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B 5 (Mathematics)

(THh o 1)

fif2 EOFE (Instructions):

1. AT, TR0 ] OAKNH % F THRW TR B0,

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

- EARRITI R A 20 TR, METRRIZ 3 o2 (1 HIcoE 1) Th 5.
You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

BB, BRATEE - R O 2 EFITINA T, N7 hVIENTRS JUWER - fiEHS 1 A
IR, At 3 8 _Ob\fﬁ’i/@ﬁ‘é &L AT RICIRE R A TS 2 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.

Ak o field page
RIS Linear algebra 2

fENT - #5484y Analysis and calculus
7 NVERT Vector analysis
e - et Probability and statistics

NIE= S

=Wl —

 FRER ORI, HH4, SBREFESBIORAZFLAT LI & 3BHOMEHHIZONT
%, BRULoHES B F72iT4) 2OTHI»Z L.

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.
CRBEIERRICRRAT 22 L. AR=ZARR Y G E I3 EEZ O THRVR, 208
A, BEERICHENOLZLEATLTH 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.

. ﬁ /Q 1%, H zliuu, @b\@”hz’ﬁfﬁﬂﬂﬁé Z L.

Your answers must be written in Japanese or English.



IR 2 7 bR LT

EEHERE AR BRE
(G548 A29H)

B 5 (Mathematics)

(7T ke > 2)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

1.

[#RFZ18EK (Linear algebra) 47 %]

mxnFATHIA L mRILERZ FAbIZH LT, S={xeR"| Ax=Db}, f(x)=Ax%E
E2TAH, ZoLx, UTOMWIZE2 X, 270, LTFOFEREITHHZ LIZHNT X,

FE. R EO~7 hVZER] (BIBZER])V OFOGEE W 5V OE522H Td 2 ME 53 S
UUTFDOERMENMIEESNDZ ETHD.

Cl. 0eW.

C2. uuveWnbiTu+vel.

C3. ucWceR2ZbHiEXcueW.

20 2 0
(1) A= |0 8 24 24| THBEX, O Ker(f) DKL & B & —HLRD k.
02 6 6

(2) —MRIZKer(f) S R" DEBDZER TH D Z & 2t
(3) SHR" DEHZEMTHLLEE, b=0Thd I LERE.

(4) S 78R OENZER, ABES T THDLT5. ZDLx, ANEAFHTHLRD
£, S =1{0} THhs & rmt.



IR 2 7 bR LT

EEHERE AR BRE
(G548 A29H)

B 5 (Mathematics)

(7T HeHF o 3)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

For an m xn real matrix A and an m-dimensional real vector b, define S = {x € R" | Ax = b}
and f(x) = Ax. Answer the following questions. Note that the following fact can be used

without proof.

Fact. A subset W of a vector space (linear space) V' over R is a subspace of V' if and only if

the following conditions hold.

Cl. 0eW.
C2. IfuveW,thenu+veW.

C3. Ifue W and c € R, then cu € W.

20 2 0
(1) When A= |0 8 24 24|, find the dimension of the kernel Ker(f) of f and a basis of
02 6 6

the kernel.
(2) Show Ker(f) is a subspace of R™ in general.
(3) Suppose that S is a subspace of R". Show b =0 .

(4) Suppose that S is a subspace of R™ and A is a square matrix. Show S = {0} if A is

invertible.
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(G548 A29H)

B 5 (Mathematics)

(7K 4)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

2. [f##TF - 3508855 (Analysis and calculus) 43 %7 ]

I:/ 2 exp(—a)dzx
0

REMRERE L. 72720, [T exp(—a?)de = /7 ZAEFIZR LICHW TR,

(2) ROWoy TR D —fifif 2 K> L.

dy :
— +y =xsinhx
dx

(3) BB [(2) = s #HXD. KOBMOIELL,

(a) f(2) DA T ~Tkob k.
(b) Ta:/%ﬂémca:feof:@%ﬁﬁff(z)dzz;:ﬂ%m. FEL, R>1E45.
C

Im
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B 5 (Mathematics)

(7K o 5)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

(1) Calculate the integral
]:/ 2° exp(—a*)dx,
0

where you can use [ exp(—z?)dz = /7 without proving it.

(2) Find the general solution to the following differential equation.

dy :
— 4y = xrsinhz.
dx

(3) Consider the complex function f(z) = . Answer the following questions.

2441
(a) Find all the poles of f(z).

(b) Calculate the complex integral ]{ f(2)dz, where C is a semicircle as shown in the
figure below, and R > 1. ‘




KR 2 7 ap TTARLERR
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B 5 (Mathematics)

(7K D 6)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

3. [=7 F /Vﬁ’éﬁﬁ (Vector analysis) 47 %7 ]

BRFEERICBT, o, y MHHORMAY M EZRENL § LT 5. ko (1), )1
m?NﬁFW%FEﬁ%CLObT,ﬁ%ﬁ/ﬁ“#%%ﬂ%ﬂ*@&
C

(1) X7 MG F%F = 2wy —y)i+32%y? —2)j & L, &R C Zhifry® +2° — 20y =1
D1 (—13,—4) 7545 (5, —4) ETOES LT 5.

(2) X7 MG F % F = (3¢* +4y) 1 + (x+7yey) LT 5. R CIEL, K P(0,0), A

Q(2,2), A R(4,6), £S(1,3) #TEALTBILLFT, P, Q R, S, PO ST
ERTVG LT 5.

The unit vectors on x and y axes of Cartesian coordinates are denoted by ¢ and 7, respectively.

Find each line integral / F-dr of the vector field F' along the path C' defined in (1) and (2).
c

(1) Let F = (2zy® —y)i + (32%y*> — 2)J, and C be the curve y* + 22 — 2zy = 1 from
(—13, —4) to (5, —4).

