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P ogzgres When | started using Postgres

* No UTF-8, even no 8-bit

 No WAL

* No MVCC

* No replication

* No usable non-scalar data types

* No subselects, no window functions, no CTE
* |t was Postgres95
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Pos}gres ba3bl gaHHbIX

e Gansnbl

* lepapxnyeckas

* CeTeBad

* PenaunoHHasa

* O6BbEKTHO-OpPMEHTUPOBAHHAA
* O6bEKTHO-pensumoHHas

* NoSQL

NewSQL
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Pogggi%eog daiino

* KOMNblOTEPbI A/19 PACHETOB, MPOrpaMmbl U AAaHHbIE XN
BMecCTe

e [laHHbIe yLWwNu B chansibl, METOAbI AOCTYMbI
(nocneanoBaTtesibHbIN, MHOEKCHbIN, CNyYanHbIn)

* Ba3bl AaHHbIX Ha «MOCKUX» tharnax

e 1C no cux nop paboraer
* Berkeley DB

* [1po6iema MHOronos1Ib30BaTeIbCKOro A0OCTYyna, HET TpaH3aKLUUK, TONbKO NporpamMmma 3Hasna
doopmart 3anuncu

* ba3bl AdaHHbIX Ha MHBEPTUPOBAHHbLIX CINMUCKaX
 ADABAS (1970), coBeTtckne aHanorn ANCOH, TPUALA




Pogza’?é% Mepapxunueckne 6a3bl AaHHbIX

Nepapxnyeckada - 1950-1960

- IMS IBM, 196X — now! (OKA), MHEC (EC), Windows Registry, fs
- PaspgeneHne cxembl U faHHbIX
- [osiBUnuchb CBA3N - «OANH-KO-MHOTUM>»

-

Format Purchased
Record 1990

Format Purchased
Tape 1973 1989

Cost Source Cost Source
$8.99 Record World $8.85 Empire Music



Pogzgres Mopenu 6a3 AaHHbIX

Nepapxnyeckada - 1950-1960




Pogza’?sé% CeTeBble 6a3bl aHHbIX

CeteBad (Npon3BosbHbIK rpady) 1960-1970

- IDS (GE), IDMS (1973 — now !CA IDMS), Ky4ya coBeTCKux cy6n
- Pa3BuTne nepapxmyeckom
- Parent-child (parent — many children, children — any # parents)

The Singles 1968-73  Christmas Album  Cracked Rear View Lovelines Fairweather Johnson  Greatest Hits

e g
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Edgar F. Codd, communications of the ACM, Vol. 13, No. 6, June 1970

From records to relations

Information Retrieval

PenayuoHHble 6a3bl AaHHbIX

P. BAXENDALE, Editor

A Relational Model of Data for
Large Shared Data Banks

E. F. Copp
IBM Research Laboratory, San Jose, California

Future users of large dota banks must be protected from
having to know how the data is organized in the machine (the
internal representation). A prompting service which supplies
such information is not a satisfactory solution, Activities of users
at terminals and most application programs should remain
vnaffected when the intemnal representation of data is changed
and even when some aspects of the external representation
are changed. Changes in data representation will often be
needed as a result of changes in query, update, and report
traffic and natural growth in the types of stored information,

Existing noninferential, formatted data systems provide users
with tree-structured files or slightly more general network
models of the data, In Section 1, inadequacies of these model
are discussed. A model based on n-ary relations, a normal
form for data base relations, and the concept of a universal
data sublanguage are introduced. In Section 2, certain opera-
tions on relations (other than logical inference) are discussed
and opplied to the problems of redundancy and consistency
in the user's model.

KEY WORDS AND PHRASES: dota bonk, data base, data structure, data
organization, hierarchies of data, networks of data, relations, derivability,

dundancy, e position, jein, retrieval languoge, predicats
caleulus, security, data integrity
CR CATEGORIES: 3.70, 3.73, 3.75, 4.20, 4,22, 4,29

1. Relational Model and Normal Form

1.1. INTRODUCTION

The relational view (or model) of data described in
Section 1 appears to be superior in several respects to the
graph or network model [3, 4] presently in vogue for non-
inferential systems. It provides a means of describing data
with its natural structure only—that is, without superim-
posing any additional structure for machine representation
purposes. Accordingly, it provides a basis for a high level
data language which will yield maximal independence be-
tween programs on the one hand and machine representa-
tion and organization of data on the other.

A further advantage of the relational view is that it
forms a sound basis for treating derivability, redundancy,
and consistency of relations—these are discussed in Section
2. The network model, on the other hand, has spawned a
number of confusions, not the least of which is mistaking
the derivation of connections for the derivation of rela-
tions (see remarks in Section 2 on the “connection trap”).

Finally, the relational view permits a clearer evaluation
of the scope and logical limitations of present formatted
data systems, and also the relative merits (from a logical
standpoint ) of competing representations of data within a
gingle system. Examples of this clearer perspective are
cited in various parts of this paper. Implementations of
systems to support the relational model are not discussed.

