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ALFA Framework

- FaIrMQ Is developed as a part of a larger project, the ALFA framework.

- ALFA Is developed In a collaboration between the FairRoot Group,
experiments at FAIR and ALICE.

* The data-flow based model i1s grounded on the Message Queues
based multi-processing (FairMQ).

* Provides configuration, process management and monitoring tools.

* Provides unified access to configuration parameters and databases.
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What is FairMQ?

» A data transport framework to organize processing tasks in topologies, consisting of

iIndependent processes (Devices), communication via asynchronous message queues
over network or inter-process channels.

FairMQ Topology example

" SAMPLER P PROCESSOR N

_savpLeR R ProCESSOR [ /

connected via communication patterns, e.g. push-pull, pub-sub, reg-rep

» Ready to use devices are avalilable for common scenarios.

« User-defined devices can be implemented by inheriting from FairMQDevice class.
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What is FairMQ?

» Defines workflow for the process.

* Promotes separation of concerns to increase maintainability and reduce
coupling: simple, single responsibility devices.

» Keeps the user and transport code separate, allowing them to evolve
independently: abstract transport interface, user task separation.

» Simplifies and unifies handling of the transport detalls: socket settings, polling,
termination, access to communication patterns.

» lakes care of the device state (change, query), termination, command
interface, device configuration, logging.

PANDA LVII. CM, 07.06.2016 Radoslaw Karabowicz, GSI



motivation behind MQ/example9

brovide simple example to show how to switch

from single core to multicore pipeline processing;

show how to use generic MQ tools;
show how to send and recelve FairRoot data;

show how to execute the FairRoot tasks:



https://github.com/FairRootGroup/FairRoot/tree/dev

[examples/MQ/9-PixelDetector

» 3 stations with 4 rectangular sensor

each:

* size: 5X 5cm2, inner-hole: lecmz,
at z = / S5¢m;

- size! IOxIOcmZ, inner hole: lecmz,
at z = /1 0cm;

. sizEe: ZOXZOcmZ, inner hole: 2><2cm2,
at z = 20cm:

* each sensor divided Into pixels
(0.01x0.01 cmz), that are grouped Into
E=odules (110 pixels x |16 pixals)
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FEs numbering on one sensor
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[INFO ] ---------%-- Pixel Digitizer : Summary --------
[INFO ] Events: 100000
[INFO ] MC Points: 944127 ( 9.44127 per event )
[INFO ] Digis: 940281 ( 9.40281 per event )
N ] = = = e
[INFO ] ----f------- Pixel Hit Finder : Summary -------
[INFO ] Events: 100000
[INFO ] Digis: 940281 ( 9.40281 per event )
[INFO ] Hits: 940281 ( 9.40281 per event )
[INFO ] -—=--———— e
[INFO ] ------------ Pixel Track Finder : Summary -----
[INFO ] Events: 100000
[INFO ] Hits: 940281 ( 9.40281 per event )
[INFO '] Tracks: 281431 ( 2.81431 per event )
[INFO & ] --=====— e
[INFO. ] ------------ Pixel Track Fitter : Summary -----
[INFO ] Events: 100000
[INFO ] Tracks: 281431 ( 2.81431 per event )
[INFO ] Fitted Tracks: 281431 ( 2.81431 per event )
[INFO ] -----———— e



https://github.com/FairRootGroup/FairRoot/tree/dev

data classes, tasks and macros

::'::::::::::::::::::::::::::::::::.‘

PixelPoint = i PixelDigis
TClonesArray("'PixelPoint™) :: : TClonesArray('PixelDig")
:.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

PixelFindHits

PixelDigis
TClonesArray("'PixelDigi")

PixelHits
TClonesArray('PixelHit™)
Pixel Tracks
TClonesArray("'PixelTrack™)

PixelHits
TClonesArray("'PixelHit")

Pixel Tracks
TClonesArray("'PixelTrack™)

run_hits.C

PixelFit Tracks

l

PixelFit Tracks

TClonesArray("'PixelTrack™)

