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Abstract In mobile client-server environments, mobile clients usually are disconnected with their
server because of high cost of wireless communication and keep their own local copies to provide
efficient updating the cached map. The update of the server database leads to invalidation of the
cached map in the client side. To solve the issues of invalidation of the cached map, it is not efficient
to resend part of the updated server database to clients whenever the updating of the server database
occurs. This paper proposes a log-based update propagation method to propagate the server’s update
into its relevant clients by using only update logs. Too many logs increasingly accumulate as the
server database is updated several times. The sequential search of the relevant log data for a specific
client is time-consuming. Sending of unnecessary logs should be avoided for reducing the overhead
of communication. To solve these problems, we first define unnecessary logs and then suggest log
reduction methods to avoid or cancel creating unnecessary logs. The update log index is used for
quickly retrieving relevant logs.
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ARE FA FF &sheA H=ESY] A8 I A
A2 MBRH Overlap BAlY] le CRY AN4E 378
o} Step2ellA =HeF A7t 04 BE 4BAY /A 499
ghel 33 A 9] MBRo] EAjgithe 9rjolrg WH
2% AREA Z3 retwn A ok Step3olAe
@Y FAGGd &3 BFolmz WA 208 A
AskaL, W72 23 AFa0 AgsiAl g
518lE 2. Create Insert Log(Obj:Object) : Bool
begin

I Stepl : AYsIEE I3t AA 9 MBRIY EE

CRi7te] overlap 7} 7317
RefCount = FindOverlaps(Obj);
I/ Step2 : F8A 239 A4S 235 P8R
&S - Z22 3]3(Log Avoiding)

if(RefCount == 0) return FALSE;

/ Step3 : W7 23 A 2 A%

Log = CreateLog(RefCount, INSERT, Obj);

StoreLog(Log);

return TRUE;
end

@aglE 2914 Stepl™ Step2, Stepdd] BS- 99
A& U3, Step3dlX 22 HA: AL AR
o HollA Hol7t 3o} Step3olA WA 2L AA)
IDE 713 AY =AY 208 e H, a3 27}

=&A : doletuo]2 A 30 A Al 3 E(0046)

Insert BI04 ZAAFSto] grek Insert 22U Z$ 1
238 ARASla, Delete 218 AAAERA %A Pl

A 8)ZF 3. Create_Delete_Log(Obj:Object): Bool
begin
/Il Stepl : 4}stE= FZF AA Sl MBR# RE
CRizt¢] overlap W4 F+5}7)
RefCount = FindOverlaps(Obj);
// Step2 : F#A 29 AL 2IE AR
%2 - 271 3¥(Log Avoiding)
if(RefCount == 0) return FALSE;
// Step3 : 2EE 2719 AL 28 AASA
&S - 23 FHi(Log Canceling)
/22 AAd dig o] 27t gleA A4
PrvLog = FindLog(Obj);
if(PrvLog !'= NULL){
/I 2L &3 Insert 217 YE7?
if(IsInsertLog(PrvLog)){
/l o] Z1Z A3l delete= 1
BYHA %
CancelLog(PrvLog);
return FALSE;
}

}
// Stepd: W7 21 AAQ 2 AR
Log=CreateLog(RefCount, DELETE,Obj);
StoreLog(Log);
return TRUE;

end

4.3 ¥Z 29| AY

MCi7t 484 Aol .38 AWz A =49 M
MCel #F3s CRE o83t A3 2258 743
g MCE A9 g o] w Aameld W3 =
e MG wiAe d#BAd Aol timestampXt) ©)A
&g 7HAA =Hol o o AMue] A% "art gle
o o§ WA 22E5L e#¥ E2(Obsolete Log)et
Bay o& AASA FtHE AH3HLog Purging)).
28 230 g A= ol Zrh

A9 6. 23¥ Z(Obsolete Log)

Obsolete Log={Logi | CR; Overlap MBR(Log)* @) A

(TS(Log) <TS(Current CC)), i€all Update Log Index}

(TS(Current CC) = MC/F 84 484 Alojg &

A A

add edE 29 Ao esiM MCrt 484
#FAE AL w AP CRol TFHE WA 235
€ 74 A = Utk 28 79 BSE AHEA
MCi# MCe7t 242 484 #§A 838 & £ Oloj
Insert, 027} Insert, 037} Update E Yt} 28]3 t59]
A MCre] 934 23-¢ A IS 9 (L1, L2} ¥




