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Abstract 

High power densities in current SoCs result in both huge 
energy consumption and increased chip temperature. This 
paper proposes a temperature-aware dynamic voltage se-
lection technique for energy minimization and presents a 
thorough analysis of the parameters that influence the po-
tential gains that can be expected from such a technique, 
compared to a voltage selection approach that ignores 
temperature. In addition to demonstrating the actual per-
centages of energy that can be saved by being temperature 
aware, we explore some significant issues in this context, 
such as the relevance of taking into consideration transient 
temperature effects at optimization, the impact of the per-
centage of leakage power relative to the total power con-
sumed and of the degree to which leakage depends on tem-
perature. 

1. Introduction 
Energy efficiency has become a major concern for the de-
signers of embedded systems. Due to increasing demands 
on performance, embedded applications are frequently im-
plemented on multiprocessor systems on chip (SoC). Very 
often they are required to satisfy strict timing constraints 
and are functioning with a limited energy budget. One of 
the preferred approaches for reducing the overall energy 
consumption is dynamic voltage selection (DVS). This 
technique exploits the available slack times by reducing the 
voltage and frequency at which the processors operate and, 
thus, achieves energy efficiency.  

Several DVS techniques have been proposed in litera-
ture [7], [9], [10], [21]. All these approaches neglect leak-
age power and only scale the supply voltage. However, 
recent trends in submicron CMOS technology are resulting 
in the fact that a substantial portion of the power dissipation 
is due to leakage. Therefore, adaptive body biasing (ABB) 
techniques have been proposed in order to reduce leakage 
power by increasing the threshold voltage through body 
biasing [8], [14]. The combined dynamic supply voltage 
selection and adaptive body biasing problem has been stud-
ied in [1] [23].  

The high power densities achieved in current SoCs do 
not only result in huge energy consumption but also lead to 
increased chip temperatures. High temperatures can impact 
reliability as well as cooling and package cost. One aspect, 

of particular interest for this paper, is that growing tempera-
ture leads to an increase in leakage power and, conse-
quently, energy, which, again, produces higher tempera-
tures. Several approaches to thermal aware system-level 
design have been proposed in recent years. Of particular 
importance in this context is the development of adequate 
temperature modeling and analysis tools. The approach 
proposed in HotSpot [6] is based on elaborating an equiva-
lent circuit of thermal resistances and capacitances corre-
sponding to the architecture blocks and to the elements of 
the thermal package. HotSpot performs both static analysis 
(producing steady state temperature) and dynamic analysis 
(producing temperature profiles). A similar approach is 
proposed in [22] where dynamic adaptation of the resolu-
tion is performed, in order to speed up the analysis. Simpler, 
analytical temperature models, which are much less accu-
rate, have been proposed in [3], [19].  

Based on the available temperature models, several sys-
tem-level design problems have been approached. Thermal 
aware task allocation and scheduling have been addressed 
in [20]. In [19] an approach to task scheduling under peak 
temperature constraints is presented. Design space explora-
tion for multiprocessor SoC architectures under area and 
thermal constraints is presented in [12], while in [17] ther-
mal aware floorplanning is advocated. As highlighted 
above, there exists a cyclic dependency between consumed 
energy and temperature, which is particularly strong in cur-
rent high leakage technologies. Since DVS techniques are 
supposed to reduce energy consumption by adapting volt-
age levels, it could be assumed that temperature is an im-
portant parameter to be taken into consideration at voltage 
selection. Nevertheless, the temperature issue has been 
completely ignored in the proposed DVS techniques for 
real-time embedded systems. One exception is [13] which 
takes into consideration the effect of temperature on leak-
age at voltage scaling, in the context of a design process 
aimed at reducing peak temperature. The approach does not 
consider ABB techniques for leakage optimization and ig-
nores dynamic temperature analysis. 

In this paper we propose a technique for temperature 
aware energy minimization by DVS, considering both sup-
ply voltage selection and ABB. We consider both static and 
dynamic temperature analysis in our optimization process. 
Furthermore, we perform, for the first time, a thorough 
analysis of the parameters that influence the potential gains 
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that can be expected from a thermal aware DVS technique, 
compared to an approach that ignores temperature. In addi-
tion to demonstrating the actual percentages of energy that 
can be saved by being temperature aware, we explore some 
significant issues in this context, such as the relevance of 
taking into consideration transient temperature effects, the 
impact of the percentage of leakage power relative to the 
total power consumed and of the degree to which leakage 
depends on temperature. 

