NIM

NIM is a simple game played with three piles of marbles.  To start, press RESET to fill the piles, then take marbles away from each pile to create a starting position, such as piles of 5, 6, and 7. (Hint:  don’t make two piles the same size, or the first player has an easy way to force a win.)

Then two players take turns removing 1 or more marbles from any ONE pile. The player that takes the last marble wins.

To play against the machine, press GO when it is the machine’s turn.

The purpose of this hardware project was to build a game using only relays (electromagnet-operated switches).  No computer, no transistors.  It’s 1940’s technology, although the relays used are much smaller than they were in 1940.

The secret to NIM is this:  think of the pile sizes as binary numbers, then take the bit-wise XOR (exclusive-or) of the binary numbers.  If the result is zero, the current pile configuration is “safe”: a player who leaves a safe combination for the other player can force a guaranteed win. For example, piles of 6, 5, and 3 are safe (110 xor 101 xor 011 = 000). One eighth of the possible pile combinations are safe.

That’s how the machine makes a move.  It first chooses a pile to take stones from: the binary number for the pile size must have a “1” in the same position as the first “1” in the XOR product.  The machine takes stones from that pile until the XOR product is 0, then stops.  The machine will always force a win after finding a safe combination.  No matter what move the player makes, the resulting combination will be unsafe, because there is no way to move from one safe combination to another safe combination by changing only one pile.

If the XOR product is already 0 when the GO button is pressed, the machine takes one stone from any pile and stops. In this case the player could force a win if the player follows the same strategy of always leaving a safe combination.

Although there is no microprocessor in this project, the circuitry does have some aspects of a computer.  There are three 3-bit registers to hold the pile sizes, some logic for performing calculations, and a sequencer that performs the required steps similar to a program.  There’s a block diagram of the design in another file.

The power adapter is a 15-volt supply.  All the hardware projects use the same semi-standard power connector (because that’s what I had on hand) but different adapters.  Be careful not to use the NIM power adapter with other games; the higher voltage would probably damage them.

And now for some technical notes for anyone trying to understand the schematic diagram:  

The A, B, and C registers are counters that store the pile sizes as the 1’s complement of the size.  For example, a size of 5 (binary 101) is actually stored as 010. That way incrementing the counter decrements the pile size.

The logic to calculate the XOR product of the pile sizes and choose a pile from which to take stones is constantly updated as the pile sizes change.  The first step in choosing a move is to store or “latch” the chosen pile in a selection register, so that the selection won’t change as the machine removes stones from the pile.

The “sequencer” performs these steps with a small delay between each step:
1) Store/latch the chosen pile.
2) Take one stone from the indicated pile.
3) Test for done. The sequencer is done if the XOR product of the pile sizes is now zero, or was zero before taking the stone.
4) If not done, return to step 2.

The “randomizer” in the design is just a counter that indicates the first pile to consider for a move.  The counter advances to the next pile after each move by the machine.  The machine first identifies which piles could be used for the move: all piles where the binary size has a “1” in the same position as the greatest “1” in the XOR product. The randomizer then indicates the pile to check first.  If that pile can’t be used, then the next pile is checked, etc. This causes the machine to sometimes make a different move for the same pile combination, to add some variety to the game.

The ~[ABC]N relays have two diodes with purposes that are not obvious. One diode prevents the electrolytic capacitor that is energizing the coil from
discharging through the ~[ABC]N signal lines. The second diode prevents currents fed back from CN signal lines to ~BN relay coils during a reset. The couple of milliseconds for the contacts to transfer is enough to allow the coil to re-energize.
These diodes are only strictly necessary on the ~BN relays. They also discharge the electrolytic capacitors through the 220 ohm resistors, causing a much quicker reset operation, so the diodes are included on all the ~[ABC]N relays for that purpose.
