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IBM Cloud cCognitive Telescopic Network Agenda
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History behind Gravitational Waves

Science behind the Cognitive Telescope Network Part I: Concept to Ideation
Multi-messenger Astronomy

Design Thinking and Use Cases

Realization of the Idea with Bluemix and Watson Services

Current project collaborations Part II: Architecting a solution

Future of the Cognitive Telescope Network

“Only those who will risk going too far can possibly find
out how far one can go.” — T.S. Eliot
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From a 100-year old Concept to Ideation



IBM Cloud cognitive Telescopic Network History of Gravitational Waves

1915: Einstein publishes his paper on General Relativity, a geometric theory of gravitation. It generalizes Special Relativity and Newton's Law of universal gravitation, describing
gravity as the curvature of spacetime in his field equations: 1 8SxG
R;w _Engv +Ag;iv i C4 T;dv

where Ruv is the Ricci curvature tensor, R is the scalar curvature, O is the metric tensor, A is the cosmological constant, G is Newton's gravitational constant, C is the speed of light in vacuum, and Tuv is the
stress—energy tensor

1918: Einstein published the paper Uber Gravitationswellen, effect of gravitational waves was calculated resulting in the quadrupole formula describes rate at which gravitational

waves are emitted from a system of masses based on the change of the (mass) quadrupole moment. The formula reads 203
by (1) = — Lyt —r/e),
where
h-e'.j is the (spatial part of) the trace reversed perturbation of the metric (i.e. the gravitational wave) and I‘J is the mass quadrupole moment

1936: Einstein, Rosen came to the conclusion, that gravitational waves do not exist!

1938: Einstein, Infeld and Hoffmann (EIH) equations show that there is no radiation up to the order (v/c)4, the energy remains constant.

1947: Ning Hu demonstrates that quadrupole formula occurs at (v/c)®.

1975: Hulse and Taylor discovers the binary pulsar PSR1913 + 16. Their data showed a decrease of the period of revolution — as predicted by the quadrupole formula.

2016: Laser Interferometer Gravitational-Wave Observatory (LIGO) team announces they had detected Gravitational Waves for the first time. The event occurred at September 14,
2015 at 5:51 a.m. Eastern Daylight Time (9:51 a.m. UTC) by both detectors, located in Livingston, Louisiana, and Hanford, Washington, USA.
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Ever since the dawn of time human
beings are trying to decipher the
mysteries of the Universe by
looking at the Sky.

~200 BC — Hipparchus creates a
magnitude system (1-6) and catalogs 850
stars

1610 — Galileo Galilei publishes Sidereus
Nuncius from his observations from the
telescope

1668 — Isaac Newton builds reflecting
telescope

1990 — Hubble Space Telescope is
launched by NASA

2009 — Largest Telescope on Earth
commissioned Gran Telescopio Canarias,
Canary Islands, Spain beating Keck 1 and
Keck 2, Mauna Kea Observatory, Hawaii

2012 — Construction of Giant Magellan
Telescope will be located at Cerro Las
Campanas at Las Campanas Observatory
in the Atacama Desert of Chile

2018 — James Webb Space Telescope
expected to be launched
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Gravity as Messenger

Courtesy: Simulating eXtreme Spacetime (SXS) Project: www.black-holes.org

Since the prediction by Einstein
scientists have been trying to detect
Gravitational Waves.

Detect not with light, but with gravity.

Gravitational waves are complementary
to photons

« Photons are made by atoms

« Gravitational waves made by the
dynamic motion of matter

Laser Interferometers, not telescopes
are required for the detection

LIGO — US-based detectors at
Livingston, Louisiana, and Hanford,
Washington

VIRGO - Italy-France-based initiative at
Santo Stefano a Macerata, Cascina ,
Italy

LISA — 15t Space-based Interferometer
using 3 satellites, European
collaboration
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LIGO - Livingston, Louisiana, USA, ! GW150914

29 solar mass black hole +
36 solar mass black hole

(1995) TAMA 300 - Japan - Decommissioned 1.3 billion lightyears away
(1995) GEO 600 - Sarstedt, Ruthe, Germany: http://www.geo600.0rg/ C. Messenger (Glasgow) & LIGO (400 Mega parsec)
(2002) LIGO - Livingston, Louisiana and Hanford, Washington, USA: http://www.ligo.org/
(2003) MiniGrail - Leiden University, Netherlands: http://www.minigrail.nl/
(2005) Pulsar Timing Array (using radio-telescope): https://en.wikipedia.org/wiki/Pulsar_timing_array
- Parkes PTA, European PTA, North American Nanohertz Observatory for Gravitational Waves (NANOGrav)
(2006) CLIO - prototype for KAGRA
(2007) Virgo - Santo Stefano a Macerata, Cascina , Italy: https://www.ego-gw.it/
(2015) LISA Pathfinder, a development mission for LISA, launched in Dec. - switched off 18 July, 2017
(2018) KAGRA - Gifu Prefecture, Japan: http://gwcenter.icrr.u-tokyo.ac.jp/en/
(2023) IndIGO - (Hingoli, Maharashtra?), India: http://www.gw-indigo.org/tiki-index.php
(2025) TianQin - Sun Yat-sen University, Zhuhai campus, China [Space-based]
(2027) DECIGO - Japan [Space-based]
(2034) LISA - Denmark, France, Germany, Italy, The Netherlands, Spain, Switzerland and the UK
— supported US, [Space-based]: https://www.lisamission.org/ 7 Time (se)
(2030s) Einstein Telescope - European Union: http://www.et-gw.eu/
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Principles of Interferometer

