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1. Investigation — Task 1

1.1 Introduction

This research report aims to investigate how communication over networks is
established and maintained. The Transmission Control Protocol (TCP) and Internet
Protocol (IP) are known to be the main protocols used in network communication and

will be explored to find the methods used to guarantee delivery of data over a network.

The mechanics behind the transfer of data when regarding size will also be
investigated looking at the Maximum Transfer Unit (MTU) of the Protocol Data Units
(PDU) at their relative positions in the OSI model.

Synchronicity and Asynchronicity in network communication will also be investigated,
and the applications in which they may appropriate for will be explored.

Finally, the meaning of interoperability within networks will be examined to find how it

affects scalability and how to best achieve it in development.
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1.2 TCP

The Transmission Control Protocol (TCP) is a set of standards that deal with the
exchange of data between connected devices in a computer network. The protocol
was published in a research paper in 1974 by Robert E. Kahn and Vinton G. Cerf [1]
and was later standardised in 1981 in RFC 793 [2]. Since its standardisation, the
protocol has received many extensions and improvements, but the core protocol has

remained the same [3].

TCP operates by allowing two nodes in a computer network to create a consistent
connection that allows for back-and-forth transmission of data. In the event of data
loss through transmission, the protocol allows for automatic detection and correction,
making TCP a reliable protocol [3]-[5].

TCP breaks down the information that needs to be communicated between two
computer network nodes into segments which are called packets. Packets are the
basic units of transmission and encapsulate the data within a digital envelope that has
information of where it is going, where it is coming from, and what it should be
containing alongside some other information [6]-[8]. The information about the

transmission data is stored in a TCP header as shown in Figure 1.

TCP Header
Bits 0-15 . 16-31
0 Source port Destination port
32 Sequence number
64 Acknowledgment number
96 Offset | Reserved Flags Window size
128 Checksum Urgent pointer
160 Options

Figure 1: TCP Header Structure [5).

The reason for the information being broken down into packets is due to the issue of
data corruption during transmission. This occurs when a binary bit is affected by the
transmission process and flips the state, thereby not being the same data that was
sent [5], [9], [10].
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If the data was sent as one large blob, then if this corruption occurred, the whole blob
would need to be sent again. Packets reduce this problem as if there is corruption,
only a small amount of data needs to be resent. Corrupted data is detected by
comparing the checksum value of the data when it was sent to the checksum value of
the data on receipt, if there is a discrepancy then it means there was an error in

transmission and a request for a resend is sent [3], [11]-[13].

For a TCP connection to be established, there needs to be two endpoints in the
network that have unique IP addresses which serve as a unique identifier for the

endpoint [3].

TCP connections are established through what is called a “three-way handshake”.
This method is a solution to a problem of not being sure if the recipient has received
the sent data. This issue is known as the “Two General's problem”, whereby two
generals who are in different geological positions are trying to synchronise and attack
on their enemies [14]. The problem plays out in the following steps:

e General A wishes to attack the enemy at 12pm in a week, so sends a
messenger to General B with the plans [14].

e General B receives the plans from the messenger, and wishes to confirm the
receipt of said plans, otherwise General A will not know if the attack is going
ahead, so General B sends a messenger out to confirm [14].

e General A receives the confirmation but needs to inform General B that they
have received the confirmation, otherwise General B will not know that they
acknowledged the confirmation, so send a messenger out to confirm the
confirmation [14].

e These steps repeat indefinitely as there is no number of steps that can
guarantee that each part knows with 100% certainty that the other is onboard
with the plans [14].
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This problem exists in the same way in network connections and is solved by the
“three-way handshake”’. This is where the client of the connection sends a sync
request to the server, the server responds with a sync-acknowledgment, and the client
sends an acknowledgment-acknowledgment. This is the end of the three-way
handshake where the client assumes that the final acknowledgement has been
received and proceeds with the connection [3]-[5].

