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B 5 (Mathematics)
(6 s 1

fiftZ: . OTEE (Instructions):

1. BRI, (4R ] OAKNH 2 F TRV TR B0,

Do not open this cover sheet until the start of examination is announced.

2. RHREFIRUIZENA 40 6 K, MERSUL 3 K-S Y (1 9B~ % 1K) Th 5.
You are given 6 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

3. BRI, MRNTT - BAESY D 2 SYERICIN A T, X7 MVIRNTE K OWESR - HiE D 1 A
BIRL, Bt 3 AW OWTHIE T2 Z &, BATESBEICHERRZINCT S Z L.
Answer three fields in total, including Linear algebra and Analysis and calculus, and either
Vector analysis or Probability and statistics. You must use a separate answer sheet for each

of the fields you selected.

738 field page
FRIZAEL Linear algebra 2

fENTS - #5055  Analysis and calculus
N7 N VIRAT Vector analysis
e - etk Probability and statistics

S| O W

Wi =

4. FRERROEEIC, HlA, TRESBIOCRAZTATDHZ L. 3BHOERMKIZONT
I, @EIRULInEEs B Fidd) 2OTHIrZ &.
Fill in the designated blanks at the top of each answer sheet with the department name, your
examinee number and your name. Mark the selected field number (3 or 4) with a circle on

the third answer sheet.

5. REIIMERMICTEATH 2 &, A=A RV RWEEITEmZ AW T RV, £
e, BEIHENRHD Z LWL o L.
Write your answers on the answer sheets. You may use the backs of the answer sheets when

you run out of space. If you do so, indicate it clearly on the sheet.

6. EEIX, BAGE, FFEOWTHOTRATDHI L.

Your answers must be written in Japanese or English.
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5 (Mathematics)

(6 K> 2)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

1. [#JBA3L (Linear algebra) 53 %7]

n X n FER]PITHN A = [ai]nxn € RVMITK LT, ADHBEFE a;; 25 a;; € {0,1} (1 <14,5 <n)
moa; =0 (1<i<n) Zhilcd&T5. AITHLT, D=0 0 an)lxn EERTD.
272U 0E, 1<i,j<nliZXLT, i=jDL&d;=1, £HITRNEEZ§,; =01CL>T
EFRSND. &I, L=D—-ALEXRTD. UTOFMNIEZ L.

(1) LFD AICKI LT, L=D— A%k X

O = = O
O = O =
O O = =
o O O O

(2) (1) TRz L OFAEE TR L.
(3) (2) TR L O EA AT 5 A 220 2K K.
(4) —MRIC LITEAE 0 ZR/>Z & 2Rt

For an n x n real symmetric matrix A = [a;;]nxn € R™*", suppose that each element a;; of A
satisfies that a;; € {0,1} (1 < 4,5 <n)anda; =0 (1 <i <n). Define D = [0;;(D_7_; @ir)]nxn
for A, where ¢;; is defined by d;; = 1 if ¢ = j and d;; = 0 otherwise for 1 < 7,5 < n.

Furthermore, define L = D — A. Answer the following questions.

(1) For the following matrix A, find L = D — A.

O = = O

1
0
1
0

S O ==
o O O O

(2) Find all eigenvalues of L obtained in (1).
(3) Find the eigenspace for each eigenvalue of L obtained in (2).

(4) Prove that L has an eigenvalue 0 in general.
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5 (Mathematics)

(6 Ko 3)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

2. M5 - #8850 (Analysis and calculus) 47 57]

(1) R EOR% f(2) = cosz D k BEERISZ f0)(2) TET. 72720, RIZFEESEKROELT
b5, LTOFMONZEZ K.

(a) ZTDO k> 11220 T fR(0) 2k k.
(b) f(z) DIFSEAY TOT A 7 —#kdk %

o0

E akxk

k=0
ETHLE, BTOE>0IZHET D ap 2R K.
(c) BTz e RIZHONT

o0
D law']
k=0

DR 5 2 & ot

(2) RO FTRERO—ffiFzRD L. 723, 1388 y(x) Dz IZBT 5 1 EEEKREERL
TW5.

y//// _ 2y/// _ y// _ 43/, + 12y =0

@)%@ﬁcmmokﬁﬁﬁﬁfh L msk k. FEL, CEM =1 1> 0

cz2(z2=1)
Dr#£l1ET5H.
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5 (Mathematics)

(6 KeHr > 4)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

(1) Let f®(x) denote the kth order derivative of the function f(z) = cosz over R, where

R denotes the set of all real numbers. Answer the following questions.

(a) Find f*)(0) for all £ > 1.
(b) Let

[e.e]
E akxk
k=0

be the Taylor expansion of f(z) around the origin. Find a; for all £ > 0.
(c) Prove that

0o
D law']
k=0

converges for all z € R.

(2) Find the general solution to the following differential equation. Here, 3’ denotes the

derivative of first order with respect to = for a function y(x).

/111

y" =2y — " — 4y + 12y = 0.

(3) Calculate the complex integral 7{ dz, where the closed contour C'is given by

cz(z2—=1)
a circle |z| =7, 7> 0, and r # 1.
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5 (Mathematics)

(6 Kb 5)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

3. [~7 FAEHT (Vector analysis) 4357 ]
EAJERERIZEBWT, o, v, zEFMOBARY MV EZENER, j, KETDH. T FL
B F%F=yi—xj+zk &35, WOKRIZEZ L.

(1) CHP+y*=4,2=0TERINDIMELTDH. KRITRT CL BELRCy IR > T2 #FES
Jo, Fdr BEV [ F-dr 22X X
(a) Cp: C E&MA(L,V3,0) 705 S B(—v3,1,0) £ TREFFHRI D (ZfD O #hifi
(b) Cy: C EZAAL,V3,0) 25 s B(—/3,1,0) £ THEFHEI Y (21812 5 Bk

(2) S BRI 22 + 2 + 22 = 4 (0 < 2) & Ffii 2 = 0 CHRE N GROBR LT 5. W5
[,V x F-dS &Rk . SREERSY Mz AnE,

The unit vectors on z, y and z axes of Cartesian coordinates are denoted by ¢, 3 and k,

respectively. Let F' be the vector field F' = yi — xj + zk. Answer the following questions.

