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1.2 Geo Replication@l 7| v,

Geo-Replication?| 02| 7Is=
- Disaster Recovery

- RTO ( Recovery Time Objective )
- Compliance

- GDPR, HIPPA and SEC
- Data Migration
- Copy of Data
- Data Distribution IDC B Sub
- Read Only copy of data
- Data co-location

- for latency sensitive workload
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1.3 Geo Replicationg| sigt 2073

North Central US

Mysql@| GeoReplication

Geo Replication 214!
- LSt Platform O|A 0|O] X| 2!
- ArARhoh 7 B2 =710A= EEHA
- EO| HAQ| 52 7B AE EEHA

- £2l= "Geo Replication” 0l2t= T ZXF H=0tK] 2 28

H7 Geo Repllcathn OI *QH_}I\_-§77|-? RedisC| GeoReplication
- Multi-IDC Deployment & £t

CRDB Instance #N

—_ H EE 7 |- System architecture in Yahoq! JAPAN

- b2 | Point 7t

re) o1 H=X i " ronem \
B X |- E XH OH O-” I:H Ol_l- cI):-II T 1 o ‘, —— c“ Participating Cluster #N i Participating Cluster #2
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1.4 Geo Replication?| 1 DEV

s S =X 91 Geo Replication= 2loH A
- End-to-End 0f] 2% gAler A7 ER

- End-to-end Transaction

- Message Delivery Guarantees .
- Exactly Once by Post Processing (eg. Deduplication)

- kubernetes \

- Trade Off 0f CHor HESE EM0| EHQ
- = <->
Loss-Tolerant Lossless Data Guarantee CloudZ 7/810 £ Source A1 Database 7IX] O/= £ &I Pjpeline 0f Li{aF
- Automatic <-> Manual Cluster Azt Geo Replication 0] B2

- Active-Active <-> Active-Standby &
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1.5 Geo Replicationl 2% 2023

Geo Replication 29| 37IX| &

Performance Scalability Avalilability

 0i2] AOIE0] 2% AH| A

e Local Read& £53t
Load Balance I

Low Latency

o,

Availability 89| Cost Efficient Geo Replication
- Eventual consistency 220 712 2&2%1921 Geo Replication

B AN

Cost Recovery Speed Data Loss
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2. Message Queue
In Geo Replication
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2.1 Message Queue In Geo-Replication 2023

Key roles of Message Queue In Realtime Data Pipeline
- 1stLevel Data Aggregation

- Sequential I/O with High TPS
- AfLFO| ZHOHE Critical

Stream Processing Platform

IDCF

Revisiting Kafka in terms of Geo Replication
- Qut-of-the-box: Native & built-in feature

- A/Synchronous Replication Support

- Various Metrics Visibility

- Automatic Cluster Switching API
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2.2 Message Queue Geo Replication Key Elements 2023

Kevy Element 1: Out-of-the-box feature

- HE O 2| SHUA 2ot X2IE

Kev Element 2: Synchronous & Asynchronous Replication

- Synchronous Replication= H|0|E Fghd0| Z2H
- Asynchronous Replication= Dynamic Scalability B & 7t

Kev Element 3 : Visible/Measurable Metrics

- Asynchronous Replication ©| Replication Lag &8
- Subscription offset A2 52| 20l 75 HE
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2.3 Kafka Stretch Cluster DEVIEW

Synchronous Replication on Kafka
- Single Katka Cluster on Multiple IDC

- Zookeeper Majority Quorums

- Inter Cluster Transfer Latency

- Static Resources
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2.4 Katka MirrorMaker DEVIEW

- Asynchronous Replication on Kafka

- MirrorMaker2 features

- Auto topic discovery & replication
- Offset replication

- At least once guarantee

- Active-Active cluster support

- Cycle detection

- Limitation of external feature
- Active—Active 28 A|
=2 ET ZF Multi-named Topic Consuming 22
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2.5 Alternative Platform Research 3

Geo Replication in Yahoo! Japan

- Yahoo! Japan 0| A 2] Geo Replication Story0i|
- 0=, 5=2| Replication 7|8 ECH= Y 20| L2|H| Al HIfAH O Z Realistic
- AtARHoH7F H| WA L2|HLCHEOF HE S5

- Verified Geo Replication functionalities on Production Level

Apache Pulsar®5E System architecture in Yahoq! JAPAN

Yahoo! JAPAN is a Japanese internet company originally formed as a joint
venture between Yahoo! and SoftBank. The web portal of Yahoo! JAPAN is
the most popular website in Japan, and its internet services are almost

dominant in the country.

