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ABTOp

* MonOdomc: obbekTHOE XpaHunuuie Mailion
* Anpekc: YDB, Yandex Query
* Go/ C++/Python
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JOIN Tabnuuy 3 pasHbix 60a3

PostgreSQL MySQL
* [1Be pasHble 6a3bl JaHHbIX | !
id coll id col2
* B kaxpgow 6ase no Tabnuue 1 —
3 30 3 300
* B kaxxgown Tabnuue ectb PK tablel table2
* Hy>XHO 00beanHNTL Tabnunubl @ | coll | calz
N BbIYUCINUTb MaKCUMYyM 1 o oo
CyMMbl CTONGLIOB e
tablel JOIN table2
v

max(coll + col2) —?
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HanBHOe pelueHue

import pandas as pd
import sqlalchemy
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HanBHOe pelueHue (s)

import pandas as pd
import sqlalchemy

pg = sqlalchemy.create_engine("postgresqgl://localhost:5432/db")
dfl = pd.read sql("SELECT * FROM table", pg, index _col="id")
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HanBHOe pelueHue (™)

import pandas as pd
import sqlalchemy

pg = sqlalchemy.create_engine(“postgresqgl://localhost:5432/db")
dfl = pd.read_sql("SELECT * FROM table", pg, index_col="id")

my = sqlalchemy.create engine("mysql://localhost:3306/db™)
df2 = pd.read sql("SELECT * FROM table", my, index _col="id")
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HanBHOe pelueHue

import pandas as pd
import sqlalchemy

pg = sqlalchemy.create_engine(“postgresqgl://localhost:5432/db")
dfl = pd.read sql("SELECT * FROM table", pg, index _col="id")

my = sqlalchemy.create engine("mysql://localhost:3306/db™)
df2 = pd.read sql("SELECT * FROM table", my, index _col="id")

df = dfl.join(df2)
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HanBHOe pelueHue (o)

import pandas as pd
import sqlalchemy

pg = sqlalchemy.create_engine(“postgresqgl://localhost:5432/db")
dfl = pd.read sql("SELECT * FROM table", pg, index _col="id")

my = sqlalchemy.create engine("mysql://localhost:3306/db™)
df2 = pd.read_sql("SELECT * FROM table", my, index_col="id")

df = dfl.join(df2)

result = df[["coll”, "col2"]].sum(axis=1).max()
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HanBHOe pelwleHue: MUHYCbI

* Bbicokoe notpebneHne onepaTtMBHOW NaMATHU.
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HanBHOe pelwleHue: MUHYCbI

* Bbicokoe notpebneHne onepaTtMBHOW NaMATHU.

* CnoxHocTu napannenbHon obpaboTKu.

D HighLoad*



HanBHOe pelwleHue: MUHYCbI

* Bbicokoe notpebrieHne onepaTMBHOM MNamMATMW.
* CnoxHocTu napannenbHon obpaboTKu.

* Hnskaga BblpasnTtenbHocTb All.

D HighLoad*



Bbipa3nTenbHOCTb A3blKa

JeknapaTnBHbIN A3bIK:

SELECT
(tl.coll + t2.col2)
FROM
pg.tablel AS t1
JOIN

my.table2 AS t2
ON tl.id = t2.id;
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Bbipa3nTenbHOCTb A3blKa

JeknapaTnBHbIN A3bIK:

SELECT

MAX(tl.coll + t2.col2)
FROM

pg.tablel AS t1

JOIN

my.table2 AS t2
ON tl.id = t2.id;

Yero Hy>KHO 4OCTUTHYTb ?

MMnepaTUBHbIN A3bIK:

dfl = pd.read_sql(
"SELECT * FROM table", pg,
index_col="id")

df2 = pd.read_sql(
"SELECT * FROM table", my,

index_col="1id")

df = dfl.join(df2)

result = df[["coll", "col2"]].

sum(axis=1).max()

Kak aToro 4OCTUrHYTL?
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I1Ba YyTeHna B 0g4HOM 3anpoce (15)

PostgreSQL MySQL
SELECT | !
(tl.coll + t2.col2) il | coll S
FROM il 10 1 100
2 20 2 200
pg.tablel AS t1 : - : —
JOI_l: ble2 < 12 tablel table2
my.table2 A
ON t1.id = t2.id; \ f/
id coll col2
1 10 100 i
2 20 200 g
3 30 300 3
PepepatnBHblie SQL-3anpocbl — tablel JOIN table2 £
3anpochl, aApecoBaHHbIe K BHELLHUM v =
NCTOYHMKAM JaHHbIX. max(coll + col2) —? e



O dhepgepaTUBHBLIX Oa3ax AaHHbIX



PepepaTUBHOCTbL 0a3 AaHHbIX (17)

 DepepaTtuBHana 6a3a AaHHbIX
— COBOKYMHOCTb
B3aUMO4ENCTBYIOLLMX, HO
aBTOHOMHbIX B/1.

e PepgepatuBHan CYb —
ceasywowunm cron MO mexay
aBTOHOMHbIMN Ba3amu.
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PepgepaTMBHOCTb 6a3 AaHHbIX

° ¢e .qe paTM BHaA 6 asla ,an HbIX Federated Database Systems for Managing Distributed,

Heterogeneous, and Autonomous Databases’

- COBOKyI'IHOCTb AMIT P. SHETH
B3 a I/I M O ﬂ e I/I CT By I_O LL" I/I X, H O Bellcore, 1J-210, 444 Hoes Lane, Piscataway, New Jersey 08854
aBTOHOMHbIX B/l. JANIES A, MARSON

Intel Corp., HF3-02, 5200 NE Elam Young Pkwy., Hillsboro, Oregon 97124

e PepepaTuBHan CYbB[ —
A federated database system (FDBS) is a collection of cooperating database systems that
" A I_I O are autonomous and possibly heterogeneous. In this paper, we define a reference
C Bﬂ 3y|-0 LL|| M M CJ-I O M M e)l(ﬂy architecture for distributed database management systems from system and schema

viewpoints and show how various FDBS architectures can be developed. We then define a

a BTO H O M H bl M VI 6a3a M M methodology for developing one of the popular architectures of an FDBS. Finally, we

discuss critical issues related to developing and operating an FDBS.

