) Answer the following questions related to the modulated signal y(t)

shown below;

=} o]

y(t) = Z ilk]p(t — kT) cos 2fit — Z qlklp(t — kT) sin 21fet,

k==—00 =—00

where f. is the frequency of the carrier, p(t) is a root raised cosine roll-off
pulse with the roll-off factor o, T is the symbol duration, f; » 1/T, and i[k]
and q[k] are the information sequences of I channel and Q channel,

respectively.

(a) Show the frequency response of p(t).
(b) Assume i[k] € {-1,1} and q[k]€{0} . Answer the name of the
modulation scheme used for y(t) and explain two characteristics of the

scheme.
(c) Assume i[k] € {-—1,—-;—,%,1}and qlk] € {—1,—%,%,1}. Answer the name of

the modulation scheme used for y(t) and explain two characteristics of

the scheme.
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TRHROTRTOMICEAL.
(English translation is given on the next page.)
1) H@ICRT, 7RIFSAFFITERIN D25 T EKE (A% T ERME) KON TE
Z5. TRIZAFTFIDOERIL T ERDOBITH S,
I Y. Yo\ (Vi
(I;) - (Y; yii) (V;)
MR EBAROILE, MO RIS THBEE, /$TA—F BRI DBEREZRE.
2) Ho)EREIZFT EBOTRIZATTIHIZRDL.
(3) E@)ITRT EBDTRIFATHERDE. iz, I, = 00EE, AFBEHe0 =1/CRI
BTV, /V, = 08252 RE.
(4) H() IR BAENEEHIEREAWEREICDONT, V/V12R0K.

11 -’2
Apu— > B A
O 0 © N {0
TR _l_
V‘T (yz1 Yzz) /[\Vz Vi TZC T Ve
00— o
e ’ 0
] (a) (b)
| ! 1
74 I = R R <!
—> C C <= 5 — 1 1—o
o ” ! H ° PF _ JI
'T TVZ ‘T r2 || F2¢ T 2
(e : O o} - o)
& (c) & (d)
R Ry
R
R |
e W B
14’[1 : Tt

continued on next page
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Answer all the following questions.
(1) Consider a two-port network (four-terminal network) with an admittance matrix shown in
Figure (a). Admittance matrix is defined as follows.

(11) — (Yn Y12) (V1)
L Y51 Y2/ \V2
When the reciprocity theorem holds, and the circuit is symmetrical, show relationship between
elements of the matrix. )
(2) For the circuits shown in Figure (b) and Figure (c), find the admittance matrix of each circuit.
(3) Find the admittance matrix of the circuit shown in Figure (d). When [, = 0, show

V,/V, = 0 at the angular frequency w = 1/CR.
(4) For the circuit with an ideal operational amplifier shown in Figure (e), find V,/V;.

I ! d fa
1 2 R R
9 é._
pl < = ——o
 hy :
W T (}'21 Yzz) TVz Vi T =2C Ve
o— o
o) o]
Figure (a) Figure (b)
I I
11 C C 12 —'$ R R é“z
—> <— o - 1 0
© | ' I ° Il I
| e e |
V‘T Rz TVZ V‘T 2]l £20 T &
O ¢ O [o $ T O
Figure (c) Figure (d)

Vi %

R[] R
R
- fi>_

Figure (e)

,‘i Lo
L
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TROTRTOMIZEZ L. (English translation is given on the next page.)

(1) EBRERFSCETEUTOMICEZ X, log;3=1.6, log,5 =23 ZAWTXLW,

% (a) £ (b)
"5 | FekmER £ | 4k

n v " 0 0/0.4 1/0.6 1/0.6
B 0.2 B | 02 ‘@.@'
C 0.2 c 0.2

D 0.1 D 0.1 0/0.4

E 0.05 E 0.1

F 0.05 (a)

(a) DL VEHERIE S, DELEOREMRYE (a) TEALNS. S, DESZFL,
# (b) CREND S ZERT 5. S, & Sg ZNThI 2 N7 FELEHEL, ¥
B EREzROMKRE &, I, FHFEROTROROMEE &,

(b) ® (a) Do a 7HERES, Dy baE— H(S,) 2RD &,
(2) BERETIUTOMIER X,

(a) v FEDEp 0 2 TNFEREE (BSC) DBEEHTIIZ TE.

(b) €y D E p D BSC OBERARE T BHIFETHS). £, ThEpoD
B%k L L CRIRE &,

(c) Ev FEDRp & gD 2D0 BSC Mt L 7 BEROBERTI LEERERE
ko &,

continued on next page
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Answer all the following questions.

(1) Answer the following questions related to source coding. log; 3 = 1.6 and log, 5 = 2.3 may

be used.
Table (a) Table (b)
Symbol | Probability Symbol | Probability

A 0.4 A 0.4

B 0.2 B 0.2

C 0.2 C 0.2

D 0.1 D 0.1 0/0.4

E 0.05 E 0.1

F 0.05 Figure (a)

(a) Stationary memoryless information source S, generates each symbol with the cor-
responding probability given in Table (a). Sg in Table (b) is produced from S, by
accepting distortion. Considering binary Huffman codes for S, and Sg, find and com-
pare the expected codeword lengths. In addition, find and compare the lower bounds
of the expected codeword lengths.

