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This is the “Problem Set A” 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 9 questions; A-1, A-2, A-3, A-4, A-5, A-6, A-7, A-§, and A-9. State the Question
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Do not separate the pages of answer sheets; keep them bound.

Notify proctors (professors) immediately if the pages are separated for some reason.
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HMREA
A1 A2 [A-3 [a-4, [a-5, [a-6,[a-7, [A-8 [A-9 DRI, B4R EBIR L TREE L,

Problem Set A

« Choose and answer 4 questions out of |A-1], M, lA-3], |A-4] B——SL lA-6,[A-7, [A-8] and [A-9]

TEHEDOFTRTOMIZER &.
Answer all the following questions.

(1) RO f(z) TOWTHUTORIZEZ X.

Answer the following questions with respect to function f(z).

f(@)=+1-224arcsinz (-1<z<1)

(a) BBEHK f'(x) ZRD &.

Derive the derivative f'(z).

(b) /(1) DfEiERD &.
Find the value f'(1).

(c) f(z) DI Z BIRE &.
Sketch f(z).

Qy=zty=2?D2O00HMRTEHENZIFWRED L LT, ROWFT I 2RD L.

Let D be the region that is enclosed by the two curves y = z and y = 2.

Evaluate the following integral I.
I=// z? + 4% dady
D

(3) X175 A DEIREB LUBER R bAERD K. =Lz BZEHLT 3.

Find the eigenvalues and eigenvectors of the following matrix A, where z is a real number.

e e *
(5 )
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TROTRTOMICE X X.

Answer all the following questions.

(1) B f(t) D7 —V T REEBEIXATEHRINS.

Note that the Fourier cosine transform of a function f(t) is defined as

’

Flw) = /0 ” £(t) coswt dt

¥/, ZOUEBIRATEIONS,

The inverse Fourier cosine transform is given by
2 o0
f@) = —/ F(w) coswt dw
T Jo

(a) ROBEEK f(t) D7 — Y TRFEEHB|ERD X,

Find the Fourier cosine transform of f(t) defined in the following.
fty=e™ (m >0)

(b) [ (a) DRERE I TROSRIRD L0 2 L 2 TE,

Prove the following equation taking the result of Question (a) into account.

® cospv T _
A mdv= %e »B (p>0,ﬂ>0)

(2) ROBIFBAD—BRBERD &,

Find the general solution of the following differential equation.

(3) EBEHEAVTROMT I 2K &,

Evaluate the following integral I by using the residue theorem.

27 1
I_/o a0 @>D)
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TEROTRTOMIZER &, 7KL, Tk iR BEFFELTHAEFRIBE»MMTWEEDL L,
HEFOFER, SRBIZZTNThe po &7 5,

Answer all the following questions. All materials in the questions such as conductors, wires, and
electric charges are placed in vacuum. The permittivity and permeability of vacuum are gy and

Ho, respectively.

(1) B (a) D& 52, ¥2F o DBEFEIROIMAIC, KE b DBEFBRBHPFL O EHETE XS B,
T3, SMoskgE gL, AROBEERICERF Q 25X -BE8%2%£X 5,
As shown in Figure (a), a conducting sphere of radius a and a conducting spherical shell of
radius b are placed at the common center O. The outer shell is grounded, and charge Q is
given to the inner sphere.

(a) FLODHDEHr (a<r<b)ICBYIBRLEMZRD L,
Find the electric field and the electric potential at a distance 7 (¢ < r < b) from the
center O.

(b) FLODODEHr (r>b) ICBIIZ2BEBRLEMERD &,
Find the electric field and the electric potential at a distance r (r» > b) from the center
0.

(c) FELREEBOBBERE C 2k &,
Find the electrostatic capacity C between the concentric conductors.

(d) B (a). B (b) CROEBLV X7 7/ RAFRBAEMATILE2RYE, FL, REBED
575 AFBRIUTORTREI NS,
Show that the electric potentials V' obtained in Questions (a) and (b) satisfy Laplace
equation. Laplace equation in spherical coordinates is given by the following equation.

w10 (0VY, 1 0 (. ovy 1 &V _
vv_r26r " or +r2sin080 smec‘90 +r23in203¢2~0

4

& (a)
Figure (a)
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(2) B(b)n&kSiz, HRIZEWVW2ERDETERA L BAMRI CELNTE D, BRAITE

I REORYP OROMEIT, BAR B IZIXER I ¥WHEEOE, SROMEIZFENTVS, H
FORIPDER A, BroDFEMEETNT NG, bLT 3,
As shown in Figure (b), two infinitely long parallel wires A and B are placed with a distance
d. The current I along A flows into the page, and the current I along B flows out of the
page. The distance between the point P in the figure and the wires A and B are a and b,
respectively.

(a) BARA, BIZXHUTRMARYE D IZ@BIHDOREIZZTHAETNLRD, MEE2RFE L,
Find the forces on the wires A and B per unit length, respectively, and draw the direc-
tions of the forces.

(b) BIRA, BIZIRNDIBERAEIRREZTNTNH,, Hg & T5, RPIZBIT3 Hy, Hp
DREIZZNEFNRD, MEEZRRE &,

Let Hy and Hp be the magnetic fields due to the currents that flow along A and
B, respectively. Find the magnitudes of Hs and Hp at the point P, and draw the
directions of Hy and Hp.

(c) RPIZBITD Hy & Hy DEBMA HDKEX HIZIRATHRYE S Z L 2RYE,

Show that the magnitude H of the total magnetic field H at the point P, which is the
vector sum of Hy and Hp, is given by the following equation.

_ Id

~ 2rab

(d) TR A, BIZBRNBIERIZEDEPIZBIIBRI PURF Iy LR, REOBH SH
WCAPI D A, DHERDL, MRATEXOND, R MET UV AhSFHELHA
PIZBIISHADKEIA, M (c) DEADOKEX HIZ—HT 5 L irY,
The vector potential at the point P due to the currents that flow along A and B has
a component A, only, which is directed out of the page and given by the following
equation. Show that the magnitude of the magnetic field at the point P calculated from
the vector potential is equivalent to H given in Question (c).

_ Hol 8
Az = 2m logb
P

& (b)
Figure (b)
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TFEROTRTOMICEAL.

Answer all the following questions.

() K@ITRTRBERICONT, LTFTOBIKEAL RBBEROARKEEZ0LL,
Lil, > M*:9 3.
For the AC circuit shown in Figure (a), answer all the questions. Note that angle frequency
of the voltage source is w, and L,L, > M2,
@ BR b &£ I, Z23RDL
Find current I; and I,.
) I & L IZDWT, L] = || WONMMEN n/2 ER5%M4%ERDL.
Find the condition at which |I;| = |I,| and the phase difference between I; and I,
becomes m/2.

