
�F BG5D545= EBB5M5A<= > 7?B54?LAO@ 
CBFB>4@: M6B?NF<O 4DE<F5>FGD, GCD46?O5@OE 
EB5OF<O@<
$4A55 @O D4EE@4FD864?8 EB5OF89AB-BD85AF8DB64AAGN 4DE8F5>FGDG 8 C4FF5DAO, E6O74AAO5 E A59. � 44AAB@ 
GDB>5 @O D4EE@BFD8@ M6B?NF8N 4DE8F5>FGD C5D544G8 EBB5M5A89 BF FD448F8BAAOE 5DB>5DB6 (ActiveMQ, 
RabbitMQ) > EB6D5@5AAO@ CBFB>B6O@ C?4FDBD@4@ (Kafka, Pulsar, NATS), 4 F4>65 EC5F84?878DB64AAO5 D5L5A8O 
4?O D47?8GAOE E?GG456 8ECB?L7B64A8O.  &5AABEFL MFB7B 4?O 8A65A5D4 E FBG>8 7D5A8O CDBEB645A8O 8AF5D6LN, 
4 F4>65 CBEFDB5A8O D54?LAOE E8EF5@ 6 FB@, GFB MFB 44UF CBA8@4A85 4DE8F5>FGDAOE trade-off'B6, A5B5EB48@OE 
>4> 4?O GEC5LAB7B CDBEB645A8O E8EF5@AOE 8AF5D6LN (745 @B65F CBFD55B64FLEO B5BEAB6O64FL 6O5BD @564G 
RabbitMQ, Kafka, cloud-native D5L5A8O@8), F4> 8 4?O CD8AOF8O CD468?LAOE F5EA8G5E>8E D5L5A89 6 production 
(6O5BD @564G CDBEFBFB9 RabbitMQ, @BMLN Kafka, 8?8 serverless CB4EB44@8 AWS).



�A=>64 >>@?>@4B<6=>= 
<=B57@4F<<
� A4G4?5 2000-E 7B4B6 CD54CD8OF8O EFB?>AG?8EL E 
DGA44@5AF4?LAO@8 6O7B64@8, CBE>B?L>G @BAB?8FAO5 E8EF5@O EF4?8 
G7>8@8 @5EF4@8 CD8 @4ELF458DB64A88 587A5E4. &D448F8BAA4O FBG>4-
>-FBG>5 8AF57D4F8O EB74464?4 74CGF4AAO5 E5F8 CB?L7B64F5?LE>B7B 
>B44, >BFBDO5 B>474?8EL EDGC>8@8, FDG4AO@8 4?O CB445D64A8O 8 
A56B7@B6AO@8 4?O MDD5>F86AB7B @BA8FBD8A74. �D8AOF85 Service-
Oriented Architecture (SOA) CBFD55B64?B A4456AB7B middleware 4?O 
EBB5M5A89 4?O EB548A5A8O D47ABDB4AOE E5D68EB6, AB EGM5EF6GNM85 
D5L5A8O, F4>85 >4> IBM MQSeries, 5O?8 CDBCD85F4DAO@8 8 4BDB78@8.



$56>?NF<O open-source 
messaging
-FBF >D878E 6O764? D56B?NF8N 6 open-source messaging. &5D@8A 
"Enterprise Service Bus" CBO68?EO B>B?B 2002 7B44, GEF4A46?864O 
>BAF5CFG4?LAO5 D4@>8 4?O F5AFD4?87B64AAOE 4DE8F5>FGD 
8AF57D4F88. �BO6?5A85 Apache ActiveMQ 6 2004 7B4G 8 RabbitMQ 6 
2006 7B4G 45@B>D4F878DB64?B >BDCBD4F86AGN C5D544GG EBB5M5A89, 
>4644O 8ECB?L7B64?4 DGA44@5AF4?LAB D47AO5 CB4EB4O > D5L5A8N 
8AF57D4F8BAAOE 6O7B6B6.



&D44<F<>==O5 message broker: >E=>6=O5 
E<EF5<O

Apache ActiveMQ

Java-BEAB64AA4O JMS D54?874F8O E Network of 
Brokers 4DE8F5>FGDB9

RabbitMQ

Erlang-BEAB64AA4O E8EF5@4 E AMQP CDBFB>B?B@ 8 
8E>?NG8F5?LAB9 A4456ABEFLN



Apache ActiveMQ: Java 
>>@?>@4B<6=4O ?5@544G4 
A>>5M5=<=
ActiveMQ CBO68?EO >4> C5D64O >DGCA4O open-source D54?874F8O Java 
Message Service (JMS), CD8ABEO 6B7@B6ABEF8 >BDCBD4F86AB9 C5D544G8 
EBB5M5A89 5B?55 L8DB>B9 4G48FBD88. �7B 4DE8F5>FGD4 5DB>5D4 hub-
and-spoke 5O?4 CBEFDB5A4 A4 Java E @8A8@4?LAO@8 7468E8@BEFO@8, 
CD54BEF46?OO protocol-agnostic O4DB, CB445D6864NM55 
@AB65EF65AAO5 CDBFB>B?O: OpenWire 4?O 58A4DAB9 MDD5>F86ABEF8, 
STOMP 4?O CDBEFBFO 8 CB765 AMQP 4?O EF4A44DF874F88.



