FAI R Facility for Antiproton and lon Research = 5]['_(?%

Data Acquisition Backbone Core I AF(

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

MBS application as example
To do

Work supported by EU RP6 project JRA1 FutureDAQ RII3-CT-2004-506078
e
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2004 — EU RP6 project JRA1 FutureDAQ* Requirements

2004 — CBM FutureDAQ for FAIR T

Intermediate :
demonstrator

1996 — MBS future
50 installations at GSI,
50 external .
http://daqg.gsi.de

Use cases

. Detector tests

. FE equipment tests

. Data transport

. Time distribution

. Switched event building

. Software evaluation

. MBS event builder

. General purpose DAQ

v

* RII3-CT-2004-506078

build events over fast networks

handle triggered or self-trigger 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

Data
Acquisition
Backbone
Core

» Some use cases

D-- A B C
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S &
A EREVASS
MBS frontend > input PC DABC LA

Triggerbus

MBS frontend v
event

builder

1

rchiv
TCP archive

> input
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MBS frontend > input PC DABC
event
MBS frontend \/ bUlLder
sender

~()- e

Triggerbus

+( GE
2

PC analysis
archive
sender v
$ event ¥ —
TCP input builder el

GE: Gigabit Ethernet

» DABC structure
L
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DABC data i PC . ¢
frontend input (oiiing ;—:H,—;
DataCombinerr tagging

filter
frontend v analysis
Readout scheduler &
frontend » GE
other v
—(@—
PC
_— v
PC analysis
archive
scheduler v
4 sorting |
tagging |
data filter ".
input analysis archive

GE: Gigabit Ethernet
IB: InfiniBand

» DABC data flow

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

A 4

Module manager

\ 4

DABC Module
» port > process —*| port Bufferqueue
Bufferqueue
Transport Transport
4
Central data manager
Memory pools
Device Device

PClboard File

D A B C  http:/iwiki.gsi.de/DABC
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¥

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

A 4

DABC Module

== port > process

L

port

Bufferqueue

\ 4

Transport = = = = — ==

A 4

Module manager

A

A 4

DABC Module

process =¥

po

t

Central data manager

Memory pools

Device

Network

B C

VvV

port
Bufferqueue
— — — = = Transport
Device

http://wiki.gsi.de/DABC




I= 5= 1l
DABC

Commands are synchronized with the

: Module thread
data flow through the ActionEvent manager
Command ®» ActionEvent manager
Recource granted
DABC Module
Device thread MainLoop <
ProcessCommand

ActionEvent manager

Transport
& Queue

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.

http://wiki.gsi.de/DABC
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DABC core decoupled from XDAQ environment! Dﬁag
Node

XDAQ Executive (process, addressspace)
Web server (SOAP), DIM** server

XDAQ Application (thread), infospace
|

DABC Core (threads)

* Standard DAQ framework for LHC CMS experiment

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

** DIM: Distributed Information Management System, CERN

D A B C  http:/iwiki.gsi.de/DABC
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DABC core decoupled from XDAQ environment!

Web browser

a

SOAP client:
Java GUI

XDAQ Executive (process, addressspace)

A

DIM client:
Java GUI

EPICS GUI

\ 4

Web server (SOAP)

P
<

a

LabView GUI |

GRIDCC

a

DIM server
4

v

XDAQ Application |

A\ 4

Infospace* | State machine

A

DABC Core

Modules

a

command queue

* Infospace: remotely accessible parameters

A B C  http:/iwiki.gsi.de/DABC
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n x m multiple EBs

| "Readout 1 —29MByte/s Eventbuilder 1

Time stamped (20 ns)

Triggerbus

— Readout n Eventbuilder m

| EB data transport

Eventbuilder : Monitor (analysis)
Timesorter Eventbuilder {

@ Eventbuilder Archive, RFIO
— Readout

Eventbuilder

Timebus

Control W Node

D A B C  http:/iwiki.gsi.de/DABC



DABC
Detector Detector Detector Detector
| l Triqqubus l J'
y ¥
<-->4 > 4*: > 4-->4 > <-->4 >
o 8(3|lololo|o 8l3lolololo 8l3lololo|o 8|l3lolo]lolo
208121222 8182222 81821222 8182222
Ele = | e =
Crates
Multi
Branch
System

GS| Standard £ o puilder

-

Eventbuilder

-

http://wiki.gsi.de/DABC
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MBS node

Task l

command thread

I working thread
message thread

commands (text)

asynchronous O

Dispatcher
control : status

A
y on request
- Statusserver
publish
DIM server
Messageserver n
asynchronous

t

messages (text) Commands handled by threads
Execution maybe in working thread
Message thread maybe not needed
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—[ Rematz DIM client ]