Catching a wave

Mirror Mirror
¥

'S & Detector Detector ‘)“
o arm =

arm :/
G )

Direction -V S
i 1 of wave ""“«u\_ . ‘
Stretching Squeezing

Light
m detector

he wa e

dth of a proton. Laser -

source ; ' -

4 km arms house
two laser beams

No distortion Distorted by wave

- 1
Input, .
; : port !
interferome awave 1 al in length, ‘ =
light leaks out the interferometer ¢ port,” g Dark

port

Sound of Gravitational Waves: https://www.ligo.caltech.edu/video/ligo20160211v2

GW150914 GW151226 GW170104
29 + 36 solar mass black hole 14 + 8 solar mass black hole 31 + 19 solar mass black hole
merger resulted in 62 solar mass merger merger
black hole.
10
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IBM Cloud cognitive Telescopic Network — Gravitational Wave Detector Ranges

Big Bang

Supermassive Black Hole Binary Merger

Compact Binary Inspiral & Merger
L. L

Extreme Mass- Pulsars,

Ratio Inspirals o Supernovae
P pi'*‘“:q 2 @

age of the Wave Period
universe VEELS hours seconds milliseconds

| i )
_—l ! I ! LISA: 5 million km arms

107 10" 1012 10°"° 10¢ 10¢ 10+ 10+ 1 10%
Wave Frequency

Radio Pulsar Timing Arrays Space-based interferometers Terrestrial interferometers

e

=

Gravitational wave detectors required for different frequencies: NASA/J. I.Thorpe:
https://imagine.gsfc.nasa.gov/features/satellites/archive/lisa_exhibit.html

Set of three orbits in a near-equilateral
triangular formation for thermal stability
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= Challenges

GW detectors are poor at pointing,
~1to 10 sqg. degrees

» Standard telescopes cover small areas,
~ 14 sq. degree

* LIGO STRATEGY: Statistically point,
look for galaxies in the oval

10 sq. degrees

- Cannot work when there are 1000’s of
galaxies in the region

e LISA STRATEGY: All sky surveys, co-
operate wide field scopes (e.g. Large
Synoptic Survey Telescope (LSST))

- Not a strong taxonomy of transient sky
phenomena for rejection

- Hard to determine what's a gravitational wave
and what's changing magnitude for something
else

1% sq. degree — Ring Nebula

Lyra constellation and comparing areas in the sky
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IBM Cloud cognitive Telescopic Network Science behind the Network

Limiting Magnitude (CLR) va. Exposure Time

= Solution

« STRATEGY: Cover the error ellipse
with small aperture wide-field
telescopes

« ADVANTAGES: Lots of glass on the
sky, worldwide coverage, on demand

20em }APA
23 | | ——B5Qcm (CDK-20)
meter

\

\
\

~1 MILLION X FAINTER |

21 —"i'hl\'ji'riii('éﬁ'éiE'LiMl'f;;—';‘" """ =

)

305 EXPOSURES Y

magpnitude limit
» © B
\ _
\
A\
8 [ 505 EXPOSURES \ \

- Universities, Institutes and amateurs have
sub-meter telescopes as the prices of hardware
has dropped over the last decade

1 10

-

expTime (8)

- Amateur astronomical groups can participate
in meaningful research even with smaller
telescopes

* DISADVANTAGES: Deep magnitudes
take longer exposure times

. 20 cm 50 cm 1m

- Do not have a proper taxonomy yet

Lyra constellation tiling the oval
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Transient Trigger Report
- Event Time
- Rough Sky Location
- Tvpe of Event

r} CTN: Observing Director

-
Individual Cbservatory 1
- Earth Location

- Current sky meridian Tiling Directed Search
Orion \ - Telescope parameters - identify sky target area - Identity sky target area
\ - Telescope use flag = Determine tiling scheme - Identify most likely locale (eg. galaxies)
. Nebula = Current Weather - Determine assets needed - Select telescopes from network

- Select telescopes from network
' S I - Optimize observations
Sirius : -
ngel ! Command telescopes

- Assign targels by telescope
- Command telescopes

Individual Observatory 2
- Earth Location
= Current sky meridian
+ Telescope paramelers
- Telescope use flag
= Current Weather

