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A Strategy to maintain Cache Consistency in Mobile Computing
Environments using the Asynchronous Broadcasting

Dae-Ong Kim' - Seong-Bae Park'' - Bu-Hyun Hwang'"'

ABSTRACT

In mobile computing environments, to efficiently use the narrow bandwidth of wireless networks a mobile host
caches the data that are frequently accessed. But, because the cached data can be inconsistent with the data in a server
due to the host mobility and the disconnection from a server, the usefullness of cached data may be losted. The
traditional methods emphasize on the cache consistency and assume that broadcasting times are synchronized at all
mobile supprot stations. In this paper, we propose a strategy to maintain cache consistency, which resolves the problems
that be caused by the migration of mobile host. The proposed strategy has asynchronous broadcasting time and reduces
the communication overhead caused by the synchronization. Also, by preventing the unnecessary messages transmitting
from the mobile support station to a mobile host, this strategy can reduce the communication cost and use the narrow
bandwidth of wireless networks efficiently.

ATFHAE
12 3 9 43ERaS AN} wy
73 2 o cHAdge AN 2
tt 3 3] 9 dduidta duets ay
=B 19889 39 129, AR 11988 84 11



2764 St2PPNIEE =2X| HEA H112(98.11)

g Fog AFe dFse 4 AT
F&8 tHog st 7|E9 B A2y 2
7o) 2@sAL. B Ax=d §74
A2 SAX= b gou, olF HF
A AAd B FAE oFAHEL 2
e A$olth o]FHEAEE o|FE &7 A 2
2 Zhsler &7) e, o8& + & HEHIY
g1 ALRE F e AYde A ol T At
2 A% o]F HAFH FAL JI&9 4 Aad @
73 wasd gL e 5L B3, 7, 8, 10,
14, 16, 17). AA, 4 FHAFE o]t 54 F4
& A4 B4 bjgte] Aol vn YA dYF
& et Y29 do9Zexz Ado ojFsxES}
olF 7R WA w9 o] B AY FA
FA Adel g 4 Aol wAE F Atk A,
olF AlgAE AFFA olF ol AR oYL
olF AFHY 49 713 & EAolg 8 + Sled,
olF AIEAEE oF Folx olF 7IAFH AFE
FAEEA &N FAUE FAnA Pk AA,
ol AgAE olF 7|XZH ddE 4 Uuh o)FS
2EE Y o olF VAZH vAdd &
om, olF A&Vl o|FEAEQ HEZ FUHE
AFs7] Al drHoR olF /AT H dF4E &
A8 4 9.

ad 19 olF AFY 2N 1Y S2EE A
Wel 715 31 o]FSLEE Zo|dES d¥S
g & AYHY BA FF ol o] FS2E(Mobile

R
e o o
o > o
r1°l!§:1n
o

Host : MH)$} €4 & = LAYZ2EF olF 7|AF
{Mobile Support Station : MSS)ol2} 35, MSSE o]
FI32EFO EWUALS Aelsed €87 dojE
2 AZIHAY o533 2EV g ZAEESY EANG
F Ue B2E HFE. o o, Z MSSe A<
4 498 ACellolzt dn, 4& EHoz ga
47 FHE F oy olFI2EE A Fue
MSS#F B4le] 7b5dlt}. 29 144 FHoeg 4 €
e Ag ehln, MSSE E#d 2HPITAEE G
oletelo| 28 7tA 2 glon, NPYIAEES 1Y F
AGg o] B A2 oA E mHFTH2, 3, 8, 15].

71E9 A B KA AHL olFgIT2EQ of
T8 9 oz Qg A duAde] uiEe £
Ag HAscd FHE 531 A7 1¥HNoH,
olE Ao BE MSSeA Fa3st dAxE ¥
Fahe Alde]l vdd A$-2 MY, 7, 9, 12,
16, 17]. 2eid}, duty o Z+ MSSE SHHoz &
s MHolrR o MSS9 B4 glo] ExHe
2 gg&5ojo} dlEg 2E MSSe W4 AlHE U
AFlede 2713 #AFol aFHT, o2 A
ZA dgEd oig 23 7tFAIA gk £ =8
X MSSEZHY W Frle Y3 2% AH
o] 4g o o]F32E & A2 o]Fao MY o
B0l fuiElE BAE HEE7] A AU CCAB
(Cache Consistency on the Asynchronous Broadcast-
ing) AL A #oh A= FHL 0%
HFY #744A 2PC(Two Phase Commit) ZE2EZ
& AYste FE diojghso)l A AlAdE Jgtez §

o Adsts AHoM olFI2EE AH doe F

MH : Mobile Host
MSS : Mobile Support Station

(3% 1) oIF HFREY 24
(Fig. 1) The Mobile Computing Model



HIS7IH @Eg AIZsls 018 HFE ZHOM M L2ty KX B 2765

oA AN7s dolge] Y d@#d FRE A7 9
ato] dlojete] AdAtgkE MSSolA A4 @ 2E]m,
MSSE ol§5AE7 2AF dBE Y9 olFis
ES o]Fog Qe £AskA] 2E AN ARES
o|FEAENA Ao A d@dE FAHES
g}, o] FAL YA} PC ZZEIZE 1Y
MSSollAd olFs2EZS HEaF V4L P
&2 wARe % 29 F UM FH 54 A
of g HEE 29 + Ax, 2 MSSAA v F7H
o2 BEsdE A4 dEayE A8 F JoEz
g AHE 9AAF7] AT LHAEE £Y 5 A0