1.2. Data DEPENDENCIES IN PRESENT SySTEMS

The provision of data deseription tables in recently de-
veloped information systems represents a major advance
toward the goal of data independence [5, 6, 7]. Such tables
facilitate changing certain characteristics of the data repre-
sentation stored in a data bank. However, the variety of
data representation charaeteristies which ean be changed
without logically impairing some application programs is
still quite limited. Further, the model of data with which
users interact is still eluttered with representational prop-
erties, particularly in regard to the representation of eol-
lections of data (as opposed to individual items). Three of
the principal kinds of data dependencies which still need
to be removed are: ordering dependence, indexing depend-
ence, and access path dependence. In some systems these
dependencies are not clearly separable from one another.
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1970 - now

- Onepupyet SIOTUMYECKUMU NOHATUAMU (OTHOLLEHNAMM), a HE (PU3NYECKUMN
CTPYKTYypamu

— sIBHOE 3ajaHune 3HavyeHui atpubyToB B KOpTEXaX OTHOLIEHNW (HET yKa3aTenen)
- PenaumoHHas anrebpa

— |D|el(l'lﬂI‘\QTI/IIQI—I{'\Q mNNrNANMMMmIANNRAHINA
Relation variable :
Attribute (Column) {unordered}

- [le (Table name)
}/ / P Heading
R N As A )J
Value |(\
% Relation
Body Q (Table)

Tuple (Row) {unordered?}
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Mpasuno 0: OcHoBHOe npasuso (Foundation Rule):

Cuctema, koTopast peknammpyeTcs Uav No3NLUOHNPYETCS Kak pPensumMoHHas cuctema
ynpasneHnsa 6a3amm AaHHbIX, A0/MKHA OblTb CNOCO6HA YNpaBiaTh 6a3amun AaHHbIX,
MCMO/b3ysl UCKMHOUNTENIbHO CBOU PENSILIMOHHBIE BO3MOXHOCTHU.

MpaBuno 1: UhuchopmauymoHHoe npasuno (The Information Rule)

Bcsi vHhopMauus B pensiLMoHHol 6a3e AaHHbIX Ha SI0TMYeckoM YPOoBHE A0KHA ObITb SBHO
NpefCTaB/eHa eIMHCTBEHHLIM CMIOCOGOM: 3HAUEHVSIMW B TabMLIaXx.

MpaBuno 2: FapaHTUPOBaHHbI gocTyn K gaHHbIM (Guaranteed Access Rule):

B pensiuMoHHo 6a3e JaHHbIX Kaxkaoe oTAe/bHOe (aTOMapHOe) 3HAaUeHNe JaHHbIX AO0/HKHO
6bIThb JIOTUYECKM AOCTYMHO C NOMOLLLIO KOMBUHALMW UMEHW TabnLbl, 3HAYEHUS
NepBUYHOTO K/ltoua 1 MeHU cTonbua.

MpaBuno 3: Cucrematuueckas noaaepxka oTCyTCTBYHOLWUNX 3HaUeHuii (Systematic
Treatment of Null Values):

HewnsBecTHble, unn oTcyTcTBYHOLME 3Ha4YeHnss NULL, OT/IMYHbIe OT /1l060ro N3BECTHOTO
3HaYeHus, JOMKHbI NOAAEePXKMBATLCA /18 BCEX TUMOB AAHHbIX NP BbINOHEHWUMN MO6bIX
onepauuii. Hanpumep, AN YNCNOBbIX AaHHbIX HEN3BECTHbIE 3HAUYEHUSI HE [OSDKHbI
paccmaTpuBaTtbCs Kak Hy/1, a AN CUMBOJ/IbHbIX AaHHbIX — Kak MyCTble CTPOKN.

MpaBuno 4: locTyn K CNI0Bapio faHHbIX B TEPMUHAX pensauuoHHoili mogenu (Active
On-Line Catalog Based on the Relational Model):

CnoBapb laHHbIX A0/MKEH COXPaHATbLCA B (hopme pensumoHHbIX Tabnuu, n CYB/M gomkHa
noaAepXmBarb A4OCTYN K HEMY NPY MOMOLLM CTaHAAPTHbLIX A3bIKOBbIX CPEACTB, TEX Xe
camblX, KOTOPbIe UCNO/L3YIOTCA A4/18 paboThbl C PeNsLMOHHbIMK Tabnnuamm, CogepXxaLlmmm
nosib30BartesibCKue AaHHble.

Mpasuno 5: MNonHoTa nogMHOXecTBa s3blka (Comprehensive Data Sublanguage
Rule):

CucteMa ynpaBneHusi PensiMoHHbIMK 6a3amuy AaHHbIX A0/KHA NOALEePXUBATbL XOTS Gbl
OfIVH PENSLMOHHBIN A3bIK, KOTOPBbI

(a) NMeeT NNHENHBbIN CUHTaKcuc,

(6) MOXeT ncnonb3oBaTbCs Kak MHTEPaKTUBHO, Tak 1 B NPUKNaAHbIX NporpaMmmMax,

(B) NoppepXMBaET onepauuy onpeaeneHnst faHHbIX, oNpeaeneHns nNpeacTaBieHuii,
MaHWNyAMPoBaHUs AaHHbIMU (MHTEPAKTMBHbIE 1 NPOrPaMMHbIe), orpaHnunTenn
LLeNTOCTHOCTW, yNpaB/ieHns AOCTYNOM 1 onepauuy ynpaeieHns TpaH3akuusmm (begin,
commit u rollback).