The paper is organized as follows: In Section 2 we in-
troduce the application and power model as well as the 
voltage selection technique used in the paper. Section 3 
describes our temperature analysis method, while in Sec-
tion 4 we present the proposed temperature aware voltage 
selection approach. Experimental results and conclusions 
are presented in Sections 5 and 6, respectively. 

2. Preliminaries 

2.1. System and Application Model 

We consider systems realized as heterogeneous multiproc-
essor architectures on chip. We assume that the processors 
can operate in several discrete execution modes. An execu-
tion mode is characterized by a pair of supply and body 
bias voltages: (Vdd, Vbs). As a result, an execution mode has 
an associated frequency and power consumption (dynamic 
and leakage) that can be calculated using equ. (1) and (2). 

The functionality of the application is captured as a set 
of task graphs. In a task graph G(Π, Γ), nodes τ ∈ Π repre-
sent computational tasks, while edges η ∈ Γ indicate data 
dependencies between tasks (communication). Tasks are 
annotated with deadlines that have to be met at run-time. 
We assume that the task graphs are mapped and scheduled 
on the target architecture, i.e., it is known where and in 
which order tasks and communications take place. For each 
task the worst case number of cycles to be executed is 
given. 

2.2. Power Model and Voltage Selection 

For dynamic power we use the following equation [4], [14]: 
Pdyn = Ceff * f * Vdd

2          
(1) 

where Ceff, Vdd, and f denote the effective switched capaci-
tance, supply voltage, and frequency, respectively. 

The leakage power is expressed as follows [11], [13], 
[14]: 
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(2) 
where Isr is the reference leakage current at reference tem-
perature. T is the current temperature, Vbs is the body bias 
voltage, and Iju is the junction leakage current. a, β and γ 
are curve fitting circuit technology dependent coefficients. 

Circuit delay and operational frequency are depending 
on the supply and body bias voltage [14]: 

 
                                                                                           

(3) 

 
where Ld is the logic depth. K1, K2, K6, and Vth1 are tech-
nology dependent coefficients. α reflects the velocity satu-
ration imposed by the used technology (common values 1.4 
< α < 2). 

In [1] we have presented an approach to combined sup-
ply voltage selection and adaptive body biasing. Given a 
multiprocessor architecture and a mapped and scheduled 
application, as presented in Section 2.1, the DVS algorithm 
calculates the appropriate execution modes (Vdd and Vbs) for 
each task, such that the total energy consumption is mini-
mized. Another input to the algorithm is the dynamic power 
profile of the application, which is captured by the average 
switched capacitance of each task. This information will be 
used for calculating the dynamic energy consumed by the 
task in a certain execution mode, according to equ. (1). 
Leakage energy, during the optimization process, is calcu-
lated based on equ. (2). However, since leakage strongly 
depends on temperature, an obvious question is which tem-
perature to use for leakage calculation. Ideally, it should be 
the temperature at which the chip will work when execut-
ing the application. This temperature, however, is not 
known, since the algorithm is just calculating the voltages 
at which to run the system and these voltages are influenc-
ing the energy dissipation which, again, is determining the 
temperature. As mentioned in Section 1, this issue has been 
ignored for the voltage scaling algorithms proposed in lit-
erature (if they, at all, consider leakage). The algorithm in 
[1] requires the designer to introduce an assumed tempera-
ture which is used at energy optimization. This, of course, 
leads to suboptimal results, since the temperature used for 
energy calculation during voltage selection is different 
from the actual temperature at which the chip works. 
Therefore, using the calculated voltages, the chip will dis-
sipate more energy than with voltages that would be ob-
tained knowing the real temperature at which the chip is 
going to function. 

In the following, based on our approach in [1], we will 
develop a temperature aware voltage selection technique. 
Then, based on extensive experiments, we will investigate 
the effectiveness of temperature aware voltage selection. 

3. Temperature Analysis 
Temperature analysis in our proposed DVS technique is 
based on HotSpot [6]. The basic idea of HotSpot is to build 
an equivalent circuit of thermal resistances and capacitan-
ces capturing both the architecture blocks and the elements 
of the thermal package. HotSpot can be used both for static 
analysis, in which case it produces a temperature at which 
the circuit is supposed to function in steady state, as well as 
for dynamic analysis, producing temperature profiles. For 
our purposes, the architecture is modeled at core level. 
Thus, from the architecture point of view, the actual blocks 
whose temperature is analyzed are the processor cores on 
which the tasks are executed. When provided with the 
physical/thermal parameters (size and placement of blocks, 
thermal capacitances and resistances, parameters of pack-
aging elements) and the power profile capturing the power 
dissipation of each core, HotSpot produces the steady state 
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temperature or the temperature profile of the cores. How-
ever, the temperature analysis does not support the case in 
which power dissipation is dependent on the temperature, 
which, obviously, is the situation with leakage. 

