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Databases are evolving to Cloud-Native Arc.

• Compute-Storage disaggregated two-layer architecture
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Databases are evolving to Cloud-Native Arc.

• Compute-Storage disaggregated two-layer architecture

➢Benefits:
• Scalability and Elasticity

• Cost-effectiveness

• High Availability

Distributed Database System Architecture
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Decoupling, the spirit of Cloud-Native Arc.

• Each module has specific functionality and distinct resource requirements
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Decoupling, the spirit of Cloud-Native Arc.

• Each module has specific functionality and distinct resource requirements
• Execution: high computation tasks, free scale

• Data Storage: large storage space

• Concurrency Control: high concurrency, data consistency, log durability
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Decoupling, the spirit of Cloud-Native Arc.

• Each module has specific functionality and distinct resource requirements
• Decoupling based on functions and resource requirements

• fully utilize the heterogeneous resources, avoid resource wasting.

• scale each module independently, high flexibility.

Database System
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The Core of CC is handling conflicts

• Databases with different data models process different types of requests:
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The Core of CC is handling conflicts

• Databases with different data models process different types of requests:
• The core of Concurrency Control is handling concurrent read/write conflicts

key-value Store
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The Core of CC is handling conflicts

• Databases with different data models process different types of requests:
• The core of Concurrency Control is handling concurrent read/write conflicts

• Decoupled function modules → independent services
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The Core of CC is handling conflicts

• Databases with different data models process different types of requests:
• The core of Concurrency Control is handling concurrent read/write conflicts

• Decoupled function modules → independent services
• Improved agility, different services can be reused easily and adapt quickly to changing business needs, enabling 

faster development cycles
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Concurrency Control as a Service (CCaaS)

2, Servitization1, Decouple

➢ Decouple the concurrency control module
high scalability and resource utilization

➢ Move a step forward: concurrency control service
development agility, different databases can reuse easily
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• Decoupled concurrency control module
• Execution-Concurrency Control-Storage three layer architecture
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Concurrency Control as a Service (CCaaS)
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Concurrency Control as a Service (CCaaS)

• Decoupled concurrency control module
• Execution-Concurrency Control-Storage three layer architecture

• high scalability and resource utilization

• concurrency control service

• development agility, different databases can reuse easily

CCaaS
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layer

Storage 
layer

Get data

Unified CC Requests Commit or abort

Log

SQL Graph Vector …KV

…
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Problem2: High Communication in CC

• Decoupled CC increasing latency
• Communication with hardware VS communication with network.

• Higher latency, not suitable for OLTP workloads.

• High Coordination overhead
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Problem2: High Communication in CC

• Decoupled CC increasing latency
• Communication with hardware VS communication with network.

• Higher latency, not suitable for OLTP workloads.

• High Coordination overhead
• the coordination overhead increases when adding CC nodes

• Limited scalability

Breakdown of total processing time for distributed 
transactions with a changing number of nodes.

Node2Node1 Node4Node3
Txn

Communications in Distributed Concurrency Control

Execution 2PC Paxos



CCaaS Design
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• Higher latency

• High Coordination overhead
• Limited scalability

➢ Sharded Multi-Write Optimistic Concurrency Control  (SM-OCC)
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CCaaS Design

• Decoupled CC increasing latency
• Higher latency
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Read Data

CCaaS Design
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Read Data

CCaaS Design

• Decoupled CC increasing latency
• Higher latency

• High Coordination overhead
• Limited scalability

➢ Sharded Multi-Write Optimistic Concurrency Control 
➢Optimistic for fewer communication between execution-CC

➢Multi-Write (Multi-Master) architecture for High availability

➢Sharding for  high scalability

➢Epoch-Based & Deterministic Conflict Resolving for fewer 
communication between CCaaS nodes
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WS: <T2: X=7, csn= 2:2, cen=1 > 
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Write Conflict Resolution
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Remote(T2)
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X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7
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Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Conflict Handler

Local(T1) Remote(T2)Shard X

Shard Y Remote(T3)

