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1 DTSTLS .2 DTSTLS
3 DTSTLS . 4 DTSTLS
1 DTSTLS
1 . )
, (DBSVR),
, Oracle, Sybase, DB2, SQL Server DBSVR ,
(sync server), EMDB
DBSVR . (MC) ,
EMDB . ODBC ,EMDB DBSVR
EMDE
e T Wireless WAN Cell /
/~ @ EMDB /| Sync | —— A _Sever Js- N -~ -
{ . Fixed network

(Mbps to gbps)

~<

——

{ Wirelessinterit ) / 2M%EM DB
~ PR !
S~ _EMDBXGy __-- “Wreless LAN Cell__-”
Database server( ), Synchronization server( ), Replica( ),
Embedded mobile database( ), , , ,
Internet Cellular ,

Fig.1 Architecture of the replicated mobile database system

1

, EMDB Sync Server ,Sync

Server (ROWA) DBSVR , , DBSVR ,
[7.8]
: ( .
DBSVR ). EMDB EMDB DBSVR ,
, .DTSTLS 2
EMDB (( WY\
Wireless Sync server DBSVR

\% network \ l

3. E3

Synchronization server( ), Database Server( ), Replica( ),
Embedded mobile database( ),
Fig.2 DTSTLS synchronization model
2 DTSTLS
DTSTLS ,DBSVR ACID , ,
EMDB , DBSVR ,
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DBSVR.
: . , DBSVR
, EMDB ( 2 ).EMDB 3 ,
, 3
D
EMDB DBSVR , ,
EMDB DBSVR , EMDB
@)
EMDB ,EMDB  DBSVR
.EMDB .
( , EMDB ,
SQL ).
I( ). T, OP(T,i) T i ! OP(T,i) ReadSet(T,i)
OP(T,i) (@ - 3 )
2( ). T, ¥ ReadSet(T,i) ,  PTY(¥),STY¥)
OP(T,i) v , T i OP(T,i)
:Rimage(T,i)={(¥,{ ,0 )|¥ ReadSet(T,i) A { =PT(¥) A o =STY ¥)}.
3( ). T n , T
RSet(T) :OReadsaﬁ, i).
i=1
, . EMDB
.EMDB 2
©)
EMDB DBSVR , ( , EMDB
), ,EMDB  DBSVR ,EMDB
2 DTSTLS
DTSTLS ,DBSVR , . EMDB
, DBSVR ( 3(a) ).
, 1~ 4 :
PTS(X, Ste): X Ste )
STS(X, Ste): X Ste ,
MCID(MC): MC ,
MTID(MT): MT ,
CurrTime(Site): Ste .
1. MC MT
MTID(MT)= MCID(MC): CurrTime(MC).
2. EMDB MT X, :PTS(X, EMDB) ,
STS(X, EMDB)= MTID(MT).
3. , DBSVR X MT ( 3 ) X

PTS(X, DBSVR)= CurrTime(DBSVR),
STS(X, DBSVR)= MTID(MT).
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4. ,EMDB X
PTS(X, EMDB)= PTS(X, DBSVR),
STS(X, EMDB)= <null>.

DTSTLS , DBSVR( ),EMDB
( 2 3 5 ), EMDB DBSVR
, ,EMDB ( ,
1 2), EMDB ( )
EMDB .
EMDB Thl 3(a) s EMDB 3
3(b) 4 EMDB
Thl Thl
Name Acc PTS STS Name Acc PTS STS
Joe 3500 tsl null Joe 4000 tsl MT,
Susan 4500 ts2 null Susan 4000 ts2 MT,
Mike 800 ts3 null Mike 1300 ts3 MT,
Bob 2000 ts4 null Bob 2000 ts4 null
David 2000 null MT;
(a) Initial state (b) Final state with mobile transactions completed

(a) (b)
Fig.3 Two different states of the sample database at EMDB

3 EMDB
Transaction operations Read image
| (Thl- *Joe’ ,ts1, null)

MTID I Select Acc from Thl where Acc>3000 | (Tbl- *Susan ts2, null)

MT,y — Update Thl Set Acc=4000 where Acc>3000 A

MT, » Update Thl Set Acc=Acc+50 where Acc<1000 ——>| (Thl- “Mike' ts3,null) |
MTs > Select Acc from Thl where name="Joe' —

Insert into Thl values(‘ David', 2000) A |—>| (Thl- *Joe' tsL, MTy) |
, , Mobile transaction identifier( ).
Fig.4 Structure of thelog fileat EMDB
4 EMDB
3 DTSTLS
DTSTLS ] .
Sync Server . ,EMDB (synchronization request, SR)
Sync Server , .Sync Server SR . SR
m " MT,MT,,...,MT,. MT; (1= i< m) ,Sync Server DBSVR
BT;,BT; MT; . BT; ,%/nc Server
4, T, ¥  ReadSet(T,) A CAN) T
v .
5( ) MTi, n ’ BTia
DBSVR

