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SASEEIERE £ 1/ (Question T1)

(1) KORIZIBRT 5 &5 72 2RI PO, P1 IR EH A RREA— F <
hoidbad., ZOF—br< b rrOREBENZIE.

BEORE | BB LEBEORE | REBBHEE |HARE
PO PO 1-p a
PO Pl p b
P1 Pl 1-q c
P1 PO q d

(2) (1) oA— b= brZzRELHBARSH 1 LIZRIET S 4REOA
—re bCEBRLELOORESEBRZRYE. 2L, SHARTEIIRT
HIRELIILITO®EY &8 L.

WA= |a |b |c¢ |d
KRB Pa |Pb |Pc |Pd

(3)  (2) TROEAREOLS— bv FizBWNT, EERECBITAER
BORERPRD L, REL, ERRETHE, REBROME CEREOHSE
BEE LW,

(4)  (2) TRDEA— b7 brOEFRBICENT, b & ddEELTH
HENDHEEPrb, ERO L, 2EL, bl dOHASHBIERFIMDR
V.

Pr(b,d)

— § hY :[:EA H 2 oK .
Pr(b)Pr(d)zJ w/PDERDBEDp & q DR OERZRD &

(5)



Question T1

(1) The following table shows a non-deterministic finite state automaton with two
states: PO and P1. Show the state transition diagram of this automaton.

current state next state probability of state | output symbol
transition

PO PO 1-p a

PO P1 P b

P1 P1 1-q ¢

P1 PO q d

(2) Transform the automaton of (1) into a finite state automaton which has four states,
each of which corresponds to each output symbol. In the transformed automaton,
each output symbol corresponds to the state name as shown in the following table.
Show a state transition diagram of the transformed automaton.

output symbol |a b c d
state name Pa Pb Pc Pd

(3) Obtain the stationary state probability of each state: Pa, Pb, Pc and Pd of finite state
automaton which is the answer of (2). Note that in a stationary state, the probability
of each state does not change after a transition.

(4) Obtain the probability Pr(b,d) of the case such that b and d are consecutively output,
where we do not care the order of b and c.

Pr(b,d)
Pr(b)Pr(d)

(5) Obtain the relation between p and ¢ when is minimum.



FREERIERS 2R (Question T2)

KD EWSFRAUZOVWTE LS.

dx

dtzl = -2x, + X,
d’x

dt22 = xl - 2x2

7, EROEMLGBRITTIH RN CUTOLIICEERT LN TE S,

X =Ax

1

ZIT, X7 }*}1/56=(x'), ﬁﬁ'JA=[—12

X,

lﬁ%é.
2

2

ELFORIZEZ K.
(1) 17514 OEEMEA LA, (4, >2,) 2RDE.

(2) FxOEFAMEM E0ITONT, BERZ MVE LEZRDI.

m>ﬁﬂAuwmxypup{§ 2]&&6$5ﬁ%ﬁmﬁﬂP%*bi.
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Question T2

Let us consider the following ordinary differential equations.

'F= 2x1 +X,
d’x
p =X, - 2x,

The equations above can be rewritten as follows:

§- 4%,

T - ) ) -2 1
where the vector X is x=( 1), and the matrix 4 is A:[ 1 2] .
' X, _

Answer the following questions.
(1) Obtain the eigenvalues Aand A, (A > A, )

(2) Obtain the corresponding eigenvectors £ and £,to the eigenvalues A and A,,
respectively.

0
(3) Obtain the generalized modal matrix P, which satisfies P"AP = [)(; Al

(4) Using the solutions of questions (1) to (3), obtain the general solutions of

“[a)



PESTREIEIRY £ 3R (Question T3)

(1) AEHE (white noise) & H 7 AMMEE (Qaussian noise) DFHNEFH
IZ2oWT, Hlo TWAZ LB L.

(2) H2ERES x()DBCAEMEEK ox(r) (¢ FEZE) L LT, HUTD (@)
NE () DPEMnG, REdRboE 2-0%, ToEAXBL.

d)‘x(’c) Dx(7) Dx(1)

o~ I\

/0 T 0 T 0 T

(a) (b) (c)
B 1

(3) BLTORTRINBER x()HIZ2NT, Bz x k.
x(t) = A sin(2nfyt + 65) (0=6,<x/2)
(a) EBReAELRS EAERT=1/f) CZOESEY LTI IT

BZEEEZD. fi=fo fi= 4o DERENOBEEIZONT x(nT) (=0,
1, 2, 3) 2R L. TCTC‘L, a=sin(6‘o) (E:B%, Goé'ﬁﬁb\"s‘”%:a x

AWTHRTER L. |
(b) BEgrT— U WX, NEOT — %R x(0), x(T), ..., x((N-1T)

WZRLT, f=kfi/NFE=0, 1, ..,. N-1) BO%HETHILDOTH
v, KR TEHZEIN5. :
2skn

X() = XGf) = 3 eDexpt-i 20

EL, i=d-1THB. N=4 L LTTFROMWIZE X L.

