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Time Series
What are they?
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Time Series N

Definition of Time Series:

An ordered sequence of values of a variable at
equally spaced time intervals.
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Time Series N

d’Armor

Stock Market Analysis
Economic Forecasting
Budgetary Analysis
Process and Quality Control
Workload Projections
Census Analysis
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Time Series N

Applications:

e Understanding A
the data

e Fita model W

o Monitoring
o Forecasting

Introduction to Time Series @LostInBrittany &



Time Series

Stock market Analytics
Economic Forecasting

'
SRR

'

Study & Research
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Time Series

Many specific analytical tools:

Moving average

ARMA (AutoRegressive Moving Average)
Multivariate ARMA models

ARCH (AutoRegressive Conditional Heteroscedasticity)
Dynamic time warping

Introduction to Time Series @LostInBrittany &



Time Series N

Specific application of general tools

Artificial neural networks
Hidden Markov model

Fourier & Wavelets transforms
Entropy encoding
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rrrrrr

Time Series Databases

What tools do | use?
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Time Series Databases N

General purpose data analytics tools:

Matlab
S

Python
General purpose relational database engine

R
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Time Series Databases

Does not scale!

tII'I

Introduction to Time Series @LostInBrittany &



Time Series Databases

Many type of database engine

e Relational databases
Key-value databases
Document databases
Graph databases
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Time Series Databases

rrrrrrr

What about Time Series?

Time Series databases!
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Time Series Databases

Data model: time series

Y

Y
Y

Long / Double Boolean String
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Time Series Databases

s . @ O
S & AN

Volume Velocity Variety
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Time Series Databases

Many options
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Time Series Databases
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Time Series Databases

s OPENTSDB
1 11
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Time Series Databases

Q Prometheus

Introduction to Time Series @LostInBrittany L



Time Series Databases

rrrrrrr

) influxdb
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Time Series Databases N

d’Armor

Wdnr 70

Introduction to Time Series @LostInBrittany



OVH Metrics

What did we choose?
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What's OVH Metrics oy

Managed Cloud Platform for Geo Time Series®

Introduction to Time Series @LostInBrittany &



What's a metric?

[me-trik] : the science of measuring
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What is a metric?

Metrics are Time Series!
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How do we deal with metrics?

Using a Time Series Database!

But... which one?

Why choose? Let's support all of them!
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Metrics Data Platform iy

d’Armor

Query Automation

RN

Ingestlo

METRIES

Data Platform
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Metrics Data Platform iy

d’Armor
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Metrics Data Platform iy

d’Armor

And why Warp 10?
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Monitoring OVH -

d’Armor

xDSL

Stockage

vSp om@® xpsSL
hubxc OVH
E-commerce h b HPC Stockage

““““ NASinstances @

m:,?.'.’::..._ ~Host‘°’°ed::ma11£

Hosted mails

mnua > Kiibic Vi

Dedicated Cloudhébergement ‘web
wServ £ 8

XDSL "°Finstances

Noms de domaines
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Metrics Data Platform

Some Metrics's metrics:

e 1.5M datapoints/s, 24h/7
e Peaks at ~10M datapoints/s

e 500M unique series
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Warp 10

Open-source Time Series Database
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More than a Time Series DB

d’Armor

Warp 10 is a software platform that

° ° _/ & Présentations-Goo x  [] 2016-03-24-Breizh¢ x { (] 2016-03-24-Breizh¢ x | ¥ OneTab x /' . Thewarp 10Platfor x \ |
t I m e S e r I e S e -
J2 warp 10

g £ B en s gif] Y jeu. mars 24,04:35
| berde

A Home

(]
® M anipu | at es an d e s
concepts The Warp 10 Platform Is designed to collect, store and manipulate sensor data. Sensor data are Ingested as sequences of

measurements (also called time series). The Warp 10 Platform offers the possibility for each measurement to also have spatial
Hiory, metadata specifying the geographic coordinates and/or the elevation of the sensor at the time of the reading. Those augmented
measurements form what we call Geo Time Series® (GTS).

Team

[ ) [ )
a n a Z e S t I I I l e S e r I e S o e Serles®
= How-to The first differentiating factor of Warp 10 s that both space (location) and time are considered first class citizens. Working with

Geo Time Series® (GTS) allows you to have geo-located readings without having to use four separate serles and having to keep

= APls track of the reading context.

Complex searches like “find all the sensors active during last Monday in the perimeter delimited by this geo-fencing polygon” can
#+ WarpScript be done without involving expensive joins between separate time series for the same source.
# Tools

Platform components
© support Readings are pushed into the Warp 10 platform via a HTTP call to a component called Ingress. In the distributed version of the
platform, the Ingress component can be Instantiated multiple times to support very high ingestion rates.

Once data Is dealt with by Ingress it is considered persisted by the Warp 10 storage layer called Continuum (for the spacetime
continuum)

Warp 10 also offers streaming endpoints to push data using a WebSocket or to consume data as it enters the platform to build
dynamic dashboards and integrate Warp 10 Into a more elaborate stream processing workflow.

