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Abstract


Polygon reconstruction is widely used across various fields. Although the current polygon reconstruction algorithms have achieved near-linear time complexity, they still fail to meet the speed demands imposed by the exponential growth in polygon numbers. The development of GPU technology provides a promising solution to this issue. This paper proposes a GPU-based algorithm that leverages hash tables and memory pools to transform the polygon reconstruction problem into an efficiently parallelizable task. Experimental results on Nvidia RTX 2080Ti demonstrate that the new algorithm achieves 17× and 46× speedups on Manhattan and non-Manhattan polygon test sets, respectively. Compared to traditional CPU algorithms, the new algorithm significantly improves processing speeds, especially when handling layouts with complex polygons. It demonstrates strong scalability and performance advantages, providing crucial support for enhancing the overall efficiency of CAD tools.
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1. Introduction


Polygon reconstruction refers to the process of connecting a set of unordered line segments to form a closed polygon. This process is crucial in polygon Boolean operations and is widely used in fields such as computer-aided design (CAD), geographic information systems (GIS), and computer graphics [1]. These Boolean operations, including union, intersection, difference, and exclusive or (XOR), involve set operations on polygons in a two-dimensional plane. They play a vital role in many practical applications, especially in the field of integrated circuit electronic design automation (EDA).



In particular, in the field of integrated circuit EDA, with rapid advancements in integrated circuit design and manufacturing, chip integration has substantially improved, leading to an increase in the number of devices on a single chip. Simultaneously, the shrinking feature sizes have imposed stricter demands on lithography technology. In advanced process nodes, in order to ensure that the patterns transferred onto the wafer are as consistent as possible with the original layout, resolution enhancement technology (RET) such as optical proximity correction (OPC) and inverse lithography technology (ILT) need to be applied. These techniques greatly increase the size and complexity of the layout polygons. Furthermore, with the ever-growing scale of layouts driven by higher chip integration, the computational burden of polygon Boolean operations has increased dramatically, making it increasingly difficult for existing algorithms to meet these new challenges.



In existing research, polygon reconstruction algorithms are typically considered as part of polygon Boolean operations [2,3,4,5]. Early algorithms often imposed strict restrictions on polygon input and exhibited high complexity. As the number of polygons increases, their performance makes it hard to meet the practical needs. Lucanus et al. proposed a polygon Boolean operation algorithm based on the Riemann–Stieltjes integral [1]. The algorithm achieves a theoretical complexity of   O ( ( n + s ) l o g ( n ) )  , where n represents the number of polygon edges, s represents the number of intersections between edges, and the algorithm demonstrates an approximately linear complexity of   O (  n  1.08   )  . In this algorithm, the authors integrated a simplified version of Vatti’s polygon reconstruction algorithm and achieved good performance [4]. However, with the continued shrinkage of process nodes and the rise in design complexity, the number of polygons in integrated circuit layouts has increased exponentially, reaching hundreds of millions in some designs, with each polygon containing hundreds or thousands of vertices, further exacerbating the computational challenges.



The polygon clipping process can be divided into several sub-processes. In recent years, several parallel polygon clipping algorithms have been proposed, each improving overall performance by accelerating certain sub-processes. Some algorithms accelerate polygon Boolean operations through rasterization [6,7,8]. Other studies achieve parallelization by grouping polygons, where polygons within each group are clipped in parallel, but the clipping algorithm within each group is executed serially [9]. Reference [10] proposed an enhanced segment tree structure, which primarily accelerates the intersection detection and intersection filtering processes in polygon Boolean operations. Reference [11] parallelized Foster’s polygon clipping algorithm and introduced three filtering techniques to reduce computational load as much as possible. This algorithm was applied to the clippings of two polygons with many vertices. However, in their study, the polygon reconstruction process still ran on the CPU. When dealing with two polygons rather than large-scale polygon sets, the time consumed by the polygon reconstruction process is not as significant. However, when handling extremely large polygon sets, the polygon reconstruction process also becomes a non-negligible part of the overall computation.