B (a)
Figure (a)

2) UFOEEI DL THBES AE R AL,
Explain the meanings of the terms below.
(a) AR
Negative feedback
(b) 1PE—F &S
Impedance matching

(c) EREHOEDRE

Principle of superposition

continued on next page
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(3) K (b) IR T EEMNEEEIESE AN ZERICONT, LFOMIZEAX.

For the circuit with ideal operational amplifiers shown in Figure (b), answer the following

questions.

(a) V4/V3. & V3/V2%§R®ck.
Find V4/V3 and V3/V2.

(b) Vo/VZERDL.
Find V,/V;.

(C) V3/V1;C’\-:3R@J:.
Find V3/V1.

(d) V/V,ZRD&L.

Find V4/V1.
(e) ZOEBIINIRIRATANE, O—/SATAIVE, NANRT IV EHEL TORBEZ

ATNW3. V,, Vs, V,OBREZ R XK.
This circuit works as band-pass filter, low-pass filter, and high-pass filter. Explain

functions of V,, V3, and V,.

[ D r

= .
e, L R A
: Vs TVa gl TV4
jo
R

(b)
Figure (b)
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TROTRTHOMIZEZ X. (English translation is given below.)

(1) DL WEEERIE S 12, HFRIFEES A, B,C,D,E%, ZhFnHEE04, 0.2, 0.16, 0.16,
0.08 THREXWS, THOMICEZ K. log,3=1.6, logy5=23ZAWTkWL,
(a) Sk2N7 2 FElLElES.
(b) WS OER LB &,
(c) M (a) PHFFICOWT, HRFELT 1257 DPYFERERD &,
(d) Sozvitob—%KdXk,
(2) TEHROBEBRAS T IMICELZ L. 27U, 5 CLRUCy 13, £ERSEANZENE

NGiz)=2t+z+1, Gz)=(z+r+ 1) +23 +22+2+1) THEIRHEE 15 D2
KBRS & § 5,

(a) BERKHR 2V + 2%+ 2"+ 28 + 25 + 23 + 22 + 1 TRENBFBER, C, OHFEED>
BHHER &,

(b) ZHARKR 23 + 22 + 1 OFRE v MV EZ SNBED C DRHBEOSHEARE
2B EOR TRE.,

(c) C, DR/NEEEERERD X,

(d) G ZRAV3HEIC, Wbt DY ZTETEZ22RD &,
(e) C1 ixXT 3 C, DFIER/EKEZFHBAL &,

(f) Co ZRAWBHEIL, BYZITETIHEIC O >WTRR K,

Answer all the following questions.

(1) A stationary memoryless information source S generates information symbols A, B, C, D,
and E with probabilities 0.4, 0.2, 0.16, 0.16, and 0.08, respectively. Answer the following
questions. log, 3 = 1.6 and logy 5 = 2.3 may be used.

(2) Find a binary Huffman code of S.
(b) Describe the definition of instantaneous codes.
(¢) Find the expected codeword length per symbol of the code in Question (a).
(d) Find the entropy of S.
(2) Answer the following questions related to channel coding. Let C; and C be binary cyclic

codes of length 15 with generator polynomials G1(z) = z* + z+ 1 and Ga(z) = (z? +z +
1)(z* + 2% + 22 + = + 1), respectively.

(a) Determine whether z'0 + 2% + 27 + 2% + 2% + 23 + 22 + 1 is a codeword polynomial
of C; or not.

(b) Find the codeword polynomial of C; for the message polynomial z3 + z2 + 1 in a
systematic form.

(c¢) Find the minimum distance of C;.

(d) Find how many bit errors C; can correct.

(e) Explain the advantage(s) and disadvantage(s) of Cs over Cj,
(f) Explain how to correct errors with Cs.
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LUTFORB()~CIWETELX X,
Answer all the following questions (1)-(3).

() B 77707 —4#EE LT, HRRLTOBEREREE 0,1 TR TBEETH &

TR LD DOEGRGREE 0,1 TRT [T 2HD. TRHIZOVTUTORWICE
z2&, (B, BEAV—TRELELIBZEZLRVLDET S, )
As the data structures for undirected graphs, we often use the adjacency matrix (representing
adjacency relations between pairs of nodes) and the incidence matrix (representing connections
between a node and an edge). Answer the following questions. (Here, we do not consider self-
Joop and multi-edges.)

(@ TEOLIZRnIEROYAINT T 7ITxL T, BHEITHI L BERATIINED L 572
ITFITREN D EHAT X,
Explain how an adjacency matrix and an incidence matrix are structured for a cycle graph of

»n nodes as shown below.

(b nTERDEES T 78 LT, BT LHERTHAN LD X S RITHITREND H
AT X,
Explain how an adjacency matrix and an incidence matrix are structured for a complete graph
of n nodes.

() BETHITRINERDOEMT 7 72510 ZiT, TOWMT T 7 DREEAT
Pl AR > FIRZHRIOERE,
Briefly describe a procedure to generate the adjacency matrix of the complement graph for any
given undirected graph represented by an adjacency matrix.

(d) EGRTFITRINEEOEMS 7 72 520Nc L &2, DM T 7 DELEAT
LMY 5 FIREZHRICE~X,

Briefly describe a procedure to generate the incidence matrix of the complement graph for any
given undirected graph represented by an incidence matrix.

(2) FRROELI=—F something {22V T, A FORICE R K, 2BBHERE TI/MIRUT
TvETLT S,
Answer the following questions about the procedure “something” shown in the pseudo code
below. Here we assume that non-integers are rounded down in integer division.

something(int n) {
if(n < 0) something(-n);
else {
intk=n/3;
if(k > 0) something(k);
print (n -(k * 3));

}
(@) Bl% n s, 10,-25 DENFNDFEAIZOWT, something BHHTEHFFERE,
What are the output sequences when “something” is invoked with n= 15, » =10, and

n= =25, respectively?

(b) something I¥. 51¥ n ITH L TE DLHREFFNEH N 50, BRICRAEL,
Briefly explain what sequences will be printed for any given ».

(c) something BFEHEINBEIEEF I n LOBRIZOWTHRAR L,

How many times will “something” be called for any given value of n?

B 74 v 77— DOTNI) XLADOEEANFIREZRR, ZOREHERIZOVWTHYE L,

Describe the quick sort algorithm, and discuss its time complexity.



