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AO RTCGLOBAL SYSTEM ARCHITECTURE

Based on heterogeneous architecture to implement main functions
e Cope with various functional & non-functional requirements for the different
sub-systems
e Mix high throughput Machine Learning (supervisor, a.k.a. SRTC) with low
latency & low jitter computing (real-time controller, a.k.a. HRTC)

. : Low latenc
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Sensors

Fast storage
High throughput




PROPOSED CONCEPT: SPARTA
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AO RTC DETAILED SYSTEM ARCHITECTURE

Inspired by SPARTA functional decomposition, inheriting from previous R&D

e Built to serve several AO instruments:

o Keck Telescope: ongoing contract (first light yesterday !)
MICADO: ELT first light instrument (on-sky by 2025)
MAVIS: high complexity VLT instrument (on-sky by 2026)

Hardware
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AQ RTC subsystem
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AO RTC DETAILED SYSTEM ARCHITECTURE

Inspired by SPARTA functional decomposition, inheriting from previous R&D
e Flexibility : dedicated HW interface

Hardware

.l Switch Ctrl Unit
HRTC
SRTC
Storage Com. Infrastructure
- Simulator

AQ RTC subsystem
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AO RTC DETAILED SYSTEM ARCHITECTURE

Inspired by SPARTA functional decomposition, inheriting from previous R&D

e Flexibility : dedicated HW interface
e SW based on abstraction layers

Hardware

— -y
=

Not necessarily a
single HW component SRTC

Com. Infrastructure

I simietor

Storage

AQ RTC subsystem
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HARDWARE CHOICES

HRTC based on MVM: memory bound.

GPU technology, equipped with HBM memory
is the silver bullet ! (as compared to CPU with

classical DDR)

SRTC based on embarrassingly parallel

Memory bandwidth (GB/s)

linear algebra: GPUs perform 10x better than

CPU for this kind of workload,
consistently over the past 6
years.

Several hardware design
options:
e All-in-one HRTC+SRTC
e Separate serversin a
cluster configuration
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HBM
HBM is necessary for the )
rapidly increasing demands 4
of machine learning and a ir
growing number of related y
applications. o
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2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Year

"16 cores Intel SDB 2012 —4—

8 x NVIDIA K20s 2012
40 cores Intel IVB 2013

8 x NVIDIA K40s 2013
36 cores Intel HSW 2014 —>é—
8 x NVIDIA K80s 2014 ~—
28 cores Intel BDW 2016 — ¢

64 cores Intel KNL 2016 —{li—
NVIDIA DGX-1 2016 2~

Matrix Size



RTC HARDWARE DESIGN
THEFUTUREIS Now (AND ESO
COMPLIANT!)
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PROPOSED IMPLEMENTATION
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Based on the ESO Standard RTC architecture for the ELT
e Proposed for MICADO and MAVIS
e Can be easily adapted to SPHERE+

ELT Network Infrastructure

o
~e

H-RTC H-RTC Gateway S-RTC Gateway Storage Node Computation Node
1 t 1 A A A A
v R T oy v
Real-Time VLAN | | Raw Telemetry VLAN e
‘ | ! |
AO RTC Internal Communication Infrastructure
Y | ——AO RTC Real-Time Network |
ALICE XDM | —— AO RTC Telemetry Network |
Camera SCuU | — ELT Control Network
i —— ELT Time Reference Network '

ELT Determmlstlc Network
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PROPOSED IMPLEMENTATION

Multi-GPU implementation of HRTC (dimensioning TBD for SPHERE+)

e MICADO & MAVIS design: leverage high density GPU cluster (PCIE + NVIink)
e Keck design: standard server with dual GPU (PCle interface)

— R AW pixels

s Calibrated pixels

|
Slopes/valid pixels |
s DM Commands

CPU

AO RTC Intemal Communication Infrastructure

PCIE bus

ELT Network Infrastructure
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HRTC DATA STREAM INTERFACE

Based on uXlink board from Microgate
e Developed in the context of Green Flash, available as a COTS product
e Provide flexibility to any kind of hardware (WFS cameras, DMs, VLT / ELT
frameworks) and efficient data transfer to/from compute units (GPUdirect)
e |n production, used in ELT M4 design => long term availability to support ESO
projects, already part of ESO ecosystem
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HRTC DATA STREAM INTERFACE

