Japanese version shall be the authorized version; the English translation for reference only.

RERZERZEFFREFEN
BEFHEVRATLAER ETBRBAREBRIEHBRENE
(20204EEE10 A $AA%E: - 202142 BE4 A HIAZE)
Admissions for October 2020 and for April 2021
Entrance Examination for Master’s Program
Department of Communications and Computer Engineering
Graduate School of Informatics, Kyoto University
202048H1H 13:00 - 16:00
August 1,2020 13:00 - 16:00

P ERA
Problem Set A

Z%E (NOTES)

1.
2.

REHROAENH B ETHERTIINT 2V,

S THEAERA) ORERET, REkic 16 K b5, MERKROSEIH ok, BEEHRP
b, ETERRABARLORONITEbICBALHSZ &,

REREITOME(A-1, A-2, A-8, A4, A-5,A-6,A-7,A-8,A-9)h 5, HIZRIRLTBETSIC L. ERAW
OHEESRICESEERATI L,

FRATIRRE L I AR RS L, ERAMIBIC M EOMRE S U< IR1ROREE 2288,
FOERAMIIBNEESREDCTE LMD, i, REREES BTk LHARBLELET
HmEFERALTbHIW,

BERANIIBBECEEEEAL, VR e,

ERFAKOE UIALBITNEHERE. AbiICRLHAZ L,

AT AT LEETCITIZL,

Do not open the pages before a call for starting.

This is the “Problem Set A” in 16 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 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.

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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HEFEREA
a1 [a-2 [a-3 [a-4, [A-5, [a-6, [A-7, [A-8, [A-9 DofiH HAREBIR L THREE X,

Problem Set A

Choose and answer 4 questions out of’ lé:_l_l, (A-2) A-3] |[A-4, |A-5] |A-6, IA-7,, |A-8l, and |A-9,

A-1

TROTRTOMICEZ &,
Answer all the following questions.
(1) TROMIZEZ X,
Answer the following questions.
(a) ROBRZRD X,
Find the following limit.

sin

lim
z—0 T

(b) RDOMER%ERD &.
Find the following limit.

lim 1 1
-0 \sin?z 2?2

(c) ROBHBRATR X N3 EXEER TOMBERRE X,

Sketch a graph of the following polar equation of a curve in an orthogonal coordinate
system:

r=1+ cosd
(d) [ (c) piRTHENZEBERD L.

Find the area enclosed by the curve in Question (c).

(2) TEEDOMICEZ K. &L, THl 43, AL BRATEZI 603,

Answer the following questions. Matrices A3z and A4 are given as follows:

2 1 a a2 0,3
1 aa 1 b b2 B
Az=1{1 b g A= . 2 2
1oe 1d & &8
(a) A1 2Rke X,

Find A3—1.
(b) FFFIR det(Ag) 2 RD &, ERIBLEHCTEE L,

Find determinant det(A4) in a factorized form.



A-2

THROTRTOMIZEZ XK.
Answer all the following questions.

(1) 7=V IRFEEHREIRANTEHRI NS,

Note that the Fourier cosine transform of a function f(t) is defined as
[s 0]
Fw) = / £(2) coswt dt
0

¥/, 2OHERIRATEIONS,

The inverse Fourier cosine transform is given by
2 o0
f@t) = ;/ F(w) coswt dw
0

ROFERE W B f(t) ZRD X,
Find a function f(t) that satisfies the following equation.

% _Ji-z (0<2<)
/(;f(t)cos:z:tdt—{0 (&> 1)

(2) RO HBRO—RBEZRD &,
Find the general solution of the following differential equation.

d’y ,dy 2
3—55—3-d—w-+2y—e

(3) WHEEE BV TROMA T £RD X

Evaluate the following integral I by using the residue theorem.

27 1
I= ,/; 3 +cosl9)2d‘9



A-3

TROTRTOMICER L. 2£L. EE BH, IMNVFRETAEZEFCEINTVIHOL
L. Eggmw%;%%\ ﬁﬁﬁ%ti%n%n €0~ Mo &9 5,

Answer all the following questions. All materials in the questions such as conductors, charges,
and coils are placed in vacuum. The permittivity and permeability of vacuum are &9 and po,
respectively.

(1) ¥R o, B 2L OFMREEX AHE () D& S CELN TS, BEX OHRO 26 HEHEr
DRBDOR%EP &35, OP REKRXIZEETH D,
Consider a cylindrical conductor X with a radius of a and a length of 2L placed as shown in
Figure (a). The point P is located at a distance r from the middle point O of the conductor
X. OP is orthogonal to the conductor X.

(a) BEX DY R lIAP ETOEMr ICHRTERETED L L, —HRREE N OEWNE

BEXIZAHEEERLT S, BRO»SHEM s OMEBEICH2MNEM ds EOBRMER
s DMEB, APIZBI2EMERD &,
Assume that the radius a of the conductor X can be ignored compared to the distance
r. The electric charge is distributed to the conductor X with uniform charge density
) per unit length. Find the electric potential at the point P due to the electric charge
segment Ads at a distance s from the origin O.

(b) B (a) DEIE X 2BFIMES, KPIBIIIEBMERD &,

Find the electric potential at the point P due to the whole conductor X in Question (a).

(c) 1 (a) DEE X SHAMESD, AP IZBYZEBRERD &,

Find the electric field at the point P due to the whole conductor X in Question (a).

(@) LHrizntUTHARL, r/L=0 LEPTEZRE. M () DEEX £644ESL. KP
B2 BRERD &,

Find the electric field at the point P due to the whole conductor X in Question (a) when
L is sufficiently long compared to r so that /L can be approximated to be 0.

(e) B (b) D& ST, X LAULBRONEREEY 2. TOHRARP 2@ X ¥ 7272

L3 BVE. ZO200BGRMOBBEBRRERD X, REL, axkrTHYH, —HD
BEDBEMIZE > —HOBROBRAHIIHELEARVWLIREL, BESESERIIH
(d) TRDATEXOND LTS,
A cylindrical conductor Y that has the same shape as the conductor X is placed parallel
to the conductor X as shown in Figure (b), where the middle point of Y coincides with
the point P. Find the electrostatic capacity between the two conductors. Assuming
a < r, one conductor does not affect the charge distribution of the other conductor, so
that the electric field due to the conductors can be given by the equation obtained in
Question (d).

| ]

= (a) & (b)
Figure (a) Figure (b)

continued on next page
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(2) BIEOF¥RE L, BRI YE D OB n OF/RICRNY L/ A FDHY, BRI HMPEHTWS,
Consider an infinite solenoid of radius d and n turns per unit length, where electric current
I flows.

