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Abstract In client-server computing environments, update transactions of spatial data have the
following characteristics. First, a transaction to update maps needs interactive work, and therefore it
may take a long time to finish. Second, a long transaction should be allowed to read the dirty data
to enhance parallelism of executing concurrent transactions. When the transaction is rolled back, it
should guarantee the cascading roliback of all of the dependent transactions. Finally, two spatial
objects may have a weak dependency constraint, called the spatial relationship, based on geometric
topology.

The existing recovery approaches cannot be directly applied to this environment, due to the high
rollback cost and the overhead of cascading rollbacks. Furthermore, the previous approaches cannot
guarantee the data integrity because the spatial relationship, which is a new consistency constraint of
spatial data, is not considered.

This paper presents new recovery schemes for update transactions of spatial data. To guarantee
the data integrity, this paper defines recovery dependency as a condition of cascading rollbacks. The
partial-rollback is also suggested to solve the problem of high rollback cost. The recovery schemes
proposed in this paper can remove the unnecessary cascading rollbacks by using undo-delta,
partial-redo and partial-undo. Finally, the schemes are performed to ensure the correctness
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partial-commit SRbefore SRatter2 partial-undo
1 SRatter2 undo-delta

SRuctore SRuserz | partial -undo

7 SRuiter2 undo-delta

1 partial-commit | SRhbefore SRattert partial -redo
1 SRaner partial-redo

T SRicfore SRafer! partial-redo

7 SRuiert undo-delta
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« partial-undo = (partial-commit N SRpetore M
SRaterz) U (partial-commit N 7 SRpefore N
SRatter2)

» partial-redo = (77 partial-commit (1 SRuctore N
SRagert) U (7 partial-commit N SRucfore N 71
SRafter1) U (7 partial-commit N 77 SRictore N
SRaftert)

« undo-delta = (partial-commit N SReefore N 71
SRatterz) U (partial-commit N 7 SRbeore 1 73
SRaerz) U (7 partial-commit N 7 SRieiore N
1 SRattert)
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- partial-undo = partial-commit[Tx']
Ta, Ty

« partial-redo = Tpartial-commit[Ts'] N {SRucfore
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- undo-delta = {partial-commit[T5'] N 1SRt
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Begin Transaction Tx
request-CR-lock(R )
request-CX-lock(SO;e,.;)
(Update on objects) an update
partial-commit or partial-rollback
request-CX-lock(SOe.;)

(Update on objects) update cycles

release-CR-lock(R )
commit Ty

End Transaction Ty
a3 16 ERNE za

o] =ENE EadMe] H8e e [10]9] =y
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- partial-commit : A&} 4 A delta)E A
a1 F7 BAA )W 2PCE AlFe
- reply-partial-accept : % %5 3 &
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- reply-partial-reject : ¥ 5o Wi ARES
Ausict,

- send-global-commit : & ¢48& A4 4% 2
d FeloldE] Ausict

- send-global-abort : ¥ 332
o|AE) gt

- partial-rollback : 5% ¢80 o3 WA & A=

AA el MRS HAsty o)lde] Juz HEIRES

Aujel @33

- reply-partial-rollback ok @ %
A% S5 At
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- reply-partial-rollback-fail :
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« partial-undol cascade-partial-rollback) : E}old
B BF d3ld o3 & F&Ac] EAEe g8
H ME-ERALE H|git)

- reply-partial-undo-ok : Z}lo]HE
d3)g gt g ALt

- reply-partial-undo-fail : Fg}o]AE
i d3E Axste 3w a9t

- partial-redo( cascade-partial-rollback) : 2ol
Eo] BE Hild o3 3 E F&Ao] EAlsls HB
-~Edg o] M FolH o]F RAjEIIc
- reply-partial-tedo—ok : Eelo]AEI} & A

28 dAse 89 94
- reply-partial-redo-fail : Ee}o|AET} HE A
g ARste &9 At

s request-UNDO-data . Zelo]AEZ} Mol A3
H dolelE R8st 7tAQ g 84 %

- reply-UNDO-data : H3lg do|gE #3}si}

Alzdle] oF) AF J¥ET EXRAL A2 U]'%J—}

g

cundo-delta : -3 3o oJs] Mu7} Fulo|AE
o) W7 oA Ho]E(delta)E undod RS 243l
Zelo)dE F E |/t ol Aok
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6.3.1 B& 2tz ¢1a|&

o] =FAXE ;ﬂ;“z—‘} "7 HAgg st F& 945
(partial-commit)[2] NdS =ct H& dae &2
oldE E ;5314-—.,] EA]AW Fola A% A Al F3t

