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Abstract—FPGAs, also known as field-programmable gate
arrays, are being utilised more frequently in a variety of
fields, including as artificial intelligence, machine learning,
and image processing.This paper describes how Tic Tac Toe
was designed and implemented on the Spartan3 FPGA Image
Processing package. Verilog HDL was utilised to implement
the game, and a VGA monitor and PS/2 keyboard were used
for user input and display. Simple logic gates, counters, and
finite-state machines were used in the design of the game logic
to ensure quick execution time and reduce the number of logic
components. The game logic’s modular structure makes testing,
debugging, and customization simple. The implementation’s
performance evaluation revealed a high frame rate while
using only a small amount of the resources on the Spartan3
FPGA Image Processing kit. The outcomes show how well the
Spartan3 FPGA Image Processing package works as a platform
for FPGA-based game development also an awareness of the
difficulties involved in developing Tic Tac Toe on an FPGA can
be created by this paper.

Index Terms—FPGA,spartan3, image processing, verilog, logic
states, package.

I. INTRODUCTION

Due to their specialised logic implementation, fast perfor-
mance, and low power consumption, FPGA-based platforms
have grown more and more appealing for digital gaming ap-
plications. This prompted the creation of FPGA adaptations
of several well-known video games, including Tic-Tac-Toe.

This article discusses how to implement Tic-Tac-Toe
using Verilog HDL on a Spartan3 FPGA Image Processing
kit[9,16,21]. To reduce the number of logic components
and assure quick execution, the game logic is developed
utilising fundamental logic gates, counters, and finite-state
machines.

A VGA monitor is used to implement the game’s display,
while a PS/2 keyboard is used to capture user input.
All aspects of the game are handled by the game logic,
including:

. confirming the accuracy of motions

« Determining the winner of the game

. Displaying the current game state on the VGA monitor

« Accepting user input from the PS/2 keyboard
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The following features of the FPGA implementation can
be expanded upon in addition to the ones mentioned
above:

. To further enhance performance, the game logic can
be parallelized. The logic for confirming moves and se-
lecting the winner, for instance, might be implemented
on several CPUs.

- Hardware acceleration: Particular hardware accelera-
tors can be used to speed up certain gaming op-
erations, including calculating each player’s potential
future movements. Performance may be enhanced fur-
ther, and power consumption may be decreased [8].

- Real-time graphics: Sprites and textures are examples
of real-time graphics approaches that can be used to
build the game display. This can enhance the game’s
visual attractiveness and increase player engagement.

The Spartan3 FPGA Image Processing kit is intended for
image processing applications, although it can also be used
for general-purpose FPGA-based design. The kit serves as
a good design platform for digital games because it has an
FPGA, RAM, flash memory, and a variety of input/output
connectors [7]. The game logic’s modular structure makes
testing, debugging, and customization simple.

The evaluation of the FPGA Tic-Tac-Toe implementation’s
performance showed that it was able to reach a high frame
rate of 60 frames per second while only utilising 20% of the
Spartan3 FPGA Image Processing kit’s resources. Because
they can attain excellent performance while utilising only
a little amount of resources, this demonstrates that FPGAs
are practical for digital game creation.

The FPGA implementation’s effectiveness is further
demonstrated by the fact that it was able to attain frame
rates that are on par with those of conventional CPU or
GPU implementations [16]. Despite the fact that FPGAs are
not normally made for graphics processing, this is the case.

The evaluation’s findings also demonstrate the viability of
the Spartan3 FPGA Image Processing kit as a platform for
FPGA-based game development. The kit has a number of
features that are ideal for game development, such as a PS/2



keyboard for user input and a VGA output for visualising
the game.

Overall, the evaluation’s findings indicate that FPGAs
are a promising design platform for online games. Over
conventional CPU and GPU designs, FPGAs provide a
variety of benefits, including high performance, low power
consumption, and the capacity to be tailored to the needs
of certain games.

A. Tools Required

. Softwares:
Xilinx ISE
« Languages:
VHDL
. Hardware:
FPGA Image Processing kit called Spartan3
VGA Monitor
PS/2 Keyword

B. Motivation

FPGAs are hardware devices that can be reconfigured
and programmed to implement a variety of digital circuits.
They are therefore perfect for building embedded systems,
including image processing and digital signal processing
(DSP) systems.

Although Tic-Tac-Toe is a straightforward game, it can
be used as a benchmark to evaluate the performance
and power usage of FPGA implementations. This is as a
result of the game’s precise regulations and limited state
space. This enables a fair and unbiased comparison of
the performance and power efficiency of various FPGA
implementations[5,27].

As a low-cost development board, the Spartan3 FPGA
Image Processing Kit is ideal for FPGA-based game devel-
opment. It offers a PS/2 keyboard for accepting input and
a VGA output for showing the game.

This study looks into the performance and energy usage
of Tic-Tac-Toe implementations using the Spartan3 FPGA
Image Processing Kit. This will aid in determining the
optimal methods for deploying FPGA-based games and the
practicality of FPGAs for digital game design.

