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0 O (Mathematics)

gr7rogno 10

000000 (Instructions):

1.

gobbobobobogoobbboodgobobbuooan

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

. 0000000000 7000000030000 (100000 10)0000O

You are given 7 problem sheets including this cover sheet, and 3 answer sheets (1 sheet for

each field).

0006000030 00000O0O0ODO0ODODODODODOODODOOODOODbDOODbDOODOn
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.

oo field page
1| 0000 Linear algebra 2
2|0000a Differential equation 3
3|1 000000 Vector analysis 4
4100000 Complex function theory 5
500000 Probability and statistics 6
6| 00000 Symbolic logic 7

oo0oO0OCoOoOoOopoOoOOOOoODOOOOOOODODODOODOOCCOODODOOOoOOODOO
Oo0ooOoOooooooooogod

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.

0000000000000 0O000O0oDO0DOO0obO0obOOoOOU0ODOoDOOoDOoDOoDbOD
O00000DbO00O00000O0ooDoDbOooOo
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.



goooo
gbooboobobboboobooboobb boboooooo
gboooboooo

ggbobouoooooo

0 O (Mathematics)

gr7ogo 20

6000000030000 oooooOobOoooooooooao
Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

1. 00000 (Linear algebra) 0 0 0O
0000 ADDOOO0O0OO0OO0AT =-A0000000000000O00AT™O AOODO
guodbboooooooaoad

(1) 000200000 AeR™™0004,j(1<4,j<n)0000000000x,ycR”
00000z Ay=A,;00000000000000A,;0 AQ (5,/)000000

(2) n00000 AeR™ 000000000000 OOOOOO
y'Ax = —x'Ay (Vx,y € R")

ggoboboooobbooodgn

(3) 000000 ADDOOADOOOOOAD -A0O0O0000000000000
00000000000 XO0000 |X|00000|X|=|X"000000

A square matrix A is said to be alternative if A satisfies AT = —A, where A" denotes the

transpose of A. Answer the following questions.

(1) For any n by n square matrix A € R™*" and any integers i,j (1 <4,j < n), find a pair
of vectors @,y € R" that satisfies *" Ay = A;;, where A;; is the (i, j) entry of A.

(2) Show that an n by n square matrix A € R™" is alternative if and only if
y Ax = —x'Ay (Vx,y € R").

(3) Assume that an alternative matrix A has an eigenvalue A\. Then, show that A has the

eigenvalue —\ as well.

Hint: Any square matrix X satisfies | X| = |X "], where |X| is the determinant of X.
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

2. 000000 (Differential equation) O 0O O
0000000000000 000D000y 000 y(x)D 20000 100000000

0o

9(y® +1)
x3 —3r+ 2
(2) y// o 3y/ + 2y — 62:]0

(1) ¥ =

Find general solutions to the following differential equations. Here, 3y’ denotes the derivative
of first order with respect to z for a function y(x).
9(y® +1)

x3 —3r+2
(2) y// o 3y/ + 2y — 62:}5

(1) ¥ =
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

3. 0000000 (Vector analysis) 0 0O 0O

000000000 0x,y,20000000000O000O000O ¢,9,k0000800000
O00CcO0000000O00DOb00bD0bD A=yi—2xy+2zk0000000 §CA-er
gooooo fS(VXA)-dSDDDDDDDDD.DDDDDDD 0000000000
OO000ooOO0obO0obOOobo0ooosSOOobDO0bO0obUo z000Db0ODbDOoOO

S:x?+yP+22=1 (2>0)

Let 2, 3 and k denote the unit vectors on z, y and z axes of Cartesian coordinates, respectively.
Calculate the line integral §, A - dr and the surface integral [((V x A)-dS for the vector
field A =yt — 2x5 + xzk, where S is the following surface and C' is its boundary. Here, the
path of the line integral is oriented counterclockwise viewed from the z-axis positive side, and

z component of the normal vector of S is non-negative.

S:2x?+y*+22=1 (2>0)
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

4. 000000 (Complex function theory) 0 O O

l 2
DDDDDDODDDDDDDD%Wf@

CZ +1
0ooo0o0ooo

dz000000000R>1,e<100000O

(Inz)?
(1) 0000000
c

22 +1
1 2 ool 2 3
@%%%”)wmmmmmmq/(f@dlemmmm
c 24+ 0o x*+1 8
Im

0, | g ke

(In z)?

Consider the integral of the complex function dz, where C'is a curve as shown in

22 +1
the figure, R > 1, and € < 1. Answer the following questions.
1 2
(1) Find the value of% (2112) dz.
o4 +1

, (In z)? > (Inz)? 3
(2) Using the value of n 1dz, prove that der = —.
c 0
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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. 000000 (Probability and statistics) 0 O O
n(n>1)000000000000 X,,...,X, 00000 (0,H)00O00OO0O0OooOOOO
00000 Y =min{X,,...,X,,}0000000000000OO

1) 00y (0<y<1)000O0O000P]Y >y 00000

(1)

(2) 00O E[Y]O000O0O

(3) 0O Var[y]ODOOODO

(4 z=1/y00OOOZOOODOOOOOOOOOOOO0OO0OOOOO0OO0O0O0O0O0O0O0OO0OO
oooooo

Let Xi,..., X, (n > 1) be independent continuous random variables uniformly distributed
over the open interval (0, 1). Then, let Y = min{ X3, ..., X,,}. Answer the following questions.
(1) Find the probability Pr[Y > y] for areal y (0 <y < 1).
(2) Find the expectation E[Y].
(3) Find the variance Var[Y].
(4)

4) Let Z = 1/Y. Find the expectation of Z if it exists, otherwise explain the reason why

it does not exist.
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Select 3 fields out of the 6 fields and answer the questions. Use a separate answer sheet
for each field.