(2) Let F = (3¢** + 4y) i + (z + TyeY) j, and C be the quadrilateral with vertices at points

P(0,0), Q(2,2), R(4,6) and S(1, 3), which is directed from P to Q, Q to R, R to S and
S to P.
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EEHERE AR BRE
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B 5 (Mathematics)

(THHF D7)
Sy RS R AT A 2 L.

Use a separate answer sheet for each field.

4.

[ - #LEF (Probability and statistics) 57 7]
BOHIZ N HOEINE= L E Ny HOBNE—LRH Y, ZOREE N = Ny + N, &
B. ZOFND2OOR—LET L H ATRY, WHBAVR—LThHIMEEILL/2 THS

£T5.

(1) Ny 38D &= Ny Of/Maz KD K.
(2) No DMEED &= Ny Of/Maz KD K.
(3) N ZfEO/NSWIIEIZ 3 23k L.

A box contains N; white and Ny black balls, and the total number of balls is N = Ny 4+ Ns.
When two balls are randomly drawn from the box, the probability that both balls are white

is 1/2.
(1) Find the minimum value of N; when Nj is an odd number.
(2) Find the minimum value of N; when N, is an even number.

(3) Find the three smallest values of N.



FUNREREBES 27 AR R T e
Bt AERBREE G AF54E8 A2 91)

5 9 B} H (Specialized subjects)
(1/27)

sy EOTER (Instructions):

1. PR, o) OERAH % £ THWTIZ RS,
Do not open this cover sheet until the start of examination is announced.

2. FIEFINCIE S Sod 27 B, IREFIHNE 3 K05 D 285 (1 5 FIc0 & 1 8) 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. UTO 6 06 2 2B UMET 22 . MEAMRIE I TEICOZ1E, KM1od7%
DIKEMHAT 2. 1BUTKM 2 ML EOREEZZHFCTIIR SR,
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.

I field page
A | EAXEE Circuit theory 2
B | THH G Information theory 6
C| A=t~ breFik Automata and formal languages 8
D | ElXT Electromagnetism 14
E| 7VvaVXs,/7wur3 32 Algorithms and programming 18
F|ftEE7—F727F % Computer architecture 24

4. RERRO R, SROEY, ZBRS, RABIUOCHMERSEZLATLI I 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. FRBIIMERMICEEAT 2 2. AR—ZPEDLRVWHERERZHANTH RV, 208
B, BHICHErH2 e 2MHiLT5 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. B, HARE HEEOWITINTRRATSE L.

Your answers must be written in Japanese or English.



FUNREREBES 27 AR RTS8
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B M Bl H (Specialized subjects)
(2/27)

6 THN D 2T RORET 5. BARPHHBIRERK LAWK, £/,
K=o &7 — K DERRZE 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 an answer sheet for each question.

A. [FEXEE (Circuit theory) 77%7]

(1] ~ (R3] h52 %R, MEMRORMEESHMCIE L -MEES LAY L.

(1] K1oEEEcOWT, UTO”M

WIZER K. L, WmTiEicidet) = i() i)
sin2t [V] ORZMEESHIIME ATV S A
£3%.
0.5H 1Q

(1) BTRIDA v =&Y 2% KD k. o0 m[} Vs =L
(2) Ehti(t) ZRKD X. 10 0.5F
(3) i(t), i1(t) D7 ==V R ZNZ ° T_

NI, LeLEeE, |Lidnds X1

WIRBHDEZ K.

(B2)] M2DEKICBWT, Zo2ZEZ25C
L THEMAYE—X VR Z, THEBEINSE
HEmRKELZW. DIFTORWIZEZ . 7
2L, JEIRMERKECTHD, Z, TRIND
T FHRELL TSRS A VB =K Y R1TH
(ZATH) D&k HickREN3 35, £/, K
N OOBHRCH 73 S - B 4
TA V=RV AZRTHDTH 5.

ZF:<1+j —4+¢§

—1+V7 1-j

(1) BHFRCHENLE D2 e Bk L, ZOEMCHEYT 27 FI 22175 (Y
179 Yo 23k XK. 7720, BN OBIEIEZA Y E—X VA TH 2 I L ICER L. &
HIZ -1 T & 2-2 Wi 572 2 IR D Z 475 Zo 2R D XK.

(2) 22 BT H B AEME RIEHA Y E—Z YR Zoy % Zg ETRE LTRD X,

(B3) ZL=1+j20 %, Z, TOHBENDIERKRITIZD Zg Z2KD X.



FUNREREBES 27 AR RTS8
e AERBREE  (EEH AF54E8 A2 91)

B M Bl H (Specialized subjects)
(3/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
Ki—2H7 b —ROMEMIEZE 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 an answer sheet for each question.

S \z=0

(R3] 3 0MEIZONT, L FORNE ° |
Brz k. 72U, E=5[V], R =1][, o,
Ry, = 21Q, Ry = 31[9], Ry = 4 [, R, Ry
C=2[F]Thbh, A4 vFSEMHL ZHI
DEFIEHREICH 2 LT 5.

(1) Bt = 0TAA4 v F S BBILE = o
%OBERE ¢(0) ZRD X. c__

(2) t> 0B BERi(t) BRD X.