» oM URTALE Message glele
thread '
Y — to 2000
Wain (a0
: Main Innp Man loop
» Ok calhack Messaoe | Commmard
thread thread
Frompter : t
g | Mescage clicnt
Llispatcher thraads Task
TCP 6004 Cormmand MWaster Logager
tiread cnrrtmand fienie, toopo
DIk update
thrazd TESSAge guaus,
Ll
w0 2000
Logger £ DIt
C Man loop Man loop
O
Dispatcher Message | ommard
TCP 6003 P thrama . [® o
| Cammand T
| thread cofmmand guede, ta pd Task

Mulli node I'.fIEISi controlled bz CIM cliert sred!
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67 2.0

231839

Tape:

Buffers /s

10-Dec-07 20:27:19

User: goofy Directory: /daq/usr/goofy/v50/x86 /nmewmbs

Controlled from on Display:

1000

Y
B
|

Events /s Hbytes /s

Events /s (sec)

|

190990.0
Events /5 {min}

19355481

Low: |0 Up: 50000 Slow Trend Scale:
1

to 1 closed
Acquisition: RUNNING

[ I |
[ 3|

File:

Counters

Events

Buffers
Streams

Kbytes

File Kb

Tape Kb
EverntSery et
EventServ Kb
StreamSery buf
StreamServ Kb

Rates /sec

67748699
238551
238551
15267264

Events

Buffers
Streams

Hbytes

File Kb

Tape Kb
Eventsery evt
EventServ K
StreamSery buf
StreamServ Kb

Frompter

Dis patcher
Message Logger
LHilities
Transport
Collector

Rate Meter

Read Camac
Read Meb

Event Server
Stream Server
Esone Server
Histogram 5erver
Fastbus SMI

5E sender

SE receiver

SE async receiver
Rising receiver
Time sort receiver
Setup Table
MultiLayer Setup
Readout Table

Task Table
Mot running
Mot running

none
Sdag fusr f/goofy/ mbs work/v51 fbin_PCx8 &/ m_util
Mot running

Sdag fusr /gooty mbs work,/v51 /bin_PCx86/m_msg_log
Mot running

Mot running

Mot running

Mot running

Mot running

Mot running

Mot running

Mot running

Mot running

Mot running

Mot running
Mot loaded
Mot loaded
Mot loaded

Stop node survey: | Stop

http://wiki.gsi.de/DABC
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: Poll/yield
Subevent pipe
Task
— . Slots
rigger type >
Local event counter — | Sender
not in subevent
Task l Copy/send
RM%S t Buffer header
Satol > Buffer1 Iltem header | (Trigger, counter)
ltem data
(subevent)
ltem header
Trigge!’ ltem data
Event interrupt Buffer?
(full) l

TCP — DABC

D A B http://wiki.gsi.de/DABC
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Readout

A

Subevent pipe

Buffers

\ 4

Collector >

A 4

Transport

v

DABC
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 General upgrades
¥1 Large buffers (up to now 32K limit) in MBS.
4 Large buffers in LMD files.
¥l Remote control of MBS via DIM by DABC Java GUI
- DABC specific mode
¥l MBS transport in DABC mode blocks, if no DABC is connected.
4 MBS transport sends variable sized buffers.
41 Using large buffers and one buffer per stream: no event spanning.
* New LMD file format
/1 No buffer structure.
¥1 File header, data elements, index table (random access).
A No size limit ( > 2 GB).
¥l Supported by event API.
« Todo
— Event server in DABC

» MBS application in DABC
e
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S &
A EREVASS
MBS frontend > input PC DABC LA

Triggerbus

MBS frontend v
event

builder

1

rchiv
TCP archive

> input
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MBS

!

Device

'

Transport

A 4

Transport

1

Device

MBS

\ 4

DABC Module
port |
| :|—> Combine =—{ port
port
A

Tran

sport

Device

File

B C  http:/iwiki.gsi.de/DABC
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DABC Device DABC Module DABC Device
MbsFrontend MbsCombiner MbsFile
MbsFrontend () MbsCombiner () MbsFile ()
Crea_te commands Create commands Create commands
Register parameters Register parameters Register parameters
Create ports (n x input, 1x output
CreateTransport (port) ports (n xinp Py CreateTransport (port)
Create MbsRead MainLoop () Create MbsStore
Wait input port 1...n
Get empty buffer
DABC Transport Loop: Add subevent ref. to buffer
Size > max? Put buffer to port
MbsRead Return DABC Transport
MbsRead (port EndLoop
SRead (po
Connect MBS transport ~MbsCombiner () MbsStore
Register port MbsStore (port)