TCP connection establishment ( Three way handshake)

Client Server

SY,
N SEQ. Client

Ner
SYN-ACK | SEQ. lient + 11 SEQ. 5¢
N- C £

ACK | s,
| SEQ. Server 4 11 SEQ. ¢
- -Llent + 1

Optionay: first fije

Figure 2: Three-Way Handshake TCP Connection Establishment [5].
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1.3 Transfer of Data

The Maximum Transmission Unit (MTU) refers to the size of the largest Protocol Data
Unit (PDU) that a network can communicate. When the MTU is larger, it means that
the data being sent is cut into larger segments or packets, meaning that there is less
overall overhead as there are less packets being sent through the network. This has
the flipside of being more vulnerable to transmission corruption as larger packets will
need to be sent in the event of corruption. Smaller MTU can reduce the delay on the
network as corrupted packets are smaller and faster to resend, however they involve
more overhead as there are more packets (making it less efficient and may increase
network traffic) [15]-[17].

Even with the issue of larger MTU packets being more susceptible to corruption and
the negatives of retransmission, there is still an overall positive effect on the TCP
performance between two nodes on a network as there is higher efficiency meaning
there is higher throughput of useful data [15], [16], [18].

The Open Systems Interconnection Model (OSI model) is a description of the
characteristics and standards of communication functions between computing
systems. The OSI| model is broken down into seven layers: Application, Presentation,
Session, Transfer, Network, Data-link and Physical [15]-[17].

Each layer has a PDU, the physical layer uses bits that are transmitted via hardware,
the data-link layer uses series of bits (frames), the network layer uses packets, the
transport layer then uses segments for the TCP, the session layer passes data to the
network connection, the presentation then formats the data, and the application shows
are transmits data from a software application [15]-[17].

Internet Protocol Fragmentation is a protocol that separates packets into smaller
chunks (fragments) so they can be passed through a network link which has a smaller
MTU than the initial packet size. Fragmented packets are then reassembled by the
receiving host to then pass it to a higher protocol layer. This reassembly may occur in
the receiving host or in an intermediate router like a Network Address Translation
(NAT) which needs to reassemble the packets to translate the data [15]-[17].
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1.4 Synchronicity and Asynchronicity

Synchronous data transmission through a network is a method of data transfer that
streams a continuous signal of data which are accompanied by timing signals. The
timing signals allow the transmitter and receiver to synchronise with each other [19]-
[21].

Asynchronous data transmission through a network is a method of data transfer that
sends data from the transmitter to the receiver using a flow control method. Instead of
using timing signals, data is sent in chunks of a predefined size, usually 8 bits
sandwiched by a start and stop bit, totalling in 10 bits [19]-{21].

Synchronous transmission requires users to wait until the data they are sending has
been fully transferred before they can receive a response from the server, while
Asynchronous transmission does not have this downside, allowing users to receive

responses from the server at any time [19]-[21].

Synchronous transmission sends blocks of characters at a time through high-speed
transmission lines while asynchronous transmission transmits the information
character-by-character, making synchronous transmission fast but costly and

asynchronous transmission slow but economical [19]-[21].

Synchronous transmission is suitable for network protocols that need to transfer large
amounts of data seen in examples such as- Ethernet, SONET and Token-Ring [19]-
[21].

Asynchronous transmission is suitable for network protocols that require instant

responses like telephone lines and instant messaging [19]-[21].

When considering networking with external web services, there may be a significant
amount of waiting involved due to service latency or network latency. Traditionally,
web applications handle Hyper Text Transfer Protocol (HTTP) requests with
application threads. Each concurrent request is assigned to an individual application
thread (e.g. 20 concurrent requests using 20 threads), making the memory overhead
larger and so makes it a poorly scalable protocol [21], [22].
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To combat this issue, /O dispatcher models are used, which instead offload the
network requests onto a small number of worker threads. These worker threads use
a select system call to handle a larger number of sockets more efficiently. Application
threads are reserved to run application code, allowing for scenarios where they may
many concurrent requests which are divided into service calls and application
execution where the small number worker threads deal with all the service call
requests, and each application execution request is handled by an individual

application thread. This model scales better than the previous model [21], [22].
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1.5 Interoperability

Interoperability describes the ability for different programs or networks to operate and
communicate with each other without the requirement for additional interfaces or tools.
TCP/IP is a highly interoperable standard that is available to all operating systems,
computers and networks [23]-[25].

