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Do not open the pages before a call for starting.

This is the “Problem Set A” in 14 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.

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.

HFERA

A1 a9 a3, a4 a5 A6, [A-7 (a8l [A-g) Domin HARIZBIR L TSR X,

Problem Set A

Choose and answer 4 questions out of a-1],|a-2] [A-3

a4, [A-5 [A-6. [A-7,[A-8} and [A-9|

TRHROTRTOMIZER L.

Answer all the following questions.

(1) ROBEE f(z, y) DETOWREL LOCBMEL ZhE2E5X bz, y 2RO K. 77Uz, y X%
mrds.

Find all the local maxima and minima, and corresponding z and y with respect to function
f(z, y). Let z and y be real numbers.

fly) =2* -2’y +ay’ —z

QfEBEDEy=yzly=2 (EELz>0) TCHENIHG LTI, ROMD I zRd L.
Let D be a domain bounded by ¥ = /z and y = z, where z > 0.

Compute the following integral I.
I= / / e ¥ dxdy
D

(3) MDA TRENBZMRORI E2RD &,

Find the length of the curve given as follows.
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(4) FFI ADBEHRY bVERD, TNONERTE5M42RE. 7L o XERETS.
Find the eigenvectors of matrix A, and show the conditions on which they become
orthogonal to each other. Let z be a real number.
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TEROFTRTOMIZEL L.
Answer all the following questions.

(1) 7= 2EBCHET2 FTROMICEXL K. =2L, BR ()07 ) = EREIRAXTERZING.

Answer the following questions related to a Fourier transform. Note that the Fourier transform of a

function f(t) is defined in the following.

Fw = [ foeat =)

¥, TOWEBRIRATEZONS.

The inverse Fourier transform is given in the following.

f(t) = ?'iﬂ /V F(w)e* dw

-oC

(a) RO f(t) D7 —V = E#ERD L.

Find the Fourier transform of f(t) defined in the following,.

{a(—mStsm)
f(t) = (a>0, to >0)
0 (< —=tp, to<t)

(b) M (a) DERERWTROMSY I R &.

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

1=jm (Sigjr)-d;r.
2) RO HBROD—BBEERD &.

Find the general solution of the following differential equation.

Ey 1y 4
dz2 T rdr 2?7

(3) BHERBEHVTRAOMT I 2RD XK.

Evaluate the following integral J by using the residue theorem.

27 1
= 0
d /0 2-—sin9d




THOTRTOMIZEX &, 7L, Bk B BHAFEILTRZPIIE »NTVWIbDE L,
BEEhORER, BRRIEZTNT e o T 5,

Answer all the following questions. All materials in the questions such as conductors, electric
and magnetic charges are placed in vacuum. The permittivity and permeability of vacuun are eg
and po, respectively.

(1) (@) DX ST, ¥Ba DRBEEAHD, ZOHFLO P SHEMI (d>a) DREP LTS,
As shown in Figure (a), a conducting sphere of radius a is placed at the center O. Let the
point P be located at a distance d (d > a) from the center O.

(a) BREAEZEML, APIABHQ 2BV, REALEMLBEMBOER LMUE %R
L. T0O &S5 BHAZHAY X,
The conducting sphere is grounded, then charge @ is placed at the point P. Show the
charge and the position of the image that is equivalent to the conducting sphere, and
explain the reason. ‘
(b) BREESFOBHZ 0L L THSMIKL., RPICKRERN Q 2EW:, REF L FMRE
SEBROBHLMNEERL, TOLDICR3BHZHAT L,
The conducting sphere is insulated with no charge, then charge Q is placed at the point
P. Show the charge and the position of the image that is equivalent to the conducting
sphere, and explain the reason.

X (a)
Figure (a)

continued on next page
PN B o 5 <




2 E(b)D&diz, BE -m & mD2 ODMUMHHBNLERE ZMTTEINALE, 20 %
REIVBF LB, - m PO mOARAEROREEI M =mi DRI bV M %, BENEF
E— AV PEREE, 2BAOPROERERAL L. M OFAEZERE T5BERE L5,

Two magnetic charges of —m and m are placed with a distance d as shown in Figure (b),

. which is called a magnetic dipole. The vector M directed from —m to m with a magnitude
of M = md is called the magnetic dipole moment. Consider the polar coordinate with the
origin O at the middle point of the two magnetic charges and the baseline along the vector
M.

(a) BREAO DS r(r>06). FRODMNBIZIHDZIRPIZBIBHMU &, §/r D2IREE
DEEZERTE L, RATHREDZ L 2RY,
Ignoring the second and higher order terms of §/r, show that the magnetic potential
U at the point P with a distance r(r > &) and a direction § is given by the following
equation.

_ Mcos?d
T Ampor?

(b) HIEROBEFIE, HIROPLICEBIC @I TEPNRITEFAHEIBFTEMNT S &

RTED, HIRIIZLERETHE L L, BREIBTFLEEROLRF-HT 5 LRETS
Y. BRORA T LEENDORIZROBEGENEHZ L ERYE, ZEL, B(c) KRT LD
2. RARER H BWKE»SECTW2AETH S,
The Earth’s magnetic field can be approximated by the magnetic field due to the mag-
netic dipole placed at the center of the Earth directed toward the South Pole. Assuming
that the Earth is a perfect sphere and the magnetic dipole direction coincides with the
Earth’s rotation axis, show that the relationship between the inclination angle I and
the latitude A is given by the following equation. Here, as shown in Figure (c), the incli-
nation angle is defined as the angle between the horizontal plane and the total magnetic
field vector H.

tan] = 2tan A
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X (c)
Figure (c)
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DUFTOETORICEAL.
Answer all the following questions.
() K@ ICRTRRERICDWT, WFI-UNS R E—F 2 R2Z, = Vi /LINE
WEIC BRI —EITRDR ML, EDEEDZ ZERDK.
For the AC circuit shown in Figure (a), find the condition at which the impedance
Z, = V,/I, seen from terminal 1-1° becomes constant regardless of frequency. Also
find Z, at the condition.
() BAFNH HBEN+V; TH DU Ao 2R DB BIESR 2 AV 2 [FI RS
IZDOWT, AT ORIZEAK
For the circuits with ideal operational amplifiers except that the saturation output
voltage is +Vs, answer all the questions.
(a) RMOITTRT EIRIILHERIEETHS. ANBEVELVOHETELIEL
EHHEBEVOELZFHAT L. ‘
The circuit shown in Figure (b) is a comparator. Explain variation of the output
voltage Vo when the input voltage V; changes within the range of +Vs.

(b) HE)ICRTEBIZIERESINTFNAT L —YTH5. BEVEVDOREIZE
{bZzFHEAE L.
The circuit shown in Figure (c) is an astable multivibrator. Explain time
variation of the voltages Vy and V.

(¢) E(c)DEIFEDFEREIAZERDL.

Find the period of oscillation of the circuit shown in Figure (c).

4 C A
1519 |
MT R L V‘TE, T Vo
R R
ot i !
& (b)
Figure (b)
R = a
F
(a) L o
Figure (a) Y T Vo

& (c)
Figure (c)
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THROTRTOMICEZ K.
Answer all the following questions.