2uled ZoldEd ANHE T tolete] dBA Aol 71

7 237t AN ARE AdEo] MCLE H$HI, o
o) 4@ #A AHREHA ¥ LHYE ZIa0lEE
AHAEA g 28y L27F 2HAlE FS 6elA MCe
7 A8y 84S 8 W Yag 2agds BTstn
{L3, L4)gt A$EE FAAC] wAgd) o8¢ TAH
2 CREY 38 F9tlA dite] o]Fold A%
wAs=d, o w WA 2Zoad Rz ¥F JLE
(Reference Probability Count)& 22X 2 4+
Aok & CRel F3E oo wHdM Fx HREE
219 71531, 271 AAE dele ¥ &8 7
EE 14 ZAAAA 00] € o &43] 4AE A7™
k. adeA 129 By |3 29 AlY RARE
27} ded o|AL 2719 CR7 £3HY 99 217}
A7) &l

AZx &g FI¢EA 93N ¥ 22E uig A5
A G UYE AMEEE UFe) olu] 43y fR9
ARREAE W3 2371 S MColA oAl HAE o
A 7FsAel JdeH o] =FRdMT ol Tf# $U
olg} Aottt o] Hhlo] WA olfE WE ELE
B3l dg AAEe wale g2r) giedd,
oF el #A AMwet o] 7t MCEE W7 E1& A
ZA3A HE CRiEo] 3= dFelA] dd= ¥
A 219 A 2L 2oyt 98 A AZE AMHY
AFEL FulEA Hua o =89 L gz A
gt o] = e 5% e gsiA A=A gu
dol sl 22F8 FAHE 2o Foydta G s)
ZF MCiolAl BaFAE #AGg H 97 e d9ste
WAL HE oldle $HE 220 g YoE By
F3 Sl

A9l 7. 4d¥ Z1(Overlapped Log)

Overlapped Log={Logi | Count(CR; Overlap MBR(Logi))

>2i€all Update Log Index}

a7 79 6ol MCo7} obd MCiol ©iAl 484 Al

Timestamp
t0
DS
tl
CR:
L] :
CR; 03 t3
8 .
| Em— S 5
t6

281

o] 83& Acky HPsRA o] AL viATeE d#
4 A 23T A1 o] 2 UAFE AlFe] gleEzm
A9 A7zt folok Hed, F3E 229 L27t 34
A B} o] A$ ohE 24 AgEe ¥R 228 A
A AR AIHEL 9FHLog Filtering)) T 2H
MGE dA$=He 2E 3& 4 Aok 74 20xE =4
oz AdBYE FAE 2APA A3 olHY ¥AH 21
EL AN AgeA] Ao g BT ek
4 2. 74 219 43 (Update Log Filtering)
CR:¢} Overlap o2& Logiol A g 2A&
HEY A AAdFgA A AR
Z7) TS(Logi) < TS(Last CC) (TS(Last CC)=
MC7} st g d@y Aol 248 timestamp)
¢uE 49 FF 4BF KA AN ZEHE
Holtt SteplolXe =uld ZEloldES] A4 I
BRE o83y 9ol EdEe ¥A 2IES F
Make AAolth Step2ellM= 74 28 HE3lo nlA
7 AdEdE KRR A7 olFe 2OETHS A
EAIFIE HGolr, Step3ellAe A AlE &4
2 Alzko R JRAlEFe HAoTh StepdolMe B2
&8 JIRES 1 Z2AA 00 He ¥3 239 3%
AAE AAFA Hi, o] HAo] FY H Ad ¥R 2
I5E MGE dgsha gt
< 4.
Search_Update Log(MC:ClientInfo):set(Update Log)
begin
// Stepl : CR¥} OverlapH& EE
AX
UpdateLogs = FindUpdateLogs(MC.CR);
/ Step2 : #F MCioll "Hagle 282 934
- 21 o|3KLog Filtering)
for each log in UpdateLogs do
/A QBA Aol A7 olF mwk

ks =

HA 22

]

