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Green Flash

High performance computing for real-time science

A status update ... (a.k.a. teaser slides)

AO4RTC4 workshop, Paris 2016

Project #671662 funded by European Commission under program H2020-EU.1.2.2 coordinated in H2020-FETHPC-2014
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@ Introduction to Green Flash

Program objectives: 3 research axes
- 2 technological developments and 1 validation study

Real-time HPC using accelerators and smart interconnects
- Assess the determinism of accelerators performance

- Develop a smart interconnect strategy to cope for strong data transfer bandwidth
constraints

Energy efficient platform based on FPGA for HPC
- Prototype a main board, based on FPGA SoC and PCle Gen3
- Cluster such boards and assess performance in terms of energy efficiency and determinism

AO RTC prototyping and performance assessment
- Assemble a full functionality prototype for a scalable AO RTC targeting the MAORY system
- Compare off-the-shelf solutions based on accelerators and new FPGA-based concept
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’What this is about ... really

* Find the best trade-off for ELT sized AO systems RTC

Comprehensive assessment of existing technologies
Development of new custom solutions for comparison

Propose new development processes to reduce cost and increase
maintainability

Build a full featured RTC prototype at the largest scale

possible

19/12/2016

Technology down-selection from a number of criteria :

performance, cost, compliance to standards, obsolescence,
maintainability

State of the art system to be assessed in the llab, with a simulator
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* Good convergence with H2020 ETP4HPC / E-ELT

project timeline

ETP4HPC

ESO E-ELT

Green FLASH

19/12/2016

Project timeline

2015 2016 2017 2018 2019
First demonstration Prototypes of disrup-
of technologies tive technologies
Contracts signed Instruments Preliminary Design Final design
Requirements Review PDR
Requirements capture Prototype microserver | FPGA based microserver | Cluster of FPGA based
Architecture definition based on FPGA with PCle bus : microservers
Prototyping options Distributed GPUs for Distributed accelerators | QuickPlay integration
definition real-time tasks for hard real-time & in BSP, with optimized On-sky .
Phase 0 prototypes: First smart NIC proto supervision HLS demonstration

- GPU for RT
- Simulator
- QuickPlay case study

Integration

Middleware : DDS
integration

Algorithms: MVM for RT

Final smart NIC concept
Computing blocks on NIC
Middleware : RTPS

Algo: Cholesky on ARM

Smart NIC in work-flow
Demonstration of RTC
performance (RT-box,

supervisor and com.)

of full functionality

Prototypes:

Phase 1 : internally funded

SCAOQO ready

Phase 2 : this request for funding

MCAO enabling
prototypes

MCAQ ready

Phase

3:TBD

Erudas Spatiale
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Instruments
FDR

RTC
validation
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AO RTC concept : RT simulator
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* Real-time simulator

* Emulation interface to RTCS

» Real-Time Data |
Formatter
1.
Formatted
PixaelCentroid
- GreenFlash Telemetry
Fixel Data Store
Peth Middleware
i
r r | s GigEVision Streaming
Pratocal
]
T i LIDP timin
i i Timing packet 1« | . ) g
WFS PixaliCentroid Data g : information packet
L1 1] v v
Endtoend | ... 1 7
Simulation =——h Commands——— RTCS

* Concept developed @ Durham, see Andrew Reeves
presentation
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Real-time simulator

* Several simulation tools :

— Low level functional test
with slow python-based
simulation (SOAPYy)

— High-level tests with fast
end-to-end simulation
(COMPASS)

— Performance / determinisn i—8"s

:::::

assessment with HW K

Lo mepunan

pixel generator
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Real-time simulator

* Using COMPASS for E2E should provide a
scalable solution over the long term

— Execution times from F. Ferreira

B M20%0 B K40 N K80 B Titan X B M6000
80x80 8pix

80 700

| P100 M Titan X L Kso

525

350

Framerate (frames/s)

