Cnabo-CTpyKTypupoBaHHbIe AaHHble
B PostgreSQL u gpyrne HoBoctu 9.4

PoccmmckKkume
MHTepHeT-
TexHoOMornm

=



Oner baptyHos::Teodor Sigaev

* Locale support

* Extendability (indexing)
* GiST, GIN, SP-GiST

* Extensions:
* intarray
* pg_trgm
* ltree
* hstore, hstore v2.0 - jsonb
* plantuner

e Full Text Search (FTS) https://www.facebook.com/oleg.bartunov

obartunov@gmail.com

GiST for Po:
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https://www.facebook.com/oleg.bartunov

Alexander Korotkov

* Indexed regexp search

* GIN compression & fast scan
* Fast GiST build

* Range types indexing

* Split for GiST

aekorotkov@gmail.com
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Agenda

* Chabo-CcTpyKTYypMpOoBaHHble AaHHble B PostgreSQL
* Y710 TaKkoe cnabo-CTPYKTYPUPOBaAHHbIE AaHHbIE
* NoSQL vs Relational
* Hstore — key-value model
* Json, Jsonb — document-oriented model

* HoBoctn PostgreSQL 9.4 ( oceHb, 2014)
* Parallelism (Background workers)
* View (Materialized)
* Logical replication
* Indexing
* AccopTu
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Cnabo-CTpyKTYpUpPOBaHHbIE AaHHbIE

* Cnabo-CTpYKTYPUPOBaAHHbIE AAaHHbIE BO3SHUKAIOT OT JIEHU :)

* ArperMpoBaHmne CTPYKTYPUPOBAHHbIX AaHHbIX NPUBOAUT K cnabo-
CTPYKTYPUPOBAHHbIM AaHHbIM (pa3perkeHHaa maTpumua)

* Bce cnabo-CcTpyKTYpUPOBaAHHbIE AaHHbIE MOXHO pPeann3oBaTb
CTaHAAPTHbIMM cnocobamu RDBMS

* HeypobHo, npobaembl C NPOM3BOAUTENBHOCTbIO
° jSOﬂ — XKyne/s Cl'la60-CprKTypI/IpOBaHHbIX AdHHDbIX

* PeanbHaa npobnema — 310 schema-less gaHHbIE
* PenaumoHHble CYB/ TpyaHO nepeKnMBaoT U3MeHeHUe CXembl
* Key-value (NoSQL) xpaHunuuwia Takmx npobiem He UMetoT
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NoSQL (koHuenTyanbHble npeanocbinkm)

* PenaunoHHble CYb[] — nHTerpaymMoHHble
* Bce npunoxkeHuna obuiatotca yepes CYB/]
* SQL — yHMBEepCanbHbIN A3bIK PaboTbl C AaHHbIMMU
* Bce uameHenuna s CYb/[l goctynHbl BCcem
* Nl3ameHeHnA cxembl O4eHb 3aTpaTHbI, mean. penusbl

PaccunTaHbl Ha UHTEPAKTUBHYIO PaboTy
* MHTepecHbl arperaTbl, @ He camun AaHHble, HyXeH SQL
* SQL otcnexunBaeT TPAH3aKUMOHHOCTb, OrpaHUYeHUA LLeNOCTHOCTU... BMECTO Ye/iloBeKa
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NoSQL (koHuenTyanbHble npeanocbinkm)

* CepBMCHaA apxnuTeKkTypa nameHuna noaxoa Kk Cyb/l
* [MpnnoxeHune coctont n3 cepsuncos, SQL->HTTP
* CepBMCam He Hy*Ha oaHa moHonnTHaAa CYb/
* Yacto goctato4Ho npoctbix key-value CYB/1
* Cxema MeHAeTca «Ha xoay», bbicTpblie penunsbl
ACID - BASE
* CepBMCbl — 3TO NPOrpammbl, KOTOPble MOTYT CaMM 3aHMMATbLCA arpermMpoBaHnUeEm
* CepBMCbl MOryT CamMu cneauTb 3a LLeNOCTHOCTbIO AAdHHbIX

* MHoro AdHHbIX, aHA/IUTUKQa, bonbLIoe KO-BO oAHOBpPEMEHHbLIX 3aMpPOCOoB
* PacnpeaeneHHOCTb - KnacTepbl gewesBbix shared-nothing mawmnH

* NoSQL —ropun3oHTasibHaA MmaclTabmpyemocTb U NPOM3BOANTENBHOCTD
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NoSQL

* Key-value databases
* Ordered k-v ans noaaep*Ku AMana3oHOB

* Column family (column-oriented) stores
* Big Table — value nmeert cTpyKTypYy:
* column families, columns, and timestamped versions (maps-of maps-of maps)
* Document databases
* Value - npon3BonbHaA CNOXKHOCTb, MHAEKCHI
* KmeHa nonen, FTS — 3HauyeHune nonen

* Graph databases — 3asontouuns ordered-kv
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Yennenaxx !

* [MTonHouUeHHan paboTa co cnabo-CTPYKTYPUPOBAHHBIMM AaHHbIMU B
penaumoHHoun CYB/]
* XpaHeHue ( TMN AaHHbIX ANa XpaHeHue key-value aaHHbIX)
* Mowuck (onepaTtopbl U PYHKLUNN)
* [pon3sBoanUTENbHOCTb (OMHApPHOE XPaHUAULLE, NHAEKCDI)
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Introduction to hstore

* Hstore — key/value storage (inspired by perl hash)
'a=>1, b=>2"'::hstore

* Key, value — strings
* Get value for a key: hstore -> text
* Operators with indexing support (GiST, GIN)

Check for key:  hstore ? text
Contains: hstore @> hstore

* check documentations for more
* Functions for hstore manipulations (akeys, avals, skeys, svals, each,......)
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http://www.postgresql.org/docs/devel/static/hstore.html

History of hstore development

* May 16, 2003 — first version of hstore

| Date: Fri, 16 May 20883 22:56:14 +8468

| From: Teodor Sigaev <teodor@sigaev.ru>

[ To: Oleg Bartunov <oleg@sai.msu.su>, Alexey Slynko <slynko@tronet.ru=
| Cc: E.Rodichev <er@sai.msu.su>

| Subject: hash type (hstore)

| ToToBa nNnepsada BepPCHMA:
| Zeus:~teodor/hstore. tgz

| README HanwWcaTe He yCnen, No3aToMmy 340ech:

[1 i/0 Twna hstore

[ 2 onepaums hstore->text - UIBNEUEHME 3HAYEHWMA NO KNoOJYy text
| select 'a=>g, b=>g'->"a’;

q
[ 3 isexists(hstore), isdefined(hstore), delete(hstore,text) - NONHBIA NepnoBbliA adanor
| 4 hstore || hstore - KoHkKaTeHauwsa, adanmor B nepne %a=({ %b, %Cc };

[ 5 text=>text - BozspawaeT hstore

| select 'a'=>'b’;
?column?