The following figure illustrates the scale of Yahoo! JAPAN from 3
dimensions. The first one is the number of services. We run more than 100
services in Yahoo! JAPAN. The second one is the number of servers we used
for running these 100+ services. We have more than 150,000 servers (mostly
bare-metal servers) running 24x7 for serving the 100+ services. The last one
is the unique browsers. The average number from July to September in 2018
is over 93 million. There are so many new customers trying our website. And
the total number of page views (PV) per month is more than 70 billions per

o ] , , Geo-replication
month in 2017. As you can see, Yahoo! JAPAN is a huge website. )

Collect metrics
+
Visualize

For each cluster:
- 20 WSs
- 15 Brokers
services servers Unique Browsers - 10 Bookies
(real) (avg in 2018/7-9) - 5 ZKs




2.6 Pulsar Geo Replication

Synchronous Replication

Region Aware Placement Policy
Muti-Cluster + 2 Zookeeper ensemble
Multi IDC Data Write Ack

Asynchronous Replication

- Write Ack
Replication Lag 24 7ts

Rack Aware

Placement Policy

AQ| =&t

Synchronous Replication

Asynchronous Replication (Full Mesh)

NAVER
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RegionAware

RackAware
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2.7 Pulsar Asynchronous Replication & 2623

Geo-Replication Command Example
- Asynchronous Replication across multiple cluster

o Replication (3 types of commands) Visibility of Replication Status

bin/pulsar-admin clusters create \
--broker-url pulsar command2.server:86380 \
--url http://command2.server:6650/ \
pulsar-nds

n@command2.server pulsar]$ cat connect_to_cluster_1.sh

bin/pulsar-admin clusters create
--broker-url pulsar://commandl.ser
--url http://commandl.server:6650/
pulsar-nlog

E cluster)

nlog --admin-roles my-admin-role --allowed-clusters pulsar-nlog,pulsar-nds

namespaces set-clusters /nlog --clusters pulsar-nds,pulsar-nlog
ulsar-admin namespaces set-clusters g/source --clusters pulsar-nds,pulsar-nlog
ulsar-admin namespaces set-clusters

cluster O A9 cluster)

fpulsar-admin namespa
lsar-admin namespa
lsar-admin namespa
lsar-admin namespa
/pulsar-admin namespa
in/pulsar-admin namespa

es create nlog/nlog

es set-clusters nlog/nlog --clusters pulsar-nds,pulsar-nlog

es create nlog/source

es set-clusters nlog/source --clusters pulsar-nds,pulsar-nlog
es create nlog/refined

es set-clusters nlog/refined --clusters pulsar-nds,pulsar-nlog

C
C
C
C
C
C
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2.8 Pulsar Important Features 2023

Pulsar Automatic Cluster Failover AP
- H|0|E &%& MO Al Pulsar ClientE 836t Message Produce
- HA 2.10 EH Native API 2 Secondary ClusterE X| &6t && 7t
- Primary Cluster?| &0 & X| A| Secondary Cluster= Xt= M=t

Cluster-level failover (automatic) FailOver Trigger }_?_'I
Network failure

Power failure

Service error

Crashed storage space

Pulsar clients

private PulsarClient getAutoFailoverClient() throws PulsarClientException {

ServiceUrlProvider failover = AutoClusterFailover.builder()
.primary(“pulsar://localhost:6650"
.secondary(Collections.singletonList("pulsar://other1:6650", "pulsar://other2:6650"))
.failoverDelay(30, TimeUnit.SECONDS
.switchBackDelay (60, TimeUnit.SECONDS)

.checkInterval(1000, TimeUnit.MILLISECONDS)

Backup clusters .secondaryTlsTrustCertsFilePath("/path/to/ca.cert.pem™)
.secondaryAuthentication(“org.apache.pulsar.client.impl.auth.AuthenticationTls",

"tlsCertFile:/path/to/my-role.cert.pem,tlsKeyFile:/path/to/my-role.key-pk8.pem™)




7X PULSAR

Pros

Out of the box feature
Asynchronous Replication 2| ZL ZIEts| L& Jts
A/A & Al € Topic Name 0|+ %

