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ANALYSIS OF THE COMPUTATIONAL COMPLEXITY OF THE MAIN
RENDERING STAGES

The main aspects of determining the computational complexity of various
rendering stages and the computational complexity of rendering in general are
analyzed. Priority stages of the graphics pipeline are determined to increase the
productivity of their implementation.

Rendering [1] in computer graphics is the process of visualizing a 3D scene.
A description of a three-dimensional scene is converted into a two-dimensional
image that is displayed on the screen. Rendering within modern graphics systems
is implemented based on a sequence of stages that form a graphics pipeline [2].

First, the vertices of the geometric model are processed using the appropriate
shaders. The vertex coordinates are converted from the local to the world
coordinate system, and then to the camera coordinate system. In addition, normal
vectors, texture coordinates, and lighting model values are determined for the
vertices. The computational complexity at this stage is defined as

O(N,) (1)

where N, — number of vertices of the geometric model.

The next stage is the assembly of geometric primitives. The vertices that were
processed in the previous stage are combined into primitives, which are most often

20


https://doi.org/10.48550/arXiv.2304.08595
https://doi.org/10.3390/app14114897
https://doi.org/10.55092/blockchain20250010
https://doi.org/10.1016/j.asoc.2024.112451

triangles. Since the number of triangles N  is proportional to the number of
vertices N, the computational complexity increases linearly in a similar way

O(N,). (2)

The clipping stage is designed to discard those parts of primitives that do not
fall into the camera’s field of view. It is determined whether the primitive is located
inside the field of view, partially intersects the field of view (it is necessary to
update the vertex coordinates), or is completely outside the field of view (primitive
Is discarded). At this stage, new polygon vertices can be formed. In general, the
computational complexity is still proportional to N

O(N,). 3)

The rasterization stage is designed to form fragments within the projected
primitives that correspond to the pixels of the future image. The complexity of
calculations at this stage linearly depends on the number of fragments N, and is

O(N;). (4)
The number of fragments approximately corresponds to the formula

N, ~R-A, (5)

where R — number of scene pixels, A — polygon coverage ratio of the scene.

Since modern monitors have high resolutions, the rasterization stage is one of
the most time-consuming.

After that, the formed fragments are processed using fragment shaders. A
fragment shader is a program that calculates the final color intensity for each
fragment, taking into account the lighting characteristics, reflective properties of
the material, and texture. The stage is the most computationally complex among
all stages of the graphics pipeline. The computational complexity at this stage is

O(N; -C,). (6)

where C, is the complexity of the shader program, determined by the number

of operations for each fragment. This value is especially large if complex light
reflection models [3] are used and texel sampling is performed.

Finally, depth tests are performed to discard fragments that overlap with
others, and color mixing is performed to implement the transparency effect.
Computational complexity is linearly proportional to the number of fragments and
Is determined by

O(N,). (7)
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Total computational complexity of the rendering process can be expressed
as

O(N,+N,-C,). ®)

Since the number of fragments usually significantly exceeds number of
vertices, optimization of fragment shaders and reduction of the number of
fragments to process are especially important in the development of computer
graphics systems.

CONCLUSIONS
Performance of the rendering process is determined primarily by the number
of fragments and the complexity of the shader programs. Therefore, the most
relevant is the optimization of the rasterization stage and the use of fragment
shaders to ensure high-performance formation of three-dimensional images.
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