Imaging Data

| CTN: Image Analysis |

Individual Observatory n
- Earth Location
= Current sky meridian

. Canopus

= Telescope paramelers ¢
- Telescope use flag
= Current Weather » Common image processing and calibration
= Identify fransients in images
- = Correlate with known iransients (e.g. variable stars)
Dmega 5 ) & = Identify morphology of variation
: 3 B - Generate aleris for follow-up of good candidates
Centauri

NGC 3372
(Carina Nebula),

Predicted area for the detection of the event GW 150914
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design design
Open fssers i Sub-Hi Evolving Assets using Design Thinking:
e Open Assets
v Work with end users and researchers to define use cases
v Organize thoughts under 3 Hills and Foundation
Cognitive Cloud Open Component v Define Sponsor Users er getting feedback from playbacks and continuous
Development <ccode/> improvement of the design
v' Define Components / features
v Define Open Projects, Timelines, Iterations, Playbacks, Milestones
EEnerste instance
Open Patterns

Reuse Existing IC
Harvest Client Project Modules

Reuse Existing IC
Client Project Modules

¢ Open Patterns

v" ldentify common patterns within the code and
documentation from multiple assets

v Patterns may be identified and developed by the
Offering Management and other teams to
accelerate Open Project development

v' Exemplars are patternized into templates that can
generate code, document, etc. for Open Assets

Brainstorm Ideas
Determine Minimum Viable Product

Determine Initial Hills,
Sponsor Users and Playbacks

Product Gaps
Client Requirements

Small lterations
Quick demos to stakeholders
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Use Case 01: Publication of Images

e

i1

i !w. 1
2 F iy
RER

Telescope
Images

Intelligent
mapping of
Predicted sky
based on the
W availability,
properties,
weather and
geolocation

Use Case 02: Event Sourcing and
Mapping of Telescopes

Astronomical Event

Telescope and
sensor information
L4 iscompared

Twitter Instagram Facebook

Wats.o n g‘ .

Discovery

Geospatial Weather
Analytics Data
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Remote control of
"\ thetelescopesto
1% take the best
possible images
based on the
predicted event

Use Case 03: Remote Control of
Telescopes

Visual
Recognition

2 /V %
Algomhm?\m@

Zooniverse

Use Case 04: Image Cataloging

Telescope
Images

N
S——
Models Cataloged
Data
Community
Images
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Use Case 05: Building the Ecosystem

€ @

Bluemix dw TV Watson Assets

developerWorks
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Gravitational Waves Detected 100 Years After
Einstein's Prediction —

LIGO Opens New Window on the Universe with
Observation of Gravitational Waves from Colliding
Black Holes.

https://www.ligo.caltech.edu/news/ligo20160211

LIGO can listen to gravitational waves but cannot
see the event.

Frequency (Hz)

= Provide identification and analysis of
astronomical data from multiple sources

= Event notifications to mobile devices for
building interest in the Community

= Remote control instructions to telescopes point
to the specific location on the grid in the sky

= Visual Recognition integration with Zooniverse
for gamification of un identified events

= LIGO data feed is parsed into canonical models
and passed to the Event Analyzer

= |If a Gravitational Wave event is detected, the
available telescopes in the network are mapped
into a grid to scan the sky

= Weather and Geospatial information is used to
determine optimal coverage of the viewing area

Using multi-messenger astronomy — eyes and ears on the Cosmos

LIGO Update on the Search for Gravitational Waves

LIGO Livingston

06 07
Time (sec)

Join us: http://ibm.biz/asset-ctn-community
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IBM Cloud cognitive Telescopic Network Defining Hills

Internet-of-Things Omni-channel - Org ani ze COmpon ents un d er
3 Hills and Foundation

» Hills are mapped to Epics

» Sub-hills are mapped to Stories

Cognitive

» Components associated with
Watson or Analytics services

Internet-of-Things

» Telescopes, sensors, mobile
devices, etc. communicate over
MQTT using IoT Foundation

Omni-channel

Foundcation

» User Interfaces for Web, Mobile,
Telescope App and Eclipse

Foundation

Dertert

» Database, design, API, etc.
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IBM Cloud cCognitive Telescopic Network

Reference Architecture

OMNI CHANNEL

BLUEMIX

o,

KUBERNATES

= . CLUSTER

4

BROWSER

> U
i

WEB BFF

(Node.js) I
DOCKER

CONTAINER

IPHONE
ANDROID
ECLIPSE

o
it

TELESCOPE

——

_Z.

