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Abstract: With the ongoing development of the Internet, the degree of informationization

in enterprises is continuously increasing, and more and more data needs to be processed

in a timely manner. In this context, the instability of network environments may lead to

data loss and node downtime, which can have potentially serious consequences. Therefore,

building distributed fault-tolerant storage systems is becoming increasingly popular.

In order to ensure high availability and consistency across the system, a distributed

consistency algorithm needs to be introduced. To improve the performance of unstable

networks, traditional distributed systems based on Paxos allow for the existence of

holes in the log. However, when a node enters a recovery state, these systems typically

require a large amount of network interaction to complete the holes in the log; this

greatly increases the time for node recovery and thereby affects system availability. To

address the complexity of the node recovery process after completing a hole log, this
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paper proposes a redesigned log entry structure and optimized data recovery process.

The effectiveness of the improved Paxos-based consistency algorithm is verified with

experimental simulation.

Keywords: distributed storage systems; consistency; log replication; node recovery
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Fig. 1 Master node election

ùp�ÀÌ6§´��Ä�� Paxos L§, JÆ���“ÀgC�Ì!:”. ±ã 1 d 5

�!:|¤�XÚ�~, `²XÛ3XÚ¥�(/ÀÑ��Ì!:. ùp� 5 �!:Ñ�±

uåJY. e¡± Node 1 uåJY�~f`²6§, Ð©JY��À Node 1 �Ì!:.

Ú½�:

Proposer ÀJ��Ð©JÆÒ proposerID, ,��Ù¦�!:uxgC��¦. �X�

�Ù¦�!:�£A.

d u ¤ k � Ù ¦ � ! : �� k®² �É L� JYÒ acceptedProposalID, ® ² �

ÉL�JY� acceptedValue, ®²�AL�JYÒ minProposalID. ¤±� minPropos-

alID> ProposerID �, KØ�A Proposer, � minProposalID6 proposerID, K� Proposer �

£gC� acceptedProposalID Ú acceptedValue.

Ú½�:

XJ Proposer 3�½�mvkÂ��L�ê!:�£A, @o Proposer JpgC�

proposerID, ­#m©Ú½�. XJ Proposer 3�½�mpÂ��L�ê!:�£A, K�±
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gC�JY�#��A¥���JYÒéA�@�JY�; ÄK¦^ Proposer Ð©z��

ÿgC�JY�. �X Proposer �XÚÙ¦!:uå Accept �¦ (ProposerID, Value).

� Acceptor �É� Proposer � Accept �¦�, minProposerID> proposerID, KØ�É

JY�; minProposerID6proposerID, K�É�¦. 3�½��mp, proposer �É��L�

ê�!:�£A, KL«JY�®²�(½, =ÀÑ
X�Ì!:, ÄK­#uåÚ½�.
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2.2 F�E�

2.2.1 F�(��`z

Ù¥��F���¹�SNXe¡�(�N¤«, Ù¥ logIndex L«TF��3F�

©�¥�¢Ú �, acceptedProposalID L«TF��®�ÉJÆ�JÆÒ, acceptedValue

L«TF���SN, includeIndex ê|���´TF��c¡ 9 �F��¥÷v�'^�

�F�¢Ú�, Ù¥ includeIndex ê|��3´�
�¡!:«Å¡EÚ#Ì!:¡EÑÖ

�. éu�cF��, u�c¡ 9 ^F��¥�F�SN, XJF�SNÚ�cF��¥�

SNÑ´é�Óêâ��?n, @oòéA�F�¢ÚP¹3 IncludeIndex[9] ù�ê|¥.
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\¯#Ì!:

���#���5G�.

struct LogEntry

{

int logIndex;

int acceptedProposalID;

string acceptedValue;

int includeIndex[9];

};

F��©�(�Xã 2 ¤«, ùp6�Ø�ÄF�u�:. F��©�¥�)F��,

Ø�F��É	����J��F���¢Ú� (firstUnchonseIndex), T!:®�É�F�

����¢Ú � (lastLogIndex). �
£ã�B, 3ã¥vkÐ«Ñz��F����Ü

SN. 3F�©�¥, ���F��®²�(@J�
, I�3TF��þ�þIP, ùpæ

^ò�5F��� acceptedProposalID P¹¤Ã¡���{. Ï� acceptedProposalID P¹

¤Ã¡�L«TF��Ø¬2��U
. 3�5��{¥, XJI�u¢,��F��, I

�?1�Û� Paxos u¢6§, ±B���F��´��õê!:�É�F�, �´?1�

Û� Paxos I�?1�ä¥��ED4, �d��. ÏLù��{, ±�u¢�'�F�B

�±��3�/�F�©�¥?1u¢. Ó�, I�3F�©�¥P¹ firstUnchosenIndex,

L«�/¥ÿ�J�����F��. Ï�, Äu Paxos �©Ùª��5�{#NF���

É�3, �u¢�F��3�/F�©�¥���, �´I�ÏL�ED4lÙ¦!:¥
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Fig. 2 Structure of log file

2.2.2 F�ÓÚ

�ÀÌ?§(å, XÚ¥�3���Ì!:, Ì!:KI?n�rà�Ö��¦, ,�

ò�'¯ÖF�ÓÚ��!:. ã 3 £ã
�rà�g��¦�L§,ÄkduXÚ¥�3

Leader !:, ¤±� Leader 3�~¦^ Paxos �Æ?1,�gF�ÓÚL§¤õ
±�, K

�LØ�3Ý¦Àâ�¯K. éu�e5�F���ÓÚ�±�ÑK Paxos �Æ� prepare

L§, 
�?1 accept L§.

client leader acceptor

1: write request

3: accept

2: 

7: response

6: acceptor

4: accept

5: reponse

ã 3 ��¦L§

Fig. 3 Process of write requests

duXÚ¥��3�� Leader !:, Ø�3Ý¦L§¥p�{l�¯K, ¤±ÓÚF

�3�õê�¹e�I�?1XeA�Ú½.