Interoperability between systems requires the ability to trade, decipher and represent
shared data in a way each system understands. This can be achieved with syntactic
interoperability, whereby each system adopts a common data format and data
structure protocols. This is then followed by semantic interoperability, whereby the
addition of metadata connects data elements to a shared, pre-established standard
[23], [26], [27].

The difference between integration and interoperability, is how the systems
communicate. Integration is usually involving the combination of multiple applications
into one uninterrupted system that sometimes requires the use of “middleware”.
Interoperability is instead the immediate exchange of data between systems that
communicate with each other directly in the same vocabulary, allowing it to present
data as it was received [23], [26], [28].

Network Interoperability can be achieved by either requiring both systems or networks
to conform to a shared protocol or standard, effectively making them speak the same
language, or by providing an intermediate gateway that translates the different
protocols or standards used [23], [25], [26], [28].
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1.6 Conclusion

In conclusion, TCP operates by breaking down transmitted data into smaller packets
that are sent over a network with metadata that guarantees the delivery by detecting
whether any packets have been missed or corrupted in transit [4]. TCP uses a “three-
way handshake” to establish and terminate connection sessions, which is a

compromised solution to the “Two Generals’ Problem” [14].

The size of MTU affects the transfer of data, whereby larger MTU allow for more
efficient and faster data transmission due to the reduction in metadata, but being more
vulnerable to corruption slow down, while smaller MTU makes the transmission slower
and less efficient due to the increase in metadata, while being more robust to

corruption as the packets are smaller [16].

Synchronicity in network protocols refers to a continuous stream of data transmission
between sender and receiver which is accompanied by timing signals which is used in
scenarios like Ethernet, SONET and Token Ring [20].

A-synchronicity in network protocols refers to a non-continuous transfer of data that is
controlled by flow control protocol. A-synchronicity is used in scenarios like

telecommunications and instant messaging [20].

Interoperability in networked applications refers to the ability for two network entities
to communicate with each other without the requirement for additional interfaces or
tools. TCP/IP being a highly interoperable protocol that is available to all operating

systems, computers and networks [25].




Page |14

2. Implementation — Task 2

2.1 Requirements

Creating a networked application that enables two clients to communicate in order to

play a multiplayer game requires an infrastructure that establishes a connection over
a network and a messaging system that can be used for communication. There also
needs to be game logic for the desired game. It is the aim of this project to implement
the logic for three different board games, Connect Four, Othello, and Dots and Boxes.
The student could not decide between the three, so chose to make all of them instead.

Connect Four Requirements [29]:

- Players can take turns placing disk into columns.

- Game only allows player to make legal moves.

- Game registers when win condition has been met.

- Game registers when game ends in draw.

- Console displays updated board every move to each player.

Othello Requirements [30]:

- Players can take turns placing disks onto board.

- Game only allows players to make legal moves.

- Game flips pieces as per Othello rules

- Game skips players turn if there are no legal moves to be made for them.
- Game registers when win condition has been met.

- Game registers when game ends in draw.

- Console displays updated board every move to each player.
Dots and Boxes Requirements [31]:

- Players can take turn drawing lines between dots.

- Game only allows players to make legal moves.

- Game claims boxes when a square is completed.

- Game gives player who just claimed a box an extra turn.

- Game registers when win condition has been met.

- Game registers when game ends in draw.