Network of Brokers: �¡£��¡ ¥��¯ ¡� 
��¤¬¥���£¡�� ��

�  ¡��«�¡  �¼ �£©�¥��¥¦£�

�AAB64F8O 5O?4 EBED54BFBG5A4 A4 >BAF5CF88 
Network of Brokers ActiveMQ. � BF?8G85 BF 
FD448F8BAAOE E8EF5@ E B4A8@ 5DB>5DB@, ActiveMQ 
CB76B?O? @AB65EF65AAO@ 5DB>5D4@ DBD@8DB64FL 
E5F8, C5D544D5EB6O64O EBB5M5A8O A4 BEAB65 
CBFD558F5?LE>B7B ECDBE4. -FBF CB4EB4 
7BD87BAF4?LAB7B @4ELF458DB64A8O, 6 EBG5F4A88 E 
CB4>?NG45@O@8 BCF8O@8 ED4A5A8O (KahaDB 4?O 
CDB876B48F5?LABEF8, JDBC 4?O >BDCBD4F86AB9 
8AF57D4F88), CB76B?8? CBEFDB5A85 @4ELF45AOE 
D4ECD545?5AAOE E8EF5@.

KahaDB ¢£¡���¡��¥��¯ ¡¤¥¯

KahaDB, 4686B> ED4A5A8O CB G@B?G4A8N, 
8ECB?L7B64? CB?L7B64F5?LE>GN D54?874F8N B-Tree E 
write-ahead logging 4?O BCF8@4?LAB9 
CDB876B48F5?LABEF8 48E>4. �5E@BFDO A4 
CBF5AF84?LAO5 BEF4AB6>8 GF5A8O/74C8E8 6B 6D5@O 
E5BD>8 @GEBD4, BA B55EC5G864? FD55G5@GN 
CD54CD8OF8O@8 4B?7B65GABEFL. %8EF5@4 
B5D454FO64?4 EBFA8 FOEOG EBB5M5A89 6 E5>GA4G 4 
D56B?NF8BAAGN CDB876B48F5?LABEFL 4?O E6B59 MDO.



RabbitMQ: =4456=>EFL =4 
>E=>65 Erlang
� FB 6D5@O >4> ActiveMQ DB>GE8DB64?EO A4 Java-M>BE8EF5@4E, 
RabbitMQ CD8AO? D448>4?LAB D47AO5 CB4EB4O. �BEFDB5AAO9 A4 
Erlang/OTP 4 C?4FDBD@5, ECDB5>F8DB64AAB9 4?O 
F5?5>B@@GA8>4F8BAAOE E8EF5@, FD55GNM8E 99.999% 6D5@5A8 
557BF>47AB9 D45BFO 4 RabbitMQ 4BEF468? 8E>?NG8F5?LAGN 
A4456ABEFL 6 C5D544GG EBB5M5A89.



AMQP < ?@>7@4@@<@G5@O5 ?@>F>>>?O

Direct Exchange

&BGA4O @4DLDGF874F8O A4 BEAB65 FBGAOE 
EB6C445A89 >?NG59

Topic Exchange

Wildcard pattern matching 4?O publish/subscribe 
EF5A4D856

Fanout Exchange

-DD5>F86A4O FD4AE?OF8O EBB5M5A89

Headers Exchange

%?B6A4O @4DLDGF874F8O A4 BEAB65 >BAF5AF4

$54?874F8O AMQP 0-9-1 RabbitMQ CD54EF468?4 CDB7D4@@8DG5@O5 CDBFB>B?O, 745 CD8?B65A8O @B7?8 
BCD545?OFL CB?L7B64F5?LE>85 FBCB?B788 @4DLDGF874F88. �EAB64 Erlang B55EC5G864?4 @4EE86AGN 
>BA>GD5AFABEFL G5D57 ?57>85 CDBF5EEO (>4644O BG5D54L 8 exchange >4> A57468E8@O5 CDBF5EEO) 8 6EFDB5AAGN 
BF>47BGEFB9G86BEFL G5D57 85D4DE88 supervisor. �D4E8 CDBF5EEB6 74CGE>4?8 46FB@4F8G5E>85 C5D574CGE>8 
supervisor 4 6BC?BM4O D8?BEBD8N "let it crash", E4D4>F5DAGN 4?O 4DE8F5>FGDO Erlang.



�>F>>>64O D56>?NF<O: >F 
>G5D545= > ?>74@
�4D4487@4 E@5EF8?4EL 6 2011 7B4G, >B744 LinkedIn BF>DO? 8EEB4AO9 
>B4 Apache Kafka.  B645AAO9 87 FD55B64A89 B5D454FO64FL 
@8??84D4O 5654A56AOE EB5OF89, Kafka CD54EF468? 
DGA44@5AF4?LAO5 87@5A5A8O: ?>7 >4> >E=>6=4O 45EFD4>F<O.



�  ¡��«�¼ log-structured

'��¡�»«�¡  °� ¢¡�©¡�

&D448F8BAAO5 BG5D548 EBB5M5A89 D4EE@4FD864?8 
EBB5M5A8O >4> MD5@5DAO5 4 CBFD558FL 8 G44?8FL. 
Kafka D4EE@4FD864? 8E >4> A587@5AO5@O5 74C8E8 
?B74, CB445D6864NM85 A5BCD545?5AAB5 
6BECDB876545A85. -FB 87@5A5A85 8@5?B 7?G5B>85 
CBE?54EF68O:

�CF8@874F8O CBE?54B64F5?LAB7B I/O CB76B?8?4 
Kafka 4BEF87AGFL CDBCGE>AB9 ECBEB5ABEF8, 
CD85?864NM59EO > F5BD5F8G5E>8@ ?8@8F4@ 48E>4. 
�4644O C4DF8F8O EBEFBO?4 87 48D5>FBD89, 
EB45D64M8E D49?O E57@5AFB6, 74C8EO645@O5 
CBE?54B64F5?LAB 8 G8F45@O5 MDD5>F86AB E 
8ECB?L7B64A85@ D49?B6, BFB5D465AAOE 6 C4@OFL, 8 
zero-copy C5D544G G5D57 E8EF5@AO9 6O7B6 sendfile().

