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A challenge for Control system: ““F,j
the scale of ATLAS Trigger-DAQ

e ATLAS T/DAQ is composed of a huge number of
hardware and software components:
1800 read-out VME boards
1800 fiber links
150 ROS PCs each hosting 4 ROB-IN cards
500 LVL2 PCs
90 SFI PCs
~2000 EF PCs
~30 SFO PCs
~50 infrastructure PCs (file servers)
~200 Ethernet switches
And O(10000) applications running
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Run Control: Design goals

With the given system size, h/w and s/w failures are very
probable, and it is very important to have testing and diagnostics
facilities embedded in the Control System in order to:

e Detect problems as early as possible by means of probing the
system

e Make use of system’s developers expertise (knowledge)
e Automate verification of a large system

e Minimize system down-time, using recovery procedures based
on problem diagnosis
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./
Design principles ¥

e Framework approach: system shall be configurable and
extensible by experts and users, also during the experiment life-
time

e EXxpert system approach: system’s behavior is described in rule-
based language, allowing accumulation of expert’'s knowledge
and easy adaptation in changing conditions

e Hierarchical distributed architecture of the Run Control system,
reflecting the structure and the scale of the experiment
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Run Control: atree of controllers %,
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/
Controller’s behavior \%

e Each Run Controller is an implementation of a Finite
State Machine and a small Expert System (i.e.
engine + some rules)

e Each controller has a state, determined by states of
children by the rules

e A simple rule is just ‘if all my children are in state A,
change state to A’

e More complex recovery rules should analyze errors
and make some decisions (disabling a sub-tree,
executing recovery actions, reporting to parent)
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¥

DVS (more details in part Il)

Diagnostics and Verification System

A framework which allows to:
Configure a test for any component in the system

Have a testable view on the particular
configuration of a system in a user-friendly GUI

Automate testing of the system

Make diagnostics conclusion in case of a problem
detected during testing (provided some
knowledge put in the Knowledge Base)
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Setup component: *
Infrastructure supervision

e Setup component is a ‘boot-strap controller’ for the
Initial infrastructure of TDAQ

e It brings the system to a state where it can accept
RC commands

e It uses DVS to verify in depth system’s h/w in order
to detect potential problems ASAP and confirm the
system’s integrity before launching any process

e |t contains additional rules to start, restart and verify
applications and diagnose related problems

e Functionality of applications are also confirmed by
the execution of tests
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CLIPS: expert system shell ¥

e 'C’-Language Integrated Production System
e Produced by NASA

e Free, open (written in ‘C’) and well-
documented

e Embeddable in other s/w products as a
library

e Features: rule-base programming paradigm
(rules and facts), OO language (classes and
objects), conventional procedural constructs
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Part Il: DVS, diagnostics and | ()
verification framework \F’v
e Overview

e New features, added on request by users,

basing on the experience of its use In the real
environment

e Usage of DVS for ATLAS commissioning
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Use Cases for DVS

DVS

Verify
Component

Controller

_
N

Operator ~

Diagnose
Errors

Browse
Testable
Components

Delevop &
Configure
Test

Expert

13 CHEP 2006 Mumbai India 13-17 February 2006 A.Kazarov ‘A rule-base control and verification framework for ATLAS T/DAQ’



DVS architecture

DVS
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What is a test

Test is a binary, running on a
particular host in a system

Test verifies a particular
functionality of a TDAQ
component

For a single component, a
number of tests can be
associated

Test returns a value: PASSED,
FAILED, UNRESOLVED,
TIMEOUT

Tests can be organized in
sequences, executed
synchronously or
asynchronously

Tests and their relationships
are fully described in a
database

Test

timeout: 532
parameters: string

host: string

exec_mode: enum = 'async’
init_timeout; 832 ="0
diagnosis: string

advice: string

scope: enum = "any’
complexity: ud="0"
test_mask: string=""
interactive: bool = Talse'

0.N

init-depends-frem

1.1 '\T\‘?

