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H2020 ELASTIC Quick Facts
 ELASTIC: A Software Architecture for Extreme-ScaLe Big-Data AnalyticS
in Fog CompuTing ECosystems
 H2020 RIA project (Dec-2018, May-2022)
 Website: https://elastic-project.eu/
 Coordinator: BSC, Spain
 Partners

“The ELASTIC project has received funding from the European Union's Horizon 2020
research and innovation programme under the grant agreement No 825473”

Motivation

 Providing the required computing capacity for extremescale analytics is of paramount importance
◦ dynamically manage resources as needed, guaranteeing
required levels of service
◦ consider the full architecture of the system, from the Edge
devices to cloud infrastructures
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Extreme-Scale Analytics

◦ process huge amounts of heterogenous data, geographically
dispersed, both on the fly and at rest
◦ necessity to fulfil non-functional properties inherited from the
system (real-time, energy efficiency, communication quality or
security)

Elasticity across the
Compute Continuum

 Extreme-scale analytics are more and more a key enabling
application for smart systems

Motivation
 Challenge: fulfil non-functional properties
◦ including real-time, energy-efficiency, quality of communications, security
◦ need to consider these in a holistic way, as they are interdependent

 Challenge: limits of the existent elasticity concept
◦ in which cloud computing resources are orchestrated to provide maximum throughput
◦ does not take into account the computing resources located on the edge
◦ elasticity mainly focuses on system throughput, without taking into account the non-functional
properties

 Need to manage resources to address these two challenges along the compute continuum,
i.e., from the edge to the cloud
◦ paramount importance to take full benefit of extreme-scale analytics in smart systems, in industrial and
societal environments
◦ there are no known end-to-end solutions applied along the complete compute continuum
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ELASTIC Use-Case
 Smart City use case

• Non-functional
analysis tools
• Cloud and
edge run-time
services
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◦ Test and highlight the benefits of the ELASTIC Software
architecture
1. Next Generation Autonomous Positioning (NGAP)
and Advanced Driving Assistant System (ADAS)
2. Predictive maintenance
3. Interaction between the public and the private
transport in the City of Florence
◦ Deployed on the Florence tramway network (Italy) with
tram vehicles equipped with a variety of
sensors/computing/network capabilities

interoperability framework hosted within a hardware- and
OS-agnostic reference software platform to enable an ecosystem of plug-and-play components to accelerate the
deployment of IoT solutions.
A Software Development Kit supported by the MPPA
many-core hardware architecture to analyse the timing behaviour of parallel applications developed with OpenMP,
based on knowledge extracted from the directives and
comto create an initial configuration of the application.
The Linux operating system incorporates extensions to
guarantee time and energy properties of applications, e.g.,
the SCHED_PREEMPT or the SCHED_DEADLINE addressing timing or the Energy-Aware Scheduling (EAS)
framework addressing energy properties.
A XACML Policy Enforcement Point (PEP) to work along
with Keypass to restrict the access to the Platform
A flexible multi-tenant XACML server with PAP (Policy
Administration Point) and PDP (Policy Detention Point) capabilities, to manage roles and permissions in the platform I
An identity service (OpenStack Identity API) that provides
Single Sign On (SSO) capabilities, covering both Authentication (AuthN) and RBAC Authorisation (AuthZ).

From lab to market: ELASTIC applied to the Florence tramway network

We have carefully selected a realistic use-case
from the smart mobility domain, upon which the
ELASTIC software architecture capabilities will
be tested and evaluated.
Concretely, ELASTIC use case aims to enhance
the Florence tramway network as well as its interaction with the private vehicle transportation in the
area of the Metropolitan City of Florence (Italy).
To do so, ELASTIC will efficiently process multiple and heterogeneous streams of data coming
from multiple IoT sensors located along the three
lines of the tramway network, and the tram vehicles, to extract valuable knowledge with extremescale analytics, while fulfilling non-functional
properties inherited by the tramway system, i.e.
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systems required by the tramway infrastructure, including the Urban Traffic Control
(UTC) system in charge of controlling the traffic lights at intersections with the T1
and T2 tramway lines.

2.1.4 Additional components

ELASTIC Use-Case

TheatPCC datacentre is interconnected to FLO’s datacenter through a fiber optics
Figure 5: Core components of the public access Wi-Fi network are hosted in a rack
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2.1.2 Backbone network
required functionalities. Hence, the existing network architecture along the first
The backbone network relies on a fibre opticssegment
ring, connecting
thelight-rail
core and switches
of the T1
line in Florence will be updated with a significant number
installed at each stop. The backbone networkoffeatures
a fail-safe
configuration
and is
components
and
network devices.
GEST PCC
currently operated at 1 Gbps. The layout of the backbone network is shown below.

