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Evaluation and Improvement of Replica Control Protocol
Based on the Domain Leader Concept

KENJI NAKAMURA," YOHTARO MIYANISHI, It FUMIAKI SATOtHt
and TADANORI MIZUNOftt

Recently, as wireless communiaction technologies and micro-electronics technologies make
a great advance, portable PCs and personal information management tools have been net-
worked. In such mobile environment, many applications offering data access to users in every
place and every time have been developed. Since the communication speed and reliability in
the mobile environment is lower than wiered environment, data replication is usfull technol-
ogy. However, existing researches are not adequate to the mobile environment. The Domain
Leader algorithm has been developed to overcome these problems. However the algorithm has
not been evaluated in detail. The purpose of this paper is to evaluate the Domain Leader al-
gorithm with many parameters, and to present some extended algorithms. We clarify that the
Domain Leader algorithm has an optimal number of leaders in the specific configuration. We
also present the suitability of the algorithm to the heterogeneous communication environment
such as the mobile environment.
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b) FEAAAERSEE L HE
FAMCERFRBELLES, ALV =5
B 3T &) REfERAT . £, U-FILr I
FroarBEREEDIIHA NOETEES. b L,
) — AR CLBEBEOT — 5 o TcwhuE, AUES
THHIERET. bL, V—FOBESIHFLVD
DTHNIE, FLVEDOF— 7 %% A4 MOHEET 5.

4, R ALY =47 TY X LOHE

TOBETIE, FALYY—FTVIT)INZ, 5
BREHGE2mMA A2 LT, THVITY) XLOHERETT.
BiRSfE L L, BEOFTERSC Ay P77 344
EEEIE h>TBY, avyPa—y izl
s, Ry b T—ZWHLI Ty P AvEe—=TD
WRILBVERET S, 0L a&HTE, 10
DEFFrvaryeBTAHIC, WO DHER
Av—VeEMTHIEHNTE L.

4.1 #HIERF7INVTY XL

4.1.1 HRFK X142 —4 (DL-II)

B4TRT LI, SORBTVITY) ALTIE, V-
FELTHEAEL, MERBELTWLLEET LD
T, V=¥ OHFIFEIIOWTEFEZ W, T2, ERH
DR AL VBB A DOF— 5 OBEHIITL %
v, Fi, &Y -5 OB EOREE BT
L7

WL LR, Ry T2 AT SR L
EThH, BEHORETRLYT VAT LITOWTD
HIMEEFRITSEL2OTH 5.

4.1.2 YA MEHRK A1( > —4% (DL-all)

TR, V—FUSS, £ A oF— 7 R EE
FTHETNT) AL EREFTS (RH5). 7T XA
ELTE, BIZFHETRRAERT VI ALLFEL
THAHY, &) —FHFET A+ 2EHTI2HEL AT
M7z, 4 FOF—F DFAAAIE, Y —F I
BEbELEZ LR fThILA.

4.1.3 232l —3 3 il & B HEEEHE

ZZTE, HR X4 —% (DL), ®BF A4~
) —% (DL-II), &% 4 b 2FEHTEF AL ) =5
(DL-all) D' 5ARAALEERA N T V7 vavk



Vol. 39 No. 3

. Primary Other
Reg Site Leader Jecader Leaders

\%
Ack
Ak |

Data & C it
[—Data & Comm

[_Req_|

ata & Commit
le—Ack=Data & Commit
e

Ack ACk/7

1
Ack C}
Peat /A k

Majority

B4 A FCEFLESRAEROWE (DL-IT)
Fig.4 Procedure of write request arrived at a site.

. Primary Other
eq Site  Leader Leader Leaders

~~al__Req

Data & Commit
Data & Commit

~———=} Data & Commit
ta & C

Sites Sites
| I
Data & ata &
mil(%ommil

Ack
o~

Update
all sites

Ack

Majority
5 YA MCHFELLEZAAEROMHE (DL-all)

Fig.5 Procedure of write request arrived at a site.

WHT 5D OFHRERERE, BEROBFRYENL
BTHETSL, YIalb—va ozl TicE
L5,

o A 3100, ) —5%10 (9F A /K XA )
o FEEBREIL 1 Mbps

o A MOMEIEHIZTYOE L/

o BEEFRRIIIFERZEE

e HEDRAYX—TIk20byte, 77— %1 1Kbyte
DL-II X, BEDN XA )—=% DL &V 5%%»5
0% EREH»®%EL. (K6, 7). DL-all i3, FAi
ARBEROFERDN LR VIEE, SRR DL-II X
NEVD (6, 7), SHARAADBERIELL R bL
BEREAMBOT VT XA LY EL D, I,
DL-all iZZEARARDEE, ) =5 % T 7 L AT BLEN
VDT, MARKRBERVEZ VWY AT LATHE, IDEH
BELl haizbbEZONS.

