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1. $5??<>4F<OAO§ @ÝAV

�=O�F4<4. $9C?<>4F<O 3 89D9>F9D8V§ 5VDA9L9 E9D69D89 (F¯=VA89D89) >íLVD@9EVA E4�F4G CDBF9EV. �4�E4FO 3 :B�4DO �B?:9FV@8V?V>, 89D9>F9D 
E9AV@8V?V7V :ÝA9 :O?84@8O�.

$5??<>4F<O=O§ 4@FO�LO?O�F4@O:

�B?:9FV@8V?V> %9D69D FB�F4�4A84 84 :¯=9 :µ@OE VEF9=8V

�O?84@8O� �4�OA BDA4?4E�4A D9C?<>484A B�G :O?84@OD4�

�4GVCEV;8V> �9D9>F9D :B�4?G �4GCV Fí@9A89=8V

$5??<>4F<O F¯@?5@V:

%<AEDBA8O �4D?O� D9C?<>4 89D9>FV 5VD G4�OFF4 :4;48O

�E<AEDBA8O �97V;7V F¯=VA :4;OC, >9=VA 54E�4?4DOA4 F4D4F48O

�<5D<8FV �>V FÝEV?8V§ >B@5<A4F<OEO



1. Consensus (>5?VEV@) 4575A A5?

�=O�F4<4. Consensus 4 5VDA5L5 FÝG5?EV7 F¯=VAAV§ BDF4� @ÝA75 (L5LV@75) >5?VEGV.

�>=O?4FO= L4DFF4D:

Agreement 4 54D?O� 8µDOE F¯=VA89D 5VD @ÝA79 >9?VEGV >9D9>

Validity 4 L9LV@ A4�FO µEOAO?�4A @ÝA 5B?GO >9D9>

Termination 4 4?7BD<F@ L9>EV; >¯FG79 5B?@4=8O (�BDOFOA8O LO�4DG F<VE)

Fault tolerance 4 4�4G?4D�4 Fí;V@8V?V>

Consensus TCP/IP 65?V?5DV=45 �<O=, E5555V:

�4>9FF9D :B�4?48O

�9?V >V8VDVEV 5B?48O

%9D69D?9D VEF9A LO�48O

�9=5VD F¯=VA89D 8µDOE 9@9E 4�C4D4F 59DGV @¯@>VA (Byzantine fault)



1. Paxos 4?7>D<F@V

�=O�F4<4. Paxos 4 �9E?< �M@CBDF µEOA�4A >BAE9AEGE 4?7BD<F@V, ¯?9EFVDV?79A :¯=9?9D897V EF4A84DF @9E4A<;@.

�B@CBA5AFF5D:

Proposers 4 @ÝA µEOA48O

Acceptors 4 µEOAOEFO �45O?84=8O

Learners 4 AÝF<:9AV B�<8O

�µ@OE >575§45DV:

Prepare Proposer «84=OAEO§ 54?» 89C acceptors-�4 E454D :V59D98V

Promise Acceptors F9> ¯?>9A Aí@VD?V µEOAOEF4D8O �B?84=FOAOA 4=F48O

Accept Proposer µEOAOE @ÝAVA :V59D98V

Accepted Acceptors �45O?84C, AÝF<:9 :¯=979 59DV?98V

�DFO�LO?O�F4DO

��4G?4D�4 íF9 Fí;V@8V

�>489@<O?O� F¯D89 8Ý?9?89A79A

�5@LV?V>F5DV

&¯EVAG �<OA

�E>9 4EODG >¯D89?V

&¯EVAV>EV; <A:9A9D?V> �µ:4FF4@4

Google Chubby, ZooKeeper (Zab) Paxos <89O?4DOA4 A97V;89?79A.



1. Raft 4?7>D<F@V

�=O�F4<4 Raft 4 :>=A5=ACA 4;7>@8B<V, Paxos-�4 4;PB5@=4B864. 2014 6O;O �857> �=74@> 6Ý=5 �6>= �CAB5@E4CB Ý7V@;575=. �4@4?49O< Ý@V B¯AV=V:BV 5>;C ¯LV= 647O;�4=.

Raft >B@CBA5AFF5DV

Leader 4 :4;G?4D8O 54E�4D48O

Followers 4 >íLVD@9 E4�F4=8O

Candidates 4 ?<89D E4=?4G�4 �4FOE48O

�µ@OE CD<AF<CV:

Leader Election �<89D F4§84G

Log Replication �B@4A84?4D8O 54D?O� F¯=VA89D79 F4D4FG

Safety �9?VEV@ @9A 89D9>F9D FµF4EFO�O

�DFO�LO?O�F4DO

&¯EVAV>FV 4DE<F9>FGD4

�B8 :4;G B§4=

�4?OCFO <A:9A9D?V> FV?89 E<C4FF4?�4A

�>?44=O?4FO= 6¯=5?5D

Etcd (Kubernetes)

Consul

TiDB

RethinkDB



1. Paxos 6Ý=5 Raft E4?OEFODG

&¯EVAV>FV?V7V �<OA �9§V? F¯EVA8VDV?98V

�B54?4G84 �B?84AG %<D9> �9§VA9A �B?84AO?48O

�µ:4FF4@4 �M@CBDF �4�4;84DO &B?O�, <A:9A9D?9D79 4DA4?�4A

�<89D?V> ÜD F¯D?V AµE�4?4D �4F4§ leader-based

Product-ready Google :¯=9?9DV Kubernetes M>B:¯=9EV



1. �OE4?: �6>DG@ 
(quorum) 
Fµ6ODO@44@4EO
Consensus 6¯=5?5DVA45 L5LV@ �45O?44G ¯LVA >6BDG@ 
�465F. �OE4?O, 5 F¯=VA 5B?E4:

3 F¯=V= >5?VEE5 4 L5LV@ �45O?44A44O

2 F¯=V= VEF5= LO�E4 44 6¯=5 6µ@OE VEF5=4V



1. �¯=5AV§ 4�4G?4D�4 Fí7V@4V?V7V

Fail-stop fault model
&¯=VA FB�F4C �4?48O ³ 5VD4� 5µ;O?@4=8O.

Byzantine fault model
&¯=VA �4F9, :4?�4A 4�C4D4F 59D98V ³ 9§ �<OA @B89?P 
(blockchain BEO?4= :µ@OE VEF9=8V)

Consensus 4?7BD<F@89DV 5V; �4D4EFOD�4A :4�84=84 fail-stop @B45?VA �B?84=8O.
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