The nature of polygon reconstruction, especially in event-driven scanning algorithms, presents unique challenges for GPU parallelization. The operation involves complex event coupling, frequent conditional judgments, and branching, making it difficult to break down into fine-grained parallel subtasks. This limits the ability to fully leverage the parallel computing capabilities of the GPU. NVIDIA has introduced the cuLitho library to accelerate lithography calculations, incorporating GPU-accelerated polygon Boolean algorithms.



To address these challenges, this paper proposes a GPU-based polygon construction algorithm designed to accelerate the process of linking line segments into closed polygons and matching the inner contour with the outer contour. By utilizing hash tables for point mapping and memory pools for optimized memory allocation, the proposed algorithm can leverage the parallel computing power of the GPU, significantly improving the speed of large-scale line segment processing. Experimental results demonstrate that the proposed algorithm significantly outperforms existing methods when processing a large number of complex polygons.



The remainder of this paper is structured as follows: Section 2 outlines the input and output of the algorithm. Section 3 details the GPU-accelerated algorithm, Section 4 analyzes its complexity, Section 5 presents experimental evaluations, and Section 6 concludes the paper.




2. Problem Definition


Input: The input to the problem is a set of line segments, each represented by two endpoints in a two-dimensional plane:


   S i  =  {  v i 1  ,  v i 2  }   



(1)







Here,   v i 1   and   v i 2   represent the starting and end points of the line segment, respectively; each point,    v i  =  (  x i  ,  y i  )   , is a two-dimensional coordinate, where   x i   and   y i   denote the horizontal and vertical coordinates, respectively.



Output: The desired output is a set of closed polygons represented by vertex coordinates, where the outer contour is represented counterclockwise and the inner contour is represented clockwise. Given each outer contour polygon, it is necessary to quickly find all the inner contours belonging to it. Similarly, given an inner contour, it is necessary to quickly locate the outer contour to which it belongs.



In the dataset shown in Figure 1, the input to this question is as follows:


     B → A       D → C       E → F       A → I       G → E       F → H       C → K       K → D       I → J       H → G     











The expected output of this question is as follows:


     1.0 : D → C → K       2.0 : B → A → I → J       2.1 : E → F → H → G     











In this problem, there are no restrictions on the order of the segments. However, since the algorithm is capable of handling self-intersecting polygons, the segments must be oriented in the correct direction.



In the sample output, there are two polygons labeled as ‘2’: the first represents the outer contour and the second represents the inner contour.



The core of the problem lies in efficiently indexing the next line segment based on the endpoint of the current segment. The challenge in parallelization arises from the inability to predict which segments belong to the same polygon. This results in different threads potentially processing segments that belong to the same polygon, leading to inefficient use of computational resources and inaccuracies in the number of resulting polygons. Additionally, the uncertainty in the number of polygons contained within the set of segments makes it difficult to pre-allocate storage space for the threads in advance.




3. Algorithm


In our algorithm, hash table and memory pool technology are employed efficiently to accomplish the polygon construction task. Specifically, linking line segments into polygons involves indexing for the next vertex based on the current one. By utilizing hash tables, we can quickly locate vertices in a high-concurrency environment of the GPU, significantly improving the process efficiency. To minimize hash collisions, we use an adaptive linear hash function, which is defined as follows:


  H ( x , y ) = ( x × l e n g t h + y ) %  c a p a c i t y  











In this formula, in addition to the vertex coordinates   ( x , y )  , there are two parameters: length and capacity. These parameters are computed based on the segment set during the initial stage of the algorithm. The parameter length refers to the length of the minimum bounding rectangle that contains all the vertices in the segment set, while capacity refers to the size of the hash table, which is typically set to   1.5   times the number of segments to keep the hash table’s load factor around   0.7  . This hash function is designed to minimize the performance loss caused by hash collisions, even in cases where the vertex coordinate distribution is extremely uneven.



Since frequent memory allocation in a GPU environment incurs substantial computational overhead, we opted for pre-allocated continuous memory spaces to store the final result. Given that the number of vertices in each polygon is unknown at runtime, we utilized memory pool technology to manage memory more effectively. The memory pool enables flexible allocation and deallocation of space within a fixed memory block, avoiding the performance bottleneck caused by frequent memory allocation, while ensuring efficient memory utilization and orderly result storage.