Currently under final integration phase for Keck
e Multiple interfaces: Cameralink, 10G Ethernet, USB, sFPDP
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Currently under final integration phase for Keck
e Multiple interfaces: Cameralink, 10G Ethernet, USB, sFPDP
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HRTC DATA STREAM INTERFACE PERFORMANCE

Testing the data acquisition interface to the GPU:
e direct memory access (relying on standard development tools and factory
versions of drivers / API)
e Here compared to “classical” CPU memory access

CPU & GPU BW (GB/s) versus buffer size (Bytes) = CPU & GPU latency (us) versus buffer size (Bytes)
B CcPUBW (GB/s) [ GPUBW (GB/s) B CPUlatency (us) [ GPU latency (us)
8,00 200
6,16,11 626,26 157156
6,00 150

4,00 100

2,00 50

0,00 0
8192 16384 32768 65024 131072 262144 524288 1048576 8192 16384 32768 65024 131072 262144 524288 1048576
Figure 4-56 - Bandwidth and latency measurement of DMA operation between the uXcomp board and CPU (respectively
GPU) with respect to buffer size

14



RTC SOFTWARE DESIGN:
MODULAR, COMPREHENSIVE AND
POWERFUL
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AO RTC SOFTWARE COMPONENTS

4 components:
e OCEAN, SHIPS, TIDES and COMPASS

RTC SW platform

OCEAN (HRTC)

SHIPS (SRTC) TIDES (MW) COMPASS (Simu)

Manage, Configure,

Control, Monitor Performance Monitor Command Interface Libraries

Inter-process Optimizer Telemetry

Business Data Store

I > I
» i)

Sequencer / Ul

Utilities Services
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AO RTC SOFTWARE COMPONENTS

4 components:
e OCEAN, SHIPS, TIDES and COMPASS

RTC SW platform

O\

Manage, Configure,
Control, Monitor

\ Business /

SHIPS (SRTC) TIDES (MW) COMPASS (Simu)

Performance Monitor Command Interface Libraries

Telemetry

I > I
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Sequencer / Ul Data Store

Services
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Flexible implementation in heterogeneous environment
through abstraction layers

OCEAN (Optimized Core Engine for Adaptive optics pipeliNes)

e Kraken: Python based control, management and
monitoring:

e Marlin: C++ library for real-time kernels execution

e Octopus: C++ library for data interface:

e Other components include: Seahorse, Wyrm, Fish (utilities)

18
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HRTC SW DESICN

Core pipeline, made highly modular through the Marlin library

R

Kraken
> Controls, configures and
monitors the real-time pipeline
Controller: Kraken > Python based code
Marlin Unit

Octopus: FPS interface

Redis

database

Octopus

M|M|m .\"-
Octopus "
\_".
Telemetry | Hardware | Simulator Octopus
> Abstraction layer that exposes various shared

memory in a single interface
r Based on the CACAO framework*
(ImageStreamlO, Function Parameter Structure)1E
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HRTC SW DESICN

Main features of Marlin library:

e Moved away from persistent kernel solutions:

o Better flexibility

o Want to rely as much as possible on standard libraries
e Retained one concept: “active wait” for kernels sync

e Added support for semaphore based sync

Auxiliary Indices
Octopus Octopus
interfaces interfaces

Inputs Outputs
Octopus interfaces Octopus interfaces
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HRTC SW DESICN

Kraken Software architecture

Tides client
requests

krakenTidesServer

krakenRedis

PSL% o

UNIVERSITE PARIS

mode
parfiles

Read parfile (one per BU)

krakenManager

krakenBusiness

krakenlOSHM

Launch Commands

SHM
read/write

Australian
National
3 University

krakenMonitor

krakenLogging

krakenSimulator

Marlin Hard Real-Time processes
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HRTC SW CONTROL / MONITORING INTERFACE

Python + Qt graphical interface

e Based on backend (running on RTC) publishing on a dedicated socket +
frontend (running anywhere)
File  Options View  Help @ Connected
e Start/ Stop / Pause / Step / . — SHARE
Kill Processes

Name Status Control CcPU Memory Loop count

*  CalPixTelemetry (2) ALIVE RUNNING 0.1% 188.3 MiB 27158

e Access tol 0ogs > CoGCentroider (2) AUVE  RUNNING 0.1% 1168.1MiB 27158
»  ControllerGeneric (2) ALIVE RUNNING 0.0% 1486.8 MiB 27158

