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Design and Evaluation of Transaction Processing System
based on Main Memory Database

Jong-lk Shim

ABSTRACT

Nowadays, the number of database applications which need fast transaction processing are increasing.
One way to improve the performance of transaction processing is to reside the whole database in main
memory. As semiconductor memory becomes cheaper and chip densities increase, the research to improve
transaction throughput rates of transaction processing system, using main memory databases, has begun.
In this thesis, how to implement a high performance transaction processing system based on main memory
databases, new concurrency control scheme, recovery scheme and storage structure is presented. The
objective of the proposed schemes is to improve the transaction processing system performance measured

by transaction throughput and response times.
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o A" A2"e HuA BE MEYR 74
F719 A=A ¢ o] g W o]~ (MMDB: Main Memory
Database)$} 2+ 9 & (workspace), 8] 3]@t4 9] ¢4
H 719 A=) (stable memory), 181 F 79 T
2AEF FAEYD MMDBE 324 vl =e] £ g o)
EjHl o] 2~ F= A}E(primary copy)& AAst=d], 2
e A7 2 H o Aok 79 D A (workspace)-&
EdA L] HEHe T AAUE HolAE FAS
= o]&-d}. ¢k © W = (Stable Log Buffer)&
73 E Ho|Xo thE 20 Ws g ALEE o] Edg
Ag 858 v d23 Vo7 HAEHR EEE Fot
ARE Al ZH AN A REE T2aE5L Al2Y b
& oiy)sle HolEuio]lx WP Eoz ALEEHE
WY v 2= (BD: Backup Disk)$ 22 AR E A%
3t7] 9138 =1 ty2=(LD: Log Disk)7} . Al&
d4E A% s AZEols AE dolEnolx
2d& #ejste A% gejal EAN A M E BT
she EWA A #ejatel Bl gejah 181 3
5 e s J@3dte 274 #BExie A4 #eErz
T8
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& AAst7] A3 dolg HolXE=Z o) H
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AAE Jedth AL EA g1 gle Wl %552
tole] X8 YEE o] &3l HAE JHo g B

Ehzl=g

3.3 Hasdrof
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OP_Preveage | DP_NexPage

DP_anr) DP_FSNo lup_sm_;_'

I

< DP_PravPaga I DP_NextPage

DP_PrevPage | OP_NextPage ——»

DP_FSPY I DP_FSNo [DP_suan DP_FsPrrl DP_FSNo EP_Sthn

a3 3. tljo/&] HoJX]

o 48 dHoleiu o] & Al2Elo M A AHEH I ]
7} fZoitt. F719 FXe d2zagte g I
=7t o9 w2 7] o Zo) ERY R ] F3)0] 4o
oz mzA ¢58 4 AUtk g, F719d 9]
Bl o] 2 Aj2Fle] EWAMHL iz 7| A2
A Bt} ZE0] AR o4 vk T, F719
ZR) oA Blte] ol & FE37) A% AT 3
o] HelRAE I3 A kst wEA,
e 57 A S A% 5Fe] t)iF 7Nk A=
Hie gz2A & ewsez ZgsA "ok ol gl
E4EL F719 AX dvlolEHo]x A|2Fo B
Aol W3 3 Aoj & A3l taa 7 Al 28 oA
ALHE 7IEAge g2 AHHoor §& v
o} d## Q) a4 A oJ(OCC: Optimistic Con-
currency Control) 7| #{15]& 2PL 71z g8 ¢
EE7 TS A 833 7] W&o A FE E F
& 4 Aok =3 G@AQA /1YL FF0] Wol 24
312 e Al 2F e A A e 2 A

£ 7HA 3 e wa ot HAAIT dio] M| o] & A]
283} F719 2] HolEHlojA AARe] BXE
dz2Ag F719 FA g 7|fHLeE gAY v23E
ik 2 o]Fo)7 AAI7) wlelejujo}x Al
Ao A7 AdHE FoA [10]¢ [11] 2=l [12] &
£ 7129 toleu o)z A 2HdA s G HWt

A 7o) FE 7IMET Aol % A4E
Holi gt} £ =& A Atshe BAFPA o 7]
HEGBHA YL 722 ¥4 FE& B
A8l AR AF BHL AHSsta JeH, g7aA,
AZEA 281 27 QAR o]FoJTh

