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CERN’s Platform for
Data Analysis with Spark

Enric Tejedor, Prasanth Kothuri, CERN
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Outline

1. What we do at CERN
2. Interactive data analysis with Spark

3. Use cases
1. Physics data
2. Controls data
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Founded in 1954
Mission: fundamental research in Physics
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. The largest scientific experiment to date G | s ,.} 2\
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Sir Tim Berners-Lee 1989

http://info.cern.ch
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Distribution of All CERN Users by Nationality on 24 January 2018

~ = . oy K
‘ Sy

g -

>15,000 scientists
>100 nationalities
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Physics Data Processing
and Analysis at CERN

#H#SAISExXp1



LHC Data Pipeline at CERN

Data collection Data analysis

Event filtering  y sume Event selection,

stat. treatment...

Results

Analysis
formats

'

Processing,
skimming

Reconstruction
s
N
\lrfﬂ Offline processing
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ROOT

* The data analysis framework for
high-energy physics (HEP)

* Data processing, statistical
analysis, visualisation and
storage

« ~]1 EB stored in ROOT format

— Binary, compressed
— Columnar
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ROOT Dataset

Column:
physics entity

- Row:

[ collision event

ROOT dataset stored in
one or multiple files
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The LHC
Computlng Grld

Started in 2002

Provide processing power and data
access to physicists

~170 centres in 42 countries

12
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Distributed Computing in HEP

* Physicists use Grid and batch resources to process
LHC data in parallel

Data processing Merge

Results

Job Range 1

Initial

Job Range 2
Dataset

Job Range N
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HL-LHC: Even More Datal!

 Coming upgrade:
High-Luminosity LHC

e 30x more data
collected

* Big challenge for
software and
computing

CMS estimated disk space required by tier

Runl & 2
. Ops space
RAW
GENSIM
4000 AOD
MINIAOQD
I USER
m 3000
n- I
2000 4
1000 <
-

cj\l SPARK:AI

##SAISExpl



LHC Data Pipeline at CERN

Data collection Data analysis

Event filtering  y sume

Event selection,

Results

stat. treatment...

Analysis
: formats
Reconstruction Pro'cess.mg,
skimming
S
\lrfﬂ Offline processing
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Final Steps of Data Analysis

Data analysis

Event selection,
Results

stat. treatment...

Analysis
formats
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The SWAN Service

« SWAN: Service for Web-based Analysis

* Interactive computing platform for scientists
— Based on Jupyter notebooks

Analysis with only a web browser
Easy sharing of results

Integrated with CERN resources &.

— Storage, software and computing
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SWAN Pillars

Computing Jupyter pofl?

o
N
p
Z
os)
2

Carmih
| il File system Software Storage
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SWAN Architecture

1 1

\ ~ Jupyterhub Web Portal

X v
User Session Scheduler

User 1 { % User 2

User n

[ docker [ docker

CVMFS EOS/CERNBox
(Software) (Data/User files)

CERN Resources
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SWAN Interface: Notebooks

Simple_ROOTbook_cpp.ipynb

Share CERNBox (viewonh)

SWAN > My Projects

Simple ROOTbook (C++)

My Projects ®

. This simple ROOTbook shows how to create a histogram, fil it and draw it. The language chosen is G++.

. In order to activate the interactive visualsisation we can use the JSROOT magic:

_ In [1]: ®jsroot on
N Projt <

Now we will create a histogram specifying its title and axes titles:
W Proj2

In (2]: THIF h("myHisto","My Histo;X axis;Y axis",64, -4, 4)
W Project 21 days a (THIF &) Name: myHisto Title: My Histo Nbinsx: 64
§ Project 1 If you are wondering what this output represents, it is what we call a “printed value". The ROOT interpreter can indeed be instructed to "print” according to
ie : ’ certain rules instances of a particular class.
& Project2 . » Time to create a random generator and fill our histogram:
- In [3): TRandom3 rndmGenerator;
W ProjTest for (auto i : ROOT::TSeql(1000)){
auto rndm = rndnGenerator.Gaus();

- h.Fill(rndm);
W Spark jays ag 3

SWAN-Spark_NXCALS_Example fays We can now draw the histogram. We will at first create a canvas, the entity which in ROOT holds graphics primitives.

W teste In (4]: TCanvas c;
In [5]: h.Draw();
c.Draw() ;

My Histo
myHisto

2 60| Entries 1000

3 Mean  0.02680

Std Dev  1.038
N 50

SWAN © Copyright CE
Home 1
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Sharing in SWAN

Share Project X

You are sharing:
Super Real Analysis with TOTEM data SWAN > Share

Search by name or username.
Use "a:" for secondary accounts.

