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[1naH Ha ceroaHs

YacTtb 1:

e OnuncaHue npoekTa 1 6a30BoN NH(PPACTPYKTYpPbI.
e ApxuTekTypa peLleHus.
e Change Data Capture us MySQL B EventHubs, ncnonbsys Kafka Connect n Debezium.

YacTb 2:
e Data modeling ¢ nomowbto DataVault 2.0. NepenuBka AaHHbIX ¢ noMolbto Spark Streaming.
e HanonHeHwe BUTPUH AaHHbIX.
e WHTerpauus ¢ ML-nannnanHamu.
e CIl/CD gna navnnavHoOB AaHHbIX.



Dodo Pizza cerogHs

10 neT Ha pblHKe.

620 nuuuepun.

13 cTpaH + 2 Ha nogxopae.

~7150 3aKa30B B MUHYTY.

> 300 3aka30B B MUHYTY B NMNKOBbIEe OHW.

Dodo IS




Kakyto npobsiemy peliaem

[IporHo3smpoBaHue 3aKynok
WHIpeaUeHTOB B NULLepuax
Dodo Pizza.

~2,5M cobbITUN B AEHb.




Hawa nHppacTpykTypa

e Bce B ob6nake Azure.

e /ICTOYHMK: gaHHble NOCTYNatoT U3 ABYX pasnuyHbix Azure Database for
MySQL.

e Xpanunuuie: Delta Lake + Azure Data Lake Storage (ADLS)

e [lpoueccuHr: Databricks, Spark, Spark Streaming



[loyemy Databricks

Kak 6b1110 paHbLUeE:

e XpaHunuwe: Azure SQL Data Warehouse.
e [lpoueccuHr: Azure Data Factory (ADF).

Moyemy Databricks:

e Otkas oT Azure Data Factory (HEBO3MOYXHO NOAAEPIKMBATb PELLEHUS, OTCYTCTBUE KOHTPONSA).
OTtka3s oT Azure SQL Data Warehouse (o4eHb 0poro).

Mepexoanm Ha Spark ansa npoueccuHra. Hy>kHo managed-pelueHue.

Ctpoum Data Lake. TexHonorus Delta Lake — nogxogsiee pelueHue.

Xopoluasa LoKyMeHTaumsa n nogaepxka co ctopoHbl Databricks.



ApXUTEKTYpa




< databricks

e Managed peweHune ans Data u ML workloads

e bonee 5000 knneHTOB
e (OcHoBaHa cospgaTtensamMmu OSS nNpoekToB

spaik | A - mlflow

DELTA LAKE



Delta Lake

e [M6KMI 1M ynpaBnseMblin NOAXOA K XPaHEHMIO
AaHHbIX B cloud storage
e KntoueBon pyHKUMOHAN:

O

o 0O O O O O

Batch / Streaming APls

Insert / Update / Delete support
Time travel / Snapshots
Z-ordering

File compaction

Delta Cache

Delta Engine

APACHE Databricks

SpQr K optimized engine

HEN

Parquet Files

DELTA LAKE Transactional
Log




BerHeypOBHeBaﬂ apxXuTeKkTypa
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JleTanbHaa apxutekTypa
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CDC from MySql to
EventHubs

Using Kafka Connect and Debezium



Agenda

Yrto Takoe Change Data Capture n ero nges

MySql - kKak ycTpoeHa pennukaumus gaHHblx (binlog, binlog_format)
Yto Takoe Debezium

Yem 3aHnmaeTtcsa Kafka Connect

Kak pabotaet Kafka Connect ¢ Debezium

Mpobnemsbl

o hcowbdpe

Event Hubs
e |

kg EEEEEEEEEEEEEE

MySql



What is Change Data Capture (CDC)?

Application

l T Event Hubs Spoﬁ’(\z |
@ g NEEEEEEEEEEEER "

MySql Data Lake

[ERN



CDC implementation

Options:
1. Application level = business events

Application

MySql

Event Hubs

g

[ERN



CDC implementation

Options:
1. Application level = business events
2. Database level = trigger-based CDC
Application
l T Event Hubs
______ R
> [ [T TITT]] =
MySql

[ERN



CDC implementation

Options:
1. Application level = business events
2. Database level = trigger-based CDC
3. Database level = log-based CDC
Application
l T Event Hubs
______ R
> [ [T TITT]] =
MySql

[ERN



MySql: replication overview

MySQL Request transactions
Master <

Binlog [N

Source

execute - commit

Re plica ], relay log commit

relay log

Replica 2

apply binlog commit

[IRN



MySql: replication overview

with indexes

Adaptive hash search — speeds up search by
indexes lookups and range scans
XTraDB: check sizes in
SHOW INNODB STATUS

