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and the Science Platform
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Science Platform

* Concept is catching fire in astronomy community

» Working definition of Science Platform in nutshell

Login to a Jupyter Lab/Hub environment
- Appropriate software and APIs

Close data is archived

Processing close to the data

Usually with python.

e Our Goal:

Leverage out work with Firefly to make this environment more
powerful




New Ways to Work

Powerful
Firetly + Python + Jupyter Lab = Scjence

Platform




- 4 Firefly Components

SAGE: region: 81.384676 -68.91.
E *

Options:| 012000 [ change 1S
DSS coored FOV: 7.4°

(Tp_pscBox, X |
44 9 of 21 B P (401 - 450 of 1015) ? ﬁ ca-

ra dec clon clat err_maj err_min err_ang designation j_m j_cmsig | j_msigcon
(deg) (deg) (arcsec) (arcsec) (deg) (mag) (mag) (mag)

81.279334 -68.919395 05h25m07.04s -68d55m09.82s 0.14 0.13 05250704-6855058 16.027 0.089
81.370766 -68.836624 05h25m28.98s -68d50m11.85s 0.18 0.16 05252898-6850118 13.504
81.412929 -68.839584 05h25m39.10s -68d50m22.50s 0.20 0.16 05253910-6850225 16.360 0.137
81.437965 -68.844025 05h25m45.11s -68d50m38.49s 0.17 0.17 05254511-6850384 16.324 0.133
81.314225 -68.904945 05h25m15.41s -68d54m17.80s 0.07 0.07 05251541-6854178 15.196 0.072
81.368899 -68.837242 05h25m28.54s -68d50m14.07s 0.09 0.08 05252853-6850140 14.330 0.0s3
81.500049 -68.893616 05h26m00.01s -68d53m37.02s 032 0.27 05260001-6853370 16.490 0.140
81.419247 -68.914131 05h25m40.62s -68d54m50.87s 0.06 0.06 05254061-6854508 15.304 0.062
81.591179 -68.839294 05h26m21.88s -68d50m21.46s 0.16 0.14 05262188-6850214 16.409 0.126
81.586821 -68.896202 05h26m20.84s -68d53m46.33s 0.06 0.06 05262083-6853463 14.670 0.039
81.337872 -68.843903 05h25m21.09s -68d50m38.05s 0.07 0.07 05252108-6850380 15.509 0.052
81.394806 -68.906075 05h25m34.75s -68d54m21.87s 0.06 0.06 05253475-6854218 14.142 0.034
81.409027 -68.876686 05h25m38.17s -68d52m36.07s 0.20 0.18 05253816-6852360 16.475 0.163
81.600449 -68.830826 05h26m24.11s -68d45m50.97s 0.15 0.14 05262410-6845509 16.200 0.124
81.330078 -68.829193 05h25m19.22s -68d49m45.09s 0.19 0.17 05251921-6849450 16.433 0.129
81.657667 -68.909805 05h26m37.84s -68d54m35.30s 0.07 0.07 05263784-6854352 15.465 0.084
81.471096 -68.948822 05h25m53.06s -68d56m55.76s 0.07 0.07 05255306-6856557 15.425 0.055
81.317534 -68.908012 05h25m16.21s -68d54m28.84s 0.17 0.15 05251620-6854288 0.147
81.562626 -68.883179 05h26m15.03s -68d52m59.44s 0.22 0.20 05261503-6852554 1 0.104
Options: Galactic [ Change HipS Options: Galactc [ Change Hips Options: Galactic [ Change Hips 81.585997 -68.867485 05h26m20.64s -68d52m02.95s 0.07 0.06 05262063-6852029 % 0.057

IRAS-IRIS HEALPix survy, color FOV: 17 [RAC HEALPi survey, color FOV: 170 2155 color 3 (1.23um), H (166um), K (

* Sort / Filter

S SRR RS o Column Controls

arge tables, 10 Million+ rows
* Very fast response time

Color / Stretch : Lo
* Full HiPS Support * brushing and linking

Grid
i ° Moc Magnitude-magnitude densities Photometry histogram Photometry in band 1, 2, 3
Region .
: = 2 wl vs. w2 . wimpro

Magnifier * Tightly integrated Fi- e

600+

Distance tools * Shares all FITS functions  <@4 .. -
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Flip/ Rotate/ Crop

