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https://github.com/ivoa-std/ExecutionBroker

IVOA
The International Virtual
Observatory Alliance (IVOA) is an
organisation that debates and
agrees the technical standards that
are needed to make the VO possible

VO
The Virtual Observatory (VO) is the
vision that astronomical datasets
and other resources and services
should work as a seamless whole
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IVOA Recommendation Process

A l [AU Standard

Possible [AU endorsement
\

kﬁ%ﬁ‘% ~ Recommendation

WVOA-wide RFC, TCG review, 6 weeks
Incremental versions if needed

TCG vote, 2 weeks

IVOA Exec review and approval

Proposed

Recommendation

Agreement within Working Group

Working Draft

MNotes

https://www.ivoa.net/documents/

IVOA Documents lifecycle

. working group prepares working draft (version =1.0) and submits

to document coordinator for posting in the ivoa documents.

. working group reviews the working draft. two reference

implementations of any associated software and validation tools
are expected.

. the chair of the working group, with consent of the wg, promotes

the document to a proposed recommendation.

. the chair of the working group issues a formal request for

comments (rfc) to the e-mail distribution list interop@ivoa.net. .
The chairs and vice chairs of other working groups are required to
examine proposed recommendations during the rfc period

. the working group chair and/or editor(s) respond to comments , if

comments lead to significant changes to the document, the wg
chair may decide to revert the document status to working draft
(back to step 1).

. If comments are addressed to the satisfaction of the wg chair and

wg members, the wg chair requests a final vote, if successful, the
document is sent to the executive committee for approval.

. the executive committee is polled by the ivoa chair to ascertain if

there is consensus for promotion to recommendation.

. if yes, the ivoa chair reports on approval to the tcg and wg chairs

and asks the document coordinator to update the document status
to recommendation. if no, the concerns of the ivoa executive need
to be resolved and a new poll taken, or if serious revisiops are
required, the document would revert to step 1



# OpenAFPI schema
DockerContainer:
description: |
A Docker or OCI container.
See https://opencontainers.org/
type: cbject
title: DockerContainer
allof:
- Sref: 'AbstractExecutable’
- type: object
properties:
repository:
description: >
The image respository URL.
type: string
image:
description: >
The image name within the repository.
type: string
tag:
type: string
description: >
The image wversion tag.
digest:
description: >
The image digest checksum, used for wverification.
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='=@ Jupyterhu =
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Platform A
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Platf D
Openstack Jupyterhub Containers Apzfcth%r;npark SLURM cluster
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REST API

Abstract storage

| | Database

A

. ) . |
| Simple storage Rucio Storage - ]
[ —

What Is the
ExecutionBroker ?

s a data model for describing
‘executable things’

s a web service:
a REST based web service to find
execution platforms, allocate
resources and schedule execution

sessions., ;
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IVOA ExecutionBroker

s Whatis it ?
s Why ?

s \Why should we use it ?
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Data growth, Big Data
Challenges
s \/olume
s \elocity
s Variety
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ATLAS

Comparing to the World Outside

Data Management
Where is HEP in Big Data Terms?

Computing Model Evolution

Borut Paul Kersevan
Simone Campana

In 2012: 2800 exabytes

Business emails sent created or replicated

3000PB/year 1 Exabyte = 1000 PB
(Not managed as
a coherent data set) Reputed capacity of NSA's

new Utah center: 5000 ExaB
(50-100 MW)

We are big...
not NSA-big, but big

LHC data
15PB/yr

us

Census data SEt, ﬂ" dﬂta
products: 140 PB

http:f{www.wired.cum!magazine[%&ﬂ/ﬂdfhigdataf



Comparison of yearly data
volumes of current and future
projects

.r[rf‘- — B
r ;
/ Facebook'\

[ LHC(2018) ) ( S
| science data g \ u-l%gapss “) SKA Phase 1

300PB g _(20233 |
'Google® W science data
7| search B 1 i 300 PB
g T

Google

Internet archive "\ R HL-LHC (2026)
~15 EB SKA Phase 2 science data
' (mid-2020s) 1EB

. "', ' science data
| 1EB
|

Article: “Facing a Downpour of Data, Scientists Look to the Cloud”
February 3, 2020 Physics 13, 14 https://physics.aps.org/articles/v13/14



& HErd dete |l traffico di dati
" LOFAR TN Google searches prod otto da SKA
. Long Term Archive @ Google RIS N
43 PB sara piu di 3 volte
s @ Library of Congress farabanls Facebook uploads Su peno re
180 PB , .
all'odierno

CCCCCCC

5PB
US Census

app ® ceitis
Pnasdzq @ 3 pp LHC Run 3 traffico
| generato Su
~600 PB Facebook e

SKA

Phase 2 superera il piu

SKA Phase 1 grande progetto
scientifico ad oggi
realizzato, il Large
Adron Collider

~1EB

~600 PB

https://www.oact.inaf.it/2023/09/19/radioastronomia-galattica—con-ska—e-preClljorsori/
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Data analysis through

computing resources heterogeneous

and spread around the world
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~ 93,
Jupyter o
o ~ %
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for data analyses
®

Jupyter

nUIDIA TWIDIA.. E%g

#lots of different types of software

NVIDIA. @ different requirements

I"IUIDIA I'W’IDIA, I'IUIDIA.

@ different interfaces
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data

compute

= =openstack.
kubernetes

data

T

VERA C.RUBIN
OBSERVATORY

compute
]

Ju pyter

NVIDIA.

