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In recent years the more and more powerful GPU’s available on the PC market have attracted
attention as a cost effective solution for parallel (SIMD) computing. CUDA isasolid evidence of
the attention that the major companiesare devotingto the e Id. CUDA isahardwareand software
architecture developed by Nvidiafor computing on the GPU. It quali es as a friendly alternative
to the approach to GPU computing that has been pioneered in the OpenGL environment. We
discuss the application of both the CUDA and the OpenGL approach to the simulation of 2-d spin
systems (XY model).
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1. GPGPU: a cost-effective approach to parallel computing

In recent years a new acronym entered the scene of high performance computing: GPGPU,
which stands for General Purpose computations on Graphics Processing Units [1]. The main point
iseasily stated. Since animpressive growth istaking placeinthe eld of GPU (Graphics Processing
Units) technology, it makes sense to try to exploit GPU performances not only for graphics, but
aso in other applications. It turns out that graphic processing is a prototype example of paralléel
SIMD (Single Instruction on Multiple Data) computing, so that every problem that can be mapped
to a SIMD implementation is a GPGPU candidate. Does it make sense to try this approach? The
bottom line is cost-effectiveness. GPU technology is a typical commodity technology: a huge
market (many PC's are actually mainly used for games) results in low prices. In view of this, if a
problem can be ported to a GPU environment, then most probably this implementation is going to
be very cost-effective.

One of the fascinating point in computer science is that many applications actually start almost as
DIY (Do It Yourself) and then turn into a common interest for a big community: you can learn
the current trends on the web, both from blogs and from specialized web sites. GPGPU is not
an exception with this respect ([2] and [3] are good examples). Scienti ¢ applications made their

entrance in the eld quite early, and big experts are in the la ttice community: [4] is a pioneering
work, quite well known among expertst.

An interesting point to make is that by now GPGPU is regarded as a commercial opportunity by
big companies. CUDA (the Nvidia environment we will refer to) is avery good example.

1.1 Thetechnological scenario

Whenever GPGPU has to be introduced, there is a plot which is most often displayed: we
are talking of the comparison between the raise in GPU computing capabilities (as measured in
GFlops in peak performance) and CPU computing performance. We refer the reader to [5] for an
example?. Roughly speaking, in recent years GPU’s gained an order of magnitude with respect to
CPU’s. What is important as well, also bandwith increased in a similar way. An important caveat
isthat all this computing power has up to now been delivered in single precision: while there is
apparently no compelling demand for double precision in graphics, an eye to be kept on other ap-
plications is driving GPU manufactures attentions on double precision as well.

Things are never de nitive in the eld of computing performa nces, ill it isnot so dif cult to un-
derstand the trend we have just referred to. In the end, every computer is from alogical point of
view made of three basic resources: they are usualy referred to as control, data-path and memory.
From this point of view, every computer design is a given choice in resources allocation. Now, re-
sources of modern CPU’s are to alarge extent dedicated to control and memory: branch-prediction
technologies and big caches are typical examples of this trend. In the end, the component of the
processor that perform arithmetic operations (datapath) amounts to a minor fraction of resources.
Things are just the other way around in atypical GPU design: the vast mgjority of resources are put
on ALU’s (Arithmetic Logic Unit). If one takes into account what is the basic structure of graphic
computations this does not come as a surprise.

L1t was[4] that actually triggered the interest that eventually resulted in this work
2Needless to say, most of these comparisons are actually GPU manufacturers pride.
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The main issue is that many steps are involved in the prodegstiing a 2-d bitmap from a 3-d
image: the bottom line is that images have to be mapped ontoréian screen. These steps are
typically organized in what is called thgraphic pipeline Getting into this subject in details is
by far out of reach in the context of this presentation. Itriswgh to mention the basic stages
that are in place. First of all, there isnaodelingstage: roughly speaking, the image is mapped
onto geometric primitives. Then there is a bunch of openatiwhich have to do with geometric
elaborationsviewing(mapping of the scene onto a plane as seen from a virtual euépping
(every elements which is not visible should be clighting andshading(quite obvious meaning).
Texturingandrasterizationare the stages at which the image is nally mapped to a bitrhapa
2-d bunch of pixels, each of a de nite color. It is importantkeep in mind that a modern GPU
provides a hardware implementation of this pipeline. Asaligua pipeline, the output of a stage
is input for the following one. In any stage of the graphicdlipe, a large amount of data are pro-
cessed at the same time in a SIMD way. Also, memory lateneirde hidden by computations
without the need for big caches. In particular, a very intenstage of the process is the so-called
fragment shadingtage (which has to do with texturing): because of this, GB@pplication try

to make intensive use of the GPU resources which are alid¢atenis stage.

A last remark on data formats is in order: key data typedextires Basically, they are (2-d) ma-
trices, whose entries are termistels As already pointed out, this is easy to understand: images
should be eventualy mapped to a bunch of pixels on the sc¥eetor types are a natural choice in
this context: in particularRGBAtextures(see gure) account for colours (Red, Green, Blue) and
Alpha channel (transparency).

Figure 1: Pictorial representation ofRGBAexture.

1.2 2-d spin systems as a case of study

We decided to perform a simple benchmark computation byemphting a Hybrid Monte-
Carlo [6] simulation of the XY 2-d spin model, with Hamiltcmi

H= & si s; (1.1)
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