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Several millions of execution flows will be executed in Ultrascale Computing
Systems (UCS), and the task for the programmer to understand their coherency and
for the runtime to coordinate them is unfathomable. Moreover, in link with USC
large scale and their impact on reliability the current static point of view is not more
sufficient. A runtime cannot consider to restart an application because of the failure
of a single node as statically several nodes will fail every days. Classical management
of these failures by the programmers using checkpoint-restart are also too limited due
to the overhead at such scale.
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2 Ultrascale Computing Systems

Emerging programming models that facilitate the task of scaling and extract-
ing performance on continuous evolving platforms, while providing resilience and
fault tolerant mechanisms to tackle the increasing probability of failures throughout
the whole software stack, are needed to achieve scale handling (optimal usage of
resources, faults), improve programmability, adaptation to rapidly changing under-
lying computing architecture, data-centric programming models, resilience, energy
efficiency.

One key element on the ultrascale front is the necessity of new sustainable
programming and execution models in the context of rapid underlying computing
architecture changing. There is a need to explore synergies among emerging program-
ming models and runtimes from HPC, distributed systems and big data management
communities. To improve the programmability of future systems, the main changing
factor will be the substantially higher levels of concurrency, asynchrony, failures and
heterogeneous architectures.

UCS need new sustainable programming and execution models, suitable in the
context of rapidly changing underlying computing architecture, as described in [1]].
Advances are to be expected at three levels: Innovative programming models with
higher level abstraction of the hardware; breakthrough for more efficient runtimes at
large scale; cooperation between the programming models and runtime levels.

Furthermore all the programming ecosystem must evolve. A large number
of scientific applications are built on the message passing paradigm which needs
a global point of view during the programming phase and usually require global
synchronization during execution. But even at lower granularity, classical libraries
must evolve. As an example, a large number of scientists use the linear algebra
BLAS libraries for their optimized behavior on current supercomputers. Improving
the performance of this library on UCS would prove largely beneficial.

This chapter explores programming models and runtimes required to facilitate the
task of scaling and extracting performance on continuously evolving platforms, while
providing resilience and fault-tolerant mechanisms to tackle the increasing probability
of failures throughout the whole software stack. However, currently no programming
solution exists that satisfies all these requirements. Therefore, new programming
models and languages are required towards this direction. The whole point of view on
application will have to change. As we will show, the current wall between runtime
and application models leads to most of these problem. Programmers will need new
tools but also new way to assess their programs. Also, data will be a key concept
around which failure-tolerant high number of micro-threads will be generated using
high-level information by adaptive runtime. One complex element comes from the
difficulty to test these approaches as UCS systems are not yet available. Most of the
following explorations are extrapolated to UCS scale but only actually proven an
currently existing infrastructure.

The complexity of UCS computing architecture integrating in a hierarchical
heterogeneous way multicore CPUs and various accelerators makes many tradi-
tional approaches to the development of performance and energy efficient applica-
tions ineffective. New sustainable approaches based on accurate and sustainable
application-level performance and energy models have a great potential to improve
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the performance and energy efficiency of applications and create a solid basis for the
emerging USC programming tools and runtimes. Section[2.1]of this chapter covers
this topic by describing accurate models of the hardware and software usable during
the design phase, but also means or reasoning on these models. With these tools, it
becomes possible to adapt and tune finely applications during the design phase to run
efficiently on large scale heterogeneous platforms.

Optimizing UCS usage is difficult due to the large number of possible use-cases.
In particular ones such as Scientific workflow, it becomes possible to use a dedicated
abstraction. As scientific workflow scheduling for UCS is a major challenge, the
impact of proposing a particular abstraction along-with dedicated runtime harnessing
the particularities of this abstraction leads to a high improvement of the efficiency of
using a UCS. The approaches to solve this challenge are covered in section 2.2. In
this section, both the Abstract part (linked with the design and programming of the
workflow) and the Concrete part (linked with its actual scheduling and execution) are
described. This specific high-level abstraction shows that link between programming
models and runtime helps to simplify the task of programmers to harness the power
of the underlying large scale heterogeneous systems.

With the emergence of UCS, a new computing revolution is coming: Edge com-
puting. Instead of harnessing computing power directly from large scale datacenters,
new proposal comes from the possibility to interconnect and coordinate large num-
ber of distributed computing nodes. Due to the explosion of IoT applications the
aggregated Edge computing power is increasing extremely fast. These two systems
(Edge and UCS) share the difficulty to manage large number of distributed execution
flows in a dynamic and heterogeneous environment. These similarities is explored in
Section 2.3 where key elements of programming models and runtime for large scale
Edge computing are explored.

Due to the scale of UCS, even classical management operation of the platform
becomes complex. As an example, section 2.5 shows how a simple operation such as
graph partitioning becomes complex at large scale. This operation is central in the
management of a platform as it is needed to minimize communication between nodes
when used for placing the tasks. In this section several challenges are addressed such
as the scale but also the heterogeneity of tasks, computing nodes and networking
infrastructure.

This chapter concludes with a description of the main global challenges linked
to programming models, runtimes and the link between these two as described in
NESUS roadmap(2]].

2.1 Using Performance and Energy Models for Ultrascale
Computing Applications

Ultrascale systems, including high performance computing, distributed computing
and big data management platforms, will demand a huge investment of heterogeneous
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Tool-driven: Several tools will be needed to use efficiently UCS. Some tools can be
provided by software, but also abstract models and new programming paradigms
helping programmers to better use the available resources are helpful. Due
to the scale of the systems, one key element will be resource-efficient models
for automatic recovery from minute-to-minute failures. As security is often
forgotten by programmers, software-defined security models will be needed
on large scale distributed infrastructure to simplify its usage. One way to
increase security and privacy will be to create new secure Privacy-Preserving data
management algorithms such as machine learning. To address code sustainability
and adaptation evolution on code production is needed such as source-to-source
translators and MDE (Model Driven Engineering) in order to adapt to the
underlying hardware.

In order to support some of those challenges, several breaktroughs are expected
in order to reach proper support for programmers and users in the Ultrascale context
as described in the NESUS research roadmapl[2]:

Improve the programmability of complex systems Due to the size of these sys-
tems, it is no more possible for the programmer to have a precised and detailed
global view of the state of its application. Thus he needs to have support from
programming frameworks to simplify this view;

Break the wall between runtime and programming frameworks Exascale sytems
are so complex that runtime need high level information from the programmers
and the programmer need some information on the runtime to understand how
to harness its power;

Enabling behavioral sensitive runtime. Runtime cannot run application as black
boxes anymore as large scale systems are composed of a large number of
interconnected elements. Network profile must be known to reduce impact on
neighboor applications for example.
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