6. 000000 (Symbolic logic) 0 O O

(1)

Yr=0p@—=@Vr)A(@—=(Vp)AQFr— (V) ta=((pAq —1)AN({(gAT)—
PIA((rAp) —q) s =(pAgAT)V-(pVqeVr)OOOO¢y; 04, 00000 ¢300
000000 resolutiond 00 OO QOO

oooobooooboboooooooooDg Sy =0x,y,:0000002z0y000
U000 xz0 000000090 00000008, =0y000000y00000
goboobobboybOO0oO0obOOobobO0obboobbooboooSs=ogoooooo
gooooobooboooogS,=0z,y000000:0y000000000y0 =z
ggbbbuoooobbodo

(a) S1,5%,55,8,00000000000000000 é1,¢s,¢5,6: 000020 yOO
0000000000 L(z,y) 0020 y00000000000O B(z,y)OODOO
b1, 92, 03,04 0 0 OO

(b) ¢1,02,0s 00000 ¢,000000000000000C0O0DODOOOOOO

Let 1 =(p— (qVr))Alg—= (rVp)A(r—(pVa), va=(pAg) —71)AN((gAT) —
p) A ((rAp) — q),and 3 = (pAgAr)V —=(pVqVr). Show that 13 follows from the

premises ¥, and vy by the resolution method.

Let the domain of discourse be a set of persons. Consider the four sentences: S; =“For
any x,y, and z, if x likes y and z likes z then y believes in z,” Sy, =“For any y, there
exists someone who believes in y only if there exists someone who likes y,” S3 =“It is
not the case that everyone believes in no one,” and Sy =“For any x and y, if x believes

in y then y believes in z.”

(a) Let ¢1, ¢o, @3, and ¢4 be the predicate logic formulas translated from Sy, Sy, S3, and
Sy, respectively. Write ¢1, ¢a, ¢3, and ¢4 using the predicate L(x,y) for “z likes y”
and the predicate B(z,y) for “z believes in y.”

(b) State, with a reason, whether or not ¢, follows from the premises ¢y, ¢, and ¢3.



YR30 AR 27 st AL
EHEE AR

g [ Bl H (Special subjects)
(33D 1)

fies EDER (Instructions):

1. MMM, Mo OAMAH 5 X THRHOWTIZA SR,
Do not open this cover sheet until the start of examination is announced.

2. MEMMIEERE A 33, MEAKIZIMOOD 281 2EFICOE18) TH 5.
You are given 33 problem sheets including this cover sheet, and 2 sets of 3 answer sheets
(1 set for each field).

3. URD 6 s 2 0B a2 BROMET 22 L. BALSHHIIMERAMEZNZT S22 L. &
7z, REl—2®H 7 b —HOMEAMZE HW L.
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.

vakag field page
A | BRI Circuit theory 2
B | &P am Information theory 6
C|A—brvx b St Automata and formal languages 10
D | BT Electromagnetism 14
E| 7VIVXL/ 70253V Algorithms and programming 22
F AT —FT77F v Computer architecture 28

4. REMMO I, HRS, 3—24 (R LEELROA), EROEH, ZRES, K
HBEIOHMERSZTLATHI 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. REIIMERAMRIZEEAT S Z L. AR—ADE VR VEEIXERZAVTEHERWVWD, Z0DH
G, BEICEEPHD L E2WHTTHI 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.
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6 S 2 NWEBOMET S L. EALPWHITHERK L H2HWL. £72,
R —2& 7 b =M ORE R E 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.

[ <A (Circuit theory) 43 %7 ]

(A1) ~ (R94] 25 20 %5B0, WA RIS SMICHE LSS 2 AT L.

(B1] X1DEFEIZOWT, BTFOMWZE

A&, U, EEEREE OMEREEE w & C /
T 5. ‘___1 >
(1) BE»SHZA V=K VA Z %KD Ry
& lﬁ@Q R,
(2) BRI zkd &. _rq
(3) MiAHZE arg(I/E) D3 w/2 & 752 5% 3K 4 1
» &£

N
(2] 28 xfEEEN & BEFE OB, 1~ Fami
V=RV Zg 105725 2(a) Dl L, ° :

2(b) DEEENEMMTH S & &, LFDORWIZ
Y

——

(1) 2% FHEEEN O v &—&X Vv A175 Z

M,
z
7 — 11 <12 ZO .
221 R22 Eo
THABNBLE, By BEU 2, 3k T
H XK.

(2) 2 373 EEE N A3 2(c) THASND
YE, B, BLUZ, Kk L. (b) (c)



Wk 3 0 UK RZ G Y AT LMEHRBEN

LR AR E
g Bl H (Special subjects)
(338 D 3)

Wi I
AR T2

KE—2dH7- ) — R OIE M ZE WX

6 Do 2 pEEBROMEST DI L. BALZSHEBICMERARLBEZHNE, £,

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.

(B3] M3DMEKIZDONT, BLTFORIWIZE
Z&. =720, EIFERJ OMRESE w &

T 5.
(1) &Pl R, DFER T LIHEE I P 2K X.

(2) WD 3DDHFHIZODVWTENTN, HE
B PR E R BEMEERD K.

(a) X1, Xo LB ICHALETH S, 7272

L, R, < Ry L35,
(b) X, BEET, X, NAETH5.
(C) X1 755‘@%’@, X2 753‘%’6%5.

(fI4) M4 DEFKIZDONWT, BIFOMWIZEZ
. %&#<LU, R=2Q, C=1/6F, L=3HZ&

5.

(1) BIRBIE E 0V THEED %%%L
U7, BiZlt=0TEZ2VIZZ&{XH

oo t> 0B BERK () 2 KD &,

(2) EIEE EH 4 Vflﬁlﬂﬂb)ﬁ"%"{kﬁbk

X
JA2 ll
JC)}% X R, &P
X 3
—VVV
R i0) |
E—— O— L
X 4

U7, WiZlt=0TFE %28 VIZ&{XE

Tz. t> 0BT BER () ZKD K.