ComputerProgram

DefaultParameters: string

get_parameters
get_env ironment

Binary

Test4Object

object_id: list of string
averride_testdclass: bool = 'true’

TestdClass

class_name: string
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DVS for end-users

P
¥ | Diagnostics Verification Framework: Configuration MobiDAQ

CEAPSTBRE

Artions  Options  Help

@

Update runtime output

DAQ Components

|( Diagnosis rExper‘t Arhdce rTest Log r Help rAppIicatiun Logs rTEst Funtime Logs

o B sector 12
M TileDrawerMocule LEC45
M TileDrawerModule LBC46
M TileDrawerModule LBC47
M TileDrawerModule LBC48
M TileDrawerModule LEC49
M TileDrawerModule LECS0
M TileDrawerModule LBCS 1
M TileDrawerMadule LECS2
¢ 5 Pedestal 1KHz
] TriggersyncPedestal TrigPedestal
B RODEMUChanPedestal Drawer-01
B RODEMUChanPedestal Drawer-02
B RODEMUChanPedestal Drawer-11
I RODEMUChanPedestal Drawer-12
M RODEMUChanPedestal Drawer-2 1
I RODEMUChanPecdestal Drawer-22
B RODEMUChanPecestal Dravwer-32 1
I RODEMUChanPecestal Dravwer-322
¢ % Pedestal 100KHz
W Triggersync Triglooo
B RODEMUChan Drawer-01
B RODEMUChan Drawer-02
M RODEMUChan Drawer-11
M RODEMUChan Drawer-12
M RODEMUChan Drawer-2 1
M RODEMUChan Drawer-22
B RODEMUChan Drawer-3 1
M RODEMUChan Drawer-22
¢ % CI5 Low Gain
¥ TriggersyncCISLG TrigCIsLG
W RODEMUChanCISLG Drawer-01
I RODEMUChanCISLG Drawer-02
B RODEMUChanCISLG Drawer-11
B RODEMUChanCISLG Drawer-12
M RODEMUChanCISLG Drawer-2 1
B RODEMUChanCISLG Drawer-22
B RODEMUChanCISLG Drawer-31
B RODEMUChanCISLG Drawer-32
o T IS High Gain
o Trigger Readout
o % LED

@ Metwark,

2]

E

10:13:19 AM: Testing completed
10:29:47 AM: Testing started

10:29:47 AM: Launchmg test wia Test Manager

10:22:47 AM: Test(s) for the object 'RODEMUChanCISLG@Drawer_CISLG_32' to be started:

& 'tile_drawer CISLG' fmplemented as SW_Object tile_drawer _cis)
Parameters: -v -m 1 -t 10 -c 1 -d42 -52 -f 100 -a 700 -b
Host: Inxmobiz0

10:30:17 AM: 10:20:17 AM: Test output

*#xx¥ file_drawer _CISLG standard output:

The module is barrel

RCD:vVmeSlaveMap: Dump: id = 0, pci = 0036000, vime = 04000000

Reading 1 events per trigger from S5PCI-2

Mode 1

TileDigiFragment: m_drawerid LBC52_20080117_1029

Starting acquisition

Ewvents remaining 10

Ewents remaining =

DEEUG: TGraph created

Ewvents 10 21947 40us

#¥¥¥ fjla_drawer_CISLG error cutput:

Infoin : ps file /data test_results/CisSampleLG_LBCS2_Z0080117_1029.ps has been created

Infoin : Current canvas added to ps file (data [test_results|CisSampleLG_LBCSZ 20060117 _1029.ps
Infoin : Current canvas added to ps file (data [test_results|CisSampleLG_LBCSZ 20060117 _1029.ps
Infoin : Current canvas added to ps file Jdata [test_results [ CisSampleLG_LBCS52_20060117_1029.ps

Wy

10:30:17 AM: Test for RODEMUChanClSLG Drawer-32 PASSED
10:30:17 AM: Testing completed.

