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What’s CERN




What’s CERN

* European Laboratory for Particle Physics
 Fundamental Research

e Worldwide International Collaboration
e Education & Training

* Push Frontiers of Technology

CERN
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CERN Accelerator Complex

e Controland operations
* Millions of sensors, signals
* Large number of control devices
* Equipment

 Monitoringand logging

e SupportingIT infrastructure

e Databases
e Network
* Services
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Data Analytics Challenges

* Some faults cannot be avoided
* Decrease the availability for running physics

* Preventive maintenance is not enough
* Does not take into account the condition of the equipment

e LHC upgrades will further increase luminosity
* Computing resources needs will be higher Turnaround, 30%

Fault, 37%

e Data generated will increase drastically
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Data Analytics Objective

Control and Monitoring Systems

§ €©paTa

Intelligent, Predictive and Proactive Systems




Areas of investigation

Predictive maintenance and system optimization
Data extraction, transformation and loading (ETL)

Data Visualization and Discovery
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Use Case - FCC RAMS studies

 Reliability, Availability, Maintainability and Safety (RAMS) studies for the
Future Circular Collider (FCC)

e Study and increase the reliability and availability of the LHC
* Use RAMS findings to assess the feasibility of the needs of FCC

e Data distributed across multiple sources
* Operations e-logbook
* Accelerator Fault Tracking project
Accelerator logging service
* Acceleratorschedules
* Cryogenics
 Add more...
* Vacuum, Power Converters, etc.




Requirements

e Flexible

e Data=> structured, semi-structured and non-structured, data editing
* Use => Interactive, CLI & Scripting

e ETL functionalities

 Scalable
 Datais foreseen to increasesignificantly (+datasets)
* Processing

* Powerful
 Browsedata
e Correlate Information
* Visualization
* Analytics




Hadoop based solution

N Hadoop Cluster )
/ ‘Az \/ CLI & Scripting
Spark®

Interactive browsing & editing
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HUE — Hadoop User Experience

* Hue is an open source suite of web-based applications for analyzing
data with any Apache Hadoop

* It features:

e SQL Editorsfor Hive, Impala, MySql, PostGres, Sqlite and Oracle

* Dynamic search dashboards for Solr
Spark Notebooks
* Browsers for YARN, HDFS, Hive table Metastore, HBase, ZooKeeper
Pig Editor, Sqoop2, Oozie workflows Editorsand Dashboards
Wizards to import data into Hadoop




HUE — Hadoop User Experience

ehue a« Query Editors v Data Browsers v Workflows v Search Security v

Mpala Query Editor My Queries Saved Queries History

Assist Settings Session

ile Browser = Job Browser € hdfs v e =

select count(*) as nrows, variable_name

2 from lhclog_cryo
DATABASE 3 group by variable_name

4 order by nrows desc
foc_rams t‘ 5 limit 20
TABLES

m Save Saveas.. Explain orcreatea New query

aft_cardiogram
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HUE — Hadoop User Experience

due #  QueryEditors v Data Browsers v Workflows v Search  Security v File Browser Job Browser & hdfs v [
My Notebook [CAd s & D »
DATABASE \f Impala SQL

select variable_name, count(*) as numrows
foc_rams = from lhclog_cryo
group by variable_name
order by numrows desc
TABLES Limit 10
aft_cardiogram
time_utc (timestamp)
variable_name (string)

value (double)

property_name (string) X-AXIS 6.867,08
aft_faults variable_name . 6,000,000
high_level_summary_schedule
YAXIS 5,000,000
Ihclog_cryo
variable_name (string) numrows 4,000,000
utc_timestamp (timestamp)
value (double) SORTING 3,000,000
op_logbook i 2,000,000
event_id (double) LA &
event_date (timestamp) 1,000,000
logbook_id (double) .
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comment_id (double)
op_mode (string) ——
fault_id (double) f

fault_description (string) select avg(value) as value, extract(utc_timestamp, "hour") as hour_
from lhclog_cryo

where utc_timestamp > "2015-06-12"

and utc_timestamp < "2015-06-13"

faultname (string)
fault_groupname (string)

fault_created (timestamp) and variable_name = "QRLAB_23L1_GT943.POSST"
linenames (string) group by hour_
shift_id (double) order by hour_

shift_start (timestamp)
element (string)

event_comment (string)