Opened tables Info

InnoDB-std: can grow unlimitedly
XtraDB: innodb_dict_size_limit

Reads are done in foreground. *
innodb_read_io_threads are for read-ahead

AN
Writes are done via
“double write buffer”
to prevent corruptions

Misc internal memory:
Page hash

: check sizes in
File system XTraDB:

Lock system SHOW INNODB STATUS
Recovery system

Usually changes are fixed
In background *log thread"
on disk with fsync() command.
innodb_flush_log_at_trx_commit
controls how to fsync

Pages are written in background

______ B @ N R e

Memory [innods_butfer_pool_size is
[N e critical parameter
Thumb rule: 60-80% of RAM

Tablet.ibd

Table2.ibd

.ibd are placed separetely if
innodb_file_per_table=1
Otherwise in ibdatal

Files are divided by
16K pages
XtraDB: 4K,

16K

XtraDB: you can view content in
|_S.INNODB_SYS_TABLES,
|_S INNODB_SYS_INDEXES

Ibdata1 ( system table space )

Data dictionaty
Double write buffer
Insert buffer. Changes to secondary non-
unique indexes are buffered there. InnoDB-std: rollback segment is 1
XtraDB: innodb_extra_rsegments
1 .
Rollback segments. =1 |
e (L __ 1023 siots per segment | |
Pointers to undo space '
UNDO space INDO space may grow unlimitedly

; innodb_use_purge_thread=1
use separate threads for cleaning
T

innodb_log_file_size
InnoDB-std: max size < 4GB
XtraDB: max size < 2TB
innodb_log_files_in_group
(usually 2-3)




MySql: binlog

Contains Formats
e DML-statements (row modification) e Statement-based
e DDL-statements (schema modification) e Row-based

¢ Mixed-based



MySql: binlog formats

Statement-based logging Row-based logging

INSERT INTO customer (first_name, last_name, email) VALUES('IVA2', TITOV', BINLOG '
'iva2.titov@gmail.com') J20PXXMBAAAAQAAAAFAFAAAAANSCAAAAAAEABHRICZQACGNIC3RVOWVYAAM

/1 PDwW8GUABQAFAABWID
/P8AZ7Drug==
J20PXx4BAAAAQAAAIIFAAAAANSCAAAAAAEAAGAD/WADSVZBBVRIVEOWE2I2Y
COMMIT/H S50aXRvdkBnbWFp
bC5jb23mpUOF
Vil

22



MySql: row-based logging

Basic:

Row to delete

Column values

Upeeisz before update

Requirements:

° GTID (optional) /primary key

Row toinsert

None

Column values
after update

"'schema": {..},
"payload": {
"before": {
"id": 1004,
"first_name": "Anne Marie",

"email": "annek@noanswer.org"

}

"after": null,

"source": {

'connector ysql",
"name": "mysql-server-1",
"ts_ms": 1465581,
"snapshot': false,

"db": "inventory",

"server_id": 223344,

"gtid": null,

"file": "mysql-bin.000003",

"pos": 805,

"row": O,

"thread": 7,

"query": "DELETE FROM customers WHERE id=1004"
b
"op": "d",
"ts_ms": 1465581902461

23



MySql

HacTtpouka

log_bin = ON
binlog_format = row
binlog_row_image = full

Application

MySql

24



Debezium

Change Data Capture Platform

e CDC for multiple databases
e Basedon transaction logs
e Snapshotting, Filtering etc..
e Via Apache Kafka Connect or embedded

Features

all data changes are captured
very low delay

no changes to your data model
can capture deletes

Fault tolerant

Snapshotting

Global Read Lock
Repeatable Read

25



Kafka Connect

Source system

Kafka Connect Cluster

§€ kafka

Target system

26



Using Kafka Connect + Debezium

e Kafka Cluster (EventHubs)

Kafka Connect
Cluster

S

MySql

Event Hubs with Kafka Surface

27



Using Kafka Connect + Debezium

e Kafka Cluster (EventHubs)
e Enable binlog MySql

Kafka Connect
Cluster

MySql

Event Hubs with Kafka Surface

28



Using Kafka Connect + Debezium

e Kafka Cluster (EventHubs)
e Enable binlog MySql

e Start Kafka Connect Kafka Connect
Cluster

MySql

Event Hubs with Kafka Surface

/ metadata topics
» [ [l config
L £ offsets

29



Using Kafka Connect + Debezium

e Kafka Cluster (EventHubs)

e Enable binlog MySql

e Start Kafka Connect Kaﬂgl‘é‘::r““t Event Hubs with Kafka Surface

e Deploy Debezium connector(s) /metadata -~ \
—— [ [TITT1. confg
—= ][] ] offsets
T[]

