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	Introduction
	This workbook presents a model to create two-dimensional cellular automata (CA). It accompanies the report
	Complexity Science - an introduction (and invitation) for actuaries, and supports the material in
	Chapter Six:  Cellular automata.

	The CA created by this model have two states, are of the first order, are updated synchronously,
	and have behavior rules of radius 1 (see Chapter six to learn about this terminology).
	To use the model, go to the Parameters sheet, enter the requested data, and click "Run cellular automaton" 
	After you run the model, go to the Environment sheet to see the results, or go to the Analysis sheet to
	see an analysis of the results.
	There is considerable VBA (Visual Basic for Applications) computer code underlying this model.
	To learn more about cellular automata, you are encouraged to examine the code and modify it.
	You are also encouraged to modify the worksheets. For this reason, the worksheets
	have not been protected in any way - they are completely open to change. (So, as you 
	work with them, be careful to make only changes that you intend.)
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	Parameters

	1.  Enter a name for the scenario you are running.

	Scenario name:			2D-CA test 1

	2.  Enter the agent behavior rule.
	Enter the behavior rule number.  If you don't know the rule number, enter the rule results in the salmon-colored cells.
	The calculated rule number is then calculated at the bottom of the table.
	(The rule number for Conway's Game of Life is 3,235,963,104.)

	Rule number:			462					(valid rule numbers are integers from 0 to 1023 for von Neuman neighborhoods, 
									and 0 to 1,125,899,906,842,620 for Moore neighborhoods)

		Number of					Number of					Number of					Number of					Number of
		'on' agents					'on' agents					'on' agents					'on' agents					'on' agents
	Previous agent state	von Neuman neighborhood	Moore neighborhood	Current agent state	Current agent state for calculation	Previous agent state	von Neuman neighborhood	Moore neighborhood	Current agent state	Current agent state for calculation	Previous agent state	von Neuman neighborhood	Moore neighborhood	Current agent state	Current agent state for calculation	Previous agent state	von Neuman neighborhood	Moore neighborhood	Current agent state	Current agent state for calculation	Previous agent state	von Neuman neighborhood	Moore neighborhood	Current agent state	Current agent state for calculation
	1	4	0	0	1	1	4	1	0	0	1	4	2	0	0	1	4	3	0	0	1	4	4	0	0
	0	4	0	1	1	0	4	1	0	0	0	4	2	0	0	0	4	3	0	0	0	4	4	0	0
	1	3	0	1	1	1	3	1	0	0	1	3	2	0	0	1	3	3	0	0	1	3	4	0	0
	0	3	0	1	1	0	3	1	0	0	0	3	2	0	0	0	3	3	0	0	0	3	4	0	0
	1	2	0	0	1	1	2	1	0	0	1	2	2	0	0	1	2	3	0	0	1	2	4	0	0
	0	2	0	0	1	0	2	1	0	0	0	2	2	0	0	0	2	3	0	0	0	2	4	0	0
	1	1	0	1	1	1	1	1	0	0	1	1	2	0	0	1	1	3	0	0	1	1	4	0	0
	0	1	0	1	1	0	1	1	0	0	0	1	2	0	0	0	1	3	0	0	0	1	4	0	0
	1	0	0	1	1	1	0	1	0	0	1	0	2	0	0	1	0	3	0	0	1	0	4	0	0
	0	0	0	0	1	0	0	1	0	0	0	0	2	0	0	0	0	3	0	0	0	0	4	0	0