(1) Ì!:2Â accept(logEntry,firstUnchosenIndex) �¦�¤k� acceptors þ.

(2) acceptor Â � Accept � ¦ ± �, é ' logEntry.logIndex   � ? � F � �

þ � minProposalID(acceptor ® ² � A L � prepare � ¦ � � � J Æ ? Ò)Ú re-

quest.logEntry.acceptedProposalID ���.

XJ minProposalID6 request.logEntry.acceptedProposalID, KòT acceptor.minPropos-

alID= request.logEntry.acceptedProposalID, Ó�3 acceptor þ±ÈzDL5�F��, XJ

acceptor éA� index  �?®²�ÉLF��, K^ request.logEntry ¥�SN�UéAF

��.
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3 acceptor þ÷v index < request.firstUnchosenIndex ?�F��, �F��¥� ac-

ceptedProposalID � u request. acceptedProposalID, K ò § � F � � ¥ � acceptedPro-

posalID ­#��¤Ã¡�. ,��£ acceptor � minProposalID Ú firstUnchoseIndex �

Leader.

(3) Ì!:�Â� accept �£A (reply.n,reply.firstUnchosenIndex), XJ reply.n> �

! : � J Æ Ò, K L « X Ú ¥ Ñ y 
 # Ì ! :, Ê � � ! : � ? §. X J re-

ply.firstUnchosenIndex6 lastLogIndex, ¿�éA�¢Ú �?�F��®²J�, KòÌ

!:éA�F��ÓÚ� acceptor éA�¢Ú �?.

(4) Ì!:�É��õê acceptor é accept �¦�£A, Kò�/éA�F���JÆ

Ò��¤Ã¡�, L«ÓÚF�Ú½¤õ.

2.3 !:¡E�`z

Ï�Äu Paxos �©Ùª��5�{#N�É�3�5�, Ø
Ì!:, ?Û��B

�!:Pk�F�©�¥�F��UÑ´Ø���, ¤±Ì!:«Å�, #Ì!:­#ó

��c, I�?1êâ¡E, ¦�#Ì!:���#�G�. 
du3�F���ÿ, F�

�¥õ
 inclueIndex[9] ê|, Ù¥P¹�´TF��c¡ 9 �F��¥��cF��?n

�´Ó��êâ���F�¢Ú�. 3êâ¡E��ÿ, e®J�F��F�ÿ��Ü£

�. K�± 10 �F����|?1êâ¡E, kGØKT 10 �F��¥�±ØI�¡E�

F��, XJGØK�F��TÐ´F��É, K�;�Ö�F��É�õ{ö�. éuÿ

�J��F�, I�ÏL�Û� Paxos ¼�õê�!:@����� max logIndex. ,�3

firstUnchosenIndex � max logIndex �mz��Ñ?1�Û� paxos L§, (�¡E�F�

´�¤õê�@��F�, �Xòù
F�£�, �y!:�G�Å¡E��#�G�, �

yXÚ���5. �[�L§Xe�{ 1.

���{{{ 1 !:¡E�{

1: if ®J��F�vk�Ü£�

2: lF�©�¥¼� firstUnApplyIndex= ��£��F�å:

3: lF�©�¥¼� firstUnchosenIndex= ����J��F���¢Ú�

4: for(i = firstUnApplyIndex to firstUnchosenIndex-1)do

5: ± 610 �F����|, |^ includeIndex[9] üØØI�£��F��

6: GØ��ù|F�XJ�k�É, |^�Û paxos ¼�F�

7: òù�|F�£�

8: end for

9: end if

10: ÏL�Û paxos ¼�õê�@����F�Ò =max logIndex

11: for(i = firstUnchosenIndex to max logIndex)do

12: �éz��F�?1�Û� paxos L§

13: if(¼��õê!:�(@)

14: J�F�Ò� i �F�

15: £�F�Ò� i �F�

16: end if

17: end for
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3 ¢�(J

3.1 ¢��¸

�g¢��Åì��Xe: Intel(R) Core(TM)i7-7700 CPU, S�� 8 G, 100 GB �M�,

64   CentOS-6.5 ö�XÚ, Zî±��. ¢y�U?�Äu Paxos ���5�{�.æ^�´

java �ó, java �$1�¸� jdk1.8.0 212.

3.2 ÀÌ�m�ÿÁ

XÚ�Ì!:u)�æ±�, ¬u)­#ÀÌ�?§. ÀÌ��{æ^Ä�� Paxos �

{,�´k�U�)¹£, �
ü$¹£, �±3ØÓ� Proposer ­#m© prepare L§���

�Å� sleep �m, ¦� Paxos ?§U
¯�ÀÑÌ!:. �
ÿÁU?�ÀÌ�{U
¯�À

ÑÌ!:, �g¢�©OÿÁ
ØÓ!:êþ��üXÀÌ�m, 3ùp6�Ø�Äêâ�¡

E�m, Ï�ÀÌ´üÕ�?§, ¤±vk?1êâ¡EØ¬é¢�E¤K�. d¢�(J¤«,

XÚU
¯�ÀÑÌ!:, �´�U�X!:êþ�O\, ÀÌ�m¬k¤O\. ¢�(JXã

4 ¤«.

10

20

30
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m
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Fig. 4 Time of election
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