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ABSTRACT

With the increase of information, database needs to deal with more and more
data, and storage engine has a growing impact on the database, and there are all kinds
of storage engine. TStore is a storage engine which supports transaction processing. It
mainly consists of transaction processor and storage manager. This paper designs and
implements the TStore transaction processor.

Transaction processor includes lock manager, log manager and transaction
manager. Lock manage provides latch and lock. Latch maintains internal consistency,
protects critical resources. Lock uses Two-Phase Locking, and manages concurrency.
Log manager uses Write Ahead Log Protocol, and records the changes of system.
Transaction manager provides the functions of create transaction. submit transaction.
rollback transaction and recovery transaction.

After achieving transaction processor, paper also gives a test of the system. Unit
testing reduces the system bugs, and improves stability of the system. Integration
testing tests the interfaces of each part, and ensures the functions of the system.

Key words: storage engine; transaction processor; lock manage; log manage;
transaction manage
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I EAEf S 1R PERe, et 2 M%), A T REMAAET %, . Berkeley
DB, InnoDB. MERGE. ISAM. MyISAME%:, H4 275 S Fri &b B, 7T LA
ARG T NI — KRR LR S B4 5 1%, W MyISAM; —
FIE LRSS AL B A7 % 51, 4 InnoDB.

1.2 BEAESR
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2.1 TStore R4

TStore J&— M SCFFH SR BERIAEAG T 1%, H CHIMS . AH LA AF A 5 |
B, EAHWR R
1. SCFPSAbTE. TStore frfii s A LT 1SS AL BRI, I HAEHE S HF
F45 11 ACID $5bk.
2. XFFZERViN . TStore fA4f 51 A LT 1M REEHIBY, Rt 2417
15 5 B
3. XHFFEHEML. TStore £ o1 RS HEMILHNE, Wt RS0
e Ay DURIE 45K R
4. AFHEE T B IF . TStore £k 51 AT AT oM IS L2 40  p
HFBUEHIF R .
5. 1Mt T 2RI, TStore {75 S FF CLiRAC (read committed) .
A EESZ 1 (repeatable read) F1HAT4L (serializable) — /N[22 .
6. Pt T B KT, TStore fE6if5 |42t B 5],
SCRER 5 HIAE L. TStore fA0ifi 51 CHFR, (FOh T RIEMEFEE, (UAEE
FAT M —PHdE, TRAT NSRS R ] DL .
8. A T PRI latch AT lock. Latch FSRARIE N &5 K)—20l, lock
PR BRI A o
9. LB, TStore f7fif 5 | M L I 1M AEBURINZFE,  HIAEEII R
TR HEAN 555 (1) T 1R AR R AT
8K, BEWHARZAL, TStore fEitis EACHE SQL T, IF HIEASCRE
(TR
2.2 TStore RFRIIRREEH

TStore {7-fifs 51 AL BRI oy AL EF AR AN G55 A0 B AS o AP BEAS i T
VEIILA R 22 40 57 o SFA b3R5y g — KA BT B . H R BRI R
SRS PR . BURIHALEE latch AT lock PSR, latch ABEHR i w1 P 35 s &5
TR — 2500, lock ASEHRR LR IR A2 I R il o ] AR A e 1) 0 H 5 1 46 4 LA A A
5 HA&, T OREF H RS 8, ARG g 3 H BRI 2 'S Hi&

(Write Ahead Log) HIZRHS . =4S BIHAR RV ] G gt = 45, T $e g 4545,
WP 45 S 100 0L, AR i o | e 4B HOR T 1 2 ARIESHIST %

7R 2-1 1, TStore f7# 5 QRPN 4 AP FRAS A &5 A BRAR o 5%
AbFR B4y g = R B AT AR BRI 45 A B . B EE LS
Latch BUA1 Lock 8§ 4> 1A 5k
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2.3 TStore ZG B9 ATLHE LN
ARG A AR SR , SEPR A

(—) TStore.Common: Common B4 21 & —LEfi L, 7E Rss #4375
KM £, a5 15 43k, 50 4~ C#2E, il: Event. Platform.
Register. Logging. Mcat. Dumpable 5.

() TStore.Rss (Relational Storage System): Wi 2FH 4B RS 1) &
LSS Iy, ILEHE 8 NI, 62 4 CHs. AU Latch. Locking.
Wal F1 Transaction.

7EE 2-2 o, TStore.Common Hf %GR SEA, RIILERTFERNEMEH.
TStore.Rss.Api.Latch . TStore.Rss.Api.Locking - TStore.Rss.Apl.WaI .
TStore.Rss.Api.TTransaction &} 2% ¥ & 4 11 , TStore.Rss.Impl.Latch
TStore.Rss.Impl.Locking . TStore.Rss.Impl.Wal . TStore.Rss.Impl. TransactionImpl
PR NS I 43 1A S
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F=ZE HEERKRR
BV P 55 A PR AR I B AL G 7 . ARG A PIFI SN B latch A1
lock. Latch Fruft g fsl, & MIRARMB, HERYERF a2k, fri
It 55 Latch REMSSCHLIR 11k, DUNE IR B 2 A S, BAANAKAL,
lock JEEEHIIBL EMThEER T AL, LIRS K. i lock FEtk
RIH  RGE 1 RE -

3.1 Latch %

3.1.1 latch A&t

ARG, AT =R latch 81 T 5280 (share mode)  HEE 8l Cexclusive
mode) FIEFHL (update mode). ‘EAIHIAHZA MG . JL=8iRe L L =BAHE,
Hee i ae 5 e B, R Bine 5L S U2, (A=A e R B 2
bRtz Ah, ENEE BTSSR S e T IO HE e B, AN R HE
BRRE RO TR, R AR RGN HE

