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:' . e —— . ‘ Representation of the
.......................... ¥ AT = : ATLAS detector

25m

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector \

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker

= ATLAS is a general-purpose particle physics experiment at the LHC

“ Its major components are
u) Magnets, Muon, Inner detector, Calorimeters
0 Detector control, safety systems, cooling stations, gas distribution...

= The Expert System provides reliable knowledge base for operations,
maintenance and upgrade of the detector

Control room
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What is an expert system
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DTSR -
Inference engine that provides knowledge and
reasoning of experts
Simulates the behavior of a complex system
Explains causes and effects in a system
Facilitates an easier sharing of knowledge
Monitoring panel of Detector Control
System (DCS)
https://atlas-expert-system.web.cern.ch
@ ATLAS Expert System (Simulator) ) -
g:qsuesttlo Dss Monitoring panel of Detector Safety
Jeers ouide System (DSS)
ATLAS Expert System welcome page
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ATLAS Expert System

Simulate and describe the behavior of ATLAS
infrastructure

Plan interventions, foresee possible unexpected
outcomes

Boxes represent systems

Deep understanding of ongoing events

Event reporting: Find information and see
relationships between systems switch

Easy access with a web based simulator user
interface

info

Affected systems (121)
SDX1 | Item Switch State
ESS107_15 oN oN
Exp2/1h utac-114 uiacis £s04/10x £0D1/10x £002/10x EBD3_15X OoN oON
ime Eme LOC EXD2_15 oN oN
EBD3_ISA oN  ON
EOD3_I5A oN  ON
ups sox £003/10x N o on
. . . . . EODS_I5A SN
Detailed report of simulation is table organize R O LSAISON 0N
e SF1 T Racks_GasRoom_USALS ON  ON
. . . Racks_USIS Sniffer ~ ON ON
— FCTIR 00003 oN ON
SALS U
¥ ATLAS Expert System - Dashboal - Racks USAIS UPS ~ ON  ON
Show SGX1 03/16x EKDI_IEG oN oN
EBD2_15X oN oN
Commands (1) L Important clements affected s S Summary o |2 . o G
se T EBD3_IGX ON ON
1- AL_SN2_Smoke_MUN_TGCwheel|_HOside_BWA off  CSC_Subdetector UIAC00110 ON ON
MDT Subdetector EODS_15A oN oN
CECEalcos:ig UIAC-00114_1UX. ON ON
Bx02/15A £oDs/15A £001/154 Ewn1/15a ExT101/15A ups usa1s Es01/158 LR O ON
Showa . . - . = EXD22_15X oN  oN
- . = EOD2_15A ON ON
Alarms (3) < DSSinhibits () L Adions® - ESD4_IDX ON ON
oo sor Seae ex01/158 E0D2/15A £x04/158 £0D6/15 Es03/158 EOD7_15A ON ON
AL_GAS_MUN_TGC_GasFlure e No DSS clements intibited 0_GAS_MUN_TGC_Stop ° - . . Racks_GasRoom_SGXI ON  ON
AL_INF_Power_UXIS_EXDIS BW_A Fuilure ° O_INF_Power EXDIOT ° L L = = SeRion ON ON
ALSN2_Smoke_MUN_TGCwheell_i{Oside_BWA e O_MUN_MDT_ECA_RegularGenerstors_Y2919A1 B ESD2_15 oN  oN
More... More. €BD2/15A E8D1/15A E£0D3/158 EsD2/15A GG & @
Impacted clements: - N LR CILE » EBDI_I5X ON ON
Crate () v 5 Digitallnput 2)csv 5 GasSystem (18)csv = ERDILSA ONERON
S General E0Da/15A ESALLS ON  ON
- Services EXDI_IDX ON ON
MDT_PS_Y3523X8_00 €4 DI_GAS_MUN_TGC_GasFailure_SGX1 o= HY_6531 X o ° CICIE

