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R Outline

* Introduction

* Data transport (review, conclusions)

« Hardware driver integration with HAL

« Controls: Framework, XDAQ-DIM adapter
- Data flow modules in XDAQ

« Summary
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Data Acquisition framework requirements

goal:,,Data Acquisition Backbone Core*“ DABC

* Modular architecture

- Data transport management

« Configuration of multiple nodes

« Controls, monitoring, message logging
* Error handling, failure recovery

« Hardware driver integration

i ——
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Bpase The CMS XDAQ framework XDAQ
_.M

Standard DAQ framework for LHC CMS experiment

(Orsini, Gutleber) http://xdagwiki.cern.ch

P

« C++ libraries on Linux, modular packages

* Process and thread management

 Cluster configuration: XML, application registry,...

» Data transport: Messenger+ peer Transport (120)

« Controls: state machines, infospace, http, SOAP,...

« Hardware Access Library

E—
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Data transport on IB test cluster (review)
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Bi%¢+  XDAQ Data Transport benchmark (review)

Peer Transport DAPL: GSI development 03/2006-05/2006

* big packages: network limit 950 Mb/s almost reached

- small packages: restricted by 15 us framework latency

Problem: XDAQ peer transport is message oriented:

each package is dispatched separately by receiver id!

mm) other Data Transport Interface for DABC...?

B ——
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%vff Hardware Integration to DAQ

Motivation:

Active Buffer Boards ABB (A.Kugel et al , Universitit Mannheim) :
- deliver data from front end combiners
* PCle
* FPGA for sorting and packaging
* Readout: DMA to PC memory

Other readout boards?

Control system hardware?
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Badg Hardware Integration with XDAQ (1)

XDAQ Hardware Access Library:
Software interface for communication from user space
* BusAdapterinterface: bus protocol - VME, PCI, (PCle)

* Deviceldentifier: connection to kernel device driver
* AddressTable: ASCIl or XML definition of (name, address) mapping

 HardwareDevice: uses the above + board specific functions
Problem: generic PCl implementations of XDAQ release 3.6
not usable (linux kernel 2.4 only, no 64bit, no PCle!)
=> Developed new implementations based on generic PCle driver of
Technische Informatik Uni Mannheim
(thanks to G.Markus, H.Singpiel, A.Kugel)
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qﬁ* Hardware Integration with XDAQ (2)

New HAL classes:
- PCIFDagBusAdapter:
» PCIFDaqgDeviceldentifier: wraps Mannheim driver C++ interface
Test example: standard GSI PCIGTB2 board (J.Hoffmann, W.Ott)
plain PCI; DSP registers; PRAM i/o ;(DMA?)
« MyPCIGTB2: implements HAL::HardwareDevice
 defined ASCII device address table

* kernel module modifications:

- added device id, vendor id (for convenience)

 board specific functionality (DMA, IR handler) for testing only!

I
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- Mannheim PCI driver lib
- Implementations for

Mannheim driver

FDaqPCIGTE2S0urce

#1xBusAdiapter HAL PCIFDagBus|
#fxAddressTableReader:HAL: P
#ixAddressTable:HAL: PClAddre|
#4PCIGTEIM,PCIGTE2S

#destinations stk vector<xdacy
#fxBenchmarkaAction:toolbox: tas|
#MxBenchmarkLoop:toolaox: task]

-
0 HAL:PCIFDaqBusAdapter

~fgDevs:std: vector<FDagDe
~fDagDevice: HALPCIFDacDe:

+PCIFDagBusAdapter
+~PCIFDanBusAdapter
~+finclDeviceByendor:void
~+finciDeviceByBUS wDic!
+closeDevice:vaidt

~+ configWrite: voitl
+ configRead:vaid
+writeBlock woict

i

XDAQ app

lication

+Benchmark: ool

+readBlack void
~finciDevice:void
~finciDeviceAnyvoidl

FDagDevcelds

lastDevice: HAL::PCIFDacDevi
- o

device

device identifier

MyPCIGTBZ

#CreateDevice:void
#DeleteDevice:void

~fxBartiunsigned leng
~fxBar2:unsigned lan

~fXDev HAL: PCIFDanDaviceldent
~fhDmaChannelOpen int
~fxDmallserMem:pciDriver: User|
~fxDmakerMem:pciDriver::Kernel

+MyPCIGTE2

+~MyPCIGTB2
+ReselDSP:void
+5topDSP:vaid
+StartDsP:void

~+SetPCSR void
+GetPCSR:short
~+SetHPICtr:void

+GetHPICtrE short

+SetHP lAddress woid
~+ReadHPlint

+ WriteHPI:voidd
+WritelncrementalHPI void

=+ ConfigureM eman,void
+LoadHPl:void

+InitHPL:vaid
+ReaclBlackPRAM:voicl

~+ WriteBlockPRAM oid
+ReaclBlockPRAMFast void

+ WriteBlockPRAM Fast void
+5e1905 4Register:vaid
~+Geta05 4Register:unsigned int
+DUmp9O0s 4Registersvaid
+Enahlegos4interrupt void
+Wait9054Interruntint
+WaitDM ACompletecint
~+OpenchannelDMA void
+ClaseChannelDMA voidl
+ContralDMARETURN_CODE
+ GetDM AStatus:RETURN_CODE
+TransferDMAwDid
+TransferDMAvoid
+CreateKernelBuffer:peiDriver:
. o

