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W About SmartX % smartx

Q Founded by three geeks in 2013
a Focuses on distributed storage and virtualization
Q Currently Ieading in distributed block storage technology

Q Product has been deployed on thousand’s of hosts and running for 2
years

Q Cooperateswith Chinese /eading hardware venders and cloud venders

Py

a Has now raised 10s of millions of dollars



I What is Block Storage Used For ~ &% smartx

Q Virtual Machine .%‘W.KVM n

openstack

QO Database

Q Container

kubernete
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0 How SmartX Build ZBS

0 Roadmap of ZBS
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I How to Build a Distributed Storage % smartx

L Meta Data Service q

Consensus Protocal

Data Storage Data Storage Data Storage
Engine Engine Engine
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O Meta data service
Q Data storage engine

Q Consensus protocol




" How to Build a Distributed Storage %% smartx

O Meta data service
d Data storage engine

0 Consensus protocol




I Meta Data Service Requirements &% smartx

0 Reliable

O Data should be protected by replication
QO Failover

Q High performance

Q Average latency per request should be less than 5ms
O No necessary for high throughput

Q Lightweight

QO Easy to operation




" How to Build Meta Data Service $% smartx

O MySQL, LevelDB/RocksDB ...

O No data protection
Q No failover

Q MongoDB/Cassandra
O No ACID
Q Hard to operation




" How to Build Meta Data Service $% smartx

0 Paxos/RAFT

a Not available in 2013

Q Zookeeper
QO Limited storage capacity

Q DHT (Distributed Hash Table)

QO Loss control replica location
O Hard for load balance




I Meta Data Service Solution %% smartx

O Combined LevelDB and Zookeeper
O Lightweight and stable

Q Log replication

Meta Data =

[ ortiopiors | + [ opalopsiors | - - -

r OP1|OP2|0OP3 T + [ OP4|0OP5|0OP6 ] ---




2 Meta Server Cluster % smartx

[ Zookeeper J

Elect leader
through Zookeeper

Meta Server Meta Server Meta Server
Leader Standby Standby
( LevelDB } { LevelDB ] L LevelDB ] ‘




W Meta Server Cluster

E Zookeeper

I

| oP1lop2|oP3 |

~
Meta Server Meta Server
g Leader Standby

L LevelDB J [ LevelDB J

Submit operation log
to Zookeeper

Meta Server
Standby
[j LevelDB J ‘




2 Meta Server Cluster % smartx

( Zookeeper j
Apply changes to

OP1|OP2|OP3 | local DB

p
Meta Server Meta Server Meta Server
Leader Standby Standby

.
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W Meta Server Cluster

-

Zookeeper

| optlopz|op3 |

Meta Server
Leader
L LevelDB J

v

Meta Server

Standby

[ LevelDB J

Learn logs from
Zookeeper and apply
¢ to local DB

[

Meta Server
Standby

r

L LevelDB i]
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W Meta Server Cluster

L Zookeeper J

Meta Server | Meta Server \ Meta Server
; Leader Standby | Standby |

[ LevelDB ] { LevelDB J ( LevelDB J

Operation logs is
cleaned after
learned by all meta
servers

Meta data is
always consistent




2 Meta Server Failover % smartx

Q Elect new leader through Zookeeper
Q Consume all logs from Zookeeper

a Provide meta data service




8 Meta Server Summary 9% smartx

Q Easy to understand and implement

Q Zookeeper: leader election and log replication
QO LevelDB: metadata storage

Q Fast enough for meta data service

Q Failover
Q Failover time: leader election + log consumption

Q Deployment

Q 3~5 Zookeeper and Meta Server in one cluster




2 Meta Server Summary 9% smartx

[ Zookeeper j
1 1

[ ortjop2iors | [ o4opsiops |
v

C Log Replication Engine j
™ ~ R ~ D
Meta Server .= Meta Server --- Meta Server
g Leader Standby L Standby
J \_ J J

7 ~ ™ ~ ~

LevelDB LevelDB LevelDB
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2 Meta Server Summary 9% smartx

[ Zookeeper J

1
| OPIIOEZIOPB ] [ oralopsiore |
v

~— =

Log Replication Engine

—

(Chunk Manager| | NFS Managerj ESCSI ManagerJ [_E:xtenf Manager |

i RPC 3 [ Recover/Rebalance/Heartbeat/GC/ ... -

EE——— e — - N

Meta Server .= Meta Server .= Meta Server

g Leader Standby L Standby
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LevelDB LevelDB LevelDB ‘




" How to Build a Distributed Storage %% smartx

O Meta data service
Q Data storage engine

0 Consensus protocol




N Data Storage Engine Requirements % smartx

0 Reliable
0 Performance

Q Efficiency
O CPU, Memory, IO Bandwidth ...
0 Space

Q Easy to debug and upgrade




2 Kernel Space

4
$ smartx

User Space 0 Kernel space

a

____________________

a
a

____________________

____________________

____________________

____________________

____________________

____________________

--------------------

SRR st et el

Hard for debugging and
management

Upgrading is costly: host restart
Large failure domain: kernel
panic!

