
12.12.08
J.Adamczewski-Musch, H.G.Essel, N.Kurz, S.Linev

1

DABC

CBM DAQ Data Acquisition Backbone Core http://dabc.gsi.de

Data
Acquisition
Backbone

Jörn Adamczewski-Musch, Hans G.Essel, Nikolaus Kurz, Sergey Linev
GSI, Experiment Electronics: Data Processing group

DAQ overview
Acquisition backbone
DABC
Performance
Use cases
For discussion

Work supported by EU RP6 project JRA1 FutureDAQ RII3-CT-2004-506078



12.12.08
J.Adamczewski-Musch, H.G.Essel, N.Kurz, S.Linev

2

DABC

CBM DAQ Data Acquisition Backbone Core http://dabc.gsi.de

Data flow principle

Detector electronics, time stamped data channels

Merge channels

Sort over 
switched network,
units are not events, 
but time slice data!

Distribute
complete data

Network connections
1 GByte/sec each

Partial 
data

Complete 
data

Buffers Buffers Buffers Buffers Main buffer space

Processor farms, event definition, filtering, archiving
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Data flow principle

Detector electronics, time stamped data channels

Merge channels

optimize for
partial readoutPartial 

data
Buffers Buffers Buffers Buffers

Scheduler

Throttle

Main buffer space
Network connections
1 GByte/sec each

Sort over 
switched network,
units are not events, 
but time slice data!

Complete 
data Distribute

complete data

Processor farms, event definition, filtering, archiving
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• Time slice
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Partial readout:
Needs event definition
Feed back selected event times to scheduler
More granular schedule based on ∆time instead of slices
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Bi-directional links (all senders are receivers)

144 double-nodes need 12 12x12 switches with 66 bi-directional connections
Data transfer in time slices (determined by epochs or event streams)
Bandwidth reserved for histogramming and scheduling (traffic shaping)

1 GByte/s point to point

switch n × n • • • • switch n × n

n * (n  - 1) / 2 bidirectional connections

n

• • • • • • • n

CNet PNet

n  - 1 portsn  - 1 ports

n  - 1 H: histogrammer
TG: event tagger
HC: histogram collector
BC: scheduler
DD: data dispatcher
ED: event dispatcher

TG/BC

DD/ED

CNet PNet

DD/ED
H

CNet

DD/HC

BNet controller

Real Time 2005
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What's about

What is a Data Acquisition Backbone Core ?
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What's about

What is a Data Acquisition Backbone Core ?

A Data Acquisition is: 
• Digitizing signals from detectors
• Identify data by triggers or time stamps
• Combine data of events or time intervals
• Filtering, archiving, controls, monitoring
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What's about

What is a Data Acquisition Backbone Core ?

A Data Acquisition is: 
• Digitizing signals from detectors
• Identify data by triggers or time stamps
• Combine data of events or time intervals
• Filtering, archiving, controls, monitoring

A Data Acquisition Backbone is:
• Combine data of events or time intervals over fast networks
• Connect multiple data sources and multiple data processors
• Flow control
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What's about

What is a Data Acquisition Backbone Core ?

A Data Acquisition is: 
• Digitizing signals from detectors
• Identify data by triggers or time stamps
• Combine data of events or time intervals
• Filtering, archiving, controls, monitoring

A Data Acquisition Backbone is:
• Combine data of events or time intervals over fast networks
• Connect multiple data sources and multiple data processors
• Flow control

A Data Acquisition Backbone Core is:
• A C++ written software running on Linux
• Data sources supported by plug-ins
• Data processors supported by plug-ins
• Scheduling supported by plug-ins
• Fast network event building (InfiniBand, GE, other)
• Filtering, archiving, monitoring by plug-ins
• Controls
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Software developments at GSI (EE)

Software packages developed:

1. Simulation with SystemC (flow control, scheduling)
• Meta data on data network

2. Real dataflow core (round robin, with/without sychronization)
• Linux, InfiniBand, GB Ethernet
• Simulates data sources