A-7

TROTRTOMIZZE X X, (English translation is given on the next page.)
(1) 2ERBUZOWVWT, UTOMIZEZ X,

(a) RD10EHEZ 8y FD 2 DFEHERI|TERYE,
® +80 (ii) ~48

(b) ROBE Y hD 2 DHEREAD 2EHE 8 Ly FOFETEHEERTUCEHEY L,
6] 10111000 (i1) 11000111

() RDB8E Yy hOBFBTEHIMERED 2 EHERZRTOMERL L VBEDOHKRELY Y,
® 10111000 + 11000111 (i) 10111000 — 11000111

(d RO8Ey b2 DHEKRIBD 2 EFERTOMEL L UOBEOK R L Y,
® 10111000 + 11000111 Gi) 10111000 — 11000111

(e) 2 DFPERBRD 2EBDOHFEILBRIZHOWVWTHALE L,

(2) MERT—FDAE ) ATOEREITRIT ZEFILHMIZ OV THEAYE X,

Q) UTORUGEEY hT—FT7F¥D=oD7Fat vy HIicBWNT, ETHASEMN
10, 000, 000 T, £® 5 b 109 FENIEeaS THD 0 7T L ETLIEBEOHER
MZRD L, FHEDBEMED 60 TERENEITEILDLE TS,

(@) Z7avy « A4 7 NVERBN 2ns OBE—HF A7V EFRO 7oy,

(b) 77 « YA U I/VEERIM 500ps DS EENRA TS5A4 L FROT v v,
272 L. &EHEHES TRENHRYE LSS, 1YL I7LRA R—1T3,

(¢) 7av s « A4 7 NLBERN 400ps D B8EENRAL S LV FERD Tk v,
=72 L., USRS TCERERRII LSS, 2V A ILA N—LT 5,

continued on next page
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Answer all the following questions.
(1) Answer the following questions on binary nuniber representations.

(a) Express the following decimal numbers in the 8-bit two’s complement
representation.
€ +80 (i)  —48

(b) Convert the following 8-bit two’s complement binary numbers into the 8-bit
sign-and-magnitude binary representation.
@) 10111000 G) 11000111

() Show the results of the following addition and subtraction in the 8-bit
sign-and-magnitude binary number system.
@ 10111000 + 11000111 (i) 10111000 — 11000111

(d) Show the results of the following addition and subtraction in the 8-bit two’s
complement binary number system.
@) 10111000 + 11000111 (i) 10111000 — 11000111

(e) Explain ‘sign extension’ of a two’s complement binary number.

(2) Explain ‘alignment restriction’ on the arrangement of instructions and data in
memory.

(8) Show the execution time of a program of 10,000,000 executed instructions, 10% of
which are conditional branch instructions, on the following three processors with the
same instruction set architecture. The condition is taken for 60% of the conditional
branch instructions.

(a) Single-cycle implementation with clock cycle time of 2 ns.

(b) 5-stage pipelined implementation with clock cycle time of 500 ps which stalls one
cycle for a conditional branch instruction when the condition is taken.

(c) 8-stage pipelined implementation with clock cycle time of 400 ps which stalls two
cycles for a conditional branch instruction when the condition is taken.
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THROELTOMIZEZX L. (English translation is given on the next page.)

(1) 70753V /EHCEETAUTORBICONT, T0YS5 AR E->THER L.

(a) #IH+
(b) RKEBR

(m BAT D2 [1]~[0] % HBIRIE (i) ~ (xviti) 26> THD, LIRS (BED) TTFS5 v Y

Z
#EKAO ORICDOVWTOHRMWERR I L. ERICIBEMIASBRBEDOES LM< I L.

i

KAO EfE I8 5 RDMEXILLAT® BNF DI ERMES E CEZLND. Kk
F T, ()%, E(BATSAR—KD) ENLFETHB.

€ Ident = {a,b,c,d,e,1,g,h,1i,j,k 1,mn,0,p,q,1,8,t,u,v,¥,%,y,2}
= Tlz|(E)

= A|BA

u= B|B_C

u= C|Dx*xC

u= D|FE;

b O Q o &

Ident FMAIFOEET, BUFRIILFTHS. REMRT W1, EHE
BT, WHF o [[1] RRET _ &, [[2] N ; 2555, SEO0OREEREY
OKBBITE LT, BIRKE £T 14, BT ETIM T TROHTATHE. O REHRO
FLFVERTEOELNG. WITFEHAOWOLUN~<B L, [ 3] (4] [
T, | (6] | #E, « &[] [HATHE. MAE, R E(ID; LRUMKEROR
BB ]| THB. 7, RieeeiT T; LEUEREZEORIZ[ [0 | TH3.

BIRA
() k (vii) o (xiil) (£T)_(T;)
(i) T (viii) _ (xiv) (i*x)*((iT)_(T;))
(iii) £ (ix) * (xv) (i*(x*1)) ((T_T);)
(iv) & () s (xvi) ((i%x)*((iT)_T));
(v) i (xi) (£(T_T)); (xvii) (((i*(x*1))T)_T);
(vi) # (xii) £((T_T);) (xviii) (i%x)*(i((T_T);))

(8) HMBEBEATVI MEMoTREATIHEKIIOVTHE L.

continued on next page
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Answer all the following questions.

(1) Explain the following terms related to programming languages, using program examples.
(a) exceptions
(b) tail recursion
(2) Complete the following explanation about expressions in the (hypothetical) programming

language called KAO, by filling each blank | [1] |, ..., L [9] ,with a choice from (i)—(xviii) below.
Write down your choice for each blank on the answer sheet.

Expressions in KAO are given by the nonterminal symbol E of the following BNF.
Terminal symbols are “T”, “(”, “)”, “_*, “¥”, “;” and lowercase letters (in the type-
writer font).

€ Ident ={a,b,c,d,e,f,g,h,i,j,k1,mn,o,p,qr,s,t,4,V,WX,Y,2z}

z

A == T|z|(E)
B A|BA

C B|B_C
D C|DxC
E = D|F;

The set of identifiers Ident is ranged over by z and consists of the lowercase letters.

An expression is built from a constant symbol “T”; an identifier z; | [1] [fix operators “_”

W, 9,

and “*”;| [2] ffix operator “;”; and a function call, which is depicted by juxtaposition

of two expressions (for example, “£T” calls function £ with the argument T). A pair ()

of parentheses are used to delimit a subexpression explicitly. The operator 4 [3] [ has

higher precedence than ‘| [4] [’, which in turn has higher precedence than 4 [5] P'. The

operator “_” is | [6] fassociative and “x” is| [7] |associative. Expression “f(T_T);"

has the same meaning as | [8] [’ and “i*x*iT_T;” as 4 [9] .