Categories and Subject Descriptors: D.2.1 [Software Engineering]: Requirements/
Specifications-—methodologies; D.2.10 [Software Engineering]: Design; H.0
|Information Systems|: General; H.2.0 [Datab Ma t]: General; H.2.1
[Database Management]: Logical Design—data models, schema and subschema; H.2.4
[Database Management]: Systems; H.2.5 [Database Management]: Heterogeneous
Databases; H.2.7 [Database Management): Database Administration

General Terms: Design, Management

Additional Key Words and Phrases: Access control, database administrator, database
design and integration, distributed DBMS, federated database system, heterogeneous
DBMS, multidatabase language, negotiation, operation transformation, query processing
and optimization, reference architecture, schema integration, schema translation, system
evolution methodology, system/schema/processor architecture, transaction management
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Knaccudounkauus

Cuctemsbl C Cpeﬂ,epaTl/lBHblMl/l BO3MOXHOCTAMM.
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Knaccudounkauus

Cuctemsbl C Cpeﬂ,epaTl/lBHblMl/l BO3MOXHOCTAMM.

e TpaH3akuuoHHble (OLTP) CYbL
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Knaccudounkauus

Cuctemsbl C Cpeﬂ,epaTl/lBHblMl/l BO3MOXHOCTAMM.

e TpaH3akuuoHHble (OLTP) CYb/
e Ananuntunyeckune (OLAP) CYb[
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Knaccudounkauus

Cuctemsbl C Cpeﬂ,epaTl/lBHblMl/l BO3MOXHOCTAMM.

e TpaH3akuuoHHble (OLTP) CYb/
e Ananuntunyeckune (OLAP) CYb[

e [1BMXKM 0OpaboTKM 3anpocoB
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Knaccudounkauus

Cuctemsbl C Cpeﬂ,epaTl/lBHblMl/l BO3MOXHOCTAMM.

e TpaH3akuuoHHble (OLTP) CYb/
e Ananuntunyeckune (OLAP) CYb[

e [1BMXKM 0OpaboTKM 3anpocoB
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Pa3HOTUMNHbIE UCTOYHUKN AAHHbIX

Queue l i
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OAoHOTUMHBbLIE UCTOYHUKU OaHHbIX

Audit

events -
I -—
‘ ;lL Federated DBMS
r
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OAoHOTUMHBbLIE UCTOYHUKU OaHHbIX

Audit
events -
I -—
ustomer'
cart
L
;L Federated DBMS
' anE
E
(3
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Murpauua gaHHbIX

Data import

Y

Federated
Query

NEW
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LLinpoTta oxBaTa

* Yem OonblUe UHTErpaumun,
Tem nydwe (y nuaepos > 30
NCTOYHMKOB).

Apache Accumulo
‘Apache Drud
Apache Hbase
Apache Hive
‘Apache Hudi
Apache iceberg
Apache Kafla
‘Apache Kudu
Apache NiFi
Apache Phoenix
‘Apache Pinot

Apache Spark

Azure Everts Hubs
Azure Synapse
Cassandra
CicktHouse
Cloudwatch
Confluent Cloud
D82

Delta Lake

oLT

DynamoDB

El arch

MariaDs

PostyresQL
Prometheus
RabhitvQ

WarpStream

7=~ ﬂ”]

Presto Trino Athena  Greenplum ClickHouse

29 34 29 16 36

YDB
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Iinpora oxBata i o Wil @) |

Presto Trino Athena  Greenplum ClickHouse  YDB

* Yem OonblUe UHTErpaumun,
Tem nydwe (y nuagepos > 30
NCTOYHMKOB).

®* ICTOYHMKM OYEeHb CUJIBHO
OTJINYHAIKOTCHA.
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lLinpota oxBata i & all

z |

Presto Trino Athena  Greenplum ClickHouse  YDB

* Yem OonblUe UHTErpaumun,
Tem nydwe (y nuagepos > 30
NCTOYHMKOB).

®* ICTOYHMKM OYEeHb CUJIBHO
OTJINYHAIKOTCHA.

* [eTeporeHHOCTb MCTOYHMKOB
= TPYOQHOCTb NOCTPOEHUS
yHuBepcanoHon FDBMS.