initializing... Ok
Partition MobiDAd loaded
Test verhosity switched O~

‘Welcome to the OnlineSW Diagnaostics and Verification Framewark

Terminal = Terminal [laTLAs TDAQ Software | Tue Jan 17

s

Terminal iDiagnostics Verification 10:30 AM
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Use of tests from Setup

T m Hardware B
9 % Segment Infrastructure
T “ setup hosts
w
g Q Ixplus001l.cern.ch
..G Q Ixplus002.cern.ch
) Q Ixplus003.cern.ch
's Q Ixplus004.cern.ch
]
Q Q Ixplus005.cern.ch
:: Ixplus00&.cern.ch
.E Q p
U Q Ixplus00?.cern.ch
By
“E Q Ixplus008.cern.ch
—
Q Ixplus009.cern.ch —
Q Ixplus010.cern.ch
Q Ixplus104.cern.ch L
Release nightly Retry Ignore and Continue Shutdown Ahort
19:18:14 ERR INTERMAL Failed to wverify partition hfw. Anakze results and make a decision: retry, continue or exit
iR R el INFORMATION INTERMAL Staring werification of the hfw used in the partition
19:18:11 Qligeliin Eyuiel INTERMAL Connected to setup manager. Getting status of inrastructure. ..
iR INFORMATION INTERMAL Connecting to Setup Manager in partition onlsw_test_lxplus
19:17:59 Qligel it Eyulel INTERMAL Initializing panels and connecting to infrastructure, please wait
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New features:

| \ﬁj

e Tests levels and masks for more precise test
selection, which allows to promptly configure test
repository without editing the database

e Asynchronous and synchronous mode for execution
of tests for complex objects

e Test scope to prevent conflicting tests from being
executed when system Is taking data

e Tests verbosity can be defined globally at runtime
e Test’s runtime output for long-running tests

e Test report combined and saved in a file (and then
to production DB)
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Y
New features: interactive tests \%

e Normal tests are non-interactive, no input Is
accepted and am exit code Is returned

e New type of interactive tests, called ‘actions’,
were introduced to:

allow users execute more complex test scenarios,
requiring some user’s input

use already existing console utilities

e Action Is configured as a test, but it Is
launched In a terminal window
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DVS usage for subdetector
commissioning

000000
=
" | 1
'\ |

e Developed tests for Tile
ROD modules:

o teSt rOd allrwreQISterS teSt Artions  Options  Searchlogs  Help
all ROD components [ e 4

™8 Diagnostics Verification Framework: Configuration TileCalPartition

¢ teSt—rOd—local' teSt Local l.lIIDAQ Camponents l/Diagnnsis rE}{per‘t Advice rTest Log rHelp |/
and Busy Components ?s-gn:’_i'g:];;i:i;;TiIeCaIPar‘titinn II'

e test rod_oc: test each of # @ Sgamen TieCaEBASegmen
the Z OC_ FPGAS $ %SEgment TileCalEBA ROD

,@ Camputer 'recl’
o [ Crate TileCalEBA'

e test rod_pu: test each of 8 TieCal RODMoclle 1
the 4 PUs (Dummy or DSP) B8 TiCal RoDMacte 3
™ TileCal RODModule 4

e test rod staging: test each P Til=Cal RODMaclle 5

M TileCal RODModule &

of the 4 Staging FPGAs B8 TilCal RODMoce 7

¥ TileCal RODMaodule 8

e test rod ttc: testthe TTC o @ Seqment TIaCaERA ROS
I k.
FPGA s Tl
Welcame ta the OnlinedWw Diagnostics and Yerification Framewark;

initializing... Ok
Partition TileCalPartition loaded
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X
¥y

‘MobIDAQ’: DVS-base testing
setup for Tile subdetector

000000
B

http://atlas.web.cern.ch/Atlas/SUB_DETECTORS/TILE/Commissioning/mobidag/HowTo.htm
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MobIDAQ test suit s

Diagnostics Verification Framework: Configuration MobiDAQ -~
" " Created by "tiledaq" on "potb-tdag-onl02" at "19/5/04 19:02:21"
Aftions  Options  Help

