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Bsenenne

ITocnytmaiite — u Bol 3abynere,
rnmocMoTpuTe — 1 Bol
3aloMHUTE, caenaiire — u Bor
nonmere

Koudynnii

Jlannas KHUTA He JlaeT OTBETHI Ha Bce BOIPOCHI 1o pabore ¢ PostgreSQL.
FnaBroe eé 3amanme — mokasaTh Bo3MoxkHOCTH PostgreSQL, meronuku na-
crpoiikn n Macmradbupyemoctu 3toit CYB/I. B mobom cirydae, BEIOOP MeTOA
peIeHus MOCTABICHHOM 38/1a91 OCTAETCS 38 PA3PaAbOTINKOM HJIA 8 IMAHUCTPA-

Topom CYB/I.

1.1 Yo Takoe PostgreSQL?

PostgreSQL  (mpousnocurcss  «Ilocr-I'pec-Kbio-Dib»)  —  cBobo1HAS
0O bEKTHO-peJIANNOHHAs cucreMa yipasjienus 6azamu jganubix (CYBII).

PostgreSQL Benér cBoio «popocioBHyo» OT HekomMmepdeckoit CYBI]
Postgres, pazpaboranHoii, Kak U MHOI'Me Oopen-source IpoekThl, B Kajaudop-
nuiickoM yuusepcutere B bepkiu. K pazpaborke Postgres, nagasiieiicsa B 1986
rojly, UMeJI HerocpeicTBeHHoe oTHoImrenne Maitkia CroyHOpeiikep, pyKOBOIU-
TesIb OoJIee paHHero MpoeKTa Ingres, Ha TOT MOMEHT y2Ke IPHOOPETEHHOIO KOM-
nanaueit Computer Associates. Camo naspanue «Postgres» pacuimdpoBbIBaIoCh
kakK «Post Ingres», coorBercrBenno, rnpu co3manuu Postgres ObLn TpUMEHEHBI
MHOTTE YK€ PaHee CeJaHHbIe HapaDOTKM.

Croynbpeiikep 1 ero crymenTsl paspabarsBagm HoByIo CYBJL B Teuenne
BocbMH JieT ¢ 1986 mo 1994 roma. 3a 3TOT mepuoi B CHHTAKCUC OBLIN BBEJIEHBI
[IPOTIE Iy PbI, IIPABUIIA, IOJIb30BATEILCKUE TUIILI 1 MHOTHE JPYTHUe KOMIIOHEHTHI.
Pa6ora ne nporia gapom — B 1995 roay paspaborka cHOBa pasaenanaack: Cto-
yHOpeRKep UCIOIb30BAJT IOy IeHHBIN OIBIT B co3/1aunu KomMmepueckoit CYB /]



1.1. Yro takoe PostgreSQL?

[lustra, mpojBuraemoii ero coOCTBEHHOI OHOMMEHHON KoMIanuei (mpuodbpe-
TéHHOM BrocsiecTBuN KoMnanueil Informix), a ero crymenTs paspaborain HO-
By10 Bepcuio Postgres — Postgres95, B koropoii 1361k 3ampocoB POSTQUEL —
nacyieme Ingres — ObLT 3amenen Ha SQL.

B sror MmomenT paspaborka Postgres95 Oblita BbIBejieHa 3a IPEIEIbl yHU-
BepcuTeTa U nepejana komamnje surysuactos. C sroro momenta CYDB/I mosy-
YU/ UM, T10J] KOTOPBIM OHA M3BECTHA U PAa3BUBACTCA B TEKYIIMI MOMEHT —
PostgreSQL.

Ha manubrit moment, B PostgreSQL mmerorest cemyromme orpaHnaenust:

MaxkcumasibubIit pasmep 0a3bl Janubix | Her orpanmdenuit

MakcumaibHbIil pazmep TabJInIbI 32 Toaitr

MaxkcnmaJibHBIN pa3Mep 3anmcu 1,6 Toaiir

MakcuMaJIbHBII pas3Mep I0JIs 1 I'6aiit

Maxkcumywm 3amnuceit B TabJimre Het orpanuuennii
Makcumywm moseit B 3ammcu 250—1600, B 3aBucmMoCTH

OT TUIIOB HOJIEN

MakcuMmym MHJIEKCOB B TaOJIUIE Het orpanuuennii

CorytacHO pesy/braraM aBTOMaTU3UPOBAHHOIO MCC/IEIOBAHUS PA3JINIHOIO
1O nma upeamer ommbOK, B mcxogHoM Koje PostgreSQL Obuio naitmeno 20
upobsiemubix MecT Ha 775000 cTPOK MCXOIHOIO Kojia (B CpeJIHEM, OJ[HA OIITHOKA
Ha 39000 cTpok koma). s cpaBrenns: MySQL — 97 npobiem, onxa omubka
Ha 4000 crpok koma; FreeBSD (menukom) — 306 mpobiem, ogHa omubKa Ha
4000 crpok kofa; Linux (tosbko syipo) — 950 mpobiem, ojuaa ommubka na 10
000 cTpok Koza.


http://www.postgresql.org/about/news/363/

HacTpoiika nponsBoanTebHOCTH

Teneps s 3HAIO THICATY
CIOCO00B, KaK He HYKHO
JleJIaTh JIaMIIy HaKaJUBaHUS

Tomac Ansa Oaucon

2.1 Bseuenue

CropocTh paboThl, BOOOIIE TOBOPs, HE SIBJISICTCA OCHOBHOW NMPUYUHON MC-
nosib3oBanus pendiuonubix CYB/I. Bosee Toro, nepsbie pessiuonnbie 6a3bl
paboTasu MeJJIeHHee CBOUX MPEJIIIECTBEHHUKOB. BBIOOD 9T0# TeXHOI0TUN OBLT
BBI3BaH CKOpee:

® BO3MOKHOCTBIO BO3JIOXKUTD MOIEPKKY TefocTHOCTH JaHHbIX Ha CYB/I;
® HE3aBUCUMOCTBIO JIOTHYECKON CTPYKTYPHI JIAHHBIX OT (PU3UYECKOIT;

9TU 0COOEHHOCTU TO3BOJIAIOT CUJIBLHO YIPOCTUTH HAIMCAHUE MTPUJIOXKEHUIA,
HO TPeOYIOT Jijist CBOEil peasim3aliuu JIOMOJHUTETbHBIX PEeCYPCOB.

Takum obpazom, Ipexkje YeM HCKATh OTBET Ha BOIIPOC «KaK 3aCTaBUThH
PCVYB/I paborars ObicTpee B Moeil 3ajade’», CjeyeT OTBETUTH HA BOIPOC
«HET JIn 0Oojlee TOIXOMAIIETO CPEACTBa JJIs PeNleHus Moel 3a/adu, deM
PCYB/1?» Nuorma ucnoyib30BaHue JIPYroro CpeJicTBa MOTpedyeT MeHbIIe YCH-
JINii, YeM HaCTPOIKa IMPOU3BOIUTETLHOCTH.

ﬂaHHaH IJlaBa IIOCBdI€Ha BO3MO2KHOCTAM IIOBBIIIEHUA IIPOU3BOJUTE/Ib-
noctu PostgreSQL. [taBa He mpereHiyeT Ha HUCUYEPIIBIBAIONIEE U3JIOKEHIE
BOIIpOCa, HaI/I60ﬂee IIOJIHBIM M TOYHBIM PYKOBOACTBOM IIO HCIIOJIb30BaAHUIO
PostgreSQL siBisiercst, KoHEYIHO, odunmaabHass JOKYMEeHTAINsT U O(DUITHATb-
it FA(Q). Takxke cymecTByeT aHIVIOA3BIMHBINA CIIUCOK PACCHLIKKH postgresql-
performance, OCBAMEHHBIIT UMEHHO STUM BOIIpOcaM. [iaBa COCTOUT U3 JBYX
pa3/eioB, MEpBBIl U3 KOTOPBIX OPUEHTHPOBAH CKOpee Ha aJIMUHUCTPATOPA,


http://www.postgresql.org/docs/manuals/
https://wiki.postgresql.org/wiki/Category:FAQ
https://wiki.postgresql.org/wiki/Category:FAQ

2.1. Bsenenne

BTOpOil — Ha pa3paboTyuka NpuUIoKeHuit. Pekomenryercs npodectsb 0dba pas-
Jeja: OTHeCeHNe MHOTMX BOIIPOCOB K KAKOMY-TO OJTHOMY U3 HUX BeCbMa YCJIOB-
HO.

He ncnonp3yiite HACTPOIKN 110 YMOJTIAHUIO

[To ymosraanuio PostgreSQL ckondurypuposan rakum o6pa3om, 9To0bI OH
MOT OBITH 3aITyIIeH TPAKTUIECKN Ha JIFOOOM KOMIIBIOTEDE U HE CJIMINKOM Me-
IaJT P 9TOM paboTe JAPYTHUX MPUIOKEHUNH. DTO 0COOEHHO KACaeTCs MUCIOJIb-
gyeMoii mamaTu. HacTpoitKu o yMOTIaHUIO MTOAXOIAT TOJBKO JJI CJIeTyIome-
ro MCIOJIb30BAHUSA: C HUMU BBl CMOXKETE ITPOBEPUTH, PAOOTAET JIN YCTAHOBKA
PostgreSQL, co3math TecroByio 6a3y YpOBHs 3aIllMCHONW KHUYKKU W [TOTPEHU-
poBaTbCs MucaTh K Heil 3ampocbl. Ecau Bbl cobupaerech paspabarbiBarh (a
Tem GoJiee 3aImycKaTh B paboTy) peasibHble MPUIOKEHUsI, TO HACTPONKU HPHU-
JETCs paJuKaabHO m3MeHuTh. B jucrpubytuee PostgreSQL, x coxasenmio,
He TIOCTaBJISIOTCH Qailiibl ¢ «peKOMeHyeMbIMU» HacTpoiikamu. Boobrie ro-
BODs, Takue (ailjibl co37aTh BEChbMa CJIOXKHO, T.K. ONTHMAJIbHbIE HACTPOUKU
KOHKpeTHO# ycranoBku PostgreSQL OymayT onpemensarbest:

KOoH(pUTyparmeit KOMITLIOTEPA;

00BEMOM U TUIIOM JIAHHBIX, XpaHAIuxcs B 6a3e;

OTHOIIIEHUEM YHUC/Ia 3alIPOCOB Ha YTEHUE U Ha 3aIUCh;

TeM, 3allyIIeHbl JIX JIpyrue TpeboBaTe/IbHbIe K PecypcaM MPOIecchl (Ha-
npuMmep, Beb-cepsep);

Ucnonb3yliTe akTya bHYIO BEPCUIO cepBepa

Ecmm y Bac crout ycrapesias Bepcus PostgreSQL, To HanboJibIero ycko-
peHns paboThI BbI CMOXKETE JTOOUTHCA, OOHOBUB €€ 10 TeKyIeil. YKaxKeM JIUIIb
HauboJIee 3HAYUUTE/IbHbIE U3 CBSI3aHHBIX C ITPOU3BOINTEILHOCTHIO N3MEHEHUI.

e B Bepcun 7.4 6b11a yecKOpeHa paboTa MHOTUX CJIOYKHBIX 3aIIPOCOB (BKJIIO-
Jas nevajabHo usBectHbie nojzanpocel IN/NOT IN);

e B Bepcunm 8.0 ObLIM BHEJIPEHbBI METKH BOCCTAHOBJIEHUs, YJIydIICHUE
yupagjerus 6ypepom, CHECKPOINT u VACUUM yiydimnensr;

e B Bepcun 8.1 ObLT yurydIieH 0JTHOBPEMEHHBIH JTIOCTYII K pa3/IessieMoil ma-
MsATH, aBTOMaTHYeCKoe ucrosib3oBanue nujekcon jist MIN() 1 MAX(),
pg_autovacuum BHeJIpeH B cepBep (aBTOMATH3UPOBAH), MOBBIIIECHUE
[IPOU3BOUTEILHOCTHU JIJIsl CEKITMOHUPOBAHHBIX TaOJIHII;

e B Bepcun 8.2 ObL1a yiydineHa cKOpocTh MHO2KecTBa SQL 3armpocos, yco-
BEPIIIEHCTBOBAH CaM SA3BIK 3aITPOCOB;

e B Bepcun 8.3 BHejIpeH MOJHOTEKCTOBBIN MOUCK, moaepxkka SQL /XML
CTaHJApTa, TapaMeTPbl KOH(MUIYpaIluu cepBepa MOT'YT ObITh yCTaHOB/IE-
HBI HA OCHOBE OTJICJIbHBIX (DYHKIIHIT;



2.1. Bsenenne

B Bepcun 8.4 Obun BHepeHBI 00ITMe TabJIMYHbIE BBIPAXKEHUsI, PEKYP-
CUBHBIE 3aIlPOCHI, MMapaJlieJIbHOE BOCCTAHOBJICHHE, Y/IYUIIEHA ITPOU3BO-
qurenbaocth g EXISTS/NOT EXISTS sanpocos;

B Bepcum 9.0  «acuHXpoHHA ~ pEIUIUKAIUs U3  KOPOOKU»,
VACUUM/VACUUM FULL cranu ObicTpee, pacIIpeHbl XpaHUMbIE
IPOLLE 1Y PBL;

B Bepcun 9.1 «cuHXpoHHAs peIMKAIUS U3 KOPOOKU», HEJIOTUPYEeMbIe
Tabmipl (0U9eHb ObICTPhIe Ha 3alich, HO npu mnagennn B/l nanubie Mo-
I'YT IPOTIACTh ), HOBBIE TUIIbI HHJIEKCOB, HACJIEJ0BaHIE TaOJIUIL B 3aIIPOCaX
Terepb MOXKET BEPHYTHCS MHOTO3HAYUTETHHO OTCOPTUPOBAHHBIE PE3YJIb-
Tarbl, o3BoJisitontre ontuMmusanun MIN /MAX;

B Bepcun 9.2 «kackajiHas pernsimkarus u3 KOpoOKU», CKAHUPOBAHUE 110
unjiekcy, JSON Tum jaHHbIX, TUITBI JAHHBIX Ha JIMAIA30HbI, COPTUPOBKA
B mamaTH yayudnrena na 25%, yckopena komamniga COPY;

B Bepcun 9.3 materialized view, moctynHble Ha 3anuch BHEITHUE TaOJIM-
bl mepexoj1 ¢ ucnosib3oBanus SysV shared memory na POSIX shared
memory u mmap, COKpaIleHo BpeMs PaclpOCTPAHEHUs PEILINK, a TaK-
JKe 3HAUNTEJHbHO YCKOPEeHa Tiepeiada YIIpaBaeHus OT 3allaCHOrO CEPBEPA
K [EPBUYHOMY, yBeJUYEHA TPOU3BOJIUTETHLHOCTD M YJIydIlleHa CHCTEMA
OJIOKUPOBOK JIJ1sl BHEITHUX KJIIOUE;

B Bepcuu 9.4 nosisuiicst HoBbiit Tun nosist JSONB (6unapubiii JSON ¢
HOJIJIEPYKKON UHJIEKCOB), JIOTHYECKOe JIeKOJIMPOBAHME JIJIsl PEILINKAIIUH,
GIN wunzexc B 2 pa3a MeHbIIE 110 pa3Mepy U B 3 pas3a ObicTpee, HEOJIOKM-
pylomue oonos/ienne materialized view, nomiepxxkka Linux Huge Pages;
B Bepcum 9.5 mobasnena mommepkka UPSERT, Row Level Security,
CUBE, ROLLUP, GROUPING SETS ¢ynkmuu, TABLESAMPLE,
BRIN wunjekc, yckopeHa CKOpOCTh pabOThI MHJIEKCOB JIJIsi TEKCTOBLIX W
1IPPOBBIX TOJIEI;

B Bepcunm 9.6 nmobayiena TMojIepKKa Hapasien3aliil HEKOTOPBIX 3a-
IIPOCOB, YTO TO3BOJIsIET UCIOJIb30BaHue HeckoybKo siyiep (CPU core) Ha
cepBepe, 9TOOBI BO3BpAIIATh PE3yJbTaThl 3alpoca ObICTpee, MOJTHOTEK-
CTOBBII MOUCK T10/1/IepKUBaET (hpas3bl, HOBas olius «remote apply» s
CUHXPOHHOW PEIINKAIINN, KOTOPas MO3BOJISIET JOXK/IAThCS, TIOKA 3aIPOC
3aBepIInTCd Ha ClIeiiBe;

CJIG,ILYGT TaK>Ke OTMETHUTb, 9TO 00JIbIIIas YaCTh U3JIOKEHHOI'O B CTATHE Ma-
TepuaJia OTHOCUTCA K BEPCUU CEPBEPa HE HU2KE 9.0.

CTOI/IT JIN JOBEPATL TeCTaM ITPOU3BOJUTEILHOCTHU

Ilepen Tem, Kak 3aHUMATbCs HACTPOIMKON cepBepa, BIIOJIHE €CTECTBEHHO
O3HAKOMUThHCH C OIyOJUKOBAHHBIMU JIAHHBIMU 10 TPOU3BOIUTE/ILHOCTU, B TOM
qucie B cpauenun ¢ apyruvmu CYBJI. K coxkasnenuto, MHOTHE TeCTBI CJTy-
JKaT He CTOJILKO JIIg 00JIerYeHns BAIIero BbI0Opa, CKOJILKO JIJIs TPOJIBUKCHIS



2.2. Hactpoiika cepsepa

KOHKDETHBIX MPOJYKTOB B Ka4eCTBE «CaMbIX ObICTPBIX». [Ipu nzydenun omyo-
JINKOBAHHBIX TECTOB B IEPBYIO OYepe/ib 00PATUTE BHUMAHUE, COOTBETCTBYET
JIK BE€JIMYMHa W TUII Har'PY3KU, O6’béM JaHHBIX W CJIO2KHOCTDH 3allpOCOB B TeE-
cTe TOMY, 9TO BbI cobmpaerech jenarth ¢ 6a3oit? Ilycrs, mHanmpumep, oObItdHOE
MCIIOJIB30BaHUE BAIETO TTPUJIOKEHHS 10/Ipa3yMeBaeT HECKOTBLKO OJTHOBPEMEH-
HO PabOTAIONINX 3alIPOCOB Ha OOHOBJIEHUE K TAOJIUIE B MUJUIMOHBI 3amuceii. B
srom ciaydae CYB/IL, koropasi B HECKOJIBKO pa3 ObICTpee BCeX OCTATbHBIX HINET
3aIUCh B TAOJIUIE B THICATY 3aIMCEil, MOXKET OKa3aThCs HE JIYUIIUM BBIOOPOM.
Hy m maxomner, Bemu, KOTOpbIe JIOJIKHBI CPa3y HACTOPOKUTD:

e TectupoBanue ycrapesiieit Bepcun CYB/I;

e lcronp3oBatie HACTPOEK MO yMOJTIAHUIO (I OTCYTCTBHE HHMDOPMAIIN
0 HaCTPOIKax);

e TecrupoBaHue B OIHOMOJIB30BATETHLCKOM PEKIME (eCyii, KOHEYHO, BbI He
npejnosaraere ucnosb3osarb CYBJI uMenHo Tak);

e lcmob3oBaHme pacuimpeHHbix Bo3MoxkHocTeit onnoit CYBJ/L npu nrxo-
PUPOBAHUN PACITHPEHHBIX BO3MOXKHOCTEN JIPYTOIf;

e lcronp3oBatue 3aBeIOMO MeJJIEHHO PabOTAIONUX 3alpocoB (pas/ien
«2.5 OnrruMm3aIys KOHKPETHBIX 3aIPOCOBY );

2.2 Hactpoiika ceppepa

B srom pazsesne onmcanbl peKOMeH IyeMble 3HAaUeHUs [TapaMeTPOB, BJIMAIO-
nwx Ha npoussoguTesbocTs CYB /. DT nmapaMerpbl 0ObIMHO yCTaHABINBA-
1orcst B Konduryparuonnom daitie postgresql.conf u Biusror na Bce 6a3bl B
TEeKYyIleill ycTaHOBKe.

Ucnonb3yemast maMsaTh
O6muit 6ydep cepsepa: shared buffers

PostgreSQL e uTaer maHHbIE HAIPSIMYIO C JUCKA U HE MUIIET UX CPA3y
Ha Jjuck. Jlanabie 3arpyzkaiorcs B obOmmit Oydep cepBepa, HaxoJdIUiics B
pasjiesisieMoil TaMATH, CePBEPHBIE MPOIECChl YNTAIOT W IHUIIYT OJOKH B 3TOM
Oydepe, a 3areM yKe U3MEHEHHUsI COPACHIBAIOTCSA Ha JIUCK.

Ecau nponieccy HyzkeH JIOCTyNI K TabJIAIE, TO OH CHadaJja UINET HyKHbIE
o070k B obOIIeM Oydepe. Eciu 610K TPUCYTCTBYIOT, TO OH MOXKET IIPOI0JI-
JKaTh paboTy, ec/in HeT — JIeJIAeTCsI CUCTEMHBIN BBI3OB JJI WX 3arpy3Ku. 3a-
rpyzKaTbcs 6JIOKH MOTYT Kak u3 daiiaoporo kama OC, Tak u ¢ aucKa, U 9Ta
oleparys MOXKEeT OKa3aThCsl BEChbMa, «JI0POroii».

Ecimu o6bém Oydepa HemocTaTodeH I XpaHEHUs JacTO UCIOJIb3yeMbIX
pabounx JTaHHBIX, TO OHU OY/IyT MMOCTOSTHHO TMUCATHCA M INTAThCs u3 Karra OC
njim ¢ JUCKa, 9TO KpaﬁHe OTpUIlaTeJIbHO CKazKeTCsdA Ha ITPOU3BOJUTEIHLHOCTHU.
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B To ke Bpemd He ciieiyeT ycTaHABIUBATL 3TO 3HAUEHUE CJUITKOM 0OJIb-
muM: 370 HE Beg mamsth, Koropast Hy2kua 1715 pabotsl PostgreSQL, 310 To/ib-
KO pasMep pasjessgeMoir Mexkay mporeccamu PostgreSQL mamsiTu, KoTopast
HYy?KH& JIJIsT BBIITOJTHEHNST aKTUBHBIX orepanuii. OHa T0/2KHA 3aHUMATh MEeHb-
Y10 9aCTh ONEPATUBHOI MaMSTH BaIllero KOMIbIOTepa, Tak Kak PostgreSQL
HoJiaraeTcs Ha TO, YTO OIePAIMOHHAs CUCTEMa KIIMUPYyeT (hailyibl, 1 He cTapa-
eTcs ydbsimpoBaTh 3Ty pabory. Kpome Toro, 1em 6oJibiiie maMsaT Oy/JIeT OTIaHO
o1, Oydep, TeM MeHbIIIe OCTAHETCS ONEPAITMOHHONW CUCTEME U JIPYTUM ITPUJIO-
JKEHUSIM, ITO MOYKET TMPUBECTH K CBOIIIMHTY.

K coxkasiennto, 4TobbI 3HATH TOYHOE YuCI0 shared buffers, Hy>KHO y4ecThb
KOJIMYECTBO OMEPATUBHON MaMaTH KOMITbIOTEPA, pa3Mep 0a3bl JIAHHBIX, TUCTIO
COEJIMHEHUN ¥ CJIOZKHOCTD 3aIPOCOB, TAK UTO JIyUIlle BOCIIOJIb3yeMCsl HECKOJIb-
KUMU [POCTHIMU IIPABUIAMU HACTPOIKH.

Ha BbisiesieHHBIX cepBepax Mojie3HbIM o0beMoM Jijist shared buffers Oymer
suavenue 1/4 mamstu B cucreme. Ecmu y Bac 6oibline akTHBHBIE TOPIHK Oa-
3Bl JIAHHBIX, CJIOKHBIE 3AITPOCHI, OOJIBINOE YHCJIO OJJTHOBPEMEHHBIX COeMHEHMIT,
JUIATEIbHbIE TPAH3aKIIUKA, BaM JIOCTYIIEH OOJIBLINON 00beM ONepaTHBHON Ia-
MATU WK OOJIbITIee KOJIMYECTBO MPOIECCOPOB, TO MOYKHO IOJBIMATH 9TO 3Ha-
YeHre U MOHUTOPUTBH DPE3yJIbTAT, IYTOOBI He IPUBECTH K <«Jerpajarnuns (ma-
JIEHUIO) TIPOM3BOJUTEIbHOCTH. BBIJEINB CJIUITKOM MHOTO HAMSTH JJisi Oa3bl
JIAHHBIX, MBI MOXKEM TOJIYIUTH YXYJIIEHUE MPOU3BOIUTETHLHOCTH, MTOCKOb-
Ky PostgreSQL Takzke MCIOIB3yeT K3III OMEPAIMOHHOM CUCTEMBI (yBeJNIeHIe
nanHoro mnapamerpa 6osiee 40% onepaTUBHON MaMATH MOXKET JaBaTh <HYyJle-
BOI» IIPUPOCT IIPOU3BOAUTETHHOCTH ).

J11g TOHKOI HACTPONKHU MapaMeTpa YCTAaHOBUTE JIJId HEero OOJILINOE 3Hade-
HUE U TIoTecTUpyiiTe 6a3y 1pu 0ObIIHON HArpy3Ke. [IpoBepsiiiTe ucob30BaHIe
pasessieMoii MaMsTH MPHU IIOMOIIY ipcs WK JAPYTUX yTUIAT(HAIpuMep, free
nm vmstat). Pekomeriyemoe 3Hauenue mapamverpa Oyjer npumepHo B 1,2 —2
pasa 60JIbIlle, YeM MaKCUMYM KCIIOJIb30BaHHON namsaTu. OOparure BHUMAHUE,
9TO MaMATh 101 Oydep BBIIEIIETCS TIPU 3aIyCKe cepBepa, U e¢ 00bEM IpH
paboTe He M3MeHHAETCs. YUTHUTe TaKyKe, YTO HACTPOUKH sIJIpa OMEpaIMOHHOM
CHUCTEMBI MOI'YT HE JIaTh BAM BBLIEJIUTEH OOJIBIION 00bEM maMATH (J1jisi Bepcun
PostgreSQL < 9.3). B pykosojcree ajvunncrparopa PostgreSQL ommcano,
KaK MOXKHO U3MEHUTH 3TU HACTPONKH.

Takzke cjejyer IOMHUTD, 9TO Ha 32 6uTHOIt cucteme (Linux) Kazxplii mpo-
necc smmuTupoad B 4 I'B agpecnoro mnpocrpancrsa, rae xotst 661 1 I'B 3a-
PE3EPBUPOBAH SAPOM. DTO O3HAYAET, YTO He 3aBUCHMO, CKOJILKO Ha MAIlMHe
namsaTu, Kax bt PostgreSQL uncranc cmoxker obparuthes makcumym K 3 ['B
namsaTu. A 3HaqnT MakcumyMm jjis shared  buffers B Takoit cucreme — 2-2.5 I'B.

Xoay obOpaTuTh BHUMaHHe, 4To Ha Windows, OoJibIline 3HAYEHUSA JIJIsI
shared buffers He cTob 3pdexkTrBHBI, Kak Ha Linux cucreMax, U B pe3ysbrare
JIydIITe Pe3yJIbTaThl MOYKHO OYJIET MOy IUTh, €CJIN JAePKaTh TO 3HAUYEHUE OT-
HOoCcuTebHO Heboubinoe (or 64 MB 10 512 MB) u ncrnosis30BaTh K311 CHCTEMBI
BMECTO HETO.
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[TamaTs st cOpTUPOBKY pe3y/braTa 3ampoca: work mem

work mem TapaMeTp OIpeJieisseT MaKCUMaJbHOe KOJMYEeCTBO OIEePaTUB-
HOI TaMsITH, KOTOPOE MOXKET BBIJICJIUTL OJIHa Ollepallisd COPTHPOBKU, arpera-
A W Jp. DTO He pasjesieMas MMaMsTh, work mem BBIJEIAeTCs OTIETbHO
Ha KaKJIyIo OIepanuio (0T OJHOrO JI0 HECKOJbKHUX Pa3 3a OJuH 3ampoc). Pa-
3yMHOE 3HaU€eHNe ITapaMeTpa OIPeIe/IIeTcs CIeIYIOMIM 00pa30M: KOJIUIEeCTBO
JIOCTYITHO# OIepaTuBHON naMsiTé (IOC/Ie TOro, Kak U3 O0IIero obbeMa BbIUIH
HaMsTh, TpeOyeMyto Jist IPYTuX npuioxkeHuii, u shared buffers) mesmres Ha
MaKCHMaJTbHOE 9HUCJIO OJTHOBPEMEHHBIX 3aIIPOCOB YMHOXKEHHOE Ha CpejHee TmC-
JIO omeparuii B 3a1poce, KOTopble TpeOyIoT ImaMsTH.

Ecii 06bEM nnamMsaT HeocTaToueH I COPTUPOBKU HEKOTOPOT'O Pe3yJ/ibTa-
Ta, TO CEPBEPHBIl MpoIece OYIET UCIOIb30BaTh BpeMenubie (haitibl. Eem ke
00BbEM TTAMSATHU CJIUIITKOM BEJIUK, TO 3TO MOYKET IMPUBECTU K CBOIIIUHTY.

O0béM mamsaTn 3aa8TCsT TapaMeTpoM work  mem B (aite postgresql.conf.
Ejununa n3amepenns napamerpa — 1 kB. 3nadenne o ymosrganuio — 1024. B
KadecTBe HAaYaIbHOIO 3HAYeHus JIs HapaMeTpa MoxKeTe B3aTh 2-4% mocryn-
HO¥t amsaTu. {jisi BeO-pusIoykennit OObIMHO YCTAHAB/IMBAIOT HU3KUE 3HAUCHUST
work mem, TaK KakK 3aIIPOCOB OOBIYHO MHOI'O, HO OHHM IIPOCTBIE, OOBIYHO XBa-
taeT or 512 o 2048 KB. C apyroit ¢TOpPOHBI, MPUIOKEHUST JJI TOIEPIKKH
MIPUHATUS PENIEHN ¢ COTHAMHI CTPOK B KazKJIOM 3aIlpoce M JIeCATKAMU MUJI-
JIMOHOB CTOJIOIOB B Tab/inax ¢paKkToB 4acTo TpeOdyIoT work mem mopska 500
MB. Jlna 6a3 maHHBIX, KOTOPbIE UCIOJIB3YIOTCS U TaK, U TaK, STOT HapaMeTp
MOKHO YCTaHABJIUBATD JIJI KAaKJI0T0 3aITPOCa WHIMBUJLYAJIHLHO, UCIIOIb3Yd Ha-
crpoiiku ceccuu. Harpumep, npu nmamaru 1-4 I'B pekomenayercs ycranapiu-

Barhb 32-128 MB.

MaxkcumasibHOe KOJTMYECTBO KJIMEHTOB: max __connections

[Tapamerp max connections ycTaHaBJIMBAaeT MaKCHMAaJbHOE KOJMIECTBO
KJIMEHTOB, KOTOpbIE MOIyT HOAK/JII0UYNThca K PostgreSQL. Ilockombky s
KasKJI0r0 KJIMeHTa TpeOyeTcst BBLIEAATH MaMsaTh (work mem), TO 9TOT mapa-
MEeTpP IPEJIIoaraeT MaKCHMAJIbLHO BO3MOXKHOE HCIIOJIL30BAHUE HMAMATH JIJIs
Bcex KimeHToB. Kak mpasmiio, PostgreSQL moxker mosep:KuBaTh HECKOTBKO
COTEH MOJKJ/IIOYEHU, HO CO3/IaHie HOBOI'O SIBJISIETCS JOPOTrOCTOAIIEH omeparu-
eit. I[Tosromy, eciu TpeOYIOTCs THICSIH OAKIIOYEHHIA, TO JIyUIIe UCIIOIb30BATh
IyJ1 TOJKJIIOUeHN T (OT/e/bHasT TporpaMMa nid OHOJIHOTeKa JIJI HIPOJYKTA,
9TO UCHOJIB3YeT 6asy).

[Mamsars mist paborsr komauel VACUUM: maintenance work mem

DTOT mMapaMeTp 3aJaéT 00bEM TAMATH, WCHOJb3yEMbIl KOMAHIAME
VACUUM, ANALYZE, CREATE INDEX, u jo0aBjieHusi BHEITHAX KJto4deit. UTo-
Obl OIepaluy BBIIOJIHIINCH MAKCHMAJIBHO OBICTPO, HYXKHO YCTaHAB/IMBATD
9TOT TapaMeTp TeM BBIIIe, 4eM OoJibllle pa3Mep TabJ/IUI B Balleil Oaze JaH-
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neix. Hemtoxo 661 ycranapimsarh ero suadenne ot 50 1o 75% pasmepa Bameii
caMoit OOJIBIION TAaOJNIBI WK UHIEKCA WM, €CJIU TOYHO OIPEIeIUTh HEBO3-
MOXKHO, 0T 32 10 256 MbB. Crieyer ycranaBmBaTh OOJIbINIEE 3HATEHIE, T€M JIJIsT
work mem. Cjumkom 00JIbINe 3HAYEHNUST TIPUBEIYT K UCIOJIB30BAHUIO CBOIIA.
Hanpuwmep, npu nmamaru 1-4 I'B pekomenayercs ycranasiuBaTh 128-512 MB.

Boubiiue crpanunpl: huge  pages

B PostgreSQL, naunnas ¢ Bepcunm 9.4, mosBmIach MOJJIEPYKKA OOJILIINAX
crpanut. B OC Linux paboTa ¢ maMsiThio OCHOBBIBAETCs HA OOPAIIIEHUHU K CTPa-
HUI[AM pa3Mep KOTopbIX paseH 4kB (Ha camom esie 3aBHCHT OT 1m1aTdOOPMBEIL,
npoBepuTh MOXKHO depe3 getconf PAGE SIZE). Tak Bot, Korja o0beM maMsi-
TH IepeBAINBAET 38 HECKOIBKO JIECATKOB, & TO U COTHHU IUTadaiiT, yIpaBIdTh
€10 CTAHOBUTCH CJIOYKHEe, YBEJTMINBAIOTCS HAKJIA/IHBIE PDACXOJIbI HA aJIPECAIINIO
aMSATU U TOJJIepPKAaHNe CTpaHuIHbIX Tabsuil. [jisg obserdenns Ku3uu u ObI-
JIM TIPUJIYMAaHbl OOJIbININE CTPAHUIIBI, pa3Mep KOTOPbIX MoxKeT 66T 2MB, a To
n 1GB. 3a cuer nucnosmb30Banust GOIBIMTUX CTPAHUIL MOXKHO IOy IUTH OILY TH-
MBIl TIPUPOCT CKOPOCTU PAOOTHI U yBeJNUeHNE OT3bIBINBOCTU B MIPUJIOKEHUIX
KOTOPBIE aKTUBHO PabOTAIOT C MAMSATBHIO.

Boobrie 3anycruts PostgreSQL ¢ momiep:kkoit OOJIbIINX CTPAHUI] MOXK-
HO ObLIO U pawnbiie, ¢ nomornibio libhugetlbfs. Oanako Temeps ecth BCTpOEH-
Hag nojepkka. rak, HuKe onmcanue mporecca Kak HaCTPOUTH U 3aIyCTUTD
PostgreSQL ¢ moaep:xKoit 60IbIINX CTPAHUIL.

s wagama ciemayer yOemUTbCH, HYTO SJIPO TMOJEPKUBAET OO0JIb-
mue crpanunbl. [IpoepsieMm kKoudwur sjapa Ha OpeIMET HAJUIUS OIIIIHI
CONFIG HUGETLBFS u CONFIG HUGETLB PAGE.

Jluctunr 2.1 ITposepka Kondura sjpa Ha nojIep:KKy huge pages
$ grep HUGETLB /boot/config -$(uname -r)
CONFIG_CGROUP_HUGETLB-—y
CONFIG_HUGETLBFS-y
CONFIG_HUCETLB_PAGE-y

B ciaydae orcyTeTBUSI 9TUX OIIHIL, HUYETO HE 3apaboTaeT U siIPO CJIe/LyeT
1epecoopaTh.

OueBnyiHo, 9To HaMm moHamobuTcst PostgreSQL Bepcunm we muxke 9.4. 3a
TOJIJIEPKKY OOJIBITNX CTPAHUIT OTBedaeT mapaMeTp huge page, KOTOPBI MOXKeT
IPUHAMATh TPHU 3HadYeHus: off — He MCIOJIb30BATh OOJIBIINE CTPAHUIII, On —
HCII0JIB30BaTh OOJIBIINE CTPAHUIIGI, try — HOIBITATHCS UCIIOJIb30BATH OOJIBIIIIE
CTPAHUIIBI U B CJIyYae HEJIOCTYITHOCTH OTKATUTHCS HA UCIOJIb30BAHUE OOBITHBIX
CTpaHuIl. 3HAUYEHUE try MCIOJIb3YeTCsl [0 YMOJIYAHWUIO U SBJISETCsS 6€30IaCHBIM
BapuaHnToM. B ciaydae on, PostgreSQL we 3amycturcst, ecin 60JbIme CTPpAHUTIBI
He OIpe/Ie/IeHbl B cucreMe (UM UX HEJO0CTATOYHO).

[Tocsie mepesarycka 6a3bl ¢ mapaMeTpoM try moTpedyercs BKJIIOYUTD IIOJI-
JICP2KKY OOJIBIIINX CTPAHHUIL] B CUCTEME (I10 YMOTIAHIIO OHU He 33 IeHCTBOBAHDI ).
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Pacder crpanunr npub/M3uTe/IbHBIN U 3/1€Ch CIEyeT ONUPATHCS Ha TO, CKOJIb-
KO IaMATU BbI TOTOBBI BBLAEINTH 1Mo HYKJAbl CYB /1. OrMmeuy, uro 3HaUeHHE
n3MepseTcsd B crpaHnnax pasmepom 2Mb, ecin Bbl Xorure BblaenTh 16GB,
T0 310 Oyser 8000 cTpanwuiI.
OdurmanbHast JOKyMEHTAIA peJyIaraeT OMUPaThcd Ha 3HadeHne VmPeak
u3 status daiisia, KoTopsiii pa3merien B /proc/PID/ nupekropuun, cOOTBET-
CcTBYyIOIIell HOMepy mnpollecca postmaster. VmPeak Kak cieiyer m3 HasBaHUSA
9TO MMUKOBOE 3HAYEHUE HCIOJIb30BAHUSA BUPTYAJIHHON HMAMATU. JTOT BAPUAHT
MI03BOJISIET OIPEJE/INTh MUHUMAJIBHYIO IIJIAHKY, OT KOTOPOH CJIeJlyeT OTTaJIKN-
BaThCs, HO HA MO B3IV TAKOW CIIOCOO ONpPeJIe/IeHNsT TOYKE HOCUT CJIydailHbIi
XapakKTep.

JIucturar 2.2 Brimogaem moaepkky huge pages B cucreme

$ head -1 /var/lib/pgsql/9.5/data/postmaster.pid

3076

$ grep "“VmPeak /proc/3076/status

VmPeak: 4742563 kB

$ echo $((4742563 / 2048 + 1))

2316

$ echo ’'vin.nr hugepages = 23167 >> /etc/sysctl.d/30-
postgresql.conf

$ sysctl -p --system

B OC Linux ecTb TakKe cucTeMa 110 MEHEKMEHTY MaMSATH 0] Ha3BAHM-
em «Transparent HugePages», koropast BKJtodena 1o ymosrdanuio. OHa MOKeT
BBI3BIBATH IIpobseMy 1pu pabore ¢ huge pages g PostgreSQL, mosTomy pe-
KOMEHAYETCiA BBIKJIIOYAaTh 9TOT MEXaHU3M:

Jlucrunr 2.3 Orkiaouaem Transparent HugePages

$ echo never > /sys/kernel /mm/transparent hugepage/defrag
$ echo never > /sys/kernel /mm/transparent hugepage/enabled

[Tocsie aToro nepeszanyckaem PostgreSQL u cmoTpuM ucrioibzoBanue 60J1b-
AX CTPAHUIL;:

Jlucrunr 2.4 Tposepsiem ncrnosib3oBanue huge pages

$ grep ~“HugePages /proc/meminfo

HugePages Total: 2316
HugePages Free: 2301
HugePages Rsvd: 128
HugePages Surp: 0
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[Ipoune nacTpoitku

e temp buffers — Oydep 1moj BpeMennble 00BHEKTHI, B OCHOBHOM JIJIsI Bpe-
MeHHBIX TabJmi. MoxXHo ycTaHoBUTD mopsjika 16 MbB;

e max_prepared transactions — KOJMYE€CTBO OJIHOBPEMEHHO TIOJINOTABJINBA~
empix Tpamsaknuii (PREPARE TRANSACTION). Moxmo octaBuTh 10
YMOJTYaHUIO — D;

e vacuum_cost delay — ecam y Bac Oosibliue TaOJIMIBI, U ITPOU3BOIHUT-
¢ MHOI'O OJTHOBPEMEHHBIX OIepalldii 3aIUCh, BAM MOXKET NPHUTOIUTHCS
dbyukIws, kKoropast ymenbInaer 3arparbt Ha 1/O mpiug VACUUM, pacrsaru-
Basl ero 1o BpeMeHu. YToObI BKIIOYUTH 3TY (DYHKIINOHAJIHHOCTD, HY>KHO
IMOJIHATH 3HadeHne vacuum cost delay Boime 0. Mcmoab3yiiTe pa3yMHYIO
zajiepkKy oT b0 g0 200 mc. /Lnst Gojtee TOHKOM HACTPOMKHU IOBBIIIANTE
vacuum__cost _page hit m moHmKaiiTe vacuum _cost limit. D910 ocmabur
Bimnsgane VACUUM, yBennuuB BpeMsi ero BBINOJHEHUs. B Tectax ¢ ma-
pasutesbabiME Tpan3akiusyvu fn Buk (Jan Wieck) mosyawmr, aro npu
snavenusx delay — 200, page hit — 6 u limit —100 Bausaune VACUUM
YMEHBIIMIOCH Oojiee ueM Ha 80%, HO €ro JIMTEILHOCTD YBEJINYUIACh
BTpOE;

e max_stack depth — cmenumaJsbHBIA CTEK U1 cepBepa, KOTOPBIA B ujieaJse
JIOJIZKEH COBIIAIaTh C pasMepoM cTeKa, BbicTaBieHHOM B siape OC. Yera-
HOBKa OOJIBINIErO 3HAYEHUs, €M B siJIpe, MOXKET IIPUBECTH K OIIHOKAM.
Pexkomenmyerca ycranasmmsats 2-4 MDB;

e max_files per process — MaKCHMaJIbHOE KOJHYIECTBO (pail/ioB, OTKPbIBa-
€MBIX IIPOIECCOM H €T'0 MOJIIIPOIECCAMU B OJUH MOMEHT BpeMEHU. Y MEHb-
[IATe JaHHBIA IapaMeTp, eC/ii B Ipolecce paboThl HaOJIIOTAeTCst CO00-
menne «Too many open filesy;

2KypnaJr Tpan3akiuiit 1 KOHTPOJIbHBIE TOUKH

st obecrieuenus orkazoycroitanBoctu CYBJI PostgreSQL, kak u muorue
6a3bl JAHHBIX, UCIIOJIb3YET CIENUAIbHBIN KYPHAJ, B KOTOPOM BEJIET UCTOPHUIO
n3MeHeHus JaHHbIX. [lepes Tem Kak 3amnucarh ganabie B daitnsr B, cepsep
PostgreSQL akkymyaupyeT u3aMeHeHUsI B OTIEPATUBHON ITAMSTH U 3aIHCHIBACT
B I10CJIe/I0BATE/IbHBIN (Dailyl 2KypHaJa, 9TOObI He TIOTepATh UX U3-3a HelpeIBU-
JIEHHOT'O OTKJIIOUCHUS TTUTAHUS.

Jlanable B XKypHAJI TMUIITYTCS 7O TOrO KaK I0JIb30BaTe/ b 6a3bl JIAHHBIX T10-
JIy9uT cOoOOITeHre 00 yCIIeNTHOM ITPUMEHEHNN U3MeHEeHWi. DTOT KypHas Ha-
3bIBaeTCs KypHasoM yrpexjgatomieil 3amucu (Write-Ahead Log wim mpocro
WAL), a daiinsl xypHana xpauarca B Karajgore pg xlog. Takke mepmoan-
gecku PostgreSQL cOpachiBaeT m3MeHeHHble aKKyMY/JIUPOBAHHBIE JTAHHbIE 13
OIEPATUBHON MAMSATU HA JIUCK. DTOT IIPOIECC COTJIACOBAHUS JAHHDBIX HA3bI-
BaeTCs KOHTPOJIBHON TOUKOM (checkpoint). KouTposbras Touka BbINOIHAETCS
TaK’Ke TPU KarKJIOM ITaTHOM BbIKJodeHnn PostgreSQL.
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B sToMm ciiyuae HEeT HEOOXOAUMOCTH COpAChIBATH HA JIMCK U3MEHEHUs JIaH-
HBIX [PU KaKJOM YCIEITHOM 3aBepIIeHUU TpaH3akmum: B ciaydae cbos BJI
MOKeT OBbITh BOCCTAHOBJIEHA I10 3aIIUCSAM B »KypHaJse. Takum o6pa3oM, JlaHHbIE
n3 OydepoB cOpachIBaIOTCHd HA JIUCK MPU TPOXOJIE KOHTPOJIBLHONW TOYKU: JIMOO
[PU 3aI0JIHEHNN HECKOJIBKUX (mapamerp checkpoint segments, O yMOJ9IaHUIO
3) cerMeHTOB KypHaJIa TPAH3aKIWii, b0 Yepe3 onpe e I6HHbII HHTEPBAJI Bpe-
menn (nmapamerp checkpoint timeout, m3MepsieTcst B CEKYH/AX, 110 YMOJTIAHIIO
300).

N3menenne 3Tux nmapamMeTpoB IPAMO He IMOBJIUSET HA CKOPOCTb UTEHUS, HO
MOXKET IIPUHECTH OOJIBIIYIO MTOJIb3Y, €C/IN JIaHHbIE B 0a3e aKTUBHO M3MEHSIOTCS.

YMeHbIenne KoJIm4ecTBa KOHTPOIBHBIX To4eK: checkpoint segments

Eciu B 6a3y 3aHocaTcs 60Jbinre 00bEMBI JJAHHBIX, TO KOHTPOJIbHBIE TOY-
KI MOIYT HPOUCXOJUTH CJIUIIKOM YacCTO («CJIMIIKOM YacTO» MOXKHO OIIpe-
JIEJINTh KaK <«d9allle pa3a B MUHYTY». Bbl Tak:Ke MOXKeTe 3aJlaTh IapaMeTp
checkpoint warning (B CeKyH/aX): B KypHAJ cepBepa OyyT MUCATHCS TIPeJTy-
[PEeXK/IeHNsI, eCJIi KOHTPOJIbHBIE TOYKH MPOMCXOIAT dale 3aJaHHoro). [Ipu
9TOM IPOU3BOIUTENLHOCTD YIIAJIET U3-3a IMOCTOSHHOTO cOpaChIBaHUsS HA JIHCK
JIAHHBIX U3 Oydepa.

st yBenuueHUsT MHTEpBaJia MEXK/Iy KOHTPOJBHBIMU TOYKAME HYKHO
YBEJINYUNTh KOJUIECTBO CEIMEHTOB KYypHaJja TPAH3aKIUI depe3 mapaMerp
checkpoint _segments. /[aHHbIN MapaMeTp orpee/sdeT KOJIUIECTBO CEIMEHTOB
(kaxx bt o 16 MB) siora Tpansakiumii Mexk/y KOHTPOJbHBIME TOYKAME. DTOT
rmapamMeTp He nMeeT 0co0Oro 3HadeHus i O6a3bl JaHHBLIX, IIPeTHAa3HaYIeHHOM
[IPEUMYIIIECTBEHHO JIjIs ITEHUsI, HO i 0a3 JIAHHBIX CO MHOYKECTBOM TpaH-
BAKINIT yBEJIUYIECHUE 9TOT0 apaMeTpa MOXKET OKa3aThCsl XKU3HEHHO HEOOXO -
MbIM. B 3aBucumocTu oT oO0bema JaHHBIX YCTAHOBUTE STOT MapaMerp B Jiia-
nazone oT 12 710 256 cerMeHTOB U, €CJIM B JIOT€ TMOABIAIOTCA MIPELyTPEKTEHUST
(warning) o TOM, 9TO KOHTPOJIbHBIE TOYKH MPOUCXOJAT CJUIIKOM 9YACTO, I0-
CTENEeHHO yBeJimuuBaiite ero. Mecro, Tpebyemoe Ha JUCKE, BBIYHUC/ISAETCS 110
dopmyne (checkpoint segments * (2 + checkpoint completion target) + 1) * 16
MB, Tak uTo ybeuTech, 9TO Y BaC JOCTATOYHO CBOOOHOTO MecTa. Hampumep,
€cJiM BBl BBICTAaBUTE 3HadeHue 32, BaMm morpedyercs ocosbie 1 I'B auckoBoro
IIPOCTPAHCTBA.

Cremyer Takyke OTMETUTH, 9TO YeM OOJIbIIE UHTEPBAJ MEXKIY KOHTPOJIb-
HBIMU TOYKAMMU, TeM J0JIbIle OY/IyT BOCCTAHAB/IMBATHCS JIAHHBIE 110 YKYPHAITY
TPaH3aKIINii 1ocje cOos.

Hauunas ¢ Bepcun 9.5 checkpoint segments ObLI 3aMeHEH Ha TapaMeTpbl
min_wal size m max wal size. Temnepb cucrema MOYKET aBTOMATUIECKH CAMA
peraTh CKOJIBKO checkpoint segments TpebyeTcsi XpaHUTh (BBIYUCIATH 110 Pa-
Hee TIPUBEJIEHHON (hopMyJie 0T yKaszaHHOro pasmepa). [IpenmyiecTBoM 3T0oro
SIBJIIETCST TO, 9TO BbI MOYKET€ YCTAHOBUTH max_wal size OUeHb OOJIBIITNM, HO
cucrteMa He OyJIeT Ha caMOM Jiejie MOTPeO/IATh yKa3aHHOe KOJUIECTBO MECTa
Ha YKECTKOM JIMCKE, €CJIM B 9TOM HET HUKAaKOW HeoOXOJIMMOCTH. min_wal size
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2.2. Hactpoiika cepsepa

yCTaHABIMBAET MUHUMAJBHBIA pasMep MecTa, KOTOPbIi OyJIeT MCIOIb30BaTh-
cst cerMeHTaMu (MOXKHO OTKJIIOUUTH TaKyl0 ABTOHACTPONKY, YCTAHOBHUB JIJIst
min_wal size # max_wal size OJJMHAKOBOE 3HAYCHIE).

fsync, synchronous commit u cTouT it UX TpOraTh

g yBemmaeHus Mponu3BoOINTEeIbHOCTA Hauboiee pPainKaabHOe U3 BOZMOXK-
HBIX pellleHnii — BhICTaBUTHL 3HavUeHue «off» mapamerpy fsync. [Ipu sTom 3anm-
CHU B YKypHAaJIe TPAH3aKIUil He Oy/IyT TPUHYINTEJIHHO cOPACHIBATHCSA Ha JIMCK,
YTO JIACT OOJIBINON TPUPOCT CKOPOCTU 3aIUCH. Y UTHTE: Bbl 2KEPTBYETE HAJIEK-
HOCTBIO, B cjydae cOosl Ie/TOCTHOCTh Oa3bl Oy/ieT HapyllleHa, U e€ IPUIETCs
BOCCTaHABINBATHL 13 pe3epBHOil Konmu! Vcmonb3oBaTh 9TOT mapamMerp peko-
MEH/TyeTCsI JINIIb B TOM CJIydae, eCJIM BbI BCEIIEIIO JIOBEPSETE CBOEMY «ZKeJIe3y s
U CBOEMY HCTOYHHKY Oecriepeboitnoro nurtanus. Hy wian ecim nannble B 6a3e
He TIPEJICTABJIAIOT Il BaC 0cO0O0# 1EHHOCTH.

[Tapamerp synchronous commit onpejesnser HyKHO Ju 2K 1aTh WAL 3amm-
CU Ha JIUCK IIepe]i BO3BPATOM YCIIEITHOTO 3aBEpINCHUS TPAH3AKIIUN JIJIsd O]
KJIIOYeHHOTO KaneHTa. [lo ymordannio u st 6e30nacHOCTH JJAHHBIN ITapaMeTp
yCTaHOBJIEH B «on» (BkJoveH). [Ipu Buik/II0OUeHnn ganHoro napamverpa («off»)
MOZKET CYIIECTBOBATH 3aJIePKKa MeXKJ/Iy MOMEHTOM, KOTJIa KJIMEHTY OyIeT Cco-
o01eHo 00 ycrexe TpaH3aKIUU U KOTJIa Ta caMasi TPaH3aKIU JIEHCTBUTETHHO
rapaHTHPOBAHHO U 0e30I1aCHO 3alicaHa Ha JUCK (MaKCHMaJbHAs 3a/IePKKa —
wal writer delay * 3). B ormmune or fsync, OTK/IIOUeHHe 9TOTO HapaMeTpa He
CO3/IaeT PUCK Kpaxa 0a3bl JaHHBIX: JaHHbIE MOT'YT OBITH ITOTEPSAHBI (ITOCTIET-
HUIT HAOOP TPaH3aKIWii), HO 6a3y JAHHBIX HE IPHUJIETCS BOCCTAHABINBATD IIOCTIE
cbost n3 Okana. Tak 4To synchronous commit MOXKeT OBITH TIOJIE3HON AJIHTEP-
HATHUBOI, KOIJIa TPOU3BOIUTEILHOCTD BayKHee, IeM TOTIHAs YBEPEHHOCTH B CO-
[JIACOBAHUY JIAHHBIX (JIAHHBINH PEZKUM MOYKHO Ha3BaTh «pexkumoM MongoDB»:
N3HAYAJIBHO Bce KJMeHTH! g MongoDB He mpoBepsiin yCHenrHocTh 3armcu
JIAHHBIX B 623y U 3a CUeT 3TOr0 JOCTUTAJIACH XOPOIIas CKOPOCTD JIJIst OeHIMap-
KOB).

[Ipoune nacTpoitku

e commit_delay (B MUKpocekyH/ax, 0 mo yMosdaHuIO) U commit siblings
(5 O yMOJYAHUIO) OIPEIEIAIOT 3aJePIKKY MEXK/Iy MONaaHueM 3alli-
cu B Oydep KypHasia TpaH3akmuii u copocom eé Ha juck. Eciau rpwu
YCIENTHOM 3aBEePINEeHUH TPaH3aKIIUU aKTUBHO HE MeHee commit siblings
TpaH3aKIINii, TO 3aIuCch OyIeT 3ajeprKaHa Ha BpeMst commit  delay. Ecan
3a 3TO BpPEMsI 3aBEPIIUTCS Jpyras TPaH3aKIIUd, TO UX U3MEeHEHUs OY/IyT
cOpOIIIeHbI Ha, JUCK BMECTe, IPHU IIOMOIIU OIHOI'O CHUCTEMHOI'O BBI30BA.
9T mapaMeTphl MO3BOJISIT YCKOPUTH PabOTY, €C/Id TMapasljielbHO BBITOJI-
HAETCS MHOTO «MEJIKUX» TPaH3aKIUA;
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e wal sync method MeToj1, KOTOPBI HCIOJIB3YETCs JIJIs IPUHYINTETHHOMN
3alicu JaHHBIX Ha Jauck. Ecmm fsync=off, To 3TOT mapaMeTp He UCIO/Ib-
3yercsi. Bo3aMOXKHbBIE 3HAUEHUS:

— open_datasync — 3almCh JIAHHBIX METOJOM open() ¢ mapaMeTpoM

O_DSYNC;
fdatasync — BeI30B MeTo/1a fdatasync() mocsie Kazkmgoro commit;
— fsync_writethrough — BbI30B fsync() mocsie Kazk0ro commit, ureo-

pUpYs IapaJsule/bHbIe IIPOIECCHI;
— fsync — BbI30B fsync() mocse Kaxoro commit;
— open_sync — 3allCh JaHHBIX MeTOJOM open() ¢ HapaMeTpoM

O _SYNC;

He Bce stu meTonpr moctynubl Ha pasabix OC. [lo ymomdanuio ycranas-
JINBAETCS TIEPBBIil, KOTOPBIN JIOCTYIIEH JIJIsI CHCTEMBI;

e full page writes YcranoBure jgannbiii napamerp B «offs, eciu fsync=off.
Nuage, korma 5ToT mapaMmerp «ony, PostgreSQL sammcbiBaer coaepku-
MO€ KazKJION 3aIiCHh B KYpHAJI TPAH3aKIIUI ITPU MEPBON MOIUMUKAIIIH
TAOJIHUIIBI. ITO HEOOXOIUMO, ITOCKOJIbKY JAHHbIC MOT'YT 3aIlHCATHCS JIUIIDH
YaCTUYIHO, €CJIN B Xo/Ie mporiecca «ynaaay OC. DTo npuBejeT K TOMY, 9TO
Ha JINCKe OKaYKyTCs HOBBIE JJAHHBIE CMeIaHHbIe cO cTapbiMu. CTPOKOBOTO
YPOBHSI 3aIIUCU B KYPHAJ TPAH3AKIINN MOYXKET ObITh HEJIOCTATOYHO, UTO-
OBI ITOJIHOCTHIO BOCCTAHOBUTD JIAHHBIE TIOC/IE «IajleHuss. full page writes
rapaHTHPyeT KOPPEKTHOE BOCCTAHOBJIEHUE, IEHOIN YBEeJTUYEHUs 3aIUChHI-
BaeMbIX JIAHHBIX B KypHaJ Tpanzakimii (EquHcrBeHHbINH cI0CO6 CHUKe-
HUsi 00beMa 3AIMCH B YKyPHAJ TPAH3AKIINN 3aKII0YAETCH B YBEJTMICHIH
checkpoint _interval);

e wal buffers Kosmaectso namstu, ncnosbdyemoe B Shared Memory s
BeJIEHUsT TPAH3aKI[MOHHBIX JIOTOB (Oydep HaxouTest B pasjieisieMoil ma-
MSATH U ABJISIETCsT OOIIMM JJIst Bcex mporieccoB). Crout yBeanaurb 6ydep
110 256-512 kB, uTo no3BosUT JiydIliie paboTaTh ¢ OOJIBITUMEI TPaH3AKIIN-
avu. Hanpumep, npu nocrynnoit namaru 1-4 I'B pekomenjiyercsa ycra-
napymmBaTh 256-1024 Kb;

[IraHnpoBIIUK 3aITPOCOB

Crenmyrtonue HACTPOUKU IOMOTAIOT ILIAHUPOBIIHUKY 3aIPOCOB MPABUIBHO
OIEHUBATH CTOUMOCTH PA3JIMIHBIX OMEPAIdil U BRIOUPATH ONTUMAJILHBIN TIJIaH
BBITIOJTHEHUS 3a1poca. CyIecTBYOT 3 HACTPONKHY IJIAHUPOBIIUKA, Ha KOTOPHIE
cTouT oO6paTUTh BHUMAHUE:

e default statistics target — 3TOT mapameTrp 3aJ1aéT 00bEM CTATUCTUKH, CO-
oupaemoii komanoit ANALYZE. ¥YBenudenue napaMerpa 3aCTaBUT 3TY
KOMaH/Iy paboTaTh JIOJbINE, HO MOYKET MO3BOJUTH ONTUMU3ATOPY CTPO-
UTh OoJiee ObICTpBIE TJIAHBI, MCIOJIb3Ys IMOJyYeHHbIE JIOTIOJHUTEIbHBIE
nanabie. OObEM CTATUCTUKU JIJIsi KOHKPETHOI'O TI0JIsT MOYKET OBbITh 3a/IaH
komangoit ALTER TABLE ... SET STATISTICS;
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o cffective cache size — sror napamerp coobraer PostgreSQL npumepnbrii
00bEM (haitsIoBOro K3Iira OIeparuoHHON CUCTEMBI, OIMITUMI3aTOP UCIOJIb-
3yer 9Ty OIEHKY JIJIs IOCTPOEHNs IIIaHa 3a1rpoca (yKa3biBaeT [LJIaHuPOB-
IUKY Ha pa3Mep CaMoro OOJIBIIOTO OObEKTa B Oa3e JAHHBIX, KOTOPBIi
TEOPETHYECKH MOXKeT ObITh 3akermposaHt). [lycrb B BalieM KOMIIbIOTEDE
1.5 I'b nmamaru, napamerp shared buffers ycranosien B 32 MbB, a mna-
pamerp effective cache size B 800 Mb. Ecim 3anpocy myzxkuno 700 Mb
naHubiX, T0 PostgreSQL orenut, 910 BCe HyKHBIE JAHHBIE YK€ €CTh B
aMsITH U BbIOEpeT 0oJiee arpecCUBHBIN ILIAH C UCIIOTHh30BAHNEM WHIEK-
coB 1 merge joins. Ho ecqn effective cache size 6yzmet Bcero 200 MbB, To
OIITUMM3ATOP BIIOJIHE MOXKeT BbIOpaTh OoJsiee 3(pHEeKTUBHBIN /1T TUCKO-
BOIl CHCTeMbI IIJIAH, BKJIIOYAIONINI TIOJIHBI ITPOCMOTD TaOJIHIIBI.

Ha BbIs1€/IeHHOM CepBepe nMeeT CMBICTT BBICTaBIATH effective cache  size B
2/3 oT Beeii onepaTUBHOIl ITAMSITH; Ha CEPBEPE C JIPYTUMU [TPUIOZKEHUSIMIE
CHaYaJIa HYKHO BbIYeCTh U3 Bcero oobema RAM pazmep qucKoBOro Kaiia
OC u mamMsTh, 3aHATYIO OCTAJIbHBIMI MTPOTIECCAM;

e random_page cost — mepeMeHHasi, YKa3bIBaloIas Ha YCJIOBHYIO CTOW-
MOCTb UHJIEKCHOT'O JIOCTYyIIa K CTpaHuIaM jJaHHbx. Ha cepBepax ¢ ObIcT-
PBIMH JTUCKOBBIMU MaCCHBAMU UMEET CMBIC]T YMEHLIIATH U3HATAILHYIO
HacTpoitky 10 3.0, 2.5 mim naxe 10 2.0. Ecian ke akTuBHAA 9acTh Baleit
0a3bl JaHHBIX HAMHOI'O OOJIbIIIE PA3MEPOB OIEPATUBHON IMaMATH, HOIIPO-
OyliTe MOJHATH 3HAYUEHUE TapamMeTpa. MoxKHO MOIOUTH K BBIOOPY OIITHU-
MaJIBHOI'O 3Ha4YeHUA U CO CTOPOHBI ITPOU3BOJUTE/ILHOCTU 3alIPpOCOB. ECJH/I
IJIAHMPOBIINAK 3aIlpOCOB [alle, 9YeM HeO0OXOIMMO, MPEITOTNTAeT TOC/Ie-
JIoBaTeJIbHbIE TIPOCMOTPHI (Sequential scans) mpocMoTpaM ¢ MCIOJIb30Ba-
HueM mHjekca (index scans), monm:kaiite 3uadenue. I naobopor, eciu
IJIAHUPOBIIUK BBIOUPAET IIPOCMOTP IO MEJJIEHHOMY HHJICKCY, KOTJa He
JIOJIZKEH 3TOTO JIe/IaTh, HACTPONUKY MMeeT CMBICJ yBemauThb. [locie n3-
MCHEHUA THIaTCJIHLHO TeCTI/IpyﬁTe pPeE3y/IbTaTbl Ha MaKCUMaJIbHO HIMPOKOM
nabope 3arpocoB. Hukorma He omyckaiite 3nadenue random page cost
ke 2.0; ecoim BaM KaxKeTcsd, 9To random page cost HY>KHO eIrle ITOHU-
JKaTh, pa3yMHee B 9TOM CJIydae MEHATb HACTPOWKHU CTATUCTUKU ILIaHU-
POBIIMKA.

Coop crarucTuKN

Y PostgreSQL Tak»Ke ecThb crienuasbHas MOICUCTEMa — COOPIINK CTATHCTHU-
K1, — KOTOpas B peajbHOM BpeMeHU COOMpPaeT JJaHHble 00 aKTUBHOCTH CEPBEPA.
[TockoyibKy €cOOp CTATUCTHKHU CO3A€T JOIOJHUTE/IbHbIE HAK/IAIHbIE PaCcXO/Ibl
Ha 06a3y JIaHHBIX, TO CHUCTEMa MOXKeT ObITh HACTPOEHa KakK Ha cOOp, Tak U He
cOOp cTaTUCTHKH BOOOIIE. DTa CUCTEMA KOHTPOJIUPYETCS CJIEYIONUMHI Tapa-
MeTpaMy, TPUHUMAOIMNMU 3HaveHnd true/ false:

e track counts — BKJOYaTh Jim ¢OOp cTarucTuku. [lo ymosdanuio BKJIO-
9éH, IMOCKOJIBbKY autovacuum pemMoHy Tpebyercs coop craructuku. OT-
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KJIIO9aiiTe, TOJIBKO €CJIH CTATHCTHKA BAC COBEPIIIEHHO He MHTepecyeT (Kak
u autovacuum);

e track functions — OTC/Ie:KUBaHUE UCIIOJIB30BAHUA OIPEIETIEHHBIX TOJIb-
3oBaresieM (byHKIIHIL;

e track activities — mepesaBaTh Jiu COOPIIUKY CTATUCTUKUA UH(MOPMAIIIO
O TEKyIIeil BBIOJIHAEMOl KOMaH/Ie U BPEMEHU HavaJia €€ BBIIOJTHEHUS.
[To ymosmuanmio 3Ta BO3MOXKHOCTH BK/OUYeHA. Cjeayer OTMETHTb, UTO
9Ta nHpOpMaImsa Oy/1eT JOCTYITHA TOJBKO MTPUBUIETHPOBAHHBIM TI0JIH30-
BaTEJISM U TIOJIB30BATESAM, OT JINIA KOTOPBIX 3aITYIIEeHbl KOMAH/IbI, TaK
91O 1IPobJIeM ¢ 6€30IaCHOCTHIO OBITH HE JTOJIZKHO;

lannbie, mojrydeHnble cOOPIUKOM CTATUCTUKH, JIOCTYITHBI 9epe3 CIeNnaIb-
HbIe CHCTEMHBIE IIpejicTaBIeHnsA. [Ipn ycTaHOBKaxX 110 yMOJIMaHUIO cOOMpaeTcs
OYCHb MaJjlo MH(POPMAaINU, PEKOMEHIYeTCs BKJIIOYATH BCE BO3MOYKHOCTH: JI0-
IOJTHUTE/IbHAA HArpy3Ka OyJeT HeBeINKa, B TO BpeMs KaK IOJIyYeHHBIE JTaH-
HBIE [I03BOJIAT ONTUMU3MPOBATE MCIOJIB30BAHNAE NHJEKCOB (& TaKzKe HOMOIYT
ONTHMAJBHON paboTe autovacuum JEeMOHY ).

2.3 Jlucku n ailioBele CUCTEMBI

OueBuIHO, 9TO OT KavIeCTBEHHOI JINCKOBOI mojcucTeMbl B cepsepe B /1 3a-
BHUCHUT HeMaJiasl 9acThb ITPOM3BOJIMTETLHOCTH. Bompockl BEIOOpa M TOHKOM Ha-
CTPOMKHU «2KeJjie3ay, BIPOYeM, He ABJIAIOTCA TeMOM JTaHHOH IVIaBbl, OIPAHUYNM-
csg ypoBHEM (DailjIoBOI CUCTEMBI.

Epunoro muenus nacdaér namboJsiee rogaxoadieit aus PostgreSQL daiito-
BOII CUCTEMBI HeT, [IO9TOMY PEKOMEH/IyeTCd MCII0JIb30BaTh Ty, KOTOpas JIy4Ille
BCEro TOJIJIEp:KUBAETCd Balleil omepannonnoii cucremoii. Ilpu sTom yurure,
YTO COBPEMEHHBIE YKYPHAJTUPYIOIUe (hailjioBble CUCTEMbI He HAMHOTO MeJIIeH-
Hee HEXKYPHAJUPYIONINX, & BBIUTPHINT — OBICTPOE BOCCTAHOBJIEHHE ITOCTIE COO-
€B — OT UX UCIIOJIb30BaHUA BEJIUK.

Bor jierko MozkeTe 1oJIyIUTh BBIUTPLIIT B IPOU3BOIUTEILHOCTH Oe3 110001~
HBIX 3(DPEKTOB, ecIu MIPUMOHTHPYeTe Pail/IoOBYIO CUCTEMY, COIEPKAIILYI0 a3y
JIAHHBIX, C TTApaMeTpPOM noatime (HO TIPU 9TOM He OyIeT OTCIEKUBATHCSA BPEMST
[OCJIETHETO J0CTYIA K (hailiy).

[lepenoc Kypnasa TpaH3aKInii Ha OT/IE/JbHBIN TUCK

[Ipu moctyrie K JAUCKY W3psIHOE BPEMsi 3aHUMAET HE TOJIHKO COOCTBEHHO
YTeHWe JIAHHBIX, HO W ITepeMeIlieHre MarHUTHOW TOJIOBK.

Eciin B BaiieM cepBepe eCTh HECKOJIBKO (DU3MIECKUX JIUCKOB (HECKOIBKO
JIOTUYECKUX Pa3JIeJIOB Ha OJIHOM JIMCKE 3JIeCh, OYEBU/IHO, HE IOMOIYT: I'OJIOBKA
BCE paBHO OYJIET OJIHA), TO Bl MOXKETE pa3HecTH (hailyibl 6a3bl JAHHBIX U YKYP-
HaJI TPAH3aKINi 110 pa3HbIM JuckaM. JlaHHbIE B CEIMEHTHI Ky pPHAJIA, ATy TCS
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1ocjIeI0BaTeIbHO, 0oJiee TOTO, 3allUCU B KypHaJe TpaH3aKIuil cpa3y cOpa-
CBIBAIOTCs Ha JIMCK, IIO9TOMY B C/Iydae HAXOXKIEHUs €ro Ha OTIACJIbHOM JIHCKE
MaTl'HUTHad I'OJIOBKa HE 6y,[[eT JINIITHUI pa3 ABUI'aTbCdA, ITO IIO3BOJIUT YCKOPUTDH
3alllCh.

[Topsinok meitcTBuii:

e Ocranosure cepsep (!);

e [lepenecure katasiorn pg clog n pg xlog, HaxoJdAmUiicd B KaTaJjore c
Oazamu JJAHHBIX, Ha JPYTON JINCK;

e CozjaiiTe HA CTAPOM MECTE CUMBOJIMYECKYIO CCBLIKY;

e 3alrycTure cepBep;

[IpumepHo TakuM 2Ke 00pPa30M MOXKHO IepeHeCTH U JacTh PailioB, comaep-
JKAIUX TabJIUIbl U MHJIEKCHI, Ha JIPYTOil JINCK, HO 3JIeCh NOTpedyeTcs OOJIbIIe
KPOIIOT/INBOI PYyYHOI pabOThI, a IPU BHECEHUN U3MEHEHUH B cXeMy 0a3bl Ipo-
eIy PY, BOBMOXKHO, IIPUIETCSI IIOBTOPHUTh.

CLUSTER

CLUSTER table | USING index | — KomMaHIa /151 yIOPSAIOYNBAHNS 3aITICE
TabJIAIBI HA JTUCKE COIVIACHO MHJIEKCY, YTO MHOIJIA 3a CUeT YMEHbIIEHUs JTOCTY-
I1a K JUCKY YCKOPseT BBLIIOJIHEHNE 3a1Ipoca. BO3MOXKHO €CO3/1aTh TOJILKO OJIMH
dpusmyeckuit opsIoK B TabJIMIE, TOITOMY U TaOJIUIA MOYXKET UMETb TOJIBKO
OJIMH KJIACTEPHBIN UHJEKC. [Ipn TakoM yCcJI0BUU HY2KHO TIIATEIbHO BHIOMPATD,
KaKo#l MHJEKC OY/IeT UCIIOJIb30BaThCA I KJIACTEPHOrO WHJEKCA.

Kracrepuzanus 1mo nHIEKCY O3BOJISET COKPATUTH BPEMsi ITOUCKA I10 JIHAC-
KY: BO BpeMsl IIOUCKA IO MHJIEKCY BBIOOPKA JTAHHBIX MOXKET ObITh 3HAYUTE/IHHO
ObICTpee, TaK KakK IOCJIEI0BATETLHOCTD JAHHBIX B TAKOM K€ TOPSJIKEe, KaK U
nHjieKe. V3 MUHYCOB MOXKHO OTMETHUTH TO, uTo Komamja CLUSTER Tpebyer
«ACCESS EXCLUSIVE» 610KupOBKYy, 4TO HpeIoTBpaIlaeT JIoOble JIpyrue
olepaly ¢ JaHHBIMU (YTEHUsT U 3alliCH) [OKa KJIACTEPU3allisl He 3aBEPIIUT
BBIIIOJIHEHHE. Tak:ke Kiacrepusalusa nHjekca B PostgreSQL He yrBep:kia-
€T YeTKWIl MOPSJIOK CJICJOBAHUSA, MMOITOMY TPeOYeTCsl IMOBTOPHO BBIMOJIHATH
CLUSTER s mojjiepKaiusi TabJIUIbI B ITOPSIIKE.

2.4 Nruautel g TionuHra PostgreSQL

Pgtune

st onrrumuzanuu Hacrpoek it PostgreSQL Gregory Smith cozmasn yTu-
quTy pgtune B pacdyére Ha obecriedeHre MaKCUMAJIbHOM IIPOM3BOIUTETHHOCTH
JUUTST 38/ IaHHON alapaTHOil KOHMUTyparuu. Y TUJIUTA ITPOCTa B UCIIOIH30BAHIN
M BO MHOIMX Linux cmcremax MOXKeT WJITH B cocTaBe NakeToB. Ecim ke Her,
MOYKHO TIPOCTO CKa4daTh apXUB U pacinakoBarb. s Havasa:
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JInctuar 2.5 Pgtune

Line 1 $ pgtune -i $PGDATA/postgresql.conf -o $PGDATA/postgresql.
conf.pgtune

ormmeit -1, -input-config yKassiBaem Tekymmii daiin postgresql.conf, a -o
, ——output-config yKasbiBaeM uMs aiisia jijist HoBoro postgresql.conf.
Ecthb Tak:ke MOMOJHUTEIBHBIE OIIUH JIJIsT HACTPORKN KOHGUTA:

e -M, --memory HCIOJIB3YHTE ITOT TApaMeTp, YTOOBI ONPEeIeTUTh OOIINii
obbeM crucreMHON mamsTh. FEcim He ykazaHo, pgtune OyIeT HMbITAThCS
HCIIOJIb30BaTh TEKYIIUN 00beM CHCTEMHON MaMSITH;

e -T —type ykaswBaer Tun 0as3bl jganabix. Onmum: DW, OLTP, Web,
Mixed, Desktop;

® ¢, --connections yKa3bIBaeT MaKCUMaJTbHOE KOJTMIECTBO coeImHenmit. Fc-
JIK OH He yKa3aH, To Oyj1eT OpaThCs B 3aBUCUMOCTH OT THIIA 6a3bI JTaHHbIX;

CymecTByeT Takzke OHJIAH Bepcus pgtune.

Xouercs cpa3y J00aBUTH, 9TO pgtune He «cepedpsiHas MyJisd» JIJIA ONTH-
Muzanun HacTpoiiku PostgreSQL. Muorue HacTpoiiKu 3aBHCIT He TOJIBKO OT
aIrmapaTHoil KOH(MUIYPAIME, HO U OT pa3Mepa 0a3bl JAHHBIX, YUCJIa COEINHE-
HUN U CJIOYKHOCTH 3aIllPOCOB, TAK UTO ONTUMAJIHLHO HACTPOUTH 0a3y JAHHDBIX
BO3MOZKHO, TOJIBKO YUATBIBAS BCE 3TN IIapaMeTphI.

pg_ buffercache

Pg buffercache — pacmupenue st PostgreSQL, xoTopoe mo3BosisieT 1mo-
JIYYIUTh TpeJicTaBaeHne 06 ucrob3oBannu obmiero 6ydepa (shared buffer) B
6aze. Pacmmpenue 1mo3BoJiseT B3IVIAHYTH KaKWe M3 JIAHHBIX KIIUpyeT Oa3a,
KOTOPBIE aKTUBHO UCIOJIb3YIOTCA B 3ampocax. [[Jis Havgaia Hy»KHO YCTaHOBUTH
paCIIpeHne:

JImctunr 2.6 pg  buffercache
Line 1 # CREATE EXTENSION pg buffercache;

Tenepnb moctymno pg  buffercache npejcraBieHne, KOTOpoe COJIEPAKUT:

bufferid — ID 6sioka B 0biiem Oydepe;

relfilenode — mMMs NalnKu, rie JaHHbIE PACIIOJIOXKEHB;
reltablespace — Oid Tabsmribr,

reldatabase — Oid 6a3b! JaHHBIX;

relforknumber — HOMep OTBeTBJIEHU,

relblocknumber — HOMEDP CTpaHUIIHI;

isdirty — rpsasHas cTpaHuna’;

usagecount — KosmdecTBo LRU crTpanuir;
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ID 610ka B 0611eM Oydepe (bufferid ) cooTBeTCTBYET KOJMYECTBY UCIIOJB3Y-
eMoro Oydepa Tabsuneit, nHaeKcoM, npounm. O0IIee KOJIUIeCTBO JOCTYITHBIX
OydepoB orpeessieTcs JIByMsI BEIIaAMU:

e Pasmep Oydeproro 6/i0ka. ToT pazmep 00K ONMpeIesIeTcs Onuei -
with-blocksize npu kKoudurypamuu. 3uadenue mo ymosadanuio — 8 Kb,
YTO JIOCTATOIHO B OOJIBIITMHCTBE CJIy9YaeB, HO €r0 BO3MOXKHO YBEJIUIUTDH
1M YMEHBIIUTDH B 3aBUCUMOCTHU OT CUTYyallldN. ,H.HH TOT'O T-ITO6]31 N3MEHUTDH
9TO 3HaYeHne, HeoOXOoMMO Oyier rmepekoMmmpoBath PostgreSQL;

e Pasmep obOmero 6Oydepa. Oupenensiercsa omrmeit  shared buffers B
PostgreSQL xkoudure.

Hampuwmep, npu ucnosib3oBanun shared buffers B 128 Mb ¢ 8 Kb pasme-
pa 6sioka nostyuntes 16384 6ydepos. [lpencrasinenune pg buffercache Gymer
UMeThb Takoe ke Inucjo cTpok — 16384. C shared buffers B 256 MB u pasme-
pom 6uioka B 1 Kb mosryunm 262144 6ydepos.

st mpuMepa paccMOTPUM IIPOCTOH 3aIIpOC TOKA3BIBAIOIIII NCIIOIB30Ba~
Hrie 6ydepos obbekTaMu (TabJIUIaMI, WHIEKCAME, TIPOYUM ):

JInctunr 2.7 pg buffercache

# SELECT c.relname, count(*) AS buffers

FROM pg buffercache b INNER JOIN pg class c

ON b.relfilenode = pg relation filenode(c.oid) AND

b.reldatabase IN (0, (SELECT oid FROM pg_ database WHERE
datname = current database()))

GROUP BY c.relname

ORDER BY 2 DESC

LIMIT 10;
relname | buffers
_________________________________ + e e e e - - =
pgbench accounts \ 4082
pgbench history \ 53
pg attribute \ 23
pg_proc \ 14
pg operator \ 11
pg_ proc_oid index \ 9
pg class \ 8
pg attribute relid attnum index | 7
pg proc_proname args nsp_index | 6
pg_class oid index \ 5

(10 rows)

DrtoT 3aIIpoC ITOKa3bIBACT 0O BEKTBI (Ta6JII/IHbI n I/IH,ZLeKCbI) B K3IIIE:
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Jluctunr 2.8 pg_ buffercache

Line I # SELECT c.relname, count(*) AS buffers ,usagecount
- FROM pg class ¢
- INNER JOIN pg buffercache b
- ON b.relfilenode = c.relfilenode
5 INNER JOIN pg database d
- ON (b.reldatabase = d.oid AND d.datname = current database
()
- GROUP BY c.relname ,usagecount
- ORDER BY c.relname ,usagecount ;

10 relname | buffers | usagecount
e e e e e e e e e e e e e e e e e e e e e o - TP e -
- pg_rewrite | 3| 1
- pg_rewrite rel rulename index | 1| 1
- pg_rewrite rel rulename index | 1] 2

15  pg_ statistic | 1| 1
- pg_statistic | 1| 3
- pg_ statistic | 2 | 5
- pg_statistic_relid att inh index | 1| 1
- pg_statistic_relid att inh index | 3| 5

20 pgbench accounts | 4082 | 2
- pgbench accounts pkey | 1] 1
- pgbench history ] 53 | 1
- pgbench tellers | 1| 1

DTO BaIlpoc TMOKA3bIBAET KaKOi mporeHT obiero Oydepa HCIoIb3yIoT
06beKThI (TabJIUIBI U WHIEKCHI) W HA CKOJILKO IIPOIEHTOB OO'bEKTHI HAXOJISITCS
B caMoM Karie (6ydepe):

JImctunr 2.9 pg  buffercache
Line 1 # SELECT

- c.relname,
- pg_size pretty (count (*) * 8192) as buffered,
- round(100.0 * count(*) /
5 (SELECT setting FROM pg settings WHERE name=’shared buffers
") ::integer ,1)
- AS buffers percent
- round (100.0 * count(*) * 8192 / pg table size(c.oid), 1)
- AS percent of relation
- FROM pg class ¢
10 INNER JOIN pg buffercache b
- ON b.relfilenode = c.relfilenode
- INNER JOIN pg database d
- ON (b.reldatabase = d.oid AND d.datname = current database

0)
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GROUP BY c.oid,c.relname
ORDER BY 3 DESC

LIMIT 20;

-]l RECORD 1 |------- e e
relname | pgbench accounts

buffered | 32 MB

buffers percent | 24.9

percent of relation | 99.9

-| RECORD 2 |------- R
relname | pgbench history

buffered | 424 kB

buffers percent | 0.3

percent of relation | 94.6

-] RECORD 3 |------- R
relname | pg_ operator

buffered | 88 kB

buffers percent | 0.1

percent of relation | 61.1

-| RECORD 4 |------- -
relname | pg opclass oid index

buffered | 16 kB

buffers percent | 0.0

percent of relation | 100.0

-| RECORD 5 |------- R
relname | pg statistic_relid att inh index
buffered | 32 kB

buffers percent | 0.0

percent of relation | 100.0

Wcromb3yst 9T JaHHBIE MOXKHO IIPOAHAIN3UPOBATH I KAKNX OOBEKTOB
He XBaTaeT MaMATH WM KaKue U3 HUX HOTPeO/ISIOT OCHOBHYIO 9aCTh OOIIEro
oydepa. Ha ocroBe 3T0r0 MOKHO O0JIee TpaBUILHO HacTpauBaTh shared buffers
napametp it PostgreSQL.

2.5 Onrumuzanus B/ n npuiorkerust

g OpicTpoii paboThl KaxKJI0ro 3ampoca B Balieil 0aze B OCHOBHOM TpeOy-
eTCs CJIEJTyIoNIee:

1. OrcyrcTBHe B Oa3e Mycopa, MEIIAOIero 100paThcs 10 aKTya bHbBIX JTaH-
HbIX. MOKHO chopMyTHPOBATD JIBE MTO3a,/1a91:

a) I'pamornoe mpoekTupoBanue 6a3pr. OCBEIEeHe TOr0 BOIIPOCA BbI-

XOJIUT JIAJIEKO 328 PAMKH 3TOH KHUTH;
b) C6opka mycopa, Boszuukaoriero npu pabore CYB/I;

2. Hammame ObICTPBIX IyTell IOCTyTa K JIAHHBIM — UHJICKCOB;
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3. Bo3MOXKHOCTD MCITOJIb30BaHUs ONTUMHU3ATOPOM ITUX OBICTPBIX ITyTEl;
4. OO6X0/ M3BECTHBIX MPODJIEM;

[Tonep:kanue 6a3bl B HOPsIJIKE

B mamHOM pasese onumcaHbl JIEHCTBUsI, KOTOPBIE JTOJKHBI TTEPUOTIECKN
BBITIOJIHATHCS JIJTs KaxK 101 0a3bl. OT pa3zpaboTyunKa TpedyeTcs: TOJIBKO HaCTPO-
UTh UX ABTOMATHYECKOE BBINOJIHEHUE ([P MOMOIIU Cron) U ONBITHBIM ITyTEM
10100PaTh ONTUMAJIHLHYIO YaCTOTY.

Komanna ANALYZE

Coyxut jj1s1 0OHOBJIEHUST WHPOPMAINKA O PACIIPEJIe/IEHNN JTaHHbIX B Tab-
jiarie. DTa nHOPMAIA UCHOIb3yeTCs OITUMHU3ATOPOM JIJIsi BEIOOpa Hambosiee
OBICTPOTO TIJIaHA BBIITOJIHEHUS 3AIIPOCA.

O6braHO KOMaHJIa UCHoJb3yeTcd B cBsi3ke ¢ VACUUM ANALYZE. Eciu B
6aze ecTb TaOJMIBI, JaHHBIE B KOTOPBIX HE M3MEHSIIOTCS U He YIAJISIOTCS, a
JIATID JTOOABJISIIOTCSI, TO JIJIsT TAKUX TaOJIAIT MOYKHO HCIIOJIH30BATH OTJIE/IBHYIO
koman Ty ANALYZE. Takxke cTONT NCIIOIB30BaTh 9Ty KOMAH/LY JJIs OTAETHHOM
TabJIAIBI TTOCIe J00aBIeHNs B Heé OOJIBIIOIO KOJIMIECTBA 3aIIACE.

Komanna REINDEX

Komanna REINDEX ucrnoib3yercd i EPECTPORKH CYIIECTBYIONINX WH-
JiekcoB. Vlcronp30BaTh €€ nMeeT CMBICT B CIIydae:

® TIODPYM WHJIEKCA;
® TIOCTOSTHHOT'O YBEJIMUEHUsI €10 pPa3Mepa;

Bropoit ciayugait Tpebyer nosichenuii. Hmgeke, Kak u Tabjnra, COIEp:KAT
6J10Kku co crapbiMu Bepcusimu 3amuceii. PostgreSQL He Bcerja moxker 3aHOBO
HCIIOJIB30BATh 9TH OJIOKU, U MO3TOMY (ailjl ¢ MHIEKCOM ITOCTEIIEHHO YBEeTNIn-
BaeTcs B pasMepax. Eciu janHble B TaOJIUIE 9aCTO MEHSIOTCS, TO PACTU OH
MOKET BeCbMa OBICTPO.

Eciu BbI 3aMeTniin 110/100HOE OBEJIEHNE KaKOIO-TO MHJIEKCa, TO CTOUT Ha-
CTPOUTH JIJI HErO MepUouvdecKoe BhIoHeHne KoMaH bl REINDEX. Yurure:
komanja REINDEX, kak 1 VACUUM FULL, 1OJHOCTBIO OJIOKUpYET TabJIuILy,
ITO3TOMY BBIIIOJIHATE €€ HaJI0 TOrJIA, KOTJla 3arpy3Ka cepBepa MUHUMAJIHHA.

Mcnosib3oBanne nMHIEKCOB

OnbIT MOKa3bIBAET, YTO HANDOJIEE 3HAUNTEIbHBIE TTPOOIEMBI C IPOU3BO/IN-
TEJIbHOCTHIO BBIZBIBAIOTCA OTCYTCTBHEM HYKHBIX MHJIeKCOB. [losTomy cTOmK-
HYBIINCH C MEJIJICHHBIM 3allpOCOM, B IEPBYIO O4Yepeb IPOBEPHTE, CYIIECTBYIOT
JIN WHJIEKCHI, KOTOpbIe OH MOYKET UCIO/Ib30BaTh. Kciam HeT — mocTpoiite uX.
Wzumek wHIEKCOB, BIPOYEM, TOXKE IpeBaT Mpod/eMaMu:
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o Komamn/ipl, n3MeHdIoNne JaHHble B TAOJIUIE, JOJIZKHBI U3MEHUTH TaK¥Ke
u uHAeKCbl. OQ4ueBuIHO, YeM OOJIbINE UHJIEKCOB IIOCTPOEHO JIJIsi TaOJIHUIIbI,
TeM MeJJIeHHee 3TO OyJIeT TPOUCXOIUTD;

e Onrumuzarop nepedbupaeT BO3MOKHBIE IIYTH BBIIOJIHEHUS 3alIPOCOB. Fc-
JII TIOCTPOEHO MHOT'O HEHYKHBIX WHJIEKCOB, TO 3TOT 1epebop OyIeT ujiITu
JIOJIBIIIE;

EauncrBennoe, 910 MOXKHO CKa3aTh C OOJBIION CTEINEHbIO OIpeIeIéHHO-
CTH — TI0JIsI, SIBJISTFOIIUECS BHEITHUMU KJIFOYAMU, U TI0JIA, 110 KOTOPBIM 00be 1~
HAIOTCs TaOJIUIbI, MHIEKCUPOBATh HAJI0 00s3aTe/IHLHO.

Komana EXPLAIN [ANALYZE]

Komamnjga EXPLAIN sanpoc|| mokasbiBaer, Kakum obpaszom PostgreSQL co-
ObupaeTcs BLIIOIHATH Barr 3ampoc. Komanga EXPLAIN ANALYZE sanpoc|| BbI-
noJiasier 3anpoc (un mosromy EXPLAIN ANALYZE DELETE ... — ne comur-
KOM XOpOITiasi Ujiest) U TIOKA3bIBAET KAaK M3HAYAJIBHBIN IJIaH, TaK ¥ PeaibHbIi
IIPOIIECC €T'0 BBIIIOJIHEHUS.

Yrenne BBIBOJA TUX KOMAH] — UCKYCCTBO, KOTOPOE IPUXOUT C OIBITOM.
Jlns Hadasa obpariaiiTe BHUMaHUE Ha CJIeIyIOIee:

e llcnosib30Banne MOJHOTO MPOCMOTPa Tab HIIbL (seq scan);

e llcnonb3oBanne HamboJIee MPUMUTHBHOIO CIIOCODa 00beIMHEHNS TaO NI
(nested loop);

e Jlna EXPLAIN ANALYZE: Her Jjin OOJBIINX OTJWYUN B IIperojarae-
MOM KOJIMYIECTBE 3alliceil u peajbHO BbhiOpanHoMm? Eciaum ontmmuzaTtop
HCIIOJIB3YET YCTAPEBIIYIO CTATUCTUKY, TO OH MOYKET BhIOMPATH HE CaMBbIii
OBICTPBIi IIJIAH BBIIOJHEHHS 3aI1POCa;

Crestyer OTMETHTB, 9TO TOJIHBIH MTPOCMOTD TabJIMIBI JIAJEKO He BCET/Ia
MeJ[JIeHHee TTPOCMOoTpa 1o mHeKcey. Koy, nHanpumep, B TabJiniie—ClipaBOYHIKE
HECKOJIBKO COTEH 3AINCeil, YMENIAIOMNXC s B OJHOM-/IBYX OJIOKAX Ha JUCKE, TO
UCIIOJIb30BaHUE MHJEKCa NPUBEJET JIUIIb K TOMY, YTO HPUJETCS YATATH €I
U napy JIMIIHUX OJIOKOB MHIeKca. Ecam B 3ampoce npmuéres suioparh 80%
zanuceil u3 O0JIBIION TaOJIHIBI, TO MOJHBIH MTPOCMOTP OUATH Ke TOJIYIUTCS
oBICTpEE.

IIpu TecrupoBanmm 3arpocoB ¢ wucnogb3zoBanneM EXPLAIN ANALYZE
MOKHO BOCIIOJIb30BaThCs HACTPONKaMM, 3alpeliaioluMU ONTUMUA3ATOPY HUC-
II0JIb30BaTh OIPEJIe/IEHHBIE TLIaHbI BbIoHennsA. Harpumep,

Jluctunr 2.10 enable seqscan

SET enable seqscan=false ;
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3AIPETUT WCIOJb30BAHME IOJTHOIO MPOCMOTPA TaOJIUIBI, U BbI CMOXKETe
BBISICHUTD, 1IPAB JIM OBLT ONTUMHU3ATOP, OTKA3BIBASCH OT WCIIOJIb30BAHUS WH-
nekca. Hu B koem cjydae He cjie/lyeT HPOIHUCHIBATH IMOJ00HBIE KOMAH]IBI B
postgresql.conf! 910 Mo)keT yCKOPUTH BBIMIOJTHEHNE HECKOJIBKUX 3aIIPOCOB, HO
CHJIBHO 3aMeJIJINT BCe OCTasbHbIE!

Wcnonb3oBanne coOpaHHOI CTATHCTHKI

PesyiibraThl paboThl cOOPIUKA CTATHCTUKA JOCTYITHBI Ye€pe3 CIIeabHbIe
cucTeMHbIe mpejacTaBienns. Hanbosiee nHTEpeCcHBI J11sI HAIUX IeJIeil ciemayTo-

ue:

e pg stat user tables cOEPXKUT — JIJIs KaKJIOM TOJIb30BATETHCKOM Tab -
IIbI B TeKyIIeil 6a3e JaHHBIX — 00IIee KOJMIECTBO MOJHBIX ITPOCMOTPOB
U IIPOCMOTPOB C HCIOJIH30BAHHEM HHJIEKCOB, OOIINe KOJIUIECTBA 3alli-
ceit, KoTopbie ObLIM BO3BPAIIEHbI B pe3yjbTrare 000UX TUIIOB IIPOCMOTPA,
a Tak:Ke O0Iue KOJMUYeCTBa BCTABJIEHHBIX, N3MEHEHHBIX U YIAJEHHBIX
3alluCei;

e pg stat user indexes CONEPKAT — JUIA KaXKJIOTO MOJIb30BATEIHCKOTO NH-
JieKca B TekyIeil 6a3e JIaHHbIX — 00Iee KOJMYeCTBO IPOCMOTPOB, HC-
[TOJI30BABIINX 3TOT MHJIEKC, KOJUYIECTBO ITPOIUTAHHBIX 3aIliCel, KOJIU-
9YeCTBO YCIEITHO IIPOYUTAHHBIX 3aluceii B Tabuie (MOXKeT ObITh MEHbIIIe
IIPEJIbIIYIIEro 3HAUEHNS, €CJIM B MHJIEKCE €CTh 3allUCH, YKa3bIBAIOIINe Ha
yCTapeBIIne 3aIiCh B TabJIUIe);

e pg statio user tables comepKuT — JJIs1 KazK0 110JIb30BATEIHCKOI Tab-
JIMITBI B TEeKYIIeil 6a3e JaHHBIX — o0Iee KOJUIeCTBO OJIOKOB, IPOUNTAH-
HBIX U3 TAOJIUIBI, KOJIUIECTBO OJIOKOB, OKA3aBINUXCS IIPU 3TOM B Oydepe
(em. myskT 2.1.1), a TaK:Ke aHAJOIUIHYO CTATUCTUKY JIJisl BCEX UHJIEKCOB
1o TabJInIe ¥, BO3MOXKHO, 110 cBA3aHHOl ¢ Heit Tabsuieit TOAST;

N3 stux npejcraBiaeHuit MOXKHO y3HATDH, B YaCTHOCTH:

e st Kakux TabJIUIL CTOUT CO3/IaTh HOBbIE MHJEKCHI (MHIMKATOPOM CJTy-
JKUT OOJIBITIOE KOJTMYECTBO IOJHBIX IIPOCMOTPOB M OOJILIIIOE KOJTHYECTBO
POYUTAHHBIX OJIOKOB);

e Kakue mHIEKChI BOOOINE HE UCIIOIB3YIOTCs B 3ammpocax. VX mmeer cMbIcT
VJIaJUTh, €CJI, KOHEYHO, Pedb He UJIET 00 MHJEKCaX, 00eCIeInBaIoNX
seinosiHerne orpanndenniit PRIMARY KEY u UNIQUE;

e Jlocrarouen jiu 00bEéM Oydepa cepBepa;

Tak>ke BO3MOXKEH «JIeJlyKTUBHBII» II0JIX0/I, P KOTOPOM CHadaJia CO3/1a-
ércs 60JIbIIOEe KOJIMIECTBO MUHJICKCOB, a 3aTeM HEHCIOJIb3yeMble UHJICKCHI y/la-
JISTFOTCSI.
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[Iepenoc jiorukn Ha CTOPOHY cepBepa

DTOT IIyHKT OYeBU/IEH JIJIsI OIIBITHBIX IToJIb30oBaTeseit PostrgeSQL u npeana-
3HAYEH JIJTsI TeX, KTO UCIOJIb3yeT min rnepenocut Ha PostgreSQL mpumoxkenust,
HalMCaHHbIe N3HAYAILHO J1JIst Oostee mpumuTuBHBIX CYBJI.

