\= SRR

5 &3 DM EARAGLFH 1.0.0

2020/1



WEA

© Copyright 2019 5791 % éx 4z & B AR [R5

N

AA QA 015 Sy B, R FB AT 4,

REPARA . RIEBAEALS, TNERE ) GHALSDHFTHHLT,
B REB G REFART A R Gl T RIP B L& 0 BAR S p HH R
IR R

5 B3 5 Sa e RS- T 69 B AR 5 B o A 69 42 R R T S A RS- A 690

—d2fRe RSP BMEATAS & 39 R AT 89 R A5 Fo 3K

#94
Microsoft® F= Windows® -2 % E #4869 72 M 7 47, Java® F= MySQL®
52 Oracle & R -F 8] 6972 M 7 #7. Bosun &£ Stack Exchange # 7 47

Apache®. Hadoop®. HBase®. Hive®. openTSDB®. Sqoop® #= Trafodion®
2 Apache #2449 W 47, Esgyn, EsgynDB #= QianBase & % #7269 7

7o



WE
B &
B B ettt teeee e e —teeaae——eeeeaeeteeeaaeteeeae—eteeaaeteteetaan—teetae—tteeaa—teeeaa—teeaan—teeaan—reeeaarrreeas i
N a1 1 T i
2 iR i
B BT T F ettt ettt ettt ii
B SO iii
AN A &) N o 1
20 T H R ZEH o 5
3 BB AT LLAEZE M oottt ettt 8
4. BEGIN WORK ... .ottt 11
4.1. FZT get/ put/ deletl .ooviiiiiiieisi e e 12
42, BEFIANZT LIS ANARIBITTAR oo 14
5. COMMIT WORK ...ttt e e e e e s e e e e srneeeeans 16
6. ABORT WORK ......ooiiiiiiiii it sbaee e 20
T B D R B it 22
8. AT B AL R o 25
8.1. AR R IBAE G T 3 3) T oo 25
B2 A - 26
0B T TR P e e 27
10, ZEFPE 8 e 29
| R USRS OPRPR 32



AL A

AIANBT oA XNFHERIKRLEN, ARIATH LA T DTM 24569 &4 2)

b
9

puiod

B AR

Afgdtg AATIER A D SRR BIERE LR AP o

%ITH £
A B WA

1.0.0 2020 4 1 A % — A




Al &

B3R5 AR

AN I HFEXT ARG O AT IR SR, IR R S5 F R STH

Z R RAEATEE R RA AT, A R4 £ support@esgyn.cno



1. W85 Sr 3 IR e e X F 4% 22

L ABYBRRBERIHFXFFEE

B 8342 /) 3] 49 EsgynDB #= QianBase = & (VAT MR 5 it 438 %) § R4
4>k 4889 SQL-on-HBase DBMS 3| % | % 5| % £ 11420 % F 45K p B d A T
YR . AR AT HBase foF 4% SQL # K694 4, A4 # A T Tandem
Computers F= HP /£ 2K 3% B 3 R A fE i 77 55 7 \y A8 1T 25 49 % # . Tandem

NonStop H# % dksmiffext A XF 5% 2 (DTM) HERFA THITL, KER
Fri A ITAE I BRI H i 46 T HBase., % %42 DTM + 4 RRAAE ML, T

IHKXEHLAEHET ZHUARKPEATHEETIRETH,

4>k 28 49 SQL on HBase DBMS 7| # % 114+ 3¢ K 438 F 42 33585 B T4E i 4K,
RS MAE TAE fi &Ko F4A SQL L& ATk A OLTP (AL FH4E)
89 TAE i &Ko OLTP ¥ FF XA —A T A HHE%b L BF 45 m A4 5 (ERP, CRM
%) Fed b SRR, N, RHCBARARCIELEMIL R FLEM g4

T Fe F AR 0 B VAR LI,

AT XL EM T FEMNRIENF FAEIN S, HSRIIEENA H
RF LA EN, Z I M F RS B b3 S8 B & P 69 ML 3038 A
% HBase ¥ 69 F ZMIHIEFHZ LT, 2R EiEG 0 F S5 £ . HBase £

D SRR BAE A Ak A . B b, B SRR R KL% HBase &Ko

P SR BIE BT T R F SRR LK



N B RFHEFE T XFHER

B WA AR (MVCC) FEHUE RIS L A2 0 ok

152 BN A 2k
- ELFE R LMESDE LT B
- FRERBEARIEZR, FLWRFLFLEORIGFLLEFR, WF

b ok

B R EEE XY Tk R ¥ abtg F 5
T ITAE, BRI, WAI/E, RERS
- JwR k4% A BEGIN WORK A4 F 4, I SQL %A A AUTOCOMMIT
READ COMMITTED 4% 4 ¥ J-Ia & 5], XL RAFIARE
-tk ANSI SQL READ COMMITTED %, H % & 2. % % # 37
¢ W RTLSER—T, RE T2 ZHiZ4T, Ae TLARB L LA 6L
Fo B X EAHE—47, M T2 EAZARIHFERFTRm Pk, BAZ
— AR £ DTM & 3
- % 2T READ COMMITTED, B A€ X # F 4 ik I Fe ik B e 4}
o ERURARIE TR x, KB T2 B4 xfoy FRZ, K6 Tl
By, AZFEAT, voofise T2 2H2/E, @mx 6945k T2 237
Z A, BREy R—%.
% ASQL #AER i A 5 R —¥ 4
- Bl w FHB N RALE N S AATEAGAL, Blde AT KA AT
INSERT...SELECT #:4%

