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Abstract

Scalable Parser for Massive OBJ Models based on 

GPU

Wavefront OBJ model is the most common text-based 3D file format that 

widely used in computer graphics. Due to its specification, this format requires 

to parser framework. However, since the parsing itself is optimized for the 

CPU task, it is hard to handle massive OBJ models with high performance. In 

this paper, we propose an efficient chunk-based parser framework for 

Wavefront OBJ model. All our chunk processing is designed to be 

independently performed and merged in parallel by graphics processing units 

(GPUs). Our solution overcomes bottleneck and limitation in existing GPU-

based parser. Our experiment results have shown that our solution is more 

efficient than both existing CPU and GPU-based parser as well.

Keywords:  3D Model, Wavefront OBJ, GPU



1

1. Introduction

In computer graphics, 3D data in graphics applications contains scene 

information such as geometry, appearance, and layout of models. 3D file 

formats used for storing the 3D data have a diverse form for viewing, 

importing, and exporting from variety viewers, modelers, and renderers. Such 

3D files are provided in a binary or text format. The binary format is very 

compatible with computer systems and highly fast. But, it is not flexible to edit 

the model information intuitively. Compare to binary format, text-based 

format is more flexible. However, it is not compatible with the computer 

systems. It needs an additional parser framework to convert binary 

representation. Despite these individual features, since text-based format is 

more flexible, so this format is preferred.

The most popular text-based format is the Wavefront OBJ model [1]. It 

is a text-based 3D format in ASCII form developed by Wavefront 

Technologies. It consists of four tags ‘v’, ‘vt’, ‘vn’, and ‘f’ respectively. Each 

means vertex positions, texture coordinates, normals and faces. Due to its 

simplicity, Wavefront OBJ model is popular to a variety of viewers, modelers, 

and renderers. While it has advantages, this format is incompatible with 

computer systems. It needs parser framework.
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The parsing itself is optimized for the CPU task. So the CPU-based 

processing mostly has been done. As the improvements CPUs and GPUs 

computing power, the complexity and size of the 3D model become more 

massive. Therefore, existing CPU-based parsers are not suitable for such 

large models as well. MeshLab is a general CPU-based parser that supports 

parsing within a few seconds for small OBJ files, but it takes a dozen of 

minutes for massive OBJ files [3]. Parallel approach may be helpful. But the 

parser operation is optimized for the CPU task, it is very difficult.

Except for OBJ parsers, text-based processing fields such as XML 

parsing, natural language parsing and SQL query processing in databases have 

been using parallel processing [4, 7, 8, 9]. Multi-core based XML parser is 

more efficient than single-core based one [14]. However, due to the limited 

number of cores on the CPU, bottlenecks still existed when dealing with the 

massive data. Since the advent of GPU, related studies on parallel processing 

become more active. The GPU-based schemes have shown better 

performance, but also proved more scalable than existing CPU-based methods 

in many areas [7, 8, 9]. These previous studies have already proved that 

GPUs shows tremendous power in processing large amounts of data. This 

showed that Wavefront OBJ files can also be processed with high performance.
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The first research on the GPU-based parser was introduced by 

Possemiers and Lee [10]. They redesigned the algorithm to optimize the 

CPU-based parser to the GPU-based one. Briefly saying this, they load the 

Wavefront OBJ file in chunk units and find the index of the line feed. Then, 

parallel parsing processing is performed based on the linefeed index. Lastly, 

unique vertex and index buffer are generated by their own vertex buffer 

indexing scheme. All stages are performed using NVIDIA Compute Unified 

Device Architecture (CUDA) [5, 11] and Thrust library [12]. Their solution 

has shown that 5—8x faster performance than traditional CPU-based parser 

[2, 3]. Nevertheless, we have identified some possibilities for performance 

acceleration. This paper deals with it.

In this paper, we present an efficient GPU-based parser framework for 

Wavefront OBJ models. The whole processing is divided into chunk units 

independently. Therefore, it is possible to improve its scalability and 

performance than previous parser proposed by Possemiers [10]. However, 

our chunk scheme brings to us another problem that integrates chunks. We 

solve the problems and will introduce it. Our solution consists of the following 

stage, scalable file reader, tag-based line splitter/parser and table-based 

vertex buffer indexing scheme. Our solution overcomes previous GPU-based 

parser [10] and we will introduce it.
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The contribution of this paper is as follows. First, our solution extends 

the performance of the entire parser and its scalability with an out-of-core 

chunk-based scheme. Second, our tag-based line splitter does not include 

meaningless information such as comments and blanks in computer memory. 