B =89 F4& g g 23eAME AH ¢
A UdE 71¥Y d7ES A9 R3 3RdMe
MSSE3te] B4 F71E= Fdad B4 AHe] HF
7138592 W AH LAAo) AvisEE EAEE A
8o, 4oME o]F ERRY X Rdg AN
5 AN YBA Qe ddsEs 78 A4
o] NAE CCAB AYE AY3m 45T ¥4,
nxgo g o E 28 ¥ FF AT $gE AA
Lige s

2. g o7

ol% AFY FAA oJFILEE AREE AL
AE o]% AlgAH(Mobile User)gl 3la 0|53 ~Ed|
g8 A2E EIYHE o]F EWYHA(Mobile Trans-
action)o|2} &toi, o]F Alga= Fidl Fagol o
F EAYAE ol 43ty dlojetulo] 28 HAPT,

ol% AMEA7} AHE AHREHE, o5 ERAHAE
o doletg MSSoiAl 8334 g AHAZREH
HA 9 sstnz, MSSERE Y WA HAEFE &
d 4 dojH M FHo A dYEE HEHO
2 A8Y § 9 olF EdAHRY Q¥ £x8 ¢
A £ glon oA 71z BUE o]F EAHAL
£4g AT £ YoM Ax=de] P FHEH
(13]. 23, ©1% AR olFolu MSSehe] ¥4
g3z st A4 dolel: MSSA e delets
daHA @4 & vk A dBdo] Asd, AH
dolelg o]&dh= olF EJAMY HAYYL vPE
F geng sd 44 F4 4L Fasd

Zt MSSE A4 dBAHE 7R saoq Rag
AR E B4t} ogE2EN S HAANE &

NEE o|FEAEE RES AN Y FRE
ol g3t A4 oletE FAsAL AAs AH U
BAL AV REY MANE $ae Fdos
= MSSolA 7jAle] #4sE ZA 1 ARHE P4
= 2249 A4 FAS AAH IPF ABER
ANE HEe o} F71Meg HEae F715
A 2xg AAo) Uty FES HANel AYY do|
ol oig sAARe T B4 2ok A
% dolgle] W@ HNAE T B9 A A
A7bs WAAE 2PC ZEEEY 53 FRPdA 273
A7t vote 2L BE FoRolA B F FARZ
HE yes EE no $RE 7idas oo wE AA
d E2sge W MSS7H W wARels,
Ao Z2HANA yes $FE RUI commit EE
abort AAE Adale Fool . We Aol Ts
9% © MSS7H W4ste MAXE ZHcHIe),

ol ERMMo) 54d o WY dolgrt A4
o glow oEEAEL Y HolHE MSSIA &
Ao AXE F AMe AT )BT AET MSS
A Holetg AMEI skl 2aRY o, MSSTH &
Gals Wyds oBEIAEV 8AF dolEE T
B4 Agol FEH AR oA $HstE w4l
ZzA 1 AHE )F2EA A WO, 15]
o2 FEE 5 9o

tee 7 MSSAlM BES A wE Aol
A% AN AH BYE /A 9@ Nz
RASL 719

MAxE 2Es AANE HEadoy oFia
E7l B4 94z Asto] 4 Fad dAAE ¢
NeA Rage W, AY dBEL wASE e
2 TS(broadcasting TimeStamps) ¥4, AT(Amnesic
Terminals) %€ AYsgich TS ¥e MSS7 ¢
AP A7) w=kL; L& $437)9 gt 3
d dojeld AME 7dsn Yk o|FF2EV}
MSSs} EAlo] @l® ¥ th dd& aysE, MSS
£ A9 BA2YE T=iLdA =S gL
Ze ES U & FA%Y Tas dAANE H4a

U={l &l jeD}
&714, Dt doletuolzel QU= dlelete] Fitolx
e T—ws t,< T; Q) i8] vhAg A4 Eqlagizol),

AT #¥old, FA8 vAAE v $457] L

Sqte] AAY dolete FRE T T Lz

Irr




2766 SIRFLAMEIRB =X MSN M112(3811)

BC(t)

MSST1

BC(t+1)

AV,

MSS2

Y

™

-

OISS~E0 0|8

(3% 2) F&8 oA |X|oll Zrlotg TESI= 7[E MM W= 2HE
(Fig. 2) The problems happened in the traditional strategies that include only the update in invalidation message.

ZolA 289 @A 7|3e] 5 Ho(TS PdAE
w, AT ¥l X= L& dold o 28 A4 dolg
g AAD

[16]ME Fa3 wAIRY WL B wA =R
woolvel ANIME AR E XTEEA AN sA R
& E3te 71E AN HAEr] o2l FAES
s$Asaet 29 2904 B HAX TS E@de 7|
Z Ao Bhste TAPH o)§ HAs= e
2ok 29 29 O3 e A3 MSSidlAHE A
A7 wHaA gAT MSS2dME AN dRE
Bgd Foll o]FEAEI MSS2E olFYHoE Q1
o o|F3AES A4 VAL FAE F 8. ol
2o 2AHE A48 Hstd A ANAE of
£330k A7t oA E oj&Ed, Do Aol
o] FE2E7} MSSIH4 BAl7bs WARE A3
MSS22 o] F3uE o|EEAEFE o5 ¥ AH d
ole} FolA BNsMs dHole} dP dBuE AYRE
MSS291 A 833 AH Ya4dE A s

