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B 5 (Mathematics)

(THho 1)

Tff Tt

fiftZ: . OTEE (Instructions):

1. AL, [4hD] OAK G 2 F THRW TR B0,

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

2. MMM Z Z O T, MERMIT 3K SS0 1 0HIZHE 1) ThH 5.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

3. LN D6 08D 3B ORET 52 & AL B EICHEARZNICT S Z L.
Select 3 fields out of the following 6 fields and answer the questions. You must use a separate

answer sheet for each of the fields you selected.

gk field page
1| #IBAE Linear algebra 2
2 | o R Differential equation 3
3| X7 FRFT  Vector analysis 4
4 | BFEESEGR Complex function theory 5
5 | FER - Hrat Probability and statistics 6
6 | Flramils Symbolic logic 7

4. FREAMO IS, L, a—24 (FREHFE AR, 8RO EERS (OTHT) , =
BRE TR IOCRAZREATLHZ L.
Fill in the designated blanks at the top of each answer sheet with the department name,
course name (except the department of informatics), the selected field number (mark with a

circle), your examinee number and your name.

5. R IIMEMMICTHEAT 22 L. AR=ANRY 2WEAREERZHOTHLRWR, Z05
i, BEICMEPRHDL LWL T DI 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. WRIE, AARE, EHOVTROTEAT S L.

Your answers must be written in Japanese or English.
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B AYRBRATE (BRUCES A 2 6 H)
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% (Mathematics)
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6 7DD BLING 3 NHAROMREST L2 L. BATEERICMEMRERINCT S L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

1. [#AR3 (Linear algebra) 53 7]
%(5” Qg, A1, az,"'ﬂi, ag = 3, a; = l, a9 = 3%4:0‘\

Ay, = Ap_1 + Ap_o + 20p_3 (n=3,4,5,-)
TEZRIND.
(1) as, aq, as 2R L.
(2) n=0,1,2,IZOVWTKRBRLD K 5 R1THI T 2K 2 K.

Ant1 Qn
Api2 | = T QAp1
An+3 Any2
(3) T DT RTOEAMEE ZNZEIUCKHET DEART MLz RD L.
3
(4) <7 bV | 1| &, BIRTRDIZEG X2 MLVOBIERA L LTHRE.
3
(5) a, R L.
Consider the sequence ag, aq, as, ... defined by ag =3, a; =1, as = 3 and
Ap = Qp_1 + Qp_o + 20,_3, n=3,45,....
(1) Find a3, ay and as.
(2) Give the matrix 7" such that
Ap41 Qn,
Qpy2 | = T Qp+1
Ap43 Apn42

forallm=0,1,2, ....

(3) Find all eigenvalues of T and their corresponding eigenvectors.

3
(4) Express the vector | 1| as a linear combination of the eigenvectors obtained in the

3
previous question.

(5) Find ay,.
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B 5 (Mathematics)
(Tt

6 DD LG 3 ERVRETHZ L. BAESHEICREARERNICTHZ L.
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

2.

(#5772 (Differential equation) 435 ]

B y(x) D5y

d
(2t — 1)d—y = y? + 223y — 322
T

IZOWTLL FORWCE z L.

(1) Gz oo iy, y,(r) = ax® OFRORBRREFFD. y,(z) ZRDO K. 7275 L a
TEE LTS,

1
(2) HAR y,(v) & Bk u(z) 2Ty =y, + - LRE, —RERD K.

Consider the differential equation

d
(2t — 1)d—y = y? + 223y — 322
x

for a function y(z). Answer the following questions.

(1) Find one of the particular solutions y,(z) of the form y, = az®, where a is a constant.

1
(2) Obtain the general solution with the replacement y = y, + —, where u is a function of z.
u



ANl ALY ANl ‘ $&$%:Ik N
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EiE AERBRME (R4 8H 26 H)
AY /A )&L’ .
% (Mathematics)
(Tt 1)
6 7DD BLING 3 NHAROMREST L2 L. BATEERICMEMRERINCT S L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

Y,

3. [~7 FAEHT (Vector analysis) 4357 ]

B RICHBWNT, o, y, z WMDY MvEZhEie, j, k&35 IROKM

W&z L.

2 2
(1) ﬁz:x2+y2&ﬁz:(az—%) +(y—%> IZOWT, ROWIZE X L.

47 44
(b) MPIZBWT, TNENDOREDERD 2T AERD L.

(a) ﬁP(ﬁ @ l) B, WTFNOHEIZHEEND Z L 2Rt

(2) X7 MG AEZA=0?1— Y’ +22k T D, SE*+9y*=9, 2=0, z=4THEN
AR ORm ET D EX, mWES
//A-ndS
s

ERDE (72721, nit S OO X BALERAR Y [ L),

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

respectively. Answer the following questions.

1\? 1\?
1) Consider the surfaces z = 22 + ¢y? and z = (x — —) + < — —) . Answer the
(1) y 7 7

following questions.

2 V2 1
(a) Show the point P (%—, %, Z) is included in both surfaces.

(b) Evaluate the angle between the normals to the surfaces at the point P.

(2) Let the vector field A = 2%t — y*j + 2?k and S be the surface of the cylinder bounded

by 22 + 4> =09, 2 = 0 and z = 4 . Evaluate the following surface integral

//A~nd5,
S

where n is the outward-pointing unit normal vector of S.
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6 DD LG 3 ERVRETHZ L. BAESHEICREARERNICTHZ L.
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

4. [#FEE%GH (Complex function theory) 4357 ]

IR 2 FHEICBITS e =1,y=1,y=1—2 CHENZ="MAEKRS 2E2 5. IFTOE
AT SHREHEIND wFEOEK S KR T 5 L3k, & AHOEROFREXEZRE.
7L, z=x+iy, w=u+iv XERE, r,yuvIEFEE i=v/-1Tbhbb.

(1) w=2+(1—3i)

(2) w=2e%z+ (1 —/3i)

(3) 22

g
|

yl\

v

Consider the triangle region S bounded by x = 1,y = 1 and y = 1 — x in the 2z plane as
shown in the figure. Illustrate the region S’ in the w plane into which S is mapped under
the following transformations and find the equations of the curves which enclose the region,

where z = x 4+ 1y and w = u + v are complex numbers, x,y, u, and v are real numbers and
1 =+/—1.