3
3
B
T
T
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Pa3Hble Mmoaenu AaHHbIX

Relational:

e RDBMS

e Columnar

e Spreadsheets

e S3: CSV, Parquet

D HighLoad "



Pa3Hble Mmoaenu AaHHbIX

|

7\ \
Relational: Document:
e RDBMS e NoSQL
e Columnar e Search indexes
e Spreadsheets e S3:JSON
e S3: CSV, Parquet
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Pa3Hble Mmoaenu AaHHbIX

5 | j
P

4 \ \
Relational: Document:
e RDBMS e NoSQL
e Columnar e Search indexes
e Spreadsheets e S3:JSON
e S3: CSV, Parquet

Key-value:

NoSQL
In-memory KV
In-memory Data Grids
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Pa3Hble Mmoaenu AaHHbIX

e <
e
\\Ci

Network:

e Graph databases
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Pa3Hble Mmoaenu AaHHbIX

A
L i
s \Ci
Network: Time series:
e Graph databases e Monitoring
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Pa3Hble Mmoaenu AaHHbIX

A
e 7
L
Network: Time series:
e Graph databases e Monitoring

Streams:

Message queues
Streaming platforms
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Pa3Hble nHTepdencol
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Pa3Hble nHTepdencol

RDBMS (SQL):

SELECT * FROM users
WHERE age > 25
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Pa3Hble nHTepdencol

RDBMS (SQL):

SELECT * FROM users
WHERE age > 25

MongoDB (MQL):

db.users.find(
{age: { $gt: 25 } }
)
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Pa3Hble nHTepdencol

RDBMS (SQL):

SELECT * FROM users
WHERE age > 25

Dgraph (GraphQL):

query {
allUsers(filter: { age: { gt: 25 } }) {

data {id name age}

3}

MongoDB (MQL):

db.users.find(
{age: { %gt: 25 } }
)
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Pa3Hble nHTepdencol

RDBMS (SQL):

SELECT * FROM users
WHERE age > 25

Dgraph (GraphQLl):

query {
allUsers(filter: { age: { gt: 25 } }) {

data {id name age}

3}

MongoDB (MQL):

db.users.find(
{age: { $gt: 25 } }
)

S3:

GET /users.csv?select&select-type=2 HTTP/1.1
Host: bucket.storage.yandexcloud.net

{

"Expression":
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NMonurnorobl

10

14

15

<
S

Federated
DBMS

N
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Pa3Hble noaxoabl K cxeMatTusauuu

Cxema B[l = Tabnuubl + KONMOHKN + CBA3N

CxemMa BHELLUHEro UCTOYHUKA AaHHbIX TpebyeTcsa ans
0bpaboTkn dhegepaTnBHOro 3anpoca

3
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Pa3Hble noaxoabl K cxeMatTusauuu

Schema-on-write

@ PostgreSQL

ClickHouse

¢) voB

P
[MOKOCTb

-
CTporocTb
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Pa3Hble noaxoabl K cxeMatTusauuu

Schema-on-write Schemaless
@ PostgreSQL x>
redis
ClickHouse
¢) voB 3
g
> %
[MOKOCTb o
< -
CTporocTb F'E



Pa3Hble noaxoabl K cxeMatTusauuu

-«
CTporocTb

Schema-on-write Schema-on-read Schemaless
@ PostgreSQL ’mongo @
redis
ClickHouse . DynamoDB
@ YDB * amazon I'u
S3 g
> %
[MOKOCTb £



dopmaTbl AaHHbIX B S3

Strictly schematized Schemaless

A

Parquet

-
[MOKOCTb

D HighLoad*
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Schemaless ncToOUHUKM: noaxoabl

UTto menatb, ecnu Y NCTOYHNKA OaHHbIX HET CXeMbl?

3
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Schemaless UCTOUYHUKUN: noaxoAabl

Cxema
npepocrtaBnsieTcs
nonb3oBaTenem

SELECT *
FROM users.csv
WITH(
SCHEMA (
Id int,
Name String,
Age String
)
)
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Schemaless ncToOUHUKM: noaxoabl

Cxema

npeagocTaBrisdieTcs

nonb30oBaTernemM

SELECT *

FROM users.csv
WITH(

SCHEMA (

)s

)

Id int,
Name String,
Age String

Cxema HaxoauTcs BO
BHELLHEeM XpaHunuiie
MeTadaHHbIX

Federated DBMS

Schema Data
A A
Metadata Data
Storage Source
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Schemaless UCTOYHUKU: noaxoAabl (s

Cxema Cxema HaxoguTcH BO
npepnocrtTaBseTcs BHeLWWHEeM XpaHunuiie
nonb30BaTesyiemM MeTaAaHHbIX
Federated DBMS
SELECT *
FROM users.csv Schema Data
WITH( A A
SCHEMA(
Id int,
Name String,
Age String
) Metadata Data
) ; Storage Source

Cxema BbIBOAUTCHA B
MOMEHT YTeHusA

Federated DBMS

Schema Data

Nz

’ Schema inferring
\ A

Data
Source
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Pa3Hble cuctembl TUNOB
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MySQL
(1995)

tinyint

tinyint unsigned

smallint

smallint unsigned

mediumint

mediumint unsigned

bigint

bigint unsigned

Decimal(P,S)

Pa3Hble cuctembl TUNOB

ClickHouse
(2016)

Int8

UInt8

Intil6

UIntleé

Int32

UInt32

Inte4d

UInte4

Decimal(P,S)

YDB

(2019)
Int8

Uint8

Inti6

Uintilé6

Int32

Uint32

Inte4

Uinte4

Decimal(22,9)

N\
(
| 53 )
\ /
A 4
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Pa3Hble cuctembl TUNOB

Oracle PostgreSQL | SQL Server | MySQL ClickHouse
(1976) (1986) (1989) (1995) (2016)
tinyint tinyint Int8

tinyint unsigned UInt8

smallint smallint smallint Intle6

smallint unsigned UIntle

integer int mediumint Int32

mediumint unsigned @ UInt32

bigint bigint bigint Int64
bigint unsigned UInte4
NUMBER(P, S) numeric(p,s) Decimal(P,S) Decimal(P,S) Decimal(P,S)

