UM RZERFRE S AT BIERFH I

[EH PR T2 B

R0 3 A N SRR [
[Ffn2412HA50 () . 6 (H) ]



PRI MK %7 MRy TRELERR

X
ELERE  ASRBR
(5f24E12H5H)

B 5 (Mathematics)

(THh o 1)

fiftZ: . OTEE (Instructions):

1.

FIRERAT, B ] OBKRH 25 F THWTIZZR 57220,

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

MEARRITERREZ 50 T, MERRKITZ 3OS0 (1 0BFIC->E 1K) THD.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for
cach field).

LUFD 65BN D 30l a2 ROMRET 22 8. BALE S HEICHERKREZNICTSZ 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.

7B field page
1| BIBRE Linear algebra 2
2 | oFE sy Calculus 3
3| oy R Differential equation 4
4 | X7 FUENT  Vector analysis 5
5 | BEREEGH Complex function theory 6
6 | =R - Heat Probability and statistics 7

CBRERR OIS, HR4, RRSEES (OTHT) , XBESBLORAZLATLZ

i

k.
Fill in the designated blanks at the top of each answer sheet with the department name, the

selected field number (mark with a circle), your examinee number and your name.

CREIIRERICEAT 52 L. AR=ZANRE Y RWESIFERE AW THE RV, 08

i, BEICHEPRSHDL LWL T D 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.

R, BAREE, JEEOVTANTRAT S Z L.

Your answers must be written in Japanese or English.



A i I e 2 e 22t S — & LR T L5
Erife AR
(Hf2412H5H)
A A )&L’ .
% (Mathematics)
(7T Heh o> 2)
6 7ED D LD 3T EAIROMETDHZ L. BALE B EICHERREZINCT D Z &.

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

1. [#AR3 (Linear algebra) 53 7]
nxmFIETHAc R OEFH (= 1,2,....m) Za; € R"&T 5. FHRESE J C
{1,2,... m}iZoW\WT, TDERELAZ|J| TERL, a; (j€J)ZjIlBTLFNETENLIA
THLND ADENTTHNE AlJ) e ROVICRT. ZobE, LTFTOMWNIEZ L.

(1) AT ALK L, {a; | ] €T} IS THD K5 EnEs J C {1,2,3,4,5,6}
BTk L.
1 0 0 -2 0 0
A=]1 0 1 0 -2 =3 -5
-2 -2 0 4 6 0
(2) (1) DATH AlZxt L, rank(A[J]) < |J| ZH672 38508 E J C {1,2,3,4,5,6} TH->T,
J DIEEDOEEDES T C JIZOWTrank(A[I]) = [I| B SO DT TR k.
72 l, ZEHEA 0 L Cidrank(A[l]) =0 L EFRKT .
(3) =D A € R™™IZHOWT, I C J C {1,2,...,m} »>rank(A[J]) = |J| D& &,
rank(A[I]) = |[I| 2SR Y S25 2 & 2Rt

For an n x m real matrix A € R"*™, let a; € R" (j = 1,2,...,m) be the j-th column of
A. For each subset J C {1,2,...,m}, let A[J] € R™IYI denote the submatrix of A obtained
by arranging a; (j € J) in the ascending order of j, where |J| denotes the cardinality of J.

Answer the following questions.

(1) For the following matrix A, find all subsets J C {1,2,3,4,5,6} such that {a; | j € J}
is linearly independent:
1 0 0 -2 0 0
A= 0O 1 0 -2 -3 =5
-2 =20 4 6 O
(2) For the matrix A in (1), find all subsets J C {1,2,3,4,5,6} such that rank(A[J]) < |J|
and rank(A[I]) = |I| for any proper subset I C J, where rank(A[()]) = 0 for the empty
set ().
(3) Prove for any A € R™™ that, if ] C J C {1,2,...,m} and rank(A[J]) = |J|, then
rank(A[I]) = |I].



A 2 I e 228 e o 1k — ) pEappl s 18 REE LRI
e AR
(Hf2412H5H)

B 5 (Mathematics)

(7Bt o> 3)

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.

2. [#53F85 (Caleulus) 53 %7]

R? L%k

x? +y2)

f,y) = (o +y)exp(-—

IZOWTIROERIWVITE 2 L.

(1) fOIEFEEREETRD K.

(2) f ORI E R/ NRZETRD L.

(3) f OBKIEE T IIR/MEADFET 256, T bERD L.

For the function

x? +y2)

f@xy)z(x+wﬁeXp(— 5

over R?, answer the following questions.

(1) Find all the stationary points of f.
(2) Find all the local maximum and the local minimum points of f.

(3) Find the maximum and the minimum values of f, if they exist, respectively.



A 2 I e 228 e o 1k — ) pEappl s 18 REE LRI
e AR
(Hf2412H5H)

B 5 (Mathematics)

(7Bt o> 4)

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.

3. (#5375 (Differential equation) 43 7]

ROy FT A D — i 2 3R D L.

d x? + 6y>
oy T

dx 4y

dy
2) 2 — 2x+y+1_1
(2) 3, =¢

Find general solutions to the following differential equations.

dy 2%+ 6y?

(1) ="t
dz dxy
dy

(2) d_ — €2x+y+1 -1

i



A i I e 2 e 22t S — & LR T L5
e AR
(Hf2412H5H)
A A )&L’ .
% (Mathematics)
(7T o 5)
6 7ED D LD 3T EAIROMETDHZ L. BALE B EICHERREZINCT D Z &.

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

4. [~27 FAEHT (Vector analysis) 4757 ]

B RIZBNT, o, y, 2 MTAORMANY M EENZNG, §, k&T5. ROKRM
(B R K.

