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Problem Set A

Answer all questions of , |A-2,|A-3|, and |A-4]




A—-1

TEHOTRTORICE 2 L.

(1) FTROMIEL K. #7EL, z=f(xy), x=rcosd, y=rsind,
r>0TH53.

(a) RORMPEY LD Z & #RAE.
2 2 2 2
&) +G) = G +(3)

(b) ROAXDBEYILDZ L&,

9%z 9%z 9%z 1 9%z 1 0z

etz mteE e T

(2) TRERoOMIKEZL L. 727 L, BEB@ q)RRATELLNS,
B(p.q) =f01x"‘1 (1-x)91dx (p>0, ¢g>0)

(a) ROROMERD k.
(b) RORDMEERD X.

() ROAMEYILDZ L &R,

pB(p,9) =(q-1B(p+19-1) (>0 g>1)

(3) TROMKELL 7L, Tl ARRRTEz LS.

1 2 2
A=P 1 —4
2 -2 1
(a) ADEFHERZRKD L.

(b) ADEIEMEZKD .

(c) ADBEIH~N7 PV ETRTRD X,

continued on next page
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Answer all the following questions.
(1) Answer the following questions. Note that z = f(x,y), x =rcosf, y=

rsing,r>0.

(a) Show that

2 2 2 2
() + ) =) +=(3)
(b) Show that

622+622_62z+ 1 azz+1 0z
0x2  dy? ~ ar:  r?2 902 r or

(2) Answer the following questions. Note that the function B(p, q) is defined as

follows:
1
B(p,q) =[x (1-x)%1dx (>0, q>0).
(a) Find
1
B (5, 1) .
(b) Find

(¢) Show that

pB(p.q)=(q-1DB(p+1,q-1) @®@>0, g>1).

(3) Answer the following questions. Matrix A is given as follows:

1 2 2
A=12 1 -=2].
2 =2 1

(a) Find the eigen equation of matrix A.
(b) Find the eigenvalues of matrix A.

(c¢) Find all the eigenvectors of matrix A.



A-2|

fEXRY,

FROFARTOMICEL L, BET  HRESE. - ZRER. +1BRER. o RHLMRE

Answer all the following questions. Note that opérators ", ., +, and @ denote logical negation,
logical and, logical or, and exclusive or, respectively.

(1) LTI RTREBEE fi2o0 T, UTOMICEZ K,

Answer thé following questions on the logic function f defined below.

(a) 7@

(b)

©

f=((a+5+'d)-(5+a+2)-(a+a+4))@(a~d+a-c-2)

BB f OB/NETERBELZ T TRD L,

Give all minimum sum—of-products expressions of f.

3 AF)NAND #— hOZ % AVT, REEH f 2 HAHLT 55— MR/ OREE
BE T, B, AHELT, a b c. dBEVCENRLOEET, b, ¢ dBEZXH
nabnET 3,

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

HEEKg=a-b-d+a-b-c-d. r=(@+b+c+d)-(@+b+c+d)-(@+b+T+d)
REZD, f=(g+h) -rEEBTEITRTOREBEL L OF1L, BEES K/
TY 7 I VERR LD RWETIEGREREF ORBEER OB/ MIFIEREERD X,
f=(g+h) rEHRTIRELEK h BFELRVBEITA, BELRVEEX L,
Assume logic functions g =d-b-d+a-b-c-dandr = (@+b+c+d)- @+b+c+
d) - (@+ b+ ¢+ d). Among all the logic functions of h that satisfy f = (g + h) -, derive
a minimum sum-of-products expression of a logic function that has the minimurm number
of product terms with the minimum number of literals in its minimum sum-of-products
form. If there is no logic function h that satisfies f = (g + h) - r, state that k does not
exist. '

) £ 1 OAERFSOESEIT I IRFEBZRE LV, JORFERE, 18y NDAT
£ &3y hOHH (2, 21, 20) EFFD, TERFHIZEDOE Y bbb 1YY bF2V YTV
Wz iZANZh, R R ENnD T-..U“'— (22, 21, 20) ‘uﬁm"j—é .Hﬂ:"&ﬂ%o)% Ey b 73‘
RV AEND, BERBESOHHBRVERE (22, 21, 20)=(0, 0, 0) AN D,
PEIRIEE, BECZIZ0H 1 bANSHTORVRIEBE T2, UTOMIKEL X,
We design a sequential circuit that decodes the variable-length codes defined in Table 1. This
sequential circuit has a 1-bit input z and a 3-bit output (22, 21, o). The variable-length codes
are given to input x sequentially from the leftmost bit. Every time a given variable-length code
is recognized, the corresponding fix-length code is outputted to (22, 21, 20) in parallel. When
there is no output of the fixed-length code, the output is (22, 21, 20)=(0, 0, 0). The initial state