(a)

(c)

7o R—=VOFEBERAOEANEZFANTY L/ 1 FRBOBROKEIERKD, YL /1K
NEHOHERADRKE IV —RTHDIZ L &RYE, 727U, VYV /A FAROBBEN0THS
ZERBEmMmELTEW,

Using Ampeére’s circuital law, find the magnitude of the magnetic field in the solenoid
and show that the magnitude of the magnetic field inside the solenoid is constant.
Assume the fact that the magneic field outside the solenoid is 0.

VYV /4 FOBMEILULZVDEBSI VX7 AV A eRD &,

Find the self-inductance of the solenoid per unit length.

YU/ 4 RORMIZ, ¥R ala < d). BH1OEEIANVE, POEB-BTE LT
BWz, YV /A FEABIAINVDHEEA VX2 ZA%ERD &,

Put a circular one-turn coil of radius a(a < d) inside the solenoid so that the central
axis of the coil coincides with that of the solenoid. Find the mutual inductance between
the solenoid and the coil.



A-4

TRROITRTOMICEZL.

(English translation is given on the next page.)

(1) H@IGRTRHREIBICONT, LFTOMIZEAKX.
(a) EIRD a-b HOEREH DEMEBEZROISRYT. SHEERVEE—F X
ZERDL.
() ZSHHET SRR HERD L.
(©) ATHEHR ICBIBHBENERKNICSIEIZDDOEHEEZRE.

Q) B RTBENNEERIEREZANEERIZONT, UTOMICELL. (BIROD
ANEBELERZ, TNENV, LETB. V,, Vs, V,, Vi, ZNENHFOH[EE
Thb. I;LZ2HN5BR%E, TOENL, 5£95)

(@) Va&Vs2Ro&.

(b) LELERDE.

() Vi/LZERDL.

@) Z,5ZsDOEDEFY NI FELFOMEERETNE, BROIE—F AN
WA T 05 AET2D. EORFEFr/NFETNENEREHITRE.

(c)



Answer all the following questions.

(1) For the AC circuit shown in Figure (a), answer the following questions.
(a) Equivalent circuit of left part of a-b of the circuit is shown in Figure (b). Find the
equivalent voltage source Vs and impedance Zs.
(b) Show the condition to make Zs pure resistance.
(c) Show the condition to make power consumption at the load resistance R; maximum.
(2) For the circuit with ideal operational amplifiers shown in Figure (c), answer the following
questions. (Input voltage and current are V; and I, respectively. V,, V3, V, and Vg are
node voltages shown in the figure. Currents flowing through Z; and Zs are I3 and I,
respectively.)
(a) Find V3 and Vs.
(b) Find I3 and Is.
(¢) Find V,/1,.
(d) By substituting one of elements Z;—Z5 as a capacitor and the others as resistors, the
impedance of the circuit becomes pure inductance. Show which element should be the
capacitor. Also, explain the reason.

Zs
Q)
Figure (b)
k
e =

A
1

Figure (c)



A-5

TEDTRTOMIZEX &. (English translation is given on the next page.)

(1) Sa & Sp I TREOLRVWEEHBETH Y, Sa XHMFELS 0, 1 2ZHEN 0.7, 0.3
DHET, Sp 10, 1 2EhTH 0.6, 0.4 OMBTHREIES. UTOMIZERX XK. &KL,
log,3=1.6, logy5=2.3,log, 7 =28 & &L.

(a) Sp DTV hOV—%EHE L.

(b) Sp D n ROELERERFELZEZX S, n =21 L EOHKFREFIHL 2 TNTI/HF
EfbaiEE. £/, ZTOLEOR/BFERLE 1 25720 OEHHFEREEHE &,

(c) M (a) Dx¥ bu¥—L (b) DMMIFRE 1 257k H OFEHHER L OXNERS Y
S5BRED, HRLLBIZEX L.

(d) B (b) Dn2AEL THELMMETES 1 2LV OEHFERIIHNT EH, HB0
BREDT 5, BRHELBIZEA L.

(e) HBESx X2 DDREE L L, Riisy Tik Sy IRV, REEsg TIE Sp 12> THR
FHSsREIEE. Sx W1 2REXEBL, TOREHFERTS. Sx ORBEBE
2.

(f) M (e) ®Sx PEESHERD &.

(g) B(e) DSx dDTvhrY—%2FEHHE L MNEB2MEYORTEI L.

(2) TROBEBRFSLICETIMIERL. 27U, C24EBSERANG(E)=2+2+1 T
H5HER15 D2 tXERFEL T 5.

(a) ZEAZR 20427+t + 28+ 22 + 2 + 1 THREINZFEFER, C OFZSEHLSHH
e &

(b) ZEAFE 2° + 2% + 2z OHBL v FANE X SNBEOFSEOSHARR L EM
"HEOKTRE.

(c) C DB/NEEEERE RS K.

(d) CIZEH>TITEINZBRKRIBO Y PELERD &.

(e) ¥y bRV R p THEIEMO LV 2 THFMBEERENLE, CEZAVWERBELZEXS.
STETRERRYIILTITET2840HESRIRERD &,

(f) BEBRFSLEBRERR L.



Answer all the following questions.

(1) Sa and Sp are independent and stationary memoryless information sources. Ss generates

(2)

information symbols 0 and 1 with probabilities 0.7 and 0.3, respectively, while Sp gener-

ates 0 and 1 with probabilities 0.6 and 0.4, respectively. Answer the following questions.

log, 3 = 1.6, log, 5 = 2.3, and log, 7 = 2.8 may be used.

(a) Find the value of the entropy of Sa.

(b) Consider the nth extension of S5. Find a binary Huffman code for the second
extension (n = 2) of Sa and the expected codeword length per symbol.

(c) Compare the entropy in Question (a) and the expected codeword length per symbol
in Question (b). Explain which should be larger and the reason.

(d) Explain whether the expected codeword length per symbol in Question (b) increases
or decreases as n in Question (b) increases and the reason.

(e) An information source Sx has two states and generates information symbols by
following Sp and Sg when its state is sp and sp, respectively. Sx transits from a
state to the other state when it generates 1. Draw the state diagram of Sx.

(f) Find the stationary distribution of Sx in Question (e).

(g) Find the value of the entropy of Sx in Question (¢). Round down to one decimal
place.

Answer the following questions related to channel coding. Let C be the binary cyclic

code of length 15 that has generator polynomial G(z) = z* + z + 1.

