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9BONOLUMUA CXeMbl AaHHDbIX.
Hocum pgaHHble U3
penaumoHHou CYb/ 8 Hadoop

YanTep UHKEHEePOB AaHHbIX U
pa3paboTuMKoB

Muxaun bnaros



Muxaun bnaros

* PyKoBoguTenb YanTtepa AaTa-
NHXeHepoB B bunanHe

e Crapwwumn npenoaaBaTtenb Kadpeapbl
MpuknagHon knbepHetukm CMBIY

mikhail.blagov@gmail.com
@vogal
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10 ner B IT

7’ 5 ner obpabaTtbiBatlo JaHHbIE

4 roga ynpaBasato KOMaHAaMMU U MPOeKTaMu

B AdTa-UHXKUHUPUHTE



NMporpamma goKnaaa

Mpobnema 3BOAOLUN CXEMDI
NAHHbIX

YnpaB/ieHue 3BONIOLNEN CXEMbI ANS
nonynApHbIX pOPMaTOB XpPaHEHUSA B
Hadoop

NHCTPYMEHTbI ANA ynpaBieHua
CXEMOW AQHHbIX

MOHUTOPUHT 3BONOLUN CXEMDbI

NHTepdencHblie cornaweHus, SLA u
Apyrue cTpallHble CNoBa

\\



Mpobnema ssonouunn
CXeMbl AAaHHbIX

\\
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TunuyHbiv ETL

Hadoop

ETL

RDBMS




TunuyHbiv ETL

Employees

Q<

+id

+name
+department
+salary

spark.jdbc("select * from
employees").saveAsTable("analytics.employees")

Employees

+id

+name
+department
+salary




AXXYHUOp 3aaau4a

Y meHs ecTb Ana 1eba npocmas 3a0a4a :

pa3genu none name B Tabsnuke
employees Ha 2...

Q<



TunuyHoe nameHeHue B ETL

Employees

+id

+name
+surname
+department
+salary

spark.jdbc("select * from
employees").saveAsTable("analytics.employees")

Q<




N

TunuyHoe nameHeHue B ETL

Employees

+id

+name

+department

+salary

Employees

+id

+name

+surname

+department
+salary




[lpmep NocnoxkHee

Data Mesh
bunnuur
X JomeH
| 6unnuHr \
: JlomeH
CRM ; DuHaHchl
MapkeTuHr

| domeH
MapKeTuHr

A\ 4

sronste = skt = s ' BrunsieHme MapKeTUHroBOW
KOMMNaHu1 Ha npubbinb ?



[lpmep NocnoxkHee

Data Mesh
Bunnuur
X JomeH
/\ “ | BunuHr \
: JomeH
CRM . DuHaHchI
MapkeTuHr

| domeH
MapKeTuHr

A\ 4

sronste = kit = s ' BnunseHne MapKeTUHroBOW
KOMMNaHu1 Ha npubbinb ?



[lpumep nocnoxkHee

Data Mesh

bunnuur

CRM

MapkeTuHr

7%

Vv

N\ 4

A\ 4

lomeH
OUNNNHT

.| domeH
MapKeTuHr

JdomeH
DuHaHCbI

BnaunsieHne
MapKETUHrOBOM
KOMMNaHuu Ha
npubbinb ?



K yemy npobnembl ¢ AaHHbIMU MOTYT NPUBECTU?

* [loTepsa peHer

* YnyweHHasa npunbbinb

* Hanorosble/3akoHoOaTeNbHble/pPerynaTopHblie PUCKU
 MoLweHHNYeCcTBO

* YxyplLieHne nmugyka KomnaHum




[MpnYmHblI Npobaem

» «BHe3anHble» N3MeHeHUus
 Heo)xxunpaHHble N3MEeHEeHUsA

 WN3meHeHuUs, KOTOPbIe HUKTO He corJjiacoBarsl
 WN3meHeHuUs, KOTOpPbIe caeJiaJin He BOBpEeMs

’

®
Ol

;
\.
P BHOCMM NNaBKK

Tectupyem' (@ _flemo Tonam




2

[1aHHble meHAloTCA!
Yto aenatb?




