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Abstract—This paper addresses thermal management in heterogeneous MPSoCs where the power states of the general purpose cores can be controlled by the operating system (OS) while
OS is not able to control power states of the dedicated hardware
accelerators (DHAs). We propose a scalable and cooperative
distributed thermal management technique 1 which works based
on the cooperation of local controllers deployed in some of the
cores. Through low overhead message passing, these controllers
communicate in order to exchange temperature and performance
related information which is used to find the best thermally
safe set of frequency settings for the cores. Experimental results
show that for our technique can successfully reduce the deadline
miss rate by 47.16% in average compared to localized thermal
management techniques while successfully satisfying temperature
constraints.

I. I NTRODUCTION
Continuously decreasing device dimensions due to technology scaling along with increasing power densities result
in higher temperatures. This higher temperature can degrade
reliability of the system, increase leakage power, increase
performance degradation and need more expansive cooling
and packaging costs [1]. To mitigate these issues, temperature should be addressed in various levels of embedded
system design. Many of them operate in diverse range of
environmental conditions. For example, biosensor networks
implanted in animals or humans require very low temperature
[2]. Cell phones must operate under a very wide range of
ambient temperatures without the benefit of more advanced
packaging and cooling due to cost and space considerations.
Workload and power management techniques are crucial for
such systems.
One of the major reasons for prevalence of multiprocessor
systems-on-chip (MPSoCs) is their ability to provide higher
performance within a specific power budget and thermal
envelope compared to their single core counterparts. Heterogeneous MPSoCs provide even a better trade-off by integrating
cores operating at various power and performance points and
allowing a better matching of delivered performance to the
performance demands of the workload. Some MPSoCs, especially in embedded applications, integrate dedicated hardware
accelerators (DHAs) for special purpose computing such as
video/audio decoding and graphics acceleration.
Existing examples of such embedded heterogeneous MPSoCs are Texas Instruments’ OMAP or NVIDIA’s Tegra 2
1 This work has been funded by NSF CCF grant 0916127, NSF grant
1029783, UCSD Center for Networked Systems, Qualcomm, Texas Instruments, SRC, MuSyC.

(shown in figure 1). These MPSoCs are currently used in devices such as smart phones and tablet PCs. Texas Instrument’s
OMAP4 platform includes two general purpose cores (GP
cores) which are based on ARM Cortex A9, a DSP, an image
signal processor and a graphics processing unit. NVIDIA
Tegra 2 includes three GP cores (two Cortex A9 and one
ARM7 processors), 2D/3D graphics processing units, video
decode and encode processors, an image signal processor, an
audio processor, etc.
These DHAs are often third party intellectual property (IP),
and do not run the same OS as GP cores. Although some of
these DHAs might have built in hardware based thermal management mechanisms, they typically operate independently
from a centralized thermal controller. Due to the increasing
functional demand of embedded systems, these DHAs become
more complex, consume more power and contribute more to
the system’s thermal issues. For example, in NVIDIA’s Tegra
2, the silicon area dedicated to DHAs is more than twice of the
area consumed by the general purpose processors as shown in
figure 1.

Fig. 1: NVIDIA Tegra 2 mobile processor [11]

Thermal management techniques for MPSoCs are classified
into three main categories: central, localized, and distributed.
Centralized is usually implemented in the OS, which as
temperature increases may slow down cores or migrate threads
between different cores. The complexity increases exponentially with the number of cores. They are not applicable to
the cases where there is limited global control of all the
cores. In a localized solution, each core controls its own
temperature independently. Because temperature of the cores
highly depends on the states of the other cores due to their
physical proximity, this solution may result in very suboptimal

