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 
ABSTRACT 
 
Pathfinding is a broadly applied algorithm that involved the 
discovery of routes between two positions by avoiding 
obstacles at the same time. Recently, a significant number of 
researchers focusing on informed search algorithms for 
pathfinding concerning games. However, review regarding 
the latest optimization in the pathfinding algorithm and its 
advantages still lacks in the literature. To organize this 
heterogeneity, this paper presents a review that focused on 
numerous modifications to enhance the execution of the 
informed search algorithm through four classified 
perspectives: i) modification to the graph representation, ii) 
enhancement of heuristic function, iii) hybrid search 
algorithm, and iv) new data structure. This paper also aims to 
discuss common challenges faced by pathfinding in video 
games and providing future trends for optimization. While 
incorporating pathfinding optimization over the past decade, 
this paper also aims to assist new researchers by emphasizing 
the potential path for further exploration.  
 
Key words : Games, heuristic, optimization, pathfinding.  
 
1. INTRODUCTION 
 
 Pathfinding algorithm is said to be the core of numerous 
applications and has wide-ranging usage in everyday life. 
Over the years, pathfinding algorithms have received 
increasing attention in many applications such as video 
games, robotics, metabolic pathways [1], augmented reality 
[2], and global positioning system [3]. Pathfinding algorithm 
addressed the question in the discovery of the shortest route 
between two positions and avoided obstacles [4].  
 According to the study done by Newzoo [5] in 2019, video 
games generated USD 152.1 billion in the global games 
market. In video games, pathfinding represents a significant 
component to a character to find the shortest, fastest, and 
cheapest way possible to navigate from one place to another 

 
 

within the game environment. As the quest for practicality 
increases in video games, the problem of pathfinding is 
loaded with many added requirements and limitations aimed 
at developing more credible results for character navigation 
[6], thus causes navigation to become an important issue. 
Hence, the pathfinding algorithm plays a vital role in this 
billion-dollar industry. Besides, calculations in pathfinding 
can be very challenging, and this is where heuristics play 
important parts that provide supplementary data to the 
algorithm, which intends to accelerate performance. 
Pathfinding can be categorized to two major groups, namely 
informed and uninformed search [7]. Both search terms and 
heuristic function’s definition are further described in Section 
3.3 and Section 3.2, respectively.  

 An enormous volume of pathfinding algorithms with 
different characteristics and fundamental traits have been 
recommended and developed over the past years and observed 
to be a favourable navigation method for characters in games. 
Optimization can be defined as a procedure of deciding the 
greatest resolution to maximize or minimize the variables 
involved in the problems to achieve maximum performance 
and useful practicality [8]. Due to the broad area of research 
in search algorithms, this paper only focused on optimization 
for informed or heuristic search while an uninformed search 
or blind search is beyond the scope of this study. Although 
there are various review techniques to enhance existing 
pathfinding algorithms in previous literature, most of the 
review summarized algorithms in general view without 
emphasizing on its optimization perspectives. New 
researchers in this area ought to have a general understanding 
but it will remain insufficient in terms of reaching a new idea 
on how to further optimize the pathfinding techniques. A 
thorough search of the related literature yielded only one 
related article by Cazenave [9] in 2006. Cazenave explained 
related optimization done for pathfinding by three research 
perspectives: i) changed data structure, ii) heuristics, and iii) 
algorithm.  
 Besides, this paper organizes the optimization of informed 
search algorithms which classified in four research 
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perspectives by adding another research perspective from 
Cazenave as presented in Section 3. Furthermore, this study 
presents a review of common challenges for pathfinding in 
video games. Besides, this research complements an earlier 
study which reviews several optimization and variant of 
pathfinding algorithms such as [4], [10], [11], and [12]. The 
existence of periodic review on a regular basis becomes 
essential as a guideline to the new researchers in recognizing 
the improvement of pathfinding study and emphasize the 
possible research in the character’s navigation using heuristic 
pathfinding techniques. The optimization techniques in 
pathfinding as a comparative and benchmarked is essential to 
seek a potential research trend. Therefore, this study also 
classifies the hidden research area of heuristic pathfinding 
optimization technique by presenting future trends of 
optimization for navigation in games. 
 