Codd“s 12 rules (1985)

MpaBuno 6: Bo3amoXHOCTb u3MeHeHus npeactaBneHuii (View Updating Rule):

Kaxaoe npeacrasneHve 4o/mMKHO NoAAepXUBaTb BCe onepauyum MaHunynMpoBaHus
[aHHbIMW, KOTOpPbIE NOAAEPXUBAKT PENALUMOHHbIE TAG/ULbI: OnepaLumn BbIGOPKY,
BCTaBKW, U3MEHEHUS 11 yaa/IeHNst AaHHbIX.

MpaBuno 7: Hannume BbICOKOYPOBHEBbLIX onepauuii ynpasneHus gaHHbimu (High-
Level Insert, Update, and Delete):

Onepauun BCTaBKkW, U3MEHEHUS U YAANEHNS AaHHbIX JO/KHbI NOAAEPXMBaTLCA He
TO/IbKO MO OTHOLLIEHUIO K OAHOW CTPOKE PeNALMOHHON TabnuLbl, HO Y MO OTHOLLEHUIO K
No6OMY MHOXECTBY CTPOK.

MpaBuno 8: dusnuyeckasa HezaBUCMMOCTb gaHHbIX (Physical Data Independence):

MpPUIOXEHNS HE A0/MKHbI 3aBUCETb OT NCMOMb3YEMbIX CNOCOOOB XPaHEHNS AaHHbIX Ha
HOCUTENSIX, OT annapaTHOro 06ecneyeHnst KOMNbTEPOB, HA KOTOPbIX HAXOAUTCS
penaunoHHasn 6a3a AaHHbIX.

MpaBuno 9: /lornyeckas He3aBUCUMOCTb AaHHbIX (Logical Data Independence):

MpeacTaBneHne faHHbIX B NPUIOXEHNN HE JO/HKHO 3aBUCETb OT CTPYKTYPbI
pensuMoHHbIX Tabnuy,. Ecnu B npouecce HopManunsaumy ogHa pensiumoHHas Tabnmua
pasgensietcs Ha [iBe, NpefcTaB/eHne A0MHKHO 06ecneuntb 06befuHEHNE 3TUX AAHHbIX,
YTOObI M3MEHEHWE CTPYKTYPbl PENALMOHHbIX Tab/mL, He CKasbliBas1OCb Ha paboTte
NPUIOXEHWIA.

MpaBuno 10: HezaBMCMMOCTbL KOHTpONA LenoctHocTu (Integrity Independence):

Bcst HdbopmMauus, Heobxoaumast A1 NoAaepXKaHus LefIoCTHOCTU, A0/MKHA HAXOANTLCS
B C/I0Bape JaHHbIX. A3bIK A4/18 paboThl C 4aHHBIMY JO/DKEH BbINOJHATL NPOBEPKY
BXOAHbIX JaHHbIX 1 aBTOMaTUYECKU NOAAEPXNBATb LIe/TOCTHOCTb JaHHbIX.

MpaBuno 11: HesaBucumocTb OT pacnonoxeHus (Distribution Independence):
Ba3a gaHHbIX MOXET 6bITb pacnpefenEHHON, MOXET HaX0ANTLCS Ha HECKOTbKNX

KOMMbIOTEPAXx, U 3TO He A0/HKHO OKasbiBaTb BANAHUA Ha NPUIOXeHUs. NepeHoc 6a3bl
AaHHbIX Ha ,Cl'pyFOI‘/II KOMMNbIOTEP HE A0/DKEH OKa3biBaTb BINAHUA HaA NMPUIOXEHUA.

MpaBuno 12: CornacoBaHue A3bIKOBbIX ypoBHeii (The Nonsubversion Rule):

Ecnun ncnonb3yeTcs HU3KOYPOBHEBbIN A3bIK AOCTYNA K aHHbIM, OH HE [OSIXEH
UrHopupoBaTh Npasuia 6e30NacHOCTY 1 NpaBwia LenoCcTHOCTH, KOTopble
NOAAEPXNBAOTCS 513bIKOM 60/1€€ BbICOKOTO YPOBHSI.
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Pos{gres HopmanbHasa hopma

H® - KpuTepnin HageXxHocTH, BCcero mux 9

Un-Normalised Form (UNF)
Create Model Data \

First Normal Form (1NF)

Remove Repeating Attributes

Second Normal Form (2NF)

Remove Partial Dependencies

Third Normal Form (3NF)

Remove Transitive Dependencies
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Pos{gres SQL — intergalactic data-speak

Donald Chamberlin and Raymond Boyce (IBM), 1974

Language “more accessible to users without formal training in
mathematics or computer programming.”