(1) H8IE, Tk BEBRHTSHE, EERESRH HFREFSS BREESS BERTHE
RENDEERO—MWEFNVEERLS, ZOETLE 70y 7HTRE.
Consider a general communication system mnodel, which consists of a source, destination,
channel encoder, channel decoder, source encoder, source decoder, and comnunication
channel. Draw this imnodel as a block diagram.

(2) BEDRWERERIE S 12, BHFLS A, B, C, D, E2, ZhZnERO0.6, 0.16, 0.12,
0.08, 0.04 THEXE S, TPMICEZ L. log,3 =16, log,5=232RAWTXW,
A stationary memoryless information source S generates information symbols A, B, C, D,
and E with probabilities 0.6, 0.16, 0.12, 0.08, and 0.04 respectively. Answer the following
questions. log, 3 = 1.6 and log; 5 = 2.3 may be used.

(a) TEEfDRV; BIY TEH) OEBEZAENL.
Describe the definitions of “memoryless” and “stationary”.
(b) S 277 < FELEEYE,
Find a binary Huffinan code of S.
(c) (b)) DFBIZOVT, BHRFES L 25 hOFHFSTRERD L.
Find the expected codeword length per symbol of the code in Question (b).
(d SHxvruor—%2kd X,
Find the entropy of S.

(3) Ev FRDEp RO L 2 TTHFNEER (BSC) C2EX 5. UTORMIKER &,
Let C be a memoryless binary syminetric channel (BSC) with crossover probability p.
Answer the following questions.

(a) C DBEBTIZTE,
Show the channel atrix of C.

(b) C DBEFERHREEBVBRATEIOND L2 TE, £/, Th%poBe L TRTRE
K.
Show that the channel capacity of C is given by the following expression. In addition,
graph it as a function of p.

1+ plogyp + (1 —p)logs(1 — p)

(c) CENLE, (TN VIRBEAWGEEEELS, FTEVRLERYIZLTETEY
2560, EESRVFEERD X,
Consider comnunications with (7.4) Hamming code through C. Evaluate the prob-
ability of decoding failure assuining that any correctable errors are corrected.

(d) v FEOEp L ¢ D 2DD BSC %ZftFcHERR L - BERDBEREEZ KD L.
Find the channel capacity of a cascade of two BSCs with crossover probabilities p
and gq.
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UFTORM~AIITETER K,
Answer all the following questions (1)-(3).

n

()

€)

Ny a2 ROFEHEIZEL TUTOM@OGIZEZ L.

On the implementation techniques of the hash tables. answer the following questions (a) and (b).

@) A&~y T2k GESE) LNE Ny vk BIEHE) OBVWEHRAT L, K
EEVTHRALTH RV,

Explain the difference of the external hashing (chaining method) and the internal hashing

(open addressing method). You may use figures for the explanation.

(b) SNy VBB NT, Ny v aROY A Xk B, BEENTWET - ¥H%E
MELELE | BDOF—4BRICET SRR ERE L.
Discuss the average time for reading one entry from a hash table implemented in external

hashing. Here the size of the hash table is B and the number of entries is A£.

WIBYV AN T EZ LN BET — Z DEFIZITIBAY — T NVTVZ % 7u0—F v —bE
TREEEIT—FE AW TR X, SbIT, BET — S OE%E n LLILE, ZOTATYX
LOMEEAERICOVWTIREL, 1250 2 2OEEO K/ LBRIZEEEFE TITA b 0L
T2,

Describe the insertion sort algorithm, which sorts a linear linked list of numerical data, By using
a flowchart or pseudo code. Then, discuss the time complexity of the algorithm where » is the
length of the linked list. Assume that a numerical comparison for a pair of data can be executed

in a constant time.

WROERET— R DR T FHE something 122V T, B@)b)izEF z L.
Answer the questions (a) and (b) on the procedure “something” shown by the following pseudo
code.

something(integer n) {
print "+
integer i <« 1
while(i <=n - 1) {
call something(i)
ie—i+1
}
)

(@) 51 n &L TO, 1, 2, -1 #5%7T something ZFERHLIZBEIZ, FRFh, *ENAMAIE]

WAhAENEIEZ L,
Count how many times ** will be printed when “something™ is invoked with n=0, =1, n=2, and
n=-1.

(b) EBOEH » /L TEIZAMEIIN A SN2 % B2 L. S04, ZTORBEHAT L.

Show how many times *** will be printed for a given integer 71, and explain why.



A-T7

UTO4T_RTOMIZE %2 X, (English translation is given on the next page.)
(1) 2ERBITHOWVT, UTORICE X &,

(a) KD 10 E#HZ 8y b0 2 DHHRATRY,
@ +45 : (D) -90

(b) RD8E Y N2 DHEKERTRD 2% 8y F DS EfHERRICERE L,
6)) 11110000 (1) 00001111

() RDBE vy DU E(EHEMERED 2 AR TOMER X VHEDRKR L TY,
@) 11110000 + 11110000 G 11110000 — 00001111

(d ROBE Y hD 2 DHERED 2HEBERTCOMER XUBEOKERE L TY,
@) 11110000 + 11110000 (i1 11110000 — 00001111

(2 IEEE754 ¥HWEEART+—< v b (16 £y b H5EW: 1Ly b, 858 5y b, (38
10y b, HEEDOTZ1T15,) 12\ T, UTOMICEX &,

(a) UTOERELEEA 7+ —~ v FOBB/IEAENETEY 2 EOR2REE (F XX,
+1.0101010101 X 23) TiRY,
(1) 01000001 0101 0101 (i) 1000 0001 0101 0101

(b) -9.625 ZYREEREA T +—< v MOZRB/NLEETRY,

(3) B 2—FOMBEYIN T —XTI/FRIZBITBTRL v v E—RIZOWTHBAR L,

@) IvyZAEE 2GHz TEET B, o—K /ARNF T —F T IF ¥ TERT — - AT S FRDO T aty
YBHD, B—FRFTOBRVEZRDOME THEASNBE A, BLU, Sike4 CHEBEIT5EL
D TMBDBEIIVAI VA= AT BHEDEL, FDMD Y —FIZ2VSDETS, 20T ok y
T, ETMAEA 1,000,000 T, HEOHBEEN ALU 46 :50%, 2—F:20%, ZN7 :15%, 2l :
10%., P%> 7 5% DT 0r 7 2 FITUIHADOETERMEZ RO L, o—FHEDEZICAN—LT5E
Bt 40%, DA THIEMNIL T 2EIA13 505 THBET B, (B2 EHULBRLRIIL, )



Answer all the following questions.
(1) Answer the following questions on binary number representations.