(b-1) fi=fo, fi=4 DEATNOBRAITENVT, BIS X0) ZRD
X.
(b-2) fi=4fDBBITBNT, o RO X(H)ERD L.
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Question T3
(1) Explain whatever you know about white noise and Gaussian noise.

(2) Let ®x(r) be the auto—correlation function of a continuous signal x(t)
where ¢ denotes temporal difference. From the following three
figures (a), (b) and (c¢), select two inappropriate figures as an
illustration of the auto—correlation function, and explain the reason
why they are inappropriate.

Dx(7) Dx(T) Dx(1)

/N
S0 T

(@) (b) (c)

Figure, 1
(3) Answer the questions about the following signal x(¢).
x(t)=Asin(2nfot+6y) (0=0s<7/2)

(a) Let f;be the sampling frequency of x(¢), and T=1/f.. Compute x(nT)
(n=0, 1, 2, 3)forf;=fpandf;=4fp, respectively. In this regard,
use a=sin(fy) instead of 8y for representing x(nl’).

(b) Discrete Fourier transform computes f=kf,/N(%k=0, 1, ..., N-1)
components of a data set x(0), x(T), ..., x((N-1)T), and it is
defined as follows:

2mkn

X() = X6 f) = S eDexp-i 50

where i=+-1. Answer the following gquestions when N=4.

(b-1) Compute the direct current X(0 ) for f; = fp and £ = 4 ,
respectively. ‘
(b-2) Compute thefp component X(f5) for f:=4f.



PREREERT 4R Question T4

HEOKRE EIcHEMNBERE BT S, 4 M—ArRy M2EZA. K1
DLz, rARy MINEL Y AB, T—#LRZAL, XErHzBir501 0
BEEIIREOR, /BOBMIZ, T—F LR ~00,/1 DAIHERIIE ARz RT3
ZIE BHECR TS, 1ok 5, d@kELERARII LTeRy h2E<k
HIZEE LBESED. ZDLE, UTOMNNZIEZ L.

(1)

(2)

(3)

(4)

T—4L

3 S : LS R

\_M S H B

» x Bh

1 A4 FL—RaiRy b
VN EEE—F~OASHEEORRE LTENIEEDNS LD ERT

BEMERAZEFT. 72750, BV AB & LBERE LBAE, AlCilns
LR

X 2 OIEFHE NAND 7 — b2 HWT (1) OREFERZ R HHEER 2

R,
NAND
2 IER%E NAND #— h

B 10k 5, AAEROEEAEEEL TN o, o TREEEr, Tk
DROMOBERER 24 & L, ZORRONBIEEER (), Ry FOETHRO
x W BORAE 0 LT5. oL, nRy MOWTAHIGEE v, ETHA
DEDHEE w %, oy, on 5 dERCTRL, —RULEREE,0E LTR
AR R,

T—F OEBARE RS, Tra—FRlot dBHvbhs. r—
Z ) —xra—FZBiT3 ZoOFELHFROLHE, TOEOEERICHNA
L, EHGASEEZD R 2Z 2 BESIRE L LB RWINRR L,




Question T4

* Consider a line-trace robot which follows a black line on a white floor. The robot has two light
sensors AB and two motors LR as in Fig. 1. Sensor signal of 0/1 on the light sensors
correspond to detection of black/white on the floor. Input signal of 0/1 to the motors L and R
correspond to stop/forward mofion on the left and right wheels, respectively. The robot is placed
across on the black line as shown in Fig. 1 and follows the line. Answer the following questions.

Light Sensor A

Black Line

P "= Light Sensor B
T Motor R
@R

P xaxis

Fig. 1 Line-trace robot

(1) Write a truth table to show an appropriate relation between sensor signals and input signals
to each motor, where the robot turns right when the both light sensors detect black.

(2) Draw a logic circuit diagram to realize the truth table written in the above (1), using several
positive NAND gates as shown in Fig 2.

NAND
Fig.2 Positive NAND Gate

(3) Asshownin Fig.1, let @; and g denote angular velocities of left and right wheels, 7, 2d, (x,
), and 8 denote wheel radius, distance between the wheels, position of robot, and angle of
the robot’s direction from x axis. Express v and w of robot velocities in forward and rotation,
with w;, wp, r, and d. Write the state equation of the system with the generalized coordinates
of (x.0).