results. In a distributed solution, the thermal control of a core
is performed locally, but in collaboration with the other cores
in order to reach a good solution in a cooperative manner.
In this paper we propose a distributed thermal management
technique for heterogeneous MPSoCs. While due to the distributed nature of this technique, it is much more scalable than
the centralized techniques, it is also applicable to cases where
power states of some of the cores cannot be controlled by
the operating system. The algorithm relies on a cooperation
of simple controllers implemented on the individual cores
which collectively decide about the future frequency settings
of the cores. These simple controllers can be implemented
in hardware or software. They communicate through low
overhead message passing in order to exchange thermal and
performance information. Our experiments show the deadline
miss rate can be reduced by 47.16% in average as compared
to localized technique.
Section II discusses the related work while the details of
our technique is described in Section III. Our results which
are presented in section IV show quantitative benefits of
our technique compared to the previous centralized thermal
management techniques.
II. R ELATED WORK
Thermal management techniques are able to prevent thermal
emergencies by reducing the heat generation or distributing
the heat generation in order to reduce the power density and
temperature. By using mechanisms such as dynamic voltage
and frequency scaling (DVFS), dynamic power management
(DPM) or thread migration. Thread migration usually is not
possible for the hardware accelerators because of the instruction set incompatibilities, but DVFS and DPM can be used for
all types of cores. Scheduling tasks on MPSoCs under thermal
constraints is in general an NP-hard problem due to the huge
number of choices for assigning tasks to the cores and setting
core frequencies. Lack of control over the frequency settings
of DHAs in the embedded MPSoCs further complicates the
scheduling problem in these systems.
While many dynamic thermal management techniques have
been proposed for MPSoCs, most of them address thermal
management in homogeneous MPSoCs and assume a full
control of the operating system over the power states of all
the cores. In [13], a probabilistic approach is taken for thermal
management of homogeneous MPSoCs where the probability
of assigning a task to a core is changed in the OS based on the
temperature history of that core. Donald and Martonosi studied
various combinations of thread migration, DVFS and clock
gating for thermal management of a homogeneous MPSoC
in [3]. For dynamic thermal management in homogeneous
multi-threaded CMPs, [4] suggests temperature balancing by
temperature-aware thread assignment and thread migration.
Techniques have been proposed previously for thermal
management of heterogeneous MPSoCs as well. In [5], a
technique is proposed for asymmetric dual core designs where
the workload is migrated from high power cores to low power
cores in order to reduce the occurrence of thermal emergencies with low performance impact. In [6], a temperature
and energy management approach is presented for heterogeneous MPSoCs. This approach is called hybrid because the
scheduler can operate in two different modes based on the
workload utilization. At low or moderate utilization, energy

optimization has a higher priority and is achieved through
workload scheduling and disabling the cores which are not
required. Since thermal issues are more likely to happen
at high utilization, for these cases a temperature balancing
approach is taken using task assignment and DVFS. The
work in [8] proposes a technique for scheduling embedded
workloads on heterogeneous MPSoCs. In this technique, at
each scheduling tick, based on the thermal state of the cores
and performance requirements of the workload, frequencies
are chosen for the cores, and tasks are assigned to the cores
based on their performance requirements.
All of these techniques assume centralized control of the
operating system over all of the cores. While centralized
thermal management techniques can result in more optimal
solutions, they are not practical in cases such as heterogeneous
MPSoCs where control over power states of some of the
components is limited. Moreover, the complexity of centralized thermal management techniques increases exponentially
with the number of cores which makes them impractical for
MPSoCs with higher number of components.
A distributed thermal management technique for MPSoCs
has been proposed in [9]. It assumes that the neighbor cores are
able to migrate or exchange the tasks among them to control
temperature in many-core systems in a distributed manner.
This work also assumes the operating system running on each
core has the full control of the power states of that core and
is able to coordinate with the neighbor cores and migrate or
exchange the tasks with them.
As a result, it is not applicable to heterogeneous MPSoCs
with DHAs that are common in embedded systems. This
combination of central and combined controls over the power
states of the cores makes the holistic thermal management
of such systems even more challenging. To the best of our
knowledge, there is no previous work addressing this problem.
In this paper, we propose a distributed thermal management
(DistriTherm) technique which addresses the above mentioned
problem by using a distributed and cooperative thermal control
approach using simple per-core controllers which can be
implemented in hardware or software. The decisions on power
states of the cores are made based on the performance and
temperature related information communicated among these
thermal controllers. This technique has very low overhead and
is more scalable than the centralized approach. It is able to
reduce the number of deadline misses in the system while
keeping the temperature below the critical level. Details of
the technique are described in the next section.
III. D ISTRI T HERM T ECHNIQUE
In this section we describe our DistriT herm technique
which performs distributed thermal management of heterogeneous MPSoC through communication and cooperation among
the cores. DistriTherm is applicable to the case of heterogeneous MPSoCs where some of the cores are not under full
control of the operating system and/or have their own built-in
thermal management capabilities. More generally, DistriTherm
is applicable to any MPSoC where cores act separately,
but share a common communication channel. DistriTherm’s
message passing is very low overhead and can be implemented
by a simple controller and interrupt mechanism or through a
shared medium such as AMBA bus which is typically present
in embedded systems.