(a) Express the following decimal numbers in 8-bit two’s complement representation.
@ +45 G)  -90

(b) Convert the following 8-bit two's complement binary numbers into 8-bit
sign-and-magnitude binary representation.
@ 11110000 (ii) 00001111

(© Show the results of the following addition and subtraction in the 8-bit
sign-and-magnitude binary number system.
@ 11110000 + 11110000 (i1) 11110000 — 00001111

(@ Show the results of the following addition and subtraction in the 8-bit two’s complement

binary number system.
® 11110000 + 11110000 (Gi) 11110000 — 00001111

(2) Answer the following questions on floating-point numbers represented in IEEE754
half-precision basic format (with 1-bit sign, 5-bit exponent (bias=15) and 10-bit significand) .

(a) Show the values of the following floating-point numbers represented in IEEE754
half-precision basic format by the binary scientific notation (e.g., +1.0101010101x23).
(i) 0100 0001 0101 0101 (i1) 1000 0001 0101 0101

(b) Represent —9.625 in IEEE754 half-precision basic format.

(8) Explain ‘addressing modes’ in an instruction set architecture of a computer.

(4) Consider a processor with load/store architecture which has a §-stage instruction pipeline
and operates with a 2 GHz clock. Assume that the processor is stalled for one clock cycle
when the result of a ‘load’ instruction is used by the next instruction, when a ‘branch’is taken,
or when a jump’ is done, and there is no other pipeline hazard. Calculate the execution time
of a program by assuming that the number of executed instructions is 1,000,000, the
instruction-mix is ALU: 50%, load: 20%, store: 15%, branch: 10%, and jump: 5%, and the
ratio of load-use stalls is 40% and the ratio of branches taken is 50%. (Calculate also the
derivation process of your answer.)
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TEDOLTOREIZE X &. (English translation is given on the next page.)

(1)
(a)
(b)

(a)
(b)

Ty IVIEEICBETAUTORAEIZOWT, £200FERETHHEYX.
|
AR F—=N—T7 00—

MTIZRY (BZED) 70753V 785 Dunno DRIIDPWTDMAERKEHREA, M (a)(b) IZ&

ADFMRERIZEH, UL, BB LBEAOEE, t USRETHRIS—TH5. 5
ROFARKRSETHT T —IC B> 454, EHICFMESHEL, ETHTT - ALK
HREREES.

ROMXITLA T O BNF OIS E THEXOND. ¢ BEHERERT. RELHE
), 0 #, & $ LEEEHTHSD.

A == t{|$|CE) C == A|A#A
P == C|CeP E w= P|E&P

|l

BREBROFMERIE, TOEHLES. R $ OFMEREIBEH i—»i+1 THD.

“EBEET @ WEANRT Y ROFEERSER [, HART Y ROFHEBRI|EY ¢ O,
@) 2FAEERE T 2. ThSDEE, AEOFMBREIETRLTS —LE5.

“IHFET # BEA RS Y KOFUEHRINL L CERTHEHE, ThODAR (EARTY
K% f, EARSYRE g LTBE fog) 2FMBERLTSE. TNLOBEE, RO
RREEARTS—LB 3.

ZIREET e REANRT Y ROFMERERAFELER, A4S Y ROFHERRHEK [ O,
ZOBEE | AERUABEE fo-- o f 2FMMMRET S, i =0 DHEREFHEHTHS. T

NUADBE, RekDIMEREEFRTS —L53.
FATEENER ( E ) OFIERE, R E OFMMERTHS.
“EEET 0 # & AEEEOBENEILEICEAL. COREINELETHENELL.

R DREH ()~ (vi) IK2VWT, ZANRTHNETMERIIA,E2E 2 &, RAWH-
TWERWES, XTS5 —Thd) LEX L.

(i) $03 (i) $#$05 (iii) $#$#$04 (iv) $0$Q($@9) (v) 8&$@1  (vi) (3&(5&$#$))@2



Answer all the following questions.

1)
(a)
(b)

(2)

Explain each of the following terms related to programming languages in about 75 words.

types

stack overflow

Read the following specification about expressions in the (hypothetical) programming lan-

guage called Dunno and answer questions (a) and (b) below.

(a)

(b)

The evaluation result of an expression is an integer, a function from integers to integers, or a
run-time error. If the evaluation result of a subexpression is a run-time error, the evaluation
immediately aborts and the error will be the evaluation result of the whole expression.

The nonterminal symbol E of the following grammar defines the syntax of expressions. The
terminal symbols are (, ), @, #, &, $, and integer constants, denoted by 1.

A i|$|CE) C == A|A#A
P == C|CeP E = P|E&P

The evaluation result of an integer constant expression is the constant itself and that of $ is
the function ¢ — % 4 1.

The binary operator @ yields f(%) as the evaluation result, if the evaluation result of the left-
hand operand is a function f and that of the right-hand operand is an integer i. Otherwise,
the evaluation result is a run-time error. :

The binary operator # yields f o g, the composition of f and g as the evaluation result, if the
evaluation results of the left-hand and right-hand operands are functions f and g, respectively.
Otherwise, the evaluation result is a run-time error.

The binary operator & yields f o -- - o f, the i-time iterative composition of f as the evaluation
w—-/
2
result, if the evaluation result of the left-hand operand is a nonnegative integer 1 and that
of the right-hand operand is a function f. (If i = 0, then the result is the identity function.)
Otherwise, the evaluation result is a run-time error.

The evaluation result of a parenthesized expression ( E ) is that of E.

List the binary operators @, #, and & in the order of precedence (from higher to lower). Which
ones are right-associative?

For each symbol sequence (i)—(vi), if it is an expression, give its evaluation result. If the given
symbol sequence does not conform to the grammar, the answer will be “syntax error”.

(i) $63 (i) $#$e5 (iii) $#$#%04 (iv) $e$0($@9) (v) 8&$@1 (vi) (3% (5u$#$))@2
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ARE TR 7713 T RTERS FT7THDHEL, BN —TREEDERFIRNET D, /77
G DWR¥EF\LiX, G DETHADKREERBRIEIZE ~I2FTHD, HlziE, K@~ 770K
#INX 3,2,2,1,1,1,0) THB,

Assume that all graphs appearing in this problem are undirected and have neither self-
loops nor parallel edges. The degree sequence of a graph G is defined by the sequence of
the degrees of the vertices of G sorted in a nonincreasing order. For example, the degree

sequence of the graph shown in Figure (a)is (3, 2,2, 1, 1, 1, 0).

O

X(a)
Figure (a)

FTROTRTORIZEZL,
Answer all the following questions.

(1) A@ISRTTIT7DRESNEET,
Write the degree sequence of the graph shown in Figure (b).

Xl (b)
Figure (b)

continued on next page
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@)

&)

(4)

LUTDEME (a), ), (©), ) /=3 7773 ENENGFETDIHD, FETIHEEIL 1 HK
IR, FELRWES . BHRERPR L
Does a graph satisfying each of (a), (b), (c), and (d) exist? Draw a graph if one exists.
If a graph does not exist, give a reason.
(a) REFUH (3,3,3,3,3,8,3,3) T, ERFERTT7,
A connected graph whose degree sequence is (3, 3, 3, 3, 3, 3, 3, 3).
(b) KEFID 9,8,7,6,5,4,3,2, 1,00 THD/77,
A graph whose degree sequenceis (9, 8, 7, 6, 5, 4, 3, 2, 1, 0).
(c) REZIIAR (3,38,2,2,2,2) T, HET.BELIIE 1KFESIFT,
A connected graph whose degree sequence is (3, 3, 2, 2, 2, 2) and which has exactly
one bridge.
(d) REFIDS 4, 4, 4, 4, 4) THEERISTT,
A planar graph whose degree sequence is (4, 4, 4, 4, 4).

