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Abstract; Traditional continuous data protection ( CDP) had difficult in selecting the right one from many restore points,
could not guarantee consistence of data recovery and could not support transaction-level recovery for the application. This paper
suggested an event-based continuous data protection recovery system, and gave the detail design of the three core components
including the application-aware model, the application-collaborative model and the event-based recovery view. It implemented
the key functions of EBRS in Oracle database environment. Experiment results show that event-based continuous data protec-
tion recovery system has the features of supporting fine-grained data recovery, efficient recovery and good data consistence,
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and has broad application prospects.
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SOy RSk R G I RS A AR TR B e i — U
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IS B offset FIHRBZIEE — % H AL ® AR Ma L.
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unsigned char vld;
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unsigned short senl ;
unsigned int scn2;
{ record_header; //12 Byte
A5 record_len Bl LA E 1% H I A KL o
d) BORrk & K513
1E record_header 22 J5 I HUHT Sk , BB Sk 32 20 S HUBT T A
BRSO (R B eibhl (DBA) x4 1D (oid) 45,
typedef struct _cv_header
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unsigned short bels; //block class
unsigned short afn;
unsigned short unl; //FH5%F 5%
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unsigned short senl ;
unsigned short un2; //FHi%}5F
unsigned char seq;
unsigned char type;
unsigned short oid;
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FaE SR
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unsigned short len;
unsigned short * index;
| index_table;
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F1  vector_tran SEE B K X

FE 27 T/ Byte BX
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BN FBCA col _num (4 AR5 £5) (bdba ( 3 1) %545 S i
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FeXF4 id bdba slot 7] LT H 6 ALk AE4T ROWID, ROWID
H PO 2B - B X G 4 5 (oid)  SCE S 5 i 5 AT
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22 vector_control JEEETFEL I & X

FB i ffi#s/ Byte BX

bdba unsigned int 0 block dba
(',()l_num Unsigne(] (‘,har 19 yljﬁ
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1E vector_tran F vector_control 2 J5 524 A PSR 5
H vector_data_insert, Vector_data_insert f§ col _num ( i A 151
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e) TS ABRIE SQL 354, Hikg =k
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KA ROWID, SR S5 AT B 4 i G FE . Update 513K
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1 2 Btye, fy AT AR BBV E U0 S 3 1R 2 H A1)
B 4y th 24~ — 64 (column_len, column_data) ZH %, H
column_len 5% 1 Byte, 54535551 B0 715 B column_len [fij
TE o FNVEEE AT AR < 6 BB R A R bR o B B PR
2L 1 Btye [¥) column_len 1 column_len =77 1) 51 B 4658 43, A
MRS IR S B E S AT 1 P B R AERY SQL 15 /a), HiA%
E2 W)

update set table_name col_namel = valuel ,col_name2 = value_2 where
rowid = ROWID
3) 2L delete $21E

Delete $/EXT N7 (4 B AE S 0x0b03, Xf T+ delete #21F, H
T b TR 2 55 XID FMBRIC % 1Y ROWID Riw], HEE
BriARLE ) B AL $E vector_tran F1 vector _control W34y, XID F
ROWID (WA 2L B insert 454 v i) A 3o A5AH [w] , A A7 1L 110
SQL #EAJkg =Ny

DELETE FROM table_name WHERE col_name = value and rowid = RO-
WID

5.4 Oracle ETEMHMKE

Oracle J& T F I 50 J A F LRI IR T AR
WIS o HEH T S PR 1B L0 DA e P 90 ks A2 28 (O

IIBIAEAL BRI S 1 72, EBRS S5 98 I SCAR gl b
2 CDP AR 45 IR TR AL s S A 2 R 2 BRI A i A, J
JA T Oracle RY%UHE PERRAERE T, B4R SQL i A ) Iy XRS5
5.4.1 ALEKR

EBRS TER 55 i 4E 4 1 — A Fe AL G54, B X B4~ B
FHERAAE T ER ORGP BT BT 7 A i SC S A, A A A R A
FEEEE R R, TP 7E 52 KR 3 K I, EBRS agent B 551K
3K EBRS server & ik FAALIEI 2544 , IFAER P v - E LA 52 AR
W, PRZALEL A P S AL R DR I ] P B e 7 2 ) — Bk
A4 (checkpoint event) FTHE 1 (sql_op) o

9 SR T HA I B Oracle SIATHUEAERFS ., [ i
7 Oracle TERZIN A BEIN A2 T =AM A U 2f A4 LK 7SS sql_op
FF, AT, X AFAS sql_op 73 BRI 55 A,
Foa R T,(i=1,2,3,4,5,6), I T, AEFHFF%,IJFHA
£ —2%% SQL {E/4] insert table a, £/RhFi 45 T, [0 o HA—5
o,

M checkpoint event markers ® Sql_op event markers

event capture insert update delete insert

begins table_a table_a table_a table ¢

| |

—p older r 'Y 3 r new__,
data ? ? data

update insert

table_b table_b Oracle Oracle

checkpoint 2 checkpoint 3

9 Oracle #4751
Oracle [T HRAE PRI BBk B DL 5, 45 ik 3]
EBRS server; EBRS server 4 L6454 741 A= i - AL B, &
10 7R T MR S5 #sm AT AL B AR L. DB 10 Hrm] DLy 2 b