1. S g

continued on next page




is the state where neither 0 nor 1 has been previously inputted to z. Answer the following
questions. ‘

7% 1 (Table 1)

l EEHNS (ﬁxed-length code) | BIZEE 5 (variable-length code)
001 0

010 4 10

011 | 110

100 ' 1110

101 ‘ 1111

(a) AIERFF SR ﬁént&®%4&WLlﬁEﬂ%mMﬁéﬂéMmmiﬁﬁﬁﬁ
¢ LTI OIEFEIREZRIT 2 L DREEBRZ R,

Derive a state transition diagram when we design this sequential circuit as a Moore-type
‘sequential circuit that outputs the fixed-length code in the next cycle after the variable-
length code is recognized.

b) TERFSIRBS N SESCEEEFSHHN &N D Mealy RIEFER L LT
ZDOIEFEIREZREHT D & EDREEBR 2 ~E, ‘

Derive a state transition diagram when we design this sequential circuit as a Mealy-type-
sequential circuit that outputs the fixed-length code immediately after the variable-length
code is recognized. ' .

(©) (b) DRIEBBRIZOWT, RIESE B/IME LIOREBBBR L HARERD L. R
BRBE/NTHBILELOLIT L THRLEIZHAY L,

Regarding the state transition diagram derived in (b), 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. ‘

@ (©) TROLREBBR, HARIAET IEFERE. BIEOD 7Y vy 778y

TERAWCERTS, 7V v 770y 7OAN 25X BHBEKL . B (22, 21, 20)
DHREEFIZOWT, TAETNEIBABRALZRD L, 28, D7V v7T7ny
TOOEMMEIZOTHY, AHNLHARRTHRBERETh TN ¢ L &, BHOD
7Yy 7 7uyTERAVSREIRIAF TR L,
We implement a sequential circuit corresponding to the state transition table and the out-
put table derived in (c) with the minimum number of D flip-flops. Derive the excitation
function(s)iof the D flip-flop(s) and the output functions of (22, 21, 2) 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.



A-3

TEHEOTRTORMIIEZ &.
Answer all the following questions.

(1) Sa & Sp XM TRIBOLWERMRIETH D, Sa 3IERFES 0, 1 22heh2/3, 1/3 DRERT, Sp
120, 1 BEheEhd/s, 1/5 ORBTREX LS. UTOMIZEX . 7771, log,3=16, log,5=23
&

Sa and Sg are independent and stationary memoryless information sources. S generates information
symbols 0 and 1 with probabilities 2/3 and 1/3, respectively, while Sg generates 0 and 1 with probabilities
4/5 and 1/5, respectively. Answer the following questions. logs 3 = 1.6 and log; 5 = 2.3 may be used.

() a>R7 FHEOEREBRE.
Describe the definition of compact code.

(b) Sa Dz POV -—RHHEX.
Find the value of the entropy of Sj.

(c) Sa @2 ROBEKMBIUCHL, 2 Tn 7 o FELERE. $k, TOLEOWBRES 1 057D
DEHFESRZHLE L.

Find a binary Huffman code for the second extension of S and the expected codeword length per
symbol.

(d) 4RI Sx 13 2 DDIRREE BB, RIE 55 TIX Sy IV, K& sp T Sp Wit > THBRFELS 2 RE
EEB. Sx M1 EREXEIY, TORENEBTS. Sx ORBEBREHET.
An information source Sx has two states and generates information symbols by following Sa and
Sp when its state is s5 and sp, respectively. Sx transits from a state to the other state when it
generates 1. Draw the state diagram of Sx.

(e) Bl (d) D Sx DEESFHERD &.
Find the stationary distribution of Sx in Question (d).

) EHEdoSxDrrro-—2HHE L.
Find the value of the entropy of Sx in Question (d).

(2) BERFEICMTAUTOMICER &, 272U, S CEERSHEAMGE) =2 +23+22+1TH3
FERETDO2TTEANELT 5.
Answer the following questions related to channel coding. Let C be the binary cyclic code of length 7
that has a generator polynomial G(z) = z% + z° + %2 + 1.

(2) B8 C DHEEEXL2TESHEARRTRY.
Find all codeword polynomials of C.

(b) BHARA 22 + 1 DWRY v PIIMEX S EBEOFSELSHARRTRE,

Find the codeword polynomial for the message polynomial z% + 1.
(¢) G(z)ic & 38D HEH % BRE X.
Draw a division circuit by G(z).

(d) HS C A DERY 2RI T 2 A ELHAR L.
Explain how to detect errors by C.



A-4|

TEOTNTOMICEX &Ko
Answer all the following questions.

