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boinn nn CYbJ po CYb/ ?

* MOXXHO /I CYUTaTb BaBU/IOHCKME Tabnnykmn CYB/
* XM, a YTO BOObOLLE Mbl MOHMMaeM noa CYb/?

* ACID

* CTPYKTYPUPOBAHHOCTb AaHHbIX

* ONTUMM3ALMA 0159 MOUCKA
* OnpeneneHHble naeun, KOHEYHO, BbiK

e Tabaunupl :)

* KapToTeku )
* [IBOMHag 3anmcb B byxrantepum
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Y ocHoB CYb/l 7

* CTtaTtbd 2arapa Kogaa:

* Arelational model of data for large shared
data banks. Communications of the
ACMVolume 13, 6 June 1970, pp 377-387
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https://dl.acm.org/doi/10.1145/362384.362685
https://dl.acm.org/doi/10.1145/362384.362685

Ingres

* Y106bI paspaboTats CYB/[, Mankn
CTOyHOpeViKep NPYOGPEn Ha rpaHT — ndy
«[TK» PDP-11.

» Korga nogsesnuv TepMmHan v NoCcTaBuan
UNIX..

* EMy Tak noHpasuiach
MHTEPAKTMBHAs paboTa B
shell, yto oH HazBan CYB/]

* |Nteractive Graphic
REtrieval System
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YTOo 6bIN10 XOpPowero B Ingres

* H3blk QUEL — noytn SQL.
Cost-based planner

* Data dictionary

* Access methods

* Locks

* Wel Hong Habpan ero Ko pykamMu C
pacnevyaTtkn B 1985 T.

* CM https.//doi.org/10.1145/320473.320476

https.//doi.org/10.1145/320141.320158
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https://doi.org/10.1145/320473.320476
https://doi.org/10.1145/320141.320158

A3bIkKM pensauuoHHbIX 6a3

* SQUARE - Specifying Queries As
* QUEL - QUEryLanguage Relational Expressions (1975)
Raymond Boyce,

Donald Chamberlin n gp.

* SEQUEL - 1974
. PostQUEL * SQL
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SEQUEL: A STRUCTURED ENGLISH QUERY LANGUAGE

by

Donald D. Chamberlin
Raymond F. Boyce

. IEM Research Laboratory
San Jose, Califormia

ABSTRACT: In this paper we present the data manipulation facility for a
structured English query language (SBQUEL) which can be used for accessing
data in an integrated relaticnal data base. Without resorting to the concepts
of bound variables and quantifiers SBEQUEL identifies a set of simple opera-
tions on tabular structures, which can be shown to be of equivalent power to
the first order predicate calculus. A SEQUEL user is presented with a consis-
tent set of keyword English templates which reflect how people use tables to
cbtain information. Moreover, the SEQUEL user is able to compose these basic
templates in a structured manner in order to form more complex queries.
SBEQUEL is intended as a data base sublanguage for both the professional pro-
Po@_qresPro grammer and the more infrequent data base user,



Bce nenann koMaHabl

CTOyHb6pENKEP JlTappun SNMHCOH
* Jlyyuwmne pebara ns bepknu * Jlyywne pebsara mns
+ QUEL — owww6bka CraHgopaa
CTOoyHbpeunkepa. * CTtaBka Ha SQL
* OHa n ybuna Ingres (torga) * KOTOpbIN 1 CTarn
* AKaIEMUYECKUI U CTaHOapTOM
SKCLUEHTPUYHbIM NOAXOA
* busHec.
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Postgres

* Stonebraker & Rowe. The design of Postgres (1986)
https.//doi.org/10.1145/16856.16888

* Stonebraker, Rowe & Hirohama. The implementation of

Postgres (1990)
https.//doi.org/10.1109/69.50912

* Joseph M. Hellerstein. Looking Back at Postgres (2019)
https.//arxiv.org/abs/1901.01973
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https://doi.org/10.1145/16856.16888
https://doi.org/10.1109/69.50912
https://arxiv.org/abs/1901.01973

THE DESIGN OF POSTGRES

Michael Stonebraker and Lawrence A. Rowe

Department of Electrical Engineering
and Computer Sciences
University of California

Berkeley, CA 94720

Abstract

This paper presents the preliminary design of a new database management system, called
POSTGRES. that is the successor to the INGRES relational database system. The main design

goals of the new system are to:

1) provide better support for complex objects,
2) provide user extendibility for data types, operators and access methods,

3) provide facilities for active databases (i.e., alerters and triggers) and inferencing includ-
ing forward- and backward-chaining,

4) simplify the DBMS code for crash recovery.,

5) produce a design that can take advantage of optical disks, workstations composed of
multiple tightly-coupled processors, and custom designed VLSI chips, and

6) make as few changes as possible (preferably none) to the relational model.
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Yero xoten CtoyHb6peunkep

* CNOXXHble 06bEKTbI (HEATOMAPHbIE TUMbl AAHHbIX)

* PacwmpsaeMoCcTb TUMNOB AAaHHbIX, METOA0B AOCTYMa,
onepaTopos.