- Console displays updated board every move to each player.
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2.2 Networked Application Files

To make the applications into multiplayer games, there needed to be infrastructure for
communication between two clients. For each game, a solution was made for a server
and another solution for a client. Both solutions would have the same communication
infrastructure, where they would send contextual messages once a connection had
been established.

The Messages and NetworkCore files shown in Figures 5 and 6 were created by Dr.
T. Bashford and were given with permission to implement the functionality of a
networked application.

| NetworkCore
ClientConnection.cpp
[ ClientConnectionh
Connection.cpp

Connectionlnstance.cpp
[} Connectioninstance.h
INet4Address.cpp
(3 INet4Address.h

ServerConnection.cpp

=
P
>
P
P [ Connection.h
[»
P
[
P
b
3

[(] serverConnection.h

Figure 3: Shared NetworkCore files

4 3] Messages
p AcceptMessage.cpp

[ AcceptMessage.h
ConnectMessage.cpp
ConnectMessage.h
DisconnectMessage.cpp
DisconnectMessage.h
GameStateMessage.cpp
GameStateMessage.h
GridUpdateMessage.cpp
GridUpdateMessage.h
MakeMoveMessage.cpp

Message.cpp

Message.h

Messages.h
RejectMessage.cpp
RejectMessage.h
RequestUpdateMessage.cpp

b
[
b
P
b
b
P
b
)2
b
P
b
b
b
b
b
b
b

®
B
B
@
B MakeMoveMessage.h
&
B
B
B

RequestUpdateMessage.h

Figure 4: Shared Message Files
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2.3 Connect Four

The connect four networked game is separated into a client and a server, where the
server contains the game logic, and communicated the changes in game states, while

the clients present the user-interface to the user and send moves to the server.

B R ConnectFourClient

B R ConnectFourServer

Figure 5: Connect Four Folders

The make move method takes a column, checks to make sure it is in bounds, checks
to make sure the column is not already full, and then places the chip into the lowest
row in that column.

~: :MakeMove(

< 8

return

if (board[column].back() != t rempty)

return

row = @; ro ROWS; row++)

if (board[column][row] == rrempty)

i

board mn][row] = playerTurn;
break;

SwapTurn(

return

Figure 6: Connect Four Make Move Method
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The check for victory method has four possible win conditions to check. First it checks
for a vertical connect four as shown in Figure 8, then checks for a horizontal connect
four as shown in Figure 9.

col : board)

connected = @;

if (row ==

I
L

connected++;
if (connected == 4)
q
return GetPlayer(ss);

connected = 1;

Figure 7: Connect Four Check for vertical win.




Q; row < ROWS; row++)

= board[col][row];
connected = 8;

return GetPlayer(ss);

connected = 1;

board[col][row];

Figure 8: Connect Four check for horizontal win.
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To check for a diagonal win, there is first a method which sets the initial row and
column position of the check pointer. Once this has been set, it uses a loop much like

the vertical and horizontal checks but is instead increments two values.

This logic for checking diagonals is used for both forward and backward diagonals,
where for backward diagonals, the initial staring points for each possible diagonal that
could contain a connect four is different, and instead of incrementing the column index,

it is instead decremented, as shown in Figure 11.

diagonals = @; diagonals 6; diagonals++)

rempty;
, startRow;
StartRowAndCol(diagonals, startCol, startRow, e
for ( col = startCol, row = startR row < ROWS && col < COLS; row++, col++)
!

if (board[col][row] == . rempty)
{
ss = board[col][row];

connected = 9;

if (ss == board[col][row])
{

connected++;

if (connected == 4)

-I-

L

return GetPlayer(

else
connected = 1;

ss = board[col][row];

Figure 9: Connect Four check for forward diagonal win
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diagonals = 8; diagonals 6; diagonals++)

startCol,
SetStartRowAne
for ( col = startCol, row = startRow; col >=0 < ROWS; row++, col--)
,:'

F (board[col][row] == S e::empty)

ss = board[col][row];
connected = @;

board[col][ro

connected++;

Lconnecte

return GetPlayer(s

connected = 1;

s = board[col][row];

Figure 10: Connect Four check for backwards diagonal win.
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When the client connects to the server, the user is asked to enter their name. When
they do, they are presented with a list of the rules, with a display of the empty starting
board, as shown in figure 12.