~, @ value
XAXIS 12.33722
hour_ v 12.335
Y-AXIS 12.33
value
12.325
hour_
12.32
SORTING
TR 12315
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HUE — Hadoop User Experience

* One tool to use multiple Hadoop components
* Easy to use
* Compatible with multiple versions, open source

e Extensible

* But

* Requireslanguage knowledgeto explore and transform the data
* Limited for Data Discovery




Data Discovery

* Interactive and visual analytics
* Find hidden patterns
* Get new insights

* Intended to be used by the end users
* Enablingthem to use their intuition and knowledge of the data

 Powerful customization of dashboards and visualizations
e Withoutinterventionof IT

* Integrate multiple data sources
* Analyze information of any type and any source




Oracle Big Data Discovery Overview

e Data Exploration & Discovery
* Interactive catalogofall data
* Assess attribute statistics, data quality and outliers
* Quick data exploration or create dashboardsand applications

e Data Transformation with Spark in Hadoop
* Applybuilt-in transformations or write your own scripts
* Data Enrichment

e Text: Entity extraction, relevant terms, sentiment, language detection
e Geographical information: address, IP, reverse

* Preview results, undo, commitand replay transforms

e Collaborative environment
e Share and bookmarks
e Createandsharetransformed datasets




Components

e BDD Data Processing (Spark on YARN)

Hive Table Detector

Profiling and sampling

Transformations and enrichments

Refresh/incremental update datasets automatically or manually

* Dgraph (In-Memory Discovery Indexes)
* In-memory, columnar, multi-core architecture

 Web Studio

» Catalog, explore, transform and discover Ul’s




Architecture overview

CDH5.5.1

® 16 nodes, 24 GB ram
Intel Xeon L5520 @ 2.27GHz

5 0 — o 5 —Q = 00 0O

165 TB HDFS

Oracle Big Data Discovery
Libraries + Hive table detector

In-Memory Columnar
Database

ORACLE
EXALYTICS

4x Xeon E7-8895 v2 (15 cores each)
2 TB RAM
4.8TB Flash + 6 x1.2 TB 10KHDD




Data Processing Workflow

S,c:cwr‘lgZ >

New Hive Load/sample Profileand Createand Update
Table Hive data Enrichment load dataset inventory

Discovery Agent Dgraph Agent




Important Technical Features

* Supports HDP and CDH Hadoop distributions

* Kerberos support

e Spark on YARN

e Data set and project level security in Studio

* Incremental updates and refresh datasets

e Applications and dashboards

* Ability to publish and share transformation scripts

e Custom visualization support (Javascript, D3, EQL)




Scenario

® Power Converters

® Cryogenics

® Machine Protection

® Accelerator Major Events
® Accelerator Fault Tracking
® Accelerator Logging

¢ Operations logbook

Use Case: FCC RAMS

*RDBMS:

DEE]
Extraction
Integration

Transformation

Equipment Experts
Accelertor Operators
External Users

Discovery EMEails 03

Data
Exploration
b




ORACLE’

Refine By

v USAGE
Created By Me
v CONTENT

Contains Dates

Contains Locations
METADATA

4

Project Author
Data Set Author

Project Tags

Last Modified

Number of Records

Number of Attributes

Data Source Type

Big Data Discovery

.-'|1 7 Projects

View all

Recently Viewed Data Sets

aft_faults

Data Source: fcc_rams.aft_faults
(1.8k records) (O
Preview

Most Popular Data Sets  View More

op_logbook

Data Source: fcc_rams.op_logbook

(1.1M records) (©®
Preview

cms_tmb_rates

Data Source: cms_tmb_rates.csv
(820.6k records) (D
Preview

11 Data Sets

View all

op_logbook

Data Source: fcc_rams.op_logbook
(1.1M records) (O
Preview

apache_mwctl_prod_db...

mwod mwetl apache access prod

Data Source: apache-mwctl-test-db-a0...
(183 records)
Preview

high_level_summary_sc...

Data Source: fcc_rams.high_level_sum...
(63 records) (O
Preview

Ihclog_cryo (1,078,271,323 records)

Data Set Info ~ Used in Projects (1)

Related Data sets (4)

To add tags, click the Tags button at left.