YDB

(2019)
Int8

Uint8

Inti6

Uint1lé6

Int32

Uint32

Inte4

Uinte4

Decimal(22,9)

54

( ;.D, HighLoad**



Pa3Hble cuctembl TUNOB

Oracle
(1976)

oT 1 po 21 6aunT

NUMBER(P,S)

PostgreSQL
(1986)

smallint

integer

bigint

numeric(p,s)

SQL Server
(1989)

tinyint

smallint

int

bigint

Decimal(P,S)

MySQL
(1995)

tinyint

tinyint unsigned

smallint

smallint unsigned

mediumint

mediumint unsigned

bigint

bigint unsigned

Decimal(P,S)

ClickHouse
(2016)

Int8

UInt8

Intil6

UIntleé

Int32

UInt32

Inté4

UInt64

Decimal(P,S)

55

YDB
(2019)

Int8

Uint8

Inti6

Uint1lé6

Int32

Uint32

Inte4

Uinte4

Decimal(22,9)
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Pa3Hble cuctembl TUNOB

YDB Timestamp -

YDB Datetime -

ClickHouse DateTime 1
MySQL Timestamp -
ClickHouse DateTimeb4 1

MS SQL Server Smalldatetime -
MS SQL Server Datetime -
MySQL Datetime 4

MS SQL Server Datetime? 1
Oracle Timestamp -

PostgreSQL Timestamp A

4713 | 0 1000 2024 10000 100000 294276

Year
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Pa3Hble cuctembl TUNOB

YDB Timestamp -

YDB Datetime -

ClickHouse DateTime 1
MySQL Timestamp -
ClickHouse DateTimeb4 1

MS SQL Server Smalldatetime -
MS SQL Server Datetime -
MySQL Datetime 4

MS SQL Server Datetime? 1
Oracle Timestamp -

PostgreSQL Timestamp A

>~68-179 nert

-4%13

1000

2024

Year

10000

100000 294276
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Pa3Hble cuctembl TUNOB

YDB Timestamp A

YDB Datetime
ClickHouse DateTime 1
MySQL Timestamp 4
ClickHouse DateTime6j 1

MS SQL Server Smalldatetime -
MS SQL Server Datetime -

MySQL Datetime 4
MS SQL Server Datetime2

Oracle Timestamp -

PostgreSQL Timestamp +

H\
Il
Il

>~68-179 nert

S| —
—
|

—_—

4713 Y

298989 net

0

1000

)024 10000 100000 294 276

Year
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Pa3Hble cuctembl TUNOB

N 3TO Mbl eLLEé TOYHOCTU He Kacaruch...
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Cynepno3uuusa amanasoHOB TUMNOB

Federated DBMS

A
4 i
Datetime Datetime Datetime
N - Y,
DBMS #1 i Y .
Lo J
DBMS #2 Y

DBMS #3
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PenepaTBHbIE CUCTEMbI: UTOTN (61)

e [1ns 4yero HyXHbI: 00begMHEHME U aHANN3 AAHHbBIX N3 BHELLUHUX
NCTOYHNKOB, MUTPaLIns AaHHbIX.

e OCHOBHbI€ CJNTOXXHOCTU:. TETEPOreHHOCTbL MOAENeN AaHHbIX,
NHTEPJdENCOB, NOAX0OA0B K cxemaTmsaunm U CUCTEM TUMOB
BHELLIHUX NCTOYHMKOB OAHHbIX.
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Kak chbegepaTtuBHbIe 0a3bl YUTaAlOT
N3 BHELWHEero UCTOYHUKa



OObpaboTKa 3anpoca

A

User

/

Federated DBMS

‘ Query Parser

|

Query Optimizer

~

Query Runtime

Storage

Connector

External
Data

Source
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[TapcuHr 3anpoca

_—

SQL
j%,//

User

/

Federated DBMS

L

Query Parser

|

AST v

Query Optimizer

2.

Query Runtime

Storage

Connector

External
Data
Source
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N3BneyeHne MmetagaHHbIX

_—

SQL
i__/

User

/

Federated DBMS

L

Query Parser

AST y

Query Optimizer

Query Runtime

Storage

|

>
(__

Connector

\

<

).
—Metadata—

External
Data
Source
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dusnvyeckmum nnaH BbINONHEHUSA

—

SQL
%_/

User

/

N

Federated DBMS

Query Parser

AST

Query Optimizer

Physical plan¢

Query Runtime

Storage

|

Connector

\

External
Data
Source
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N3BneyeHne AaHHbIX

_—

SQL
iJ

User

/

N

Federated DBMS

Query Parser

|

AST y

Query Optimizer

~

Physical plan¢

Query Runtime

Storage

—>
<«

Connector

External
Data

Data

P Source
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CoxpaHeHue pe3ynbraTa

_—

SQL
i__/

User

/

&

Federated DBMS

Query Parser

AST y

Query Optimizer

Physical plan¢

Query Runtime

Result v

Storage

|

Connector

External
Data
Source
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OTBeT nonb3oBaTersnto

/ Federated DBMS \

/-——>~ Query Parser 1
f SQL AST
____———/ )
Query Optimizer
<\

User Result Physical plan ¢ Connector External

\ ) Data
Source

Query Runtime

Result v

Storage

/
\
<@ HighLoad**



I1Ba criosi NNOrmKku

/

Federated DB'IIS

/————»{ Query Parser

f SQL
_—_/
«—

User Result

Mae

|

AST y

7

Query Optimizer

Physical plan¢

Query Runtime

Result v

Storage

Connector

Source

External
Data
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I1Ba criosi NNOrmKku

Kakne pyHKUMM Yy Cnost KOHHEKTOPOB?