Previous GPU-based method [10] includes a process for comments and 

blanks trimming, so it causes to another overhead. Third, table-based vertex 

buffer indexing scheme can dramatically reduce the sorting overhead for 

vertex (references) in face existing GPU-based one [10]. Previous GPU-

based one [10] uses 32 byte vertex information for sorting with streak weak 

ordering. After sorting, they use the thrust::unique to remove redundant 

vertices. GPUs have a great deal of computing power, but massive OBJ file for 

sorting operation is not suitable. But our solution uses 12 bytes of vertex key 

information and divides chunk to reduce sorting overhead for vertex

(references) in face. We will introduce more detail as follows.
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2. Related work

This section briefly reviews the text-based previous work. We also describe 

the specification of the OBJ model and the work that has been done previously 

for parser.

2.1 Previous Text-Based Parsers

Text parsers play a crucial role in many areas. It is also related to the 

overall processing performance of the application. As the computing power 

increases, many applications are interested in efficiently handling large 

amounts of text-based data. So, high performance text processing has been 

more interesting especially, in parallel approach.

Text-based parallel processing has been actively studied in many areas 

such as XML parsing, natural language parsing and SQL query processing in 

databases [7, 8, 9]. Initial research to accelerate its entire performance is 

done by single-core based CPU such as bit-streaming scheme [15]. As cores 

increase, multi-core based XML parsing is better than the previous one [14]. 

But it still has performance degradation for scalable data. Also, multi-core 

based natural language area also shows good results in their work, but they 

cannot handle massive data [8].
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With the advent of the GPU, many related studies have been done for

performance enhancement in many areas [7, 8, 9]. Hybrid processing of CPUs 

and GPUs showed better performance than existing CPU-based XML parsing 

[14, 18]. GPU-based SQL and natural language parsers are very efficient 

than previous studies [9, 17]. Also, Many researches to solve the main issues 

of GPU parallel processing for performance enhancement have been more 

active [6, 16, 19]. Therefore, we can expect that GPU-based parser can 

outperform than CPU-based one.

2.2 Wavefront OBJ Models

The OBJ model uses tags to represent each element of the geometry as a 

3D model (‘v’ is 3-dimensional vertex information, ‘vn’ is normals, and ‘vt’ is 

texture coordinates). The ‘f’ defines a face element and it is used as a key to 

represent redundant vertices. The starting index start is 1. The ‘#’ means 

comments. Fig.1 shows a simple quad model with Wavefront OBJ model. Each 

element shares the vertex attributes. Their geometric topology is generated 

by ‘f’. Tag ‘g’ is used as a hierarchical grouping for geometric information. (It 

is not shown for simplicity in the figure below.)

The OBJ model generally uses a material template library MTL model. 

Material diffuse and specular reflectance information are included. MTL file is 

generally small, so, it is not described in this paper.
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Figure 1. Illustration of OBJ files that make up a quad.1

                                        

1 This figure is referenced in Jo [21].
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2.3 Traditional OBJ Parsers

Since the OBJ file has a simple structure, it is used in many fields. Since 

the parsing itself is optimized for the CPU task, CPU-based parser is the most

popular [2, 3]. Its structure is similar to Fig.2. When the OBJ model is read a 

single line by the file system, each vertex attribute (positions, texture 

coordinates and normals) and ‘f’ information are parsed and accumulated in 

buffer.

After parsing, it is necessary to construct a vertex and index buffer for 

rendering from binary representation. Since, ‘f’ contains many redundant 

elements. It leads to performance degradation in rendering. Modern APIs (e.g. 

OpenGL and Microsoft) provides an index buffer for high performance. Index 

buffer stores integer information as indirect reference key to represent 

redundant faces. Vertex attributes are removed redundant entities to make 

unique information. In Wavefront OBJ files, this format does not support 

unique vertices and indirect key information. So it requires to another 

implementation for indexing buffer scheme. Generally, it is efficient to use a 

hash table to remove redundant elements in order to make index buffer. But 

this work is well mapped to CPU processing and not suitable for GPU-based 

one.