CtaHpapTHbIN A3blK paboTtbl ¢ AaHHbIMU B CYB (ANSI SQL-86)

Tle.name ( Oe.salary > m.salary [ pe{employee] > e.manager = m.name pm[employee] J J

(a) Relational Algebra version

RANGE employee e;
RANGE employee m;
GET w (e.name): 3m((e.manager = m.name) A (e.salary > m.salary))

(b) Relational Calculus version

select e.name
from employee e, employee m
where e.manager = m.name and e.salary > m.salary

(c) Sequel (SQL) version

Figure 2. Three versions of the query, ""Find names of employees who earn more than their managers.”



Pogggii%eog O6bEKTHbIE 6a3bl JaHHbIX

Ob6bekTHaa (8X-e roabl)

- [laHHbIE CNOXHOW CTPYKTYpPbI, paboTa HanpsiMmyto 6e3 NPoeKLU M Ha CTPOKU U
KOSTOHKM

—  YHuKasnbHbIN id, nHKancynaums (4octyn Tosibko yepes API), Tunbl n Knaccel,
HacfiegoBaHue, NoIMMOPIn3M

- MaHunynmnpoBaHue gaHHbIMW Ha NO/IHOLLEHHOM A3bIK NPOrpaMmMnpoBaHuns
- PacwunpsaemMmocTb TMNOB AaHHbIX (1st class citizen )

-  ORDBMS 3axBatunn Huwy OOB/[l, MHOro gaHHbIX y>ke oblsin B RDBMS,
ycTonumBblin SQL ctaHaapr,

OQL (OMG) HenonynsapeH



Pogggiisseog O6bLEKTHO-pensAuMoHHble CYB/,

OOBbEKTHO-pENALNOHHbIE (TMbpua) ANna NpeoaoneHns
npo6nem pensymoHHON Mmoaenu

- Mano TMnoB AaHHbIX

- Cnabas paclumpaemMocTb TUMNOB

- CioxHasa nHTerpaumsa B HOBble CUCTEMbI, OCHOBaHHble Ha 0O6beKTax
- SQL:1999 - nob6aBunu nonb3oBaTesibCKNe TUrbl

- PostgreSQL — sapkuin npumep



Pogzgiisseog What is PostgreSQL

PostgreSQL — The world“s most advanced
open source object-relational database.

Extensible — data types, operators,
functions, access methods (indexes).

ANSI SQL (1992, 1999, 2003, 2008, 2011),
NoSQL (key-value, JSON, JSONB)

Developed and supported by independent international
community (users, developers, companies)

Pronunciation: post-gress-Q-L, post-gres, pgsql

Web: http://www.postgresql.org, ( BSD, MIT) - like



http://www.postgresql.org/docs/current/static/features.html
http://www.postgresql.org/
http://www.postgresql.org/about/licence/
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Posygres PostgreSQL History >20 years

CODD 1969,1970

Relational model
1974-1975

1985 1988

Michael Stonebreaker 1989V1 _______________
Turing Award, 2015 Postgres
1993 V4.2
"""" 1994 V5

N ‘
| \ b ,‘ﬁ started here POStngS%
, : = - SQL

fo—

1997-04-03
Agatha Christe 2005 V8

2017 10



Pogga)?%eog PostgreSQL Universal Database

* Any project could start with PostgreSQL

* PostgreSQL is a reliable and stable database with rich
functionality and long history

* PostgreSQL has liberal BSD license, cross platform ( ~30)
* Developed by international community, no vendor lock

* PostgreSQL is EXTENSIBLE, this is the very important
feature, which people miss ! It allow database to support
* New workloads
* New functionality
* New environment
* Often without restarting a server, no need core programmer.



podds=se  PostgreSQL: OLTP, MPP, OLAP, CLOUD, GIS,
OS¢OreS  gTREAM, TIMESERIES, GPU, BLOCKCHAIN

P> TelegraphCQ — — » P TruCQ P> PipelineDB
Cisco
P> RedShift

:ParAccel - > Aurora

Vertica

HP P> GresCube P> Vitesse DB PostgreSQL
P> Greenplum —» P> Greenplum

Enterprise Postgres
> Fuitst | & > CitusDB — > P> CitusDB
P> EnterpriseDB
RecDB
> gf\z/ltezza P> Yahoo! Everest >

P> Aster Data P~ AgensGraph

Terradata P> Postgres-XC —» P> Postgres-X2

P> TimescaleDB
P> HadoopDB - » P> Hadapt P> Postgres Pro  p Credereum
P> PowerGres P> Enterprise
P Postgres-XL P> 2ndQPostgres
| | | | | | | | | | | | | | | | >
2002 2004 2006 2008 2010 2012 2014 2016 2017

P> Commercial P> Open Source



oJ] PROFESSIONAL N OS L KO H e rIT a.rl b H bl e
Pos{gres QL (konyenty
npeanocbIsIKK)

PenaunoHHble CYB/[l —
MHTEerpaunoHHbIE

- Bce npunoxeHua obulatotca yepes CYb/,
— SQL — yHuMBepcasibHbIN A3bIK PaboTbl C AAHHbLIMY
- Bce nameHeHua B CYb/[l ooCTynHbLI BCEM
— I3MeHeHuA cxeMbl O4YeHb 3aTpaTtHbl, Meas1. Ppenn3bl
— PaccunTtaHbl Ha MHTEPaKTUBHYIO paboTy
* IHTepecHbI arperaTtbl, a He caMmun AaHHble, Hy>KeH SQL