Projects shared with me ~

Shared with
UP2University Pilot ! Ematy
& Danilo Piparo (danilo) v niverstty Plio mpty

& Enric Tejedor Saavedra (enric)

Projects shared by me ~

W Higgs Boson discovery 2 people/groups

W Super Real Analysis with TOTEM data diogo 9 hours ago

SWAN © Copyright CERN 2016-2018. All rights reserved. @\
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Integration with Spark

)

~

s

djocker User Notebook

~N

Spark Master

.

Offload computations to
pluggable resources
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Spark Executor

Spark Cluster

##SAISExpl

Spa

-

-/




Spark Connector

m Spark > physics_analysis_using_swan_spark_template
[€ sed)

Spark clusters connection X

FILE EDIT VIEW INSERT CELL KERNEL HELP Not Trusted | Python2 © A You are going to connect to:

hadalytic
B+ 2 @ B 4+ 4 MW B C Makdown :gg{x

You can configure the following options.

Environment variables can be used via {ENV_VAR_NAME]}.

Add a new option

Bundled configurations
Include NXCALS options

Spark

Selected configuration

& spark.shuffle.service.enabled
false

Integration of SWAN with Spark clusters

& spark.drivermemory
29

This notebook demonstrates the functionality provided by a SWAN prototype machine that allows to offload computations to
an external Spark cluster. The Spark version we are going to use is 2.1.0 and we are going to connect to the analytix cluster (as
previously selected in the SWAN web form).

& spark.executor.instances
4
Step 1 - Acquire the necessary credentials to access the Spark cluster.

In [1): import getpass
import os, sys, re

print("Please enter your password")

ret = os.system("echo \"%s\" | kinit" % re.escape(getpass.getpass())) Configu re Spa rk and

if ret == 0: print("Credentials created successfully")
else: sys.stderr.write('Error creating credentials, return code: %s\n' & ret)

connect to cluster
with a click
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Spark Monitor

Google Summer of Code

c df = y df.filter(df.Location == '"Switzerland"') \
.select(df.Time, "Sum") \
®* Bridge the gap between
9 gap

Event Timeline B show task phases

Interactive computing and =

""""""" 00 600 800 (000 200 400 600 800 | |ooo 200 400 600 800 000 200 400 | 600

uuuuuu

distributed data - -

Stages:

proceSSIng Tasks: I RUELEVRELCECRE ANV AROLRD RORE 1 |

drver AEETEDLEORTERCER A DAL ORI IR TCHRRI TR I (Tl
Iocalhost (00 RTTFETUR AR O IlHII‘HHHHHIIH HIE [ ‘II (BN T

) Automatically appears 1 HHM |\|H|H H‘II 1] nw mlu I }" \Hlﬂ ||H_

[l \ 1 \

when a Spark job is o i
submitted from a cell

Job ID Job Name Status Stages Tasks Submission Time Duration

v 2 reduce 2/2 5 minutes ago 3s
. P ro g re S S b a rS taS k Stage Id Stage Name Status Tasks Submission Time Duration
- - 4 coalesce m _ 5 minutes ago Os
tl m e I I n e ] reSO u rCe v 3 foreach 171 (1 skipped) “ 5 minutes ago 1m:20s

Bicollect

J AT TTASIAC

Stage Id Stage Name Status Tasks Submission Time Duration

utilisation 5 conlesco ,
7 foreach EDMPLETED 3:{32 5 minutes ago 1m:20s
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https://github.com/krishnan-r/sparkmonitor
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Physics Data
Use Case
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The HEP DataFrame

* RDataFrame
— Implemented in C++, interfaced also to Python

— Tailored for ROOT and HEP

Filter
x>0

v
df2 = df.Filter('x > 0') Define
. De'FiHE( "r2' 5 "X*X + y’kyl ) r2=x2+y2

h = df2.HistolD('r2")
g df2.Graph('x', 'y')

df = RDataFrame(dataset)

G\ SPARK-AI HHSAISExp1




Distributed RDataFrame

* Exploratory work to parallelise RDataFrame computations with
multiple backends

g

d:
'F:

RDataFrame(dataset)

d.Define(...)
.Define(...)
.Filter(...)

hl = f.HistolD(...)
h2 = f.Histo2D(...)

= f.Graph(...)

(j\l SPARK:AI
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Spark Backend for RDataFrame

® Input: ROOT physics dataset consisting of n collision events (rows) with k
properties (columns)

® Map-reduce workflow where every mapper runs the RDataFrame computation on a
range of events

Executor

Spark Backend

Driver

Schedule tasks

Make ranges

Spark Cluster
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Real Example: TOTEM Analysis

* TOTEM experiment analysis
coded with RDataFrame

®* Spark backend
* 4.7 TB dataset on EOS

®* Launched from SWAN to a
dedicated Spark cluster
— 16 cores per executor

®* Getto physics results faster!