Peaymmzanus gyacTu JIOrMKU Ha CTOPOHE CepBepa depe3 XpaHUMbIe IMIPOIle-
JIypBI, TPUTTEPE, IIPABIJIa’ 9acTo IO3BOJIAET YCKOPUTH PabOTy HPUIOKEHNUS.
[eitcTBUTENIBHO, €/ HECKOJIBKO 3aIllPOCOB O0BEIUHEHBI B MPOIE/LYPY, TO HE
Tpedyercs

® IIepechlIKa IMTPOMEXKYTOUYHBIX 3aIIPOCOB Ha CepBep;
® 110JIyU€HHUE ITPOMEXKYTOUHBIX PE3yJIbTaTOB Ha KJIUEHT U UX 00pabOTKa;

Kpowme Toro, xpaHumbie IpoIie Ly phl YIIPOIIAIOT IIPOIECC pa3pabOTKU U T10/I-
JEPXKKN: U3MEHEeHNsT HaJI0 BHOCUTH TOJBKO Ha CTOPOHE CepBepa, a He MEHSITh
3aIPOCHl BO BCEX TPUJIOYKEHUSIX.

OnTuMusalust KOHKPETHBIX 3aIlIPOCOB

B sTom pazjesie onmchIBAIOTCS 3alIPOCHI, JIjIsI KOTOPBIX 110 PA3HBIM ITPUIU-
HaM HEJIb34d 3aCTaBUTH OIITUMHU3AaTOP HCIIOJIB30BaThb MHICKCBI, 1 KOTOPLIC 6y—
JIYT BCETJIa BBI3BIBATDH MOJHBIN TPOCMOTP Tad UIbl. Takum 06pa30M, ecjiu Bam
TpebyeTcs UCIOJIL30BATh ITU 3aIlPOChl B TPEOOBATEILHOM K OBICTPOICHCTBUIO
MPUJIOYKEHUH, TO TPUJAETCA UX U3MEHUTh.

SELECT count(*) FROM <orpomuas rabimra >

Oyukius count() paboTaeT oYeHb MPOCTO: CHAYAJA BBIOMPAIOTCS BCE 3a-
[IACH, YIOBJIETBOPSIONINE YCJIOBUIO, & MOTOM K IOJIYy9YeHHOMY HaOOpy 3aIlu-
ceil mpuMeHsieTcs arperarHas PYHKIUA — CIUTACTCH KOJMYECTBO BHIOPAHHBIX
crpok. Mudopmanus o BUIMMOCTH 3aIUCH JJisi TeKYIIell TpaH3akiun (a KoH-
KYPEHTHBIM TPaH3aKIAM MOYXKET ObITb BUJIUMO Pa3HOE KOJUIECTBO 3AIUCEit
B Tabsuie!) He XPaHUTCA B UHJIEKCE, [O9TOMY, JarKe eCJIM UCIOIb30BaTh JIIst
BBITIOJTHEHUST 3AIIPOCA UHJIEKC EPBUYHOTO KJII0Ya TAOJIUIBI, BCE PABHO MIOTPE-
OyeTcs yTenue 3ammceil cobcTBeHHO U3 haitia TabJIUAIIbI.

[Ipobsrema 3armpoc Buga

Jlucrunar 2.11 SQL
SELECT count (*) FROM foo;

OCYIIECTBJISIET TIOJIHBIN IIPOCMOTP Tab uibl f00, YTO BecbMa JH0JIr0 Jjisi Tab-
JIATL ¢ OOJIBIIMM KOJIMIECTBOM 3aIICeit.

Pemenne Ilpoctoro perrenusi mpo0JieMbl, K COXKaJIEHUIO, HET. BO3MOXKHBI
CJIeTYTOTINE TIOIXO/IbI:

'RULE — peasmzoBannoe B PostgreSQL pacmupenue cragapra SQL, nmo3sosiomee, B
YaCTHOCTH, CO31aBaTh OOHOBJISIEMbIE IIPEICTABJICHU
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Ec/mm TouHoe umcIio 3anmceil He BazKHO, a BazKeH HOPSI0K , TO MOYKHO HC-
[I0JIL30BATH NHQOPMAIUIO O KOJIMYECTBE 3alUceil B TaO/IHIle, COOPAHHYIO
npu BoinostHeHnn kKoMmau 6l ANALYZE:

JImerunr 2.12 SQL
SELECT reltuples FROM pg class WHERE relname = ’foo’;

Ecnu nonobmbie BBIOOPKU BBITOJIHAIOTCHA YaCTO, a U3MEHEHUs! B TabJIH-
Il JIOCTATOYHO PEJIKU, TO MOXKHO 3aBECTH BCIIOMOI'aTEeIbHYIO TaOJIUILY,
XpaHAIILYIO YUCJIO 3anuceil B ocHoBHoil. Ha ocnoBryO ke Tab/uity mose-
CUTH TPUITEP, KOTOPbIH Oy/IeT YMEHBIIIATH ITO YUC/IO0 B CyYae YIAJTCHUS
BAIlICH U YBEJUYIUBATH B CIydae BCTABKHU. TakuMm oOpazoM, JIs IOJIy-
YeHUsT KOJUIECTBA 3aICell IIOTPeOyeTCs JIUITh BLIOPATDH OJHY 3aIUCh U3
BCIIOMOTATEILHOM TaO/IUIIb;

BapuanT npebiayiero moixo/ia, HO JAHHbIE BO BCIIOMOTATEILHOM Tabd-
JIAIe OOHOBJISIFOTCSL Y€pe3 OIpeJIeJIEHHbIE TIPOMEXKYTKHU BPEMEHHU (Cron);

Mennennsiit DISTINCT

Texkymas peaymzanuss DISTINCT st OobImmX TaOJIMI[ OY€Hb Me]IJIeH-
Ha. Ho BosmoxkHO ncmonp3oBath GROUP BY B3amen DISTINCT. GROUP BY
MOXKET HCIIOJIb30BATh ArPErupyIOmnii X311, 4TO 3HAYUTEIbHO ObICTpee, YeM
DISTINCT (akTyasbHO J0 Bepcun 8.4 U HUKE).

JInctunr 2.13 DISTINCT

postgres=# select count(*) from (select distinct i from g) a

Y

count

Time: 580,553 ms

postgres=# select count(*) from (select distinct i from g) a

)

count

Time: 36,281 ms

1

«ua narem dopyme 6osee 10000 3aperncTpupOBAHHBIX TOJB30BATENEH, OCTABUBIINX

6ostee 50000 coobmenmii!»
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Jlucruar 2.14 GROUP BY
Line I postgres=# select count(*) from (select i from g group by i)

- Time: 26,562 ms

10 postgres=# select count(*) from (select i from g group by i)

- Time: 25,270 ms

NVTUIATHI JIJI ONTUMU3AINHI 3alIPOCOB
pgFouine

pgFouine — sro anaymszarop log-daitios mis PostgreSQL, ucronb3yembrit
JIJISI TeHEPAITUH JIeTaJIbHbIX 0T9eToB n3 log-daitios PostgreSQL. pgFouine mo-
MOZKET OIPEJIE/INTh, KAKIEe 3aIIPOChI CJIe/lyeT ONTHMU3UPOBAThH B TIEPBYIO Ote-
peab. pgFouine nanmcan Ha s13bike mporpammupoBanns PHP ¢ ncmospzoBann-
eM 00beKTHO-OPUEHTHPOBAHHBIX TEXHOJIOTUN 1 JIEFKO PACIIUPIETCS I O
JIEPYKKU CIEIUATU3UPOBAHHBIX OTYETOB, SIBJISETCS CBOOOHBIM ITPOIPAMMHBIM
obecrnieuenneM n pacupocrpansercs Ha yeaoBusax GNU General Public License.
VTuaura cupoeKTHpoBaHa TaKUM 00pa30M, ITOObI 00pabOTKa 0YeHb OOJIBIIIX
log-daitioB He TpeboBaia MHOTO PECYPCOB.

s pabornl ¢ pgFouine cHavdasa HyKHO ckoHpurypuposarsh PostgreSQL
JJTs CO3JIaHms HYKHOTO phopMmaTta log-daition:

e YT00ObBI BK/IIOYUTH MPOTOKOJUPOBaHUE B Syslog

JIncturar 2.15 pgFouine

Line 1 log destination = ’syslog’
- redirect stderr = off
- silent _mode = on

e Jl1g 3ammcu 3aIpoCcoB, JJISIIUXCS JOJIBITIE NI MUJITACEKY H/T:
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Line 1
Line 1
Line 1
Line 1
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JImctuar 2.16 pgFouine

Line 1 log min duration statement = n
- log duration = off
- log statement = ’none’

Jnga  3ammen  KaxkJoro — oOpabOTAHHOIO — 3alpoca  yCTAHOBHUTE
log_ min duration statement wHa 0. YTOOBI OTKJIIOYATH 3allUCh 3aIPOCOB,
yYCTaHOBHUTE 3TOT Mapamerp Ha -1.

pgFouine — mpocToit B mcnosib30BaHUU UHCTPYMEHT KOMAHIHOW CTPOKH.
Caenyromas komauaa co3aaér HTML-oT4ér co crangapTHBIME ITapaMeTPaMu:

JInctunr 2.17 pgFouine
pgfouine.php -file your/log/file.log > your-report.html

C 1moMoTIIIbIo 3TOI CTPOKU MOXKHO OTOOPa3UTh TEKCTOBLIN OTYET ¢ 10 3ampo-
caMU Ha KaxKJbIif 9KpaH Ha CTaHJIapPTHOM BBIBOJE:

JInctunr 2.18 pgFouine
pgfouine.php -file your/log/file.log -top 10 -format text

Bosee  mogpobHO 0  BO3MOXKHOCTSAX, a TaKXKe MHOIO  II0JIe3-
HBIX [IPUMEPOB, MOXKHO HalTH Ha OQUIMAILHOM CcaiiTe POeKTa
pgfouine.projects.pgfoundry.org.

pgBadger

pgBadger — amajoruunas yrtwiauTa, 9To U pgFouine, HO Hanmucannas Ha
Perl. Erie oH0 60J1BITIOE TPEUMYIIIECTBO ITPOEKTA B TOM, 9TO OH D0JIe€ aKTUBHO
ceituac paspabarbiBaercs (Ha MOMEHT HAIMCAHUST STOIO TEKCTA TIOCTIEHUIT pe-
s3 pgFouine 6611 B 24.02.2010, a mocseauss Bepcusi pgBadger — 24.01.2017).
YceranoBka pgBadger mpocra:

Jluctunr 2.19 Yeranoska pgBadger

tar xzf pgbadger-2.x.tar.gz
cd pgbadger-2.x/

perl Makefile.PL

make && sudo make install

&ShH LH LH L

Kak u B cayuae ¢ pgFouine nykno macrpouts PostgreSQL sorm:

Jlucrunr 2.20 Hacrpoiika jsoros PostgreSQL

logging collector = on
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10

Line 1

ot

Line 1

5
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log  min_ messages debugl

log min_ error statement = debugl
log _min_ duration statement = 0

log line prefix ot [%p | [l -1]
log checkpoints = on

log connections = on

log disconnections = on

log lock waits = on

log temp files = 0

user=%u,db=%d ~’

[Tapcum joru PostgreSQL wepes pgBadger:

JImcrunr 2.21 Samyck pgBadger

$ ./pgbadger ~/pgsql/master/pg log/postgresql-2012-08-30 132
*

[ >| Parsed
10485768 (100.00%)

[ >| Parsed
10485828 (100.00%)

| >| Parsed
10485851 (100.00%)

{ >] Parsed
10485848 (100.00%)

| =>| Parsed

10485839 (100.00%)
[ >| Parsed
(100.00%)

10485768 bytes of
10485828 bytes of
10485851 bytes of
10485848 bytes of
10485839 bytes of

982536 bytes of 982536

B pesynbrare nosnyaurcas HTML daitibl, KoTopbie cojiepKaT CTaTUCTHKY
o 3amnpocaMm K PostgreSQL. Bosee moapobHo 0 BOZMOXKHOCTSAX MOXKHO HalTH
Ha oduimabHOM caiite mpoekTa http://dalibo.github.io/pghadger/.

pg_stat statements

Pg stat statements — pacmmupenue jyig cbopa CTATUCTUKU BBITIOJTHEHUS
3alpPOCOB B paMKaX BCEro ceppepa. lIpemmyimnecTBo JaHHOTO paciIMpeHus B
TOM, 9TO eMy He Tpebyercsa cobwparh n mapcuTh Jioru PostgreSQL, xax 510
nesaer pgFouine n pgBadger. [l nadaia ycTaHOBUM U HACTPOUM €r0:

JImcrunr 2.22 Hacrpoiika pg_stat statements B postgresql.conf

shared preload libraries = 'pg stat statements’

custom variable classes = 'pg stat

statements’ # mamnas

nactpoiika myx)Ha s PostgreSQL 9.1 u nmxke

pg stat statements.max = 10000
pg stat statements.track = all
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[Tocsie BHecenust atux mapamerpoB PostgreSQL moTpebyercs neperpy3uTh.
[Tapamerpnr konduryparuu pg_stat statements:

1. pg_stat_statements.max (integer)» — MaKCHMaJbHOe KOJN4IeCTBO sql 3a-
POCOB, KOTOPOe OyJIeT XPAHUThCs PACIIUpPeHreM (yIassiFoTCs 3aliuch ¢
HAMMEHBIIUM KOJMYECTBOM BbI30BOB);

2. pg stat statements.track (enum)» — kakme SQL 3ampocsr Tpebyercs 3a-
NHUCBIBATH. BO3MOXKHBIE TapamMeTphbl: top (TOJBKO 3aIpOChl OT TIPUIIOKE-
Hus /KianenTa), all (Bce 3ampocsl, Hampumep B (YHKIWAX) u none (OT-
KJIIOYUTH COOP CTATUCTUKH);

3. pg_stat statements.save (boolean)» — ciie/iyeT Jin COXpaHATb COOPAHHYIO
craTucTuKy mnocie ocranoBkn PostgreSQL. Ilo ymomuanuio BKIOUEHO;

Jlajiee akTUBUPYEM pacCIIUpEHUe:

JImcrunr 2.23 AxkruBanus pg_ stat statements

Line I # CREATE EXTENSION pg stat statements;

[Ipumep coOpaHHON CTATUCTUKU:

JImcrunr 2.24 pg stat statements crarncruka

Line 1 # SELECT query, calls, total time, rows, 100.0 *
shared blks hit /
nullif (shared blks hit + shared blks read, 0)
AS hit percent
FROM pg stat statements ORDER BY total time DESC

LIMIT 10;
-| RECORD 1 |--
5 query | SELECT query, calls, total time, rows, ? *

shared blks hit /

| nullif (shared blks hit +
shared blks read, ?7) AS hit percent

| FROM pg stat statements ORDER BY
total time DESC LIMIT 7;

calls | 3
total time | 0.994
10 rows | 7
hit percent | 100.0000000000000000
-| RECORD 2 | --
query | insert into x (i) select generate series(7,7);
calls | 2
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15 total time | 0.591
rows | 110
hit percent | 100.0000000000000000
-| RECORD 3 | --
- query | select * from x where i = 7;
20 calls | 2
total time | 0.157
rows | 6
hit percent | 100.0000000000000000
-[ RECORD 4 | --
25 query | SELECT pg stat statements reset () ;
calls | 1
total time | 0.102
rows | 1
|

hit percent

Jls1 cOpoca cTaTUCTHKHU €CTh KOMaHJIa pg  stat statements reset:

Jluctunr 2.25 Copoc craTucTukm

Line 1 # SELECT pg stat statements reset();
- -| RECORD 1 |------------ + -
pg stat statements reset |

5 # SELECT query, calls, total time, rows, 100.0 *
shared blks hit /
nullif (shared blks hit + shared blks read, 0)
AS hit percent
FROM pg stat statements ORDER BY total time DESC
LIMIT 10;
-] RECORD 1 |----cccmmmmmm oo
- query SELECT pg stat statements reset();
10 calls

|

|
total time | 0.175

|

|

— o =

rows
hit percent

Xouercst cpa3y OTMETHTH, UTO pacIIupeHne TOJbKO ¢ Bepcun PostgreSQL
9.2 contrib mHopmasmsupyer SQL 3ampocsr. B Bepcusix 9.1 u nuzke SQL 3ampocsr
COXPAHAIOTCS KaK eCTh, a 3Ha4duT «select * from table where id = 3» n «select
* from table where id = 21» Gy/y pasHbIMU 3aIUCAME, 9TO IIOYTH OECIIOIE3HO
JUTsi cOOpa TOJIe3HON CTATUCTUKH.
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2.6. 3akJIO4UeHne

2.6 3akJjrodyeHune

K cuactbio, PostgreSQL He Tpebyer ocobo cmoxkHO# HacTpoiiku. B 60/1b-
[IMHCTBE CIyYaeB BIOJHE JIOCTATOYHO Oy/eT yBEIUIUTh 00bEM BBIJIEJIEHHON
HaMsTH, HACTPOUTH MEPUOAMIECKOe MOJIep:KaHne 6a3bl B MOPIKE U IIPOBe-
PUTH HaJM4Yre HeoOXOIMMbBIX MHJIEKCOB. BoJjiee cI0XKHBIE BOIPOCHI MOXKHO 00-
CyauTb B CIICNUAJIU3UPOBAHHOM CIIMCKE DACCBIJIKH.
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H ekl

«Hy y Bac u 3anmpocukun»
ckazaJia 6a3a JIAHHBIX W 3aBHUCJIA

WHTEPHET

Yro takoe Tabsmia B pessiuonnoit CYB/1? D1o Takoit cnimcok m3 Kopre-
xkeii (tuple). Kaxpiii koprexk cocrout uz siaeek (row). KosmuecrBo siueek B
KOpTeKe U UX THII COBIIAJIAIOT CO CXeMOI KOJIOHKH, HECKOJIbKUX KOJIOHOK. DTOT
CIIUCOK MMeeT CKBO3HYIO HyMeparuio Rowld — nopsiikoBblit Homep. Takum 00-
pazoM, TabJIHIBl MOKHO 0CO3HaBaTh Kak crnucok mnap (Rowld, Koprex).

Unpekebr — 310 obparabie otHomenusi (Koprexk, Rowld). Koprex 06s-
3aH COJIEPXKATH XOTsl Obl OJIHY A4YeHKY (T. €. ObITh TTOCTPOEHHBIM MUHHMYM IO
oziHOM KoJIOHKe). Jljist MHIIEKCOB, KOTOPBIE MHIEKCUPYIOT GOJiee OJIHON KOJIOH-
K11 — OHHU eme Ha3bIBaIOTCA COCTaBHBIMH, 1 Yy49aCTBYIOT B OTHOHICHHAX BH/Ia
«MHOI'IE-KO-MHOI'MIM» — BCE HaIIMCAHHOE BEPHO B paBHOﬁ CTEIICHN. O‘IeBI/IﬂHO,
ecii KOpTexk — He yHUKaJeH (B KOJIOHKE CYIIEeCTBYeT JBa OJMHAKOBBIX KOD-
Texka), To 9Tu orHomeHns BuirigaaT kak (Koprex, Crmcok Rowld) — T e.
KOPTEXKY comocrapjsiercs cuucok Rowld.

WNuiekebl MOTYT MCIOJIb30BAThCs JIJI TAKUX Ollepalluii B Oa3e JIaHHBIX:

o [Jonck MaHHBIX — abOCOJIIOTHO BCE MHJEKCHI MOJJIEPYKUBAIOT TIOUCK 3HA-
yennii 1o paBeHcTBY. A B-Tree — 1o mpon3BOJIbHBIM JTHATIA30HAM;

o Like — B-Tree u Bitmap umnmekcbl MOYKHO UCIOJIb30BATD JIJIsI YCKOPEHUS
npedukcubix Like-npepukaros (Buma abe%);

e Onruvuzarop — B-Tree n R-Tree mHmekchbl mpeacTaBisiioT u3 cebsl I'i-
CTOTPaMMYy ITPOU3BOJIBHON TOUHOCTH;

e Join — mHJIEKCHI MOTYT OBITH UCIOIb30BaHbI Jid Merge, Index anropur-
MOB;

e Relation — wuHIEKCHI MOryT OBITH HUCHOJB30BaHbI JIjId  OIEpAaIuit
except /intersect;

e Aggregations — WHJIEKCHI MO3BOJISIOT (DPEKTUBHO BBIYUC/IATH HEKO-
topeie arperatubie dynkmun — COUNT, MIN, MAX, a rmakxke ux
DISTINCT Bepcuu;
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3.1. Twunsl nanekcos

e Grouping — MHIEKCHI MTO3BOIAIOT 3(DPEKTUBHO BBIYUCIATE I'PYIITUPOBKA
U [IPOM3BOJIbHBIE arperaTHbie (DYHKIMU (SOrt-group ajaropuT);

3.1 Tunbl nHIeKcoB

B saBucumocT oT CTpyKTYpPBI, HCIOJIB3YEMOil B pean3aliiil WHIEKCOB, Cy-
[IIECTBEHHO PA3JIMIAIOTCS [TOJIJIEPXKUBAEMbIe OIIEPAIUH, UX CTOMMOCTH, 8 TaKKe
CBOMCTBA YNTaeMbIX JAHHBIX. /laBaiiTe pacCMOTPUM KaKue CYIIEeCTBYIOT THUIIbI
unjiekcos B PostgreSQL.

B-Tree

B-Tree (Boeing/Bayer/Balanced /Broad/Bushy-Tree) nassisator ymnopsiio-
qeHHOoe OJIOTHOE JIEPEBO. Y 3JIbI B JIepeBe MPeJICTABISIOT U3 cedst OJIOKN (PUKCH-
poBaHHOrO pasMepa. Y KazKJIOro ysia duxcuposaHnoe ducio jereil. CTpyx-
typa B-Tree npejcrasiena na pucynke 3.1.

M

B

/
TN T

L N 0O Q 3 VoW Y Z

Puc. 3.1: B-Tree unnekc

B-Tree nng mHmekcoB oryinvaeTcsd OT HpejcTaBjeHHoil Ha Bukunemumm —
eCcTb JlyOJINpOBAHHbBIE JIAHHBIX B IPOMEXKYTOUHbIX Ojiokax. /s i-oit 3amnucu B
OJIOKe COXpaHSeTCs He 3HAUCHUE, KOTOPOe DOJIbIIEe MAKCUMYMa, i-10 TOJJIepeBa,
1 MeHbIe MuHIMYMa (1+1) mojiepeBa, a MakcuMyM i-ro nojyepesa. Pasmams
MIPOUCTEKAIOT U3 TOTO, UTO BUKUIEeINd mpuBoauT npuMep B-Tree mirsa muoxe-
CTBa, a HAM HY?KEeH aCCOIMATUBHBII MaCCHB.

B ungexcaom B-Tree snadenus u Rowld pazmerniarorcs coBMecTHO Ha HUK-
HeM cjioe jiepeBa. Kaxkpiit y3es1 nepeBa npejcraBiiser u3 cedsi OJIHY CTPaHUILY
(page) B HeKOTOpOM bopMmaTe. B Hauase crpaHuIlbl Beeria UIET HeKOTOPbIi 3a-
rOJIOBOK. JIJ1sT KOPHEBOTO U MTPOMEXKYTOIHOTO y3J71a B CTPAHUIAX XPAHATCS TIa-
pbl (Buavenue, Homep crpanunpt). s sucrossix — napser (3navenne ,Rowld)
60 (Buauenue, Crimcox Rowld) (B 3aBrcHMOCTH OT CBOICTB 3HAMEHUS — YHU-
kasibHo win Her). B-Tree jepeBbst nMerorT KpaiiHe MajeHbKYIO BBICOTY — IIO-
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psaaka H = log,, N, rjie m — KojmdecTBoO 3amuceil B 010ke, N — KOJITIeCTBO
smeMeHToB. B-Tree jiepeBbs SBJISIOTCS YIIOPSIOYEHHBIMUI — BCE 3JIEMEHTHI B
6ot crpanutie (6JI0Ke) JiepeBa JexKar mocaeaoBaTesabHo. [Ipeapuiye 1sa
CBOMCTBA TIO3BOJIAIOT KpaiiHe 3(pPEKTUBHO TPOU3BOJUTD MOUCK — HAYMHAA C
[epBoil CTpaHWIIbI, MOJOBUHHBIM JeienneM (binary search) Bwiiessitorcs jie-
TH, B KOTOPBIX JIeXKaT I'PaHUIlLI IToucKa. Takum obpas3om, mpodunTas Bcero H,
2H crpanui] Mbl HAXOIUM MCKOMBIN Jguaria3oH. BaKHbIM HIOAHCOM SIBJISI€TCS
TaKzKe d)aKT, 9TO CTPpaHUIIbI B JIMCTbAX CBA3aHbI B O,Z[HOCBH?)HBH';I JH/I6O ABY-
CBSI3HBIII CIIMCOK - 3TO O3Ha4Ya€T, 9YTO, BBIIIOJIHUB IIOMCK, MBI MO2KEM JlaJIbIIe
IIPOCTO TIOC/IEIOBATEIHHO YNTATH CTPAHUIILI, U 3(PPEKTUBHOCTH UTEHUsT OO
mero o0béMa JAHHBIX (JJIMHHOIO JMANA30HA) CpaBHUMA C 3(D(HEKTUBHOCTHIO
YTEHUs JAHHBIX U3 TAOJIUIbL.
Cubabie croponbl B-Tree nnjiekcos:

® COXPAHAIOT COPTUPOBAHHOCTD JIAHHBIX;

® [0/JICP’KUBAIOT MOKMCK 110 YHAPHBIM U OMHAPHBIM IpejukaraM (<a; = b
; >c and <d; <e and >f) 3a O(log,, N), rjie m — KoJau4decTBO 3amuceii B
6s10ke, N — KOJIMYeCTBO 3JIEMEHTOB;

® [I03BOJIAIOT HE CKaHUPY ITOCJIe10BATEJIbHOCTD JaHHBIX IMEJIMKOM OIIEHUTDH
cardinality (kosimgecTBo 3amuceii) jijis Beero uHjeKca (a e oBaTe/bHO
TabJIMIB ), UANa30Ha, IPUYEM C TIPOU3BOJILHON TOUYHOCTHIO. [TocMoTpe-
JII KOPHEBYIO CTPAHUILY — IOJIYUWIN OJHY TOYHOCTD. [locmoTpesnu ciie-
JIYIOIINI yPOBEHbD JiepeBa — IOJIy Yl/IM TOUYHOCTE oty diie. [IpocmoTpen
JIEPEBO JI0 KOPHS — HOJIyYUIU TOTHOE YNCJIO0 3aIUCel;

e caMoDaJIaHCHPYeMblii, JIJIsI BHECEHHUsI M3MEHEeHUsl He TpeOyeTcsl MOJIHOIO
nepectpoenust, poucxoaut He 6osee O(log,, N) nmeiicTsuit, rje m — Ko-
JITYECTBO 3ammceil B 6J10Ke, N — KOJIMIeCTBO 3JIEMEHTOB;

Cinabbie croponsr B-Tree unjiekcos:

® 3aHMMAIOT MHOTO MecTa Ha Jucke. VHjekc 1o yHUKaJIbHBIM Integer-am,
K [IpUMepY, BECUT B JiBa pa3a GoJIbllle aHAJOTHYHOM KOJOHKU (T.K. Xpa-
uarcs emé u Rowld);

® IIpU IIOCTOSTHHON 3AIMCH JIEPEBO HAYNHAET XPAHUTH JJAHHBIE PA3PEZKEHHO
(cpasdy mociie TOCTPOEHHsI OHU MOT'YT JIEZKATh OYeHb ILJIOTHO), U BPeMs
JIOCTYyTIa YBEJIUYIUBACTCS 3a CUET yBeJndeHusi o0bEéMa JTUCKOBOM nHbop-
Mmaruu. [losromy B-Tree unaexcer TpeOYIOT IPUCMOTPa U IEPUOTTIECKO-
ro nepenocrpoenns (REBUILD);

R-Tree

R-Tree (Rectangle-Tree) npennasuaden jyist xpanenus nap (X, Y) 3nade-
HUil ducaoBoro Tumna (Hampumep, koopimHat). Ilo crocoby oprammszamnum R-
Tree ouennb noxoxke Ha B-Tree. Eauncreennoe ormyune — 9710 wHMOpMAaIusd,
3aIUCbIBaeMasi B IPOMEXKYTOUYHbIe CTPaHUIbl B jiepeBe. [list i-ro sHaveHus B
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y3ie B B-Tree Mbl numem MakcuMmyM u3 i-ro nojyiepena, a B R-Tree — muam-
MaJIBHBIN MPSIMOYTOJILHUK, TOKPBIBAIOIIUN BCe MPIMOYTOJILHUKI U3 PEOEHKA.
[ToxpoOueit MOXKHO yBHUIETH Ha PUCYHKE 3.2.

Y
' R8| Ro | R10| [R11|R12| | |R13|R14] | R15|R16 'R17|R18 | R18 |

Puc. 3.2: R-Tree unnekc

CutbHBIE CTOPOHBIL:

® I[IOWCK IPOU3BOJILHBIX pernonos, Touek 3a O(log,, N), rie m — Kosmde-
cTBO 3ammceil B 610Ke, N — KOJIMIECTBO 3JIEMEHTOB;

® [I03BOJIAET OLCHUTH KOJUIECTBO TOUEK B HEKOTOPOM pPeruoHe 6€3 ImOIHOro
CKAHUPOBAHUS JAHHDIX;

Citabble CTOPOHBI:

® CYIIeCTBECHHasd I/I36BITO‘{HOCTI:> B XpaHEHNHU JTaHHbIX;
® \MeJJIEHHOe OOHOBJIEHUE JIAHHBIX;

B nenom, rrrockl-MuHychbl o9eHb HanomuHaoT B-Tree.

39



3.1. Twunsl nanekcos

Hash nnnexc

Hash unjekc 1o cytu sBjigeTcd acCOIUMATUBHBIM Xell-KOHTeHepoM. Xelll-
KOHTeHep — 3TO MACCHUB W3 Pa3Ps?KEHHBIX 3HAYEHUN. APecyroTcs OTe/b-
HbIE 3JIEMEHTHI STOT'0 MAaCCHBa HEKOTOPOIl Xel-(bYHKIMEH KOTopas oTobparka-
eT KaxKJioe 3HaUeHne B HEKOTOPOe TIeJIoe Yucyo. 1. e. pe3ysbrar Xel-(pyHKIn
SIBJIIETCS TTOPSAJIKOBBIM HOMEPOM 3JIEMEHTa B MacCCHBE. DJIEMEHTHI MAaCCUBa B
Xen-KoHTejiHepe HasbiBatorces Gakeramu (bucket). O6bpraHo ofuH 6akeT — OJ1-
Ha cTpanuna. Xemn-@yHKIims oTobpakaer 0ojiee MOIHOE MHOXKECTBO B MeHee
MOIITHOE, BO3HUKAIOT TaK Ha3bIBaeMble KOJUIM3UHA — CHTYaIs, KOTJia OJHO-
My 3HAYEHUIO Xell-PYHKIMN COOTBETCTBYET HECKOJIbKO PA3HbIX 3HadeHuii. B
OakeTe XpaHsTCsd 3HaYeHUs, 0Opa3yollue KO3, Pa3pernienne KoJLUIM3ni
IIPOUCXOIUT TIOCPEJCTBOM TIOUCKA CPEJIM 3HAYEHUN, COXPAHEHHBIX B Dakere.

keys buckets entries
000 | X ” -
Lisa Smit 521-8976
01 |7
John Smith
002 | X
: : f John Smith 521-1234
Lisa Smith
151 | % ¢
Sam Doe - X Sandra Dee 521-9655
153
154 | X
Sandra Dee
: : X Ted Baker 418-4165
253 | X
Ted Baker 524 es
T X Sam Doe 521-5030
255 | X

Puc. 3.3: Hash nnnekc

CunbHble CTOPOHBI:

e ouenb ObicTpbIil morck O(1);
® CTabMJILHOCTb — MHJIEKC HE HYKHO IIePEeCTPANBATh;

Crabble CTOPOHBI:

® XeIll OYeHb YYBCTBUTEICH K KOJUIM3UAM Xell-pyHKIuu. B ciaydae «Inio-
XOr'0» pacipejie/ieHns JaHHbIX, OOJBITMHCTBO 3amuceil 0y/1eT cocpeoTo-
YEeHO B HECKOJIbKUX Oakerax, n (paKTHIECKH ITOUCK OyIeT MPOUCXOIUTH
IIyTeM pa3pelleHnus KOJIJIU3Nnii;
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3.1. Tumnsr unmgekcos

® 13-3a HeJIMHEHHOCTH X31I-DYHKII JAHHbI HHJIEKC HEeJIb3sI COPTHPOBATD
10 3HAYEHHIO, YTO IIPUBOJUT K HEBO3MOXKHOCTH HCIIOJIBL30BAHUA B CPaB-
HeHusix Oostbiiie/Menbine u «IS NULL»;

e nanubiii uHIekc B PostgreSQL Tpan3zakmumonHo Hebe30maceH, HY>KHO
[epecTpanBaTh I0CIe Kpaxa M He PEIIHIUPYEeTCs [Yepe3 IIOTOKOBYIO
(streaming) perumkaIuo (paspaboTIUKN 0DEIAT 9TO UCIpaBUTh K 10
BepCHN);

Buroserit nngeke (bitmap index)

Burosbiit nujexe (bitmap index) — Meroj; OHTOBLIX HHICKCOB 3aKJIOYa-
eTCsl B CO3JIAHUM OTJIEJIbHBIX OUTOBBIX KapT (mocienoBaresbHOCTb O 1 1) jiis
KazKJIOT0 BO3MOXKHOI'O 3HAYEHUsI CTOJIONA, TJIe KaxKJIOMy OUTY COOTBETCTBYET
CTPOKa C WHJICKCUPYEMbIM 3HAYEHHEM, a €ro 3HadYeHne paBHoe 1 03HAaYaeT, ITo
3aI1Ch, COOTBETCTBYIOMNIASI TIO3UIUU OUTA COIEPKUT UHIEKCUPYEMOe 3HAYEHUE
JUTst IAHHOTO cToJIONa nin cBoiictsa (asropury Xadduana).

BLOCK11 BLOCK12

]

[;ﬂ
(1
|

KEY | statRowiD | EndrowiD | BATMAP |
P VELLOW 11.0 12.9 10000
» GREEN 11.0 12.9 01000
» RED 11.0 12.9 00100
&l 11.0 12.9 00010

Puc. 3.4: BuroBslit nHIEKC

CunbHble CTOPOHBI:

® KOMIIAKTHOCTH IPEJICTABICHNS (3aHIMAET MAJIO0 MECTa);
® OBICTpPOE YTEHUE U IOUCK IO IPEJTUKATY «PaBHO» ;

Crabble CTOPOHBI:

® HEBO3MOXKHOCTH M3MEHHTH CII0COO KOJMPOBAHUs 3HAYEHUN B IMPOIECCE
OOHOBJICHUS JIAHHBIX;
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3.1. Twunsl nanekcos

Y PostgreSQL HET BO3MOXKHOCTH CO3/1aTh HOCTOSIHHBIN OUTOBBIN WHJIEKC,
HO 6a3a MOXKET Ha JIETY CO3JIaBaTh JaHHbIE UHIEKCHI /11 00beINHEHNS Pa3HbIX
UHJIEKCOB. YT0ObI 00bEIMHNTH HECKOJIBKO MHJIEKCOB, Da3a CKaHUPYeT KarKIbIi
HEOOXOIMMBINT MHJIEKC U TOTOBUT OUTOBYIO KAPTY B MAMSTH C PACIIOJIOKEHIEM
cTpok Tabsunbl. butossle KapThl 3aTem obpabarsiBaiorcss AND/OR omepa-
el 1o mMepe TpebOBaHUS 3AIPOCa U IIOCJIE 9TOINO BBIOMPAIOTCA KOJIOHKHU C
JTAHHBIMH.

GiST ungexc

GiST (Generalized Search Tree) — o6o6mmenne B-Tree, R-Tree gepeso 1o-
UCKa 10 MPOM3BOJILHOMY mpegukary. CTpyKTypa JiepeBa He MeHSIeTCs, I10-
OPEXKHEMY B KaKJIOM HEJIMCTOBOM y3iie xpaHsarcsa mapel (Suauenus, Homep
CTPAHMUIIBI), & KOJMIECTBO JeTell COBNAIaeT ¢ KOamdecTBOM nap B y3ue. Cyiie-
CTBEHHOE OTJIMYINE COCTOWT B OopraHm3anun Kioda. B-Tree nepeBbs 3aTo9eHBI
I0JT MTOWCK JTMANAa30HOB M XPaHAT MaKCHUMYMbI ojjepeBa-pebénka. R-Tree —
peruona na KoopjuHartHO! 1ockoctu. GiST mpemiaraer B KadecTBe 3Hate-
HUI B HEJUCTOBBIX y3/IaX XPAHUTH Ty HH(MOPMAIMIO, KOTOPYIO Mbl CINTAEM
CYIIECTBEHHOI, M KOTOPAasi MMO3BOJIUT OIPE/IETUTD, €CTh JIN UHTEPECYIOIIHIe HaC
sHaveHus (yJOBIETBOPSIONINE IPEJUKATy) B oaaepeBe-pebenke. KoHKpeTHBbIi
BU/JI XpaHUMOII MHMOPMAIINN 3aBUCUT OT BUJA ITOMCKA, KOTOPBII MBI KeJaeM
mpoBoInThH. Takum obpaszom napamerpuszosas R-Tree u B-Tree nepeso mpeju-
KaTaMi U 3HAYCHUSIMU Mbl aBTOMATUYECKHU IOJIYYAEM CIIEIUATT3UPOBAHHBIHI
ozt 3a1aay unjgeke (PostGiST, pg  trgm, hstore, ltree, mpodee).

CutbHBIE CTOPOHBL:

e 5bdEKTUBHBIN TTOUCK;
Ctabble CTOPOHBI:

e OouibIasi N30BITOYHOCTD;
e HeOOXOAMMOCTD CIIENUAIN3UPOBAHHON pPeam3aliun 01, KaXK Iy TPYIILY
3AITPOCOB;

OcrasnbHble IIOCh-MuHYChI coBItagaioT ¢ B-Tree u R-Tree nnaekcamu.

GIN unnexc

GIN (Generalized Inverted Index) — oOpaTHbIH HHIEKC, HCHOIB3YEMBIM
HOJTHOTEKCTOBBIM TToncKoM PostgreSQL. D10 o3naudaer, 4To B CTPYKType WH-
JEKCOB C KarKJIO# JIEKCEMOI COIIOCTABJIACTCA OTCOPTUPOBAHHBINA CIUCOK HOME-
POB JIOKYMEHTOB, B KOTOPBIX oHa BcTpedaeTcd. OUeBHIHO, YTO IOUCK I10 Ta-
KOH cTpyKType HamMHoro agdexrusHee, dem npu ncnosib3oBannu GiST, ogrnako
mporiecc 100aBJIeHNsT HOBOTO JIOKYMEHTa JIOCTATOYHO JIJTUTEJIEH.
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3.1. Twunsl nanekcos

Cluster unuexc

He gapnsieTcss mHIEKCOM, TOCKOJIBKY ITPOU3BOJUAT KJACTEPU3AIUIO Tab/Iu-
bl 110 33JIAHHOMY WHJIEKCY. Bojiee 1oJpoOHO MOXKHO MOYUTATH B pas3jelie
«2.3 CLUSTER».

BRIN wnmnnexc

Bepcus PostgreSQL 9.5 nmpuBrecia ¢ coboit HOBBIH But nHAeKCoB — BRIN
(Block Range Index, nam nnjiekc 6JIOKOBBIX 30H).

Holds min/max values
for “Block Ranges”,
Block Range 1 (128 Blocks) 128 blocks each

(by default).

Block Range 2

(in case a date
column)

Block Range 3 Range

1 1992-01-02 1992-01-28
2 1992-01-27 1992-02-08
3 1992-02-08 1992-02-16

Table File

Puc. 3.5: BRIN unnexc

B ormmume or npusbranoro B-Tree, sTor majaekc mamMuoro sddekTuBHee
JUUIsT O9€Hb OOJIBIUX TAOJIUI], ¥ B HEKOTOPBIX CATYAIMAX MO3BOJISIET 3aMEHUTH
coboii maprurpoBanue (MoJApoObHO MOKHO MOYUTATh B pasjeie «4 [Tapruiio-
mrposannes ). BRIN-unekc nmeeT cMbICT IPUMEHSTH J1jist TaOJIHIl, B KOTOPBIX
YaCTh JIAHHBIX Y2Ke 110 CBOEl pupojie Kak-To orcopTupoBana. Hampumep, 3to
XapaKTepHO JIJId JIOTOB WJIM JIJIsi HCTOPUU 3aKA30B MarasnHa, KOTOPbIE ITHIITYT-
¢ TIOCJIeIOBATEILHO, a TIOTOMY y2Ke Ha, (DU3UYECKOM YPOBHE yIOPSI0OUEHDI 110
JlaTe /HOMepY, U B TO YK€ BpeMsl TabJIUIIbI ¢ TAKUMU JAHHBIMU OOBIYHO pa3pac-
TAIOTCS JIO0 TUTAHTCKUX Pa3MepOB.

Moz 6utokoBoit 300t (Block Range) monpasymeBaercst Habop crpanuil, dhu-
3UYECKH PACIOJIOKEHHBIX 10 COCeJICTBY B Tabsmmie. /[y Kayk10il TaKOi 30HbBI
CO3/1aeTCsd HeKHil nJIeHTU(UKATOD, OTBEYAIONINN 38 «MECTO» ITOI 30HBI B Ta0-
sarie. JIg jiora 9T0 MOXKeT OBITH JlaTa co3/aHus 3armch. [lonck mo Takomy
UHJIEKCY OCYIIECTBJISETCS C TIOTepsiMU MHMOPMAIINU, TO €CTh BLIOMPAIOTCS BCe
BAIICU, BXOJISAIIIE B OJIOKOBBIE 30HBI C HICHTU(PUKATOPAMHI, COOTBETCTBYIOIIH-
MU 3aIIPOCY, HO CPEJIN 3aIUCcell B 3TUX 30HAX MOTYT IONAAThCd TaKKue, KOTOPbIe
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Line 1

Line 1

Line 1

3.2. Bo3MOXHOCTH MHIEKCOB

Ha CJIEJIYIONIEM dTare Hajao OyaeT orduibTpoBaTh. PasMep nHeKkca pu 3TOM
OYeHb MaJIeHbKHIl, U OH IOYTH He Harpyzkaer 0a3y. Pa3zmep mHiekca obpaTHO
IIPOIIOPIIMOHAJIEH TTapaMeTpPy pages per range, OTBEYAIOIIEMY 32 KOJIMIECTBO
cTpaHul] Ha 30Hy. B TO Ke BpeMs, YeM MEHbBINE pasMep 30HbI, TeM MEHbIIIe
«JINITHAX» JIAHHBIX MOMAJET B PE3YJIbTaT MOMCKa (HAIO0 MOJXOAUTH K ITOMY
apamMerpy ¢ yMOM).

Nunekcsr BRIN mMoryT mMmers oiiH M3 HECKOJIBKUX BCTPOEHHBIX KJIACCOB
OIIEPATOPOB, IO KOTOPBIM OYIET OCYIIECTBJIATHCA Pa3OMBKa Ha 30HBI U IPH-
cBoenmne ujaeHTudguKaTopoB. Hampumep, int8 minmax ops TpUMeHsIeTCs JIJTs
orepalliii CpaBHEHHS IEJIbIX dnces, a date minmax_ops JIJIsi CDABHEHUs JIAT.

3.2 BosMoKHOCTH 1HJIEKCOB

Oyuxrmonaapablii nujgekce (functional index)

BbI MOZKeTe IIOCTPOUTH HMHAEKC HE TOJIBKO IIO HO.HIO/HGCKOIIBKI/IM II0OJIAM
TabJIUIIBI, HO W TI0 BBIPAsKEHWIO, 3aBucdnieMy oT mojeil. [lycrs, nampumep,
B Barreit Tabsuie foo ecth mose foo name, ¥ BBIOOPKH YaCTO JIEJIAIOTCS TIO
yCJIOBUIO «IlepBast OyKBa u3 1ojisg foo _name B Jj1060oM peructpes. Bol moxkere
COBJIATH UHJICKC

JInctunr 3.1 Uagekc

CREATE INDEX foo name first idx ON foo ((lower(substr(
foo name, 1, 1))));

U 3aIpoC BUIA

Jluctunr 3.2 Banpoc

SELECT * FROM foo WHERE lower (substr(foo name, 1, 1)) = ’a’;

Oy/JeT ero UCIoab30BaTh.

Yacruanpiit nngeke (partial index)

[lox wacTuuHBIM UHIEKCOM HOHUMaeTca uHiaekce ¢ upeaukarom WHERE.
[IycTn, nanpumep, y Bac ecTh B 6a3e Tabimia scheta ¢ mapamerpom uplocheno
tuna boolean. 3amuceit, riie uplocheno = false MenbIle, 9em 3aruceii ¢ uplocheno
= true, a 3aIpOChI 110 HUM BBIIOJHSIIOTCA 3HAYUTEIbHO dallle. Bbl MoxKeTe
CO3/1aTh MHJIEKC

JInctunr 3.3 Uagekc

CREATE INDEX scheta neuplocheno ON scheta (id) WHERE NOT
uplocheno;
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Line 1

3.2. Bo3MOXHOCTH MHIEKCOB

KOTOprfI 6y,ILeT HCIIOJIb30BATHCA 3allpOCOM BU/Ia

Jlucrunar 3.4 3ampoc

SELECT * FROM scheta WHERE NOT uplocheno AND ...;

JlocTOMHCTBO 1MO/IX0/1a B TOM, UTO 3aIlUCHU, HE YIOBJIECTBOPSIOIINE YCJIOBUIO
WHERE, npocTto He monajyT B UHJIEKC.

Yuukaapablii najexc (unique index)

VHUKAJIBHBI MHJIEKC TapaHnTupyer, 4To Tabjuna He OyaeT mMmeThb Oojee
YeM OJHY CTPOKY C TeM »Ke 3HAYeHHeM. DTO YI0OHO 10 JBYM IPUIUHAM: Iie-
JIOCTHOCTB JIAHHBIX W POM3BOJIUTEBHOCTD. [IOMCK JIAHHBIX ¢ MCIIOJIB30BAHUEM
YHUKAJIBLHOTO WHJIEKCA, KAaK [IPABU/IO, OYeHb ObICTPBHII.

Nunekce HeckobKux 1010108 (multi-column index)

B PostgreSQL Bo3MOXKHO cO3/1aBATh UHIEKCHI HA HECKOJBKO CTOJIONOB, HO
HaM TJIABHOE HYKHO IOHATH KOTJIa MMEET CMBICJI CO3/IaBaTh TAKOW WMHJIEKC,
IOCKOJIBKY TIJIAHUPOBIIUK 3arpocoB PostgreSQL moxker KoMOMHUPOBATD 1 HC-
[10JIb30BATh HECKOJILKO MHJIEKCOB B 3AIIPOCE IyTEM CO3J/IaHIs OUTOBOTO HHIIEKCA
(«3.1 Burossrit unieke (bitmap index)»). MoKHO, KOHEUHO, CO3/ATh HHJIEK-
CBI, KOTOPBIE OXBATAT BCE BO3MOXKHDIE 3AIIPOCDHI, HO 3& 9TO MPHUIETCS ILIATUTD
[POU3BOIUTETHHOCTHIO (MHJIEKCHI HY’KHO [IePECTPAMBATh [IPU 3aIIPOCax HA MO-
JMUDUKAIIIO TaHHBIX). HyKHO TakKe HMOMHUTDH, 9TO WHJCKCHI HA HECKOJIBKO
CTOJIOIIOB MOT'YT HCIIOJIb30BATHCSA TOJBKO 3aIIPOCAME, KOTOPBIE CCBLIAIOTCS Ha
9T CTOJIOIBI B MHJEKCE B TOM 2Ke nopgjke. Nuaekc o cronbmam (a, b) Mo-
2KeT ObITh HCIIOJIB30BaH B 3alpocax, KOTOphIe cojiepKar a = x and b = y mim
a = X, HO He OyJIeT UCIIOJIb30BAThCH B 3ampoce Bujia b = y. Ecin aTo nogxoaut
10/, 3aIPOCHI BAIIETO MPUJIOYKEHUsI, TO JAHHBIN NHIECKC MOYKET OBITh ITOJIE3€H.
B takoMm ciiydae co3manue MHIEKCA Ha 1Mojie a ObLI0 Obl ma3sumuuM. Hgekce
HECKOJIBKIX CTOJIOIOB € yKa3aHHEeM yHHUKAJIBHOCTH (unique) MOYKET OBITH TaK-
JKe TI0JIE3EH JIJIsl COXPAHEHUsI [eJIOCTHOCTU JIAHHBIX (T. €. KOorja Habop JaHHBIX
B 9THUX CTOOIAX JOJZKeH ObITh YHUKAJIBHBIM ).
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[ lapTunumonuponanne

Pemmas kaxyro-ubo mpobiemy,
Bcerja I0JIe3HO 3apaHee 3HATH
npaBuIbHBI oTBeT. [Ipn
YCJIOBUU, KOHEYHO, UTO BbI
YBEPEHBbI B HAJIMIUU CAMOI
IpOOIEMBI

Hapomuas mymapocTb

4.1 DBsenenue

[Maprurnuonuposanue (partitioning, cekrmoHMpoBaHme) — 3T0 pasbueHue
GOIBIIMX CTPYKTYD 6a3 JaHHbIX (TabJuIpbl, WHIEKCHI) HA MEHbIIHe KyCOUKH.
SBYUHT CJIOZKHO, HO Ha IMPAKTHKE BCE IIPOCTO.

Ckopee Bcero y Bac ecTb HECKOJIBKO OrpOMHBIX TabJul (0OBIYHO BCIO Ha-
rpy3Ky obecrieanBaror Beero Heckosibko tabaun CYB/l u3 Beex nmeronuxcs).
[Ipuyem uTeHme B OOJIBITUHCTBE CJAYyYaeB IMPUXOIUTCI TOJIBKO Ha CaAMYIO IO-
CJIJTHIO UX 9acTh (T. €. aKTUBHO YHUTAIOTCS Te JaHHBbIE, KOTOPbIe HEJIABHO
HOSIBUJIUCE ). [IpUMEPOM TOMY MOXKET CJIyKUTh OJION — Ha MEepPBYIO CTPAHUILY
(3o mocyemnue 5...10 mocroB) npuxomurcs 40...50% Bceit HArpY3Ku, WK
HOBOCTHOI TopTast (CyTh OJHA U Ta Ke), WM CHCTEMbI JIMIHBIX COODINEHUI,
BIIPOYEM MOHATHO. [lapTuiimonupoBanme TadIUIbI TO3BOJILIET Oa3e JaHHbIX JIe-
JIATh UHTEJUIEKTYaIbHYI0 BHIOOPKY — cHadasia CYB/I yrounut, Kakoit napru-
IUU COOTBETCTBYET Bar 3anpoc (ecim 910 peajibHO) U TOJLKO TIOTOM CJIEJIAeT
9TOT 3aIpoc, MPUMEHUTETHHO K HYKHOW HapTUIINK (UM HECKOJBKUM MapTHU-
msim). Takum o6pasom, B pacCMOTPEHHOM ciIydae, Bel paciipe/iesinre Harpys-
Ky Ha Tabsmiy 1o ee nmaprunusam. CiemoBaresbHo BbIOOpKa Tuita SELECT *
FROM articles ORDER BY id DESC LIMIT 10 Oy/ieT BBIIOJHATHCI TOJIHKO HA/L
ocjIeIHeil mapTuiinei, KoTopasi 3HAYUTEeIbHO MEHbIIIe BCeil TabIUIIbI.

Nrak, mapTuiimoHnpoBanme JIaeT Pl TPEUMYIIECTB:
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4.2. Teopus

e Ha omnpejiesientble BUJIbI 3a11pOCOB (KOTOPBIE, B CBOIO OYEPEJib, CO3JAI0T
ocuoBHYI0 Harpy3Ky Ha CYBJI) MbI MOXKEM yJIydIUTh TPOU3BOIUTE b
HOCTB;

e MaccoBoe yiajieHre MOXKET OBbITh ITPOU3BEJICHO IIyTEeM yJIaJeHUs OJIHOM
nm Heckosbkux naprunuit (DROP TABLE ropasso ObicTpee, em Mac-
coBbliit DELETE);

e Pejiko ncnosb3yemble JJaHHble MOTYT OBITH ITepEeHeCceHbl B JIPYToe XpaHu-
JIUIIIE;

4.2  Teopus

Ha rexymuit moment PostgreSQL mojmepkuBaer nBa Kpurepusi s CO-
30aHUd ITapPTULINI:

e [laprurnronupoBatue 1o Auana3oHy 3HadeHuii (range) — rabiuna pasou-
BaeTCs Ha «IMAIa30Hbl» 3HAYEHU 110 TIOJI0 WJIN HADOPY ToJIel B Tad -
e, 6€3 MePEeKPhITUS JUAIIA30HOB 3HAYEHUI, OTHECEHHBIX K PA3THIHBIM
naprunusaM. Hampumep, 1uamasoHbr JaT;

e [laprurnmonuposanue 10 crincky 3uadennii (list) — rabiauna pasbuBaercs
10 CIIUCKaM KJTIOYEBBIX 3HAUEHUH /IS KaXKI0W MapTHIINN.

Y100bI HACTPOUTD MMAPTUITMOHUPOBAHUE TaOJ/IHUIIBI, JOCTATOYHO BBIIOJTHUTH
CJIeTyIoTIne JIeCTBUS:

e Cosmaercst «MacTepy TabJUIa, U3 KOTOPO BCe MApTUIUNA OyIyT Hac/e-
JI0BaThCs. DTa Tabymia He OyIeT cojaepKarh JaHHbIe. Tak:ke He HYXKHO
CTABUTH HUKAKUX OFPAHUYECHUN Ha TAOJIUILY, €C/IM KOHEYHO OHU He OyJIyT
JIyOJIMpOBaThCA Ha, MAPTUIINN;

e CosaiiTe HECKOJIBKO «I0YEPHUX» TAOJIUIL, KOTOPbIe HACJIEIYIOT OT «Ma-
cTep» TabJIHITHI;

e J[006aBUTH B «JI0UepHUE» TAOJUILI 3HAYCHUS, 10 KOTOPBIM OHU Oy/IyT
napruruaMu. CTOUTbh 3aMeTUTh, UTO 3HAYEHUs HMAPTUIMH He JTOJI2KHBI
nepecekaTbesi. Hampumep:

JInctuar 4.1 [Ipumep HeBepHOTO 3a1aHUs 3HAMEHUIA TAPTUITII

Line 1 CHECK ( outletID BETWEEN 100 AND 200 )
. CHECK ( outletID BETWEEN 200 AND 300 )

HEBEPHO 3a/IaHbI TAPTUITNH, TTOCKOJILKY HEITOHATHO KaKOH MapTUITUN TTPH-
HaIexkuT 3Hadenue 200;

o Jljst KayKjIoi MApTUIMK CO3/ATh WHJEKC IO KJOYEBOMY MOJIO (W
HECKOJIBKIM ), a TaKyKe yKa3aTh JIIoOble JIpyrue TpebyeMble WHIIEKCHI;

e [Ipu HeoOXOMUMOCTH, CO3/IaTh TPUITED WU IIPABUJIO JJIsI IIepeHaIpaB/ie-
HUA JaHHBIX C «MaCTep» Ta6.HI/IHI)I B COOTBETCTBYIOIYIO ITapPTUITUIO;
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Line 1

Line 1

4.3. TlpakTuka MCIOJIH30BAHMS

e Ybenurhcsg, dYTO TmapameTp constraint exclusion He OTKJIIOYEH B
postgresql.conf. Ecu ero #e BK/IOUNTE, TO 3alPOCHl HE OYIYT ONTHMU-
3UPOBaHbI IPU PAOOTE C MAPTUITUOHTPOBAHUEM;

4.3 TlpaxTuka Mcro/b30BaHmsI

Tenepr HauHeM ¢ npakTHyeckoro npumepa. IIpegcrasum, 4o B Hareir cu-
cTeMe eCcTh TabJnIa, B KOTOPYIO MBI COOMpPaeM JIaHHBIE O TIOCETAaeMOCTH HAIIIETO
pecypca. Ha sro0oit 3ammpoc mosbp3oBaTess Hallla CUCTEMA JIOTHPYET JIeHCTBUS
B 91y Tabuuiy. U, HanpumMep, B Hauase KaXKJI0ro Mecsiia (HeIeso) HaM Hy K-
HO CO37IaBaTh OTYET 3a HpeAbLLynuil Mecsty (Hejesno). Ipu 9ToM Jloru HyKHO
XpaHUTb B Tedyenue 3 jer. lanubie B Takoil Tab/uie HaKaIJIMBaIOTCA ObICTPO,
€CJIM CHCTeMa aKTUBHO HCIOb3yeTcs. V1 BoT, Koria B TaOIUIE y2Ke MUJIJINOHBI,
a TO ¥ MIJLTHAPJIbI 3aIuceil, CO3/IaBATh OTYEThI CTAHOBUTCSI BCE CIIOKHEe (J1a u
YHCTKA CTAPBIX 3aluceil CTAaHOBUTCsI HEJIErKUM JieJioM ). Pabora ¢ Takoit Tabiin-
et coznaer orpomuyio Harpy3ky Ha CYBJI. Ty nam na momorisb u npuxouT
IapTUINOHUPOBAHHE.

Hactpoiika

J1is1 mpuMepa, Mbl UMeeM CJIEJLYIONLY IO TaOJIILY:

JIuctunr 4.2 «Macrtep» Tabmuia

CREATE TABLE my logs (

id SERIAL PRIMARY KEY,
user _id INT NOT NULL,
logdate TIMESTAMP NOT NULL,
data TEXT,

some state INT

)

[TockobKy HaM HY?KHBI OTYETBI KazKJIbI MecsIl, Mbl Oy/IeM JeJIUTh Hap-
THUIH 110 MeCAIaM. DTO MOMOXKET HAM ObICTPee CO3/IaBATh OTUYEThl U YUCTUTD
cTapble JIaHHBIE.

«Macrep» Tabsmmia 6yaeT my logs, CTPYKTYPY KOTOPOI Mbl yKa3aJ/I1 BBIIIIE.
Hamnee cozmaaum «jpouepHues Tabauipl (HapTUImn):

JIuctuar 4.3 «Jlovueprue» TabIUAIBI

CREATE TABLE my logs2010m10 (
CHECK ( logdate >= DATE ’'2010-10-01" AND logdate < DATE
’2010-11-01" )

) INHERITS (my logs);

CREATE TABLE my logs2010m11 (
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CHECK ( logdate >= DATE ’'2010-11-01" AND logdate < DATE
’2010-12-01" )

) INHERITS (my logs);

CREATE TABLE my logs2010m12 (
CHECK ( logdate >= DATE ’2010-12-01" AND logdate < DATE
’2011-01-01" )

) INHERITS (my logs);

CREATE TABLE my logs2011m01 (
CHECK ( logdate >= DATE ’'2011-01-01" AND logdate < DATE
’2010-02-01" )

) INHERITS (my logs);

JlaHHBIME ~ KOMAaHJIAMH  MbI  co3jiaeM  Tabauibl  my logs2010m10,
my logs2010m1l u T. 7., KOTOPbIe KOMUPYIOT CTPYKTYPY C «MacTep» TabJIAIbI
(kpome mazekcoB). Takxke ¢ momorpio «CHECK» mbr 3a1aem muama3on 3Ha-
YeHUil, KOTOPBIN GyJIeT MOMajarTh B 9Ty MAPTUINIO (XOUy ONSITh HATIOMHHTB,
YTO JINANA30Hbl 3HAYEHNUI TapTuIuii He JOJKHBI epecekaThbest!). TockobKy
HapTUIMOHUPOBaHue OyzeT paboraTh 10 1oJ0 logdate, Mbl CO3Aa/IMM WHJICKC
Ha 3TO II0JIe Ha BCEX NMapTUIUAX:

JIucrunar 4.4 Co3pgaHne WHIEKCOB

CREATE INDEX my logs2010m10 logdate ON my logs2010m10 (
logdate) ;

CREATE INDEX my logs2010m11l logdate ON my logs2010m11l (
logdate) ;

CREATE INDEX my logs2010m12 logdate ON my logs2010m12 (
logdate) ;

CREATE INDEX my logs2011m01 logdate ON my logs2011m01 (
logdate ) ;

Hausee st ynobersa cozpaiuM DyHKIUIO, KOTOpas Oy/IeT IepeHanpaBIsaTh
HOBBIE JaHHBIE C «MacTep» TabJIUIbl B COOTBETCTBYIONLYIO MAPTUIIUIO.

JIuctuar 4.5 OyHKIHS 115 IepeHAIPaBICHUS

CREATE OR REPLACE FUNCTION my logs insert trigger ()
RETURNS TRIGGER AS $$
BEGIN
IF ( NEW.logdate >= DATE ’2010-10-01" AND
NEW. logdate < DATE ’2010-11-01" ) THEN
INSERT INTO my logs2010m10 VALUES (NEW.*) :
ELSIF ( NEW.logdate >= DATE ’2010-11-01" AND
NEW. logdate < DATE ’2010-12-01° ) THEN
INSERT INTO my logs2010m11 VALUES (NEW.*);
ELSIF ( NEW.logdate >= DATE '2010-12-01’ AND
NEW. logdate < DATE ’'2011-01-01" ) THEN
INSERT INTO my logs2010m12 VALUES (NEW.*) ;
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ELSIF ( NEW.logdate >= DATE ’2011-01-01" AND
- NEW. logdate < DATE ’'2011-02-01" ) THEN
15 INSERT INTO my logs2011m01 VALUES (NEW.*);
ELSE

RAISE EXCEPTION ’Date out of range. Fix the
my logs insert trigger () function!’;
END IF;
- RETURN NULL;
20 END;
$3$
LANGUAGE plpgsql;

B dyukiun nudero ocobeHHOro HET: UJET MPOoBepKa 1oJs logdate, 1o KOTO-
poil HAIIPABJISIOTCA JIaHHbIe B HYKHYI0 napruruio. [Ipu nenaxoxjeauu Tpedy-
eMOil TapTHUIMU — BBI3bIBaeM OIMMOKY. Terephb ocTagoCh CO3/aTh TPUITED HA
«MacTep» TabJIMILy JjIs aBTOMATUYIECKOTO BBI30Ba, JIAHHONW (DYHKIIUU:

JInctuar 4.6 Tpurrep

Line I CREATE TRIGGER insert my logs trigger
- BEFORE INSERT ON my logs
FOR EACH ROW EXECUTE PROCEDURE my logs insert trigger () ;

[TapTurmonupoBaHue HACTPOEHO U TelepPb Mbl T'OTOBBI IMPUCTYIIUTb K Te-
CTUPOBAHUIO.

TecTupopanue

Jlnst HavaJsia J1obaBUM JIaHHBIE B HaIly TaOJMIly my logs:

JIuctunar 4.7 Jlanmbie

Line 1 INSERT INTO my logs (user id,logdate, data, some state)
VALUES(1, ’2010-10-30°, ’30.10.2010 data’, 1);

INSERT INTO my logs (user id,logdate, data, some state)
VALUES(2, ’2010-11-10", °10.11.2010 data2’, 1);

INSERT INTO my logs (user id,logdate, data, some state)
VALUES(1, ’2010-12-15°, ’15.12.2010 data3’, 1);

Terteps mpoBepuM TJIe OHU XPAHATCH:

JIuctunr 4.8 «Macrtep» Tabauita gmcra

Line I partitioning test=# SELECT * FROM ONLY my logs;
- id | wuser id | logdate | data | some state
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Kak BUUM, B «<MaCTEP» Ta6JII/IHy JaHHbI€ HE IIO0IIaJ/JIM — OHa YuCTa. Tenepb
IIPOBEPUM, a €CTb JI1N BOO6I.[L€ JaHHbIC:

JIuctunr 4.9 IlpoBepka maHHBIX
Line I partitioning test=# SELECT * FROM my logs;
- id | wuser id | logdate | data |
some _state

S e e R
1| 1 | 2010-10-30 00:00:00 | 30.10.2010 data |
52 | 1 2 | 2010-11-10 00:00:00 | 10.11.2010 data2 |
3 | : 1 | 2010-12-15 00:00:00 | 15.12.2010 data3 |
(3 rows) 1

Jlanable TP 9TOM BBIBOJIATCA Oe3 mpobsiem. [IpoBepum maprurum, mpa-
BUJILHO JIU XPAHATCS JIAHHBIE:

JIucrunr 4.10 IIpoBepka xpaHeHusi JaHHBIX

Line I partitioning test=# Select * from my logs2010m10;
id | user id | logdate | data |
some _state

1| 1 | 2010-10-30 00:00:00 | 30.10.2010 data |

(1 row)

(@2

partitioning test=# Select * from my logs2010mll;
id | user_id | logdate | data |
some state

10 2 | 2 | 2010-11-10 00:00:00 | 10.11.2010 data2 |

(1 row)

Jlanable XpaHgaTcd Ha TpeOyeMbIX HaM napTuruax. [Ipm sTom 3ampockr K
tabyuie my logs MEeHATH He TpedyeTcs:
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JIncturar 4.11 IIpoBepka 3ampocoB
Line 1 partitioning test=4# SELECT * FROM my logs WHERE user id = 2;
- id | wuser id | logdate | data |
some _state

2 | 9 | 2010-11-10 00:00:00 | 10.11.2010 data2 |
5 (1 row)

partitioning test=# SELECT * FROM my logs WHERE data LIKE ’
9%0.1% 7 ;

id | user id | logdate | data |
some _state

- e e N R
01| 1 | 2010-10-30 00:00:00 | 30.10.2010 data |
1
2 2 | 2010-11-10 00:00:00 | 10.11.2010 data2 |
1
(2 rows)

VipaBjeHue mapTuIusaMu

OO6bruHo 1IpU paboTe ¢ MAPTUIMOHUPOBAHUEM CTapble MAPTUIMH IIepecTa-
0T IOJIy9YaTh JAaHHBIE W OCTAIOTCA HEM3MEHHBIMH. DTO JaeT OIPOMHOE IIpe-
UMYIIECTBO HaJl pabOTOil ¢ JaHHBIME Yepe3 napTuiiun. Harnpumep, HaM HYKHO
yaauTh crapble joru 3a 2014 roja, 10 mecsn. HaMm j1ocTaTovHO BBIIOJIHATD:

JIuctunar 4.12 Yucrka JjI0r0B
Line 1 DROP TABLE my logs2014m10;

nockobKy DROP TABLE paboTtaeT ropa3io ObICcTpee, 9eM yIaJeHue MUJ-
JINOHOB 3anuceil mHauBHIya bHo Yepe3 DELETE. /Ipyroit BapuaHT, KOTOPBIit
boJiee MIPeAIIOUTUTEICH, IPOCTO YAAIUTH HAPTUIAIO U3 MapTUIMOHIPOBAHMSI,
TeM caMbiM ocTaBuB Janubie B CYB /I, HO yKe He mocTylnHbIe Yepe3 «MacTeps
TaOJINILY

JImermar 4.13 YnanasgeM TapTAIIIO U3 TAPTUITHOHNPOBAHIS

Line 1 ALTER TABLE my logs2014m10 NO INHERIT my logs;

9T1o yﬂO6HO, €CJIM Mbl XOTUM 3THU JJaHHbIE IIOTOM IIEPEHECTU B APYyIro€ Xpa-
HUIAIE UJIx IIPOCTO COXPaHUTD.
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Baxknocth «constraint exclusions s mapTumoHnpoBaHus

[Tapamerp constraint _exclusion orBevdaeT 3a ONTUMUBAIMIO 3aIIPOCOB, YTO
IIOBbBIIIIaECT ITPOU3BOAUTECJIBHOCTL JIJId ITapTUIIXMOHHNPOBAHBIX Ta6JH/IH,. Haan—
Mep, BBIIIOJHIAM IIPOCTOH 3aIIpoc:

JInctunr 4.14 «constraint exclusions OFF

Line 1 partitioning test=# SET constraint exclusion = off;
partitioning test=# EXPLAIN SELECT * FROM my logs WHERE
logdate > ’2010-12-01";

Result (cost=6.81..104.66 rows=1650 width=52)
-> Append (cost=6.81..104.66 rows=1650 width=>52)
-> Bitmap Heap Scan on my logs (cost=6.81..20.93
rows=330 width=>52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
"::timestamp without time zone)
10 -> Bitmap Index Scan on my logs logdate (
cost =0.00..6.73 rows=330 width=0)
Index Cond: (logdate > ’2010-12-01
00:00:00 "’ :: timestamp without time zone)
-> Bitmap Heap Scan on my logs2010m10 my logs (
cost =6.81..20.93 rows=330 width=>52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
"::timestamp without time zone)
-> Bitmap Index Scan on
my logs2010m10 logdate (cost=0.00..6.73 rows=330 width
~0)
15 Index Cond: (logdate > '2010-12-01
00:00:00 "’ :: timestamp without time zone)
-> Bitmap Heap Scan on my logs2010ml1l my logs (
cost =6.81..20.93 rows=330 width=>52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
"::timestamp without time zone)
-> Bitmap Index Scan on
my logs2010m11 logdate (cost=0.00..6.73 rows=330 width
~0)
Index Cond: (logdate > '2010-12-01
00:00:00 "’ :: timestamp without time zone)
20 -> Bitmap Heap Scan on my logs2010m12 my logs (
cost =6.81..20.93 rows=330 width=>52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
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"::timestamp without time zone)
-> Bitmap Index Scan on
my logs2010m12 logdate (cost=0.00..6.73 rows=330 width
~0)
Index Cond: (logdate > '2010-12-01
00:00:00 " :: timestamp without time zone)
-> Bitmap Heap Scan on my logs2011m0l my logs (
cost =6.81..20.93 rows=330 width=>52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
"::timestamp without time zone)
-> Bitmap Index Scan on
my logs2011m01 logdate (cost=0.00..6.73 rows=330 width
—0)
Index Cond: (logdate > ’2010-12-01
00:00:00 " :: timestamp without time zone)
(22 rows)

Kak Bumno vepes xkomammay EXPLAIN, jaHHbIil 3allpoc CKaHUPYET BCe
NapTUIUU Ha HAJUYUE JAHHBIX B HUX, YTO HE JIOTUYHO, IOCKOJIbKY JaHHOE
ycaoBue logdate > 2010-12-01 roBOpUT O TOM, UTO JaHHBIE TOJIXKHBI OpaTh-
cd TOJBKO C MAPTHUINN, TJie TOAXOJAT Takoe ycjoBue. A Termepb BKJIIOUNM
constraint__exclusion:

JImcrunr 4.15 «constraint _exclusions» ON

partitioning test=# SET constraint exclusion = on;
SET
partitioning test=# EXPLAIN SELECT * FROM my logs WHERE
logdate > ’2010-12-01";
QUERY PLAN

Result (cost=6.81..41.87 rows=660 width=>52)
-> Append (cost=6.81..41.87 rows=660 width=>52)
-> Bitmap Heap Scan on my logs (cost=6.81..20.93
rows=330 width=52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
::timestamp without time zone)
-> Bitmap Index Scan on my logs logdate (
cost =0.00..6.73 rows=330 width=0)
Index Cond: (logdate > ’2010-12-01
00:00:00 "’ :: timestamp without time zone)
-> Bitmap Heap Scan on my logs2010m12 my logs (
cost =6.81..20.93 rows=330 width=52)
Recheck Cond: (logdate > ’2010-12-01 00:00:00
"::timestamp without time zone)
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-> Bitmap Index Scan on
my logs2010m12 logdate (cost=0.00..6.73 rows=330 width
Index Cond: (logdate > '2010-12-01
00:00:00 " :: timestamp without time zone)
(10 rows)

Kak wmbl Bujgmm, Tenepb 3ampoc paboTaeT IPaBUJIbHO W CKAHUPYET
TOJILKO TAPTUIUU, YTO TOJXOJAT TIOJ ycjIoBue 3ampoca. Ho BKIOYaTh
constraint _exclusion He KejaTeNbHO JJIsd 0a3, Tjie HET NAaPTUIIMOHUPOBAHUS,
mockoJIbKY KoMana CHECK OyaeT mpoBepsaThcst Ha BCEX 3aIlPOcax, JazKe Mpo-
CTBIX, & 3HAYUT IIPOU3BOIUTENIBHOCTh CHJIBHO yiajeT. Haduunas ¢ 8.4 Bepcun
PostgreSQL constraint exclusion MoxKeT ObITH «on», «offs m «partitions. Ilo
YMOJTIaHUIO (M PEKOMEHJIyeTcsi) CTaBUTh constraint exclusion «partitiony, Ko-
TopbIit OyeT npoBepsaTh CHECK TOJILKO Ha MapTUIIMOHMPOBAHBIX TAOJIAIIAX.

4.4 Pg partman

[TockosibKy peasim3alriusi TAPTUIIMOHUPOBAHUS PEAJTU30BaHa, HEITIOJTHOIEHHO
B PostgreSQL (y1st ynpasienusi napTHIUAME U JAHHBIMA B HUX [TPUXOATCS
nucaTh (BYHKIMU, TPUTTEPBI U TIPABUJIA), TO CYIIECTBYET PACIIUPEHUE, KOTO-
poe aBTOMATH3UPYET IOJHOCTBIO Janublit mporecc. PG Partition Manager, on
JKe pg_partman, 3To pacliupeHue Jjid CO3JIaHUs W YIIPABJIEHUS MapTHIU-
MU U TTapTUIUSMEA Taprunuii (sub-partitoning) B PostgreSQL. Tlomnep:kuBaer
naprurEpoBanue 1o Bpemenu (time-based) wim mo mocsegoBanHocTH (serial-
based). I nmaprunupoBaHus 110 UAla30Hy 3HAYCHUil (range) CyIiecTByer
orenbHOe pacimupenne Range Partitioning (range partitioning).

Tekymas peammzanusa noggepxkuBaer Toabko INSERT omeparuun, xoro-
pble TepeHaNpaB/IsaoT gaHHble B HyKHy0 naprurmio. UPDATE omeparum,
KOTOpBIe Oy/IyT TlepeMenaTh JJaHHble U3 OJIHOW MapTHUIINH B JIPYTYIO, He TOJI-
nepxkuBaioTcd. [Ipu mombITKe BCTaBUTH JIaHHBIE, HA KOTOPbIEe HET TApPTHIINH,
pg_partman mepemMerniaer ux B «Macrep» (pPoauTesbCKyIo) Tadsuiy. lannbrii
BapUAHT IPEIOYTUTEIbHEE, YeM CO3/IaBaTh aBTOMATHYICCKN HOBbBIE TIAPTHUITIH,
MIOCKOJIbKY 9TO MOXKET IPUBECTU K CO3J/IAHUIO JIECATKOB MJIM COTEH HEHYZKHBIX
JIoOUepHUX TabJIMI U3-3a OMUOKN B camMux JaHHbIX. Dyukims check parent

[IO3BOJISIET MPOBEPUTDH IONAJIEHNE TOJ00HBIX JAHHBIX B POJUTENIHCKYIO Tab-
JIMILY U PEIIUTH, 9TO ¢ HUME Tpebyercs jeiarTh (yJaauTh WM UCIOJIb30BAThH
partition data time/partition data id gy co3janus u mepeHoca 3TUX JaHHBIX
B [IAPTHIIN ).

JlanHOe pacIupeHne UCIo/Ib3yeT OOJIBIMMHCTBO aTPUOYyTOB POJIUTETHCKOM
TabIIMIBL JIJIsT CO3aHUsT TAPTUIUI: UHJIEKCHI, BHEIITHUE KJII0YN (OMIHOHAIBHO),
tablespace, constraints, privileges u ownership. [los Takoe ycioBue nomagaor
OID u UNLOGGED rabaumpi.

[Maprunusvu naprummii (sub-partitoning) mojIepKUBaOTCA pasHbIX yPOB-
weii: time->time, id->id, time->id u id->time. Her jmmuToB na coznanue ta-
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KUX IMaPTUIHI, HO CTOUT IIOMHUTH, YTO OOJIBIIIOE YHCJIO TAPTHUIUI BIUIET HA
[IPOM3BOJIUTE/ILHOCTD POJINTE/ILCKOM Tab uibl. Eciiu pa3zmep napruruii craner
CJIUIITKOM OOJTBINIAM, TO IPUJIETC YBEJIMIUBAThH max _locks per transaction ma-
pamerp Jyist 6a3bl JaHHBIX (64 M0 yMOJIIaHUIO).

B PostgreSQL 9.4 nosiBuiach BO3MOXKHOCTD CO3/IAHUS MOJIH30BATEIHCKUAX
OHOBBIX BOPKEPOB U JUHAMHUYECKHU 3arpyzKaTh UX BO BpeMs padOTbl 6a3bl.
Brarogapst stomy B pg_partman ectb coOCTBeHHBIN (DOHOBBINT BOPKED, 3a/1ata
KOTOPOI'0 3allyCKaTh run_maintenance (PYHKIUIO KaXKJIbIH 3a/JaHHBIIN ITpOMeE-
kyToK Bpemenn. Ecim y Bac Bepcust PostgreSQL mmxke 9.4, To npumercs Boc-
[I0JTb30BATHCS BHENTHUM IIJIAHUPOBITUKOM JIJIsI BBIIIOJIHEHUS JAHHON (DYHKITIN
(nampumep cron). 3ajada JaHHON (QYHKIUKM - OPOBEPSITH U ABTOMATHYECKH
CO3/IABATH MAPTHUINN U ONIMOHAJILHO YUCTUTH CTaphIe.

[Ipumep ncnosb30BaHNA

ﬂHH Ha4daJla YCTaAaHOBUM JIaHHOE PacCIlINpPEHUE:

JIuctunr 4.16 YcraHoBKa

git clone https://github.com/keithf4 /pg partman.git
cd pg_ partman/

make

sudo make install

ShH H LH P

Eciin ne Tpebyercs ncnosib3oBaTh (GOHOBBIN BOPKEP, TO MOXKHO coOpaTh 06e3
Hero:

JIucruur 4.17 YcraHoBka
$ sudo make NO BGW=1 install

i paborer  (hoHOBOrO BOpKepa HYKHO 3arpyzKarThb €ro Ha CcTapTre
PostgreSQL. [Ist sToro norpedyercs 106aBuTh HACTPOIKKU B postgresql.conf:

JIuctunr 4.18 HacTpoiiku Bopkepa

shared preload libraries = ’'pg partman bgw’ # (change
requires restart)
pg_ partman bgw.interval = 3600

pg partman bgw.role = 'myrole’
pg_partman bgw.dbname = 'mydatabase’
rie:

e pg partman bgw.dbname — 6a3a JJaHHBIX, B KOTOPO#l OYJIET BBITOIHATh-
¢ run__maintenance pyHKIHA. Ecn Hy>KHO yKa3aTh 00JIbIIe 0/IHOI 6a3bI,
TO OHM YKa3bIBAIOTCs Yepe3 3allsaTylo. be3 sToro mapamerpa BOpKep He
OyJsieT paboTaTh;
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pg partman bgw.interval — KOJMYECTBO CEKYHJ MEXKJIy BbI30BAMU
run_maintenance gyuakiun. [lo ymoruanuo 3600 (1 gac);

pg_partman bgw.role — posib JjIg 3amycka run_maintenance (pyHKIINU.
[To ymorganuio postgres. Pasperiena TOIbKO OHA POJIb;

pg_partman bgw.analyze — 3amnyckarh nian HeT ANALYZE miociie co3ia-
HUs TAPTUII HAa POAUTEILCKYIO Tabsmity. [lo ymMordanuio BKIIIOUEHO;
pg_ partman bgw.jobmon — pa3pemmmTh WX HET HUCIOJIb30BATH
pg jobmon pacmmpenHue Jjii MOHUTOPHWHIA, 4YTO I[apTUIUPOBAHUE
pabotaet 6e3 npobsieM. 1o ymodanuio BKIIOUEHO;

Hastee osik/IrouaeMcst K 6a3e JaHHBIX U aKTUBUPYEM PacCIIupeHue:

JIuctuar 4.19 HacTtpoiika paciiupenust

# CREATE SCHEMA partman ;

CREATE SCHEMA

# CREATE EXTENSION pg partman SCHEMA partman ;
CREATE EXTENSION

Temepb MOXKHO IPHUCTYIIATH K UCIOJIB30BaHUIO paciiupenns. Co3maanmM u

3allOJIHUM Ta6JH/H_[y TECTOBbIMUI JJaHHBIMM:

JIuctunar 4.20 {anubre

# CREATE TABLE users (

);

id serial primary key,
username text not null unique,
password text ,

created on timestamptz not null

last logged on timestamptz not null

# INSERT INTO users (username, password, created on,

last logged on)

SELECT
md5 (random () :: text ),
md5 (random () :: text ),
now() - ’1 years’::interval * random(),
now() - ’1 years’::interval * random/ ()
FROM

generate series(1, 10000);

[lasiee akTUBUPYeM pacIImpeHue Jjis 1o created on ¢ mapTunueil Ha KaxK-

JIBII TOJI;

JInctuar 4.21 Iaprumuposanue
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Line I # SELECT partman.create parent(’public.users’, ’created on’,
"time’, ’yearly’);
- create parent

(1 row)

VKa3blBaHne CXeMbl B HMMEHH TaOJIUIBI 00si3aTeIbHO, JaKe €ecJu OHa
«public» (mepBbiit aprymeHT QyHKINN).

[TockobKy poguTenbcKas TadIUIa yKe OblIa 3alloTHeHa JaHHBIMUA, Tepe-
HeceM JIaHHbIE U3 Hee B MapTHUIUMU depe3 partition data time pyHKIHIO:

JIuctuar 4.22 IlepeHoc MaHHBIX B MAPTUIAN

Line I # SELECT partman.check parent () ;
- check parent

- (public.users,10000)
5 (1 row)

- # SELECT partman.partition data time( public.users’, 1000);

- partition data time

- (1 row)

- # SELECT partman.check parent();
- check parent

- # SELECT * FROM ONLY users ;

- id | username | password | created on | last logged on
2 R R S —_— e e
- (0 rows)
- # \d+ users
Table "public.users"
25 Column ] Type |
Modifiers | Storage | Stats
target | Description
______________ +__________________________+______________________________.
- id | integer | not null

)

default nextval(’users id seq

::regcelass) | plain
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username | text | not null
| extended |
\
password | text |
| extended |
|
created on | timestamp with time zone | not null
| plain |
\
last logged on | timestamp with time zone | not null
| plain |
|
Indexes:

"users pkey" PRIMARY KEY, btree (id)
"users username key" UNIQUE CONSTRAINT, btree (username)
Triggers:
users part trig BEFORE INSERT ON users FOR EACH ROW
EXECUTE PROCEDURE users part trig func()
Child tables: users p2012,
users p2013,
users p2014 ,
users p2015 ,
users  p2016 ,
users  p2017,
users p2018 ,
users p2019,
users p2020

B pesyibrare janabie B TaOJIUIE users COAEPKaTC B MAPTUIHAX OJ1arogapst
pg_partman. BoJiee mospobHo 110 hyHKIIMOHAY PACITUPEHHST, €I0 HACTPOHKax
U OI'PAHUYICHUSIX JOCTYITHO B O(UIINAILHON JIOKYMEHTAINN.

4.5 Pgslice

Pgslice — yruaura i co3jaHudg W YOPaBJIEHUs MapTUIUAMU B
PostgreSQL. YTunura pa3buBaer Ha «KYyCKH» KaK HOBYIO, TaK U CyIIECTBYIO-
ILyto TabJIUILy ¢ JAHHBIME C HYJIEBBIM BpeMeHeM IpocTos («zero downtimes ).

Yrumurta Hanucana #Ha Ruby, mostomy morpebyercst cHadasla yCTAHOBUTH
ero. ITocsie aroro ycranasiusaem pgslice uepes rubygems (muorue ruby paspa-
60TINKHU UCIIONIB3YIOT bundler st jrydimero yrnpasaeHus: 3aBUCAMOCTSIMU, HO
B 9TO IVIaBe 9TO HE PaCCMATPUBACTCH):

Jluctunr 4.23 YcraHoBka

$ gem install pgslice

COB,ZL&,ILI/IM 1 3allOJTHUM Ta6HHHy TECTOBbIMHU JaHHBIMM:
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4.5. Pgslice

JIuctuar 4.24 JlanHbre

Line | # CREATE TABLE users (

id serial primary key,
username text not null unique,
password text ,

5 created on timestamptz not null

last logged on timestamptz not null

);

# INSERT INTO users (username, password, created on,
last logged on)

10 SELECT

md5 (random () :: text ),

mdb (random () :: text ),

now() + ’1 month’::interval * random(),
- now() + ’1 month’::interval * random /()
15 FROM

generate series (1, 10000);

Hacrpoiikn nojk/iodenus K 6aze 3ayatorca depes PGSLICE URL nepe-
MEHHYIO OKPY2KEHUS:

Jluctunr 4.25 PGSLICE URL

Line 1 $§ export PGSLICE URL=postgres://username: password@localhost/
mydatabase

Yepes komany pgslice prep <table> <column> <period> cozajgum Tab-
iy <table> intermediate (users intermediate B mpumepe) ¢ COOTBETCTBYIO-
UM TPUITEPOM I pa3dMeHus JIaHHBbIX, rje <table> - 9T0 Ha3BaHue TAO-
el (users B mpuMepe), <column™> - moJe, 0 KOTOPOMY OY/IyT CO3/1aBaThCst
HapTUIHN, & <period> - HEPHOJ| JAHHBIX B HAPTUIMX (MOXKeT ObITh day WM
month).

JIuctuar 4.26 Pgslice prep

Linel $ pgslice prep users created on month

BEGIN;

CREATE TABLE users intermediate (LIKE users INCLUDING ALL);

ot

CREATE FUNCTION users insert trigger ()

RETURNS trigger AS $%

BEGIN
- RAISE EXCEPTION ’Create partitions first.’;
10 END;

)
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Line 1

4.5. Pgslice

$$ LANGUAGE plpgsql;

CREATE TRIGGER users insert trigger
BEFORE INSERT ON users intermediate
FOR EACH ROW EXECUTE PROCEDURE users insert trigger ();

COMMENT ON TRIGGER users insert trigger ON
users intermediate is ’column:created on,period:month,

Y

cast:timestamptz ’;

COMMIT;

Tenepb MOXKHO JI00ABUTH HAPTUIIAN:

Jluctunr 4.27 Pgslice add  partitions

$ pgslice add partitions users --intermediate --past 3 --
future 3
BEGIN;

CREATE TABLE users 201611
(CHECK (created on >= ’2016-11-01 00:00:00 UTC’::
timestamptz AND created on < '2016-12-01 00:00:00 UTC’ ::
timestamptz) )
INHERITS (users intermediate);

ALTER TABLE users 201611 ADD PRIMARY KEY (id);:

CREATE OR REPLACE FUNCTION users insert trigger ()
RETURNS trigger AS $%
BEGIN
IF (NEW.created on >= ’2017-02-01 00:00:00 UTC’ ::

timestamptz AND NEW. created on < ’2017-03-01 00:00:00 UTC

"::timestamptz) THEN
INSERT INTO users 201702 VALUES (NEW.*);

ELSIF (NEW.created on >= ’2017-03-01 00:00:00 UTC’ ::
timestamptz AND NEW. created on < ’2017-04-01 00:00:00 UTC

::timestamptz) THEN
INSERT INTO wusers 201703 VALUES (NEW.*) ;

ELSIF (NEW. created on >= ’2017-04-01 00:00:00 UTC’ ::
timestamptz AND NEW. created on < ’2017-05-01 00:00:00 UTC

"::timestamptz) THEN
INSERT INTO users 201704 VALUES (NEW.*);

ELSIF (NEW. created on >= ’2017-05-01 00:00:00 UTC’ ::
timestamptz AND NEW. created on < ’2017-06-01 00:00:00 UTC

::timestamptz ) THEN
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INSERT INTO users 201705 VALUES (NEW.*);

ELSIF (NEW.created on >= ’2017-01-01 00:00:00 UTC’ ::
timestamptz AND NEW. created on < ’2017-02-01 00:00:00 UTC
i timestamptz ) THEN

- INSERT INTO users 201701 VALUES (NEW.*);

25 ELSIF (NEW. created on >= ’2016-12-01 00:00:00 UTC’ ::
timestamptz AND NEW. created on < ’2017-01-01 00:00:00 UTC
"::timestamptz) THEN

INSERT INTO users 201612 VALUES (NEW.*);

ELSIF (NEW. created on >= ’2016-11-01 00:00:00 UTC’ ::
timestamptz AND NEW. created on < ’2016-12-01 00:00:00 UTC
"::timestamptz) THEN

INSERT INTO users 201611 VALUES (NEW.*);

- ELSE

30 RAISE EXCEPTION ’'Date out of range. Ensure
partitions are created.’;

END IF;

RETURN NULL;

END;
$$ LANGUAGE plpgsql;
35
COMMIT;
Yepes —-past n --future onmum ykasblBaeTcs KOIUIECTBO mapTunuii. Jatee

MO2KHO IIepeMeCTUTb JaHHbIC B ITapTHUIIAN:

Jluctunr 4.28 Pgslice fill

Line 1 $ pgslice fill users

/* 1 of 1 %/
INSERT INTO users intermediate ("id", "username", "password"
, "created on", "last logged on")
SELECT "id", "username", "password",6 "created on",6 "
last logged on" FROM users
5 WHERE id > 0 AND id <= 10000 AND created on >= ’

2016-11-01 00:00:00 UTC’::timestamptz AND created on < ’
2017-06-01 00:00:00 UTC’ :: timestamptz

Yepes --batch-size n --sleep OnIUM MOYXKHO YIIPABJIATH CKOPOCTBIO TIePeHOCca
JAHHBIX.

ITocsie aTOrO MOXKHO HEPEKJ/IIOIUTHCA Ha HOBYIO Ta6JII/ILIy C IapTUIUAMMU:

Jluctunr 4.29 Pgslice swap

Linel $ pgslice swap users
BEGIN;;

SET LOCAL lock timeout = ’5s’;
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ot

ALTER TABLE users RENAME TO users retired;
ALTER TABLE users intermediate RENAME TO users;
10 ALTER SEQUENCE users id seq OWNED BY users.id;

COMMIT;

Ecmu tpebyercs, TO MOXKHO IE€PEHECTH YacTh JAHHBIX, UTO HAKOIHUJIACH
MEKJTy HepPeKJIIoUeHueM TaO NI

Jluctunr 4.30 Pgslice fill
Linel $ pgslice fill users --swapped

B pesysnbrare Tabsmia users Oyzer paboTarh depe3 MapTHITIH:

JIuctunr 4.31 Pezynbrar

Linel $ psql -c¢ "EXPLAIN SELECT * FROM users"
i QUERY PLAN

Append (cost=0.00..330.00 rows=13601 width=86)
5 -> Seq Scan on users (cost=0.00..0.00 rows=1 width=84)
- -> Seq Scan on users 201611 (cost=0.00..17.20 rows=720

width=84)
-> Seq Scan on users_ 201612 (cost=0.00..17.20 rows=720
width=84)
-> Seq Scan on users_ 201701 (cost=0.00..17.20 rows=720
width—=84)

-> Seq Scan on users_ 201702 (cost=0.00..166.48 rows
=6848 width=86)

10 -> Seq Scan on users_ 201703 (cost=0.00..77.52 rows=3152
width=86)
-> Seq Scan on users_ 201704 (cost=0.00..17.20 rows=720
width=84)
-> Seq Scan on users 201705 (cost=0.00..17.20 rows=720
width=84)

(9 rows)

Crapas Tabiuia rerepb Oyjer HasbBaTbcsi <table> retired (users retired
B puMepe). Eé MOXKHO 0CTaBUTh WK YIATUTH 13 6A3bI.

Jluctunr 4.32 YianeHue crapoit TaOIUIThL

Linel $ pg dump -c¢ -Fc¢ -t users retired $PGSLICE URL >
users retired .dump
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Line

1

5

4.6. 3akJIrIOYeHne

$ psql -c¢ "DROP users retired" $PGSLICE URL

Jlastiee ToIbKO TpebyeTcs CIeIUTh 3a KOJIUIeCcTBOM mapruiuii. s atoro
KoMaHIy pgslice add partitions MOKHO H00ABUTH B Cron:

JInctuur 4.33 Cron

# day
00 * * * pgslice add_partitions <table> --future 3 --url

# month
001 * * pgslice add partitions <table> --future 3 --url

4.6 3akjrodeHue

[TapTurmonupoBaHme — OJiHA U3 CAMbIX IIPOCTHIX U MeHee 6e300/1e3HEHHBIX
MeTO/I0B yMeHbIleans Harpys3ku Ha CYB/I. Imenno Ha 3TOT BapmaHT CTOUT
[IOCMOTPETH CIIEpBa, U €CJIM OH He MOJXOJUT 110 KAKUM JIUOO MpUInHAM —
[IEPEXOJIUTH K 00JIee CIIOKHDBIM.
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Pernnkarnms

Korma perraere nmpobiiemy, HI O
geM He Oecrokoiirech. Bor
KOT/Ia BBI €€ pelInTe, TOra 1
HaCTyHI/IT BpeMsd 66CHOKOI/ITBCH

Puuapn @unnunc Oeituman

5.1 DBsenenne

Pernmukarust (auri. replication) — MexaHH3M CHHXPOHU3AIUE COJEPIKUMO-
IO HECKOJIbKUX KOIHii 00beKTa (HAIPUMED, COIEPKUMOro 0a3bl JaHHBIX). Pe-
IJINKAIAS — 9TO MPOIIECC, TOJT KOTOPHIM MIOHUMAETCsl KOMMPOBAaHNE JAHHBIX U3
OJIHOTO MCTOYHUKA Ha MHOXKECTBO JPyrux u HaoOopotT. Ilpu perumkarmm ns-
MEHEHUSsI, CJIeJIAHHBbIE B OJIHON KOIUU 00HEKTa, MOI'YT OBITH PACIPOCTPAHEHBI B
JIpyrue Komuu. Pernyimkanus MoyKeT ObITh CHHXPOHHOM MM aCUHXPOHHOI.

B ciydae cmHXpOHHO!N pEIIMKAIINU, €CJU JaHHAs PEIINKa OOHOBJISETCH,
BCe JIpyTUe PEeIINKN TOro Ke (pparMeHTa JaHHBIX TaKKe JTOJIKHBI ObITH 00-
HOBJIEHBI B OJTHOU W TOM Ke TpaH3aKIuu. Jlormyeckm 3To O3HA4YAET, 4TO Cy-
IIIECTBYET JIUIIb OJIHA BEPCHUS JAHHBIX. B OOJIBIIMHCTBE MPOJYKTOB CHHXPOH-
Hasl PEIUINKAIIUST PEATM3YETCsI ¢ TOMOIIBI0 TPUTTEPHBIX TIPOELyP (BO3MOXKHO,
CKPBITBIX W yTpaBJsieMbIx cucremoii). Ho cuHXpoHHAsT perikanus uMeeT TOT
HEJIOCTATOK, YTO OHA CO3/AET JOMOTHUTENbHYIO HAIPY3KY IPHU BBITOTHEHUH
BCEX TPaH3aKIMii, B KOTOPBIX OOHOBJISIIOTCS KAKHe-JIM00 PErIuKu (KpoMe To-
ro, MOI'YT BO3HUKATH MPOOJIEMBI, CBsI3aHHBIE C JIOCTYITHOCTHIO JAHHBIX ).