* SQL otcnexunsaeT TpaH3akUMOHHOCTbL, OrpaHnyeHuns
Le/IOCTHOCTW... BMECTO YenoBeka



oJ] PROFESSIONAL N OS L KO H e rIT a.rl b H bl e
Pos{gres QL (konyenty
npeanocbIsIKK)

CepBuCHadA apxnuTekTypa nsmeHuna
noaxon Kk CYb/l

- [lpunoxeHune coctonTt U3 cepsucos, SQL->HTTP
- CepBucam He Hy>Ha ogHa MmoHonnTHas CYb/1
- YacTo aoctartoyHo npocTbix CYB — (key-value)
- CxeMma MeHAeTcs «Ha xoay», ObICTpble penusbl
- ACID - BASE

— CepBu1Cbl — 3TO NpPOrpamMmsbl, KOTOpPble MOTYT caMi
3aHMMAaTbCA arperMpoBaHneM

— CepBuCbl MOTYT camu cneauTb 3a Lie/IOCTHOCTbIO AaHHbIX
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Pos{gres NoSQL (apyrve npeanocbIsiKn)

MHoro AaHHbIX, aHaJIUTUKA, 00/1bLLIOE KOM-BO
OAHOBPEMEHHbLIX 3alnpPoCcoB

- PacnpepgeneHHOCTb - Knactepsbl geweBbix shared-nothing malunH
NoSQL —ropu3oHTasibHas MacLiTabupyemocTb U
NMPOnN3BOAUTESIbHOCTDb
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Pos}gres NoSQL

Key-value databases

— Ordered k-v ana nogaepXxkn ananasoHoB

Column family (column-oriented) stores

- Big Table — value nmeet cTpyKkTypy:

e column families, columns, and timestamped versions
(maps-of maps-of maps)

Document databases

- Value - nponsBonbHaga CNoXXHOCTb, MHOEKCH
* iImeHa nonen, FTS — 3HavyeHne noneun

Graph databases — aBontoumns ordered-kv



Pos
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gres

Stop following me, you fucking freaks!

£ %

Key-Value Ordered Key-Value Big Table

r

- | .

=1 =

NoSQL

5

Document,
Full-Text Search

Graph

i1

T I =1

Time Value
stamp

Column
Family

EEamell : “Mohana Pilla

: “"Delivery
“projects” : [

i

“name” : “Easy Sign

NSRRI e R N = AL e R
Plain Text
a confidential word or n
rbination used as a

when accessing

saL



ol PROFESSIONAL

Pos{gres NoSQL npo6nembl

HeynayHoe nma, ectb penauymoHHaa CYbA NoSQL,

1998
(nttp://www.strozzi.it/cgi-bin/CSA/tw7/l/len_US/nosql/H

ome%20Page)

- Not-only-SQL

Ha camom gene “SQL is intergalactic data-speak”
(HekoTopble NOSQL CYB/l nmetot nogaepxky SQL)

B ocHoBHOM ucnonb3yTca ana Web, ans
counasibHbix ceten, OLAP. HenpuroaHo ans OLTP ¢
ACID

He3penbie, HEeT nogaep>xku



pogza’;isgg NoSQL PostgreSQL

_ Interestovertime | 3ISON STANDARD,2008 Google Trends
* HSTORE — binary key-value

storage, index support ® hstore @ jsonb

JSONB,2014

e 2003 — Initial release

e 2006 — part of PostgreSQL JSON,2012

HSTORE,200

i =3

Average  Jan1,2004 Nov 1,2015




nggres SQL/Foundation recognizes

JSON after 8 years

4.46 JSON data handling in SQL. ... ... ..o 174
4461  IntoduCtiON. . . ..ot e 174
4462  Implied JSON datamodel. ... .. ... oo 175
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5.1 <SQL termunal character>. . ... ... ... 181
5.2 <token> and <SEPATALOT>. .. ...\ttt et e e 185
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Pogga’?%e"“éi SQL/JSON in PostgreSQL

PostgreSQL implementation ( 1 year of development)
- Uses native data types JSON, JSONB

- JSONPATH data type for SQL/JSON path language

— Nine functions SQL/JSON functions for constructing:

« JSON_OBJECT, JSON_ARRAY,
JSON_OBJECTAGG, JSON_ARRAYAGG

- and retrieving

. JSON_VALUE, JSON_QUERY, JSON_TABLE,
IS [NOT] JSON, JSON_EXISTS

- Extensions: more methods, JSONB op JSONPATH



OOOOOOOOOOOO

Pos}gres SQL/JSON in PostgreSQL

SQL-2016 path language specifies the parts
(the projection) of JSON data to be retrieved
by path engine for SQL/JSON functions.

Jsonpath — the binary data type for
SQL/JSON path expression to effective query
JSON data.