Please enter username

tim

Welcome

Welcome to Connect Four

take turns dropping disks into the columns

cannot drop a disk into a column that is full

is to get four of your disks in a row, column or diagonal
. The player who connects four disks wins

Figure 11: Connect Four Welcome Screen

When two players connect to the lobby and enter their names, the game starts, and

the player who first connected is designated player 1, as shown in Figure 13.

Connect Four

take turns droppir i into the columns . P t oppi i i y the colum
lumn that

cannot drop a disk into a column that is f

r of your d in a row, col

who connects four d

ent’s turn - plea

Figure 12: Connect Four two players connected
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Players then take turns making moves, dropping disks into the columns they choose
until a win condition is met, or there are no valid moves left. Figure 14 shows the first
two moves made by the connected players.

enter username

ropping disks into the columns

s cannot drop a disk into a column that is f
o get four of your disk
get four of your disks a row, col

turn - please wait!

column (1-7)

1234567
Pl ect column
234567 .
ur opponent’'s turn - please wait!

- please wait!
column (1-7)

Figure 13: Connect Four first two moves

Figure 15 shows the case where a player wins by connected four in a row on the
horizontal.

1234567
Congratulation ou win!
Pre any key to continue . .

Figure 14: Connect Four horizontal win.
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Figure 16 shows the case where a player wins by connecting four disks on the vertical

axis.

1234567
Congratulations, you win!
Press any key to continue . . . to continue . . .

Figure 15: Connect Four vertical win.

Figure 17 shows the case where a player wins by connecting four disks on the forward

diagonal axis.

1234567 1234567
Congratulations, you win! Sorry, you lose.
Press any key to continue . . . Press any key to continue .

Figure 16: Connect Four forwards diagonal win.

Figure 18 shows the case where a player wins by connecting four disks on the

backwards diagonal axis.

1234567 1234567
Congratulations, you win! sorry, you lose.
Press any key to continue . . . Press any key to continue .

Figure 17: Connect Four backwards diagonal win.
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Figure 19 shows the case where there have been no win conditions met but there are

no remaining valid moves, making the game end in a draw.

123456867
It's a draw.
Press any key to continue .

123456867
It's a draw.
Press any key to continue .

Figure 18: Connect Four draw
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2.4 Othello
As with the connect four game, the Othello game is divided into a client and server.
They operate in the same way where the server contains the game logic, and the client
presents the user interface to the user.

H R OthelloClient

H R OthelloServer

Figure 19: Othello folders

When the game is initialised, each square in the board is set to empty, with exception
of the four central boxes, which are set to two player 1 chips and two player 2 chips in
an alternating pattern.

:playerl);

quareState::playerl);

e::empty);

::playerl;

Figure 20: Othello Board Setup
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The make move method first checks if the selected position is valid (is in bounds, is

empty and has a neighbouring opponent piece).

:MakeMove (

F (column < @ || co

return

>= ROWS)

f (board[row][column] !=

return

f (!CheckForNeighbouringPiece(row

return

in] = playerTurn;

olumn);

return

Figure 21: Othello Make Move
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The method that checks for neighbouring pieces looks at the eight surrounding

positions and returns true if it finds an opponent piece.

o::CheckForNeighbouringPiece(

jacentOpponentPiece

tate opponent;
tch (playerTurn)

e playerl:
opponent = player2
ak;
play
opponent = playerl;
break;
default:
break;

+ 1 < ROWS)

if (board[row + 1][column] == opponent)

hasAdjacentOpponentPiece =

return hasAdjacentOpponentPiece;