(a) Determine whether z!© + 27 + z% + 2% 4+ z2 + £ + 1 is a codeword polynomial of C
or not.

(b) Find the codeword polynomial for the message polynomial z°+z3+z in a systematic
form.

(¢) Find the minimum distance of C.

(d) Find the maximum number of error bits corrected by C.

(e) Consider communications with C' through a memoryless binary symmetric channel
with crossover probability p. Evaluate the probability of decoding failure assuming
that any correctable errors are corrected.

(f) Explain the channel coding theorem.



A-6

UTFOBM)~@IceTE&Ex L.

Answer all the following questions (1)-(4).

() BEEZEMNTIHEY X MEEZa s a—FOXREETRIET 258, B

FRWIEEREL, RAVFICEIZRAFAOER) X FERAVSREFED 2 @Y
¥E2%. BEELOVTERER, UTICTRTRECLERFERT v 7% Otk
TEx2X. VA NRERnLTS.
For manipulating a linear list structure of integer numbers in the main memory of a computer,
let us consider the two implementation methods: an array structure, and one-way linked list using
pointers. For the two methods, answer the number of computation steps required for executing
the following operations in O-notation. Let » be the length of the list.

INSERT(x, p)
BV pBREBLTVBELDERBICER x 2HATS.
Insert an element x at just after the cell located by the pointer p.

DELETE(p)
RBAEZ pBELTVEELVORDERES (b LHNX) HIBRT S.

Delete an element (if exists) at the next cell of the cell located by the pointer p.
FIND( i)

EEID i BROENDHEEZIET.

Return the value of the i-th cell from the head.

NEXT(p)
RAVZ p BB LTWBELORDENDMEBEZIRT. (2WBEIE null 8T, )

Return the location of the next cell of the cell located by the pointer p. (Return null if not exist.)

PREVIOUS(p)

BAVE p BB LTWABENDORIOEADMBEZIET. (RWBAE null BT, )
Return the location of the previous cell of the cell located by the pointer p. (Return null if not
exist.)

(2) ROEEMIT—R PR T FHEE something IOV T, A FORICEZL.
Answer the following questions on the procedure “something” shown by the following pseudo
code.

something(int a, int b) {
if(b == 0) return a;
int r = a;
while(r >=b) r =1 - b;
return something(b, r):

}

(@ a=12,b=15 EIHKELTEALLEILBONIREVEEZRD L.
Answer the return value of this procedure for the given arguments a= 12 and b = 15.

(b) ZOFFEIZ, EBEEOHEPANLELEIMEHETZILOTHSS, ANLHE
51 & OB ORWH ZBRE R~ K.
What is calculated by this procedure if a pair of positive integers is input? Answer the
arithmetic relation between the input and the output.

) ANDHe Eb—FNB 0 ERBADEBRTHoBE, CARBENEI S0 %
AR X,
Explain the behavior of this procedure if at least one of the input integers is less than or equal
to zero.

continued on next page
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(3) FTROT7 v —F v — bMIERF AN~ARCERBEN =BT — 5 2 BfET271 Y
AR LTS, UTORICEZ .
The following flowchart represents an algorithm manipulating a given array 4[1]...4[n], each of

which stores a numerical data. Answer the following questions.

f<0
no
j>i
no yes
yes
e 1l es Alj] < A4[j-1]
i1 < I+
swap Al and A-1] | g
, ¥
end fe1
L
\ 4
J <1

(@) ZDOTNTY XLTES] A1] AN DAEEZRENCED L S B I %R
e k.
Explain how the contents of the array A[1]...4[n] will be changed eventually by this algorithm.
by n=10 L&, XEITRLET vy 7 3R THERS 5.
When »n = 10, how many times will the Yr-marked block be visited at most?
(c) n=6 T, A[1]A[6]DFAESR ENEFN4,1,7,5,8,9 DL %, XEDT oy 7 %@3
TN, A[]A6]DHEITED X HIZEL LTS h. JEZB-> TREE.
When » = 6 and the initial values of A[1]-:-4[6] are 4, 1, 7, 5, 8, 9, then how will the values of
A[1]-+-A[6] be changed on each visit of the Yr-marked block during execution?
List up those values on each visit.

@) =—TYV—bERWT | KOEINF—Z 28T 5713 Y) XAOERHDFIFEEZ R~
L. SLREFT-FOEREER L LT, ZORMHERIZ SV THAT L.
Describe the basic procedure of an algorithm for sorting a sequence of numerical data using
merge sort. Then, explain its time complexity using » as the length of the sequence.



A-T7

TEOTRTOMIZZE X L, (English translation is given below.)

(1) 2®@RFUICOVT, UTORKEX X,
(a) KD 10EHKE S Y D 2 DFBBKRERTHEY,

6)) +88 (ii) -72

(b) KO8Ey hD2DHEERHRD 21 %E 8 'y hOHFEMEEMERBRICERYE L,
) 10101010 (ii) 11010101

(¢) KD 8 Yy FDHEfTEXMEAMERED 2 EHER TOMNER L VOBEDH R LT,
@ 00101010 + 10101011 (i) 10101010 + 10101010
(iii) 11010101 — 01010101 (iv) 10101011 — 10101010

(d D8ty FD2DFERFAD 2EFOREKRELZ 16y D 2 D@FHEERFD 2 EH TRYE,
01110111 x 10001000

(2) EB/INECAEOMEDFENIT >V THBAR &,

) FutyHIcBIFARF—FT7 FLy v FE— NzoWTHAR X,

Answer all the following questions.

(1) Answer the following questions on the binary number representation.
(a) Express the following decimal numbers in the 8-bit two’s complement representation.
) +88 (i) -72
(b) Convert the following 8-bit two's complement binary numbers into the 8-bit sign-and-
magnitude binary representation.
® 10101010 (ii) 11010101
() Show the results of the following additions and subtractions in the 8-bit
sign-and-magnitude binary number system.
@ 00101010 + 10101011 (i) 10101010 + 10101010
(i) 11010101 - 01010101 (ivy 10101011 - 10101010
(d) Show the result of the following multiplication of 8-bit two’s complement binary numbers
in the 16-bit two’s complement binary representation.
01110111 x 10001000

(2) Explain the procedure of addition of floating-point numbers

(8) Explain ‘data addressing modes’ in processors.



A-8

TROETOMICER &.
Answer all the following questions.

TS ARERTARBICEVTIE, BATA70S5IVI/EREUTHL0 L DB RUMR
32 ¥: C, C++, Java, Python, Scheme, Racket, OCaml, Standard ML, Haskell.