(1) 34(2, =6, 2), (1, =10, —1) BL U (—1, 2, 3) DIRET 5Vl & (2, —2, —2) & O
R K.

2
@)Nykw%F%JW—<2%>ruz—@j+@+wkk¢5~@%C“”‘%Wy__z

9 L
mmofmaam#@(§ﬁ,ﬁ>if®%%%/EWdr%ﬁ%@;
C

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

respectively. Answer the following questions.

(1) Find the distance from the point (2, —2, —2) to the plane determined by the points
(2, =6, 2), (1, —10, —1) and (—1, 2, 3).

T
(2) Let the vector field F = (—%) i+ (z—2)j + (z+y) k. Evaluate the line integral

2

9
/ F x dr along the curve C: x = =, y = —z, from (0, 0, 0) to (5, 0, —6).
C

oo |<



FRSELE SRR A7 sfppery TRRTERR
LA AR
(4f2412H5H)
Mz )&L’ .
5 (Mathematics)
(7 Her$ > 6)
6 7B D O HIND 3B AROMET L2 L. BASEEICHEMRZINZTLZ L.

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

5. [#3B3%GH (Complex function theory) 77 8]
WRDOEFNTE % L.

- " 1 =
Q)@%%ﬁﬂ@z;§t§5%z:OTD 7 VR L.
@)@%%ﬁm@:zmuiz%z:—afm—?V%%L,ﬁﬁﬁﬂﬁ#é%@%%ﬁ.

WIZ, z=—2I1TBITHHERD L.

Answer the following questions.

1
(1) Expand the complex function f(z) = oo in a Laurent series about z = 0.
2(z —

(2) Expand the complex function g(z) = zsin

in a Laurent series about z = —2 and
zZ+2

give the region of convergence of the series. Then, find the residue at z = —2.



A 2 I e 228 e o 1k — ) pEappl s 18 REE LRI
e AR
(Hf2412H5H)

B 5 (Mathematics)

(7THrh > 7)
6 3T D D bhh 3NBERMET 5 Z L. BATIHEIEAMENNCT 5 2 L.

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

6.

[fe=2 - %51 (Probability and statistics) 7 #F]
FHpToO<p<lZWETEDOETD. MEREKRX &Y (TR — ORI

p (k=1)
R

WS> bDET S, Z=XY LT, LFOKMIZEZ L.

(1) HIHE B[Z] 2K k.

(2) X & Z 045 E[(X - E[X])(Z — E[Z])] &3k k.

(3) X & Z ML paskib k. RO pITkIL, Y & Z bMWY TH D = & Amt,
(4) (3) TRDEpICHL, BEPIX +Y + 2 <2 &Ko k.

Let p be a real satisfying 0 < p < 1. Let X and Y be independent random variables which

respectively follow the identical probability function

] (k=1),
f%)_{l—p (k=-1).

Let Z = XY, and answer the following questions.

(1) Find the expectation E[Z].
(2) Find the covariance E[(X — E[X])(Z — E[Z])] between X and Z.

(3) Find p such that X and Z are independent. Prove that Y and Z are also independent

for the same p.

(4) Find the probability Pr[X + Y + Z < 2] for p obtained in (3).



BHI3EE SUNKRERFBE S R T LEREVERT BRI T2 HIK
ELa#E AFRURRE (EfiH w241 2H5H)

5 P9 B} H (Specialized subjects)
(1/29)

fipts EOEE (Instructions):

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

0. FRAFISUE FA0E b 20 1, MRAHIEUE 3D5 D 216 (1 IO X 11) TH 3.
You are given 29 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field).

3. MTD6 7B » o 2 2 fUOMET 22 . WERAKIZ I TICOoZ1E, KE12oH7%
D 1MEERHT2 2. 1THICKRE 2B EOEEZEZENTIIWITEEA.
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 it field page
A | EXEE Circuit theory 2
B | THHH R Information theory 6
C|A—Ft~xrrLEib Automata and formal languages 10
D | B Electromagnetism 14
E| 7VvaVXas,/7vur53>7 Algorithms and programming 20
F|itEK —x727F~ Computer architecture 26

4. REERRO R, ERDHH, %S, RABIOMERSZILATS 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. EEMERMICEIAT 2 2. AR D ZRWEERETIZHVTH RV, 208
al, BHIZHE D ZHilT 52 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. &L, HAGE, HEOWITNPTRIATLI L.

Your answers must be written in Japanese or English.



BHI3EE M KERERE S 2T NEMBIERT EHRE T2 IR
B A BREE (ZEfiH fM2412A5H)
H 4 Bl H (Specialized subjects)

(2/29)

TEPO 2B 2RBOMET L. BALTHBEIHERAR 1T ZHWE. £,
j(Fﬁ—OZét D —H DL Z v &
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, [EXUEE (Circuit theory) 77%7]

(1] ~ (4] h52 %R, MARROMEESMICRE L -MEES2HAL X,

(1] X1WRFTEECBWT, C = V3 F,
L = ‘[ H, BEIROMEAFE w = 2 rad/s, ¥t

S j: V L& I ONHZER arg(¥) = —F rad I R
H D, EEEERRECDS LT 5. L0 —L ]
WIcE z K.
. VT@ — L
(1) ROEZERD X.

(2) BRI DRFEBIEAY i(t) = sin(2t+5) AT
HY, ZAUKHET 37 = —VERE ] = X1
s ALERITLE, 72—V EEV EZRD,

Z DR v(t) ZE R X.

(2] X2DEEEIZONT, IFORWIZE X
L. 72720, K2(a) ¥K2b) 3ETH 3.