< Attributes
D;m source: fcc_rams.lhclog_cryo
Data source type: Hive

Hive Table name: fcc_rams.Ihclog_cryo
Created on: 1/17/2016 4:52:14 PM (UTC)

Access: Public  edit

Data set key: edp_cli_edp_bfb068¢8-3280-4bcf-a107-87a3d4ef7e04

Newly Added Data Sets  View More
Ihclog_cryo

Data Source: fcc_rams.lhclog_cryo
(1.1B records) (D
Preview

op_logbook

Data Source: fcc_rams.op_logbook
(1.1M records)
Preview

*H Add Data Set

cms_lhcfills

Data Source: cms_lIhcfills.csv
(621 records) (O
Preview

apache_mwctl_prod_db...

Data Source: apache-mwctl-test-db-a0...

(745 records)
Preview

Ihclog_cryo

Data Source: fcc_rams.lhclog_cryo
(1.1B records) (O
Preview

apache_mwctl_prod_db...

Data Source: apache-mwctl-test-db-a0...

(745 records)
Preview

aft_faults

Data Source: fcc_rams.aft_faults

(1.8k records) (®
Preview

naive_ml_prediction

Data Source: naive_ml_prediction.csv
(1.2M records)
Preview

apache_mwctl_prod_db...

mwod mwctl apache access prod

Data Source: apache-mwctl-test-db-a0...

(183 records)
Preview

Datasets Catalog

cms_lhcfills

Data Source: cms_lhcfills.csv
(621 records) (O
Preview

cms_tmb_rates

Data Source: cms_tmb_rates.csv
(820.6k records) (O
Preview

aft_cardiogram

Data Source: fcc_rams.aft_cardiogram
(1.2M records) (®
Preview

cms_runs_for_fill

Data Source: cms_runs_for_fill.csv
(2.5k records)
Preview

(SESIL‘I] B & ©

cms_runs_for_fill

Data Source: cms_runs_for_fill.csv
(2.5k records)
Preview

Actions
Explore

Add to project
Edit tags
Reload data set
Delete

Summary
0 views

Last Updated
1/17/2016 4:52:16 PM (UTC)

cms_lhcfills

Data Source: cms_Ihcfills.csv
(621 records) (O
Preview



Quick Data Exploration

ORACLE" Big Data Discovery (Searcn % 0 &
Explore v Transform v Di v FCC RAMS v1: op_logbook
OP_LOGBOOK [ fault_created o logbook_complex o faultname o
Year-Month-Day (1) TESTS ® is Not Null
Clear All Between: 5/4/14 - 11/30/15 VOID e <
Clear all
Y  REFINE BY X
» element fault_groupname . faultname v
» event_comment
» event_comment_terms
» event_date [ SORT: fault_groupname v
» event_id
20k faultname
v fault_created
W Source
=M= Q mes
I Cavity
,,-llllll.l- -l-.lllllllllll- :Vléckl:;m
A A
W Miscellaneous
Between v § W Power supply
§ | PSB
51412014 R - 11/3012015 m & M Electric
5 W Main Power Conv...
= 1 Power
10555 results 2 W Setting Up
E LINAC2
» fault_description = W AUXPS
W Kickers
» fault_groupname W RF Power
X W RF
» fault_id W Control
v faultname W Magnet
W BE-RF
O, Filter... v W MPS
W Security
Source BE-CO EL TE-MSC cv LEIR EN-CV T Isolde MEF LINAC 3
= CTF RF EPC TE-EPC vsC ABT sT Mcs Miscellaneous ASE STI MD CONTROL Access MPE Controls BE-BI Target
Cavity fault_groupname
Vacuum
. [Tl IIIIII
Kicker
s e .
Power supply
-~
PSB
Electric 1.1M 10.6k 15 %
. rors Records  Filtered s Atril + FAVORITES DATATYPE v NAME v 7> HIDDEN ﬁ 0
Power Al Attributes Iy Sort: By name v | ==|
Setting Up
LINAC2
AUXPS
Kickers
RF Power ‘m@BSothers [ING|beam detected for SFTPRO1 [No beam lo ‘6aBothers (1044178
= [Thermo-ionic Gun [No beam detected for SFTPRO2 [SFTPRO1 | 2292702 |to)be Updated (1044683
[Heater control and HV breakdow... | Beam back for SFTPRO1 |SFTPRO2 | 2292684 [Since Mon 3/8/15. Problem not yet 044424
Control be undated | No beam detected for SFTION2 | Access | 2440775 No fault reported. n i tin 11039957
[fo be upd | Start of the LHC filling period | Sequence 2292679 |No fault reported, no beam in ring.. 1039372
Magnet [TBIU T6 | No beam detected for SFTION3 | Beam back | 2440780 | Dipole 30330 11039959
BE-RF [BLM ‘64430thers 11198 others ‘9241 others | Power Cell - EMD114*9 blown-up ‘31300thers
2014 2015 2014 2015
m m element event_comment event_comment_terms event_date event_id fault_created fault_description fault_id
» linenames
v logbook_complex
O, Filter... v
PS Complex

