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开发过微服务框架 

写过RPC框架：https://github.com/baidu/sofa-pbrpc 

参与过分布式框架：https://github.com/Microsoft/rDSN 

正在做KV存储系统：https://github.com/XiaoMi/pegasus 
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Storage Service in Xiaomi 

Pegasus	

ZooKeeper	

HDFS	

HBase	

FDS	
	

SDS	
	

EMQ	
	



Storage Service In Xiaomi 

	

10PB 	

	

QPS	

>99.95%	

5	HBase	Commi5ers	

TB/day	

Storage Service in Xiaomi 



HBase Is Good, but Not Enough 

Weak	Data	Locality	

Layered	Structure	

Long?me	Recovery	

JVM	Garbage	Collec?on	

	 	



高可用 

目标用户 

高性能 强一致 易使用 

What We Want 

•  	

•  	

•  	



What We Did 

Pegasus	
KV 	
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Many Choices … 

KV 	 	 	

Centralized	 	De-Centralized 	

Hash	 	Range 	

C++ Java	 	Go	 	

HDD SSD	 	Memory	 	

Paxos RaM	 	 		
…	…	

	 	 	 	



Basic Choices 

C++				Java	
•  Java GC 	
•  C++ 	

SSD				HDD				Memory	
•  	

RocksDB				BDB				LevelDB	
•  LSMT Log	Structured	Merge	Tree 	
•  SSD 	

	

	

	



Model Choices 

KV 				Tabular 	
•  	
•  KV 	
•  Tabular 	

Hash 				 Hash				Range 	
•  	
•  Hash Hash 	
•  	Par??on	Count	 	Server	Count	
•  Hash Range 	



HashKey SortKey 	 Value 

Replica 
Server 

Replica 
Server 

Replica 
Server 

Partition 
#0 

Partition 
#1 

Partition 
#2 

Key 

hash 

route 

Par??on	ID	

•  HashKey	+	SortKey	

•  HashKey Hash 	

•  (Par??on)
	[HashKey	+	SortKey]	 	

•  Table 	

•  	

	

	 	
…	…	



UserID_1	

UserID_2	

AXrName_1	 Value1	

AXrName_2	 Value2	

AXrName_3	 Value3	

AXrName_1	 Value1	

AXrName_2	 Value2	

AXrName_3	 Value3	

…	…	

…	…	

HashKey	 SortKey	 Value	

get/set/del	

mul?_get/	
mul?_set/	

scan	

scan_all	



•  get(HashKey,	SortKey)		à		Value	

	

•  set(HashKey,	SortKey,	Value,	TTL)		à		Bool	

•  del(HashKey,	SortKey)		à		Bool	

•  mul?_get(HashKey,	SortKey[])		à		Value[]	

•  mul?_set(HashKey,	SortKey[],	Value[])		à		Bool	

•  scan(HashKey,	SortKeyBegin,	SortKeyEnd)		à		Iterator	

•  scan_all()		à		Iterator	

	

	

	

HashKey 	

HashKey 	

HashKey 	

	

Redis 	

SET				SETEX				GET				DEL				INCR				INCRBY				DECR				DECRBY				TTL	

	



Replicated	State	Machine	Architecture	

Paxos						(1990)	

RaM									(2013)	

PacificA		(2008)	

Consensus Algorithm Choices 



Primary

Secondary

Secondary
replica

replica

replica

Replica	group

Configuration

Primary/Backup	Paradigm	of	PacificA	

Client	

query	

response	

replicate	

replicate	

update	/	



Log 

Log 

Secondary	
Client	

prepare	

prepare	

ack	

ack	
DB	

request	

response	

Two-Phrase	Commit	of	PacificA	

Log 

Secondary	

Primary	

DB	

DB	

apply	

	