Bce npumepbl ecTb B sgl/hstore.sql
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Introduction to hstore

* Hstore benefits

* In provides a flexible model for storing a semi-structured data in relational
database

* hstore has binary storage

* Hstore drawbacks

* Too simple model !
Hstore key-value model doesn't supports tree-like structures as json
(introduced in 2006, 3 years after hstore)

* Json — popular and standartized (ECMA-404 The JSON Data
Interchange Standard, JSON RFC-7159)

* Json — PostgreSQL 9.2, textual storage
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Hstore vs Json

* hstore ABHO BbicTpee json AaXe Ha NPOCTbIX AaHHbIX

CREATE TABLE hstore_ test AS (SELECT
'a=>1, b=>2, c=>3, d=>4, e=>5"::hstore AS v
FROM generate series(1,1000000));

CREATE TABLE json_test AS (SELECT
{"a":1, "b":2, "c":3, "d":4, "e":5}'::json AS v
FROM generate series(1,1000000));

SELECT sum((v->'a')::text::1nt) FROM json test;
851.012 ms

SELECT sum((v->'a')::int) FROM hstore test;
330.027 ms
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Hstore vs Json

* PostgreSQL already has json since 9.2, which supports document-
based model, but

* It's slow, since it has no binary representation and needs to be parsed every
time

* Hstore is fast, thanks to binary representation and index support

* It's possible to convert hstore to json and vice versa, but current hstore is
limited to key-value

* Need hstore with document-based model. Share it's
binary representation with json !
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History of hstore development

* May 16, 2003 - first (unpublished) version of hstore for PostgreSQL
7.3

* Dec, 05, 2006 - hstore is a part of PostgreSQL 8.2
(thanks, Hubert Depesz Lubaczewski!)
* May 23, 2007 - GIN index for hstore, PostgreSQL 8.3
* Sep, 20, 2010 - Andrew Gierth improved hstore, PostgreSQL 9.0

282 Poccuiickme MHTEPHET-TEXHOMOIMMI MpogeccroHansHasa KoHpepeHLms Beb-paipaboTHmMKos 1.]:‘-



http://www.postgresql.org/message-id/9e4684ce0605031006le37a9arca20816dd278f13@mail.gmail.com
https://www.pgcon.org/2007/schedule/events/22.en.html
http://www.postgresql.org/message-id/87hc1xi9gd.fsf@news-spur.riddles.org.uk

Nested hstore

abstract = |5
E Cleg Bartunov <cbartunov@gmail.com> 1211812 - |
to Teodor =

Monpaeb, 4ONOMHM.

Title: One step forward frue json data type. Nested hstore with array
suppaort.

We present a prototype of nested hstore data type with array support. We
consider the new hstore as a step forward true json data type.

Recently, PostgreSCQL got json data type, which basically is a string storage
with validity checking for stored values and some related functions. To be a
real data type, it has to have a binary representation, which could be a big
project if started from scratch. Hstore is a popular data type, we developed
years ago to facilitate working with semi-structured data in PostgreSGQL. Our
idea is to extend hstore to be nested (value can be hstore) data type and
add support of arrays, so its binary representation can be shared with json.
We present a working prototype of a new hstore data type and discuss
some design and implementation issues.
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Nested hstore & jsonb

* Nested hstore 6bin1 npeactasned Ha PGCon-2013, OtraBa, KaHapa ( 24
Mmana) — cnacubo Engine Yard 3a noaaepxky |

One step forward true json data type.Nested hstore with arrays support

* BbuHapHoe XxpaHuauLLe ANA BIOXKEHHbIX CTPYKTYP ObIN10 NpeacTaBaeHo
Ha PGCon Europe — 2013, Aly6aunH, Upnangna (29 oktabps)

Binary storage for nested data structuresand application to hstore data type

* B HOABpe bnHapHoe xpaHuauLLe 6bino CTaHAaPTU30BAHO
* nested hstore u jsonb — pa3Hbie MHTepPencbl 4OCTYNA K XPAHUANLLY

* B Hayane aHBapa Andrew Dunstan Ha4yMHaeT akTMBHO paboTaTb No jsonb

* OBMHapHOE XpPaHUANLLE N OCHOBHOM GYHKLIMOHAN NMEPEMELLLAETCA B AP0
nocTrpeca
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http://www.sai.msu.su/~megera/postgres/talks/hstore-pgcon-2013.pdf
http://www.sai.msu.su/~megera/postgres/talks/hstore-dublin-2013.pdf

Nested hstore & jsonb

* B dpeBpane-maprte noakntoyaetca Peter Geoghegan, mbl npnHumaem
pelweHne octaBUTb hstore Kak ectb, UTobbI M36€eXKaTb Npobnem c
cosmectumocTblto (Nested hstore patch for 9.3).

* 23 mapTta Andrew Dunstan 3akomuTtun jsonb B BeTKy 9.4 !
pgsql: Introduce jsonb, a structured format for storing json.

Introduce jsonb, a structured format for storing json.

The new format accepts exactly the same data as the json type. However, it is
stored in a format that does not require reparsing the orgiginal text in order
to process it, making it much more suitable for indexing and other operations.
Insignificant whitespace is discarded, and the order of object keys is not
preserved. Neither are duplicate object keys kept - the later value for a given
key is the only one stored.
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http://www.sigaev.ru/git/gitweb.cgi?p=hstore.git;a=summary
http://www.postgresql.org/message-id/E1WRpmB-0002et-MT@gemulon.postgresql.org

Jsonb vs Json

select '{"c":0, "a":2,"a":1}'::json, '{"c":0, "a":2,"a":1}"'::jsonb;
json | jsonb
_______________________ F oo e e e e e e e e e e e o - -
{"C":@, llall:z,llall:l} | {llall: 1, IICII: @}
(1 row)

® json: TEeKCTOBOE XpPaHEHUE «as is»
* jsonb: Bce npobenbl (whitespace) ybupatotcs
* jsonb: aybnnkatbl ybupatotcs, nobexkgaet nocaegHnm

* jsonb: BCe K/Il0YU COPTUPYIOTCA
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Jsonb vs Json

* Data
* 1,252,973 bookmarks from Delicious in json format
* The same bookmarks in jsonb format
* The same bookmarks as text

* Server
* MBA, 8 GB RAM, 256 GB SSD

* Test
* Input performance - copy data to table
* Access performance - get value by key
* Search performance contains @> operator
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Jsonb vs Json

select count(js->>'title') from js; select count(js->'tags'->1->"'term') from js;
count count
1252973 796792

(1 row) (1 row)

Time: 9215.143 ms Time: 12352.468 ms

select count(jb->>'title') from jb; select count(jb->'tags'->1->"term') from jb;
count count
1252973 796792

(1 row) (1 row)

Time: 977.860 ms Time: 1080.460 ms

Jsonb B 10 pa3 6bicTpee Json !
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Jsonb vs Json

* Data
* 1,252,973 bookmarks from Delicious in json format
* The same bookmarks in jsonb format
* The same bookmarks as text

=# \dt+
List of relations
Schema | Name | Type | Owner | Size | Description
-------- e i J Uty S g
public | jb | table | postgres | 1374 MB |
public | js | table | postgres | 1322 MB |
public | tx | table | postgres | 1322 MB |

oBepxean, 6uHapHoOro xpaHmnauwa < 4%
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Jsonb vs Json

* Input performance (oBepxea napcepa)
* Copy data (1,252,973 rows) as text, json,jsonb

copy tt from '/path/to/test.dump’

Text: 34s -asis
Json: 37s  -json validation
Jsonb: 43 s -json validation, binary storage
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Jsonb vs Json

* Access performance — get value by key

* Base: select j from js;
* Jsonb: select j->>'updated' from jb;
* Json: select j->>'updated’ from js;

* Regexp: select (regexp_matches(j,
"updated":"([*"]*)"")[1] from tx;
Base: 0.65s
Jsonb: 1s

Jsonb 40X bbicTpee Json !