Mpamaa n o6patHaa COBMeCTUMOCTb

Q

Backward compatibility = O6pamHaa coemecmumocmeo

HoBana BepcuAa Koga notpebutens MOXKeT NPoYnTaTb AaHHbIE,
3aMKnCcaHHble CTapoy Bepcuen Koga npousBoanTeNs

Forward compatibility = Mpamaa coemectumocTtb

Ctapan Bepcua Koaa notpebuTtena MoxKeT NpoYnTaTb JaHHble,
3aMunCcaHHblie HOBOW BEPCUEN KOAA NPOUN3BOANTENA

Designing Data-Intensive Applications by Martin Kleppmann Released
March 2017 Publisher(s): O'Reilly Media, Inc. ISBN: 9781491903100

https://www.flaticon.com/free-icons/puzzle 16
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JonyweHuna o notpeburenax

Analyst

4 ETL
RDBMS Hadoop

App

SAPACHE&

oark
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BO3MOMHble USMEeHeHUA

« [lobaBneHne KONOHKN B KOHeL, Tabnuubl = cnpasa
« [lobGaBneHwne KOMOHKM B cepeauHy Tabnuubl

* 13aMeHeHne Ha3BaHUA KOFTOHKMU

* M3mMeHeHMe nopsgka KOfTOHOK

* K3meHeHune Tuna AaHHbIX KOSTOHKN

* YaoaneHue KOmnMoHKU

YN

N

RDBMS

> ETL

N

Hadoop




dopmatbl pannos
ANA XpaHeHUA
PENALNOHHbIX AaHHbIX

Q



Q<

CSv

YenoBeKo-ymntaembli .
id,name,department, salary

CTpoKoBbIM 1,Ivan Ivanov,Sales, 100
2,Petr Petrov,Marketing, 90
3,Sidor Sidorov,R&D,110

 (Cxema B nepBoOU CTPOKe

OTcyTCTBYET CTpOras TMnNM3aums

20



CoBMeCcTUMOCTb U3MeHeHu cxembl ana CSV

N3meHeHune

[lobaBneHne KOJIOHKU B KOHeL,

NMpamaa coBmecTUMOCTb

[MoTpebutenb otbpacbiBaeT
JINLHUE KOIOHKM

O6paTtHaa coOBMeCcTMMOCTb

[lobaBneHmne KOJIOHKK B
cepeanHy

Ecnv yutatb header

Ecnv yutatb header

N3meHeHMne Ha3BaHMA KOJTOHKU

Ecnn He ynTaTtb header

Ecnn He ynTaTtb header

N3meHeHne nopAagKka KONOHOK

Ecnv yutatb header

Ecnv yutatb header

N3meHeHMe TMNa AaHHbIX
KOJ/IOHKHA

+

4

YnaneHne KONOHKU

MoTpebutenb oTbpacbiBaeT
JINWLIHUE KOJIOHKMU

Q<

21



JSON "employees": [ \2
{
"id": 1,
* YesnoBeKo-ynTaemblit “hame®: “lIvan Ivanov?,
"department": "Sales",
* CNOXHOW CTPYKTYpPbI "salary”: 100
* [logoepXMBaeT BHELWHIOK CXemy ?{"
* OTCyTCTBYET CTPOraa Tmnm3auma nid": 2,
"name": "Petr Petrov",
"department": "Marketing",
"salary": 90
b
{
"id": 3,
"name": "Sidor Sidorov",
"department": "R&D",
"salary": 100
}
]

}.I 2



Q<

NMpumep cxembl
{

"$schema": "http://json-schema.org/draft-04/schema#",

"type": "object", "department": {

nppopeptiesu: { "type": "StPing"

"employees": { },
"type": "array", "salary": {
"items": [ "type": "integer"
{ }
"type": "object", },
"properties": { "required": [
"id": { "id",
"type": "integer" "name",
}, "department",
"name": { "salary"
"type": "string" ]
I H

