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Disk I/O Bottleneck

High concurrency control overheads

High data movement overheads
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Address disk I/O bottleneck

High concurrency control overheads

High data movement overheads
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Address disk I/O bottleneck

Low concurrency control overheads

High data movement overheads
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Eliminate disk I/O

Low concurrency control overhead
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68%～81%

Memory bandwidth becomes 

the performance bottleneck!

7



UPMEM Processing In Memory

• 1.6 TB/s high memory bandwidth
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Challenge 1: Execution across Partitioned DPUs
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We orchestrate the transaction execution 

workflow to fully utilize the high parallelism and 

bandwidth of DPU.
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We need to minimize data transfer overhead 

between the host CPU and DPUs.
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Transaction Execution Timeline

No Version Dependency between Txn 2 and Txn 0 / Txn 1



Multi-versioning Initialization

Txn ID

0

1

2

Read 

Locations

R0.V0

R1.V0
TV0

TV0

R2.V0

R3.V0

R0.V1

R2.V1

R1.V0

R3.V0

Write

Locations

R1.V1

R3.V1

Execution 

Layer 0
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Txn 0 Txn 1

Txn 2

Transaction Execution Timeline

wait for TV0 



Multi-versioning Initialization

Txn ID

0

1

2

Read 

Locations

R0.V0

R1.V0
TV0

TV0

R2.V0

R3.V0

R0.V1

R2.V1

R1.V0

R3.V0

Write

Locations

R1.V1

R3.V1
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Txn 0 Txn 1

Txn 2

Transaction Execution Timeline

wait for TV0 

Execution 

Layer 0

Execution 

Layer 1



Locality-Aware Execution

Layer 0: {Txn 0, Txn 2}

Layer 1: {Txn 1}

Local Txn: {Txn 0}

Cross-DPU Txn: {Txn 2}

Txn 0

DPU 0

Txn 2

DPU 1

Locality-aware
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Txn 0 Txn 1

Txn 2

Transaction Execution Timeline



Locality-Aware Execution

Host CPU

DPU 0
Execute : {Txn 0}

V0R0 V1 V0R1 V1

TV0 TV1

READ: WRITE:

Txn 0
Txn ID

0

1

2

Read 

Locations

R0.V0

R1.V0
TV0

TV0

R2.V0

R3.V0

R0.V1

R2.V1

R1.V0

R3.V0

Write

Locations

R1.V1

R3.V1

Local Txn Execution

14



Locality-Aware Execution

Host CPU

DPU 0
Execute : {Txn 2}

V0R1 V1

Extern. Val 0

READ: WRITE:

Txn 2
Txn ID

0

1

2

Read 

Locations

R0.V0

R1.V0
TV0

TV0

R2.V0

R3.V0

R0.V1

R2.V1

R1.V0

R3.V0

Write

Locations

R1.V1

R3.V1

Cross-DPU Txn Read Phase

EV 0
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Locality-Aware Execution

Host CPU

DPU 1
Execute : {Txn 2}

V0R3 V1

Extern. Val 0

READ: WRITE:

Txn 2 & EV 0
Txn ID

0

1

2

Read 

Locations

R0.V0

R1.V0
TV0

TV0

R2.V0

R3.V0

R0.V1

R2.V1

R1.V0

R3.V0

Write

Locations

R1.V1

R3.V1

Cross-DPU Txn Compute Phase

EV 1

Extern. Val 1
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Locality-Aware Execution

Host CPU

DPU 0
Execute : {Txn 2}

V0R1 V1

Extern. Val 0

READ: WRITE:

Txn ID

0

1

2

Read 

Locations

R0.V0

R1.V0
TV0

TV0

R2.V0

R3.V0

R0.V1

R2.V1

R1.V0

R3.V0

Write

Locations

R1.V1

R3.V1

Cross-DPU Txn Write Phase

EV 1 from DPU 1

EV 1
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Evaluation

➢ Platform

⚫ A Real PIM Prototype

• 8 UPMEM PIM DIMMs

• 2 Intel Xeon Silver 4216 CPUs

• 192 GB of DRAM memory

➢ Comparisons

⚫ Single-version system: Calvin[Sigmod’ 12]

⚫ Multi-version system: Caracal[SOSP’ 21]

➢ Workloads

⚫ YCSB benchmark: single database table containing 1 million records

⚫ TPC-C benchmark: complex OLTP environment with 9  database tables
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End-to-End Performance

By fully leveraging PIM bandwidth & parallelism via orchestrated workflow,

Onyx improves the throughput by 4.62x on average
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End-to-End Performance

17

Onyx improves the throughput by 8.13x on average



Conclusion

➢ Existing in-memory OLTP systems suffer from severe data movements

• The CPU-Memory bandwidth fundamentally limits throughputs

➢ Onyx: an efficient transaction processing system

• Leveraging a real-world PIM prototype

• Multi-versioning Initialization

• Locality-aware Execution

Thanks! Q&A
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