PixelHits
TClonesArray('PixelHit™)
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ParameterServer

MQ Devices [ (eneral types

send parameters

' d
V 4
Sampler Processor Sink
read data receive data receive data

send data process data store data
send data
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Splitter I Proxy I Merger
N X receive data N X receive data
m X send data I send data
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receive data
n X send data I

Il . - . . == - E E E E o m .
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MQ concepts

* FairMQParts - multi-part message that Is sent
between devices;

* TMessage - a ROOT wrapper for any 1Object that
can be added to rairMQParts (another options:

binary, protobuf, boost);



MQ Devices for FairRoot data processing

* FairMQEx9Sampler reads data branch names specified by AddinputBranchName(string) from the
input file(s) set by AddInputFileName(string);

* template <typename T>
FairMQEx9TaskProcessor runs a task of class T. The class T needs to have the following functions:

void GetParList (TList* parList);
void InitMQ @S-t parlist);
void ExecMQ (TList* 1inputlist, TList* outputlist);

+ FairMQEXx9FileSink creates output file set by SetOutputFileName(string) and tree, with the

branches specified by AddOutputBranch(string className, string branchName).
Currently only two classes (FairkEventHeader and TClonesArray) are allowed:

fileSink.AddOutputBranch(“FairEventHeader”,”EventHeader.”);
fileSink.AddOutputBranch(“TClonesArray(anyclassname)”,”branchname”);

» ParameterMQServer creates instance of the FairRuntimeDb, which reads the parameters from

ROQOT or ASCII files.
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FairMOQEx95am

dler

InitTask(): creates FairkileSource™ fSource with the provided

input file names and activates all the needed branches

e ReOBject™) In the fSource;

Run(): calls fSource->Readkvent(): each reques

s wrapped In a | Message and addec

edt [ChEw

to a multl

FairMQParts message; the result Fair

for each event;

Dart

MQParts message Is sent



template<typename [ >
FairMQEX9 TaskProcessor

InitTask(): creates object fFairlask of class T, asks fFairTask to fill the
TList of needed parameters (by calling fFair Task->GetParlist());
creates empty input and output T Lists;

Run(): receives the FairMQParts message; runs through its parts to
fill the input TList; It FairbventHeader object I1s found and the Runld
changed, the new parameters are requested from the
Parameter™MQServer and the flairlask is initialised with the new
barameters (by calling trair Task->InitMQ()); calls the ExecMQ
function of the frairlask; wraps all the TObjects in the output TList In
the TMessages and adds them to the output FairMQParts; sends the

result output FairMQParts




FairMQEXIFileSink

* InrtTask(): creates output TFile and T Tree; adds requested
objects to the output [ Iree;

* Run(): receives the FairMQParts message; runs through Its

parts to set the branch addresses to the received objects; fills
IRERGUEDLIT tree;
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Starting MQ devices

« MQ Devices are run by c++ programs, compiled and stored in the bin folder of your build and install
directories.

« Fach MQ device has several settings that should be provided at startup:

transport protocol (zeromg, nanomsg);
» verbosity (TRACE, DEBUG*, INFO, NOLOG);
» unique string 1D;

» connection type (push/pull,reg/rep,pub/sub) and method (bind or connect), address and port, buffer
sizes (all set in a config file, SON or XML)

» plus additional settings of the particular MQ device implementation.

« Example command to start program containing MQ device:

./FairMQEx9Sampler --transport zeromq --verbose INFO --id samplerl

--mg-config ../share/fairbase/examples/MQ/9-PixelDetector/run/options/Pixel9MQConfig_Multipart.json
--file-name ../share/fairbase/examples/MQ/9-PixelDetector/macros/pixel_TGeant3.digi.root
--branch-name PixelDigis
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lopology

* Defined in the |[SON or XML file (one may write parser of any config file);

« Contains list of devices that we need in order to analyse data;
» Specifies unigue |IDs of devices, connection types, addresses and ports, buffer sizes;

« Example view of the topology with | samplers, 3 processors, | files sink and parameter server:

FairMQEx9TaskProcessor

PixelFindHits
Digis Hits

FairMQEx9Sampler FairMQEx9TaskProcessor? FairMQEX9FileSink

PixelDigis £ PixelFindHiits _ PixelHits
Digis Hits

FairMQEx9TaskProcessor3
Parameter

MQServer PixelFindHits
D|g|S Hits

» Several topologies provided in the 9-PixelDetector/run/options.
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Shell scrip

* Specifies program options that are not taken from the ]SON file, or that are often changed;

‘e0e@® N\ FarMOQEx9Sampler \ FarMQEx9TaskProcessor
wlu/WS-P:xolwa/mm/plnl_l‘m.dmx.mot of 284181¢0)
[IN0 ] = Mseraharsboul /fairrocot/dev/ instal 1 _nowlS_rS/share/Falrbase/exallnfo 1n {TheoManager::Closeleonetrd: Coometry loaded from file,,,
wles/m PixelDetector/macros/pive] TGeart3 . digi.root rfo 1n {TGeoManager::SetTopVolumed: Top volume 13 cave, Haster volume 15 cove
IN10] Going %o requast 2 branches: nfo in <{TGeoNwigator:iFuildiached: == Maximm geometry depth set to 100
. -tar-ts a -t e ro ral I |S 0207 IND] reguesting bearch “Flae]Digis” rfo in <TheoManager::Voxe]ized: Voxelizirg...
007 D] Rctivated chject “OxTEdTeSe " with name “PixelDigie” (1) nfo in <TGeoManager::Countlevels>: max level = 1, max placements = 12
A0V IND] requesting branch “EventMeader nfo 1n <{TGeoManager::Closeleometrid: 12 rodes/ 4 volume UID's in FRIR geometry