 ¡ ¥£¡��£¦��¡� ¢¡��«�¡ �£¡�� ��

�BAFDB?8DG5@B5 >BAELN@5D4@8 
CB78F8BA8DB64A85 CB76B?8?B @AB65EF65AAO@ 
7DGCC4@ >BAELN@5DB6 G8F4FL 845AF8GAO5 44AAO5 E 
D47?8GAO@8 E>BDBEFO@8. � BF?8G85 BF BG5D5459, 745 
EBB5M5A8O 8EG574?8 CBE?5 CBFD55?5A8O, @B45?L 
CBFD55?5A8O Kafka A4 BEAB65 E@5M5A89 6>?NG8?4 
AB6O5 E?GG48 8ECB?L7B64A8O, 6>?NG4O event 
sourcing, change data capture 8 CBFB>B6GN B5D45BF>G.



�F ZooKeeper > KRaft
�D878A4?LA4O 4DE8F5>FGD4 Kafka CB?474?4EL A4 Apache ZooKeeper 4?O >BBD48A4F88, EB74464O BC5D4F8BAAGN 
E?B6ABEFL 8 G7>85 @5EF4 @4ELF458DG5@BEF8 (CD4>F8G5E>85 ?8@8FO B>B?B 200,000 C4DF8F89). �6545A85 
CDBFB>B?4 >BAE5AEGE4 KRaft (Kafka Raft) 6 A5446A8E 65DE8OE CB?ABEFLN 8E>?NG45F MFG 7468E8@BEFL.

KRaft 8ECB?L7G5F 4DE8F5>FGDG event sourcing, 745 6E5 87@5A5A8O @5F444AAOE ED4AOFEO >4> EB5OF8O 6 
EC5F84?LAB@ FBC8>5 __cluster_metadata. -FBF E4@B4BEF4FBGAO9 CB4EB4 B55EC5G8645F 5B?55 5OEFDB5 
6BEEF4AB6?5A85 (>BAFDB??5DO CB445D6864NF EBEFBOA85 6 C4@OF8), G?GGL5AAGN @4ELF458DG5@BEFL 8 
EA865AAGN BC5D4F8BAAGN E?B6ABEFL 4 GDB>8, 876?5G5AAO5 87 ?5F production-BCOF4.



(��� ¥��� exactly-once: ¢£¡��� ¦¥°� 
��£� ¥��
Ċċ

At-least-once �¡¤¥����

 4AA85 65DE88 Kafka E 547B6O@8 74D4AF8O@8 4BEF46>8

ĊČ

����¢¡¥� ¥ °� ¢£¡�¯»¤�£°

Kafka 0.11 E CBDO4>B6O@8 AB@5D4@8 8 ID CDB4LNE5DB6

Ċč

)£� ���«�¡  �¼ ¢¡���£���

�5D45BF>4 exactly-once CB @AB65EF65AAO@ C4DF8F8O@

ĊĎ

(¥� ��£¥ ¢¡ ¦�¡�ª� �»

Kafka 3.0 E exactly-once >4> EF4A44DFA4O DGA>F8O

�GFL Kafka > E5@4AF8>5 exactly-once 8??NEFD8DG5F M6B?NF8N C?4FDBD@O. -F4 CDB7D5EE8O BF "EBB5M5A8O @B7GF 
5OFL CBF5DOAO 8?8 4G5?8DB64AO" 4B ">464B5 EBB5M5A85 B5D454FO645FEO FBGAB B48A D47" CD54EF46?O5F 
DGA44@5AF4?LAO5 E46878 6 B6844A8OE D47D45BFG8>B6 BF messaging-8ADD4EFDG>FGDO.



�4 CD545?O FD44<F<BAAOE 
5DB>5DB6: EB6D5@5AAO5 
4DE<F5>FGDAO5 C4FF5DAO
�B @5D5 M6B?NF88 FD55B64A89 > C5D544G5 EBB5M5A89 74 CD545?O 
FD448F8BAAOE pub/sub C4FF5DAB6 CBO68?8EL AB6O5 >4F57BD88 
D5L5A89, >4644O BCF8@878DGNM4O 4?O >BA>D5FAOE E?GG456 
8ECB?L7B64A8O.



�AB@>5==4O < brokerless ?5@544G4 A>>5M5=<=
�4>?44AO5 D4EEB4O F5AFD4?87B64AAOE 5DB>5DB6 CD865?8 > D56B?NF88 6EFDB5AAB9 C5D544G8 EBB5M5A89, 745 
CD8?B65A8O >B@@GA8F8DGNF A4CDO@GN 557 7468E8@BEF59 BF 8ADD4EFDG>FGDO.

ZeroMQ

�59EF68F5?L=> 
45F5=FD4?87>64==O5 
4DE8F5>FGDO, 745 CD8?B65A8O 
>B@@GA8F8DGNF A4CDO@GN 557 
F5AFD4?LAOE message broker. 
�DBCGE>A4O ECBEB5ABEFL 
E6OL5 5 @8??8BAB6 EBB5M5A89 
6 E5>GA4G E 7445D6>4@8 15-30 
@8>DBE5>GA4.

NanoMsg

Thread safety =4 GD>6=5 
E>>5F>6 E DBD@4?LAO@8 
"CDBFB>B?4@8 
@4ELF458DG5@BEF8". 
'A8>4?LAO9 C4FF5DA SURVEY 
4?O broadcast-74CDBEB6 E 
BF65F4@8 BF 6E5E GG4EFA8>B6.

Chronicle Queue

'?LFD4A87>4O 7445D6>4 4?O 
Java-CD8?B65A89 E 
C5DE8EF5AFABEFLN. �445D6>8 
@5A55 @8>DBE5>GA4O 4?O 
?B>4?LAB7B IPC, B5D454FO64O 
E6OL5 1 @8??8BA4 EB5OF89 6 
E5>GA4G A4 CBFB>.



