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CERN

- CERN - European Laboratory for Particle Physics

- Founded in 1954 by 12 Countries for fundamental
physics research in a post-war Europe
Science for Peace

« Worldwide Collaboration
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Hadoop and Analytics — IT-DB-SAS

New scalable data services

Scalable databases
Hadoop ecosystem
Time Series databases

Big Data Analytics

Activities and objectives

Support of Hadoop Components
Further value of Analytics solutions
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CERN Accelerator Logging Service

iti"r_n‘ber

> +800 extraction clients
> +5 million extraction requests per day

~ 1 million signals

~ 300 data loading processes
~ 4 billion records per day

~ 160 GB/day

» 130 custom applications

Consumers

| Extraction API

>20 Years > 52 TB/ year stored
~ 250°000Signals PL/SQL ©
~ 50 data loading processes ﬁltter;dsfi?ta i/ 9
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CERN Accelerator Logging Service

- New Landscape bring new challenges
Better Performance on bigger datasets

700

- Big Data queries: Impala, Spark SQL 600
: - 500

Leverage analytics capabilities 400

- Spark Analytics: Python, ML, R 300
200

. More heterogeneous data access models 00

0

Credit: BE-CO-DS

&)

NS

Storage Evolution - Size in GB / day

e i i e

~ — ¢ ¥ VU M- T r T T TN ™ T




CERN Accelerator Logging Service
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Accelerator Postmortem Analysis

- Postmortem Analysis

« Diagnosticon failures
Continue operations safely
Intervention Required

- Designed for CERN LHC

« Extended to injectors complex (SPS)
« External Post Operational Checks
« Injection Quality Checks S SO U —




Accelerator Postmortem Analysis

- Challenges:

« Stringent Timing Constraint ORACLE sveam st
- Better scalability §€ — Spalks e |
Streammg @ Exploratons .

data storage
|O throughput [ References v

Real Big Data Streaming Analytics







Use Case: FCC RAMS

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

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

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




Scenario

* Power Converters

® Cryogenics

® Machine Protection

® Accelerator Major Events
® Accelerator Fault Tracking
® Accelerator Logging

® Operations logbook

Use Case: FCC RAMS

Data
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Deployment overview

CDH 5.7.1 L -

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

165 TB HDFS l |
T o —— ]

Oracle Big Data Discovery -
Libraries+ Hive table detector

Big Data Discovery v1.2.2 —
Dgraph & Studio i +

4x Xeon E7-8895 v2 (15 cores each)
2TB RAM
4.8 TB Flash+ 6 x 1.2 TB 10K HDD

53 0 -+ 3 —Q s 0 0 O




Oracle Big Data Discovery Overview

e Data Exploration & Discovery
* Interactive catalog of all data
* Assess attribute statistics, data quality and outliers
* Quick data exploration or create dashboards and applications

e Data Transformation with Spark in Hadoop
* Apply built-in transformations or write your own scripts
* DataEnrichment
* Text: Entity extraction, relevant terms, sentiment, language detection
* Geographical information: address, IP, reverse
* Preview results, undo, commit and replay transforms

e Collaborative environment

* Share and bookmarks
* Create and share transformed datasets




Data Transformation Ul - ETL

ORACLE' Big Data Discovery &
Explore v Transform v Discover v Aft Faults: logbook
L0GBOOK FAULT_CREATED
Ciearai s Not Null .
v 999.8Kof 1.7M 44.3k 13 o

Records Sampled  Filtered Records ~ Attributes

Basic Convert Advanced Shaping Editor

"
X
i

@] Create geo hierarchy Extract entities

Tag from whiteist  $%* Groupvalues {f}} Manage null values

Extract key phrases

logbook._id - Delete

ns to extract key phrases from blocks of text

ng:
New Attribute Name shift_id - Delete
ut language: [ Englsn v v gs smart casing for input text COMMENT TERMS comment d- Deete

Adjust output text to lower case element - Delete

EVENT_DATE - Convert to Date Time

~

shift_start - Delete
EVENT_COMMENT - Extract Key Phrases: COMM...