CUF #3E80 £/ 3 REE &, Prove or disprove each of (a) and (b):

(@ 777 G, G’ BRERTHERLIE, G & G DRESNIHELL,
If two graphs G and G’ are isomorphic, the degree sequences of G and G’ are the
same.

b) 757 G, G DREFIVBELVWRGIE, G & G ITRETHS,
If the degree sequences of two graphs G and G’ are the same, G and G’ are

isomorphic.

UTD (a), 0), (¢) ZHIETEDD, TEDBAWITOHELBRAL, TERWEE. BlE
FHE L,
Can we decide each of the properties (a), (b), and (c)? Give a description of a method
if we can. Give a reason if we cannot.
(@) 777 G ORBANEANELIZLE, G BRI TT THHNED,
Given the degree sequence of a graph G, whether G is a complete graph.
() 2T T7 G DRESVEAS1LLIzLE& G BARTHDINEN (ANEINDTT7 38
THDHLRELTE),
Given the degree sequence of a connected graph G, whether G is a tree. (You can
assume that the input graph is connected.)
(©) 797 G DWRESNVEANLLILE G BERETHINED,

Given the degree sequence of a graph G, whether G is connected.



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

FHEREREBAF R IEF
BEHHR AT LAEHER EIRBAREREHBRME

(2022 45 10 A A% - 2023 4EBE 4 AHIATE)

Admissions for October 2022 and for April 2023

Entrance Examination for Master’s Program

Department of Communications and Computer Engineering

Graduate School of Informatics, Kyoto University

202248 H6H 9:00—12:00
August 06,2022 9:00 a.m. - 12:00 noon

HMEMDB
Problem Set B

8 (NOTES)

1.
2.

RERMBOARNSH 5 ETHE R TIEIWITRY,

Z i SFREB ORI T, #RLIT 15 H 5. BERBOERB Do Icl. BEZEDPD.
UTERRFHEARLORLNITEDICRLHSZ &,

REEEIISME(B-1, B-2, B-3, B-4, B-5, B-6,B-7,B-8) b 5, 4HZRIRL TRET I L. ERAEOME
ZEEMBEESERATH L,

FRSTIFIEE D LICERAFIBEES Z &, ERAKIIC2FAL EOBFES L

1B DR % 2B A L DERAKIZ BN B ITEMICTH LR D, 2B, REREE IRk
CHELELECEREFEALTL LN,

ERAMKIIABB U EHEAL, IVEES RN L,

BRAKOB CAZKTTNEHEEIL, EbICRLHSZ &,

REZAABELIEF/TITOIZ L,

Do not open the pages before a call for starting.

This is the “Problem Set B” in 15 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.

HPqEREB
B-1, B2, B-3, B-4, B-5, B-6] B-7, B-§8fi» - 4R & IR L THREY &L,

Problem Set B

Choose and answer 4 questions out of [B-1| B-2}, B-3} B-4, B-5

4 ML [B'ZL and IB-SI-

B-1

TROTRTOMICE X X. (English translation is given on the next page.)
(1) TERDT 4 LI NMEERMICBET 2MIcER X,
(a) BRERIEEH 24kHz DA —F 4 4155 %, 16 £y FEFHIc LY PCM (Pulse Code
Modulation) {53%9 3. #HELEy FEEZRD L.

(b) M (a) DE v FFI%E, 64QAM (Quadrature Amplitude Modulation) TREEY 5546
WRBERY VRNVEEERD &,

(c) M (a) DE Y FFl%, ¥ 7% %Y 7DOEFHHNA 64QAM TH 3 OFDM (Orthogonal
Frequency Division Multiplexing) 5% & L C, JEMERBZEN 20 us TH 3 22 HKD
BB TEET 5. v ALVETFELEL, A—FA vy -2 VE% OFDM ¥ Y FLE
D I0%UT & T2 DICRBELRBREROY 7% v ) 7HERD K. &k, OFDM >~
B, = FA v Z—rOL LBV RALTHRENS.

(d) R=ANY FEEICBWT, YYRVEEZRKESCTIREOTAY v 2l &,
(e) =M% EIcOWVTBIHY &.

(2) HLITFIM/M/1 AT DB TENEIET 5, A [F/B] & p [F/B] 13, ZNTNEE
LLY—CRETHB, LEL,A<puTHS, p=3 ¢T3, YATLHAOHHD n TH
W% p(n) £T 5, M/M/1 Y AT LIZDWT, ROBICEZ X,

(a) REBBR %2 T,

(b) p(n) = (1 —p)p" TH B T L =2 Y,

(c) ¥ AT LNFHEEE p EHVLTRD &,

(d) ¥ A7 LAAMRERHEZ o & A ZAVTRD L.

(e) AT LNMERBDS t DL O REC LR, e~ WM THBZ LERYE, L,
S AT LI nBDWEDFEET 58, o 27 LWt BUNTn BUT ORI L

n k
fﬁ—ex?émxu,(fmgﬁ%%)fazenao
k=0

(f) ¥ A7 LAMERE t DORREEREZ t. p, RE. AN ZAVTRD &,



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

(a) Find the required bit rate of Pulse Code Modulation (PCM) transmissions using
16-bit quantization to transinit an audio signal with frequency up to 24 kHz.

(b) Find the required symbol rate to transmit the bit stream of Question (a) by 64QAM
(Quadrature Amplitude Modulation).

(c) Suppose Orthogonal Frequency Division Multiplexing (OFDM) transmnissions with
64QAM subcarrier modulation of the bit streamn in Question (a) over the channel with
two paths of 20 us delay timne difference. Find the minimuin number of subcarriers
in order for the guard interval to be less than or equal to 10% of the OFDM symbol
without inter-symbol interference. Note that an OFDM symnbol consists of guard
interval and effective symbols.

(d) Explain the disadvantage of increasing the symbol rate in baseband transmissions.
(e) Explain spatial multiplexing.

(2) Consider call arrivals at the M/M/1 queuing system. A [call/second] and g [call/second]
are arrival and service rates, respectively, where A < u. p is defined as p = ﬁ p(n) is the
probability that the nuinber of calls in the systein is n. Answer the following questions.

(a) Draw the state transition diagramn.

(b) Show that p(n) = (1 — p)p™ holds.

(c) Find the average number of calls in the systemn by using p.

(d) Find the average sojourn time in the systemn by using x and A

(e) Show that the probability that the sojourn time in the system is larger than ¢ seconds

is e~ (#=2t Note that, when there are n calls in the system, the probability that the

n k
14
systein serves n or less calls during ¢ seconds is given as | e z %)
k=0
(f) Find the probability density function of sojourn time ¢ seconds in the systein by using
t, pu, and A.



B-2

FTHo+TRTOMICZ X L. (English translation is given on the next page.)
(DT oIcEZ L.