The messages passed among the individual controllers includes temperature and performance related information which
is used by the controllers to estimate the thermal and performance impact of each core’s power state changes on the
neighboring cores. The thermal effect of a core on the others
depends on various parameters such as size of the cores,
their power characteristics, layout of the chip and the thermal
characteristics of the system. For example, a large and high
power core affects the temperature of its neighbors more than
a small low power core. We use thermal correlation metric
to quantify this thermal impact, and use it to quantify the
trade-off between temperature benefits and performance cost
of scheduling decisions.
When in a thermal emergency, a core broadcasts its request
to its thermally correlated cores calling for a cooperative action. The set of relevant cores exchange information regarding
their thermal state and the performance overhead of engaging a
temperature control mechanism. Then, based on the exchanged
information and the desirable temperature-performance tradeoff, the initiating core sends signals to each of the thermally
correlated cores, either asking it to reduce its frequency or
stating that it can keep its frequency.
Each core’s thermal controller operates in a normal mode
or emergency shutdown mode as shown in figure 2 using StateChart diagram. By default, the controller is in normal mode
and switches to emergency shutdown mode only when the core
temperature exceeds the maximum allowed temperature Tmax
also known as critical temperature.
In normal mode, three processes run concurrently the hardware controller as shown in Figure 2. The right process
explains the master mode, where the temperature of the core
approaches a threshold temperature, and submits requests to
the thermally correlated cores to cooperate as slave cores
in order to resolve the thermal emergency. The left process
corresponds to slave mode where the core receives requests
from other master cores to contribute as slave in managing
the temperature at that master core.
The rest of the section describes our technique in more
details. First, we describe our thermal model and define the
thermal correlation between each pair of cores, which our
algorithm uses to cooperatively choose a suitable core for
reducing frequency to improve the temperature of the master.
Second, we explain how our distriT herm technique works
in more details.

The discrete version of the temperature model in [10] is
T [k + 1] = AT [k] + BP [k]

where T [k] and P [k] denote the temperature and power at kth
sample respectively. Matrix A and B can be derived from the
discretization of continuous model as shown in equation (3).
(
−1
A = eC Gψ

Rψ
−1
(3)
B = τ =0 eC Gτ dτ C −1
where ψ is the sampling interval. Because both matrix C,
G and constant ψ are time invariant, matrix A and B can
be calculated offline. The sampling interval is determined
by the response time of the system, that is, how fast the
system can respond once it detects a thermal emergency. In
our experiments, we chose a sampling interval equal to the
scheduling interval which is 1ms as reported in table II.
As equation 3 shows, the temperature of a core on an
MPSoC depends on the thermal state of the other cores. We
call this relationship thermal correlation between each pair of
cores. For example, to reduce the temperature of a core j in
thermal emergency, we can reduce the power of core j itself
by using DPM or DVFS, or other cores’ power which are
thermally correlated to core j.
The set of the cores in the system is represented by I while
the set of cores in thermal emergency are represented by J.
Tj is the temperature of core j, and Tth is the threshold
temperature. Therefore, J would be the set of cores for which
Tj ≥ Tth .
To make decisions about power state settings, we need
to quantify the trade-off between temperature improvement
and performance overhead caused by a power state switching.
According to equation (2), the temperature of a specific core
i at the next time interval is
n
X
Ti [k + 1] =
(Aij Tj [k] + Bij Pj [k])
(4)
j=1

Equation (2) shows the temperature of a core i at next
sample according to the discrete model, where n is the number
of nodes in the temperature model. From equation (2), we can
conclude that when all cores retain their power state but core i
changes the power state at k, the effect on its own temperature
at time (k + 1) is:
δTi [k + 1] = Bii (Pi0 [k] − Pi [k])

A. Thermal Correlation
We use a first order electrical network to model the temperature on chip [10], which can be formally defined as
(1)

where T (t) is the temperature vector representing the temperature of all the internal nodes at time t. P (t) is the power
vector that representing the power consumed by each internal
node. In the thermal network model, T (t) is equivalent to
voltage, while P (t) is equivalent to current. Therefore, we call
matrix C thermal capacitance matrix, and matrix G thermal
conductance matrix, while both of them are time invariant.
They can be obtained by the thermal characteristic, dimensions
and floorplan of the chip.

