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Build your own Unlverse

Real-time data analysis of massive coamaloglcal data mthout any SQL knnwledge

Hundreds of millions  Superfast queries = Features to make - Onlme plottlng

of observed and means superfast you work faster and prewew and data
simulated galaxies results s SABIST L YIS [ duwnload
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How it started?

. J

e CosmoHub was created to share data from two

cosmology projects
e |t was built on top of a PostgresQL relational DB
e PostgreSQL wasn't scaling how we wanted as data

volume grew

o Indices were not used in large datasets
o Most queries lasted several hours

o Changing the schema and removing data became
very slow and inefficient
e We knew we would grow even more...
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Apache Hadoop + Hive
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e Apache Hadoop .,@hadaap

o One of the most popular Big Data platforms

o Open source

o Distributed storage and processing

e Based on commodity computer clusters

v/ May use old/refurbished machines — cheaper

e Scalable from dozens up to thousands of nodes

e Failure tolerance

e Apache Hive @

= .
o Query over massive data volumes using SQL
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Hadoop stack
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Node1 Node?2 Node3 Node4 Nodeb5

Input file.




HUB r

PostgreSQL vs Hadoop

.

Postgresql (9.1) @ Sl
e Hardware:
o Cores: 24 (Intel Xeon X5675 @ 3.07 GHz)
o RAM: 96 GIB
o DISK: 600 GBHDD x 8 (in RAID 6) ~ 3.6 TB net
O

Network 1GbE

Hadoop i@hadaap
e Nodes: 15

o Cores: 12 (Intel Xeon X5650 @ 2.67 GHz) [180]
o RAM: 24 GiB [360 GiB]

o DISK: 1 TiB [15TiB raw; ~5 TiB net]

o Network: 1GbE
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SHIEECT "SSENSeCMY , -z Vv, X Cc, YV C, SENESSY C, Y G C
g BROM mi cecatyil

FROM micécaitv]
WHERE x c < 700 AND y ¢ < 700 AND
z & 1<, 700

(~5.8M out of ~205M rows)

WHERE x c < le3 AND y cg&#llé3 AND
Bl o S

(~16.5M out of ~205M rows)

SEBECT ra.gagsickdieals “Kappea,
gammal, gammaZ

FROM micecatv?

WHERE 1lmhalo >= 12.16 AND

Llalg Cenlgya L=ty AND z lcgaliy> 0.4
ANBRZARCgal <p0F. o

(~25.9M out of ~500M rows)

B LECT coaddWely€Ccts jid, Tealgjde®,nas  aute, g,
g auto rjymeig auto Wlmagauto  Zilliflcan Albpz,
ibde z bpz,hmedlan z o, ZWHc Bpg,--t b,

b read model iy, spreaderriimoge | Miljlim@dest gelass
BROM des ylal'WHERE mag] autodi % 17/.3 AND

g auto 1 <, 22 AND (flags badregiocrm<= 3 "and

rTags gold =yO)"AND ((maghaliio §in: Mg aule@wr)
BETWEEN —I1.''and3.) ANEBY ((mely: oo i

mag auto 1) |BEIWEEN —1. and. 4.5 ANDE ( (mag "SEEe g
— mag auto z) BETWEEN, =L .. ands 2gAND | (ra sl > e

e S>290 onfdadt< —35W%

(~34.8M out of ~137M rows)

(o)
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PostgreSQL vs Hadoop
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(~5.8M out of ~205M rows) (~16.5M out of ~205M rows)

Execution time (seconds)
Execution time (seconds)