<
[N
N
V]
0
[\
0
=]
N

(1) M2(b) DA Y =KV R Zy, Zy, Z3s%K
XK. O

(2) K2(b) IZBWT, ImFxf1-1 2 oh %R (a)
P2 EDA VE—R VR Z BXOEMZ
Rz &DAf Y E—&K VR 7, BitH Z,
Zv, Zy, ZsHHWTIIRYE., 2750, A
VE—XURZy=R+jXTH5.

(3) Q(b)O)ZO IZBEWT, R X HA[ET
%t%,%uﬁwéﬁﬁﬁﬁ%rktﬁé
RBXU X &k K.




BRI 3EE NUNKRERFBE S R T LEHREVERT BRI T 2RI
ELaE  AFRURRE (FEfEH /24412 H5H)

B M Bl H (Specialized subjects)

(3/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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.

(3] K3DEEKICOVWT, UTOMWIEZ K. 2L, BROAAEREZw LT 5.

(1) X 3(b) 23K 3(a) D¥iFxf 1-1° DEM D 2 b F[EliEg & Fffize & =, BRE o &7 FIX
VAY, BRD K.

(2) XM 3(a) DEIR I ZKD K.

[

D ¥,

@ : ® "
%3
(fl4] M4 DEFICONT, DLTOMWZEZ K. 7% =0
7L, elt) =50sint VEL, X4 vFSEML R T
DOEFITEFIREICHZ LT 5. S
) ™ .lf
(1) t=0TAA v F SEMULERDER i(+0) & ch IHEH) D3Q
ke .

(2) t>0ITBIT2EMi(t) ZKD X. X 4



BRI3EE N REREBES 2T ZIEREER M T
(CR N Y i (EfiH w241 2H5H)
B M Bl H (Specialized subjects)
(4/29)
6 DED S 2 P REOMET L. BARTHHEIRERARK LT ZHNE. £,
R—2H 7 b —~ROMEMIZE W &.

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, where
C=+3F, L= %g H, the angular frequency of the

source w = 2 rad/s, the phase difference arg(‘) =
-
the following questions.

rad, and the circuit is in steady state. Answer —

(1) Find the resistance R. VT@ — L

(2) The current [ in the time domain expression

is i(t) = sin(2t + %) A and the correspond- Fig. 1
ing phasor is I = ¢/ A. Find the phasor V/

and the corresponding time domain expres-

sion v(t).

[Q2] Consider the circuit shown in Fig. 2. Here, the _ LA _

circuit shown in Fig. 2(b) is equivalent to Fig. 2(a).
Answer the following questions.

(1) Find the impedance Z;, Z5, and Z3 of Fig. 2(b).

(2) In Fig. 2(b), express Zr and Z; without using
symbols Zy, Z1, Zy, and Z3, where Zp is defined
as the impedance measured rightward from the
terminals 1-1’, 7 is defined as the impedance
measured leftward from the terminals 1-1’, and
the impedance Zy = R + jX.

(3) When R and X are variable, find the value of R

and X which maximize the power consumption

at the impedance Z.



BRI 3EE NUNKRERFBE S R T LEHREVERT BRI T 2RI

ELaE  AFRURRE (EfiH wM2412H5H)

B M Bl H (Specialized subjects)

(5/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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 sources have the angular frequency w.

Answer the following questions.

(1) Find the current source Jy and the admittance Yy when the circuit in Fig. 3(b) is equiv-

alent to the circuit seen from the terminals 1-1 to the left in Fig. 3(a) .

(2) Find the current I.

> o]

1’

(b)
Fig. 3
[Q4] Consider the circuit shown in Fig. 4, where 2 =0
e(t) = 50sin ¢ V and the circuit is in steady state £,

before the switch S is closed.

o 1 H (1)
(1) Find the current i(40) just after the switch S is LU)T E l

closed at t = 0.

| S|

(2) Find the current i(t) for ¢ > 0. Fig. 4

30



BRI 3EE NUNKRERFBE S R T LEHREVERT BRI T 2RI
ELaE  AFRURRE (EfiH w2441 2H5H)

B M Bl H (Specialized subjects)

(6/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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. [1H#3E (Information theory) 77%7]
Zo#&fW (1] [F2] ) B L.

(1] A7V 7 7R P eHI707 7Ry b3 e $IZ {1,2,3,4} TH 2 W@ EK
W (y|z) DBEEEITHID
05 05 0 0
0 05 05 0
0 0 05 05
05 0 0 05

THEZOoNTWE T 5. 12720, (4,)) AR W(jli) 2R3, ZO@EEROEEKE
BERD K. F, ZTNEERT AN HEE2TRD K.



BRI3EE N REREBES 2T ZIEREER M T
(CR N Y i (EfiH w241 2H5H)
B M Bl H (Specialized subjects)
(7/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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.

(2] EFEILEERE X, X, 2EZX 5. ZOHERFEO7T V7 7Ry FEHRESG X &
L, & X, 3R p(2) TS DD T 5. ERICEEZ Nz e > 01ZHL, R
(x1,29,...,2,) € X" D3

27 MHXOY) < (2, 9, .. @) < 27MHXDTO

Zles e &, ZORINE p(x) T 2HARIITHLZEFS. 22T, HX) B X,
DLy bab—%EL, p(a, o, ...z, ZFEFHERSHZRT. £ TOMARLNS %K
HEEE AN ¥ KT B, ROBENCEZ K. 727U, X ={0,1}, p(0) =1 — q,
p(l)=a T3, ZZTac(0,1)XEHTH 3.

