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Major Experiments at IHEP

 |HEP: The largest fundamental research center in China
 |HEP serves as the backbone of China’s large science facilities
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Major Experiments at IHEP
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* ~2PB raw data per year
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* ~6PB raw data per year EOS

* accumulate 20PB+ in 10 y¢ars

HXMT

Atlas and CMS Tier2 site
* 940TB disk, 1088 CPU cores



IHEPBox at IHEP

IHEPBox provide a cloud synchronization service

S
Available for all IHEP users L
Synchronize files (data at IHEP) and data access

Easy way to share with other users

All major platforms supported owntloud

Based on ownCloud integrated with EOS



< IHEPBox Service Numbers

Fast growing service

 Add-ons to integrate new ways to interact with IHEPBox , such
as documents/galleries/calendar/activity...

* Large and growing user base

* 8K+ users, 100GB per user

e 160 TB ,used 42TB

e 17M+files




IHEPBox Service Numbers
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IHEPBox at IHEP

Users login with email account

e Users |

e |HEP LDAP users
e Local users

IHEPBox IHEPBox

* Application Service

* 1 *Nginx

FUSERccess
10 Gb Ethernet

l l l 4 FST
* Data StOI’age 12865rie“:lnimﬁ Efs ity per fs 37TB
apacity per1s
- wow wew| gt |
* Two replication _

« 2 *Mysql servers CFST et 8

e 2 *|HEPBOX Servers




Data analysis service

Physics analysis tasks is challenge due to “big data” (PB scale).

A physics analysis task is split into many jobs manually, while each job will process a
part of dataset.

For the physics analysis, the same dataset will be loaded many times due to iteration.
1. Write code, edit job option and update selection criteria.

2. Submit batch jobs.

3. After jobs finished, plot data, analyze result.

4. Gotostep 1.

Submitting jobs and plotting are the most time consuming part.

Loading dataset many times also cause /O performance.

Q: How to reduce the iteration time?  A: “Analysis as a Service”




Analysis workflow
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Traditional analysis

Using “big data” technology: in-memory analysis.

Read once, Anal

Events (200 TB)

Recorded and simulated

Tabular data (2 TB)

* Event by event ~1xweek | | _
. ~1 day of ~ minutes
processing. processing I I
¢ Spllt by jObS; Analysis tabular data (~ GBs) I I in-memory Spark
then merge §~ } ﬁ .o % I I Datal::ames (~ GB)
1= c® T =) - =
results. P R AVAR L | | £:
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* |/O bottleneck.

plots and tables

# RDataFrame in ROOT:

plots and tables

Data structure
become more
important.

d
* |In memory :
analysis. |
* The properties |
are processed |
parallel. |
* Join operation |
later. |


https://root.cern.ch/rdataframe-session-chep-2018-0

Architecture:

‘ Browser
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[ Configurable HTTP Proxy J

/hub/ J

/ JPR— \ fuser/[name]/

Authenticator
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User Database !

':,._ ................. /api/auth Notebook ]
Spawner

\ Hub /
JupyterHub manages multiple instances of
the single-user Jupyter notebook.

Authenticates users.
Spawns notebooks for users.

A
~Jupyterhub

° kubernetes
* Kubernetes manages the computing resources.
* On-demand, scalable computing.
* The backend can be also integrated with HTCondor.

. 4 b 4 e
JupyterHub Architecture ‘ Cloud Volumes ‘ Image Registry ‘
high-level details) Provides persistent storage Provides environment images
ROUTE INFO
SEND
Users
SIGNED OUT Hub
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proxy-<hash> REDIRECT Authenticate user
I
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POD CREATE / CULL PODS
USER REDIRECT IF STALE
SIGNED IN USER V r'd
REDIRECT
Pods + Volumes
Data and IO jupyter-<username>-<hash>
IMAGE PULL / USER SESSION
User flow
This user's pod ‘ ‘ ‘
Trigger action Kubernetes Cluster 1 7




Warning: JupyterHub sssms to be served
over an unsecursd HTTP connection. We

Login using AFS Pt Current AFS status
account. Hsername: « 2521 IHEP AFS users

Password:
::f J u pyte r Quit Logout Control Panel
| | [ signin Upload your code/data.
Files Running Clusters \
Select items to perform actions on them. Upload || New = || &
[Jo ~ | Wmf " w G Last Medified File size
| Motebook: |
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~ different kernel. Python 3
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Fitthe function to the generated data,