Solutions to overcome the above problem, in the case of 
static temperature analysis, have been proposed in [5], [16], 
[18]. A similar solution is used by us and is outlined in Fig. 
1. As mentioned, corresponding to an input power profile 
for each core, HotSpot will produce a steady state tempera-
ture at which the core is supposed to work. However, to 
input the leakage component of the power profile, the 
working temperature has to be known. In order to over-
come this deadlock situation, the process is started with an 
“assumed” temperature and then continued iteratively until 
the produced temperature converges. At this steady state 
temperature the dissipated heat is in balance with the heat 
removal capacity of the package. However, it can happen 
that such a balance is not achieved, due to insufficient heat 
removal, and the temperature is increasing, potentially, to 
infinite. In such a case, the iterations in Fig. 1will not con-
verge. This phenomenon, called thermal runaway, is de-
tected and indicates that the design is incorrect from the 
thermal point of view. Detecting thermal runaway is an 
important part of a thermal aware design process.  

 
Fig. 1 Static thermal analysis with leakage (the index i indi-
cates that the particular item is introduced/produced for each 
core)  

Static analysis assumes that, eventually, the chip will 
function at one constant temperature. This, however, is not 
necessarily the case in reality. In the context of a variable 
power profile, the chip will not reach a constant steady 
state temperature but a steady state in which temperature is 
varying according to a certain pattern. In order to obtain the 
steady state temperature profile, we need to use dynamic 
thermal analysis. For dynamic analysis, HotSpot is calcu-
lating temperatures at successive time steps [6]. At each 
step a new temperature is calculated for each block by solv-
ing the equations describing the thermal model, based on a 
fourth-order Runge-Kutta method. The power consumption 
during the time interval between two steps is extracted 
from the power profile for the respective block. However, 
leakage power is a function of the temperature and, thus, 
cannot be delivered as an input to the analysis.  

In order to solve the above problem we have extended 
the thermal analysis such that the power consumption dur-
ing a time step is calculated as the sum of two components: 
(1) the dynamic power extracted from the input power pro-

file and (2) the leakage power calculated at the temperature 
level of the previous step. The process is illustrated in Fig. 
2. Temperature analysis is repeated for successive periods 
of the application. In order to detect convergence, tempera-
ture values at corresponding time steps of these successive 
periods are compared.  

 
Fig. 2 Dynamic thermal analysis with leakage  

For both static and dynamic analysis, convergence is 
reached efficiently except, of course, if thermal runaway 
occurs. Since dynamic thermal analysis itself is much more 
time consuming than static analysis, obtaining a steady 
state temperature profile is much slower than calculating a 
constant steady state temperature. Our experimental results 
will further elaborate on this aspect. 

4. Temperature-Aware Voltage Selection 
In Fig. 3. we show the overall flow of our temperature-
aware voltage selection approach. Given is a task graph 
mapped and scheduled on a multicore SoC, and the average 
switched capacitance for each task, as discussed in Section 
2. A so called “assumed” temperature, at which each core is 
supposed to run, is also fixed as input. The voltage selec-
tion algorithm (see Section 2.2 and [1] ) will determine, for 
each task, the voltage modes (Vdd and Vbs) such that energy 
consumption is minimized. Based on the determined volt-
age modes (and the switched capacitances known for each 
task) the dynamic power profiles are calculated and the 
thermal analysis is performed as discussed in Section 3. 
Depending on what the designer selects, a unique tempera-
ture or a dynamic temperature profile is determined for 
each core in the steady state. This new tempera-
ture/temperature-profile is now used again for voltage se-
lection and the process is repeated until the tempera-
ture/temperature-profile converges. Convergence means 
that the actual temperature values used at voltage selection 
correspond to the temperature at which the chip will func-
tion when running with the calculated voltages. Once con-
vergence has been reached, based on the determined volt-
age modes and temperatures, the minimized energy con-
sumption Eta (temperature aware energy) is calculated. 
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Fig. 3 Temperature-aware voltage selection 