(1) w= 2+ (1—+/3i)

(2) w=2e% 2+ (1—/3i)

(3) 22

g
Il
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5 (Mathematics)
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

5. [He= - %3 (Probability and statistics) 57 5F]

SR AR X K [0, 1) B REARICRE S bD LT 5. ¥ = —log X2 L3z 272
Ulog iXEASHET5. UFOAMICEZ L.

(1) FEHticxtL, V <t DOfR%ERD L.
(2) Y OMIFHE & i 2Tk X.

Let X be a continuous random variable uniformly distributed over the interval [0,1). Let
Y = log X where log denotes the natural logarithm. Answer the following questions.

(1) Find the probability of Y <t for a real ¢.

(2) Find the expectation and the variance of Y, respectively.
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B AYRBRATE (BRUCES A 2 6 H)

AY /A )&L’ .
% (Mathematics)
(7B oD
6 7DD BLING 3 NHAROMREST L2 L. BATEERICMEMRERINCT S L.

Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

Tff it

6. [FC 5P (Symbolic logic) 43 EF]

(1) LLF OMBERIRE 22 b1, b, by THT
= ANpANg—T), =(=(r—=3s)V(pATAS)), per
O3 1E o1 N Py DFREEYIFAE T 5 Z & % resolution EIZ LV /.
(2) L F OMRFERIRA % Z AL by, o, U0y T
Vavy ((=P(x,y) — Py, 7)) A (Q(z,y) = ~Q(y,))),
Vavy (P(z,y) = Q(z,y)), Vo (FyQ(z,y) ANVy(Q(z,y) = —P(y,x)))
UToORITFTE R TRENS D, Bl & EHIcEx L.

(a) Y1 Ay
(b) 1 A)g

(1) Let ¢1, ¢, and ¢3 denote the following propositional formulas, respectively:
P—=aAPAg=T), 2(o(r—=s)V(opATAS)), per

Show by the resolution method that ¢5 is a logical consequence of ¢ A ¢s.

(2) Let 11,19, and 13 denote the following predicate logic formulas, respectively:

Vavy (=P(z,y) — P(y,z)) A (Qz,y) = =Q(y, 1)),
Vavy (P(z,y) = Q(z,y)), Yo (FyQ(z,y) AVy (Q(z,y) = —P(y,z))).

Determine whether each of the following formulas is satisfiable. Justify your answer.

(a) Y1 Ay
(b) 1 A3



ARI2AERE JUNKEARERD S 25 AEHEEN Iﬁ%%% SH -
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F9 Bl H (Specialized subjects)
(1/29)

fipts EOEE (Instructions):

L. R, Thass OERAH 5 L THVW TR SR,
Do not open this cover sheet until the start of examination is announced.

2. MIEAMIEERE ZD 20K, MERKIZ3IKOOD 28 (1 DFIcoE 1) TH 5.
You are given 29 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field).

3. LT 6 mH2 o 2 nHZ2BUMET 22 . BARDIHBIHEHRZHINCTS2Z . %
7z, RE—2H7 b —DMREHRZ v X
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, and use a separate answer sheet for

each question.

pax it field page
A Eﬁt&lﬁ]% Circuit theory 2
B | THHH R Information theory 6
C ﬂ‘ A=t Automata and formal languages 10
D SF Electromagnetism 14
E 7}1/:f VXL, 7075327  Algorithms and programming 20
F|itEK —x727F~ Computer architecture 26

4. BRI, FIKY, 2 -4 (IR LHEERDOA), #RTY, ZBRES, K
HBIUVHERSZHLATS L.
Fill in the designated blanks at the top of each answer sheet with the department name, the
course name (only for the department of advanced information technology), the selected field,
your examinee number, your name, and the question number.

5. FRBIRERARICHEATE 2. AR—ZADBEDD BWESEERZHVWTH RV, 08
B, BHICHE»H2 e 2T 5 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 so clearly on the sheet.

6. fFEE, HAGE, HEOWVWINNTRRATLI L.

Your answers must be written in Japanese or English.
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6 HEPL 2N HEBUMET 2. BALTHEHEHEAK 1IBEHVK. £,
K —2H 7 b —HROBRERKEZHV X.

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 a separate answer sheet for each question.

A. [EX[EE (Circuit theory) 7]

(1] ~ (4] »52RZRY, BERAROMEERSMICHEE LMEESZLAE K.

(fF1] X1DEEEIZONT, UTFTORWZ

HEZ K. KL, BRL LER L OMHEE
arg(ﬁ—l) :%,R:lQ'E‘b%.
2

(1) X; & X, ojoEFRRXZ~E.

@)%{:QQT%ata X,, X, O
ERD &

(R 2) K2pEE&ICOWT, LTORIWICE
Z K.

(1) SFx1-1 %z, BIREE Vo, HEA ji2Q
Y-V R Zy DEfEIK L EZ B L 1Q /H%
%7 ‘/0 (\-)- ZO %*@J:.

(2) X 1-U ISR ZEA Y ¥ —X VR Z =
R+jX 2Lz 55, RICBIY3 T C
HBENPIHPRRERE Z%EXKRD, % 2
DFFD P DIEZ KD X.

10V] i




SRR SNAEARERS 27 atmheery IR

ELHRE AFABRRME (%hEH “RCES8 A 2 6 H)
B P4 &} H (Specialized subjects)

(3/29)

6 THIL 2NHEBURE TSI, BARTHHEIHRERAK 1TEZHNEK. £,
K —2H 7 b —HROBRERKEZHV X.

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 a separate answer sheet for each question.

(f93] K 3DEEKIZOWT, UTORIWICE u
Z&. L, BEEEEOARERZwE . —
T 5.

L L [
U)%%%ﬁthhéﬁﬁmmmT%%vEWG9<>HR<> %

HBERZILTX.

(2) BIRE»oEZREA VE—X YR Z o
ZXRD X.

X 3

(4] X4 DERIZONWT, UTORWZ
%"X’_J: 7(.’.7:2‘1./, EZIV, R1:R2:].Q,
C=1F, L=1Ht35%.