(4) In order to measure the angular velocity of motors, sensors as encoders are usually applied.
Write the names of two major types of rotary encoders and simply explain a difference
between them. And answer which is appropriate just to measure an angular velocity.



HEEMIEESRY =50 (Question T5)

UTOBHREICETOIRMIEL L. ok, BERIEFEERLTS.

(1) B1okdie, fa@EERLNERRo, &"%ﬁﬁ(@ﬁﬁ)%$ﬁpz=d (7=
ELd>0) L T2FRBREEERD. SRTEEMADRP=[x y 2]’ (&
7Zlz=0) 28, RP, =[x, y, /it INDLE, xy,z,d ZAVWT

X,,¥,,z, 2&KHE.

-
-
.
-
-
-
-
-
”
-
-
»
I
-
’
-
-
ra

B 10 BREEOMERGR
(2) (1) OFABEOT T, _7 bv=[x, y, 7] (F#ELz,=0) I
EITRERBEOHERIREAZRD L,
(3) RIREBERAZHVD LT, BRRELITHTRE TSI LE2ER 2.

BIRILELERMADORPITHET HHEERNDO AL
P=[x y z 1)'=[xw yw ww w]"&792 (XL, =Z@IBRAMETH

BLEERY). P,=APIZkoT (1) OBERZE5XB, UTD4x41T514
D2~49TRERD L.

BEEE z=d

1000
A=

(4) RRExyFEEDRP, =[x, y, 0], z=d (FELd>0) ZR¥H
LT BBEREEERLD. SRLELEMAORP=[x y z]' (7 Lz=0)
PRP =[xy, ]/ERESNDZBDLLT, xy,2,%,5,d AT

xsﬁysﬂzséfqi—'
(5) (4) OBHHEEOTT, zBWNIFITRERBOHERAEZRD L.



Question T5

Answer the following questions on perspective projections. The coordinate system is
left handed.

(1) Suppose a perspective projection whose eye position (optical center) is the origin 0
as shown in Figure 1. A point P=fx y Z]T (z=0) in the three dimensional
space is projected to the point P, =[x, y, z,]” on the view plane (image plane)
of z=d(d>0) Write x_,y, and z, as the expressions of x,y,z, and d.

-,
0
-
-
-
-
-
-
-
-
-
-
-
-
P
q
-
-

View plane z =

Figure 1: The perspective projection of (1).

(2) Find the vanishing point of a line whose direction is given by a wvector
v={x, y, z,]° (z, =0)under the perspective projection of (1).

(3) Let us consider a matrix of the perspective projection by using a homogeneous
coordinate system. A point P in the three dimensional space corresponds to a set
of points P=[x y z 1]’=[xw yw zw w] in the projective space. Here,
= denotes the equivalence. Fill the second through fourth rows of a 4x4 matrix
A which stands for the perspective projection of (1) as in f', = AP.

1000

A=

(4) Suppose a perspective projection whose eye position (optical center) is a point
P,=[x, ¥, ‘0] on the xy—plane. A point P=[x y z]" (z=0) in the
three dimensional space is projected to the point P,=[x, y, z]" on the view
plane (image plane) of z=d (d>0). Write x_,y, and z as the expression of
X,¥,25:%5,Y,, and d.

(5) Find the vanishing point of a line which is parallel to the z-axis under the
perspective projections of (4).

T-10



XAt » AfETESR % 1R (Question L1)

ATk, A" b -BAY [#HR2I 2= r—Sarv] oEIVE TATH
DRPTEZB] D5, [BERSCY L LTOFHFA ] oW TRbhi
—fHiThHD, ZOXEERFREHA . BEEICE LRIV,

ZIZ TR, EDDTRERFEEZ L OT —F, <EHOBENEMI L LT
DTFFAL Lol ns T —¥E THhHLTREY, RHOELEEREEEIX, &
BEEOBRNIZH L, BRESTEMETEERDLRVLOENL, REWRY
DERSGFEE LTOKARDIZEETEZ 28 o TV B REENELZ, &
B RIS, AL IIGEEEROERIICM B, A EE. FRoh
NORTWEZYTH D, THITHENREFERZ D > TWiRWVhD, SAAEokxz
BNBEETBHDIE,

FSWWIORIZ, TROBREEEORNSABZEHZ LHESZMNICHLHLE
TEEWSZEILZE, THA L OBRNDH D, T4 FT—3poERICETT
AZFEHLES WS DI e, SifcH LT, £ LCHEE BB
BEWFVxzy Mt LTABREL AL EZ, X LAadhidebizn, 480
FHA T, bITOHEEEMN—AIPRNRERALED T O TR, EEME
EHREHDOEREDI L, FO/KE, BHOME WS X 0 imEEOMIzT
DI EWTIRD,