HEAd AT A= £ eFe] THE A s AslA
E

d5 A}joz FYPHct FepolJIE ENAHE] HF
AL 7129 2vA 98 TREZ(PCO)E A3 F7
TEAg 7 0w @8 T2EF(SR 7N 2PO)[2]2

219gth SR 718k 2PCe ZA A Fojzxl 2z )
Fexziel Z2EZaN, BB 423 Mud 238 Z
ZolAEZL 2347 H £ dYol Ae
(Non-DisJoint, ©]& NDJ) ZeloidE7} #ejzbzl Aot
g3 Ueix) FepeldEE v FHeixizh ok

svr rcv partial commit (DELTAA)
begin
if (no Participants)
logging (DELTAA)

send global-partial-commit
return

for (NDJ-CLIENT in Participants)
send partial-commit (DELTAA) to NDJ CLIENT

for (timcout)
wait for response from CLIENT
if (any partial-rcject) then
begin
for (NDJ-CLIENT in Participants)
send global- partial-abort to NDJ-CLIENT
cnd
clse if (all partial-accept) then
begin
logging (DELTAA)
update object with DELTAA
for (NDJ-CLIENT in Participants)
send global-partial -accept to NDJ CLIENT
end

end

cInt-rev-partial -commit (DELTAA)
begin
Display DELTAA
wait for uscr decision
if (decision is partial-accept) then
send partial-accept to SERVER
clsc
send partial-reject to SERVER

end
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g 4 Aok B2 A3 (partial-rollback)s A H-EMA

Rel Ae HAs) Ash ASHE EAGY Aol

® 3 BE "3 93 329 Operations

Ta' 3 Opcration of Participant

partial-rollback | undo-delta | partial redo | partial undo
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}ﬂlﬂfE
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8 77 AR "

Participante 44 X8 el w2}l kst fgo=s
oA ed AAE REE ERE ® 2004 AAEA
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a9 188 REE 3 ¢uFs AW} partial-
rollback WAIZ}7E Mol 22sbd 212 RE deltad
7FA A undo® A¥sith 12u @5 AYPel Hoid
A EgtoldERY Y FAE 3t d Eelold
Eof| partial-undo, partial-redo, undo—delta ®lA] A&
2}zy Rt FeEloldE
Al A(partial-undo %3 partial-redo)S Wow undod
ﬂ‘%‘?‘?}l AREAEe] AR S ZIThch ARERLe) AR o] i)

H H3Yd 39+ Aol cascade-partial-rollback- ok

] ]X](reply*partlal*undofok E

HuUa opd HAHfde

I A A (reply -partial-undo-fail ~ E+=
AMulo] Btk Mo A=
S| reply-partial-undo-ok

Ry Y5g AP

7} cascade—partial-rollback ™)

reply—partial -
redo-ok)Z cascade—partial-
rollback-fail
reply -partial-redo—fail) &
SeloldEZRE we
d Agelgt A4

svr-rcv-partial-rollback (TR_IDA)
begin
get DELTAA from LOG
UNDO OBJA with DELTAA
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check DEP_LIST
for (CLIENT in DEP_LIST)
begin

send partial-undo (DELTAA) to CLIENT
cnd
check COOP_LIST
for (CLIENT in COOP_LIST)
begin

if (recovery dependency) then

if (CLIENT is in-transaction) then
send partial-redo (DELTAA) to CLIENT

clse
send partial -undo (DELTAA) to CLIENT
clsc
send undo-delta (DELTAA) to CLIENT

cnd
check INDEP_LIST
for (CLIENT in INDEP_LIST)
begin

storc DELTAA for CLIENT
end

cnd

clnt-rcv-cascadce-partial -rollback (DELTAA)}
begin
UNDO OBJA with DELTAA
wait for uscr decision
if (decision is cascade—partial-rollback) then
send cascade-partial-rollback-ok to SEVER
clse
send cascade-partial-rollback - fail to SEVER

end

g 18 NP dy gndE
6.3.3 Undo ¥1E|&

of ERAME HE FAY3A &e FloldEe] A
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svr-rcv-request-UNDQO -data (TR_[DA)
begin
check UNDO_INFORM
if (exist) then
begin
get DELTAA from UNDO_INFORM
send reply -UNDO-data(DELTAA)

to TR_IDA



76 HRAFEH=EA !

delete DELTAA from UNDO_INFORM
end

end

clnt request-UNDO-data (TR_IDA) ]
begin
send recuest -UNDO-data msg
to SEVER
for (timcout)
wait for responsce
if (data in reply UNDO-data) then
begin
UNDO OBJA with DELTAA
Display OBJA
cnd