Json: 9.6 s Cnacnbo, 6UHapHoe XpaHeHue
regexp: 12.8s
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Jsonb vs Json

explain analyze select count(*) from js where js #>>'{tags,0,term}' = 'NYC';
QUERY PLAN
Aggregate (cost=187812.38..187812.39 rows=1 width=0)
(actual time=10054.602..10054.602 rows=1 loops=1)
-> Seq Scan on js (cost=0.00..187796.88 rows=6201 width=0)
(actual time=0.030..10054.426 rows=123 1loops=1)
Filter: ((js #>> '{tags,0,term}'::text[]) = 'NYC'::text)
Rows Removed by Filter: 1252850
Planning time: 0.078 ms
Execution runtime: 10054.635 ms
(6 rows)

Json: HeTt onepartopa contains @>,
NUCNONb3yeM HUMKHIOKO OLLEHKY
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Jsonb vs Json

explain analyze select count(*) from jb where jb @> '{"tags":[{"term":"NYC"}]}"'::jsonb;
QUERY PLAN
Aggregate (cost=191521.30..191521.31 rows=1 width=0)
(actual time=1263.201..1263.201 rows=1 loops=1)
-> Seq Scan on jb (cost=0.00..191518.16 rows=1253 width=0)
(actual time=0.007..1263.065 rows=285 loops=1)
Filter: (jb @ '{"tags": [{"term": "NYC"}]}'::jsonb)
Rows Removed by Filter: 1252688
Planning time: 0.065 ms
Execution runtime: 1263.225 ms
(6 rows)

Jsonb: onepatop contains @> !
6bicTpee json ~ 10 pa3
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Jsonb vs Json

create index gin_jb_idx on jb using gin(jb);

explain analyze select count(*) from jb where jb @> '{"tags":[{"term":"NYC"}]}"'::jsonb;

Aggregate (cost=4772.72..4772.73 rows=1 width=0)
(actual time=8.486..8.486 rows=1 loops=1)
-> Bitmap Heap Scan on jb (cost=73.71..4769.59 rows=1253 width=0)
(actual time=8.049..8.462 rows=285 loops=1)
Recheck Cond: (jb @> '{"tags": [{"term": "NYC"}]}'::jsonb)
Heap Blocks: exact=285
-> Bitmap Index Scan on gin_jb _idx (cost=0.00..73.40 rows=1253 width=0)
(actual time=8.014..8.014 rows=285 loops=1)
Index Cond: (jb @> '{"tags": [{"term": "NYC"}]}'::jsonb)
Planning time: 0.115 ms
Execution runtime: 8.515 ms

(8 rows)

Jsonb: onepatop contains @> !
yckopsaetca GIN nHaekcom : 150X !! - keys && values
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GIN hash index

* Idea: index hash(full paths to elements and values)

{a=>{b=>{c=>1}}, d=>{1,2,3}}
path-keys: a.b.c.1, d..1, d..2,d..3

GIN: {hash(path-key)}
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Jsonb vs Json

create index gin_jb_hash_idx on jb using gin(jb jsonb_hash_ops);
explain analyze select count(*) from jb where jb @> '{"tags":[{"term":"NYC"}]}"'::jsonb;

Aggregate (cost=4732.72..4732.73 rows=1 width=0)
(actual time=0.644..0.644 rows=1 loops=1)
-> Bitmap Heap Scan on jb (cost=33.71..4729.59 rows=1253 width=0)
(actual time=0.102..0.620 rows=285 loops=1)
Recheck Cond: (jb @> '{"tags": [{"term": "NYC"}]}'::jsonb)
Heap Blocks: exact=285
-> Bitmap Index Scan on gin_jb_hash_idx
(cost=0.00..33.40 rows=1253 width=0) (actual time=0.062..0.062 rows=285 loops=1)
Index Cond: (jb @> '{"tags": [{"term": "NYC"}]}'::jsonb)

Planning time: 0.056 ms .
Execution runtime: 0.668 -I1$s°nb: onepartop contains @> !

(8 rows) yckopsaetca GIN nngekcom : 150X !! - keys && values
yckopsaerca GIN++ nHaekcom: 1800X !!! - hash key.value
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MongoDB 2.6.0

* Load data - ¥13 min SLOW ! Jsonb 43 s
mongoimport --host localhost -c js --type json < delicious-rss-1250k
2014-04-08T22:47:10.014+0400 3700 1233/second
2014-04-08T23:00:36.050+0400 1252000 1547/second

2014-04-08T23:00:36.565+0400 check 9 1252973
2014-04-08T23:00:36.566+0400 imported 1252973 objects

* Search - ~ 1s (segscan) THE SAME

db.js.find({tags: {SelemMatch:{ term: "NYC"}}}).count()
285
-- 980 ms
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MongoDB 2.6.0

db.js.ensurelndex( {"tags.term" : 1})

e Search — 1ms (index) ?b.js.ﬁnd({tags: {SelemMatch:{ term: "NYC"}}}).explain()

"cursor" : "BtreeCursor tags.term_1",
"isMultiKey" : true,
"n": 285,
"nscannedObjects" : 285,
"nscanned" : 285,
"nscannedObjectsAllPlans" : 285,
"millis" : 1,
"indexBounds" : {
"tags.term" : [
[
"NYC",
"NYC"
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Summary: PostgreSQL 9.4 vs Mongo 2.6.0

* Onepatop contains @> eTable size
* json :10 s seqgscan *postgres : 1.3Gb
* jsonb : 8.5ms GIN *mongo :1.8Gb
* jsonb : 0.7 ms GIN HASH opclass °|nput performance:
°* mongo : 1.0 ms btree index *Text : 34s
* Pasamep MHOEKCOB *lson 1 37s
*Jsonb : 43s

* jsonb_ops (ymonyaHue?) - 690 Mb
* mongo: 13 m

* jsonb_hash ops - 295 Mb
* jsonb_hash_ops (tags) - 44 Mb (using gin((jb->'tags') jsonb_hash_ops)
* mongo (tags) - 387 Mb
* mongo (tags.term) - 100 Mb
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Jsonb functions

jsonb_array_element
jsonb_array_element_text
jsonb_array_elements
jsonb_array elements text
jsonb_array length

jsonb_cmp
jsonb_contained
jsonb_contains
jsonb_each
jsonb_each_ text
jsonb_eq
jsonb_exists
jsonb_exists_all
jsonb_exists_any

jsonb_extract path

jsonb _extract path_op
jsonb _extract path_ text
jsonb_extract path _text op
jsonb _nested contains
jsonb_object field

jsonb _object field text
jsonb_object keys

jsonb_out

jsonb_populate_record
jsonb_populate_recordset

jsonb_recv
jsonb_send
jsonb_to_record

Result data type

jsonb
text
SETOF jsonb
SETOF text
integer

integer

boolean

boolean

SETOF record
SETOF record
boolean

boolean

boolean

boolean

jsonb

jsonb

text

text

boolean

jsonb

text

SETOF text
cstring
anyelement

SETOF anyelement
jsonb
bytea
record
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from_json jsonb,
from_json jsonb,
from_json jsonb,
from_json jsonb,
jsonb

jsonb, jsonb
jsonb, jsonb
jsonb, jsonb
from_json jsonb,
from_json jsonb,
jsonb, jsonb
jsonb, text
jsonb, text[]
jsonb, text[]
from_json jsonb,
from_json jsonb,
from_json jsonb,
from_json jsonb,
jsonb, jsonb
from_json jsonb,
from_json jsonb,
jsonb

jsonb

base anyelement,
base anyelement,
internal

Argument data types

element_index integer
element_index integer
OUT value jsonb

OUT value text

OUT key text, OUT value jsonb
OUT key text, OUT value text

VARIADIC path_elems text[]
path_elems text[]
VARIADIC path_elems text[]
path_elems text[]

field name text

field name text

from_json jsonb, use _json_as_ text boolean DEFAULT false
from_json jsonb, use_json_as_text boolean DEFAULT false



Jsonb

* [lokymeHTauUmnA
* JSON Types, JSON Functions and Operators

* OcTtanocb NOPTUPOBATL MHOTO PYHKLMOHANbHOCTM U3 nested hstore
* 3TO MOHO cAenaTb paclWMpeEHNEM

* Hy»XeH A3bIK 3anNpoCoB

* OyeHb H6onbluada paboTa Had CTPYKTYPHbIMM 3aNpOCamm
* «Xoy4yeTca KynuUTb YTO-HNOYAb KpacHoOEe» - oriented query (+)

* [MpoekT VODKA — HOBbIM meToa aoctyna smecto GIN
CREATE INDEX ... USING VODKA !