200+
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DATASETS SEARCH TOOLS

Size: 857GHz
8 Lock By Gl

Background Monitor

HlQeele |9 |o®kME | 2 JTBOw| SEm ©

) Multiple Frequency Cutout Visualization Target=mi1; Region=2.0000 deg; Band(s)=_all GHz; Cutout Image Size=2.0000 deg; Planck Cutout Image Scaled: no

(383GHz | ‘Notes/ Detai o Slide to select: )
(30Grz | (446 | 706z | (100 Grie | 143 Gre | (207 Gz | 7 (545 vz | (57 Gra | (2 mn]| @ (Wotws/betaii e period=0.626 day
of 1 (1 -8 of 8) 0.001
LRI e TEHES ‘
name glon glat ra clon. - - - -
Name Value .

PCCS1 353 1403843055 1403628 Jess62  147.8818 09hS1m31.635 70d54m23. « Calculate periodogram (below) and click to select period.
PCCS1 353 G140.52+39.61 1405204 396186 147.8504 09h51m24.105 700a7mo.  * name PCCS1 353 G140.38+39.55

PCCS1 353 G141.39+40.56 1413958 40560 1489742 09hs5MS3.805 69041m27. glon 1403828

PCCS1 353 G141.90+41.70 141.9067 417054 150.5207 10h03m40.975 68d42m07. s 20 888 Set Time Offset:  55214.8383024

wimpro_ep (mag)
© oo
o s oW

Cutouts
Accept| Cancel @

Prepare Download M4 o1 ) Mot

® .
PLANCK-T (Panck Cutouts)
) 857GHz Recalculate Periodogram Click on plot or table to choose period.
T A A X, [] periodogram B ( peaks table
: ¥ Periodogram

44 4 ors ) ] 014000t a00) CEE %N
Period Power

0.62820081 10.5043357342
0.63575637 0.1747891690
0.64349588 45654254291
0.65142615 0.9328935130
0.65955433 3.5054273104
0.66788790 1.8678267607

{L | | 0.67643476 55126234199

IRAS (IRAS Cutouts from ISSA plates) 0.68520321 13359745133

| 100 microns 60 microns i 0.69420196 4.3243991332

0.70344023 6.2388824503
0.71292768 2.4931071494
0.72267456 14.7995063060

073269164 0.9782984198 B
DR /Pos: e dawe:  —— PRETETV P ——— Period (day)

8 Lock By Cllck

J-TEQBE"/H 3[’3@ ® D595 b color bar
o Equatorial 72000

] HCS Search Target tch MESSIER 081 142.09185 +40.90014 09h 55m 33.17s +69d 03m 5.0

‘? G/ RSA  DATASETS  SEARCH
Cone Search Constraints:  No 25 sources found. N 4
st o e 0T ST . |

2MASS Kk 1.6x
2 4 Show: 2MASSp_psc [ 1=0%
B ¥

69.09 4 Show: Here MColor  Deete
Label: Here Add marker
ik center and cag o move, ik comer and creg o eszs
& Show: 5h25m32.325 -68d54m45.05 Equ 12000 1 Color
The cnter of your auery
4 Show: Distance Tool Wcolr
™ Offset Calculation
Unit: @ eg O ave Min O AreSec

SAGE: region: 81.384676 -68.912489 eq 12000
SAGE: region: 61.384676 -68,512489 eg 12001

ik and drag at etherend to adjust distance

0.112 0113 56
015 0116 83
016 o116 51
g , 0417 0118
2, deg 4 2 o114
Rubber band zoom/select/filter — click and drag to select an arez. (@) . o114
0,09
0,095
0104
0102
0105

([R] 10f 1 ) Pl (1-250f25) ? @ E {}u @ Z:Z:

ra dec err_maj. err_min err_ang designation im J_cmsig j_msigcom j_snr h_m h_cr X 0,095
(deg) (deg) (orcseq) | (arcsec) (deg) (m2g) (mag) (mag) (mag) ™ oz
148.857851 69.064140 0.08 0.07 176 09552588+6903509 13.706 0.017 0.021 1109 13.488 0.01¢ h A LRRLY
148.941103 6050117 008 007 176 09554586+6903004 15266 0055 0056 24 14481 006¢
148.896449 eo06isss 0.4 014 108 09553514+6903415 1271 10538

