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Table 1: Hardware Goals and Targets

UHPC

Processor

Cabinet
Energy Efficiency

30 GFLOPS/W

DARPA-SM-0D-46

80GFLOPS/W

Standard 19° rack such as EI&

Roguost for Information (RFI1)
Ubiguitou=s High Porformanocs Computing (UHPC)

for

Information Processing Technigues Office (IPTO)
Dofonse Advanced Research Projocts Agency (DARPA)

UHPC Goals
The goals of the UHPC system are as follows:

» one PFLOPS, air-cooled, single 19-inch cabinet ExtremeScale system. The
power budget for the cabinet is 57 kW, including cooling.

s achieve 50 GFLOPS/W for the High-Performance Linpack (HPL)® benchmark.

» The system design should provide high performance for scientific and
engineering applications.

» The processor node should be capable of being used within terascale embedded
and multiple cabinet systems.

» The system should be a highly programmable system that does not require the
application developer to directly manage the complexity of the system to achieve
high performance.

» The system must explicitly show a high degree of innovation and software and
hardware co-design throughout the life of the program.

+ Additional program goals and targets are provided in Table 1 below.

The scope of the UHPC software effort spans the spectrum of operating systems;
runtimes for scheduling, memory management, communication, performance
monitoring, power management, and resiliency; computational libraries; and compilers.
The three key challenges for ExtremeScale software are concurrency, energy efficiency,
and resiliency.

| Form Factor 310-D standard
Magar Cabinet Powar 57 KW including coaling
Coalimg Air cooled
Address Space \ Glabalky sharad
IO Capability m';e streaming
Processor Module
Energy Efficiency > 80 GFLOPSAW

Mumeric Format — Floating
Paint

IEEET54 single and doubls
precision

5-10 TFLOPS double
precision floating point

Mumeric Formal — Fiooed Point

16, 32, and G4-bit

5- 10 TOPS 64-bit fixad poant

Internal Memory

=32 GB

Om-Maodule Memiony

Bandwdth 1B/FLOP
CHf-Madule Memory . g
Bandwidth -1 TEs
System Node Memory
Other Sufficient to support the = 512 GB per Processor
specified application domains Module
Interconnection Network
High parformance computatonal
envirgnment supporting a shared
Descriphion global address space and overall
syslem paerformance
Support high perfcrmance
interconnects at all levels of the
Other system: inter-module, intra-
module on a node, within a
cabinet, and between cabinets
Storage
Sufficient to support the
specified application domains,
including check-painting,
Descripton scratch-space, and archival. This | 10 B/FLOP

system could be comprised of
non-valatile mamary and'or disk

drives
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Estimated Energy Consumption on 64-core OSCAR

10000 56614 66057
1000
=
% 103.2 103.2
= 100 777 552
=
]
10 -
1 - I
tomcatv swim
O no-ctrl serial B no-ctrl parallel
O full&shutdown parallel O low-power parallel

® Energy reduction vs. single core
® 46.4 % for tomcatv and 46.5 % for swim

® FEnergy reduction vs. | 28 cores w/o low power control
® More than 99 % for tomcatv and swim



OSCAR API for Manycores

OSCAR API for Real-time Low Power High
Performance Multicores
Directives for thread generation, memory, data
transfer using DMA, power managements

architecture support

Backend compiler

API Existing
Analyzer | sequential
compiler

Backend compiler

API Existing
Analyzer | sequential
compiler

Backend compiler

OpenMP

Compiler

OSCAR: Optimally Scheduled Advanced Multiprocessor

@ )
Application Program
Fortran or Parallelizable C
( Sequential program)
(=]
& g Parallelized !
. Fortran or C
: rogram with.
Waseda Univ. g gAp||
OSCAR
Parallelizing Compiler ProcO
Code with
> Coarse grain task . directives
arallelization
> E)\BIObaI data Localization Thread b
» Data transfer overlapping
using DMA CP(:OC_lh
> Power reduction control oo
using DVFS, Clock and
Power gating Thread 1
» Non-Coherent Cache :
Control d )
» Heterogeneous

API: Application Program Interface

Generation of
parallel machine
codes using

sequential compilers

Machine

Vendor A

Manycore from
Vendor B

Shred memory
servers

codes \
I:_H-

Executable on various multicores
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M. Ito, et al., “An 8640 MIPS SoC with Independent Power—off Control of 8 CPU and 8 RAMS
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