(].) (1]1,(132, e 71’10) = (0, 17 1,0,0,070, ].,0, 0) &:j‘j‘l/, p([[‘l,l’g, C ,Z)’Jlo) %*&bi
(2) i=1,2,...,n XT3 HX;,) BEY H(X1,Xs,...,X,) ZKD X.
(

3) &= (21, @9,...,2,) KL, S(x)=3" 2, 2BL. a=02n=200,c=001%
T%. A BT 3R 2 T B S(x) OHEIFEERD X.



BRI 3EE NUNKRERFBE S R T LEHREVERT BRI T 2RI
ELaE  AFRURRE (EfiH w241 2H5H)

B M Bl H (Specialized subjects)

(8/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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] Suppose that the channel matrix of a memoryless channel W (y|z) with the input and
output alphabets {1,2, 3,4} is given by

05 05 0 0
0 05 05 0
0 0 05 05|
05 0 0 05

where the (i,7) component denotes W (j|i). Find the channel capacity of the channel

and all the input distributions which achieve the capacity.



BRI3EE N REREBES 2T ZIEREER M T
(CR N Y i (EfiH w241 2H5H)
B M Bl H (Specialized subjects)

(9/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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.

[Q2] Consider a stationary memoryless source X;X,---. Let the alphabet of this source
be a finite set X and suppose each X; follows a probability distribution p(z). For an
arbitrarily fixed constant € > 0, a sequence (z1,xs,...,2,) € X™ is said to be a typical

sequence with respect to p(z), if it satisfies

2 MHEXIY) < p(xy, 1o, ..., w,) < 27HEDT

— Y

where H(X;) denotes the entropy of X; and p(zy,xs,...,x,) denotes the joint prob-
ability distribution. The set of all typical sequences is denoted by A" Answer the
following questions. Here, let X = {0,1}, p(0) = 1 — o, and p(1) = «, where a € (0, 1)

1s a constant.
(1) Find p(xy, z9,...,x10) for (1, 29,...,210) = (0,1,1,0,0,0,0,1,0,0).
(2) Find H(X;) fori=1,2,...,n and H (X, Xs,..., X,).

3) Let S(x) = > ", a; for & = (x1,29,...,2,). Put a = 0.2, n = 200, and ¢ = 0.01.
( =1
Find the range of S(x) for sequences x belonging to AM.



BRI3EE N REREBES 2T ZIEREER M T
LR AR (EfiH w241 2H5H)
B M Bl H (Specialized subjects)
(10/29)
6 DED S 2 P REOMET L. BARTHHEIRERARK LT ZHNE. £,
R—2H 7 b —~ROMEMIZE W &.

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. [A—1br~= 1t EiE (Automata and formal languages) 77#F]
X ([FE1] (2] ) & L.

(1] KEE2 oREWERA— b~ 2EZ 5. IWEWARA -~ > M=(K,X,0,q,F)
WBWT, K={q,q}, X={a,b}, F={q}&35. LEL, K, %, 0, q, FIZh
ZFHhM OIREES, 7L7 77Xy b, BB, WIHIKRE, REIREBOEREZERL, o
EOVIIXFTHB. BBIp,z)=r (pre K, v € D)F, MPXFxZairZ & TR
RpDOREr B2 E2RT. MICK-o TRMEANEE7E% L(M) TERT.

Y EOIERERM e(a,0) BERTEREL, |le(a,b)]| TERT. ROBHWIZEZ K.

1: 5(qo,a) = qo,0(qo, b)) = 1 TH 2 AFEHDOA - < b2 M

(1) 1, 0(qo,a) = qo,6(qo,b) = ¢ TH 3 ATEEHD 6 1L T 2 M OIREEBIKT
H5. K1DEMIZONWT L(M)IZEEN 2 LFHNEDHHE X.

(2) 0(qo,a) = 0(qo,b) = ¢ D& =, ARER M OIRBEEBRNEZH 115 -oTRTHR
K. X5, EMIZOWT LM) IZEEN 5 LTFH %8 .

(3) BEEL = |le(a,b)]| 12T, |le(ba)| % L DRIWEFBL MR, 728 ZUE, Lo DX
Fa 2 BBIEE LTI MM ENLEETH DL E, LiyORBFEIEIF b %
BEUE & LT ORI EN D EFETH 5.

(1) & (2) LIdER2 SITHIET 28 ML, (1) H2W0E (2) DEFEDSH
LIRBRN L(M) W& EN D XTI Z Y XK.

il

p={1113

¥y
[=]



BRI3EE N REREBES 2T ZIEREER M T
(CR N Y i (EfiH w241 2H5H)
B M Bl H (Specialized subjects)
(11/29)
6 DED S 2 P REOMET L. BARTHHEIRERARK LT ZHNE. £,
R—2H 7 b —~ROMEMIZE W &.

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] XkRBEHEEEZ 408 (N, S, P,S)TRT. 7L, N, &, P, SZEzizhIER
BoORE, il s0RE, ERHRIOES, S35, ¥ Lot Fw &K
Bz e ITMLT, |jw,ZwHDrDEBHEEE T3, LLFOSEWICEZ X.

(A) UMITRTERE L (i =1,2,3) ZEH S 2 RE B30E (N, 5, P, S) OARERAO
EEPEE5ZX.
(1) Ly = {w € {a,b}* | |w|a > 3}. 7272L 2, = {a,b} THB. EZIZIEN, = {S, X}
R .
(2) Ly = {w € {a,b}* | |w]a > 2Jw|s}. 7L E, = {a,b} TH3. BZIZIZ
Ny ={S} ZHWV&.
(3) Ly ={a't/cF|i,j,k>0DD (2i=j £/F 35 =k)}. 7272L 3= {a,b,c} T
HbH. BEAIEN;={S,V, XY, 7} WV X.
(B) U FCRFEE Ly, Ly EXREMEETH 2 0G0, T X
(4) Ly = 0.
(5) BRMEDHREFHD MR E N5 2ETRWEEDEGE Ls.
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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 with 2 states. For a deterministic finite au-
tomaton M = (K, X, d, qo, F), we define K = {qo,q1}, ¥ = {a,b}, F = {qo}, where
K, X, 0, qo, and F represent the set of states, the alphabet, the transition function, the
initial state, and the set of final states of M, respectively. Here, a and b are characters.
By 6(p,x) =1 (p,r € K, © € X), we represent that M reads character x, and transits
from state p to state r. We denote by L(M) the language that is accepted by M.