2. CHALLENGES FOR PATHFINDING IN VIDEO 
GAMES 
 
 Pathfinding in the static environment poses fewer 
challenges than the dynamic environment, which the latter 
refers to the changeable position of obstacle [12]. In computer 
games, pathfinding is very important to allow non-player 
characters (NPCs) to move to specific target positions [13]. 
Although in many applications, the problem is restricted to 
locate the shortest path possible between points A and B, this 
is usually not the case in the video games viewpoint.  

Over the years, the pathfinding algorithm provides 
navigation for characters in games, and a variety of 
optimization approaches have been performed in the 
literature. Barnouti, Al-Dabbagh, & Sahib Naser [14] pointed 
out that the path problem in industrial games needs to be 
resolved in real-time, usually with restricted memory and 
limited CPU time. Reference in [15] supported the statements 
which stated that most common pathfinding challenges in 
games were massive memory usage and time-consuming in 
execution.  

Previously, Botea et al.  [4] identified issues regarding the 
need to fulfill the aggressive CPU and current gaming 
memory limits. In addition, they discussed that there is always 
the need to consider the struggle to control a middle ground 
between memory and time constraints. They also added that 
another measure should be taken into account, which is the 
path quality. Therefore, they concluded that the goal in 
pathfinding is to improve performance on one or more of 
these parameters without the other criteria being 
compensated for.  

One of the popular informed search algorithms is the A* 
algorithm [16]. This algorithm and several remarkable 
variants are undoubtedly successful in practical applications 
and will almost certainly remain a foundation of solutions for 
the future [17]. However, Rabin [17] said that many games 
make considerations and adjustments which allow A* to be 
efficient such as changing game representation. For example, 
navigation meshes are used widespread in 3D games, but it 

can radically change the game world in unpredictable ways 
during gameplay. Rabin [17] stated that solutions for the 
navigation mesh are existed but are not well identified or 
revealed by the game industry or the solutions are challenging 
to execute. 

In terms of path quality, Rabin [17] added that Artificial 
Intelligence (AI) characters tend to favour the shortest paths 
rather than realistic or genuinely optimal paths. Hence, this 
situation leads to plenty of opportunities for improvement in 
the algorithm itself. 

In conclusion, common challenges for pathfinding in 
games can be concluded as: 

i.  Time-consuming in execution 
ii.     Massive memory consumption 
iii. Unrealistic path quality 

 
3. RESEARCH PERSPECTIVES ON THE INFORMED 
SEARCH ALGORITHMS FOR PATHFINDING IN 
GAMES 
 
 Although many researchers discovered that A* algorithm 
is ideal, Cui & Shi [19] disagreed and stated that A* could 
speed up by enhancing it from various perspectives. There are 
four suggested by Cui & Shi [19] to boost the performance of 
A* which are search space optimization, memory usage 
reduction, heuristic functions improvement, and new data 
structure implementation.  
 Several researchers aimed to optimize informed search 
algorithms for pathfinding in games and this paper classified 
the optimization approaches by four identified aspects as 
shown in Figure 1. 
 

 
 

Figure 1: The Research Perspectives for Informed Search 
Pathfinding Optimization in Video Games 

 
Four main aspects of optimization for informed search 

pathfinding will be discussed in the following section, and the 
phrase ‘research perspectives’ will be used in this study to 
describe the aspects or techniques for optimization. The 
following section is devoted to reviewing research 
perspectives for the optimization of informed search 
pathfinding. It is divided into four different subsections 
concentrated on: (i) graph representation, (ii) heuristic 



Azyan Yusra Kapi et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(3), May – June 2020, 2756 - 2764 

2758 
 

 

functions, (iii) search algorithms, and (iv) data structure used 
to enhance pathfinding algorithm.  

A preliminary search from the https://scholar.google.com 
suggested a massive quantity of studies correlated to 
“pathfinding” in games. After an initial screening procedure, 
some keywords from the abstract were referred to the 
delineation of the chosen papers or publications to obtain the 
highly significant and notable articles. The focused 
publications ought to principally represent pathfinding 
techniques; including single or multi-agent navigation; static 
or dynamic; pathfinding optimization. The search terms 
“pathfinding AND games AND (modification OR 
optimization OR improvement OR enhancement)” were also 
stemmed from the review articles of procedure search in 
pathfinding. 
 