The previous CPU-based parsers [2, 3] are suitable for small OBJ model 

sizes. But it is very slow for large model sizes. It may take a dozen of minutes

for massive OBJ files. The GPU-based parser proposed by Possemiers [10] 
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succeeded in accelerating than existing CPU-based parser and it is 5-8x 

faster. They proved that GPUs is suitable for massive OBJ files. Therefore, 

this work motivated us to exploit GPUs with higher performance. Especially, 

we propose an efficient chunk-based parser framework. Our scheme is more 

scalable and faster than previous GPU-based parser [10].

Figure 2. Overview of typical CPU parsers and its specification2

                                        

2 This figure is referenced in Jo [21].
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3. Overview of Algorithms

This section introduces our parser framework. Our frameworks consist 

of four stages a chunk-based file reader, a tag-based line splitter, a line 

parser, and a vertex buffer indexing. (see Fig.3) All processes are chunk 

based scheme. This scheme allows extending its scalability with high 

performance. A more detailed description of the overview is provided in the 

next follow sections.

The first stage is a chunk-based file reader. The typical file streaming 

function causes to redundant memory copy and overhead due to temporary 

buffer usage. Actually, it causes to a dramatic overhead as the improvement 

size of OBJ files. The memory-mapped file is an efficient virtual memory 

management technique provided by the operating system, which can greatly 

reduce the redundant copy and its overhead. In our solution, virtual memory is 

repeatedly read as much as the number of chunks for parsing. Since chunks 

are usually small, more and more memory can be efficiently uploaded into 

GPU memory.

The second stage is the line splitting to find the tags (e.g. ‘v’, ‘vt’, ‘vn’, 

‘f’) index in the chunk. It searches for a line with the first character rather 

than the last character like Possemiers [10]. Our tag-based line splitter 

scheme can avoid the trimming process because meaningless information such 

as comments and blanks are not loaded into computer memory. Therefore, the 
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overall speed of the line splitter can be improved. The next step is to use the 

index of the tag to parse the text-based data into binary representations. 

Text data are converted to binary information using our own ASCII-to-binary 

conversion function. Actually, there are many kinds of tags in OBJ files. But in 

our works, only vertex and ‘f’ information is used.

The last stage is vertex buffer indexing. It is a very important step 

because this strategy can accelerate entire rendering performance. Vertices 

information is randomly determined by the information of ‘f’ from binary 

representation information. A typical CPU-based parser [2, 3] uses hash

table to reduce redundant vertices and creates an index buffer. However, this 

scheme is not suitable for GPU because of write conflicts. To overcome this 

problem, we applied the table-based vertex buffer indexing scheme. This 

scheme is designed as a chunked process, so the sorting overhead for vertex

(references) in face is dramatically reduced. Therefore, our solution can 

perform parallel vertex buffer indexing with less overhead cost than the 

previous vertex buffer indexing method [10].
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Figure 3. Overview of our chunk-based OBJ parser.3

                                        

3 This figure is referenced in Jo [21].
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4. Scalable File Reader

This section introduces the preprocessing phase of applying our framework. 

This step includes a scalable file reader and tag-based line splitter.

4.1 Chunk-Based File Loader

In our solution, all stages are performed in chunk units. (Fig.3 and Fig.4 

show) This is a major difference from previous work introduced by 

Possemiers [10]. We divide the chunk into an arbitrary size determined by 

users and process it repeatedly until the entire file is read. All chunks are 

executed in parallel. So this scheme makes our solution much scalable and 

helps improving entire performance.

As described above, the typical file streaming function is inefficient 

because of large overhead. It essentially uses temporary buffers and 

redundant copy. Using additional a single buffer for file streaming results is a 

non-trivial overhead. As the model size becomes larger, the bottleneck is 

more massive. Our solution saves the time to efficiently read the chunk from 

the file using a memory-mapped file (MMF).

