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M1 Local Control System - Overview

Segment Assembly

Warping Harness
Segment ;Iectronics
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Segment Support Edge Sensor
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R T ——— _>%\<| Fixed Frame Assembly \\\
s 5 : ) (o] 3] (o] (] (3] [ _
s . —_— 1 segment is controlled by:
« ES controller (6 sensors
XH1 [
4 -k 1 or = 133 , - - o to 7 t piston/shear/gap)
6sec f[)r —d. ; .bsetgmenb.s t 13c;wer = upto seg;netn S . PACT controller (3
. . (6 sector distributor cabinets)  ( . s?gmen concentrator actuators + 3 SEeNsors
cabinets) piston/tip/tilt )

* WH controller (9

M1 = 39-m diameter, 798 hexagonal
actuators + 9 sensors)

segments (1.4m each) grouped in 6 sectors.
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M1LCS — Main SW Requirements

Figure Loop: obtain and maintain a given

M1LSV . : : :
MALCS MALCS mirror optlcal quality for the duration of the
) ) observation.
- i 10Gbps » Generate SYNC message every 2ms
t  Collect ES/PACT measurements within 2ms (M1LCS)
s 10Gbps « Compute new PACT references within 2ms (M1LSV)

Apply new PACT references within 2ms (M1LCS)

6

PACT references (399000 pkt/s)

anetwork-switchs )
DetNetSectorDistribution Switch 10Gbps § SYNC Oms SYNC 2ms SYNC 4ms SYNC 6ms
o
2 S
©
anetwork-switchs
DetNetSegmentConcentrator Switch 1Gb ps QZ) MILCS MILSV MILCS
>= collecting computing distributing
1.7 1.7 1.7 7))
v measurements references references
wdevices wdevices wdevices
ES PACT WH 100Mbps

MILSV MILCS
computing distributing
references references

MILCS

ES/PACT measurements (798000 pkt/s, 1 pkt < 120 bytes)
ES/PACT/WH telemetry & performances (~ 7182 pkt/s)

collecting
measurements
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M1LCS — SW Architecture

: ELT Software

Instrument : IC5 I

Telescope : TCS

Supervisor : GSV I
MALSV : LSV | M2LSV : LSV |

M2LCS:LCS I
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M1LCS — SW Architecture

: ELT Software

Adaptation of some JPL State Analysis patterns:

« Estimator/Controller/Adapter
(Monitor/Manager/Adapter)

* FDIR based on Goal monitoring

Instrument : IC5

Telescope : TCS

Supervisor : GSV

MILSV : L5V M2L5SV : L5V

MALCS: LCS M2LC5:LCS

mon dbAdapter mgr
”'t _'t
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M1LCS — SW Architecture

: ELT Software

Adaptation of some JPL State Analysis patterns:

« Estimator/Controller/Adapter
(Monitor/Manager/Adapter)

* FDIR based on Goal monitoring

Instrument : IC5

Telescope : TCS

Supervisor : GSV

MILSV : L5V M2L5SV : L5V

MALCS: LCS M2LC5:LCS

? Events. Exit / Actio m?..E:-c'rt(%>

APPL

Eventz GetConfig / Actions.GetConfig
Events Status / Actions. Status
Events.SetConfig / Actions. SetConfig
Events.Setlog / Actions Setlog
Events Version / Actions.\Version

mon dbAdapter mgr ?
|" IDLE Y Events.Start / Actions. Start | RUNHING 1'|

Events.Init / Actions.nt | Fyvents. Stop / Actions.Stop | &0try £ Actions. StartRun ‘

do ..f Wo ri.cin gThreads
Events.Init / Actionz.Init exit / Actions. StopHRun

dev Eve:[s.ln'rt Actons it | SRROR vents Error
|
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M1LCS — SW Architecture

: ELT Software

Adaptation of some JPL State Analysis patterns:

« Estimator/Controller/Adapter
(Monitor/Manager/Adapter)

