
OBJECTIVE
In order to support the growing demands for processing power from emerging 
HPC applications, within a pragmatic energy envelope, HPC systems 
incorporate accelerators. A promising approach, to this end, is the use of FPGA 
(Field-Programmable Gate Array)-based accelerators. These devices can be 
reconfigured at will, to tailor themselves to the application needs, while their 
principal advantage is their energy efficiency , which, in most cases, is far 
superior to that of CPUs and GPUs. 

The applications and libraries are expected to run on these heterogeneous 
HPC systems with significantly greater energy efficiency, as described by the 
Energy Delay Product (EDP) metric. In particular, the EDP of OPTIMA 
applications and libraries running on targeted FPGA-based HPC systems is 
expected to be more than ten times greater than those on CPU-based 
systems, and more than three times higher than those on GPU-based systems.

OPTIMA will provide the Optima OPen Source (OOPS) library as an optimized 
set of software routines that may be used by industrial / scientific applications, 
which will take advantage of the OPTIMA hardware platforms. OOPS will 
drastically reduce effort of  mapping primitive computation kernels onto 
OPTIMA’s reconfigurable logic, leading to faster execution  time and better 
energy efficiency. OOPS will be integrated into the OPTIMA toolflow, enabling 
seamless  utilization of the available hardware resources by software 
developers.

PROJECT SUMMARY
OPTIMA is an SME-driven project aiming to optimize and accelerate on FPGAs 
four industrial applications as well as a set of open-source libraries. These 
applications cover  common HPC application domains on two, novel HPC 
systems populated with FPGAs and using several innovative programming 
environments.
OPTIMA’s main outcomes will be: 

a) that participating SMEs will gain a significant advantage from being able to 
run their applications much more efficiently than their competitors; 

b) to further demonstrate that Europe is at the forefront of developing efficient 
FPGA-based HPC systems and the applications/libraries leveraging them; 

c) the development of open-source libraries and applications that will allow 
third-party application developers to easily port to FPGA-based HPC 
systems;

d) an open-to-use HPC infrastructure supported by a specially created 
sustainability body.
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PARTNERS

OPTIMA will provide the efficiency of FPGA-based technologies in several 
industrial applications; thus, the European industry shall benefit from a new 
class of HPC resources strongly characterised by advancing State-of-the-Art 
and delivering truly innovative solutions. These solutions shall take advantage 
of the novel heterogeneous HPC systems and commoditise the access and 
utilisation of such resources transforming them into a service that can be 
accessed by everyone from SMEs to large organisations.
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APPLICATIONS

Lattice-Boltzmann CFD 
code

Finite Element Method (FEM) for Underground 
Analysis

MESHFREE Robotic Simulations

PURSUED APPROACH AND METHODOLOGY
The main activity of the project is the optimization and porting of four industrial 
applications and an open source library to two FPGA-populated HPC systems, 
so that they can be executed faster and more energy efficiently while 
producing more accurate results if required (for example in the case of 
Machine/Deep learning applications) than in current CPU and GPU-based HPC 
systems.

CURRENT STATUS OF THE PROJECT
The project has reached its first year of activities, matching the applications to 
the different programming environments and HPC platforms and performing 
an initial porting of performance-critical parts of the applications to the two 
HPC platforms. The main hot-spots of the applications have been identified 
and now the intercommunication and optimization steps are being faced.

Runtime of the project   

March 2021 – November 2023

The JuMaX system is an FPGA-based prototype system to demonstrate 
high-performance and energy efficient HPC on accelerators. It is a 
high-performance compute system that consists of an AMD EPYC CPU server and 
a Maxeler MPC-X dataflow node with 8 MAX5 Dataflow Engines (DFEs). 
Additionally, the system contains a third node which serves as a login / head node.
The ETH Zurich Xilinx Adaptive Compute Cluster (XACC) consists of 5 
interconnected servers hosting 6 Alveo U250 and 4 Alveo U280. Each Alveo card 
is connected to a 100 Gbps network switch.

Finite element software simulators for underground 
analysis powered by Chronos, a collection of sparse 
linear algebra functions specifically designed for High 
Performance Computing.

A  generalized multi core 
computational fluid dynamics 
solver based on the Lattice 
Boltzmann method.

The robotics simulation 
explores FPGA-accelerated 
machine learning in simulated 
autonomous vehicles.

Generalized Finite Difference Method for simulations of 
fluid dynamics, continuum mechanics or multiphase 
scenarios with complex geometries.
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