/
data topics \

—_—

MySql /

30



Using Kafka Connect + Debezium

Kafka Cluster (EventHubs)
Enable binlog MySq|

Start Kafka Connect Kaflgu(::::mct
Deploy Debezium connector(s), begin
snapshot
_>
MySql

Event Hubs with Kafka Surface

/ metadata topics

<

config
offsets

status

data topics

N
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Using Kafka Connect + Debezium

Kafka Cluster (EventHubs)
Enable binlog MySq|
Start Kafka Connect Kafka Connect

MySql

. . Cluster
Deploy Debezium connector(s), begin
snapshot, capture changes / metadata opics
- config
E—— offsets
\t status
/data topics
/—'
—> ==
—_—

Event Hubs with Kafka Surface

e

32



Using Kafka Connect + Debezium

Kafka Cluster (EventHubs)

Enable binlog MySq|
Start Kafka Connect

Deploy Debezium connector(s), begin

snapshot, capture changes

Stop, redeploy Debezium connector at

any time

MySql

Kafka Connect
Cluster

------------------------

........................

Event Hubs with Kafka Surface

/ metadata topics

config
offsets

status

N\

33



Problems

34



Problem 1: MySql connector u Azure MySql

e Azure MySQL npu nogkntoyeHnn K binary log nmeeT HecTaH4apTHYHO ayTeHTUdMKALNIO
e bubnunorteka mysql-binlog-connector-java < 0.20.1 He paboTaeT ¢ Azure MySQL

Solution
3ameHsieM mysql-bin-connector-java.jar gann B Debezium Docker Image Ha HyxHyto Bepcuto (>=0.20.1)

35



Problem 2: Kafka History Topic u EventHubs

0 : Creation of database history topic failed, please create the topic manually
.debezium.relatlonal hlstory KafkaDatabaseHistory.initializeStorage(KafkaDatabaseHistory.java:365)
.debezium.relational.HistorizedRelationalDatabaseSchema.initializeStorage(HistorizedRelationalDatabaseSchema. java:63)

.debezium.connector.sqlserver.SqlServerConnectorTask.start(SqlServerConnectorTask. java:82)
.debezium. connector.common.BaseSourceTask.start(BaseSourceTask. java:77)

https: /~/qithub.com/Azure/azure-event-hubs-for-kafka/issues/61

Solution

ium. relational.history.FileDatabaseHistory",

"/kafka/history/matcons.dat",

36


https://github.com/Azure/azure-event-hubs-for-kafka/issues/61

Problem 3: Flush Timeout

2020-06-11 10:25:35,661 ERROR || WorkerSourceTask{id=matcons-connector-master-0} Failed to flush, timed out while waiting for producer

to flush outstanding 7 messages [org.apache.kafka.connect.runtime.WorkerSourceTask]

https://stackoverflow.com/questions/58010247/azure-eventhub-kafka-org-apache-kafka-common-errors-timeoutexception-for-som
e-of/58385324#58385324

er.connections.ma; =.ms": "60000",

jucer.metadata.i - ms "60000"

37


https://stackoverflow.com/questions/58010247/azure-eventhub-kafka-org-apache-kafka-common-errors-timeoutexception-for-some-of/58385324#58385324
https://stackoverflow.com/questions/58010247/azure-eventhub-kafka-org-apache-kafka-common-errors-timeoutexception-for-some-of/58385324#58385324

Problem 4: Snapshot loading (1/2)

e Debezium 6epet Global Read Lock
Ana tabnuy >> 1bln. cTpok npouecc o4eHb MeaNIEeHHbIN

Solution
e [Ina 6onbluimHcTBa Tabnuy goctatoydHo 6bino 3anyctutb Spark jdbc ¢ napTuumpoBaHmem no index-KomnoHke

Fetch size = Total Time (seconds) Total Rows | Rows Per Second | Parallelism @ Num Partitions
spark.read. fo rma't(“jdbc") 1000 330.0 9719786 26999 1 1
option(“dbtable" reader query) 100000 120.6 9719786 80595 1 1
. ’ —
option("partitionColumn“ “1d") 100000 62.4 9719786 155765 4 100
. ’
.option("lowerBound", min_id)

.option("upperBound", max_id)
.option("numPartitions", 1000)
. load()

