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Storage Service in Xiaomi
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Storage Service in Xiaomi
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HBase Is Good, but Not Enough
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What We Want
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What We Did

Pegasus
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Many Choices ...
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Basic Choices
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Model Choices
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SortKey Value
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Value

Valuel

Value?2

Value3

get/set/del
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» get(HashKey, SortKey) = Value

set(HashKey, SortKey, Value, TTL) = Bool
del(HashKey, SortKey) = Bool

multi_get(HashKey, SortKey[]) = Value[]
multi_set(HashKey, SortKey[], Value[]) = Bool
scan(HashKey, SortKeyBegin, SortKeyEnd) —> Iterator

scan_all() = Iterator
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Consensus Algorithm Choices

/ State Machine ] ||
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Paxos (1990)

Raft  (2013)

PacificA (2008)

Replicated State Machine Architecture



Configuration

Replica group
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Primary/Backup Paradigm of PacificA
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Architecture Choices m

| Centralized | Vs. Decentralized

Cassandra

HBase API °
[ 1 [ RegionServers | °
Master HFile | Memstore
Write-Ahead Log

HDFS I l ZooKeeper I 0 0 0

Layered Vs. | Integrated |
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Pegasus Architecture



ReplicaServer Design Choices

ReplicaServer

ReplicaManager
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RocksDB
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@ In-Memory
Structure

Checkpointi ngp
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Truncate

Make commit log shared by all replicas
- D write compete
- 1&S batch write

RocksDB: Log-Based Storage System
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ReplicaServer

ReplicaManager

Replica Replica Replica

RocksDB RocksDB

* ReplicaServer&=IE%MReplica
« B Replica J£= RocksDB
 Ff&Replica 3£= Commit Log

Architecture of ReplicaServer



Considering Catch-Up ...

* How to catch up:
* Learn checkpoint

e Learn commit log

Commit Log
is
Shared
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ReplicaServer

ReplicaManager

Replica “ Shared Log

Replica Replica

Private Log Private Log

Private Log

RocksDB RocksDB

RocksDB

e Shared Log for Recovery

* Private Log for Learning

Improved Architecture of ReplicaServer



RocksDB as Storage Engine

e

« Rf{EMADefault Column Family
« ZEFWrite Ahead Log
. FERES . BERFERSETRSRITHIIT
« IRV R . BER(EEEIMENEIEELOgHAIFS ( Decree )
- ULREE . B2 > B, BRESIIIEEESEF

R EIT S SAEH AT

RocksDB

» | memtable

o
/




Failover
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Secondary Failover
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. EMetaServerFOFFEHY
ReplicaServer#EdZr Mk

. FEMetaServeriET

. BEANZMetaServer@id
ZooKeeperf8F i 9Fh
AYFEMetaServer

. MZooKeeperfkEIRZE

5. EFFA0FTBReplicaServer

FEAVZ[Y2LS

——————————————————————

Server

- el - - - =

Meta ZooKeeper

Server

Meta recover
1
Server 4
/
<]
e

Replica

Server
~

s T T ——————— —

/

heart

Replica
Server

+ +

Replica

Server
~ 2

+



Data Safety m
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Engineering ...

e Built on rDSN (Robust Distributed System Nucleus) framework
* https://github.com/Microsoft/rDSN

S Microkernel Architecture
Applications =
2 [ Distributed ' Most Things Are Pluggable
2 | Runtime Services - ;
2| (Frameworks) Lock | |RPC| |AIO| | Timer
E Local . . .
£ | Runtime Services Logging Replication | ... ...

(e.g., RPC, lock)

MNative OS5 kernel Native OS5 kernel Friendly for Testing,
Debugging and Monitoring

(a). Common practice (b). rDSN



https://github.com/Microsoft/rDSN

How to Test

set:load_balance_for_test=1

Unit Test

config:{3,r1,[r2,r3]}
state:{{r1,pri,3,0},{r2,sec,3,0},{r3,sec,3,0}}

00 = v un P

Integration Test

client:begin_write:id=1,key=k1,value=v1, timeout=0

inject:on_alo_call:node=r1,task code=WRITE_LOG

Simulation Test

state:{{r1,err,3,0},{r2,sec,3,0},{r3,sec,3,0}}

* Simulate cluster in

state:{{r2,sec,3,0},{r3,sec,3,0}}

* Processing can be riuiaie iuan et

. state:{{r2,1ina,4,0},{r3,sec,3,0}}
Scenario Test Z> config:{5,r2,[r3]}

e Declarative language

* Construct different scenarios (executing paths / corner cases)
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Why = How = What
Many choices ...

Fit is the best

Pegasus@XJHBaseHUB JI#M 7T

- BURAYIERE

- ESHYA]

I

- BRRERIERE ¢

- EHHE

=152

. C++. No GC, Data Locality
No GC, Faster Failover
No HDFS. No ZooKeeper (in the future)

. Key-Value



Future Work

* PacificA = Raft

* Key-Value = Tabular

* Remove ZooKeeper Dependency
* Performance Tuning

* Improve Load Balance

* Cross Row Transaction

* Open Source
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Read Average Latency

PegasusiEthae
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* Election Safety
* Leader Append-Only
* Log Matching
* Leader Completeness
( State Machine Safety /
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Raft Algorithm



Raft \/S PacificA

Leader Election __balofiy Yole o,
Commit Condition | Majority Replication
Safety Guarantee | Additional Restriction



last_send_time_for_beacon_with_ack expired, commit suicide

v «
. I
|<------- lease period -------- >|
worker ® :
L e EIRE
|t d
beacon ack beacon ack beaco Philhdiibio¥
dellver failed i
master L >
|<-------- grace period --------- >
PR Y
&« "4
last_beacon_receive_time expired, declare worker dead

%HF'B—:&%I

Lease-Based Failure Detection



RocksDB supports async-checkpoint

RocksDBASE 32 $F Sync-Checkpoint :

« RocksDBIEREG— X WritelY lastDecree
 TESync-CheckpointlT , Z£55 dump memtable , A S F dump5ehk
« DumpSERkfE , 15 TCEE sstableFE N ZE Checkpoint , JATS{#H lastDecree H{THRIC

- EENUREF FEESEF , FETRBKE

@ RocksDB lastDecree
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RocksDB supports async-checkpoint

BOHAYRocksDB3ZF Async-Checkpoint :

« RocksDBHImemtable/sstableZf<icsk B 228 lastDecree

« fEAsync-Checkpointly , EiEZIEmemtablefYZHE , 1E7oc&dEFsstableiZ N E
Checkpoint , F{EFH B sstablelY B kKlastDecree {EJ/ICheckpointfdecreefric

« ERNIIE THREESEF , (RETAM

RocksDB
> [memtable

8" ezt
sstable /"—

/ lastDecree

Prepare Log
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* PacificA Algorithm

* https://www.microsoft.com/en-us/research/wp-
content/uploads/2008/02/tr-2008-25.pdf

e Raft Algorithm
e https://raft.github.io/raft.pdf

e rDSN Framework
* https://github.com/Microsoft/rDSN

* Pegasus System
e https://github.com/XiaoMi/pegasus (coming soon)
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