# Data spread around the world

# Heterogeneous code (analyses
software)

# Heterogeneous computing
resources geographically
distributed

Everyone is slightly different

Thanks to Dave Morris
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IVOA ExecutionBroker

s Whatis it ?
s \Why ?

s Why should we use it ?
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@ @ Location|7:41:53.26 -47:5
DSS SDSS +2MASS *WISE * GAI

The Two Micron All Sky Survey - J-H-K ba

g_mag_abs_gaia

| ToPcAT(@): Table Browser

@ =
arid wink

1P: Do you know that you can editésave th

Window Subsets Help

88 X

Table Browser for 6: TAP_4_gaiadrl.tgas_source extcathipparcos
1

ource,extcathi

source.id ra dec b ecllon
254 | 6461346635438803312 | 326.50252 | -54.45808 | 34076062 | -46.77521 | 308.16095

55 | 6461349865254290304 | 326.53733 | -54.31216 340.97691 | -46.79496 308.2113
[_5256 | 4660402338706945536 | _ 58.15444 | -66.82375 | 280.02032 | -41.72604 | 344.15323
2267580487854902784 | 284.40832 | 72.84261 | 103.88228 | 25.3784! 58.10084
3 | 5506418484613695360 | 115.46870 | -47.06904 | 261.01261 | -12.04128 | 138.01228
4669477895771509232 | 56.96491 | -66.5042 | 281.01826 | -42.42925 | 344.83312
4669494869482362240 57.65309 | -66.34416 280.51697 | -42.1508 346.04542
[ 9261 | 4669567265451021052 | _ 50.7178 | -65.88144 | 279.40626 | -41.67145 | 349.20189
4669601384671531008 | 58.12103 | 65.92553 | 279.90226 | -42.21071 | 348.10855

T

INZAGVAY
The Virtual Observatory is a
solution for data:

It provides standards (data models,
dictionaries, data access protocols,
etc.) enabling tools and services to
access data geographically
distributed
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Execution Broker:
The REST interface

IS a common Interface for different
science platforms

L Execution Broker (VO) J
notebooks containers virtual machines
s Different science
wre @ binder DIRAC
e o?f; gy KARIRAE platforms use
& rpache - By - SCiENCE CLOUD .
Zeppelin kubernetes different

=]
b OPENStAck: tachnologies.
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: :openstack. &> docker kubernetes | smpesomge | | ruciostoraze

. @
S, -
NVIDIA. N’

Each platform only needs to
understand the technologies it
provides. If a platform doesn’t
understand the question,

Can your platform run <this> task ? it can jUSt say no.

¢l S T

| I

Q
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Software discovery Data discovery

| API — ) AP

ExecutionBroker:

o B S § data model

Executable thing

defines a data model for describing
‘executable things’ and the resources
needed to execute them
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Use a common data model to
describe executable things
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# OpenAFI schema

Openapi data model description

type: object

discriminator: # OpenAPI schema
s L s DockerContainer:
mafpl?g? , description: |
uri:java-program-1.0": JavaProgram’ )
"uri:python-program-1.0": 'PythonProgram’ A Docker or OCI container.
"uri:docker-contaliner—-1.0": 'DockerContainer’ See https://opencontainers.org/
"uri:singular-container-1.0": 'SingularContainer’ type: object
"uri:jupyter-notebook-1.0": 'JupyterNotebook’ title: DockerContainer
allof:
properties: - Sref: 'AbstractExecutable'
name :

- type: object

description: > i
properties:

A human readable name, assigned by the client.

type: string repository:
uuid: descripticon: >
descriptien: > The image respository URL.
A machine readable UUID, assigned by the server. type: string

type: string image:
format: uuid description: >

tyi:;cription; > The image name within the repeository.
The type discriminator. type: string
type: string tag:
format: uri type: string

OpenAPl is an interoperable, e image varsion tag.
digest:

machine-readable, and e

human_friendly SpeCification ty';lell:e ;?igigdigest checksum, used for verification.
format used to define HTTP APIs. It relies on JSON Schemato

describe the API's underlving data.



cccutonsaker () | ExecutionBroker API:
el e e S8 Tha [VOA Execution Broker is

j?f, @ binder & QODIRAC
L Lo @ kubernetes 5 B designed to address a specific
="\ | question: given an executable thing,
j_UIIa When can I run this ? W e.g.a Python
program or
NVIDIA _ Jupyter

Pass a common data-model hook. i
description to a common interface . not_e 00 ! .|r.1
3C ANFAR which facilities

kubernetes can | run it?

" - % F i F
- | =2 I-\."\. == b
N P S I | ad = 0 N

kubernetes
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ExecutionBroker API

Request Response

Can | do {this} ? HYES. offers([]

H s Query one or more

ExecutionBroker services.

& YES, offers[]
g; *f >H Tj s Each ExecutionBroker replies with

one or more offers. The offers will

HNU include details of the available

resources and estimated cost.
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# ExecutionBroker offerset request.
executable:
# Common fields from AbstractExecutable
name: Experiment two

Client Request

type: uri:jupyter—notebook-1.0

# The type specific details for a Jupyter notebook.
notebook:

file: https://.../example. jpnb
requirements:

file: https://.../requirements.txt

resources:
compute:
— type: uri:generic-—-compute
cores:
requested:
min: 4
memory :
requested:
min: 16
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# ExecutionBroker offerset response.
executable:
type: uri:jupyter-notebook-1.0 i
notebook Service Response
file: https://.../example. jpnb
resources:
compute:
- type: uri:generic-compute
cores:
requested:
min: 4
offered:
min: 8
memory :
requested:
min: 16
offered:
min: 32
Archives and Data Management Systems in the Big Data Era 24
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Acknoledgment and rights:
s Thanks Dave Morris! For images, schemas, content

a https://www.vecteezy.com/free-vector/man-thinking"
Man Thinking Vectors by Vecteezy
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