The chunk is read into the main memory by memory-mapped file. And it 

is loaded into the GPU memory. Since the memory-mapping is done by 

arbitrary chunk size determined by users, the last line information of the 
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chunk may be imperfect. It leads to artifacts in the rendering result. To 

restore this loss information, GPU processing is inefficient. Actually, the 

missing information is not large, so it is well mapped to CPUs works. When the 

chunk is read from memory-mapped file, we set the chunk size slightly larger. 

In our code, the chunk is read 128 bytes larger. After reading 128 bytes more, 

we find the losing part. And restores the imperfect information, uploads it to 

the GPU memory.

The chunk size is a crucial factor for performance tuning. If chunk size is

too small or large may be inefficient, so it is necessary to find an optimal 

chunk size. The number of chunks is directly related to the number of GPU 

threads, but it is very hard to formulate explicitly. Clearly, we apply the rule 

of thumb and use the experiment to find the most appropriate chunk size. (see 

Sec 8.)

Figure 4. Our scheme for chunk-based file reader.
4

                                        

4 This figure is referenced in Jo [21].
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4.2 Tag-Based Line Splitter

Our solution reads files in chunks in parallel instead of line-based 

parsing as in a typical CPU parser. In order to process the parsing in parallel, 

we need index information that can be directly accessed for each line in 

chunks. To identify line information from chunks, mark characters delimiting 1 

and 0, and find line information. Threads can be allocated as many chunks of 

thread as possible. Previous works Possemiers [10] uses linefeed (‘\n’) to 

identify line information, but meaningless information such as comments and 

blanks are also loaded into memory. Therefore, a separate trimming process is 

required to remove this. So, it leads to another overhead.

Instead of splitting line information based on line feed, we identify line 

information using OBJ tag information. Each element of OBJ is declared as ‘v’, 

‘vt’, ‘vn’ and ‘f’. We find index of tag of each element and stores it in buffer. 

Since ‘v’, ‘vt’, and ‘vn’ are equivalent to find the index of ‘v’, we find the ‘v’

and ‘f’. Because we know the number of each object based on the tag index, it 

is possible to directly access it in parallel. This tag approach can avoid the 

trimming process because unnecessary information such as comments and

blanks are not loaded into computer memory.
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It is necessary to remove the ambiguity for robust reading when 

searching for the index of the tag. Since ‘v’ and ‘f’ may be included in the 

comments, it is necessary to check whether the tag includes a newline 

character. If the heading index information of each line is included, valid 

heading information is marked 1, the other is 0. The next step, each line can 

be parsed in line paring through the index tag.

Figure 5. Parallel Identification starts indices using Summed Area Table.5

                                        

5 This figure is referenced in Jo [21].
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5. Line Parser

In this section, we describe how to identify each element and how to express 

each line as a binary representation.

5.1 Parallel Entity Identification

Since we know the index information of the valid tag (‘v’, ‘vt’, ‘vn’, ‘f’), 

we can directly access each line. However, it may include an array of indexed 

markings as well as empty information. To use immediately, we have to 

convert to packed array. In typical CPU-based processing can directly access 

indices in a sparse array using element counters. However, it is very hard to 

obtain GPU pass to get index information in parallel from sparse array. It is 

because GPUs does not atomically access the counters of all threads.

To cope with the problem, our solution uses parallel indexing scheme to 

obtain valid index information from sparse array information. The algorithm of 

Fig.5 and Algorithms 1 explains the above. We used the vertex buffer indexing 

scheme applied in previous work Possemiers [10]. Briefly saying this, it 

marks a valid tag with 1 and a non-valid tag with 0. Then, the parallel prefix-

sum is applied to accumulate the information of the buffer. In our work, we 

used a parallel prefix-sum (e.g. Summed Area Table) [20] after marking 1 

for each tag character and 0 for not.
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The result of the accumulation buffer stores the starting position, not the 

index information 0 in the sparse array. We pack the meaningful information 

using the accumulated tag index. It also allows you to find the total number of 

lines calling the GPU threads for line parsing. Also, it is not necessary to find 

the length of each line based on the tag index. Each tag knows the number of 

fixed scalar entities, and it is possible to parse as many white space 

characters as the number of entities.