�DB876B48F5?LABEFL brokerless E8EF5@

0

2,000,000

4,000,000

6,000,000

ZeroMQ NanoMsg Chronicle Queue
%BB5M5A89/E5> �445D6>4 (@>E)

ZeroMQ EF4? C8BA5DB@ C4D4487@ brokerless C5D544G8 EBB5M5A89, D54?87GO 459EF68F5?LAB 
45F5AFD4?87B64AAO5 4DE8F5>FGDO, 745 CD8?B65A8O >B@@GA8F8DGNF A4CDO@GN 557 F5AFD4?LAOE message 
broker. -FBF 48749A 8E>?NG45F 5DB>5DB6 >4> G7>85 @5EF4 8 548AO5 FBG>8 BF>474, EB>D4M4O F8C8GAGN 7445D6>G 
EBB5M5A89 E 12 E5F56OE EBCB6 4B 3.



In-Memory Data Grid: G=<D<F<@>64==4O 
?5@544G4 A>>5M5=<= < 6OG<A?5=<O
$56B?NF8BAAO5 CB4EB4O CBO68?8EL E in-memory data grid, >B@58A8DGNM8@8 D4ECD545?5AAO5 6OG8E?5A8O, 
ED4A5A85 44AAOE 8 C5D544GG EBB5M5A89 6 GA8D8F8DB64AAOE C?4FDBD@4E.

10ms
Hazelcast

�445D6>8 B5D45BF>8 @5A55 10ms, 
B5D454FO64O E6OL5 10 @8??8BAB6 
EB5OF89 6 E5>GA4G A4 B48ABGAOE 

G7?4E

100%
Apache Ignite

Continuous query 
DGA>F8BA4?LABEFL E 74D4AF8O@8 

4BEF46>8 exactly-once

99.9%
GridGain

�BDCBD4F86AO5 DGA>F88 E 
CDB468AGFB9 557BC4EABEFLN 8 

D5C?8>4F859 @G?LF8-44F4 F5AFDB6

Hazelcast 4BEF8745F 7445D65> B5D45BF>8 @5A55 10ms, B5D454FO64O E6OL5 10 @8??8BAB6 EB5OF89 6 E5>GA4G A4 
B48ABGAOE G7?4E. Apache Ignite CD8A8@45F D47?8GAO5 CB4EB4O E DGA>F8BA4?LABEFLN continuous query, 
CD54BEF46?OO event-driven @BA8FBD8A7 44AAOE E 74D4AF8O@8 4BEF46>8 exactly-once. GridGain D4EL8DO5F Apache 
Ignite >BDCBD4F86AO@8 DGA>F8O@8, >D8F8GAO@8 4?O mission-critical D4765DFO64A89.



Cloud-Native FD4=ED>D<4F<O
�B @5D5 @<7D4F<< CD54CD<OF<= A4 B5?4GAO5 C?4FDBD@O CBO6<?<EL 
E5D6<EO C5D544G< EBB5M5A<= AB6B7B CB>B?5A<O, ECDB5>F<DB64AAO5 
4?O serverless-MD.



->>A<AB5<4 ?5@544G< A>>5M5=<= Amazon

SQS (2007)

�8BA5D cloud-native BG5D5459 E CBGF8 
A5B7D4A8G5AAB9 CDBCGE>AB9 ECBEB5ABEFLN 8 
46FB@4F8G5E>8@ @4ELF458DB64A85@. FIFO-
BG5D548 CD8A5E?8 EFDB7B5 GCBDO4BG864A85 8 
B5D45BF>G exactly-once.

SNS

Pub/sub C4FF5DAO E @4EE86AO@8 
6B7@B6ABEFO@8 fan-out 4 4B 12.5 @8??8BAB6 
CB4C8EG8>B6 A4 FBC8>. $8?LFD4F8O 
EBB5M5A89 4?O E?B6AB9 @4DLDGF874F88.

Kinesis (2013)

�BFB>B64O C5D544G4 D54?LAB7B 6D5@5A8 E 
4DE8F5>FGDB9 A4 BEAB65 L4D4B6, 
B55EC5G864NM59 CD54E>47G5@GN CDBCGE>AGN 
ECBEB5ABEFL (1 MB/E5> 74C8EL, 2 MB/E5> GF5A85 
A4 L4D4).

EventBridge

-6B?NF8O > 4DE8F5>FGD4@, GCD46?O5@O@ 
EB5OF8O@8, E E?B6AO@ pattern matching, 130+ 
SaaS-8AF57D4F8O@8 8 D55EFD4@8 EE5@.

Amazon Web Services CD54EF468? 4BCB?A8F5?LAO5 E5D68EO C5D544G8 EBB5M5A89, >464O9 B5D4M4NM89EO > 
D47?8GAO@ C4FF5DA4@.



Kinesis 8 EventBridge: ?>B>>>64O >5@45>B>4

Kinesis 4@E8B5>BC@4

Kinesis (2013) CD8A5E CBFB>B6GN C5D544GG 
D54?LAB7B 6D5@5A8 6 AWS E 4DE8F5>FGDB9 A4 BEAB65 
L4D4B6, B55EC5G864NM59 CD54E>47G5@GN 
CDBCGE>AGN ECBEB5ABEFL (1 MB/E5> 74C8EL, 2 MB/E5> 
GF5A85 A4 L4D4). %BFO >BAF5CFG4?LAB CBEB6 A4 
Kafka, CB?ABEFLN GCD46?O5@4O CD8DB44 Kinesis 8 
F5EA4O 8AF57D4F8O E AWS CD86?5>?4 cloud-native 
CD8?B65A8O.

EventBridge 6>7<>6=>AB8

EventBridge CD54EF46?O5F M6B?NF8N > 4DE8F5>FGD4@, 
GCD46?O5@O@ EB5OF8O@8, E E?B6AO@ pattern 
matching, 130+ SaaS-8AF57D4F8O@8 8 D55EFD4@8 EE5@ 
4?O B5A4DG65A8O EFDG>FGD EB5OF89. �7B 
@4DLDGF874F8O A4 BEAB65 CD468? @B65F 
A4F5?864FLEO A4 40+ E5D68EB6 AWS, B55EC5G864O 
E?B6AO5 CBFB>8 EB5OF89 557 >B44.