GetBufferSize () Register port
Return buffer size Write (buffer)

Read (buffer) Filesizilzsrg}aox;en
Read header . i
Read data Write fragments to file
Retumn ~MbsStore ()

~MbsRead () Close last file

Disconnect MBS

Thread Thread Thread

D A B C  http:/iwiki.gsi.de/DABC
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+

21,
ok

MBS frontend > input PC DABC
event
MBS frontend \/ bUlLder
sender

— GB_ v
C — archive

Triggerbus

PC
sender v
T event
TCP builder
input

GE: Gigabit Ethernet

» DABC structure
e
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¥

MBS

|

Device

N

L

Tran

sport

\ 4

Second node

DABC Module DABC Module

| J
port

\ 4

port = Formatter =» port

port —* Sender —[:

port

Local or over network

A 4

v

port
. :|-> Receiver =»| port
port

DABC Module DABC Module

port = Combiner = port

A 4

Transport

v

Second node

Device

vV

File
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DABC Module DABC Module DABC Device
MbsCombiner BNetSender BNetNetworkDevice
MbsCombiner () BNetSender () BNetNetworkDevice ()

Create commands
Register parameters
Create ports (1 x input, 1x output)

MainLoop ()
Wait input port 1
Get empty buffer
Loop: Add data ref. to buffer
Size > max? Put buffer to port
Return
EndLoop

~MbsCombiner ()

Create commands
Register parameters
Create ports (1 x input, n x output)

MainLoop ()
Wait input port 1
Put buffer to next output port

~BNetSender ()

Input as before

Thread

Provided by DABC

Thread

Create commands
Register parameters

CreateTransport (port) ()
Create BNetNetworkTransport

DABC Transport
BNetNetworkTransport

NetNetworkTransport (port)
Register port

Write (buffer)
Send fragments

~BNetNetworkTransport ()

Provided by DABC
Thread

B C  http:/iwiki.gsi.de/DABC
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DABC Device DABC Module DABC Module
BNetNetworkDevice BNetReceiver MbsEventBuilder
BNetNetworkDevice () BNetReceiver () MbsEventBuilder ()
Create commands Create commands Create commands
Register parameters Register parameters Register parameters
i Creat rts (1 x input, 1 tput
CreateTransport (port) Create ports (n x input, 1 x output) reate ports (1 x input, 1x output)
Create BNetNetworkTransport MainLoop () MainLoop ()
Wait for all input ports Wait input port 1
Add input buffers to output list Get empty buffer
Put list to output port Build event from input list
) Put event to buffer
DABC Transport ~BNetReceiver () Put buffer to port (file store)
BNetNetworkTransport ~MbsEventBuilder ()
BNetNetworkTransport (port)
Register port
Read (buffer)
Receive fragments
~BNetNetworkTransport ()
Provided by DABC Provided by DABC
Thread Thread Thread

» DABC setup

D A B C  http:/iwiki.gsi.de/DABC
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« 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

D A B C  http:/iwiki.gsi.de/DABC
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« 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:|D
— 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

D A B C  http:/iwiki.gsi.de/DABC
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# DABC Controls a & [ £ status i g" 5" [X |da Histograms 7 [X
B A B D Y2 O oaw u § Columns Columns
— LatencyHist Int Xi LatencyHist  Int=5 ¥i004:LatencyHist  Int
/& Launcher o [ %2 Commands
Login
5 Parameters
Node @ Master
Username : |Pluto E] Logger
Password ; [rrerrrmmes
Directory : [workingjtest  status
[l 4 @& Rateheters
=]
E] v |i Histograms
%2 Commands o' e
] Resurme — Arguments of command SetOutput, scope public & RateMeters
3 DABCEMetExampleController: 4] g s Columns
» xgOs 17 1568
] DABCEMetExamplewarker: 42
» xgOS 171972 .
> ¥i002:1972 Queues (L, R): |3
O3 SetCombiner Size (L, R): (4056
CEetOutput Sync(C, O): |yes
] TestRecards: 42
» xi00Z: 1872
e nt DA rent o -
4 [
5 Parameters o’ = [
|n] Hode Application FParameter Current =2t [Sh...
Q0000 [lxgds 171968 |BMetExampleController:41 |Bandwidth 0.0 - V| |~
Q0001 |lxg0s 171968 |BMetExampleCaontroller:41 |DABCYersion |DABC Control wi.2(Aug 22, |-
Q0002 |lxgds 171968 |BMetExampleController: 41 |Latency 0.0 - v
Q0003 [lxgos 171968 |BMetExampleCantroller:41 |LatencyHist  [Histogram - v
Q0004 |lxg0s 171968 |BMetExampleController:4l |PacketRate |0.0 - v
Q0005 [lxg0s 171968 |BMetExampleController:41l |Runstatus Enabled - v
QO00& [lxg0s 171968 |BMetExampleController:41l |State Enabled -
Q0007 |lxg0s 171968 |BMetExampleCaontroller:41 TesiDouble [2.1415%9
Q0008 |lxg0s 171968 |BMetExampleCantroller:41 Testinteger |1
Q0009 [lxgos 171968 |BMetExampleCantroller-41 |TestString Dies ist gin Text zum Test. .
00010 [Ixg05 171968 |[BMetExampleContraller:4l |contrallerlP |lxg0s 17 - - 0 0] 0 10 : 10 Time

