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Application of the consistency protocol in distributed

database systems
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(School of Data Science and Engineering, East China Normal University,

Shanghai 200062, China)

Abstract: In recent years, many distributed database products have emerged in the

market; yet, distributed databases are still more complex than centralized databases.

In order to make the system useable, designers need to adopt the consistency protocol

to ensure two important features of distributed database systems: availability and

consistency. The protocol ensures consistency by determining the global execution order

of operations for concurrent transactions and by coordinating local and global states to

achieve continuous dynamic agreement; The consistency protocol ensures availability by

coordinating consistency between multiple copies to achieve seamless switching between

master and standby nodes. Hence, the distributed consensus protocol is the fundamental

basis for the distributed database system. This paper reviews, in detail, the classic

distributed consistency protocol and the application of the consistency protocol to current

mature distributed database. The study also provides analysis and a comparison between
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the two approaches considering factors like read-write operation, node type, and network

communication.

Keywords: distributed database; distributed consistency protocol; consistency; avail-

ability

0 Ú ó

©ÙªXÚ´eZÕáO�Å�8Ü[1], Õá�O�Å�mÏL�äë�/¤���

Né	ÑÖ. �Xêâþ�4�O�Úpé�A^��JuÐ, �5�õ�êâ¥XÚÏL

êâB�½öêâ©«��ªJø�*Ð�êâ�;�ÑÖ. ©Ùªêâ¥XÚ3êâ�

Nþ!±È5Ú�^5þJø
éÐ�|±, �´��5
#�¯K: �´ÔnÑÖì�U

u)�æ��, �´�ä]
´[B�
��ä�k�UÑyØ���¯K.

�â©ÙªXÚ�¸, �ò�æ©�üa: !:�æÚ�ä�æ. �é!:�æ, ©Ù

ªêâ¥XÚÏ~æ^B���ª, òB��;uØÓ�!:, ±�f:

• ü:�æé��5/�^5�5�K�.

• ü:L1´¶é�*Ð�5�K�.

• �ä¥�Ï&ò´��}éN�5�5�K�.

,
�õ�B�©Ù3ØÓ��ä©«¥�, É��ä�æ�K�, é��B���\

�U¬Ã{ÓÚ�Ù¦B�, @oÖ�ØÓ�B�ò¬�£Ø���(J. d	3?1Ö�

ö��, duØÓ�E��Æ�9ØÓ��#�Å!ØÓ�XÚNX(��SN, õ�B�

q�U�5êâØ���¯K. ÏdB�3Jp
XÚ�^5�Ó�, q�5
��5¯K.

Í¶� CAP ½n[2]Ð«
�^5�©Ùª��5�m�'X. 2000 c, Eric Brewer J

Ñ
T½n, )º
©ÙªXÚ�Ä�OK. Giler Ú LynchKlnØþy²
 CAP½n�

�(5[3]. CAP ½n`²
3��©ÙªXÚ¥, ��5!�^5!©«N�5, nöØ�

o�. CAP ½n¥���5�©Ùª��5, =©ÙªXÚ¥�¤kêâB�, 3?���

´Ääk�Ó��. ��5�.[4]�©�r��5!f��5Ú�ª��5. äN�«O

Xe.

• r��5: zgÖö�Ñ�£�c���g�ö��\�SN.

• f��5: �'5ÌB�´Ä�#�¤. �g�\ö� W�¤�, XÚÃ{�y��

m©�Ö�ö�ÑU¼� W�\�SN. 3f���cJe, XÚE,�±æ���~�Ø

��¤�5�É~. ;.��Y´�y�ª��5.

• �ª��5: =Bõ�B��G�vk¿©ÓÚ, z�B��,�±?nÖ�ö�.¦

^�ª��5I�N=�ã�mS�Uu)Ö�êâ�Ø��, �3�ã�m�¤kB�

U
�¿©ÓÚ. �y
�p�XÚ�^5.

CAP ½n¥��^5��´, �©ÙªXÚ¥�!:u)�æ�, XÚ´Ä�U�~

�A�rà�Ö��¦. CAP ½n¥©«N�5��´, XÚA(�U3�äÉ~�E�~

¦^, Ø����ä�Ü��.

3©ÙªXÚ¥, du�äM��U¬Ñyò´¿��¯K, ��©«N=5´7L�

¢y�, ¤±�U3��5Ú�^5�m?1�ï. �
�yêâr��5, B��mI�

���±rÓÚ, �´�,�B�Ñy�æ�, �U{lXÚ��~�ÑÖ, l
K��X

Ú��^5. XJ�B��mØ�±rÓÚ, �,XÚ��^5�é�Ð, �´r��5%
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�Ø��æ, �,�B�Ñy�æ�, êâ��U¿�. Ïd�
÷vØÓ�A^I¦I�

3�^5���5�m?1�ï[5].

�
�yXÚ�^, '�´À�Ü·�©Ùª��5�Æ, ±�Ð/�ï�^5��

�5m�'X. �y��5I�¦^��5�Æ�¿u�¯Ö�#ö�(½���Û��

1^S, ¿�NÛÜG�Ú�ÛG�Øä��¤Ä���; �y�^5I���5�Æ�N

õB�m���5¢yÌ�!:�Ã¿��. Ïd©Ùª��5�Æ´¢y©Ùªêâ¥

XÚ�­�Ä:. �âØÓ�A^I¦ÀJØÓ�©Ùª��5�Æ´�yXÚ�^�'

�[6].

nþ��, ©Ùª��5�Æ´¢yr��5Úp�^5�­�Ä:. �©Îno(


²;�©Ùª��5�Æ±9Ù3�có�A^|µ¢yL§¥��Ä, ¿?1
©ÛÚ

é'. 1 1 !{�0�
²;�©Ùª��5�Æ; 1 2 !0�
~��©Ùªêâ¥XÚ

¥©Ùª��5�Æ¢yL§¥��Ä; 1 3 !o(�©, ¿é�5�ïÄó�?1
Ð".

1 ©Ùª��5�ÆVã

�
)û©Ùª�¸e���5¯K, c<ïÄ�O
NõüÑ, 'X Quorum[7]
!

Raft[8]!Zab[9]
!Basci Paxo[10-11]±9Äu Basci Paxosû)�C«�{ Cheap Paxos[11-12]!