LbOEFERTLENS Z LI, bIFRREVBEIIFEZDE VI ZETRIR
STALY, bhvbhil, 2T b#A Ta—F—LWIRBHEDIIRIZTZD
DIZ, bo LBIMICE XX, bhbhii, BETCELRVLOERATSZD
Wy ERRIRIET 5, BRESLBIROMRICHIT S LR, BRI — Foiit
FTb, BT HAMROVICHEBEFD C—HENICEETIZETRoT L
RN, WO —F—o F—T 2R, BT S, B RSAHEN
HHAEZRBLTSNDS, SHOFTYA i3, bITPEHORL TR, (22—
PT—IZHEDE WS Z L TH D, FIAFICRE L—Zhn, YA VEAEDEF
EERRDE,

=P 2RI LN ENHI DI, Hox 0 E X, #ENEMHEICRIT 2
RERVEMMEE WO 2 & 22D VBRIV ONEFIIRE, LS L,
BEEETE RN EVIBDRER, DD TWTRWEEARHBE, ZHo50nok
LOERLTWEON, MNA YT V= MDRERROTHD, (+ + +)
PR LW DI, bhvbho®EmniEd ERoL ) v2) T
H5, THAMEDOZS> LV b w73, £ BHAN R —F—08% 4

L-1



HHLTWBEDE,

SN b s RVDVE M EE—R R 2 2=/ —3 3 ] EEREHR
£ 2002 &
(—EpZE L)

M: ZoXTEIRRoNTE, CREOMENSEMTmE LTOTYFL oL IR
NYDT—BIXMEBEERLTWAON, ZOEREESOSETCEN T2
BEEMALTHAL, [2—F—of V¥ — T 2 — R ITB W TARBEL 2o T
WBDE, 800 FRE TR LRI,



Xt - ARIESRS: B2 (Question L2)
KOLELRTES, BEICEL RSN,

EMFEHETRT—R -0 - T4 VYOS EREY T, AROEREIIE
Hax HHTORWT] WT, ABBARTHISHENTLNS 52 T EEF
ARV, TLTAEHOBRPERTADIZ. ABBH LN L DEFE- T A
W, EEOEERENETHFIZ>THENEI»NTHD,

1990 ERDIZ U DI ETRIEAATIADOF T YW, FOI &2
WIEEDEF R oo, RRITEVWRFEORE T, FHROBRZIBEIITRoT,
SALBELSDFTIYHHEE ST, HEDFEBLDZ AL, BNLEENLTIE
POFELTEBERFELEFEZ LT EE WS, L LZOFEFRELRIZRY,
WETHFEBITERERZ-DEENLRS T, RIIFHR LT85k 50k
o7z, FIENEDosTRENT, LRIFIIS -, BAOFELREFIIWS
ZIW, TLo< V] RENBHEENT,

BRTHD ! FITVIIHORSICBERHD LE-T-0F, NEIZTES
&, TERWIZLEZTHITAHDIZREZDLWELH AN, BEFOBRIEITIIME
SIZENERWE RS, FIITHALBWOH D P EBERICH2b2 LR
7o FARMESEEID, BERPOAEEZEHI>ERATEINE Vo LMEREZS
tExzb, AL REIRCERTSEAS, b LoBEIEX, MEHA
EHFEW/hERaI 2T 4 TOEERSL Y BT DT,

KT e f AT TANCBITBRBEREDD & D, HE RN MERET L E
e LkRAERE L, ~T 73BT (£, £61 OFK,

F. Fv - Ur—nLE  BEHEER THRRE000P 0] BJIIERE, 20054

B FEE, AFOEDFEB R GIHAXH TR TAFRO£RE]) ofF thE
FORRFTERNBITARETRERTETH L EFZBXTVBE, ZHIZONT,
HIRTIIERE N, BFEREZTOMOIEMITEIE LoD, Hi
OB B ORILE 600 FREE THIA LA I W,



X4t -~ ARTEERE $F 3/ (Question L3)

