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ABSTRACT

The recovery methods of the existing database system use the physical logging technology for the fast
recovery when the system is destroyed. However, there can be many problems occurred when these methods are
deployed to the client/server system directly. In case of a physical logging technology, we can see an overlapping
between before-image and after-image at the log analysis stage. Also, there can be an unnecessary recovery action
generated because the log analysis performed by the most recovery methods is done by forwarding direction
scheme. Besides that, there is a delay problem on the recovery process when the number of log access is
increased. In this paper, we propose a backward log analysis method, which is suitable for the client/server
environment. The method can minimize both the log analysis time and the logging ovethead by recording a
redo-only log tecord to the log. And it can remove an overlapped before-image at the same time. Also, the
overhead of the data structure that must be maintained at the log analysis is minimized by this method. Finally,
the proposed method is compared with an existing method.
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Y [/ IF (B&L_ThlflogRecpgiD].LSN < logRee LSN)
12 BREAK;
13: CASE "update’ :
14: IF (EXIST{commitLst, logRec.trID) {
15: IF (B&L_ThlllogRec.pglD}.LSN < logRec.LSN) {
16: REDO(B&L. Thi[logRec.pglD].index, logRec.afterlme);
17 MODIFY(B&L_Tbl[logRec.pglD], *, "1, *, * * *, logRec.LSN, logRec.LSN);
V' // IF {B&L_ThlflogRecpgID].LSN < logRec.LSN)
18: IF (logRectrID(1) = 1’} { DEL{commitLst, logRec.trID); }
y// IF (EXIST(conmmitLst, logRec.triD}
19: FLSE |
20: IF (B&L_ThiflogRec.pglD].LSN = logRec LSN) {
21 MODIFY(B&L_Tbl[logRec.pglD], =, 1, % % * * 0, *)
}  /f IF (B&L_TH{logRec pgID]LSN = logRec LSN)
2 weAG
23 CASE ‘ckp’ : firstLSN = logRec.redoLSN;
24 BREAK;
1 // SWITCH

25: logRec == PREV_LOG(:

26: | WHILE (logRec IS NOT BOF AND lopRecISN # firstLSN)

O 1. Hulek 2o P4 o84 A4 el

1933



B4 83 =4 00-11 Vol25 No.liB

Apgsla d 2oL 352 after-imaged ©]-8-8)
of Wi Ao sy A2yl ud A g
A dlejejeo]ls Az EAlRe):

2}al 4-262 viFY 272 flZoHE 3 9 2
2 #ze g 32T AR 2o d3csd] 715
redoLSN 277 #|Fe7ix] Sguldkon 218 R
Fhs whe el

21 ¥4 A g8 27 42=% BE A%
3 Edde] AbEals 4R Eddd 2|lAE
(commitLst)of] F7}gkcHE}al 6).

RS after-image 271 #H2Z=8 43 A4,
20 dzert s slelAle] ulds]x] ysgtest
2. T after-imaged o]&shkd Arsigl o,
B&L_Tblel|l4]  #lltd  #Ho]x|¢]  dirty(’l"), LSN
(logRec.LSN), prevLSN (logRec. LSN)-2- <=7 5)e]
o ol Al ¢ieg PoiEkal 9-11).

A4 2o dZ2ed BAE A dd 2o od=
=] =4 AP commitlste] el @
(el 14-18y& 134 ¢ew @l 19-2hF
AMeljick

@ A 2o AFest & o)A whE=EA] o
& A 22 H32=9 after-imaged o) &
ale] AaPsta, B&L_Tblelld 3 so)=]2]
dirty(*1’), LSN(logRec.LSN), prevLSN(logRec.
LSN)& A%ch=lel 15-17). Z=lz =21 9
eef ulDellA ejofsl A9 18]E7L ‘1old
B 2agae A HA g4l did S§heR
commitLstollA] sl EQAG APEAE A

Tkl 18).
& #i sl Aol AA 2o Az} el kg
2 Zold, BaLTolel s #olxe)

dirty('1"), LSNCO)S 58] odel] shmgh
ERBL] AJ4) 2o I oA Al
¥ % =S Yokl 20-20),

AR 2o o d3eE 3 AE cgeE
B8 29 H2=9 LSNS 9n|sh= redoLSN-S
firstLSNo)] 7)=31c)