(1) Let C be defined by the circle #* +y* = 4,z = 0. Find the line integrals [, F - dr and
/. o, F' - dr, where Cy and C5 are defined as follows.

(a) Cy: the curve along C' from point A(1,+/3,0) to point B(—+/3,1,0) in the counter-
clockwise direction.

(b) Cs: the curve along C' from point A(1,+/3,0) to point B(—+/3, 1,0) in the clockwise

direction.

(2) Let S be the boundary of the region enclosed by the hemisphere 22 +y%+2% = 4 (0 < 2)
and the plane z = 0. Find the surface integral |, ¢ VX F-dS. Use the outward pointing

normal vector.



N e 222 e R et — R T s TR TR
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5 (Mathematics)

(6 Ko 6)
Oy AR\ RS R A BT A 2 L.

Use a separate answer sheet for each field.

4.

[ - HEit (Probability and statistics) 73]
FOFIZSDa Ay (A 1~a(r5) Bdbd. Frb kI Zhlaf sz 1K
BAUTMENRTH2HITEBZ 2D, I2EL, ENEND A 2 i ORI DR p; ITIROE
NTH5.
p1=0,pp=1/4, p3=1/2, py=3/4, ps =1
RPMDFELREH EL, a4 Vi NBIINDIFRE C, T 5.

(1) BAE A 2 1 ERTHETDH. KPHDMERp(H) ZE R K.

(2) AT AL L H 1T ZARBHIE LT 5. S &Ep(C | H)Ei=1,...,5
IZDOWTENEILRD L.

(3) BAF A L% 2T D LT 5. ST EHeRp(Hy | H)ZRD XK. 72720 Hy 1% 18]
HIZRBHLFELTHY, j=1,2Th%.

(4) BATZ A v ARBEF L LT 5. p(C | B)%ki=1,... 5050 TENEIRD L.
72720 Byl AR BIZHID TR/ A FRERKT.

A box contains 5 coins (coin 1, ..., coin 5). Consider a trial in which we select a coin uniformly
at random, and toss it for a certain number of times. Let p; denote the probability of getting

a head on each coin ¢, and they are given as follows:
p1=0,pp=1/4, p3=1/2, p1=3/4, ps=1

Let H denote the event that a head shows up, and let C; denote the event that coin ¢ is

selected.

(1) Select a coin and toss it once. Find the probability of getting a head p(H).

(2) Suppose a head was obtained after tossing the selected coin once. Find the conditional
probability p(C; | H) for each i = 1,... 5.

(3) Suppose we toss the selected coin twice. Find the conditional probability p(Hs | Hy).
Here H; (j = 1,2) means that a head is obtained on the j-th toss.

(4) Suppose we toss the selected coin four times. Find p(C; | By) for each i = 1,...,5. Here
B, means that the first head is obtained on the fourth toss.
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5 P B H (Specialized subjects)
(1/27)

fi%s L O E (Instructions):

L. FEHHN, ) OGRS % £ THW TSR,
Do not open this cover sheet until the start of examination is announced.

2. MEMHMUIERZ T8 27K, EHAIE 3OO0 288 (1 HICDE 1) TH 5.
You are given 27 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field).

3. LT D 6 W6 2 2@t UfEd 52 &, MREHAIE 1 08IcDE 185, K1 Dbk
D 1EMEHTZC L. 1RICKRH 2 M EOREZ TN T A S,
Select 2 fields out of the following 6 fields and answer the questions. You must use a separate
set of answer sheets for each of the fields you selected. One sheet in a set is for one question.

You may not use one sheet for two or more questions.

pax i field page
A | XA Circuit theory 2
B | [5G Information theory 6
C|A—bXbrEERD Automata and formal languages 8
D | &K Electromagnetism 12
E | 7)V3VRXL/7nrZ3>7 Algorithms and programming 16
F | &R —F77F v Computer architecture 22

4. RERMORERIC, BRDHY, ZBES, KABXUHERSZiLAT s L.
Fill in the designated blanks at the top of each answer sheet with the selected field, your
examinee number, your name, and the question number.

5. REIFREIARICGEAT 22 & AN—ADWE D VG EREEAZHOTERWD, TDY;
alE, HNCENDD 2T S L.
Write your answers on the answer sheets. You may use the backs of the answer sheets when
you run out of space. If you do so, indicate it clearly on the sheet.

6. fREIE, HAGE, WEEOWITNMTRLATSHI L.

Your answers must be written in Japanese or English.



JUNKEFREEGE S AT LIGHIEEZIT G LA eI
fEtiffe Al (EfiiH DF44E8H2 9 H)
B P B} H (Specialized subjects)
(2/27)
6 NS 2 HRECIRE ST ST L. BALTHHICERM 1 M2V E. X,
Kil—D&H e b —KDfRE R Z Vv &,

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

A, [EXUEEE (Circuit theory) 77%7]

(F91] ~ [F4) D52R%ER0, MARORER SIS LRSS 2 A &,

(1] X1DEKICONT, LUFORWICE
ick. TCTEL, = RQ +jX2, |[1| = |IQ| = ‘13‘
ThHh, ZBETMHOHENIXQ THS.

(].) argZ:ﬂ/G@Zaé, E, I, Il, _[2, 130)
MfHRAfRZ RS 7 o — P NZH#HE, Eo 1

D arg <é) ke &.

(2) Ro =X, =21[Q], E=4[V]DEZE, |]
D%k XK.