(1) (3j € [1, n]) A (ReadSet(MT;, j) # ReadSet(BT;, j))
(2 (Fj €1, n) A (T ¥ e (ReadSet(MT;, j) N ReadSet(BT;, ) A (£ (¥, MT;, j)= & (¥, BTy, j)).
BT, SR MT; ,
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. 2 o X MT;
( SR ), X , DBSVR
, X , , ,
, , , EMDB X DBSVR
: MT; ( , ).
6( ). BT; , ,
1. MT; (1< i< m), BT, ,
, BT, DBSVR ) BT;
, BT; MT; , (
), BT; MT; , BT, g ,
BT; , DBSVR )
T BT; , ~ BT; DBSVR
, BT; MT; , O
EMDB , ,
. ,Sync Server ,
EMDB . 1.
1. DTSTLS
INPUT: SR /* */
1 CancelSet=@ ; /* */
2 Fori=1lto|SR|do /* SR JSR|] SR */
3 If (MTID € CancelSet) A (I X € RSet(MT;)) A (STS(X, EMDB)=MTID)
4 Then CancelSet = Cancel Set {MT}; /* MT; */
5 Else Issue(ODBC, ‘BeginTrans'); /* BT; */
6 j=1; pass=true;
7 While (j<= | MT; | ) and (pass==true) do /* |[MT;| MT; */
8 If (MOP;  Delete )then /* MOP;  MT; i */
9 MOP ;
10 Endif;
11 OP; =MOP;; /* OP; BT; j R}
12 Issue(ODBC, OP;), OP; 3
13 If (OP; # SUCCESS)
14 Then pass=false; /* */
15 Endif,
16 If (ReadSet(OP)) # ReadSet(MOP;)) v /* OP; MOP; */
17 (Jwe (ReadSet(OP; ) N ReadSet(MOP)))) A (Timestmp(¥,0P;)Z Timestmp( % ,MOP))))
18 I* OP;  MOP; , 5*/
19 Then pass=false; /* */
20 Endif;
21 =i+l
22 EndWhile;
23 If (pass==true) then Issue(ODBC, ‘CommitTrans' );
24 Else Issue(ODBC, ‘RollBack’ );
25 Endif;
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26 Endif;
27 Endfor;
28 Cancel Set OB.

,Sync Server EMDB
DBSVR
Cancel Set
OB
2.DTSTLS

INPUT: Tiassyne; /¥ EMDB  DBSVR
SyncTable; /* */

CancelSet; /* */

SR; /* */
Issue(ODBC, ‘BeginTrans');
For all Tablename € SyncTabledo /*

OB;
EndFor;
For al MT € CancelSet do  /*
For MT Update/Delete OPup

© 00 N O g b~ W N P

Issue(ODBC, OPs);
OB;

P
[ES)

EndFor;
EndFor;

e
a b w N
IN

Issue(ODBC, ‘ CommitTrans’).

41

DTSTLS
Lite2.0 )

4.2

DTSTLS

DTSTLS ,
DBSVR
DTSTLS
Valuel og) ,

OPup Select OPs;

DBSVR
(output buffer, OB),
EMDB

*/

-

Issue(ODBC, ‘Select * from Tablename where PTS>=T aggync’;  /* PTS

*/

TLaslS/nm

Sync Server
.EMDB

*/

KingBase

,DBSVR EMDB
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Tablel Main parameters of the simulation experiments

1
Parameter Value Meaning
DBsSize 2000 tuples Number of tuplesin the sample database
TupleSize 256 bytes Tuple size of the database
TransSize 4 Average number of operations per transaction
Pr 0.25~0.75 Proportion of read-only transactions at DBSVR
Py 0.25~0.75 Proportion of update operations in update transactions at DBSVR
At 20/s Transaction arrival rate at DBSVR
Am l/s Transaction arrival rate at EMDB
Y7 1~15s Disconnection time
DBSVR , DBSVR . , DBSVR
, EMDB )
—— Pr=0.25,Pu=0.75 38 —X—DTSTLS _ MO T_x—prstLs
= —e— Pr=0.50,Pu=0.50 & —o— ValueLo § 120 | —o— ValueLog
& —A— Pr=0.75,Pu=0.2 < 60 < 100
3 o 20 S 80
z 2 40 % e
g § E
< 2 20 g 40
210 5 20g x
(@) 0 - - - —
013579111315 013579111315 1 3 5 7 9 11 13 15
Disconnection time() Disconnection time() Disconnection time()

Fig.5 Mobiletransaction abort rate Fig.6 Storage consumption of log file Fig.7 Communication cost
5 6 7

,DTSTLS ,
, TupleSize ,DTSTLS

) ,DTSTLS
( ODBC )
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Abstract: Synchronization is one of the key technologies in maintaining the consistency of replicated mobile
database systems. A lot of research has been focused on transactional synchronization schemes in recent years and
many models and algorithms have been proposed. However, existing transactional synchronization schemes have
some limitations. In order to solve these problems, a new synchronization scheme, double-timestamp
transaction-level synchronization (DTSTLS) model, is put forward in this paper. DTSTLS model utilizes a three-tire
architecture. Therefore existing database products can be used as its database server, which improves the flexibility
and extensibility of the system. As an asynchronous group replication method, DTSTLS model allows mobile users
to access local replicas of the database and to locally submit mobile transactions when the system is disconnected.
The locally committed transactions are sent to the synchronization server for conflict reconciliation and
synchronization when the system is reconnected. Mobile transactions that have executed conflicting operations will
be aborted, and only those mobile transactions that do not violate the consistency of the database system can be
globally committed. In this way, the consistency of the database system is ensured. Besides, through a novel
timestamp strategy, DTSTLS model cuts down the resource consumption and reduces the communication costs.
Detailed simulation experiments are carried out, and the results show that the proposed methodology not only
ensures the serializability and consistency of the mobile database system, but also reduces storage consumption and
communication cost.

Key words:  mobile computing; database; transaction processing; replication; synchronization
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