Conflict Handler

Local(T2) Remote(T1)Shard X

Local(T2) Local(T1’)Shard Z

Conflict Handler

Local(T3) Remote(T2)Shard Y

Local(T3)Shard Z Remote(T1’)

Remote(T3)

Remote(T2）

CCaaS
Node3

Remote(T2 )
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Conflict Handler

Local(T1) Remote(T2)Shard X

Shard Y Remote(T3)

Conflict Handler

Local(T2) Remote(T1)Shard X

Local(T2) Local(T1’)Shard Z

Conflict Handler

Local(T3) Remote(T2)Shard Y

Local(T3)Shard Z Remote(T1’)

Remote(T3)

CCaaS
Node3

Remote(T2 )

T2

T2



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=1,Y=1,Z=1

X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Conflict Handler

Local(T1) Remote(T2)Shard X

Shard Y Remote(T3)

Conflict Handler

Local(T2) Remote(T1)Shard X

Local(T2) Local(T1’)Shard Z

Conflict Handler

Local(T3) Remote(T2)Shard Y

Local(T3)Shard Z Remote(T1’)

Remote(T3)

Remote(T2）

CCaaS
Node3

Remote(T2 )

T2

T2

T2

T2



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=1,Y=1,Z=1

X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Conflict Handler

Local(T1) Remote(T2)Shard X

Shard Y Remote(T3)

Conflict Handler

Local(T2) Remote(T1)Shard X

Local(T2) Local(T1’)Shard Z

Conflict Handler

Local(T3) Remote(T2)Shard Y

Local(T3)Shard Z Remote(T1’)

Remote(T3)

Remote(T2）

CCaaS
Node3

Remote(T2 )

T2

T2

T2

T2,T3

T2

T2,T3



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=1,Y=1,Z=1

X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Conflict Handler

Local(T1) Remote(T2)Shard X

Shard Y Remote(T3)

Conflict Handler

Local(T2) Remote(T1)Shard X

Local(T2) Local(T1’)Shard Z

Conflict Handler

Local(T3) Remote(T2)Shard Y

Local(T3)Shard Z Remote(T1’)

Remote(T3)

CCaaS
Node3

Remote(T2 )

Abort Set {T2,T3}

Abort Set {T2,T3}Abort Set {T2}

Remote(T2）



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=1,Y=1,Z=1

X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Conflict Handler

Local(T1) Remote(T2)Shard X

Shard Y Remote(T3)

Conflict Handler

Local(T2) Remote(T1)Shard X

Local(T2) Local(T1’)Shard Z

Conflict Handler

Local(T3) Remote(T2)Shard Y

Local(T3)Shard Z Remote(T1’)

Remote(T3)

CCaaS
Node3

Remote(T2 )

Abort Set {T2,T3}Abort Set {T2,T3}

Abort Set Sycn.

Abort Set {T2,T3}

Remote(T2）



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=5,Y=1,Z=1

X=5,Y=1,Z=5 

Sub Txn: <T1: R(Z)=1, W(Z)=5, csn= 1:1, cen=1> 

T2 : W(X)=7, W(Z)=7



WS: <T1: X=5, csn= 1:1, cen=1 > 

WS: <T2: X=7, csn= 2:2, cen=1 > 

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Abort Set Sycn.

Epoch Logging {T1} && Update Snapshot

Epoch Logging {T1} && Update Snapshot



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=5,Y=1,Z=1

X=5,Y=1,Z=5 

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Merging sub-transaction sending and write-set sending.



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=5,Y=1,Z=1

X=5,Y=1,Z=5 

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Merging sub-transaction sending and write-set sending.

