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TABLE III
PEAK TEMPERATURES FOR SMT CONFIGURATIONS

In our experiments, we found that SDTM alone was unable
to manage the peak temperature below Tmax. Hence, the use
of a software-only approach to guarantee thermal safety is
insufficient, and hardware mechanisms are needed to deal with
thermal emergencies. HDTM, on the other hand, was able to
successfully guarantee thermal safety for all the benchmarks
that we ran. However, we saw that HDTM has a much higher
performance impact compared with SDTM.

Fig. 6 shows the performance impact in terms of relative
execution-time overhead of HybDTM and HDTM. The exe-
cution times are normalized to the time taken by a single run
of the benchmark in the absence of any DTM policy. We see
that HybDTM has a lower performance impact as compared
with HDTM in all cases. Note that the execution-time overhead
shown is that of the SPEC benchmark with memory running
in the background. The average execution-time overhead for
HybDTM as compared to the case when no DTM technique
is employed is 10.4%, with the maximum being 20.1%. The
corresponding overhead for HDTM is 23.9% (46% maximum).
The average improvement of HybDTM over HDTM is 10.9%,
with the maximum being 18%, which occurs in the case of art.
The performance impact for twolf and mcf are low because,
as mentioned earlier, only low-overhead proactive software
techniques were sufficient to guarantee thermal safety.
3) Analysis: Fig. 7 shows the variation in the processor tem-

perature with time for gzip running along with memory. From
the figure, the effects of hardware versus software DTM can
be clearly seen. Due to the proactive use of priority/timeslice
adjustment, the rank assigned to gzip is low, and hence, the
initial temperature rise is not very steep. Moreover, as the
temperature rises above Thw and clock gating is enabled,
the temperature drops sharply. The subsequent rise is again very
gradual because of the lower rank of the “hot” gzip benchmark
as compared to the relatively “cold” memory. Therefore, clock
gating is not enabled very often. Furthermore, as explained
in Section IV-C, we use an extremely fine-grained control for
clock gating by engaging/disengaging it at the granularity of
every context switch. This ensures that the clock is throttled
for only as long as it is needed, thereby minimizing the per-
formance impact. Hence, by taking advantage of low-overhead
software mechanisms and using hardware mechanisms as a fail-
safe backup, HybDTM is able to minimize the performance
impact while ensuring thermal safety.

B. SMT Results

In this section, we present results for a multithreaded
environment, running more than one SPEC benchmark
simultaneously.

Table III shows the peak temperature of several combinations
of SPECint and SPECfp benchmarks. The trigger thresholds
Tsw and Thw as well as the maximum allowed temperature

Fig. 8. Relative execution time for SMT configurations.

Tmax are the same as in the case of the uniprocessor config-
uration. Again, it can be seen that the peak temperature with
HybDTM is always below Tmax, which implies that HybDTM
is able to guarantee safe online operation. In all cases, hardware
clock gating was required, in addition to priority/timeslice
management, to manage the overall temperature.

Fig. 8 shows the normalized execution times for the different
benchmark pairs. Again, HybDTM performs better than HDTM
in all cases. However, the proactive software technique is not
very effective in this case because all the SPEC benchmarks
exhibit high thermal contributions to the overall temperature
and hence are “hot.” Therefore, priority/timeslice management
lowers the rank of both benchmarks in each pair although by
different amounts. Due to this, the relative improvement in
performance impact of HybDTM over HDTM is not high, and
clock gating is used frequently in both cases to manage the peak
temperature.

VI. RELATED WORK

In this section, we present related work.

A. Thermal Modeling

Increasing power density and cooling costs in modern micro-
processors has led to significant research effort in the field of
power/thermal modeling and management. Skadron et al. [5]
first developed HotSpot, an RC network-based architecture-
level thermal model for processors. Yang et al. [25] developed
a compact thermal model using an accurate numerical-analysis
methods. Isci and Martonosi [26] used hardware performance
counters to characterize processor power. Bellosa et al. [3] used
OS support to model the processor temperature using a power
model coupled with an RC network-based thermal model.
However, as shown by recent studies [6], most of these models
are complex and incur a large execution-time overhead every
time they are invoked, which makes them infeasible for making
DTM decisions at very fine timing granularities. Moreover, they
ignore system-wide thermal effects.