Al

3. 24 39

dtF oz, B4 A2d @F4H 2 MSSE te
MSSol 557 %3 SYHoz ¢gdnh a4,
olF AFE #AAAM A4 dFQ FAE 9 dF
T MSSe B¢ F71% AAE 9AAAT 2E MSS
9 BE AEE dAA17] A8A | MSSie o
€ ZE MSSjdlA #F AHEE AN HE HA
Ag AFda 1EEHYH $HE ¥ AL A2
2 3E NS 238 ¥ 239 3E AdE HF
FHN, ok&d AMHA Fa oAAE e
ey ojgt e We u$ EBFgn oz do]
o, 2 MSSE°| ¥ AHE AT st @
MSSiel W A9 713 o] JFHn2 A
Alzde) 223U R MSSEY EH4E Az
£ 8499] €

o oM MSSES =YL MY H3td
MSSE3t M Aol e 2PC ZR2EZE A3

A2

MSS 2
x=4, y=0

MH : and, yad

Invaligétion Mesgage = | x ]

AR

A3

A4

MSS 1 MSS 2
x=5, y=8 x=5,y=8

' -1P MH xud, ys8

A

e

(28 3) W& ™S Ao|2 I8t 74 RIS oful
(Fig. 3) The violation of the cache consistency caused from the asynchronous broadcasting



T F5 B dojeisle)xe] olF HER FAA
olFE2E7 A AR o5 Y W WA= EANE
< A%t

a9 32 7t MSSE9 24 AAo] tE o, oF
T2EQ o]Fo 2 Qldd AH d#Ago] HuiHE #
8 29 Eob. 19 39 AldlM MSS13 MSS2, 1
g3 o)EEAEY FiHE 25 AnY doelE 3
33 vk A2 el MSSelM 28 xdl of
@ 73N A3s MSS1# MSS2E HlEF RE MSS
of WA= AD, MSS2o A= o] BN ARE ey
ot A3dlME o)FIEAET} MSSIdlA MSS22 o] %
UL, AdolA MSSle] xol oigd AN Fd3g W
A

ARHoz 7Y 3olME Yool MSSAA HyF
x9 Aol oidtel MSS1# MSS2E& H|®£Fg RE
MSS7H w4 Al 2 AN 438 S4agey, o
FEAE7F MSSIelM MSS22 ol5gezd Ras
WAz e =4 713G FAEA so] o|FZAES
4 dojetE dBA4E FRA ik olg #o] o
F32E9 47t dBAHE FA3A e olfE
O]FE2ET} o]F3l7] Aol AW MSSIHME o5
Z2ET} o]F® Fol AN ARE W o5
MSS2ell M o5&ty Mol o]u] ko] o]y 7|
ol £ o},

4. 0|3 EHHM N 24

& & =8oM AlgEE o5 ERAA A
2do) diF AL Jiedd AA, olF EARHL
2 AE 878 EWFMoltt olF AlgRE
ol FolAY &% Fo FAAFIY AR, o
PR, olehH, Axeld Mulx F3 gL gded
AFol WA PYRE A7 $8o dlojetuo] 2o A
287] dEo HHFoE #He Sy AHL aTHE

BC(1)=50
MSS1

Tmsst1(MH)=70

HRE SB0IM Fi3 LBy KX 3 2767

EQRAE o|FE2EA Azt 4, F A4
AE OJFIAEE T MSS BrisEd. # 4
a QlE oFEAEE #HF MSSY HoJeluo]AE
olg5td sl dBHE RFAFL MSSE Aue =
E o]5E2EE AYIEER ojF EWHHL MSS
B715o F¥slojof #dh. MA, MSSE ©|FI2E
o AA diolet 8ol hated FA $GdTL UA,
2y FAFE FEEM dojegiuo]2o ROWA
(Read One Write All) ¥£¥ QCP(Quorum Commit
Protocol)& ©o|8-3l9], EAAH ¢85 TZEZL 2PC
Z2EZoT. olF FHFY #HoNA o|FZAEV}
MSSE25E dHolgg Adstnz & o, 27 dol
Ef7l A9} MSSel EAsA o HoElE: A4
gted Alzko] AR E R o] 7| o]FEAES 93
7t WEE F gloemz MSSE Holets 29g uu}
th o|FIAEY $HE HUdodop @ aEE,
olF HAFY #FAAA dolguo|2e A FHL I
FHolt}, £, 2PC ZREZLS FE EA dojey|
ojzeolA 713 ®e] HEEHE gy TIEZFo|Ls)
thalA, 2t MSSe HES dARE F13ez i
3 BE Frie YUY ¥4 ARE gE £ 9
ot XA, MSS7 #éste Fa3 wAAdE A
WAz ¢} BA7LE AR E EFET

5. CCAB H3

o] oM 3golA AAE EAEL s A%
A 484 fA FAL APA Adske FHAA
+MF o2 uslaol I HE o]FEAET MSSIolA
MSS2Z o]58 o ojETAEJ} MSSIolA Fa3) o
AR g vpATto g £A%F P4 A BC(t')E MSS2
o Azte]l AXAFE HFYolth 1Y 4+ BCHHE
MSS29 Aoz @ad AF kE P AFL B
Ak o]FZ2ET} MSSIZHE A% w4 A13 BC(t)

BCit'-c-l)

MSs2 —|

p |

BC(h=60 K

CTmss2=100 BC!H] )

(08 4) O|SEAET| O|F8 ¥ W AJXo| TX
(Fig. 4) The adjustment of the broadcasting time after the moving of the mobile host




2768 SIREEMEIET =2X M5 M=)

o} o]5d we] MSSIS AW Tysq(MH)E MSS20
A BUE MSS2E OEEAERRE $4 @e Al
CTuse® o834 ko gt F@th

k= CTusg — ( Tyss( MH) — BC(£))........... (A1)

48 Zof, 1Y 4014 MSS1Y vhA WE A
BC(t')& 50, ol 55 AE7 MSSIol4 MSS22 o] &3t
= AA TusalMH)E 7002t &1, MSS27} ©|5&
2EZRE HANE FA8E AN- CTyseE 1000
gtn g, (4 Dol 28] k =50+ (100 - 70) = 80
"t