UTFOXERBERTWAZ LIZ20T, BTFOFHRICET G - B8E 7
AT T 12UERRLT, 800 ZFRETHRUEREN, BRELAFRAIZSNT
X, ORI T B ABNTRRRTAZ L,

TR ELEMMEELETOFERDEEOHBIT. #2543 <itf>
EEBIZEORMIERL, BLADL LI LT BEAEBICALTWEL I
R2%, TR ZREF>THEHUIDAEDIIT, A~ FlL~k, £5-
ZKHLCES &L TWe,

o g

BRMICREOBRERE->THhbRNE, 2o TVWEIY &35 Lidhbh
NIz Wdd Livew,

BMEREDEE, BHODEINERL, HIBEOEMBIZL - T, HETTW
FRIEFITRWVWHFR®RD S, MEIZWZIE, RTTbEIEei< &n
SDRILTHLY, TNEFZENMNEELTEF>THP L, FITEBLA
B H—FTBREN TV AR5, FZTHERE SNUERLTWADLE,
FEDPDDTH B,

Flh, TOANCXoTEELRBROEY iz, ZOHEFARLD, RO LR
ETHLREFLREXZIICHIPN VB ED, BIZES>TVWIERHEIZLES
TREND OV TENEELTHDLE (v FEHOTWBARL E Y DIT)
<3P Ths,

EHEZN [BHBRIZFZICWA ] HEERE, 1992 4
(—ERE L)



X4t - ARMEEHRE F 4 (Question L4)

SALEBRD TV ENT — I A T OEEL, BHOERE - BRELTIFZN
B« 2y P BEMEICEFEL T D, SEFEOVAN—a3Ia=F 1 OF
RERZEILL ST, FTUINT—IA 7 OMBE, Ml FiERCEE -8
HRELTWD, UTOREBED S L 32UEERANWT, FUPEIALT—HATD
vt e 2R X o Th e b SN AHEDERIIOWVWT, 800 FRET
WARRIV, TNEDABEEMCER LEES, 2OECT VEF—F14
ERIWTHRT A Z &,

ARF—% w790 Ty hud— wE T



X1t - AMTEHRS FE 5 (Question L5)

TERIL, 19704 RA Y OH M. =Y = AL H — 28, YiEDHLSIzB W
TAT 4 TEHIRONF > TWERE & MEEEHEH LA vy 2L ORNTH
Lz, —BEDT—ETHD, BEAF~OFREFZ D= EAIZONT, [H
ROBEWIZHZELE LY FaAT o078, b LENEEMBEOFRICHA
LESERBBRTNIE, SO THEDLRERRORBEEFRIIRY 552 &
L DL oML o2, —F TCRBROEEDZ DHTOEEEIHI L.
HLOWAREEREZICHDINE] RokbDF LiE-TWS,

INBEOT—EEHHICRE LIz BT, 72080 T 53—t oaE 2
DBATHW, B IAT 4 THEORENARRE S~ Y BiF, TOMER
ERLOMNCTHELLIC, ENEEFRBTHDICWVNRDETFA B AIEEN
%, S00FRE T Ll &y,

OMER AT « THEH ORI A 7 4 T1EF

FRF ST 2 /T A EDGBANT 7T LEE

— ANDREE ., ZROZEE &R ARBITEBENGES

sz L= B A DR A Bt KD EHIE

SRR EERE L L TOBE BMEOHEEH, 74— F v
R BCR (LR BT EBE

ARy YR MCEBERE SR EE ,
FEHEEFIIERICLS H OHfbic X 52828

2 ha— o ha—

HM =Y e VARV 2 REER - RARBIBR (A7 4 THRODO
FAR] P EFEHF, 19754



XAk - AFEMRHRE E 6/ (Question L6)

BOHRET, T4 ABy¥arzfil LERBEANFEOLDIC, FHEE
BREERLEHF LOEEERESZ LEHBE LTS, KE S, HETnXH 7
mXES 4n T, KF - R BER L, BEICREITTOZLRTES,

(1) ZOEMDOFFA L2 A r v FIHE, BRNEEO OB EO XL
5 EHRBIERFZFIET I 0, 200 RETHBA LS,

(2) (1) THRARV=TFA o ORYHEEZFMT 2 FEIZ DOV T200FREE TH
BH L7z X0y,
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HRAEPITERE F1M (Question Al)
UTOMEEH-ITREREXEELD,

(@ WMt +ADICEEDN | ARET EHEETIAITH D,
(=L, IEEHET S)

(b) UNERRE (t, t+ADITERA 2 @ui%iﬁ‘éﬁﬁﬁliﬂﬁf%éo

() BEROFELEFERIIFZ ¢ ITKFELAL,

CORBEBREXICHSIERN., B 0t (In BRI DIHEREPL, (1) £9 5,
ﬁ]ili n=0 Tl&. J:T.@'lﬁﬁé:'*)\ Py(t+At)= P (t) (1I-1At) HEY3ILD,

(1) P, (1) ICBHT ZWMAHERERE., P, (1) #1&t THRE,

(2) P, (t+At) 2 P, (t), P, (1), A1, t At OS3BRELEEOERT
Ft,

(3) P, (1) ICEAT HWAAERXEREE, Pt £2ALt ZHANVTEY,

(4) P, (t) ICEHT MO AEREREE. P, 1) #1&t TAVLTEH,

(5) COEEBEXOEMEETZ &,
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Question Al

Consider a probabilistic process X that satisfies the following assumptions,

(a) The probability that an event occurs once in the small time interval (1, + Az) is A At.