175

scao 8m scao 40m pyr 8m mcao 8m pyr 40m

Is modopti mv geo
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* Study the achievable perf.

on GPUs

=
Memory transfe i

Ctrl Clock | Average Min Max Jitter | Computation rate
RTC 1 devices | device | 0,61l ms | 05 ms | 052 ms | 23 us 2e+02 GFlops 3.9e+02 GB @
RTC 2 devices | device | 032 ms | 03] ms | 0.33 ms | 12 us | 3.1e+02 GFlops G.3e4+02 GB 8
=
i ATC | depins BIC D pds s E
(x| T ®
o

BOod®

RT data pipeline with accelerators

Send frame to each GPUs

Compute assigned slopes & MVM

Send command vector to master compute device
Sum all elements of command vectors

Send command vector to all 10 device
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2880 RT data pipeline with accelerators

* Prototype using latest genration GPU cluster

NVIDIA DGX-1

GPU

GPU

GPU

GPU

O NViink

» WFS pixels
(4x10GbE)
» WFS pixels
(4x10GbE)
» WEFS pixels
(4x10GDbE)

» Fastintra-cluster
com. (40 GbE)

* Concept studied at LESIA, see talks by Julien Bernard & Maxime

WFES pixels o p ¥ m—
(4xL0GbE) NIC GPU
WES pixels o 5 NIC ~ |
(4x10GbE) = GPU
WES pixels -
(4x10GbE) NIC GPU
Fast intra-cluster =
com. (40 GbE) > NIC GPU
el
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RT data pipeline with accelerators

35.0 - SWM 25 . Pipelline
80}
30.0f 6
=2 4.0 =
. g 2.0t s 5
* Intel Xeon Phi g
E O 1.2 1.3 1.4 E
i g
* First results on :
. £ 10.0 E
Knights Corner 2 2
5.0
(10k meas. vector) y
0 15 2.0 25 3.0 6. E 7.0
Frame time (ms) Frame time (ms)
40GBit or 100GBiIt links for WFS
10GBit or 40GBit links for DM vectors
LGgs Pixels
_ Simulator: RTC: Supervisor: WFS
Knights Corner Knights Landing | Knights Landing P _ FEas Lgs Pixels 0
predicted preliminary measured 2x10G PR A WFS %
MVM computation | 1.2-1.3 ms 0.9 ms 0.76ms (0.63us when 2106 . &
time o i optimised fo:'hl:lvread - - LGS Pixels 6
count) WFS = %
Memory bandwidth | 165 GB/s 250 GBis 258 GB/s TRIAD, Pixels S =
235GB/s MVM \EV%% _ % S
Simul ator: o RTC: e Supervisor: LGS Pixels- (]
g . g 4x10G WES
y A mmzs 106G —
] X
[ 4x106 | g [€ -
Concept studied at Durham, | | [= . - Pixelsi _
see talk by David Jenkins “ 1= WFS =
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RT data pipeline with new FPGA microserver

* Exploring new concepts for HPC

B network fabric
Current trend

in heterogeneous 2 Network controller
HPC Local interconnect (PCle)

. B HostCPU

U Accelerator

Accelerators, ARM64 — Dynamically
& smart interconnect .— —| ARM reconfigurable NIC
Expandable programming

environment on FPGA
Features accessible in

. middleware

FPGA-based Main board with FPGA +
microserver .: —. ARM HPS
Integrated ecasystem for

interconnect handling and

accelerators support
_. Scalable environment
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RT data pipeline with new FPGA microserver

* 2 boards concepts : standard (accelerator) /
standalone (w/ SOC : microserver)