B caydae acuHXpOHHOI permKanuu OOHOBJIEHUE OJIHON PEIIMKHU PACIIPO-
CTpaHseTCs Ha JPyTHe CIIYCTd HEKOTOPOe BPEeMs, a He B TOW Ke TPaH3aKIUU.
Taxum oOpa3oM, IIPU ACUHXPOHHOH PEIINKAIIMT BBOJIUTCA 3a/ePXKKA, NI BPe-
Ml OKUJIAHWS, B T€UEHHEe KOTOPOI'O OTJIeJIbHbIE PEIJINKA MOT'YT ObITH (DAKTHU-
YeCKM HEUJEHTUIHBIMU (TO €CTh ONPEJIeJICHNE PEIJINKA OKa3bIBACTCS He CO-
BCEM MOJIXOJIANINM, TOCKOJIBKY MBI HE IMEEM JIEJI0 ¢ TOYHBIMU U CBOEBPEMEHHO
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5.1. Beegenne

CO3JIAHHBIME KOIUsIMU). B GOJIBINMIHCTBE MPOJYKTOB aCUHXPOHHAS DPEIINKa-
[Usl Pean3yeTcsi MOCPEJCTBOM UTEHUs YKypHAJIA TPAH3AKINI WM [TOCTOSH-
HOII odepean Tex OOHOBJIEHMII, KOTOpbIE IOjjIeKaT pacipocrpaHenuio. [Ipe-
UMYIIECTBO aCHHXPOHHON PEIIMKAIIUU COCTOUT B TOM, UTO JIOTIOJHHUTETbHBIC
U3JIEPKKH PEIINKAIMN He CBA3aHbI ¢ TPaH3aKIUAMU OOHOBJICHUIT, KOTOPHIE
MOTYT MMeThb BaKHOe 3HavdeHue Jisg (DYHKIIMOHUPOBAHUS BCErO MPEPUITHS
U TIPE/IbBJISATH BBICOKHE TPeOOBaHUS K IIPOU3BouTe/IbHOCTH. K HeocTaTkaM
9TOI CXeMbl OTHOCHTCH TO, YTO JAHHBIE MOTYT OKa3aThbCd HECOBMECTHUMBIMU
(TO eCcTh HECOBMECTHMBIME C TOYKH 3PEHMUs TOJIb30BaTe ). IHbBIMEU cioBaMH,
U30BITOYHOCTD MOYKET IPOSIBIAATHCA Ha, JIOTUYECKOM YPOBHE, a 3TO, CTPOro ro-
BOpPsI, O3HAYAET, UTO TEPMUH KOHTPOJHUPYeMasi U30BITOYHOCTh B TAKOM CJIydae
HE IPUMEHHM.

Paccmorpum kpaTko mpob/ieMy corsiacoBaHHOCTH (HJIH, CKOPee, HeCOrIaco-
BaHHOCTH). [[e10 B TOM, YTO DPEILIMKH MOI'YT CTAHOBUTHCH HECOBMECTUMBIMU
B pe3yJIbTare CUTYaIlUii, KOTOpble TPY/IHO (MJIN JaxKe HEBO3MOMKHO) U30€KATh
U TIOCJIEJICTBUST KOTOPBIX TPYJIHO UCIIpaBUTh. B dacTHOCTH, KOH(MIUKTHI MOT'YT
BO3HUKATD 110 ITOBOJLY TOT'0, B KAKOM TOPSJIKE JIOJIYKHBI TPUMEHSITHCs OOHOBJIE-
uusi. Hampumep, mpenosiozKum, 9To B pe3y/ibTaTe BBIIOJJIHEHUST TPAH3AKITIH
A mpoucxonuT BCTaBKA CTPOKHM B PEILUIMKY X, MOCJIE Yero TpaHsakius B yia-
JIIET 3TY CTPOKY, a TaKxKe JIOIMYCTHM, 4To Y — perumnka X. Ecjin oOHOB/IeHHS
pacrpocTpaHsirores Ha Y, HO BBOJATCS B PEILIUKY Y B 0OpATHOM mopsijike (Ha-
IpuMep, U3-3a Pa3HbIX 3aJIePKeK MIPH Iepeiade), To TpaH3akius B He Haxomut
B Y CTPOKY, MOJJIEIKAIIYIO Y/IAJE€HUI0, U HE BBIOJHAET CBOE JefiCTBUE, TOC/e
Yero TpaHsakims A BcrapisieT 3Ty crpoky. Cymmapubiiit 3ddekT coctout B
TOM, 9TO PEILIMKa Y COJEPXKUT yKa3aHHYIO CTPOKY, & PeIinKa X — HeT.

B menom 3aj1aum yerpanenus KOH(MIUKTHBIX CUTyalldil 1 0OecIieYeHus Co-
[JIACOBAHHOCTH PEILINK SBJISIOTCH BeChbMa CI0KHbIMU. CielyeT OTMETUTD, 9TO,
10 KpaiiHeit Mepe, B COODIIECTBE T0OJIb30BaTEIeil KOMMEPYECKUX 0a3 JAaHHDBIX
TEPMUH PEIINKAIUS CTajl 03HAYATH [IPEUMYIIECTBEHHO (MU JlazKe UCKJTF0Un-
TEeJIbHO) ACHHXPOHHYIO DEIlTHKAIIIIO.

OcHoBHOe paszyimvune MexKJ1y pPervIiMKalueil n yrnpaBaeHrneM KOIUPOBAHUEM
3aKJII0YaeTCS B CJIEIYIONIEM: €CJIM MCIOJIB3YeTCsd PeILINKallis, TO OOHOBJICHHE
OJIHO¥ PEIIMKU B KOHETHOM CUETE PACIPOCTPAHAETCS HA BCE OCTAJIbHbBIE aBTO-
MaTuvIecKu. B pexkume yiipaB/ieHnsi KOUPOBAHUEM, HAIPOTUB, HE CYIIECTBY-
€T TAKOTO aBTOMaTHYECKOro pacrpocTpaHenus obnosjienuii. Kornmm ganabrx
CO3/IAIOTCA U YIIPABJAIOTCH C ITOMOIIBIO MAKETHOTO WU (DOHOBOI'O IPOIECCa,
KOTODBIil OT/JEJIEH BO BPEMEHH OT TPAaH3aKINii OOHOBJIEHUs. YTPaBJIeHHE KO-
nupoBaHueM B obO1eM 6osiee 3MEKTUBHO 10 CPABHEHUIO ¢ PEIIMKAIedl, 1mo-
CKOJIBKY 3a OJIMH pa3 MOT'YT KOIIMPOBATHCA O0JIbINIe 00 bEMBI JaHHBIX. K He10-
CTATKaAM MOYKHO OTHECTH TO, YTO OOJIBIIYIO YACTh BPEMEHU KOIMU JAHHBIX HE
UJIEHTUIHBI OA30BBIM JIAHHBIM, ITOTOMY ITOJIH30BATE/N JTOJXKHBI yIUTHIBATD,
KOIJIa MMEHHO OBLIM CHUHXPOHU3UPOBAHLI 3TU JaHHble. OOBIYHO yIIpaBJICHUE
KOIMPOBAHUEM YIIPOIAeTcs OJ1aromaps ToMy TpeOOBAHUIO, YTOOBI OOHOBJIEHUS
[IPUMEHS/INCh B COOTBETCTBUM CO CXEMOI MEPBUYHON KOIUU TOI'O UJIA UHOTO
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5.2. TMorokoBas permmkanus (Streaming Replication)

BH/IA.

s perummkarnmu PostgreSQL cyriecTByeT HECKOJIBKO peIleHmil, KaK 3a-
KPBITBIX, TAK ¥ CBOOOJIHBIX. 3AKPBIThIE CUCTEMbI PEILINKAINE HE OY/IyT pac-
CMaTpHUBATLCA B 9TOI KHUTe. BOT CIiMCOK CBOOOIHBIX PENTEHMUIA:

e Slony-I — acunxponnas Master-Slave permkanus, I0JIepKUBa-
er Kackajpl(cascading) u  orkazoycroiiumBocTh(failover).  Slony-I
ucroab3yer Tpurrepbl  PostgreSQL i mpuBgsKm K COOBITHSM
INSERT/DELETE/UPDATE u xpaHumble TpOIEIYDPHl JJIsi  BbI-
NOJIHCHUASA TCHCTBUN;

e Pgpool-1/11 — 310 3ameuaresnbhbiit nHCTPYMeHT 171t PostgreSQL (srywre
cpasy paborars ¢ II Bepcueit). [losBossier menars:

— perMKanuio (B TOM YUC/Ie, ¢ ABTOMATUIECKUM TIEPEKJIIOUEHUEM Ha
pesepsHblit stand-by cepsep);

— online-63Kkair;

— pooling KOHHEKTOB;

— o4epesb CoOeUHECHUI;

— banancupoBky SELECT-zampocoB Ha Heckoabko postgresql-
CepBEpOB;

— paszbueHre 3alpoCoB JJIs MapaJsIeIbHOTO BBIOJIHEHUsT HAJT OOJTh-
ITMMUA O6'beMaMI/I JaHHBIX]

e DBucardo — acuuxpoHHas perummKalus, KoTopas mnojjepxkubaer Multi-
Master m Master-Slave pexKuMbI, a TaKyKe HECKOJBKO BHIOB CHHXPOHH-
3a1un 1 00pabOTKH KOH(MDJIMKTOB;

e Londiste — acmuaxponnas Master-Slave pemmkanus. Bxoaur B cocras
Skytools. Ilpome B ncros3oBannm, dem Slony-I;

e Mammoth Replicator — acunxponnag Multi-Master permkarust;

e BDR (Bi-Directional Replication) — acuaxponnas Multi-Master periu-
KAl

e Pglogical — acuuxponnas Master-Slave perumkarust;

9TO0, KOHEYHO, HE BECh CIMCOK CBOOOIHBIX CHCTEM JIJIsi PEIIUNKAIIAN, HO
JlazKe M3 9TOr0 €CTh 4TO BbIOpaTh st PostgreSQL.

5.2 Tlorokosast permmkaius (Streaming Replication)

[TorokoBas permukarus (Streaming Replication, SR) maer Bo3MOXKHOCTB
HEIPEPLIBHO OTHpaBiaTh u npuMensaTs WAL (Write-Ahead Log) zamnucu na
pe3epBHbIE cepBepa i CO3/IaHus TOYHOM Kommu Tekyiero. lammas (yHk-
[MOHAJBHOCTD TosiBuiach y PostgreSQL maumuas ¢ 9 Bepcun. DTtor THII pe-
IUIMKAIUKA TTPOCTOM, HAJEKHBIN U, BEPOSATHEHl Bcero, OyJIeT UCIIOJIb30BaThCS
B Ka4uecTBe CTAHJIAPTHON PENIMKAINU B OOJIBINMUHCTBE BBICOKOHATDYZKEHHBIX
HPUJIOKEHUH, 9T0 ucnoJib3yioT PostgreSQL.

OruauTe TbHBIMU OCOOCHHOCTSIMU PEIICHUS STBJISTIOTCS:

67


http://www.slony.info/
http://pgpool.net/
http://bucardo.org/
http://skytools.projects.postgresql.org/doc/londiste.ref.html
http://pgfoundry.org/projects/skytools/
http://www.commandprompt.com/products/mammothreplicator/
http://2ndquadrant.com/en/resources/bdr/
http://2ndquadrant.com/en/resources/pglogical/
https://wiki.postgresql.org/wiki/Streaming_Replication

Line 1

Line 1

Line 1

5.2. TMorokoBas permmkanus (Streaming Replication)

perumKalus Becero nactanca PostgreSQL;

ACUHXPOHHBIN MM CUHXPOHHBIN MEXaHU3M PEeIINKAITNN;

MIPOCTOTa YCTaHOBKM;

MacTep 0aza JAHHBIX MOXKET OOC/IYKHBATh OI'POMHOE KOJIMYECTBO CJIEH-
BOB M3-3a MUHUMAJbHON HATPY3KU;

K HeagoCTaTKaM MOXKHO OTHECTH.

® HEBO3MOXKHOCTD PCIIJIMIIUPOBATDL TOJILKO OIIPEAC/JICHHYIO 6a3y JaHHBIX U3
Bcex Ha PostgreSQL mHcTaHCe;

YeranoBka

st nagasa nam norpedyercs PostgreSQL ne nuke 9 Bepcuu. Bee paborsr,
KakK IoJjiaraercs, OyyT mpoBouTcs Ha Linux.

Hactpoiika

O6o3naunM Mactep cepBep Kak masterdb(192.168.0.10) u creiiB kak slavedb
(192.168.0.20).

[Ipensapurebuasg HACTPOUKA

st Hava a mMo3BOIMM OIIPeIeIEHHOMY ITOJTb30BATEI0 063 TapoJisd XOIUTh
o ssh. Ilycrs sT0 Oymer postgres 1o3ep. Ecim ke mer, To co3maem HaAOOPOM
KOMaH/I:

JIuctunr 5.1 Cosmaem moab3oBaTesst userssh

$ sudo groupadd userssh
$ sudo useradd -m -g userssh -d /home/userssh -s /bin/bash \
-¢ "user ssh allow" userssh

JlanbIre BBITIOIHAEM KOMAaH/IbI OT UMEHU 0/ Tb30BaTe s (B JaHHOM CJIydae
postgres):

JIuctuar 5.2 JlormamMes Mo OJIb30BaTEIEM postgres

$ su postgres

lenepupyem RSA-kj0ou i1t obecrievenus ayTeHTHUMUKAIINA B YCJIOBHAX
OTCYTCTBUST BO3MOYKHOCTH HCIIO/IH30BATh ITapOJIb:

Jluctunr 5.3 Ferepupyem RSA-riroua

$ ssh-keygen -t rsa -P "'
Generating public/private rsa key pair.
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Line 1
Line 1
Line 1
Line 1
Line 1

5.2. TMorokoBas permmkanus (Streaming Replication)

Enter file in which to save the key (/var/lib/postgresql/.
ssh/id rsa):

Created directory ’/var/lib/postgresql/.ssh’.

Your identification has been saved in /var/lib/postgresql/.
ssh/id rsa.

Your public key has been saved in /var/lib/postgresql/.ssh/
id_rsa.pub.

The key fingerprint is:

16:08:27:97:21:39:b5:7b:86:e¢1:46:97:bf:12:3d:76
postgres@localhost

N nmobasiisiem ero B CINCOK aBTOPU30BAHHBIX KJIFOUEHL:

JIuctunar 5.4 JlobaBjiseM €ro B CIIMCOK aBTOPU30BAHHBIX KJIIOUEH
$ cat SHOME/.ssh/id rsa.pub >> $HOME/.ssh /authorized keys

[IpoBepuTh PabOTOCIIOCOOHOCTD COECTMHEHUST MOZKHO ITPOCTO HAIUCAB:

JIuctunr 5.5 IIpobyem 3aiiTu Ha ssh 6e3 maposrs
$ ssh localhost

He zabbiBaeM 1peiBapuTe/IbHO WHUITUAJIM3UPOBATD sshd:

Jluctunr 5.6 Samyck sshd
$ $/etc/init .d/sshd start

[locne ycmemno mupomenannoit omnepanun ckonupyiite $HOME/.ssh Ha
slavedb. Tertepb MbI JJOJIZKHBI UMETH BO3MOXKHOCTD 0€3 11apoJisi 3aX0/IUTh C Ma-
crepa Ha cJeiiB u co cieiiBa Ha mactep depes ssh.

Takxke orpenakTupyem pg hba.conf Ha mMacTepe u cjeiiBe, pa3perius UM
JIPYT K JIpYTy jgocTyn 6e3 maposist (TyT jpobasiisiercst posib replication ):

Jlucrunr 5.7 Macrep pg_ hba.conf
host replication all 192.168.0.20/32 trust

JInctunr 5.8 Creiis pg_hba.conf
host replication all 192.168.0.10/32 trust

He zabbiBaeM mocsie 3Toro neperpysuth postgresql ma obonx ceppepax.

Hacrpoiika mactepa

g nagasta Hactpoum masterdb. YeranoBum mapameTpsl B postgresql . conf
JIJIST PEILTHKAIIAN:
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5.2. Tlorokomas pemnkarus (Streaming Replication)

JInctuar 5.9 Hacrpoiika macTepa

# To enable read-only queries on a standby server, wal level
must be set to

# "hot standby". But you can choose "archive" if you never
connect to the

# server in standby mode.

wal level = hot standby

# Set the maximum number of concurrent connections from the
standby servers.
max wal senders = 5

# To prevent the primary server from removing the WAL
segments required for

# the standby server before shipping them, set the minimum
number of segments

# retained in the pg xlog directory. At least
wal keep segments should be

# larger than the number of segments generated between the
beginning of

# online -backup and the startup of streaming replication. If
you enable WAL

# archiving to an archive directory accessible from the
standby , this may

# not be necessary.

wal keep segments = 32

# Enable WAL archiving on the primary to an archive
directory accessible from

# the standby. If wal keep segments is a high enough number
to retain the WAL

# segments required for the standby server, this may not be

necessary .
archive mode = on
archive command = ’cp %p /path to/archive/%f’

JlaBaiiTe 10 TOPAIKY:

e wal level = hot standby — cepBep mHauser nmcarb B WAL Jjiorm tax ke
KaK U Ipu pexkume <«archives, nobaniss mHdOpMAINO, HEOOXOIMMYIO
JIUISE BOCCTAHOBJICHUST TPAH3AKIMN (MOXKHO TAK¥Ke MOCTaBUTH archive, HO
TOIJIa CepBep He MOXKET ObITh CJIEHBOM NP HEOOXOINMOCTH );

e max wal senders = 5 — MaKCHMaJIbHOE KOJUYECTBO CJIEHBOB;

e wal keep segments = 32 — MuUHHMaJIbHOE KoJm4uecTBO (aitioB ¢ WAL
cerMeHTaMu B pg_ xlog JIMPEKTOPUH;
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5.2. TMorokoBas permmkanus (Streaming Replication)

e archive mode = on — nmo3BoJisieM coxpatsiTb WAL cerMeHTbI B yKa3aHHOE
nepeMeHHoOl archive command Xpanmmiie. B nanHom ciydae B aupek-
Topuio /path/to/archive/;

[To ymomuanuio perimkarus acuaxpontas. B Bepcun 9.1 nobasuiu napa-
MeTp synchronous standby names, KOTOPBII BKJIIOYAET CUHXPOHHYIO PEIJINKa-
nuo. B nanabie mapamerp nepejaercs application name, KOTOPBII UCIIOIB3Y-
eTcs Ha cjeitBax B recovery.conf:

Jlucrunr 5.10 recovery.conf st CHHXPOHHO# pEIIMKAIINY Ha CJIeiiBe

restore_command = ’cp /mnt/server/archivedir/%f %p’
# e.g. ’cp /mnt/server/archivedir/%f %p’
standby mode = on

primary conninfo = ’host=masterdb port=59121 user=
replication password=replication application name=
newcluster’ # e.g. ’host=localhost port=5432"
trigger file = ’/tmp/trig f newcluster’

[Tocie uamenenuns napamerpoB neperpyzkaeM PostgreSQL cepsep. Temnepn
nepeitieM K slavedb.

Hactpoiika cieiiBa

g nagasa vHaMm morpedyercs co3aTh Ha slavedb Tounyio Konuio masterdb.
[lepenecem manmble ¢ momombio «OHIaitH 63Kama.
[TepemecTumcs Ha masterdb cepBep U BBIITOJTHUM B KOHCOJIU:

Jluctunr 5.11 Beimosnsiem Ha MacTepe
$ psql -c¢ "SELECT pg start backup(’label’, true)"

Terteppr HAM HYKHO II€pEHECTHU JIAHHbIE C MacTepa Ha cJjeiiB. BoimoHseM
Ha MacTepe:

JIuctunr 5.12 BeimosrasIeMm Ha MacTepe

$ rsync -C -a --delete -e ssh --exclude postgresql.conf --
exclude postmaster.pid \
--exclude postmaster.opts --exclude pg log --exclude pg xlog

\

--exclude recovery.conf master db datadir/ slavedb host:
slave db_datadir/

rie

e master db_datadir — nupekTopud c postgresql mannbivu mHa masterdb;
e slave db_datadir — nupexktopus ¢ postgresql manusivu Ha slavedb;
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5.2. TMorokoBas permmkanus (Streaming Replication)

e slavedb host — xoct slavedb(s mamewm ciyuae - 192.168.1.20);

[Tocsie komumpoBaHHs JIAHHBIX C MacTepa Ha CJeiiB, OCTAaHOBUM OHJIAWH
Oskarl. BeimosiHseM Ha MacTepe:

JIuctunr 5.13 Beimosrasem Ha MacTepe

$ psql -c¢ "SELECT pg stop backup()"

Hna Bepcunm  PostgreSQL  9.14 MOXKHO BOCIIOIB30BATHCA  KOMAaHION
pg_basebackup (konupyer 6a3y Ha slavedb 110J06HBIM 06PA30M ):

JInctunr 5.14 Brinmonnsem Ha cieiiBe

$ pg basebackup -R -D /srv/pgsql/standby --host=192.168.0.10
--port=>5432

VcranaBmBaeM Takue »Ke JaHHble B KoHdure postgresql.conf, ato n y ma-
crepa (ITOOBI IIPH TAJICHUN MacTepa CJIeiiB MOI ero 3aMeHHUTh). Tak e ycra-
HOBUM JIOIIOJIHUTEJIbHBIN ITapaMeTp:

JIucturar 5.15 Koudwur cieitBa

hot standby = on

Baumanwne! Ecian na macrtepe mocraBuim wal level = archive, Torma mapa-
MeTp octapiisieM 1o ymosrdanuto (hot standby = off).

Hasee na slavedb B jupekropun ¢ jganabivu PostgreSQL cozmaaum daiis
recovery .conf ¢ TAKUM COJIEPAKUMBIM:

Jluctunr 5.16 Koudwur recovery.conf

# Specifies whether to start the server as a standby. In
streaming replication |,
# this parameter must to be set to on.

) )

standby mode = ’on

# Specifies a connection string which is used for the
standby server to connect

# with the primary.

primary conninfo = "host=192.168.0.10 port=5432 user=
postgres’

# Specifies a trigger file whose presence should cause
streaming replication to

# end (i.e., failover).

trigger file = ’/path to/trigger

)
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5.2. TMorokoBas permmkanus (Streaming Replication)

# Specifies a command to load archive segments from the WAL
archive. If

# wal keep segments is a high enough number to retain the
WAL segments

# required for the standby server, this may not be necessary

But

# a large workload can cause segments to be recycled before
the standby

# is fully synchronized, requiring you to start again from a
new base backup.

restore_command = ’scp masterdb host:/path to/archive/%f "%p

no

rie

standby mode='on’ — yka3blBaeM cepBepy paboTaTh B pexKuMe CJeilB;
e primary conninfo — HACTPONKHN COEIMHEHUs CJICBA C MAaCTEPOM;
trigger file — ykaswiBaeM Tpurrep daiiji, Ipu HATUIUU KOTOPOro Oy/er
OCTAHOBJIEHA PEILINKAIINST;
e restore command — KoMaHjia, KOTOpOi OymyT BoccranaBauBaTbct WAL
noru. B Hamewm cirydae depes scp konupyem ¢ masterdb (masterdb host
- xoct masterdb);

Tenepsr mozkem 3amyctuth PostgreSQL ma slavedb.

TecTtupoBanue perimKanuu

B pesyibrare MoxKeM OCMOTPETb OTCTABAHKE CJICHBOB OT MacTepa ¢ IOMO-
IO TAKUX KOMaH/I:

JIuctunar 5.17 TecTupoBanue perImKaIum

$ psql -c¢ "SELECT pg current xlog location ()" -h192.168.0.10
(masterdb)
pg current xlog location

0/2000000
(1 row)

$ psql -c¢ "select pg last xlog receive location ()" -h192
.168.0.20 (slavedb)
pg last xlog receive location

0/2000000
(1 row)

$ psql -c¢ "select pg last xlog replay location ()" -h192
.168.0.20 (slavedb)
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pg last xlog replay location

0/2000000
(1 row)

Haunnas ¢ Bepcum 9.1 mobaBuyim JONOJHUTEIbHBIE View JIJIsl IIPOCMOTPa
coctosinus perinkaruu. Tenepb master 3HaeT Bce cocTosiHuA slaves:

JIuctunr 5.18 Cocrosinne cjiaeiiBoB
Line I # SELECT * from pg stat replication ;

procpid | usesysid | usename | application name |
client addr | client hostname | client port |

backend start | state | sent location |
write location | flush location | replay location |
sync_priority | sync state

------- o e
17135 | 16671 | replication | newcluster |
127.0.0.1 | | 43745 | 2011-05-22
18:13:04.19283 102 | streaming | 1/30008750 |
1/30008750 | 1/30008750 | 1/30008750 |

1 | sync

Taxxke ¢ Bepcun 9.1 mobaBuiau view pg stat database conflicts, ¢ momo-
M0 KOTOPOI Ha cjeiiB 6a3ax MOXKHO IPOCMOTPETh CKOJIBKO 3aIllPOCOB OBLIO
OTMEHEHO U 110 KAKUM ITPUINHAM:

Jluctunr 5.19 Cocrosinue ciieiiBa
Line I # SELECT * from pg stat database conflicts ;

datid | datname | confl tablespace | confl lock |
confl snapshot | confl bufferpin | confl deadlock
----- e

1 | templatel | 0 | 0 |
0 | 0 | 0

5 11979 | template0 | 0 | 0 |
0 | 0 | 0

11987 | postgres | 0 | 0 |
0 | 0 | 0

16384 | marc | 0 | 0 |
1| 0 | 0

Eiie nmpoBepuTh paboTy perimkaium MOKHO C ITOMOIIBIO YTUIUTHI PS:
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JImctuar 5.20 TecTupoBaHUe perIMKAIIAN

Line I |[masterdb| $ ps -ef | grep sender

postgres 6879 6831 0 10:31 7 00:00:00 postgres:
wal sender process postgres 127.0.0.1(44663) streaming
0/2000000
[slavedb| $ ps -ef | grep receiver
5 postgres 6878 6872 1 10:31 7 00:00:01 postgres:
wal receiver process streaming 0/2000000
PEILINKAITAIO

JlaBaiiTe mpoBepUM PEIIMKAITUIO W BBITTOJTHUM Ha MacTepe:

JIucturr 5.21 BemomHasem Ha MacTepe

Line 1 $ psql test db
- test db=# create table test3(id int not null primary key,
name varchar (20));
NOTICE: CREATE TABLE / PRIMARY KEY will create implicit
index "test3 pkey" for table "test3"
CREATE TABLE

5 test_db=# insert into test3(id, name) values(’1’, ’testl’);
INSERT 0 1
test db=#

Tenepb mpoBepuM Ha CJieliBe pe3yIbTaT:

JIuctunr 5.22 Brinosmgem Ha cieiise

Linel $ psql test db
- test _db=# select * from test3;
id | name

Ut
—_
-+
D
»n
-+
—_

Kak BuanMm, Tabauia ¢ JaHHBIME YCIENIHO CKOIMPOBaHa C MacTepa Ha
caeitB. Bosiee moapobHO 110 HACTPOIIKE JAHHON PEIIMKAIM MOYKHO ITOYUTATH
n3 odunuaabuoit wiki.

Ob6mue 3a1a4n
HepeKﬂIOquHe Ha CJIeNB 1IpH IIaJeHun MacTepa

Hocrarouno cozgars Tpurrep daiin ( trigger file ) Ha ciieiiBe, KOTOPBI Ie-
pecTaHeT YUTaThb JaHHBbIEe C MacCTepa.
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5.2. TMorokoBas permmkanus (Streaming Replication)

OcraHoBka PEIVIMKaIIlUU Ha cJIeliBe

Cosnarb Tpurrep daiin ( trigger file ) ma cieiiBe. Takzke ¢ Bepcun 9.1 n06a-
B GyHKImH pg xlog replay pause() m pg xlog replay resume() misg ocra-
HOBKHU ¥ BO30OHOBJIEHUS PEITUKAIINN.

[lepezamyck perukanuu mocje coost

[ToBropsiem omepannu u3 pasjesa «Hacrpoiika cieitBay. Xouerca 3ame-
TUTH, YTO MACTEP LIPHU ITOM He HYKIACTCHd B OCTAHOBKE IIPU BBIIIOJIHCHUU JIaH-
HOI 3aJa4H.

[lepezamyck perutukaluu mocje coosi cieiia

[Tepezarpysurs PostgreSQL na ciieiiBe nocsie ycrpanenus c6osi.

[ToBTOPHO CMHXPOHU3UPOBATH PEILIUKAIINN Ha CjeiiBe

DTO MOXKeT MOTPedOBATHCS, HAIIPUMED, TOCJE JTUTETHHOIO OTKIIOUEHUST
ot mactepa. s sroro ocranasiuBaem PostgreSQL Ha cieliBe u moBTOpsieMm
omepanun u3 pasjena «Hacrpoiika creiiBas.

Repmgr

Repmgr — nHabop HHCTPYMEHTOB JIJisl YIIPaBJI€HKs TIOTOKOBOM perlinKarueii
U BOCCTAHOBJIeHUs 110csie cOost kitactepa PostgreSQL cepsepos. Ou aBromaTu-
3UpyeT HACTPOUKY pE3ePBHBIX CEPBEPOB, MOHUTOPHUHI PEIIUKAIINN, 8 TaKyKe
IIOMOTI'a€T BBIIIOJIHATDH 3a/a491 a/IMUHUCTPHUPOBaAHUIO KJIaCTepa, TaK1e KaK OTKa-
soycroituuBocTh (failover) mim mepexiiouenne Macrepa-cieiiBa (cJeiiB craHo-
BUTCsI MACTEPOM, a MacTep - cjeiiBoM ). Repmgr paboraer ¢ Bepcun PostgreSQL
9.3 u BbIIIIE.

Repmgr cocrout u3 JIByX yTHIUT:

® repmgr — WHCTPYMEHT KOMaH (HO# cTpoku (cli), KOTOpbIii HCHOIb3yeTcst
I IMAHUACTPATUBHBIX 3a/1a49, TAKUX KaK:

— CO3/IaHUE CJICUBOB;
— HepeKJII0UEeHUE CJeiBa B PEXKUM MacCTepa;
— IepeKIIoUeHne MeXK/ Iy co00i MacTep U CJIEeHB CEepBEPOB;
— 0TODOpaXKeHUe COCTOSTHUS KJIACTEPa;
e repmgrd — AEMOH, KOTOPBIIf MOHAUTOPUT KJACTEP CEPBEPOB U BBIIIOJTHAET

TaKne 3ada41:

— MOHHUTOPHHT ¥ JIOTUpOBaHUE 3DDHEKTUBHOCTU PEILIUKAIIIH;
— aBTOMATHUYECKOEe MEPEKJIIoYeHne cjeiiBa B MacTep IIpU OOHApYyKe-

HUM pobJieM y Tekytrero Macrepa (failover);
— IIOCBLIKA COOOIIEHUI 0 COOLITHAX B KJIaCTepe 4epes3 3aJaHble M0JIb-

30BaTejieM CKPHUIITDBI;
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ot

Line 1

5.2. Tlorokomas pemnkarus (Streaming Replication)

HpI/IMep HCIIOJIb3OBaHUA: aBTOMAaTUYIECKOE IIEPEKJTIOICHNE cJieiiBa B MacCTep

s wucnop3oBanus failover morpebyercst jgo0aBuTh repmgr funcs B
postgresql . conf:

JImctunr 5.23 repmgr funcs
shared preload libraries = ’'repmgr funcs’

W nobaBuTh HACTPOHKM B repmgr.conf:

Jluctunr 5.24 repmgr.conf

failover=automatic

promote command=’'repmgr standby promote -f /etc/repmgr.conf
--log-to-file’

follow command="repmgr standby follow -f /etc/repmgr.conf --
log -to-file’

s nemoncTpanuu apromarundeckoro failover, nacrpoen Kyacrep ¢ Tpems
y3JaMu peridkanun (OJH MacTep ¥ JiBa CJIeiB cepBepa), TaK 9To TabJIuIa
repl nodes BBITVIAIUT CJAETYIONAM 00pPa30M:

JImctunr 5.25 repl nodes

# SELECT id, type, upstream node id, priority , active FROM
repmgr test.repl nodes ORDER BY id;

id | type | upstream node id | priority | active
e e oo R —_—
1 | master | ] 100 | t
2 | standby | 1| 100 | t
3 | standby | 1 | 100 | t
(3 rows)

ITocie 3allyCKa repmgrd J€eMOHa Ha KazK/IOM CEPBEPE B PE2KUME O2KUIAHUI,
Y6G}Kﬂa€MC5{ 9TO OH MOHHUTOPHUT KJIaCTEP:

Jluctunr 5.26 logs

[2016-01-05 13:15:40| [INFO| checking cluster configuration
with schema ’repmgr test’

[2016-01-05 13:15:40| [INFO| checking node 2 in cluster '’
test’

[2016-01-05 13:15:40] [INFO| reloading configuration file
and updating repmgr tables

[2016-01-05 13:15:40] [INFO| starting continuous standby
node monitoring

Teneps octanoBum Mactep 0asy:
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5.2. Tlorokomas pemnkarus (Streaming Replication)

Jlmctunr 5.27 OcraHoBKa TEKYIIEro MacTepa
pg _ctl -D /path/to/nodel/data -m immediate stop

repmgrd aBTOMATUYECKN 3aMeYaeT TaJIeHIe MacTepa U MEePEKII0IaeT OJNH
U3 CJICUBOB B MacCTeEp:

JIuctunar 5.28 Tlepexrouenue cieiiBa B MacTep

[2016-01-06 18:32:58] [WARNING| connection to upstream has
been lost , trying to recover... 15 seconds before
failover decision

[2016-01-06 18:33:03] [WARNING| connection to upstream has
been lost , trying to recover... 10 seconds before
failover decision

[2016-01-06 18:33:08] [WARNING| connection to upstream has

been lost , trying to recover... 5 seconds before failover
decision

[2016-01-06 18:33:18] |[NOTICE| this node is the best
candidate to be the new master, promoting...

[2016-01-06 18:33:20] [NOTICE| STANDBY PROMOIE successful

Takke mepexJIrovaeT OCTaBIINIACS CJIefiB Ha HOBBII MacTep:

JIncturr 5.29 Tlepekmtouenne cieiiBa Ha HOBBIH MacTeD

[2016-01-06 18:32:58] |[WARNING| connection to upstream has
been lost , trying to recover... 15 seconds before
failover decision

[2016-01-06 18:33:03] |[WARNING| connection to upstream has
been lost , trying to recover... 10 seconds before
failover decision

[2016-01-06 18:33:08] [WARNING| connection to upstream has

been lost , trying to recover... 5 seconds before failover
decision

[2016-01-06 18:33:23] [NOTICE| node 2 is the best candidate
for new master, attempting to follow ...
[2016-01-06 18:33:23] [INFO| changing standby’s master

[2016-01-06 18:33:25| [NOTICE| node 3 now following new
upstream node 2

Tabmuma repl nodes OyJieT 06HOBJIEHA, YTOOBI OTPA3UTH HOBYIO CHUTYAITIIO —
cTapblit Mactep nodel MOMeYeH KaK HEAKTUBHBIN, U CJieiiB node3 Ternepsb pado-
TaeT OT HOBOI'O MacTepa node2:
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5.2. Tlorokomas pemnkarus (Streaming Replication)

Jluctunr 5.30 Pezysbrar mociie failover

# SELECT id, type, upstream node id,

repl nodes ORDER BY id;

id | type | upstream node id |
B e + __________________
1 | master |
2 | master |
3 | standby | 2
(3 rows)

priority , active from

priority | active
__________ +________
100 | f
100 | ¢
100 | t

B tabmuity repl events OyayT jg00aB/IEHBI 3aIMCH TOTO, YTO ITPOU3OIILIO C

KaXKJIbIM cepBepoM Bo Bpewms failover:

JImctunr 5.31 Pesynbrar mocne failover

# SELECT node id, event, successful ,

details from

repmgr test.repl events where event timestamp>—=’

2016-01-06 18:307;
node id | event
details

2 | standby promote

| successful |

was successfully promoted to master
2 | repmgrd failover promote | t
promoted to master; old master 1 marked as failed

| t

3 | repmgrd failover follow
now following new upstream node 2
(3 rows)
SakJrodenue

| node 2
| node 2

| node 3

Boutee oipodbHO 110 DYHKITMOHAJTY, €r0 HACTPONKAX W OIPAHUYCHUSX JI0-
CTYIHO B ODUIMATHLHOM PEIO3UTOPHUH.

Patroni

Patroni — sro nemon Ha Python, mo3sossromuit aBToMaTnaecKn 00CTyKI-
BaTh Kyractepbl PostgreSQL ¢ moTokoBoii perukarueii.

Ocobennocru:

e lcmombsyer norokoByio PostgreSQL perumkarnuio (aCHHXpOHHAS U CHH-

XPOHHAsI PEIINKAIIHSA );
e Uurerpamusa ¢ Kubernetes;
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5.3. PostgreSQL Bi-Directional Replication (BDR)

o [lomepkanns akTyaJIbHOCTH KJIACTepa M BBIOOPOB MacTepa UCIIOJIb3Y-
1orest pacipesenientbie DCS xparmuina (opepuBatorcest Zookeeper,
Etcd mam Consul);

e ABrOoMmarutueckoe «service discovery» u ImHaAMUYIECKas PEKOHMUTYPAIIUST
KJIacTepa;

e Cocrosinue KjacTepa MOYKHO HOJYy4HTh Kak 3ampocamu B DCS, Tak u
nanpamyio Kk Patroni wepes HT'TP 3anpocsr;

Nudopmarus 1mo HacTpoiike u ucoab3oBaHnio Patroni naxoaurces B odu-
[IUAJIHHON JIOKYMEHTAIUN IIPOEKTA.

Stolon

Stolon — sTo gemon Ha (GO, TO3BOJILIONINI ABTOMATHIECKH OOCIYKUBATD
kacTepbl PostgreSQL ¢ moTokoBoil perinkariueii.
OcobennocTu:

e Ucmosnbsyer norokoByio PostgreSQL perumkarnuio (aCHHXpOHHAST U CHH-
XPOHHAsI PEITNKAITHSA );

e Uurerpamusa ¢ Kubernetes;

o [lomepkannst akTyaJJbHOCTH KJACTepa W BBIOOPOB MacCTepa UCIIO/Ib3Y-
forcst pactpesienenabie DCS xpanmmina (moepzkuBatorest Eted mmm
Consul);

e ABroMaTuueckoe «service discovery» u uHaAMUYIECKas PEKOHQMUTY DA
KJIACTEPA;

e CocrosiHme KjacTepa MOXKHO TOJYInTh Kak 3arpocamu B DCS, Tak n
gepe3 stolonctl kKimeHT;

Stolon cocTrouT M3 3 OCHOBHBIX KOMIIOHEHTOB:

e keeper (xpaHuTesin): yrnpapiser sk3emiispom PostgreSQL;

e sentinel: oGHapyKuBaeT 1 KOHTPOJUPYET Keeper-poB 1 BLIYUCIISAET OITH-
MaJIbHOE COCTOSTHHE KJIACTEPA,;

® Droxy: TOYKa JOCTYIIa KJHeHTa, obecrednBaer MOJAKII0YeHne K BEPHOMY
PostgreSQL macrepy B Kitacrepe;

WNudopmarius 1Mo HaCTpoOKe W MCIOJIb30BAHUIO Stolon HaxomuTes B odu-
[UAJIHHON JIOKYMEHTAINN IIPOEKTA.

5.3 PostgreSQL Bi-Directional Replication (BDR)

BDR (Bi-Directional Replication) sro HOBast dbyHKIIMOHAJILHOCTL 100aB-
JlenHast B s17ipo PostgreSQL koropas mpegocTaBisieT paclimpeHHble CPeICTBa
Jyts pervkaru. Ha JTaHHBIT MOMEHT 9TO Peajin30BaHO B BUJIe HEOOJIBIIOTO
naTya u Moiyss s 9.4 Bepcun. 3asgBEHO YTO MOJHOCTHIO OY/ET TOJBKO B
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5.3. PostgreSQL Bi-Directional Replication (BDR)

| client | [ clent ] | client |

keeper keeper i keeper
PostgreSQL PostgreSQL PostgreSQL

instance instance instance

(standby) (master) (standby)

[sentinel] [sentinel] [sentinel]

0( o-: etcd or consul store

Puc. 5.1: Stolon apxurektypa

PostgreSQL 9.6 (paspaboT4yuku penmim He 3aHUMAThCs MOJJIEPKKON MaTda
st 9.5, a cocpemorounThes Ha JobasiaeHue nardeit B cam PostgreSQL). BDR
MTO3BOJISIET CO3/IaBATh reorpapuIecKu pacipeieleHHble ACMHXPOHHBIE MYJIBTHU-
MacTep KOHMUTypaIlun UCHOJIb3ysl IS 3TONO0 BCTPOEHHYIO JIOTHIECKYIO TOTO-
koByto pernkaiuio LLSR (Logical Log Streaming Replication).

BDR He saBisiercs MHCTPYMEHTOM JIJIsi KJIaCTePU3AlMH, T.K. 3/1eCh HeT
KaKnX-1100 r106aIbHbIX MEHEKEPOB OJIOKMPOBOK MJIN KOOPINHATOPOB TPaH-
zakiuit. Kak/iplit y3es1 He 3aBUCUT OT JPYTUX, YTO OBLIO ObI HEBO3MOXKHO B
caydae MCIOJIB30BaHUs MeHeKepoB OJIOKUPOBKHU. KarkIblit n3 y3710B cojep-
JKHAT JIOKAJBHYIO KOIUIO JTAHHBIX UJICHTUIHYIO JaHHBIM Ha JAPYTHUX y3/axX. 3a-
IIPOCHI TaKKe BBIOJIHAIOTCS TOJBKO JIOKAJIBHO. [Ipu 9TOM KaxKblit 13 y3JI0B

81



5.4. Pglogical

BHYTpPEHHE KOHCUCTEHTEH B JIF000€e BpPeMsl, EJTMKOM Ke TPYIIIa CePBEPOB siBJIsl-
eTcsl CONJIACOBAaHHOI B KOHeUHOM cuere (eventually consistent). YuukaibHocTh
BDR 3ak/moyaercss B TOM 9TO OHA HENOXOYXKA HU Ha BCTPOEHHYIO TOTOKOBYIO
peIUIHKAINo, HU Ha cylecTByonue trigger-based pemenus (Londiste, Slony,
Bucardo).

CaMbIM 3aMETHBIM OTJIMYUEM OT ITOTOKOBOH PEIIMKAINU SIBJISETCSA TO, YTO
BDR (LLSR) onepupyer 6azamu (per-database replication), a xiaccudeckast
PLSR pemsmmnupyer nesmkom uncrance (per-cluster replication), T. e. Bce 6a3bl
BHYTpH uHCTaHca. CyIecTByIome OrpaHnIenuss 1 0COOEHHOCTH:

e Bce n3menenusa jJanublx BbI3biBacMble INSERT/DELETE/UPDATE pen-
munupyiorcest (TRUNCATE Ha MOMEHT HAIIMCAHUS CTATBU TOKA HE pea-
JIM30BAH);

e BosbimuacTBo oneparnun u3menenusi cxembl (DDL) pemmunupyrorest
ycrernrao. Hemoepxkusaembie DDL bukcupyioress mMojtysieM perinka-
IIIM U OTKJIOHSIOTCS C BbIjIaveil OmMOKoi (Ha MOMEHT HAIMCAHUS HE pa-
6orax CREATE TABLE ... AS);

e Ormpeeniennst TabJnIL, TUIIOB, PACIIUPEHUN U T. II. JOJKHBI ObITh HICH-
TUYIHBIMEA MeXKTy upstream m downstream macrepamu;

e JleitcrBus KoTopble orpaxkaiorcs B WAL, HO He IpecTaBIsdioTcs B BU-
Jie JIOTHIECKUX M3MEHEHUI He PEeILIuIUpYIOTCs Ha JPYToii y3es (3amnuch
HOJTHBIX CTPAHWII, BaKyyMarus tabjui u T. 1.). Takum obpasom Joru-
veckas noTokoBas permkarms (LLSR) nsbasiena or HekoTopoit qactu
HaKJIaJIHBIX PACXOJ/IOB KOTOPbIE TPUCYTCTBYIOT B (PU3NIECKON TOTOKOBOI
permkaiuu PLSR (tem He mMenee 1o He o3nadaer uyro LLSR Tpebyercs
MEHbIIIasl MPOIyCKHAas CrocobHOCTh cern deM Jjisi PLSR);

Hebobimoe npuMedanue: BpeMeHHasi OCTAHOBKA PEILTUKAIIMH OCYIIECTB/Is-
eTcs BeIKTIOYeHneM downstream macrepa. OHAKO CTOUT OTMETUTH ITO OCTa-
HOBJIEHHAs PEILINKa MPUBOJUT K TOMY UTO upstream macrep MpOJIOJIKHAT Ha-
kamumBarh WAL KypHaJIbI 9TO B CBOIO OYepeb MOMKET IPUBECTH K HEKOH-
TPOJIMPYEMOMY PACXOJly TPOCTPAHCTBa Ha JicKe. [loaromy Kkpaiine He peko-
MEH/IyeTCsl HAJIOJITO BBIK/IIOYATh PEILIUKY. YIaJleHue PEIJINKA HABCET/Ia OCy-
IECTBIIsIeTC Yepe3 yaaienune Koudurypanun BDR na downstream cepsepe c
IOCJIE Ty FOIIIM ITepe3arryckoM downstream macrepa. 3areM HY»KHO YAAJIATh CO-
OTBETCTBYIOIIUI CJIOT PEIJINKAIIMT Ha upstream mMacTepe ¢ IoMOIbI0 PYHKITUN
pg_drop_replication _slot(’slotname’). /locTymHable cJI0TBI MOYXKHO IPOCMOTPETH
¢ moMoInbio GyHKIMKM pg get replication slots.

Ha rtekymwmit momenT cobpars BDR MOXKHO U3 MCXOIHMKOB IO JIAHHOMY
mvaryary. C oduIuaJbHbIM IPUHATHEM JaHHBIX Hardeil B sapo PostgreSQL
JaHbblil pasaen mpo BDR Oyaer pacmmpen u omosrHeH.

5.4 Pglogical

Pglogical — st1o pacmupenune st PostgreSQL, koTopoe ucmosib3yer Jio-
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1

5.4. Pglogical

ruveckoe jekoaupoBanne depes publish /subscribe mogens. annoe pacmmmpe-
uue Gasupyercs va BDR mpoekte (5.3 PostgreSQL Bi-Directional Replication
(BDR)). Pacmupenune paboraer TobKo HaunHast ¢ Bepcun PostgreSQL 9.4 u
BbIIIe (M3-3a JIOTHYECKOTO JieKoaupoBanus). Jljist pasHbIX Bapuarumii obHapy-
JKeHWsS U pa3pelnienns KOHMINKTOB Tpebyercs Bepcusd 9.5 U BBIIIE.
Ucnonwsaytores crejyroliye TepMUHBL i onucanus pglogical:

e Nodes(HO/BI, y3/1bI) — 9K3eMILIAPHI 0a3 JaHHbIX PostgreSQL;

e Provider u subscriber — posint y35108. Provider BbIOHSIOT BbIIATY JIaH-
HBIX U U3MEHEeHui s subscriber-os;

e Replication set (Habop jyist permKamnum) — KOJUIEKIUs TaOJIUIL 1 [TOCTIe-
JOBaTeJIbHOCTEN JijId PEIlJINKAIIUY;

Cruenapun ucrosibzoBanus pglogical:

O6uosjienne Mexk 1y Bepcusimu PostgreSQL (manpumep ¢ 9.4 Ha 9.5);
[Monnas permmkaiusi 6a3bl JAHHDBIX;

Buibopounas perinkariust TabInIL;

COop JIAaHHBIX C HECKOJBKUX 0a3 JAHHBIX B OJHY;

ApxuTekTypHbIE JIeTaJIN:

e Pglogical paboraer Ha ypoBHe Kaxk10il 6a3bl JaHHBIX, & HE Ha BEChb CEp-
Bep;

e Provider (publisher) moxker «kopMuTh» HecKoIbKO subscriber-o 6e3 mo-
ITOJTHATEIbHBIX HAKJIAIHBIX PACXO/I0B 3aIIMCH HA JUCK;

e Omuna subscriber MoxkeT OOBLEIAUHUTL W3MEHEHHS U3 HECKOJILKUX
provider-oB u HCIIOJIb30BAThH CUCTEMY OOHAPYKEHHUSI M pa3perieHnst KOH-
GIIMKTOB MeXK /1y M3MEeHEHUsIMU;

o KackaaHasi permmkanms OCyIIECTBISIETCS B BHUIE IE€peaIpecaln n3Me-
HEeHuii;

YcTaHoBKa 1 HaCTPOIKa

Yeranosuth pglogical MoxkuO 110 J1anmoil jjokymenTarun. Janee Tpedbyercs
HACTPOUTH JiormdecKuii mekoauar B PostgreSQL:

Jluctunr 5.32 postgresql.conf

wal level = ’"logical’
max _worker processes = 10  # one per database needed on
provider node
# one per node needed on
subscriber node
max _replication slots = 10 4 one per node needed on
provider node
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5.4. Pglogical

max_wal senders = 10 # one per node needed on
provider node
shared preload libraries = ’'pglogical’

Ecmn ucnosibzyercs PostgreSQL 9.5+ u TpeOyroTcst MexaHn3Mbl pa3perire-
HUsT KOH(PJIUKTOB, TO TpedyeTcs JT00aBUTDH JIOTIOJTHUTE/ILHBIC OIIIIIN:

Jluctunr 5.33 postgresql.conf

track _commit timestamp = on # needed for last/first update
wins conflict resolution
# property available in
PostgreSQL 9.5+

B pg_ hba.conf nykno paspemuts replication coeinHeHUs C JJOKATIHHOTO XO-
cTa I T0JIb30BaTe s ¢ puBmMIerneit permkaiuu. [locse mepesamycka 6as3bi
HYKHO aKTUBUPOBATh PacCIIUpPEHNE Ha BCeX HOJAX:

JIucrunr 5.34 AKTHBHpYeM pacIiipeHte
CREATE EXTENSION pglogical;

amnee na master (Mactep) co3maem provider (mporiece, KOTOPBIit Oy1eT BbI-
JlaBaTh U3MeHeHus Jyist subscriber-oB) Homy:

JIucruar 5.35 Cozmaem provider

SELECT pglogical.create node(
node name := ’providerl’,
dsn := ’host=providerhost port=>5432 dbname=db’

);

N nobasisiem Bce Tabauibl B public cxeme:

Jlucrunr 5.36 Jlobasisiem B replication set Bce Tabsmnpbl B public cxeme
SELECT pglogical.replication set add all tables(’default’,
ARRAY| "public ’]) ;

Hanee nepexoqum Ha slave (cieiis) u cozmaem subscriber Hoy:

JIucrunar 5.37 Cozmaem subscriber

SELECT pglogical.create node(
node name := ’subscriberl’,
dsn := ’host=thishost port=>5432 dbname=db’

);
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5.4. Pglogical

ITocsie sToro CO31aeM «IIO/ITUCKY» Ha provider HOJ/Yy, KOTOpad Ha9YHET CUH-
XPOHU3aIIWIO U PEIIMKaIlUIO B CbOHeI

JIucrunr 5.38 AxktuBnpyem subscriber

SELECT pglogical.create subscription (
subscription name := ’subscriptionl’,
provider dsn := ’“host=providerhost port=>5432 dbname=db’
)
Ecan Bce npoesano BepHo, subscriber uepes omnpeeieHHbII HHTEPBaJI Bpe-
Menn subscriber Hoja MOJIKHA TOJIYIATh TOYHYIO KOIIMIO BeeX Tad/uIL B public
cxeMme ¢ master xocra.

Paspemnienne koHpIMKTOB

Ecin ucnosdyercs cxema, rje subscriber nojia nojnucana Ha JIaHHbIE U3
HECKOJIbKIX provider-oB, mim ke Ha subscriber qomo/THITETIHHO TPOU3BOIATCS
JIOKQJIbHBIE U3MEHEHUS JIAHHBIX, MOT'YT BO3HUKATH KOH(MJIUKTHI JIJIT HOBBIX W3-
Menennit. B pglogical Bcrpoen mexanusm i oOHapyKeHUsS U Pa3penieHust
koHMMKTOB. Hacrpoiika maHHOTO MexaHM3Ma IMPOMCXOJUT depe3 pglogical .
conflict _resolution kmiou. [lomiepkuBatores cieyroriye 3HAYEHIS:

® crror - PeIInKallis OCTAHOBUTCA Ha OIMINOKE, eC/ii OOHAPYKUBACTCST KOH-
KT u moTpedyercss pydHOe JIefiCTBUE JIJI €r0 Pas3peleHns;

e apply remote - Bcerja MPUMEHUTb U3MEHEHUS, KOTOPBIH KOH(MIMKTYIOT
C JIOKAJIbHBIMI JIAHHBIME. 3HAYEHUE 110 YMOJTIAHUIO;

e keep local - coxpaHUTh JOKaJbHYIO BEPCHUIO JAHHLIX U UTHOPAPOBATH
KOH(MDJIMKTYIONNE U3MEHEeHUs, KOTOPhIe UCXOAAT OT provider-a;

e last update wins - BepCHsl JAHHBIX C CAMBIM HOBBIM KOMMHUTOM (newest
commit timestamp) 6yer coxpaHeHa;

e first update wins - BepCHsi JAHHBIX C CAMBIM CcTapbiM KomMuToM (oldest
commit timestamp) 6yer coxpaHeHa;

Kornma onmua track commit timestamp OTK/IIOYeHa, €TMHCTBEHHOE JIOITY-
cTuMoe 3HavdeHne s pglogical . conflict resolution mMozkeT OBITH apply remote.
[Tockosbky track commit timestamp ne jgoctynen B PostgreSQL 9.4, nannas
OIS YCTAHOBJIEHA 110 YMOJYaHUIO B apply remote.

OFpaHI/I‘{eHI/IH 1 HeJOCTaTKU

e J[yis1 paboThl TpEOYETCs CyHepIIOIb30BATEIb;

e UNLOGGED u TEMPORARY Ta0/uIbl He PEILTUIUPYIOTCS;

Jlnst Kaxkj0it 6a3bl JIAHHBIX HYXKHO HACTPOUTDH OT/ACIbHBIN provider n
subscriber;

Tpebdyercs primary key wiaum replica identity s peninkarun;
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e Paspemern TOJIBKO OJIMH yHUKAJIbHBI WHJEKC/OrpaHuYIeHne / OCHOBHOI
KJIt04 Ha Tabsmily (U3-3a BOSMOXKHBIX KOH(MDIMKTOB). BO3MOXKHO nCIo/b-
30BaTh OOJIBIIIE, HO TOJIBKO B Cjydae ecju subscriber damraer TOJIBKO C
o/tHOTO provider u He MPOU3BOINTCS JIOKAJTHHBIX M3MEHEHNN JAHHBIX Ha
HEM;

e Apromarmueckas permmkarnug DDL we mogmep:xkuBaercs. Y pglogical
ecTh KoMamjia pglogical .replicate ddl command s 3amycka DDL nHa
provider u subscriber;

Orpanndenns Ha foreign Kjr0o4unm He BBITOJTHAIOTCA Ha subscriber-pax;

e [Ipu wucnompzoBanun TRUNCATE ... CASCADE  Oyaer  BBIIOJTHEH
CASCADE ToJsibko Ha provider;

e [lociteoBaTEILHOCTH PEIIUIIUPYIOTCST TTEPUOIMIECKN, a HE B PEKUMeE
peabHOrO0 BPEeMEHU;

5.5 Slony-I

Slony 3T0 cucreMa pelUIMKAIMM peaJbHOTO BpPEMEHU, ITO3BOJISIONIAs
OPraHU30BaTh CHHXPOHU3AIINIO HECKOJIbKUX cepBepoB PostgreSQL 1o ce-
t. Slony wucrnonb3yer tpurrepbl PostgreSQL g npuBsi3ku K COOBITHAM
INSERT /DELETE/UPDATE u xpanumblie mpore/typbl Jijist BBIIOJTHEHUsI J1eii-
CTBU.

Cucrema Slony ¢ TOYKM 3peHHsT aIMAHACTPATOPA COCTOWT W3 JIBYX TJIaB-
HBIX KOMIIOHEHT: PEIUIMKAIIMOHHOTO JeMOHa slony 1 8 IMIHICTPATHBHON KOHCO-
s slonik. AJMUHHCTPpUPOBaHUE CHCTEMbBI CBOJIUTCS K OOIEHUIO co slonik-oM,
JIEMOH slon TOJIBKO CJIEJUT 38 COOCTBEHHO IIPOIECCOM PEILTUKAIINN.

Bce xomangmr slonik mpunumaer wa cBoit stdin. /lo Hadasa BbIIoJTHEHUS
ckpunt slonik-a npoBepsiercss Ha COOTBETCTBHE CUHTAKCHUCY, €CJIU OOHAPYKU-
BaIOTCSA ONIMOKN, CKPUNT HE BBIMOJHAETCS, TaK UTO MOYKHO HE BOJHOBATHCH
ecsin slonik cooOraer o syntax error, Hudero cTparrHoro He npousomnuio. U on
emié Huvero He ciaesnaa. CKopee Bcero.

VeranoBka

Yeranoska Ha Ubuntu rnpousBoauTcst IpocToit KOMAHIOM:

JInctuur 5.39 YcraHoBKa

$ sudo aptitude install slonyl-2-bin

Hactpoiika

PaccMorpum ycTaHOBKY Ha THIIOTETHYECKYIO 0a3y JlaHHBIX customers. Hc-
XOJHBbIC JaHHBIC:
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customers — 6a3a JJaHHBIX;

master host — xocT master 6a3br;
slave _host — xoct slave 6a3br;
customers rep — HUMsI KJIacTepa,

ITogroroeka master 6a3nI

Jlna madasia Hy»KHO CO3/IaTh IOJIb30BaTe/sd B 0a3e, M0J KOTOPBIM OyJjieT
neiicroBarh Slony. ITo ymomuannio, u oTaBast JOJIXKHOE CHCTEME, 3TOTO MMOJIhb-
30BaTe sl OOBIYHO Ha3bIBAIOT slony.

JInctunr 5.40 Ilomroroska master-cepsepa

$ createuser -a -d slony
$ psql -d templatel -c¢ "ALTER USER slony WITH PASSWORD ’

slony user password ’;"

Takyke Ha KaxKJIOM U3 y3JI0B JIYYIIle 3aBECTU CHUCTEMHOI'O ITIOJIb30BATEIS
slony, 9T00BI 3aIIyCKaTh OT €ro UMEHH PeILIMKAIIMOHHOI'O JeMOoHa slon. B najib-
HelIeM To[pa3yMeBaeTcsi, 9To OH (U MoJIb30BaTe b U slon) ecTh Ha KazKIOM
U3 y3JI0B KJIaCTepa.

ITogroroska slave 6a3n1

3/1ech pacCMaTpUBAETCs, ITO CePBEPHI KJIacTepa COeTUHEHBI TOCPEICTBOM
ceru. HeobxouMo 9TOOBI ¢ KarKJ0r0 U3 CEPBEPOB MOXKHO OBLJIO YCTAHOBUTH
coemuaenne ¢ PostgreSQL ma master xocre, n Haobopot. To ecTh, KOMaHIA:

Jluctunr 5.41 TlogroroBka omuoro slave-cepsepa

anyuser@customers slave$ psql -d customers \
-h customers master.com -U slony

JIOJIZKHA TIOJIKJTI0UaTh HAC K MacTep-cepBepy (Mocje BBOJA MapoJis, YKeja-
TEJIBHO).

Tenepsr ycranaBmuBaem Ha slave-xoct ceppep PostgreSQL. Cremyromero
00BIYHO He TpebyeTcs, cpaly mnocie ycranoBku Postgres «up and readys, HO B
clIydae KaKUX-TO OMIMMOOK MOYKHO HAYATH «C YHCTOTO JIUCTa», BBITIOJTHUB CJIe-
JIyIOITe KOMaH/Ibl (IIpe/IBapUTEIbHO COXPAHUB KOHMDUTYDAIMOHHBIE (hall/Ibl 1
OCTAHOBUB postmaster):

Jlucrunr 5.42 TlogroroBka omuoro slave-cepsepa

pgsql@customers slave$ rm -rf $PGDATA
pgsql@customers slave$ mkdir $PGDATA
pgsql@customers slave$ initdb -E UTF8 -D $PGDATA
pgsql@customers slave$ createuser -a -d slony
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pgsql@customers slave$ psql -d templatel -c¢ "alter \
user slony with password ’slony user password ’;"

amee 3ammyckaem postmaster. OObrtaHO TpebyeTcst Onpe e IEHHbBIN BJTa e Ier]
i permuiupyemoit B/I. B arom ciiydae HeoOxommuMo co3qarh €ro Toxe:

JIucrurar 5.43 Tloaroroska oanoro slave-cepsepa

pgsql@customers slave$ createuser -a -d customers owner
pgsql@customers slave$ psql -d templatel -c¢ "alter \
user customers owner with password ’customers owner password

r.on
)

OTH JIBEe KOMaHIIbl MOYKHO 3allyCKaThb C customers master, K KOMaHIHON
CTPOKE B 9TOM CJIydae HY»KHO J100aBUTH -h customers slave, 9T00bI Bce orepa-
MY BBIOJIHSIIUCH Ha slave.

Ha slave, kak u nHa master, Tak:ke Hy?KHO yCTaHOBUTH Slony.

Nuanmmammzanusa B/l u plpgsql na slave

Cuenytonume KOMaHJIbI BBIIOJHAIOTCH OT ToJib3oBaTess slony. Ckopee
BCEro Jijis BBINOJIHEHUsS] KaXKJIOH u3 HuX 1oTpedyercss BBECTU IapOJib
(slony user password):

Jlucrunr 5.44 Manmuanuzanus B u plpgsql ma slave

slony@customers master$ createdb -O customers owner \
-h customers slave.com customers

slony@customers master$ createlang -d customers \

-h customers slave.com plpgsql

Buaumanne! Bcee tabimnpl, koropble Oyayr jpobasienbl B replication set
JIOJIZKHBI UMeTh primary key. Ecyin kakas-To u3 tabJymil He yJI0BJIETBOPAET 9TO-
My YCJIOBUIO, 3aJIeP:KUTECh HA STOM IIare M JaiiTe KayKJI0il Tab/IuIe primary
key komamnmoit ALTER TABLE ADD PRIMARY KEY. Ecau crosibiia KOTOpbIii
MoT ObI cTaTh primary key He HaxouTCs, 700aBbTE HOBBIHM cTOJIOEI THIIA Serial
(ALTER TABLE ADD COLUMN), u 3amosmnre ero 3uadenusmu. Hacrosgrens-
no HE pekomenjyio ncnosbzoBath table add key slonik-a.

Hanee co3maém TabanIbI 1 BCE ocTaIbHOE Ha slave Oasze:

Jlucrunr 5.45 Manmumanuzanus B u plpgsql #a slave

slony@customers master$ pg dump -s customers | \
psql -U slony -h customers slave.com customers

pg_dump -s ¢JIAMITUT TOJIBKO CTPYKTYypy Harreir B/I.

pg_dump -s customers JJOJI2KEH ITycKaTh 0€3 1mapoJis, a BOT jiuid psql -U slony
-h customers _slave.com customers npugércst HabpaTh mMapoJib (slony user pass
). Bakno: mogpasymeBaeTcst 9To ceifuac Ha MacTepP-XOCTe €IIé He YCTAHOBJICH
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Slony (peusb He npo make install), To ecrb B B/I Her tabuui sl *, Tpurrepos u
[IPOYero.
Nuunuranuzanus Kjaacrepa

Ceitaac Mbl mMmeeM JBa cepBepa PostgreSQL koropbie ¢BOOOIHO «BHIAT»
JIPYT JpyTa [0 CeTH, Ha OJHOM M3 HUX HAXOJUTCA MacTep-0Oa3a ¢ JIaHHBIME, Ha,
JIDYTOM — TOJIBKO CTPYKTypa 6a3bl. Jlajiee MacTep-xocre 3aiycKaeMm CKPHIIT:

JIuctunr 5.46 Manmuaansanns KiaacTepa
Line 1 #'/bln/bh
CLUSTER=customers _rep

DBNAMEl=customers
DBNAME2-customers

ot

HOSTl=customers master.com

HOST2=customers slave.com
10

PORT1=5432

PORT2-5432

SLONY USER=slony

slonik <<EOF
cluster name — $CLUSTER;
node 1 admin conninfo = ’dbname=$DBNAMEI host=$HOST1 port=
$PORT1
- user=slony password=slony user password’;
20 node 2 admin conninfo = ’dbname=$DBNAME2 host=$HOST?2
port=3PORT2 user=slony password=slony user password’;
init cluster ( id = 1, comment = ’Customers DB
replication cluster’ );

25 echo ’'Create set’;

create set ( id = 1, origin = 1, comment = ’Customers
DB replication set’ );

30 echo ’Adding tables to the subscription set’;

echo ’ Adding table public.customers sales...’;
set add table ( set id = 1, origin = 1, id = 4, full
qualified
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name = ’public.customers sales’, comment = ’'Table public.
customers sales’ );

echo ’ done’;

echo ’ Adding table public.customers something ... ’;

set add table ( set id = 1, origin = 1, id = 5, full
qualified

name = ’public.customers something,

comment = ’Table public.customers something );

echo ’ done’;

echo ’done adding’;

store node ( id = 2, comment "Node 2, $HOST2’ );
echo ’'stored node’;
store path ( server = 1, client = 2, conninfo = ’dbname=

$DBNAME1 host=$HOST1
port=3PORT1 user=slony password=slony user password’ );
echo ’stored path’;
store path ( server = 2, client = 1, conninfo = ’dbname=
$DBNAME2 host=$HOST2
port=3PORT2 user=slony password=slony user password’ );

store listen ( origin = 1, provider = 1, receiver = 2 );
store listen ( origin = 2, provider = 2, receiver = 1 );
EOF

3/1ech THUTMAIN3UPYETCsI K1acTep, co3paercs replication set, BKogatoTcst
B Hero jBe Tabsuibl. HykHo nepednc/inthb Bee Tab/IuIbl, KOTOPbIE HY2KHO Dell-
smrupoBaTh. Replication set 3amommHaeTcst pa3 u Hapcerjga. UToObl 100aBUTH
y3€J B CXeMY PeIIUKAIMK He HYXKHO 3aHOBO WHUIIMAJIN3UpOBaTh set. Kciau B
Habop M00aBIIAETCS WK YAAasIeTcs Tab/IuIa HYKHO TePeroIucaTh BCe Y3JIbl.

To ectb caenarh unsubscribe u subscribe 3aHOBO.

[ToanucwiBaeMm slave-y3en na replication set

Jlasee 3arryckaem Ha cJeiiBe:

Jluctunr 5.47 TlognuceiBaem slave-yzes na replication set

#!/bin /sh
CLUSTER=customers _rep

DBNAMEl=customers
DBNAME2—-customers

HOSTl=customers master.com
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HOST2=customers slave.com

PORT1=5432
PORT2=5432

SLONY USER=slony

slonik <<EOF

cluster name — $CLUSTER;

node 1 admin conninfo = ’dbname=$DBNAMEI host=$HOST1
port=3PORT1 user=slony password=slony user password’;
node 2 admin conninfo = ’dbname—$DBNAME2 host—$HOST2
port=3PORT2 user=slony password=slony user password’;

echo’subscribing ’;
subscribe set ( id = 1, provider = 1, receiver = 2, forward
= no);

EOF

Crapr permkanun

Tertepn, Ha 00OUX y3/1aX HEOOXOIMMO 3aIYCTUTH JIEMOHA PEILIUKAIUIN.

Jluctunr 5.48 CrapT pemiukaiun

slony@customers master$ slon customers rep \
"dbname=customers user=slony"

n

Jluctunr 5.49 CrapT permiukaiun

slony@customers slave$ slon customers rep \
"dbname=customers user=slony"

CJtoHBI OOMEHSIIOTCST COOOIICHUSAMI ¥ HAYHYT Hepejady daHHbix. Hagasb-
HOE HAIIOJIHEHUE MPOUCXOUT ¢ noMoIbio COPY KoMaHbI, cjieiiB 6a3a B 3TO

BpeMd ITOJTHOCTBIO 6JIOKI/IpyeTC$I.

Ob6mue 3aga4un

JlobaBjieHue emié ofHOTO y3J1a B PabOTAIONLYI0 CXeMY PeILTUKAIIN

Tpebyercs BbioHUTL 5.5 U 5.5 sTansl. Hoblit y3en umeer id = 3. Haxo-
JIUTC Ha XocTe customers slave3.com, «BUJIUT» MacTep-CEPBEP MO CETH M Ma-
crep MOKeT HOAKIoUnThcA K ero PostgreSQL. Tlocsie mybimposanus ctpyk-

Typsl (11 5.5.2) mesraeTcs cieryioree:
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JIuctunr 5.50 Ob6mue 3ama4n
slonik <<EOF

cluster name = customers slave;

node 3 admin conninfo = ’dbname=customers host=
customers slave3d.com

port=5432 user=slony password=slony user pass’;

uninstall node (id = 3);

echo ’okay’;

EOF

DTO HYKHO YTOOBI YIAJUTH CXEMY, TPUTTEPhI U MIPOIETYPbl, KOTOPbIE ObLIN
cyOmpoBanbl BMecTe ¢ Tabymramu u crpykrypoit B/1. nunuasmsuposarsb
KJIacTep He HaJI0. BMecTo 3TOrOo 3ammcbiBaeM WHMOOPMAIUIO O HOBOM y3J€ B
ceTu:

JIuctunr 5.51 Ob6mue 3ama4n
#!/bin /sh

CLUSTER=customers rep

DBNAMEl=customers
DBNAME3—=customers

HOSTl=customers master.com
HOST3=customers slave3.com

PORT1=5432
PORT2=5432

SLONY USER=slony

slonik <<EOF

cluster name — $CLUSTER;

node 1 admin conninfo = ’dbname=$DBNAME]I host=$HOST1
port=8PORT1 user=slony password=slony user pass’;

node 3 admin conninfo = ’dbname=$DBNAME3

host=3HOST3 port=$PORT2 user=slony password=slony user pass’

)

echo ’done adding’;

store node ( id = 3, comment = ’Node 3, $HOST3’ );
echo ’'sored node’;

store path ( server = 1, client = 3, conninfo = ’dbname=
$DBNAME1
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- host=$HOST1 port=$PORT1 user=slony password=slony user pass’
);

- echo ’stored path’;

30 store path ( server = 3, client = 1, conninfo = ’dbname=

$DBNAMES3
- host=$HOST3 port=$PORT2 user=slony password=slony user pass’

);

bl . ),
- echo ’again’;

- store listen ( origin = 1, provider = 1, receiver = 3 );
35 store listen ( origin = 3, provider = 3, receiver = 1 );
- EOF

Hogwrit yzesr umeer id 3, moromy uto 2 yxke paboraet. [lojanmcsiBaem HOBBI
y3es 3 Ha replication set:

Jlucruar 5.52 O6ue 3a1a49n
Line 1 #!/bin/sh

- CLUSTER=customers rep

5 DBNAMEL-customers
- DBNAME3—customers

- HOSTI=customers master.com
- HOST3=customers slave3.com

- PORT1=5432
- PORT2=5432

- SLONY USER=slony

- slonik <<FOF
- cluster name = $CLUSTER;
- node 1 admin conninfo = ’dbname=$DBNAMEl host=$HOST1
- port=$PORT1 user=slony password=slony user pass’;

20 node 3 admin conninfo = ’dbname=$DBNAME3 host=$HOST3
- port=$PORT2 user=slony password=slony user pass’;

- echo’subscribing’;
- subscribe set ( id = 1, provider = 1, receiver = 3, forward

= n0);

- EOF
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Tenepb 3allyCKaeM slon Ha HOBOM y3i1e, TaK K€ KaK 1 Ha OCTaJIbHbIX. ITe-
pe3allyCKaTb slon na MacTepe HE Ha/O0.

JIuctunr 5.53 Obmue 3a104n

slony@customers slave3$ slon customers rep \
"dbname=customers user=slony"

Pernukanus no/nkHa HadaThed KakK OOBLIYHO.

Ycrpanenue HeHCIIpaBHOCTEH
OmmbKa 1pu JT00ABJIEHUN Y3J1a B CUCTEMY DEILTHKAIIN

[lepuoauaeckn, rpu JoO6aBIEHIN HOBOM MAIINHBI B KJIaCTeP BOSHUKAET CJIe-
JIyIolasi ommrOKa: Ha HOBOI HOJE BCE HAYMHAET YKYXKKaTb U paboTaTh, IMEIO-
yecd Ke OTBaJIMBAIOTCA C IIPUMEPHO CJIeAYIONIed JIMarHOCTUKOM:

JIuctuar 5.54 YcrpaHnenne HEHCIIPABHOCTEH

%slon customers rep "dbname—customers user=slony wuser"

CONFIG main: slon version 1.0.5 starting up

CONFIG main: local node id = 3

CONFIG main: loading current cluster configuration

CONFIG storeNode: no id=1 no_ comment="CustomersDB

replication cluster’

CONFIG storeNode: no id=2 no comment=’Node 2,

node2 . example.com’

CONFIG storeNode: no id=4 no comment=’Node 4,

node4 . example.com’

CONFIG storePath: pa server=1 pa client=3

pa_conninfo="dbname=customers

host=mainhost.com port=>5432 user=slony user

password=slony user pass" pa_ connretry=10

CONFIG storeListen: li origin=1 li receiver=3

li provider=1

CONFIG storeSet: set id=1 set origin=1

set comment="CustomersDB replication set’

WARN remoteWorker wakeup: node 1 - no worker thread

CONFIG storeSubscribe: sub_ set=1 sub_provider=1 sub_forward=
7f7

WARN remoteWorker wakeup: node 1 - no worker thread

CONFIG enableSubscription: sub_set=1

WARN remoteWorker wakeup: node 1 - no worker thread

CONFIG main: configuration complete - starting threads

CONFIG enableNode: no id=1

CONFIG enableNode: no_ id=2

CONFIG enableNode: no_ id=4
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- ERROR remoteWorkerThread 1: "begin transaction; set

30

Line 1

transaction isolation level

serializable; lock table " customers rep".sl config lock;
select

" customers rep".enableSubscription (1, 1, 4);

notify " customers rep KEvent"; notify "

__customers_rep Confirm" ;
insert into " customers rep
ev_timestamp, ev_ minxid, ev_ maxxid, ev_ xip,
ev_type , ev_datal, ev data2, ev_data3, ev_ datad ) values
("1°, '219440°,

'2005-05-05 18:52:42.708351°, ’525012837, 525012927,
7775250128377, 'ENABLE SUBSCRIPTION’ |

17, 17, 47, ’f’); insert into " customers rep
sl confirm (con origin, con received,

con_seqno, con_timestamp) values (1, 3, 219440,
CURRENT TIMESTAMP) ; commit transaction ;"

PGRES FATAL ERROR ERROR: insert or update on table
"sl subscribe" violates foreign key

constraint "sl subscribe-sl path-ref"

DETAIL: Key (sub_provider,sub receiver)=(1,4)

is not present in table "sl path".

INFO remoteListenThread 1: disconnecting from
"dbname=customers host=mainhost.com

port=5432 user=slony user password=slony user pass’

%

".sl _event (ev_origin, ev_seqno,

n

DTO O3HAYAET YUTO B CJIy:KeOHOI Tabymie ums< kiaacrepa>.sl path, Ha-
npuMep customers rep.sl path Ha yzKe MMeEOIMUXCHA y3JaX OTCYTCTBYET WH-
dbopmarust 0 HoBoM y3ie. B nmannom ciaydae, id Hosoro ysia 4, napa (1,4) B
sl _path orcyrcrByer. YT0OOBI 3TO yCTpaHUTD, HY?KHO BBIIOJHATL Ha KaXKIOM
U3 UMEIOIINXCA y3JI0B TPUOJIM3UTETHLHO CJISY IO 3aI1POC:

JInctuar 5.55 YcTpaHeHne HeHCIIPABHOCTERH

$ psql -d customers -h _every one of slaves -U slony
customers=# insert into _ customers rep.sl path
values (’17,’4’,’dbname=customers host=mainhost.com
port=5432 user=slony user password=slony user password, 107)

)

Ecan Bo3HuKaIOT 3aTpy/IHEHUsI, TO MOYKHO IIOCMOTPETh Ha CJIy2KeOHbIe Tab-
JIATIBI U uX cojiepkumoe. OHM He BUJIHBI OOBITHO W HAXOJATCS B paMKax IIPO-
CTPAHCTBA UMEH WM< KJIacTepa >, HAIIPUMED _ customers_rep.
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Yro JeJiaTh €CJI PEIlJINKalllud CO BpEMEHEM Ha9MHa€T TOPMO3UTH

B nporiecce skcrtyaranum MOXKeT HAOJIIOIAThCS KaK CO BPEMEHEM paCTér
Harpy3ka Ha master-cepBepe, B CIHCKE aKTUBHBIX OCKEHJIOB — ITOCTOAHHBIC
SELECT-sr co cneiiBoB. B pg stat activity BEHBI TPUMEPHO TaKWe 3aIIPOCHI:

JImctuar 5.56 YcTpaHeHne HeHCIIPaBHOCTERH
select ev origin, ev_seqno, ev_ timestamp, ev_ minxid,
ev_maxxid, ev_ xip,
ev_type, ev_datal, ev data2, ev data3d, ev datad, ev datab,

ev_datab,

ev_data7, ev_data8 from " customers rep".sl event e where
(e.ev_origin = ’2’ and e.ev_seqno > ’336996’) or
(e.ev_origin = '3’ and e.ev_seqno > '1712871’) or
(e.ev_origin = ’4’ and e.ev_seqno > ’'721285’) or
(e.ev_origin = ’5’ and e.ev_seqno > ’'807715") or
(e.ev_origin = ’1’ and e.ev_seqno > ’'3544763") or
(e.ev_origin = '6’ and e.ev_seqno > ’'2529445’) or
(e.ev_origin = ’7’ and e.ev_seqno > ’25125327) or
(e.ev_origin = '8’ and e.ev_seqno > ’2500418") or
(e.ev_origin = 10’ and e.ev_seqno > ’1692318")

order by e.ev origin, e.ev_ seqno;

rjie _customers rep — UMs CXeMbl U3 IpumMepa. Tabsuna sl _event moyemy-
TO pas3pacraercss CO BpeMeHeM, 3aMejJjldsl BBIIIOJHEHNE 3THUX 3alpPOoCcoB JI0
HEIPUEMJIEMOT'O BPEMEHU. YJIajisdeM HEHYKHbIE 3aITICH:

JIuctuar 5.57 YcrpaHnenne HeHCIIPABHOCTEH

delete from _ customers rep.sl event where
ev_timestamp<NOW()-’1 DAY’ ::interval;

[IpousBoUTETLHOCTD JIOIZKHA BEPHYTHCS K W3HAYAJIBHBIM 3HAYEHUIM.
BosMokHO MMeeT CMBICT TOYUCTUTH TaOJHIBI  customers rep.sl log * e
BMECTO 3BE3/I0YUKU I10JICTABJISIIOTCS HATYypPaJIbHbIE YNCJIA, ITO-BUJINMOMY 110 KO-
JINYECTBY PEIIMKAIIMOHHBIX CETOB, TaK 4YTO _ customers rep.sl log 1 To4HO
JOJIZKHA CYIIECTBOBATD.

5.6 Londiste

Londiste npecraBiisier coboil JIBUKOK JIJIsI OpraHU3allii PeILInKaIum, Ha-
UCaHHBIN Ha s3bike Python. OcHOBHBIE TPUHIUIIBI: HAJIE’KHOCTh U MIPOCTOTA
ucrojib3oBanus. 3-3a aroro jganHoe perieHue uMeeT MeHbIE (OYHKITTOHA b
noctu, gem Slony-I. Londiste ucmosib3yer B KagecTBe TPAHCIIOPTHOI'O MEXaHU3-
Ma odepesib PgQ (ommcanue sToro 6oJiee 4eM MHTEPECHOTO MTPOEKTa OCTAETCsI
3a paMKaMU JIAaHHOI TJIaBbI, TIOCKOJIBbKY OH IPEJICTABJISeT UHTEPEC CKopee st
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HU3KOYPOBHEBBIX ITPOrPAMMUCTOB 0a3 JIAHHBIX, YeM JIJIsi KOHEYHBIX M0JIHb30Ba-
rejteit — agvuuucrparopoB CYB/I PostgreSQL). OrmmanresbHbiMu 0cobeH-
HOCTSIMU DEIeHUS SIBJITIOTCS:

BO3MOXKHOCTD ITOTAOJIUIHON PEILINKAIUN;
Hava/IbHOE KOITMPOBAHUE HUYETO HE OJIOKUPYET;
BO3MOXKHOCTB JIBYXCTOPOHHEI'O CpaBHEHUs TaOJINII;
ITPOCTOTa YCTAHOBKM;

K HeaoCTaTKaM MOXKHO OTHECTH:

e TpUITEepHas PEIIMKAIUs, YTO YXY/IIaeT TPOU3BOIUTETLHOCTD 0a3bl;

YeranoBka

YeranoBka OyeT npoBojuThes Ha Debian cepsepe. [Tockonbky Londiste —
5T0 JacTh SKytools, TO HaM HY>KHO CTABUTBH ITOT HAKET:

JIuctuar 5.58 YcraHoBKa

% sudo aptitude install skytools

B HEKOTOPBIX crcTeMax MOXKET COMEepPKAThCS MaKeT BEPCUH 2.X, KOTOPBIN
He TIOJJIEPKUBAET KACKaHYIO PEIUIMKAINO, oTKas3oycToitunsocts(failover) u
nepekJoveHne Mex iy cepsepamu (switchover). Ilo sroit npuunne on e Gy-
JleT paccMarpuBarhed. CKadaTh caMylo IOCJIEIHIOI BEPCHUIO ITaKeTa MOXKHO C
odurmasibHOro caiita. Ha MOMeHT HammcaHuUsI IVIaBbl TOCIEIHAS Bepcus ObLIa
3.2. Haunem ycTaHOBKY:

JIuctunar 5.59 Ycranoska

$ weget http://pgfoundry.org/frs/download.php/3622/skytools
-3.2.tar.gz

$ tar zxvf skytools-3.2.tar.gz

$ cd skytools-3.2/

# makernl gy cbopku deb

$ sudo aptitude install build-essential autoconf \

automake autotools -dev dh-make \

debhelper devscripts fakeroot xutils lintian pbuilder \

python-all -dev python-support xmlto asciidoc \

libevent -dev libpq-dev libtool

# python-psycopg myxen mgaa paborer Londiste

$ sudo aptitude install python-psycopg2 postgresql -server -
dev-all

# nmamboil Komamzoii cobmpaem deb mnaxer

$ make deb

$ cd ../
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# craBum skytools

$ dpkg -i *.deb

Jns gpyrux cucreM MOXKHO cobparh Skytools Komanmamu:

JIuctunar 5.60 YcraHoBka
$ ./configure

$ make

$ make install

Jlanee mpoBepsieM TPaBUIBHOCTH YCTAHOBKU:

JIuctuar 5.61 YcraHoBka

$ londisted -V

londiste3 , Skytools version 3.2

$ pgqd -V

bad switch: usage: pgq-ticker [switches]| config. file
Switches:

-v Increase verbosity
-q No output to console
-d Daemonize
-h Show help
-V Show version
--ini Show sample config file
-S Stop - send SIGINT to running process
-k Kill - send SIGTERM to running process
-T Reload - send SIGHUP to running process
Hactpoiika
Obo3HaueHUs:

e master-host — mMacTep 6a3a JaHHBIX;
e slavel-host, slave2-host, slave3-host, slave4-host — cJieiiB 6a3bl JaHHBIX;
e 13simple — Ha3BaHUE PEILIUIUPYEMOIl Oa3bl JTaHHBIX;

Kondurypanus permmkaropon

Crauasa co3maercs: KoHGUTYparmonHbil daiin g master 6a3br (koHbUD
Oyzer /etc/skytools/master-londiste. ini):

JIuctuar 5.62 Kouduryparus permmkaropoB

[londiste3 |
job_name = master I3simple
db = dbname=13simple
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queue _name = replika
logfile = /var/log/skytools/master 13simple.log
pidfile = /var/pid/skytools/master 13simple.pid

# 3Bajeprkka MeXKIy IMPOBEPKaMH HAaJU4INs AKTHBHOCTU
# HoBBIX ( IAKETOB JIAHHBIX ) B CEKYHJAX
loop delay = 0.5

Nuanmmammszupyem Londiste g master 6a3br:

Jlucrunr 5.63 Mauuanusupyem Londiste

$ londiste3 /etc/skytools/master-londiste.ini create-root
master -node "dbname=13simple host=master-host"

INFO plpgsql is installed

INFO Installing pgq

INFO Reading from /usr/share/skytools3/pgq.sql

INFO pgq.get batch cursor is installed

INFO Installing pgq ext

INFO Reading from /usr/share/skytools3/pgq ext.sql

INFO Installing pgq node

INFO Reading from /usr/share/skytools3/pgq node.sql

INFO Installing londiste

INFO  Reading from /usr/share/skytools3/londiste.sql

INFO londiste.global add table is installed

INFO Initializing node

INFO Location registered

INFO Node "master-node" initialized for queue "replika" with
type "root"

INFO Done

rJie master-server — 9TO NMs IpoBaiiiepa (MacTepa 6a3bl).
Temrepn 3amycTuM J1€eMOH:

JIucruar 5.64 SamyckaeM JeMOH Jjist master 6a3bl

$ londiste3 -d /etc/skytools/master-londiste.ini worker
$ tail -f /var/log/skytools/master 13simple.log

INFO {standby: 1}

INFO {standby: 1}

Ecii Hy?KHO meperpys3uThb JeMOH (HalpuMep MpH W3MeHeHUHn KOH(pUrypa-
M), TO MOYKHO BOCIIOJIb30BATHCSI TAPAMETPOM -T:

JInctuar 5.65 Ileperpyska jemona

$ londiste3 /etc/skytools/master-londiste.ini -r

ﬂJIH OCTaHOBKH JIEMOHa €CTb ITapaMeETpP -S:
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JIuctunr 5.66 OcraHoBKa JIeMOHA,
$ londisted /etc/skytools/master-londiste.ini -s

i ecyim norpedyercs «youthy (kill ) memon:

JIucrunar 5.67 OcranoBka JieMOHa,

$ londisted /etc/skytools/master-londiste.ini -k

st aBToMaTH3amu JaHHoro mporecca skytools3 mmeer BeTpoeHHBIH Jle-
MOH, KOTOPBIIl 3aIlyCKaeT BCe BOPKEPHI U3 jupekTopun /etc/skytools/. Cama
KoHUTypaIus JIeMOHa HAXouTcsd B /ete/skytools. ini. UTo OBl 3amycTuTh Bee
Jnemonbl londiste 10CTATOYHO BBITIOJIHUTD:

Jluctunr 5.68 Jlemon s ticker

$ /etc/init.d/skytools3 start
INFO Starting master 13simple

[Tepeitnem k slave 6aze. s Havasia Hy»KHO cO3/IaTh 6a3y JAHHBIX:

Jluctunr 5.69 KonupoBanust cTpykTypbl 0a3bl

$ psql -h slavel -host -U postgres
# CREATE DATABASE 13simple;

[Mogkmovenne 10J1KHO ObITH «trust» (6e3 maposteit) Mexk 1y master u slave
bazaMy JAHHBIX.
Hasee cozmaaum koudur s slave 6asbr (/ete/skytools/slavel-londiste . ini

Jluctunr 5.70 Cozmaém kouburypammuio s slave

[londiste3 |

job_name = slavel 13simple
db = dbname=I13simple

queue _name = replika

logfile = /var/log/skytools/slavel 13simple.log
pidfile = /var/pid/skytools/slavel 13simple.pid

4 BagepKKa MeXKJy IPOBEpKAMH HAJUIUsl aKTUBHOCTU

# HoBbIX ( IAKETOB JIAHHBIX) B CEKYHJAX
loop delay = 0.5

Nuaumumammzupyem Londiste s slave 6a3br:

JIuctuar 5.71 Unnmuammsupyem Londiste mia slave
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$ londisted /etc/skytools/slavel -londiste.ini create-leaf
slavel -node "dbname=I3simple host=slavel -host" --provider
="dbname=13simple host=master-host"

Tenepb MO2KEM 3allyCTUTDb JEMOH:

Jlmcrunr 5.72 3amyckaem jgeMoH s slave 6a3bl

$ londiste3 -d /etc/skytools/slavel -londiste.ini worker

W xe 1yepes ri1aBHBIN JIEMOH:

JIuctuar 5.73 Bamyckaem meMoH st slave 6a3br

$ /etc/init.d/skytools3 start
INFO Starting master 13simple
INFO Starting slavel 13simple

Coznaém koudurypanuio st PgQ) ticker

Londiste Tpebyerca PgQ ticker mist paborsr ¢ mactep 6a30it JTaHHBIX, KO-
TOPBII MOKeT ObITH 3alyllneH u Ha JApyroil mamuue. Ho, KoHedHO, jIydIie ero
3aIlycKaTh Ha TO ke, T1e n master 6a3a gaabiX. JIj1g 3T0M0 MBI HacTpanBaeMm
crienuaJIbHBIN Koudwur Jyis ticker memona (kordur Oymer /etc/skytools/pgqd.ini

):

Jluctunr 5.74 PgQ ticker kondur

[pgad]
logfile = /var/log/skytools/pgqd.log
pidfile = /var/pid/skytools/pgqd.pid

BamyckaeM JeMOH:

Jluctunr 5.75 3amyckaem PgQ ticker

$ pgaqd -d /etc/skytools/pgqd.ini

$ tail -f /var/log/skytools/pgqd.log
LOG Starting pgqd 3.2

LOG auto-detecting dbs

LOG 13simple: pgq version ok: 3.2

Wnn >xe yepes riobasbHbIN JIEMOH:

Jluctunr 5.76 3amyckaem PgQ ticker

$ /etc/init.d/skytools3 restart
INFO Starting master 13simple
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INFO Starting slavel 13simple
INFO Starting pgqd
LOG Starting pgqd 3.2

Tenepb MO2KHO YBHUJIETH CTAaTyC KJlaCcTepa:

Jlucrunr 5.77 Craryc Kaacrepa

$ londisted /etc/skytools/master-londiste.ini status
Queue: replika Local node: slavel -node

master -node (root)
| Tables: 0/0/0
| Lag: 44s, Tick: 5
+--: slavel -node (leaf)
Tables: 0/0/0
Lag: 44s, Tick: 5

$ londisted /etc/skytools/master-londiste.ini members
Member info on master-node@replika:

node name dead node location

master -node False dbname=13simple host=
master - host

slavel -node False dbname=13simple host=

slavel -host

Ho pennukanus ere He 3aimyIieHHa: Tpedyercs 100aBUTh TaOIUIBI B OUe-
pe/ib, KOTOpPbIE Mbl XOTUM PEILTHIUPOBATL. JIIs1 9TOTO MCHOIB3yeM KOMAHTY
add-table:

JIuctuar 5.78 JlobaBisieM TabIUIIBI

$ londisted /etc/skytools/master-londiste.ini add-table --
all

$ londisted /etc/skytools/slavel -londiste.ini add-table --
all --create-full

B nannom npumepe ucnosb3yercs mapamMerp -- all, KOTOPBIi 03HavYaeT Bce
TabJIUITBI, HO BMECTO HEr0 BbI MOXKETE IePEIUCUTh CIUCOK KOHKPETHBIX Tad-
JIUIL, €CJIM HE XOTUTE PEIIUIIUPOBATh Bee. K nMena Tab/ui OT/Im4aioTcs Ha,
master u slave, ToO MOXKHO HCIIOJIB30BaTh --dest-table mapamerp mnpu gobaBJie-
nun Tabsui Ha slave 6aze. TakzKke, ec/in BbI HE IEPEHECN CTPYKTYPY TaOJINII
3apatee ¢ master Ha slave 6a3bl, TO 3TO MOXKHO CJieJIaTh aBTOMATUYIECKU YePe3
-- create mapamerp (i -- create- full ; ecjim HY?KHO ITEPEHECTH TOJTHOCTHIO BCIO
cxeMy TabJIuIpbl).
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[Too6HBIM 06pa3oM JobaBIsieM MOC/IeI0BATEIbHOCTH (sequences) JIJIA pe-
IJINKAIIII:

JIuctunr 5.79 JlobaiisieM MOCJIEI0BATETBHOCTI

$ londiste3 /etc/skytools/master-londiste.ini add-seq --all
$ londiste3 /etc/skytools/slavel -londiste.ini add-seq --all

Ho nocieioBaresibHOCTH J0JIKHBIL Ha slave 6ase co3ianbl 3apanee (TyT He
noMozKeT --create- full it Tabuui). [losTomy mHOIIA TIPOIIE TIEpEHECTH TOY-
HYIO KOIIHIO CTPYKTYPhI master 6a3bl Ha slave:

Jlucrunr 5.80 KionupoBanne cTpyKTypbl O0a3bl

$ pg dump -s -npublic 13simple | psql -hslavel -host 13simple

Jlaee mpoBepsieM COCTOSTHUE PEILIMKAITIN:

JIucruar 5.81 Craryc Kiacrepa

$ londisted /etc/skytools/master-londiste.ini status
Queue: replika Local node: master -node

master -node (root)
| Tables: 4/0/0
| Lag: 18s, Tick: 12
+--: slavel -node (leaf)
Tables: 0/4/0
Lag: 18s, Tick: 12

Kak moxk#O 3ameruthb, Bozie «Table» comepxurcs tpu nudps (x/y/z).
Kaxmaga obosmagaer:

e X - KosmmaecTBo Tabuil B cocrosiauu «ok» (replicated). Ha master 6aze
yKa3bIBaeT, ITO OHA B HOpMe, a Ha slave Oazax - TabJmia CUHXPOHU3U-
poBaHa ¢ master 6a30if;

e y - kosmmuectBo Tabsui B coctogauu half (initial copy, not finnished),
y master jgo/kHO OBITH 0, a y slave 6a3ax 5TO yKasbIBaeT KOJUIECTBO
TabJINIl B TIPOIIECce KOMMPOBAHUST;

e 7 - KosmdecTBO Tabsuil B cocrosiann ignored (table not replicated locally),
y master j1072kH0 OBITE 0, a y slave 6a3ax 9T0 KOJIM4IECTBO TAOJINIL, KOTO-
pble He J00aBJI€HbI I PEILUIMKAIMN ¢ MacTepa (T. €. master oTjaer Ha
peIUIMKAIIio 9Ty TabJuily, HO slave ux mpocTo He 3abupaer).