Region Server, F 4% B X7 L #E SR A



1. W85 Sr 3 IR e e X F 4% 22

* ¥ HBase R 389 ¥ 4 5 ik Fo K 3 P-4

AR B R bt
e i
- B —BAE F SR T A region
- IEHEBMFEFR, AAASFSFRAP R ANS#EN

R CEE &

-
ol

- TEABRMES
- BB A

- First writer wins

B34 BB &
o Rk R 94T T T
- WRKEAEATE SR

- BWHER, AT SRR B

=

 HITAK
- RENDIEYT RAKGE
- F 50 ) AL 2 R 3R 69 5 F] BT
- R UFEHAL

- HAEF SRR FF Y - Fe - 2 X

F T F 5% #3547 49 RESTful API

5y bw e B B P AeAt R 5 e ah ik € A B AR 694K R R



1. W85 Sr 3 IR e e X F 4% 22




2. THRERM

2. T REH

I AFFELRATZLFRAHLE, LT HAENKTAT LBTH S
ORI RR, L+ ass:

s BMEHFS

*  KRIIBATA)BLAL I B A

e OLTP %14, BI &4, m#, RIFILE

BT A T REAAPIRILAIIR Z L5 09 £ % B AR — R BT AL
* WEHK

*  TREHALNFAF HHK

o XREAXEENBIGK

© KBE
ALAT AR R A TR AL R AL Z R EZNFT @A LA T k.

B ANFBG R ER G T A, B EWE R Yl AN ERE b BT A
F 4. KA LM K. XEREIRLTE L5 region server 4T 7 Ro FEH
B XFHELRARN, BERRSGT AR —3H AT,

EIARAVE 5 S R T o XF 58 ZAM#



2. THYREM

Node 1 Node 2 Node n

I SQL Process

| Transaction Resource

SQL Process
Il SQL Process

SOL Process

Transaction Resource
Manager Library | Manager Library

Transaction Resource

Manager Library | Manager Library Manager Library | Manager Library

Transaction
Manager

Transaction s Transaction
Manager Manager

II Trx Region Endpoint coproc Il Trx Region Endpoint coproc II Trx Region Endpoint coproc

HBase Region Server HBase Region Server HBase Region Server

Implemented using HBase 0.98 coprocessors
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3. ATl RM

SOL Transaction initiating process

SOL NI

Transaction Manager Library Resource Manager Library

begin/commit/abort(tx1) Transactional operations

get/put/delete coprocessor client Java
Transactional Transactional
Table Scanner
DTM Care - TrxRegionEndpoint
coprocessor client

Branch I/F
Transaction Management JNI
TransactionManager

TrxRegionEndpaint
coprocessor client

transactional
aggregation(tx1)

Transaction Manager Log
Meta info/state about transaction
(more than one region in a txn) TLOG

HBase table(s)

Java get/put/ open/perform/

delete(tx1)  close scanner(tx1)

I
commitRequest/commit/abort(tx1)
Coprocessors implemented

[ TrxRegionEndpoint
EE e implements SQL transactions

TrxRegionObserver

Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint implements recovery process

&

Each region server
has its own HLOG

HBase Write Ahead Log
Region level transaction info
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BWARBH T IE, IHRETE,.
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4. BEGIN WORK

4. BEGIN WORK

BEGINTRANSACTION SQL Tramsaction initiating process
or BEGINTX

Transaction Manager Library Resource Manager Library
begintransaction transid e Transactional operations
request get!putfdelete TrxRegionEndpoint

coprocessor client

transid is allocated by TM
for distributed support

Transaction Manager Transactional Transactional
new transaction object allocated B AT
Assign new transid DTM Core TrxRegionEndpoint

coprocessor client
Branch I/F
ransaction Management JNI
TransactionManager. :
beginTransaction(transid) l Tranf}acznn!"la:azer —
rxRegionEndpoin
9 new TransactionState coprocessor client

HBase RegionServer

Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint

A 3. BEGIN WORK - BEGINTRANSACTION

K A2 0 % — 4 F &4 ) BEGIN WORK 4445 F % X535
DTM BEah M R AR T EFH A3, AR L, idBELAERFSID, F£TM
b E St E KA, VUETM TR BN A G RN S 2 F 4,

O SQL %1% A ¥ 4% 52 & & 5 BEGIN WORK &}, SQL X & & /A 42 578 A
BEGINTRANSACTION
@ Library TM /& ¥ begintransaction 4 5K & 1% 3| /& A3 & LiE4T49

Transaction Manager # #2

© TM #A42 LA — ANFT 89 F 538 F 9P 0 BL—ANFT 89 F 4 1D (transid) o LF 5
ID A F95 KM EZRH XK 3. AN THAL R P 5z HnXe9p7
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/& TrxRegionEndpoint Vr & 22 & & F % b A 7L F 4. % & F %5 HBase
RegionServer TrxRegionEndpoint ¥4 22 38 2t 171842, A4 HBase X3 & 5| & 32
ZF 5