EEx)BXRATEZLONS.
x(t) = Asin2nf,t _
= LARER, f BESx@)0REELT5.

(a) BFRIRFE[-T/2, T/2ic B 358 x(O)DFHE N 2RO X, 7272 LTIRIE
DEHHET 5.

b E(@OERZHATESx()PENEFTTH S I L 2nt.

() EBx(t)D B CHEBEREHK Lk X.

(D) DPERZHAWTESx()DBNARZ PAEEEZRD K.

(2) RICRTERESyOBETIUTORIICEZ L.

y(t) = w(t) cos 2mf .t —uq(t) sin 2mf.t

IIT, LREEFEOBEE, w) =T oxlklp(t —kT) B & Cug(t) =
3% o Xolklp(t — kT EZNEFNR—Z Y FEZDOIF ¥ AVBRBLUQF
YIRS THY, TS Vv ELRER, p@IREEEVRAERTHS. XL,
1T L . TH 5. 7=, x[k] € {-1,-1/3, 1/3, 1} L Uxq[k]l € {-1,-1/3, 1/3,
BNEZNEFNAHEOERE y be=v e v I L gD F¥ArBLVQF
¥ A NDERRIITH 3.

Q@) y(ODEFRFROLEHEEZ X, £72, JVARS2ERAL Z5E0< Y
vy 7l R X

b)EESVREFRICe—AF 777 7 Zad L A X Fadfve—rF7
N ZERGVE, p(t) D BIEBUGZERE R~

() y(t)ZFRMRFIC L VERT 2L &, w(), uu@®)ZHEOTHRCEY
He s ez AVTRE,



Answer all the following questions.
(1) Answer the following questions.
The signal x(t) is given by the following equation:
x(t) = Asin2nf,t
where A is a constant value, and f, is the frequency of the signal x(t).

(a) Find average power of the signal x(t) in the time interval of [-T/2,T/2],
where T is a positive constant value.

(b) Show that the signal x(t) is a power signal by taking the result of Question
(a) into account.

(c) Find the autocorrelation function of the signal x(t).

(d) Find the power spectrum density of the signal x(t) by taking the result of
Question (c) into account.

(2) Answer the following questions related to the modulated signal y(t) shown
below:

y(t) = w(t) cos 2mf .t — uq(t) sin 2mfct

where f. is the carrier frequency, w(t) = Yp=_o xi[k]p(t — kT) and uqy(t) =
Y i-_wxqlklp(t — kT) are baseband signals of I-channel and Q-channel,
respectively, T is symbol duration, and p(t) is the transmit pulse shape, where
1/T K f.. x[kl € {=1,-1/3, 1/3, 1} and xg[k] € {-1,-1/3, 1/3, 1} are the
information sequences of I-channel and Q-channel, respectively, when 4

information bits are mapped.

(a) Answer the name of the modulation scheme of y(t). And then, draw a
mapping, when Gray code is applied.

(b) Assume transmit pulse shape is the raised cosine roll-off pulse with the roll-
off factor a. Show the frequency transfer function of p(t).

(c) When y(t) is demodulated by a coherent detector, show that the signals
uy(t) and ug(t) can be separated without mutual interference, using
equations.



B-3

(English translation is given below.)

BHEDCEZEERD z BITRY —Al/2<z<Al/2 (0<Al KA, 1 (FERE)DKSERNOBRKT
FHIZ, AREKeD—RRER LY BENTWEETS. TROTATOMIZEZL.
METHNE. LT TRTRZMOBEGOBEERFZIRE AV THL.

Uy Ug u¢
r2sinf 7rsinf T
vxAa=| 0 0 0

ar 46 )
A, Trhg TA¢SiI19
ZZiCuy, ug, ug i, TNENL, 6, 9D BEAANT I THS.

(1) —RiZ, BRBESRIML Jeot BEBRRIMRT vVt
wt—Kkr)
A= L f ]————ej( dv
4wt Jy, r
TEHEXOND. T pidBRER, KT, ridFEAMLOER, VIZERFL S OEK, dvid 4
EEPHRT. LEOPADALERD, BEEIZIIRSRTE L
2) ERHEADBMEERL, HEBEEIZIVESRFEL
(3) BAMLHFES @ » DB BERIL, BRI FERERELS 2T IENTED. FTHERNK
DEBAROEHIC OV THRICHAT L (EHAE). ZhonHEEZAVWTIORENDEREEZ KD,
BEZICIVRSEREL.
(@) z=-DIZERKELEFFEEELEL. 727U D> Al LT3, ZOLEDEFICRBITLBEROKES
|E|%R, D =1/20FHAIT N THENCH THELOBIEE RN E L.

Suppose that a uniform current I,e’®t of angular frequency w flows in a linear antenna of —Al/2 <z <
Al/2 (0 < Al < A, A is the wavelength) with infinitesimal thickness along the z-axis of the Cartesian
coordinate system in a vacuum. Answer all the questions below.

You may use vector rotation in polar coordinates given by the following formula if you need.

U, Ug u¢
r2sin@ rsinf T
vxA=| 0 0 4

ar 06 Er
A, TAg TAgsing
where u,, Ug, and ug are the unit vectors in the direction of r, 8, and ¢, respectively.

(1) The vector potential generated by a current density vector Je'“¢ in a general case is given as

j(wt~kr)
4w ), T

where yu is the permeability, k is the wave number, r is the distance from the origin, V is the region that
contains the current source, and dv is the volume element. Give the polar coordinate expression of A in
the given case.

(2) Give the relation between the magnetic field H and A, and give the polar coordinate expression of H.

(3) At a point sufficiently far from the origin (r > A), the electromagnetic field can be locally regarded as a
planar electromagnetic wave. Explain the characteristics of the electromagnetic field for a planar
electromagnetic wave (derivation is not required). Using these characteristics, derive the electric field E
for this case, and give its polar coordinate expression.

(4) Put an infinite perfectly conducting plane at z = —D, where D > Al. Give the magnitude of the electric
field |E| in a far field for this case, and sketch its variation with angle 8 for the case D = 1/2.



B-4

FTROTRTOMICEZ L, ZRESE. - IHREME. + REBENEERT,

Answer all the following questions. ", -, and + denote logical negation, logical and, and

logical or, respectively.

(1) LTSRS HRERIE 1DV T, UTOMIKEX XK.

Answer the following questions on the logic function f defined below.
f=(a+b+c+d) - @+b+c+d)-@+b+c)-(a+b+70):(a+T+d)

(a) amELIME f O/ RBIZ TN TRD Ko
Give all minimum sum-of-products expressions of f.

(b) FREREE f ORI RBZ TN TRD L,

Give all minimum product-of-sums expressions of f.