Choices
(i) up (vii) in (xiii) (£T)_(T;)
(if) down (viii) _ (xiv) (i*x)*((iT)_(T;))
(iii) left (ix) * (xv) (ix(x*i))((T_T);)
(iv) right %) ; (xvi) ((A*x)*((LT)_T));
(v) pre (xi) (£(T_T)); (xvii) (((i*(x*i))T)_T);
(vi) post (xii) £((T_T);) (xviii) (i%x)*(i((T_T);))

(3) Discuss how higher-order functions can be represented by using objects.
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(English translation is given on the next page.)
FEETRS 75 7@ TRTRWAS 57 THB L L, HEV—TRZELAEFLR VLTS, /77 G OHEA
BEEZV(G) L REET 3, V(G) DERBIFRTH LT3, G OHRARE S (CV(G)) iz2oWT, G-8
. SKEAENDZITRTORAL, TNHDRAEHT2L%. G »SHERLES 77 L ERT 5. ¢(G)
2. G OHEBERTOERL EHRT 5, GONINFVERLIEE V(G) DTRTOHEAEB xS Y 1 ET O
3G LoBBTHB, Y57 G,, Gy 2B (a) TRT I 723 3,

7 a b c

AN

(2)

~

TROTATOMIZEX &

(1) G & Gp LDONINFVHRBREENENTRTRD L, "IN M UVEABRNEELLZWVESE FEL
Zuvg B, BRI TERZIBL I,

(2) T=#r 7 71 OWMENRERBERN &,

(3) Go & Gy =B 5 7 TChHBPBErETNTNELL,

(4) HAMDTHROZER Y S 712330 b VBARMEE LRV ¥ 2R X,

(5) 727 GEnIn bt VEARBFET 3RO, EBOETLRVWESES S (C V(G)) 220w,
(G-8)<|S| BROIOZ L REBFE L, ZZT. |S| XS DEEMERT,

6) ATOEEEEZR S, (/77 G IZOWVWT, [V(G)| 23 £ F5, BELTVWRWERED 2 BX
v,w € V(G) &2WT d(v) +d(w) > |V(G)| R D261, GRENINMPVEBEDD, 22T
d(v) X v DRETH 3,
COERBEEBEZAVWVTIERTS. UTO&KL2ELT V577 G BEETHLRET 3.
[V(G1)| = 3 ®ifi7z L. BEHEL TOWRWEED 2 THA v,w € V(G1) 2WT d(v) +d(w) > |V(Gy)]
BRDIUB, Gy BAINVEVERBEDRRY, i=1,2,... BOWT, NINFVEREDERVWES
12, G; WEBKB21FE8ML=257% Giy1 £33, ZOBRIZED, 757 G1,Ga,...,Gy B8
Bond, TIT. Ge BNINPU/BABRELET. G, KEDESTAR 1 AEMLTHINIAL LY
BAREO DI 7ICHBLT B,

TEROTRTOMITER &

(a) Gy KIBFTRTDEAZDB &5 1 B0 R (BR) MHEET 3, 20BARRN &,

(b) G DIRTOHEREL (S 1 EFols 2% (AEEERT) vy,...,vn ¥ T3, TTT.
n=|V(Gk)| TH 3. d(v) +d(vn) > |V(Gy)| 2BHE &,

(c) EEOIAETEREE &,

continued on next page
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Assume that all graphs appearing in this problem are undirected and have neither self-loops nor parallel
edges. For a graph G, let V(G) denote the vertex set of G. Assume that the cardinality of V(G) is finite.
For a vertex subset S (C V(G)) of G, let G — S be the graph obtained by removing all the vertices in
and all the edges incident to these vertices. Let ¢(G) be the number of connected components of G. A
Hamiltonian cycle of G is a cycle that visits every vertex in V(G) exactly once. Let G, and G, be the
graphs shown in Figure (a).

Answer all the following questions.

Figure (a)

(1) Find all the Hamiltonian cycles in each of G, and Gy. If a graph has no Hamiltonian cycle, write
“no Hamiltonian cycle.” Illustrate your answer clearly.

(2) Write a mathematical definition of a “bipartite graph.”

(3) Is G, a bipartite graph? Is G, a bipartite graph?

(4) Prove that every bipartite graph with an odd number of vertices has no Hamiltonian cycle.

(5) Prove that if G has a Hamiltonian cycle then for any nonempty vertex set S (C V(G)), ¢(G—S) <
|S| holds, where |S| is the number of elements in S.

(6) Consider the following theorem. “For a graph G, suppose that |V(G)| > 3. If d(v) +d(w) > |V(G)|
holds for every pair of non-adjacent vertices v,w € V(G), then G has a Hamiltonian cycle, where
d(v) is the degree of v.”

Let us prove this theorem by contradiction. Suppose that there exists a graph G, with |V(G;)| > 3

such that for any two non-adjacent vertices v, w € V(G1), d(v) +d(w) > |V(G1)| holds, and such

that G; has no Hamiltonian cycle. For ¢ = 1,2,..., let G;;1 be the graph obtained by arbitrarily

adding an edge to G; so that G;y; still has no Hamiltonian cycle. By this process, we obtain

graphs G1, Gy, ..., G, where G has no Hamiltonian cycle, and any graph obtained by arbitrarily

adding an edge to G has a Hamiltonian cycle.

Answer all the following questions.

(a) Gk has a path that visits every vertex exactly once. What is the reason?

(b) Let vy,. .., v, be the sequence of vertices on a path in G, that visits every vertex exactly once,
where n = |V(Gy)|. Derive d(v;) + d(v,) > [V(Gg)|.

(c) Complete the proof of the theorem.
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ZEEMCHEESERATE L,

REBEEBIEICERAEINEES &, ERAFKIBI2EBLLEOBEDLIX

1B OFREE2BU LOERAKICBV BB TZ LB 5. kb, HERRE MBITKEL
L LTEREZFERALTHIN,

BRAMIIBEBE U xEAL, YJVEEIRNT L,

6. ERAKOFLASBMITNHEIT. ELIELHZ T &,

BEIAABEEIIIEBETITO 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.

Ak 270
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Problem Set B

, Choose and answer 4 questions out of Ilil], B-2|, B-3|, [B-4}, B-5], [B-6, E-’il, and [l?—gl

B-1

TEDOITRTOMIZE X X, (English translation is given on the next page.)
(1) TEDT 4 I NMREEMICBET /IS X &,
(a) BRERBEEDS16kHz DA —T 4+ AEF %, 16 £y FEF{LIc X H PCM (Pulse Code

Modulation) E%9 %, KBty PEELZRKD k.