(D &7 24

o] dA e ERAAY A4S FPsic B
8.3 dojg AR ES F71Y FA volgwoj2=
2E A9 29 S (workspace) 2. & BAlgth 18]
T ERAYH TE 734 AkE o] GHoA o]F o]
Atk ERA A9 o] 1} AF TA o =3t
ol F&& AASR, FEC] HAHUE AE 9]
A& A A3}7) 93] o] &3t vl ol A A IAF(O0S)
I ERHMH JFHTSHW ¢} dEE S At A
A3 0S(T)L ¢17) BA ¢ e EAAMA T 27)
Aahg gt HolH AA S J o), EAYH
g TS(Q)= o8 AH Qo] ¢7) A4S 3= &%
9 ERMAE] Hjtolrt.

(2) AF A

FPFQ LE EWANYAEL ol 7Y A F glol W
g2 FYHTI A% dAd 2934 d A5
DAl =5t E dolg FEo] JAeAE FAE
AZd1 Y EHAA T,71 27] 4118 ste A
A A OS(TyWe &2 QE 7HA 1 X, o] &
Qoll 8171 A4g e 8B5S ERYHEY T
TSQ)7F A3 FEo] FA Aot AFa
Qe EAAA T,9 35 8EE conflictNo(Ty),
ES EFAA T8 35 NEF conflictNo(Te) 2
3 814} o), conflictNo(Ty)7} X& conflictNo(Te)
o 39 4% Ao e T8 27| A2 By
o] ¢tg7} AEE &3, §5FU FEI EWRYA
T2 2% AAFAZG HZ conflictNo(Ty) 7}
o]® conflictNo(T:) Htt 2 oW ZHF3 e E
A TV & HA3n, TE A R85 g
ZEHTr) 2ol I EAdYA| AL} 7] Y59 E
WAAY 7540l & TolA ¢85 $448S FE
ot wref, o] g Tt 75 dAA Hrdoh
A, AxFg ez ALl Gulst A gEL
WA FbsAe] A&Hod EolAlA ©rh

Zt ERAAQ A )§ = ¥ x conflictNo(T)] Al
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A ¢7] SAlAM B8 E A4l OS(T)S TS(Q)
o HHE o] &3 E-AA A T o3f 227] H4bo]
ojFoiAlE HlolH AA Qii=1.2,.m)7} EA5HH,
Qo 471 AE Bt ERAAME ] EAZEAE
TS(Q)OIA gt o, 2E Qo tig TS(Q) ]
F7F ESHA T U FE Hzrh ok

(3) 7loldd

GEZH A WY Ao VP dutH o2 N E
WA QA A FERZ Q3 ERYHE] ALaA
AN 2sHA e EWRHHA 7)o} A (starvation
problem)¢] HAE 4= IcH10]. 2} B =ElA
A g FAHAA FYFHY Ao VYL FE 754
o] §& 1 EWA M $4FL Al YL o
27 & FE°] vin3 L ERALAEo| vk
Ao 2 FHisw ddo] dold 4= AUt ol F 7]
o} F4Z A3ty A&l EHAYA T} FHAE o] A
A2 e w ol = x| A1 2t Blgeof] it B E 5 H) o
ERN)o] FAS 283 AA)Z 35 ESRAM
o] A% dAld =& FE WSS v w ¥
FEch AARE s B 97 Bold S 1 3o o
2} M A (w7t R=En EdAA $24E v
dol Az motAA Hoj FEo] 22 EUM A
3 7ot @4 sl AstA Aot oluf, A F wiE
o FolA & 71F A, ufe a3 o) T AL [
IHF 112 ASE ¥y dndEE Jehz
Rt

Cuy = §COnf1ictNo( T.)/ ConflictNo( T,)

— ConflictNo( T ,)
wf = Cd,ff /ConflzctNo( Tu)
(&, c=v)

(23] Add WYY Ao EneE

begin
valid = true;
foreach Q in OS(T,)
begin
foreach T. in TS(Q)
begin
if conflictNo(T\)+wf*RN[T,]<conflictNo(T¢)
then begin
restart(Ty);
adjust(T,);

valid = false;
exit loop;
end
end-if
end
if not valid
then exit loop;
end-if
end
if not restarted T,
then begin
foreach T. in TS(Q)
begin
restart(T.);
adjust(T.);
end
execute write_phase(T\);
end
end-if
end