(b) Find the entropy, H(S,), of Markov information source S, shown in Figure (a).

(2) (a) Show the channel matrix of the binary symmetric channel (BSC) with bit error prob-
ability p.
(b) Show the channel capacity of the BSC with bit error probability p (derivation is not
required). In addition, graph it as a function of p.

(c) Find the channel matrix and the capacity of a cascade of two BSCs with bit error
probabilities p and q.
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UTOT_RTOMICELX.
Answer all the following questions.

(1) BB E BRAYUEE, EIREZE2ME LT 2B An), gm)iZBNT, nood L &
(g() /M)LK T B & %, )it gm) & ¥ LEHERRBEMOBLRRE VLS.
LT OBEEO~®%, nood & X OEHENREMOBVAREWIFIZIE~X.

(2 Lt DEIZ2 15, )

For given two functions f{#) and g(») whose domains and ranges are the set of natural numbers
and the set of real numbers, respectively, we say f{n) grows asymptotically faster than g(») if and
only if ( g(n) / An) ) converges to 0 as n—oo, Sort the following functions O~® from the
fastest to the slowest in terms of asymptotical growth. (Note that the base of the logarithm is 2.)

® n!-100n'0

@ nlosn

® logn+(100/2")

@ 100sin?n

® n'"/logn

® (n/100)-100

(2) EARIRKREVWEREEZFOZHEABEL Y LR REMOB VR REVEEE
ERO~@0FNHE2TRUHYE. £z, TOEAZMAFTZ L.

List all the functions in the above (D~® that grow asymptotically faster than any polynomial
function of any large degree, and explain why.

(3) LAZREHE >0k 25 27 LY bEERREMOBZ VAR EVEEE
ERO~@0HF o2 TRUHY. £/, TOBEHBEZAMATZL.

List all the functions in the above @D~@®) that grow asymptotically faster than any exponential

functions 2" for a constant ¢ > 0, and explain why.

continued on next page
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FRO7o—Fr— MBERTEHRZCELT, BAH~MDITEL L.
Answer the questions (4)~(7) on the procedure shown by the following flowchart.

C)

&)

(6)

Q)

Input integers a, b

b
>

Y

\yes
b=0?
no
rea
v
yes
r<b?
no

r < r-b%

I . y
a—b Output a
be—r

. 4
End

a=4,b=15 EANLLTEX L ZIZBONIHAOERD L.

Answer the output of this algorithm for the inputa=4,5=15.

COFHmEE, EEBROBEEANLELEILMEHRETILOTHSI D, ANLHA
& OEOEWTH 2Bk R

What is calculated by this procedure if a pair of positive integers is input? Answer the arithmetic
relation between the input and the output.

TOFREIIKHLT, FAREEROMEFANLTHLLTARRT v 7 TRT T2
ENEEZ L. £, TOHEHAEZMAT L.

Answer whether this procedure terminates in a finite number of steps for any pair of positive
integers, and explain why.
ANDLRLEb—HR0 ETTACER THoBE, LARBENEI 0%
e &,

Explain the behavior of this procedure if at least one of the input integers is less than or equal
to zero.



A-8

TEROTRTOMIZEZ K.

1) 2ERBIZHOWVWT, UTOMICE 2 L.
(@) ROFBE S8y b 2 DHBEBHTERE.

@ +36 (1) -24
b) RD8E Y b2 DFEHERBD 2% 8 v’y MFF{T EiExHERFRICESRYE L.
@) 10101111 - Gi) 11110000
© kOB Y b2 DHERIAD 2EKAER TOMAB LI OEEOKEREZ Y.
@) 10101111+11110000 (i1) 10101111+10101111
(i)  10101111-11110000 (iv) 11110000-10101111

(d) 8EYID2DFEEFRED2E AR T 10101111 22 v NEMAL 7L RE = H.

(2) AND #—F, OR#— b, XOR #— h2HAWVWT4 vy MTETERMESZDOREER

BEZH#T. =720, BTH~DFv )V —AhiZnwbod L, REAHTOF Y
— AL TR

B Ta—F/ARMT - T—F%FT7F %] IZOWTHHAT L.

Answer all the following questions.

(1) Answer the following questions on the binary number system.
(a) Express the following numbers in the 8-bit two’s complement representation.
@ +36 G)  -24
(b) Convert the following 8-bit two’s complement binary numbers into the 8-bit
sign-and-magnitude representation.
() 10101111 i) 11110000
(c) Show the results of the following additions and subtractions in the 8-bit two’s
complement binary number system.
@ 10101111+11110000 (i)  10101111+10101111
(iii) 10101111-11110000 (iv) 11110000-10101111
(d) Show the result of the 2-bit arithmetic right shift operation on 10101111 in the
8-bit two’s complement binary number system.

(2) Draw a logic circuit diagram of a 4-bit carry-lookahead adder using AND gates,
OR gates and XOR gates. Note that there is no carry input to the least significant
bit position and you do not need to draw the carry output of the most significant
bit position.

(3) Explain ‘load/store architecture’.



A-9

UTORMIZEX L. BEfA-—N—T70—-RGRISLVWHDLIREE L. (English translation is given on
the next page.)
UT®DBNF CXENEBRINBZTuSSIVI/SELEERS.

e u= z|n|true|false|e;opes|letz =e;ine;|if ethene, elsee;
o m= 4|-|x|=]|<

e BAERT AXEH, op BIBUREERT A XL, n RBMERERTAXERTHS. ZOZHOMEIZ
B UCIIRBMETSHS. B AXER v TRTZLICTS. L OR e DEBRIX, UTOARIRVED S

ha.