(b)

( A is some constant)

The probability that an event occurs more than once in the small time interval (7, + A7)

is negligible.

(c) The above probability does not depend on time +#.

Let Pr (1) be the probability that an event occurs # times in the time interval (0,#) following

the probabilistic process X,
For example, when #n=0, Py(t + Aty = Py (1)(I-A Az) holds, according to the assumptions

above.

Answer the following questions.

(M
)
€)
“)
()

Solve a differential equation regarding Py () and express Py (¢) using A and ¢.
Express P, (¢ + At) using necessary terms among P, (1), Pps (1), A, and At.
Solve a differential equation regarding P, (1) and express P; (2) using A and ¢.
Solve a differential equation regarding P, () and express P, (ﬂ using A and ¢.
Name this probabilistic process X.

A-2



HEDITRERE F2/ (Question A2)

HIDOLE30FRAISIINEZoNTVDEL, LTOBICER &,

N

-

D E
N A
=1

(1) /—FDALBETORKE MERIFER (BEEER) ) TROLIFGE. FE2
DERBERZETHIT,
(2B LS/ — DO GBETOREE THEIER] TROIGE. BEIMNILD
e DERREIDHET,
G) EEERLHUYEEROTILIV A LOBBEF N FThEBE L, TOE. BT
OREZLTIELEIANVS I L,
s ARy Y
¢ FHiTH
s B/ —F (RE3—F/—F)
- B/ —F (d—IL/—F) ‘
(4) FRRR L MEBEREHE L T, TNEThOHRER[ERRE,
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Question A2

Given a directed graph depicted in Figure 1, answer the following questions.

Tan

«—
D
Figure 1

(1) Draw all the search trees at depth 2 when breadth-first search is conducted to find all
the paths from node D to B. |

(2) Draw a search tree at depth 3 when depth-first search is conducted to find a path from
node D to B.

(3) Sketch depth-ﬁrst search algorithm and breadth-first search algorithm, using every

term. [isted below at least once.

*»  Stack
* Queue
* Start node

* Goal node
(4) Give advantages and disadvantages of depth-first search and breadth-first search,

respectively.



BEoiTiEERE $3/ (Question A3)

PTiE. BR7ZILITVALCRESN-BREFET BB THS,

int factorial (int n)
{
if (n==0) {
return 1;
} else |
return n¥factorial (n-1);

J
J

(1) NDEAKREZNVEZIZZOEBERITTEOE., EQLILBMEANEIOND
MEREAE &,

(2) LRiOBE%Mfactorialz, BECREBRBRYIIEZEY. UEECKEBRRS
BEF BRTHLABABS EMOREDHEAGHEICHEIOTREL. B
SEBOAEZHUEYT CETENMELONIEHELS,

(3) B REERBHMI. FHEEH LgotoXEANS I LT BRYELETFZILT
JALIZEBRT D ENTEL. ZDOBEBORRLANEERDIUTOED
FEBRBHEZ. BYRLT7LIIXLIZERE &,

int ged (int x, y){
ifly == 0) return x ;
else return ged (y, x%y);

}
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Question A3

The following program code shows a function that calculates the factorial number of integer

implemented by a recursive algorithm.

int factorial (int n)
{
if(n=0){
return 1;
} else {

return n*factorial (n-1);

(1) Explain what problems may occur if we execute this function with a large integer » as

input.

(2) Convert this factorial function into a self tail-recursion function. A “self tail-recursion
function™ means the function whose return value will be calculated by a call to only itself

recursively, but not by combining a call to itself and operations with other parameters.

(3) It is well known that we can translate self tail-recursion functions into iterative programs
by introducing intermediate variables and goto command. Translate the following self

tail-recursion functions for G.C.D. of two integers into iterative programs.

int ged (int X, y){
if(ly == 0) return x ;
else return ged (v, x%y);
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BaHEHRE F4R (Question A4)
T URILODHAEFINB Y —FFT I FwIZDNVTTOBIZEZ L,

(1) REGHEQHNLELEZRBT S0, BRI L-EHOOYFa—4%0
YEA—BFy b= LIZABERE L THEICHASE 325X 20 0E
EFES, SRS EINavEa— 975\7]@_'5._! 7°I:!-|27<F'a'i:é{.=’&?:r'3
HOLTOBBEHBE L,

(a) EmEFHEEMFEUE L (Remote Procedure Call)
(b) HEEEILTE (Distributed Shared Memory)

- (2) 95R&1) T (Clustering) &ld. EDO LS BHFIMBT —FT 9 F ¥ h.