R

COMPOSE
REDIS

L)

k5
/USER AUTH

(Springboot)

v,

OAUTH 2.0

»

&

TELESCOPE
COMMANDER
(springboot)

X

COMPOSE
MysaL

FITS

22

>

o,

"z

IMAGE

ANALYZER
(Springboot) *

TRANSFORMATION &
ERROR HANDLING
(MQ+IIB)

)
&

VISUAL
RECOGNITION

R o I

YELLOW ZONE

_,6

ENTERPRISE DATA

API Architecture

* Based on the Reference Architecture for Blue
Compute

https://github.com/ibm-cloud-architecture/refarch-cloudnative

Omni-channel

» User Interfaces for Web, Mobile, Telescope App and
Eclipse

Bluemix

* Node.js implementation for Backend-for-Frontend (BFF)
pattern for the web interface.

e Mobile, Eclipse, Telescope App, Web BFF communicates
with API Gateway

e Authentication service provided by OAuth 2.0 provided by
API Connect

e APl implementations using containerized Springboot app

e Transformation and Error handling provided by
containerized MQ and IBM Integration Bus (11B)

e Compose based MySQL service for OLTP and Redis for
Session caching

Yellow Zone

» Data synchronization with backend Enterprise Database
using 11B flows mapping data
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Reference Architecture

OMNI CHANNEL

4

BROWSER

D—
D

ANDROID

%

ECLIPSE

y

23

PROXIMITY
NETWORK

TELESCOPE

ASCOM
MODELS

l

IOTGATEWAY

K
b
A

TELESCOPE
COMMANDER

PUBLIC
NETWORK

PEER
TELESCOPE
NETWORK

BLUEMIX

KUBERNATES

OAUTH 2.0 CLUSTER

APl GATEWAY TELESCOPE

COMMANDER
(Springboot)
DOCKER

CONTAINER

CLIENT
(Springboot) &

COMPOSE

_ B S

TRANSFORMATION &
ERROR HANDLING
(MQ+11B)

YELLOW ZONE

0

ENTERPRISE DATA
(DB2)

loT Architecture

* Based on the Reference Architecture for loT
Reference Architecture

https://www.ibm.com/devops/method/content/architecture/iot
Architecture/0_1

Omni-channel
e User Interfaces for Web, Mobile and Eclipse
Proximity Network

e Telescope Commander client wraps the ASCOM Objects
and provides an APl interface

* Sensors send data using the loT Gateway
e FITS data is saved to file system and send to the Server
Public Network

e Telescopes can register from other networks using the
API for the Telescope Commander

Bluemix
* APl Implementations using containerized Springboot app
Yellow Zone

» Data synchronization with backend Enterprise Database
using 11B flows mapping data
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Reference Architecture

OMNI CHANNEL

BROWSER \

-

IPHONE

ANDROID

=

ECLIPSE

24

WATSON

DISCOVERY

KUBERNATES

7,
CLUSTER

PROXIMITY PUBLIC BLUEMIX
NETWORK NETWORK
SOCIAL MEDIA
oy
P

Register subscriptions

SOCIAL
NETWORKER
(Springboot)

API GATEWAY

PEER
GRAVITATION
WAVE DETECTOR

O

OAUTH 2.0

PEER
TELESCOPE
NETWORK

v

EVENT
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(springboot) g’
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PEERCTN
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- @

10T GATEWAY

EVENT

PUBLISHER
(Springboot)
K

COMPOSE
mysaL

YELLOW ZONE

O

ENTERPRISE DATA
(DB2)

Pub/Sub Architecture

* Based on the Reference Architecture for loT
Reference Architecture

https://www.ibm.com/devops/method/content/architecture/iot
Architecture/0_1

Omni-channel

e User Interfaces for Web, Mobile and Eclipse
Proximity Network

e |oT Gateway hosted on Bluemix

* App subscribes to specific events and publications
Public Network

e Telescopes can register from other networks using the
API for the Telescope Commander

* Social Media feeds are consumed

* Information is published to users and administrators
Bluemix

* APl Implementations using containerized Springboot app
e Watson Discovery searches documents for events
Yellow Zone

» Data synchronization with backend Enterprise Database
using 11B flows mapping data
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IBM Cloud Cognitive Telescopic Network Future Architecture Alignments

Social Reference Architecture: Cognitive Reference Architecture: Discovery Reference Architecture: Conversation Reference Architecture:

https://www.ibm.com/devops/method/cont https://www.ibm.com/devops/method/cont https://www.ibm.com/devops/method/cont https://www.ibm.com/devops/method/cont

ent/architecture/socialArchitecture/0_1 ent/architecture/cognitiveArchitecture/0_1 ent/architecture/cognitiveDiscoveryDomai ent/architecture/cognitiveConversationDo
n/discoveryDomain main/discoveryDomain

DevOps Reference Architecture: E-Commerce Reference Architecture: Blockchain Reference Architecture: Future Reference Architecture
https://www.ibm.com/devops/method/cont https://www.ibm.com/devops/method/cont https://www.ibm.com/devops/method/cont
ent/architecture/devOpsArchitecture/0_1 ent/architecture/eCommerceArchitecture/ ent/architecture/blockchainArchitecture/0