(1) 24 v F S &V % FEERHEHIRAE -
WELERE, BAlt=01cBWTS%H g° ?
Lard3. ZOLE, t>01X802 Rwﬁhm R[] | 0
B L(t), ia(t) ZZRZHRD K.

(2) 24 v F S ZEAL % ZEBAHEHR K g—2a] g
REICEL, t=01CBWTSZHIL
Y35, ZOLE, t>0XBITEENR
i1(t) Z3KD X.

(3) EEE(2) ITBWT, t =005 EHIRE
WCETAETITESLR, R, TIHEXNI




PN , 325 : THHRFHK
ELHRE AFABRRME (EfiH SATES8 A2 6 H)
B P4 &} H (Specialized subjects)
(4/29)

6 THIL 2NHEBURE TSI, BARTHHEIHRERAK 1TEZHNEK. £,
K —2H 7 b —HROBRERKEZHV X.

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 a separate 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,

I
where the phase difference arg I_l = %,
2

and R =1 ). Answer the following questions.

(1) Find the equation representing the re-
lation between X; and X5.

(2) Determine the values of X; and X,

L] 2v/2
when — = ——.
| 12| 3

[Q2]) Consider the circuit shown in Fig. 2.
Answer the following questions.

(1) When the one-port circuit with termi- l ° o

Jj2Q
source with the open voltage V; and the 1Q /H/
Z

nals 1-1' is equivalent to the voltage

internal impedance Zy, find Vj and Z

(2) Consider the variable impedance Z = 10V 7%

R + jX is connected between the ter- . o o

minals 1-1’. Find the value of Z when
the power consumption P by the resis-
tance R becomes maximum. And find
the value of P under the condition.
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fELFE AFABME

(%ftH SHTHE8 A2 6 H)

B P4 &} H (Specialized subjects)

(5/29)

6 THIL 2NHEBURE TSI, BARTHHEIHRERAK 1TEZHNEK. £,
K —2H 7 b —HROBRERKEZHV X.
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 a separate answer sheet for each question.

(Q3]

Consider the circuit shown in Fig. 3,

where the source E has the angular frequency

w. Answer the following questions.

(1) Write the mesh equations using the

mesh currents I, I, and I3 as variables.

(2) Find the impedance Z seen from the

source F.

[Q4) Consider the circuit shown in Fig. 4
where F =1V, Ri =R, =1Q,C=1F,
L =1 H. Answer the following questions.

(1)

(2)

3)

Assume the switch S is opened and the
circuit is in steady state. Then, the
switch S is closed at the time ¢ = 0.
Find the currents i;(t) and iy(t) for
t>0.

Assume the switch S is closed and the
circuit is in steady state. Then, the
switch S is opened at the time t = 0.
Find the current i (t) for ¢ > 0.

In the above-mentioned condition (2),
find the total energy W consumed by
the resistances R; and Rs from t = 0 to
the steady state.

OO 320,
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ELHRE A¥ABRRE (%hEH “RCES8 A 2 6 H)
B P4 &} H (Specialized subjects)

(6/29)

6 HEPL 2N HEBUMET 2. BALTHEHEHEAK 1IBEHVK. £,
K —2H 7 b —HROBRERKEZHV X.

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 a separate answer sheet for each question.

B. [fE##3 (Information theory) 73%7]
XV ([1)] (2] ) &2 K.

(1] TEIE, EHE2E~ L a 7ERE S OREEBNTHS. TiLOEMIIEZ X.
1/0.25

0/0.75 ‘
.@ 1/0.5

0/0.5

(1) EXIDREBBERZITIC, T~ a 71EHRIE S OBBHRITH AZRD K. 72772
L, IRAEE “007, “107, “01” DEIZ, {TZEE.

(2) B0 TIREE “00” 12022 LT, i 2 TIREE “10” ICWARERITWL DB X XK.

(3) kFdd~ia 71ERIE S DEHE D W = (wy, wq, ws3) ZRD XK. XL, w, DEZ
Fi=1,2,313KREE “007, “10”, 01 WX ZFNZFNHIETEdDEL T 3.

(4) EH2E~La 7ERIFE X1, Xo,... DY PO —L— b lim, 00 2 H(X1, Xo, ..., Xn)
2 H(X3| X1, Xo) K—HFT 2L 2RE. EFL, HX| X, Xo) 3&MHN =LY b
oQ¥—TdH5.

(5) Lo~ ra7iERE ST sy ba—L—k H(S) 2k &.



SRR SUNAERERES 2 7 AR s S
" - THHAIRE T2 K
ELaE AYHBIEE (R SRUTES A2 6 )
B M Bl H (Specialized subjects)
(7/29)
6 TEP D 2 P EBROMET 2 2. BARDHBICHENR 1Tz HVL. 7%,
KE§—2H 7= ) — R OMERME W K.

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 a separate answer sheet for each question.

(2] X, Y % {01} iM%t 2MEREBE T, RTAXA—=& a,8,7€[0,1] TR,

P(X =0) = a, P(X=1)=1-q,
P(Y =0|X =0) =0, PY=1X=0)=1-7,
PY =0|X =1) =7, PY=1X=1)=1-7,

Y5, 2fizy bu v —EE

—plogp — (1 —p)log(l —p), for0<p<1,
h(p) =
0, forp=20,1

35, DLTOMWIZEZ K.

(1) ey burb—HY|X) 22> b e —BEEHWTREY L.

(2) f=1—-y&T3. ZoZE HAFERE [(X;Y) ZEXETSaZKD K. T
I(X;Y) ORKfERZ 2T b a =Y o, 8 Z HWTREY L.

(3) a,BHAEICEET 3. 727°L, 0<a< 13 5. HAEEHRREI(X;Y) 2D
t32 D% o, B EHNTERYE. £, ZORMEZTE.

(4) o, 2D MHICEET S, 2L, 0<a<l,f>1t35. HAHHREIX;Y)
EERAIET 2y OffizRD K.



PN , 325 : THHRFHK
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B P4 &} H (Specialized subjects)
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6 HEPL 2N HEBUMET 2. BALTHEHEHEAK 1IBEHVK. £,
K —2H 7 b —HROBRERKEZHV X.

