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@V‘ Introduction e

I LHCb’s New Online Dataflow in Run Il

I Introduced Prompt Calibration and Alignment

I Aims:
| Better Trigger Efficiency

| Full offline-quality data directly out of the Online System
-> straight to Physics Analyses

| By Making better use of online farm resources
| Take advantage of LHC’s duty cycle and shutdown periods

I Represented a challenge for the control
system
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“?ﬂ Experiment Control System 89
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F Eerrlment Control System 584

I Implementation:

‘ <D (JCOP project)
: I WinCC-OA
2 I SMi++
53 1 Deployment:
Legend: I Runs distributed
l D over ~160 PCs
CED@ED-CED ECEE-CED (Virtual Machines)

I Control Units are logical entities:

I Behave as a Finite State Machine / Rule Based system:

| Capable of Partitioning: Exclude/Include children
| Can take local decisions: Sequence & Automate Operations or Recover Errors

i Device Units

I Provide the interface to the device (hardware or software)
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“ The High Level Trigger (8%

I Selects interesting events for Physics
I Runs distributed on the HLT Farm

I Farm Hardware
| ~1600 nodes, ~ 50000 cores, heterogeneous
| Organized in 62 sub-farms, 24 to 32 nodes each

I Farm Software

| Dataflow Pattern 1
| Buffer Manager Concept [ Producer J

| Dataflow Tasks
| Based on Gaudi Online

| Integrated in Control System ‘
like any other Device [ consumer |

via FSM states&actions )\
Data output

Data input

Buffer Manager
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HLT Farm Evolution e

I Resource Optimization in 2012 -> Deferred HLT
I Idea: Buffer data to disk when HLT busy / Process in inter-fill gap
®» Reconfigure the whole farm at start/end of Physics

Standard HLT Deferred HLT
1 MHz
Farm Node — Farm Node during Physics Farm Node [nter-fill

-

Events Events Overflow Events

Output Output | :>|| Output
v

I !
|
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D\ HLT Farm Now Rk

I Even better Resource Optimization in 2015 -> Split HLT

I Idea: Buffer ALL data to disk after HLT1 / Perform Calibration &
Alignment / Run HLT2 permanently in background

®» Each node has 3 concurrent/independent dataflow slices
1 MHz

[
Farm Node I
I
I
I
I
I

Events

Local disk

10 Buffer

Output

100 KHz

|
v

For DQ only

100%
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@ HLT Farm Now e

I Even better Resource Optimization in 2015 -> Split HLT

I Idea: Buffer ALL data to disk after HLT1 / Perform Calibration &
Alignment / Run HLT2 permanently in background

®» Each node has 3 concurrent/independent dataflow slices
1 MHz
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@ HLT Farm Now R

I Even better Resource Optimization in 2015 -> Split HLT

I Idea: Buffer ALL data to disk after HLT1 / Perform Calibration &
Alignment / Run HLT2 permanently in background

®» Each node has 3 concurrent/independent dataflow slices
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@ HLT Farm Now e

I Even better Resource Optimization in 2015 -> Split HLT

I Idea: Buffer ALL data to disk after HLT1 / Perform Calibration &
Alignment / Run HLT2 permanently in background

®» Each node has 3 concurrent/independent dataflow slices
1 MHz

[
Farm Node I [
|
|
I
|
I

Events

T 1o

Output

100 KHz

v N
For DQ only
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@ HLT Farm Control

i Control Tree
I From 1 to 3 Independent Trees (actions, states and partitioning)

i Dataflow Tasks:
I In the past were Hardwired in the Control Tree
I Now Dynamic via a Controller which receives an “Architecture”
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“Architecture” Concept &%

I Defines the dataflow / task layout on each (farm) node
| ' — 1 Graphic Editor:

Mode F'erfarmance_l

| Editor Options  ~ I Exam pleS :
Add Task
[£3 ars... i ars... odepdder  Add Buffer | OId'St Ie HLT
- L_J @L—J == Add Tasks y
Add Arrow | H LT1
Events Pars...l Add Single Task
Disable/Enable | H LT2
fi: Delete . .
IH‘ vowre pars. | | Calibration,
Alignment, etc.
Cubput P |
I Graphic Used
Sonder_ Pars. |

at Run Time

Configuration Save ML Configuration in:

ﬁsuh[}megmr_mgme ;l ﬂ'@'i‘ ’7|G:\u:unline\dataﬂnw\architectures :Q' Close |
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“Architecture” Concept &%

I Defines the dataflow / task layout on each (farm) node
I Graphic Editor:

I Examples:
| Old-style HLT
| HLT1
| HLT2

| Calibration,
Alignment, etc.