I aft_cardiogram oJ aft_faults oJ high_level_summa... oJéIhdog_eryo oJ op_logbook

Ihclog_cryo (25% updated)



Data Transformation Ul - ETL

ORACLE' Big Data Discovery ((searcn -
Explore v Transform v Discover v FCC RAMS v1: aft_faults
Transformation _ _
v EL TRANSFORM SCRIPT =X &
¥ Enable automatic typeahead Contgure Ouput Setings . elogbook_fault_id - Transform 40 @
1 diffDates|( d ti tion_time_utc, SECONDS)| Apply to "op_duration* .
iffDates|(op_end_time, creation_time_utc, © Croato New Attribute : fault_id - Create 40
fault_classification_id - Transform # 0

New Attribute Name
op_duration_seconds

Data Type
Double v

+ Single Assign

;:::m :nzl:ed Records ﬂﬁbmes # FAVORITES DATATYPE vV NAME v % HIDDEN = 0
All Attributes Sort: By preview order v ==

(i fault_id {{ fault_name (i fault_state i{ group_name il Is_root_cause # op_duration # op_duration_seconds (7] op_end_time (i prevents_beam_op i prevents_injection [7] start_time

I
15160 OP_ENDED N 4,266 10,932 2015-04-14 08:28:38 UTC N Y 2015-04-14 07:17:32 UTC
15223 CANCELLED N N N 2015-04-15 06:30:00 UTC

lisecto... 3761 OP_ENDED N 21,588 47,292 2014-11-24 17:30:38 UTC N N 2014-11-24 11:30:50 UTC

