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Volatile storage 5 k4 7F1i%35
DRAM, Cache, Register

Non-volatile storage JE 5 k4 7E (%25
Disk, SSD, NVM

Stable stage 2 EZ &z

theoretically never cannot be guaranteed

Smaller,
faster,
and
costlier
(per byte)
storage
devices

LS: L3 cache }
(SRAM)

@3

L2 cache
(SRAM)

ENPLUM
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CPU registers hold words retrieved from
cache memory.

L1 cache holds cache lines retrieved
from the L2 cache.

Main memory
(DRAM)

Local secondary storage
(local disks)

Remote secondary storage
(distributed file systems, Web servers)

\

L2 cache holds cache lines
retrieved from L3 cache

L3 cache holds cache lines
retrieved from memory.

Main memory holds disk
blocks retrieved from local
disks.

Local disks hold files
retrieved from disks on
remote network servers.

& Fr 3 8: Power consumption estimation using in-memory database computation
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Table 2.2 Example Time Scale of System Latencies

Event

1 CPU cycle

Level 1 céche access

Level 2 cache access

Level 3 cache access

Main memory access (DRAM, from CPU)
Solid-state disk I/O (flash memory)

Rotational disk 1/0 7

Internet: San Francisco to New York

Internet: San Francisco to United Kingdom

Internet: San Francisco to Australia

TCP packet retransmit

OS virtualization system reboot

SCSI command time-out

Hardware (HW) virtualization system reboot

Physical system reboot

Latency Scaled
0.3 ns 1s
0.9 ns 3%
28 ns 9s
129 ns 43 s
120 ns 6 min
50-150 ps 2-6 days
1-10 ms 1-12 months
40 ms 4 years
81 ms 8 years
183 ms 19 years
1-3 s 105-317 years
4s 423 years
30 s 3 millennia
40 s 4 millennia
5m 32 millennia

& i %5 :Systems Performance: Enterprise and the Cloud, HiEA(148EZE),
1E&Brendan Gregg
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Access Methods and other components

dirty bit — &

Buffer Pool Manager reference count

(Main Memory)

input(page) I

output(page)
pin(page)
unpin(page)

Non-Volatile Storage
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s Force/ No-Force
Force: H51 3R, A& S v m @ u5a il Rl B B F A 77iE
No-Force: £ HRXEY, ATE T mARE MR B2 HF A FiE$

s Steal / No-Steal
Steal: ftiFBuffer Pool B k12 XX 3= 55 A& S 849 it 71 Il [B] BN 35 A 75 4id
No-steal: AR FFBuffer Pool E RIEXR B SIS BIPETIRIZF A F T
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AARFREXREBSHIETIRE, REHWHEAELRS,
No-Force / Steal EBIFHItEEE, BEREL FRIEESHNRFENFEA

ki e
O No-Force: HHIEXR, FMERIAIETUEERIBEFAFNE, MNE L LB
B E R AR,

O Steal: Buffer PoolHRIERHIFE SATERBIBETIRIEI R HFFAFME, MR LKL
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No-Force — Redo Log

EXRERN, BEIAEERIBFATE, ATHRIEFAY, £iERedo LogE
A BiEX . Redo logig SRIEEIEXT R T {E (After Image, AFIM)

Steal — Undo Log

L iFBuffer Pool k12X E S ATERRIE I RIEI RN ATFME, AT RIEEFIE,
%c3BUndo LogBE A BEX 4, Undo Logit RIEREUE X &R IR {E (Before
Image, BFIM)
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Force No-Force
Steal
Undo / No-Redo Undo + Redo
(performance: fastest
recovery: slowest)
No-steal No-Undo / No-Redo

(performance:slowest Redo / No-Undo
recovery:fastest)

N

Recovery without Logging:
Shadow Paging (LMDB)
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<START T1>
<T1,A, 8>
<START T2>
<T2, B, 10>
<COMMIT T1>
<T2,C, 12>

Undo log(id % IB1E)

(Steal / Force)