23

https://json-schema.org/



https://json-schema.org/

JBONOLMA CXeMbl Json

N3meHeHune

NMpamaa coBmecTUMOCTb

+, ecqm notpeburtens

O6paTtHaa cOBMeCcTMMOCTb

[lobaBneHne KOJIOHKU B KOHeL, +
OTOpacbIBaAET NNLIHUE KOJIOHKMN

[lobaBneHmne KOJIOHKK B +, ecam notpebutens .
cepeauny OTOpPaACbIBAET INLWHUE KONIOHKHN

N3meHeHune Ha3BaHUA KOJIOHKU - -

N3meHeHne nopAagKka KONOHOK + +

N3meHeHMe TMNa AaHHbIX
KOJ/IOHKHA

[ns TMNOB, KOTOPbIe MOTYT
O6bITb NPMBEAEHDI

[1ns TMNOB, KOTOPbIe MOTYT
ObITb NpMBEAEHDI

YnaneHne KONOHKU

Q<

24



AVRO W <

* BWHapHbIN ?a Ivan $ov snappy??v%1g?&fx
Sales (YPPetr QovMarketing "0?V@Sidor <ovR

* CTpOKOBbIU

e C BHewWwHen cxemon

https://avro.apache.org/docs/1.11.1/specification/

25


https://avro.apache.org/docs/1.11.1/specification/

Cxema B AVRO

{
"type": "record"”,
"name": "topLevelRecord",
"fields": [
{"name": "id", "type":
{"name": "name", "type":
{"name":
{"name": "salary", "type":
]

["int", "nUl-L"]},
["string", "null"l]},
"department", "type": ["string", "null"]},

["double", "null"]}

Q<
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CoBmecTUMOCTb U3meHeHumn cxembl ana AVRO

N3meHeHune

NMpamaa coBmecTUMOCTb

O6paTtHaa cOBMeCcTUMOCTb

1A KONOHOK CO 3HAYeHUeEM No

[obaBneHne KONOHKM B KOHEL, +
YMOJTYAHUIO
[Job6aBneHne KONIOHKU B N nAa KONOHOK CO 3Ha4YeHuem no
cepeauvHy YMOJIYaHUIO
N3meHeHMne Ha3BaHMA KOIOHKN - [Mpy nomoLm NnceBAOHNMOB
N3meHeHne nopAagKka KONOHOK + +

N3meHeHMe TMNa AaHHbIX
KOJ/IOHKHA

[ns TMNOB, KOTOPbIe MOTYT
ObITb NpMBEAEHDI

[1ns TMNOB, KOTOPbIE MOTYT
6bITb NpMBEAEHDI

YnaneHne KONOHKU

IlnAa KONOHOK CO 3HAYeHUeEM nNo
YMOIYaHUIO

+

Q<

27



Yto 3a npuBeaeHue TUNOB TaKkoe?

Schema Resolution

Areader of Avro data, whether from an RPC or a file, can always parse that data because the original schema must be provided along with the data. However, the reader may be
programmed to read data into a different schema. For example, if the data was written with a different version of the software than it is read, then fields may have been added
or removed from records. This section specifies how such schema differences should be resolved.

We refer to the schema used to write the data as the writer's schema, and the schema that the application expects the reader's schema. Differences between these should be
resolved as follows:

e Itis an error if the two schemas do not match. To match, one of the following must hold:

o

both schemas are arrays whose item types match

o

both schemas are maps whose value types match

o

both schemas are enums whose (unqualified) names match

o

both schemas are fixed whose sizes and (unqualified) names match

o

both schemas are records with the same (unqualified) name

https://avro.apache.org/docs/1.11.1/

both schemas have same primitive type

the writer's schema may be promoted to the reader’s as follows: S pec i fi Cat i o n/#sc h e m a- reso I uti O n

= intis promotable to long, float, or double

o

o

o

= |ong is promotable to float or double
= float is promotable to double
= string is promotable to bytes
= bytes is promotable to string
« if both are records:

o

the ordering of fields may be different: fields are matched by name.

o

schemas for fields with the same name in both records are resolved recursively.

o

if the writer's record contains a field with a name not present in the reader’s record, the writer's value for that field is ignored.

o

if the reader’s record schema has a field that contains a default value, and writer's schema does not have a field with the same name, then the reader should use the
default value from its field.