* DnemMeHTbl «AKTuBHOW B> (TpUrrepsl, npasuna, alerters)
* PaszsunTtue a3bika (PostQUEL)

* PekypcKBHbIE 3amMpocChl

* KoMnnngaums 3anpocoB (MCNob3oBaHME MaaHoB)

* Process per user
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Yero euwe xoten CToyHb6peunkep

* VACUUM - nepeHocC cTapbiX AaHHbIX HA ONTUYECKMN ANCK
* 64-6UTHbIN transaction id (1)
* IcTOpUyeckme gaHHble (BEPCHMOHHOCTb, CHaMLWOT)

Tuples will have all non-null fields stored adjacently in a physical record. Moreover, there
will be a tuple prefix containing the following extra fields:

1D : immutable 1d of this tuple

tmin : the timestamp at which this tuple becomes valid

BXID : the transaction identifier that assigned tmin

tmax . the timestamp at which this tuple ceases to be valid
EXID : the transaction identifier that assigned tmax

v-1ID : the immutable 1d of a tuple in this or some other version
descriptor : descriptor on the front of a tuple

The descriptor contains the offset at which each non-null field starts, and is similar to the data
structure attached to System R tuples [ASTR76]. The first transaction identifier and timestamp

Pog}qres Pro



N 4yero ewie xoTer CToyH6|oe|‘/’|Ke|o

1. Supporting ADTs in a Database System
a. Complex Objects (i.e., nested or non-first-normal form data)*
b. User-Defined Abstract Data Types and Functions®
° 6 i
B OCCTa H O Bn e H M e I_I OC” e C Oe B |D| M C KO B c. Extensible Access Methods for New Data Types®
d. Optimizer Handling of Queries with Expensive UDFs

[ ) j-l O r Tpa H 3a KLLM m C LLM Kﬂ l/] L_I eC KM M 2. Active Databases and Rules Systems (Triggers, Alerts)*

a. Rules implemented as query rewrites’
b. Rules implemented as record-level triggers'
N\ yC KO p M Ten e M >> B I_I a M S:I T M 3. Log-centric Storage and Recovery
a. Reduced-complexity recovery code by treating the log as
data® using non-volatile memory for commit status’
b. No-overwrite storage and time travel queries’
4. Support for querying data on new deep storage technologies, no-
tably optical disks*
5. Support for multiprocessors or custom processors”
6. Support for a variety of language models
a. Minimal changes to the relational model and support for
declarative queries*
b. Exposure of "fast path" access to internal APIs, bypassing the
query language’
¢. Multi-lingual support’

Figure 1: Postgres features first mentioned in the 1986 pa-
per” and the 1991 paper’.
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OT1 Postgres k PostgreSQL

* Postgres nowen B penn3 B 1989 T.

* Andrew Yu, Jolly Chen, 1994-95r: Postgresos (nogaep»kka SQL)
* Torga »e: Postgres ctan Cl'10.

* BagnMm MuxeeB Havan pabotaTtb Hag MVCC

* 1996: PostgreSQL (65 Bepcus BbilWwna B Havane 1997)
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Oner BbIXOoAUT HA Tpony
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From megera@sai.msu.su Mon Sep 11 12:06:07 1995
Date: Mon, 11 Sep 1995 12:06:06 +0400 (MSK DST)
From: "O.Bartunov" <megera@sal.msu.su=

X-Sender: megera@ra

To: postgres <postgres95@nobozo.cs.berkeley.edu>
Subject: Q: Friendly interface for Postgres95
Message-ID: <pine.sv4.3.91.950911113736.16173a-100000@ra>
MIME-Version: 1.0

Content-Type: TEXT/PLAIN; charset=US-ASCII
Status: O

X-Status:

Hi,
now when postgres95 v.1.0 installed and passed all tests
(without regex :-()



\l'“l“;k OF p E.g
‘R OF SHapre = [NC +rTIFICATERE
RS ______l__(-J:O &) o T _O_W Q L ga AN