(2] X2 DREEICONT, LUFORWICE

Z&. 2L, L, Ly, Ly, Ly ZACAVE Y R
RUA, MZWHEAVZRI R VA, ERETLE I
OAEN R w &9 5. (a)
. L L, L, b
(1) K 2(a) DEIFEAK 2(b) EEMTH S & X, T
Lo, L, Ly L, M 7ZH\TERE.
L
(2) HHi RICHN2ZEF I % L, M, R, w, ’
EZFVTEYE. E|(V) | Iy
R
(b)
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et AEalBRiE (FEHiH HFM4E8 H2 9 H)

B P B} H (Specialized subjects)
(3/27)

6 PHHD 2 I RBROMRE TS L. BATTBICHERM LS Z2HWEK. £k,
KiI—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(B3] X 3(a) DKDWR, Zy, Zy, Zs, Z1o DA
V=R VA DOV RE Y RINEL 5 T2 [A
& D U A(1-1 S & 2-27 B0 Y
Hb. LFORWICEZ K. 1120, Zi, Zs, Zs,
Z1p BRUTR UTAEZ RS, o it o
BEELEBRV, Vo, [, LIIHRHL, A1 VE=HVX
T (ZATHNZ &7 R 2 22 ZF75) (Y 115 Y 1

(w)=2(n)(%)-¥()

DEICENTNERESND LTS,

(1) B3 &3 ZBMmL, Sl (1-3' 5 1
& 2-3 k) 2, YATH] Yy 2 d D ki
TXROFEMEEE & RA Lz, THOEED
YyZzbldHX.

(2) Zdn o A D ZATH Zy 2 RD K. B
THIUE, [K3(b) 7T DD i T
DY 114, 21752 HNTE RV

(B4) X4 DEERICDONT, IFOFWICEZ K.

72720, e(t) = 25sin3t [V], R=0.25[Q], C =1 [F], =0 X
g0) =4 [Cl L, Bt =0 TAASwF SEHLS N —
£95%. S ;—}m

(1) AA vF S EFCTEHBOERI(0) ZRDE. % e[
7o, EIHVERDRREICE LT DR (1) 23R

:V@

HX.
X 4

(2) t > 0ICBFBEF (1) ZKD XK.
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B P B} H (Specialized subjects)
(4/27)

6 THHNS 2 I RROMRE T S L. BAT BB L 2K £k,
KiI—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Select two out of the four questions [Q1] ~ [Q4] and write the number of the selected

question on the answer sheet.

[(Q1] Consider the circuit shown in Fig. 1,
where Z = Ry + jXo, |I1| = |I2] = |I5], and

the values of elements are ) in unit. Answer J

the following questions.

(1) Draw a phasor diagram representing the _
phase relation of F, I, I, I5, I3, when EX@ X1 =
arg Z = /6. Also find the phase dif-

I
ference of arg (E)

Fig. 1
(2) Find the value of |I|, when Ry = Xy =
2 [Q] and E =4 [V].

[(Q2] Consider the circuit shown in Fig. 2,

where L, Lo, L; and Lo represent the self- E ’@ | Iz
inductances, M represents the mutual induc- R
tance and the source voltage F has the angular

frequency w. Answer the following questions. ()

(1) When the ciruit shown in Fig. 2(a) is Lo, L, b
equivalent to the circuit shown in Fig. 2(b),
express the inductances Ly, L, and Ly us-
ing L and M.

(2) Express the current Ir through the resis-
tance R using L, M, R, w and F.

Fig. 2
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et At

B P B} H (Specialized subjects)

(5/27)

TR T2 H
(EfiH M 4#F8H2 9H)

KRE—DH 72 H —K OBz O XK.

6 TS 2 R UME S 5 2 L. EAR I BICHERM 1 iZHn&. X7k,

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[(Q3] Consider the two-port network A (port 1-
17 and port 2-2") with a network of overlapping V-
type and Y-type circuits with Zy, Zy, Z3, and Z9
in impedance, as shown in Fig. 3(a). Answer the
following questions. Here, 7, Z,, Z3, and Z15 have
the values shown in the figure, and for the voltages
and currents Vi, V5, I1, I5 on the left and right of a
two-port network, the impedance matrix (Z-matrix)
Z and admittance matrix (Y-matrix) Y are defined
as follows, respectively.

i\ I L\ Vi
(i) =2(5)- (&) =¥ (%)
(1) When terminals 3 and 3’ are added, the two-
port network (port 1-3’ and port 2-3) is con-

sidered as an equivalent circuit with Y-matrix
Yv. Find Yv.

(2) Find the Z-matrix Z4 of the two-port net-
work A. If necessary, it can be referred the

Y-matrix and Z-matrix of the two-port net-
works in Fig. 3(b).

[(Q4] Consider the circuit shown in Fig. 4, where
e(t) =25sin3t [V], R =0.25 [Q], C =1 [F], q(0) =
4 [C] and the switch S is closed at ¢ = 0 . Answer
the following questions.

(1) Find the current i(0) just after the switch S is
closed. Also find the current i(¢) when steady
state is reached.

(2) Find the current i(t) for ¢ > 0.

o

o li(t)

Fig. 4
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B P B} H (Specialized subjects)
(6/27)
6 NS 2 HRECIRE ST ST L. BALTHHICERM 1 M2V E. X,
KRE—DH 72 H —K OBz O XK.

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

B. [1#H##5 (Information theory) 73%7]
ROFRW C (1] (2] ) ITEA K. EHROMER S RE LI REE =725 A
IHT L.

(G 1] ATOEMWICER K.
(1) XM [0,a] (a > 0) EO—HRIMICHE S FERZBOM T T FuE—2RD K.
(2) X[ [0,a] (a > 0) ETERS NIHEREERIE p(v) = 22 /a® ITHE D WERZE DMWY
Iy ha—7Rd XK.
(R 2] B§%lt DAJT X, € {0,1} (t = 1,2,...) IR, ASJJEIVT/RR0 IR Sp MHFREL T
E 7 € {0,1} Db -oTl Y, = X, @ Z, BT ENZ LR 2 udEE W 25 2
5. I2l2L, @ 3HHA R ZEL, 01 =1,1®1 =0Tdhbd. DR Sg M,
P(Zy1 =112, =0) = 0.25, P(Zp1 = 112, = 1) = 0.5 &2 2@ HcHM~ )L O 7 1EHR
HTHBHEITOVT, LUFORWICEZ K.
(1) BRD 5 Sp DEHMERIIZ KD K.
(2) BDIE Sy DLy hu¥—L—k H(Sg) ZRD XK.
(3) X" = (X1,...,. X)) D P(X, =1)=1/2 (t =1,2,...,n) Tb 3 HEIE =R
SOMNITHD, Zn=(Zy,...,Z,) DEB 2" € {0, 1} ICEEENTWS EARET
5. Y"=Y,....Y,) B PY,=1)=1/2 (t=1,2,...,n) Tdb 2 HEHIECEEHRE
DI TH A L7Z2RE.
(4) BER W OBEERARIILTOXTEREINS.
C = lim max l[(X";Y")

n—o00 Pxn€Pn N

L, I(X™Y™)E X &Y OROHEGHREZ, Pxn AT X" OWERITZ,
P13 {0,1}" LOWERDARTHERIEERRZEKT. TOLE, C=1-H(Sp) &
5% ke,



JUNKEFREEGE S AT LIGHIEEZIT G LA eI
fEtiffe Al (EfiiH DF44E8H2 9 H)
B P B} H (Specialized subjects)