3.1.2 Latch A SEIR

(—) ZELALNLEH

A ACHS 3= F 4y AWM TStore.Rss.Api.Latch i1 TStore.Rss.Impl.Latch.
TStore.Rss.Api.Latch J:4 ILatch. LatchException F LatchFactory —/~3%, llatch
I LatchFactory 5& X f/&4: 1, LatchException SZHLf) & 5o Ab B, RIEAZS,
TStore.Rss.Impl.Latch & latch 8 SZ B 3 45 7, JL4H LatchFactorylmpl .
NewReadWriteUpdateLatch. ReadWriteLatch 1 ReadWriteUpdateLatch PY-~3%.
NewReadWriteUpdateLatch. ReadWriteLatch I ReadWriteUpdateLatch SZER 1) /&
= AN KR E B latch 4, ReadWriteLatch f fij &1, sz Bl 1 % 5 44 .
ReadWriteUpdateLatch %% & 7% , =& 3L 1 ¢ 8 . 5 8 M 5 8 81
NewReadWriteUpdateLatch fz &2 2%, ‘Bl SZIL T R85 lock BUBERER T .

7E8 3-1 71, ILatch & —M4% 1, ReadWriteLatch. ReadWriteUpdateLatch.
NewReadWriteUpdateLatch 4371 S T & . LatchFactorylmpl 5231 T~ LatchFactory,
W B & & W A T ReadWriteLatch .  ReadWriteUpdateLatch
NewReadWriteUpdateLatch (1)) 51 PR %5, LatchException SEHLIF A 5 Ab P
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<<f%I1>>
ILatch

ReadWriteUpdateLatch

+SHARED : int=0
+EXCLUSIVE :int=1
+UPDATE : int=2

+doExclusiveLock() : bool

+ExclusiveLock()

+unlockExclusiveLock()
7N

+exclusiveLock()
+unlockExclusive()

ReadWriteLatch

+exclusiveLock()
+tryexclusiveLock() : bool
+unlockexclusiveLock()

<< H>>
LatchFactory

“+newReadWriteLatch() : ILatch
-+newReadWriteUpdateLatch() : ILatch

NewReadWriteUpdateLatch

-LOCK_TIMEOUT : int =10

LatchFactoryImpl

-acquire()
-releaseLock()
+exclusiveLock()
+unlockexclusiveLock()

+LatchFactorylmpl()

+newRead WriteLatch() : [Latch

+newRead WriteUpdateLatch() : ILatch
T

LatchException

-serial VersionUID : long = 1L

+LatchException()

K 3-1 Latch ik [&]

(=) £ REBEE N

AR R KBRS, Tk ——r

MH, RSO T
tryExclusiveLock(): £ 435 SR 817 1 FH A 18] AR 4 o5 — DN SR DR Fr i 3R 11
Heewt. etz ml true
exclusiveLock(): & >RHEE i
exclusiveLockInterruptibly(): i sKHEe 40,
unlockExclusive(): BiHEE 8
(CA_EDYAS AP L BRI BT, A TEA4)
upgradeUpdateLock(): 4143 S8, T b HEE Bt

FVFH & 2 A P b

A, HAR

downgradeExclusiveLock: A HEE B, BFZCH BB SHE, H

1.
5.

iR[H
6.

PR A
7.

downgradeUpdateLock(): #HA BB, BFgoh L8t mhes, &
FZiR [A]

(=) ARSI RG
AR R R 2, SEILTCVE——3RI8, EFER 0L B 2L exclusiveLock()

HOSCERA 2R, A4 3L T = Latch 41,

exclusiveLock()th A =FszHi

1) ReadWriteLatch 28 52 JL ji 51 pR %% exclusive() . 7 & 3-2 ', H
ReadWriteLockSim 25 %) EnterWriteLock() /772 5281 exclusive() 772
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public class ReadWriteLatch:ILatch

{
private readonly ReaderWriterLockSlim rwlock=new ReaderWriterLockSlim();
public void exclusiveLock() {
rwlock.EnterWriteLock();
}
}

& 3-2  ReadWriteLatch J$SZHLL 51 B % exclusive() 7~ it K]

void exclusiveLock() {
doExclusiveLock(true, false)

}

Boolean doExclusiveLock(Boolean wait, Boolean Interrupt)
{
IF(A LRI 200 S B)
1138
exclusiveCount = 1;
IFCA SRR AIAT 1200 G 1) e )
11357 8t
exclusiveCount++;
IR T CAE PR EOL,  ANBESL R4 74
if('wait)
IR
return false;
YIS SIINIE
for(;;)
{
LockSupport.park();  //454%
IfCR 2RI T HEe Bl)
return true; //jEh
if(LVFILE LRI && A LRI
SEHIER SN
return false; /I
1}

3-3 ReadWriteUpdateLatch S sZH ik 51 8 %1 exclusive() 7~ = K
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AbFRF SR
S AbHE T 4513 SR
i <
%
S T4
=
bSR3 SR
A
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3-4 NewReadWriteUpdateLatch ZSSZH 1k 03 B2 exclusive() i Fe

2) ReadWriteUpdateLatch 2 S BL i% 02 bk 5 exclusive() . £ &l 3-3 1,
ReadWriteUpdate 2517, exclusive() @R Paib S vk SEILm), i k8l 53
BOHZEN, #2780 0, AF2T8(. doEeclusive)H W NSHE, H—PNERRE
B AVFEES, AR AV SR .

