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Abstract In a client-server spatial database, it is desirable to maintain the cached data in a client
side to minimize the communication overhead across a network. This paper deals with the issues of
concurrency and consistency of map updates in this environment. A client transaction to update map
data is an interactive work and takes a long time to complete it. The map update in a client site may
affect the other sites’ updates because of dependencies between spatial data stored at different sites.
The concurrent updates should be propagated to the other clients as well as the server to keep the
consistency of map replicated in a client cache, and also the communication overhead of the update
propagation should be minimized not to lose the benefit of caching.

The newly proposed cache region locking with CR lock and CX lock controls the update
dependency due to spatial relationships. CS lock and COD lock are suggested to use optimistic
detection-based approaches for guaranteeing the consistency of cached client data. The cooperative
update protocol uses these extended locking primitives and Spatial Relationship—-based 2PC
(SR-based 2PC). This paper argues that the concurrent updates of cached client spatial data can be
achieved by deciding on collaborative updates or independent updates based on spatial relationships.
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Coordinator Agent Participants:
t—p id- it | —p| receve DELTA
(wait) (wait) (want lor use.r's decislon)

. . o
lg— reply-mid-accept
merge DELTA |¢—| send-global-mid-commit | —yf merge DELTA

merge DELTA

(a) the case of global commit

Participants ;

—— Coordinator
id- it | receve DELTA

Agent
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it

(wall) (wait) (walt for user's decision)
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. . .
l¢— reply-mid-refect
delste DELTA g send-global-mid-abort || delele DELTA

delete DELTA

{b) the case of global abort

Coordinator
id-
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merge DELTA send-global-mid-commit

merge DELTA

{c) the case of no Participants
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(Map Update Transactlon)

Begin T,
request-CR-lock(Dg,)
request-CX-lock(UDQ,,)
(Update on UDO0,,)
: an update cycle
mid-commit(UDO,,)
release-CX-lock(UDO,,)

request-CX-lock(UDO,,)
(Update on UDO,,)

release-CR-lock(Dp,)
commit T,
End T,
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Bt request-CR-lock #4+e CR A79 99de &
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Agentdl X B E= svr-rev-request-CR-lock ¢4k
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7IAE CR &< 717 & E
Al Participant2 A8l CR REFL 43} w3l
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CR #=ol ¥4

function request-CR-lock 1unction svr-rcv-request-CR-lock (TR_ID,, CRG,)

var var
GRG, : the region of CR lock of T, NDJ_GLIENT . a cllentin Participants ol T,
CRL, : the CR lock of T, CRL, the GR ook of T,
TR_ID, : the transaction id of T, CODL, the GOD lock of T,
CODL, * the COD lock of Ty, begin
begin for (CRGin all client transactions)

define CRG, begin

check Non Disjoint state

it (Non Disjaint) then

add GRG/s TR_ID, to Participants

end

send request-CR-fock msg
with TR_ID, and CRG, to Agent

for {limeout)

wait lor response set CRL, with CRG,,
It (there 1s CODL,) then

update own cache with CODL,

for (NDJ_GLIENT in Particpants)
add TR_ID, to NDJ_CLIENT's Participants

wrlte GRIL, 10 log
end

get the CODL,

send reply-reqy R-lock msg

end

% 11 CR F=9 824 gagz

642 CX Z5< 44

EAYMH Tao] CX 27 4% ¢aaZe 19 129
Bth request-CX-lock 43+& 534 MAAS& Hos}
o AgentZ B H g 5 RS Agents T
199t AgentlAX reply-CX-ok7l & woj=
TEO gl AoE FFo] A AIE gL Ao
22 4L 3 UZ 5 vk g reply-CX-
conflict7} & wWole FEo] Je AlZZ wake-up
ol & wW7A urIsteiel Ftt Agenrdl N S@HE
svr-rcv-request-CX-lock 94k 25 53] ot
reply-request-CX~ok £-& reply-request-CX-conflict
g S WARE Bule] FAHE Ao

function request-CX-lock functlon svr-rev-request-CX-lock (TA_ID,, UDO,)

var var
TR_ID, : the transaclion 1d of Ty NDJ_GLIENT : a client in Participants of Ty
UDO,  the UpDaling Objects of Ty BLCK_LIST, . the blocked transaction id list dug to Ta
CXLy ; the CXlogk of Ty CXLa the CXlock of Ta
begin begin
define Lhe object set for CXL, get TR_IDA's Participants from catalog

and get UDO,
for (NDJ_GLIENT in Participants)
send request-CX-lock msg bagin

with TR_ID, and UDO, to Agent check global SR dependency

1f (depandent) then
for (timeout) add TA_ID lo NDJ_CLIENT's BLCK_LIST,
walt for response and

It {reply-CX-conflict) then it (there is a global SR dependent NDJ_CLIENT) then
begin begln
wait for wake-up wiite UDO, with blocked status 1o catalog

If (wake-up) then send reply-CX-confilct
wilte its own UDO, to log end
end olse
elss begin
wite Its own UDO,4 to leg sot CXLa with UDOA
end send reply-CX-ok

end

and 4‘

%12 CX FEY 23 dudE:
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6.4.3 mid-commit

mid-commit®] SR 79+ 2PC #d ¢nzdEe a3
133 2% mid-commit 94 Ta®l DELTAAE
Agent® RUl1 §HE 1HATh Agentl X s HE=
svr-rev-mid-commit @MelME Ta2l Participantol
A mid-commitg FATFERaL AMERLY] gk o F &
=S Jigddn, 25 Participant’t mid-accept® R

H=
LW mid-commite 4F3t  global-mid-commit-&
Ta® Participant| Al A¥ste] DELTAAE WA

ol

}il, Participant % mid-reject® BUlRE Fehold
E Ede] 91& ¢ global-mid-abortd H3tate]
mid-commit$ &g FHAiA 2t

function mid-commit {function svr-rev-mid-commit (TR_ID,, DELTA,)

var var
DELTA, : the DELTA of T, NDJ-CLIENT : a chienl i1 Participants
UDO, : the UpDating Objects of T, begit

begln get TR_ID,'s Participants from catalog

get DELTA, from UDO,
send mid-commit to Agent
for {timeout)
, walt for response
It (ssnd-global-mid-commit) then
marge DELTA, lo della stack walt for responses of Participants
else Il (send-global-abort) than It (there Is any reply-mid-reject) then.
dalste DELTA, begin
end for (NDJ-CLIENT in Participants)
send send-giobal-mid-abort lo NDJ-CLIENT
function clnt-rov-mick-commit OELTAY || 4P¥1 PELTA
begin alse it {all reply-mid-accept) then
display DELTA, begin
for (NDJ-GLIENT 1n Participants)
If (user's decislon is accept) then send sand-global-mid-commit to NDJ-CLIENT
. sand reply-mid-accept (o Agent merge DELTA , to delta stack
else ond
send reply-mid-refact to Agent end
for {imeout) walt for response
If (send-global-commit} then
merge DELTA, 1o delta slack
else if (send-global-abort) hen
delele DELTA,
end

for (NDJ-CLIENT in Participants)
sand DELTA, fo NDJ-CLEENT

for (timeout)

walit for user’s decision
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