(1)
2

(3)

o z: FHERHZ 2 BME v ILHRBIHTWAHSITIR v LRI H 3,

o n: Bl n IZFMEh 3.

e true, false: WG9 3 EMBAMHIZTFMI N3,

o ey opexR e AEMny 1T, Rey BB np ITFHAEINBLE, ny ¥ np & ZIFHFHE op CHELAK

RofEizfEfxhs.

o letz =ejinex: A e ODFERERN v, T, Mz 2ME v KFELUTR o #TEL BRI vy TH

BLE, v IIFExHS.

o ifethene;elsee;: e 2 LRV EEZRTHBLMETH A BT e, 2TFMELER Y, BEH

TEBETHIBEITI eg 2L BFICTMI NS,

B LEOERTRED SATVWRVWRE—2BIT,

ERMLOAVEAIVADTOTS LEFRE. BEIZESDL, fETE /0537585428 THS

—DRBIRUBRYT B Z &: C, C++, Java, Python, Scheme, Racket, OCaml, Haskell. %5z &7- -

TRUATOXRZEETBZ L.

o EFDEMMEBGICTHDIT, V—RAa—-FIZILEEIBEEMIZ - 2.

o 1YETVRDEEETRTELLLERLL, Rz, Rletz =e iney, R ifethene; elsee, 12
NTBEMENRZLB LS ICBHBEThTVWAIE LV,

o ZEHOEADHKGIIRELZAVTEEC L, BERXOL I 27— AHECEE LA, 2 BET 2
Zek.

o EEMBTOREBRBMEIOVTIL, MECEVTZORESRFEE YD L S 1t h % BT
3z k.

EHELESSIIUTOMICHET 3.

e u= --.|loop

Aloop i3, FMELEDILTBLUTRETIRTHELT 3. $4bb, loop DFHIXELT S =
ERBV, TDLE, e Lo BEMTHILI, e 2 BOBEEO T CHEMLAEEMNEy L5 L
g, POEDLEITMD, e 2EOBRPOTCIMELABRIMEY LRBZLEWVS. UTFO&IZD
WTHRE L.

1. Rifethenejelsee; 2R letr = einletz; = e;inletzy = e, inif zthenz, elsezy (77
U, B8 z,21,2, R707 5 LAOMODBAAIZRBENABVEWHERBER) Li3, ZOHEIH
WX EMAB TSI IVSEBIIBWTEETCHE LSR5,

2. ADOHXH loop THRINZWOEFIIBEVWTR, LED200ORBEMTHELEX 2.

continued on next page
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Answer all the following questions. Assume that overflows do not happen during execution of a
program.
L is a programming language whose syntax is defined by the following BNF:

e z|n|true|false |e; opes |letz =e;ine; | if ethene, elsee,
op = +|-|x|=[|<
e is the metavariable for expressions; op is for binary operators; n is for integer constants. A walue in
this language is an integer or a Boolean value; we use metavariable v for the values. The semantics of
the expressions of £ is defined according to the following specification.

o If z is bound to value v at the time of the evaluation, then = evaluates to v.
e 7 evaluates to the integer n.

true and false evaluate to the corresponding Boolean values.

€1 op ez evaluates to the value obtained by applying the binary operation op to n; and ns where

the integer n; is the result of evaluating e; and the integer n, is the result of evaluating es.

e letz = e; ine; evaluates to vs if v; is the result of evaluating e; and v; is the result of evaluating
eg after binding z to v;.

e ifethene, elseey evaluates to the result of evaluating e; if e evaluates to the Boolean value

representing true and e if e evaluates to the Boolean value representing false.

(1)  Write an expression whose semantics is not defined in the above specification.
(2)  Describe a program that implements an interpreter for £. First declare one programming language
" that you use from the following choices: C, C++, Java, Python, Scheme, Racket, OCaml, and
Haskell. Your answer should satisfy the following conditions:

¢ You need to add explanation to your source code so that it can be easily understood.

e You do not need to write down the whole implementation of your interpreter; it suffices to show
the implementation of the expression z, the expression letz = e; inez, and the expression
if ethene; elsee,.

¢ You should use an environment to express bindings of variables to values. You should explain
the data structure that you use to implement an environment.

e You should explain how you deal with the undefined behaviors in the above specification.

(3) We would like to extend £ with the following syntax further.

e u= ---|loop

Expression loop diverges if we try to evaluate it; the evaluation of loop never terminates. Two

expressions e; and e are said to be equivalent if e; evaluates to v under the empty environment if

and only if e; evaluates to v under the empty environment. Discuss each of the following questions.

1. Let variables z,z;, and z; be mutually different. Are expressions if ethene; elsees; and
letz = einletz; = ejinletz, = eyinifzthenz; elsex, equivalent in the language
equipped with loop if z,z;, and z, do not appear elsewhere in the program?

2. Are the above two expressions equivalent in the language that is not extended with the prim-
itive loop?
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Do not open the pages before a call for starting,

This is the “Problem Set B” in 20 pages including this front cover.