(c) 3 AJINOR 7' — F DHEFNT, HREHL f ZH AL T 57— ME/NDM
HERETRE, 5B, AHELT, a b c. dBXKUZNEOEES, b ¢ d
NEZBNBbDLT B,

Derive a logic circuit that realizes f with the minimum number of 3-input NOR
gates only. Assume a, b, ¢, d and their complements @, , ¢, d are available as inputs.

d) HIEBAS g=b+d. 7=T-C-dBEZXB, f=(9-h)+r ZHRRITBINTD
RIBEAS R OFA S, HEEDR/NTY 77 IVER RS DRV BT aRENZ
FEDMBLB D B/ MRIRTERBIZ R Ko
Assume logic functions g = b+ d and r = @ - ¢ - d. Among all the logic functions
of h that satisfy f = (g - h) + r, derive a minimum sum-of-products expression of
a logic function that has the minimum number of product terms with the minimum
number of literals in its minimum sum-of-products form.

2) 1y FOASu b 3y CDOHN (g2, 1, o) ZFFDOIEFEREZ, 3OD 7V v 77

OwIRAVTERHT3, DYy 7oy ok, FhENg,q,q0 THO.
FOEENIFEBOHANCE>TVBEDLT B, u=1DLE, JWI8D/IAFV
o2 UTHEL. (g, q1,0) & (1,1,1) = (1,1,0) = (1,0,1) = - =
(0,0,1) = (0,0,0) = (1,1,1) EAI Y b E IV T B, u=0DLE YT FLVR
Z2ELUTHEL., @I g, ¢ I go, o 1< q1 DI FNFNBINT B Bl: (g2, g1, 90) W&
(1,0,0) = (0,1,0) = (0,0,1) — (1,0,0) £Z{t T %), ATDOMICEZ Ko

We design a sequential circuit with a 1-bit input » and a 3-bit output (g2, q1,go) using
three D flip-flops. The outputs of the D flip-flops are g2, 1, and go, and 'they are the
outputs of the sequential circuit as they are. When u = 1, this circuit operates as a binary
down counter whose cycle is 8. Namely, (g2, q1, go) change like (1,1,1) — (1,1,0) —
(1,0,1) - --- = (0,0,1) = (0,0,0) — (1,1,1). When u = 0, the circuit operates as a

continued on next page

P = ~ 8 <




shift register, where go moves to ga, g2 to g1, and ¢; to go. For example, (g2, 41, ¢o) change
like (1,0,0) — (0,1,0) — (0,0,1) — (1,0,0). Answer the following questions.

(2) REBBRZRYE,

Derive a state transition table.

1) g2, q1, 0 ZHATBZD TV T 7y TOD ANEEFNENdy,dy,do £ T B0
d2, dl, do 7(‘—_’ q2,q1,q0, U @Eﬁfﬁﬂgﬁﬁij—o dg, dl, d() @%/J\féﬁlﬂ‘?ﬁﬁ%%ﬂ%
ke X,

Let do, d;, and dy be the D input of the D flip-flops that output g3, g1, and go, re-
spectively. We derive da, d1, and d, as logic functions of g2, g1, g, and u. Show the
minimum sum-of-products expressions of d, dy, and dj.



B-5)|

TEOTRTOMICEZ X
Answer all the following questions.

(1) 32¥w FEE -8 b7 FLY YV FDRISC 7By Y Pl P2BXUP3E, ThThin®
Fyyyall, RBIT I3 ERFD, UTOMICEZ &K, AH. UTOMTRETO7 FLAIZ 16
WTERINTED, FyvaOBEHX 7NV XLIE LRU (Least Recently Used) TH %o

32-bit word length and byte-addressing RISC processors P1, P2. and P3 have the instruction
caches I1, 12, and I3, respectively. Answer the following questions. In the following questions,
all addresses are expressed in hexadecimal and the cache replacement algorithm is LRU (Least
Recently Used).

% (a): ABRUYT VAR (A) & (b): AEVT /ARSI (B)
Table (a): Memory access sequence (A) Table (b): Memory access sequence (B)
address-1 | 00000000 address-1 | 2¢480000
address-2 | 00000004 address-2 | 2¢481000
address-3 | 00000008 address-3 | 2¢483000
address-4 | 00000010 address-4 | 2c481000
address-5 | 00000024 address-5 | 2¢484000
address-6 | 00000028 address-6 | 2c482000
address-7 | 00000030 address-7 | 2c481000
address-8 | 00000034 address-8 | 2¢482000
address-9 | 00000048 address-9 | 2¢480000

(a) N XTF—RBBR 4096 /31 M (X TRT T TR EER), 280 bT7ay D27 xA -ty
R e TPIVTTFLT «Fov¥aThb, 7Oty PlHE (2) ISRTT FLAKKEHENTE
GEEEEASIECT VAT 5, 1 IZUFNIZETH B, & (a) IKRTT7 FLAEDT 7E2A
BZEhFhey FT30IRTE0ERYE,

I1 is a 2-way set-associative cache of 32-byte blocks with a total data capacity of 4096 bytes
(not including tags and flags). Processor P1 accesses the instruction words stored in the
addresses shown in Table (a) from top to bottom. 11 is initially empty. Indicate whether the
accesses are hit or miss for each of the addresses shown in Table (a).

(b) RIZF—ZBER 09631 b (R TRT I TEEERV), 3230 b Ty /D4v A &Y
FeTPVYVTTFAT cFyyaThsb, 7oty P2HR (b)IRTT FLAKKBHE NI
HOEZ EOSIRICT VAT B, RIS ETHD, £ (b)IKRTT FLABDT 72X
BENFNey bTR3HIRATENETRYE,

12 is a 4-way set-associative cache of 32-byte blocks with a total data capacity of 4096 bytes
(not including tags and flags). Processor P2 accesses the instruction words stored in the
addresses shown in Table (b) from top to bottom. I2 is initially empty. Indicate whether the
accesses are hit or miss for each of the addresses shown in Table (b).

(c) BIZTF—2BRBRBINRNA M (ATRTZTEBERV)VDON YA -y b TVIT T4
T eFewaTHo, 7av P AL XL 16510 b, 32854 b, 64734 b, 128 34 bOWVT

continued on next page
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NhThHB, T, BEE(N)IZ2 4 8OVWThHTHS, 7oty PIAE (a). & (b)
R T FLARKRME N RREEENBIRIC T VAL LT A, Fyyiaky bR
LHIC4/9 THolee FTie, £ (a) RUE (b)) DT 7L RRMITH D, TFNENDT 7L AH
RS T I3I3ETH %, 13070y 7Y A ARUCEREDCEE 1 DBEX X, 5EXoNIEEE
L7y YA XTI 4/9DF vy aky VREERTELWGE, HRELL 8D,

I3 is an N-way set associative cache with a total data size of 8192 bytes (not including tags
and flags) and a block size of either 16, 32, 64, or 128 bytes. The associativity (V) is either 2,
4, or 8. Processor P3 accesses the instruction words stored at the addresses shown in Table
(a) and Table (b) from top to bottom, and the cache hit rates are 4/9 for both. Memory
access sequences (A) and (B) are independent, and I3 is empty at the start of each memory
access sequence. Answer a combination of block size and associativity of I3. If the cache
hit ratio of 4/9 cannot be achieved with the given associativity and block size, write “no
solution”.

(2) ETERRICRIY B TEEOMICER Ko

Answer the following questions regarding computers.