	Calculated rule number:				1,023

	3.  Enter the number of Environment rows, number of Environment columns,
	     the number of time steps, and a random number seed.
	Number of
	Rows:				88	(valid numbers of environment rows are integers from 10 to 250)
	Columns:				88	(valid numbers of environment columns are integers from 10 to 250)
	Time steps:				44	(valid numbers of steps are integers from 1 to 200)
	Random number seed:				2	(valid random number seeds are integers from 1 to 100)
	4.  Enter the starting location of the agents:
	Using the drop-down box, give the starting location of 'on' agents.  To manually enter starting locations, select "Manually entered", and enter "1"'s in the grid below.
	Manually-entered 'on' agents will be centered in the environment.
	If you select "Many 'on' agents - randomly distributed", please also enter a percent initially 'on'.
	Percent initially 'on':				0	(valid percents are integers from 0 to 100, inclusive)
		1	2	3	4	5	6	7	8	9	10			Some Game of Life initial 'on' agent locations:
	1													Toad			1	1	1		Spaceship:
	2															1	1	1				1	1	1	1
	3																				1				1
	4													Glider:				1							1
	5															1		1			1			1
	6																1	1
	7																				Beacon:			1	1
	8													R-pentomino			1	1						1	1
	9															1	1					1	1
	10																1					1	1
	5.  Enter results to analyze.
	This model performs a general analysis for one cross-section (one row) through the 2D grid, 
	as well as an analysis for an individual agent (a specificed column number for the cross-section row).
	Row to analyze:			44
	Column to analyze:			44
	from step:			1
	to step:			44

	6.  Enter the Environment view "zoom percent".
	Enter a "zoom percent" for optimally viewing the Environment results on your screen.
	Zoom percent:			25	(valid percents are integers from 10 to 100)
	7.  Click the "Run cellular automata model" button.
	1	Manually entered						2
	2	One agent - centered
	3	Many 'on' agents - randomly distributed
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	Environment

	Scenario name:						2D-CA test 1
	Agent behavior rule:						462
	Number of steps:						44
	Initial agent location:						One agent - centered