(7/27)

6 THHNS 2 I RROMRE T S L. BAT BB L 2K £k,
Ki—DH 7 b —HDOfRE M Z WV XK.

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(Q1]

[(Q2]

Answer the following questions ( [Q1] [Q2] ) and write the number of the question

on the answer sheet.
Answer the following questions.

(1) Find the differential entropy of the uniform random variable over the section [0, al,
where a > 0.
(2) Find the differential entropy of the random variable which follows the probability

density function p(x) = 2x/a® over the section [0, a|, where a > 0.

Let W be an additive binary channel that outputs YV; = X;@&Z, given an input X; € {0,1}
at time ¢ (t = 1,2,...), where Z; € {0,1} is an error outputted from an error source
Sk independent of the inputs, and @ denotes exclusive-or (e.g., 01 =1,1&1 = 0).
Suppose that Sg is the 1-st order stationary Markov information source which satisfies
P(Zyy = 11Z; = 0) = 0.25 and P(Z1 = 1|Z; = 1) = 0.5. Answer the following

questions.

(1) Find the stationary probability distribution of the Markov information source Sg.

(2) Find the entropy rate of Sg, denoted H(Sg).

(3) Suppose that X™ = (X3,...,X,,) is an output of the discrete memoryless source
with P(X; = 1) = 1/2 (t = 1,2,...,n) and that Z" = (Z,...,Z,) is fixed to a
constant 2™ € {0,1}". Prove that Y = (Y,...,Y,) is an output of the discrete
memoryless source with P(Y; =1) =1/2 (t=1,2,...,n).

(4) The channel capacity of W is defined as

C' = lim max l[(X”; Y™,

n—00 Pxn€Pn N

where 7(X™; Y™) is the mutual information between X" and Y, Pxn» is a probability
distribution of X™, and P, denotes the set of all probability distributions over
{0,1}". Prove C' =1 — H(Sg).



JUNKEFREEGE S AT LIGHIEEZIT G LA eI
fEtiffe Al (EfiH D448 H2 9 H)
B P B} H (Specialized subjects)
(8/27)

6 THHNS 2 I RROMRE T S L. BAT BB L 2K £k,
KiI—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

C. [F—bF~ L& 5ih (Automata and formal languages) 73]

ROFFN ([H 1] (M2D ITEA K. RERRORER SIS U MER s 25l AT
LT k.

(1] BEDEME, BREDIEASTOEENE 1 DT DOEZIND T &0 #E%, RM2EIC
RBHETHOIKT. (BT =k+IBIOBEMTDONS.) COLE, IO HENZIHIC
TDOEZUNDZ LICK>TEBNEZEE n OFH a = a[l]al2] - - - aln] ZRD X S
EFRT S, Bie{l,2,....n}IcHL, i HHOHETHEMND IHENTZE Z ali] =,
HREPROHENIzEEali]l =r &9 5. TOXICLTELNZTXRTOL T ah b
BBERT Ly &35, ThbL, S={ur}e LT L, CX"Ths. £/, ilnlH
OEECHEAID HE N7z &, ZORRTROPITHE > T B3R LR pli], 77
EMNEO HEN L E, ZORRTROPICHK > TWBHEDEEZ pli] & U, i pli]
WEZ56N%ET%. TOXICLTESNSTXTORMODRY p = p[1]p[2] - - - pln)]
NoE5%E5% P, &35, BIZAE, k=1=37T, /& H, B, /& /& HOIHIIEZ
WL LIcEE, a=rwwrrw, p=322110 L7525 DT, a € L33, p € P33 TH
20, rwwwrw ¢ Ly (w & r OHBIEIIFELNET) , 322111 ¢ P33 (RIRICRITELS
LT 0DIET) THAS.

(1) k=1=30DtE, £H Ly, 22T 2 REH R/ NOPENARA — < k> DIKRE
ERX R, 2720, ZEIRRBICHET 5T L DRWVIREE, BXTU, ZDX57%
IREENDEBERIZAIE L TH K.

(2) k=1=3D,E, A P, (C{0,1,2,3)5) &2ZHT 2 IRERR NOPEIEABRA —
F U OIREEBB N RE. 722U, ZHURRRICEET 5 2 L DRWIREE, BX
O, ZTOX I IREANDEBRITEIE L TE KW,

(3) HEEOHAEEE, AEEITHL, KOWDOHLFICK ST, MO Y| pli] =
kKl bixnl eZeme. (b2 b inlcBAd 3 RWEZ VXD



JUNKEFREEGE S AT LIGHIEEZIT G LA eI
fEtiffe Al (EfiH D448 H2 9 H)
B P B} H (Specialized subjects)

(9/27)

6 THMNE 2 R BORE ST 5 L. BARTHIERMK LT ZHOK. £k,
KiI—DdH 7z b — K OME K Z -V XK.

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question

[(B2] UREESGEZ 4 D81 (N, %, P,S) TKY. z7ZL, N, %, P, SZEZNZTNIE &

SORE, BindsORE, ERHAIOES, iidsLd%. ¥ ={aqb} T 5.

(1) Ly ={a'¥ |0 <i<j}&TB. Fah L 24T % 3REHEEE G
DEBIAIOES P 252 X, 212U N =1&F 5.

(2) L, ZLL N D20 SR 9 %.

