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Objec8ve

One	
  ring	
  to	
  rule	
  them	
  all
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Objec8ve
What	
  we	
  want

•	
  a	
  design	
  that	
  permits	
  to	
  scale	
  to	
  achieve	
  high	
  speed	
  in	
  the	
  data	
  

acquisi6on	
  and	
  elabora6on	
  and	
  for	
  fault	
  tolerant;

•	
  possibility	
  to	
  a;ach	
  and	
  detach	
  an	
  en6re	
  subsystem;

•	
  possibility	
  to	
  “configure”	
  a	
  specified	
  instrument	
  without	
  halt	
  the	
  
full	
  system;

•	
  possibility	
  to	
  hot	
  insert	
  an	
  instrument	
  or	
  a	
  subsystem;
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Objec8ve

•	
  give	
  the	
  flexibility	
  to	
  implements	
  control	
  algorithm	
  on	
  abstracted	
  

instrument	
  class;

•	
  work	
  on	
  data	
  abstrac6on,	
  without	
  fixed	
  schema;

•	
  give	
  a	
  data	
  system	
  that	
  permit	
  to	
  monitor	
  the	
  instrument	
  
channels	
  and	
  query	
  the	
  history	
  	
  instruments	
  data;

•	
  the	
  data	
  can	
  be	
  managed	
  into	
  domains

•	
  every	
  domain	
  can	
  be	
  implemented	
  with	
  different	
  technology

What	
  we	
  want

Sunday, May 26, 13



Objec8ve
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What	
  is
!CHAOS	
  (Control	
  system	
  based	
  on	
  Highly	
  Abstracted	
  and	
  Open	
  Structure),	
  is	
  an	
  experiment	
  of	
  
CSN	
  5(technological	
  research	
  experiments)	
  at	
  the	
  LNF	
  and	
  Roma-­‐TV	
  sec6on.

The	
  project	
  has	
  been	
  appreciated	
  by	
  educa6onal	
  world	
  and	
  the	
  University	
  of	
  Tor	
  Vergata	
  and	
  
Cagliari	
  have	
  joined	
  the	
  development	
  team.

Università
TorVergata LNF - Roma2

Università
di Cagliari
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What	
  is
Premiale INFN “!CHAOS: A Cloud of Controls”

INFN-LNF (Laboratori Nazionali di Frascati)
INFN-TV (Sezione di Tor Vergata)
INFN-PG (Sezione di Perugia)
INFN-CNAF (Centro Nazionale Tecnolgie Informatiche)
INFN-PD (Padova)
INFN-LNS (Laboratori Nazionali di Catania)

ADF Solaris

National Instruments (NI)
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Framework	
  and	
  Services

•	
  90%	
  of	
  adapta6on	
  6me	
  of	
  instrument	
  to	
  !CHOAS	
  done	
  by	
  framework

•	
  simplify	
  the	
  crea6on	
  of	
  the	
  user	
  interfaces	
  

•	
  simplify	
  the	
  crea6on	
  of	
  the	
  control	
  algorithms	
  basing	
  it	
  on	
  an	
  abstrac6on	
  

of	
  the	
  I/O	
  channels	
  or	
  full	
  dataset	
  not	
  on	
  physical	
  device

•	
  All	
  service	
  for	
  data	
  management	
  and	
  monitoring	
  already	
  done	
  and	
  fully	
  

customizable

A	
  CPP	
  Framework	
  and	
  services	
  that	
  permit	
  to	
  have:
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!CHAOS	
  Simple	
  Vision
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  Vision

!CHOAS Common Framework
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Simple	
  Vision

!CHOAS Common Framework

!CHOAS CU Framework
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Simple	
  Vision

!CHOAS Common Framework

!CHOAS CU Framework

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

AlgorithmDevice Driver
(Control Unit)
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!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

Algorithm

!CHOAS UI Framework

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS MetaData Services

Device Driver
(Control Unit)
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!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS Data Services!CHOAS MetaData Services

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS Data Services!CHOAS MetaData Services

FS Driver

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS Data Services!CHOAS MetaData Services

FS Driver Index Driver

Device Driver
(Control Unit)
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS Data Services!CHOAS MetaData Services

FS Driver Index Driver

Fram
ew

ork	
  Boundary

Device Driver
(Control Unit)
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!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS Data Services!CHOAS MetaData Services