(4) 27147

EdA o] AF GAE AX 7] GAE dojQ
H A8 (commit)E AT B} 27 dA X E ¢
29 EdAAL] PG Gel de 3D vlojAE
< 3BS fetd g 2 Wl 7)=23 2, H
olE{Ho] 20l ¥R ET) Aoty uFdME F
g BAEY] g5t @WE 2AS 27 dAE
shtel Al T (critical section)ol A HA&YIE 2
gt

3.4 5= 7|y
(1) 2733 2aA%

Atd FRAME EAdM g8 M2 E A%
o GBAHQ WYL Ao] VP E 2y, 27 4
HE A w2 o FRIstd 27 0] o] Foj L)
b, ERAYH 528 T5ol = 734 it 2sfA
HAE ow3 #o]AEE 79 Ao WY H A
gerh 223 £33 =3 o8 71X 94 g3 3
29 ERARY REA A3 Ae AP 99 &)
A A 2o wdEA gm S4As AAL
A5, 2av 459 EWAH 9 AFIM(After Im-
age)ERreZ A HETh o)A AY FAPgHo] 1
U2 494 283 BFIM(Before Image)S &
2 ¥y 71§ 8t g1V 9Ed 7t A
GE FRNA = AFIMEC] ¢85 H EWYH £
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of wret 2o A4 AU e E 7[Z3A gt o]
9} 2& e 270] o] RN EE B {3
A AEH ERAAEC] 2L o7 @ 21 o)
A& 1 EAQAL] AFIM Z7)2HE 21 vy o] 1)
2 dFsle HHE A3

aAo] WAEYL o), LBCE ¢8d 7419
A7 A Yol sla, BCE 43 £ AAME 9 A=
Aol st A 7 dE AHEHL e 27
a9l WAL T2EEL 23 #3258 HA 21
W o) 7153 02 734" Ho|RES tlolEH| o]
o] Bt 3t} alalA, BCILBC) dlZ=s 21 3)
A=E 278 AT dolgHo]~2E MMDBR
7328k Al Abeldl] 71& 8 715 A o] o). o] gt
749, MMDB7} 3&590& o LBCAMRE 21
Z AEsA dohd, LBC Al - 3 Fold E
WAAE ] volguo]aE IXE U= EFT
& QA B whebd, 21 A8l 9] AlF X2 LBC
A AP Fold EANAE FoAA 713 A A&
3 EWA A AjF XA (Oldest-BT)o] Hojo} gt
Z, AukEQl A B4al draoA 1 R F
21 A& 37] 94 AL Oldest-BTE 71E2
2 3ol B4 UNDO 18] 3L REDOS] Al QAR o]
go}Ao} g} 18] UNDOS REDO 2| & &
Hoz2 Aty Y3 38 BejAE ¢rE EWA
AE9 ¢ 2E(CTL: committed transaction list)$}
HAidH EWRAHES ZF2E(ATL: aborted trans-
action list)& FHSo]o} 3},

Do) HAHAL W 21 X E 3}7] 913}
2ad2zd AFE 2aE 7HA I o] FoAE o
23 AYge 3B Ao Aokt eI =2 A&
b ol R oz maA 2aE A3 fsA
E 21F gAshs B4 99 UNDO |4t glo]
Z Ht2 REDO 94rE 3HA st Aol &3, ol
% REDO 94+ Oldest-BTell 4 5-E171 obd LBC
A RE o] R o)A A &= Aol 7bF A& FH ot} o]
g7 23 H7} o|FAATEF d17] 93 M=o
At HA AAME €ua)lEe LIC(Lost Image
Counter) HZ=F o}£30) LIC dl2=€ HA A
A} ol 210 BC A ZEE 712§ ¥ BC #HZE o]
Aol 273 EdAAE0] WA E dloE] & MMDB
ol 2% st EAE g7l AR F el LIC
Haoh 0 19 @& 7FE + = curr_ent_bit

