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TOSCA Orchestration Advanced Use-cases 

Elastic Clusters 

Laniakea: Galaxy on demand 

Big Data Analysis Facility 

Managed Long Running Services 

DEEPaas for ML 

HPC job submission from PaaS
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Deployment of Elastic Clusters
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Figure 1. Simplified architecture of the usage of TOSCA for the deployment of computing
clusters in INDIGO-DataCloud

the other hand is an open standard, with existing support from popular frameworks such as
Cloudify[2] and OpenStack and benefits from a growing support in different communities. This
is clear from the strong interest from the networking community regarding Network Functions
Virtualization (NFV)[10] in a separate profile of the specification, as stated earlier.

The same evaluation also revealed two existing codebases that could be reused in our project:
the TOSCA Parser[6] and the HEAT Translator[5]. Both are open sourced under the umbrella
of the OpenStack project, but integration in other environments was easy with a couple of small
prototypes created to prove this point. This filled in the requirement of the INDIGO-DataCloud
to support multiple cloud providers.

The decision was thus to take TOSCA as the viable common denominator for the definition
of both topologies and end user applications.

3.1. TOSCA Templates in INDIGO-DataCloud
A TOSCA Template is a text document written in YAML that describes an architecture of
an application to be deployed on a Cloud site. In addition, in INDIGO-DataCloud, TOSCA
templates are also employed to describe jobs to be executed via Chronos as well as long-running
services executed via Marathon, both on an Apache Mesos cluster, though in this particular
work we exclusively focus on the definition of complex clusters.

Figure 1 describes a simplification of the architecture of components employed to deploy
complex clusters. For the sake of brevity, data management, authentication and autorization
and other services required for orchestration (such as monitoring and SLA assessment, among
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CLUES is a tool that powers off those cluster nodes that are not 
being used, and powers them on when demanded and in real time.  

CLUES integrates with the existing local resource manager and 
carries out its activities transparently to the final user. 

When a user requests the execution of a job (by sending it to a batch 
queue), CLUES checks if the currently available nodes will be able to 
process the request. If the number of resources is not 
enough, CLUES will try to power on the nodes that are necessary for 
the execution of the task.
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CLUES: the elasticity management system



Istanziazione e utilizzo di batch system on demand su infrastrutture Cloud. L’esempio pilota dell’esperimento AMS. Perugia, 25-28 November 2019 

slave_node
tosca.nodes.indigo.LRMS.

WorkerNode
Properties
• front_end_ip 
• public_front_end_ip 
• hybrid
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TOSCA model

elastic_cluster_front_end

tosca.nodes.indigo.ElasticCluster

Properties
• Hybrid 
• deployment_id 
• iam_access_token 
• iam_clues_client_id 
• iam_clues_client_secret 
• powermanager_plugin
• ………… 
• ………… Requirements

tosca.capabilities.indigo
.LRMS

lrms: master_node
Lifecycle.Standard

create: 
ec3_install.yml

Artifacts:
• clues_role 
• [im_role]

master_node
tosca.nodes.indigo.LRMS.

FrontEnd
Properties
• wn_ips 
• hybrid

Capabilities

tosca.capabilities.indigo.LRMS
HostedOn

tosca.capabilities.Scalable
wn: slave_node Capabilities

tosca.capabilities.Scalable

Manages
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Derived node types

indigo.LRMS.FrontEnd

indigo.LRMS.WorkerNode.Torque

indigo.LRMS.WorkerNode

indigo.LRMS.WorkerNode.Slurm

indigo.LRMS.WorkerNode.Mesos

indigo.LRMS.WorkerNode.Kubernetes

indigo.LRMS.FrontEnd.Torque

indigo.LRMS.FrontEnd.Slurm

indigo.LRMS.FrontEnd.Mesos

indigo.LRMS.FrontEnd.Kubernetes
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The base type defines the "create" interface 
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ElasticCluster artefact

---
- hosts: localhost
  connection: local
  roles:
  - role: grycap.im
    when: clues_powermanager_plugin == "im"
  - role: indigo-dc.clues
    indigo_orchestrator_url: "{{ orchestrator_url }}"

When using the orchestrator the 
clues_powermanager_plugin is set to 
indigo_orchestrator
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An example template
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2019 Galaxy Community Conference, 1-6 July, Freiburg Germany

Laniakea architecture
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• Dashboard - User friendly 
access to configure and 
launch a Galaxy instance

• IAM - Authentication and 
Authorization system

• INDIGO PaaS - Galaxy 
automatic deployment

• Cloud Providers - ReCaS-
Bari

• Persistent storage with/
without encryption

• Hashicorp Vault - secrets 
management

• Reference data availability 
with CERN-VM FS

An open solution to provide Galaxy “on-demand” instances over 
heterogeneous cloud infrastructures. 