EXDI7_15X oN  ON
es DLINF_Power_UX15_EXDIS_BW_A_Failure CH HV_6536 ©x ON ON

MDT_PS_Y3625%2_01 es More... PP_Scctor_ 1 e ESD2LSX
Mo Vo, uxis | EDLIE &1 Y
Racks_SDXI oN oN
Group @) _csv B Tnterlodk @) csv 5 PLC@) csv 5 EXD2_15X oN ON

EBD1/15% E8D2/15% E803/15 Es01/15% Esp2/15x =
EXD26_15X oN oN
Racks_GasRoom_SGX1 es MDT_Intelock ECA e« TGC_Gas_Control_PLC P dne dne Sme Racks_USIS ON ON
MUN_MDT_interlock_SideA_CSC_AIl_Power_Y3019A1 es ESD2_I5A ON ON
More... PowerSupply @49 _cov = EXD24_15X ON ON
More... tor UPS_USALS ON ON
TGC_CAEN A S10 e ESDI_IDX ON ON
TGC CAEN A S11L e EBDI_15 ON ON
TGC_CAEN_A_S12 4 exo24/150 EOD6_I5A ON ON
e $ 8 Heaters Toroid ON ON
UIACOIIL_IUX  ON  ON
EXD12/15X! Exp16/15x 2 FCTIR-00038 QR R
12/1: ] .

z S Racks_USALS oN oN
S0 e 5 Se 5 ESDI_ISA ON ON
EXD2 15A oN  ON
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Following ATLAS upgrades
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Recent descriptions

Simulate the network

Estimate of infraestructure descripted in ATLAS Expert System

Sub-detectors

=) ATCN databases, clients, routers, switches and networks Electricity I
o Allow us to foresee impact during data taking periods Magnet
. Improvements in descriptions thanks to follow up of c ,
interventions during LS2 ryogenics
a Test secours , switchboard interventions, AUG tests Compressed air |
Water S
Gas I———
Cooling |
Database (TOTAL 12906) Safety |
DSS
|
(50) Others 883 Network
GasSensor 127 Ventilation [
SnifferModule 140
WaterSystem 148 -
NetworkSwitch 153 SubDetector 2287 m Done m Missing
SingleBoardComputerBla
GasSystem 155
EvacuationSensor 165
PneumaticValve 186
Switchboard 203
NetworkSubnet 214
VirtualMachine 252
Coolingloop 255 SmokeSensor 1003
Crate 268 Recent updates during LS2
AUG 269 “ Muon cooling stations
Group 280 Rack 948
= NSW systems
Action 497 . . .
= RPCdistribution gas racks
PowerSupply 535 Digitall t914
‘gitalinpu = LAr racks
Computer 570
. Alarm 848
DelayedAction 719 Board 732
5/18/21 Ignacio Asensi 5
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— & ATLAS Expert System - Water Distribution Systems: = EN @SN LS Importance of mandator
] y
| srt | o= | soxt | D ! #rrrozwe x| annual interventions
— Belongingelements@: _____— Two main chillers on
sex1 | sux1 | EW Pump SUX 50X SR1_| M-M:lﬂ / surfaqe ha]ve to be stopped
TGC EM chillers SF-SUX ’MM Ha // to malntaln COOIIng
" Hma .- -  FUPFLo201 0/ underground
EM.DT 1 4 Pump SICHRA - Belonging elemens (2):
(i}
— - ] HAA_1401 B @
AEao L EG chillers SF-SUX = o MOT 1402 Ml &

EG Pump SU-SR

| Consequences on surface
All racks affected

|

EG Pump SUX-SU/US

EG Pump SUX-SH EG Pump SUX-USA EG Pump SU-SU

EM Pump USA-USA| uUs15

i
i

i

UXx1s

Consequences on detector

All secondary cooling systems are
affected

Including all racks with water cooling

Individual pages of secondary systems
provide detailed lists of affected systems

Magnet bus bar Pump SUX-US

Muons C Muons A

>
Fmea FEea

Magnet dumps LAr cooling Tile cooling

™ Fme (| FPme

EG Pumps USA-USA

TRT cooling

=] I

| TFC Cable cooling Diffusion pump.
l HEa H= HEa =] I
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Performance improvements
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Switched to NetworkX ! to speed up
searches