O TM ¥ F45IDE=E TM &, IAE, SQL £#MATIEF 569 — 0 8 PAT get,

put F= delete #24F BF T A4% Hi% F 4 1D,

4.1. F4H get/ put/delete

SQL Transaction initiating process

SQL Transaction initiating process

Transaction Manager Library { Resource Manager Library Transaction Manager Library Resource Manager Library
call register Transactional_operations 1d, regi Transactional operations
(region, transig TrxnueginnEnnuuint o put{transid, region) o

get/put/delete or client

get/put/delete TMRegonEndoint

- " a b' roprocessor client
Adds participant to the Transaction Manager lTran glransactionstateObjignay Transaction Manager Transactional Transactional
e participating processes list - Table Scanner Table Scanner
of the Transaction Object |71 Oblect] prpy core TrxRegionEndpoint DTM Core TrxRegionEndpoint
st | = P — il
» e i ook up TransactionState by ;.
HBaseTxn.registerRegion ransaction I'IJIanagemem INI fransid - create object if nat there Transactiogn h_'lanagement JNI
TransactionManager TransactionManager
0 TrxRegionEndpaint If reglon not in participatingRegions TrxRegionEndpoint
TransactionManager.regi Txn State|  coprocessor client il;sﬁtﬁn;ilmnis:}[rggz:late addit& coprgcessor client
egion which adds it to the g
;:;ril;i;lllic;;wState.partu:|patlng e TransactionalTable.put(TransactionState, region) e TrxRegionEndpoint.put(transid) for region

HBase RegionServer HBase RegionServer

Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint

TrxRegionEndpoint.beginTransaction(transid) for region
executed if transaction not initiated for the region

Update region transaction object
context to include puts, deletes

B 4. get/ put/ delete
A, SRR TSI F 5, €7 AT R L F 5 1D 847 get, put =X,

delete, €@ FHREREFRAMNXLPRNGFFMA. €W FHID HiX &g

A —AtE . P, RAVRRE AP B PAT put 31F. G K A A

T FEMHAFI:

O SQL 3] % = k3% HBase 174240 £ F 57 & %) R K 36951 % . SQL A

¥4 ID SQL 8 RM J& 44 ¥ 414 put.

@ORM 25 F 2T % AHESLID 42 T TransactionState 3+ £, %4 £ 7T 4%
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AUEZFELSMEGOETNENBFHN. wRERELE, CHUET,

©OXE, RM AL FEA P4 HBase RIMRA TR AL F SN ALSRBIN A
P, OTRAHSZRBABRGE—X G ID 4L EH R, 4o RIERB AL
Sl , WHFLA, REoahEmdsg, e TM EMiE RSEAZ S8
HERK. TM FZfidiX — &, YUMEX T F 4695 4 COMMIT X
ABORT, & A5 F 545 R 69E 4 R REATEAS

ORM @A TM & 692, St & ID fo K 3R B 0 LE AT
2o TM B2 Mm L& # 5] TMo

© T™M £ 5 69 SQL kA2 ifm 3] F -2 %09 A 5 o ab A2 7] FOop

O & @l R AALF FEMR I, N TM iz KR Ae 2] F R E 5 F 69 4
ER#BIN AT, ZREB T CEHESG —ASQL #A2EHM, &AL TR —F 45
% # 7 48 ) 89 HBase R 3.

O & O— 2 F B i Mit A2, RM ¥ ) TrxRegionEndpoint 4L 3 3 & f 34354
1% TrxRegionEndpoint & A& F 47 put 2| put #£4E & ) 5] 49 X 3%,

O 2 30 X AR A A F) i b F 4 ID, M) TrxRegionEndpoint 3347 744 %
B0 AZEFHANE-ANF ST E, ARIRILF 54957 HBase K| ZEA| LT
Lo XA —FhA, EPRIRABKINE - REFHNLOLELEFSP, WL
TM T4 F 5 R LF 57 i B9 FT A K B

@ =% LT 469 writeOrdering 5 &2 2 247, A &3 RM K Az ¥ 454454
R TA EA . EXAFIALT, Hputdd Xe) EHPFELNEFLET P4
Fo W RIEATA L5 2 HBase & (HBase WAL N 5 54%) o X H £ 32 49
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4. BEGIN WORK

F— (BFE) BT Ko

B EEANZ G AR BFRAEL

DTM # 5K R Z &2 — 2 C ¥ H R U5 MR B,/ L5 M 42 69 F 560948
Ho @R TH EFT —Apute 122, Fl— SQL #AZTUAER —F 4+

FHF—RG SRS, £EEARGEARE. o T HT.

SQL Transaction initiating process

Transaction | Resource |
Manager Librai Manager Librar

Transaction
[LELET [

Single process updates
multiple regions

HBase RegionServer HBase RegionServer HBase RegionServer HBase RegionServer

Trx neglon | Trx aeglon Trx neglun Trx Reglon | T neglnn Trx Ilegion Trx neglon 1T Regiun Trx Ilegion Trx neglon | Trx aeglon Trx I!egion 1

Node 1 Node 2 Node 3 Node 4

A 5. get/put/delete —# N7t 7% % X 3% 247
BATVGE A FREAER —F %, T, BT FHEALEN P
K, HFSHB 3 SQL A2 it & T LA, B4 47 5% 23 3547
&9 INSERT...SELECT ¥ . AZXAHILT, 4o r it BB EF —H, £
ITRFHE (RFESBFHEE) TR SZARERFTELH. eHFESHID A
WAL HA, KL TAREN TM A G kA F S, AXLiBET

Fa 2 F 5094, FabAik A
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SQL Transaction initiating process

Resource
| Manager Library

Transaction
Manager Libral

Transaction
Manager

SQL Transaction initiating process

SQL Transaction initiating process

Resource
Manager Library

SQL Transaction initiating process

Resource
| Manager Library

Transaction
Manager Librar!