Fast Paxos[13]!Vertical Paxos[14]�. Ù¥ Zab �ÆÌ�^u�ï��p�^�Ì�©Ù

ªêâ¥XÚ, 
 PaxosÌ�^u�ï��©Ùª���5G�ÅXÚ, �©Ì�0

� Quorum!RaftÚ Basci Paxos. ù
©Ùª��5�ÆX8®²3ó�.��2�A^,

¿û)ÑNõC«�üÑ, ±�Ð/·AØÓ�A^|µ, XCpnn� XPaxos!�&

� PaxosStore�. �!¬�[0�A«²;�©Ùª�g5�Æ, ¿3e!0�©Ùª��

5�Æ3A«©Ùªêâ¥¥�A^. ©Ùª��5�Æ�uÐ{§�ã 1.

Quorum Basic
Paxos

Vertical
Paxos

ZabChubby

N

M

N

N

1979 1998 2004 2005 2006 2009 2011 2011 2013 2014 2017 2017

Cheap
Paxos

Fast
Paxos

Megastore Spanner Raft XPaxos Paxos
Store

ã 1 ©Ùª��5�Æ

Fig. 1 Distributed consistency protocol

1.1 Quorum

Quorum�{d Giffordu 1979cJÑ, �¢yØÓ?O���5. ÙÌ�g�5


u“ÄT�n”. ÄT�n���¹Â�, XJz�ÄT�L��8Ü, z��°JÒ�±�

L����, bXk n+1����� n�8Ü¥�, Ù¥7½k��8Üp��kü���.

1.1.1 Quorum �{

Quorum�{´“ÄT�n”���A^, ÙÌ�g��õê�g�, ¤¢õê=�L�

ê. y�Äù���|µ: b�XÚ¥,êâk N �B�, éu�ö�, �¦���3 W �

B�þ�#¤õ�, â@�dg�ö�¤õ; éuÖö�, ��Ö� R �B�â@�dg

Öö�¤õ. Ïd�
�yÖö�zgÑUÖ���#�ö�¤õ�êâ, Quorum �

¦ W + R > N , =�\ W �B��Ö� R�B��mk­U�B�. W Ú R �'X�ã 2.
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W R

ã 2 W Ú R �'X

Fig. 2 The relationship between W and R

1.1.2 Quorum �{A^

y�ÄXeA^|µ: b�XÚ¥,êâB�ê N=5, W=3, R=3, - Vn L«1 n g�

ö��\�êâ. Ð©G�êâ 5 �B�©O� (V0, V0, V0, V0, V0), ��Ò� 0. y31�g

�ö�3 3 �B�þ�#¤õ, êâC� (V1, V1, V1, V0, V0), ��Ò� 1, =@��ö�¤õ.

Ïd�e5Öö�Ö� 3�B��êâ�, �½�±Ö��1�g�ö��\�êâ V1. �

ö�¤õ�, �UYò V1 ÓÚ��{� V0, 
ØI�4�rà��.

,
==��þã Quorum�{¿ØU�y�~�Ö�ÑÖ. X�1�g�ö��3

ü�B�þ�#¤õ, êâC� (V1, V1, V0, V0, V0) �, �ö��}. �e5�Öö��UÖ

�� (V1, V1, V0) ½ö (V1, V0, V0), �Î�±Ö�� V1. ===ÏL�gÖö��UÖ��

1 n g�ö��\�êâ Vn, �ØU(� Vn ®²J�. �
(� Vn ´®²J��êâ, �

±UYÖÙ¦B�, ��Ö�� Vn B�ê�W.

Äu QuorumÅ�À�Ì!:�, �ÄkÖ� R�B�, ÀJ R �B�¥��Ò�p�

B���Ì!:, #ÀÑ�Ì!:ØUá=JøÑÖ, �I���� W �B��¤ÓÚ�,

âUJøÑÖ.

1.2 Paxos

Paxos´�«Äu�ED4�.�äkpÝN�A5���5�{, Ó��´8

cú@�)û©Ùª��5¯K�k���{��, ��yr��5. �@� Basic

Paxosd Leslie Lamport u 1998cJÑ. 8c Paxos9Ùû)�{2�A^uó�.¥, ;

.�k Google� Megastore!Spanner!�&� PaxosStore!Cp� XPaxos�. �!Ì�0

� Basic Paxos �SN.

1.2.1 ¯K|µ

3©ÙªXÚ¥, �éÓ��êâ, ØÓ�?§�U¬JÑØÓ��. 
~��©Ùª

XÚJ±;�ÃXÅì«Å½�äÉ~�¯K. PaxosI�)ûXÛ3�Uu)þãÉ~�

©ÙªXÚ¥, ¯���(/éXÚS,�êâ���¤��. PaxosØ�Ä~ÓÌ¯K[15].

1.2.2 Basic PaxosL§

Basic Paxos �â�{L§¥?§�õUò?§©�±e 3«�Ú.

• proposer: JÑÆY. ÆY�¹��ÆY?ÒÚ��êâ�, T�I��?§�m�ª

�¤��. proposer �±kõ�, ØÓ� proposer �±JÑØÓ�ÆY, ØÓÆY�?Ò�½

ØÓ, �êâ���±�Ó.

• acceptor: �ÂÆY¿û½´Ä1O. acceptor �±1Oõ�ÆY, ��¦ù
ÆYä

k�Ó��. acceptor I�kõ�.

• learner: ò8c®�À¥�êâ�ÓÚ�Ù¦ÿ�1OT�� acceptor.

äN¢y¥, Ó�����?§�U�üþãõ«�Ú. �Ó Basic Paxos 6§�©

�PrepareRequestÚ AcceptRequest ü��ã, äNXe, ��B£ãy½ÂA�ÎÒ.

• P = (n, v), P �LÆY, n �LÆY?Ò, v �LÆY¥êâ�.

• MaxN, acceptor ®²£EL�¤k PrepareRequest¥���?Ò.
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• MaxP, acceptor ®²1OL�¤kÆY¥?Ò�p�ÆY.

(1) PrepareRequest�ã

a) ��� proposer O�JÑÆY�, proposer Äk¬��L�ê� acceptorux��#

�?Ò�n� PrepareRequest.

b) acceptor Â�?Ò�n� PrepareRequest�, XJ n �uMaxN, KT acceptor òØ2

�Â?Û?Ò�u n��¦, ¿£E MaxP (XJk�{). XJ n �u MaxN, K acceptor ¬

Ï�éA� proposer�ï�gJÆ.