(1) IEEE 754 Z3128h/ NS L AR OERRZ /KD, 8 ¥y MED RIS X FP8 ZRD
XIICRET . FP8IE MSBAS LSBICAN->T1 ¥y hOFEL Y b, 305 2IFEERICLS
3By FOEEE. BEO1ZHAN34Ey FORESBIOEBHEIND. BEARUIFERCBEDOE
IRE IEEE 754 LARICEBEN TS LT 5, FIZIEFSH 0, BEED 7. KEEHS 0 THNIE
DEEREERT, E/EHERD 0 THNIIFERLEERT LT3, UT. KBTI, BicHEhiz
Bl E DHRFEEHERT, £/, AODRELREIE. BEELYD (B ZAVSLDELT S,

Consider an 8-bit binary floating-point format called FP8, which has the similar representation
as IEEE 754 base-2 floating-point numbers. The bit fields of FP8 consist of, from MSB to LSB,
a 1-bit sign bit, a 3-bit exponent using a biased representation of 3, and a 4-bit significand with
implicit 1. The representation of infinity and denormalized numbers is also defined in the same
way as IEEE 754. For example, if the sign bit is 0, the exponent is 7, and the significand is 0,
it represents positive infinity. If the exponent is 0, it represents a denormalized number. In the
following questions, the subscript in parentheses denotes the base of the number. Additionally,
when rounding is necessary, use the round-to-nearest (ties to even) method.

(a) FP8 I Z AWV TR ENTE 00010110 Z 10 EH TR DE,
Express the number 00010110 represented in FP8 format in decimal.

(b) # —3.375(,9) 25T FP8 DY v MR,

Provide the bit sequence in FP8 format that represents the number —3.375(;,.

(c) FP8 WEBFTEZHOP T, AD 0 EZRVT0ICBREENEDOER 10 EHTEDYE,

Express the negative number closest to zero among the numbers representable by FP8, ex-
cluding negative zero, in decimal.

(d) FP8ARFETE HBDHF T, EWEAZROTRAOHEZ 10 EHTRDE,

Express the largest number among the numbers representable by FP8, excluding infinity, in
decimal.

@) 7184 754 VHEROFEMONT, UTFOMICEL &

Answer the following questions about pipelined processors.

(a) NATSA VPBICBIF BHIENT— R LI EDL ST LHFAL L,
Explain what a control hazard is in pipeline processing.
(b) PBERAICHT BHETRCONT, HUFD 3 HREER B,

Consider the following three schemes for branch prediction of branch instructions.

A HIEDBEICRRILE & TR AR

A scheme that predicts that the branch will always be not taken. == tii;_a od on next page

# <

&k R~




B SN EICRILY 5 & FRIT AKX
A scheme that predicts that the branch will always be taken.

C DIEMHRILT B E S N, FIEZOHIEGRPETENI L ZOEREALTHE LT
AT BAR (DEREBEBAICEITEN L ERTFRILETFRTS )
A scheme that predicts that whether the branch will be taken or not is the same as the

result of the last time the branch instruction was executed. (It predicts that the branch
will be not taken the first time the branch instruction is executed.)

WTNDARILBNTE, FRIHBE UL > EBEITERTFIVT 11345, DIEPTRKRILIEETF
B USEBRICIBRAL LIEBRE 1 YA 2V, HiIERIIS 2 & FRIUEBRICIERRIL TS o feii
B 3TAINVDRF VT A BEETHEDLT 5,
W—TREETBPERB . TONE n EEFRLTHRILL, TOH%1ERFBILLENE
T35 (nidIEDEED.

A. B, CO3ARIEDNVT, TDI—THEINCETENIHICRET B FIKRTFRIDORT IV
T4 &2 nDXTEL, TOBRIIERDODNTIHENSHERE,

In either scheme, assume that there is no penalty if the prediction is correct, one cycle is

incurred as penalty if the branch is predicted to be not taken and it actually is taken, and
three cycles are incurred if the branch is predicted to be taken and it is actually not taken.

Suppose that there is a branch controlling a loop, and this branch is taken n consecutive
times and then not taken once (where n is a non-negative integer).

For each of the three schemes A, B, and C, express the penalty for branch prediction incurred
when this loop is first executed in terms of n, and indicate which of the three schemes is
superior in this case.

(¢) (b) TRz 3 S HLUNDSETFRSEE —D HF, ZOREERNS L L bic, (b) LRLL—
TEBNTRFPIVT 1 ZFHEE Ko 72 LSIETFRIOBEDORFIVT 2, (b) KBWVWTA, B,
COIARCBVWTRELIEDELEEUTHBEDLET B,

Show a branch prediction scheme other than the three schemes shown in (b), describe its

characteristics, and evaluate its penalty in the same loop as in (b). Assume that the penalty
- for branch prediction is the same as that was assumed for the three schemes A, B, and C in

(b).
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1.
2.