HBase RegionServer HBase RegionServer

Trx Region
Endpoint

Trx Region | Trx Region Trx Region | Trx Region

/A 6.get/put/delete— % ANAAE T AR S K 3% 2

Multiple processes
update multiple regions

Trx Region

15

HBase RegionServer

Trx Region | Trx Region | Trx Region

HBase RegionServer

Trx Region | TrxRegion | Trx Region

Endpoint

Node 4



5. COMMIT WORK

5. COMMIT WORK

COMMIT WORK (2 ENDTRANSACTION) i# 7 % ¥ 32 o

;ﬁ__.

A prepare WEx, R E, TM AR5 &4F 23 09 F 509 B A R B3P 3143

AKik, RIEZZTRFE %49 commit U,

o ENDTRANSACTION SQL Transaction initiating process

Resource Manager Library

Transactional operations

Transaction Manager Library

e endtransaction l

Abort if conflict
encountered

SQL Transaction initiating process

Resource Manager Library

Transactional operations

Transaction Manager Library

get/put/delete

get/put/delete TRegRNENdgaint

client

Transactional Transactional
Table Scanner
TrxRegionEndpoint

Transaction Manager

DTM Core

prepare_branches coprocessor client
HBaseTxn.prepareCommit Branch I/F
ransaction Management JNI
e TransactionManager. TransactionManager
prepareCommit

TrxRegionEndpoint

Ixn State|  coprocessor client

TrxRegionEndpoint.commitRequest(transid) against
each region in participatingRegions list, sent in parallel

coprocessor client

Transaction Manager Transactional Transactional

Table Scanner
DTM Core TrxRegionEndpoint
coprocessor client
Branch I/F

Transaction Management JNI
TransactionManager
TrxRegionEndpoint

coprocessor client

Votes abort, read-only, or
commit to transaction manager

HBase RegionServer

HBase RegionServer

Region endpoint coprocessor

checks for conflicts /
concurrency issue Trx Region Endpoint | Trx Il:glnn Endpoint
If conflict it votes abort
else checks for writes in region
HLOG

If no writes, votes read-only &
is excluded from phase 2

Trx Region Endpoint Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint
If writes performed, context for —

g HLOG

transid, including all updates, is
forced written to HLOG

B 7. COMMIT WORK — ENDTRANSACTION — F-£; 1, prepare
VAT 45 5] 2 U-F 1 3% prepare M- 69— 5
O SQL %1% fl ¥ 4% 2 % 5 5y COMMIT WORK #f, SQL A & 5 A 42 5 )
ENDTRANSACTION,
@® Library TM J%4% ] Seabed ¥4 endtransaction #4 K & 1% 8] /£ 3L Kb & L1547
#) Transaction Manager it 4%
O, 0 & © TM A # prepareCommit, #X )z i# T TrxRegionEndpoint ¥4 4L 32 35 & 7
, B A prepare # K F %547 & 1% 25 HBase RegionServer TrxRegionEndpoint
B, DA ERE L AL RBI AT HHENRE B
¢ F A

O — = HBase X %9 TrxRegionEndpoint ¥4t 22 2% 3£ )k 2| prepare # K,
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BEEARFESGFTRIGFEARNA. EELFLFERTZITZE, CHEELFH
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R F HFRE,

Wt —TF, BT EARINFSABLE, AUARSHRERIF S
MFSFLTL, AR AZRITRZA AR ETIELZ/ITNF S AL, XTH
TRTFHRAEETREALZXIIHILF ST EBIFTRINTHF S

Prepare 4 # /740 4w R AL JF & prepare, W €A1& B T UEF AT TR 49
F 5 CAEAEAT AR, Lk EEA TR A R

do F A F 2, M TrxRegionEndpoint % Z % ok F 4% ok 42X = TM, 4o £
AR R, FRZFSAZEBFTAAEMEN, WAL B2k E
S TM, KRG & Hrk AR 0 5 &5k

¥k, doRA BAHHENE, RM A MALE TM EM— AR . F4H KK
LIRAD W dnil F SR PR L X H R B B . %A, FRAX LR, Ak
AR AT EAN T ABER X 2 RiEF 4549 E T X SQL #A2 7 e Al 28 At
BRRFFRAFEI XL RER 5 EBRALERE, XITRARKAS &
TM EZ M X 389 4%, HF B TM T LU 3% 5T & 3% ok K 347 3843 o
@ o RFHLEZRERTEA LT, WHFHSLETARS B A A LT RE
B PTR A (RAEN A F) &4 5N\ HBase WAL (HLOG). ¥4 ETF 4% A
WAL #7925 AN HLOG, M m4s st HBase & B, ILAE T VAR MR 540 )44 ) b
EF L. BB R LT LAt HBase #9 £ 375, TrxRegionEndpoint vf 52 TM, fi
FR
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5. COMMIT WORK

© & O TM ¥HHTA % Fakh), RENFEERIFHFI BRI QL. 4o

RAHEATRBIZZ R E P, NEshPiERSidiE,

If at least one region SOQL Transaction initiating process
voted commit & the
rest voted commit
or read-only