* Peanmzauma <,>,&& ... Ana 3Ha4YeHUI

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM NMpogeccroHansHan KoHpepeHLuma eeb-pa3paboTymikKoe


http://www.postgresql.org/docs/devel/static/datatype-json.html
http://www.postgresql.org/docs/devel/static/functions-json.html

NoSQL vs Relational

* PostgreSQL 9.4+ — oTKpbITasa penaumoHHaa CYB/l c cmnbHouM
noaaepXKom cnabo-CTPYKTYPUPOBAHHbIX AaHHbIX
* Bce nAtoCbl penAuMOHHON MOAENN
* HaaeXXHOCTb M LeNOCTHOCTb AaHHbIX
* HOPMAaJIbHbIN jSON C BUHAPHbBIM XPAaHEHNEM U MHAEKCAMMU
* npousBoanTenbHOCTb He XyXXe MongoDB

* 3auyem mncnonb3osaTtb NoSQL !?
* 0.1% npoekToB AencTBUTENBHO HYy*KaatoTcAa B NoSQL macwtabupyemocTtum
* NoSQL xopow ansa xpaHeHNA HeCcyLeCcTBEHHbIX AaHHbIX — cache

. POCCMIACKWE MHTEPHET-TEXHOMOrMM NMpodgeccroHaneHan koHdepeHuma eeb-paspaboTymkos
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Stop following me, you fucking freaks!
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N OSQL VS Re | ato Na I 4-core HT+ server, 1 client with 1..64 python scripts

async - synchronous_commit = off, json documents
data fits in memory

80000
MEMCACHE, test_set

MEMCACHE, test_get
70000 | @ REDIS, test_set

B REDIS, test_get

Bl PGSQL, test_set, async

B PGSOL, test_get, async

B MongoDB, test_set, {"w": 0}
50000 | M@ MongoDB, test get, {"w": 0}
Bl MongoDB, test set, {"|": True}
M MongoDB, test_get, {"J": True}
40000 MongoDB, test_get, {'w": 1}
MongoDB, test_get, {"w": 1}

50000

30000

O —)
00 O O O O O—
1 2 4 B 16 3z 64

1 Server with 1 to 64 clients, Client(s) and server on separate host
minimum data size: 1188, max size: 2601, average size: 1874
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PostgreSQL popularity - 2014

B PostgreSQL

B MySQL

[ SQLite

B SQL Server

Ml MariaDB

B Oracle RDBMS

H H2

B Firebird

W DB2

B Sybase SQL Anywhere

B 1BM Informix

W HSQLDB

I dBASE

B Clipper

B Apache Derby

B Microsoft Access
Other

http://www.databasefriends.co/2014/03/favorite-relational-database.html
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PostgreSQL popularity - 2014

http://db-engines.com/en/ranking

216 systems in ranking, March 2014

Rank Last Month DBMS Database Model Score Changes
1. 1. Oracle = Relational DBMS 1491.80 -8.43
2. 2. MySQL = Relational DBMS 1290.21 +1.83
3. 3. Microsoft SQL Server » Relational DBMS 1205.28 -8.99
4. 4. PostgreSQL = Relational DBMS 235.06 +4.61
5. 5. MongoDB = Document store 199.99 +4.81
6. 5. DB2 =« Relational DBMS 187.32 -1.14
7. 7. Microsoft Access « Relational DBMS 146.48 -6.40
8. g. SQLite = Relational DBEMS 92.98 -0.03
9. g. Sybase ASE » Relational DBMS 81.55 -6.33

10. 10. Cassandra = Wide column store 78.09 -2.23
11. 11. Teradata # Relational DBMS 62.63 -1.18
12, 12. Solr = Search engine 61.14 -1.56
13. 13. Redis # Key-value store 53.46 -2.36
14. 14. FileMaker # Relational DBMS 52.91 +1.01
15. 15. Informix « Relational DBMS 37.20 +1.52
16. 16. HBase » Wide column store 35.14 -0.01
17. 17. Memcached # Key-value store 32.90 -1.83
18. 18. Hive » Relational DBMS 30.21 +2.29
19. 4 20. Elasticsearch « Search engine 26.17 +2.79
20 ¥ 19. CouchDB = Document store 22.86 -0.57
21. 21. Splunk # Search engine 22.43 +1.82
22, 22. Neodj # Graph DBMS 18.77 +0.83
23. 23. Firebird # Relational DBMS 16.66 -1.05
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Opyrne HosocTU PostgreSQL 9.4
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9.4: Development schedule

e June 14, 2013 - branch 9.3
e June 2013 -CF1
e September 2013 - CF2
e November 2013 - CF3
e January 2014 — CF4
Hauanca 14 aHsapa ----> npoaonKaerca

https://commitfest.postgresql.org/
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9.4: Parallelism in PostgreSQL

* «Implementing Parallelism in PostgreSQL. Where We Are Today, and

What's On The Horizon».
https://www.pgcon.org/2014/schedule/events/693.en.html

PostgreSQL's architecture is based heavily on the idea that each connection

is served by a single backend process, but CPU core counts are rising much f

aster than CPU speeds, and large data sets can't be efficiently processed serially.

Adding parallelism to PostgreSQL requires significant architectural changes to many areas of the system,
including background workers, shared memory, memory allocation, locking,

GUC, transactions, snapshots, and more.
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https://www.pgcon.org/2014/schedule/events/693.en.html

9.4: Dynamic background workers

PostgreSQL 9.0 Architecture

Raghavendra
www.raghavt.blogspot.com
ragavendra.dba@gmail.com

Authentication/Authorisation/Port 5432 User Backends

and spawns one Backend Process Per
/ connection

_____ Connection _______o_ Postmaster -
7 Postmaster i -
o Postgres - .' e
(Server Process) User Backend Process el ! ,—"‘

Process

One Backend A Data Directo * ; P
Semver Process System Memory Y fowpo,tgremm%,m .. System Memory i L
er Connection base - per database subdirectories - h Lt
P Poma:ﬁ;:amd Per Backend Memory global - cluster-wide information Tl Postgres Shared ; L Per Backend Memory
- . po_xlog - tranzaction logs (WAL files) ;‘\ Memor}' \r .&:"'
maintenance_work_mem - - po_tbispc - symbolic link o tablespace location
temp_buffer | Subdirectorie pg_clog - transaction commit status data
work mem po_l - multitransaction status data e
catalog cache ) po_nofify- LSTENNOTFY stavsdste ~ (* gewomen Feeeoeeooeoeaond 1
L po_stat_tmp - temporary file for statistics subsystem
CLOG Buffers optimizer/executor po_subtrans - subtransaction data . SYS LOGGER
po_twophase - state files for prepared transactions
‘ Lock Space | 05 Cache
- ql.conf - cenfiguration parameter i
( ) |y [[COMQUET | o Cont st e acose f (s werer ) e N
Files pg_ident.conf - 05 user mapping file 0S8 Cache COLLECTOR
postmaster.pid - leck file with PID and shared
[ BGVWRITER ] [ WAL Writer ] [AUTOVACUU“] Lock Files memory segment (not present after server shutdown) ( )
Utility Process —> P .opts - command line optiens the server \. J
was last started.

(( conziron ) (svsroceer ) (Carchiver )

(waL sender) ge==p (WAL Receiver)

Postgres Instance
[Memory + Postmaster + User Backend Process + Utility Process)

Interdependent Processes
attached to
one time hit

C1E

o

=
(a—

backend process

Process

PostgreSQL 9.0 Cluster Layout
(Subdirectories + Configuration Files + Lock Files )
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Postgres Instance

(Mermory + Postmaster + User Backend Process + Ltility Process)
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9.4: Dynamic background workers

* 9.3: MoXHO bblN0 perncTtpmpoBaTb POHOBbLIE MPOLECCHI
* [lemoH, 3anycKasica Npu CTapTe NOCTMacTepa, U «KyMUpan» BMecTe C HUM.

