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Abstract: This paper describes a methodology for 

rendering processes construction using graphics pipeline 

technology. The proposed technique is focused on the 

problem of program development in 3D graphics and 

aims to optimize related expenses. 
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1. INTRODUCTION  

Computer graphics (CG) remains one of the most rich 

and constantly evolving fields of study in computer 

science. One of the most relevant problems in CG is 

product development complexity. Software companies 

spend significant amounts of resources to make their 

products look and work better. In computer games 

industry it is common when development budgets grow as 

big as hundreds of millions in US dollars [1], and even 

though not all of those money are spent on visualization 

itself, CG still accounts for a significant portion. 

In order to be able to compete, the companies 

optimize their CG techniques and develop specialized 

tools and visualization libraries. Those libraries (also 

called graphics engines) are often made for particular 

game projects or whole ranges of projects with some 

shared specifics. And though they help to reduce the 

amount of efforts needed to make more products, the 

engines themselves still require constant support and 

further development. 

The number of graphics engines is very large [2]. As 

some of the most prominent, we can name Ogre, VTK, 

Unreal Engine, Unity, Frostbite and idTech. The list will 

keep growing and this fact tells that the problem of 

visualization is still relevant and doesn’t have a standard 

solution. 

In this paper we will look into the details of the 

visualization problem on a very basic level, and will 

define an approach for visualization complexity analysis. 

This will help to develop an efficient methodology of 

graphics processes construction. 

2. BASIC DEFINITIONS  

As the first step, we will define visualization as a 

transformation of some input dataset called scene into an 

image using some technological process: 

ImageSceneProcess )(  (1) 

Scene is usually represented as unordered set of 

objects { Object1, Object2, ..., ObjectN }. Each of those 

objects has some data relevant to visualization: Objecti = 

{ Datai1, Datai2, ..., DataiM(i) }. 

When something needs to be visualized on a computer 

or any other medium we have a particular kind of 

problem, which we call a visualization problem. 

Visualization problem formulates as follows: having 

initial scene and requirements to the resulting image, 

construct a visualization process that transforms that 

scene into an image which meets the requirements. 

Now we will move bottom-up and analyze how 

visualization problem is solved on the graphics pipeline. 

Visualization process on the graphics pipeline is 

constructed using a sequence of instructions that can be 

generalized in the following format: 
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where Setij are instructions that change particular 

rendering properties of the pipeline. For example: data 

inputs, size and topology of geometry. The number of Set 

calls may vary in each group. And Draw instructions are 

execution calls to the pipeline to perform rendering 

process using current properties. Usually a single group of 

instructions corresponds to rendering of a single object. 

The complete data set of a visualization problem can 

be represented by N×M+1 matrix. Each row of this 

matrix corresponds to a single draw group and each 

column represents a separate rendering property channel. 

For example, one of the columns can be designated to 

texture, and another – to geometrical surface. Not all of 

the cells have to be occupied, if a particular draw group 

doesn't require a specific data input, a corresponding cell 

will be empty. 
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The instructions vector Render represents a common 

instructions group needed to render a Data's row: 
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Together, Data matrix and Render vector define a 

complete visualization process: 
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The Result matrix can be executed on rendering 

pipeline by walking through instructions in left to right, 

top to bottom order. 

We will use Data matrix for visualization process 

complexity evaluation. The most straightforward way to 

do this is to check size of the matrix. The larger is the 

input scene, the more objects it has, the more rows are in 

Data matrix. The more advanced algorithms are used for 

scene rendering – the more columns. 

Typical number of rows for Data is measured in 

thousands, and this number is only going to increase with 

the new technologies being developed [3]. Typical 

number of columns in the same time would be of order of 

tens or hundreds, this number can be estimated alone by 

the number of functions changing pipeline states [4]. 

Now we can get back to visualization process. Using 

graphics pipeline the visualization transformation can be 

extended in the following way: 

ImageResultRenderDataScene
PipelineProcess
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So in order to solve the visualization problem, we 

need to construct a Process (algorithm) that builds Data 

and Render using Scene as input. Process construction can 

be done using these steps: 

1. Determine all possible Scene’s Objects’ data types 

(that correspond to Data matrix columns). 

2. Construct Render vector for those data types (M 

instructions). 

3. For each of the Scene’s Objects (N): 

1. Determine position of the object in Data 

matrix, as needed for the resulting sequence 

to produce the required image. 

2. Copy the object’s data into Data matrix. 

In total, process construction complexity can be 

measured as O(N) + O(M). 

It is obvious that it is nearly impossible to construct a 

visualization process for more or less complex problem 

using the direct approach of specifying every single entry 

in the Data matrix. And even more so, scene construction 

is usually an iterative process that requires continuous 

corrections of the data set, and this leads to numerous 

changes in the instructions code and consequently higher 

expenses. So in order to reduce the required efforts, we 

will provide a method for process construction that 

simplifies instructions encoding and responds well to 

possible modifications. 

3. ANALYSIS  

In order to reduce complexity we will try to 

restructure Data matrix by introducing rendering 

subprocesses which will be applied to separate data 

subsets. In other words, we will be looking for a different 

representation of visualization equation: 
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where Datai – Data subsets, and Renderi – 

corresponding subprocesses. Data subset is a matrix 

containing some of the data rows selected using some 

algorithm. Subprocess is an instructions vector, which 

contains some or all instructions from the main Render 

vector. The number of subsets s can be any number in 

range from 1 to N. 

Assume Data matrix contains partially ordered objects 

clusters, including clusters with objects having the same 

order, i.e. unordered. For example, unordered cluster may 

be a set of opaque objects and partially ordered cluster – a 

set of transparent objects. Order in a cluster defines a 

sequence in which objects should be rendered. If multiple 

sequence variants can be defined, then any of those 

sequences can be used for the cluster’s rendering. 

For each of the clusters Datai we will define a 

function that takes a set of objects and produces an 

ordered subset of those objects that appear in 

corresponding cluster: 
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Sample can be fully defined with a predicate that 

determines whether an object is in Datai, and a partial 

order binary relation that is required in that cluster. 

Having Sample functions provided for all clusters in 

Data matrix, it is easy to build them from the original 

Scene: 

ii DataSceneSample )( , (9) 

for i from 1 to s. 

Then visualization transformation can be extended: 
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In this form, Process construction requires the 

following approach: 

1. Determine all possible clusters that can be used to 

break down the Scene. 

2. For each of those clusters (s): 

1. Define Sample function 

2. Construct Render vector 

The problem in this case narrows down to clusters 

definition, which we can have a much smaller number 

compared to the overall size of the scene. Additionally, if 

the scene changes in a way that does not require 

introduction of additional clusters, no changes to the 

process are required. So this approach is more flexible 

than the trivial one. 

4. CONCLUSION 

In this paper we studied the problem of visualization 

process construction. We proposed a method for graphics 

pipeline complexity analysis and formulated a basic 

approach to processes construction. This paper lays a base 

for a larger formalization method proposed in previous 

works [5], [6], [7]. And the further steps to be taken here 

should involve analysis of clusters dependencies and 

frames manipulations. 
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