3) NewReadWriteUpdateLatch 2&52H ik 51 A% exclusive(). EK 3-4 1,
NewReadWriteUpdateLatch Z& i K HF e 8 PUA SO0 — i ol qur st ol
LB B T3, —FGOUE M a8, (HE 5 ] DRI T8 25 =R ol
AR T, WOERr, SRR LA T S P DL LR Ay
HEEFF GBI T, AReR T8, BT = FEoUnei s, &G —MIg ok m.
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(M) {FERKABRG

DIRGHEE 8. 76 3-5 1, Properties J& 1] LIS —S6 2%, 45 H &R
TRAFEEAT . AEACKES TP JRATISE AR it (1) 1) 549 latchFactory, AEH T SE43k4%
B latch, AR5k a] LU KA S 8L

Properties = new Properties();

platform = new PlatformImpl(properties);

latchFactory = new LatchFactorylmpl(platform, properties);
latch = latchFactory.newReadWriteUpdateLatch();
latch.exclusiveLock();

{

//do something

}

latch.unlockExclusive();

3-5 RfGHEBURER

Z)ﬂ?&’%ﬁi, RO HE e Bt AEE 3-6 Hf, SERMB AT AT, THE
NHFEB TR AR 06 20 ] F e B

latch.updateLock();
latch.upgradeUpdateLock();//7+45 b & 4

latch.unlockExclusive();

3-6 MBS E R

3) B S et AL . FE 3-7 , ARIEAES T, BT AT DL S
M, HIEBAGES EHBUAH

latch.updateLock();
latch.sharedLock();
latch.sharedLock();
latch.unlockShared();
latch.unlockShared();
latch.unlockUpdate();

B 3-7 BB I =LA R R

10
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3.2 Lock i

3.2.1 Lock $iByi&it

(—) Angsii

AT bR AL (0 A B SO B BB AR M B, T4 R
B RSB B . B — I BUR SRS EBIN B, AN B B, TEIXBY B,
F.55 0] DL G IR AT B s I AT S B (R, (R AN RE RIS B 25—t
BRI B By, ARG B TEIX B, 45 ] DUREJBUT A 2 s 1l 11
AR 2RA B, (EEARNREF AT B PEY BEE B S T FH SR H 474k
WEE, AR, —ADNFHESHRM] sy 2 R HS R, I H b Bl o
I BOFARAEA 2 K AL HEH
(D) ZhREL

KESMIE ARG T =N FEBRE L OHAL (read committed). W]
2k (repeatable read) F1H474k (serializable).

1 BRORAS: AVFATTESZ I, EARVEAEEE . X A7 DL i« ) =

BB R A S B S o IO (1) 5 45 AoV HAth =5 25 4 8207 i A T4k
s IS RTINS S5 R o 48 AR 55 U5 109247

2. WEFE: AT ES SN, EE A I ] R L5 .
X)L i LS st A A S B S S 1 S R s AR ks
F55 (HAVFLFS), HHS WA AT (T H A= 55 .

3. BT AR ES . EERFESFIMLHAT, FHEHBEA
B — N BAT, EAREIERIAT . W SR A AT B T VA SE T
P, 20 ak T AL A LR UE T 4 A\ PR B0 AN 23 B WP A T A i)
BRI SS V2.

R 9 o iy, B R R U (1) e BV R — B0k, R IR R PR
K o BT AN AZ AR FLAR IR FH PR B FEAS R R B8 25 2, A6 D Re A :
et
(=) lock kIR . HHAEM R BitEE

ARG, AT -BREERK lock 817,

1. A8 (None): XTEHBEA AL, Rk BHEERA 1K

2. EIILEE (Intent Share Lock, iFR IS ). K EEXF 40k B 0 5 it
L

3. EFHFEST (ntent Exclusive Lock, fAIFR IX 81): K BZEXECAIHRLE X5
I et

an)> o)

=3
[
b
=

s
IS EET

11
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LA (Share Lock, fRJFR S 8D HPRHLILEE X5 in L =41
LR M HFE S (Share Intent Exclusive Lock, fij#x SIX i) Lk B
XGRS, MR AR GOmHEE e B, AT B S BRI IX B
25
6. HE (Update Lock, fRiIFR U 8D : SSHHLILEE GF 500 5 5 s
7. HrE®i (Exclusive Lock, fRiFR X B); KRR XS nHEE 8.
fEFR 31, WR—ABE SRR FNYAZ T 5 — NS AL A
(YD), WRZBSTEIRAS . I RAFA (ND, IAH iGN SR —
YIRETBOZ B -

31 FAEC Lock B AR AH 2R 14

Mode NONE IS IX S SIX ) X
NONE Y Y Y Y Y Y Y
Intent Shared Y Y Y Y Y N N
Intent Exclusive Y Y Y N N N N
Shared Y Y N Y N N N
Shared Intent Y Y N N N N N
Exclusive
Update Y N N Y N N N
Exclusive Y N N N N N N
* 32 B
Mode NONE IS IX S SIX U X
NONE NONE IS IX S SIX U X
Intent Shared IS IS IX S SIX U X
Intent Exclusive IX IX IX SIX SIX X X
Shared S S SIX S SIX U X
Shared Intent SIX SIX SIX SIX SIX SIX X
Exclusive
Update U U X U SIX U X
Exclusive X X X X X X X