No context switch




I Kernel Space vs. User Space % smartx

____________________

E:S'ror'age Engineé Q User space Sforage
B | Engine
User Space LSMTree o F lexublg anfi easy for debugging
O Upgrading is cheap: process
""""""""" restart
Kernel Space Ty O Isolated failure domain: process
i . ! crash
i 1 Filesystem | : :
N ——— A } | QO Context switch is costly
Block Layer
Driver '

____________________

\
\
\ ’
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0 LSM Tree % smartx

S,S'ror‘age Engineg O LSM Tree
"""""""""""""" O Easy to implement
O Optimized for small object

____________________

. LSM Tree ! . P
User Space Q Read/Write amplification
Kernel Space  TTTTTTTTTTTTTTTTTos “ 10001 Il write %/ Read
[ prafenomedit st g 327
Filesystem =
.................... o 100
------------------- [
g
Block Layer S
T 5 10
""" g
Driver
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W Kernel Filesystems 9% smartx

Q Kernel filesystems

'Storage Enginei O Too much features not

| " necessary for building storage
________________ engine: performance overhead

_________________ O Filesystem is designed for

. single disk

o mnndinn s - 0 Bad support for asynchronous
Filesystem | IO

e — ] Q Worite amplification of

' Block Layer duplicated journaling

____________________

____________________

————————————————————
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1
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N Userspace Storage Engine S smartx

e T e

\Storage Engine! 'Storage Engine
User Space s O /
Kernel Space  -~~-7-"7m=-mmoeeoees |\ 5 PMD |
: | Block Layer ! i rsssaasaRARIaseRS ,
e il . Driver |
e o User Space SR
N o -
N et / Kernel Space

Context switch No context switch “



N Userspace Storage Engine S smartx

L IO scheduler j

QO IO Scheduler

O Construct IO transaction and
submit to specified IO worker

IO worker
N l SRR e S v O IO Worker
| | ) S50 O Execute IO transaction
— pe"ffr’i':‘,ance | ' QO Sequentialize overlapping IO
Bl 1 requests

,* gy s E = i HDD aJd our'nal

e ; QO Providing transaction
capacity tier | i implementation

|
| \ (
] - |
1 \
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O Meta data service
d Data storage engine

Q Consensus protocol




1 Consensus Protocol Requirements &% smartx

O Strong consistency

0 Performance
0O Fast enough for flash devices




" How to Build Consistent Protocol $% smartx

Q Basic-Paxos
0 Multi-Paxos
QO Raft

a ...




I Generation-Based Protocol % smartx

O Generation is the version of data

Q Write increase data generation by 1
O Generation is persist along with data
O Request is valid only when generation match

0 1 leader can access data
O Leader is chosen by Meta Server

Q 2 phases

Q Prepare: only necessary for first IO
O Commit: update both data and generation atomically
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Meta Server [cl,c2]]| 2

Chunk Server 1 Chunk Server 2




" Prepare 2/3 % smartx

Meta Server [cl,c2]]| 2

ey ]

[cl,c2]]| 2

Caliz] o [Talie

Chunk Server 1 Chunk Server 2




" Prepare 3/3 % smartx

Meta Server [cl,c2]]| 2

Chunk Server 1 Chunk Server 2




" Read % smartx

Meta Server [cl,c2]]| 2

[cl,c2]]| 2

\ -_q-_; | ZJ

Chunk Server 1 Chunk Server 2
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B Write 1/2 %2 smartx

Meta Server [cl,c2]]| 2

[cl,c2]]| 3

La la Lo 2]

Chunk Server 1 Chunk Server 2

——




I Write 2/2 % smartx

Meta Server [cl,c2]]| 2

-

~

Chunk Server 1 Chunk Server 2




2 Membership Change 1/2 9% smartx

Meta Server [cl,c2]]| 2

[cl,c2]| 4

Chunk Server 1 Chunk Server 2




2 Membership Change 2/2 9% smartx

Meta Server [c2] | 4

Chunk Server 1 Chunk Server 2




I Consistency Protocol Summary % smartx

Q Easy to understand and implement

Q Like Multi-Paxos and Raft: single leader (proposer)
Q Leader is chosen by leader of Meta Server leader
Q Maintain leadership by updating lease

a About Generation

O Valid membership and least valid generation is persist to Meta Data
Service

Q Transaction of updating data and generation is ensured by Storage Engine

QO Performance
O Less RTT than Basic Paxos ‘



I How to Build a Distributed Storage % smartx

L Meta Data Service q

Consensus Protocal

Data Storage Data Storage Data Storage
Engine Engine Engine

,———-—-———\
. o —— . — — -




" Architecture of ZBS
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" ZBS Interface % smartx
'VMwar‘ei IQEMU| l 0s l ICom‘aineri Q libzbs (C libf‘ﬂf‘Y)

@ ﬁ @ O Optimized for performance
iSCSI I l SMB l Q 'SCSI/NFS
----- O Based on libzbs

Q Friendly for operating
system, hypervisor...

libzbs

.
L

Replication Snapshot/Clone

Recovery Disaster Recovery

Rebalance Topology
Compression Erasure Code -



" IO Path % smartx
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W Scalability Evaluation

300K
250K
200K
150K
100K

50K

4K Random IOPS
~2.1x
~1.98x
I ~2.04x
il =B
100% Read 75% Read 25% 100% Write
Write

B 2 nodes M4 nodes

Q Node Configuration
0 SATASSD * 2
O SATAHDD* 4

Q Replica factor: 2

Py



I Outlines % smartx

Q Deep Dive info SmartX ZBS

0 Roadmap of ZBS




2 Roadmap of ZBS P2 smartx

Q More data protection

O Erasure code
O Cloud backup
a ..

0 More efficiency
O Compression

O Deduplication
a ..




2 Roadmap of ZBS P2 smartx

0 More intelligence

O Failure prediction
O Cache algorithm
a ..

QO More performance
O SPDK

0O RDMA
a ..