The memory layout used to store the algorithm output is divided into three parts:




	
Polygon header information: The first section contains the header information for each polygon, which includes metadata related to the outer contour and its corresponding inner contours (holes). The header data of the inner contours are stored immediately after the header data of the outer contours they are enclosed within, ensuring logical continuity and easy access for traversal or further processing.



	
Redundant space: Since the number of polygons in the line segment set cannot be predicted in advance, memory is allocated based on the maximum estimated number of polygons. This conservative allocation strategy can prevent insufficient memory during execution but may cause some memory to be unused. A more aggressive allocation strategy can be adopted based on actual application scenarios.



	
Vertex information: The final section of the memory stores the vertex data for all polygons. The vertices of the outer contour are arranged in a counterclockwise (CCW) order, while the vertices of the inner contours (holes) are arranged in a clockwise (CW) order.








As illustrated in Figure 2, the second row depicts the overall memory layout, including the header information and vertex coordinates for all polygons. The first row provides an example of the header information of a polygon, while the third row illustrates the corresponding vertex data of a polygon.



The meaning of each parameter in the polygon header information is as follows:




	
Index: The index of the polygon.



	
Number of vertices: The total count of vertices for the polygon.



	
Hole flag: Indicates whether the polygon is an inner contour. A value of 1 denotes that the polygon is an inner contour, while 0 indicates it is an outer contour.



	
Memory offset: The starting position of the polygon’s vertex data in memory. This value allows quick access to the corresponding vertex data.



	
Bounding box   (  x 1  ,  y 1  ,  x 2  ,  y 2  )  : The minimum bounding box of the polygon, where   x 1   and   y 1   represent the coordinates of the lower-left corner and   x 2   and   y 2   represent the coordinates of the upper-right corner. These coordinates help quickly determine the spatial position and size of the polygon.








This structured memory layout design ensures both efficient organization and quick data access. Even without using dynamic array containers such as std::vector, the algorithm can efficiently manage and access polygon data.



To avoid running out of memory pool space, we need to estimate the amount of space required to store the results. The space needed to store vertex information is comparable to the size of the segment set, while the space required for storing polygon header data depends on the number of polygons in the segment set. With n segments, at most   n / 3   polygons can be formed. Therefore, we reserve space for polygon header data based on   n / 3   polygons, using redundant space to prevent memory pool overflow.



The detailed steps of the algorithm are presented as follows:




	
Hash table creation on GPU: Create a hash table on the GPU, where both the keys and values are vertex types:


  v =  { x , y }  ∈  R 2   











All line segment data are transferred to the global memory of the GPU. The start and end points of each segment are inserted into the hash table as key–value pairs in parallel. For example, for line segment   S = {  v i 1  ,  v i 2  }  , the key–value pair inserted into the hash table is as follows:


  k e y =  v i 1   










  v a l u e =  v i 2   











	
Polygon construction: After all key–value pairs are inserted, a unique starting vertex    v 1   (  x 1  ,  y 1  )    is assigned to each thread. A common practice is to use the thread ID as an index to select the starting point from the set of line segments. All threads then search the hash table with the starting point as the key, retrieve the corresponding value, and repeat this process until the value equals the initial starting point, thus constructing a complete polygon.



This search or query process consists of two rounds.



	(a)

	
First round: The threads record the number of vertices in the polygon. Since we cannot directly determine whether two line segments belong to the same polygon, in order to avoid multiple threads constructing the same polygon, we require that during the hash search process, the starting point is always the vertex on the rightmost (or upper right) side. If, during the search process, a vertex is found to be located to the upper right of the starting point, the search is stopped, the result is marked as invalid, and the data for the current thread are discarded. The vertex sequence   P = {  v 1  ,  v 2  ,  v 3  , … ,  v n  }   must satisfy the following conditions:


      x 1  > = m a x  (  x 2  ,  x 3  , . . . ,  x n  )        a n d       { if   x 1  = m a x  (  x 2  ,  x 3  , … ,  x n  )        then   y 1  = m a x  (  y 2  ,  y 3  , . . . ,  y n  )   }      












	(b)

	
Second round: The threads with a valid result will conduct a second round of querying. During this process, the thread will apply for space from the pre-set memory pool to store polygon header information and polygon vertex data.