In order to implement the use cases, this network architecture shall be extended to
support integration of different components (e.g. sensors, edge/fog computation
and/or storage hardware, communication devices, etc.). The set of requirements and
additional constraints set by the environment may result in a variety of physical
setups for the deployment of field components. The actual setup will be defined
Optic fiber
backbonebetter during design and implementation, taking different requirements and
constraints into account. Nonetheless, it is already possible to envisage some
network ring
possible setups, which are illustrated in the pictures below.
(a)

(b)
Figure 10: FLO, GEST, tramway, edge and cloud networks interconnections scheme.

Figure 6: A fibre optics ring connects the control centre and the stops.

2.1.3 Access network

Infrastructure
2.1.6Sensors
Additional components

Sensors

The use cases may take
advantage of computing and storage facilities which are
Cameras
expected to be deployed within the ELASTIC project as part of the implementation of
the fog/cloud architecture
and will
use Internet connection to access cloud services
Traffic
sensors

The Wi-Fi access network supports the 802.11a/b/g/n protocols to enable
Probes at tramway traffic lights
connection of common user devices; to this end, a public SSID is published and users
gain access to the Internet through a captive portal. Moreover, hidden SSIDs are
configured on the network. A typical configuration of the access network comprises
one or more access points connected to the LAN switch installed in the cabinet at the
tramway stop. The typical layout of the access network Tramway
at a single Stop
stop is shown
Figure 9: Possible setups of the network architecture along the tramway line, with
below.

devices hosted a) in a remote cabinet (e.g. next traffic lights), or b) in a cabinet at the
15
stop.
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Figure 5: Core components of the public access Wi-Fi network are hosted in a rack at
the control centre.
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2.1.2 Backbone network

The backbone network relies on a fibre optics ring, connecting the core and switches
installed at each stop. The backbone network features a fail-safe configuration and is
currently operated at 1 Gbps. The layout of the backbone network is shown below.
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Figure 6: A fibre optics ring connects the control centre and the stops.

2.1.3 Access network
The Wi-Fi access network supports the 802.11a/b/g/n protocols to enable
connection of common user devices; to this end, a public SSID is published and users
gain access to the Internet through a captive portal. Moreover, hidden SSIDs are
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ELASTIC Use-Case

ELASTIC Concept
 ELASTIC software architecture takes into consideration a number of trade-offs
◦ performance, precision/accuracy, non-functional system properties
◦ dynamic management of computation

 Edge devices may deliver the time-predictability needed to implement real-time functionalities
◦ but do not provide sufficient computational power to run analytics
◦ fast and time-predictable, but limited, precision algorithms will be deployed on the edge-side for datain-motion

 Cloud computing resources provide the computation capabilities to support complex analytics
◦ but communication delays may make systems unstable
◦ cloud resources will be used to run only accurate but costly models for the long-term refinement and
global modelling
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ELASTIC Concept
Distributed Data Analytics Platform

Sensors
Communication
Infrastructure

Data-Sets + Model Construction
(Knowledge included in the datasets)
Algorithms and Analytics Methods
(Extract knowledge from the model)

NFR tool

Data collected from
the city and the
tramway vehicles

Complex Event M/R & Task
Processor (CEP)
Models

Offline
Analysis

Orchestrator
COMPSs

Online
Analysis

Nuvla
NuvlaBox

KonnektBox

Microservice
Manager

Monolitic Service
Manager

dataClay
Data
Router

Monitor Manager
Hybrid Fog Computing Platform
Compute Continuum

ELASTIC Concept

ELASTIC has carefully selected the software components that
ecosystem, prioritizing those owned by the ELASTIC partne
source with a large community behind. By doing so, we envisi
to-market and maximize exploitation opportunities of the ELA
1 identifies the set of software components that will be in
ecosystem, the WP in which the component will be evaluat
license.
Table 1. ELASTIC Software Components.