�D58@GM5EF64 Serverless

�G?56B5 GCD46?5A85 8ADD4EFDG>FGDB9

�5F E5D65DB6 4?O C4FG8A74 8?8 
@4ELF458DB64A8O

&5ABB5D47B64A85 pay-per-use

�5F 74FD4F A4 CDBEF4864NM85 @BMABEF8

�6FB@4F8G5E>B5 @4ELF458DB64A85

�5D45BF>4 C8>B6 FD4D8>4 557 6@5L4F5?LEF64

�EFDB5AAO5 8AF57D4F88

�4F86AO5 EB548A5A8O E B5?4GAO@8 E5D68E4@8

-F8 B5?4GAO5 E5D68EO D4745?ONF B5M85 E4D4>F5D8EF8>8, BF?8G4NM85 8E BF FD448F8BAAOE 5DB>5DB6. -F4 
BC5D4F8BAA4O CDBEFBF4 6>?NG45F >B@CDB@8EEO: @5ALL5 >BAFDB?O, vendor lock-in 8 CBF5AF84?LAB 5B?55 
6OEB>85 74FD4FO 6 @4ELF455. �?O @AB78E BD74A874F89 EA865AAB5 BC5D4F8BAAB5 5D5@O C5D565L8645F MF8 
BC4E5A8O.



%B6D5@5AAO5 CBFB>B6O5 
C?4FDBD@O: 74 CD545?O 
Kafka
'EC5E Kafka 64BEAB6<? C?4FDBD@O AB6B7B CB>B?5A<O, >4644O 
B5D4M4NM4OEO > >BA>D5FAO@ B7D4A<G5A<O@.



Apache Pulsar: @AB7BE?B=A4O 4DE<F5>FGD4
 ����´¤������ D4745?5=85 E?>56 6OG8E?5=89 8 ED4=5=8O Pulsar ����¦����µ � ������£���µ� ��������ª¢ 
�������� Kafka. ������ª ������µ��µ stateless, �������ª��µ ���¨�� ���¥������¤�´ ����¦����, � �� ����µ ��� 
Apache BookKeeper ������£����� �������������� ¢������� � �������¤��� �� ������ ���������.

�7AB65AAB5 @4ELF45<DB64A<5

��� ���������������� ����ª¢

�4F<6A4O @G?LF<4D5A4ABEFL

! ����µ¤��� �� ������ ��¡����������ª

�EFDB5AA4O geo-D5C?<>4F<O

����� ���������

Tiered storage

! ��������£����� �ª������� � object storage

���������� ���´£��� ����������¨��´ �����¤�����´ ��������¨ �� ���������µ ���������, bookies � 
ZooKeeper. ��ª� �����¤�� Twitter �� BookKeeper-��������ª¢ ������ � Kafka ���£�������� ¯�� ����������� 4 
�������� ������ ����ª�����µ ������¢�����.



NATS: ?@>AB>B4 6 <4ALB455
NATS CD8A8@45F CDBF86BCB?B6AO5 CB4EB4O: D448>4?LAGN CDBEFBFG. 
�7B ?57>89 CDBFB>B? (CDBEFO5 F5>EFB6O5 >B@4A4O) 8 @8A8@4?LAO5 
A4>?44AO5 D4EEB4O (20MB 58A4DA8>) B55EC5G864NF D4765DFO64A85 
BF Raspberry Pi 4B B5?4GAOE >?4EF5DB6. &5>EFB6O9 CDBFB>B? NATS 
4BEF8745F 7445D65> @5A55 @8??8E5>GA4O G5D57 6A8@4F5?LAO9 
48749A, 6 FB 6D5@O >4> @4DLDGF874F8O A4 BEAB65 subject E 
85D4DE8G5E>8@8 FBC8>4@8 8 wildcards CD54BEF46?O5F 4BEF4FBGAGN 
785>BEFL 4?O 5B?LL8AEF64 pub/sub EF5A4D856.



JetStream: ?5@A<AB5=B=>ABL NATS

�5AB@4>F<O Stream

�?O 4B?7B65GAB7B ED4A5A8O E A4EFD48645@O@ 
EBED4A5A85@

�5AB@4>F<O Consumer

�?O 785>8E C4FF5DAB6 CBFD55?5A8O

�AB@>5==4O 454C??<>4F<O

� 4BEF46>4 exactly-once

Key-value < object stores

�BEFDB5AAO5 A4 CBFB>B6OE E?BOE

JetStream, E?B9 C5DE8EF5AFABEF8 NATS, 4B546?O5F CBFB>B6O5 6B7@B6ABEF8, CB445D6864O CDBEFBFG. �5AG@4D>8 
CDB876B48F5?LABEF8 CB>47O64NF M>BAB@8N 74FD4F 59-87% CB ED46A5A8N E B5?4GAO@8 E5D68E4@8, F4>8@8 >4> 
Kinesis, E CBE?54B64F5?LAB 5B?55 A87>B9 7445D6>B9.



'A<D<F<DB64AAO5 C?4FDBD@O CBFB>B6B= 
B5D45BF><
�BA65D75AF8O C?4FDBD@ C5D544G8 EBB5M5A89 8 CBFB>B6B9 B5D45BF>8 G>47O645F A4 5B?55 L8DB>85 F5A45AF88 
> G=<D<F<D>64==O< 4DE<F5>FGD4< >5D45>F>< 44==OE, 745 D47?8G8O @564G FD4AECBDFB@ EBB5M5A89 8 
6OG8E?5A8O@8 D47@O64NFEO.