REBBOAEND 3 EThERTIIVITIZN,

ZHIITEMARB | OBERAME T, FEHKIC14 K H5. RERAROGENH > & BREEZEND.
ETERBAHRZbONOGNITEBICHLESZZ &,

RIEEII6/0I(B-1, B-2, B-3, B-4, B-5,B-6)5% 5. HZMIRL TRETS_ L. BERAKOFIEESR
KEE&EEEREATE L,

REIMEC L ICERARIREES 2 &, ERAKIBUIC2EL LORZE b U < BRI O/RE 228 B
EOBERBEICBNBABENTTIIENH S, 2B, LERZRS TEITHE<) EHELELET
HEz2EALTHIN,

BRAKIIKBU-FTTERAL., YIDEIRN I E,

6. ZERAKOBLABMITNIBEE, BEBITHLHSZ &,

REIAEBECBEBTTI L,

Do not open the pages before a call for starting.

This is the “Problem Set B” in14 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 3 of the following 6 questions: B-1, B-2, B-3, B-4, B-5, and B-6. 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.
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Problem Set B
Choose and answer 3 questions out of IB-1, IB-2| ll}-_3|, IB-4], IB-5|, and [B-6|




B-1

FTROTRTOMIKEAK
Answer all the following questions.

(1 77—V IE@I;BS@‘%)U\T(DFEI KEZ & EEL, B f(t) DT7—Y I”"&Pikiﬁ‘t“ﬁ%é

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

transform of a function f(t) is defined in the following.
'F@o=/ fte tat (i=v=-1)

(a) ROBK f(t) DT7—)IEBRERD K. 2XL,2a>0TH2: ,
Find the Fourier transform of f(¢) defined in the following, where a > 0.

_Ja—1t (t{|<a)
ﬂ”_{o (It] > a)

(b) ROBEEK g(t) DT7— VU IEHERD K. 27EL,a>0TH5.
Find the Fourier transform of g(¢) defined in the following, where a > 0.

a (It < a)
g(t) = { 20— |t| (a < |t| < 2a)
0 (It] > 2a)

2) ROMSFHBRO—BMERD L.
Find the general solution of the following differential equation.

2
9—2—@-—2y=20cosa;

dz? dz

(3) BEEBRZANWT, KOS I ZRDX.

Evaluate the following integral I by usihg the residue theorem.

G=v)

- /oo cos(m;)



B-2

TEHOITARTOMIZER L.
Answer all the following questions.

1) BT CRTEBCOWT, UTOMIZERE, w2 XREEE OfFREL L, 28
CRULERSERNSBRET S, '
Answer the following questions regarding the circuit shown in Figure 1 . w is the angular
frequency of AC power E, and I is the current designated in Figure 1 .

(a) I=0L7257-DFEREEZRD X,
Show the balanced condition to be I = 0.

(b) Cy REEFIBINEFRIVF Y THB L L, BOKERIBRTEDILDOLT D,
C, DIERERZ 25 L LU THFEBR e, ODFEERZBIRHSMEICTHTAT 5. Ry PAIEER
THBHE, [ =0 DFHELEEDADIZE R L wEED LS IZELI TN LV,
Assume that C] is a parallel-plate capacitor placed in vacuum where the edge effect can
be ignored. Double the distance of the parallel plates, then-insert a dielectric material
with the relative permittivity of &, to fill the space between the plates of the capacitor
C;. When R; is a variable resistance, show how to modify R; and w in order to keep
the balanced condition I = 0. , "

(c) B (b) LAMIZ C) 2B REBHEERERD, R & Ry PHAERERTHEHE. F (a)
DBELAULKHEBROAARE W TI=0DFHFELREOEDIZE R L Ry 2ED
o i wh,

Consider that C; is modified in the same way as Question (b). When R; and Ry are
variable resistances, show how to modify R; and R4 in order to keep the balanced
condition I = 0 with the AC power frequency w to be the same as that for Question

().

B 1
Figure 1

continued on next page
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(2) B 2 BAHA YE—K VA7, BEMEE G OMBESREAVEERTHS, TEOMICE
Z e
Figure 2 shows a circuit with an amplifier with input impedance 7; and voltage gain G.
Answer the following questions. '

(2) Vo k V 2k &,
Find V, and V}.
(b) Vo/V1 2RO &,
Find V2/V;.
(c) BEMIEE GAREBARDLED Vo/V; 2R &,
Find V2/V; when the voltage gain G is infinitely large.

= 2
Figure 2

(3) A TORELZHAY &,
Explain the meanings of the terms below.

(a) BREBOBHEA L HE

Effective power and power factor in electrical circuits
(b) BREBOA V- XV AES

Impedance matching in electrical circuits
() BRAZOBRICET 34D DA

Gauss’ law of electric field in electromagnetism



B-3

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

(1) KR FTERAEE I EIZE (Orthogonal Frequency-Division Multiplexing, OFDM) {5/
THUTOMICEZ X.