After the call of starting, check all pages are in order and notify proctors (professors) immediately if missing
pages or with unclear printings are found.

Answer 4 of the following 10 questions; B-1, B-2, B-3, B-4, B-5, B-6, B-7, B-8, B-9, and B-10. State the
Question Numbers you choose on the Answer Sheet.

Use one sheet for each question. If required, the reverse side may be used, stating “Over” at the end of the
page. Note that in case two or more questions are answered in one sheet or two or more sheets are used for
one question, they may be regarded as no answers.

Do not separate the pages of answer sheets; keep them bound.

6. Notify proctors (professors) immediately if the pages are separated for some reason.

Answer the questions either in Japanese or English.
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Problem Set B

Choose and answer 4 questions out of [B-1}, [B-2}, B-3}, B-4 [B-3, B-6, B-7, B-8} B-9], and [B-10]
B-1

THROTARTOMIIEA X, (English translation is given on the next page.)

(1) HEEL 2EERONNNLEETZEBICET U TOMICEALL.

() 20D 1EYMAA 2 &y KEDRBEIND 1IHO2EER X = (z); &
Y = (y) DANLEZEITOHREBER g(z,y) & U(z,y) 2FEXB. X >Y DL
X g=1TI=0THh%. X<YDEE, g=0TIl=1THh%B. X=Y D
L&, g=0TIl=0Td3%. g(z,y) & l(z,y) PRNEMERRZRD X,

(b) 2DD2EY MAS (21, 22) & (31, 32) KK DREAIND 2450 2ERER X = (21, 22)2
LY = (y1,y0)s DRNEEETOREERG E LEEXD. X >Y DLE,
G=1TL=0T®%%, X<YDEE G=0TL=1Th3. X=YDL&
X G=0TL=0Td3, GZz,. T2 - 3 PEEKEL T, B/PHFIF
THEE, Tk, L &1 700 ns 32 PEAKELT. B/NFEE TR Y.

(c) B (a) TEHLZ g EIZANVT gy =g(x1, %) 2= 9(22,%2) L= I(z1, 1)
= U(z2,1s) £T 5. BI(b) TEBLEGELE. g1v g2 b L OBIEKEL
T. BN TER, RUONTEERTSHI L,

(2) 1EY FDIEBzZANEL. 1EY hDES 2 21 & T 5 Mealy MRZIEFE
BARET 2, ORI, AHINBNAFUOEERFIOHFNS 11BX0 101
ENSEARFIERBT . Thbb. RETANEFFIRIIOKEROAADIMA 5
N=BRCOR 1 2HAL, MOBLATIZ0 2HAT 5. FIZE. 101100 £S5 A
HZRFNHT B HAE 001100 TH S, LATOMIZEZ Lo

(a) WHEHZB/MEUIRREEBB R M ARERD L. REEPBRNTHIILE
EDQXDILTHREL N ZHATX.

(b) ZOEKER/MEKDOD 7Yy 770y TEANTERTS. §DT7 Uy 77
Oy 7OAN%EEZ2HEREBIUHS 2 2R THERROR/NEMB RS
2RDE, BB. D7YVwy 7y 7ONHEIRETS, D7y 7Oy
TOHHEANEERTHELEREETNTNgEJITEL, £D 7Yy 770y
FIREEL 2, ... TRHIT 3, BFERBREICEOUTE/RFTOLEKE Y b5
1,2,... {3 Hb0ETE, REEIVYTEZRHRT TSI &,
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Answer all the following questions.

(1) Answer the following questions regarding a circuit that compares the magnitude of
unsigned binary integers.

(a) Consider logic functions g(z,y) and I(z,y) that compare the magnitude of 1-
digit binary integers X = (z); and Y = (y)2 represented by two 1-bit inputs =
and y. When X > Y holds, g =1 and ! = 0. When X <Y holds, g =0 and
[ =1 When X =Y holds, g = 0 and ! = 0. Give minimal sum-of-products
forms of g(z,y) and I(z,y).

(b) Consider logic functions G and L that compare the magnitude of 2-digit binary
integers X = (&1, T2)2 and Y = (y1,y2)2 Tepresented by two 2-bit inputs (z1, z2)
and (y1,72). When X > Y holds, G = 1 and L = 0. When X <Y holds,
G=0and L =1 When X =Y holds, G =0and L =0. Give a minimal
sum-of-products form of G as a function of z;, =2, ¥1, and y,. Also, give a
minimal product-of-sums form of L as a function of z;, z2, %1, and y2

(c) Assume g, = g(z1,%1), 92 = 9(z2,%2), i = Uz1,%1), and bz = I(z2,72) using
functions g and [ defined in Question (a). Give minimal sum-of-products forms
of G and L defined in Question (b) as functions of g1, go, l1, and l. “Don’t-
care” should be considered.

(2) Suppose that we design a Mealy-type synchronous sequential circuit that has 1-bit
input z and 1-bit output z. The circuit detects patterns 11 and 101 in a binary
signal sequence. The circuit produces 1 at the time when the last signal of each
pattern to be detected comes, and produces 0 at the other time. For example, when
101100 is fed to the circuit, it produces 001100. Answer the following questions.

(a) Derive the state transition table and the output table with the minimum num-
ber of states. Explain how you verified that the number of states is minimum.