*  LoopDataTelemetry (2) ALIVE RUNNING 0.0% 188.1 MiB 27158

*  RawPixTelemetry (2) ALIVE RUNNING 0.1% 187.7 MiB 27158

»  evtcam (2) ALIVE RUNNING 1.0% 1793 MiB 27158

*  kacou(2) ALIVE RUNNING 0.1% 1703 MiB 27158

22
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e Based on backend (running on RTC) publishing on a dedicated socket +
e Detailed view
File Options  View Help @ Connected
PROCESSES DETAILLS SHARE
Name PID Status CPU Memory Loop .. Contr.. Tmux session Loop .. Statu.. Creation time (UTC) CPU affinity Context sw... Thre.. Message
MarknBU_CalPixTelemetry 614105 ALIVE 00 181,784KiB 30419 0 krakenBusiness_CalPixTelem... 1 0 2020-10-12T07:57.. 1617 144118 12 4 frame(s) lost, reset loop....
MarknBU_CoGCentroider 613372 ALIVE 00 1,185184.. 30419 0 krakenBusiness CoGCentroid.., 1 0 2020-10-12T07:37... 9,10 314223 4 4 frame(s) lost, reset loop....
MarfinBU_ControllerGeneri 613548 ALIVE 00 1,511,384.. 30419 0 krakenBusiness_ControllerGe... 1 0 2020-10-12T07:57... 10,11 240623 6 4 frame(s) lost, reset loop..,
MarknBU_LoopDataTelemetry 613913 ALIVE 00 181,660KB 30419 0 krakenBusiness_LoopDataTel. . 1 0 2020-10-12T07:57:.. 13,14 192888 12 Slopes and commands afr...
MarinBU_RawPixTelemetry 614300 ALIVE 00 181.324Ki8 30419 0  krakenBusiness RawPixTele.. 1 0 2020-10-12T07:57... 16,15 94760 12 4frame(s) lost, reset loop...
MarknBU_evtcam 614498 ALIVE 00 172516 KB 30419 0 krakenBusiness_evtcam 1 0 2020-10-12T07:57... 8567 35320 6 4 frame(s) lost, reset loop...
MarknBU_kacou 613730 ALIVE 00 163324XiB 30419 0 krakenBusiness_kacou 1 0 2020-10-12T07:57... 12,13 244328 4 4 frame(s) lost, reset loop...
MarlinConfigDsemon _CalPixT... 614093 ALIVE 00 11,060 KB 1 1 krakenBusiness_CalPixTelem.., /] 0 2020-10-12T07:57... 0,1,2.3.4,1819,20,21,22.2... 6148803 3 Running...
MarflinConfigDaemon_CoGCe... 613360 ALIVE 00 10,99 KiB 1 1 krakenBusiness_CoGCentroid... 0 0 2020-10-12707:57... 0,1.2,34,18,19,20.21,22.2... 6252265 3 Running..
MarinConfigDaemon_Contro.. 613536 ALIVE 00 11,063 KiB 1 1 krakenBusiness_ControllerGe.., o 0 2020-10-12T07:57... 0,1,2,3,4,18,19,20.21,22.2.., 6226754 3 Running..
MarknConfigDaemon _LoopD... 613901 ALIVE 00 11,048K8 1 1 krakenBusiness LoopDataTel . V] 0 2020-10-12T07:57:. 0,1,2,3.4,18,19,2021,22.2... 6175046 3 Running...
MarfinConfigDaemon_RawPix... 014288 ALIVE 00 10,928 Ki8 1 1 krakenBusiness_RawPixTele.. o 0 2020-10-12T07:57... 0,1,2,34,18,19,20,21,22.2... 61220675 3 Running...
MarknConfigDaemon_evtcam 614486 ALIVE 00 11,072KiB 1 1 krakenBusiness_evtcam 0 0 2020-10-12T07:57... 0,1,2,3,4,18,19,20.21,22.2.. 6096047 3 Running..
MarlinConfigDaemon_kacou 613718 ALIVE 00 11.,048Ki8 1 1 krakenBusiness_kacou o 0 2020-10-12T07:57... 0,1,2,3,4,18,19,20,.21,22.2... 6195374 3 Running...
L I
RUN STEP PAUSE sTOP KILL



HRTC PERFORMANCE
COSMICI1S ALREADY THERE.
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HRTC SW PERFORMANCE

Typical profile: pipeline includes frame transfer + centroiding + MVM
e WEFS frames are sent by a hardware emulator at a regular rate (1 kHz)
GPU is

mostly “active waiting”

[=I Process "marlinMain —-types=f -...