N-1

sm(t) = Z (al* cos (2mn fot) — b sin (27n fot))

n=0
ZIZT, 5pu(t) 1358 m BB OFDM & Y RADR—ANY FEE, fod¥7*+x V7HE, NiZ¥7
FrUTH, a™ 47 13 m FH OFDM ¥ Y RARBI 3B n BBV 7* v ) 7OEREHS ~
HATHD, a™ e {-3,-1,1,3}, b7 € {~3,-1,1,3} THB LT 5.

(a) BT ¥ V7OERARNOBHEEZ K.

(b) sm(t) EAVWTE L ZBEY 7 V70D ol & b 2EHE¥ K. %72 LU Cyclic Prefix (CP) &
¥&ERWVOFDM ¥ Y ELE (BHS Y RAR) BT =1/fo TH3.

(c) OFDM AR TR AF RRBERICHER €22, BEIhIBEREERFHULOREZ %2
HD CP %% OFDM ¥ Y RAEHALTEET 2. ZOCPOBAIC L > TRERPSZ L
MNTEZFHE 28X X.

(d) EREBEHIBRK 300m TH 3 2 NRREERTICHB VT, 100 Mbps (mEZ1T 5 DITBER
H7x YV THERD L. FEFOEADFALE. 2L, CPRLEMS Y RAROLERIF
19LL, 7x—J v r7RMBICLBESLIREIRVDIOL TS, Kl 3 x 105m/s
r§3.

(2) BRI AT ARFERAS 3 THY, F—EH 2 THEFEHTH M/M/2/3 AT LICBITBED
BIEPEXSD. )\ [H/M] L p /B, ZAThIERLY -CARTHS. p= ﬁ ¥¥3,. ¥R
FLARDOHEYM n THIERE p(n) T35, UTOMICEZ L.

(a) REEBRZRE.

(b) FePRESERZRE.

(c) p(0), p(1), p(2), BT, p(3) % p AWTRD L.

(d) AR TIHE (Toy XU /R) & p AVTRD L.
(e) ¥ R7 LANFHTFH % p ZAVTRD k.

(f) FI R 7 LNHEREEZ p & A ZHVWTRD &.

continued on next page
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Answer all the following questions.

(1) Answer the following questions related to the Orthogonal Frequency-Division Multiplexing
(OFDM) signal shown below;

N-1
sm(t) = Y (al cos (2nnfot) — b7 sin (27n fot))
n=0
where s,,(t) is the baseband signal of the mth OFDM symbol, fo is the subcarrier interval, N is
the number of subcarriers, a™ + jb™ is the modulated complex symbol of the nth subcarrier of
the mth OFDM symbol, a™ € {-3,-1,1,3}, and b7 € {-3,-1,1,3}.

(a) Give the name of the modulation scheme for each subcarrier.

(b) Derive a* and b of the kth subcarrier using s, (t). Here the effective symbol length, which
is OFDM symbol length without cyclic prefix (CP), is T = 1/ fo.

(c) In the OFDM system, a CP with a length longer than the expected maximum delay time is
inserted to each OFDM symbol for transmission to tolerate multipath delays. Answer two
interferences that can be prevented by inserting this CP.

(d) Find the required number of subcarriers for 100 Mbps transmission in a two-path trans-
mission environment where the maximum difference in propagation paths is 300m with
the reason. The ratio of CP length to effective symbol length is 1:9, signal degradation
due to fading and noise should not be considered, and the speed of light is assumed to be
3 x 108 m/s.

(2) Consider call arrivals at the M/M/2/3 queuing system, where the maximum number of calls
is three and the number of servers is two. X [calls/second] and p [calls/second] are arrival and
service rates, respectively. p is defined as p = % 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 A.
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TROTRTOMIZEZR Lo
Answer all the following questions.

(1) 32¥y MEEAA P 7 FLy Y Y ZOWAFHL I T 0Ly P2, RERT@MREY M
FobDrT5; FlxiFadd IV YA X Rlrs] & Riet] OFE VIR Z Rrd] iIcE &AL, IwidLY
2 & Rfrs| \CEMERMZ 727 F VADREY D SHEAH LT —ZE VI AL Riet] IKBT %, 7
7L, RJELVIREZEExDLVIRE MK BT FLAxDAEY ¥%£ ¥, %7z, Imm IZEME,
SignExtImm REME % B3R L7, BrAddr i SignExtlmm 2£1X2 ¥y F>7 b L7fH, PC
WSOl Snhv YR THb, VIAZROBERLIZAXTHD, %@fﬁbi’ﬁ"‘?k 0TCH3. B F
B, ARGV FPEDTRYEy NEERTHS. UTOMICEX L
" Consider a multi-cycle processor P with a 32-bit word length and byte addressing, which has an
instruction set shown in the table below. Foi example, the “add” instruction writes the sum of
‘ registers R[rs] and R[rt] to register Rfrd]. The “lw” instruction loads the data from the memory
address obtained by adding an immediate value to the value in register R[rs], and stores the
data in register R[rt]. Here, R[x] represents register x and M|x| represents a memory at address
x. Additionally, Imm represents an immediate value, SignExtImm represents 2 sign-extended '
immediate value, BrAddr represents the value obtained by left-shifting SignExtImm by 2 bits, and
PC is the program counter. Register R[0] is the zero register, and its value is always 0. The -
instructions are 32 bit fixed length including the operand. Answer the following questions.