* Henb3a ncnonb3osaTtb 414 napanjaeindma

* [lapannenbHoe ncnonHeHue 3anpoca, Hanpumep, ORDER BY, moxeT
MCMNO/Ib30BaTb pa3Hble AApPa A9 PaboTbl BOPKEPOB, KOTOPbIE A0KHbI
YMEeTb 3anyCKaTbCA ANMHAMMNYECKU POoaUTENbCKUM BaKeHaoM. Bce 3Tu
npouecchbl A0KHbI YMEeTb 0OMeHMBATLCA TYN/1aMU, TPAH3AKLUMOHHbIMU
CH3AMLWOTaMU, N1IaHAMM BbINOAHEHUA N NpoYen HPopmaumen. TaKKe,

nna csoen paboTbl Npouecchbl A0AKHbl YMETb aAnoLUnMpoBaTh
NONO/IHUTENbHbIE CerMEHTbI pasaenaemon namatn ( shared memory ).
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9.4: Dynamic background workers

* 9.4: Allow background workers to be started dynamically.
* Ob6blYHbIM NONB30BATE/IbCKUN BIKEHA MOXKET 3anyCcTUTb GPOHOBLIN NpoLecc
* 3TOT NPOLLECC MOXKET 3aKOHYNTBLCA B 1t0b0oe Bpems
* npumep: contrib/worker_spi

* 9.4: Allow dynamic allocation of shared memory segments.

* BaxHo ymeTb 6patb y OC namaATb Ha Bpemsa 1 ocBoboKaaTb Noce
ncnonb3oBaHuA. Shared memory nmeeTt GUKCUPOBAHHbBIN pa3mep n ee
Heya00bHO MCNob30BaTh A/15 BbIMNOJIHEHMA 3aNpocCa.

* 9.4: Shared Memory Message Queues

* Konbueson bydep B shared memory ana obmeHa coobuieHnamu(cTpoka 6anTos
NPOWU3BOJIbHOW A/INHbLI) mexKay 6akeHAaMn 1 GOHOBLIMM NPOLECCAMMU.
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9.4: CHATO orpaHuyeHune 256 Gb

* Allow using huge TLB pages on Linux (MAP_HUGETLB)

* [lamaTb aeweBeeT, cepsepa ¢ 1Tb namAaTn yKke He peaKocTb. ECTb NpoeKThl,
KOTOpble npeanonaratoT UCMNOb30BaHME NAaMATH

«In-Memory Columnar Store extension for PostgreSQL», KOHCTaHTUH KHUXKHUK
https://www.pgcon.org/2014/schedule/events/643.en.html

«IMCS is In-Memory Columnar Store for PostgreSQL. Vertical data model is more efficient for
analytic queries performing operations on entire column. IMCS provides 10-100 times
improvement in performance comparing with standard SQL queries «

* Linux ucnonb3yet 4 Kb cTpaHuubl namatn = orpaHnyenme 256 Gb

* “Transaction Lookaside Buffers” (TLB), Huge Page Size — 2048 Kb |
TonbKo Linux.
Cat /proc/meminfo | grep Hugepagesize
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https://www.pgcon.org/2014/schedule/events/643.en.html

9.4: View (1)

* 9.4: CREATE VIEW .... WITH [CASCADED | LOCAL) CHECK OPTION

* Henb3A BCTaBUTb AaHHble (B auto-updatable VIEW), KoTopble Henb3sa nonyuntb yepes VIEW

CREATE TABLE tl1 (i integer);
INSERT INTO tl1 VALUES(1),(-1);
CREATE VIEW vtl AS SELECT * FROM t1 WHERE i > 0;
INSERT INTO vtl VALUES(5),(-5);
=# SELECT * FROM t1;
]

CREATE TABLE tl1 (i integer);

INSERT INTO t1 VALUES(1l),(-1);

CREATE VIEW vtl AS SELECT * FROM t1 WHERE i > 0
WITH CHECK OPTION;

INSERT INTO vtl VALUES (5);

INSERT INTO vtl VALUES (-5);

ERROR: new row violates WITH CHECK OPTION for

1 view "vtl"
-1 DETAIL: Failing row contains (-5).
g =# SELECT * FROM t1:
- i
(4 rows) e
=# SELECT * FROM vtl: 1
L -1
--- 5
1 (3 rows)
5
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9.4: View (2)

* WITH CHECK OPTION
* LOCAL

* NMpPoBepPAITCA YCN0BUA TONbKO TeKyuwero VIEW

* CASCADE

* PekypcnBHO NpoBepAtoTcA ycnoBua scex pogutenbcknx VIEW
* Mlcnonb3yeTca no-ymoa4aHuto
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9.4: View (3)

* Allow only some columns of a view to be auto-updateable

* 9.3: Y1obbI View 6bin0 auto-updateable, Bce nons AonKHbI CCblNATbCA
HanpPAMYo Ha Tabauuy, MHaYe BCe Noaa CTaHOBATCA HeOOHOBASSEMbIMU

create view vvtl as select tl.*, (select avg(i) from tl) from t1l;

SELECT column_name, is_updatable FROM information_schema.columns WHERE table name = 'vvtl';
column_name | is_updatable

_____________ o e e e e e e oo

i | NO

avg | NO

* 9.4: HeT HyXAbl NUCaTb TPUTeEPbI :)
SELECT column_name, 1is updatable FROM information_schema.columns WHERE table name = 'vvtl';
column_name | 1is_updatable
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9.4: View (4)

* Make security barrier views automatically updatable

Views which are marked as security barrier must have their quals
applied before any user-defined quals are called, to prevent
user-defined functions from being able to see rows which the
security barrier view is intended to prevent them from seeing.

Remove the restriction on security barrier views being automatically
updatable by adding a new securityQuals list to the RTE structure
which keeps track of the quals from security barrier views at each
level, independently of the user-supplied quals. When RTEs are
later discovered which have securityQuals populated, they are turned
into subquery RTEs which are marked as security barrier to prevent
any user-supplied quals being pushed down (modulo LEAKPROOF quals).
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9.4: View (5)

* Security barrier view 9.2

CREATE TABLE t AS SELECT n, 'secret'||n AS secret FROM generate_series(1l,20) n;
CREATE VIEW t _odd AS SELECT n, secret FROM t WHERE n % 2 = 1;
SELECT * FROM t_odd WHERE n < 4 =>

SELECT * FROM (SELECT * FROM t WHERE n % 2 = 1) t_odd WHERE n < 4 =>
SELECT * FROM t t_odd WHERE (n % 2 = 1) AND (n < 4)

EXPLAIN SELECT * FROM t_odd WHERE n < 4;
QUERY PLAN

Seq Scan on t (cost=0.00..31.53 rows=2 width=36)
Filter: ((n < 4) AND ((n % 2) = 1))
(2 rows) lopaaok rnposepok BbIbBMpaeTCa nNraHepoM HAa OCHOBE CTOUMOCTMH

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM
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9.4: View (6)

* Security barrier view 9.2

CREATE OR REPLACE FUNCTION f leak(text) RETURNS boolean AS $%
BEGIN
RAISE NOTICE 'Secret is: %',%$1;
RETURN true;
END;
$$ COST 1 LANGUAGE plpgsql;

EXPLAIN SELECT * FROM t_odd WHERE f _leak(secret) AND n < 4;
QUERY PLAN
Seq Scan on t (cost=0.00..34.60 rows=1 width=36)
Filter: (f leak(secret) AND (n < 4) AND ((n % 2) = 1))
(2 rows)
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9.4: View (7)

SELECT * FROM t_odd
is:
is:

* Security barrier view 9.2

WHERE f leak(secret) AND n < 4;
secretl
secret?

