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GAME 1

Imagine we have two friends, Alice and Bob.  We are going to play a game.  We have two boxes, each with two compartments.  The doors to the compartments are painted red and green.  Each compartment in each box contains a marble, which is always either black or white.

The game consists of putting marbles in the compartments of the two boxes, and giving one to Alice, and the other to Bob.  We do this several times.  The challenge is to prepare the boxes so that Alice and Bob both have the following experience whenever they receive a box:

They are allowed to open one door, red or green, and retrieve the marble.  The statistical chance of getting a black marble in each event is 50%, regardless of which door they choose.  However, when Bob and Alice compare notes later, they find that every time they opened the same door, they found a marble of the same color.  Whenever they opened different doors, the colors of their marbles were different.  In other words, if Alice and Bob both choose the red door, they both get either black or white marbles; Alice never gets a black one while Bob gets a white one.  And so on, for all the possible cases.

The question is, how do we prepare the boxes to make sure this is true?  
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FIG. 1a




FIG. 1b

These two configurations are chosen randomly in Game 1
In this case, the answer is easy.  First we flip a coin.  If it lands heads-up, we put a black marble behind the red doors in each box, and a white marble behind the green doors.  If the coin lands tails-up, we put a white marble behind the red doors, and a black marble behind the green doors.  Prepared this way, the boxes will behave as required: if Alice and Bob choose the same door, they get the same color marbles; if they choose different doors, they get different colored marbles.  

(Figures 1a and 1b)

GAME 2

Now we will change the game by adding a new compartment to the boxes.  Each box will have three compartments, with doors colored red, green, and blue.  The rules are the same: if Alice and Bob choose to look behind the same color door in their respective boxes, they must find the same colored marble (either black or white).  If they choose to look behind different doors, they will find different colored marbles.  In any case, the probability of finding a white marble behind any door is still 50%.

Simple arithmetic will show that there is no way to prepare the two boxes to meet these conditions.  A summary proof follows:
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FIG 2
No matter how we prepare the marbles, Alice and Bob can choose doors that break the rules.  In this case, if Alice chooses green, and Bob chooses blue, they both get white marbles (no good!).  There are six equivalent cases (3 door colors times 2 marble colors)
1) In the case where Bob and Alice choose the same color door, they must get the same color marble; therefore, the two boxes must be prepared identically (ie, if a white marble is behind the green door in one box, a white marble is behind the green door in the other box, and so on).  

2) Without loss of generality, assume Alice chooses to open the red door, and finds a black marble.  We know from 1) that Bob's red door must also have a black marble (see Figure 1).  Then, according to the rules, if Bob chooses the blue or green door he must find a white marble.  Therefore, both boxes must be prepared with black marbles behind the red doors, and white marbles behind the blue and green doors, as in the figure.
3) If in this case, Alice had chosen the green door, and Bob had chosen the Blue door, they both would have found white marbles, which contradicts the rules.

4) The same logic can be applied to case 2) for each of the six possible combinations of door colors and marbles.  Therefore, there is no way to prepare the boxes in accordance with the rules.

(Note that if Bob and Alice are required to tell us which door they will choose in advance, it is easy to prepare the boxes to satisfy the rules.  The difficulty comes when Bob and Alice have the power to choose which door to observe without our knowledge prior to preparing the boxes.)
I propose that this game is functionally equivalent to the EPR experiment.  Our inability to prepare the two boxes and not violate the rules of the game is equivalent to the violation of Bell's inequality in a two-particle, correlated measurement experiment.  This includes versions of EPR as outlined by Mermin, Conway, and others.
GAME 3

In our next version of the game, we have the same kind of box, with three compartments.  We give either Bob or Alice a box.  They choose one door, open it, take out the marble, and give the box back to us.  We can see what marble they chose, and reconfigure the box as we see fit (ie, replace the missing marble with any color, and change the other marbles if we want.)  We then give the box to the other player, and they take out a marble.  The rest of the rules are the same as in the previous game (same color door, same color marbles; different doors, different marbles).

We will add two caveats to this version of the game:  Neither Bob nor Alice should be able to tell from the color of the marble they find, whether they are the first or second player to receive the box.  Additionally, Bob and Alice should not be able to use the game to communicate any information to each other.
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FIG. 3

Initially, Alice's box is prepared with black marbles.  When we get the box back, we replace the marble she took with another black one, and replace the other two with white marbles.   The box is then given to Bob.  50% of the time we start with white instead of black, and we can start with either Alice or Bob.