o

if the reader’s record schema has a field with no default value, and writer’s schema does not have a field with the same name, an error is signalled.

if both are enums: if the writer's symbol is not present in the reader's enum and the reader has a default value, then that value is used, otherwise an error is signalled.

if both are arrays: This resolution algorithm is applied recursively to the reader’s and writer’s array item schemas.

if both are maps: This resolution algorithm is applied recursively to the reader’s and writer’s value schemas.

if both are unions: The first schema in the reader’s union that matches the selected writer's union schema is recursively resolved against it. if none match, an error is
signalled.

if reader’s is a union, but writer’s is not The first schema in the reader’s union that matches the writer's schema is recursively resolved against it. If none match, an error
is signalled.

if writer's is a union, but reader’s is not If the reader’'s schema matches the selected writer's schema, it is recursively resolved against it. If they do not match, an error is
signalled.

A schema'’s doc fields are ignored for the purposes of schema resolution. Hence, the doc portion of a schema may be dropped at serialization.

Q<
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https://avro.apache.org/docs/1.11.1/specification/
https://avro.apache.org/docs/1.11.1/specification/

Confluent Schema Registry u aBTomatnueckaa saamaaumsa

Schema
Registry

2
&
S
G
>
&
1%

SchemalD + Data SchemalD + Data
Producer »! Kafka Cluster == Consumer

https://docs.confluent.io/platform/current/schema-registry/fundamentals/schema-evolution.html

https://docs.confluent.io/platform/current/schema-registry/index.html

Q<
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https://docs.confluent.io/platform/current/schema-registry/fundamentals/schema-evolution.html
https://docs.confluent.io/platform/current/schema-registry/index.html

Parquet

* BuHapHbIN
* KONOHOYHbIN
e Cxema BHYTpM panna

e BnoyHbIN

|

%y Parquet

<

30



Mpumep panna n cxemol Parquet

PAR1$(?7?7?? Djh?58;
Sidor SidorovFJ???#?Salesn ovPetMarketingR&D<8???2YQR(?VE?[@
Sidor Sidorov  MarketingSale?V?[VA??x?d\H Ivan Ivanov
spark_schem%id
%nameX%L
%
department%L
%salaryLidRV<(??.&"
Sidor Sidorov name??&"<6(
Ivan Ivanov??N&?

5
departmenttx&?<6(Sales Marketing??:&?
salaryhd&??[?VR?[?V@??>??,0rg.apache.spark.version3.4.1)org.apache.spark.sql.parquet.ro
w.metadata?{"type":"struct","fields":[{"name":"id", "type":"integer", "nullable":true, "me
tadata":{"scale":0}},{"name":"name", "type":"string", "nullable":true, "metadata":{"scale"
:0}},{"name" : "department", "type":"string", "nullable":true, "metadata":{"scale":0}},{"nam
e":"salary", "type":"double", "nullable":true, "metadata":{"scale":17}}]1}Jparquet—-mr versi
on 1.12.3 (build f8dced18204clfbdecbccb3185537b§a@1eéed6b)L?PARl%

\\
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CoBMecTMMOCTb U3MmeHeHuM cxembl ana Parquet

N3meHeHue

[lobaBneHne KOJIOHKU B KOHeL,

NMpamaa coBmecTUMOCTb

+

O6paTtHaa coOBMeCcTMMOCTb

*

NlobaBneHne KOJIOHKN B
cepeanHy

+, eCZI MannuHr
ocywectsnAaeTca no UMeHun
KO/TIOHKH

N3meHeHne Ha3BaHNA KOJTOHKU

N3meHeHMe nopAagKa KOIOHOK

+, eCZI MannuHr
ocywectsnAaeTca no UMeHun
KO/TIOHKH

+, eCZI MannuHr
ocywectsnAaeTca no UMeHm
KO/TOHKH

N3meHeHMe TMNa AaHHbIX
KOJIOHKHA

[1na TMNOB, KOTOPbIe MOTYT
6bITb NpMBEAEHDI

[ns TMNOB, KOTOPbIe MOTYT
6bITb NPMBEAEHDI

YnaneHne KONOHKU

Ans nullable KonoHok

+

* +, ecnun B Spark BkatoueHa onuua mergeSchema=true

Q<
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ORC

ORC
P+

Sidor SidorovFPK
#

MarketingSales"PS

! 2VE?[QE?reP F$ GIvan IvanovPetr PetrovSidor Sidorov F??#SalesMarketingR&D

PX

Sidor SidorovFPX-
MarketingSales"PX
?2Ve?[R?r@ePX??2??