2.10 HMEE= Automatic Cluster Failover API & 7=

Cons

Synchronous Replication 2 Topology 8O 2 E&ict /I X

Subscription Offset Ol CHet Exactly Once K| A=l gl
=Mz Al EE 2S

NAVER
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2.9 Message Queue 2t89| Pulsar vs Kafka 2023

§gApache Kafka

Pros

CHEeh = Ald| S8l =2 8=

*  Subscription offset 0l CHet Exactly Once (PIP-656) RISt

Cons

MirrorMaker2= 25 0| AX| & Cluster 15 ZQ

« A/AFZENHM 5L Topic-Name 7+ =7t
» Static Resource 7|8r9| Replication +&
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3. Realtime Data Processing
INn Geo Replication
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3.1 Realtime Data Processing in Geo-Replication 2023

Realtime Streaming Data Enrichment

- Geo Replication &f 20| A 22| ZOIE
- Network Endpoints

- Offset Management

IDCA

{

RC E

IDCD

Stream Processing Platform

IDCF

Revisiting Stream Processing Platforms in terms of Geo Replication
- Message Queue A|ARL} SO oA, 2 &8 Z s o=/t

- Dynamic scale in/out 0| 7#'—3”(\’?

- Ot Data Reusability/t 2717
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3.2 Realtime Data Processing Geo Replication Key Elements DEVIEW

Kev Element 1: Cloud Friendliness

- ZOHA| Catch-up reads@t BAFA|Q| Tailing reads At0|2| Et& A Resource Scaling
- Cost Efficient ZE&0lM 5273t Feature

Key Element 2: Reduced Management with Integrated Processing

- Message Queue System 2t HZ pointE %[ A2}
- Fewer Platforms Pipeline0| Geo Replicationdil EC} {2

Kev Element 3: Data Reusability

- Data Enrichment 22t HI0|HE 0Lt 28O E MAES o~ UE=ET?
- 20 2L Al @HHQI 2| AA AR
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3.3 Revisiting Typical Realtime Processing 2023

Low Data Reusability Problem

- Kafka -> Flink 2| Chain2 Cluster to Cluster S4l= SollAl S
> ES HEYIHIS
-> APIE S°HI0|E M& ZE JHY 3 £[Hs 2R

- Cluster 7F 5412 =0|12 Data Reusability 7t == Platform 0| CHoll Al Research

Cluster1 Cluster 2 Cluster2,3,4

ClickHouse

Data Sink

§€ T @ik

. Raw Data Topic DataEnrichment

Spark Data-Frame API
Data Transfer betwe
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Function and FunctionMesh In Pulsar

- Function: Dynamically Scalable Lambda Like Light-weight processing with Chaining
- Qutput Topic 2 £t 2ot In-Cluster H[0|E 0|=
- Resource Utilization, Prometheus Metrics Sso HPA 20| 7ts

- Source, Functions, Sink= Lty SHAIAECI HIOIE H2|7t 7tset FunctionMesh B&

npu : Function instance
o\:

o : utpu
Input topic 2 M»}w - =22%8%%.| Qutput topic 4

;
Input toplc 3 ..................... E .............. ‘
[ og outpu
=S
BookKeeper Log topic 5

https://pulsar.apache.org/docs/2.11.x/functions-concepts/

https://functionmesh.io/docs/
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3.5 Streaming Engines Comparison 2023

Summarized Comparison of Streaming Engines

.*ic:cwr‘lgZ ZX DULSAR

Relatively Compact
API Set (Spark Stuctured | ( szt Window it £71)

Realtime/ . . .
MicroBatch Realtime MicroBatch Realtime
Productability Need to build complete Leverage Spark's Fast and easy

Application dataframe AP




NAVER
DEVIEW

3.6 Messaging and Processing with Pulsar 2023

Pulsarg &%t Window Aggregation
- Key_Shared Subscriptiong €260 7|& keyBy () HAHS CHA]
- Xt Window Function &

FIGURE 4: PULSAR’S KEY_SHARED SUBSCRIPTION TYPE ENSURES THAT MESSAGES WITH THE SAME KEY ARE DELIVERED TO
THE SAME CONSUMER IN THE ORDER THEY WERE RECEIVED.

https://streamnative.io/blog/scalable-stream-processing-pulsars-key-shared-subscription

~ Messaging + Processing + Sinking= Pulsar FunctionMesh o}LI= CHA
- Data Reusability &S
- In Cluster 9412 St Network 22| I

