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Every data analysis in LHC starts with Data Skimming
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• Data Skimming takes days -> weeks 
• Data Movement is the bo7leneck
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CPU efficiency in a local cluster
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DPU-assisted Near-Data Filtering
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Data Processing Unit (DPU)
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Server Networking EvoluAon

• Sends and Receives data

SmartNICLegacy NIC

+ Limited processing capabiliGes
• Network related tasks

DPU

+ Full computaGon capabiliGes
• Independent server
• Networking, Security, Storage 

and System management tasks
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Data Processing Unit (DPU)
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Running APP on DPU
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AcceleraAng LHC Data Filtering with a Near-Data 
CompuAng Model

• Use power-efficient DPUs to filter data near-storage
• Op>mize the en>re system without changing the exis>ng storage 

infrastructure
– Code Op&miza&on (data access)

• Streamline the workflow by removing coding complexi>es, making 
programming easier for end users
– 700 lines of code
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Original Skimming Process

• Skimming consists of:
1. Fetch basket
2. Decompress
3. Deserialize 
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OpAmized Skimming
No DPU involvement

• Selec0ve Branch Loading
– Minimize unnecessary 

processing (reading and 
decompressing).

– First, check if the event matches 
selec&on criteria before 
processing baskets from other 
branches.
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REST API

System Setup
DPU as an independent server with its own IP

DPUXrootD Server

XrootD Client
Filtering App

Client

GetEvent()

Baskets Filtered File
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Storage Node

Evaluation Setup

DPUXrootD Server

Client
128 Gbps link 800 Mbps link

Can go up to 
~1Tbps Range: 50 Mbps 

~ 10 Gbps

Nvidia Bluefield-3
PCIe Gen5.0 x32 links

PCIe Gen3.0 x16 links
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End-to-End ExecuAon Time
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Future Work and LimitaAon

• Use DPU’s decompression accelera0on engine
• DPU has limited compute and memory resources
– 32 GB Memory
– 16 ARM cores

• Solve the problem of scalability and concurrent requests
• Test on RDataFrame
• Op0mize the data layout for network packet-wise filtering 

instead of en0re files.
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Thanks!
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Background Slides
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Server Networking Evolution
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Data Processing Unit (DPU)
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DPU
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Bluefield-3 DPU from Nvidia

• ConnectX-7
• I/O
– 2 Ethernet/Infiniband ports up to 

400Gb/sec
– PCIe Gen5 x 32

• 16 ARM Cortex-A78 cores
• 32GB 
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DPU Modes of OperaAon
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• Off-path SmartNIC 
• DPU act like an independent server 
• Own IP and MAC address

• On-path SmartNIC 
• All network packets go through ARM cores
• Network packet manipulaGon
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Server Networking EvoluAon

EthernetServer Network Interface Card (NIC)
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System Setup
DPU as an independent server with own IP

Xrootd
 Server ARM CPU

NIC

DPU

Client

REST API
HTTPS POST

Filtered File

Root GetEvent()

Storage Cluster
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Data Format: ROOT file
In-memory Data Structure: TTree

Single Event

• 1M events in a single file
• 10GB uncompressed
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Filtering ROOT file

pt_x pt_y pt_z theta

Event 14 > threshold

Write Event 14 to Output tree
• Retain < 1% of rows (3-10MB) 
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Original Data Filtering Code

pt_x pt_y pt_z theta

GetEvent (14)

Basket Basket

theta theta theta theta theta

SelecGon criteria

Basket Basket Basket Basket

Feature selecGon

• Load Baskets into DRAM
• Decompress Baskets
• Deserialize column entry
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OpAmized Data Filtering Code:
Selec%ve Branch Loading

pt_x pt_y pt_z theta

GetEvent (14) Basket Basket

theta theta theta theta theta

Selection criteria

Basket Basket Basket Basket

Feature selecGon

IF Event #14 passes the filtering condiZon