)
09:07:52)( INFD ?ctlum omz’t “OxTid7eSeTcad)” with name “EventMasder.” (1) |Info in <{TheoManager::Closeleometru): =e=sessmsmmmmmmns wodeler resdyssememeenene
OFZ075ILIND] Tngut sourc everits, p—
from the topology at once S B B st PATI0 ) Rcetved arametarleGaarSe fron the sever (074oF 21
090752 [STRTE oring state
09207523 I 0) DEVICE: Rurning.. e "(0'" i%‘l(ﬁlom) ting parameter “PixelligiParameters® for Run 1D 165013147
OO0 IND] Use keys to control the state machire: e
09:07:52) [ 1%0) [h) holo [p] pausn, [#] run, [s] stop, [t] reset task, [d) resll09:07:50]0 ) Recaived parameterPixelDigiParamters from the server (0x7Fef35
et device, [q) end, [5] init task, [1] init device F&SO)
O | . d U0/ ][ ERK) data-out[0]): img omn (n';)\ ME), MMNE neg 22':'33) - ;g ) . o PixelFindditss: InitMl()
[ ] ! 5 M-MO in: 0 mag (O . out: 1 o L3044 > ols =
PENS severd xterm windows 1207 AU dota-oALols nt © mag (0 MB): oot 2210 mep L2419 NB) [IND 1§ > frebms - itf
09:07 5] [IERE) W’M[Ol in: O meg (O ME), cut: 17233.8 meg (19,0428 MB) IND ] 5> fraFEperCol = 64
) 00/ e[ ERK) data-out[0]): in: O meg (O ME), cut: 183347 mag (20,1799 MB) INO ] 2> fPitchX = 0,00
and S.tar.ts One program per Wl ndOW. .*" 07" K] data-out[0]): 1n: O mag (O MB), cut: 14615.4 mag (16,102 M3) IND ] > fPitchY =001
) N\ FarMQEx9TaskProcessor
has charged fedd28310620)
15 not static Info in <{TGeoManager::CloseGeometruy: Geomatry losded from file...
[‘ 3207 : llmll] Racaived parseter request from client: "PixelDigiParaseters, 14 }::o in gmwwgc?m Tep mw is cave, H:::rh volume ;zocm
) 0 in igator; s Bul ' - L goometry ot Lo
[ 2H ][mu] Parameter rame: PixelDigiParameters Info 1n <TGeoManager::Yoxelize>: Voxelizirg,.,
e Exal I Iple executlon Of -the [ 1207 ] [N0] Run 1D: 1650131875 Info 1n <{TGeoManager::Countlevels>: max level = 1, max placements = 12
32072 [N0] Retrieving paremater... Info in <{TGeoManager::CloseGeometruy: 13 nodes/ 4 volume UID's in FRIR seometry
Info in <TheoManager: :Closelecnetr s nodeler ready
S'tar't Fal rl\/l Q EX9 N eW.Sh tnitialisation for run 1d 1460131875 () iras2]( ] Received parameterfalrGecParSet from the server (Ox7¢edd0lef 300
-:- :anx;::g:::mwmulmg :nrﬁ;ch;fm g ’( " 00 Rmung parameter "PlanlDigiParsmeters” for Run 19 168013157
' . =I- Fal § 2t Initlontainee 1xelPigiParaneters 0x7Fedd2832050)
-t |-t . lelmgl"rmen Tmuohm from ﬁscngﬂlo [osor:s2]( ] Received parameterPixelDigiParaneters from the server (0x7feddd
SCri p resuits In. [09:07::2){ INU) Sending folloving parameter to the client: 77250)
----- Pmelmglhrnews e (IN0 ) PixelFinddits: s Inith()
Cortex TestDafaultContaxt (IND ) >> fFelols » 110
first irput version: -1 [IND ] >> FFefious = 116
::cona ingut veraton: 1 (}g ] ;; ”n}axfofap«(:ol = 3401
3 charged it =0,
[lls not static LM‘O } > fPitchY =001
\| FairMQEX9FileSink ’L BB o)y o o |
09:07:41 gm“ill’ll! 4;'33;"”0 srate machine .;:;1 “;dhnq;nr Closeleonetry: Gooms 1 from Fil
09:07:51 ) D 0 in < H : oaded from fFile,..
CUL0/ [ ERKE) Ustng ZercHD library, version: 4,1.3 Info 1n <TGeoManager::SetTopVolumed: Top vo:zo 12 cave, Naster volume i3 cave
G075 JISTATE) Entering INITIALIZING DEVICE state Info 1n {TGeoNawigator::Buildlached: <<= Maximm geometry depth set to 100
» Several configurable shell script provided {7 iEme et St Syine) G ks In i Comtlorm s . 1] » 1. e shacamots + 12
09:07:51 nitializs in 0 in i woelsr: max level = 1, max placasents »
g p p o0/ [ ERK) Binds d':rgnl data-in[0] on wo?;r:m Info in <TheoManager::Closelecnetry’: 13 rodes/ 4 volu: UID's in FRIR gecmetry
090752 1w 0] 9&10 [g/[(“i{ FILE mND TREE Info 1n <TGeoManager::Closeloometriyd: —=-—ememaeaa ~nodeler ready-———-————=-
C C C . 9:07:52][STATE) Entering SEAIY state ---
In the 9-PixelDetector/ru ﬂ/SCI”IptS, (7207 S MSTATE) Entering INTTIRLIZING THSK state (07:07:52)( ) Recoived parsmeterFairGoParSet. from the server (O<TFFStbe30es
: : ; . . [09:07:% ;;mn] (Crkering RMUNG state & ( m}c‘m%o?”‘”“"’ parameter "PixelDigiParameters” for Run 19 165013180
L0752 IO 1N9... 0;
shell scripts located in build/bin and install/bjis: e s i me e mbie: LS I Receivd paramterPivlDigiParmeters from the server. (eTFSI
o752l 0] [h) hele. [p) pause, [r) run. [s] stop. (8] reset task, (d) ree 048000)
09207 HEHE) data-in[0]: in: nan neg (nan MB), cut: ram ssg (nan MB) (iIN¥0 ) PixelFindHits:: InitMO()
090/ ][ ERK) data-in[0]: tn: 4872 mag (11,0858 M8), cut: O mag (O ME) (1!"0 ] >> #relols = 110
00754 s Ma-ln[O}: tn: 12688.4 mag (29,3199 HB), out: 0 mag (O MB) INO } > FFelows = 116
0920755 ERUG) data=in[0]: in: 15422.3 meg (35.0231 MB), out: 0 meg (0 MB) INO »> MaFiperCol = B4
0920750 [ERE) data-in[0]: in: 17706.3 meg (40,0805 MB), out: 0 meg (0 MG) |[IND } Z; :nwe; . g.g
L0755 itch =0,