F:nd
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ZelolJEse] AR FAE 93 WA xlolth Zelo)
AE7} request-UNDO-data WA A1E HUE AHE &
ZF ZgtoldEe) U1d undo AR YEXES AARCE
gl greF Exjgichd FEho|dES Fastd dolE
(delta)g AH3HA =2 FEIAEE undoE H st
AL A

6.4 3|8 Z2=2 0fix|

o] oM o] wiollA AAF B 22EZL o]f
st AAE Ed 18 208 7 Felo|AESe] Ty,
Ts 282 T ERAAS d33te] Mue do)HE
TA HAE o, oF DAl &gt Tae] d3] A 38 A
g HeFEo,

FAUNNELT, Server SRUNE2T, SRUUE3T,
Peques! CRGXIcK fodk
Cenlict
[
N
req_sertst_commii | eI vy fat_commil |DEI
o fAepy_paria_aaenl
b Reply_perbal_zmapl
ue Potet partd_conmil UPDATE DEl:
. A UROATE Ol

s . . b
. .
ron_sarkal_roibank [STRD oo py rabaciTRUD, )
b e eeeee reRy_par_roitiark

unde_deita bl
]

)

acoding
Asria)_rallacd
P 1_polbzci{TR_ Dy b | o _parta_rolibak
repl_parke rdbadc bo....... -
Uindu_gwta

»

Ordo_gel b (DEMR) 14—
.

»
. . » .
- . . -

drdo_tei&a(Deilmg)
-

—» ReqEsiNessgr - RelyNessge

I 20 3E ZREZY 4

TaolMe ME-ENMH TV A3 Zo]x Tyl

dojetuo] 2 Al 30 ¥ A 1 Z(20032)

T 7h A8 Foln TeolME TV A8 Zolu agln
Zt MB-EAYRL 2t 98 TRZEEZ([2]d 93] ¥
e $EIT} o] W FolAELLS AMEAY] 0 F i
ol TA'®] 2E HH 2 A =10 A¥E & 29
ulg}l B} FelojdEe] EMAMAS Aojdol whetA] Mw
ETAS 88 254 glo] % 2] 2o)Ud Felold
E39E undo-delta WIAIAE EWa((), Ta'$d 38 &
Aol EA)8kE Ty'ol e partial-undo(dH 28 2
d4h) WARE FelolelE2e] Hlth(), 183 Ty
A BRE HIE AAYs AW Ty'e -8 HIE
[ATH(). ol Mu= FololdE]ln Fojo|AE3
undo—delta A AE Hujo] 32 AUS ZF3F0}

fr dow

7. 79

ad 212 A4 2 FEE AN2ge] E2E Kela 9l
o AHe DEC 400/5009 € 22h2 olo[efu|o] 2
(Oracle 8™)2 wj¥oz FHagn ZeoldEE
Windows 98 &7 2] Microsoft Visual C+- 6.0 =71&
olgste] TAAAG. Telm AW Fepoldut 24
Aoz Helg g dEdch

Cabiog M@ g

b 1
([ wiater Jos{ e )} Beaw Jos{ wiide |
] 3
H 3p cagp Manager J
— — —

;- Cliert

[ Prokoal Managsr

Profioni Manager

‘ J;:[‘ M5 cags Managar J

Tron @ndon Reon vy
Managsr Manager

O¥ 21 AZHe 1z

e 7ig 21 #e] T8 (Catalog Manager), &F
#8] YE(Lock Manager), E#HHA Hg) TEH
(Transaction Manager), & 2] EE(Recovery
Manager), ZT2&F #2] 2 &(Protocol Manager), =
a1 #8 ®E(Log Manager), 1831 #WAA #e 2E
(Message Manager)2] 7708] T82 FA=Y 4z 9]
7Ne& g3 2o

