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What is artdaq? #

artdaq is a toolkit for creating data acquisition systems
« Fermilab Scientific Computing Division’s core DAQ software
— Provides common, reusable components
— Based on a data-streaming architecture with software event
filtering
* Integrated with the art framework
« Same algorithms online and offline

« |t provides data transfer, event building, process management, system and process
state behavior, control messaging, message logging, infrastructure for DAQ process
and art module configuration, and writing of data to disk in ROOT format.

 The goal is to provide the common, reusable components of a DAQ system and allow
experimenters to focus on the experiment-specific parts of the system. These are the
software that reads out and configures the experiment-specific front-end hardware,
the analysis modules that run inside of art, and the online data quality monitoring
modules.
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Timeline
RT 2012 DS-50 DAQ
Initial R&D | | presentation || Implementation
v
2011 | 2012 | 2013 2014

VAN

DS-50 || DS-50 DAQ

feasibility Design

MuZ2e Prototype DAQ;
LBNE 35-ton DAQ;

study
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LArIAT DAQ

VS.

uBooNE DAQ:
NOVA Reuse

artdaq
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Current Users

DarkSide-50

First production use of artdaq
CAEN VME modules, commodity computers
DAQ running reliably; stable operation

LBNE

35t prototype detector running early 2015
Vertical slice testing of HW and SW now

Strong physicist involvement on artdaq
customizations
We’re developing the artdaq interface to Run

Control and contributing to configuration
management

MuZ2e
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Pilot system under development now

Commercial PCle cards, commodity
computers

30 GB/sec, filtering factor of ~1000
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LArIAT

» artdaq used on top of original DAQ
code

 Expected to resume data taking soon

NOVA

« art for enhanced triggering (data-
driven triggers)

« Afew pieces of artdaq for art input

uBooNE

» Uses a number of artdaq utility
classes



Architecture

he

DAQ control Configuration
and monitoring management
) 4
Hardware-specific Core application art event-processing
readout & configuration infrastructure framework
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/ Data components \
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Generic data
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raw data formats
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Readout, routing,
and event building [

components
P data products reconstruction, filtering,

and data quality
monitoring modules

Experiment-supplied ] Experiment-supplied

Functionality that is provided by the framework is shown in boxes
with shaded (blue) background. Functionality that is provided by
the experiment is shown in boxes with white background.
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Software Components & Functions #

Process Message Configuration Management
Management Viewing & Run Control <+ Run History
Tool Logglng Format Software CFG params
hd

Distribution scheme  Hardware CFG params

Storage, management
tools, archiving

BoafdReader ‘L EventBuitder
Control messages Message logging Control messages Message logging Control messages Message logging
N——— — — ——— N — —
. Fragment receiving Event transfer
:ﬁ;d&irﬁgﬁzﬂgﬂt =) Fragment sending —_— & event building > art e <Y ordering > art
— S————— Experiment-specific ——— Data sorting &
Experiment-specific algorithms & online monitoring
implementations State machine State machine data products State machine algorithms
\ H N/ . N H / —
M Instances N Instances 2 Instances

common artdaq functionality

experiment-specific functionality DAQ
—> data flow Monitoring
_
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Some Technical Details #

Uses C++11 features
* e.g. move semantics to minimize data copies

MPI for data transfer
» Wrapper classes for sending and receiving MPI buffers

Process management
Wrapper script around mpirun command

BoardReader EventBuilder Aggregator

Control messages Message logging Control messages Message logging Control messages Message logging

I—— S —— N N N N
; t receiving
Hardware readout Fragment sendmg-‘ : [ragmen cel
and configuration ) & event building )
online monitoring

Event transfer
and ordering ) art
Experiment-specific .
implementations State machine State machine State machine algorithms
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State Behavior & Control Messaging

S
L. 2

State behavior part of artdaq core
« Standard states:

— Booted, Ready (configured), Running,
Paused

e Standard transitions:

— Init(cfgString), start(runNum), stop, pause,
resume, shutdown

« State Machine Compiler tools
* Overall system state managed by Run Control

Control messaging infrastructure also included
« Standard commands:
— State transitions & status queries
« XMLRPC
« Command-line Run Control scripts provided

!

Main

( Booted

shutdown/

kii%hutdown/

Ready

1n1t/

é %top/

Running

%S%sume/

stop/

Paused

Simplified artdaq state diagram
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Configuration Management #

Configuration infrastructure part of daq: { # red = group identggi’ers2
max fragment size words: 715
core artdaq fragment receiver: ({
» Single structured text string sent mpi buffer count: 40
at “init” transition 9ezerat°r;d?3° : 2{
ragment id:
— hardware, software, system, art } ¥ green = software params

configuration generator: V1495Driver

* Interpretation of software and first_event builder_rank: 3
system parameters provided in event bullder count: 5
rd rt priority: 2 # system params
core ariaaq link type: PCIE
« Hardware parameters handled by link_number: 0 # hardware params
experiment-specific code vme_base: 0x01000000
o pulser frequency: 0.0
« Archiving and management of laser frequency: 0.0
configuration data — not yet part of rand‘_’m{’_’lgger? falsjoo .
. acquisition gate us: .
core artdaq — but may be in the low threshold: 5
future }

Sample artdaq BoardReader configuration (FHICL)
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Typical Analysis Tasks (art)