Less Communication frequency



Case Studies

• Supporting Cross-Model Transactions



Cross-Model Transaction with CCaaS

Unified Query Proxy

CCaaS

Execution 
layer

Storage 
layer

Get data

Unified CC Requests Commit or abort

Log

SQL Graph Vector …KV

…

An update of order information:
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Cross-Model Transaction with CCaaS

Unified Query Proxy

CCaaS

Execution 
layer

Storage 
layer

Unified 
CC Requests

Commit or abort

Log

SQL Graph Vector …KV

…

An update of order information:

Begin Transaction:   

relational table (Orders, Product)

key-value messages (Feedback)

graph (User-Item Purchase)

XML data (Invoice)

Get data



Cross-Model Transaction with CCaaS

Unified Query Proxy

CCaaS

Execution 
layer

Storage 
layer

Unified 
CC Requests

Commit or abort

Log

SQL Graph Vector …KV

…

An update of order information:

Begin Transaction:   

relational table (Orders, Product)

key-value messages (Feedback)

graph (User-Item Purchase)

XML data (Invoice)

Commit;

Sub-Txn

Sub-Txn

Sub-Txn

Sub-Txn

CM-Txn



Case Studies

• Supporting Cross-Model Transactions

• Empowering NoSQL DBs with TP Capability

• Making Standalone TP Distributed

• …



More Details

• More:
• Sharding

• Isolation

• Logging

• Fault Tolerance

• Cross-Model

• …



Evaluation

• Cluster Set Up:
• 3 nodes in each layer,

• 16 vCPUs, 32G DRAM, Ubuntu 22.04 LTS,

• 2.5Gbps, ~2ms latency

• Benchmark:
• YCSB1

• YCSB-A (50% read,50 Write, θ = 0.99)

• YCSB-B (95% read, 5% write, θ = 0.99)

• TPC-C2

1: YCSB 10 op/txn
2: 50% New-Order – 50% Payment in GeoGauss[SIGMOD 2023]



Evaluation

⚫ Scalability & Elasticity
• Coupling CC with the execution VS Decoupled CC
• Dynamically adjust the number of execution and CC nodes



Evaluation

⚫ Performance
• Throughput  1.02-3.11 X

• Latency  1.11-2.75 X



Evaluation

⚫ Servitization
• Empowering TP Capability to NoSQL DBs

• Distributed TP with standalone TP engines

• Cross-Model Transactions



Concurrency Control as a Service

➢ Decoupled execution-transaction-storage three-layer cloud-native database architecture

• High scalability, elasticity

• High development agility

➢ Concurrency Control Service

• Empowering NoSQL DBs with TP Capability

• Making Standalone TP Distributed

• Supporting Cross-Model Transactions

➢ Sharded Multi-Write Optimistic Concurrency Control Algorithm

• High availability

• Low communication costs

https://github.com/iDC-NEU/CCaaS
Wechat



Thank you! Q&A



Concurrency Control as a Service

 Scalability



Concurrency Control as a Service

 Breakdown



TaaS Server 1

Client Proxy Epoch Manager

Message
Transporter
(Replication)

Logger

LogPush(log) async.

Write Set csn

Conflict Handler

AbortSet {Tid, …}

Write Set csn, cen

Write Set csn, cen

Local

Remote

TxnCommit(rs, ws)

3

2.3 2.2

2.8

2.4

2.5

2.1

ConflictResolution

2.7

Meta Data Snapshot

T1.s1, T2.s1, T3.s1 T1.s2, T3.s2 … T2.s1

… T2T2.s3, T3.s3 

…

Txn, Txn, Txn
Local/Remote Txn Shard 

Remote Write Set
Txn Shard Abort Set

Shard Txn 
Txn Write Set  Transmission
Abort Set

1

T1 (s1,s2)

T2 (s1,s3)

T3 (s1,s2,s3)

T3.s2 T1.s2

T3.s1, T1.s1, T2.s1T3.s3, T2.s3

Txn Global Abort Set

T3.s2 

T2.s1

Null

T2.s1

T2

T2



Node 1

LogPush(log) 

Concurrency Control

Shard Abort Set {Txn.csn}

SubTxn csn, cen

SubTxn csn, cen

TxnCommit(rs, ws)