01 1

25 IBM Cloud University 2017 | October


https://www.ibm.com/devops/method/content/architecture/socialArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/socialArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/cognitiveArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/cognitiveArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/cognitiveDiscoveryDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/cognitiveDiscoveryDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/cognitiveDiscoveryDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/cognitiveDiscoveryDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/cognitiveConversationDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/cognitiveConversationDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/cognitiveConversationDomain/discoveryDomain
https://www.ibm.com/devops/method/content/architecture/devOpsArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/devOpsArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/eCommerceArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/eCommerceArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/eCommerceArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/blockchainArchitecture/0_1
https://www.ibm.com/devops/method/content/architecture/blockchainArchitecture/0_1
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IBM Cloud cCognitive Telescopic Network

APl Connect
Gateway Management Development
Micr API Man Y llectiv .
DataPower cro = anage Collective APIC Toolkit
Gateway Cloud Manager Controller
e Appliance e npm install e Virtual Appliance (OVA) e npm install e npm install
e Virtual Appliance (OVA) e Docker Container {Deprecated: 5.0.7}
e Docker Container e Bluemix
e SoftLayer, Bluemix*
*  Amazon, Azure
Developer Kubernates
Portal Cluster B
Runtimes Vi . . * OVA: VMWare/Xen
. |rtuaI_AppI|ance (OVA) e Bluemix hypervisors
e Bluemix
Web . . « Bluemix: *Uses
Server Node.js Liberty DataPower Gateway but is
‘g Docker not exposed to developer
e zip package e npninstall e Zzip package Swarm
e Docker e Docker e Docker
e Bluemix e Bluemix
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IBM Cloud cCognitive Telescopic Network

API Connect Communication

W

Provider organization

Management server

3

Cloud Manager (Ul)

APl Manager (Ul)

Manage Catalogs and Spaces for API publication
Manage APls through the complete lifecycle
Manage users and roles in the provider organization
Manage developer organizations and communities

Define servers in the cloud
Administer and scale systam resources
Monitor runtime health

Create provider organizations.

Managa API Publish Producis lo socialize APIs in the Developer Portal Marage
Connect cloud Analyze API usage by using the analytics engine APl
AP provider oy )
A e [ Products, Pians, aPis AP providers
|~ ProductA (Organization Owner,
Lifecycle Manager,
PlanAl_ _PlanA2
E an " APl develapers, ...)
Create provider 3 @
organization —
AP provider
(Organization Owner) 0 =
I
i A
) : APIs
Query for informaticn about | Intemal L .ot Push AP| usage
the collective and its merbers | communication b metrics to
Perform operations. | e analytics engine
ime/API Connect Collecti | APl

27

Host API endpoints:
- Inthe cloud on Bluemix
- On-pramises, on an API Connect collactive

Secure and enforce APIs:

- In the cloud on Bluemix

- On-premises

Invoke APl endpoints (hosted by AP| Connect) in the Application

runtimerAPI Gonnect Gollective
Invoke external (remote) API endpoints

API Connect Collective only
Collection of runtime environments for LoopBack apps

s mﬁ:r?:;:::m Enforce AP| palicies and enterprise sacuri
|- Collective members: The runtime for deployed apps Mo routes 21 | Control API raffc, optimize workload, and collect analytios
- Collective controller: Maintains state of the collective L 231221” s e iR

" vicro Gateway )

Runs on an
API Connect collective

LoopBack app [ DataPower Gateway |

details to gateway

‘ —
{ | [Coopmacrapee]

virtual appliance

Push AP| usage metrics
for analytics reporting

—

Call APIs

APis exposed in Developer Portal

4

Publish Loopback | Stage and

plcations to collective | publish APIs

controller or Bluemix to Catalogs
application runtime | or Spaces

Developer toolkit (CLI and API Designer Ul)

Use existing APIs
Create APs and LoopBack applications

Enhance APIs using a powerful assembly editor
Apply a range of policies, from security to validation
Test APIs locally

Publish 10 a Catalog or collective

Products, Plans, APls
EP Product A

Offline desktop
API development

API providers

(AP developers) Plan A1 Plan A2

(o] || el =

Developer organization

https://www.ibm.com/support/knowledgecenter/en/SSMNE
D_5.0.0/com.ibm.apic.overview.doc/capim_overview_apico
nnectcomponents.html

Developer Portal (UI)

Fully customizable portal for application developers to:
- Discover APls

- Register their applications

- Subscribe to usage plans

- Test and use APIS

Includes forums, blogs, comments, and ratings
Provides API analytics per application or organization

Discover and

API consumers
{Application
developers)

Legend
[B]  soror apptonce
/== UlorCLl component
= Runtime component
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IBM Cloud cognitive Telescopic Network APIC Deployments

= API Definitions

S<apb> Ciuserath « The User Authentication API provides the login and
<<apim>> dpgw-apic.ctn.asset.ibm.com authorization and creates a persistent session

i CTN- d
“<apt> commander N + Al other APIs are dependent on the login to be successful

and validated

|

I
<<api>> CTN-img-analyzer /'/{ .