	
Determining polygon orientation: After completing the above steps, the starting point of each polygon is the rightmost (or upper-right) vertex, which is often a vertex of the polygon’s convex hull. Using this vertex and the two adjacent vertices, the polygon’s orientation (CW or CCW) can be determined. If the orientation is clockwise, the polygon is classified as an inner contour, otherwise, it is classified as an outer contour.



	
Outer–inner contour matching: To associate inner contours with their outer contours, the algorithm first sorts the polygon headers by the left x-coordinate of the polygon’s bounding box. For each inner contour, its corresponding outer contour must appear before it in this sorted order. Each thread is assigned an inner contour and searches backward through the header data for an outer contour candidate whose bounding box fully encloses that of the inner contour. Once a candidate is found, the ray-casting method is used to confirm whether the outer contour encloses the inner contour. The outer contour’s index is then recorded in the inner contour’s header.



	
Final sorting: Finally, all header information is sorted by its index and the coordinates of its first vertex. This ensures that each inner contour is placed immediately after its corresponding outer contour.








The process of asynchronous execution for the algorithm for GPU-CPU is described in Figure 3. (a) The CPU allocates page-locked memory, while the GPU concurrently executes the polygon reconstruction task to improve efficiency. (b) A set of polygons is shown, consisting of three outer contours (A, B, and C) and one inner contour (E). (c) The hash table storing the line segments of these polygons is depicted. (d) Three threads execute the reconstruction task in parallel, where valid results (highlighted in green) are written to the GPU’s global memory. (e) The reconstructed polygons are stored in the GPU’s global memory, with the inner and outer contours remaining unmatched at this stage. (f) The final result is presented, with the inner contour labeled E, which belongs to contour A, immediately placed after A, thus completing the matching of inner and outer contours.



The algorithm can handle several types of special polygons, such as degenerate polygons or self-intersecting polygons. The core of the algorithm lies in quickly combining line segments into polygons based on the relationships between vertices. As long as there are no special connection relationships between the vertices, the algorithm can output the polygon, even if these polygons are degenerate or self-intersecting. As shown in Figure 4, polygons (a), (b), and (c) have the same line segment representation, i.e., A-B; B-C; C-D; D-A. In our algorithm, the connection between line segments is based on coordinate values, without involving the geometric relationships between the line segments. Therefore, our algorithm can accurately output the result: A-B-C-D-A.



In Figure 4d, two polygons form a contact at point A. In this case, assuming both polygons have counterclockwise orientation, the input dataset will contain two line segments, A-D and A-B, which will generate identical keys. In this case, a hash data structure supporting duplicate keys, such as unordered_multimap, can be used. A single key will return multiple values, and it is possible to choose whether to treat the contacting polygons as a single entity or not. As shown in Figure 4d, when reaching C-A, if it is required to treat the connected polygons as a single entity, A-B will be chosen; otherwise, A-D will be chosen, splitting them into two separate polygons.




4. Complexity Analysis


4.1. Time Complexity


Given a dataset contains n line segments, the time complexity of the algorithm can be divided into three parts: (1) data transmission from the host to the device, (2) computation on GPU, and (3) data transmission from the device back to the host.



The time required for data transmission is proportional to the size of the dataset, so the time complexity for both transfers is   O ( n )  .



The computation phase consists of several key steps: inserting key–value pairs, constructing polygon vertex sequences, and searching for outer contours.



For the key–value pair insertion step, since the hash function can be designed according to the characteristics of the integrated circuit layout to minimize hash conflicts, if the number of threads that can perform computing tasks simultaneously is m, then the time complexity of this step is   O ( n / m )  . In practical applications, m is usually a very large value. When individual threads encounter hash collisions while inserting key–value pairs, they perform linear probing or quadratic probing, which only adds a constant factor to the time complexity of this part. Only in very extreme cases, where each key–value insertion causes collisions on the order of n, will this affect the time complexity of this part. Such extreme cases can be avoided by configuring the load factor and adjusting the parameters of the hash function mentioned earlier. Therefore, we consider the time complexity of this part to be   O ( n / m )  .