Yepes HeOOJIBINON NHTEPBAJI BPpeMEHN BCe TaOJINIGI TOKHBI CHHXPOHU3HU-
poBaTbhCs:
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Jluctunr 5.82 Craryc kiaacrepa

$ londiste3 /etc/skytools/master-londiste.ini status
Queue: replika Local node: master-node

master -node (root)
| Tables: 4/0/0
| Lag: 31s, Tick: 20
+--: slavel -node (leaf)
Tables: 4/0/0
Lag: 31s, Tick: 20

Homnonuurenbro Londiste mo3BosisieT mpocMOTpeTh COCTOsTHIE TaOJIUIL U T10-
cJejioBaresibHOCTEel Ha master u slave 6a3ax:

JIucruar 5.83 CraTyc Tab/ImI U OCIEI0BaTEILHOCTENR

$ londiste3 /etc/skytools/master-londiste.ini tables
Tables on node

table name merge state table attrs
public.pgbench accounts ok

public.pgbench branches ok

public.pgbench history ok

public.pgbench tellers ok

$ londiste3 /etc/skytools/master-londiste.ini seqs
Sequences on node

seq name local last value
public.pgbench history hid seq True 33345
IIposepxka

st mpoBepku OyjieM UCIOJIb30BaTh pghench yrmwimmTy. 3amycTum jrob6asJie-
HU€ JAHHBIX B TaOJIUILy ¥ CMOTPUM B JIOTU OJTHOBPEMEHHO:

JImctuar 5.84 IlpoBepka

$ pgbench -T 10 -c¢ 5 13simple

$ tail -f /var/log/skytools/slavel 13simple.log
INFO {count: 1508, duration: 0.307, idle: 0.0026}
INFO {count: 1572, duration: 0.3085, idle: 0.002}
INFO {count: 1600, duration: 0.3086, idle: 0.0026}
INFO {count: 36, duration: 0.0157, idle: 2.0191}

Kaxk BujHO 110 JioraMm slave 6a3a ycIIenHo pernunupyeTcs: ¢ master 6a30ii.
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Kackannas permukarust

Kackamaast perimkaliyst mo3BoJIsieT PeIInIIPOBAT JaHHbIE C OJIHOTO CJIeii-
Ba Ha apyroit. Cozmaaum KoHdwur s Broporo slave (koudur Oymer /etc/
skytools/slave2-londiste . ini):

Jluctunr 5.85 Kondwur s slave2

[londiste3 |

job_name = slave2 13simple

db = dbname=I3simple host=slave2 -host
queue name = replika

logfile = /var/log/skytools/slave2 13simple.log
pidfile = /var/pid/skytools/slave2 13simple.pid

# BajepKKa MeXKJy [POBEPKAMH HAJMYUs aKTUBHOCTH
# HOBBIX ( IIAKETOB JIAHHBIX) B CEKYyHJAX
loop delay = 0.5

st coznanus slave, oT KOTOPOro MOYXKHO DPEIIMIIMPOBATH Jpyrue 6a3bl
JIAHHBIX UCIIOJIB3YeTCs KOMaH/Ia create-branch BMecTo create- leaf (root, KopeHb
- master Hoa, IIpegocTaB/IgeT NHMOPMAIINIO I pellInKalum; branch, BeTka
- HOJIa ¢ KOIWeR JaHHBIX, ¢ KOTOPO# MOXKHO PeIININpOBaTh; leaf, et - Homa
C KOIMeil JaHHBIME, HO PEIIMIUPOBATH C HEe y2Ke He BO3MOXKHO):

JIucruar 5.86 Vanmuaamsupyem slave2

$ psql -hslave2-host -d postgres -c "CREATE DATABASE
13simple ;"

$ pg dump -s -npublic 13simple | psql -hslave2-host 13simple

$ londiste3 /etc/skytools/slave2-londiste.ini create-branch
slave2 -node "dbname=I3simple host=slave2 -host" --provider
="dbname=I3simple host=master-host"

INFO plpgsql is installed

INFO Installing pgq

INFO  Reading from /usr/share/skytools3/pgq.sql

INFO pgq.get batch cursor is installed

INFO Installing pgq_ext

INFO Reading from /usr/share/skytools3/pgq ext.sql

INFO Installing pgq node

INFO Reading from /usr/share/skytools3/pgq node.sql

INFO Installing londiste

INFO  Reading from /usr/share/skytools3/londiste.sql

INFO londiste.global add table is installed

INFO Initializing node

INFO Location registered

INFO Location registered

INFO Subscriber registered: slave2 -node
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INFO Location registered

INFO Location registered

INFO Location registered

INFO Node "slave2-node" initialized for queue "replika" with
type "branch"

INFO Done

Jlanee mobapiisieM Bce TaOJINIBI U OCIeI0BaTEIbHOCTH:

JIuctunar 5.87 Unuruammsupyem slave2

$ londiste3 /etc/skytools/slave2-londiste.ini add-table --
all
$ londiste3 /etc/skytools/slave2-londiste.ini add-seq --all

N zamyckaem HOBBIi JeMOH:

JIuctuar 5.88 Unnuruammsupyem slave2

$ /etc/init.d/skytools3 start
INFO Starting master 13simple
INFO Starting slavel 13simple
INFO Starting slave2 13simple
INFO Starting pgqd

LOG Starting pgqd 3.2

[ToBTOpHUM BHIIIEIEPEYNCICHHDBIE Oonepanuu s slaved u slave4, To/1bKO 10-
MeHsieM provider jijist HUX:

Jlucrunr 5.89 Mauruanuzupyem slave3d u slave4

$ londiste3 /etc/skytools/slave3-londiste.ini create-branch
slave3d -node "dbname=I3simple host=slave3 -host" --provider
="dbname=13simple host=slave2 -host"

$ londiste3 /etc/skytools/slaved -londiste.ini create -branch
slave4 -node "dbname=I3simple host=slave4 -host" --provider
="dbname=I13simple host=slave3 -host"

B pesynbrare mosmydaeM TaKyio KapTHHY C KJIACTEPOM:

JInctuar 5.90 Kmacrep ¢ KackaaHOM perinKaime

$ londisted /etc/skytools/slaved -londiste.ini status
Queue: replika Local node: slave4 -node

master -node (root)
| Tables: 4/0/0
| Lag: 9s, Tick: 49
+--: slavel -node (leaf)
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| Tables: 4/0/0
| Lag: 9s, Tick: 49
+--: slave2 -node (branch)
| Tables: 4/0/0
| Lag: 9s, Tick: 49
+--: slave3 -node (branch)
] Tables: 4/0/0
] Lag: 9s, Tick: 49
+--: slave4 -node (branch)
Tables: 4/0/0
Lag: 9s, Tick: 49

Londiste mo3Bo/isieT «Ha JIeTy» U3MEHATDH TOIOJIOTHIO KitacTepa. Hampumep,
u3MmeHnM «providers st slaved:

JIncruur 5.91 V3MensgeM TOIIOJIOTHIO

$ londiste3 /etc/skytools/slaved -londiste.ini change-

provider --provider="dbname=I3simple host=slave2 -host"
$ londiste3 /etc/skytools/slaved -londiste.ini status
Queue: replika Local node: slave4 -node

master -node (root)
| Tables: 4/0/0
| Lag: 12s, Tick: 56
+--: slavel -node (leaf)
] Tables: 4/0/0
| Lag: 12s, Tick: 56
+--: slave2 -node (branch)
| Tables: 4/0/0
| Lag: 12s, Tick: 56
+--: slave3 -node (branch)
| Tables: 4/0/0
| Lag: 12s, Tick: 56
+--: slave4 -node (branch)
Tables: 4/0/0
Lag: 12s, Tick: 56

Tak:ke TOIoJIOrNI0 MOXKHO MEHSATh C CTOPOHBI PEIJINKATOpa Yepe3 KOMaH Ly
takeover:

JIuctunr 5.92 M3MeHnseM TOIIOJIOIMIO

$ londisted /etc/skytools/slave3-londiste.ini takeover
slave4 -node

$ londisted /etc/skytools/slaved -londiste.ini status

Queue: replika Local node: slave4 -node
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5 master-node (root)
| Tables: 4/0/0
| Lag: 9s, Tick: 49
+--: slavel -node (leaf)
- | Tables: 4/0/0
10 | Lag: 9s, Tick: 49
- +--: slave2 -node (branch)
| Tables: 4/0/0
| Lag: 9s, Tick: 49
- +--: slave3 -node (branch)
15 ] Tables: 4/0/0
- ] Lag: 9s, Tick: 49
+--: slave4 -node (branch)
Tables: 4/0/0
Lag: 9s, Tick: 49

Yepes komanay drop-node MOXKHO yHaauTh slave us Kiacrepa:

JIuctunr 5.93 YianseMm HOLY

Linel $ londiste3 /etc/skytools/slaved -londiste.ini drop-node
slave4 -node
$ londiste3 /etc/skytools/slaved-londiste.ini status
Queue: replika Local node: slave3d -node

5 master-node (root)
| Tables: 4/0/0
| Lag: 9s, Tick: 49
+--: slavel -node (leaf)
- | Tables: 4/0/0
10 | Lag: 9s, Tick: 49
- +--: slave2 -node (branch)
| Tables: 4/0/0
| Lag: 9s, Tick: 49
- +--: slave3 -node (branch)
15 Tables: 4/0/0
- Lag: 9s, Tick: 49

Komana tag-dead mMoxkeT mcroJsib30BaThCsd, 9TO Obl yKasaTh slave kak He
JKUBOI (IPEKPATUTh HA HEro PEIUIMKAINIO), a depe3 KOMaHjy tag-alive ero
MOKHO BEPHYTH B KJIACTED.

Oommue 3a/1a41
[IpoBepka cocrognus ciaeiiBoB

JlaHHBIHI 3aIIpoc HA MacTepe JIaeT HEKOTOPYIO NH(MOPMAIINIO O KayKJI0i ode-
pean u ciaenBe:
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JIuctuar 5.94 IlpoBepka cocTosHUs CIEHBOB

Line 1 # SELECT queue name, consumer name, lag, last seen FROM pgq.
get consumer info () ;
- queue_name | consumer _name | lag |
last seen

---------- o o
- replika | .global watermark | 00:03:37.108259 |
00:02:33.013915
5 replika | slavel 13simple | 00:00:32.631509 |
00:00:32.533911
- replika | .slavel -node.watermark | 00:03:37.108259 |

00:03:05.01431

rie lag crosber moKa3bIBaeT OTCTaBaHWE OT MacTepa B CHHXPOHU3AIINM,
last _seen — BpeMms TOCJIeHEH 3amipoca OT cjeiiBa. 3HaYeHre 3TOro CTOJIONA He
JIOJIZKHO OBITH 00J1bIe, deM 60 ceKyH/ T J/1st KOH(UTYPAIH 110 YMOJTIAHUIO.

Viajienue odepeau BceX COOBITUI U3 MacTepa

[Ipu pabore ¢ Londiste moxkeT nmoTpedoBaThCs yIAJIUTH BCE BAIIU HACTPOIi-
KU JIIst TOrO, 9T00BI HAa1UaTh Bee 3aH0BO. [l PGQ, 1To0bI 0OcTaHOBUTEH HAKOII-
JIEHHE JIAHHDIX, UCIO/IB3yHTe cieytomue APL:

JIuctunar 5.95 Ynanenue odepenau BceX COOBITHUIT U3 MacTepa

Line | SELECT pgq.unregister consumer ( ’queue name’, ’consumer name’

);

Jlobasienue cTos01a B TaOJIHILY

obasiisieM B ciieytomnieil moce0BaTe/ IbHOCTHU:

JI006aBUTH TIOJIE Ha BCE CJICHBHI;
BEGIN; — na macrepe;
JI00aBHUTH II0JI€ HA MacTepe;

COMMIT;

Ll e

Vaanenue crosiona u3 Tab/IuIbL

1. BEGIN; — na macrepe;
2. yIaJuThb I0JIe Ha MacTepe;
3. COMMIT;

4. TIposepursb lag, Kora londiste mpoiieT MOMEHT yIaJIeHHUS TTOJIs;
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5. VIaJITH II0JIe Ha BCEX CleliBax;

XHUTPOCTH TYT B TOM, YTOOBI yJIAJIUTH TOJI€ Ha CJefiBaX TOJIHLKO TOTJIa, KOTIa
O0JIbIIIe HeT COOBITUI B OYepeu Ha ITO IOJIE.

YcTpanenne HenCIIpaBHOCTE
Londiste moxkupaer mporeccop u lag pacrer

DTO TPOUCXOINT, HAIIPUMED, €CJIU BO BpeMst cO0st 3a0bLIN Tepe3alyCTUTh
ticker. Mim xorma caenasm 6osbinoit UPDATE uwnn DELETE B oaHOil TpaH-
3aKIUU, HO Telepb 4TO Obl peajn30BaTh KaxKI0€ COOBITHE B 3TOM 3allpoce
CO3JIaI0TCA TPaAH3aKIMA Ha CJaeiBax . ..

Caemyromuit 3apoc MO3BOJIAET MOJICIUTATH, CKOJIBKO COOBITHII IIPUIILIO B
pgq.subscription B KoJloHKax sub_last tick m sub_next tick.

JIuctunar 5.96 YcrpaHnenune HencripaBHOCTEH

SELECT count (*)
FROM pgq.event 1,
(SELECT tick snapshot
FROM pgq. tick
WHERE tick id BETWEEN 5715138 AND 5715139
) as t(snapshots)
WHERE txid visible in snapshot(ev txid, snapshots);

Ha npakTuke 10 661710 O0s1ee dem H MmuyanoHoB u 400 Thicsa< cobbrTuii. Yem
6oJIbIIIe cOOBITHI ¢ 6a3bl JAHHBIX TpebyeTcs obpaboraTh Londiste, Tem Gobiie
eMy Tpebyercss maMsaTh Jijisd 3Toro. BodmoxkHo coobmuTh Londiste me 3arpy-
KaTh Bce coObiTus cpasdy. [locrarouno mobasutrs B INI xondur PgQ) ticker
CJIE/IYIOILYI0 HACTPOUKY:

JIuctunar 5.97 Ycrpanenune HencripaBHOCTEH
pgq_lazy fetch = 500

Teneps Londiste 0ymer 6pats MmakcumyMm 500 coOBITHIT B OJIUH ITaKeT 3a-
pocoB. OcTajibHBIE TOTAYT B CJACIYIONIIE TTAKEThI 3aIIPOCOB.

5.7 Bucardo

Bucardo — acumuxponnas master-master mim master-slave pernkarims
PostgreSQL, koropas namnucana na Perl. Cucrema odenb rudkasi, Mo IepKu-
BaeT HECKOJIbKO BUJIOB CHHXPOHHU3AINNA U 00pabOTKN KOH(MJINKTOB.
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YeranoBska

Yceranoska Oyjier mpoBouThcs Ha Debian cepsepe. CHadasia HyKHO ycTa-
HoBuTh DBIx::Safe Perl Mojyiib.

JIuctunr 5.98 Ycranoska

$ apt-get install libdbix -safe-perl

ZL.HH APYTUX CUCTEM MOXKHO IIOCTaBUTHb U3 MCXOJHNKOB:

JIuctunr 5.99 Ycranoska

tar xvfz dbix safe.tar.gz
cd DBIx-Safe-1.2.5

perl Makefile.PL

make

make test

sudo make install

ShH H H H L PH

Teneps craBum cam Bucardo. CkatnBaem ero u mHCTAJLIUPYEM:

JIuctunar 5.100 Ycranoska

wget http://bucardo.org/downloads/Bucardo-5.4.1.tar.gz
tar xvfz Bucardo-5.4.1.tar.gz

cd Bucardo-5.4.1

perl Makefile.PL

make

sudo make install

ShH H H LH L PH

s paborer Bucardo norpebyercst ycraHOBUTH HOIepKKy pl/perl s3bika
B PostgreSQL.

JIuctunar 5.101 Ycranoska

$ sudo aptitude install postgresql -plperl-9.5

u jonojgauTebable nakersl i Perl (DBI, DBD::Pg, Test::Simple,
boolean):

JIuctunr 5.102 Ycranoska

$ sudo aptitude install libdbd-pg-perl libboolean -perl

Tenepb MokeM TPUCTYTIATH K HACTPOMKE PEILJIMKAIUN.
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Hactpoiika
WNunmmmanmzanusg Bucardo

BarmyckaeM ycranoBky Bucardo:

JIncrunr 5.103 Manmuannzanus Bucardo
Linel $ bucardo install

Bo Bpemsi ycraHoBKH Oy/IyT IIOKa3aHbl HACTPOHKM IOJKIIOYEHUST K
PostgreSQL, koTopble MOXKHO Oy/1eT U3MEHUTE:

JIucturr 5.104 Mannuamuzanus Bucardo

Line I  This will install the bucardo database into an existing
Postgres cluster.
- Postgres must have been compiled with Perl support,
- and you must connect as a superuser

5 We will create a new superuser named ’bucardo’,
- and make it the owner of a new database named ’'bucardo’

- Current connection settings:

- 1. Host: <none>
10 2. Port: 5432
- 3. User: postgres
- 4. Database: postgres
- 5. PID directory: /var/run/bucardo

[Tocnie moarBepKAeHus HacTpoeK, Bucardo co3macT mosb3oBaTesisd bucardo
u 6a3y jmaHHBIX bucardo. /[aHHBIN MOB30BATENH JTOJKEH UMETH MPABO JIOTHU-
nuthes depe3 Unix socket, mosTomy Jjiydiiie 3apaHee jgaTh eMy Takue IpaBa B
pg_hda.conf.

[Tocse ycrennoit ycTaHOBKHM MOYKHO ITPOBEPUTH KOH(MUTYPAIUIO Uepe3 KO-
MaHy bucardo show all:

JIuctunr 5.105 Mannuamnsanus Bucardo

Linel $ bucardo show all

- autosync_ddl = newcol
- bucardo initial version = 5.0.0
- bucardo_vac =1

5 bucardo_ version = 5.0.0
- ctl checkonkids time = 10

- c¢tl createkid time = 0.5

- ctl _sleep = 0.2

- default conflict strategy = bucardo latest
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default email from = nobody@example . com
default email host = localhost
default email to = nobody@example . com

Hacrpoiika 6a3 JaHHBIX

Tenepb HYKHO HACTPOUTH 0a3bl JIAHHBIX, C KOTOPBIMU OyIeT padoTaTh
Bucardo. O6oznadmm 6a3br Kak master db u slave db. Perumuposats Oy/iem
simple database 6a3y. CuHavaJia HacTpouMm MacTep 0asy:

JIuctuar 5.106 Hactpoiika 6a3 gaHHBIX

$ bucardo add db master db dbname—=simple database host=
master host

Added database "master db"

Januoit komaH 10 yKa3agn 6a3y JAaHHBIX U jajan eil uMst master db (st
TOr'0, YTO B PeaJIbHON »Ku3HU master db u slave db nMeroT ogunaxkoBoe Ha3Ba-
Hre 6a3bl simple database u ux Hy»kKHO oTmdaTh B Bucardo).

Hambire nobasiseM slave db:

JIuctuar 5.107 Hactpoiika 6a3 qaHHBIX

$ bucardo add db slave db dbname=simple database port=5432
host=slave host

Hacrpoiika permmkanum

Terteps TpedyeTcss HACTPOUTH CUHXPOHU3AIUIO MEYK/LY STUMH Oa3aMu JIaH-
veIX. Jlesraercsa 9To KoMaH 10 sync:

JIuctunar 5.108 Hacrpoiika perukaium

$ bucardo add sync delta dbs=master db:source ,slave db:
target conflict strategy=bucardo latest tables=all
Added sync "delta"
Created a new relgroup named "delta"
Created a new dbgroup named "delta"
Added table "public.pgbench accounts”
Added table "public.pgbench branches"
Added table "public.pgbench history"
Added table "public.pgbench tellers"

Hannas komana ycranasiaumBaer Bucardo tpurrepwsr B PostgreSQL s
master-slave perimkaruu. 3HaYeHUs TaPAMETPOB:
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e dbs — crmcoK 6a3 JAHHBIX, KOTOPBIE CJIeyeT CHHXPOHU3UPOBATD. JHATE-
HUe source UJIHU target yKa3bIBaeT, YTO 9TO master uin slave 6a3a maHHBIX
COOTBETCTBEHHO (MX MOXKeT ObITH OOJIbIIe OIHOI);

e conflict strategy — 151 paboThI B pezkuMe master-master Hy?KHO yKa3aTh
kak Bucardo mgo/rken perars KOHGIUK T ciEXpoHu3armn. CyIecTByoT
CJIEIyIOIINE CTPATEIHH:

bucardo _source — npu KOHMJIMKTE MBI KOIIUPYEM JIAHHBIE C SOUTCE;
bucardo target — 1pu KoH(MJIUKTE Mbl KOIIUPYEeM JaHHbIe ¢ target;
bucardo skip — KOH(MIUKT MBI TTPOCTO He perunupyeM. He peko-
MEHJIyeTcd JId MIPOJAaKIIeH CUCTEM;

bucardo random — kaxkjas B/l mmeer OJMHAKOBLIN IIAHC, YTO €€

U3MEHEHHe OyJIeT B3ATO JIjI peleHne KOHMINKTA;

bucardo latest — 3ammch, KoTopas ObLIa TOC/IE/IHE U3MEHeHa pe-
maeT KOH(JIUKT;

bucardo abort — cMHXpOHM3aIMA TPEPLIBACTC;

e tables — Tab/uIbI, KOTOPBIE TPpeOyeTCs CUHXPOHU3UPOBATH. Yepes «all»
yKa3bIBaeM BCe;

s master-master permmkarun TpeOyeTcst BBIIOJHUTD:

JIuctuar 5.109 Hacrpoiika permukamun

$ bucardo add sync delta dbs=master db:source ,slave db:
source conflict strategy=bucardo latest tables=all

[Ipumep s co3manust master-master u master-slave perninkarmmn:

JIucturar 5.110 Hacrpoiika penukaium

$ bucardo add sync delta dbs=master dbl:source ,master db2:
source ,slave dbl:target ,slave db2:target
conflict strategy—=bucardo latest tables=all

JL1s1 TPOBEPKU COCTOSIHUS PEILINKAIUN:

JIuctuar 5.111 IIpoBepka COCTOSTHUS PEILIHKAIIAN

$ bucardo status
PID of Bucardo MCP: 12122

Name State Last good Time Last 1/D Last bad
Time
-+ -+ ++ -+ -+

delta | Good | 13:28:53 | 13m 6s | 3685/7384 | none
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Bamyck/OcraHOBKa peIlKaIn

BalycK perInKaIiim:

Jluctunr 5.112 Banyck perukanun

Linel $ bucardo start

OcTaHOBKa pEITHKAIINN:

Jluctunr 5.113 OcraHOBKA pEIIUKAIIAN

Line 1 $ bucardo stop

Ob6rmue 3aga4un

[IpocMoTp 3HadeHuit Konurypanumn

JIuctuar 5.114 TIpocmotp 3HAMEHU KOHMUTYpaIUn

Linel $ bucardo show all

N3menenus 3uavennii KoHUrypamun

JIuctuar 5.115 V3menenus 3Ha49eHUN KOHMUTYPAITTT

Linel $ bucardo set name=value

Hampuwmep:

JImctunr 5.116 Vzmenenus 3nadennii KOHMUTY DA

Line 1 $ bucardo ctl set syslog facility=LOG LOCAL3

[Ieperpyska kouduryparun

JImcrunr 5.117 Teperpyska kounduryparumn

Line I $ bucardo reload config

Boisee noipobuyto nHGOpMAINIO MOXKHO HailTu Ha OMuIaJIbLHOM cafite.
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5.7. Bucardo

Peniukaryst B Ipyrue THIIbI 0a3 JaHHbIX

Haunnas ¢ Bepcun 5.0 Bucardo nojjiepkuBaeT pernjimkalum B JIpPyrue uc-
TOYHUKY JaHHBIX: drizzle, mongo, mysql, oracle, redis u sqlite (Tun 6a3br 3a-
JaeTcsd MIPUA UCNOJAb30BaHn! KOMaHAbl bucardo add db 4depes kiou «type», Ko-
TOpBIiT 1o ymMosraanuio postgres). lasaiite pacemorpum mpumep c redis 6a30ii.
st nagasia morpebyercs ycranoButh redis ajamnrep jyist Perl (jis apyrux 6a3
YCTaHABIMBAIOTCS COOTBETCTBYIOIIHE):

JInctuur 5.118 Ycranoska redis

$ aptitude install libredis -perl

amnee 3aperucrpupyem redis 6azy B Bucardo:

JIuctuar 5.119 Jlobasmenne redis 6a3br

$ bucardo add db R dbname=simple database type=redis
Added database "R"

Cosmamm rpyriny 6a3 JTaHHBIX 110J1 Ha3BaHueM pg to  redis:

JIuctunr 5.120 I'pymnmra 6a3 JaHHBIX

$ bucardo add dbgroup pg to redis master db:source slave db:
source R:target

Created dbgroup "pg to redis"

Added database "master db" to dbgroup "pg to redis" as
source

Added database "slave db" to dbgroup "pg to redis" as source

Added database "R" to dbgroup "pg to redis" as target

W cozmaanm permKalmo:

JIuctuar 5.121 YcranoBka sync

$ bucardo add sync pg to redis sync tables=all dbs=
pg to redis status=active
Added sync "pg to redis sync"
Added table "public.pgbench accounts"
Added table "public.pgbench branches"
Added table "public.pgbench history"
Added table "public.pgbench tellers"

[Tocste nepezamycka Bucardo jgannbie ¢ PostgreSQL Tabsmn naunyT peruim-
nupoBaThed B Redis:
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JIuctunr 5.122 Penmmkamnust B redis

$ pgbench -T 10 -c¢ 5 simple database

$ redis-cli monitor

"HMSET" "pgbench history:6" "bid" "2" "aid" "36291" "delta"
"3716" "mtime" "2014-07-11 14:59:38.454824" "hid" "4331"

"HMSET" "pgbench history:2" "bid" "1" "aid" "65179" "delta"
"12436" "mtime" "2014-07-11 14:59:38.500896" "hid" "4332"

"HMSET" "pgbench history:14" "bid" "2" "aid" "153001" "delta
" M_264" "mtime" "2014-07-11 14:59:38.472706" "hid" "4333
n

"HMSET" "pgbench history:15" "bid" "1" "aid" "195747" "delta
" ".1671" "mtime" "2014-07-11 14:59:38.509839" "hid" "
4334"

'"HMSET" "pgbench_history:3" "bid" "2" "aid" "147650" "delta"
"3237" "mtime" "2014-07-11 14:59:38.489878" "hid" "4335"

"HMSET" "pgbench_history:15" "bid" "1" "aid" "39521" "delta"
"-2125" "mtime" "2014-07-11 14:59:38.526317" "hid" "4336
"

"HMSET" "pgbench history:14" "bid" "2" "aid" "60105" "delta"
"2555" "mtime" "2014-07-11 14:59:38.616935" "hid" "4337"

"HMSET" "pgbench history:15" "bid" "2" "aid" "186655" "delta
" "930" "mtime" "2014-07-11 14:59:38.541296" "hid" "4338"

"HMSET" "pgbench history:15" "bid" "1" "aid" "101406" "delta
" "668" "mtime" "2014-07-11 14:59:38.560971" "hid" "4339"

"HMSET" "pgbench history:15" "bid" "2" "aid" "126329" "delta
""_4236" "mtime" "2014-07-11 14:59:38.5907" "hid" "4340"

"DEL" "pgbench tellers:20"

lanuwie B Redis xpansarca B Bujie xereit:

Jluctunr 5.123 anweie B redis

$ redis-cli "HGETALL" "pgbench history:15"
llbidll

HQH

n ald "

"126329"

"delta"

" _4236”

"mtime"

"2014-07-11 14:59:38.5907"
llhidll

"4340"

O © 0O Uk W+
S~—

— O N N N e

—_

Tak>ke MOXKHO IIPOBEPUTDL COCTOAHUEC DEILIUKAIIUN:

JInctuur 5.124 Ycranoska redis
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Line 1

5.8. BakJrodeHne

$ bucardo status
PID of Bucardo MCP: 4655

Name State Last good Time Last I/D
Last bad Time
> -+ - -+ -+
delta | Good | 14:59:39 | 8m 15s | 0/0
| none |
pg to redis sync | Good | 14:59:40 | 8m 14s | 646/2546

| 14:59:39 | 8m 15s

Teneps nanuabie u3 redis MOTYT HCIOJIB30BATHCS JJIsl TPUJIOKEHUS B BUJIE
OBICTPOTO KT XPAHUJIUIIA.

5.8  3BakJjrodyeHue

Permmkarus — ojiHa 3 BayKHEUINNX YacTell KPYITHBIX TPUIOXKEHUN, KOTO-
poie paborator Ha PostgreSQL. Ona momoraer pacipe/ieiaTh HArpy3Ky Ha Oazy
JIAHHBIX, JeaTh (POHOBBIN O9KAIl OJIHON M3 KOIWil Oe3 HATPY3KH Ha IEeHTPAIb-
HBIIl cepBep, CO3/1aBaTh OTJIEJIbHBIN cepBep JJid JJOTUPOBAHUS WU AHAJTUTUKH,
rpodee.

B ryraBe 6bLI0 paccMOTPEHO HECKOJIBKO BUJIOB peruimkanmu PostgreSQL.
Heﬂb35{ YETKO CKa3aTb KaKagd JIy4dIlle BCEX. HOTOKOBaH PeINIMKalIud — OJWH
U3 CaMbIX JIYYIIUX BapUaHTOB JJId IIOJAECP2KKU HUACHTHUYIHLIX KJIaCTEPOB 6&3
nmanabix. Slony-I — rpomosakas u cjioykHasi B HACTPOHKE CHCTEMA, HO UMEIO-
masi B CBOEM apCeHaJie MHOXKeCTBO (DYHKIIHI, TaKUX KaK OTKa30yCTONYINBO-
cru (failover) u nepexsiodenue Mexxay cepsepamu (switchover). B Toxxe Bpemst
Londiste mmes B cBoeM apceHaJie mo00HbIH (DYHKITHOHAJI, MOXKET TTOXBACTATH-
cd ere KOMIAKTHOCTBIO U IIPOCTOi B ycraHoBke. Bucardo — cucrema KoTopast
MOKeT ObITh M master-master, mwin master-slave pernkarmeii.
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HIapanar

Ecnu emb ciiona, He nbrTaiics
3AlMXATh €r0 B POT IEJTUKOM

Hapomnas MmymapocThb

6.1 DBseuenue

[Mapaunr — pasjesieHue JlaHHBIX Ha YpoBHE pecypcoB. Konrenus map-
JIMHTA, 3aK/TI0YAETCS B JIOTHIECKOM Pa3/ie/IeHIuN JaHHBIX 110 PA3JIMIHBIM Pecyp-
caM, MCXO/IsI U3 TpebOOBaHMiI K HAIPY3Ke.

Pacemorpum npumep. Ilycers y HacC ecTh TPUIOXKEHNE ¢ PETUCTPAIIAE TI0/Th-
3oBaTesieil, KOTOpoe IMO3BOJIIET IMUCATH JIPYT JIPYTY JudHble coolienus. Jlo-
IIYCTUM OHO OY€HDb IOIYJIAPHO, U MHOIO JIIOJIEH UM IOJIb3YIOTCS €XKEIHEBHO.
EcrecTBerno, uTo Tabymia ¢ JUIHBIMEA COOOIIEHUSIMU OYIeT HAMHOTO OOJIbIIe
BCeX oCTasbHBIX Tabsmil B 6aze (ckaxkem, Oyier 3anumarh 90% Bcex pecyp-
coB). 3Has 9TO, MBI MOXKEM IOJTOTOBUTH /I ITON (TOJIBKO OHOI!) TabnIbl
BBIJICJICHHBIIT cepBep TIOMOIIHEe, a OCTaJbHBIE OCTABUTH HA JIPYyroM (IIocja-
Gee). Temepb MbI MOXKEM HJI€ATBHO MOJCTPOUTH CepBep Jisi PabOThI ¢ OJTHOMN
cuernuduIeckoi TabJInIel, MocTapaTbCs YMECTUTD €€ B TaMATh, BO3MOXKHO, J10-
[TOJTHUTEILHO MTapTUIMOHIPOBATD ee U T. JI. Takoe pacipeieieHne Ha3bIBAETCS
BEPTUKAJIBHBIM ITAPIXHIOM.

Yro nmenarhb, ecan Hallla TabJINAIA C COODIIEHUSIMU CTaJla HACTOJIHKO 0OJIb-
IIOM, 9TO Jla’Ke BBIJIEJIEHHBIN cepBep IO Hee OHY yike He cracaer! Heobxo-
JIIMO JIEJIATh TOPU3OHTAJIBHBIN MAPIMAT — T. €. pas3jiesieHue OJIHON TabIUIbI
110 pa3HbIM pecypcaMm. Kak 1o BbinIsianT Ha npakTuke? Ha pasHbix cepBepax
y Hac OyeT Tab/uIa ¢ OJIMHAKOBOM CTPYKTYPOI, HO pa3HbIMU JaHHLIMU. [l
HAIIIErO CIyYas ¢ COOOIIEHUAMM, Mbl MOXKEM XPAHUTH mepBble 10 MUJLIMOHOB
coODITeHnit Ha OJHOM cepBepe, BTopble 10 - Ha BTOpoMm m T. A. T. e. HEOOXO-
JUMO UMETh KPUTEPUH IIapJuHra — KaKOW-TO napaMeTp, KOTOPBIA ITO3BOJJIUAT
OIIpeIeINTh, Ha KAKOM UMEHHO cepBepe JieXKaT Te WU WHbIe JTaHHbIe.
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6.2. PL/Proxy

OO6brvHO, B KavyecTBe mapaMeTpa Imapjauara BeiompatoT ID mnosib3oBaTesis
(user id) — 9T0 O3BOJISIET JIEJIUTH JIAHHBIE TI0 CEPBEPaM PABHOMEPHO U IIPOCTO.
T.o. py moJIyYeHUM JUYIHBIX COOOIIEHUIT MOJb30BaTe /el aJIrOPpUTM pabOThI
OyJIeT Takoii:

Ornpenenmuth, Ha KakoM cepBepe Bl yexkaT coobiienns mosb30BaTe I,
UCXojid U3 user id;

Nuauiuam3npoBaTh COeUHEHNE C ITUM CEPBEPOM;

Bribparh coobimenusi;

Baﬂaqy onpejeeHnnd KOHKPETHOI'O CEPBEPa MO2KHO pellaThb ABYMA ITyTAMM:

XpaHUTh B OJHOM MECTE XeIl-TaOJUILy C COOTBETCTBHAMM <«IIOJIH30Ba-
TeJb=cepBep». Tora, pu onpeesIeHun cepBepa, HyKHO Oy/1eT BhIOpaTh
cepBep u3 3Toi Tabunbl. B 9TOM cilydae y3kKoe MecTo — 3TO OOoJIbIast
TabJINIa COOTBETCTBUS, KOTOPYIO HY?KHO XPAaHUTH B OJHOM Mecte. [l
TaKUX IeJiell 09eHb XOPOIIIO IOIXO0/IAT 0a3bl JJAHHBIX «KJII0OU—3HAUeHHEs ;
OmpeiesaTh UMsi cepBepa ¢ MOMOIIBIO YUCIOBOTO (6yKBEHHOTO) Ipeobpa-
zoBanus. Hampumep, MOXKHO BBIMUC/ISITH HOMED cepBepa, KaK OCTaTOK OT
JIeJICHUS Ha ONIPe/IeJIeHHOE 9UCI0 (KOJMIeCTBO CePBEPOB, MEXKTY KOTOPbI-
mu Ber genmre tabumity). B arom ciaydae y3koe MecTo — 910 mpobiema
J06aBIeHNs HOBBIX CEPBEPOB — IPUJIETCS JIEJIATh IMepepacIpe/iesieHne
JIAHHBIX MEKJIy HOBBIM KOJIMYECTBOM CEPBEPOB;

EcrecTBenno, jiejlag ropu3oHTAJILHBIN TTapuHr, Bel orpannyunBaere cebs
B BO3MOXKHOCTH BBIGODOK, KOTOpbIe TPEOYIOT IepecMoTpa Beeii Tabamibl (Ha-
[IprUMep, TIOCIeIHUE ITOCTHI B OJI0Tax Jifojieil Oy/1eT JoCTaTh HEBO3MOYKHO, €CJIH
TabJIuIa MoCTOB MmapanTes ). Takue 3aa4n IPUETC PEIaTh APYTUME TOX0-
namu. Harpumep, /1t onucaHHOro mpuMepa, MOXKHO IIPH HOSBJIEHUN HOBOT'O
rocta, 3anocuThb ero ID B obmwmit crek, pazmepom B 100 3/1eMeHTOM.

lopuszoHTANBHBINI MAPINHT UMEET OJIHO SBHOE MPENMYIIECTBO — OH Oec-
KoHeUHO MacrtnTabupyem. s cozmanms mapaunara PostgreSQL cymmecryer
HECKOJIBKO PEIeHNI:

6.2

Postgres-XC

Greenplum Database
Citus

PL/Proxy

Stado (sequel to GridSQL)

PL/Proxy

PL/Proxy npejcrapiisier coboii MpOKCU-3BIK JIJTsI YAAJEHHOTO BBI30Ba IIPO-
1eJIyp W MapTUIMPOBAHUS JTAHHBIX MeXK Ty pasHbiMu Oasamu. OcHOBHasT mjest
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Line 1

6.2. PL/Proxy

€r0 UCIOJIb30BaHUS 3aKJ/IIOYAETCS B TOM, YTO IOSBJISETCS BOSMOXKHOCTH BbI3bI-
BaTh (PYHKIINU, PACIIOJIOKEHHBIC B yJIAJICHHBIX Oa3ax, a TaKzKe CBOOOIHO pabo-
TaTh ¢ KJIacTepoM 0a3 JAHHBIX (HAIIPHMED, BBI3BATH (DYHKIIMIO HA BCEX y3/IaX
KJIacTepa, WK Ha CIy9IailHOM y3JIe, WJIH Ha KaKOM-TO OJTHOM OIIPEJICJIEHHOM ).

Yem PL/Proxy moxer GbiThb mosiezen? OH CYIIECTBEHHO YNPOIIAET TO-
pUBOHTAJIbHOE MacITadupoBanue cucreMbl. CTaHOBUTCH YI0OHBIM Pa3/edTh
TabJINILy ¢ TI0JIb30BATE/ISIMU, HAIIPUMED, IO IEePBOI JIATUHCKON OYKBE UMEHU —
Ha 26 y3s08B. [Ipu sToM mpuiioxkenune, KOropoe paboTaeT HEIOCPEJICTBEHHO C
poKcu-0a30if, HUIero He Oy/eT 3aMedaTh: 3alPOC HA ABTOPU3AIMIO, HAIPHU-
Mep, caMm OyJieT HallpaBJIeH IPOKCU-CepBepPOM Ha HYKHBIH y3es. To ectsb ajgmu-
HUCTPATOP 0a3 JAHHBIX MOYKET ITPOBOJUTH MACIITAOMPOBAHUE CHCTEMBI ITPaK-
THUYECKU HE3aBUCUMO OT Pa3pabOTINKOB MIPUJIOKEHUS.

PL/Proxy mo3BojigieT MOJHOCTBHIO PEIIUTh MPOBIeMbl MaCIHITaOUPOBAHUSI
OLTP cucrem. B cucremy jerko BBoanuTcs peseppupoBanue ¢ failover-om He
TOJIBKO TIO y3J1aM, HO U IO CAMHM ITPOKCHU-CepBepaM, KaKbIil 13 KOTOPBIX pa-
6oTaeT co BCeMH y3JIaMHU.

Hepocrarku n orpanuvenusi:

® BCe 3aIpPOChl U BBI3OBBI (DYHKIIMI BBIZBIBAIOTCA B autocommit-pexkmme
Ha yJ/IaJIeHHBIX CepBepax;

e B Tesie (pyHkmu paspenien Toabko ojaun SELECT. IIpu neodbxomumoctn
HY’KHO IUCATH OTJIEJIBHYIO IIPOIIETYPY;

® PN KAaK/IOM BBI30BE IIPOKCH-CEPBED CTapTyeT HOBOE COE/IMHEHHE K
O3KeH/I-cepBepy. B BBICOKOHAIDYKEHHBIX CHCTeMaX IIeJIecO00pa3HO HUC-
[IOJTb30BATh MEHEeJZKep I KeIUPOBAHWUS COeJMHEHW K OIKeH]I-
cepBepaM (JIJIst 3TOH Iiesin ujeasibHo noaxoaut PgBouncer);

e u3MeHeHne KOHGUryparun Kiacrepa (HapuMep KOJMIecTBa MapTHITHH )
TpedyeT nepe3arycka IIPOKCU-CepBepa;

YeranoBka

1. Ckagars PL/Proxy n pacmakosarhb;
2. Cobpars PL/Proxy komanmamu make 1 make install;

Tax ke moxkno ycranosuth PL/Proxy u3 penosuropus makeros. Hampvep
B Ubuntu Server nocrarouno BeIogHUTE KOMaH Ty s PostgreSQL 9.6:

JIuctunar 6.1 YcraHoBka

$ sudo aptitude install postgresql-9.6-plproxy

Hacrpoiika

st mpumepa HacTpoiiku uctosibsyercsa 3 cepsepa PostgreSQL. 2 cepsepa
nycthb OyayT nodel m node2, a TyiaBHBIH, YTO OyJIeT HMPOKCHPOBATDH 3aIlPOCHI
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Line 1
Line 1
5
Line 1
5
Line 1

6.2. PL/Proxy

Ha J[Ba JIDYrUX — proxy. /st KoppekTHOil paboTbl pl/proxy pekomeHyercs
HCITOJIb30BaTh KOJIUYIECTBO HOJL PABHOE CTeIleHsAM JBOWKH. basa jgaHHbBIX Oyaer
Ha3bIBaTbCA plproxytest, a Tabjuia B Heil — users.

na nagasia nactpouM nodel n node2. Komambl, HaMCAHHBIC HUZXKE, HY K-
HO BBITIOJTHATH Ha, Kaxk10il Hoste. CHadasa co3ma M 6a3y JaHHBIX plproxytest
(ecsm eé em@ ner):

JIuctunr 6.2 Hacrpoiika

CREATE DATABASE plproxytest
WITH OWNER = postgres
ENCODING = ’'UTFS8’;

lobaBiisieM TaOJIUIKY users:

JIuctuar 6.3 Hacrpoiika

CREATE TABLE public. users
(

username character varying(255),
email character varying(255)

)
WITH (OIDS=FALSE) ;
ALTER TABLE public.users OWNER TO postgres;

Tenepb cozmaaum (byHKIHIO 751 J00aBICHUsT JAHHBIX B TAOJIHUILY USers:

JIuctuar 6.4 Hacrpoiika
CREATE OR REPLACE FUNCTION public.insert user(i_username

text ,

i _emailaddress text)

RETURNS integer AS

$BODY$

INSERT INTO public.users (username, email) VALUES ($1,%2);
SELECT 1:

$BODY$

LANGUAGE ’sql’ VOLATILE;
ALTER FUNCTION public.insert user(text, text) OWNER TO
postgres ;
C nactpoiikoit Hox 3akon4eHo. [Ipucrynum K cepsepy proxy. Kak un na Bcex
HOJIaX, HA [VIABHOM cepBepe (proxy) J0JKHA MPUCYTCTBOBAThH 0a3a JIAHHBIX:

JIuctuar 6.5 Hacrpoiika

CREATE DATABASE plproxytest
WITH OWNER = postgres
ENCODING = ’'UTF8’ ;
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Teneps HAJIO yKa3aTh cepBepy 4TO 3Ta 6a3a JIAHHBIX YIPaB/ISEeTCs C TIOMO-
mpio pl/proxy:

JIucturar 6.6 Hacrpoiika

CREATE OR REPLACE FUNCTION public.plproxy call handler ()
RETURNS language handler AS

"$libdir /plproxy’, ’plproxy call handler’
LANGUAGE ’c¢’ VOLATILE
COST 1,

ALTER FUNCTION public.plproxy call handler ()

- OWNER TO postgres;

-- language
CREATE LANGUAGE plproxy HANDLER plproxy call handler;
CREATE LANGUAGE plpgsql;

Taxzxe, jist TOro 9To OBI CepBEp 3HAJ TJie W KaKhue HOJbI Y HEro eCTh,
HAJIO CO371aTh 3 cepBUCHBbIE (DYHKINK, KOTOPbIe pl/proxy Oymer ucrnoabnb30BaTh
B cBoeil pabore. [lepBast byHknsa — KoHUr Ui KaacTepa 6a3 JaHHbIX. TyT
YKa3bIBAIOTCsI IMapaMeTphl depes key-value:

JIuctuar 6.7 Hacrpoiika

CREATE OR REPLACE FUNCTION public.get cluster config
(IN cluster name text, OUT "key" text, OUT val text)
RETURNS SETOF record AS
$BODY$
BEGIN
-- lets use same config for all clusters
key := ’connection lifetime’;
val := 30*60; -- 30m
RETURN NEXT;
RETURN;
END;
$BODY$
LANGUAGE ’plpgsql’ VOLATILE
COST 100
ROWS 1000:
ALTER FUNCTION public.get cluster config(text)

- OWNER TO postgres;

Line 1
l(;
Line 1
l(;
15
Line 1

Bropas Baxknast pyHKIMS, KOJI KOTOPOi HaJjI0 OyjeT mojnpaBuThb. B Heit
Ha10 OyaeT ykasatb DSN Hou:

JIuctunr 6.8 Hacrpoiika

CREATE OR REPLACE FUNCTION
public.get cluster partitions(cluster name text)
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- RETURNS SETOF text AS

- $BODY$

5 BEGIN

- IF cluster name = ’“usercluster’ THEN

- RETURN NEXT ’dbname=plproxytest host=nodel user=postgres

?

- RETURN NEXT ’dbname=plproxytest host=node2 user=postgres

)
)

: RETURN:
10 END IF:
- RAISE EXCEPTION ’Unknown cluster ’;
- END;
- $BODY$
~ LANGUAGE ’plpgsql’ VOLATILE
15 COST 100
- ROWS 1000;
- ALTER FUNCTION public.get cluster partitions(text)
- OWNER TO postgres;

W nocnegusas:

JInucturr 6.9 Hacrpoiika

Line 1 CREATE OR REPLACE FUNCTION
- public.get cluster version(cluster name text)
- RETURNS integer AS
- $BODY$
5 BEGIN
- IF cluster name = ’“usercluster’ THEN
- RETURN 1;
~ END IF:
- RAISE EXCEPTION ’Unknown cluster ’;
10 END;
- $BODY$
- LANGUAGE ’plpgsql’ VOLATILE
- COST 100;
- ALTER FUNCTION public.get cluster version (text)
15 OWNER TO postgres;

Hy u cobcrBenno camas riaBHasg (pyHKIHS, KOTOpas OyJ/IeT BbI3BIBATHCS
y2Ke HEIOCPEJICTBEHHO B NMPUJIOKEHUN:

JIuctuar 6.10 HacTpoiika

Line 1 CREATE OR REPLACE FUNCTION
- public.insert user (i username text, i emailaddress text)
- RETURNS integer AS
- $BODY$
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6.2. PL/Proxy

CLUSTER ’usercluster’;
RUN ON hashtext (i username) ;
$BODY$
LANGUAGE ’plproxy’ VOLATILE
COST 100;
ALTER FUNCTION public.insert user(text, text)

- OWNER TO postgres;

Line 1

Bcee roroso. Ilogkiouaemess K cepBepy proxy u 3aHOCHUM JaHHbIE B 0a3y:

JIuctuar 6.11 Hactpoiika

SELECT insert user(’Sven’, ’sven@somewhere.com’);
SELECT insert user(’Marko’, ’marko@somewhere.com’);
SELECT insert user(’Steve’, ’steve@somewhere.com’);

[Ipobyem uzBeunb jganubie. J[1s 9TOrO HAIMIIIEM HOBYIO CEPBEPHYIO (DYHK-
IHTO:

JIuctunr 6.12 Hacrpoiika

CREATE OR REPLACE FUNCTION
public.get user email(i username text)
RETURNS SETOF text AS
$BODY$
CLUSTER ’“usercluster ’;
RUN ON hashtext (i username) ;
SELECT email FROM public. users

WHERE username = i _username;
$BODY$

LANGUAGE ’plproxy’ VOLATILE
COST 100

ROWS 1000;

ALTER FUNCTION public.get user email(text)

- OWNER TO postgres;

Line 1
5

10
Line 1

N nonipobyem e¢ BbI3BATD:

JImctuar 6.13 HacTtpoiika
SELECT plproxy.get user email(’Steve’);

Ecinmn moroMm HmoakIOUNTHCI K KaxKIOH HOJIE OTIAEJILHO, TO MOXKHO YEeTKO
YBHUIETH, 9TO JaHHBIE users PaszOopPOCaHBI IO TaOJIUIAM KaxKI0i HOJIBI.

Bce 1 Tak npocro?

Kak BujiHO Ha TECTOBOM IIpUMeEpEe HUYEro CJIOKHOrO B pabore ¢ pl/proxy
ner. Ho B peasbHoit :xu3nm Bee He Tak mpocto. llpepcrasbre uTo y Bac 16 no,.
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DTO Ke HAJ0 KAK-TO CHHXPOHU3UPOBATH KOJ (DYHKIWI. A 9TO ecyin omunbdKa
3aKpaIETC — KaK €€ OIepaTuBHO UCIHPABISTD?!

DtoT Bompoc ObLT 3a7an u Ha KoH(bepenmuun Highload++ 2008, na uro
Acko Ofist OTBETIIT 9TO COOTBETCTBYIOIIIE CPEJICTBA Y7KEe Pean30BaHbl BHYTPU
camoro Skype, HO eIé He JTOCTATOYHO TOTOBBI JJI TOrO YTO OBbI OTJIABATH UX
Ha CyJI COODINECTBY Opensource.

Bropas mpobisiema, kKoropast He jaii 60r KOCHETCS Bac Ipu pazpaboOTKe Ta-
KOI'0 POJIa CHCTEMBI, 9TO IpolseMa IepepaclpeesieHns JTaHHbIX B TOT MO-
MEHT, KOTJIa HaM 3aXodeTcs J00aBUTH elé HoJ B KiacTep. [Lmanuposars a1y
MacmTabHyIO OIepaIuio MPUIETCs OYeHb TIIATe]bHO, ITOJATOTOBUB BCE CEPBe-
pa 3apaHee, 3aHecs JIAHHBIE U TIOTOM B OJIMH MOMEHT MOJMEHUB KO, (DYHKITIH
get cluster partitions.

6.3 Postgres-X2

Postgres-X2 — cucrema s co3yianus MyJIbTH-MACTeP KJIaCTEPOB, paboTa-
IOIUX B CUHXPOHHOM PEXKUMe — BCe y3JIbl BCET/Ia COJIEPYKAT aKTyaJsbHbIE JaH-
uble. Postgres-X2 mojepKuBaeT ONIUN JIjId YBEJIUYEHUsT MACIITaOMPOBAHMS
KJIaCcTepa KakK IpU Mpeod/IalaHuy Olepalliii 3alucu, Tak U IIPpU OCHOBHOW Ha-
rpy3Ke Ha YTeHWe JAHHBIX: TOJJIEPXKIBAETCS BBITIOJTHEHNE TPAH3aKIINN ¢ pac-
napaJiie/TMBAHIeM Ha HECKOJIbKO y3JI0B, 3 IEJI0CTHOCTHIO TPAH3AKIINIA B IIpe-
JleJiax Bcero Kjacrepa orsevaer crermaibhbiii yzea GTM (Global Transaction
Manager).

Nszmepenne mpousBoimTebHOCTH 1Mokaszago, uro KII/I kiracrepa Postgres-
X2 cocrapiser upumepno 64%, T. e. knacrep u3 10 cepBepoB MO3BOJAET J0-
OUTHCS yBeJMUeHus IPOU3BOIUTETLHOCTH CUCTEMBI B TIej10M B 6.4 pasa, OTHO-
CUTEJIBHO TPOU3BOAUTEILHOCTU OJHOTO cepBepa (Iudpbl MPUOTU3UTEBHBIE).

Cucrema He UCIOJIB3YET B CBOEl paboTe TPUITEPHI U MPEJCTABIISIET CODO
Habop monosiHennit u nardeil kK PostgreSQL, marommx BO3MOXKHOCTE B IIPO-
3pavHOM peKMMe 00ecrednTh paboTy B KjIacTepe CTaHJIAPTHBIX MPUIIOZKEHMH,
6e3 X JOMOJHUTEIbHON MOIUbUKAINYE U aJanTalin ([0JHAsT COBMECTUMOCTh
¢ PostgreSQL API). Kiacrep cocrout u3s ognoro yupasssitomniero y3ia (GTM),
[IPEIOCTABJISIONIET0 NHPOPMAIMIO O COCTOSTHUU TPaH3aKIINN, U ITPOU3BOJILHO-
ro Habopa pabovux y3J0B, KaxKJbIil U3 KOTOPBHIX B CBOIO OYEpE/Ib COCTOUT U3
KOOpJMHATOPa U 00paboTYNKa JaHHBIX (OOBIYHO STH 9JEMEHTHI PeATu3y0TCs
Ha OJIHOM CepBepe, HO MOI'YT ObITh U Pa3/IeJIeHbI ).

Xotb Postgres-X2 u Boirgaur mnoxoxkum #a MultiMaster, Ho on um ne
siBsieTcss. Bee cepBepa KiacTepa JOJKHBI OBITH COEIUHEHBI CeThIO ¢ MHUHU-
MaJIbHBIMU 3a/IepzKKaMU, HUKAKOEe TreorpadnyiecKu-pacipeie/ieHHoe pellenne
C pa3yMHOI TIPOU3BOIUTEILHOCTHIO OCTPOUTH HA HEM HEBO3MOXKHO (9TO BazK-
HBIIT MOMEHT).
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Puc. 6.1: Apxurekrypa Postgres-X2

ApxurekTypa

Puc. 6.1 nokaswiBaer apxutekTypy Postgres-X2 c Tpems eé OCHOBHBIMU
KOMITOHEHTaMU:

1. Tnobanbubrit Mmenemkep Tpansakiuii (GTM) — cobupaer n 06pabarbiBa-
erT nHbOpMAINIO O TpaH3akiusax B Postgres-X2, peraer BOmpoch! I10-
6aJIbHOTO MIIeHTH(MUKATOPA TPAH3AKIIUI TI0 OIEPAIHsIM (JJ1sT TTOJIIepKa-
HUsI COTJIACOBAHHOIO TIPEJICTAB/ICHUsT 0a3bl JIAHHBIX Ha BeeX y3iax). Ou
obecrieunBaeT MOICPXKKY JAPYTUX TVIOOAJBHBIX JAHHBIX, TAKUX KaK I10-
CJIEJIOBATEILHOCTH U BpeMeHHble MeTKi. OH XpaHWUT JIaHHBbIE MT0JIb30Ba-
TeJIsl, 38 UCKJIIOUEHUEM yIIPaBJIIONIel HH(OOPMAILINN;

2. Koopaunatopsl (coordinators) — 00ecrmednBalOT TOUYKY MOIKITIOYECHHUSI
Jutst KinenTa (npuioxkenns). OHI HeCyT OTBETCTBEHHOCTDH 3a pa3bop u
BBITIOJIHEHUE 3alPOCOB OT KJIMEHTOB U BO3BPAIEHHE PEe3yJIbTaTOB (IpH
HeoOxoaumocTn). OHM He XPaHAT I[0JIb30BATEIbCKUE JIAHHBIE, a COoOU-
paror ux u3 06paborunkoB naHHbIX (datanodes) ¢ MOMOIIBIO 3aIIPOCOB
SQL 4epes PostgreSQL uaTepdeiic. Koopauaaropbl Tak:ke o0pabaThb-
BaIOT JAHHbBIC, €CJIU TpedyeTcsd, U JaxkKe yIpaB/dioT JAByxda3Hoi (huk-
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carueit. KoopaunaTops! ucnosb3yrores Takzke I pas3bopa 3alIpocos,
COCTaBJICHUS IIJIAHOB 3aIIPOCOB, IIOMCKA JIAHHBIX H T.[;

3. O6paborunku janubx (datanodes) — obecreunBarOT COXpaHEHHUE TOJIb-
30BaTe/IbCKUX JaHHBIX. Datanodes BBIIOJIHSIOT 3aIPOCBHI OT KOOP/IMHA-

TOPOB 1 BO3BPAIAIOT UM IIOJIYYCHHBIN PE3yIbTaT;

YceranoBka

YcranoButh Postgres-X2 MOXKHO U3 MCXO/IHIKOB.

PacnpeﬂeﬂeHI/Ie JaHHBIX 1 M&CLHT&6I/Ipy€MOCTb

Postgres-X2 npeycmarpusaer jaBa criocoba XpaHeHHs JJAHHBIX B TaOIUIAX:

Write Read

Write « A‘m

ombiner

R(‘e?/ Read

Val | Val2 val | val2 Val [ val2 val | val2 | Val | val2 val | Val2
1 2 1 21 10 20 1 2 21 10 20
2 10 2 101 20 100 2 10 2 101 20 100
3 4 3 41 30 40 3 4 3 41 30 40
Puc. 6.2: Pacupenenentbie TabuIb!
Writes Reads
Read
Vol | Val2 Val | Val2 Val | val2 Vol | Vval2 val | val2 Val | val2
1 2 1 2 1 2 1 2 1 2 1 2
2 10 2 10 2 10 2 10 2 10 2 10
3 4 3 4 3 4 3 4 3 4 3 4

Puc. 6.3: Peruunuposanmbie TabIuIbI
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6.3. Postgres-X2

1. Pacnpenenennnie tabsmipl (distributed tables, puc. 6.2): nanubie o Tab-
JINTIE pacIpeeIsiioTcsa Ha YKa3aHHbI HaOOp 00pabOTINKOB JAHHBIX C UC-
nosib3oBaHneM ykasauuoit crparernn (hash, round-robin, modulo). Kax-
Jas 3aliCh B TaOJIAIE HAXOJUTCS TOJBKO Ha OJHOM O0pabOTUMKe JIaH-
veix. [lapasureibHO MOTYT OBITH 3allMCaHbl WM MPOYUTAHBI JIAHHBIE C
Pa3IUYIHBIX 00PAOOTUNKOB JAHHBIX. 3a CUYET ITOTI0 3HAUUTEIbHO Y/Iyd-
[IIeHa MPOU3BOINTEILHOCTD Ha 3aIMCh U ITEHUE;

2. Pemunuposanubie Tabsmipl (replicated tables, puc. 6.3): nannbie mo tab-
JIUIE PEIIUIMpyeTcst (KJIOHUPYIOTCS) Ha YKa3aHHBIA HAOOp 00paboTun-
KOB JlaHHbIX. Kaxkjias 3amnuchk B TabJIMIe HAXOMUTCS Ha BCeX 00paboTIm-
KaX JAHHBIX (KOTOpBIe OBLIM YKa3aHbI) U JHOObIe W3MEHEeHUs JIyOJIupy-
I0TCS Ha BCce 00pabOTYMKHU JIAHHBIX. TaK Kak Bce JaHHBbIE JIOCTYIHbI Ha
JIFOOOM 00paboTUNKe JTAHHBIX, KOOPJIUHATODP MOXKET coOpaTh BCe JIaHHbIe
13 OJHOTO y3J/I1a, YTO IO3BOJIFAET HAIPABUTDH PA3JIMIHBIE 3AIIPOCHI Ha Pas-
JITIHBIE 00pabOTINKI JaHHBIX. TakuM oOpasoM co3maeTcs OaIaHCHPOBKA
HAI'PY3KHU M YBEJUUIEHUs IIPOILYCKHON CIIOCOOHOCTH Ha, YTEHUE;

Tabmubl 1 3alpoChl K HUM

[Tocme ycranoBku pabora ¢ Postgres-X2 Bemercss Kak ¢ OOBIKHOBEHHBIM
PostgreSQL. Tloaxmouarbest st paboThl ¢ JAHHBIME HYKHO TOJBKO K KO-
opauHaTopaMm (10 yMOJTYaHWIO KOOPAWHATOP paboraer Ha moptry 5432). s
HAYAIa CO3/Ia/ UM PACIPEeIe/IeHHbIE TabIUIIbI:

JIucrunar 6.14 Cozmanue pacipeseaeHHbIX TaO UL

CREATE TABLE
users _with hash (id SERIAL, type INT, ...)
DISTRIBUTE by HASH(id);

CREATE TABLE
users _with modulo (id SERIAL, type INT, ...)
DISTRIBUTE by MODULO(id ) ;

CREATE TABLE
users with rrobin (id SERIAL, type INT, ...)
DISTRIBUTE by ROUNDROBIN;

Ha smctunre 6.14 cozmano 3 pacupe/iesieHHbIe TaOIUIIb:

1. Tabmuma users with hash pacmpeessieTcs 1o Xely 3Ha9eHus U3 yKa3aH-
HOro ToJIsd B Tabsuie (TyT ykasaHo mnoJje id) mo obpabordnkamM JTaHHBIX.
Bor kak pacripeieiunch nepsble 15 3HAYEHMIT:

Jlucrunr 6.15 JlanHble ¢ KOOpanHATOPa 1 0OPAOOTINKOB JAHHBIX
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6.3. Postgres-X2

Line 1 # KoOpamHATOD

- % psql

- # SELECT id, type from users with hash ORDER BY id;
- id | type

5 ------- +-------
- 1 946
- 2 | 153
- 3| 484
- 4 | 422
10 5 | 785
- 6 | 906
- 7 973
- 8 | 699
- 9 | 434
15 10 | 986
- 11 | 135
- 12 | 1012
- 13 | 395
- 14 | 667
20 15 | 324

- F uepBbIil 00PAbOTIUK JTAHHBIX
- $ psql -pl5432
- # SELECT id, type from users with hash ORDER BY id;

25 id | type
o - - - = + _______
. 1| 946
. 2 | 153
. 5 785

30 6 | 906
- 8 | 699
- 9 | 434
- 12 | 1012
- 13 | 395
35 15 | 324

- 7 BTOPOIT 00pPabOTUYMK TAHHBIX
- $ psql -pl15433
- 4 SELECT id, type from users with hash ORDER BY id;

40 id | type

o em e - - 4+ -
- 3| 484
. 4 | 422
- 7| 973
45 10 | 986
. 11 | 135
- 14 | 667
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Line 1

Jluctunr 6.16 JlanHble ¢ KoopanHaTOpa 1 0OPAOOTINKOB JTAHHBIX

# KOOpJMHATOP

$ psql
# SELECT id ,
id | type
_______ +_______
1| 883
2 | 719
3 | 29
4] 638
5 | 363
6 | 946
7| 440
8 | 331
9 | 884
10 | 199
11| 78
12 | 791
13 | 345
14 | 476
15 | 860

4 mepBbIii 00PAOOTYNK TAHHBIX

$ psql -pl15432

# SELECT id, type from users with modulo ORDER BY id;

id

7 BTOpOIl 0OPADOTYUK TAHHDBIX

type

$ psql -p15433

# SELECT id, type from users with modulo ORDER BY id;

id |

type

. Tabmuma users with modulo pacmupesesisiercd 1m0 MOJYJIIO 3HAYEHUS W3
yKazaHHOrO 1moJist B Tabsmie (TyT ykazaHo moje id) mo obpaboTdnkam
JIaHHBIX. BOT Kak pacrpe/ie/innch nepsbie 15 3HaUEHMIl:

type from users with modulo ORDER BY id;
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| 363
| 440
| 884
| 78
| 345
| 860

1
Ot W = © = Ut

1
—_

3. Tabuuna users_ with _rrobin pacIpe/ie/aeTcs [UKJITIECKAM
crrocobom(round-robin) o obpaborumkaMm JaHHBIX. BoT Kak pac-
IpeJIe/ININCh 1epBhle 15 3HavUeHuit:

Jlucrunr 6.17 JlanHble ¢ KoopanHaTopa U 0OPAOOTINKOB JTAHHBIX

Line 1  # KOOpIUHATOP

- % psql

- # SELECT id, type from users with rrobin ORDER BY id;
- id | type

5 ------- +-------
- 1 890
- 2 | 198
- 3 815
- 4 | 446
10 5 | 61
- 6 | 337
- 7 948
- 8 | 446
- 9 | 796
15 10 | 422
- 11 | 242
- 12 | 795
- 13 | 314
- 14 | 240
20 15 | 733

- # uepBblil 00PAbOTYNK JAHHDBIX
- $ psql -pl15432
- # SELECT id, type from users with rrobin ORDER BY id;

25 id | type

L e — - - + -
. 2 | 198
. 4| 446
. 6 | 337
30 8 | 446
- 10 | 422
- 12 | 795
- 14 | 240
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35 # BTOpPOIT 00pPabOTUMK JTAHHBIX
- $ psql -pl15433
- # SELECT id, type from users with rrobin ORDER BY id;

- id | type
C e mm - + _______
40 1] 890
- 3| 815
. 5 | 61
. 7| 948
. 9 | 796
45 11 | 242
. 13 | 314
- 15 | 733

Tenepb co31a/ MM PEILIUIIUPOBAHHYIO TaOJINAILY:

Jlmcrunr 6.18 CosmaHue periniIupOBAHHON TaOJIHIIEI

Line 1 CREATE TABLE
users replicated (id SERIAL, type INT, ...)
DISTRIBUTE by REPLICATION;

EcrecTBenHo jjaHHBIE WJIEHTUIHBI HA BCEX 00pabOTUYNKAX JIAHHBIX:

JIucturr 6.19 JlarHbBIe ¢ KOOpAMHATOPA U 0OPAOOTINKOB TAHHBIX

Line 1 # SELECT id, type from wusers replicated ORDER BY id;
id | type

\ 75
| 262
| 458
| 779
| 357
- \ 51
10 \ 249
| 444
\ 890
| 810
\ 809
| 166
\ 605
| 401
| 58

— = = = e
=W N = O OO0 O U W N

15

PaccmoTpum Kax BBITIOJTHSIOTCs 3aIIpOChI 171 Tabsuil. Beibepem Bce 3amucu
U3 pacipeaeeHHOl TabTHITbL:
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Jluctunr 6.20 Beibopka 3armceir u3 pacipeieieHHON Tab bl

Line 1 # EXPLAIN VERBOSE SELECT * from users with modulo ORDER BY
id;
. QUERY PLAN

- Sort (cost=49.83..52.33 rows=1000 width=38)

5 Output: id, type

- Sort Key: users with modulo.id

- ->  Result (cost=0.00..0.00 rows=1000 width=8)

- Output: id, type

- -> Data Node Scan on users with modulo (cost
=0.00..0.00 rows=1000 width=8)

10 Output: id, type

- Node/s: dnl, dn2

- Remote query: SELECT id, type FROM ONLY
users with modulo WHERE true

- (9 rows)

Kak BumgaO Ha smmcTunre 6.20 KOOpAnHATOP COOMpaeT AaHHBIE U3 00pabOT-
YUKOB JaHHBIX, & IIOTOM CO6I/IpaeT X BMeECTE.
[Tojicuer cyMMBI ¢ TPYTIIIMPOBKOIA 110 MOJIIO U3 PACIpeIeIeHHON Tab b

JIuctunr 6.21 Beibopka 3ammceit m3 pacipeieieHHON TabIuIbI

Line 1 # EXPLAIN VERBOSE SELECT sum(id) from users with modulo
GROUP BY type;

QUERY PLAN

- HashAggregate (cost=5.00..5.01 rows=1 width=38)

5 Output: pg catalog.sum((sum(users with modulo.id))),
users _with modulo.type

- -> Materialize (cost=0.00..0.00 rows=0 width=0)

- Output: (sum(users with modulo.id)),
users _with modulo. type

- -> Data Node Scan on " REMOTE GROUP QUERY " (
cost =0.00..0.00 rows=1000 width=8)

- Output: sum(users with modulo.id),
users with modulo.type

10 Node/s: dnl, dn2

- Remote query: SELECT sum(group 1.id), group 1
.type FROM (SELECT id, type FROM ONLY users with modulo
WHERE true) group 1 GROUP BY 2
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(8 rows)

JOIN mexy u ¢ ydyacTtueMm peruiupoBannbix tabsui, a takxke JOIN
MEXKJIy PacIIpPeJIeIEHHBIMU 10 OJIHOMY ¥ TOMY K€ IIOJIIO B TaO/IUIaX Oy/JIeT BbI-
MOJTHAIOTCs Ha obpaboTunkax mauHubix. Ho JOIN ¢ yuacTuem pacripe/iesieHHbIX
TaOJINIL IO IPYTUM KJTIo9aM Oy/IyT BBITIOJHEHBI Ha KOOPIWHATOPE U CKOpee Bee-
ro 910 Gyer MeyieHHo (JtucTuHr 6.22).

JIucTunr 6.22 Beibopka 3ammceil m3 pacipereeHHOl Tab b

Line 1 # EXPLAIN VERBOSE SELECT * from users with modulo,
users _with hash WHERE users with modulo.id =
users _with hash.id;
QUERY PLAN

Nested Loop (cost=0.00..0.01 rows=1 width=16)

5 Output: users with modulo.id, users with modulo.type,
users  with hash.id, users with hash.type
Join Filter: (users with modulo.id = users with hash.id)

-> Data Node Scan on users with modulo (cost=0.00..0.00
rows=1000 width=38)
Output: users with modulo.id, users with modulo.
type
- Node/s: dnl, dn2
10 Remote query: SELECT id, type FROM ONLY
users _with modulo WHERE true
-> Data Node Scan on users with hash (cost=0.00..0.00
rows=1000 width=38)
Output: users with hash.id, users with hash.type
Node/s: dnl, dn2
Remote query: SELECT id, type FROM ONLY
users _with hash WHERE true
15 (11 rows)

[Ipumep BBIOOPKU JAHHBIX U3 PEILIUIUPOBAHHON TAOJINIIBI:

JIncturr 6.23 Beibopka sammceil n3 perIminpoOBAHHON TaOIUIIBI

Line I # EXPLAIN VERBOSE SELECT * from users replicated;

QUERY PLAN
Data Node Scan on " REMOTE FQS QUERY " (cost=0.00..0.00
rows=0 width=0)
5 Output: users replicated.id, users replicated.type
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Node/s: dnl
Remote query: SELECT id, type FROM users replicated
(4 rows)

Kak BUJIHO U3 3allpOCa JIJIA BbI60pKI/I JaHHBIX UCIIOJIb3YETCA OJNH o6pa60T—
YUK JaHHBIX, a HE BCE (‘{TO J'[OI"I/I‘IHO).

Bricokas mocrynnocts (HA)

[To apxurekType y Postgres-X2 Bcerjia ectb coryiacoBaHHOCTD JaHHBIX. [lo
teopeme CAP B Takoil cucreme TszKesa0 00ECIIEUUTH BBICOKYIO JOCTYIIHOCTD.
st mocTtuzkeHus: BBICOKOH JOCTYIIHOCTU B PACIPEICIEHHBIX CHCTEMaX Tpe-
OyeTcst M30BITOTHOCTD JIAHHBIX, PE3€PBHBIE KOIMHM U aBTOMATHIECKOE BOCCTa-
nossieane. B Postgres-X2 u30bITOYHOCTD JAHHBIX MOXKET OBIThH JIOCTUTHYTA C
nomortpio PostgreSQL morokoroii (streaming) pervmukanuu ¢ hot-standby st
00pabOTUYMKOB JAHHBIX. KarKIblii KOOPJAUHATOD CIOCOOEH 3alUChIBATH U Y-
TaTh JIAHHBIC HE3aBUCUMO OT JIPYTOr0, TIOSTOMY KOOPIUHATOPBI CIIOCOOHBI 3a-
MeHSTh Apyr jpyra. llockonbky GTM ormenbHBIN MPOIECC W MOYXKET CTATh
TOYKO# oTKaza, jydrne co3iaarb GTM-standby kak pesepsryio xormio. Hy a
BOT JIJII aBTOMATUYECKOTO BOCCTAHOBJIEHUS MPUJETCH MCIOIB30BATH CTOPOH-
HU€e YTUJIUTDIL.

Orpanunuennst

1. Postgres-X2 6aszupyercs ua PostgreSQL 9.3;

2. Her cucrembl penapTHUIIMOHWPOBAHUS INPU JOOABJIEHUN WU YIAJE€HUN

HOL;

Her rimobanbubix UNIQUE Ha pacupeje/leHHbIX Tab/InIax;

4. He mommep:xuBatorcs foreign keys Mexkry HOZAMU TOCKOJBKY TaKOM
KJIIOY JIOJIZKEH BECTU Ha JIaHHBbIE PACIOJIOYKeHHBbIe Ha TOM Ke 00pabdoT-
YUKe JIAaHHBIX;

5. He momepkuBaioTcss Kypcophl;

He nomnepxkuBaerca INSERT ... RETURNING;

7. HeBosmoxkno yjajnenue u jo0aBenne HOJl B KyacTep 6e3 MOoJTHON perHu-
[UATI3aIIN KJIaCTePA;

B

S5

3akJIoueHmne

Postgres-X2 ovenb mnepcreKTUBHOE perieHne Jjisi CO3JaHus KjiacTepa Ha
ocaoBe PostgreSQL. 11 xoTh 3T0 perrerune numeer psij HEJOCTATKOB, HECTAOM/Ib-
HO (OY€Hb YaCThI CIyYan MaJeHusi KOOPJAUHATOPOB IIPH TXKEJIbIX 3alpOcax) i
e1re 0O9YeHb MOJIOJIOe, CO BPEMEHEM ITO PEIIEHNE MOXKET CTaTh CTAHIAPTOM JIJIs
MaciirabupoBanus cucreM Ha PostgreSQL.
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6.4 Postgres-XL

Postgres-XL — cucrema jj11 co3/1aHus MYJIbTU-MACTEP KJIaCTEPOB, paboTaio-
IIIIX B CHHXPOHHOM DEXKHMe — BCe Y3JIbl BCET 1A CO/IEPYKAT aKTyaIbHbIE TaHHBIE.
[IpoekT mocTpoeH Ha OCHOBe KOOBOI 0a3bl Postgres-X2, 1mosromy apxXuTek-
TYPHBIii [OJIXOJI OJTHOCTBIO WJIeHTHYeH (IJI00a/IbHbI MEHE ZKep TPaH3aKIIuii
(GTM), koopauuaTops! (coordinators) u obpaboranku JanHbx (datanodes)).
Bosee mogpobHO 11po apXuTeKkTypy MOKHO HOoUnTaTh B «0.3 ApxurexkTypas
pazzaene. [Tosromy paccmorpum TobKO oTyimane Postgres-X2 n Postgres-XL.

Postgres-X2 n Postgres-XL

Oiro m3 rimaBubix oTymauii Postgres-XL ot Postgres-X2 spisiercs yinyd-
[IEHHBI MeXaHW3M MacCOBO-IapaJlIebHON apXuTeKTyphl (massive parallel
processing, MPP). Yrto6bl monaTh pasHumily, maBaiiTe pacCMOTPUM Kak
Postgres-X2 u Postgres-XL Oyaer obpadarsiBarh pasubie SQL 3ampocs. Oda
9TUX KJacTepa OyyT cojiepzkarh Tpu Tabsmibl T1, T2 u R1. T1 uMeeT KOJOHKH
al m a2, T2 — bl u b2. T1 pacupenenena B Kjacrepe 1o al momo n T2 pacupe-
JesieHa 1o bl noso. R1 Tabsuna uMeeT KOJIOHKU ¢l U ¢2 ¥ PEIIUIuPyeTcs B
kiactepe (DISTRIBUTE by REPLICATION).

s nadaga, mpocroit 3ampoc Bujga SELECT * FROM T1 Oy/er mapaJiiesib-
HO BBINIOJIHATHCA Ha HoJlaX Kak y Postgres-X2, rak m y Postgres-XL. pyroii
npumep 3ampoca SELECT * FROM T1 INNER JOIN R1 ON Tl.al = Rl.cl 0y-
JIET TaK2Ke BBITIOJIHATHCS IMapaJsieIbHO OOOUMU KJIaCTEPaMu, IIOTOMY YTO OyJIeT
nepejan («pushed down») nHa obpaborunku jgannbix (datanodes) jyisi BbImoJI-
HeHust 1 KoopjuuaTop (coordinators) Gyjer TOJIBKO arperupoBarh (cobuparh)
Pe3yJIbTAThI 3aIIPOCOB. JTO OyJieT paboraTh Osarojaps Tomy, uro R1 Tabsumia
IyOIUIIPYeTCss Ha KakI0M 00paboTUYnKe JAaHHBIX. DTOT TUII 3allpOCOB OymIeT
paboraTh xoporo, Korja T1 siBiasgercs rabimieii haktos (OCHOBHOI TabJuied
XpaHWINIIA JaHHBIX ), B TO BpeMs Kak R1 — raOsurieii nsmepenii (ComepKuT
aTpubyThl COOBITHIT, COXPAHEHHBIX B Tab/uIe (DAKTOB).

Teneps paccmorpum apyroit Bapuant SQL 3ampoca:

JIuctuar 6.24 3ampoc Ha pacrpeneeHHbIe TabIUITbI

Line 1 # SELECT * FROM T1 INNER JOIN T2 ON Tl.al = T2.b2

Hannbrit 3ampoc genaer JOIN 110 pacupejie/ieHHON KOJIOHKe al B TabsuIe
T1 u no HE pacnpeiesiennoit kosonke b2 B Tabsure T2. B kiracrepe, KoTopblii
cocrouT u3 4 oOpabOTYNKOB JJAHHBIX, KOJOHKa B Tabsuie T1 Ha mmepBoM u3
HUX TIOTEHINAIbHO TpedyeTcss 0ObeMHATD ¢ KOJOHKAMK TabuIbl T2 Ha Bcex
00paboTunKax JIaHHBIX B KJacTepe.

Y Postgres-X2 B jgannom ciydae oOpabOTINKU JAHHBIX OTIPABJISIOT BCE
JIAaHHBIE 110 3aJIAHHOMY YCJIOBHUIO B 3aIpoce K KOOP/IMHATOPY, KOTOPBIH 1 3a-
HUMaeTCcsd 00beIMHEHUEM JIAHHBIX ¢ TabuIl. B janHoM mpuMepe OTCyTCTBYeT
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ycaosue WHERE, 4To 3Ha4uT, 9T0 BCe 00pabOTIMKHU JAHHBIX OTIIPABAT BCE
copepxkumoe Tabsui T1 u T2 Ha KoopAuHATOP, KOTOPLIH u Oyier jaeiaarsh JOIN
JaHHBIX. B jmanHOil oneparun OyaeT OTCyTCTBOBATH IapaJlie/bHOEe BBIIIOJIHE-
nue JOIN 3ampoca u OyIyT JOMOJTHATETbHBIC HAKJIAHBIE PACXO/IbI HA JTIOCTABKY
BCeX JIaHHBIX K KoopjuHaTopy. [losromy B mannom ciaydae Postgres-X2 cdaxk-
THYEeCKU OyJ/IeT MeJjIeHHee, YeM BBIIOJHEHUE MT000HOT0 3a1poca Ha OOBITHOM
PostgreSQL cepsepe (ocoberno, ecyin Tab/UIBI O9€Hb GOJIBIITE).

Postgres-XL Gyer obpadbarbiBaTh MOJ0OHBII 3a1IPOC TIO-/IPYTroOMYy. YCJI0BUE
Tl.al = T2.b2 rOBOPUT O TOM, UYTO MbI OObEIUHSIEM KOJIOHKY b2 ¢ KOJIOHKOI
al, KoTopas ¢BJIfeTCs KJIOYOM pacipefenenus s Tadbauisl T1. [HosTomy,
BBIOpaB 3HAYEHUS 110JIsA b2, KjracTep Oy/IeT TOTHO 3HATH JIJIsi KaKX 00padboTIu-
KOB JIAHHBIX TPEOYETCs MOJIyIEeHHBI Pe3y/IbTaT Jjisd 00beIMHEeHUs ¢ TabIUIei
T1 (IIOCKOJIBKY BO3MOXKHO PUMEHUTH XeIl (PYHKITUIO PACIPEIEJICHUsT HA TIOJTy-
JeHHble 3HaUeHNns ). [loaToMy Kazkiblit 06pabOTINK JAHHBIX CIUTAET C IPYTOr0
oOpaboTunKa JAHHBIX TpeOyeMble JJaHHble 1Mo Tabmie T2 i 00be IMHeHUS CO
cBoeit Tabsuneit T1 6e3 ydyactus Koop mHaTtopa. JlanHas BO3MOXKHOCTB IIpsi-
MO# KOMMYHUKAIUA 0OpabOTUYNKOB JIAHHBIX C JIDYTUMU 00pabOTIYNKAMU JTaH-
HBIX ITO3BOJISET pacliapaJuie/imBaTh 0OoJiee CJIO¥KHbBIe 3anpockl B Postgres-XL.

Postgres-XL umeer Takzke JApyrue yiydileHns IpOU3BoAuTe IbHOCTH (b0ee
ONTUMATBHO 00PabaTHIBAIOTCS MOCJIEI0BATEIHHOCTH, IPOYEe).

SaKJIo4eHmne

Postgres-XL - eme o/iHo IepcieKTUBHOE pelleHne Jjisi CO3/IaHns KJacTepa
Ha ocHoBe Postgres-X2. Paszpaboryuku jJaHHOrO pereHus: 60JIbIine HalleIeHbI
Ha YJIydIIeHre TPOU3BOINTEIbHOCTH U CTAOMILHOCTH KJIACTEPA, BMECTO J100aB-
JIeHUsI HOBOT'O (DYHKITMOHAJIA.

6.5 Citus

Citus — ropusonTtaabao Macitabupyemblii PostgreSQL kmacrep. Citus uc-
nojib3yerT MexanusM paciupenuii PostgreSQL Bmecto TOro, 4to Obl UCHOJIb-
30BaTh MOJIUMDUINPOBAHHYIO Bepcuio Oasbl (Kak 310 jenaer «6.3 Postgres-
X2» mmn «6.4 Postgres-XLy), 910 1m03BOJISIET HMCIIOJIB30BATH HOBBIE BEPCHUIH
PostgreSQL ¢ HOBBIME BO3MOYKHOCTSIMU, COXPAHSIS IPU STOM COBMECTUMOCTH
¢ cymectBytomumu PostgreSQL mucTpymentamu. Kitacrep mpeocrasisger
[I0JTb30BATEJISAM PE3YJILTATHI 3AIIPOCOB B PEXKUME «PEaJTbHOI0 BPEMEHU» ISt
OOJIBITIOrO ¥ PaCTyIIero obbeMa JIaHHBIX (bJ1arogapst napaJuieu3aii 3apo-
coB MeX 1y HoJamu). [Ipumepsr ucmosb30BaHust:

e aHAJNTHUKA W BBIBOJI JIAHHBIX B PEAJIbHOM BpeMeH! Ha I'paduKu;

e XpaHeHHe DOJILIITOro HaboOpa JAHHBIX JIJIsi apXUBa U CO3IaHUEe OTYETOB 110
HIM;

® aHAJIN3 U CerMeHTallisl DOJIBIITOI0 00beMa JIaHHBIX;

138


https://www.citusdata.com/

6.5. Citus

Harpysku, koropbie TpebyIoT OOJIBINO# IIOTOK JAHHBIX MEXKJTY y3/IaMU KJIa-
crepa, Kak mpaBuio, He Oyzer xoporio paborats ¢ Citus kinacrepom. Hampu-
Mep:

® TPaIMITUOHHBIE XPAHUIUIINA JAHHBIX C JTATEIbHBIMUA U B CBOOOTHOM (hOp-
mare SQL zanpocamu (data warehousing);

® MHOYKECTBEHHbBIE pacCIpe/Ie/IeHHbIE TPAH3aKIUUA MeXKTy HEeCKOJIbKUMUI
map/aMu;

® 3aIIpOChl, KOTOPbIE BO3BPAIIAIOT JlaHHBIe 110 TaxKeabiM 'L 3ampocam;

ApxurekTypa

Ha Bepxuem yposae Citus Kiracrep pacupejesser gaHubie mo PostgreSQL
sk3eMILIspaM. Bxoggmue SQL 3ampockr 3aTreM 00padaThiBaloTCs IapasiIeTbHO
yepes3 ITH cepBepa.

CitusDB master == (ODBC/JDBC)

SELECT response_type, avg(response time) as responsetime_avg

FROM events

WHERE response_timestamp > '2013-11-01 23:20:00' AND
response_timestamp < '2013-11-01 23:30:00"

GROUP BY response_type

ORDER BY responsetime avg DESC;

F SELECT response_type, sum(response_time), count (response_time)
w FROM E3
| WHERE

h 4 A 4 v

CitusDB workerl CitusDB worker2 CitusDB workerN

Puc. 6.4: Apxurekrypa Citus kyracrepa

[Ipu paspopadmBanum KjaacTepa OIuH U3 dK3eMILIsIpoB PostgreSQL Boiom-
paercsi B KadecTBe Macrep (master) HOJBI. 3aTeM OCTAJIbHbBIE JOOABIAIOTCS
kak PostgreSQL Bopkepsr (worker) B kondurypanuontaom daiijie Mactep HO-
161, [Tocste sToro Bce B3anMojieiicTBIE ¢ KJIACTEPOM BEJIETCs Yepe3 MacTep HOJLY
¢ moMOIIbIO cTanmapTHbX PostgreSQL maTepdeiicoB. Bee mammbie pacmpeme-
JIEHBI 110 BOpKepam. MacTtep XpaHUT TOJIBKO MeTaJaHHbIe O BOPKEpax.

Citus wcrob3yer MOMYIBHYIO apXUTEKTYPY I OJIOKOB JAHHBIX, KOTO-
pas moxoxka na HDFS (Hadoop Distributed File System), no wucmosbsyer
PostgreSQL Tabsiunibr BMecto daitios. Kaxias u3 stux TabJmiy npeJicTaBis-
er coboil TOPUBOHTAIBHBI pa3/es1 win Jorndecknii «mapay (shard). Kaprit
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map ybJupyercs, 1Mo KpailHeil Mepe, Ha JBYX BOpKepax (MOXKHO HACTPOUTH
Ha GoJiee BBICOKOE 3HaveHne). B pesysbrare, morepst 0J{HON MAIIUHBI HE BJIU-
sileT Ha JOCTYIHOCTb JaHHBIX. Jlormueckas apxurekTypa mapanara B Citus
TaKzKe MMO3BOJIIET J00AB/IATH HOBBIE BOPKEPDI, YTOOBI YBEJIUYUTD ITPOIYCKHYIO
CTIIOCOOHOCTH M BBIYHUC/IATETHHYIO MOITHOCTH KJIACTEPA.

Citus MacTep coOmep:KUT TabJIUIBI METAIaHHBIX JIJIsi OTCIEKMBAHUA BCEX
BOPKEPOB U PACIIOJIOXKEHUE IapI0B 6a3bl JaHHBIX HA HUX. DTU TaOJIMIILI TAKKE
BEJIyT CTATUCTHKY, TAKYI0 KaK pasMep U MUHMMAJbHOE/MaKCHUMAJbHOE 3Ha-
JeHMii B mapiax, KOTopble momoratoT pacupenenennio SQL sampocos Citus
IaHUPOBIUKY. Tabuipl MeTaJaHHBIX HeGOJIbINE (0OOBIYHO HECKOJIBKO Mera-
GaiiT), u MOryT OBITH JyOJIUPOBAHBI U OBICTPO BOCCTAHOBJIEHBI, €CJIU C MacTe-
pOoM Kora-aubo rnpousoitaer cooii. [Togpobuee o Tabinnax MeTa aHHbIX MOZKHO
IVIAHYTb B JIOKYMCHTAIINN.

Korna knacrep momydaer SQL 3ampoc, Citus macrep meauT ero Ha 6ojee
MeJiKre (hparMeHThl 3aIllPOCOB, T/l KaXKIblil (parMeHT MOYKeT BBITOJIHITHCS
HE3aBHCHUMO Ha BOpKepe. D10 nossosger Citus pacupenenars KaxKIblil 3a1poc
B KJIacTepe, MCIOJIb3ysl BBIYUCINTE/bHBIE MOIIHOCTH BCEX 3a1efiCTBOBaHHBIX
y3JI0B, a TaKKe OTIEJIbHBIX sJep Ha KaxkJIoM yaje. Macrep 3areMm mopyda-
€T BOPKepaM BBLIIIOJIHUTDL 3allpOC, OCYIIECTBJIACT KOHTPOJIb 3a MX HUCIIOJTHCHH-
eM, 00be/IMHAET PEe3yJIbTATHI 110 3aITpOCaM U BO3BPAIaeT KOHETHBIN pe3y/ibTar
mostb3oBareso. [l Toro, 9To0BI rapaHTUPOBATH, ITO BCE 3aIIPOCHI BBITIOJIHSI-
I0TCS B MaciTabupyeMoil MaHepe, MacTep TaKyKe HPUMEHSIeT OINTUMU3AIINM,
KOTOPBIE CBOJAT K MUHUMYMY OObEM JaHHBIX, II€PEIaBaeMbIX 10 CETH.

Citus kyracTep MOXKET JIETKO IIEPEHOCUTH cOOM BOPKEPOB U3-3a CBOEI JIOTH-
YeCKOM IMap/IMHT apXUTEKTypbl. Kcm BOpKep TepnuT Heypady BO BpPeMs BbI-
nostHeHns 3ampoca, Citus saBeprmaer 3ampoc, HaIpaBjss HeEyIadHble YaCTH
3aI1poca JIpyruM BOpKepaM, KOTOpble HMEIOT KOIINIO JIaHHbIX. Kcim Bopkep Ha-
XOJIUTCS B HEPADOUEM COCTOSIHUU (CepBep yIaJ), MOJb30BATEIb MOKET JIEIKO
[IPOU3BECTHU PebATAHCUPOBKY KJIacTepa, YTOObI IOIIePKIBATH TOT YKE YPOBEHD
JIOCTYITHOCTH.

YeranoBka

YeranoBka Citus kmacrepa He TpebyeT 0coObIX yemmii. s mcmonb3oBa-
HUA B O0EBOM OKPY2KEHHH JIyUIlle U3YIUTh JIAHHYIO JIOKYMeHTarmo. g npo-
BEPKH, YTO KJjacTep padoTaeT W MacTep BUJHUT BOPKEPHI MOYKHO BBIITOJHUTH
KOMaHIy master get active worker nodes, KOToOpasd HOKaKeT CIIUCOK BOpPKe-
POB:

JInctuar 6.25 Crncok BOpKepoB

postgres=# select * from master get active worker mnodes() ;
node name node port

localhost | 9702
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localhost | 9701
(2 rows)

Pacupeiesienabie TabIAIb]

Kaxas pacnpenenennas tabuia B Citus cofepKuT cTodJier], KOTOPbIit
JIOJI?KEeH OBITH BBIOpAH B Ka4eCTBE 3HAYUECHUS JIJIsI PACIIPEJIEICHUS 110 Map/iam
(BOBMOKHO BBIOPATH TOJBKO OJIMH CTOJI0EI). D10 nHbOpMEUpyeT 6a3y JaHHBIX
KaK XPaHUTh CTATUCTHUKY W PacCIpeIessaTh 3alpoChl o KiacTepy. Kak mpasu-
JIO, TpebyeTcsi BBIOpATh CTOJIOEI, KOTOPBIH sABJIseTCS HanboJiee 9acTo MCIOJIb-
3yeMmbiM B 3anpocax WHERE. B TakoMm ciydae 3ampocsbl, KOTOpble B (pujibTpe
UCIIOJIB3YIOT JAHHBIN CTOIOEI], Oy/IyT BBIMOJHITHCS Ha MIAP/IaX, KOTOPbIE BbI-
OMPAIOTCS 110 YCJIOBHUIO (DUJIBTPAIMN. DTO IMOMOIaeT 3HAUNTEIHLHO YMEHBIINTH
KOJIMYECTBO BBIYUCIIEHUI Ha Mapiax.

CaeyronumM maroM mocJjie Bbibopa cTo/101a Ha pacipe/ie/ieHusd OyIeT orpe-
JieJieHne MpaBUWILHOIO METOJIa paclpejie/ieHns JTaHHbIX B Tabsuiy. B nemom,
CyIiecTByer jiBa IabjioHa TabJImMIl: pacIpejieieHHbIe 110 BpeMeHU (BpeMsi CO-
3JIaHUs 3aKa3a, 3allUCh JIOTOB, IPOYee) U PacIpe/Ie/ieHne 0 WIeHTH(hUKATOPY
(ID nosbzosaress, ID nmpunoxkenus, npodee). Citus moiep:kuBaer 06a MeToIA
pacupenenenns: append n hash coorBercTBenHo.

Append MeTo 1 TOIXOAUT J1JTsT TAOJIHIL, B KOTOPBIE 3aIlUCHIBAIOTCS JTAHHBIE 110
BpeMeHH (yIopsIOUeHbI 110 BpeMeHH ). Takoii Tui TabmI] OTIIMIHO CIIPaBJIseT-
sl C 3aIPOCAMU, KOTOPBIE UCIOJIB3YIOT (DUIBTPHI C UANA30HAMU 3HAYEHUI 110
pacipesenenaomy ctosomy (BETWEEN x AND y). 9To 06bsiCHSIETCST T€M, 9TO
MacTep XPaHWUT JUAITa30Hbl 3HAYEHNT, KOTOpble XPaHATCA Ha Iapjax, W ILIa-
HUPOBIIUK MOXKeT 3(DEKTUBHO BLIOMPATH IIaP/Ibl, KOTOPBIE COJIEPYKAT JIAHHBIE
s SQL 3ampoca.

Hash meros pacripesesieHust mMoaxouT Jijiss HEYHOPSIOUYEHHOTO CTOJIONA
(user UUID) nim 1m0 JaHHBIM, KOTOPBIE MOTIYT 3aIlHCBIBATHCA B JIIOOOM IO-
psayike. B takom ciaydae Citus kiacrep Oy/ieT XpaHUTh MUHUMAJIbLHBIE U MaK-
CUMAJIbHbIe 3HAYEHU JIJIs Xell (DYHKIUI Ha BCeX Mapaax. JTa MOJeb JIydIlle
nozxouT 7yt SQL 3arpocos, BKIOUA0INUX (hUILTPLI Ha OCHOBE PABEHCTBA 110
KOJIOHKe pacrpeeserns (user uuid="a0eebc99-9c0b-4ef8-bb6d-6bbdbd380all’).

Hash pacnpenenenne

g mpuMepa co3ia UM 1 paciipeiesium Tadsuity mo hash meroty.

JIucruar 6.26 Cozmanne TabIAIIGL

# CREATE TABLE github events
(

event id bigint ,
event type text,
event public boolean
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repo_id bigint ,

payload jsonb ,

repo jsonb ,

actor jsonb ,

org jsonb ,

created at timestamp
)

Hamee ykaxkem Citus KyracTepy mcosb3oBarh repo id ¢ hash pacrpenene-

HueM it github  events TaOJIATIB.

JImctunr 6.27 Cozmanme hash pacmpemenenmst

# SELECT master create distributed table(’github events’, ~’
repo_id’, ’hash’);

W cozmaanm mapapl [Ajist TabIUIIb:

JIlucruar 6.28 Cozmanue mapios

# SELECT master create worker shards(’github events’, 16, 1)

)

JlaHHBIN MeTOJ IPpUHUMAET JBa apr'yMeHTa B JIONOJIHEHNE K UMeHU TabJ/Iu-
IIBI: KOJIMIECTBO IMAPI0B U KOIMMUIMEHT PEIIUKAIIMU. JTOT IPUMEDP TO3BO-
JINT CO3JaTh B OOIIEH CI0XKHOCTH IMIECTHAIATH MIAP/JI0B, IJIe KaXKJIbIil Oy1er
BJIQJIETh YaCThI0 CUMBOJIMYIECKOIO IIPOCTPAHCTBA X3IIIa, & JIAHHbIE Oy/IyT perl-
JIUIUPOBATHLCS HA OJIMH BOPKEDP.

Jlasee Mbl MOYXKEM 3aIlOJTHUTH TaOJINILY JTaHHBIMHE:

Jluctunr 6.29 3arpyska JaHHBIX

$ wget http://examples.citusdata.com/github archive/
github_events-2015-01-01-{0..5}.csv.gz
$ gzip -d github events-2015-01-01-*.gz

Jluctunr 6.30 3arpy3ka JaHHBIX

# \COPY github events FROM ’github events-2015-01-01-0.csv’
WITH (format CSV)

# INSERT INTO github events VALUES (2489373118,’PublicEvent’
,767,24509048, 7 {} 7, {"id": 24509048, "url": "https://api.
github .com/repos/SabinaS/csee6868", "name": "SabinaS/
csee6868"} 7 7{"id": 2955009, "url": "https://api.github.

com/users/SabinaS", "login": "SabinaS", "avatar url": "
https://avatars.githubusercontent.com/u/29550097", "
gravatar id": ""}’ NULL, '2015-01-01 00:09:13");
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Tenepb MBI MOKE€M OOHOBJIATH U YAaJIdTh JaHHbIE C Ta6JII/ILH>IZ

JInctunr 6.31 M3MeHenne JTaHHBIX

# UPDATE github events SET org = NULL WHERE repo id =
24509048;
# DELETE FROM github events WHERE repo id = 24509048;

g paborer UPDATE u DELETE 3atpocoB TpedyeTcs, 9To Obl OH «3aTpa-
rUBajI» OJUH TIapid. DTO o3HadaeT, 9To ycaoue WHERE M0/KHO cojiepKaTh
YCJIOBHUE, YTO OTPAHUYUT BBIIOJIHEHUE 3aIpoca Ha OJUH IIap] MO pacupeme-
JIEHHOMY cToJiOIy. JIjist OOHOBJIEHUSI WM VIAJIEHHUS JAHHBIX Ha HECKOJbKUX
mapjax Tpedyercs UCIoJb30BaTh KOMaH Ly master modify multiple shards:

JIuctunr 6.32 VM3aMeHeHne JIAHHBIX HA HECKOJBKHUX Iap.iax

# SELECT master modify multiple shards(
'DELETE FROM github events WHERE repo id IN (24509048,
24509049) ") ;

st ynaserust Tabuibl 1ocTaTovHo BhimoJHUTh DROP TABLE Ha MmacTe-
pe:

JIuctunr 6.33 YaaneHue TaOIAIIHI
# DROP TABLE github events;

Append pacrpenenenne

Jls1 mpuMepa, co3aauM U pacipegeuM Tabmiy 1o append MeToy.