© 0000000

LSRN

LINENAMES - Create

Cancel Preview Add to Script

O, Fiter Atrbutes v O Sot Name v T
((COMMENT TERMS (( EVENT_COMMENT 2 EVENT_DATE ((EVENT_ID ( ( FAULT_CREATED ( ( FAULT_DESCRIP... ( ( FAULT_GROUPN... (( FAULT_ID ( ( FAULTNAME ( ( LINENAMES ((LOGBOOK_COM... 11
— - - ' —
supervyae, Luou <USLMUOUSIL> HUUU 1 U SU...  CUIUUD"CO UOADUD UL 1€ cvrvoco ueor 11 L v sy Livmue 1uavoy nr LnUFnUBE, or PN AL PO Lumpien
switching ASACUSA requests the switchin... 2010-06-29 22:35:53 UTC 1297268 2010-06-29 222 POWER_SUPPLY 1020608 voiD ALPHA Pbar Complex
No beam 2010-07-0305:29:10 UTC 1298821 2010-07-03 05:30:02 .. o 1020759 Access CNGS1, SFTLONG2 sPs
No beam 2010-07-26 09:44:24 UTC 1309158 2010-07-26 09:45:15 - CcPS 1021337 PS CNGS1, SFTLONG2, LH...  SPS
beam No beam - stopped for access 2010-07-28 13:08:34 UTC 1310429 2010-07-28 09:53:52 ‘Water leak cv 1021388 Cooling CNGS1 SPS
he, accelerator LHC SEQ: ACCELERATORMO...  2010-08-03 09:38:26 UTC 1312689 2010-08-03 09:10:22 Technical Services 1021537 Electrical Services BEAM LHC
No beam 2010-08-08 04:14:13UTC 1315061 2010-08-08 04:15:05 cPs 1021679 PS CNGS1, SFTLONG2 sPS
piquet, token, RCO, RCD,... Calling EPC piquet to know whet... 2010-08-08 19:32:59 UTC 1315230 2010-08-08 19:11: communication lost Cryogenics 1021684 Controls BEAM LHC
piquet, settings, injection, ...  When driving injection settings, s... 2010-08-09 09:38:27 UTC 1315466 2010-08-09 11:09:20 Water fault Power converters 1021695 Voltage source BEAM LHC
start softstarting the kickers 2010-08-28 19:04:18 UTC 1323741 2010-08-28 14:21:42 movement problem sPS 1022208 No beam BEAM LHC
No beam 2010-09-04 115833 UTC 1326340 2010-09-04 12:02:19 .. cPs 1022301 PS CNGS1, SFTLONG2, LHC3  SPS
RQT13, S12, R8B2, Prec...  Precycles of $12,81 and RQT1...  2010-09-10 08:17:57 UTC 1328955 2010-09-10 08:55:59 RF 1022472 Hardware BEAM LHC
ABRS8, OK, QPS, injection...  QPS OK for MB.A8R8 is bad ... ... 2010-09-14 17:08:03 UTC 1331128 2010-09-14 17:27:40 No QPS OK QPs 1022558 Hardware BEAM LHC
mettons, signaux, nous, t...  No beam PS. TG8.KFA45. Inibit ... 2010-09-18 00:22:07 UTC 1333075 2010-09-18 00:41:36 TG8 timing disabled PS 1022667 Control LHCPROBE, SFTPRO, A...  PS Complex
colimators, b1, Ihc LHC SEQ: B1 Collimators to par... ~ 2010-09-21 04:43:25 UTC 1335090 2010-09-21 05:27:13 Controls 1022800 Software BEAM LHC
beam LHC RUN CTRL: BEAM MODE ...  2010-09-2308:15:04 UTC 1336024 2010-09-23 10:23:55 heater discharging apPs 1022869 Hardware BEAM LHC
No beam 2010-09-28 17:3245 UTC 1338241 2010-09-28 17:36:57 .. RF 1022997 AF Power LHCION1, CNGS1,CNG...  SPS
No beam 2010-10-2303:5343 UTC 1349101 2010-10-23 08:55:19 .. o 1023504 Setting Up CNGS1, SFTLONG2, LHC3  SPS
ctrl, e LHC RUN CTAL: BEAM MODE ...  2010-10-25 19:1809 UTC 1350121 2010-10-25 21:09:03 Cryogenics 1028541 Controls BEAM LHC
No beam 2010-11-01 02:04:06 UTC 1352843 2010-11-01 02:04:57 - RF 1023673 RF Power CNGS1, SFTLONG2 SPS
No beam 2010-11-17 08:13:31 UTC 1360713 2010-11-17 00:51:50 CcPS 1024081 PSB CNGS1, SFTLONG2, LHC2 SPS
Genoud, PSB <center><b><i>H.Genoud<b></... 2010-11-17 21:11:37 UTC 1361115 2010-11-17 21:05:19 LINAC2 1024134 Control LHCPROBE, SFTPRO, A...  PS Complex
mspsb, remove, sc Remove MSPSB from SC. End ...  2010-11-19 1250:38 UTC 1361990 2010-11-16 20:18:16 HV-Interlock PSB 1024072 Kicker EASTA, EASTB, EASTC, ... PS Complex

