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Abstract—Shortest path algorithm is one of classie I'T problems
and already wsed in many aspects. One of well-known shortest
path algorithm is A-Star algorithm. Usually A-Star will be
implemented to a Non-Playable Character (NPC) in some games.
This paper wants to tell how to optimize A-Star algorithm in a
hexagon-based environment wsing Parallel Bidirectional Search
(PBS). The result of this paper is PBS A-Star can be accelerating
classics A-Star algorithm by 68.8% faster in hexagon-based
environment.
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1.  INTRODUCTION

Shortest path is one of common problems in I'T industry [1]
[2]. especially in game mdustry [3]. One of them is creating a
non-playable character (NPC) who always move in an available
path and sometimes can find the plaver’s character position too
[4]. The NPC able to find a path although there are many
obstacles around. This NPC looks like have brain and can decide
where to move, but actually that just an implementation of a
shortest path algorithm. There are many kind of well-known
shortest path algorithm [5] [6], but in a game industry, A* 1s a
famous algorithm and being used in many kind of games.

A* algorithm 1s one of heuristic search which have a good
reputation in gaming industry. Many games developer using this
algorithm to solve a shortest path problem in their games [7].
Although this algorithm had an accurate and fast to find a
solution, there is one weakness in A*. A* need to find the path
first before the NPC can moved based on this calculation. It will
take some time until the NPC actually moving. The time to
calculate the path might be different in every computer because
it very dependent on how fast the computer can process it.

Central Processing Unit (CPU) this day have a multi-core in
one single chip [8]. Intel and AMD is a processors company who
compete -in a good way- to create as many cores as possible in
one single chip. Many cores mean many instructions can be
executed at the same time (parallel processing). This trends
makes any researcher want to use this parallel processing in
order to calculate shortest path problems faster than to calculate
in serial process.

Parallel Bidirectional Search (PBS) is created based on a
Bidirectional Search. Bidirectional Search is one example of
how to optimize a classic shortest path algorithm. Searching path

process will be divided into two part, (1) from start node to goal
node. and (2) from goal node to start node. They will stopped if
they meet in the halfway [9] [10].

The rest of this paper will organize as follows. Section 2 will
discuss about some theory and previous works which related
with this paper. Section 3 is a research methodology that being
used in this paper. Section 4 is the discussion about how to
implementing PBS A* on hexagon-based environment and the
result of the tests. Section 5 will tell about conclusion and about
future works.

II. THEORY AND PREVIOUS WORKS

A. Hexagon-Based Environment

In a game or robotic industry. a real life environment can be
modeled as a square-grid environment. There are two type of a
square-grid  environment, which is center-based grid
environment and comner-based grid environment [11].
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Fig. 1 Center-based (left) and comer-based (right) grid environment

Fig. 1 1s showing the difference of center-based and corner-
based grid environment. Every node in center-based grid
environment will be placed in the middle of the square. [t makes
the NPC who moved in this kind environment will always
stopped in the middle of the square. Corner-based grid
environment put every node in the corner of the square. This
kind of environment will make NPC always walks in the edge
of the square.

NPC in grid-based environment had eight possible
movements from where he stands. There are, north, north west.
west, south west. south, south east. east, and north east. Game
developer usually think that grid-based environment is a perfect
way to modeling an environment because it really simple and
very intuitive for the players. Although it easier to implement,
there is one shortage in a grid-based environment. The NPC will
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have a strange movements and will not look naturally. When
NPC want to move vertical or horizontal it will take p long, but
if the NPC move diagonally it will take pv2 long. This problem
can be solved by changing the environment into a hexagon.

Hexagon-based environment is a popular environment in
game who had turn-based gameplay. With a hexagon as an
environment, the distance of every node will be constant. Instead
of have eight possibility of movement, hexagon-based
environment only has six possibilities.

