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ALICE Experiment
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ALICE Experiment

Low Rate:
~200 Hz central, 1kHz min bias

, HLT
Large Events:
TPC up to 80 Mbyte , ~10.000 tracks at full energy
(~20 Gbyte/s input into HLT)

Offline tracking time O(10s)
- by far most time consuming reconstruction step
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ALICE TPC Tracking

Two relevant
Slices
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ALICE HLT

Computing farm:

~250 nodes, _ LR _
. 5 . 5

connected by Infiniband network

Cluster finder | = 1 = | Cluster finder
Front-End Processing nodes (FEP): ‘l J;
) Inpgt .rate ~20 Gbyte/s Sector tracker | »«x |Sector tracker
- Recieving raw data from detectors
-Local reconstruction (TPC clustering): » ¢

Track merger

- 9 ITS update

FPGA based on RORCs

Compute nodes (CNGPU):
- 64 nodes with NVIDIA GTX 480/580 .
- full tracking (TPC+ITS) |PhySiCS analysis

- trigger /tagging algorithms

Output Nodes (HLTOUT):
-Output rate ~4 Gbyte/s to DAQ
TPC RAW data is partly replaced by HLT reconstruction results
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TPC Tracking Alg

Category of Task Name of Task Description on Task

(Initialization)

Combinatorial Part I: Neighbors Finding
(Cellular Automation) Construct Seeds
: (Track Candidates)
[I: Evolution
[1l: Tracklet Construction Fit Seed
Kalman Filter Part Extrapolate Tracklet
Find New Clusters
IV: Tracklet Selection Select good Tracklets
(Tracklet Output)
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The Cellular Automat

1. Neighbours finder: 2. Evolution 3. Other steps
B For each TPC cluster it finds W non-reciprocal links removed u fit, search f<_)r missed
hits, and the final track

B one-to-one linked clusters are

selection
compose track segments

two (up&down) neighbours which
compose the best line

row k+1 .

TPC sector

row k
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TPC Trac

A little bit of history:

- CPU single thread (vectorized/SIMD)

- CPU multi-thread

- CPU simple scheduling/GPU GTX280 (CUDA)

- CPU simple scheduling/GPU GTX480 (CUDA)

- CPU dynamic scheduling/GPU GTX480/580 (CUDA)

Used today in operation:

- CPU dynamic scheduling/GPU GTX480/580 (CUDA)
+ CPU multi-thread

32 TPC slices on GPU, 4 on CPU
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CPU/GPU cons

40 il 80 100 120 140 160
Clusters

Mandatory for combined use of CPU/GPU for sector tracking
Necessary of offline simulations (GRID...)
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Pipelining
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Initialization / Output on CPU, Tracking on GPU and
DMA Transfer can overlap
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Pipelining
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Time
New fast GPU and slow per-core CPU performance
made Pipeline ineffective
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time
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Active GPU Threads for the First Implementation

Active GPU Threads: 19% threads

Colors represent Tracklet Constructor Steps:
Black: Idle

Blue: Track Fit
Green: Track Extrapolation

LHCb multi-.core workshop, 25.4.2012
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Pipelining
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CPU multithreading fixed the Problem
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GPU Usage

Active GPU Threads using Dynamic Scheduling

time

Active GPU Threads: 67% threads

Colors represent Tracklet Constructor Steps:
Black: Idle

Blue: Track Fit
Green: Track Extrapolation
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CPU/GPU com

| CPU (Nehalem 3GHZ) s
i GPU GTX295 mmmm
GPU GTX480 mmm
GPU GTX580 mmmm
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5-fold Speedup compared to optimized CPU version
Note: frees CPUs on CN for other operations (tagging/trigger)
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GPU Tracking in production use in ALICE HLT
factor 3 speed-up compared to optimized CPU version
same performance as offline tracking

Some caveats:

- need to support both CPU/GPU versions

- GTX280->GTX480/580 porting needed work

- GTX580 showed some stability issues
(1/month, however 32 of them)

T. Kollegger, FIAS LHCb multi-.core workshop, 25.4.2012
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In the future:
Port to OpenCL underway (other platforms than NVIDIA...)

Use HLT tracks to replace offline track finder (refit)
— further reduction of data volume

ALICE upgrade LS1/LS2 rely on online tracking
- data rates of upgraded GEM TPC: 57 TBit/s

Side remarks:
STAR@RHIC/BNL decided to use ALICE HLT tracking algorithm
for offline (CPU) and HLT (CPU/GPU)

CBM@FAIR/GSI will use modified version on GPUs

T. Kollegger, FIAS LHCb multi-.core workshop, 25.4.2012
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TPC Tracking Algori

Step |: Neighbors Finder
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TPC Tracking Algo
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Step II: Evolution
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TPC Tracking Algorithm
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Step IlI: Tracklet Construction

rowr + 1

rowr

rowr-1
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TPC Tracking Algo

Parallel Tracklet Construction

Tracklets are independent and can be processed simultaneously
Because of Data Locality the Tracklets are processed for a common Row

Current Row
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