X 3



JUNKFARFGES 2T LGP ANT IS L HIN
LR AR (EfiH “H54F8H2 9H)
B M Bl H (Specialized subjects)
(4/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
Ki—2H7 b —ROMEMIEZE 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 an 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] Consider the circuit shown in

Fig. 1, where the alternating voltage e(t) = i(?) ir(7)
sin2¢ [V] is applied to the terminals. An- Y
swer the following questions.
0.5H 10

(1) Find the impedance at the terminals. o(t) L Q H V3F ==

(2) Find the current i(t). 10 05 F

(3) The phaser expressions of i(¢) and o T

i1(t) are I and Iy, respectively. Find Fig. 1

the value of 171|

[{Q2] Consider the circuit shown in Fig. 2. The
objective is to maximize the power consumed at

the load impedance Z; by optimizing Z5. Find

the solution by answering to the following ques-

tions, where J is the alternative current source,

and the two-port pair network represented by Z;
has the impedance matrix (Z-matrix) parameters

as follows. Note that all values shown in the

dashed line in the figure are impedances.
z1:< 14 —1+ﬁ> Fig. 2
—1+V7T  1—3
(1) Consider the area enclosed by the dashed line as a two-port pair network described by
admittance matrix (Y-matrix) Yo, and find Yo, where note that all values in the dashed
line are impedances. Furthermore, find the Z-matrix Zg of the two-port pair network
between 1-1" and 2-2’ ports.
(2) Find the output impedance Z,, considering left side from 2-2” port as an expression
involving Zg.

(3) Find Z; that maximizes power consumption at Z; when Z; = 1 + j2.



FUNREREBES 27 AR RTS8
e AERmmE G SRISESH2 9H)

B M Bl H (Specialized subjects)
(5/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
Ki—2H7 b —ROMEMIEZE 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 an answer sheet for each question.

[{Q3] Consider the circuit shown in Fig.
3, where E =5 [V], R = 1[Q], Ry = 2[0)], @

Rs =3 [Q], Ry =4 [Q], C =2 [F], and the R, R,
circuit is in steady state before the switch

S is closed.

(1) Find the charge ¢(0) just after the E —— R,
switch S is closed at t = 0.

(2) Find the current i(t) at ¢t > 0.

Fig. 3



FUNREREBES 27 AR RTS8
tae ACrRBEE (R SR548H2 9 H)

B M Bl H (Specialized subjects)
(6/27)

6 THN D 2T RORET 5. BARPHHBIRERK LAWK, £/,
K=o &7 — K DERRZE 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 an answer sheet for each question.

B. [I&#FE (Information theory) 77%7]
A& ( (1] (2] ) &EZ L. BEAROMERSHICHE L -MEES 2L A
oI L.

(RS 1]

(RS 2]

TIVT 7R b {sy, 8,83, 84, 55, 56 } LOMEELIRIERIE S OFFSLICEAL T, LT O

WEZ K. 722U, FEETLVI 7Ry b2 {0,1} £ T 5.

(1) LRSI S ISR LT, SMF8ER% 3, 3, 3,2, 2, 2 £ T AR5 B ICIE S I RE
R DIE2 I R K. 2 DI§25E, BRICIERSAIRERTTEO—HlZ ~E.

(2) fmEELIEEHRIR S 1B LT, SMEEER 3, 3, 3, 3, 2, 2 &3 2150 1185 Al B
Wi DEZDE I RN K. R DEZ5E, BIRICESATRERTEO—HZ R,

DgoMWZBWT, MEUREHRIE S 1B L T, ZDMERIMA P(s1) = 0.18, P(ss) =

0.2, P(s3) = 0.3, P(s4) = 0.13, P(s5) = 0.11, P(sg) = 0.08 TH 2 & T 5. RDMWIZ

Bz k.

(3) MEELIEIEMIR S ICBIL T, "7 <= UFHE X DS L. ZodonTy<r
FELDFFEDOARE KRt XK.

(4) N7 BRI X D ELNETFEOEENTEREERD K.

TNT7 7Ry b X ={1,2,3} LOWRGHp & p %

)7])1(3)) = (17070)
(pQ(l)’p2(2)7p2(3)) = (07 b,1— b)

—~
3
=
—~
—_
~—
3
—
—~
[\

TEDD. 72701, be (0,1) ZEME T2, p & p, ODEAT S P TRINIHERY
figDob, X EO—K5 u k D Kullback-Leibler XA N—3 = > 2

D(ullg) = 3" u(z) log 42

= q(x)

DHRNETRDHDEKRD K.



FUNREREBES 27 AR RTS8
tae ACrRBEE (R SR548H2 9 H)

B M Bl H (Specialized subjects)
(7/27)

6 THN D 2T RORET 5. BARPHHBIRERK LAWK, £/,
K=o &7 — K DERRZE 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 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.

Consider coding of a memoryless information source S over the alphabet
{s1, 82, 83, S4, S5, S¢ }. Here, let the alphabet of codewords be {0, 1}. Answer the following

questions.

(1) Determine whether a code with codeword lengths of 3, 3, 3, 2, 2, 2 in the memoryless
information source S can be instantaneously decodable or not. If it is possible, show

an example of instantaneously decodable codes.

(2) Determine whether a code with codeword lengths of 3, 3, 3, 3, 2, 2 in the memoryless
information source S can be instantaneously decodable or not. If it is possible, show

an example of instantaneously decodable codes.

Consider the memoryless information source S whose probability distribution is given as
P(s1) = 0.18, P(s9) = 0.2, P(s3) = 0.3, P(s4) = 0.13, P(s5) = 0.11, and P(s¢) = 0.08.
Answer the following questions.

(3) Construct a Huffman code of S and show its code tree.

(4) Find the expected code length of the Huffman code.

Define probability distributions p; and ps over the alphabet X = {1,2,3} by

(pl(l)’p1(2)7p1<3)) = (1707())’
(p2(1)7p2(2)7p2(3)) = (07 b,1— b),

where b € (0,1) is a constant. Find the weighted average ¢ of p; and py which minimizes

the Kullback-Leibler divergence

D(ullg) = 3" u(z) log 42

TeEX q<x)

between ¢ and the uniform distribution u over X.