aft_faults_extended © logbook +




Discovery Applications

ORACLE" Big Data Discovery ¢ & 0 o

Explore v Transform v Discover v Aft Faults: AFT
AFT_FAULTS_EXT... fault_groupname logbook_nickname
L0GBOOK. ® LHC OP
Clear Al TESTS ® <
¥ X ¢ 0 ‘m
v AFT_FAULTS_EXTENDED ’
lerat
accelerator %00 faultname 3008 faultname
a creator
ALICE Cold compressor
elogbook_fault_id B AnAs 1 Hartwere
fault_description 250 BCT 2508 No beam
P B BLM - hardware I Controls
fault_id A BPM - haraware voo
fault_state s W CMS M Electrical Services
L Cold compressor = 2008 Interiock.
full_name g W Controller E W Controller
logbook_faulty_element € 1N Controls z M Voitage source
N =4 M Cooling 5 W Software
op_duration T w0 . OTAL g 158 BLM - hardware
op_end_time 3 mov EH ov
2 Electrical Services \ Mains gitch
parent_fault_id o 00 Feedback g 1008 M Cooling
prevents_injection H Haraware CTRL
k4 W Infrastructure M Infrastructure
start_time 3 W Interlock M Pressure
LHCb
v Other s Mains giitth 508
comment_terms. W Middleware W WorldFIP
- Miscellaneous ALICE
event_comment 0 W Network 0 W Middleware
f I No beam T T I Feedback
ault_groupname s A 9 9% 1 Operaorenor B % %, % Hvave
O, Fitter. v /%q, W Pressure 'G% W BPM - hardware
Cryogenics
aPs fault_groupname fault_groupname
Power converters
SPS
‘Technical Services
= @ Drag portiets below 1o nest them.
Miscellaneous
Collimator
Beam instrumentation Other v 0 RECORDS SELECTED VIEWOPTIONS v ACTIONS v
Injection accelerator B1 b1 B2 b2 bt beam  beams
E  comment ter. event_comment fault_groupname faultname linenames logbook_nickname op_m
Beamdump @ confirmation Global Post Mortem Event Confirmation RF Hardware BeamSetup LHC OP BEAM IN bim B bpm bpmhc  calbration checks cws
Ps © compensat... 3] Ramping down dipole, solenoid and compensators for Alice's access. Access Hardware BEAM LHC OP SETTING_U coll colimator collimators confirmation cryo
Vacuum B LHCb Took over the machine during squeeze for MD to test separate collision beam process for LHCb (collide IPs 1,2,5 first, then IP8 aft... ~SPS No beam PROTONPHY LHC OP BEAM IN
Controls ctrl dipole dump EPC fill handshake Injection
= B update TIM update done... includes update of DIP publication restarts Vacuum Valve BEAM LHCOP SETTING_U
S 5] PCC5 on RSF2.A6782 Miscellaneous voiD BeamSetup LHC OP NO BEAMS [——— | [ o Piquet
BiS 5] LHC SEQ: BPMLHC calibration finished. Overallresult: SUCCESS Beam dump Controls PROTONPHY LHC OP SETUP
uet post precycie QPS ramp RBAC RP sanity
Operation e MARC, BOMONT (MBOMONT) has been assigned RBAC Role: PO-LHC-Piquet and will expire on: 2011-07-12 12:40:00.000000  QPS Controller RECOVERY LHC OP SETUP
5 =] LHC SEQ: MCS checks finished BIS Hardware PROTONPHY LHC OP SETUP. settings  setup solenoid tedq _ thresholds  vacuum
Select All B transaction Ar actic Could not roll back JDBC transaction; nested exception is java.sql.... Controls Infrastructure MD LHC OP BEAM IN valves wamnings XPOC
utname 5] With the 6 it is better, carry on with 144 bunches. Miscellaneous voiD PROTONPHY LHCOP BEAM IN
u
lnenames B LHCb, finish [3] LHCb access finish. 3 Hardware ProtNucPhy LHC OP NO BEAMS e i e =
ogbook_nickname © ohc  [3 LHCRUN CTRL: BEAM MODE changed to RAMP DOWN Cryogenics Cold compressor PROTONPHY LHC OP SETUP.
» LOGBOOK =] LHC SEQ: B1 Collimators to parking finished QPs Hardware IONPHY LHC OP SETUP
B QPS,acces |

