Yandex < Cloud

e

T
e

Kak mbl gjenaem
OnavHbIv

INNeoHna bopuyk,
Team Lead Greenplum, Yan



O yem cerogHs NoroBOpmUM

1. Knayansauusa GP
2. [1OCTYNHOCTb
3. Backup/Restore

4. Expand



KnayﬂM3a|_|l|/|;| GP

)

I )] 3 .W m




KpaTtko o Greenplum

~

e
t:c

Replication

Interconnect

~— DB journals

archiving + backups

e Object Storage

o
bR

v
1 é%) g




Knayaonsauymna GP
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Knayansauymna GP

3agavn agMUHUCTPUPOBAHUS
MHAPACTPYKTYPbl BCE PaBHO
OOJTKEH KTO-TO peLllaTb

C pocTtoM KonunyecTtBa HOA
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2. [10CTYNHOCTb
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gprecoverseg

PATH=/bin:/sbin:/usr/bin:/usr/sbin:/usr/local/bin:/usr/local/sbin
MAILTO=""
MASTER_DATA_DIRECTORY=/var/lib/greenplum/datal/master/gpseg-1

# m h dom mon dow user command
# x/N means every N's minute of hour

*/5 % % % % gpadmin flock —-n /tmp/gp_autorecovery. lock
/opt/greenp lum—db-6/bin/gprecoverseg —a —r -F



[loctynHocTb. [NapameTpbl FTS

gp_fts_probe_interval — how often, 1n seconds. Default: 60

gp_fts_probe_timeout — probe timeout between master and segment,
in seconds. Default: 20

gp_fts_probe_retries — the number of attempts to probe a segment.
Default: 5

gp_segment_connect_timeout — the maximum time (in seconds)
allowed for a mirror to respond. Default: 600 (10 minutes)



FTS. INpnynHbl

1. Npobnemebl C XXenesom — XOCT pearibHO HeaoCTyneH
dmesg

MCE (Machine-check exception)

CPU @: Machine

Check Exception: 0000000000000004
Bank 2: f200200000000863

Kernel panic: CPU context corrupt

EDAC (Error detection and correction)

CPU @: Machine

Check Exception: 0000000000000004
Bank 2: f200200000000863

Kernel panic: CPU context corrupt



FTS. INpnynHbl

1. Npobnembl ¢ pecypcamu:

Ha xocTte He xBaTaeT
neperpyxeHa CPU
CeTb

01

02

[leperpy>xeHobl
OUCKW

03



FTS. INpnynHbl

#0
#1
#2
#3
#4
#5

raise (sig=sig@entry=11) at ../sysdeps/unix/sysv/linux/raise.c:51

0x00005593f8b73d83 in StandardHandlerForSigillSigsegvSigbus_OnMainThread (processName=<optimized out>, postgres_signal_arg=11) at elog.c:5640
<signal handler called>

pg_detoast_datum_packed (datum=0x0) at fmgr.c:2241

0x000055931f8b385€9 in text_right (fcinfo=0x5593fb5e25f0) at varlena.c:4094

Px00005593f88d499e in ExecMakeFunctionResultNoSets (fcache=0x5593fb5e2580, econtext=0x5593fb5e0258, isNull=0x5593fb5e2071 "",

isDone=<optimized out>) at execQual.c:2219

#6

Px00005593f88d493d in ExecMakeFunctionResultNoSets (fcache=0x5593fb5elcc@, econtext=0x5593fb5e0258, isNull=0x7ffcfe76bd57 "",

isDone=<optimized out>) at execQual.c:2193

#7

0x000055931f88dc@1f in ExecQual (qual=qualEentry=0x5593fb5e1350, econtext=econtext@entry=0x5593fb5e0258, resultForNull=resultForNull@entry=0

'\000') at execQual.c:6297

#38

0x000055931f88dcb53 in ExecScan (node=0x5593fb5e0588, accessMtd=0x5593f88f9ea® <SegNext>, recheckMtd=0x5593f88f9e90 <SeqRecheck>) at

execScan.c:182

#9

0x000055931f88f9f48 in ExecSeqScan (node=<optimized out>) at nodeSeqgscan.c:130

#10 0x00005593f88d333d in ExecProcNode (node=0x5593fb5e0588) at execProcnode.c:1029

#11 0x000055931f88e46¢c4 in ExecAppend (node=node@entry=0x5593fb5a22a8) at nodeAppend.c:211

#12 0x000055931f88d337d in ExecProcNode (node=node@entry=0x5593fb5a22a8) at execProcnode.c:1006