ARRGUESCFF I, K 3-2 R HIFE . AERHOR R, 2R —A
BRUL— PRI HE, LU — AN RIBEEK, WIHTE SRS 1 LA RS b
PNIELEE TR

12
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(M) ZEH

HER TR AN B S DAL Rk R A P A T S o DR 4 < 0 U J ) — L
FHEERF (I G A5 JC A T AE L e AT ok e T 25 I PR R G4 T 2B BOIR A
BURGE A T A o A S5 b BEAS AT IR T I s, DR 2 IR K
Bilo ALFRZEB R, ARG T ANE RSB R EE, FAA

REANBAERF PN T HIIEER T o BT HIRAE R 22 Tl 55, &%
FEHVRAE PR AP 55 . W TS G TaE— A, DUAAET SRS
W, KRR FIEfT: A g€6 M weW, Wi mode (g) (FIr g iE KRB
i) 5 mode (w) AHZ, WIFEE YN Eil<w, g>o BEAL, Wi w ERAF] w Ak
Twz)a, HFHAME, WEEF N Eh<w, wo FVERILIE, ERmsl, H
FISEAF S BT A B AR R B o XA S R T A A B A o S A I AR A 1
A, UUAAEIERE, W AER TP BENLIE £ A5 IR, i nT g vean .

3.2.2 Lock $iRYSEIR

(—) ZELALNLEH
A AL Sy A AL TStore.Rss.Api.Locking 1 TStore.Rss.Impl.Locking.
TStore.Rss.Api.Locking f3tA7 AN, T BEHE LR 3 I8 DA A — S5 faj s ()2
i LockManager & X[t RIF RN G Bt AP AT IR . AR, B
BB 2 B 4 /E 19 $2 10 LockDeadlockException SE X ) A& AE BT H
LockModeClass #&— A& H.2E, & SR T Ah AN [R] R A X LUK AT TR A 245 o
AN A HE R - TStore.Rss.Impl.Locking "3 1A, J& Lock B SE B EAAET 2>,
SEIL TR S R, R RS T AR AR I
711 3-8 1, LockModeClass 5& X T TulAS [A] (1 A LA R EAT TR AH 2550 [
R AR B, &N R T 2 H 1Y . LockManagerFactorylmpl SZHE 1 42 11
LockMgrFactory, +&—~1.J 5. LockManagerimpl 28 T #4171 LockManager F/1
F210 LockHandle, #& Lock 8 S8l AR 43
(Z) LR REREE N
AR MBI 2, ok — e, RSO A
1. acquire(Object owner, Object lockable, LockMode mode, LockDuration
duration, int timeout, LockInfo lockInfo): i >K4i. owner 8K &,
lockable 2 NEifI%%, mode 2B, duration SEHHA BT HT 1]
KB, timeout fARFE & A28, lockinfo S i i 2L e 5 5
2. downgrade(Object owner, Object lockable, LockMode downgradeTo): "
owner {7t lockable 44 (181 %4 A downgradeTo

13
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3. release(Object owner, Object lockable, bool force): ¢ owner 7& lockable
AL, force AR AT U HIRE K

4. findLock(Object owner, Object lockable): #r$k owner 7 lockable b 445 1]
B
start(): JF4f Lock i H 5141
shutdown(): <[4 Lock %% # s 44]
setDeadlockDetectorInterval(int seconds): ¥ & FEAUR Il £k FEiS 4T 1 IS [A)

[F1]
<<BE[1>>
LockManager << [>>
+acquire() : LockHandle LockMgrFactory
+downgrade() : bool +create() : LockManager
+ release() N\
/\
o LockModeClass
<<PE1>> _
LockHandle *LOCkMEF‘l‘? ill\f/}t ool
*releaseq) - bool -compatibilityMatrix : boo
-conversionMatrix : bool
+downgrade() _ -
+getCurrentMode() : LockModeClass +lsC0.mpat1ble()  bool
/N +maximumOf() : bool
LockManagerImpl
LockManagerFactorylmpl
+acquire() : LockHandle —

+downgrade() : bool
+release() : bool
+detectDeadlocks()

3-8 Lock BiHL IR K]

+create() : LockManager

(=) ZEep 5 R E LI R A

AREHR IR AR 2, B S Bt IETE——RIR, TR pR 2 acquire()
MRS 4. £E1E 3-9 W, 153K Lock BT =Rl il: 28— Bl DS X RPN
B, BN RIAL RIS T 2R AR DU R R SN, (E R e I SRAEAE
i, BEIHR BTSRRI A 5 AT SN, A B 8L A
AN G RSO0 e IS RAESE Ay, MG OL P, —3K
FERERFBAIUANRE R, T BS54y, SRR RERe i, Hedmin e A5 e 5 =i
M7, MENE TG AMBNTEEEAr . SEfplny, et R,

14
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TR

B> Ak B

A HHE SR
AL B B 17 SRk
Y
T D
HERANTE 7R uce LY
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() {ERKAERBGI

1) FE57 Lock B s . 7K 3-10 #, Properties nJ DA% & LS4,
F% HER B RIS, SeA B # 1) factory, FFHIBIEEL 1) 4
LB B S A

LockManagerFactorylmpl factory=new LockManagerFactorylmpl();
Properties properties = new Properties();
IPlatform platform = new PlatformImpl(properties);

LatchFactory latchFactory = new LatchFactorylmpl(platform, properties);

LockManager lockmgr=factory. create(latchFactory, props);

K 3-10 757 Lock B4 B S o 2

2)Lock B IFR1S ARSI 76K 3-11 7, owner J& Lock 8 f141 75 % » lockname
FERINBUTIXT %, mode FEIMBIKIAL, duration JEHHA BRI F]KJE, timeout
REL B0, lockinfo & A e s K.

