Apache Flink Ha npumepe Somon Anorcanns
3apgavuuv gegynnuvkauum @ Gavon_ e



Ha kakne BonpocCbl OTBEeTUM

= Kak noctpoutb Flink-zaga4vy no gegynnukauumn?

= Kak 3awututbes ot cboeB Flink-knactepa? Exactly once?

= Kak 3BOSTIIOLMOHNPOBATL NPUIOXeHne?

= Kak obecneunTb HenpepbiBHYO pabdoTty Flink-3agaHnsa?

= Kak HacTpouTb NpUNoXxXeHne nog BbICOKY Harpy3ky? RocksDB
= OnTumMmnsauummn npu pabote ¢ OONbLLUMM COCTOSIHUEM

» Kak yckopuTtb paboty Flink-sagaHna?



[ToToKoBaA obpabdboTKa AaHHbIX
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= [laHHble cobupatloTcs ¢ TEYEHUEM BPEMEHMU

= [locrne cbopa gaHHble OTNPaBMSATCSH Ha
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= [1lOTOKWN gaHHbIX NOCTynakT HeENnpepbIBHO
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Apache Flink



Apache Flink 1.17
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Apxutektypa Apache Flink
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BuinonHeHue Flink 3agauun
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Yto Takoe Flink-3apaHune?



Flink-sapaHue

final var env : StreamExecutionEnvironment =
StreamExecutionEnvironment.getExecutionEnvironment()

env.fromElements( ..data: "qwe", "asd", "zxc") DataStreamSource<String>
.filter() SingleOutputStreamOperator<String>
.map () SingleOutputStreamOperator<Object>
.process()
.sinkTo(new PrintSink<>());

env.executeAsync();



Flink-sapaHue

final var env : StreamExecutionEnvironment =

[StreamExecutionEnvirunment.getExecutionEnvironment()ﬂ

env.fromElements( ..data: "qwe", "asd", "zxc") DataStreamSource<String>
.filter() SingleOutputStreamOperator<String>
.map () SingleOutputStreamOperator<Object>
.process()
.sinkTo(new PrintSink<>());

env.executeAsync();



Flink-sapaHue

final var env : StreamExecutionEnvironment =
StreamExecutionEnvironment.getExecutionEnvironment()

env.&romELements(“daUx”qwe”, "asd", ”zxc”)PJmBSUemﬂSoume<SUW@>
.filter() SingleOutputStreamOperator<String>

.map () SingleOutputStreamOperator<Object>
.process()
[.sinan(new PPintSink<>());]

env.executeAsync();



Flink-sapaHue

final var env : StreamExecutionEnvironment =
StreamExecutionEnvironment.getExecutionEnvironment()

env.fromElements( ..data: "qwe", "asd", "zxc") DataStreamSource<String>
(fi‘Lteme SngleOutputStreamOperator<String>

.map () SinglgOutputStreamOperator<Object>

(prncess()

.sinkTo(new PrintSink<>()):

env.executeAsync();



Flink-sapaHue

final var env : StreamExecutionEnvironment =
StreamExecutionEnvironment.getExecutionEnvironment()

env.fromElements( ..data: "qwe", "asd", "zxc") DataStreamSource<String>
.filter() SingleOutputStreamOperator<String>
.map () SingleOutputStreamOperator<Object>
.process()
.sinkTo(new PrintSink<>());

| env.executeAsync(); |
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3agava geaynnukauum gaHHbIX



3apava gegynnukauum

UcxopoHble AaHHbIe:

» [epynnukaumna APP B okHe 30 s

= Harpyska ~100 rps

g8

kafka

Spliterator

"id": "Qea7f44f-822b-4569-84ea-6dcbffecaflof”,
"uniqueValue": "656b4183-282c-1689019596",
"type": "WEB",

"timestamp": 1689019717

APP

WEB

Deduplicator

kafka




3apava pegynnukauum

final var env = StreamExecutionEnvironment
.getExecutionEnvironment() ;

env.fromSource(kafkaSource)

// .split()
.flatMap() // deduplicator

.sinkTo(kafkaSink);

env.executeAsync();



3apava pegynnukauum

final var env = StreamExecutionEnvironment
.getExecutionEnvironment() ;

env{fromSource(kafkaSource)]

// .split()
.flatMap() // deduplicator
[.sinkTo(kafkaSink);]

env.executeAsync();



3apava pegynnukauum

final var env = StreamExecutionEnvironment
.getExecutionEnvironment() ;

env.fromSource(kafkaSource)

// .split()
CflatMapmg)m // deduplicator,

.sinkTo(kafkaSink);

~\

env.executeAsync();
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Deduplicator




OeaynnukaTtop

Deduplicator

public class Deduplicator<T> extends RichFlatMapFunction<T, T> {
private statlc final long serialVersionUID = 1L;

private final Time ttl;
private transilent ValueState<Boolean> keyHasBeenSeen;

public Deduplicator(Time ttl) { this.ttl = notNull(ttl, message: "Deduplicator TTL 1s null"); }

