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Abstract
GPGPU - stands for General Purpose 
omputing on Graph-
i
s Pro
essing Units. The idea is to use GPU's tremendous
pro
essing power in non graphi
al 
omputations. But global
swit
hing to parallel programming 
an not be performed fast
and easily due to a huge obsta
le in the form of unusual
and 
ompli
ated programming model 
ompared to the 
onven-
tional ideas of sequential programming. The intent of this
do
ument is to help with 
lassi�
ation of problems, whi
h 
an
pro�t from parallelization, to de�ne some base approa
hes
for implementing parallel algorithms and parallelizing the ex-
isting sequential ones.

Introduction
GPU ar
hite
tures, intended to e�e
tively 
ope with graph-
i
s pro
essing, 
an e�
iently deal with non graphi
al parallel

omputations. Sequential algorithms, that 
ontain indepen-
dent logi
al portions 
an bene�t signi�
antly from parallel
implementation. In fa
t, for some problems, GPU 
an a
-

elerate by over an order of magnitude over the CPU.

There are several GPGPU te
hnologies available and some
are expe
ted to 
ome in the near future. Though the sta-
ble version of OpenCL was released at the end of 2008, its
�rst implementation is expe
ted to be available at the end
of 2009, with the release of Ma
 OS X 'Snow leopard'. Mi-

rosoft also 
laims to provide its own GPU programming
language with their new version of OS and Dire
tX. Thus, so
far we have two main GPGPU programming environments
- NVIDIA CUDA and ATI Stream. While presenting dif-
ferent programming languages, both exploit the same basi


on
epts. Therefore, the main ideas of GPGPU program-
ming methodology 
an be de�ned regardless of the API.

Attempting to provide some general knowledge, the follow-
ing topi
s are 
overed in the subsequent se
tions: Abstra
t
introdu
tion of GPGPU ar
hite
tures, Classi�
ation of the
problems from the point of parallelization, Some general ap-
proa
hes to implement parallel algorithms.

This information is based not only on available publi
 do
-
umentations and results, but on Instigates in-house parallel
programming experien
e, whi
h goes beyond solely GPGPU
programming.

1. GPGPU ARCHITECTURES
Even without aiming at GPGPU, video 
ards were designed
as parallel devi
es from the very beginning, as pro
essing of
ea
h pixel in a 3D s
ene 
an be performed independently

from the others, it was reasonable to add more blo
ks with
the same fun
tionality instead of in
reasing the frequen
y of
existing ones. Adding programmable stages and in
reased
pre
ision arithmeti
s was enough to turn graphi
 
ards into
powerful parallel programming platforms. Current GPUs

ontain up to 800 identi
al pro
essing elements, and this

ount is far from satisfying the growing needs of 
omputer
graphi
s and parallel programming.

Originally designed for graphi
s pro
essing, GPUs are lim-
ited in terms of operations and programming, and are only
e�e
tive in stream pro
essing. GPUs are stream pro
essors
- pro
essors that 
an operate in parallel by running a single
kernel on many re
ords in a stream at on
e (kernels are the
fun
tions that run in parallel on ea
h element of the stream),
to put it di�erently we deal with data parallel programming
model. GPUs also provide barrier syn
hronisation as it is
the most 
onvenient model for data parallel programming.
On the whole, fun
tional parallelism and even syn
hronisa-
tion te
hniques 
an be a
hieved on GPUs, but that is not
their fun
tion. Thus we 
an a
hieve signi�
ant a

eleration
in the tasks, whi
h belong to the 
lass of problems, suitable
for the data parallel programming model. So, the ability
to analyze the problem in point of parallelism should be

onsidered as the most important skill in the parallel pro-
gramming.

2. CLASSIFYING THE PROBLEMS
Before experimenting and getting real results, it is reason-
able to understand the nature of the problem. This will
help to get some idea of the probable bene�t from parallel
implementation.

Below three 
riteria are mentioned, that need to be paid
attention to:

I. Data parallelism
This expresses the level of the parallelism that is present in
the problem, i.e. the parts where the same fun
tionality is
applied to the di�erent groups of data, whi
h 
an be pro-

essed in parallel. This 
an be illustrated better with an
example.