Security and privacy have also been addressed by Warp 10 since its very inception, this includes fine grain access control
mechanisms, encryption capablilities and throttling management to enable full multi-tenancy of the platform.
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Many time-series solutions

d’Armor

‘/”WWW OpenTSDB

cassandra

& influxdata
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Fetching data is only the tip of the iceberg
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Analysing the data

High level analysis must be done elsewhere
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Algorithms are resource hungry

rmor
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Your computer is not a datacenter .

rmor

A few days?...
but I want it nowl!
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Manipulating Time Series >

d’Armor

To be scalable, analysis must be done in the
TSDB engine, not in user's computer

Introduction to Time Series @LostInBrittany



Manipulating Time Series with Warp 10 coe

rrrrr

A true Time Series analysis toolbox

o Hundreds of functions
o Manipulation frameworks
o Analysis workflow
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Manipulating Time Series with Warp 10 Coce
Why not a simple REST API?

e One endpoint by function?
e How to chain a workflow analysis?

g
REST API not suitable for
complex manipulations
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Manipulating Time Series with Warp 10 Cods
Why not a SQL dialect?

e How do you do a simple moving average in SQL?
e How do you geo-time fencing in SQL?

~

SQL is not adapted to TS analysis!
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Manipulating Time Series with Warp 10

rmor

Solution: a Time Series manipulation language

—_—

.
SN e

—_—

"

; ._ i? //;; / .;;\\ O\ §\i§
////// TINNNRY XS
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WarpScript

Time Series manipulation language
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A stack based language

o

d’Armor

Input add | 11 |mul | 1 add
A 1
Stack 3| 3 S5 (33| 56
V¥ OVH
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Basic operations

o

Code
d’Armor

// This is a commentary
‘a’  // string value
true // boolean value
42 // long value
3.14159 // double value

+ // operations

20 22 + // several items in one 1line
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Five frameworks

rmor

BUCKETIZE
MAP
REDUCE
FILTER
APPLY
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Y \V‘J
More than 800 functions b 4
Trigonometry Data & Time
Macros
List & Maps Logic
TR Structures
Strings
Maths &
statistics
Loop
Structures

L L | L L L | L L
400 800 aac 1000
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Time series functions N

d’Armor

TIMECLIP

TIMESPLIT

SHRINK

MERGE

Pawbline & compragucie
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Time series functions N

d’Armor

MUSIGMA
NORMALIZE

NSUMSUMQ

N

STANDARDISE

ZSCORE
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Geo-Time Series functions N

d’Armor

Geo mapping (WKT)
Horizontal & vertical speed

Horizontal & vertical distance

Haversine
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Quantum IDE iy

d’Armor

WarpScript

Ingress

Delete

Choose your backend:
‘® Distributed Warp

) Choose another backend
WarpScript
1
2 |// This is a commentary
30| 'a’ // string value
4 |true // boolean value
5 |42 // long value
6 |3.14159 // double value
7 |+ // operations
8
9 (20 22 + // several items in one line
10
Permalink:

Ci8vIFRoaXMgaXMgYSBjb21tZW50YXJ5CidhJyAgCS8vIHNOcmiuZyB2YWx1ZQpOcnVIIAkvLyBib29s...
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Code
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Warp 10 platform and tools
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d’Armor

And this is only the surface

Possibilities are endless

B "Once you stop
- learning, you
b M start dying"

~ Albert Einstein ~
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Think differently >

d’Armor




Thank you! >

Code
d’Armor
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VOV

Innovation is Freedom

\\_\J Code
d’Armor

Rediscover the known Universe
with NASA datasets

Horacio Gonzalez
@LostInBrittany
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HelloExoWorld oy

Looking for exoplanets in NASA datasets
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HelloExoWorld

Once upon a time...
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An amateur astronomer

Pierre Zemb, DevOps OVH

Introduction to Time Series @LostInBrittany |



What not to do if you love astronomy >

d’Armor

Live in Brest

Introduction to Time Series @LostInBrittany



Looking for solutions

Computer

stuff

Mixing passions
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Google is your friend... >

d’Armor

Google

time series astro

time series astronomy

time series analysis in astronomy limits and potentialities
astroml.time series

astronomical time series analysis

random time series in astronomy

astrophysical time series

Google Search I'm Feeling Lucky

Report inappropriate predictions




Exoplanets? >

d’Armor

Planets orbiting stars far away
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How do we find them? iy

d’Armor

Cumulative Detections Per Year

25 Jan 2018
exoplanetarchive.ipac.caltech.edu
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Discovery Year

The transit method seems the best

Introduction to Time Series @LostInBrittany




The transit method iy

d’Armor

Apparent Brightness of Star
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How do we look for transits?

Image credits : NASA

Kepler
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Watching the sky >

d’Armor
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fnmon
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Seven stars, seven different profiles
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Kinda big data -

d’Armor

& v
The full @NASAKepler dataset (Kepler + K2)

is ~25 TB in size. For comparison, the entire
archive of the @librarycongress is 15 TB.