ERE) data-in[0]: in: 18168.7 meg (41,173 M2), cut: O wsg (0 MB) hmo
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« startFaiIr™MQEx9New.sh - shell script to start sampler, few processors, sink and parameter server
The task to process may be easily changed by using --task-name PixelFind Tracks or --task-name
PixelFit Tracks;

Other topologies:

Vel - startFaiMQEX9_2Levelssh or FairMQEX9FileSink

startFairMQEx9_3Levels.sh will start more _
FitTracks

55672
around Is the example of the latter: v

PixelDigis

analysis with more complex topologies,

FairMQEx9TaskProcessor1 1 FairMQEx9TaskProcessor2 1 FairMQEx9TaskProcessor3 1

5568 i
PixelFindHits 5566 PixelFindTracks Hits PixelFitTracks

Digis Hits Hits Tracks "‘ Tracks FitTracks

FairMQEx9TaskProcessor1 2 FairMQEx9TaskProcessor2 2 FairMQEx9TaskProcessor3 2

¢ . ’ 5h67 5569 i
PixelFindHits > PixelFindTracks e oiriacks

Digis Hits g Hits Tracks = Tracks FitTracks

Parameter
MQServer

5505
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Other topologies:

Fach sampler reads
from different file

with data from one
SESO: FairMQEx9TaskProcessor_1

: PixelFindHits
FairMQEx9Sampler Digis Hits
5565

PixelDigis FairMQEx9TaskProcessor1_2
PixelFindHits
Digis Hits

Merger buffers

: FairMQEx9TaskProcessor4_1
recelived data

PixelFindTracks
Hits Tracks

FairMQEx9Sampler?2 Digis Tl Hits b B FairMQEx9Merger FairMQEx9TaskProcessor4_2
5566 : 2570 o071 PixelFindTracks
PixelDigis FairMQEx9TaskProcessor2_2 4 B Hits Hits Tracks

Digis ERGEaits ook aﬂ:er ge.t.tm g d Jta FairMQEx9TaskProcessor4d 3

PixelFindTracks

from all three it Tracks

: PixelFindHits SENSOIS fOI’" one
Fa|rI\/IQEx9Sam|oIerC£3_)567 Bigis Lite event, e e
PixelDigis FairMQEXQPTijj:::ZeSSOB_Z merged ithO one

Digis Hits event and sent

FairMQEx9TaskProcessor?2_1

FairMQEx9TaskProcessor3 1

FairMQEXx9FileSink
FitTracks
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How to start!

* Example available in the FairRoot dev branch:

https://github.com/FairRootGroup

- Simulate and digitize data in
examples/MQ/9-PixelDetector/macros/

B lERDrovided examples, t.e.:

. @ << noviSp4d_r5 - - fairroot/pixeld >> — bash — 100x13

karabowi@kp3mac@d4 : ~/fairroot/pixel9/build_noviSp4_r5_DDS$ ./bin/startFairMQEx9_Static.sh

| server | sampler | processorl | processor2d | processor3 | file sink |
| pid= 5953 | pid= 5954 | pid= 5955 | pid= 5956 | pid = 5957 | pid = 5958 |
| %CPU mem | %CPU mem | %CPU  mem | %CPU mem | %CPU mem | %CPU  mem |
| 9.0 53692 | 81.5 157864 | 52.5 140688 | 51.2 141560 | 52.5 143364 | 139.9 201192 |
Jobs finished in 10 seconds.

Finished gracefully.

There are 100000 in the input file.

There are 100000 in the output file.

Shell script finished successfully.

