January 7 - March 2, 1610



Real-Time Knowledge

Extraction from Massive
Time-Series Datastreams

Josh Bloom
Astronomy Department

jbloom@astro.berkeley.edu

CS267: Feb 16, 2010


mailto:jbloom@astro.berkeley.edu
mailto:jbloom@astro.berkeley.edu

Extragalactic Transient Universe:
Explosive Systems

Pair Production Supernovae
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“Bad’ News
Discoveries

ynoptlc Survey
scope (LSST):
b every 2 seconds

100 supernovae/yr

10P eclipsing systems
107 asterouds...

light curves of 300
million sources every

3 days



Transients Classification Project
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‘) Goal: Autonomous creation of new
knowledge, that itself spurs further

@“ \ B
\//‘- / resource allocation & inquiry

 Generate probabilistic statements about
the nature of events (ie. classification)

e Provide push/pull access to current & past
events

e (bootstrap) Learning from feedback

e (perate at sutficient & scalable rates



Pulsating Stars
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Eclipsing Systems

Alpha Cygni (ACYG)
Beta Cephei (BCEP)
Cepheids (CEP)

W Virginis (CW)
Delta Cep (DCEP)
Delta Scuti (DSCT)

Pulsating

—

Short Period (BCEPS)
Anomalous (BLBOO)
Multiple Modes (CEPB)
Long Period (CWA)
Short Period (CWB)

ical (DCEPS)

/Tate P Type (K, M, C, S) (LB)

Slow Irregular (L)
Mira (M) )
PV Telescopii (PVTEL)

RR Lyrae (RR)

RV Tauri (RV)

Semiregular (SR)
Pulsating Subdwarfs (SXPHE)

2Z Ceti (22)

Dual Mode (RRB)

Asymmetric (RRAB)

Near (RRC)

Constant Mean Magnitude (RVA)
Variable Mean Magnitude (RVB)
Persistent Periodicity (SRA)
Poorly Defined Periodicity (SRB)
Supergiants (SRC)

F, G, or K (SRD)

Only H (2zA)

X Only He (2z8B)
Hell Absoption (ZZO)

Supergiants (LC)

U Geminorum (UG)

Supernovae (SN)

Novae (N)

-

Cataclysmic Variables

SS Cygni

SU Ursae Majoris { snia
Z Camelopardalis

Type | Supernovae (SNI)

Type Il Supernovae (SNII)
Fast Novae (NA)

Slow Novae (NB)

Very Slow Novae (NC)
Novalike Variables (NL)

Recurrent Novae (NR)

Gamma-ray Bursts (GRB)

Symbiotic Variables (ZAND) \

Long G: y Burst (LSB)
Soft Gamma-ray Repeater (SGR)

Short Gamma-ray Burst (SHB)

Systems with White Dwarfs (WD)
Semidetached (SD)

RS Canum Venaticorum (RS)
Planetary Nebulae (PN)

Contact Systems (K)

Systems with Supergiant(s) (GS)
Eclipsing Binary Systems (E)

Detached (D)
Detached - AR Lacertae (AR)
Wolf-Rayet Stars (WR)

Eclipsing

Beta Lyrae (EB)

l W Ursae Majoris (EW)

Main Sequence (DM)

Early (O-A) (KE)
W Ursa Majoris (KW)

Algol (Beta Persei) (A

With (DS)

W Ursa Majoris (DW)
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Considerable Complications with Time Series Data

® noisy, irregularly
sampled

® spurlous data
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e telltale signature
event may not
800 1000 1200 1400 1600 1800 2000 h&V@ happened
Time [days]
yet

class: microlensing



http:/ /eroup-think.appspot.com

-
/Q =~ Group-Think

Real or Bogus. Tel us
if this is a bone fide
astrophysical
transient (could be an

Svacion sttt 2D image

— classification:
mag = 18 7373 astrophysicel -+
mag_ref = 15.9166 a .
RA, DEC = 169.41520639,54 37507435 Machine-l.earnin g
R i siip? ) ves. . .
with human mput
Ret New
. . ki
astrophysical
. transient (could be an
: ) asteroid) or a
Tags boous- | . .
mag_er = 00554 wemma - >1000:1 rejection of
RA, DEC = 160.26613586 54.228129286 .
mag. ot - 152638 2 Cven bogus candidates

(prelim. cuts
msesmew + machine learning)
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most
subtractions
are bogus...

...but a long tail of
astrophysical goodness
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Real-Bogus

10M PTF subtractions (I month of data)







Machine-Learning Approach to
Classification

Data Utility for Classification

® comparison to previously
observed sources, & theoretical/
numerical models

(€.g color, brightness change, etc.) ehistorical images: extend time

baseline

Time Series

Context e |
situational awareness:

(e.5. sky location, HECEE S expectations of different classes
type)
E.........: time-SCI‘iﬁs ..........
less more
data . data

. regime ©  context : regime



Feature Extraction: Homogenizing
Heterogenous Data

“Features’: real-number metrics that describe the
time-domain characteristics & context of a source.