In questions where you are supposed to give a program, declare the programming language that
you use from the following choices: C, C++, Java, Python, Scheme, Racket, OCaml, Standard ML,
and Haskell.

(1) FuZS53V/EFBEETHUTOAZIIOWT, 7077 L0%FE> THET .
Explain the following terms related to programming languages, using program examples.
(a) %84 polymorphism
(b) ®Y 2—)V L E£EDOREH modules and implementation hiding

(2) UTORICEXL.
Answer the following questions.

(a) 1 EHBBRESERERBATE2ODT— XML SER 52° +42 - 10 2RI T2 2 MR
ER- VA=A NN LS S

Give a data type to represent 1-variable polynomials with integer coefficients and a program
to construct a datum that represents 52° + 4z — 10.

(b) ZODHHER Pi(z), P2(x) EAHEUT, Pi(z) & Po(z) OMEHATE IO 5 hERE.
Give a program that takes two polynomials P(z) and P(z) as inputs, and outputs the sum
of Pi(z) and Py(z).

(¢) Z2DBHR Pi(x), P2(z) R AHLUT, Pi(z) & Pa(z) OMEHATE 70T A% RE.

Give a program that takes two polynomials P;(z) and P(z) as inputs, and outputs the
product of P;(z) and Py(z).



A-9

FTROTRCOMIZZE 2 L, (English translation is given on the next page.)

ABECENSSS7IITRTHACNV—TLEEREZR/ RV ERET S,
H(a) iEERFETT7%FT, BROZECEPNTVSIXFRERT N, ROEITITEMINT
VABFEIIBEOERERT, K ¢ DEAE we) LRETH, UTORICEZE,

a 8 b 11 ¢

X (a)

1) R@QDTF7IHNT, BEABR/IDEFAZRD L, 22T, KOBEH LT, REHERTIROE
BOMFADZETHD, EXITBREDRNESITETHZEL,
@) B@n777zo>WT . BA ¢, d, h ZEDELZPE/PIORERD L, BEZITBERSOR2NISIC
KTHi<Z L,
B) LLFTDEE=—FIF, ANTTFT7IZHRL, EABR/DDEBEARERDEITNIVZILTHD, LLTD
i3 a0

(a) Z=4H REDE,

®) Z=H (B R AED R ST OM EINHIE T B H R BRI E T,

(©) ZOBELa—RIIANTFT7HRERERBE | EXVPR/NDOEEAZLTHANTIZLZAHEL,

ANT57% G=(V,E) &¥5,

2Ty 7 1. T %ZEALTS, E OEEEZONSVIEIZ erer,...em LT3, (TRDH, we)
< wle) = ... £ wem) BRYILD, )

27y 2. i=1 L7753,

27v7 3. bL | A | #2060, T 12 & &MNZB,

27w 4. i=m #oiE T 2#HAT5, £5TRITNIE i & 1EPLTAT YT 31285,

(4) 757 G=(V,E) & G LEO2RIGAKR T BE526N5LT5, T KEENRWE OF%E 1 oLy,
hk e &7, UTORICERL,
(@) T IZ e #METHREINESTT (V, T U {&) WZIZBARFAIV)BBLIE 1 2FETRE
EEERAR L,
®) (V, T U {&) LOBBE F(T, ) LRILTH, UTOMEG), (@) BRETHINEIDEZ.
FHETHBRLIERAL ., RETRITNERSIZ 52X
() T IZEARSB/ADEIBEARTHD,
(i) TIZ&ENAWE DEEOH f & F(T, /) \CEENBERDOK ¢ IZ2oNT
we’) £ w( BERYILD,



Answer all the following questions.

Assume that all graphs appearing in this question have no self-loops and parallel edges.
An edge-weighted graph is shown in Figure (a). The characters beside vertices are vertex labels
and the numbers beside edges are weights of edges. For an edge e, let w(e) denote the weight

of e. Answer all the questions.

Figure (a)

(1) For the graph shown in Figure (a), find a spanning tree on the graph with minimum weight,
where the weight of a tree is the sum of the weights of the edges in the tree. Draw the answer
as a figure without ambiguity.
(2) For the graph shown in Figure (a), find a tree on the graph with minimum weight that
includes vertices c, d, and h. Draw the answer as a figure without ambiguity.
(3) The following pseudocode is an algorithm that computes a spanning tree with minimum
weight for the input graph. Answer the following questions.

(a) Fill blank .

(b) Write a concrete way of deciding whether the condition you have written

in is satisfied or not.
(c) Prove that the pseudocode certainly outputs a spanning tree with minimum weight if the

input graph is connected.

Let G =(V, E) be an input graph.

Step 1. Let T be the empty set. Let es,ez,....em be the edges in E in the ascending order of
their weights. (That is, w(er) = w(e2) = ... = w(em) holds.)

Step 2. Leti=1.

Step3. If[ A | addeitoT.

Step 4. Ifi=m, output T. Otherwise, increase i by 1 and go to Step 3.

continued on next page
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(4) A graph G = (V, E) and a spanning tree T on G are given. Let e be an edge of E that is not
included in 7. Answer the following questions.
(a) Prove that the graph (V, T' U {e}), which is constructed by adding e to 7, has exactly one
cycle.
(b) Let F(T, e) denote the cycle in (V, T U {e}). Answer whether the following propositions
(i) and (ii) are equivalent or not. Prove if they are equivalent. Give a counterexample if they
are not equivalent.
(@) T is a spanning tree with minimum weight.
(ii) For all edges fin E that is not included in 7 and all edges e’in F(T,, f),
w(e’) = w(f) holds.
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1.
2.

REBRBOESRNHZETHERTIIVIT 2N,

ZHIITEMERB | ORBBERE T, BEKIZ 16 I 5. FEHBOERNH - 8, BKEEZEND,
ETE-EAgRAzbONGNUIESICBELES Z &,

FI5EH138M(B-1, B-2, B-3, B-4, B-5,B-6,B-7,B-8) % 5. M RN TRETH &, BFRAMOBE
EZEEMCEERESERLEATEII &,

BERREZ L ICERARIKE#ES 2 &, BRAKIBG2BLULEORED LI

1B OREE2MULOERAMICE VW HBSIIEINCTH LD 5, ind, LERBE TEITHS)
CHRELZETERZERALT XN,

BEBEIIBBU-ETIERAL, YOEIZNVWI L,

6. BERABOBELALNETTNIHAE, EEICHLHSZ &,

REHABELBEBTITOI L.