 
It is also important to notice that during thermal analysis 

potential thermal runaway is detected.  
Fig. 4 shows a typical temperature convergence curve 

for the process described in Fig. 3. The circles indicate the 
temperature produced after each iteration (for this experi-
ment static temperature analysis has been used and the 
curve illustrates the convergence for one core). As a basic 
technique, this new temperature (in the case of dynamic 
analysis, this new temperature profile) is used as input to 
the voltage selection in the next iteration. The dots repre-
sent successive temperatures in the inner iteration loop for 
temperature analysis (Fig. 1). As convergence criterion, a 
temperature difference of 0.2° has been used. Based on our 
experiments (Section 5) up to 90% of the cases reach con-
vergence after less than five iterations (both for static and 
dynamic temperature analysis). 

However, there are situations in which the temperature 
oscillates and the simple temperature updating technique 
described above leads to an infinite loop. This has hap-
pened in 2.5% of our experiments (Section 5). Such a situa-
tion is illustrated in Fig. 5. Oscillations are detected and are 
solved by changing the temperature update rule: Instead of 
using the just produced temperature for the next iteration, a 
middle value between the new temperature and the one 
produced in the previous iteration is used (in the case of 
dynamic temperature analysis, the points on the tempera-
ture profile are recalculated accordingly). By using this 
technique, all infinite loops occurring in our experiments 
have been solved. 
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Fig. 4 Typical temperature convergence curve  
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   Fig. 5 Temperature convergence with infinite loop detection 

5. Experimental Results and Discussion 
Experimental results presented in this section are aimed at 
exploring the efficiency of temperature-aware voltage se-
lection, compared to a voltage selection technique which 
ignores the temperature issue. For our experiments we have 
randomly generated applications consisting of 16 to 100 
tasks. The size of each task is between 106 and 9⋅106 cycles, 
randomly distributed. The task graphs are mapped on SoC 
architectures consisting of 2 to 9 cores. Furthermore, in 
Section 5.4 we will present experimental results based on 
two real-life examples. 

We have run experiments both considering only dy-
namic supply voltage selection and combined supply volt-
age and body bias selection. In the first case, 10 voltage 
levels were considered for Vdd, in the interval [0.6V, 1.8V]; 
for the second case 10 voltage modes (Vdd, Vbs) are used 
with Vdd and Vbs in the interval [0.6V, 1.8V] and [-0.1V, -
1V], respectively. 

The temperature model related coefficients for the SoC 
are given in Table 1. The parameters for leakage and fre-
quency calculation (Equ. (1), (2),  (3)) are the same as in 
[13] and [14]. 

Given a certain application and architecture, we run the 
temperature aware voltage selection algorithm illustrated in 
Fig. 3 and obtain the optimized energy consumption Eta. 
For the same application and setting we run the voltage 
selection algorithm ignoring temperature, resulting in en-
ergy consumption Enta. The temperature unaware voltage 
selection is realized by running one single iteration of the 
process in Fig. 3. The assumed temperature is used for 
voltage selection which produces the voltage modes; tem-
perature analysis gives the real temperature at which the 
chip will run using those voltages and, finally, we calculate 
the consumed energy Enta. By comparing Eta with Enta we 
can appreciate the efficiency of using a temperature aware 
voltage selection scheme.  

Table 1 Temperature model settings 
Chip thickness 0.00025m 

Chip size 0.001m*0.001m~0.009m*0.009m per processor 
Ambient temperature 313.15K 

Convection capacitance 140.4J/K 
Convection resistance 0.1~0.6 K/W 

Heat sink area 0.02m* 0.02m~0.03m* 0.03m 
Heat sink thickness 0.005m~ 0.008m 
Heat spreader area 0.01m* 0.01m~0.02m* 0.02m 

Heat spreader thickness 0.001m~0.002m 
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5.1. Optimization Time 

To start with, we have investigated the execution time 
needed for the proposed temperature aware voltage selec-
tion approach. This time is composed of the time needed 
for thermal analysis and the one consumed for actual volt-
age selection (see Fig. 3). 