FS Driver Index Driver

Fram
ew

ork	
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ain

Device Driver
(Control Unit)

Sunday, May 26, 13



Simple	
  Vision
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  Vision

!CHOAS Common Framework

!CHOAS CU Framework !CHOAS EU Framework

UI ApplicationAlgorithm

!CHOAS UI Framework

!CHOAS Data Services!CHOAS MetaData Services

FS Driver Index Driver

Fram
ew

ork	
  Boundary
M
ulJple	
  Dom

ain
U
ser	
  Level

O
ut
	
  o
f	
  T

he
	
  B
ox
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Device Driver
(Control Unit)
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!CHAOS	
  Real	
  Model
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Live / History 
domain

Live / History 
domain

Data	
  Boundary

Common Toolkit

User Interface Toolkit

InformaJon	
  
Boundary

Chaos
Directory

Nodes

Common Toolkit

Control Unit Toolkit

C
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Node 
Information

Node 
Activity

Security

CQL Proxy Nodes

Indexer Nodes

Management Nodes

AbstracJon	
  
Boundary

Driver for sensor and instruments

User Interface for monitoring and controls

Controls
Algorithm

User	
  CustomizaJon	
  
Boundary
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!CHAOS	
  Framework	
  Toolkit
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!CHAOS	
  Framework	
  Toolkit

implements	
   the	
   fundamental	
   soVware's	
   layer	
   to	
  
RPC,	
   I/O,	
   Event	
   and	
   other’s	
   u6lity	
   code	
   and	
   for	
  
logic

Common	
  Toolkit

abstracts	
   the	
   !CHAOS	
   resources	
   to	
   the	
   device	
  
drivers	
  developers.

abstracts	
  the	
  CHAOS	
  resources	
  to	
  the	
  developers	
  
that	
   need	
   to	
   develop	
   control	
   and	
   compu6ng	
  
algorithms

abstracts	
  the	
  CHAOS	
  resources	
  to	
  the	
  developers	
  
that	
  need	
  to	
  develop	
  control	
  and	
  monitoring	
  user	
  
interface

CU	
  Toolkit

UI	
  Toolkit

EU	
  Toolkit
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!CHAOS	
  Services

The	
   informa6on	
   system	
   for	
   the	
   setup	
   and	
   the	
  
topology	
   of	
   the	
   !CHOAS	
   installa6on.	
   COntains	
  
informa6on	
  about	
  all	
  device	
  connected	
  and	
  for	
  all	
  
data	
  domains.	
   Performs	
   the	
   load	
  balance	
   	
   logics	
  
in	
  sta6c	
  	
  mode

Implements	
   the	
   live	
   and	
   historical	
   data	
  
management	
   logics.	
   All	
   internal	
   service	
   (Proxy,	
  
Storage,	
   Indexer)	
   are	
   scalable.	
   Every	
   domain	
  can	
  
be	
   iplemented	
   on	
   different	
   technolgies	
   (FS,	
  
IndexDB)

Metadata	
  Server

Data	
  Cloud	
  Domain
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!CHAOS	
  Services

Metadata	
  Servers

Slow Control Data

Slow Control Data

Detector Data

SC	
  Data	
  Cloud
[live/HST]

Experiment	
  Cloud
[HST]
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!CHAOS	
  Communica8on	
  Systems
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!CHOAS	
  has	
  three	
  different	
  communicaJon	
  system,	
  implemented	
  via	
  

plug-­‐ins:

RPC,	
  used	
  for	
  command	
  (messages	
  that	
  need	
  to	
  be	
  securely	
  received	
  and	
  
recorded	
  and	
  for	
  message	
  that	
  need	
  a	
  response	
  [	
  asynchronous	
  ])

Events,	
  used	
  for	
  inform	
  to	
  a	
  wide	
  range	
  of	
  nodes,	
  that	
  something	
  has	
  

happened	
  (device	
  heartbeat,	
  alert	
  on	
  device	
  channel,	
  received	
  command,	
  
etc..)