Do not open the pages before a call for starting.

This is the “Problem Set B” in 16 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 8 questions; B-1, B-2, B-3, B-4, B-5, B-6, B-7, and B-8. 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.

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

Answer the questions either in Japanese or English.



Japanese version shall be the authorized version; the English translation for reference only.

B PJEEEB
B-1, B-2, [B-3, B-4, [B-5|, [B-6} [B-7/B-8™8kin &5 4 M % BN L THER X,

Problem Set B

Choose and answer 4 questions out of [B-1}, B-2, [B-3], B-4|, B-5|, [B-6], II}_ZL and [13_—8]

B-1

FTROTRTHOMIZE X &, (English translation is given on the next page.)
(1) TROT + P9 MEEEMICBET MICER &.

(a) BREAEHH 20kHz DA —T 4 A58 %, 16 Ev FEFLIZE H PCM (Pulse Code
Modulation) E%7 3. HEBLZE Y FVEEZKRD &,

(b) [ (a) PE v FFl%, 1024QAM (Quadrature Amplitude Modulation) TIEXY 335
ATRBRY Y RILVEEEZRD X,

(c) BIHERSRIEHS 20 us T 3 2 Bk > GRS 0 AR RBEEMN % T,

(d) B (a) PE Y FIZ, ¥ 7% ) 7 OEFARH 1024QAM T&H % OFDM (Orthogonal
Frequency Division Multiplexing) §5 & LT, [ (c) DIEHBETEET 5. F—FA
v —NNE% OFDM ¥ Y RVED 20%UT & T 2 - DI BBELRERDOY 7% v Y
THERD &, 2B, OFDM ¥ Y Rid, H—FAL ¥ =NV EBRS VRV THER
Ins,

2) BERy F7— 2 BT 3N TOMICEL L.

(a) BAGIRSRGM - D OFHEBFRE A LT2EBRT7Y VBBIE-THBETHLE, B
Mt ORI kK BOMEIBNE T 2HR Pk, t) 13, RATEILoN 3,

P(k,t) = (’\kil)ke-*‘

%  kP(k,t) RO &.
(b) M (a) KBWVT, BV TEET 2 2 20FOFIEHEt X h RKE{RIERERD L,

(c) M (a) ITBWT, KW TEET 3 2 >0WOEEHMROMEREBESERM (b) DR
5KD K.

(d) V=1L TN—=T2Ic8BVT, Zhgh, BEURKRRYUD OFHIAFHE M L X
ETRAERR7Y VBB TRET S, IA—71L V-T2 ORDIEEBR
BEWICHYITHE ERET S, BRIt OBIC V=71 L V=72 TEDETK
BEOERBNET 2HEE2E52 582 RKD, 2OHHL -RN2HHELE X,



Answer all the following questions.
(1) Answer the following questions related to digital transinission techniques.

(a) Find the required bit rate of Pulse Code Modulation (PCM) transmissions using
16-bit quantization to transmit an audio signal with frequency up to 20 kHz.

(b) Find the required symbol rate to transinit the bit stream of Question (a) by 1024QAM
(Quadrature Amplitude Modulation).

(c) Find the frequency transfer function of the channel with two paths of 20 us delay
time difference.

(d) Suppose Orthogonal Frequency Division Multiplexing (OFDM) transmissions with
1024QAM subcarrier modulation of the bit streamn in Question (a) over the channel
in Question (c¢). Find the minimum number of subcarriers in order for the guard
interval to be less than or equal to 20% of the OFDM symbol. Note that an OFDM
symbol consists of guard interval and effective symbols.

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

(a) Consider that calls arrive following a Poisson process with the average number of
calls per unit timne, A\. The probability, P(k,t), that k calls arrive during a period of
time ¢ is given by:

P(k,t) = (’:!)ke—”.

Find 3% o kP(k, t).

(b) In Question (a), find the probability that the inter-arrival time of two consecutive
calls is larger than t.

(c) In Question (a), find the probability density function of the inter-arrival time of two
consecutive calls from the result of Question (b).

(d) In groups 1 and 2, calls arrive following a Poisson process with the average number of
calls per unit time, A; and Ag, respectively. We assuine that the call arrival processes
in groups 1 and 2 are independent each other. Find the formula that gives the
probability that k’ calls aggregated in groups 1 and 2 arrive during a period of time
t, and explain the formula.



B-2

FTROT_TOHOEIZE % &. (English translation is given on the next page.)
(1) BRE#GSBERAFRIZOWTLUTOMICEZ K.

BAgEEEABRER@IIRT. =EL, s@) = -;-cos 27 fint + cos 2mf, t,

I(t) = A cos2nfit THY, 0<fn<fu K THB.

u(t)

s(t) ussp(t)
I y 1 4o(®)
/2

Hilbert A
transform 71'/ 2

{f) 1(t)

Xi(a)

(a) B@)Dw(t) Lug()ZHHE L.
() B(@)Dugsg(t)ZEH L, uggg(t)D7— Y “EHUsspg () T EHHHE L.
() ugsg O ZFZETHHEORMREBOBEEETR L, BIEICOVTHES
L.
(d) FAHIREROFHRBIRBEFE)PKRNTELLOND L E,
g(t) = A, cos2rf.t + ¢)
EHREBErOFEHE L.

Q) F 4 HANVBEFERICETAUTOMICEZ L.

(@) YV RNVERTDON—RANV FF 4 PP VEREREXD. ZOEFIZER
THEa—NFTT7 I ZaD b A X Ray A7 4 VEOREREZEBK
R,

®) QD7 ANZIFTTFTAFRANT A NEZLETN, T 4 P2 AVBEIZBWNT
VUBRNVETFHEELCRWGEGETHET. TOEBREBAT L.

() ZVABFBIZOWVTHER, 8PSK EFRIHOWVWTED< v B Il R,



Answer all the following questions.
(1) Answer the following questions related to the single sideband(SSB)

modulation scheme.

A single sideband modulator is shown in Figure (a),

where s(t) = icos 2 ft +cos2mfy t, L(t) = A, cos 2mfct,

and 0< f, < fo & £

s(t)

u(t)

uq(t)

/2

Hilbert
transform

A
/2

(f) I(t)

Figure (a)

(a) Find the signals u(t) and uqy(t) in Figure (a).

(b) Find the signal ugsg(t) in Figure (a), and find the Fourier transform

Usse(f) of ussg(t).
(c) Draw a diagram of a coherent detection scheme for ugsg(t) signal, and

explain its operation.
(d) Find the detected signal r(t), when the local oscillator signal g(t) of

the coherent detection scheme is given by the following equation:
g(t) = A, cos(2rf.t + ¢).

continued on next page
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(2) Answer the following questions related to digital communication
techniques.

