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Abstract — Tic-Tac-Toe is a classic puzzle game that
requires exactly two people to play it. The objective of this
game to make a straight three symbols, can be horizontally,
vertically, or diagonally, in a 3x3 tiles while the opponent
will do the same. Branch and Bound algorithm will help to
find the cost function of each move so the game later will
produce a winner after 5" turn without any following steps
to finish all the left tiles.

Index Terms — Branch and Bound, Cost, Symbols, Tic-
Tac-Toe

I. INTRODUCTION

Puzzle game, especially the games which involved two
or more people in it, have a unique competition
characteristic. Some games will make the players
concentrate and focus in very long time, like chess, and
the other will only be held in just a few minutes and make
the winner outsmarts the opponents with a simple smart
movement. Therefore this game will become addictive
and make the players play it on and on consecutively
because it just cost a small amount of time and really
simple to be played with friends.

One of these games is Tic-Tac-Toe. This puzzle game
are originated in Roman Empire ages and modified
several times along its journey "' The original version of
Tic-Tac-Toe just permits the players to hold only three
marks, and to make an alignment of the marks in the 3x3
tiles, they have to move it from one place to another place.
In 1856, this game version becomes more “futuristic”,
which means close enough to be called Tic-Tac-Toe
nowadays. This version is still using the same board, 3x3
tiles, but the amount of marker is unlimited as long as the
tiles aren’t full of marks.

The rule is also same as the original version, which is to
make an alignment of the same symbols, can be
horizontally, vertically, or diagonally, without get any
obstructions from the opponent markers. The common
symbols or markers are O (circle) or X (an alphabet X),
and it has become a trademark around the world.

Because its simplicity, this game is now worldwide
known and played in spare time by many people.

Figure 1. Tic-Tac-Toe Gameplay
(source: http://dreamstime.com/tic_tac_toe
Accessed in 16 Mei 2014; 08:30pm)

II. Tic-TAC-TOE

Tic Tac Toe is a simple game, but despite its simplicity
there are a lot of calculations inside it. The position of the
marks, especially the first mark is determining the flow of
the game. The positions themselves, sometimes, can be
referred into a state of the board, which also explaining
where the game will be going into.

PV N

S

£

e M g P

Figure 2. The States of The Board
(source: http://dreamstime.com/tic_tac_toe
Accessed in 17 Mei 2014; 01:26 pm)

By calculating the possibilities of the state in this game,
we can find out that there are 138 unique positions. In
these positions, the first player will have 91 out of 138
chances to win, and the second player will have only 44
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out of 138 chances *. The remaining 3 positions are led
the game into tied condition. These positions are unique
and have ignored the rotations and reflective phenomenon
in the board.

In this game, there are plenty of strategies to defeat the
opponent, outsmart them to make useless move, and also
force them to close the match with draw condition. These
strategies are

1. Win

If you have two marks in a row (regardless
direction), you can place the third mark to
complete the alignment

2. Block
If the opponent have two marks in a row
(regardless direction), you have to block it by
putting your mark into the that third place so they
cannot place the third mark

3. Fork
Creating the opportunity where you have two
uncovered two marks in a row (regardless
position) so the opponent are forced to do useless
block

TIC-TAC-TOE
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PLAYER 1 (0) TIES PLAYER 2 (X)

0 0 o

Figure 3. The Fork Condition
(source: http://www.coloring-page.net/game/kid-39/
Accessed in 17 Mei 2014; 01:29 pm)

4. Block-Fork
Block the creation of the fork by guessing it from
the beginning. The first method is to avoid
placing mark in the corner while the opponent
has two opposite corners and you hold the center
position. The second method is to block the
configuration of the fork itself

5. Center
Take center position as fast as possible. Center
position will lead into an easy fork while the
opponent does some mistakes

6. Opposite Corner
Take the opposite corner as fast as possible after
the opponent take the other corner. This will help

you not being forked easily

7.  Empty Corner
Maximize the use of the side sometime can bring
a quick advantage in some games

8.  Empty Side
Maximize the use of the corner sometime can
bring a quick advantage in some games

These strategies are derived from the tree of states (in
Figure 2), so the patterns that lead into a winning situation
are condensed into these eight strategies. These strategies
are played in certain assumption, such as the opponent
will try to win the game and will not do any useless
movement',

III. BASIC THEORY

A. Tree (Graph theory)

Tree in graph theory is a generally a graph that has
specific characteristics, such as does not have direction
and does not form a circuit. Typically, a tree is a simple
graph because it cannot have ring in its edges or have
weighted edges.

Because these characteristics, a tree have many
advantages, which are easy to be applied in daily life,
especially to model certain problems, and easy to
visualize it. The example of the graph is decision tree and
state tree (in Figure 2).
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Figure 4. The Example of a Tree
(source: http://adijohn.blogspot.com/
Accessed in 17 Mei 2014; 01:36 pm)

The state tree is so helpful because it can show all the
possibilities in a problem, especially if the problem
branches from one node to another node where its leaf is a
final state of the problem or usually the solution of the
problem itself. By visualizing it with the tree, the
problems become simpler and traceable.