JUNKFARFGES 2T LGP ANT IS L HIN
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B M Bl H (Specialized subjects)
(8/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
Ki—2H7 b —ROMEMIEZE 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 an answer sheet for each question.

C. [4— bt~ EFE (Automata and formal languages) 77 %7]
XA (1) (2D &2 XK. WERROMERSHICHE LMEESZLLAT
HZL.
(1] 777Xy bY={a,d} EOSFEL%
L={weX|®%reX IZOWTw e {rad, vadd, xdad}}

5%, LToOMIE L 2% 3 2 IFRERARA— P~ b M = (K,%,6,q, F) DR
BEBKTHS. 7272, K={q,q,...,q}, ¥ =1{a,d}, 0, q, F ={q2,¢q,q} 13,
Fhzh M OREOES, 777Xy b, BB, VIHIIRE, ZHREBOEEZE
3. ROBRNCEZ X.

(1) L %Y IR 4 DIEPUEMERRA — b~ b ¥ DIREEBX 2 7RE.
(2) LZRTIERERZRE.

(3) L 25285 2 IREH 4 OPUEMEARA — h~ b Y OIREEB X Z Rt
(4) L

4) L7223 20ENERA— b~ b OIREEIINT AL ETH S Z L ZifliE .



MRS 7 LIRBRIERS AT 20
LR AR (EfiH “H54F8H2 9H)
B M Bl H (Specialized subjects)
(9/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
Ki—2H7 b —ROMEMIEZE 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 an answer sheet for each question.

(2] A7 7Ry b ={=«, 1,1} EOXFa=a[l]a[2]---aln] (iR L ali] € 2)
L, 2X7ERZ7 FIVDRH f(a) = (p[0], p[l], ..., p[n]) (FE KL pli] = (x[i], yli]),
wfi], y[i] BEB) ZRD XS WTEET 2. pl0]=(0,0) &L, Fi=12... niHL,

;

pli— 1+ (1,0) afi] = > Dt %,
i JP == W)l = e orE,
pli—1]+(0,1) alij=1 Dk X,
pli—1—(0,1) afij=] or =

\

Tibb, fla)lk, FEPHAZ—1 LTaDRHIDAEIHES T2 R0CH TR % ER
Lz SO E RS, Tz, &Fi=1,2,...,nIRL, 2| +|yli]]| > |=[i—1]|+|y[i —1]|
DEE (i) IC& > THRDPOES DD HMNEBBR LI X) i ZERT v 7, 25T
B E (afi] I & o> THAIED ATNICER LX) i 22T v T Y, X
FHa BPEENTDHL Z %2, FEDRERT v 7 i lTHfL,
ip = max{j | j <i—1p[j]=pli —1],j ZAERT v 7}
DFEL, pli] = plio — 1 DKDILDZ L L ERT S. Tbb, FHENZIFS el
BWTIE, BERTY Tk b pli — 1] 25 pli] NOBBIX, i b T 2RHERT v
T ig I K B plig — 1] 225 plig) NOBRBREZMIC/E D> TW5. FEEIUT fla)
DEBDBEZEDIRRTH 5 X5 BXFH ah 5725 E5b
L=|J{a€x"| a3, p = f(a),pln] = (0,0)}
n>0
IZOWT, ROLEMWIZEZ L.
(1) J;{T@j?ﬁ” ai, a9, sz, a4 737§ L @g;%%f% % ﬁ)ﬁﬁ)%%ﬂ%\ﬂ%ﬁﬁi
a="TT]l=4T«1 ag === T | =
a3 = <1 — a=«TT]l=1«1 7
(2) XORNZ, 7V 77Xy b {— < RELRFEE LN{—, +} ZRE&REEICX -
TRHET 2y yaXyrAt—b~x by (PDA) OREEBRXKO—ETH L. ZEHM
©, @, @D K. (22FOIFTCHDNAS.)



FUNREREBES 27 AR RTS8
e AERBREE  (EEH AF54E8 A2 91)

B M Bl H (Specialized subjects)
(10/27)

6 THN D 2T RORET 5. BARPHHBIRERK LAWK, £/,
K=o &7 — K DERRZE 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 an answer sheet for each question.

;—,,://€<—<— © -,72/-1Z ©
> —
® ®

Bl a, b/ s1E, BEICORETHRATZANL T a, AKX v 7 DIFELFH b
DrxE, BREDRBIGERL, ZAZv ZDRIEEZ T b b TFH s 1B
BEWERRT. 72771, e 3BXTFHNERT. UIHIKETIX, "Xy 2%, ETHD
T ERIBHCFZOABHEIHLTVWBE T3, Sy l3HIRRETH h HE—D A&
RETHH 5.

by b HRRES), S., S_X, ZhEh, 2fi| =0, z[i| >0, 2[i] <0 THEI L%
z£7.

(3) ROXNE, b L 2o IKEE T2 3 2 PDA OREEBXO—ETH 5. 72721,
Qr@X, 2) TRkD1HDLFELTHS. @rEOZHD L.

&0

NZ/1Z ©) T-/1TX-> €X/e€

for—ol i

@

€Y/e€

-,Z/-1

®

by b ZDOPDA, z[i] & yli]| DETORFSDHITHIET % 9 HDIREE .
ZD3b, xfi] = yli] =0 ERITIKES, FHKETH HHE—DREIKETD H
%), z[i] =0, yli] > 0%2RIIKE Sy, z[i] >0, y[i] =0%RITIKES,,, x[i] >0,
yli] > 0 2R TIRE S, D4DODIREFOIREEBNOARLTH 5.