3.1 Optimization by Changing Graph Representation 
 In pathfinding, environments are often represented as a 
graph or map. Although the term differs in the logical state, 
the term ‘graph representation’ is often used interchangeably 
with search space [15], map representation [11] [12], or game 
world [20]. Throughout this study, the term ‘graph 
representation’ will be used to refer to the pathfinding 
environment. Graph representation is one of the essential 
attributes in determining navigation performance in most 
pathfinding algorithms [11]. 
 For the optimization purpose, the primary step is to 
consider changing the game’s graph representation [15]. 
Selecting the best graph representation is often the first 
solution to optimize the pathfinding algorithm because it 
brings a considerable impact on the algorithm’s 
implementation.  
 In games, three popular graph representations are grid 
maps, waypoint graphs, and navigation meshes. A debate has 
long prevailed as to whether which graph representation is 
the most excellent, however, Rabin & Sturtevant (2019) [20] 
made it clear that each graph representation has its 
advantages and disadvantages based on the type of game it 
represents. They have summarized a few benefits and 
limitations for common graph representation used in games 
in their paper. 
 Graph representation in games can be modified to 
indirectly optimize pathfinding performance. Table 1 outlines 
several optimizations of informed search pathfinding by 
changing the graph representation. 

Based on Table 1, a typical graph representation for the 
most prominent pathfinding algorithm, which is A* is by 
using grid maps [22]. However, since grid maps faced poor 
performances in term of memory in a larger environment, 
Subrando et al. [22] implemented A* in navigation mesh. 
They have reported that the resulting solution able to solve 
poor performance issues in grids and found no further issues. 

Cui, Harabor, & Grastien [23] introduced any-angle 
pathfinding in NavMesh, namely Polyanya, which expands 
their previous work in grids, Anya [24]. The expansion is 
tested on three different types of NavMesh which are 
constrained Delaunay triangulation (CDT), a merge 
neighboring polygon in CDT (M-CDT), and a rectangle mesh 
[23]. As a result, Polyanya+M-CDT performed best and 
surpassed Anya in terms of search time and node expansions.  

In tactical pathfinding which intends to locate a secure 

path, Brewer [25] mentioned that the usual way to represent 
the graph is by the use of waypoint or grid. He introduced a 
cover representation for tactical pathfinding in NavMesh and 
indicated that fast pathfinding is achieved without large 
memory consumption.  

One study by Cui & Shi [19] examined n-sided-poly-based 
NavMesh that is much easier to automatically produce 
compared to triangle-based NavMesh. They claimed that 
their new implementation in n-sided-poly-based NavMesh 
has an advantage in memory usage.  

From Table 1, it can be concluded that NavMesh is highly 
selected to be used in optimizing the pathfinding algorithm to 
reduce memory consumption. 
 

3.2 Optimization by Improving Heuristic Functions 
 The heuristic search function is a key field of AI, and it has 
been extensively utilized in game-play, path-planning and 
agent control [26]. The definition of the heuristic search 
function can be simplified as a set of guidelines for selecting 
pathways in a state-space that resulted in an agreeable 
possible resolution by decreasing the number of options 
movements [12]. The heuristic itself employs a practical 
pathfinding algorithm that is not guaranteed to be finest or 
rational, but which is nevertheless adequate for the 
pathfinding solution. The selection of heuristic function acts 
as a substantial part of the overall pathfinding process to help 
in reducing computation. There is two general heuristic 
function used in previous literature, which is Manhattan 

Table 1: Summary of the reviewed literature on pathfinding optimization by changing graph representation 
Reference Graph representation Pathfinding 

algorithm 
Advantages 

Subrando et al. (2018) 
[22] 

Grids  NavMesh A* Less memory overhead in NavMesh for a larger 
environment 

Cui et al. (2017) [23] Grids  NavMesh Polyanya Speed up over one magnitude of search time and 
node expansions on average 

Brewer (2013) [25] Grids/Waypoint 
NavMesh 

A* Combine cover representation with NavMesh for 
tactical pathfinding without huge memory usage 

Cui & Shi (2011)  [19] (NavMesh) n-sided-poly 
triangle 

A* Reduce memory consumption and no 
post-processing is needed 



Azyan Yusra Kapi et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(3), May – June 2020, 2756 - 2764 

2759 
 

 

distance and Euclidean distance. Table 2 summarizes related 
research for pathfinding by optimizing the heuristic function.  