Agkgt 38 gz GuEF 23 A4S 9
43 712 38 7llee ge] El]l 18e 2fdd
gt =243 eaeda] P83 dEHE 4
A= 5, Heol#e] LSN= 2= #lze=e] LSNE ¥
e} AMpd ofFE wbHE] wEolEhat 9, 15,
20) 29 #Ho)x} BaEr)l YR glen, PuR

1934

Ho]R & B2A ALdsx] guck ey a0
= 2933} before-image”} EAfe}A] 7] whiel
27 B A A8 A7k 7R

V. HiQtst &l Jia J1E S8 71y
Hlm 24

o] Aol Akt 3% 714, gy 27 ¥4
£ o[8% 71E 3% v, A 2o ¥4E o]
4 71E 3 A]e) vl BHeE F R E
PAQ g AANE A vl #4F dElE
AL B vlx FHATAE AAlgkL

1. EaEM S ofFE S3 HIT B4 A

Qi 27 g o143 F1E 2HE AVl
Jle® EAad S8 GAE A93] A 2 7}
A 74 e Algch

-EgiAge]  delx]  Pim)yE  J4IEkE,  Pig
after-image = Pi(n+1)ojchng ok A4,
- 2] vizie} dlelelule] X Abele 23 29f )

- =TT —

{ 1]
[ Je= P330)

3 2. "} wlss} dlefeislels e

-3 s 29 #)=se] LSNL 1000]c)
ALY =AY e A B 59 A

5. =9AA 54 4

EVENT
Update(T1, P1)
Updae(T2, P3)
Update(T1, P2)
Update(T3, P4)

Commit(T1)
Update(T2, P1)
Update(T3, P2)

Commit(T3)

AzF] m

lOm-JO\U!ANNr—‘g

- TIME 92] A28] s zlxiel] t]xzze] whg

#Hlo]2} Aell= P1(10), P2(20), P3(30), P4(40) o]}
-TIME 98] A28 s} AAdl| v Ao so]A]
AMlE P1(12), P2(22), P3(31), P4(41) otk



T ERpPI BN dojeue]x Alagleld gtk 20 $AE o] 84 21 A

- 5)%% slolA)8] Al PIAI), P222), P3QO),
Pa(41)elt}.
“TIME 99| A28 sk 2| 712 38 /14t
Acke 5% e} 2o Al & 6, 73 2k

E 6 MUY 27 34 o 2 B4 ol4et 7R
35 7ie] 22 A
LSN 1310 type pelD | afierlmg |beforelmg
100 T1 ‘update’ P1 PI(11) P1(10)
101 T2 ‘update’ P3 P3(3D) P3(30)
102 Tl ‘update’ P2 P2(21) P2(20)
103 T3 ‘update’ P4 P4(41) P4(40)
104 Tl ‘commit’
105 T2 ‘update’ Pl PI1(12} Pi(1l)
106 T3 ‘update’ P2 P2(22) P2(21)
107 T3 ‘commit’
7. AU A% 7Y 21 4
LSN rlD type pelD afterimg
100 ‘afterlmg’ Pl P1(10)
101 Tl ‘update’ P1 PI(1D)
102 *afterimg’ P3 P3(30)
103 T2 "update’ F3 P3(31)
104 "afterlmg’ P2 P2(20)
105 Tl *update’ P2 P2(21)
106 ‘afterlmg” P4 P4(40)
107 T3 *update’ P4 P4(41)
108 Tl *commit’
109 T2 *update’ Pl PI(12)
110 T3 "update’ P2 P2(22)
11 T | ‘commir \
E 8. 3% Fu2 Aoy

E 8ol Ay 2E A Aokt 3E 7
71& 3 Erve] AoldE 71ednt

E 8olA o 4 sl%el, AW} T2 £4E ]
43 71E 3E FRe) ApAs] Fo] Be-S
o 4 ok Awksk 20 el oupsk 2o 34
£ o444l 7|¥ & s|¥elle FH85 before-image
b EAgeE AR 3R e Wxe
after-image(LSN 100, 102, 104, 106) 21 H7=
F 2HoR 48 2o dzes) o @R, 22
o) A =71 vias B Aoldl 8 s
27 2EE o & ek 2®a AlSEiA e]4]
P1, P2, P3, P4ol o3t o @& EdAde 734l
dile] Ezlsbd 4B 21 =7)9] Aol o 7
Aol ke 2 FE o]83t 712 38 Y
A Azg] 38 A Hx $7ishs COMMIT_
LIST, UPDATED_LISTS] AHRE AL 32310
qhaiA AlQlgt BE 7HeAls Eoz Ezy)
Z7} A= commitLst AHRRS §x]gk)