The diagram in Fig. 6 shows the execution time for tem-
perature aware voltage selection with static temperature 
analysis. In this case, since static analysis is very fast, the 
total optimization time is dominated by the actual voltage 
selection algorithm. The primary parameter in this case, as 
can be seen in Fig. 6, is the number of tasks (for this ex-
periment we considered applications consisting of up to 
800 tasks), while the number of processors is less signifi-
cant. 
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Fig. 6 Optimization time with static analysis 
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Fig. 7 Optimization time with dynamic analysis  

The situation is different with dynamic temperature 
analysis, which is significantly more time consuming than 
the static one. In this case, the energy optimization time is 
dominated by the temperature analysis which is sensible to 
the number of analyzed blocks (in our case, the processors) 
but is unaware of the number of tasks. The diagram in Fig. 
7 illustrates the optimization time as a function of the num-
ber of cores. Obviously, the optimization time with dy-
namic analysis is considerably larger than the one needed 
with the static one. 

5.2. Static vs. Dynamic Temperature Analysis 

As shown before, voltage selection based on dynamic tem-
perature analysis is more time consuming than the alterna-
tive using static analysis. However, dynamic analysis is 
more accurate and, thus, potentially can lead to huger en-
ergy savings. 

We have applied both the static and the dynamic tem-
perature analysis – based voltage selection to a set of appli-
cations and have compared the energy consumption pro-

duced by the two methods. Two categories of applications 
were investigated: 100 applications were such that the tem-
perature oscillation on the cores, in steady state, was less 
than 5°; 250 applications produced temperature oscillations 
larger than 5°. 

Table 2 shows the results for the first category of appli-
cations. For 69% of the cases there was no difference be-
tween the static and dynamic analysis – based methods and 
there was no single case in which the energy saving due to 
the dynamic method was larger than 1%. Table 3 gives the 
results produced by the second category, for which the 
gains with dynamic analysis are expected to be larger. 
However, even in this case, only 2.8% of the applications 
produced an energy saving larger than 1% with an average 
gain of 0.12%.  
Table 2 Static vs. dynamic analysis(small temperature oscilla-
tion) 

Average  
improvement 

Largest  
improvement 

more than 1% 
difference 

No  
improvement 

0.01% 0.40% 0 69% 
  

Table 3 Static vs. dynamic analysis( high temperature oscilla-
tion) 

Average  
improvement 

Largest  
improvement 

more than 1%  
difference 

No  
improvement 

0.12% 5.11% 2.80% 30.1% 

The obvious conclusion that can be drawn from the 
above experiments is that static thermal analysis is suffi-
ciently accurate for the purposes of thermal aware voltage 
selection. This is the alternative we have used in the fol-
lowing experiments. 

5.3. Temperature-Aware vs. Unaware DVS 

In this section we compare, in terms of energy efficiency, 
the temperature aware DVS approach with the approach 
ignoring temperature. Given a certain application, we de-
fine the energy efficiency factor of the temperature aware 
DVS, compared to the unaware one, as G = (Enta-Eta)/ 
Enta*100%. It is expected that the energy Eta produced by 
the temperature aware approach is smaller than Enta. Obvi-
ously, Enta depends on the assumed temperature provided 
by the designer. If the designer’s guess is correct (equal to 
the temperature at which the chip functions with the se-
lected voltages), a situation which is very unlikely, then 
Enta = Eta. As further away the designer’s guess is, as larger 
Enta is compared to Eta. 

We have used 150 applications for these experiments. 
They are running at temperatures in the range 40°C to 
100°C. It is assumed that the circuit cannot work above 
140°C and, thus, the possible range of the designer’s guess 
is between ambient temperature (35°C) and 140°C. The 
diagrams in Fig. 8 show the average value of the energy 
efficiency factor G as a function of how far the temperature 
guess is from the actual temperature at which the applica-
tion runs. The experiments were run with combined Vdd 
and Vbs scaling, and they were performed considering two 
different cases for the dependency of leakage current on the 
temperature. For the first case we used the value γ = -
2223.7 for the coefficient in equ. (2) (this is one typical 
value indicated in [13]). For the second case we considered 
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γ = -3223.7, which indicates a higher degree of dependency 
of the leakage current on temperature (For all other ex-
periments in the paper we considered γ = -2223.7). Fig. 9 
shows the same experiments in the context of Vdd only scal-
ing1. 