SELECT JSON_QUERY(js,
'$.floor[*] ? (@.level >1).apt[*] ? (@.area>$min && @.area < $max).no’
PASSING 40 AS min, 90 AS max )
FROM house;




ol PROFESSIONAL

Pos{gres

Visual guide on jsonpath

"address": {
"city": "Moscow",
"street": "Ulyanova, 7A"
}
"1ift": false,
"floor": [
{
"level": 1,
Ilaptll ' [
{"no": : 40, "rooms": 1},
{"no": : 80, "rooms": 3},
{"no": : 50, "rooms": 2}

"level": 2,

Ilaptll ' [
{llnoll:
{Ilnoll:




Poggai?é;% 2-floors house

"Ulyanova, 7A"

.area i,I‘OOI'I'ISi,nO .area i.l‘OOI’I‘ISi,nO ;.area i,I‘OOITIS N0 /.arearooms ;.no iarea IiI‘CIOI'I'I‘:‘: no



o
OS6Ires $.floor[*]2(@.level >1).apt[*]?

(@.area>40 && @.area < 90).no

$.floor["] 7 (@.level > 1).apt[*] ? (@.area > 40 && @.area < 90).no

/ift fINess

.city Street
"Ulyanova, 7A"
!eve apt \.level

.drea i.rOOITISi.HO .dred i.fOOI’I’ISi.ﬂO ;.area i.fOOITIS N[0 / .area|.rooms ;.I’][} iarea iiTOOmS no



ol PROFESSIONAL

Pos)gres $.floor[0, 1].apt[1 to last]

$.floor[0, 1].apt[1 to last]

/ lift fIN&ss
0] Cl

"Ulyanova, 7A"

apt

drea /.rooms\.no .areaLrooms \no .area \,rooms




SQL/JSON availability

* Currently under review for PG 12

* Github Postgres Professional repository
https://github.com/postgrespro/sqljson

* WWEB-interface to play with SQL/JSON
http://sqlfiddle.postgrespro.ru/#!121/0/1819

* Technical Report (SQL/JSON) - available for
free
http://standards.iso.org/ittf/PubliclyAvailable Sta
ndards/c067367 ISO _IEC TR 19075-

6 2017.zip



ol PROFESSIONAL

Posggres RDBMS >< NoSQ

& f

Key-Value Ordered Key-Value Big Table

s

i 8

o E—E |

e SQL-2016 standard

p— * PostgreSQL 12

il—-l”l—-ll f
JSONB - 2014

== * Binary storage

* Nesting objects & arrays
* Indexing

*

“"Mohana Pilla
“Delivery
JSON - 2012
* Textual storage

position’|
“projects” : [
| : ) : L ol .
I e e JSON verification
Ii::p s ESSEEEEE when accessing +

{
HSTORE - 2003
* Perl-like hash storage
* No nesting
* Indexing

Column umber and may

Family



https://github.com/postgrespro/sqljson
http://sqlfiddle.postgrespro.ru/#!21/0/168
http://standards.iso.org/ittf/PubliclyAvailableStandards/c067367_ISO_IEC_TR_19075-6_2017.zip

ol PROFESSIONAL

Pos{gres PostgreSQL and Supernovae

SN 1987a, Type Il, +2.9, Tarantula Nebulae in LMC,
168 000 ly, progenitor: Sanduleak -69° 202,
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ol PROFESSIONAL

Pos{gres = What is the fate of the Universe ?

WRITTEN IN THE STARS

dark energy

Bo L . acceleration ‘ acceleration
bang ' decreases . Increases

i

matter

40 B dark matter
20 B dark energy
0

L ] L] ®

14 billion 5 billion present

years ago years ago

Figure 1. The world is growing. The expansion of the Universe began with the Big Bang 14 billion years ago, but slowed down during the
first several billion years. Eventually it started to accelerate. The acceleration is believed to be driven by dark energy, which in the begin-
ning constituted only a small part of the Universe. But as matter got diluted by the expansion, the dark energy became more dominant.



ol PROFESSIONAL

Posf{gres M31( Andromeda), AZT-5 telescope

™ SN2008fvin NGC 3147, Draco
~~_ Dmitry Tsvetkov, SAI MSU

Ty 97 eupallE Yz Tsa22tes™hazisy a3k @) B 168



Pogzaiisseog Blink Comparator (manual discovery)
Many hours of hard work !




ol PROFESSIONAL

M31 ( Andromeda), AZT-5 telesco

x-00001|1.1458447|-89.
x-00002|1.3300139]|-89.
x-00003|3.2556022|-89.
x-00004|3.6464625|-89.
x-00005|6.3110253| -89.
x-00006|6.6275517|-89.
g s x-00007|7.8266025| -89.
S e x-00008|9.0694378 ]| -89.

Misiea e x-00009|9.6627953|-89.

9186147
9332336
9641031
9060142
9523947
9279197
9129272
9714031
9244314

s~y

9 amfs'uﬂ;";

Sz T3 A2 ‘o5 422 oy =

-

x-00010]|10.
x-00011|10.
x-00012|11.
x-00013|11.
x-00014|11.
x-00015|12.
x-00016|12.
x-00017|12.
x-00018|13.
x-00019|13.
x-00020|14.
x-00021|18.
x-00022|18.
x-00023|19.
x-00024|20.
x-00025|21.
x-00026|23.
x-00027|24.
x-00028|24.
x-00029|24.
x-00030|24.
x-00031|26.
x-00032|26.
x-00033|26.
x-00034|27.
x-00035|27.
x-00036|28.
x-00037|29.
x-00038|30.
x-00039|30.
x-00040|33.
x-00041|33.