Architecture Choices 

Centralized       Vs.    Decentralized       

Layered        Vs.       Integrated 



Pegasus	Architecture	



ReplicaServer	

ReplicaManager	

Replica 

RocksDB 

Replica Replica 

ReplicaServer	

ReplicaManager	

Replica Replica Replica 

RocksDB 

ReplicaServer Design Choices 

RocksDB RocksDB 

•  Table/Par??on 	

•  	Load	Balance	 	Drop	Table	

•  SSD 	

VS	



RocksDB:	Log-Based	Storage	System	

Make	commit	log	shared	by	all	replicas	
-  	write	compete	
-  	batch	write	



ReplicaServer	

ReplicaManager	

Replica Replica Replica Commit Log 

RPC	

Architecture	of	ReplicaServer	

•  ReplicaServer Replica	

•  Replica	 	RocksDB	

•  Replica	 	Commit	Log	

RocksDB RocksDB RocksDB 



RocksDB	

memtable	

sstable	

Commit	Log	

Write	

Checkpoint	

•  How	to	catch	up:	
•  Learn	checkpoint	
•  Learn	commit	log	

Commit	Log	
is	

Shared	

Split	

Shared	Log	 Private	Log	+	

	&	 	
Recovery	

Shared	Log	 Private	Log	

Considering Catch-Up ... 

ReplicaServer	
Replica	

Learner 	
Learning	



ReplicaServer	

ReplicaManager	

Replica 

RocksDB 

Shared Log 

RPC	

Improved	Architecture	of	ReplicaServer	

•  Shared	Log	for	Recovery	
•  Private	Log	for	Learning	

Private	Log	

Replica 

Private	Log	

Replica 

Private	Log	

RocksDB RocksDB 



■  只使用Default Column Family 

■  禁用Write Ahead Log 

■  并发控制：写操作在单线程中串行执行，读操作允许多线程并发执行 

■  数据扩展：写操作会额外传入数据在Log中的序号（Decree） 

■  优化快照：同步 à 异步，避免同步过程阻塞写操作 

RocksDB	

memtable	

sstable	Commit	Log	

Write	
Read	

RocksDB as Storage Engine 



Failover 

Meta 
Server 

Replica 
Server 

db log +	

heartbeat	

heartbeat	

heartbeat	

ZooKeeper 

Replica 
Server 

Replica 
Server 

db log +	

db log +	

•  MetaServer
ReplicaServer 	

•  Failure	Detec?on
	

•  Failover 	

•  Primary	Failover	

•  Secondary	Failover	
•  MetaServer	Failover	



Primary 

ZooKeeper Meta 
Server 

Secondar
y 

Secondary 

db log +	 db log +	

Client Primary 

db log +	

Primary Secondary 

db log +	db log +	

1.  	
2.  Primary 	

	
3.  MetaServer Secondary

Primary	

	4.  Secondary	

	

	

Primary Failover 



Primary 

ZooKeeper Meta 
Server 

Secondary 

Secondary 

db log +	 db log +	

db log +	

Client Secondary 

db log +	

Secondary 

db log +	

1.  	
2.  Secondary 	

	
3.  Primary

	
4.  Secondary	

	

	

Secondary Failover 



Meta 
Server 

Replica 
Server 

db log +	

heartbeat	
heartbeat	

heartbeat	

ZooKeeper 

Replica 
Server 

Replica 
Server 

db log +	

db log +	

Meta 
Server 

Meta 
Server 

heartbeat	
heartbeat	

heartbeat	

1.  MetaServer
ReplicaServer 	

2.  MetaServer 	

	
3.  MetaServer

ZooKeeper
MetaServer	

4.  ZooKeeper 	

	

5.  ReplicaServer
	

	

Meta 
Server 

Meta 
Server 

recover	

	

MetaServer Failover 



•  Table 	
•  Table 	

•  	
•  ReplicaServer 	

•  	
•  HDFS	

•  	

•  	
•  	

•  	

•  	

Data Safety 



•  Built	on	rDSN	(Robust	Distributed	System	Nucleus)	framework	
•  hXps://github.com/MicrosoM/rDSN		

