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Thomas Polfes
r@circensis.com

ificial neural nerworks mimic hiofogicad information processing aod are used in
a wide range of applications where nonlinear roappings from input 1o output ses
are requited. Their evaluation in real-time systems, and the nerwork waining
involved, are often computationally deruanding. Chellapilla and Fogel evolved a senall
artificial pewral perwork o play checkers ar expert level [Chellapilla0@]. It tock a
400MHz Pentiim 1L over six months to run 840 generations, although no pardeular
effors was made to oprimize the program.

The second generation of progammable graphics processing uniss (GPUs) inero-
sdueed sirgle and half precision Hoaring-point rexture formars and Boating-point pixel
pipetines. Until recendy, the simulation of newrdd nerworks wn consumes graphics
hardware was Botited o the vse of clamped 8-bit blending, and CPU-based tmple-
mentatons were significantly fasrer. Today, GPUs have wken the vecror processing
performance lead over standard PC and console CPUs, with instruction and memory
throughpit being an wder of magnirade higher, They are evolving rapidly into ily
programmable vector coprocessors with 3 wide field of applicasions {GPGPUY.

Efficient artificial neural nerwork implementarions wre often based on ragaerical
linear alyebra Hbrasies for sclentific compuring much as BLAS {Lawson79]. Inidal
effores have been niade to port subsets of BLAS o GPFUs, and further work is in
progress. By using GPUs as gensral-purpose vester processors, progranumess can
offload vecrorizable routines from the CPU, benefic from high GFU perfororance,
and find more opportunities for load balancing,

This article shows how an arrificial veural nerwork can be implemented
asing 2 GPU-based BLAS level 3 sevle single-precision general matrix-matrix prod-
uct (SGEMMN) [Dongarra88) and an actvarion funciion pivel shaded under
PYireai31, vexsion &

" “Fragment shadar” it OpenGL wrminclogy
bo
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374 o _$act§m 4 Artificial intelligence

R,

@@&3 angd GPY &mhii@c&ums and Systems

F iynn [Flynn72] mnodumd a txonomy hased o the number of instruction strearos
and the number of data streams wvailable. Current console and PC CPUs have par-
tially superscalar SISD cores {single instruction stream,; single dava stream) and sume
have floating point SIMD (single instruction stream, multiple data steeams) vector
extensions, such as Intel SSE on the PC ad Xbox CPUS, Aldves on FowerPC (bur
not on the Gamecube PowerPC 750 CPLD), and coprocessar vector units as in the
Plagstation2. The platforms employ cither unified memeory architectures (IUMA), as
on the Xbox, or nonunified (NUMA) with fase DMA paths, as on Gamecubs, P82,
and PC in order o link the subsystems.

The prograramable components of GPUs are the SIMD vertex and pixel shader
units, Vertex shader units read vertex streams and execute vertex programs. Color val-
uss, texvure coerdinates, and other dara are then inrerpolated and passed w pieed
shader unius, which execute pixel shader programs that can ook up texnre elements
and compute on the other incoming dara. Shader programs can be written in assern-
bler and high-level Ia anguages. Current high-end GPUs have four vertex shader units
and eight pixel shader wits, fully working io parallel. The shader unie are supporred
by fast caches and wide buses 1o the graphics memory.

The Playstation2 vector units can be Qrogmmme& 16 work as vecror/matrix ker-
nels for wrrificial neural nerworke [P82Neusall. Tt is abso possible w use vertex pro-
graros for geoeral-purpase stream pmcessmg and vertex state shaders on the Xbox
GPU allow you to persistondy modify the constant registers. Future eonsoles are
expected vy be well suited for fast general-purpose vector compurations.

Artificial Neursl Networks

Feed-farward nevworks, which are also known as mudeilayer pereeptrons, are proba-
bly the most common archirecture for artificial neural nesworks used in supervised
learning. Por an mraducton o neardd nevworks, see the primer in Game Pro-
gravoning Gems [LaMothe8] and the ;::x;}.mg:aie in Game Pragramming Gems 2
IManslow01},
The avalmt;on of an a-layer feed-forward network with linear basic funcuions
requires the computation of

8, = act{a; - W) (4.8.1)

where @cf is an activarion function and the W, are weight nratsices. The vector & &
the fuput layer and hodds dhe input data nodes and an optional biss node, 8, .. .8,
are hidden inner layers, and 2, is the output layee. The siees of the vectors and weight
matrices are usually diffesent for cach iaye.r '

In the case of a parallel computation of m ingrut sets, the vecror-matrix products
become mauir-muerdy muliplicadens