We denote by |le(a,b)|| the language represented by a regular expression e(a,b) over ¥.

Answer the following questions.

Figure 1: Four different automata M such that §(qy, a) = qo and §(qo, b) = ¢1.

(1) Figure 1 shows four different automata M such that d(qo,a) = qo and 6(qo,b) = ¢i.
For each M in Figure 1, describe the strings in the language L(M).

(2) Let 0(qo,a) = 6(qo,b) = ¢q1. Give the state transition diagrams of possible finite-
state automata M in a similar way as in Figure 1. In addition, for each M, describe

the strings in the language L(M).
(3) For language L = ||e(a, b)||, we call ||e(b, a)|| the flipped language of L. For instance,

let Ly be the language which consists of strings that contain an even number of a’s.
Then the flipped language of L is the language which consists of strings that contain
an even number of b’s.

For each M with ¢ which is different from those in (1) and (2), describe the strings
in the language L(M) which is not the flipped language of a language in (1) or (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 a separate answer sheet for each question.

[Q2])

We represent a context-free grammar by a quartet (N, X, P, S), where N, X, P, and
S represent the set of non-terminal symbols, the set of terminal symbols, the set of
productions, and the start symbol, respectively. For a string over ¥ and a terminal
symbol z € ¥, let |w|, denote the number of occurrences of x in w. Answer the

following questions.

For the following languages L; (i = 1,2,3), give a set P; of production rules of a

context-free grammar (N;, 3;, P;, .S) which generates L;.

(1) Ly = {w € {a,b}* | |w|, > 3}, where ¥ = {a,b}. Use N; = {S, X} in your
answer.

(2) Ly ={w € {a,b}* | |w|, > 2|wl|p}, where ¥y = {a,b}. Use Ny = {S} in your
answer.

(3) Ly = {a'¥c* | i,j,k > 0and (2i = j or 3j = k)}, where X3 = {a,b,c}. Use
N3 ={S,V, XY, Z} in your answer.

Prove whether each of the languages L, and Ljs is a context-free language, or not.

(4) Ly = 0.

(5) Any non-empty language Ls which consists of a finite number of finite-length

strings.
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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.

(B &F (Electromagnetism) 7787 ]
(F1] ~ (3] »52M%ZEY, BEHROMEFRSHMICHEE L MEESZILAE K.

(RI1]

(1) FHEF g DEZEFIH 2 BWPIZEVV LR o OEAERVBHEMNENT-0 1 OBEMEA L
TWo. ERSMERD K.

(2) HEF gg DEZETIERIZ RV VR 0 O 2 KO EHEHRAHEIE d(d>> a) THATICHRE
ENTWD. BNEYS OFEREZRD L.

(3) FHEF e ORZHFITH E h OF SITHERICE VAR 0 OEABERNIHE SN TND. H
RN OBERELZRD K.

4) ()T h=50m, a=1.0mm OHEITHAEL T OFEFEZ RO L. 72720, KD
HERITe=885x102Fm THY, log,10 =23 &7 5.

1
2

I

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.

[f12] 20X 97¥4 a b, c OIFEOENFLEREELRA, B, CHAELEFIZHS.
AB BIIFEER ¢, & OFEBRNELEL LT Oz, BC BITFESR ¢ OFEMARTT
R EINTWD., BZEFOFERE ¢ 75, WOKRIEZ L.

(1)

2)

€)

4)
)

ERBICHEM O &5 2726, MR 1 GER A LR B ROEFS)) |, ik 2
(ER A LERBRIOAHSy) , w3 CEAB & COR) , BLUmE4 Gk C
DIMA IZBT DFBEROKE S 2R L.

HIKB ORFERREZRD L.

BRB TlEZe<, BIKAIZER Q 252 26, KA O 1 ITHET 287312010
T REME O, B KOG 2 (2549 2 B 0r 2K K.
G)DYEa, fEECl, 2, {3, BIOHE 4 OFERORE S 2RO K.

HIKA OFFEREZRD L.

{3 fEEk2

%] 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 a separate answer sheet for each question.

(3] LAFoORIZEZ L.

(1) ®3@ITRT L7, BESOEMER AB IZER I 2. B SIEREd D8 P Ik
CHWN HIZOWTEZD, 727120, BMIEB O ADOMXIIHTHOEL, AP M
5 ABIZFA LIRS AB EZD D M %E O, ZPAO %#60,, /PBO %6, 95. 05
HlEs O QIZBITHEMEN 1 ds DR PIHEAKA dH DmE L REIZRD L. =
72L, ZAQP #0 L <.

() AT OFEFRZ HWWT, X 3(a)? BA ZIiAL 5 it I 3R P IC/EDHN H D& & K& &
R XK.

(3) WIZIX 3 (bW TRRICERR AB 1T ATIZ, R E& 0 OBEMRESR CD 28 dE T T
EX, B)H ADHIIZERL DD CORXICERLEZNENRT. S CD E
THR D 2 GEEEEx DR P AHMUNER de 8521 5 J1 dF D& & RE S Z2RKD L.