Pk & 8T, METERT, X FRIEE
;%;E‘J%%E"]Ellﬁﬁﬁundoﬁ%

Ri% A=8, B=10, C =12
T1:A— 10
T2:B—-8;C—> 10

=
JRXY

<START T1>
<T1,A, 10>
<START T2>
<T2, B, 8>
<COMMIT T1>
<T2, C, 10>

Redo log(itE#1E)

(No-Steal / No-Force)

PR &6, MAETTERR, MRXHES
8 B & ffredoig k.,
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<START T1>
<T1,A, 8, 10>
<START T2>
<T2, B, 10, 8>
<COMMIT T1>
<T2,C, 12, 10>

Undo+Redo log(id X IB{EFFTE)
(Steal / No-Force)

Pk & B, MBTTEE IR E S
redotR{E, MEERIXTRIERES
fiundoi®fE .
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Access Methods and other components

________________________________________________ |

Buffer Pool Log buffer
page Log
record
RandomAccess .. & . Sequential Access-- 1} --—-append - oo
Log

Data files Log files 17
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Write Ahead Logging ©) slaeise

1. All log records pertaining to an updated page are written to non-volatile

storage before the page itself is allowed to be overwritten in non-volatile
storage.

2. Atransaction is not considered to be committed until all of its log
records(including its commit record) have been written to stable storage.

Vadayl

% — m : Steal policy, B #rnon-volatile storage® FITIERT, WZnidsFundo log, &
WEESZHIRF1E,

88— m:No-Force policy, IR FE 55081, whinicsgredo log, RIEESHIFA M,

EEBWALHX 9Pk £ &% Dr. C. Mohan ARIES: Algorithms for Recovery and Isolation Exploiting Semantics, 1993, IBM DB2
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PostgreSQL#1Greenplum3E F %

e Steal + No-force

o redo log, &&Aundo log, EFELEFFEMundoiEE
* PGEHAMEMVCC, EHIZET2in-place update, T2 E#H 62 tuple, B ILTEFIT

* Robert Haas 2018, “DO or UNDO - there is no VACUUM”: zheap, in-place update

BE:

1. MySQLREI#ZXFAMVCC, F 51k & MR At 4 FZEundo log ?

2. HIMFREH (NVRAM) FHREREINZ MNA, WALR R EEHESH R ?
(Al FIB9#E S - CMU, VLDB 2016, Write-Behind Logging)
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Version Storage

MAIN TABLE

Key Value | Pointer
1001 | AarA

> | EEEE 1
cx | 1003 | ccce

DELTA STORAGE
Bx I - Bx+1 I/

BEBB ! ! DDDD tl

(d) Delta Storage

rollback segment

stores master versions in the main table and a
sequence of delta versions are kept in a separate
delta storage.

MySQL. Oracle

/ DATABASE'

s
Key Value | Pointer
ax | 1001 | aaan
2 Bx | 1002 | BBEB
L . 1003 Ty \>
[Bx+:] 1002 ooop | o il
. I\D
|2x:2] 1002 | EEEE | | el

(a) Aplpend-only (O2N)

all of the tuple versions for a table are
stored in the same storage space.

PostgreSQL

5| B8 :Yingjun Wu, An Empirical Evaluation of In-Memory Multi-Version
Concurrency Control, VLDB 2017
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a AT R 2E SMMIEE (coordinator)
4 BFICREFKHS 5 A (participant)

/ 1.commit‘%vk 1.commVNok
1.prepare 2.ready 1.prepare 2.ready - . -

o Jim GrayFWMEEA1978FRE TR MR Y, ATRIESHAE SRIMEFHE

o FAILATRENETNXRSG HEFEERMAS I REEES LATLUATI LR 4 A—1T 2/
EFEEFMAS T FRENBHMBE SEERTHAR MEIER

o TRZNMATEASsHXRIEE

23
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I EES 5%
B HE<prepare T> % %prepare’d &

ek BiE<ready T>
B 1 BE%EE

ready

B HiE<commit T>

A& it /gm % Ecommit/abort;H &

13% H & <commit T>

X3 I
B ER2 HiS%R

ack

E Hi&E<complete T>

24
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1. 55 EB8E

SsEEMRER, BIEAE CREREEMREBREE ST, 2EHE <Ready
T>12% ? 2% 8 <Commit T>5 & <Rollback T>, t1R:&H, alLlifjEs 5
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2. ThiAE M PE
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1.prepare ‘/Z.ready 1.preeready
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Coordinator