The time complexity of polygon vertex sequence construction depends on the thread responsible for the polygon with the most vertices. The time complexity of this phase is   O ( p ) < O ( n )  , and p is the number of vertices of the polygon with the most vertices.



The time complexity of determining the inclusion relationship between inner and outer contours using the ray-casting method is dependent on the number of edges in the outer contour. In the worst case, with a single inner contour and the bounding box of all outer contours containing the inner contour’s bounding box, the time complexity is proportional to the sum of the vertices of all outer polygons, resulting in   O ( n )  . In summary, the total time complexity of the algorithm can be expressed as follows:


  O ( n ) + O ( n / m ) + O ( p ) + O ( n ) = O ( n )  












4.2. Space Complexity


The storage space required by the algorithm can be divided into two main parts: storage for the hash table and storage for the resulting polygons.



The key–value pairs in the hash table correspond one-to-one to the line segment dataset; assuming the load factor is set to   0.7  , the space complexity of this part is   O ( 1.43 n ) = O ( n )  .



The space for storing the result polygons can be further divided into two parts: the second part stores the ordered polygon vertex data, with space complexity identical to that of the line segment dataset, which is   O ( n )  . The first part is memory reserved for storing an unknown number of polygon header data. Assume that n line segments contain p polygons, and the maximum value of p is   n / 3  , which means that all polygons are triangles—this represents the case with the highest memory demand.



In summary, the total space complexity of the algorithm can be expressed as follows:


  O ( n ) + O ( n ) + O ( n / 3 ) = O ( n )  













5. Experiment


We compared the proposed GPU-based polygon reconstruction algorithm with the CPU-based algorithm from the Boost.Polygon library. The CPU algorithm was executed on an Intel Ultra7 155H platform, while the GPU algorithm ran on an NVIDIA GeForce RTX 2080Ti, both using the highest level of compilation optimization.



For the CPU algorithm, we used the polygon_set and polygon_with_holes_data types when testing on non-Manhattan line segment sets. To maximize performance on Manhattan line segment sets, we used the polygon_90_set_data and polygon_90_with_holes_data types.



Our experiments involved two types of polygons, as shown in Figure 5, namely, Manhattan polygons, which are derived from integrated circuit layouts before OPC or ILT (these polygons consist of horizontal and vertical line segments and typically have fewer vertices), and non-Manhattan polygons, which are generated after ILT. These are irregular contours formed by a large number of short line segments, resulting in polygons with more vertices.



The test polygon set was derived from the source mentioned in [12]. We converted the pixel-based images generated by the model into vertex sets using edge detection techniques. Based on these vertex sets, we replicated and translated the polygons, then decomposed them into line segments as input data for our algorithm tests.



We designed two experiments for each type of polygon and tested the acceleration ratio of the GPU-based algorithm for polygons with holes and without holes.



5.1. Result


Table 1, Table 2, Table 3 and Table 4 present the test results of our algorithm on different polygon datasets. “Polygon Number” refers to the number of polygons in the dataset, and “Segment Number” is the number of line segments that make up these polygons. The third and fourth columns show the time (in milliseconds) required by the traditional CPU algorithm and our GPU algorithm, respectively, to process these line segments. The final column represents the speedup achieved by our algorithm. The results show that, compared with the CPU-based algorithm, the GPU-based algorithm achieves an average speedup of 46.1× on the non-Manhattan test set without holes, and 45.2× on the non-Manhattan test set with holes. It achieves an average speedup of 17.9× on the Manhattan test set without holes and 16.8× on the Manhattan test set with holes. Overall, the proposed GPU algorithm demonstrates substantial performance improvements on the RTX 2080 Ti.