Apache Storm: ?<>=5@ <AB<==>= ?>B>>>6>= 
?5@544G<

Storm 4@E<B5>BC@4

Apache Storm GEF4AB68? BEAB6O 4?O 
D4ECD545?5AAB9 CBFB>B6B9 B5D45BF>8 E 
4DE8F5>FGDB9 8EF8AAB9 CBFB>B6B9 C5D544G8, 
B5D454FO64NM59 74C8E8 8A48684G4?LAB CB @5D5 8E 
CD85OF8O. �BAF5CF8O FBCB?B788 C?4FDBD@O 4 
A4CD46?5AAO5 4F8>?8G5E>85 7D4DO spouts 8 bolts 4 
B55EC5G8645F 8AFG8F86AO5 @B45?8 
CDB7D4@@8DB64A8O. Storm 4BEF8745F 7445D65> @5A55 
10ms G5D57 fail-fast, stateless 48749A, 745 6E5 
EBEFBOA85 >?4EF5D4 A4EB48FEO 6 ZooKeeper.

Samza stateful >5@45>B>4

Apache Samza CD8A8@45F DGA44@5AF4?LAB 
D47?8GAO5 CB4EB4O, EFDBOEL A4 FD5EE?B9AB9 
4DE8F5>FGD5, 8ECB?L7GNM59 Kafka 4?O CBFB>B6B9 
C5D544G8 8 YARN 4?O 6OCB?A5A8O. -FBF 48749A 
B55EC5G8645F CD56BEEB4AO5 6B7@B6ABEF8 
GCD46?5A8O EBEFBOA85@, E >464B9 7444G59, 
CB445D6864NM59 ?B>4?LAO5 RocksDB-ED4A8?8M4, 
B5D454FO64NM85 7874549FO EBEFBOA8O A4 C4DF8F8N. 
LinkedIn 8ECB?L7G5F Samza 4?O B5D45BF>8 2 
FD8??8BAB6 EBB5M5A89 5654A56AB.



Kafka Streams < Apache Beam

Kafka Streams

 56B?NF8BA878DB64? CBFB>B6GN B5D45BF>G, 
CB?ABEFLN 8E>?NG86 FD55B64A8O > BF45?LAO@ 
>?4EF5D4@ B5D45BF>8. �4> 585?8BF5>8, 6EFDB5AAO5 
A4CDO@GN 6 CD8?B65A8O

Apache Beam

�D54BEF46?O5F GA8D8F8DB64AAO5 @B45?8 
CDB7D4@@8DB64A8O >4> 4?O C4>5FAOE, F4> 8 4?O 
CBFB>B6OE 44AAOE. �45AF8GAO9 >B4 >BA6595D4 
@B65F 6OCB?AOFLEO A4 @AB65EF65AAOE runners

Kafka Streams D56B?NF8BA878DB64? CBFB>B6GN B5D45BF>G, CB?ABEFLN 8E>?NG86 FD55B64A8O > BF45?LAO@ 
>?4EF5D4@ B5D45BF>8. Apache Beam B5D4M45FEO > D47?8GAO@ 6O7B64@: CD54BEF46?OO GA8D8F8DB64AAO5 
@B45?8 CDB7D4@@8DB64A8O >4> 4?O C4>5FAOE, F4> 8 4?O CBFB>B6OE 44AAOE.



Apache Flink: ?@56>AE>4AB6> ?>B>>>6>= 
>5@45>B><
� FB 6D5@O >4> message broker C5D5@5M4NF 44AAO5, Flink B5D454FO645F 8E 6 46865A88. �7B 4DE8F5>FGD4 
8EF8AAB9 CBFB>B6B9 C5D544G8 E E?B6AO@ GCD46?5A85@ EBEFBOA85@ B55EC5G8645F E?B6AGN B5D45BF>G EB5OF89 
6 @4ELF455. ��¢����� checkpointing Flink B55EC5G8645F B5D45BF>G exactly-once G5D57 D4ECD545?5AAO5 EA8@>8 
557 BEF4AB6>8 CBFB>4 44AAOE.



%?5F84?878@>64==O5 @5L5=8O 8 ?@>F>>>?O

Redis Streams

�D8ABE8F CBFB>B6GN C5D544GG 6 
M>BE8EF5@O Redis E 7445D6>B9 
@5A55 @8??8E5>GA4O.  54?874F8O 
radix tree B55EC5G8645F 
MDD5>F86AB5 8ECB?L7B64A85 
C4@OF8

Redpanda

�E>?NG45F A4>?44AO5 D4EEB4O 
JVM Kafka, C5D58@C?5@5AF8DGO 
CDBFB>B? Kafka A4 C++. �445D6>8 6 
10 D47 A865 A4 tail-C5DF5AF8?OE

EMQX

�5D454FO645F 100 @8??8BAB6 
B4AB6D5@5AAOE EB548A5A89 A4 
>?4EF5D 4?O IoT-D4765DFO64A89. 
Masterless 4DE8F5>FGD4 8 
BCF8@874F8O CDBFB>B?4 MQTT

�4A4L4DF C5D544G8 EBB5M5A89 CDB4B?645F M6B?NF8BA8DB64FL E C?4FDBD@4@8, A4F5?5AAO@8 A4 >BA>D5FAO5 
A8L8.