@0verride
public void open(Configuration parameters) {...}

@verride
public void flatMap(T event, Collector<T> out) throws Exception {
1f (keyHasBeenSeen.valve() == null) {
out.collect(event);
keyHasBeenSeen.update( value: true);



deaynnukaTtop

Deduplicator

public class Deduplicator<T> extends[RichFlatHapFunctinn{T, Tb]{
private static final long serialVersionUID = 1L;

private final Time ttl;
private transilent ValueState<Boolean> keyHasBeenSeen;

public Deduplicator(Time ttl) { this.ttl = notNull(ttl, message: "Deduplicator TTL 1s null"); }

@0verride
public void open(Configuration parameters) {...}

@verride
public void flatMap(T event, Collector<T> out)|throws Exception {

eyHasBeenSeen.value() == null) 1
out.collect(event);
keyHasBeenSeen.update( value: true);



deaynnukaTtop

Deduplicator

public class Deduplicator<T> extends RichFlatMapFunction<T, T> {
private statlc final long serialVersionUID = 1L;

private final Time ttl;
private transient[UaLueStatE{Bnulean} HeyHasBeenSeen;]

public Deduplicator(Time ttl) { this.ttl = notNull(ttl, message: "Deduplicator TTL 1s null"); }

@0verride
public void open(Configuration parameters) {...}

@verride
public void flatMap(T event, Collector<T> out) throws Exception {
(if (keyHasBeenSeen.value() == null) { )
out.collect(event);

keyHasBeenSeen.update( value: true);
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deaynnukaTtop

Deduplicator

public class Deduplicator<T> extends RichFlatMapFunction<T, T> {
private statlc final long serialVersionUID = 1L;

private final[Time ttl; ]
private transilent ValueState<Boolean> keyHasBeenSeen;

public Deduplicator(Time ttl) { this.ttl = notNull(ttl, message: "Deduplicator TTL 1s null"); }

@0verride
public vui4ﬁnpen[£unfiquratinn parameters) {...}]

@verride
public void flatMap(T event, Collector<T> out) throws Exception {
1f (keyHasBeenSeen.valve() == null) {
out.collect(event);
keyHasBeenSeen.update( value: true);
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OeaynnukaTtop

Deduplicator

E State i TTL=30s




Oeaynnukatop u keyBy

Deduplicator . . .

|
|
|
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|
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|
I

appStream
.keyBy(value -> value.getUniqueValue())
.flatMap(new Deduplicator<>(Time.seconds(30)))
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TeKywiaa peanusauunsa 3agaHus

WEB

§ Spliterator

kafka APP

Deduplicator

kafka



TeKywiaa peanusauunsa 3agaHus

kafka @

WEB

APP

» Deduplicator



PeXXumbl pa3BepTbiBaHUA

Application Mode Session Mode
) 4 )
JobManager JobManager
Flink ) Y, \_ y,
Application J
\////
N
N
= OTaenbHbIN KnacTep nog 3aaaHve Flink

Application

= 3agaHne noctaBndetca ¢ Flink-

NCTPUOYTUBOM .
ANCTpUoy = OOwmn knactep noa pasHble 3agaHus



= Version: 1.17.0  Commit: §%ecda0

Cancel Job

flink-spring-boot
Job 1D e8ac6465378c722993b2acd53cbc17f3 Job State Actions Job
Start Time 15:23:53 Duration 39
Overview Exceptions TimeLine Checkpoints Configuration
Source: Kafka source 2 Process deduplicate_app_messages-2 map-2 Kafla sink 2 Writar Kafka sink 2: Committer
Parallefism: 1 Parallelism: 1 Parallelism: 1 Parallelism: 1 Parallelism: 1 Parallelism: 1
Backpressured (max): 052 . ™ Backprassured (max) 0% | . ™ Backpressured (maxk 0% . " Backpressured (max): 0% | . E " Backprassurad (max): 0% I = Backpressurad {max): 0%
Busy (max: 05 Busy (max): 0% Busy (maxk 0% Busy (max): 0% : Busy {mix): 0% o Busy (max: 0%
£
Name Status Bytes Received Records Received Bytes Sent Records Sent Parallelism Start Time Duration End Time Tasks
Source 2 0B 0 0B 0 -
Pri 4B 0 0B 0 B -
4B 0 08 0 -
5B 0 08 0 -

Nriter 48 V] 0B 0
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TeKywiaa peanusauunsa 3agaHus

§ Spliterator
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Y10 MOXeT NnouTn He TaK?