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 a separate answer sheet for each question.

Answer the following questions ( [Q1] [Q2] ).

[Q1] The figure shows the state transition diagram of the stationary second-order Markov

information source S. Answer the following questions.

1/0.25

0/0.75 (
‘@ 1/0.5

0/0.5

(1) Show the state transition matrix A of the Markov information source S based on

the above state diagram. Here, the rows must be “00”, “10”, and “01”.

(2) Suppose that the state at time 0 was “00”. Show the probability that the state is
“10” at time 2.

(3) Find the stationary probability distribution @ = (wy, w2, ws) of the Markov infor-
mation source S. Here, the indeces i = 1,2,3 of w; correspond to the states “00”,
“10” and “01”, respectively.

(4) Prove that the entropy rate lim,,_,, %H (X1, Xs, ..., X,) of astationary second-order
Markov information source X, Xs,... equals H(X3|X;, X5). Here, H(X3|X;, X5)
denotes the conditional entropy.

(5) Find the entropy rate H(S) of the above stationary second-order Markov informa-

tion source S.
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6 THNO 2R RNRET L. BALHHIHERK L HHWE. £,
KiJ—2H 7= ) — W DE MK 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 a separate answer sheet for each question.

[Q2] Let X and Y be random variables taking values in {0, 1}. For parameters o, 3,7 € [0, 1],

put
P(X =0) =aq, PX=1)=1—-aq,
P(Y =0|X =0) = 3, PY =1X=0)=1-3,
P(Y =0|X =1) =1, PY=1X=1)=1-v

Let the definition of the binary entropy function as

h(p) =

—plogp — (1 —p)log(l —p), for0<p<1,
0, for p =0, 1.

Answer the following questions.

(1) Express the conditional entropy H(Y|X) using the binary entropy function.
(2) Set 8 =1—+. Find the value of o that maximizes the mutual information 7(X;Y").

Furthermore, express the maximum value of the I(X;Y’) using the binary entropy
function.

(3) Fix o and f to some values. Assume 0 < o < 1. Express 7 that minimizes the
mutual information 7(X;Y") using @ and 5. Find the minimum value of the 7(X;Y).

(4) Fix o and f to some values and assume 0 < o < 1 and § > % Find the value of 7

that maximizes the mutual information 7(X;Y).



N IR oot s o = gsng e B 5B

LR AR (EfEH SHTHFE8H 2 6 H)
B M Bl H (Specialized subjects)

(10/29)

TEPS 2B BOMET L. BALTHBEIIHERAR 1T ZHWE. £,
ﬂ(Fﬁ—Oﬁ)t h —H DL Z v X
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 a separate answer sheet for each question.

C. [F—1t~ b2 Fib (Automata and formal languages) 77%7]
KoLy ([R1) (2] ) &

(1] WEARA -t~ M, = (PX,6,p1, F1) ZEZ5. 2L, P, &, 01, p1, Fi
XZNZN M, ODHK??E%{:T, TNT 7Ry b, B, YRR, REREBORSE
£¥. P = {po,pi,pops), ¥ = {0,1,2,3}, Fy = {p} THH, i = 1,2,3,41THL
61(Pi, @) = Plitn(a) mod s THB. T I Tn(a)ldFit5a € SITHHT 2B THD, n(0) =
0, n(l)=1, n(2)=2, n(3)=3TH%. IFEADELr L EOFEH yIZHL, zmody
oy THoZEZDRDEZRT. 728 21X 6(p1,3) = po &2, RDOBHVITE
Z XK.

(1) M, DREBBRE 52 k.

@)&ﬁﬁﬁ@i—b?hVMf_@EéﬂmBHiAﬂkﬂbﬁ% é TIT 7Ry
b, BB, WIHHMRELZEED. M, Y EHRRERARA — b= b 2 Of/MREERD 2
T@%Z%, RASIREED RS F QP@WJ’EU}:O’%-X_J:

(3) ¥ EO3CFH wiTx LT,

Y(u) =

1 u MBZEXTHND & &
Y(v) xn(a) u=wva, veEX*, acXLDEE

55, Y(u)mod6=002Y (u) #0825 udDAEZHETLZREWHAERL— < b
N M3 BEZRD. TREL, M; DIREEEZ {q, 1,02, @3, 96}, PIHHIREER ¢, REIRE
RE8%E {5, T, BIRERERD XS B FHNIMIGT 5.
— @3 Y (u) = 0 Ziifi7z T 3CFH u 1.
— @3 Y (u) mod 2 # 02>2 Y (u) mod 3 # 0 Z i 7z 3 3FH u IR ).
— @¥Y(u) mod 2 =022 Y (u) mod 6 # 0 27z 3 SCFH u WX
— @313 Y (u) mod 3 =022 Y (u) mod 6 # 0 Z 7z 3 SFH u WX,
— ¢ 13 Y (v) mod 6 = 02D Y (u) # 0 &/ 33X FH u iR,
M; DIRFEERN 2 5.2 X.
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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 a separate answer sheet for each question.

(2] 7177y b+ Y = {a,b} LFOXFHNwITHL, wDRX% |w| & RT. £/, 1<i<|w
WAL Tw[i] ldFw D i FHOXFZRT. wOHXFIE wR eRT. 2| =yl >1%
iz 3 S EOXXFH e ¥y LT, dz,y) =|{i|1<i< |z, zli]] #yli]} £T5. X
FHNw I U, w=ayz BT X 2,2 € S DFET DL X, y%& wDERD T
Flews, #IETWXEENRVLFET L. ROBEEHEEEZ 5.

Lo = {w|wes, w=u")

Ly = {wzw"|we¥, reX}

Ly, = {uwi‘u,v,weZ*, uU:wR,xEE}
Ly = {w|uved, [ul=v]>1, dufv) <1}

Ly = {s#w | z,w € X, o E w DED T }

CNODEFHBIITNTREBHSETD 5. BIZIE, S Lo ZAT OERFRIZ R
XARBHSGERIC X o TERENS.

S —aSa|bSb|al|b|e

7L, e 3ZEXTFHNERT.