(5)

We can also formally define the temperature improvement
caused by lowering the power state of core i on core j by:
tempImp(i, j)

d
C T (t) = GT (t) + P (t)
dt

(2)

Pi0 [k]

= Bji (Pi [k] − Pi0 [k])

(6)

where
is the new power of i if its frequency scales
at time k. Please note that tempImp(i, j) can be negative
if the new power increases instead of decreases. This formal
definition of temperature improvement makes it possible to
quantify the trade-off between performance and temperature
improvement.
When solving the thermal management problem using a
distributed approach, the cores need to communicate to each
other to set their power state appropriately. However, the
communication overhead is directly proportional to the number
of core pairs communicated with each other. To reduce this
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Fig. 2: Distributed thermal controller (Running on each core i)

communication overhead, we limit the information exchange
to the cores which are highly thermally correlated. Based on
equation (6), we define that core i is thermally correlated with
j if
Bji > cth

(7)

where cth is the thermal correlation threshold. If core i and
j are thermally correlated, it means that changing the power
and temperature of core i can affect the temperature of core
j noticeably. We also define for every core i, a list Mi where
Mi is the list of cores that are thermally correlated with i. In
the following discussion, when core i broadcasts a signal, it
means the signal is broadcast only to Mi .
To prevent significant performance loss, decisions on the
power states of the cores should be carefully evaluated before
being applied to the system. For example, suppose two neighboring cores run high priority tasks. Two possible solutions
are to lower the frequencies of both cores, or lower the
frequency of a third core which may improve the temperature
of both cores with lower overall performance loss. To quantify
potential effects of such decisions, we define a metric thermal
management suitability of a core i as follows:
suitability(i) =

(1P
− priorityi )(Fi − Fi0 )/Fimax
∗ j∈Ji tempImp(i, j)

(8)

where Fi and Fi0 are the current frequency and target frequency of core i respectively (whose difference reflect the
performance impact of slowing down the core), and Ji is list of
the cores in thermal emergency which are thermally correlated
with i. Thermal management suitability metric allows us
to quantify the trade-off between the performance loss and
overall temperature benefits that switching the power state of
a core i can cause on the cores in set Ji . Each core in thermal
emergency asks for suitability information of the thermally
correlated cores in order to choose one of them whose power
state change could benefit more in terms of temperature with
lower performance cost.

B. Distributed Thermal Controller
The distributed thermal controller of DistriTherm algorithm
is shown in figure 2 in StateChart diagram format. Please note
that in figure 2, the signals are expressed all in uppercase,
while only the first character in an action’s name is uppercase.
As shown in the figure, the controller operates in two main
modes: normal mode and emergency shutdown mode.
The controller operates in the normal mode until the core
temperature exceeds the critical temperature Tmax . In this
case, the controller switches to emergency shutdown mode.
In emergency shutdown mode, the DistriTherm controller
broadcasts a signal and forces all cores to switch to sleep
mode, and resets them back to default states when every core’s
temperature reaches a safe temperature Tsaf e .
In normal mode, there are three finite state machines (FSM)
operating concurrently: Deadline FSM, Master FSM and Slave
FSM. The deadline FSM makes sure that when a lower power
state cannot meet the deadline, the core stays at its current
power state as long as possible. The master FSM engages
when the core is in thermal emergency. It requests the other
cores to contribute in lowering its temperature. The slave FSM
engages when requests are received from other master cores.
Here these FSMs are explained in more detail.
Deadline FSM: This FSM keeps track of the performance
requirement of the core. If it is in Block state, it means
lowering power state of that core will cause its deadline to
be missed. Please note that in this work, each core has a
finite number of frequencies that it can switch to, and the
core power state is an integer that indicates which level of
the frequency it is using. Higher power state corresponds to
higher frequency. Power state 0 corresponds to core’s sleep
mode with smallest power consumption. To minimize the
number of deadline misses, we distinguish the cores whose
power state change might cause deadline miss and protect
these cores from being switched to a lower power state due to
thermal emergencies. This is done by our deadline preserving
algorithm (DPA) which is shown in Algorithm 1.
At each scheduling tick, the remained slack for each deadline constrained task is estimated. Based on the current task