(~25.9M out of ~500M rows) (~34.8M out of ~137M rows)
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PostgreSQL vs Hadoop
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SE DEGIT, 7,
ANDES S YAND ra < 204 ANBmdec < 20;

log m FROMTIEEEESTCICY] WHERENMZ <

(~52K out of ~205M rows)
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Properly using indices and a very small amount of data requested!
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PostgreSQL vs Hadoop
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(~52K out of ~205M rows)

log m FROMTIEEEESTCICY] WHERENMZ <
AN - “AND ra < 46y ANRmdec < 20;
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Properly using indices and a very small amount of data requested!
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CosmoHub on Hadoop

e Easy scalability with old servers

e Reliability after possible Failures

e Impressive performance

o A Faster system than the previous version
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o CosmoHub switched focus from batch catalog

generation to interactive catalog analysis
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CosmoHub on Hadoop

e Interactive analysis

Histogram and heatmap plots

Display Options

Rockstar Halos 0.1 Columns Sampling Filters Query  Analysis Format Request
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CosmoHub on Hadoop
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e Sampling: select a random subset of the catalog to get faster

results when exploring the data

Step 2: Sampling - Select a subset and get faster results

1/1

~ 4.46 M rows

22 Random

15
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Some facts

~ 450 users ~ 1500 custom ~ 6 TiB hosted > 10"° objects
catalogs data

Some of the experiments in CosmoHub

&

MICE

Marenostrum Institut
de Ciencies de I'Espai
Simulations

DARK ENERGY
SURVEY
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Demo
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Demo

Full Gaia catalog: ~1.1x10°

ra, dec dis
1000x1000

‘ribution

DIiNs in ~ 4
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Conclusions & future work

. J

e New release
o Great improvement in response time
o More reliable
o New plot types and analysis

e More data, more catalogs, more users

e Other use cases (other than Cosmology)

e Still exploring the vast Hadoop ecosystem

19



HUB on Hadoop

... I1s public
... Is free

... Isopen to data from more projects
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Backup slides
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Euclid Flagship dark matter halo catalog: ~5.5x109
500x50x500 Mpc/h section
1000x1000 bins in ~ 4’
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Hive tuning
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® We have set the platform so that queries over large tables

are really fast:

® Apache Tez execution engine instead of the venerable

Map-reduce engine

® ORCfile: a new table (column based) storage format

® Vectorized query technique: batches of 1024 rows at once

=

=~ I
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Load balancing
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® Set up two different queues given the two different profiles:

® ‘Interactive’: real-time analysis (low latency)
® ‘Batch’: custom catalogs (high latency)
® Configure queue shares and preemption:

® batch jobs take idle resources to maximize efficiency

(10-90)

® interactive jobs can take resources from batch queue

(90-100)

24
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Backend
g
® ReST API powered by Flask:

® flask-restful - ReST framework

® sglalchemy - database ORM

websockets - bidirectional communications
gevent - asynchronous framework

pyhive - hive connection library

. 1@§k|nd|ngs GQL

wbd lprn

25
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Frontend

® Responsive Web interface powered by:

® Angular JS - web app oriented HTML framework
® Bootstrap - responsive frontend framework

® Plot.ly for plotting

® Wordpress as backend to edit "static" content

NGULAR/S @

PRESS
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PostgreSQL vs Hadoop

SR S [ lidec, 'z, z_ v, X . C, V C, Z ¢ ERpN
micecatyl WHERE x ¢ < 700 AND y ¢ < 700 AND"Zz_c
< 700; (~5.8M out of ~205M rows)
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PostgreSQL vs Hadoop

Sl (i CL. Yy ¢, z Cc_FROM micecatvl WHERE" s
1e3"ANDpy €< 1le3 AND z c < 1le3; (~16.5M jout of
~205M rows)
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PostgreSQL vs Hadoop
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ST S cCdd objectsS™1ld, Td, dec, mag autgiss
MECEa O s desdm zpuy Meah..z bpz, zZ mg PRz
FROM des ylal WHERE modest class = 1 AND
flags gold = 0 AND flags badregion = 0; (~81.9M
out of ~137M rows)
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PostgreSQL vs Hadoop
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S TNEEEN 'gal, dec gal, kappa, gammal, gzners
FROKSN. CO@at v, WHERE Imhaleow>= 12.16 AND
f lag CERERS N 0 AND z_cgal > 0.4 AND z € s

0.6; (~25.9M out of ~500M rows)
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