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Abstract 
This paper presents a classification of the factors that influences the performance of path finding techniques. This includes the 
dynamics of the game, the geometry of the players and the environment, the (un) predictability of movement, kinematic and 
temporal restrictions, interaction rules, and real-time performance. The purpose of this classification is the help developers 
identify the complexity of the task before choosing a certain approach. 
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1. INTRODUCTION 
Choosing a path finding techniques that performs well is important to the success of artificial intelligence in 3d games 
and simulation projects because path finding is fundamental building-block for the field of game AI. There are a many 
path finding techniques available for games and simulation projects. One technique may excel under certain 
circumstances, but do badly under other. The main purpose of this paper is not to offer solutions, but to raise the 
awareness about the most common factors that influences the efficiency of path finding techniques. The more factors that 
the developer intends to incorporate into the game, the more complex the path finding becomes. 
Path finding is usually associated with finding the shortest path, but there are other possibilities, which may have to be 
solved differently. These include finding any path, finding a path with maximum coverage of any area, finding a path 
with minimal exposure and finding the set of paths with maximum capacity to get as many units as possible to the 
destination. 
 
2. PLANNING 
Not every game is suited for planned navigation. Often it is sufficient to use a set of simple behavioral or reactive rules, 
and rely on those to perform special movement, collision avoidance and other navigational requirements. 
On the other hand not every game can be satisfactory handled by such rules. Using reactive rules to navigate through a 
most often yields exceptionally bad results. Rule-based navigation is restricted by the lack of global knowledge, which 
results in paths of poor quality, or even getting caught in traps it cannot escape. 
Sometimes the player has an objective rather than a geometric destination. One example is the Pursuit Evade game, 
where the objective of the evader is to stay away from the pursuer. Another example is to maintain visibility with another 
player. In such cases planned navigation is not advantageous. 
 
 
3. DYNAMICS 
Some parts of the environment may be able to change during the game. It is convenient to categorize these according to 
the origin of the change. 
 
3.1 Static environment: Navigation is rather easy because the environment is predictable. There al-ready exist a huge 
number of solutions to this case. 
3.2 Movable players and static obstacles: The presence of other movable players needs to be handled dynamically, 
because their future paths are unknown. Although their instanceneous direction and speed are known, their future 
movement cannot be predicted.Fortunately it is often possible to disregard them while planning a path, and handle them 
locally as they are encountered while traversing the path. 
3.3 Moving obstacles: If the obstacles can be relocated them we cannot pre-calculate the entire path. 
It is computationally expensive to re-plan each time a discrepancy is detected, so more dynamic schemes, such as D* or 
Kinetic Data Structures, may be required. 
3.4 Appearing/ disappearing obstacles: If the obstacles not only move, but also are able to appear and disappear, the 
pathfinding gets further complicated because there is no temporal coherency to utilize. 
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3.5 Manipulations : If the player has the ability to alter the environment during movement, planning gets further 
complicated. This can be moving destroying, or even constructing new parts of the environment. Construction may be  
Limited to the availability of building material. 
 
4. GEOMETRY 
The physical appearance of the environment plays an important role. 
 
4.1 Shape: Players and obstacles that can be approximated by simple geometric shapes, such as boxes or circles are 
much easier and more efficient to handle than arbitrarily shaped entities. Rotation can also increase complexity, unless 
the shape is circular. 
4.2 Partitioning: It is common to use graph based search algorithms to find a path. The graph is found by partitioning 
the environment, which can be done in many ways. The size and connectivity of the resulting graph influences the 
performance of the search algorithms, so the partitioning method is important. It should not automatically be assumed 
that a super=imposed uniform grid will give the best search performance. 
4.3 Concavity: many navigation techniques assumes that theplayer has to circumnavigate obstacles, rather than be 
guided through them, as is the case with corridors or mazes. Such structures may invalidate certain navigation 
techniques, such as navigation by traffic rules. 
4.4 Special Structures: the environment may contain special structures, such as loops, which are trouble some to the 
space partitioning methods. Approximation of such structures can either lead to jagged motion if the granularity is too 
fine, or impenetrable areas if the granularity is too course. This can necessitate special treatment of these structures, such 
as using a special treatment of these structures, such as using a non-linear roadmap like an equidistant line through the 
loop which must be followed. 
 
5. UNCERTAINTY 
Limited information: the amount of information available may be limited-either intentionally restricted to infuse a sense 
of realism, or unintentionally like in distributed systems. There may be unknown parts of the environment, or previously 
visited and mapped parts may have changed. The more information available, the more exact the path can be planned. 
 
5.1  Exploration: Exploring unknown territory can increase the amount of available information, but deciding how to 
explore and which parts to explore can be difficult. 
5.2   Occurrences of events: Passages may be opened and closed, either periodically or based on some action. Knowledge 
ab out such events and their occurrences can be incorporated into the planning. 
 
6. MISCELLANEOUS FACTORS 
Limited Resources : the lack of sufficient resources can have a big impact on a given pathfinding technique. 
 
6.1  Timely Response: The quality of the path can be compromised by the available computational resources. 
6.2 Limited Memory: Not every pathfinging techniques is able to operate successfully with a limited amount of memory. 
Some techniques can be  altered to work under such conditions, but it usually requires a time-space trade-off.  
6.3   Accuracy: The level of spatial accuracy of the path is important. Less accuracy will usually cause the planning to be 
faster and require less memory, and it puts less constraint on local collision avoidance.However, less accuracy can 
produce inefficient or unnatural movement patterns. 
6.4   Kinematic: Kinematic constraints, such as gravity, inertia and limited speed may have an influence on what types of 
path can be used in a solution. The physical coupling of players can also alter the way they have to move. 
 
 
7. CONCLUSION 
This paper has articulated various factors that influences the complexity, and hence the performance, of pathfinding. This 
factor have been categorized according to issues such as the type of the path, the soundness for planning, the dynamics of 
the game, the geometry of the environment and the players, the uncertainty of information and various other factors. 
The classification is not exhaustive and there is some overlap between certain of the described factors. The overlap was 
allowed to make a classification that would map more directly unto the problem-domain rather than an orthogonal 
classification which was abstracted to obscurity. 
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