(2) AcceptRequest �ã

a) XJ proposerÂ��L�ê acceptor�£E, ¬��L�ê acceptorux���¹

ÆY P=(n, v) � AcceptRequest. XJù
£E¥�¹ÆY, K v ´¤k£EL5�ÆY¥

?Ò�pÆY�êâ�; XJ£E¥vkÆY, K v ´ proposer��O�D�êâ��. X

J proposer�Â��L�ê acceptor�£E, K�ï�gJÆ.

b) acceptor Â � ? Ò�n � AcceptRequest �, X J n � u MaxN, K acceptor 1 O

T AcceptRequest ¥�ÆY. XJ n �u MaxN, K acceptor ¬Ï�éA� proposer�ï�

gJÆ.

� proposer3 AcceptRequest ¥�ÆY��L�ê acceptor1O�, TÆY¥��=�

�¤���êâ��. d� Basic Paxos ¦^ learner 5é���L�ê acceptor1O�ÆY,

¿òTÆYÓÚ�Ù¦ÿ�1OTÆY� acceptor1OTÆY, �d�Ó Basic Paxos (å.

1.2.3 Äu leader � Multi Paxos

du Basic Paxos �3õ proposeruåÆY��E,�¹!�ä I/Oõ!ò´p�¯

K, �
Buó�¢y, Jp5U, �<JÑ
Äu leader� Multi Paxos, äNXe.

8 + Ð © G � v k leader, ² L � Ó Basic Paxos�, ¼ � � L � ê acceptor| ±

� proposer¤��� � leader, ¤ k Æ Y Ñ � U d leaderu å. d u v k 
 ¿ u À â,

leader 3uåJY�, Ø7zgÑ?\ PrepareRequest�ã, �I���1 AcceptRequest

�ã.

3 Multi Paxos¥, �ò�ÐÀÌL§¥� PrepareRequest�ãÀ�é leader?ÏSò

�uå�¤kÆY��g5 prepareö�, 3 leader ?ÏSuÑ�¤kÆYÑ���Ó�?

Ò. Basic Paxos�Äu leader � Multi Paxos�«Oë�L 1.

LLL 1 Basic Paxos ���ÄÄÄuuu leader ��� Multi Paxos ���«««OOO

Tab. 1 Differences between Basic Paxos and Multi Paxos based on leader

Basic Paxos Multi Paxos

�¤��5�6§�©� Prepare Request Ú Accept

Request ü�ã.

ÀÌ$1�g Basic Paxos. leader ?ÏS�¤

��5�I�1 AcceptRequest �ã=�.

Ã leader, ¤kproposer Ñ�±uåÆY, N´E¤E,

�¹, 5U$.

�k leader âUuåÆY, Ü6{ü, 5Up, �

3ü:�æ¯K.

proposer �k3Â�õê� PrepareRequest £E¤õ

��E�, âU(½ÆY¥��.

Leader �±���±(½ÆY¥��.

�¤��5��I�üÓ�ä I/O, ò´p I��ä I/O ��, ò´$

�þ�nØ®²y²
Äu leader � Multi Paxos, 5UÐu Basic Paxos. �c�Ü©�

Äu Paxos �©Ùªêâ¥XÚ, X Chubby!Spanner!XPaxos�Ñæ^ù«�{.
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1.3 Raft

Raft ´ � « Ä u Paxos� ^ u + n ­ E F � � © Ù ª � � 5 � Æ, d Diego On-

garo Ú John Ousterhout u 2014 cJÑ, ��yr��5. ��u Paxos, Raft �\N´n

)Úó§¢y[16]. �!òé Raft �{?1{�£ã, ¿©Û�ÑRaft A^L§¥�U���

¯K.

1.3.1 ¯K|µ

Raft ò©Ùªêâ¥XÚ¥�!:Ä�z�E�G�Å. Ð©G�b���G�ÅG��

Ó, 3XÚ$1Ïm, ��z�G�ÅUì�Ó^S�1Ó�ö�, @o�ªG�Ò´���.

Ïd�yö�Ú�1^S���5, ÒU�yG�Å!:êâ���5. �!© leader ÀÞÚF

�E�üÜ©0� Raft �{.

1.3.2 leader ÀÞ

Raft Ú\“?Ï (Term)”���ä�m^S�I£, z�!:�;��?Ï�. Xã 3 ¤«,

Raft ò�m©�?¿�Ý�?Ï, zgÀÞm©�L?\��#�?Ï, ?Ï?Ò��4O. ?

ÏäkD45, !:¬áýäk��?Ï!:��E, 
�!:Â�äk��?Ï!:��E

�, ¬ògC�?Ï�#�ù����?Ï.

Raft �y?ÏS�À� leader �;X®²J���#�F�. Raft ¦^F�Ò��I£�

^F�, F�Ò��`²F��#. ��!:3���½�?ÏS�õ�UÝ�¦�k5k�.

�!:�Â�Ý¦�¦�, Ø
�ä?Ï?Ò±9gC´Ä®²ÝL¦, �¬'�gCÚ�¦Ý

¦ö�F�Ò��, �k�cöØ�u�ö�â¬Ý¦, ÄKáýÝ¦.

term 1 term 2 term 4

terms

term 3

election normal

operation

no emerging

leader

ã 3 ?Ï

Fig. 3 Term

3 Raft �{¥�âõUò!:©� 3 «�Ú.

• Leader: 3��8+¥, leader KI?n¤k��ràÖ��¦, ¿�1F�E�.

• Follower: ØÌÄuÑ?Û&E, ��Ä�É5g leader ½ candidate �&E¿£E.

• Candidate: follower e�¤� leader, 7LÄkC� candidate, candidate uåÀÞ.

z�!:3Ó����Uú?�«�Ú, ù:� Basic Paxos ØÓ, !:�Ú3�{$1L

§¥�±��. 3 «�Ú�m�=��ã 4.

z� follower Ñk���Å½�ì, � follower Â�5g leader ½ö candidate �k��E

�, ¬­�½�ì. XJ½�ì��, follower ¬C� candidate, gO?Ï, ­�½�ì, ¿�8

+¥¤k!:�¦Ý¦, ,��âÝ¦(Jû½ò�=C��Ú.

ÀÌ¤õ�, 3vkF�&E��¹e, #� leader ¬�¤k� follower ±Ï5/ux�E

±­� follower �½�ì, ��ÑyÀÞ. �� leader vku)�æ«Å½övkuyäk�p
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?Ï?Ò�!:, ¬��ó�e�.

starts up times out

starts election

times out,

new election

discovers current

leader or new term
discovers server

with higher term

Follower Candidate Leader

receives votes from

majority of servers

ã 4 Raft �Ú=�

Fig. 4 The transition of roles in Raft

1.3.3 F�E�

��ràuÑÖ��¦�, leader )¤�A�F�, ,��8+¥ follower ux��TF�

��E, follower Â��E�TF�. ��L�ê follower E�
TF��, leader BòF�A^

�gC�G�Åþ¿ò�1(J�£��rà, @�F�®J�. Raft �y¤k®J��F�

�ªÑ¬�¤k�1E�G�Å�1.