&5E=<G5E><5 >E=>6O: >E=>6=O5 >>=F5?F<<
�BA8@4A85 MF8E C?4FDBD@ FD55G5F CBA8@4A8O DGA44@5AF4?LAOE >BAF5CF89, DBD@8DGNM8E 8E 48749A:



�4@4=B<< 4>AB46><: A?5>B@ A>7?4A>64==>AB<

1

At-most-once

Fire-and-forget @4>E8@878DG5F CDBCGE>AGN 
ECBEB5ABEFL, AB CD8A8@45F CBF5DN EBB5M5A89

2

At-least-once

&D55G5F CB4F65D645A89 8 ?B78>8 CB6FBDB6, 
CBF5AF84?LAB EB74464O 4G5?8>4FO

3

Exactly-once

&D55G5F 6A8@4F5?LAB9 >BBD48A4F88 G5D57 
845@CBF5AFABEFL, FD4A74>F88 8?8 454GC?8>4F8N

�BEF46>4 at-most-once (fire-and-forget) @4>E8@878DG5F CDBCGE>AGN ECBEB5ABEFL, AB CD8A8@45F CBF5DN 
EBB5M5A89. At-least-once FD55G5F CB4F65D645A89 8 ?B78>8 CB6FBDB6, CBF5AF84?LAB EB74464O 4G5?8>4FO. 
Exactly-once FD55G5F 6A8@4F5?LAB9 >BBD48A4F88 G5D57 845@CBF5AFABEFL, FD4A74>F88 8?8 454GC?8>4F8N A4 
GDB6A5 CD8?B65A8O.

�4644O 74D4AF8O 6>?NG45F >B@CDB@8EEO. $54?874F8O exactly-once Kafka EA8645F CDBCGE>AGN ECBEB5ABEFL A4 
20-30% CB ED46A5A8N E at-least-once. �?NG56B9 8AE49F: 6O55D8F5 E4@GN E?45GN 74D4AF8N, G4B6?5F6BDONMGN 
FD55B64A8O@.

$4ECD545?5AAO5 E8EF5@O FD55GNF >BAE5AEGE4 4?O >BBD48A4F88. Raft (8ECB?L7G5@O9 KRaft Kafka, JetStream 
NATS) GCDBM45F >BAE5AEGE G5D57 6O5BDO ?845D4 8 D5C?8>4F8N ?B74. �D>F>>>? Zab ZooKeeper 
B55EC5G8645F total order broadcast 4?O EFDB7B9 EB7?4EB64AABEF8. -F8 4?7BD8F@O CB76B?ONF E8EF5@4@ 
CB445D6864FL EB7?4EB64AABEFL A5E@BFDO A4 BF>47O, EBFO 8 F5AB9 G65?8G5AAB9 7445D6>8 8 E?B6ABEF8.



�@E8B5>BC@O E@4=5=8O: ?4BB5@=O 
?5@A8AB5=B=>AB8

Log-structured storage

(Kafka, Pulsar) BCF8@878DG5F 4?O CBE?54B64F5?LAOE 
74C8E59 8 B55EC5G8645F MDD5>F86AGN D5C?8>4F8N

Memory-first 48749=O

(Redis, NATS, Hazelcast, Ignite) B55EC5G864NF 
G?LFD4A87>GN 7445D6>G E BCF8BA4?LAB9 
C5DE8EF5AFABEFLN

Pluggable storage

(ActiveMQ) CD54?4745F 785>BEFL 4?O D47?8GAOE 
E?GG456 8ECB?L7B64A8O

Tiered storage

�6FB@4F8G5E>B5 C5D5@5M5A85 EF4DOE 44AAOE 6 
5B?55 45L56B5 object storage

Log-structured storage (Kafka, Pulsar) BCF8@878DG5F 4?O CBE?54B64F5?LAOE 74C8E59 8 B55EC5G8645F 
MDD5>F86AGN D5C?8>4F8N. Memory-first 48749=O (Redis, NATS, Hazelcast, Ignite) B55EC5G864NF G?LFD4A87>GN 
7445D6>G E BCF8BA4?LAB9 C5DE8EF5AFABEFLN. Pluggable storage (ActiveMQ) CD54?4745F 785>BEFL 4?O 
D47?8GAOE E?GG456 8ECB?L7B64A8O. �5446A85 F5A45AF88 > tiered storage 4 46FB@4F8G5E>B5 C5D5@5M5A85 
EF4DOE 44AAOE 6 5B?55 45L56B5 object storage 4 B55EC5G864NF M>BAB@8G5E>8 MDD5>F86AB5 4B?7BEDBGAB5 
EBED4A5A85.

-DD5>F86AB5 C4DF8F8BA8DB64A85 B55EC5G8645F C4D4??5?LAGN B5D45BF>G. Hash-based ?4@F8F8>=8@>64=85 
B55EC5G8645F D46AB@5DAB5 D4ECD545?5A85, AB EFD4445F 6B 6D5@O repartitioning. Consistent hashing 
@8A8@878DG5F 46865A85 44AAOE CD8 87@5A5A8OE G?5AEF64 >?4EF5D4. Dynamic assignment (7DGCCO 
>BAELN@5DB6 Kafka) 46FB@4F8G5E>8 54?4AE8DG5F A47DG7>G @564G >BAELN@5D4@8. �B4EB4 Pulsar A4 BEAB65 
E57@5AFB6 CB?ABEFLN 8E>?NG45F repartitioning 4 AB6O5 5DB>5DO @B7GF A5@54?5AAB B5E?G6864FL FD4D8>.



�O5BD C?4FDBD@O: EFDG>FGD4 CD8AOF8O 
D5L5A89
% @AB7BG8E?5AAO@8 4BEFGCAO@8 BCF8O@8 6O5BD CB4EB4OM8E C?4FDBD@ FD55G5F 6A8@4F5?LAB7B 4A4?874 A4 
BEAB65 >BA>D5FAOE 4DE8F5>FGDAOE C4FF5DAB6:

&D55B64A8O G?LFD4A87>B9 7445D6>8

In-memory grid (Hazelcast, Ignite) 8 6EFDB5AAO5 5DB>5DO (ZeroMQ, NanoMsg, Chronicle Queue) 
CD56BEEB4OF, 745 co-location C5D544G8 EBB5M5A89 E 6OG8E?5A8O@8 8E>?NG45F E5F56O5 A4>?44AO5 
D4EEB4O