TS 04 AMAERH S A7 AfRy IERE
M AR
& 7 &l H (Special subjects)

(33D 4)

6 S 2 NWEBOMET S L. EALPWHITHERK L H2HWL. £72,
R —2& 7 b =M ORE R E 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 the source voltage E has the angular C I
frequency w. Answer the following questions. ‘ | —>

(1) Find the impedance Z seen from the R,

source. E T@ Rl

(2) Find the current I. T

(3) Determine the condition when the Fig. 1
phase difference arg(l/FE) is 7/2.

(Q2] Consider the circuit shown in Fig. 2(a) N
consisting of 2-port circuit N, source with

voltage E and impedance Zg, and the cir- E
cuit shown in Fig. 2(b) equivalent to Fig. 2(a). I
Answer the following questions.

(1) Find the voltage Fy and the impedance
Zy when the impedance matrix for 2- N

port circuit N is defined by

E,
211 212]

221 222

7 =

(2) Find the voltage Ey and the impedance L
Zy when the 2-port circuit N is given by (b) ©)
Fig. 2(c). Fig. 2
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6 S 2 NWEBOMET S L. EALPWHITHERK L H2HWL. £72,
KE—D2d 7= ) — MO FAME AV &.

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 current J has the angular
frequency w. Answer the following questions.

(1) Find the current I and the effective
power P in the resistance Ry.

JXo

(2) In the following cases, find the require- J () Ry i R, p
ments under which the effective power

P is maximized.

(a) Both X; and X, are variable for
R; < Ry.

(b) X is fixed, and Xs is variable.
(c¢) Xj is variable, and Xj is fixed.

(Q4] Consider the circuit shown in Fig. 4,
where R =2 Q, C =1/6 F and L = 3 H.
Answer the following questions. NN\~

(1) The source voltage E changes to 2 V at . c—
the time ¢ = 0 after the steady state for E T 1 L
FE = 0V. Find the current i(¢) for ¢ > 0.

(2) The source voltage F changes to 8 V at Fig. 4
the time ¢ = 0 after the steady state for
E =4 V. Find the current i(t) for ¢ > 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.

<

(& #H M (Information theory) 73 %7 ]
Ro#R (1] [E2] ) IC5Z &

(1) ERERTHAMATEZONEY LI TIEREEEZ S, 727U, TV77_Ry N %
{1,2,3,4} & U, BEBHERITHID ij o 1E, XFj OFDERT 5 5MFA SHERE R
Jr95.

0 0 3/4 1/4
0 0 1/4 3/4
1/4 3/4 0 0
3/4 1/4 0 0
IROLERIWNIZE Z K.
(1) ZOFHRFEPEETHS LIREL T, EFEMWEIMERD K.
(2) Z DIEHRIED 5 LK T 2HEREH DRI % (X1, Xy,...) TRYT. RADOXT X, 2E
WAEPSERUZHED X, DREASEERD XK.
(3) MMDXT X, 931,234 THIMEEPZTNETN1/2,1/2,0,0THDLE, X, D
WA % KD 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] BHRIT VT 7 Xy bH A= {a,b,cde} TH?2DODELIEIFHRIE S1, Sy IZDOVWTH
Z5. TNTNDOHRIFIZE VT TOHBMERPIRORD LI IZHEZoNTNWS., [F
WIS, Sy DIBERDONR Y MLz ENnEhp, q LB,

HEREN
all1/4] 1/2
bl 1/4] 1/4
el 1/a] 1/8
d|1/8]1/16
el 1/8]1/16

(1) IEHIF S, DT>y haE—H(S)(i =1,2) 2k k.
(2) p & qORBDEAN=—Y 2 (FANTY bov—) D(pllq) 2kd k. ZIT,

LC
)1
D(pllg) = ) p(x) og 7 (@)

zeA
TH5.
(3) SoDI=OD2TENT I UFE (FEEDTIVT 7Ry ME{0,1} 2T 53) % 1 DR
&,

(4) S; O HBT 2 XFFN 2 EAT BEICHR ST (3) TES NI VRS ER AL
7. ZO&ESEWMIFFS 1 XF Y720 OFEIFSRERD &,
(5) (4) TRO7ZEHFSED, H(S) + D(p|lg) iwFEL\WI & &RE.
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6 S 2 NWEBOMET S L. EALPWHITHERK L H2HWL. £72,
R —2& 7 b =M ORE R E 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.

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

(Q1] Consider a Markov source whose transition probability matrix is given by
0 0 3/4 1/4
0 0 1/4 3/4
1/4 3/4 0 0|’
3/4 1/4 0 0
where the alphabet is {1,2,3,4} and the ij entry of the matrix denotes the conditional

probability of the occurrence of the symbol i after j. Answer the following questions.

(1) Assume the source is stationary. Find the stationary probability distribution.

(2) Let (X1, Xa,...) denote a series of random variables generated by the source. Assume
that the initial symbol X; is according to the stationary distribution. Find the

marginal distributions of X,,.

(3) Assume that the first symbol X; takes 1, 2, 3, and 4 with probabilities 1/2, 1/2, 0,
and 0, respectively. Find the marginal distributions of X,,.



3 0 4 hMﬁ?ﬁ?ﬁvx%Aiﬁﬂ%ﬁ,E%%ﬁw
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R —2& 7 b =M ORE R E 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.

(Q2] Consider two memoryless sources S; and S, with source alphabet A = {a, b, c,d,e}. For

each source, the probabilities for symbols are given by the following table:

HEREN
all1/4] 1/2
b 1/4] 1/4
cll1/a] 1/8
d|1/8]1/16
el 1/8]1/16

Denote the probability vectors for sources S; and Sy by p and q, respectively.

(1) Find the entropy H(S;) of the source S; (i = 1,2).

