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CUDA-based Object Oriented Programming Techniques for
Efficient Parallel Visualization of 3D Content

Taejung Park*

Abstract

This paper presents a parallel object-oriented programming (OOP) platform for efficient
visualization of three-dimensional content in CUDA environments. For this purpose, this paper
discusses the features and limitations in implementing C++ object-oriented codes using CUDA and
proposes the solutions. Also, it presents how to implement a 3D parallel visualization platform
based on the MVC (Model/View/Controller) design pattern. Also, it provides sample
implementations for integral MLS (iMLS) and signed distance fields (SDFs) based on the Marching
Cubes and Raytracing. The proposed approach enables GPU parallel processing only by
implementing simple interfaces. Based on this, developers can expect general benefits that are
common in general OOP techniques including abstractization and inheritance. Though I implemented
only two specific samples in this paper, I expect my approach can be widely applied to general
computer graphics problems.
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Design pattern

Qt Widget
(Controller)

Visualizer

Fields class
(Model)
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Qt Mesh
Widget
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class Visualizer

{

public:
Visualizer () {;}:
virtual void initialize() = 0;
virtual void draw() = 0;
virtual void compute() = 0;

}i

template<class T>

class Field

{

public:

Field() {:};

virtual

__device
__device
REAL getValue (T position) = 0;
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2.1.1 CUDA =z =4

(28 4)°14E= CUDA o178 3 (Fermi GPU
Ag ADolA e WEEY RdS AASt QlTh
CUDA o718 4= 7|24 22 GPU (device) 4
g zm= ¥ oyl CPU (host) A3 =%
Al AAdsE stolBel= 707 wiEd
Zzad Al GPU wlxel¥ut olyg CPU
HREHZA = ndsts 2= AA7E E 35t}

%, CUDAS #Z& stolBrg= ﬂ%‘ 2ol A
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3t delete WHE el digh 9= I Q3]
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<3 2> CUDA i~ Q282 44

cudaMalloc (&d_pField,
sizeof (Field<float3> **))); // 1

d pField = new iMLS(...); // 2)

1) AAE Fg2 d2dre] FAE A3E 291E
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2) newZ o] &) 4] =T s 2=

Field<float3>E &3 iMLs S5 cpu W
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B2 A4 A o] OpenGL W3 AA
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AodER HAE AXA &1 GPU ol A
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OpenGL ® ¥ A2} GPU W=z dsol o

§l— E]—q X]'H]?l’ Xo = [10]‘9‘ 7{]:1__5’1‘1:]—_
2.14 getvalue &5 +d Abd

<E 3>¥ Field<float3> Z# LA A%
Wre iMLs 27t AAZ CUDA C++ W o
uEl FEE I=E AYsta dok dA =g

P2 getvValue $FE Field<T> F oA

LAHE FY93 virtual o)y, ZF ~dUx=
nith o] s &N HdHAHA HE o
kol FE7] wiiol JHF T8 TrE T
shuetal & 4 ).

<E 3>oA Eolg wk 3 Fo=z WA 229

A A AXY, CUDA C++9 &ntg A3y
$8 IMLS E#: 2~ AA el getValue &5 A
A7F Aejdk= A5 5 4 ATHCUDA 4.1 7]
). T3 getValue 9 Hk3l 328 REAL
2 AdHol Jed vy Lo #define T
o] &3]A FAeo uwg}l 320 E float =+ 64HE
doubleZ2 AYUEE AHT F Jdusds MHAY
thgetValue g SHPwole device #HE
CUDA &% wHHIES & AUt 7EH o=
__device 9 9u|E o] b A" F1lo
CPU Wxg FZtthost 9ol oyt GPU W
2E FFH(device FA)YES vt AMA
CUDA°IA AAdstE AAES GPU WEE ¥
roll Al A= 7] wEe] CUDA 2 e &

= Wy g wkgk FA L device B

>

<X 3> getvalue ¥ Td A=

class iMLS : public Field<float3>
{

_ device_ virtual REAL getValue(float3 gp)

REAL result = 0.0;

REAL numerator = 0.0, denominator = 0.0;
REAL distance = 0.0,abs_distance =0.0 ;
REAL Ak = 0.0, ak = 0.0;

REAL area = 0.0, den = 0.0, solidangle=0.0;
bool bOnTri = false

unsigned int i;

float3 v0, vl, v2, normal;

for (i = 0; i < m_numFaces; i++)
{

v0 =m d pvO[i];

vl =md pVl[i];

v2 =m d pVv2[i];

normal = m_d pNormal[i];
if(IsWithinTriangle (gqp, v0, vl1, v2))
{

result = 0.0;

bOnTri = true;
break
}

distance = Distance (gp, normal, vO0);
abs_distance = fabs(distance);
if (abs_distance < 1.0e-6)
{
area = tri_area(v0,vl,v2);
den = calculateDen(qgp,v0,vl,v2);
Ak = (4.0 * area) / (3.0 * den);
lelse
{
solidangle =
calculateSoildAngle (gp,v0,vl,v2);
Ak = solidangle/distance;
}
ak = Ak * (abs_distance );
numerator += ak;

denominator += Ak;

if (!'bOnTri)
{

result = numerator / denominator;

return result;

}
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%A =old HApel siEl 3 CUDA A A
F 71 oY ARbES s (2" 3)lA
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2 =gdA AAE e 25 Intel {7

2.67GHz, RAM 12 GB, Windows 7 64H]E $+
Zol NVIDIA® GTX580 GPU #tellA CUDA
41 MHez2 FILA.
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