Distributed Data Analytics Platform

NFR tool
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Offline
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Online
Analysis
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Microservice
Manager

Monolitic Service
Manager

dataClay
Data
Router

Monitor Manager

Software Component
COMPSs
Distributed
Flink
Data
Analytics
Spark
Platform
Kafka
Orchestrator
COMPSs
Static Analysis tools
NFR tool
Run-time analysis tools
Nuvla/NuvlaBox
KonnektBox
Hybrid Fog
Computing
dataClay
Platform
Kubernetes
Docker

WP
WP3
WP2
WP3
WP4

WP5
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BSC
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ISEP
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BSC
Linux Foun
Docker

Hybrid Fog Computing Platform
Compute Continuum

In the next subsections, the software components are descr
details on components that belong to specific WPs may be f
design/requirement document of the WP for the first phas
within deliverables D2.5 [1], D4.2 [2], and D5.1 [3]. The
presented in this deliverable in Section 5.

ELASTIC Concept
Distributed Data Analytics Platform
COMPSs
Task API
Decisions are taken by a
orchestrator (COMPSs) which
performs the actual
deployment of applications
into the nodes (workers)

Druid

Kafka

dataClay

COMPSs orchestrator
Deployment

NFR tool
Security

Scheduler

Time &
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deployment and scheduling
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…)

ELASTIC Resource Challenges

“Cluster”
component

Distributed
components

Challenge: how to
“optimize” the different
Monitoring,
schedulingin a holistic way
dimensions
Scheduler

Challenge: estimate
applications time execution
in a vertical stack with HW,
OS, Docker, Nuvla

Monitoring metrics
Apps
requirements,
deployment, and
monitoring data

DataClay

NFR Global
Resource
Manager

Challenge: how to predict and
mitigate cascading effects

NFR tool

MQTT

Resource Manager

Security Monitor &
Resource Manager

Time Monitor

Energy Monitor

Distributed
components

Challenge: models to
predict high-level energy
consumption at run-time

and deployment info

COMPSs orchestrator

Communications Monitor
& Resource Manager

MQTT

NFR tool
Local components

Challenge: model for
communication quality of
links and application flows

Data Router
probe

probe
probe

probe

probe
probe

probe
probe

probe

probe

probe

probe

Challenge: how to monitor
security and enforce changes

H2020 AMPERE Quick Facts
 AMPERE: A Model-driven development framework for highly Parallel and EneRgy-Efficient
computation supporting multi-criteria optimisation
 H2020 RIA project (Jan-2020, Dec-2022)
 Website: https://www.ampere-euproject.eu/
 Coordinator: BSC, Spain
 Partners

“The AMPERE project has received funding from the European Union's Horizon 2020
research and innovation programme under the grant agreement No 871669”

Motivation
Model Driven Engineering (MDE)
MDE

Sensors

Logic
Controller

(e.g. CAPELLA,
AMALTHEA,
AUTOSAR)

Actuators

1.

Construction of complex systems

2.

Formal verification of functional and non-functional requirements
with composability features

3.

Correct-by-construction paradigm by means of code generation
• Suitable only for single-core execution or with very limited multi-core support

Gap between the MDE used for CPS and the PPM supported by parallel platforms

Parallel Programming Models (PPM)
Parallel
Programming
Models
Parallel
Execution
Model

(e.g. OpenMP,
OpenCL,
CUDA, COMPSs)

Run-time
parallel
frameworks

Parallel Units
Parallel Units
Parallel Untits

1. Mandatory for SW productivity in terms of
• Programmability: Parallel abstraction while hiding HW complexities
• Portability: Compatibility multiple HW platforms
• Performance: Exploiting parallel capabilities of underlying HW

2. Efficiet offloading to HW acceleration devices for an energyefficient parallel execution

Motivation
MDE

Sensors

Logic
Controller

Actuators

(e.g. CAPELLA,
AMALTHEA,
AUTOSAR)

1. Synthesis methods for an efficient generation of
parallel source code, while keeping nonfunctional and composability guarantees

Bridge the
gap
Parallel
Programming
Models
Parallel
Execution
Model

(e.g. OpenMP,
OpenCL,
CUDA, COMPSs)

Run-time
parallel
frameworks

Parallel Units
Parallel Units
Parallel Untits

2. Run-time parallel frameworks that guarantee
system correctness and exploit the performance
capabilities of parallel architectures
3. Integration of parallel frameworks into MDE
frameworks

AMPERE Use-cases
Obstacle Detection and Avoidance System (ODAS)

 ADAS functionalities based on data fusion coming from
tram vehicle sensors
Predictive Cruise Control (PCC)

 Extends Adaptive Cruise Control (ACC) functionality by
calculating the vehicle’s future velocity curve using the
data from the electronic horizon
 Improve fuel efficiency (in cooperation with the
powertrain control) by configuring the driving strategy
based on data analytics and AI
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Figure 5: Tramway at Florence
eff
The THALIT use case will be verified in a r
so, a set of tram vehicles operating on Flore
devices in order to demonstrate the performa
AMPERE ecosystem. As a result, ODAS w
functional safety and strict time constraints
urban environment with traffic mixed with c

