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abstraction boundary
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“data%producer”%clients

“data%consumer”%clients

- live data collection and 
distribution 
- continuous (history) data archiving 
(DAQ) and history data retrieving

!
- system configuration and info 
management - messaging, 
alarms, timing
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key1,%key2%

hello,%123%

world,%456
CSV

serializa5on%
forma&ng)data)for)k/v

{{“key1”%:%“hello”%

“key2”%:%123}}

JSON

\x1B\x00\x00\x00%

\x02key1\x00\x06\x00\x00\x00hello\x00%

\x10key2\x00\x7D\x00\x00\x00%

\x00

key/value%data%storage:%

JSON%serialisa5on

Z%binary%version%of%JSON%
Z%key%Z%value%syntax%
Z%serialised%data%described%by%means%of:%

Z%key%name%

Z%type%and%dimension%

Z%value

BSON

{“key1”%:%cstring%:%dataoffset%

“key2”%:%int32%:%dataoffset}

{hellox7D\x00\x00\x00}

or
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- live data collection and distribution 
- continuous (history) data archiving (DAQ) and history 
data retrieving

!
- system configuration and info management - 
messaging, alarms, timing

“data%producer”%clients

“data%consumer”%clients
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Execu5on%Unit%extend%the%concept%of%Control%Unit%to%computa5onal%tasks%
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Execu5on%Units
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- live data collection and distribution 
- continuous (history) data archiving (DAQ) and history 
data retrieving

!
- system configuration and info management - 
messaging, alarms, timing

“data%producer”%clients

“data%consumer”%clients
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- live data collection and distribution
- continuous (history) data archiving (DAQ)
and history data retrieving

guration and info management
- messaging, alarms, timing
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F. Zani

MetaZdata%Server
•CU%configura5on%manager%

(e.g.%managing%of%pushing%data%rate)%

•Seman5c%of%data%(e.g.%dataset’s%structure)%

•Command’s%list%and%seman5c%%

•Naming%service

19



PCaPAC%2014 L.%Catani

40
 c

lie
nt

s

0

5

10

20
 c

lie
nt

s

0

5

10

10
 c

lie
nt

s

0

5

10

5 
cl

ie
nt

s

0

5

10

CU-client transfer time (ms)

%

%

%

%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Measured%transfer%5me%between%frontZend%

CU%and%a%client%applica5on%via%DOC%for%a%

different%number%of%concurrent%clients%

reading%the%same%key/value%being%

con5nuously%updated%by%the%CU.%

20

Z100%Hz%data%refresh%rate%
Z1%kByte%data%
Z5%to%40%concurrent%clients

mul5Zclient%test



PCaPAC%2014 L.%Catani

✓CDC:%!CHAOS%Data%Service%

✓BTF%installa5on%

✓nonZHEP%applica5on
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new%developments
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!CHAOS%BTF%installa5on

Dafne%Beam%Test%Facility%is%designed%for%experiments%(e.g.%detectors’%R&D%

and%calibra5on)%with%the%electron%beam%of%the%injector%linac.%

The%BTF%beamline%is%controlled%by%a%dedicated%control%system.
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We%realised%a%custom%

cape%with%4x485%serial%

interfaces%to%drive%

point%to%point%4%power%

supplies.%

The%original%

configura5on%was%

based%on%a%single%

mul5Zdrop%serial%485%

line%connected%with%

MOXA.

BB%Control%Unit

!CHAOS%CU%on%Beagle%Bone%

+%

custom%CAPE%to%drive%OCEM%power%supplies

1. drama5cally%cut%the%

cost%of%the%HW%%

2. reduced%latency%by%a%

factor%4%

3. Demonstrated%that%!

CHAOS%can%be%easily%

retargeted%to%run%on%

Linux%based%cheap%

embedded%plaporms.
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!
The%standard%“import%dll...”%