Direct	
  I/O,	
  used	
  for	
  streams	
  to	
  and	
  from	
  the	
  live,	
  	
  historical	
  data	
  or	
  inter	
  

node	
  data	
  exchange

Communica8on	
  Systems	
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Communica8on	
  Systems	
  

NetworkBroker
RPC Event Direct I/O

Client Server Client Server Client Server

Network

CommonToolkit,	
  implementa	
  a	
  soQware	
  switch	
  that	
  permit,	
  to	
  all	
  other	
  
class,	
  to	
  access	
  all	
  three	
  protocoll.

RPC
Channel

Action

Event
Channel

Handler

I/O Streammed
Channel

Push/Pull
Data Broker

Abstrac8on	
  Level

Plug-­‐in	
  Level

Framework	
  High	
  Level
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  toolkit
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•	
  CUToolkit	
  help	
  the	
  Control	
  Unit	
  (Device	
  Driver)	
  development

•	
  A	
  ControlUnit	
  a;ach	
  an	
  hardware	
  to	
  !CHAOS

•	
  Abstract	
  the	
  Command	
  Implementa6on	
  as	
  AC	
  (Ac6on)	
  and	
  SC	
  
(SlowControl)

•	
  Complex	
  schedule	
  for	
  SL	
  Command

•	
  Implement	
  the	
  main	
  control	
  run-­‐loop	
  (Acquisi6on/Control)

CU	
  Toolkit
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CU	
  Toolkit	
  Command

AC Command

Handler

Alias

•	
  AC	
  Command	
  is	
  a	
  simple	
  RPC	
  call	
  for	
  an	
  ac6on	
  a;acched	
  to	
  an	
  alias

•	
  it	
  is	
  executed	
  in	
  a	
  different	
  thread	
  than	
  the	
  main	
  run-­‐loop,	
  the	
  appropriate	
  
synchroniza6ons	
  need	
  to	
  be	
  done	
  by	
  developer
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CU	
  Toolkit	
  Command

SC Command

Alias

Set Acquire Correlation
Commit

Property State

	
  Slow	
  Control	
  Command	
  implements	
  up	
  to	
  three	
  handler

•	
  Set	
  Handler	
  (mandatory),	
  need	
  to	
  set	
  the	
  device	
  register	
  for	
  achieve	
  the	
  command	
  purpose

•	
  Acquire	
  Handler	
  (op6onal)	
  need	
  to	
  acquire	
  the	
  data	
  needed	
  by	
  next	
  handler

•CorrelaJon	
  and	
  Commit	
  (op6onal),	
  need	
  to	
  check	
  the	
  current	
  value	
  and	
  execute	
  hardwre	
  
control	
  for	
  achieve	
  the	
  command	
  purpose
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CU	
  Toolkit	
  Command

SC Command

Alias

Set Acquire Correlation
Commit

Property State

	
  Slow	
  Control	
  can	
  have	
  also	
  property	
  and	
  state:

•property,	
  are	
  used	
  to	
  tweek	
  framework	
  behaviour	
  within	
  command	
  execu6on,	
  this	
  also	
  
contai	
  the	
  input	
  valu	
  efor	
  the	
  command;

•state,	
  tracks	
  the	
  current	
  state	
  of	
  the	
  command	
  {fault,	
  end,	
  killable,	
  overridable,	
  stackable}
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CU	
  Toolkit	
  Scheme

Common Toolkit

Control Unit Toolkit

The	
  Control	
  Unit	
  developed	
  by	
  the	
  user	
  need	
  to	
  extend	
  a	
  C++	
  class

The	
  ACU	
  implements	
  the	
  mandatory	
  methods	
  used	
  by	
  !CHOAS	
  to	
  get	
  device	
  informa6on	
  and	
  
for	
  control	
  it
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CU	
  Toolkit	
  Scheme

•defineAc6onAndDataset
•init
•run	
  loop
•stop
•deinit

AbstractControlUnit

Common Toolkit

Control Unit Toolkit

The	
  Control	
  Unit	
  developed	
  by	
  the	
  user	
  need	
  to	
  extend	
  a	
  C++	
  class

The	
  ACU	
  implements	
  the	
  mandatory	
  methods	
  used	
  by	
  !CHOAS	
  to	
  get	
  device	
  informa6on	
  and	
  
for	
  control	
  it
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CU	
  Toolkit	
  Scheme