SQL Transaction initiating process

Transaction Manager Library Resource Manager Library

Transaction Manager Library Resource Manager Library
cummh@ Transactional L operations
get/put/delete [2Rediontndnoint

coprocessor client
Transaction Manager Transactional Transactional

Table Scanner
DTM Core

Transactional operations
get/put/delete TmﬂeglunEndgum

1 client
Transaction Manager Transactional Transactlnnal

Table Scanner

o commit_branches

TrxRegionEndpoint DTM Core TrxRegionEndpoint
coprocessor client coprocessor client
HBaseTxn.doCommit Branchll/E

doCommit forgets transaction

Transaction Management JNI & raturns control to TM

TransactionManager. TransactionManager
doCommit TrxRegionEndpoint

9 Forces write of coprocessor client
committed trans 87 Tef

state record TrxRegionEndpoint.commit(transid) against each

Transaction Management JNI

TransactionManager

TrxRegionEndpoint
coprocessor client

commit_branches l Branch I/F

Records hashed key, ASN, txn id region in particinatinaRegions list, sent in parallel
&state, and tables in txn
Unforced write of forgotten HBase RegionServer HBase RegionServer

trans state record
Used for control point / aging

process discussed later Trx Region Endpoint | Trx Region Endpoint | Trx Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint

Context for transid as committed e All puts and _deletes are written ‘." HBase _—
txn is written unforced to HLOG - o tables from in-memory transaction state N L

g HLOG HBase WAL writes are disabled since these g HLOG o
SedliresTecmie/ine were already recorded during prepare

A 8. COMMIT WORK — ENDTRANSACTION — F-f 2, commit

Jo R E = /ANRIRAZE commit, & H AKX RIZZ commit 3% read-only, N

¥ & 3 COMMIT WORK &) Hr#% 2. VAT F4 5 3] - H-FL 2 X commit H-F& 69—

.

2¥

0,0 & OTM &AL F 469 R B B A vk R, #F4E F 47T YA commit F
BB HATIH B NR AR

® TM 45 4 commit &6 — 0B ME —HFRLRF BRI F SKRSIT
KEANTLOG, Btk ¥ 4D, FHRERRF ST I RGK, ARSF4ti
B EGFF5 (ASN) 69 LREEGME, W RIRANBAEA L& LEEM
FITF R, B A3 KE 0% &6 HBase X3 T Ak & £ 2

O 5, TM i@ it TrxRegionEndpoint ¥r4L 32 8B & 5%, 3% commit 474 i
%5 HBase RegionServer TrxRegionEndpoint #4432 %, UAFHRAEAZRF N LY

X3R5 & B 69 AN K R
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5. COMMIT WORK

O staf, TrxRegionEndpoint 4k 3 35K F 41D 49 T T (48 7 SR AR

%) BEAHLOG, 22 XA EANZLAZBHMEY, BALEZZROARS AL
MR AR AT, R EENEZRF SR (A EH) 2| TRK
Ao WwRUEERTH, MAKRILE, ZHELMAETM &5 8k T H %
Do

@itit, ## (puts f= deletes) M A A+ 69 F 5k A5 ETF L5 3 HBase &
o, RATRE| PUTX R TR, B Ade B A B, R EEAZ T YUK commit #9
prepare X P &5 H 69 EF P T A X% #47, HBase & 23727 by
HBase & #7, # A W HBase i ka9 AN 18 . L3h 25, DTM R4 H & it
BARAEMFSID, AR L F HEA R, K& 2 HHH5L R 32 HBase #9
N A4k F, S5 A HBase 47 —4%, A fa— & At iE sk 2447 2] HFiles,
TiX g3, HBase WAL 5 ANBRAEM AL, HAX LT ALEENRITRKA
WAL # (%%, prepare B8 &9 F 3 7).

O LA RBAREL TM M Z TR T HET )5, TM ¥ K54 69 549
FHRSIWERBATLOG, B TR IR TR, o REANRHAIEHE
K, MTRFELRINGFSKERREGAETM ¥ ZOLRA T4 /20T
2 (METw).

O& 0 pif, TM 2%iLF 4, MRFHax /RS, @ TM &/ SQL F

%3 it 4234 B commit A .
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6. ABORT WORK

6. ABORT WORK

SOL Transaction initiating process

Transaction Manager Library Resource Manager Library

Transactional operations
get/put/delete TrxRegionEndpoint

coprocessor client
Transaction Manager Transactional Transactional
9 rollback_branches Table

SQL Transaction initiating process

Resource Manager Library

Transactional operations

TreRegionEndpoint
get/put/delete o ot

Transaction Manager Library

Transactional Transactional

Scanner Table Scanner
[xn Object| prm core TrxRegionEndpoint DTM Core TrxRegionEndpoint
rollback_branches coprocessor client coprocessor client
HBaseTxn.abort L -Branch I TM does forget processing -Branch F
ransaction Management JNI No writes ta log Transaction Management JNI
Transacti i i
abort Transac g Abort forgets transaction Transac_tmnMana.ger
—— TrxRegionEndpoint & returns control to TM TrxRegionEndpoint
e TLOG coprocessor client coprocessor client
. " . N HRegion.abort sets status of txn te abort
IegurEaprinata Tensdenleondd ot (@) Remavs o rom i oty e o
orgotten records no g P patingheg ! P Remove txn from pending list

written, presume abort

HBase RegionServer HBase RegionServer

Trx Region Endpoint x Region Endpoint | Trx Region Endpoint Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint
If writes associated with txn, 2 HLOG o