FAL) =D CHEERFROFME LR 719

—
<

-3

=)}

-

Average response time (sec)

(¥

f=1

01 02 03 .04 05 .06 .07
Arrival Rate (requests/sec)

(site = 100, data = 1 Kbyte,
read prob. = 10%, write prob. = 90%)

E6 THLE MO

Fig. 6 Evaluation of average response time.

[ ] Dioma'm Leader
O DL
-4-DL-all

)4

~
o

i

-
(=)

=g
W

Average response time (sec)

0

01 02 03 04 05 .06 .07
Arrival Rate (requests/sec)

(site = 100, data = 1 Kbyte,
read prob. = 90%, write prob. = 10%)

X7 PSR RE O

Fig.7 Evaluation of average response time.

4.2 Y= —ZHBOEDHH I

KAL) —=FFTALTYXLTIHE, 420D
POR AL VIHETHH, FRITLoTY =5 H*
F AL YADY A FBAEL, BEI A DPELT
5, FOBRBELEESZAI LR, YAFLAREHCE
WCEEL LS.

AE Tk, DL, DL-II, DL-all ®F3¥EE KR %
YIialb—varyTiHiEiL, #ORERH—FEN
V- S HEFER) - TRET R, T2, BALHD
YA PN OB > TWAEDICDONWTEET S,

8%, ¥4 A 100 T, EROFFEFAT0.001/
BT, RAALBERDBFEEN10%, &S AABIFF
0%, T —F D A XH1Kbyte, A+ OULEEF
2% 0.1 BHoflz iRy,

BROBBEFINDECHE, BRVFEETHI LT
%, IDERRIZIZIZ) - EOBELY A b onE
BMERb. COBE, V- BIVhEnEEXRAL
DARLHREY, CEEEIEL RS, T, V-5



720 TEHILHR S RFROCRE

@ Domain Leader "F
O bL-II
A DL-all

Average response time (sec)

1 2 5 10 25 50 100
Number of Leaders(total of sites = 100)

(site = 100, size = 1 Kbyte, arriv.prob. = 0.001/s,
read prob. =10%, write prob. = 90%)
E8 SEHILERRE O

Fig.8 Evaluation of average response time.

Average response time (sec)
w S wn
?E?Z?

H
2 i :
@ Domain Leader
1 |..0.DLI
0 A DL-all

1 2 5 10 25 50 100
Number of Leaders(total of sites = 100)

(site = 100, size = 1 Kbyte, arriv.prob. = 0.01/s,
read prob. =10%, write prob. = 90%)

E9 TREE R T ffi

Fig.9 Evaluation of average response time.

BAKEwE, EXRAADLEDF AP EY—FHOD
BENRY, FAAAOBOBEIAFPRIL, 6
BEEEL 2D, DEDZ Eh s, FERNENE
B, BER) -V EERDBLIEIETEE o,
RIS, BRDPF2—TRAEND L) ICHERED
T, AR ERETT A, M9, BIEEY 001/
BICL, oLtiKS LR L EDE Y —FHEOIL
BEEEELB L. BRELT, RALAALEERA
DEFERDEEH 10% & 90%, 50% & 50% D& &M
T, =Y A XCBHREL) =I5 DL 26
BEEFB/NE oz, DFED, RARAERDEE
BHF50%E TIE, 7= A XHBEbL->Th, IBER
BB E DY) —FHOEERIEDLL ol &
512, ¥4 MEHT50 M, 20018, 500 HOLHEICE
W, Bl ROV 4 MU A ERIIE D
Ligholz, 7—%% 4 X% 1Kbyte, stdrirhADE|

Mar. 1998

1 VATLLEOVA MREREL) T
Table 1 System site number and the best leader number.

ALK | BB - | F XA VADY AR
50 3 16
100 5 19
200 10 19
500 25 19
1.2

\ 1
08 - J\gﬁ,
0.6

0.: \ /‘/

Average response time (sec)

4_,“/“/
0.2 @..Domain Leader..
0O pL-It :
0 A DL-all

1 2 5 10 25 50 100
Number of Leaders(total of sites = 100)

(site = 100, size = 1 Kbyte, arriv.prob. = 0.01/s,
read prob. =90%, write prob. = 10%)

B 10 PYIEERE M oA

Fig.10 Evaluation of average response time.