38



Problem 4: Snapshot loading (2/2)

e [Ins HeKoTOpbIX TAbMML, U 3TOT NOAXOMA O4EHb MEAEHHbIN
OpaHako, B LueneBou Tabnumue obinv onpeaeneHHbl napTmuum Ha ctopoHe DB

Solution

e [locTaem CcnnCokK NapTULmMn n KaHyTb No HUM K3 information_schema.tables
e [pynnupyem nx ans 6onee paBHOMEPHOro pacrnpeaeneHnst AaHHbIX

e [lo kaxgow napTuLmm 3anyckaem napannesibHyto 3arpysky

SELECT * PesyneraT: 3.4 yaca BmecTo 72
FROM db.table PARTITION(P2,P3,P4)

WHERE id_col >= x1 AND id_col <= X1

39



Azure Event Hubs

Features that are not yet supported
Idempotent producer
Transaction
Compression
Size-based retention
Log compaction
Adding partitions to an existing topic
HTTP Kafka APl support
Kafka Streams

Problems
e 10 topic limitation
e Kafka Admin API not fully
compatibility
e Max 7 days retention limitation
e 1MB per message

40



Q&A no nepBoun YacTu



Data modeling
NRT processing



Bronze Silver Gold
Data
’ ’ ’ . serving
o]
R DV
Event HUbS Data as is aw Data Marts
Business DV
Snapshot
responsibility wWhy no

manage data access

different latency



Bronze layer

{
"schema": {
"type": "struct",
[— nfields": [ e
1,
"optional": false,
. l "name": "mysql-server-1.inventory.customers.Envelope"
¥
Event Hubs "payload": {
"Op": Ilcll’
"ts_ms": 1465491411815,
"before": null,
"after": {
"id": 1004,
"first_name": "Anne",
"last_name": "Kretchmar",
"email": "annek@noanswer.org"
H
"source": {
"version": "1.2.0.Final",
"connector": "mysql",
"name": "mysql-server-1",
"ts_ms": 0,
"snapshot": false,
"db": "inventory",
"table": "customers",
"server_id": 0,
"gtid": null,
"file": "mysql-bin.@00003",
“pos™: 1544
“"row": 0,
"thread": 7
1
}



Sat

What is Data Vault?

Sat

Hub

- Link

Sat

Hub

Sat

Sat



Create Site/iOS/Android apps

Pay Payment Gateway

Cook Tracker

Deliver Delivery



Why Data Vault?

clear
responsibility fast changing links
and data sources

multiple contexts

microservices .
for one entity




Data Vault model

H_Pizzeria

4 Nondescriptive Link

L_OrderPizzeria

‘y Nondescriptive Link Transactional Link
H_Order —«| L_OrderOrderComposition |- H_OrderComposition -«|L_MaterialConsumption |-»| H_MaterialType
S_Order_GlobalState S_Order_Tracker S_OrderComposition_Motivation S_OrderComposition_Tracker S_MaterialType

S_Order S_OrderComposition



Data ingestion

- without deduplication
- with deduplication
- SCD 2

Demo



Deduplication

2
mictobatch



pm———— Fmm o —————— p——— o Fmm +
| ProductId|ProductName | ProductPrice|Current|EffectiveFrom |EffectiveTo |
to—m e atatatat B e to——— et L e et L -
|1 | Pepperoni | 100 | false |[2020-06-01 10:00:00|2020-06-02 12:00:00|
|1 | Pepperoni Update |300 | true |2020-06-02 12:00:00|9999-12-31 00:00:00 |
|2 |Meat | 150 | false [2020-06-10 00:00:00|2020-06-11 16:00:00|
|2 |Meat pizza Update|120 |true  |2020-06-11 16:00:00|9999-12-31 00:00:00 |

pmm————— et pomm pm————— i Fmm e +



Golden layer



MHTerpayuna c ML nannnanHamum u
MLflow



OpkecTpauua 3agad

e ADF (Azure Data Factory) 3anyckaeT nannsaiH no pacnucaHuio
e ML pipeline ynpaBnsietcsa yepes ADF
e B ADF BcTpoeHa nHterpauusa ¢ Databricks

Model Repository & Tracking

| || mifiow |
I I I
I I N % I
| Azure Data Factory | | Model V1 Model V2 Model V3 |
L — 1 L_______I_______J
T = T bs




PacnpepeneHHoe obyyeHue n PyArrow

MoaxoguT Korga ectb data parallelism

Spark poctaBnseT faHHble Mo BOpKepam
IaHHble nepepatoTcs B py-npouecc Yepes PyArrow