Now using depth-first search for

conseqguences and breadth first for parents

New simulation convergence rules
introduced:

The state of a node can change state du
the simulation

The simulation is dynamic: one change
requires several loops to run

Simulation is completed when the next

Processing time [m]

ring

loop

does not change the state of any node in the

tree

Fewer loops, speed improvement of an
order of magnitude
Code optimization
Circular dependencies detection and so
Migration to multi-process engine

lution

Iterate over edges in a breadth-first-search

L https://networkx.org/

12:_ ® One process _:
E + Multi process E
10— -
8- -
6F -
4 =
25_ —.’___._———-—“"_——____———__—_.—__ 'E
O:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:
0 i 2 3 4 5 6 7 8 9 10

Parallel calculations [#]

<
<
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Most Probable Cause
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The Expert System can investigate the potential root cause for a scenario entered by

the user

Introduce list of affected systems
Get list of most probable cause

Two modes:

Exhaustive: all objects should be affected
Non-exhaustive: at least one object should be affected

Check affected
systems in
detector control
systems

L

10300 000 §

@i 1
s Tmte

ATLAS Online monitoring tools

Search and add them to
the MPC tool

AL_COL_BeamPipe_VJA_CoolingNotRunning Bl

4

Parents tree

Description : (optional)
Switch : on

State : off

Persistency : 0
Documentation:

Link:

Subsystem : None
Triggered : no

Inhibit: B
Digitallnput :

Actions :

JON

Children tree

O_INF_BakeOut_Interlock_Y6023X0_0 ! ]

Add to List

MPC

‘ 8

AL_Smoke_TRI_YZ2302A2
AL_Smoke_TRI_Y2502A1
AL_Smoke_TRI_Y2202A2
AL_Smoke_TRI_Y2002A1

AL_Smoke_TRI_Y1702A2

“*

CCOCOCOCCOQOCOCOOC

Add to queue

= & ATLAS Expert System - Simulation tools

Alarms:
Systems:

Find the Most Probable Cause for the current scenario

Find one or two points of failure
Calculations

Calculations (2) Ccsv a Status 4 Link

“»

Calculation_20210502__12_48_47 Processed Details
Calculation_20210502__12_52_09 Processed Details
More...

Find Most Probable Cause for the following alarms:

rRemove AL_COL_BeamPipe_VJA_CoolingNotRunning
remove AL_COL_BeamPipe_VIC_CoolingNotRunning
rRemove AL_COL_IBL_CO2_Vacuum_Interlocked
Remove AL_COL_IBL_CO2_Vacuum_Low

rRemove AL_COL_IBL_CO2_Vacuum_Stopped

rRemove AL_COL_LAR_CoolingFailure

rRemove AL_COL_LAR_RodGlink_CoolingFailure
Remove AL_COL_MUN_CoolingFailure_SideA

Remove AL_COL_MUN_CoolingFailure_SideC

5/18/21
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Most Probable Cause
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ATLAS Expert System - Simulation tools ~ symem: = == CHD [search... [S¥

