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Mathematical Game
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Written by Cory Kendall


To understand this paper, you must first have read ‘A Mathematical Game’, previously written by myself.  The subject of that paper is the mathematics and logic derived from a game so simple that it can be played on paper in a matter of minutes, yet it has continued to intrigue me for about seven months now.  In this paper I hope to outline more of the strategy based on the 5x5 all teleporter board, which had previously been only a small part of Jo.  Now, after much analyzing and computing, it turns out that this board is, for obvious reasons, one of the most difficult boards to master.


In the original simple game of Jo, when you moved into a teleporter you instantly appeared at another teleporter of your choice.  When a board has five or less teleportors, it is often easy to predict the outcome after going through one.  But when a board has many more teleporters, and when they are placed in clusters, it becomes very difficult to look at all of the possible moves your opponent, or opponents, have and make sure that none of them grants an opponent an advantage.  For example, in a board with 500 randomly placed teleporters, after moving into a teleporter, you would have 499 possible moves, and then your opponent would next turn most likely have 497 possible moves, resulting in 248,003 possible combinations for you to look at in one turn! And that does not even include looking ahead one or two moves, at which point the numbers involved become astronomical.  In conclusion, we can say that the greater number of teleporters on a board, the greater amount of thought required to correctly navigate it.


The only time that the above theory applies is when a player can move into a teleporter every turn.  And the only time that this applies is when you are playing an All-Teleporter Board.


To Analyze an All-Teleporter Board as a whole would not only be a monstrous task, but the analysis would only apply to the specific board that was analyzed.  If a slightly different board was used, the entire analysis would be rendered useless.  Also, analysis would be very different if there were more than two players in one game.  In a game of All-Teleporter Jo with more than three people, the winners and losers are mostly based on pre-formed alliances.  Because of these purposes, this paper is only going to concern itself with the analysis of certain figures, in a two player form of this board.


Ok, so what are these ‘certain figures’?  Well, the most basic figure is a safe square.  A square is deemed safe if it has two or more exits from it, neither one of which are next to your opponent.  Refer to the following diagram, where ‘1’ is player 1, ‘2’ is player 2, and the black spaces have already been used, to get a clearer picture:
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In this situation, Player 2 is in a safe square.  His spot is safe because he has two exits.  If his spot did not have two (or more) exits, then player one could go into the teleporter to his right, and choose to come out in player 2’s last remaining teleporter.  As the board stands, the only remaining open safe spot is at D4.  So player 1 would move right, and then come out at D4.  Then on Player 2’s turn, there would be no safe squares left.  If it is ever your turn when there are no safe squares left, then you have lost.  This is because you are then going to be forced into an unsafe square, and your opponent with then either kill you, if you have one exit left, or just move somewhere else and let you die, if your unsafe square has no exits.


There is one more rule already stated that governs the safeness of squares.  In this position, B2 is not a safe square becase player 2 is next to one of its exits.
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At first glance it may look like a safe square, but if player 1 were to move there, player 2 would move left and come out at A2, killing player 1.  In this position, player 2 is said to have Control over B2.  There is obviously no way for player 1 to win this game.  It is also important to note that 4 squares together are also called a safe square, because they are virtually the same.


From your present knowledge of safe squares, can you determine who wins in the following game, if it is player 1’s turn to move?
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The correct answer is that player 2 will win.  After player one chooses to go left or right (which doesn’t matter), he will have to use one of the remaining safe squares, at A5 or D1, to stay alive.  After he chooses which one to use, player 2 will move up or left (once again it doesn’t matter), and take the other safe square.  This will leave player 1 with no safe squares to move to on his turn.


One common and easily analyzable figure that is apt to be found in almost every game is a five or six square power strip.  Power strips are named power strips because when a player is in one he has control over how many safe squares will be left on the board after his next turn.  This is another topic that is more easily discussed with a diagram.
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The five consecutive teleporters at the top of the board are a power strip.  Whoever’s turn it is will win the game.  When you decide to move into a power strip, you have two options.  You can go into the very center of the strip, A3 in this case, which destroys all safe squares.  That would not be a very good move in this case, because then player 2 would take the safe strip found along the 3 column and win the game.  The winning move here is to go into one of the secondary squares of the power strip, either A2 or A4, which give you pull over the situation.


You have pull over the situation when you get to decide how many safe squares are left on your next move.  If player 1 was A4, he would be able to leave left next turn, leaving no safe squares in the strip, or leave right and leave a safe square at A2.  This gives player 1 a large amount of power.  As an added bonus, no player can enter into a power strip when someone else is there, because the player already there exerts temporary control over the entire strip.  In the above diagram, after player 1 took A4, player 2 would take D3, and then player 1 would safe the safe square A2 by going right, and then use the square A2 that same turn, winning the game.


As a side note, you should also remember that a six strip is the exact same thing as a five strip, because you can go into one of the middle squares and have pull and control.  Another important thing to remember is that in a situation with 2 power strips, it is not good to go into one.  This is because when you do, your opponent will go into the other, and when you leave yours your opponent has pull, which will lose you the game.  It is always an advantage to have pull last, as you can reverse the effects of an opponents pull before.  This rule of not entering power strips applies to any even number of strips.


Another figure that is not to complex to analyze is a seven strip.  These are generally referred to as High power strips.  When a player enters a High Power, or HP strip, they have two choices for places to enter.  They can either enter in one of the end safe squares, or the very center.  This is shown in the following diagram.
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The center of the HP strip is marked with a ‘~’, and the end safe squares are marked with ‘!’s.  The advantage that you obtain from moving into the center is obvious, you have complete control of the strip.  In the above diagram whoever’s move it is will win the game by moving to the center.  The problem with the center is that you do not get any pull from it.  When you leave the HP from the center, you will leave 1 safe square every time.


If you choose to enter the seven strip in one of the end safe squares, then you create a very interesting situation.  You reserve the right to create a power strip, toward the edge of the strip, or to leave a safe square (4 in a row) by leaving toward the center.  This plan is destroyed by the other player invading your HP strip, in either of the safe squares remaining.


But just because your plans made after entering in an end safe square of a HP strip can be foiled doesn’t mean not to try it.  For example, if you were in a position  with a HP strip and one additional safe square remaining, you would lose by going to the center of the HP or to the safe square, but you would win by taking an end safe square of the HP.


There are some other obvious figures that have up until now been neglected in this paper, and these are of the circular group.  The diagram below is full of circle figures.
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The trick with diagnosing a position full of circle figures is just to look for squares that would give you push and pull, and if there are an even number delay, but if there is an odd number take one.  Also, remember to look for spots to move that cannot be invaded by an opponent.   Whoever’s turn it is wins by moving to A2.


When the idea of letting a computer analyze came around, it was originally thought that it would ruin the game.  Now it has shown that that is not true, at least not yet.  The possible number of games playable on a 5x5 All Teleporter board is extremely large, because in any given situation, and player can move to every square on the board and leave the square he is on in 1 to 4 different directions.  If player two plays passively, then player one could make 76 possible moves on his second turn.  Was set to look at roughly 10 million positions and figure out which player has an automatic win in the 5x5, how many more positions would it need to see a 10x10?  Or a 25x25?  The numbers are to big for our current computers to handle.


Before this paper is concluded, I would like to mention one very interesting spin-off of All Teleporter Jo, the additional of 3 dimensional movement.  In a 5x5x5 cube, a player can move six directions, and can teleport to 122 different places on his first move (125 – his starting spot – opponents starting spot – his move).  That’s 732 possible moves.


In conclusion I would like to say that anyone with an analytical mind can enjoy the facets of Jo.  All it takes is motivation.