Last modified by "mobidaq" on "lhxmobiZB" at "13/1/06 19:52:20"

Update runtime output

R& 7 %

DA Components

| Diagnosis | Expert Atvice | Test Log | Ha

Terminal

M RODEMUChanPedestal Drawer-01
M RODEMUChanPedestal Drawer-02
M RODEMUChanPedestal Drawer-11
B RODEMUChanPedestal Drawer-12

22

E EODEMUChanPedestal Drawer-2 1
E FODEMUChanPedestal Drawer-22
B RODEMUChanPedestal Drawer-3 1
[ RODEMUChanPedestal Drawer-32
o g Pedestal 100KHz
T CI5 Law Gain
] TriggersyncCISLG TrigCIsLG
B RODEMUChanCISLG Drawer-01
W RODEMUChanCISLG Drawer-02

W RODEMUChanCISLG Drawer-22
B RODEMUChanCISLG Drawer-31
W RODEMUChanCISLG Drawer-32

o CI5 High Gain

o= Trigger Eeadout

o LED

@ Metwark,

Events rermaining 60
Events remaining 55
Events rermaining 50
Events remaining 45
Events rermaining 40
Events rermaining 35
Events rermaining 30
Events rermaining 25
Events remaining 20
Events rermaining 15
Events remaining 10
Events rermaining 5

Data taking finished

Events 1000 31380us
*erd vila_drawer _pedestal error outy
Infoin : eps file [data /test_results ||
been created

EEETs

-

Logical Mame I: Type I:

Include files

[ TileDrawerModule LBC45 Events remaining 90 dal/zchemarcore, schema, xml K
[ TileDrawerModule LEC49 Events remaining 85 DAlRel ease/su/ tags, data, xml J
[ TileDrawearModule LECS 0 Ewvents remaining 80 tmgr/schenastest-repository, schema,xml 7]
[ TileDrawerModule LECS 1 Events remaining 75 =
[ TileDrawerModule LBCS 2 Events remaining 70 Objects
¢ E Pedestal 1KHz Events rermaining 65 - w
M TriggersyncPedestal TrigPedestal integ_pedsETestdllass

test_adc_interface@Testd4Class
test_canbus_interfacel@Testd4Class
test_detector_dummy@Test4Clazs
test_drawer_register@TestdClazs

A1

test_dummy_envET
test_hv_channels@
test_hv_interface

test_root_interfa
test_trigger_inte
test_ttc_interfac
tile_drawer_CISHG

tile_drawer_reado
tile_drawer_trigg
tile_drawer_trigg
tile_drawer_trigg
tile_drawer_trigg

M Apply| Cance

Welcome to the OnlinesW Diagnostics and Yerification Framewark:

I ESTET

MobiDAQ In action

Oks Object : Test4Class@ test_integratol

Object ID: Itest_integr‘ator‘_inter‘Face

Classy I Testd4Class

Data File: I Yhome/mobidag/public/databazes

M RODEMUChanCISLG Drawer-11 - created default TCanvas with nary | | tile-drawver CISLG Datas
M RODEMUChanCISLG Drawer-12 Mean BMS 0622035 tile_drawer_LETET, i
B RODEMUChanCISLG Drawer-21 Mean RMS 1 31658 tile_draver_pedss{ || Attributes:

timgout | 1000
parameters | —q -g0 -i #thiz, Name -f
host Irxmobi26

exec_mode | sync

initializing... OK L i
Partition MobiDAQ lnaded i inea ||
Test verbosity switched ON
ou hawe set the global complexity level to: 2 diagrosis
ou hawve set the global complexity level to; O
Starting ConfDE GUI ‘oks_data_editor partition/MaobiDAQ. data. xml' advice

sCOpeE | any

complexity |2

21 [Terminal]

S [Terminal] |5 [Terminal]

[Oks Data E(lgoks Data File| gy

2 [Terminal]