4) GIZBW T ZADOEHRENANEHT 2 FOmE & REZaRD K.

A " A C
dx ¢ p’
14 4
1
d X

v v B 1 D

A I

(a) (b)

X 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.

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

selected question on the answer sheet.

[Q1]

(1)

2)

€)

(4)

In vacuum of permittivity &, , there is an infinitely long straight wire of radius a that carries a
charge A per unit length. Give the electric field distribution.

In vacuum of permittivity &, , there are two infinitely long straight wires of radius a placed
parallel with a distance d (d >> a). Give the capacitance per unit length.

In the air of permittivity ¢, there is an infinitely long straight wire of radius a, which is located
at a height 4 above the ground. Give the capacitance per unit length.

In the case of (3), give the capacitance per unit length for #=5.0m, ¢ =1.0 mm, where

permittivity of air £ = 8.85 x 1012 F/m and log, 10 =2.3.
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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.

[Q2] As shown in Fig.2, three thin concentric spherical shell conductors A, B and C with radii a, b

and c are located in vacuum space. Dielectric with electric permittivity £ is filled in the left half part

of the area between the conductors A and B. Dielectric with electric permittivity & is filled in the

right half part of the area. Dielectric with electric permittivity &3 is filled in the space between the

conductors B and C. Electric permittivity in vacuum is £o. Answer the following questions.

(1) When electric charge Q is applied to the conductor B, give the magnitude of electric fields of the

)
3)

4

)

region 1 (the left half part of the area between the conductors A and B), the region 2 (the right
half part of the area between the conductors A and B), the region 3 (the spherical shell between
B and C) and the region 4 (outside of the conductor C), respectively.

Give the capacitance of the conductor B.

When an electric charge Q is applied to the conductor A, not to the conductor B, give charge
quantity Q1 distributed on the conductor A in contact with the region 1 and charge quantity Q>
distributed on the conductor A in contact with the region 2.

In the case of (3), give the magnitude of each electric field in the region 1, the region 2, the
region 3 and the region 4, respectively.

Give the capacitance of the conductor A.

region |

region 3 region 2

C region 4
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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] Answer the following questions.

(1)

2)

3)

4)

As shown in Fig. 3(a), a current / flows through the straight conductor AB of length /. Consider
the magnetic field H at the point P of the distance d from the conductor. The current flows in the
direction from B to A. O is the point where the perpendicular line from point P intersects with
AB, 0, is the angle ZPAO, and 0, is the angle ZPBO, respectively. Find the direction and
magnitude of the magnetic field dH generated at point P by a piece of current / ds at point Q
with a distance s from O, where the angle ZAQP is 6.

Using the previous results, find the direction and magnitude of the magnetic field H generated at
point P by the current / flowing through BA in Fig. 3(a).

Next, in parallel to the conductor AB, straight conductor CD of the same length ¢ is placed at
intervals d as shown in Fig. 3(b), where the current /; flows from B to A and the current /> flows
from D to C, respectively. Find the direction and magnitude of the force dF experienced by the
short interval dx at point P” which is in distance x from point D on the conductor CD.

In the case of (3), find the direction and magnitude of the force F acting between the two

conductors.

A A A C
dx 4 p-
14 /
I
d X
v v B 1 D
A I
(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. [ZravXa,/ 7ur5 327 (Algorithms and programming) 57%7]
Xo&v ( [F1] [(M2] ) &R L.

(fI1) 2 o0KDOMNE, FEEB X ORPNEEIZS 2 BNVREETITZ 202 55, LITOKRM
WIZEZ L.

(1)

(2)

(3)

EZoNlzd x do TTHNA & dy x ds FTHI B2t L, 703V XL 1IEFNS DOFE
C=AB%X®2. 713V XL1DOKREFERZEZ X.
ZILOdU X L.

A dy x do ATH A = (a45) & dy x d3 1751 B = (b))
1 fori<+1tod;

2 for j < 1 to dj

3 cij <0

4 for k£ < 1 to dy
5) Cij < Cij + aikbkj

6 return C = (¢;)

10 x 1001741 A ¥ 100 x 1154 B ¥ 1 x 100 4741 C ¥ 100 x 1075 D 2352 64
7%= MME=ABCD%#7NITVRL1EZY TN —F 2 LTHOWTRDZ.

(a) B E = (A(BC))D TR NZHBEDNEIHES HE, 175 E OFFHEICBIT 50
B REAORMOEGHEEZ X.

(b) E OFFEIH» 2B/ 72 2FDIEZ, [ (a) 1o 7 TRlidE &.
F72, ZOMOIAICHES EOFTREICB I 2 ME L FROBHMOEFE2EZ X.

M, (i=1,....n)&d; xdif7Ale L, BX=M,---M, 27 Vv3a) Xs1zH»
TRDZW., X OFEICOVWT, TRTOEDIEOHTR/INORMEFIEESRZ 7L
AV RXL2DB5 232 RiEAY X, 27030 XL 20REEIEEEZEZ X.
ZILd) X L2.
A BB, ... dy

for j<1ton

1

2 f(4,5) <0

3 fori<1ton

4 for j«1ton—1
5

6

[ +14) « j<T]£1<i§.1+i{f(ja k) + f(k+1,5+14) + djdidjri }
return f(1,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 a separate answer sheet for each question.

[F32] X 11XPython SiECEILNIz—I Y —b DT ILTHS. KM1D3RITHTTIL
DA EZoNTWSE., ROBIWIZEZ L.
32: list_input = [8, 3, 6, 5, 2, 7, 4, 1]

(1) merge _sort X, V A I result DK% start 7*H end OHIPTHIAIZIH NEZ 5
BT H 5. 22 (A)-(G) 2, B merge sort ¥ K.