As can be seen, important energy savings can be 
achieved by thermal aware DVS. In the context in which it 
is practically impossible to predict at which temperature the 
circuit will function, since the actual voltages are not 
known before voltage selection, a thermal aware approach 
is a safe solution if energy losses are to be avoided. This is 
the case both for Vdd only and for combined Vdd and Vbs 
scaling. It is interesting to observe that, in the case of Vdd 
only, when temperatures are underestimated, the energy 
losses are smaller. The explanation is the following: When 
temperatures are overestimated, the temperature unaware 
approach assumes that leakage currents are very high (due 
to the high assumed temperature). Thus, the voltage selec-
tion algorithm will tend to select high supply voltages so 
that tasks are terminated early and slack time is used to put 
the circuit into low leakage modes. Since, in reality, the 
circuit will work at lower temperature and leakage currents 
will be considerably smaller (due to the exponential de-
pendency of leakage on temperature, which at high tem-
perature values leads to larger errors than at low tempera-
tures), the temperature aware approach will produce 
smaller supply voltages, which explains the energy differ-
ences at overestimated temperature. In the case of tempera-
ture underestimations, the Vdd only approach will produce 
lower voltages (which extend the execution time in the lim-
its of available slack) and, by this, find solutions that are 
close to those produced by the temperature aware approach. 
This is confirmed by following the voltages produced for 
our experiments. 

In the case of the combined approach, however, which, 
in addition to the Vdd only technique, has the opportunity to 
control leakage by adapting the body bias voltage Vbs, the 
temperature aware approach makes a considerable differ-
ence, both in the case of temperature under - and overesti-
mations. 

The diagrams in Fig. 8 and  Fig. 9 also indicate that, as 
the dependency of leakage on temperature grows, the dif-
ference made by the temperature aware scaling technique 
becomes more significant. 

                                                           
1 In all experiments, the total amount of energy is significantly 
smaller with combined Vdd and Vbs scaling than with Vdd scaling 
only. However, not this is the issue that we investigate in this 
paper but, what we are interested in, is the impact of temperature 
awareness. 
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Fig. 8 Energy efficiency factor with combined Vbs and Vdd scal-
ing  
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Fig. 9 Energy efficiency factor with Vdd only scaling  

For the above experiments, the amount of leakage power 
(calculated at 70°C) was, on average, 50% of the total 
power. In a next set of experiments we have investigated 
the dependency of the factor G on the amount of leakage 
consumed by the circuit. We have performed our experi-
ments with three different leakage percentage levels. The 
dependency is illustrated in Fig. 10 (Vdd only) and, Fig. 11 
(combined Vdd and Vbs scaling). As expected, for a higher 
leakage percentage the temperature aware approach makes 
a larger difference. We have an interesting exception for 
combined Vdd and Vbs scaling in the case of temperature 
overestimations. The explanation is the following: In the 
case of high leakage percentage and if the assumed and real 
temperature are both high, both the temperature aware and 
the unaware scaling assume a very high leakage power and, 
thus, come close to producing that Vdd and Vbs combina-
tions that forces down the leakage as much as possible and, 
by this, the produced voltage levels are becoming relatively 
similar. This similarity is as stronger as fewer execution 
modes are available on the processor. 
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Fig. 10 Dependence on leakage percentage, Vdd only scaling  
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Fig. 11 Dependence on leakage percentage, Vbs and Vdd scaling 

5.4. Real Life Examples 

We have investigated the efficiency of temperature aware 
voltage selection using two real-life examples: A GSM 
voice codec in and a multimedia MPEG4 audio-video en-
coder. Details regarding the two applications can be found 
in [15] and [2], respectively. The GSM voice codec is com-
posed of an encoder and a decoder of GSM frames and 
consists of 87 tasks considered to run on an architecture 
composed of 3 cores with 13 voltage modes. The MPEG4 
consists of 109 tasks and is considered to run on 2 cores 
with 13 voltage modes. 

The results are presented in Fig. 12 and they confirm the 
trends outlined by our previous experiments.  
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Fig. 12 Real life examples 

6. Conclusions 
We have presented an approach to thermal-aware voltage 
selection for energy minimization. The approach can be 
applied when only supply voltage selection is available as 
well as with combined supply voltage and body bias selec-
tion. We have shown that, besides having the potential to 
detect possible thermal runaway, a thermal aware approach 
can produce energy savings which can reach above 15%. 
The amount of energy savings depends on several factors, 
such as the percentage of leakage power, the dependency of 
leakage to temperature, and the availability of adaptive 
body biasing. We have also shown that using static thermal 
analysis inside the energy optimization loop produces re-
sults which, practically, are identical with those produced 
using dynamic analysis. Thus, the proposed heuristic is 
very efficient in terms of optimization time and can be ap-
plied to large applications both in terms of number tasks 
and processor cores. 
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