LockManage lockmgr= createLockManager();

Object owner=new Integer(1);

Object lockname=new Integer(10);

LockHandle handle = lockmgr.acquire(owner,lockname,LockMode.SHARED,
LockDuration. MANUAL_DURATION, -1,null)://3f453 3 5= 4%

//do something

handle.release(false):// B J5U

K] 3-11  Lock B sRAFATR o =

3)Lock Bl k&g . (FK 3-12 1, ik axquire()REGRSHEE B, SR 518
downgrade()pRi %, HEHE B BIBFL N TS0

LockManage lockmgr= createLockManager();

Object owner=new Integer(1);

Object lockname=new Integer(10);

LockHandle handle = lockmgr.acquire(owner,lockname,LockMode.EXCLUSIVE,
LockDuration. MANUAL_DURATION, -1,null);//3R#3HE e 8

handle.downgrade(LockMode.SHARED);// &£ k3 =43

K] 3-12  Lock 4 [& 2~
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FME HEEEER
HE RSB T PATEAE I I LR G, A 55 A PR (1) F A B 4y
E%%ﬁ%%mhﬂf, BT 2R G0 It N AT R
MR FoRUE, H &SRR ARG E A7 LI L ‘Eﬁlﬂi%32¢¥ IR T RE
M H B, & %E S — N ME— AR IR, RO H EF S C(log
sequence number, fAFR LSND. F&Midzbnid, whn] DUR S — AN B A- U AR 1
FIH AR LSN 620 LA 1S ik s 2R AR R
R4 HEHEEA TA—2e 7B preLSN. transID F1 type. J& T HANFH4H)
B H B E SR A AR, L preLSN 2Bt T APLE SR1S /T — 4510 3%
N IE ) H &0 S X ANEE SR - trans|d S BEAF A TR 2R A H A TE SR
FEMPRH. type FEIREI] H G LR 1281,
4.1 AEEEERIZIT
(—) BEHEMYL
H 2548 PR H R B8 i) B 4 56 H & (Wrrite Ahead Log, fiiFk WAL B .
AR HECE N K
1 HEMEERERHLAENHE, I HAEFSEATHT H &L A7 21
SE I s
2. GRS MET L AE B NH &, HGE DU TH A S [ R FT 205
5 % UL T A S I H RS e S PR A B AR (R A i s
3. Bl IEAE S, H AR EAE R IN, 0 Z00) s T 0 #E e B
(Exclusive Latch), LPAGRIEH &0 75 =4z H & e — 21
TR, BRI H &l s n] LA 2%, DRk 7 AR I 55 I R 2 A o [
i, H &SR B T R AT . ik, RGBSRy, ) DL
M HEX RGHATIKE .
(Z) HEXHERE
br T H&E WS, REIERAE T HEEGIEE (log control information), 1
HA T22%08, UL 20 H AR EIE B
H & sk 2 AWK 0, AESEhs ERAHEHE S T 24 HE S, [
BATEE A HE A —ANHEH (Log Group) 48 ., HHEHIT
Gre A AN HE SO, A — AN HE SN =R N AN H &SR, SRR A
SAHEAA TR E RS FIR HE SO ST, JF B s, i%m
e 1,234 WES AN HER ISR E R E R B HE S, BRIHE
#EP&@JEI ﬂ;:f% T2 Lsn CHAEMFE) A MA~Z4L, index Al offset, index
M HZEA4, offset 4 H& IR HESX I E . b T 22, Enf Ll
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HEZANHEH, EHERNRARZ MR
RSN, B e E HAEZ X, 2 P ERGEESR O H &l

eI, A H B FERA R E G b A H G, Ee BRI S AN ) H &
SCPF, 2RI ) H S Cs i, BRI —ASHE S, IR AN H &
SO, AR H B ARG =N HE SO ARG 5B HE SRS A8, i Bl
ANH&EIERT
4.2 HEEPREATIH
(—) HLARLEH

A 4 ACHS 3 4 P9 AN . TStore.Rss.Api.Wal 1 TStore.Rss.Impl.Wal .
TStore.Rss.Api.Wal #i7;-HF N, & IR MK, LogException &
H R, Lsn 5 AR H S5 ( Log Sequence Number) () 454, LogRecord
B IR H &0 103845, LogReader £ 152 SCIRE A H &30 ¢ 13 B
£, LogManager #15¢ SUEXT HEME R, WA HE, RAEHE, SAHE
%, LogFactory #% M2 2E i LogManger SE9)(%) 1.) . TStore.Rss.Impl.Wal JL45 4
AN, LogManagerlmpl Al LogFactorylmpl, & H &8 BSzBLA ARy, 2Bl T
H A& AR

EE 4-1 w4, Lsn e XA HE PRSI S5/ AliefE . LogFactorylmpl SEZER
T 410 LogFatory, #& H &3 T 2%, LogManagerImpl SZH1 1 4% 1 LogManager .
LogReader 1 LogRecord, #& 523 H &8 B A5 57

l—’ ] Lsn
<<£¥<| 1>> +S|ZE :.int
LogManager '"}?ext- _"_‘tt
+insert() : Lsn -Offsest - In — <<fEI>>
+read() : LogRecord *getindex() - int LogFactory
+flush() +getOffset() : int +createLog()
*store( +getLog() : LogManager
— N LogManagerimpl
<fZM>> -MAX_CTL_FILES :int=3
LogReader L -MAX_LOG_GROUPS :int=3
+getNext() : LogRecord +create() LogFactorylmpl
+close() +insert() : Lsn
- :;Ieadh() : LogReader +createLog()
usho +getLog() : LogManager