J

o o O o O DO

Co6ou knacrtepa Flink

HacTtponka exactly once

OBONOLUUA NPUMOXKEHUS
HenpepsbiBHasi paboTa Flink-3agaHus
YBenunyeHune Harpyskn. RocksDB
PaboTa c 6onbLLINM COCTOAHNEM

YckopeHune pabotbl Flink-saganus



Co6om knactepa Flink

\_

JobManager (Leader)

\JobMan ager (Standby)

J

T M R e e e e e e e e e e e e e e e e ===

GaskManagc_er \

Task Task
Slot Slot

ﬁaskManagér \

Task Task
Slot Slot

o @’% J

vm/container/pod/...

-~ -
e e o e e o o mm mm mm mm Em Em e e o o =

7/
”

/

e o o o e o e o o o = = =

~



Co6om knactepa Flink

\JobMan ager (Standby)
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Co6om knactepa Flink
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HA JobManager

Time
Cnyx6b1 High Availability:

-+ JobManager JobManager JobManager
Leader Standby Standby

4 JobManager JobManager
Standby Standby

kubernetes

1 Recoverin JobManager JobManager
g Leader Standby

JobManager JobManager JobManager
T Standby Leader Standby
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CtpaTerum nepesanycka ynasLluen 3agavu

final var env = StreamExecutionEnvironment

.getExecutionEnvironment() ;
[env.setRestaPtStPategy( ]
RestartStrategies. fixedDelayRestart(

restartAttempts: 3,

Time.minutes (1)

= No Restart Strategy

» Fixed Delay Restart Strategy

= EXxponential Delay Restart Strategy
» Failure Rate Restart Strategy

» Fallback Restart Strategy



CtpaTerum nepesanycka ynasLluen 3agavu

final var env = StreamExecutionEnvironment

.getExecutionEnvironment() ;
env.setRestartStrategy(
RestartStrategies. fixedDelayRestart(
restartAttempts: 3,

Time.minutes (1)

)
) ;
= No Restart Strategy -, N
: Heobxoanumo nepesanyctuTb ynasLlytO
» Fixed Delay Restart Strategy 5 P y y y
3afayvy, a Takke Bce apyrue sagaudu,
= Exponential Delay Restart Strategy | BbinosiHsiemble B ynaswem TaskManager!

» Failure Rate Restart Strategy

» Fallback Restart Strategy



Checkpoint

Checkpoint — cornacoBaHHasi KONusi COCTOSIHMSI KaXKAOM 3a4a4m NOTOKOBOro NPUNoOXeHNss B MOMEHT, KOraa Bce 3agavu
oTpaboTanu oAuH U TOT Xe BxoA. Vicnonb3yeTcs Ans nepesanycka NnpunoxeHust B cnydae cbos (checkpoints yganstoTcs
MpW CO3HaTENbHOW OCTAHOBKE NMPUMNOXEHUS).
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. : Task I :
e | ; :
1 \ Vi !
: N o e e e e e e e e e -  / 1
| |
< _ I
Sink :
/’ __________ \\ I
I
|

a
i

! .
! v o HﬂFS

“offsets”  J - &k'/

Amazon S3



Checkpoint

final var env = StreamExecutionEnvironment.getExecutionEnvironment();
env.enableCheckpointing( interval: 10_000);
env.getCheckpointConfig().set

» setCheckpointStorage (URI checkpointDirec.. void
» setCheckpointStorage (Path checkpointDire.. void
» setCheckpointIdOfIgnoredInFlightData(lon.. void
» setCheckpointStorage (CheckpointStorage s.. void
» setCheckpointStorage (String checkpointDi.. void
» setCheckpointTimeout (long checkpointTime.. void
» setExternalizedCheckpointCleanup (Externa.. void
» setForceUnalignedCheckpoints(boolean for.. void
» setMaxConcurrentCheckpoints(int maxConcu.. void
» setMaxSubtasksPerChannelStateFile(int ma.. void
» setMinPauseBetweenCheckpoints(long minPa.. void
» setTolerableCheckpointFailureNumber(int .. void

— - —- - — —



Savepoint

Savepoint — 370 cornacoBaHHoOe M300paXKeHne COCTOSIHUS BbINOMHEHUS NOTOKOBOMO 3aaHus, CoO34aHHOE C MOMOLLbIO
MexaHn3mMa KOHTPOIbHbIX To4ek Flink, HO coaepXuT AononHUTENbHbIE MeTafaHHbIe.

HE cosgaeTcsa n HE vyaoandeTcd aBToOMaTU4eCKN. |/|CFIOJ'Ib3yeTCF| O5nA nepeaanycka rnpuioxeHus.

cnonb3oBaHue:
= [lepesanyck npunoxeHue
»  3anyck npunoxeHusa Ha gpyrom Flink-knactepe

= [lpnocTaHoBKa/nepesanyck B LiensxX BpeMeHHOro 0CBOOOXAEeHUSA pecypcoB KnacTtepa



Y10 MOXeT NnouTn He TaK?