3 e Component specific APIs
<<api>> CTN-observing-director T - PI’OdUCt Def|n|t|0n

| * APIs are packaged in the CTN-product
<<api>> CTN-event-consumer L L

e Several Plans are added to the product for rate limits and
conditions and prices for the plan
<<api>> CTN-event-producer <<catalog>> CTN-demo
= Catalog

<<api>> CTN-personal-astronomer e Products are deployed to a catalog in an API manager

<<catalog>> CTN-test

organization

<<api>> CTN-social-networker = |~ — <<deploy>>— |— —>

<<catalog>> CTN-dev " Gateway

« Datapower Gateway hosts the API definition and a
Security enforcement point

: <<org>> Bluemix.assets
<<plan>> CTNite 9

<<apim>> mgmt-apic.ctn.assetibm.com

= Developer Portal

<<plan>> CTN-cas

e Provides and interface to track and subscribe to published
APIs

<<plan>>  CTN-dev

< <<deploy>>— —

* Analytics to determine the usage

<<plan>>  CTN-premium

<<plan>> CTN-entemprise

<<apim>> portal-apic.ctn.assetibm.com

<<product>> CTN-product
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IBM Cloud cognitive Telescopic Network IBM Integration Bus and MQ

IBM Integration Bus

g
IBM Integration pplication ,
HTTP and Java Web usar Sotver” Ll Version
administration interface administrative 00 le—l+| contral
clients console system

Integration node

<<kube>> iib-clus.ctn.ibm.com & ———=
g server

Application
Message |
External flows @ | External
system system
Static
libraries
Application

Mgssage | @ <<mflow>> Event-Router @ <<mflow>> Event-Router
ows. | -

Shared libraries
Static <<egrp>> EG.CTN-01 <<egrp>> EG.CTN-02
libraries

<<broker>> BK.CTN.01

@ <<mflow>> FITS-Parser @ <<mflow>> FITS-Parser

<<broker>> BK.CTN.02

https://www.ibm.com/support/knowledgecenter/en/SSMKHH_10.0.0/com.ibm.etools.m

ft.doc/ab20551_.htm | <<gmgr>> QM.CTN.01 <<gmgr>> QM.CTN.02 |
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FITS
IBM C].OU.d. Cognitive TE|€SCOpiC Network Flexible Image Transport System

673nmos.fits - ESA/ESO/NASA FITS Liberator 3 = =
Processing |Memdam Image Headers | Help Guide Open File
b Image data __Save File
Image 1, Plane 1 v] [ Save & Edit ]
X Te9px RA 472 Input 8.47
Options p
¥ 141px DEC 3.82 Stretched 8.47 B nan
Width 1600 px  Height 1600 px
Ejf Image statistics
Input Stretched
P
f Min -15.08 -15.08 .
|:| Freeze settings 2100,
Max 3363.96 3363.96
Mean 8.45 3.45 Mark in preview
Median 740 740 [T Undefined (red) % SpetelEaunas 200
) . 17 Soatl Referreriinke T T EINEHEY - 13 BE TSR0
StdDev 27.78 2778 [ White dipping % Spate Refrencedmenson 01600 .
{green)
Black dipping -
Scaling and stretch (Advanced) [l (blue)
Stretch function | Linear - Show image
information for:
. - . Background level  0.00 @ () Scaled
+
-15.08 (-] [Ftinpreview = 3363.96  Pesk level 3636
Scaled peak level 10,00
Auto scaling Apply
Channels Undefined
wo . (0 8-it @ Black
@ 16-bit (7 Transparent
417 =1 Blacklevel White level  38.36 =1 O 32hit
https://fits.gsfc.nasa.gov/ FITS Liberator: https://www.spacetelescope.org/projects/fits_liberator/download_v301/ .
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IBM Cloud cCognitive Telescopic Network

ASCOM

Astronomy Common Object Model

<

Open
(ASCOM)

Ay Wendor's Astronomy Progmm{s)
i ey larcuaon

Suppenied Divies

Each program must have its -
own code for device conirol

Viendors misl wits a8 devich v
conired coge

Hew deices reguing new "
ritliises of programs

Eiges in device control requing ¥
P Pl of progRanTs

http://ascom-standards.org/

31

Sevedal of venior's progisms
can share davice control code

¥ Nender=ngependant: any
PEOGram can use a diver

Anyong Con wWite dovica conlrol «  ARyONe CBN Wb Bnd support

plug-ins
Morw denvics requine only new
plugeing

Bugs In device control requira
anly niw plug-ing

drivers

«  MNew devices reguing only
defwirs

< Bugs in device Contrnol reguire
only niny ditweds

! Download

find plug-

ful

. ASCOM Platform &

ﬁ ASCOM Compatible Software
ﬂ ASCOM Drivers and Downloads
BB ASCOM User Guide
ﬁ Check for Updates
@ Help and Device Interface Standards
ﬁ How to get support
! Show Platform Version
|, Developer Documentation
.. Developer Tools
. Scope-Dome Hubs