4 3765 OP_ENDED N 99,735 66,405 2014-11-25 15:17:19 UTC N N 2014-11-24 11:35:04 UTC
1909 Feedback OP_ENDED Beam instrumentation N 66 56,455,621 2013-02-03 04:20:39 UTC N N 2013-02-03 04:19:33 UTC
3781 OP_ENDED N 78,786 -9,846 2014-11-25 09:23:53 UTC N N 2014-11-24 11:30:47 UTC
1908 No beam OP_ENDED SPS N 20,870 56,457,295 2013-02-03 03:52:45 UTC N N 2013-02-02 22:04:55 UTC
1924 No beam OP_ENDED SPS N 147 55,550,285 2013-02-13 15:49:35 UTC N N 2013-02-13 15:47:08 UTC
1907 Infrastructure OP_ENDED Controls N 6,760 56,538,706 2013-02-02 05:15:54 UTC N N 2013-02-02 03:23:14 UTC
1471 VOID OP_ENDED Miscellaneous N 2614 73,416,728 2012-07-21 20:55:32 UTC N N 2012-07-21 20:11:58 UTC
1923 Hardware OP_ENDED Access N 3,985 55,624,990 2013-02-12 19:04:30 UTC N N 2013-02-12 17:58:05 UTC
1889 No beam OP_ENDED SPS N 4,292 56,956,446 2013-01-28 09:13:34 UTC N N 2013-01-28 08:02:02 UTC
1906 No beam OP_ENDED PSB N 8,765 56,548,197 2013-02-02 02:37:43 UTC N N 2013-02-02 00:11:38 UTC
17 Hardware OP_ENDED RF N 3,750 137,030,838 2010-07-16 14:20:22 UTC N N 2010-07-16 13:17:52 UTC
1470 No beam OP_ENDED PSB N 1,322 73,419,672 2012-07-21 20:06:28 UTC N N 2012-07-21 19:44:26 UTC
1922 Hardware OP_ENDED Injection N 14,065 55,629,441 2013-02-12 17:50:19 UTC N N 2013-02-12 13:55:54 UTC
1888 No beam OP_ENDED PSB N 7,090 56,970,250 2013-01-28 05:23:30 UTC N N 2013-01-28 03:25:20 UTC
1905 Controls OP_ENDED Beam dump N 2,773 56,556,800 2013-02-02 00:14:20 UTC N N 2013-02-01 23:28:07 UTC
1774 Cold compressor OP_ENDED Cryogenics N 3,307 63,595,623 2012-11-12 13:00:37 UTC N N 2012-11-12 12:05:30 UTC
116 User OP_ENDED Access N 5,859 137,044,782 2010-07-16 10:27:58 UTC N N 2010-07-16 08:50:19 UTC
1469 Controls OP_ENDED Beam dump N 4,625 73,421,636 2012-07-21 19:33:44 UTC N N 2012-07-21 18:16:39 UTC
1921 Hardware OP_ENDED RF N 20,968 55,624,990 2013-02-12 19:04:30 UTC N N 2013-02-12 13:15:02 UTC
1887 No beam OP_ENDED SPS N 2,107 57,082,801 2013-01-26 22:07:39 UTC N N 2013-01-26 21:32:32 UTC
1633 Hardware OP_ENDED RF N 6,148 67,696,057 2012-09-26 02:00:03 UTC N N 2012-09-26 00:17:35 UTC
1904 No beam OP_ENDED SPS N 318 56,594,555 2013-02-01 13:45:05 UTC N N 2013-02-01 13:39:47 UTC
1773 Hardware OP_ENDED RF N 10,413 63,601,399 2012-11-12 11:24:21 UTC N N 2012-11-12 08:30:48 UTC
115 Controls OP_ENDED Power converters N 3,815 137,052,743 2010-07-16 08:15:17 UTC N N 2010-07-16 07:11:42 UTC
1468 No beam OP_ENDED SPS N 2,733 73,441,164 2012-07-21 14:08:16 UTC N N 2012-07-21 13:22:43 UTC