Algorithm 1 Deadline preserving algorithm
slack = deadline − time elapsed
remain = (1−progress)∗base length∗Fmax /Fcur−1 ∗α
if (slack < remain + switching overhead) then
if ST AT E(deadline F SM ) = Regular then
send PRESERVE to deadline FSM
end if
else
if ST AT E(deadline F SM ) = Block then
send CLEAR to deadline FSM
end if
end if

progress, the remaining length of the task for the lower power
state is estimated as well. A value between 0 and 1 is used to
represent the progress of a task, where 0 means no instruction
has been committed yet, and 1 means all the instructions of
the task are completely committed. The execution time of a
task on the core at its highest frequency is called base length.
A linear model is used here to predict the task progress when
the frequency is scaled. The scale factor α in Algorithm 1 can
be obtained from pre-characterization of the task. If estimated
remaining length of the task plus the power state switching
overhead) is larger than the slack, it means that switching to
a lower power state will lead to a deadline miss. Therefore, in
this case a signal PRESERVE switches the deadline FSM to
Block state to prevent the core from going to a lower power
state. If the estimated remaining length is shorter than slack,
this means it is safe to switch to a lower power state without
causing a deadline miss. In this case, a CLEAR signal resets
the state of the deadline FSM to Regular allowing slave FSM
to lower power state of the core.
Sometimes the core might need to lower its power state
despite the state of deadline FSM being set to Block. This
could happen when no other core is able to reduce its frequency to prevent thermal emergency, as in the case where all
requests from a master core are rejected. Therefore, while
this deadline preserving algorithm tries to prevent such cases,
it might not able to guaranty meeting all the deadlines due to
resource constraints and thermal requirements, which will be
discussed in the next section.
Master FSM: In the case of thermal emergency ( temperature of the core exceeding (Tmax − ∆T ) ), this FSM
broadcasts REQUEST to every thermally correlated core and
waits for every thermally correlated core to send its suitability
or REJECT signal. ∆T is set to be 2◦ C to avoid too frequent
power state switches. As it receives the incoming suitability
information, the master FSM marks the suitability in list Mi ,
or 0 if the incoming signal is REJECT rather than suitability.
Among all the thermally correlated cores, the master FSM
needs to choose a core with the highest suitability as a target
core, and send a signal TARGET to request the target core
to reduce its power state. In the case that all the thermally
correlated cores reject the request, the master controller has
no choice but to reduce its power state. After the target core
is chosen, the master controller switches into Wait cool state
and waits until the temperature drops below (Tmax − 2∆T )
to avoid Master FSM switching frequently between Standby
and Wait state if the workload changes. . If the temperature

does not drop below (Tmax −2∆T ) before timeout, the master
controller broadcasts new REQUEST to further reduce its
temperature.
Slave FSM: This FSM handles the requests from master
FSMs. When REQUEST signal arrives, the slave FSM puts
the requesting core into list Ji and switches to Wait act state.
Before the timeout happens in Wait act state, slave FSM keeps
accepting requests from other master FSMs. This Wait act
timer is a very important parameter in this distributed algorithm. It allows the controller to wait for suitability information
from all of the thermally related cores. This enables the
controller to choose the best candidate among these cores.
If some of the cores cannot respond in time, the controller
goes ahead and makes its decision assuming that the core
cannot contribute. The wait length of Wait act timer should be
chosen according to the thermal time constant of the core. If
the timer length is too short, the slave FSM cannot capture all
the requests in one single iteration which results in less optimal
solutions. If the timer length is longer than the time constant,
the slave FSM cannot respond on time and the temperature
might significantly increase before an action is taken.
Once timeout happens in Wait act state, the slave FSM first
reads the state of deadline FSM in the same core. If the state
of deadline FSM is Regular, the slave FSM computes and
broadcasts suitability to cores in list Ji , or broadcasts REJECT
signal to cores in list Ji if the state is Block. Deadline
FSM changes its state according to the performance needs
of workloads.
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Fig. 3: Floorplan of the MPSoC used in our experiments