ERE 10%, & X AAEROFE T HEEY 90% &
ELT, 32007 NTY XLADREREARNE %>
-k, R1LICFLD5,

ZDORPL, VATLAEKROY A MEEN LTS
L, BELY - H Leld, KDXIITKDBI LA
TE5.

Le = N/20 1)

72720, B10 TRT & D12, B LAER 0%k
AAARBEROBA, Bl ) — SIS, ()
AR Lol ROV IaVv—YaryTid, ¢
NCOBAILT 5 &) ez ) — e et
THIERTERL .

4.3 7T XL EOMEELEE

T74=)a¥— (PC), EHEE (QC), KRB
EHAEE (HQC), =MA#T (TL), 2L TF XM
Yy—% (DL) OD&EAFRIZOVT, ¥4 b7 7 A¥
ER2ICEH L. ERAETIE, BAAALEZR
AVEL@EEITANTUBETEXZIREE L.

FALY)=FDT7LT) X5 ELTDLIL & FW
72. DL-all i3#F ZAADBEE I X PP EW 20, 1KRE
L%, 72, DL & XAAEETTHE T
PEARDBEETA)—FHELT, 428H0ORK (1)
. RARARERD) —FICHE L7ZEE, o
YA %RT 7 AT BLENREZVOT, 1&T 5, ¥



Vol. 39 No. 3 FXA4) =7l ED CREER RO & B R 721
K2 BERXROTA LT 7 AR
Table 2 Number of site access.
sk PC QC HQC TL DL
r w r/w r/w r w r w
At 1| N | DL N0 R 2N -1 | 2|
77 AK 20
1000, f ﬂr. FTAUDBENTGEN, BT 74T )2 ROB2D
200 WZfE9.

400 | } é / /

200

Average Number of Site Access

000 10000
Number of Sites

M11 HAMNT 7 EARBTI7
Comparison of site access number.

100000

Fig. 11

AMNCEELLSE, V-F%,T77XATHDT, 2
kb,

1112, ETNVTYZXLATOT 72 AH A4 I
Yo GBEI AT 25 L 2R ERT. SiARAE
EIAADOHRIIFHTL:1 & LTEHBELTWS, X
TRT L YIS, A4 MY 3000 LT T, F A
V)= T N TY XL E@ELRY A M T 7R
BoERT. '

5. HREREROITM

KFERTIE, TOLANFELLEELEZVWEF Y
FAVHEEIIRELEZVWERET S, 22T, YA
T AEER XF 4 THEEIZL> T O APEEIE
T2 EEMEZ T AZERL, A ML T2, X
7z, BEBEICL-T, VA4 Mo 4+, -4,
T5A2) L BETERWVIRES T/ M iEL T5.

5.1 KAA2U—SORIAM

RAL Y —=FTPNT) XLTIR, F—FOTHAM
PRAT B O UTOHFEEHWS,

Q) FALVF—TNE)=FF—T

FALVF—=TNE, FAALVHADEY A 2o
TWBEF—T7 VT, &4 FOBEE TR L7 7
ARTHL., ZOF—T Vi, J—FPEREE,
OV A b2 BERENRIC) —F 2RO B7ZDIZHN
5, )V=FF—T)i, &A= TWY
55 —7IVC, &) -V OBEEXTAB LT 7 AV
THhbH. L, FAAVF—TVERLCEII, 7

b) #FEY 1~ #

F XA YATEEOY A FHEE L2284, P
DY ARV =TLBETELFA MOV TIRER
WEMETE 2 L1075, BEKROT A M LBIETE
B AN, RZ L0 LTUBEELHETS.

V=5 OBEDFERRT, BED) —F L 735
&, BEHO) -V LBETEL =S IN=T721F
BEIFr T a B ETLIENTES,

Uy 77 AN

HMESREELH L OREFEHEO L 12E). 20
Tr AL, BHRETALROT— 5, BFINLT—
L EOERPH B, T -AIERE, LBRTHSH
SV rTarvPET Lich, TR-FSNP,
DEEFFATTELDHWT 572 DIRLELRT — & H5E
wENTN5,

5.2 HREMLD X vt — SHOEE

T, WA AR LRI, MR LT AR,
TIAT) AE-FR, ZARTHR, BLOF XA
Y= TREDLSVD Ay = VEFLEI TR
5.