0494292 -89.
4863922 -89.
0953692 -89.
3240233 -89.
7906064 | -89.
0416581 -89.
0522308 -89.
2808536 -89.
0316142 -89.
8727033]|-89.
6546639 -89.
3035981 -89.
5185631 -89.
8675597 -89.
9699533 -89.
6777744|-89.
3660669 -89.
2841308 -89.
3273161 -89.
5540458 -89.
5655172 -89.
3487519 -89.
5268008 -89.
6070808 -89.
4104919 -89.
8290442 -89.
5552036 -89.
4407347 -89.
5729608 -89.
7101131 -89.
2918250| -89.
4843678 -89.

9705058
9699058
9016031
9344336
9070308
9300586
9002281
9107669
9214558
9577031
9191919
9447475
9446836
9836308
9226864
9256808
9036558
9516475
9202392
9246003
9122336
9460336
9311503
9271808
9768558
9304622
9199117
9762836
9377753
9105642
9106614
9442058




ol PROFESSIONAL

Posggres Spatial Join (Machine Discovery, < 1s)

Observations: 1075

X-00001 1.
x-00002|1.
x-00003|3.
x-00004|3.
X-00005 6.
X-00006 | 6.
x-00007|7.
x-00008|9.
x-00009|9.

x-00010|10.
x-00011]|10.
x-00012|11.
x-00013|11.
X-00014|11.
X-00015|12.
x-00016|12.
x-00017|12.
x-00018|13.
x-00019|13.
X-00020|14.
x-00021|18.
x-00022|18.
x-00023|19.
x-00024]20.
x-00025|21.
X-00026]23.
X-00027|24.
x-00028|24.
x-00029|24.
x-00030|24.
x-00031|26.
X-00032|26.
X-00033|26.
x-00034]27.
x-00035]27.
x-00036]|28.
x-00037]29.

1458447 | -89.
3300139 -89.
2556022| -89.
6464625| -89.
3110253 -89.
6275517 -89.
8266025|-89.
0694378| -89.
6627953 | -89.

4407347 -8

0494292| -89.
4863922| -89.
0953692 | -89.
3240233 -89.

7906064 | -89.
0416581 | -89.
0522308 -89.
2808536 -89.
0316142| -89.
8727033 -89.
6546639 -89.
3035981 | -89.
5185631 -89.
8675597 -89.
9699533 | -89.
6777744 -89.
3660669 | -89.
2841308 -89.
3273161 -89.
5540458 -89.
5655172 -89.
3487519 -89.
5268008 | -89.
6070808 -89.
4104919 -89.
8290442| -89.
5552036 -89.

9186147

9332336

9641031

9060142

9523947

9279197

9129272

9714031

9244314

9705058
9699058
9016031
9344336
9070308
9300586
9002281
9107669
9214558
9577031
9191919
9447475
9446836
9836308
9226864
9256808
9036558
9516475
9202392
9246003
9122336
9460336
9311503
9271808
9768558
9304622
9199117
.9762836

Catalog(s): 1079

9186147|0.015]0.
9332336|0.050]0.
9641031|0.050]0.
9060142|0.204]0.
9523947|0.114]0.
9279197|0.098]0.
9129272|0.025]0.
9714031]0.200]0.
9244314|0.000]0.

t-0000001|1.
t-0000002|1.
t-0000003]|3.
t-0000004|3.
t-0000005|6.
t-0000006|6.
t-0000007|7.
t-0000008]|9.
t-0000009]|9.
t-0000010|10.
t-0000011|10.
t-0000012|11.
t-0000013|11.

t-0000014|11.
t-0000015|12.
t-0000016|12.
t-0000017|12.
t-0000018|13.
t-0000019|13.
t-0000020|14.
t-0000021|18.
t-0000022|18.
t-0000023|19.
t-0000024|20.
t-0000025|21.
t-0000026|23.
t-0000027|24.
t-0000028|24.
t-0000029|24.
t-0000030|24.
t-0000031|26.
t-0000032|26.
t-0000033|26.
t-0000034|27.
t-0000035|27.
t-0000036|28.
t-0000037]29.

1458447 | -89.
3300139 -89.
2556022| -89.
6464625| -89.
3110253 -89.
6275517 -89.
8266025| -89.
0694378| -89.
6627953 | -89.

0494292 | -89.
4863922| -89.
0953692 -89.
3240233|-89.

4407347 -8

7906064 | -89.
0416581 | -89.
0522308 -89.
2808536 -89.
0316142| -89.
8727033 -89.
6546639 -89.
3035981 | -89.
5185631 -89.
8675597 -89.
9699533 -89.
6777744 -89.
3660669 | -89.
2841308 -89.
3273161 -89.
5540458 -89.
5655172| -89.
3487519| -89.
5268008 | -89.
6070808 | -89.
4104919 -89.
8290442|-89.
5552036 -89.