JInctunr 6.34 Cozmanne TabIAITHI

# CREATE TABLE github events
(
event id bigint ,
event type text,
event public boolean
repo_id bigint ,
payload jsonb ,
repo jsonb ,
actor jsonb ,
org jsonb ,
created at timestamp
)
Hasee ykaxkem Citus KjacTepy UCIob30BaTh created at ¢ append paciipe-
JiesieHreM Jjis github  events TaOJIAIIbL.
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Jluctunr 6.35 Cosmanue hash pacupesenenms

# SELECT master create distributed table(’github events’, ’
created at’, ’append’);

ITocsie 3TOro MBI MOZKEM HCIIOJIb30BATH Ta6JII/IHy 1 3arpyxkKaThb B HE€ JJTaHHbIE!:

JImctunr 6.36 3arpy3ka JaHHBIX

# SET citus.shard max size TO '64MB’;
\copy github events from ’github events-2015-01-01-0.csv’
WITH (format CSV)

[To ymomuanmio KoMania \copy TpedyeT JiBa KOHPUTYPAIIMOHHBIX ITapaMeT-
pa Juisd paboThl: citus.shard max_size u citus.shard replication factor.

e citus.shard max size mapameTp yKa3blBaeT MAKCUMAJIBHBIA pa3mep
[ap/ia Mpy MCIoJIb30BaHuN KoMaH bl \copy (1I'6 mo ymomganuio). Ecim
daits1 boJbIlie JAHHOIO TapaMerpa, TO KOMaHa aBTOMATHUYIECKU Pa30-
Ober ailsr Mo HECKOJIBKUM Iap/iaM;

e citus.shard replication factor mapamMeTp Kolm4ecTBO BOPKEPOB, Ha KOTO-
pbIe Map/bl Oy T PEIIUIUPOBATHC (2 10 YMOTIAHUIO);

[To ymomyanuio KoMaH/a \copy CO3aeT KazK/Iblif pa3 HOBBI MIap/I I JTaH-
HbIX. Eciau tpebyercs 100aB/IATh JaHHBIE B OJIMH U TOT K€ Iap/i, CYyIMeCTBYIOT
KOMAaH/Ibl master create empty shard, Koropas BepHeT nujieHTuGUKATOD HA HO-
BBIIT mIap, U KoMaHa master append table to shard jysg jpobasienus: man-
HBIX B 9TOT MIap/l 110 UJIeHTU(MOUKATOPY.

Jlng  yhaajieHus  CcTapblX — JIAHHBIX ~ MOYXKHO — HCIIOJIL30BATH  KOMAaHLy
master apply delete command, KoTOpasg yJaJjdeT cTapble IIapAbl, KOTO-
pble mona aroT B IepelaniHoe yCJaOBUe Ha yIaJIeHUe:

JIuctunr 6.37 YaaaeHne cTapbiX MIapIoB

# SELECT * from master apply delete command ( 'DELETE FROM
github events WHERE created at >= ’72015-01-01 00:00:00 "
7) 7

master apply delete command

(1 row)

g ynagerus Tadaunbl 1ocTaTrodHo BomoaHunTs DROP TABLE Ha macre-
pe:

JIucturr 6.38 VaaneHne TabOIAITHI
# DROP TABLE github events;
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PebaiancupoBka Kjacrepa

Jlornueckas apxurekrypa mapanara Citus mosBosser MaciTabupoBaTh
kyactep 6e3 Kakux-au0o npocroes (no downtime!). /lis mobasienus HOBOro
BOPKEpPAa JIOCTATOTHO JJOOABUTH €10 B pg_ worker list.conf 1 BbI3BaTh HA MacTepe
pg_reload conf Jiurd 3arpy3Ku HOBOI KOH(DUTYPAITHH:

Jlmcrunr 6.39 3arpyska HOBOI KOH(MUIYpaIAn

Line I # SELECT pg reload conf();

[Toce sroro Citus aBTOMATHYECKM HAYHET UCIO/IH30BAThH JAHHBIA BOP-
Kep JIJIsi HOBBIX paclipejeseHHbix Tabymil. Eciau tpebyercst pebajiaHcupo-
BaThb CyIIeCTBYyomue Ta6.HI/IHbI Ha HOBBII BOpPKeEp, TO JJId 9TOTI'O0 €CTh KOMaH-
na rebalance table shards, HO, K coxKaJyieHUIO, OHa jlocTymnHa TOabKO B Citus
Enterprise (miartHoe perenue).

OrpanunueHnst

Mogens pacmmpenns PostgreSQL B Citus mo3BosisieT ncIob30BaTh J10-
crynabie Tunbl ganueix (JSON, JSONB, apyrue) m npyrue pacumpenus B
kstactepe. Ho #e Bech criekTp SQL 3ampocoB [OCTyIIEH JIjIsI PacIpe e e HHbIX
tabsui. Ha Tekymuit MOMEHT paciipejieieHHbIe TabJIUIIbI He MO/ IePXKUBAOT:

e Oxonnble dynknun (window functions);

e O6mue Tabsmanbe Beipaxkenus (CTE);

e UNION omneparuu (UNION/INTERSECT/EXCEPT);

e TpaH3aKIMOHHASI CEMAHTHUKA JIJIsI 3aI[POCOB, KOTOPBIE PACIPEIEIEHBI 110
HECKOJIBKUM IIAPJIaM;

SaKJro4eHne

Citus kacrep 10CTATOYHO THOKOE U MOIITHOE PellleHne Jjist FTOPU30HTAIHHO-
ro macinrabupoBanust PostgreSQL. 3pemocTh JaHHOTO pelleHusT TOKa3bIBaeT
€ro UCIOJIb30BaHNe TaKUMI urpokavu Ha pbiake, Kak CloudFlare, Heap u muo-
TUMU JIPYTUMH.

6.6 Greenplum Database
Greenplum Database (GP) — pensimmonnast CYBJI, mmerormast mMaccoBo-
napaJuienbHyo (massive parallel processing) apxurektypy 6e3 pasiesieHust

pecypcos (shared nothing). /s moapobHOro nmoHUMAaHUsT TPUHIUIIOB PabOThI
Greenplum xHeoOxomMO 0003HAYUTH OCHOBHBIE TEPMUHDI:
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Master instance («macrep») — uncranc PostgreSQL, siBistomuiics oji-
HOBPEMEHHO KOODJMHATOPOM U BXOJHOII TOYKOIN JjId IOJIb30BaTeseil B
KJIACTEPE;

Master host («cepBep-macrep») — cepsep, Ha KOTOpoM paboraeT master
instance;

Secondary master instance — uncranc PostgreSQL, sBisrommuiicsa pe-
3€PBHBIM MACTEPOM, BKJIIOUAETCdA B pabOTy B caydae HEJOCTYITHOCTU OC-
HOBHOT'O MacTepa ([epeKIoYeHre TPOUCKXOUT BPYIHYIO);

Primary segment instance («cerments) — mHcranc PostgreSQL, ssiro-
uiicd OJTHUM M3 CeIMeHTOB. VIMEHHO cerMeHThI HEMOCPEICTBEHHO Xpa-
HAT JaHHbIE, BBIOJHAIOT ¢ HUMU OIEPAINU W OTJAI0T Pe3yJIbTaThl Ma-
crepy (B obmieM ciyuae). Ilo cyTu cerMenT — caMblil OOBIYHBIN HHCTAHC
PostgreSQL 8.3.23 ¢ nacrpoenHoit permkaueil B CBOE 3¢pKaJio Ha JPY-
T'OM CEPBEPE;

Mirror segment instance («3epkaso») — umncranc PostgreSQL, siBsiio-
muiicsa 3epKajoM OJIHOIO U3 primary cerMeHTOB, aBTOMATUYeCKN ITPUHU-
MaeT Ha cebst PoJib primary B cirydae najennst onoro. Greenplum momaep-
JKWBaeT TOJBKO 1-to-1 permmKaumio cerMenToB: /I KaxXKJI0T0 U3 primary
MOXKET OBITh TOJIBKO OJHO 3€PKAJIO;

Segment host («cepBep-cermenT» ) — cepBep, Ha KOTOPOM paboTaer ojuH
WM HECKOJIBKO CEIMEHTOB U /UJTH 3€PKAJ;

B obmiem ciayuae kiaacrep GP cocrout n3 HECKOJIBKIX CepPBEPOB-CEIMEHTOB,
OJIHOTO cepBepa-MacTepa, U OJHOIO CepBepa-CeKOHIapu-MacTepa, COeIMHEHHBIX
MekK Ty coboit onHO# nan HeckoabKuMu ObicTpbiMu (10g, infiniband) cersivum,
00bIaHO 060cobIeHEbIME (interconnect) (puc 6.5).

Usual client I Client switch !

'Greenplum

Secondary

Master master

I ETL/Pro client

Interconnect switch 2

Interconnect switch 1

[

Segment Segment Segment
server 1 server 2 server N

Puc. 6.5: CocraB kjacrepa u ceTeBOe B3aMMOJIEHCTBUAE /IEMEHTOB. 3ejIéHasd 1
KpacHas JUHUI — 000Cco0IeHHbIe ceTn interconnect, CHHsIST JTUHUST — BHEIITHSIS,
KJINEHTCKasA CETh
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Hcnosib3oBanme HeCKOIBKHX interconnect-cereii Mo3BOJISIET, BO-IIEPBBIX, IO~
BBICUTD IIPOIIYCKHYIO CIIOCOOHOCTDH KaHaJ a B3auMOIEHCTBHUSI CEIMEHTOB MEXK LY
co00if, 1 BO-BTOPBIX, 00ECIEUNTH OTKA30yCTONINBOCTD KJlacTepa (B CIydae oT-
Ka3a OJTHOM U3 ceTeil Bech TpaduK IepepacpeiessieTcss MeXK /Ty OCTABIIIMUCS ).

[Ipu BBIOOpE wMCIIa CepBEPOB-CEIMEHTOB BayKHO IIPABUJILHO BBIOpATH CO-
OTHOIIIEHHUE KJIACTEPa «UYUCIO0 MporeccopoB/T6 JaHHBIX» B 3aBUCHMOCTH OT
IIaHupyeMoro mnpoduis Harpy3ku Ha B/l — gem OosibIlie mpoIeccopHbIX d1ep
[IPUXOJIUTCH Ha, €IMHUILY JTAHHBIX, TEM ObICTpee KIacTep OyJIeT BBIIOJTHATD «Td-
JKEJIbIe» Ollepallii, a TaKKe padoTaTh CO CXKATHIMHU TaOJIAIAMU.

[Ipu BBIGOpE YKCIIa CEMMEHTOB B Kjacrepe (KOTOpoe B 00IeM ciydae K
YUCJTy CEPBEPOB HUKAK HE MPUBS3aHO) HEOOXOJNMO TIOMHUTD CJIEJLYIOIIee:

® BCe PeCypChI cepBepa JIEJISITCs MK Ly BCeMU CerMeHTaMu Ha cepiepe (Ha-
IPY3KOil 3epKaJi, B CJIydae eCJIM OHU PACIIOJIAraloTCA Ha STUX Ke CepBe-
pax, MOXKHO yCJIOBHO IIPeHeOpeb );

® KayKJbIil 3allpOC Ha OJIHOM CerMeHTe He MOYKET MOTPEOJIATH MPOIEecCcop-
HBIX pecypcoB bosbiie, yem oauo sjapo CPU. Dr1o o3navaer, namnpumep,
YTO, €CJIM KJIACTEDP COCTOUT U3 32-sJIePHBIX CEPBEPOB € 4-s cerMeHTaMu
GP na 60pry u ucnob3yeTcsa B cpeiHeM 11t 00pabOTKU 3-4 0JIHOBPEMEH-
HBIX TZKENBIX, Xoportno yrummsupytonmx CPU, sanmpocos, «B cpemaeM 1o
6ospautes CPU He OyaeT yTUIN3upoBaThCs ONTUMAIBHO. B manHoil cu-
TYAIUN JIyqIlle YBEJIUIUTh YHCJIO CEFMEHTOB Ha cepBepe Ji0 6-8;

® INTATHBINA Ipolecc O6IKAa U pecropa JAaHHBIX «U3 KOPOOKU» paboraer
TOJIBKO Ha KJIACTEPax, UMEIOIINX OJIMHAKOBOE YUCJIO cerMeHToB. Boccta-
HOBUTH JIaHHBIE, 3a09KaIJIeHHbIE Ha K1acTepe n3 96 cerMeHToB, B KJIacTep
u3 100 cermenToB 6€3 HANUJIBLHUKA OYIeT HEBOZMOXKHO;

XpaHeHne JaHHBIX

B Greenplum peanusyercst Kjiaccmieckasi cxeMa IapIupOBaHUs JTaHHbBIX.
Kaxxnas rabauiia mpejcrapisier u3 cebst N+ 1 tabymir Ha Bcex cerMeHTax KJjia-
crepa, rje N — unciio cerMmenToB (+1 B 3T0M cirydae — 9T0 TabJInIa Ha MacTe-
pe, JaHHbIX B Hell Her). Ha kaxoMm cermente xpanutcs 1/N ¢Tpok TabJIuIibL.
Jloruka pasbuenusi TabIMIIBI HA CEIMEHTBI 33IAETCsT KJIIOUOM (I10JIEM ) JIUCTPHU-
OyIMu — TaKUM I10JIEM, HA OCHOBE JIAHHBIX KOTOPOIO JIIOOYIO CTPOKY MOXKHO
OTHECTHU K OJJHOMY M3 CEIMEHTOB.

Kutou (moste wim Habop 1oJieit) aucTpubyIuu — OYeHb BaXKHOe TIOHSATHE B
GP. Kak 6b110 ckazano Briiie, Greenplum padboraeT co CKOPOCTBIO CAMOT0 M€/I-
JIEHHOT'O CerMeHTa, 9TO O3HadaeT, 9To JII00OH MePeKOC B KOJIMIECTBE JAHHBIX
(kaK B paMKax OJHON TaOJIUIbI, TAK M B paMKaX BCeil 6a3bl) MEXK/y CerMeH-
TaM® BEJIET K JeTPaIalluy TPOU3BOIUTEIHHOCTH KJTacTepa, a TaKKe K JIPYTUM
npobsiemam. MIMeHHO 1MOSTOMY CjieyeT TIHIATEJIbHO BBIOMPATH TOJIE JIJIsd JUC-
TPUOYIUN — pacipejieieHrne KOJTNIecTBa BXOXKICHUH 3HAUeHU B HEM JTOJIZKHO
OBITH KaK MOXKHO 00Jiee paBHOMEPHBIM. | IpaBribHO Jin BbI BBIOpAJIN KJIFOY JTUC-
TPUOYIMHE BaM IIOJCKaXKeT CJIyxKeOHoe Iojie gp segment id, cyImecTByoIee B
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KaK/JI0l TabJ/IMIle — OHO COJIEPYKUT HOMEDP CerMeHTa, HAa KOTOPOM XPAHHUTCH
KOHKpeTHas cTpoka. Baxubiii mHioanc: GP ne nomaep:xkusaer UPDATE o,
110 KOTOPOMY pacIipe/iesieHa TaOIuIa.

Pacemorpum mpumep (37ech 1 Jlajiee B mpuMepax Kjacrep coctouT u3 96
CEerMEeHTOB):

JIucrurar 6.40 CozmaHue pacipeaeaeHHoi TabIuIbl

db=# create table distrib test table as select
generate series(1,20) as num_field distributed by (
num _field);

SELECT 20

db=# select count(1l),gp segment id from distrib test table
group by gp segment id order by gp segment id;

count | gp segment id

|

|

| 15
| 21
| 23
| 25
| 31
| 40
| 42
| 48
| 50
| 52
| 65
| 67
| 73
| 75
| 77
| 90
| 92
| 94

U G VA T VO G G G GG TG G W G O

db=# truncate table distrib test table;

TRUNCATE TABLE

db=# insert into distrib _test table values (1), (1), (1),
(1), (1), (1), (1), (1), (1), (1), (1), (1), (1), (1),
(1), (1), (1), (1), (1), (1)

INSERT 0 20

db=# select count(1l),gp segment id from distrib test table
group by gp segment id order by gp segment id;

count | gp segment id
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20 | 42

B oboux ciayuasgx pacupejeseHa Tadbiuia 1mo moyo num field. B mepsom
caydae BCTABUIU B 9TO mosie 20 yHUKAJIbHBIX 3Ha4YeHUil, u, Kak Bujgno, GP
pasJIoKUJI BCe CTPOKHU Ha, pa3Hble cerMeHThl. Bo BTopoM ciydae B 110Jie ObLIO
BcTapjeHo 20 0JIMHAKOBBIX 3HAYEHUI, U BCE CTPOKHU OBLIN ITOMEIIEHBI Ha OJINH
CErMEHT.

B cayuae, ecotm B Tabsuiie HET MOAXOMAIINX TIOJIEH JJIsI UCIIOJIb30BaHUs B
KadecTBe KJIF0Ya JUCTPUOYIIUN, MOYKHO BOCIIOIB30BATHCs CJIYIailHON JUCTPH-
6ynueit (DISTRIBUTED RANDOMLY). [lone st aucTpuOyiwm MOXKHO Me-
HATb B YK€ CO3J/IaHHOM TaOJIMIle, OJHAKO IOC/Ie ITOTO €€ HeoOXOUMO Iepe-
pacnpenenuThb. Vmenno mo nosio guctpudynun Greenplum coBepiimaer camble
ontumasibHbie JOIN: B ciydae, ecium B 00ouxX TabJMAIAX I10JIsI, 110 KOTOPBIM
copepmaerca JOIN, gapisgiorcsa KiaodaMmu aucTpudymuu, JOIN BBIIOIHAETC
JIOKaJIbHO Ha cerMenTte. Fcym ke 310 ycioBue nHe BepHo, GP npuaércs wim
repepacipeie;TuTh 00e TabIHUITBI 0 NCKOMOMY TOJIFO, WJIM 3aKUHYTH OJHY W3
TabJIHI TIeJTMKOM Ha KaxKIblil cerment (omepainst BROADCAST) u yxke 3arem
JPKORHUTD TaOJIMITHI JIOKAJIHLHO Ha CeIMEHTaX.

Jlucruar 6.41 JOIN 1o kiouy gucTpudymm

Line I db=# create table distrib test table as select
generate series(1,192) as num field, generate series
(1,192) as num_field 2 distributed by (num field);

SELECT 192

db=# create table distrib test table 2 as select
generate series(1,1000) as num_field, generate series
(1,1000) as num _field 2 distributed by (num field);

SELECT 1000

db—# explain select * from distrib_ test table sq

db-# left join distrib test table 2 sq2

db-# on sq.num _field = sq2.num _field;

QUERY PLAN

ot

10 Gather Motion 96:1 (slicel; segments: 96) (cost
=20.37..42.90 rows=861 width=16)
-> Hash Left Join (cost=20.37..42.90 rows=9 width=16)
Hash Cond: sq.num field = sq2.num _field
-> Seq Scan on distrib_test table sq (cost
=0.00..9.61 rows=9 width=38)
- -> Hash (cost=9.61..9.61 rows=9 width=8)
15 -> Seq Scan on distrib_test table 2 sq2 (
cost =0.00..9.61 rows=9 width=8)
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Jluctunr 6.42 JOIN He o K04y AuCTpUOY AN

Line 1 db_dev=# explain select * from distrib test table sq left
join distrib_ test table 2 sq2
- on sq.num_field 2 = sq2.num _field 2;
- QUERY PLAN

5 Gather Motion 96:1 (slice3; segments: 96) (cost
=37.59..77.34 rows=861 width=16)

- -> Hash Left Join (cost=37.59..77.34 rows=9 width=16)

- Hash Cond: sq.num _field 2 = sq2.num _field 2

- -> Redistribute Motion 96:96 (slicel; segments:
96) (cost=0.00..26.83 rows=9 width=38)

- Hash Key: sq.num _field 2

10 -> Seq Scan on distrib_test table sq (cost
=0.00..9.61 rows=9 width=38)

- -> Hash (cost=26.83..26.83 rows=9 width=8)

- -> Redistribute Motion 96:96 (slice2;
segments: 96) (cost=0.00..26.83 rows=9 width=8)

- Hash Key: sq2.num _field 2

- -> Seq Scan on distrib test table 2
sq2 (cost=0.00..9.61 rows=9 width=8)

Kaxk Bujno B mpumepe «JOIN ne 110 kimiovy aucTpudyiiniy B IJIaHe 3a1poca
HOSBJISIFOTCS JIBA JOTIOJIHUTEIbHBIX mara (1o OJHOMY JIJisl KasKJI0# U3 y4acTBY-
oIUX B 3amnpoce Tabuni): Redistribute Motion. Ilo cyTu, mepes BoimoHeHIEM
zarpoca GP niepepactpesensier obe TabIATIBI TIO CEIMEHTAM, HCITOIB3YsT JIOTUKY
mojist num_field 2, a He U3HAYAIBLHOTO KJII0Ya, JUCTPUOYIIUN — T0JId num _ field.

BzaumoseiicTBre ¢ KjineHTaMn

B o6riem cityvae BcE B3anMoieiicTBIE KJINEHTOB C KJIACTEPOM BEJIETCST TOJTb-
KO dYepe3 MacTep — HMEHHO OH OTBedaeT KJIMEHTaM, BBIIAET UM Pe3yIbTaT
zamnpoca u T. Ji. OObIIHBIE KJIUEHTHI HE UMEIOT CeTeBOTO JIOCTYIa K CepBepaM-
cerMeHTaM.

Jlna yckopeHus 3arpy3Ku JaHHBIX B Kjacrtep ucnosib3yerca bulk load —
napaJiiesibHasi 3arpy3Ka JIAHHBIX C/Ha KJMEHT OJHOBPEMEHHO C HEeCKOJIBKUX
cermenToB. Bulk load Bo3MOKeH TOJIBKO ¢ KJINEHTOB, UMEIOIINAX JIOCTYII B MH-
TepKOHHEKThI. OOBIYHO B pOJIM TaKuX KJHeHTOB BbicTynaioT ETL-cepsepa u
JIPYTHE CHCTEMBI, KOTOPBIM HEOOXOIMMa 3arpy3Ka OOJIBIITOr0 00bEMa JaHHBIX
(na puc 6.5 onn oboznadensl kak ETL/Pro client).

g napaJuiesibHO# 3arpy3Ku JIAHHBIX HA CEIMEHTBI UCIOIb3YeTCd YTUJIN-
ta gpfdist. [lo cyru, yruaura nmogHuMaer Ha yaaaéHHOM cepBepe web-ceprep,
KOTOPBIH TPeJIoCTaBIgeT JTOCTYII 1o rpoTtokoiaM gpfdist u http k ykazannoi
manke. [locite 3amycka gupekTopusi 1 Bce ¢ailjibl B Heil CTAaHOBATCS JOCTYITHBI
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o0braHBIM weget. Co3mauM i mpuMepa aiilyl B IMPEKTOPUH, 00C/Ty ) KUBAEMO
gpfdist, 1 oOpaTumMcsa K HEMY KakK K OOBIIHOM TabJIHIIe.

JIuctunr 6.43 IIpumep ¢ gpfdist

# Ha ETLcepsepe - :

bash# for i in {1..1000}; do echo "$i,$(cat /dev/urandom |
tr -dc ’a-zA-Z0-9’ | fold -w 8 | head -n 1)"; done > /tmp
/work /gpfdist home/test table.csv

# Temepnb cozmajuM BHENIHIOW TaOJWIy W HpOYNTaeM JaHHble u3 daiira

# B Greenplum DB:

db=# create external table ext test table

db-# (id integer , rand varchar(8))

db-# location (’gpfdist://etl hostname:8081/test table.csv’)

db-# format 'TEXT’ (delimiter ’,’ NULL ’ ’);

CREATE EXTERNAL TABLE

db dev=# select * from ext test table limit 100;

NOTICE: External scan from gpfdist(s) server will utilize
64 out of 96 segment databases

id | rand

| UWlonJHO
| HTyJNA41
| CBP1QSn1
| 0K9y51a3

Taxke, HO ¢ HEMHOI'O JPYIUM CHUHTAKCHCOM, CO3JIAIOTCS BHEITHHE Wweb-
tabmnbl. VX 0COGEHHOCTD 3aKJ/II0YAETCs B TOM, UTO OHU CChLIaloTCs Ha http
[IPOTOKOJI, U MOTYT PabOTATh C JAHHBIMHU, MPEIOCTABISIEMBIMU CTOPOHHUMHE
web-cepsepamu (apache, nginx u apyrue).

B Greenplum Ttak:ke cymiecTByeT BO3MOXKHOCTH CO3/IaBATh BHEIIHHE Tab-
JINIII Ha JIAHHBIE, JIesKalllue Ha pacrpejieaéunoit daitooit cucreme Hadoop
(hdfs) — 3a 310 B GP oTBeTcTBeHHA OT/IE/IbHAST KOMITOHeHTa gphdfs. [Ims obec-
nevueHust eé paboThl Ha KaxKJIBIIl cepBep, BXOJdImili B coctaB Kjaacrepa GP,
HeobxXo Mo ycranoBuTh oubsmorekn Hadoop m npomnmcath K HUM IIyTh B OJ1-
HO¥l M3 CHCTEMHBIX IepeMeHHbIX 0a3bl. Co3manue BHeIHeH TabuIbl, obparia-
foreiicd K ganubiM Ha hdfs, Oyaer BbITJIAIeTh TPUMEPHO TaK:

Jluctunr 6.44 Ilpumep ¢ gphdfs

db=# create external table hdfs test table

db=# (id int, rand text)

db=# location (’gphdfs://hadoop name node:8020/tmp/test file.
csv )

db=# format 'TEXT’ (delimiter ’,’);
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rie hadoop name node — ajipec Xocta HEUMHOJIBI, /tmp/test file.csv —
IyTh JI0 uckomoro aitia na hdfs.

[Ipu obpamennn k Takoit Tabsuie Greenplum BbISCHSIET y HEHAMHOJIBI
Hadoop pacnoJioxkenne HyzKHBIX OJIOKOB JAHHBIX Ha JaTaHO/aX, K KOTOPHIM
3aTeM oOpalaeTcs C CepBEPOB-CEIMEHTOB NapaJulesbHO. EcTecTBEeHHO, BCe
HOJIbI KJlacrepa Hadoop J0/KHBI OBITH B CETAX HHTEPKOHHEKTA KJIACTEPA
Greenplum. Takas cxema pabOTBhI TIO3BOJISIET JOCTHYDL 3HAYUTEIHHOIO IIPUPO-
cTa CKOPOCTH Jiaxke 1o cpaBHeHuto ¢ gpfdist. YTo maTepecHo, joruka BeIOOpA
CerMeHTOB JIJIsl YTeHUsI JIaHHBIX ¢ gaTtaHo ] hdfs sBisteTcs BecbMa HETPUBUAb-
noit. Hanpumep, GP moker HauaTh TAHYTH JAHHBIE CO BCEX JIATAHOJ TOJIb-
KO JIByMsI CeT'MEHT-CepBepaMu, MPUIEM IIPU TOBTOPHOM aHAJOTUIHOM 3aIlpoce
cxXemMa B3aMMOJIEHCTBUSA MOXKET OMEHSAThCH.

Taxke ecTh TUIl BHENMHUX TabJINI, KOTOPBIE CCHLIAIOTCA Ha (ailjbl Ha
CerMeHT-cepBepax Win (pailyi Ha MacTepe, a TAKXKe Ha Pe3yJIbTaT BBIOTHEHUS
KOMaH/IbI Ha CErMEeHT-cepBepax mim Ha MacTepe. K cI0By ckazaTh, cTapslii 100-
poiit COPY FROM HuKyZla He Aejicd U TaKKe MOXKET UCIOJb30BaThCA, OJTHAKO
10 CPABHEHUIO C OIMKUCAHHBIM BBINE PAOOTAET OH MeJIJIEHHEN.

HanéxxaocTb 1 pesepBupoBaHme
PesepBupopanune macrepa

Kak 6n110 ckazano panee, B Kitacrepe GP ucnosnb3yercst moJsinoe pesepBupo-
BaHME MacTepa C IIOMOIIbI0 MEXaHU3Ma PEIIMKAIINT TPAH3aKITMOHHBIX JIOTOB,
KOHTPOJINPYEMOT'O CIEIMAILHBIM areHToM (gpsyncagent). IIpu sTom aBromMaTn-
YecKOe MePEKJII0UeHne POJId MacTepa Ha Pe3ePBHbBIN NHCTAHC HE MO/JIePKUBa-
ercs. i nepexJrodeHnst Ha pe3epBHBII MacTep HEOOXOINMO:

e y0eUThCsI, YTO OCHOBHOI MacTep OCTAHOBJIEH (IIporiece yOuT u B paboueii
JIMPEKTOPUH WHCTAHCA MacTepa OTCYTCTByer (aiis postmaster.pid);

® 113 cepBepe Pe3epBHOI'O MacTepa BLIIIOJIHATL KOMaHIy gpactivatestandby
-d /master _instance directory;

® [IEPEKJIIDYNTH BUPTYaJbHbIH ip-aJpec Ha cepBep HOBOIO MacTepa (Mexa-
HU3M BUPTyasabHOro ip B Greenplum orcyTcTByeT, HEOOXOIUMO UCIIOJIb-
30BaTh CTOPOHHUE WHCTPYMEHTHI);

Kak BUIHO, IIEPEKJIIOYCHNE BLIIIOJITHACTCA COBCEM HE CJIO2KHO U IIPU IIPUHI-
TN OHpe,ZLe.HéHHbIX PUCKOB MOXKET OBbITD ABTOMATU3UPOBAHO.

Pe?)epBI/IpOBaHI/IG CEeIrMeHTOB

Cxema pe3epBUPOBaHUSA CETMEHTOB TOX0Ka HA TAKOBYIO JJI MacTepa, OT-
JIMYHs COBCeM Hebouiblne. B citydae najieHusi 0JJHOIO U3 CErMEHTOB (MHCTAHC
PostgreSQL nepecraér orBedaTh MacTepy B TEUEHUN TaiiMayTa) CEIMEHT ITOMe-
JaeTcst Kak COOMHDIN, 1 BMECTO HEr0 aBTOMATHYECKU 3aIyCKAETCs €ro 3ePKaJio
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6.6. Greenplum Database

(o cyru, abcoorHo anagornvHbli uHcranc PostgreSQL). Pervukanus jgan-
HBIX CEIMEHTa B €r0 3ePKaJiO IPOUCXOIUT Ha OCHOBE KACTOMHOI CHHXPOHHOIM
peILIMKAaI Ha YPOBHE (DaiijioB.

CrouT OTMETUTH, UTO JOBOJIBLHO BaXKHOE MECTO B IIPOIECCE ILIAHNPOBAHMS
apxuTeKTypbl Kiaacrepa GP 3aHmMaeT BOIpoC pacIioioXKeHnst 3epKaJjl CerMeH-
TOB Ha cepBepax, Osaro GP maér mosinyio cBobojly B BOIpoce BBIOOpa MeCT
PACIIOIOKEHHUSI CETMEHTOB M UX 3ePKaJl: ¢ IIOMOIIBIO CIEINaIbHON KapThl pac-
[TOJIOZKEHUsT CETMEHTOB UX MOYKHO Pa3MEeCTUTh Ha Pa3HBIX cepBepax, B pa3HbIX
JMPEKTOPHUSIX U 3aCTaBUTH MCIOJIB30BaTh PasHble MOPThI. PaccMoTpuM 1Ba Ba-
puaHTa:

Host 1 Host 2 Host 3 Host 4

Segment 1 Segment 1 Segment 1 Segment 1

Segment 2 Segment 2 Segment 2 Segment 2

Segment 3 Segment 3 Segment 3 Segment 3

Mirror 1 Mirror 1 Mirror 1 Mirror 1

Mirror 2 Mirror 2 Mirror 2 Mirror 2

Mirror 3 Mirror 3 Mirror 3 Mirror 3

Puc. 6.6: Bce 3epkajia cerMeHTOB, paciojararmnxcs Ha xocte N, HaXOIsaTcs
Ha xocre N+1

[Tpu ucriosib3oBanum cxembl 6.6 IMpPU OTKa3€e OJHOIO U3 CEPBEPOB Ha CEpBEpe-
cocesie OKa3bIBaeTCs B JiBa pasa 00JIbIlle pabOTAIONNX cerMeHToB. Kak ObLIo
CKa3aHO BLIIIIE, IIPOU3BOUTEC/ILHOCTDL KJlaCTepa paBHACTCA IIPOU3BOJUTE/ILHO-
CTH CAMOTI'0 MEJIJIEHHOT'O U3 CEIMEHTOB, a 3HAYUT, B CJIydae 0TKa3a OJIHOIO Cep-
Bepa MPOU3BOIUTEIHLHOCTD 0a3bl CHUKAETCA MUHUMYM BJiBoe. OJIHAKO, Takas
cxeMa UMeeT U MOJI0KATEIbHBIE CTOPOHBI: IIPU paboTe ¢ OTKA3aBIINM CEPBEPOM
YA3BUMBIM MECTOM KJlaCT€pa CTaHOBUTCA TOJIBKO OAWH CEPpBEP — TOT CaMI)II'?'I7
Ky/la Iepeexajin CerMeHTHhI.

[Ipu ucronb3oBanum cxeMbl 6.7 B cilydae OTKa3a cepBepa BO3pOCIIasi Ha-
rpy3Ka PaBHOMEPHO PAaCIpEee/IdeTcd MeXKIy HECKOJIbKHMU CcepBepaMu, He
CUJIBHO BJIMSISI Ha OOIIYIO IIPOU3BOIUTENHHOCTD KitacTepa. OmHaKo, CyIecTBeH-
HO IIOBBIMACTCA PUCK BbIXO/a U3 CTPOA BCEro KJjacrepa — AOCTATOIHO BBITHU
3 cTpost omgHOMY U3 M cepBepoB, COCEICTBYIONINX C BBIMIEIIINM U3 CTPOS U3~
HaJaJILHO.

WNcrraa, Kak 9T0 9acTo OBIBAET, IJe-TO IIOCEPeIUHEe — MOYKHO PaCIIOJIO-
JKHATD 110 HECKOJIBKO 3ePKaJl CEPMEHTOB OJIHOIO cepBepa Ha HECKOJIbKUX JIPYTUX
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Host 1 Host 2 Host 3 Host 4

Segment 1 Segment 1 Segment 1 Segment 1

Segment 2 Segment 2 - -~ Segment 2

Segment 2

Segment 3

Segment 3 L Segment 3 Segment 3

Mirror 1 Mirror 1 Mirror 1 Mirror 1

Mirror 2 Mirror 2 Mirror 2 Mirror 2

I

SIETETI
TATaI

Mirgor 3 Mirgor 3 Mirtor 3 Mirgor 3

SIEIETI

-
-

Puc. 6.7: Bce 3epkaJjia cerMeHTOB, paciiojiarafouxcs Ha xocre N, paBHOMEPHO
«MazkyTcs» Ha cepBepa N+1, N+2 ... N+M, rme M — 4dnciio cermMeHTOB Ha
cepBepe

cepBepax, MOYKHO OObe/INHATH CepBepa B IPYHIBI OTKA30YCTONIMBOCTH, U TaK
nasiee. OnruMaabHYI0 KOH(MDUTYPAIIUIO 3ePKAJ CJIEYET MOJOUPATh UCXOJT U3
KOHKPETHBIX alllapaTHbIX JAHHBIX KJAcTepa, KPUTHIHOCTH IIPOCTOs U TaK Jia-
Jiee.

Taxxke B MexaHU3Me PE3ePBUPOBAHUsI CETMEHTOB €CThb €I OJUH HIOAHC,
BJIMSATOIINI HA TPOU3BOINTE/IHHOCTE KjtacTepa. B cirydae BBIXOIa U3 CTPOST 3ep-
KaJla OJTHOTO M3 CEIrMEHTOB IMOCJIETHUN MepexonanuT B peykuM change tracking —
CerMeHT JIOTUPYeT BCe U3MEHEHWs, YTOObI 3aTeM IPU BOCCTAHOBJICHUH YIIAB-
IIIEr0 3epKaJia MPUMEHUTb UX K HEMY, U MOJIYUYUTh CBEXKYIO, KOHCUCTEHTHYIO
KOIUIO JIaHHBIX. JIpyrumu cioBamu, npu MaJieHnn 3epKaJjia Harpy3Ka, co3/1aBa-
eMasl Ha JUCKOBYIO TIOJICUCTEMY CepBepa CerMeHTOM, OCTABIIMMCS 0e3 3epKaJia,
CYIIIECTBEHHO BO3PACTAET.

[Ipu yerpaHeHUH NPUYUHBI OTKA3a CerMeHTa, (annapaTHble PobIeMbl, KOH-
YHBIIIEECs] MECTO Ha YCTPOWCTBE XPaHEHUs U IPoUee) ero HeoOXOAMMO BEPHY Th
B paboTy BPYYHYIO, C IIOMOIIBIO CIEIUAIbHON YTUIUTBI gprecoverseg (JayH-
taiim CYB/I se Tpebyercs). [lo dakTy sra yTuanra CKOMUPyeT CKOMUBIIAECST
Ha cermenTe WA-jioru Ha 3epKasio U MOJHUMET yIIaBIIMil cerMeHT/3epkaiio. B
cJydae, ecJii pedb UJIET O primary-cerMeHTe, n3HavaIbHO OH BKJIIOYUTCH B pa-
60Ty KaK 3epPKaJIO JIJIs CBOErO 3epKajia, CTaBIIero primary (3epkaJjio u OCHOBHOI
cermMeHT Oy/IyT paboTaTh MOMEHSIBIINCH poJisiMu). [jis Toro, 4roObl BEPHYTH
BCE Ha KPYI'M CBOsI, TOTPedyeTcs mporieypa pedasianca — cMeHbl poJieit. Takas
mporierypa Tak:ke He Tpedyer maynataiiva CYBJL, omnako Ha Bpems pebasanca
Bce ceccnn B b/l moaBucHyT.
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B ciyuae, ecoim moBpexKjieHusi yIaBIIEro CErMEHTa HACTOJBKO CEPbE3HBI,
9YTO MPOCTBIM KOIMUPOBaHUEM JAaHHBIX n3 WA-j10roB He 000HTHUCH, €CTh BO3-
MOKHOCTB UCIIOJIb30BATH TIOJTHOE BOCCTAHOBJ/IEHIE YITABIIETO CErMEHTa — B Ta-
KOM cjiydae, 1o ¢dakty, nacranc PostgreSQL Gymer co3man 3aHOBO, OJIHAKO 3a
CYET TOTO, YTO BOCCTAHOBJICHUE OY/IeT HEe MHKPEMEHTAIbHBIM, ITPOIECC BOCCTa-
HOBJIEHHSI MOXKET 3aHATH MPOJOJIZKUTETHLHOE BPEMH.

HpOI/ISBO,ILI/ITe.HbHOCTb

Ornenka mpomsBoguTeIbHOCTH KjaacTepa Greenplum — moHsTHE JTOBOJIBHO
pactszkuMoe. Vexomable manable: KaacTep n3 24 cerMeHT-cepBepOB, KarK IbIil
cepep — 192 I'6 mamsaru, 40 suep. Yucso primary-cermenToB B Kjacrepe: 96.
B nepBom npumepe Mbl co3/1aéM TAOIHUILY € 4-5 TOJISIMU + TEPBUYHBIA KJTIOY
0 OJHOMY W3 moJieil. 3aTeM Mbl HarosHsgeM Taduity ganabivu (10 000 000
CTPOK) U TpoGyeM BBIMOJIHUTE TpocToit SELECT ¢ HECKOJBKUME YCJIOBUSMIL.

JIuctunr 6.45 SELECT c¢ ycmoBusivMu

db=# CREATE TABLE test3

db-# (id bigint NOT NULL,

db(# profile bigint NOT NULL,

db(# status integer NOT NULL,

db(# switch date timestamp without time zone NOT NULL,

db(# CONSTRAINT test3 id pkey PRIMARY KEY (id) )

db-# distributed by (id);

NOTICE: CREATE TABLE / PRIMARY KEY will create implicit
index "test3 pkey" for table "test3"

CREATE TABLE

db=# insert into test3 (id , profile ,status, switch date)
select a, round(random()*100000), round(random ()*4), now
() - '1 year’::interval * round(random() * 40) from
generate series(1,10000000) a;

INSERT 0 10000000

db=# explain analyze select profile, count(status) from

test3
db=# where status<>2
db=# and switch date between ’

1970-01-01" and ’2015-01-01° group by profile;

Gather Motion 96:1 (slice2; segments: 96) (cost
=2092.80..2092.93 rows=10 width=16)

Rows out: 100001 rows at destination with 141 ms to first
row, 169 ms to end, start offset by 0.778 ms.

-> HashAggregate (cost=2092.80..2092.93 rows=1 width=16)
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Group By: test3.profile
Rows out: Avg 1041.7 rows x 96 workers. Max 1061 rows (
seg20) with 141 ms to end, start offset by 2.281 ms.
Executor memory: 4233K bytes avg, 4233K bytes max (seg0).
-> Redistribute Motion 96:96 (slicel; segments: 96) (cost
=2092.45..2092.65 rows=1 width=16)
Hash Key: test3.profile
Rows out: Avg 53770.2 rows x 96 workers at destination
. Max 54896 rows (seg20) with 71 ms to first row, 117 ms
to end, start offset by 5.205 ms.
-> HashAggregate (cost=2092.45..2092.45 rows=1 width
=16)
Group By: test3.profile
Rows out: Avg 53770.2 rows x 96 workers. Max 54020
rows (seg69) with 71 ms to first row, 90 ms to end, start
offset by 7.014 ms.
Executor memory: 7882K bytes avg, 7882K bytes max (
seg0) .
-> Seq Scan on test3 (cost=0.00..2087.04 rows=12 width
~12)
Filter: status <> 2 AND switch date >= ’1970-01-01
00:00:00 " :: timestamp without time zone AND switch date <=
’2015-01-01 00:00:00 " ::timestamp without time zone
Rows out: Avg 77155.1 rows x 96 workers. Max 77743
rows (seg26) with 0.092 ms to first row, 31 ms to end,
start offset by 7.881 ms.
Slice statistics:
(slice0) Executor memory: 364K bytes.
(slicel) Executor memory: 9675K bytes avg x 96 workers, 9675
K bytes max (seg0).
(slice2) Executor memory: 4526K bytes avg x 96 workers, 4526
K bytes max (seg0).
Statement statistics:
Memory used: 128000K bytes
Total runtime: 175.859 ms

Kak Bujno, Bpems BbInosHeHUs 3ampoca coctaBuio 175 mc. Tenepnb mo-
pobyeM TpUMep € JIZKOHHOM TI0 KJIIOYY JIUCTPUOYIUU OJITHON TaOJIUIBI U TI0
OOBIYHOMY TIOJIIO JIPYTO TaOJIAIIBI.

Jlucruar 6.46 JOIN 1o Kiody AUCTPUOYIIUN OTHOW TAOJUIBI U 110 OOBITHOMY IIOJIFO JIPYTOi

db=# create table test3 1 (id bigint NOT NULL, name text ,
CONSTRAINT test3 1 _id _pkey PRIMARY KEY (id)) distributed
by (id);

NOTICE: CREATE TABLE / PRIMARY KEY will create implicit
index "test3 1 pkey" for table "test3 1"
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CREATE TABLE

db=# insert into test3 1 (id , name) select a, md5(random ()
::text) from generate series(1,100000) a;

INSERT 0 100000

db=# explain analyze select test3.* test3 1.name from test3
join test3 1 on test3.profile=test3 1.id;

-> Hash Join (cost=34.52..5099.48 rows=1128 width=60)

Hash Cond: test3.profile = test3 1.id

Rows out: Avg 104166.2 rows x 96 workers. Max 106093 rows
(seg20) with 7.644 ms to first row, 103 ms to end, start
offset by 223 ms.

Executor memory: 74K bytes avg, 75K bytes max (seg20).

Work mem used: 74K bytes avg, 75K bytes max (seg20).
Workfile: (0 spilling , 0 reused)

(seg20) Hash chain length 1.0 avg, 1 max, using 1061 of
262151 buckets.

-> Redistribute Motion 96:96 (slicel; segments: 96) (cost
=0.00..3440.64 rows=1128 width=28)

Hash Key: test3.profile

Rows out: Avg 104166.7 rows x 96 workers at
destination. Max 106093 rows (seg20) with 3.160 ms to
first row, 44 ms to end, start offset by 228 ms.

-> Seq Scan on test3 (cost=0.00..1274.88 rows=1128
width=28)

Rows out: Avg 104166.7 rows x 96 workers. Max 104209
rows (seg66) with 0.165 ms to first row, 16 ms to end,
start offset by 228 ms.

-> Hash (cost=17.01..17.01 rows=15 width=40)

Rows in: Avg 1041.7 rows x 96 workers. Max 1061 rows (
seg20) with 1.059 ms to end, start offset by 227 ms.

-> Seq Scan on test3 1 (cost=0.00..17.01 rows=15 width
=40)

Rows out: Avg 1041.7 rows x 96 workers. Max 1061

rows (seg20) with 0.126 ms to first row, 0.498 ms to end,
start offset by 227 ms.

Slice statistics:

(slice0) Executor memory: 364K bytes.

(slicel) Executor memory: 1805K bytes avg x 96 workers, 1805
K bytes max (seg0).

(slice2) Executor memory: 4710K bytes avg x 96 workers, 4710
K bytes max (seg0). Work mem: 75K bytes max.

Statement statistics:

Memory used: 128000K bytes

Total runtime: 4526.065 ms

Bpemsa Boimosaenns 3arpoca coctaBuiio 4.6 cekynapl. MHOTO 9T0 miim MaJio
JIJISE TAKOTO 00bEMA JJAHHBIX — BOIPOC CIIOPHBIN U JIeXKAIUl BHE 9TOW KHUTH.
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Pacmmpenne kacrepa

B xusnennom mukJie pacupejieniénnoit anaymruieckoit b1 pano nin mos;i-
HO BO3HHUKAET CHUTYaIldsl, KOTJa 00bEM JIOCTYITHOTO JUCKOBOTO IIPOCTPAHCTBA
y2Ke He MOXKET BMECTUTH BCeX HEOOXO/IMMBIX JIAHHBIX, a J00aBICHIE yCTPOICTB
XpaHeHWsT B UMEIOIINECs cepBepa JUO0 HEBO3MOXKHA, JTUOO CJIMINKOM J0pOra
u cyiokHa (1morpedyercs, KaK MUHHMYM, PACIIUPEHHEe CYIIECTBYIOINX Pa3Jie-
soB). Kpome Toro, jiobasjienue oJfHUX JIUIIb JUCKOBBIX MOITHOCTEl HEraTHBHO
CKaXKeTCsl Ha, COOTHOIIEHUH «9UC/I0 TporieccopoB/ T NaHHBIX», O KOTOPOM MbI
ropopmyin B «6.6 Xpanenne jganuabixy. [0BOPs MPOCTBIM SI3BIKOM, B KJacTep
paHO WM TO3/THO TTOHAI00UTCA BBOJIUTH HOBBIE cepBepa. Greenplum 1mo3BoJis-
eT J100aBJIATh KAK HOBBIE CepBEpa, TaK M HOBBIE CEI'MEHTHI IPAKTUYECKU 0e3
npoctoss CYB/I. IlocienoBarebHOCTD 9TOrO JeiicTBa MIPUMEPHO TaKasi:

e paspaboTarh KapTy CEerMEeHTOB, corsiacHo koTopoit GP 6yaer pasmemars
HOBbIE CEIMEHTHI U 3€pKaJjia Ha HOBBIX CEPBEPAX;

e cJesaTh GIKAI HEOOXOMMMbBIX KPUTHYHBIX JAHHBIX (KAK MUHHMYM BCEX
MeTaJIaHHbBIX );

e ycranosuth [I0 CYB/I na nosbie cepsepa;

e ocranosuth CYB/I (ciremyrormuii MyHKT BBIIOJHSIETCS B JIAyHTANM);

® UHUIUATU3UPOBATH HOBBIE CEIMEHTHI YTUINTON gpexpand (3aHHMaeT OT
5 1o 10 muHyT);

e noxuate CYBJI (maynraiiM oKOHUEH);

e nepepacipeeants (redistribute) Bce TabuIb;

e cobparb craTucTuKy (analyze) 1o BceM TabJIHIAM;

Kak BumaHO, XOTS MpOIe/lypa PACIHIUPEHUT U IPOJIOJIKUTE/IbHA, OJTHA
HetocTynnHOCTH BJI py npaBUIBHBIX JIEMCTBUAX aIMUHUCTPATOPA HE IPEBBI-
cut 20-30 MUHYT.

OcobeHHOCTI SKCILTyaTaAIIH

Kak 06b11HO, IpaKkTHKa BHOCUT B KPACUBYIO TEOPUIO CBOU KOPPEKTUBLI. [10-
JeJIIOCh HEKOTOPBIMU HIOAHCaMHM SKCILIyaTallil, BbIABJICHHBIMHW HaMHM 3a JJ0JI-
roe BpeMs ncnonbsopanusg GP. Cpasy oropoproch, 4To cTaHIapTHBIE HIOAHCHI
PostgreSQL (reobxommvocts VACUUM, 0COGEHHOCTH PEIIMKAINK) B 3TOT I1e-
pedeHb He IIOIIAJIN:

e Apromarmueckuii failover me maér 100% rapanTuu Iepek/IOUeHHs Ha
3epKaJio. ¥YBBI, HO 3TO TakK, OCOOEHHO I10JI HATPY3KOil, €CTh PUCK 3aBU-
CaHMS IIPOIECCOB 0a3bl IPHU IOIBITKE TEPEKJIIOYEHUsI Ha 3epKaJio. da-
CTUYHO IIPOOJIEMY peIlaeT YMEHbIIEHNne TaiiMayTa OTBETa OT CerMEHTOB
JI0 HECKOJIbKUX MWHYT, OJIHAKO JIaXKe B TAKOM CJIydae PUCK OCTAETCH.
Kaxk gacrHOe perrenne mpo0eMbl 3aBUCAHUS TIPU TEPEKTIOTEHNH MOKHO
HCIIOJIb30BaTh PYYHOE YOUHCTBO 3aBUCIIEIO CEIMEHTa UJIN Iepe3arpy3Ky
0asbr;
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e Greenplum u OLTP necosmectumbl. GP — ananutuueckas B/, npeana-
3HAYEHHAs JJIsi HEOO/IBIIION0 YHC/ia OJHOBPEMEHHBIX 3aIllPOCOB, BBIMOJI-
HAIOIINX TsIXKEJIbIe ollepaliuy HaJl 60JIbITNM 00bEMOM JTaHHBIX. BoJibIoe
qucsio (6oee 600 queries per second) JIEMKHUX 3alpPOCOB/TpaH3aKIIHIA,
BBITTOJTHATIONINX OJHY OITePAINI0, HETATUBHO CKA3bIBAETCH HA ITPOU3BO-
JIUTETHLHOCTH 0a3bl M3-3a €€ PACIPEJIeEHHON apXUTEKTYPbl — KayK ias
TpaH3aKIns HA MacTepe opoxkaaeT N TpaH3aKIuil Ha cerMeHTax. Xopo-
Imeil MpaKTUKOI sBJIgeTcs arperarus 0osibimnoro auciaa UPDATE /INSERT
B OaT4u;

OrcyTcTBUE MEXaHM3Ma HHKPEMEHTAJILHOrO OIKala;

Cnoit cunrakcuc. HecmoTpst Ha To, uTo jiutsd kianenta Greenplum 1o cy-
t sBysgercsa PostgreSQL DB, mebosbmine paznutus B cuatakcuce SQL
3aCTaB/ISIIOT UCIOJIb30BATh CTaHIAPTHBIN KianeHTckuit PostgreSQL-codr
¢ OOJIBIIOI OCTOPOYKHOCTBIO;

e OrcyrcTBUE BO3MOXKHOCTU TIOMETUTH CEIMEHTBI KaK <«apXUBHBIE». a-
CTUYHO 3TOT HEJOCTATOK MOXKHO PENIUTH ITyTEM HCIIOTb30BAHUS apXUB-
HBIX [TAPTUINT, HAXOAIINXCA Ha MeJ[JIEHHOM JielnieBoM tablespace, a Tak-
JKe C TIOMOIIIBIO MTOsIBUBIIEHCs B TIOC/IEIHE HA MOMEHT HAIIUCAHUS IJIABBI
Bepcuu GP 4.3.6.0 BO3MOXKHOCTU paclo/iaraThb MapTUIMA TaOIUIBI BO
BHEITHUX UCTOYHUKAX (HampuMmep, BHermHuX Tabauiax gphdfs, exkarnix
B kiacrepe Hadoop);

e Greenplum wucnosesyer PostgreSQL Bepcun 8.3.23, a 3Ha9MT 0 MHOTHAX
COBpPEMEHHBIX ILIIONIKAaX 3Toil 3amevarenbaoit b/l mpumércs 3a0bITh;

SakJ/oueHne

Greenplum — MOIIHBI U TUOKWIT WHCTPYMEHT I aHAJIMTUIECKON oOpa-
60TKM OOTBIIX 00BEMOB JaHHBIX. OH TpedyeTr K cebe HEMHOTO JAPYTOTO MO IXO0-
Jla, yeM ocrajibHble enterprise-level pemenns jiusg Data Warehouse («Hammmib-
HUK» — JIIOOUMBI nHCTpYMeHT ajmuancTparopa GP). Oxnako npu mocrarod-
HO HHU3KOM II0OPOre BXOXKIeHUs 1 00JIbIoi yaubumupoBanHoct ¢ PostgreSQL
Greenplum siBiisieTcst cuibHBIM UrpoKoM Ha rojie Data Warehouse DB.

6.7 3SakJ/rodeHue

B nmanmoit riaBe paccMOTpeHbI JIMIL 0a30Bble HACTPOUKH KjactepoB B/I.
[Ipo xnacrepsr PostgreSQL morpebyercst HanmmcaTh OTAEIBHYIO KHUTY, ITOOBI
paccMOTpeTh BCe Maru ¢ yCTaHOBKOI, HACTPOIKOIT n paboToii Kiactepos. Haje-
I0Ch, 9TO HECMOTpPsI Ha 3TO, nHMOPMAaIus Oy/IeT MMoJIe3Ha MHOTUM INTATEIAM.
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PgPool-11

Nmeercsa criocob caenars
JIydine — Halad ero

Tomac Ansa Daucon

7.1 DBsenenue

Pgpool-II — 310 mpocoiika, paborarorast Mexk 1y cepepamu PostgreSQL
n kimeaTamMu CYB/I PostgreSQL. Ona npeocrapiisier ciepyonie yHKITIN:

e OObeauHeHne COeIMHEHMIA

Pgpool-1I coxpansier coemmuenusi ¢ ceppepamu PostgreSQL u ucross-
3yeT WX IIOBTOPHO B CJIydae eC/IM HOBOE COeIWMHEHHE YCTaHABJIUBAETCS
c TeMu ke mapamerpamu (T. e. UMs MOJb30BaTes s, 6a3a JaHHBIX, BEp-
CHsl TPOTOKOJIA). DTO YMEHBIAET HAK/IA/HbIE PACXOJIbI HA COEIMHEHNUS U
YBEJIMYNBAET IPOU3BOAUTETHHOCTD CUCTEMBI B IIEJIOM;

o Perumkarus

Pgpool-II moxker ympaBiagaTb MmuoxKecTBOM cepBepoB PostgreSQL. Uc-
[I0JIb30BaHne (PYHKIIMU PEIIUKAIUNKA JIAHHBIX T03BOJIAET CO3JaHHe pe-
3€pPBHOI KOIWM JIAHHBIX B peajbHOM BpeMeHHW Ha 2 mim Oojiee busn-
JeCKUX JIMCKOB, TAK UTO CEPBUC MOYKET MPOJIOJIZKATh paboTarsh 0e3 ocTa-
HOBKHU CEPBEPOB B CJIydae BBIXOJIa U3 CTPOs JIUCKA;

e bajlancupoBka Harpy3ku

Ecim 6a3a maHHBIX perunupyercs, To BbinosHeHue 3ampoca SELECT
Ha JTIOOOM U3 CEepBEPOB BEPHET OAMHAKOBBIN pe3ynbratT. pgpool-I11 ucmors-
3yeT MPEeNMYyIIeCTBO (PYHKIIUU PEIINKAIINN JIJIsi YMEHBITEHUsT HAIPY3KH
Ha KaxkJblil u3 cepBepoB PostgreSQL pacnpenenss 3ampocst SELECT
Ha HECKOJIbKO CEPBEPOB, T€M CAMBIM yBEJIMYUBas ITPOU3BOIUTETLHOCTH
CHUCTEMBI B IeJIoM. B j1ydimem ciiydae npou3BOIUTE/IHHOCTh BO3PACTAET
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7.2. YcraHOBKa M HaCTPOMKA

[IPOTIOPIIMOHAJILHO unciy cepsepoB PostgreSQL. Bamancuposka narpys-
KU JIydIlie Bcero paboTaer B C/iydae KOTJa MHOTO M0JIb30BaTe el BBITOJI-
HAIOT MHOT'O 3aIIPOCOB B OJTHO W TO K€ BpeMsl.

e Orpanuvenue JIUITHUX COETUHEHU

CyHleCTByeT OorpaHm4deHnnue MaKCUMaJIbHOI'O YHCJIa OJHOBPEMCHHBLIX CO-
eaunennii ¢ PostgreSQL, mpu mpeBbIiieHnn KOTOPOro HOBBIE COETMHEHUST
OTKJIOHAIOTCSA. YCTAHOBKA MAKCUMAJIHLHOTO YUCTIA COETUHEHW, B TO JKe
BpeMs, YBeJIMIMBAET OTPeOIeHNe PECYPCOB U CHUZKAET MTPOU3BOIUTE b~
HOCTB cucTeMbl. pgpool-II Takke nmeer orpanuveHre HA MaKCUMAaJIbHOE
Y9UCJIO COe,Z[I/IHeHI/H'?'I, HO «JIMIIIHHE» COCIMHCHML 6y,ZLYT IIOCTaBJIEHBI B O4e-
peJib BMEeCTO HeMeJJIeHHOT'O BO3BPAaTa OINIHOKM.
o [lapanenbabie 3apPOCHI

Ucnonb3yst hyHKINIO TapaIeIbHBIX 3aIIPOCOB MOYKHO PA3HECTH JTaHHBIE
Ha MHO>KECTBO CepPBEPOB, OJ1aroiapsi 4eMy 3aIpoC MOXKET OBITH BBITTOJTHEH
Ha BCEX cepBepax OJIHOBPEMEHHO JIJIsi YMEHBIIEH!sT 00IIero BpeMeH! Bbl-
nosHenus. [lapasenbabie 3a1rpochl PabOTAIOT JIydIlle BCEro IIPHU MOUCKE
B O0oJIbIIIX 00beMax JAHHBIX.

Pgpool-II obmaercs mo mporokosy 63keHaa u dporteraa PostgreSQL n
pacnoJiaraeTcs MexK 1y HuMu. Takum o6pa3oM, puIoKeHne 0a3bl JJaHHbIX CIU-
taeT 1T0 pgpool-I1 — nacrosmuii cepsep PostgreSQL, a cepsep BumuT pgpool-
IT xak ojHOrO M3 cBOMX KJyueHTOB. IlockoibKy pgpool-II mpospaten kaxk Jyrs
cepBepa, Tak U JJIsi KJINEHTa, CYIIeCTBYIOIINe TPUJIOKeHNs, paboTatorne ¢ ba-
3011 JIAHHBIX, MOT'YT HCIIOJIL30BaThCst ¢ pgpool-1I nmpakTuyeckn 6e3 n3MeHeHmit
B HUCXO/THOM KOJIE.

7.2 YcTaHoBKa 1 HaCTPOIKa

Bo muorux Linux cucremax pgpool-II MoxkeT HaxoauThesd B PEHO3UTOPUU
naketoB. [y Ubuntu Linux, Hampumep, J10CTaTOIHO OYIAET BBIITOJIHATD:

JIuctuar 7.1 VeranoBka pgpool-11

$ sudo aptitude install pgpool2

Hactpoiika

[Tapamerpsr Konduryparnuu pgpool-I11 xpansarcs B daitie pgpool.conf. @op-
MaT aitia: oHa Iapa napamerp = 3Hadenue B cTpoke. [Ipu ycranoske pgpool-
IT aBromaTndecku cozmpaerca daiin pgpool.conf.sample:

Jluctunr 7.2 @aiiyibl KOHGUTYpATANT
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7.2. YcraHOBKa M HaCTPOMKA

$ cp /usr/local/etc/pgpool.conf.sample /usr/local/etc/pgpool
.conf

Pgpool-1I npunumaer coeimaenus ToabKo ¢ localhost ma mopt 9999. Ecian
TpedyeTcsd MPUHUMATH COEJUHEHUS C JPYTHX XOCTOB, YCTAHOBHUTE I Hapa-

MeTpa listen addresses 3nagenue «*».

JIuctuar 7.3 Paitnibpl KOHDUTYpAITTT

listen addresses = ’'localhost’
port = 9999

Hacrpoiika koman; PCP

Y pgpool-1T ectrb PCP unTepdeiic jyisi aaMuHUCTPATUBHBIX 1eJieil (moJry-
quTh nHbOpMAaImo 06 y3iaax 6a3bl JAHHBIX, OCTAHOBUTH pEpool-11, mpouee).
Yro6b! ncnob3oBarh KoMauabsl PCP, HeobxoanMa maeHTHOUKAIIS T0JIb30Ba-
TeJid. DTa UAeHTH(MUKAINS OTJINIaeTcd 0T WAeHTU(MUKAINE [T0JIb30BaTe el B
PostgreSQL. Vms mosb3oBaTesisi U 11apoJjib HY>KHO yKa3blBaTh B (dailie pcp
conf. B saTom aitsie ums mosib30BaTe/isi U MAPOJb YKA3bIBAIOTCI KakK Iapa
3HAYEHWI, pasjeseHHbx nBoetouneM (:). OjHa mapa B CTPOKe, HapOJIH 3a-
mudpoBanbl B (hopMmaTe x31ra mdd:

Jlucrunr 7.4 Hacrpoiika komang PCP

postgres:e8a48653851e28c¢69d0506508fb27fcH

s Toro uToOBI 3amudpoBaTh MapoJib B ¢popmare mdd X311a UCIOIb3Y-
eTcs KoMaH1a pg_mdb, KoTopasi yCTaHABIUBAETCS KaK OJUH U3 UCIIOJTHAEMBIX
daitsioB pgpool-1I. pg md5 npuHEMaET TEKCT B MapaMerpe KOMaHIHON CTPOKU
un oTobpazkaeT mdd X311 Kak pe3ysbTar.

Jluctunr 7.5 Hacrpoiika komang PCP

$ /usr/bin/pg _md5 postgres
e8a48653851e¢28¢c69d0506508fb27fch

Komanapr PCP BreriostasIfoTCsI 110 ceTu, Tak 4To B (haitie pgpool.conf moJ1-
JKeH ObITh yKa3aH HOMep IOpTa B apaMeTpe pcp  port:

Jluctunr 7.6 Hacrpoiika komang PCP

pcp _port = 9898
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7.3. Hactpoiika pernimkarmn

[ToiroroBka y3/10B 6a3 JaHHBIX

Jlaee Tpebyercss HACTPOUTH cepBephbl 03KeH10B PostgreSQL mis pgpool-
I1. 9Tu cepBepbl MOTYT OBITH pasMenieHbl Ha OHOM XocTe ¢ pgpool-I1 mimm Ha
OT/IEJIbHBIX MallinHaxX. Kcm BBl pernre pa3MecTUTh CepBEPBI HA TOM 2Ke XOCTe,
JIJIS BCEX CEPBEPOB JIOJI?KHBI OBITh YCTAHOBJIEHBI pa3Hble HOMepa MopToB. Kcun
cepBepbl Pa3MeIleHbl Ha OTAEIbHBIX MaITUHAX, OHHU JIOJI?KHBI ObITh HACTPOEHBI
TaK 9TOOBI MOIVIM IPUHUMATh ceTeBble coegauHeHust oT pgpool-II. B manrOoM
npumepe Tpu cepBepa PostgreSQL pasmerneno B paMKax OJIHOIO XOCTa BMECTe
¢ pgpool-1T (5432, 5433, 5434 OPTHI COOTBETCTBEHHO):

JImctunr 7.7 IonroroBka y3s10B 6a3 JaHHBIX

backend hostname0 = ’localhost’
backend port0 = 5432
backend weight0 = 1
backend hostnamel = ’localhost’
backend portl = 5433
backend weightl = 1
backend hostname2 = ’localhost’
backend port2 = 5434
backend weight2 = 1

B mapamerpax backend hostname, backend port, backend weight yka3biBa-
eTcs UM XOCTa y3Ja 6a3bl JJAHHBIX, HOMED MopTa 1 Ko duimenT jiisd daian-
CUPOBKM HArPy3KHU. B KOHIle MMEHHM KazKJIOTO MapaMerpa JIOJ?KeH ObITh yKa-
3aH UJIeHTU(UKATOP y3/1a IyTeM J00aBJIeHUs TOJIOXKUTETLHOTO MEJI0T0 THUC/Ia
naanHas ¢ 0. [Tapamerpsr backend weight Bce paBHbI 1, 4TO 0O3Ha4YaeT 4TO 3a-
npochkl SELECT paBHOMEPHO pacipe/iesieHbl 110 TPEM CepBepaM.

7.3 Hactpoiika penmkannn

Pgpool-1I pernmkarus BK/IIO9aeT KOIMUPOBAHUE OJHUX M TEX 2Ke JAHHBIX
Ha MHOXKECTBO y3JI0B 0a3bl JaHHBIX (CHHXpOHHAs perutnkaiys ). Ho nanuas pe-
IJTUKAIINS TMEeT TOT HEJIOCTATOK, YTO OHA CO3/IAET JOMOTHUTETBHYIO HAIPY3KY
IIPU BBIMIOJIHEHUN BCEX TPAH3AKIINI, B KOTOPBIX OOHOBJIAIOTCH KaKne-Jmdo pe-
IMKHU (KPOME TOr0, MOI'YT BO3HUKATDH [IPODBJIEMbI, CBSI3aHHBIE C JIOCTYITHOCTHIO
JIAHHBIX ).

Hactpoiika permkaium

Y100bl BKIIOYNTH (DYHKIMIO PEIIUKAINK 0a3bl JAHHBIX YCTAHOBHUTE 3HA-
yenue true Jiyisg napamerpa replication mode B daitne pgpool.conf.

JIucturar 7.8 Hacrpoiika pennkanun
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7.3. Hacrpoiika perukaimn

replication mode = true

Ecmu nmapamerp replication _mode paBen true, pgpool-II 6yaer ormpaBiadaTh
KOIINIO TPUHATOTO 3aIIPOCca Ha BCe Y3JIbl 6a3bl JAHHBIX.

Ecin mapamerp load balance mode pasen true, pgpool-II 6yner pacupese-
JiaTh 3arpocbl SELECT Mexky y3namu 6a3bl JJaHHbIX.

JInctuar 7.9 Hacrpoiika penymkamun

load balance mode = true

[IpoBepka pernkamum

[Tocsie mactpoiiku pgpool.conf u nepesairycka pgpool-1I, moxkHO TpoBepUTH
perutukanuio B jgeiicrsun. Jlis sToro cosmaaum 6a3y JTaHHBIX, KOTOPYIO Oy1eM
permIupoBaTh (6a3y JaHHBIX HY’KHO CO3/IaTh Ha BCEX y3JaX):

JIuctuar 7.10 IlpoBepka perinkaiun

$ createdb -p 9999 bench replication

BareMm 3amyctuM pgbench ¢ mapamerpom -i. [lapamerp -i nHHIMAM3HpYET
6a3y JaHHBIX IPEJIONPeIeIeHHBIMI TabIUIAMU U JIAHHBIMU B HUX.

JInctunr 7.11 IIpoBepka permnKaiimm
$ pgbench -i -p 9999 bench replication

VKazaHHast HUZKe TabJIUIA COJEPKUT CBOIHYIO0 MHMOPMAINIO O TabIuIax 1u
JIAHHBIX, KOTOPBIEe Oy/IyT cO3/IaHbl Tpu rtomoru pghench -i. Fem na Becex y3irax
Oa3bl JIAHHBIX IIepeIrCIeHHbIe TaOIUIIbI U JaHHbIE ObL/IM CO3/IaHbl, PeILINKAIIS
paboTaeT KOPPEKTHO.

Nms tabaunpbt | Yucsmo cTpok
branches 1
tellers 10
accounts 100000
history 0

Jtst IpoBepKH yKa3aHHON BhINe NHGOPMAIINT Ha BCEX y3JaX UCIOIb3YeM
npoctoit ckpunt Ha shell:

JInctunr 7.12 IIpoBepka permankaimm

for port in 5432 5433 5434; do

> echo $port

> for table name in branches tellers accounts history;
do

> echo $table name
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7.4. TlapaJsuie/ibHOE BBITIOJIHEHHE 3aIIPOCOB

psql -c¢ "SELECT count (*) FROM $table name" -p \
$port bench replication
done
done

7.4 llapajnenbHoe BBITIOHEHNE 3aIIPOCOB

Pgpool-1I no3Bosisier ucnosib3oBaTh pacipejenenue st Tabsui. lammabe
U3 PA3HBIX JUAITA30HOB COXPAHSIIOTCS HAa JIBYX wim OoJiee y3jgax 0a3bl JIaH-
HBIX ITapaJiJICJIbHBIM 3alIpOCOM. Bonee TOro, OJJHU MU TE€ 2K€ JaHHbIE Ha JIBYX
u OoJiee y3Jiax 0a3bl JAHHBIX MOTYT OBITH BOCITPOU3BEICHDI C MCIIOJIH30BAHUEM
pacIpee/ieHus.

Yrob6bl BKJIIOYUTD TapasiiesibHbie 3a11pochl B pgpool-11 Bbl j1o/KHBI yeTa-
HOBUTB €Ile OJIHy 0a3y JIaHHBIX, Ha3bIBAEMYIO «CHCTEMHOW 0a30ii JIaHHBIX»
(«System Database») (mamee 6ymer HasbBaThest SystemDB). SystemDB xpa-
HUT OIpeje/isieMble T0Jb30BATE/IEeM MTPABUIIA, OIPEIE/ISIONINe KaKue JTaHHbIe
Oy/IyT COXpaHATHCd Ha KaKuX y3Jjax 6a3bl gaHubiX. Takxke SystemDB ncrnosn-
3yeTcss 9TOObI OObEJIMHUTE PE3Y/IbTAThl BO3BPAIIEHHDBIE y31aMu 6a3bl JTaHHBIX
nocpeacTeoM dblink.

Hactpoiika

Y100b! BKJIIOYATH (DYHKITUIO BBITOJTHEHHS TaPAJIeIbHBIX 3aIIPOCOB TPedy-
eTcsl yCTaHOBUTH JIjis mapamerpa parallel mode 3Hatenue true B aitie pgpool
.conf:

JIucturar 7.13 HacTpoiika mapaJjieIbHOro 3ampoca

parallel mode = true

VcranoBka napamMerpa parallel mode paBHBIM true He 3aIlyCTUT ITapaJsLieIb-
HbIe 3aIpochkl apTomMaTudecku. s sroro pgpool-IT nyxna SystemDB u npa-
BHJI& OIPEJIEISIIONINE KaK PACIpPEIe/IATh JaHHbIe 110 y3/1aM 0a3bl JaHHbIX. Tak-
ke SystemDB wucnosibzyer dblink s cozmanus coequnenuit ¢ pgpool-11. Ta-
KM 00Pa3oM, Hy2KHO YCTAHOBHUTDL 3HavdeHue rmapamerpa listen addresses Takum
obpazoM uToObI pgpool-1I mpuHuMasT 3TH coeTuHEeHUs:

JIuctunr 7.14 Hactpoiika mapaJsieJbHONO 3a1poca
listen addresses = '*’

Hy>x#0 0OpaTuTh BHEUMAHUE, 9TO PEILTHKAIIAs HE Pean30BaHa /i TabJInII,
KOTOPBIE PaCIpPeIeIsIOTCS TOCPEJICTBOM IapaJslieIbHBIX 3a1pocoB. [losTomy:
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JIncruar 7.15 HacTpoiika mapaiieIbHoro 3ampoca

replication _mode = true
load balance mode = false
Win

JImermar 7.16 HacTpoiika mapaaieabHOro 3ampoca

replication mode = false
load balance mode = true

Hactpoiika SystemDB

B ocHOoBHOM, HET OT/IMYHiT MeXK/Iy MPOCTON M CUCTEMHON 6a3aMu JIAHHBIX.
Ojsmako, B cucreMHOit 06aze JaHHBIX ompejessercd ¢yukius dblink u mpu-
cyTcTByeT Tab/nia, B KOTOPOW XPAHATCH MpaBUIa PACHpeIe/IeHns JTaHHBIX.
Tabnumy dist def meobxoaumo orpeieadaThb. Bojiee Toro, oaun u3 y3/10B 0a3bl
JIAHHBIX MOYKET XPAHUTh CUCTEMHYIO Oa3y jaHHbIX, a pgpool-1I moxker ucrosib-
30BATBCS JIJIsI PACIpeie/IeHns] HArPy3KH KACKaIHBIM MOJIKJIIOUeHUEM.

Cozmaaum SystemDB na y37ie ¢ moprom 5432. Jlasee mpuBeieH CIHCOK
napamMeTpoB KoHdurypanun s SystemDB:

Jlucrunr 7.17 Hacrpoiika SystemDB

system db hostname = ’'localhost’
system db_ port = 5432
system db dbname = ’'pgpool’
system db schema = ’'pgpool catalog’
system db user = ’'pgpool’

7’

system db password =

Ha camowm jieste, ykazaHHbIe BBIIIE ITAPAMETPHI SIBJIAIOTCS ITapaMeTPaMu 110
yMmoJrdanuio B daitie pgpool.conf. Tereps TpebyeTcst co3/1aTh M0JIB30BATENS C
UMeHeM «Pgpooly 1 6a3y JaHHBIX C UMEHEeM «pPgpooly 1 BajiebiieM «pgpools:

JIuctuar 7.18 Hactpoiika SystemDB

$ createuser -p 5432 pgpool
$ createdb -p 5432 -O pgpool pgpool

Yeranoska dblink

Iasee Tpedyercs ycranoButh dblink B 6a3y ganabix «pgpools. Dblink —
OJIMH W3 HWHCTPYMEHTOB BKJIIOYEHHBIX B KaTajor contrib mcxojHoro kosa
PostgreSQL. Ilocne Toro kax dblink 6bl1 ycranoBien B Balleil cucreme Mbl
jnobapuM yukmun dblink B 6a3y maHHBIX «pPEpPOOl».

166



Line 1

Line 1

Line 1

7.4. TlapaJsuie/ibHOE BBITIOJIHEHHE 3aIIPOCOB

JInctuur 7.19 Yeranoska dblink
$ psql -c¢ "CREATE EXTENSION dblink;" -p 5432 pgpool

Coznanne Tabsmier dist  def

CreyronumM ImaroM Mbl cO3/1a/iuM TadauIly ¢ uMmereM dist def, B KOTOpPOii
Oy/IyT XpaHUTBCS IIPaBUJIa pacipeaeaeHns JaHabiX. [Tockonbky pgpool-11 yxe
ObLT ycTaHoBIIeH, (aitt ¢ umeneM system  db.sql J10/2KeH OBITH YCTAHOBJIEH B /
usr/local /share/system db.sql (umeiiTe B BujLy, 9TO Ha Balleil cucTeMe KaTaJjor
YCTaHOBKH MOKeT ObITh Jpyroii). Paiin system db.sql cofep:KUT JTUPEKTUBBI
JIJI CO3JIaHUS CIEIUAIBLHBIX TaOJINI, BKIIOYad u Tadsuity dist  def. Bormosiamm
CJIEJTYIONITY 0 KOMAaH/Ly JIJIsi co3/IaHus Ta0baunbl dist  def:

Jluctunr 7.20 Cozmanue Tabsmnbt dist  def

$ psql -f /usr/local/share/system db.sql -p 5432 -U pgpool
pgpool
Bcee Tabsmisr B daitsie system  db.sql, BKtodas dist  def, co3atoTes B cxeme
pgpool _catalog. Ecyin BbI yeranoBuin mapameTp system  db_ schema Ha HCIIOJIb-
30BaHUeE JIPYTON CXeMBI, BaM HY2KHO, COOTBETCTBEHHO, OTPeTaKTUPOBATDH (hail
system _db.sql. Onucanue Tabsmnp dist  def BBITVISINT TaK KaK TOKA3aHO HUXKE:

JInctunr 7.21 Cozmanne tabswmbr dist  def

CREATE TABLE pgpool catalog.dist def (

dbname text, -- mMs 6a3bl JAHHBIX
schema name text , -- uMsa cxeMmbl
table name text, -- uma Tabiuib

col _name text NOT NULL CHECK (col name = ANY (col list))

-~ crosber KoY Jyis paclpee/eHust JaHHbIX

col list text || NOT NULL, -- cuomcok mMeH CTOJIOIOB
type list text || NOT NULL, -- comcok Tumos crosbros
dist _def func text NOT NULL,

-~ uMsl (QYHKIME pacCHpe/eJICHNsT JIAHHBIX
PRIMARY KEY (dbname, schema name, table name)

)
Banucu, xpanumbie B Tabsuie dist def, MOryT OBITH JIBYX THUIIOB:
e [IpaBuio pacupesienenus JaHHBIX (col name, dist def func);

e Mera-undopmanusa o rtabaunax (dbname, schema name, table name,
col list, type list);

[IpaBusio pacrpejiesienns JTaHHBIX OIpeJesiseT Kak OyIyT pacipeiesieHbl
JIaHHBbIE Ha KOHKPETHBIN y3es 0a3bl JaHHbIX. JlaHHbIe OYIyT pacrpeesicHbl B
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3aBUCUMOCTH OT 3HavUeHus cToJidmna col name. dist def func — sro dyHKIN,
KOTOpas NPUHUMaET 3HadeHne col name B KadecTBe apryMeHTa U BO3BpAIlaeT
1eJIoe IUCJI0, KOTOPOE COOTBETCTBYET WJICHTU(DUKATOPY y3Jia Oa3bl JaHHBIX,
Ha KOTOPOM JIOJIZKHBI OBITH COXpaHeHbI jannble. Mera-undopmarus HCIo/b-
3yeTrcs JJIs TOro YTOOBI IepernuchiBaTh 3apockl. [lapatenpHbril 3ampoc mo-
JKEH MEePENUCHIBATH UCXOIHBIE 3alIPOCHI TaK YTOOBI PE3Y/ILTATHI, BO3BPAIlaeMble
y37aaMu-09KEHIaMM, MOTJIA ObITh 00bEUHEHBI B €JINHBIN Pe3yJIbTaT.

Coznanne Tabsuier replicate  def

B cayaae ecim ykazana tabsuia, I KOTOPOH MPOU3BOINTCS PEILIAKAIIAS
B BhIpaxkenune SQL, ucrosb3yoriee 3aperucTpupoBannyio B dist  def Tabsmiy
nyreM oObeanHeHusT Tab/uI], nHGOpMaIus O TabJuIe, s KOTOPOoil HeoOXo-
JIIMO TIPOM3BOIUTD PEILINKAIIIO, IIPEeIBAPUTEILHO PEFUCTPUPYETCA B TaDIUIE
¢ numeneM replicate def. Tabymra replicate def Oyzer coszyiana npu o6padboTKe
daitra system db.sql. Tabsuria replicate def onmcana Tak Kak IOKa3aHO HUXKE:

JImctunr 7.22 Cozmanne tabuip replicate  def

CREATE TABLE pgpool catalog.replicate def (

dbname text, -- wmMs 0a3bl JJAHHBIX

schema name text , -- uma cxeMmbl

table name text, -- uma Tabiauip

col list text[] NOT NULL, -- cunucok mMeH CTOJIOIOB
type list text || NOT NULL, -- comcok Tumos cros0ros

PRIMARY KEY (dbname, schema name, table name)
)

YcTaHOBKA IPaBUJI Pacipe/lesieHus] JaHHbIX

B namnom mpumepe OyJiyT oIpejie/ieHbl IIPaBU/Ia pacipeieeHus JaHHbIX,
COBJIAHHBIX Tporpammoii pghench, Ha Tpu y3a 6a3bl JaHHbIX. TecToBbIE JTaH-
HbIe OYJIyT CO3JIaHbl KOMaH10#i pghench -i -s 3 (T. e. MacmTabHbIi KOO hUIIN-
eHT paBeH 3). Jlyist 9TOrO pasmesna Mbl CO3/Ia/ MM HOBYIO 6a3y JaHHBIX ¢ IMEHEM
bench parallel. B karajore sample ucxojinoro koja pgpool-II Ber moxkere Haii-
1 daitn dist _def pgbench.sql. Byem ucnonb3oBaTbest 9ToT (hail ¢ mpuMepom
JIJIST CO3JIaHUs TIpaBUJI pacupeesiennd jist pgbench. Boimomnum ciemayrorny o
KOMaH/Iy B KaTaJiore ¢ paclaKOBaHHBIM MCXOIHBIM KojoM pgpool-II:

JIuctunar 7.23 YcraHOBKA MPABU PACIPE/IEIEHIS JTAHHBIX
$ psql -f sample/dist def pgbench.sql -p 5432 pgpool

B daiisre dist def pgbench.sql mMbI jg00aBiisieM OJIHY CTPOKY B TabJIHILY
dist _def. D10 dyHKIUs pacupese/ieHns JAHHBIX JIJIsl TAOUILI accounts. B ka-
YecTBe CTOJIONA-KIIoda yKa3zaH cToJoerr aid.
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7.4. TlapaJsuie/ibHOE BBITIOJIHEHHE 3aIIPOCOB

JIucTunr 7.24 YeraHoBKa MPaBUI PACIPEIEIEHNIST TaHHBIX

INSERT INTO pgpool catalog.dist def VALUES (
"bench parallel’

"public

“accounts

Taid 7,

ARRAY| ’aid’, ’bid’, ’abalance’, ’filler '],
ARRAY| 'integer’, ’integer’, ’integer’,

"character (84) 7],
"pgpool catalog.dist def accounts’
)

Tenepb MBI JOKHBI €O3/1aTh (PYHKIUIO pacipeaeeHnst JaHHbIX i1 Tab-
JIUIBI accounts. Bo3aMOXKHO UCIIOIB30BATH OJIHY U Ty K€ (DYHKITUIO JIJIsT PA3HBIX
tabsui,. Tabsmia accounts B MOMEHT MHUIUAJIU3AINN JaHHBIX XPaHUT 3HaAUE-
Hre maciirabuoro koddduimenta paBHoe 3, 3HadeHHd cToJONA aid or 1 J10
300000. OyuKIMs co3/maHa TaKUM 00pa30M YTO JIaHHbIE PABHOMEPHO paciipe-
JIEJITIOTCS TI0 TPeM y3JiaM 6a3bl JJaHHbIX:

JImermaTr 7.25 YcTaHOBKA MPABUJ PACIPE/IEIEHNAS TaHHBIX

CREATE OR REPLACE FUNCTION
pgpool catalog.dist def branches(anyelement)
RETURNS integer AS $$
SELECT CASE WHEN $1 > 0 AND $1 <= 1 THEN 0
WHEN $1 > 1 AND $1 <= 2 THEN 1
ELSE 2
END;
$$ LANGUAGE sql;

YCcTaHOBKa MPABUJI PEILITKAIIAT

[IpaBuio permKamum — 3TO TO UTO ONpPEJIessdeT Kakue TabJIUIbl 0K~
HbI OBITH WCIIO/IBL30BAHBI JIJIsI BBITOJTHEHUS PEILIMKAIINH. 3JI€Ch 3TO CCJAHO
npu iomornu pgbench ¢ 3aperucrpupoBanubiMu TabuaMu branches u tellers .
Kak pesynbrat, crajgo BO3MOXKHO co3jaHue TabJUIbI accounts W BBITOJTHEHME
3aIPOCOB, UCIOJIb3YIOMMUX Tab/MIbI branches u tellers :

JIuctuar 7.26 YcTaHOBKA MPABUJI PEILIHKAIIAN

INSERT INTO pgpool catalog.replicate def VALUES (
"bench parallel’
"public
"branches’,

169



Line 1

Line 1

Line 1

7.4. TlapaJsuie/ibHOE BBITIOJIHEHHE 3aIIPOCOB

ARRAY| ’bid’, ’bbalance’, ’filler |,
ARRAY| 'integer’, ’integer’, ’character (88) 7]
) ;

INSERT INTO pgpool catalog.replicate def VALUES (
"bench parallel ”,

"public’,

"tellers ’,

ARRAY| 'tid ', ’bid’, ’tbalance’, ’filler '],

ARRAY| 'integer’, ’integer’, ’integer’, ’character (84)’]

);
[Toarorosnennniii gaits replicate def pgbench.sql maxomurcsa B KaTajore
sample:

JIuctuar 7.27 YcraHOBKA MPABUJ PEILIUKAIIAN

$ psql -f sample/replicate def pgbench.sql -p 5432 pgpool

[IpoBepka mapaJielbHoro 3ampoca

[Tocsie nacTpoiiku pgpool.conf u nepesanycka pgpool-I1 BozmozkHo posecTu
IIPOBEPKY PabOTOCIIOCOOHOCTH HapaJLIebHBIX 3ampocoB. CHadasa Tpedyercs
co371aTh 6a3y JAHHBIX, KOTOpas OyJIeT pacipeeneHa. DTy 0a3y JJaHHBIX HyKHO
CO3JIaTh Ha BCEX y3JIaX:

JIuctunar 7.28 TlpoBepka mapasiieIbHOTO 3aIIPOCa

$ createdb -p 9999 bench parallel

Barem 3amyctum pgbench ¢ mapamerpamu -i -s 3:

JIuctunar 7.29 IlpoBepka mapaJsiieIbHOTO 3aIIPOCca

$ pgbench -i -s 3 -p 9999 bench parallel

O e m3 CcrocobOB MPOBEPUTH KOPPEKTHO JIM OBLIM PaclpejeeHbl JTaH-
Hble — BBIIOJIHUTH 3arpoc SELECT mocpesnctBoM pgpool-11 n nampsimyio Ha
O9KeH/1aX 1 CPABHUTDH pe3yJibTaThl. Kcin Bce HACTPOEHO IPaBUIbHO Oa3a JaH-
HBIX bench parallel no/KHA OBITH pacupejeeHa KaK MOKa3aHO HUKE:

Nwms tabmunpr | Yucsmo cTpok
branches 3
tellers 30
accounts 300000
history 0

Jl1s1 mpoBepKM yKa3aHHO# BbIIe MH(MOPMAIINKA Ha BCEX Y3JaX U IOCPE]I-
crBoMm pgpool-II ucnonms3yem mpocroit ckpunt Ha shell. IlpuBemennbrit Huzke
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CKPHIIT TIOKaKeT MUHUMAJIbHOE 1 MaKCUMaJIbHOE 3HAUYEHIe B Tab IuIe accounts
UCTIOJIB3YS JJIsl coeMHeHust TopThl H432, 5433, 5434 u 9999.

JImctuar 7.30 IIpoBepka mapasyieIbHOTO 3aIIpoca

for port in 5432 5433 54341 9999: do

> echo $port

> psql -c¢ "SELECT min(aid), max(aid) FROM accounts" \
> -p $port bench parallel

> done

7.5 Master-slave pexkum

DTOT pexKUM IpeIHAZHAYEH JIJIs UCIoIb30Banus pgpool-11 ¢ apyroit peruiu-
karueii (manpumep streaming, londiste). Nudopmarms npo B/l ykaseiBaercs
Kak JIjid permmkanuu. master slave mode u load balance mode ycTanaB/mmBa-
erca B true. pgpool-II 6ymer nocoutars 3anpockl INSERT/UPDATE/DELETE
Ha master 6a3y nanubix (1 B cniucke), a SELECT — ucnosib3oBaTh 6ajsaHCHpPOB-
Ky Harpy3ku, ecjau 370 Bo3MoxKHO. [Ipm srom, DDL u DML nna spemennoi
TabJIUIIbI MOYXKET OBITH BBIIIOJIHEH TOJBKO Ha Mactepe. Eciu myxen SELECT
TOJIBKO Ha MAacTepe, TO JIJIsl 9TOr0 HYKHO MCIIOJIb30BaTh KOMMeHTapuii /*NO
LOAD BALANCE*/ nepen SELECT.

B Master/Slave pexxnme replication mode J0/17KeH OBITH ycTaHOBJIEH false,
a master slave mode — true.

Streaming Replication (ITorokosast perunkarus)

B master-slave pexume ¢ IIOTOKOBOII peIlIMKaIldeil, ecjau MacTep WJIN
cJIefiB yI1aJj1, BO3MOXKHO HCIIOJIb30BaTh OTKA30YCTONYMUBBIN (PYHKITMOHAJ BHYT-
pu pgpool-II. ABromarwdecku oTk/OYNB ynapmuii umHCcTaHC PostgreSQL,
pgpool-11 nepexsirounTes Ha ciey oMUl CIeiiB Kak Ha HOBBII MacTep (pu ma-
JICHUW MacTepa), WK OcTaHeTcsi paboTaTh Ha MacTepe (MU MaJeHun CeiiBa).
B moTokoBoit permkannm, Korga CJIeiB CTAHOBUTCS MacTEPOM, TpedyeTcs co-
31aTh TpuUrrep aiis (KOTopblil yKasaH B recovery.conf, mapamerp trigger file ),
110061 PostgreSQL meperriest u3 pezkuma BOCCTaHOBJIEHNS B HOPMaJIbHbIH. [lrs
9TOI0 MOYKHO CO3/IaTh HEOOJIBINON CKPUIIT:

Jlucrunr 7.31 Ckpunr BeioaHgeTcs npu najgennn Hoja PostgreSQL

#!' /bin/sh

# Failover command for streming replication.

# This script assumes that DB node 0 is primary, and 1 is
standby .

7
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# If standby goes down, does nothing. If primary goes down,
create a
# trigger file so that standby take over primary node.

#

# Arguments: $1: failed node id. $2: new master hostname. $3
path to

# trigger file.

failed node=$1
new master=$2
trigger file=$3

# Do nothing if standby goes down.

if | $failed node = 1 |; then
exit 0;

fi

# Create trigger file.
Jusr/bin/ssh -T $new master /bin/touch $trigger file

exit 0;

Paboraer ckpunt mpocTo: ecim majaeT CAeB — CKPHUIT HUYErOo HE BBI-
MOJIHSET, IPU TAJIEHN MacTepa — CO3/IaeT TpUrrep ¢aii Ha HOBOM MacTepe.
Coxpanum stor daityi oy umenem failover |\ stream.sh u jgobaBum B pgpool.
conf:

JInctunr 7.32 YTo BHIMOIHATH IPH MTAIEHUN HOA

failover command = ’/path to script/failover stream.sh %d %H
/tmp/trigger file’

rje /tmp/trigger file — Tpurrep ¢aiia, ykazanublii B KoHdure recovery . conf
. Tentepn, ectm mactep CYBJI ynaser, cieifB OyaeT Mmepek/ioveH U3 pexknmMa
BOCCTAHOBJICHUsI B OOBIYHBIN U CMOXKET IIPUHUMATh 3aIllPOChI Ha 3aIUCh.

7.6  Omaiin BoccTaHOBJICHUE

Pgpool-11 B pexkume perimkaiimm MOKeT CHHXPOHIU3UPOBATH 06a3bl JJAHHBIX
u J100aB/IsATh UX KAaK HOBbIe HO/bI. HasbiBaeTcs 9TO «OHJIANH BOCCTAHOB/IE-
HUE». DTOT METOJ| TaKXKe MOXKET OBITh UCIIO/IH30BAH KOIJa HY?KHO BEPHYTH B
PeILIMKAIIIO YIIaBIIHiI HOJT 6a3bl JaHHBIX. Bes mporierypa BBITIOJHAETCS B J1Ba,
zajjannd. HecKoIbKO CeKyH I MJIM MUHYT KJIUEHT MOYKET KJIATh MOIKII0OICHIS
K pgpool, B TO BpeMsi KaK BOCCTAHABJIUBaeTCs y3es 0a3bl JaHHbIX. OHaiin
BOCCTAHOBJIEHHE COCTOUT U3 CJIE/IYIONTUX ITaroB:

e CHECKPOINT;
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OHJ1aiiH BOCCTAHOBJIEHUE

[TepBorit 9TAIl BOCCTAHOBIICHUS;

2Knem, moka Bce KJIMEHTBI HE OTKJIIOYATCS;
CHECKPOINT;

Bropoit sTan BoccTaHOB/ICHU,;

Bamyck postmaster (BbIoJHUTD pgpool remote start);
Boccranasmusaem uncranc CYB/;

lnga paboThl OHJIAH BOCCTAHOBJIEHUSA ITOTpeOyeTcsd yKa3aTb CJIeyIOIIue
nmapamMeTphl:

backend data_directory - karajor gannbix omnpejesnernnoro PostgreSQL
KJlacTepa;

® recovery user - UMs IoJib3oBaress PostgreSQL;
e recovery password - TTapoJib ToJib3oBaTesist PostgreSQL;
® recovery 1st stage command - mapaMerp yKa3blBaeT KOMAHJY JIJIsI TIep-

BOT'O dTalla OHJIAH BoccTaHOBIeHudA. Pailr ¢ KOMaHIaMU JT0JZKEH OBbIThH
nomerrien B karaJjor ganabix CYB /I kiacrepa u3 coobpazkenuit 6esomac-
voctu. Hampumep, eciu recovery 1st stage command = ’some script’,
1o pgpool-1I BemmosaET $PGDATA /some script. OOparture BHUMAHUE,
uto pgpool-II mpuHrMaeT MOAKIIOYEHU U 3AIIPOCHI B TO BPeMsl KaK Bbl-
IOJIHSCTCA recovery 1st stage;

recovery 2nd_stage command - TapaMeTp YKa3bIBACT KOMAHJLY JIJIsI BTO-
poro 3Tamna oHJaitH BoccTaHoBIeHUA. Dailn ¢ KoMaH1aMu JT0JIZKeH ObIThH
nomerriel B KataJsor ganubix CYB /I kiacrepa ns-3a mpobdsem 6e301acHo-
ctu. Hanmpumep, eciu recovery 2st stage command = ’some script’, To
pgpool-IT BeimoianT $PGDATA /some_script. Obparure BHUMaHUE, YTO
pgpool-I1 HE npunmmaeT mojik/iro4eHus u 3alpochbl B TO BpeMs KakK Bbl-
noJiHsieTcs recovery 2st stage. Taxkum obpaszom, pgpool-II Oyner xmaTh
IIOKa BCe KJIMEHTHI He 3aKPOIOT OJIK/IIOYEHNS;

Streaming Replication (ITorokosast perunkarus)

B master-slave pexxkume ¢ 1OTOKOBOI pellIMKaliieil, OHJIaiitH BOCCTaHOBJIE-
HUE — OTJIMIHOE CPEJICTBO BepHYTHh Has3aj yhasimuii macTaHc PostgreSQL.
BepHyTh BO3MOXKHO TOJIBKO CJIEB HOJIbI, TAKMM METOJIOM HE BOCCTaAHOBUTH
ynasimit Mmacrep. jist BoccTaHoB/IeHUS MacTepa MOTpedyeTcst OCTAHOBUTD BCE
PostgreSQL uncrancer u pgpool-11 (1151 BoccraHoB/I€HNSsT U3 PE3EPBHON KON
Macrepa).

s HACTPOWKY OHJIAfIH BOCCTAHOBJICHHUS ITOTPEOyETCS:

YeranoBuTh recovery user. OOBIMHO 3TO «postgresy;
YceTaHOBUTDH recovery password JIJIS recovery user JII TOJIKJIIOYEHUS K

CYB;
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[ ]
Line 1
5
10
15
Line 1
[ ]
[ ]

Hactpoutnb recovery 1st stage command. [Ijs1 3TOro MOo»XKHO cO3/1aTh
cKpunT basebackup.sh m TOJIOXKUM €ro B MallKy € JaHHBIMH MacTepa
($SPGDATA), ycTaHOBHB €My IIpaBa Ha BBIIOJHEHIE:

Jluctunr 7.33 basebackup.sh
#!' /bin/sh

# Recovery script for streaming replication.

# This script assumes that DB node 0 is primary, and 1
is standby.

#

datadir=$1

desthost=$2

destdir=$3

Y

psql -c¢ "SELECT pg start backup(’Streaming Replication ’,

true)" postgres

rsync -C -a --delete -e ssh --exclude postgresql.conf --
exclude postmaster.pid \

--exclude postmaster.opts --exclude pg log --exclude
pg_xlog

--exclude recovery.conf $datadir/ $desthost:$destdir/

ssh -T localhost mv $destdir/recovery.done $destdir/
recovery .conf

psql -c¢ "SELECT pg stop backup()" postgres

[Ipu BoccTaHOB/ICHUS ClleliBa, CKPUIIT 3aIlyCKaeT OIKAI MacTepa u depes
I'SyNC yTUINTY IepeiaeT JJaHHble ¢ MacTepa Ha cjieiiB. s aroro Heobxo-
JIIMO HACTPOUTH Ssh Tak, 94TOOBI recovery user MOT' 3aXOJIUTh C MacTepa
Ha cjeiiB 6e3 maposis. lajee 1o0aBuM CKPHUIIT Ha BBIOJHEHUE JIJI TIEP-
BOI'O STAlla OHJIANH BOCCTAHOBJICHUS:

JImcrunr 7.34 recovery 1st stage command
recovery 1st stage command = ’'basebackup.sh’

OcraBisgem recovery 2nd_stage command mycteim. [locie ycmemraoro
BBITIOJTHEHNS TIEPBOTO dTara OHJIAH BOCCTAHOBJIEHWS, PA3HUILY B JaH-
HBIX, 9TO YCIIeJI 3allNcaThCd BO BpeMsi paboOThl CKpuIiTa basebackup.sh,
cieitB uacTanc 3abeper yepes WAL daiiibl ¢ Mmacrepa;

VeranapmuBaem C u SQL dyHKIMET 1711 paboThl OHJIARH BOCCTAHOBJIEHUS
na kaxk bt uncranc CYB/I:
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JIuctuar 7.35 YeranaBmuBaem C u SQL dyakimm

Line 1 cd pgpool-II-x.x.x/sql/pgpool-recovery
make

make install

&S LH LH P

psql -f pgpool-recovery.sql templatel

ITocsie 3TOrO BO3MOYKHO HCIIOJIE30BATH pcp_recovery_node JJIA OHJIaItH BOC-
CTaHOBJIEHU A YIIaBIIUX CJIETBOB.