(2) Find the divergence (or relative entropy) D(pl||q) between the two probability vec-

D(pllq) =) plx IOg

zcA
(3) Construct a binary Haffman code for Sy (let the alphabet for codewords be {0, 1}).

tors p and q, where

(4) Suppose we mistakenly apply the Haffman code obtained in (3) to sequence emerged

from source S;. Find the average code length per source symbol in this case.

(5) Show that the averege code length obtained in (4) is equal to H(S:) + D(p||q).
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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.

C. [A— b~ b & EGE (Automata and formal languages) 73 %7 ]
‘o ([(E1] [(F2)] ) TEX K.

(1] UFOBBRZROIFEEERA— I~ M M = (K,%,0,q, F) IR L, IROZR-W
WWEZK. 2720, K ={q,q,%, 6,4}, 2 = {a,b}, §, q0, F = {q1, o, u} 1&, T
THNREBOES, TVT7 7y b, BBEK VIRE SRREBOEGE2RT. M I
Lo TXHINDEiEEZ LLT 5.

(1) LIZEENDES 40T % T XNTHIEE L.

(2) LIZ&ENBEEOXFHN %, EREH (a+8)(a+4) EHWTERT I ENTE S,
2770, al BlREBIZY EOXFHTHE., ZNS5DXFha & f25% K.
3) wi S EOXFH LTS, MTFD 200G ZNENECTHENMETHEh. H

ROIXBHEZBAL, BRSIXRHE S R L.
(a) Twe LoIlE, bbikw DA LFHITIEAR . ]
(b)  Tob 23w DEHLFH TRV SIE, we LTHS.]
(4) L 223 2 REHENORENERA— M~ b OEBHZ 5 A 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.

(2] XIREBSGEG, = (N,S, P, S),Gy = (N,%, P, S) 2% %%, 7272L, N =1{S, A, B},
Y = {abc}, B (i = 1,2), SEEnrnIkinsd 508G, &l 5DOEEG, £k
BHUlOE S, vl se 35, 22T, P ={S - AB,A — ablaAb,B — c¢|Bc},
P, ={S — AB,A — alaA,B — bBclbc} £ § 5.

1) G112 & B2 XF%] aabbe DEHEREE2 5 X K.

(1)
(2) Gy BERT 2 53 L(G)) 108 £ N5 SCFH % S &
(3) Gy BHERT 2 538 L(Ga) 128 £ N5 STFH & B &
(4) B3 L(G1) U L(Go) & ERT B TIREHHTIE Gy = (N3, 3, Py, §) DEFSHA D E S
P& AL, 77U, Ny={S, A B,C,D} £ ¥ 5.
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KE—D2d 7= ) — MO FAME AV &.

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 non-deterministic finite-state automaton M =
(K,%,0,q, ) that has the following transition diagram. Here, K = {qo, q1, ¢2, q3, ¢4},
Y = {a,b}, 6, qo, and F = {q1,q2,qs} represent the set of states, the alphabet, the
transition function, the initial state, and the set of final states, respectively. Let L

denote the language accepted by M.

(1) Give all strings of length 4 contained in L.
(2) Any string contained in L can be represented by the regular expression (a+ f)(a +

B)*, where both o and 8 are strings over . Give these strings o and (.

(3) Let w be a string over Y. Is each of the two following statements true or false? If it

is true, then explain the reason. If it is false, then give a counter-example.
(a) “If w € L, then bb is not a substring of w.”
(b) “If bb is not a substring of w, then w € L.”

(4) Give a transition diagram of the deterministic finite-state automaton that accepts

L and has the minimum number of 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 a separate answer sheet for each question.

(Q2) Consider context free grammars G; = (N,%, P, S) and Gy = (N, %, P, S), where

N = {S,A, B}, ¥ = {a,b,c}, P, (i = 1,2), and S represent the set of non-terminal
symbols, the set of terminal symbols, the set of production rules, and the start symbol,
respectively. Here, P, = {S — AB, A — ablaAb, B — ¢|Bc} and P, = {S — AB, A —
alaA, B — bBcl|bc}.

1) Give a derivation of the string aabbc in G.

(1)

(2) Describe the strings in the language L(G4) generated by Gy.
(3) Describe the strings in the language L(G2) generated by Gb.
(4)

4) Give a set Py of production rules of the context free grammar Gz = (N3, 2, Ps, S)
which generates the language L(G1) U L(Gs), where N3 = {S, A, B,C, D}.
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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. [ERSF (Electromagnetism) 73 5]
(1] ~ [(M3] 52/ %FY, MEHROMERSHICHE L -MERS 2L AL 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.

[fI1] M1@D X2, F¥ XU F0N¥EE a,b (b>a) O 2 ODEINERERTE)

IR EN TS, 2 O0ERMOENZEIL V Thd. BERMOEMITFER ¢ D

ME TSN Tnb

U);@%¥A/5@ﬁ%§£(?%ﬁ®i.

Q) ZOFXFFNRNVAIEZONDIEFET RN —EE uzROL. u ZFX ¥/ ZD
BIEMTHESL, S AV HXICEZIOLNDIZRNLVT— U kD L. £/, M
DOERER O BEALHEAE B < J152RD L.

wIZ, "1O)DE DI 2 2D0EKMOFERLEER ¢ OWEIZTESHZ 7.

(3) DL E, BEBKRERFOF.LNSOHEEE r OREZWIBTHERR I 2RD X, 7=
- L, a<r<b 7 5.

4 (3) OFEREZH, ZD2 >OEEEOESIEIL R 2R XK.

(a) (b)
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] K 2@ (27T X9 RBREEAEZEFICENIL TN D, $RLONEREI

EZHSETDH. 3HOELD D LOEE 2 JS%IM DaAN1l ELEHN,DaAL

V2B MINTWD. KK IZAB=BC=DE=EF=/, AF=BE=CD=LTbl%5.