(a) Consider a digital modulated basedband signal with the symbol
duration T. Find the frequency transfer function of a raised cosine filter
with the roll-off factor a for the signal.

(b) The filter in Question (a) is called Nyquist filter, and satisfies the zero
intersymbol interference condition in digital communications. Explain
the reason.

(c) Explain Gray code, and show a Gray code mapping for 8PSK.



B-3

TEROTRTOMIZE XK. (English translation is given below.)

(1) x-y FEEERELT, FERL(2<0E9%(z200 2 BEOEEMEL T15LET 5. TEEOERK
RIIEBIT 1y, BERIIEHIZ0ET S, z IOEF RS, HELHEBRENSARHTIHESEEZS.
FOBRIXRDDAERE, RATHEIASNDDETS.

E,(t.z)=E exp(j(wt-kz)) (z<0)
#RL, oldaEEE KREEERT. ZOLEUTOMICEAL
(a) COAHBEOMAZEEZDAZRE.
) z=0IZRIFBEREHEZRR, BROKFARBEZBFREERDL.
(©) FHEz>0BLU z< 0 IZBIIZLERBLUVLEAEE5EA5AZRE.
@ Sz > 0BLU z < 0ITBIBRALTALTRINVDREEES AERD L.

Q) 7T FIETHIROAFBEHARL
(a) N 1R—)V
(b) BERAL T4 TRINVY
() TEI77177LA

Answer all the following questions.

(1) Consider that two materials with permittivity 4g,(z<0) and 9g,(z20) are placed with x-y plane as the
boundary. The permeability and conductivity of both materials are 4 and 0, respectively. Let a plane
monochromatic electromagnetic wave enter from negative z direction. Its electric field has only the X
component, and is given by

E,(t,z)=E exp(j(at-kz)) (z<0),
where @ is the angular frequency and k; is the wave number. Answer the following questions.
(a) Find the formula that gives the magnetic field of the incident wave.
(b) State the boundary condition of the z=0 plane, and find the reflection and transmission
coefficients of the electric field.
(c) Find formulas that give the total electric and magnetic fields in the region z>0 and z<0.
(d) Find the magnitude and direction of the Poynting vector in the region z>0 and z<0.
(2) Explain the meanings of the following terms related to the antenna.
(a) Infinitesimal dipole
(b) Complex Poynting vector
(c) End-fire array

74
(980,,%)
7% %
K
E, (484, 1)
- H(a)

Figure (a)



B-4

TFREOTRTOMIKEZ K.

Answer all the following questions.

(1)

(2)

QMM 2 ¥y FAH (a1,00) & (b, bo) KK DEBREIND 247D 2 EEE A = (a1a0)2
& B=(bbo) BEEEL, A>BDEZIIF1%E. A< B OEERIBOZEAT
2 HEEIRERET 5, HAOREEREz LLT, UTORIZEAL,.
Suppose that we design a circuit that compares two 2-digit binary integers A =
(a1 ag)2 and B = (b bo)2 represented by two 2-bit inputs (a1, a0) and (b1, bo). It
outputs 1 in the case of A > B, and outputs 0 in the case of A < B. Answer the
following questions.

(a) 1 ¢ #RTHERO R/ NERIHERERD L.

Give a minimal sum-of-products expression of output z.

(b) iz 2XTHEROR/NMIBBERREZRDOL.

Give a minimal product-of-sums expression of output z.

(c) 3 AZINAND &' — b DBHBZRNT, Wz 2RD 35— NN OREREZE
T, 2B, AHELT. ay, ag, by, by BEUENEOEE @, G5, by, bo &5
HE1. REBHEONSASNEZDDET S,

Derive a logic circuit that realizes  with the minimum number of 3-input
NAND gates only. Assume ay, ao, b1, bp and their complements @i, @o, by, bo
together with logic values 0 and 1 are available as inputs.

1E9 hDEBzE2ANEL. 1EY FOES y 2517 % Mealy HRIAEFE

CBERIHT S, ZOEBIE. BEOANER1I DY JRIOAABELREEOTVS

BAICIE1 2HAL. BEOAHENL 70y ZRIOAAEEFUHEITIZ0 Z2H
HE B, BHEREEICIE. 17 0v ZRIOANERO THoERKET S, AAE.
010110 AAA TN BEDOHNAIZ 011101 &723. UTORIKEZ K.

Suppose that we design a Mealy-type synchronous sequential circuit that has a 1-bit
input z and a 1-bit output y. The circuit outputs 1 when the value of the current
input is different from the value at one clock earlier. It outputs 0 when the value
of the current input is the same as the value at one clock earlier. At the time the
circuit starts operating, it is assumed that the value of the input at one clock earlier
is 0. For example, when 010110 is fed to the circuit, it produces 011101. Answer
the following questions.

(a) TOEBEOREEBRZRE,
Derive a state transition diagram of the circuit.

(b) REEEB/MLLZREBYEREHNRERD L, RBEVRNTHDILE
EDEIITLTRBLANERBAT L.

continued on next page
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Show the state transition table and the output table with the minimum number
of states. Explain how you verified that the number of states is minimal.

(c) ZOEKEBIEOD 7Yy 70y TERVWTERTS, 7y 7 70v7

DANEE X 2HEEKOR/NMIIIEER 2 RDL. 2B, DTy TT0Y
TONHEIL0THD, AHEHAZERTHEERETNENd L gL E X,
BEOT)y 770y TERVSBHEIIRFE TR L,
We would like to implement the circuit with the minimum number of D flip-
flops. Derive the excitation function(s) of D flip-flop(s) in a minimal sum-of-
products form. Here, the initial value of a D flip-flop is 0, and logic variables of
the input and the output of a D flip-flop are d and g, respectively. If multiple
flip-flops are used, distinguish them by subscripts.

(d) HiA1y OBR/NEFIEREZRD X,

Derive the output ¥ in a minimal sum-of-products form.

(3) B (2) DIEFEBKOLH y &V, TOEE ¢ 2HEITT S Mealy B FEMTEFHEZ
®EtT B, UTOMICEZAK.
Suppose that we design a Mealy-type synchronous sequential circuit that restores
the input z from the output y of the sequential circuit in Question (2). Answer the
following questions.

(a) TOEEOREBBEZRY,

Derive a state transition diagram of the circuit.