CERTIEIC A e - 8 g SFE i B TE —— S
ClLass CATE NUmpgg . A;}_D REGISTERED HOLDER TRANSFER (OR ALLOTMENT) prqy || DATE —
Syl e O e
DATE OF 1550 S = (N Rg="1<372 |
SSUE. S — Uunov Lf =
=¥ 30 2om| OLet BT | |

Share Cetificate Class of Shares
Number

THISCERTIFES THAT ~ OLE® BARTUNO V

is the registered holder of the above described fully paid shares in the capital of

Ll posréfE:SQL_) R

Incorporated under the “Canada Business Corporations Act”
[N WITNESS WHEREOF the Corporation has caused this
Certificate to be signed by I8 duly authorized officer(s) this
day of -
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BHyTpU Postgresgs

megera@ra:~/TT_|

megera@ra:~/TT_D




[lepBbin NaTy Onera

commit 5b1311acfbd6b84dbb84975240914214c51fch48
Author: Marc G. Fournier <scrappy@hub.org>
Date: Wed Apr 2 18:13:47 1997 +0000

Pog}_qresPro

From: Oleg Bartunov <oleg@sal.msu
Subject: [HACKERS] patches

Hi there,

here are little patches to get Postgres 6.1 works with [GIENRY stuff.

This 1is a patch against 970402.tar.gz, there are no problem to apply them
by hand to 6.0 release. Collate stuff tested about 1-2 months in real
working database but I'm sure there must be no problem. US hackers

could vote against implementation ( for sure will affect to
speed of postgres ), so I introduce variable USE_[lSJJYM3 which

controls JGLEERY stuff. Non-US users now could use ~* operator

for searching and <order by> for strings with nation alphabet.

Please, don't forget, as I did first time, to set environment variable
LC_CTYPE and LC_COLLATE because backend get IGIENE] information from them.
I start postmaster from a little script, assuming that shell is Bash shell
it looks like:




PoxxgeHune PostgreSQL B nucbMax

Pog}qres Pro

From: "Vadim B. Mikheev" <vadim@sable.krasnovarsk.su>
Date: Wed, 18 Sep 1996 15:04:22 +0800
Subject: Re: [PG95-DEV] postgres?2.0

Marc G. Fournier wrote:

[...]

> How about PostgresVé?

And it’s good name. But Ingres & Postgres are
different in language (not only), and Postgres &

Postgres’95 too, so why not to change prefix now again
?

> Please...though...just not Postgres/SQL...it just
doesn’t slide off the tongue nicely :(

Vote against too.



[lonyyeHne nmMeHun

commit gb41dabce48e3bedb730faab347a5461175¢cff83
Author: Bruce Momjian <bruce@momjian.us>
Date: Wed Dec 11 00:28:15 1996 +0000

Rename postgresgs to PostgreSQL.
Add comment for SELECT NULL

Po&qres Pro



Pycckuu cnep,..
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https://obartunov.livejournal.com/186860.html

ST1anbl pa3BUTUA

1096 — Ctabunmsauus paboThl

1997 (6.1) — VIHTepHauMoHamn3aLums +World

2005 (8)

2010 (Q) — BcTpoeHHas pennmkaums +Enterprise users
2014 (9.4) — jsonb +NoSQL users
2016 (9.6) — Parallel Query +OLAP users

2017 (10) — Logical Replication, Declarative Partitioning
2018 (11) — JIT

2019 (12) — Pluggable storage, Jsonpath (SQL/JSON)
2022 (15) — JSON_TABLE.,..(SQL/JSON), MERGE
2023 (16) — Pluggable TOAST, Fast Jsonb
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MVCC

* Bbinnnuntb nctopmyeckoe xpaHunnuue CtoyHbpenkepa
* YPOBHU U30NALMN TPAH3aKLNN
* Cnenan BagnmMm Muxees. (Cim),

Date: Mon, @9 Aug 1999 16:08:19 +0800
From: Vadim Mikheev

To: Oleg Bartunov

Subject: Re: indices grow !

----skipped ------
A uTo ero noHwMate-TO! -:)
OCHOBHOE UTO Hago NOMHUTE:

3anpoc (Te Query - To 4TO 4YMTaeT 3anuck W3 Da3w Mcnonk3yA Seq/Index
scans W OTOMpaeT WX B COOTBETCTBWHW C YyCNoBwAMW B WHERE wcnonb3ys
joins, subselects etc) ewguT (Te BO2EpawlaeT) TONLKO Te 3anMcH,
KOTOPeW OBUIM KMBE B MOMEHT CTapTa

zanpoca(READ COMMITTED)/TpaHzakuwu (SERIALIZABLE).

