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ABSTRACT mapped to a core which achieves the best energy efficiency.

Asymmetric multicore processors (AMPs) consist of cores [21. A . ‘ f . P
executing the same ISA, but differing in microarchitectural Most AMP design references feature a high performance

resources, performance, and power consumption. As the ?Ut_Of Ordel;l (000) c(;ge.comlImngd;thIa(s)maller I(XIRI;?;_
computational bottleneck of a workload shifts from one re- bqrrrﬁ%n(ieTa&l. energy € fler;t n_h r sr ( " i Coﬁe' S
source to the next, during its course of execution, reassigning 18- Latt e7 15 an exampie of such a cesign [1]. However, a
it to the core where it runs most efficiently can improve the workload’s performance on a particular core type depends
overall energy efficiency. Simulation studies show that the on larger set of processor resources since workloads are di-
performance bottlenecks can shift frequently, often within a verse in nature: Thus, a larger set of d1v§rse cores that could
few thousands cycles. With frequent core hooping, the over- address the Shlftlpg resource needs during various program
head of thread migration becomes significant. To mitigate ph;ses gf an a.p? hcatllo . lcsi needed. i« AMP h

this overhead, we propose a morphable core that can assume avada et al. explore non-monotonic cores that
one of four possible configurations to address the dominant are specifically designed to address bottlenecks that result
performance bottlenecks, while retaining the same cache and H; poor performanci' [1}11] The1r bi}t Of, AMP,) }(1:011“ ©s (iir;wt
registers. This way the architectural state remains intact Ol a narrow core whic S}lltS. application Wlt ow 1L, &
while the morphable core is reconfigured in resources and large window core for application phases which have window
frequency. We then implement a runtime scheme to decide bottlenecks (reorder buffer, issue queue), a wider core for
the best configuration to run on and switch configuration as phases that have width bottlenecks (fetch and issue width)
necessary. Simulation results indicate that on the average, and finally, a normal super-scalar OOO core to target most

the proposed scheme results in performance/watt improve- common scenarios. Core configurations similar to these four
ment of 41% core types form the base for our work in this paper.

Recent research has shown that power savings opportu-
nities can often be found in much shorter time scales, typ-

Categories and Subject Descriptors ically measured in thousands of instructions[3]. To support

C.1.3 [Processor Architectures]: Adaptable architectures such fine grain switching, self-morphing core architectures
where an OOO core dynamically morphs into an InO core
Keywords during run time have been proposed [3]. Morphing was

considered only between two extreme architectures, i.e., a
wide issue OOO core and an InO core. However, as dis-
cussed previously, the resource bottlenecks or excesses can
be quite diverse thus missing out on important power perfor-

Asymmetric multi-core processors; Hardware Performance
Counters; Core Morphing

1. INTRODUCTION mance optimization opportunities. In this paper we present

Previous research on Asymmetric Multi-core Processors a novel morphing architecture in which the core dynamically
(AMPs) has identified multiple opportunities for exploiting switches between four OOO core execution modes of vary-
the processors’ asymmetry. A key to AMP efficiency is hav- ing fetch and issue width, buffer sizes (IQ, LSQ, ROB) and
ing a mix of core types with different power and performance clock frequency.

characteristics so that a program phase of an application is
2. SELF MORPHING ARCHITECTURE

Permission to make digital or hard copies of all or part of this work for Our self morphing architecture consist of a single core

personal or classroom use is granted without fee provided that copies are whose resources are banked; they can be turned on or off and
not made or distributed for profit or commercial advantage and that copies the frequency can be raised or lowered to configure the core
bear this notice and the full citation on the first page. Copyrights for third- to each of the four core modes shown in Table I. Our baseline
party components of this Work must be honored. For all other uses, contact execution mode is an average OOO core (AC) that will be
;?:c?TV’V]I?r/AAuuTZng_O;;, rlz%hlt 41Sélgigoz};;:e:gngzxa};or(S)' dynamically morphed into one out of the other three modes,
ACM 978-1- f5(53-2809—,i§ 114/08 . T ’ namely, wider core (WC), narrow core(NC) and larger win-
http://dx.doi.org/10.1145/2628071.2628124 dow core (LW) during run time. The four modes have dif-
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Table 1: Architecture parameters of the four core
modes.