SC
 C

om
m

and

Set

Acquire

Correlation and Commit
Command
Data

RCP Channel

Command
Data

Command
Data

Command Queue
Control Unit
Run-Loop

The	
  Control	
  Unit	
  developed	
  by	
  the	
  user	
  need	
  to	
  extend	
  a	
  C++	
  class

The	
  ACU	
  implements	
  the	
  mandatory	
  methods	
  used	
  by	
  !CHOAS	
  to	
  get	
  device	
  informa6on	
  and	
  
for	
  control	
  it

Handler
Install
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!CHAOS	
  UI	
  Toollkit
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UIToolkit	
  helps	
  the	
  user	
  interface	
  development

Gives	
   API	
   that	
   help	
   to	
   develop:	
   monitoring	
   processes,	
   device	
  
controller	
  etc...

Gives	
  an	
   high	
   performance	
   queue	
   using	
   "locking	
   free"	
   design.	
   	
   The	
  
queue	
   can	
   manage	
   quan6za6ons	
   ,	
   over	
   6me,	
   for	
   the	
   dataset	
   data	
  
acquisi6on

UI	
  Toolkit

UIToolkit

Live Acquisition Thread Pool

Ab
sr

ac
tIO

Dr
ive

r

Ab
sr

ac
tIO

Dr
ive

r

DeviceControl DeviceControl

InterThread Cache Logic

Network
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UI	
  Toolkit

A	
  “c”	
  interface	
  is	
  provide	
  to	
  access	
  UIToolkit	
  into	
  soVware	
  that	
  don’t	
  
permit	
  to	
  use	
  C++	
  as	
  developer	
  language.

This	
  permit	
   to	
   realize	
   an	
  user	
   interface	
   or	
   controller	
   algorithm	
   into	
  
another	
  soVware	
  as	
  plugin,	
  as	
  for	
  example	
  LabView.

The	
   “C”	
   proxy	
   has	
  a	
  minimal	
   set	
  of	
   interface	
   to	
   simplify	
   the	
   device	
  
controller	
  alloca6on,	
  dealloca6on	
  and	
  usage.
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!CHAOS	
  EU	
  Toolkit
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•helps	
  the	
  development	
  of	
  distributed	
  algorithms	
  (Execu6on	
  Unit)	
  
that	
  can	
  be	
  used	
  to	
  compute	
  or	
  automate	
  the	
  devices	
  control

•The	
   EU	
   can	
   have,	
   in	
   input	
   the	
   device	
   channels	
   or	
   all	
   the	
   Dataset	
  
descrip6on,	
  so	
   it	
  work	
  on	
  a	
  "Class"	
  of	
  device	
  not	
  directly	
  on	
  one	
  
device.

•The	
   EU	
   can	
   be	
   also	
   used	
   to	
   perform	
   calcula6on	
   instead	
   control	
  
algoritm;

•on	
  EU	
  can	
  be	
  preset	
  in	
  many	
  instance	
  distributed	
  on	
  different	
  fiscal	
  
server

•S6ll	
  under	
  design

EU	
  Toolkit
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Execu8on	
  Unit	
  Example	
  1

live	
  dataCU_1	
  DATA	
  BLOCK

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)
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Execu8on	
  Unit	
  Example	
  1
this	
  is	
  the	
  real	
  data	
  flow

live	
  dataCU_1	
  DATA	
  BLOCK

Output	
  channel	
  data	
  is
read	
  from	
  device

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)

Sunday, May 26, 13



31

Execu8on	
  Unit	
  Example	
  1
this	
  is	
  the	
  real	
  data	
  flow

live	
  dataCU_1	
  DATA	
  BLOCK

Output	
  channel	
  data	
  
is	
  pushed

on	
  live	
  memory	
  block
from	
  CU_1

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)
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Execu8on	
  Unit	
  Example	
  1
this	
  is	
  the	
  real	
  data	
  flow

live	
  dataCU_1	
  DATA	
  BLOCK

Output	
  CU_1	
  channel
data	
  is	
  read	
  from	
  live

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)
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Execu8on	
  Unit	
  Example	
  1
this	
  is	
  the	
  real	
  data	
  flow

live	
  dataCU_1	
  DATA	
  BLOCK

some	
  logic	
  is	
  done

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)
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Execu8on	
  Unit	
  Example	
  1
this	
  is	
  the	
  real	
  data	
  flow

live	
  dataCU_1	
  DATA	
  BLOCK

The	
  Input	
  channel	
  on	
  CU_2
is	
  set	
  with	
  RPC	
  command

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)
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Execu8on	
  Unit	
  Example	
  1
this	
  is	
  the	
  real	
  data	
  flow

live	
  dataCU_1	
  DATA	
  BLOCK

The	
  input	
  channel	
  is	
  set	
  on	
  
HW

by	
  CU_2

Device Driver
(Control Unit)

