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* Reminder, status, next steps

28/10/2017 IVOA, Santiago, 27-29/10/2017



Reminder: 'Apéchfé.Spa rk T

*  “Apache Spark is a cluster computing platform designed to be fast and
general purpose”

* Extension of the MapReduce model to support more types of
computations (interactive queries, stream processing, etc.) offering APls
for Scala, Java, Python, R,...

* Computations in memory (as much as possible, otherwise pilling to the
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Reminder (2): U

. Bytes Format Units Label Explanations
* Cross-matching of large source
1- 10 F10.6 deg RAdeg (ra) Right ascension (J/
12- 21 F10.6 deg DEdeg (dec) Declination (J200

23- 26 F4.2 arcsec errMaj (err_maj) Semi-major axi

° error ellipse
Ca a Og u eS ° 28- 31 F4.2 arcsec errMin (err_min) Semi-minor axis of pos

error ellipse
33- 35 13 deg errPA [0,180] (err_ang) Position angle of error

eoce /g VizieR x \ +

— 2MASS!, 470,992,970 ‘

vizier.u-strasbg.fiviz-bin/VizieR-4 @ | Q Rechercher TANBED 4O ¢ v =-

Send to VO tools |

VizieR Result Page

— SDSS? DR9, 469,053,874 ] e -
) ) ) Search Criteria The 3 columns in color are computed by VizieR, and are not part of the original data. L

Mirrors 11/0.1194/00 42 43.866 +41 16 12.40 010.682777 +41.270111 00424386+4116123 9.977, 11.683/0.056
DS, France B | | 1200.1221[00 42 44.601[+41 16 14.16/010.685837|+41 4116141] 9.880) 12.051/0.068
13/0.1288/00 42 44.147 +41 16 00.06 010.683944 +41.266682 00424414+4116000 12.565/0.055| 9.510

| 12[0.1326(00 42 44.167 +41 16 15.24/010.684029|+41.270901 004244 16+4116152/10.063 9.359)

e D al
Keywords I246/0ut  2MASS All-Sky Catalog of Point Sources (Cutri+ 2003) 2030022600 ReadMestio | L
= W2a6iout Eostannotaton ‘The Point Source catalogue of 470,992,970 sources. Please acknowledge the usage of the 2MIASS All-Sky Survey; seealsothe Qg
es 2MASS Pages. Note that the magnitudes in red correspond to low quality results (upper limits or very poor photometry)
11246 (470992970 rows) L
— .out
s F I I k o (7 start AladinLite L
u S a e Fulll r | _RAJ2000 | _DEJ2000 | RAI2000 | DEI2000 2MASS  |Imag| e [Hmag| e |Kmag| e |Qfig Rfig/Bfig CligXfig/Afig
y [Choose | arcmin | Chomis' | dim’ deg deg mig mig mag mag mag  mag
Constraints 70.0171(00 42 44.337 +41 16 08.53 010684737 +41.269035/00424433+4116085 9.453/0.052| 8.668/0.051| 8.4750.051 EEE 222 111 000 2/ 0
" ‘,’;‘;‘;;j:”z”," | 2[0.0568(00 42 44.033 +41 16 06.91/010.683469|+41.268585 00424403+4116069| 9321 8614 10.601/0.025|UUE|002 (001 00c | 2| ©
3(0.0643(00 42 44.558|+41 16 10.38 010.685657 +41 4116103 10.7730.069| 8532 8254 EUU 200 200 €00 | 2| 0
S O u rC e S C O n e O r [Modify Query ]| | 4/0.0659(00 42 44.646/+41 16 09.21 010.686026 +41.269226 00424464+4116092 9.299 8.606 10.119/0.056/ UUE 002 001 00c |
) e 5/0.0789(00 42 44.032,+41 16 10.83|010.683465 +41.269676/00424403+4116108 11.507/0.056| 8.744 EUU 200 )
max: 50 | 60.0791]00 42 44,644 +41 16 10.67/010.686015 +41.269630 00424464+4116106 9399 9.985(0.070] 8:
. HTML Table 70,1008 |00 42 44,465 +41 16 01.65 010.685270+41.267124 00424446+4116016 12.070 0.035| 9.301
. . H E A L P T | 80.1014/00 42 43.983 +41 16 02.84010.683263 +41.267456 00424398+4116028 12.136/0.040| 9.226
I X C e » Compute 9/0.1111/00 42 44.203 +41 16 00.99 010.684180 +41.266941 00424420+4116009|10.065 9374 -
F u Z Zy J O I n submit || | 10/0.1160/00 42 43.772/+41 16 0453 010.682383 +41.267925 00424377+4116045/12.446/0.061 11.753/0.063

