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FastCaloSim
• Fast simulation of ATLAS calorimeter system

• Relatively self-contained => initial target for 
performance analysis and GPU porting exploration

• Original standalone version runs under the ROOT 
interpreter
• Difficult to use standard profiling tools
• Parallelization/GPU porting would also be difficult
• Now working on a compiled version of standalone FCS

• program  ”runTFCSShapeValidation”
• Project funded by HEP-CCE

• Collaboration between ATLAS and BNL 
Computational Science Initiative 



Performance Profile

 TFCSLateralShapeParametrizationHitChain::simulate() is the 
most significant routine except I/O parts.

 TFCSLateralShapeParametrizationHitChain::simulate() The 
running time scale with the number of events .

 TFCSLateralShapeParametrizationHitChain::simulate() is our 
target to parallelize.

I/O routines
1000 event



TFCSLateralShapeParametrizationHitChain::simulate() {
…
…
Loop on nhit

…
Loop on hit_simulation_chain

Call 

End Loop
…

End Loop
…

}

Analysis

TFCSLateralShapeParametrizationHitChain::simulate() Structure

Impossible Parallelization 
because of data dependency

Possible Parallelization



GPU Porting

 Dependence on ROOT and C++ nature of FCS make it difficult to 
use OpenACC

 Initial path: using CUDA 

 Port the parallelization possible part in 
TFCSLateral~~~HitChain::simulate()
 Currently implementing CUDA kernel & device functions

 Data structure relocation from CPU to GPU 
 Will need to minimize data transfer between CPU and GPU 

during runtime



FCS GPU acceleration

TFCSHistoLateralShapeParametrization::
simulate_hit

Setup Hit (phi, eta, Z, E) 

TFCSValidationHitSpy::
simulate_hit

Identify hit Cell
Fill Various Histograms from Cell 
geo and Hit coordinates.
Save Hit (cell )

TFCSValidationHitSpy::
simulate_hit

(AGAIN) 

Fill Various Histograms from Cell 
geo and Hit coordinates.
If new cell match previous cell
Fill few more Histograms

TFCSHitCellMappingWiggle::
simulate_hit

Wiggle hit phi
Identify new cell
Add cell to a map 
Accumulate cell’s Hit count
(or Eerngy) in “Simlustate”

Loop on Nhits ~50000/event

CUDA

End Loop

1st stage 
Nhits Threads

GPU version 
of the 4 
functions

TFCSCalculateCenterPosition::
simulate_hit

Save Extraop center info (simple)



Tasks for to Port to GPU
• GPU Function  to identify  cell.           getDDE( sample, eta, phi )

Load Geometry Info  to GPU. (Deep Copy) 

• ~200,000 Calo Cells in 24 Layers (samples).  20+MB
(code setup run on Layer 2  has around 20,000 cells) 

• Various regions’ Geo info and cell pointers

• Re-implenment GPU CaloGeomory structure and 
supporting Classes

• Simpler, no ROOT Dependence  only needed methods

• GPU Histograms Multi-Stage CUDA  kernels
• Block wise atomic update with shared memory
• Reduction  of results from all blocks

• GPU Hit Cell Counting ~50000 hits endup in <200 (?) cells  (out of ~20,000) 
Multi Stage CUDA kernels
Extra step to narrow down hit cells 
before standard GPU Histogram(count).



TFCSHistoLateralShapeParametrization::
simulate_hit

Setup Hit (phi, eta, Z, E)
Random Numbers 

TFCSValidationHitSpy::
simulate_hit

TFCSValidationHitSpy::
simulate_hit

(AGAIN) 

TFCSHitCellMappingWiggle::
simulate_hit

Radom Number
Cell=getDDE(eta, phi) 
Accumulate cell’s Hit count

TFCSCenterPositionCalculation::
simulate_hit

Loop on Nhits ~50000/event

End Loop

Histograms

cell=getDEE(eta,phi)

Histograms
getDEE(eta,phi)

Device function: getDDE( sample, eta, phi) 
Histogram
Hit count on large number of cells

Tasks:



......

......

Calo Cells , 187,652

Regions, 78

eta_max
phi_min
…
Size of cell grid (n,m)
Cell Grid (pointer)
...

long long int cell_grid[n*m]

Cell index

Cell index = GetDDE( sample, Phi, Eta)

......

......

Cells
Regions

HOST

GPU

Region[Sample][]

Cellmap
~100byte/each

CaloGeometry



Hit Count on Large number of cells

…. 50k hits cells indexes

…. 200K  cells ,   bool,  0/1

Only  ~200 of them got hit

bin index, Atomic incremental

…. Will be only ~200
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….

Local histogram(count) 
using atomics 
and shared memory

Merge(reduction)

….
Final counts

Step 1: 50k  Threads (less with loop)

Step 2: 200k  Threads (less with loop)

Step 3: 2 phase histogram



Further planning

• Multi GPU

• CUDA Stream for parallel on events



Summary