<<PEI1>>

LogRecord
+getData() : byte
+getDataLength() : int
+getLsn() : Lsn +LogException()

LogException

-serialVersionUID : long = 1L

K41 HISE BRI
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FAHH &

S NN
G UE= N
H?

fro o fRAEH &

A2 jLsn <
BT H R n 2
Zh
|
R TH CHACS/

K 4-2 3l AF H S R

(2 ERBHE N
ABIR P R REAR 2, Tk —— N, RSN F -
1. start(): JFan H S8 HESA)
2. insert(): HHAFMIH &I F
3. getMaxLsn(): &Pl kK Lsn, Wt dsia ARAS Lsn
4. getDurableLsn(): IR [FI{RAF B A7t (1) H A&l sk (1 5 K1) Lsn
5. getCheckpointLsn(): & [A]—AM 2 &K Lsn
6. setCheckpointLsn(): A& J— AN 2 i H &l =%
7. read(): TEAFE Lsn 1 H &L
8. flush(): {447 Hidsat
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9. getForwardScanningReader(): #k73 AN AT BN H HiekrY

10. getBackwardScanningReader(): 35— a5 2800 H & br

11. shutdown(): <P H & BESLH, FETHC FC ) 225
(=) ZEp BRI

ABRRPI A RBKZ, CANI STk ——RIR, EFE R R
insert)IF S 4. EE 4-2 1, AT HE, Bl aE B IKE 2 i
KAE, LIS, i H R ASE L W) A 2 H RSt A O, W 1)
G i IR H ARl s IR A RIS E A7 i . B AR ZR I Lsn,  f e 48 H &Rl sk i
AR HEZ b, HEBABL
() {ERKRERBGI

1 Gl H &S, FK 4-3, properties R & 45545, WHE 4.
A E e HE T, BHHE T g H &),

2) PAFCATHESEG. fEK 4-4 1, properties HKBEE 54, QiH &
A4 o A E AR E T, BHEET) T AR H &S $Rk45

RS J5 o WA EOC PA H AR S

3 AP HE LS. £. 45 F, EldHET) SRAHELE, AR
Ja i insert()pRBEE N H &, feJia O M H s sz

4) A H G KRFEEM . K 4-6 F, {17 HEBC SRR E A7 i L 5
iR flushQEtaT, WA SHNRAAITA B, A28 RS Isn X}
(1) H e 5

LogFactory factory = new LogFactorylmpl();
Properties properties = new Properties();
properties.setProperty(“log.ctl.1", "ctl.a");
properties.setProperty(“log.ctl.2", "ctl.b");
properties.setProperty("log.groups.1.path"”, ".");
properties.setProperty(“log.archive.path”, ".");
properties.setProperty("log.group.files", "3");
properties.setProperty("log.file.size", "16384");
properties.setProperty("log.buffer.size", "16384");
properties.setProperty("log.buffer.limit”, "4");

properties.setProperty(“log.flush.interval®, "30");

factory.createLog(properties);

& 4-3 Qi H G &
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LogFactory factory = new LogFactorylmpl();
Properties properties = new Properties();
properties.setProperty(“log.ctl.1", "ctl.a");
properties.setProperty(“log.ctl.2", "ctl.b™);
properties.setProperty("log.groups.1.path”, ".");
properties.setProperty(“log.archive.path”, ".");
properties.setProperty("log.group.files*, "3");
properties.setProperty("log.file.size", "16384");
properties.setProperty("log.buffer.size", "16384");
properties.setProperty("log.buffer.limit", "4");
properties.setProperty("log.flush.interval™, "30");
LogMgr log = factory.openLog(properties);
try {

// do some work
} finally {
if (log '=null)

log.close();

B 4-4  FpG H GG

LogMagr log = factory.openLog(null);
try {
String s = "hello world!";
byte[] b = s.getBytes();
Lsn Isn = log.insert(b, b.length);
} finally {
if (log '=null)

log.close();

K 4-5 AP H S Idson E

String s = "hello world!";

byte[] b = s.getBytes();

Lsn Isn = log.insert(b, b.length);
log.flush(lsn);

Kl 4-6  fiAr H &l sk BIRE A7 i n S IE
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5) BHH &t e 4-7 v, ilid.getForwardScanningReader() 2 £k £
— AN AT BN H SRR - ﬁ)if:ﬁﬁ%@ﬂ% getNext()#% zh B)6E— 4 Hkid . e
— B R H AR

LogReader reader = log.getForwardScanningReader(null);
try {
for (;;) {
LogRecord rec = reader.getNext();
if (rec ==null) {
break;
}
printRecord(rec);
}
}
finally {
if (reader '=null)
reader.close();
}
}

K 4-7 e H &SR =K

6) Iﬂff&#ﬁ)ﬁ\ Ellu\o TIZE] 4-8 EFI é%é’iﬁk %#é)ﬁﬁ;u\lﬂ%’ ?‘jﬁ\)’éﬁ
B H AR, I DrAesr H R0 sk 288 € 474 o

CheckpointRecord checkpointRec = new CheckpointRecord();
Lsn checkpointLsn = log.insert(checkpointRec.getData(),
checkpointRec.getLength());
logmgr.setCheckpointLsn(checkpointLsn);
logmgr.flush(checkpointLsn);