Figure 22: Othello Check for neighbouring pieces




Page | 28

The flip pieces method shown in figure 24 checks straight lines in all eight directions.
If it finds a piece thatis of the current player in any of the directions, then it changes a
flip trigger Boolean value that then loops through that direction, flipping each piece
along the way until it reaches the found piece again.

f (board[n]]

it (board[n][ | playerTurn)

1§

if (board[n ] playerTurn)

reak;

playerTurn;

Figure 23: Othello flip pieces
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The valid move check method shown in figure 25 checks every square on the board,
where it is looking for an empty square which has an opponent’s piece in one of the
eight neighbouring squares. This is to enforce the rule that players can only place their
pieces adjacent to an opponent piece, and if they can’t then their turn is skipped.

validMov

ard[row + 1][col

Figure 24: Othello check for valid moves
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The check for victory method as shown in figure 26 only triggers when there are no
remaining moves left. If there are no remaining moves, then the pieces are counted,
and the player with the most is the winner, unless they are equal, then the game ends
in a draw.

plCount = @, p2Count = @;

plCount++;

return GetPlayer(

f (p2Count > picount)

Figure 25: Othello check for victory
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When the player connects to the server through the client, they are asked to enter their
name. Once they do, they are then presented with the rules of the game and the

starting board, as shown in figure 27.

Please enter username

tim

Welcome

Welcome to Othello

Rules:

1. You can only place a piece adjacent to an opponent piece

2. When a new piece connects in a straight line through
to another piece of that kind, flip all the inbetween pieces

3. If there are no valid moves for a player to make, but there are still empty
spaces, then their turn is skipped

4. The game ends when all squares are filled

5. The winner is the player at the end with the most piece

nmbs wheEo©

~ O

81234567

Figure 26: Othello Welcome message

When two players connect to the lobby, the server starts the game, and the player

who connected first is set to player one.

Figure 27: Othello two players connected
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Each player takes turns entering board positions where they want to place their pieces.

Figure 29 shows the first two moves made by the connected players.

moBs W

-~

234567 1234567
> select column (B-7) is your opponent’'s turn - please wait!

=
+

lect row (@

nh wN = ®

~ o

31234567
Please select column (@-7)
2
Please select row (@-7)

5

(=)
o)

v R oW
bW

~N
~ o

81234567 1234567
Please select column (8-7) It is your opponent's turn - please wait!

Figure 28: Othello first two moves

Figure 30 shows the result of a finished game, where player two emerged victorious.

VWP ®
[SI=N.]

0O 0 0O0OO0OOOO
LV, e - VY
o 0000000

~ o

6
7

1234567 1234567
Sorry, you lose. Congratulations, you win!
Press any key to continue . . . Press any key to continue

Figure 29: Othello completed game
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2.5 Dots and Boxes

As seen in the connect four and Othello games, Dots and Boxes has a client solution
and server solution, where the server contains the game logic, and the client presents
the user interface to the user and communicates moves to the server.

B R DotsAndBoxesClient

B N DotsAndBoxesServer

Figure 30: Dots and Boxes folders
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The board is initialised in the game constructor as shown in figure 32 below.

- The dots of the board are placed into positions in the board where both the row
and column are an even index.

- The empty spaces are placed into positions where the row and column are an
odd index.

- The horizontal empty spaces are positions where the row is even and the
column is odd.

- The vertical empty spaces are positions where the row is odd, and the column

is even.

playerl;

Figure 31: Dots and Boxes board setup
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The make move method shown in figure 33 below first checks whether the move is
valid before continuing. If it is valid, then it changes the state of the chosen position
based on its current position i.e. vertical empty space becomes vertical line and
horizontal empty becomes horizontal line.