#13 0x000055931f88e6c90 in agg_retrieve_direct (aggstate=0x5593fb5a1428) at nodeAgg.c:1350

#14 ExecAgg (node=node@entry=0x5593fb5a1428) at nodeAgg.c:1237



FTS. INpnynHbl

2023-11-01 14:29:44.830734 MSK,,,p51984,th10035792064,,,,9,,,se9-1,,,,,"LOG","00000","could not fork new process for connection:

memory"“,,,,,,,0,,"postmaster.c",45 34,

2023-11-01 14:29:
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44,
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44,
44,
44,
44,
44,
44,

919243
919284

919294
919302
919311
919321
919329
919338
9019348
919370
919377
919387
919396
9194006
919415

MSK, ,,p51986,thl0035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl0035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:

MSK, ,,p51986,th1003579264, ,,,

MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl0035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:

MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000"," context:

,»5eg-1,,,,,"LOG","00000","context:

0,
0
0
0
0
0
MSK, ,,p51986,thl10035792064,,,,9,,,se9-1,,,,,"LOG","00000","context:
0
0
0
0
0
0

1,

23877261864, 2424894224, 23877935904, 674040, . ",,,,,,,0,,,,
1040384,

0, 0,
0, 0,
0, 0,

Cannot allocate

529408, 1040384, 0, smgr relation table

@, 0, SP-GiST temporary context “,,,,,,,9,,,,

@, 0, GiST temporary context “,,,,,,,0,,,,

@, 0, GIN recovery temporary context “,,,,,,,90,,,,

131072, 63040, 131072, @, MdSmgr ",,,,,,,9,,,,

8192,
8192,
8192,
8192,
8192,
8192,

3664, 8192,
0, 8192, 0,
3664, 8192,
0, 8192, 0,
3664, 8192,
1600, 8192,

@, MdSmgr/Pending Ops Table “,,,,,,,0,,,,
MdSmgr ",,,,,,,9,,,,

@, MdSmgr/Pending Ops Table “,,,,,,,0,,,,
MdSmgr ",,,,,,,9,,,,

@, MdSmgr/Pending Ops Table “,,,,,,,0,,,,
@, LOCALLOCK hash ",,,,,,,9,,,,

104112, 3664, 104112, 0, Timezones “,,,,,,,9,,,,

8192, 7360, 8192, 0, MemoryAccountMemoryContext “,,,,,,,9,,,,

12336, 7760, 16480, 4144, ErrorContext



FTS. Double fault

FTS double fault detected (content=17) primary dbid=19, mirror dbid=37

20220909:09:51:39:3106135 gpstart:rc1b-72ac8bfqle682d3d:gpadmin-[ERRORY]:-
No segment started for content: 2.

postgres=# select *x from gp_segment_configuration where hostname ~'hostl' and status='u';

dbid | content | role | preferred_role | mode | status | port | hostname
—————— e
37 3 o o n u 6003 nostl
36 2 o o u 6002 nostl
47 13 o o n u 6013 nostl
(3 rows)

postgres=# select *x from gp_segment_configuration where hostname ~'host2' and status='d’;

dbid | content | role | preferred_role | mode | status | port | hostname

—————— e
5 3 | m m n d 7003 nost2
4 2 | m m d 7002 nost2
15 13 | m m d 7013 nost2




[locTynHocTb. MacTep

About Contributors 10

PgConsul is a tool for maintaining High-

s & O

@ e O T — @

Avalilability Postgresql cluster @ (L
configurations. It is responsible for -
cluster recovery in case of emergencies.
Languages
Readme E— N )
V|eW ||Cense B Python 51.8% ® Gherkin 40.6%
Shell 2.6% ® Clojure 2.1%
Activity ® Dockerfile 1.9% ® Makefile 1.0%

< O 2

Custom properties
19 stars

11 watching

5 forks




PgConsul — apxutekTypa

4 )

ZK1 VA V.