Fig. 2 Hexagon-based (left) and Grid-based (right) environment

Fig. 2 shows the difference of possible movement in a
hexagon-based environment and grid-based environment. NPC
movement in hexagon-based environment depends in the
hexagon itself. If the creator of hexagon-based environment
chooses to use “pointy at top” (see Fig. 3), then the possible
movement of the NPC is north. north east. south east, south.
south west, and north west. If the hexagon-based environment
use “pointy at side”, then the possible movement will be north
west. north east, east, south east. south west. and west.

Fig. 3 Pointy at top (left) and pointy at side (right) hexagon
B. A* Algorithm

A* algorithm first introduced by Peter Hart. Nils Nilsson,
and Bertram Raphael [12]. A* algorithm is an implementation
of heuristic search. Heuristic search is a searching process that
will give an estimation value from current node to goal node. A*
will chooses the smallest value from fin) = g(m) + h(n) where n
is a node, gfn} is a distance from starting node to n node, and
hin) 1s a heuristic value of estimation distance from node n to
finish node.

Fig. 4 shows a general description of how A* looking for a
path. A* mainly used an open list and closed list to separate
which node had been visited and node that never visited. A* will
check every neighbor node and one by one inputted in to open
or closed list. Started with find the lowest value of fin}, A* will
looking for possibility movement from every neighbor of current
node. It will have repeated until the current node to be checked
is a goal node. The path will generate from every node which
already selected from searching process before.

Bidirectional A* is a modification of A* algorithm. It is a
Bidirectional Search used in A* algorithm [13]. The main

component in A* is the open list and closed list. so both of them
will be stored in a share memory. They can be accessed together
by searching process in both directions.

Fig. 4 Pseudocode of A* Algorithm

A* will always find a solution path if at least there is one
available. This capability makes another researcher always want
to optimize this algorithm more and more every day. Like
Lawrence & Bulitko [14] who do some research about A* in
Dragon  Games™ and Counter-Strike:  Source games.
Moreover, Lee & Lawrence optimized A* algorithm by
reducing its iteration using a database generation [15]. So, when
A*start to do its calculation, instead search all possible way, A*
will look in database first.

C. Parallel Bidirectional Search

Bidirectional Search still use one core to do the job, but it
will use a shared memory to store their calculation. It appears
that this process can be optimized by use more than one cores to
do the caleculation. This is the main idea of how Parallel
Bidirectional Search implemented. Pathfinding process will
handle by two different cores in CPU which make both of them
can run at the same time. PBS will be stop when each of
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searching process meet in the halfway and usually both of them
will be meet at the same node [16].

[mplementing PBS in a shortest path problem is commonly
do by some researchers. Like Rios & Chaimowicz who do some
research about PBS. They slightly modify PBS A* who runs in
a grid-based environment. They called their algorithm a Parallel
New Bidirectional A* (PNBA*). PNBA* will tweak how to use
cores in CPU and will be used a share memory allocation [17].

III. RESEARCH METHODOLOGY

The purpose of this research is to prove that PBS can be a
solution to optimize A™ to find a shortest path in hexagon-based
environment. Not only that, this research will tell how
optimized the A* algorithm with PBS compared with A*
without PBS is.
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Fig. 5 Research Flowchart

Fig. 5 shows step-by-step of how this research done. It
divided in three main step. first is a literature study and some
code review to understand more about both A* or parallel
processing. Literature study conducted by finding a previous
works which related to this paper such as hexagon-based
environment, A* algorithm, and PBS. The second step is
technical way about how to prove that PBS can be a solution to
optimize A* in hexagon-based environment. For second step
will be explained more details in the next section. The last step
is working in report writing.

IV. DISCUSSION

This sections will tell how to compare an A* algorithm with
PBS and without PBS. Based on Fig. 5 to do this testing process,
it need four main step which is, (1) generating a maze with a
hexagon-based environment, (2) Defining a start node and goal
node in the maze, (3) implement A* algorithm with PBS or
without PBS, (4) get the execution time,

This PBS A* implemented using C# language and being
tested in a PC which used Intel Core 17-6700 3.40 GHz and 16
GB RAM.