BEFOBMEEE ny, SROOEMEE &L, IRNVBEERIIEEERE O LT 5.

(1) B BAFE, BCDE, BE (81T 2 N EN DA, ﬁ#RhR%Rg%ﬁbi

2) IANTIZERL ZLTZE D, B AF, CD IZBIT DHE &, &, KD XK.

B) IANVIDECAVH I FZ L ALE, (V1 E2OBOMEA L HX I X AM
2RO K.

(4) WIZ, BEKREIFEOFELEIZK 2 b) 1T T L) RESdORRERITS. £HED
IANVCENENERLBIOL &ZRT & X, FROBBEEHSICAET DREFEEE
B@k%é%*@i.ttb,7)//%%1%@(%5&?5.

A B C
1 ®--—-——---- -—------- c
= | : o
O——1 1 aT|
[ . 1 L Y
a1 BN : Tk
/ :-1—> 1 i N, a7 A2
—— 1
B : Tt
o— | 2 1 o
frooocoo=o - <
F E \ D
D
(a)
A B C
L R t-o------ o| 1,
1 ¢
=nag i SHIS
q1 P g
A1 RN, Ya N Lipaqne
—— 1
+E i 2oyl
o— | ! 1 o
(socoooooo - -
F E \ D
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.

[fF3] E3wiﬁﬁi5’¥@a@‘0@ﬁﬁ%%ﬁﬁ%d%hf¥”’%%
Sh, BERICIIFER ¢ EWE Y HEE cOWENBAINTND. it,
ERRNCIEX 3 (IR T L9 2REE V) BEIMESNTWS, 72720, BEZlr=0

B THBEERIZ] %ﬁi@w%@kﬁé.it,a»dT%Dm%%iﬁﬁf%

HETH.

(1) Al (0<t< D TOMBCERE DOER E, BNEIREE Jo, KMREEREE J
DREIZRD L.

(2) RR(r=a) IZBTHMABERBOBAHORE I ZEREE s & JEZRWTT
VRT ORI LRD XL 2L, riEP O bLOEETH S.

3) At 0<t<T) 2BV, ERU_@ BIDIRA T 4TI ML S D
ME L REIEROE. £, r=a ORIE) S ABEARE ONFHIEEIND
BHP ERD L.

4) ERROBH P O—WITEK - RLX—L L CEHAERICEZ O, MiImENT
HEIND KA 1=02206 =T ORITEKHICE Z b HEX T RLFX—U,,
FOWMENTHE SN RVX—U %2R L.

~ V)
5 A
V(t : 5 |%
OC) L ir, Re |d 0
S L
t
0 T
(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.
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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.

[Q1] As shown in Fig. 1 (a), a capacitor consists of two concentric spherical shell
conductors of radii @ and b ( b > a ). The potential difference between the two conductors is
V. The space between two conductors is filled with a dielectric material of permittivity &

(1) Give the capacitance C of the capacitor.

(2) Give the electrostatic energy density u stored in the capacitor. Give the electrostatic
energy U stored in the capacitor by integrating u over the whole space of the capacitor.
Give the force exerted on the unit area of outer conductor.

Next, as shown in Fig. 1 (b), the dielectric material between the two conductors is exchanged

with a material of conductivity o.

(3) Give the electric current / passing through a spherical surface of radius r. Here r is the
distance from the center of the spherical shell conductors, where a < r < b.

(4) Give the resistance R between the two conductors using the result of (3).

(a) (b)

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] A magnetic circuit is placed in vacuum, as shown in Fig. 2(a). The cross-sectional
area of the iron core S is the same everywhere. Coils 1 and 2 with N; and N, turns are wound
on the left leg and the right leg of the 3 legged core, respectively. The magnetic path lengths
are AB = BC = DE = EF =/, and AF = BE = CD = [,. The permeability of vacuum and the

iron core are o and u, respectively. Assume that the leakage magnetic flux is negligible.

(1) Give the reluctance R;, R,, and R3 of the magnetic paths BAFE, BCDE, and BE,
respectively.

(2) Give the magnetic flux @; and @, in the magnetic paths AF and CD, respectively, when
coil 1 carries current /;.

(3) Give the self-inductance L of coil 1, and the mutual inductance M between coils 1 and 2.

(4) Next, let the magnetic circuit have an air gap of length d in the center leg, as shown in
Fig. 2(b). Give the magnitude of the magnetic flux density B in the air gap when the coils

1 and 2 carry current /; and I, respectively. Assume that the fringing effect is negligible.

A B C
I Deoeososne S o
_1> 1 1 :
1
I : SH
= N ' aT
coil 1 2_:_> N, L N, C_T—> coil 2
<I> i =
1 P : [« 1
o— ! ! | o
(soocoocooo > ——————— -
F E \ D
iron core
(a)
A B C
1 M P 9 I
— | i oy
P ! sH
P ' x aT
1 1
coil 1 Tt N, _vd N, C_T_D coil 2
P 1 D
T+ ! 9
o— ! ! | o
(sooooocooo oo ooooos )
F E \ D
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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] As shown in Fig. 3(a), two circular-plate conductors with radius a are placed in
parallel with spacing d. A material with permittivity & permeability 4, and conductivity
o is inserted between the conductors. The voltage V() shown in Fig. 3(b) is supplied
between the conductors. Here, we assume that no charge is stored in the conductors at ¢ = 0.
We also neglect edge effect by assuming a >> d.

(1) Give the electric field E, the displacement current density J4, and the conducting current
density J inside the material for 0 <7< T.

(2) Give the magnetic field strength H at the point R for 0 < # < T'using J4 and J by applying
the Ampere’s law. Here, the point R is located at a distance r = a from the center.

(3) Give the direction and strength of the Poynting vector S at the point R(r = a) for 0 <7 <
T. Also, give the electric power P that is entering into the region between the two
conductors through the side surface at r = a.