?h 1("&
idname

departmentsalary" V!

org.apache.spark.version3.4.10P:

PX: "

Sidor ?ovFPX-"
MarketingSales"PX# Ve

?[T?r@PX@?NHXb1.8.222"
(70 ??0RCY

FYe,Ye(?ve?[@?1

Q<
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CoBmecTUMOCTb 3meHeHumn cxembl ana ORC

N3meHeHue

[lobaBneHne KOJIOHKU B KOHeL,

NMpamaa coBmecTUMOCTb

+

O6paTtHaa coOBMeCcTMMOCTb

*

NlobaBneHne KOJIOHKN B
cepeanHy

+, eCZI MannuHr
ocywectsnAaeTca no UMeHun
KO/TIOHKH

N3meHeHne Ha3BaHNA KOJTOHKU

N3meHeHMe nopAagKa KOIOHOK

+, eCZI MannuHr
ocywectsnAaeTca no UMeHun
KO/TIOHKH

+, eCZI MannuHr
ocywectsnAaeTca no UMeHm
KO/TOHKH

N3meHeHMe TMNa AaHHbIX
KOJIOHKHA

[1na TMNOB, KOTOPbIe MOTYT
6bITb NpMBEAEHDI

[ns TMNOB, KOTOPbIe MOTYT
6bITb NPMBEAEHDI

YnaneHne KONOHKU

Ans nullable KonoHok

+

* +, ecnun B Spark BkatoueHa onuua mergeSchema=true

Q<
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UHCTPYMEeHTbl ANnA
ynpas/eHUA CXeMmoun
AAHHbIX

\\



Q<

Delta lake

* ACID TpaH3akuum Ha Spark
e PacwmnpeHHble BO3MOKHOCTU YNpPaBAeHUA MeTaAaHHbIMU
 OaunH nHTepdenc ana NOTOKOBOM U NAKETHOM 0bpaboTKu

* MpuHyauTenbHoe cobaogeHmne COBMECTUMOCTU CXeMbl AaHHbIX

 PaboTa co cpe3amm AaHHbIX = «KMALLUNHA BPEMEHUY

* [loppaep»KKa 06HOBNEHUA U YAANEHUA AAHHbIX DE LTA LAKE

v [ employees_delta
> [ _delta_log
.part-00000-5584ca26-da7b-46d8-b511-78fb797e9076-c000.snappy.parquet.crc
“7 part-00000-5584ca26-da7b-46d8-b511-78fb797e9076-c000.snappy.parquet

https://delta.io/blog/2023-02-08-delta-lake-schema-evolution/
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https://delta.io/blog/2023-02-08-delta-lake-schema-evolution/

DataHub <

Entity E (umilidataset (umilidataPlatforminive,UserDB. Account, PROD)

Cuctema ynpaBneHua startTime —=> 7 days ago
MeTagaHHbIMMU

0.0.0 —+— Schema Created B«/ ngestion
C BO3MOXHOCTbIO o TP P i
MCTopmM3aummn AaTaceTos L feld: name added 1

L feldl:
N ynpaBieHnem eld: address added I

3BOJIIOLMEN CXEMDI 010 —— Tag (userdata) added by Tane
0.2.0—— Documentation added on Dataset By John
Da "a\ 1.0.0 Schemoa Chomge,d Bield: address dr‘oppe,rl)
Hub
e’ 1.01 —f+— Documentation modified on Dataset B«/ C'moh/

https://datahubproject.io/ erdTime ——>) now

38
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Dremio

NHcTpymeHT ana noctpoenma Data Lakehouse
 CYbA

e S3-like xpaHnnnuwa
MNoppeprkmuaet Apache Iceberg
dunuu:

* BepcuoHMpOBaHWE gaTaceTos

* BeTKu gna gataceTtos

https://docs.dremio.com/

Q<
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Cxema «3Be3aa»

Dimension
Table

https://www.geeksforgeeks.org/difference-between-star-schema-and-snowflake-schema/

Dimension
Table
Fact
Table
Dimension ,
Table
v
Dimension

Table

\Dimension

Table

Q<
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Cxema «CHeXXUHKa»

Sub-
Dimensional

Table

Sub-
Dimensional
Table

Dimension
Table

Dimension|_

Sub-
Dimensional

Table

Fact
Table

Table

Sub-
Dimensional
Table

https://www.geeksforgeeks.org/difference-between-star-schema-and-snowflake-schema/

Sub-
Dimensional
Table

A4

Dimension
Table

Dimension
Table

Sub-
Dimensional
Table

Sub-
Dimensional
Table

\ Dimension

Table

Sub-

Dimensional
Table

Sub-
Dimensional
Table

Q<
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AKopHaa mogenb = Anchor model

https://en.wikipedia.org/wiki/Anchor_modeling

Location
¢ — of
|
Name (i) —_—
Stage
\ I subset
_ wasHeld &
= evenue
| location
at E
Performance
of
/: Date
.
/ : *  Audience
content = in
I
isPlaying = /
| wasPlayed
Program
in
= wasCast
Name =
. Anchor //
Static attribute —_— - = parent
atic attribute / 3
I
got
Historized attribute / exclusive .
Rating //I
Static tie | one .
Historized tie = many

Name (r)

.
/ Gender
Knot e immobile in the layout

Gender *

ParentalType

/

having

ProfessionalLevel (r)

N

ProfessionalLevel

Q<
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Data Vault

S  Sat Store

PF* Huh_Store_PK
P * Load_Date
* Record_Source
Store_Name
Store_Location

S Sat Employment

https://en.wikipedia.org/wiki/Data_vault_modeling

PF* Link_Employment_PK
P * Load_Date
* Record_Source
Employment_Begin
Employment_End

S Sat Empl_Contact

PF* Hub_Employee_PK
P * Load_Date
* Record_Source
Employee_Address
Employee_Phone

Q

S Sat_Empl_Details

PF* Hub_Employee_PK
P * Load_Date
* Record_Source
Employee_First_Name
Employee_Last_Name

44




A 4YTO, eCNn HUYero He
nomoraer?

KaK aenatb
HecoBmecTumoe
U3MeHeHue?
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[MponssoguTersnb
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AJ'II'OpMTMbI MUurpauunm

[MpounsBoaunTenb

V2

T
N

[1aHHbIE

V2

>

[MoTpebutens

V2

Q<



AJ'II'OpMTMbI MUurpauunm

[MponssoguTersnb
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AJ'II'OpMTMbI MUurpauunm

[MpounsBoanTenb

v

T
N

[MponssoauTesb

V2

[laHHble

1/

YN
N

[laHHbIE

V2

>

[MoTpebutens

v
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AJ'II'OpMTMbI MUurpauunm

[MpounsBoanTenb

v

YN

N

[MponssoauTesnb

V2

[laHHble

1/

YN
N

[laHHbIE

V2

>

[MoTpebuTens

V2
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AJ'II'OpMTMbI MUurpauunm

[MpounsBoaunTenb
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>

[MoTpebutens

V2
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MOHUTOPUHT
N3MeHeHUMU
MCTOUYHMUKA.
Data Quality

\\



YTO 1 KaK MOHUTOPUTDL?