s | 7EY7VY - a—F / Assembly code
Instruction | BiE / Operation

. add add rd, rs, rt
addition: R([rd}=R{rs]+R|[rt], then PC=PC+4

sub sub rd, rs, rt

subtraction: Rfrd]=R[rs|]—R[rt], then PO—PC+4
beq beq rt, rs, Imm

branch if equal: if (Rfrs|==R|[rt]) PC=PC+4+BrAddr else PC=PC+4
bne bne rt, rs, Imm -

: branch if not-equal: if (R[rs]'-R[rt]) PC=PC+4+BrAddr else PC=PC+4
addi | addi rt, rs, Imm
add immediate: R[rt]—R[rs]+SlgnExtImm, then PC—-PC+4

lw Iw rt, Imm(rs)
{ load word: R[rt}=M[Rrs]+SignExtImm], then PC=PC+4
sw sw rt, Imm(rs)

store word: M[R[rs]+SlgnExtImm]—R[rt] then PC=PC+4

@)FE®:~P@\7D%wﬁP®7tV7vu—FfED\h@%Niﬁ@%&@ﬁﬁ(Eﬁﬂ)
CREEL. $8EEhAEREY 7 RVARKRE2EMT 3270/ 74 THB. N ZEOEKTH
D, TakydPiE7 FL R 0x3000 2 5ET2EAT 3. LIRAX R[] EN, LIRZR(2
BRREEMTEAE) 7 FUATZABIIEEN TV 3, FRI-FOZMand 612
DVTHE \v?x&ikﬁﬂﬁ%lﬂr7nﬁ?Aéﬁﬁé%&o

contmued on next page
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(c)

The code below is an assembly code for processor P, which calculates the sum of integers from
1to N (ie., =N, 14) and stores the result at the spemﬁed memory address. N is a positive
integer, and processor P starts execution from address 0x3000. The values of registers R[1] and
R[2] are initialized to N and the memory address to store the result, respectively. Complete
the program by filling in the blanks « to § with instructions, registers or immediate values.

Address Assembly code

0x3000 - add R[3], R[0], R[0]
0x3004 add R[3], R[3], @ ]
0x3008 addiR[1),[ B8 } -1
0x300c R[0], R[1),

0x3010 sw R[3], O(R[2])

oty PDRF—IHERE BER T - OUNBREAMBUTOLIEIOATWVWE T 5,
7oty ¥ P ORKBEABBEEL X, BB, BRT-—VR1IVAINVTRTTELT %,

Assume the processor P has the following stage configuration and processing times for each
stage. Determine the maximum operating frequency of processor P. Assume each stage com-
pletes in 1 cycle. ' ‘

27— [ Stage FRERERT / Execution Time [ps]
7 =y F [ Fetch 150
7a— K / Decode 120
LI R&GAM L [ Register Read 180
5217 / Execution ' 200
XEY727+€R [ Memory Access | 180
LI R Zl & X3A% / Register Write 150

M (a) Da— F%%ﬁ‘?‘éo)kg‘?‘é&ny7*}‘47»%:N’EH§L\'C§2‘)~E’° B, @%
5T 1 MBFDETIR6FAINETE LT B,

Express the number of clock cycles required to execute the code in Question (a) using N.
Assume that each instruction takes 6 cycles to execute regardless of the instruction.

R__H A M

cont-mued on next page
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(2) 32Ev MER. N4P7Fv/yy7®7ntzﬁmﬁwf Ry M ERPERLTHY
4 X 64 x 64 D75 mat DEROBHERD 2 CEFES 1Y 7 AD—HEE Code segment A F7zid
Code segment B 2 EfT¥ 3, a¥%4 F IR EKZRE(LIZTHT, THERKFLVEEK, mEdH
Aﬁﬂﬁ%ﬁéﬂéoﬁﬂgimnﬁjﬁlﬁ\iﬁ%7FVXOﬂmmmw+4xw4xHﬁ)KE
PR TWAB,

ZhZHOBICBEWT, 7075 AETHICF vy ¥ 2 AE ') X%ETH 3, Ii‘aﬁbii-ﬁ‘&dt% <.