CIFDagDeviceldent

~fDevice:peiDriver::PeiDevice
~swapFlag:hool
~fMaps:stefvector<uint32_t>
~fBusAddresses:stet -vector <U|
~isMappect ool

+PCIFDacDeviceldentifier
~+~PCIFDacDeviceldentifier
~+MapBars:void

+UnhapBars void
~+ReaciConfig:unsigned int
“+WriteConfig:voi
~+getPCIBusAddresswint22 t
+doSwap: bool
~+RrintString:siring
+Waitintarrupt voicl
+BuildUserMemoryi ap:aciDri
+CreatekernelMemory:peDrt
+ModlifyRegistarsynchronizec
~+DM AQpenChannelvoict
+DMAClaseChannal-voict
+DM AStantTransfer:vict

baseAddresses:stc vector<y
a ol

[0 paDriver:PaDevice

-pagesize;unsigned int
~pageshift:unsigned int
—pagemask unsigned int
#dleviceint

#name:char [50]
#mmap_mutex:pthread_mute;

+PciDevice
+~PciDevice
+openwoid

+allocKernelMemory kernelbt

+readConfighiord:Lnsigned s
+readConfigDWord:unsianed |
~+writeConfigBytervoid
-ruriteConfigWord void
~+writeConfigDuford:void

handle:int

bus:unsigned shart
slot unsigned short
-
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Baog Hardware Integration with XDAQ (4)

Tests with PCIGTB2 board (thanks to J.Hoffmann and W.Ott) :

- Hardware access via HAL from test console or XDAQ application (dummy readout)

» Successful:

PCIl addressing, load and execute DSP programs, bus r/wr on PRAM,
« Still failed:

DMA from board PRAM (maybe hardware problem...)

Experiences:

* Integration of Mannheim driver is working! XDAQ is ready for AB Board

» generic PCIl addressing: timing problems for special situations (PCI hang up!)
 generic PCIDevice::memoryRead(): Performance loss at PRAM block 10 (<= 30% )
* No generic HAL interface for DMA and interrupt handling!

* Possible to implement advanced/optimized functionality in PCIDevice subclass!
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By DAQ Control system

XDAQ control system features:

« State machine classes
free definable, transition functions, event driven, (a-)synchronous

 Infospace: set of process variables

(de-)serializable from/to XML or SOAP, access by name

 Webserver on each process Context (nodename:port)

any browser as user interface; http requests
« SOAP messaging

Java (-script) controls GUI, XRelay fan out, infospace monitoring

01.03.2007 / CBM meeting XDAQ developments - J.Adamczewski 12



'9)
5}
B, «
2

S
P2y
4

‘%VTE ; Controls framework for XDAQ

Designed class hierarchy for all XDAQ applications:
FDagApplication
<- FDagqDataNode
<- FDagDataSource, FDagDataDrain, FDagRoundTrip,...

FDaqgApplication provides common controls features:

* state machine with command definitions

» process variable set (XDAQ infospace)

* interfaces: web server, SOAP, plain http request

* DIM server (see below!)
JAVA control GUI
Labview client EPICS gateway?
B ———
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JAVA Control GUI study (ECLIPSE, SWING)

~ _=w ControllerGUI

URL|htip: / fnode03: 1972 | use Xrelay
| Configure Moce Application IO DataRate (Mhbis) | Status
Egigi Enahle http: ffnode0l: 1972 FDagDatasource 41 91124690402 Enahbled
§§§§§ Suspend | http://master; 1972 FDagDataDrain 42 2.027502e+02 |Enahled
o | Resume | \http:ffnoded?2:1972  [FDagDataDrain 42 2.027296e+02 |Enakbled
Halt http:/fnode03:1972  |FDagDataDrain 42 3.027244e+02  |Enabled
[ReadTable
= |__Refresh

Eefreshed status at Fri Oct 20 11:15: 29 CEST 2006

« SOAP (de-)serialising well supported by XDAQ and JAVA
* Native Swing widgets sufficient?
* GUI needs active request to FDaqgApplication for status refresh

(command-response mechanism instead publisher-subscriber)
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Distributed Information Management DIM

 developed at CERN (C.Gaspar)
« C, C++, and JAVA libraries

 publisher-subscriber model:

sends changed values to all subscribed clients
* handles free definable client commands
 CS-Labview-DIM interface (D.Beck)

for Labview controls GUI

 EPICS-DIM gateway under development (P.Zumbruch)

01.03.2007 / CBM meeting XDAQ developments - J. Adamczewski
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DIM server in XDAQ application

FDagDimServer adapter class:

« subclass of DimServer (DIM C++ interface)
- singleton for all FDagApplications in XDAQ process

- dispatches DIM commands to FDagApplication callbacks

FDagApplication base class:

« exports all XDAQ infospace variables as DIM services

« XDAAQ “variable change event” will trigger DIM service update
 DIM commands for state machine switching

 DIM commands for parameter changing (if allowed)

« special DIM service for “heartbeat” update (state, uptime)
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Labview GUI for XDAQ DIM server

Made GFU § Mem o5 J Aoplicatio W MEID ] uptima Stata cumaitSize [byts] baidwidth MByted latency [us] ste [Hz] J
002 381 2073820 LIMUK HOAQ 4002 1972 FDaq Dy mmyBeadout:4 1 FDaq «0.1(Fa| 22:20:59 Suspendsd| 30035 6 EGOE+0 4 171E+3 2309, 7T32E+0
141006 -1 4215424 LIMNUK HOW 14008 1965 FCaq DummyEventBuiderd2 FCagq v0.1(Fe| 22:20:24 Suzpendsd| 130216 G TEEE+0D 21,090E+3 47 417E+0
1002 311 66348 LIMNUK HOW 14006 1972 FCaq DummyFeadout:4 1 FCagq v0.1(Fe| 22:20:25 Suzpendsd| 20033 T 122E+0 4 015E+3 249 08T7E+0
linin “RT INE3455E | INIY ¥NAQ A 198 FRan MnmmmyFuantRniderd 2 FMan il 1(Fa| 222055 Sn=pandsd| 150216 Fi, 7Rd Fan 21 NARF+3 47 dN=F+N
lkg0517 ] HOAQ 4002 : 1972 FDaq Dy mmyBeadout:4 1 FDaq «0.1(Fa| 22:20:29 Suspendsd| 30035 T 120E+0 4 019E+3 248 824 E+0
HOAQ 4002 : 1965 F Daq DummyEvantBuide nd2 FDaq «0.1(Fa| 22:20:29 Suspendsd| 150216 6 Te5E+0 21 092E+3 47 411E+0
HOW 14004 1972 FCaq DummyFeadout:4 1 FDag v0.1(Fe| 22:20:41 Suzpendsd| 20033 T AZ1E+0D 4 013E+3 249 213E+0

FDaq «0.1(F=

22:20:41 Suzpended) 130216 G TREE+D 21,090E+3 47 416E+0

HOAQ 4004 : 1955 FOaq DummyEwvantBuildern42

Configum
Enable

Sugpend |
Fezume
! EXIT I SHOW XDAC Apps  Halt Senc Command |

Uses Labview-DIM interface and CS nodemon

XDAQ application list is set up dynamically from DIM service

Displays common parameters of all applications (state, data rates)
Many thanks to Dietrich Beck who made this Labview VI within 2 days...

01.03.2007 / CBM meeting XDAQ developments - J.Adamczewski 17




Gy 0,
Bi%" DABC: dataflow between modules

‘ See talks of H.G.Essel and S.Linev

Processor
data queue

D

network transport

[ Processor

—_— Processor

data type safety

thread runnable

configuration? connection management? run control? error handling?...
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Badig- Dataflow modules example with XDAQ

XDAQ Readout Executive

FDaqApplication - Readout PeerTransportATCP

Statemachine || DIM || Infospace Configuration State || Config

processor modules

XDAQ Event Builder Executive

‘ Statemachine H DIM H Infospace \ ‘ Configuration \

processor modules

nxm

PeerTransportATCP B-network

State || Config
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B Summary and Outlook

XDAQ PeerTransport interface:

» performance loss (latency) by message oriented approach

* To do: develop connection oriented transport layer! (DABC)
XDAQ Hardware Access Library:

* Integration of ABB PCle device driver done.

* To be implemented: DMA, interrupt service, FPGA access
(need the ABB board with finished kernel driver to do this!)

Controls framework:

* Developed controls class hierarchy for XDAQ applications.

* Developed DIM server adapter for XDAQ applications.

* First Labview GUI for XDAQ via DIM tested; to be improved.
DABC dataflow modules:

» First XDAQ implementation tested on 5 nodes; under development!

01.03.2007 / CBM meeting XDAQ developments - J.Adamczewski 20



	Outline
	Data Acquisition framework requirements
	The CMS XDAQ framework
	Data transport on IB test cluster (review)
	XDAQ Data Transport benchmark (review)
	Hardware Integration to DAQ
	Hardware Integration with XDAQ (1)
	Hardware Integration with XDAQ (2)
	Hardware Integration with XDAQ (3)
	Hardware Integration with XDAQ (4)
	DAQ Control system
	Controls framework for XDAQ
	JAVA Control GUI study (ECLIPSE, SWING)
	Distributed Information Management DIM
	DIM server in XDAQ application
	Labview GUI for XDAQ DIM server
	DABC: dataflow between modules
	Dataflow modules example with XDAQ
	Summary and Outlook


<<
  /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