(b) M (a) DE Y FFl%, 16QAM (Quadrature Amplitude Modulation) TEX(T 254
WCHBRS Y RNVEERZ KD &,

(c) EIERFRIZEDS 20 us TH 3 2 IR 2 O EME O A HURERSE R,

(d) B() oty Fl%E, 7% v ) 7OEFASRH 16QAM TH 32 OFDM (Orthogonal
Frequency Division Multiplexing) f§%5 & LT, [ (c) DEMBETEXT 2. >R
TS, F—FAL Y=V E%Z OFDM S Y RLED 20%UT & ¥ 3 - IcpE
BRERBOY 7Y 7HERD X, &8, OFDM ¥ Y E)iE, A —FAL vy &—nn
EES AL TCHERENS,

(e) NRZ (Non-Return-to-Zero) &S E ZNENBAY L. 2N Fh R K83
el R S I el B
(2) BRZ AT LANFEH3THY, ¥ — B3 THBELTIIM/M/3/3 VAT LICBITS
WORELEX L. X [F/B) L pu /B, ZNTRHBERLF—CRETHSB, p=2
ET3. YATLAADOHED n THIHRY p(n) LT3, UTORMIKER &,
(a) RWEBBR % RE,
(b) FERRELFER %2 R,
(c) p(0), p(1), p(2), BELT, p3) Z p ZHTKD &,
(d) BHEKTIHER (Fuy 3% % p2AuTRD &,
(e) Y AT LHNFHTEZ pZHWTRD &,
(f) P AT LAREREEZ p L N ZAVTRD &,

continued on next page
R B ~ ool <




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 transmit an audio signal with frequency up to 16 kHz.

(b) Find the required symbol rate to transmit the bit stream of Question (a) by 16QAM
(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
16QAM subcarrier modulation of the bit stream 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 without inter-symbol
interference. Note that an OFDM symbol consists of guard interval and effective
symbols.

(e) Explain each of Non-Return-to-Zero (NRZ) and phase encoding so that the advan-
tages of each are clear.

(2) Consider call arrivals at the M/M/3/3 queuing system, where the maximum number of
calls is three and the number of servers is three. A [call/second]| and p [call/second] are
arrival and service rates, respectively. p is defined as p = ﬁ 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 the equilibrium state equations.

(c) Find p(0), p(1), p(2), and p(3) by using p.

(d) Find the probability that a call is lost, i.e., blocking probability, by using p.
(e) Find the average number of calls in the system by using p.

(f) Find the average sojourn time in the system by using p and .



B-2

TRHROTRTORIZZE X X. (English translation is given on the next page.)
(1) ERICETHLUTORICEZ L.
WREE T () L XN—ANRY FEBs@ORIKRATELLNS.
c(t) = Acos2nf.t (D
s(t) = mcos 2nf,t (2
7272 LA, midER, f. IIMEROBER, fin 1IX—ARV FEFOEAKEE
ThHY, 0<fr LT 5. '

(a) (D), @QZ AT, RIBEFA (AM) 18 Buam(t), MAKFHZEM (DSB-SC)
EBupsgOIZ PN TREZEHE L.

(b) DSB-SC fE Bupsg(t) D7 — Y = EHaUpsg () ZHEE L, BEHAS b
Upss (F) & BITE XK.

() m=1D%E, AM EFum) DB T HREHEEN DOy T HE
HE L.

(d) DSB-SC 1§ Bupsg () Z RFRE FRIC L W ERAT I ZEHOBRER L
#HE AV CEMICHAE L.

(2) WIZRTEREZTyOIZBET HLUTORICZE X &,

o)

y(@) = Z i[k]p(t — kT) cos2m f.t — Z qlklp(t — kT)sin2n fit

k=-=c0 k=~—co0

DT LEBREAES. p)LRE VAR, TV RAVER (>
7). ikl € {-1,1}3B X W qlk] € {~1, LIFENENEHEF + RV LERXF ¥ ¥
NOERRINE T3,

(a) BRE/NVABERIZO—AF T T 77 FaD)b— LA XA Ray A 130
2ERAWVDEE. p()DEEEEERBEE X TRYE,

(b) B@IZBWT, a=0¢ L7=BE 0 FEAIEIRIELZ =Y,

© y(O)DERBIFRDEHEEZ, ZOERFRIOWT T LA HEE AV
2y EUTBlERL, JLABSERAVIRIERRRL,

(DEBEET7ANIZEERAEL, T/ BETANVIZERTOHIDDOE(E
TANZDA NNVRAIGERR()E LT &, p(t)Eh(t) L OBFRERXEZIR
L& HITRE,

continued on next page
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Answer all the following questions.
(1) Answer the following questions related to modulation schemes.
The carrier signal c(t) and the baseband signal s(t) are given by the
following equations:
c(t) =Acos2ufit (1)
s(t) = mcos2nf,t (2
where A and m are constant values, f. is the frequency of the carrier

signal, f, is the frequency of the baseband signal, and 0 < f,, < f.

(a) Derive the amplitude modulation (AM) signal usy(t) and the double
sideband with suppressed carrier (DSB-SC) signal upgg(t) by using
Equations (1) and (2).

(b) Derive Upgg(f) which is the Fourier transform of the DSB-SC signal
upsg(t). Show the frequency spectrum of Upgp(f) by using figures.

(¢) Find 7,4y, which is the ratio of the sideband signal power to the total
power of the AM signal u,y(t) in the case of m = 1.

(d) Explain the receiver which adopts a coherent detection scheme for

DSB-SC signal upsg(t) by using figures and equations in detail.

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

shown below:

o] [>o]

y(@) = Z i[k]lp(t — kT) cos2m f.t — z qlklp(t — kT)sin2m f,t

k=-—c0 k=—-00

where f. is the frequency of the carrier, p(t) is the transmit pulse shape, T
is the symbol duration (f, >» 1/T), and i[k] € {~1,1} and q[k] € {-1,1} are
the information sequences of in-phase channel and quadrature channel,

respectively.

(a) Assuming transmit pulse shape is the root raised cosine pulse with the
roll-off factor a, find the frequency transfer function of p(t).

(b) In Question (a), show the double-sided bandwidth when a = 0.

(c) Answer the name of the modulation scheme used for y(t), draw a
mapping with Gray code for this modulation scheme, and describe the
advantages of using Gray code.

(d) Explain matched filter reception. Furthermore, assuming h(t) is the
impulse response of the receive filter when matched filter reception is
employed in the receiver, show the relation between p(t) and h(t)

with reason.



