Platform Transition:
New Technologies and Opportunities

Michael J. Kurtz & the ADS Team

mkurtz@cfa.harvard.edu

ADS Users Group Meeting - 11/3/2017

&
“w>

astrophysics
data system




Change

e 1992 - The first Digital Libraries were just being started,
conceived, ADS first public demonstration

e 2017 - The CFA Library now contains NO BOOKS



ADS Data

e A bibliographic database of 12M scientific publications
in Astronomy and Physics (metadata)

e A full-text archive of 4.8M documents (XML, PDF,
Latex, OCR text)

e A citation graph with over 6M nodes and 100M edges

e (Anonymous) usage data for 50k regular users



Machine Learning, Computational Linguistics

e Conditional Random Fields

e Latent Dirichlet Allocation (FS; O, T&S 1957, Topic
Models)

e \Word2Vec

e \arious Ad Hoc



The new way: Machine Learning (CRF)
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Grobid (http://cloud.science-miner.com/grobid/)

® 11 CRF models (2 for patents)

@ Full text processing uses 9 models, 55 final labels, 14
intermediary labels

@ More than 10 000 labelled examples
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APACHE

Spark® MLib

Download Libraries ~ Documentation ~ Examples Community ~ Developers ~

MLlib is Apache Spark's scalable machine learning library.

Ease of Use

Usable in Java, Scala, Python, and R.

MLIib fits into Spark's APls and interoperates with NumPy in Python (as of
Spark 0.9) and R libraries (as of Spark 1.5). You can use any Hadoop data
source (e.g. HDFS, HBase, or local files), making it easy to plug into Hadoop
workflows.

Performance

High-quality algorithms, 100x faster than
MapReduce.

Spark excels at iterative computation, enabling MLIib to run fast. At the same
time, we care about algorithmic performance: MLIib contains high-quality
algorithms that leverage iteration, and can yield better results than the one-
pass approximations sometimes used on MapReduce.

data = spark.read.format("libsvm")\
Jload("hdfs://...")

model = KMeans(k=10).fit(data)

Calling MLIib in Python
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Logistic regression in Hadoop and Spark



Graph/Network Analysis

e \Very complex multi-partite network
e Clustering/Community Detection

e |nformation Flow, Critical Paths



Spor‘lzz GraphX

Download Libraries ~ Documentation ~ Examples

Community ~ Developers ~

GraphX is Apache Spark's API for graphs and graph-parallel computation.

Flexibility
Seamlessly work with both graphs and collections.

GraphX unifies ETL, exploratory analysis, and iterative graph computation
within a single system. You can view the same data as both graphs and
collections, transform and join graphs with RDDs efficiently, and write
custom iterative graph algorithms using the Pregel API.

Speed

Comparable performance to the fastest specialized
graph processing systems.

GraphX competes on performance with the fastest graph systems while
retaining Spark's flexibility, fault tolerance, and ease of use.

graph = Graph(vertices, edges)

messages = spark.textFile("hdfs://...")

graph2 = graph.joinVertices(messages) {
(id, vertex, msg) == ...

¥

Using GraphX in Scala
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End-to-end PageRank performance (20
iterations, 3.78 edges)



Network Visualizations
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A continuum from clear to cloudy hot-Jupiter exoplanets without
primordial water depletion; Sing, David K. (64 citations)
izing Transiting with JWST; Greene,

Thomas P, (20 citations)
Repeatability and Accuracy of Exoplanet Eclipse Depths Measured
with Post-cryogenic Spitzer; Ingalls, James G. (14 citations)
Detection of H<SUB>2</SUB>0 and Evidence for TiO/VO in an Ultra-
hot Exoplanet Atmosphere; Evans, Thomas M. (14 citations)
Carbon Dioxide in Rarely Dominant
Compared to Carbon Monoxide and Water in Hot, Hydrogen-
dominated Atmospheres; Heng, Kevin (12 citations)
Rotation and Winds of Exoplanet HD 189733 b Measured with High-

Pt P py; Brogi, M. (12 citations)
Quantifying and Predicting the Presence of Clouds in Exoplanet
Atmospheres; Stevenson, Kevin B. (10 citations)
A map of the large day-night temperature gradient of a super-Earth
exoplanet; Demory, Brice-Olivier (10 citations)
Characterizing Rocky and Gaseous Exoplanets with 2 m Class Space-
based Coronagraphs; Robinson, Tyler D. (7 citations)
The GTC exoplanet transit spectroscopy survey. Il An overly large
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Human-Computer Interface

e \isualizations

e User Interfaces



Paper analytics
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How it’s done: paper to electronic record

i A s LUy 120266093, 202 oy

DETATLED STRUCTURAT, DECOMPOSITION OF GATAXY TMAGES!