» LOGBOOK_CLEAN

n AFT | Logbook o+ B

31 we switch off sector 45 and 56 for the QPS acces in point 5 apPs Hardware PROTONPHY LHC OP NO BEAMS




Discovery Applications

ORACLE" Big Data Discovery =
Explore v Transform v Discover v Aft Faults: Logbook
LOGBOOK OP_MODE LOGBOOK_NICKNAME
cloar A o TESTS ® <
v X ‘m
» AFT_FAULTS_EXTENDED BY: Year Month Day ’
v LOGBOOK Bk OP_MODE
- X
EVENT_COMMENT o
- EVENT_DATE W BEAMIN
s« SETTING_UP
m u SETUR
NO BEAMS
W STABLE BEAVS
¥y s . LHC_MASTERSHIP
? M SPS_MASTERSHIP
o v 5 § B P CvoLE
& LOSS_MAPS
o0 g - emeoe [ 5 % | | MEASUREMENT
4 W INJ_TUNING
k2o o028 H Nremveston
g M UNSTABLE BEAMS
187765 resuts [ suomi. | = | B Il 1 Commisionig
EVENT_ID

FAULT_CREATED
FAULT_DESCRIPTION
FAULT_GROUPNAME
FAULT_ID
FAULTNAME
LINENAMES
LOGBOOK_COMPLEX
LOGBOOK_NICKNAME

jwozniak):
EASTB
LINAC3
cTF
LHCPROBE
EASTC
LHCINDIV
LINAC 2
LINE2

LHCFAST1
1SOGPS
LINES,1046102,2012:07-21 21:00:...

More Select All
OP_MODE
n AFT o Logbook

---
T

A
% %%, % %
0, %, %,

T % %, %%
% Y 2, %,
',

%, %, X
ACERA % % %, %Y,
N N EVENT_DATE

Operational Mode by Complex
LHC OP SPS

\| !
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ADE EASTB
Inner Ring
FAULT_GROUPNAME

O
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z
3

Cryogenics

LINAC 3 LINAC 2 EASTC Others Oters
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FAULTNAME

RECORDS

Setting Up
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Discovery Applications

ORACLE" Big Data Discovery

QAL

¢00'