ZooKeeper cluster

A A /
primary master host standby master host
~ ™ (= "
4 N\ )
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R
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PgConsul — dyHKLUMM

1. 3anyckaeTt macTep, ecrnv ocTaHOBIEH
2. Switchover
3. 3anyckaeT penruky, ecrin ocTaHoOBIEHA

4. Co3gaeT HOBYIO PENSIUKY, ecnn cTapas crioMmaHa



PgConsul — anropntm macrtepa

1 2 3 4 o &

O O O O O O
bepem [1IpoBepsem Ecnun cepBuc [IpoBepsem Ecnun standby BbinonHsem
B6MOKNPOBKY paboTy cepBuCa, He CTapTyeT, Hanuyme He HaugeH, gpinitstandby
B ZooKeeper €CINN HY>XHO, OTNyCcKaem standby bepem BNOKMPOBKY
3arnyckaem OI1OKMPOBKY Ha gp_segment
N 3aBepLuaem configuration

paboTy



PgConsul — anropntm pennuku

1 2 3 4

O O O O

[TpoBepsiem ONOKNPOBKY [IpoBepsem Ecnun cepBuc Koewm

B ZooKeeper, ecnu cmornu paboTy cepBuca, He cTapTyeT nnmbdo MHUUManusaymnm
B35iTb — Mbl MacTep, 3arnyckaem standby He HakaTbIBaeT standby
akTusupyem standby standby Norn, oCctTaHaBlIMBaEM

n crnegyem anroputmy cepBuUC N yganaem

MacTtepa NaHHble



3. Backup/Restore
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Pe3epBHOE KOMMpPOBaHUE

Gpbackup — nornyeckum 6a3kan!

Koraa Hy>XeH norn4yeckuun 63kan:

* MeHblLue pa3mep
* MOXHO 3arpy3nTb Ha gpyroe Xeneso B ApYyromM Knacrtep

HepoctaTtku:
* [1pn BOCCTAHOBNEHUN HY>XXHO 3annTb 3aHOBO BCHO b/l



Pe3epBHOE KOMMpPOBaHUE

WAL-G — https://wal-g.readthedocs.io/

Contributors 145

P ‘L‘\
g & \
* g
5. ' |

+ 134 contributors

Languages

19 ®
F

:...‘ @‘ @
v

® Go 89.6%
Other 1.9%

Shell 8.5%

About

Archival and Restoration for databases
in the Cloud

mysql go redis golang aws
postgres cloud backup mongodb
azure aws-s3 archiving postgresql|
s3 mariadb greenplum sqlserver

azure-storage

Readme
View license
Activity
2.6k stars

57 watching

£ O X ¢ &2 B

385 forks

[ToopobHee

https://highload.rs/
2023/abstracts/9752


https://wal-g.readthedocs.io/
https://cloud.yandex.ru/mobile-app
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BoccTtaHoBneHne Ha MOMeHT B npownom PITR

Restore point #1 Restore point #2 Restore point #3
r N
Master
& s = @ > LSN
 gp_create_restore_point()  gp_create_restore_point() ' gp_create_restore_point()
\ ? § § i
i B
Segment 1
» LSN
L P
a p
Segment N ‘
» LSN




dunun backup

- Data deduplication
(WAL n AO/AQCCS)

* Incremental block
backup (delta AO/AO
CS n Heap)

80 TB

60 TB

40 TB

20 TB

0TB

78 78 78 78

78

24 24 24

11

78

24

7I7
NN

initial (v1)

w/ deduplication (v2)
> 50% less

w/ deltas (v3)
> 65% less

B 1st backup
M 2nd backup
B 3rd backup
™ 4th backup



BoccTtaHOBNeHNE U3 pe3epBHOUN KOMUN

* 50 Th paHHbIX
(100 Tb Ha gucke)

 BoccTtaHaBnmBarTCS
3a 3 Yyaca

- Restore point MoXHO

OenaTtb Kaxable
10 MUHYT

Managed Greenplum — Backup/Restore 5/8

Disk used space, TB

Network usage, GB/s
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DR ana Greenplum B Yandex Cloud

«BbbICTPO NOAHATOE
HEe cYMTaeTcqa ynaBLinmMm»

bbiCTpoOe BOoCcCTaHOBNEHNE —
pe3epBHbIN Knactep and DR He HyXeH




PekoHurypauma ¢ nomoLlbio backup/restore

CnoxkHaga 3agavda:
M3MEHUTb YNCINO CEMEHTOB Ha HoAY

1 2 3 4 o &

O O O O O @ >
Co3naem Co3pnaem OTKNr4Yaem Co30aeM TOUKY BbinonHaewm HauynHaem
Oakan HOBbIN KlacTep Harpysky BOCCTAHOBNEHNA — BOCCTAHOBMEHNe — MoJSf1b30BaTbCH

CEKYHObI YacCbl HOBbIM KJ1aCTEPOM



PecypcoemMKkune pacyeTbl

1 2 3 4

Co3naém HOBbIV BbinonHsaem Bbirpyxaem Yoangaem
knactep n3 bakana CITOXHbI€E pesynerar / Krnacrtep
BblYUNCNEHUS nernaem o6akan



1. Knayaunsauua GP

2. OTKa30yCTONYMBOCTb
3. Backup/Restore

4. Expand

32



Expand. Prepare

Greenplum Database System Expansion Checklist

Online Pre-Expansion Tasks
* System is up and available

Plan for ordering, building, and networking new hardware platforms, or provisioning cloud resources.

