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The DEEP-ER project, funded by the European Commission, tackles 
two of the most important challenges of Exascale computing:
• highly scalable parallel I/O and
• high system resiliency
by extending the Cluster-Booster Architecture developed by the 
DEEP project with a highly scalable, efficient, easy-to-use parallel 
I/O system and resiliency mechanisms.

The growing gap between I/O bandwidth and com-
pute speed and the need to significantly improve 
system resiliency are two of the most important 
Exascale challenges. The I/O and resiliency require-
ments of seven grand challenge HPC applications 
will guide the design of the DEEP-ER system and its 
hardware and software components.

DEEP-ER will leverage advances in hardware com-
ponents and memory/storage technologies to con-
struct a prototype system and pave the way to 500 
Petaflop class supercomputers. A highly scalable, 
efficient, and user-friendly parallel I/O system and 
a low overhead, unified user-level checkpointing 
system will be specifically tailored to the needs of 
HPC applications and exploit the multiple levels of 
non-volatile memory and storage added to the DEEP 
architecture.

Second-generation Intel® Xeon PhiTM technology will 
deliver the compute power for the Booster Nodes 
(BN) of the DEEP-ER prototype. Non-volatile memory 
devices in the Booster Nodes and network-attached 
memory (directly linked to the interconnect) will 
form part of the prototype’s multi-level memory  
hierarchy, with system-wide access provided by  
extensions to the Fraunhofer parallel file system  
(FhGFS). Extensions to Posix I/O APIs will enable ap-
plications to efficiently use the file system and the 
different levels of the memory/storage subsystem. 
These APIs will originate from FhGFS itself, the paral-
lel I/O library SIONlib, and Exascale10, a novel I/O con-
cept developed by the Exascale10 Workgroup. Build-

ing on the capabilities of the DEEP-ER I/O system 
and the characteristics of the OmpSs programming 
model, a dual-approach resiliency concept will com-
bine a coarse-grained application-based multi-level 
checkpoint/restart mechanism with a less intrusive 
and more fine-grained scheme for task-controlled re-
covery from component failures.

The grand challenge applications guiding the design 
and development of the DEEP-ER prototype, cover the 
fields of health, earthquake physics, radio astronomy, 
oil exploration, space weather, quantum physics, and 
superconductivity. They will be adapted to and opti-
mized for the extended DEEP architecture and thus 
demonstrate the usability, performance, and resilien-
cy of the enhancements introduced in DEEP-ER.
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BN: Booster Node
CN: Cluster Node
NAM: Network Attached Memory
NIC: Network Interface Card
NVM: Non Volatile Memory