. Periodj ,
variability metrics: | cg dominanf ;netncs:
S indi 2/dof Lombp. 'equencieg
€.g. dtetson 1ndices, K -/do SCargle In

(constant hypothesis

—

shape analysis

e.g. skewness, kurtosts, context metrics
Gaussianity ¢.g. distance to nearest galaxy,

type of nearest galaxy, location
In the ecliptic plane




Black—RRab
Blue—RRc
Cyan—-FU
Green—FO
Yellow—MIRA
Red—EB

log P (in days)

Fig. 11. The classification based on PC1 obtained from PCA of
100 interpolated magnitudes for the phase from O to 1 in steps of
0.01.

Deb & Singh+09
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1. Parallelize the Learning Phase of Machine Learning

Problem:
frameworks like Weka (http: //www.cs.waikato.ac.nz/
ml/weka/) are not natively parallel. We will need to
burst out training requests on specific time/
observation vectors & classity quickly with the results

Solution:
build a parallel plattorm for weka

(GridWeka, Weka-parallel etc. are out of date &

probably not elegant)
- develop/adapt Mahout (http://lucene.apache.org/
mahout/), ML for Hadoop

http://userweb.port.ac.uk/~khusainr/weka
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1. Parallelize the Learning Phase of Machine Learning

flux

to

{

8% confidence

-

mterval

v
time

A

A “fe}stist
rise
feature
extractor
>
time

time

0.2

0.5

0.32



Open Crowd Sourcing Platform for Research

g Congrats, Sally. You became a SuperThinker® of ProjectAstro.

Others like you also liked participating in:

.| FindMayanRuins
¢7] Semantic Web
1 Dog Families

Add a ¢ to get started on the tutorials

continue—

© 2009 Group-Think
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2. Build a General Crowdsd n fﬁ tform (GroupThink2.0)
e

- build innovative analyt 1S
- could require grid/ cloud»fb "j'.analysm for on-the-fly

: ’q‘rbé‘[(

P \\\ o * Y

re Sults Resources for C$ 267, Spring 2010 | . ". Group Think: Group/ Think ‘f— +

Buy a Group-Think Mug | about | home

Open Crowd Sourcing Platform for Research

)

’

Group-Think

.1 show only newbies

expert  random  newbie 1 show only SuperThinkers

realbogus score
- ( ' -— -




3. Parallelized Genetic Programming for Feature Discovery

Instead of handcoding “features” for ML,
using GP (in parallelized environment) to
discover features which give the best
classification

OGLEQS0021 26540207
PO o0 days

Cepheid




4. Parallelized Visual Exploration Tool

allow the armchair astronomer to ask complex
questions of the databases & visualize and interact
with the results (100M+ rows)

[sdss + simbad positions 'y [Select query from history... @ -

Iselect jsb_source.ptfname, oon.val, oan.node_name,sdss.bestz,sdss.bestz_err,sdss.dered_r,jsb_cand.mag_ref, oar_ann.val as cat_offset,oa.val as
sdss_offset from oar_node

join jsb_source on jsb_source.jsb_source_id = oar_node.jsb_source_id
join oar_ann on oar_ann.oar_node_id = oar_node.oar_node_id
join jsb_cand on jsb_cand.Ibl_id = jsb_source.initial_Ibl_cand_id
join sdss on sdss.jsb_source_id = jsb_source.jsb_source_id
left join oar_ann as oa on ( (oa.jsb_source_id = oar_node.jsb_source_id) and oa.key = 'host_distance_arcsec_sdss')
left join oar_node as oan on ((oan.jsb_source_id = oar_node.jsb_source_id) and oan.class_type = 'simbad')
left join oar_ann as oon on oon.oar_node_id = oan.oar_node_id
where oar_node.class_type = "sdss”
and oar_ann.key = "host_distance_arcsec_cat"

- Run
PTFname val node_name bestz bestz_err dered_r mag_ref
10bgh 0.1771 0.0108 17.3009 17.263
10bgb 0.6984 0.1571 21.7929 18.156!
10bfg 0.075 0.0294 17.9426 18.076.
10bea QSO extragalactic 1.2264 0.0018 17.736 17.684.
10bea qso 1.2264 0.0018 17.736 17.684.

10bhdy 0Osn extraaalactic N s4nN9g Nnonll 1R 72975 1R W) 7.



4. Parallelized Visual Exploration Tool

allow the armchair astronomer to ask complex
questions of the databases & visualize and interact
with the results

- parallel database calls with embedded custom code
(e.g. Hadoop SQL “hive™)
Google finance ™ Gewem

Examply: "CSCO" or "Googhe”™

Stock screener

Exchange | All exchanges -:. Sector | All Sectors ':

Criteria Min Company Distribution Max

Market cap @ Y R [Ty
PIE o @ BT eilin....... . .

Div yield (%) 2 63 ] |emmmuom... 9 '
52w pice change () — .y
Companies: 1 - 20 out of 1250

0.350 -0.005

3748 +0.17 Company name

10704 009
4655 -0.75 12 Smil municati td.

151 Constitution Bancom
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