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!CHAOS'is'a'INFN'experiment'aimed'to'defining'and'validaDng'a'new'paradigm'for'

distributed'control'systems'(DCS)'and'fast'data'acquisiDon'(DAQ)'for'parDcle'

accelerators'and'experimental'apparatuses.

Indeed,'its'flexibility'allows'a'much'wider'spectrum'of'applicaDons.

Goals:

• design'an'innovaDve'control'system'based'on'the'newest-so.ware-
technologies

• define'a'new-services-topology'for'controlling'devices'and'data'acquisiDon

• define'a'new-transfer-mode-for-live-data'(on+line'display'and'control'of'
devices),'as'alternaDve'to''client/server'typically'used'in'the'DCS

• high-scalability'for'each'core'service;

• high-abstrac;on'of'devices'control'soUware;
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accelerator

control room

middle-layer

“the%standard%model”
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accelerator

control room
“the%standard%model”

DAQ

two different
topologies
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bottleneck ?

the'new'paradigm

control room

accelerator
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accelerator

control room moreclients

moredevices more

devi
ces

more
clients

the'new'paradigm:'scalability'eliminates'bo[leneck
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dev-1
live

dev-1
history

dev-1

- live data collection and distribution
- continuous (history) data archiving (DAQ)
and history data retrieving
- system con!guration and info management
- messaging, alarms, timing
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!CHAOS'keywords

scalability

abstrac;on

integra;on

fast,-easy-and-
modular-

customiza;on

✓of'performance

✓and'size

✓of'services

✓and'device

✓all'services'provided'by'the'SC

✓devices’'drivers'

development'only

{

{

{

{
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dev-1

client

server

✓ provide'(or'receive)'list'of'device'to'control

✓ execute'device'specific'control'loop

✓ provide'read+out'data

✓ change'device'se_ngs'(commands)

✓ request'system'informaDon

✓ display'or'analyze'live%data

✓ run'users’'applicaDons'(measurements)

✓ request'changes'of'device'se_ngs'(commands)
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AbstracDon'of'components

Control System

live data

Orchestrator

history data

•each'service'isn’t'directly'offered'to'

users;'glueing'and'wrapping'rouDnes'

will'be'developed'to'provide'an'high'

level'of'abstracDon

•updates'of'core'services'doesn’t'

influence'the'user'applicaDons

•higher'flexibility'in'defining'API

service wrapping
library

Meta-data Svr

wrapped 
core service
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abstraction boundary

live-data
DOC

commands
RPC

MD Server
RDBM

DAQ
KVDB

BS
ON
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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

boundaries

abstracDon'boundaries

CU'abstracDon
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de-init

MNGR

init

ctl loop

       (run)cmd exec

LabVIEW+CHAOS'integraDon

(a'very'basic'soluDon)

L. Foggetta
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dev-1
live

dev-1
history

dev-1

- live data collection and distribution
- continuous (history) data archiving (DAQ)
and history data retrieving
- system con!guration and info management
- messaging, alarms, timing
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dev-1
live

dev-1
history

- 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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distributed
KVDB

distributed
object caching

meta-data
server

Commands

client
applications

RPC
commands

API

meta-data
server API

History
data API

live data API

live data cache

low-level API

abstracDon

boundaries

client'abstracDon
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+ +

RPC
commands

API
meta-data
server API

History
data API

live
data API

low-level API

live data cache

UI toolkit

client
application

front-end

Distributed
Object Cache

Control Library
Control

Unit
Control

Unit
Control

Unit

init
control loop
run (cm

ds exec)
de-init

init
control loop
run (cm

ds exec)
de-init

init
control loop
run (cm

ds exec)
de-init

processor
core

CPU

RAM

L1 data
cache

L2
cache

are'we'simply'caching'everywhere'?
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!CHAOS%framework%layers

CUToolkit,' abstract' the' !CHAOS' resources' to' the'

device'drivers'developers.

EUToolkit'tools'for'developing'distributed'control'

node'or'compuDng'nodes

UIToolkit' tools' for' developing' client' applicaDon'

that'accesses'!CHAOS'resource

19
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!CHAOS%framework%layers

CUToolkit,' abstract' the' !CHAOS' resources' to' the'

device'drivers'developers.

EUToolkit'tools'for'developing'distributed'control'

node'or'compuDng'nodes

UIToolkit' tools' for' developing' client' applicaDon'

that'accesses'!CHAOS'resource

These'tree'layers'represent'the'

!CHAOS'Framework
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!CHAOS%Node%&%Service

ChaosQL'Data'Pack'Channel

Chaos'Command'Pack'Channel

Control' Unit,' a' piece' of' soUware' developed' on'

CUToolkit'implemenDng'the'device'drivers

ExecuDon' Unit,' is' a' the' specialized' soUware'

implemenDng' slow+controls' or' compuDng'

algorithms.
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!CHAOS%Node%&%Service

The'Chaos'Control'GUI' is'based'on'the'UIToolkit'

for' accessing' !CHAOS' resources.' The' UIToolkit' is'

also' used' by' control' panels/client' applicaDons'

developers'to'make'their'custom'applicaDon

Metadata'Server,'stores'and'keeps'track'of'all'

informaDon' about' devices’' DataSets' and'

Commands,' CU' addresses' and' Hardware'

topology.'It’s'developed'on'UIToolkit'soUware'

layer.