&D448F8BAA4O >BDCBD4F86A4O C5D544G4 EBB5M5A89

�D5?BEFL RabbitMQ, CB445D6>4 CDBFB>B?B6 8 BC5D4F8BAA4O CDBEFBF4 45?4NF 57B BF?8GAO@ 
6O5BDB@. �?O Java-F5AFD8GAOE CD54CD8OF89 ActiveMQ BEF45FEO 687A5ECBEB5AO@

Event streaming 8 47D574F8O ?B7B6

Kafka BEF45FEO 7B?BFO@ EF4A44DFB@. �7B 7D5?BEFL M>BE8EF5@O, B5L8DAO5 8AEFDG@5AFO 8 
CDB65D5AA4O 5B5@ A4456ABEFL BCD464O64NF BC5D4F8BAAGN E?B6ABEFL

Cloud-Native CD8?B65A8O

'CD46?O5@O5 E5D68EO, F4>85 >4> AWS Kinesis 8?8 Google Pub/Sub, 8E>?NG4NF BC5D4F8BAAO5 
A4>?44AO5 D4EEB4O

�G?LF84D5A4AO5 8?8 geo-D4ECD545?5AAO5 E8EF5@O

�DE8F5>FGD4 Pulsar B55EC5G8645F A4F86AGN CB445D6>G MF8E C4FF5DAB6, EBFO E G65?8G5AAB9 
BC5D4F8BAAB9 E?B6ABEFLN

IoT 8 edge-6OG8E?5A8O

�57>85 D5L5A8O, F4>85 >4> NATS 8?8 MQTT-5DB>5DO (Mosquitto, EMQX), B55EC5G864NF BCF8@4?LAO5 
54?4AEO

�A4?8F8>4 D54?LAB7B 6D5@5A8

�B@58A8DB64A85 CBFB>B6OE C?4FDBD@ (Kafka/Pulsar) E 4686>4@8 B5D45BF>8 (Flink, Storm, Samza)

'A8D8F8DB64AA4O B5D45BF>4 44AAOE

Apache Beam B55EC5G8645F CBDF4F86ABEFL G5D57 4686>8 6OCB?A5A8O, 6 FB 6D5@O >4> in-memory grid 
>B@58A8DGNF C5D544GG EBB5M5A89 E 6OG8E?5A8O@8

�5E>B?L>B CBO6?ONM8EEO F5A45AF89 6>?NG4NF: �BA65D75AF8O C4D4487@ 4 FD448F8BAAO5 7D4A8FO 
D47@O64NFEO, CBE>B?L>G BG5D54AO5 E8EF5@O 4B546?ONF CBFB>B6O5 6B7@B6ABEF8. %C5F84?874F8O 
CDBFB>B?B6 4 6@5EFB D5L5A89 one-size-fits-all CBO6?O5FEO G65?8G864NM4OEO EC5F84?874F8O. �AF57D4F8O 
edge-6OG8E?5A89 4 C?4FDBD@O D4EL8DONFEO 4B edge-D4765DFO64A89. Serverless messaging 4 
BC5D4F8BAA4O CDBEFBF4 B5?4GAOE E5D68EB6 46865F CD8AOF85@. �AF57D4F8O AI/ML 4 A4F86A4O CB445D6>4 
workflow @4L8AAB7B B5GG5A8O EF4AB68FEO EF4A44DFB@.



�4>?NG5=<5
�GFL BF FO65?OE >BDCBD4F86AOE E8EF5@ C5D544G8 EBB5M5A89 > CBFB>B6O@ C?4FDBD@4@ 7?B54?LAB7B @4ELF454 
8??NEFD8DG5F, >4> M6B?NF8O 8ADD4EFDG>FGDO B55EC5G8645F AB6O5 C4FF5DAO CD8?B65A89. &B, GFB A4G4?BEL >4> 
CDBEF4O C5D544G4 EBB5M5A89 @564G E5D68E4@8, EF4?B DGA44@5AFB@ 4?O 4DE8F5>FGD D54?LAB7B 6D5@5A8, 
GCD46?O5@OE EB5OF8O@8, C8F4NM8E 6EU BF D8A4AEB6B9 FBD7B6?8 4B IoT-4A4?8F8>8.

�?NG56B9 GDB> MFB9 M6B?NF88: G=<65DE4?L=OE D5L5=<= =5 EGM5EF6G5F. �4644O C?4FDBD@4 45?45F 
>BA>D5FAO5 >B@CDB@8EEO @564G CDBEFBFB9 8 DGA>F8O@8, EB7?4EB64AABEFLN 8 CDB876B48F5?LABEFLN, 
BC5D4F8BAAB9 E?B6ABEFLN 8 785>BEFLN. �BA8@4A85 MF8E >B@CDB@8EEB6 4 8 FB7B, >4> BA8 EBCBEF46?ONFEO E 
>BA>D5FAO@8 FD55B64A8O@8 4 BEF45FEO >?NGB@ > CBEFDB5A8N GEC5LAOE D4ECD545?5AAOE E8EF5@.

&5>GM89 ?4A4L4DF C5D544G8 EBB5M5A89 5B?55 D47ABB5D475A 8 ECBEB55A, G5@ >B744-?85B. &D55G5F5 ?8 
CDBEFO5 BG5D548, massive-scale CBFB>B6GN C5D544GG, 6EFDB5AAGN G?LFD4A87>GN 7445D6>G C5D544G8 
EBB5M5A89 8?8 GA8D8F8DB64AAO5 C?4FDBD@O 6OG8E?5A89 8 C5D544G8 EBB5M5A89 4 CB4EB4OM85 D5L5A8O 
EGM5EF6GNF. �O7B6 A5 6 CB8E>5 D5L5A89 4 MFB 6O5BD CD468?LAB9 >B@58A4F88 F5EAB?B789, >BFBDO5 D45BF4NF 
6@5EF5 4?O D5L5A8O >BA>D5FAOE 4DE8F5>FGDAOE 6O7B6B6.