. ¥ EHEAD 7 2 R1& Code segment A ¥721% Code segment B DWFNh 2B B{THEED
ATHD, OEHILVIRKX LZH 2L T3, E2, BEF vy P2t F—XF vy P23 0MES
NTW3,

ROFICEZL L, FFROBEDTRT L,

A 32-bit word-length -byte-addressing processor executes either of the C program code segments,
shown in Code segment A or Code segment B, to find the sum of the elements of a matrix mat with
a size of 64 x 64, whose elements are 32-bit integers. No compiler optimization is performed, and
the add instructions are executed sequentially for the number of times equal to the matrix element
count. The matrix element mat[i] [j] is located at the main memory address 0x00100000 + 4 x |
(64 x i+ 7).

In each question, the cache memory is initially empty. The main memory is sufficiently large
and is accessed only by the matrix elements in Code segment A or Code segment B, and the other
variables are placed in registers. The instruction cache and data cache are separated.

Answer the following questions. Also, show the process of calculation.

sum = 0; sum = 0;
for (i = 0; i < 64; i++) for (j = 0; j < 64; j++)
for (j = 0; j < 64; j++) for (i = 0; i < 64; i++)
sum += mat[i] [j]; sum += mat[il [j];
Code segment A Code segment B

(8) F—XFry¥ald, TuyrH¥4 X458, F—XBRBKINA bOKXA LI b - '?/7” Fry
22 TH3 LT 5, Code segment A, Code segment B FNEFNITOVWTHF yy P abky MR
ZRD L, '

Assume that the data cache is a direct map cache with a block size of 4 words and a data
capacity of 8 Ki bytes. Find the cache hit ratios for Code segment A and Code segment B.

(b) F—RFvyvalk T0yZ7¥4 X4, F—FXBR 16KiA4 b LRUBSRIDO S Y = -
Ay TYIT7TF4TF %y 2 THB LT 5, Code segment A, Code segment B Z4L
?hkomf#v;/at/b$%*m;°

Assume that the data caché is an 8—Wa.y set-associative cache with a block size of 4 words and
a data.capacity of 16 Ki bytes and that the replacement policy is LRU Find the cache hit
ratios for Code segment A and Code segment B..
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Answer all the following questions.

(1) ATORBEBRCRIhFREEARA - b (NFA) KL D ZEINS
EFEEL LT3, BLTOM (a)(b)(c)(d) =& X X,
Let L be the language accepted by the non-deterministic finite automaton (NFA)
with the following state transition diagram. Answer the following questions (a),
(b), (c), and (d).

(a) XFF aaaa,baba,abaa TNEFHIZDOWT, LIZEEThEINEINZEZ L,
Determine whether L includes each of the strings aaaa, baba, and abaa.

(b) %’?%E?giéﬂéiﬁﬁﬂﬂi— k< b > (DFA) OREBEBR 2 RE. REKIX

N .

Draw the state transition diagram of a deterministic finite automaton (DFA)
that recognizes L and that has the minimum number of states.

(¢) LEZRTERKRRAERYE, TEZRUBRIIRFL L.
Describe a regular expression that represents L and that is as simple as
possible.

(d) L 2#4&RTAERXELRTYE, TEIRIBREXELE L,

Describe a regular grammar that generates L and that is as simple as possible.

(2) E8E L1,Ly, L3, Ly A TORYDEHT 3,
Let Ly, Lo, L3, and L4 be the languages defined as follows.
Ly = {a"a™™ | n € Nym € N},
Ly ={a™"t™ |ne NNmeN
Ly={a™"c" |[neN,meN
Ly = {a™"c" | n € N},
727U, " RXFa b nBEiETEZ L 2EKT 5, BLTOM (a)(b)(c) KEZX X
Here a™ means that the letter a runs n times. Answer the following questions (a),
(b}, and (c).
(a) Lo W& ENBH L TEZhLWXFH % 1 2T L,
Show a string which is included in L, but not in L.
(b) L<1, Lj:, L3,)L4 HENFIXREREEB BT 20E» 2B &, GEAIRLA
T &,

)
1

Determine whether each of L;, Lo, L3, and L4 is a context-free language or
not. (No need to prove.)

(c) Sl:l, Lz), L3, Ly T NThEREBCBT 29BN EEX L. EEARLELT
W,

Determine whether each of Ly, Lo, L3, and L4 is a regular language or not.
(No need to prove.)

continued on next page
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(3) AT DM (a)(b) iI=BEX &,
Answer the following questions (a) and (b).
(a) REFRELHBEORZEZBR &,
Describe a definition of the undecidable problems.
(b) Fa—V ey vOEIHERBIZOWT, @E AL L LTREHAT 5HE

THHPEHAE L,
For the halting problem of Turing machine, explain what is the input and
what is the output of the problem.