_[ATLAS TDA |&¥Diagnostics \|| |[Oks Data Ec|i_.]oks Object : | 12

test_mazk integrator

interactive  false

Feb 03

152 PM ‘%.j
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DVS for ROS commissioning

7 Diagnostics Verification Framework: Configuration part_commissioning

Actions  Options  Help

% % I;,‘ ﬂ Update runtime output

DAQ Companents

[ Diagnosis | Expert Advice | Test Log | Help |

@ Configuration part_cammissioning
? m Harchware
S ﬁSegmem EOScammissianing Segment
9 'ﬁ po-tile-ros-lba-01
@ Computer 'pc-tile-ros-lba-01"'
¢ % OS5 3 RobinReadoutModule O
% EohinDataChannel R0OS53 RohinDataChannel
% RohinDataChannel ROSS 3 RobinDataChannel 1
% RohinDataChannel ROS52 RobinDataChannel 2
¢ I ROS52 RobinReadoutModule 1
% RohinDataChannel R0OS52 RohinDataChannel 2
% RohinDataChannel R0OS52 RohinDataChannel 4
% RohinDataChannel R0OS53 RohinDataChannel 5
¢ F% ROS52 RobinReadoutModule 2
% RohinDataChannel ROS53 RobinDataChannel &
% RohinDataChannel OS5 3 RobinDataChannel 7
% RohinDataChannel ROS53 RobinDataChannel 8
¢ B ROS52 RobinReadoutModule 3
% RohinDataChannel ROS53 RobinDataChannel @
% RohinDataChannel RO552 RobinDataChannel 10
& RohinDataChannel ROS52 RohinDataChannel 11
o % Metwark
¢ Softwara
O= = Spryices
o ﬁ EOScommissioning Segment

Emupattern| 21| 1| 1| O] Q[ O] 1| O] O
Continbist| 22] 1] O] 1] 1] O] 1| 0] O]

[gnorebist| 221 1 1] 1] 1] 0] 1] O] O

Rolextloop| 24| 1| O] 1] 1] Q] 0| O] O
Mactzdrop| 25[ 1| 1] 1| 1| 0| O] O] O]
Mgmtcache| 26| 11 0] 1] 1] O] O] 1] 1]
Drmafifocheck| 27 1] 1] 11 1| 0] O] 1]
Upfdmal 28] 1| 0] 1] 11 Q] 1] 0] O] 0|
Hdrdma| 29| 1] 0] 1] 1] 0] O] O O] 0]
Frescalefrag| 30| 110 O] 1] 0] 1| 3| 3
Frescalermsg| 211 110l O] 11 0] 1] 111
Frescalefpf] 32| 11 0] O] 11 O] 1] 10| 1
UDPEasePort| 33| 0] O 0] 1] 0] 1] 90
MaxlE1E8check| 34 1|1 0] 1] 1| O] 0] d
channelld| 35| 0] 1| O] O] O] O] 10| 44
Dechlodeld| 26| 0 1] 0] O] O] O] 1035
Secsiermu| 27| 1| 0] 1) 1] 1101 Q1010
GCLost] 38| 0] 1] 0] 1] 0] 0] 10] 10] 1
GcPages| 39| 0] 1] O] 1] O] O] 50| 50|
e poct RobinDataChannel error ouf

wdkk

4:18:07 PM: Test for RohinDataChanig
PASSED
4:18:08 PM: Testing completed.

Welcome to the Onlines Diagnostics and Werification Framewnark
initializing... QK

Partition part_commissioning loaded

au have set the global complaxity lewvel 1a: 1

ou hawve set the global complexity level to: O

CHEP 2006 Mumbai India 13-17 February 2006

A.Kazarov ‘A rule-base control and verification framework for ATLAS T/DAQ’




o/
Summary ¥

e ATLAS T/DAQ Control system Is a distributed
framework, based on expert system
technology

e Behavior of the system is described in rules

e It includes configurable framework for test
description and execution (DVS)

e It Is widely used in ATLAS commissioning
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