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If Iyis the initial configuration and P is the right product matrix and S is the right sum matrix.

SPIy = I and (SP)"I, = I, where !y is the configuration after n time steps. There must be some I,
and Iy suchthat Iy I, T 1I,.

[P NETANE

A sum of products can be changes into a product of sums using De Morgan’s law. Let !!!! have the
equivalent action on a set of inputs as !"" where !’ is a product matrix and P’ is a sum matrix. Applying
De Morgan’s law is straight forward, because the inputs into P will have both the state of a node and its
inverse and the results of S will have both the next state of a node and its inverse. To change from SP to
S'P’ the columns of P corresponding to each nodes state must be swapped with those that correspond
to that node’s inverse, and the resulting P’ matrix must be treated as a sum matrix. The rows of S

corresponding to the next state must likewise be swapped with the rows corresponding to their inverse.

Note that this change from SP to S'P’ only works because the inputs and outputs are standardized to
contain both a value and its inverse. More general sum and product matrix cannot be changed in the
same way. Furthermore, SP to S'P’ only have the same results for an input vector if the input is
formatted in this way.

(SP)? = SPSP = S'P'SP

P’ and S are both sum matrixes and can be simplified down to a single sum matrix Q = P’'S.
(§P)3 = SPSPSP = SPS'QP = SQ'QP where Q' = PS’.

If there were a way to change from SQ'to S'Q then (SP)"™ = S'Q™1P.

This would have many advantages but unfortunately converting SQ'to S’Q is not so simple. S, and thus
Q, do not have the same requirement on their inputs that they must come in value-inverse pairs the way
P does. Applying De Morgan’s law is not so simple. There may still be away to accomplish this, but it will
require further study.
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As noted above there is a strong symmetry in the 2GKL rule. In fact, there are four equivalent rules
depending on what the focuses area of a state is; though, for a specific network each symmetric rule
might have differing outcomes. | studied the relationship between these rules. Below is shown a pair
correlation between the results in one 2DGKL rule and a symmetric one. The columns correspond to a
known resolute of the network in one symmetry the rows correspond to the likelihood of a specific
result in another symmetry. This data was collected from 10,000 initial configurations on a 15 by 15
network with 113 ‘on’ nodes and 112 ‘off’ nodes.

Pair correlation Solves Right Solves Wrong Does Not Solve




Solves Right 45.8% 25.4% 32.5%
Solves Wrong 21.3% 41.0% 27.7%
Does Not Solve 32.9% 33.6% 39.8%

Side length Dependlency.

There is a strong dependency how often a network solves and the size of the network. To Study this
relationship | ran tens of thousands of experiments with different side lengths. The graph below shows

the percentage of networks that solve as a function of the side length.
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This graph shows how often a network solves as a function of the initial percentage in the majority. For

both 51 by 51 networks and 15 by 15 networks. 10000 initial configurations were used in both cases.