Oracle
checkpoint 1

B3 FERTAT S 1 R A 1 0 2 Z B AEFE 5 NS
Ty ~ T ERTE A2 T3 Z 0], A2 7E 1 DS T XEEH S
WS LA E R —— X R
.
]

[7s H©
F10 RS assinE LRl

TEMRIZ I B , %5 7 S 1 3607 5K 1 55 e ik AL T 5l , 4
A PRI IR P s . B L BoR T s ] P
JETR RS AR 250 o 2 P i (A SR AL IR i) P 5 B T IR
TEMIRE A5, AR E S ER AR L 45 8 B ] 0080 A 5 4%
bookmark PR HAWHGALE B % P iAW R AR IR 55 4%
iR A Y, 5 2 ——XT L, S T Oracle 7E1Z B [A]

PT84
time bookmark description
04/18 12.31.44 checkpoint1 ;2538
04/18 12.31:58 T, insert table_a
04/18 12.32.02 T, update table_b
04/18 12.32.35 T5 update table_a
04/18 12.34.25 Ty insert table_b
04/18 12.34.34 Ts delete table_a
04/18 12.:36:59 checkpoint2 ;2539
04/18 12.38:11 Te insert table_c
04/18 12.42.10 checkpoint3:2540

BLL % Pty S AL A

5.4.2 ATHFMHAKRL

EBRS ARIEPRIZ LA 5 5 P (R 2 5t 72, P AT DAAR B
B YT BRI o5, W P o] DL B — B SR IR B
#(Oracle checkpoint) , 7] LIESFFSHIRE A T, ~ Too XA
[+, EBRS K23 R B[R] i 2 e, BARGNTT

a) KA s RS , Oracle R 500 IO 1) 50408 RAs b — B4k
PERAS  EBRS 1R F Gt i o P I SO 9B CDP YIRS 4%
M, Y7 A IR . FLAHE , EBRS agent 2R U 7 2B £
AR S JEBRZS IR 2 37 >R & 7% 3] EBRS server; EBRS server ¥
WP 2 AR B R A A s BB A, DU SR RG2S A P T B (1)
FEL 38 A1 CDP server ¥4 2 1Z i 21 () B8 WA, SR J5 & 3% %)
EBRS agent , M58 UK 3 7

b) ST R . B 11 IR B, T, ~ T, 2H 5
PRI SR AIARES , AR T %) %1 Oracle $RAT A S5 S5 4R VE 915 ..
Xf T IX LI 2 BIRRIL , PR 2 I 55 0 R . 55710 s
YRIZ 53 P B, BIVECHE PER UG AL AN g5 55 B 3 Bt . 7EIEAT
PRIZZ 15, 1 e SR B 1% 55 R B A A 1Y L AR



5 2

IR F ATERHNESERERY AGAR <471 -

SRR A ST R BT R Z M E S BTSRRI
PRIZ B[R] 12 234 2 34 PAT Ts BRAE 2], F AR S T
Wmr:

(a) EBRS server FEFHFLIE H, I T 15 s P AR 1) b A 0545
— AN ST GX R i 1) AR BUGZ A A i PAE T 1 ]
ckp_time:04/18 12 :34 : 44,

(b) LA ckp_time 2% ] CDP server #4%1% I %] Oracle
Xof IO AR RSAS. , 8 B0l A a8 308 1 i 5

(¢) EBRS agent B S5 25 i % 0 119 50808 , 38 43 200808 2 )
TR EGT R, SE AL Oracle RHIEIR IR 372 , SR 15 i3 3l Oracle;

(d)EBRS server LLiZAa#r il 1 e s o) i P HA %7757
FOIRBUNS A 8 1 255 T Z I ETA H 5 BE 7 51, Bl
55 Ty ~Ts Frdd & B BT A SQL iE R P41, FfoRf ik 28 SQL i)
31 % 3%3)] EBRS agent;

(e)EBRS agent i@ 8 Ji] Oracle 4 i F 4% 1, JUF S04 T 3%
e SQL 184] , RMKIKANAT insert table a( T, ) update table b(T,) .
update table a( T;) .insert table b( T, ) Fl delete table a(Ts) ;

() FEIKIZ L

6 ERZilliz

ARG 2L R G D REdE , EBRS $2 I T 2 1R 1)
YRR, FEWR S I A TP SR AR A R HTZ T SRR 28 1Pk 2 1R
KR SE TR IR i B o AR 58 FEZEPAAE Oracle 355, 4
PEOLPE ) e 1 S AP TR

