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1 Introduction

The Cell BE chip-multiprocessor (CMP) is designed for hdgmnsity floating point

computation required in multimedia, visualization, antestsimilar applications. Its
innovative design includes multiple SIMD vector cores l@alsynergistic processing
elements, or SPESs) with explicitly managed per-core loeahory and inter-core com-
munication. The computational power of a single Cell BE dhinpressive: its single-
precision peak performance is 204.8 Gflop/s for the 8 SPEgaldowever, the same
features that allow for high theoretical performance makifficult and time consum-

ing to design and optimize specific real-world computatideanels for the Cell. In-

stead of using automated tools, these programs must @kpécidress multithreading,
SIMD vectorization, and data streaming in order to extraakimum performance.

In this paper we address the automation of program optiimiz&tr the Cell: we extend
the program generation system Spiral [1] to support thef@Zetiessor. Spiral automates
the production, platform adaptation, and optimization ighal processing transform
libraries and targets SIMD vector extensions [2], sharechorg multicore CPUs [3],
graphics processors (GPUs), and FPGAs. It is based on a dapedific, declarative,
mathematical language to describe the algorithms, andregeting to parallelize and
optimize algorithms at a high level of abstraction.

We extend Spiral in two steps: First, we extend Spiral's SIM#2tor program gen-
eration capabilities to support the SIMD instructions dethe Cell SPE. Second, we
extend Spiral to support explicit DMA transfers and singtegram-multiple-data mul-
tithreaded code to generate parallel multi-SPE implentiems The performance of
our single-threaded code is comparable to the best availabid tuned code. We ob-
tain about a 2x speed-up for a parallel 4-SPE implementatomputing a single small
DFT (16 to 4,096 data points) with all data resident in the SRital stores. The pre-
sented work is preliminary. The final version of this papdf @dntain updated results.

Related Work. Several other projects have implemented specialized Hbiarles
tuned for the Cell [4—7]. Their main focus is to optimize DF@ntputations of spe-
cific sizes where the data resides in main memory. FFTW [7$ asomated search
techniques to produce its Cell FFT library.
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2 Spiral

Spiral is a program generator for linear transforms ineigdhe discrete Fourier trans-
form (DFT), the Walsh-Hadamard transform (WHT), discretsige and sine trans-
forms, filters, and others. For a given transform (e.g., DFBipe 384), Spiral au-

tonomously generates different algorithms, represemteddeclarative form as math-
ematical formulas, and their implementations to find the bestch for the target plat-

form.
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Fig. 1. Spiral’s program generation system.
Formula representation. A linear transform in Spiral is represented by a transform
matrix M, where performing the matrix-vector multiplicatign= M« transforms the
input vectorz into the output vectoy. Algorithms for transforms can be viewed as
structured factorizations of the transform matrices. Ssichctures are expressed in
Spiral using its own signal processing language (SPL), widased on standard ma-
trix operators in addition to the Kronecker (tensor) prddiibe Kronecker product

is defined as:

A® B = [akgB], A= [akg].

Based on this, the well known Cooley-Tukey FFT algorithnmosresponding break-
down rule in Spiral is:

DFT,, — (DFTy, ®1,) Doy (Iy © DFT,, ) LI (1)

wherel,, is the identity matrix,D,, ,, the diagonal matrix, and;"", a stride permuta-
tion matrix.



3 Paralldization and Vectorization for the Cell

The key observation is that the tensor product representafithe transform algorithms
in Spiral can be mapped to components of the target architecThe tensor product
can be viewed as a program loop. A loop featuring the appatgstructure can be
implemented using multiple threads or SIMD vector instiats. For instance, in (1)
the construct/,, @ DFT,,, is an inherently parallek-way loop, while the construct
DFT,, ®I, is easily translated into a SIMD vector loop.

We use formula rewriting to manipulate vector loops intogflat loops and vice versa,
when mapping a formula fragment to the multicore and SIMelism present in the
Cell. To guide this rewriting process, we introduce tags “simd(v)” to denotev-way
SIMD vectorization and “threads, ()" to denotep-way multithreaded code that sends
packets of sizg:.. Using these tags allows us to generate vectorized, maétled code
that is optimized for large DMA packet sizes for efficienteirtore communication.

Vectorization. We first discuss SIMD vectorization for the Cell, which is éd®n the
ideas presented in [2]. Consider the constrlyctw DFT,, in (1), which cannot im-
mediately be translated into an efficient SIMD vector progralowever, the rewriting
rule

m

~—~— —~—
simd(v) simd(v) simd(v)

I, @ DFT,, — L7 ((DFT,, @1L,,)®1,) Li"
N————

translates it into a perfectly vectorizable construct @ted using the symbab), at the
expense of data permutations which are handled subseybgrither rewriting rules.

Parallelization. Our goal is to generate multithreaded Cell code that conspaitein-
gle 1D DFT in parallel across multiple SPEs. Such code reguail-to-all inter-core
communication, which must be explicitly setup using DMAIsaFurthermore, DMA
requests that use larger packet sizes achieve higher onteect bandwidths on the
Cell's EIB [8]. We generate optimized multithreaded codéhwarge packet sizes using
formula rewriting. The tag “threads, ;)" steers the rewriting process to formulas that
arep-way parallel and have a packet sizewofFor instance, the rule

DFT,, @1, — ((Ly™? @ Lnjpup)@1,) (Ip @) (DF Ty @157)) (LP @ L) @10
thread$p, 1)

)
manipulates the first factor in (1) into a load balanced, Ifraersion that uses the
specified DMA packet size for inter-core communication. 2ip & is later translated
into DMA transfers, andv |, into a parallel loop. Other formula fragments are handled
by similar rules.

4 Experimental Resultsand Conclusion

We evaluated our generated single-precision 1D DFT imphtations on a single SPE
and on 4 SPEs of a PlayStation 3, running at 3.2 GHz, for inpdt@utput vectors
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Fig. 2. Performance results for the DFT on a PlayStation 3 (3.2 GHz Cell). Highmstter.

that are resident in the SPEs’ local stores. In Fig. 2 (a) spldy the single-core per-
formance of our generated DFT kernels for both the splityglemand the interleaved-
complex data formats. We generated DFT kernels of sizes G@Qdhat are multiples
of 16. Spiral generated code achieves 16-20 Gflop/s whichdermparable to the best
reported single-core performance (22 Gflop/s for size 8jh98]). In Fig. 2 (b) we
compare our generated multithreaded 1D DFT code (that usksk-cyclic data for-
mat) run on 4 SPEs to the single-SPE kernel performancen For512 we reach the
break-even point (the runtime is about 5,000 cycles), and fe 4,096 we see close
to a 2x speed-up, leading to 27 Gflop/s for a single, non-steea 1D DFT.

Conclusion. We presented preliminary work that extends the Spiral fraonlk to auto-
matically generate DFT code for the Cell BE. Our DFT librafi@ve performance com-
petitive with hand-tuned code on a single SPE, and speed alp BIFT sizes by using
multiple SPEs. We are currently examining algorithmic rpafations to increase com-
munication bandwidth, and to enable double-buffering tieldtommunication costs.
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