(a) B DFEMTIE, ARFvy V2L F—FF vy Y2 BAWEN TS, TOK S HHRAE
5hBBEEBIE L,

Most computers use separate caches for instruction and data. Explain why such configurations
are taken.

(b) A TS A v TabyFIRBENT, DIEFRIC K BHERENEDOL S IBONZD,. DT
AEEATHEE LEWHROFIZRLANSHAYE K.
Explain how branch prediction improves performance of pipeline processors, giving examples
with and without branch prediction.



B-6

UTDFRTOMIZEZ &.

Answer all the following questions.

(1) {a,b,c} EOXFFIDSH, be BWERFHLLoTVWB I I LETOXFIIDEA %
RTEBE2L, 2 T5. UTOBIZEZ &,

Let L, be the language consisting of all strings over {a,b,c} that have bc as a
suffix. Answer the following questions.

(a) I;é%%%?‘éél?&ﬁﬁﬁﬁﬂﬁ‘— P b rOREBEBRERY, REBEIX3 L

Draw the state transition diagram of a non-deterministic finite automaton
that recognizes L. The diagram should have three states.

(b) @f?&%&‘é‘éiﬁ%ﬁﬁﬁﬂﬂﬂ‘— b b OREEBRE =Y, REBUIR/NE

Draw the state transition diagram of a deterministic finite automaton that
recognizes L1. The diagram should have the minimum number of states.

(¢) L 2RTEHRKRKRE =Y,

Describe a regular expression which represents L.

(d) Lh Z&EKT 5 ERXEEZRE,

Describe a regular grammar which generates L.
(2) {a,b} LOXFFIDSL, UTOXETERSINEEFEE Ly £ 95, (LUK
BEESLT3,) UTOMIZEZ &,

Let Ly be the language consisting of all strings over {a,b} generated by the fol-
lowing grammar. (Here S is the start symbol.) Answer the following questions.

S — Saa,
S — aaTa,
T — bTbb,
T —b.

(a) Ly WXIREBEFICRTI21EH»2EX. TOHEHAZRNE,
_ Is Lo a context-free language or not? Justify your answer.
(b) Lo PIEEREFEICBT 20 EB»2EX. ThiifAE &,
Prove or disprove: Ls is a regular language.
w)ﬁ?ﬁﬁ%%@&91ﬁﬂ%éﬁ%t%bfﬁcfm6#¥#%%i\%ﬂ%ﬁ%
Prove or disprove that the class of context-free languages is closed under union.
4) BEMN Sy 7 Fa—) v I/T oV BEDOFa—) VIV L EEZEENNE
BTHE2NENEEX. ThEBE L,

Prove or disprove that the multi-track Turing machines have an equivalent power
of language acceptance as the ordinary Turing machines.



B-7

LIToORIcE X &. (English translation is given on the next page.)
LIT oD BNF CHREXHEREINITu /53 Vv JFELEERS.

z|n|le opes | ifethene; elsee; | letz = e; iney | whilepos(zy, x2,e1, €2)
+|-|and|or

e

op

e, n, op BENTIAR, BY, METERTAXEHTHS. £z, 2,y,z BEBERTXALERTH 5.
LORTBHED LB VEHIZHTGENAS. ROBWRBELZFHLUTOED TH 5.

RIS

o 7,y,z: EEAFEIN TV BRI NS, EEIREBTHNIEITREZS—L1R35.

o ejopes: e; ¥ ex DFHERERICHET op 2 BAL-BRICTHEX S, opld +,~,and,or DWVFH
»HTHY, rhehm, BE, BBl RENERT. NE, BRE2/-VECEALESEEL, &
B, HEMEERECEA L5 RETRIS -k 5.

o ifethene; elsees: e 8 true ICFME NE e, %, false ICFEliXNAT eg 2T 5. e BERK
fEIFE SN B IRETRL S — 2 2 5.

eletz =ejiney: z % e) DFERLRICHEL, 2D% ey 2FEMT 3. z ik e TBVWTODABMT
&3,

e whilepos(z1,2,e1,e2): €1 & e2 XFHAiL, z; & z2 ZZNZHOFERERICHEL (3Ticx, £
72z BRI TVWEILL, REINTWAEREH LLFELELLLT) UTO XSRS
£5:

-z DR 0 UTChHIIL 2z, DERIRT.
— 1 DfEH 0 X b KThHhiX, whilepos(r,,zs,e1,e2) ZFHET 5.
T & 2o ld e & e KBWTOABETE 3.

BZE, 2, ¥ 2o BEDEBICEKREBINTWBR L EIZ, 7, £ 2o DEERDEZRE letz = 1y inlety =
zoinlet z = 0in whilepos(z, 2,z — 1,y + z) L BL Z L HTE 3.

ERARCBOTEREINATORVEED, UTORBEICRET2H- > THEND S HER, #EIcHk
BRERMTZ LTRSS X,

(1) HEfTzs—-2RIITRNE—D2H.

(2) zHEOBBICKREMEINTWRLEL, 155z XTOMEET L OXNEH.

(3) EBERLDAVAIVEDTIIFLs%RE. BECKLD, FRTI /33 /EEERUTHL
—OBIRLHEART B Z¥: C, C++, Java, Python, Scheme, Racket, OCaml, Haskell. f#%iZH 7= >

TEUTORICEETS L.
o FHIBH BB REEEICEHZLEIIRW. £ V&Y XIEMBRIRE AT LTZT
W3HDEHFEELT I,

o BIMEDEBREARBICTEILDIZ, V-Ra-FREEEHHAEMZ 3 L. HeXomsMRx
DX RF—XBETCRAL2EHHET I L.

o AVRTYVADREETARTELIPERLL, Rz, Rletz =e;iney, R ifethene, elseey, R
whilepos(z), 9, €1, €2) T REMENSH B XS TFHAIATHIUT X W,



Answer all the following questions.

L is a programming language whose abstract syntax is defined by the following BNF.

e u= z|n|e ope;|ifethene;elsee; |letz = e;ine; | whilepos(z;,z2,e1,e2)
op == +|—-|and]or

e, n, and op are the metavariables for expressions, integers, and operators, respectively. z,y,z are

the metavariables for variables. An £ expression evaluates to an integer value or a Boolean yalue. Each .

expression behaves as follows:

e A variable (i.e., z,y, z) evaluates to the value to which the variable is bound. A run-time error is

reported if the variable is undefined.
€1 op ez evaluates to the value obtained by applying op to the values of e; and ez. op is one of +,
—, and, and or, which represent addition, subtraction, logical-and, and logical-or, respectively. A
run-time error is reported if the addition or the subtraction is applied to a Boolean value; or if the
logical-and or the logical-or is applied to an integer.
if e then e; else e; evaluates to the value of e, if e evaluates to true and to the value of e; if e
evaluates to false. A run-time error is reported if e evaluates to an integer.
let z = e; in e, binds z to the value of e; and then evaluates es. x can be referred to only within
es.
whilepos(z;, T2, €}, e2) binds z; and 5 to the values of e, and ey, respectively; if z, and/or z; are
already bound, it rebinds the bound variables. Then, the evaluation described below is conducted:
— Evaluates to the value of 2 if the value of x; is less than or equal to 0.
~— Evaluates to whilepos(z, 2, e1, e2) if the value of z; is greater than 0.

z; and z2 can be referred to only within e; and es.