2
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3.7 Drawback of using HPA on Consumer 2023

HPAR QlIst Window Split

1) HPAZ ClIoHAl Consumer 14 HZ At

2) Consumer 724 HZA > KeyBy() Z1t0f| LS} Al
3) Window Split odah 24

ALSXL A, ALEX B

2022-01-05 12:03:10 12:03:20 Hiol 221 30-40 Android Browser NEXH G ALEX b
@ Split LK

2022-01-05 12:03:10 12:03:20 Hiol 221 30-40 Android Browser atextA Arexte| s

2022-01-05 12:03:10 12:03:20 Hiol 221 30-40 Android Browser AZRIC, ABRID | ()

[[F2FAl Window Aggregation &7t CHa 2| A= BFE0oKA| f=CHH 24| &7
F(s1 UNION ALL s2) = F(F(s1) UNION ALL F(s2))
ol 2 &' 0| Al: Rolled up Cube #+& Al Group By 2
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4. Cloud Friendliness
In Geo Replication




4.1 Geo Replication in Cloud

Platforms with Geo Replication

- Cloud 2r&0| Agrst Data

°rocessing

D|gtform 0| 2 &

- Storage Architecturedil Dependent & ~= Dynamic Scalability Aot
- Cost Efficient Geo Replication = £l Cloud Friendly Platform O] 22

* 0llA]) 1. Repartition !0| Sca

2. 200 A
3. Stanc

HPA = Soff t

by Al Resource AtE2 %| A3}

§ngpache Kafka

" cEl AN O] -
INg = T AT

2 A Catch-u

7 X PULSAR

Messaging Platform

st & = Messaging

kubernetes

APACHE

Spa

0 Read 7%t Processi

ng Platform

Platform

™

7>

e

K

NAVER
DEVIEW
2023



4.2 Geo Replication in Cloud Key Elements

gﬂemeﬂi HPA 7|tt9] Dynamic Resource &%

HPAE 7[EIO 2 ot Ef=E S Resource Scaling 2 SollA HIE2A| Z20H CHS

- Active/Active, Active/Standby 2F 22 Lot Resource 780 21O = CHS
- Cost Efficient Geo Replication2 2|t L™ EZ

Key Element 2: Modularly Designed Sub-system

- Monolithi
- Micro Se

A

c Design 2| B2 Resource € X OZ Scaling ot7|0fl 22| 72
rvice Architecture 8l f2I2F Modular design

Key Element 3: No Penalty after Scaling In/Out

- Resource Scaling 8 & ds Aot/7]s M<0| U= 8L Cloud®| Resource EHE0{ £Xgt

NAVER
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4.3 Dynamic Scalability of Kafka 2085

Kafka's architecture and Dynamic Scalability

- Strongly combined broker and partitions
- SE A MEE2 LEH 243t Partition= 2o Data Migration 22
- Of S40ICt Performance Degradation O] 2448 ( Disk, Network, Computation cost )

- Storage and Broker 7t 22| /= X
- Message Broker@t Storage € SEHANOE Scale ™ £ Gl &




NAVER
DEVIEW
2023

4.4 Dynamic Scalability of Pulsar

Pulsar's architecture and Dynamic Scalability

- Layered Architecture and Independent Storage Sub-system
- Node =7} A] Partition 7+ X 20| 22 Bookie 2 A& E|= X
- Bookie 27} Al Data Migration @£ Qlst &5 Kottt 23
- A G[O|E{= M Bookie 2 M&El= X

Zookeeper

ZK Node

- Broker 2| Independent Scalability

- EYNOoR SX

- Stateless
- Auto-Scaling in/out 7t

https://medium.com/streamthoughts/introduction-to-apache-pulsar-concepts-architecture-java-clients-71f1a30b75d6



4.5 Comparison of Cloud Friendliness ==

Pulsar vs Kafka

- Mo

K3
PU

Sroker

K3
PU

- Storage

K3
PU

fka: Ed Topicl

sar(BookKeepe

nolithic architecture vs Multi-layered architecture
fka : Broker®t Storage 7t 2=l 22X
sar : Broker?l Storage (BookKeeper)2}2| 2t 22

Ed Partition=2 EH8 L0 &Y

) - GIO|E{E Segmentsdt 6t Strippingsot® 24 K

fka : Storage 2t 2|0 U0 Stateless 0= =+, Dynamic Scaling &7t
sar : Storage 2 22|E|H U Storagelt B/HE =& & Dynamic Scaling 7ts

