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Energy Aware Race to Halt: A Down to EARtH Approach for 
Platform Energy Management  

Rotem Efraim1, Ran Ginosar2, C. Weiser2, and Avi Mendelson3  

Abstract—The EARtH algorithm finds the optimal voltage and frequency operational point of the processor in order to achieve 
minimum energy of the computing platform. The algorithm is based on a theoretical model employing a small number of 
parameters, which are extracted from real systems using off-line and run-time methods. The model and algorithm have been 
validated on real systems using 45nm, 32nm and 22nm Intel® Core processors. The algorithm can save up to 44% energy 
compared with the commonly used fixed frequency policies.  

Index Terms—Power Management, Heterogeneous cores 
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1. INTRODUCTION 
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Fig. 1: Conceptual total energy in three different platforms. The mini-
mum energy point depends on which portion of the platform dominates
power consumption: LFM for CPU dominance, max frequency when
rest of platform dominates, and EARtH point when power is balanced. 
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Figure 3: Energy consumption of the CPU, platform and total energy 
measured on a 32nm Intel® Core™ 2 duo, running SPEC2006. The 
measurements demonstrate the existence of minimum energy con-
sumption at an intermediate frequency point.
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// Parameter initialization. Offline characterization at system  
// design. Parameters stored in BIOS, or power up procedure 
  
Get Pl     // Get Platform Run Time Power 
Get �     // Characterize F(fc); 

// Function can be polynomial, 
// table or any other function. 

 
// Run time optimization control 
Every time interval { 

Pc = CPU power  // Sample CPU power meter;  
// internal meter or calculated 

 CPR = Pc/(Pc+Pl) 
 Get SCA  // Read CPU monitor or use 

// collected statistics. 

Fopt =min��($) " #
��
� & ' ($)� " �$�% " ��* � & ' $�%
) 

  Freq = Get Operating System frequency request 
F(resolved) = max(Fopt, Freq) 

} 
 

Figure 2: The EARtH algorithm 
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TABLE 1 SUMMARIZES THE AVERAGE AND MAXIMUM ENERGY SAVINGS OF 

EARTH COMPARED TO A STATIC POLICY. 
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Figure 4: energy savings of EARtH algorithm for (a.) low voltage CPU
and (b.) standard voltage CPU compared to LFM, RtH and random 
frequency policies�
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