For example, the expression let z = z; inlet y = x5 inlet z = 0in whilepos(z, 2,z — 1,y + z) evaluates

to 1 X z9 if £; and x5 are bound to positive integers.

If your answer depends on behavior that is not specified above, you are required to specify it appro-

priately by yourself.

(1)
(2)

©)

Write an expression that reports a run-time error if it is evaluated.
Write an £ expression that evaluates to the sum of the integers from 1 to z; you may assume that
z is bound to a positive integer.
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, Haskell.
Your answer should meet the following conditions.
e You do not need to include a lexer nor a parser. Assume that your interpreter takes an
abstract syntax tree of £ as input.
e You need to add explanations to your source code so that it can be easily understood. Explain
the data structure you use to represent an abstract syntax tree for expressions in detail.
e Although you do not need to write the whole implementation, you are required to show the
implementation for the following expressions: x; letz = e;ines; if ethene; elsees; and

whilepos(z;, z2, €1, €2).



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

(1) BUEA BHE% FISRT BNF, SRR, BATHACE>TESETS. 2L, 2,9,z BEXK
%KL, [z:= N RERz AN 2R/ATHRE, GHEE M — M ZEWRUTHC ZRNOE
FRG, G M —* M ZTORMOEBRNECL TS, o REEHERL, MR X, £
MO z: 7 OFRFITCEBICEENBVEDTHS. L5l ¢ TERELTD. BMNJERKTI M : 7
BRMTRUTEHUAABNOBRETS.

e BH MNP == z|(Mz.M)|(MN)| (1 M)|(2M)|(M?(z)N:(y)P)
B T = al|(n-omn)|(n+)
faifusR A
(Mz.M) N) — Mz := N}  ((t M)? (z1) N1 : (22)N2) — Nifoi := M| (i=1,2)
BT
z:7€el 'tFM:n F'FM:m Fz:mkEM:m

T'ktz:T Tk (¢ M): (114 72) Lk M): (11 +T2) LAz M): (11 = 1)

THFM:(rn o m) 'EN:7my CHM:(r+7) Lx:n+N:7 Dy:m+-P:7
F'F(MN):7 L+ (M?(z)N:(@y)P):7

(a) 1,72 2BILTD, Bt e - M : (11 +72) = (11 = 72) = ™)) ﬁfﬁﬁzﬁﬂ'éé D% M%ERYE.
(b) H M; = (Oz.(Oy-(Az.((z 2) (y 2))))), M2 = Qz.(My.x)) £ T 5. ERDEM IZXHL,
(((M1 l\/fg) Mg) M) —* M BPRILTHZ L ERE.
(c) BIFD (A)(B) 2\, ERDE 7 128 Lok (My M) Ma) : (r — 7) DMHT 3 2 L o mt,
(A) ﬁ%o) F,Tl,’rg,’rg &:)‘(‘J”L'C 'k M1 : ((T1 - (Tg — 7‘3)) — ((T1 - TQ) — (T1 — 7‘3))) yid)
BWHTED. ’
(B) D T,1,m WRHUT TF M : (1 — (1 = 7)) BEHTES.

(d) ZOBRDOEHREERZRA L.

(2) pq 2 MEEBERTHSL LT, BER A, BEBNFA,Bu=p|(ADB)|(AAB)|(AVB)
TEHT . REMER ND 2UTOHRBHRUTERTS. 22T, NIREIRADEREESERTL
T5.

TU{A}FB TH(ADB) 'FA TFA T+B TF(AAB) TF(AAB)

TU{A}JF4 TF(ADB) TFB TF(AAB) TFA TFB
THA TFB TH(AVA) TU{A}FB TU{A}FB
TF(AVB) TF(AVB) TFB TF(AV(AD B))

UTOE¥MONDIZBIT2EHES Z L.

(a) {(p1 D p2), (P22 p3)} F (p1 D p3)

(b) OF ((pr A (p2V p3)) D ((pr Ap2) V (p1 A p3)))
() 0 ((pD>q) V(gD p))



A typed X-calculus is defined by the following BNF, reduction rules, and typing rules. Here,
z,y, and z range over the set of variables, [z := N|] denotes substitution of N for z, the reduction
relation M — M’ is the least congruence closed under the reduction rules, and the relation —*
is its reflexive and transitive closure. « ranges over the set of type variables. A type environment I'
is a finite sequence of pairs z : 7 of a variable and a type, where the variables are pairwise distinct.
The empty sequence is denoted by e. The typing relation I' - M : 7 is the least relation closed

under the typing rules.
Syntax:

Terms M,N,P
Types T

Reduction rules:

z | (Az.M) | (M N)| (1 M) | (e2 M) | (M? ()N : (y)P)
« I (mn— 7‘2) | (Tl + 72)

((Az.M) N) — M|z := N] ((¢; M)? (z1) Ny : (z2)N2) — Nj[z; := M] | (i=1,2)
Typing rules:

z:7el THM:n THM:n T,z:mbFM:m
Fhz:7 CE (0 M):(m+7) Lk (ke M): (114 72) C'F(Az.M): (11 = m)

TFM:(n — ) 'FN:7n TFM:(rn+m) z:m+FN:7 TLyy:mkFP:7
FF(MN):7 THF(M?)N:(y)P): 7

(a) Let 71,72 be types. Show a term M such that ¢ - M : ((11 + 72) = ((11 = T2) = 72)).

(b) Let M; = (Az.(Ay.(Az.((z 2) (¥ 2))))) and Ma = (Az.(\y.z)). Show that
(((My Ms) Ms) M) —* M holds for any term M.

(c) Show that the type judgment e - ((M M;) M) : 7 — 7 can be derived for any type 7. You
may use (A) and (B) below.

(A) T M : ((11 = (12 = 73)) = ((1 = 12) = (11 = 73))) can be derived for any ', 71, 72, 73.
(B) '+ My : (11 = (72 = 71)) can be derived for any I, 71, 2.
(d) State the confluence theorem of this system.
(2) Let p and g range over propositional variables. Logical formulas, ranged over by A and B,

are defined by the following BNF: A,B :=p| (A D B) | (AA B) | (AV B). The proof system ND
is defined by the following inference rules. I' stands for a finite set of logical formulas.

TU{A}FB T+H(ADB) T'FA T'+A T'FB TF(AAB) TF(AAB)

FTu{A}FA T+ (ADB) C'+B I'+(AAB) 'rA I'-B
A '-B 'k (A1VA) TU{A1}FB TU{A}FB
'(AvB) T'F(AvVB) '+B '+(Av(ADB))
Give a derivation of each judgment below in ND.
(a) {(pr D p2),(p2 D p3)}+ (1 D p3) (b) OF ((p1 A (p2Vp3)) D ((p1 Ap2) V (P1 A Ps3)))

(c) 0+ ((p>q)V(gDp))
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