B-3

@I~ EERORER O,z 81BN RS | OBUNTAR—NATTF DIZ z 8> TE
T 1e/9t BN T, 2R UBEIZEZLL, TOEAEAE—F U R% 1200 LT3, TROTRT
D&z L.
Suppose that a current /e/®t along z-axis flows in an infinitesimal dipole antenna D with length / which is
located in the direction of z-axis at the origin O of the coordinate system shown in Figure (a). Here the medium
is vacuum, and its intrinsic impedance is given by 120m. Answer all the following questions.
Q) RIZMVRT AV PRATEZONSLE, FEOAICBIIIERBLUBADBEERIZRITS
BRI EROL.
When the vector potential is given by the following equation, give all the components of the electric and
magnetic fields in polar coordinates at any point.
A(r,0,9) = io—#e‘f’"(coseer — sinfeg)
VETHIT, UTTCRTEEBEOBEZERRRLAVTHI,
You may use vector rotation in polar coordinates given by the following formula if you need.
VXA= —1—{1(14 sin6) —%}e +1{-——1—%—i(r.4 )}e +1{—a-(rA —%}e
rsin@(9g \ ¢ ) " "rlsin@ag ar: ®J78 Trlars 7% a9 e
(2) T 77 DbOBRENERD L.
Give the radiated power from antenna D.
() 777 D DEFIERERD L.
Give the radiation resistance of antenna D.
(4 777 D OEHIFBERD L.
Give the absolute gain of antenna D.
(5) 77 D LRICEHEERED 2 EKDT T T % i FENC | HEBEL TREBL, —nbH2FRALE. FiE
EOERTEIRLI-LT . ZOLED+HEFICRITHEAEE 52X 5L TH.
Suppose that two antennas with the same characteristics as antenna D are placed along z-axis at a distance
of a wavelength, and excited by currents with equal phase and amplitude. Show the formula that gives the
directivity for this case at a sufficiently distant point.

4 e

~__
x 4

(a)
Figure (a)
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TROTATOMICEZ L,  RETE, IREM. +IHERN, o 2HiARER
ERT,

Answer all the following questions. "~ -, +, and & denote logical negation, logical and,
logical or, and exclusive or, respectively.

() AFIRTEHERBIE fiIT oW T, UTORICE X X,
Answer the following questions on the logic function f defined below.

f=(@+b+d) - (a+C+d) - (b+T+d)-(@+c+d) - (@+b+d)

(a) MHERBE f OR/IEFIERBRERD &,

Give a minimum sum-of-products expression of f.

(b) B f OR/IFIERE L RO &,

Give a minimum product-of-sums expression of f.

(c) 3AJINAND 7' — b DHERWT, WHEREEK f 2HA & T55— MR DF
BERKZTE, B, AHLLT, a. b ¢, dBLTRENLDOEEST. b, ¢ d
BEZNDHDET D,

Derive a logic circuit that realizes f with the minimum number of 3-input NAND
gates only. Assume a, b, c, d and their complements @, b, Z, d are available as inputs.

d) WEBK g=b-C+a-b, r=0b-C-dEEXD, f=(9Dh)+r EMBT DT

NRTOWRBEBAE L OFN6, HEENE/NTY 7 7 NVEDBE SV IRVEIFIE S
B &R OmBERROR/NMIERRAEZ RO K,
Assume logic functions g = b-¢+a-band r = b-¢-d. Among all the logic functions
of h that satisfies f = (¢ @ 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) K@ iR T ANz LAy 2R OIEFERRIZOVWT, UTOMIZEZ X,
Answer the following questions on the sequential circuit with an input of z and an output
of y depicted in Figure (a).

(a) REBEEBHARZTE, VEy hERREZIHREL L. GIHRE» HE
BEWESETHEETERVREEFRK L2V &,
Derive a state transition and output table. Suppose that the reset state is the initial
state. Exclude the states that cannot be reached from the initial state in the circuit
operation.

(b) [ (a) CRDOKREBBHARIZOWT, KEEBR/NTHEINE L L, &/
TRVWERIZIE, FliREOMEEZRE,

continued on next page
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Answer whether the number of states is minimum regarding the state transition and
output table derived in Question (a). If it is not minimum, derive sets of equivalent
states.

X

Y

Q2

clock—{> RST

reset

Q1

Q|

clock— > RST

reset

Ql ©

clock—{> RST

|
reset

X (a)
Figure (a)
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TROITXTOMICEZ X,
Answer all the following questions.

(1) FRROTUXRART V2= FIcHT3MIcEL X

Answer the following questions related to process scheduling.

CPU LN EPRRBEZNTN 1 DT DOET B AFLT P Po. P Py. BsOD5DDTULR%
EITTRBAEER S, Pi. Pou Ps. Py PAEETRTETIC. ThTh10IUH, 53U, 2
IVUB, 33V, 4 IVBO CPURMZERT %, F/c. P Py P51d CPUTOMEMNTET L
T2 5 SUBOHEREEET 7 X2 BRT 3, ¥ X7 LOEITHIARR TEITAIESG BT
M5 Py, Py, P3, Py, Ps DIETHEHDENT VB, SEPECHEIL first-in first-out TATF Y a—) 5
Th, CPU LNTICEMETE. NEEEBEBOIVFF A KAA v FIcHH 2RI ERTES L
9%,

FIZiE. CPUDIYTFAPARA Yy FICEY B2 0.3 IUMELREL, CPURY Va—Y Y
I first-in first-out ZFAWTZRED Py, Py, P3, Py, PsDR7 Va—) VY THERIZE (a) DRICR S,

Consider the case where five processes, P, P», P3, Py, and Ps, are executed in a system with
one CPU and one external storage device. Py, P, P3, Py, and Ps require 10 ms, 5 ms, 2 ms, 3
ms, and 4 ms of CPU time, respectively, to complete their execution. In addition, P;, Py, and Ps
require 5 ms of external memory access after CPU processing is completed. At the start of system
execution, the executable queue is filled from the top in the order of P, P», P3, Py, and Ps. It is
assumed that external storage is scheduled first-in first-out, can operate independently of the CPU,
and the time taken for context switching of the external storage can be ignored.

For example, assuming that the time required for the CPU context switch is 0.3 ms and first-in
first-out is used for the CPU scheduling, the scheduling results for Py, P», P3, P4, and P; are as
shown in Table (a).

# (a): First-in first-out 27 ¥ a2 —Y Y /DR
Table (a): First-in first-out scheduling result.

“BEA [ms] | CPUBARDOIOER | SRR PO aEX
Time [ms] | = Process using CPU Process using external storage
0-10 P -
10-10.3 Context Switch -
10.3-15.3 P, —
15.3-15.6 Context Switch -
15.6-17.6 P -
17.6-17.9 Context Switch Py
17.9-20.9 Py ' Py
20.9-21.2 Context Switch Py
21.2-22.6 Ps Py
22.6-25.2 P Py
25.2-27.6 - ' Py
27.6-32.6 - Py

(a) 7AVEZLREMN10IVBOSO Y FRCyERWE P, Py, P, Py. DR Ya—Y Y
THERE, £ () LEAROEX T, BEHED “CPU ERHRO Ot R” RU “HERERiafE f

continued on next page
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DTOLR? BB LS ERE, kB, AMTE CPUDIVTHFA RS v FIcET BHM
BEETES LT3,

Show the scheduling results of P, P», P3, P4, and Ps using round robin with a quantum
time of 10 ms in the same format as Table (a), clearly indicating the “processes using CPU”
and “processes using external storage” for each time. Note that in this question, the time
required for the CPU context switch can be ignored.