Snapshot
T1.s1, T2.s1, T3.s1 T1.s2, T3.s2 … T2.s1

… T2T2.s3, T3.s3 

…

Txn, Txn, Txn
Local/Remote Sharded Txn 

Remote Write Set

Txn Shard Abort Set

Sharded Txn 
Txn Write Set  Transmission
Abort Set

T1 (s1,s2)

T2 (s1,s3)

T3 (s1,s2,s3)

T3.s2 , T1.s2

T1.s1, T2.s1, T3.s1T3.s3, T2.s3

Txn Global Abort Set

T3.s2 

T2.s1

Null

T2.s1

T2

T2

Tag Commit Info

 Send SubTxn(rs,ws)

Global Abort Set {Txn.csn}

 Conflict Resolution

 Read Set Validation {SubTxn}

Remote Write Set csn, cen

SubWS

Shard 
Abort Set

SubTxn

 Shard Abort Set Merge

Logging {Full Txn}



Requests

SQL GraphExecution Vector …

Data Storage: …

Transaction ManagementData

Log

Read and Write Sets

KV



Transaction 1:
Get Orders H1=0
Update Products R1_Field1=130
Update Vertex on User..

HBase Orders openGauss
MOT

Products

RowKey Value

H1 0

ID Field1 Field2

R1 30 R1_2

Transaction 2:
Select From Products .. R1_Field1(30)
Set Orders ..

HBase 
Proxy

openGauss
executor

Nebular
executor

TxnInfoCross-Model Proxy

subTxn Snapshot: ... R1_Field1=130 ...

Name Age Count

Ali 30 7

TaaS
Concurrency Control

T1: st1, st2, st3 ... csn, cen

Read Set Validation {T2}

…

Nebula
Store

User

…

LogData



TaaSHBase

RowKey Data

X 100->0

Y 0

GetData

Read Set T1:R (X=100, Y=0) T2:R(X=100) T3:R(X=0,Y=0)

Write Set T1:W (X=0, Y=100) T2:W(X=50) T3:W(X=50,Y=50)

TxnCommit(rs, ws)

Concurrency Control

T1: W(X=0,Y=100) cen=1, csn=2:1

T2: W(X=50) cen=1, csn=5:1(Abort)

Read Validate

T3: R(X=0,Y!=100) cen=2, csn=12:2(Abort)

HBase only supports row-
level atomicity updates, 
when T3 reads, Y has not 
been updated yet.

KV Proxy

Snapshot : X = 0, Y= 100



Full Replica
Storage

Layer

TaaS

Execution
Layer

Get
Local
Data

B
U

S

Cached 
Read&Write Set

Executor

StandaloneDB
Instance

Cached 
Read&Write Set

Executor

B
U

S

Cached 
Read&Write Set

Executor

Full Replica Full Replica

StandaloneDB
Instance

StandaloneDB
Instance



Node 2Node 1

Logger

…

x = 5 csn = 1:1

y = 5 csn = 1:1

Conflict Handler

W: x=5,y=5 csn=1:1

W: x=7 csn=1:2

Local(T1)

Remote(T2)

T1 : R(Y)=1, W(X)=5, W(Y)=5

 Epoch Logging {T1}

Epoch Manager

Remote  WS(T2)

Snap 1: X = 1, Y = 1, Z = 1
Epoch Manager

Local WS(T1)

Snap 2: X = 5, Y = 5, Z = 1

Logger

…

x = 5 csn = 1:1

y = 5 csn = 1:1

Remote WS(T1)

Local WS(T2) Read Validation for Local Txn {T1} 
Transmit WS (if txn passes the validation)

T2 : W(X)=7

Conflict Handler

W: x=7 csn=1:1

W: x=5,y=5 csn=1:2

Local(T2)

Remote(T1)

 Epoch Logging {T1}

Snap 1: X = 1, Y = 1, Z = 1

Snap 2: X = 5, Y = 5, Z = 1

Read Validation for Local Txn {T2}

Read Validation for Local Txn {}

Storage

LogPush(log)