6

                                        

6 This Algorithm is referenced in Jo [21].
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5.2 Line Parsing

Line parsing is done in the same way as previous method Possemiers 

[10]. This work can be classified into two types as vertex attributes and face 

parsing. The ‘v’, ‘vt’, and ‘vn’ for vertex attributes are parsed in a floating 

type as vectorized real numbers, but the face is parsed as integer type as 

indirect reference key. Algorithm 2 shows how to parse from text-based form 

to binary representation.

Vertex attributes are only parsed as real numbers and stores in a buffer, 

and face information is parsed as integer information. With line splitter and 

parallel identification, we can directly access each line in the chunk using the 

tag index. While typical CPU-based parsers support ASCII-to-float 

conversions like atoi() and atof(), it does not support CUDA in the kernel. So 

we use our own ASCII-to-float conversion function. When the parsing is 

completed, the positions, normals, texture coordinates, and faces information 

converted to binary representation and stored in accumulated array.

The vertex attributes are fixed number of scalar entities to be parsed, 

and the face is relatively variable depending on geometric specification. In 

modern OpenGL, since polygons except for triangles are deprecated, we 

assume that only 3 vertices information in line representation. For OBJ files, 

vertex entity is essentially required, but normal, texture coordinate is optional. 

The ‘f’ consists of four forms as “v/vt/vn”, “v//vn” and “v/vt/”. In this paper, 

we deal with this case.
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7

                                        

7 This Algorithm is referenced in Jo [21].
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6. Vertex Buffer Indexing

In this section, we describe the background of vertex buffer indexing and 

limitations of previous vertex buffer indexing scheme [10] and our novel 

approach. 

6.1 Background on Vertex Buffer Indexing

In the last step, vertex and index buffer are created from binary 

representation immediately available for rendering. However, since the 

modern API generally provides a single index buffer, it is necessary to make a 

unique vertex and single index buffer. The redundant vertices are removed by 

vertex buffer indexing scheme and the integer buffer is an indirect key to 

represent redundant vertices. The vertex format is shown in Fig.6.

Figure 6. A structure of vertex attributes in C++ language.8

An intuitive way to create vertex and index buffers is to generate new 

vertex information. However, a typical OBJ file contains a lot of redundant 

                                        

8 This figure is referenced in Jo [21].
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vertices. Therefore, it requires creating a unique vertex buffer. While typical 

CPU-based parser can remove redundant vertices using a hash table, in the 

case of GPU, this hashing scheme is not suitable. It leads to write conflicts 

problem in parallelism. While the synchronization approach may help to solve 

write conflicts, it is not easy because of the massive cost to synchronize 

threads. In this section, we show how to avoid this problem and introduce an 

efficient vertex buffer indexing scheme.

6.2 Table-Based Vertex Buffer Indexing

An efficient vertex buffer indexing scheme for making vertex and index 

buffer is to use a table and divided chunks. This solution overcomes the 

existing GPU-based one’s issues as follows. First, we reduce the sorting 

overhead for vertex (references) in face to divide the size of the chunk for 

sorting. The sorting overhead is at least O(Nlog N). Second, we applied ‘f’ as 

key information for sorting instead of vertices. Previous method [10], they 

use vertex information (32 byte), so it leads to massive overhead. Lastly, we 

use a table as data structure for our vertex buffer indexing scheme. After all

chunks are completed and unique vertices accumulated on the table. Since the 

uploaded index table has unique vertices, it can be directly vertex buffer. Our 

solution is more efficient than previous GPU-based one [10]. We will 

introduce detail more.

This index table is a crucial data structure for an efficient vertex buffer 

indexing scheme (see Fig.7). The index table is just a two-dimensional array. 
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The row means key information to be stored in the table. Since the ‘v’

information is more important than normals and texture coordinates, it is used 

as key information in our vertex buffer indexing scheme. To store the 

redundant key attribute values, additional column buffers are used to 

sequentially store. Empirically, 7 columns are sufficient because the same key 

value usually does not exceed 7 values. Therefore, we allocate a fixed amount 

of buffer in order to store the same key value in advance in the table 

information.

