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454 Operations

i Operations Strategy

I 2 people on shift (from day one)
| 1 Shift Leader (and main operator)
| 1 Data Quality Manager
| and small on-call team: ~10 people

=®» Integrated Control System

| Homogeneous User Interfaces to all areas:

| Data Acquisition (DAQ), Detector Control System (DCS),
Trigger, High Level Trigger (HLT), etc.

=®» Full Automation
| For standard procedures and (known) error recovery
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Operations Scope

Detector & General Infrastructure (Power, Gas, Cooling, etc.)
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External Systems (LHC, Technical Services, Safety, etc.)
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I Run Control Automation: The Autopilot

[EIOTA_DAQ_TelllORXCantr

[JoTa_RunInfo

[JoTa_Storage
[JoTa_Monitoring

-
#-[Jinjector
-CHY
[EAutoPilot
[Eeig Brother
#-[JserviceDomains

| e—

IV View All Owners

] B |
System State Auto Pilot | Thu 07-Feb-2013  09:52:49 |
LHCh 8| & root Q
State ~Run Info
@ Run Number: Activity:
g | 138883 [coLLisionpA =] Deferred HLT ~
@ Run Start Time: Trigger Config: View...J
Runinfo _ v [07-Feb-2013 09:37.45 [pa 2013 ~| ¥ DeferHLT
TFC a8 ) : '
Run Duration: Time Alignment:
LT 8 000:15:03 I~ TAE half window [0 ~| # L0 Gap
Storage @
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0 u} ith |0 u}
e | e . |ﬂ3 I~ Step Run with Steps

Deferred HLT Info

Operations Tools

LO Rate:

HLT Rate: Dead Time: Overflow:

LHCD_Deferred | nor_awocaren ||

Runs/Files: 0/0 gl

Procesing:[—li

Disk Usage:29% _’ ” 50% o
Efficiency [ i] Trigger Rates |
TFC Control | TELL1s | LHCb Elog |

Sub-Detectors:

17192.04 Hz

Data Destination: |Offine  ~| Data Type: [|[ONPROTONIZ ZI v Automatic

-100% -100%
-50% -50%
-0% -0%

5584.61 Hz 0.78% 0.00 %
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TOET | veoa (@ veroc & G| G| om |G| orc |G| mewr |G| mewz |G| ers |G
HOT_READY ~
Trigger Components:
ecaL | &) wear | & muona |G| muonc | § toou |G| tcao G| tmua | Z| tmuc Z| TtPU G
Messages:
TR 2T U T O TSRO =
07-Feb-2013 05:03:42 - LHCh in state ACTIVE

07-Feb-2013 05:03:42 - LHCb in state RUNNING
07-Feh-2013 05:28:21 - LHCb executing action CHANGE_RUN

j Close
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i Configures,
Starts and
Keeps the RUN
going.
Recovers:

I Sub-detector
de-synch.

I Misbehaving
farm nodes

1 Etc.



i Big Brother

Operations Tools

43 LHCb_LHC: TOP

Hch System State
AR LY “\ Big Brother _ g A]
Sub-System State

LHC

BCM

Magnet

LHCb Clock

.

=

Confirm Prepare BEAMLOST

Sub-Detector
VELO_LHC_HV
TT_LHC_HV 100.00
IT_LHC_HV
OT_LHC_HV
RICH1_LHC_HV
RICH2_LHC_HV
PRS_LHC_HV 100.00
ECAL_LHC_HV
HCAL_LHC_HV'
MUON_LHC_HV

State %0k

100.00
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100.00
100.00

100.00
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100.00

READY 99.94

Sub-Detector
VELO_LHC_LV
TT_LHC_LV
IT_LHC_LV
RICH1_LHC_LV
RICH2_LHC_LV
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HV State (AIC)
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[ voueney  [INGCINE e ] [pmses 1]
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 Big Brother Wed 06.Feb-2013  09:47:22 |
Xy Sefttings I i 4
~LHC
Mode: Fill Number: Energy:
[PrOTON-NUCLEUS I [3533 [ 4000 Gev

Set Current:

Measured Current:

Polarity:

| 5850 A

[sas0.04

|Down

—DB Interfaces

Run DB Server: .

Cond DB Server:.

