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ICHAQOS is a INFN experiment aimed to defining and validating a new paradigm for
distributed control systems (DCS) and fast data acquisition (DAQ) for particle
accelerators and experimental apparatuses.

Indeed, its flexibility allows a much wider spectrum of applications.

Goals:

e design an innovative control system based on the newest software
technologies

e define a new services topology for controlling devices and data acquisition

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

e high scalability for each core service;

e high abstraction of devices control software;
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“the standard model”

conkrol room
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accelerator
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“the standard model”

conktrol room

two different
&c:)!zm logies
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accelerabtor
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the new paradigm

conkrol room

accelerator
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the new paradigm: scalability eliminates bottleneck

wore  conkrol room

{;\,Le.v&s , - ‘ < (e es
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Control System topology
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m dev-1 AL dev-1
live history

/
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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
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-
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ICHAQOS keywords

labili { Jof performance
SCalanl |ty J :
and size
. Jofservices
abstraction ‘/ o
and device
integration o—{ Jall services provided by the SC

fast, easy and
modular Jdevices’ drivers
development only

customization
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client — —
v request system information
v display or analyze live data

v' run users’ applications (measurements)

v request changes of device settings (commands)

v' provide (or receive) list of device to control
v' execute device specific control loop
v provide read-out data

v' change device settings (commands)

(LT [ CRT [

server

\* UL OcV-1
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Abstraction of components

>

Control System

Orchestrator Meta-da;a SVr.,

®ecach service isn’t directly offered to
users; glueing and wrapping routines

will be developed to provide an high
/'lj level of abstraction

live data

e updates of core services doesn’t
influence the user applications

history data

e higher flexibility in defining API

wrapped

core service

N service wrapping
library
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E abstraction
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L. Foggetta

LabVIEW-CHAOQS integration

(a very basic solution)

meta-data distributed distributed
server object caching KVDB

Commands

9
5

18]]0JJU0D pus-1uo.}

dev-1

i ==

(user defined) device
management plug-ins




dev-1 | dev-1
€A live - histor abstraction
. / boundaries:
#

e b

- live data collection and distribution

- continuous (history) data archiving (DAQ)
and history data retrieving

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

¥

abstraction boundaries
.S.a!.J.EbU.nb.q.l:l(.)!E]_:.)éJ.losélé.................

L TR, <~
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client abstraction
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are we simply caching everywhere ?
) client
C% application

Ul toolkit
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C.Bisegni

ICHAOS framework layers

CUToolkit, abstract the |CHAQOS resources to the
device drivers developers.

EUToolkit tools for developing distributed control

\ node or computing nodes
-

UlToolkit tools for developing client application
that accesses |CHAQOS resource
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C.Bisegni

ICHAOS framework layers

These tree layers represent the
ICHAQOS Framework
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C.Bisegni

ICHAOS Node & Service

Control Unit, a piece of software developed on
CUToolkit implementing the device drivers

LI 00

Execution Unit, is a the specialized software
implementing slow-controls or computing
algorithms.

LI 00

ChaosQL Data Pack Channel
‘\ Chaos Command Pack Channel
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ICHAOS Node & Service

The Chaos Control GUI is based on the UlToolkit
for accessing !CHAQOS resources. The UlToolkit is
also used by control panels/client applications
developers to make their custom application

Metadata Server, stores and keeps track of all
information about devices” DataSets and
Commands, CU addresses and Hardware
topology. It’s developed on UlToolkit software
layer.
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C.Bisegni

Data Proxy Service, is a scalable service that

(LLive Data Chache ) implement a common proxy for the Live and

ChaosOL History data services. It includes memcached

[ HST Driver J and the drivers for implementing ChaosQL for
storing or querying history data

This is the History Storage Cloud, that can be
accessed by means of the Data Service Proxy.
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ICHAOS Topology
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Server Cluster
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ICHAOS Topology

B Device History Data Query
| Device Data Pack & Live Data Query
% Command Pack

Request
Live
DI Data G
(' Live Data Chache ) History

D2 Data

Request

ChaosQL
HST Driver
Live
D3 Data

HISTORY

(' Live Data Chache )

( Live Data Chache )

ChaosQL
HST Driver

ChaosQL
HST Driver

(N (N
LIo0E LI
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ChaosQL
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Request
Live
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ICHAOS Topology

B Device History Data Query
| Device Data Pack & Live Data Query
% Command Pack

Send Command Pack

To DI

( Live Data Chache )

Ca)
HISTORY

ChaosQL
HST Driver

(' Live Data Chache )

ChaosQL
HST Driver

¢

( Live Data Chache )
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C.Bisegni

Send Command Pack

) To D3

(' Live Data Chache )
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ChaosQL
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F Zani

Meta-data Server

e CU configuration manager

(e.g. managing of pushing data rate)

e Semantic of data (e.g. db records structure)

Ul toolkits

e Command’s list and semantic Meta Data Server

. . _l I MDS Admin Interface I
e Naming service : | (Google Web Toolki) |

Object Relatlonal
Mapplng Relational

| Apache Cayenne) | DB @
I history data client I distributed .
I (Mongo client) | KVDB %

. distributed
I live data client & object *

S cach \
| (spymemcached) caching

ICHPOD

communication
framework
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history db

26

core services
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test #3.1

C.Bisegni/F.Zani

] n x writing |memtached| 20 x reading ]
CuU clients
E o oo
writing every...| #CU #clients #processes/ o
(msec) (Write) | (Read) SR server CPUload (%)
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 ?
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C.Bisegni/F.Zani

test #3.2

|memcached| 20-40 x reading

] clients
8 core
RAM 16GB
g evers | e | e | aservers | #Processes | ooy oad 0
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
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C.Bisegni/F.Zani

test #4

[

20 x 100kB @50 Hz 2 « readin

& core clients
91,2 MBytes/sec !' RAM 12GB

s4_hardwarel_w20_m20_buff|00000 rdI0.log s4_hardwarel_w20_m20_buff|00000_rdl2.log
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Measured transfer time between front-end CU and a
client application via DOC for a different number of
concurrent clients reading the same key/value being
continuously updated by the CU.
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A. Stecchi/L.Foggetta/P.Ciuffetti

tests at DAFNE

The idea: replace the 2nd level VME address space with
the Memcached associative memory

data from Memcached

[display} At 1st level the i-th console fetches the

f :

- at 2nd level
Memcached is employed

instead of the VME address
space

console

At 3rd level the CPU writes )

I
I
the data structure of each :
element to Memcached using |
the element name as key and
I
I
I
I
I

the serialized data structure
as value
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A. Stecchi/L.Foggetta/P.Ciuffetti

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%
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G. Di Pirro

tests at SPARC

Memcached has been used for storing the beam image from a digital camera of beam
diagnostic.

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

@8 bit =300 kB

e @16 bit = 600 kB

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)
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ICHAQOS contact persons

architecture and sw
development

Control Units and
front-end

meta-data server

DAQ and data archiving

SuperB-!CHAOS
coordinator

LNF coordinator

Roma-TV and project
coordinator
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