Our indexing scheme is performed as in Algorithm 3. First, sorting is 

performed by ‘v’ as a key value from the binary representation. Our solution 

uses thrust::sorting for sorting. This is similar to the previous sorting scheme 

of the Possemiers [10]. However, our solution divides it into chunks and 

reduces sorting overhead for vertex (references) in face. And then, marks the 

cluster point where the key changes in sorted array. Lastly, upload ‘f’

information to the index table. We allocate as many threads as the number of 

keys. Since they are sorted and we know where marking is end, this scheme 

can avoid write conflicts in parallelism. Redundant vertices are not uploaded in 

the index table. So, our solution can avoid write conflicts due to our GPU 

hashing scheme. Also, it greatly improves the overall performance because

the sorting overhead for vertex (references) in face is divided by chunks.

If the table uploaded is end and all chunks are processed. We create the 

index buffer using index table. This index table is very sparse because, it is 
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initially designed for fixed column value. It requires to tightly pack. We know 

how many cells are filled in each key. Valid cells with a value in a sparse index 

table are marked as 1, while invalid cells are marked with a 0. And then, a 

parallel prefix-sum is applied to determine the cell’s position information. So, 

sparse index table is filled with the position value not zero. We can create an 

index buffer by comparing our redundant ‘f’ information look-up the index 

table. The index table can be used directly as vertex buffers because the 

unique vertex entities are already stored in it.

The limitation with the use of the index table occurs here. The index 

table always resides in the GPU memory throughout the process of creating 

the index buffer. If the index table exceeds the available memory of the GPU, 

it is impossible to create an index buffer. Despite these limitations, it is more 

efficient than previous GPU-based one [10]. Since they have to load the 

entire file into GPU memory, it is difficult to handle massive OBJ files larger 

than GPU memory. However, our solution can be extended more scalable 

because it is divided into chunks. When the parsing is completed, the actual 

vertex and index buffers used for rendering are smaller than the input file. It 

is because the text format is generally larger than the binary representation.

Our indexing scheme is better suited for CPUs than GPUs. The CPU can 

avoid costly sorting for vertex (references) in face and table creation costs. 

Therefore, it is superior in terms of performance. We will show this in Sec 8.
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Figure 7. Our table-based scheme for vertex buffer indexing.9

                                        

9 This figure is referenced in Jo [21].
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10

                                        

10 This Algorithm is referenced in Jo [21].
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7. Memory Sharing

Generally, since global memory has less capacity than CPU memory, it is 

necessary to use global memory more efficiently. Our method is a chunk 

based framework that succeeds in accelerating the performance of the REF 

and increasing the capacity of the input OBJ file. But, it still has performance 

degradation due to the memory allocation and release cost. In this section, we 

introduce how to efficiently manage memory sharing.

In our method, the pass that requires a lot of global memory is the line 

splitter in Sec. 4. This is because we have to allocate global memory as much 

memory as the chunk size to the GPU for parallel processing. The cost of 

allocating memory was much greater than the other passes (e.g. Line Parser, 

Table-based Vertex Buffer Indexing). As the larger size of the input OBJ 

model, there exist more severe the performance degradation. However, there 

is a feature that the chunk is longer being used when parsing was completed 

by the parser. Therefore, after working, we did not reallocate the extra 

memory required in each pass. And we reuse the memory of the initially 

created chunk to reduce the memory re-allocate overhead. If the size of the 

initial chunk is small, allocate another shared global memory and reuse it on 

each pass.

This strategy can reduce the save global memory and computing time. In 

particular, the VBO indexing section of the GPOP cannot allocate extra global 
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memory for table creation. The overall performance improvement and can be 

more scalable for input OBJ models.

Figure 8. Compare before and after applying memory sharing. The black line is 

applying before memory sharing and the other is after (six models see Fig. 9)
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8. Results

We experimented on NVDIA GTX 1080 graphics card, Intel Core i7 CPU 

and 16GB main memory. This experiment was conducted in the NVIDIA CUDA 

API environment. In this experiment, CPU-based index buffer scheme (CPOP) 

and GPU-based index buffer scheme (GPOP) was used.

Figure 9. Our experiments use six 3D OBJ models. Their files are sorted in order. 

Lucy3 copied the Lucy model three times
11

.