3. Data Acquisition Backbone Core DABC (includes dataflow core)
• Controls, Configuration, Monitoring, GUI ...
• Real data sources
• General purpose DAQ framework
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Recall motivation for DABC

2004 → EU RP6 project JRA1 FutureDAQ*
2004 → CBM FutureDAQ for FAIR

1996 → MBS future
50 installations at GSI,
50 external
http://daq.gsi.de

Use cases
• Detector tests
• FE equipment tests
• Data transport
• Time distribution
• Switched event building
• Software evaluation
• MBS event builder
• General purpose DAQ

Requirements
• build events over fast networks
• handle triggered or triggerless front-ends
• process time stamped data streams
• provide data flow control (to front-ends)
• connect (nearly) any front-ends
• provide interfaces to plug-in application codes
• connect MBS readout or collector nodes
• be controllable by several controls frameworks

Intermediate
demonstrator

Data
Acquisition
Backbone
Core

* RII3-CT-2004-506078
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Data Acquisition Backbone Core

DABC node

DABC node

DABC node

DABC node

DABC node DABC nodeNetwork
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Data Acquisition Backbone Core

Network

Data Source
Plug-in

Data Source Plug-in

Data Source
Plug-in

Processing

Plug-in

ProcessingPlug-in

Processin
g

Plug-in
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Data Acquisition Backbone Core

Network

Data Source

Plug-in

Data Source Plug-in

Data Source

Plug-in

Data source

Plug-in

Data sourcePlug-in

Data source

Plug-in
Processing

Plug-in

Processing Plug-in

Processi
ng

Plug-in

Processing

Plug-in

ProcessingPlug-in

Processing

Plug-in

Sender (source) and
Receiver (processing)
can be on same node
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DABC design: global overview

data
input

sorting
tagging
filter
analysis

data
input

sorting
tagging
filter
analysis

IB

Linux PCs

Linux PCs

GE

analysis
archive

archive

Linux PCs

frontend

frontend

frontend

sender

sender

DABC

TCP

PCIe

UDP

frontend

GE: Gigabit Ethernet
IB:   InfiniBand
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DABC design: Software objects of data flow engine

A module processes data of one or several data streams.
Data streams propagate through ports, which are connected by transports and devices

Device

Transport

Central data manager
Memory pools

DABC Module

portport process

Transport

Device

Example: PCIboard

Object manager

Example: file

Bufferqueue

Bufferqueue

Threads

Linux PC
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DABC design: Software objects of data flow engine

A module processes data of one or several data streams.
Data streams propagate through ports, which are connected by transports and devices

DABC Module

port

port

DABC Module

port

port

process process

Device

Transport

Device

Transport

Network

Object manager

locally (by reference)

Central data manager
Memory pools BufferqueueBufferqueue
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DABC example: Local event building for ROC

ROCboard UDP

File Device

File Transport

DABC Module

port
port

ROC Combiner

ROC Transport

ROC Device

ROC Transport

ROC Device 1 PC

port

ROCboard UDP File
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DABC example: Network event building for ROC

ROCboard UDP

ROC Transport

ROC Device Second node

File Device

File Transport

DABC Module

portROC Combiner

File

port

DABC Module port
Senderport

DABC Module

portReceiver
port DABC Module

port
ROC Builderport

port

port

2 x PC

Local or over network

port Data server

Analysis (Go4)

2 x PC (same as above?)Second node
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Scaling of performance (Mainz)

Infiniband performance

We thank Klaus Merle and Markus Tacke at the 
Zentrum für Datenverarbeitung der Johannes Gutenberg Universität, Mainz,
for providing resources and support for the large-scale measurements.
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Scaling of performance (Mainz)

Infiniband performance

sync

async

We thank Klaus Merle and Markus Tacke at the 
Zentrum für Datenverarbeitung der Johannes Gutenberg Universität, Mainz,
for providing resources and support for the large-scale measurements.
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Dataflow engine and event building rate

Infiniband performance

4x4 nodes
GSI cluster
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Use case example: Frontend components test

The goal:

• Driver tests
• Data flow tests
• 400-600 MB/s

Active Buffer board *: 
PCI express cardPCIe

PC

ABB
PCIe

* A.Kugel, G.Marcus, W.Gao, Mannheim University Informatics V
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Use case example: Event builder for MBS (FOPI)

MBS front-end MBS event builder
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Use case example: Event builder for MBS (FOPI)

MBS frontend

MBS frontend

TCP
LynxOS

Trigger

GE: Gigabit Ethernet

Linux PCs

GUI

DIM, Java

input
event
builder

sender

MBS frontend

MBS frontend

MBS frontend

MBS frontend

MBS frontend

GE
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ConfigConfig: September Test Beam @ GSI: September Test Beam @ GSI

ROC    
EthA

B
SYNC-M

AUX

FEB1nx
Gen Rev B

ROLU

ROC    
EthA

B
SYNC-S

AUX

DABC

Online
Analysis
ROOT

discr

ROC    
EthA

B
SYNC-S

AUX

GEM
VECC

FEB1nx
Gen Rev B

Si-Strip

Si-Strip

"PLAN E" "PLAN E" The real thingThe real thing

FEB1nx
Gen Rev B

Beam: to ROC0 and ROC2
ROLU: to ROC1

ROC0

ROC1

ROC2

SYNC-S

BEAM. discr

NIM to
ECL to
LVDS Beam: to ROC0 and ROC2

ROLU: to ROC1
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Go4 analysis screen shot N-XYTER test beam
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DABC state of project

Achieved
• Infrastructure
• Data flow engine
• Generic Java GUI
• PCIe support
• ROC event building
• MBS event building
• MBS DIM control
• Plug-in Interface implementation
• Version 1.0 installed at GSI

Todo
• GUI (continuously)
• Data formats
• Combiner/Time sort
• Event building
• Scheduler
• Final packaging
• Documentation
• Public distribution (Jan 2009)



12.12.08
J.Adamczewski-Musch, H.G.Essel, N.Kurz, S.Linev

33

DABC

CBM DAQ Data Acquisition Backbone Core http://dabc.gsi.de

Resources and time 

• People of data processing group
– H.G.Essel
– J.Adamczewski
– N.Kurz
– S.Linev

• People of controls group
– maybe one FTE

• People from CBM
– hopefully

• CBM required in 2008 a data taking system
– Test beam September: DABC and Go4 were ready and run
– Start with small system, grow on demand
– Preliminary controls

• NUSTAR 
– Combination of MBS with other front-end equipment

• MBS for FOPI: a first test bed
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Discussion

• DABC as designed and implemented
– scales to O(10) nodes with 2x700 MByte/s per node.
– can be used as general purpose DAQ framework
– can combine triggered (MBS) and triggerless (non-MBS) front-ends
– can be used for all detector and front-end tests

• For larger systems we need
– more powerful controls integrating all DAQ subsystems
– more powerful configuration system
– investigations in network topologies for performance
– failure recovery and fault tolerance
– DABC kernel still could be used

• We need more detailed requirements for
– bandwidth resources
– computing resources
– filters based on partial data
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Discussion

• Keep on track of industrial main stream
– Maintenance
– Hard to keep advantage of propriety solutions over decades
– Multiple CPUs per data connection

• Avoid hardware dependencies
– Hardware replacements necessary over time

• Design system to grow on demand
– Full system may be installed in phases.

• Design subsystems replacable
– Due to progress in technologies and growing requirements 

it might be necessary to replace subsystems.
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Discussion

FE systems

To do:
Merging
Time sorting
Formatting

B-Network

To do:
Sorting
Schedule

P-Network

To do:
Processing
On-line analysis codes
Filter
DistributingAttributesAttributes

Event definition Event definition
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CBM data acquisition sketch

data dispatcher

FEE
deliver time stamped 
data

CNet
collect data into buffers

Detector Detector Detector

collect

~50000 FEE chips

event dispatcher

switching networkBNet
sort time stamped data

~1000 links a 1 GB/sec

HNet
high level selection

to high level computing
and archiving

~1 GB/sec Output

processing

PNet
process events
level 1&2 selection

subfarm subfarm subfarm ~100 subfarms

~100 nodes per subfarm

~10 dispatchers → subfarm

~1000 collectors

~1000 active buffers

TNet
time distribution

W.F.J.Müller, 2004 Triggerless, time stamped data flow concept
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DABC compoments design MBS example
plug-ins