JUNKFARFGES 2T LGP ANT IS L HIN
LR AR (EfiH “H54F8H2 9H)
B M Bl H (Specialized subjects)
(11/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
Ki—2H7 b —ROMEMIEZE 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 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] We define a language L on the alphabet ¥ = {a,d} as
L={weX|we {zad,zadd, xdad} for some x € ¥*}.

The following figure is a state transition diagram of a nondeterministic finite automaton
M = (K,X%,6,qo, F) that accepts L. Here, K = {qo,q1,...,qs}, 2 = {a,d}, ¢, q, and
F = {q,q5,qs} are the set of states, the alphabet, the state transition function, the

initial state, and the set of accept states, respectively. Answer the following questions.

(1) Draw a state transition diagram of a nondeterministic finite automaton that accepts

L and has four states.
(2) Give a regular expression that represents L.

(3) Draw a state transition diagram of a deterministic finite automaton that accepts L

and has four states.

(4) Prove that any deterministic finite automaton that accepts L has at least four states.
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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] For a string a = a[l]a[2]---a[n] over the alphabet ¥ = {—,«, 1, |} (a[i] € & for
each i), we define a sequence of two-dimensional vectors f(a) = (p[0],p[l],...,p[n])

(pli] = (z[i], y[i]) with integers x[i], y[i] for each i) as follows: Let p[0] = (0,0) and let

pli — 1]+ (1,0) if afi] = —,
. pli—1] = (1,0) if afi] =+,
plil =4 .
pli—1]+(0,1) ifali] = 1,
P11 (0.1) ifafi]= |
for each i = 1,2,...,n. In other words, f(a) represents the trajectory when starting

from the origin and then moving over the two-dimensional grid points according to the
arrow directions designated by a. For each i = 1,2,...,n, we call 7 a forward step if
|z[i]|+|y[i]| > |x[i—1]|+|y[i—1]| (if moving away from the origin by a[i]) and a backward
step otherwise (if moving closer to the origin by ali]). Furthermore, the string a is said

to be round-trip if for each backward step i, there exists
iop =max{j | j <i—1,p[j] =pli — 1], is a forward step}

and it satisfies p[i| = p[ip — 1]. The condition says that the transition from p[i — 1] to
pli] by a backward step i should be the reverse of the transition from plig — 1] to plig]

by the corresponding forward step 7y. For the language
L= U{a € X" | a is round-trip, p = f(a),p[n] = (0,0)}
n>0

which consists of all round-trip strings a such that f(a) ends up in the origin, answer

the following questions.

(1) Decide whether each of the following strings a;, as, az and a4 is a member of L.
am=TTl=>1T«] ag = ST | —

as= Lt e R |

(2) The following figure is a state transition diagram of a pushdown automaton (PDA)
that accepts L N {—,<}* (the language restricted to alphabet {—,<}) by final
state. Fill in @, @ and 3. (The two blanks of 3 are the same.)
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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.

;—,,://€<—<— © -,72/-1Z ©
> —
® ®

The transition rule a,b /s designates the action in the source state that if the input
character read is a and the top character of the stack is b, then the PDA moves to
the destination state while replacing b on the top of the stack with the string s,
where € denotes the empty string. Initially, the stack only has the special symbol
Z which represents the empty stack. Sy is the initial state as well as the (unique)
final state.

Hint: The states Sy, Sy and S_ represent that z[i] = 0, z[i] > 0, and z[i] < 0,

respectively.

The following figure is a part of a state transition diagram of a PDA that accepts
L by final state, where @ and 3 are the same as in (2). Fill in ® and 5.

@

&0

NZ/1Z ©) T-/1TX-> €X/e€

for—ol i

€Y/e€

-,Z/-1

®

Hint: The PDA has nine states for all combinations of the signs of x[i| and y[i]. The
figure only shows the transitions among four states: Sy representing xz[i] = y[i] = 0
(the initial state as well as the unique final state), Sy, representing z[i| = 0, y[i] > 0,

S o representing z[i] > 0, y[i] = 0, and S,y representing x[i] > 0, y[i] > 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 an answer sheet for each question.

D.

(FBEfESF (Electromagnetism) 778 ]

LIF o4 IR 1], (R 2] ) 2% 2 &, M RO R SIS AR LTz
& FZfEAT DL L.

[f49 1] 1 DI, ¥t a, b, cD 3 ODORILERERGENORDER 1L, ¥R qa,
c D 2 DOOIREMNERERGED DR DEIR 2 %2, BRI HULEERE d TELS. ENE ik
LNANZH DL a DEARERGRIZEN O, O 75272, 22T, KD E AT TE,
d > a,b,cTHY, BZEOFHEREe T 5.

(1) FHHIMNZHD AR ¢ OBARERGFROINEIZENDEMZ, BIK 1 S8K 2 ZnEh
([COUVWTIRH.

(2) BHIMIDDIAEE ¢ DEARERRD BN, B 1 B8R 2 125V TR L. 72720
R COENE 0 LT 5.

(3) HR1&ER 2 OBEBTR LT -2 EhROL.

(4) EK 1 LBER 2 ORBIMCHDHFE ¢ OERERFR R 288 T L=, B4R
ST DZDRDEFETFLX —2RKOX. 72770, EHRIZEZONDEM
TR TELLDET 5.

K1 K2
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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.

[f9 2] K2R TEHT, z20DEBICBWT, x#iOIEDR &I — NSRRI Z LD
IRWEREFE BYRHDH. z< 0 DK TIIMAEEZIZ0O THD. VAR T1HOEIN ad
IESE A0 ABCD 234 P (0,0,2) ZH0E LT, y-z FEHWNIZ, 8 AB D y BlIIZ AT D
L OICEZERIZEI N TWVWS., BEERICL > TRATIWRITEH TS LT 5.