{C6oﬁ Knactepa Flink
HacTtponka exactly once

OBOMIOLUMSA MPUNOXKEHUS

YBenunyeHune Harpyskn. RocksDB

d
d
d HenpepbiBHaga paboTta Flink-3agaHus
d
1 PaboTta ¢ 60sibLUNM COCTOAHMEM

d

YckopeHune pabotbl Flink-saganus



TeKywiaa peanusauunsa 3agaHus

(HA Senvi ider)
ervice Provider v,
- 4 File Storage )
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|
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\ kubernetes Y, v |

\_ Amazon S3 )
WEB
% Spliterator » Deduplicator %
kafka APP

kafka



Y10 MOXeT NnouTn He TaK?

{C60|‘/’| knacTtepa Flink
HacTtpouka exactly once

OBOMIOLUMSA MPUNOXKEHUS

YBenunyeHune Harpyskn. RocksDB

d
d
d HenpepbiBHaga paboTta Flink-3agaHus
d
1 PaboTta ¢ 60sibLUNM COCTOAHMEM

d

YckopeHune pabotbl Flink-saganus



CemMaHTUKN OOCTaBKU

return KafkaSink.<MyEvent>builder()

.setBootstrapServers(kafkaProperties.getBootstrapServers())

.setKafkaProducerConfig(kafkaProducerProperties)

.setRecordSerializer(KafkaRecordSerializationSchema.<MyEvent>builder()

.setTopic(kafkaProperties.getTopics().getMyTopic())

.setValueSerializationSchema(myEventSerializationSchema)

.build())

.setDeliveryGuarantee(DeliveryGuarantee.)

.build();

* NONE
valueOf (String name)
* AT_LEAST_ONCE

 EXACTLY_ONCE

DeliveryGuarantee
DeliveryGuarantee
DeliveryGuarantee
DeliveryGuarantee



Exactly once He 6becnnaTHbIN

Consumer Group Max Lag Seconds

5.83 min

5 min
417 min
3.33 min
2.50 min

1.67 min

estimated lag in seconds

Os
12:28 12:30 12:32 12:34 12:36 12:38

== trigger-manager-flink-good-to-recsys = trigger-manager-flink-raw = trigger-manager-flink-good

Consumer Group Max Lag Offsets

2500

12:28 12:30 12:32 12:34 12:36 12:38

== trigger-manager-flink-good-to-recsys = trigger-manager-flink-good = trigger-manager-flink-raw




Checkpointing Modes

Overview History Summary Configuration
Option Value
Checkpointing Mode At Least Once
Checkpoint Storage JobManagerCheckpointStorage
State Backend HashMapStateBackend
Interval Periodic checkpoints disabled
Timeout 10m Os
Minimum Pause Between Checkpoints Oms
Maximum Concurrent Checkpoints 1

final var env = StreamExecutionEnvironment.getExecutionEnvironment();
env.enableCheckpointing( interval: 10_000, CheckpointingMode.)

 EXACTLY_ONCE CheckpointingMode
* AT_LEAST_ONCE CheckpointingMode

Pres



Y10 MOXeT NnouTn He TaK?

{C60|‘/’| knacTtepa Flink
{HaCTpOVIKa exactly once
d 3Bsonounsa npunoxeHus

HenpepbiBHasa paboTa Flink-3agaHus

d

d YBenu4yeHue Harpy3kn. RocksDB
d Pabota ¢ bonbLwmMmMm coCcToAHNEM
d

YckopeHune pabotbl Flink-saganus



TeKywiaa peanusauunsa 3agaHus

(HA Service Provider\ ',

‘ - 4 File Storage )
_______ _ checkpoints
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| |
kubernetes | |
\_ J Y exactly once \ AmazonS3
¥ WEB N,
§ Spliterator » Deduplicator %
APP
kafka

kafka




Y10 MOXeT NnouTn He TaK?

{C60|‘/’| knacTtepa Flink
{HaCTpOVIKa exactly once
d IdBonouusa npunoxeHus

HenpepbiBHasa paboTa Flink-3agaHus

d

d YBenu4yeHue Harpy3kn. RocksDB
d Pabota ¢ bonbLwmMmMm coCcToAHNEM
d

YckopeHune pabotbl Flink-saganus



Jsonoumna rpada sagaHus
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Jsonoumna rpada sagaHus
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Amazon S3



Jsonoumna rpada sagaHus
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Jsonoumna rpada sagaHus

17:54:22.163 [jobmanager-io-thread-1] INFO orqg.apache.flink.runtime.checkpoint.CheckpointCoordinator
- Starting job 5d2e3e2f39b3edf2balc911c6838fbas from savepoint
file:/var/folders/_y/g9d8sxnq91z991lrxjlkrj98tnbsxn37/T/junit11984132124657901599/savepoints/savepoint

-7f452b-fa4b970123df ()
17:54:22.173 [jobmanager-io-thread-1] DEBUG org.apache.flink.runtime.jobmaster