PVSS Archive: (D)

—VELO Closing M
Motion

Beam Position

State

T |

DAQ HV BCMBPMVTX
00000
Motion Criteria

Motion System Position

X | 069 mm
Y | 013mm

Status:

XA [ 059 mm

XC | 059 mm

Y | 021mm

¥8.5

556 oy 7 oy g
:09 - Now waiting for 2nd update of the BeamPosition...

:19:10 - X¥A=-0.169, X¥C=0.165, YVA=0.037, Y¥C=-0.076

- Got good update{s), going ko next step.

- End of automatic closing procedure

- Current VTX values frozen.|

- Usina limits for steo: 0

Ll

—Safety

Sub-Detector
TT_Safety
IT_Safety
OT_Safety

RICH_Safety
MUON_Safety

06-Feb-2013 06:10:31 - LHCh LHC HV executing action GOTO PHYSICS

|

j Close
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Based on LHC
state, controls:
I Voltages

I VELO Closure
I Run Control

Can sequence

activities, ex.:

I End-of-fill
Calibration

Confirmation

requests and

Information

I Voice Messages
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Selected Challenges...
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CHALLENGE

J.
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VELO Closin

““ 1 Safety: Many criteria to respect
““ 1 Procedure: Iterative “Feedback” loop

—VELO Closing Manager

Motion State l'gl 3 Bgﬂﬂ"ﬁVg(
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06-Feb 06:19:10 - Current ¥TX values frozen. E E
ertex Reconstruction 06-Feb 06:19:10 - Usina limits For steo: 0 - S N T . O
N . e L =
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%VELO Closing

I Manually operated in the beginning

I Completely automated since 2011
I Takes ~4 minutes at start of fill

] FULLY ON: 94.26 (%)

] HV: 0.54 (%)
|1 veLO safety: 0.78 (%)
I  pLwac

I DeadTime: 2.39 (%)

LHCDb Efficiency breakdown 2012
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minosity Levelling

i Allows running LHCDb under stable optimum conditions

ety and Reliability

=
o
T

LHC Fill 2651

NN NN

-
=}
I

Instantaneous Luminosity [10%2 cm2 s1]

ATLAS & CMS

!
1647 1.80

941157100000 ’—‘ ’—‘ ,—|
= - -
2,60/ 10.00 "

Lumi controller

CERN dit7a exchange protocol (TCP/IP)

T~

Instant Lumi

Levelling Enabled
LHCb LHCb Target Lumi Levelling Active
readout Luminosity Levelling Request
system detectors Step Size
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LHC
Control
System

15

20
Fill duration [h]




%Luminositx Levelling

i In operation since 2011

i 95 % of integrated luminosity recorded within
3% of desired luminosity

0 b :
Sept 2010 Apr 2011 Apr 2012

I Thanks to the LHC experts and operators
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%HLT Farm Usage

I Resource Optimization -> Deferred HLT

I ldea: Buffer data to disk when HLT busy / Process in inter-fill gap
S :
== 1 Change of “paradigm”: A run can “last” days...

Standard HLT

1 MHz

Deferred HLT

Farm Node

Ewents

Quakpuk

—

- Farm Node during Physics

Farm Node |nter-fill

Events

Creerflom

Cakpuk

v

5 KHzY

-

Events

Ouakpuk

=
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ﬁ% Deferred HLT

—Deferred HLT Info
RunsfFiles:|  2/85095 @)

Processing: I
0% 50% 100%
Disk Usage: 2% ;@_I Time remaining: 00:22:35

I Major Success

I In place since 2012
I ~20% resource gain for HLT
=» Better Trigger

I Cushion for central
DAQ/Storage hiccups

Clara Gaspar on behalf of the LHCb Collaboration, August 2014 12



HLT Farm Usage

I Resource Optimization -> Offline Processing
I Idea: Run standard Offline Simulation outside data taking periods
”ﬂ I Online Control System turns HLT Farm into Offline site

I In Operations since end 2012 I Also abig Success:

HLTE: TOP (ONLDIRAC - ONLDIRAC; #1) (on onidirac01)
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HLTEDS | wor_ariocaten -| ¢ @ = g % @ @ % @
wem e () BB S B B AL B A
ren | wor_aviocateo -] ¢ o e O
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IobMonitoring ) | [ socttt 7 sucthone 2 Reset & Reschodie X @ X Dl §
e o ~F =
Seected Satistcs o ]
Key Value & - 4t
W Ooe 130 == -
W Foed 53
m ~ cin
W rerne | e B o DIRAC MR 8 e | 12 IR | A28 22 | ey
@ R RAC oML wiz03m 028 2 128 1202281020 rpmcan
31956 I R IRAC ONL 20120326 1027 2 012:03-26 10:20  roracian 2+
s e | s
33333 o i =
Messag ey m = -
sssssss & R an »
ananer @~ DIRACONUNE... 0ODI7T281.000. 2012032610:27 20120326 1128 20124326 1020 ryracian 0 =
,,,,,,, == e i Jan 2013 Feb 2013  Mar 2013 Apr 2013 May 2013 Jun 2013 Jul 2013 Aug 2013
" = DIRACONLINE... 00017281,000.. 2012 . Max: 10.2, Min: 0.07, Average: 4.74, Current: 10.2
VVVVVVV 7 u e DIRAC ONUINE... 00017281_000. 20120326 10:27 201203 2@ 201203-26 1020  rgracian
B DIRAC.ONLINE.ch 28 W LCG.CNAFit 16 @ LCG.RAL.uk 12 W LCG.PIC 04
[0 LCG.CERN.ch € 17 mLCG GﬂlDKIA de 13 @mLCG |N2P‘; fr 07 m LCG SART\SHI 03
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From Online
Full Stream

Storage
(CASTOR)

Conditions|c

From Online
Express Stream
5Hz

Storage
(CASTOR)

——— - == e -

I Running Fine

““ | 126 sites in 20 countries

I 2 Shifters (daytime only)

Kjobs

0 ke -
Jan 2012 Apr 2012

O LCG.CERN.ch

@ DIRAC.ONLINE.ch
B LCG.CNAFit

B LCG.GRIDKA de
LCG.RAL.uk

@ DIRAC.YANDEX.ru
B LCG.IN2P3-T2 fr
B LCG.IN2P3.fr

@ LCG.NIKHEF.nI

Distributed Computing

Running Jobs since 2012

Jul 2012 Oct 2012 Jan 2013

Apr 2013

Oct 2013

Max: 34.6, Min: 1.77, Average: 18.7, Current: 21.9

11.3% M LCG.GLASGOW.uk 22% 0O
9.5% @ LCG.PIC.es 21% @
9.3% M LCG.Manchester.uk 21% W
7.5% [ LCG.CNAF-T2.it 17% @
6.6% [ LCG.USC.es 17% @3
6.0% M LCG.SARAnI 16% H
53% [ LCG.UKI-LT2-Brunel.uk 14% @
47% W LCG.RAL-HEP.uk 14% ©B
33% M LCG.CSCS.ch 14%

CPU Usage since 2012
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Jul 2013
LCG.JINR.ru 11%
LCG.KIAE.ru 11%
LCG. Krakow pl 11%
LCG. 11%
LCG. CPPM fr 1.0%
LCG_UKI-LT2-IC-HEP.uk 1.0%
LCG Barcelona.es 1.0%
LCG.IHEP:su 0.9%

... plus 100 more

m CHA032142 0
@ UK3706766.9
W FR2475518.7
B T 23603771
B RU1794820 1
W DE14712937
W NL1080154.0
W ES 952907.4
W PL 4672066
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Lessons Learnt...

gy

Clara Gaspar on behalf of the LHCb Collaboration, August 2014

e/y"
o

15



%HLT Farm Usage in RUN Il

1“1 Even better Resource Optimization -> Split HLT

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

1 MHz

|
Farm Node

Ewvents E\-'ents

[
(]

100 KHz

Dutput

—

-

S *
For DQ only Conditions 12.5 KHz
DB
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%Summarx

I LHCb Operations very successful

o . :
.. 1 The strategy was good B o
I One operator is enough E;i;?::;e;;;o-aﬂ%)

Il DeadTime: 2.88 (%)

I Integration & Homogeneity

| Allows complex feedback mechanisms

| Ex.: Re-synch or Reset a Sub-detector

from Data Monitoring information LHCD Efficiency breakdown

pp collisions 2010-2012
I Automated Operations 99% channels working

- - - 0 -
| Saves time and avoids mistakes 99% good data for analysis

| But requires experience and learning...

I Further improve HLT Farm usage

| Better Trigger and Online processing closer to Offline
I Related talks:

| LHCb Run | Performance: Giacomo Graziani, Monday morning
| LHCb Run |l Challenges: Karol Hennessy, Friday afternoon
| LHCb Upgrades: Olaf Steinkamp, Friday afternoon
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