Power
tree Power
HMC tree
H GPIO
DDR4 4Link %40 DRA GPIO
- 4x18 XCVR (x20 Mi Sann UsB SDRAM X‘;%
. - X
SDRAM | X\ a2 LvDs),” 7 ‘LVDS)'_.;_: MIC Conn
=y -..\-\_-_.. .’J./. .'"-.‘\._\‘ ..'\‘\ | ,-./_."' ‘
. ‘i - = _\‘._..i._';] v L‘-".
g ksl 4xQSFP wos| ||
e FPGA FPGA B2 E FP| 4% QSFP
1/10GE-RJ45 |~ - ARRIA 10 1/10GE- |
10AX115 | 2XL k RJ45 i g AHRIA 10 <§?gﬁ M 2){
e 10AS066 C ! || cameraLink
QSFP AIA QSFP f— e A

Oscillators / W v % :
1/ Oscillators
CPLD PCle wn GPLD
Flash 3 MAX Flash |« = PCIe
[ > ‘ X8 ! , MAX5 X8

JTAG |
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gy e LSt Durh €8 MICROGATE
19/12/2016 @ WDurham (g MICROGATE @DA



I\MTQEH R I L‘ ‘@ =
wnw; ||‘3=, ‘E'as—.ﬂul 1
el o 54“-? s ST R S
R L QL o BT
‘ ﬁa’ E :_—E_ ;
: mﬁ. Egmis
:

: am
I:.@uatmre LESIA ' e
19/12/2016 il Whuham ) MICROGATE @l



High framerate High bandwidth Low jitter
gLow latency

Sensors

------------------------------------------------

J & S —— §Fast storage |
: High throughput:

20
I’@vatoire LESIA '
19/12/2016 " WDuham (g MICROGATE @;



High bandwidth : High bandwidth :
:Low latency ‘

Real-time

Sensors controller
«—+ | Supervisor

Telemetry

Active elements
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* Collaboration between PLDA and LESIA

¥ Smart interconnect concept

* Proof of concept on a SCAQO ready prototype

10G (TCP or UDP)

A

CAM Simulator

\J

PP [ | Raw/GVSP
Custom Socket
GPUl, pp  [S
- RTC
1MB + 1QP Raw/GVSP
Custom Socket 5| Pl GPU
Custom Socket'
Supervisor y
1MB + 1QP
- No OpenMPI
GPU P2P S| Custom Socket' -No DDS
1MB + 1QP
: 20
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1 9/1 2/20 1 6 University

CAM Simulator

GVSP Frame

GPU SI

5000 float32
vector

Supervisor

GPU »| SI matrix

5000x8000 float32

RTC

£ MICRC

UAIlL

PLoA




Data stream
handling

Control
interface

DMA
engines
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mart interconnect concept

@ Applications Places System [HH @ = # s :@ FriJul 1, 4:13PM Christophe Rouaud
:-Q QuickPlay Development - GreenFlash_Protol Full/source/TopLevel.cpp - QuickPlay - B xﬂ
File Edit MNavigate Search Project Window Help

(i} it ¥ - < - 3 @ & H

L]

. E a S e d d eve I Quick Access | s ‘ = QuickPlay D'evelopment| =4 QuickPlay Debug
. = g

™ TopLevel.cpp [GreenFlash_Protol_Full] &2

iy Project: GreanFiakh Protol Fuil & i Palette [
o= Board: KprossGxa _LPATHE ‘m = —
= = Ports £
& Input port
[o6ver_pEc | ’ ' ©6GVSP_ENC ] Output port
u O | sam et ) il s § = |
l l S I n e I - | A | GF Switch 1 & Built-in Ke...
Bt MT . 85 gup_data_in auip_poyload_eut NET_EVE. NET_GVE. {4 gw._payisad in ap_data_sut ® AT B >
r " f—(.micua_ BT cuit ) ! - ) GUNZIP B
e, 1 File BN Fele Gi @ 4 Memory
J = streamSplit

] ‘J—w et cut pei_cut. B
|

u I C a . - ' ' < streamCopy
i i OCEKT_ENC 1 =5 streamMer...