7.7 3BakJjroudeHne

PgPool-1I — npekpacuoe cpescTBo, (DYHKIIMOHAT KOTOPOIO MOXKET TTOMOYb
aJIMIHECTpaTopaM 0a3 JaHHbIX 1npu MacmrabupoBannu PostgreSQL.
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MynbTumiekcopno! coeannennii

Ecnu cpazy ycmexa me
JIOOUJTUCH, TIBITARTECH CHOBA U
CHOBa. 3aTeM OCTaBbTE ITH
monbITKH. Kakoit CMBICT TIyITo
YIOPCTBOBATH !

Yuabam Kion @uiiic

8.1 Bseuenue

MyIbTUILIIEKCOPBI COeMHEeHN T (IPOrpaMMbl JIJisi CO3/IaHUsI IyJIa COe/TiHe-
HUIT) [O3BOJISIIOT YMEHBIIUTL HAKJIAJHbIE PACcXojbl HA 6a3y JAHHBIX, B CIIy-
Jae, KOTJla O'POMHOE KOJIUIECTBO (DU3UIECKUX COEJIMHEHUI BeJIeT K A IeHIIO
npousBojuTesibHOCTH PostgreSQL. D1o ocobenno Baxkuo na Windows, Korma
CUCTEMa OTPAHUINBAET OOJIBINOE KOJUIECTBO COETUHEHUI. DTO TaK¥Ke BarKHO
J71s1 BeO-IIPUJIOXKEHUI, T/ie KOJINIeCTBO COeIUHEHNIT MOXKeT ObITh OUeHb 0O0JIb-
IITFIM.

st PostgreSQL cymectyer PgBouncer u Pgpool-11, koTopsie paborator
KaK MYJIBTUILIEKCOPBI COE/IMHEHUT.

8.2 PgBouncer

D10 MyJbTHILIEKCOP coequuenuit s PostgreSQL or kommanuu Skype.
CymiecTBYIOT TPU peKUMa, YIIPAB/ICHUS:

e Session Pooling — mamnbosiee «BexkymBbIii» pexkuM. [Ipu nHagase ceccun
KJINEHTY BBIJEJISETCS COeIUHEeHIe ¢ CEPBEPOM; OHO MPUITICAHO €My B Te-
JeHne BCeil cecCuu M BO3BPAINAETCs B IIyJI TOJBKO II0CJIE OTCOEINHEHMS
KJINEHTA;
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8.2. PgBouncer

e Transaction Pooling — kymmeHT Bjaieer coenHeHneM ¢ 69KEHI0M TOJIBKO
B Tevenune Tpansakimu. Korma PgBouncer 3amedaer, 9ro TpaH3aKIius
3aBEPINIIaCh, OH BO3BPAIAET COE/IMHEHUE HA3AJL B IIYJI;

e Statement Pooling — nanbosee arpeccusnbliii pe;kum. Coeaunenne ¢ 63-
KEHIOM BO3BPAIAETCs HA3a/l B IIyJI Cpa3y IOC/e 3aBEPIIeHNs 3aIpoca.
Tpanzaknum ¢ HECKOJbKHMH 3allpOCAMH B 3TOM PeXKHMe He pasperre-
HBI, TaK KaK OHU rapaHTHPOBAHO OY/IyT oTMeHeHbl. Takke He paboTaioT
[OJI'OTOBJIEHHBIE BhIpazkeHus (prepared statements) B 3T7oM pexkume;

K nmocrouncrsam PgBouncer ornocurcs:

e wmajioe norpebienue namatu (menee 2 KB wa coequnenue);
® OTCYTCTBUE NMPUBA3KHU K OJHOMY cepBepy 0a3 JIaHHBIX;
e pexoHduUrypanus HacTpoek 6e3 pecrapra.

DBazoBas yrunmnTa 3alryckaeTcs IpoCcTo:

JImctunr 8.1 PgBouncer
$ pgbouncer [-d|[-R][-v][-u user| <pgbouncer.ini>

[Tpumep xoudura:

JIuctunr 8.2 PgBouncer

[databases|

templatel = host=127.0.0.1 port=5432 dbname=templatel
[ pgbouncer |

listen port = 6543

listen addr = 127.0.0.1

auth type = mdb

auth file = userlist.txt

logfile = pgbouncer.log

pidfile = pgbouncer. pid

admin users = someuser

Hyx#o cosmarsk daitn mosb3oaTeseil userlist . txt IPpIMEPHO TAKOIO COIEP-

nn

kanus: "someuser" "same password as in_ server". AJMUHUCTPATHUBHBIN J10-

CTYII U3 KOHCOJIU K 0a3e JaHHBIX pgbouncer MOXKHO MOJIYYUTH Yepe3 KOMaH Ty
HUZKE:

JIuctunr 8.3 PgBouncer

$ psql -h 127.0.0.1 -p 6543 pgbouncer

3/1ech MOXKHO TMOJIYIUTh PA3IUIHYI0 CTATHCTUYIECKYI0 MH(MOPMAIUIO C I10-
MOIIIbI0 KoMaua6l SHOW.
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8.3. PgPool-1I vs PgBouncer

8.3 PgPool-II vs PgBouncer

Ecmn cpasamBaths PgPool-IT m PgBouncer, To PgBouncer namuoro mywrre
paboraet ¢ mystamu coemaenuit, gem PgPool-11. Eciin BaM He HYy2KHBI OCTaJIb-
Hble BO3MOYKHOCTH, KOTOpbIME Biajeer PgPool-I1 (Bejb 1myJsibl KOHHEKTOB 9TO
MeJIOUYH K ero (DYHKIIMOHAY ), TO KOHEYHO JIydIlle UCIoJIb30BaTh PgBouncer.

e PgBouncer nmorpebiisier menbie namaru, dem PgPool-11;

e yv PgBouncer Bo3M0OKHO HACTPOUTH OYEPE/Ib COECTUHEHMII;

e B PgBouncer moxkno HacrpanBarh 1ces1o 6a3bl JaHHBIX (Ha cepBepe OHU
MOT'YT HA3BbIBATHCSI [IO-JIPYTOMY );

Taxke Bo3MOKeH BapwaHT ucnojb3oBanna PgBouncer m PgPool-1I cos-
MECTHO.
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Kammuposanne B PostgreSQ)L

Y100B!I YTO-TO y3HATH, HY?KHO
y2Ke 9TO-TO 3HATD

Cranucias Jlem

9.1 Bseuenue

K nim kerm — npoMexKyTouHbIil Oydep ¢ ObICTPBIM JOCTYIIOM, COJEPZKa-
it "HPOPMAIINIO, KOTOpast MOYKET ObITh 3aIpPOIeHa ¢ HAMOOJIbIIEH BepOsT-
noctblo. Kammposanne SELECT 3ampocoB 103BOJISET MOBBICUTH MTPOU3BOIH-
TEJIbHOCTh MPUJIOKEHNI U CHU3UTh HArpys3ky Ha PostgreSQL. IIpenmyrectsa
KSITIPOBAHUs OCOOEHHO 3aMETHBI B CIydae ¢ OTHOCUTETbHO MaJleHbKIMH Ta0-
JINTIAMU, UMEIOIIUMH CTATHYeCKHe JaHHble, HAIIPUMED, CIPABOYHBIMEA TaOJIU-
[aMU.

Mmuorue CYB/I moryT kammuposars SQL 3ampockr, n janHast BO3MOKHOCTD
UJeT y HUX, B OCHOBHOM, «U3 KOpOoOKm». PostgreSQL me obajmaer momoOHbIM
dyukmmonasom. [Toaemy? Bo-1iepBbix, MbI TepsgeM TPAH3AKIIMOHHYIO YHCTOTY
npoucxodmiero B 6aze. Yro 31o 3HaunT? YrpasiieHne KOHKYPEHTHBIM JIOCTY-
nom ¢ nomotisio Muorosepcuonnoctu (MVCC — MultiVersion Concurrency
Control) — ojuH 13 MexaHU3MOB OHECIIEUeHUsI OJIHOBPEMEHHOTO KOHKYPEHTHO-
ro jocryna K b/l, 3aksodatonuiica B IPEJIOCTABICHUN KaXKJIOMY IOJIb30Ba-
Teno «cHuMKay BJI, obsamaroriero TeM CBOMCTBOM, 9TO BHOCHUMBIE JAHHBIM
noJib3oBaTesieM u3MeHeHnsd B B/l HEBHIMMBI JIDYTUM IMOJTB30BATEISAM JIO MO-
MeHTa (PUKCAIUMKA TPAH3AKIUU. JTOT CIIOCOO YIPABJIEHUS TTO3BOJISET JTOOUTH-
csl TOrO, YTO TUIIYIUE TPAH3AKIIUU HE OJOKUPYIOT YUTAIONINX, U TNTAIOIIIE
TpaH3aKIuu He 6JIOKUPYIOT numyuX. [[pu ncnobs3oBannm KMMpPOBaHU, KO-
Topomy Het jena K Tpausakimsam CYB/I, «caumkuy Bl MmoryT ObITH ¢ HEBEp-
HBIMI J@HHBIMA. BO-BTODBIX, KeNUpOBaHNE PE3YIHTATOB 3alPOCOB, B OCHOB-
HOM, JIOJI2KHO TIPOUCXOJIUTH Ha cTopoHe npuioxkenus, a ne CYB/I. B Takom
cJlydae yrpasJieHne K3IIMPOBaHUEM MOYKeT paboTarh 6osiee THOKO (BKJIIOUATh-
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csl M OTKJIIOYATHCH rie norpebyercs st npusioxkenusi), a CYB/I Oyner 3anu-
MaTbCsl CBOEHl HEMOCPEICTBEHHOM 1E/IbI0 — XPAHEHUEM U 00eCIiedeHue 1e/I0CT-
HOCTH JJQHHBIX.

Jlnga opranmsanuu KSIMIUPOBAHUS CYIIECTBYET JBa WHCTPYMEHTa JIJis

PostgreSQL:

e Pgmemcache (¢ memcached);
e Pgpool-1T (query cache);

9.2 Pgmemcache

Memcached — nporpaMmuoe obecriedenne, peaans3yomiee CepBUC KIMNUPO-
BaHUsI JIAHHBIX B OIEPATUBHON HMaMATH Ha OCHOBe Xell-Ta0uibl. C IOMOIILIO
KJIMEHTCKOM OMOJIMOTEKHN ITO3BOJISIET KAIIMPOBATH JIAHHBIE B OIIEPATHUBHOI I1a-
MATH MHOXKECTBa JIOCTYIIHBIX CcepBepoB. Pacmupenesnenne peaaunsyercs myTéEM
CErMEHTHPOBAHMS JAHHBIX 110 3HAUEHMIO XA KII0Ya 0 AaHAJOIUN ¢ COKETaMI
X3MI-Tadaunbl. KimmenTckas 61OIMoTeKa, UCIOJIb3Ysl KII0Y JTAHHBIX, BITUCIS-
eT X3III U UCIOJIb3yeT ero JJjisi BbI0Opa COOTBETCTBYIONMEro cepepa. Curyarms
cb0sT cepBepa TpaKTyeTcs Kak IIpoMax Ki3Ia, UTO ITO3BOJISIET IOBBIMIATH OT-
Ka30yCTOMYINBOCTh KOMILIEKCA 3a cYeT HapallliBaHusa KojamdecTBa memcached
CepBEPOB U BO3MOYKHOCTH MTPOU3BOINTH UX TOPSIIYIO 3aMeHy.

Pgmemcache — s1o PostgreSQL API 6ubsmoreka na ocnose libmemcached
s BlamMmozeiicrBus ¢ memcached. C  momorbio gaHHOW OHMOINOTEKH
PostgreSQL mozkeT 3ammchbiBaTh, CUNTHIBATH, UCKATh U yIAJIATH JIaHHbLIE U3
memcached.

YceranoBska

[Tockonbky Pgmemcache uyer kak mojtyiib, To norpedyercs PostgreSQL c
PGXS (ecim yke He ycTaHOBJIEH, MOCKOJIBKY B cOOpKax jyisi Linux mpucyT-
creyer PGXS). Takxke morpebyercss memcached u libmemcached 6ubimorexa
Bepcun e nmke 0.38. Ilocie ckaumBanms ¥ PacHakOBKM MCXOJHUKOB JIOCTa-
TOYHO BBIOJTHATH B KOHCOJI:

JIncruar 9.1 YcraHOBKA U3 UCXOTHIKOB

$ make
$ sudo make install

Hactpoiika

[Tocne ycmemmnoit ycranoBku Pgmemcache moTpedyercst 106aBUTH BO BCe
6asbl JaHHBIX (Ha KOTOPBIX Bbl XOTHTE UCHOJIb30BaTh Pgmemcache) dbyHkimn
JIIst PADOTHI ¢ ITON OUOIMOTEKOI:
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JIuctunar 9.2 Hacrpoiika

Line I % psql |mydbname| |[pguser |
- |mydbname|=# CREATE EXTENSION pgmemcache;

Terepn MOKHO J100aBJIATD cepeepa memcached Jepes
memcache server add m paborarh ¢ x3mem. Ho ecth omamno mo. Bcee cep-
Bepa memcached tpumerca 3amgaBaTh IPU KaxKJIOM HOBOM IOJKIOYEHUHN K
PostgreSQL. 910 orpanndenne MO:KHO OODOWTH, €CJIM HACTPOUTDH IIapaMeTph
B postgresql.conf daitre:

e Jlo6asuth pgmemcache B shared preload libraries (aBrosarpyska 6ut/ivo-
reku pgmemcache Bo Bpems crapra PostgreSQL);

e JlobaBuTh pgmemcache B custom variable classes (ycranaBiamBaem mepe-
MeHHYT0 Jiist pgmemcache);

e CosyaeM pgmemcache.default servers, ykazaB B ¢opmare <«host:port»
(port - onmuoHasBHO) Yepe3 3anaryio. Hampumep:

JIucrunr 9.3 Hacrpoiika default servers

Line 1 pgmemcache. default servers = 7127.0.0.1,
192.168.0.20:11211° # noxaxksoumyin JiBa cepBepa memcached

o Takxyke MokeM HacTpouThb paboTy camoii bmbymorekn pgmemcache qe-
pe3 pgmemcache.default behavior. HacTpoiiku cooTBEeTCTBYIOT HaCTPOIi-
kaM libmemcached. Hampumep:

JIuctuar 9.4 Hacrpoiika pgmemcache

Line 1 pgmemcache. default behavior="BINARY PROTOCOL:1 ’

Tenepnb He Tpebyercs npu nojkaodernn kK PostgreSQL yka3bBaTh cepBepa
memecached.

[IpoBepka

[Tocte ycnernmHoit ycTaHOBKY 1 HACTPOMKY pgmemcache cTaHOBUTCS JTIOCTY-
IIeH CIIMCOK KOMaHJ JJjis1 paborhl ¢ memcached cepsepamu.

[Tocmorpum padbory B CYB/I mannbix dyuknmit. [ns #Hagamsa mosydanm
nadopmarmio o memcached cepsepax:

JImctunr 9.5 Ilposepka memcache stats

Line I pgmemcache=# SELECT memcache stats () ;
- memcache stats
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Tabmuma 9.1: Crnucoxk koman pgmemcache

Komanma

Onucanne

memcache _server _add(’hostname:port’:: TEXT)
memcache server add(’hostname’::TEXT)

Hobasister memcached cepBep B CHHCOK JOCTYII-
HBIX cepBepoB. Eci mopr He ykKa3aH, 110 yMorda-
HUIO Hcnojb3yercs 11211.

memcache _add(key:: TEXT, value:: TEXT,
expire:: TIMESTAMPTZ)

memcache add(key:: TEXT, value::TEXT,
expire::INTERVAL)

memcache _add(key: TEXT, value: TEXT)

JloGaBiisieT KIIt04 B K3III, €CJIN KJIIOY He CYIIECTBY-
erT.

newval = memcache decr(key::TEXT,
decrement::INT4)
newval = memcache decr(key::TEXT)

Ecmm xirou cymecTByeT 1 ABjIsieTCsS LEJIBIM IUC-
JIOM, IIDOMCXOJIUT yMEHBIIIEHHE ero 3HadYeHusl Ha
yKa3aHHOe 9ucyio (10 yMOJTYAHUIO HA EJUHUILY ).
Bosspamaer 1ies10e uncso mocjie yMeHbIIIEHUS.

memcache delete(key:: TEXT,
hold _timer:INTERVAL)
memcache _delete(key:: TEXT)

Vriansger ykasaHHbI Kirod. Ecin ykazarh Taii-
Mep, TO KJIFOY C TAKUAM K€ Ha3BaHUEM MOXKET OBITH
100aBJIeH TOJIBKO IIOCJIEe OKOHYAHMS TaiiMepa.

memcache flush all()

Oummaer Bce JaHHBIE Ha Beex memcached cepse-
pax.

value = memcache get(key:: TEXT)

Bribupaer ko n3 ksma. Bosspamaer NULL,
€CJIM KJII0Y He CYIIECTBYeT, MHadYe — TEKCTOBYIO
CTPOKY.

memcache get multi(keys:: TEXT(])
memcache get multi(keys:BYTEA[])

Ilonygaer wmaccuB Kiioueir u3 kdma. Bos-
BpalllaeT CIMCOK HalJIeCHHBbIX 3alluceil B BHUJE
«KJIIOU—3Ha4YEeHUE>.

newval = memcache incr(key: TEXT,
increment::INT4)
newval = memcache _incr(key:: TEXT)

Ecnm k1109 cymecTByeT m ABJISIETCS TEJIBIM 9UC-
JIOM, TIPOMCXOJUT yBEeJMYEHUE ero 3HAYeHUsl Ha
yKa3aHHOe 9ncyo (IO yMOJTIAHUIO HA EIUHUILY ).
Bosspamaer 1esioe 9ucio nocie yBeJudeHus.

memcache replace(key:: TEXT, value::TEXT,
expire:: TIMESTAMPTZ)

memcache replace(key:: TEXT, value::TEXT,
expire::INTERVAL)

memcache replace(key: TEXT, value:: TEXT)

3ameHsieT 3HAYECHUE JJId CYIIECTBYIOIIETro KJIrova.

memcache _set(key:: TEXT, value:: TEXT,
expire:: TIMESTAMPTZ)

memcache _set(key::TEXT, value:: TEXT,
expire:INTERVAL)

memcache set(key::TEXT, value:: TEXT)

Cosmaer K/II049 €O 3HAYeHHeM. ECam Takoh KJIod
CYIIIECTBYET — 3aMeHseT B HEM 3HAUYEHUe Ha yKa-
3aHHOE.

stats = memcache _stats()

Bosepamaer crarucTuky 1o BceM cepBepaM
memcached.

Server: 127.0.0.1
pid: 1116

uptime: 70

time: 1289598098
1.4.5
pointer size: 32

(11211)

version:
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rusage user: 0.0

rusage system: 0.24001
curr items: 0

total items: 0

bytes: 0

curr connections: 5
total connections: 7
connection structures: 6

cmd _get: 0
cmd_set: 0
get hits: 0

get misses: 0

evictions: 0

bytes read: 20

bytes written: 782

limit maxbytes: 67108864
threads: 4

(1 row)

Teneps coxpanum ganubie B memcached u mompodbyem nx 3abparh:

JInctuar 9.6 IIpoBepka

pgmemcache=# SELECT memcache add(’some key’, ’test value’);
memcache add

pgmemcache=# SELECT memcache get( 'some key’);
memcache get

test value
(1 row)

MozkHO TakzKe IpoBepuTh pabory cuerunkos B memcached (nanubiii hyHK-
[IHOHAJT MOXKET IIPUTOJIUTHCSI I CO3JaHUsI OC/Ie0BATEIbHOCTE! ):

JInctuar 9.7 IIpoBepka

pgmemcache=# SELECT memcache add(’some seq’, ’107);
memcache add

pgmemcache—# SELECT memcache incr(’some seq’);
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memcache incr

(1 row)

pgmemcache—# SELECT memcache incr(’some seq’);
memcache incr

(1 row)

pgmemcache—# SELECT memcache incr(’some seq’, 10);
memcache incr

(1 row)

pgmemcache=# SELECT memcache decr(’some seq’);
memcache decr

(1 row)

pgmemcache—4# SELECT memcache decr(’some seq’);
memcache decr

(1 row)

pgmemcache—# SELECT memcache decr(’some seq’, 6);
memcache decr

(1 row)

st paboTsl ¢ pgmemcache Jydiire co3nath QYHKIUU U, €Ciu TpedyeTcs,
AKTUBUPOBATDH 9TU (PYHKIIUU YePE3 TPUTTEPHI.

Hanpuwmep, npusioxkenne K3mmpyeT 3armmndpoBaHHBIE TTAPOJIH TOJIb30BATE-
neit B memcached (7151 60stee 6bICTPOro 0CTyIA), U HAM TpeOyeTcsi OOHOBJIATH
nndopmaluio B Ka1e, ecjiin ona u3dMensiercd B CYB/I. Coznaem dyHkImio:

JIuctuar 9.8 OyHKIUA 119 OOHOBJIEHUST JTAHHBIX B KIIIIE

CREATE OR REPLACE FUNCTION auth passwd upd() RETURNS TRIGGER
AS $§%
BEGIN
IF OLD. passwd != NEW.passwd THEN
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PERFORM memcache set(’user id ' || NEW.
user id || ' password’, NEW. passwd) ;
END IF;
RETURN NEW;

END;
$$ LANGUAGE ’'plpgsql ’;

AxTuBupyem Tpurrep jjis OOHOBJIEHUS TaOJIUIIBI TTOJIb30BATEIEH:

JIuctuar 9.9 Tpurrep

CREATE TRIGGER auth passwd upd trg AFTER UPDATE ON passwd
FOR EACH ROW EXECUTE PROCEDURE auth passwd upd() ;

Ho nannbIil npuMep TpaH3aKIIMOHHO HEOE30IIaceH — IIPU OTMEeHe TPaH3aK-
MU KSIII HEe BEPHETCs Ha cTtapoe 3HadeHue. [losromy Jjrydiie oduIarTh crapble
JTaHHbIE:

JInctuar 9.10 OuncTka Kiaoda B K3IIIE

CREATE OR REPLACE FUNCTION auth passwd upd() RETURNS TRIGGER
AS §$%
BEGIN
IF OLD. passwd != NEW.passwd THEN
PERFORM memcache delete(’user_id_’ || NEW.

user id || ' password’);
END IF
RETURN NEW;

END; $$ LANGUAGE ’'plpgsql’;

Tak>ke HyzKeH TpUITEp Ha YUCTKY K3I1a 1npu yaajaenunn 3amucu u3 CYB/I:

JIuctunar 9.11 Tpurrep

CREATE TRIGGER auth passwd del trg AFTER DELETE ON passwd
FOR EACH ROW EXECUTE PROCEDURE auth passwd upd() ;

JlaHHBII TpUMep CeJIaH JIJIsl HarJIsiIHOCTH, a cO3JaBaTh K311 B memcached
Ha KelTMpPOBAHbBI 11apoJih HOBOTO IMOJIh30BaTe sl (MM OGHOBJIEHHOIO) JIydIlle
Jepe3 IMPUIOXKEeHHeE.

3aKJIoueHne

PostgreSQL ¢ momombio Pgmemcache 6ubmorexku mo3Bosiser paboraTh ¢
memcached cepBepamu, 4T0 MOXKeT MOTPEOOBATHCA B OMPEJIEIEHHBIX CJTyYasdX
JUTS KIMMpoBaHus JaHHbix Hanpsamyio ¢ CYBJL. Yiaobcrso mammoit 6ubmore-
KU 3aKJ/II09aeTCs B IIOJTHOM JI0CTyIe K pyHKImsaM memcached, HO BOT TOTOBOI
peasmmzaruu K3muposanre SQL 3ampocoB TyT Het, U e€ npujercs J1opadbaTbl-
BaTh BPy4HYIO Uepe3 dbyuknuu u Tpurrepbl PostgreSQL.
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9.3 3akJrodyeHune

TODO
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Pacmmpenns

'ubrocTh yMa MOXKET 3aMEHUTH
KpacoTy

Crenmaanb

10.1 Bsgenenne

O inu u3 raBHbIX TI0COB PostgreSQL 9T0 BO3MOXKHOCTD PACITUPEHUST €10
dyHKIIMOHAIA C TOMOIIBIO paciupennii. B maHHO# cTaTbe s1 3aTPOHY TOJIBKO
caMble HHTEPECHDbIE U TOIY/ISIPHbIE U3 CYIIECTBYIONIIX PACIITADEHHIA.

10.2  PostGIS

PostGIS  mobaBisger mojiepkKy uid TeorpaduiecKknx OObEKTOB B
PostgreSQL. Ilo cytu PostGIS mossosisier ucnoss3oBats PostgreSQL B ka-
JecTBe OIKEHJIa MPOCTPAHCTBEHHON 0a3bl JAHHBIX JJI Te€OMHMOPMAIIMOHHBIX
cucrem (I'MIC), Tak xe, kak ESRI SDE nji npocTpancTBEHHOIO pacCIInpeHust
Oracle. PostGIS coorerctByer OpenGIS «IIpocteie ocobernnoctu. Crerndu-
karust st SQL» u 6b11 ceprrdunmpoBaH.

YeraHoBKa U UCIIOJIH30BAHUE

Jlnst HavaJsa MHUIMAIU3UPYEeM pacliupeHue B 0a3e JJaHHbBIX:

JIucturar 10.1 Maumuamn3anus postgis
Line 1 # CREATE EXTENSION postgis;

[Ipu co3manum TpocTpaHCTBEHHOM O6a3bl JIAHHBIX aBTOMATHIECKU CO3/IAI0T-
¢ TabJIuIa METaIaHHBIX spatial ref sys m mpejicraBiieHus geometry columns,
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geography columns, raster columns u raster overviews. OHE €O3/1aI0TCsI B COOT-
BercTBuM co crerudukanueit «Open Geospatial Consortium Simple Features
for SQL specification», Beimymennoit OGC un omuchIBaroIeil cTaHgapTHBIE TH-
ubl 00bekToB ['MIC, dbyHKIMM 19 MAHUMYJIATAA UMU U HAOOp TabJIHUI] Me-
TaJlaHHbIX. Tabuna spatial ref sys COMEPXKUT YUCTOBBIE HICHTU(MDUKATOPHI U
TEKCTOBBIE OIMCAHUS CHCTEM KOOPJIUHAT, UCIOJIb3YEMbIX B IIPOCTPAHCTBEHHOM
6aze gaHHbix. OJHUM U3 TOJIel 9TON TabauIpl sBjasgeTcs mojge SRID — yHu-
KaJIbHBIN MIeHTH(MUKATOD, OJHOZHATHO OIPEIEISIONINNA CUCTEMY KOODIMHAT.
SRID mpejcraBiisier u3 cedsi IUCIOBONH KOJ, KOTOPOMY COOTBETCTBYET HEKO-
Topas cucreMa KoopaumHaT. Hampumep, pacnpocrpanennbiii kogq EPSG 4326
cOOTBETCTBYET Teorpadudeckoii cucreme kKoopannar WGS84. Bosee mogpoo-
HYI0 HHGOPMAIUIO 110 TabJIUIAMU MeTaJaHHbIX MOXKHO HAWTH B PYKOBOJCTBE
o PostGIS.

Tenepb, nMest IPOCTPAHCTBEHHYIO 0a3y JaHHBIX, MOXKHO CO3/IaTh HECKOJIBKO
[IPOCTPAHCTBEHHBIX Ta0 U [l Hadaia co37a/iuM OOBIYHYIO TaOJIUILy Oa3bI
JIAHHBIX, 9TOOBI XPAHUTH JAHHBIE O ropojie. JTa TabJuia OyJIeT cojaepKaTh
TPH TOJIsT: TUCTOBOM HACHTU(MUKATOP, HA3BaHUE IOPo/ia U KOJOHKA NeOMETPUH,
COZIEPZKAIILYIO JaHHBIE O MECTOIOJI0KEHUN TOPOIOB:

JIuctunr 10.2 Cozmanne TabauIn cities

# CREATE TABLE cities ( id int4 primary key, name varchar
(50), the geom geometry (POINT,4326) );

the geom moJsie ykasbiBaeT PostGIS, kakoit T reomMeTpuum mMeeT KaiK-
JIblii 13 O0BEKTOB (TOYKM, JIMHUM, MOJIUTOHBI 1 T. II.), KaKas Pa3MepHOCTH (T.K.
BO3MOXKHBI 1 3-4 m3mepenusi — POINTZ, POINTM, POINTZM) u kakasi cu-
cTeMa KOOp/JAuHaT. IL.HH JaHHBIX 110 I'OpoAdaM MbI 6y,Z[‘€M HCIIOJIb30BaTh CUCTEMY
koopauaaT EPSG:4326. YT0o0ObBI 100aBUTH JTaHHBIE TEOMETPUN B COOTBETCTBY-
IOIIYI0 KOJIOHKY, uctoJibdyercs dyaknus PostGIS ST GeomFromText, 9T0OBI
CKOHBEPTHPOBATH KOOPAUHATHI U HICHTHMUKATOP pedepeHCHOl CucTeMbl U3
TEKCTOBOroO hopmaTa:

JIuctunr 10.3 3anonnenune Tabymibl cities

# INSERT INTO cities (id, the geom, name) VALUES (1,
ST GeomFromText( "POINT (-0.1257 51.508) ’,4326) , ’London,
England’) ;

# INSERT INTO cities (id, the geom, name) VALUES (2,
ST GeomFromText ( "POINT(-81.233 42.983)’,4326) , 'London,
Ontario’);

# INSERT INTO cities (id, the geom, name) VALUES (3,
ST GeomFromText( 'POINT(27.91162491 -33.01529) ' ,4326) .’
East London,SA’);

Bce cambie o6branbIe oreparopbl SQL MOTyT ObITH HCIOJIB30BAHbI JIJIs1 BbI-
6opa manHbIx u3 Tabsaunsl PostGIS:
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JIuctuur 10.4 SELECT cities

Line 1 # SELECT * FROM cities ;
id | name | the geom

1 | London, England | 0101000020
E6100000BBB88D0O6F016COBF1B2FDD2406C14940
5 2 | London, Ontario | 0101000020
E6100000F4FDD478E94E54COETFBA9F1D27D4540
3 | East London,SA | 0101000020
E610000040AB064060E93B4059FAD005F58140C0

(3 rows)

OTO BO3BpaIaeT HaM OeCCMBIC/IEHHBbIE 3HAYEHWs KOODJIUHAT B IIeCTHAa-
JIaTepuyHoil cucrteMe. Ecim BBl XOTHTe yBUJIETH Ballly I'€OMETPUIO B TeK-
croBoMm dopmare WKT, ucnonnzyiite dpynknumio ST AsText(the geom) mim
ST AsEwkt(the geom). Bor Takke moxkere wucnosb3oBarh dyakmun ST X(
the geom), ST Y(the geom), 4TOOBI MOJYYUTH YUCIOBbIE 3HAYEHUS KOOPIH-

HaT:

JInctuur 10.5 SELECT cities

Line 1 # SELECT id, ST AsText(the geom), ST AsEwkt(the geom), ST X(
the geom), ST Y(the geom) FROM cities ;

id | st _astext | st _asewkt
] st x | sty
__+ ______________________________ + _______________________________________
1 | POINT(-0.1257 51.508) | SRID—=4326;POINT(-0.1257
51.508) | -0.1257 | 51.508
5 2 | POINT(-81.233 42.983) | SRID—4326;POINT(-81.233
42.983) | -81.233 | 42.983

3 | POINT(27.91162491 -33.01529) | SRID=4326;POINT
(27.91162491 -33.01529) | 27.91162491 | -33.01529

(3 rows)

BosbmmacrBo Takux dyrkimit Hadanaaoresd ¢ ST (mpocrpancTBeHHbIH THIT )
u ormcanbl B jiokymerTanun PostGIS. Teneps orBeTrM Ha mpakTHYIeCKuii BO-
[IpOC: Ha KAKOM PACCTOSHUU B METPax JIPYT OT JIpyra HAXOJIATCA TPU TOPOja C
HasBaHueM JIOHOH, yIuThIBast CHEPUIHOCTD 3eMIU !

JInctunr 10.6 Paccrostnne no Jlonmgoma,
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# SELECT pl.name,p2.name,ST Distance Sphere(pl.the geom 6 p2.
the geom) FROM cities AS pl, cities AS p2 WHERE pl.id >
p2.id;

name | name | st distance sphere

London, Ontario | London, England | 5875787.03777356
East London,SA | London, England | 9789680.59961472
East London,SA | London, Ontario | 13892208.6782928
(3 rows)

DTOT 3aIPOC BO3BPAIAET PACCTOSHIE B METPaX MEXK/Iy KaxKJ0i 1mapoit ro-
poros. Obparure BHuManue kKak 4actb WHERE 1mpeioTBpalinaeT Hac OT MMOJIy-
YeHUs PACCTOSTHUST OT TOPOJIA JI0 caMoro cebst (paccrosinue Beerjia 6yeT paBHO
HYJIIO) U PacCTOsHUs B 0OpaTHOM mopsijike (paccrosaue ot JIoHmona, Aurims
1o Jlonmona, Onrtapuo Oymer takum ke Kak or Jlonmgona, Onrtapuo 1o JIon-
JoHa, Anrust). Takzke MOXKeM pacCIMTaTh PACCTOSIHUS Ha cdepe, UCHOIb3ys
pasyimaHble (PYHKIINU U yKa3bIBasd Ha3bIBaHUs ceponia, TapaMeTphl TVIABHBIX
nostyoceit 1 Kkoadduiirnenta oOpaTHOrO CXKATUS:

JInctunr 10.7 Paccrognne no Jlonmomna
# SELECT pl.name,p2.name, ST Distance Spheroid (
# pl.the geom,p2.the geom, ’SPHEROID[" GRS 1980
",6378137,298.257222]"
- )
# FROM cities AS pl, cities AS p2 WHERE pl.id > p2.id

name ] name | st distance spheroid

London, Ontario | London, England | 5892413.63999153
East London,SA | London, England | 9756842.65715046
East London,SA | London, Ontario | 13884149.4143795
(3 rows)

SakJIo4eHne

B nammoit riiaBe Mbl paccMoTpesin Kak HadaTh paborarh ¢ PostGIS. Bosee
IIOJIPOOHO 00 MCIIOJIL30BAHUH PACIIHPEHUsT MOXKHO O3HAKOMUTLCA depe3 odu-
[UAJBHYIO JIOKYMEHTAIIUIO.

10.3  pgSphere

pgSphere obecrieanBaer PostgreSQL cdepnaeckuvu tumaMu JaHHBIX, a
TakKe (DYHKIUSIMI U OllepaTopaMu i paboThl ¢ HUMHU. Vcmonb3yercs s
paborbl ¢ reorpaduuecKkuMu (MOYXKET HCIOJIb30BaThcst BMecTo PostGIS) mm
ACTPOHOMMHNYICCKUMU TUIIAMU JaHHBIX.
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10.3. pgSphere

YeraHoBka U UCIIOJIH30BAHUE

g Havaa MHANMAIU3UPYEM paciiupenue B 6a3e JIaHHbIX:

Jlucrunr 10.8 Maunuanusamnus pgSphere
Line 1 # CREATE EXTENSION pg_sphere;

[Tocse 3TOTO MOXKEM ITPOBEPUTDH, YTO paciiupeHne pyHKITMOHUPYET:

Jluctuur 10.9 IIpoeepka pgSphere
Line I # SELECT spoly ’{ (270d,-10d), (270d,30d), (290d,10d) } ’;

spoly

- {(4.71238898038469 , -0.174532925199433) ,(4.71238898038469
, 0.523598775598299) ,(5.06145483078356
0.174532925199433) }

(1 row)

ot

N pabory uHI€KCOB:

Jlmcrurr 10.10 Iposepka pgSphere

Line | # CREATE TABLE test (
- # pos spoint NOT NULL
- # )
- CREATE TABLE
5 # CREATE INDEX test pos_idx ON test USING GIST (pos);
- CREATE INDEX
- # INSERT INTO test (pos) VALUES (’( 10.1d, -90d)’), (’( 10d
12m 11.3s, -13d 14m)’);
- INSERT 0 2
- # VACUUM ANALYZE test ;
10 VACUUM
- 4 SELECT set sphere output( 'DEG’);
- set_sphere output

- 4 SELECT * FROM test ;
- pos

20 (10.1d , -904)
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(10.2031388888889d , -13.2333333333333d)
(2 rows)
# SET enable seqscan = OFF;
SET
# EXPLAIN SELECT * FROM test WHERE pos = spoint ’(10.1d,-90d

)7

[\]
ot

QUERY PLAN

Bitmap Heap Scan on test (cost=4.16..9.50 rows=2 width=16)
- Recheck Cond: (pos = '(10.1d , -90d)’::spoint)
30 -> Bitmap Index Scan on test pos idx (cost=0.00..4.16
rows=2 width=0)
Index Cond: (pos = ’'(10.1d , -90d)’::spoint)
(4 rows)

3akJjiroyenue

Bosee oapobHO 00 nCIoIb30BaHNN PACIIIPEHNsT MOYKHO O3HAKOMUTHCS e~
pe3 oduImaabHy0 JOKYMEHTAIINIO.

10.4 HStore

HStore — pacmmpenne, KoTopoe peajim3yeT THII JAHHBIX /I XPAHEHUsT KJTFO-
4 /3HaUeHne B Ipejiesax oJHoro 3uadenusi B PostgreSQL (mampumep, B oHOM
TEKCTOBOM 110J1€). DTO MOXKeT ObITh I0JIE3HO B PA3JIMIHBIX CUTYAIUSIX, Ta-
KIX KaK CTPOKHM CO MHOTUMU aTPpUOyTaMu, KOTOPBIE PEJIKO BBIOUPAIOTCS, WJIH
[IOJTy-CTPYKTYPUPOBAHHBIE JaHHbe. KITIOUN U 3HAYEHUS SIBJISTIOTCS TTPOCTHIME
TEKCTOBBIMU CTPOKAMHU.

Haunnast ¢ Bepenu 9.4 PostgreSQL 66wt qobasnen JSONB rtun (6unapHbrit
JSON). Hanuerii tun gsisiercs oobegunenueM JSON cTPyKTYpBI ¢ BO3MOXK-
HOCTBIO WCIIOJIb30BaTh nHjeKchl, kak y Hstore. JSONB syume Hstore tewm,
9TO €CTh BO3MOYKHOCTH COXPAHSATH BJIIOKEHHYIO CTPYKTYDY JaHHbIX (nested) n
XPAHUTH HE TOJILKO TEKCTOBBIE CTPOKHU B 3HavUeHUsX. [loaToMy srydre ncmoib-
zoBarh JSONB, ecin ecth Takast BO3MOXKHOCTD.

YeraHoBKa U UCIIOJIH30BAHUE

g Havaa aKkTUBUPYEM pacIIupeHue:

JIncruur 10.11 AxkruBamua hstore

Line 1 # CREATE EXTENSION hstore;
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[Iposepum ero pabory:

JImctunr 10.12 ITposepka hstore

Line 1 # SELECT ’a=>1,a=>2’:: hstore;
- hstore

Kaxk Buyino B mpumepe 10.12 kiroun B hstore yumkaabubl. Cozmamaum Tabd-
JIUITYy U 3aII0JIHUM €€ JIAHHBIMU:

Jluctunr 10.13 Ilposepka hstore

Line I CREATE TABLE products (
- id serial PRIMARY KEY,
- name varchar ,
- attributes hstore
o)
- INSERT INTO products (name, attributes)

- VALUES (

- "Geek Love: A Novel’,

- “author => "Katherine Dunn",
10 pages = 368,

)

- category => fiction
- ) )
-

- "Leica M9’ ,
15 "manufacturer => Leica,
- type => camera,
- megapixels = 18,
- sensor => "full -frame 35mm"’

_ ) ,
20 ( "MacBook Air 117,
- "manufacturer => Apple,

- type —> computer
- ram => 4GB,
- storage => 256GB,
25 processor => "1.8 ghz Intel i7 duel core",
- weight => 2.381bs”’

- )5

Tenepb MO2KHO IIPOU3BOJAUTDH IIOUCK IIO KJIIOYTY:

JIuctuar 10.14 Tlouck mo xaoay
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5
Line 1
Line 1

10.5. PLVS8

# SELECT name, attributes->’pages’ as page FROM products
WHERE attributes ? ’'pages’;
name | page

Geek Love: A Novel | 368
(1 row)

Wnu o 3pavenuro kiwo4a:

JIuctunar 10.15 IMouck mo 3HaAYEHUIO KIIIOYa

# SELECT name, attributes->’manufacturer’ as manufacturer
FROM products WHERE attributes->’type’ = ’computer’;
name | manufacturer

MacBook Air 11 | Apple
(1 row)

Cozanne MHIEKCOB:

JIncturar 10.16 Mamekcor

# CREATE INDEX products hstore index ON products USING GIST
(attributes);

# CREATE INDEX products hstore index ON products USING GIN (
attributes);

MozkHO TakXKe CO3JaBaTb MHACKC Ha KJIIOY:

JIncturr 10.17 Magekc Ha K09

# CREATE INDEX product manufacturer ON products ((products.
attributes->"manufacturer’));

3akJjouenue

HStore — pactmmpenne 151 y100HOTO U UHIEKCUPYEMOTO XpaHeHusl c1abo-
CTPYKTYPUPOBAHHBIX JaHHBIX B PostgreSQL, ecmm HeT BO3MOXKHOCTH UCIIOJIb-
30BaTh Bepcuio 6a3bl 9.4 wim BbIIIe, TJie JIJId JTaHHON 3a/a9i eCTh BCTPOEHHBIIH
JSONB Tun nanHbIx.

10.5 PLVS

PLVS8 gapnserca pacmmpennem, KoTopoe mpegocrasisier PostgreSQL mpo-
HEeJlypHBIN S3BIK ¢ JIBIHKKOM V8 JavaScript. C momoInpio 3Toro paciimpeHns
MOXKHO 1rcaTh B PostgreSQL JavaScript ¢byHKmm, KoTropble MOKHO BBI3bIBATH

u3 SQL.
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Line 1

ot

Line 1

[S2 B

10

Line 1

10.5. PLVS8

YeraHoBka U UCIIOJIH30BAHUE

g Havaa MHANMAIU3UPYEM paciiupenue B 6a3e JIaHHbIX:

JInctuar 10.18 Mannmamuzarus plv8
# CREATE extension plv8;

V8 rommmmpyer JavaScript Kol HEIIOCPEICTBEHHO B MAIUHHBIA KO U C
IIOMOIIIBIO TOTI'0 JIOCTUTAETCsl BBICOKAsI CKOPOCTh paborhl. [l mpumepa pac-
cMoTpuM pacuer ducia Pudonadun. Bor dynknus nanucana xHa plpgsql:

JInctunr 10.19 Gubonauuun wa plpgsql

CREATE OR REPLACE FUNCTION
psqlfib(n int) RETURNS int AS $$
BEGIN

IF n < 2 THEN

RETURN n;

END IF :

RETURN psqlfib(n-1) + psqlfib(n-2);
END;
$$ LANGUAGE plpgsql IMMUTABLE STRICT;

BaMeprM CKOpPOCTb €€ PabOTHhI:

Jlmcrunr 10.20 Cropocts pacdera uciaa Ouboraddn Ha plpgsql

# SELECT n, psqlfib(n) FROM generate series(0,25,5) as n;
n | psqlfib

- __+ _________

0| 0

5 | 5
10 | 55
15 | 610
20 | 6765
25 | 75025
(6 rows)

Time: 2520.386 ms

Tereps ciemaeM To Ke camoe, HO ¢ ucIoJib3oBannem PLVS:

JIuctunar 10.21 @ubonawaan Ha plvs

CREATE OR REPLACE FUNCTION
fib(n int) RETURNS int as $$

function fib(n) {
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5 return n<2 ? n : fib(n-1) + fib(n-2)

}

return fib(n)

$$ LANGUAGE plv8 IMMUTABLE STRICT;

3aMeprM CKOPOCTb pabOThI:

Jlmcrurr 10.22 Cropocrh pacdera uuncia Puboraddn Ha plve

Line I # SELECT n, fib(n) FROM generate series(0,25,5) as n;

n | fib
- - __+ _______
0 | 0
5 5 | 5
10 | 55
15 | 610
20 | 6765
25 | 75025

10 (6 rows)

Time: 5.200 ms

Kak Bugum, PLV8 npubmusurensao B 484 (2520.386,/5.200) pa3 GwicTpee
plpgsql. Moxuo yckoputh pabory pacuera uuncesn Pudonatun na PLVE 3a cuer
KeITMPOBAHUS:

JIncruar 10.23 Oubonayyun Ha plv8

Line 1 CREATE OR REPLACE FUNCTION
fibcache (n int) RETURNS int as $$
var memo = {0: 0, 1: 1};
function fib(n) {
5 if (!(n in memo))
memo|n| = fib(n-1) + fib(n-2)
return memo|n|

}

return fib(n);
10 $% LANGUAGE plv8 IMMUTABLE STRICT

BaMeprM CKOpPOCTb pabOThI:

JIucrurar 10.24 Cropocrb pacdera udnciaa Pudbonadyu Ha plv8

Line 1 # SELECT n, fibcache(n) FROM generate series(0,25,5) as n;
n | fibcache
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5 | 5
10 | 55
15 | 610
20 | 6765
25 | 75025
(6 rows)

Time: 1.202 ms

EcrecTBenno 3Tu m3MepeHus He UMEIOT HUYero OOIIero ¢ peajbHBIM MU-
poM (He HyKHO KaxKJIblil JieHb cuanTarh ducia PuboHauvdn B 6a3e JAHHBIX ),
HO IO3BOJIIET MOHATH, KaK V8 MOXKET MOMOYb YCKOPUTH (DYHKIIUH, KOTOPHIE
3aHIMAIOTCS BBIYUCICHUEM 41ero-amnbo B Oase.

NoSQL

OpauM u3 mosesubix npumerennit PLVS moxker ObITh cosmanne Ha Oa-
3e PostgreSQL moKkyMeHTOOpHEeHTHPOBAHHOTO XpaHmimnma. Jljas XpaHeHus
HECTPYKTYPUPOBAHHBIX JAHHBIX MOXKHO UCIOJIB30BaTh hstore («10.4 HStores),
HO y HEro €CThb CBOM HEJIOCTATKIH:

® HeT BJIOYKEHHOCTH;
e BCe JlaHHbIe (KJI0Y U 3HAYEHHE 0 K0Ty ) 9TO CTPOKA;

Jltst XpaHeHust JJaHHBIX MHOI'HE JTOKYMEHTHO-OPHEHTUPOBAHHBIE Oa3bl JIaH-
ubix ucnosb3yoT JSON (MongoDB, CouchDB, Couchbase u . 11.). Jlsis sToro,
naannast ¢ PostgreSQL 9.2, nobasien Tun mamaeix JSON, a ¢ Bepcunm 9.4 —
JSONB. JSON Tumn moxno nobasuth st PostgreSQL 9.1 u nuke ucnosb3ys
PLV8 u DOMAIN:

JInctunr 10.25 Cospanne Tuma JSON

CREATE OR REPLACE FUNCTION
valid json(json text)

RETURNS BOOLEAN AS $§

try {
JSON. parse (json); return true;

} catch(e) {

return false;

}
$$ LANGUAGE plv8 IMMUTABLE STRICT;

CREATE DOMAIN json AS TEXT
CHECK(valid json (VALUE));

Oyukius valid json ucnosb3yercs i nposepku JSON namabix. [Tpumep
HCIIOJIb30BAHUA:
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Jluctunr 10.26 Iposepka JSON

Line 1 $ CREATE TABLE members ( id SERIAL, profile json );
- $§ INSERT INTO members
- VALUES( 'not good json’);
- ERROR: value for domain json

5 violates check constraint "json check"

- $ INSERT INTO members

- VALUES('{"good": "json", "is": true}’);

- INSERT 0 1

- $ SELECT * FROM members ;

10 profile

Paccmorpum npumep ucnosibzosanus JSON jis xpanenus nanubix u PLVE
I uX moucka. s Hagasia co3aa M TabJInIy U 3all0JHUM €€ TaHHBIMU:

JIuctunr 10.27 Tabmuna ¢ JSON momem

Line I $ CREATE TABLE members ( id SERIAL, profile json );
- $ SELECT count (*) FROM members;

- count

5 1000000
- (1 row)

- Time: 201.109 ms

B profile mosie mMbr 3anmcaii npubIU3UTEILHO TaKyio cTpykTypy JSON:

JIncruar 10.28 JSON crpykrypa

Line 1 { -+
- "name": "Litzy Satterfield", +
- Tage": 24, +
- "siblings": 2, +
5 "faculty": false, +
- "numbers": | +
- { +
B "type": "work" | +
- "number": "684.573.3783 x368"+
10 }, +
_ { +
B "type": "home" | +
- "number": "625.112.6081" +
- } +
15 | +
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Line 1
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Tenepsb cozmaaum GYHKIWIO JJIs BBIBOJIA 3HaUeHusl 110 Kaody u3 JSON (B
JIAHHOM CJIydae oxKujaeM mudpy):

JIncrunr 10.29 Oyaxnus gra JSON

CREATE OR REPLACE FUNCTION get numeric(json raw json , key
text)
RETURNS numeric AS $$
var o = JSON.parse (json_raw);
return olkey|;
$$ LANGUAGE plv8 IMMUTABLE STRICT

Ternepb MbI MOXKeM ITPOU3BECTH ITOUCK 110 TAOJIUIE, PUIBTPYS 110 3HAUCHU-
aM KJtodeit age, siblings WM APpyTUM YUCIOBBIM TIOJISM:

JInctunr 10.30 ITounck no mamabivm JSON

$ SELECT * FROM members WHERE get numeric(profile , 'age’) =
36;

Time: 9340.142 ms

$ SELECT * FROM members WHERE get numeric(profile , 'siblings
7) = 1;

Time: 14320.032 ms

[Touck paboraeT, HO CKOPOCTh OYEHb MaJieHbKasi. dTOObI yBEJIUIUTH CKO-
POCTb, HYy>KHO CO31aTh CbYHKHI/IOHaJIbeIG MHJICKCDHI:

JIncturar 10.31 Co3nanne WHIEKCOB

$ CREATE INDEX member age ON members (get numeric(profile , ’
age’));

$ CREATE INDEX member siblings ON members (get numeric(
profile ; ’'siblings’));

C unnekcamu ckopocTh noucka 1mo JSON craHeT J0CcTaTOYHO BBICOKASL:

JIuctunr 10.32 ITouck o mamabiM JSON ¢ nrmekcamn

$ SELECT * FROM members WHERE get numeric(profile , ’'age’) =
36;

Time: 57.429 ms

$ SELECT * FROM members WHERE get numeric(profile , 'siblings
) = 1

Time: 65.136 ms

$ SELECT count (*) from members where get numeric(profile ,
age’) = 26 and get numeric(profile, ’siblings’) = 1;

Time: 106.492 ms

Y
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10.6. Pg_repack

[Tosyunioch  OTIMYHOE —JIOKYMEHTOOPUEHTHPOBAHHOE XPAHUJIUINE U3
PostgreSQL. Ecnu ncnonbsyercss PostgreSQL 9.4 wim HOBee, TO MOKHO HC-
noab3oBaTh JSONB Tuir, y Koroporo y»e ectb BO3MOKHOCTb CO3/IaBaTh HH-
Jiekebl Ha Tpebyemble Kioun B JSON cTpykType.

PLVS8 nosBossier ucnob30BaTh HEKOTOPBIe JavaScript 6ubnorexku BHyTpH
PostgreSQL. Bor npumep pengepa Mustache TemiieiiTos:

Jlucrunr 10.33 Oyuxmus j1yist pergepa Mustache remiiieiiton

CREATE OR REPLACE FUNCTION mustache (template text, view json

)
RETURNS text as $$

// ...400 lines of mustache....js
return Mustache.render (template, JSON. parse(view))
$$ LANGUAGE plv8 IMMUTABLE STRICT;

JInctunar 10.34 Penmep TemmieiiTon

$ SELECT mustache (

’26113}{{#%1%8 PHA{ Y {{/things }}:) {{#data}}{{key}}{{/
ata}}’,

"{"things": ["world", "from", "postgresql"|, "data": {"key
": "and me"}}’

mustache

hello world from postgresql :) and me
(1 row)
Time: 0.837 ms

DTOT mHpUMep IOKa3blBaeT KaKhe BO3MOXKHOCTH TmpesgocTaniser PLVE
B PostgreSQL. B neiicrBuresssnocTun penmeputh Mustache rtemrureiiter B
PostgreSQL me sryurmas ujes.

3akJo4eHmne

PLVS8 pacmmupenne mpemnoctapisier PostgreSQL mporeaypHblil S3bIK €
JIBUKKOM V8 JavaScript, ¢ OMOIIBI0 KOTOPOro MOKHO paboraTh ¢ JavaScript
oubimorekamu, unaekcuposath JSON qaHHBIE U UCIOIB30BATH €0 Kak 0oJiee
OBICTPBIi SI3BIK /IS BBIUYUCICHNNH BHYTPH Oa3bl.

10.6 Pg_ repack

Tabmuer B PostgreSQL mpesicrasiienst B Bujie crpanui; padmepom 8 KB, B
KOTOPBIX pa3MeIleHbl 3anucu. Koria oHa cTpaHuia MmoJHOCTbIO 3aTI0THIETCS
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3aluCcAMU, K TabJuIe J100aBjsgeTcs HoBas cTpaHuia. [Ipu yrajiennn 3armceit
¢ momoIpbio DELETE win usmenennu ¢ momornbio UPDATE, mecTo riae ObI-
JIM CTapble 3allUCA He MOXKeT ObITh MOBTOPHO HUCIOJIB30BAHO cpa3y xke. [l
9TOrO IPOIECC OYUCTKU autovacuum, min komanga VACUUM, mpoberaeT 1o
U3MEHEHHBIM CTPaHUIIAM U IIOMeYaeT TaKoe MeCTO KakK CBOOOIHOE, TOC/Ie Yero
HOBBIE 3aIlUCH MOT'YT CIOKOMHO 3allMChIBATLCA B 9TO MecTo. Ecim autovacuum
HE CIIPABJISIETCsI, HAIIPUMED B Pe3y/bTaTe aKTHBHOI'O M3MEHEHHUsT OOJIBIIEro KO-
JITYECTBA, JJAHHBIX WJIU ITPOCTO M3-3a IJIOXUX HACTPOEK, TO K Tad/mIe OyayT u3-
JIUIITHE JTI0O0ABIATHCS HOBBIE CTPAHUIIBI 110 MEPe TMOCTYIIJIEHNUsT HOBBIX 3aITHCEi.
N naxke mmocjie TOro Kak OYUCTKA JIONHJIET JI0 HAIKMX YJIaJEHHBIX 3aI11Celi, HOBbIE
cTpaHuIlbl octanyTesd. ITomydaercs, 9To Tabuia cTaHOBUTCS OoJjiee pa3psizKeH-
HOIl B ILJIaHe IJIOTHOCTH 3alliceil. 9To U Has3bIiBaeTCs 3(P(MEKTOM pasryBaHUs
tabsmr (table bloat).

[Iponerypa ouncrku, autovacuum uin VACUUM, MOXKET yMEHBITUTH Pa3-
Mep TabJIHIbI, YOpaB MOJTHOCTBIO IYCThIe CTPAHUIILI, HO TOJILKO NP YCJIOBUU,
YTO OHM HaXOJIATCA B caMOM KOHIIE Tab/iuIbl. ITOOBI MaKCHMAJIBHO YMEHBITNUTH
tabsuiy B PostgreSQL ectb VACUUM FULL niaun CLUSTER, #HO 06a 3TH crio-
coba Tpebytor «exclusively locks» na Tabsuity (To ecTh B 93T0 Bpemsi ¢ TabJIUIbL
HeJIb3s HU 9UTaTh, HU MHCATH), UTO JTATEKO HE BCEra sIBJIAETCS ITOXOISIIIM
peleHueM.

st permernst momoOOHBIX MPOOJIEM CYIIECTBYeT yTHINTa PE  Trepack. Dra
yruauTa 1mo3eoJser ¢iaeaarb VACUUM FULL nimn CLUSTER Koman/1b1 6e3 6.J10-
KupoBKU Tabjunbl. g auctku Tabauinl pg_repack cosmaer TouHylo €€ Ko-
o B repack cxeme 6a3bl JaHHBIX (Bamma 6a3a 1Mo yMo9anuio paboraeT B public
cXeMe) ¥ COPTHPYET CTPOKHU B 9T0ii Tabuuie. [locse mepeHoca NaHHBIX U 9UCT-
KA Mycopa yTHJIUTa MEHseT cxeMmy y Tabyuil. i 9ucTku WHIEKCOB yTHINTA,
CO3/IaeT HOBbIE MHJICKCHI C JPYTUMHA UMEHAMHU, & 110 BBIITOJHEHUIO PAOOTHI Me-
HseT UX Ha IepBOHaYa bHbIE. I BBITOJHEHNST BCEX STHX PAOOT MoTpedyeTcs
JIOIIOJTHUTEIbHOE MeCTO Ha Jwcke (Hampumep, ecim y Bac 100 I'B naxubix, un
n3 aux 40 I'B - pacnyxanme Tabmui wim unjekcos, To BaM norpebyerca 100
I'b + (100 I'B - 40 I'B) = 160 I'b na aucke munnmywm). Jlis mpoBepku «pac-
nyxaHusi» TaOJIUIl U WHJIEKCOB B Ballleil 0a3e MOXKHO BOCIOJIb30BaThed SQL
3ampocoM u3 paszena «14.2 Pasmep paciyxanus (bloat) Tabsmi u numekcos B
Dase JIaAHHbIX».

CymecTByer psiji orpanudennii B pabore pg  repack:

e He MoxkeT ouncTuTh BpeMeHHbIE TaOJIUIIBL;

e He moxker ouncrurh Tabsuinl ¢ ucnoabzoBanneMm GIST umekcos;

e Henpsa semonaats DDL (Data Definition Language) wa Tabmuie Bo
BpeMsi PabOTHI;

[Ipumep mcnoab3oBaHmsA

Bemonnute komangy CLUSTER Bcex K/acTepU3UpPOBAHHBIX TabJIUIL U
VACUUM FULL g Bcex He KJIaCTePU3UPOBAHHBIX TaO/IHIl B test Oase gaH-
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HbIX:

Ckavars JlucTuur

$ pg repack test

BromosmauTe komany VACUUM FULL nHa foo u bar Tabaunax B test Oaze
JIAHHBIX (KJacTepusariys Tabul HTHOPUPYeTCsl ):

Ckagars JlucTuur

$ pg repack --no-order --table foo --table bar test

[IepemecTuTh BCe MHIEKCHI TaOINIBI foo B HeliMcIeiic ths:

Ckauars JIucTuHr

$ pg repack -d test --table foo --only-indexes --tablespace
tbs

Pgcompact

CytecTByeT erne OHO perrieHne it 60pbObI ¢ pa3ayBanueM Tadsuil. [Ipu
obHOBJeHnu 3amnucu ¢ rnomomibio UPDATE, ecsm B Tabjuile ecTb CBOOOIHOE
MECTO, TO HOBas BEPCHs IOWIeT MMEHHO B CBOOOJIHOE MeCTO, Oe3 BbIIe/IeHNs
HOBBIX cTpanutl,. [Ipeanodrenue ormaercs cBOOOIHOMY MeCTy OJIMzKe K HaTaTy
tabsuibl. Eciim o6HOBIsATH Tabsmiry ¢ momorbio «fake updatess (some  column
= some_ column) ¢ TOCJIETHEl CTPAHUILI, B KAKOH-TO MOMEHT BCE 3AINCH C
[OCJIeTHEN CTPAHUIIBI ITEPEIyT B CBOOOIHOE MECTO B IIPEIIIIECTBYIONINX CTPa-
Hunax tadaunel. TakuM 00paszoM, mocje HECKOJIBKIX TaKUX OIepaIuii, mocse-
HUE CTPAHUIBI OKAXKyTCs IMyCTBIMU U OObIYHBIN He Osiokupytommmit VACUUM
CMOZKET 0Tpe3aTh MX OT TaDJIUIIbI, TEM CaAMbIM yMEHBIINUB pa3mep. B urore, ¢
ITOMOTIIHIO TAKOW TEXHUKHU MOYKHO MAKCUMAJILHO CXKATbh TaOJIMILY, IIPU 3TOM He
BBI3bIBas KPUTUYHBIX OJIOKUPOBOK, & 3HAYUT 0O€3 IMOMeX JIJIst JIPYTUX CeCCUil u
HOpMaJIbHOI paboThl 6a3bl. [y aBTOMaTH3AIUT STOM MIPOIE/LyPhI CYIIECTBYET
yTWIATa pgeompactor.

OcHoBHBIE XapaKTEPUCTUKU YTUIUTHI:

e He TpedyeT HMKAKUX 3aBucuUMoOcTeil kpome Perl >=5.8.8, MoxHO 11pocTo
CKONMPOBaTh pgcompactor Ha cepBep u paboTaTh ¢ HUM;

e paboraer uepes ajanrepbl DBD::Pg, DBD::PgPP uiu jaxe 4depe3 craH-
JIAPTHYIO YTUJIUTY PSql, ecim mepBBIX JBYX Ha CepBepe HET;

e 00paboTKa KaK OTJEJTbHBIX TAOJIUIl, TaAK U BCEX TAOJUI[ BHYTPHU CXEMBbI,
0a3bl NI BCEIO KJacTepa;

® BO3MOXKHOCTb UCKJIIOUEHUs 0a3, CXeM WJIM Tab/IuIl U3 00paboTKY;
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Line 1

Line 1

10.6. Pg_repack

anau3 3ddekra pazjayBanusd U 00padOTKa TOJIHKO TeX TaOJUIl, Y KO-
TOPBIX OH MPUCYTCTBYET, Jijisi 00OJIee TOYHBIX PACUCTOB PEKOMEHTYETCs
YCTAHOBHUTDL paciupenue pgstattuple;

e AHAJIM3 U IIEPEeCTPOEHNEe UHIEKCOB ¢ 9 (PeKTOM pas/lyBaHusd;
e aHa/IU3 ¥ IIE€PEeCTPOEHNe YHUKAJIbHBIX OrpaHndeHuil (unique constraints)

U IepBUYHBIX KJouell (primary keys) ¢ adpdexkrom pasysanus;
MHKPEMEHTAIHHOE UCIIOIb30BAHUE, T. €. MOYKHO OCTAHOBHUTH IIPOTIECC C2Ka-
s 6e3 yuepba uemy-aubo;

JITHAMUYECKas MOJICTPONKA, 1TOJI TEKYIIYIO HAIPY3KY 0a3bl JaHHBIX, 9TO-
Obl HE BJIMATH HA MPOU3BOJIUTETHHOCTD MOJIB30BATELCKUX 3aIPOCOB (C
BO3MOKHOCTBIO PErYJIMPOBKY IIPU 3aIYCKE);

PEKOMEHIAIK  aJIMIHICTPATOPaM, COIPOBOXK1aeMble TOTOBBIM DDL,
JJTS TIepecTpoenusi 00bEeKTOB 6a3bl, KOTOPLIE HE MOTYT OBITH IEPECTpoe-
HbI B ABTOMATUIECKOM DEYKUME;

Paccmorpum mpuMep mcnosib3oBanud JanHoil yruauTel. s nadasa co-

3/1a/IMM TaOJIHUILY:

JIncruar 10.35 Coznaem test Tabsmiry
# create table test (

);

id int4

int 1 int4,
int 2 int4,
int 3 int4,

ts 1 timestamptz,
ts 2 timestamptz,
ts 3 timestamptz,
text 1 text,
text 2 text,
text 3 text

IToce sTOrO0 3amI0JHAM €€ TaHHLIMU:

JIuctrar 10.36 3amosnnsgem gaHHbIMEA test Tabmiy

# insert into test
select

17
cast (random () * 10000000 as int4),
cast (random () *10000000 as int4),
cast (random () *10000000 as int4),

)

)

)

now() - ’2 years’::interval * random() ,
now() - ’2 years’::interval * random() ,
now() - ’2 years’::interval * random() ,

repeat ('text 1 ’, cast(10 + random() * 100 as int4)),
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- repeat ('text 2 ', cast(10 + random() * 100 as int4)),
- repeat ('text 2 ', cast(10 + random() * 100 as int4))
- from generate series(1, 1000000) 1i;

W nobaBuM MHIEKCHI:

JInctunr 10.37 Mamekcor mis test

Line 1 # alter table test add primary key (id);
- ALTER TABLE

- # create unique index il on test (int_ 1, int_ 2);

5 CREATE INDEX

- # create index i2 on test (int 2);
- CREATE INDEX

10 # create index i3 on test (int_ 3, ts 1);
- CREATE INDEX

- # create index i4 on test (ts_2);
- CREATE INDEX

- # create index i5 on test (ts_ 3);
- CREATE INDEX

- # create index i6 on test (text_ 1);
20 CREATE INDEX

B pesynbrare moyunm test Tabsuity, Kak mokazano Ha 10.38:

JIncruur 10.38 Tabsmma test

Line 1 # \d test
- Table "public. test"

- Column | Type | Modifiers
L em - - e e e -
5 id | integer | not null
- int_1 | integer |
- int_2 | integer |
- int_3 | integer |
- ts 1 | timestamp with time zone |
10 ts 2 | timestamp with time zone |
- ts_ 3 | timestamp with time zone |
- text 1 | text |
- text 2 | text ]
- text_3 | text |

15 Indexes:
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- "test pkey" PRIMARY KEY, btree (id)
- "il" UNIQUE, btree (int 1, int 2)

- "i2" btree (int_ 2)

- "i3" btree (int_ 3, ts 1)
20 "i4" btree (ts_2)

- "i5" btree (ts_3)

- "i6" btree (te;t_l)

Paszmep Tabmibl u MHIEKCOB:

JIncturar 10.39 Pazmep Tabauibl 1 WHIEKCOB

Line 1 # SELECT nspname || 7.’ || relname AS "relation",
- pg size pretty(pg total relation size(C.oid)) AS "
total size"
- FROM pg class C
- LEFT JOIN pg namespace N ON (N.oid = C.relnamespace)
5 WHERE nspname NOT IN (’pg catalog’, ’information schema’)

- AND nspname !~ ’“pg toast’
- ORDER BY pg total relation size(C.oid) DESC
- LIMIT 20;
- relation | total size
10 ------------"--"---- R
- public. test | 1705 MB
- public.i6 | 242 MB
- public.i3 | 30 MB
- public.il | 21 MB
15 public.i2 | 21 MB
- public.i4 | 21 MB
- public.i5 | 21 MB
- public.test pkey | 21 MB
- (8 rows)

Teneps mapaiiTe cozmaaum paciryxanue tabaunbl. st sroro yaamum 95%
3alliceil B He:

JIucrunr 10.40 Yaangem 95% sammceit

Line 1 # DELETE FROM test WHERE random () < 0.95;
- DELETE 950150

Hasee cnenaem VACUUM m mpoBepuM pa3Mep 3aHOBO:

JIuctuar 10.41 Pazmep Tabawibl 1 WHIEKCOB

Line 1 # VACUUM;
- VACUUM
- # SELECT nspname || ’.7 || relname AS "relation",
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pg size pretty(pg total relation size(C.oid)) AS "
total size"
FROM pg class C
LEFT JOIN pg namespace N ON (N.oid = C.relnamespace)
WHERE nspname NOT IN (’pg catalog’, ’information schema’)

AND nspname !~ ’“pg toast’
ORDER BY pg total relation size(C.oid) DESC
LIMIT 20;

relation | total size
__________________ +____________
public. test | 1705 MB
public.i6 | 242 MB
public.i3 | 30 MB
public.il | 21 MB
public.i2 | 21 MB
public . i4 | 21 MB
public.i5 | 21 MB
public.test pkey | 21 MB
(8 rows)

Kak BugHo m3 pesyibrara, padMep He u3MeHUJIcH. lenepb mnompobdyem
ybparh depe3 pgcompact paciyxanue TabIMIbl ¥ UHIEKCOB (JJIsl 9TOro J0-
HOJIHUTETHHO J100aBUM B 6a3y JaHHBIX paciiupenue pgstattuple):

JIncruar 10.42 3amyck pgcompact

4 CREATE EXTENSION pgstattuple;
# \d

$ git clone https://github.com/grayhemp/pgtoolkit.git

$ cd pgtoolkit

$ time ./bin/pgcompact -v info -d analytics prod --reindex
2>&1 | tee pgcompact.output

Sun Oct 30 11:01:18 2016 INFO Database connection method:
psql.

Sun Oct 30 11:01:18 2016 dev INFO Created environment.

Sun Oct 30 11:01:18 2016 dev INFO Statictics calculation
method: pgstattuple.

Sun Oct 30 11:02:03 2016 dev, public.test INFO Vacuum
initial: 169689 pages left , duration 45.129 seconds.

Sun Oct 30 11:02:13 2016 dev, public.test INFO Bloat
statistics with pgstattuple: duration 9.764 seconds.

Sun Oct 30 11:02:13 2016 dev, public.test NOTICE Statistics:
169689 pages (218233 pages including toasts and indexes)
, approximately 94.62% (160557 pages) can be compacted
reducing the size by 1254 MB.

Sun Oct 30 11:02:13 2016 dev, public.test INFO Update by

column: id.
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Sun Oct 30 11:02:13 2016 dev, public.test INFO Set pages/
round: 10.

Sun Oct 30 11:02:13 2016 dev, public.test INFO Set pages/
vacuum: 3394.

Sun Oct 30 11:04:56 2016 dev, public.test INFO Progress: 0%,
260 pages completed.

Sun Oct 30 11:05:45 2016 dev, public.test INFO Cleaning in
average: 85.8 pages/second (0.117 seconds per 10 pages).

Sun Oct 30 11:05:48 2016 dev, public.test INFO Vacuum
routine: 166285 pages left , duration 2.705 seconds.

Sun Oct 30 11:05:48 2016 dev, public.test INFO Set pages/
vacuum: 3326.

Sun Oct 30 11:05:57 2016 dev, public.test INFO Progress: 2%,
4304 pages completed.

Sun Oct 30 11:06:19 2016 dev, public.test INFO Cleaning in
average: 841.6 pages/second (0.012 seconds per 10 pages).

Sun Oct 30 11:06:23 2016 dev, public.test INFO Vacuum
routine: 162942 pages left , duration 4.264 seconds.

Sun Oct 30 11:06:23 2016 dev, public.test INFO Set pages/
vacuum: 3260.

Sun Oct 30 11:06:49 2016 dev, public.test INFO Cleaning in
average: 818.1 pages/second (0.012 seconds per 10 pages).

Sun Oct 30 11:06:49 2016 dev, public.test INFO Vacuum
routine: 159681 pages left , duration 0.325 seconds.

Sun Oct 30 11:06:49 2016 dev, public.test INFO Set pages/
vacuum: 3194.

Sun Oct 30 11:06:57 2016 dev, public.test INFO Progress: 6%,
10958 pages completed.

Sun Oct 30 11:07:23 2016 dev, public.test INFO Cleaning in
average: 694.8 pages/second (0.014 seconds per 10 pages).

Sun Oct 30 11:07:24 2016 dev, public.test INFO Vacuum
routine: 156478 pages left , duration 1.362 seconds.

Sun Oct 30 11:07:24 2016 dev, public.test INFO Set pages/
vacuum: 3130.

Sun Oct 30 11:49:02 2016 dev NOTICE Processing complete.

Sun Oct 30 11:49:02 2016 dev NOTICE Processing results: size
reduced by 1256 MB (1256 MB including toasts and indexes
) in total.

Sun Oct 30 11:49:02 2016 NOTICE Processing complete: 0
retries from 10.

Sun Oct 30 11:49:02 2016 NOTICE Processing results: size
reduced by 1256 MB (1256 MB including toasts and indexes)
in total, 1256 MB (1256 MB) dev.

Sun Oct 30 11:49:02 2016 dev INFO Dropped environment .

real 47m44.831s
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user 0m37.692s
Sys 0ml16.336s

[Toce ganHoit poIeIyphl TPOBEPUM pa3Mep TaOJIUIbI U HHCKCOB B Oa3e:

JIucturar 10.43 Pazmep TabIHIbl 1 WHIEKCOB

# VACUUM;

- VACUUM

ot

10

# SELECT nspname || ’.’7 || relname AS "relation",
pg size pretty(pg total relation size(C.oid)) AS "
total size"
FROM pg class C
LEFT JOIN pg namespace N ON (N.oid = C.relnamespace)
WHERE nspname NOT IN (’pg catalog’, ’information schema’)

AND nspname !~ ’“pg toast’
ORDER BY pg total relation size(C.oid) DESC
LIMIT 20;

relation | total size
__________________ +____________
public. test | 449 MB
public.i6 | 12 MB
public.i3 | 1544 kB
public.il | 1112 kB
public.i2 | 1112 kB
public.test pkey | 1112 kB
public.i4 | 1112 kB
public.ib | 1112 kB
(8 rows)

Kaxk BuHO, B pesysbraTe pasmep Tadbsuibl cokparumics 10 449 MB (6bu10
1705 MB). Unmexcol Toxke crasim Menbiie (Hampumep, i6 6611 242 MB, a cras
12 MB). Onepanus 3ansiia 47 MmunyT u obpabareiBaia B cpeaaem 600 cTpaHuil
B cekyny (4.69 MB B cexyny). MoxKHO yCKOPUTDH BBIOJIHEHUE STOMH Olepa-
un gepes --delay-ratio mapamerp (3a/ep:KKa MeXKJLy payHJIaMU BbITIOJIHEHUS,
[0 YMOJYAHUIO 2 CEKYHIbI) U --max-pages-per-round mapaMeTp (KOJHIecTBO
crpanuIl, 9To Gyger obpaboraHo 3a oxuH payHi, 1o ymosdanuio 10). Bosee
o/IpobHO IO MTapamMerpaM pgcompact MOYKHO O3HAKOMUTBCS Uepe3 KOMaHTy
pgcompact --man.

3akJro4eHmne

Pg repack m pgcompact — yTUInTbl, KOTOpbIe MOTYT TIOMOYbL B 60pbhOe ¢
pacmyxanuem Tabsui B PostgreSQL «na jtety».
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10.7 Pg_prewarm

Mogynb pg prewarm obecrieduBaeT YIO0OHBIH CIIOCOO 3arpy3KH JAHHBIX
06bekTOB (TabuImIl, MHIEKCOB, mpovero) B Oydepubiii kam PostgreSQL wim
orepanoHHOil cuctembl. JlaHHbIN MOMy/b j00aBjieH B contrib Haumbnas c
PostgreSQL 9.4.

YeraHoBKA U UCIIOJIH30BAHUE

g Havasa Hy?KHO YCTAHOBUTH MOJLYJIb:

Ckavarp JIucTuHr

$ CREATE EXTENSION pg prewarm;

[Toce ycranoBKM jocTymHA (DYHKIHS pg  prewarm:

Ckauars JlucTuHr

$ SELECT pg prewarm( ’pgbench accounts’);
pg_prewarm

(1 row)

[TepBorit aprymeHT — 00BEKT, KOTOPBII TpeOyeTcs MpeiBapUTE/IbHO 3arpy-
JKaTh B NaMATh. BTOPOIl apryMeHT — «PeKUM» 3arpy3KHU B MAMATb, KOTOPDIil
MOXKET CO/IepKaTh TaKnue BapUaHThI:

e prefetch — urenne daityia IPOM CHCTEMBI B ACHHXPOHHOM peKuMe (B
boHOBOM pezkuMe). DTO MO3BOJIAET MOJOKUTH COJIepKUMOe (ailia B K-
me sapa cucrembl. Ho 3ToT pexkum padoTtaer He Ha BeexX miardopMax;

e rcad — pe3ysbrar MOX0XK Ha prefetch, HO JieTaeTCss CHHXPOHHO (& 3HAYUT
me ienHee). Paboraer Ha Beex miardopMmax;

e buffer — B 3TOM pexxume jaHHble OyayT rpy3uTbcss B PostgreSQL
shared buffers. 9ToT pexKuM HUCIIOIB3YETCS O YMOJTIAHIIO;

Tpernit apryment HazsiBaercst «forks. O Hem He HyKHO OecrioKOnTHCsT. Bo3-
MOXKHbIE 3HAUEHHUs: «mainy (MCIOJIb3yeTcsl 0 yMOJTIaHuio), «fsmy, «vmy.

YerBepTolil U NATHIA apryMEHTHl YKA3bIBAIOT JUAITA30H CTPAHMUIL JJI 3a-
rpy3Ku jaHHbiX. [lo ymMorganuio 3arpykaercs BeCh 0OObEeKT B AMATh, HO MOYK-
HO PEeluTh, HAIIpUMeEP, 3arpy3uTh TOJAbKO rocaeaaue 1000 crpanunr;:

Ckauars JlucTuur

$ SELECT pg prewarm (
"pgbench accounts’,
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first block := (
SELECT pg relation size(’pgbench accounts’) /
current setting(’block size’)::int4 - 1000
)
) ;

3aKJro4eHmne

Pg prewarm — pacmmpenne, KOTOpoe IMO3BOJISET MIPEIBAPUTEHHO 3arpy-
3uTh («10JI0rpeThy ) januble B OydepHoii ko PostgreSQL win onepalonHoii
CHCTEMBI.

10.8  Smlar

[Tonck moxoxkecTu B OOIBIIIX Da3ax JAHHBIX SBJISIETCS BaXKHBIM BOIIPOCOM
B HACTOSIIIEe BPEMS JIJIsl TAKUX CUCTEM Kak 6J1oru ([IOX0XKKe CTaThU ), HHTEePHET-
MarasuHbl (IOXOXKHUe MPOYKTHI), XOCTUHT n300parkeHuil (moxoxkue n3obparke-
HUs, TIOUCK JIyO/iMKaToB m300pazkenwuii) u 1. 1. PostgreSQL nmossosisier cenarnb
Takoii mouck OoJiee jgerkum. [Ipek e Bcero HeoOX0IMMO IMOHATH, KaK MbI Oy/1eM
BBIUNC/ISITH CXOJICTBO JIBYX OOBEKTOB.

[ToxoxkecTn

JI1000it 00bEKT MOXKeT ObIThH OIKMCaH KaK CIUCOK XapakTepuctuk. Hampu-
Mep, CcTaThsd B OJiore MOXKeT ObITh ONUCAHA TeramMu, MPOJAYKT B HHTEPHET-
MarasmHe MOXKeT OBbITh OIUCAH Pa3MepPOM, BECOM, IIBETOM U T. JI. DTO O3HATAET,
YTO [T KaXKJ0ro 00beKTa MOYKHO CO3/IaTh MIMPOBYIO MOJINACH — MACCUB IH-
CeJl, OIHUCHIBAIONINX OOBEKT (OTIeUaTKn Masibies, n-grams). 1o ecTh HyZKHO
COBJIATH MACCUB U3 UMD I OMUCAHUS KaXKJI0ro 00beKTa.

Pacuer noxozkecTn

EcTb HECKOJBKO METOJIOB BBIYHC/ICHUS ITOXOXKECTH CUTHATYDP OOBEKTOB.
[Ipexk e Bcero, Jjierenia Jijisd pacueToB:

[} Nm Nb — KOJIN9E€CTBO YHUKAJIbHBIX 3JIEMEHTOB B MaCCHUBaX;
L] Nu — KOJIMYECTBO YHUKaJIbHBIX 9JIEMCHTOB IIpU O6”be,ZLI/IHeHI/II/I MaCCHUBOB;
[J Nz — KOJIMYECTBO YHUKAJIbHBIX 3JIEMEHTOB IIpU IlIepeCcedYeH MaCCHUBOB.

O‘ILI/IH n3 HpOCTefIHlHX PacdeTOB IIOXO2KECTU JIBYX 0OBEKTOB - KOJIMYECTBO
YHUKaJIBHBIX 3JIEMEHTOB IIPpU II€pEeCCYCHUN MaCCHUBOB AE/JIUTH Ha KOJIUYIECTBO
YHUKaJIbHBIX 9JIEMEHTOB B JIBYX MaCCHUBaX:

N;

SAB) = W)

(10.1)
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nJIA 1IPOIIe

N,
S(A,B) = 10.2
(A4.B)= 5 (10.2)
[IpenmyrmecTna:
e Jlerko mousTh;
e Cxkopoctsb pacuera: N * log N;
e Xoporiio paboraer Ha 1moxokux u 60bmux N, u Ny;
Taxzke MOX0KeCTb MOXKHO PacCIUTATH 110 (DOPMYJIE KOCUHYCOB:
N;
S(A,B) = (10.3)

VNa * Nb

[IpenmymmecTsa:

e Cxkopoctsb pacuera: N * log N;
e Ommano paboraer Ha OGosbmux N;

Ho y oboux 3Tux mMeTo/10B €CcTh 00Iue mpodIeMbl:

e Ecm syteMeHTOB MaJjio, TO pa3bpoc MOXOXKECTH HEBEJINK;

e [tobajibHas CTATUCTHKA: YACTHIE JIEMEHTHI BEJIyT K TOMY, 9TO BEC HUKE;

e Cramepbl 1 HeIOOPOCOBECTHBIE TIOJIH30BATEN MOTYT PA3PYIIUTH PAbOTy
aJITOPUTMa U OH IepecTaHeT padoraTh Ha Bac;

s n3bexkanust 3TuX mpobiieM MOXKHO Bocrosib3oBarbes T'F/IDE verpu-
KOTi:

D i< Naj<Nop,Ai=B; L Fi % T'F}

S(A,B) = . k (10.4)
Vian, TF? % Xjcn, TF;
rae HHBepTHpOBaHHbeI BeC dJjiIeMeHTa B KOJIJICKIMN:
No jects

[DFelement = log ( bject + 1) (105)

Nobjects with element

1 BeC JJIEMEHTA B MaCCUBE:

TFelement = IDFelement * Noccurrences (106)

Bce stm anropur™Mbl BeTpoeHbl B smlar pacimupenue. [J1aBHOe TTOHUMATD,
aro st TEF/IDF merpuku tpebyercsi BecriomoraTebHas TabJuma Jjisi XpaHe-
HUsI JAHHBIX, [0 CPABHEHUIO C JIPYTUMU IIPOCTHIMA METPUKAMHU.
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Smlar

Ouer Baprynos u Teomop Curaes paszpabortasm PostgreSQL pacmupenue
smlar, KoTopoe mpeocTaBIsgeT HECKOJIBKO METOIOB JJIs pacdeTa MOXOXKeCTH
MacCHBOB (BCe BCTPOEHHBIE THUIIbI JAHHBIX MOJJIEPKUBAIOTCS) U ONEPATOD JIJIst
pacdeTa MOX0XKecTH ¢ noiepxKKoit nnjgekca Ha 6asze GIST u GIN. /s nagasa

YCTaHOBUM 9TO pacClIUpeEHUue:

JInctuur 10.44 Ycranoska smlar

$ git clone git://sigaev.ru/smlar

$ cd smlar

$ USE PGXS=1 make && make install

Tenepb mpoBepuM paciiupeHue:

JIucturar 10.45 IIposepka smlar

$ psql
psql (9.5.1)
Type "help" for help.

test=# CREATE EXTENSION smlar
CREATE EXTENSION

test=# SELECT smlar(’{1,4,6} ::

smlar

0.666667
(1 row)

test=# SELECT smlar(’{1,4,6} ::

/ sqrt(N.a * N.b)’ );
smlar

0.666667
(1 row)

)

int[], "{5,4,6} ::int[]);

int[], {5,4,6} ::int[], 'N.i

MeTO,ILbI, KOTOpPbIE ITPEAOCTABJIACT 3TO PaCIIPEHUE:

e floatd smlar(anyarray, anyarray)

— BBIYUCJIAET IIOXO2KECTh ABYX MacCCH-

BOB. MaccuBbl J0/I2KHBI OBITH OJHOTO THIIA;

e floatd smlar(anyarray, anyarray,

bool uselntersect) — BBIYUCIAET IIOXO-

2KeCTb JIBYX MaCCHUBOB COCTaBHBIX TUIIOB. CocraBHOl THII BBITJIAAUT CJIe-

JIYIOIIIM 00Pa3oM:

JInctuar 10.46 CocTaBHOIT THII
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Line 1

Line 1

Line

1

CREATE TYPE type name AS (element name anytype,
weight name float4);

uselntersect mapamerp JjIs UCIOJIb30BAHUSI TIEPECEKAIONINXCS IJIEMEHTOB
B 3HAMEHATEJIE;

float4 smlar( anyarray a, anyarray b, text formula ) — BbIMHCISET MTOXO-
JKECTh JIBYX MACCHBOB 10 JIAHHO (popMYyJie, MACCUBBI JIOJIZKHBI OBITH TOTO
ke Tura. octynnble nepeMennbie B (hopmyJie:

— N.i — KoMuecTBO OOIIUX 3JEMEHTOB 000MX MACCHBOB (Ilepecede-

HIE);
— N.a — KOJIM4ecTBO YHHKAJILHBIX 3JIEMEHTOB IIEPBOTO MaCCUBA;
— N.b — ko/Im1ecTBO yHUKAJbHBIX 9JIEMEHTOB BTOPOI'O MaCCHUBA;

anyarray % anyarray — BO3Bpallla€T WCTHUHY, €CJIA ITOXOYKECThb MacCH-
BOB 00JIbINIe, YeM YKa3aHHBIN 1pejiest. [Ipejiesr yka3biBaeTcd B KoHdure
PostgreSQL:

JIuctunr 10.47 Smlar npemen

custom variable classes = ’smlar’
smlar.threshold = 0.8 # npemen or 0 g0 1

TaK)Ke B KOHCbI/IFe MO2>KHO yKaBa.Tb JOIIOJITHUTEJIbHBIC HaCTpOfIKI/I JJIA
smlar:

JIuctunr 10.48 Smlar HacTpoitku

custom variable classes = ’smlar’

smlar.threshold = 0.8 # upemen or 0 mo 1

smlar.type = ’cosine’ # mo kaxoit dopmysie TPOU3BOIUTH PACIET
nmoxoxkectu: cosine , tfidf , overlap

smlar.stattable = ’'stat’ # Vma Tabaumbl 11 XpaHEeHUs
cratuctuku 1pu pabore 1o dopmyse tfidf

Bosee monpobro moxkuo pountats B README sToro pacmmpenusi.

GiST u GIN unzgexcsl mojiep:KuBaoTcs Jijis oreparopa %.

[Tpumep: mouck JyOJIMKaTOB KApPTUHOK

Paccmorpum mipocToiit ipuMep moucka JyOJIMKATOB KAPTUHOK. AJITOPUTM
[IOMOTAET HAWTU TOXOYKMEe MU300paxKeHusd, KOTOphIe, HAIIPUMED, He3HATUTE b
HO oTimyaioTcs (n306parkenne 06eCIBETUIIN, TOOABUIIN BOJISTHbIE 3HAKHU, PO~
nycrusin depe3 busibrpsbl). Ho, MOCKOJIbKY TOYHOCTH MaJja, TO y aJropuTMa
€CTh W IO3UTHUBHASA CTOPOHA — CKOPOCTb paboThl. Kak MOXKHO OIpPEIeInuTh,
YTO KAPTUHKHU 1MOoX0KU! CaMmblit TPOCTON MeTO/ — CPABHUBATDH IOMUKCETIHLHO
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nBa n3obpaxkenusi. Ho ckopocThb Takoit paboThl Oyjer HeBenKa Ha OOJIBITNX
paspernienusx. Tem 6ojiee, Takoit METON HE YIUTHIBACT, UTO MOIVIH U3MEHSTD
YPOBEHb CBeTa, HACBIIEHHOCTh U IIPOUNe XapaKTepucTukn n3obpazkennst. Ham
HY?KHO CO3/IaTh CUTHATYDPY /I KADTUHOK B BUJIE MaccuBa 1udp:

Puc. 10.1: Ilukcenpuas maTpuiia

CosaeM THKCEJIbHYIO MATPHUILy K HW300payKeHWIo (M3MEHEHUsI pa3Mepa
n306pazkeHns K TpebyeMoMy pa3Mepy MUKCeJIbHOI MaTpuIie), HalpuMep
15X15 mukcesneii(Puc. 10.1);

PaccanraeM MHTEHCHBHOCTD KaXKJOTO MHUKCENsT (HHTEHCHBHOCTH BBIUHC-
ngercs o opmyite 0.299 x kpachbrit + 0.587 * 3esenbrit + 0.114 * cunmit).
MHaTeHcuBHOCTD IIOMOXKET HaM HaXOJUTh IHOXOXKKe M300parkeHns, He 00-
palasi BHUMaHUE Ha UCIO/Ib3yeMble IBeTa B HUX;

V3HaeM OTHOIIEHHE WHTEHCUBHOCTU KaXKJIOr0 ITUKCE/Is K CpeTHeMY 3Ha-
YEHNIO HHTEHCUBHOCTH 110 Beeit marpure(Puc. 10.2);

[enepupyem yHUKAIBHOE YUCIIO JIJIs KAXK 101 sueiiku (OTHOIIEHne WHTEH-
CUBHOCTHU + KOOD/IMHATBI STIEHKN);

Curnarypa Jijisi KADTUHKN TOTOBA;

Coszmaem Tabsuily, rjae OyjgeM XpaHUTb UMsi KAPTUHKH, IIyTh K Heifl n eé
CUTHATYDY:

214



10.8. Smlar

Puc. 10.2: IlukcenbHas MaTpuiia

JIuctunar 10.49 Tabauma 11t n300parkeHui

Line | CREATE TABLE images (
- id serial PRIMARY KEY,
- name varchar (50),
- img path varchar(250),
5 image array integer []

- )
CosmamauMm GIN mwm GIST unnekc:

JIucruar 10.50 Coznanne GIN unn GIST unaekca

Line | CREATE INDEX image array gin ON images USING GIN(image array
_int4 _sml_ ops);
- CREATE INDEX image array gist ON images USING GIST(

image array _int4 sml ops);

Tenepb MO2KHO IIPOU3BECTHU ITOUCK ,ZI;Y6J'II/IKELTOBZ

Jluctunr 10.51 Touck mybsmkaToB

Line 1 test=# SELECT count (*) from images;
- count

- 1000000
5 (1 row)

- test=# EXPLAIN ANALYZE SELECT count (*) FROM images WHERE

images .image array % ’
{1010259,1011253,...,2423253,2424252} " :: int [|;
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Line 1

ot

10

10.8. Smlar

Bitmap Heap Scan on images (cost—=286.64..3969.45 rows=986
width=4) (actual time=504.312..2047.533 rows=200000 loops
~1)

Recheck Cond: (image array %
{1010259,1011253,...,2423253,2424252} " ::integer [])
-> Bitmap Index Scan on image array gist (cost
=0.00..286.39 rows=986 width=0) (actual time
=446.109..446.109 rows=200000 loops=1)
Index Cond: (image array % °’
{1010259,1011253,...,2423253,2424252} " :: integer [])
Total runtime: 2152.411 ms
(5 rows)

Y

rye '{1010259,...,2424252} :: int [| — curnartypa n3o0parkeHus, Jjisi KOTOPOil
nblTaeMcsl HaiiTu moxoxkue n3obpaxkerusi. C momorbio smlar.threshold ympas-
ageM % IIOXOXKeCTH KApTHHOK (IPU KAaKOM IIPOIeHTe OHU OyiyT MONaIaTh B
BBIOODKY ).

JlomoTHUTE TEHO MOZKeM JTI00aBUTh COPTUPOBKY II0 CAMBIM IOXOXKNM H300-
PasKeHHAM:

JImcrunr 10.52 JlobaBisgeM COPTUPOBKY IO CXOJICTBY KapPTHUHOK

test=# EXPLAIN ANALYZE SELECT smlar (images.image array, '
{1010259,...,2424252} " ::int |]) as similarity FROM images
WHERE images.image array % '{1010259,1011253,
...,2423253,2424252} " :: int || ORDER BY similarity DESC;

Sort (cost=4020.94..4023.41 rows—986 width—=924) (actual
time =2888.472..2901.977 rows=200000 loops=1)
Sort Key: (smlar(image array, '{...,2424252} ::integer [])
)
Sort Method: quicksort Memory: 15520kB
-> Bitmap Heap Scan on images (cost=286.64..3971.91
rows=986 width=924) (actual time=474.436..2729.638 rows
=200000 loops=1)

Recheck Cond: (image array % ’{...,2424252} " ::
integer [])

-> Bitmap Index Scan on image array gist (cost
=0.00..286.39 rows=986 width=0) (actual time
=421.140..421.140 rows=200000 loops=1)

Index Cond: (image array % '{...,2424252} ::
integer [])
Total runtime: 2912.207 ms
(8 rows)
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10.9. Multicorn

3akJIoueHme

Smlar pacmupenne MoKeT ObITh HCIIOJIb30BAHO B CHCTEMAaX, T/Ie HaM HY?KHO
HICKaTh IOX0XKHEe 00bEKThI, TaKle KaK: TeKCThI, TeMbI, OJIOTH, TOBapbI, n300pa-
JKEHUsl, BIJIEO, OTIEYATKH ITaJIbIeB U IIpovee.