NOTICE: Secret
NOTICE: Secret
NOTICE: Secret
NOTICE: Secret
NOTICE: Secret
NOTICE: Secret
NOTICE: Secret
NOTICE: Secret
n | secret
e

1 | secretl

3 | secret3

(2 rows)

2% POCCMIACKME MHTEPHET-TEXHOMOrMM

secretl5b
secretl6
secretl?/
secretl8
secretl9
secret20
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9.4: View (8)

* 9.2: View c security barrier (He autoupdatable)

* Monb3oBaTesibCKaA PYHKLUA BbINOJHAETCA TO/IbKO NOC/1e NPOBEPKU YCI0BUM
«view» (He npoxoauT security_barrier)

* Onepatop < nomeyeH Kak LEAKPROQOF, nosatomy ero MmoXH0O «nNponycTuTb» yepes
security_barrier

CREATE VIEW t odd _sb WITH (security_barrier) AS SELECT n, secret FROM t WHERE n % 2 = 1;

EXPLAIN SELECT * FROM t _odd sb WHERE f leak(secret) AND n < 4,
QUERY PLAN

Subquery Scan on t _odd sb (cost=0.00..31.55 rows=1 width=36)

Filter: f leak(t _odd sb.secret)
-> Seq Scan on t (cost=0.00..31.53 rows=2 width=36)

Filter: ((n < 4) AND ((n % 2) = 1))
(4 rows)
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9.4: View (4)

* 9.4: Make security barrier views automatically updatable

CREATE VIEW rw _view AS SELECT person FROM tbl WHERE visibility = 'public';

EXPLAIN (costs off) UPDATE rw _view SET person=person WHERE leak(person);
QUERY PLAN
Update on base tbl base tbl 1
-> Subquery Scan on base_ tbl
Filter: leak(base_ tbl.person)
-> Seq Scan on base_tbl base tbl 2
Filter: (visibility = 'public'::text)
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9.4: Materialized View

* 9.3: CREATE (ALTER, DROP, REFRESH) MATERIALIZED VIEW

* He 6b1/10 aBTOMATMYECKOro obHoBAeHUA ( Kpome simple view)

* npu obHoBNeHMM Bpanacb 6roknpoBKa (AccessExclusivelock lock) Tabnanupl
* MOYHO 6blN10 BCTaBUTb NPOU3BO/IbHbIE AAHHbIE

* «not quite usable»

* 9.4: REFRESH MATERIALIZED VIEW CONCURRENTLY

* 0lHOBpeMeHHoe YTeHne u obHoBeHMe (MaeT B poHe n bonee meaneHHoe)

* TpebyeTcsa YHMUKA/IbHbIN MHAEKC
(co3paetca BpemeHHaa Tabaumua c HOBbIMM MaTeEPUANN30BAHHbIMM AAHHbIMMU, A
notom aenaetcs full outer join co ctapbimn AaHHbBIMUK, YTO HEBO3MOKHO MPU
Hann4ynm aybanKaTos).
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9.4: Logical Replication (1)

* PennnKayma B PostgreSQL ocyuiectBnaeTca C NOMOLLbIO PacCblIKK
3anmncen WAL
* dnsnyecKaa penamKkauma — penamumpyeTca Becb Knacrep
* OueHb «aewesaa», WAL Bce paBHO HYXHbI ANA recovery
* master-slave
* CMHXPOHHAA, aCMHXPOHHaA

* CywecTByeT MHOMEeCTBO CTOPOHHUX YTUAUT
http://wiki.postgresgl.org/wiki/Replication, Clustering, and_Connection_Pooling

* MMommnmo dusmnyeckomn pennmnkaumm ecto statement based:
Slony, Bucardo, Pgpool, londiste
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9.4: Logical Replication (2)

* dDnsnyeckasa pennmkauma nmeet orpaHmndyeHus (Robert Haas):
http://rhaas.blogspot.ru/2011/02/case-for-logical-replication.html

* You can't replication to a different major version of PostgreSQL.

* You certainly can't replicate to a database other than PostgreSQL.
* You can't replicate part of the database.

* You can't write any data at all on the standby.

* You certainly can't do multi-master replication.

* MVCC bloat on the master propagates to the standby.

* Anything that would bloat the standby causes query cancellations instead, or
delays in recovery (or in 9.1, you'll be able to avoid the query cancellation by
bloating the master).
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http://rhaas.blogspot.ru/2011/02/case-for-logical-replication.html

e
ond Physical Streaming Replication

Quadrant
Master Standby
User AL AL Startup
] R - R
WAL Database WAL Database
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2nd Logical Streaming Replication
uadrant
Upstream Downstream
MaSter Master

WAL Database Database
— -~ -
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9.4: Logical Replication (3)

* Onpenenntb Kakune Tynabl (tuples, 4to 3To Takoe ?) nameHUAUCH
(inserted, updated, deleted)

CYLLLeCTBYIOLLMM XaK — TpUrepamm 10rmpoBaTb U3MeHeHUs B Tabaunuy, KoTopasn
pPenAnUUpPYETCA N NPUMEHATb UX HA APYrnX y3nax

* Changeset extraction — 9.4+

* WAL decoding — 9.4+

N3MeHeHMA Ha PMU3MYEeCKOM YPOBHE Pa3BOPaYMBAIOTCA B MOTOK TynaoB 1 SQL
KomaHz, dopmaT onpeaensercs NpuUaoKeHnem

* postgresgl.conf:
wal_level = logical, max_replication_slots =

* [IPUMEHNTbL 3TO 3HAHME K CyLLecTBYOLWEN Konnum 6a3bl

2= PoccUMiicKMe MHTEPHET-TEXHONOrMM MNpodgeccroHanesHaa KoHgepeHuns eeb-paspaboTumiKos



9.4: Logical Replication (4)

* 3TO TONbKO NEepPBbIN LWar, NoTpebyeTcAa HECKONbKO Penmns3os

* APl ecTb B spe, CTOPOHHME NPUNOKEHUSA YKe MOTYT pa3pabaTbiBaTb
NPOTOTUNDI.

YiKe obcyrKaaeTca 3aMmeHa TPUIrepoB Ha IOTMYECKYo pennKauma B
SLONY -

http://www.postgresgl.org/message-id/BLUO-SMTP30D7892E90D1FFOE4EA77EDC570@phx.gbl

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM NMpogeccroHansHan KoHpepeHLuma eeb-pa3paboTymikKoe



9.4: GIN (Generalized Inverted Index)

Report Index

abrasives, 27

A

acceleration measurement, 58

accelerometers, 5, 10, 25, 28, 30, 36, 58, 59, 61,

73,74
actuators, 4, 37, 46, 49
adaptive Kalman filters,
adhesion, 63, 64
adhesive bonding, 15
adsorption, 44
aerodynamics, 29

B0, 61

aerospace instrumentation, 61
aerospace propulsion, 52

compensation, 30, 68

compressive strength, 54
compressors, 29

computational fluid dynamics, 23, 25
computer games, 56

concurrent engineering, 14

contact resistance, 47, 66
convertors, 22

coplanar waveguide components, 40
Couette flow, 21

creep, 17

crystallisation, 64

current density, 13, 16

D

aerospace robotics, 66
aluminium, 17
amorphous state, 67
angular velocity meas
antenna phased array|
argon, 21
assembling, 22
atomic force microsco
atomic layer depositio
attitude control, 60, &
attitude measurement
automatic test equipm
automatic testing, 24

QUERY: compensation accelerometers

INDEX: accelerometers

5,10,25,28,30,36,58,59,61,73,74 30,68

RESULT: 30

compensation

backward wave oscillators, 45

distributed feedback lasers, 38

)epeHLUmna Beb-pa3paboTykos




9.4: GIN

* Posting list compression
* 9.3 format: (4 bytes blockNumber , 2 bytes offset): 90 bytes

(0,8) (0,14) (0,17) (0,22) (0,26) (0,33) (0,34) (0,35) (0,45) (0,47)
(0,48) (1,3) (1,4) (1,6) (1,8)

* 9.4 format: compressed format, difference from previous item: 21 bytes
(0,8) +6 +3 +5 +4 +7 +1 +1 +10 +2 +1 +2051 +1+2 +2

* Ha 10,000,000 uenbix yncnax Bbinrpbill cywectBeHHbit — 11 Mb vs 58 b !