3�~�$�¥, leader Ú follower �F�©ª�±r��. �3©Ùª�¸e��Ñy!

:�æ!�ä�ò´½¿���¹, F��r��5J±�±. leader Ú follower �F�Ø��

�y�9�U���Ty��Ü©�Ï©Ûë�L2.

LLL 2 !!!:::FFF���ØØØ������yyy���999���ÏÏÏ©©©ÛÛÛ

Tab. 2 Occurances and reasons for inconsistencies of logs between nodes

F�Ø��y� Ü©�Ï

follower vk leader �,
F�. Î leader ��ò�ÜF�E��T follower Ò«Å, �

�×�­éq�À�# leader; ½ö follower «Å�­

é, leader �~$1.

leader vk follower �,
F�. leader 3cA�?Ï��?u«ÅG�, 3�c?Ï­

é��À� leader, 
 follower ���~$1.

followerv k leader � , 
 F �, leader q v

k follower �,
F�.

leader 3�vkògC��ÜF�E��T follower Ò

«Å, ����?u«ÅG�, ²LA�?Ï�­é¿�

À�#� leader.

Raft |^ leader � follower �F���5uÿF�Ø��y�. ��ÑyF�Ø��,

Raft ¬é�ü^F�S����Ó� �, ,�òT ��� leader F�S�CX� follower F

�S�þ.

1.3.4 Raft¯K©Û

3 Raft ¥, XJÑy�ä©«, ék�U��“VÌ¯K”Ú“ª�ÀÞ”ü�¯K[17].

VÌ¯K´�8+¥Ó��3ü�½�õÌ!:. Raft �{�,ØU;�VÌ¯K, �´

�Ø¬É�T¯K�K�, ��ä©«¡E�, Raft UgÄ?EVÌ¯K.

ª�ÀÞ´�8+¥Øäk!:uåÀÞ. ª�ÀÞ�U��Ì!:��, éXÚ5U¬

E¤K�. ��ä©«¡E�, Raft UgÄ?Eª�ÀÞ¯K.

1.4 ©Ùª��5�{©Û

�©(ÜF�ÓÚA^òþã 3 «©Ùª��5�{?1é'©Û. äNë�L 3.



98 uÀ���ÆÆ�(g,�Æ�) 2018 c

2 ©Ùª��5�Æ3©Ùªêâ¥¥�A^

©Ùª��5�Æ3©Ùªêâ¥¥��
2�A^, ØÓ�êâ¥3¢y��5L§�

¥, ¬(Üg�e�!êâa.!�æ?n�äNI¦énØ¥�©Ùª��5�Æ�Ñ?U

± ÷ v A ^. � ! ò Ì � 0 � Cassandra[18]
!PaxosStore[19]

!XPaxos[20]!Chubby[21]
!

Meagstore[22]Ú Spanner[23]6 «©Ùªêâ¥¥©Ùª��5�Æ�¢y, ¿�Ñé'©Û.

2.1 Cassandra

Apache Cassandra´�@m
©ÙªNoSQL êâ¥XÚ, �Ðd Facebook mu, ^u

;�Â���{ü�ªêâ. ù´��m
�!©Ùª!Ã¥%!|±Y²*Ð!p�^

� KEY-VALUE a.� NOSQL êâ¥.

LLL 3 ©©©ÙÙÙªªª������555���{{{ééé'''©©©ÛÛÛ

Tab. 3 Comparsion and analysis of distributed consistency algorithms

Quorum Basic Paxos Raft

Ì�g� õê�g� õê�g� õê�g�

ÀÌ�ã �±kõ� leader �±kõ�leader, leader ØI

�Pk�Ü®J��F�.

r N leader � /   (� � 5),

leader Pk�Ü®J��F�.

F�E��ã #NF��É vkF��É, �±F��ëY

5.

`: ��â¢SI¦��ØÓ

�NWRëê¢yØÓ?O

���5.

�¢yr��5, UN=�u�

ê!:�æ, �^5�p.

�¢yr��5, Ü6{ü, �^

5�p, ó§¢yJÝ�$.

": ØU�yõB��m�#

ö��1^S���5.

õ� proposer uåÆY�U�

�E��¹�õ, ó§¢yJÝ

��.

É�ä©«K��UÑy“ª�

ÀÞ”Ú“VÌ”¯K.

·^|µ é��5�¦Øp�|µ. é��5�¦�p, õ!:m�

äÏ&ûÐ�|µ.

Ã�ä©«�|µ.

2.1.1 Cassandrae�

Cassandra æ^Ã¥%� P2P e�, 8+¥¤k!:Ñ´²��. ¤k!:�¤���, !

:mÏL:é:ÏÕ�Æ gossip z¦���gêâ, z�!:ÑPkÙ¦!:�&E, X �!

G��. �rà�±ë�8+¥?�!:, Ú�ràïáë��!:¡���ö, KIû½ò�

g�¦ux�¢SPk�¦¤Iêâ�!:.

Cassandra ÏL��5�kSMF�{, Ä�/3!:�m©�êâ±¢y5�*N. 3X

Ú¥, z�!:Ñ¬��Å©����^5I½Ù3�¥� �.

2.1.2 Cassandra¥���5

Cassandra æ^�ª��5�., �±4^r�½z�Ö/�ö����5?O. �ö��

�5û½3��rà£E�ö�¤õc, 7L¤õ�\A�!:; Öö���5û½3ò(J�

£��ràc, 7LkA�!:�£(J. Cassandra 8c|±±eA«��5?O.

• ZERO: �é�ö�k¿Â. ��ö!:rT?Uux�¤k��°!:, �´Ø¬��

?Û��!:£E(@, ÏdØU�y?Û���5.

• ONE: éu�ö�, ��ö!:�y®²����!:¥; éuÖö�, �1!:3¼�

��!:þ�êâ�á=�£(J. Jøf��5.

• QUORUM: -êâ��°!:ê8�n. éu�ö�, �y���� n/2+1 �!:þ; é

uÖö�, � n/2+1 �!:�Î, �£�mZ�#�êâ. Jø�ª��5.
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• ALL: éu�ö�, ��ö!:�y¤k!:�¤õ�â��rà�£¤õ(@�E, ?