HLOG

unforced write of abort to HLOG
Reduces recovery time

B 9. ABORT WORK — ABORTTRANSACTION

o RERXFSHLAEFE, FALDIM FE2FLiEF 45, XF R ARA
& & 7 ABORT WORK, 237 ABORTTRANSACTION, VA TF E4 572+ 1k
0 —2 5
O— =25 ARFBHFIE, TM Eihadiz F b ks TM
0,080 TM 23T LR ERELE
© 5 commit 48 &, TM R4 ¥ 492k 5 A TLOG AP 1k, X2 — AL, 4o
RABFESIRHILKREAF S, W TM 2B ZZFHT Pk,
@k )5, TM i it TrxRegionEndpoint ¥4t 22 B & 5%, H5F b F 4504745 4 2)
HBase RegionServer TrxRegionEndpoint 4L 22 3%, W4t H A ZF 50955 X
BB R P A8 B Ko
@ pLit, TrxRegionEndpoint ¥4k 3 B4 F S5 KE R E A F ko do Rz KR AT
TR R HATRE, N E R F SRR Ao d2 AT R P Mk,

Ol RENLF 5 XAk, MNHFEFZH T L85 AMENHLOG, WwRE N, €
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6. ABORT WORK

Fm Ik Bur R, B A KT AR W ik bl R F 5 TP ak, FERLHL
# 5 T HBase, e EBANE %, MWLM TM P H B F 560KE, XM
¥ ha i 0]

© &0 sif, TM 25t %, FMBLHdEfks. EraRFFMUES

#9718 % 5 N TLOG,

21



7. G,

S

1. RHBE

SOL Transaction initiating process

Transaction Manager Library Resource Manager Library

Transactional operations

SQL Tramsaction initiating process

Transaction Manager Library Resource Manager Library

Transactional operations

TM builds in-doubt region

TreRegionEndpoint TrxRegionEndpoint
list and initiates recovery get/put/delete coprocessor client get/put/delete coprocessor client
for thase regions Transaction Manager Transactional Transactional Transaction Manager Transactional Transactional

Zookeeper Bulletin Table : Sca.nner Table . S(a_nner
Board for TM DTM Core TrxRegionEndpoint DTM Core TrxRegionEndpoint
coprocessor client arocessor client
0 Branch I/F In-doubt transaction
Update txn state Transaction Management JNI e Recovery thread re-drives phase 2 1. No prepare record = abort transaction
i N 2. Commit record - re-drive commit in redo processing [ XX
ggtzzzntlraa?sid, - Transa(tlun.Managel . Collates list_nf in-doubt transactions 3. Abort record - do nathing
& participating [frxn state Tn(ReglunEndpEllnt fromall regions and creates empty 4, Prepare record - needs to know commit or abort?
P coprocessor client transaction state object for each txn
regions in TLOG -
Table names mapped to regions Gather in-doubt transactions Each Region with in-doubt transactions posts need for recovery to Commit / Abert will be done|
Accommodates region splits & moves from in-doubt regions bulletin of TM that origi the transaction if not yet posted as normal for in-doubt txns
[=" {

HBase RegionServer HBase RegionServer

When failed . o - . N .
rei :I:g?latee d? a:’;lu[:)sa E'[Ever Trx Region Observer | Trx Region Observer | Trx Region Observer Trx Region Observer | Trx Region Observer | Trx Region Observer
reads HLOG. If its empty, Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint Trx Region Endpoint | Trx Region Endpoint | Trx Region Endpoint
indicating clean shutdown, it . L
resumes txn processing. Trx Region Observer
oprocessor for all Regions
builds in-doubt txn list

Otherwise it initiates
TM disables transactions during recovery

1
In-doubt regions deregister
from bulletin board

B 10, ZHHL
Jm R & 3K region server & £ # [, W HBase &R sk H. 1E Az AL

ey —y, ¥esh DIM KL EE. ATRAKRLY k:

O B E IR 435148 )5, region server i I HBase WAL (HLOG)., 4w B &%

=, M ARENETF A, LEWREL. i, regionserver ¥k £ F 54022, 5f

BHARAEEZRXWKE. TN, HREHTT—F,

O FHRXBURZWAEZZEARIIRY RSB, TTENTE

W R, WEHZHRXIEPITA T LEZREG Y,

o 4w R HLOG ¥ %A ¥ 44 prepare it %, NERZEBARELEE S, &1
ERZGEENE, EEANFHETULRIAMNA LR, b KA
RHATES, BT TRELANLTH TSI AT

*  Je R4 HLOG ¥ 3.2 ¥ 449 commit 25, W% K Hideil € B % EH KR
REBAIE, AFHRERR BT H £ 342 % HBase,

e 5i84%, commit 323K 2 A& commit 4t IF A JA) SAT A AE SR BN, FF HAe R
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2
bt
S
;;{.
ey

KA T BN, WA HLOG ¥ TR A AAZILEK. AXAFHEALT, d»
R 18 ) prepare 1% FAZ XA commit $LE, W T L AT R R F 4
IR HAERL TM, AEPIZFH LR EL Pk,

o 4oRi% 3| abort 3T, W% RIR ALK F SFHATEATIRE, LR L8
ATHZ S o BIAE, PIEIRETZEE BN, LT %A S HLOG.,
o, 5k % commititk—4, ZRBFEEEREFLACREITEAF
b, R R R F S AR R SRS TM,

s EmEX, BFELHPIMI T EF LI AP AERL TM 697k — gk 75 ik

% 3] ¥ J-49 prepare 103K, 127X A % F 449 commit =, abort 7T k.