Name

Type
Status

Date

Affected

Calculation_Water2_20210209__19_11_38

MPC

Processed

2021-Feb-09

AL_COL_BeamPipe_VJA_CoolingNotRunning, AL_COL_BeamPipe_VJC_CoolingNotRunning,
AL_COL_IBL_CO2_Vacuum_Interlocked, AL_COL_IBL_CO2_Vacuum_Low, AL_COL_IBL_CO2_Vacuum_Stopped,
AL_COL_LAR_CoolingFailure, AL_COL_LAR_RodGlink_CoolingFailure, AL_COL_MUN_CoolingFailure_SideA,
AL_COL_MUN_CoolingFailure_SideC, AL_COL_MUN_StationA_Loop10_Stopped, AL_COL_MUN_StationA_Loop11_Stopped,
AL_COL_MUN_StationA_Loop12_Stopped, AL_COL_MUN_StationA_Loop13_Stopped,
AL_COL_MUN_StationA_Loop14_Stopped, AL_COL_MUN_StationA_Loop15_Stopped,
AL_COL_MUN_StationA_Loop1_Stopped, AL_COL_MUN_StationA_Loop2_Stopped, AL_COL_MUN_StationA_Loop3_Stopped,
AL_COL_MUN_StationA_Loop4_Stopped, AL_COL_MUN_StationA_Loop5_Stopped, AL_COL_MUN_StationA_Loop6_Stopped,
AL_COL_MUN_StationA_Loop7_Stopped, AL_COL_MUN_StationA_Loop8_Stopped, AL_COL_MUN_StationA_Loop9_Stopped,
AL_COL_MUN_StationC_Loop10_Stopped, AL_COL_MUN_StationC_Loop11_Stopped,
AL_COL_MUN_StationC_Loop12_Stopped, AL_COL_MUN_StationC_Loop13_Stopped,
AL_COL_MUN_StationC_Loop1_Stopped, AL_COL_MUN_StationC_Loop2_Stopped, AL_COL_MUN_StationC_Loop3_Stopped,
AL_COL_MUN_StationC_Loop4_Stopped, AL_COL_MUN_StationC_Loop5_Stopped, AL_COL_MUN_StationC_Loop6_Stopped,
AL_COL_MUN_StationC_Loop7_Stopped, AL_COL_MUN_StationC_Loop8_Stopped, AL_COL_MUN_StationC_Loop9_Stopped,
AL_COL_TIL_CoolingFailure, AL_CRY_LAR_FeedthroughTempLow, AL_INF_RackCoolingFailure_SDXI,
AL_INF_RackCoolingFailure_USA1S5,

HAA_1401, HAA_1411,

MPC of 41 alarms triggered in the Detector
Safety System during annual water maintenance

HAA 1401 and HAA 1411 succesfully identified

5MW chiller units

5/18/21
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¥ MPC performance

Average processing time vs maximum number of results

The MPC algorithm uses two @ 160

parameters. £ 1400 E

Maximum number of attempts g 120F -

which is the number of parents f%’ 100 -

that will be processed. gof " , " - -

Number of results shown to the 60 =

user. sof o : I

C gl M Max 30 tries b

The F4-score is a measure for the quality of the 2014 T e |
results. precision - recall O ~"96" 2030 20 50 80 70

Fg=(1+p%) —

(B2 - precision) + recall Max results

o = I I B I I =

. . 8 09F F,-score vs maximum number of results3
Increasing the maximum number of results would % 0sk ! :
i O —

increase the processing time without significantly o7k g # o [
improving the quality of the results. 0.6E 8 E
A number of 8 maximum results and 30 tries has 0.5 E
been established as the best parameter set for the 04F E
algorithm in terms of time vs accuracy with an g'z ® Max3oties |
average time of 37 s and a F4-score of 0.7 Of, B oo e i
O~ ""10" 20 30 40 50 60 70

Max results

5/18/21 Ignacio Asensi 10
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Summary and status

Qs>
VNIVERSITAT

DGV/\LENCIAI

The ATLAS Expert System by ATLAS Technical Coordination is a diagnostic
tool for the maintenance of the experiment

Description of critical systems like electricity, gas, detectors and others is
reaching the desired granularity and it is kept updated constantly

Simulations have been compared with actual intervention outcomes
during LS2

Now describing more than 12k objects

The Expert System has been proven useful evaluating the impact of
interventions

It is possible to find the cause for the provided scenario

Vast improvements in code execution speed and performance. Simulation
time has been reduced

5/18/21 Ignacio Asensi 11
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Thank you for your attention
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Water maintenance simulation