EQUM 23 oS S5t H|m 24 B
WAL+ AAE Fgo) el 2 A4 7
Aek

o [m ro

%

Im

BAde] Heolz] Pim)yS sP4lshd,
image<= Pi(n+)oickn& <] <),
-2 wj#el deole{wlel ] Az ¥ 33
Fd gl 8

-3 yA 22 #hzce] LSN-E 10000}

- A2% 2 o oAl £ 99 3k

Pi2] after-

A 2o g4 o4
71E 35 7y

gk 21 #42 o]48 7€

25 ¥4 57

LSN(100} ~ LSN(107)

LSN(107) ~ LSN(100}

LSN(111) ~ LSN(100)

Azel 8 it

00 ~1 N A B LD B =

. LSN(100}y A)=-3)
. LSN(101} A<3)
. LSN(102) #=3)
. LSN(103) A5=3)
. LSN(105) #j==2)
. LSN(106) -3l
. LSN(105) 43

. LSN{101) 33|

1. LSN(106} <=2l
2. LN(105) 42|
3. LSN(103) A<
4, LSN(101) 3

1. LSN(110) #4453
2. LSN(107) Ajs=#)
3. LSN(102) {24
4. LSN(101) <=2

71} ze)3

- 2255 before-image &7

- 25 before-image |

- COMMIT_LIST[T1, T3}&

"B&L_TolohA] prevLSN 4 o
#a), Hxo| after- image B2
TSN 100, 102, 104,
1068 =27%

- commitlst{3E Q. ¢l dEslE

A fr=l

- UPDATED_LIST{Pl, P2,

P3, P4} A% #7

i)

1935



FE R4 =84 0011 Vol25 No.llB

i O) 48 O A

B 10, A 2o gst ol 20 348 o4y
71 B% 7S] 2 A

5
(Elreslsen] )| oo e (o ol .
LSN | D type pelD | afterlmg | beforelmg
a8 3. #Ale] w9} dojeuo)x Abe} 106 Ti¢ “update’ P1 Pi(10) P19
101 | TIO | 'update' | P2 | P220) | PROIBY
B9 e oo o4 102 | TIO | “update’ | P3 P330) | P329)
103 | TI0 | commit
TIME EVENT 104 | T1I1 | ‘updae’ | P1 PIIY) | PI(10)
1 Update(T11, P1) 105 | T2 | “update’ | Pa | Padl) | Pa@n)
2 Update(T12, P4) 106 | Tl | ‘update’ | P3| P33L) | P3030)
3 Update(T11, P3) 107 | Til | ‘updae' | P2 | P21 | P2020)
4 Update(T11, P2) 108 | TI1 | commit
5 Commit(T11) 10 | TI3 | ‘update’ | P4 Pd(4l) | P4(40)
6 Abort(T12) 10 | TI3 | commit’
7 Update(T13, P4) U | T4 | ‘update’ | P3 P332 | P3GD
8 Commit(T13) 112 | TI5 | ‘update’ | P4 | Pdd2) | P4(4l)
9 HA A A 113 | TI5 | ‘update’ P1 PI(12) | PI(1Y)
10 Flush(P1, P2} by A+M4 114 ckp’ redob SN = 104
1i Update(T14, P3) 115 Ti5 | commit’
12 Update(T15, P4) 116 Tl6 *update’ Pl PI(13} | PI(12)
13 Update(T13, P1) 117 | TI6 | 'updae’ | P4 P4(43) | P442)
14 Flush(P3, P4) by HAF 18 | TI6 | commir
15 A 2AE B 19 | TI7 | wpdae’ | PL | P14 | PIO3)
16 Abort(T14)
17 Commit(T15)
13 Update(T16, P1) B 11, Ak 85 o1ge] Ay Ag 2o AW
19 Update(T16, P4) IsN | oD e peID | aftclmg
20 Commit(T16)
o Tndato(T17, PD 100 (OTI0 | ‘update’ Pl P1(10)
- T 101 T10 *update” P2 P2(20)
102 T10 “update’ P3 P3(30)
103 TI0 *commit’

" TIME 228) A28} s 2ol tl2ze) uigsl 104 | (UTI | ‘update’ | PI PICII)
Fjo|z] Aefiz P1(11), P2(21), P3(32), P4(42) ©] 105 aftelme | P4 PaGa0)
c}. 106 | (UTI2 | ‘updatc | P4 Pagal)