.DefaultJobMasterServiceProcess - Initialization of the JobMasterService for job
5d2e3e2f39b3edf2balc911c6838fbasd under leader id fa8ec7f8-d69c-4310-9ccf-elbdé67c7d5b8 failed.
org.apache.flink.runtime.client.JobInitializationException Create breakpoint : Could not start the
JobMaster.
at org.apache.flink.runtime.hobmaster.DefaultJobMasterServiceProcess.lambda$new$0

(DefaultJobMasterServiceProcess.java:97) <7 internal lines>

Caused by: java.util.concurrent.CompletionException Create breakpoint : java.lang.IllegalStateException:
Failed to rollback to checkpoint/savepoint
file:/var/folders/_y/g9d8sxnq91z9g1lrxjlkrj98tnbsxn37/T/junit11984132124657901599/savepoints/savepoint
c7f452b-fa4b970123df. Cannot map checkpoint/savepoint state for operator A
20babh65f97481d5570070de90e4e791 to the new program, because the operator is not available in the
new program. If you want to allow to skip this, you can set the --allowNonRestoredState option on
\the CLI. y
at java.base/java.util.concurrent.CompletableFuture.encodeThrowable(CompletableFuture.java:314)

at java.base/java.util.concurrent.CompletableFuture.completeThrowable(CompletableFuture.java:319)
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Jsonoumna rpada sagaHus

WEB
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% Source —>  Spliterator >
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uid(“filter-id”) .uid("dedupl-id”) | |
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OOHoBeHune NMPUNOXeHnAa ¢ CoxpaHeHnem CoCToAHUA

NcxoaHoe npurioxeHmne n HoBad BepPCUA NPUIoOXeHNnAa OOJTKHbI ObiTb COBMECTUMbI C TOYKOM COXpaHeHUA savepoint.
HOSTOMy NnpUNoXXeHne Hy>XHO pa3BMnUBaThb, cobntogas npaBuna.

\

Operator

— o o o=y

N3meHsem/gobaBnaem/ygansem
TeKkyLLne onepaTopbl 6€3 COCTOSAHUA

Yaansiem coCTOSIHMA onepaTopoB
(Hy>XHO yKka3aTb doriar OTKITHO4YEeHUs
npoBepkn 6e3onacHoOCTU
conocTaBfieHNs1 COCTOSIHUN)

I'Ipou3Boano n3MeHAeM COCTOAHUA

il
23

[lo6aBnsem HoBble
onepaTopbl C COCTOSIHUEM

3meHsseM NPUMUTUB COCTOSHUSA
(TN faHHbIX BHYTPU COCTOSIHUSA)



OOHoBeHune NMPUNOXeHnAa ¢ CoxpaHeHnem CoCToAHUA

NcxoaHoe npurioxeHmne n HoBad BepPCUA NPUIoOXeHNnAa OOJTKHbI ObiTb COBMECTUMbI C TOYKOM COXpaHeHUA savepoint.
HOSTOMy NnpUNoXXeHne Hy>XHO pa3BMnUBaThb, cobntogas npaBuna.

\

Operator

— o o o=y

pmm e ———
N3meHsem/gobaBnaem/ygansem { — 0 [lobaBnsiem HoBble
TeKyLume onepartopbl 6e3 coCTosIHUSA LSEe onepaTopbl C COCTOSIHUEM

|

|

\ /
T S — -

[
YAansiem COCTosHMA onepaTopos [ & 3meHsieM NPUMUTUB COCTOSHUSA
(HY>kHO yka3aTb donar OTKIHYEHUS . (TMIN AAHHBIX BHYTPM COCTOSTHMSY)
npoBepkn 6e3onacHoOCTU : I

o |

COMOCTaBIIEHNSA COCTOSAHNI) I Task I

\ ;

~N

I'Ipou3Boano n3MeHAeM COCTOAHUA

V),




MpousBonbHOe uameHeHue chopmata COCTOAAHUA
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MpousBonbHOe uameHeHue chopmata COCTOAAHUA
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpOVIKa exactly once
{GBomouml NPUIOXeHUs

d HenpepbiBHaga paboTta Flink-3agaHus
d YBenu4yeHue Harpy3kn. RocksDB

1 PaboTta ¢ 6onbLWMM COCTOSAHUEM

d YckopeHue paboTbl Flink-3agaHus
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpOVIKa exactly once
{GBOJ'IPOLI,VIFI NPUNOXeHNS

d HenpepbiBHaA paboTa Flink-3agaHua
d YBenu4yeHue Harpy3kn. RocksDB

1 PaboTta ¢ 6onbLWMM COCTOSAHUEM

d YckopeHue paboTbl Flink-3agaHus



CtpaTterum oo6paboTkn onodoK

WEB

Deduplicator

% Spliterator

kafka

APP

kafka



CtpaTterum oo6paboTkn onodoK

%‘ ‘ WEB
kafka a




CtpaTterum oo6paboTkn onodoK

WEB

kafka @ 6

Tunbl OLLUNOOK:

* [locTosiHHbIE (HeBanugHoe CcobbITHE,
owmnbka B Koze ...)