(2) sortid, VA list_input ODEZEZFINHICH SEZ L TH 5. B sort H3W
CHESNTHET T2 ETIZ, Bflinerge BIFUH TN BRI EZEZ K. £z, B
merge (52 HN BTG DY X |k copy & result DEZFEZ FH# merge DIEUHI L
TEWEZL.

(3) 8ITTH» S 11 1THOX ZHIRR L 2562 BE T 5. B sort D SNz, U
A b list_input ODEHRIE, FMECHIFZONTVWELErEEZ K. £, E
B sort WFEITFE T T2 ETIZ, Blmerge sort UM I N EIEEEZ K.

(4) B¥ sort Z, VU A b list_input ZFFIEICI R 2 K5 KEE LWV, 1THS%Z
IRLRD S, ZHINEZHXE, ZONEZLE.
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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.

1 def sort (list_input):

2 copy = list(list_input)

3 merge_sort(copy, list_input, 0, len(list_input)-1)
4

5 def merge_sort(copy, result, start, end):
6 if end - start < 1:

7 return

8 if end - start ==

9 if result[start] > result[end]:

10 result[start], result[end] = result[end], result[start]
11 return

12

138 mid = int((end + start) / 2)

14 merge_sort(result, copy, (A), (B))

15 merge_sort(result, copy, (C), (D))

16 merge(copy, result, (E), (F), (G))

17

18 def merge(copy, result, start, end, mid):
19 i = start

20 j = mid

21 idx = start

22

23 while idx <= end:

24 if j > end or (i < mid and copyl[i] < copy[jl):
25 result[idx] = copylil

26 i+=1

27 else:

28 result[idx] = copyl[j]

29 j+=1

30 idx += 1

31

32 list_input = [8, 3, 6, 5, 2, 7, 4, 1]
33 sort(list_input)
3/ print(list_input)

1 (Figure 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.

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

[Q1] Suppose that each of additions, multiplications and comparisons of two numbers takes

a unit time. Answer the following questions.

(1)

(2)

(3)

Given a d; X dy matrix A and a dy X d3 matrix B, Algorithm 1 computes the product
C = AB. Show the time complexity of Algorithm 1.
Algorithm 1.

Input: d; x dy matrix A = (a;;) and dy X d3 matrix B = (b;;)
1 fori<+1tod,

2 for j < 1 to ds

3 cij <0

4 for k£ < 1 to d,
5 Cij < Cij + Qipby;

6 return C = (¢;;)

Given a 10 x 100 matrix A, a 100 x 1 matrix B, a 1 x 100 matrix C' and a 100 x 10

matrix D, we wish to compute £ = ABC'D using Algorithm 1 as a subroutine.

(a) Show the total number of additions and multiplications in the computation of F

according to the multiplying order represented by the equation £ = (A(BC))D.

(b) Show in the form of an equation similar to that in the question (a) the multi-
plying order of £/ minimizing the execution time. Also, show the total number

of additions and multiplications in the computation of E according to the order.

We wish to compute X = M; - - - M,, using Algorithm 1 where M, is a d; X d;;1 matrix
for each i = 1,...,n. Prove that Algorithm 2 finds the minimum time complexity
over the multiplying orders of X. Also, show the time complexity of Algorithm 2.
Algorithm 2.

Input: positive integers dy, ..., d, 1
for j < 1ton

f(j,J) <0
fori<+ 1ton

I<k<j+i

1

2

3

4 for j« 1ton—1
5

6 return f(1,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 a separate answer sheet for each question.

[Q2] Figure 1 shows a program written in Python which implements the merge sort. The

following input is given at line 32 in Figure 1. Answer the following questions.

32:

list_input = [8, 3, 6, 5, 2, 7, 4, 1]

(1) merge sort is a function that sorts the elements of list result in the range from

start to end in ascending order. Fill in the blanks from (A) to (G) to complete

function merge_sort.

sort is a function that sorts the elements of list 1ist_input in ascending order.
Answer how many times the function merge will have been called by the time the
function sort has executed to completion. In addition, show the elements of lists
copy and result that are given as actual arguments to the function merge each

time when the function merge is called.

Suppose that the statements from line 8 to line 11 are deleted. Answer whether or
not the function sort can sort the elements of the list result in ascending order.
In addition, answer how many times the function merge_sort will have been called

by the time the function sort has executed to completion.

To make function sort sort the elements in the list 1ist_input in descending order,
which lines should be modified? Indicate the line numbers that need to be modified

and explain how to modify them.
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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.

1 def sort (list_input):

2 copy = list(list_input)

3 merge_sort(copy, list_input, 0, len(list_input)-1)
4

5 def merge_sort(copy, result, start, end):
6 if end - start < 1:

7 return

8 if end - start ==

9 if result[start] > result[end]:

10 result[start], result[end] = result[end], result[start]
11 return

12

138 mid = int((end + start) / 2)

14 merge_sort(result, copy, (A), (B))

15 merge_sort(result, copy, (C), (D))

16 merge(copy, result, (E), (F), (G))

17

18 def merge(copy, result, start, end, mid):
19 i = start

20 j = mid

21 idx = start

22

23 while idx <= end:

24 if j > end or (i < mid and copyl[i] < copy[jl):
25 result[idx] = copylil

26 i+=1

27 else:

28 result[idx] = copyl[j]

29 j+=1

30 idx += 1

31

32 list_input = [8, 3, 6, 5, 2, 7, 4, 1]
33 sort(list_input)
3/ print(list_input)

1 (Figure 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.