* FDIR based on Goal monitoring

Instrument : IC5

Telescope : TCS

Supervisor : GSV

MILSV : L5V M2L5SV : L5V

MALCS: LCS M2LC5:LCS

? Events. Exit / Actio m?..E:-c'rt(%>

APPL
Eventz GetConfig / Actions.GetConfig
Events Status / Actions. Status
supervisor Events.SetConfig / Actions. SetConfig
Events.Setlog / Actions Setlog
Events Version / Actions.\Version
1.% 1.%
L C S mon dbAdapter mgr ?
i IDLE Y Events.Start / Actions. Start | RUNHING ’
— | |
1.% 1.% :
" do /! WorkingThreads
devAdapter Eventz. Init / Actionz. Init exit / Actions.StopRun
1.% 1.%

Events.Init / Actions.nt | Fyvents. Stop / Actions.Stop | &0try £ Actions. StartRun ‘

dev Eveu:[s.ln'rt Actons it | SRROR S
|
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M1LCS - Data Flow (500Hz in red)
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M1LCS - SW Implementation

Application Framework (RAD)

Event Loop Boost ASIO + AZMQ
Development Environment _ _
_ State Machine SCXML interpreter: scxml4cpp (ESO)
wicssw | 2 potoh (CERN dist) O
— P ' Code generation Event DSL / codegen (ESO)
Application Languages C++/C, Python SysML Statecharts / COMODO (ESO)
Framework il Waf (+ ESO wtools) Templates / Cookiescutter

Software Platform '
GUI Qt, PySide2 Software Platform (Temporary)

Development | Unit Tests CEEEIS RS Middleware  ZMQ, MUDPI (UDP), OPC-UA (open62541):
Environment Int. Tests Robot Framework [ZMQ ser/deser: Google ProtoBuf]
VM Server Deployment Nomad/Consul Configuration  File based (YAML) + Redis
Server Cl Jenkins In-memory DB  Redis (hiredis)
Quality Cpplint, cppcheck, Error Handling Exception
valgrind Logging EasylLogging
Alarm Based on Redis
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M1LCS - Lab Deployment

Lab SegC Cabinet
I ire sdevices sdevices sdevices sdevices
ES WH PACT TwinCAT Siemens
Controller Controller Controller PLC Power Unit
T 7 7
wdevicen
Lab SegC Switch (IE 4010) -
Lab Blade
«execution environments
eltm1lab25
wexecution environments wdevices (NewTrafficGen)

eltdevw26 Lab SecD Switch (Nexus 33180YC-EX) deployed elements
(LabView TrafficGen

TrafficGen)

wdevicen wdevices
Lab CR Switch (Nexus 93180YC-EX) Blade-Switch
| |
wdevicexs wexecution environments
PTP (from eltm1lab27
Siemens - R
Switch) .

wexecution environments
m1lcs-gateway
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M1LCS - Lab Deployment

Lab SegC Cabinet
I ire sdevices sdevices sdevices sdevices
ES WH PACT TwinCAT Siemens
Controller Controller Controller PLC Power Unit
T T 7
wdevicen
Lab SegC Switch (IE 4010) e
Lab Blade
wexecution environments
eltm1lab25
wexecution environments wdevices (NewTrafficGen)

eltdevw26 Lab SecD Switch (Nexus 33180YC-EX) deployed elements
(LabView TrafficGen

TrafficGen)

wdevicen wdevicen
Lab CR Switch (Nexus 93180YC-EX) Blade-Switch
| | 1
wdevicen wexecution environments
PTP (from eltm1lab27
Siemens - R
Switch) R clomen

wexecution environments
m1lcs-gateway
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WM  M1LCS/LSV - Figure Loop on AMD Epyc
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1 CPU: 4 dies/NUMA nodes e e

. . [ =msam | [ = | o [Ep— [ 2 s Jp— |
: =
| | [come |[cmme |[cmme |[cmme |[cmee |[cme |[cme |[come ] [come |[come cee |[mmee | [comm | [cme ]
.
[asse |[casme | [aamer |[ sowe | [assser |[ s | JEp— [ | [ceme caimer | [ssoom | [casme | [ |
- 4+4 cores 2 Core_CorteX [ [ |[cme |[aen |[cme |[oee | = [Com |[mom e [ |[ooe |[wee ]
Core P20 Core 221 Core P22 Cone P23 Core P28 Core 225 Corepa10 Core P11 —0—{1— Foizoabszs Car= P20 Core P21 are P22 CorFe3 Cor Re CoreFan Core P10 CorePe#1l