Detailed report of simulation Status of the detector
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— ‘Alarms: S e P — Alarms: —
= ©_ATLAS Expert System - Dashboard _ sy e Jlon J8 RERERL =& ATLAS Expert System - Detector Status  sysems
y! g
e
el SH1 SDX1 SF1 sux1
Commands 2) R Important elements affected csv - .
1-HAA_ 101 off TGC_subdetector
2-HAA 1411 . off Tike.Subdetector
) TRT_Subdetector
More... USA15
DSS status
Show al
Alarms @1) csv . DSS inhibits (1) c5v N Actions (145) _csv R
uxi1s
AL_COL_BeamPipe_VIA_CoolingNotRunning e No DSS clements inhibited O_INF_BakeOut_Interlock_Y6023X0 e
AL_COL_BeamPipe_VIC. CoolingNotRunning © O_INF_FTK_Power Y0507A2 B | TBC |
AL_COL_IBL_CO2_ Vacuum_Interlocked [ O_INF_FTK_Power_ YOS09A2 [ -
More... More... .ﬂ M
Impacted clements.
Board (696) _csv R Camera(71)_csv < Computer (476) _csv ~
Tile_Aux_Board_EC_S [ CAM-CR-UX15-VS-02 [ YCCCPOI-ATLAS ©=
Tile_Aux_Board_EC_6 @4 CAM-CR-UX15-VS-03 (-] YCCCPOISSA -]
Tile_Aux_Board_EC_9 ° CAM-CRUXIS-VS.04 2] YOCCPO2-ATLAS (3
More... More... More... T RPC CSCT TGC
CoolingLoop (76) _csv R CoolingStation ) csv o CoolingVacuumPipe (1) C5v o Bl ol Wal [ i
Tike_CoolingLoop_LBC_2R P FCUL_00014 ez IBL_CO2 Transfer_Line [
Tike_CoolingLoop LBC_ 3L D) FCUL 00015 (D]
Tike_CoolingLoop_LBC_3R s FCUL 00022 2] Crate@48) csv &
More Mo,
e B Racks on surface are also affected
Y_6004 X7_C2 cx
Y_6004 X7_C3 ez Al

[ v O rescrsessions Jscarcn.. (SN EYCHTS

€ ATLAS Expert System - Racks SDX1

More...

5/18/21 Ignacio Asensi 13



ne»r-»

F4 score calculation
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precision - recall

Fg=(1+ %) -
p=(1+p) (B? - precision) + recall

Precision is the number of correctly identified positive
results divided by the number of all positive results
including those not identified correctly.

The recall is the number of correctly identified positive
results divided by the number of all samples that should
have been identified as positive

5/18/21
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Expert System portability
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Objects

e
Relationships

Model

= Maintenance of
simulation state

= Store and retrieve
data

Server

Logic

Database class
helpers

Controller

= Respond to user
input
“ Interpret user

request with
data from model

Web application

Communication
with server

F—
Diagrams

View

= User interaction

= Scenario rendering

General

ATLAS specific

5/18/21
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Sub-detectors
Electricity
Magnet
Cryogenics

Compressed air

IBL, Pix, SCT, TRT, LAR, Tile, MDT, RPC, TGC, CSC
Switchboards, repowering, coupling, UPS

VHS, LAR heaters, He flow (main, shield), ANRS, diff pumps
He flow (main, shield), ANRS

Production, distribution, reservoirs

L1Calo, interlocks
Breakers
MCS, power distribution

Control

Water SF1, SUX1, USA15, US15, UX15, back-up chiller, SU1 Back-up US15, USA15
Gas CSC, RPC, TGC, MDT, TRT, TFC
Cooling US15, USA15, UX15, Muon, TRT, Evap, Thermosyphon, IBL, Tile, LAR, Cables
Diff pumps
Safety Light, elevator, sniffers, flammable gas, smoke, fireman boxes CAN control
DSS Inputs, alarms, actions Check matrix
Network Routers, switches, ATCN & TN clients, DHCP, NTP, NetApp TN databases. "Big
picture"

Ventilation Units, controls "Big picture"

5/18/21 Ignacio Asensi 16