dabc::WorkingThread * dabc::WorkingProcessor dabc::Transport

dabc::Device

dabc::Module

dabc::ModuleSync

dabc::VerbsProcessor

dabc::SocketProcessor

dabc::NetworkTransport

dabc::VerbsTransport

dabc::SocketTransport

dabc::VerbsDevice

dabc::ModuleAsync

dabc::SocketThread

dabc::VerbsThread

PciThread

PciTransport

dabc::SocketDevice

ABBDevice

PciBoardDevice

dabc::DataTransport

dabc::DataInput

mbs::MbsDataInput
Open
Close
ReadHeader
ReadData

mbs::MbsBuilderModule

mbs::MbsCombinerModule

has

* A working thread executes 
functions of registered processors,
triggered by events
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DABC smart buffers

dabc::Buffer

Reference list

dabc::Buffer

Reference list

dabc::Memory

Memory blocks

Multiple references of resources (blocks)
Copy buffer without copy of data
PCI/DMA → buffer  → IB/DMA
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DABC design: Threads and synchronization

DABC Module

MainLoop
ProcessCommand

ActionEvent manager

Working threadCommands are synchronized with the
data flow through the ActionEvent manager

Command

Working thread

Transport
& Queue

Recource granted

Module

Device
ActionEvent manager

A device, i.e. socket device controls one port (transport).
Once a queue buffer is filled, the transport signals the ActionEvent manager,
which in turn calls the MainLoop function of the associated module, or
If MainLoop was waiting for resource or buffer, it continues.
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DABC design: Controls & monitoring communication

DABC core decoupled from XDAQ environment!

DIM client:
Java GUI
LabView GUI
EPICS GUI

Manager

Modules 
Commands
Parameters

DABC Core

DIM server

State machine

EPICS IOC?
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DABC Setup

• Configuration via XML files
• ApplicationPlugins (entry point to application libraries)

– Call application factories
• Application factory classes

– CreateDevice
– CreateModule
– Device->CreateTransport ( Module->GetPort )
– ConnectPorts ( Module1->GetPort, Module2->GetPort )
– CreateMemoryPool

• State commands
– Startup
– Initialize
– Run / Stop
– Hold / Resume
– Shutdown
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DABC: Commands and parameters

• Commands
Objects with command description (XML) and ProcessCommand function.
Name string: / server / node / application / type.thread.name

– server: DIM namespace
– node: name:ID (port)
– application: namespace::name:ID
– type: DEV, MOD, POOL, PLUG
– thread: name of module or device or...
– name: command (description by related parameter record)

• Parameters
Same name structure as above

• Parameter records
Recognized by GUI, graphical presentation

– Status
– Rate
– Histogram
– Command description
– and more


	Data flow principle
	Data flow principle
	Data flow principle
	Scheduling
	Scheduling
	Bi-directional links (all senders are receivers)
	What's about
	What's about
	What's about
	What's about
	Software developments at GSI (EE)
	Recall motivation for DABC
	Data Acquisition Backbone Core
	Data Acquisition Backbone Core
	Data Acquisition Backbone Core
	DABC design: global overview
	DABC design: Software objects of data flow engine
	DABC design: Software objects of data flow engine
	Scaling of performance (Mainz)
	Scaling of performance (Mainz)
	Dataflow engine and event building rate
	Use case example: Frontend components test
	Use case example: Event builder for MBS (FOPI)
	Config: September Test Beam @ GSI
	
	
	Go4 analysis screen shot N-XYTER test beam
	DABC state of project
	Resources and time
	Discussion
	Discussion
	Discussion
	CBM data acquisition sketch
	DABC compoments design
	DABC smart buffers
	DABC design: Threads and synchronization
	DABC design: Controls & monitoring communication
	DABC Setup
	DABC: Commands and parameters


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