(b) We would like to implement the circuit with the minimum number of D flip-
flops. Derive the excitation function of each D flip-flop and the output 2
in a minimal sum-of-products form. Here, the initial value of a D flip-flop is
assumed to be 0, and logic variables of the output and the input of a D flip-flop
are ¢ and d, respectively. D flip-flop(s) should be distinguished by subscripts
1, 2, ... from the leftmost bit of the assigned states. The state assignment
should be explained clearly.
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English translation is given on the next page.

@ ICRTEBEROFER O, z WARMICHMNAR—IVTVTF A ZEBE, BE
DEMKEZMHTIZERZEXS. TOLE, BEE(r.6,0) LORP (r,,7/2,0) D, B
2 t I BB BEROBBIERICBIT B2EHKSD (0, Esexpjwt,0) TEALNBLDETS.
Tl UBBEIREZELL, ZTOBBEA VLA En T3, Elhro> A LT 5.
TEOITRNTORMICEX XK.

(1) RRHoDERE r D r > r, ZHGTcTHEEDRICHT 5B E X URFOBELRIC
BIBBRSZ, BROKEEN sing Icttflg 5T L 2BV TR ¢ DRI LT
xRE.

Q) 7T ALSLDBSENRERD L.
3) HEMFIBDEBRERL, 7 7F A DHENAEBERD K.
@) 7T oK EMEOEHEOEFRERTNERYE @HIIILAESTEWY.

) MPICALE—DT7 7} ERALUAZEICEE, 1Y E—FAEELARZER
LIz aDZIEENZRD XK.

E,
4 z E¢
Ey,
0 r
0) >
; y
X ¢
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Suppose that an inifinitesimal dipole antenna A is located in the direction of z-axis at the origin
O of the coordinate system shown in Figure (a), and an electromagnetic wave of wavelength
A is radiated. The electric field at point P (r,,7/2,0) on a polar coordinate system (r, 8, ¢) at
time ¢ is given by (0, E,, exp jwt, 0). Here the medium is vacuum, and its intrinsic impedance is
given by 7). Also, 7, > A holds.

Answer all the following questions.

(1) Give all the components of the electric and magnetic fields in the polar coordinate at an
arbitrary point whose distance r from the origin satisfies » > 7, as a function of time ¢
using the fact that the magnitude of the electric field is proportional to sin §.

(2) Give the radiated power from antenna A.

(3) Show the expression that defines the absolute gain, and give the absolute gain of antenna
A.

(4) Show the relation between the absolute gain and the effective area of an antenna (deriva-

tion is not required).

(5) Give the received power when an identical antenna as A is located at point P in the same
direction, and connected with a load whose impedance is matched to the antenna.

Figure (a)
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TROTRTORMICER L.
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(1) ¥4 LI NMBEEBMICBET 3UTOMICEZ &,

(a) BRERWEED20kHz DA —F 2 FEF5% 16 v FEFLZAVTPCM (Pulse Code
Modulation) fR%§ 2 2 L 2EX %, DLy 2T 7% Y 7 OEHALND 64QAM
¢# % OFDM (Orthogonal Frequency Division Multiplexing) f§% & LT, EERF
EDW0us TH32WER>GHBETEETS. CORBHBELLBIAT-FLVF—
NLORREIE%Z OFDMEB D 20%UT LT 5dIiE, ¥ 7+ 7H WG
EREH,

(b) [ (a) BT EMBESRELOBRRYE Y -V FERETHE I L 2R, JOER
BBRIC BT 5 OFDM EEDOF R 2 HAE &,

(2) M/M/1#BITFIS AT LICRBCTESRE TS, p=2ThHY, A[I/B] L p(l/B]B, %
NEFNFELRL Y —CRARTH S, YAFLROFEN n THEHERZ p(n) T3, BT
DRICEZ X,

(a) REBEBRZ T,
(b) p(n) = (L —p)p" THBZ L ZTHE,
(6) ¥ AT LHTHWED (£ THS T & AT,
(d) ¥ AT LARBEREZ o & A ZRAVTERE,
(3) BERY 7 -2 BT AIUTOMICEZ X,
(a) OSI (Open Systems Interconnection) ZHETFLOE 1, 2, 3, 4BTNLNDHH%Z
BZ K.
(b) IP (Internet Protocol) (¥ OSIZBEF L OMBD 70 F avdER &,

(c) MAC (Media Access Control) i3 OSIZHEF NV OfED 72 tF AV ER &,
(d) IEEE 802.3 ® MAC DFMHE#Z B~ &,

continued o'n next page
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Answer all the following questions.
(1) Answer the following questions related to digital transmission techniques.

(a) Suppose OFDM (Orthogonal Frequency Division Multiplexing) transmission with
64QAM subcarrier modulation of a bit stream of PCM (Pulse Code Modulation)
using 16-bit quantization to transmit an audio signal with frequency up to 20kHz.
Find the minimum number of subcarriers in order for the guard interval to be less
than or equal to 20% of the OFDM signal over the channel with two paths of 20 us
delay time difference.

(b) Show that the channel in Question (a) is the frequency selective fading channel. And
describe the benefit of OFDM over this channel.

(2) Consider call arrivals at the M/M/1 queuing system. p is defined as p = %, where A [1/sec-
ond] and yu [1/second) are arrival and service rates, respectively. p(n) is the probability
that the number of calls in the system is n. Answer the following questions.