[=| Thread 345784320
“ Runtime API
- Driver API
 Profiling Overhead

[=] Process "marlinMain --types=fff...

[=l Thread 4170813440
* Runtime API
- Driver API

- Profiling Overhead

[= Process "marlinMain —types=fff...

[=I Thread 1039544320
- Runtime API
- Driver API
- Profiling Overhead
[=] [0] Tesla V100-5XM2-16GB
[=] Context MPS (CUDA)
- MemCpy (HtoD)

- MemCpy (PtoP)

Compute

Streams
[=] [1] Tesla V100-5XM2-16GB
[=] Context MPS (CUDA)
-7 MemCpy (HtoD)
Compute
Streams
[=] [2] Tesla V100-SXM2-16GB
[=/ Context MPS (CUDA)
- MemCpy (HtoD)
Compute
[# streams
[=I [3] Tesla V100-SXM2-16GB
[=] Context MPS (CUDA)
-~ MemCpy (HtoD)
[# Compute

[l Il [

cudaEventSynchronize

_________ Weese . adwensyncone _________________ Nlwwe | |

Incoming frame

n <
I
|
| i
[ Toid gemise..|
i

void ipc::active'_wait_multi_kernel<ﬂoat>(ﬂoat volatile *, int)
void ip(::éc(i\/é_Waii_multi_kernei<ﬂoaf>(ﬂcat volatile *, int)

ingle
pipeline iteration

{11
[ [ void gemvise.. [

void gemvNSP...

void gemvNSP...

<+ < >

Compute

void gemvNSP...

Active Wait

25

void gemvNSP_... void gemvNSP...
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Typical profile: pipeline includes frame transfer + centroiding + MVM
WES frames are sent by a hardware emulator at a regular rate (1 kHz)
GPU is mostly “active waiting”

[=I Thread 345784320
- Runtime API
" Driver APL

- Profiling Overhead

[=! Process "marlinMain ~types=fff...

[=l Thread 4170813440
 Runtime API
" Driver API

- Profiling Overhead

[= Process "marlinMain —types=fff...

[=| Thread 1039544320
" Runtime API
" Driver API
- Profiling Overhead
[=I [0] Tesla V100-5XM2-16GB
=] Context MPS (CUDA)
- MemCpy (HtoD)

- MemCpy (PtoP)

Compute

[+ Streams
[= [1] Tesla V100-5XM2-16GB
[=] Context MPS (CUDA)
% MemCpy (HtoD)
[# Compute
Streams
[=] [2] Tesla V100-5XM2-16GB
[=| Context MPS (CUDA)
- MemCpy (HtoD)
[+ Compute
[#] Streams
[=I [3] Tesla V100-5XM2-16GB
=] Context MPS (CUDA)
% MemCpy (HtoD)
[# Compute

Streams

[ Jcucavemcpyasync |l cusagventsinc. I 1 ]

| I | cucocrap-. |

I Memcpy HtoD ... ‘

w 1 gemvNSP_kernel<float, float, float, float, int=

Frame received: _
e End of active wai
e Execute centroiding

1,int=16, int=4, int=1024, cublasGe... | |

sequence

void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

I cudaGraphLaunck

26
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HRTC SW PERFORMANCE

Typical profile: pipeline includes frame transfer + centroiding + MVM
e WEFS frames are sent by a hardware emulator at a regular rate (1 kHz)
e GPU is mostly “active waiting”

[=I Thread 345784320
 Runtime API - cudaMemcpyAsync I cudaEventsync... I -I
" Driver APL

- Profiling Overhead
[=! Process "marlinMain ~types=fff...
[=l Thread 4170813440

* Runtime API I _ I cudaGrapml I

" Driver API

- Profiling Overhead
[= Process "marlinMain —types=fff...
[=| Thread 1039544320
£iRUnme AP _ W |
- Driver API [ I
- Profiling Overhead
[=I [0] Tesla V100-5XM2-16GB

“erimn | Broa_dcast data to
multiple GPUs

.I.... void gemvNSP_kernel<float, float, float, float, int=

- MemCpy (PtoP)

Compute

1, int=16, int=4, int=1024, cublasGe... I l . l I.
[+ Streams
=] [1] Tesla V100-5XM2-16GB
[=] Context MPS (CUDA)

S MemCpy (HtoD)