		1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88
	1
	2																																													1
	3																																												1	1	1
	4																																											1		1		1
	5																																										1	1		1		1	1
	6																																													1
	7																																													1
	8																																										1	1	1	1	1	1	1
	9																																										1		1	1	1		1
	10																																					1			1			1				1			1			1
	11																																				1	1	1		1		1	1	1		1	1	1		1		1	1	1
	12																																			1		1		1	1	1			1		1			1	1	1		1		1
	13																																		1	1		1			1		1						1		1			1		1	1
	14																																						1				1	1				1	1				1
	15																																				1	1	1		1			1	1		1	1			1		1	1	1
	16																																				1	1	1	1	1			1	1		1	1			1	1	1	1	1
	17																																		1				1	1		1	1		1		1		1	1		1	1				1
	18																																		1	1			1							1							1			1	1
	19																																1	1	1	1				1	1	1	1			1			1	1	1	1				1	1	1	1
	20																														1		1		1	1			1	1				1		1		1				1	1			1	1		1		1
	21																														1		1		1	1	1		1		1	1		1		1		1		1	1		1		1	1	1		1		1
	22																												1	1	1	1	1	1				1	1	1	1	1		1	1	1	1	1		1	1	1	1	1				1	1	1	1	1	1
	23																													1		1	1			1				1	1					1					1	1				1			1	1		1
	24																												1	1	1	1									1	1	1		1	1	1		1	1	1									1	1	1	1
	25																										1	1	1	1			1	1		1		1	1	1	1	1	1		1	1	1		1	1	1	1	1	1		1		1	1			1	1	1	1
	26																									1			1		1	1	1	1					1	1	1	1	1	1	1		1	1	1	1	1	1	1					1	1	1	1		1			1
	27																									1			1		1					1	1	1	1		1	1								1	1		1	1	1	1					1		1			1
	28																						1		1	1	1	1		1									1		1										1		1									1		1	1	1	1		1
	29																						1	1	1	1			1		1	1			1	1	1	1	1		1		1						1		1		1	1	1	1	1			1	1		1			1	1	1	1
	30																				1	1	1		1		1	1		1		1	1	1	1			1			1	1	1	1				1	1	1	1			1			1	1	1	1		1		1	1		1		1	1	1
	31																						1	1	1		1			1	1	1	1	1		1		1	1	1			1		1		1		1			1	1	1		1		1	1	1	1	1			1		1	1	1
	32																			1	1	1	1	1		1	1				1	1	1	1							1	1	1		1		1		1	1	1							1	1	1	1				1	1		1	1	1	1	1
	33																			1			1			1	1				1	1	1	1	1	1	1		1														1		1	1	1	1	1	1	1				1	1			1			1
	34													1				1	1	1	1	1								1	1			1			1	1	1					1	1		1	1					1	1	1			1			1	1								1	1	1	1	1				1
	35												1	1					1	1	1	1		1		1		1		1		1		1				1			1	1		1				1		1	1			1				1		1		1		1		1		1		1	1	1	1					1	1
	36											1				1	1					1						1		1				1	1		1	1			1	1	1	1	1		1	1	1	1	1			1	1		1	1				1		1						1					1	1				1
	37										1	1	1	1		1	1						1			1		1		1	1	1			1	1	1	1		1				1	1		1	1				1		1	1	1	1			1	1	1		1		1			1						1	1		1	1	1	1
	38											1			1	1	1	1	1		1	1	1			1	1	1	1	1		1		1	1					1				1	1		1	1				1					1	1		1		1	1	1	1	1			1	1	1		1	1	1	1	1			1
	39												1				1	1		1	1		1	1		1	1					1						1	1	1	1	1	1		1		1		1	1	1	1	1	1						1					1	1		1	1		1	1		1	1				1
	40										1	1	1	1		1	1			1		1	1	1	1	1	1	1	1	1	1		1			1	1			1	1	1			1		1			1	1	1			1	1			1		1	1	1	1	1	1	1	1	1	1		1			1	1		1	1	1	1
	41												1					1		1		1	1		1	1	1	1			1		1			1	1			1	1	1	1	1	1		1	1	1	1	1	1			1	1			1		1			1	1	1	1		1	1		1		1					1
	42					1			1	1		1		1	1			1		1					1	1	1			1	1	1	1				1			1		1		1				1		1		1			1				1	1	1	1			1	1	1					1		1			1	1		1		1	1			1
	43				1	1			1		1	1			1	1	1				1	1	1				1				1				1	1	1	1	1			1	1		1		1		1	1			1	1	1	1	1				1				1				1	1	1				1	1	1			1	1		1			1	1
	44			1					1	1		1	1			1	1	1					1		1	1	1					1	1		1		1	1	1	1	1	1		1				1		1	1	1	1	1	1		1		1	1					1	1	1		1					1	1	1			1	1		1	1					1
	45		1	1	1	1	1	1	1	1									1	1	1	1	1	1	1	1																																								1	1	1	1	1	1	1	1									1	1	1	1	1	1	1	1