I Graphic Used
at Run Time

Configuration

Save XML Configuration in:

ﬁF‘hysicsAndAligd j EI@I;_;(I ’7IG:\Dnline\dataﬂuw\architectures @l Close |
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“Architecture” Concept &%

I Defines the dataflow / task layout on each (farm) node
= | Graphic Editor:

Mode Performance i

Eitor Options_~| I Examples:
e || @u | | Old-style HLT
. | HLT1
| HLT2
| Calibration,

Alignment, etc.

-1 Graphic Used
at Run Time

Configuration Sawe XML Configuration in:

’7|HLT2_EOF ..:i Elﬁlil ’7|G:\DnIine\dataﬂnw\architectures @l Cloge |
Clara Gaspar, October 2017 14




“Architecture” Concept &%

I Defines the dataflow / task layout on each (farm) node

- | Graphic Editor:

Mode Performance

Editor Options_~| I Examples:
== @_p__] | Old-style HLT
| HLT1
| HLT2
=y EXDy (EE S | Calibration,

Alignment, etc.
Cukput Pars... |

é_J 1 Graphic Used
at Run Time

Save ¥ML Configuration in:

Configuration
’7|Calib| ‘v_| El@lp_;{l ’7|G:‘u:unline\dataﬂnw\architectures &]I Close |
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“Architecture” Concept &%

i Defihe dataflow / task lavout on each (farm) node

| Old-style HLT
| HLT1
| HLT2

| Calibration,
Alignment, etc.

I Graphic Used
at Run Time

IS E3
| Fri 27.Nov2015  14:00:33 I G h- Ed.t
| = | raphic Editor:
' ot &I
MEPr=Calib |
Events
YeloiZalibMerge
Cukput 2

I Examples:
Vel alibbrite

Configuration ———

’7| Calit| Messages
|
|
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“Scenario” Concept e

I Defines number of HLT1 & HLT2 tasks for load
balancing (initially hardwired in the Architecture)
I Depending on the LHC/LHCb State and type of node
I Can be applied at RunTime and takes effect within a second

JRIeTEY
— Dataflow Scenario — Dataflow Scenario
Partition: [LHCb -]  Scenario:[PHYSICS =] Partition: [LHCb2 -]  Scenario:[PHYSICS =]
Performance (%):  MNumber of Tasks: Performance (%):  MNumber of Tasks:
Slow Modes: Im | 16 Slow Modes: Im |5
Medium Modes: |g5 |22 Medium Modes: |g5 |3
Fast Modes: 100 |23 Fast Modes: 100 |3
Faster Modes: 130 |3g Faster Modes: 130 | 10
Apply Scenario I Apply Scenario I
Remove | Save As..l Save | Remove | Save As..l Save |
Dismiss
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“Scenario” Concept e

I Defines number of HLT1 & HLT2 tasks for load
balancing (initially hardwired in the Architecture)
I Depending on the LHC/LHCb State and type of node
I Can be applied at RunTime and takes effect within a second

JRIeTEY
— Dataflow Scenario — Dataflow Scenario
Partition: ILHCI: "I Scenario:l EOF |E| Partition: ILHCb2 "I Scenario:l EOF ;I
PHYSICS
Performance (%): pamp Performance (%):  MNumber of Tasks:
Slow Modes: Im | 1 Slow Modes: Im |1g
Medium Modes: |g5 | 1 Medium Modes: |g5 |23
Fast Modes: 100 |1 Fast Modes: 100 |1g
Faster Modes: 130 | 1 Faster Modes: 130 |33
Apply Scenario I Apply Scenario I
Remove | Save As..l Save | Remove | Save As..l Save |
Dismiss
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System State Auto Pilot 4002017 (RN System State Auto Pilot | ped (H-oal0t? iE25 |
| sal NS ——a wo s [SRSENNNS| 4| ESEHT al
Run Info Sub-System State ~Run Info Sub-System State ~Run Info
Run Number: FRuninfo v Run Number(s): Runinfa v Run Number(s): Activity:
1998 HLT g [129670 - 199042 -] Settings...| Wi El [[12276 - 120080 [anmentizen
Run Start Time: St = Run Start Time: S e | vor ausocaren | Run Start Time:
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| T Step Run with Steps S e b e e e
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Processing:J ” 5
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41 ““‘Activity” Concept

I Run Control driven by an Activity:

: I Defines the set of parameters (“recipe”)
which is applied by each sub-system.

