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Tera->Petaflop (12 years); An Exaflop is much harder
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Business as usual is not an option.
Computing is driven by power efficiency and scalability.
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Normalized

The Fact of Voltage Scaling
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scaling for energy efficient performance
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15%

Future Scaling Outlook / Assumption
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Is An 8nm Core Good Enough for Exa?
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Cores 1150

Total Local Memory |400 MB
Frequency 4.61 GHz

Peak performance 10.6 TF

Power 300 - 600W
Energy efficiency 34 - 18 GF/Watt

30-60 MW Peak Exa Flop Just to Compute
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The Exascale Hardware Challenges
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Exascale Goal

1000 Exg 40MW Data Center @ Exa
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Solution Space
Hybrid Heterogeneous Processors
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Giga Flops

GPU — Graphics Processing Unit Graphics

} Great Potential for Future HPC

GPGPU — General Purpose GPU

A thread on the GPU is a basic element of the data to be processed. Unlike
CPU threads, GPU threads are extremely “lightweight,” meaning that a
context change between two threads is not a costly operation.

Source: Tom’s Hardware “Nvidia's CUDA: The End of the CPU?” intel
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Problem with Current CPU+GPU

Computing tailored to limitations of current GPUs
e Use simple data structures like vectors, matrices

e Very difficult to program, debug, impacts performance
e Coarse-grain interaction (offload & forget)

Programmers are used to the x86 look and feel.
We need to provide convergence with homogeneity
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Why the Convergence?

Intel Processor-based Supercomputersin Top500

N Intel-baded Supercomputers in TopS0O

in June
2009

Xx86 Architecture for Industry-quality code with Ease of
Optimization, Programmability, Reusability and Compatibility

12



13

Million Cores/EFLOP
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Optimal Solution Space #1

Convergence with Homogeneous Computing
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Optimal Solution Space #2

Convergence with Heterogeneous Computing
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Use and share complex data structures,
split application between CPU and SFU
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Uncompromised Reliability & Resiliency
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Summary

The industry iIs facing great challenges to reach Exascale
In both hardware and software

Business as usual is not an option, driven by energy
efficiency and scalability

CPU and GPU heterogeneous computing has great
potential for HPC

But, the optimal solution is Iin the ease of use by the end
users - ease of optimization, programmability, reusability
and compatibility
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