5.2.1 347 arF—AzR

R AR L2 A4 bk, o34 My A Dt
BELTWAEWNI A=V LT F¥r A LTH
L85, DA L EENBF LGS, A
X, foH A MCEF A D1 o0 A M REIRE
ANV Ave—I%k<wMFEv AT A, DL
DEIZIODAY L=V PPETHSL., IO LHh
5, N2 VAT ALHROH A Ve 5L, B
MF 572010, LTOAy b—VBPVETH S,

Mp=3(N-2), N>1 (2)

5.2.2 = A& F

SAKT T, REMICT A PABERICERS L
TWABEEZTND, WHEEZRB LA ML, 20
MEZ LA P FETRBTFEFOET AN, BX
UHEOBICELN A ERY A MIELENT 5.
FOMERDINEFBAL-EY A bR &,
FEEEFES72FH LT EFIOT 7 2 X4 A+ 5@



722 BRI

L& 4 B ENnS.
ZDAvE—=VHIZ, FFERIBLIOERYA RS
DRI A NI 2N THEHhDH

Mt=6N, N>1 (3)
Ty
5.2.3 KAf2U—4

RXAY—=FTiE, 4 bPERBE, FAA
YHTHBERLOREEITS 720, V% L &
THE, FXALVAOFA ML N/L L% 5. 58,
X (2) 25

Md=3(N/L-2), N>L, L>1 (4)
E%h, Fio, ) -FITHA MEZNLE DT,

Mpr, 23(N/L—2)+3(L—1),
N>L L>1 (5)
&b,

PrEoZ bds, FAL2) =¥ OMEDITIY
Eh Ayt =Y Mpr 3754 a—D Ay -
VB Mp XD EWE, ZARFORAy -V
Mt EHEREW, 72721, LT NS IGEWVETHNI
i, FAADY—=F DAy~ VBEEZARFDO Ay
R I ide K QR s )

EADHEA

6.1 E—/NTIIIBEOEH

BIE, SHEBBN L BEEMOESICL Y, BiHR
FKEHWTT AV LV ABECHREBETSE-1NIL
BENHEZ 0052V, #HHRERIE, /-t
YO X BNBEERTH - T, PHS REHEF Y
Bwalrizkhfioar¥a—y LilBfETEs. L
2L, BEOEHTERINTWLII Y Ea— 7 HD
BEICHERT, BEHEOE T 2HREDENDH B &
ZZbNh5.

ZOXIBRET, REBEMAHELERIOHT L TE
FEORMERFREFEBILTLHE, BEIATLID
POUENEL LD, 7547 ) a—FRTIE, &
HIAABRD I P DL, FEARADIIIZ 100%D ¥ A

WKBWCRABETE%2, 20 L) ZloHidd%
V. F ALY —FERI, FAAARDIRA DTS S
AR I¥—rEREThEVI) 2, EEERAADIA
M I4=)ad—-kybhwv. F72, A7 LHE
BATH BB FERL, F AL W) =T33 750
ThbH10, BBREEKAESLZAKT T VI XL
IVEBETHA, LidoT, IBHIEWEEZON
5. 3k, RALDU=FDY—FE) Lo@EEL,
ALV -FBOBERESERL LB ELFIHTS
ZET, E-NANVERIIRELBRETHIELEDT

6. T—NTILE

Mar. 1998

Mobile Site Site

Leader

Site
—
Leader
Moblle Site
Slte
S1Le Sne -=——-- 96Kbps
- 1Mbps
H12 T84 VB
Fig.12 Mobile environment.
&%, LTI, FAL Y =F 7N TYXL%E—N

ANVBBICER LIS E IOV CEliT 5.

6.2 MRVZAFLETFTI

FalZ, R120 L5118k b T2 EICEBOE—
INAIVIRRDTAE L —INR—R%ET I EATER
A IREL, KAL) =F TN T) XL %TliT 5.
E =N VHEK L PHS 2% Bah % FvC 9.6 Kbps
DERERE, A4 Mid1Mbps DBEEFETT—5D
RERT). F, AY M T— 7 OEEEIE Y
AP OWERFE L EVET S,

6.3 1% BE 5T M

ZITIE, B2 A M7 Z R AREBRICESY
T, DL, QC, HQC, TL ®@EI A 2 HET 5.
72, FAL) =50y =%, K ()iIKX-T
BT 5.