(4) SAFORI (a)(b) REX &.

Answer the following questions (a) and (b).

(a) HHER 2 5 2 NP, NP B#, NP S20EHE R &,
Describe definitions of complexity classes: NP, NP-hard, and NP-complete.
(b) L% NP # co-NP HEHBEINAL5IE P#NP b ELIHETEL LW
5, ZOMBHERYLOBEEHRAEYE L,
If NP # co-NP has been proved, then P # NP can also be proved. Explain
the reason why this proposition stands.
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TIREBXE G &, RAESORAE S = {p,AV,~,()}) #%%@%@%ANU~WE3%H%,ﬁﬁ
HER S THS. it,HGXEmA\wﬂkﬁ¥%ﬂéﬁ?£%pt#6té(Eﬁ) BERPTMT
BT OB BB B

S»E E—-EANE E—EVE E—-E
E—-p E-(E)

UTofWizE X &.

(1) pA(~p) RIOENERT 5EERT 5. B 5451, ZORBESHOBHALEL k. B
‘ Ehviasid TEE R 2HT.
2) COXENBRTHDC LR, B2 MMOBLAEROL > RKBEETIEER 5 LIk T
.
(3) % G i3 LL(1) ik, BEL 2 bICER X.
(4) GrRUEEEREMT S, BRTROWXIREENE G 25X K. 2% L A KDEENHL, A
BV EDREENERS, AL VERYBLIERELRBXITEHIL.
(5) ¥ G TEXLNIREREREMET 3 SEMERYEE LAV, UFOMCEL L. BEC
%irb, WETEIOSS IV FEEEUTH—DOBIRUBART 5 2 &: C, C++, Java, Python,
Scheme, Racket, OCaml, Haskell. ' :
(5-1) BSHXH G TS X 5N 3 SEREROMSME Backus—Naur form (BNF) T4 X &.
(5-2) B (5-1) TEX HREN LA MBEIARDOF—2BELHRI-DFER LSS5I V7
' ECRETL, unE%ﬁEiﬁ =(p A (-p)) BEDF—REETYDE S ZRE XA 35 ERHH-&J:
(5-3) HERBRRTEES - PETFHEORLr Do T3 & FICHEHMEY (negation normal
form; NNF) W5, FlXE, fERER (-p) Ve & -0 A (-p) REKBHNICEML NNF Of
ERERTH5. ~((—p) V ((-p) Ap)) L EHKRANCEMZ NNF ORERERE5X &.
(5-4) wWERERN e ERITED, e LEKKRIICEMZ2 NNF OGBRERELET /v s 2281,

e

‘continued on next page
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Answer all the following questions.

Consider a context-free grammar G with the set of terminal symbols ¥ := {p,A,V,,(,)} and the set
of non-terminal symbols N := {5, E}. Suppose that the start symbol of G is S. The grammar G has the
following rules that derive the formulas of the (classical) propositional logic that consists of the symbols

representing an atomic formula p and the operators A,V and —:

S—-E E-EANE E—EVE E—-E
E—-p E—(E)

Answer the following questions.

(1)
(2)
(3
(4)

(5)

Doés p A (—p) belong to the language that is generated by this grammar? If so, give its derivation

tree. If not, write “Does not belong”.

Show that the grammar G is ambiguous by showing a sequence of terminal symbols that can be

derived by multiple derivation trees.

Is G an LL(1) grammar? Answer with an explanation.

Give a context-free grammar G’ that is unambiguous and whose language is the same as that of

G. The grammar G’ must satisfy the following conditions: (i) - has higher precedence than A and

A has higher precedence than V; (ii) A and V are both left-associative operators.

‘We would like to implement a program that manipulates the propositional formulas whose syntax is

given by G. Answer the following questions. Before answering the following questions, declare one

programming language that you use from the following choices: C, C++, Java, Python, Scheme,

Racket, OCaml, Haskell. _

(5-1) Write a Backus-Naur form (BNF) that describes an abstract syntax of the propositional
logic whose concrete syntax is given by G.

(5-2) "Design a data structure for the abstract syntax trees (AST) with the programming language
of your choice. Explain how the formula —(p A (—p)) is expressed by your data structure. The
AST must be based on the abstract syntax defined in question >(5'-1).

(5-3) A propositional formula f is called to be in a negation-normal form (NNF) if each occurrence
of the negation symbol — in f.takes an atomic formula as an argument. For example, a
propositional formula (—p) Vp is an NNF formula that is semantically equivalent to ~(pA(-p)).
Give an NNF propositional formula that is semantically equivalent to —~((—p) V ((-p) A p))..

(5-4) Wirite a program that takes a propositional formula e as input and returns an NNF propo-

“sitional formula that is semantically equivalent to e.
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