Algorithm
(Custom Execution Unit) Device Driver

(Control Unit)
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!CHAOS	
  Data	
  Cloud	
  &	
  Services
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Data	
  Management

!CHOAS	
  has	
  two	
  different	
  management	
  system	
  for	
  the	
  data	
  apparatus	
  

controlled	
  environment	
  data,	
  managed	
  by	
  the	
  “cloud”	
  paradigma

Live	
  Data
History	
  Data
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!CHAOS	
  Live	
  Data
live

cachedev_1

push data

ui_1

ui_2

eu_1
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Live	
  Data

live
cachedev_1

push data

ui_1

ui_2

eu_1

Every	
  instrument	
  pushes	
  the	
  data	
  of	
  his	
  I/O	
  channels	
  into	
  the	
  shared	
  

cached	
  through	
  the	
  controller	
  CU
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Live	
  Data

1.	
  every	
  node	
  can	
  read	
  data	
  from	
  the	
  central	
  cache	
  at	
  any	
  Gme[polling]

2.	
  the	
  nodes	
  can	
  register	
  to	
  central	
  cache	
  for	
  receive	
  update[push]

live
cachedev_1

push data

ui_1

ui_2

eu_1
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Live	
  Data

live
cachedev_1

push data

ui_1

ui_2

eu_1

live
cachedev_2

push data

scalability	
  &	
  reliability

All	
  data	
  of	
  all	
  instruments	
  are	
  

distributed	
  across	
  many	
  cache	
  server	
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Live	
  Data

live
cachedev_1

push data

ui_1

ui_2

eu_1

live
cachedev_2

push data

X

scalability	
  &	
  reliability

with	
  the	
  algorithm	
  previously	
  shown,	
  

when	
  one	
  server	
  goes	
  down,	
  all	
  client	
  

that	
  push's,	
  or	
  read,	
  data	
  on	
  that	
  

server,	
  use	
  another	
  server,	
  with	
  
highest	
  priority
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Live	
  Data

Push	
  data	
  service

every	
  node,	
   if	
  authorized,	
  can	
  register	
  itself	
  on	
  the	
  Control	
  Unit	
  for	
  “push”	
  

data	
  service.	
  

In	
  !CHOAS	
  this	
  mode	
  is	
  permi;ed	
  only	
  for	
  those	
  nodes	
  that	
  need	
  to	
  get	
  the	
  

device	
  value	
  in	
  a	
  determinis6c	
  6me.	
  

The	
   number	
   of	
   “Push”	
   client	
   is	
   regulated	
   by	
   the	
   control	
   managment	
  

console.
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It	
  is	
  realized	
  by	
  three	
  different	
  services	
  and	
  two	
  driver

ChaosQL	
  Proxy Indexer	
  Node Management	
  Node

Storage Driver Index Driver

Storage	
  Driver	
  abstrac6on Index	
  Driver	
  abstrac6on
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Chaos	
  Query	
  Language

	
  ChaosQL	
  implement	
  the	
  following	
  opera5on	
  on	
  data

•	
  push	
  history/live	
  data	
  per	
  device
•	
  create	
  index	
  on	
  device::a>ribute::{rule}
•	
  delete	
  index	
  on	
  device::a>ribute
•	
  retrieve	
  data	
  with	
  logic	
  opera5on	
  on	
  a>ribute	
  and	
  index
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...closing

in	
   the	
   next	
   year	
   all	
   development	
   force	
   will	
   be	
   focused	
   to	
   realize	
   the	
  

system	
  for	
  the	
  history	
  data	
   	
  and	
  for	
  the	
  metadata	
  server,	
  a	
  prototype	
  for	
  

each	
  system	
  will	
  be	
  available	
  for	
  2014	
  2Q
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