N\
(
(71 )
\ /
N /
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CeTb, WncpoBaHue, peTpan

N

Federated DBMS )

SQL Query ParserJ —

¢ PG Connector

Query
Optimizer

Client

-—— e J

Network

J

S3 Connector

N

Query
Runtime

J

( ) Ve
|
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TpaHcnAaunMa 3anpocoB U CXeMm

a

Federated DBMS

7

SQL

\,

~

» Query Parser

v

7

.

Query
Optimizer

~

/

|

Query
Runtime

~

pSt

W‘ :

/

.

|
PG Connector

S3 Connector

\

S3

@)
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TpaHcnAaunMa 3anpocoB U CXeMm

SELECT column_name, data_type

e 7\ | FROM information_schema.columns
Federated DBMS WHERE table_name = “table”
AND table_schema = “schema”
4 >,

SQL—p» Query Parser

L J !‘ SQL > 2
¢ pS‘ PG Connector | PG
e 2 <€——Table metadata

Query | o
Optimizer W) .,
E
: S3 Connector :5
Query 3
Runtime ﬁ
\ J =



TpaHcnAaunMa 3anpocoB U CXeMm (75)

SELECT column_name, data_type

e 7\ | FROM information_schema.columns
Federated DBMS WHERE table_name = “table”

_VGET /?list-type=2 HTTP/1.1
Host:
bucket.storage.yandexcloud.net

AND table_schema = “schema”
SQL Query ParserJ
sQL >
pSt PG Connector 0 PG
2 ‘ <€—Table metadata
{ Query
Optimizer ,
/\\‘\igiﬁﬁi HTTP API .
S3 Connector +
\ «€——Bucket metadata 'g
Query | Q
Runtime 'Eg
.i




TpaHcnAaunMa 3anpocoB U CXeMm

SELECT column_name, data_type

e 7\ | FROM information_schema.columns
Federated DBMS WHERE table_name = “table”

_VGET /?list-type=2 HTTP/1.1
Host:
bucket.storage.yandexcloud.net

AND table_schema = “schema”
SQL Query ParserJ
sQL >
pSt PG Connector 0 PG
2 ‘ <€—Table metadata
{ Query
Optimizer ,
/\\‘\igiﬁﬁi HTTP API .
S3 Connector +
\ ( ~| <«——Bucket metadata C
Query { Type Inference | @
Runtime %
.i




TpaHcnAaunMa 3anpocoB U CXeMm (77)

SELECT column_name, data_type

SQL

/" 7\ | FROM information_schema.columns
Federated DBMS WHERE table name = “table”
AND table_schema = “schema”
Query ParserJ
* SQL >
¢ pS‘ ' PG Connector & PG
o ) PS‘* ] <—Table metadata >
uery
Optimizer
/\\‘\igiﬁﬁﬁ HTTP AP
\I S3 Connector
\ ASTF | | €«——Bucket metadata
Query - Type Inference |
Runtime

A

_VGET /?list-type=2 HTTP/1.1

Host:
bucket.storage.yandexcloud.net
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YHudukauma gaHHbIX

e

Federated DBMS

SQL

Query Parser

N

S

v

)

Query
Optimizer

J

v

Query
Runtime

(—Result—{
\_

PG Connector

SQL

Row

S3 Connector

Row

Row

HTTP API

>
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Kak ycTpoeHbl KOHHEKTOPbI
K BHELUHUM UCTOYHUKaM



BCcTpOeHHbIN nnm BHELWHUN?

Federated DBMS

Query External
Connector —>
Processor Data

L ; Source

BCTpOeHHbI KOHHEKTOP

( N

Federated DBMS

BHeELUIHWUN KOHHEKTOP

Processor Data
L . Source

Query o e annector . External
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BCcTpOeHHbIN nnm BHELWHUN?

BCTpPOEHHbIN BHewHuNn
Xapaktepuctuka
KOHHEKTOop KOHHEKTOop
BbicTpoaeiicTBme = =
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BCcTpOeHHbIN nnm BHELWHUN?

BCTpPOEHHbIN BHewHuNn
Xapaktepuctuka
KOHHEKTOp KOHHEKTOp
BbicTpoaencTene ab =
Yno6cTBO pasBépThbiBaHMS =k =
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BCcTpoeHHbIN nnn

Xapaktepuctuka

bbicTpoaencTemne
Yno6bcTBO pa3BEPTLIBAHUA

MacwTtabnpyemocTb

BHELWWHUN?

BCTpPOEHHbIN
KOHHEKTOop

=
=

BHewHUN
KOHHEKTOop

af

3
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BCcTpOeHHbIN nnm BHELWHUN?