BC& oCTankHO® MWL NMPOW3IBOOHOE -:)

Pog}qres Pro


http://www.sai.msu.su/~megera/postgres/mvcc.html

WAL

 Coenan BagnmMm Muxees.

 OCHOBbIBAeTCH Ha (1992), IBM (C.Mohan).

Pog}qres Pro

3anumcb BHavane B WAL, Ha HaEXHbIM CTORAK
lpourpbiBAHE UCTOPUKM MOC/E Kpalla
Rollback Toxe, koHeuHo e, nuwetca B WAL
103)Ke 3TO NPUroannocCh Ang penankaunm.

commit 47937403676d913c0e740eec6b85113865c6¢c8ab
Author: Vadim B. Mikheev <vadim4o@yahoo.com>
Date: Wed Oct 6 21:58:18 1999 +0000

XLOG (also known as WAL -:)) Bootstrap/Startup/Shutdown.
First step in cleaning up backend initialization code.
Fix for FATAL: now FATAL is ERROR + exit.



https://web.stanford.edu/class/cs345d-01/rl/aries.pdf

OanbHenwee passutne MVCC

* [Ipobnema Write Amplification
* HOT

* Bocxopduee yganeHume

* [lpobnema onpeneneHna BUAMMOCTN BEPCUM
* hint bits
* ProcArray vs CSN
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UcTtopua TOAST R
Tonsl Y

* bbin HanncaH Jan Wieck, Dec 1999 5 % ﬁﬂ‘_j”_ i oy .
‘ E : J//

* C Tex Nop He MeHS/CY, pa3Be YTo: f// —Ae

BAL’F uuo\?

* YactnyHoe 4yteHue (Partial TOAST
decompression)

* Vet obeyxxaeHune Pluggable
TOASTers.
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NcTopua GIST

* Pa3spaboTaH B Berkeley ans
PostgreSQL koMmaHaom npoo Joe
Hellersteln

* 3aTeM MNOJNHOCTLIO NepenncaH
O.bapTtyHoBbIM U O.CHraeBbiM B
Havane XXI B.

* GIST — obobuleHHas CTPYKTYPAa,
NOBEPX peanmnsyloTca pasHble
TUMNbl AgepeBbeB. RD-aepeBo a4
NOMCKA B MHOYXXECTBAX.

Pog}qres Pro

Chapter 36. GiST Indices

Author: This extraction from an e-mail sent by Eugene Selkov r. contains good
information on GIST. Hopefully we will learn more in the future and update this
information. - thomas 1998-03-01

Well, | can't say | quite understand what's going on, but at least | (almost) succeeded
in porting GIST examples to linux. The GIST access method is already in the postgres
tree (src/backend/access/gist).

Examples at Berkeley come with an overview of the methods and demonstrate
spatial index mechanisms for 2D boxes, polygons, integer intervals and text (see also
GiST at Berkeley). In the box example, we are supposed to see a performance gain
when using the GIST index; it did work for me but | do not have a reasonably large

collection of boxes to check that. Other examples also worked, except polygons: | got
an error doing

test=> create index pix on polytmp
test-= using gist (p:box gist poly ops) with (islossy);
ERROR: cannot open pix

Sven Helmer. Index Structures for
Databases Containing Data Iltems
with Set-valued Attributes ( )


http://gist.cs.berkeley.edu/
https://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.5.7571

Hellerstein o ToM, kak Oner n ®epop nepenncanu GiST

nity made significant modifications and improvements to the core
of the system as well, from the optimizer to the access methods
and the core transaction and storage system. Since the mid-1990s,
very few of the PostgreSQL internals ca ut of the academic
group at Berkeley—the last contribution may have been my GiST
implementation in the latter half of the 1990s—but even that was
rewritten and cleaned up substantially by open-source volunteers
(from Russia, in that case). The open source community around
PostgreSQL deserves enﬂrmc.:redit for running a disciplined
process that has soldiered on over decades to produce a remark-
ably high-impact and lnna-rminning nraiact,

Pog}qres Pro



[JoBonbHble aBTOpPbI GIST

g L
L
- .