By = ot - W) {£.8.2)
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where the s~ matrices &; have m vows, The generalized activadion funation now
takes @ roarrix argurnent. To archive nonlinear mappings, nonfinear actvarion func-
tons are used, including:

Gaussian: exp{~ato™) P

Hardy's maltiquadade: ¥a°© + o°

Hyperbolic magent: tanh{a) = (¢ ~ «)/(#* + ) = tanhy{a/In(2))
Stgmeid: {1 + explaic))™

Efficienr matrix-matriz kernels such as the opamz zed BLASS routings in ATLAS
[ Whaley98] use partitioning inte submatrices to improve cache reuse. This rechnique
is known ss blvck matrix pudriplication.

implemeniation

A number of authors, mf:iudmgﬁ La:sen & “y’k.chimer {i arsen{il], Moravansehy
{MuravarsekyQ3] and Kriiger & Westermann [Kiliger(3], show how ro implement
GPU-based dense and banded masrix multiplication efficiently. The basic conceps te
{0 store matrices as textives and to render quadsilaterals via verrex shaders with appro-
priately chosen vertex and rexture coordimates. The interpolated rexture coordinates
are then passed to the pixel shader uoits for pecforming the acrual parallel muldply-
accunuslare operations on the render target. Some implementations requive post pixsd
shader Mending, and this feature is nov available on all hardware for Soating-point
butfers. The blending musst then be performed in the pixel shader with two texnges as
irput and @ thisd rextore as scmie{ rarget. This can be done repearedly by roraring
sources and wmrgets, Sparse matrix multplication can be achieved via iaoi\up tadrles,
and GPU implementations can benefit here from the bigh memory bandwidth and
fow access latency of the graphics syerems,

After compudng the matrix multplication, the resulting resder targer beenmes
the nput texture for the antivation furstion. Again, a guadrilatenal is rendered aver
the entire marrix-sutface, or more than one if the mateix size exceeds the allowed
textare stae. Mawdx pudiiplication and subsequenr activation are repeared for each
nerwork layer. The pixel shader assembler code of 3 straightforward implementadon
of the hyperbolic tangent activarion Ranciion looks as followa:

po 2 0 /} shader vsrsion
dol_2Zd s f{ texture stage
dol tl.xy ¢ texturs soordinate

texly r@, t0, &0 {i 60 <- texel. xyzw
mad rQ, rQ, ¢l.X, c.y [f/ PO <- rO*sesletbiag

{1 tanh {base 2}

exp X, ro.X {i et <. 2700
22 Y.y, PRy

axp ri.z, rg, 2

exp rl.w, ro.w
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exp £2.x, -ri.x {4 ra < @ Ere)
8xXp rZ.y, 70,y

exp re.z, ~r0.2

QX rR.w, 03w

adgd r3, i, rd {8 p3 <~ ri+p2
sud 04, 1, £2 i rd <« ria-rz
rop r3.x, rd.X {f P38 = ¥irg
oS r3.y, vy

o]
rOR
Mk

3.2, 3.2
3w, P3.w
riF, &, rd

rO <o rRYra

§f write result te cutput register
mov o0, £O
While the hyperbolic tangent is navarally bounded to ~1 and 1, it can be explicisly
claraped by using the min and wax Instructions of the pixel shader version 2 fanguage

max ri, e, efd.R
min 10, 70, CO.W

i rG <~ muwxismum{rg, lower}
§00 < smindeas{rd, soper)

or by using the saturate instroction modifier ”_sat,” which clamps between § and 1
anad can be used with any arithieds instacton wxoept the fro and sinces insoruc-
rions. It costs no addivional instnuction slots,

mul sat ro, 3, v

The sample code 1o this articdde i @ GPU wuplementation of Chellapillas and
Fogel's checkers position-evaluating feed-forward nerwork. The compuracion is signif-
tcantly faster on wit AT Radecn 9700 Pro than the version based on a SSE opiimized
SGEMM on a 3-GHz Pendumd. For large matrices, recursively applied algorithuns
such as Strassen {Strassent?) and Winograd [Winograd68] mighe vield further perfor-
mance gains when combined with the sbople subymaeix roudriplications,

Conclusion

GPLU tmplementations can yield good performance gaine over CPU solutions. Cur-
rent graphics hardware allows the processing of networks with capacities on the order
of 10° nodes and 10% weights for an average conpectivity of 1060, This is far below the
10" neurons and 107 synapses of a human brala. Simwdation hardware s mapidly
becoming more powerful, and the truc challenges of arsificial neural nerwork research
will be nerwork organization and learning algorithuns.
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