XapakTtepucTtuka

bbicTpoaencTemne
Yno6bcTBO pa3BEPTLIBAHUA
MacwTtabnpyemocTb

Bbibop Al n ckopocTb pa3paboTku

BCTpPOEHHbIN
KOHHEKTOop

=
=

BHewHUN
KOHHEKTOop

+ +

(84)
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BcTpoeHHbI unu BHewHnn? (@ (3

XapakTtepucrtuka BCTPOEHHbIN BHewHun
KOHHEKTOop KOHHEKTOp
CrabunbHocTb CYB[] (C/C++) = =
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BcTpoeHHbI unu BHewHnin? (@ (3

XapakTtepucrtuka BCTPOEHHbIN BHewHun
KOHHEKTOp KOHHEKTOop
CrabunbHoctb CYB[] (C/C++) = =
CkopocTb cbopkn CYB[ (C/C++) - =
Pa3mep buHapHuka (C/C++) = =
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Presto, Trino, AWS Athena ;. * al
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Presto, Trino, AWS Athena - *{

Presto/Trino — BCTpOEHHbLIE:
® KOHHEKTOP — NnaruvH K OBUXKY

e Service Provider Interface
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Presto, Trino, AWS Athena - *{

Presto/Trino — BCTpOEHHbLIE: AWS Athena — BHelUHue:

® KOHHEKTOP — rnjiarnH K ABNXKY @ OONbLUMHCTBO KOHHEKTOPOB —

_ _ serverless-npmunoxeHus
e Service Provider Interface

® KOHHEKTOp K S3 — ?
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Greenplum
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Greenplum

e gpfdist
(HTTP over FS)

Greenplum

i—HTTP
gpfdist |
? ]
Filesystem
CSsVv CSVv
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Greenplum

e gpfdist
(HTTP over FS)

o PXF
(Platform Extension
Framework)

© ®

Master Host
Pivotal
Greenplum*

Segment Host 1 Segment Host 2

~N

1 (1 [ ExTERNALDATA @ 1 (7

!j:: © orace® W, o Glmtinep rerean g,

f Azure . ﬁ‘ IEE PostgreSQL .mongoDB

SQLServer

UcmounHuk: Platform Extension Framework (PXF): Enabling Parallel Query

Processing Over Heterogeneous Data Sources in Greenplum, 2020
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http://greenplum.org.s3.amazonaws.com/wp-content/uploads/2020/05/12171437/pxf-paper.pdf
http://greenplum.org.s3.amazonaws.com/wp-content/uploads/2020/05/12171437/pxf-paper.pdf

Greenplum

e gpfdist
(HTTP over FS)

o PXF
(Platform Extension
Framework)

® \yezzey
(Pluggable SMGR -> S3)

Greenplum

Storage manager



Clickhouse

BCTpoeHHble KOHHEeKTOPbI.

e Integration Table Engine
(13 NCTOYHMKOB)

e Database Engine
(3 UICTOYHMKA)
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Clickhouse

BCTpoeHHble KOHHEeKTOPbI.

e Integration Table Engine
(13 NCTOYHMKOB)

e Database Engine
(3 UICTOYHMKA)

BHellHUe KOHHEKTOPbI:
e ODBC Bridge
e JDBC Bridge (deprecated)

3
3
B
T
T



YDB

C N
YDB

S3 Provider ;L s3 J

YDS Provider >L YDS
<

Monitoring Provider > Monitoring
~ o
- T e
= ™ — —
PostgreSQL CIickHousej\ Oracle
Generic Provider T - —— —— =
MS SQL

Greenplum Server IMySQL

_ J S




Tradeoff #1

Cucrtema

| / :
2y Trino
il
‘lll AWS Athena
Greenplum

ClickHouse

YDB

. aPXUTEKTypa

BcTpoeHHble
KOHHEKTOpPbI

-

BHelwHHue
KOHHEKTOpbI

X
X
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Tradeoff #1: apxuTtekTypa

. .
L] L]

— 0 e
O
° 0 o o
[ ]

. L ]

®

Q{g«

¥

Cucrema BcTpoOeHHble BHelwHne
KOHHEKTOpb! KOHHEKTOpb!
Presto X
Trino X
AWS Athena oy
Greenplum &)
ClickHouse
YDB
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Kak ymtaTtb Kak MOXXHO MEeHblLle
OaHHbIX



3anpockl € npeanKatamm

SELECT * FROM ext_source.table WHERE |id = 1

MpeaunkaT — NorMyeckoe BblpaXkeHne, KOTopoe NUCMOorb3yeTCs
NS onucaHns yCcnoBusa U NPUMEHSIETCH K CTpokaM B Tabnuue.
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3anpockl € npeanKatamm

* ext source.table id = 1

MpeaunkaT — NorMyeckoe BblpaXkeHne, KOTopoe NUCMOorb3yeTCs
NS onucaHns yCcnoBusa U NPUMEHSIETCH K CTpokaM B Tabnuue.

'Ae BbINnONHATL (punbTpauuo?
e Ha cTtopoHe dbenepaTtMBHON CUCTEMBI

e Ha cTOpOHEe BHELLHEro NCTOYHMKA (NyWwAayH npeanKkaToB)

3
3
B
T
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[MywpayH npegukaTta ¢

PenepaTtUBHbLIN 3aNpoOC:
SELECT * FROM ext_source.table
WHERE 1d =

3anpoc K UCTOYHUKY:
SELECT * FROM table

N

Federated DBMS

[‘.EF it

- oo oo oo oo f
r——~—

External Data Source

- oo oo oo 0o




[MywpayH npegukara 1

SQL Result
< Y
denepaTUBHbLIU 3aNpocC: g Fodorated DBMS
SELECT * FROM ext_source.table ':F ':;F ':I;F [:F
WHERE id = 1 co oo oo coffoo coffoo oo

3anpoc K UCTOYHUKY:
SELECT * FROM table
WHERE id = 1 0o oo

A

i




Buagbl nywiaayHoB

NMywaayH punbTpPOB:

Comparison operators:
< <= = I=>=>
BETWEEN IN IS NULL

Logical operators:
AND OR NOT

Math operators:
+ -/ *% | &~

Pattern matching: LIKE
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Buagbl nywiaayHoB

NMywaayH punbTpPOB:

Comparison operators:
< <= = I=>=>
BETWEEN IN IS NULL

Logical operators:
AND OR NOT

Math operators:
+ -/ *% | &~

Pattern matching: LIKE

Mpouee:

Column projection:
SELECT a, b FROM table

JOIN ... ON a = b

ORDER BY a [DESC|ASC]
LIMIT ... OFFSET ...
Aggregates: COUNT SUM AVG

Subqueries

D HighLoad "



NMywaayH ana SQL-MCTOYHMKOB 106

Cucrema Filters C::‘:)Tn JOIN ORBDYER LIMIT | Aggregates | Subqueries
Presto
L i
e Trino
alll | Aws Athena
-
Greenplum (PXF)
ClickHouse (Table engines) :;5
ClickHouse (JDBC, ODBC) §
) vpB T
-
PeanunsoBaHo ons YnoMuHaHusa He @
HEKOTOPbIX NCTOYHNKOB HaVID,eHbI irm



NMywaayH ana SQL-MCTOYHMKOB 107

Cucrema Filters C:Ll:)rjnn JOIN ORBDYER LIMIT | Aggregates | Subqueries

Presto
C§ Trino
alll | Aws Athena
Greenplum (PxF)  11OY€MY TaK MPOUCXoaUT?

ClickHouse (Table engines)
ClickHouse (JDBC, ODBC)
;f: YDB

PeanunsoBaHo ons YNoMunHaHus He
HEKOTOPbIX MCTOYHUKOB HangeHsbl

<& HighLoad™



AST npocTtoro 3anpoca

YQL:
SELECT 1

AST:

(
(let $1 (Configure! world (DataSource '"config") '"DgEngine"

""auto"))

(let $2 (DataSink 'result))

(let $3 "('('"type) '"('auvtoref) '('columns '('"column@"))))
(let $4 (ResFill! %1 $2 (Key) (AsList (AsStruct '"('"columne"
(Int32 *"1%)))) $3 ""dq"))

(return (Commit! $4 $2))

)
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AST 3anpoca ¢ nywaayHOM

YQL:
SELECT coll FROM mysqgl.table WHERE id = 1

AST:

(
(let

(let
(let
(let
(let
(let
(let
(let
(let

(DgSourceWideBlockWrap $14 $2 (StructType $7

$1
$2
$3
$4
$5
$6
$7
$8
$9

'"/dcl/orgl2345/folder12345/mysql")

(DataSource '"generic" $1))

'"cluster:default_/dcl/orgl2345/folder12345/mysql")

(Int32 '1))

(Bool 'false))

(GenSourceSettings $1 '"table" (SecureParam $3) '('"coll" '"id") (lambda '($13) (Coalesce (== (Member $13
"('"coll" (OptionalType (DataType 'Utf8))))

(Uint64 '"1000001"))

(DgPhyStage '((DgSource $2 $6)) (lambda '($14) (FromFlow (Take (Map (Filter (NarrowMap (WideFromBlocks

""id") $4) $5))))

'('"id" (OptionalType (DataType 'Int32)))))) (lambda '($15 $16) (AsStruct '('"coll"

$15) "('"id" $16)))) (lambda '($17) (Coalesce (== (Member $17 '"id") $4) $5))) (lambda '($18) (AsStruct '('"coll" (Member $18
""coll"))))) $8))) '('('"_logical_id" '595) '('"_id" '"bdc3elc8-16dd2698-463253f8-6b9b3fe2"))))

(let $10 (DgCnUnionAll (TDqOutput $9 '"@")))

(let $11 (DgPhyStage '($10) (lambda '($19) (FromFlow (Take (ToFlow $19) $8))) '('('"_logical_id" '6@8) '('"_id"
'"137¢11d-a4fe308d-81e00b79-b51ed589"))))

(let $12 (DgCnResult (TDgOutput $11 '"@") '('"coll")))

(return (KgpPhysicalQuery '((KgpPhysicalTx '($9 $11) "($12) "() '('('"type" '"generic")))) '((KgpTxResultBinding (ListType
(StructType $7)) '"e" '"@")) '('('"type" '"script"))))

)
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Athena: APl koHHekTOpa 0e3 AST

public PreparedStatement prepareStatementWithsSqgl(
final Connection jdbcConnection, /* ceTteBoe coegunHeHume */

final String schema, I* uma cxembl (Henmcneunca) Tabnuy */
final String table, I* nma Tabnuub! */

final Schema tableSchema, [* nMeHa KONOHOK */

final Constraints constraints, /* anemeHTbl 3anpoca ansa pushdown */
final Split split) [* napameTp napTMUMOHNpoOBaHUA */

{

StringBuilder sql = new StringBuilder();
sql.append("SELECT ");

[* Do6aBnsem column projection */
sql.append(columnNamesFromSchema(tableSchema));

[* Jo6aBnsiem FROM */
sql.append(" FROM ");
sql.append(getFromClauseWithSplit(catalog, schema, table, split));
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Athena: APl koHHekTOopa 0e3 AST i ()

public PreparedStatement prepareStatementWithsSqgl(
final Connection jdbcConnection, /* ceTteBoe coegunHeHume */