Speedup

16
Number of cores
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Controls Data
Use Case
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LHC Huge machlne highly sophlstlcated
Control and monltorlng are cru0|al




Hardware Controls

PSB:MULTIP_OP - PSB.USER.LHC_MD_A [=)a]x]
File Edit View References Commands Control Programs Help
PS+He Q&
Simple view
. .
[ ) POW Stats [2= AQM Unit =
ompiex control system 1or monitorin o e Tem T
BR2.(ND412L3 on -0.84 -0.47 A
BR3. (NO412L3 on -1.09 -0.94 A
BR4.(ND412L3 on 1.31 0.99 A
- - BR1. QNOS16L3 on -2.63 -1.85 A
[ 1000 f d BR2. QNOB16L3 on -3.69 -3.78 A
vices s of properties each |i50 ¢ = &
S O e ] BR4. QNUS16L3 on -1.77 -0.66 A
POW Status ooy AQN Unit
BR1.XND4L1 on 0.11 0.15 A
BRZ.XNO4LL on 8.91 9.01 A
BR3.XNO4LL on 7.48 7.43 A
Java Operation Display PSB:USEI HC_MD_A L e e e ———— T - S BR4.XND4L1 on 7.04 6.20 A
e = X XSG Mathusalem ab.cl # | * de.f[ # +x] - O/x |z ~= Easy PSB Trajectory. -- Injection = gy o e o A
9 D © + B B ® 02 Feb 2013 023042 FSE - 03 LHCMD_A File  View Conirol  Optians Uz m A g f| Fie Vew Option Control BR1.XNO1ZL1 on 5.83 5.57 a
Samper fr | L PETrafosxmi Cyele frar | mr.ser- %) nocsma X nocam- %) | i alLL] mare |on v () o N e S u e ||| Br3. 301211 on 6.83 10.40 A
R N | (.  ORITZONTAL _ . Status cov AON Uit
BRI.STRTR|E10] RR2.STRTR(E10] BR3.STRTRIEL] BRd.STRTR[E10] = IMALD - 5 n 15.26 _4.85 A
= g oo o o' e -
015 o mwa_sTamm( a0 mAsD on -3.07 -2.66 A
o - . ERA.STRTR(E10] on 2.99 2.66 A
s = on -2.19 -1.92 A
0 HORIZONTAL an -0.26 -0.15 A
— | ung 1 Hortzantal an P = a
W CTERCTE0 T533 = sl R . - on 12.77 12.55 A
1 BLECT10 404 389 9B %| 1531 100%| O E 0 . - = On 9.96 8.16 A
2 BIECT20 362 37 88%| 1441 84% 1 1 on 17.99 18.10 A
3 Injection 210 172 so%| 71 sas| 2 [ o — 10 (T T L0 L LR B e W0 B0 B b6 on 7.12 .51 A
4 Capture 180 154 90%| G/ B8N 3 Hing 2 Horizontal on 1.93 1.69 a
5 Accel 166 149 o7%[ 641 4% 4 5 ‘ on 2.92 2,81 A
& BT.ECTI0 as5 102%| 5 [ o s . - i BuET s A
7 BTPBCTIO 2 ow o 15 Status cov AN Unit
B TRTIECTIO CORCT [Tie (T8 10 T 1758 R CTRATIOn tee simn BCn Be w00 i “o.e8 0.00 a
9 BTY.BCT1L2 DECEI o L e on 0.65 ©.03 A
10 BTY.BCT213 3 = = b R | g | . . . - J on 0.63 0.06 A
11 BTY.BCT325 4 -9 e 0 BT 908 2
b smo s Pulse oy AQM Stant Train
Sl | . Hiatcoa o | 1 | | L I T D T ) o 0 o o Benia] w0 T R ITOET T
TLCE PSB Bim's - LT TE s Enabled 25 25 BIX.W10-CT 1-Khz
maement [ ming 1 || Ring 2 Rina 3 Al Rings s . . - { Enabled 10 10 BIX.W10-CT 1-KHz
‘5.0 N N R sl | | g0 Enabled 356 356 BX. SCY-CT 1-KHz |»
vy v v v v 2on 00 o a0 700 500 S0 1000 5 L1 | L »
LTI6 T8 190 LT 158 (THBCTESBUTISO WGe W SCH GO WD WSO T U7 T (T8 1T
Keep Values Clear Memory
Previaus Plat Show Leaend
Uydat] Ut Freesel 1L D10 S i 6 C i i k] 32 ] le| )| .
Smcler | 0K
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Controls Data Growth