RDOFINTEZ X

(1) B8 Ly AT 2 XIRBHGEOAERBAIEZ 52 L. 72720, &GS %E2 S &
L, Bmic Sz S 3 5.

(2) BEb Ly 2T 2 XARBHSGEOERBRIZ 52 k. 72720, EmLE% S, T
L, BtRidEE S 3 5.

(3) Bib Ly 2T 2 XARAHSGEOERBRIZ 52 k. 7720, EmIE%E S, T
L, BRI EE S 3 5.

(4) BiB Ly 2T 2 3REHSGEOAERBAIZ 52 K. 72720, IF&mLE% S, T, X
L, FthiEdEZ S 3 5.
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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 a separate answer sheet for each question.

Answer the following questions ( [Q1] [Q2] ).

[Q1]

Consider a deterministic finite automaton M; = (P,X,d1,p1, F1), where P, ¥, d1,p1,
and Fj respectively represent the set of states, the alphabet, the transition function,
the initial state, and the set of final states of M;. Here, P = {po,p1,p2,03}, ¥ =
{0,1,2,3}, Fy = {po} and 61(pi, @) = Pi+n(a)) mod 4 for i = 1,2,3,4, where n(a) represents
the integer that corresponds to symbol a € 3, that is, n(0) = 0, n(1) = 1, n(2) = 2,
n(3) = 3. For a non-negative integer = and a positive integer y, x mod y represents
the remainder when we divide x by y. Thus, for instance, d;(p1,3) = po. Answer the

following questions.

Give a transition diagram of M.

A deterministic finite automaton My = (P, X, 61, p1, F») has the same set of states,
alphabet, transition function, and initial state as M;. Give an example of F, C P
when the minimum number of the states of a deterministic finite automaton which is

equivalent to M, is 2.

For a string u over X, let

Y (u) 1 if u is the empty string,
u) =
Y(v) xn(a) ifu=wva,veX aeci.

Consider a deterministic finite automaton M3 which accepts only strings u such that
Y(u) mod 6 = 0 and Y (u) # 0. Here, let {qo,q1,92,93,9}, ¢1, and {gs} be the set
of states, the initial state, and the set of final states of Mj, respectively. Each state
corresponds to the following strings:

— o corresponds to strings u such that Y (u) =

— ¢ corresponds to strings u such that Y (u) mod 2 # 0 and Y (u) mod 3 # 0,

— @9 corresponds to strings u such that Y (u) mod 2 = 0 and Y (u) mod 6 # 0,

— g3 corresponds to strings u such that ¥ (u) mod 3 = 0 and Y (u) mod 6 # 0,

— g corresponds to strings u such that Y (u) mod 6 = 0 and Y (u) # 0.

Give a transition diagram of Ms.
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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 a separate answer sheet for each question.

[Q2] For a string w over the alphabet ¥ = {a, b}, |w| denotes the length of w. For 1 < i < |w|,
wli] denotes the ith symbol in w, and w? denotes the reversed string of w. For any strings
x and y over ¥ such that [z = |y| > 1, let d(z,y) = |{i | 1 < i < ||, z[i] # y[i]}|. Let #
be a symbol not in ¥. For a string w, if there are strings z, 2z € ¥* such that w = zyz,

then y is said to be a substring of w. Consider the following languages:

L = {w|wes, w=ut},

Ly = {wzw"|weX*, zeX},

Ly, = {uwi‘u,v,weZ*, w = wh, xEE},

Ly = {w|uveX |ul=v]>1, du” v) <1},
Ly = {z#w|z,we ¥, zfis a substring of w}.

All these languages are context-free languages. For example, the language L is generated

by the context-free grammar with the following production rules:
S —aSa|bSb|a|b]|e,

where € denotes the empty string.

Answer the following questions.

(1) Give production rules of a context-free grammar which generates the language L,
with non-terminal symbol S and initial symbol S.

(2) Give production rules of a context-free grammar which generates the language Lo,
with non-terminal symbols S, 7T and initial symbol S.
(3) Give production rules of a context-free grammar which generates the language Ls,

with non-terminal symbols S, 7" and initial symbol S.

(4) Give production rules of a context-free grammar which generates the language Ly,

with non-terminal symbols S, T, X and initial symbol S.
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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 a separate answer sheet for each question.

D. [FEX# (Electromagnetism) 7787 ]
(F1] ~ (3] »52M%ZEY, BEAROMEERSHICHEE L HMEESZILAE K.

[f11] 1R T X9, FER g OBEZEFIZIMEMOEE a OBEEREKA, B, C28138

DEXL (a<<L) DIE=AFOTERICEE I ILTWD. EIREK A OERIT O, BALIZ TV, &

RERB OEMIX Or, BALIX 0, BARER C OFEMIL Qs, BIT0THD.

(1) BARE A AW TEEROEN % R

(2) BEMAEZ 01, 0s Vo EHWTERE.

(3) WiZ, 3EOELREROBANE TV 1T/ D L) ICKBEREROEM 2L I, D
BDORERDOBERE 01, Os Vo, V&AW TEHR.

@) &IZ, 3EOEREROER 22T OB LS. ZOHEDOKEROENE O, O Vo &

AWTRE.

On
@ EikEkA
// \\
/ \
/ \
/ \
/ \
/ \
/ \
/ \
#RERB \b SRR C
Q2’ 0 Q3J O

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 a separate answer sheet for each question.

[f12] DITORWIEx L. 72770, n=3.14, EZDFER g =885x10"7 F/m, #E

fe=1.60x10"C &4 %.

(1) EZEHIZEPNIEE a OEFRERNER Q THELTWSD. ZOEKOEN & FHFER
=EA RO K.

(2) BEZEFICENT AL 2.00 nm OFEREROFEREL RO L. ZOEFKICET 1 HOE
fif —e xHERTHEDOEBMOENEEBINLFHFE= LT —4 RO L.

(3) EZEHFIZENILI R 2.00 m OEEREROFEREL RO L. ZOFRRKICET 1 HOE
fif —e G52 TG EDEMOEILEERBINDLIFHEZRNLT—4 RO L.