Û��!:vk¤õ, @���}; éuÖö�, ¬�¤k!:�Î, �£�mZ�#�êâ, X

J,�!:vk�£êâ, K@�Ö�}. Jør��5.

Cassandra%@�Ö��ª W (QUORUM)/R(QUORUM), ���y W + R > N(W ´

�!:ê8, R ´Ö!:ê8, N�B�ê), =��!:ÚÖ�!:­U, K´r��5. X

J W + R <= N , K´f��5. XJ3ÖÚ�ö���ÿÑÀJ QUORUM ?O, @oÒU�

yzgÖö�ÑU���#��U. CassandraÏL±eEâ5�oêâ��ª��5.

• _�: ù´�«�°�m�ÓÚÅ�. !:�m½Ïp�u�êâé����5.

• Ö?E: �ràÖ�,�êâé���ÿ, >ué!:þêâé����5uÿ, XJu

ykØ��, K?1��5?E.

� XJÖ��5?O�ONE, ¬á=�£l�rà�C��°êâB�. ,�¬3���

1Ö?E. ù¿�X1�gÖ���êâ�UØ´�#�êâ;

� XJÖ��5?O�QUORUM, K¬3Ö��L�ê���5�B���£�°B�

��rà, �{!:���5u�Ú?EK3���1;

� XJÖ��5?O�ALL, K�kÖ?E�¤�âU�£��5��°êâB���r

à. ��TÅ�k|u~��ª����mI�.

Cassandra�±¢yªêâ¥%�êâ¥p��¯, Ù�{´rò�!óé���5��

ï��^röJ. Cassandra Jø
Xeü«�¯?O.

• Local Quorum: �/êâ¥%S�L�ê�B��1¤õ, â�£^rö�¤õ.

• Each Quorum: z�êâ¥%S�L�ê�B��1¤õ, â�£^rö�¤õ.

Ù¥ Each QuorumI�ªêâ¥%�¯, ò�����°!óéþ�¬ü$, ��±�y�Û

êâ�r��5; 
 Local Quorum KÃ{�y�Ûêâr��5�Jø
�p�^5.

CassandraÏL!:m���&E(½!:´Ä�^, ;��rà�¦�ux���Ø�

^�!:. !:¥ä¿Ø¿�Xù�!:[ÈØ�^, ÏdØ¬[È/l�ä�¥�Ø, Ù¦!

:¬½Ï&ÿT!:´Ä¡E�~. e�[È�Ø!:, I�<óÃÄíØ. �!:¥ä�, ¤

�L��\êâdÙ¦!:6���, �T!:¡E�, lÙ¦!:¡Eêâ. e!:¥ä�m

�L%@�m, ùÜ©êâÒ¬�¿ï. d�!:¡EI�¦^!:?EóäÃÄ3¤k!:

þ�1êâ?E, ±�yêâ�ª��5.

2.1.3 o(

CassandraJø
p5U�êâ�\!Ö�õU, æ^�¥%z��/(�, vkÌl!:

�©, �!:/ ²�, p���Ù¦!:�G�&E. Cassandra3?nÖ��¦�Äkò�

¦u���ö!:, d��ö!:�â��5?OÚÙ¦!:�&Eû½ò�¦ux�=
!

:. Cassandra æ^�ª��5�., ^r�±�½êâ�Ö���5±÷v^r�ØÓI¦,

Ó�æ^_�!Ö?E��{�oêâ��ª��5.

2.2 PaxosStore

PaxosStore´�&ïu�^u|±�&E,�Ö�p�^�;XÚ. �&��ÖdÙ�à

NõØÓõU�|�¤|±, �;��;XÚ�õ�5éXÚ�oJÝÚ�*Ð5�K�, �&

¦^ PaxosStore����Ï^��;XÚ5|±�&�E,�Ö.

2.2.1 PaxosStoree�

PaxosStore� � N e � � ã 5. PaxosStore� ©�Programming Model!Consensus

Layer!Storage Layer 3 �. Ù¥ Programming Model Jø�	ÜA^§S��p�õ«ê

â(�; Storage Layer dõ�ÄuØÓ�;�.¢y��;Ú�|¤; 
 Consensus Layer ¢y
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Äu Multi Paxos �©Ùª��5�Æ. �e5Ì�0� Consensus Layer ¥���5�Æ.

2.2.2 Consensus Layer¥� Paxos

PaxosStore�Ä� Multi Paxos ¥E,�!:G�±9!:mõ«a.�E¬O\XÚm

u�JÝ, ü$XÚ5U, Ïd PaxosStoreæ^�«�é¡�ED4��ª¢y!:mÏ&, �

!:þ¬�;êâ3¤k!:þB���'&E. �
Bu£ã, y½ÂA�ÎÒ.

• P=(n, v), P �LÆY, n �LÆY?Ò, v �LÆY¥êâ�.

• NX �L id�X �!:;

• r, �Lêâ. rX �Lêâ r 3!: NX þ�B�.

• SY
X = (m, P ), L«!: NY þ�;�'u rX ��'&E, Ù¥ m L« rX �1O�ÆY

��?Ò, P L« rX ®²1O��#ÆY.

• SX
X = (m, P ), L«!: NX þ�;�'u rX ��'&E.

• SY , L« NY þ'uêâ r �B���Ü&E, =�Ü� SY
X , X ���´¤k!:.

• MX→Y =(SX
X , SX

Y ), L« NX u� NY ��E�) SX
X Ú SX

Y .

Progromming

Model

Consensus

Layer

Storge

Layer

Key-Value Table Queue Set

Application Clients

Paxos-based Storage Protocol

Bitcask LSM-tree Main/Delta

Table

ã 5 PaxosStore e�

Fig. 5 The PaxosStore framework

��êâB�� SX
X Ú SY

X �UØÓ, I�3�{$1�Øä¢yÓÚ. 3 PaxosStore¥,

êâB�ÏL!:mÏ&Øäp��� SX
X Ú SY

X 5¢y!:mêâB����. ØÓuBasic

Paxos ¥õ«a.� message (X PrepareRequest, AcceptRequest), PaxosStore3�� Paxos¢

y¥!:mÏ&�¦^�«Ú�a.��E, = MX→Y . �!: NY Â�!: NX u5��

E MX→Y �, Äk¬æ^��Ú���E?n¼ê5�#gC�SY
X Ú SY

Y , ,��ä SY
Y ´Ä

®²UC, XJUCKò#� SY
Y �\� rY � PaxosLog¥, ¿�ä SY ¥´Ä�3®²��õ

ê��ÆY P , XJ�3KòTÆY P J�. �� NY ¬�£� NX �Óa.��E MY →X .