From Table 2, modification of heuristic function in 
pathfinding is proposed by Smołka et al. [27] who introduced 
two modifications in their technique. To optimize A*, they 
apply a Chebyshev distance as its heuristic and add vertex 
penalties to shorten the time in the search technique. Besides, 
they also remove extra vertices in a straight line to increase 
execution time during the search. The optimization of A* is 
named A*MOD by them and is aimed to produce a natural 
and realistic path and remove excessive corners in the path. 

In 2018, Yiu, Du, & Mahapatra [28] presented a Multi 
Weighted-Heuristic (MWH) functions that make use of 
genetic algorithm (GA) to automatically optimize by selecting 
four heuristic functions from a gene pool of 10 different 
heuristics.  They embed the MWH function in A* search and 
name it as Evolutionary Heuristic A* search (EHA*). It then 
tested on two well-known problems in Artificial Intelligence 
which are Blocks World Problem and Sliding Tile Puzzle. 
The memory usage is proved to be significantly improved, 
and they reported that the time complexity has a dependency 
on the chromosome’s size. As the length of the chromosome 
increases, the time is increasing exponentially. 

Cao [29] proposed a consistent and admissible heuristic 
function, “Check From Closed List” which targets to reduce 
time complexity in the specific operation for A* open list.  

In addition, Abd et al. [30] introduced a new weighted 
heuristic search pathfinding algorithm. The proposed 
weighted heuristic search is then tested by implementing it in 
popular pathfinding algorithms: A*, Bidirectional 
A*(Bi-A*), and Jump Point Search (JPS) algorithms. In 
conclusion, the weighted heuristic search technique portrayed 
some flaws that need to be enhanced. Flaws in their proposed 
weighted heuristic can be summarized as follows: i) 
optimality of solutions is compromised ii) performance’s 
stability is proportional to the weight value, and they also 

mentioned that although time reduction has been achieved 
compared to the existing search technique, further reduction 
is needed to enhance search technique. 

Additionally, Mathew [31] considered direction-based 
heuristic by combining eight possible directions and its 
heuristic key. For the evaluation purpose, Mathew [31] used a 
150x150 grids and 2D array and employ direction-based 
heuristic to the A* algorithm. As a result, he demonstrated 
that A* with the use of direction-based heuristic generates a 
better path in terms of quality and utilize a smaller amount of 
time and memory compared to the traditional A*. 

According to Kim et al. [32], they introduced a visibility 
test heuristic and applied A* in a NavMesh. They aim to 
reduce the search space on a vast number of polygons in the 
NavMesh with an extensive terrain.  Their experiment has 
shown that the visibility test heuristic outmatches the plain 
A* by reducing execution time during the search with a 
smaller number of visited nodes. 

From Table 2, it can be summarized that most of the 
heuristic functions aim to minimize the time to execute the 
algorithm and it is the only research work [27] aimed for 
producing a realistic path.  

3.3 Optimization by Combining Search Algorithms 
 Besides graph representation and heuristic functions, the 
search algorithm is the next significant process in optimizing 
the pathfinding algorithm. In general, search algorithms can 
be separated into informed and uninformed search [7].  An 
uninformed search contradicts an informed search where the 
former does not require the use of a heuristic function.  When 
the target location is unknown, all directions were searched in 
the pathfinding process, and it is also called as blind searches 
[33]. Examples of standardly used uninformed pathfinding 
algorithms are the iterative-deepening depth-first search 
(IDD FS) [34]. 

Table 2: Summary of the reviewed literature on informed search pathfinding by improving heuristic functions 
Reference Objective Function(s) Optimization 

Approach(es) 
Characteristics 

Smołka et al. (2019) [27] Time; Realistic path Chebyshev distance Alter metric and apply vertex penalties for 
diagonal move 

Yiu et al. (2018) [28] Time; Complexity Multi-Weighted-Heuristic 
function 

Optimize heuristic by utilizing Genetic 
Algorithm (GA) 

Cao (2018) [29] Time Check From Closed List Check closed list instead of an open list in 
A* to reduce time and Djikstra’s algorithm 