' ,4,_“\ | Example: “PHYSICS|LEAD”

& G & T & | Contains, for example, the “Architecture

[

oG (3

I Three Farm Slices -> Three Run Control(s):

EE 6 Lo

State

Trigger Ci

THCh exzcutng achion END_COMFIGURE,

=]
LHCh In stale READY

il

| fos-oct2017 1826:42 - LHGAIN state RUNNING <] _Close
L
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“Activity” Concept

A

I Run Control driven by an Activity:

e
£ LHCh: TOP H[=1E3
. (11 . ”»
. Wed 04.0ct 2017 18:25:04
i ch) Syster st Auto Pl fines the set of parameters (“recipe”)
S oo | e | 4 o fw al
. .
subaysem Runieto ch is applied by each sub-system.
bes Run Number:
= Example: “PHYSICS|LEAD”
e Run Start Time: Triggel
Fuminfo [0a.0ct2017 173520 [Physics =] Settings... C t H f I th “A h t t ’
= ontains, 1or exampie, the rcnitecture
Run Duratien: Time Alignment:
i [oo0:48:38 I TAE halfwindow [0 -] ¥ L0 Gap
Storage
— Nr. Events: Max Nr. Events:
onitoring
2137836170 I Run limited to [0 Events n Contr I s "
Reconstruction u
TR Step Nr.  Te Go: Automated Run with Steps: : A e o
IU i} I© Step Run ‘\r.‘ithlj Steps |0 to Pllot | Wed 01.002017 182530 | Systorn Shate Auto Pilot | Wied 040042017 182850
C— | LHCh A 54l SEEC = a
| HLT Rate: Dead Time: Incompl. Evs:
| Alig t & Calibration ! —-tao% 100 Suh::"mm State - ~Run Info
| |[F¥eln [ Tracker 7 Richl 7 Richz & Muon I Calo - s pn Humh erta); Poluity
| 7] Settings...| Wwr | o [ [129076 - 120880 [Aiaamertinisen -] Settings...
| —HLT2 | Storage | HOT_ALLOCATED "J Run Start Time: -~
Runs/Files: _ b;. -5 -5 ysics_&HLTZ ~| Settings... Monitoring | wor_auocnten - | |04-0ct2017 18:28.40 [PassThroug -] Settings...
Pmt:eming:.'_ ]
14.8% o 5% 00 | Details...
| o _ L
| |isk Usage: 15% E‘ Faim Node Status: 2‘ BETHE.63 Hz 126 %h .00 Hz Mame:[  ReserveAlignment|
| Choose Runs for Alignment
| Efficiency L4 Trigger Rates | Data Destination: |+ -I Doat s [COLLSIONT? -] ¥ Automati
—J = a Type I = j matis R R R RN
TFC Contrel | TELL1s | LHCb Elog | File: [/daqarsa/ihch/d=ta@07 RAWFULLLHCWCOLLISIONI7/S998E Run DEII m“:”' mm‘:”“ ” ‘”‘”L
it sqarea Usage:
| suhummﬁ: n o ] _ i:igim;';igll:ﬁ“:ﬁ;ﬂ'  Rich2 I Muon I Calo
| ’ [ Runcilos: [T ERIMREEIT]
e i
, . - —
— ST Disk Usage: 15% E‘ Farm Node Status: Q
RunCB LHCBAElog Run DB
| Messages!
04-0ct-2017 17:85:21 - LHCh execubing action END_COMFIGURE :J
| D4-0ck 2017 17:55:21 - LHGh In state READY
D4-0ck-2017 17:55.22 - LHCh executing action START_RUN Messages:
04-0ck 2017 1T:85:22 - LHCh in state ACTHWE &l 04-0ck2017 18.28.41 - LHCbA executing action START_RUN =l
! D4-00k2017 17°55:22 - LHGh In 3tate RUNMING EI Close ! o _ciose | || |§§f‘,§51;lﬁfﬁ:iﬁftiﬁ}:ﬁﬁifﬂﬁm < _Close
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which is applied by each sub-system.
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“Scheduler” Concept