51 7|2 ®y

olA] B =g AMdstee A4 A FA A
AL Aostr] Ysle] ojFFLES o]Fo R QI
A ool $iulsl: dUdd ASES 2P
O] ESAEE MSSIAAM MSS22 ol53idn 7%
t} 23y 5 129 6, 28] 1Y TAAE OFIAE
7t ol E8tE AHE FHOR PC TREZE AE3)
EPAAo] g8sE H}H& RAET 19 54
2427 MSSIY A%, 238 6dME =AAN
MSS281 A4, aga 298 7TdA4E 237 MSS3
9 AS-g2 FEEa, 7 F4el giste k<BCH)Y (A)
o] A$¢k kK>BC(HY (B2 B4 FESH

rie e

updatable update

(A) @ BC1 BCU'+1) updatable update BC(1'+2)
MSS1 : A G l
k! A
Mss2 —} { X }
BCit-1) K el ol® BC(1+1)

(B) BCit'-1) BC(t'+1)
MSS1 < }
mMssz2 —4} { e

BC(t-1) BC(1) Kk Jﬁ,",—_‘,‘i'gt(“”

(32! 5) ZHAI MSS1Y 0, 0|SSAES| 0|S2 EXMM &7 I3
(Fig. 5) The course of mobile host's mobility and transaction's commit when the coordinator is MSSI

updatable update

(A) BCt") updatable update BC(t'+1)
MSS1 > , |
AN
/N s
. N/
'/ "’.(\
s N
MSS2 <1§ @ }—<
%(t-l)
(8) BC(t'-1) BC(t')
MSS1 { 7
i ’ [/
MSS2 £ b 2
Riny @ @ @31, «

(28 6) XX MSS2Y I, O|SEAEQ| O|FH EziMM 242 1A
(Fig. 6) The course of mobile host's mobility and transaction’s commit when the coordinator is MSS2



BiE7Ix &

(1) =3=7F MSS19l 3 ¢

29 59 (Al @, @, @9 A MSS2914
npA o 2 widt Fast wWAxe] AN Az} v
52 FRonZ o]EF2EV} olEG Fw A4 o
#Aol FAHE doln, OF @9 HF-+ MSSIHA
T AT BE Foll o] AAHFP T, MSS2e A =
AN ARE 5T Fol o|FE2EV o] FIHER T
A AIg FAY 7IE G Ho A dud
of fuiEE dE o F1 v O @9 A$E
FHAo AMRYE O FLE oJFEL2EZ} MSS]
o w4 Al BC(t)olA AAsts wAAE £3589
Ak @e] HSLE olEFAETL MSSIolA 74Ald] tf
Fooug ANE JdA Rk DI @9 A
oJESAEE F|H dojg FolA AIIS dolEle
Ayalg MSS20l Al A4t MSS2e A4rte dlof
Etoll i3 d@d PRI 59t A A kY
B BC(DAoJo Al HAG S o]FEAENA HE
dto] AH dBAAE FX&=S Pk 29 59 Bl
H @ Q a1 @ BEe clFE2ET MY
ARE A% FHA olFsnz e dBhd o
g VA gou, @F @Y F¢E FUNE WA
A& FAG FeolA] o] F}ERE o]FI2EE oF
& F MSS2eAl AT EE A4 dlolere] ¢ud

(A)
MSS3 L @‘)

58 Mgz 015 ZFE SH0M 5 LY RX) A 2769

A8 g aAso A4 dade FAES

2y 237 MSS2¢ B¢

% 69 (AN D, @, @, @9 A5+ 29 59
(A D, @MY o]F52ES olFog Astd A4
Aol AujEE dolx, G A4 29 59 (A)
9 @ @ 0N AA 4BHE FASE ootk @
9 A9%E a9 59 (A Dol ABEHAT MSS29
A2l AN ANdel 17 59 (A)e D& k AlA olF]
Agk 2y 69 (A2 @2 k AlA odol2g kiH
BC(t)Atol9] AN ARz rx A#4E fAY + ok
meld, olFE2EE AH dolg FoA ANNE
dolelol] dig dog FHE MSS2A 238 A
A 9L fRF 29 69 (Bl @, @, @Y

£+ 29 59 B D, @, D% FYsH, Q% ©
9 #A%E 19 59 B9 @H 6% sz A4
APAL FAEE HHEE s

(3) 247t MSS3 2%

2@ 79 (AA B9 A+E 18 59 (AelA
DRE O ZAFAY o5 Folx A dBVYE
FAs), O @9 A9$e 28 59 AN O
@9 ASHY A4 dudol dAvjdc O B¥=

updatable update

updatable update

N A
\\ FARN
N II \\
BC(t) p) BC(t'+1)
MSS1 4 N }

BC(f [ MHSI Ol=

[
MSS2 ———x—r Ay
// \\
/ \ W3
MSS3 £ x

D @

(8) .
MSS3
Cqt
MSSH
1
MSS2 BCW
MSS3—f

(22! 7) =Xt MSS3Y off, O|SSAES| 0|2 ElMM 24T WY
(Fig. 7) The course of mobile host's mobility and transaction's commit when the coordinator is MSS3




2770 StRFEXEISS =X M5 M11=(98.11)

a9 59 (A)lM DY Hs 54 Ffolx, @9
A4e 29 59 (AN @9 A4S FL8 Ffol
22 AH 484E FA3E e s34 19
79 BYA O, @, @ 4¥& 28 59 B)IH O
o Afs Feow, @9 F$& MSS13 MSS290A4
A7 g BEE Atol=2 A dadL fAdU