148.895275 6062691 0.8 0.6 7 09553486+6903456 10885 a0 o
148.899725 605971 05 013 0955359346903175 13208 14909 oan;
148.882562 €2.060092 04 013 09553181+6904051 12217 10112

148.822464 08517 008 007 14624 1408 003
148.893402 69.062233 0.12 0.1 10.881 10.136

148.305288 6057591 05 015 12955 12216
148.888387 6096 012 1 14539 ¥ 11402

148.885210 60192 023 022 12503 13687
14831654 606228 050 050 16773 13863

148.875981 607250 05 013 14428 11908

148936104 005891 029 026 16624 14,085

148892998 69.071259 o032 031 12.458 13.607 Rubber band zoom)select/fiter — click and drag to select an area. (@)
148.892444 606 02 1 12076 9.452

148.303639 6060951 0.2 01 14509 11640
148880872 6906758 0.5 0.3 09553140+6904033 1256 11513

14890

coadd_id date_obs1 mid_obs date_obs:
1507p696_aba1 2010-04-11 22:39:58.892 2010-04-14 11:00:11.333 2010-04-22 03:10:47.657
1507p696_ab41 2010-04-11 22:39:58.892 2010-04-14 11:00:11.333 2010-04-22 03:10:47.657
2010-04-11 22:39:58.892 2010-04-14 11:00:00.329 2010-04-22 03:10:47.657
B 2010-04-11 22:39:58.892 2010-04-14 11:00:00.329 2010-04-22 03:10:47.657
28r 2010-04-11 22:39:58.892 2010-10-20 10:48:47.321 2010-10-30 12:04:27.980
H| QARQR |9H |[@®dME |2l BOw| 5@ © 20100811 2.39:58.892 2010-10.20 1048:47.321 20101030 12:04:27.980
v EEOOE N 2010-04-11 22:39:58.892 2010-04-14 11:00:00.329 2010-04-22 03:10:47.657
» Position m81 with a radius of 0.1389 deg 1507p696_ac51 2010-04-11 22:39:58.892 2010-04-14 11:00:00.329 2010-04-22 03:10:47.657
‘Observation Requests (AOR) | [ Level 2 (PBCD) | (Super Mosaics | | Source List Details | (Bata | [ AOR Footprint | [ Data Coverage
Prepare Download M4 o1 b Ma-3703) A4 8 % SSC Enhanced (Super Mosaics): 119
RA (32000 deg) | Dec(12000deg)  RA (32000) Dec (12000)
LR} 10f 1 ) P](1-320f32) A4 B%e 148.9512292 685764240 05h 55m 48.305 +684 34m 35.15 images/5/C
3 2 = e 148.9512292 68.5761240 09h 55m 48.305 +68d 34m 35.15 images/5/C 5 :
(degree) (degree) 148.9512292 685761240 09h 55m 48.305 +684 34m 35.15 images/s|C é 2 : -
148.9512292 685760240 09h 55m 48.305 +680 34m 35.15 images/s|c ¢ > A o D I
1489503246 68.5785077 05h 55m 48,085 +68 34m 4265 . -
1489512202 685764240 03h 55m 48.305 +684 34m 3515
148.9512292 68.5761240 09h 55m 48.305 +68d 34m 35.15
148.9512292 68.5761240 09h 55m 48.305 +684 34m 35.15
147.5538793 630716466 05h 50m 12.935 +634 04m 17.95
1489486464 69.0790982 09h 55m 47.685 +630 04m 44.85
148.9486464 63.0790982 0 55m 47.685 +634 04m 4.8
148.9486464 69.0790982 09h 55m 47.685 +65 04m 44.85
148.866706 69.073330 SpirePhotolargeScan 148.9495589 69.0771853 0Sh 55m 47.89s +65d 04m 37.95
1476305402 69.0730082 05h 50m 31.335 +634 04m 2285
1476305402 69.0730082 05h 50m 31.33s +65d 04m 22.85
1476305402 £9.0730082 09h 50m 31335 +654 04m 2285
148.884044 69.083377 PacsPhoto 147.6305402 69.0730082 09h 50m 31335 +69 04m 2285
147.6305402 69.0730082 09h 50m 31335 +634 04m 2285 images/s|C
69.0730082 03h 50m 31.335 +634 04m 2285 images/s|C
69.0730082 05h 50m 31.33s +65d 04m 22.85 images/5/C
690730082 09h 50m 31335 +60d 04m 22.85 images/s/C
69.0790982 09h 55m 47.685 +634 04m 44.85 images/s|C
69.0790982 09h 55m 47.685 +634 04m 44.85 images/s|C
148.879747 69.032080 PacsLineSpec 69.0790982 05h 55m 47.68s +69d 04m 44.85 images/5/C
69.0790982 05h 55m 47.68s +65d 04m 44.85 images/5/C