	46			1					1	1		1	1			1	1	1					1		1	1	1					1	1		1		1	1	1	1	1	1		1				1		1	1	1	1	1	1		1		1	1					1	1	1		1					1	1	1			1	1		1	1					1
	47				1	1			1		1	1			1	1	1				1	1	1				1				1				1	1	1	1	1			1	1		1		1		1	1			1	1	1	1	1				1				1				1	1	1				1	1	1			1	1		1			1	1
	48					1			1	1		1		1	1			1		1					1	1	1			1	1	1	1				1			1		1		1				1		1		1			1				1	1	1	1			1	1	1					1		1			1	1		1		1	1			1
	49												1					1		1		1	1		1	1	1	1			1		1			1	1			1	1	1	1	1	1		1	1	1	1	1	1			1	1			1		1			1	1	1	1		1	1		1		1					1
	50										1	1	1	1		1	1			1		1	1	1	1	1	1	1	1	1	1		1			1	1			1	1	1			1		1			1	1	1			1	1			1		1	1	1	1	1	1	1	1	1	1		1			1	1		1	1	1	1
	51												1				1	1		1	1		1	1		1	1					1						1	1	1	1	1	1		1		1		1	1	1	1	1	1						1					1	1		1	1		1	1		1	1				1
	52											1			1	1	1	1	1		1	1	1			1	1	1	1	1		1		1	1					1				1	1		1	1				1					1	1		1		1	1	1	1	1			1	1	1		1	1	1	1	1			1
	53										1	1	1	1		1	1						1			1		1		1	1	1			1	1	1	1		1				1	1		1	1				1		1	1	1	1			1	1	1		1		1			1						1	1		1	1	1	1
	54											1				1	1					1						1		1				1	1		1	1			1	1	1	1	1		1	1	1	1	1			1	1		1	1				1		1						1					1	1				1
	55												1	1					1	1	1	1		1		1		1		1		1		1				1			1	1		1				1		1	1			1				1		1		1		1		1		1		1	1	1	1					1	1
	56													1				1	1	1	1	1								1	1			1			1	1	1					1	1		1	1					1	1	1			1			1	1								1	1	1	1	1				1
	57																			1			1			1	1				1	1	1	1	1	1	1		1														1		1	1	1	1	1	1	1				1	1			1			1
	58																			1	1	1	1	1		1	1				1	1	1	1							1	1	1		1		1		1	1	1							1	1	1	1				1	1		1	1	1	1	1
	59																						1	1	1		1			1	1	1	1	1		1		1	1	1			1		1		1		1			1	1	1		1		1	1	1	1	1			1		1	1	1
	60																				1	1	1		1		1	1		1		1	1	1	1			1			1	1	1	1				1	1	1	1			1			1	1	1	1		1		1	1		1		1	1	1
	61																						1	1	1	1			1		1	1			1	1	1	1	1		1		1						1		1		1	1	1	1	1			1	1		1			1	1	1	1
	62																						1		1	1	1	1		1									1		1										1		1									1		1	1	1	1		1
	63																									1			1		1					1	1	1	1		1	1								1	1		1	1	1	1					1		1			1
	64																									1			1		1	1	1	1					1	1	1	1	1	1	1		1	1	1	1	1	1	1					1	1	1	1		1			1
	65																										1	1	1	1			1	1		1		1	1	1	1	1	1		1	1	1		1	1	1	1	1	1		1		1	1			1	1	1	1
	66																												1	1	1	1									1	1	1		1	1	1		1	1	1									1	1	1	1
	67																													1		1	1			1				1	1					1					1	1				1			1	1		1
	68																												1	1	1	1	1	1				1	1	1	1	1		1	1	1	1	1		1	1	1	1	1				1	1	1	1	1	1
	69																														1		1		1	1	1		1		1	1		1		1		1		1	1		1		1	1	1		1		1
	70																														1		1		1	1			1	1				1		1		1				1	1			1	1		1		1
	71																																1	1	1	1				1	1	1	1			1			1	1	1	1				1	1	1	1
	72																																		1	1			1							1							1			1	1
	73																																		1				1	1		1	1		1		1		1	1		1	1				1
	74																																				1	1	1	1	1			1	1		1	1			1	1	1	1	1
	75																																				1	1	1		1			1	1		1	1			1		1	1	1
	76																																						1				1	1				1	1				1
	77																																		1	1		1			1		1						1		1			1		1	1
	78																																			1		1		1	1	1			1		1			1	1	1		1		1
	79																																				1	1	1		1		1	1	1		1	1	1		1		1	1	1
	80																																					1			1			1				1			1			1
	81																																										1		1	1	1		1
	82																																										1	1	1	1	1	1	1
	83																																													1
	84																																													1
	85																																										1	1		1		1	1
	86																																											1		1		1
	87																																												1	1	1
	88																																													1
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	Analysis
	Scenario name:		2D-CA test 1
	Agent behavior rule:		462
	Number of steps:		44