11.409/0.055 UUA 002

between 2 s

1500.1358/00 42 43.851 +41 16 01.40010.682713 +41.267056 00424385+4116014 10.176 11.876/0.050| 9.252 UEU 020
a ~ 1610.1392/00 42 44.979 +41 16 03.48 010.687414 +41.267632 00424497+4116034 12.371/0.036| 9.627 9.379 EUU 200 2e 0
1700.1522/00 42 44 843 +41 16 14.57 010.686846 +41.270714 00424484+4116145 12.872/0.061 9.433 9.178 AUU 200 20 0
/ \ | 15[0.1538(00 42 44.871 41 16 00,55 010.686963 +41 266827 00424487+4116005 10 450, [12.094/0.033|11.728/0.039 UEE 622 2 0
190.1606|00 42 45.027 +41 16 13.09 010.687611 +41.270302 00424502+4116130 13.055 0.109 9.504 9.246 AUU 200 2 0
t a e S | Y \ | 200.194700 42 45.265 +41 16 12.54 010.688605 +41.270149 00424526+4116125 12.896 0.071| 9.732 9480 |AUU200 20
270.2038/00 42 43.804 +41 16 18.20 010.682517 +41.271721 00424380+4116181 12.933 0.052 9.900 11.862/0.061 AUA 202 2 0
\ / | 22/0.2085(00 42 43.450/ 41 15 59.55 010 681043 +41 266632 00424345+4115598) 10,511 9815| [11.8610.049 UUE 002 2 0
/ 230.2248|00 42 43.819 +41 15 55.30 010.682581 +41.265362 00424381+4115553 10.643 9.954] 12.833/0.138 UUB 002 2 0
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Credits: http://healpix.jpl.nasa.gov/
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Most significant €xperiment
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* GAIA (1.1 billion sources) vs
IGSL3 (1.2 billions)

1.6 billion associations in 10
minutes vs for
the production X-Match
Server*®

* Bottlenecks are
— network for Loading phase
— mainly CPU during the X-Match

phase ('m provable) — 9 nodes (CentOS / OpenStack, remote data storage)
— co-location of data (resolved — 24 threads (-> 216 threads), 64GB (-> 576 GB)

through a homemade SO|Ution) — -> possible X-Match of billion sources ...

* Rebuild Join not included
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192.168.0.x : Physical computers
10.0.0.x : Private overlay network between containers
10.255.0.x : Bridge network
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Next steps

* Improvement of the algorithms
* After this phase we will test with Amazon WS

— AWS offers a wide variety of tools including
Apache Spark

— Comparison with all the previous investigations

* Summary of this work and status during
Victoria Interop
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Bringing the cod o the data

* How to allow users to execute code near our
data ?

— Which code ? On which data ?, ...
— Hardware resources, accounts, security, etc.

* Development of Jupyter Notebooks

— Submit X-Match jobs to Spark from Python
notebooks

— Ipyaladin, Aladin Lite embeding in a Notebook
(see Thomas’s talk in Apps)
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Spark in a

: Jupyter X-Match.onefile Last checkpoint: 10/12/2017 (unsaved changes) a Logout
File Edit View Insert Cell Kernel Widgets Help Hide Code Trusted = &' | Python 3 O
+ xx @ B 42 ¥ MNRun B C | code v

</> Hide/show code @[] Export to HTML Export to PDF via HTML | [ Export to PDF via Latex

In [2]: import pyspark
from pyspark.sql import SparkSession
import math
import healpy

class XMatch:
def init (self,filel,file2):

self.spark = SparkSession\ #Creation of SparkSession and SparkContext if nessessary
.builder\
.master("spark://130.79.128.185:7077")\
.appName ("X-Match")\
.getOrCreate()

self.result=None

print("---------- ", filel," X ",file2," ---------- ")

#lLoad filel

s=1loadBinary(self.spark,filel)

self.sl=s.flatMap(fDuplicate()) # Duplicate the sources on the border of the pixels

print(self.sl.count(),"sources loaded from ",filel," after duplication")

#lLoad file2

self.s2=1oadBinary(self.spark,file2)

print(self.s2.count(),"sources loaded from ",file2)

def performXMatch(self):
r = self.sl.join(self.s2).filter(filterF) # That's the CrossMatch
print(r.count()," matching sources found")
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Spark in a

»

: Jupyter X-Match vLast Checkpoint: 10/09/2017 (unsaved changes)

File Edit View Insert Cell Kernel Widgets Help Hide Code
B 4+ 3 @A B 4+ ¥ MWRin B C cCode v | E3 <> Hide/show code

In [1]: import xmatch
xm=xmatch.XMatch()
xm.loadCatXYZ("lsdss.csv", "lsdss")
xm.loadCatXYZ("tmass.csv", "tmass")
xm.loadCat("1lsdss.csv","lsdss")
xm.loadCat("tmass.csv","tmass")
xm.shuffleAll()
xm._del_ ()

In [*]: import xmatch
import time
xm=xmatch.XMatch() # Instanciate SparkContext and HDFS reader
xm.performXMatch("tmass", "lsdss",5/3600
—————————— tmass X lsdss ----------
426186 sources loaded from tmass
783234 sources loaded from tmass after duplication
15836 sources loaded from 1lsdss