A. Generating a maze with a hexagon-based environment

Generating a maze 1s a common way to test shortest path
problems [18]. For testing purpose, the maze that being used is
not a random generated maze by computer, but it will be defined
piece by piece manually. The size of the maze is 55 hexagon
width and 30 hexagon height. The maze will have two different
color which symbolized an available path to get through and a
path that can’t be used. Available path will have white color and
unavailable path will have black color. The generated maze can

be seen in Fig. 6 .

Fig. 6 Generated Maze
B. Defining Start and Goal Node

Generated maze can be looked as a Cartesian coordinate
system, which every hexagon position can be mapped to be an
xand y. For example. hexagon tile in top left corner 1s (0, 0) and
bottom right comer is (54, 29). This position will be used to tell
the algorithm which hexagon tile will be the start node and the
goal node. To make 1t a valid test, start node or goal node can’t
be a “black™ hexagon.

C. Implement A* Algorithm

The next step is implement the A * algorithm in the generated
maze. As it tells before, there are two shortest path algorithm
that being tested in this research. Every start and goal node being
chosen and it will be tested with both of this algorithm. The test
result will be recorded in the next step

First, A* without PBS will run and search a shortest path
from start node to goal node. There is no modification in the A*,
so it will run as it tells in Fig. 4.

Second, A* with PBS will be run with a same start node and
goal as the first one. PBS will be implemented with a two
different threads. This two threads working and running at the
same time. T'o make this two threads can communicate with each
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other. we need to do a little modification in the A* algorithm TABLED TEST RESULT
pseudocode (see Fig. 4) that presented before, ' A5t | A% implementation | Start Node | Goal Node ' o
PBS A* 0.0) (5429) | ldms
: Not optimized A* (0.0} (54.29) : 45ms
PBS A* (0.0) G40 | 8ms
& Not optimized A* (0.0} (54,00 11lms
PBS A* (0.0) (0.29) 8ms
. Not optimized A* (0,0) 0.29) 23ms
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Fig. 7 Pseudocode of PBS A* Algorithm

Fig. 7 shows the pseudocode of how PBS A* works. It is
almost same what A* and PBS A* do in the search process. The
only modification is in the start of iteration (marked with dashed
lines). In A* algorithm the iteration will be stopped when it
found the goal node, but in PBS A* it will be stopped when the
two threads met. Condition that makes the two threads met each
other is from node which included as a solution path they found
is a same node.

D. Get execution time

The last step of this testing process is to record all of
execution time in every test case. Since this testing process use
C# as programming language, it will be easy to use any NET
library that already prepared to be used. In NET. it is possible
to check the execution time with their library (see Fig. 8).

Fig. 8 Get execution time implementation

After every test cases were done, the result will be collected
and it will be examined later to see the difference between A*
without optimization and PBS A*. Table I shows the execution
time test result on every test cases.

Compared to not optimized A* PBS A* have a faster
execution time in hexagon-based environment. Based on some
tests in a same maze, same goal node and same finish node, PBS
A* have execution time 29ms faster in the first test case, 3ms
faster in the second test case, and 15ms faster in the third case
than not optimized A*.

From all three test cases, test case number 1 1s the longest
distance between start node and goal node. More distance
means more node need to be expanded to search. Itappears PBS
A* can accelerate execution time 68.8% faster than not
optimized A*.

V. CONCLUSION

This paper proposed that PBS can be an alternative to
optimized a shortest path algorithm, especially A*. Two threads
needed to run A* from start node and from finish node. Another
success to run PBS is a CPU capability to have multiple cores in
asingle chip. With everything combined. it is possible to run two
A* at the same time and find a solution path faster. PBS A* can
accelerate path finding process 68.8% faster.

VI. FUTURE WORKS

This paper uses A* algorithm as a main path finding
algorithm. In another research, we can find there is a tweak in
A* algorithm itself to make it run faster. For future works, PBS
can be used in tweaked A* algorithm and see if it makes
execution time faster or not.
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