0 -- search center  x -- retrieved observations

ation ID Thumbprint Target

148.905101 69.079243

148.888208 69.065278 PacsPhoto

148.854483 69.082676 PacsPhot

148.885753 69.065112 I SpireSpectroPoint




Firefly Archive Visualization Library

Code Overview

Frontend \ Backend

- JavaScript jg

~ JavaScript - J ava

——

» ES6+, Modules = - Scalable
V4
» NPM Ol | » Multiple instances

» Webpack JSON to Client

React/Redux C@’\ (@3 » GET, POST, Websocket
- Converted from GWT

» 2015 - 2016

Docker and Kubernetes

Frontend & Backend:
~245K Lines of code




Open Source and Releases

= ° GitHub
https://github.com/Caltech-IPAC/firefly

e Releases
More Formal Process
Builds on Docker

Release Notes

CCB - Yearly Roadmap

 Dockerized

* - Start firefly with one command
- Tag for each release plus nightly




Ways to Use Firefly

| 1.Stand alone

InstaII and Run

2 lerary for bmldlng WebAppllcatlons

Most Advanced: Work at the React/
Redux level

Many IRSA application built from
Firefly

3.JavaScript API

Firefly Wldgets in a Web page
4.Remote API |

= Key interfacing with Python
= Start application & control it
from Python




Remote API

Firefly architecture is designed around the command pattern

Each command tells the system to do something
» Plot image
» Zoom Image

» Rotate Image
Firefly can also listen for commands over channel
HTTP communication and Web Sockets

Commands sent as HTTP request




Remote API

Network (http) E F ! I'eH)'
Web Server

JSON Data

AnOther Actzon: H

Context type : String,
payload :

{data}
Send an Action }

Action l Network (Web socket)

Fireﬂy

Examples: R
Load a FITS Image S0

Load a Table
Show a Chart
Sort a table
Show HiPS




Python Binding

Connecting Python to Firefly

https://github.com/Caltech-IPAC/firefly_client

pip install firefly client

Connects to the firefly server via URL
Hides network connectivity
Implements API to control Firefly from Python

Can do this in Jupyter Notebook or Lab

from firefly_client import FireflyClient

fc = FireflyClient.make client(‘firefly url’)
fc.launch_browser()

fc.show _fits(URL=‘some url')

handle = fc.upload_file(a_file)
fc.show_table(handle)



https://github.com/Caltech-IPAC/firefly_client

1

firefly_client FireflyClient
fc = FireflyClient.make_client(

H QAQRQAQ |9 |[edME |2 JBO0HE| SAAB o




FireflyClient
fc = FireflyClient.make_client(
fc.launch_browser()
fc_show fits(lURL=