aft_faults high_level_summa. ©  Ihclog_cryo ©  op_logbook




Discovery Applications

ORACLE" Big Data Discovery (search D & e &
plore v Transform v Di v FCC RAMS v1: Faults
Y  REFINE BY X CHART / -
] > AFT_CARDIOGRAM 300 fault_name P
v AFT_FAULTS W Operator error
o ion ti W WorldFIP
» creation_time_utc 250 M Vave
» description W BCT
Middleware
» element W User
elogbook_fault_id W ATLAS
+ elogbookfaull 200 B Miscellaneous
» fault_classification_id '§ W ALICE
] M Timing
» fault_classification_name i B Infrastructure
» fault_creation_source_name s 150 Il Feedback
i W Interlock
» fault_description £ W Cooling
fault id é M BPM - hardware
> fault 100 W Cold compressor
» fault_name W Software
W BLM - hardware
» fault_state W Electrical Services
’ — W Controller
group_name 50 1 voiD
» is_root_cause M Voltage source
I Controls
» op_duration W Hardware
. 0 I No beam
> op_end_tme sis 8IS Vacuum PSB Beam dump Miscellaneous Technical Services apPs
» prevents_beam_op Operation Experiments Controls Access Injection Beam instrumentation Cryogenics PS Power converters SPS
» prevents_injection group_name
» start_time
RESULTS TABLE
» system_name
v Other General v | O0RECORDS SELECTED VIEW OPTIONS v ACTIONS v
: E] group_name op_end_time (Year-Mo... element prevents_beam_op fault_creation_source_... elogbook_fault_id fault_description fault_name creation_time_utc (Yea... fault_classification_id is_root_cause fault_state description
>
8 4/14/15 N LHC Logbook 1041380 null 4/14/15 4 N OP_ENDED
=] N AFT Web Application test from Ben 4/15/15 8 N CANCELLED
=] 11/24/14 N AFT Web Application PLC problem in Pt 4, all ... 11/25/14 5 N OP_ENDED
=] 11/25/14 N AFT Web Application all patrols lost in point 4 11/26/14 5 N OP_ENDED
[E  Beam instrumentation 2/3/13 OFSU crash N LHC Logbook 1039013 {"fault_description": {"gro...  Feedback 11/18/14 1 N OP_ENDED
B8 11/25/14 N AFT Web Application interlock access during c... 11/25(14 1 N OP_ENDED
B sps 2313 N LHC Logbook 1039002 {"fault_description": {"gro... ~ No beam 11/18/14 1 N OP_ENDED
B sps 211313 N LHC Logbook 1039123 {"fault_description": {"gro... ~ No beam 1118114 1 N OP_ENDED
E Controls 2/2/13  logging N LHC Logbook 1038991 {"fault_ iption": {"gro... 1118/14 1 N OP_ENDED Connection to LHC-OP-L
E Miscellaneous 7/2112  ofc down N LHC Logbook 1034471 {"fault_description": {"gro... ~ VOID 111814 1 N OP_ENDED
B  Access 2/12/13  patrollost in PM45 N LHC Logbook 1039117 {"fault_description": {"gro...  Hardware 111814 1 N OP_ENDED
B spPs 1/28/13 N LHC Logbook 1038905 {"fault_description": {"gro... ~ No beam 1118/14 1 N OP_ENDED
E pPsB 22113 N LHC Logbook 1038986 {"fault_description": {"gro... ~ No beam 1118/14 1 N OP_ENDED
E RF 7/16/10 Ch 8 on CIB.UA47.R4B1 N LHC Logbook 1021242 {"fault_description": {"gro...  Hardware 111814 1 N OP_ENDED RF interlock on BIS
E PsB 72112 N LHC Logbook 1034469 {"fault_description": {"gro... ~ No beam 111814 1 N OP_ENDED
E  Injection 2/12/13  tune kicker N LHC Logbook 1039116 {"fault_description": {"gro...  Hardware 1118/14 1 N OP_ENDED
B PsB 1/28/13  cooling N LHC Logbook 1038904 {"fault_description": {"gro... ~ No beam 111814 1 N OP_ENDED
» HIGH_LEVEL_SUMMARY_SCHEDULE E  Beam dump 2/2/13  Trigger/Retrigger fault N LHC Logbook 1038981 {"fault_description": {"gro...  Controls 11/18/14 1 N OP_ENDED
» LHCLOG_CRYO E  Cryogenics 11/12/12  Cold Compressor S34 N LHC Logbook 1037943 {"fault_description": {"gro...  Cold compressor 114814 1 N OP_ENDED
» OP_LOGBOOK B Access 71610 N LHC Logbook 1021240 {"fault_description”: {'gro...  User 11814 1 N OP_ENDED

E Faults © | Logbook © | Faults and Logbook  © Extended Charts



ORACLE' Big Data Discovery

Explore v Transform v Discover v

AFT_FAULTS faultname (=
OP_LOGBOOK VOID I
Clear All
Y  REFINE BY Pl CHART
m » AFT_CARDIOGRAM 308
v AFT_FAULTS &
a creation_time_utc
258
» description
» element
» elogbook_fault_id 208
» fault_classification_id E
» fault_classification_name ﬁ’
S
» fault_creation_source_name 5 158
e
» fault_description %I
o
» fault_id o
i 108
~ fault_name
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Next steps

* Check new upcomingfeatures presented during OOW 15
e Scalabilityimprovements
e Streamingintegration (Kafka)

* Add more advanced charts and visualizations
* MachineLearningintegration k fk
e Evaluate Big Data Discovery cloud q a

e Extend to more CERN use cases

e Controlsand Operations
e Accelerator Fault Tracking
e Diagnostics and Monitoring
* IT Infrastructure Monitoring
e Server logs analysis
* Database latency
* Human Resources




Conclusions

e Data visualizationand discovery is an important area in data analytics
* Facilitatesusersto visualize and explore their data
* Find correlations, extractinsight and useful information

* Important points
* Flexible and user-friendly platform
* Advanced datavisualizationand exploration
* Collaborative

* Applicationto different domains
* Controlsand Operations

* |T Infrastructure Monitoring
* Human Resources
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