* BpemeHHble (MHPaCTPYKTYpHLIE ...)

APP

CtpaTterum obpaboTKu:

[Tponyck cobbITUi
[ToBTOp 06pPabOTKN COBLITUN
McnpasneHue n nepesanyck Flink-zagaHuga

DLQ (Dead Letter Queue)



[Mponyck cobbITnn

A . \
kafka
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Grafana



NMoBTOp 06PAdOTKU COOLITUMN

WEB

APP




NMoBTOp 06PAdOTKU COOLITUMN

WEB

APP

BeccmbiCneHHO ANA NOCTOSAHHbLIX TUNOB OLNOOK!




UcnpaBneHue un nepesanyck Flink-3agaHus

kafka @ e

WEB




UcnpaBneHue un nepesanyck Flink-3agaHus

kafka @ e

WEB

APP

Real time?




Dead Letter Queue (DLQ)

%‘ ‘ WEB
kdkaI APP
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CtpaTterum oo6paboTkn onodoK

WEB

kafka @ 6

Tunbl OLLUNOOK:

* [locTosiHHbIE (HeBanugHoe CcobbITHE,
owmnbka B Koze ...)

* BpemeHHble (MHPaCTPYKTYpHLIE ...)

APP

CtpaTterum obpaboTKu:

[Tponyck cobbITUi
[ToBTOp 06pPabOTKN COBLITUN
McnpasneHue n nepesanyck Flink-zagaHuga

DLQ (Dead Letter Queue)



CnoxHoctu anga Stateful Operator

% Spliterator
kafka @ Q

WEB

APP

» Deduplicator



CnoxHoctu anga Stateful Operator

WEB

% Spliterator

kafka

APP

Deduplicator

Deduplicator

Key Has Been Seen?

State a




CnoxHoctu anga Stateful Operator

WEB

% Spliterator

kafka

APP

Deduplicator

Deduplicator

? Key Has Been Seen?

State a




CnoxHoctu anga Stateful Operator

% Spliterator

WEB

APP
kafka
Notification Event: ~——"
_[ Notification Event
"notification": "INVALIDATE",
"exception": "...",
"event": A

"id": "Qea7f44f-822b-4569-84ea-6dcoffecaflof”,
"uniqueValue": "656b4183-282c-1689019596",
Il-typell: ”WEB”!

"timestamp": 1689019717 [MpumeHnmo, ecnu TTL >> peakuyumn Ha Notification Event,
} HO BCE paBHO MOXeM NoTepATb cobbITne



CnoxHoctu anga Stateful Operator

% Spliterator

kafka

WEB

Notification Event:

.[
"notification": "INVALIDATE",
"exception": "...",
"event": {
"id": "Qea7f44f-822b-4569-84ea-b6dcoéffecaflof”,
"uniqueValue": "656b4183-282c-1689019596",
"type": "WEB",
"timestamp": 1689019717 [MpumeHnmo, ecnin TTL >> peakummn Ha Notification Event,
} HO BCE paBHO MOXXEM NOTEPATbL CObbITUE



Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpOVIKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-3agaHusa
d YBenu4yeHue Harpy3kn. RocksDB

1 PaboTta ¢ 6onbLWMM COCTOSAHUEM

d YckopeHue paboTbl Flink-3agaHus
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpOVIKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-sagaHus
d YBenuuyeHue Harpy3ku. RocksDB
1 PaboTta ¢ 6onbLWMM COCTOSAHUEM

d YckopeHue paboTbl Flink-3agaHus



YBennuyeHue Harpysku

UcxopoHble AaHHbIe:
» [Henynnukaumnsa WEB B okHe 30 s = 10 min

= Harpy3ka ~100 rps - 100 000 rps

WEB

Spliterator Deduplicator

APP

kCIkal kafka



YBennuyeHue Harpysku

UcxopoHble AaHHbIe:
» [Henynnukaumnsa WEB B okHe 30 s = 10 min

= Harpy3ka ~100 rps - 100 000 rps

Spliterator

kqfka

WEB

APP

Deduplicator




BbiOupaem peannsauuio COCTOAHUSA

[Mony4yeHune
COCTOSAHUA

—————————————————

Task

OOHoBINEeHne
COCTOSAHUA

N e e o e e o o o e = =

.