Microkernel	Architecture	

Most	Things	Are	Pluggable	

Friendly	for	Tes?ng,	
Debugging	and	Monitoring	

Lock	 RPC	 AIO	 Timer	

Logging	 Replica?on	 …	…	

Engineering … 



•  Unit	Test	

•  Integra?on	Test	

•  Simula?on	Test	
•  Simulate	cluster	in	single	process	

•  Processing	can	be	replayed	

•  Scenario	Test	
•  Declara?ve	language	
•  Construct	different	scenarios	(execu?ng	paths	/	corner	cases)	

	

	

	

	

How to Test 
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Why 

Pegasus HBase 	
•  C++ No	GC Data	Locality	
•  No	GC Faster	Failover	
•  No	HDFS No	ZooKeeper	(in	the	future)	
•  Key-Value	

How What How 

Many choices … 

Fit is the best 



Future Work 

• PacificA	à	RaM	
• Key-Value	à	Tabular	
• Remove	ZooKeeper	Dependency	
• Performance	Tuning	
•  Improve	Load	Balance	
• Cross	Row	Transac?on	
• Open	Source	



Thanks	

	
	

个人微信号： 



	



Pegasus写性能 
■  单机QPS 可达 1.5w+ 

■  单机QPS<1w 时，平均延迟<5ms 

■  单机QPS<1w 时，P99 延迟<20ms  

注：X轴Tn为单Client线程数，Y轴Cn为Client进程数，Z轴延迟单位为微妙，集群使用5个数据节点 



Pegasus读性能 
■  单机QPS 可达 10w+ 

■  单机QPS<5w 时，平均延迟<1ms 

■  单机QPS<5w 时，P99 延迟<5ms  

注：X轴Tn为单Client线程数，Y轴Cn为Client进程数，Z轴延迟单位为微妙，集群使用5个数据节点 



注：蓝色曲线为Pegasus，红色曲线为HBase，延迟单位为微妙，集群使用10个数据节点 

对比HBase 

■  读性能优势明显 

■  写性能略差 



 
•  Leader 
•  Follower 
•  Candidate 

 
•  Leader  
•   

 
•   
•   

 
•   
•   
•   

 
•  Election Safety 
•  Leader Append-Only 
•  Log Matching 
•  Leader Completeness 
•  State Machine Safety 

Ra\	Algorithm	



Raft                           PacificA 

Strong	Leader	

Replicated	State	Machine	

Logical	Time	

Two-Phrase	Commit	

Heartbeat	

Majority	Vote	 First	Come	First	Served	

Majority	Replica?on	 Fully	Replica?on	

Decomposi?on	

Log-Based	Storage	System	

Leader	Elec]on	

Commit	Condi]on	

Safety	Guarantee	 Addi?onal	Restric?on	 Fully	Replica?on	



Lease-Based	Failure	Detec]on	

	 	



RocksDB supports async-checkpoint  

•  RocksDB Write 	lastDecree	
•  Sync-Checkpoint 	dump	memtable 	 	dump 	
•  Dump sstable Checkpoint 	lastDecree	 	
•  	 	

RocksDB 	Sync-Checkpoint	:	

RocksDB	

memtable	

sstable	Prepare	Log	

Write	

sstable	

memtable	

checkpoint	

Write	
lastDecree	



RocksDB supports async-checkpoint  

RocksDB	

memtable	

sstable	Prepare	Log	

Write	

•  RocksDB memtable/sstable 	 lastDecree	

•  Async-Checkpoint memtable sstable
Checkpoint sstable 	 lastDecree	 Checkpoint decree 	

•  	 	

RocksDB 	Async-Checkpoint	:	

checkpoint	

lastDecree	



参考 

• PacificA	Algorithm	
•  hXps://www.microsoM.com/en-us/research/wp-content/

uploads/2008/02/tr-2008-25.pdf		

• RaM	Algorithm	
•  hXps://raM.github.io/raM.pdf		

•  rDSN	Framework	
•  hXps://github.com/MicrosoM/rDSN	

• Pegasus	System	
•  hXps://github.com/XiaoMi/pegasus	(coming	soon)	