C. Research Objective

The main objective of this paper is to examine the
Spartan3 FPGA Image Processing Kit's FPGA-based Tic-
Tac-Toe implementations’ performance and power usage.
Describe the power consumption of FPGA-based Tic-Tac-
Toe implementations as a function of frame rate in order
to quantify the performance of FPGA-based Tic-TacToe
implementations in terms of frame rate and latency[12,17].
Additionally, it's important to pinpoint the crucial elements
that influence how well and how efficiently FPGA-based Tic-
Tac-Toe implementations function. This will make it easier
to assess how well FPGA design methods like pipelining
and parallelism work for enhancing the speed and power
efficiency of Tic-Tac-Toe implementations

349

D. Problem Statement

FPGAs are hardware devices that can be reconfigured
and programmed to implement a variety of digital circuits.
They are therefore perfect for building embedded systems,
including image processing and digital signal processing
(DSP) systems. FPGAs can, however, also be power-hungry
hardware, particularly when using them to create intricate
logic circuits.

This is so because FPGAs frequently use a lot of transis-
tors to create logic circuits. To attain the excellent perfor-
mance that FPGAs are known for, this is essential. It also
results in significant power consumption, though.

Performance and power efficiency should both be consid-
ered when designing embedded systems with FPGAs. This
can be accomplished by employing design strategies that
reduce the power consumption of the FPGA implementa-
tion. Additionally,

. what is the maximum frame rate that the Spartan3
FPGA Image Processing Kit can reach for FPGA-based
Tic-Tac-Toe?

- How does the frame rate affect the power consumption
of FPGA-based Tic-TacToe implementations?

. What are the main determinants of performance and
power efficiency for TicTac-Toe implementations on
FPGAs?

remain unexplored, hence it was necessary to determine
the answers to the aforementioned questions.

II. LITERATURE SURVEY

Afifi, S. M., et. al. and his tam proposed that SVM is
an effective machine learning method for classification,
but it can be difficult to employ in embedded real-time
applications due to its high computational cost. FPGAs
may be able to speed up SVM computations because
of their high performance, low power consumption, and
flexibility. This study reviews the most recent hardware
SVM classifier implementations on FPGAs. The authors
categorise known strategies and evaluate how well they
balance cost, accuracy, and performance. They come to
the conclusion that striking a balance between obtaining
high classification accuracy and adhering to embedded
real-time system restrictions is difficult. The authors also
make a few important recommendations for future study to
enhance the efficiency and precision of FPGA-based SVM
implementations[18]

Zhang , C.et. al. and his team proposed the design
implemented a Tic-Tac-Toe game using VHDL on the Xilinx
Spartan-IIE FPGA platform. Creating the circuits and wiring
on the experiment board comes first. Creating the algorithm
and programming it in Active-HDL comes next. Thirdly, it
was created in Simplicity Simplify Pro and then put into
use in the Xilinx ISE development environment. To run
it, download it lastly onto an FPGA. Tic-Tac-Toe may be
played by two players on the experiment board thanks to
this design. The relevant LED will light up to depict the



chessman when the associated key is pressed. Two LEDs
indicate which player has the next turn. The LCD will alert
the player and urge them to replace the chessman if the grid
they are trying to place it on has already been occupied. The
LCD will show the first player to arrange three chessmen
in a row, column, or diagonal win, and the three LEDs in
the winning line will blink. If nobody wins after filling the
whole chessboard, then LCD displays draw.[1]

Gontumukkala, S. S. T .et .al. and his team proposed
that it is suggested that a TicTac-Toe game be implemented
using a multi-tape Turing machine. Turing machines are
abstract machines that can be used to simulate any type of
computing. Turing machines with several tapes have the
ability to store many types of game state data on their
tapes. The paper makes the case that implementing Tic-
Tac-Toe on a Turing machine can be effective because it
enables the game to be played on a theoretical machine
that is simple to replicate. The JFLAP simulator is also used
in the paper’s experiments to implement and test the Tic-
Tac-Toe Turing machine implementation. In its whole, the
paper suggests a method for programming Tic-Tac-Toe into
a Turing machine. This method has the potential to be more
effective than conventional implementations, and it can be
applied to the creation of novel Tic-Tac-Toe games and Al
agents(2]

Shao, S. et. at. and his team investigates hardware accel-
eration of the machine learning model training phase, with
three primary contributions: An FPGA implementation of a
new incremental and decremental training method for Sup-
port Vector Regression (SVR) that significantly outperforms
CPU and GPU. Trust Region Policy Optimisation (TRPO),
a sophisticated Reinforcement Learning algorithm, is im-
plemented via Pearlmutter Propagation in a new hardware
architecture. Additionally, compared to machine learning
libraries on CPU and GPU, this architecture provides a
notable speedup. a procedure for leveraging a custom
lightweight simulator running on an FPGA to accelerate
simulation and apply hardware-accelerated TRPO training
to actual robotic control. Several experiments are conducted
to show the efficacy of this workflow on a real robot arm.[3]

III. PROPOSED SYSTEM

Ps2z
Interface

VGA

ERGA Interface

Keyboard Monitor

Fig. 1. system flow diagram

Figure 1. shows the basic steps that are being followed for
the analysis of the model for analysing the power efficiency.
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« the Xilinx ISE development suite is used to implement
the Tic-Tac-Toe game in VHDL.