In [5]: dimport xmatch
xm=xmatch.XMatch()
xm.performXMatch("tmass", "sdss",3/3600)
xm.downloadResult("result.test")
xm. del ()
---------- tmass X sdss ----------
739325 sources loaded from tmass after duplication
1583685 sources loaded from sdss
134550 matching sources found
Results downloaded in result.test
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| Python 3 @
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sanchez@cds-stage-ms3: ~
Saving
Saving
Saving
Saving
Kernel

file
file
file at
file at
started:

at
at

/X-Match/X-Match.
/X-Match/X-Match.
/X-Match/X-Match.onefile.ipynb
/X-Match/X-Match.onefile.ipynb
eaf78ba4-0873-4157-3089-8dd0adece3b

onefile.
onefile.

ipynb
ipynb

2

Adapting to protocol v5.1 for kernel eaf78ba4-0873-
4157-3089-8dd0adece3b2

Saving file at /X-Match/X-Match.ipynb
Setting default log level to "WARN".
To adjust logging level use sc.setLoglLevel(newLevel). For SparkR, use setlLoglLeve
1(newLevel).
17/10/23 08:46:06 WARN NativeCodelLoader: Unable to load native-hadoop library fo
r your platform using builtin-java classes where applicable

Kernel restarted: eaf78ba4-0873-4157-a3089-8dd0abece
3b2

Adapting to protocol v5.1 for kernel eaf78ba4-0873-

4157-3089-8dd0adece3b2

Setting default log level to "WARN".

To adjust logging level use sc.setLogLevel(newLevel). For SparkR, use setlLoglLeve
1(newLevel).

17/10/23 08:47:13 WARN NativeCodelLoader: Unable to load native-hadoop library fo
r your platform using builtin-java classes where applicable

[Stage 5: ==> (8 + 0) / 16]
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Switching the prev |
developments to

In [1]:|1mport time
import random
import healpy
import math
import numpy
import kdMatch as km
import itertools

import matplotlib.pyplot as plt In [2]: import time
radiusDeg=20/3600 import random
import healpy

fcart=km. fCartesianMatch(radiusDeg) import math
a=[1,10,50,100,500,1000,2000,3000] import kdMatch as km
mn=itertools.product(a,a) import itertools
mxn=[] import matplotlib.pyplot as plt
1t=[] radiusDeg=20/3600
for b in mn:

n=b[0] fkd=km. fKDMatch (radiusDeg)

m=b[1] a=[1,10,50,100,500,1000,2500,5000,75600,10000]

mxn=n*m mn=itertools.product(a,a)

imxn=[]

cn=[ (healpy.ang2vec(random.random(), random.random(),lonlat=True),"") for i 1t=[]

cm=[ (healpy.ang2vec(random.random(), random.random(),lonlat=True),"") for i for b in mn:

sample=(cn,cm) n=b[0]

m=b[1]

tl=int(round(time.time() * 1000)) mxn=(n+m)*math.log2(min(m,n))

result=fcart(sample)

t2=int(round(time.time() * 1000)) cn=[ (healpy.ang2vec(random.random(), random.random(),lonlat=True),"") for i in range(0,n)]

1t.append(t2-t1) cm=[ (healpy.ang2vec(random.random(), random.random(),lonlat=True),"") for i in range(@,m)]

lmxn.append (mxn) sample=(cn,cm)
plt.plot(lmxn, 1t, 'ro’ tl=int(round(time.time() * 1000))
plt.show() result=fkd(sample)
droite=numpy.polyfit(lmxn, 1t, 1) t2=int(round(time.time() * 1000))
print("aprés régression linéaire : y = ",droite[0]," x + ",droite[1] ) 1t.append(t2-t1)

1mxn.append (mxn)

7000 plt.plot(lmxn, 1t, 'ro')
plt.show()
6000 droite=numpy.polyfit(lmxn, 1t, 1)
5000 print("aprés régression linéaire : y = ",droite[0]," x + ",droite[1] )
2000
4000 ° .
3000
4 1500 $
2000 ° °®
° °
1000 °
° 1000 . ®
oue® °
s 3
500 LIS
aprés régression linéaire : y = 0.000681781894157 x + 1.29801560841 o *e
oot
% 50000 100000 150000 200000 250000 300000

aprés régression linéaire : y = 0.00694964313111 x + -23.6947540134
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Ipyalaain

import ipyaladin
aladin = ipyaladin.Aladin(target = 'Cygnus X')

aladin

P e B
J2000 4 }20/28 4018005
vy 4

o i . Aladin Lite
QB . < ® " integrationin
notebook and
control of
displayed target
and field of view

aladin.fov = 2

aladin.survey = 'P/allWISE/color'
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lpya F él In ( 2) " | | <

In [24]: . . X . .
from astroquery.vizier import Vizier

tgas_result = Vizier.query region('Cygnus X', radius='3 deg', catalog='I/337/tgas')

aladin.add table(tgas result[0])

aladin.add moc_from URL( 'http://saada.unistra.fr/PNRed/Moc.fits"',
{'color': '#009bd6', 'opacity': 0.4})

Add overlays:
Astropy tables
and MOCs
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Conclusion

* Exciting experiments, implementation and
testing of various technologies, switching
between languages (Java, Python, Scala, JS),
etc.

* Promising results concerning the X-Match,
confident to do better

* Notebooks open the door to a simple way to
execute code near the data
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