«7tgg 1 #Ae] BE  Oracle Databased] #2384

Wet FRg Bese EE



Felo|AE-AMH BAd A T3 HoH] W7 ERQAS AT =5 7Y 77

S BE BE A AR AP0 JbAsE 8 $RE% Obe 27 4% Bl An (hE 4
wE getoldus] 4 Aglo] HEd JehE Melch o714,
CEWAA B NE o ERAM 83 U Bad #e A4Ee g &8 438 99 g0l
Mol A3 591 FeoUE 5o ANE Pelels . (thi FeoldE (ol F¥ 5E aysels 4z
§ W, spie] dagAe Cold F8E Mu-Edd el
-8

B pe =E 3B gdd AolE v BE HAEE RAEoh (Eh A7t Ce2RE AME-EW
51 ZoldE 2% WA o AX(164.125.69.2447009-0)9] ¥-8 Aol sl 58 2
_g,' 3

A = Heldls SLE AdE A3 FAHE HAFEo & reply partial-
<270 AY BE 270 g3 A28 #gEle BE rollback-ok WAIAE Wol undoE Aadk gefelar Co
< HAlA] #e] BE &S 5 d9E 97ls A © PR HdEe ME-ERAAT 85 F4540] e

}AY e V%S Bete BE A H-E WA A(164.125.69.2447010-0)ell - A partial-
cZZoldEE 4700 BEE FAEHD 2zt 7% undo WAIRAE -2 Yol 1Elm (i MW ERE
o3 {%ﬁ} undo-delta MAIAE e} 7 o] Ho]E 2 Yddjo|E

[t
B
J%‘:
i
A
o

Felo]AE M) EdANe & @_fsgo}eq Al S Bl (uhE CollAd £33 A
; H-Ed4(164.125.60.2447010-009] $15] F& Hsjo]

38 g TE  FEYoIAE YA 38 3 A o g 3215“ S Aojgt dog BAE CF Gelle
BE #ds BE g oV} & FH “01 A= AE-EddMo] glonz
cZZEZ ge RE A @3shke WAl A undo-delta ®A] = ld%b_ Coe AW ERE S8
W2 RE e faze] g Helg #ese ZE £ o} undo X}‘d g3k (Hhe Ao dad
AR #E] BEc AAE Bl AuE g52E 4, JelE Heloh
Bzl 7le s B©9se SE _
29 2 FEY A29e Agse Aue 54wy O EE X FR AT
oA LAEE ERNRA HEe 45 B o to)H o] =8 AW F7t volEy} FEtolAE A Hd
AL EA] A9 ‘FHe] HE HoloZA dA Az o = Ed o o) MAR= %a}ol‘ﬁ‘édﬂfﬂ B4
2 A E5eldEN ¥5 £ AP st Atk 1 F A E@AX0) I (rollback)E W @Sk #AE 3

Foelols O3 Gt 37 Belie] EAS: T A4 Ash] A 808 AWe chesld,

3 & o



78 ARAEI=FA]

o] FoA AHAE T ERNAM 38 ge) g )
< O3 2o AR, EdgAe] 3 §]°“ ols) F7t ‘&
Aol FAHA Eate EAE ERYMIY] &
MEE stz o] RS 38 7y ] 283l Bﬂés}?&
o A, A8 AlZlo] 7 A= £ EdlA Mol A4 A
3l(total rollback)® Z-$ xvl-g9] Azo] Wasir}
olg #4dy) I FE GHE AME-EWRYHOZ
st B8 A3 (partial-rollback) S #MAIskgch Al
A, "gag HelHE & EWRAME A4 H3I
(cascading rollback)®] Aoz 3l 7]&94 EdYA
3= 7 M o] Z 7“xﬂ°ﬂ£ T dAse
Ax £ el HBshd EHag A d3 EAN
MM o] F7kshe EAZF ok °] =S 3Ee JHE
EH5sln 5% A4 undo-delta®t FE AAF
(partial-redo) Z12]l3 H% i (partial-undo)& 7+ %
gloll HAsA H 83t HE Ao 7HS AME BE
83 44 H3) ERYHS EQch AT =R o =E
AN AAE FE 7|ME FPsr] A FE Ao ¢
9% 2 Z2eEg AT FAst AARE BYoh

o] =R thgx 4 Ju AlLH L F(system
failures)$} vltio] 2 F(media failures)oll wlsirs &
% A3y gasich =% 37 dolH WA ENgAY
35 7o) & A HF B £ BHo) 3 A7
& ojo} 3o},