[16] 
Abd et al. (2017) [30] Time Weight-based recurrence Dependent on the quantity of repetitions for 

search algorithm and w-value 
Abd et al. (2017) [30] Time Weight-based-coordinate 

distance 
Rely on length of start-end nodes related to 

w-value 
Abd et al. (2017) [30] Time Weight-based-travel cost Refer to travel cost which refers to a weight 

set, α 
Mathew (2015) [31] Time; Memory; Path Direction based heuristic Introduce heuristic key to represent left 

right up down 
Kim et al. (2011) [32] Time Visibility-test heuristic Modify Euclidean heuristic by searching 

visible vertices for obstacles 
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Informed pathfinding utilizes a heuristic function to trace 
the target location through pathfinding. Since the target 
location is known, an informed search usually is quicker than 
an uninformed search [33]. Various informed pathfinding 
algorithms were created in the past literature which includes 
the A*search [35] and the Iterative-Deepening-A* (IDA*) 
search [34]. To date, the A* algorithm has dominated the 
field for many decades. Recently, a considerable literature has 
grown up around the theme of hybrid pathfinding algorithms. 
Table 3 summarizes the hybrid search pathfinding algorithm 
in games. 
 Cui & Shi [19] stated that potential research in optimizing 
the A* algorithm is to combine various optimization methods 

into a single solution.  
 In Table 3, considering of hybrid algorithm, Sazaki, 
Primanita, and Syahroyni [36] combined A* algorithm and 
Dynamic Pathfinding Algorithm (DPA) in their study and  
Sazaki, Satria, and Syahroyni, [37] evaluated the hybrid 
algorithm and provided a comparison with only DPA in car 
racing game. The hybrid algorithm reduces the time needed to 
achieve the target from the beginning node. Besides, it 
improves the chance of successfully reaching the goal node 
with or without obstacles. DPA is used to prevent static or 
dynamic obstacles for the NPC’s navigation.  
 Harsani, Mulyana, & Zakaria [38] developed a platform 

game with three levels of difficulties named Goat Foraging 
Game. Two algorithms including Fuzzy logic and A* were 
used in the game rules and the conclusion is made for both 
algorithms. It is concluded that NPC’s character behavior 
obtained by fuzzy logic can enrich difficulties and natural 
NPC’s behavior, and A* successfully found the shortest path 
between the player and NPCs.  
 Ant Colony Algorithm is first introduced in 1991 by 
Colorni, Dorigo, & Maniezzo [39]. It is then applied to 
vehicle navigation for travelers in Iran which involves a 
multivariate such as medical care, entertainment, traffic light 
numbers, accidents, and traffic flow [40]. The algorithm 

combined two algorithms which are Ant Colony and A* 
algorithm. A* acts as a first task in the navigation by enlivens 
paths pheromones in ant’s algorithm. The results from both 
combinations yield a very promising route in terms of cost 
average. 
 Similarly, a study on the Bee algorithm has been conducted 
by Sabri et al. [41] and has been compared with A* on two 
different maps and two distinct measurements, performance, 
and memory consumption. For performance, on average, the 
A* algorithm surpasses the Bee algorithm on the free 
obstacle’s map (200x200 and 500x500). However, for a 
simple environment with obstacles, Bee algorithm performs 

Table 3: Summary of hybrid search pathfinding algorithms for optimization in games 
Reference Environment 

“system” 
Agent’s 

type 
Highlight(s) Pathfinding 

technique 
Memory 

Complexity 
Time Complexity 

Sazaki et al. 
(2018) [36] 

Dynamic - Compare pathfinding using 
a combined algorithm for 
NPC in avoiding dynamic 

obstacles 

Combine 
Dynamic 

Pathfinding 
(DPA) and 

A* 
algorithm 

- Shorter time than single 
DPA 

Harsani et 
al. (2018) 

[38] 

Dynamic Multi-agent Add Fuzzy logic in game 
rule’s implementation to 

increase difficulty and 
behaviour to look natural 

Fuzzy logic 
and 

Algorithm 
A* 

- - 

Sabri et al. 
(2018) [41] 

Static Single-agen
t 

Assess the conventional 
algorithm, A* and Bee 

algorithm in pathfinding 

Bee 
Algorithm 

Inconsistent In free obstacle play, a * 
algorithm scans ten 

times faster; Bee 
outperformed A * in the 
obstacles and complex 

game world. 
Díaz & 
Iglesias 

(2017) [42] 