(4) A part of P is stored as electric energy between the conductors, while the remaining is
consumed in the material. Give the electric energy U, that is stored between ¢ =0 and 7 =

T. Also, give the energy U that is consumed in the material betweent=0and t =T

V(?)

O

(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. ([7VIVXL/TurF 37 (Algorithms and programming) 43 %)
mo&EN ( [F1] (B2] ) ITEX L.

([ 1] ROZFNIZEZX K.
(1) BNFOBIRIZH L, ROBEER &, 727U, aF( ) IXBIR RIS T B4 F I

£ 5&R %, R[A=B[SIIBARR, SIZHT 2 HARREGZ, RIA] IXBRROEMAIZEK

LR ERT.

Class Student

CID | Subject | Room SID | Mail | School

001 | Database | 101 001 | al@c.com | Science

002 | Database | 102 002 | a2@c.com | Science

003 | Programming | 203 003 | a3@c.com | Science

004 | Programming | 304 004 | bl@d.edu | Engineering

005 | Algorithm | 101 005 | b2@d.edu | Engineering
006 | b3@d.edu | Engineering

Registration Reservation

SID | CID | Date SID | Subject | Date

001 | 002 | 20170801 001 | Algorithm | 20170801

001 | 003 | 20170801 004 | Programming | 20170803

002 | 001 | 20170731 005 | Programming | 20170731

002 | 005 | 20170731

003 | 002 | 20170802

003 | 003 | 20170802

003 | 005 | 20170803

004 | 004 | 20170731

004 | 005 | 20170802

005 | 001 | 20170731

005 | 005 | 20170731

(a) BRI DR 0poon—rior (Class) IC X D EF SN B X T2 L THEY L.

(b) BIFRIREL DA Class[Subject = Subject|Reservation iZ L D fFHNE X T)L
R THIFEE L.

(c) BAFRREX DA 0cip—r003rvcin—rooa (Registration[SID = SID|Student)[SID, Mail]
LD ELSND XTIV EETHEE L.

2) (1) D4 2DEKRIZHL, UFTEHRI N AERZ KD 5BEBABOIHE 25 2
K. 72720, BBRTOEIRED 1 THNIE, opr(R) DL DI, TEZEHE LTHS
ZEMNTES.
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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.

(a) CID %004 % ##D Subject 5 72 2 BEfR T, (Subject)
(b) CID 2%004 %%§D Subject & FHJL T\ 5 SID 75 7 5 B{R To(SID)
(c) CIDAY004 % FFD Subject  FHIL T3 SID & Mail H* 572 5 BAfR T5(SID, Mail)
(3) BAMRR, SIZH9 5454 % R[AGB]S TKRT. 772U, 0 IZHKEBE TTH Y, A, B
TNFNR, SDOEMTH S.
(a) BAfRR, SDX ) r eR,s €S &r[A, sB] ZHAWVWTR[AIBIS ZEHRT K. =721,
RINt EEMECITRL, t[c]idticdliTd cDEMEmEERT.
(b) HiE LA DBIGRAE DT 2 FI\W T R[AGB|S & EFHHE &.
(4) EHLIZEET 2IRDEMNIZE R K.
(a) BARR DEHEA X WEMF—TH DI L DEHE, THDOX TVt eR %
FWTET.
(b) AT OREJEEA KL L TW B, BIFRR(S,T,C,B,P) &5 = EFRIZ EMAIE X.
ClE s IZREEtIE
BlX {s, T} (ZBISE)R
P X BIZBEEA R
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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] M1LIWZRTY—T4 27 7)LT) XLDELT— RIZOWT, IROZMIZEZ K. B
Ma—RNIZCESEIZEMLTEY, //THFA2TFEFEIAVITHS. AT An D
FITH5.

1: for(gap=n/2; gap>=1; gap=gap/2){

2: for(i=gap; i<n; i=i+1){

3 for(j=i; (j>=gap) && (A[j-gap]l > A[j1); j=j-gap){
4: temp = Alj-gap];

5: Alj-gap]l = A[j];

6: A[j] = temp;

7
8

)
9: // (X
10: }

M1, V=547 7L3) XLDEMa—FR

(1) K% Al={1, 8, 4, 2, 3, 6, 5, THIXNLTR1DOTNVIY XA LZ2HTLEZHE
D, FAFRUVLHEIZEIT S X) OFR (917H) TOREH A ZRE. ZOFRETIE
BHIDA Ty 7 ZE0050F D, HlZIESEIXAL0]I=1, A[7]=7, n=8 &7 5 Z
LITHEEE L.

(2) BERY —T 4 VI T7IVITYALTIE, FUMEZET H2EBOERIZBEL T, Lodl
DIEFEPHEIRFEEI NG, ZDY =T 1 77T XLXEETH 50 L.

(3) 2DV =T 4 I TNTY)XAL%EH A Xn OFH AIZK U TET UGS DRER
FETREZ2EHOBRED FOTRE. 727 Unld20REFLLTHE 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.

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

(Q1] Answer the following questions.

(1) Answer the following questions about the following relations, where

or(R) denotes a selection for a relation R with a condition F, R[A = B]S a natural join

between relations R and S, and R[A]

a projection of R to an attribute A.

Class Student

CID | Subject | Room SID | Mail | School

001 | Database | 101 001 | al@c.com | Science

002 | Database | 102 002 | a2@c.com | Science

003 | Programming | 203 003 | a3@c.com | Science

004 | Programming | 304 004 | bl@d.edu | Engineering

005 | Algorithm | 101 005 | b2@d.edu | Engineering
006 | b3@d.edu | Engineering

Registration Reservation

SID | CID | Date SID | Subject | Date

001 | 002 | 20170801 001 | Algorithm | 20170801

001 | 003 | 20170801 004 | Programming | 20170803

002 | 001 | 20170731 005 | Programming | 20170731

002 | 005 | 20170731

003 | 002 | 20170802

003 | 003 | 20170802

003 | 005 | 20170803

004 | 004 | 20170731

004 | 005 | 20170802

005 | 001 | 20170731

005 | 005 | 20170731

(a) Enumerate all tuples obtained by the operation ogeen—r101/(Class) of the rela-
tional algebra.
(b) Enumerate all tuples obtained by the operation

Class[Subject = Subject|Reservation of the relational algebra.

