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Outline 

• The ATLAS Trigger and Data Acquisition (TDAQ) 
system 
– General schema 

• Complex Event Processing (CEP) in TDAQ 
– Challenges 
– The Shifter Assistant (SA) tool 

• A validation tool for the SA 
– General architecture 
– Web front-end 

• Conclusions 
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From
 detector to data storage 

Trigger and Data Acquisition System 

• The Trigger and Data Acquisition 
(TDAQ) system is responsible for 
filtering and transferring data 
from the detector to the mass 
storage 
– 40 millions proton bunch 

interactions per second 
– Most of the generated events are 

totally uninteresting 
• A filter mechanism is needed in order 

to select and collect the more 
interesting ones 

• More than 20k applications 
running on 2k hosts 

• 1800 point-to-point connections 
from detectors to TDAQ 
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See “The ATLAS Data Flow system for the second LHC run” 
(R. Hauser - Track 1: Online Computing - 14/4) 



Challenges in TDAQ Operations 

• The main goal when operating the system is to maximize the data 
taking efficiency 
– Dealing fast and effectively with errors and failures 

• The system is operated by a non-expert shift crew with support by 
experts (from various sub-systems) providing knowledge for specific 
components 
– Inefficiency may come from human interventions 

• Automating error detection and diagnosis is a key feature 
– Introduction of the Shifter Assistant 
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The Shifter Assistant 
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What 

• A tool assisting the 
shifter in his/her 
daily work 
• Diagnosing 

problematic 
situations and 
assisting in 
problem solving 

• Remind the shifter 
to (not) take action 

Why 

• Reduce and simplify 
shifter tasks 

• Help shifters with 
more detailed and 
pertinent 
information 

• Formalize 
knowledge from 
experts 

How 

• Automate checks 
and controls in real-
time 

• Process and analyze 
heterogeneous 
streams of 
information 

• Provide instructions 
to the shifters on 
what to do and how 
to react 

• Promptly notify 
shifters of problems 
and failures 



The SA Architecture 
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• Meant to deal effectively 
with problems requiring 
the human intervention 

• Based on the ESPER 
Complex Event Processing 
(CEP) engine  

– Continuous stream 
processing 

– Support for time/size 
windows, aggregation and 
grouping events 

– SQL-like pattern languages 
(EPL) 

 
 

• Directives 
– Encode the knowledge from experts 
– XML structured KB 

 

• Alerts 
– Effective and timeliness notification 
– Carry all the information needed for 

debug and fault diagnosis 



A Validation Tool for the SA 
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Why 

• Maintenance and 
extendibility of the 
knowledge base 

• Spread expertise on 
CEP 

• Writing correct 
directives is not 
trivial 

Requirements 

• Directives shall be 
evaluated in an 
environment as 
close as possible to 
the production 
system 

• Verify syntactic 
correctness of 
directives 

• Verify correctness of 
“condition 
matching” 

• Produce meaningful 
diagnostic 

• Easy to use 

How 

• Exploit the modular 
“input” of the SA 

• Inject into the SA 
historical archived 
“real” data 

• Feed the SA with the 
directives to be 
tested 
 



The Working Model 
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Study EPL, SA events 

Write directives 

Select past runs  
with relevant events 

Replay 
data 

Inspect 
outcome Directives in production 



Challenges 
• Provide a proper controlled context for testing 

– Sand-boxing the SA 
• Archive all the needed information 

– Not archived means lost 
• Efficient data retrieval 

– Often from custom database-like services 
• Reconstruct information that looks like the 

original one 
• Merge and sort data in time 

– Crucial for proper event correlation 
• Inject events into the SA with proper timing 
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Architectural Overview 
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Web-Based Interface 
• The user is  requested to 

provide 
– The run number identifying 

historical data 
– The directives to be tested 
– Information type to play-

back 
• A server-side application 

takes care of running a 
SA instance 
– Proper environment 
– Process management 

• Results of the SA run 
available on-demand 

• Detailed activity log  
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Web Server 

DB 

Background 
Worker 

SA 
Instance 

1. POST 

2. Writes job  
“description” 

3. Reads job  
“description” 4. Starts 

and 
controls 

5. Writes job 
“result” 

 



Web Interface 
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Access to previous executions 

Provide a run number 

Historical data types 

User directives 



Results of a Validation Run 
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Directive Message Action Severity 



Conclusions 
• The Shifter Assistant proved to be an essential tool 

for optimal DAQ operations during LHC Run I 
• Having a solid and robust model for the maintenance 

and extension of the knowledge base is crucial 
• The developed model allows to 

– Validate directives in an easy and “controlled” way 
– Fully expose experts/developers to the alert system 

• Better understanding of the implications of bad directives 

• Greatly improving the quality of directives 
– The “replay” sandbox allows to experiment directives 

writing, and agile iterations over different approaches 
– Independently of the working system infrastructure 

21/04/2015 Giuseppe Avolio - CHEP 2015 - Okinawa 14 


	A Validation System for the Complex Event Processing Directives of the ATLAS Shifter Assistant Tool 
	Outline
	Trigger and Data Acquisition System
	Challenges in TDAQ Operations
	The Shifter Assistant
	The SA Architecture
	A Validation Tool for the SA
	The Working Model
	Challenges
	Architectural Overview
	Web-Based Interface
	Web Interface
	Results of a Validation Run
	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