-TIME 222] A|2q] sid 2|Hel] H5] o] o] 107 Ti1 "update’ P3 P3(31)
=] Abella= Pi(14), P2(21), P3(31), P4(43) o]tk 108 TIl *update’ |2 P2(21)

- 3158 Hojx]4 Alel P1(13), P2(21), P3(31), 109 ™ "commit’

P4(43) ¢} 110 (1)T13 "update’ P4 P4(41)

*TIME 22¢] A2q] b o] 713 34 71y Ui | T | Ccommit
5} Aelt 58 71e] 2 Algle ¥ 10, 115} 112 (JT14 | ‘update’ P3 P3(32)
Zhel. 113 (DTL5 | ‘update’ P4 P4(42)

114 TiS “update’ Pl P12
E 1264 Aaq] 53 A AL 28 S)ya) 113 il redoLSN := 104

71& 287 HelgE sle e ne | TS | ‘commiv
F 126145 oF 4 glZe], Mub 2o A 117 (HT16 | ‘update’ Pl PI{13)

o4 e HE 1Y ASWAN S| BE L TR S

£ o ¢ gk "Aulsk 27 FAs Qulgk 2 B m - —— - T

S ol8j & FE sYdle FET before-
1936




i [ Feteld e dlolelule] s XAadelA Hud 20 $4E o 43 22 ¥

E 12, 3% 339 Aoy

Hubgk 27 B o) 441 ofniek 2 Baig o144 71E B oalm
NE A 71 4% o4 AR #1% 719
2 34 FE LSN(104) ~ LSN(119) LSN(119) ~ LSN(104) LSN(120) ~ LSN(104)
1. LSN(113) =5 1. LSN(119) %3] 1. LSN(118) =<2l
2. LSN(116) All==2§ 2. LSN(117) Aj5-4] 2. LSN(IL7) # g"'k":g
3. LSN(LIT) <=3 3. LSN(111) &3 3. LSN(107) A<
A.I-)l% ﬂ.&"'— %’x"]' 4, LSN(llg) xH:'r:aB 4. LSN(IW) zH-’,"—iE
5, LSN(119) 3
6. LSN(111) &3]
- FB5] before-image &) - 284 before-image F7) - B&L_Tblo|l4 previSN & #|
9 3], M= after image
29 HAELSN 1058 27
. L
7Tk o) - COMMIT_LIST{T11, T13, - commitlst| 28 gl ALEE
TI5, TI6}S A% f4 a9
- UPDATED_LIST{P1, P2,
P3, P4] Al F7|

imagez} ZAfgcl Akt 32 7L w9
after-image(LSN 105) 21 #Hz=& 27 37| o
Holl 17§2] 21 A7) o glR|eh, 2o A =
71 vlus) B9l Aldd 3% 71Ee) 2ooh g
S o 4 sloh oulsk 2 BAL o]4gt 7= 3]
B2 7l Alad 3B A Hap Sobshe
COMMIT_LIST, UPDATED_LIST®] ZRE A<
FAsle yhala] Akt 8 A elie THe
2 ey} 37} A% commitLst RIS f
AFRTRe A} Ao EiliAde] )
A2 E3F WA A Belld ESM/CSERlyc)
1] EMSs) 30%7Aasn A 53 e
X 40%A% 744 stedor} Client-based Logging =
dol] WlsfA o] Afed FAF eyt Frpeldd
EdlA= Fh4agh bl ofd ZolEE % o sl
ol o)z EFEhld B EsiA#de] wol A
E O Aple v Azl

V.2 E

A2kt 3% 7wl STEAL®} NO FORCES =
fale A2gof4] Wre] HHE ou]EA] ¢,
29 33} before-image S A7 5led A3 HE =
o Hacaty 27 foza 27 os=d z}
ZAIF o, £ P4 Al &8 AR FRE 7]
& 5 glvk ARl HE 4] Ay 8- 23E o
Whko 2 BASA 4% #lo]A| g whE Aeay
sl dasl dojwe]a Aldm Htsle 32
7I9E ARMEEL 28z 9P 5o 2AE o8-

& 71E 35 7oA, BE Ald 7] # e|s
of e AnT=e ewH=E Hisslr] #3
FHeg F7} AAEE commitlstE: AREEte] 3
Zd9ct.

FF o7 FAEE Ayt 27 2 38 e
Foll W Au AF Hrish SeloldEA o
olelso] 2 Al2wlel] Akl 2& SIS HEde
ay7h "3t

2

=l

HO

{11 P. A, Bemstein, et al,, “Concurrency Control
and Recovery in Database Systems,” Addison-
Wesley, 1987.

