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A Introduction to Tsinghua Group
A LIGO Data & Computing Infrastructure
A Real-time / low-latency GW Burst Search

» Applying machine learning for burst veto analysis

A Future Work i Entering the era of GW astronomy

jcao@tsinghua.edu.cn | http://ligo.org.cn
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Tsinghua University

A The only LSC member group
In mainland China, including
3 faculty members

A GW burst data analysis and
computing infrastructure

A Also involved in KAGRA,
AIGO and ASTROD

A With close collaboration with
MIT, Caltech and UWA
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|

A Data are comprised of: :
» Gravitational Wave channel (AS_Q) === JMW\WM%

» Physical Environment Monitors o
» Internal Engineering Monitors D*ﬂ“f‘awdlhm*‘*mwmwl
A Multiple data products beyond raw data - -

» RDS_R L1, including both GW and are Tine 1 2 'F ) Hﬁ
environmental channels

» RDS R_L3, including only AS_Q channel

L-RDS R L3-751658016-16.gwf
Duration
Stte (H{ Data T)%

GPS Start Time

spubis
STIELE | I LIE S | AR RO R

jcao@tsinghua.edu.cn | http://ligo.org.cn
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Era

I’f ¥ 4% Challenges in AdvLIG

A Larger Data Volume

Data volumes generated by the
Advanced LIGO Reference Design

Data rate, per

Annual Data

, 10 MB/s
interferometer Volume
Uncompressed rate for 3
interferometers 30 MB/s 947 TB
interf:it:i::;ri with 59218
& .
1.6X lossless 19 MB/s (single copy)
compression[1]
1.8 PB
300% archive 57 MB/s (3 copies)

[1] This factor represents actually achieved
compressions for initial LIGO data.

jcao@tsinghua.edu.cn | http://ligo.org.cn, July 29, 2010

Cite from LIG&50900008
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A LSC DataGrid: Index - Mi
File  Edit

View Favorites  Taols

rosoft Internet Explorer
Help

Adress ] http: {pwww. lsc-group. phys.uwm edu flscdatagr id/fesources index htm

Basic Info Servers Extras

Site GridFTP sery global scratch

Web Home batch jobmanagel GLOBUS_LOCATION
mber of CPUs RLS server CONDOR_HOME
nnode . DR server Ivate su et

AEI rmorgane aei.mpg.de homeMNOBACKUP

morgane aei.mpg.defjobmanager- ?
359 condor Joptidgfglobus
morgane aei mpg de nat yet Joptdgicondor
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Birminghan

200
tsunami srbham ac uk

Cardiff

160
mini astro cf ac Lk

cIr

Web Home

420

Idas-grid ligo caftech.edu

LHO
Web Home
280

Idas-grid ligo-wa.caltech.edu
<

tsunarmi.sr.bharm.ac Lk

tsunami sr bham.ac Udjobmanager-
condor

none

mini astro cf ac uk

rmini astro.cf.ac.ukfobmanager-
condor

not yet

Idas-grid ligo caltech edu: 15000
Idas-

grid ligo caltech edufjobmanager-
condor

risifldas-

gridman ligo caltech edu:39281
Idas-cit ligo.caltech.edu (for external
use

Idfas-gridmon ligo.cattech edu (for
local Condor jobs)

Idas ligo-wa cattech.edu (tier 1
transfers)

|das-grid ligo-wa.caltech edu: 15000
{cluster users)

Idas-ari liao-

fraidr=login=

5

Joptdgiglobus
Jusrflocalicondor

yes

none

o

foptidaiglobus
Joptidgicondor

yes

The directory /dso-test is visible
across all the nodes

5

Jusr1/icldskeldg-2 Ofglobus
foptidgicondor-6.6.1

yes

The directory /dso-test/ is visible
across all the nodes

available
Adcgidg/globus

|

v

: File

Edit View Favorites

Tools  Help

: Akdress @ it/ fwwewr.|sc-group, phys. uwm.eduylscdatagrid/

LSC

REECENIECIERE Welcome to the

- What is LSC
DataGrid?

- Cluster Usage
- Monitoring

= Service details

- How to gef started
- Install Data Grid
Client

- Cefting Cerfificates
- Rerewing
Certificates

- Account Request

- Intro to Data Grid
Tools

- Matlab Cluster Tips
- FAQ

Admin Manual

= Install CataGrid
Server

- Get server

LSC Data Grid

LSC DataGrid

The LSC DataGrid is the
combination of LSC
computational and data
storage resources with so

LSC Data Grid CPU last day

Fercent
)

12100 18100 o0: 00
W uzer CPU [ nice CPU M Systen cPU [ [dTe CPU

08100

called "Grid Computing

middleware" to create a coherent and uniform LIGO data analysis environment. The
graph on the right shows the current CPU usage across the six active centers across

the world

Getting started?