= (N, %, P, S)

o LoU{aV |0<i<jtu{a?¥ |i>j>0}=%*\{a'd']|i>0}
o LoN{a |[0<i<jt=LyN{a'¥|i>j>0}=0

=

= an LQ %i&?%ﬁﬂﬁ%ﬁﬂﬂﬁ{f G2 =

(No, 3, Py, S) DAERGHAIDES P, 252 K.
FELU|N| <2 &5 5.

(3) Ly =S\ {a'b' | i > 0} T 3. LLFOK S BAERMAIOESZHD, hDOFEL
R B SREGE G — (N0 5. P ) £ 52 5. 2L Ny — {5,X) T,
e RZECFHIRRT. (1), (i), (i) 25X &.

S - (i) | (ii) | (iii)

X — bX |aX|e

(4) LR DIREBBX 2 OREMAREA— Y b M = (K, %, 6, q, F) TIN5
S LM) 2S5, I2l2L, K={q q,%} 5 6 @ F={q}lE ThZh

M DIREDES, TIVT 77Xy b, EREL, FIHRRE, ZHIREOESGZET.

Ly =S\ L(M) £ 4%, 57 L 24ERT B SREHE Gy = (N, 3, Py, ) 04
RIRAIOES P, 252 &, 7EUIN <255,
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ( [Q1] [Q2]) and write the number of the selected question

on the answer sheet.

[Q1] You have a bag that contains k white balls and [ red balls. Consider the following
repeated process: you take a ball from the bag one by one until the bag is empty (you
thus take n = k + [ balls in all). We then define a string a = a[l]a[2] - - - a[n] of length
n obtained by arranging the colors of the balls in the order in which they were taken
out. Formally, for each i € {1,2,...,n}, a[i] = w if your ith ball is white and a[i] = r if
your ¢th ball is red. Let Lj;; denote the set consisting of all strings a defined in this way.
Note that Ly, C X", where 3 = {w,r}. You also receive for each i a reward p[i|, which
is defined as the number of red (white, resp.) balls remaining in the bag if your ith ball
is white (red, resp.). Let Py, denote the set consisting of all strings p = p[1|p[2] - - - p[n]
defined in this way. For example, when k = [ = 3 and you happened to take balls from
the bag in the order of red, white, white, red, red, white, then ¢ = rwwrrw (and thus
a € L33) and p = 322110 (and thus p € P33). On the other hand, we have ruwwrw ¢ Ls 3
(the number of occurrences of w should be the same as that of r), and 322111 ¢ Pj3

(the reward you receive last should be 0).

(1) Assume that £ = = 3. Draw a state transition diagram of a deterministic finite
automaton that accepts the set L;; with the minimum number of states. You may
omit such states, together with the transitions to them, that are unreachable to an

accept state.

(2) Assume that £ =1 = 3. Draw a state transition diagram of a deterministic finite
automaton that accepts the set Py, (C {0,1,2,3}%) with the minimum number of
states. You may omit such states, together with the transitions to them, that are

unreachable to an accept state.
(3) Show that for any initial numbers k& and [ of white and red balls, the total reward

you receive is Y ., p[i] = kl no matter how you obtain the balls. (Hint: Use an

induction on n.)
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q2] We represent a context-free grammar by a quadruple (N, 3, P, S), where N, ¥, P, and

S represent the set of non-terminal symbols, the set of terminal symbols, the set of

production rules, and the start symbol, respectively. Let ¥ = {a, b}.

(1)

(2)

Let Ly = {a't’ | 0 < i < j}. Give a set P, of production rules of a context-free
grammar G; = (Nq, 3, P, S) which generates the language L; with |N{| = 1.
Let Ly be the language which satisfies the following conditions:
o LoyU{aW |0<i<jtu{a¥ |i>j>0}=2*\{a'b]|i>0},and
o LoN{at |0<i<j}=LyN{a'¥’|i>j>0}=0.
Give a set P, of production rules of a context-free grammar Gy = (N, X, P, S)
which generates the language Lo with |No| < 2.
Let Ly = 3*\ {a'd’ | ¢ > 0}. Consider a context-free grammar Gz = (N3, %, P, S)
which generates the language L3 with a set of production rules in the following form,
where N3 = {5, X} and ¢ denotes the empty string. Give (i), (ii), and (iii).
s o |1 @ |1 @
X — bX |aX|e

Let L(M) be the language accepted by the deterministic finite automaton M =
(K, %,0,q, F') with the following state transition diagram, where K = {qo, q1, ¢2},
¥, 8, qo, and F' = {qo} are the set of states, the alphabet, the transition function,
the initial state, and the set of accept states, respectively. Let Ly = ¥*\ L(M). Give
a set P, of production rules of a context-free grammar G, = (Ny, X, Py, S) which

generates the language Ly with |Ny] < 2.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

D.

(EERE&( (Electromagnetism) 775 ]

IR (I 1], [ 2] ) @&z L. MEAROMES S fRE L= REE S
AT HZ L.

M1 FBEFE e OFEKR 1 EHBEE ¢, OFER 2 THIEINTWDLZEMEEZ D, FE
1 EFEER 2 CERK1IOLICELTEY, ZOHFIIHEEBROERmIZTLRH 5
£ a OERERPEILTWD, BIRERIITEAM Q #5272, ZORIZE LT, LLTFORW
W& Z L.

(1) BAEREROFLINE DA r &35 &, r>a TOEMIE V=§ D THExbND. T2
7L, kIIEHTHS. Ty AOEHIZHNT k 2R L.

(2) ROFFEREZ KD K.

(3) BARERSFHEEMA 1 L8 L TV D1 Lo m 25K K.

(4) ROFBET RNV F— 2RO K.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

M2 M2iord&o7%, EEV, DEM, HLR, YV /A Raf vREINIHER I

FIE AN EZE R ICE N TERY, BB TS, YL /A Raf LOREE, FR, HiE

WYY OBREEIIFNENL a, nTHD. 72720, I>»ak L, WMRITEHTES LT

5. BEOEBRITIu T 5.

(D K2 @ WRTEIT, AL vFNUF P ICORBZN, —EBRVHENLTWDHHEEICS
WCTHEZD., YL /A Raf VNOBHREEDRKE &R K.

