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Introduction

* Physics analysis in JUNO is a challenge.
e PB-scale data every year.
* Time correlated events.

* Two steps in analysis procedures (general analysis model)
» Using framework to process data containing Event Data Model.

e Using standalone program to process user data, fit data, produce
plots.

* For physics users, the second step is quite important. Need
the ability to analyze data interactively.
* Easy to access or get data.
 Fitting data and tuning parameters.
* Visualization, or interactive detector simulation.



Challenges in interactive analysis

* Computing powers.

* The current computing mode is that users develop in login node,
and submit jobs to computing nodes.

* The ability to do interactive analysis in login node is limited.

* Not possible to use multiple nodes to accelerate data processing in
interactive analysis.

* Not easy to download the event data to local, run software locally.

e Software functionalities.
* Not easy to access existing services in framework.

 New analysis technologies.

* Machine learning and deep learning are popular.
* Different software stacks. Such as CUDA, Python+TensorFlow.
 How to help users?



“Analysis as a Service”

* To improve the abilities, “Analysis as a Service” is proposed
by several communities. Such as
e Jupyter and JupyterHub.
 CERN’s SWAN (Service for Web based ANalysis)

* Adopt a cloud-based solution for JUNO analysis:
e Elastic computing power and storage.
* Flexible software configuration.
* Integration with framework, new technologies.
* Thin client. Just a web browser.

* Wise: Web-based interactive analysis environment
» Simplify the analysis within this environment.

* Not start from scratch, but based on existing Jupyter, SWAN and so
on.



Designs

Web User Interface

Interactive Analysis

Utilities
Framework
Software Data Resource
Environment access allocation

- User interface

- Core software

- Facilities

Need to consider:

 Web-based software and data

* Resource allocation and management

* Interactive analysis framework

* Monitoring and validation utilities

Based on following:

M Jupyter: Ul and kernel
B SWAN: Architecture.
B ROOT6: Libraries.

B SNIPER: Framework



upyter
JUPYTET Ju pyter
riyject supycer exists to dEVE/Op open-source software, open-

standards, and services for interactive computing across
dozens of programming languages.

https://jupyter.org/



Jupyter notebook interface

 Web-based.

* |t combines code, text, figures in the same document.
* Multiple programming language
* Markdown Support' = Jupyter LorenzDif‘ferentialEquationsm.-m.m.
* Big data integration - SonhGoEOE

jupyter weicometoP Exploring the Lorenz System

* Widely used in

* Python community
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Jupyter notebook

Currently in use at



Jupyter notebook

Simple spectral analysis
An illustration of the Discrate Fourier Transform
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In [2]: from scipy.io import waviile
rate, x = wavfile.read('test_mono.wav')

And we can easily view it's spectral structure using matplotiib's builtin specgram routine:

In [5): fig, (axl, ax2) = plt.subplots(l,2,figsize(l6,5))
axl.plot(x); axl.set_title('Raw audio signal’)
axz.specgram(x); axi.set_title('Spectrogram');
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Mot

nbview: online viewer
hbviewer

A simple way to share Jupyter Notebooks
Enter the location of a Jupyter Notebook to have it rendered here:

womnoesens JRL, such as Github repo!«

nbviewe

ebookPrimer

Mame

v

v

README.md

= Jupyter
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Name

4

B images

& 1-Motivation-and-Introduction_ipynb
& 2-ROCT-Basics.ipynb

& 3-ROOT-Macros.ipynb

= Jupyter

nbviewer

NotebookPrimer notebooks

In [1]:

In [2]:

2 ROOT Basics

%jsroot on

Now that you have installed ROOT, what iss this interactive shell thing you're running ? It is like this:
that you can run from the command line or like other applications. But it is also an interactive shell t
extremely useful for debugging. quick hacking and testing. In the notebook environment you will ha
from your browser. Let us first have a look at some very simple examples.

2.1 ROOT a as calculator

You can even use the ROOT interactive shell instead of a calculator by launching the ROOT interai
root

on your Linux box. The prompt should appear shortly. Below you will find some examples:

== 11

(int) 2



@ SWAN

SWAN (Service for Web based ANalysis) is a platform to
perform interactive data analysis in the cloud.

https://swan.web.cern.ch/
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SWAN?