Dynamic Multi-agent Present a swarm-based 
intelligence to reflect and 
animate those behavioral 
routines for the NPC's AI 

Swarm 
intelligence 

(SI) – 
Particle 
Swarm 

Optimizatio
n 

- CPU time improved 

Johan 
Hagelbäck 
(2016) [43] 

Dynamic Multi-agent A hybrid method where A* 
is used without the presence 

of an enemy unit or 
building. When the units 

A* combine 
Flocking 
with boid 

algorithms 

- A*/boid outperform 
A*/potential 
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three times better, while in a complex environment, A* 
slightly outmatch Bee algorithm. Memory consumption for 
the Bee algorithm shows promising results since it performs 
three times better on average for free obstacle map (200x200 
and 500x500). Memory for the Bee algorithm also 
outperformed A* in both map size with the obstacle.  
 Another bio-inspired algorithm is swarm intelligence (SI). 
Díaz & Iglesias [42] illustrated one of SI techniques which is 
Particle Swarm Optimization (PSO) in the FPS game name 
Isolated. Two experiments were conducted to determine PSO 
efficiency in pathfinding and to assess the behavioral patterns 
for pathfinding and action planning of NPC. A promising 
result in terms of CPU time was yield, however, no 
benchmark is included in this experiment.  
 Additionally, Johan Hagelbäck [43] presented a hybrid 
algorithm in a Real-Time Strategy (RTS) game named 
StarCraft. The hybrid algorithm combined A* and boid 
flocking algorithm to tackle the chore of the unit’s placement 
efficiently in battle events. Previously, he has coupled A* with 
a potential field for the same purpose [20]. As a result, hybrid 
pathfinding A*/boid able to target the enemy in RTS game 
with better performance than the hybrid solution of 
A*/potential field.  
 

3.4 Optimization by Changing the Data Structure 
 
 One of the approaches to optimize search algorithms in 
pathfinding is to change data structure in the implementation 
process. Basically, any data structure has two sides: 
“abstraction” and “implementation” [44]. For the abstraction 
side, it indicated its concept or action performed while 
implementation explains how the concept is being 
implemented. For example, in maintaining an open list in the 
A* algorithm, a priority queue is the best abstraction and can 
be implemented using a binary heap [18]. 

 By using the A* algorithm, Cao [29] has presented a 
comparison of several data structures which are array, hash 

table, min-heap, and hot queue. All four data structures were 
discussed in his study and time complexity is measured by 
comparing it using four primary procedures in A* open list, 
namely “insertNew”, “deleteMin”, “whetherContains” and, 
“decreaseKey”. However, every data structure present 
benefits and limitations, depending on what type of 
optimization it tends to focus on. There is various data 
structure such as an array, hash table, binary min-heap, and 
Fibonacci heap multilevel buckets. Each data structure has its 
own advantages and disadvantages. The common data 
structure used in the implementation of the pathfinding 
algorithm is an array and heap. Surprisingly, only a few 
studies have been found for optimization through data 
structure modification. Table 4 provides a review of 
pathfinding optimization by changing the data structure. 
  In another significant study, Tavakoli [45] proposed two 
new data structures called partial min-heap and cache 
min-heap in the implementation of the A* algorithm and 
assess it to compare with other common data structures. By 
limiting the size of the heap, partial min-heap able to 
accomplish the number of operations performed and the time 
needed. Since the size of the data structure is reduced, the 
trade-off was the success rate in the pathfinding itself. Hence, 
the author suggests a few conditions that are suitable with the 

partial min-heap for the best-case scenario. Basically, the 
cache min-heap use a splitting concept for both insert 
operations in a single array, while combining both concepts of 
a min-heap and an unsorted array. Although the cache 
min-heap is unstable, Tavakoli [45] mentioned that it ensures 
to discover the optimal path.   
 Besides the proposal of a new implementation of its 
heuristic function, Cao [29] also suggested a new data 
structure named multi-stack heap to be implemented with a 
traditional A* algorithm in the open list. The results indicated 
that the multi-stack heap only needs O(1) for insertion and 
deletion, while typical data structure used in A*, min-heap 
previously takes about O(n) in the most terrible case scenario. 