LabVIEW%flow%has%been%used%to%

create%VI%APIs%(blue%boxes)%

%from%!CHAOS%C/C++%UI%APIs.%

!
Through%these%VIs%we%can%

access%!CHAOS%resources%and%

quickly%create%a%LabVIEW%

interface%from%them.%
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storage
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!CHAOS%interdisciplinary%applica5on%
acquisi5on&control%infrastructure%of%sensors,%appliances,%collabora5ng%

computa5onal%elements%controlling%physical%en55es
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Conclusions

•!CHAOS%design%completed%

•main%services%completed…%

•…but%s5ll%exploring%new%solu5ons%

•allZ!CHAOS%control%system%is%opera5onal%

•compa5bility%with%many%OS%and%HW%

•nonZHEP%applica5on%under%development
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Introducing a new paradigm for accelerators and large experimental apparatus control systems

L. Catani and F. Zani
INFN-Roma Tor Vergata, Roma, Italy

C. Bisegni, G. Di Pirro, L. Foggetta, G. Mazzitelli, and A. Stecchi
INFN-LNF, Frascati, Italy

(Received 19 December 2011; published 29 November 2012)

The integration of web technologies andweb services has been, in the recent years, one of themajor trends

in upgrading and developing distributed control systems for accelerators and large experimental apparatuses.

Usually, web technologies have been introduced to complement the control systems with smart add-ons and

user friendly services or, for instance, to safely allow access to the control system to users from remote sites.

Despite this still narrow spectrum of employment, some software technologies developed for high-

performance web services, although originally intended and optimized for these particular applications,

deserve some features suggesting a deeper integration in a control system and, eventually, their use to develop

someof the control system’s core components. In this paper,wepresent the conceptual designof a newcontrol

system for a particle accelerator and associated machine data acquisition system, based on a synergic

combination of a nonrelational key/value database and network distributed object caching. The use of these

technologies, to implement respectively continuous data archiving and data distribution between compo-

nents, brought about the definition of a new control system concept offering a number of interesting features

such as a high level of abstraction of services and components and their integration in a framework that can be

seen as a comprehensive service provider that both graphical user interface applications and front-end

controllers join for accessing and, to some extent, expanding its functionalities.

DOI: 10.1103/PhysRevSTAB.15.112804 PACS numbers: 07.05.Dz, 07.05.Bx, 07.05.Hd, 29.20.!c

I. INTRODUCTION

Two main motivations support the decision to start inves-
tigating a new approach in the design and development of
distributed control systems (DCS) for particle accelerators.

New developments in this field, similar to what has
happened in recent years, will be basically directed towards
the enhancement of the control systems’ functionalities by
introducing new services, or improving existing ones by
complementing the basic features that are essentially aimed
at the remote control of the accelerator’s components.

These new functionalities, rather than being accessorial,
will be in many cases fundamental for the optimal opera-
tion of new accelerators that will require careful tuning to
achieve the desired performance. An example may be the
data acquisition system that is intended to provide not only
machine physicists, but also the experimental groups, with
all the information needed to recreate the operational state
of the accelerator (set point of components, information
from the beam diagnostic, etc.) at any significant instant
operation of the machine.

The analysis of recent developments on high-
performance software technologies suggests that the design

of new accelerator DCS may profit from solutions
borrowed from cutting-edge Internet services. To fully
profit from these new technologies the DCS model has to
be reconsidered, thus leading to the definition of a new
paradigm.
The second strong motivation for this development fol-

lows the recent approval, by the Italian Ministry for
Education, University and Research, of the construction
of a new international research center for fundamental and
applied physics to be built in the campus of the University
of Rome Tor Vergata. It will consist of an innovative very
high luminosity electron-positron collider named SuperB
[1] and experimental apparatuses, built by an international
collaboration of major scientific institutions under the
supervision of Istituto Nazionale di Fisica Nucleare.
Clearly, it will offer great opportunities, not only for new
discoveries in elementary particle physics and interdisci-
plinary research, but also for breakthrough innovations in
particle accelerator technologies.

II. THE !CHAOS FRAMEWORK

A typical example of software technology emerging
from developments of Internet services is the class of
nonrelational databases known as key/value databases.
They offer an alternative to relational databases that is
having growing success and interest among developers of
web services due to their high throughput, scalability, and
flexibility.
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