SELECT g % 10 FROM generate_series(1,10000000) g;

2+ PocCHUACKME MHTEPHET-TEXHOMOrMM MpogpeccroHaneHan KOHpepeHLUua eeb-paspaboTymkos 1.]:‘-



9.4: GIN

* FAST SCAN

Ontumunsaumnsa 3anpocos rare & frequent (Ha camom aene cnoxkHee)

* 9.3: Yutaem BCe NOCTUHT INCTbI U MOTOM rMepecekaem
Time (frequent & rare) ~ Time(frequent)

* 9.4: YuTaTb HaYMHAEM C CaMOro PeKoro c NPonyckamm
Time(frequent & rare) ~ Time(rare) !!!

* 9.4: GIN nHpekcmnpyet jsonb: keys oTaenbHoe oT values
Key 'tags' o4deHb YacToTHOE - 1138532,
value {{term=>NYC}}' penkoe - 285
BbIMrpbiWw okono 10X pas !

2®s PocCHMACKME MHTEPHET-TEXHOMNOIMMK

MpodgeccroHanbHaa kKoHgepeHLumnsa eeb-pa3paboTyumiKoe



9.4: AccopTun

* Add recovery_target='immediate' option

* 3aKOHYMTb recovery cpasy Nno AO0CTUXKEHMUIO consistent cocToAHNA (MUHUMYM
nHpopmaumm mn3 xlogs).
* YnobHo anAa nonyyvyeHuma standalone cepsepa (CKMHYTb K cebe Ha HoYT)

* Add a pg_Isn data type, to represent an LSN
* LSN - Log Sequence Number, 64-bit int, no3nuna 8 WAL
* Onepaumum (=, I=, <, >, <=, >=, -)

SELECT (pg_current xlog location())::pg lsn;
pg current xlog location

4/44123DEO
(1 row)

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM NMpogeccroHansHan KoHpepeHLuma eeb-pa3paboTymikKoe



9.4: AccopTun

* Add pg_stat_archiver statistics view
* OTobparkaeT TeKyllee cocToaHUe apxusmpoBaHua WAL

\d pg _stat _archiver
View "pg catalog.pg stat archiver"

Column | Type | Modifiers
____________________ O
archived count bigint
last_archived wal text

| |
| |
last _archived time | timestamp with time zone |
failed count | bigint |
last failed wal | text |
last _failed time | timestamp with time zone |
stats _reset | timestamp with time zone |

2% POCCMIACKME MHTEPHET-TEXHOMOrMM MpogeccroHaneHaa KoOHpepeHLuma eeb-pa3paboT4ym1KoB



9.4: AccopTun

* Multiple-argument UNNEST ( WITH ORDINALITY)

=# SELECT * FROM unnest/( =# SELECT * FROM unnest(
array['a', 'b', 'c'], array['a', 'b', 'c'],
array['d', 'e', 'f'] array['d', 'e', 'f']
) as t(a,b); ) WITH ORDINALITY as t(a,b,i);
a | b a | b | 1
e +- et - -
a | d a | d | 1
b | e b | e | 2
c | f c | £ | 3
(3 rows) (3 rows)

2®s PocCHMACKME MHTEPHET-TEXHOMNOIMMK MpodeccrioHanbHaa KoHdQepeHUuma Beb-pa3paboTyMKos



9.4: AccopTun

* FILTER aggregates
(paHble Hago 6bln10 ncnonb3osaTb case-then-null :)

SELECT 1, count(*), count(*) FILTER (WHERE i>0) FROM tl1 GROUP BY 1;

1 count count
e oo

1 1 1
-1 1 0

5 1 1
(3 rows)

2®s PocCHMACKME MHTEPHET-TEXHOMNOIMMK MpodeccrioHanbHaa KoHdQepeHUuma Beb-pa3paboTyMKos



9.4: AccopTun

* Improved EXPLAIN

* Group Key B Agg n Group nodes
* Bpemsa nnaHMpoBaHKUA 3anpoca ( MoXKeT bbiTb 3HaYNTENbHbIM)

EXPLAIN ANALYZE SELECT * FROM tl1 GROUP BY 1;
QUERY PLAN
HashAggregate (cost=40.00..42.00 rows=200 width=4)
(actual time=0.013..0.013 rows=3 loops=1)
Group Key: i
-> Seq Scan on tl (cost=0.00..34.00 rows=2400 width=4)
(actual time=0.005..0.007 rows=3 loops=1)

Planning time: 0.023 ms - He paboTaetr ansa prepared queries
Execution runtime: 0.042 ms
(5 rows)

282 Poccuiickme MHTEPHET-TEXHOMOIMMI MpogeccroHaneHan KoHgepeHUumsa seb-pa3ipaboTynkos 1.]:‘-



9.4: AccopTun

* Show exact/lossy pages in EXPLAIN ANALYZE for a bitmap heap scan

SET work _mem = '64kB"';
SET
Time: 0.123 ms
postgres=# EXPLAIN ANALYZE SELECT * FROM aa WHERE a BETWEEN 100000 AND 200000;
QUERY PLAN
Bitmap Heap Scan on aa (cost=1064.93..48166.70 rows=50000 width=4) (actual time=17.281..1087.69¢
Recheck Cond: ((a >= 100000) AND (a <= 200000))
Rows Removed by Index Recheck: 8797633
Heap Blocks: exact=404 lossy=39367
-> Bitmap Index Scan on aai (cost=0.00..1052.43 rows=50000 width=0) (actual time=17.147..17.:
Index Cond: ((a >= 100000) AND (a <= 200000))
Planning time: 0.178 ms
Execution runtime: 1093.238 ms
(8 rows)

282 Poccuiickme MHTEPHET-TEXHOMOIMMI MpogeccroHaneHan KoHgepeHUumsa seb-pa3ipaboTynkos 1.]:‘-




9.4: AccopTun

* Show exact/lossy pages in EXPLAIN ANALYZE for a bitmap heap scan

SET work_mem = "4MB';
SET
Time: 0.133 ms
postgres=# EXPLAIN ANALYZE SELECT * FROM aa WHERE a BETWEEN 100000 AND 200000;
QUERY PLAN
Bitmap Heap Scan on aa (cost=2009.76..47676.28 rows=94568 width=4) (actual time=46.602..330.244
Recheck Cond: ((a >= 100000) AND (a <= 200000))
Heap Blocks: exact=39771
-> Bitmap Index Scan on aai (cost=0.00..1986.12 rows=94568 width=0) (actual time=29.071..29.(
Index Cond: ((a >= 100000) AND (a <= 200000))
Planning time: 0.236 ms
Execution runtime: 344.044 ms
(7 rows)

2+ PocCHUACKME MHTEPHET-TEXHOMOrMM MpogpeccroHaneHan KOHpepeHLUua eeb-paspaboTymkos 1.]:‘-




9.4: AccopTun

* Onuuu Tablespace moXKHO 3a4aTb NpU CO34aHNU
PaHblue Haao 6bino co3gatb  uameHuTb ( CREATE, ALTER)

CREATE TABLESPACE ssd
LOCATION '/ssd'

WITH (random page cost = 1.1);

* Bce ob6bekTbl Tablespace moxKHO nepemelwatb 0A4HOM KOMaHAOM

ALTER TABLESPACE pg default
MOVE INDEXES TO ssd;

ALTER TABLESPACE ssd

MOVE ALL TO pg default;

2+ PocCHUACKME MHTEPHET-TEXHOMOrMM MpogpeccroHaneHan KOHpepeHLUua eeb-paspaboTymkos 1.]:‘-