MS
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!CHAOS%Node%&%Service

Data' Proxy' Service,' is' a' scalable' service' that'

implement' a' common'proxy' for' the' Live' and'

History' data' services.' It' includes' memcached'

and'the'drivers'for'implemenDng'ChaosQL''for'

storing'or'querying'history'data

Live Data Chache

ChaosQL
HST Driver

This' is' the'History'Storage'Cloud,' that' can'be'

accessed'by'means'of'the'Data'Service'Proxy.
HISTORY
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!CHAOS%Topology
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HISTORY

!CHAOS%Topology

D1

H A R D W A R E

Device'Data'Pack'&'Live'Data'Query

Command'Pack

D2
D3

Request 
History 
D1 Data

Request 
Live 

D3 Data

Request 
History 
D2 Data

Request 
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D1 Data

Request 
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Device'History'Data'Query

Live Data Chache

ChaosQL
HST Driver

Live Data Chache
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Live Data Chache
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ChaosQL
HST Driver
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HISTORY

!CHAOS%Topology
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H A R D W A R E
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Meta Data Server

distributed
KVDB
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object
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Relational
DB

MDS
admin

UI toolkits

live data client
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history data client
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MDS Admin Interface
(Google Web Toolkit)
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F. Zani

Meta+data'Server
•CU'configuraDon'manager

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

•SemanDc'of'data'(e.g.'db'records'structure)

•Command’s'list'and'semanDc'

•Naming'service
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live data
history db

core'services
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test'#3.1

memcached

8 core
RAM 16GB

writing every... 
(msec)

#CU 
(Write)

#clients 
(Read)

#servers #processes/
server

CPU load (%)

20 60 20 1 1 3-5

20 80 20 1 1 4-6

20 80 20 2 1 2-3

50 60 20 1 1 1-3

50 80 20 2 1 0-2

100 60 20 1 1 ?

100 80 20 2 1 ?

20 x reading
clients

n x writing
CU

C.Bisegni/F.Zani
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test'#3.2

memcached

8 core
RAM 16GB

writing every... 
(msec)

#CU 
(Write)

#clients 
(Read) #servers

#processes/
server CPU load (%)

20 80 20 1 4 (1 per core) 2-3

20 80 40 1 4 (1 per core) 2-3

40 1 4 (1 per core) 0

20-40 x reading
clients

C.Bisegni/F.Zani
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memcached
20 x 100kB @50 Hz

91,2 MBytes/sec !
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s4_hardware1_w20_m20_buff100000_rd10.log s4_hardware1_w20_m20_buff100000_rd12.log

2 x reading
clients

8 core
RAM 12GB

test'#4

C.Bisegni/F.Zani
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Measured'transfer'Dme'between'front+end'CU'and'a'

client'applicaDon'via'DOC'for'a'different'number'of'

concurrent'clients'reading'the'same'key/value'being'

conDnuously'updated'by'the'CU.
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The'idea:'replace'the'2nd'level'VME'address'space'with'

the'Memcached'associaDve'memory

DEVIL

CPU

at'2nd'level

Memcached'is'employed'

instead'of'the'VME'address'

space

At'3rd'level'the'CPU'writes'

the'data'structure'of'each'

element'to'Memcached'using'
the'element'name'as'key'and'
the'serialized'data'structure'

as-value

console

display At'1st'level'the'i+th'console'fetches'the'

data'from'Memcached

tests'at'DAFNE

A. Stecchi/L.Foggetta/P.Ciuffetti
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Preliminary'measurements

data'size:'64'bytes'for'packet'read

fetch'frequency'~'100'Hz

with'no'dependency'on'the'number'of'fetching'consoles'

(up'to'7'in'our'test)

Memcached'server'load'(measured'with'the'top'command)

CPU:'0.3%'+'0.7%''''memory:'~'0.1%

A. Stecchi/L.Foggetta/P.Ciuffetti
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Memcached has been used for storing the beam image from a digital camera of beam 
diagnostic.

measured fetch frequency: 8bit ~ 25 Hz, 16bit ~ 13 Hz; same transfer 
rate for all consoles fetching images from memcached (up to 4 in our test)

tests'at'SPARC

• network: Ethernet @1 Gbps
• image size: 640x480

• @8 bit = 300 kB
• @16 bit = 600 kB

G. Di Pirro
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architecture-and-sw-
development

claudio-bisegni

Control-Units--and-
front?end

luca-foggeMa

meta?data-server federico-zani

DAQ-and-data-archiving giorgio-gambosi

SuperB?!CHAOS--
coordinator

giovanni-mazzitelli

LNF-coordinator alessandro-stecchi

Roma?TV-and-project-
coordinator

luciano-catani

!CHAOS'contact'persons

{

{

{

{

{

{

{
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