Controls Data size in GB / day for filtered data
1000

900

Now
1.5 TB/day
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CERN Accelerator Logging Service

* Old system based on SQL databases
— Hard to scale horizontally
— Slow data extraction

* New system (NXCALS)
— Data pumped into HBase and HDFS (Parquet) cxu 7“(3
— Spark to extract and process data
— SWAN to visualise + analyse S
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NXCALS Data Analysis in SWAN

Inspect data

In [2]: |dfl.select('acqStamp’, 'voltage 18V','current_18V', 'device','ptl00Value').toPandas()[:5]

e NXCALS bet on
acqStamp voltage_18V current_18V device pt100Value

0 1524960103132865000 NaN 37.301794 RADMON.PS-10 106.578911

- 1 1524960284134584000 NaN NaN RADMON.PS-10 107.246742

SWA N aS t h e I r d ata 2 1524960322134942000 NaN 37.560940 RADMON.PS-10 106.504707
3 1524960353135244000 20.099066 NaN RADMON.PS-10 107.068654

4 1524960911140548000 20.111261 37.698135 RADMON.PS-10 106.578911

Draw a plot with matplotlib

analysis platform
e Connection to Spark =i

In [4]:

clusters

* Access to software -
(data science Python
ecosystem) ol "

1524975 1525000 1525025 1525050 1525075 1525100 1525125
aqStamp lel8

p_df = dfl.select('acqStamp', 'current 18V').toPandas()
p_df.plot(acgStamp', ‘current_18V',figsize=(15,5))
# p df.sort values(by="acqStamp').plot(pd.to datetime(p df['acqStamp'],unit="ns'), " 'current 18V', figsize=(15,5))

<matplotlib.axes._subplots.AxesSubplot at ©x7fd8fa2bcc50>

= current_18V
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Challenges

* The increase in physics and controls data volumes is

pushing software at CERN
— Adoption of Spark and other big data technologies still in its
early stages
* Large codebase developed over decades
— Cannot change overnight
* Changing the mindset of programmers takes time

— Declarative analysis
— Pushing computations to data
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Future Directions

* Bridge the gap between data processing needs and

technology evolution
— Complement traditional ways with new strategies

* Combine interactive analysis with access to more
processing power

— Provide higher-level programming models
— Facilitate the access to computing resources

* More on CERN and Spark: stay tuned for Luca’s and
Prasanth’s presentations
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https://databricks.com/session/apache-spark-for-rdbms-practitioners-how-i-learned-to-stop-worrying-and-love-to-scale
https://databricks.com/session/experience-of-running-spark-on-kubernetes-on-openstack-for-high-energy-physics-workloads
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JupyterLab

* Jupyter is evolving
towards a desktop-
like environment

Notebook, terminal,
file browser,
editors, ...

Highly
customisable

(j\l SPARK:AI

Files

Commands Running

Cell Tools

Tabs

File Edit View Run Kernel Tabs Settings Help
* & Lorenz.ipynb X B Terminal 1 X | & Console 1

# > notebooks B + XD 0O » m C  Code v
Name - Last Modified

Data.ipynb an hour ago

Fasta.ipynb a day ago

Julia.ipynb a day ago

R.ipynb a day ago

iris.csv a day ago called attractors.

lightning.json 9 days ago
& lorenzpy 3 minutes ago from lorenz import solve_lorenz

Output View X

sigma 10.00
beta 2.67
rho 28.00

##SAISExpl

t, x_t = solve_lorenz(N=10)

X Data.ipynb X | M README.md X

Pythan 3

In this Notebook we explore the Lorenz system of differential equations:

x=o0(y—x)
yEpx—-y—xz
i=—fr+xy

Let's call the function once to view the solutions. For this set of parameters, we see the trajectories swirling around two points,

B lorenz.py x

def solve_lorenz(N=10, max_time=4.0, sigma=10.0, beta=8./3, rho=28.0):

winplot a solution to the Lorenz differential equations.'""
fig = plt.figure()

ax = fig.add_axes([e, @, 1, 1], projection='3d")
ax.axis('off')

# prepare the axes limits
ax.set_xlim((-25, 25))
ax.set_ylim((-35, 35))
ax.set_zlim({(5, 55))

def lorenz_deriv(x_y_z, t@, sigma=sigma, beta=beta, rho=rho):
""Compute the time-derivative of a Lorenz system."""
Xy ¥, T = X Yy 2

return [sigma * (y - x), x * (rho - z) -y, x * y - beta » z]

# Choose random starting points, uniformly distributed from -15 to 15
np.random.seed (1)
x@ = -15 + 30 * np.random.random{{N, 3))

o