10.9 Multicorn

Multicorn — pacrmupenne s PostgreSQL Bepcun 9.1 nym BbIIe, KoTopoe
no3BoJiseT cozasarh cobcreenubie FDW (Foreign Data Wrapper), ucriosibsyst
a3bIK TTporpaMmmupoBanusg Python. Foreign Data Wrapper mnoszsossior moj-
KJIFOUUTHCSI K JIDYTUM MCTOYHUKAM JIAHHBIX (jpyras 6asa, daiiioBas cucrema,
REST API, npouee) B PostgreSQL u 6bu1n npescrasienst ¢ Bepeun 9.1.

[Tpumep

Yeranoska Oyier mposojinThed Ha Ubuntu Linux. /Iig mayaia Hy»KHO ycTa-
HOBUTH TpeOyeMble 3aBUCUMOCTH:

JIuctuar 10.53 Multicorn
$ sudo aptitude install build-essential postgresql -server -

dev-9.3 python-dev python-setuptools

CiieiytornumM 1mraroM yCTaHOBUM PacCIIipeHue:

JIuctunr 10.54 Multicorn

$ git clone git@Qgithub.com:Kozea/Multicorn. git
$ cd Multicorn
$

make && sudo make install

Jln1g 3aBeplilieHrs YCTAHOBKY aKTUBUPYEM pacIIMpeHue g 0a3bl JaHHbIX:

JIuctunar 10.55 Multicorn

# CREATE EXTENSION multicorn;
CREATE EXTENSION

Paccmorpum kakue FDW moxker npepocrasuts Multicorn.

Pensunonnas CYB/]

s nmopkmovyenunst K jpyroit pensiimorroit CYBJ Multicorn ucmosbzy-
er SQLAlchemy 6ubmmoreky. lannas oubamoreka mojmepxuBaer SQLite,
PostgreSQL, MySQL, Oracle, MS-SQL, Firebird, Sybase, u npyrue 6a3nr jan-
ubix. Jla npumepa nacrpoum mnojkiodenue K MySQL. /s nadana nam 1o-
Tpebyercs YCTAHOBUTH 3aBUCUMOCTH:
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JIncturar 10.56 Multicorn
Line 1 $ sudo aptitude install python-sqlalchemy python-mysqldb

B MySQL 6a3ze mannbix «testing» y nac ectb Tabsuia «companiess:

JInctuur 10.57 Multicorn
Line 1 $ mysql -u root -p testing

- mysql> SELECT * FROM companies;

1 | 2013-07-16 14:06:09 | 2013-07-16 14:06:09 |
2 | 2013-07-16 14:30:00 | 2013-07-16 14:30:00 |
3 | 2013-07-16 14:33:41 | 2013-07-16 14:33:41 |
4 | 2013-07-16 14:38:42 | 2013-07-16 14:38:42 |
5 ] 2013-07-19 14:38:29 | 2013-07-19 14:38:29 |

- 5 rows in set (0.00 sec)

B PostgreSQL wmbr o/mkHBL co3maTh cepBep ayia Multicorn:

JIuctuar 10.58 Multicorn

Line 1 # CREATE SERVER alchemy srv foreign data wrapper multicorn
options (
- wrapper 'multicorn.sqlalchemyfdw .SqlAlchemyFdw’
- )
- CREATE SERVER
Tenepb MBI MOYXKEM €O3JIaTh TaOJIUILY, KOTOpPasd OYJIET COJIEPKATh JIaHHbIE
n3 MySQL tabaumbr «companiess:

JInctuur 10.59 Multicorn

Line 1 # CREATE FOREIGN TABLE mysql companies (
- id integer ,
- created at timestamp without time zone,
- updated at timestamp without time zone
5 ) server alchemy srv options (
- tablename ’'companies’,
- db_url 'mysql://root:password@127.0.0.1/ testing’
- )
- CREATE FOREIGN TABLE

OcHOBHBIE OIIINN:
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e db_url (string) — SQLAlchemy nacrpoiiku mogkmodenns K 6ase JaH-
HBIX (mpuMepsbl: mysql://<user>:<password >@<host>/<dbname>, mssql:
mssql:/ /<user>:<password >@<dsname™>). [lonpobHee MOKHO y3HATH 13
SQLAlchemy nokymenTarnmm;
e tablename (string) — uMs TaOJIUIBI B MOAK/IIOUEHHON 0a3€e JaHHBIX.

Terreps MOXKeM IIPOBEPUTH, ITO BCe pabOTaeT:

JIncturar 10.60 Multicorn
Line I # SELECT * FROM mysql companies;

id | created at ] updated at
____+ _____________________ R
- 1 | 2013-07-16 14:06:09 | 2013-07-16 14:06:09
5 2 | 2013-07-16 14:30:00 | 2013-07-16 14:30:00
3 | 2013-07-16 14:33:41 | 2013-07-16 14:33:41
4 | 2013-07-16 14:38:42 | 2013-07-16 14:38:42
5 ] 2013-07-19 14:38:29 | 2013-07-19 14:38:29
(5 rows)

IMAP cepgrep

Multicorn moxkeT ucnob30BaThCs Jjis moJtydenus mucem mo IMAP mporo-
Kouty. [l Hava a yCTaHOBUM 3aBUCHUMOCTH:

JIncruar 10.61 Multicorn
Line 1 $ sudo aptitude install python-pip
- $ sudo pip install imapclient

CrietytormumM raroM Mbl JOJIZKHBI CO3/aTh CepBep U TabJIuILy, KoTopas 0y-
ner nonksodena K IMAP cepsepy:

JImctunr 10.62 Multicorn
Line 1 # CREATE SERVER multicorn imap FOREIGN DATA WRAPPER

multicorn options ( wrapper ’multicorn.imapfdw.ImapFdw’ )

CREATE SERVER
# CREATE FOREIGN TABLE my inbox (

"Message-ID" character varying,

"From" character varying,

"Subject" character varying,

"payload" character varying,

"flags" character varying|],

"To" character varying) server multicorn imap options (
10 host ’imap.gmail.com’

ot
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port 993",
payload column ’payload’,
flags column ’flags’,
ssl "True’,
15 login ’example@gmail.com’,

password ’supersecretpassword’

)

CREATE FOREIGN TABLE

OcHOBHBIE OIITNN:

host (string) — IMAP xocr;

port (string) — IMAP nopr;

login (string) — IMAP srorumn;

password (string) — IMAP mapoJib;

payload column (string) — UM 1OJIsE, KOTOPOe OYJET COJEPXKATh TEKCT

MUCHMA;

e flags column (string) — nms mosist, Koropoe Oyer cojep:xkarb IMAP dua-
ru nucbMa (MacCus);

e ssl (boolean) — ncnonb3zoBaTh SSL 181 TOIK/TIOUEHNS;

e imap server charset (string) — xomuposka g IMAP komam. Tlo ymour-

qanuio UTFS.

Tereps MOYXKHO TOJIYIUTH TTHChMa Uepe3 Tabimily «my  inboxs:

JInctuur 10.63 Multicorn

Line 1 # SELECT flags , "Subject", payload FROM my inbox LIMIT 10;
- flags | Subject \
payload

{$MailFlagBitl ,"\\ Flagged" ,"\\Seen"} | Test email \
Test email\r +

| |

{"\\Seen"} | Test second email |
Test second email\r+

| |

(2 rows)

RSS

Multicorn mozker mcrmoab3oBaTh RSS Kak mcTowHUK JaHHBIX. 151 Hagasa
YCTAHOBHM 3aBUCHUMOCTH:
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JIncruar 10.64 Multicorn
Line 1 $ sudo aptitude install python-Ilxml

Kak u B nporuisie pa3sl, co3maem cepsep u Tabsuily i RSS pecypcea:

JInctuur 10.65 Multicorn

Line 1 7 CREATE SERVER rss srv foreign data wrapper multicorn
options (
wrapper 'multicorn.rssfdw.RssFdw’
)
- CREATE SERVER
5 # CREATE FOREIGN TABLE my rss (
"pubDate" timestamp ,
description character varying,
title character varying,
link character varying
10 ) server rss_srv options (
url "http://news.yahoo.com/rss/entertainment’
)
CREATE FOREIGN TABLE

OCHOBHBIE OTIITUN:
e url (string) — URL RSS nentsr.

Kpowme Toro, Bbl j02KHBI ObITH yBepeHbl, aT0 PostgreSQL 6a3a jgaHHBIX
ucnosibdyer UTF-8 kopupoBky (B JApyroil KOJMPOBKE BBI MOXKETE IIOJIyYUTH
ommbkn). Pesynbrar TabanIpl «my  rssy:

JInctuur 10.66 Multicorn

Line 1 # SELECT "pubDate", title , link from my rss ORDER BY "
pubDate" DESC LIMIT 10;
pubDate | title

link

2013-09-28 14:11:58 | Royal Mint coins to mark Prince
George christening | http://news.yahoo.com/royal - mint -
coins -mark-prince - george - christening -115906242. html

2013-09-28 11:47:03 | Miss Philippines wins Miss World in
Indonesia | http://news.yahoo.com/miss-philippines -
wins - miss - world -indonesia -144544381. html

2013-09-28 10:59:15 | Billionaire’s daughter in NJ court in
will dispute | http://news.yahoo.com/billionaires -
daughter -nj-court -dispute-144432331.html

ot
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- 2013-09-28 08:40:42 | Security tight at Miss World final in
Indonesia | http://news.yahoo.com/security -tight - miss
-world - final -indonesia -123714041. html
- 2013-09-28 08:17:52 | Guest lineups for the Sunday news
shows | http://news.yahoo.com/guest-lineups -
sunday - news -shows-183815643. html
- 2013-09-28 07:37:02 | Security tight at Miss World crowning
in Indonesia | http://news.yahoo.com/security -tight - miss
-world - crowning -indonesia-113634310. html
10 2013-09-27 20:49:32 | Simons stamps his natural mark on
Dior | http://news.yahoo.com/simons -stamps -
natural -mark-dior -223848528. html
- 2013-09-27 19:50:30 | Jackson jury ends deliberations until
Tuesday | http://news.yahoo.com/jackson -jury -ends -
deliberations -until -tuesday-235030969. html
- 2013-09-27 19:23:40 | Eric Clapton-owned Richter painting
to sell in NYC | http://news.yahoo.com/eric -clapton -owned
-richter -painting - sell -nyc-201447252. html
- 2013-09-27 19:14:15 | Report: Hollywood is less gay-

friendly off-screen | http://news.yahoo.com/report -
hollywood -less -gay-friendly - off -screen -231415235. html
- (10 rows)
CSV

Multicorn moxket ucnosbzoBarh CSV dailn Kak mCTOYHUK JaHHBIX. Kak u
B IIPOILIbIE Pa3bl, co3jiaeM cepBep u Tadsuiy s CSV pecypca:

JIuctuar 10.67 Multicorn

Line 1 # CREATE SERVER csv_srv foreign data wrapper multicorn
options (
- wrapper 'multicorn.csvfdw .CsvFdw’
- )
- CREATE SERVER
5 # CREATE FOREIGN TABLE csvtest (
- sort order numeric,
- common_ name character varying,
- formal name character varying,
- main_ type character varying,
10 sub_ type character varying,
- sovereignty character varying,
- capital character varying
- ) server csv_srv options (
- filename ’/var/data/countrylist.csv’,
15 skip header 17,
- delimiter 7,7);
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CREATE FOREIGN TABLE

OcHOBHBIE OIIINN:

filename (string) — moJsablit myTh K CSV daiiry;

delimiter (character) — pazmesnurens B CSV daiie (10 yMOTIaHAIO «,» );
quotechar (character) — xaBbruku B CSV daitie;

skip_header (integer) — YHCJIO CTPOK, KOTOpPble HEOOXOIUMO POIYCTUTH
(o ymosrganuio 0).

Pezysibrar Tabuns «csvtests:

JIuctuar 10.68 Multicorn
Line I # SELECT * FROM csvtest LIMIT 10;

sort order | common _name \ formal name
| main _type | sub_ type |
sovereignty | capital
__________ +_____________________+________________________________________
1 | Afghanistan | Islamic State of
Afghanistan | Independent State |
| Kabul
5 2 | Albania | Republic of Albania
| Independent State | |
| Tirana
3 | Algeria | People’s Democratic
Republic of Algeria | Independent State | |
| Algiers
4 | Andorra | Principality of Andorra

| Independent State | |
| Andorra la Vella
5 | Angola | Republic of Angola
| Independent State | |
| Luanda
6 | Antigua and Barbuda |
| Independent State | |
| Saint John’s
10 7 | Argentina | Argentine Republic
| Independent State | |
| Buenos Aires
8 | Armenia | Republic of Armenia
| Independent State | |

| Yerevan
9 | Australia | Commonwealth of Australia
| Independent State | |
| Canberra
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10 | Austria | Republic of Austria
| Independent State | |
| Vienna
(10 rows)
Hpyrue FDW

Multicorn Takxke comepxkut FDW ana LDAP u daitiosoit cucrembr. LDAP
FDW wmoxket ncmob3oBaThes s J0CTyIa K ceppepaMm o LDAP mporokosry.
FDW uta daitsioBoit cucteMbl MOXKeT OBITH UCIIOJIB30BaH JJIs JIOCTYIIAa K JIaH-
HBIM, XPaHSIIUMCS B Pa3JIMIHbIX (haitaax B dailyioBoil cucreme.

Cobersennnlit FDW

Multicorn npejiocrasisier npoctoit maTepdeiic jiig Hanucanus coOCTBEH-
ueix FDW. Bosee opobnyio nrdopMaImio Bbl MOKETe HAWTHU 110 3TOIl CChLI-
Ke.

PostgreSQL 9.3+

B PostgreSQL 9.1 u 9.2 6b11a nipescrasiena peaymsarus FDW Toirbpko Ha
grenne. Haunnas ¢ Bepcun 9.3, FDW moxker nucath BO BHEITHUE UCTOUYHUKH
nanubix. Ceituac Multicorn mojiiepkuBaeT 3anmch JJaHHBIX B JPyTHe HCTOYHU-
K1, HaunHag ¢ Bepcun 1.0.0.

SaKJro4eHmne

Multicorn — pacmupenune jijisi PostgreSQL, koTopoe 1103BoJIsIeT UCII0/1b30-
BaThb BcTpoennbie FDW wmin coznaBars coberBennbie Ha Python.

10.10 Pgaudit

Pgaudit — pacmmpenune i PostgreSQL, koTopoe mosBoJisier cobuparh
COOBITHUSI M3 Pa3/IMIHBIX UCTOYHUKOB BHYTpHu PostgreSQL u 3ammcbiBaer ux B
dopmare CSV ¢ BpeMmeHHOI MeTKOil, mHpOpMaIeil o mojib3oBarese, 00beKTe,
KOTODBIH GbLIT 3aTPOHYT KOMAHIOH (ec/iM Takoe IMPOU30ILIO) U IIOJHBIM TeK-
crom koMan bl [loguepxkusaer Bce DDL, DML (Britouast SELECT) u npoune
komanibl. Jlannoe pacmmpenne paboraer B PostgreSQL 9.3 u Bbime.

[Tocsie ycranoBku paciiupenus nykHo jg006aBut B koudur PostgreSQL na-
CTPOMKU PACIIUPCHUA:

JIuctunr 10.69 Pgaudit

shared preload libraries = ’'pgaudit’
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Y

pgaudit.log = ’'read, write, user

[aiee eperpy3uTh 6a3y JaHHBIX W YCTAHOBUTH PaCIIUpEHue Jjisd Oa3bl:

JIucturar 10.70 Pgaudit
# CREATE EXTENSION pgaudit ;

[Tocse 3TOTO B JTIOTaX MOYXKHO YBHUJIETH OJOOHBIN pe3ysibTaT oT pgaudit:

JIuctuar 10.71 Pgaudit

LOG: [AUDIT]|,2014-04-30 17:13:55.202854+09,auditdb ,ianb ,

ianb , DEFINITION ,CREATE TABLE, TABLE, public .x,CREATE TABLE
public.x (a pg catalog.int4 , b pg catalog.int4 )
WITH (0ids=OFF)

LOG: |AUDIT|,2014-04-30 17:14:06.548923+409,auditdb ,ianb
ianb ,WRITE, INSERT, TABLE, public .x,INSERT INTO x VALUES
(1,1)

LOG: [AUDIT|,2014-04-30 17:14:21.221879+09,auditdb ,ianb ,
ianb ,READ,SELECT, TABLE, public .x,SELECT * FROM x;

LOG: [AUDIT]|,2014-04-30 17:15:25.620213+09,auditdb ,ianb ,
ianb ,READ,SELECT,VIEW, public.v_x,SELECT * from v_x;

LOG: [AUDIT]|,2014-04-30 17:15:25.620262+09,auditdb ,ianb ,
ianb ,READ,SELECT, TABLE, public .x,SELECT * from v_x;

LOG: |[AUDIT|,2014-04-30 17:16:00.849868+09,auditdb ,ianb ,
ianb ,WRITE, UPDATE, TABLE, public .x ,UPDATE x SET a=a-+1;

LOG: |AUDIT|,2014-04-30 17:16:18.291452+409,auditdb ,ianb
ianb ; ADMIN, VACUUM, , ,VACUUM x ;

LOG: [AUDIT|,2014-04-30 17:18:01.08291+09,auditdb ,ianb ,ianb
, DEFINITION ,CREATE FUNCTION, FUNCTION, public . func_x (),
CREATE FUNCTION public.func x() RETURNS pg catalog.int4
LANGUAGE sql VOLATILE CALLED ON NULL INPUT SECURITY
INVOKER COST 100.000000  AS $dprs $SELECT a FROM x LIMIT

1;$dprs_$

Boutee nosipobuyto nndopmariuio mpo HACTPOUKY PaCIIUPEHUsT MOXKHO Haii-
™1 B opurnmasbaom README.

10.11 Ltree

Ltree — pacmupenne, KOTOpoe TIO3BOJIAET XPAHUTH JIPEBOBUIHBIE CTPYKTY-
PBI B BUJIE METOK, & TaKzKe MPeJOCTaB/IsdeT MUPOKNEe BO3MOXKHOCTHU TTOUCKA 10
HIM.
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Line 1

10

10.11. Ltree

[Touemy Ltree?

e Peammzarnus anropurma Materialized Path (moBosbHO GbICTpa, Kak Ha
3alliCh, TAK U Ha ITEHHeE);

e Kak npaBuiio mannoe perrerne OyaeT ObicTpee, ueM ucnosib3opanne CTE
(Common Table Expressions) niu pexypcuBHoil dyHKIUE (IOCTOSHHO
Oy/IyT [epecInThIBATHCS BETBJICHNA );

e Berpoenbl MexaHU3MBI TIOUCKA TIO JIEPEBY;

o lunekcor;

YeranoBka U UCIIOJIL30BAHNE

ﬂﬂﬂ Ha4daJla aKTUBUPYEM pPacClIupeHune JIJjId 0as3bl JaHHDbIX:

JInctuur 10.72 Ltree
+# CREATE EXTENSION ltree ;

Hastee cozmaaum TabJIMIy KOMMEHTApUEeB, KOTOPbIE OYIyT XPaHUThCA Kak
JIEPEBO:

JInctuur 10.73 Ltree

CREATE TABLE comments (user id integer , description text,
path ltree);

INSERT INTO comments (user id, description , path) VALUES (
1, md5(random() :: text), ’00017);

INSERT INTO comments (user id, description , path) VALUES (
2, md5(random () :: text), '0001.0001.00017);

5, md5(random () :: text), '0001.0001.0001.0003"

INSERT INTO comments (user id, description , path
6, md5(random () :: text), '0001.0002");

INSERT INTO comments (user id, description, path) VALUES (
6, md5(random () ::text), '0001.0002.00017);

INSERT INTO comments (user id, description, path) VALUES (
6, md5(random () ::text), '0001.0003");

INSERT INTO comments (user id, description, path) VALUES (
8, md5(random () :: text), '0001.0003.00017);

INSERT INTO comments (user id, description, path) VALUES (
9, md5(random () :: text), '0001.0003.0002");

INSERT INTO comments (user id, description , path) VALUES (
11, md5(random() :: text), 0001.0003.0002.0001");

)

INSERT INTO comments (user id, description , path) VALUES (
2, md5(random () :: text), '0001.0001.0001.0001");
INSERT INTO comments (user id, description , path) VALUES (
1, md5(random() ::text), 0001.0001.0001.0002");
INSERT INTO comments (user id, description , path) VALUES (
)
) V.
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INSERT INTO comments (user id, description , path) VALUES (
2, md5(random () :: text), ’0001.0003.0002.0002");

INSERT INTO comments (user id, description , path) VALUES (
)

5, md5(random () :: text), '0001.0003.0002.0003");
15 INSERT INTO comments (user id, description, path) VALUES (
7, md5(random () :: text), 0001.0003.0002.0002.0001");
INSERT INTO comments (user id, description , path) VALUES (
20, md5(random () :: text), '0001.0003.0002.0002.0002");
INSERT INTO comments (user id, description, path) VALUES (
31, md5(random () :: text), '0001.0003.0002.0002.0003");
INSERT INTO comments (user id, description, path) VALUES (
22, md5(random () :: text), '0001.0003.0002.0002.0004 ") ;
INSERT INTO comments (user id, description, path) VALUES (
34, md5(random () :: text), ’0001.0003.0002.0002.0005 ) ;
20 INSERT INTO comments (user id, description , path) VALUES (
22, md5(random () :: text), ’0001.0003.0002.0002.0006 ") ;

He 3abniBaeMm 106aBUTH MHIEKCHI:

JInctuur 10.74 Ltree

Line I # CREATE INDEX path gist comments idx ON comments USING GIST

(path);
# CREATE INDEX path comments idx ON comments USING btree (
path);

B mannom npumepe s co3aio TabIMIYy comments C 1ojieM path, KoTopoe u
OyJIeT cojiepKaTh MOJIHBIN Iy Th K 9TOMY KOMMEHTAPHIO B JIePeBe (s UCIOJIb3YT0
4 mudpsl U TOUKY Ui JleuTesist y3Ja0B gepeBa). s Hadasa Haifimem Bce
KOMMEHTapUH, Y KOTOPBIX IIyTh HaynHaercd ¢ 0001.0003:

JIuctunar 10.75 Ltree
Line 1 # SELECT user id, path FROM comments WHERE path <@ ~’

0001.0003 "
user id | path
_________ +__________________________
6 | 0001.0003
5 8 | 0001.0003.0001
9 | 0001.0003.0002
11 | 0001.0003.0002.0001
2 | 0001.0003.0002.0002
- 5 | 0001.0003.0002.0003
10 7 | 0001.0003.0002.0002.0001
20 | 0001.0003.0002.0002.0002
31 | 0001.0003.0002.0002.0003
22 | 0001.0003.0002.0002.0004
34 | 0001.0003.0002.0002.0005
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15 22 | 0001.0003.0002.0002.0006
- (12 rows)

1 nposepuMm Kak pabOTAIOT WHJIEKCHI:

JIuctunar 10.76 Ltree
Line I # SET enable seqscan=false;
- SET
- # EXPLAIN ANALYZE SELECT user id, path FROM comments WHERE
path <@ "0001.0003";

QUERY PLAN

- Index Scan using path gist comments idx on comments (cost
=0.00..8.29 rows=2 width=38) (actual time=0.023..0.034
rows=12 loops=1)

- Index Cond: (path <@ ’0001.0003"::1tree)

- Total runtime: 0.076 ms

- (3 rows)

JlanHy10 BBIOOPKY MOXKHO CJIeJIaTh APYTUM 3aIIPOCOM:

JIuctunr 10.77 Ltree

Line 1 7 SELECT user id, path FROM comments WHERE path = ~’
0001.0003.* 7,
- user_id | path

|

| 0001.0003.0001

| 0001.0003.0002

| 0001.0003.0002.0001

| 0001.0003.0002.0002

| 0001.0003.0002.0003
10 7 ] 0001.0003.0002.0002.0001

|

|

|

|

|

- 20 0001.0003.0002.0002.0002
- 31 0001.0003.0002.0002.0003
- 22 0001.0003.0002.0002.0004
- 34 | 0001.0003.0002.0002.0005

15 22 0001.0003.0002.0002.0006
- (12 rows)

He 3abbiBaeM 11po COPTUPOBKY JepeBa:

JInctuur 10.78 Ltree
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Line 1 # INSERT INTO comments (user id, description , path) VALUES (
9, md5(random () :: text), ’0001.0003.0001.0001");
- # INSERT INTO comments (user_ id, description, path) VALUES (
9, md5(random () :: text), '0001.0003.0001.0002");
# INSERT INTO comments (user id, description , path) VALUES (
9, md5(random () :: text), '0001.0003.0001.0003");
# SELECT user id, path FROM comments WHERE path = ~’
0001.0003.* 7,
5 user id | path

|
| 0001.0003.0001
| 0001.0003.0002
| 0001.0003.0002.0001
| 0001.0003.0002.0002
| 0001.0003.0002.0003
| 0001.0003.0002.0002.0001
20 | 0001.0003.0002.0002.0002
|
|
|
|
|
|
|

15 31 0001.0003.0002.0002.0003
22 0001.0003.0002.0002.0004

- 34 0001.0003.0002.0002.0005

- 22 0001.0003.0002.0002.0006

- 9 0001.0003.0001.0001

20 9 0001.0003.0001.0002

- 9 0001.0003.0001.0003

- (15 rows)

# SELECT user id, path FROM comments WHERE path = ~’
0001.0003.* " ORDER by path;

user id | path

25 - ---=---- R
6 | 0001.0003

- 8 | 0001.0003.0001

- 9 | 0001.0003.0001.0001

- 9 | 0001.0003.0001.0002

30 9 | 0001.0003.0001.0003

- 9 | 0001.0003.0002

- 11 | 0001.0003.0002.0001
2 | 0001.0003.0002.0002

- 7 | 0001.0003.0002.0002.0001

35 20 | 0001.0003.0002.0002.0002

- 31 | 0001.0003.0002.0002.0003
22 | 0001.0003.0002.0002.0004

- 34 | 0001.0003.0002.0002.0005

- 22 | 0001.0003.0002.0002.0006

40 5 | 0001.0003.0002.0003

- (15 rows)

g momcka MOXKHO HCIOJIb30BaTh pasHbie Mojundukaropbl. [I[pumep mc-

229



10.11. Ltree

HOJIL30BAHAS <> (|):

JInctuur 10.79 Ltree

Line 1 7 SELECT user id, path FROM comments WHERE path =~ °’
0001.%{1,2}.0001|0002.*” ORDER by path;

- user_id | path
e e e e e — = - I
- 2 | 0001.0001.0001
5 2 | 0001.0001.0001.0001
- 1 ] 0001.0001.0001.0002
- 5 | 0001.0001.0001.0003
- 6 | 0001.0002.0001
- 8 | 0001.0003.0001
10 9 | 0001.0003.0001.0001
- 9 | 0001.0003.0001.0002
- 9 | 0001.0003.0001.0003
- 9 | 0001.0003.0002
- 11 | 0001.0003.0002.0001
15 2 | 0001.0003.0002.0002
- 7 | 0001.0003.0002.0002.0001
- 20 | 0001.0003.0002.0002.0002
- 31 | 0001.0003.0002.0002.0003
- 22 | 0001.0003.0002.0002.0004
20 34 | 0001.0003.0002.0002.0005
- 22 | 0001.0003.0002.0002.0006
- 5 | 0001.0003.0002.0003
- (19 rows)

Hanpumep, naiigem mpambix moTroMkoB oT 0001.0003:

JIuctunar 10.80 Ltree

Line I # SELECT user id, path FROM comments WHERE path = °’
0001.0003.*%{1}’ ORDER by path;
- user_id | path

- 8 | 0001.0003.0001
5 9 | 0001.0003.0002
- (2 rows)

MoxkHo Tak:ke HaiiTu poauTtes s moroMka «0001.0003.0002.0002.0005» :

JIuctunar 10.81 Ltree

Line I # SELECT user id, path FROM comments WHERE path = subpath(’
0001.0003.0002.0002.0005, 0, -1) ORDER by path;
- user_id | path
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Line 1

10.12. PostPic

3akJo4eHmne

Ltree — pacmupenue, KOTOpoe IO3BOJIIET XPAHUTH U YJIOOHO YIIPABJIATH

Materialized Path B PostgreSQL.

10.12 PostPic

PostPic - pacmmmpenne ayis PostgreSQL, koTopoe mo3poisier 00pabaThiBaTh
n3o0pakenus B 6a3e JaHHBIX, Kak PostGIS memaer 910 ¢ mpocTpaHCTBEHHBIMU
manabivu. OH J00aB/IsieT HOBBINM THIIA OJIS image, a TaK:Ke HECKOJbKO (DyHK-
it st 06paboTku nzobparkenuii (0Ope3Ka Kpaes, CO3JaHie MUHUATIOP, 10~
BOPOT U T. JI.) ¥ U3BJIeUEHUii ero aTrpruOyTOB (pasmep, Tuil, paspemnienue). Bosee
ITOJIPOOHO O BOBMOYKHOCTAX PACIIUPEHUS] MOXKHO O3HAKOMHUTHCS Ha, ODUIIIA b
HOIl cTpaHure.

10.13  Fuzzystrmatch

Fuzzystrmatch pacrmmupenne mpegocrapisieT HECKOJIBKO (DYHKITUIN JIJIsT OTIpe-
JeJIEHIS CXO/ICTBA U PACCTOAHUSA MeK Ty cTpokamu. PyHKIus soundex HCTIOTb-
3yeTcs JIjIsI COIVIaCOBAHUSI CXOJIHO 3BYYAIMX UMEH IIyTeM IIPeodpas3oBaHUs UX
B ojuHakoBblil Koj. Dyuknus difference npeodbpasyer jBe crpoku B soundex
KOJI, & 3aTeM COODIIMaeT KOJUIECTBO COBIAJIAIONINX MO3UINI Koma. B soundex
KOJI COCTOUT M3 YeThIPEX CUMBOJIOB, [IO9TOMY PE3Y/IbTaT OyJIeT OT HYyJIs JI0 de-
Thipex: ) — He coBnaaroT, 4 — ToYHOe coBlajieHne (TakuM 0Opa3om, hyHKIUs
Ha3BaHa HEBEPHO — KaK HA3BaHUE JIydIlle MoxoauT similarity):

JInctunr 10.82 soundex

# CREATE EXTENSION fuzzystrmatch ;

CREATE EXTENSION

# SELECT soundex(’hello world!”);
soundex

# SELECT soundex(’Anne’), soundex(’Ann’), difference(’Anne’,
"Ann’) ;
soundex | soundex | difference


http://drotiro.github.io/postpic/
https://github.com/drotiro/postpic/wiki/SQL-Functions-Guide
https://github.com/drotiro/postpic/wiki/SQL-Functions-Guide
https://www.postgresql.org/docs/current/static/fuzzystrmatch.html

10.13. Fuzzystrmatch

~A500 | A500 | 4
- (1 row)

15 # SELECT soundex(’Anne’), soundex(’Andrew’), difference(’
Anne’, ’Andrew’);

- soundex | soundex | difference
e e e e e - + _________ + ____________
~A500 | AB36 | 2
- (1 row)

- # SELECT soundex(’Anne’), soundex(’Margaret’), difference(’
Anne’, ’Margaret’);
- soundex | soundex | difference

- # CREATE TABLE s (nm text);
- CREATE TABLE
- # INSERT INTO s VALUES (’john’), (’joan’), (’wobbly’), (’
jack ")
30 INSERT 0 4
- # SELECT * FROM s WHERE soundex (nm) = soundex( ’john’);

- # SELECT * FROM s WHERE difference (s.nm, ’'john’) > 2;

QOyukius levenshtein Beraucssier paccrosinue JIeBeHrreiina MKy JIBYMsI
crpokamu. levenshtein less equal yckopsiercs dyukiuio levenshtein mirst ma-
JICHBKUX 3HAYEHUI PACCTOSHUS:

JIncruar 10.83 levenshtein
Line 1 # SELECT levenshtein ( ’'GUMBO’, 'GAMBOL’);

- levenshtein

- 2
5 (1 row)
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- # SELECT levenshtein (’'GUMBO’, 'GAMBOL’, 2, 1, 1);

- levenshtein

10 3

- (1 row)

- # SELECT levenshtein less equal(’extensive’, ’'exhaustive’,
2);

- levenshtein less equal

- (1 row)

- test=# SELECT levenshtein less equal(’extensive’, ’

exhaustive’, 4);
20 levenshtein less equal
- 4
- (1 row)

Oyukiusg metaphone, Kak u soundex, IMOCTPOEHA Ha HJiee CO3JAHUS KOJIa
JIJISE CTPOKH: JIBE CTPOKU, KOTOPBIE OY/IyT CAUTATHCS MOXOKUMH, Oy/IyT UMETh
OJIMHAKOBBIE KOJIBI. [locie iHIM TapaMeTpoM yKa3bIBAeTCAd MaKCHMAaJIbHAS JI/TH-
Ha metaphone kojta. PyHKIUs dmetaphone BBIYUC/ISAET JBa «KaK 3BYUUT» KOJIA
JJ1gd CTPOKH — <<HepBI/I“IHbHU/I>> n «aﬂbTepHaTI/IBHbIﬁ»:

JIucruar 10.84 metaphone
Line I # SELECT metaphone ( ’GUMBO’, 4);

- metaphone

5 (1 row)
- # SELECT dmetaphone(’postgresql’);
- dmetaphone

- # SELECT dmetaphone alt(’postgresql’);
- dmetaphone alt
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10.14 Pg trgm

Aprojionioniaenne — (QYHKIMST B IpOrpaMMax, IIPeIyCMaTPUBAIONINX WH-
TEePaKTUBHBII BBOJ| TEKCTA 10 JIOTIOJIHEHHWIO TEKCTa 110 BBEJIEHHON €ro JacTH.
Peamuzyercst aTo ipoctbiM LIKE ’some%’ 3ampocom B a3y, rje «somey» — TO,
YTO I10JIb30BaTE/Ib YCIIEJ BBECTH B 110Jie BBoja. [Ipobiema B ToM, 9TO B OI'poM-
HO¥ TabJinile Takoii 3arpoc OyJaeT paboTaTh OUYeHb MejjieHHo. s yckoperus
zanpoca tuna LIKE ’bla%’ MOXKHO HCIIOJIB30BaTh text pattern ops g text
nosda nim varchar pattern ops fjra varchar oJid KJjacc omepaTopoB B ompese-
JIEHUU MHJIEKCA, (JIAHHbIE THIIBI WHJEKCOB He OyyT paboTaTh /I CTaHIaPTHBIX
OIIEPATOPOB <, <=, =>, > U JJIsi paDOThI ¢ HUIMU IPUIETCS CO3ATh OOBIIHbIN
btree unzeKC).

JImcrunr 10.85 text pattern ops

Line 1 create table tags (

tag text primary key,
name text not null,
shortname text ,

#
-
#
-
# status char default ’S’,
=
-
i
N

ot

check( status in (’S’, 'R’) )

)

OTICE: CREATE TABLE / PRIMARY KEY will create implicit
index "tags pkey" for table "tags"

10 CREATE TABLE

# CREATE INDEX i tag ON tags USING btree(lower(tag)
text pattern ops);
CREATE INDEX

15 # EXPLAIN ANALYZE select * from tags where lower(tag) LIKE
lower (70146% ") ;
QUERY
PLAN

Bitmap Heap Scan on tags (cost=5.49..97.75 rows=121 width
=26) (actual time=0.025..0.025 rows=1 loops=1)
- Filter: (lower(tag) =~ ’0146%’ :: text)
20 -> Bitmap Index Scan on i tag (cost=0.00..5.46 rows=120
width=0) (actual time=0.016..0.016 rows=1 loops=1)
Index Cond: ((lower(tag) ">=" ’01467::text) AND (
lower (tag) ~<~ 0147’ ::text))
Total runtime: 0.050 ms
(5 rows)

234


https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%B4%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5

Line 1
Line 1
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10.14. Pg_ trgm

st 6ostee C/I0KHBIX BapUaHTOB IOMCKa, TaknX Kak LIKE '%some%’ wnim
LIKE ’so%me%’ Takoii uHIEKC He OyIeT padoTaTb, HO 9Ty IIPOOJIEMY MOXKHO
PEIINTH Yepe3 pPaclIiipeHie.

Pg trgm — PostgreSQL pacmupenne, Koropoe mpeaocras/sieT hbyHKINNA 1
OIIepaTOPBI JIJI ONPEJIETIeHIsT CXOKECTH aJI(paBUTHO-TIN(POBBIX CTPOK Ha OC-
HOBE TPHUI'PAMM, a TaKyKe KJACChl OIEPATOPOB HHIEKCOB, I0/I€PXKUBAIOIIIE
OBICTPBIN IOMCK CXOXKUX CTPOK. TpurpamMma — 3TO IpyIiia TPEX IOCIEI0-
BaTe/IbHBIX CHMBOJIOB, B3ITBHIX M3 CTPOKHU. MOXKHO M3MEPHUTh CXOXKECTb JIBYX
CTPOK, MOJACYUTAB THCJIO TPUIPAMM, KOTOPBIE €CTh B 00erX. DTa IPOocTast NIest
OKa3bIBAETCS OYeHb (DPEKTUBHON JIJIsT U3MEPEHNS CXOKECTU CJIOB HA MHOTHX
€CTECTBEHHBIX sI3bIKaX. MOoIy/b pg  trgm IpesocTaBiseT KJIaCcChl OIEpaTOPOB
unjiekcoB GiST u GIN, mospoJistionue co3maBaTh WHJIEKC 10 TEKCTOBBIM KOJIOH-
KaM JJIsl O9eHb OBICTPOTO MOUCKA, 110 KPUTEPUIO CXOKECTH. DTU THUITHI HHICKCOB
MOJIJIEPXKUBAIOT % U <-> OIEPATOPBI CXOXKECTH ¥ IOIMOJTHATEIBHO MTOIIePKI-
BAIOT TIOMCK Ha OCHOBe Tpurpamm jyist 3anpocoB ¢ LIKE, ILIKE, ~ u ~* (s1m
HHJIEKCHI He ITOJIJIEP?KUBAIOT IIPOCTHIE OITEPATOPHI CPABHEHUSI U PABEHCTBA, TaK
YTO MOKET MTOHAIOOUTHCS U OOBIYHBIH btree mHeKC).

JIuctunr 10.86 pg_ trgm

# CREATE TABLE test trgm (t text);

# CREATE INDEX trgm idx ON test trgm USING gist (t
gist _trgm ops);

-- or

# CREATE INDEX trgm idx ON test trgm USING gin (t
gin_trgm ops);

[Toce cozmarma GIST nim GIN mHmekca 10 KOJTOHKE t MOXKHO OCYIIECTB-
JIATH IIOMCK 110 cxoxkecTu. IIpumep 3ampoca:

JImctunr 10.87 pg_ trgm

SELECT t, similarity (t, ’word’) AS sml
FROM test trgm
WHERE t % ’'word’
ORDER BY sml DESC, t;

OH BBIJIACT BCe 3HAYEHUST B TEKCTOBON KOJIOHKE, KOTOPBIE JIOCTATOYHO CXO-
JKI CO CJIOBOM word, B TIOPSIJIKE COPTUPOBKU OT HambojIee K HAMEHee CXOKIM.
Jpyroii BapuaHT IpeblLyIIero 3anpoca (MoxKeT ObITh JOBOJIBbHO 3hdeKTUBHO
BeIIOJIHEH ¢ npuMenenneM niyekcoB GiST, a ne GIN):

JImctunr 10.88 pg_ trgm

SELECT t, t <-> ’word’ AS dist
FROM test trgm
ORDER BY dist LIMIT 10;
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Line 1

10.15. Cstore fdw

Haunnas ¢ PostgreSQL 9.1, 3Tu THIIBI MHIEKCOB TaKXKe I0JJIEPKUBAIOT
nouck c oneparopaMu LIKE u ILIKE, nanpumep:

JImctuar 10.89 pg  trgm
SELECT * FROM test trgm WHERE t LIKE '%foo%bar’;

Hauunas ¢ PostgreSQL 9.3, uHIeKChl 9TUX TUIIOB TaKKe IMOJIEPKUBAIOT
HOKCK 110 PEryJISIPHBIM BbIpaKeHusiM (orieparopbl ~ u ~¥), HampuMmep:

JImecrmar 10.90 pg  trgm
SELECT * FROM test trgm WHERE t ~ ’(foo|bar)’;

OTHOCUTETHHO MOWCKA TI0 PEryasipHOMY BhIpaskeHuio win ¢ LIKE, HyKHO
[PUHUMATDH B pAcdeT, UYTO [IPU OTCYTCTBUU TPUT'PAMM B UCKOMOM IIA0JIOHE T10-
UCK CBOJIUTCs K IOJTHOMY CKAHUPOBAHUSA WHJIEKCA. BBIOOD MEXKIY MHJICKCAME
GiST u GIN 3aBucHT OT OTHOCUTETLHBIX XaPAKTEPUCTUK TPOU3BOIUTE/THHOCTH
GiST u GIN, koTopsle 371ech He paccmarpuBatoTces. Kak npasmio, najgexe GIN
obicTpee mHjiekca GiST npu mowmcke, HO CTPOUTCH WM OOHOBJISETCS OH Me/I-
sennee; mosromy GIN syume nojaxomnut s crarudeckux, a GiST g wacro
U3MEHSAEMbIX JTAHHBIX.

10.15 Cstore fdw

Cstore fdw pacrupenne peajau3yeT MOje/Ib XpaHeHUs TaHHBIX Ha Oaze ce-
meiicrea ctosibos (column-oriented systems) st PostgreSQL (kosioHO9HOE
XpaHeHWe JaHHBIX). Takoe XpaHeHWe JaHHBIX 00eCIedHBAET 3aMETHbBIE Mpe-
uMmytecTsa st anaaurndecknx 3ajgad (OLAP, data warehouse), mockosnbky
TpebyeTcst CYMTHIBATH MEHbIE JaHHBIX ¢ Jucka (6aromaps dopmary Xpa-
HeHUs U Komipeccun). Pacmmpenne wucnosnb3yer Optimized Row Columnar
(ORC) dopmar mjis pasMeniennst JaHHBIX Ha JIUCKE, KOTOPBIA UMEET CJIe/yI0-
e MPenMyIIecTBa;

e YmenblreHue (czKaTue) pa3mMepa JaHHBIX B IAMATH U Ha JUCKe B 2-4 pasa.
MozkHo 106aBUTEH B paciiupeHue Apyroil KOJIeK JJisd CKaThs (aJropuTm
Jlemmessi-BuBa, LZ npucyrcTByeT B paciivmpeHun );

e CumThIBaHUE C JINCKA TOJBLKO TEX JJAHHBIX, KOTOpble TpedytoTcs. [loBbi-
IaeTcsi MPOU3BOUTEILHOCTE 110 1/O fucKa jjist Ipyrux 3ampocos;

e XpaHeHnne MUHUMAJIbLHOTO/MAKCUMAJILHOTO 3HAYEHUH JIjisi TPYII TOJIei
(skip index, mHjIEKC C POIyCKAMME), YTO MOMOTAeT MPOIYCTUThH HE Tpe-
OyeMble JJaHHBIE HA JUCKE IPU BBIOOPKE;
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10.15. Cstore fdw

YeraHoBka U UCIIOJIH30BAHUE

Jlst pabotsl cstore  fdw Tpebyercs protobuf-c jist cepuan3anyuu u gecepu-
ajm3anun JTanubix. laaee Tpebyercsd j100aBUThH B postgresql.conf paciupenne:

Jluctuur 10.91 Cstore fdw

Line I shared preload libraries = ’cstore fdw’

N akTuBupOBaTH €ro s O0a3bl:

JImcrunr 10.92 Cstore fdw
Line I # CREATE EXTENSION cstore fdw;

ﬂﬂﬂ 3aI'Py3KHU JIaHHbBIX B cstore Ta6JII/ILH>I CYLIECTBYET JIBa BapuaHTa:

o lcrnospzoBanue koman bl COPY 115t 3arpy3Ku Wjin J00aB/ICHUs JTAHHBIX
u3 ¢aitos maun STDIN;

e llcnonb3zoBanne koHcTpyKimu INSERT INTO cstore table SELECT ...
JIJIS 3aTPY3KHU WU J00ABJIEHUS JTAHHBIX U3 JIPYTOil Tab/IUITh;

Cstore Tabymnpl He noiepKuBatoT INSERT (Kpome BbIIIEe YIOMSAHYTOIO
INSERT INTO ... SELECT), UPDATE miau DELETE KOMaHIbI.
Jl1s1 mprMepa 3arpy3uM TeCTOBBIE JIaHHBIE:

JImcrunr 10.93 Cstore fdw

Line I $ wget http://examples.citusdata.com/customer reviews 1998.
CSV . gz

$ wget http://examples.citusdata.com/customer reviews 1999.
CSV . gz

$ gzip -d customer reviews 1998.csv.gz
5 $ gzip -d customer reviews 1999 .csv.gz

Jajtee 3arpy3uM 9TH JIaHHBIE B cstore Tabauily (pacimupenne yKe aKTHBH-
posano st PostgreSQL):

JIucruar 10.94 Cstore Tabauibt

Linel -- create server object
CREATE SERVER cstore server FOREIGN DATA WRAPPER cstore fdw;

- -- create foreign table
5 CREATE FOREIGN TABLE customer reviews

(

customer id TEXT,
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- review date DATE,
- review rating INTEGER,
10 review votes INTEGER,
- review helpful votes INTEGER,
- product id CHAR(10),
- product title TEXT,
- product sales rank BIGINT,
15 product group TEXT,
- product category TEXT,
- product subcategory TEXT,
- similar product ids CHAR(10) []
- )
20 SERVER cstore server
- OPTIONS(compression ’'pglz’);

- COPY customer reviews FROM ’/tmp/customer reviews 1998.csv’

WITH CSV;
- COPY customer reviews FROM ’/tmp/customer reviews 1999.csv’
WITH CSV;
25
- ANALYZE customer reviews;
[Tocsie 5TOro MOYXKHO MPOBEPUTH KAK PAdOTAET PACIIUPEHIE:
JImctunr 10.95 Cstore 3ampocsr
Linel -- Find all reviews a particular customer made on the Dune
series in 1998.
- # SELECT
- customer id, review date, review rating, product id,
product title
- FROM
5 customer reviews
- WHERE
- customer id =’A27TTHVDXA3K2A’ AND
- product title LIKE '%Dune%’ AND
- review date >= 1998-01-01" AND
10 review date <= 71998-12-31"7;

- customer id | review date | review rating | product id |
product title

-------------- e
- A2TTTHVDXA3K2A | 1998-04-10 | 5 | 0399128964 |

Dune (Dune Chronicles (Econo-Clad Hardcover))
. A27TTHVDXA3K2A | 1998-04-10 | 5 | 044100590X |

Dune
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15 A27TTHVDXASK2A | 1998-04-10 | 5 | 0441172717 |
Dune (Dune Chronicles, Book 1)
A2TTTHVDXA3K2A | 1998-04-10 | 5 | 0881036366 |
Dune (Dune Chronicles (Econo-Clad Hardcover))
A2TTTHVDXA3K2A | 1998-04-10 | 5 | 1559949570 |
Dune Audio Collection
(5 rows)

20 Time: 238.626 ms

-- Do we have a correlation between a book’s title s length
and its review ratings?

# SELECT
width bucket (length (product _title), 1, 50, 5)
title length bucket ,

25 round (avg(review rating), 2) AS review average,
count (*)
FROM
- customer reviews
- WHERE
30 product group = ’'Book’
GROUP BY
title length bucket
ORDER BY
title length bucket;
35  title length bucket | review average | count
_____________________ +________________+________
1| 4.26 | 139034
2 | 4.24 | 411318
: 3 4.34 | 245671
40 4 | 4.32 | 167361
- 5 | 4.30 | 118422
6 | 4.40 | 116412
(6 rows)

15 Time: 1285.059 ms

SakJro4eHmne

Bosee moapobHo 00 nCIIONIb30BaAHNN PACIIIPEHNS MOYKHO O3HAKOMUTHCS Ue-
pe3 opunraIbHyI0 JOKYyMEHTAIHIO.

10.16  Postgresql-hll

Ha ceropnsmnmii IeHb IITPOKO paciipocTpaHeHa 3ajada 1ojcdaeTa KoJande-
CTBa yHUKAJIbHBIX 3J1eMeHTOB (count-distinct problem) B oToKe JIaHHBIX, KOTO-
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pble MOTYT COJIepKaTh MOBTOPAIONINEcs djieMeHnThl. Harnpumep, cKoJIbKO yHU-
KaJIbHBIX [P-ajipecoB mojkmouasiocs K cepsepy 3a mnocseanuit gac? CKOJIBKO
PA3JIMYHBIX CJIOB B DOJIBIIOM KycKe TeKCTOB? Kakoe KOJIMIecTBO YHUKAIbHBIX
nocetuTeseil MOOLIBAJIO Ha HOIYJIdpPHOM caiite 3a JieHb! CKOJIBKO yHUKAJb-
ubix URL Obmo 3amporieHo depe3 mpokcu-ceppep? lamayro 3aady MOXKHO
PEIUTb «B JIOO»: MPOWTHUCH IO BCEM dJIEMEHTaM U yOparTh JyOJMKATBI, TOCTe
9TOrO TOCYUTATH UX KOJMYECTBO (HAIIPUMED HCIIOJIB30BATH MHOMKECTBO, set).
TpyanocT B TAKOM I0/IX0/I€ BOSHUKAIOT 1PN yBeaudeHnn maciraba. C MuHu-
MaJIbHBIMU 3aTPATAMUA MOYKHO TOJCIUTATH THICATY WA JayKe MUJJINOH yHU-
KaJIbHBIX 1toceturesieit, IP-anpecos, URL uau cioB. A uro ecim pedb ujer o
100 MIWJLUIMOHAX YHUKAJIBHBIX 3JIEMEHTOB Ha OJINH CEPBEP MPU HAJIUYUH THICTT
cepBepos? Ternepsb 9TO yKe CTAHOBUTCS WHTEPECHBIM.

Tekyree perernne mpodaeMbl OyIeT BBINIAAETh TaK: HEOOXOIUMO cHOPMU-
POBaTh MHOKECTBa (Set) yHHKaIbLHBIX 9JIEMEHTOB J/Is Kazk1oro u3 1000 cepse-
POB, KaKJ[0€e U3 KOTOPBIX MOXKET coJlepKaTh 0K0I0 100 MUJIIMOHOB YHUKAJIb-
HBIX 9JIEMEHTOB, a 3aTeM IOJCUYUTATH KOJMYECTBO YHUKAJIbHBIX JIEMEHTOB B
0o0be/IMHEeHNN STUX MHOXKeCTB. JIpyrumu cjioBamu, Mbl UMeEM JIeJI0 ¢ PacIpe-
JIEJIEHHBIM BapUAHTOM 3aJIa9M TOJCUYeTa YHUKAJBHBIX 3JIEMEHTOB. XOTh 9TO
peIlieHre SIBJISIeTCS BIIOJIHE JIOTMIHBIM, HA MPAKTUKE ITOT TOIXO0]T 00O IeTcs
BbICOKOU TieHoit. it mpumepa Bozbmem URL, cpemnsasa jpiuna KoToporo co-
craBysger 76 cuMBOJIOB. B HallleM cirydae OJWH CepBep OOCIIY’KHBAaeT OKOJIO
100 muwumonos yuukaibubix URL, ciemoBarensho, pasmep daitia ¢ ux e-
peunem coctaBut okosio 7.6 I'B. daxke eciu kaxkawrit URL mpeobpazosars B
64-6utHbrit xerr, pasmep daitna coctapur 800 MB. D910 mamuoro sydrie, HO
ne 3abbiBaiite, 9To peub ujer o 1000 cepepoB. Kaxk iplit cepep oTmpasJisier
daits1 ¢ nepeunem yaukaabHbIx URL Ha 1eHTpabHbBIN cepBep, cie0BaTeIbHO,
npu zHasmauu 1000 cepBepoB dyHKINS 00beIMHEHNT MHOXKECTB JI0JI>KHa 00pa-
6orarh 800 I'B mamubix. Eciu Ttakas omneparius 10J2KHA BBIIOJHATHCA 9acTO,
Tor 18 HeOOX0IMMO OyJ1eT JIMOO YyCTAHOBUTH CUCTEMY JIjIsi 00pabOTKMU OOIBIITIX
JIAHHBIX (M HAHATH KOMAHY JIJIs ee O0CIyKUBaHUsl), JIHOO HAflTH JApyroe pe-
IIeHMe.

N Bor na crneny Borxoaut HyperLoglog anropurm. Dtor anmroputm pea-
JIN3yeT BePOSTHOCTHBIN MOJIXO/] K 3a/a4e MM0J/ICUeTa YHUKAJIbHBIX 9JIEMEHTOB U
bazupyeTcsd Ha JIBYX CJIEIYIONIUX ITOJIOXKEHUAX:

® BEPOATHOCTH TOT'O, UTO JIIOOOW NaHHBIH OUT JIBOMYHOIO IIPEICTaBJICHUA
CJIy9ailHOrO Yrcia paBeH euHule, cocraniser 507%;

® BEPOATHOCTH TOTO, YTO COBMECTHO IIPOM3OUIYT JBa HE3ABUCHMBIX CIIy-
JaiiHbix cobbitust A u B, Bbraucisercs no dopmyie P(A) x P(B). Ta-
KHIM 00pa3oM, ec/In BEPOATHOCTb PABEHCTBA €IMHUIIE OJHOTO JII000T0 O1-
Ta, caydaiiHoro wmcsa coctapisier 50%, TOra BEPOSITHOCTH PABEHCTBA
eMHUIE JABYX JIOObIX 6uToB cocrasiser 25%, tpex — 12,5% u T.1;

Bcenomuaum erre o100 6a30BO€ TOJIOXKEHUE TEOPUH BEPOSTHOCTEH, COITIACHO
KOTOPOMY OXKHJIa€MO€ KOJIMYECTBO HUCIbITaHUil, HeOOXOAUMOe I HACTYILIe-
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HUsi COOBITHsA, Bbrumcysiercs no dpopmyse 1/P(event). CremoBarenbho, ecin
P(one specific bit set) = 50%, To oxKujaemMoe KOJMIECTBO UCHIBITAHUN PABHO
2. Inga nyx 6utoB — 4, jijig Tpex OUTOB — 8 U T. JI.

B obmiem ciiydae BXo/iHbIe 3HaYCHUS HE ABJIAIOTCH PABHOMEPHO pacipe/ie-
JIEHHBIMU CJIyYaWHBIMU IUCIAMU, TIOITOMY HEOOXO/IMM CIIocob Ipeobpa30BaHms
BXO/IHBIX 3HAYEHUIl K PABHOMEPHOMY PACIIPEJIEJIEHUIO, T. €. HeOOXO/IMMa, Xelll-
dyuknus. ObpaTure BHIMaHUE, B HEKOTOPBIX CJIyUasX pacipejesieHue, moJIy-
JaeMoe Ha, BBIXOJIEe Xell-(DyHKIMU, He OKA3bIBAET CYIIECTBEHHOE BJIMSHUE HA
touyrocTh cucrembl. Oanako HyperLoglog ouenn 4yBcTBUTEIEH B 9TOM OTHO-
mennn. Ecan BeIxo/ Xen-(yHKIINE He COOTBETCTBYET PABHOMEPHOMY pPacIpe-
JIEJIEHUIO, aJITOPUTM TepsieT TOYHOCTb, TMOCKOJIBKY He BBITOJTHSIIOTCH 6a30Bble
JIONYIIEHNUs, JIeXKAaIlie B €r0 OCHOBe.

Paccmorpum anropurm nojipobno. Bravasie HeOOXOIMMO XeIMUPOBAThH BCE
9JIEMEHTBI MCCJIEyeMOro Habopa. 3aTeM HYXKHO IMOJICINTATH KOJUYIECTBO I10-
cJIeJoBaTebHBIX HAYAJIbHBIX OUTOB, PABHBIX €IMHUIE, B JIBONTHOM IIPEICTAB-
JIEHUU KaXKJIOT'O Xellla U OIPEJIEJINTh MaKCHUMaJIbHOE 3HAUEHNe TOr0 KOJIve-
CTBa cpeJin Beex xereil. Kem MakcnMabHoe KOJTMIecTBO eJIMHUI, 0003HAYUTh
N, TOTJIA KOJIMIECTBO YHUKAJIBHBIX 3JIEMEHTOB B HAOOPE MOYKHO OIEHUTDH, KaK
2". To ecTb, ec/in MAKCUMyM OJIMH HAYAJIBHBIH OUT PABEH €JIMHUIE, TOT/Ia KO-
JINIECTBO YHUKAJBHBIX JIEMEHTOB, B CPeJIHEM, PABHO 2; eC/Ii MAKCUMyM TPH
HavaJIbHbIX OUTa PABHBI €/INHUIIE, B CPEJIHEM, MBI MOYKEM OXKUJATH 8 YHUKAJb-
HBIX 9JIEMEHTOB U T. JI.

[Togxo/1, HAIIpAB/IEHHDIN HA MOBBLIIIEHIE TOYHOCTU OINEHKU U SBJISIONTUHCS
omuoit m3 KiodeBbix uieir HyperLoglog, 3akiodaercs B ciemyromeM: pas-
JleJisieM XeIu Ha, TOATrPYIIIBl Ha OCHOBAHWKM WX KOHETHBIX OWTOB, OIpPeje/Is-
eM MaKCHMaJbHOe KOJIMYECTBO HAYAJbHBIX €INHUIl B KayKJOW IMOATDYIIeE, a
3aTeM HAXOJUM CpejiHee. DTOT MOJXOJL MO3BOJIAET MOJIYYUThH HAMHOIO OoJsiee
TOYHYIO OIEHKY OOIIEero KOJUYECTBa YHUKAJIbHBIX 9JIEMEHTOB. Fcym Mbl nMme-
eM M MOJATPYII U N YHUKAJbHBIX 3JIEMEHTOB, TOTJIA, B CPEJIHEM, B KarKJOi
noarpyiie 6yJ1er n/m yHUKATBHBIX 9JIeMEHTOB. TakuM 06pa3oM, HAXOXK IeHne
CPeJTHEro 1o BCEeM IOJArPYIIAaM JIaeT JIOCTATOYHO TOYHYIO OIEHKY BEJMYHHBI
logs(n/m), a orcrofia JIErKo MOXKHO MOJIYIUTh HEOOXOAMMOe HaM 3HadeHue. Bo-
siee Toro, HyperLoglog no3Bosisier 06padbaTbiBaTh M0 OT/IEILHOCTH PA3IUIHbIE
BapUAHTHI TPYIIIUPOBOK, a 3aTeM Ha OCHOBE 9TUX JAHHBIX HAXOUTH UTOTOBYIO
orerky. Cjre/lyer OTMETHUTD, 9TO JjisI HaxoxkaeHus cpeanero HyperLoglog nc-
[IOJTB3YeT CpeTHee TAPMOHIYIECKOe, KOTOPOe 0DeCIIenBaeT JIy IIliie PE3YIbTaThI
[0 CPaBHEHUIO cO cpejuuM apudmerndeckum (6osee mogpobHyo uHGOpMa-
IIMI0 MOYKHO HAWTH B OPUTMHAJBHBIX yOIuKaIusx, nocssienubix Loglog u
HyperLoglLog).

Bepuewmcs k 3azade. o yenosuto cymecrsyer 1000 cepsepo u 100 Musiino-
HoB yHuUKaJIbHBIX URL Ha KaxKbIil cepBep, cJie/IoBaTe/IbHO, IIEHTPAIbHBIN cep-
Bep Joken oopabarsiBaTh 800 I'B TaHHbIX TPU KaXKI0M BBITTOJTHEHUN ITPOCTO-
ro BapuaHTa ajiropuTMa. I1o TakxKe oznadaeT, uTo 800 ['B maHHbIX KaxKIbIii
pas Heobxo Mo 1epeaBath 1o cetu. HyperLoglog mensier curyaruio kap/u-
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HayibHO. COrViacHO aHAJIM3Yy, IIPOBEJIEHHOMY aBTOPaMU OPUTHHAJILHON ITyOJIu-
karuu, HyperLogLog obecieunBaer TounocTs 0koj10 98% npu ncnob3oBanum
Bcero 1.5 KB nmamsaru. Kaxplii cepsep popMupyeT cooTBeTCTBYIONIHI (ait
pazmepom 1.5 KB, a 3arem ormpan/ser ero Ha IeHTpaJbHBIN cepBep. [lpu
naqaunanu 1000 cepBepoB, NeHTpaJbHBIN cepBep obpabarbiBaeT Bcero 1.5 MB
JIAHHBIX [P KaKJIOM BBIIOJIHEHNU ajroputMa. Apyrumu ciioBamu, obpadaThbl-
Baercs jimnib 0.0002% AaHHBIX 10 CPABHEHUIO € MPEIbIIYIIUM PEIIeHIeM. DTO
ITIOJIHOCTBIO MEHSIET SKOHOMMYECKnit actekT 3aa4u. biaarogaps HyperLoglog,
BO3MOXKHO BBITIOJTHATH TaKue ONEPAIUNU 1darre u B OoJibieM Koandectse. Ul Bee
9TO NEHOM Beero b 2% MOIPeNIHOCTH.

st paboThl ¢ 3TuM ajnroputMom BHyTpHu PostgreSQL ObL10 co3mano pac-
mupenue postgresql-hll. Ono nobassisier HoBBIH THN 1MOJIg hll, KOTOPBIT TIPEI-
crasyser coboit HyperLoglog crpykrypy mamabix. Paccmorpum mpumep ero
UCIIOTb30BAHUS.

YeraHoBKa U UCITOJIH30BAHUE

Jlnst HavaJsia MHUIMAJIU3UPYEeM pacliupeHne B 0a3e JJaHHbBIX:

JIncruar 10.96 Mannuannsamusa hll
+# CREATE EXTENSION hll ;

JlaBaiiTe mpeoI0zKIM, 9TO €CTh TabJIAIA users visits, KOTopasl 3aluchl-
BaeT BU3UTHI IOJIb30BaTeJeil Ha CaﬁT, YTO OHHU cAeJiaJin U OTKY/Jda OHM ITPHUIILJIH.
B Tabimie coTHI MULIMOHOB CTPOK.

JImerunr 10.97 users_ visits

CREATE TABLE users_visits (

date date ,

user _id integer
activity type smallint ,
referrer varchar (255)

)
Tpebyercs mosiydaTh 0YeHb OBICTPO NPEJICTABICHUE O TOM, CKOJIBKO yHU-

KaJIbHBIX MTOJIb30BaTe el MTOCEMAIOT CaiiT B JIeHb Ha a/IMUH naHe u. /s sToro
COBJIQJINM arperaTHyo Tab/uiLy:

JImctunr 10.98 daily uniques

CREATE TABLE daily uniques (
date date UNIQUE,
users hll

);
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-- Fill it with the aggregated unique statistics
INSERT INTO daily wuniques(date, users)
SELECT date, hll add agg(hll hash integer (user id))
FROM users visits
GROUP BY 1;

Hastee xammupyercs user id u coOuparoTcs 3TU X3II-3HadeHus B oauH hll 3a
JeHb. Temepb MOXKHO 3alpOCUTh MHMOPMAIIUNIO 110 YHUKAJIBHBIM I10JIb30BaTe-
JIAM 38 KaXKJIbI JTeHb:

Jluctunr 10.99 daily uniques o fgHsIM

# SELECT date, hll cardinality (users) FROM daily uniques;

date | hll cardinality
____________ +_________________
2017-02-21 | 23123
2017-02-22 | 59433
2017-02-23 | 2134890
2017-02-24 | 3276247
(4 rows)

MoxkHO BO3pa3uTh, YTO TaKyIO 3aJlady MOXKHO permuTh u depe3 COUNT
DISTINCT wu 310 Oyzer Bepuo. Ho B npumepe TOJTBKO OTBETHIN HA BOIIPOC:
«CKOJIbKO yHUKAJIbHBIX IOJIB30BATE el MOCeIaeT CailT KayKIblil JIeHb?». A
qTO, ecju TpedyeTcs 3HaTh CKOJIBKO YHUKAJBHBIX I10JIb30BaTeseil MoCeTuimn
caiiT 3a Hemeo?

JImetunr 10.100 daily uniques 3a mHejesio

SELECT hll cardinality (hll union agg(users)) FROM
daily uniques WHERE date >= ’2017-02-20’::date AND date
<= 72017-02-26"::date;
N BuIOpaTh YHUKAJIBHBIX TOJIH30BATEIEH 38 KaXKJIbIIl MeCdIl B TeYCHUe
roia’

JImerunr 10.101 daily uniques 3a KaxKJiplit MecsIy

SELECT EXTRACT(MONTH FROM date) AS month, hll cardinality (
hil union agg(users))
FROM daily uniques

- WHERE date >= ’2016-01-01" AND

date < ’2017-01-01"
GROUP BY 1;

WNim y3HATH KOJTMYIECTBO MMOJIB30BATE e, ITO MMOCETU/IN CaiiT BUepa, HO He
ceronusg?
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Jluctunr 10.102 daily uniques 3a BYepa HO HE CETrOJIHS

SELECT date, (#hll_union agg(users) OVER two_days) - #users
AS lost _uniques

- FROM daily uniques
- WINDOW two days AS (ORDER BY date ASC ROWS 1 PRECEDING) ;

DT0 BCero mapa MpUMeEPOB THUIIOB 3allpOCOB, KOTOPBIE OYIAYT BO3BpAIaTh
pe3ysbTaT B TeUeHne MUJLINCEKYHJ Oarogaps hll, Ho moTpedyer mnbO 10JI-
HOCTBIO OTJIEJIbHBIE TIPEIBAPUTEIHLHO CO3/IaHHbIE arperupyromne TabIUIbl U
self join /generate series ¢pokycel B COUNT DISTINCT mwupe.

SaKJIoueHmne

Boutee mogpobHO 06 UCIIOIB30BAHINN PACIIUPEHUS MOYKHO O3HAKOMHUTHCS Te-
pe3 O(l)I/II_H/I‘(LTIbHyIO JOKYMEHTaIIUIO.

10.17 Tsearch?

Kak u muorue cospemennnie CYB/I, PostgreSQL umeer BcTpoenHbIl Me-
XaHU3M ITOJTHOTEKCTOBOTO Toncka. OTMETHM, UTO OIepaTophl MOUCKA, M0 TEK-
CTOBBIM JTAHHBIX CYIIECTBOBAJM O4YeHb HaBHO, 3T0 onepaTopsl LIKE, ILIKE, ™|
~*. OiHAKO, OHU HE TOIUINCH A 3MMEKTHBHOTO MTOJTHOTEKCTOBOTO TTOUCKA,
TaK KakK:

e V HUX He OBLIO JIMHIBUCTHYECKON TOJJIEP:KKH, HAIPUMED, IIPU TTOUCKE
cioBa satisfies OyIyT He HaiiJIeHbI JJOKYMEHTBI CO CJIOBOM satisfy U HU-
KAKUMU PEryJIAPHLIMU BBIPAXKEHUSIMHU 3TOMY HeE IIOMOYb. B npumniue,
ucrnosib3ysd OR u Bce (hopMBbI €JIOBa, MOKHO HAWTHU BCe HEOOXOUMBIE J10-
KYMEHTBI, HO 9TO O4YeHb Hed((MEKTUBHO, TaK KaK B HEKOTOPBIX SI3bIKAX
MOTYT OBITH CJIOBa CO MHOI'UMU Thicadamu (opm!;

e OHH He TIPEIOCTABIISIOT HUKAKON HH(GOPMAIIN JIJIs PAHKUPOBaHUS (COP-
TUPOBKH) JIOKYMEHTOB, 4TO JleJIaeT TAaKO! MOUCK MPAKTHIECKH GeCIoes-
HBIM, €CJIM TOJbKO He CYIIECTBYET JIPYIroi COPTUPOBKHU WJIM B CJIydae
MaJIOro KOJIMYeCcTBa HallJICHHbIX JIOKYMEHTOB;

e OHu, B 11eJI0M, OYeHb MeJIJIEHHbIE M3-3a TOr0, YTO OHHM KasK/IbIil pa3 Ipo-
CMATPUBAIOT BECH JIOKYMEHT W He WUMEIOT WHJIEKCHON TTOJJIEPIKKH;

s yoyamenus cutyarun Ousier Bapryno n ®@eiop Curaes mpeiioxKnim
1 PeaIm30Ba/Ii HOBBI TOJJTHOTEKCTOBBIN IOMCK, CYIIECTBOBABIINN KaK MOILYJ/Ib
pacmupenust u uHTerpupoBanubiit B PostgreSQL, naumnas ¢ Bepcunm 8.3 —
Tsearch?2.

W est HOBOro IOMCKa COCTOsL/Ia B TOM, 9TOOBI 3aTPATUTH BpeMsi Ha 00paboT-
Ky JOKYMEHTa OJIMH Pa3 M COXPAHUTb BPeMsl IIPU IIOUCKE, UCIIOTH30BATH CIIEIH-
aJIbHBIE ITPOrPAMMBbI-C/IOBAPH /I HOPMAJIU3AINH CJI0B, 9TOOBI HE 3a00TUTHCS,
Harpumep, o popMax CJIOB, YINTHIBATH HH(MOPMAIIIIO O BAXKHOCTU PA3TUIHBIX
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aTpuOyTOB JOKYMEHTa U ITOJIOXKEHUS CJI0BA U3 3allpoca B JIOKYMEHTE JIjIs paH-
JKUPOBAHUS HANIEHHBIX JOKyMeHTOB. /Iy 9TOr0, TpeOOBaIOCh CO31ATH HOBBIC
TUIIBI JAHHBIX, COOTBETCTBYIOIIUE JOKYMEHTY U 3allpOCy, U IIOJIHOTEKCTOBLII
OIIepaTop JJIsl CPaBHEHUA JOKYMEHTA W 3alpoca, KOTOPhI Bo3BpammaeT TRUE,
eCJIN 3aIPOC yI0BJIETBOPSIET 3aIIPOCy, U B IIPOTUBHOM cirydae - FALSE.

PostgreSQL mpejiocTaBiisieT BO3MOXKHOCTD KaK JIjIst CO3/IaHUsT HOBBIX THIIOB
JAHHBIX, OTIEPATOPOB, TaK U CO3/IaHUs WHJIEKCHON TOJIJIEPYKKY JIJI JIOCTyTIa K
HUM, IIPUYEM C TIOJIJIEPZKKONl KOHKYPEHTHOCTH U BOCCTAHOBJIEHUS TOCJIE COOEB.
OILH&KO, Ha a0 IIOHUMAaTb, 9TO MHAECKCBI HY>KHBI TOJILKO JIJId YCKOPEHMS IIONCKa,
caM IIOMCK 00s13aH paborarh u 6e3 Hux. Takum oOpa3om, ObLIM CO3/aHbI HO-
BbIE THUIIBI JIAHHBIX - tsvector, KOTOPBIH SBJASIETCS XPAHUIUIIEM JIJIsI JIEKCEM U3
JOKyMEHTa, ONTUMU3UPOBAHHOIO JIJIsI IIOUCKA, U tsquery - JIjIsl 3alpoca ¢ T0JI-
JIEP2KKO JIOTMYEeCKUX OTIEPAIliil, TOJITHOTEKCTOBBIH OllepaTop «JiBe cobakmy QQ
U WHIEKCHasT MOJIepKKa st Hero ¢ ucrnosb3oBanmeM GiST u GIN. tsvector
ITIOMUMO CAMUX JIEKCEM MOXKET XPaHUTb WHMOPMAIUIO O TOJIOXKEHUH JICKCEMbI
B JIOKyMEHTe U ee Bece (BaxKHOCTH), KOTOpas MOTOM MOXKET UCIOJIb30BATHC
JIJISI BBIYUCIEHNST PAHKUPYIONei nHMOPMAIIIH.

YeranoBka U UCIIOJIH30BAHUE

g Havaia aKkTUBUPYEM pacIIupeHue:

JIucruar 10.103 Axrusaiusa tsearch2

# CREATE EXTENSION tsearch?2 ;

[Iposepum ero pabory:

JImctunr 10.104 IIposepka tsearch2

# SELECT ’This is test string’::tsvector;
tsvector

"This’ 7is’ ’string’ ’test’

# SELECT strip (to tsvector(’The air smells of sea water.’));

strip
“air’ ’sea’ ’'smell’ ’water’
(1 row)
BakJ/oueHne

,HaHHOG pacClinpeHne 3acCjly2KnBaeT OT,ZLeJIbHOfI KHUT'HK, IIO9TOMY JIydlie
O3HAKOMHUTBLCA C HHUM H0)1p06Hee B «BBC,]_LCHI/IC B IOJIHOTEKCTOBBIN IIOUCK B
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Line 1

10.18. PL/Proxy

PostgreSQL» mokymenrte.

10.18 PL/Proxy

PL/Proxy npeacrasisier coboit IPOKCH-I3bIK I VAAJEHHOIO BBI30Ba IIPO-
IeJlyp U IapTUIMPOBAaHUS JIAHHBIX MeXKJIy pasHbiMu 6azamu (mapauar). [lo-
Jipobree MOKHO nounTarh B «6.2 PL/Proxy» riase.

10.19 Texcaller

Texcaller — s10 ymobubrit unrepdeiic g komananoit crpoku TeX, KoTo-
pbiit obpabarbiBaer Bce Bubl ommbOoK. OH Hamucan B mpoctoM C, JTOBOJBHO
[MOPTATUBHBIN 1 He mMeeT BHeITHuX 3aBucumocteil, kpome TeX. Heseprbrit TeX
JIOKyMEHT obpabaTbiBaeTcs 1myTeM mpoctoro Bo3spairtenuss NULL, a He npepbl-
BaeTcd ¢ omuoOKoil. B cirydae meyjiadn, a Takzke B CIydae ycIexa, JOMOJTHU-
TesibHas obpaboTka nndopmarmu ocymiectsisgercs depe3 NOTICEs.

10.20 Pgmemcache

Pgmemcache — sro PostgreSQL API 6ubanoreka na ocnose libmemcached
s B3amMmogeiicrBusg ¢ memcached. C  moMmombio  gaHHOW —OHOIMOTEKH
PostgreSQL moxkeT 3ammcbiBaTh, CAUTHIBATH, UCKATH U yIAJIATH JIAHHBIE W13
memcached. [Togpobree moxkHO mounTarh B «9.2 Pgmemcaches rmase.

10.21 Prefix

Prefix peamusyer mounck Tekcra mo npedukcy (prefix @> text). Prefix nc-
[OJIb3YETCA B IPUJIOKEHUIX TeiebOHUY, Ile MapIIpyTU3AIsl BLI30BOB U PAC-
XOJIbI 3aBUCSIT OT BBI3BIBAIOIIETO /BBI3bIBAEMOro Tpedukca TeiehOHHOr0 HoMe-
pa omeparopa.

VeraHoBKa U UCIIOJIH30BAHUE

g Havaa MHANMAIU3UPYEM paciiuperue B 6a3e JIaHHbIX:
JIucruar 10.105 Manmuannsanus prefix

# CREATE EXTENSION prefix;

[Tocsie sTOrO MOYXKEM HPOBEPUTH, YTO paciiuperue OyHKIMOHUPYET:
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10.21. Prefix

Jlmctunr 10.106 [IpoBepka prefix

Line 1 # select 71237 ::prefix range @-> ’123456;
- 7column?

- # select a, b, a | b as union, a & b as intersect
- from (select a::prefix range, b::prefix range
- from (values(’1237, ’1237),

10 ("1237, "1247),

: (71237, 7123[4-5]"),

: ("123[4-5]", "123[2-7]").
- (71237, "|2-3]7)) as t(a, b)
- ) as x;

15

- a | b | union | intersect
e N N N

- 123 | 123 | 123 | 123

- 123 | 124 | 12[3-4] |

20 123 | 123[4-5] | 123 | 123[4-5]
~123[4-5] | 123[2-7] | 123|2-7] | 123[4-5]
Coa | q2-3] | [1-3]

- (b rows)

B npumepe 10.107 npousBouTcst MOMCK MOOUIBLHOTO OIIEPATOPA 110 HOMEPY
TenedoHa:

Jlmcruar 10.107 [IpoBepka prefix

Line 1 $ wget https://github.com/dimitri/prefix/raw/master/prefixes
froesv

- $ psql

- # create table prefixes (

5 prefix prefix range primary key,
- name text not null,
- shortname text ,
- status char default ’S’,
10 check( status in (’S’, 'R’) )
- )
- CREATE TABLE
- # comment on column prefixes.status is ’S: - R: reserved’;
- COMMENT

y Y

15 # \copy prefixes from ’prefixes.fr.csv’ with delimiter ’;
csv quote "’
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COPY 11966

# create

index idx prefix on prefixes using gist(prefix);

CREATE INDEX

# select * from prefixes limit 10;

prefix | name
| shortname | status

______ I e e e T T

010001 | COLT TELECOMMUNICATIONS FRANCE
| COLT | S

010002 | EQUANT France
| EQFR | S

010003 | NUMERICABLE
| NURC | S

010004 | PROSODIE
| PROS | S

010005 | INTERNATIONAL TELECOMMUNICATION NEITWORK France (

Vivaction) | ITNF | S

010006 | SOCIETE FRANCAISE DU RADIOTELEPHONE
| SFR | S

010007 | SOCIETE FRANCAISE DU RADIOTELEPHONE
| SFR | S

010008 | BJT PARTNERS
| BJTP IS

010009 | LONG PHONE
| LGPH IS

010010 | IPNOTIC TELECOM
| TINW | S

(10 rows)

# select * from prefixes where prefix @ 0146640123 ;

prefix | name | shortname | status

———————— e

0146 | FRANCE TELECOM | FRTE IS

(1 row)

40 # select * from prefixes where prefix @> 0100091234’ ;

prefix | name | shortname | status
-------- e
010009 | LONG PHONE | LGPH 'S

(1 row)

3axJovyenne

Boutee HO,ZLpO6HO 00 UCIIOJIb30BAHUN pPacClInpeHnA MO2KHO OBHaAKOMUTLCA de-

pe3 obunuaaIbHyo JOKYMEHTAIHIO.

248


https://github.com/dimitri/prefix/blob/master/README.md

10.22. Dblink

10.22  Dblink

Dblink — pacmmpenune, KoTopoe O3BOJISET BBIIOJTHATH 3alIPOCHI K Y/IaJIeH-
HbIM 6a3aM JaHHBIX HemocpeacTBeHHo w3 SQL, He nmpuberas K MOMOIIN BHEII-
HUX CKPHUIITOB.

YeraHoBKa U UCIIOJIL30BAHUE

g Havaa MHATMAIA3UPYEM paciiupeHue B 6a3e JIaHHbIX:

JIncturar 10.108 Mannmnannsamnus dblink
Line 1 # CREATE EXTENSION dblink ;

JList co3tanms MOAK/IIOUEHN K JIPYToiil 6a3e JJaHHBIX HY2KHO UCIIOJIb30BaTh
dblink connect (pyHKIHMIO, I'Jie ITEPBBIM TTapaMeTPOM YKa3bIBAETCs MMs IO
KJIIOYEHHS, 8 BTOPBIM - OIIMH ITOJK/II0YeHU K Oase:

JIuctuar 10.109 Ioxkaouenne gepe3 dblink
Line I # SELECT dblink connect(’slave db’, ’'host=slave.example.com
port=5432 dbname=exampledb user=admin password=password’)
dblink connect

OK
(1 row)

[S2 B

[Ipu ycuemnaom BeimostHeHnN KoMaH 16! 6y1eT BbiBeen orBeT «OK». Terepn
MOKHO ITOITPOOOBATH CUUTATDH JIaHHble u3 Tabdsmil yepe3 dblink dyHKIHIO:

JIucruar 10.110 SELECT
Line 1 # SELECT *
FROM dblink (’slave db’, ’SELECT id, username FROM users
LIMIT 37)

AS dblink users(id integer , username text);

ot
o

username

1 | 64ec7083d7facb7c¢5d97684e7f415b65

2 | 404¢3b639a920b5ba814fc01353368f2

3 | 153041f992e3eab6891f0e8da9d11{23
10 (3 rows)

[To zaBepmienuio paboOThI ¢ CepBEPOM, MOJK/IIOUEHNE TPeOyeTCsl 3aKPBHITh
depe3 pyukimio dblink disconnect:
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Line 1

t

Line 1

Line 1

10

10.22. Dblink

JImcrunr 10.111 dblink  disconnect

# SELECT dblink disconnect(’slave db’);
dblink disconnect

Kypcopsr

Dblink nojijiep:kuBaeT Kypcopbl — WHKAIICYJIUPYIONINE 3aIIPOCHI, KOTOPbIE
MO3BOJIATOT TTOJIYYaTh PE3yJILTAT 3aIPOca IO HECKOJIbKY CTPOK 3a pa3. Ona nu3
MIPUYNH HCIOJIb30BAHUS KYPCOPOB 3aKII0YAETCs B TOM, 9TOOBI M30€KaTh Iie-
PEIOJIHEHUS TaMsTH, KOTJIa PE3YILTAT COJEPXKUT OOJIBINOEe KOJTUIECTBO CTPOK.

st oTKpBITHS Kypcopa ucmosibdyercs dpyuknus dblink open, rje nepsbiii
napameTp - Ha3BaHUe IOJKJIIOUEeHUs, BTOPOii - Ha3BaHUe Jjid Kypcopa, a Tpe-
TUA - caM 3aIIpocC:

JImcrunr 10.112 dblink open

# SELECT dblink open(’slave db’, ’'users’, ’SELECT id,
username FROM users’);
dblink open

OK
(1 row)

g morydeHus JIaHHBIX U3 Kypcopa Tpedyercs ucrosib3oBarh dblink fetch
, TJle TIepBbIil MapaMeTp - Ha3BaHUEe MOJKJ/IIOYEHUs, BTOPOI - Ha3BaHUE IS
Kypcopa, a TPeTuii - TpedyeMoe KOJUIeCTBO 3amuceil m3 Kypcopa:

JImctuar 10.113 dblink  fetch
# SELECT id, username FROM dblink fetch(’slave db’, ’users’,

2)
AS (id integer , username text);
id | username
____+ __________________________________

1 | 64ec7083d7facb7c¢5d97684e¢7f415b65
2 | 404¢3b639a920b5ba814fc01353368f2
(2 rows)

# SELECT id, username FROM dblink fetch(’slave db’, ’users’,

2)
AS (id integer , username text);
id | username
____+ __________________________________
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3 | 153041f992e3eab6891f0e8da9d11f23
4 | 318¢33458b4840f90d87eedeal8737515

15 (2 rows)

# SELECT id, username FROM dblink fetch(’slave db’, ’users’,

2)
AS (id integer , username text);
- id | username
10

6 | 5b795b0e73b00220843f82c4d0f81£37
8 | ¢2673ee986¢23f62aaeb669c32261402

(2 rows)

[Tocie paboThl ¢ KypcopoM ero HYyKHO O0s3aTeIbHO 3aKPBITh dYepes
dblink _close dyHkIHIO:

JImcrunr 10.114 dblink close

Line I # SELECT dblink close(’slave _db’, ’users’);
dblink close

AcuHXpOoHHBIE 3aIIPOCHI

[Tocnequum BapumaHTOM JIjIsi BbINOJIHEHUs: 3ampocoB B dblink sapisiercsa
ACHMHXPOHHBIN 3arpoc. [Ipu ero ucrob3oBannu pe3y/ibTaTbl He OYIYyT BO3Bpa-
IIEHDI JI0 TTOJIHOTO BBIIOJIHEHHS Pe3y/abraTa 3ampoca. /s co3ianms acuHxXpoH-
HOT'O 3aIpoca ucnojbyercs dblink send query dpynknus:

JImctunr 10.115 dblink send query

Line 1 # SELECT * FROM dblink send query(’slave db’, ’SELECT id,
username FROM users’) AS users;
users

5 (1 row)

Pesynbrar nomydaercsd depes dblink get result dynkImio:

JImermar 10.116 dblink get result

Line 1 # SELECT id, username FROM dblink get result(’slave db’)
AS (id integer , username text);
id \ username
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Line 1

Line 1

Line 1

10.23. Postgres fdw

| 64ec7083d7facb7c¢5d97684e7f415b65
| 404¢3b639a920b5ba814fc01353368f2
| 153041f992e3eab6891f0e8da9d11{23
| 318¢33458b4840f90d87ee4eal8737515
| 5b795b0e73b00220843f82¢c¢4d0f81£f37
| ¢c2673ee986¢23f62aaeb669c¢32261402
| ¢53f14040fef954cd6e73b9aa2e31d0e
| 2dbe27fd96cdb39f01cellbcf3c2ab17

S O 0D WD

—_

10.23 Postgres fdw

Postgres fdw — pacmupenne, KOTOpoe IO3BOJIIET  IOJKJIIOYATH
PostgreSQL & PostgreSQL, koTopble MOryT HaXOIWTHCS HA PA3HBIX XO-
cTax.

YeraHoBKa U UCIIOJIH30BAHUE

g Havasa MHATMAIU3UPYEM paciiupeHue B 6a3e JIaHHbIX:

JImcrunr 10.117 Unnnmamusamms postgres  fdw

# CREATE EXTENSION postgres fdw;

Hasee co3maaum cepBep MOAKIIIOYEHN T, KOTOPLI Oy1eT colepKaTh JaHHbIe
JUTs oK TroueHnst K jipyroit PostgreSQL 6aze:

JIucruar 10.118 Cozmanue cepBepa

# CREATE SERVER slave db

FOREIGN DATA WRAPPER, postgres fdw

OPTIONS (host ’slave.example.com’, dbname ’exampledb’, port
'54327);

[Tocse sroro myxkno cozmars USER MAPPING, KoTOpOe cO31a€T COImoCTaB-
JICHHC II0JIb30BaTesId Ha BHEIIHEM cepBepe:

JIncturr 10.119 USER MAPPING

# CREATE USER MAPPING FOR admin
SERVER slave db
OPTIONS (user ’admin’, password ’password’);

Tenepb MOXKHO UMIIOPTUPOBATH TAOJINAIIBI:
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10.23. Postgres fdw

Jluctunr 10.120 Ummopt Tabiimrbt

Line 1 # CREATE FOREIGN TABLE fdw users (

id serial |
username text not null
password text ,

5 created on timestamptz not null,

last logged on timestamptz not null

)
SERVER slave db

OPTIONS (schema name ’public’, table name ’users’);

JI1s1 Toro, 9To0OBI HE UMIIOPTHPOBATH KaXKJIyI0 TabJIMILY OTIE/IHHO, MOXKHO
Bocnosb3oBarbess IMPORT FOREIGN SCHEMA komaHIoi:

Jluctunr 10.121 Umnoprupyem TabaIuibI

Line 1 # IMPORT FOREIGN SCHEMA public
- LIMIT TO (users, pages)
FROM SERVER slave db INTO fdw;

Tenepb MOYXKHO IIPOBEPUTH TAOJIUIIDL:

Jluctunr 10.122 SELECT
Line I # SELECT * FROM fdw users LIMIT 1;

id 1
username 64¢c7083d7fach7¢5d97684e7{415b65

created on 2017-02-21 05:07:25.619561+00

|
. |
5 password | b82af3966b49c¢9ef0f7829107db642bc
: |
last logged on | 2017-02-19 21:03:35.651561+00

ITo ymomganmio n3 TabJIuI; MOZKHO He TOJIBKO YATATh, HO M H3MEHATH B HUX
naxnple (INSERT/UPDATE/DELETE). updatable ommumst MOKeT HUCIIOTIH30BATD
JJIs IOAKJIIOYEHNS K CepBePY B PEXKHUME «TOJIbKO Ha YTCHHUE»:

Jluctunr 10.123 Read-only mode

Line 1 # ALTER SERVER slave db
- OPTIONS (ADD updatable ’false’);
ALTER SERVER
# DELETE FROM fdw users WHERE id < 10;
5 ERROR: foreign table "fdw wusers" does not allow deletes

JIaHHYTO OIITUIO MOYKHO YCTAHOBUTH HE TOJLKO HA YPOBHE cepBepa, HO U Ha
YPOBHE OT/IETbHBIX TAOJINIL:
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10.24. Pg_ cron

JIucruar 10.124 Read-only mode mjst Tabauibt

# ALTER FOREIGN TABLE fdw users
OPTIONS (ADD updatable ’false’);

Postgres fdw u DBLink

Kax moxkno 6bu10 3ameruth, postgres fdw u dblink Boimosnsiior oy u
Ty ke pabory — nojksnodenue oot PostgreSQL 6a3br k japyroit. HUro Jrydrme
UCII0JIL30BaTh B TAKOM CJIydae’

PostgreSQL FDW (Foreign Data Wrapper) 6Gojiee HOBbIT 1 peKOMEH 1ye-
MBIl METOJ, TOJKIIOUCHUST K JIPYTUM HCTOYHUKAM JAHHBIX. XOTd (DYHKIMO-
nasbHOCTE dblink moxoxka ma FDW| mociiennuit siisiercst 6omee SQL coBme-
CTUMBIM U MOXKeT 00ecrednBaTh YJIYUIIEHYIO TPOU3BOJIUTEHFHOCTH MO CPaB-
nennio ¢ dblink nogkmouennamu. Kpome toro, B orinanu ot postgres fdw,
dblink He cmocoben cienarb TaHHBIE «TOJABLKO Ha YTEHHE». DTO MOXKET OLITh
JIOCTATOYHO BayKHO, €CJIN TPeOyeTCst 00eCeInTh, YTOOBI JIaHHbIE B APYTOoil Oaze
HEJIb35 OBbLJI0 U3MEHATD.

B dblink mojakmtouenusi paboTaroT TOJBKO B TedeHue pabOThl CECCUU U
ux TpebyeTcs mepecos3jiaBaTh Kaxkjiblii pa3. Postgres fdw cosmaer mocross-
HO€ TIOJIKJIIOUeHNe K JIPYToil 0a3e JTaHHbIX. DTO MOXKET ObITh KaK XOPOIIO, TaK
ILJIOXO, B 3aBUCUMOCTHU OT ITOTPEOHOCTEI].

N3 nonoxkuresbHbIX cTopoH dblink MOXKHO OTHECTH MHOXKECTBO ITOJIE3HBIX
KOMaH/I, KOTOPbIe MMO3BOJIAIOT UCIIO/Ib30BATh €r0 I TPOTPAMMUPOBAHUS 10~
sesHoro gyakmuonasa. Takxke dblink paboraer B Bepcusax PostgreSQL 8.3 u
BBIIIIE, B TO BpeMs Kak postgres fdw paboraer Tosibko B PostgreSQL 9.3 u BbI-
e (Takoe MOXKeT BOSHUKHYTb, €CJId HET BO3MOXKHOCTH 06HOBUTH PostgreSQL
6asy).

10.24 Pg_ cron

Pg cron — cron-mogo6ubii iaHupoBIuK 3aga4 st PostgreSQL 9.5 mim
BbIIlIe, KOTOPKI paboraeT Kak pachmmpenne K Oaze. OH MOXKET BBIIIOJIHITH
HECKOJTBKO 3aJ1a4 MapaslieIbHO, HO OJTHOBPEMEHHO MOXKeT paboTarh He HoJree
OJIHOTO K3eMILIAPa 3a/IaHusl (€I MPH 3aIlyCKe 3aa4u IPeJIbIIYIuil 3a1ycK
OyJIeT ellle BBIIOJIHATBLCS, TO 3aIlyCK Oy/IeT OTJIOXKEH JIO0 BBITOJHEHUs TeKYIIei
381840 ).

YeTaHOBKA M UCIIOJIL30BaHIE

[Tocse ycranoBku pacimmpenus: Tpedyercs 100aBUTH €ro B postgresql.conf u
nepesamyctutb PostgreSQL:

JImctmar 10.125 pg_ cron
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10.24. Pg_ cron

Line 1 shared preload libraries = ’'pg cron’

asee Tpebyercsi aK THBUPOBATDL PACIIUPEHUE JIJIsi postgres Oa3bl:

JImctmar 10.126 pg_ cron
Line 1 7 CREATE EXTENSION pg cron;

[To ymorganuio pg cron OXKHUJAET, UTO BCE TAOJIUIIBI ¢ METaIAHHBIMU OYy/1yT
HAXOJIUThCs B postgres Oaze JaHHBIX. /laHHOE IMTOBE/IEHNE MOXKHO U3MEHHUTH U
yKazaTh depe3 napamerp cron.database name B postgresql.conf apyryio 6a3y
JIAHHBIX, TJIe pg_ cron Oy/IeT XPaHUTb CBOU JIaHHBIE.

BuyTtpu pg_ cron ucnosszyet libpq 6ubmoreky, mosroMy rnorpedyercs pas-
permThb mojkIoYenus ¢ localhost 6e3 maposisi (trust B pg hba.conf) mam xe
CO3JIATh .pgpass (ail Iid HACTPONKN TOJKIIOUeHns K Oa3e.

st cozmanmst cron 3a/iad UCHOJIb3yeTcs byHKIMs cron.schedule:

JInctunr 10.127 Cron.schedule

Linel -- Delete old data on Saturday at 3:30am (GMT)
- SELECT cron.schedule(’30 3 * * 6’, $$DELETE FROM events
WHERE event time < now() - interval ’'1 week’$$);
- schedule

g ynanenus cO3JaHbIX 3a/1a4 UCIOJIb3yeTcsd cron.unschedule:

JInctuur 10.128 Cron.unschedule

Linel  -- Vacuum every day at 10:00am (GMT)
- SELECT cron.schedule(’0 10 * * *’_ "VACUUM’) ;
- schedule
5 43

- -- Stop scheduling a job
- SELECT cron.unschedule (43);
- unschedule

B mensx 6e3omacHocTH cron 3aJa4qy BBIIOJHAIOTCA B 0ase JIaHHBIX, B KO-
Topoit cron.schedule yHKIMsa OblIa BbI3BaHA € MpaBaMU JIOCTYIIA TEKYIIEro
I0JIb30BATE/IA.

[Tockonbky pg cron ucrnosb3yet libpq 6ubMoOTEKY, 3TO TO3BOJISIET 3AITyC-
KaTh CrON 3aJIa4¥ Ha JIPYrUX 0a3ax JaHHbIX (Jaxke Ha Japyrux cepsepax). C
MIOMOIIBIO CYTIEPIIO/IH30BATE ST BO3MOXKHO MOAUMUIIIPOBATE cron.job TabIuILy
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Line 1

10.25. PGStrom

u J00aBUTH B Hee IapaMeTpbl HMOJK/II0UeHUs K JIPYyroil 6ase depe3 nodename u
nodeport 1moJid:

JIuctunr 10.129 Cron.job

INSERT INTO cron.job (schedule, command, nodename, nodeport ,
database , username)
VALUES (’0 4 * * *’  °VACUUM’, ’worker-node-1", 5432, ’

Y

postgres’, ’‘marco’);

B Takom cirygae Hy2KHO OyIeT co3/iaTh .pgpass daiis g HACTPOHKU 10/I-
KJIIOUeHns K 0a3e Ha JIpyroM cepBepe.

10.25 PGStrom

PGStrom — PostgreSQL pacminpenne, KoTopoe MO3BOJIsI€T UCIOJIb30BaTh
GPU nna soimosinenus: nekoropbix SQL omeparuit. B wactnocTn, 3a cuér npu-
Biedenusi GPU moryT ObITH yCKOPEHBI TaKue OIepAaIii KaK CPABHUTE/ILHBIIHI
1epebop 3j1eMeHTOB TabJIUIl, arperupoBaHue 3amuceil u ciansaue xsmeit. Ko
i BeinosiHennst Ha cropone GPU remepupyercst B MomeHT pasbopa SQL-
3ampoca pu nomorniu creruaabaoro JIT-kommuigropa n B ga/ibHERIIEM BbI-
MTOJTHSIETCsI TTIApaJIIeIbHO C JIPYTUME CBSI3aHHBIME C TEKYIIUM 3aIPOCOM OIle-
parusimu, BoioHsgembiMu Ha CPU. s Bemmosinenus 3ajganunit na GPU 3a-
neticreoBan OpenCL. VBeudenne mpou3BOJINTETLHOCTH OMEPAIIAN CIUSTHUST
tabsur (JOIN) npu ucnosnb3osanun GPU yBesmauBaeTcs B JIeCATKE Pas.

Ob6sactbio npuMenennsi PG-Strom sIB/ISIIOTCST OTPOMHBIE OTYETHI C HCIIOJhb-
30BaHUEM arperanuu U oO0beJuHEeHUd TaOIUIl. IJTH pabodure HAIPY3KH dallle
HCIIOJIb3YIOTCS B MaKeTHOH oOpaboTke maHHbIX s OLAP cucrem.