() ANV ENZ, zEOADMIXIZT—EDOHRS v, CHEE I /2. ZOFRF, A /1IZ
EUDFHERET], RO WNIHEEMORKET Z23RKD L.

(2) (HIZBNT, TANVOHLP D z FEIEN —a/2 <z < a/2 DEIZHHE;, aANVEHES v,
TENDT OB TIOREIEZRD L. 22T, EFEaA VOEEITEMRT
XHET 5.

() (DIZTBNT, A LDOHL P OFEFEN (0,0,a/2) 75 (0,0,—a/2) £TE K, NI L
DaAgNChanNsHEE, RN aANVICHETLHV 2 —VEERD L. 25
OEHIERELRE., 22 TE, ESFEaA VOEREIEHTXS L35,

@) aA NEEHOL ETEFSED. BT z#OADOM X 12Hx, EﬁmLFigT%
L. aANDFL P Oz EIEN —a/2 <z <a/2 DRENCHDHEE, Bl ticBiF5a4 10
WX v) 2RO LI, 22T, aMVvoEEITIEHE TSR0 E L, %@k%éimkﬁ
5. Ft=012BWTC, aA/roEIFvt)=0L L, ZORFaA LOFL P D z JELE
L —a/2<z<a/20ICHDETH.




JUNKFARFGES 2T LGP ANT IS L HIN
LR AR (EfiH “H54F8H2 9H)
B M Bl H (Specialized subjects)
(16/27)
6 DED S 2 TR RUMET 52 . BARTHHIHERRKLIEZHVE. £,
KE§—2H 7= ) —HOIERME 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 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] As shown in Fig. 1, Conductor 1 consists of three concentric spherical shells with radii
a, b, and ¢, and Conductor 2 consists of two concentric spherical shells with radii @ and ¢, where they are
placed with a center-to-center distance of d in vacuum. The innermost shells of radius a in both
Conductor 1 and Conductor 2 are charged with Q1 and Q», respectively. All spherical shells have
negligibly small thickness, d >> a, b, ¢, and the electrical permittivity in vacuum is &;.

(1) Give the electric charges which appear on the outside surfaces of the outermost spherical shells of
radius ¢ for each of Conductor 1 and Conductor 2.

(2) Give the electric potentials of the outermost spherical shells of radius ¢ for each of Conductor 1 and
Conductor 2. The electric field at infinity is taken as zero.

(3) Give the values of the electrostatic energy of Conductor 1 and Conductor 2, respectively.

(4) Two outermost spheres of radius ¢ were connected to each other with a conductive wire. Find the
electrostatic energy of the system. Assume that the electric charge stored in the wire is negligible.

Conductor 1 Conductor 2

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 uniform static magnetic field B is in the positive x direction in the
region z = 0. The magnetic field is zero in the region z < 0. A square coil ABCD of resistance R and
side length a is placed in vacuum in the y-z plane, and the side AB is parallel to the y axis. The center
of the coil, P, is at the point (0, 0, z). Assume that the magnetic field generated by the induced current
flowing in the coil is negligible.

(M

2

3)

“)

Let an external force be applied so that the coil moves at a constant speed v, in the negative z
direction. Show the magnitude of the induced electromotive force and the magnitude of the induced
current in the coil.

In the case of (1), show the magnitude of the external force needed to make the coil move at the
speed v, when the z coordinate of the point P, the center of the coil, is in the range —a/2 < z <
a/2. Here, the mass of the coil is negligible.

In the case of (1), show the work done by the external force on the coil and the Joule heat generated
in the coil when the coordinate of the point P, the center of the coil, is moved from (0,0, a/2) to
(0,0,—a/2). Also, show how to derive them. Here, the mass of the coil is negligible.

The coil is released and falls under the influence of gravity. The gravity is in the negative z direction,
and the acceleration of gravity is g. Find the speed v(t) of the coil at a time t when the z coordinate
of the point P, the center of the coil, is in the range —a/2 < z < a/2. Here, the mass of the coil, m,
is not negligible. Assume that at t = 0, v(t) = 0 and the z coordinate of the point P is in the range
—a/2<z<a/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. [7ravXe/ 7uar5 37 (Algorithms and programming) 57%7]
X0 ([FE1] (2] (MA3]) W& K. MEHROMERSHICHE L -HEE
SELATD L.

(F1] XOKEZEZ K. 74 RKF v FEI fo, fi, fo, .. . BATDOIIIWTERSINS.
fo = 1

fi =1
fn = fnfl‘i‘fan (nZQO)t%)

74 R Fy FEINO—RIAZLL T D@D .

1 1evs\" (1= vs\
h‘;@ 2 a 2

(1) 74X FvFH f, ZETETR2LUTO 713 X L OFEFTRER Z 5 L 720,

FiBoNaccrl(n)

1: If n=0orn=1then

2: Return 1

3: Else

4: Return FiBonaccil(n — 1) 4+ FiBoNAccCIL(n — 2)

(a) FiBoNacctl(n) %57 L7z, FiBonaccil(n —i) ZMUHTREEE ¢ & F
5. go=1CMREL, i =1TH5. i >21ZNLT, ¢, 0gi1,7_2 D=3
FReRITAEEZ L.

(b) FiBoNaccil(n) OETHRRZ n BT 5 O KL TEZ K. £/, 2oHb%
Ex k.

2) TRV E 7 4 RFy FREINZUTD X SITKRILTE 5.

fn _ An—l fl
<fn—1> (fO)

LKL Z D LITT 4 K7y FREHETIUTOT VT XL %2EZ 5. A0.1][0..1]
132 ZTTORFNTH 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 an answer sheet for each question.

FIBONACCI2(n)

1 If n=0orn=1then

2 Return 1

3: Else

4 A0..1][0..1] = POWER(n — 1)
5 Return A[0][0] + A[0][1]

(a) 2 x 2BIDITH] A ZEZ K.