                                        

11 This figure is referenced in Jo [21].
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The time complexity of the algorithm is largely consists of three types at 

the main stage. The size of the input file is given as N, and we split it into M 

and P for parsing and vertex buffer indexing, respectively. The time 

complexity of the line splitting is O(N), because the computational complexity 

of the parallel prefix-sum is linear time. The entire time complexity is O(N). 

The line parser is O(N). The sorting used for vertex buffer indexing is O(Nlog 

P). Consequently, the complexity of the overall framework is O(Nlog P). 

There is the greatest overhead on sorting for vertex (references) in face from 

the entire section.

Six 3D OBJ models were used in the experiment. The models used are 

Stanford Dragon, Hairball, XYZ Dragon, XYZ Thai Statue, Lucy, and Lucy3. 

They are arranged according to the size of the model. Lucy3 copied the Lucy 

model three times. Fig.9 shows the geometric information and complexity of 

the model. Lucy and Lucy3 show that our framework is also suitable for high-

volume OBJ files. The color of the model is determined by any color, not by 

the material.

We determined the size of the optimized chunks by experimenting with 

vertex buffer indexing and chunk sizes in the reader parser. Optimized chunk 

size is 64MB for parser chunk and 256KB for vertex buffer indexing for GPOP. 

CPOP did not determine the size of the chunks because the CPU performs 

vertex buffer indexing.
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We compared our solution with those popularly known in the experiment. 

The first is a comparison with MeshLab [3], a well-known CPU-based parser, 

and GPU-based one [10]. The existing GPU solution [10] is expressed as 

REF. Tiny OBJ loader is a well-known CPU-based parser [2] but does not 

include vertex buffer indexing. We excluded this experiment for a fair 

comparison without further implementation.

Fig.10 compares the execution times of the parsers for CPOP, GPOP, 

REF, and MeshLab. Run time improved overall over the previous parser [10]. 

CPOP was 1.66-2.23 times higher except for Lucy3. On the other hand, unlike 

our solution, REF could not load the Lucy and Lucy3 models. REF was not 

suitable because most of the processing is performed with in-memory 

processing. Therefore, this experiment proved that our solution is superior in 

terms of extensibility than REF. The average speed of CPOP is 6.5 and 22.8

times higher than REF and MeshLab, and GPOP is improved by 3.17 and 11.84

times.



32

Figure 10.  Evolutions of performance with respect to the six models in four OBJ 

parsers. Our solution is GPOP and CPOP. The CPOP does not include stage our table-

based vertex buffer indexing.12

Fig.11 shows the performance of each stage for REF in CPOP and GPOP. We 

use a scalable file reader and line splitter as input to the OBJ file, but REF 

uses the importing stage. And REF reads asynchronously when reading files. 

It shows the experimental results for six models. Overall, our scheme is more 

efficient than REF. The line splitter is improved by an average of 2.91 

compared to the previous one. Since comments and blanks are not loaded into 

computer memory, we can skip the trimming stage. The line parser is 

improved by an average of 4.29 compared to the previous one. Because we 

do not need to copy the chunks into temporary GPU memory, we can improve 

performance of the line parser. The biggest difference from REF is that vertex 

                                        

12 This figure is referenced in Jo [21]. But the performance was measured again in NVIDIA 

GTX 1080.)
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buffer indexing is the most improved. It is improved by an average of 5.3. 

Since sorting cost for vertex (references) in face is divided by chunks, we can 

improve performance of the vertex buffer indexing scheme. CPOP is more 

efficient than vertex buffer indexing based on GPU, but it increases linearly 

when the model size become increasingly larger.

Figure 11. Evolutions of performance with respect to six models in each stage.
13

                                        

13 This figure is referenced in Jo [21]. But the performance was measured again in NVIDIA 

GTX 1080.)
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Figure 12. Evolutions of performance with respect to chunk size.14

Lastly, we measured the performance change over the chunk size. (Fig. 