Ea - i
‘ & User Kem... <

e poytaadin S |.. e h/\ £ CSKT DEC
OO rO l I l —‘ £) CSKT_ENC
i ) [T diEeer> £ RW_Memory
P Q ” L = % GVSP_DEC
|® poig p L
L D ) £) GVSP_ENC
I’OR‘&_MEMD.’\' 1{:-myRep09... @
it ) TICO_ENC
b e B ot i i fo s 2> R 1P2
8 y £ TICO_DEC
i ) My_IP
& #) GF_Switch
T . ———————— ) Dummy_K...
l I I( a |l©cskT_pEC
‘ T Bl
st:—:_ :-" .—:Aﬂ_dmﬂ_m ciie,_poyload_out .—)
i i
teMemory ‘

L] L e —

™ E

uickStore” ==== m—
Visual editor | TopLevel.cpp

) GreenFlash Protol Full > implementation gx5 NET 134

| ® /binfzsh || @ QuickPlay Developme... | @ GreenFlash - Kernel Va... | =

Il.@uatoire LESIA F%1=D h. ' GATE
il urnam IVIIC R\
19/12/2016 d -



High framerate High bandwidth Low jitter
gLow latency

Sensors

------------------------------------------------

J & S —— §Fast storage |
: High throughput:

20
I’@vatoire LESIA '
19/12/2016 " WDuham (g MICROGATE @;



AQO RTC concept : supervisor

— —— Real-time ————
Sensors R L controller
—
Switch Switch «—
—’ __—’ H
Telemetry
Active elements ] i
S

------------------------------------------------
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Supervision for tomographic AO

Learn execution time
matrix size: 12500x12500 (50 iterations)

1000
= Lean 10
parameters

= ===l eamn 10
parameters
(perfect scaling)

* New, optimized supervision pipeline -

S | earm 43

Execution time(s)
logarithmic scale

parameters
104
user
arameter
reemge=— | cam 43
parameiers
(perfect scaling)
1
‘r (1] 1 2 3 4 5 6 7 8 9
MNumber of GPUs
measurements -
i » m.transpose(m) learn Learn strong scaling
matrix size: 12500x12500(50 iterations)
1.1
1 el |2 10 parameters
command
matrix apply
Cmat
0.9
Y ¥ % e | garn 43 parameters
0.8
8
1 a
tomegraphic mat.R' Ctm.Cmm_f-* g
reconstructor = H
supervisor module for MOAO el
= = = = perfect scaling
0.6

0,5

* See talk by Nicolas Doucet T el T
* Collaboration LESIA + KAUST (KSA)
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SW /MW stack

* Under development in
Paris & Durham

* Run a standard HPC
ecosystem on the
prototype boards and
clusters

* Performance assessed
w/r AO application

(mainly linear algebra) [ MOGHEN] [INNNECISRN
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Middleware options
Role  |Opton1 _ Opton2

Data Pipeline Zero-MQ MPI
Command/Control Zero-MQ ICE
Telemetry DDS ICE

* Under study in
Durham

* See Eddy Younge
talk on wednesda

Real-time » TElRmELTY mem e CAMIMAR fCONrO] C::} Fipeline C:] Telemetry Cj Comand and Contral

data flow data flow data fow Midd lewqare Middleware Wikt o
i@ esn  Whurham (g MICROGATE
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Summary

Project on track
— PDR occurred in Jan. 2016 with feedback from community

— Prototyping activities have started with preliminary results (see per WP
presentation)

— Prototyping mid-term review scheduled on Feb. 1rst 2017

Collaborations initiated

— Good feedback from the community on different aspects (HPC +
instrumentation)

— Evaluate the convergence and minimize additional effort
More work needed on dissemination

— Populating public website

— Contributions to international conference and publications
Already enhancing the readiness level of commercial solutions

— Contribution to QuickPlay development
— Design of an innovative FPGA board (see Roberto's presentation)
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