6.3.1 1fEADE—~NIILY A bOEEIRD

TFRLDIT, 10%DE—NA VT A FHEETND
BEILBOVT, 1HOE—NA VT A P PEHDOF —

YEBHLIZVHEED L 5VO@EIT X b A EDR
AT, BEOD, Xvk—VDF— 7Y A4 LE
WTIKB &L, 2o v AMBELED LRELT
Wb, F72, DLZ2BARTIE, =N VF A4+
#¥9.6 Kbps DERE Y v 7 %o T 2PC IcHD {fE
T (Ave—IUW2MFET5). DL Tik, €=,
4»%4%#‘U—§§Ti9ﬂ%mwuyﬁrﬁ

L FE, V= SSENA N A M THE) 5D
@“f\’( 96Kbps DV 7 Lz, V) —FHPEEY A
FT1Mbps D) ¥ 7 %2 B5HBEE, 20V 0%
. 20EILT, BEIAMEFELERE
X 13 I2RT. '

13 Tik, 1 b EDELTH
ET) FALY)—

(10000 1 M2
FIMBOT N T XL L EVE



Vol. 39 No. 3

2000
g 1600|...@ iDL, [ / / } ¢
2 gic /(
S 1ooo| AHOC /A
g
£ 800 / A
: v}j /X/(j/
g 400 |.... d
& T H R

O h v

100 1000 10000 100000

Number of Sites

R 13 1HOE—SA N A b OF X RIMBIEY
Fig.13 Write processing time of 1 mobile site.

500

5 / /

8 400 |..... @..DI

g goc ] (

S 300 |4 HOC r /

= .

8

: /

g 200 }:{ / ......

g 100 Lol

Q H
0 A H '
10 100 1000 10000

Number of Sites

14 1EDE—INA N A+ DFAAAUIRER
Fig.14 Read processing time of 1 mobile site.

fEaxb ol HARADEIL (K14), F X4
Y)=F TR, J=FREFT7EATRIEI VDT,
BOBEIAN RS,

6.3.2 JXFLEFEOBEIXF

T, VAT LAEEDF A P 50%E — N
ANVTADNTHIEED, FHORBBIAZRT
(B 15). 7272L, HERAARLFEAIADRIZT1:9 L
LThb. HIZETWTHBETSE, E—NA 04
FOSBVEE T, MOTIVTY) XALEET A M
WL, RPEL LD, XA ) =FT7HrTY
A4, BBOECEEIXA M EHERL TS, F
HFIZE—=NA VT A F D VERE (BH—0RE) ©
2, FALY =%, 34 MEBEVEE, LT
EEXRAARBRKREL R DL, EOFRELRTHE
FBaARINPKREL LD ENTho7z.

7. b I

AT, KBRS AT L OBBERHIC
BEINLF ALY =FTLTY) ALOWEIZDW
T, BEMCEME L7, /2, BEOBREICEL 2R
ZRRE LRI ICERMME L /2.

FAALV)—F2REL/ADLILIX, FALV)—

FxA2) =7 IO ERERAROFME LR 723

250
5
& 200 /:IDL / }?
P -
2 A HQC / /
< 150 XL i .4 3
g /
g
S 100
=
£ 5
Q

0

100 1000 10000 100000

Number of Sites

K15 F—NAAH AL DBV RATFLAERD50%D L EOBED
A b

Fig.15 Communication cost (mobile site is 50% of total
site).

I L CERARA L EZAAT BT ZBII 005
ICEEEE % 5% 25 10%5EM L72. StRARERNES
WA DL-all it, ¥ A4 Y1) =% & DLII L HEW
AR TEREMEL., F AL )=FT7 VT
A hiE, EROBERFEBEBCERTIZ, 2460
T A MO U@ %) TS A Z L HHL
Lol

FAPHWBEL2GE, FAL ) =T 5=,
J=F5—7 N, BEEFA M, 0777 AVER
WC, TTHMRRIELZ. SRICEY, MBS T
B0 BEETE Ay —VHBEITSIA~) o —
Y hdhna b ERLE.

E-NANVERELTHELABEIA L OLBICK
D, REROBEOREYRE L EEEETVTY X
AT LD BRENICERTBLT, KAL) =¥
FRPFHEFY P T — 2B L TWB I EPHL
Loz,

F72, BN LESE) - FHoER LIRS EO T
Iab—vardhbidRooN kol BELRYY —
TED, TAMEENLELTNIDASWEEZR
i, FA VT 7 ABPREROFRL VB kB LE
Zohb, 5%, LORARRETCY Iz —Ya Y
TAHIETRDTFTWEN,

2 E XM

1) AELR, HEEER. E—NAvar¥a—Fa1v
7, TEHLE, Vol.36, No.9, pp.822-826 (1995).