Developed by CNR-IBIOM and INFN 

It’s built on the INDIGO PaaS  

doi: https://doi.org/10.1101/472464 
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Laniakea Use-Case

Credits: M. Tangaro (CNR-IBIOM)
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Laniakea Galaxy Elastic Cluster
https://www.youtube.com/watch?v=cq-68-2On3Y&feature=youtu.be

https://www.youtube.com/watch?v=cq-68-2On3Y&feature=youtu.be
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Use case: On-demand Big Data Analysis Platform
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• persistenza dello storage: il plugin rex-ray [10] consente di fornire volumi persistenti ai 
docker container.

Sul cluster Mesos viene automaticamente installato e configurato il framework Spark. La 
dipendenza tra Spark e Mesos è descritta nel TOSCA template come mostrato in Figura 3.
L’utente che sottomette la richiesta di creazione del cluster può scegliere se installare solo 
il Dispatcher, a cui sottomettere i job in modalità batch, oppure installare Apache Zeppelin 
[11] che consente un uso interattivo di Spark tramite un’interfaccia web a notebook. 
Entrambe le applicazioni (il dispatcher e l’applicazione web) sono istanziate su Marathon 
[12], il framework di Mesos che gestisce i servizi long-running, come applicazioni dockeriz-
zate: l’immagine docker è stata pubblicata su Docker Hub nel namespace indigodatacloud 
[13]. L’utilizzo dei docker consente di pacchettizzare l’applicazione e le sue dipendenze senza 
necessità di installare alcun software aggiuntivo sui nodi del cluster. 
L’utente ha anche la possibilità di personalizzare il cluster attraverso una serie di parametri 

Figura 2 
Architettura del cluster Spark/Mesos  

creato con la PaaS di INDIGO

Figura 3 
Diagramma logico dei nodi del  
template TOSCA che mostrano  

la dipendenza tra Spark e Mesos

Antonacci M. et al., Piattaforme per l’analisi di Big Data istanziate on-demand tramite la PaaS di INDIGO-DataCloud 
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Deploying managed long-running servicesUse-case: deployment of a long-running service 
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Generic Service TOSCA template
node_templates:

    marathon-app:
      type: tosca.nodes.indigo.Container.Application.Docker.Marathon
      properties:
        # environment_variables: 
      artifacts:
        image:
          file: { get_input: docker_image}
          type: tosca.artifacts.Deployment.Image.Container.Docker
      requirements:
        - host: docker_runtime

    docker_runtime:
      type: tosca.nodes.indigo.Container.Runtime.Docker
      capabilities:
        host:
          properties:
            num_cpus: { get_input: cpus}
            mem_size: { get_input: mem}
            publish_ports:
               - protocol: tcp
                 source: { get_input: port}
            volumes: [ { concat: [ 'marathon:', get_input: data_path, ':rw:dvdi:rexray'] } ]
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Deep Learning prediction modules included in the DEEP-HybridDataCloud Open 
Catalog (https://marketplace.deep-hybrid-datacloud.eu/) can be deployed through a 
TOSCA template  

 the DEEPaaS API is deployed as long running service on Mesos cluster  

 the API can be accessed from the web browser and used to make predictions  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Use-case: DEEPaaS service deployment

https://youtu.be/Ax0Kaw01X7Q?list=PLJ9x9Zk1O-J_UZfNO2uWp2pFMmbwLvzXa

https://youtu.be/Ax0Kaw01X7Q?list=PLJ9x9Zk1O-J_UZfNO2uWp2pFMmbwLvzXa
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Submitting jobs to HPC site through the PaaS

TOSCA

REST API

DRMAA

Work in progress
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Thank you 
for your attention! 

Questions?