The new algorithm exhibits varying speedup ratios when processing Manhattan and non-Manhattan polygons, which can be attributed to the characteristics of both the polygons and the algorithm. Compared to the CPU-based algorithm, the performance advantage of the proposed algorithm mainly lies in the line segment connection process, particularly in the hash table search. Apart from redundant searches caused by uncertain polygon starting points, this process is well-suited for large-scale parallel computing devices such as GPUs. Therefore, the GPU-based algorithm performs better on test sets where a single polygon contains more vertices. In the non-Manhattan test sets, with and without holes, the average number of line segments per polygon is 144.2 and 110.6, respectively, significantly higher than the average number of line segments per polygon in the Manhattan test sets, which is 18 and 6.4, respectively.



When processing polygons with holes, our algorithm exhibits slightly worse performance compared to polygons without holes, given the same number of line segments. This is due to the memory layout used to store the results. Each polygon’s header information must be recorded in the results. With the same number of line segments, the test set with holes contains more polygons, requiring the device to perform more memory-write operations, which increases execution time. In addition, matching the inner and outer contours also requires additional time.




5.2. Performance Bottleneck Analysis


Figure 6 presents the execution time of each part of the algorithm across four different types of test sets. “MemCpy D2H” refers to the time spent transferring data from the CPU to the GPU. The “key–value pair insert” denotes the time required to insert line segments as key–value pairs into the hash table. “Contour Match” represents the time spent matching the inner contour to the outer contour. “Result Sort” refers to the time taken to sort the results, and “MemCpy H2D” indicates the time required to transfer data from the GPU back to the CPU.



The overhead caused by data transfer affects the acceleration performance of the algorithm, and this impact is especially significant in the Manhattan test set. We accelerated data transfers by allocating page-locked memory, which introduced some time overhead. Fortunately, since this operation was executed on the CPU, it could run concurrently with certain GPU operations.



“Segment Connect and Pin Memory Allocation” is the core part of the algorithm. It uses hash-based search to connect segments. During this task, we allocated page-locked memory on the CPU side. The system synchronized after both operations were completed. This means that the execution time for this part was determined by the longer of the two operations: page-locked memory allocation or segment connection, as shown below:


  T = m a x (  T  P i n M e m M a l l o c   ,  T  S e g m e n t C o n n e c t i o n   )  











We tested the execution time T before and after applying page-locked memory. The results show that, in the non-Manhattan test with an average of 141 vertices, the execution time after applying page-locked memory increased by less than   1 %   on average. In the Manhattan test with an average of only 18 vertices, the execution time after applying page-locked memory increased by   40 %  . This suggests that in the non-Manhattan test, the time spent allocating page-locked memory could be covered by the time required for segment connection. However, in the Manhattan test, the time increased significantly after applying page-locked memory, indicating that the time spent on segment connection is less than the time required to allocate page-locked memory.



Therefore, data transfer is a critical factor limiting the algorithm’s performance. In our test platform, the data transfer bandwidth between the CPU and GPU was only around 4 GB/s. As a result, the algorithm would perform better on platforms with higher bandwidth, especially for polygon sets with fewer vertices on average. Furthermore, if this algorithm is integrated with other parts of a GPU-based polygon clipping algorithm, the time spent on data transfer would be further diluted.





6. Conclusions


The advancement of heterogeneous computing offers a novel approach to addressing the increasing scale of polygon problems. This paper proposes a GPU-based polygon construction algorithm, which converts the inherently serial polygon reconstruction problem into a parallel computing task using parallel hash tables and memory pools, thus enabling efficient line segment combinations and inner/outer contour matching. The algorithm can be seamlessly integrated into the Boost.Polygon library, significantly enhancing the speed of polygon reconstruction. This will alleviate the burden on CAD algorithms when handling the growing complexity of designs.