_ 8+8MB L3 | I - | J | Lrereso | {Leorese] |W| Lromss | [[rorsr ]| {[roree]{ [Lrores ]| [ mores [ [ [roress] | {[rores ]| fLrome=]
- 1+1 memory channels Non-isolated: O
Die -> NUMA node -> PCI (NUMA 0)

MUMaNCde PES (1658)

FCIBOSE1521

L3 (B152%E] | | L= (E152KE)

oI BOSS1521

m | [ |

e | [

| L2 i512¢8) | | L2

N [eee e |[mem |[=

[E— [E—
[ ] [rumear | ‘
NUMaNode P21 (16G8!
[ = msam | [Ep—
| HUMaNode PEE (1668) |
[z |[cmee || cowe || 2o |[ = [z |
| [Epm— |
| L1d (32K8) || L1d (32K8) || L1d (32K8) || L1d (32¢B) | | L1d {32¢E} | | L1d {32%B) || L1d (32K8) ‘| L1d (32K8) | PCl BOSE:10f
[wmwe |[2es s | [eeme |
| L) || Lt lssxz) || L1 s2m) || L lsas) || L axm) ||u|-:5m<z:- || Ll fsz) H L1 srm) |
e cacee | [wame | [ oama |
[ | [ U | U | U | —  —
| L1l (53KB) | | L1 (53K | | LU (gaka) LU {g4kE) | | LU (g4xE) | | LU {s4xB) |
PUP#2 PUPH1E PUPE3S PUF25D PUP#10 PU F#26 PUPEaZ PU P#58
cormrazz | | comrazs || cormrasa || comrazs || comrssn || commast || compas || comreas
[Crorss || [[rorem || |[roresr ]| | [ roress ][ | [ romee] | | [ romes [rureas
NUMANode P#2 [16G8!
[ sz JE— | [Ep—
[ remsese e 2652 |
| 12 51268 || 12 G512k H [y | | [Py Lz sk} |
[ 2 easr | o—o— ros0c0mer
| [Epp— || Lrdize H e | | [Ep— | | [ | | (1 24m) | | [ | JEEp—
| L2 i512x8) | | L2 (512KE) | | | | 215128 |
[wee |[wsm [[woe |[wee |[wwe |[wes | [ o |[wee ]
|ud rel||ud;<_sl|| ||umazm:-|
comrszz || comessz || comeens || comeeas || comersn || comrenn || comersr || comres
|uum- ||u\-:sau- || ||u:s4=5l |
- - [ [ [ -
RS | [—
| PU PET | | FUF‘;Z‘
NUMaNode P#3 (16GB}
| L3 (3152K8) L3 (a152K8) |
| [ || JEp— || [E— [ [Epe— |
| L1d (32K8) || L1d (32K8) || L1d (32580 L1d (32kB) L1d (32K8) |
| L) || [ || L1 Gs2rm) Liisarm) || L lgaxz) ||u|-:sa»<z:- H [ |
Core P42 Care PE45 Core P50 Core P56 Core P57 Core F#58 Core P#55
e || [ || [ | | [romese ||| [romeee )| | [ )| | omeee )| [ [e=] >|S Opo

>numactl -
CPU-0 (M1LCS) CPU-1 (M1LSV)

L. Andolfato, ICALEPCS 2019, 7 Oct 2019, Public a— D RS T R R R R =i+

VN



WM  M1LCS/LSV - Figure Loop on AMD Epyc

Machine [126GE total)
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KM M1LCS/LSV - Figure Loop on AMD Epyc

Machine [126GE total)
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1 CPU: 4 dies/INUMA nodes
1 Die (Zeppelin):
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M1LCS - Figure Loop Results

Figure Loop :
e m1FEMeasMon.ctr.update.cycle time 0.001242 | <0.002s
R 2 mlFEMeasMon.ctr.update.time last packet 0.001139
.‘?'j mlFigLoop.ctr.update.cycle time 0.000685 < 0.002s
i 0.5 - m1FERefMgr.ctr.update.cycle time 0.000537 < 0.002s
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