‘ [ Coverage Table-1 | M4 1oz p Pl - 100or2e12) ? E E % K’
- —

ra dec clon clat err mai err_min err_ang designation i

Options: = FITS “|Auto | EqJ2000 || Change HiPS

10.538223 41.185280 00h42m09.17s 41d11m07.01s 0.07 0.06 0 00420917+4111070 11.995
10.838491 41.246212 00h43m21.24s 41d14m46.36s 0.30 0.29 10 00432123+4114463 16.620
10.637667 41.181141 00h42m33.04s 41d10m52.11s 0.17 0.15 7 00423304+4110521 16.109
10.611032 41.151657 00h42m26.65s 41d09m05.97s 0.20 0.18 23 00422664+4109059 16.392
10.620758 41.341530 00h42m28.98s 41d20m29.51s 0.12 0.11 0 00422898+4120295 16.102
10.830915 41.312050 00h43m19.42s 41d18m43.38s 0.20 0.20 17 00431941+4118433 16.362
10.685197 41.247932 00h42m44.45s 41d14m52.56s 0.14 0.13 79 00424444+4114525 15.694
10.774212 41.308735 00h43m05.81s 41d18m31.45s 0.26 0.23 00430581+4118314 16.433
10.702413 41.319077 00h42m48.58s 41d19m08.68s 0.29 0.26 00424857+4119086 15.166
10.712607 41.317383 00h42m51.03s 41d19m02.58s 0.30 0.24 00425102+4119025 15.292
10.734037 41.224167 00h42m56.17s 41d13m27.00s 0.09 0.08 00425616+4113270 15.000
10.575720 41.180710 00h42m18.17s 41d10m50.56s 0.24 0.22 00421817+4110505 16.694
10.745465 41.260391 00h42m58.91s 41d15m37.41s 0.24 0.23 00425891+4115374 14.824
10.561621 41.302677 00h42m14.79s 41d18m09.64s 0.12 0.11 00421478+4118096 15.977
10.644463 41.240864 00h42m34.67s 41d14m27.11s 0.23 0.20 00423467+4114271 14.455
10.607822 41.235588 00h42m25.88s 41d14m08.12s 0.26 0.25 00422587+4114081 16.542
10.670102 41.235668 00h42m40.82s 41d14mO08.40s 0.15 0.14 00424082+4114084 14.106

1N RQ7447 41 27EN7N  NNhA4A7mA7 0c 41A41Am?2N IRc n12 n12 NNANA7QLAT1A2ND 12 n1Q

Qo] QE ST~

dec (deg)

ra (deg)




Jupyter Lab

Jupyter Lab is Extendable

Using Various Firefly APl we have written extensions

- https://github.com/Caltech-IPAC/jupyter_firefly_extensions

Firefly will run in a Jupyter Lab tab

Extensions:
FITS File Opener

- Visualization Extensions using FireflyClient

Lab Widgets

Result: A very integrated system



https://github.com/Caltech-IPAC/jupyter_firefly_extensions

File Edit View Run Kernel Tabs Settings Help

+ * C
=/
Name - Last Modified
[ 2mass-m31-2412rows.tbl 3 days ago
[ 2mass-m31-green.fits 3 days ago
[ trey-ff-client-demo.ipynb 3 days ago
o [A] trey-lab-demo.ipynb 20 minutes ago

[ wise-m31-atlas-3.fits 3 days ago

O wise-m31-levell-3.fits 3 days ago

DOUBLE CLICK HERE

TO SHOW THIS




File Edit View Run Kernel Tabs Settings F

CONSOLE

New Console

CONTEXTUAL HELP

Contextual Help
EXTENSION MANAGER
Enable Extension Manager (experimental)

FILE OPERATIONS

~ Autosave Documents

Open from Path...

Show Active File in File Browser

FIREFLY

Open Firefly

HELP,

Jupyter Reference

JupyterLab FAQ
s

CLICK HERE TO BRING UP FIREFLY
IN A LAB TAB




# Add table in cell 'main'.

r = fc.add_cell(o, 2, 4, 2, 'tables', 'main')
if r['success']:
fc.show_table(tbl_id='wiseCatTbl', title='WISE catalog',

'position': target,
options={'removable': True, 'showUnits': Fa

# AUU TLIS5L Chndrt — SCdLLElN (PLUL.Ly uLrect puocy
# in cell 0, 0, 2, 2,

viewer_id = 'newChartContainer’

r = fc.add_cell(o, @, 2, 2,'xyPlots', viewer_id)

if r['success']:
tracel = {
'tbl_id': 'wiseCatTbl',
'x': "tables::wlmpro-w2mpro",
'y': "tables::w2mpro-w3mpro",
'mode': 'markers',
'type': 'scatter',
‘marker': {'size': 4}}
trace_data=[tracel]

{'title': 'Color-Color’,
‘xaxis': {'title': 'wlmpro-w2mpro (mag)'}, 'y
fc.show_chart(group_id=viewer_id, layout=layout_s, data=t

layout_s =

# Add second chart - heatmap
# in cell 2, 0, 2, 3
viewer_id = 'heatMapContainer'
r = fc.add_cell(2, @, 2, 3,'xyPlots', viewer_id)