Due to the impact of data transfer between the host and the device, the current algorithm’s acceleration performance is limited when the average number of vertices per polygon is relatively small. In the future, we plan to develop a GPU-based polygon clipping algorithm and integrate it with this work, so that the cost of data transfer is distributed across multiple computation steps. We also plan to further explore solutions to enhance the algorithm’s speedup.
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Figure 1. An example set of polygons. The letters in the figure represent different vertices. Algorithm input: line segments forming these polygons. Output: oriented point sets. 
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Figure 2. Memory layout for storing results. 
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Figure 3. (a) Illustrates the algorithm’s execution on a CPU-GPU setup. (b) presents a set of polygons with three outer contours A, B, and C and one inner contour E, the numbers represent the vertices of the polygon. (c) depicts the hash table storing line segments of the polygons. In (d), three threads execute the reconstruction task in parallel. (e) presents the reconstructed polygons before matching. (f) displays the final result, with matched inner and outer contours. 
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Figure 4. (a) Valid polygon, (b) self-intersecting polygon, (c) degenerate polygon, (d) two polygons in contact. A, B, C, D, and E represent different vertices of the polygon. 
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Figure 5. Test polygons that served as the source of line segments used in the experiments. (a) A slice of the Manhattan test set. (b) A slice of the non-Manhattan test set. 
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Figure 6. Proportional execution time of algorithm components across different test sets. 
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Table 1. Test results for non-Manhattan polygons without holes.






Table 1. Test results for non-Manhattan polygons without holes.





	Polygon

Number
	Segment

Number
	Boost Polygon

on CPU (ms)
	Our Algorithm

on GPU (ms)
	Speedup





	27,000
	3,894,300
	2592.9
	51.3
	50.5



	36,750
	5,300,575
	3605.4
	77.8
	46.3



	48,000
	6,923,200
	4674.8
	97.2
	48.1



	60,750
	8,762,175
	5932.4
	125.7
	47.2



	75,000
	10,817,500
	7269.9
	157.9
	46.0



	90,750
	13,089,175
	8810.0
	205.3
	42.9



	108,000
	15,577,200
	10,689.2
	257.0
	41.6










 





Table 2. Test results for non-Manhattan polygons with holes.






Table 2. Test results for non-Manhattan polygons with holes.





	Polygon

Number
	Segment

Number
	Boost Polygon

on CPU (ms)
	Our Algorithm

on GPU (ms)
	Speedup





	42,300
	4,679,100
	3227.4
	64.4
	50.1



	57,575
	6,368,775
	4398.9
	96.5
	45.6



	75,200
	8,318,400
	5701.5
	140.0
	40.7



	95,175
	1,052,797
	7264.7
	153.6
	47.3



	117,500
	12,997,500
	8865.1
	223.7
	39.6



	142,175
	15,726,975
	10,848.0
	228.0
	47.6










 





Table 3. Test results for Manhattan polygons without holes.






Table 3. Test results for Manhattan polygons without holes.





	Polygon

Number
	Segment

Number
	Boost Polygon

on CPU (ms)
	Our Algorithm

on GPU (ms)
	Speedup





	250,000
	4,500,000
	1069.8
	63.4
	16.9



	291,600
	5,248,800
	1247.5
	70.8
	17.6



	336,400
	6,055,200
	1515.2
	80.4
	18.8



	384,400
	6,919,200
	1627.2
	91.0
	17.9



	435,600
	7,840,800
	1815.2
	102.3
	17.7



	490,000
	8,820,000
	2147.4
	115.6
	18.6



	547,600
	9,856,800
	2368.2
	127.8
	18.5



	608,400
	10,951,200
	2638.3
	150.9
	17.5










 





Table 4. Test results for Manhattan polygons with holes.






Table 4. Test results for Manhattan polygons with holes.





	Polygon

Number
	Segment

Number
	Boost Polygon

on CPU (ms)
	Our Algorithm

on GPU (ms)
	Speedup





	230,000
	1,480,000
	411.8
	25.7
	16.0



	304,175
	1,957,300
	595.5
	33.0
	18.0



	388,700
	2,501,200
	760.0
	42.4
	17.9



	483,575
	3,111,700
	907.4
	53.2
	17.1



	588,800
	3,788,800
	1070.5
	64.3
	16.7



	704,375
	4,532,500
	1233.6
	78.2
	15.8



	830,300
	5,342,800
	1622.9
	93.9
	17.3



	966,575
	6,219,700
	1750.4
	109.7
	16.0
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