Number of 'on' and 'off' agents for each time step
"On" agents	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	0	1	1	3	4	4	7	5	6	8	8	8	10	14	13	17	14	16	22	16	16	24	22	20	22	28	28	26	24	34	23	35	36	34	34	28	32	46	40	34	46	44	50	44	"Off" agents	88	87	87	85	84	84	81	83	82	80	80	80	78	74	75	71	74	72	66	72	72	64	66	68	66	60	60	62	64	54	65	53	52	54	54	60	56	42	48	54	42	44	38	44	Difference	88	86	86	82	80	80	74	78	76	72	72	72	68	60	62	54	60	56	44	56	56	40	44	48	44	32	32	36	40	20	42	18	16	20	20	32	24	-4	8	20	-4	0	-12	0	



Number of 'on' and 'off' states for each agent
"On" states	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	0	0	1	0	2	1	4	2	3	4	7	4	4	7	8	9	7	7	10	9	11	11	11	13	9	18	10	13	17	15	19	17	21	15	17	16	17	19	23	18	19	14	30	7	9	7	30	14	19	18	23	19	17	16	17	15	21	17	19	15	17	13	10	18	9	13	11	11	11	9	10	7	7	9	8	7	4	4	7	4	3	2	4	1	2	0	1	0	"Off" states	44	44	43	44	42	43	40	42	41	40	37	40	40	37	36	35	37	37	34	35	33	33	33	31	35	26	34	31	27	29	25	27	23	29	27	28	27	25	21	26	25	30	14	37	35	37	14	30	25	26	21	25	27	28	27	29	23	27	25	29	27	31	34	26	35	31	33	33	33	35	34	37	37	35	36	37	40	40	37	40	41	42	40	43	42	44	43	44	Difference	44	44	42	44	40	42	36	40	38	36	30	36	36	30	28	26	30	30	24	26	22	22	22	18	26	8	24	18	10	14	6	10	2	14	10	12	10	6	-2	8	6	16	-16	30	26	30	-16	16	6	8	-2	6	10	12	10	14	2	10	6	14	10	18	24	8	26	18	22	22	22	26	24	30	30	26	28	30	36	36	30	36	38	40	36	42	40	44	42	44	



80 percent interval randomness test for a single agent
Actual	0	1	00	01	10	11	000	001	010	100	011	110	101	111	0000	0001	0010	0100	1000	0011	0110	1100	0101	1010	1001	0111	1110	1011	1101	1111	37	7	32	4	4	3	27	4	3	4	1	1	0	2	23	3	3	3	3	1	0	1	0	0	1	1	1	0	0	1	Minimum	0	1	00	01	10	11	000	001	010	100	011	110	101	111	0000	0001	0010	0100	1000	0011	0110	1100	0101	1010	1001	0111	1110	1011	1101	1111	17.600000000000001	17.600000000000001	8.8000000000000007	8.8000000000000007	8.8000000000000007	8.8000000000000007	4.4000000000000004	4.4000000000000004	4.4000000000000004	4.4000000000000004	4.4000000000000004	4.4000000000000004	4.4000000000000004	4.400	0000000000004	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	Maximum	0	1	00	01	10	11	000	001	010	100	011	110	101	111	0000	0001	0010	0100	1000	0011	0110	1100	0101	1010	1001	0111	1110	1011	1101	1111	26.4	26.4	13.2	13.2	13.2	13.2	6.6	6.6	6.6	6.6	6.6	6.6	6.6	6.6	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	3.3	Search string



80 percent chi2 randomness test for a single agent
Chi square	1	2	3	4	20.454545454545453	54.81818181818182	101.09090909090911	169.63636363636374	Minimum	1	2	3	4	0	0	0	0	Maximum	1	2	3	4	6.4184754689329243E-2	1.0051740163587883	3.8223219612288539	10.306959226672081	Search string length




Analysis_Environment
	Complexity Science models
	Two-dimensional cellular automata
	Analysis - Environment