E-TDOERESREAT L.
(8) YUYy RK-avta—F4245 (Grid Computing) &l. ED L 3o
BP—XTo0Fxvh., E-ZTOBREZHALT L.
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Question A4

Answer the following questions on machine-level distributed and/or parallel system

architectures.

(1) Distributed processing architecture is an approach to obtain coarse grain parallel
processing in order to enable cooperation among multiple independent computers
distributed over computer networks. Explain the following mechanisms that enable
inter-process communication among fnultiple processes running on different
distributed computers.

(a) Remote procedure call.
(b) Distributed shared memory.
(2) Explain the parallel processing architecture called “clustering” and its features.
(3) Explain the distributed processing architecture called “grid computing” and its

features.
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BAEDIERSE B (Question AS)

ANLV—TA VT LRTFALIZEBHFRA LY FIZDOWTUTOBLIES &,

(1) ALy FEFRICEEHEE &, ‘

(2) PFrEy) - ARL—L 3 VEBHRICEEE &,

(3) 2DDALY R T1 & 2 BRERFATP 2wy -FRL—2a> a b, ¢
d e ETROLSICETTHHE. 2TOMELETIEE£3E,

e J1 > {a b o}
« 72 [d e}

(4) BHOIL Y FAHZYV—R RITHL. FIH - BhBIE 517 S 1= O D #e
ELT. €Y T+ 7 (Semaphore) A% DA . FOBEFERT 31-DIZHE
B2ODT L2y ~FRL—as, PS), VO £EHREEL, =L, ST
UV—R RICEESFohf=-EYI4+T7LT 5,

(6) 8DDALY R 172 - T8h%H 5. FNFADALY F T [ZXF— kA Y
b SIOZFEFTTHIMN. S0 ICBEBESFohETI+7 S/ OFRL— 3
¥ PG VE)EEEFBLTENY - HHbBEmETS G, j=1, -~ 8 AT—
MAL L ST RORITIEFICE2O & 5 BEEENHBES. FRFADOAL
VR Ti NRETIEMEERE SiQ, PESH), VEHHEEEBLNTHBEY L
(i, j=1, -, 8 BIZIE, STO X 20 & 83() L URMIZRTTIVEANSHS
W S20 & S3() IXRBBICEITARETH B, £, S701E. 40 & S50
BTLGWEEFTTELGL, 2TOET 74 T7IXPHBEENTNB EEEL
T&LLY,

S10)

7N\

S2() S3()

VAN

S4() s5()  SB()

N

S70)

\

S8()

X2



Question A5

Answer the following questions regarding thread in operating systems.

(B
@
€)

4)

)

Give a concise definition of thread.

Give a concise definition of atomic operation.

Suppose two threads 77 and 72 execute atomic operations a,b,¢,d and e as follows.
Show all the combinations of possible interleaved execution orders of the atomic

operations.
e T1:{a b ¢}
e T2:{d e}

Semaphore is one of the mechanisms to let multiple threads perform
synchronization and exclusive control of resource R. Explain two atomic operations
P(S) and V(S) that are necessary to achieve this mechanism. Note that § is a
semaphore associated with the resource R.

Suppose there are eight threads, 77 through 78. Each thread 77 executes a statement
Si() and uses semaphore operations P(Sj} and V(Sj) for synchronization and
exclusive resource control, where Sj is the semaphore associated with §j()
(ij=1,...,8). When these threads observe the dependency in the execution order of
the statements Si() as depicted in Figure 2, explain how each thread 7Ti synchronizes
with one another using Si(), P(Sj) and V(§j) (ij=1,...,8). For example, S/ must be
executed before both §2 and S3, but S2 and S3 execute concurrently. S7 cannot
execute before both S4 and S35 terminate. Assume all the semaphores are initialized
appropriately. 4

S10)

7N

S2() S3()

A

s4) S50  S8()

N

S7()

\

38()

Figure 2
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BEPHIERF 56/ (Question A6)

BRISRSNIFATISLR, 43—y MIHTH, HBFObaL PITE
BV AT L FEF—NDOROBEDHRFERAMTL TN,

(1) 7R raL POEHEEZ &,

(2) —fRIZTFa kL PIZ7a—4i#iEH I, HIBRIEFOARIZD
WTERRICHA K, | |

(8) —fRISTR han PIZEESEEHIN? £, HIBSEEFOARIZON
TR/ &,

(4) BE3D (a) B 5 (g) DEWEEYHEANTHH &,

(5) BRBIZREhI-cwnd&iZfaIZRLTLNEM?

