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E - The detector is composed of 18 readout regions, each i
i equipped with 1 sCMQOS sensor and 4 Photomultipliers.

CYGNO system overview

i — TOTAL: 18 sSCMOS sensors and 72 Photomultipliers.
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Why parallel computing on a GPU?
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Optimized for data parallel operations
Particularly matrix calculations

Very fast compared with procedural computing
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Frame grabbers support
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- To increase speed, some framegrabbers have PCI access to
the GPU internal memory

- Technologies:
- DirectGMA (AMD)

«  FireBird frame grabber are compatible with GPUDirect

. GPUDirect (NVIDIA)

»  FireBird and Phoenix frame grabbers are compatible with GPUDirect

EXAMPLE

FireBird CoaXPress Frame Grabber (4xCXP12-3PES8)

Part Number: AS-FBD-4XCXP12-3PE8

The FireBird Quad CXP-12 3PE8 frame grabber is a high-performance four-link board,
compliant to CoaXPress v2.0. This 8-lane Gen3 PCl Express frame grabber supports
CoaXPress speeds up to 4 x CXP-12, resulting in data rates of up to 12.5 Gbps per link.

It is fitted with Micro-BNC connectors and offers I/O access on the end bracket.


https://www.activesilicon.com/products/frame-grabbers/

GPU hardware

GPX 2V

Possibilities should be investigated...but XT8-2251-16GPU

We could buy GPU cards to assembly custom
computers using cards like those on the bottom

Or buy GPU servers with PCle slots like this one on
the right (Just an example) Supports:

{f8k Intel Xeon Scalable
RAM memory ——p BR 3TB DDR4 ECC RDIMM

FEATURES — ¥ 2 2.5"NVMe Hot-Swap
b ol i Cameras ——p ™8 16 PCle 30x16

G s e NMe

-Z‘\?IrDeI(ZCGo;SS?rteocr;” Support vy L GPU-Optimized

: 4 L T : :
i EIXIaDdIr/; glvunlh iuwort_ N Photomultipliers ——X Dual 10-Gigabit Ethernet
ync " Compatibility  gppe)FICATIONS

. NVIDIA nView® Desktop (or via USB)

Management Software GPU Memory 32 6B HBM2 STARTING
> HDCP 2.2 Support Memory Interface 4096-bit PRICE 3 7,089-00
3 r[;l\e/(li?cljtgddo;:"fiware e Memory Bandwidth Up to 870 GB/s

encode and decode engines® ECC Yes

NVIDIA CUDA Cores 5,120




Code development

- CUDA
C, C++, Fortran
Can be used with python with Pycuda (3rd party)

- OPENCL
C, C++
Can be used with python with Pyopencl (3rd party)



Code development
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Although you could use python for analysis, calculation modules
could still be written in C/C++

« Python hill hinder the speed of analysis



Portability

Python code used nowadays could potentially be parallelized with
GPU acceleration
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A port to a faster language should be discussed
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Accessibility
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- NVIDIA
Well documented
Most cards have CUDA support
Drivers are proprietary

- AMD
Poorly documented
« Most cards have OPENCL
Only FirePro cards have DIRECTGMA
Open source drivers



Simple example:
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Simple kernel that adds two values, 2220 numbers




The setup: ‘ﬁjf
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First with a single thread and memory block:

comman

Name

add(int, floatx, floatx)
cudaDeviceSynchronize
cudaMallocManaged
cudalLaunchKernel
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7863== Unified Memory profiling result:
Device "GeForce 930MX (0)
Min Size Max Size Total Size L
512.00KB 2.0000MB 8.0000060MB 5. 1 To Device
4.0000KB 0.9961MB 12.00000MB .032640ms Device To Host
48




The setup: ‘ﬁjf
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Then one memory block with 256 threads:

command: ./add_cuda

Time
1.9201ms
168.92ms
5.3088ms
.9261ms

7.80us

Max Name
s 1.9201ms int, floatx, floatx)
609.36us 168.31ms cudaMallocManaged
5.3088ms 5.3088m cudalaunchKernel
1.9261ms 1.9261m cudaDeviceSynchr
329.18us cudaFree
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97.540us 97.54€ viceGetName
804ns . cuDeviceGetCount

4.2140us 4.2140us cuDeviceGetPCIBusId
606ns 2.5150us cuDeviceGet

1.1670us .1670us cuDeviceGetUuid
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Min Size Max Size Total Size Tota ime Name

512.00KB 2.0000MB 8.000000MB 5.0737 ] Host To Device
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The setup: ‘ﬁjf

Then ~4 thousand blocks with 256 threads:

Jadd_grid

Name
467 .69us 4 .69u 467 .69u 467.69us add(int, floatx, floatx)
164.57ms 164.09ms cudaMallocManaged
3136ms 5.3136ms cudalaunchKernel
428.83u ;
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Min Size Max Size Total Size Total Time Name
512.00KB 2.0000MB 8.000000MB 5.065184ms Host To Device
.00EOKB 0.9961MB 12.000GGMB 7.009408ms Device To Host




Conclusions
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We are starting to study the possibilities and potential of using GPU
in the trigger processing part

A decision on the use of DirectGMA (AMD)/GPUDirect (NVIDIA)
must be made, as it influences the choice of the readout electronics
and computing hardware

 The code environment (C++,Python,etc) and GPU hardware
should also be chosen but it is not strongly related to the readout
electronics.

Is there any initial orientations/requirements related to the subject
fo serve as a guide for making those decisions?