AMPERE Use Case Key Performance Ind
Table 2. Key Perfor
Use case
Satisfy the high comp
guaranteeing the safet
ACC functionalities.
Intelligent PreMaintain the function
dictive Cruise

hat will allow to reduce the overall ERIKA Enterprise
ng the rest of non-functional conrallel execution.
cure real-time hypervisor capable
ecture and managing accesses to
sor will execute applications and
fety assurance and provide secure
PikeOS
and computational resources. The
h new functionalities to efficiently
efficiently host run-time libraries.
m the
AMPERE use-cases
is imill be
DSMLs
SMLs
System Design

AMPERE Concept

Code synthesis tool
Parallel programming models
Compilers

Computing Software

AMPERE Ecosystem

et and
the
isting
mbers
hat reefully
op and
stems
d enneous
ols (if
ed to
be inpment

& commercial (EVI)

Proprietary
(SYS)

Develop a novel software architecture capable of:

Analysis tools
for multi-criteria
optimization
transformations

1.

Capturing the component definition and nonfunctional requirements for the system model
and transform it to parallel constructs

2.

Fulfillment of non-functional properties
described in the CPSoS description

Run-time libraries for efficient (and guaranteed)
parallel heterogeneous execution

◦ Energy-efficiency, safety and cyber-security, real-time response,
resiliency and fault-tolerance

Operating Systems
Hypervisor

Energy-efficiency parallel heterogeneous architecture

3.

Efficient usage of advance parallel and
heterogeneous embedded architectures

Figure 2. Components that form the AMPERE ecosystem.
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AMPERE Ecosystem

Software Layer

!

Parallel programming
models

CUDA
OpenCL
COMPSs

Artificial Intelligence

TensorFlow

Code synthesis tools

Synthesis tools

Analysis and testing tools

NFP analysis

Compilers and hardware
synthesis tools

Mercurium
GCC/LLVM
Vivado
GOMP

Run-time libraries

KMP
Vivado

Operating systems
Hypervisors

Linux
ERIKA Enterp.
PikeOS

AMPERE Workflow Overview
System description
• Components/communication
• Functional/NFP
• Etc.

Platform
description
•
•
•
•

Accel. devices
Cores/clusters
Memory model
Etc.

Meta MDE
abstraction

Meta PPM
abstraction

Parallel code (e.g.
OpenMP, CUDA graphs)

(i.e., mapping/scheduling)

Model
Code Synthesis +
Multi-criteria
Optimization
•
•
•
•

Performance
Time-predictability
Energy-efficiency
Resiliency

Resource Allocation
• Monitoring
• Dynamic
resource
allocation

Compiler
(Correctness +
Refined Parallel
Structure)

Run-time framework +
OS + Hypervisor
Execution Profile

Challenge: how to select
the “best” resource
mapping?

AMPERE Resource Challenges
Timing

Amalthea
Sources

Code Gen

Design

Yes

Compiler

System

Convergence?
Final
Binaries

Binaries
No

Source to Graph

Graph to Source
Annotated
Hierarchical
Task Graph

Challenge: how to
annotate models

Insert hooks to inform
runtime of optimization
decisions

Profiling
Hierarchical
Task Graph

Binaries
CPU / GPU /
FPGA

Energy
Time

Challenge: consider the
resources in a holistic
approach

Resilience
Heterogeneity

Challenge: Develop energy
models that can be used to
assign budgets and predict at
runtime (based on performance
counters)

Runtime parses config list
added by "Graph to
Source"

Execution
Traces

Annotate
Task Graph

Runtime parses config list
added by "Graph to
Source"

Challenge: Develop interference
models that can be used to
assign budgets and predict at
runtime (based on performance
counters)

Analysis & Annotation (on the Metamodel)

Challenge: Consider CPU, FPGA,
GPU

Challenge: Software redundancy
to cope with hw faults

Summary of research challenges
 Predictability and Performance
◦ Compute continuum
◦ Heterogenous platforms

 Multi-criteria optimization
◦
◦
◦
◦
◦

Time
Energy
Communication
Security
Reliability

 Vertical stack
◦
◦
◦
◦
◦
◦

Model-driven development
Parallel programming abstractions
Resource allocation/reservation
Scheduling
Monitoring
Platforms

Challenges in Resource Management in the
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