(b) 7V A LERAN 5 IUBDSY Y Fa 2RV P, P Ps. Py BBOATVa—UY

JERE, & (a) LAKROBRT. BHAED “CPUEATOTO LR RU “HERGERERSD
DTat R Hahd X SR, &B, AMTRE CPUDAVYTFFA MRS v FICET SR
BEEATES LTS,
Show the scheduling results of Py, Ps, P3, P4, and Ps using round robin with a quantum
time of 5 ms in the same format as Table (a), clearly indicating the “processes using CPU”
and “processes using external storage” for each time. Note that in this question, the time
required for the CPU context switch can be ignored.

(c) 7F VALK IVPOS Y Fu W P, P P3. Py BBOATVa—VY

JHERE, & (a) LAROKENT. WHED «CPU #RRO Ot R” RU “SERaiEEM R
DTab R BB LR, BH. AWTE CPUDIAVTFA RSy FICET B KM
F033VMNTHB LT B, £fz. CPUNEKL TR0 A% LTI B BRIV TF
AR FRIBELERNET B,
Show the scheduling results of Py, Py, P;, P4, and Ps using round robin with a quantum time
of 3 ms in the same format as Table (a), clearly indicating the “processes using CPU” and
“processes using external storage” for each time. Note that in this question, the time required
for CPU context switch is assumed to be 0.3 ms. Also, if the CPU executes the same process
continuously, it is assumed that no context switch will occur.

(2) TREOEBICBETAMICER X,
Answer the following questions related to computer.
(a) REBEBICBIBRAT YT, ED&SHBRICET 2hHAT L,
Explain under what circumstances thrashing in virtual memory occurs.
(b) BERDELLTOY Y (SAV) A XDNBEZHALY b - Ry THRDF vy 2 AEY
WKDOWTEX 3, SREDTS 77Ty 744 XDOEHBE UTHI. 57N aEZEDLS
TR E3hFHTE L,

Consider direct mapped cache memories with an equal total capacity and with different block
(line) sizes. Sketch the graph of miss ratio as a function of block size and explain why the
graph appears as such.

(c) BTty HieB VT, FyyvyaXAB)HEEILINZEHEZHALE K,

Explain why cache memory is organized hierarchically in modern processors.
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UTDOFRTOMIZEZ &.
Answer all the following questions.

(1) {a,b} LEOXFFIDS5H, XFHEVBETHSH», £/B3 oA 2ELEEREL T
HRULAWES L2 TOXFINERTEREE L £ T5. (BIXIE bbab ¥ baaba i
L DBERTHDH, bba REETIHAV,) UTORICEZ &,
Let L; be the language consisting of all strings over {a, b} whose length is an even
number, or that does not contain two or more consective b’s. (For example, the
strings bbab and baaba are in L, but bba is not.) Answer the following questions.

(a) L) BB 5 REMERA— 7 b Y ORBEBRE RE,
Draw the state transition diagram of a non-deterministic finite automaton
that recognizes L.

(b) Ly 2ERTHERRFTEZRL. BEZTAHELWHEBAELT L,
Describe a regular expression which generates Lj, and explain why it is cor-
rect.

(2) {0,1} LOXFFIDDH, UTOXETEREINIEREE L 75, (BB AEE

FEERT, BHRESE2 5L T5. ) UTOMIZER &,
Let Lo be the language consisting of all strings over {0, 1} generated by the follow-
ing grammar. (Here A means a null string. Let S be the start symbol.) Answer
the following questions.

S = A

S — SS,

S — 051,

S — 150.

(a) Lo PXAREBESEHICBETI21E,12EX, TOEHERREK,
Is Ly a context free language or not? Justify your answer.

(b) Lo MEREF/IIBT 20E»2EX. Th2IHEL,
Prove or disprove: Lj is a regular language.

(c) ALIER®D 0,1 » 5% 52 TOEREDOXFIIDOHEAEY Ly £ T5, Ly = L
THEIDPEDIEEX, ThEIHEE L,
Let L3 be the set of all finite length of strings, each of which consists of a
same number of 0s and 1s. Prove or disprove: Ly = Lj.

(3) BHEEBD I 5 RIZBAL T, co-NP L R XD X5 LED Y 5 2 h, E&HEEBR L,
Give the definition of the computational complexity class co-NP .
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LUTDmMIZEX . (English translation is given on the next page.)

LT BNF TXENEREINZ 0 YS5IVVEELEEXS.

copy(m,p2) | incp | decp | whileposp [is] | return
i5... in;

ro|r|ra |y

7

1S

p =

TRBRERTAILER, is IBPRERTALXEY, pBEREFERIALOX22MAT 240 TH 3.

MR/INDRITICHIz>T, WEBRIEANL LT 420 ng,ny,no,n3 EZITED, LI RX rg,71,72,13
KEhFhty bL, fEFICEENI2GFEBEBICUTOABICH > TEITT 5.

. se as

e copy(p1,p2): VLIRZ py DIHEL IR R po IZB XA,

e incp: LI R p i 1 EIXE3.

edecy: LY¥RRpDfE%E 1 BAEES.

e whileposp [is]: LY R & p DEBEDYMTHNIE is % FITL 2HRICHE whileposp [is] #ET 7
3. FI5TRIFNEIMS LAV,

e return: LY A& 1o DEEFHALTELT 3.

FiZiE, whileposr;[decr);incro);return; TEEENZ IR 5 4 sum &, AN ng & nq iOWT, m
BIEABRTHONE ng+n ZIRT 0TS L TH 3.

(1) sumidn BATHIHEERED LS REERT2h.

(2) EEBE n ¥ n ORERT LOT0 Y5 A%TT.

(3) BBLDAYETYZDT0YSLERYE, BECKLL, EHATE 0SS IV 7EELEUTLS
—O#IRLART 32 2 k: C, C++, Java, Python, Scheme, Racket, OCaml, Haskell. fBEZH7= >

TEUTORICERTZZ L.
o copy(p1,p2) ¥ whileposp [is] ST AMENEMRTE 2 L5 IIREL X, TLRRE
EZRTHEEREL.
o FTHFRFBECHNBNBRERRICSDHILBEIB. 4 X277 REHEMIAEAH L LTRI
2D EREL TN

o BNEDEMERPIITERDIT, Y—Ra— FIZEHERMAEMAZ L. Had, &8%, L
VRAREEDIDIIRBA L rEBHETZ L. .

o FIEMRMPIREHBZEMELNDNE, BECBVTEORERIEL LD & 51> bR B+
A L.