i

5

{current counter bit)& ©]Fo] Rt}

EWNAY F3o] gtg o] 21 BT} AFIM
E 7128 wj, LIC[curr_cnt_bit] Zt-& 3l Z7kA17)
i, MMDB¢J 41313 W9 thA] ZHaA1Z1 o} LICH]
@S At 1 gro] 0°]H AFIME 273 RE
EF@AHAE0o] MMDBAE 7345 FHE e 7]
) Fo AAEE AT 5 Ae 2o "o} LIC[
%ol 0o} ok, BC o] Mol AFIME 23t
MMDBel & o}3 74413514 &-& EAA Ho] &3}
= Aotk welM, BC 0| ol 2703 RE EAAA
9] 7§ o) o] A wrlA F, LIC[17} 00] 2 w713
ZIgee}, o, EAYHEL o}Fd 57 #43F §
o] AAAY de FYT 4 glon, 21 ¥H
27& A& #9488 & 9tk 1 olf = LIC 44 E
F M2 FAEHA A2g AAA o] AFE gfjvirt
WHzol 7l ALE-&HY] djFoln). (¢ s 2l &
AollM N1&3 27 ¥A9 LIC dlZ=E o] &3ty
HALFo] o] RS Ao 2 X ¢ EFE
oqF3 ot

[gugF 2] Ate 2axe g

begin
read log starting from LBC
while end of the log is not reach

N

begin
foreach log record
copy AFIM to workspace
end
end

(2 AAA

[FxelE 3l Atd HA A A 44 E BoAF
I Aok A S #H3) A% 6 PR =2
o] BCHAZEE 7] 31, curr_cnt_bit®] & vt
TA@AY ko) 0d AfollE 12, 19 Bel=
002) A F£PFQ EWYH] 2L A&
2 AP+ UES Ik 2Pu BCHAEE 2
o 71887 A7A AHE-8 LIClcurr_cnt_bit]$] &
ol 0o H& AlFAA HAHE A AT HAE L
&M o2 SR TE 313, F7]9 ZA volEH)
o]z W¢] #HlolAE F t¥ ¥ o] A(dirty page)E Rt
S WAk A MR FolA MERS
Atate] s #Helxeo Ek HE BET HMES
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Ao HE HEY ] = HES AT D
I #HolAE WY "z FA o2 BE
HFL 2ol ERAA FYPAe SYHow &
P, 7148 AT 2l FolA S g olw
g Aoy EAAM FT glo] o]Rojxith

(&x2lF 3] A%E HA AAHE gndE

begin
lock LIC record
write the BC record in the log
set pre_cnt_bit to curr_cnt_bit
switch curr_cnt_bit
unlock LIC record
while LIC[pre_cnt_bit] is not 0
begin
end
while there is a database page unchecked
begin
if the page is dirty
then begin
reset the bit in the dirty bitmap
copy data to the 1/O buffer
request I/O to flush this page to its location

in BD
end
end
write the EC record in the log
end

(3) ERAAAY

EARAL L 8 A2 dAsgle] EA31H v oy
o] 22 R 3T so|A & AHFFE/28A 9
o] BAlsted 7yalo] o]2o]Act EWA MY 43 0]
SEFHYE HF GANM FES A og £E
o] HAEA gFow e4g A7) @A) ozt &
Eo] S Y S ALde AL 2E A Wy
A AZeT Y= EARN Y A= AR FT}
Haot HE Aol ERAA 1739 A59) vbR
72 A &, @9 UNDO g4t #3 glo]

DA AYDG S HAANDT EBH A 98 A
AEE A 5L tiHlste ZE AFIMES 21
ol 7153t= Ao g ojfojdth 2 ¢HAE AR

g el FAED A7 o ERY o] ¢7 57
93l 23 HF v} gaFd 2z 7E A0
gart gith 2 o, Add ol e B E # ol
AEE F719 ZX dolelwo] 2o vt A7t} 2
I A E #ol Ao HE] HIEYS HEAZI, o]

HEE ZAANE 538 A] BDl ®igAEd AJA N of
g HALE o] Fold w AMEE ) o]d, AFIME <t
A9 21 ¥ulo) 23 Y9 LIClcurr_cnt_bit]lE 3}
U F74A171, Addged e HAE dolHE
MMDBel 7§43t @ ZFol= LIC[pre_cnt_bit]E
FAEAAM HA FAE o] A|&HeE7] A HRZ AL
28 & UEE g} (G E e olEd 3374
Ql W Aojo} 3B UG TES EWRAA
e #AL BAgFz )

