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Introduc)on	  
The Department of Energy (DOE) has the goal of the limiting its first exascale supercomputer to 
20 MegaWatts of electricity. Specifications for new petascale systems, such as the DOE CORAL 
systems, also include stringent power bounds. Designing and optimizing code that makes the 
best use of power-limited resources will require tools that support integrated power and 
performance modeling. The ASPEN performance modeling tool predicts application performance, 
based on system and application characteristics. We have recently extended ASPEN to include 
power consumption modeling. We use this capability to model and predict application power and 
energy consumption on a given architecture.   
	  
	  
	  
ASPEN uses a semi-analytical modeling approach based on theoretical or measured machine and 
application parameters [1].	   A machine model is hierarchical and models a computer system in a 
top-down manner, breaking the overall system into nodes connected by a network, and breaking 
nodes down into their constituent parts. An application model specifies the workload, memory, 
and communication requirements of the application. These requirements can be specified for 
different application phases and control constructs.   	  	  
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Fig.	  2.	  Applica)on	  models:	  a)	  parallel	  matrix-‐vector	  mul)plica)on	  and	  	  
b)	  a	  por)on	  of	  the	  CoMD	  model	  	  
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Fig.	  1.	  ASPEN	  machine	  model	  for	  Stampede	  	  
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Fig.	  3.	  Measured	  versus	  predicted	  run)mes	  on	  	  Stampede	  	  

To extend ASPEN for power modeling, we need machine parameters for power and energy 
consumption. We obtain these by measuring runtime and energy consumption for a 
microbenchmark of known arithmetic intensity. We run the benchmark with different arithmetic 
intensities and fit the data to the equation below using a linear regression model, as in [2]. We 
use the kernel from the Roofline Toolkit [3] for the microbenchmark. We use the PAPI RAPL 
component [4] on the Catalyst cluster at LLNL, with Turbo boost turned off,  to measure energy 
consumption. Catalyst has two Intel Xeon E5-2695 6-core sockets per node.  
 
 
 
 
 
 
 
 
 
 
 
 
Regression equation:  
 
 
After fitting the data to the regression model, we derive the remaining power and energy related 
machine parameters. We use these parameters to model power consumption versus arithmetic 
intensity, as in [2]. We have extended ASPEN with a powerline tool and to predict energy 
consumption for a given application on a given architecture.  
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