(b) WK &= B/ME Lo REBBR L HARERD L. 011101 DATITHT R
EBBLHAOKRTEZHHAT L.
Show the state transition table and the output table with the minimum number
of states. Explain the state transition and the output sequence for the input
sequence of 011101. '



B-5

TRHROTRTOMIKEZ &,
Answer all the following questions.

(1) 702y ¥BF—% - Xry L2 2HLTH () KRTEERMO7 FL R (16 EHFED) ~L»
SIHIC7 7R AT B, TDF vy ¥aid7uy 794 AV 1 ETRERMN2FEO2V 4 £y} -
FPYSTTFA4T - Fvv>aThsd, SO¥ryvaldd4 b - Ny 7 Fry>aThd, 75 -
772 Al¥ load & store D 2FHAH Y, WTNHFE (1FL 454 +) BlutiTbhs, B (a) i
7 “Data to be stored” iz, ¥ ¥y Y2 lBERAThB7—F (16:EHERER) 2EHEKT S, ¥ vy
L2 3R ETH ). ERBCBRENTLETRTIDOTF—Y RYUPRI LT THE LTS,

UTomIcEZ &,

A processor accesses a main memory through a data cache according to the memory addresses (in
hexadecimal) shown in Figure (a) from the top to the bottom. The cache is a 2-way set associative
cache whose block size is 1 word and the total capacity is 32 words. The cache is a write-back
cache. Each access is either a load or a store in“unit of word (1-word = 4-byte). The column “Data
to be stored” shown in Figure (a) represents data (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) ¥ vy 2DBEBI7NTY XLHFIFO (First In First Out) TH2 L &, B (a) KR T
TO7 72 AT LEBOERRE? F L R 0x0000, 0x0004, 0x0008 IHEME N TV BT —%
D%, THTIhOEE L A TRE,

Assume the cache replacement policy is FIFO (First In First Out). Show values of data
stored in addresses 0x0000, 0x0004, and 0x0008 of the main memory when the processor has
completed accessing all the addresses shown in Figure (a). Also explain the reason of your

answer.
(b) ¥F¥y L2 DBEEHZ7NVTY XLHLRU (Least Recently Used) TH 5 & &, EEHITEY:
HENZ7FLVRLEF—9%, 2OBALELE TETRY,

Assume the cache replacement policy is LRU (Least Recently Used). Show all the addresses
and data that are evicted to the main memory. Also explain the reason of your answer.

) ¥vy v 2DBEHI TNV ALOEEILBII 2V =4 HEEKa X FOBR%E, FIFO &
LRU 2w T ZhEThTRE,
Show the relationship between the number of ways and circuit cost when cache replacement
algorithms are implemented for the following two cases: FIFO and LRU.

continued on next page
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Access Address Access type Data to be stored

1 0x0000 store 0x0001
2 0x0004 store 0x0002
3 0x0008 store 0x0003
4 0x0020 load —

5 0x0000 store 0x0004
6 0x0104 load —

7 0x0100 load —

8 0x0024 store 0x0005
9 0x0000 store 0x0006
10 0x0020 store 0x0007

® (a): XEY 77 2ARS
Figure (a) Sequence of memory accesses.

(2) EHEBICETIUTOMICER X,

Answer the following questions related to computers.

(a) VLIW 7 =% 7 7F v LB ED L BbDH, £/, VLIW 7—%F7Fvick hEREBAL
TEZEHREHEAY L,

Provide a brief explanation of VLIW architecture. Explain why VLIW architectures can
improve performance.

(b) 4 74 v Taky FicBI} BHENTF—PFIc X 2HRBET2HLETZ. V77 27R&
ZRELN—FY 2Ptk R =T 0%, S SHPEBETIIEICIRN TS 2B H
ZHBAY L,

Provide a software-based and a hardware-based measures that mitigate performance degra-
dation of control hazards in pipeline processors. Explain why those measures are effective to
mitigate performance degradation.

(c) REERICBIAERE? FLALYET FLAOEBREEIC OV THAY L. AP TRIYUT
DFRTOAFELAVBIL: R—YK, TLB, =Y+ 74—V b,

Explain how a virtual address is translated into a physical address. In the explanation, use
all the following terms: page table, TLB, and page fault.



B-6

UTDTRTOMIEZ L.
Answer all the following questions.

(1) Ly % {0,1} LOXFRD > B, XFFRSBETH B, Tidmik? XFA%00
TROBEIBXEN»SLBEEFEL TS BXIE 1010 % 11000 i L, DEXRTH
345, 110 RERTIXRV.) . L 2RBT 2 HFREEARA — b7 b ORBES
B (c BB EZFE-THRV) 2RE. 5L, 2FAT 5 6 REBOREUARA —

Fe b vORBEREERE.

Let L; be the language consisting of all the strings over {0, 1} such that the length
is an even number, or ending with 00 in the rightmost position (for example, the
strings 1010 and 11000 are in L; but 110 is not). Show the state transition
diagram of a non-deterministic finite automaton that recognizes L;. (You may
use ¢ transition.) Then, also show the state transition diagram of deterministic
finite automaton for L; which consists of six states.

(2) {0,1} EOXFFIDS>H, UTFOXETERINZETOXFU»SRLEHEE Lo
¢35, UTORIZEZ L.

Let Lo be the language consisting of all strings over {0,1} generated by the fol-
lowing grammar. Answer the following questions.

S =0,
S—1,
S — 050,
S — 1851.

(a) Ly BWEUXFENOME % HRIZHIEE L.

Briefly explain the property of the strings included in L,.
(b) Lo PERET/ICR T H50E»E2EA, ThEHEALTL.

Prove or disprove that L, is a regular language.
(c) Lo BXIREBESEICET22E»2ER, TOBEHRZARRL.

Answer whether L, is a context free language or not, with the reason why.

(3) HHEED 2V 5 AL T, P C PSPACE 2BV IO»E»2EFX, ThEith
®&.

On the computational complexity classes, prove or disprove: P C PSPACE .



B-7

MFOTARTOEIZE X &. (English translation is given on the next page.)
YIREHTE G RRBREOHEE T = {z,+,% ()}, FRHLSOLEN = {E}, BHESE L, Y

TOELHU»P LS.
EFoz
E - (E)
E-E+E
E—-FExE
(1) XEG®§¥Kﬁ?6§%ﬁ%ﬂ?§ﬁ*25&%0%®%lﬁgii.%O%ﬁﬁ%ﬂﬁﬁoﬁﬁ
DEHALEIT.