Explore v Transform v Discover v Aft Faults: AFT Inside this project
AFT_FAULTS EXT... fault_groupname AFT_FAULTS_EXTENDED REFINEME...
Cearan Cryogenics <
] comment_terms - Otfer .
Y X CHART QAL X “m
x| v AFT_FAULTS EXTENDED
3] 2 120 faultname av: Year | Month | Day event_comment - Other 4
accelerator
= ) Cold compressor 608 faultname| QRL, around midnight start cooling ma..
creator
B Gonwols Cold oo QRL that gave a wrong signal (at 10-4)...
elogbook _faut_id 100
M Mains glitch I Controls| QRL line C affecting DFB MB. Trying t.
fauit_description 508 ov
) . M Mainsg| - QRLGE_03R8_TT947. It couid be that ...
ault_id H
fault_state T w0 fault_description - General
08
full_name H T ..QRL
logbook_fautty_element H & Options
op_duration 2w . OGBOOK REFINEMENTS
P -
op_end_time ] H EVENT_COMMENT - Goners
]
parent fault_id E g QRLAB_23R7_TT943,POSST) is actu
et )
prevents injection 5 208 QRL). All pressure are ok.
start_time 3 Leak in GRL sector 4-5 subsector B45.Q... v
~ Other 108 |} QRL SSB Stable : VGP230.8R4.Q : Be...
20
comment_terms QRL that gave awrong signal (at 10-4)...
event_comment EVENT_ID - G
fault_groupname . 0 = o -
— U, T B O e, e B, O B, Ty T B P QRL closed the vaives. Clean dump
o, i v o % 4% %, % 0. 0, b % Y T B 0% Yo Y Y,
), Fite ryogenics RN 009 % 0%, %°%, %, %, 2% %, 2,23 %, «?;,/«b,:vb,e %, QRL,Controls, Cryogenics,2012-09-03
a A o %
AFT fault_groupname Start_time ...QRL,Controls,Cryogenics,2012-09-03 ..
aPs Itlooks like a vacuum gauge on the QRL....
Bpaeer comveriers QRL sector 4-5 subsector B45.Q stable;
sPs
TS ical Servioss 3 more refinement matches >
RF Otmer v|  oReconos seLecTeD VIEWOPTIONS v ACTIONS v FAULT_DESCRIPTION - General
Miscellaneous B1 bt B2 b2 bet beam QRL
Cotimator B comment te event_comment fault_groupname. fauitname linenames.
Beam instrumentation @ ghh GHH & Reyes Cryogenics Cold compressor IONPHY L R R | T 0GBOOKICIEAN REFNEMENTS)
rjection © compensat... 3] LHC SEQ: ramping up ALICE DIPOLE and COMPENSATORS Cryogenics Cold compressor ACCESS L collimators  compensators <l
Phooses event_comment - General
© beams - started the shift with a stable beams happily ongoing (Fill 2309). Cryogenics Cold compressor IONPHY u
Beam dump confirmation CTYO Cryo cryod  ..QRL that gave a wrong signal (at 10-4)..
3 © M,Ihc,ond... 3] LHC SEQ: ONDULATOR L4 U_RES RESETED Cryogenics Cold compressor ACCESS u ant)
o B For Philippe Cryogenics Cold compressor IONPHY L dipole EPC fil injection imerd = oo ‘oo
Controls B botd,lhe (3] LHC SEQ: BotFd tests finished. Overall result: SUCCESS Cryogenics Cold compressor ACCESS u INC LHC s onsul | Loak Sector 45 QRL subsector 8 : stable
F3 B b2 colima... (3] LHC SEQ: B2 Collimators to parking starting Cryogenics Cold compressor IONPHY Lk QRL, around midnight start cooling ma..
::"‘"""“ [ 3hrs,MKD... [3| MKD switch replaced, and now synchronization and local energy scans for 3hrs, then if needed, a change of the delay board. Final... Cryogenics Cold compressor IONPHY L Plauet post precycle QPS ramp| . ofinement matches >
] o
T, © LDM,LED,... 3] shortaccess for LED on LDM at UX451 Cryogenics Cold compressor ACCESS L sanity settings  setup  solenold {ault_description - Goneral
sis 5} LHC SEQ: ONDULATOR L4 ON Cryogenics Cold compressor ACCESS u , ! oL
vacuum valves  wamings
1,qps, .. 3] 1 i | TONPH t
I o ] © 1501,qps, ... (31 RQTLI2L5B1 QPS_OK missing Cryogenics Cold compressor PROTONPHY u
©  PM5, acces 3 end of acces in PM65 Cryogenics Cold compressor IONPHY u Explore comment terms by Numbr of rcorc]
fautnama E beam LHC RUN CTRL: BEAM MODE changed to BEAM DUMP Cryogenics Cold compressor IONPHY Lk
finenames. g e LHC SEQ: ALICE & LHC READY for Ti2 SETUP Cryogenics Cold compressor ACCESS u
logbook_nicks
g : niekname B thoop ‘History' application has been captured from Ihcop Cryogenics Cold compressor ACCESS W
op_mode
Bxpand selscion 8 the LHC SEQ: MCS checks finished Cryogenics Cold compressor PROTONPHY u
S LOGBOOK GLEAN @ Cryo compressor restarted, the recalibration was successful Cryogenics Cold compressor PROTONPHY L Save as default state
H AFT ©| Logbook ol




Notebooks

* Easy to create and share documents that contain live code
 Step by step execution reproduce the analysis, charts, etc.
 Support for multiple languages/kernels

* Multiple notebook software available ® O
* Jupyter/IPython A
e BDD provides notebook from version 1.2.0 (BDD Shell)
* Can be used with Jupyter/IPython J u pyte r

HUE notebooks
Apache Zeppelin
* More...




Query Editors v

HUE Notebooks

DataBrowsers v Workflows v Search  Security v

My Notebook

DATABASE

fec_rams -

TABLES

aft_cardiogram
time_utc (timestamp)
variable_name (string)
value (double)
property_name (string)
aft_faults
high_level_summary_schedule
Ihclog_cryo
variable_name (string)
utc_timestamp (timestamp)
value (double)
op_logbook
event_id (double)
event_date (tmestamp)
logbook_id (double)
logbook_nickname (string)
logbook_complex (string)
comment_id (double)
op_mode (string)
fault_id (double)
fault_description (string)
fauitname (string)
fault_groupname (string)
fault_created (timestamp)
linenames (string)
shift_id (double)
shift_start (timestamp)

element (string)
event_comment (string)