(8) ARV=TF 4 YT IRFARETIUTORBIIOWTEFATIGAE L. IEMAOEMIITTHRE

T3ZE. REAVTD L.

1. REXRVD7 FLRAZER (7 FLRAEBRR, 7F—TNAR—ALVTIRXK)

2. FRMNZ7VFE MR (T2, Z2UF 4 AT aY)

3. FotxMifiE (RAEE, ERERE, R—F, 247)

continued on next page
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Answer all the following questions.

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

i u= copy(p1,p2) | incp | decp | whileposp [is] | return
@ u= 11}...1n;
p u= ro|rm|Te|Ts

i is a metavariable that represents instructions; is represents insiruction sequences; and p represents

identifiers for registers that store integers. An interpreter executes an instruction sequence as follows: It

takes four integers ng, 1, n2, n3 as input, assigns then to registers rq, r1, 2, 73 respectively, and executes

the instructions sequentially. Each instruction is executed as follows.

o copy(p1,p2): Writes the value of the register p; to the register po.

e incp: Increments the value of the register p by 1.

e decy: Decrements the.value of the register p hy 1.

whilepos p [is]: Executes s and then whilepos p [is] if the value of the register p is positive; does

nothing otherwise.

return: Outputs the value of the register 74 and then terminates.

For example, a program sum defined by whilepos ri[decr(; inc7g); return; takes integers ng and ny as

input and outputs ng + n1 if 7y is nonnegative,

(1) What is the output of sum if n; is a negative integer?

(2) Write an £ program that takes nonnegative integers n; and na as input and outputs 1y x na.

(3) Describe a program that implements an interpreter for £. First declare one programming language

that you use from the following alternatives: C, C++-, Java, Python, Scheme, Racket, OCanl,

and Haskell. Your answer should satisfy the following conditions.

Your answer should describe how your interpreter works for the instructions copy(p;,p2) and
whilepos p [is]. You do not need to write complete source code of your interpreter.

You do not need to include a lexer nor a parser. Assume that your interpreter takes an
abstract syntax tree of £ as input.

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

You should explain how you deal with undefined hehavior in the above specification, if any.

(4) Explain the following terms related to operating systems. Use all the words/phrases in the paren-

theses. You may use figures.

1.
‘)

3.

Address translation of virtual memory (address translation table, table base register)
Test and set instruction (atomic, critical section)
Inter-process communication (synchronous communication, asynchronous commumication,

port, pipe)



B-8

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

(1) WA HEE FERTEX, WORA, BATRCE>TERTS. £EL, o,y,2 35K
KU, [z:= N]3ER e~ NERATBE, MAOBHE M — M IS8T U = B/l
%, R M —* M BZEORSNBEBMEEL 5. o f RELEYRL, HENT I3, 4K
BOM z:  OHBATERELSBRNEDTHS. EHiE o CTRET S, MAFEETF M : 7
RS 1 BRI TR U 2 BN DBIR & T 5. -

HiC:
H MNP = z|Z|(SM)|(MM)|(MM)|(IMMM)
i T u= nat|T—o7T
iy AL '
((Az.M) N} — M[z = N] M — M M — M

(IZN P) — P
(I1(SM)N P)— (IM N (N P))

(MN) — (M'N) @TMNP) — (1M N P)

KU LA
z:7€l I' - M : nat Fa:nFM:7y
T'rFzx:7 '+ 2Z:nat ' (S Af):nat F'FAeM):11=n
TFM:1m - 'FN:7ny I' - A : nat 'FN:t>71 r-P:7r
CH(MN):m FFOIMNP):7

(@) (I(SZ)(A2.(S(S2))2Z)—*N %2ili-TNEZLTET L.
(b) (I (S(5---(52)---)) (Az.(S(S2))) Z) DEMEHED & > BIFIZRZNEX &.
R

(c) BAHIHER o - My : nat — (nat — nat) AYRILL, »D, UTOMT (A) 2T M, 25
A&,
HE (A): EEOBARE m,n 12X L,
My (8(8---(82)---)) (S(8---(82)---)) —"(S(8---(8Z)---))
—— e —— (L

m n m+n

A AAC

(2) pq 2 MELBERTRELLT, AR A,BEBNFAB:=p|L|ADB|AVB TiEH
¥5. #MEER ND 2 A TOHRBUTERTS. 22T, TIERANROERER 2 KT LTS,

'l Tu{A}+B THADB TFA

TU{A}JFA TFA TFASB TFB
TFA TFB TrFAVA TU{A}FB TU{A)}F+B
TFAVB TFAVB TFB

AR DM (a)~(b) O ND K517 3 BH A5 % &.

(a) OF(pvg) D (gVp) (b) OF(pVg) D (P> L)Dy)

continued on next page
R " A & <




A typed A-calculus is defined by the following syntax in 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 relation closed under the reduction rules, and the relation
—" is its reflexive and transitive closure. Let oz and 8 range over the set of type variables. A type
environment I' is a finite sequence of pairs z : T of a variable and a type, where the variables are
pairwise distinct. The empty sequence is denoted by e. The typing relation I' - Af : T is the least
relation closed under the typing rules.

Syntax:
Terms M,N,P == z|Z|(SM)|(Az.M)| (M M) | (I M M M)
Type T u= nat|T-—>7T

Reduction rules:

((Az.M)N) — M[a:=N] M — AL M —s A

g (ZSAA"{I)))NP) :{;MN(N P) (MN) — ('N) IMNP) — (IM NP

Typing rules:

r:tel '+ Af : nat Ca:m FAM:m
ka7 I'FZ:nat ' (S AI) : nat F(AxM)y:7p = n
'FM:7y—=n 'FN:7 I'- A :nat 'tN:7—>T '-P:r
I'(MN):1 PFEIMNDP):7

(a) Enumerate all terms N that satisfy (I (S 2) (Az.(S (S z))) Z) —* N.

(b) Describe the normal form of (I (S (S ---(S 2)---)) (Az.(S (S 2))) 2Z).

n
(c) Give an M> that satisfies the typing relation e - M> : nat — (nat — nat) and the following
property (A).
Property (A): for any natural numbers m and n, the following holds.

My (8(8--(852)---)) (8(S---(S2)--+)) —"(S(8 -+ (S 2):-))
N e’ S N———

m n m+n

(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| L | AD B | AV B. The proof system ND is defined
by the following inference rules. I stands for a finite set of logical formulas.

'l TU{A}FB T+HADB TFA

TU{AJFA TFA TFASB TFB
T'-A I'B TFAVA TU{A}FB TU{A)}F+B
TFAVB TFAVDB TrB

Give a derivation of each judgment below in ND.

LY

(a) 0+-(®Vve)D(qVp) (b) 6 (V@)D ((p>L)>Dq)
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