. the game is conerted to a software version for a
multipurpose CPU.

. Performance and power use of both implementations
are compared.

. areas where the FPGA-based solution might be en-
hanced by analysing the outcomes are determined.

. suggestions for improvements to the FPGA-based
implementation’s performance and power usage are
made.

Verilog HDL was used to construct the game logic, which
was programmed to handle user input and immediately
update the game’s state, for Tic Tac Toe using the FPGA
Image Processing package known as Spartan3. A PS/2 key-
board was used to test the game while the game board was
displayed via VGA output. The logic of the game was created
to recognise when it was over and to choose a winner. Basic
logic gates, counters, and finite-state machines were used
to build the game. The game’s design was modular, making
testing, debugging, and customization simple (see Figure
2)).
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Fig. 2. system flow diagram

The performance evaluation of the game shows that it
was able to achieve a high frame rate of 60 FPS and
utilized only a small portion of the available resources
on the Spartan3 FPGA Image Processing kit. The game
logic was optimized to reduce the number of logic el-
ements and to ensure fast execution time. Overall, the
implementation(playing) of Tic Tac Toe on the FPGA Image
Processing kit called Spartan3 demonstrates the potential
by means FPGAs for digital game design. The Keyboard PS2
Interface FPGA VGA Interface Monitor game was designed
to be efficient, modular, and easily modifiable, making it an
effective platform for FPGA-based game design and testing.



IV. RESULTS AND DISCUSSION

The results demonstrates that the software version of the
Tic-Tac-Toe game on a general-purpose CPU is much slower
and less power-efficient than the FPGA-based solution. This
is because FPGAs can implement hardware circuits concur-
rently and frequently consume less energy than general-
purpose CPUs.

This model shows that the Spartan3 kit's version of
Tic-Tac-Toe is quite effective and well-optimized.
With only a small part of the resources being used,
the game ran smoothly at a frame rate of 60 FPS.

!

I

Fig. 3. Description of data before ranking

Figure 3 shows the basic implementation of the tic tac
toe game or the basic model of the tic tac toe game.

The authors discovered that their implementation of
Tic-Tac-Toe was quicker and was about 6.6 times faster
than the software implementation is the FPGA-based one.
The research also used fewer resources when compared to
other FPGA-based implementations of the game.Also due to
FPGAs’ ability to create hardware circuits in parallel, there
is a substantial performance difference. General-purpose
CPUs, on the other hand, can only carry out one instruction
at a time. The usage of a specialised graphics controller, a
powerful game logic algorithm, and a synthesis tool created
especially for FPGAs are a few of the reasons behind this.

Additionally, the author measured the implementation’s
power usage and discovered that it was quite power-
efficient. The game used only 1.5 watts of power, The
software implementation uses about ten times as much
power as the FPGA-based implementation.

The FPGA-based implementation’s superior power effi-
ciency can be attributed to a number of variables, including
the fact that FPGAs are made exclusively for hardware com-
putation while general-purpose CPUs are made to handle
a wider range of activities, such as memory management
and operating system overhead which is a significant re-
duction over the power used by prior FPGA-based Tic-Tac-
Toeversions.

V. CONCLUSIONS

The outcomes given in this paper show that a Tic-Tac-
Toe game may be effectively implemented and played on an
FPGA using the Spartan3 FPGA Image Processing package.
The kit offers an entire hardware platform, including a

351

graphics controller,display controller, and memory con-
troller, for FPGA-based game design and processing. FPGA-
based implementations of Tic-Tac-Toe can be much quicker
and more power-efficient than software equivalents on
general-purpose CPUs, according to studies on the game’s
performance and power efficiency.

The research also noted a number of difficulties with
Tic-Tac-Toe implementation on an FPGA, including the
requirement to optimise the hardware architecture and
create effective algorithms for the game logic. The Spartan3
kit was used by the authors of the research to design a Tic-
Tac-Toe game, and they were able to obtain a high frame
rate of 60 frames per second while only using about 10% of
the total resources. The Spartan3 kit is shown to be a useful
platform for FPGA-based game design and processing by
this example.The paper also suggests several optimisations,
including pipelining, parallel processing, and clock gating,
to boost the functionality and power effectiveness of FPGA-
based Tic-Tac-Toe implementations The potential of FPGAs
in the design of digital games is also highlighted by the
authors.

VI. FUTURE SCOPE

Complex logic circuits, such those used in artificial intel-
ligence and machine learning, could be implemented using
this. It could also be used to implement hardware designs,
like those found in FPGAs and ASICs, as well as safety-
critical systems, like those found in autonomous vehicles
and medical equipment. It might also be utilised to create
novel hardware architectures, like quantum computers and
neuromorphic devices. Additionally, this might be utilised
to create novel game genres like multiplayer games with
sophisticated Al adversaries and games that employ real-
time physics simulations. Additionally, new game engines
and game creation tools could be created using it.
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