[# Compute ‘ void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...
Streams |
[=] [2] Tesla V100-5XM2-16GB
=] Context MPS (CUDA)
5 MemCpy (HtoD)

[# Compute | void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...
[#] Streams
[=I [3] Tesla V100-5XM2-16GB
[=I Context MPS (CUDA)
-5 MemCpy (HtoD) [ 27
[# Compute void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

Streams
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HRTC SW PERFORMANCE

Typical profile: pipeline includes frame transfer + centroiding + MVM

WES frames are sent by a hardware emulator at a regular rate (1 kHz)
GPU is mostly “active waiting”

[=I Thread 345784320
- Runtime API
" Driver APL

- Profiling Overhead

[=! Process "marlinMain ~types=fff...

[=l Thread 4170813440
 Runtime API
" Driver API

- Profiling Overhead

[= Process "marlinMain —types=fff...

[=| Thread 1039544320
" Runtime API
" Driver API
- Profiling Overhead
[=I [0] Tesla V100-5XM2-16GB
=] Context MPS (CUDA)
- MemCpy (HtoD)

- MemCpy (PtoP)

Compute

[+ Streams
[= [1] Tesla V100-5XM2-16GB
[=] Context MPS (CUDA)
% MemCpy (HtoD)
[# Compute
Streams
[=] [2] Tesla V100-5XM2-16GB
[=| Context MPS (CUDA)
- MemCpy (HtoD)
[+ Compute
[#] Streams
[=I [3] Tesla V100-5XM2-16GB
=] Context MPS (CUDA)
% MemCpy (HtoD)
[# Compute

Streams

[ cudganvemepyasync]| (] ||
| I | cuiocop- |
 ——————— Ll

I Memcpy HtoD ... ‘

-
.I.... vo’ . gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

void gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

‘aid gemvNSP_kernel<float, float, float, float, int=1, int=16, int=4, int=1024, cublasGe...

I cudaGraphLaunck

MVM on
multiple GPU

S

28
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Initial performance analysis : MAVIS pipeline (6+3 WFS, 5k x 20k command
matrix) on 4 GPUs (NVIDIA V100)

e Mean time-to-solution (pure RTC latency) : ~215us

e P2V jitter: ~40pus

e RMS jitter: ~5us

4000 -
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E 5 2000
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Current performance figures : MICADO pipeline (1 Pyr WFS, 5k x 25k command
matrix) on 4 GPUs (NVIDIA V100)

Mean time-to-solution (pure RTC latency) : ~165us

180 A

175 A

Time [ps]
(=]
~
o

165 4

160 A

P2V jitter: ~23us

RMS jitter: ~2us

Mean : 165.00 us, Jitter avg. : 2.06 ys, Jitter P2V : 23.49 us

0 200000 400000 600000 800000 1000000
Iterations

Occurences

100000 A

80000 -

60000 +

40000 A

20000 A

Mean : 165.00 us, Jitter avg. : 2.06 ys, Jitter P2V : 23.49 us

160 165 170 175 180
Time [ps]
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HRTC SW PERFORMANCE

End-to-end performance (i.e. with hardware interface) : Keck pipeline (1 SH
WES, ~350 x 600 command matrix, 11 BUs sequence) on 1 GPU (NVIDIA V100)
e Mean time-to-solution (pure RTC latency) : ~105us

130

Time [us]

0 25000 50000 75000 100000 125000 150000 175000
lterations

30000 A

25000 A

20000 A

Occurences

15000 A

10000 A

5000 -

110 120 130

Time [us]
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End-to-end performance (i.e. with hardware interface) : Keck pipeline (1 SH
WES, ~350 x 600 command matrix, 11 BUs sequence) on 1 GPU (NVIDIA V100)
e Mean time-to-solution (pure RTC latency) : ~105us

1
iError Signal
|
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HRTC SW PERFORMANCE

End-to-end performance (i.e. with hardware interface) : Keck pipeline (1 SH
WES, ~350 x 600 command matrix, 11 BUs sequence) on 1 GPU (NVIDIA V100)
e Already supporting two stages at different framerates (orange: TT stage,

blue HO stage)

Mean : 74.63 ps, Jitter avg. : 1.83 ps, Jitter P2V : 26.63 ps Mean : 74.63 ps, Jitter avg. : 1.83 ps, Jitter P2V : 26.63 ps

140000 1
80

120000 -

60
100000 -

80000 4

Time [ps]