Crapn'Y. Pexe,? Luis C. 1o
Recivad 260

CHris D, Inpey. anp Hans-Warter Rixé
st 1, acpicd 2002 Mach 27

ABSTRACT
presen a two-dimieusional fiting aigorithm (GALFIT) desigued to exiract siruciuzal componenls

We
from galaxy images,

with emphasis on closely modeling light profiles of spatiaily well-resolved nearby sal-

e cbvervd il the, bl Spner Jaespe. Our alporih mproes om proions tshngues 1 ro

arcas: by being able to simultmeously i a

such as Law,

with an mum ‘mumber of components und wilh
zation in. mwpvn ation speed, suited for working on lar
Gsic (de Vaucouloussy prof
Buncfions, Thcsosimauihdl hapes azc gonesdl aedolipseatisi.onn it
tial Apmn.mmmmmlr ‘program inciude: standard modeiing of plabal gaiaxy [vmh]t\ xiracting bai
disks

galaxy images. We use two-dimensiona! models
ik, < csponontial disk, aud Gussian o Meflal
dhoxy componenis. Some poien-

suring st extinction or surface bright-

w i o i removing the galaxy model. When examined in detail e find that sven simple looking

s e often smploved. Many ¢

c

in gulaies We compurs

having nu

s gl g — o undanen
galaxies: structure — tevhui

{pasameters — galaxies: nacki

avies generally require at least thres components ta be modelad accurately. rather than the ané or two

wies with complex isephotes, clpticty o
argle twists can bo modeled accurately ir two dimensions. We i
include regular and barved spirul guuxics, highly disky fenticaar galiies, aud ciipt
various levels o1 compiexitics. A uselul extension of this alg
dimensiona) and one-Jimesions] cxiracton teshoiques on smled
lear slopes with dilferent deg
Hiom of the pegrarm i sovera} o ompies {mesby salasic

2 this by way of 11 ca
cal galaxies displaying

gorithm is (0 accuraleiy extract Duclear poini sou

spiness, wnd we then illustrate the appl
T ithwenk muce

L INTRODUCTION

Galaxies span a wide range of morphology and fuminos-
ity, and a very useful way to quantify them is to fit their light
Al“" bution with parametric functions. The de Vauconleurs

and exponential fsk ctions bocame sundard -

ftor de Varuoulours (1943) shoved many eflp-
s Lo huve R ‘luuldb\nh.m\vm while Freeman
(1076 found Intortype i 1o bo well described by a 6o
Vaucouleurs bulge plus an exponential disk. Since then the
ampivil estmioues of gy Gt and decomposition
wimber of aotsble advimess i understzading
5 formation and cvolution. These include investiga-
tions inio the
1977), the fundameniai plane of spheroids (Faber el al
1987; Dressier et al. 1987 Djorgovski & Davis 1987:
Bender, Burstein, & Faber 1992), the morphological trans-
formation of saaxies i chuser envitonments 2 ¢ Dresler
1980; van Dokkum & Franx 2001), the bimodali
nuclear cusps {Louer st al. 1995; Fater et al. ‘93"\ and! its.
impiications for the formaticn of massive black hofes (Rav-
indranath, Ho, & Filippenko 2002), and the cosmic evolu-

chaenvaiens vl

S0 st s op,
bt 1 Sposs Teosopo Seienes st sl i oprstod by 15
RA), e

Uit D R o ity (4¢
NASS.2

ard U‘::"\'w(cw Unarity of Ariona, 9% Notth Choery
A\Nme “Tucson A7 e atizona e,

et of 0 Carmsie it of Wasinaton, 813
s.,m.‘mmms eet, Pasadens, CA 91

it e Ashonemse. Komainl 17, Heldebors,
D-69117, Giormany,

266

— techmiques:
tiom of galaxy mempholegy (g, Lilly e al, 1998 Marloan
& Simard 1968}

gomeral types of galaxy Ating: one-
dimengon) ting of surface brightness profiles (e.g.,
Kormendy 1977; R\Arutm 1979; Boroson 1951; Kent 1985;
Baggert, Baggett, & Anderson 1995) and two-dimensional
fitting of galaxy images (e.5. Shaw & Giilmore 1989; Byun
& Fresman 1995; dz Tong 1996; Simard 1995; Wﬁm‘ekm
Robbasen, & Kembhavi 1999; Khosro: vh.\h,, Wadadekar,
& l\em.)hkl\' 2006), each with its own tradecffs und
beneits.

