Model Description
This is a model description of an original model discussed in publication Janssen (2010).
The model description follows the ODD protocol for describing individual- and agent-based models (Grimm et al. 2006) and consists of seven elements. The first three elements provide an overview, the fourth element explains general concepts underlying the model’s design, and the remaining three elements provide details. Additionally, details of the software implementation are presented.
Purpose

This simulates the evolution of rules of shedding games based on cultural group selection. A number of groups play shedding games and evaluate the consequences on the average length and the difficulty of the game agents experience. Starting with agents who randomly throwing cards, comprehensive games similar to UNO evolve.
State variables and scales

We distinguish cards and agents who play the card game. 
Process overview and scheduling

There are NxN groups who all have n players who play s (=10) card games according to a set of rules (see submodels). If all groups have played s each group determines which of the 8 neighboring groups has the highest ration of unique options to play divided by number of turns (=maxopturnsratio). If this ratio is higher than the group itself, the rules will partly copied from the best performing group.
With a probability pmut (=0.01) a rule is randomly drawn on or off for the next generation. With probability (1-pmut) a rule is copied from the previous generation of the own group with probability (options/turns)/maxopturnsratio and from the best neighboring group otherwise. Hence the better the best group, the more rules are adopted.
If we allow agents also evolve the parameters pchallenge and pcheat we define the probabilities for the next generation like p = λp + (1-λ) + n(0,pmut) where λ is equal to 0.9 in the default model.

Design concepts

Fitness. The performance of players in a game is evaluated by the duration of a games, the number of turns agents played the game; and the average number of distinct options agents had in playing the game. On the last item, if the card to be played need to be a red one, this is less challenging than a red card or a card with the number 8.
Prediction. We include two options of cognitive sophistication of the agents. One option is that the agents throw a random card from the set of eligible cards on the deck. The other option is that the agents know what cards the agent has who is next and chose a card that makes it the most difficult to reduce the number of cards of the next agent.
Interaction. The interaction of agents is via the card game
Stochasticity. The cards are drawn from a random stack of cards.
Initialization

We initialize the number of cards the agents get, and the other rules of the game. Furthermore, we initialize the direction of play.

Input

Only parameter values.

Submodels
Play card game

A systematic way to create shedding games is defined. The basic rule is that a player must play a legal card when it is his/her turn. 
We assume that players use one or two decks of cards with four suits of thirteen cards per deck. These thirteen cards included numbers 1-10, Jack, Queen and King. Some cards may have special meanings:

- 10 can become a Wild card (we use 10 instead of 8 to make it more fluid)

- Jack can become a Reverse card

- Queen can become a Skip card

- King can become a draw two card

If there is a second deck, 10’s of the second deck become a Wild 4 card.

Besides the special cards, the following rules may vary:

- one or two decks of cards

- Random order or fixed order or turns. With random order we mean that a N-sided dice is thrown each round to determine which of the N agents is allowed to play.

- the color of the card must match color or not of the card on top of the discard pile

- Wild Draw Four can be drawn legally any time, or only when no card of same color

- One must draw until one can play or only draw one

We now can define a spectrum of shedding-type of card games as variations of a set of rules. Eleven rules are varied which leads to 211 (= 2048) variations of shedding games in which Crazy Eights and UNO are special cases.
Table 1. The rule space is build up from 11 types of rules. The well-known shedding games are 2 of the 2048 possible games within the rule space.

	Rules
	Options
	‘Crazy eights’
	UNO

	Random turn
	True / False
	False
	False

	Initial # cards
	5 / 7
	5 
	7

	4 colors
	True / False
	True
	True

	Color change
	True / False
	True
	True

	Decks of Cards
	One / Two
	One
	Two

	Reverse 
	True / False
	False
	True

	Draw 2
	True / False
	False
	True

	Draw 4
	True / False
	False
	True

	Draw 4 Anytime
	True / False
	False
	False

	Skip
	True / False
	False
	True

	Draw till play
	True / False
	True
	False


We allow agents to cheat with a probability pcheat. If an agent cheats it can throw a card that is not legal.

If the previous agent uses the Draw 4, an agent can challenge this. An agent is only allowed to use Draw 4 if no other option is available. If an agent challenge the previous player, that player needs to take 4 cards if it played the Draw 4 card illegally, otherwise the challenging agent needs to pick 2 additional cards.

Model implementation

The model is implemented in Netlogo 4.0.4
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