7:54 PM - 3 Mar 2017

7 Retweets 15 Likes ‘ G @ @, ‘ (‘ @! @ @

Q 3 07 L JBE =

Over 40 million light curves
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Big AND open data >

d’Armor

open NASA Open Data  Explore WithUs ~ Data Stories  Innovation Space  About

39,054 356 - 51

Data Sets Code Reposif;rigs YA

What describes you best?

2 L L

Citizen Scientist Developer Citizen Activist Govvie Curious

Lots of datasets in #opendata
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And we can help with that!

Let's use our tools to analyse the data
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A match made in heaven
Warp 10, OVH Metrics and HelloExoWorld

METRICS

v
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What we have done

Downloaded and parsed 40 millions of FITS files
Pushed it to OVH Metrics

Select a cool subset as training set

Verified we could find the same planets as NASA
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Looking at the raw signal... >

d’Armor
45,000
40,000

35,000

30,000

25,000

20,000

Jul 2009 Oct 2009 Jan 2010 Apr 2010 Jul 2010 Oct 2010 Jan 2011 Apr2011 Jul 2011

SAP_FLUX:
The flux in units of electrons per second contained in the optimal aperture pixels collected by the spacecraft.
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Looking at the raw signal... >

d’Armor

45,000

40,000 ?

35,000

30,000

25,000

20,000

Jul 2009 Oct 2009 Jan 2010 Apr 2010 Jul 2010 Oct 2010 Jan 2011 Apr2011 Jul 2011

SAP_FLUX:
The flux in units of electrons per second contained in the optimal aperture pixels collected by the spacecraft.
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Looking at one record >

d’Armor

40,600

40,550
40,500
40450
40400
40350
40300
40,250
40,200
40,150
40,100
40,050
40,000
39,950

39900
21Aug  22Aug 23Aug  24Aug  25Aug  26Aug  27Aug  28Aug  29Aug  30Aug  31Aug  01Sep 028ep  03Sep  04Sep 058ep  06Sep 07 Sep 08Sep  09Sep 10Sep 118ep 128ep 13 8ep

Perturbations in dirty signals
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Transits are tiny >

d’Armor

45210
45205
45,200
45195
45190
45185
45180

45175

45170
45,165
45,160

45155

45150
45145
45140

12:00 18:00 08 May 06:00 12:00 18:00 09 May 06:00 12:00 18:00 10 May 06:00 12:00

~40 electrons per second
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First step: downsampling >

d’Armor

- — —
40,550
40,500
40450
40,400
40350
40300
40250
40200
40,150
40,100
40,050
40,000
39950

39,900
21Aug 2Aug  23Aug 24 Aug 25Aug 26 Aug 27 Aug 28Aug  29Aug 30Aug 31Aug 01Sep 02 Sep 03 Sep 04 5ep 05 Sep 06 Sep 07 Sep 08 Sep 09 Sep 108ep 118ep 125ep 13Sep
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First step: downsampling >

d’Armor

40,550
40,500
40450
40,400
40350
40300
40250
40200
40,150
40,100
40,050
40,000
39950

39,900
21 Aug 22 Aug 23 Aug 24 Aug 25Aug 26 Aug 27 Aug 28 Aug 29 Aug 30 Aug 31 Aug 018ep 02 Sep 03 Sep 04 Sep 05 Sep 06 Sep 07Sep 08 Sep 09 Sep 10Sep 118ep 128ep 13Sep

You can see the transit candidates...
but how can we teach the computer to see them?
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If you ¥ signal processing >

d’Armor

120

100 o | sm—Fit Obs
= 80 4 ,_,,.,,w*-*""‘""h-.%

Z g ; A
= Ja ey
g 0 ‘
" L
= VIR
0 e

-20
30

High pass filter
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Poor person's high pass filter

d’Armor

40450

40400

40350

40300

40250

40200

40,150

40,100

40,050

40,000

39,950

NAg VA VA 24Aig 25Ag 26Ag  27Aug  28Aug  29Aug  30Aug  31Aug  01Sep  02Sp  03Sep  04Sep  05Sep  06Sep  07Sep  08Sep  09Sep  10Sep  11Sep  128p  13Sep

Using the trend
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Signal - Trend >

d’Armor

-20

-30

40

-50

-60

70
22 Aug 23 Aug 24 Aug 25 Aug 26 Aug 27 Aug 28 Aug 29 Aug 30 Aug 31 Aug 018ep 02 Sep 03 8ep 04 Sep 05 Sep 06 Sep 07 Sep 08 Sep 09 Sep 108ep 118ep 128ep 138ep

Now you can see them well
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After some tuning >

d’Armor

444444

000000
000000000000000000000000000000000000000000000

We have our transit candidates
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What's next?

Where do we go from here?

W
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Only the beginning >

d’Armor

New import method Better detection Deep learning

Explorer satellite/star location Yours?
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A growing team

Introduction to Time Series @LostInBrittany &



And you! -

d’Armor

BASED ON THIS DECREASE
IN THE STAR'S BRIGHTNESS,
T BELEVE IT 15 ORBITED

BY AT LEAST ONE PLANET.

y Join us!
https://helloexo.world

EXOPLANET ASTRONOMERS
AT NIGHT

https://xked.com/1371/
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Thank you! >
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