© o RENRBBINEATEZMEGSY, NeadBTARXELSHGTM X

BRI ER BATMAAPIT— K. RE, CEEFHXETM LA TH T

FH2aT, FHTM ALK,

O TM ety & Zfg 09 RIRF) &, ABAT #4209 5 5t sk Ao

© K5, TM @i LA AR THERSH 5HANRKRBEATEE, FAPLLLE K

BRI R 89 ) A

O KR, TM ¥ LM EF HI| A o f B AT LFHGRR, FAFNFE

Fel = 6 F SRS £

Q% )5, TM i TLOG H NAHNF 555 0 R —MNREIWEKF L3 F 5

KESF o EFFRINGELENE, Y 5ANTLOG FHREREN, FEAL

FHRARNEA. BHORALSER®. LREZ, BRKEH, ZBETRT

GHoRIHBH. Ak, ERLE, XLE LR E LR, LMETMEA
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2
bt
Su
;;{.
ey

EAA G Sl Rk EHF SRS

0 & Ont, TM &9k I AT ARBELE R (BRI FIL) BHESAFH. €
Fr HEANATHEFSFBRALLL RBOARARI T L, AR EF LI e
waE—#,

OENRX SRR EZLS FEE, #ie M TM Zookeeper /N2 4 E i 44 o
™ AR INBEERIAF S —LZRT HEANATHEZF S09R I LA,

AR B F A
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8.zl B

8. fx| BALHE

DTM H4=#] &0 THAB 49
process
R
Forced write of key & .
o EHARAFEFZHN TLOG 48 2ASN for txn state

record written to CP Txn Object|DTM Core

P / Branch I/F
Transaction Management JNI

—

- . TransactionManager
8L ARBAREIALE L oo et

%}i‘ Unforced grouped
writes of txn record

for each running txn

AR S AL PR T A AR BT A R AR AT D rnin e s

TR H A AT, FREL

TR F F. AFMAI, ¥HisH &5 2 TLOG M 49 =4 & HBase & F .
X ST ATELCE AT A FE (BKIKA B o4F) NGRS G d 6. FEARFEA
TLOG ## X F it R —3 5, THFHBFF 5555 (ASN) #9345
B, d2H) Al AN E S A A d) BT R AT, HoP B — AL RN [ 6Y
Tk XL ASN, # = AeRERBYG KEZLASN, Bk, £/ E, LA G
%7 TLOG ¥ 8+ % - X F 49t %o

=4 BTkl ASN Fe A A K. B BF, HFANIEALIBATH)F 509 F 590 KA
% H 5N TLOG, XET Atk F 450 LT, RRBAEMIEIE. WRTA
Ao SCpF, MR 20l A W AR 694 B AR SR o de AT PR, ELF

FAR A E IR A by KRR FE RIKF 89,
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8. x4l kA

8.2. 4

TR AR A8 TLOG 48, jFHARES ERFREZEFH
ANER. AXZLBFBE, AiZiEd B8 3 6 PTA R IILRARITA L
BATHF 50 F S5 REHRHBES 2 TLOG F. NLEBIHRSHHITE
i, LY RERRF 2L, LEETEF., IHTHRK TLOG X &2 1A I3

FH BN AT EN TLOG E448 .
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9. T A

5T A — AR BAMNERGARE, ERERATPTTAE R T R0 —3 5
Bk, DTM AR Z M MR AE T ST RABRLRREHF T KMNE3
Tz & AR X, AR T A BIERIR B T . & T A RARE
F 45T G B A ILME R P Ae A 2] 69 up time R T . Ak, ZKRLEH R
AORT F M6 7 B, o BT TAE i Bk A8 69 % v 89 A BRI Ao AR 0 B3
. DTM #4234, #EWE. #A&E k. region server 3. HBase X 3k #f
- Fn T H T AR F A LA R om o

EAHE TM ¥, —Aik4s 24 Lead TM. %3 & 69447 4 TM 342 %
WeBt, Lead TM & s Bp4eid €, JHAF.LZ W 5 L6 PTA 5 Snd BIE R kA2, M
BT B XA L. Wiz EARGHAES, KRFRZFTENFS (ik
EHR—ATEEARGES) L Pk, TM#RK A THEH, RERA X
R BT A X F 4. do R Lead TM K% % 5| vk, N Lead /57 F
8 F —A TM H3%% Lead 58 3 sid £2.

% region server £ A& # AT, FrA B 69 K345 ) HMaster 5 B4 % — A
region server, fL#f #) region server & # 37T R B, BB S AFAE KB Lo
ARIG—3H s, LK e DIMIRE, malprid. £ &FBIEEF, T
VA K X&' HBase %k £ 2 5 DTM A5#7 % 42 #7698t . DTM 7 W45
B Fr4b 1 X F o dn RIXBE LG K25 d DTM S-4T R F 89 RA 2 5 09 %

i, WX G R RI Rake BN, AR F R F k.
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M IR B HE ELT TM 3% e region server #[&, 4o B EANEE £ I3
[, W FTA region server R4 B AT AR AKX o

R F SRALTF N AT, I LRAATHTHHRNG REX P55
Fieo HAT, DTM LRz 84k, B8 RIL KBEAEMF 5847, RER

B %A 4258, AT TM ¥R 35 5 0 B A — AN BIME. 4o RAE T S BIME,

-

CHERAFF G, FHEDFFRS, #THIFTERBAZRBYF 5. £
FRO AT, FIHRREFMAHA 2R R £ TH o, fEFHEHH

3 fE F) — region server _b 5 & AR 2k X 3K,
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10.