[CAd s & 0%

 mpaiasaL
select variable_name, count(*) as numrows
from 1hclog_cryo
group by variable_name
order by numrows desc
Limit 10
X-AXIS 6,887,08
variable_name - 6,000,000
YAXIS 5,000,000
numrows 4,000,000|
SORTING 3,000,000

2,000,000
il

1,000,000

o I
QRLAB_23L1_GT943POSST QRLAB_156_GT947.POSST QRLFE_04L8_GT930.POSST ATLAS:LUMI_TOT_INST QRLHA _05L4_GT935,POSST
QRLHA_05R4_GT938.POSST QRLHA_05R4_GT37.POSST QRLCC_07L4_GT947.POSST QRLDE_06R8_GT931.POSST QRLEA 06L2_GT931.POSST
 mpainsaL
select avg(value) as value, extract(utc_timestamp, “hour") as hour_
from lhclog_cryo
where utc_timestamp > "2015-06-12"
and utc_timestanp < "2015-06-13"
and variable_name = "QRLAB_23L1_GT943.POSST"
group by hour_
order by hour_
g ®value
X-AXIS 1233722
hour. . 12335
Y-AXIS 12.33]
alue
@ 12325
~ hour_
1232

SORTING
M 12315

1230921

0 2 4 6 8 10 12 14 1 18 2 2




asce 6.

* Reliability of degrading components of valvesin
the cryogenic system of the CERN Large Hadron B
Collider (LHC) - Elena Rogova, Delft University of Technology R yted B -

* Analysis of the difference between request and
feedback of the valve aperture

* Coding in Matlab

* Next: Scale processing using Spark
* Process valves in parallel/distributed o e s e
* Generatecharts for each valves ™ \
* Notebooks using PySpark ®
* Collaborative review and improvement of the code
* Share results wer M

QsCB_6_2CV120POSST 2015.01-22 11:06:13.220000000 101.0199966430664
QSCB_6_2CV120,POSST 2015-01-22 18:13:3.660000000 100.98999786376953
QsCB_6_2CV120POSST 2015-01-23 21:38:06.740000000 101.0199966430664

QSCB_6_2CV120POSST 2015-01-30 04:47:39.130000000 101.0199966430664

QSCB_6_2CV120,POSST 2015-01-30 13:08:20.340000000 100.98999786376953
12 /QSCB 6 20V120.POSST 20150131 0307035500000 10101 199966430664

tanp <= '2015-03-14" "

20 W ‘
10 L
o = 'J L L
17Jan  8Mar 22 Apr 18 Jun 18 Dec 2015
Date

Figure 6. Absolute difference (%) between request and feedback for QSCB_6_2CV120




Conclusions

Overcome technical limitations for several CERN use cases
e Allows to gain more value from data investment

Great ecosystem for data ingestion, processing, analytics, SQL engines, etc.

Heterogeneous data access

Important to facilitate the interaction with data

* Datavisualization and discovery

* Helpsusers to browse, exploreand understand their data
e Combined with ETL for data cleaning and feature engineering

* Notebooks are easy to use and powerful for advanced analytics
» Self-service tools improve productivity

* Users should be able to do what they need without IT intervention
* Collaborative environment
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Largest Cryogenics Installation

* 50k I/0O, 11k actuators, ~5k control loops

e Control:
e ~100 PLCs (Siemens, Schneider)
* ~40 FECs (industrial PCs)

* Supervision: 26 SCADA servers

Instrument/Actuators Total

Temperature [1.6 —300 K] 10361
Pressure [0 —20 bar] 2300
Level 923
Flow 2633
Control valves 3692
On/Off valves 1835
Manual valves 1916
Virtual flow meters 325
Controllers (PID) 4833

I
300K

JOOK-B0K  BOK-20K  20K4.9K  4.5K1.9K
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ORACLE" Big Data Discovery

—_Sea/cn p o O

Datasets Catalog

11 Data Sets

.'11 7 Projects

£ Add Data Set

View all View all
Refine By Recently Viewed Data Sets
v USAGE
Created By Me aft_faults op_logbook cms_lIhcfills
v CONTENT

Contains Dates

Data Source: fcc_rams.aft_faults

Data Source: fcc._rams.op_logbook

Data Source: cms_Ihcfills.csv

Contains Locations (1.8k records) (D (1.1M records) (O (621 records) (O
Preview Preview Preview
v METADATA
Project Author
Data Set Author Most Popular Data Sets  View More
Project Tags
op_logbook apache_mwectl_prod_db... apache_mwectl_prod_db... aft_faults cms_lhcfills aft_cardiogram cms_runs_for_fill
Last Modified mwod mwctl apache access prod
B