* A platform to perform interactive data analysis in the cloud.
* Analyze data without the need to install any software

* Jupyter notebook interface as well as shell access from the
browser

Use CERNBox as your home directory and synchronize your
local user storage with the cloud

Access experiments' and user data in the CERN cloud

Share your work with your colleagues thanks to CERNBox

Document and preserve science - create catalogues of
analyses: encourage reproducible studies and learning by
example

# https://swan.web.cern.ch/



Examples

Simple ROOTbook (Python) Simple 1/0 3D Visualisation

xum
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demo: choose container

L3
Spawner options

Select the contextualisation parameters for the container to spawn. See the guide for more details.

LCG release more...

84 SWAN1 j
Platform more...

xB6_64-slc6-gcc49-opt j
Environment script more...

e.g. SCERNBOX_HOME/MySWAN/myscript.sh

Number of cores more...

1 ]
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demo: file explorer

= jupyter

Files Running Clusters

Select items to perform actions on them.

>~ #
Files Running Clusters
(3 cinemas
Select items to perform actions on them.
(O HepData

+~ # [/ HepData
O..
O datap
& HEPDataFromEOS.ipynb

| hdyam|2ROOT.py
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demo: jupyter notebook

: J u pyte I’ HEPDataFromEOS (unsaved changes)

File Edit View Insert Cell Kemnel Help

+ % A B 4 ¥ M B C Makdown ~| = Celloolbar

SWAN and HEPData

In this example we read HEPData from EOS, transform it into ROOT format and plot
6536R5).

Preparation

First of all, let's have a look to the yami file on eos:

In [ ]: %%bash
cat /eos/hepdata/prod/var/data/ins653835/Tablel.yaml

It's the one we are interested in. Now, let's convert it into ROOT format. After the co

In [ ] %%bash

python ./hdyaml2ROOT.py /eos/hepdata/prod/var/data/ins653835/T

In [ ]: %%bash
rootls -1 ins653835_graphs.root
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demo: ROOT

: J u p)’te I HEPDataFromEOS (unsaved changes)

File Edit

View Insert Cell Kernel Help

+ %< M B 4 ¥ M B C Makdwn | = Celffoolbar

In [7]):

g2 = iFile.g2

Here the canvas, the entity which in ROOT holds graphics primitives, is cr
added to a TMultiGraph, which will then be drawn.

¢ = ROOT.TCanvas()

for g in [gl,g2]:
g.SetMarkerStyle(ROOT.kFullCircle)
g.SetMarkerSize(l)

gl.SetMarkerColor (ROOT.kOrange)

gl.SetTitle("2 #rightarrow #nu #nu}")

g2.5etMarkerColor ROOT.kAzure i

g2.5etTitle("2Z #rightarrow had")

mg = ROOT.TMultiGraph()

mg.SetTitle("e"{+} e"{-} #rightarrow Z + #gamma;#sqrt{:
mg.Add(gl)

mg.Add(g2)
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demo: interactive

: J u pyte I HEPDataFromEOS (unsaved changes)

Cell

File Edit View Insert

Help
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demo: save results

We now save our plot in pdf format on disk.

In [9]): c.Print( myStudy.pdf”)

Info in <TCanvas::Print>: pdf file myStudy.pdf has been created

In [10]: f£=ROOT.TFile("theCanavs.root","RECREATE")
c.Write() N
f:Close
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Demo: result in CERNBox

Files ~ Help & Download Clients Q,  Enric Tejedor Saavedra (d|

) HepData theCanavs.root x
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Architecture of SWAN

CERN Auth
CERN Cloud

| Web Portal ~)jupyterhub
Container Scheduler
EOS
(Data)
CERNBox —— g
(User Files) E E

— —C —

CVMFS
(Software)

Spark Master
F
Scala Task

Scala Task -

Scala Task
\

\

Spark Worker

o

Authentication and security
Web portal

Virtualized infrastructure
Containers

Software distribution
Analysis software

Storage

Asynchronous data processing
e Spark
 HTCondor

Note: only available for CERN.
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Summaries and Plans

* We propose a new project called Wise. It is “Analysis as a
Service” for JUNO.
e Based on Jupyter and SWAN.

* Extend the software functionalities, such as SNiPER framework
support.

* A preliminary design
e User interface is based on web.
* A core software layer is used to integrate Jupyter and SNiPER.

* Underlying layer to supply software distribution, data access,
computing resource allocation and so on.

* Plans
e Setup a prototype before December in 2018.