Q) Vv /A RaAVvOEEA X7 X AERD L.

Q) BAt =0I1ZAA v F &1 P 2D QITEIV R Z 7214, BIKICI(E) = lhe P  (t=0) DE
AL (K2 (b)), Yv /A RaA VIR ET Hip8llE /12 R ¢ OB L L TF
. T pERD K.

4) Q)DOHFAITBNT, YL /A Faf VNIZRETLERE, YL /A RaA of b
NS OHEEr LRt OB E LR

B) B)DHFAIZBNT, YL /A RaA ORI s O r=alZB TR T 4~
TR MVORE S ERE t O E LTHRYE. FZ20mME 2RO L.

6) (3) DHAITBNT, BAFFEL7-0IZY L /A Raf bttt 5 o 3L X — % K]
t OB LTEYE. F, HAt=0010bt=0 DT/ L /A RaAf b Lz
TR —DORRFIERD, TN EZ THEINTE-NEZ L.

(a) (b)
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ([Question 1] [Question 2]) and write the number of the selected
question on the answer sheet.

[Question 1] A space is filled with a dielectric 1 and a dielectric 2. The permittivity of the dielectric
1 is &; and the permittivity of the dielectric 2 is &, . They are contacted as shown in Fig. 1, and a
conducting sphere of radius a is set as its center is on the contacting plane. The conducting sphere
has charge Q. Answer the following questions regarding this system.

. el K . .
(1) For r > a, the electrostatic potential is given as V = = where 7 is the distance from the

center of the conducting sphere and k is a constant. Find k using the Gauss’s law.
(2) Find the capacitance of the system.
(3) Find the total charge on the surface of the conducting sphere, contacting with the dielectric 1.

(4) Find the electrostatic energy of the system.

Fig. 1
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Question 2] As shown in Fig. 2, a series circuit consisting of a battery of electromotive force V;, a
resistor of resistance R, and a solenoid coil, is placed in a vacuum, and an electric current flows
through the circuit. The length, radius, and number of turns per unit length of the solenoid coil are
[, a, and n, respectively. Here, | > a, so that edge effects are negligible. The permeability of vacuum
is po.

(1) Consider the case shown in Fig. 2(a) where the switch is connected to terminal P, and a
constant current flows through the circuit. Find the magnitude of the magnetic flux density
inside the solenoid coil.

(2) Find the self-inductance of the solenoid coil.

(3) After the switch is moved from terminal P to terminal Q at time t = 0, a current I(t) =
Iye™Pt (t = 0) flows through the circuit (Fig. 2(b)). Show the induced electromotive force in
the solenoid coil as a function of time t. Also, find £.

(4) In the case of (3), show the electric field inside the solenoid coil as functions of time t and of
distance r from the central axis of the solenoid coil.

(5) In the case of (3), show the magnitude of the Poynting vector as a function of time t at the
distance r = a from the central axis of the solenoid coil. Also, find the direction of the Poynting
vector.

(6) In the case of (3), show the energy flowing out of the solenoid coil per unit time as a function
of time t. Also, find the total energy flowing out of the solenoid coil between time t = 0 and
t = oo, and describe where the energy is consumed.

(a) (b)

Fig. 2
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

E. [7)V3dV XL,/ 712l < 327 (Algorithms and programming) 77%7]

ROFE C[FE1] (B2] ) IKEHEZX K. wE
gHL.

[}

FHAROD R REA 5 I s U 7o Rl 5 72 Rd A

[ 1] X103 Python S TEHEMNITFINMRED T T T LTHS. ROMWVICEZ K.
(1) BH% compute_prefix function(P) Z/3X— P = "abcab"lTHf L THIT L7z,

EOMEpi lCEHFENDERZEA K.

(2) B9%% xmp matcher(T, P) Z7F A M T = "abccabcabcab", /XX —2P = "abcab"

def kmp_matcher(T, P):

ret = []
n = len(T)
m = len(P)

pi = compute_prefix_function(P)

q=20

for i in range(0, n): # ¢ = 0, ..

while q > 0 and P[q]l !'= T[il:

q = pilq - 1]
if P[ql == T[il:
q=q+1
if q == m:
ret.append(i - (q - 1))
q = pilq - 1]
print(q)

return ret

def compute_prefix_function(P):

m = len(P)
pi=1[0] *m

for q in range(1, len(P)):
k = pilq - 1]
while k > 0 and P[k] != P[q]l:
k = pilk - 1]
if P[k] == P[ql:
k=k+1
pilgl =k
return pi

ISR U TIATLIERE, T OBIBIND print(q) MY 545K Z2/RE.

.,n—1

X 1
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[ 2] (1) 7—7/VStudent(uid, name, dept), Subject(sid, name, credit),Regist(uid,

sid, score) W 5. 7212 L, 7—7 )l Student [FFEDID (uid) & %40 (name), Al

J& (dept) %, Subject (FFIHODID (sid) &44Hi (name), AL (credit) 2, Regist

3 EDPE (uid) WEDFH (sid) 232 L, T O (score) MMaRTE > Teh 2E

HLTWEEDLT S, LLFORMWICEZ K.

(a) HAED 3 THARHEDORHID ERIHAHDO—FEZKRD B SQL L2 FHT.

(b) sid=0001 THBHFRHZZ L T3 PEDID EHFTO—EZ KD 5 SQL 72
HUJ.

(c) sid=0001 THHFHZZE L TV 2 EOMEZ EER KRB SQL X 2FH T

(d) s1d=0001 THBFHDFR7ZRD % SQL 2 &HiT.

(e) sid=0001 THARHITH LT, ZORHDFRLLNO R ZH - 722D 1D
EXHTD—E 2R B SQL X2 FH T,

(2) ROFBMNTEZ K.

(a) SZEEOMFREL, ZOBUESZ X, Y £9%. TOEE, s OEBENE
X Y ZEHREX.