ReQUEST-TO-PREPARE

PREPARED

<EE——

CommMmiT

| ——

DoNe

—T

Participant

Uncertainty
Period
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1. Uncertainty Period

2. Blocking

& /3% : Bernstein 892 {EPrinciples of Transaction Processing
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postgres=# BEGIN;
BEGIN
postgres=# INSERT INTO TEST VALUES(1),(2),(3);
INSERT 0 3
postgres=# SELECT * FROM TEST;
c1
1
2
3
(3 rows)

postgres=# PREPARE TRANSACTION 'T1";
PREPARE TRANSACTION

postgres=# SELECT * FROM TEST;

c1

(O rows)

—
A

X

GREENPLUM
DATABASE

postgres=# SELECT * FROM pg_prepared_xacts;

transaction | gid | prepared | owner | database
------------- Ll + +

535|T1 | 2020-01-02 17:32:18.810122+08 | linw |
postgres

(1 row)

postgres=# COMMIT PREPARED 'T1";
COMMIT PREPARED
postgres=# SELECT * FROM TEST,
c1

1

2

3
(3 rows)

e PREPARE TRANSACTION
e COMMIT PREPARED
e ROLLBACK PREPARED

29
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Bl 1:hEE S 5E LprepareZ g, S5 &5 preparetl M1R1E, £ & Eready 2 fil, KIBAE
BB WS EERIBENPHIRSTISER?

postgres=# begin ;

BEGIN

postgres="# update t1 set c1 = 14 where c1 =15;
UPDATE 1

postgres="# prepare transaction 't1";

PREPARE TRANSACTION

HATSEX AIfG, select * from pg_locks, EMEE|, XEFZHBIEHIRowEXclusive il Epg_lockE,

30
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EPGE, HI{T5cPREPAREIEGZE, LETBHUE EiFiE (3E REMAERIEEH#RE) BEEXR, &%
Ipg_locksE, preparedE FZFTHIE EI’] M FEpg_lockFE,

io]@i2: BEApg_locks@— 1T ANFRIEE 454, 185k backend#HiZRiIFHIH, MBIEEERR, At
n B ZpreparedE S RIGHIHIhTEpg_lockRIE ?

preparedE & HIIK £ 1152 -
L {TprepareftiE, PGAiﬁEiZ%ﬂE’]IocMn,.,\éﬁiprepareEI.ulﬂ:_TéEl’J EB MO RIE B E N (xlog) BB, H#k
REEHED, SIEXDTHEEXHE Xlog) XEHEICE, BT /E"Flpg lockkE,

1. StartupXlogBR# & IIXLOG XACT_PREPAREH &id ki Tredo, B #recreateTwoPhaseFilef#
ZBEIEEHEBRKEpg _twophase BR THIXHE, &—preparedE E 3N — 1~ X 4

2.  StartupXlogE #tiFrecoverPreparedTransaction Bl ki EXpg_twophase B & T B934 FiH 1TH X 12
£, AMZESZEHIRES.

3. PRERIIE, MigEpg twophase B R THIX 4

(HIEERGHE=)19.4.1.375, S5 &F MR prepare 8 .2 FndR<ready T, L>

31
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«  fEiFIMVCC

«  RHZE FHIFE SIS

+ xlog. commit log(CLOG)

« XIPREPARE. COMMIT/ABORT

PREPAREDiEf]#I4L FE

Greenplum & FIPGHISCI]
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P EZEE
PR BZMEE, KSTHE
QDMQEX MM k13
P IRE
QDMQE% # £ FIREIER
Writer QE#1Reader QEXZAHIRIBER
distributed log: 2 X E HieX A&