Key X Y Z

Value 1->5 1->5 1

Tag Commit Info
 Tag Commit Info

 Conflict Resolution  Conflict Resolution

SM-OCC

Note: csn = local time : node_id
cen: commit epoch number



Node 2Node 1

Logger

…

x = 5 csn = 1:1

y = 5 csn = 1:1

Conflict Handler

W: x=5,y=5 csn=1:1

W: x=7 csn=1:2

Local(T1)

Remote(T2)

T1 : R(Y)=1, W(X)=5, W(Y)=5

 Epoch Logging {T1}

Epoch Manager

Remote  WS(T2)

Snap 1: X = 1, Y = 1, Z = 1
Epoch Manager

Local WS(T1)

Snap 2: X = 5, Y = 5, Z = 1

Logger

…

x = 5 csn = 1:1

y = 5 csn = 1:1

Remote WS(T1)

Local WS(T2) Read Validation for Local Txn {T1} 
Transmit WS (if txn passes the validation)

T2 : W(X)=7

Conflict Handler

W: x=7 csn=1:1

W: x=5,y=5 csn=1:2

Local(T2)

Remote(T1)

 Epoch Logging {T1}

Snap 1: X = 1, Y = 1, Z = 1

Snap 2: X = 5, Y = 5, Z = 1

Read Validation for Local Txn {T2}

Read Validation for Local Txn {}

Storage

LogPush(log)

Key X Y Z

Value 1->5 1->5 1

Tag Commit Info
 Tag Commit Info

 Conflict Resolution  Conflict Resolution

SM-OCC

Note: csn = local time : node_id
cen: commit epoch number

Less communication cost



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=1,Y=1,Z=1

X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Abort Set {T2,T3}

Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Abort Set {T2,T3}

Conflict Handler

W: x=5 csn=1:1

W: x=7 csn=2:2

Local(T1)

Remote(T2)
Shard X

W: y=7 csn=2:2

W: y=2 csn=1:3
Shard Y

Remote(T3)

Conflict Handler

W: x=7 csn=2:2

W: x=5 csn=1:1

Local(T2)

Remote(T1)
Shard X

W: z=7 csn=2:2

W: z=5 csn=1:1

Local(T2)

Local(T1’)Shard Z

Conflict Handler

W: y=2 csn=1:3

W: y=7 csn=2:2

Local(T3)

Remote(T2)
Shard Y

W: z=2 csn=1:3

W: z=5 csn=1:1

Local(T3)

Shard Z Remote(T1’)

W: x=5 csn=1:1Remote(T3)

W: z=7 csn=2:2Remote(T2）

CCaaS
Node3

Abort Set {T2}Remote(T2)



SM-OCC
Snapshot

Snapshot 

CCaaS 
Node1

CCaaS 
Node2

X=1,Y=1,Z=1

X=1,Y=1,Z=1 

T2 : W(X)=7, W(Z)=7

T1 : R(Y)=1, R(Z)=1, W(X)=5, W(Z)=5

Abort Set {T2,T3}

Snapshot X=1,Y=1,Z=1
T3 : W(Y)=2,W(Z)=2

Abort Set {T2,T3}

Abort Set {T2,T3}

Conflict Handler

W: x=5 csn=1:1

W: x=7 csn=1:2

Local(T1)

Remote(T2)
Shard X

W: y=7 csn=2:2

W: y=2 csn=1:3
Shard Y

Remote(T3)

Conflict Handler

W: x=7 csn=2:2

W: x=5 csn=1:1

Local(T2)

Remote(T1)
Shard X

W: z=7 csn=2:2

W: z=5 csn=1:1

Local(T2)

Local(T1’)Shard Z

Conflict Handler

W: y=2 csn=1:3

W: y=7 csn=2:2

Local(T3)

Remote(T2)
Shard Y

W: z=2 csn=1:3

W: z=5 csn=1:1

Local(T3)
Shard Z

Remote(T1’)

W: x=5 csn=1:1Remote(T3)

W: z=7 csn=2:2Remote(T2）

CCaaS
Node3

Abort Set Sycn.

Remote(T2)