(b) 74 RF v FEE XD EFICEE LW, FiBoNacci2(n) @ 4 17 H TPEUH
T7A2Y XL POWER(n) 58 n IS LT A® 258H T 2. A" 258ET
% POWER(n) OFEla—FZ2EZ K. XDEERT7T LIV X a% KD &< FH
ERAY

(¢) (b) THEIELZ713V XL PoweR(n) DEITHEEZ n BT % O KL TEH
A&, £, ZOMHZEZ X.

(2] BRICEHTZ2RDOZEMNMCEZ XK. 72770, K1, 2 3D BARICIFLa— F2IKTIER
{F—DAKILT . BREIXKEEZRSL, K1,2,3F9DBARIFI1IRXRBARTHS. F7-,
dXBARDIEL—1 /7 —RiZdM E2dATDOL a— REED.

(1) XOEMICEZ K.
(a) KILOBARIZHL, ¥F—2B6DLa—REBIMLEZZDOBAT 252 £.

2 ] |
M1 =20/ —K»64k%51KXBA
(b) (a) THROLNETIIKF—D 11 DOLa—FEBMLEZD BAEZEX X.
() 2D BARICHL, F—214DLa— REBMLEZZDOBAZEZ L.

X2:1XBAK
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for each of the fields you selected and use an answer sheet for each question.

(2) ROZFMNITEZ K.
(a) IXBARDEZX2DFTRTD/ — RTHRETELHRL a— FEORKHEEE X

. BIZE, K3D1XBARDESIZ, BREX1DIXRTD/ — RTHREETE 3
WLra— FRIEERAGETH 3.

V21 V22 V23

IT3ls] [11]12] [18]21]
M 3: KX 1D/ = FIRNTTRETEZ ML a— FERKRL%% 1 XBA

(b) dXBARIZBWVWT, REL>0DFTRTD/ — FCRIFTE 2L a— FHO
RANEZEZ X.

(c) BT HDIRXRBAROETD/ — FTRIFTZ 5L a2 — FRORAKEZEZ X.

(R3] BARMRBucIEM, &=, @k, B, BIR, 1%, &6, MO8 DOHEENFEET 5.
R, SZBHfRe L, UTORHWIEZ K.
(1) @ik R NS Z2 B DO ER 2 FvwTHRE.
@)AB%%&%&RZS@E@&LK%,RtS@%ﬁ R[A = B|S ZB#RAED
DB % VTR Y.
(3) A1,...,A, & By,....B, %2, TRZNERRE SOEMEETS. 7272L, n>m,

dom(A, i) =dom(B;) (i=1,2,...,m) & L, dom(X)IZEEX DRKX A T
5. ZOK, FR<+S ZERABOMOEREZHWTERE.
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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] [Q3] ) and the write the number of the question

on the answer sheet.

[Q1] Answer the following questions. Fibonacci sequence fo, fi, fa, . .. is defined as follows.
fO = ]-7
fl = 1, and

fo = foo1+ fae (7122)

The general term of Fibonacci sequence is

RN N AN AN
=" 2 L2

(1) We consider the execution time of the following algorithm, that computes Fibonacci

number f,.

FiBoNaccrl(n)

1: If n=0orn=1then

2 Return 1

3: Else

4 Return FiBonaccil(n — 1) 4+ FiBoNAccCIL(n — 2)

(a) Let g; be the number of calls of FIBONACCIL(n—i) when we execute FIBONACCIL(n).
We assume gy = 1 and we have g; = 1. Answer an equation that represents the
relation between g¢;, g;_1, g;_o for i > 2.

(b) Answer the execution time of FIBONACCIL1(n) in O-notation with respect to n

with reasons.

(2) We have the following description of Fibonacci sequence with a matrix.

fn _ Anfl fl
(fn—l) <f0>

We consider the following algorithm that computes a Fibonacci number based on

the above description. Let A[0..1][0..1] be a two-dimensional array.
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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.

FiBoNAcCcI2(n)

1: Ifn=0o0rn=1then

2 Return 1

3:  Else

4 A[0..1][0..1] = POWER(n — 1)
5 Return A[0][0] + A[0][1]

(a) Answer 2 X 2 matrix A.

(b) We would like to compute a Fibonacci number faster. The algorithm POWER(n)
called in the fourth line of FIBONACCI2(n) computes A™ for a given n. Answer
a pseudo code of POWER(n) that computes A". A faster algorithm receives a
higher score.

(¢) Answer the execution time of your algorithm POWER(n) for (b) in O-notation

with respect to n with reasons.

[Q2] Answer the following questions about B-trees. In the B-trees of Figures 1, 2, and 3, only
the keys are shown, instead of the whole records. A B-tree has the order and the order
of the B-trees of Figures 1, 2, and 3 is 1. And a non-root node of B-trees of order d has

more than or equal to d and less than or equal to 2d records.

(1) Answer the following questions.

(a) Answer the B-tree T} obtained by adding a record whose key is 6 to the tree

in Fig. 1. IZI:I
Fig. 1: A B-tree of order 1 with one node
(b) Answer the B-tree obtained by adding a record whose key is 11 to 7} obtained
in (a).
(c) Answer the B-tree obtained by adding a record whose key is 14 to the B-tree in
Fig. 2.

4 | [8l12]

Fig. 2: A B-tree of order 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)

Answer the following questions.

(a) Answer the maximum total number of records in all nodes of depth 2 in a B-tree

of order 1. For example, the maximum total number of records in all nodes of

depth 1 in a B-tree of order 1 is 6, as shown in Fig. 3.