There are plenty of algorithms to simplify and raise the
effectiveness of tree, such as depth-first search, breadth-
first search, branch and bound algorithm, and so on.
These algorithms have unique characteristic to find
solution inside a tree, and retrieve any useful information
from it. Therefore, a tree can give some perspectives
about a problem, whether from the way to find the
solution or the way problems are mapped.
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B. Branch and Bound Algorithm

Branch and Bound (B&B) algorithm is an advanced
breadth-first search (BFS), a search algorithm that help
find the solution from the tree (also called cost-based
tree)®. The difference between the branch and bound
algorithm with the breadth-first search is in the system
that controls the expansion of the node. In BFS, the nodes
that will be expanded are using FIFO (First In, First Out)
rule, which will lead to broad search before advance to the
next depth level. In the B&B algorithm, every node has its
own cost, a number that later will determine which node
will be expanded after the other node. This algorithm will
help the program saving times that usually used to search
a node that will not lead to the solution.

This algorithm can only be used in a problem where we
have already known about the final state, or the condition
that want to be searched in the tree, otherwise it will
search the whole tree without any reason and any clear
cost function for each node.

Nonetheless, there are still plenty of problems that can
be solved by using this algorithm, such as N-Queen
Problem, Travelling Salesperson Problem, 15-Tiles
Puzzle and so on.

Figure 5. The 15-Tiles Puzzle
(source: http://www.ams.org/news/math
Accessed in 17 Mei 2014; 02:01 pm)

In the B&B algorithm, the cost function is becoming
fundamental because it determines how the tree will be
expanded and how to reach conclusion in fastest way. The
cost function itself is increasing the efficiency of
searching time because not all the nodes are produced
during the expansion

IV. CoST FUNCTION IN TIC TAC TOE

The tic tac toe is also a puzzle that can be helped by
using branch and bound algorithm. The characteristic of

branch and bound itself is fulfilled, which is the end state
known. The different in the use of branch and bound is
not to find the solution, but to make a decision as fast as
possible, whether the player is winning or losing.

In this situation, a tic tac toe is a multiplayer game and
the solution is varying based on the move taken by the
players. Based on the explanation before, there are 138
possibilities how the game will end with three statuses,
win, draw, or lose. So the objective of the use of branch
and bound here is to declare the winner as fast as possible
without to fill all the tiles on the board.

TIC-TAC-TOE
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PLAYER 1 (0) TIES PLAYER 2 (X)

0 0 0

Figure 6. The Dead-end Position
(source: http://www.coloring-page.net/game/kid-39/
Accessed in 17 Mei 2014; 01:49 pm)
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Figure 7. The Letting Condition
(source: http://www.coloring-page.net/game/kid-39/
Accessed in 17 Mei 2014; 01:50 pm)
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Figure 8. The Statuses Tree
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So the cost function is calculated with certain
assumptions, the first is the we concentrate in how to
make player one (O) win, the second assumption is the
player one will always offensive tactic, which is creating
chance in every move, and the last assumption is the
opponent (X) knows how to play correctly. These
assumptions are made to avoid useless move like placing
in dead end position or letting the opponent wins easily.
The first turn goes to first player.

The figure above shows about all the statuses when first
player taking middle position as the first move. From the
beginning, we know that the first player cannot lose
his/her control against the opponent. It means he/she
cannot leave a turn without pressing the opponent to block
the movement. Once the control of the game is switched,
then no chance for the first player to win the game. This
characteristic can be the first cost function for the branch
and bound algorithm, if the opponent can make two
aligned marks, regardless position, then the node will get
cost equal to infinite and will not get expanded (the
default cost for any branch is 0). The chance for the
opponent to make an aligned two marks is still big enough
because blocking non-smart fork can be a counter attack
for the player who launches that fork.

PLAYER 1 (0) TIES

o o]

PLAYER 2 (X)

Figure 9. The control has switched to X (4™ turn)
(source: http://www.coloring-page.net/game/kid-39/
Accessed in 17 Mei 2014; 01:54 pm)

From the figure we can also see that there is another
cost function for the tic tac toe game. If in the 5" turn the
first player cannot get the fork, then the game will end tie
or even worse, the first player got defeated by the
opponent. This is because in the 5" turn, there are only
four tiles left and it is impossible to make fork from that
condition, especially because the corner must have been
taken in opposite direction.

The cost functions that are listed above can also be
used in other cases, regardless the first move of the first
player. In the figure 8 above, it only shows all states if the
first movement is center mark by the first player. If the
first player places his/her mark in the corner or side tile,
the cost rule still can be implemented to find the statuses
tree.

TIC-TAC-TOE
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Figure 10. Unsuccessful Fork O (5™ turn)
(source: http://www.coloring-page.net/game/kid-39/
Accessed in 17 Mei 2014; 01:56 pm)

In this paper, we just expand the tree from the center-
first movement because that move is the one that produce
many states (there is a lot of possibilities in this part), and
some state cannot be reached from the other part, side-
first move or corner-first move. This characteristic make
center-first move as the main part to be analyzed and the
result will be implemented into the other parts. Basically
because many of the possibilities are covered in center-
first move, the corner-first move or the side-first move
will not produce any defiant result and still follow the cost
function that is determined before.

V. CONCLUSION

There are two cost functions in tic tac toe puzzle game
and used to determine the winner as fast as possible even
the game does not end yet. These cost function are if the
second player can strike back (counter attack), then that
node’s cost is set to infinite (no need to expand it
anymore) and the game is declared to be tie. The second
function is if in the 5" turn the first player cannot go for
fork, then the node’s cost is also set to infinite and the
game called as draw.
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