\J Simulators
- Dome Simulator
B8 FilterWheel Simulator NET
- FilterWheel Simulator
- Focus Simulator
- Rotater Simulator NET
- Switch Simulator
! Telescope Simulater NET
- Telescope Simulator

. Tools

A Profile Explorer 62,00

File Optiens Help

Telescope
Mount
Dome
Camera
FilterWheel

CTN Models (ASCOM):

Focuser
Rotator
WeatherSensor
SafetyMonitor
PowerSwitch

[=)- Profile Root
.. Astrometry
(- Camera Drivers
- Chooser
COMPort Settings
Dome Drivers
FiterWheel Drivers
Focuser Drivers
- ForcePlatformVersion
Force PlatformVersionSeparator
- Force System Timer
- ObservingCondtions Drivers
- Platform
/- Rotator Drivers
|- SafetyMonitor Drivers
e} Switch Drivers
=)
)

(][]
H e S S )

e
=

- Telescope Drivers
- Video Drivers

[ra e e e W)

Microsoft COM
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IBM Cloud cognitive Telescopic Network Visual Recognition

= IBM Bluemix Catalog  Support  Manage https://console.bluemix.net/docs/services/visual-recognition/tutorial-custom-
classifier.html#creating-a-custom-classifier

Watson / assei-ctn-imgan
| Manage e

. . curl -X POST \ --form "beagle_positive_examples=@beagle.zip" \ --form
Service credentials @ aSS@t-Ctn-\mgan "husky_positive_examples=@husky.zip"™ \ --form
""goldenretriever_positive_examples=@golden-retriever.zip" \ --form
"negative_examples=@cats.zip" \ --form "name=dogs" \ "https://gateway-
a.watsonplatform.net/visual-recognition/api/v3/classifiers?api_key={api-
key}&version=2016-05-20"

Connections

Visual Recognition Visual
Recognition .
Understand the contents Tool (Beta) 12 Step 1: Copy your credentials
of images. Create custom Step 2: Creating a custom classifier
classifiers to develop Developer Step 3: Updating an existing custom classifier
smart applications. resources: Step 4: Classifying an image with a custom classifier

Send images to Watson Visual Recognition

If the score is lower than the threshold for the assigned class send image to the
Zooniverse project for crowd sourcing

https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial Randomized tests to determine confidence level

Step 1: Train Watson with Astronomy Pictures Step 1: Train Watson with LIGO event data
Step 2: Classify Objects — planets, stars, galaxies, nebula Step 2: Eliminate noise from the data
Imdge Step 3: Compare with known discovered objects Step 3: Detect events and instruction Observing Director
Analyzer Step 4: Mark unidentified objects for scientific investigation Step 4: Learn from false identification of events
Step 5: Learn from the scientists LIGO event data

32 IBM Cloud University 2017 | October


https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/getting-started.html#getting-started-tutorial
https://console.bluemix.net/docs/services/visual-recognition/tutorial-custom-classifier.html#creating-a-custom-classifier
https://console.bluemix.net/docs/services/visual-recognition/tutorial-custom-classifier.html#creating-a-custom-classifier

IBM Cloud cognitive Telescopic Network Existing Telescope Networks

Name Telescopes Size Science goals Website
HATnet2 7 20cm /1.8 Exoplanet Discovery https://hatnet.org
Catalina Sky 3 1.5m /1.6 Near Earth Asteroid Discovery https://catalina.lpl.arizona.edu
Survey® 1.0m /2.6
0.7m /1.8

MINERVAS 4 0.7m f/6.5 Exoplanet Radial Velocity https://www.cfa.harvard.edu/minerva/
AAVSOnetd ~12 Proposal based science https://www.aavso.org/aavsonet
GTNe Gamma-ray Burst http://gtn.sonoma.edu/
SkyNetf 10 04-1m Proposal based science https://skynet.unc.edu/
LCOg 17 1-2m Proposal based science https://Ico.global/

a Hungarian-made Automated Telescope Network at Princeton University € Global Telescope Network at Sonoma State University

b Catalina Sky Survey at University of Arizona f SkyNet Robotic Telescope Network at University of North Carolina at Chapel Hill

C MINiature Exoplanet Radial Velocity Array at Harvard-Smithsonian, Penn State, 0 Las Cumbres Observatory, a Non-Profit Organization

University of Montana, University of New South Wales
d American Association of Variable Star Observers at Multiple Institutes World Wide
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IBM Cloud cCognitive Telescopic Network