CoreType | ClockPeriod(ns) Buffer size Width
(IQ,LSQ,ROB) | (fetch,issue)
AC 0.6 32,128,128 34
NC 05 32,64,64 2.2
Lw 0.7 48,128,384 4.4
WC 0.7 32,128,128 6,6

ferent buffer sizes, varying fetch and issue widths and also
run at different frequencies. Decoding units are also sub-
sequently powered on/off when fetch and issue width are
resized. Still, all four modes have the same cache sizes with
I-cache size of 64KB, D-cache size of 64KB and the L2 cache
size of 2MB. This allows us to resize resources dynamically
leaving the content of the cache intact, which in turn allows
fine grain switching.

3. RUNTIME SUPPORT FOR SELF MOR-
PHING

The computational resource requirements of an applica-
tion change during its execution and are not available be-
forehand. Hence, an online mechanism that is computation-
ally fast and reasonably accurate, is required in guiding the
application to the right core configuration at run time. The
decision to select the most appropriate core configuration
for the current application phase is made by computing the
throughput/watt for each of the configurations and selecting
the one that provides the highest throughput/watt ( mea-
sured in IPS?/Watt). To calculate the throughput/watt,
we use a hardware performance counters based linear re-
gression model to estimate the power and performance on
each of the different configurations. The counters used in
this work consist of IPC, Cache activity, Branch activity,
Instructions committed and Buffer-full stalls. Our results
indicate that we can predit power and performance in each
of the core modes with reasonable accurancy with average
errors of 15% and 8% for predicitng power and ITPC, respec-
tively.

4. MORPHING OVERHEAD

Switching between one morph core to another is based on
the TPS?/Watt metric. The decision to morph from one
core mode to another is taken if the TPS?/Watt computed
for one of the other three core modes is greater by at least
5% than that for the currently used core mode. When a
core mode switch happens, we drain the core pipeline and
resize the core buffers and frequency (depending on the core
we are morphing into) and start executing instructions in
the newly morphed core. Fine grain DVFS with on-chip
regulator is employed to switch voltage/frequency at fine
granularity with an overhead of 200 cycles. The overhead
of banking for ROB, IQ and LSQ is taken to be 10 cycles
to power off a particular bank. Once the bank to be turned
off is selected, we wait until the existing instructions in this
bank has committed before switching off that bank. On
average, this morphing overhead has been estimated to be
500 cycles.

5. RESULTS

In this section we evaluate our proposed self morphing
scheme. The core parameters considered are listed in Table
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Figure 1: % Improvement in I PS?/Watt of proposed
self-morphing scheme with 4 modes

I. We use gemb5 as our cycle accurate simulator with inte-
grated McPAT modeling framework to compute the power
of the cores and caches. We evaluate our proposed scheme
using the SPEC benchmark suite. The benchmarks were
compiled using gce for Alpha ISA with -O2 optimization. All
our evaluations were carried out by running each benchmark
for 2 billion instructions after skipping the first 2 billion.
The percentage improvement in IPS? /Watt of our pro-
posed self-morphing scheme with four core types when com-
pared to the baseline where applications are run completely
on the Average core type (AC) is shown in Figure 1. On
average we achieve I PS?/Watt benefits of 41% and perfor-
mance improvement of 10% compared to the baseline.

6. CONCLUSION

In this paper, we presented a self-morphing core that can
morph into one of four different core types. The selected
core types are suited to address most common performance
bottlenecks found in SPEC benchmarks. Based on a small
number of performance counters, a novel co-designed run-
time system predicts the performance and power across all
core modes based on statistics obtained from the current
core type (whichever it may be) and uses this information
to morph into the core type that offers the best energy effi-
ciency. Our results indicate that we can achieve an average
throughput/watt gain of 41% over executing on a standard
core.
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