0/\

[1] J. Eliot, B. Moss, “Log-Based Recovery for Nested
Transactions”, Proceedings of the 13th VLDB
Conference, pp.427-423, 1987
HAQ, 553 “Bi9 AAFRALHAA 2
7 71ME ol 8% FEH U delHe WA ZUF' ‘ﬂ
ZART8LE] =FA vol.26, no9, pp.1061-1072, 1999
Gail E. Kaiser,
Multiuser  Environments”,
Systems, pp.409-433, 1995
Henry F. Korth, Eliezer Levy, Abraham
Silberschatz, "A Formal Approach to Recovery by
Compensating Transactions”, Proceedings of the
16th VLDB Conference, PP.95-106, 1990
[5] David B. Lomet, "MLR : A Recovery Method for
Multi-level Systems”, ACM SIGMOD, pp.185-194,

[2]

[3]

“Cooperative Transactions for
Modern  Database

[4]

1992
[6] Jin-oh Choi, Young-sang Shin, and Bong-hee
Hong, "Update Propagation of Replicated Data in

Distributed Spatial Databases’, Proc. of 10th
International Conference on DEXA '99, pp.952-963,
1999

[7]

8]

(9]

[10]

(12]

(13]

[14

[15]

(16]

[17]

die]etro] 2 A 30 ¥ Al 1 3.(20032)

G. Alonso, D. Agrawal, A. El Abbadi, "Reducing
Recovery Constraints on Locking based Protocols”,
ACM SIGMOD/PODS 94, pp.129-138, 1994

R. Laurini, “Fundamentals of Spatial Information
Systems”, Academic Press, 1992

M.]. Egenhofer, "Reasoning about binary topological
relations”, 2th International Symposium, SSD 91,
pp.143-160, 1991

A, HRL, 2oy, §88, “FelolJE WA EY
AR FAE D AR Ao, 9 SHP RN
71 FgEEEEFF, vol.26, no.2, pp.323-325, 1999
Abraham Silberschatz, Henry F. Korth,
S Sudarshan, “Chapter 15. Recovery System’,
Database System Concepts, pp.511-542, 1997

C. Mohan, “ARIES/CSA: A Method for Database
Recovery in Client-Server Architectures”, ACM
SIGMOD, vol.23, no.2, pp.55-66, 1994

C. Mohan, Don Haderle, Bruce Lindsay, Hamid
Pirahesh, Peter Schwarz, "ARIES @ A Transaction
Recovery Method Supporting Fine-Granularity
Locking and Partial Rollbacks Using Write-Ahead
Logging”, ACM Transactions on Database
Systems, Vol.17, No.1, pp.94-162, 1992

Theo Haerder, Kurt Rothermel, "Concepts for
Transaction Recovery in Nested Transactions”,
ACM, pp.239-248, 1987

Wiliam E. Weihl, “Transaction Processing
Techniques”, Distributed Systems, pp.329-352, 1993
Won Kim, Henry F. Korth, “A Model of CAD
Transactions”, Proceedings of VLDB 85, pp.25-33,
1985

uAH, AEH, HRL, T8I, “FEolJE-AH 8F
A FIt HeolH W7 ERAMHS 9% 35 71‘%‘14
A 2 FE7, 2000 FEYEAES 7S gGegd
£3], vol.27, no.2, pp.101-103, 2000

vl A

19993 29 Rahfgiw ZijvEF’-f—fM S

QEEAD. 2001 29 FA St o)Et
AFEE ey %‘d(%—if}w}). 2001

39 ~ A 2T gy AR

Fatat wpAbsy A S g Rk A2

AR A2, 2ud GIS, ¢ GIS, B3¢



SO QE-HH FHo)AM Tt Hole o

AL

19919 29 ®Adistn HARHTES 2
A(FEAL). 19953 24 BAbhEtw o3}
4 AFEHTEY EAFEAHAD. 19984
~ 2002 AT PHFAFEE
HA7AL 20009 2€ Baohstu ojgt
4 HAFEHTHIE EJF b, 20009
~ QA Bae|Foiqstn HHHAAFTERE Zug AN
Fohz AHAR A4, BAAAE, 26l wlo|ghuo) 2

% % 3
1982 29 Aguishn ARE LT =

A(FEAL. 1984 29 M-S shar ujst
H AFEFETN EA(FAAD. 1988
8¢ Azisty e AFE TN &
AFhEtab, 19873 49 ~ @A 52

| A et FHoist HFE P a4
A BAdSn HHE 2 FHEN JFA A7, Fakg
atal thehe GIS®s) 529 w4

Ll

ot

to

79