Ny
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The Ultimate Guide to Apache Pulsar
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4.6 Pulsar s feature summary

Pulsar's Pros

- "Cloud Native" : Modularity design 2t Cloud Friendly
- "Out-of-box Geo replication” : MM2 2t 2 2|8 & 80| Geo Replication & AHA| AlS

- "Function’ : In Cluster Processing Runtime = A&
» Q|8 Connector 2| X|&20] 2573t Pulsar 8| HHE = LHE=E Cover
» XFAl Lambda Processing Platform A&
» HIOIHE QIR E THLHA| 42t E AHK{[HEC 2 X2 6= 40| Vs

* Out-of-box feature
- "Multi-Tenant" : Topic Hierarchy”t Kafka 0ll= 8l




NAVER
DEVIEW

4./ Integrated Package Manager

Package Manager & & ¢ Application/Hi = &g
- ZHOHA|OH| BHIE A|AEIO| 2X[7F RCHH?
- Git & E¢t Version Control -> Pulsar Package Manager

[—

- Pulsar Package manager & £%t Version £t2| &&
- QEN| HHE A|AEIOZ EF| =21
- Out of the box feature

7X PULSAR

LH&=l Package Manger

enablePackagesManagement=true
packagesManagementStorageProvider=org.apache.pulsar.packages.management.storage.bookkeeper.BookKeeperPackagesStorageProvider

packagesReplicas=1
packagesManagementlLedgerRootPath=/ledgers

~

sink://public/default/mysql-sink@l.®
function://my-tenant/my-ns/my-function@e.l

\\\\» source://my-tenant/my-ns/mysql-cdc-source@2.3 4////
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5. Geo Replication Iin Practice
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5.1 Standard Synchronous Geo-Replication (Type 0) DEVIEW

Primary Cluster

Log Collecting Server

Synchrpﬁous
Replj¢ation

Pulsar Client Java
with Automatic Cluster Failover API

|
|
|
|
MO UM AIEE _ _ _ _ _ _ _ B

a
Secondary Cluster L T g[ti_al_ry_(}[qs_tfa.r_j
Inter-Cluster Latency cHol ms
Features Pros A : c

- Full 31DC Cluster - =2 Fault Tolerant
- Region-Aware Ensemble Placement Policy A 002 (oas
- Automatic Cluster Failover API Cons

- High Resource B 046

- Inter-Cluster Transfer Latency

- Non Dynamic Scalable C
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5.2 Two-point-Five Cluster Synchronous Geo-Replication (Type 1) DEVIEW

Primary Cluster

Log Collecting Server

Synchronous Tertlary\ Cluster

Replication : .
] )
§

I
A\\. l’ I:l
Pulsar Client Java

with Automatic Cluster Failover API

! Deduplication

\

|_| | Data D

——————————— Tof Y Al T@_ - — —

Secondary Cluster

Features Pros

- 31IDC Stretched Zookeeper - Lossless Geo Replication
- Region-Aware Ensemble Placement Policy - Dynamic Scalable on Pulsar Cluster
- Active-Active Topic Data
el . . Cons

Active-Standby Processing Function
- Data deduplication on DB side - Due to Zookeeper Ensemble & Quorum, at least 3 Cluster needed

- Inter-Cluster Transfer Latency
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5-3. Agent?| Secondary Pulsar Function Trigger 221, XA 2| DEYIEW

Secondary Pulsar FunctionO] A

- Trigger Condition
 1X0OICt Service Pi
* Storage Fail Chec

* Clickhouse Insert rate Outlier detection

- What is triggered

« CIY YAMLE A A7t Processing Pipeline HA|| HH X
* Replicated Application using Pulsar Package manager

* Cluster X2t Al Circuit Break £
7|& Pulsar Function Instance 4HA|

ng Check

<

xHSH=

=

S

Primary Cluster

A

Secondary Cluster

-y

1. Health Check Response Send signal to activate processing
2. Send signal to kill processing functions functions
when secondary is active when primary is failed
Monitoring by peer networking
Agent Agent
functions sinks

name: function-lcs
namespace: pulsar-nds
className: refine_lcs.RefineFunctionLCS
forwardSourceMessageProperty
[leplicas
maxReplicas
input

topics

- persistent://nds/source/lcs-topic
output

topic: persistent://nds/refined/lcs-refined-topic
resources

requests

cpu

memory: 524M
Timits

cpu

memory: 524M

pod
autoScalingMetrics
- type: Resource
resource
name: memory
target
type: Utilization
averageUtilization