A9 Z¢EE FTHNY, & 29AN o]FI2EY
oo 3o A dBYge] AMHAE B+ (A)
9 Agd ARG AH ddde] AWiH= FS-E
o] FBHL o|FH2EVF MSSIAAME A4 HAA
g #A%A %o MSS2¢9 A7 o] FEH, MSS2&
A AARE ol AEE F4Eold AR F4E
o h3ld o]FELEV} E A= o|FEHH olFE2
Ex A4 diolet FolA B diojete] Az
& 1 4o MSSelA A&sxn, MSS2e olFILAE
25H $£A49 BA7bs deleld g dud Frt
olFEAEZ AN ARAE AR F@ JR(2Y 5,
a9 6, 232 23 794 kFE BCAeld AAH
o] 4" AR)E AHdle olFILEY A W
ol FAHES do

A 72 MSStel WE Aol & At A4
dAYE FAE 718 AL VledAH oAe
At FAE 7o st} dneFE AT

/* 71& A A B4 st o|FI2ETL
MSSel Al Buje WAIA] +/
Procedure Sending_to_MSS;
BEGIN
send BC(t'), Tusq(MH), the updatable
cached data_id, and MSS_id
END

H duFA, olFIAEE ¢F 42 o|Fsd
A 2ol MR e MFH Tus(MHF vHA G
2 Faz HAxE £4% AF BCW), s
A dlolete] A, aen o] Fa7] A MSSH
HEAE o]FF Fo| MSSAlA Bt

/x olFEAES A AR E FAF7 A8t MSS
7} o} 5 2B A $9Y FRE T gn2F v
Procedure Responsing_to_MH;
BEGIN

k= CTusp — (Tuyso(MH) — BK(£))
FOR the updatable cached data transmitted
from MH
construct the Resp_Mess!
END_FOR
IF ( k<BC(t) )
THEN construct the Resp_Mess2 with the
updated result between k and BCit)
ENDIF
construct the Resp_Mess from the Resp_Messl
and the Resp_Mess2
transmit the Resp_Mess
END

A dngFoA BCt)e olg8E2EF} ©]F37]
Aol MSSMSSDolA siAztes Rast A&
FA% B% AAeln, BCt)e ol532E7} o|5d
Fo] MSS(MSS2)oM wlxutoz w4d w4 AlA
olt}. k& MSSl1elAMel w4 Ald BC(t')E MSS29)
Aoz a8 AFolY, Tu(MH)E MSS1604
O)FIZ2EL o]F AHolW, CTuet °lFI2EZ}
MSS22 o] g3 & AlHo|th Resp_Messle 532
E7} MSS22 o]53te] AAsbed AA dolele] o
glo] A ARE AU W MSS27} olFI A
EoA HE¥ 74 Holglelt}. Resp_Mess2t kiH
BC(t)Atolol 7JA @ dlojeto]th. Resp_Messl¢| fol
B}t Resp_Mess2¢] dlolel7lt F8E o, F5€
Resp_Mess19] otlo]elE AAF F Resp_Messld d
olelg} Resp_Mess29] ®lojelE #3849 Resp_MessE
T8 o|E olFTAE A A}

52 CCAB H#

AaAAE 718 Ao thsie] UPGAR, oA

E AI7A A9E 7E ARG Vo e n@sHE
WA]R)9] & Y + U= CCAB(Cache Consistency
on the Asynchronous Broadcasting) A #& A¢g
th. CCAB AHelM uaid e MSSA +35+:
BN EAdAHY @7 HAFA WA A AT
ojc}.

23 Bl M= MSSZHe] A 7bE Al Holgt AN
NAe zbo], e Z MSSellAH el AALE AHYH
BN ANENR S N §& i, deje z3a



HIS7IH &85

& ABSlE O0l& 3R

g SZO0IA TN wTM KX BH 2771

MSS(i) upda?able(l) update(i) >
ss( 5 . .
P w(ilj); : :

MSS(k) ! updatable(K) w(i.j); :updatelk)
€ — —1a - >
:‘{. I ) Tu - Vzil‘.@
WK L (RO

(22! 8) MSSZie| A7 AR 9 WA AjEe] #A|
(Fig. 8) The relation of upatable_time and update__time among MSSs

MSS@ol A T A9 & Fez MSSGE wAAE
A% A Fdsiee, MSSE)9 MSSG)elA 734171
5 N Ao| |updatablel i)~ updatable(H1% 784 Al
Az Ao] |update() — update()| = E2H, o1& wilij)
2 ¥ ¥ =8 MSSHS MSSk)Zel = 22 oA
7t Agsted wik)7t Adech aelm, 4o £ Fd
A MSS(j)$t MSS(k) M= BA7s Ao Afolst
A AlYRtel zolzb EAET o|E9 gL Fow,
w(ik 2 ERech 232 MSS()7F thg BE MSSA
Al vote £3E 3l ZE FAJAZREH yesE ol
BN & w7 ra8e A 7,083 33 T1,0) =
update(i) —updatable(i)e]t}. Zolzt MSS({HI A& yesE
98 OV AR ZAAZRE AN HAXE
FAEd B st AAAA 288 E AGE OF 4
o e3td T, ()%} Zrh
T, (j) = update(j)-updatable(j) = {update(i)-w(ij)}

- {updatable(i)-w(ij)}
= update(i) - updatable(i)
=7,
meld, & MSSAAN Ad7ts AFFH A A
AR AR T, 8 BddS &S A 94
o] YujEi= 17 5 6, 79 (A)Y A$UE 1B