(4) 42 2.00 nm OFAREK & H24% 2.00 m OERERD &6 B NEMOEEIZHE L TWDH . F
7=, TOEHEZR L.
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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 a separate answer sheet for each question.

(3] EEPICEWFEES dOMEROEEMIZERZ G L 72ZBRICA U HEER
IZDWTEZ S, BEORIIAGRSIGOHRIIERE RS b 0L L, AEOFLEIA 2
oLV, RSIWRT I zENCERT 5 xy FliA B X 5. BWROE SRR
W<, B, MEORENOEMmMIA»> CTEBNE —RICHLTWS &3 5. BIEE
DRES%HJ, £z, BEOGBHHREL u, LT 5.

(DBB@)¢@§HQ%@,q%mm,m@%@KEDéWﬁNﬁb»D&ﬁ%%n%n
Bz k.

(2) K3 T LI, HEN y sl R AMEIZE Y IARE AL, HUNME AW ORRRD
2y N EBEOSEICHIE> CERHEICHE L. AP, Q RICAUDBARRY L

NDRZEENENEX L. 12EL, BBATNLERBEOKRE SIHIM &Rk J D
FE-ETHDHETS.

V2 Y

(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 a separate answer sheet for each question.

Select two out of the three questions [Q1] ~ [Q3] and write the number of the

selected question on the answer sheet.

[Q1] Asshown in Fig. 1, three spherical conductors A, B and C of radius a are placed at vertices of
an equilateral triangle of a side length . (a << L) in vacuum with permittivity &. The electrical
charges of the spherical conductors A, B and C are O;, (>, and Qs, respectively. The electrostatic
potentials of the spherical conductors A, B and C are V), 0 and 0, respectively.

(1) Give the electrostatic potential of each sphere using coefficients of potential.

(2) Give each coefficient of potential using Oy, O, V5.

(3) Next, the charge of each conductor is changed so that all the potential of three spherical
conductors become V. Give the charge of each conductor using O;, O», Vo, V.

(4) Next, all the charges of three spherical conductors are changed to be Q;. Give the potential of

each conductor using Q1, O», Vo.

On Vo
@ Sphere A

/ \

Sphere B / v Sphere C

Q®--------——-- Y
0, 0 05 0

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 a separate answer sheet for each question.

[Q2] Answer the following questions, where 7t = 3.14, permitvity of vacuum & = 8.85x10"* F/m,

elementary charge e =1.60x10" C.

(1) A spherical conductor of radius a placed in vacuum is charged with a charge Q. Give electrostatic
potential and capacitance of this conductor.

(2) Give capacitance of a spherical conductor of radius 2.00 nm. Give the change of potential and the
stored electrostatic energy when the charge of an electron -e is given to the conductor.

(3) Give capacitance of a spherical conductor of radius 2.00 m. Give the change of potential and the
stored electrostatic energy when the charge of an electron -e is given to the conductor.

(4) Which is more appropriate for the potential reference, either a spherical conductor of radius 2.00
nm or 2.00 m? And give the reason.
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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 a separate answer sheet for each question.

[Q3] Consider the magnetic field produced when a current is applied to a thin cylindrical electrode
with a radius a and a thickness d placed in a vacuum. Assume that the length of the cylindrical
electrode is sufficiently long and the edge effect is negligible, and consider an xy plane orthogonal to
the z-axis, as shown in Fig. 3, with the central axis of the cylinder taken as the z-axis. It is assumed
that the thickness of the electrode is sufficiently thin compared to the radius, and the current flows
uniformly in the electrode from the front surface to the back surface of the paper. Let J be the
magnitude of the current density, and z, be the magnetic permeability of the vacuum.

(1) Answer the components of the magnetic field vectors that occur at points P(0, %a), Q(%a , 0),

and R(0, %a) in Fig. 3(a).

(2) As shown in Fig 3 (b), a cut was made at a position where the cylinder intersected the y-axis, and
a linear slit having a small width AW was formed in the longitudinal direction over the entire
length of the electrode. Answer the components of the magnetic field vectors at points P, Q, and
R, respectively. It is assumed that the magnitude of the current density flowing through the
electrode remains constant at JJ as in the previous question.

Yy Y

(a) (b)
Fig. 3
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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 a separate answer sheet for each question.

E. [7VvavXa,/7uro 3> (Algorithms and programming) 5787 ]
oy ( [F1] (2] ) 1T&R L.
(1] UTWRT 73y XL 28M0IcEZ .

NIV XL ALG(G = (V,E), s)
1. A={s}.

2: B ={s}.

3: While A # ()

4 Choose an element v € A. A=A\ {v}.
5: For each w such that (v,w) € E

6 If w ¢ B then

7 Append w to A and B.

8: Output B.

(1) HEESV, JEGEDENS 776G = (V,E) 2THEsc VEAE LTEITL
72HE, ZO7A) ZLDHITT B BONEERR .
(2) ADT =G LTRAXy 7 ZHW5E, UTOMA IS 7G=(V,E)tseV
EANTELTZO7AT Y XL N3 286 BOEFRY BISBMINIEICE
Z K.
V = {st,u,v}
E = {(s,1),(s,u),(t,u), (t,v), (u,0)}
(3) TOT7NITYXLZHNT, 526Nl F77G=(V,E)DHHRZHZHHseV
2 B EREEDT VIR0, AICHWS 7 — &Sz, TOMMmEIBRN K.
(4) 797 GEHEE A, BOT—XBECHERELENS, ZO7N03V R LOFETRIHE
BEZ 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 a separate answer sheet for each question.

(R 2] ROFZENIZEZ X.

(1) LT DBf% Item(id, name, price),User(uid, name, mail), Transaction(item,
uid, star), Follow(fid, uidl, uid2, time) IZXfL, KRDOFFNITEZ K.