(b) TREDOBAR R DIFAHTRRGAEBICEN X — YV T, X & Student 7zl
Subject ZEH, X OEZHUI2F /2131, Y OEELEII1 &5 DEETH
P X 2T, BEEEX - YRY C X Zh/zdk, AHTHS &S50,
?%;X&&%E%@AﬁtﬂbeﬁéY@%,%@T%%8§5.

Student | Subject | Department | Instructor | Faculty

001 | LA | Engineering | Suzuki | Comp. Center
001 | AT | Engineering | Lee | Comp. Center
001 | DB | Engineering | Lee | Comp. Center
002 | LA | Science | Suzuki | Comp. Center
002 | DB | Science | Tanaka | Engineering
003 | AI | Agriculture | Lee | Comp. Center
003 | DB | Agriculture | Tanaka | Engineering
004 | LA | Science | Satoh | Science

005 | AI | Engineering | Lee | Comp. Center

(c) Lee A Comp. Center "5 Engineering IC Faculty 2 2E) L7z Z &I, B
BRRIGLLTFOX S IBEIEENT. (b) THIZELZZREBICEIED S B, TOEIET
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

R OBENENETREALS Eo b D22 TR K.

R

Student

004
005

Subject |

LA
AI
DB
LA
DB
AI
DB
LA
AT

Department

Engineering
Engineering
Engineering
Science
Science
Agriculture
Agriculture
Science
Engineering

Instructor |

Suzuki |
Lee |
Lee |
Suzuki |
Tanaka

Lee |
Tanaka |
Satoh

Lee |

Faculty

Comp. Center
Engineering
Engineering
Comp. Center
Engineering
Engineering
Engineering
Science

Engineering

(d) 28 3 IERIEZNT2 9 K 51 (c) DBIfR R 2 HEDREFRIC 7 EIE K.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ( [Q1] [Q2] ) and write the number of the question on the

answer sheet.

[Q1] Figure 1 shows a program written in Python which implements string matching. Answer

the following questions.

(1) When function compute_prefix _function(P) is executed for the pattern P = "abcab",
answer the elements of the return value pi.

(2) When function kmp_matcher (T, P) is executed for the text T = "abccabcabcab"
and the pattern P = "abcab", show the outputs of print(q) in the function.

1 def kmp_matcher(T, P):

2 ret = []

3 n = len(T)

4 m = len(P)

5

6 pi = compute_prefix_function(P)
7

8 q=20

9 for i in range(0, n): # ¢ = 0,...,n-1
10 while q > 0 and P[ql !'= T[il:
11 q = pilqg - 1]

12 if P[q] == TI[il:

13 q=qg+1

14 if q == m:

15 ret.append(i - (q - 1))
16 q = pilqg - 1]

17 print(q)

18 return ret

19

20 def compute_prefix_function(P):

21 m = len(P)

22 pi =[0] *m

23

24 for q in range(1, len(P)):

25 k = pilq - 1]

26 while k > 0 and P[k] != P[q]l:
27 k =pilk - 1]

28 if P[k] == P[ql:

29 k=k+1

30 pilal =k

31 return pi

Figure 1



JUNKEFREEGE S AT LIGHIEEZIT G LA eI
fEtiffe Al (EfiiH DF44E8H2 9 H)
B P B} H (Specialized subjects)
(20/27)
6 NS 2 HRECIRE ST ST L. BALTHHICERM 1 M2V E. X,
Kil—D&H e b —KDfRE R Z Vv &,

Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q2] (1) There are three tables: Student (uid, name, dept), Subject(sid, name, credit),
and Regist(uid, sid, score), where Student manages student IDs (uid), their
names (name), and their departments (dept), Subject manages subject IDs (sid),
their names (name), and their credits (credit), and Regist manages which student
(uid) takes which class (sid) with the score of the student (score). Answer the

following questions.

(a) Write an SQL statement to list the subject IDs and the names of the subjects

whose credits are 3.

(b) Write an SQL statement to list the student IDs and the names of the students
who take the subject sid=0001.

(c) Write an SQL statement to list the departments, without duplicates, of the
students who take the subject sid=0001.

(d) Write an SQL statement to calculate the average score of the subject sid=0001.
(e) Write an SQL statement to list the student IDs and the names of the students

whose scores of the subject sid=0001 are equal to or less than the average score

of the subject.

(2) Answer the following questions.

(a) Let S be a relation, and X and Y be its attribute sets. Define the functional
dependency X — Y in S.

(b) Enumerate all the non-trivial full functional dependencies X — Y in R below,
satisfying X contains either Student or Subject, the number of elements in X
is 1 or 2, and the number of elements in Y is 1.
Here a functional dependency X — Y is said to be trivial if Y C X, and said
11%0 be full if X" /4Y for any X' C X.

Student | Subject | Department | Instructor | Faculty
| | Engineering | Suzuki | Comp. Center
| | Engineering | Lee | Comp. Center
001 | DB | Engineering | Lee | Comp. Center
| | Science | Suzuki | Comp. Center
| | Science | Tanaka | Engineering
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

003 | AI | Agriculture | Lee | Comp. Center
003 | DB | Agriculture | Tanaka | Engineering
004 | LA | Science | Satoh | Science

005 | AT | Engineering | Lee | Comp. Center

(¢) According to Prof. Lee’s transfer from Comp. Center to Faculty of Engineering,
R has been modified as follows. Enumerate all functional dependencies from
those enumerated in (b) such that the enumerated functional dependencies are

no longer functional dependencies in R after this modification.

Student | Subject | Department | Instructor | Faculty

001 | LA | Engineering | Suzuki | Comp. Center
001 | AT | Engineering | Lee | Engineering
001 | DB | Engineering | Lee | Engineering
002 | LA | Science | Suzuki | Comp. Center
002 | DB | Science | Tanaka | Engineering
003 | AI | Agriculture | Lee | Engineering
003 | DB | Agriculture | Tanaka | Engineering
004 | LA | Science | Satoh | Science

005 | AI | Engineering | Lee | Engineering

(d) Decompose R in (c) into relations which are in the third normal form.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

F. GIEREY —F7 7 F v (Computer architecture) 77%7]

ROLZRIN ([ 1] ~ (3] ) ICEA K. EHROMERS ML L MEES 25
AT 5T L.