(1) 2427k MSS191 3%

g 9olM @O A$+ MSS1¢l BC(t) AFAA
73N ARE o|FZ2ES A1 ojFEER AH
dBAY L FAEH o Ffol, MSS2o1M = k+w(l,2)
oldd] 7ANel BAYFHEZ kFE k+w(l2)Ato] 9] A
¢ A4E ¥orl gdoh MSS2eA k+w(l2) o1%l
$AE BAE FAA k+w(l2)FE k+w(l,2)+Tur}el
Ad LPY BN o]FZ2EV BCH) AAAA 2
£ Q75 dojetd @ et ojg e @

MSSH1

MSS2

BC(r') BC(t'+1)
-
A\
X .
%\
"'1 y | A
1

| BC(y [Mreros]

BC(1-1) k K+W(1,2)

k+Tu+W(1,2)

(32 9) Z=HA7 MSS12! 220l Tuet w(1,2)7} 74 M| oiRi= HE
(Fig. 9) The effect of Tu and w(1,2) upon cache consistency when the coordinator is MSSI



27172 ndEMe=E =2X HM5H M11=(98.11)

BCQ'") BC(t'+1)
MSS1 . — — e
\ ST e FalLl
/4 \‘\ ;".I :/ \. s
/ NS s \ '
/i A% / 3 ; ’ /
'y g -/ \
/4 N/ S ./
MSS2 | ! Y k4 Ly -
I | ) )
BC(:-l)k_l“(?“ 5 Retu-war2 INNEEEKILE

(3% 10) ZHAP| MSS29! A0l Tut w(i,j)7} i ol O|Xl= L%
(Fig. 10) The effect of Tu and w(1,2) upon cache consistency when the coordinator is MSS2

9] 7 9o o]FEAEE MSS2Z o|F% F MSS1d

T BA7bsd A dolete AN AFHE &
¥ata, MSS2= o] g.Adl dig Aol AL W o]
A AAE o)FE2EA HAEFIT O @2 3
FA8 krw(12)+Tu ol F 58 BCAeld] 243
BAE o] FI2ETF T MSSelA BAE dHoleld
e FEE EA F7] WEe MSS2E o) WY
oA 2AE L& AL PFed oJFE2ES U
HAE AP o]F52EV} 93T k+wl(l2)5H
k+w(1,2)+Turtojdl A 73Ald dolet7}h k+w(l,2)+Tu
ol oA g wlolEte] A2 k+w(1.2)+Tu o] d
o] A AHE AASL o] FEAEAA HFatd
A d84dE FA8EE

o o o X

(2) 23 A7} MSS2¢) % 5

a8 109 @9 A$E 19 99 Dol F$AHYH o
FE2E9 AH LA JdFE v P
MSS2el A k-w(l,2)<=update(2)<k-w(1,2)+Tudl 218
109 @9 AL o3 ~E7F MSS19 BC(t) AlH
oA AMN7FEE #AE Heg a7 99 Dol H$A
g g MSS2914 k-w(1,2)+ Tu<=update(2)<BC(t)
A 3 109 D9 A= 19 99 B D FA

(3) 237} MSS3¢1 3%

2327 MSS18 MSS27F obd 9ol A Al
o] MSS1# MSS2eM ©E + gley MSS1H
MSS27h stz zPAZEE Y A4 ALE &
Aol= glg AHoldh whebr, MSS13 MSS29149) 7
A NHe BY§ Aoz RS 28 119 DY

& 29 99 @9 H$A3 MSSleAME BC()
Ao BN AA7be S Westa MSS2AME k
HE k+TurlololA Ao} AH d@4o]l s
A2 o|8F2EV} ol5F F AAIGH AH do)
Elol]l thale AdE FRE 2P MSS201A = o]
dloleto thit k¥E k+TuAlololA g} AA ARE A
$8c 39 A4 29 99 @9 ALAHE MSS2E
o] MglolM AT HE WAUE ) FIAEANA AE
g,

/* CCAB AHo|X olgirES AALHAAL st
o MSS7} o]§E2EdA €Y FRE Pt
g F +/

Procedure Responsing_to_MH:

BEGIN

k= CTyss; ~ (Tuss{ MH) — BC(¢))
FOR the updatable cached data transmitted

AVANVAN

1
BC(!'+1)
k+Tu

3 sjdg.
MSS3 ) @
MSS1
BC{t")
MSS2 4
BCd-1) il
MSS3

1
/\</';dm MH2l OI8
, ~ P
Vi N /’
L AW

o @ @

(32! 1) ZHXF MSS32! Aol Tuzt i3 a0 Dikle HEt
(Fig. 11) The effect of Tu upon cache consistency when the coordinator is MSS3



from MH

construct the Resp_Messl
END_FOR
IF ( k < BC(t) ) THEN

SWITCH( coord ) {
CASE MSSI : construct the Resp Mess2 with
the updated result
between k+w(1,2)+Tu and BC(t)
construct the Resp_MessZ with
the updated result
between k-w(1,2)+Tu and BC(t)

CASE MSS2 :

CASE MSS3 : construct the Resp_Mess2 with
the updated result
between k+Tu and BC(t)
}
ENDIF

construct the Resp_Mess from the
Resp_Messl and the Resp_Mess2
transmit the Resp_Mess