Item User

id | name | price uid | name | mail

001 | abc | 150 u0dl | A | s@a.com

002 | def | 120 u02 | B | t@b.com

003 | ghi | 230 u03 | C | u@c.com

004 | jkl1 | 180 uo4 | D | v@d.com

005 | mno | 350 u05 | E | w@e.com

006 | pgr | 140 u06 | F | x@f.com

007 | stu | 150 u07 | G | y@g.com
Transaction Follow

item| uid | star fid | uidl| uwid2| time

001 | uo1 | 3 £f0001 | w01 | w03 | 20190801
001 | uod3 | 4 £0002 | u05 | u06 | 20190810
001 | uo6 | 5 f0003 | u04 | u03 | 20190810
002 | uo3 | 4 £f0004 | u01 | w02 | 20190811
002 | w05 | 5 £f0005 | u02 | u01 | 20190813
002 | u0d6 | 5 f0006 | u06 | u05 | 20190817
003 | uo2 | 2 £0007 | u04 | u02 | 20190820

(a) BAfRFollow X uidl DL —HF D uid2 DL —HF %2 K4 time I 7 A B —L7z & W
SHEZEDLEETHS. ZOMROBMF—Z2TERLL. &L, 5
I—FPRDHZ2L—H 27+ —TEX5DEEA—EL I THEERET 5.

(b) B8f% Transaction I uid DL —H¥23id DFEimE AL, 1~5 OfH star TRiAn
REHE L 72 WO HEZRDIEETH S, idH 002 THIHMmEE > /o2 —
YD uid DEEZRD 2 BAKRMAKMOEEZE Z X.

(c) BdfRUser 32— ID »3uid ZHfD L —F name DX —)L7 FL A mail TH
5 aRTEETHS. idD002 THIEMmEEH 72— DX —LT7 KL
ZDEEZRD ZERRBOBHEEZEZ K.

(d) id23002 THEEMEHE /722 —FE 740 —-LTVWE2—FOEAERD 5
BB oOEEZE Z K.

(e) BAfR Item IZFMDFANT id, Z D4 A name, Z Offfit& price LD EET
HY, ZOBBRPOLITO XS RAERZE 2B price & NES 2 HWBEf%
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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 a separate answer sheet for each question.

(2) (a)

(b)
(c)
(d)

(e)

REOHEREZEZ K.
id | price
003 | 230
005 | 350

FAfRR & Follow ® HAKI A (Rluid = uid1|Follow)[fid, uid1,uid2] T, YT D
L RMERIE LN, ZORDEERR %, B4f% Transaction ¥ @M star &

HWTEZ k.
fid | uidl| uid?2

£0002 | u05 | u06
f0006 | u06 | u05

Bif% Follow ¥ R DR Follow[uidl,uid2] =R T, LT D X 5 BEERME SN,

CORDOBERR ZEZ K.
uidl

ul1
u04

BRET MBI 2 A —F—DEBELEZ k.
FRETNVICBIT 2BMF —DEREZEZ K.

BBRET MBI 2 FEF - BEH* —DEVWEEZ X.

BIRE 7B 2EEDBIMRICIEIEM Y —23D 5 Z & ZatiAE k. 72721, B
BETNMIBNWTE, BERNOERZIELEL TWARVWERET 5.
SQLIZBII % distinct A T O HZHAE X.
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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 a separate answer sheet for each question.

Answer the following questions ( [Q1] [Q2] ).

[Q1] Answer the following questions for the following algorithm.

Algorithm ALG(G = (V, E), s)

1. A={s}.

2: B ={s}.

3: While A # ()

4 Choose an element v € A. A= A\ {v}.
5: For each w such that (v,w) € E

6 If w¢ B then

7 Append w to A and B.

8: Output B.

(1) Explain what the output B is when we execute the algorithm for an undirected

graph G = (V, E') with vertex set V' and edge set F, and s € V.

(2) If we use a stack for A, answer the elements of the output B according to the order
they were added to B when executing the algorithm for the following undirected
graph G = (V,E) and s € V.

Vo= {stu,v}

E = {(57 t)v (87 u)? (ta u)? (t7 U), (u7 U)}
(3) We want to check the vertices of a given undirected graph G = (V, E) in the in-
creasing order of distance from s € V. Answer an appropriate data structure for A

and explain the reason.

(4) Answer the execution time of the algorithm with considering data structures for G,

A, and 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 a separate answer sheet for each question.

[Q2] Answer

(1) For

the following questions.

the following relations Item(id, name, price), User(uid, name, mail),

Follow(fid, uidl, uid2, time), and Transaction(item, uid, star), answer

the following questions.

Item User

id | name | price uid | name | mail

001 | abc | 150 uol | A | s@a.com

002 | def | 120 u02 | B | t@b.com

003 | ghi | 230 u03 | C | u@c.com

004 | jkl1 | 180 uo4 | D | v@d.com

005 | mno | 350 u05 | E | w@e.com

006 | pgqr | 140 u0é | F | xQf.com

007 | stu | 150 uo7 | G | y@g.com
Transaction Follow

item| uid | star fid | uid1l| uid2| time

001 | uol | 3 f0001 | u01 | w03 | 20190801
001 | w03 | 4 £0002 | u05 | w06 | 20190810
001 | u06 | 5 £0003 | u04 | u03 | 20190810
002 | u03 | 4 £f0004 | u01 | w02 | 20190811
002 | u0d5 | 5 f0005 | u02 | u01 | 20190813
002 | uo6 | 5 £0006 | u06 | u05 | 20190817
003 | u02 | 2 £0007 | u04 | u02 | 20190820

(a)

()

(e)

Relation Follow is a set of facts that a user of uid1 follows another user of uid2
at time of time. Answer all candicate keys, where we assume that a user can
follow one user at most once.

Relation Transaction is a set of facts that a user of uid purchases an item of
id and puts a score from 1 to 5 as star. Answer operations of the relational
algebra to obtain the set of uids who purchase items whose ids are 002.
Relation User is a set of facts that a user whose ID is uid and name is name has
a mail address mail. Answer operations of the relational algebra to obtain the
set of mails of users who purchase items whose ids are 002.

Answer operations of the relational algebra to obtain the set of users following

the users who purchase items whose ids are 002.