P T P = S TN == [ D = DUV T URUU - S DR i laa

> |B performance
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4 DABC Controls

oo [X

Bramry @ E &N § =
WED MbsLauncher o X %@ Commands o = [
Login [ DARC - Arguments of command MbsShoAcq, scope Common
Node : x860-4 [ MbsCammand
Username : [goofy ] MbsExit
Password : [ MbsSetMode
Userpath : [+v50/x86/newmbs 1 Mbsshell
Systempath : |jdag/usrfgoofymbsworkvs 1/ [ MbsShoAcg Argument (C):
SCript : |script/remote_gxe.sc [ MbsshaTask
Command : m_rizsing v 0f¥8&8 inewmbs . xEB&g-4 (=] MbsShowNode
[ MbsShutdown
B % mMe» A 2 B [ Mbsstartup =
] Parameters ‘& || := states o' @ [ || @& RateMeters o X
IC Mode [Application| Parameter Current Set value  Show Columns Columns
000, [KBE-7:0|MB5:0 Arguisition [Running - v a
000, [KEE-7.0|MB50 Buffersize |G65536 -
Q00 [KEG-7 0 MBS0 Buffers 8459394 -
Q00 [KEG-7 0 MBS 0 DataRate |48146.0 - ¥
000, [KBE-7:0|MB5:0 DataRateT |[48146.0 - %
000, [KBE-7:0|MBS:0 Date 0&-Feh-08 13:28:41 |- ‘Eve a
Q00 [KE&-7 0 MB5S 0 EventRate |208794.0 - v
Q00 [KEG-7 0 MBS0 EventEateT |20E794.0 - v
000, [KBE6-7:0|MB5:0 Ewvents 241228029 - . :
Q00 [K86-7 0|MBS0 Experiment - Time
000, [KBE-7:0|MBS:0 CuiMode - Jatak
Q00 [KEG-7 0 MBS0 I Bt 54261 -
Q00 [KEG-7 0 MBS 0 Fun -
[T =T P A A i o N E4=Td s — l
=] Logger o' = ? status " & 4
Logging Columns
-HKBE-7 util 5B setup MOT LOADED. MO setup LOADED from set_mo_xS6-7. usf. -~
-KBE-7 il ‘Readout table MOT LOADED, acquisition RUMNMING, Time
-HBE-7 util ‘There are 10 streams with 1 buffers a 65536 [b] each.
-HBE-7 il ]
-XEE-7 util ‘Mame of output device =
-HKBE-7 util ‘Tape label =, Dismounted, file CLOSED
-KBE-7 il 0,000 [MB] written to tape, 0,000 1o file
SHBE-T UHL oo
-KBE-7 util (Collected: 51457 4238 MB, 792815 Buffers, 225155515 Events.
-XEE-7 util ‘Fate 48012 KBfs, TIZ Buffersfs, 208052 BEvents/s
SHEE=T UL s e e e e e

1

Control MBS

Everything generated from
MBS DIM servers
except MBS Launcher

> |B performance

http://wiki.gsi.de/DABC



=== I ;4 O
DABC "ot
Achieved Todo
e Infrastructure « Controls, GUI

Data flow engine

Very first (0.1) Java GUI
PCI support

MBS event building

Final Programming Interface
definitions

Data formats

Combiner/Time sort

Event building

Final Programming Interface implementation
Final packaging

MBS GUI

Documentation

C  http:/iwiki.gsi.de/DABC
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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 requires in 2008 a data taking system
Start with small system, grow on demand
Preliminary controls

NUSTAR ?

In discussion
MBS a first test bed
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