(c) Enumerate all tuples obtained by the operation
OcIp=003"vcIp—004’ (Registration[SID = SID|Student)[SID, Mail] of the 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 a separate answer sheet for each question.

(2) For the relations in (1), answer operations of the relational algebra which derive the
following relations. Here, you can use a relation T as a constant value, like op—1(R)

if the number of elements in T is 1.

(a) The relation T;(Subject), containing tuples of Subject each of whose CID is
004.

(b) The relation T,(SID), containing tuples each of which shows SID reserves Subject
whose CID is 004.

(¢) The relation T3(SID,Mail), containing tuples each of which shows SID reserves
Subject whose CID is 004.
(3) We denote a join of relations R and S by R[A#B]S, where 6 is an comparison operator,
and A and B are attributes of R and S, respectively.
(a) Define R[AOB]S using tuples r € R,s € S, and r[A], s[B], where ¢[C] denotes the

value of attribute C in a tuple ¢.

(b) Define R[A#B]S using operations of the relational algebra, other than the opera-

tion join of the relational algebra.
(4) Answer the following questions about normalization.

(a) Define that a set X of attributes in a relation R is a candidate key, using arbitrary

tuples ¢, € R.

(b) Decompose a relation R(S,T,C,B,P) into relations which are in third normal

form, where R has the following dependencies:
- C is functionally dependent on S,
- B is functionally dependent on {S, T}, and

- P is functionally dependent on 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 the following questions about the pseudo code of a sorting algorithm shown in

Fig.1. The pseudo code is based on the C language and a line starting with “//” is a

comment. A is an array of size n.

10:

1
2
3
4.
5:
6
7
8

©

: for(gap=n/2; gap>=1; gap=gap/2){

for(i=gap; i<n; i=i+1){
for(j=1i; (j>=gap) && (Al[j-gap]l > A[j1); j=j-gap){
temp = Alj-gap];
Alj-gap]l = A[j];
A[j] = temp;

X
/7 (X)
by

Fig.1. A pseudo code of a sorting algorithm

(1)

When the algorithm in Fig.1 is applied to array A[]1={1, 8, 4, 2, 3, 6, 5, 7},
show array A at the point of (X) (line 9) in each iteration. Note that the first element
of array A is A[0], i.e., A[0]=1, A[7]=7, and n=8 in this case.

A sorting algorithm is stable if for multiple elements with the same value, the order
of the original input is always preserved. Show whether the above sorting algorithm

is stable or not.

Show the worst-case running time of the above sorting algorithm with the process
of calculation when the size of array A is n. You can assume that n is a power of

two.
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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. [t&EBT —* 7 2 F v (Computer architecture) 73 %7]
ROEMW ([E1] ~ (3] ) IZEX LK.

(1) U FOMMEETE X SN R Fla,b,c,d) ZHTRENDB X523 DD
G1(b,d), Ga(a,b), Gs(c,d) BEUAND #— k& OR 7'— F&ffio THEHT B2 L %
ExB. BEEG, Go B XU Gy OHEIMER 25t

’abcd‘F‘

000 0]1

000 1|0

00 1 01

001 1|0

01 00]|0 ",
010 11 d—
01 1 01 Y]
01 1 1]1 Gy F
1 00 01 b_—L
1 00 1]0 o |

1 01 01 d_ng
1 01 1]0

1 10 00

1 10 1]0

1 11 0]0

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.

(2] 5 2DAT—=IDNSRBENRNATIAVART—ENANAEZETEZII 70 aky 2o
THERD. FREINEZNLTIAVAT=VIF, IF (HE4E), ID (5T a—1F),
EX (5317), MEM (A€VT 27X R), "6, WB (74 hXv2) THhD. A
4, H— K7 — R4, AT U7 —F@BOFETIIBIT KA T — Y OMBNEIZL
TORIZKES., 22T, A TIA VA N=NVORERRE, EXA T4V AT—=Y
DETEHEIZ1 78y 7Y A INVTHTTELERETS. £72, WBAT—ITLY
ARZEEZIRAENTAMEIL, H—20y 2% 1 70T, BimadID AT — Y Tt
HUARETH 2. LROEMIZER L.

NAT 54 KT — XX Z2ADOEE

IS a4 0— K7 — R4y A N7 T — Rins
ATF—3 add $x, Sy, $z lw $x, offset(8$y) sw $x, offset(Sy)
IF AE) I DEGFIREMEEZIEL, ROEFIED-DIZTAT T L -
J1T7 v R % E
ID MaDfE. VYA | meDfiEE. VIART | e DfREE. LIAXT
RI7ANMOELY | TANVMHB LI AR Sy % | 7AIDPO LV VAR $x 72
AR $y 5 ONT $z | FeAH L. 5UNT $y ZFHiAH L.
oA L.
EX VIART7AND | LIART 7 ANDSEHAH U $y DNE L off-
HitAH U7z $y & | set ZMBELAEY T KL A% ERK.
$z ODNE % INE.
MEM FRZEEL ONBAER | AR UZAEV 7RV A | ERLEZAEY T RLA
WB AT —=UN | IZRIETE2T—RFRTF—X | IZHIGTEHT—XAEY
HRik) . BT —RAEYNOEEA | FHIBIZVY AR T 7 AV
HU. MoigAH LU $x DN
KhEEBEAA.
WB MBEMRREZ LV YA | T=XXEUDSHEAN | RHIZHEL.
RI7ANVHNDLY | LIzT—R%EB LYV AR
AR S IZEEZIAA, | TAINVHADL VAR $x 12
EHZIAA.
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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) AFITRTTB T T LIZDOVWTHERDS. ETICEVWT ‘# 5N oHIFIA LV NTH
5. 7007 AHITAAET B 7 0 —{RFEIR, WAKAARELR, HOMKFBERIZOWT,
EDMAEN, EOMBTDEDVIARIZEL TKFEL TWBE0E T RTHIZEE K.