- type: Pods
pods
meLric
name: pulsar_function_received_total_lmin_total
Se 1eCLor

matchLabels
name: functionmesh-nds-realtime-function-lcs
namespace: pulsar-nds
target
type: AverageValue
averageValue
pulsar
pulsarConfig
python

pyLocation: function://public/functions/lcs-refine-function@0.1

name: sink-Tcs
className: com.riferrei.pulsar.sink.custom.CustomSinkConnector
replicas
maxReplicas
input
topics
- persistent://nds/refined/lcs-refined-topic
typeClassName: java.lang.String
sinkConfig
columnList
tableName
clickhouseJDBCUr1
clickhouseUser
cTlickhousePassword
resources
requests
cpu
memory: 1G
Timits
cpu
memory: 1G
pod
autoScalingMetrics
- type: Resource
resource
name: memory
target
type: Utilization
averageUtilization
- type: Pods
pods
metric
name: pulsar_sink_received_total_lmin
selector
matchLabels
name: functionmesh-nds-realtime-sink-lcs
namespace: pulsar-nds
target
type: AverageValue
averageValue
pulsar
pulsarConfig
java
jarLocatij: function://public/functions/nds-sink@0.1
o l————— =
clusterName: pulsar-nds
autoAck
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5.4 Client-Side Synchronous Geo Replication (Type 2) DEVIEW

Primary Cluster

geiAE Y% 0%
BIAIX] Z{%

Secondary Cluster

Features Pros
- Transaction APl on Client Side - 2 IDC Synchronous Data Replication
- Active-Active Topic Data Cons
- Active-Standby Processing Function
- Data deduplication on DB side - Client Side High Resource & Latency

- Not using Automatic Cluster Failover API
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5.5 Lossless Asynchronous Geo Replication (Type 3) 28w

Primary Cluster

Point 1 :
- Point 1

i ' E Zol L4 A| CI XHE Mt
Data RewindZ &3fi Client AHof| HEE ! : uster l

Buffer Data T4

Asynchronous
Replication

Acllve ZXPULSAR
Standby

A"A

Puls2

Key_Sha .

o Raw Data Topic & Bufferee 1o Lo
for Pulsar Side Deduplication

Secondary Cluster

Features Pros
- Automatic Cluster Failover API - Easy to develop and manage
- Active-Active Topic Data - Low Resources
- Active-Standby Processing Function - No Inter-Cluster latency
- Data deduplication on Pulsar & DB side
- Client Side Buffer & Data Rewind Cons

- Need to manage the Client Buffer Size



5.6 Point 1: Replication Lag & Data Rewind 23

Replication Lag

Asynchronous Replication Test

IDC A Cluster
K8S 7|¢ Client . . !
@ Async Replication

- Java 7|%t Pulsar-Client Producer
- Automatic Cluster Failover APl & &
- Multithread + Kubemetes Job22 High TPS 24

IDC B Cluster

K8S 7| Client

IDC A Cluster

7“

Async Fieplication

\_:
.
-

IDC B Cluster

TPS

Replication Lag

TPS EQUAZ| K H|IE
1K 28 0% 10k

Replication backlog | All — any

1 Mil
750K
500K
250K
0
16:30 16:35 16:40 16:45 16:50 16:55 17:00

10k

N
I

0%

30k

Replication backlog | All - any

3Mil
2.50 Mil
2 Mil
1.50 Mil
1Mil
500 K
0
14:25 14:30 14335 14:40 14:45 14:50 14:55 15:.00

10k 302 0.1%
30k 302 1%

50k
50k 302 3%

Replication backlog | All - any

4 Mil

3 Mil

2 Mil

1 Mil

0
16:05 16:10 16:15 16:20 16:25 16:30

NAVER
DEVIEW

Factors which affect the Replication Lags on Pulsar

Pulsar Ledger Cache Miss Rate

15000
10000
5000

0
14:00 14:05 14:10 14:15 14:20 14:25 14:30 14:35 14:40 14:45 14:5
== pulsar-nds-broker-1 == pulsar-nds-broker-2 == pulsar-nds-broker-4 == pulsar-nds-broker-3 == pulsar-nds-broker-0