* [lpobnema GIST (TouHee, npobnemMa superimposed cUrHaTyp) —
nepenosiIHEHNE ITUX CUTHATYP.
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GIN-nHOekchl

meta

* O6006UWEHHbI OBpPAaTHbIN ,,
nHaexkc. Curaes, bapTyHoB

3anomar

(8.4, ) . )
* Kniou =>B-gepeBo n3 xid O
1.2 12 = 0,2 m 02

01|
11 |
22 |
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http://www.sigaev.ru/gin/fastinsert_and_multicolumn_GIN.pdf
https://habr.com/ru/company/postgrespro/blog/340978/

NcTopusa pennmkaumum

* Transaction log shipping (Mammoth Replicator, Slony)
* Proxy-based replication (PgPool)

Replication is not a single solution for a single problem:; it is
several solutions for a wide array of different problems.No one
replication tool will ever be the ‘default” replication for
PostgreSQL

Josh Berkus, 2004

* WAL-based replication: Hans-Jurgen Schonig (idea, 2005). Penus
9.0 (2010)

* Logical replication (pglogical, 9.4, 2015)

Po&qres Pro


https://postgrespro.ru/list/id/200411091017.33547.josh@agliodbs.com#head
https://www.postgresql.org/message-id/426B385A.1060103%40cybertec.at

UcTopunsa pennukaumm (2)

* Postgres XC
* Postgres XL
* BDR

* Postgres Pro Multimaster

Po&qres Pro



UcTopua JSON(,B!)

* Intarray, GiST (2000, bapTyHoB, Curaes, Rambler)

* HStore ¢ 2003 (c 2006 B PostgreSQL, bapTtyHoB, Crraes)
* JSON KaK TeKkCT 9.2

* JSONB (9.4) n GIN-nHgekcol (bapTtyHoB, KopoTkos, Curaes)
SQL/JSON (12.. ? BapTyHOB, KOPOTKOB, [71yXOB)

GSON 7

Po&qres Pro



KNN

* 2005--2010. GIST, PostGIS
* 2020. SP-GIST (A. Jlebene)
e ... B-Tree

bapTyHoB, Curaes, [nyxoB

Furazanl®

o
R nq.#'m'&n ™
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NcTopuna NONHOTEKCTOBOINO NOUCKA

* SQlL-based

* OpenkTS (2000.2009, 7.4) - NoUcCK Ha 6a3e GIST (Curaes,
bapTyHOB)

* Tsearch

* Tsearch2

* BCTpOEHHbIN MOKNCK
* GIN-nHpekc

Po&qres Pro



NcTopua pes3epBHOro kKonmpoBaHus

* pg_dump
* pg_basebackup + WAL archiving
* PITR

* pg_probackup + PTrack : nHkpeMeHTanbHbi Backup

Po&qres Pro



PaclwmnpaemMocCTb

* Tunbl gaHHbIX (tsvector, json, xml, pgsphere, PostGIS..)
* MHpekceobl (GIST, SP-GIST, GIN, BRIN)

* A3bikn NporpammmpoBaHmsa (PL/Perl,Python,V8,Java).
* TabnuyHble MeToabl AocTyna (Heap..)

* TOAST (B npouecce..)
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CoobuwecTBo

* [lepMUccMBHAA NMLEH3NS

* Dopku -
—

* baknopT

* OBOJOUUS

® EDB ¢ Crunchy Data ® VMWare ® Postgres Pro ® Microsoft @ credativ @ NTT © Fujitsu
® PeopleDoc @ Dalibo @ Adjust © Yandex © University of Cambridge  True Software = Swarm64
SRA OSS Rakuten Postgres Experts Playtech ~ Paragon

* OT N'MKOB [0 KOpropauum s T L L o

@ conova communications GmbH @ Brandwatch @ Basefarm AS ® Appen ® Amazon @ Afilias

* banaHc Mexay developer-
driven n customer-driven
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bopku

P> TelegraphCQ > > EESB P ;FFUCQ P> PipelineDB
P> ParAccel o _» P RedShift P> Aurora
Amazon PostgreSQL

P Bizgres —» P Greenplum

P> Enterprise Postgres
Fujtsu

—» P> Greenplum
P> CitusDB — » P> CitusDB - »P MS

. P> EnterpriseDB P Vitesse DB CitusDB
P> Netezza P Vertica P> Yahoo! Everest P> TimescaleDB
oM P> Aster Data P> AgensGraph
Terradata |- POS’[gI‘ES—XC — P Postgres-X2
P> HadoopDB - » P> Hadapt P> Postgres Pro P Credereum
P> PowerGres P> Enterprise
“ SRA P> Postgres-XL P> 2ndQPostgres
|| i i i ‘ i ‘ i ‘ i ‘ i ‘ i ‘ i i ? |
2002 2004 2006 2008 2010 2012 2014 2016 2017 2018
7.3 8.0 9.0 9.4 9.6 10 11
P> Commercial MS P> Open Source R jsonb PQ LR,P JIT
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TOPOHTO 2006
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CnpalwusaunTe
Postgres Pro
n npuxogute Ha PgConf.RU !

Pog)qres Pro
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