"~ Big Brother Wit 040012017 183401
S Settings a0l a
Mode Fill Number: Energy:
[Fromowpvaics e =S
N
LHC Clock Set Current: Measured Current:  Polarity:
ey [sae00 8 [oown
DB Interfaces
LHC LHCh
= ‘ RunDBServer: {0}  Cond DB Server:(l)  PVSS Archive: .|
i YELQO Closing Manager
stem State Requested Settings on State DAQ HY BCMBPIVTX
oy RSO e 3 o ] 8 @
Motion Criteria
Sub-Detector State Req HV %0k HV State (AIC)
VELO_LHG v e Beam Pasition Motion System Pasition
TTLHG WY X [oEamm XA [ 053 mm X [ ommm
Y[ ommm Y[ amamm

s

1 Big Brother automates operations
based on the LHC State, driven by
Scheduler(s):

I Define sequences of Activities/Scenarios
I Complete Automation of each Run

Sarety . .
Sub-Detector Sub-Detecter State PR t I t h f I
P e Control with ve ry 1lew lines
ey o1 suey sesov
RICHT_LHC LV FOCH_Sataty . .
RICHZ_LHC LV MUON_Safity
- I 3 lines to automate main Run Control
j Close
x| — -0 | Licixd
Activity Scheduler: I LHCh & Activity Scheduler: I LHCbZ ~ Activity Scheduler: ILHCbA] =
Start |Activity |Active | Start |Activity.’S~:enariu |Act|ve | Start |Activity |Active |
At RAMP COLLISION I Always HLT2 I When Enough LHCb_Velo Events Alignment|Velo I
At EOF IVSCAN g At EOF Scenario:EOF g When Enough LHCb Tracker Events  Alignment|Tracker g
After Previous j EOFCalib I3 At RAMP Scenario:RAMP I3 When Enough LHCb_Rich Events Alignment|Rich1 I3
:EIRT;:;‘HON At PHYSICS Scenario PHYSICS ¥ After Previous Alignment|Rich2 ¥
:EE#R‘??EJUST At ADJUST Scenario:EQF W When Enough LHCb_Muon Events Alignment|Muon W
AtPHYSICS At EOF Calibration|Calo ~
At ADIUST
At EOF
Always
Save Close | Save | Close | Save | Close |
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&l

Wel 040012017 18340
rout
Gev

o ] o

Activity Scheduler: I LHCb "I
Start Activity Active
At RAMP COLLISION vV
At EOF WVSCAM 2
After Previous EOFCalib ¥
At IMNJECTION
At RAMP
At FLATTOP
At PHYS_ADIUST
At PHYSICS
At ADIUST
At EOF
Always

Save Close |

- "| 1 Big Brother automates operations
=== based on the LHC State, driven by

5):
lences of Activities/Scenarios

\utomation of each Run
1 very few lines

utomate main Run Control

5 IE
cba| = Activity Scheduler: [LHebA =
hctive | Start [ Activity [ Active |
I When Enough LHCb_Velo Events Alignment|Velo I
g When Enough LHCb_Tracker Events  Alignment|Tracker g
I3 When Enough LHCb_Rich Events Alignment|Rich1 I3
I3 After Previous Alignment|Rich2 I3
W When Enough LHCb_Muon Events Alignment|Muon W
At EOF Calibration|Calo 2

lose | Save | Close |

Clara Gaspar, October 2017

23




easured Current.  Polarity: |

[ocm

=101 =]

Activity Scheduls Activity Scheduler: | LHCh2| 'I
Start Start Activity/Scenario Active
At RAMP Always HLT2 3
At EQOF At EOF Scenario:EQF v
After Previous At RAMP Scenario:RAMP Vv
At IMIECTION -
ey At PHYSICS Scenario:PHYSICS v
AtFLATTOP At ADJUST Scenario:EOF v
At PHYS_ADIUST
At PHYSICS
At ADIUST
At EOF
After Previous
Always