Number of Records

Data Source: foc_rams.0p_logbook
(1.1M records)

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

Data Source: apache-mwct-test-db-20...
(745 records)

Data Source: fcc_rams.aft_faults
(1.8k records) (3

Data Source: cms_hcfills.csv
(621 records) (¢

Data Source: foo._rams.aft_cardiogram

Data Source: cms_runs_for_fil.csv
(2.5k records)

Number of Attributes (1.2M records) (8
Preview Preview Preview Preview Preview Preview Preview
Data Source Type
cms_tmb_rates high_level_summary_sc... Ihclog_cryo naive_ml_prediction

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

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

Data Source: fcc_rams.lhciog_cryo
(1.1B records) ©
Preview

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

Ihclog_cryo (1,078,271,323 records) Actions
Data SetInfo ~ Used in Projects (1)~ Related Data sets (4) Explore
/Add to project
To add tags, click the Tags button at left. Edittags
Reload data set
Attributes Delete
< i« Summary
Data source: fcc_rams.Ihclog_cryo
Data source type: Hive 0 views
Hive Table name: fcc_rams.Ihclog_cryo e

Created on: 1/17/2016 4:52:14 PM (UTC)

Access: Public  edit

Data set key: edp_cli_edp_bib068c8-3280-4bcf-a107-87a3d4el7e04

Newly Added Data Sets  View More

Ihclog_cryo

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

op_logbook

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

apache_mwectl_prod_db...

Data Source: apache-mwcti-test-db-a0...
(745 records)
Preview

apache_mwectl_prod_db..

mwod mwetl apache access prod

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

(183 records)
Preview

cms_tmb_rates

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

cms_runs_for_fill

Data Source: cms_runs_for_fill.csv
(25K records)
Preview

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

cms_lhcfills

Data Source: cms_lhcfils.csv
(621 records) (D
Preview



Data Visualization

ORACLE" Big Data Discovery o e
Explore v Transform v Discover v FCC RAMS v1: Extended Charts

AFT_FAULTS faultname
OP_LOGBOOK VoI

Clear All

REFINE BY X  BoxpLoT ADD COMPONENT X *m
fault_name: Interlock
o ElascAniosRAN 140.00M op_ duration: 134.23M (maximum)

O, Fitter. 4
v AFT_FAULTS Click to refine

» creation_time_utc

. Box Plot
130.00M - An-

» description | .

» element "" Chart

+ elogbook_fault_id 120.00M+ | | . | |

» fault_classification_id | | | . | m Column Container
» fault_classification_name 110.00M - N N

) ! N l Histogram Plot
» fault_creation_source_name

» fault_description 100.00M L IE IFrame

~ fault_name

» fault id
90.00M 4 . Map
O, Fier... v

No beam
Hardware
Controls
Voltage source 70.00M
Controller
Electrical Services
BLM - hardware
Software
Cold compressor
BPM - hardware
Interlock
Cooling
Feedback
Infrastructure
Timing
ALICE & Thematic Map
= TIMELINE
ATLAS

Miscellaneous By: Year | Month | Day neroto |- |2namns @ Timeline

Middieware

v ¥ max

101110 1At 411 7/t 1011 1112 a2 - 7nn2 ‘ ;011/12 1113 e |y Donut Pie
» fault_state A, . 1 1 é’o (Unpublished)

op_duration

a0.00m- | ﬁ Parallel Coordinates Plot

60.00M o

T T —
o G e % O G K b % \~Summanza\|onﬂar

3 e £ i
fault_name D Tabbed Container
VIEW METRIC DIMENSION

’ Tag Cloud
att_faults v | op_duration v | faut_name| b

© © © © © © © © © © © © © © o ¢©

‘Web Content Display

©

» group_name
» is_root_cause
» op_duration AFT_FAULTS - LINKED v

» op_end_time Record Count by start_time : 1,701 records

» prevents_beam_op

» oravents iniection
» HIGH_LEVEL_SUMMARY_SCHEDULE

» LHCLOG_CRYO | | ‘ | | | AN | I 1y

I IV A i




Quick Data Exploration

FCC RAMS v1: op_logbook

ORACLE" Big Data Discovery

Explore v Transform v Discover v
OP_LOGBOOK L fault_created @ logbook_complex ©  faultname -]
‘Year-Month-Day (1) TESTS ® is Not Null
Clear All Between: 5/4/14 - 1130/15 VoI
Y  REFINEBY X
+ eloment fault_groupname . faultname