TFHAR

HBase & LMo F 5 E LI, 40h XNFSEHEE5AT HF R EZIZ A

HiF%RH:

o REHMEZIEZE Java 49, 4255 K % % DTM Z4& F Java 69, 12 23

DEFERBMARECH+, W HEMA Java 89 TAFEF AR, FEHfEATH

oA 2 F) ] DTM 69 & P st AR I 4R R 45 69 3h /) R BN M TAE

* %/ DTM %77 34 READ COMMITTED % &, @ BB &E T th A/ 5%

KA, AR 2 L HERRE

* DTM BEA A XIKALN, @I LIl N LA 43 A B0 S

RENFFEHEBERF 5IKE Oracle (TSO), X EwhkFiZE—idF20400

PR BB AN NF 5

LR YA AR LIBAT KRR ER TN EANF 5 00RE. B/5

F S50 ARIEL IR A B BAF P

L 7H & 5 A A region server kB iEfz

& F 52 TR R

5 0 St Ak 4 B I

KB A XANMRAR M A

Tk F RO EBRY T SHHLF S

Tk L BB RO BAT 0 F 5, S BAVE R TAEnt BT 09F 4

AN S RGN AR R MO AN KRR B 4 AT B BT
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HiHEEERFSWRAGY e, AR BTESAEH LY R, FHER
BEZLAFREI, HRF AT LN ST HEIEREGH
#o EAF e TAEAIEF Ko
- BATHAARAT SRABRARYNFSEEENFRAT, ENAEHK
LR M AR, XATTA BB F SR LAY A2 F&5 KebmE 4
AR F ST R &2 X3S AR TRAIER KXo
DTM A iF S ANBBRIMAN—ANF 5. B, o R2H SANAERRERN—AF 4
BERBORR/E, WA TRERGT K& IFTE, DTM &9 #AT3 7K
—dA2, AR TRRE T, AR ZRRA LMY ZINEF T &
BN/ F SR FATE T @R B TR .
DTM #| /] HBase W4 3 235 kA Fl & e TR FH LA KRBT FHE L
Foik 5. B &5 HBase WAL £ .2 —#2, @ TLOG £ HBase &, HAb5:
JPALEF —HH 5 HBase Eko B, M RFEFFHBAETHLS V.

BARF XL LR AT IR G, EEFHEEAZE, ©2E5L5 HBase

e

B AR IS e —Ae? o M A S T A AL 4T AR S B8 M Sk A

o

N

BARAEMFSEABALE P RERF S, 2ADIM ¥, EpinERF 5
ERTE, REEENA S AREZENE L. RE5B% (HBase a2

%) EERFFONRIEST. DTM &4 32 5 by 3 L5 B 09 LRIE £ 09 F 55
FHT, AR FIM R R A0 B S5 B3 F 509 & b i AL S0 IR 535 50
B Ro B P m TM &2 A5 5 6 st RIAT LR, LENE TR
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F3m TM 69 FAl gk &

- RS M S

- ATRE T Y R

- REXBLER—FHHENEP

R Y & L BB A F T TAR 45 Ao T A M0 — 30, 12 e 2R e —
A, NTETHSHRXFFERRRARL AT VM, o RAELET S 9K &
i, RBBANT ETRORAEREHI, LXK R RN ITT4, NG
EPEREFGRH. ENTE2RER TEmN" KE (TPC-C F5K4)

KR XF A RNB A F FE R E I LI, AR E T EHARILE

o
OrderEntry
¢ Order Entry: multi-statement transactional workload
o « 5transaction types (New Orders, Payments, Order
— Status, Deliver, and Stock Level checks
E + On average has about 20 statements per transaction
= .
5 Meets current objective
W of < 20% overhead!
>
o With max variance at 11.3%
=
0 128 256 384 512 640 768 896 1,024

Concurrency (Streams)

#==Traf 1.1 eslesAutcommit

A 12, 5 R RS LA A AR
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11. ¥ %

(4

A B AL BT A XF S ERKRREMARITH T, ARATH L
AT DTM R4k 69 BAF D) ik, Bldo T E4) ACID F 5 X MBI E.
ZE AR T ZAR R LA R RIF T I b, JFEU) TRE RS BRI TR
P — B, PR AR BT T S E 4, MARGEE -
ARG T 12 RIEA R T, XA T H A A

THRESEL:

o

WWW.CSZyn.Como.

32


http://www.esgyn.com/

	前言
	本文简介
	目标读者
	修订历史
	批评与建议

	1. 介绍易鲸捷数据库分布式事务管理
	2. 可扩展架构
	3. 解析组件架构
	4. BEGIN WORK
	4.1. 事务型 get / put / delete
	4.2. 参与单个交易的多个区域和流程

	5. COMMIT WORK
	6. ABORT WORK
	7. 交易恢复
	8. 控制点处理
	8.1. 确保区域保留所有交易更新
	8.2. 老化

	9. 高可用性
	10. 竞争性角度
	11. 总结