[3]1: | f2.SetParameters(0.7, 1.5); // set initial values for fit
f2.5etTitle("Fitted 50 tancesons ¥;
dte.Fit(&f2);

FCN=517,445 FROM MIGRAD  STATUS=CONVERGED 38 CALLS
EXT PARAMETER
. NAME

VALUE ERROR SIZE DERIVATIVE
1 po 6.81725e-01  4,37173e-01  2.40425¢-05  8.08231e-04
2 p1 1.46084e+00  9.36798e-01  5.15197e-05  3.78774e-04

Configure the canvas for plotting the result

In [4]: TCanvas c1
125 setunewmtmn
2.SetLineColor (kBlue - 5);
£2.Draw("surfl1")

Xaxis->SetTitle("X Title
xis->SetTitle("Y Title

f2.Getxaxis();
2.Getvaxis (

auto Xaxis

dte.Draw("PO Same");
Display the 2D graph in the nolebook,

In (5): cl.Draw();

Fitted 2D function

4

6
K TWe

Multiple language support: C++ and Python

Al 39
EDM=2.65702e-12  STRATEGY= 1 ERROR MATRIX ACCURATE
STEP FIRST

Xaxis->SetTitleoffset(1.5);
va: ); Yaxis->SetTitleoffset(1.5);
2.Getzaxis(); Zaxis->SetTitle("Z Title"); Zaxis->SetTitleoffset(1.5);

In [1]:

In [3]

In [4]:

Access TTree in Python using PyROOT and fill a histogram
Firstimport the ROOT Python module.
impert ROOT

“jsroot on
Welcome to JupyROOT 6.07/07

Open afile which Is located on the wab. No type |5 to be spaciiied for *f'
f = RODT.TFile.Open("http://indico.cern.ch/event/395198/material/0/8. root”);

Loop over he TTree called "events” In the fle. If s accessed with the dof operator, Same holds for the access la the branches: ne need o set them up - hey are.
Just accessed by name, agaln with the dot operator,

h = ROOT.THIF('TracksPt", "Tracks;Pt [Gev/cl;#",128,0,64)
for event in f.event
or track in event.tracks:
h.Fill(track.Pt())
< = ROOT.TCanvas()
h.oraw()
c.Draw()

Tracks

[
PtiGevic]

ROOT Kernel extension.




Status

Jupyter software stack is deployed at
AFS.

Users can start Jupyter and ROOT 6 in
their own space.

Setup JupyterHub in a virtual machine
and setup Kubernetes in two blade

servers.

Challenges

Need to klog manually to get AFS token.

e Support multiple users and
experiments.

* Unified data access between SSH and

Web.

How to benefit from “big data”
technology.
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Ongoing : Cloud-based open platform

@ . .
(—c\. Data, software and computing resources in

the cloud. Only a web browser is needed!

Web Portal =)jupyterhub o
T e Authentication: IHEP SSO

Computing manager l e Infrastructure:

1 l 1 e Jupyter + IHEPBox + EOS

—»‘ \- Software distribution: CVMFS

e Storage, in two flavours:
e DATA: EOS and Lustre

‘ \\‘ \ e User Files: IHEPBox
16




All files

Favorites

Shared with you

Shared with others

Shared by link

All projects

Your projects

TP(I

Nb

P

Nb

Ongoing : IHEPBox Integration

Simple_ROOTbook_cpp
Simple_ROOTbook_py
test

Untitled

Untitled!

Untitled2

Notebook can be
opened in IHEPBox

Open in | gah SWAN

Open n | gk SWAN

Open in | gah SWAN

Open in | & SWAN

b kB

3 days ago

a day ago

a day ago

a day ago

20 days ago
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A WOPI server will be developed to
connect Microsoft Office Online to
IHEPBOX

Access web service

interaction WOPIviewer app

REST API
ta and metadata

Storage
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Summary, Plans

* Prototype service available
— CVMES for software distribution
—EOS. Lustre mass storage
— IHEPBox Synchronization and sharing

 Future plans:
— Jupyter service for deployment ,integrate with IHEPBox
— Unified login accounts
— Experiments data, users’ data accessible on EOS
— Office online service available
— Integrate with experiments software
— Open to all users 19