(plot.ly direct plot)

if r['success']:
dataHM = [
{
'type': 'fireflyHeatmap',
'‘name': 'wl vs. w2',
'tbl_id': 'wiseCatTbl',
'x': "tables::wlmpro",
'y': "tables::w2mpro",
‘colorscale': 'Blues'’

“type': 'fireflyHeatmap',
‘name': 'wl vs. w3',
“tbl_id': 'wiseCatTbl',
“x': "tables::wlmpro",
‘y': "tables::w3mpro",
'Reds',
True

“colorscale':
‘reversescale':

“type': 'fireflyHeatmap',
‘name': 'wl vs. w4',
“tbl_id': 'wiseCatTbl',
“x': "tables::wlmpro",
‘y': "tables::w4mpro",
“colorscale': 'Greens'

H

layout_hm = {'tifle':
‘XaRis': {'title':
"fifefly': {'xaxis': {'min': 5,

'Magnitude-magnitude densities',
'wl photometry (mag)'}, !
'max': 20},

target_search_info={'catalogProject': 'WISE', 'catalog':
'SearchMethod !+

S ———

NOTEBOOK

# 'main' is the cell id currently supported by Firefly for element type 'tables'
# this cell is shown at row = 0, col = 4 with width = 2, height = 2

‘allwise_p3as_psd',
17200

X | [ wise-m31-atlas-3.fit« X | [ wise-m31-level1-3.fit X

ST

ICanal Lradiue!ls

[Z Launcher

Q.,:’g QE 3?%1\ WISE catalog * |

Color-Color

w2mpro-w3mpro (mag)

wilmpro-w2mpro (mag)

Magnitude-magnitude densities

w1l vs. w2
B
wl vs. w3
uie

wl vs. w4

ik

w1l photometry (mag)

Firefly: slate-1

EQ-J2000:
Image Pixel:

Pixel Size:

e B

designation ra dec

42.5113126
42.4892372
42.5120997
42.4935984
42.4834403
42.5241496
42.4812708
42.5327410

60.7337440
60.7281732
60.7366803
60.7353471
60.7275800
60.7353258
60.7314650
60.7265044

J025002.71+604401.4
J024957.41+604341.4
J025002.90+604412.0
J024958.46+604407.2
J024956.02+604339.2
J025005.79+604407.1
J024955.50+604353.2
J025007.85+604335.4

Photometry histogram
1200+

B wimpro
O w2mpro

1000+
800+
600
400+

200+

0-
5 10 15

photometry (mag)

X | [A] trey-lab-demo.ipynb @

E |

|4 4 1054 p P @-1000f 5348)

clon

02h50m02.72s
02h49m57.42s
02h50m02.90s
02h49m58.46s
02h49m56.03s
02h50m05.80s
02h49m55.50s
02h50m07.86s

QL] ABOITRw2mo | R QAEH DT H"

@ Lock by click

Y @l (@ 3@ ®

Firefly: slateClient-1-- X

T EHE %"

clat sigra sigdec

0.1272
0.0768
0.0745
0.1479
0.1193
0.0362
0.0662
0.1978

60d44m01.48s
60d43m41.42s
60d44m12.05s
60d44m07.25s
60d43m39.29s
60d44m07.17s
60d43m53.27s
60d43m35.42s

0.1171
0.0749
0.0748
0.1392
0.1081
0.0384
0.0668
0.1928

sigrade(

-0.03
-0.01
-0.01

0.04
-0.04

0.00
-0.01
-0.05

RpOL QE ST

Photometry in band 1, 2, 3

PRODUCES THIS DISPLAY




Lesson learned: Jupyter Lab Extension

What went well

Concept completely worked - Jupyter Lab is very flexible

Lab uses modern JS build tools such as NPM and Webpack
- Works with Firefly well.

Lab did not conflict with Firefly - impressive for a complex tool

We discovered issues with Firefly

Good way to test and improve the API

We went though an upgrade cycle- is was fairly painless




Lesson learned: Jupyter Lab Extension
Challenges

* Very little extension documentation

* Difficult to do some fairly straight forward extension development

Look at examples (are the example correct?)
Get on Gitter, ask questions and hope someone will answer

Go thought the Lab code

» Extension development went slow




Firefly / Python / Jupyter Lab

A lot of potential
Fits nicely into a Web based Science Platform
Opportunity to design many custom visualizations

Much, much more we can do