* KM3meHeHUAa cxembl

* HoBble KO/IOHKMU

* JlaHHble

* Hanunuune gaHHbIX B KONOHKaxX (% null 3HauerHwnn)
 Konunyectso gaHHbIX (+- N%)

* busHec-nokasaTtenun No AaHHbIM

Kaxabin TpUrrep — noBoA, K aHaAM3y UCTOYHUKA
AAHHbIX N 0bCyXKAEHUIO

Q
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AOMUHUCTPATUBHDbIE
noaxoAabl K 3BONKOLUNK
AaHHbIX. KYC.
UHTepdencHble
cornaweHus

\\



Development Interface Agreement is a document that defines interfaces
and documents between customer and supplier

UHTepdeircHoe cornaweHmne — 3To JOKYMEHT, onpeaenatowmnin MHTepdenco n
JOrOBOPEHHOCTU MEXKAY KNMEHTOM U MOCTABLLUKOM

\\
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YTO BKNIOUUTL B UHTEepdelCcHble cornaweHma?

omeH 6unnuHr
bunaur RAW  ODS DDS  MART

bunnuur
Realtime

HA vHTepdenice @ @

Clickhouse\Greenplum

Q<
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YTO BKNIOUUTL B UHTEepdelCcHble cornaweHma?

omeH 6unnuHr
bunamr RAW  ODS DDS  MART

bunnuur
Realtime

HA vHTepdenice @ Ej

Clickhouse\Greenplum

Q<
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[Mpo AaHHbIe
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Npo agomeH

bunnuur

CRM

MapkeTuHr

Vv

N4

A\ 4

IlomeH

.| domeH
' | MapkeTuHr

BGUNNNHT \

lomeH
DuHaHCbI

BanseHne mapkeTuHrosom
KOMMNaHu1 Ha npubbinb ?

Q<
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Mpo SLA

Yactota o6HOBNAEHUA
AaHHbIX

Pa3 B yac
Pa3 B geHb

Pa3 B mecay,

Bpema o6HOBNEHUA AaHHbIX

Pa3 B geHb Ao 9 yTpa

Pa3 B mecau Ao Ha4yana
2 pabouero aHA

nybuHa xpaHeHusn

OauH cnenok
[oJil

10 net

CemaHTUKA AOCTaBKMU

at-most-once
at-least-once

exactly-once

Q

3apaepKKa o6HoBAEeHUSA
AaHHbIX

OTCcTaém OoT UCTOYHMKA
Ha 3 MUH

OTCcTaém OoT UCTOYHMKA
Ha AeHb

PernameHT AOCTYNHOCTU

EcTb nepunog,
He4OCTYNHOCTH

JlaHHble AOCTYMHbI
BCeraa



Mpo nsmeHeHusa n npobaemol

[leTanbHO oNUcaTb BHECEHUA U3MEHEHWIA:

* OnoselyeHne 0 HamepeHUax

* Bpema oxXmnpaHuAa

* TecTOBble CTeHAbI

* [lpouecc murpaumm

* [lo KaKMM KaHanam bygeT onoseweHme
no/sib3oBaTesien 06 MHUMAEHTAX

* 10 KAKMM KaHanam NPMHUMAETCA
nHpopmayma o npobnemax ¢ AaHHbIMU

\\
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Mpo CTOPOHDI

UHPopmauma o npoussoautene AaHHbIX
* OTBeTCTBEHHbIE /INLA
* BO3MOXHOCTU 3CKanaumm

NHopmauma o notpeburtene gaHHbIX
* OTBEeTCTBEHHbIE /INLA

* BO3MOXHOCTU 3CKanaumm

* Llenb ncnonb3oBaHMA AaHHbIX
KpnUTMYHOCTb cepBumca

Q<
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Utorun

Mpobnema 3BOAOLUN CXEMDI
NAHHbIX CyLLlecTByeT

MonynapHble popmaTbl HENIOXO
CNpPaBAAOTCA C 3BOJIOLNEN, HO eCTb
orpaHuUYeHus

ECTb MHCTPYMEHTbI ANsA
BEPCUOHUPOBAHUA AaTAaCETOB U
BaAMAALUMMN CXEMbI AaHHbIX

\\

MOHUTOPUTb MOXHO He TONbKO
cebs, HO N UCTOYHUK

NHTepdencHblie cornaweHus, SLA u
Apyrue cTpallHble c10Ba Ha CaMOM
[ienie He CTpallHble, a None3Hble
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JTiobble UCTOYHUKU
MEHSAIOTCA.

MNoaymaute 06 sTom Ao Toro,
KaK Bceé cnomaertcsa!

mblagov@beeline.ru
mikhail.blagov@gmail.com
@mblagov_beeline

\\