Ao 27}
Operation Update Log
_CC1 of MC} ~
—CCQ of MCz _\

. rtOl/.|<L1,Insert,o1,tz,vau;'1>‘; ]
= inse

_w| <L2, Insert, 02, 13, val2, 2> _|

= Insert 02

<L3, Delete, O3, t4, 1>

=Update 03—
<L4, Insert, 03, t4, val3, 1>

-CCj 0of MC,

= CCsof MC;

a9 7 FFAMReference Time), T8 (Integrated Management)
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if(log.ts > MC.ts) ResultLogs += log;
end for
// Step3 : MC#} timestamp 734l
MC.ts = CurrentTime();
/l Stepa : O] o]} FZ2E rFsAol =
2IES A - 1 #A3KLog Purging)
for each log in ResultLogs do
I Bz F FHEEZL 00] HE AHA)
log.ref--;
if(log.ref == 0) RemoveLog(log);
end for
return ResultLogs;

end

4.4 Hd 23 o9y

Atz oz B JPHolM Agste 29 AR &
ARz A3y, wAFo2 g4 EE 7L
2 3z Atk 2y o] ERAdAME MG SEEHE
WA 292 waA Adste] dgdtdol dleg, B
€ 973 23F £3HE FYse AL FA7 (o
a#BE o) EFAME W3 22T I 992 BE
NFL QEAE o838 WA BaAF QA= 3
Hol| B3l g3t

Adde 317 e YA FKey)d Hgde
AA 2] B=E(Field)7k ojok ek Arlelxe ¥ =
3T YA AT 5 %I, 92 22 IHARN 3 F
)L 712 AZ4e 4 Utk Insert 219} Delete 22
9] AS Aol Yojue AAY 718 ARG o
MBRE ©l&3d =y 3 H$ode FIHRAE UH
B 4 Qth Delete 2719 gk 71 AM7 $R57)
A9 718 BRe] thd MBR(before value)e 712 Ab
£33, Insert 2119 Afolie= £ Fof 718 Hra
th& MBR(after value)S 712 Apgshd @t w1k A
7 AYsAz FEE A IoE ¥E 29
timestamptS F71H o2 ol&3pH Htl

A#A3 Aol 8] B & W= CRS #g ©183
o Qo] Aolg 39 WA =E ANSE i,
2o timestampdl wsiA HEE 3 FHel MCGE
AgsFY "ot FZA QAN ojRiXEe 2 o
(Log Filtering)& #33t7] 93 F¥0 dd=e] Ae
AEE  Ade] disid opA" d@3 Ao Az
(timestamp) ©]A W73 2I1EE AHIHH Hu, AF
7t ezl A Ao @AA AR Fo] HYE
s "o

29 8% 18 9t 39 MCrF $E3td slgstn
Qe W HA 2o A E s AAe dF B
Z3 glt} 1004 A ID7F 019 ANME AstA
W 239 D7} L1Y W73 2271 4453, 24 01

dlejepile] 2 Al 30 @ Al 3 3(20046)

9] 7¥&toll g MBRE ©]838}] Rx-treeol] A3
et 1ol MCrol 484 #AE 838 =59 MY
© CRiol siF3hes 99 A& Rr-treeZ S35}
L1g Azg A2EA B 2 oF 2-t74A B4
A Gyl InsertdAite] WSl wWAE =
L2-L70] AAQSHA €4 o w L3 739 CRi#% CRe
9 B3 F9ielA TS AdolnE Fx BE Il
Ev}l 22 A" 84 AA 01& olFsA HW
L83 L9o) AASHA Hed, 23994 vehles Hks}
Zo] L8(Delete 21)2] 3% AA7E A7) A 7]
Bloll i3 MBRE ©]83}] Rx-treedl AU LI
(Insert 21)9] A% F3 F9o 73] d$ MBRE
o]8-3ko] Re-treell A Q3A €t =3 199 B¢ F
AF CRi# CR:Y Z3 994 5= =z &
& 712EV} 22 dAR9E.