Relation Item is a set of items whose IDs are id, their names names, and their
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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 a separate answer sheet for each question.

prices. Answer operations of the relational algebra to obtain the following

result using attribute price and a sign of inequality.

id | price
003 | 230
005 | 350

(f) When the following result is obtained using the natural join

(R[uid = uidl]Follow)[fid, uid1,uid2] of two relations R and Follow, answer

relation R using relation Transaction and attribute star.
fid | uidll uid2

£0002 | u05 | u06
f0006 | u06 | u05

(g) When the following result is obtained using the division Follow[uid1,uid2] +R

of two relations Follow and R, answer relation R.
uidl

ul1
u04

(2) (a) Answer the definition of super-keys of the relational algebra.
(b) Answer the definition of candidate keys of the relational algebra.

(c) Answer the difference between primary keys and candidate keys of the relational

algebra.

(d) Prove any relation of the relational algebra has a candidate key, where we assume

that a relation of the relational algebra does not have duplicate elements.

(e) Answer the role of distinct operation of SQL.
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F. [GtEH7 —* 7 2 F ¥ (Computer architecture) 77%7]
XOEF W ( (1] ~ [M3] ) ITEZR L.

(F9 1] GREEBEE H (a,b, ¢, d) ZRITRENS K 5 2B F(a,b,c,d), G(a,b,c,d) BXTLNAND
F—t 2o THEBT2L2IeE2EZS. BB HBIUOEYEG OEBEERIUTD XS
52505, BEF OREREAE 2R

la b c d|H G|
00000 1

000 11 1
00101 0
00 1 1|1 1
01001 0]

001 0 1|1 1|9l |
001101 0§ i
001 1 1|1 0 D=
100 0/1 0

100 1|1 1 H ¢
10100 1

101 1|0 1

110 0|1 1

110 1|1 1

11 10[1 0

111 11 0
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(2] 5 0DRT—I o234 574 VARTFT—EZAZET L2~ 7araty Hizon

[F3 3]

TEZRD. BEXNR, T4 RT7—=D1F, IF (@SEE), ID (@S 7a—FK),
EX (5317), MEM (XU 727+t R), oz, WB (4 v v 2) TH5. UUT
DHERINCE Z K.

(1) 7u 77 2FATRRNG, 3T n 80 T8 CPI(Clock cycles Per Instruction)) 27
0y 7% A4 ZVE] OB TEMTES. YA 70 F—=2 25K (1@
FOFETZ 170y 7P A ZNVTEITTZ4H0 L HRLEGE, 4774 V0
Hp Ty o nFETRENCEG 2 2 8 2 i .

(2) AT T4 VR T =X X THAET 5 RAW (Read After Write) NHF— R 2 fRiH S
DREMNBEEL LT (XM TIA VR =) & [F=RT7 5T —FT 4 V7] N
H5. IHoDFEFEOR R RFZHAE XK.

(3) MBFEITIEE 1 EIRET S, ZD A ST 4 TEKTZ % IPC (Instructions Per
Clock cycle) @ FFRZZEZ K.

16 €y b7 FLR (adr[15:0]) ZANNETE2 V=24 -y 7Y TT47F %y

YaDHFHNIONWTEZD. N T RLy Y7 HRTHD 158E 4 4 b T 5.

X yv a7 7L RACBWT, adr[15:8], adr[7:4] 72 5K adr[3:0] 1%, Zh2h, X

TI74=NVER, AT IRAT 4 =LK, A7y b7 44— R LTSRINE. D

ToOMWIEZ X.

(1) Fyvravuy 44 2B XK.

(2) FrvPad A XE2EZLX.

(3) LNV FyyyabEilBrOREXAEY AT LAEBE LGS, FEXEY
7 7t AW (AMAT: Average Memory Access Time) I FTORTREINS. ZZ
T, ¥Frvaby MRFEEF Yy 27 7 ARBEFAITREEZ TRV, XhEw
Fry P2 BEEERHAT 5 2 L ORMRE REZ AMAT 2 W TEiHE X.

AMAT = Fvyv>aby FRBE+F vy P2 IZARBXFyy T2 I ARFILT 4
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for each of the fields you selected and use a separate answer sheet for each question.

Answer the following questions ( [Q1] ~ [Q3] ).

[Q1] Let H(a,b,c,d) be alogic function. Consider that H is composed of another subfunctions
F(a,b,c,d), G(a,b,c,d) and a NAND gate as shown in the figure below. When the

truthtables of H and G are given below, show the minimum sum of products form of F.

’abcd‘HG‘

000 0[]0 1

000 11 1
00101 0

001 1|1 1

01001 0

001 0 1|1 1]l |
001 1 0|1 0]y i
011 1|1 0 DO—DH
10001 0

100 1|1 1 H &
10100 1

101 1]0 1
11001 1

110 1]1 1
11101 0

111 1|1 0
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[Q2] Let us consider a microprocessor that has a 5-stage pipelined datapath. The imple-

(Q3]

mented pipeline stages are [F (Instruction Fetch), ID (Instruction Decode), EX (EXecu-
tion), MEM (MEMory access), and WB (Write Back). Answer the following questions.

(1) Program execution time can be approximated by the product of three items, “in-
struction count”, “average CPI (Clock cycles Per Instruction)”, and “clock cycle
time”. Explain the impact of pipelining on the program execution time by compar-
ing with a single-cycle datapath implementation where each instruction is executed

in a single clock cycle.
(2) There are two implementations, called “pipeline stall” and “data forwarding”, to

resolve RAW (Read After Write) hazards that occur in the pipelined datapath.

Explain the advantages and disadvantages of these implementations.

(3) Assume that the instruction issue width is one. Answer the upper limit of TPC

(Instructions Per Clock cycle) that can be achieved by the pipelined datapath.

Consider designing a two-way set-associative cache memory that accepts a 16-bit address
(adr[15:0]). Suppose a byte-addressing scheme and the word size is 4 bytes. On each
cache access, adr[15:8], adr[7:4], and adr[3:0] are referenced as a tag field, an index field,

and an offset field, respectively. Answer the following questions.
(1) Answer the cache block size.
(2) Answer the cache size.

(3) Assume a memory system which consists of the level-1 cache and main memory.
AMAT (Average Memory Access Time) can be expressed by the following equation.
Here, you can consider that the cache hit time is the same as the cache access time.

Explain the advantages and disadvantages of applying higher cache associativity
based on AMAT.

AMAT = cache hit time + cache miss rate X cache miss penalty