[2] A. Delis and N. Roussopouls, “Modern Client-
Server DBMS  Architectures,” Proc. ACM
SIGMOD RECORD, pp.52-61, 1991.

[31 A. Delis, N. Roussopouls, “Performance and
Scalability of Client-Server Database Architect-
ures,” Proc. VLDB, pp.610-623, 1992,

[4] D. Dewiff et al., “A Study of three Alternative
Workstation-Server Architectures for Object
Oriented Database Systems,” Proc. VLDB,
pp.107-121, 1990.

[5] M. Franklin, M. Carey, “Crash Recovery in

Client-Server  EXODUS,” Proc. ACM
SIGMOD, pp.165-174, 1992,
[6] Jim Gray, Andreas Reuter, “Transaction

Processing: Concepts and Techniques,” Morgan

1937



FAEA 83 =4 00-11 Vol.25 NollB

Kaufmann, 1993.

[7] Theo Haerder, Andreas Reuter, “Principles of

Database  Recovery,”
Computing Surveys, pp.287-317, 1983.

[8] Tobin J. Lehman, Michael J. Carey, “A
Recovery Algorithm for A High-Performance
Memory-Resident Database System”, ACM,
pp.104-117, 1987.

[9] David Lomet, Mark Tuttle, “Redo Recovery
after System Crashes,” Proc. VLDB, pp.457-
468, 1995.

{10] David Lomet, “Persistent Applications Using
Generalized Redo Recovery,” IEEE ICDE,
Pp.154-163, 1998,

[11] David Lomet, Gerhard Weikum, “Efficient
Transparent Application Recovery in Client-
Server Information Systes,” Proc. ACM
SIGMOD, pp.460-471, 1998.

[12] C. Mchan & Don Haderle, ct al, “ARIES: A
Transaction Recovery Method Supporting
Fine-Granularity Locking and Partial Rollbacks
Using Write-Ahead Logging,” Proc. ACM
TODS, pp.94-162, 1992

[13} C. Mchan & 1 Narang, “ARIES/CSA: A
Method for Database Recovery in Client-Server
Architectures,” Proc. ACM SIGMOD, pp.55-
66, 1994.

[14] E. Panagos, A. Biliris, “Synchronization and

Transaction-Oriented

recovery in a client-server storage system,” The
VLDB Journal, pp.209-223, 1997,

f15] E. Panagos, A. Biliris, H. V. Jagadish, R.
Restogi, “Client-Based Logging for High
Performance Distributed Architectures,”
pp-344-351, 1996.

[16] 5 A4, wlsed, “ass 20 18y
HAE Ze ek F)E 1Y) el
FAGETEETAA), A 229, A 23,
pp-31-34, 1995,

1938

0] & A(Chan-Seob Lee) 54l
19903 : ghddishsy et
5 2D

20000 : ghdifetal ohehyd
g R R

20000 : ghaoiEhal oy
el A)

A
)
;
&
T

}> Data mining, Web DB, XML

8t 2 2(Yong-Mun Park) A

19831 : A dIs A4hgAE
st Z]13Ah

1985 : Foddishar ol
AApA AR o184 AL

2000 : shgeliEhar ekl
HFel e )

19851 ~-20000 : F=fAA P EAlG T Adgdedpe]
<FHA] Fol ojE e, AT de[Hue]~

a1 ¥ 2(Byung-Oh Koh) EIES )

198611 : Sgosha AsbgAEr
3} Z(elgtstah

19890 : Zojelistar A}AAbE
# Ei(elesAp

199631 : Zo]chshal zpAMEe}
o Z(elshiAp

19941 ~1996%3 : AP et Al @ A2 sta} 2ale
1997 A : FFARdEaL 47} £ap
<A Hol> AAgtHelelde] A, 7| dlo|e}

we)x, 4 dlejeivlels, HAFEH 28

Z| o| ¢l(Eui-In choi) A3y

1982 - Ak AsEAIET E4(34b

198413 : Fojdghaw Az}AAbekt E4d(e]gkAD

1995'3 : Fo sk A=A} Z<4i(e]3Ah

19851 ~ 1988+ ; 27 w544} R4

1992d ~1996%3 : FA|QA-Fef gt HAAA Foaa

199613 &) : Fhtefikr Farelge) Fale

<FH4] Fop AlA|Zdejepslo] 2, F7|Y dloet
wlolx, Zulolel e/ dojebo])