(g2l 4] Add ERYA A dnds

begin [Begin-Transaction]
while transaction T is not reached at commit point
begin
if there is an update operation
copy request pages from MMDB to workspace
compute database
end
validate transaction T
if transaction accepted
then begin
lock LIC record
write all AFIM to log
LIC[curr_cnt_bit]++
set pre_cnt_bit to curr_cnt_bit
unlock LIC record
copy all updated pages in workspace to MMDB
set every dirty page bitmap of updated page
to 1
lock LIC record
LIC[pre_cnt_bit]--
unlock LIC record
end
else
abort transaction T
free workspace of transaction T
end [End-Transaction]

4. d5 "I}

£ ANAE AR HE AP} RS BAST
ﬂﬂ%%%? SEEEE EXEE R
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o Wl g-& (417 1418 RZ 1 AThe L3}
Mmstc [E 11 4% 240 AH83E sebo)
HES RedFm gl

4.1 223t HAE 8|8
2R AAME £ A I At v E-&
27 AR 29 F =278 ANAT 2SIy
£ 271 A7e
Spartiog=(Spct SEC)H (Niran*(Spr+((1- Paport)*SgT)))
+(SB1* Npart* Neran) +( Nprin*Sprmi)+ (N arms
*Sarm)+(Nicoipr*(Spc+Sec)) ©Th

Wz AALY 2o sk & =37)E
Sfuzzlog: (SBC+SEC)+((SBT+ (SE’I‘*(J 'Pabort)))*Ntran)
+(Nprm*Serim)+*(Narm*Sarmd) ©] T

ANZ Aorg 3B 7Y adx 71¥e 4L 7}
a1 g17] W&o BFIME 71d gerl gled, EA
A ANFZolY F7 B HAE Yer) g
HR2E=Se) ash) gt A, F 229 A7)

E 1. 4524 m2tolg

€ o3 2ok

Snewtog = (Spc+Sec)+(Narm*Sarim).

MEL 718 71E9 HA ZAE 716l vl
(Spr+SET*(1-Pabort)))* Nuyan)+(Npriy*Seriv) - THE
219 A7|7} FolA o, F& 71Hol Bl8l(SpreNprr*
Niran) +(Niocetigpe*(SpctSec) )~ Nrin* Sprint)+( Niran*
(Spr+((1-Papor)*Spr))) TE9) 27171 & A& ¢
T+ ot

238 Zr7rt Fod 2Asted dale Alte
grotA A = 7] dfo FFAH ERHRAL 538 A
7r& B@E5AZ ¢ Yok a3, 219 A7) Fo
W22 HEY 21 358 21 yA2AE
A3t 7] A JAME 8 A7l #oke A g 9
st} 1S tini g 5 2go] FAHA EAAL
T X 9] At g B}

4.2 3% XN2| 24 HIZ

D] YT F BB A E Akl EAAY

Paramete Meaning Default Range
Neran Number of transactions 200-1000
Nprmg Number of BFIM records calc
Narm Number of AFIM records calc
Noare Number of partitions 5
Nlocetior Number of local checkpoints calc
Pupa Probability that an operation is update 0.1 0.1-04
Paport Probability that a transaction does not commit 0.03
Ser Size of BT record 2
Ser Size of ET record 2
Ssc Size of BC record 2
Sec Size of EC record 2
Ssrim Size of BFIM record 5
Sarmt Size of AFIM record 5
Stran Number of operations in transaction 5 5-20
Spartlog Total size of log for partition checkpoint calc
Stuzzlog Total size of for fuzzy checkpoint calc
Shewlog Total size of for new checkpoint calc
Sarttran Number of log words to identify transaction status for cale
" partition scheme
Steostran Number of log words to dentify transaction status for cale
fuzzy scheme

S Number of log words to dentify transaction status for 1

newtran new scheme calc
Spartrec Number of log words to perform redo for patition scheme calc
Stuzzrecw Number of log words to perform redo for fuzzy scheme calc
Snewrecv Number of log words to perform redo for new scheme calc
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Sfuzztran = Sfuzzlog,

2% 7Y A9 2a7 FAEHY "o &
O 22 WY 219 37l HlE g,

Searttran=(Spc+Sec)+H((Ser+((1-Pavort)*SET) )* Niran).