END

9 gangZoA BCU)Ye olFI2E} oFdE}]
Aol MSSIMSSDOIAM miAgtoz FE3 HAAE
F4% 44 AFoln, BCt)x °lFE2EZ o5 ¥
o] MSS(MSS2)elA mixletoz w4d Bg Ao
t}. k& MSSldlA e @4 AF BC(H')E MSS29] A
o FAF ANHY, Tyea(MH)E MSSIA A9
o5 AES o|F AHelY, CTyspe °lEZL2EZ}
o] 3 & MSS29] AlFo|th. Resp_Messle o5&~
E7} MSS28 ol Edle] Aaztsd A4l diojetdl of
& dug ARE 2AYSUE 9 MSS27} o|FELE
A Hag 744 dlojeto]th. Resp Mess2E °|FE
2E7} olFftez dste FA%HA £ 7Y dojE
o]t} Resp Messl®) dlojEl2} Resp Mess29] dio]}

MSS1

BA0M I LT KRR B 2773

7} 229 of 388 Resp_Messl9 HolELS AAT
% Resp_Messl?l d©lolel9} Resp_Mess29| dlo|ElE
5] Resp MessE TFA8tI o|E o|FIAEAA
Azt

[3,}

KESER -

ol AFY FANAM AN YL FA=
He 2 FA Ade g4 ddZez Astd 7
g Wit} o] HoNE o|FIAEZ AP 4
ol58 uw A4 dBHE FAsY] st a7H
WAz 2] <ol tiate], ¥ =R A CCAB
QY3 712 AH 419 AT 3EE vl BAH
wA AT WHe v5715Q W Hgste H4d
o|$EAE7 MSSIAIA MSS22 o] F3d MSS2e
o3 AES BHE Aste mARoz &P
22 o]FEAEMA AEPh 7 FAJME oF
S2E7} Aol o8y Mol MSSIZRE mhx=
o2 £AF w4 A BCH)E MSS29 AFez
ket b ket sha, MSS20iA mix|gtoez gt
NHL BCe & W, o]$E2EE A4 dolet F
A A7 s dHolete] 2EAE MSSAA Bz,
MSSE k<BC(t)Q] A%l k¥l BCOALOlAA 73N
# e olFE2EV Bl AA7tsd dolEtl
s 99" ARE A4 KBCHRA AL oF
F2E7 BUE A7 dolele] dd oY AR
e A 718 A A o] FE2ETT MSSAA
AgstE AR G A4 dlole FoAM AAEH
tlojete] AWzlEo|n, MSS7t C|EI2ENA HF
e WAR ge k<BCHY A9 kK>BCHY B
7} thaA e AAZs dolele] dad FRE Ad@
o BEgeg AT $ge 1/40 fgech 183,
& wd 57 LBl ANES pot §hE, o|FE2E
7t BAE AR E FA8E AT BCH)-Tud

1=

3

o 2%

et

BCit'+ 1)

MSS2

LS !

\ ’ ' ‘\ )

AR Y
SR
(22 12) BAIKSO THH Al WReh 418 UM ATE ChA| HES

K+wi1.2)  k+w(1.2)+Tu BC(!+1)

e 29

(Fig. 12) The case that the updated results of the updatable data and the received data are transmitied again




2774 TZFEHLIBZ =2X HSP H11Z=(38.11)

B BC(tolM AN 5o B4 F$oluz 744 7}
Fol 4y #ge Tu,on, AN dojetel A57}
n Aol AH dolete) AL7t m A A4 wol
Bl FolA A sHeol UAY HEL —’,’5—{%015}.
melA, 744 dolel FolAd AT dHojele F
A} waA, 7|8 AHe AT $yan ofF 3L o
A oz dBAE FA @)

712 AAAN kFE BCOANOl AR FoA 2
¥ 129 @ ZA4AY kPH k+w(l2AbololA AN
g dHolelE olFFAEJ o]Esr] Mo MSSY
MSS191M 7AA7He& FAsHeng k+w(l,2)-Tul
B k+w(1,2)Abololl A 74 E dojet oA AH diol
Elo] &3t diojElThE A4S HAR 7)E ZA
dAE k¥ k+w(l2)Ab0]9 A ARg AR A
oz Bged Ago] dAEA Hoh 29 129 @
o A$HY kEE krw(l2Alold]l BAE dHoleke
o] 3 2E7F MSSIolA oju] AN AHAE FAY A
o=z AN ANE HA4¥ "art iz, @9 A+A
H k+w(l,2)%E k+w(1,2>+Tu Alel2] 734 dlelgt @
9 ALAY WA E FAdAenz A4 dolet
o 7AA7Hs doletol] i AR AHdT HE
2 BEYag dAfol 24 & Utk oY FHAY
A4 AAG Fo] CCAB AHolth CCAB A Al
e MSS27F 2% Ate] MSS_id% ol 5E2AETL olF
3o & MSS19) A¥ag dxm MSSIa MSS24}e]
o] 73N NAH9 Aolg udte o|FLAET U4 E
A EG A doletgwte A4t A d@dL
FASHEE Yk

6.3 &

ol HFY AANAN AN dBHE FAsE A
2 olF EdAMY B E s T WA FAo]
. AF7AA d7E AH B F2 A= B
E MSS7F R&3 dAAE 43 AdECl $4
ok 23U, ¥4 AdE AN E AL 2
A Exg #Ao] avH R, 4 MSSH S¥A4E AN
A7, o]2 3l Ajxde AH¥Ee]l HojAe a2
oz FAgg