Ve
tor addition is one of the simplest and most obvious in-
stan
es to re�e
t data parallelism. In fa
t, ea
h element of
the resulting ve
tor 
an be 
omputed independently and if
we have M identi
al CPUs, whi
h 
an do elementary addi-
tion, then it is possible to 
ompute the sum of two N element
ve
tors with about N / M steps, while we would need N steps
for sequential implementation. In the most 
ases the parts
that 
an be deta
hed and parallelized are not so evident,
but separating these parts should always form the basis of
parallel algorithm implementation.
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II. Compute intensity
This 
riterion shows the ratio of 
omputations to I/O and
memory a

ess. For example, in the above adverted ve
-
tor addition we have one memory write and two read op-
erations per single addition operation. The more 
ompu-
tations are per I/O and memory a

ess, the better, as in
general, memory frequen
y and laten
y are the hardware
bottlene
ks. Speaking of memory, it should be mentioned
that now-days video memory has mu
h higher bandwidth
than the main memory, but also has higher laten
y, whi
h
eliminates the advantage of the bandwidth.

III. Data locality
Coming ba
k to already noted memory a

ess, it is ne
essary
to note, that this problem is 
on
ealed with some su

ess by
faster lo
al memory usage. All modern GPGPU hardwares
hold notable amount of lo
al memory. If the data to pro-

ess should be read at the beginning of the algorithm and
be written only in the �nal stage, then this data 
an be
on
e read into lo
al memory and whole the further a

esses
performed on it. Arranging memory a

esses algorithm this
way will bring to per
eptible advantage.

3. THINKING PARALLEL
Taking into a

ount the above mentioned 
riteria during al-
gorithm 
reation already makes up the �rst steps of Thinking
parallel. As it is said "it is the �rst step that 
osts", espe-

ially when swit
hing from the habitual sequential program-
ming. It is 
on
lusive that sequential programming is more
intuitive and sus
eptible for our thinking, but after a
quir-
ing some te
hniques and experien
e, the a
hieved bene�ts
will be greatly evident.

For 
larity let's 
onsider the same ve
tor addition example
and write it's pseudo 
ode implementation in data parallel
manner. This is how it would look like in a C style imple-
mentation:

void vector_add(int* input_1, int* input_2,

int* output, int size)

{

for (int i = 0; i < size; ++i) {

output[i] = input_1[i] + input_2[i];

}

}

If we manage to laun
h the same fun
tion in parallel for all
the elements of the array, the only additional information
needed to pro
eed with a single element addition is a unique
ID for ea
h 
all instan
e, to spe
ify the element of the ve
tor
to deal with. And the 
ode will be something similar to this:

void parallel_vector_add(int* input_1,

int* input_2, int* output)

{

output[ID] = input_1[ID] + input_2[ID];

}

4. SUMMARY AND CONCLUSIONS
One thing 
an be stated for sure - possessing good skills, one

an utilize the pro
essing power of GPUs in full measure.
Understanding the paradigm of parallel programming and
Stream Pro
essing in parti
ular, and 
ombining this knowl-
edge with the 
omprehension of a parti
ular GPGPU pro-
gramming platform will lead to su

ess. Di�erent GPGPU

platforms have di�erent ar
hite
tures, memory stru
ture and
programming spe
i�
s. These should always be taken into
a

ount when optimizing the already implemented algorithm.
The following approa
h for developing parallel algorithms
justi�es itself by su

ess in parallelization of di�erent types
of problems - following this order of steps during planning
and development will be very helpful:
1. when developing an algorithm 
onsider the spe
i�
s of
the target platform, but don't 
on
entrate on them.
2. do not apply the whole parallelism to the implementa-
tion at on
e. Do it step-by-step, to have the referen
e to

ompare the result and performan
e with.
3. and do devi
e spe
i�
 optimizations, whi
h may in
lude
using less expensive operations for the parti
ular hardware,
managing the memory allo
ation in the appropriate way,
et
.

Good lu
k!
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