PaxosStoreòæ^nB��ª, Ù¥ü�B�JøÖ�õU, ,��B��JøE�õU,

Øé�ràJøÖÑÖ. Ó� PaxosStore
¢yõÌõ�, �Ì!:�æ½�äÉ~��rà

gÄÀJ�^Åì?1a=, Ø¬kÌ�����m�ò´.

2.2.3 o(

nþ¤ã, �éu lamport JÑ� Basic Paxos nØ, PaxosStoreé Paxos�¢y�ï
E

,�!:G�Ú!:mõ«a.�E, PaxosStore@�Lõ�!:G�ÚE,�G�=CØ=

3ó§þJ±¢y
�¬��5U�eü. Ïd PaxosStoreæ^�«�é¡�ED4��ª,

3�� Paxos¢y¥�¦^�«Ú��ª�EÚÚ���E?n¼ê¢y, ��
G�Å��

o, {z
L§. Ó� PaxosStore¢yõÌõ�, ;�ü:�æéXÚ5U�K�.
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2.3 XPaxos

XPaxos´Cpnnêâ¥ìè¡�p5U!�¥ÜÝ±9Cp�ÖA��I¦, ¢y�

��p5U©Ùªr��� Paxos¥.

2.3.1 XPaxos e�

XPaxos��Ne��©��ä�!ÑÖ�!�{�¬ÚF��¬ 4 �Ü©. Ù¥�ä�

KI�äDÑ; ÑÖ��Paxos Jø¯�°Ä�Ø%$1õU; �{�¬´��5�Æ�Ì�Ü

©; F��¬K´l�{�¬¥ÕáÑ5, �±(Ü®k�F�XÚ, é�F��¬��, ±¼

��p�5UÚ�$�¤�. �!Ì�0��{�¬¥� Paxos.

2.3.2 �{�¬¥� Paxos

XPaxos�{�¬¥� Paxos 3IOÄu leader � Multi Paxos�Ä:þ, |±3�V\/í

Øõ«�Ú�!:, |±3�¯�òÌ!:=£�Ù¦!: (kÌÀÞ).

duCpnn8ìéõA^3õ/kÜÝ��k��¥%, ÏdA^�¦3vku)¢½

?N/��¹e, =3¥%�\êâ¥. �u)¢½?N/�, �±×�ò�\:����¥%

¢½, �y��Ø¿�êâ. �IOÄu leader � Multi Paxos¥, õê�rÓÚ±�=��¤

J�, 
õê�´�A½�, ¿ØU�y,�½,
!:�½U�����êâ. 3¢S¢y¥,

  ´/n ��C¥%�!:¬Pkr���êâ, 
/n ����!:,   ¬��?u

�r��G�. 3ux¢½?N/�, /n ����!:[�Ã{¤�Ì!:.

XPaxos3�Æ¥¢y
“üÑzõê�”Ú“�­zÀÌ”ü«�{5)ûþã¯K. ¤¢

üÑzõê�, =^r�±ÏLÄ���, �½,�½,
!:7L�kr���êâ, ±�y

3Ñy¢½?N/�, �±-¹�Ì!:. 
�­zÀÌ, �^r�±�½��!:�ÀÌ�­,

�k3p�­�!:�ÜØ�^��ÿ, â¬-¹$�­�!:.

3IOÄu leader � Multi Paxos ¥, ��z�!:Ñ�¹Proposer/Accepter/Learner3

«�ÚõU, �´3k
�¹e¿ØI�¤k!:ÑPk3 «�Ú�õU. ~X38+n!:

�, �±-Ù¥��!:Ø�3êâ, ��;F�, ¿�3ÓÚL§¥��õê�O�, d��

TØ!:� proposer �ÚõU, �3 accepter Ú learner �ÚõU�, �Î�±¦,	ü�!:

þ�êâ�±��5. XPaxos ÏLé!:�Ú�½�z|Ü, �±¢yäk½�õU�!:,

±÷vØÓ�I¦, JpXÚ5U, ;��èP{.

Äu leader � Multi Paxos3?nõ�¢~�, �éz�¢~Ñ¬u)Ï&, E¤�g�

ä I/O, 
 XPaxos òõ�¢~éA�&EÜ¿¤ü��E?1ux, k�/ü$
�EâÝ�


��	�Ñ, J,óé. Ó��;�L$��EâÝE¤üg�¦ò´L�, ��¿u�¦

gêLp, XPaxos #N3þ���E�£(J�c, ¿u�uxe���E�éA�!:. Ï

d XPaxos ��uIO� Multi Paxos, 3�½§Ýþü$
�äò´, Jp
XÚ5U.

Äu leader � Multi Paxos �3��¯KÒ´XÚ�5UÉÌ!:K���. �Ì!:K

1�p, XÚ5U¬ü$, ¿�3ü:�æ¯K. XPaxos�yXÚ3­½$1�¬a���!:

m�äò´, ¿/¤?éÿÀ, l
ü$Ì!:K1Ú�äÏ&K1. �k!:É~�, ��!

:¬gÄ­|ÿÀ, �y���¹!:�~$1. Ïd XPaxos ��uIO� Multi Paxos, 35

U´¶Ú�æ?n�¡��J,.

2.3.3 o(

XPaxos3IO� Multi Paxos Ä:þ¢y
!:þe�, kÌÀÞ, Ó�æ^“üÑzõ

ê�”Ú“�­zÀÌ”5JpXÚé¢½?N/��æ?nUå. �JpXÚ5U!;��è

P{, XPaxos�âØÓI¦¢yäk½�õU�!:, ¿�épò´�ä�Ñ�Æ`z. Ó

� XPaxos ÏL?éÿÀ5ü$Ì!:K1, ü$ü:´¶Úü:�æéXÚ5U�K�.
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2.4 Chubby

Chubby ´��¡�tÍÜ©ÙªXÚ�£ÑÖ, JøoâÝ�©Ùª£ÑÖ. GFS Ú Big

Table ��.XÚÑ^Ù5)û©Ùª��!�êâ�;ÚMaster ÀÞ��X��©Ùª£Ñ

Ö�'�¯K. Chubby �.���5¢yÒ´± Multi Paxos �{�Ä:.