(6) y—1\WBITA T MIEDT—ENERIZZ{HY. FORDY VHIZH
WT/7y FOXABFEEL S5 28BS, cwndDERIELE S S ZiciE. A%
FTDESITHHAHIFRICHBEE &,

(7)) A28 —2y FET/ATy FOZRRRETHEREICDONC, L—2OKE LT
—REREAR G EICH IO TERITHBPE &,

Client Server
M .
SYN—
:
connection setu (&} — i
P e connection setup
s |
T cwnd=1: slowstart
Datg 1 ——""""|
L
T ———— ACK 1
i cwnd=2
Data 2,3 — |
TTT———— ACK 23 )
cwnd=| (c)

Data 45867 — |

T ACK 4,587

Tr———l  cwnd=| (d)
Pata 8.8,10,11,12 —

e
| ACK 8,9,10,11,12

————al . ownd=| (&}

® —
J——
connection teardown < [ (g) | [ connection teardown
ACK ———" |
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Question A6

The following Figure 3 illustrates the communication protocol P between a server and a
client in the Internet.

'( 1) What is the name of the protocol P?

(2) Does the protocol P do flow control? If that is the case, briefly explain how it works.

(3) Does the protocol P do congestion control? If that is the case, briefly explain how it
works.

(4) Fill the blanks (a)~(g) in Figure 3 appropriately

(5) What does cwnd represent in Figure 37

(6) Suppose that there exist infinite amount of data to transfer along a link between the 7
client and the server, and that packet loss may occur on the link, plot the transition of
cwnd over time. Briefly explain why it changes over time as such.

(7)  Explain briefly how packet loss is caused in the Internet, based on the forwarding

mechanism in a router and data transfer adopted in the Internet, etc.

Client : Server
w
SYN— |
’ - _
connectionsetup < | (3} connection setup
| T ®

T ————}/ cwnd=1: slowstart
Data1 ——"" |

.
T ACK 1
> cwnd=2
bData2,3 —— |
.
T ———— ACK 2,3
cwnd={ (c)

Data 4,567 — |

e
[T ACK 4,567

T ownd=| (d)
Data 8,9,10,11,12 =

e .
T ACK 8,8,10,11,12

————s. ownd=| (&)
{f |

.
connection teardown < | ] (g}

— connection teardown




= FETR (Question A7)

(1) 2RMEDASDA, A 4RO H ABO~B3ZRHFD. 2EY bDTOA—5—DEE
[CE R

(2)

NOTS — hZRLVTEEE

(3)

(1) T -EBERICEIE. Ta—4—DRBZEANDS — FOORS— b,

LRETFI—F—FRAWT, 3RHEOT—2 AAND0. DI, Carry-in&. 2RO

T—AHAE, Carry-outZ#r -7, 1Y FOALUEIERZ#E L=, ALUEIE
DR, VEAID2RBEDADLHY ., (2) THRELEZTa—F—%%5
WT, LUTORIOBYIZ, AALBAOHEOBREZHELEL, COL3H
1Ew FALUEIRR %55 5H & .

A0 | Al E Carry-out

0 0 [3Ew bDAA (DO, D1, Carry-imd M [IE Y LD AF (DO, D1, Carry—in) ,
LIRHEMEROHME Y b+ LIEAHEMEROBRY ENYEY +

0 1 | DO AND D1 0

1 0 | DO OR D1 0

1 1 |[if 00 =D1) 1 else 0 10

&1
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Question A7

(1) Describe a truth table of 2-bit decoder with two inputs A0 and Al, and four outputs
B0~B3.

(2) Design a 2 bit-decoder circuit by using AND-gates, OR-gates, and NOT-gates.

(3) We would like to construct 1-bit ALU circuit using the above 2-bit decoder with three
data inputs DO, D1, and Carry-in, and two data outputs W and Carry-out. The ALU
is equipped with two-bit (A0 and A1) command inputs, which are decoded with the
above 2-bit decoder circuit. In response to the command inputs, this ALU makes

computation as shown in the following Table 1. Design this 1-bit ALU circuit.

A0 | Al E Carry-out

0 0 | Sum bit of a full-adder with 3 bit | E = Carry(D0+D1+Carry-in)
input: DO, D1, and Carry-in

0 1 | DO0AND D1

0 |DOORDI

1 1 [If(DO==D1)then 1else 0 R

Table 1
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