A2 o] AREE 3] & 7JH-& REDO Al & 93}y
A 238 AAE 987t Qle] LBC Y121 E doly
71 918 Spcot Secqt How Hul uwEhA,

Snewtran = (SBC+SEC) o] q'

MZol Atd &L 21 AHYE dld ¥
To] Eul Aol Wa glog, EANAAL 4o A
3 Aol dAslde AL ¢ 5 Ad agm,
B2 71He HX AArg o v siA oS3 2o 6 &
o] AFEES & 4 Uk

(Nerim*Seri)+(Narm*Sarim).

olel gt v gL Be| Fo Huglon EAHR
o] Aitg¢t BA A} o] AT ERAHY ARG G4
FE 2022 & 43 AFo|t). 4.19] Ao} v
3t} Eoid, 107 2] B8 & 2 ¥ 3=+ 2070
S = EWRYAY H9d o8 BAE F A
& F At 2 A2 3B He ERgA
Ao Z4@go] vlLo| dAsH Fn) 34 glo)

HE JELS % 21 HYE & 4 Yot

i o do R E

4.3 21 Mzl 0|8

38 A 8= UNDO €43 REDO |4k A|zte =
BrtEth WA, UNDO d4tell dside 28 71y
3} 71E A 71gE e HlE-o] 5U3ith UNDO 94t
< H4E EE ERANY 85 Fold ERA A
8t o] o)Xt 2t 2o A3 7H A
= GHE ] Wap Aojo] B PR} e
TS A7) W Eo] UNDO d4to]l B35t go}
& A Azte] L vt B A ok o] 484
Al B2 45 vnE §)s REDOE 9% 21
e ¥gng B4 2o

23 7]'Ho) REDO BA Gl AHEHE & 219
Azle g9 2o,

Spartreca=(2/( Npare+ 1))*¥((Sp1* Npart* Niran)+ (NBFIM*
Seri)H Nariv* Sarim)H( Npar{ Spct Sec))).

7129 H A 7Y REDO A& & 317 4% &
2 d3E9 A7|e vgH Zo] AN 2ar) Bt

Sfuzzrecov = Sfuzzlog.

A 2] A2k 7)ol A REDO H el & 37] 9%
% 239 3= g 2o] AA 2ot ok

Snewrecau = Snewlug.

B8 7L 2189 AA 718 S0 (Spueator—
Spartrecor) THE 9] W 8-0] H7hE]o] oF 56%9] vl &)
FojEth ey 28 7HE 2L 3E Uyl
H) 3] 3 Alsiof @ 219 ko] F uj o] A}
o]R2 ¥& 7{*o] REDO 94H& 37 3l A g
Z23E Aok 88, REDO X% 83tz
BFIM7F 238 AA 225 ¢)ojof 817] v Zojc}.
a8, AgE 7S BFIME 214 7]2614 &
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71ME 28 7 vis] 22 2 g Hlg-o) oF 50%,
71E9 HA 71 vla) & 0% = & AS
¢ 4 o

4.4 HysYRo| ATl HEY 5Y

g & FFgAL Agtd ¢ Z(0CC-CF)
o o3l ¥APE BE 3712 (history)e] F71(cycle)
& 7tA g= AFA 2 E(serialization graph) 2
FHEo] AP BAHE Aoz FHeTHie].
HE 87 20)8 31 SGH)E Hel W3 3FA
Jgjzeta &R 378 Hrl A48 758 2o
71 Sl A= SGH) 7} HIF 7 (acyclic) Y& ZHshA
499

nxARL: Tk TiE AEE Gz Ed i
AAHE FY71E HollA 2 95" F EdyHolgt
3 3t} 9ok, SG(H)o) 74 T — Ty7 £A43H3
TS(T) < TS(Tyolt}.

A% 1 rlx] = wix]
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OCC-CFel A Ti7t A% @A =338l e 9 T,
7t xoll sk 7] AiHg A e’ OS(THY 4
tolE & x7} EAsA ) oldde AF @
Aol FEo] HAEA e Ffol7] o] EN
A Tz dx g g8A, TS(T) < TS(T)
7} Bk

A 2 wilx] — nlx]

OCC-CFolA A%38t1 e EHAA T2 con-
flictNo(T)7F 5% EHYMA T;9 conflictNo(T;)
Bk 39 T 97 G4 wEA Ha257] g7
o] 344 TS(T) < TS(TH7F |t

AL 3 wilx] - wilx]

OCC-CFIllXME AZF @A % 27 dA7 TY3
QA FHolA Fefo] 57 W Fol FF WA =33
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TS(TY) < TS(T;)7}F €t

A AgtE OCC-CF &g o3 A=
BE 7|88 AYrhs(serializable)dttt.
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