(final String schema, I* uma cxembl (Henmcneunca) Tabnuy */
final String table, I* nma Tabnuub! */
< final Schema tableSchema, [* nMeHa KONOHOK */
final Constraints constraints, /* anemeHTbl 3anpoca ansa pushdown */
final Split split) [* napameTp napTMUMOHNpoOBaHUA */
{

StringBuilder sql = new StringBuilder();
sql.append("SELECT ");

[* Do6aBnsem column projection */
sql.append(columnNamesFromSchema(tableSchema));

[* Jo6aBnsiem FROM */
sql.append(" FROM ");
sql.append(getFromClauseWithSplit(catalog, schema, table, split));
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Athena: APl koHHeKkTOpa 6e3 AST =

public PreparedStatement prepareStatementWithSqgl(
final Connection jdbcConnection, /* ceTteBoe coegunHeHume */

final String schema, I* uma cxembl (Henmcneunca) Tabnuy */
final String table, I* nma Tabnuub! */

final Schema tableSchema, [* nMeHa KONOHOK */

final Constraints constraints, /* anemeHTbl 3anpoca ansa pushdown */
final Split split) [* napameTp napTMUMOHNpoOBaHUA */

{

StringBuilder sql = new StringBuilder();
sql.append("SELECT ");

[* Do6aBnsem column projection */
sql.append(columnNamesFromSchema(tableSchema));

[* Jo6aBnsiem FROM */
sql.append(" FROM ");
sql.append(getFromClauseWithSplit(catalog, schema, table, split));

D HighLoad*



Athena: APl koHHeKkTOpa 6e3 AST = (3

public PreparedStatement prepareStatementWithSqgl(
final Connection jdbcConnection, /* ceTteBoe coegunHeHume */

final String schema, I* uma cxembl (Henmcneunca) Tabnuy */
final String table, I* nma Tabnuub! */

final Schema tableSchema, [* nMeHa KONOHOK */

final Constraints constraints, /* anemeHTbl 3anpoca ansa pushdown */
final Split split) [* napameTp napTMUMOHNpoOBaHUA */

{

StringBuilder sql = new StringBuilder();
sql.append("SELECT ");

[* Do6aBnsem column projection */
sql.append(columnNamesFromSchema(tableSchema));

[* Jo6aBnsiem FROM */
sql.append(" FROM ");
sql.append(getFromClauseWithSplit(catalog, schema, table, split));
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Athena: APl koHHeKTOpa 6e3 AST

public PreparedStatement prepareStatementWithSqgl(
final Connection jdbcConnection, /* ceTteBoe coegunHeHume */

final String schema, I* uma cxembl (Henmcneunca) Tabnuy */
final String table, I* nma Tabnuub! */

final Schema tableSchema, [* nMeHa KONOHOK */

final Constraints constraints, /* anemeHTbl 3anpoca ansa pushdown */
final Split split) [* napameTp napTMUMOHNpoOBaHUA */

{

StringBuilder sql = new StringBuilder();
sql.append("SELECT ");

[* Do6aBnsem column projection */
sql.append(columnNamesFromSchema(tableSchema));

[* Jo6aBnsiem FROM */
sql.append(" FROM ");
sql.append(getFromClauseWithSplit(catalog, schema, table, split));
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Athena: APl koHHekTOopa 0e3 AST i (9

[* Do6aBnsiem WHERE */
List<String> clauses = toConjuncts(tableSchema.getFields(), constraints,
split.getProperties());
clauses.addAll(getPartitionWhereClauses(split));
if (!clauses.isEmpty()) {
sql.append(" WHERE ").append(Joiner.on("” AND ").join(clauses));

}
[* JobaBnsiem ORDER BY */

String orderByClause = extractOrderByClause(constraints);
if (!Strings.isNullOrEmpty(orderByClause)) {
sql.append(" ").append(orderByClause);

}
[* Do6aBsnsiem LIMIT/OFFSET */

if (constraints.getlLimit() > @) {
sgl.append(appendLimitOffset(split, constraints));

}

LOGGER.debug("Generated SQL : {}", sql.toString());
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Tradeoff #2: untepdenc

Federated UHTepdenc KoHHeKTopa

DBMS /Engine ' gyuit (c AST) | OrpaHnueHHbIi (6e3 AST)

. Presto X L4
'Q/ Trino X v
alil | AWS Athena X v

Greenplum = v I.c'is
| ClickHouse  [74 (Table Engines) ("4 (ODBC) %
YDB (" (S3, YDS) (4 (RDBMS) é@






He ycnenu obcyauTb

e MaccueHo-napannenbHOe YTeHNe U3 BHELHNX UCTOYHUKOB
e CkansipHble vs Br104YHbIE BblYUCNEHUSA
e Anroputmel JOIN

o CnunnuHr AaHHbIX
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Kputepumn Bbibopa

e CneKkTp nogaepXXnmBaembiX NCTOYHUKOB
e [lonHOTa cuCTEMbBI TUMOB
e ApXutektypa u MHTepdPEenc KOHHEKTOPOB

e Pushdown 3anpocos
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On-prem-peLueHus

e Trino
e ClickHouse

e YDB

YDB Federated Query
Connector

3
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OO6nayvHble pelueHus (e X5 X&)

e Yandex Query (6eccepBepHasi aHanNT1Ka)
e Yandex Data Transfer (nepeHOC gaHHbIX MeXay XpaHunuuiamm)

e Yandex Managed Service For Trino (knactep Trino B obnake)
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