V21 V22 V23

IT3ls] [11]12] [18]21]

Fig. 3: A B-tree of order 1 with the maximum number of records in all nodes of

depth 1

(b) Answer the maximum total number of records in all nodes of depth h > 0 in a

B-tree of order d.

(¢) Answer the maximum total number of records in all nodes in a B-tree of order d
with height H.

[Q3] There exist 8 operators in relational algebra, union, difference, intersection, Cartesian

product, selection, projection, join, and division. For relations R and S, answer the

following questions.

(1)

(2)

Answer an equivalent expression to intersection R N S, using other operators of

relational algebra.

Let A and B be attributes in R and S, respectively. Then answer an equivalent
expression to equijoin of R and S, R[A = BJS, using other operators of relational
algebra.

Let Ay,..., A, and By, ..., B,, be attributes of R and S, respectively, where n > m,
dom(A,, i) = dom(B;) (i = 1,2,...,m), and dom(X) denotes the domain of
attribute X. Then answer an equivalent expression to division R = S, using other

operators of relational algebra.
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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. GtEH” —% 727 F ¥ (Computer architecture) 77%7]

RDEFN ([ 1] ~ [[3] ) I&EX XK. BERROMERSHICHE L MEERS 2L A
ER-ReRa

([ 1] TROBRICW L Oh OIS — b LR EIRE H 2> SR E L2 amBE R o H ) O FmEEEd
B F(a,b,c,d) DLLT O EMER TR N LR, H80EEE H OFMEBIE H (a,b, ¢, d)
DOERMEEMEZRE. 72720, PO RN L 132 OB~ R 35BN
BADS 5, BERIRNOSDERIET. BEEDE L WENEREASERD 2586
WZIFFDRIPTY T ILVEDERND D DEIET.

’a b ¢ d‘F‘
000 01
000 1|1
00101
001 1|0
01 0 01
01 0 1|0
al 01 1 01
= H—{: Flo 11 1|0
dED——[:____ 1 00 01
1 00 1]0
1 01 01
1 01 1]1
1 10 01
1 10 1]1
1 11 01
11 1 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] 5 20DRT =068 T4 VKT —ERR2EFT 24 K< a0

(RS 3]

o HIZONWTER L., EHEXNRL T4 v RF7—21F, IF (s, ID (f
47 a—1F), EX (557), MEM (XE®V 727+t R), 26, WB (74 bNw )
Th3. /=, FARRITUREZGHEIEZ L LIRET 3. UTORMWICEZ XK.

(1) Fa2'o 2FZTE ET % IC, CPI, %50, FEAWORE. &E, 101X
FATINTm D OREL, CPIF 1M RFETICET LIy 734 78, Fli
rnay JEEERTH 5.

(2) T—=&MKFIE T7a K7 THMKE) TR 295, 2o 4 754 03K
T —=RRATT—EZNY— RE5| SR IR OH 2D TEX K.

(3) 74V —F 4 Y IHEMDEAD IC, CPI, FI25 2388 z0MHi%E i ziul
R&. 2B, BERTXA—RIZBOWTHENLWGEE HERL) &R L.

AV 2—RDRXEY AT AIZOWT, UTFTOEMWIZEZ X.

(1) L1Fxv>aXEVRETS2 0y 2EZ 5. BFEEIE2 GHz, L1 Fx v
a7 7R ARENI1I 7y 7P AL 70, LlFx vy abky PRIIT0%, L1 F ¥ v
YaAIARFILT4IEF20070y B A IINTHD. ZOLEDFEPXEY 7 /%
IR 2 K K.

(2) (HWRLETatyHOFIREY 7 7 L ANEZWET 5729, L2F ¥ v a X
FBVELIFY YT aXEY XL AT YVDOBIENMLE. L2F vy adT7 2
L 2AFRENE 207 my 794 70, [2F vy v adby PERIFZIO%, L2F v v Ta
RARFINLT4F20070y 2B A TNTHoTz., 72RL, I2F vy adDby b
RIFXATEZLN2 DD T 5.

L2FrvPadbky M y
2% v v>aDiR7 7t A

ZO7atygDFIPXE) 77 AREE KD 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, ¢, d) is defined by the truthtable shown
below. Show the minimum sum of products form of the logic function H (a, b, ¢, d), which
represents the output of the subcircuit H. 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 chosen 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 an in-order microprocessor that has a 5-stage pipelined datapath. The

[Q3]

implemented pipeline stages are IF (Instruction Fetch), ID (Instruction Decode), EX
(EXecution), MEM (MEMory access), and WB (Write Back). Assume the number of

instructions that can be issued in parallel is one. Answer the following questions.

(1)

Show the equation of program execution time ET by using the three parameters,
I1C, CPI, and F. Here, IC is the total number of instructions executed, CPI is the
average number of clock cycles required to execute one instruction, and F' is the

clock frequency.

YW

There are three types of data dependencies, “flow dependency,” “output depen-
dency,” and “anti-dependency.” Answer all dependencies that could cause data

hazards in this pipelined datapath.
Explain the effects of introducing forwarding technique on IC, CPI, and F. If there

are no effects on each parameter, answer “no effects.”

Answer the following questions relating to computer memory systems.

(1)

Consider a processor with an L1 cache memory. The operating frequency is 2 GHz,
the L1 cache access time is 1 clock cycle, the L1 cache hit rate is 70% and the L1
cache miss penalty is 200 clock cycles. Find the average memory access time of the

processor.

To improve the average memory access time of the processor shown in (1), an L2
cache memory is added between the L1 cache memory and the main memory. The
L2 cache access time is 20 clock cycles, the L2 cache hit rate is 90%, and the L2
cache miss penalty is 200 clock cycles. Where the L2 cache hit rate is given by the
following equation.

The number of L2 cache hits

100
The total number of L2 cache accesses x

Find the average memory access time of the processor.