IV. E XPERIMENTAL R ESULTS
We have built a scheduling system on top of HotSpot
temperature simulation tool [21] in order to evaluate our
distributed temperature aware scheduling of tasks on MPSoCs,
and compare it to state of the art algorithms. To integrate
power and performance data for different types of cores, this
system is a modular and allows easy integration of data from
different sources. It decouples the overall system simulation
from the core-level performance and power simulations. The
performance and power data can be collected offline from a
simulator or from real measurements. This enables extension
of the set of cores simulated in the heterogeneous MPSoC.
We use M5 Simulator [7] which is integrated with McPAT
power model [19] to get power/performance data for GP cores.
These cores are based on a simple out of order architecture
similar to the ARM Cortex A9 [20] which is used in embedded
platforms such as TI’s OMAP5 and NVIDIA’s TEGRA 2.
Various SPEC2000 benchmarks are simulated on M5 with the
power model from [19].

Peak power
(W)
0.5
0.4
0.8
1.1
0.25

Frequencies@Voltages
(MHz@V)
600@0.85, 900@0.9, 1200@1.0
600@0.85, 900@1.0
400@0.85, 600@0.9 , 900@1.0
400@0.85, 600@0.9, 900@1.0
600@0.85, 900@1.0

TABLE I: System configuration

For DHAs, we use various coder, decoder and DSP architectures. To represent workloads running on high end smart
phones, we consider various lengths of video decoding and
encoding on the video codec DHA with the power values
reported in [16]. We create traces by scaling the execution
times of the MediaBench II benchmarks [18] for DSPs.
Table III summarizes the key characteristics of the benchmarks used in this paper. A DHA task is always assigned to its
corresponding DHA as shown in figure 3. In our experiments,
new instances of a DHA task type are issued periodically. We
assume that the deadline of a task is equal to its period. Once
an instance of a task misses its deadline, a new instance is
created, and the previous instance is dropped. The number in
the execution time column in table III, is the execution time of
each DHA task at the highest frequency of its corresponding
DHA. In our experiments, all GP cores are always running GP
tasks unless they are stopped due to thermal issues.
As our metric for performance of DHAs, we use deadline
miss rate which is calculated by dividing the number of deadline misses by the number of issued tasks. Because general
purpose tasks do not have deadlines, average instruction per
second (IPS) is used as their performance measure.
Power states of the cores and their corresponding voltage
and frequencies are reported in I. For switching between
various voltage and frequency settings, we assume an overhead
of 100µs [14]. For leakage power and its dependence on
temperature, we use the leakage model introduced in [12]
with the same constants used in the paper for 65 nm. Power
state adjustments for temperature management are done using
DVFS and DPM mechanisms. In DVFS, the cores have several
voltage/frequency settings which provide various operating
points with various power/performance choices. In DPM, there
are only two power states. The core is either running at its
highest frequency or is turned off with a switching overhead
100 µs in our setting.
Ambient
Convection resistance
Chip thickness
Chip footprint
Freq. switching overhead
Sleep/wake overhead
Wait act timer
Scheduling interval
Sampling interval
cth
Tmax
∆T
Tsaf e

45◦ C
0.311 K/W
0.15mm
9 × 9mm2
100µs
100µs
1ms
1ms
1ms
0.2 K/W
107◦ C
2◦ C
100◦ C

TABLE II: Evaluation setup

published photos of the dies after subtracting the area occupied
by I/O pads, interconnection wires, interface units, L2 cache,
etc. The leakage model in [12] is used to account for the
temperature dependence of the leakage. We use the same
constants mentioned in [12] for 65 nm. HotSpot Version 5
[21] is used with a sampling interval of 100us which provides
sufficient accuracy with reasonable overhead.
Task

Core type

gcc
mcf
crafty
parser
audio
video
graphics
image

GP core
GP core
GP core
GP core
DHA
DHA
DHA
DHA

Priority

Period (ms)