Data COmpreSSIOn File Edit Yiew Options Tools — Help
« DarkSide-50 — factor of 5-6 reduction ~E

Online monitoring S U

« DarkSide-50 E (

Event filtering S )

* MuZ2e - reduction by factor ~1000 N onasg

Event selection
 NOVA - data driven trigger

Same code online as offline

Sample DS-50 online monitoring histograms |

09-Dec-2014 artdaq - SBN Electronics/DAQ Meeting - KB 10



The artdag-demo #

Demo package to illustrate artdaq use
 |nstructions for downloading, building, and running a sample system

« More information here:
— https://cdcvs.fnal.gov/redmine/projects/artdag-demo/wiki

* An easy way to try out artdaq and learn more about it

Multicore node

FragmentGenerator

(Round- ‘ bin routing
of ,‘

FragmentGenerator
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Current and Future Work #

In collaboration with SCD engineers
* |Investigate the use of loT hardware for back-end DAQ

« Develop user interfaces for electronics hardware and firmware
diagnostics and testing

@ (&) @ muzedaqo3.dhcp.fnal.gov:8080 ¢| ¥ @& (B- coogle Q) §| =

j// DTC Node.js Interface x \\+
DTC Register Read/Write
Address | DTC F/W Version (RO, 0x3000) &
Value @®Hex (ODec ()Bin
| Read 3|

Core artdag enhancements
«  DAQ monitoring

* Run Control GUI

* Improved online monitoring scheme

« Multi-level system for software triggering (compared to filtering)

Continued partnerships with experiment DAQ groups
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Backup slides #
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artdaq for DarkSide-50 #

8 00 [X| on dsag

« Commercial VME modules (CAEN) T ; z r
«  Commodity servers and networking i T T :T "

» artdaq software (first production use)
* Typical event size ~ 10 MB
« Eventrates up to 80 Hz

Customizations for Dark-Side

» Configuration and readout of VME modules
* Loss-less data compression

*  Online monitoring

Status
* Reliable operation
* Meeting performance needs
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artdaq for DarkSide-50

Board Reéder
Processes

40Gb/s

copper link

S
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Aggregator

<180MB/s Processes

raw data input

System

|
\

LNGS Disk ’

S

10GDbE switch

System
Control
Node

= DSFR3 ; Database

2 <900MB/s Node
- : 50m fiber f
o  cables to

oth m f COfI':r[')nUte

( psess §F—— | ™| EventBuilder
18 [[eth [—) | Processes
= 1GbE switch - > 1GbE switch '
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artdaq for LBNE 4=

Timeline
« 35 ton prototype — early 2015

« Full detector — 202x F gea®
DAQ
« Custom front-end electronics ot
S A N
«  SLAC RCEs for front-end readout and cn® U\Ios‘a‘l Time Projection
Chamber

possible zero-suppression
» artdaq software
 Data rate ~4 GB/s
« 2400 connections to the front-end electronics

Integration with existing components
* Run Control from IceCube
* Configuration management from NOvA
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artdaq for Mu2e #

Timeline DAQ

« (CD-2/3 approval July 2014 « Custom readout electronics

« Commissioning data in 2019 « Commodity servers and networking
« artdaq software & custom firmware

MuZ2e-specific development » Expected data rate: 30 GB/s

« Configuration and readout of hardware

* Reconstruction algorithm development
and testing

Software rejection factor: 1000

Production Solenoid Detector Solenoid

Production Target - Calorimeter
Tracker
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artdaq for MuZ2e
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BoardReader
_________________ - -Proq;esses

=
L. 2

_______________________

Timing

Run Control
Host

\

Optical Rings

DAQ Server

X48

Data Transfer
Controller

Processing

Detector / Readout Controllers

EventBiidar 1==============="
Processes
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Control &
Data Storage
Network

Event Building
Network
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Generic DAQ

Multicore node

Data link card
v
PCle bus

o [X M]

Multicore node

Data link card
v
PCle bus

09-Dec-2014

(Round-robin routing
of fragments)

Lots of variations:

he

Multicore node

. [XN]

Multicore node

« multiple fragment receivers per front-end node
« multiple event builder/art process pairs per reconstruction node
« (multiple art processes per event builder)

« everything run on a singl

e node

A flexible configuration process makes testing and deployment easier.
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MPI and mpirun #

In artdaq, MPI (Message Passing Interface) is used to transfer data between
the distributed processes and to manage the processes.

 MPIlis “a library specification for message passing, designed for high
performance on parallel machines and workstation clusters.”

* |t supports point-to-point and collective messaging. It also supports parallel
execution features such as synchronization between processes (e.g. all
process wait until they have all reached a certain point in their execution).

 An MPI “program” contains all of the cooperating processes, and startup is
handled by an agent (mpirun) that runs the program on a configurable set of
nodes.

* In MPI-1, the same executable binary is used for all processes, and the
different processes know which role to perform based on their “rank”.

« For the initial artdaq test system, we wrote a straightforward Python script to
automate the configuration of the nodes and handle the invocation of
mpirun.
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Sample DS-50 artdaqg Deployment
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o

PCle bus

Multicore node

X 4 instances

.

PCle bus

... [4 total]

— Datalinkcard |— — Datalinkcard |— — Datalinkcard |—

PCle bus

Multicore node

X 4 instances

E
=
—
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