(a) Draw the state transition diagram.

(b) Show that p(n) = (1 — p)p™ holds.

(c) Show that the average number of calls in the system is given as TE,;.
(d) Show the average sojourn time in the system using p and A.

(3) Answer the following questions related to communication networks.

(a) Answer each name of the 1st, 2nd, 3rd, and 4th layers of the Open-Systems-Interconnection
(OSI) reference model.

(b) Answer which OSI layer Internet Protocol (IP) belongs to.
(c) Answer which OSI layer Media Access Control (MAC) belongs to.
(d) Explain the procedure of MAC of IEEE 802.3.
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TEROIRTOMICEL X

Answer all the following questions.

(1) % (a)ic, 32 € MEEOD RISC 7Ot w¥ P B E— T3R8k y F LHak
KO—FERT. M () ICRT 0TS AT B UFOMCER L, 7EL. 7
055 LOETH. FTOLYRAZDMEIR0THSB, £z, LYRZR[)iEEOL
VRRTHD., ZOMIHIC0THS,

Table (a) shows a part of the instruction set and the instruction formats of a 32-
bit word RISC processor P. Answer the following questions related to the program
shown in Figure (a). Here, the values of all the registers are 0 before execution of
the program. Register R[0] is the zero register whose value is always 0.

(a) 7 FLR 0x3000 D77V « 2— REBHEETI— RICEHL 16 EHTE,
Translate the assembly code instruction at address 0x3000 to the corresponding
machine code instruction. Answer in hexadecimal.

(b) 7 FL R 0x3004 DBHEI— FE 72T « O— FREBRE X,
Translate the machine code instruction at address 0x3004 to the corresponding
assembly code instruction.

(c) 7 FL A 0x3010 D¥HHEE I — FOBIHERFHAL &,

Explain the operation of the machine code instruction at address 0x3010.

(@) 7oty PH R(@D7/aFSLZ1 70y s | RN TCIEREFTT 2, 7
FL X 0x3000 »5TZBE L. 7 FL R 0x3014 ORPHEITENZET
DR, LY XZ R[], R[10], R[14] ICE U BEDELE, EITEhs00E
KETRE, L. LYZXZDESATAL &3 HREZOEHREHAL X,
Processor P executes the program in Figure (a) starting from the instruction at
address 0x3000. Executions are in series and one instruction per clock cycle.
Write all changes of the values of registers R[8], R[10], and R[14] with the
executed instructions until the execution reaches the address 0x3014. If the
register values cannot be determined with given information, explain its reason.

Address Assembly or machine code
0x3000 addi R[8], R[0], 1
0x3004 0x010a5020
0x3008 sl1 R[8], R[8], 1
0x300c slti R[14], R[8], 6
0x3010 0x15c0fffc
0x3014 s11 R(0], R[0O], ©

K@) 7075 LUXF
Figure (a) Program list.

continued on next page
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% (a) HRERLAEEY b (BROHTIZTAT 10 £H)

Table (a) Instruction formats and instruction set (all numbers in this table are decimal)

B TA—IUF
Format Field 7E»7Yea-F
GiRE) R op|rs | rt|rd | shamt | funct | Assembly code
Inst- | width [6b [5b [5b [5b [ 5b 6b | BhfF
ruction I op|rs|rt Immediate Operation
width | 6b | 5b | 5b 16b
sl R 0| 0 |rt|rd|shamt 0 sll rd, rt, shamt
logical shift left: R[rd] = R[rt] << shamt
srl R 0] 0| rt|rd]| shamt 2 srl rd, rt, shamt
logical shift right: R[rd] = R[rt] >> shamt
sra R 0| 0| rt|rd|shamt 3 sra rd, rt, shamt
arithmetic shift right: Rjrd] = R[rt] >> shamt
add R 0 [rs|rt|xd 0 32 | add rd, rs, rt
addition: R{rd] = Rrs] + R|rt]
sub R 0 |rs|r1t|rd 0 34 |subrd, rs, rt
subtraction: R[rd] = R[rs] — R[rt]
and R 0 [rs|rt|rd 0 36 | and rd, rs, rt
logical AND: Rjrd] = R|rs] & R|rt]
or R 0 |rs|rt|rd 0 37 |orrd,rs, rt
logical OR: R[rd] = R]rs] | R|rt]
Xor R O f{rs|rt|rd 0 38 | xor rd, rs, rt
. logical XOR: R[rd] = R|rs] ~ R]rt]
nor R 0 |rs|rt]|rd 0 39 jnorrd,rs,rt
logical NOR: Rfrd] = ~(R|rs] | R[rt])
slt R O |rs|rt|rd 0 42 | slt rd, rs, rt
set on less than: R[rd] = (R[rs] < R]rt])? 1:0
beq I 4 [rs | 1t Imm beq rt, rs, Imm
if (R[rs] == R|[rt]) PC = PC+4+BrAddr
bne I 5 [rs | 1t Imm bne rt, rs, Imm '
' if (R[rs] != R[rt]) PC = PC+4+BrAddr
addi I 8 [rs | rt Imm addi rt, rs, Imm
add immediate: R{rt] = Rrs] + SignExtImm
slti I 10| rs | rt- Imm slti rt, rs, Imm
‘ | R[rt] = (R[rs] < SignExtImm)? 1:0
andi 1 12 | s | 1t Imm andi rt, rs, Imm
AND immediate: R[rt] = R[rs] & ZeroExtImm
ori I 13| rs | 1t Imm ori rt, rs, Imm
OR immediate: R[rt) = R[rs] | ZeroExtImm
Tui I 15 0 | rt Imm lui rt, Imm
load upper immediate: R[rt] = {Imm, 16’b0}
lw I 35| rs | rt Imm Iw rt, Imm(rs)
load word: R|rt] = M[R|rs] + SignExtImm]
sW I 43 | rs | 1t Imm sw rt, Imm(rs)
store word: M[R[rs] + SignExtImm] = R]rt]