1.0
1.0
0.5
0.5
1.0
1.0
1.0
1.0

N/A
N/A
N/A
N/A
10
33
50
12

Exec time
@ Fmax (ms)
N/A
N/A
N/A
N/A
8.95
19.52
28.80
7.45

TABLE III: Core configuration and workload

A. Results
To show the benefits of our proposed thermal management
technique, we compared our distributed thermal management
technique against following thermal management techniques
which are widely used in embedded MPSoCs.
Local TM (Local thermal management): Each core uses
a simple thermal management mechanism implemented in a
hardware controller. Whenever temperature reaches (Tmax −
∆T ), it reduces its power state by one step, and increases it
also by one step when the temperature drops below Tsaf e .
Deadline TM (Deadline driven thermal management):
The OS scheduler gathers temperature information of all
GP cores in the system, and execute a proactive thermal
management policy at every scheduling tick. However, OS has
no control over DHA’s power states, thus, all DHAs run at the
highest power state such that the deadlines can always be met.
In this technique we set the scheduling interval to be 1ms asn
shown in table II.
DistriTherm: Our distributed thermal management uses the
configuration shown in table II.
15"
Deadline(miss(rate((%)(

Area
(mm2 )
9
7.5
16
24
4.5

10"
5"
0"
0.4"

Peak%temp.%(°C)%
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0.6"
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Fig. 4: Wait act timer trade-off

The MPSoC used in our experiments is assumed to be
implemented in 65 nm technology. The floorplan of the
heterogeneous MPSoC used in our experiments is shown in
the figure 3. The areas of these cores are derived from the

One of the most important parameters in our technique is
the Wait act timer. Longer Wait act time allows the master
to make a better decision while it also increases the delay

Policy
Local TM
Deadline TM
DistriTherm

Miss rate (%)
for DHA
48.77
0.00
1.61

Avg. perf. loss (%)
for GP
baseline
39.23
27.67

Peak temp. (◦ C)

Energy (J)

105.00
113.67
105.25

2.95
3.17
2.90

TABLE IV: Performance comparison

of responding to thermal emergencies which might lead to
higher maximum temperature. Figure 4 compares the effect of
setting Wait act timer to a range of different values when the
controller operates in the normal mode. As this figure shows,
miss rate of the system constantly decreases as Wait act timer
increases, but the reduction is negligible after 1ms, while the
peak temperature starts increasing after 1ms. For the rest of
the results, we use 1ms as the wait time for Wait act timer.
The performance loss of GP cores is measured by comparing the IPS observed in the experiment (IPSEXP ), and IPS
when the GP core runs at its highest frequency (IPSMAX ).
Performance loss is calculated by the following equation
X
IPSEXPi /IPSMAXi × priorityi
(9)
Perf. loss =
i

As our baseline, we use Local TM as a technique which can
always keep the temperature below thermal threshold. In table
IV, other techniques are compared in term of performance to
Local TM across the same benchmarks.
Table IV compares different techniques in terms of the
average performance loss across various combinations of GP
core workloads, along with average deadline miss rate of
different DHA tasks. Our experiments show that Deadline
TM results in the highest peak temperature 113.67◦ C which
is significantly higher than the critical temperature. Deadline
TM which does not have control over DHAs, consumes the
highest energy among the techniques we compare. This shows
that in modern MPSoC designs where DHAs consume a great
proportion of total power, controlling the power state of DHAs
is can significantly affect power, energy and thermal profile .
Average deadline miss rate of DHAs is 1.61% using DistriTherm, which is an order of magnitude lower than Local
TM. Also, our technique successfully satisfies the temperature
constraint while Deadline TM fails. On the other hand, it
increases the performance loss of general purpose tasks by
27.67% compared to Local TM. This is because of higher
priority of tasks running on DHAs compared to general
purpose tasks as described before. Due to this higher priority,
in the case of thermal emergencies, DistriTherm sacrifices
performance of lower priority general purpose tasks selectively
in order to reduce the deadline misses of higher priority DHA
tasks.
V. C ONCLUSION
In this work we present a scalable distributed thermal
management technique for a mixture of workloads consisting
of deadline driven and general purpose tasks. We first quantify
the thermal correlation between the cores. Then, using the correlation, when temperature reaches a threshold, DistriTherm
controllers of the thermally correlated cores communicate
to determine the best core to slow down. This is the core
whose frequency reduction can benefit the other cores more
in terms of temperature, while minimizing deadline misses and
throughput loss. The experiments show that our DistriTherm

technique can successfully reduce the deadline miss rate by
47.16% on average while limiting the peak temperature as
compared to completely localized thermal management.
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