Save Close

fr Bl Big Brother automates operations

based on the LHC State, driven by

tivities/Scenarios

f each Run
1es

n Run Control

_— R

[LHCDA[ =

[ Activity [ Active |
Events Alignment|Velo I
ker Events  Alignment|Tracker g
h Events Alignment|Rich1 v
Alignment|Rich2 I3
n Events Alignment|Muon W
Calibration|Calo 2

Save | Close |
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Magnet ¥

3|4

[TeT

mmmmmmmmm

rrrrrrr

s, g
;—nnm— wovacs | [ s
wag
Set Current Measured Cur Polarity:
I+a\,’- [500 7 [ocem

- 1 Big Brother automates operations
based on the LHC State, driven by

—i0/
Activity Scheduls Activity Scheduler: Activity Scheduler: |LHbe-‘.J "I
Start Start Start Activity Active
At RAMP Always When Enough LHCb_Welo Events Alignment[WVelo 3
At EOF At EOF When Enough LHCb Tracker Events  Alignment|Tracker 3
After Previous At RAMP When Enough LHCb_Rich Events Alignment|Rich 3
ﬂgﬁ?m At PHYSICS After Previous Alignment|Rich2 =
AtFLATTOP At ADJUST When Enough LHCb_Muon Events Alignment|Muon W
At PHYS_ADIUST
At PHYSICS At EOF Calibration|Calo 3
At ADJUST
At ECF
After Previous
Always

Save Close
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“Scheduler” Concept

"~ Big Brother Wit 040012017 183401
S Settings a0l a
Mode Fill Number: Energy:
[Fromowpvaics e =S
N
LHC Clock Set Current: Measured Current:  Polarity:
ey [sae00 8 [oown
DB Interfaces
LHC LHCh
= ‘ RunDBServer: {0}  Cond DB Server:(l)  PVSS Archive: .|
i YELQO Closing Manager
stem State Requested Settings on State DAQ HY BCMBPIVTX
oy RSO e 3 o ] 8 @
Motion Criteria
Sub-Detector State Req HV %0k HV State (AIC)
VELO_LHG v e Beam Pasition Motion System Pasition
TTLHG WY X [oEamm XA [ 053 mm X [ ommm
Y[ ommm Y[ amamm

s

1 Big Brother automates operations
based on the LHC State, driven by
Scheduler(s):

I Define sequences of Activities/Scenarios
I Complete Automation of each Run

Sarety . .
Sub-Detector Sub-Detecter State PR t I t h f I
P e Control with ve ry 1lew lines
ey o1 suey sesov
RICHT_LHC LV FOCH_Sataty . .
RICHZ_LHC LV MUON_Safity
- I 3 lines to automate main Run Control
j Close
x| — -0 | Licixd
Activity Scheduler: I LHCh & Activity Scheduler: I LHCbZ ~ Activity Scheduler: ILHCbA] =
Start |Activity |Active | Start |Activity.’S~:enariu |Act|ve | Start |Activity |Active |
At RAMP COLLISION I Always HLT2 I When Enough LHCb_Velo Events Alignment|Velo I
At EOF IVSCAN g At EOF Scenario:EOF g When Enough LHCb Tracker Events  Alignment|Tracker g
After Previous j EOFCalib I3 At RAMP Scenario:RAMP I3 When Enough LHCb_Rich Events Alignment|Rich1 I3
:EIRT;:;‘HON At PHYSICS Scenario PHYSICS ¥ After Previous Alignment|Rich2 ¥
:EE#R‘??EJUST At ADJUST Scenario:EQF W When Enough LHCb_Muon Events Alignment|Muon W
AtPHYSICS At EOF Calibration|Calo ~
At ADIUST
At EOF
Always
Save Close | Save | Close | Save | Close |
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@ Conclusions

(K85

I LHCb’s New Online Dataflow represented an

Operational challenge, but due to:

I The modular architecture and flexibility of the original design
I Some new concepts (architectures, scenarios, schedulers)

I It i - [ ¥ision_1: FarmUsagePlot.pnl

60000.00

I Seamlessly Integrated
I Completely automated

I And the farm is kept
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