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Targeting ExaScale: Technological Challenge

ÅThe Challenge Summary
ÅDeliver lots of FLOPS

ÅIn very little power

ÅBy 2020

ÅΧǘƘŜ ǳƴǎǇƻƪŜƴ ŎƘŀƭƭŜƴƎŜ
ÅIt it even feasible using existing 

paradigms ?

ÅOther than a couple of 
governments, who can afford to 
build one ?

ÅHow will software use it ?

Å..Is HPL the way to measure it ?



Many-core the solution ?

Å{ƛƴŎŜ нллрΣ /t¦ άŎƻƳǇƭŜȄƛǘȅέ 
reached a plateau
ÅNo more GHz

ÅNo more issue width

ÅNo more power available

Åbƻ ƳƻǊŜ ǎǇŀŎŜ ǘƻ ŀŘŘ άǇƛƴǎέ

ÅBut still get more transistors
ÅCurrent efforts to increase 

number processor 

ÅΧōǳǘ 



Limitations of von Neumann model

ÅFundamental model of most of 
ǘƻŘŀȅΩǎ ǎȅǎǘŜƳǎ

ÅSuffering the memory 
bottleneck

ÅEnergy ratio between control 
and arithmetic / IO

ÅScalability throughI/O 
communication
ÅExcept numawhich

scales the CPU, a little



How bad is the memory bottleneck ?
ÅIf designs needs to assume around 1 per 

FLOPS per byte accessed
Å500GFLOP processor needs to keep it fed 

with 500GB/s of main random access 
memory

Å¢ƻŘŀȅΩǎ ōŜǎǘ 55w ƛǎ ϤмллǇWκǿƻǊŘ
ÅSo 50pJ/byte, or 50M Watts at 1 flop/byte
ÅSo, exascale target ςBUSTED!

ÅA few GB of capacity can be placed on 
chip, to bring this to 5M Watt ςexcluding 
any static energy of the memory, 

ÅWill SCM (eg3DXPT) solve this?



Energy of data movement operations

Energy from 
Doing the OP

Energy from 
Working out
What OP to do



Ways to increase processing efficiency
Increase the number of arithmetic operations over the amount of control needed
ÅIncrementally increase control cost to operate on multiple data items

ÅEg. SIMD or vector machines

ÅFind a more complex compiler to execute multiple operations in a single instruction
ÅEgVLIW, DSP

ÅIncrease number of control units by reduce their complexity, and operate on multiple data items
ÅEg. GPGPU

ÅάǊŜƳƻǾŜέ ŎƻƴǘǊƻƭΣ ŀƴŘ ŎǊŜŀǘŜ ŀ ŦƛȄŜŘ ǎŜǉǳŜƴŎŜ ƻŦ ƻǇŜǊŀǘƛƻƴǎ
ÅHardware accelerators

ÅConsider reconfigurable hardware which enables programmability to execute multiple operations 
in a single cycle over multiple data items
ÅEgFPGA

Ideally without needing to store intermediate values into a memory (hierarchy)






