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XM occelerator beam & equipment data
on-line, beyond the Lifetime of the LHC (>20y)

_ accelerators & subwsejséems

over long periods of time

Project started 2001, based on LE? experience
esktimated dabka rake: 17T B/year...
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ORACLE

PL/SQL API

Equipment — DAQ - FEC

>20 Years

PL/SQL filtered data

filtered data
transfer

ORACLE

LDB
T

PL/SQL API

WIC
I

..................... ///////////

Equipment — DAQ — PLC

Data Consumers

Data Persistence

Data Providers



META_VARIABLES

VARIABLE_ID
VARIABLE_NAME
DATATYPE
OWNER

UNIT
DESCRIPTION

NUMBER
VARCHAR2 (51 BYTE)
VARCHAR2 (20 BYTE)
VARCHAR2 (15 BYTE)
VARCHAR2 (30 BYTE)
VARCHAR2 (260 BYTE)

iZ= MV_PK (VARIABLE_ID)
& MV_VARIBALE_NAME_UK (VARIABLE_NAME)

& MV_DATATYPE_I (DATATYPE)

W MV DE%)RIPTION | (DESCRIPTION)

DATA_NUMERIC

[}
DATA_STRING

®
DATA_VECTORNUMERIC

PF* VARIABLE_ID NUMBER
P * UTC_STAMP TIMESTAMP (9)
VALUE NUMBER

PF* VARIABLE_ID NUMBER
P * UTC_STAMP TIMESTAMP (9)
VALUE VARCHAR2 (100 BYTE)

PF* VARIABLE_ID NUMBER
P * UTC_STAMP TIMESTAMP (9)
VALUE VECTORNUMERIC

= DN_PK (VARIABLE_ID, UTC_STAMP)

= DS_PK (VARIABLE_ID, UTC_STAMP)

&= DVN_PK (VARIABLE_ID, UTC_STAMP)

. N




~ 250’000 Signals transfer

~ 15 data loading processes
~ 5.5 billion records / day

~ 275 GB / day

> 100 TB / year throughput

~ 95 % data reduction

Millions of recs / min

>20 Years
PL/SQL filtered data
filtered data

~ 1 million signals
~ 300 data loading processes

~ 4 billion records / day
ORACLE ~160 GB / day

L D B > 52 TB / year stored
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~ 95 % data reduction
Millions of recs / min

~ 250’000 Signals
~ 15 data loading processes
~ 5.5 billion records / day

~ 275 GB / day

> 100 TB / year throughput

Equipment — DAQ — FEC

PL/SQL

filtered data

transfer

PL/SQL API
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~ 800 active extraction clients
~ 120 custom applications (85 active)
~ 5 million extraction requests / day

>20 Years
filtered data

~ 1 million signals
~ 300 data loading processes

~ 4 billion records / day
ORACLE ~160 GB / day

L D B > 52 TB / year stored
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Logged Records
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DAILY STORAGE
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VIASSIVE INCREASE (2-3x)
CoMING IN 2014...
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Corrections to proton orbits in the LHC appear as regular dips in the Instantaneous
luminosity measured by CMS (beige) and ATLAS (green). Click for full size (Image:
CERN)

The orbits of protons in the 27-kilometre Large Hadron Collider (LHC)
have to be adjusted regularly to account for the gravitational effect of
the moon.

In the graph above, the two lower curves (in beige and green) show the
instantaneous luminosity measured last weekend - when the moon was
full = by the two largest detectors at the LHC, CMS and ATLAS.
Instantaneous luminosity is a measure of how many collisions happen
per second in each experiment between the two beams of protons
circulating in opposite directions in the LHC tunnel.

INFORMATION FOR:

CERN staff and users
Journalists

Kids

Our neighbours

INFORMATION ABOUT:

CERN in a nutshell

Science at CERN

Research at CERN

The Large Hadron Collider (LHC)
People at CERN

Education at CERN

CERN and the environment

PUBLICATIONS:

CERN Courier
CERN Bulletin

RESOURCES:

Photographs
Videos
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AIM:

VMIORE VALUE
FROM THE DATA




MAIN FOCLUS:

ACCELERATOR OPERATIONS



MAKE

COMMON DATA ANALYSIS
USE CASES EASIER




NOT TECHNOLOGY DRIVEN

NOT AIMING TO FULLY
REPLACE EXISTING TOOLS




PEOPLE WANT:

SIMPLE, FAST ACCESS T0 DATA

SAVE & SHARE ANALYSIS RESULTS



KEY IDEA:

PERFORM ANALYSIS AS CLOSE
TO DATA AS POSSIBLE



Differing conditions for

differing modes of operation

PL/SQL
filtered data
transfer

PL/SQL API
PL/SQL API

Intensity

—:E

Complex Event Processing - Combine Streams:

1) Value Trend Analysis
-> identify candidates for filtering

. 14:00 16:00 18:00 20:00 22:00

2) Acquisition Chain Analysis
-> further improve instrumentation
3) On-Line Analysis

i
Equipment — DAQ — FEC -> results published & logged

Energy (GeV)

Data Consumers

Data Persistence

Data Providers



In-Database Analysis

Built-in + Custom PL/SQL
(Oracle Enterprise R ?)

" PL/SQL
filtered data
transfer

PL/SQL API
PL/SQL API

Equipment — DAQ - FEC ’

Data Consumers

Data Persistence

Data Providers



Multi-Source Extraction API

Common Data Format

Basic Analysis Functionality

IE)
(]

A

.......................................................................................... o

PL/SQL 3]

filtered data _ aq)

transfer orea?_e b

— — Ly
g g LDB orAcLe  Accelerator &
= 2 B ) Postmortem  Settings 8
-------------------------------------------------------------------------------------------------------------------------------------- Q
st psE i — A
' g

o

P

o

~

a¥]

]

)

©

A

Equipment — DAQ - FEC ’



—

Domain Specific Language
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DSL Example

getDataForSignals (A, B, C)
alignedToTimesOfSignal (A)
filterTimesWhenValuesMatch (stddev (signalValues (D)) >5)
during (

beamModes (INJECTION, RAMP)

of lastLHCF11lls (5, havingBeamModes (STABLE BEAMS) )

)
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Main Challenges
Offline Analysis Performance

Y o,

Describing What People Want



QUESTIONS
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Data Consumers
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