RATHEmsmAE FEERR, EFRAMPG
BIcommit logZE 8L, EFsimple LRUSZIY

534 =C 5L Shi A

Greenplum7E PGHRIE it E SEI)
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Master Segment
| e e g §
____________________________ ’ v
| D
OSUUO. . N . dispatch |
allTmGXact | ‘ allmGXact

MmiGxact TMGXACT R B EEMK

- HHHXEFHId
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ERAARESPRIDESIM HHRIRE

session id 33
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QD
CommitTransaciton
|___prepareDtxTransaction (BHER1)
| ___doPrepareTransaction
|___PerformDtxProtocolCommand

| RecordTransactionCommit
| XactLogCommitRecord

GREENPLUM

A Y 4

X

B A

QE
PREPARE
———————— > PerformDtxProtocolCommand
| ___PrepareTransaction
%R BGER3IQD & RAIPREPARESE S HISERRAM R IBEE ,
FHEMx1log BFERBIBAXLOG_XACT_PREPARE, $ABEFXRIZIFER
0K BRESAMOANEHRX. XFRKcacheF

[Exlog HEEIMAXLOG_XACT_DISTRIBUTED_COMMIT

| ___XlogFlush
#ESE P XRIZIER

___notifyCommittedDtxTransaction (BfE%2)
doNotifyingCommitPrepared
|___currentDtxDispatchProtocolCommand

RecordDistributedForgetCommit

COMMIT PREPARED

PerformDtxProtocolCommand
| PerformDtxCommitPrepared
|___finishPreparedTransaction

R EFERITQD R SRAICOMMI T S A SERRAL IR IB AR,
fEIx log A EIEAXLOG_XACT_COMMIT_PREPARED,
TR E S ATIRERAY B

maxlog HEEMAXLOG_XACT_DISTRIBUTED_FORGET

| ___BRESHREER

DATABASE
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FIGURE 8.6

Coordinator

Log a prepared record (eager)

e

Log a commit record (eager)

REQUEST-TO-PREPARE-AND

TRANSFER COORDINATION

ComMiT

Done

S eeem—

Participant

Log a committed record (eager)

Log a done record (lazy)

©

Transfer of Coordination Optimization. The coordinator prepares and then tells the participant to prepare and commit,
and thereby become the coordinator. This saves a message over standard two-phase commit.

GREENPLUM
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& /€75 :Bernstein 89 fEPrinciples of Transaction Processing
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O greenplum-db/gpdb: Greenpl. X +

« 2 @ @& github.com/greenplum-db/gpdb % 00

A @ Pivotal Network @ :: pulse :: projects BSAN @ GPDB-Postgres-... @ dev:mm_gpexpan.. @ CMake @ PostgresMergeDe.. @ postgres_merge-.. @ 1847 [RR xkcd: Nighttime St...

Learn Git and GitHub without any code!

Using the Hello World guide, you'll start a branch, write comments, and open a pull request.

Read the guide

) greenplum-db / gpdb @uUnwatch~ 432 % Star 39k YFork 11k
<> Code (D Issues 308 'l Pull requests 104 © Actions 'l Projects 6 [E5 Wiki U Security uli Insights 1 Settings
Greenplum Database http://greenplum.org Edit

Manage topics

- 55,652 commits ¥ 33 branches T 0 packages © 85 releases 42 223 contributors s View license
— -

Branch: master v New pull request Create new file  Upload files = Find file
&5 dh-cloud Fix a bug when setting DistributedLogShared->oldestXmin = + Latest commit 2759b6d yesterday
| .github CONTRIBUTING.md: Add guidelines to run pgindent 3 years ago
8 concourse Increase instance memory for gpexpand tests 6 days ago
i config Remove ORCA specific configure checks 6 days ago

B contrib Enable external table's error log to be persistent for ETL. (#9757) 25 days ago

o
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DATABASE’



GREENPLUM
DATABASE

RELRS
FMNEEBIF: gp_assistant BARATFE. Tl#s. Ems

XidinirlGreenplumfPX$tX: cn.greenplum.org



EFEEIRIZ

https://cn.greenplum.org/askgp