Note: R[x]: register number x, R[0]: zero register, M[x]: memory at address x, Ze-
roExtImm: zero extended immediate, SignExtImm: sign extended immediate, BrAddr:
branch address (SignExtImm << 2), PC: program counter.

continued on next page
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(2) 7Ry HRTF—X - Fry a2 A UTR (b) ICRTEREDOT FL R (16 EH T
EPNTVB)AEPSIRIZT 78R T 3, 2OFyyvald7ov s - 44 Xh4
BTRAELVRFEOXAVIL - vy T - FyyPaThd, 7% TI7RAR
load & store D 2FEEAH Y, WTNHEE (1FFIX 41 M) BATITDNh S, H(b)
IZRT “Data to be stored” iX, ¥ vy Y alBERAENBE5T—X (16 EHTE I N
TW3)2EKT 5, Frylald4aiEchh, FERIIBMIHTVWETRT
DOF—RIZYUMIEOTHDELT5, UTORIZEX X,

A processor accesses a main memory through a data cache according to the
memory addresses (represented in hexadecimal) shown in Figure (b) from the top
to the bottom. The cache is a direct-mapped cache whose block size is 4 words and
the total capacity is 32 words. Each access is either a load or a store in unit of
word (1-word = 4-byte). The “Data to be stored” shown in Figure (b) represents
data (represented in hexadecimal) to be written to the cache. The cache is initially
empty and all data contents of the main memory are initially zero. Answer the
following questions.

(a) ERF¥Yy>adiFaI b - AN— - FyryPaThdrE HD)IRTT L
AZEDT I EABRENTNELZRADEER L2 LB R IPE»EZTOHERA
EEDLETRYE, BERLZLIRIFEE. EERLIIHIET 5 EREDT
RLRLF—2DE%RYE,

Assuming the cache is a write-through cache, answer whether each access to
the addresses shown in Figure (b) involves a write-back to the main memory or
not with reason. If it involves a write-back, show the address(es) of the main
memory and the value(s) of the data corresponding to the write-back.

(b) ERF ¥y T adis b - Nus - FryaThdeE B(b)XRTTRL

AZEDT 7 EARENTNETRBAOEBER L2 L LRI PENTOEHL
BOETRE, EERLEZEHLIHER, BERLIINERT I ERLROT K
VAL TF— 2 DEERY,
Assuming the cache is a write-back cache, answer whether each access to the
addresses shown in Figure (b) involves a write-back to the main memory or
not with reason. If it involves a write-back, show the address(es) of the main
memory and the value(s) of the data corresponding to the write-back.

Address Access type Data to be stored
0x0000 load

0x0004 _ store 0x0001
0x0008 store 0x0002
0x000c store 0x0003
0x0200 load

0x0204 store 0x0004
0x0000 store 0x0005
0x0004 store 0x0006:
0x0100 load

X (b) A€ YT 7 ARH
Figure (b) Sequence of memory accesses.
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MOYHUTRETEIRVWEEEEXEZ S, 7EL, IV HLOEIEZE
TR TRESHBW, BB > 1IINLT, IhHIhAEZT i OK%
BRELTEOWBME.R p, T35, XRETR, B n>12HBYVA b
Pl P DIFXONLE REnDOBEEZYHVBLTESHEIBREANE (B
T, r LRT) 2HETIHEICERT 5.

UTFOFRTOMIZEX &,

(a) AT DRISHIBOBI% R T,

i [1]2]3]4] 5] 6] 7]8
Pi|2|5|6|9|10]12]17]18

ZOPZBWT, r5=12TH5, (BEX5D0B:2EX1,2,20=20
BRI HTZ2IZE > TESTABFBEN i+ m+p=128R2Y, B

ZOBFIzHBWT, T1, T2, T3, T4 &U:Tf, ZEEH X,
(b) TRTOBE N > 1 IR LTUTORHK D I,

1m=M£gq#n+m4}
72U, =033, ZORXREAWVWTC, r, 2HET2BREOT VT
VAL%ZEZY, ZOTATYV XLDOEYSMEZEAL., BREHEELR
wTdZ L,

(c) BIMEHEEICE T, r, 2HBT33HEARM7 VIV XL25X &,
FOTNVIYVXLDELSM#EBEL, FEABERZEIFTSZL,

continued on next page
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Consider a long steel rod that can be cut into shorter rods, which are
then sold. The length of a cut is always an integer. For cach integer ¢ > 1,
let p; be the profit obtained when selling a cut of length 7. We focus on the
following problem: given an integer n > 1 and the list of profits p1,...,pn,
compute the maximum profit (denoted r;, below) that can be obtained by
cutting a rod of length n and selling the cuts.