Java

Java Heap

= JlokanbHas paspaboTka, oTrnaaka

RocksDB

» Bbonblion pasmep COCTOAHUA

» [lpenckasyemas 3agepxka (HET BNUSHUSA
JVM GC)

= YckopsieT BpeMa checkpoint (aCUHXPOHHbIE,
NHKPEMEHTAsbHbIE)

= pe/cepuanuaauusi Nnpyu YTeHuu/3anncu

File System State

» Deprecated



RocksDB
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g « o conf/flink-conf.yml

state.backend: rocksdb

ﬂskManager \

state.backend.incremental: true

/ \

[ I

| |

| |

| |

| : state.checkpoints.dir: hdfs:///flink-checkpoints
| |

! Task Task :

! Slot Slot !

| I

| I

| |

| |

! RocksDB | Local Disks ! Remote Durable
| |

| I

Storage

=
/
\
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Hactpounka namatm RocksDB

Memory

Flink Memory Model Effective Configuration () Metric
Total Process Memory Framework Heap 128 MB - - 8%
Total Flink Memory | ek Heap 2384 MB 36.7MB/512MB O®
JVM Heap
: . g
; : Managed Memory 512 MB 0%
; i OB/512 MB
Task Heap !
: Off-Heap Memory
Framework Off-Heap 128 MB
i i @
Direct Memory :
I Task Off-Heap 0B
; Task Off-Heap
i g
i Network : Network 128 MB 0%
: i 0B/128 MB
JVM Metaspace
— 0
JVM Metaspace 256 MB 14.53%
JVM Overhead 37.2MB /256 MB
JVM Overhead 192 MB ®




Hactpounka namatm RocksDB

Memory

Flink Memory Model

Total Process Memory

Total Flink Memory

JVM Heap

Task Heap

Off-Heap Memory

Direct Memory

Task Off-Heap

JVM Metaspace

JVM Overhead

Effective Configuration () Metric
Framework Heap 128 MB
- 7.18%
Task Heap 384 MB 36.7MB/512MB8 O
Managed Memory 512 MB 0%
0OB/512 MB
Framework Off-Heap 128 MB
@
Task Off-Heap 0B
Network 128 MB 0%
OB/128 MB
—
JVM Metaspace 256 MB 14.53%
37.2 MB / 256 MB
JVM Overhead 192 MB ®



YcTpaHeHue npobnem npounssoautenbHoctn RocksDB

= YBenu4yeHne obbema Managed Memory

" YMeHbLUEHMNE KONNYECTBA pa3nunyHbIX cocTosiHMK B Flink-3agaHun



Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpof/’lKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-sagaHus
{YBGHM‘-IGHMG Harpy3ku. RocksDB
1 PaboTta ¢ 6onbLWMM COCTOSAHUEM

d YckopeHue paboTbl Flink-3agaHus
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpof/’lKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-sagaHus
{YBeaneHme Harpys3ku. RocksDB

1 Pabota ¢ 605nbLKUM COCTOSIHUEM

d YckopeHue paboTbl Flink-3agaHus



Bbi10op pa3mepa checkpoint

WEB
§ Spliterator » Deduplicator %
APP
kafka

4 kafka

I I -—_——_ e T = - - I A

| | =~ ~ - I |

I | © N 7 -7 I !

checkpoint interval =1 min

commit offset commit transaction

checkpoint interval = 10 min bonblion pasmep checkpoint 2> gnutensHoe coxpaHeHue
» Pepkue domkcauum gaHHbIX (3a0epXkn y notpedbutenen)

= [loBTOpHas obpaboTka MHOrMX 3anmcen B cny4vae cbos

checkpoint interval =5 s Harpyska Ha CPU, I/O



MoHuTOopUuHr checkpoint

v Job Manager (Checkpoints)

Last Checkpoint Duration Last Checkpoint Size

1MiB
768 KiB
512 KiB

256 KiB

0Oms —— - - 0B
17:30 17:45 18:00 18:15 18:30 18:45 19:00 19:15 19:30 19:45 20:00 17:30 17:45 18:00 18:15 18:30 18:45 19:00 19:15 19:30 19:45 20:00 20:15

== insert_into_kafka_to_hive_catalog_mm_ods_mtsru_mts_cookie_matching__log_src (000000006b78¢O0... == insert_into_kafka_to_hive_catalog_mm_ods_mtsru_mts_cookie_matching__log_src (000000006b78c0...

== insert_into_kafka_to_hive_catalog_test_mm_ods_mtsru_mts_cookie_matching__log_src (ffffffffob14e2... == insert_into_kafka_to_hive_catalog_test_mm_ods_mtsru_mts_cookie_matching__log_src (ffffffffbb14e2...

== trigger_manager_job (ec84f1491ff51aba28ef0f805971f150) on 10.216.61.179:8080 == trigger_manager_job (ec84f1491ff51aba28ef0f8b5971f150) on 10.216.61.179:8080

Checkpoints Completed Checkpoints Failed Checkpoints In Progress Checkpoints

4.2 100

‘ -1
o Y = - 0

17:30 18:00 18:30 19:00 19:30 20:00 17:3 18:00 18:30 19:00 19:30 20:00 17:30 18:00 18:30 19:00 19:30 20:00 17:30 18:00 18:30 19:00 19:30 20:00
== insert_into_kafka_to_hive_catalog_mm_ods_mtsru_mts_cookie_mat == insert_into_kafka_to_hive_catalog_mm_ods_mtsru_mts_cookie_matc == insert_into_kafka_to_hive_catalog_mm_ods_mtsru_mts. == insert_into_kafka_to_hive_catalog_mm_ods_mtsru_mts_cookie_matc