2.4.1 Chubby e�

Chubby ÑÖà�Ä�e��ã6. �©�N�F��!N�êâ¥ÚÑÖ�. Ù¥N�ê

â¥KI�;êâ. ÑÖ�é	Jø©Ùª£ÑÖÚ�©��;ÑÖ. N�F��ÏL Multi

Paxos �{5�y8+¤kÅìþ�F�����, Ó�ä��Ð�N�5. �!Ì�0�N�

F��¥� Paxos.

Chubby client

Chubby servers

File Transfer

Snapshot Exchange

Paxos Protocal

Local File System

RPCs

Chubby Service

Fault-Tolerant DB

Fault-Tolerant Log

I/O

Transaction

Log Snapshot

ã 6 Chubby ÑÖàÄ�e�

Fig. 6 The Chubby framework

2.4.2 N�F��¥� Paxos

N�F��¥� Paxos´æ^Äu leader � Multi Paxos �{¢y�. Chubby ¯ÖF�

¥�z�� Value éA Multi Paxos �{¥���¢~, du Chubby I�é	JøØä�Ñ

Ö, Ïd¯ÖF�¬Ã�O�, u´3��Chubby $1L§¥, ¬�3õ�Paxos ¢~, Ó

� Chubby ¬�z� Paxos¢~ÑUS©����Û���¢~?Ò, ¿òÙU^S�\�¯Ö

F�¥�. 3õ Paxos¢~��ªe, �
J,�{�1�5U, Chubby À���!:��Ì

!:, ±;�z�!:ÑJÑÆY
E¤E,�¹.

2.4.3 o(

Chubby æ^Äu leader � Multi Paxos �{¢y
F����5. Ó� Chubby ¬�y

3 leader ­é½Ñy�æ
?1����ÿ, #NÑyá6�õ� leader ��
ØK�B��

m���5.

2.5 Megastore

Megastore ´���÷v�8�pª3�ÑÖI¦
mu��;XÚ, TXÚ¤õ/ò'

X.êâ¥Ú NoSQL �A:�`³?1
KÜ, �2�A^u Google �¬¥.

2.5.1 Megastore e�

Megastore �Ä�e��ã 7, Megastore �ÜÝI�ÏL���rà¼ê¥ÚeZ�ÑÖ

ì. A^§Së��ù��rà¼ê¥, ù�¼ê¥�1Äu Multi Paxos ���5�{. �.

��êâ´�;3 Bigtable ¥�. �!Ì�0��rà¼ê¥¥� Paxos.

2.5.2 Megastore ¼ê¥¥� Paxos

�
¢y��ÓÚ�!N��!·Ü�ålDÑ�E�Å�, Megastore3 Multi Paxos�

Ä:þ�Ñ�½U?±÷v�ål©Ùª��5��¦. Ó XPaxos ��, Megastore �ÏLé
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!:�Ú�½�z|Ü, ¢yäk½�õU�!:. Megastore !:a.�©��õU!:, �

yö!:Ú�Ö!:, Ù¥�õU!:�Î�;���F�Úêâ;�yö!:3 Paxos �{�

1L§¥�)��ûÆ��ë�Ý¦, ���;�ÜF�
Ø�;êâ; �Ö!:3�)��û

Æ�Øë�Ý¦, Ø�;F���;êâ�¤k¯ì, Ù�^�´Ö���CL�,���m:

���5êâ.

Replica A(full) Replica B(full) Replica C

(witness)
App Server App Server

Megastore Library Megastore Library

Replication

Server

Replication

Server

Replication

Server
Coord Coord.

Bigtable Bigtable Bigtable

Logs+Data Logs+Data Logs

ã 7 Megastore Ä�e�

Fig. 7 The Meagstore framework

IO Multi Paxos¦^���Ì!:, = leader 5?n¤k�Ö�ÑÖ, ÏdÌ!:þ�ê

âo´�#�, Ì!:�±ØI�?Û�äÏ&Ò�±JøÖÑÖ. ��õ�Ö��¦¬\�Ì

!:�K1, K�5U. Megastore@�8+¥Ù¦�Ì!:�±r���!:Ó�k�#�ê

â, �±JøÖ�ÑÖ, 3IO Multi Paxos ¥ù
!:�]
�L¤.

�
¿©|^ù
!:þ�]
, Megastore �¦8+¤k!:Ñ�±Jø�/Ö�õU,


Ø2�dÌ!:JøÖÑÖ. �d Megastore ¦^
���NöÑÖ?§5�l®²äk�

#êâ�!:B�, �Nö�G��dA^�3�ö��KIÓÚ�#. uå�cÖ�, !:Ä

kÏL�NöÑÖ?§�w�/B�êâ´Ä��#, e´�#êâK��Ö��/êâ, =�

/Ö; eØ´�#êâ!:¬¦^ Paxosuå��õê�Öö�, é�Ù¦!:¥��#êâ,

¿�#gC��/êâ. �/Ö�±3�½§Ýþ;��p��äm�, ü$ò´, ¢y¯Ö,

Ó�!�XÚ]
, ~�Ö�æ, ü$muJÝ.

�
��¯��üg�p��ö�, Megastore N�
 Multi Paxos�Ì!:J�üÑ,

MegastoreØ2¦^;�� leader Jø�ÑÖ, 
´�éz��ö��½��A½� proposer �

1, zg�ö��A½ proposer ´�þ�g�ö����å�ÀÑ5, Ïd8+¥?Û!:Ñ

�Uuå�ö�, ���À�A½ proposer. du�Ü©A^o´­EJ�5gÓ�«���

\, Megastore À�TA½ proposer �üÑ´ÀJål�\�C�!:.

2.5.3 o(

Meagstore3 Multi Paxos �Ä:þ�Ñ�½U?5�yêâB��Ö���5, Xé

!:�ÚõU?1½�z|Ü, ±JpXÚ5U!;��èP{!~�êâ�;�m; Ó

� Meagstore�;�ü:´¶Úü:�æéXÚ�K�, �ï
 Multi Paxos ¥Ì!:?n¤k

Ö�ö���{, 3Öö�þ, Meagstore|^�Nö?§¢y�/Ö, ±~��äÏ&, JpÖ

ö�5U; 3�ö�þ, Meagstore �éz��ö��½��A½� proposer 5�1. �!:v

kÌl!:�©, þk�UuåÖ�ö�.