In one dimension an important consideration is how ta
brightness profile from a two-
ot which there is no universilly agroed
common practice is to use isophote fit-
tiug, which Is a_pewerful tecknique whea performed on
welltesolved galisies because it averages over dlliptical
annuli ta increase the signal-to-noisc ratio (S/N) af a given
radius. However, as many gajaxics have isophofc wisis and
chaning elpticty as» function of radius, the galaxy profile
is extracted along a radial arc that is ill defined. An alterna-
e approseh 1 1 st  divect ome.imensiana! hce zerors
an image. Bursiein (197)) argues that cnly cuts afong the
‘major axis should be used in buige-to-disk (B/D) decompu-
sitions. beanwhiie, Ferrarese et al. {1994) point out that
galaxies with power-law central profiles may have diferent
profiles along the major and minor axis.

Fittiag profles fa one dimension s froguently wsed
beesuse 1 suffices for certain goals and is simple to imple-
ment, But many studics aow resort Lo two-dinensional
techniques. For BT decompositions a aumber of authors

. Hyun & Prtcm\n 1995, Wadadckar et al. 1999) have

€ Back 1o resuts

VIEW
Abstract
Citations (1311)
References (80)
Co-Reads
Graphics
Metrics

i EXPORT
in BibTeX
in AASTeX

in EndNote

= 4 vi.adsabs.harvard.edu

# Foadback

Author  FirstAuthor  Abstract  Year  Fulltext | All Search Terms -

Detailed Structural Decomposition of Galaxy Images

Show affiations

Peng, Chien Y; Ho, Luis C.; Impey, Ghris D; Rix, Hans-Waiter

We present a two-dimensional fitting algorithm (GALFIT) designed to extract structural
components from galaxy images, with emphasis on closely modeling light profiles of spatially
well-resolved, nearby galaxies observed with the Hubble Space Telescope. Our algorithm
improves on previous techniques in two areas: by being abie to simultaneously fit a galaxy
With an arbitrary number of d with in speed, suited
for working on large galaxy images. We use two-dimensional models such s the “Nuker" law,
the Sérsic (de Vaucouleurs) profile, an exponential disk, and Gaussian or Moffat functions. The
azimuthal shapes are generalized ellipses that can fit disky and boxy components. Some
potential applications of our program include: standard modeling of global galaxy profile
extracting bars, stellar disks, double nuclei, and compact nuclear sources; and measuring
absolute dust extinotion or surface brightness fluctuations after removing the galaxy model,
When examined in detail, we find that even simple lcoking galaxies generally require at least
three components to be modeled accurately, rather than the one or two components more
often employed. Many galaxies with complex isophotes, ellipticity changes, and position angle
twists can be modeled accurately in two dimensions. We fllustrate this by way of 11 case
studies, which include regular and barred spiral galaxies, highly disky lenticular galaxies, and
elliptical galaxies displaying various levels of complexities. A useful extension of this aigarithm
Is to accurately extract nuciear point sources in galaxies. We compare two-dimensional and
one-dimensional extraction techniques on simulated images of galaxies having nuclear siopes
with different degrees of cuspiness, and we then llustrate the application of the program to
several examples of nearby galaxies with weak nuclel. Based on observations with the
NASA/ESA Hubble Space Telescope, obtained at the Space Telescope Science Insitute,
which is operated by the Association of Universities for Research in Astronomy (AURA), Inc.,
under NASA contract NAS 5-26555.
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Future

e \When Computing and Storage are ANOTHER million
times more powerful, what will ADS be like?

e ADS is a Human-Machine collaboration
e The New-Gutenbergian Revolution is not yet finished

e ADS is where the state-of-the-art becomes the
state-of-the-practice



For More Information

e ADS Bumblebee:

https://ui.adsabs.harvard.edu
e ADSAPI:

https://github.com/adsabs/adsabs-dev-api
e ADS help and support:

http://adsabs.github.io/help/ adshelp@cfa.harvard.edu
e ADS news:

http://adsabs.github.io/blog/ @adsabs
e ADS users group:

http://adsabs.harvard.edu/adsug.html
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