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Abstract such aRAMP [11], commaodity architectures (such

. _ . _ as SPARC) are candidates for multicore deploy-
Reconfigurable logic devices offer new and interestent [4]. Standard architectures enable developers
ing opportunities foapplication-specific customiza+to leverage existing operating systems [13] and tool
tion and processor configuratiomiowever, the most chains, such as the Linux and the GNU compiler and
compelling optimization problems in this area aigebugger.
NP-hard.

In our preliminary work, we customized thmi- .

. . Opportunities Because FPGAs are less dense

croarchitectureof a single processor core for a tar; . o o .
o N . .. than their Application-Specific Integrated Cir-

get application by viewing it as a multi-objective

. . . T cuit (ASIC) cousins, naive instantiation of a stock,
constrained integer nonlinear optimization problem, . : o
ulticore architecture would not be competitive.

Our results demonstrated the validity, feasibility, ar]rB' . .
. owever, FPGAs offer new and interesting oppor-
scalability of that approach [9]. Here, we propose eX- it L - N
. . ; . nities for application-specific customization and
tensions to customize the microarchitecture of muk . . .
. configuration of the processqrsn particular pro-
tiple processor cores. . : L _
cessomicroarchitecture customizatiomhich is the
subject of our research. There are hundreds of mi-
1 Introduction croarchitecture features in each processor that can be
customized to favor a given application. Examples of
With the number of cores on a chip expecteglich features include cache size, cache associativity,
to double with every silicon generation [2], sysand multiplier implementation.
tems with thousands of cores per chip have be-With MPSoCs, in addition to customizing each
come a research target. Wiield Programmable processor’s microarchitecture for a task, we can also
Gate Arrays (FPGAs) achieving sufficient den-consider customization of microarchitecture across
sity, embedded applications with tight runtimprocessors for the entire application, in a system-
and resource restrictions are increasingly relyingde manner.

on Multi-Processor system-on-chip(MPSoC) ap-

proaches [12], for emulation or deployment. Challenges Unfortunately, optimizing the use of
Multicores of vendor-specific architectures (Sughconfigurable logic for microarchitecture features
as MicroBlaze [14]) are readily available. Howeveg. ss multiple processors is AP-hard problem.
with the inclusion of open-source processor implgyh, stive approaches are infeasible: in LEON2,
mentations such as LEON [5] in high-end projecifere are 190 customizable feature values, yielding
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costs. Estimation can be inaccurate, causing inastensions for multi-processor microarchitecture op-
curate optimization. Therefore, we measamual timization.
costs, for all the dimensions that are being optimized

and constrained (currently, application runtime afghsearch platform For our preliminary work, we
FPGA resources). used our liquid architecture platform [10] and its
With multi-processor cores and long running aprardware-based, cycle-accurate, non-intrusive pro-
plications, profiling the application on every possifjler [7]. For multi-processor microarchitecture cus-
ble configuration may not be feasible at times. Ifomization, we plan to use RAMP [11] as our plat-

stead, we propose correlating application runtimef§rm and extend our profiler as needed.
microarchitecture features from a single application

execution. FPGAesource usageare measured by2
actually building processor configurations from the’
sourceVHDL. Each build is very time-consuming,
on the order of 30 minutes, even on modern compiftfe solved the problem of application-specific cus-
ers. tomization of single core microarchitecture asom-
These two challenging makes the customizatigtrained integer nonlinear optimizatigroblem.
harder than a traditional optimization problem be- From the stock processor configuration, we
cause they make it infeasible to build an exact mod#iange microarchitecture features one at a time and
and search for the best solution exhaustively. generate the corresponding processor configurations.
We then construct the search space for exploration by

Other considerations On MPSoC, logic can aISOapproxmatmg the remaining configurations based
on the generated ones [9].

be devoted to realization of application-specific

custom circuitry to outperform high-end general- _ o .
purpose processors on compelling applications f},r,oblem formulation The objective of the opti-

8]. Some vendors also offer fixed realization dpization is tominimizeapplication runtime or re-
a standardnstruction Set Architecture (ISA) on Source as desired by application developers. By us-
MPSO0C (such as Virtex 4-FX with its embedded PPE&9 appropriateveightsin the following function, de-
processor [14]). While some of our proposed r¥elopers can choose the tradeoff between application
search applies to the reconfigurable logic around f@formance and resources that they wish to obtain.
fixed ISA, a soft-core processor offers more oppot1€ COSts below are normalized [9].
tunities for optimization, as we discuss below. Minimize Z[wl(timecosth

. o = wo(F PG Acost;x;) + ...
Related work There is no existing research that z; is a binary variable indicating the presence

considers customization of all microarchitecture feg; jpsence oft” configuration (corresponding to
tures as we do. The relevance of similar approac%nge in one microarchitecture feature)'s are
is summarized elsewhere [9] due to space Agependent

straints.