10.26 ZomboDB

ZomboDB — PostgreSQL paciupenue, KoTopoe 1Mo3BOJII€T UCIIOIH30BATH
Elasticsearch mnekcer BHyTpr 6a3bl (HCIOIB3yeTCsT nHTEPhEC 118 METOI0B
nocryra nHiekca). ZomboDB ungekc mis PostgreSQL Hudem e orTmmuaaercs
OT cTaHAapTHOTO btree namgekca. Takmm obpaszoM, cranzapTHbIE KOMAHIL SQL
MIOJIHOCTBIO 1ojiiepkuBatoTcs, Braodas SELECT, BEGIN, COMMIT, ABORT,
INSERT, UPDATE, DELETE, COPY u VACUUM u j1aHHble HHJIEKCHI SBJISTIOTCS
MVCC-6ezomacubivu.

Ha nuskom yposne ZomboDB unpekcor B3anmoseiictsyior ¢ Elasticsearch
cepsepoM depe3 HTTP zanpockr n aBToMaTudeckn CHHXPOHU3UPYIOTCA B TIPO-
necce n3MeHeHus gaHHbIX B PostgreSQL Gasze.
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Puc. 10.3: PGStrom

YeraHoBKA U UCIIOJIH30BAHUE

ZomboDB cocrour u3 aByx udacreit: PostgreSQL pacimupennst (Hanucan Ha
C u SQL/PLPGSQL) u Elasticsearch miaruna (nanmcan xa Java).

[Tocse ycranosku Tpebyercss 100aBUTH B postgresql.conf zombodb 6ubsmo-
TEKY:

JInctuur 10.130 Zombodb

local preload libraries = ’zombodb.so’

U nocse neperpyskn PostgreSQL akTuBupoBath ero jijis 6a3bl JJaHHBIX:

JIncruur 10.131 Zombodb
CREATE EXTENSION zombodb;

[Tocsie sToro Tpedbyercs ycranoBuTh Elasticsearch miarun va Bce HOJIBI cep-
Bepa U U3MEHUTH KOH(MUTrypaIuio B elasticsearch .yml:
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JInctuur 10.132 Elasticsearch

threadpool.bulk.queue size: 1024
threadpool.bulk. size: 12

http.compression: true

http.max content length: 1024mb
index . query.bool.max clause count: 1000000

ﬂﬂﬂ IpuMepa Co3aa M Ta6m/1uy C IPOAYKTaMM 1 3all0OJTHUM eé JaHHBIMMA:

JInctuur 10.133 Products table

# CREATE TABLE products (
id SERIALS NOT NULL PRIMARY KEY,
name text NOT NULL,
keywords varchar (64)[],
short summary phrase,
long description fulltext |
price bigint ,
inventory count integer ,
discontinued boolean default false |,
availability date date

);

# COPY products FROM PROGRAM ’curl https://raw.

githubusercontent .com/zombodb/zombodb/master /TUTORIAL-
data .dmp’;

zdb(record) zombodb dyuknus kouseprupyer 3amuch B JSON dopmar
(obeprka moBepx row to json(record)):

JIncrunr 10.134 Zdb
# SELECT zdb(products) FROM products WHERE id = 1;

zdb
{"id":1,"name":"Magical Widget" ,"keywords" :|"magical" "
widget" ,"round" |, "short summary":"A widget that is quite
magical" |"long description":"Magical Widgets come from
the land of Magicville and are capable of things you can’
t imagine" "price":9900,"inventory count":42 "

discontinued": false ,"availability date":"2015-08-31"}

zdb(regclass, tid) zombodb dyrKINS, KOTOpasg MCHOJB3YETCS I CTATH-
YECKOTO OIPEJICJICHNs CCBUIOK Ha TaOJMIly /MHCKC B KOHTEKCTE IOCJIEI0Ba~
TEJIbHOIO CKaHUpOBaHWs. Birarogapst 9TuM JByM (PYHKIHUSAM MOXKHO CO3/IaTh
zombodb unmekc st products TabIUIIBL:
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JInctunr 10.135 Zdb

Line 1 # CREATE INDEX idx zdb_ products
- ON products
USING zombodb (zdb (’products’, products.ctid), zdb(

products))
WITH (url="http://localhost:9200/");

Tenepb MOXKHO IIPOBEPUTH PAOOTY MHJIEKCA!

JIuctunr 10.136 Index usage
Line I # SELECT id, name, short summary FROM products WHERE zdb(’

products’, products.ctid) === ’sports or box’;
id | name | short summary
____+ __________ e e -
2 | Baseball | It’s a baseball
5 4 | Box | Just an empty box made of wood
(2 rows)

# EXPLAIN SELECT * FROM products WHERE zdb(’products’, ctid)
== ’sports or box’;

QUERY PLAN

10 Index Scan using idx zdb products on products (cost
=0.00..4.02 rows=2 width=153)
Index Cond: (zdb(’products’::regclass, ctid) == ’sports
or box’::text)
(2 rows)

ZomboDB comepxkut HabOp byHKIMIT JJIsT arperalinoHHbIX 3arpocos. Ha-
[IPUMED, €CJIM HY?KHO BBIOPATH YHUKAJIbHBIN HAOOD K/IFOYEBBIX CJIOB JJISI BCEX
NPOIYKTOB B keywords MmoJjie BMeCTe ¢ UX KOJIMIECTBOM, TO MOZKHO BOCIOJIB30-
BaThcd zdb tally dyHKIHE:

JImcrunr 10.137 Zdb_tally

Line I # SELECT * FROM zdb _tally (’products’, ’keywords’, '~.*’ 77/
5000, “term’):

term | count

- alexander graham bell |
5 baseball |
box |
communication |
magical |
negative space \

10 primitive \
|

DO = = e e e e

round
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10.27. 3akjrodeHue

sports | 1
square \ 1
widget | 1
wooden | 1
(12 rows)

Bonee mompobuo ¢ umcnoabzoBanumeM ZomboDB MOXKXKHO 03HAKOMUTHCS B
ouImaaIbHON JOKYMEHTAITIN.

10.27 3BakJsmoyeHue

Pacmupenus nmomorator yiay4amurh padbory PostgreSQL B perrenun creru-
duaeckux npobsem. Pacmupsemocts PostgreSQL mo3sosisier cozinasarsh cob-
CTBEHHBIE PACIINPEHNs, WU Ke Hao0opoT, He Harpyxkarth CYB /I aurnranm, we
TpebyeMbIM (DYHKITHOHAJIOM.
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bskan n Boccranosienne PostgreSQ)L

Ecrb gBa Tuma
QJIMIHUCTPATOPOB — T€, KTO HE
Jeaer OIKAIBI, U T€, KTO y¥Ke
JiejiaeT

Hapomnas mympocTb

Ecnu kakas-Hubyan
HEIPUATHOCTb MOXKET
IIPOU30ITH, OHA CJIYYaeTCH

3akon Mapdu

11.1 Bseuenue

JI10b6oit xopormuit cucaMuH 3HAET — O9KaIlbl HY:KHBI Beerjia. HacKoJIbKoO
ObI HaJIeXKHOW HE Ka3aJjach Bala cucrema, Bcerja MOXKeT IPOU30iTH crydaii,
KOTOPBII OBbLI HE yUYTEH, U M3-38 KOTOPOI'O MOI'YT OBITH HOTEPSHBI JIaHHbBIE.

Toxke camoe kacaercs u PostgreSQL 6a3 mannbix. [locermasmuiics BuHIe-
cTep Ha cepBepe, omubKa B (ailjioBoit cucreme, ommbKa B JPYroil mporpam-
Me, KoTopas meperepsia Bech Katajor PostgreSQL u MmHOrOE npyroe npuseser
TOJIBKO K ILIa9eBHOMY pe3yibrary. U maxke ecim y Bac perimkarius ¢ MHOYKe-
CTBOM CJIEBOB, 9TO He O3HAYAET, YTO CHCTeMa B OE30IACHOCTUH — HEBEPHBIIl
sanpoc Ha Macrep (DELETE/DROP/TRUNCATE), u y cieiiBoB Takas e 1mop-
IHsl JJAHHBIX (TOYHEe WX OTCYTCTBUE).

CyIecTByIOT TpU TPUHIAITHAIBHO PA3JIMIHBIX TOIX0/a K PE3EPBHOMY KO-
nupoBanuio Januex PostgreSQL:

e SQL 6skar;
e bBskam yposHs (dailsioBoil cucTeMmsl;
e HenpepniBHOE pe3epBHOE KOMMPOBAHUE;

Kaxkiplit 13 9TuUX 10/1X0/10B UMEET CBOU CUJIbHBIC M CJIa0ble CTOPOHBI.
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11.2. SQL 6skam

11.2  SQL Oskan

Wnest sToro moaxoaa B CO3MaHUKM TEKCTOBOro daiira ¢ kKomanmzamu SQL.
Taxkoit daitn MoKHO TIepesaTh 00paTHO Ha CepBEpP U BOCCO3JATh 0a3y JaHHBIX
B TOM K€ COCTOsIHMH, B KOTOPOM OHa Oblila BO BpeMsi Odkarra. ¥ PostgreSQL
JIJISI 9TOr0 €CTh Clielra/ibHag yTuinTa — pg dump. [Ipumep ucnosb3oBanus
pg dump:

JImcrunr 11.1 Cozmaem 63kam ¢ momomnbio pg_dump
$ pg dump dbname > outfile

,ZLJIH BOCCTAHOBJICHIAS TAKOro OIKaIa JOCTAaTOYHO BBIIIOJIHUTDL:

JIuctunar 11.2 BoccranasiuBaem 03Kam

$ psql dbname < infile

[Ipu sToM 6azy manubix dbname moTpedyercs CO37aTh Iepe]i BOCCTAaHOBJIE-
nueM. Takyke orpedyercs co3/1aTh 0JIb30BaTe Iell, KOTOPbIE UMEIOT JIOCTYII K
JIAHHBIM, KOTOPBIE BOCCTAHABJIUBAIOTCS (9TO MOYKHO U He JIeJIaTh, HO TOTJIA PO~
CTO B BBIBOJIE BOCCTaHOBJIeHUS Oy/yT omubku). Ecam Ham Tpebyercs, ITo0bI
BOCCTaHOBJIEHVE ITPEKPATUIOCH ITPU BOSHUKHOBEHUU OIIUOKM, TOTa MOTpedy-
€TCsI BOCCTAHABJINBATH O9KAI TAKUM CIIOCOOOM:

JInctunr 11.3 BoccranasiusaeM 03Kaill

$ psql --set ON_ERROR STOP=on dbname < infile

Takke, MOYKHO JlesiaTh 69Kall 1 cpa3y BOCCTAHABIUBATL €r'0 B JIDYTYIO 0a3y:

JIuctunar 11.4 Bskan B apyryio BJI
$ pg dump -h hostl dbname | psql -h host2 dbname

[Tocsie BoccTanoBienust 63Kara ¥)eyareabHO 3aycTuTb ANALYZE, 4To0b!
ONITUMU3ATOD 3aIPOCOB OOHOBUJI CTATUCTUKY.

A dr0, ecnm HYXKHO clejlaTh O9Kall He OJHOI 0Oa3bl JAHHBIX, a BCEX, Ja U
eIre MOJIYInTh B 09Kare mH(pOpMaIuio mpo poan u tabaunbi! B takom ciy-
qae y PostgreSQL ectsb yruimmra pg dumpall. pg dumpall ucriosb3yercst jiis
co3/tanus 6IKarma JaHHBIX Bcero Kjiaacrepa PostgreSQL:

Jluctunr 11.5 Bskan kiacrepa PostgreSQL
$ pg dumpall > outfile

ﬂHH BOCCTaHOBJIEHIS TAKOIO O3KaIla JOCTATOYHO BBIIIOJIHUTL OT CYIIep-
I10JIb30BaTEJIA:
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Jluctunr 11.6 Boccranosiienus: 63kara PostgreSQL

Linel $ psql -f infile postgres

SQL 63kan Oosbiux 6a3 JaHHbIX

HexkoTopnie omnepalinonabie cuCTEMbl UMEIOT OIPAHUMYEHNS Ha MaKCHMAaJIb-
HBIIT pa3Mep daiiia, 9To MOKET BbI3bIBATH ITPOOJIEMbI ITPU CO3AHUNA OOJIBIITIX
OakaroB depe3 pg_ dump. K cuactbio, pg  dump MoxKeTe 6IKAIUTh B CTAHIAPT-
HBII BBIBOJI. TaK 9TO MOXKHO MCIIOJIL30BaTh CTaHIapTHbIE HHCTPYMeHThl Unix,
9TOOBI 000iTH 3Ty 1PoOJIEMY. EcTh HECKOIBKO BO3MOXKHBIX CIIOCOOOB:

e llcnoab3oBarh cxKarTue s O3Kama

MokHO MCIOJIB30BATH MIPOIPAMMY CXKATHUS JIaHHbIX, Harpumep GZIP:

Jlucrunr 11.7 Cxkarue 63xama PostgreSQL

Linel $ pg dump dbname | gzip > filename.gz

Boccranosnenue:

JIuctunr 11.8 Boccranosienne 63karra PostgreSQL

Line 1 $ gunzip -c¢ filename.gz | psql dbname

nJI

Jluctunr 11.9 Boccranosienne 6skarra PostgreSQL
Line 1 cat filename.gz | gunzip | psql dbname
e llcnosip3oBaTh KoMaHLy split

Komanma split mo3sossier pasesnTsh BbIBOJ, B (hailjibl MEHBIIIETO pa3Me-
pa, KOTOPbIE SIBJIAIOTCS MOJIXOSIINME 110 pa3Mepy s ¢ailoBoit cucre-
Mbl. Hanpumep, 63kam jieimred Ha KycKn 1Mo 1 MeradaiTy:

Jlmcrunr 11.10 Coznanne 6skamna PostgreSQL
Line I $ pg dump dbname | split -b 1lm - filename

Boccranosaenue:

JIucrurar 11.11 Boccranosiienne 6skarra PostgreSQL

Linel $ cat filename* | psql dbname
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11.3. Bskar ypoBHs (ailioBOil CUCTEMBI

e llcrosib30BaTh MoOJIb30BaTEILCKUI hopMar jJamma pg  dump

PostgreSQL mocTpoen Ha cucreme ¢ bubdbmorekoit cxkatust Zlib, moaromy
[TOJIb30BaTEILCKUN (bopMaT O9Kala OYIET B C2KATOM BHJE. DTO MOXOXKE
Ha MeToJ ¢ ucrnoab3oBanneM GZIP, HO OH MMeeT JOMOTHUTETBHOE TIpe-
UMYIIECTBO — TaOJIHUIBI MOT'YT OBITH BOCCTAHOBJIEHBI BHIOOPOUHO. Munyc
TAKOro 0O9KaIta — BOCCTAHOBUTH BO3MOYKHO TOJIBKO B TAKYIO K€ BEPCHUIO
PostgreSQL (ommmyarhest MOXKET TOJIBKO MATY PeJin3, TpeThs nudpa mo-
cJie TOYKU B BEPCHUH):

Jlucrunr 11.12 Coznanue 6skama PostgreSQL

Linel $ pg dump -Fc¢ dbname > filename

Yepes psql Takoit 63Kam He BOCCTAHOBUTH, HO JIJI 9TOIO €CTh YTHIUTA
pg_restore:

Jlmcrunr 11.13 Boccranosnenue 63kama PostgreSQL

Linel $ pg restore -d dbname filename

[Ipu cimmkom OosbIoit Oaze JAaHHBIX, BApUAHT ¢ KOMaHJIoW split myKHO
KOMOMHUPOBATH CO CXKATUEM JIAHHBIX.

11.3 Dboexkan ypoBHs dailioBoil cucTeMbl

AlbTepHATUBHBIA METOJ PE3EePBHOIO KOIMMPOBAHUS 3aKJIFOYAETCA B HEIO-
CPeJICTBEHHOM KOMHMpOoBaHUU (haitioB, Koropbie PostgreSQL mcmonb3yer jrs
XpaHeHus! JaHHbIX B Oa3e maHHbIX. Hampumep:

Jlmcrunr 11.14 Bakan PostgreSQL daiiion
Linel $ tar -cf backup.tar /usr/local/pgsql/data

Ho ectpb nBa orpanuvenusi, KOTOpbIE JI€JAeT 3TOT METOJ| Heleecoodpas-
HBIM, WJIH, 110 Kpaiineit mepe, ycrymatonmm SQL 6skarry:

e PostgreSQL 6a3a maHHBIX T07KHA OBITH OCTAHOBJIEHA, JIJIsT TOTO, ITOOBI
HOJIyduTh akTyaabHblil 6okan (PostgreSQL seput MHOXKECTBO 00bEK-
TOB B mamATH, Oydepusanus ¢aiioBoit cucremsr). M3iuiinHe roBoputsb,
YTO BO BPEMs BOCCTAHOBJIEHHSI TAKOIO OdKala MmoTpedyeTcs TaK»Ke OCTa-
HOBUTH PostgreSQL;

o He IIOJIyIUTCdA BOCCTAHOBUTL TOJIBKO OIIp€/ie/IEHHBbIC JaHHBbIE C TaKOI'O
OoKara;
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11.4. HenpepbiBHOE pe3epBHOE KOIUPOBAHUE

Kaxk ajibrepHaTnBa, MOYKHO JiesiaTh CHUMKH (snapshot) daitios cucrembl
(mankwu ¢ daitmamu PostgreSQL). B rakom ciryuae ocranasiuBars PostgreSQL
He Tpebyercs. OIHAKO, pe3epBHAs KOIUsI, CO3aHHAs TaKUM 00pa3oM, CcOXpa-
et paitibl 6a3bl JAHHBIX B COCTOSHUU, KaK €CJU Obl cepBep 0a3bl JAHHBIX
OBLIT HePaBWJILHO ocTaHoBJIeH. [ToaTomy mpu 3amycke PostgreSQL u3 peseps-
HO# KomHH, OH OyJIeT JyMaThb, YTO MPEIbIIYIIII IK3EMILIIP cepBepa B/
U3 CTPOsi M BOCCTAHOBUT JIAHHBIE B COOTBETCTBUU C JaHHBIME KypHasta WAL.
DT0 He mpobieMa, IPOCTO HAJO 3HATH IIPO 9TO (1 He 3a0bITh BKI0YNTh WAL
aiier B pesepsryto kommo). Takzke, eciau daiioBas cucrema PostgreSQL
pacupejiesieHa 1o pas3HbIM (ailJIOBBIM CUCTEMaM, TO TaKoW MeToj1 69Karma Oy-
JIeT OYeHb HEHAJIEXKHBIM — CHUMKHU (ail/IoB CUCTEMBI JIOJIZKHBI OBITH CJIe/TaHbI
osHOBpeMeHHO. [lounTaiiTe JoKyMeHTaIMO (hailjIoBOil CUCTEMbI OUeHb BHUMAa~
TEJILHO, MIPEKJIE UeM JIOBEPSATH CHUMKAM (DAlJIOB CUCTEMBI B TAKUX CUTYAIUsIX.

Taxzke BO3MOXKEH BapUAHT C HUCIOJb30BAHUEM rsync yTHIATHI. llepBbiM
3AIYCKOM T'SyNc MbI KOIIMpyeM OCHOBHBIE (baitiner ¢ gupektopun PostgreSQL
(PostgreSQL npu sToM npojoszkaer pabory). ITocse 9Toro Mbl ocraHaBIMBa-
eM PostgreSQL u 3amyckaeM moBTOpPHO rsync. BTopoii 3alryck rsync Ipoiiaer
ropaszo ObICTpee, YeM TepBBIil, TOTOMY 4TO OY/ET IepeaBaTh OTHOCUTETLHO
HEOOJTBITION pa3Mep JAHHBIX, U KOHEUIHBIH pe3y/abTaT OyJIeT COOTBETCTBOBATH
ocrarosierroit CYB/I. 9ToT MeTos1 mo3BosIsieT ae1arh O9Kam ypoBHsT (haitio-
BOIl CHCTEMBI ¢ MUHUMAJILHBIM BPEMEHEM ITPOCTO.

11.4 HenpepniBHOE pesepBHOE KONIUPOBAHNE

PostgreSQL momepxkuBaer ynpexpaonryo 3amuchk jgoros (Write Ahead
Log, WAL) B pg xlog IUPEKTOPUIO, KOTOPasi HAXOIUTCS B JIUPEKTOPUU JIAH-
ubix CYB/I. B jioru nuiyres Bce uamenenus, cienannbie ¢ janabivu B CYB /1.
DTOT KYPHAJ CYMIECTBYET IMPEXKJE BCEro i O€30MIaCHOCTU BO BpeMsi Kpa-
xa PostgreSQL: eciim mpoucxonsar coon B cucreme, 6a3bl JTAHHBIX MOTYT OBITH
BOCCTAHOBJIEHBI C TTIOMOIIBIO «IT€pe3allyCKay ITOro KypHaJia. TeMm He MeHee, Cy-
IECTBOBAHNE KYypHAaJa JieJlaeT BO3MOXKHBIM HCIIOJb30BaHE TPeTheil cTpare-
TUU JIJIsT PE3EPBHOIO KOIMPOBaHUs 06a3 JAHHDBIX: MBI MOYKEM 00bE/IMHUTEH OIKAIT
ypoBHsi (aitioBoit cucrembl ¢ pesepsroii konmeit WAL daitsios. Ecin Tpeby-
€TCd BOCCTAHOBUTHL TaKOW O9KAIl, TO Mbl BOCCTAHABINBAEM (DailIbl pPe3EepPBHOMN
Koty (hailjIoBOi CUCTEMBI, a 3aTeM «IIepe3allycKaeM» ¢ pe3epBHO# Komun aii-
joB WAL ji/11 IpUBe/IeHUsT CHCTEMBI K AKTYAJIHLHOMY COCTOSTHUIO. DTOT TOJXO/T
SIBJII€TCs DOJIee CJIOXKHBIM JIJIsl @ IMIHICTPUPOBAHNUS, YeM JIFOOO U3 IIPeJIbIITy-
X TIOJIXOJIOB, HO OH MMEET HEKOTOPbIE IIPEUMYIIECTBA!

e He myxkno coryracoBbiBaTh (ail/ibl pe3epBHOI Konmuu cucteMbl. Jliobas
BHYTPEHHSAST TPOTUBOPEYNBOCTH B PE3EPBHOI KoM OyIeT HMCIpaBJeHa
myTeM Ipeobpa3oBaHus KypHaAJIa (He OTJIMIAETCA OT TOTO, UTO IIPOMCXO-
JIAT BO BpPeMsl BOCCTAHOBJIEHHUsI 1TOCIe ¢OOs);
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11.4. HenpepbiBHOE pe3epBHOE KOIUPOBAHUE

e BoccranoBiienne cocTOsTHUS cepBepa sl OIPeeJIEHHOTO MOMEHTa Bpe-
MEHU;

e Ecimm Mbl mocrosiHHO OyieMm «ckapminBaThy daitiel WAL Ha apyryto
MAIIUHY, KOTOpas ObLa 3arpy2KeHa ¢ Tex e (hailjioB pe3epBHOil 6a3bl, TO
y Hac OyJleT HaXOJIANINNCI BCErJla B aKTyaJIbHOM COCTOAHUU Pe3E€PBHBINI
cepep PostgreSQL (cosmanue cepepa ropsiiero pesepsa);

Kax u 69karn haitioBoit cHCTeMbI, 9TOT METO/T MOXKET MOJJICPIKUBATH TOJIb-
KO BOCCTAHOBJIEHUE Bceil 6a3bl JIaHHBIX KjacTepa. Kpome toro, on Tpebyer
MHOTO MecTa, it xpanenus WAL daitios.

Hactpoiika

[lepBoiit 1mIar — aKTUBUPOBATHL APXUBUPOBAHME. IDTa IPOIEeaypa OylaeT
kormpoBaTb WAL aiiibl B apXuBHBII KaTaJor U3 CTAaHJIAPTHOTO KaTasora
pg_xlog. 1o memaercsa B daiie postgresql.conf:

JIuctunar 11.15 HacTpoiika apXxuBupoBaHuUs

archive mode = on # enable archiving
archive command = ’cp -v %p /data/pgsql/archives/%f’
archive timeout = 300 # timeout to close buffers

[Tocste sTOr0 HEOOXOMMMO TIepeHecTH (ailyibl (B MOPSAIKE UX TOSIBJICHUST) B
apXUBHBIH KaTasor. JIjist 9Toro MOXKHO UCIOIB30BaTh MYHKIMIO rsync. MoxKHO
OCTaBUTH (DYHKIMIO B cron W, TaKUM 00pa3oM, (pailibl MOI'yT aBTOMAaTHIECKN
nepeMeaTbCd ME2K/1y XOCTaMU Ka2K/Ible HECKOJIbKO MUHYT:

JIucrunr 11.16 Komuposanne WAL aitmoB Ha apyroit xocT

$ rsync -avz --delete prodl:/data/pgsql/archives/ \
/data/pgsql/archives/ > /dev/null

B konme #eobxoanMo ckonupoBaTh Gailibl B KaTajaor pg  xlog Ha cepBepe
PostgreSQL (on jiosizkeH ObITH B pexkuMe BoccTanoBsierust ). /it 9Toro Heobxo-
MO B KaTaJjore JaHHbix PostgreSQL cozmarh daiisr recovery.conf ¢ 3amanHoit
KOMaH/I0! KOnupoBaHus (hailjioB n3 apxupa B HY>KHYIO JTUPEKTOPUIO:

Jluctunr 11.17 recovery.conf

restore_command = ’cp /data/pgsql/archives/%f "%p"’

Hokymenrtanuss PostgreSQL mpemraraer xopoiee ommcaHne HaCTPORKN
HEIIPEPBIBHOTO KOIMPOBaHUs, MO3TOMY JaHHas TyiaBa He Oy/leT yriyo/aTbes
B Jietasin (HampuMmep, Kak nepenectu jupekroputo CYB/I ¢ omHoro cepsepa
HAa JIPYTOii, KaKue MOryT ObITh npobjiemMbl). BoJiee 10 Ipo6HO BBl MOXKETE MO~
TaTh IO 3TOW CCBHLIKE.
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11.5  YTuauTsl Ajs HENPEPHIBHOIO PE3EPBHOTO
KOIIUPOBaHMSI

HemnpepbiBHOE pe3epBHOE KOIMMPOBAHUSA - OJIMH U3 JIYUIINX CIIOCOOOB JIJIsT CO-
3JIaHMs O9KAIIOB U MX BOCCTAHOBJIeHNs. Hepeako O3Kalbl COXPaHSIIOTCS Ha TOi
ke hailIoBoii crcTeMe, Ha KOTOPOi PacIio/ioXKeHa 6a3a JaHHBIX. DTO HE OUEHb
6€30IaCHO, T.K. IIPH BBIXOJE JUCKOBOI CHCTEMBI CEpBEPa M3 CTPOS BBl MOYKETE
HOTepsATh Bee JaHHble (1 6a3y, u 6IKAIbI), WK TOMPOCTY CTOJKHYThHCS C TeM,
9TO Ha YKECTKOM JINCKe 3aKOHIUTCS CBODOIHOE MecTo. [ToaTomy sydrme, Korma
O39KaIlbl CKJIaIBIBAIOTCS Ha OTAE/IbHBIA cepBep WM B «00JIaTHOE XPaHUJIUIIE
(mampumep AWS S3). UroObl He HMHUCATH CBOW «BEJOCHIE/» JJisl aBTOMATHU-
BaIK TOTO IIPOIECca Ha CErOJHSIIHUN JTeHb CYIIECTBYeT HADOP IIPOrpPaMM,
KOTOpBbIE O0JIErvdaoT MPOIEeCcC HACTPOWKM U TOJJIEPyKKU IIPOIECca CO3TaHUSsT
6IKAIOB Ha OCHOBE HEITPEPBIBHOTO PE3€PBHOIO KOIMMPOBAHUS.

WAL-E

WAL-E npenrazuatena st HenpepbiBHOi apxupaiun PostgreSQL WAL-
logs B Amazon S3 mwian Windows Azure (maunuas ¢ Bepcuu 0.7) un yupasieHns
UCITOJIb30BaHneM pg start backup m pg stop backup. ¥YTuimra Hamnmcana Ha
Python u paspaborana B komnanuu Heroku, rjie eé ak THBHO UCIIOJIB3YIOT.

Yceranoska

Y WAL-E ectb nmapa sasucumocteii: 1zop, psql, pv (B cTapblX BepcHsiX HC-
nosib3yercs mbuffer), python 3.4+ u nHeckosbko python 6ubimorek (gevent, boto
, azure). Takzke Jyist y06CTBA HACTPOEK MEPEMEHHBIX CPEJIbl YCTAHABIMBAETCSI
daemontools. Ha Ubuntu 510 MO>XKHO BCe IMOCTaBUTH OIHON KOMAaHIOM:

JInctunr 11.18 Ycranoska 3apucumocteii misg WAL-E

$ aptitude install git-core python-dev python-setuptools
python-pip build -essential libevent -dev lzop pv
daemontools daemontools-run

Teneps ycranosum WAL-E:

JInctuur 11.19 Yeranosgka WAL-E

$ pip install https://github.com/wal-e/wal-e/archive/v1.0.3.
tar.gz

[Tocste ycreruoit ycraHOBKE MOXKHO HadaTh paborars ¢ WAL-E.
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Hacrpoiika u pabora

Kak yxe nucaiocs, WAL-E ciimBaer Bce manubie B AWS S3, mosromy Ham
norpebyiorcst «Access Key ID», «Secret Access Key» u «AWS Region» (s1m
JIaHHbIe MOXKHO HailTu B akkayHre Amazon AWS). Komanga s 3arpysku
OoKalia Bceil 6a3bl JAHHBIX B S3:

Jlmeruar 11.20 Barpyska 69kalta Beeii 6a3bl JaHHBIX B S3

AWS REGION=... AWS SECRET ACCESS KEY=... wal-e
\
k AWS ACCESS KEY ID \
--s3-prefix=s3://some-bucket/directory/or/whatever \
backup-push /var/lib/postgresql/9.2/main

[ne s3- prefix — URL, koropstit comepzkut nms S3 6akera (bucket) u myTh K
narke, KyJa CjeJyeT CKJIaJbIBATh pe3epBHbIe Komumu. Komanaa Jijisd 3arpy3Ku

WAL-s0oros mHa S3:

JIucrunr 11.21 3arpyska WAL-yoros na S3
AWS REGION=... AWS SECRET ACCESS KEY=... wal-e
\
-k AWS ACCESS_KEY ID \
--s3-prefix=s3://some-bucket /directory /or/whatever \
wal-push /var/lib /postgresql /9.2/main/pg xlog/
WAL SEGMENT LONG HEX

s ympaB/ieHus: STUMU TTepEMEHHBIMIA OKPYKEHUsT MOXKHO MCIIOJIL30BATH
KoMaHy envdir (mger B mocraBke ¢ daemontools). [lyist sToro cozmagum envdir
KaTaJor:

JIucturr 11.22 WAL-E ¢ envdir

mkdir -p /etc/wal-e.d/env

echo "aws region" > /etc/wal-e.d/env/AWS REGION

echo "secret -key" > /etc/wal-e.d/env/AWS SECRET ACCESS KEY

echo "access-key" > /etc/wal-e.d/env/AWS ACCESS KEY ID

echo ’s3://some-bucket/directory/or/whatever’ > /etc/wal-e
.d/env/WALE_S3 PREFIX

chown -R root:postgres /etc/wal-e.d

S H LH L PH

<

[Tocne cozmanust JAHHOTO KATaJora IOsIBJSETCS BO3MOXKHOCTH 3allyCKaTh
WAL-E koMmaspI ropa3o IpoIe U ¢ MEHBIINM PUCKOM CJIYYaifHOIO HUCIIOJIb-
30BaHUs HEKOPPEKTHBIX 3HAUYCHUIL:

JInctuar 11.23 WAL-E ¢ envdir
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Linel § envdir /etc/wal-e.d/env wal-e backup-push
$ envdir /etc/wal-e.d/env wal-e wal-push

Teneps nacrpoum PostgreSQL mrs copaceiBarus WAL-moros B S3 ¢ momo-
mpio WAL-E. Orpenaktupyem postgresql.conf:

Jlucrunr 11.24 Hacrpoiika PostgreSQL

Line I wal level = hot standby # wmmm archive , ecsim PostgreSQL < 9.0
archive mode = on
archive command = ’envdir /etc/wal-e.d/env /usr/local/bin/
wal-e wal-push %p’
archive timeout = 60

Jlyamie ykazarsh nossbiil myth K WAL-E (MoxkHO y3HAaTH KOMaH10if Which
wal-e), mockobKy PostgreSQL moxker ero me naiitu. [locie sToro Hy:kHO 1e-
perpy3uthb PostgreSQL. B yiorax 6a3bl BbI JOJ2KHBI YBUJIETD YTO-TO MTOJI00HOE:

JIuctunr 11.25 Jloru PostgreSQL

Line 1 2016-11-07 14:52:19 UIC LOG: database system was shut down
at 2016-11-07 14:51:40 UTC
2016-11-07 14:52:19 UTIC LOG: database system is ready to
accept connections
2016-11-07 14:52:19 UTIC LOG: autovacuum launcher started
2016-11-07T14:52:19.784+00 pid=7653 wal e.worker.s3 worker
INFO MSG: begin archiving a file
5 DETAIL: Uploading "pg xlog/000000010000000000000001"
to "s3://cleverdb -pg-backups/pg/wal 005
/000000010000000000000001.1z0".
2016-11-07 14:52:19 UIC LOG: incomplete startup packet
2016-11-07T14:52:28.234+00 pid=7653 wal e.worker.s3 worker
INFO MSG: completed archiving to a file
DETAIL: Archiving to "s3://cleverdb -pg-backups/pg/
wal 005/000000010000000000000001.1z0" complete at 21583.3

KiB/s.
2016-11-07T14:52:28.341+00 pid=7697 wal e.worker.s3 worker
INFO MSG: begin archiving a file
10 DETAIL: Uploading "pg xlog

/000000010000000000000002.00000020. backup" to "s3://

cleverdb -pg-backups/pg/wal 005

/000000010000000000000002.00000020. backup.lzo".
2016-11-07T14:52:34.0274+00 pid=7697 wal e.worker.s3 worker

INFO MSG: completed archiving to a file

DETAIL: Archiving to "s3://cleverdb -pg-backups/pg/
wal 005/000000010000000000000002.00000020.backup.1zo"
complete at 00KiB/s.
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2016-11-07T14:52:34.1874+00 pid=7711 wal e.worker.s3 worker
INFO MSG: begin archiving a file
DETAIL: Uploading "pg xlog/000000010000000000000002"
to "s3://cleverdb -pg-backups/pg/wal 005
/000000010000000000000002.1z0".
2016-11-07T14:52:40.2324+00 pid=7711 wal e.worker.s3 worker
INFO MSG: completed archiving to a file
DETAIL: Archiving to "s3://cleverdb -pg-backups/pg/
wal 005/000000010000000000000002.1z0" complete at 2466.67
KiB/s.

Ecim amyero mnoxoxkero B jorax He BUJIHO, TOT/a HY?KHO CMOTPETH UTO 3a
OIINOKA TOSABJISIETCS W UCIHPABJIATEL €€. jist Toro, 4rodbl 63KauTh BCIO 6a3y,
JIOCTATOYHO BBITIOJIHUTH JAHHYIO KOMaHIy:

Jlucrunr 11.26 Barpyska 63kaira Bceit 6a3bl JAHHBIX B 53

$ envdir /etc/wal-e.d/env wal-e backup-push /var/lib/
postgresql /9.2 /main
2016-11-07T14:49:26.1744+00 pid=7493 wal e.operator.
s3 operator INFO MSG: start upload postgres version
metadata
DETAIL: Uploading to s3://cleverdb -pg-backups/pg/
basebackups 005/base 000000010000000000000006 00000032/
extended version.txt.
2016-11-07T14:49:32.783+00 pid=7493 wal e.operator.
s3 operator INFO MSG: postgres version metadata
upload complete
2016-11-07T14:49:32.859400 pid=7493 wal e.worker.s3 worker
INFO MSG: beginning volume compression
DETAIL: Building volume 0.

HINT: Check that your archive command is executing properly
pg stop backup can be canceled safely , but the
database backup will not be usable without all the WAL
segments .
NOTICE: pg_ stop_ backup complete, all required WAL segments
have been archived

Jlauublii 69KAaI JrydIie jieiaTh pa3 B CyTKU (HApuMmep, J106aBUTh B crontab
). Ha puc 11.1-11.3 BuyHo Kak xpaHsiTcst 69Kalbl Ha S3. Bee GIKaIbl CKaThl
yepes lzop. JaHHBIN aJITOPUTM CKEMAET XyKe 9eM gZip, HO CKOPOCTb CyKATUS
HaMHOTO OpicTpee (npubausuTeapuo 25 M6/ cexk ncrobsys 5% LITY). Yrobwr
YMEHBIIUTH HATPY3KY Ha YTEHHUE C KECTKOIO JTUCKA OIKAIIBI OTIPABIAIOTCS Ye-
pe3 pv yruauty (omrmeii cluster -read-rate- limit MOXKHO OrPaHUYUTH CKOPOCTH
YTEHHUsI, €CJIU ITO TPEOYeTcsl).

Tenepnb mepeiizeM K BOCCTAHOBJIEHUIO JaHHBIX. {11 BoccTaHOB/IEHUST Oa3bI
u3 pe3epBHOIT Konuu ucnoab3yercda backup-fetch komanga:
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&» Upload (4 Create Folder | Actions -

./ cleverdb-pg-backups > | pg
Name
i) basebackups_005

il wal_D05

Pnc. 11.1: Ilanka 63kanos HA S3

& Upload || (g Create Folder | Actions
|/ cleverdb-pg-backups > (| pg > [ | basebackups_005
Name
r{_j base_000000010000000000000008_00000032
D base_000000010000000000000008_00000032_backup_stop_sentinel.json
r{_j base_00000001000000000000000C_00000032

D base_00000001000000000000000C_00000032_backup_stop_sentinel.json

Puc. 11.2: [Tanka 63kamoB 6a3sl HA S3

&y Upload || {4 Create Folder | Actions «
o/ cleverdb-pg-backups > || pg > | wal_005
Name
[ 00000D0010000000000000001.120
D 000000010000000000000002.00000020.backup.lzo
D 000000010000000000000002.120
D 000000010000000000000003.120
[ 000000010000000000000004.00000020.backup.lzo
[ 000000010000000000000004.1z0
[ 000000010000000000000005.1z0
[ 0O0000010000000000000006.00000020.backup.lzo

D 000000010000000000000006.120

Puc. 11.3: [Tanka WAL-10ros Ha S3

JIncrunr 11.27 Boccranosinenue 63karra 0a3nl u3 S3

Linel $ sudo -u postgres bash -c¢ "envdir /etc/wal-e.d/env wal-e
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--s3-prefix=s3://some-bucket/directory /or/whatever backup
-fetch /var/lib/postgresql/9.2/main LATEST"

['ne LATEST o3nadaeT, 94T0O 0a3a BOCCTAHOBUTCS W3 TOCJIEIHETO aKTyaJlb-
Horo Gokana (PostgreSQL B 310 Bpems joizkeH ObITh ocTanoBeH). s Boc-
CTAHOBJICHUsT U3 0OoJiee MO3HEHl pe3epBHON KOIUN:

JIucturar 11.28 Boccranosiienne n3 mo3Heil pe3epBHON KOIIIH

$ sudo -u postgres bash -c¢ "envdir /etc/wal-e.d/env wal-e
--s3-prefix=s3://some-bucket /directory /or/whatever backup
-fetch /var/lib/postgresql /9.2 /main
base LONGWALNUMBER POSITION NUMBER'"

JL1st IoTy IeHus CITCKa JIOCTYITHBIX PEe3ePBHBIX KON eCTh KoMaH1a backup
-list:

JIucruar 11.29 Cumucok pe3epBHBIX KOIIMA

$ envdir /etc/wal-e.d/env wal-e backup-list

name last modified expanded size bytes
wal segment backup start
wal segment offset backup start wal segment backup stop
wal segment offset backup stop

base 000000010000000000000008 00000032 2016-11-07T14

:00:07.000Z2 000000010000000000000008
00000032
base 00000001000000000000000C 00000032 2016-11-08T15
:00:08.000Z2 00000001000000000000000C
00000032

[Tocne 3aBepriennst pabOTHI ¢ OCHOBHOI PE3€PBHON KOMHUEN JIJIsi MOJTHOTO
BOCCTAHOBJIEHUsT HYKHO cuntarb WAL-jmorun (4To6bl aHHbIE OOHOBUJIUCH JIO
HOCJIE/THETO COCTOsIHYSA ). JIJIst 9TOro MCnosib3yercs recovery . conf:

JIucruar 11.30 recovery.conf

restore_command = ’envdir /etc/wal-e.d/env /usr/local/bin/
wal-e wal-fetch "%f" "%p"’

[Tocsie cozmanusg storo daitna Hy:xkHO 3amyctutb PostgreSQL. Yepes
HebOJIBINOI NHTEPBAJI BpeMeHu 6a3a CTaHeT IOJHOCTHIO BOCCTAHOBJICHHOM.

st ynaseHust crapbix pe3epBHBIX KOMHUil (111 BOOOIIE BCEX ) MCHOJIb3YeTCst
KoMaHaa delete:

JImctmar 11.31 Vaanenne pe3epBHBIX KOMUMA

# yHalleHre CTapbiXx O9KaIlOB CTapIie
base 00000004000002DF000000A6 03626144

272



Line

11.5. YTumThl Jj1s HEIPEPBIBHOIO PE3€PBHOTO KOIUPOBAHUS

$ envdir /etc/wal-e.d/env wal-e delete --confirm before
base 00000004000002DF000000A6 03626144
# yrhaJieHme BcexX OKalloB

$ envdir /etc/wal-e.d/env wal-e delete --confirm everything
# ymaquTb Bce crapiine nociaenanx 20 63Kamon
$ envdir /etc/wal-e.d/env wal-e delete --confirm retain 20

Bes onmun -- confirm KoMaHIbI OY/IyT 3ITYCKATHCS W IOKA3bIBATH, YTO OyJIeT
YAAJISThCs, HO (haKTHIeCKOro y/IajleHnst He Oy/1eT pon3BoauThest (dry run).

SaKJII0OYEeHIE

WAL-E nomoraer aBromaTu3upoBarh cOOp pe3epBHBIX Korwuii ¢ PostgreSQL
1 XPAHUTDh WX B JOCTATOYHO JEIIEBOM U HaJeXKHOM XpaHuauine — Amazon S3
wim Windows Azure.

Barman

Barman, kak u WAL-E, nossosiger cosmarh cucreMy st O3Kama U BOC-
cranoBjeHust PostgreSQL Ha ocHOBe HEIIPEPBHIBHOTO PE3EPBHOIO KOIIMPOBAHUSI.
Barman wucrnosib3yer jij1s xpanenusi 69KaIoB OTJIEIbHBIN cepBep, KOTOPBI MO-
JKeT cobmparh 0IKalbl KaK C OJHOIO, TaK W ¢ HecKoJbKux PostgreSQL 6a3
JIAHHBIX.

YceraHOBKa 1 HACTPONKA

Paccmorpum mipocroit cirydait ¢ ofauM sk3emiuisipom PostgreSQL (oxun
cepBep) U IMycTh ero xocr Oyzer pghost. Hama 3amaua — aBromaTusupoBaTh
cb0p 1 XpaHeHne 63KAIOB 9Toii 6a3bl Ha IPYroM cepsepe (ero xoct Oy/er brhost
). it B3anmoieiicTBust 9TH JBa cepBepa JIOJXKHBI ObITH TTOJHOCTHIO OTKPBITHI
no SSH (sroctyn 6e3 maposis, o kiarodam). Jljis 9Toro MOXKHO HCIOJIB30BATH
authorized keys daitr.

JIucrunar 11.32 IIposepka nopkmodenust mo SSH

# Ilposepka nomkiovenusi ¢ cepsepa PostgreSQL (pghost)
$ ssh barman@brhost

# Ilposepka momk/IO4YeHusi ¢ cepBepa 03kamoB (brhost )

$ ssh postgres@pghost

Jlasee HY2KHO yCTAHOBUTH Ha cepBepe it OokamoB barman. Cam barman
Hanucan Ha python m mmeer napy 3aucumocteit: python 2.6+, rsync u python
6ubsmoreku (argh, psycopg2, python-dateutil, distribute). Ha Ubuntu Bce 3aBu-
CUMOCTU MOYKHO ITOCTABUTH OJIHON KOMaHIOi:

JInctunr 11.33 Yeranoska 3aBucumocTeil barman
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Line1 $ aptitude install python-dev python-argh python-psycopg?2
python-dateutil rsync python-setuptools

Jlasiee Hy>KHO yCTAHOBUTH barman:

JInctunr 11.34 Yecranoska barman

Linel $ tar -xzf barman-2.1.tar.gz
- % cd barman-2.1/
- $ ./setup.py build
- $ sudo ./setup.py install

WNmm ucnons3ys PostgreSQL Community APT penosuropmii:

JIucruar 11.35 Yeranoska barman
Linel $ apt-get install barman
Teneps mepeiiiem Kk cepBepy ¢ PostgreSQL. lst Toro, aTobsr barman mor

HOJIKJIIOYAThCS K 6a3e JaHHbIX 0e3 TpobJ/IieM, HaM HYKHO BHICTABUTH HACTPOUKU
noctyna B kKongurax PostgreSQL:

Jlmcrunr 11.36 OrpemakrupoBarh B postgresql.conf

Line 1 listen adress = '*’

JIuctunr 11.37 Hobasuts B pg_hba.conf
Line 1 host all all brhost/32 trust

[Tocsie aTux m3menennit HyKHO meperpy3uth PostgreSQL. Temeps moxkem
IIPOBEPHUTH C cepBepa OoKaIoB MogaKIoYeHne K PostgreSQL:

Jlucrunr 11.38 TlpoBepka mojk/ovueHns K 6a3e

Linel $ psql -¢ 'SELECT version ()’ -U postgres -h pghost
- version

- PostgreSQL 9.3.1 on x86 64-unknown-linux -gnu, compiled by
gcc (Ubuntu/Linaro 4.7.2-2ubuntul) 4.7.2, 64-bit
(1 row)

ot

JlaJtee co3a/ M Ialky Ha cepBepe ¢ OdKallaMu JjIsd XPAHEHHsT 9TUX CaMbIX
03KAIIOB:

JInctunar 11.39 Ilanka gt XpaHeHHsT O3KAIIOB

Line I $ sudo mkdir -p /srv/barman
- § sudo chown barman:barman /srv/barman
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Jlta macTpoiiku barman coszaauM /ete/barman.conf:

JInctuur 11.40 barman.conf

[ barman |
; Main directory
barman home = /srv /barman

; Log location
log file = /var/log/barman/barman.log

; Default compression level: possible values are None (
default), bzip2, gzip or custom

compression = gzip

; 'main’ PostgreSQL Server configuration

[ main |
; Human readable description
description = "Main PostgreSQL Database"

; SSH options
ssh _command = ssh postgres@pghost

; PostgreSQL connection string
conninfo = host=pghost user=postgres

Cekrusi «mainy» (Tak Mbl HasBajm jyis barman wam PostgreSQL cepsep)
COJIEPXKUT HACTPOIKY st mojakodeHns K PostgreSQL cepsepy u 6a3ze. IIpo-
BepUM HACTPOIKM:

Jluctunr 11.41 ITposepka barman macTpoex

$ barman show-server main

Server main:
active: true
description: Main PostgreSQL Database
ssh command: ssh postgres@Qpghost
conninfo: host=pghost user=postgres
backup directory: /srv/barman/main
basebackups directory: /srv/barman/main/base
wals directory: /srv/barman/main/wals
incoming wals directory: /srv/barman/main/incoming
lock file: /srv/barman/main/main.lock
compression: gzip
custom compression filter: None
custom decompression filter: None
retention policy: None
wal retention policy: None
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pre backup script: None

post backup script: None

current xlog: None

last shipped wal: None

archive command: None

server txt version: 9.3.1

data directory: /var/lib/postgresql/9.3/main

archive mode: off

config file: /etc/postgresql/9.3/main/postgresql.
conf

hba file: /etc/postgresql/9.3/main/pg hba.conf

ident file: /etc/postgresql/9.3/main/pg ident.conf

# barman check main
Server main:
ssh: OK
PostgreSQL: OK
archive mode: FAILED (please set it to ’on’)
archive command: FAILED (please set it accordingly
to documentation)
directories: OK
compression settings: OK

Bce xoporro, Bot Totbko PostgreSQL ne mactpoen. s sToro Ha cepsepe
¢ PostgreSQL orpenaktupyem xoudur 6a3br:

Jluctunr 11.42 Hacrpoiika PostgreSQL

wal level = hot standby # archive mis PostgreSQL < 9.0
archive mode = on
archive _command = ’rsync -a %p barman@brhost:

INCOMING WALS_DIRECTORY/%f °

rime INCOMING WALS DIRECTORY — jupekTopus JUISI CKJIaJIbIBAHUS
WAL-noros. Eé M0oKHO y3HATH M3 BBIBOJA KOMaHJIbI barman show-server main
(muctunr 11.41, ykazaso /srv/barman/main/incoming). ITocie n3menenns Ha-
cTpoek HyKHO reperpy3uthb PostgreSQL. Tereps mpoBepum craTyc Ha cepBepe
05KAaIIoB:

JIuctuar 11.43 TIposepka

$ barman check main

Server main:
ssh: OK
PostgreSQL: OK
archive mode: OK
archive command: OK
directories: OK
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11.5. YTumThl Jj1s HEIPEPBIBHOIO PE3€PBHOTO KOIUPOBAHUS

compression settings: OK

Bce roropo. [ mobasiiennst HOBOTO cepBepa IpoIe ypy HoTpedyeTcs mo-
BTOPUTH, & B barman.conf 106aBUTH HOBBIII cepBep.

Cosmanne 63KaIoB

[Tosryuenue crimcka cepBepoB:

Jlmcrunr 11.44 Cromrcok cepBepoB

$ barman list -server
main - Main PostgreSQL Database

Barmyck co3manust pesepsroil kormun PostgreSQL (cepsep ykaswiBaeTcs 1o-
CJIEJTHAM [TapaMeTPOM ):

JIuctunr 11.45 Coznanue 6Kara,

$ barman backup main

Starting backup for server main in /srv/barman/main/base
/20121109T090806

Backup start at xlog location: 0/3000020
(000000010000000000000003, 00000020)

Copying files.

Copy done.

Asking PostgreSQL server to finalize the backup.

Backup end at xlog location: 0/30000D8
(000000010000000000000003, 000000D8)

Backup completed

Takyto 3aady JIydiie BBITOTHATH pa3 B cyTKH (7100aBuTh B cron). [Tocmor-
pPeTh CIIMCOK OIKAIIOB JJIs YKa3aHOi Oa3bl:

JInctnur 11.46 Cuucoxk 63kaIos

$ barman list -backup main

main 20121110T091608 - Fri Nov 10 09:20:58 2012 - Size: 1.0
GiB - WAL Size: 446.0 KiB

main 20121109T090806 - Fri Nov 9 09:08:10 2012 - Size: 23.0
MiB - WAL Size: 477.0 MiB

Boutee nosipodbras nndopmaling o BEIOpaHOil pe3epBHOIT KOIUN:

Jluctunr 11.47 Undopmarius o BEIOpAHOl pe3epBHOI KOITUT

$ barman show-backup main 20121110T091608
Backup 20121109T091608:

Server Name : main
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Line 1

[S2 B

11.5. YTumThl Jj1s HEIPEPBIBHOIO PE3€PBHOTO KOIUPOBAHUS

Status:
PostgreSQL Version:
PGDATA directory

: DONE

90201
/var/lib /postgresql /9.3 /main

Base backup information:

Disk usage
Timeline
Begin WAL
End WAL
WAL number
Begin time
End time
Begin Offset
End Offset
Begin XLOG
End XLOG

WAL information :
No of files
Disk usage
Last available

Catalog information:
Previous Backup
Next Backup

1.0 GiB

1
00000001000000000000008C
000000010000000000000092
7

2012-11-10 09:16:08.856884
2012-11-10 09:20:58.478531
32

3576096

0/8C000020

0/92369120

1
446.0 KiB
000000010000000000000093

20121109T090806
- (this is the latest base backup)

Taxzxe moxkuO CKUMaTh WAL-/T0r1, KOTOphIe HAKATLIMBAIOTCS B KATAJIOTAX

KOMAaHJION «Crony:

JIucrunar 11.48 Apxusuposanue WAL-joros

$ barman cron

Processing xlog segments for main
000000010000000000000001
000000010000000000000002
000000010000000000000003
000000010000000000000003.00000020. backup
000000010000000000000004
000000010000000000000005
000000010000000000000006

DTy KoMaH 1y Tpedyercst 100aB/saTh B crontab. YacTora BBITIOJIHEHUS JaH-
HOIl KOMaHJIbl 3aBUCAT OT TOro, Kak MHOro WAL-jioros HakaimmBaercs (dem
Gosbine ailJIoB - TeM JOJIbIIE OHA BBIIOJHAECTCH). Barman MoOkKeT CKH-
math WAL-0rn wepes gzip, bzip2 uau apyroii KoMIpeccop JaHHBIX (KOMaH-
Obl JJIA C2KaTUsl U PaCHaKOBKH 3aJlal0Tcd depe3 custom compression filter u
custom _decompression filter coorBercTBeHHO). Tak:ke MOXKHO AKTHBHPOBATH
KOMIIPECCHIO JIAHHBIX IIPU IIepeJladn 110 CeTU depe3 OIIIIo network compression
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(o ymosuanuio orkiodena). Yepes onmun bandwidth limit (o ymosrdanuto
0, orpanndenwuii Het) u tablespace bandwidth limit BO3MOXKHO OrpaHUYIHUTD HC-
[I0JIb30BaHUsl CETEBOI0 KaHaJIa.

15 BoccTaHOBIIEHNS Oa3bl M3 6IKaIla NCIOIB3YeTCs KOMAH/IA recover:

JIuctunr 11.49 Boccranosienue 6a3bl

Line I $ barman recover --remote-ssh-command "ssh postgres@pghost"
main 20121109T090806 /var/lib/postgresql/9.3/main
- Starting remote restore for server main using backup
20121109T090806
- Destination directory: /var/lib/postgresql/9.3/main
- Copying the base backup.
5 Copying required wal segments.
- The archive command was set to ’'false
losses .

)

to prevent data

- Your PostgreSQL server has been successfully prepared for
recovery !

10 Please review network and archive related settings in the
PostgreSQL

- configuration file before starting the just recovered
instance.

- WARNING: Before starting up the recovered PostgreSQL server

- please review also the settings of the following
configuration

15 options as they might interfere with your current recovery
attempt:

- data directory = ’/var/lib/postgresql/9.3/main’
# use data in another directory
- external pid file = ’/var/run/postgresql /9.3 -main.pid’
# write an extra PID file
- hba file = ’/etc/postgresql/9.3/main/pg hba.conf’  #
host -based authentication file
20 ident file = ’/etc/postgresql/9.3/main/pg ident.conf’
# ident configuration file

Barman mozkeT BocCTaHOBUTE Oa3y M3 PE3EPBHOI KOIMU Ha YIAJICHHOM Cep-
Bepe 1depe3 SSH (st smoro ecrsb onmust remote-ssh-command). Takzke barman
MOZKET BOCCTAHOBUTH 0azy, ucnoib3yd PITR: nmg sToro ncnoms3yrores onmnun
target-time (ykasbiBaercs BpeMst) mian target-xid (id Tpansakium).
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3akJIroYeHue

Barman momoraer aBToMaTu3upoBaTh COOP M XpaHEHNE PE3EPBHBIX KO
PostgreSQL manubIX Ha OT/IEIBHOM cepBepe. Y THIMTA IIPOCTa, TIO3BOJISET Xpa-
HUTH U yI00HO yIPaBJISATh O3KamaMn HecKObKuX PostgreSQL ceprepos.

Pg arman

Pg arman — menejzkep pe3epBHOIO KOIMPOBAHUA U BOCCTAHOBJICHUS JIJIsI
PostgreSQL 9.5 man Beimmre. 910 OTBETBJIEHNE MTPOEKTa pg arman, N3HAYAb-
Ho paspabarbiBaemoro B NTT. Tenepb ero paspabarbiBaeT U HOIIEPIKUBAET
Mumens [lakpe. Y Tuanra mpegocTaBisgeT Cjeayionme BO3MOKHOCTH:

e PezepBHoe KonmpoBanue BO BpeMs pabOThI Oa3bl JJAHHBIX, BKJIIOYad Tab-
JIMYHBIE ITPOCTPAHCTBA, C MIOMOIIBIO BCETO OJHON KOMAH]IHI;

e BoccTaHOBJIEHNE N3 PE3EPBHOI KOIMH BCETO OJTHOI KOMAaH/IOM, ¢ HeCTaH-

JTapTHBIMI BapWaHTaMU, BKJIOUasd ucroab3oBanue PITR;

[Tonepxkka mosHOrO M iphepeHITnaTLHOIO KOITMPOBAHMS;

e VIpaBjieHUE PEe3ePBHBIMU KOUAMU CO BCTPOEHHBIMU KaTaJIOTaMU;

HcnonwzoBanne

Cragajia TpebyeTcst CO3/1aTh «KaTaJOT PE3ePBHOIO KOIMUPOBAHUSI», B KO-
TOPOM OV/IyT XpaHUThCA ailabl Kot m ux Merajanabie. Jlo wHUIMIAII-
3allii 9TOr0 KaTaJiora PEKOMEH/IyeTCs HACTPOUTHL IMapaMeTpsl archive mode

n archive command B postgresql.conf. Ecau nepemennble MHUITUAIM3UPOBA-
HBI, pg_arman MOXKET CKOPPEKTHPOoBaTh (haila kouduryparuu. B aTom ciydae
noTpedyercs 3aJ1aTh MyTh K KjacTepy 0a3 JJaHHBIX: IEPEMEHHON OKPYZKEHUs
PGDATA wnym gepes3 napameTtp -D/--pgdata.

JIuctuar 11.50 init
$ pg arman init -B /path/to/backup/

[Tocse 3TOrO BO3MOYXKEH OJIMH U3 CJIETYIONINX BAPUAHTOB PE3EPBHOTO KOIIU-
poBaHUHA:

e [losiHOE pe3epBHOE KolMpoBaHHe (KOIMpyeTcst BeCh Kjacrep 6a3 JaH-
HBIX);

JIncturr 11.51 backup

Line 1 $ pg arman backup --backup-mode=full
- $ pg arman validate
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o Jluddepennnaabaoe pesepBHOE KOIUPOBAHUE: KOIMUPYIOTCA TOJIBKO (aii-
JIBl WJIM CTPAHUIIbI, M3MEHEHHDIE TTOCTIEe TIOC/IeTHEl TPOBEPEHHON KOITHH.
Jlnst sToro BeIOJHSETC cKaHupoBanue 3amuceit WAL ot mosunun 1o-
cnemrero kormpoBaaus ;10 LSN BbimosiHeHnst pg_ start backup u Bce u3-
MEeHEHHbBIE OJIOKH 3AITUCHIBAIOTCA U OTCIEXKUBAIOTC KaK YacTh PE3€PBHOI
kormu. Tak Kak mpockannpoBaHabie cermeHTbl WAL 10/I2KHBI HAXO N Th-
ca B apxuse WAL, mocjieiHnii cerMmenT, 3a,1efiCTBOBAHHBII TIOC/IE 3aIlyCKa
pg_ start backup, /10JI2KeH ObITH ITEPEKJIIOYEH PUHYIUTEIBHO;

JIuctunr 11.52 backup

Line 1 $ pg arman backup --backup-mode=page
- $ pg arman validate

[Tocsie pesepBHOTO KONTMPOBAHUS PEKOMEH/IYETCH POBEPTH (Dailbl KOuit
KaK TOJILKO 9TO OyjieT BO3MO:KHO. HerpoBepeHHbIe KONIUU HEb3s UCIOJIb30-
BaTh B OllepalisaX BOCCTAHOBJIEHUS U PE3€PBHOI'O KOMMPOBAHUA.

Jlo magaJia BoccTaHoB/IeHNs Yepe3 pg  arman PostgreSQL kmactep moszkeH
ObITh OocTaHOBJeH. Ecin kjactep 6a3 JaHHBIX BCE €IIE CYIIECTBYET, KOMaH-
Jla BOCCTQHOBJIEHUSI COXPAHUT HE3aapPXUBHPOBAHHBIN KypHaJ TPaH3aKIUil u
yaaauT Bee aitibl 6a3 jganabiX. [lociae BoccTtaHoBeHus ¢aiijioB pg  arman
co31aér recovery.conf B $SPGDATA karajore. 9TOT KOH(PUTYPAIMOHHBIH (haiist
COJIEP2KUT ITapaMeTphl JIJIsd BoccTanoBjeHusd. [lociie ycnemnnoro BoccranoBiie-
HUs PEKOMEHJIyeTCsd IPU MEPBOIl »Ke BO3MOXKHOCTH CJIeJIaTh IOJHYIO Pe3epB-
HYIO Konuio. Ec/im K104 --recovery-target-timeline He 3a/1aH, IEJI€BOI TOUKOI
BoccTanoBjeHus Oyjger TimeLinelD mocieneil KOHTPOJILHON TOYKHU B daiiie
($PGDATA /global /pg_ control). Ecsn daiin pg control orcyTcrByer, neseBoii
To4uKOit OyieT TimeLinelD B 110JIHOM pe3epBHON KOIIMH, UCIIOIB3YEMOI IIPU BOC-
CTAHOBJIEHUMN.

JIuctunar 11.53 restore
$ pg ctl stop -m immediate

$ pg arman restore
$ pg ctl start

Pg arman mmeeT psiji orpaHUYeHNN:

e TpebyroTcst mpaBa UTeHUs KaTajora 0a3 JJaHHbIX U 3allUCH B KATAJIOT Pe-
3epBHOTO KommpoBauus. OObraHO Jj1st 3TOr0 Ha cepBepe b/l Tpebyercs
CMOHTHUPOBATH JIMCK, TJI€ PA3MEIIEH KATAJIOI Pe3EPBHBIX KOIWIA, UCTIO/Ib-
3yst NF'S i apyryio TexHoJ10ruio;

OcHOBHBIE BepCcuU pg_arman W cepBepa JIOJIKHBI COBIIAIATh;

e Pasmepsnl 6JI0KOB pg arman U cepBepa JOJKHBI COBIAIATh;
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11.6. 3akJjrogyenue

e Ecymm B KaTayiore ¢ KypHajaMu cepBepa Wn Karajore ¢ apxusom WAL
OKAa3bIBAIOTCsI HednTaeMble (ailjibl/KaTajlorn, pe3epBHOE KOIMUPOBAHUE
WM BOCCTAHOBJIEHHWE 3aBEPIIUTCA COOEM BHE 3aBUCUMOCTH OT BBHIOpaH-

HOTO PeXKMMa KOIMPOBAHNI;

11.6 3Baksouenue

B sro6oMm ciryuae, ycuins U BpeMsi, 3aTpadeHHble Ha CO3JaHue OITUMAJIb-
HOIl cHCTEeMbl cO3J/laHus 09KaIoB, OyJIyT oIpaBiaaHbl. HeBO3MOXKHO mpeyra-
JIaTh KOIJIa TPOU30iIyT TPOOIEMBI ¢ 63011 IAHHBIX, TOITOMY OIKAITBI JTOJIZKHbBI
ObITh HacTpoeHb! it PostgreSQL (ocobenno, ecyim 9T0 MPOJAKIITH CUCTEMA).
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CTparern MacITaOupPOBAHUS JI/Is]

PostgreSQ) L

B koHIIe KOHIIOB, BCe PeIaroT
JIFOJU, HE CTpaTEeruu

Jlappu Boccuan

12.1 Bseuenue

Mmuorue paspabOTYUMKN KPYITHBIX IMPOEKTOB CTAJKUBAIOTCH C IIPOOJIEMOIT,
KOI'JIa OJIMH-€IMHCTBEHHBIN cepBep 0a3bl JaHHBIX HUKAK HE MOXKET CIIPABUTHCH
¢ Harpyskamu. OUeHb YacTO Takue MpoOJIEMbI ITPOUCXOIIT M3-3a HEBEPHOI'O
POEKTUPOBaHUsI IPHUIOKeHUsl (11oxas crpyKrypa B/l jis npuioxkenusi, oT-
cyTcrBue KermupoBanust). Ho B JaHHOM ciiydae MycTh y HAC €CTh «HJIeaIbHOE
MIPUJIOZKEHUE, JIJIT KOTOPOro ONTUMHU3MpPOBaHbl Bece SQL 3ampochl, mCIosb3y-
ercs kerupoBanue, PostgreSQL HacTpoen, HO Bce paBHO HE CIPABJIAETCH C
Harpyskoit. Takast mpobJiemMa MOXKET BOBHUKHYTH KaK Ha dTale IPOeKTHPOBa-
HUdA, TAaK W Ha dTalle pocTa mpusoxkenusd. I TyT Bo3HHKaeT BOIPOC: KAKYIO
CTPATErwio BHIOPATH IPU BO3SHUKHOBEHUN TOI00HON cUTyaruu’

Ecu Bamn 3aka3qnk rotoB KymuTh CyIiep cepBep 3a HECKOJIBKO THICSIT JI0J1-
JIapoB (& 10 Mepe pocTa — JECATKOB ThICSY U T. JI.), 9TOObI COKOHOMUTE BPEMsI
pPas3spabOTINKOB, HO CAEJIATh BCe OBICTPO, MOXKETE JIajIbIlle 9TY IJIaBy HEe YNTATh.
Ho rakoii 3aka3ank — Mupuaeckoe CymecTBO U, B OCHOBHOM, TaKasl IIpobIeMa
JIOXKUTCS Ha IJIEIN pa3pabOTINKOB.

CyTb pobIeMbI

JI1s1 Toro, 4TOOBI ClIeaTh KaKOH-TO BBIOOP, HEOOXOMMMO 3HATH CYTh IIPO-
6s1embl. CyImecTBYIOT JiBa IIpejieia, B KOTOPbIe MOIYT YTKHYThCS cepBepa 0a3
JaHHBIX:
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12.2. TIpoGiema dTeHus JTaHHBIX

e OrpaHuveHue MMPOITYCKHOM CITOCOOHOCTU YTEHUS JIaHHDIX;
e Orpanndenne IPOIYCKHON CIIOCOOHOCTH 3aIlMCH JTAHHDIX;

[IpakTuveckn HUKOI/Ia HE BO3HMKAECT OJHOBPEMEHHO JIBE IMPODOJIEMBI, 10
KpaiiHe Mepe, 9T0 MaJOBEPOATHO (ec/iu Bbl, KoHedHO, He Twitter nim Facebook
mmrere). e BAPYT Takoe MPOMCXOUT — BO3MOYKHO, CUCTEMa HEBEPHO CIIPO-
eKTUPOBaHa, U €€ pea3alyio CJIe/IyeT ePeCMOTPETh.

12.2 Ilpobiema dTeHnst JaHHBIX

[Ipobaema ¢ urernemM JaHHBIX 00bITHO HaumHaercst, koraa CYB/I #e B co-
CTOSTHUHU 00ECIIeIUTh TO KOJTMIECTBO BHIOOPOK, KOTOpoe Tpedyercsd. B ocHoBHOM
TaKoe IMPOUCXOIUT B OJIOrax, HOBOCTHBIX JIEHTAX U T. JI. X049y Cpa3y OTMETHUTD,
YTO MOJI0OHYIO TTPOOJIEMY JIydIlle PelaTh BHEJIPEHUEM KelNIUPOBAHUS, & TIOTOM
yKe JyMaTh Kak maciirabuposats CYB/I.

Metongs! perennst

e PgPool-I1 v.3 4 PostgreSQL v.9 ¢ Streaming Replication — oriimanoe pe-
IIeHNe JIJIs MacIITaOMPOBaHKsI Ha YTeHHe, DoJjiee MOoJIPOOHO MOXKHO O3Ha~
KOMUTHCA 110 CCBHIJIKE. OCHOBHbIe npeunmyniecTBa:

— Huskas 3ajepKKa PEIIIKAIINA MeK/Ly MacTepPOM U CJIEHBOM;

— IIpousBoanTeIbHOCTD 3aIMCH NaJIa€T HE3HAUYUTEIbHO;
Orkasoycroitansocts (failover);

[Iynwr coemnennit;

— Wurennekryanbias OalalcupOBKa HArPy3KH — IIPOBEPKA 3a/€PIK-

KU DPEIIMKAIMA MeXKJ[y MacTepoM U CJIefiBOM (caM IpoBepsieT

pg_current xlog location m pg last xlog receive location);
— Jobassienue cietios CYB/I 6e3 octanosku pgpool-11;
[IpocToTa B HACTpOiiKe U 0OC/IyKUBAHUM;

e PgPool-Il  v.3 + PostgreSQL ¢  Slony/Londiste/Bucardo —
AHAJIOTUIHO  NPEJBLIYIEMY  DEIIeHHI0, HO ¢  HUCIOJb30BaHHEM
Slony /Londiste/Bucardo. OcHoBHBIe TpenMyIIiecTBa:

OrkasoycroitanBocts (failover);

[Iynwr coeunennit;

— UuremtekTyaibHast OaJaHCHPOBKA HAIPY3KH — IIPOBEPKA 38,/ 1€PXKKN
PeIINKAIINT MEYKIy MaCTePOM U CJIEHBOM;

— Hobasnenne cieiis CYB /I 6e3 ocranosku pgpool-11;

— Moxkno ucnosib3oBarh Postgresql nuke 9 Bepcum;

e Citus — nojpobHee MOKHO 1pounTaTh B «6.5 Citusy riraBe;
e Postgres-X2 — nmompodbuee MozkHO npounTaTh B «6.3 Postgres-X2» riase;
e Postgres-XL — nogpobuee MokHO npounTaTh B «6.4 Postgres-XL» riase;

284


http://pgpool.projects.pgfoundry.org/contrib_docs/simple_sr_setting/index.html

12.3. IIpobGiiema 3armcu JIaHHBIX

12.3 Ilpobiema zammcu JaHHBIX

OO6bryHO Takas MpobIeMa BOSHUKAET B CHCTEMAX, KOTOPBIE IIPOU3BOJISIT
aHaJsn3 60X 06LEeMOB JaHHbIX (Hanpumep anasor Google Analytics). [lan-
Hble aKTUBHO MUIIYTCS U MaJIO YUTAIOTCA (MM YUTAETC TOJBKO CyMMAapPHBIH
BapUAaHT COOPAHHBIX JIAHHBIX ).

Metopr perennst

O iH W3 caMBbIX TOIYJISIPHBIX METOJIOB pelteHus MpodIeMbl — pas3Mas3arh
HaArpy3Ky I10 BPEMEHH C TIOMOIIBIO CUCTEM Ovepe/iei.

e Pg(Q) — s10 cucrema ouepeseit, pazpaboranras Ha 6ase PostgreSQL. Pas-
paborunkn — kommanusi Skype. Vcnosbsyercss B Londiste (moapobree
«5.6 Londiste»). Ocobennocrn:

Boicokast ~ NmpoOM3BOAUTELHOCTH  OJlarojapsi  OCODEHHOCTSIM

PostgreSQL;

— Obmas odepenpb, € MOMJAEPXKKON HECKOJIBKHX 00pabOTINKOB U
HECKOJIbKUX T€HEPATOPOB COOBITHIT;

— PgQ rapanTupyer, 4T0 KaxKJablii 00pabOTINK YBUIUT KaxK10€ COObI-

THEe KaK MUHUMYM OJINH pPas;
CobbITHs jtocTaloTest u3 odepenn «nadkamus (batches);
— Yucroe API ma SQL dyukimsx;

— Y100HBIT MOHUTOPUHT;

e (Citus — mompobuee MoxkHO TTpounTaTh B «6.5 Citus» rrase;
e Postgres-X2 — nmompobuee MmozkHO npounTaTh B «6.3 Postgres-X2» riiase;
e Postgres-XL — moapobuee moxkuo ipountath B «6.4 Postgres-XL» rrase;

12.4  3BakimoyeHue

B nannoit riaBe mokasaHbl TOJIBKO HECKOJBKO BO3MOXKHBIX BAPUAHTOB pe-
meHns 3aa9 MacinTabupoBanust PostgreSQL. Takux crparermii cyrecTByer
OrPOMHOE KOJIMIEeCTBO M KaxKjasl U3 HUX UMEET KaK CUJIbHBbIE, TaK U CJaadble
croponbl. Camoe BasKHOE TO, 9TO BBIOOP ONTUMAIBLHOM CTpaTeruu MacIITadupo-
BaHUs JIJIA PEIeHUs TOCTABIEHHBIX 33/ OCTAeTCs Ha IIeUaxX pa3paboTINnKOB
u/mwm agmuauctpatropo CYBI.
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Nrunntsl aad PostgreSQL

VM Bcerpa 3aHST
HCCJIEIOBAHUEM Yero-ubo

ITunepon

13.1 Bseuenue

B nmannoil riape cobpaHbl 1ojie3Hble YTHIATHI st PostgreSQL, koTopsre
HEe YIIOMUHAJMCH B JIPYTUX pas/ie/iaX KHUIH.

13.2 Pgcli

Pgcli — unrepdeiic komanaHoit crpoku jutid PostgreSQL ¢ aBrozanonenu-
eM ¥ II0JICBeTKOIl cuHTakcuca. Hammcan na Python.

misago_testforum> dj ango_l
django_admin_log
django_content_type
django_migrations
django_session

[F2] Smart Completion: ON [F3] Multiline: OFF

Puc. 13.1: Pgcli aBrozanosinenue
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13.3. Pgloader

13.3 Pgloader

Pgloader — roncompHast yruanTa g nepeHoca gaHabx ¢ CSV daiiios,
HTTP pecypcos, SQLite, dBase mmu MySQL 6a3 nanasix B PostgreSQL. s
OBICTPOIT 3arpy3Ku JaHHbIX Hcnoib3yercds COPY mpotokos. Pgloader comep-
JKAT MOJLYJIM JijIsI IpeoOdpa3oBaHue JIaHHBIX, KOTOPhIE IO3BOJISIOT IIPeobpaso-
BBIBATH JIAHHBIE BO BpeMsl liepeHoca (Hampumep, mpeobpasoBanue Habopa 1udp
B [P ajapec mwin paséburh CTPOKY Ha JiBa TEKCTOBBIX MOJIS).

13.4 Postgres.app

Postgres.app — nosrrodyukimonaabubiit PostgreSQL, KoTopsrit ynakoBas B
KadecTBe craHjapTHoro Mac nmpuioxkenusi, osToMy padoraeT ToJbKO Ha Mac
OS cucremax. IIpuoxkenne nMeeT KpacuBblil MOJIH30BATEIbCKUN UHTEpdeEiic
n paboTaeT B CUCTEMHON CTPOKE MEHIO.

13.5 pgAdmin

pgAdmin — wmHCTpyMeHT ¢ rpadudecKkuM uHTepdeificoM s yIpaB/IeHus
PostgreSQL n mpomspojabix oT Hero 0a3 jaHHBX. OH MOXKET OBITH 3alry-
IIEH B KadecTBe JIECKTON win BeO-nipusiokenus. Hamucan na Python (¢ wuc-
nosibzoBarueM Flask dpeitmpopka) u JavaScript (¢ ucnonbzosanunem jQuery u
Bootstrap).

Cy1iecTByI0T ajibTepHATUBHBIE IPOIPAMMHbBIE TPOIAYKTHI jiyist PostgreSQL
(kak maaTHbBIe, Tak U GecrutarHbie). BoT nmpuMepbl 6eCIIaTHBIX aJlbTePHATHB:

DBeaver;
DBGlass;
Metabase;
pgModeler;
Pgweb;
Postbird;
SQL Tabs;

13.6 PostgREST

PostgREST — uncrpyment cozmanus HT'TP REST API ana PostgreSQL
6a3pl. Hanucan na Haskell.

13.7 Ngx_ postgres

Ngx  postgres — moty/ib jiyist Nginx, KOTOPbIi TO3BOJISIET HAIPSIMYO pabo-
tarb ¢ PostgreSQL 6a3oit. Oreersl renepupyercs B hopmare RDS (Resty DBD
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http://sosedoff.github.io/pgweb/
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http://www.sqltabs.com/
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https://github.com/FRiCKLE/ngx_postgres
https://www.nginx.com/

13.8. 3akJjrouyenue

Stream), MO9TOMY OH COBMeCTHUM € ngx rds json, ngx rds csv u ngx drizzle
MO/LYJISIMU.

13.8 3akJjodeHue

B nanHOll r1aBe pacCMOTPEHO JIMINh HECKOJIBKO IOJE3HBIX YTUIUT st
PostgreSQL. Kaxkaplit geHb s 370 0a3bl JaHHBIX IOSIBJISIETCS BCe OOJIbIIe
MHTEPECHBIX MHCTPYMEHTOB, KOTOPbIE YJIYUIIAIOT, YIIPOIIAT WA aBTOMAaTH-
3UPYIOT PabOTy € JAHHON 0a30#l JTaHHbBIX.
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Line 1

5

14

[loJiesHble Mej104un

BricTpo HaliTu mpaBUILHDIN
OTBeT Ha TPYAHBIA BOIPOC — HUA
C 4eM He CpaBHUMOE
YZIOBOJILCTBUE

Maxkc ®@paii. Obxopa-XoxXoTyH

14.1 Bsenenue

WHuorma BO3HUKAIOT OUeHb HHTEpPeCHBIe TpobieMbl 10 paboTe ¢ PostgreSQL,
KOTOPBIE MPU HAXOXKJIEHUU OTBETA MMOPAXKAIOT CBOEH JIAKOHMIHOCTHIO, KPACo-
TOI U MPOCTBIM UCIIOJTHEHNEM. B TaHHO# TyiaBe s permmi coOpaTh WHTEPECHbIe
METObI PelleHnd Pa3SHbIX HpO6JIeM, C KOTOPBIMHU CTaJIKUBaIOTC JIFOJAU IIPU Pa-
6ore ¢ PostgreSQL.

14.2  Menoun

Pasmep 00bekToB B Oa3e JaHHbBIX

JlaHmHbBI 3aIIpOC OKa3bIBAET pa3Mep 00beKTOB B Oa3e NAHHBIX (HAIIPHMED,
TaOJINIL U UHJIEKCOB).

Ckauarsb snippets/biggest relations.sql

SELECT nspname || ’.’ || relname AS "relation",
pg size pretty(pg relation size(C.oid)) AS
FROM pg class C
LEFT JOIN pg namespace N ON (N.oid = C.relnamespace)
WHERE nspname NOT IN (’pg catalog’, ’information schema’)
ORDER BY pg relation size(C.oid) DESC
LIMIT 20;

"size!"
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14.2. Menoun

[Ipumep BBIBOJIA:

JIuctuar 14.1 Tlouck cambrx 6osbimux 06bekToB B BJI. [Ipumep BoIBOIA

Line 1 relation \ size
... oee oo
- public.accounts 326 MB
- public.accounts pkey 44 MB
5 public. history 592 kB

|
|
|
- public . tellers pkey | 16 kB
|
|
|

- public.branches pkey 16 kB
- public. tellers 16 kB
- public.branches 8192 bytes

PazMep caMbIx OOJIBIIIX TaOJTHI

JlaHHBII 3aIIpOC MMOKA3BIBAET Pas3Mep caMbIX OOJIbIIX TabJ/IHI] B Oa3e JaH-
HBIX.

Ckauarsb snippets/biggest tables.sql

Line 1 SELECT nspname || ’.7 || relname AS "relation",
- pg size pretty(pg total relation size(C.oid)) AS "
total size"
- FROM pg class C
- LEFT JOIN pg namespace N ON (N.oid = C.relnamespace)
5 WHERE nspname NOT IN (’pg catalog’, ’information schema’)
- AND C.relkind <> i’

- AND nspname !~ ’“pg toast’
- ORDER BY pg total relation size(C.oid) DESC
- LIMIT 20;

[Ipumep BBIBOJIA:

Jlucrunr 14.2 Pazmep cambix 60sbmunx Tabsmir. [Ipumep BeiBoga

Line 1 relation | total size
o ___. e —ooooo oo
- public.actions 4249 MB
- public.product history records 197 MB
5 public.product updates 52 MB

- public.products

\
\
\
- public.import products | 34 MB
\
- public. visits |
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Line 1

[S2 B

10

Line 1

[S2 B

10

14.2. Menoun

«Cpennunity count

JlaHHBII METOJ, TIO3BOJIAET y3HATDH IMPUOJIM3UTETHHOE KOJTUIECTBO 3amuceit
B Tabsure. g orpoMHBIX TabJIHIL 3TOT METO, paboTaeT ObICTpee, YeM OOBIK-
HOBEHHBIN count.

Ckauarhb snippets/count__estimate.sql

CREATE FUNCTION count estimate (query text) RETURNS integer
AS 3%

DECLARE
rec record ;
rows integer;
BEGIN
FOR rec IN EXECUTE 'EXPLAIN ' || query LOOP

rows := substring (rec."QUERY PLAN" FROM ’ rows = ([[:
digit:]]+));

EXIT WHEN rows IS NOT NULL;
END LOOP:

RETURN rows;
END;
$$ LANGUAGE plpgsql VOLATILE STRICT;

[Tpumep:

Jluctunr 14.3 «Cpemaunit» count. I1pumep

CREATE TABLE foo (r double precision);

INSERT INTO foo SELECT random () FROM generate series(1,
1000) ;

ANALYZE foo;

4 SELECT count (*) FROM foo WHERE r < 0.1;

count

92
(1 row)

# SELECT count estimate ( 'SELECT * FROM foo WHERE r < 0.17);

count estimate

Ciyuaitinoe 9uc/io u3 Juama3ona

JlaHHbI MeTOoJ1 I03BOJIAEeT B3ATh CilydaliHoe Ync/Io U3 yKa3aHOIo JIualaso-
Ha (I1es10€ W C IJTaBAIONIEH 3aIIsToil).
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Line 1

ot

Line 1

ot

10

Line 1

14.2. Menoun

Ckauarb snippets/random from range.sql

CREATE OR REPLACE FUNCTION random (numeric, numeric)
RETURNS numeric AS
$$
SELECT ($1 + ($2 - $1) * random())::numeric;
$$ LANGUAGE ’sql’ VOLATILE;

[Ipumep:

Jlucrunr 14.4 Ciaygaitnoe anciio n3 guanasoHa. [Ipuvep

SELECT random (1,10) ::int, random(1,10);
random | random

5.11675184825435

~ O

(1 row

SELECT random (1,10) ::int, random(1,10);
random | random

Anropur™m Jlyna

Agtropurm Jlyuaa nin dopmyra JIyra — aaropur™ BeIYUCTIEHUS KOHTPOJIb-
HOI 1T PBI, TOTYIUBIIHII MUPOKYIO MOMYIIPHOCTE. OH UCIOIb3yeTCs, B 9acT-
HOCTH, TIPHU TIEPBUIHOI ITPOBEPKE HOMEPOB DAHKOBCKUX IJIACTUKOBBIX KaPT, HO-
MepoB conmaabaoro crpaxopanns B CIITA u Kanmasme. Anropurm 6611 pazpabo-
TaH coTpyHanKoM Kommnannu «IBM» Xancowm Ilerepom JIynom un 3amarenToBan

B 1960 rosy.

Konrposbubie mudpsr Boobie u aaroput™m JIyHa B 4aCTHOCTH TPeIHAZHA-
YeHBI JIJId 3aIUTHl OT CJIyYaHbIX OIMMUOOK, & He IMpeHaMEPEHHbIX NCKAXKEHUI

JaHHBIX.

Asropurm Jlyna peanmzoan Ha dyucrtom SQL. O6parure BHUMaHUe, 9TO

9Ta peaJiu3aliusd ABJIACTCA IHUCTO apH(bMeTquCKOﬁ.

Ckauars snippets/luhn algorithm.sql

CREATE OR REPLACE FUNCTION luhn verify (int8) RETURNS BOOLEAN

AS $$
-- Take the sum of the

-- doubled digits and the even-numbered undoubled digits ,

and see if
-- the sum is evenly divisible by zero.
SELECT

292


http://postgresql.leopard.in.ua/example_code/snippets/random_from_range.sql
http://en.wikipedia.org/wiki/Luhn_algorithm
http://postgresql.leopard.in.ua/example_code/snippets/luhn_algorithm.sql

14.2. Menoun

-- Doubled digits might in turn be two digits. In
that case,
-- we must add each digit individually rather than
adding the
-- doubled digit value to the sum. Ie if the
original digit was
-- ‘6’ the doubled result was ‘12’ and we must add
‘1427 to the
-- sum rather than ‘127.
MOD(SUM(doubled digit / INT8 10’ + doubled digit %
INT8 ’107), 10) = 0
FROM
-- Double odd-numbered digits (counting left with
-- least significant as zero). If the doubled digits end up
-- having values
-- > 10 (ie they’re two digits), add their digits together.
(SELECT
-- Extract digit ‘n’ counting left from least
significant
-- as zero
MOD( ( $1::int8 / (10°n)::int8 ), 10::int8)
-- Double odd-numbered digits
* (MOD(n,2) + 1)
AS doubled digit
FROM generate series (0, CEIL(LOG( $1 ))::INTEGER -
1) AS n
) AS doubled digits;

$$ LANGUAGE ’'SQL’
IMMUTABLE
STRICT

COMMENT ON FUNCTION luhn verify (int8) IS ’'Return true iff
the last digit of the
input is a correct check digit for the rest of the input
according to Luhn’’s
algorithm . ’;
CREATE OR REPLACE FUNCTION luhn generate checkdigit(int8)
RETURNS int8 AS $$
SELECT
-- Add the digits, doubling even-numbered digits (
counting left
-- with least -significant as zero). Subtract the
remainder of
-- dividing the sum by 10 from 10, and take the
remainder
-- of dividing that by 10 in turn.
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((INTS *10° - SUM(doubled digit / INT8 10’ +
doubled digit % INT8 *10°) %
INT8 "107) % INT8 ’107)::INTS8
FROM (SELECT
-- Extract digit ‘n’ counting left from least
significant\
-- as zero
MOD( ($1::int8 / (10°n)::int8), 10::int8 )
-- double even-numbered digits
* (2 - MOD(n,2))
AS doubled digit
FROM generate series (0, CEIL(LOG($1))::INTEGER - 1)
AS n
) AS doubled digits;

$$ LANGUAGE ’'SQL’
IMMUTABLE
STRICT;

- COMMENT ON FUNCTION luhn generate checkdigit(int8) IS ’For
the input

value, generate a check digit according to Luhn’’s algorithm

CREATE OR REPLACE FUNCTION luhn generate(int8) RETURNS int8
AS §$%

SELECT 10 * $1 + luhn generate checkdigit($1);

$$ LANGUAGE ’SQL’

IMMUTABLE

STRICT

COMMENT ON FUNCTION luhn generate(int8) IS ’'Append a check
digit generated

according to Luhn’’s algorithm to the input value. The input
value must be no

greater than (maxbigint/10).";

CREATE OR REPLACE FUNCTION luhn strip(int8) RETURNS int8 AS
$3

SELECT $1 / 10;

$$ LANGUAGE ’SQL’

IMMUTABLE

STRICT;

COMMENT ON FUNCTION luhn_strip(int8) IS ’'Strip the least
significant digit from

the input value. Intended for use when stripping the check
digit from a number

including a Luhn’’s algorithm check digit.’;
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Line 1

[S2 S

10

Line 1

14.2. Menoun

[Tpumep:

Jlmcruar 14.5 AnropurMm Jlyna. [Tpumep

Select luhn verify (49927398716) ;
luhn verify

Select luhn verify (49927398714);
luhn verify

Bribopka 1 cOpTUPOBKa 110 JAHHOMY HaOOPY JIaHHBIX

Bribop jmanHbIX 1O ompejiesieHHOMY HA0OPY JTAaHHBIX MOXKHO CJIEaTh C I0-
MoItbio oObIKHOBeHHOTO IN. Ho Kak ciemaTh 1mo/100HYI0 BBIOOPKY M OTCOPTH-
poBaTh JaHHBIE B TOM Ke TOPsAJIKEe, B KOTOPOM miepeian Habop jganubix! Ha-
IpuUMep:

Han wabop: (2,6,4,10,25,7,9). HyKkHo mostyunTh HalijieHHBIE JIAHHBIE B Ta-
KOM zKe TIopsjke T. e. 2226 64 4

Ckauars snippets/order like in.sql

SELECT foo.* FROM foo

JOIN (SELECT id.val, row_ number() over () FROM (VALUES(3) ,(2)
[(6) (1) ,(4)) AS

id (val)) AS id

ON (foo.catalog id = id.val) ORDER BY row number;

e

VALUES(3),(2),(6),(1),(4) — nam Habop JaHHBIX

foo — Tabsuna, U3 KOTOpoit UJIeT BHIOOPKA

foo.catalog id — moJie, 10 KOTOpOMY HINeM HAaOOp JaHHBIX (3amena foo.
catalog id IN (3,2,6,1,4))

Quine — 3anpoc KOTOPBI BBIBOJIUT caM cebst

Kyaiin, kBaita (anri. quine) — KoMIboTepHast IIporpaMma (JacTHBIH CIry-
Jaii MeTanporpaMMHUPOBaHUs), KOTOpas BBIIAET Ha BBIXOJE TOUHYIO KOIIHIO
CBOEr0 MCXOJHOI'O TEKCTA.

Ckauarb snippets/quine.sql
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Line 1

Line 1

Line 1

14.2. Menoun

select a || ’ from (select ’ || quote literal(a) || b || 7,
" || quote literal(b) || ’::text as b) as quine’ from
(select ’select a || '’ from (select '’ || quote literal(a)
[ b [| 77, 7" || quote literal(b) || ’’::text as b) as

quine’’’::text as a, ’::text as a’::text as b) as quine;

[Touck jyOIMKATOB MHJIEKCOB

3arpoc HAXOAUT UHJIEKCHI, CO3/[aHHBIE Ha OJMHAKOBBIH HAGOD CTOJIONOB (Ta-
K€ WHJIEKChI 9KBUBAJIEHTHBI, & 3HAUUT OECIIOJIe3HBI).

Ckauars snippets/duplicate indexes.sql

SELECT pg size pretty(sum(pg relation size(idx)):: bigint) AS
size ,
(array agg(idx))[1] AS idxl, (array agg(idx))|[2] AS
idx2 ,
(array agg(idx))[3] AS idx3, (array agg(idx))|[4] AS

idx4
FROM (
SELECT indexrelid :: regclass AS idx, (indrelid::text ||E’
\n’|| indclass::text ||E’\n’|| indkey::text |[|[E’\n’]||
coalesce (indexprs ::
text,’ ) ||E’\n’ || coalesce(indpred::text,’’)) AS KEY

FROM pg index) sub
GROUP BY KEY HAVING count (*)>1
ORDER BY sum(pg_ relation size(idx)) DESC;

PaSMep 1 CTaTUCTHUKa HCIIOJIb30BaHNA NHICKCOB

Ckauarsb snippets/indexes_statustic.sql

SELECT
t.tablename ,
indexname ,
c.reltuples AS num_rows,
pg size pretty(pg relation size(quote ident(t.tablename)
;i text)) AS table size,
pg size pretty(pg relation size(quote ident(indexrelname
) ::text)) AS index size,
CASE WHEN x.is unique = 1 THEN 'Y’
ELSE ’N’
END AS UNIQUE,
idx _scan AS number of scans,
idx tup read AS tuples read,
idx _tup fetch AS tuples fetched

- FROM pg tables t

296


http://postgresql.leopard.in.ua/example_code/snippets/duplicate_indexes.sql
http://postgresql.leopard.in.ua/example_code/snippets/indexes_statustic.sql

Line 1

14.2. Mesoun

LEFT OUTER JOIN pg class ¢ ON t.tablename=c.relname
LEFT OUTER JOIN

(SELECT indrelid ,
max (CAST(indisunique AS integer)) AS is unique
FROM pg index
GROUP BY indrelid) x
ON c.oid = x.indrelid

LEFT OUTER JOIN

( SELECT c.relname AS ctablename, ipg.relname AS
indexname, x.indnatts AS number of columns, idx scan,
idx _tup_ read, idx_ tup_ fetch,indexrelname FROM pg index x

JOIN pg class ¢ ON c¢.oid = x.indrelid

JOIN pg class ipg ON ipg.oid = x.indexrelid

JOIN pg stat all indexes psai ON x.indexrelid =
psai.indexrelid )

AS foo
ON t.tablename = foo.ctablename

WHERE t .schemaname="public’
ORDER BY 1,2;

Pasmep pacmyxanust (bloat) tabui u nHeKcOB B 6a3e JaHHBIX

3ampoc, KOTOPBIil TIOKa3bIBaeT «IpubJn3nTe/ibHblii» bloat (pasmyTue) Tab-

JINII 1 UHIEKCOB B Oa3e:

Ckauarsb snippets/bloating.sql

WITH constants AS (

SELECT current setting(’block size’)::numeric AS bs, 23 AS
hdr, 4 AS ma
), bloat info AS (
SELECT
ma, bs , schemaname , tablename ,
(datawidth+(hdr+ma-( case when hdr%ma—0 THEN ma ELSE hdr%
ma END))) ::numeric AS datahdr,
(maxfracsum*(nullhdr+ma-( case when nullhdr%ma—0 THEN ma
ELSE nullhdr%ma END))) AS nullhdr2
FROM (
SELECT
schemaname, tablename, hdr, ma, bs,
SUM((1-null frac)*avg width) AS datawidth
MAX(null frac) AS maxfracsum,
hdr-+(
SELECT 1+count (*)/8
FROM pg stats s2
WHERE null frac<>0 AND s2.schemaname = s.schemaname
AND s2.tablename = s.tablename
) AS nullhdr
FROM pg stats s, constants
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GROUP BY 1,2,3,4,5

) AS foo
), table bloat AS (
SELECT
schemaname, tablename, cc.relpages, bs,
CEIL((cc.reltuples *((datahdr+ma-
(CASE WHEN datahdr%ma=0 THEN ma ELSE datahdr%ma END) )+
nullhdr2+44)) /(bs-20:: float)) AS otta
FROM bloat info
JOIN pg class cc ON cc.relname = bloat info.tablename
JOIN pg namespace nn ON cc.relnamespace = nn.oid AND nn.
nspname = bloat info.schemaname AND nn.nspname <> ’
information schema’
), index bloat AS (
SELECT
schemaname, tablename, bs,
COALESCE(c2.relname ,’?’) AS iname, COALESCE(c2.reltuples
,0) AS ituples , COALESCE(c2.relpages ,0) AS ipages,
COALESCE(CEIL((c2.reltuples*(datahdr-12)) /(bs-20:: float)
),0) AS iotta -- very rough approximation, assumes all
cols
FROM bloat info
JOIN pg class cc ON cc.relname = bloat info.tablename
JOIN pg namespace nn ON cc.relnamespace = nn.oid AND nn.
nspname = bloat info.schemaname AND nn.nspname <> ’
information schema’
JOIN pg index i ON indrelid = cc.oid
JOIN pg class ¢2 ON c¢2.0id = i.indexrelid
)
SELECT
type, schemaname, object name, bloat, pg size pretty(
raw _waste) as waste
FROM
(SELECT
"table’ as type,
schemaname ,

tablename as object name,
ROUND(CASE WHEN otta=0 THEN 0.0 ELSE table bloat.relpages/
otta::numeric END,1) AS bloat ,
CASE WHEN relpages < otta THEN ’0’ ELSE (bs*(table bloat.
relpages -otta):: bigint):: bigint END AS raw_waste
FROM
table bloat
UNION
SELECT
"index’ as type,
schemaname ,
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55 tablename || ’::’ || iname as object name,

- ROUND(CASE WHEN iotta=0 OR ipages=0 THEN 0.0 ELSE ipages/
iotta ::numeric END,1) AS bloat ,

- CASE WHEN ipages < iotta THEN 0’ ELSE (bs*(ipages-iotta))
::bigint END AS raw waste

- FROM

- index bloat) bloat summary

60 ORDER BY raw waste DESC, bloat DESC
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