2.6 Spanner

Spanner ´�yúiïu�!�*Ð�!õ��!�¥©Ùª!ÓÚE�êâ¥, ´1�
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�rêâ©Ù3�¥��S�XÚ, ¿�|±	Ü��5�©Ùª¯Ö. �����*Ð�!�

¥©Ùª�êâ¥, Spanner rêâ©¡�;3Nõ PaxosG�Åþ, ù
Åì uHÙ�¥�

êâ¥%S, Spanner �Ì�ó�Ò´+nª�õ�êâ¥%�êâB�.

2.6.1 Spanner e�

Spanner �e��ã 8. �� zone �)��zonemaster, Ú�z�AZ� spanserver. Zone-

master rêâ©�� spanserver, spanserverrêâJø��rà. �rà¦^z� zone þ

¡� location proxy5½ �±�gCJøêâ� spanserver. Universe master Ú placement

driver, �cÑ�k��. Universe master Ì�´�����, Ùw«
'u zone ��«G�&

E, �±^u�p�m�NÁ. Placement driver ¬±Ï5/� spanserver ?1�p, 5uy@


I��=£�êâ, ½ö´�
÷v#�B��å^�, ½ö´�
?1K1þï. �!Ì�

0� spanserver ¥� Paxos.

universemaster placement driver

Zone 1 Zone 2 Zone N

zonemaster zonemaster zonemaster

location
proxy

location
proxy

location
proxy

spanserver spanserver spanserver

ã 8 Spanner Ä�e�

Fig. 8 The Spanner framework

2.6.2 spanserver¥� Paxos

3 ê â � B � � � � ¡, Spanner � ± 3 � � é [ � â Ý þ ? 1 Ä � � �, X Ä

u Spanner �A^�±5½=
êâ¥%�¹=
êâ!ØÓêâB�mål�, l
²

ïØÓêâ¥%S]
�¦^. 3.Ü, z� spanserverKI+n 100∼1 000 �¡� tablet �ê

â(��¢~. �
|±E�, spanner ¬3z� tablet þ¢y��ü�� PaxosG�Å, z�G

�ÅÑ¬3�A� tablet þ��gC��êâÚF�.

Spanserver ¥� PaxosÓ�ÀJ�� leader KIJø�ÑÖ. �|±�Æ·� leader, �

z� leader Ú\Äu�m�u�. �mÏ~3 0∼10 s �m. 3�c� Spanner ¢y¥. ¬é

z� Paxos �ö�?1ügP¹: �g´�\� tablet F�¥. �g´�\� PaxosF�¥.

Paxos ¬r�ö�U^S�1. Spanner ¥Öö��±l.��?ÛB�� tablet ¥�¯, ��

ù�B�v
#.

2.6.3 o(

Spanner æ^Äu leader � Multi Paxos �{. � Leader |±�Æ·, KI?n�ö�, Ù

¦!:K�±3�yg�êâ�#��¹e?nÖö�.

2.7 o(

�©0�
æ^©Ùª��5�Æ� 6 «©Ùªêâ¥XÚ, ¿é��5�ÆÙ¥�A^

?1&?. yéæ^��5�Æ�ù 6 «©Ùªêâ¥?1é'©Û, äNë�L 4.

nþ¤ã,©Ùªêâ¥XÚ3¢y��5L§¥, �Ä�g��!:©Ù!�äÏ&!X

ÚN/!A^K1Ú¢y¤��¢SI¦, ¬éDÚ�©Ùª��5�Æ�Ñ�½�U?, ±·
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AXÚA^, J,XÚ5U.

LLL 4 æææ^̂̂������555���ÆÆÆ���©©©ÙÙÙªªªêêêâââ¥¥¥ééé'''©©©ÛÛÛ

Tab. 4 Comparsion and analysis of consistency algorithms in distributed database

Chubby XPaxos Meagstore Spanner PaxosStore Cassandra

�O8I Jø©Ù p5U©Ù ÷v�pª õ��!�¥ |±·Ü�; KEY-VALUE

ª£ÑÖ. ªr��� 3�ÑÖI ©ÙªÓÚ �Ï^�;X a.� NOSQL

Paxos ¥. ¦�;XÚ. E�êâ¥. Ú. êâ¥

Ö�ö�

d��Ì!:?nÖ�ö�, X Chubby.

d��Ì!:?n�ö�, Ù¦!:�±?nÖö�. X Spanner!XPaxos.

�ï��Ì!:?nÖ�ö���{, ?¿!:þ�U?nÖ�ö�.

� NOSQL êâ¥

!:a.

^G�Å�o!:G�, !:��õU!:, X Chubby.

^G�Å�o!:G�, !:�±´½�õU!:, X XPaxos!Meagstore!Spanner.

�ï¦^G�Å£ã!:, �!:��êâ3¤k!:þB���'&E,

X PaxosStore!Cassandra

!:Ï&

!:mÏ&�) PrepareRequest!AcceptRequest �õ«a.��E±9õ«

�E?n�¬. G�£ã�E,. X Chubby!XPaxos!Meagstore!Spanner.

æ^Ú��Ï&�Ea., = MX→Y =(SX X, SX Y), Ú���E?n�¬. {z


&ED4�&E?n�L§, ;�E,�G�£ã. X PaxosStore.

æ^:é:ÏÕ�Æ gossip ¢y!:mÏ&, X Cassandra.

3 o(�Ð"

�©Äk0�
²;�©Ùª��5�Æ Quorum!Paxos!Raft, ¿©ÛÙA:9A^|

µ, ��q0�
ó�.¥6 «©Ùªêâ¥XÚCassandra.!Chubby!XPaxos!Meagstore!

Spanner Ú PaxosStore�Ä�e�, ±93¢y��5L§¥(Üg�A^I¦é²;©Ùª

��5�Æ�Ñ�U?. ��éù 6 «æ^��5�Æ�©Ùªêâ¥?1é'©Û. �Xpé

��¯�uÐ, êâþ¥�uªO�, ïu5U�p!�­½�©Ùªêâ¥XÚ®²¤�7,

ª³. Ïd38cÆ�.Úó�.®k�©Ùª��5nØÚ¤Ù�©Ùªêâ¥XÚÄ:þ,

&Ä�p�!�­½��Y5)û©Ùªêâ¥XÚ¥���5¯K®²¤��5�ïÄó�

��. �©´��nã©Ù, F"U
��8�©Ùªêâ¥XÚó�öJøë�. du©Ùª

��5�Æ9ÙéA��¬éõ, )övkUåò¤k���5�ÆÚ©Ùªêâ¥�'Eâ

�Ü8B�©Ù¥, F"Öö3�Ö�uy�Ø�±õ\��.
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