9705058
9699058
9016031
9344336
9070308
9300586 |
9002281 |
9107669
9214558
9577031
9191919
9447475
9446836 |
9836308
9226864 |
9256808
9036558
9516475
9202392
9246003
9122336
9460336 |
9311503
9271808
9768558
9304622|
9199117
.9762836|

0.050]0.
0.200]0.
0.050]0.
0.050]0.
0.159]0.
0.216]0.
0.050]0.
0.050]0.
0.152]0.
0.050]0.
0.050]0.
0.139]0.
0.057]0.
0.050]0.
0.050]0.
0.055]0.
0.050]0.
0.213]0.
0.550]0.
0.160]0.
0.205]0.
0.050]0.
0.335]0.
0.050]0.
0.094|0.
0.017]0.
0.050]0.
0.635]0.




Pogzgres Astronomy meets database

Indexing the SKY with PostgreSQL
HEALPIX HTM Q3C (PG)

By S Y




Pogga’?%e"“é: WSDB Whole Sky DataBase

Database of astronomic catalogues in
Cambridge University

~5 dbs,~ 40 users, up to ~ 10"7 queries per
day, size 40Tb

Pg 9.4 + g3c + hstore

Example of research:Koposov, S. E., Belokurov, V.,
Torrealba, G., & Evans, N. W. (2015). Beasts of the Southern
Wild: Discovery of nine Ultra Faint satellites in the vicinity of
the Magellanic Clouds. The Astrophysical Journal, 805(2),
130.



Pogga’?%e"“éi Gaia Alerts Database

Real time Detection of alerts in the Gaia

~10 dbs, 10 users, up to ~ 10”6 queries per
day, size 30Tb

pg 9.3 + synchronous replication + g3c

Example of research:Campbell, H. C., Marsh, T. R.,
Fraser, M., Hodgkin, S. T., de Miguel, E., Gansicke, B. T., ...
& Koposov, S. E. (2015). Total eclipse of the heart: the AM
CVn Gaiald4aae/ASSASN-14cn. Monthly Notices of the Royal
Astronomical Society, 452(1), 1060-1067.



ol PROFESSIONAL

Pos{gres MASTER database

Robotic network telescopes by SAI MSU
8 observatories (5 in Russia, 3 outside)
total size ~100TB

pg 9.0-9.4 + pgsphere + replication

See:

- Lipunov, Vladimir, et al. "Master robotic net." Advances in
Astronomy 2010 (2010).

- Kornilov, Victor G., et al. "Robotic optical telescopes global
network MASTER Il. Equipment, structure, algorithms."
Experimental Astronomy 33.1 (2012): 173-196.



Poggg?%emé NewSQL (451 group, 2011)

BIG DATA OLTP, aHanntuka peasibHOro BpemMeHu
BMmecTo ETL.

nosiHbin ACID, npon3BoanUTeNIbHOCTb U
mMacwitabnpyemoctb NoSQL. Tpu Bmnaa:

- HoBasa apxutektypa:
e O6uero HazHa4yeHNa — pacnpenesneHHble «C HyNs»

Google Spanner, CockroachDB, Apache Ignite, VoldDB...

—  CunbHO-ONTUMU3NPOBaHHbIe XpaHunuwa ansa SQL — ScaleDB, TokuDB,
MemSQL, Maria DB Columnstore

- «[po3payHbin» wapanHr — middleware gna aBTomarnyeckoro pacnpegeneHus
naHHbIX — dbShards, ScaleArc, ScaleBase



OOOOOOOOOOOO

Posigres Trusted Database

How to know
your database
IS not compromised ?

Credereum uses digital signature to sign
transactions and Blockchain to store signatures
to solve this problem.



ol PROFESSIONAL

Posf{gres Credereum platform (Postgres Pro)

Credereum
decentralized
cloud

smart

backup

constracts

storage

T

Y

Credereum blockchain
with sharding

signed
auery top
< CredereumDB | database 4
query k hash .
A

User result
with proof :
signed
signed top
transation database
hash
check top v
database hash
< check top

database hash

User

) )




ol PROFESSIONAL

Pos{gres NewSQL

SQL — oCcHOBHOE cpeacTBO O0LLEHUA MPUTOXEHUN
ACID TpaH3akuun

HebnoknpyrLmm mexaHn3am KOHKYPEHTHOCTW, TaK UTo
YyTeHne He KOHJU/IMKTYET C 3arnncbio

[1pon3BoANTENLHOCTL Y3/1a Bbllle TpaanumnmoHHbIX CYB/

MacwTtabupyemocTb, shared-nothing apxutektypa,
60/MblLI0E KO/INYEeCTBO Y3/10B



MNepeaHuin kpan n 6nnxaniuee
Pos{gres 6
yayuiee

* CYB/ B BUpTYanbHbIX MallnHax (Amazon RDS)

* [Oopayad Tema:
* O6nayHble CYB/[ (Amazon Aurora, AliCloud PolardDB)

* [Oopayad Tema:
* ABTOHOMHbIE, aganTueBHble CYB/

e World Wide Cloud — World Wide Database ?
* DBA He HYXHbl ?



CNACMBO 3A BHNUMAHNE !
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