» event_comment

Clear all

» event_comment_terms

» event_date

[FISORT: fault_groupname v

» event_id
. faultname
v fault_created

1 Source
mPs

W Miscellaneous
1 Power supply

1802015 ER <

re—

+ fault_description
» fault_groupname
> fault_id

Number of Records

~ faultname

O, Fiter.. v

™ Security

oP TE-ABT Bl BE-CO EL TE-MSC ov LEIR EN-CV m Isolde MEF LINAC 3
oS CTF RF EPC TE-EPC vsC ABT sT MCS Miscellaneous ASE sTI MD CONTROL Access MPE Controls BE-BI
Cavity

fault_groupname
. . - IIIIII
Miscellaneous . L LTI

Save to Discover Page
Power supply
PSB

Electic 1M 10.6k 15
e . ods s Koo J FAVORITES ~ DATATYPE v NAME v 7 HIDDEN e
Power Al Attributes [Sort By name v B:
Setting Up
LINAC2
AUXPS
Kickers
RF Power ‘m@B5others [INGjbeam detected for SFTPRO1 [No beam 0 ‘GdBothers 11044178
= [Thermo-ionic Gun [No beam detected for SFTPRO2 ISFTPRO1 12292702 to be updated 11044683
| Beam back for SFTPRO1 |SFTPRO2 12292684 11044424
—— =’e:el: po::;l and HV breakdow... | e ot dotocioetfor STION2 i / s / l’; ‘::u ll:: 3,::1‘1 5_n:mnlsm i:otﬁ nyet 11039967
| Start of the LHC filling period | Sequence 12292679 . ported, no beer 9.+ 11039372
Magnet [TBIUTE | No beam detected for SFTION3 | Beam back 12440780 | Dipole 30330 11039959
BE-RF [BLM ‘64430thers ‘111980thers ‘92410others | Power Cell - EMD114°9 blown-up ‘31300thers
2014 2015 2014 2015

[ wore | E=a element event_comment event_comment_terms event_date event_id fault_created fault_description fault_id

» linenames

+ logbook_complex

o, Fiter.. v
PS Complex

 aft_cardiogram o aft faults | high_level_summa... © | élhciog_cryo | op_logbook

FH Ihclog_cryo (25% updated)



due @A  Query Editors v Data Browsers v Workflows v Search v Security v le Browser &= Job Browser 4} hdfs v (2] ®

[ Notebook test-matlab  Add a description...

select ™ from tcc_rams.LhcLog_cryo
where variable_name like 'QSCB_6_2CV120%'

P and utc_timestamp >= '2015-01-14' and utc_timestamp <= '2015-03-14'
order by utc_timestamp

4 | variable_name utc_timestamp value

2 QSCB_6_2CV120.POSSI1 2015-01-22 08:53:12.590000000 101

3 QSCB_6_2CV120.POSRST 2015-01-22 08:53:12.590000000 100

4 QSCB_6_2CV120.POSST 2015-01-22 11:06:13.220000000 101.0199966430664
5 QSCB_6_2CV120.POSST 2015-01-22 18:13:33.660000000 100.98999786376953
6 QSCB_6_2CV120.POSST 2015-01-23 21:38:06.740000000 101.0199966430664
7 QSCB_6_2CV120.POSST 2015-01-26 13:36:23.310000000 100.98999786376953
8 QSCB_6_2CV120.POSST 2015-01-26 14:05:11.330000000 101.0199966430664
9 QSCB_6_2CV120.POSST 2015-01-29 19:37:48.420000000 100.98999786376953
10 QSCB_6_2CV120.POSST 2015-01-30 04:47:39.130000000 101.0199966430664
11 QSCB_6_2CV120.POSST 2015-01-30 13:08:20.340000000 100.98999786376953
12 'QSCB 6 2CV120.POSST 2015-01-31 03:07:03.550000000 101.0199966430664

from pyspark.sql import HiveContext

sqlContext = HiveContext(sc)

query = ("select * from fcc_rams.lhclog_cryo "

"where variable_name like 'QSCB_6_2CV120%' "

"and utc_timestamp >= '2015-01-14' and utc_timestamp <= '2015-03-14' "
"order by utc_timestamp") #Greater than startDate

#Query SB Times
data = sqlContext.sql(query)