T ST AR R test] FI test2 , SR JE MU A HET T LA
10 TR 23 R T I B A

#3 Wl

Bf: I ]
1 alter system checkpoint:1 10:23:05
2 insert into test]l values(1, 'a. txt’,sysdate) 10:23:32
3 insert into testl values(2, 'b. txt’,sysdate) 10:24:14
4 insert into test2 values(1,0,1024 sysdate) 10:25:03
5 alter system checkpoint:2 10:25 :48
6 insert into test]l values(3, ‘c. txt’,sysdate) 10:26:02
7 update testl set filename ='d. txt" where id =2 10:30:11
8  delete from testl where id ='c. txt’ 10:31:26
9  insert into testl values(4, 'f. xt’,sysdate) 10:32:18
10 alter system checkpoint:3 10:32:30

M3 T I H D 49 60 1 = RS £ 4 A - 10
R PE SQL iEA)#AE . EBRS P2 RBEE IR 2 14 SQL iF
ARSI R
sqlredo_ test. log
1 XID = 0x0100. 1900. AB0O00000 ROWID = AAADVJAABAAAKUyAAA
2 INSERT INTO testl (ID,FILENAME , CREATE_TIME) VALUES

(1,'a,txt’,"2011-04-22 10:23 :32") ;
3 XID = 0x0200. 2400. A7000000 ROWID = AAADVJAABAAAKUyAAB
4 INSERT INTO testl ( ID,FILENAME , CREATE_TIME) VALUES
(2,'b.txt’,"2011-04-22 10 :24 : 14") 5
5 XID = 0x0800. 1900. B9000000 ROWID = AAADVKAABAAAKU6AAA
6 INSERT INTO test2(ID,OFFSET,LENGTH, WRITE_TIME) VALUES
(1,0,1024,"2011-04-22 10:25:03")
7 XID = 0x0400,2700 , AC0O00000 ROWID = AAADVjAABAAAKUyAAC
8 INSERT INTO testl ( ID,FILENAME,CREATE_TIME) VALUES
(3,'C.xt","2011-04-22 10:26 : 02") ;
9 XID = 0x0500. 2500. AE000000 ROWID = AAADVjAABAAAKUyAAB
10 UPDATE testl SET FILENAME ='d, txt' WHERE ID =1 AND
FILENAME ='b,ixt" AND CREATE_TIME = "2011-04-22 10:24 :14") ;

11 XID = 0x0600. 2100. AE000000 ROWID = AAADVjAABAAAKUYAAC

12 DELETE FROM testl WHERE ID =3 AND FILENAME ='C. txt’ AND
CREATE TIME = 2011-04-22 10 :26 :02';

13 XID = 0x0800. 1C00. B8000000 ROWID = AAADVAABAAAKUyAAD

14 INSERT INTO testl (1D, FILENAME ,CREATE_TIME) VALUES

(2,'f.1xt’,'2011-04-22 10 :32 : 18")

ML EFF 50 AT LU Y, 45— 30 SQL 3 4 #F L4 XID =7 11
“ROWID =" 14, Herp XID 85 55 4, ROWID Jhy BT A
XERLAGAT S o ARFEFRIBUE ) SQL TE A1 P81, I 55 i A i = 1F
WL FEWAL I T SR L o [ 12 BoR TR

2l =2
Fm R B S AL
x|
IEMN T EIARRPIERE— T REBRIR e

mHE - =3 [ezm=a ﬂ
04/22 10:23:05 checkpoint: 1 2RRES

04/22 10:23:32  INSERT TEST1 values(1,'a.txt’,'2011-C
04/22 10:24:14  INSERT TEST1 values(2,'b.txt,'2011-C
04/22 10:25:03  INSERT TEST2 values(1,0,1024,'2011-
04/22 10:25:48 checkpoint: 2 2RRES

04/22 10:26:02  INSERT TEST1 values(3,'c,txt’,'2011-0

04/22 10:30:11
04/22 10:31:26
04/22 10:32:18

UPDATE TEST1
DELETE TEST1
INSERT TEST1

set FILENAME ='d. txt' V
delete from test1WHER
values(4,'f.txt’,'2011-0

e | =2 | mi |

B2 A
M 12 "L AR B T — MR R3] 3%,
IR IR T — B R P T R AL LA
S IAB IS W) P S R R ) T SURR 28 B 26 1 TR A A1 3R 15 6
IR R, RGAE Oracle IR T #E47 455 H G MM FIHE T
o WK R, DIRE R, S8 T T 19 FAR

7 HRiE

ASCE A BAT CDP RS S 4 B — B R
VRIDRLBE =T A AE Y TR, 32 1 56T JeF Ukl ¥ CDP 4k
B fEPTT 5, IFHAE Oracle P85 T SCL T EBRS HYSCHEIIRE

XA R LG T IRA RS TR T ARSI T .

a) %] Oracle H55- BAF RO T 2k — 2L 5835, H G0y
SIREME A B ST A2 JR ) R P SR ANATBE R RS R B SR R
2 Oracle AR S

b) T SIS BE 22 F R AT 1) 3. EBRS 2 1 ) 22 v
FRZRGE , XA T] B RO P, 0714 0 2 B B 5 A [] 1) 45
AR DR BT A I IO AR, AR AR I A B T S
HIEhEE.
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