60000 -

40000 A
204

20000 4

0.0 0.2 0.4 0.6 0.8 1.0
Iterations le6 Time [us]
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SRTC SOFTWARE
A FEATURE-RICH STACK FITTING ALL
AO FLAVORS NEEDS
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AO RTC SOFTWARE COMPONENTS

4 components:
e OCEAN, SHIPS, TIDES and COMPASS

RTC SW platform

SHIPS (SRTC)
Performance Monitor Command Interface

Data Store

OCEAN (HRTC)

COMPASS (Simu)

Manage, Configure,
Control, Monitor

Libraries

Inter-process

Sequencer / Ul

I > I
» i)

Business

Utilities Services
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SRTC COMPATIBILITY WITH RTC TOOLKIT
Two components in which RTC Tk will fit:
e TIDES:
o control / command: support for ZeroMQ, Pyro, others (TBD)
o data distribution: support DDS, MUDPI, custom protocol, others (TBD)
e SHIPS: R
o Supervisor Sug:r?t"rsocl)ry_ RTC Ui(s) Dgt';'g;ie : Al:fr;"sicfzgs) | Ics I
o AO loop optimisation / monitofig™ | : .
o Sequencing g| 3 £ 8 £
o Ul E
o Services o DataTiiand Number Crunclhing Nodes 4“7”
O
. SRTC
: SHIPS
e Under heavy development today grc— 2 2 83
o MICADO: pyrami d SUPPO it % Telemetry and Dislturba[mce Dataffteway I
o MAVIS: multi-SH WFS £ g,
o Originally designed to fit with S JFil £
ESO’s RTC toolkit but being OCEAN HRTC

adapted to Keck needs
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COSMICIN ACTION



AO BENCH EXPERIMENT @ LESIA

RTC prototype

i

Kraken <
ALPAO protocol el
arlin pipeline
PYR GigE-Vision >
zinzolin PC DDS
Y
m Tides
Republisher
R — :
Q.
e
>
GigE-Yisi pyro ¥
m—’g—:% camServer <«—— ADOPT
E —
mq sesame PC ;
sesameServer
—— UDP
Computer GUI — TP
—— SHM
Python Ct++ rsig'r-ldware
signals

RT processes

PR

PSLAk <L,

UNIVERSITE PARIS {;}‘\\\gé:% UanerS'ty

Client PC

RTD Suricate

Real-Time Displa
over Pyro and SHM

toolLauncher

Manages pyroServer,
and
camServer

RTD TdF

Real-Time Display
on web browser

I’.@vgtoire

Paris
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Open / Closed loop operation with pyramid WFS (resp. Left and Right)

-

vatoire

de Paris
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COSMIC @ KEck

Ongoing commissioning phase @ Keck

' ] Australian .
Z=, National '@ Rgvatoire
Gz University e

SW SEEEEEEEEA AfsEEsEmEn
— = - — s "
St Keck M RTC/EPICS & « REENEG :

<—____> Computers : Interface | : Storage :
HW Ctrl fam e

W £l
© RTC Computer Monitoring & a
. Control IF .
3 =2
& ) . a
m Diagnostic ES
- Ports & »
e 2 8
=] W
u Wavefront Controller s
" a@
] o
L a
(€] 2
] a
- -
=
. USB3.0 HW IF CameraLink/USB3.0 Hardware (tw) HW IF s
a Interface (IFL

IIII..IIIII EEEaEEaEs ] SEEsEEEEEES n | I B N NN N - .I!IIII v

Saphira Detector Controller : ip-Tilt (TT) Mirror High Voltage
Camera Electronics SRS
Controller (IfA) (pugate) Controller (Xinetics)

Wavefront Up-Link Down- Deformable
IR { Link TT Mirror .
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COSMIC @ KEck

Ongoing commissioning phase @ Keck

2 instances: Keck | and Keck |l
Multiple modes supported: SH / pyr / LGS / LTAO
First-light last week. Should be offered to the community by end of June

] Australian
National
= University

|

——

'8,

vatoire
de

Paris

z
$

Name

SH WFS

SciMeasure| OCAM2K

Tip-tilt (+ focus)

DM

Tip-tilt

STRAP

TRICK

PWS

Xinetics| MEMS

™™

uTT

NGS w/ SciMeasure

NGS w/ OCAM2K

NGS w/ PWS

-

NGS w/ PWS & MEMS

LGS w/ SciMeasure & STRAP+TRICK

LGS w/ OCAM2K & STRAP+TRICK

LGS w/ OCAM2K & PWS

LGS w/ OCAM2K & PWSTT

VWiV |s|lwiNn|- |3

LTAO w/ STRAP+TRICK

=
o

LTAOw/ PWSTT

[N TR S S PR PR

[
-

LTAO w/ STRAP+TRICK & new DM

Wl |-

new

() N SN S TS RO PR PR P T

WL W e =
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COSMIC @ KEck

Ongoing commissioning phase @ Keck

Telescope Nasmyth Platform!