Xa pa KTe p H Oe B p e M ﬂ [ Devise a database expansion plan. Map the number of segments per host, schedule the downtime period for testing

performance and creating the expansion schema, and schedule the intervals for table redistribution.

P R E PAR E - H eCKon b KO Perform a complete schema dump.
L.I a CO B . 3a B M CM T OT Kon M L.I e CT Ba Install Greenplum Database binaries on new hosts.
Ta 6” M L" B Kn aCTe pe Copy SSH keys to the new hosts (gpssh-exkeys).

Validate disk I/O and memory bandwidth of the new hardware or cloud resources (gpcheckpert).
Validate that the coordinator data directory has no extremely large files in the 10g directory.

Offline Pre-Expansion Tasks
* The system is unavailable to all user activity during this process.

Validate that there are no catalog issues (gpcheckcat).

Validate disk I/O and memory bandwidth of the combined existing and new hardware or cloud resources (gpcheckperf).

Online Segment Instance Initialization
* System is up and available

Prepare an expansion input file (gpexpand).

Initialize new segments into the system and create an expansion schema (gpexpand -i input file).



Expand. Redistribute

XapakTtepHoe Bpemsa REDISTRIBUTE — 1-3 gHs.
3aBUCUT OT Konmn4yecTtBa Tabnuu 1 gaHHbIX B Knactepe

Online Expansion and Table Redistribution
* System is up and available

Before you start table redistribution, stop any automated snapshot processes or other processes that consume disk
space.

Redistribute tables through the expanded system (gpexpand).
Remove expansion schema (gpexpand -c).

Important: Run analyze to update distribution statistics.

During the expansion, use gpexpand -a, and post-expansion, use analyze.

Back Up Databases
* System is up and available

Back up databases using the gpbackup utility. Backups you created before you began the system expansion cannot be
restored to the newly expanded system because the gprestore utility can only restore backups to a Greenplum Database
system with the same number of segments.



YnyJlweHuns

— O yezzey-gp |/ ygp

<> Code (*) Issues 9 Pullrequests 5 (») Actions Projects () Security

1. Do not expand empty tables

2. Do not expand unlogged table Commit

gpexpand: TRUNCATE coordinator-only tables for cleanup

3. gpexpand TRUNCATE BéCk;.)on"ted from f§5885f9b4e98c3978301ba56748453f91ece51d with some
coordinator-only tables for cleanup ™" *"

1. Coordinator —> Master
2. The set of master-only tables is different on 6X, and so is the list
of mapped vs non-mapped tables. We should see bigger benefits for 6X,
4 Use faSt Sh utdown durlng expand given pg_partitionk and pg_statistic tables fall in the master-only
- truncate-able category.
3. For some odd reason, gp_segment_configuration was originally listed
twice under MASTER_ONLY_TABLES. Probably missed during
06c0558.

5. gpexpand process should skip
aleady expanded tables



Ctparerunu redistribute

» 3aKpbITb Knacrtep
- 3anpelwaem B pg_hba coeagnHeHune k b1

» [lonb3oBaTenbckasa Harpyska CYUECTBEHHO
3amennsaet Expand. 1 HaoboporT, B npouecce Expand
NMPOM3BOJIbHbIE NOMb30BAaTENbCKME 3anpoCchl MOTryT XAaTb
onoknpoBok n pabotatb CYUJECTBEHHO meaneHHee



Ctparerunu redistribute

1. BbINONMHATL B OHE
2. Pacnpenensiem HebonbWMMUM NOPLUUAMUN B OKHO O0OCNYXNBaHUA
3. bepyT 3KCKMO3NBHYIO DITOKUPOBKY

4. He pabotaert, ecnu ncnonb3yetcs exchange partition



CoBeTbl

1. ABTOMatnanpynte — bash/ansible/salt

2. Vicnonb3ynte cgroup n He gonyckamnte overcommit namatun/CPU
3. dusmnyecknm b6akan

4. OBHOBNANTECDH

5. TeCTupynte nameHeHus
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Ha BalLUM BOMPOCHI
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