1w $3, 10($2)
lw $4, 18($2)
add $10, $3, $4

# <1>
#
#
sw $10, 40(%2) # <4>
#
#

<2>

<3>

add $10, $3, $3 <5>

add $4, $3, $10 <6>

(2) L& (1) DIREBRO S b, @hA 754 VB TESF LB T — ZAF— R
BEUEEELDERY,

(3) LR (2) DT —=ANTF =R TENZTNDO AR Lo TRHLL72HED EFL (1) D
Tu T LDFEITIZH TS CPI (Clock cycles Per Instruction) % 3K k.

(A) XA TSA VAR —LDH
B) T=R I AT =T 4 VT +RAL T4 VA =)L
(4) FARAFR LR KRR E U 5 Bl & HE &

(B3] IV Ea—XDAEYYATLIZDOVWT, IFTOEMWIZEZ L.

(1) ¥t 7 7oy FItEREINZZAI LI by T FryvallonwTHERL. 7—
RH A ZNE4 N1 N, Fyyva- P4 XE16 24N, Ty 781 L8 1 b,
TRUVAREI4AEY bTHY, FryvaDfREIZEL TS, LFICRT T —
R7 RV QERB) IZHFLUTAEY 77 AWIERFELZGEDF vy ¥ a- 3
AREEALX.

1100 = 1010 = 1101 = 0101 = 1100 = 0101 = 1010 = 0101 = 0011 = 0101

(2) ISR I A I ER L. £z, ISR ARKZAHT 5 Hik2R &



TS 04 AMAERH S A7 AfRy IERE
M AR
& 7 &l H (Special subjects)

(33 M 31)

6 S 2 NWEBOMET S L. EALPWHITHERK L H2HWL. £72,
R —2& 7 b =M ORE R E 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.

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

(Q1] Let F(a,b,c,d) be a logic function whose truth table is shown below. Consider that F

is composed of other subfunctions Gy (b, d), Ga(a,b), Gs(c,d) and an AND gate and an

OR gate as shown in the below figure. Show the truth tables of G, G5 and Gs.

a b c d|F|

000 0]1

000 1]0

001 01

001 1]0

01 0 00 b_Gl
010 11 d

01 1 01 Y
01 1 1|1 Gy Ia
1 00 01 b_—L
1 00 1]0 o |

1 01 01 d__st_
1 01 1]0

11000

1 10 1]0

1 11 0]0

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-
mented pipleline stages are IF (Instruction Fetch), ID (Instruction Decode), EX (EX-
ecution), MEM (MEMory access), and WB (Write Back).
instructions,
following table.
in one clock cycle except for pipeline stalls.

instruction can be read in the ID stage of a subsequent instruction in the same clock

“add” ,

“load-word”, and

“store-word”,

cycle. Answer the following questions.

in each stage are defined as the
Assume that the operations in each pipeline stage can be completed

The written data in the WB stage of an

Operations of the pipelined datapath

Add Load Word Store Word

Stage add $x, $y, $z lw $x, offset($y) sw $x, offset($y)

IF Fetch an instruction from the memory and update the program counter
for fetching the next instruction.

ID Decode the fetched | Decode the fetched in- | Decode the fetched in-
instruction. Read | struction. Read register | struction. Read registers
registers $y and $z | $y from the register file. | $x and $y from the regis-
from the register ter file.
file.

EX Add the contents of | Add the contents of $y read from the register file
$y and $z read from | and the offset to form a memory address.
the register file.

MEM None (transfer the | Read the data from the | Store the contents of $x
calculation  result | memory associated with | read from the register
to the WB stage). | the address generated in | file to the memory as-

the EX stage. sociated with the ad-
dress generated in the
EX stage.

WB Write the calcu- | Write the load data to | None.
lated result to reg- | register $x in the register
ister $x in the reg- | file.
ister file.

The operations for three
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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) Consider the following program. The words on the right of the ‘#’ symbol in each
line are comments. Identify all low dependences, anti dependences, and output
dependences, by describing which instruction depends on which instruction through
which register.

1w $3, 10($2)
1w $4, 18(%$2)
add $10, $3, %4

# <1>
#
#

sw $10, 40($2) # <4>
#
#

<2>

<3>

add $10, $3, $3
add $4, $3, $10

<5>

<6>

(2) Show which data dependences in (1) actually cause data hazards in the pipelined
datapath.

(3) Answer the CPI (Clock cycles Per Instruction) of the execution of program listed in

(1) when all the data hazards above are resolved by each of the following approaches.
(A) pipeline stall only
(B) data forwarding and pipeline stall

(4) Explain why anti dependences and output dependences occur.

(Q3] Answer the following questions relating to computer memory systems.

(1) Consider a direct-mapped cache memory implemented in a microprocessor chip.
Assume that the word size is 4 bytes, the cache size is 16 bytes, the block size is 8
bytes, and the address width is 4 bits. Suppose the cache is initially empty. Find
the cache miss rate for the following sequence of memory references given as word

addresses (represented in the binary numeral system).

1100 = 1010 = 1101 = 0101 = 1100 = 0101 = 1010 = 0101 = 0011 = 0101

(2) Explain what the “Compulsory Miss” is, and show how to reduce the number of

compulsory misses.
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