Operation Update Log

Timestamp

[<L1, nsert, 01, 10, val1, 1>_]

t0 T— Insert O1

tl

I~CC, of MC,

<L2, Insert, 02, 12, val2, 1> |

_w <L3, Insert, 03, 13, val3, 2>
<L4, Insert, O4, t4, val4, 1>

b= Insert 04 /'[ ]
<L5, Insert, 05, t5, val5, 1>

= Insert 05 /'Ii M ]

_ | <L6, Insert, 06, 6, val6, 1>

] <L7, Insert, 07, 7. val7, 1>_|

t2

= Insert 02

t3

b= Insert 03

t4

t5

t6

]

b= Insert 06

t7

b= Insert 07

<L8, Delete, 01, t8, 1>
<L.9, Insert, O1, t8, val8, 2>

t8

= Move O1 —

t9

[=CC; of MC,

£10 =L=CC; of MC,
g 8 WA 2a A4 AuEle o

9ol MCiol B4 433 FA a3 g MYE Y
<€ o MM E CRig )83t Qe Aol
{L2, L3, L8, L9}& A#E ¢A ®ch ol ) ¥ =1
59 ZE FZ FILEE 14 #2A7A Hed L2st
189 7% 0ol Hol ¥ 21 ¥ Add2)) dEZE)
A=A =l 139} 199 A% Fx 8 SeETL 1
o] Ho adl& go} A "tk MC2 Agge A
o] WA timestamp £o2 2A A HLst] A
#3& A |k

wiAete 2 & 71X o nEsfiof ¥ Alge s, whef
MCiEe] 434 FAE LB A & A% AH
of AREHE A7 21 Addx @ WA Z0] o]
82 & ded o] s F71A #Wge] g ¢ AUk
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CRy CR,
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.......... o

Bl neet w2 20 3=

Bl oeete w2 =0 2o
(b) B3 22 e A TE(R-Tree)
g 9 WA 21 dd92x AA 4

AAAE QY RA 24 YANE FE Ptk ¥
o} MCFl QB4 &4 FAXNE P& AT B
B4 #A% 4 %& B AT CRol &3 ¥
2352 AAI, % MCH el 4By #4 &
A2 92 W 223 ANE FARAIL A HoluE
WA B wpelth FuA PHE CRol S3kE
W7 239 A57t dolgt AFET B4 REE #
Aske Folr. wek CRule] W7 2ol wol Yolut
N w7 279 A% 44 EYE dolge) Funt
wold 2% ¥7 235¢ AAST, RuA E o
AAAE AY MC7 oheel 989 fX 23¢ NE
W 23 ANE FAS}D oA doleg el
£ ol

5 78 4 45 "I}

5.1 A|AR F=
o] ERANE TEE A% A2 U GIS &7

Al11]% PDAE AR BIA[12]E AHEstd +#He

gt thee AMule 2Ed #BE Adolr)

» A9l A8 2E(Query Processor) : MCiel A&
s Mgt

« 271 WjUA(Log Manager) : ¥7 23 @& FAdE
Aste] H4% mEd Adsiu, XdE AHE 2
9] g mEo ALk
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O gz oigk AYE At & WAF 21 ¢
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1 DBel tig @ Ak F 3T 2 4
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AH 25 FHA 2ol ¥ ARezE F3 deo

] duic]E EolA A o] doje o ®I=A

21 YUAE &3 WA 22E AASA sFo]

o} gtk AHolth EF 443e] wiAuhe] ¢1F3 WA

22 92 WA 21 A9art s As Ag =9 H

3 HE 1) Fojof g

L Network Manager I
I
L Query Processor I

]
I *—"__Eﬂanagcr

LMCI Managerl [ULO Managerl | SLI Manager I
I 1 1

S ——- -

a9g 10 ¥ 238 Agshe GIS MW

I Log Manager

2o mutd Felo|dEMC) Alad Fxolth 7
# vl A(Cache Manager)© MC;2] 8738 wlola] A
Hol |Asld dAD FAE Este ZEoIth E=3
Aujol A e IBY A HRAF 21)E 23 A
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5.2 78 D x

T8 ¢ 4% Fte 934 MWEE Pentium I
1GHz 512MBe} gl%27l X8 HFE H52%
Y GIS £3A4111Y MW Z=g 9% FH3d A
gk =3 muld Felo)QEE $siME iPaq3630
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ol 19 69 t47bA WAEUL v 2 °
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