(1] RSN DO — b EELITEIEE H > SRS N2 RO H ) O ERE]
B F(a,b,c,d) DL O EMER TERINDEE, H00IEE H ORI H (s,t,u,v)
OEEENEZRE. 2L, BRSO RMENIE & & T OBz & 3 Iz
HADS 5, HEADENDOEDZTET. FHIEEDE U WENTE iR D 555
IKIZZF DN TY T I IWVENRNDOE DZEIRT.

’abcd‘F‘

000 0]0

000 1]0

00 1 0|0

ol ::b—— 00 1 1|0
bl ’ 0010 0|0
L_ | 01 0 1|0

=l —Hple—sr o1 100
— 01 1 1|1

| 100 01
100 1]0

)> 101 0]0

101 1]0

1 10 01

110 1]0

1 11 0]1

111 1/]1
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(2] RAT5140 KT —2RRAZ2ETEIA 707 utyFIcONTEZS. LLFOX TR
T X, TIPS LFEGEE ET 13, a7 LIATORDIHIRE NS maEIC,
vy YA 7)Y 0 E TR PO, RS TS, BRI E, D3 DD/I8T A—~
ZHWTERHTE 5.

IC

ET= 1pexF

DUFOFMWICEZ K.

(1) MBFIFIEN L DA VA=A ruTa Y eEzr S, VI A ) F—
2SN AP OI 721 70y JY A7)V TS % 50 &g L7255,
INA T4 VAT —=ZISADREN IC, IPC, FIC5Z 38R ZTNTNHHPE
X. B, BRTRA=RIIBOTEENTWGEAR HERL LEZ5T L.

(2) T T TA VRT—=ZRACBNTMHFITIEE 2L, 1A =X
FATDA—ISAI T FANEHER UTe KAFRIRO W in 572 i K C 2 RN 52
1TE3). TOWIRMIC, IPC, FICH5ZA 58T NTNIHEX. &, &
INTRA=RICBOTHEDNTVEEE THBX L) LBEAST L.

(3) MPFITIRE 4 LIET . TOIATITA 2V TERTES IPC D FREEZ XK.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

(3] OV Ea1a—RDAFYVATLICDWNWTEZS. A7ty XA L7 <y
T FryvrvaPEHINTVWEEDET S, U= RT7 RLy I RERALTE
D, V=R ALREANAE, Frvia - PARE1657 F, Ty 7P 14 X 4N
AF, 7RLAEIZ4EY FTHS. FrvraDUIREIEZETH =M, TNET
IC 1101 = 1010 = 1111 = 1101 DT —RF7 RL A Q#ERED) ICHLTAEY 7 7+
ZMMERFELT VWS, TDEE, RAEYT ZEAO~OMIERFE LTS,

(AEVUTIEA[U—F7 RLA QEXB)
1010
1001
1000
0011
1111

®®®E

DIFOFRIWICEZ K.

(1) ARV 77X AO~G)D5 L, Frya-by kb AT T 72 A2TXRT
BAK BETEHEIAEVT VANV EIE T84% L) EBAST L.

(2) AEVT7 7R AQ~GD5 5, YBIHI AL REAT) T VAT TEZ K.
ZUTBEAEY T TRADGEWEGEEIF TN EL) EBABT L.

(3) A IAZHIRT 57=DICIETDF vy 2 aZzEDOX S ICHETNUIRWDFHHE
X. T, WBICKET AV Y A NEH DY THIAE XK.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

Answer the following questions ( [Q1] ~ [Q3] ) and write the number of the question on

the answer sheet.

[Q1] Suppose a logic circuit in the below figure is composed of several logic gates and subcir-
cuit H. The logic function of the output F'(a,b,c,d) is defined by the truthtable shown
below. Show the minimum sum of products form of H(s,t,u,v). The minimum sum
of products form of a logic function means that having the smallest number of product
terms among those which represent the function. If there are two or more forms having
the smallest number of product terms, forms having the smallest number of literals are

choosen as the minimum forms.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q2] Let us consider a microprocessor having a pipelined datapath. Program execution time
ET can be represented by using the three parameters, instruction count required to
complete the whole program execution IC, the number of executed instructions per

clock cycle IPC, and clock frequency F, as shown in the following equation.

IC

ET= pexF

Answer the following questions.

(1) Consider an in-order microprocessor whose instruction issue width is one. Explain
the effects of pipelined datapath implementation on IC, IPC, and F, compared to a
single-cycle datapath implementation where each instruction is executed in a single
clock cycle, respectively. If there are no effects on each parameter, answer “no

effects.”

(2) We extend the pipelined datapath by increasing the instruction issue width from
one to two that forms an in-order superscalar microprocessor, i.e., at most two
independent instructions can be executed in parallel. Explain the effects of this
extension on IC, IPC| and F, respectively. If there are no effects on each parameter,

answer ‘no effects.”

(3) Assume that the instruction issue width is four. Answer the upper limit of /PC' that
can be achieved by the pipelined datapath.
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Select 2 fields out of the 6 fields and answer the questions. Use a set of answer sheets
for each of the fields you selected and use an answer sheet for each question.

[Q3] Consider computer memory systems. Assume a direct-mapped cache memory imple-
mented in a microprocessor chip. The microprocessor uses word addressing, the word
size is 4 bytes, the cache size is 16 bytes, the block size is 4 bytes, and the address width
is 4 bits. Suppose the cache was initially empty, and the memory access sequence for

the following word addresses (represented in the binary numeral system) has occurred.
1101 = 1010 = 1111 = 1101

Then we have the following five memory accesses (memory access (1) - (5)) consecutively.

’ Memory access ‘ Word address (the binary numeral system) ‘

©) 1010
@ 1001
® 1000
® 0011
® 1111

Answer the following questions.
(1) Find all of the memory accesses among (1) - (5) that cause a cache hit. If there is
no corresponding memory access, answer “not applicable.”

(2) Find all of the memory accesses among (1) - (5) that cause a compulsory miss. If

there is no corresponding memory access, answer “not applicable.”

(3) Explain how to modify this cache memory to reduce the conflict miss. Also, if there

are any demerits to the modification, explain them.