Table 4: Summary of pathfinding optimization by data structure modification 
Reference New Data 

Structure 
Benchmark Highlight(s) Pathfinding 

technique 
Performance Time Complexity 

Tavakoli 
(2019) [45] 

Partial 
min-heap 

Unsorted 
array and 
min-heap 

Limit the size of the data 
structure to reduce time in 

executing an operation. 
Suitable for small map 

size. 

A* 
algorithm 

Compromise 
success rate 

Better in several cases 

Tavakoli 
(2019) [45] 

Cache 
min-heap 

Unsorted 
array 

Split the data insertion to 
two concepts of the 
unsorted array and 

min-heap 

A* 
algorithm 

Unstable, but 
guarantee an 
optimal path 

Shorten time but 
varies in several cases 

Cao (2018) 
[29] 

Multi-stack 
heap 

Min heap Tackle two main 
operations in an open list 

for A* to reduce time 
complexity from O(n) to 

O(1) 

A* 
algorithm 

- O(1) 
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 Even though there is only a minimal study in this 
optimization perspective, the evidence reviewed here seems to 
suggest a pertinent role of data structure in the optimization of 
the pathfinding algorithm.  

 
4. DISCUSSIONS 
 
 Overview of pathfinding algorithms is presented and 
briefly described in each section. One of the well-known 
algorithms which are A* algorithm also has been explained in 
detail. Besides, numerous variants involved in the 
pathfinding algorithm are discussed in detail which presents 
potential in further optimization.  
 
4.1 Additional Research Directions for Pathfinding 
Optimization in Video Games 
 
 Results from earlier studies demonstrate a consistent and 
robust association between pathfinding and games.  It has 
been estimated that the billion-dollar games industry will 
continue to grow every year towards the year 2022 [5].  With 
the advent of technology, demands were increased in 
developing immerse game experiences. Hence, more effort 
should be spent on the design of a realistic path in the 
navigation techniques, while maintaining the performance 
and reasonable memory usage.  For example, many hybrid 
algorithms discussed in Section 3.3 such as [28] [29] [31] [32] 
were focusing on time and memory, instead of path 
optimality. Besides the considerable demands in the game 
industry, it is also essential to acknowledge the need for AI 
programmers in pathfinding optimization [46]. 
 
4.2 Summary and Future Trends 
 
 Since the year 2010, there has been a growing and 
diminishing trend towards pathfinding optimization in games 
over the past decades. Even though the only focus of this 
paper is video games, however, it is observable during the 
selection of publications that pathfinding applications in 
other fields outside the game’s navigation such as robotics is 
also dominant research.  

There are several studies using swarm intelligence in the 
pathfinding technique for the game’s navigation in 
comparison with the others [41] [42] [43]. The potential of the 
hybrid algorithm shall not be undervalued since the 
algorithmic structure of swarm intelligence achieves well in 
increasing CPU performance.  

This review considers publications to evaluate and assess 
the trend for optimization of informed search pathfinding in 
video games over the last decade. In the observation, most of 
these pathfinding optimization studies have been limited to 
navigation for games in a personal computer (PC) and 
mobile, however, it was not possible for it to be extended in 
virtual reality. During the paper selection phase, by far, the 
application of pathfinding in virtual reality exists [47], but 
lack of the optimization part and thus excluded in this review. 
As an alternative to gamification [48] for the immersive game 

experience, future trends in pathfinding optimization are 
expected to explore further on practical applications and 
optimization in virtual reality.  

 
5. CONCLUSION 
 

 

In this review, pathfinding in games engaged significant 
experts and optimizations with tightening resources. Given 
the inadequate resources for navigating the characters in the 
game with future game’s demand, optimization of informed 
search pathfinding remains a huge potential study. This 
review synthesized the recent research progress in the game’s 
navigation and emphasizes the optimization using four 
different perspectives. Hence, it can be concluded that 
research on the pathfinding technique for navigation in 
games is a promising area. For example, although A* 
algorithm is a classic pathfinding solution since 1968, A* is 
still being implemented and benchmarked, and it is further 
optimized in most of the current researches. This study also 
found out that limited optimization is performed by changing 
the data structure while most optimization is carried out by 
combining search algorithms and exploiting heuristic 
functions. Swarm intelligence algorithms such as bee colony 
and ant colony are somewhat new research areas in games 
that can be tackled in the future. 
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