9.4: AccopTun

* «Pasorpetb Kaw» - contrib/pg_prewarm

* Becbma BaXKHO A1 pa3orpeBaHUA PenNInKM nepes noakatoyeHnem BMecTo
macTepa (pannosep)

* BmecTo nonynapHoro xaka: find SPGDATA/base -type f -exec cat {} +
* Mo*Ho ucnonb3osaTtb B SQL, He HaA0 AymaTb O CTPYKTYpPE ANPEKTOPU

pg _prewarm(regclass, mode text default 'buffer', fork text default 'main',
first block int8 default null,
last block int8 default null) RETURNS 1int8

select pg prewarm('jb'); 'prefetch'- async., 0S cache

Pg _prewarm 'read’ - sync., 0S cache

———————————— 'buffer' - shared buffers
175856

(1 row)

2@2 POCCMIACKME MHTEPHET-TEXHONOIMMN MpodgeccnoHansHan kKoHpepeHLUma Beb-pa3paboTyumnKkos 1.]:‘-



9.4: AccopTun

* ALTER SYSTEM SET - «pepaktuposaHue» postgresql.conf 8 SQL
* BCE M3MeHeHUA XpaHAaTca B postgresgl.auto.conf
* HykeH select pg_reload_conf();
* BOHYC: He cTpaWwHOo owmnbutbca — npocto SQL owmnbKa

* autovacuum_work_mem
* oTAeNbHO OT maintenance_work_mem
* -1 ymonyaHue (ncnonbsyetca maintenance_work_mem)
* maintenance_work_mem MoXKeT 6biTb 04eHb 60/1bLLIMM, YTO HEHYXKHO ANA
Autovacuum (Ux MmoXKeT bbITb MHOTO)

2@2 POCCMIACKME MHTEPHET-TEXHONOIMMN MpodgeccnoHansHan kKoHpepeHLUma Beb-pa3paboTyumnKkos 1.]:‘-



9.4: AccopTun

* wal_log_hints for consistent relation page tracking in WAL

* hint bits cogep»aTca B 3arosoBKe Tyn/ia, MOXHO ObICTPO NPOBEPATb BUAMMOCTb
6e3 pg_clog (pg_subtrans). HekoTopble yTMANTBLI UCNONBL3YIOT 3TY MHDOPMALMIO,
Hanpumep, pg_rewind (ana 6GbICTPOM NEPEMOTKM

* 9.3: Hy)KHO bbln0 0b6A3aTenbHO ncnonb3oBaTb checksums, yto BHOCKUT overhead
n Tpebyert initdb.
* 9.4: poctato4Ho Tonbko wal_log_hints = on

* Triggers on foreign tables

* noaaepXnBaroTCcA BCe CTaHOAPTHbIE TUMbl TPUITEPOB, KaK ANA 0bObIYHbIX Ta6J'II/|LI,,
Kpome TpUrrepoB B OrpaHN4YEHUAX (BHeLUHI/Ie Ta6J'II/ILI,bI He noa4depXmnsakoT

OrpaHUYeHuns).

2@ PoccMACKME MHTEPHET-TEXHONOrMM MpodgeccroHansHaa koHdpepeHUuma eeb-pazpaboTynKos 1.]:‘-




9.4: AccopTun

* in-core GiST index opclass for cidr/inet data types

* This operator class can accelerate subnet/supernet tests as well as btree-equivalent ordered comparisons.
It also handles a new network operator inet && inet (overlaps, a/k/a "is supernet or subnet of"), which is
expected to be useful in exclusion constraints

CREATE INDEX 1inet_idx2 ON inet tbl using gist (i inet _ops);

SELECT * FROM inet_tbl WHERE i << '192.168.1.0/24'::cidr ORDER BY 1;
SELECT * FROM inet tbl WHERE 1 <<= "192.168.1.0/24'::cidr ORDER BY 1;
SELECT * FROM inet tbl WHERE 1 && '192.168.1.0/24'::cidr ORDER BY 1i;
SELECT * FROM inet tbl WHERE 1 >>= "192.168.1.0/24'::cidr ORDER BY 1;
SELECT * FROM inet_tbl WHERE i >> "'192.168.1.0/24'::cidr ORDER BY 1i;
SELECT * FROM inet_tbl WHERE 1 < '192.168.1.0/24"'::cidr ORDER BY 1;
SELECT * FROM inet tbl WHERE 1 <= "192.168.1.0/24'::cidr ORDER BY 1i;
SELECT * FROM inet_tbl WHERE 1 = '192.168.1.0/24"'::cidr ORDER BY 1;
SELECT * FROM inet tbl WHERE 1 >= "'192.168.1.0/24'::cidr ORDER BY 1i;
SELECT * FROM inet_tbl WHERE 1 > '192.168.1.0/24"'::cidr ORDER BY 1,
SELECT * FROM inet_tbl WHERE i <> "'"192.168.1.0/24'::cidr ORDER BY 1i;

2% POCCMIACKME MHTEPHET-TEXHOMOrMM MNpodgeccroHanesHaa KoHgepeHuns eeb-paspaboTumiKos



9.4: AccopTun

* Moving-aggregate support for a bunch of numerical aggregates

* First installment of the promised moving-aggregate support in built-in aggregates: count(), sum(), avg(),
stddev() and variance() for assorted datatypes, though not for float4/float8.
O6bacHeHue oT Depesz

=# SELECT SUM(n::int) OVER (ORDER BY n ROWS BETWEEN CURRENT ROW AND UNBOUNDED FOLLOWING)

FROM generate series(1,20000) g(n); COUNT (*)
sum 1,2,3,4,5,6,7,8,9,10 10
_____________________________ |
200010000 1,2,3,4,5,6,7,8,9 9 : 9.3
e e e e e e e e e e ______ |
39999 10-1 | 9 : 9.4
20000

ncnonb3syem rnpeagbiayuee 3HayveHue

(20000 rows) cm. CREATE AGGREGATE

Time: 22185.316 ms

9.4:
Time: 21.975 ms (1000X 6eicTpee !)

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM NMpogeccroHansHan KoHpepeHLuma eeb-pa3paboTymikKoe


http://www.depesz.com/2014/04/13/waiting-for-9-4-provide-moving-aggregate-support-for-a-bunch-of-aggregates/
http://www.postgresql.org/docs/devel/static/sql-createaggregate.html

9.4: UPSERT ?

* Peter Geoghegan, Heroku.

« UPSERT Why UPSERT is weird Counterintuitive lessons learned from
the implementation effort»,

http://www.pgcon.org/2014/schedule/events/661.en.html

Talk that examines implementation process on the INSERT...ON DUPLICATE KEY LOCK
FOR UPDATE feature proposed for PostgreSQL.

* Ckopee Bcero, 9.5 (2015)

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM NMpogeccroHansHan KoHpepeHLuma eeb-pa3paboTymikKoe


http://www.pgcon.org/2014/schedule/events/661.en.html

9TO ele He Bce HOBOCTKN 9.4 |

Waiting for 9.4 by Hubert Depesz
Postgres 9.4 feature highlight by Michael Paquier

Postgres Weekly
Planet PostgreSQL
pgsql-commiters mailing list

pgsql-hackers mailing list

2%s PoCCMIACKWE MHTEPHET-TEXHOMOIMM

MpodeccrioHanbHaa KoHdQepeHUuma Beb-pa3paboTyMKos


http://www.depesz.com/tag/pg94/
http://michael.otacoo.com/
http://postgresweekly.com/
http://postgresweekly.com/
http://www.postgresql.org/list/pgsql-committers/
http://www.postgresql.org/list/pgsql-hackers/

CNACUBO 3A BHUMAHMUE !

2% POCCMIACKME MHTEPHET-TEXHOMOrMM MNpodgeccroHanesHaa KoHgepeHuns eeb-paspaboTumiKos
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