
Energy-aware Scheduling for Frame-based Tasks on 
Heterogeneous Multiprocessor Platforms 

Dawei Li and Jie Wu 

1 

Temple University, Philadelphia, PA, USA 

ICPP 2012 2012-9-13 



Outline 

2012-9-13 2 

1. Introduction 

2. System Model 

3. Relaxation-based Iterative Rounding Algorithm 

4. Simulation 

5. Conclusion 

ICPP 2012 



Introduction 

2012-9-13 3 

Motivational Example 

Dynamic Voltage and Frequency Scaling (DVFS) 

ICPP 2012 



Dynamic Voltage and Frequency 
Scaling (DVFS) 

2012-9-13 4 

o Background: 
o high performance lead to high energy 
consumption. 

 
oDVFS allows processors to adjust  

othe supply voltage or  
othe execution frequency  
to operate on different power/energy levels.  

oIt is considered an effective way to achieve the 
goal of saving energy 
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o Existing partitioning approaches:  
o Min-min:  
          In the first phase, the set of tasks’ minimum expected 
completion times is calculated (for all unassigned tasks).  
          In the second phase, the task with the over-all minimum 
expected completion time in the set (derived by the first phase) is 
chosen and assigned to the corresponding processor.  
          Then, this task is removed from the unassigned task set, and 
the procedure is repeated until all tasks are assigned. 
 
oMax-min:  

    This heuristic is very similar to the min-min heuristic.  
           The only difference is that, in the second phase, the task 
with the overall maximum expected completion time among all of 
the unassigned tasks is chosen and assigned to the corresponding 
processor. 
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o Partition by min-min 
 
 
 

o Partition by max-min 
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oMax(30, 12, 15, 10) 

oMin(30, 12, 15, 10) 

o These two approaches are commonly 
Used  to achieve workload balanced 
partition.  Does  a workload balanced 
partition really result in less energy  
consumption? 
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o Three platform types 
oDependent Platforms without Runtime Adjusting 
all of the processors must operate at a same frequency, and the 
same execution frequency cannot be adjusted during runtime. 
 
oDependent Platforms with Runtime Adjusting 
all the processors must operate at a shared frequency, and the 
shared frequency can be adjusted during runtime. 
 
oIndependent Platforms 
processors can operate at different frequencies at any time, and 
can adjust their execution frequencies independently 
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Scheduling on Dependent Platforms without Runtime Adjusting 

Scheduling on Independent Platforms 
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o Formulation: to achieve a partition with the objective 
of saving energy, the problem can be formulated as: 

 
 
 
 
 
 
 

o This binary integer programming problem is NP-hard. 
o Relaxation: (allow splitting the tasks arbitrarily to 
achieve the ideal optimal solution.) 
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Scheduling on Dependent Platforms 
without Runtime Adjusting 
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Scheduling on Dependent Platforms 
without Runtime Adjusting 
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oExample: 

Scheduling on Dependent Platforms 
without Runtime Adjusting 

ICPP 2012 



2012-9-13 25 

o After Partition 
o The shared frequency is set such that the processor with the 
greatest workload finishes its tasks exactly at the deadline.  

 
 
 

 
 
 
 

Scheduling on Dependent Platforms 
without Runtime Adjusting 
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oEnergy Consumption Comparisons: 
omin-min heuristic 11.3 
omax-min heuristic 10.7 
oRNRA 8.464 
oRIRA 8.08 



2012-9-13 26 

oAdopt the same partition as that for Dependent 
Platforms without Runtime Adjusting.  
oAfter partition.  

oWe can determine the optimal frequency setting for each time 
interval. 

Scheduling on Dependent Platforms 
with Runtime Adjusting 
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oEnergy Consumption Comparisons 
omin-min heuristic 10.3375, 
omax-min heuristic 10.4740, 
oRNRA 8.1617, 
oRIRA  7.8776. 
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o Problem formulation and relaxation   
 
 
 
 

oAssign the most influential task, then update the 
problem.  

 
 

ICPP 2012 



Scheduling on Independent Platforms 

2012-9-13 29 

o Partition by RIRA. 
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o Energy consumption comparisons 
omin-min heuristic 7.11 
omax-min heuristic 8.92 
oRNRA: 6.14. 
oRIRA: 5.84. 
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Simulations 
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o Settings: 
oScheduling 20 tasks to 6 processors. 

 
oFor each platform type, we randomly generate 20 
processor efficiency matrix. 

 
oFor each efficiency matrix, we randomly generate 20 
sets of task execution.  

 
oOn a given type of platform, for a given processor 
efficiency matrix, we compare the average normalized 
energy consumption (normalized by the ideal optimal 
solution) of the 20 randomly generated tasks. 
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o A Relaxation-based Iterative Rounding Algorithm 
(RIRA) is proposed for energy-aware task allocating 
and scheduling. 

 
oThree typical platform types are considered. Our 
proposed RIRA is suitable for all of the three platform 
types. 

 
oExperiments and simulations verify the strength 
of our approach. 



Thank you! 
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Questions? 

dawei.li@temple.edu 
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