(2)

®3)

(4)

HFOREETATH-TXREEXE L BEET 50, FETIRSEZTOXHEESR, FELE
WRSIEFOEHEEX L.

o NHLOERTAESELXHGOERTHERRALTHS.

o X L IZEBERTIZAEW.

o WHLIIBWTIRENT » OBEIELE + L&, EEF+ L + LRVWThHERETHS.
(2) ThEREMNER X LI LL(1) X7V TY XL BATS I L3R, BHELBE
mx k. kL, LBPEELRWERSIE FELRV) LBX L.

(2) THizI-hE X=Xk L i LR(0) b, Bl LHICEX L. XL, LEEELRVWESE
EELEWV] LBEX L.

AR —F 4 VT VAT AT AUTOREIIOVWTHBAY L. HEAVTS X,

1. SYYROgEYAyYa-=)ry

2. 2VFq4ahNEIVa Y

3. BRE7oeA

4. FAARI R



' Answer all the following questions.

A context-free grammar G is equipped with the set 7~ of terminal symbols {z, +,*,(,)}}, the set A of

non-terminal symbols {E} where the initial symbol is F, and the following rewriting rules:

(1)

(2)

®3)

(4)

(5)

EFE-z
E— (E)
E—-E+E
E—> ExE
Give a sequence of the terminal symbols that belongs to G and has different derivation trees. You
must also write its derivation trees.
Does a context-free grammar L that satisfies all of the following conditions exist? If there exists,
define the grammar. If no such grammar exists, explain why.
e The language generated by L is the same as that of G.
o The grammar L is not ambiguous.
e In the grammar L, the precedence of the operator * is higher than +, and both * and + are
left-associative.
Can the LL(1) parsing algorithm be applied to the grammar L that you answered in (2)? Answer
with an explanation. If you answered that the grammar L that satisfies the conditions in (2) does

‘not exist, answer “L does not exist”.

Is the grammar L that you answered in (2) an LR(0) grammar? Answer with an explanation. If
you answered that the grammar L that satisfies the conditions in (2) does not exist, answer “L
does not exist”.

Explain the following terms related to operating systems. You may use figures.

1. Round-robin scheduling

2. Critical section

3. Light-weight process

4. Interrupt vector



B-8

MFTDLTHOMIZE X L. (English translation is given on the next page.)

(1) T—MEXR OB #EE TIORTEX, B8N, BATRACL>TERTS. ~LEL,
[z:= N 3ZE8 z ~ N £RAT 384, @HEE M — M SEOSRRTHLC 2B/NOBEK, BT
M —* M FTORSURBURASEL TS, BAIBRD M 7 REMITRUTEAL 2B/NOBE
%, BEE L, ZRLEOM . r OEBATERCEBENRVEDTHS. EFlid « TRIETS.

W

H M,N,P == z|Mx.M|MM|true|false | MIM: M
i) T u= bool|T—T
iR Al
(Az.M)N — M[z:=N] ,
true?M:N — M M — M M — M
false?M:N —s N MN — M'N MIN:P — MIN:P
BT RRA: .
z:7€T I‘,x:‘;'ll-Mzrg
TkFz:7 T I true : bool T'F false : bool TFMM: 7= 7
TFM:mp =7 TFN:7y T'+ M :bool T'FN:T T'+P:7T
TFMN:m TF(MIN:P): 1

(a) (Mz.(x?z:false)) (M\y.y) true) —* N 2§/ 9 N 2£TEIT&.

(b) BAHTEALR o - My : bool — (bool — bool) HIKILL, 2, D P, P € {true, false}
XL
. | false (if P, = P; = true)
(M2 Pr) Py — { true (otherwise)
%<4 My, 25X, eF M, :bool — (bool — bool) DEH %Rt
(c) ZOEMAGEICZSIT S subject reduction L IXE S W3 EED. HEOXEEER, TOE
BEEARARL.
(2) #RERAB%BNFABu=p|L|ADBTEHTS. JITp Ra@ERERY. Rlk
% ND #UTO#BBRUNTERTS. 2T, TRRBAOERESGLERT LT 3.

'l TU{A}+B TU{ADL}+-B TU{A}FrB THADB TFrA
TU{AJFA TrA4 TFB TFASB TFB

BT QU (2)~(d) D ND B 2Bl %5 &.

() {A>D(BDC)}FBD>(ADC) (¢) DFAD ((AD L)D B)
(b) {A>B,BDC)}FADC (d) 0-((ADB)DA)DA



Answer all the following questions.

(1) A typed A-calculus with Boolean values is defined by the following syntax, reduction rules,
and typing rules. Here, [z := N] denotes substitution of N for z, the reduction relation M — M’
is the least relation closed by the reduction rules, and the relation M —* M’ is its reflexive and
transitive closure. The typing relation I' - M : 7 is the least relation closed by the typing rules.
A type environment I is a finite sequence of pairs z : 7 of a variable and a type, where all the
variables are distinct. The empty sequence is denoted by e.

Syntax:
Terms M,N,P u= z|Az.M|M M |true|false | MIM:M
Types T u= bool|T T
Reduction Rules:
(Az.M)N — M|z := N| ,
true?M:N — M M — M M — M
false?’M:N — N MN — M'N MIN:P — MIN:P
Typing Rules:
z:7€el Nz:ntM:7n
Tha:7 I'F true : bool I'+ false: bool TFAz M1y =1
TFM:11 =7 T'FN:7 TFM:bool T'EN:7T I'FP:7
TFMN:7 TH(MIN:P): 7

(a) Enumerate all the terms N that satisfy (Ar.(z7z:false)) ((A\y.y) true) —* N.

(b) Give a term M; such that the typing relation e - M3 : bool — (bool — bool) holds and, for
any P;, P; € {true,false},

false (if P, = P, = true)

M, P,) P *
(M2 P1) P — {true (otherwise).

Show a derivation of e - M3 : bool — (bool — bool).

(c) What is the subject reduction property of this typed A-calculus? Give a statement of the
property and explain its significance.

(2) Logical formulas A and B are defined by the following BNF: A,B::=p| 1| AD B. Here,
p stands for a propositional variable. The proof system ND is defined by the following inference
rules. T stands for a finite set of logical formulas.

L TU{A}FB TU{ADL1}FB TU{A}FB THADB TFA
TU{AJFA TFA4 TFB TFA>B TFB

Give a derivation of each judgment (a)-(d) below in ND.

(a) {AD(BDC)}FBD>(ADC) () FAD((AD1L)DB)
(b) {A>DB,BDOC)}FADC (d)d-((ADB)DA)DA
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