: :MakeMove(

n <@ || col

return

rvempty:
rhempty:

vline;

e::hline;

default:
break;

1
I

if (!CheckForCompletedSquares(row, cc
{

SwapTurn

1
I

if (!CheckForMovesRemaining(
.
1

return

SwapTurn();

Figure 32: Dots and Boxes make move.
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The check for completed squares method as shown in figure 34 below checks whether
a newly placed line completed a box. If it was a vertical line, then it checks the boxes

to its right and left, if it was a horizontal line, then it checks the boxes above and below.

playerTurn;

playerTurn;

playerTurn;

Figure 33: Dots and Boxes check for completed squares.
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The check for victory method as shown in figure 35 below first checks whether there

are any remaining moves. If there are not, then it counts the claimed squares of each

player respectively, and returns the player who has the most, or returns no player if

they have tied.

:CheckForvVictory()

if (CheckForMovesRemaining
{

return
}

plcount

p2count

p2count++;
bres

if (plcount > p2count)
{
return GetPlaye areState::playerl);
}
if (p2count > plcount)
{
return GetPlaye eState: :player
)
return

Figure 34: Dots and Boxes check for victory.
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When a player connects to the server through the client, they are asked to enter their

name. Once they have, they are then presented with a list of the rules an empty board.

Please enter username

james

Welcome to the server, james!
Welcome to Dots and Boxes

Rules:
. Take turns in
2. When a box is
. When a player
. The game ends

connecting dots with lines.

made, the player who made it claims it.
claims a box, they take an extra turn.
when all the boxes have been claimed.

. The player with the most claimed boxes wins.

O~k wWNRE®

123458678

Figure 35: Dots and Boxes welcome message.

When two players connect to the lobby, the server starts the game, and each player

can then take turns drawing lines between the dots, as shown in figure 37 and 38.

]
1
2
3
4
5
6

[N W ST S

s turn - please wait!

Figure 36: Dots and Boxes two players connected.
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> select column (©-8) is yc ul wait!

Please select row (@-8)
1

[N

ST}

=)
v B

@~

g 7
column (©-8)

E]
4
5
6
7
8

©123465CE gase row (@-8)
It is your opponent's turn - please wait!

Wk e ®

0~ VW ®
00~ A

345678 812345 7
elect column (8-8) It is your oppone s turn - please wait!

Figure 37: Dots and Boxes first two moves.




When a player completes a box, they are awarded with an extra turn.

81 78
It is your opponent's turn - please wait!

]

[P

'S

[ EN )

78
Please sele column (@
1
Please select row (©-8)

column (@-8)

]

row (@-8)

Bow o e

@ N

00 ~

o
1
2
3
4 C
5
6

turn - please wait!

VB WS

-3

-]

7 6123458678
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(e-8) It is your opponent's turn - ple: wait!

Figure 38: Dots and Boxes box being claimed
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Figures 40 and 41 below show two ending games states of two games, one showing

the state where a player has won, and the other showing the state where the game

ended in a tie.

B et S

e e

e e T S

- -+
| | |

e LR

e
1
2
3
4
5
6
7
8

812345678
Congratulations, you win!
Press any key to continue .

Figure 39: Dots and Boxes player 1 wins

B s ST TS

s R s s

e e

et e e s

bt Batt SRR

P wn = ®

6
7

=]

123456738
It's a draw.
Press any key to continue

Figure 40: Dots and Boxes draw

B et S e

-t

s e ST

+ +

et TETE ST

12345678
sorry, you lose.
Press any key to continue .

Bt Tt R AR

B e e

B e

et e e T 2

e e e

Vb wmeE ®

0~

81234586
It's a draw.
Press any key to continue .
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2.6 Conclusion
In conclusion, the implementations of “Connect Four”, “Othello”, and “Dots and Boxes”
successfully met the requirements established. The games can connect over a
network and play the respective games with an opponent operating on a separate
client. The clients display updated board states, and communicate moves to the
server, which then applies the moves to the game. Each game successfully follows

the respective game rules [29]-[31].

With further development, the three games could be combined into a game suite hub
that allows players to select a game they wish to play and enter a lobby for the
respective game. Also, a matchmaking lobby could be further developed, adding the

ability for the server to run multiple instances of the game at one.
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