/FairRoot/tree/dev

Thank you for using this script (for 5291 seconds).

korabowi 8kp3moci4 : ~/fal rroot/plxel9/bul ld_novlSp4 _r5_D0SS . /bin/controlDOS.sh
-»% - b »d->IDLE- /x-Exit
N bl_lr—i

® 0 << nov15p4 15 « - fRiroot/pixeld >> — bash — 98x39

karabowi@kp3macd4 : ~/fairroot/pixel9/build_novlSp4_rS5_DDS$
run devices in background, monitor running, check output
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karobowi Bkp3macodd i ~/folrroot/pixel9/bui ld_noviSp4_r5_D0SS dds-server start -s
Checking availability of WN bin of the local system...

found compatible WN bin: dds-wrk-bin-1.1.55.910109%ce-Darwin-universal.tor.gz
Starting 00S commander. ..

karabowi®kp3macdld : ~/fairroot/pixel9/build_noviSp4_rS_D0SS dds-submit --rms localbost -n 6
dds-submit: Contacting DOS commander on kp3mac®d4.gsi.de:20003 ...

dds-submit: Connection estaoblished.

dds-submit: Requesting server to process job submission,.,

dds-submit: Server reports: Creating new worker pockoge...

dds-submit: Server reports: RMS plug-in: /Users/korobowi/dds/1.1.42.g482¢F62/plugins/dds-submit-lo
calhost/dds-submit-localhost

dds-submit: Server reports: Initializing RMS plug-in...

dds-submit: Server reports: RMS plug-in is online. Startup time: 33ms.

dds-submit: Server reports: Plug-in: W1l use the local host to deploy 6 agents

dds-submit: Server reports: Plug-in: Using "/var/folders/nf/x1_sx1ml7x126qqcgs2qb2er@dd@gn/T/dds 2
016-96-06-13-30-23-341" to spomn ogents

dds-submit: Server reports: Plug-in: Starting DDSScout in '/vor/folders/nf/x1_sx1ml17x126qqcgs2gb2c
rodedgn/T/dds_2016-06-86-13-30-23-341/wn’

dds-submit: Server reports: Plug-in: DDS agents have been submitted

dds-submit: Server reports: Plug-in: Checking stotus of ogents...

dds-submit: Server reports: Plug-in: All ogents have been storted successfully
karabowi®kp3macOdd : ~/Fairroot/pixel9/build _noviSpd_rS_D0SS dds-topology --set bin/ex9-dds-topology
Ll

dds-topology: Contacting D0S commander on kp3moc®®4.gsi.de:20003 ...

dds-topology: Connection established,

dds-topology: Requesting server to set o nem topology...

karobowi ®kp3macodd : ~/foirrcot/pixel9/build _noviSp4_r5_D0SS dds-topology --octivate

dds-topology: Contacting DOS commander on kp3moc@d4.gsi.de:20003 ...

dds-topology: Connmection established.

dds-topology: Requesting server to activate user tasks...

L ) 100 % (6/6)

Activated tasks: 6

Errors: @

Total: 6

Time to Activote: @.013 s

karabowl ®kplmac®@4 : ~/fairrcot/pixel9/build_noviSpd_r5_D0SS

run and control devices with DDS

20


https://github.com/FairRootGroup/FairRoot/tree/dev

Summary

* Ready to use example implemented;

- |he example devices are quite simple and yet general
enough to allow processing of different tasks;

- Merger of splitted event data implemented;

- Binary transport available for selected data classes;

Bllie =><ample may be run in DDS:
https://github.com/FairRootGroup/DDS



https://github.com/FairRootGroup/DDS

FairMQEx9Sampler::Run()

FairFileSource*
a

b
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FalrMQExQTaskProoé‘Q;s_or::Run()

3

T* fFairTask

FalrMQEx9TaskProcessor::Run()

i i T* fFairTask

FalrMQEx9TaskProcessor::Run()

T* fFairTask
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for attention

FalrMQFileSink::Run()

TFile* fQutputFile
TTree® iQuiputTree
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