MIC Interface Module Rack

Australian 5
National  I'BiEZvatoire
University ks

1GbE fiber

' Computational Engine!l

1G
ENET

1G

Control

Real-%me Data

ENET

10GbE

Computer Room

1GbE copper

PTP Time reference

1GbE copper

Monitoring & Control

1GbE copper

Network
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COSMIC @ KEck

HO and TT loops closed @ > 1 kHz

1
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NON DISRUPTIVE INTEGRATION

Current experience with Keck:
e AO system must remain operational throughout the integration of new RTC
e RTC system being integrated over 3 continents: Italy, Australia, Hawaii
e Incremental integration
o Validate hardware interfaces (with hardware simulators / emulators): Italy
Validate compute engine (with a single simulator): Australia
Integrate both: 2 instances in both Italy and Australia
Ship a third instance to Hawaii
Fully integrate 3rd instance in Hawaii during daytime
Validate interfaces with hardware during daytime
Close loop with hardware during daytime
o First light
e Total amount of nighttime lost so far: 0.25 night (issues with pipeline)

e Total amount of engineering nights scheduled: 1.5 nights (3 half nights)

O O O O O O

Similar strategy with other instruments upgrade

e Need to secure hardware simulators / emulators for the first stage
44



COSMIC: READY FOR NEXT LEVEL
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WHAT’S NEXT?

GPUs have enabled many progresses in deep learning in recent years
To date the best hardware platform to run DL workloads

the right. RelU is a popular nonlinear function for MLPs. The dimensions of the input

Layerfi-1] Layer(i]
Dim(i-1]
Input
Dim[i] 5 .
VMX nlf Output ~ Layerfi-1] Layerfi]
(input feature maps) (output feature maps)
Dim[7] > Oy S Ony,
‘ ¢ Fhyy Q@ FM//]
i D & &
@ Vector matrix multiply ? Weights 'Y S &
i N = A2
H @ Nonlinear function H = e E
| R = o~ E
w R SR S|
E el el 2
Figure 7.7 MLP showing the input Layer[i—1] on the left and the output Layer[i] on < ':‘~ e

DimSten[i]
Input image Output feature map
ol al @ Vector matrix multiply
OO @ Nonlinear function
VMX (o) o | '
P— | ‘
ho
oo Figure 7.9 CNN general step showing input feature maps of Layer[i—1] on the left,
the output feature maps of Layer{i] on the right, and a three-dimensional stencil over
4 ‘ input feature maps to produce a single output feature map. Each output feature map

L)

@ Vector matrix multiply Weights
@ Nonlinear function

Figure 7.8 Simplified first step of a CNN. In this example, every group of four pixels of 46
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WHAT’S NEXT?

COSMIC RTC platform:

e Delivers performance for model-driven ML approaches for AO: example of

MAORY HRTC below (time-to-solution: 1ms on 4 V100 GPUs)
e Is ready (by design) to run DL workloads

Mean : 1044.82 ps, Jitter avg. : 4.12 s, Jitter P2V : 34.56 ps Mean : 1044.82 ps, Jitter avg. : 4.12 s, Jitter P2V : 34.56 us

DS

Time [ps]
"

1045
Time [s]

e Collab. with Stephen Jones, NVIDIA on new programming models
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SUMMA RY

COSMIC is a proven RTC solution for facility instruments
e Already well integrated into ESO ecosystem
e Already at scale for the most challenging dimensioning
e Multiple loops / multiple framerates by design
e Already supporting various AO flavors: SH / Pyr / Laser / tomography

COSMIC is a way to mitigate risk:
e SPARTA obsolescence and permanent failure risks
e Consortium development: addressing schedule risk
e Adaptable to various workloads / approaches (multiple control strategies,
multiple instrument configurations)

COSMIC is ready for the next level:
e Scalable
e Future proof: Al friendly
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That’s it for today !
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