B =2dME g MSS7H FAS sAAE HF7
Hoz 4y o w4E & A A du4 gl

EARE 2AbEtn, oldd ZAHE HAy) @
A A& #2 AL Ao Adse e
HYN o]FT2EZ A AdAM WE AHe] tlE
4 BZ o]5¥ o, Ao} 4 A9 MSS1ozXE vl
xgte g £A% W AAH<QA BC)E A B MSS2
o NPez FAF FE kI &3, MSS2e1A wpx et
o2 W4g AW BCWE & o, o|FI2EE A
4 delg FelM AN diojele] AEAE
MSSI9lAl Bulz, MSS1€ k<BC()! A9l k¥
BC(tIAbolol A AN E W& ojg32E7 B2 7
A7bs doleld] did d#AE ARE HHsxn, k>
BC()Ql # %o o]E5AEZ HuUlL 74As1% dloje
of U Y¢d ARTE HAfsd A dBHE F
AT g st

a2, Mg 718 M BPaF oA}
HAY & gloenz ol AAsA HAsE vAAY
d& 29 CCAB A4 g APttt CCAB A A
= MSS27F =3Ae) MSS_ids} o)FEAE7F MSSI
9] NgAg &3 MSS29 MSSlAkele] Al AHe]
Aol 8 meldle] o)F32ES} QAEA 2 AA H
oEIETE AEdd JlH dBHE RABNEER HA
t}. CCAB A#& 7|12 A4z} v|ug o FHE wA
A9 A$e dwalm, MSS27t A4 dARY F&
HaslEA D, wd A 5138 A% LuH=g
AAsAL £ 2 dFE ASAA FU13d 87
AN FH ATHAUL AN LY KA AR A=
& e AAsgo goz2 uEIAHA A
ol EdNM FLHQ Ted T} AT W
F719] BYA2 AP EAGH oo uiF d7st A
&5jojof & Fo|r},

2 H

[1] R. Alonso and H. F. Korth, "Database Systems
Issues in Nomadic Computing,” In Proc. of the
1993 SIGMOD Conference, pp.388-392, May 1993.

[2]1 B. R. Badrinath and T. Imielinski, "Replication
and Mobility,” In second Workshop on the mana-
gement of Replicated Data, pp.9-12, 1992.

[31 B. R. Badrinath, A. Acharya, T. Imielinski,
"Structuring Distributed Algorithms for Mobile
Hosts,” In Proc. of the 14th International Con-



HIS?IN #&E ABsic 015 HARE JA0IM Ji Btd KX I 2775

ference on Distributed Computing Systems, pp.
21-28, Jun. 1994.

[4] D. Barbara et al, "Sleepers and Workaholics :
Caching Strategies in Mobile Environments,”
Proc. ACM SIGMOD, June 199%4.

[5] P. A. Bemstein, V. Hadzilacos and N. Goodman,
"Concurrency Control and Recovery in database
Systems,” Addison Wesley, Reading, Massa-
chusetts, 1987.

[6] S. Ceri, G. Pelagatti "Distributed Databases
Principles and Systems,” McGraw-Hill, 1984.

[71 A. Elmagarmid, J. Jing, and T. Furukawa,
"Wireless Client/Server Computing for Personal
Information Service and Application,” SIGMOD
Record 19%.

[8] G. H Forman and ]. Zahorjan, "The Challenges
of Mobile Computing,” IEEE Computers, 27(6),
pp.38-47, Apr. 1994,

[9] A. Fu et al, "Dynamic Policies in Selecting a
Caching Set for a Distributed Mobile Computing
Environment,” Technical Report, May 13, 1995.

[10] Y. Huang, P. Sistla, and O. Wolfson, “Data Rep-
lication for Mobile Computers,” In Proc. of the
1994 ACM SIGMOD International Conference on
Management of Data, pp.13-24, 194.

[11] T. Imielinski and B. R. Badrinath, "Quering in
highly mobile-distributed environments,” In Proc.
of the 18th VLDB Conference Vancouver, British
Columbia, Canada, pp.41-52, 1992.

[12] J. Jing, O. Bukhres, A. Elmagarmid, R. Alonso,
"Bit-Sequences: A New Cache Invalidation Me-
thod in Mobile Environments,” pp.1-25, May 1995.

[13] V. R. Narasayya, "Distributed Transactions in a
Mobile Computing System,” CSE552, pp.1-13,
March 9, 1994,

[14] E. Pitoura et al., "Revising Transaction Concepts
for Mobile Computing,” Proc. IEEE Workshop on
Mobile Systems and Applications, Dec. 1994.

[15M. H Wong and W. M. Leung, "A Caching
Policy to Support Read-Only Transactions in a
Mobile Computing Environment,” 1994,

[16] ¥Hgul, BF-A, "o]F HHFY #ANA A7t

WAZE o] &% AH &Y /3 A, dF A
B3 =82 AW 7F, ppl6M-1705, July
1997.

(17] RdiQ), #5237, "ol% HFY FHA Apoj2 &
A5 o3 ERNNH AYA §A 1Y, ¢ A
B33 2A3%4UE =F3, pp.l51-154, March
1997.

PARN -
dokim@sunny.chonnam.ac kr
19808 Agdigta ApHoE %
FEEICEE AN
19849 Addista oy 5o
(o1 84341
1990 Adistn & %
Az}t (o) 84 AH
1994 Agdigta gty AAEAG (A £ 8)
19844 3¥~AA MAFAR A A Eus
TRk B2, olF HAFH

NE

[

ub o uj
psbsas@first.sunchun.ac.kr
1985 Addisa AREAt}
(8HAh)

19873 Addiste gy AN
AT FHA
1998 Agddiste oishd AL
£7 5 (o] upA})

1988 ~ A cHAYAY AAANS Rup
B Rk AN 29, 3 HEE o, o|F AFH

TICA
bhhwang@chonnam.chonnam.ac.kr
19789 sAga A3 aH(SHAL
1980 #¥Fasried AdgH

(F844h
19943 @3 38rled A48

(F8uta})

1980 ~ @A dddistn Jaga vy
FAEo: BAA 25, B4 dlojeluol A Bl A
A% A2