[NocTpoeHHble Moaenun coxpaHatTea B MLflow

Spark DataFrame

store_id=1 and item_id=1

store_id=1 and item_id=2

K°|5Row>>>

Worker - 1
JVM Python
process ——— process
R0 | BT
Worker - 2
JVM Python
> process process

PRUPHET

mlflow



Pab6oTa ¢ moaenamMmu ¢ nomowibo MLflow

Oby4yeHue CKOpPWHT

@pandas_udf(_output_schema, PandasUDFType.GROUPED_MAP) @pandas_udf(_output_schema, PandasUDFType.GROUPED_MAP)
def train(pdf): : .
D_train, D_test = split(pdf) def predict(pdf):
model_uri = get_best_model_uri(tags)
with mlflow.start_run() as run:

# create model object
model = Prophet()

model.fit(D_train) future = model.make_future_dataframe(

mse = estimate(model, D_test) periods=10, freq='D', include_history=False)

model = mlflow.sklearn.load_model(model_uri)

# log all related parameters
mlflow.sklearn.log_model(model, "prophet")
mlflow.log_param("some-param", model.params["some-param"])
mlflow.log_metric("mse", mse)

forecast = model.predict(future)

return forecast

# set all tags for further search
tags = {“store”: 1, “item”: 1, “table_version”: 1}

mlflow.set_tags(tags)




Cl/CD ana nannnamHoB AaHHbIX




TpeboBaHMA K NPOEKTY

e Becb kog xpaHuTtcsa B penosntopun Ha GitHub.

e PaspaboTka c ucnons3osaHuem IDE.

e [lennown Hawwux spark job Ha Krnactep B aBTOMaTU4eCKOM UM NOyaBTOMaTU4YECKOM
pexnme (M3 KOMaHOHOW CTPOKN).

e TeCcTUpyemMoCTb peLLEHUS.

e BO0O3MOXHOCTb BbINOMHATb UHTErPALMOHHbIE TECTLI HAa KrnacTepe.

e YnpasrneHue penusamu.

e 3anyck 6oeBbix spark job Ha KnacTepe ¢ BO3MOXHOCTbIO PEenn3nTb KOHKPETHbIE job’bl.



NHCTPYMEHTbI

IDE: PyCharm.

CI/CD workflows: GitHub Actions.

Deploy & launch jobs: Databricks CLI.
Configs generation: Jsonnet.

Tools: Make (Make? [Ja Bbl ¢ yma cowunu).



https://www.jetbrains.com/pycharm/
https://docs.github.com/en/actions
https://docs.databricks.com/dev-tools/cli/index.html
https://jsonnet.org/
https://www.gnu.org/software/make/
https://makefile.site/

Test/Release flow

GitHub Actions

5. Launch job on cluster

Databricks

1. on push / on tag >

/ (launcher.py)

4. Launch job from CLI

(dispatcher.py)
- 2. Generate configs
(Jsonnet)
Developer's
Laptop 3. Deploy artifacts
(deployer.py)
» dodo_pizza_pipelines-0.1.32-py3-none-any.whi
« pipeline.py

» configs (deployment-config.json + job-config.json)

Databricks cluster

dbfs




[lnaH DEMO

CTpyKTypa npoekTa.

Kak BbIrngguTt Tunosas spark job’a.
UTo MbI gennovm Ha knacrep.
[eHepauus KoHduros (Jsonnet).
GitHub Actions workflows.

Pornb deployer.py.

Ponb dispatcher.py.

Pornb launcher.py.

JlokanbHble TeCThl.

[MyGnukaumns pennsoB 1 NoKanbHbIM 3anyck TECTOB N3 KOMaHOHOW CTPOKU
(Make).







Summary

\ /
N /
~ -~
ﬂ ./
./
11
Mpo6nembl PewseHue Value
e [loctaBKka AaHHbIX N3 e Databricks + Spark Streaming e MacwTabupyemoe pelueHne
onepaTtusHon B/} AN 06paboTKM AaHHbIX Ha managed nnatdopme
e OddekTUBHOE XpaHeHUe e Data Vault Ha Delta Lake e [loHATHas u ynpasnsiemas
AaHHbIX B Data Lake e MLflow gna ynpaBneHus MoAenb AaHHbIX
e lHTerpMpoBaHHOe 06y4eHue YKXU3HEHHbIM LUMK/IOM Mofenen e  KayeCTBEHHbIe NPOrHo3bl AJs

ML mopenen 6u3Heca



duHanbHbIN Q&A



