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Abstract
In the waning days of Moore’s Law, Dennard scaling (density, speed, 
and energy) has given way density scaling with incremental improve-
ments in transistor speed and energy. In response to energy-con-
straints, architects are pursuing two main approaches – parallelism 
(multicore CPU, GPU) and heterogeneity (accelerators, SoC) – with 
major challenges in programmability. While thousands of papers 
have been written on parallel programming, there has been little 
research on how to balance programmability with the energy-perfor-
mance benefits of customization.

We are pursuing a new paradigm, “10x10”,which enables systematic 
exploration of applications, programmability, and customization in 
a new model of general-purpose computer architecture – federated 
accelerators. 10x10 moves beyond the general purpose architecture 
implementation paradigm (90/10 optimization) by divides workloads 
into clusters, and systematically exploits customization separately 
for each cluster in a federated accelerators architecture. We call this 
new paradigm “10x10” because it partitions application workloads 
and optimizes for 10 different 10% cases, not a monolithic 90/10.

We are applying 10x10 a range of general-purpose workloads and 
DOE Science applications. Research challenges include how to cluster 
workloads, architect programmable accelerators, federate accel-
erators, and program them effectively. We will present the 10x10 
paradigm, and initial results. The ultimate goal is to enable stable 
perspective on application clusters and requirements, and accel-
erators that enables long-term programmability and a predictable 

roadmap of computer architectures.
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