K 4-8 dsp Al HERER
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FHE HHFETEER
AR S B, TR RERIE g5, RATH S BG5S,
I A Re B & i, [FIINIE T Z MR LA, AE RGN K R 5.
FHE RS A5 1) ACID Hrtk o 5 S ot b =55 . A E AL 1
F55 LU 55 P HL D [ PR A S SR, 3R 1 B A AL A AN K R
ST A gD FIFESRASI, AR AN GEE i B e Bl as — oA 1 2+
SRR X e, SCBLT C 8k, M HEUE BB ARG &, W
S5 IS EE BOE e, Sl TSI 1 (BRI . AERATEH SN, EHE O
AL G5 F H &L o i 5 N K ANEAFE it s, DUEAE 5 I S ARl C 3R AC K L
B, SEHLT D (RRAME).
5.1 EFEERRAIZIT
(—) ARIES
ABHUE AL ARIESHREIT Y. fEA RS T, ARIES HikiA LU 2K
1 GHEM SRS HE
RSB RIC R B (page) MY
3. BANUUIEEA —ASBUHIT (PageLSND, HIKE 7 e Ja — MBS iU
(I H &l %
4. AEGRE RN, S55E BRI AR ORAEIT A I T, AU IRAF B 2
RL UL, R U R T
5. fERGEAM B, HH55E B T UT I AN e P i L ZCR IWE T, G
B AR DT PCR NE E
6. HEEHAEWIUFELI HECxR, 868 iR LSN A7 Hisidx. [A
I, HEEEIC R A a m H &
7. BUE PRI AU I BN 1, (R I EE BL S R ORI T, DA
AL
(D) EFEERRGHMERERNZE
BV BERLHUE —NRH RO, BRSO S A, B2 AR
ARG, S5RGBT 2 55 7 PR B 1 Ay B BR 1) A2 HL i 3
[12],
1 FEFESIHGL )G, F55 T LA AR M) I i o 8 PR H BRI 1) 1 3R A5
Bl
AT R TR B AN, b Sl S ST ] AR S 3 A
HF G IR B DR A N, ORAF R R FRA I B AR T
SN (BRACETIGT) I, FHETHA B A R
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(=) EXZMHFIERER
FEEHALE H S HEBRCREY), fEFS5 T RENEHE. £F
SR, A DA A H AR R
A F A AE (Redoable) H 75 Jir 52 M 5 |48 LTI (1) 3V E AR 200 AL b i H
2. HSTREAF(NonTransactionRelatedOperation) H idi: X2 H & id 5 0
VEANSS R 51 By, FLARSR IS ) & M as I AR
3. RAAZHNE (PostCommitAction) Hik: IXZERAE R FH ST R ERIEN
TR, ERIMERFFIRATTHERE, — BB IIRIR
4. EIEMEGERAE (ContainerDeleteOperation) Hii: ZssMFA Wifd, —&
BEIBCGR LIRS, — R IBOT A 2 iR AR
5.2 BESEEERAIIIN

(—) FLANLE

A 5 AR o A M OE8 4 ¢ TStore.Rss.Api.TTransaction  Fll
TStore.Rss.Impl.Transactionlmpl. TStore.Rss.Api.TTransaction 4 — - )\,
F8E AR, W Transaction J€ X IF 25N, TEBAEARZHS.
RAFAN . N H &% . TStore.Rss.Impl. Transactionlmpl LA YA, SZHL T
TStore.Rss.Api.TTransaction f5€ R4 1, &S558 BESEHLR) FARHE 47 o

1 5-1 ', TransactionalModeRegistrylmpl J& Z 4% 7 Mt 25
TransactionManagerimpl 52 I T TransactionalMode .  Transaction
TransactionManager. Savapoint. Redoable S8z 11, J& S 458 B AR5y

() ERRRAERHE N

AR REIR 2, ek — e, e SO A

1. getLastLsn(): FRAFAFHS A MG > Lsn

2. loglinsert(): ff AAF S =41 H&E Il %

3. acquireLock(Lockable lockable, LockMode mode,LockDuration duration):
343 lockable |14, mode Jy8ift#E, duration Sl i RF A7 1 A ke
releaseLock(Lockable lockable): F#ji lockable _I 4
createSavepoint(): G F 4R A7 4
commit(): $EAZHFS
rollback(Savepoint sp): [FI7& 5545 RI{E A7 55
abort(): JFFHS
. begin(IsolationMode isolationMode): JF4h— B4
(=) AR IRSG

ARSI B R K 2, AT SEIL TGV —— 338, EFE R 01 B2 commit()

=

© o N o g s
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ISEHLAN 4. A2 5-2 h, ARSI B B RAES TR, Mi2mA

R H&G L WK HSIMAIRS T F SPIRE S AR ,‘\\meﬂ‘a)\$%h=§c
HEES . S =FrBot 5e A S e . Jabr Boe R st

|
<<PE[1>>
TransactionManager
+start() << I>>
+begin() : Transaction Transaction
<<fl1>> +shutdown() +acquireLock()
Savepoint +createSavepoint()
+saveValue() +commit()
+getValue() : object +rollback()
TransactionManagerImpl B>
TransactionalModule
<< H>> +start() )
Redoable <]7+begin() : Transaction +redo()
+shutdown() |

