
Towards Reconfigurable HPC 
Component Models 

 

Christian Perez 
Avalon, LIP 

Univ. Lyon, Inria, CNRS, ENS Lyon, UCBL 
Lyon, France 

christian.perez@inria.fr 

Vincent Lanore 
LBBE, UMR 5558 

Univ. Lyon, Université Claude Bernard Lyon 1, CNRS 
F-69622 Villeurbanne, France 
vincent.lanore@univ-lyon1.fr

 
 

INVITED TALK EXTENDED ABSTRACT 
 
 

A. Introduction 
High performance computing (HPC), as other domains, is 

facing growth of the complexity of both hardware and 
software. Hardware complexity can be observed in the 
diversification of computing units (multi-core, many-core, 
GPGPU, FPGA, etc.) and, more recently, in storage elements 
(SSD and then SVRAM). Many of these new technologies 
stem from frequency scaling limitations and energy 
consumption issues. Hence, not only do applications have to be 
continuously adapted to varied and changing hardware 
configurations, but also energy-related concerns encourage 
runtime adaptation to use as little resources as possible. 

Software complexity on the other hand stems from the need 
to simulate more and more complex phenomena. For example, 
large physics codes can be coupled to perform complex multi-
physics simulations. Complex HPC applications can reach 
many hundreds of thousands of lines of finely optimized code. 
Such applications are very tough to develop, to maintain and to 
adapt to new hardware. Runtime adaptation is particularly 
complex and usually raises high development costs.  

Software engineering techniques aims at easing the 
development and adaptation of applications. Thus, they have 
the potential to substantially lower development costs. 
Performance, however, is paramount for HPC, which restricts 
suitable software engineering technologies to those with very 
low performance overhead. 

B. Reconfiguration in Component Models  
Component-based programming is a programming 

paradigm that is known to improve software reuse and 
separation of concerns [1]. It consists in writing applications as 
assemblies of well-encapsulated pieces of software called 
components. A framework specifying component nature and 
assembly rules is called a component model. A component 
assembly can be used as a high-level application model for the 
purpose of adaption, hiding the low-level details inside the 
components. 

While static adaption of a component application consists 
in generating an adapted assembly [2], runtime adaptation (also 
called reconfiguration) presents some specific challenges. 
Assembly transformations have to be specified somehow and 
then performed on a running application without breaking 
anything. This problem becomes even more difficult in HPC, 
where overheads have to be kept low, and where centralized 
control is anathema to large-scale scalability. 

There exist some component models built specifically for 
HPC such as CCA [3] and L2C [4]. These models however do 
not provide any assistance for reconfiguration and thus let the 
entire reconfiguration burden to application developers.  

There are some reconfigurable component models outside 
of HPC such as FRACTAL [5] SOFA2 [6], or Pycots/Coqcots 
[7]. They are also interesting reconfiguration oriented DSL for 
component models such as FScript [8] for FRACTAL. 
However, they rely on centralized reconfiguration control. 
While this approach greatly simplifies getting correct 
transformations, its centralization affects performance too 
negatively to be compatible with HPC. 

A reconfigurable HPC component model would need to 
both provide an easy way to specify and perform correct 
assembly transformations, and achieve the performance of 
hand-coded reconfiguration in HPC applications. 

C. DirectMod and DirectL2C 
We have started to deal with the problem of high-

performance reconfiguration of component assemblies by 
specifying the DirectMOD formal component model [9, 10] 
and by providing DirectL2C [9], its C++ implementation. 
DirectMOD allows the specification and execution of low-
overhead assembly transformations with fully distributed 
control. DirectL2C is a proof of concept implementation of 
DirectMOD on top of L2C. We have used Adaptive Mesh 
Refining (AMR), a common optimization requiring runtime 
adaptation, as a use-case to illustrate that it is possible to 
combine software engineering concepts and high performance. 
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