1 Single-core Microarchitecture Cus-
tomization

Because we use binary variables to represent the
different possible values of a microarchitecture fea-
ture, we use constraints to select only one variable

- (value) per feature. Constraints are also used to en-
In a preliminary work [9], we developed an auto- e
. . o ure that the hardware resource limits are not ex-
matic technique that can be used by application de-
ceeded. As an example, the FPGA resource con-
velopers to trade resources (FPGA resources, power. . .
. A straint is presented below.
consumption, energy dissipation, and so on) for per- -

formance of the target application. In this section, ZFPGAcostixi < Available FPGA
we first summarize that technique and then propose i=1

2 Problem Formulation
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There are also constraints to ensure that the res@tr heuristic Performance of streaming applica-
ing processor configuration is valid. For instance, ftions is determined by theottlenecktask, which is
the LEON processor, the cache replacement politye longest running task in the pipeline. One way
of Least Recently ReplacedLRR) is possible only to improve performance of such applications would
when the number of cache setis be to speedup the bottleneck task through microar-
chitecture customization. This would be done itera-
tively as described below. First, find the longest run-
2.2 Extensions for Multi-Processor Mi- ning task across processor cores. Next, customize
croarchitecture Customization microarchitecture of its processor core with the ob-
_ _ _ _ tjective of minimizing the task’s runtime, using ad-
Generally, there is a conf‘l‘lc_t betvyee_n using 9h'p A8ftional resources as needed. This customization is
for more cores and for blgger. mlcroarchltecturgim”ar to our heuristic to optimize single-core mi-
features. For the purposes 9f this paper,_the num%ﬁgarchitecture summarized in Section 2.1 with the
of processor cores, along with the mapping of tas

. ) o Rference of using only the current task runtime cost
onto them, is provided by the application developqﬁ the objective function:

the number of cores remains fixed during optimiza- n
tion; each core supports the execution of exactly one Minimize Z timecost; x;
task of the application; and each core hosts the same . . oi=l s
x; is a binary variable indicating the presence

processor architecture. h . .
) i or absence oft" configuration.
We then vary the microarchitecture of each pro-

cessor, aiming for high application performance butOnce we get the optimal processor microarchi-

constrained by available chip resource.s. _ tecture for this task, we recompute the task with
We further assume that task execution time dofg |ongest runtime and the still available FPGA re-

inates wait time for data (if any), communicating, ,rces. We repeat the single-core optimization for
processor-cores are interconnected by point-to-poiis task as explained above.

buses of fixed width, and FPGA resources are avaiI\Ne iterate the optimization until we gain no fur-

able for use in optimizing the cores’ microarchiteGper jmprovement in task execution time, run out of

tures. We focus on streaming applications. resources, reach the target performance or the time-
Data gathering for optimization begins with geryyt value specified by the application developer. The

erating a sequence of processor configurations. Eagfti-processor microarchitecture configuration we

given microarchitecture feature. The processor cofhjs process is depicted in Figure 1.

figurations are dependent only on the microarchitec-

ture features and not the application itself. Sln_ce I3 Addressing Simplifications
the processor cores are homogeneous to begin with,
the set of configurations that we generate for eaCince we solve the simplified version of the problem
processor core is the same. During processor contimulti-processor microarchitecture optimization as
uration generation, we track FPGA resource usagescribed in Section 2.2, we will address the simpli-
cost of each configuration. fications we made.

We then execute each application task on ev-In addition to letting application developers iden-
ery processor configuration that we generated aifgt and input application parallelism and task map-
measure the corresponding application runtime cgsitig to our heuristic, we will attempt to automate
power consumption cost, energy dissipation co#tusing dependence analysis [1]. Alternatively, we
and other costs that we are interested in optimizensider timestamping message calls and inferring,
ing or constraining. For our work here, we focusot only parallelism, but also inter-processor com-
on minimizing application runtime under resourcaunication bandwidth. The latter can then be used
constraints and hence we only measure task runtitneoptimize processor interconnects besides proces-
costs here. sor microarchitecture. Instead, we could also use
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