Answer all the following questions.

(a)

(b)

()

The following table gives an example of profits.

i | 123|456 | 7] 8
pi |2(5|6]9[10]12 (17|18

It is easy to check that 75 = 12: by cutting a rod of length 5 into three
parts of length 1, 2 and 2, we obtain total profit of p; + p2 + p2 = 12,
which is maximal.

Compute 1, 79, 73, 74 and rg for this example.

The equality

Tn = max {7 +Pn-if,

" iG(O,...,n-l}{ i+ Pni}
where rg is defined as rg = 0, holds for any integer n > 1. Based on
this equality, dcscribe a recursive algorithm for computing 7,. You
should justify the corrcctness and analyze the time complexity of your
algorithm.

Describe a polynomial-time algorithm for computing r, based on dy-
namic programming. You should justify the correctness and analyze
the time complexity of your algorithm.
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ARV —=F A VIV RATF LIBT3 70 ADERLETICETAUTOLTOMICER &,
(1) 7otz EE@ 7oy ZIBREENBHRIZOWTHAE &,

2 CTudIFLDEFHRIHEVYUTONE TOLAREBYEROEIT AV (EIVa V) %
L, FLITAVE (B2 32) PMAICAVSNhBHEHBIE &,

(3) HETA T Y £MVE Z & OFIA L BB LB &,

Answer all the following questions on process management and exccution in operating systems.

(1) Explain information stored in a process control block.

(2) Enumcrate scgments (sections) of the process memory space allocated when C programs
are exccuted. Explain what the segments (sections) are used for.

(3) Explain the advantages and disadvantages of using shared librarics.
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(a) RO=Z2>DEHE2MR T IHBRT -2 R—2A 2 F —< 2G4 L.
o WODHEBRF—=»bRB.
o SODMHERF —~itF A %32y FIEHH (BCNF) T5 5.
o —DDBHER ¥ —~v B ZIERF (3NF) TH 3 5% 4 22 v FIESRK (BCNF) ¢l

T\,

A OBRRUBRO T -2 R—AHELERETCcRB TS5 L. £, REFLAER
¥—wDAvREVRE—D52 k. L, HOoBIESERLEIBRES L T5.

(b) B8 (a) CRE L7=BRT — 2 R—22F -2 LORAE L LTROBEH OB EHET 3
bok—ohz, BASELBREECCREREL L.
e ZORARIL, TRTCOMFERF—<2HV3, 20
o ZDMAEEIX, 23— RAF -2 _EHAWVW3

(c) F—2 R—REHL AT LICBIT B 7 7 4 MERE L MG RE(L, RUHEOBRICOW
TEAHE AV <AL &,

d) =4 R—2ABEHLRAFLALBFB VSV F I/ avOBEERE IV F I avPeRyT
Y a— 10 BEHEAVCHRAE XK.

(a) Design a relational database schema which satisfies the following three conditions:
e Four relational schemas are contained.
e Three relational schemas are in Boyce-Codd Normal Form (BCNF).
¢ One relational schemas are in Third Normal Form (3NF), but not in Boyce-Codd
Normal Form (BCNF).
Describe the design process and all the necessary information to describe the database
schema. Also, give an instance of the relational database schema. Each relation must
contain at least five tuples.
(b) Give a query on the relational database schema designed in Question (a). The query
must satisfy the following two conditions:
e The query uses all relational schemas; and
e the query uses a relational schema twice.
Descibe the query in natural language and relational calculus.
(c) Explain file organizations, query optimization, and relationship between them in
database management systems using a concrete example.
(d) Explain the importance of transactions in database management systems using concrete

examples of transactions and schedules.
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Answer all the following questions.

Let us think about a scenario where you will develop an artificial
intelligence (AI) that plays chess against a human player on a computer; here,

you plan to use the Minimax procedure for a game tree.

(1) Each of the following sentences (a) and (b) mentions the Minimax procedure.
Answer whether each sentence is correct or wrong, and then explain the
reason why they are correct/wrong. To explain it, you may use simple
AND/OR graphs as examples.

(a) The Minimax procedure assumes that both players choose the best
moves.
(b) Even if the opponent player is already known to choose the next

move randomly, the Minimax procedure always finds the best solution.

(2) Exactly one of the following sentences (a), (b), and (c) about the alpha-
beta procedure (pruning) is true. Choose the correct one, and explain why
it is correct (and why the others are wrong). Illustrate an AND/OR graph
with depth level 2 and branching factor 3, and then use the graph for your
explanation.

(a) The alpha-beta procedure generates more successor nodes, hence
frequently finds better solutions than the Minimax procedure does.

(b) The alpha-beta procedure is a way to find an approximate solution,
hence we can expect processing to be faster than Miqimax procedure,
though the resulting solution is always worse than the one found
by the Minimax procedure.

(c) The alpha-beta procedure generates fewer successor nodes, but it
can find completely the same solution as the one found by the

Minimax procedure if appropriately used.

(3) Let us consider the way to use some machine learning method. Discuss how
to apply a supervised learning method. Make it clear “what is learnt” and

“"how to prepare data.”

(4) Discuss how to use a reinforcement-learning method. Make it clear “what

is learnt” and “how to gain experience.”
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