§ann l

. g 5 2 % == insert_into_kafka_to_hive_catalog_test_mm_ods_mtsru_mts_cookie_ == insert_into_kafka_to_hive_catalog_test_mm_ods_mtsru. == insert_into_kafka_to_hive_catalog_test_mm_ods_mtsru_mts_cookie_
== trigger_manager_job (ec84f1491ff51aba28ef0f805971f150) on 10.2" == trigger_manager_job (ec84f1491ff51aba28ef0f8b5971f150) on 10.2 == trigger_manager_job (ec84f1491ff51aba28ef0f8b59711 == trigger_manager_job (ec84f1491ff51aba28ef0f805971f150) on 10.2"




UHKpemeHTanbHbIe checkpoints

Full checkpoint . . . . . .

checkpoint_1 checkpoint_2 checkpoint_3

Incremental . . .

checkpoint
checkpoint_1 checkpoint_2 checkpoint_3



UHKpemeHTanbHbIe checkpoints

FLINK .
FORWARD"

SAN FRANCISCO, APRIL 10-11, 2017

Improvements for
large state in Apache Flink

Stefan Richter

O

{
(/ ) , @stefanrrichter
. / e
P 4
@

April 11,2017 IMPROVEMENTS FOR LARGE
. STATE IN APACHE FLINK

STEFAN RICHTER
DATA ARTISANS

https:/lyoutu.be/Tn_uk5EDiv8?si=imvxRRvKmpzUX6pC
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JlokanbHOe BOCCTaHOBNEHUe 3a4a4um
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JlokanbHOe BOCCTaHOBNEHUe 3a4a4um
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpof/’lKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-sagaHus
{YBeaneHme Harpys3ku. RocksDB
{PaﬁoTa C 60nbLIMM COCTOSAHUEM

d YckopeHue paboTbl Flink-3agaHus
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpof/’lKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-sagaHus
{YBeaneHme Harpys3ku. RocksDB
{Pa60Ta C 60MbLWMM COCTOSHUEM

d Yckopenue pabotbl Flink-3agaHusa



OnpepeneHue bottleneck. U3ameHeHMne napannenbLHOCTU

Overview Exceptions TimeLine Checkpoints Configuration

- o - o

o - o -

Name Status ©  Bytes Received - Records Received - Bytes Sent - Records Sent ~ Parallelism - Start Time ~  Duration - Tasks
Source: Custom Source | RUNNING | 0B 0 2.136B 48,873,775 1 2023-08-0117:57:08  7m 1s

Filter | RUNNING 2.13GB 48,866,741 2.13GB 48,866,748 2 2023-08-01 17:57:08  7m 1s

Sink: Writer | RUNNING | 2.13GB 48,853,175 0B 0 2 2023-08-01 17:57:08 7m 1s

metric_flat_map_id i | RUNNING | 2.13GB 48,860,090 2.13GB 48,860,090 2 2023-08-01 17:57:08 7m 1s 2|

Sink: Committer | RUNNING 8B 0 0B 0 2 2023-08-01 17:57:08 7m 1s
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YcKopeHue cepuanmsauumm

Tuple

Row

Protobuf (via Kryo)

POJO

Avro Generic Records

Avro Specific Records

Serializer

Apache Thrift (via Kryao)

Kryo (with type registration)

Kryo default fallback
{no type registration)

Avro Reflect

Flink 1.10 Serialization Performance Results

200

400

665

548

600

Throughput (ops/ms)

800

1,000

1,200



OnTumusaumna «Lleno4ykm onepatopoB»

Operator_1 Operator_2
/ __________

/ \

‘ \

| | FORWARD |
I Task 1 T ]
| 1 |
| 1 |
| 1 |
| 1 |
| 1 |
| 1 |
: | FORWARD |
| Task_2 : ,
| 1 |
\ 1 \
\ /

n T Em mm o e E—




Cepunanusauma o6beKToB B COCTOAHUMU
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AvroSerializer
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Y10 MOXeT NnouTn He TaK?

{C6of/’| krnactepa Flink

{HaCTpof/’lKa exactly once
{Ssonmum NPUNoXeHNs
{HenpepblsHaﬂ paboTa Flink-sagaHus
{YBeaneHme Harpys3ku. RocksDB
{Pa60Ta C 60MbLWMM COCTOSHUEM

{YCKOpeHMe paboTbl Flink-3agaHus
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Ntoru

* [lokpbiBanUTE NpuUnNoXxeHne BceMmun OOCTYNHbIMU METPUKaMU
» Hactpoute HA anga knacrtepa
= Bepcumn npunoxeHmst OomkHel 6bITb COBMECTUMBI C Savepoint

» Hactponte n ontummnanpymnte RocksDB nop 6onbLuoe cocTtosiHue
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