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Online Transaction Processing
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Processed in parallel with concurrency control mechanisms
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Existing OLTP Systems
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by Existing OLTP Systems

@ Disk I/O Bottleneck
@ High concurrency control overheads

@ High data movement overheads
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Existing OLTP Systems
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by Existing OLTP Systems

@ Address disk 1/O bottleneck
@ High concurrency control overheads

@ High data movement overheads
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by Existing OLTP Systems

@ Address disk 1/O bottleneck
@ Low concurrency control overheads

@ High data movement overheads



Existing OLTP Systems
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Computation Time Memory Access Time

Memory bandwidth becomes
the performance bottleneck!
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R UPMEM Processing In Memory
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Bl DDRx - B 1.6 TB/s high memory bandwidth
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R UPMEM Processing In Memory

Host CPU
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Ch aIIenge 1: Execution across Partitioned DPUs
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Ch aIIenge 1: Execution across Partitioned DPUs

PIM DPU o
+ Limited memory per DPU
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Ch aIIenge 1: Execution across Partitioned DPUs

We orchestrate the transaction execution
workflow to fully utilize the high parallelism and
bandwidth of DPU.



Ch aIIenge 2 Lack of Inter-DPU Communication
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1=1 No direct data transfer between
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Data transfer overhead between
CPU and DPUs is Inevitable
A
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Ch aIIenge 2. Lack of Inter-DPU Communication

We need to minimize data transfer overhead
between the host CPU and DPUSs.
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Our Solution: Onyx

Onyx: A Transaction Processing System with Real PIM Prototypes
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Multi-version Storage Scheme

DPU 0O
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Multi-versioning Initialization
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Multi-versioning Initialization
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Multi-versioning Initialization

Txn 0 READ A, B
WRITEA=A+B

Txn1l READA,C,D
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Multi-versioning Initialization

Txn ID

Read
Locations
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Multi-versioning Initialization
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Multi-versioning Initialization

Transaction Execution Timeline

—

|
i |
Tn ID Rea_ld er_te
Locations | Locations
Txn O Txn 1l

: |

: |

|

|

|

rROVO | .

R1.VO ;
- m ey
l I
I
R1.VO R1.V1 I Temporary Version 0

13



Multi-versioning Initialization

Transaction Execution Timeline
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Multi-versioning Initialization

Transaction Execution Timeline
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Multi-versioning Initialization

Transaction Execution Timeline
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Multi-versioning Initialization

Tn ID Rea_ld erlte
Locations | Locations

Transaction Execution Timeline

Txn 2 can execute at anytime!
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Multi-versioning Initialization
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Multi-versioning Initialization
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Locality-Aware Execution
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Locality-Aware Execution

Local Txn Execution |

Host CPU

Txn 0 l

Tn ID Rea_ld er_te
Locations | Locations

TVO
R2.VO RO.V1
R3.VO R2.V1

DPU O
Execute : {Txn 0}

TVO TV1

5 R1.VO R1.V1
R3.VO R3.V1

14



¢

Locality-Aware Execution
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Cross-DPU Txn Compute Phase

Tn ID Rea_ld er_te
Locations | Locations
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Locality-Aware Execution

Cross-DPU Txn Write Phase | Host CPU |
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Evaluation

» Platform
® A Real PIM Prototype
« 8 UPMEM PIM DIMMs
e 2 Intel Xeon Silver 4216 CPUs
192 GB of DRAM memory
» Comparisons
® Single-version system: CalvinlSigmod” 12]
® Multi-version system: Caracall>05P" 211
» 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
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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
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Onyx improves the throughput by 8.13x on average
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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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