12 shows the result). We used different chunk sizes for parser and vertex 

buffer indexing. The fastest performance chunk in the parser stage is 226 same 

as 64MB. On the other hand, the optimized size of the vertex buffer indexing 

stage is 218 same as 256KB. Since vertex buffer indexing increases the 

sorting for vertex (references) overhead according to the size of the chunk, 

                                        

14 This figure is referenced in Jo [21]. But the performance was measured again in NVIDIA 

GTX 1080.)
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performance degrades for large chunks. Parser chunks are suitable for as 

large a chunk as possible, but vertex buffer indexing is preferred for large or 

small chunk sizes.
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9. Discussions 

Until now, we have focused only a framework with an emphasis on OBJ 

models only. Each process of every framework is well-designed to be 

suitable for parallel processing. We extend it to other text-based 

specifications parallel processing studies. Our implementation used ‘v’, ‘vt’, 

‘vn’, and ‘f’, which are essential vertex attributes in Wavefront OBJ models. 

For more practical work, we are planning to extend to the ‘g’ group command.

Our GPU-based vertex buffer indexing scheme reduces the sorting 

overhead for vertex (references) compared to the existing GPU-based one, 

however still requires to sorting. Vertex buffer indexing scheme sorting-less 

is more efficient, however, this is an interesting research topic. We will plan to 

improve the parser framework in the future work. Another good thing is to 

develop into a hybrid form of CPU and GPU, but the I/O cost of CPU and GPU 

increases. Therefore, it is desirable to apply CPU-based indexing for 

medium-sized models, and GPU-based indexing for massive OBJ files.

Another limitation is that the index table of vertex buffer indexing always 

resides in GPU memory. Our solution only worked if the index table is smaller 

than the GPU memory. In practice, modern graphics cards have 6-8 GB of 

memory is actually enough. Another way to increase scalability is to redesign 

the algorithms to handle large amounts of OBJ ‘f’ information. It is also 

expected to be an interesting research topic that increases the scalability of 
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the entire parser framework. In the future, we plan to redesign vertex buffer 

indexing algorithms with full out-of-core.

Another way to achieve GPU scalability and high performance is to 

leverage multi-core GPUs. Line splitter and line parser are suitable for this 

scheme because they are applied independently for each chunk. However, the 

vertex buffer indexing scheme interacts with the global index table. Therefore, 

it is expected that the synchronization between multi GPUs will be costly. In 

conclusion, more research on vertex buffer indexing is needed to utilize multi 

GPU scheme.
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10. Conclusion

This paper proposes a chunk-based efficient parser framework for 

Wavefront OBJ files. All of our processes are designed to work on a chunk 

basis. All chunk processing is independent and very efficient. Improvements in 

this paper include scalable file reader, tag-based line splitter and table-based 

vertex buffer indexing. Our solution overcomes the bottleneck and limitation in 

existing GPU-based parser. Our experiment is proved that our solution is the 

fastest among the current parser framework to load the OBJ model. In the 

future, we plan to enhance the work more scalable using full out-of-core 

method, sort-less vertex buffer indexing and asynchronous viewpoints.
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논문요약

확장성 있는 GPU 기반의 대용량 OBJ 모델 처리 기법

성균관대학교

전자전기컴퓨터공학과

조 성 훈

3D 공간에서 3D 모델을 표현하기 위해서는 모델의 정보가 필요하며, 이는

크게 텍스트 형식이나, 이진 형식으로 제공된다. 이진 형태로 제공되는 정보는

하드웨어의 구조상 텍스트 형태 보다 호환성이 좋지 않아, 텍스트 형태로 제공된다. 

대중적인 형식은 Wavefront OBJ 이며, 문자열이므로 파싱이 필요하다. 파싱은

지금까지 MeshLab, Tiny OBJ loader 등의 CPU 위주로 해왔지만, 대용량 크기의

모델 파싱은 병목현상이 발생한다. GPU를 활용한 병렬 처리 연구로 고속 파싱이

가능했으나, in-memory 기반 프로세싱은 대용량의 모델 정보 파싱에는 제한이

있었다. 본 논문은 기존 GPU 알고리즘의 재설계로 파서의 성능을 극대화 시켰다.

특히 chunk 단위 프로세싱은 기존 GPU 기법의 병목현상을 제거하고 대용량

파일도 고속 파싱이 가능해졌다. 본 논문의 실험 결과는 본 기법이 다른 CPU/GPU 

기법들 보다 뛰어나다는 것을 증명한다.

주제어:  3D 모델, Wavefront OBJ, GPU
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