Ifyou are new to the LSC DataGrid and need instructions for installing grid tools,
getting a certificate, and requesting access to LSC resources then please see Getting
Started an the LSC DataGrid or click on "Getting started” on the navigation bar on the

left

News

« TM1{2005: Version 3.5 Of the LSC DataGrid Client package and LSC DataGrid
Server package with support for Fedora Core 3, Red Hat Enterprise Linux 3, and

Solaris (ank for client) are available
i

v

"chao@tsinghua.edu.cn | http://ligo.o;g.cn
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Real-time Search
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A Real-time: between online and offline mode for large-
scale data analysis

jcao@tsinghua.edu.cn | http://ligo.org.cn

Online Monitoring Data Streams ¢ On-site
Real-time Search Data Streams+ | On-site+
Data Production Off-site

Offline Analysis Data Production [+ Off-site
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ST EEE Motivation LSC

APromptE/Mfollow-up by LI GO®H

external collaborators

I Detect astronomy events earlier than traditional
observation methods

I Increase the confidence of the GW candidate
event

I Obtain more information about GW candidate
event and its source: more accurate sky
position, distance, &

A Rapid detector characterization

jcao@tsinghua.edu.cn | http://ligo.org.cn



An Example

Implementation

Aux Trigs \| Veto studies Event
LIGO -H " Basic DQ » GW Trigs catalog
h(t 7
| Science Segs | | | — Tranferred | Coherent
LIGO-L ™ Basic DQ |1 IFO Analysis h(®), GW trigs | | Follow-up
Vi | Science Segs | | | : | E/M
irgo | Basic DQ " 1 IFO Analysis | Follow-up
- : : >
Time 1 Minute 5 Minutes 10 Minutes

jcao@tsinghua.edu.cn | http://ligo.org.cn, October 28 2009

LIGO Document ID:G&0SAD981



21 % 4% Existing Veto Methods
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A hveto: uses Poisson distribution to evaluate the
coincidence significance for all auxiliary channels for
a number of thresholds and time-windows

A UPV: finds time-coincident triggers between the GW
channel and an auxiliary channel within a time-
window according to a series of self-defined metrics,

used percentages
A Basically event-by-event methods

jcao@tsinghua.edu.cn | http://ligo.org.cn
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A Study the correlation between a GW channel trigger
and adjacent triggers from auxiliary channels

_3_
?
1

i |
I I
. GW Channel 1*
| , | NS —
I |
|
GW Tri &) - A >
e ¢ o/ : . . @
I I
|
(| A 1
O@® . @— | @
Auxiliary | | |
Trigger Auxiliary { ‘:- } O—>
Channels ¥ ' | e .
@ b | | 1 | =
' I Dist '
6 attributes : 50 M 14_: : 3
g ' ! L J °
I i
I
—_— ik = . A > (D
Time ezt | v |
Direction | ' ' a s il
Property of @ = [Freq, NormEnergy, Energy, rm—
TileNum, Significance, Distance] Vector

jcao@tsinghua.edu.cn | http://ligo.org.cn
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A The veto process can be considered as a classification problem of
Instrument status:

» The input of the classifier is the combination of properties of all
coincident AUX/ENYV triggers at the time t, assuming there is a GC
trigger at the time t;.

» The output of the classifier is whether the instrument is fault or not.

i If yes, the GC trigger is a glitch;
i If not, the GC trigger is a GW signal

No signal and
no glitch either!
No instrument faults!
perfect for training
the classifier

e want to know
if this is a signal
or a glitch

his is definitely
a GW signal

GC 1 1 0
0
AUX1 O 1 0 0
AUXn O 0 1 0
ENV1 O 0 1 0
ENVmMm O 1 0 0
jcao@tsinghua.edu.cn | http://ligo.org.cn
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classifiers from machine
learning___

1. Artificial neural networks *
2. Random forests ‘

3. Support Vector Machines (SVM)

S
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Networks

1 coefficient for each input  (linear

@ ~ combination)

. Function of the linear
dendrites /

\ X1 combination
[ =7 } \ / )

Kp—* — Y

cell body * /
Ve L\, Xn Example: Output > 0 = glitch

« y predicted
terminal axon

’

14
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A Based on decision trees. Predictions of multiple trees
| Auxiliary channel vector
The Basics: Is The Grass Wet? /

world s/ Test on an auxiliary

channel coordinate
|_ = auxiliary channel

isitraining? / measurement

yes

isthe sprinkler on?
P(wet)

=0.95 Glitch / clean prediction
/

P(wet) P(wet) / -

=0.1 =0.9