F. [GIHE#ET —% 72 F v (Computer architecture) 7787]
XOEM W ( [A1] ~ [[3] ) ITEZR L.

(B 1) 5% 5h 7 HEEETE SN2 HEE F(a,b, e, d) BUUT ORFIR % 7 T, Hi
IR G(X, Y, Z,W) ORMRRT 25, 727U, SR L SRR 5 5,
BSOSO b O R I8T. BIENDS LRI RIS 2 5810132 O b
TV F I AEBIND S OIS

’a b ¢ d‘F‘

0 0 0 0|0

000 1[0

00 1 00

00 1 11

01 0 00

0 1 0 11 X = abc+ bd+ abd
01 1040 Y = acd+ bed + abd + acd
0 1 1 110 7 = abe+ bed+bd

1 00 01 B

100 111 W abd + abd + cd + ac
101 01 F(a,b,c,d) = G(X,Y,Z,W)

1 01 1|0

1 1 0 01

1 10 1]0

1 11 0]0

1 11 1|0




BRI 3EE NUNKRERFBE S R T LEHREVERT BRI T 2RI
ELaE  AFRURRE (EfiH w241 2H5H)

B M Bl H (Specialized subjects)
(27/29)

6 THNO 2R RNRET L. BALHHIHERK LAWK, £,
K=o &7 — M DERZE W 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.

(2] 5 0DRT—I o234 74 VAT —EXZABZET L34 7uaraty Hizon

[F3 3]

TEZRS. BEINEAL T4 R27—D1F, IF (@SS, ID (@S7Fa—F),
EX (5317), MEM (X®VU7 27+t R), "oz, WB (74 v Nv ) TH5. T
DEEIZE Z L.

(1) IF, ID, EX, MEM, WB OEIERMEIX, Z4 24, 240 ps, 400 ps, 200 ps, 250
ps, 180 ps TH 5. ZDT—RXRADHRKENERE I EZEZ & (Bl GHz) .

(2) IF, ID, EX, MEM, WB OW3Fhh 1 2% 2 DDA T —IRZHEIL, <475
AVRT=IRE 500 6 A NEWEMT2Ze%2EZ5. 22T, HElINE 4
TI 4 AT —Y OBIER RN, BERID L T T4 ¥ RT— 2 DPREREE D7)
W22 EARET . A T 74 2 OEEREREZ RARITT 57D 0EH T RE A
TIA VAT =VRERE K. T, ZOXGHRELIC X DIERT X 2 RAKEIERE
B EEZ X (BAZ GHz) .

(3) 50T T LDFATITBNT, LiL (2 D84 FI74 Y RAT7 =Y D57EN LY CPI
(Clock cycles Per Instruction) 2% 10 % ¥hiL7z. 22T, A4 FI534 VY RT—=Y
SENZ CPI OMUAN DB EILE TR WERET S, ZORL TI74 VAT —Y
DENC X o TR REM B EE X K.

(4) AT T4 VBRSNS 5 Z 2 OFR e Rz XK.

FyvaRZ T 4—=NEK FyvialVyTvIRT4—EFK Fyryaray
IATEYy b T4V EDPORER2EY FDRXEY T RLAZANETHEA LY
Py 7 Xy aXEVIZOWTEZS. N 7 RLy Y7 HRERALTE
D, 13BZANNA DN, Frovdad L XF16FuanSf b, Frvadmy ¥4Ik
AL PETE Fyvagkr 74— POy MEZEZ 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 a separate answer sheet for each question.

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

[Q1] Let F(a,b,c,d) be alogic function whose truthtable is shown below. When the following
logic equations hold, show the minimum sum of products form of the logic function
G(X,Y, Z,W). The minimum sum of products form of a logic function f has the smallest
number of product terms among those which represent f. If there are more than one
forms having the smallest number of product terms, forms with the minimum number

of literals are chosen.

a b c d|F|

000 0|0

000 1|0

00 1 00

00 1 1|1

010 00

01 0 11 X = abé+ bd+ abd
0 1.1 00 Y = acd+ bed + abd + acd
0 11110 7 = abé+ bed + bd

1 00 01 )

L0 o0 101 W = abd+ abd + cd + ac
10 1 0l1 F(a,b,c,d) = G(X,Y,Z,W)

1 01 1]0

1 10 0]1

1 10 1]0

1 1100

1 11 1|0
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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] 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)

(2)

(4)

The latency of pipeline stages, IF, ID, EX, MEM, and WB; is 240 ps, 400 ps, 200
ps, 250 ps, and 180 ps, respectively. Answer the maximum clock frequency of this

datapath (unit is GHz).

Consider increasing the number of pipeline stages from 5 to 6 by partitioning a
single pipeline stage, IF, ID, EX, MEM, or WB, to two stages. Assume the latency
of the partitioned pipeline stages is half of that of the original stage. Choose one
pipeline stage that should be partitioned for maximising the clock frequency of the
datapath, and answer the maximum clock frequency we can achieve by this design
optimization (unit is GHz).

For the execution of a program, the pipeline stage partitioning presented in (2)
caused 10 % increase in CPI (Clock cycles Per Instruction). Assume there are no
negative effects caused by the pipeline stage partitioning except for the CPI increase.
Answer the performance improvement rate achieved by applying the pipeline stage
partitioning.

Explain the advantages and disadvantages of increasing the number of pipeline

stages.

Consider a direct-mapped cache memory that accepts a 32-bit memory address consisting

of a cache tag field, a cache index field, and a cache block offset field. Suppose a byte-

addressing scheme, the word size is 4 bytes, the cache size is 16 Kilo-bytes, and the cache

block size is 32 bytes. Answer the bit-width of the cache tag field.