TransactionalModuleRegistrylmpl

+registerModule()
+getModule() : TransactionalModule

Kl 5-1 558 BB KK

AT HS
CERHL, BB
W
s TAE 7y
v
WA SRR H | SEIRAES (K BT
o ik

K 5-2 fRAZHFSMFEE

() {ERREERG
D I, KPS E RS, (e 5-3 Hr, =555 5 B SIE] ) a tA OC b

ARSI, A BB, g ER A e Bt
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TransactionManagerImpl trxmgr = new TransactionManagerimpl();
try {

trxmgr.start();

//do something

} finally {
trxmgr.shutdown();

K 5-3 Gk, SCHIESEHSBRE -

2) JFHHTHS . I FS. £E 54, B4, WA begin( R EUTT
UEHT RS, ARG L, s T Y commit() s B A FE S5, T )
FH abort() s £ 57 4555

Transaction trx = trxmgr.begin(IsolationMode.SERIALIZABLE);
success=false;
try {

//do something

success=true;

}
finally {
if (success)
trx.commit();
else
trx.abort();
}

K 5-4 JHEErd55 . R F SR E R

Transaction trx = trxmgr.begin();
Savepoint sp = trx.createSavepoint(false);
//do something

trx.rollback(sp);

trx.commit();

B 5-5 QI 355 DR A7 il DU PIIR 2 55 DR A7 s i

26



KRR 2010 JaARHEEL I GBIO

3) BIEEH S IRAE LA R B F 55 OR A7 i 7EK] 5-5 o, B 5 IR AE
i 38 o 1R FH e 2R createSavepoint() R SZHILIF, 242 [ 7R B LRAT S0, 1/ F rollback()
PRAL

4) HEEHB S B BRI 45 6. TR 5-6 T, SR
F ek % acquire() bR BCRSEILK, acquire)BEULH =428, S HUE W
X%, 5 - ASHRBHIR, B =ASEOLB PR, 25455 2
J&1H F downgradeLock () SZ B .

Transaction trx = trxmgr.begin();

trx.acquireLock(new ObjectLock(1,15), LockMode.SHARED,LockDuration.
MANUAL_DURATION);

trx.acquireLock(new ObjectLock(1,15), LockMode.UPDATE,LockDuration.
MANUAL_DURATION);

trx.downgradeLock(new ObjectLock(1, 15),LockMode.SHARED);

trx.commit();

5-6 HHAFURBINEK
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FRE RFEMUA

6.1 BTt

BTGNS AR KA I A R B AT IR S AR GO I TS 31, A8 5 il iaig
BN, AR ST B CRE AE S R R AR 23 A B 25 IR A Ol S EAT IR e
TR — PR A RIS, SRR R I 2 R, Reh a4
W2 TAE . KX R g M5 ol K4 H cr# fftm k%
Microsoft.VisualStudio. TestTools.UnitTesting H z/E . & 6-1 & —/NBCH Tl
A, AR IR .

[TestMethod()]
public void getNextTest()
{
int range = 4; // TODO: #J4H1k M 3E 24 HIMH
WrappingSequencer target = new WrappingSequencer(range); // TODO: ¥4k Jyidi
LA
int expected = 0; // TODO: #I4H4k K iE 24 I{H
int actual;
for (int i=0; i < 12; i++,expected++)
{
expected = expected % 4;
actual = target.getNext();

Assert. AreEqual(expected, actual);

K 6-1  getNext()e& ZUR ol m & K

6.2 SR

SRR, Y 4R B A IR 7 B CIRR  BEA b, A T g
MRV BRI T AR RS, BHTAEMRINR . SR, Lot BARRE
% B T AR, AE AR BEARUE AT R B TE 5 1 LA . PP Sl Jo 3 S AR
HORIG A, E4s R BRI RERER ik, S ThREM SEBL.

K RGBSR A FE T R BEATLRE 1, G SR A B I, 2 I
B LB 355 . BE AT 4 INBt . AE i AT 45 H &L A AT RAs 452, ]
6-2, WA T HS B, WL HESBUOTIG, RIS T 55 A7
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trx = trxmgr.begin(IsolationMode.SERIALIZABLE);
trx.acquireLock(lockl,LockMode.SHARED,LockDuration. COMMIT_DURATION);
Savepoint savepoint = trx.createSavepoint(false);

assertEquals(trx.hasLock(lockl), LockMode.SHARED);
trx.acquireLock(lockl,LockMode.UPDATE,LockDuration.COMMIT_DURATION);
assertEquals(trx.hasLock(lockl), LockMode.UPDATE);

trx.rollback(savepoint);

assertEquals(LockMode.UPDATE, trx.hasLock(lockl));

K 6-2 5 I S el i
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ELtE B4

B B R R I, Bode o B AL PR A S RS, A6l 5 | B s e g
i R AR, 5 Bl A (A7l 5 1 BRI ANGS o AR SCREVHIFSCBL T A7 it 5| 2
HDE S (S

HOG, WA T RSB SS, X5 A B IEAT T el JH S E B
RGP N AR B PR RS A PR < 2548 IR . PRI 755K
L2 R SR Is B, e e BB AR H P i BOM B Sk, A
H AR FRE b A 5 H B RSP, e 45 s At A ARIESMAVL

SRIG, ARAEBOT S T A A . ARG AR Cail IRy
ARV O EEAR IO, RGBT KR, KR REA LU, 4
B, JF FaddR s AU R SR E . ARG 112 42K,

wa, HHT T RGN RGN ORI P oTilENEE Bl i
PTG R S L 55 AL BRI T I, g s BBl A e BRI 44 D g
BEATIY, MR GERE T 58 BURr € DI fE -
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