Data Journaling and Ledger

Storage Write Latency
20K
15K
n
~ 10K | | ! 4
o |
E T
| | | |
5K i l ' ——
0

16:04 16:06 16:08 16:10 16:12 16:14 16:16 16:18 16:20 16:22 16:24 16:26 16:28 16:30
0-0.5ms 0.5-1ms == 1-5ms 5-10ms == 10-20ms == 20-50ms == 50-100ms == 100-200ms == 200ms-1s >1s

Storage I/O Performance

Pulsar cluster

- Pulsar Message Routing Mode
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Data Rewind on Producers

- Client Side

Buffering= 0|2¢t Data Rewind &

- Fixed-size buffering
- Adaptive buffering
- Cluster Switch A| File Offset HHZZ2 S0l Al H|0|E{ Rewind

- Side Effects
- Data Deduplication 2

- Windows G£H0f| CHet A[ZF A2t O]

=
- Rollup Style Databases €8 Ats A Al 2x= 21 EE Tis
- Message Ordering Guarantee 7t ZQst A2 £IJHAA0| TR

Client Side Buffer Client Side Buffer

Secondary Cluster

B4 e Z0H 244 Al

—

Rewind

— ——
L]

———
Data Ingestion
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2 Way Data Deduplication

DB-Side Deduplication

- Data Deduplication on Append Only Database (OLAP )
- Clickhouse®| Replacing Merge Tree & 0|&%t DB-Side Deduplication

Compaction continues creating fewer, larger and larger files

Diagramiillustrating compaction of data in alog-structured merge tree

Pulsar-Side Deduplication 212 Topic

- Rewind =l HIO|HE BX 9| Topic Ol X&) ~ Deduplication
Key_Shared Subscription .

- HEE 9| Platform €10| Deduplication 2 IoHA] Pulsar Function 2 0| & Function

- Key_Shared Subscription + Sequence ID £ £ Recovered Topic

- Replication Lag@ £ AHK|=l HIO|EHE &= A0 7ts
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Main Features Development Resource Cost Scalability Dat:z‘:)lli\csaitset:ncy Performance
iy Easy $$$ Low High Low
Ry s e Middle $$ Middle High Middle

@ ©
IS l<§ Middle $$ Middle Middle Middle
A Hard $ High Low High
ata Rewin T 1
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6. Efficiently Lossless Realtime Processing in Log-data

Async Type + Cost Efficient + Lossless Features

Primary Cluster

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

L Al HEH FQw

Asynchronous
Replication

Secondary Cluster

M = ZXPULSAR
Standby

—

( emmmm Buffered Data 1= 7|&

(Replication Lag volume
TPS

\. = (7s +10s + 5s) X 1.5 = 33s

+ Agent Fault Detection Time + Secondary Pulsar Activation Time) X margin

J

L]

__________________

o mm mm Em Em Em EE = - o == -

‘ Data
D ‘ ‘ Deduplication

Pulsar-side Data Deduplication

- Key Shared Subscrition + Sequence ID 24!
- DB-Side Data Deduplication 2|1&4 M HE 2lol X2t =l
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| Agent2| EHoH EXK| 7| &=
1AL} Primary Cluster Service Ping Check 7= £/IIff

OR
bookie add entry count < Failure Threshold

OR

\(Pn}naIyAgentResponse Fail AND Cdlickhouse Insertrate = 0utlierdetecﬂon)/

~

-~

Wi

T DB-Sjide Data Deduplication
-LSM 7|29 Replacing Merge Tree

- 5=%1 Sorting Key H|O|E{01| CHol =4+

- SELECT FINAL Query= £0

A 5=

~

J
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/.1 Keys of Geo Replication #1

Cloud

- Clouo

- HPAQG

o ot =tF0 7[Et

| 718FoF A|AR QI 2}

= H|E 21’891 Resource A
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/.2 Keys of Geo Replication #2 ey

Simple
- =EQSHI0|H =25 £[A =l Platform £ &
- Single Cluster L0 A 2] H|O|E A2
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/.3 Keys of Geo Replication #3 DEEW

Customized

- Business Model0l| 2= Tolerant Control
- Client Level Data Rewind, DB side Deduplication S C}¥3t 7|s 2
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- Apache Kafka -

- Apache Pulsar vs Apache Kafka -

- Apache Flink -

- Pulsar Replication Lag and Latency -
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- A Hitchhiker's Guide to Apache Kafka Geo-Replication -
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