2) KEER . E—NAVvar¥a—F 1 ¥ ORE
ERE, BT VRT Y AGIE, Vol.95, No.10,
pp.9-16 (1995). ,

3) HHEEE, M ¥, BEREE, TRZIEH B
BAF = N—AD7OD Y 2 —DEBITBIT 5
ECA V— VEERBHEIZOWT, FHOE%S



724 [EHR LIRS REORE

e, Vol.96, No.MBL-2, pp.7-12 (1996).

4) FEEEARRS, AR, Mo, JKEERAL 08
VAT AIBI AT — 5 OBRERFR, FRL
HEAHIEE, Vol.37, No.5, pp.830-839 (1996).

5) Gifford, D.K.: Weighted voting for replicated
data, Proc.7th ACM SIGOPS Symp. Oper. Syst.
Princip., CA, Dec. 10-12, pp.150-159 (1979).

6) Kumar, A.: Hierachical quorum consensus: A
New Algorithm for Managing Replicated Data,
IEEE Trans. Comput., Vol.40, No.9, pp.996—
1004 (1991).

7) Wu, C. and Belford, G.: The Triangular Lat-
tice Protocol: A Highly Fault Tolerant and
Highly Efficient Protocol for Replicated Data,
Proc. 11th Symp. on Rel. Distrib. Syst., pp.66—-73
(1992).

8) HAMET, BUHEEANRS, RS, KEERIF
AAY)=FIZ L BZEREERT O L aVORE,
EHRAEZSEERFHLE, pp.91-92 (1995).

9) FAMET, BWEHEKER, AR, KEFLA
Replica Control Protocol Based on Domain
Leader Concept, [HHRUHEFARIFFHRkE, Vol.95,
No.115, pp.93-98 (1995).

10) PAMET, ETEERES, KRS, KEEH] R 2
A2 ) = IEISCBEREBFRDOE- A VR
BB~ O, HERAEERPERSE, Vol.96,
No.288, pp.43-48 (1996).

11) E&)IE (B), 8EiFEEs (&) D oEt
Gy VB, Yy 7T L3 h (1994).

(CEfi 9% 5 H7HZR)
(ERL 94 12 A 1 BHIRER)

it @- (E£E)

BRFD 45 4. FRE6ET T TN
BT — R ERFFMBMFRE
. R 6 FET RS LR,
Rk 9 FERIRERFERE TSRS
SRaE S RRENRIRTIEERET. FE
ARea—Lly b -8y h—F () At BECE
5. ERWMELETE, DT I NRN—A, TN
av¥a—5F 47,

Mar. 1998

EEFAR (E&R)

HEAN 18 4R4E. WRAN 43 SR KA
REGETHHERBR LH¥ERET.
BRFI 43 £ =ZFEEH (Bk) A, £
KIESFICBTL2EEBCHEY AT
LOWEIZSEBIUBHEL LT
MR, AR, R ESHRAERFERETR
MEMEFCALEERBET, L¥EL. BE Fit
TEIR S AT L BERTICENE, SELY A T A ORGSR,
SERDB HEEE, CEMBEREEIN (BRSH~
0 CALS Hi8A) %= EOMRE X LRGSR
B/ OARELTIOWASRL—F 4TV 2T 0] (T
LyF 4 AK—), #£3FE LT [CALS DERE] (3
M) AH B, BEREREFHIETHEM. S
HEEIHEE, VA7 AHMIEREAL4E.

£ XA (E&ER)

BEAD 37 4. HBFN 61 AL KE
REETIEMAMEREE LFE
KRG T, FESFEER
() Aft. BEY 7 bo o7 O
REARICHEE. FRTELALVE
BKZETEIMBHE. B, BRAKEERFEREIE.
TH#HEL BEV 7 Y7, BASHE, S0y
AT LT AHZRICER O, BT BREEES,
IEEE Computer Society &% 5.

XKE BRI (FRE)

B0 20 4. B43 FHHEL
ERFRETHNER. AE=£E
B (Bk) Att. ks EFEAFEL
ARG TR R, BUERE
ERIEWE R R, TRt Bk
Ay bT—2, FutraviE E—NfLara—
T A VTICET AREICRE. FEEHFL LT[
INERE] (I M Y AF4), [MAP/TOP LA EY
AT L] (F=2att), 8 A7 2 AM] GEAFREE
H), [ AFL—areT e A v ] (BR
Eh) R EFH D, BEFEHREEHSE, IEEES KA.