The following strategy will allow us to meet the requirements of the game (see Figure 3).  We toss a coin.  If it comes up heads, we put all white marbles in the box; otherwise, all black.  We give the box to either Alice or Bob, and get the box back.  We recall the color of the marble that has been removed, and replace that compartment with the same color marble.  We then put the opposite color marble in each of the two remaining compartments.  We then give the box to the other player.

It is important to note why Alice and Bob have no way of deciding which of them was the first to get the box.  They both see a random selection of white and black marbles behind any door they choose to open.  When they compare notes, they see the correlation, but again there is no indication of who went first.  For instance, if Alice sees a black marble behind the green door (as in Figure 3), and Bob sees a white marble behind the blue door, one of two things may have happened: Alice may have gotten a box with all black marbles first, or Bob may have gotten the box with all white marbles.
GAME 4

It turns out we can set up a similar situation with just two compartments per box.  Looking again at figure 1, our new rule is as follows:

If Bob and Alice both choose the green door, their marbles must match.  Otherwise, they must be different.

As in the three-door games, there is no way to distribute the marbles a-priori to Bob and Alice without breaking the rules.  If Alice takes her marble from behind the green door, it must match the marble behind Bob's green door, and differ from the one behind Bob's red door -- meaning that Bob's marbles cannot both be of the same color.  However, if Alice chooses the red door, then Bob's two marbles must each differ from Alice's, therefore they must match each other.  The same logic applies if we consider Bob's choice first.
Similarly to Game 3, if we know which choice Alice makes, we can prepare Bob's box accordingly, and vice versa.  As long as our initial preparation of the boxes is random, Bob and Alice cannot tell whether they are first or second, and they cannot communicate.  It is worth noting that this version of the game requires the transmission of only one bit of information about the first player's choice of door, since there are only two doors per box (Game 3 required Log2(3), or approximately 1.585 bits to account for the choice of one of three doors).
EPR

When discussing the EPR (Einstein Rosen Podolsky) paradox, it is often said that the correlated particles must communicate 'instantaneously'.  This creates a serious difficulty if we accept Special Relativity, since the choice of reference frame can make two events simultaneous, or change the order in which they occur.  The usual next step is to assume that Contra-Factual Definiteness (CFD) -- the idea that there is a meaning to the question, "What if Alice had chosen a different door?" -- has no meaning.  This leads to a world of paradoxes (multiple worlds even...)

I propose that the marble game can be seen as a template for a model of the Universe that allows us to incorporate EPR-type results into a 'process model'.  Such a model would be discrete, deterministic, and devoid of mind-bending paradoxical features such as lack of CFD, or ever-multiplying alternate realities.

If EPR is in fact conceptually equivalent to our little game of boxes and marbles, the implication is that the Universe has wide latitude in deciding what order in which to process events.  Rather than ‘instantaneous’ communication, all that is required is that Bob’s measurement have access to the results of Alice’s, or vice versa.  There may indeed be a 'preferred reference frame', but it is completely inaccessible to the inhabitants of the Universe, and has no direct effect on them.  Rather than a single preferred frame, the Universe may choose to process events in some chaotic order, as long as such processing does not violate causality (ie, events that have the same order in all reference frames must be processed in that order).  Since the order is arbitrary, the processing can be highly parallelized.
The kind of model I am proposing is one in which all interactions are, at heart, like those proposed in the last two versions of our game. Interactions between particles are like the act of opening a door in one of our boxes.  They are an informational process, a transfer of bits.  They take place 'out of time'; time itself is an emergent property, observed at a high level as an outcome of causality and information transfer.  Space is similarly not intrinsic, but is derived from the sequence and relationship among events. 

The boxes themselves do not represent events, or particles; they are information containers, nothing more or less.  Like variables in a computer, they contain information, but they are not the information themselves.  Additionally, some variables may contain 'pointers' to others, such as in the EPR experiment, where two events depend on a single 'box', or variable.
Each interaction is a fundamental unit of information exchange.  As in a lattice world, high-level symmetries are the result of low-level conservation laws.  For instance, some interactions might exchange angular or linear momentum.  Such an exchange is an exact thing; no net increase or decrease in momentum occurs in the system as a whole.  Therefore, translational symmetry will appear as a high-level feature of the system.

The nominal 'coin toss' used in the game is expected to be some pseudo-random, chaotic, or otherwise difficult to observe pattern.  It is interesting to ponder what the state of affairs would be if Bob and Alice could 'reverse engineer' the coin toss.  Note that they must also deduce the order in which events are processed.  Essentially, such an ability would amount to an experiment which exposes the non-isomorphic nature of reality beneath our normal perception of symmetry.
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