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Background and MotivationBackground and Motivation

Background
Dynamic Voltage Scaling is an energy-saving technique that 
consists of varying the frequency and voltage of a 
microprocessor in real-time according to processing needs

Motivation
For a large class of applications in embedded real-time 
systems , the variable operating frequency interferes with 
their deadline guarantee mechanisms
To provide real-time guarantees, DVS must consider 
deadlines and periodicity of real-time tasks, requiring 
integration with the real-time scheduler
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Goals and ContributionsGoals and Contributions

Goals
As mobile systems, they should be designed to maximize 
battery life, but they need powerful processors
These processors Consume more energy than those in 
simpler devices, thus reducing battery life using RT-DVS

Contributions
To provide energy-saving DVS capability in a system 
requiring real-time deadline guarantees, we have developed 
a class of RT-DVS algorithms
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RTRT--DVSDVS

Why DVS?
Trade off (computational power battery life)

• Power requirements are one of the most critical constraints in mobile 
computing applications

• Low speed/low power processor long battery life
poor performance

• The faster processor the higher the energy cost
• Fixed embedded device and battery size fixed available energy
• Power consumption affects the battery life of device

DVS can provide the performance to meet peak computational 
demands
reduce power consumption
Available on low-perfomance processors 
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RTRT--DVSDVS

Real-time issues
Most DVS algorithms are based on solely average 
computational throughout

• Do not consider real-time constraints
• Cannot provide timeliness guarantees
• Simple feedback mechanism

DVS must ensure that both of these conditions hold
• the task set is schedulable
• no task exceeds its worst-case computation bound



4

7

RTRT--DVSDVS

Static RT-DVS for RM and EDF

8

RTRT--DVSDVS

Static RT-DVS example
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RTRT--DVSDVS

Cycle-conserving RT-DVS
When the task release

• How much computation it will actually require
• The conservative assumption that it will need its specified 

worst-cast processor time
When the task completes

• Compare the worst-case with the actual processor cycles
Instead of idling for extra processor cycles, we can devise 
DVS algorithms that avoid wasting cycles by reducing the 
operating frequency
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RTRT--DVSDVS

Cycle-conserving RT-DVS example
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RTRT--DVSDVS

Cycle-conserving DVS for EDF scheduler
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RTRT--DVSDVS

Cycle-conserving RM example
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RTRT--DVSDVS

Cycle-conserving RT-DVS for RM
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RTRT--DVSDVS

Look-Ahead RT-DVS
The look-ahead technique to determine future computation 
need and defer task execution

• The look-ahead scheme tries to defer as much work as 
possible

• sets the operating frequency to meet the minimum work that 
must be done now to ensure all future deadlines are met

• Run at high frequencies later in order to complete all of the 
deferred work in time
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RTRT--DVSDVS

Look-Ahead RT-DVS example
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RTRT--DVSDVS

Look-Ahead DVS for EDF scheduler
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RTRT--DVSDVS

Summary of RT-DVS algorithms
Fairly easy  to incorporate into a real-time operating system
do not require significant processing
no more than two switches per a task
The dynamic schemes all require O(n) computation
The most significant overheads may come from the H/W 
voltage switching times
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SimulationsSimulations

Simulation Methodology
Simulator takes as input a task set

• task’s period, computation requirements and other system 
parameters

Only the energy consumed by the processor is computed
• Task execution modeling  -> counting cycles of execution

Task sets are generated randomly
• Equal probability of having a short(1-10ms), medium(10-

100ms) or long(100-1000ms) period
Task periods are uniformly distributed
Task computation requirements are scaled by a constant 
chosen such that the sum of the utilizations of the tasks 
reaches a desired value
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SimulationsSimulations

Simulation results
Assume DVS-capable platform provides operating frequency 
/ corresponding voltage

• 0.5/3, 0.75/4, 1.0/5
Also include theoretical lower bound for energy dissipation
This lower bound is computed by taking the total number of 
task computation cycles, and determining the absolute 
minimum energy
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SimulationsSimulations
Varying number of tasks

Assumption
• Perfect S/W controlled halt
• Tasks consume their worst-case

staticEDF = ccEDF
Significant in mid-range utilization
The number of tasks has very little effect
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SimulationsSimulations
Varying idle level

Idle level factor : the ratio of energy consumed in a halted / normal 
cycles
It shows relative energy consumption by normalized with respect to 
the unmodified EDF energy consumption
Energy-aware schedulers are not significantly affected by changing 
the idle factor
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SimulationsSimulations
Varying machine specifications

normalized with respect to the unmodified EDF energy consumption
In machine 1, ccEDF is better than ccRM on the crossing point near full 
utilization
In machine 2, AMD’s PowerNow!™
ccEDF outperforms laEDF, because ccEDF is more closely matched



12

23

SimulationsSimulations
Varying computation time

normalized with respect to the unmodified EDF energy consumption
Statically-scaled mechanisms are not affected, since they are based on 
worst-case
ccEDF and laEDF are significant
Uniform distribution between 0 and worst-case

Average execution is 0.5 times worst-case
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SimulationsSimulations
Varying computation time
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ImplementationImplementation

H/W Platform
Notebook computer

• Hewlett-Packard N3350
• AMD K6-2+ (550 MHz)
• PowerNow
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ImplementationImplementation

S/W Architecture
Implemented as extension modules Linux 2.2.16 kernel
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Measurements and ObservationsMeasurements and Observations
Figure 16 shows the actual power consumption

Total system power
Figure 17 shows a simulation with identical parameters

Only processor’s energy consumption
There are interesting phenomena

cold processor and OS state
dynamic addition of a task
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ConclusionsConclusions
Presented novel algorithms for RT-DVS
Can achieve significant energy savings when task management 
mechanisms and real-time scheduler
Presented simulation results, showing the most significant 
parameters
The number of tasks and energy efficiency of idle cycles do not 
greatly affect the relative savings of the RT-DVS
The voltage and frequency settings available on the H/W and 
the task set CPU utilizations profoundly affect the performance 
of RT-DVS algorithms
Look-ahead and cycle-conserving RT-DVS mechanisms can 
achieve close to the theoretical lower bound on energy
The measurements indicate that 20% to 40% energy savings 
can be achieved