API NC STATE
Framework UNIVERSITY

Interface

NC STATE
UNIVERSITY

Telescope
Commander

Image
Analyzer

NC STATE
UNIVERSITY

Observing

Director

34

4-member team
Undergraduates
Fall Semester

ctn-admui-001—>

l-member team
Undergraduates
Multiple Semester

ctn-tcom-001—>

4-member team
Undergraduates
Fall-Spring Semester

ctn-imgan-001—>

4-member team
Undergraduates
Fall-Spring Semester

ctn-obdir-001—>

l-member team
Graduate
Multiple Semester

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/\W 7f87a8d769c2_4e60

Open Projects

9ec7_9cf46f6fce82/page/ctn-api-001

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/\W 7f87a8d769c2_4e60

9ec7_9cf46f6fce82/page/ctn-admui-001

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/\W 7f87a8d769c2_4e60

9ec7_9cfa6f6fce82/page/ctn-tcom-001

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/W 7f87a8d769c2_4e60

9ec7_9cf46f6fce82/page/ctn-imgan-001

https://www.ibm.com/developerworks/community/wikis/home?lang=en#!/wiki/W 7f{87a8d769c2_4e60

9ec?_9cf46f6fce82/page/ctn-obdir-001
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IBM Cloud cognitive Telescopic Network Future of CTN

GW170104

Read pictures

Catalog objects

LVT151012

GW151226

GW150914

GW170814
https://www.ligo.caltech.edu/image/liqo20170927g

“Imagination is more important than Knowledge.”
- Albert Einstein

Nobel Prize awarded to LIGO Founders, October 3,
2017: 2017 Nobel Prize in Physics: Barry Barish and
Kip Thorne of Caltech and Rainer Weiss of MIT
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It's not just about building a cloud infrastructure —
It’'s about strategically adopting cloud to realize its benefits

Countless capabilities

1. METHODOLOGY & ASSETS

I B M " We provide the most potent hybrid cloud Q}) 2 f
Bluemix methodology and assets available. o Cde
IDENTIFY CLOUD BUSINESS

G arl ag e 2. DEEP SKILLS OPPORTUNITIES  TECHNICAL ol CASE
We curate the most agile, deeply-skilled

expert teams in the industry. D
_/
IBM CIOUd 3. FAST SUCCESS

P o feS Sion al V\ée champion prescriﬁtivg, guigled cloud HveRID '\(I:_II__STlng JVS’;EE'S}SD“S DRECTIONE  CLOUD NATIVE
1 adoption journeys with adaptable SCOPE SOLUTION
Services bluepri
prints.
N
4. CONFIDENCE m {:}
I B M We enable transformations by empowering
1 lients.

A n al t ICS S PR EEE%%%?OERSE M UNLOCK DATA
SerV| ces 5. WORLD-CLASS SUPPORT

We deliver world-class support to make
sure you succeed.

Stop by the Services Booth in the expo
to talk about how we can help
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suppliers of those products, their published announcements or other
publicly available sources. IBM has not tested those products in
connection with this publication and cannot confirm the accuracy of
performance, compatibility or any other claims related to non-IBM
products. Questions on the capabilities of non-IBM products should be
addressed to the suppliers of those products. IBM does not warrant the
quality of any third-party products, or the ability of any such third-party
products to interoperate with IBM’s products. IBM expressly
disclaims all warranties, expressed or implied, including but not
limited to, the implied warranties of merchantability and fitness
for a particular, purpose.

The provision of the information contained herein is not intended to,
and does not, grant any right or license under any IBM patents,
copyrights, trademarks or other intellectual property right.

Brought to you by [eam%t

IBM, the IBM logo, ibm.com, Aspera®, Bluemix, Blueworks Live, CICS,
Clearcase, Cognos®, DOORS®, Emptoris®, Enterprise Document
Management System™, FASP®, FileNet®, Global Business Services®,
Global Technology Services®, IBM ExperienceOne™, IBM
SmartCloud®, IBM Social Business®, Information on Demand, ILOG,
Maximo®, MQIntegrator®, MQSeries®, Netcool®, OMEGAMON,
OpenPower, PureAnalytics™, PureApplication®, pureCluster™,
PureCoverage®, PureData®, PureExperience®, PureFlex®,
pureQuery®, pureScale®, PureSystems®, QRadar®, Rational®,
Rhapsody®, Smarter Commerce®, SoDA, SPSS, Sterling Commerce®,
StoredIQ, Tealeaf®, Tivoli® Trusteer®, Unica®, urban{code}®, Watson,
WebSphere®, Worklight®, X-Force® and System z® Z/OS, are
trademarks of International Business Machines Corporation, registered
in many jurisdictions worldwide. Other product and service hames
might be trademarks of IBM or other companies. A current list of IBM
trademarks is available on the Web at "Copyright and trademark
information" at; www.ibm.com/legal/copytrade.shtml.
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