		1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88
	1
	2																																													1
	3																																													1
	4																																											1		1		1
	5																																											1	1		1	1
	6																																									1		1				1		1
	7																																									1	1	1		1		1	1	1
	8																																							1					1	1	1					1
	9																																							1	1		1						1		1	1
	10																																					1		1			1	1				1	1			1		1
	11																																					1	1	1				1				1				1	1	1
	12																																			1					1	1		1				1		1	1					1
	13																																			1	1		1		1			1				1			1		1		1	1
	14																																	1		1			1	1	1	1		1				1		1	1	1	1			1		1
	15																																	1	1	1						1	1	1		1		1	1	1						1	1	1
	16																															1					1		1		1	1	1	1	1	1	1	1	1	1	1		1		1					1
	17																															1	1		1			1	1	1				1				1				1	1	1			1		1	1
	18																													1		1			1	1		1			1		1	1				1	1		1			1		1	1			1		1
	19																													1	1	1			1	1	1	1		1	1	1		1				1		1	1	1		1	1	1	1			1	1	1
	20																											1					1	1		1				1	1	1		1				1		1	1	1				1		1	1					1
	21																											1	1		1		1		1	1			1					1				1					1			1	1		1		1		1	1
	22																									1		1			1	1	1	1	1	1			1		1	1		1				1		1	1		1			1	1	1	1	1	1			1		1
	23																									1	1	1						1		1		1	1		1	1	1	1				1	1	1	1		1	1		1		1						1	1	1
	24																							1					1		1			1			1		1	1	1		1	1				1	1		1	1	1		1			1			1		1					1
	25																							1	1		1			1	1	1	1	1			1	1		1												1		1	1			1	1	1	1	1			1		1	1
	26																					1		1			1	1		1	1		1	1	1	1		1	1	1	1										1	1	1	1		1	1	1	1		1	1		1	1			1		1
	27																					1	1	1			1	1	1		1	1	1	1		1	1	1				1								1				1	1	1		1	1	1	1		1	1	1			1	1	1
	28																			1					1	1		1	1			1	1			1	1	1	1			1	1						1	1			1	1	1	1			1	1			1	1		1	1					1
	29																			1	1		1		1		1		1	1		1	1							1		1		1				1		1		1							1	1		1	1		1		1		1		1	1
	30																	1		1			1	1	1	1		1	1	1	1			1	1	1	1			1			1	1				1	1			1			1	1	1	1			1	1	1	1		1	1	1	1			1		1
	31																	1	1	1							1		1	1				1		1	1		1	1						1						1	1		1	1		1				1	1		1							1	1	1
	32															1					1		1		1		1	1	1		1	1	1	1	1			1		1		1	1	1		1		1	1	1		1		1			1	1	1	1	1		1	1	1		1		1		1					1
	33															1	1		1			1	1	1		1	1			1			1	1	1		1	1	1	1	1				1		1				1	1	1	1	1		1	1	1			1			1	1		1	1	1			1		1	1
	34													1		1			1	1		1	1	1	1		1			1				1	1			1	1		1	1			1		1			1	1		1	1			1	1				1			1		1	1	1	1		1	1			1		1
	35													1	1	1			1	1	1			1	1	1	1			1	1	1	1	1						1					1		1					1						1	1	1	1	1			1	1	1	1			1	1	1			1	1	1
	36											1					1	1		1	1	1			1	1			1			1							1	1				1	1		1	1				1	1							1			1			1	1			1	1	1		1	1					1
	37											1	1		1		1		1			1	1	1	1		1		1	1		1		1						1				1				1				1						1		1		1	1		1		1	1	1	1			1		1		1		1	1
	38									1		1			1	1	1	1			1	1	1	1	1		1		1	1	1	1		1	1	1	1			1		1		1				1		1		1			1	1	1	1		1	1	1	1		1		1	1	1	1	1			1	1	1	1			1		1
	39									1	1	1									1	1	1				1	1		1		1	1	1	1		1	1		1	1	1	1	1				1	1	1	1	1		1	1		1	1	1	1		1		1	1				1	1	1									1	1	1
	40							1					1		1		1	1			1	1				1	1		1	1	1		1	1			1				1		1						1		1				1			1	1		1	1	1		1	1				1	1			1	1		1		1					1
	41							1	1		1			1	1	1	1	1		1							1		1	1	1	1	1		1	1	1		1		1	1	1	1				1	1	1	1		1		1	1	1		1	1	1	1	1		1							1		1	1	1	1	1			1		1	1
	42					1		1			1	1		1	1		1		1	1	1	1			1		1			1	1	1		1			1	1	1	1				1				1				1	1	1	1			1		1	1	1			1		1			1	1	1	1		1		1	1		1	1			1		1
	43					1	1	1			1	1	1		1	1	1		1	1	1	1	1	1	1		1			1	1	1	1	1				1	1					1				1					1	1				1	1	1	1	1			1		1	1	1	1	1	1	1		1	1	1		1	1	1			1	1	1
	44			1					1	1		1	1			1	1	1					1		1	1	1					1	1		1		1	1	1	1	1	1		1				1		1	1	1	1	1	1		1		1	1					1	1	1		1					1	1	1			1	1		1	1					1































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Analysis_Steps
	Complexity Science models
	Two-dimensional cellular automata
	Analysis - Steps

	Analysis for row:		44


	Step	Total	Total
	number	"on" agents	"off" agents	Difference

	1	0	88	88
	2	1	87	86
	3	1	87	86
	4	3	85	82
	5	4	84	80
	6	4	84	80
	7	7	81	74
	8	5	83	78
	9	6	82	76
	10	8	80	72
	11	8	80	72
	12	8	80	72
	13	10	78	68
	14	14	74	60
	15	13	75	62
	16	17	71	54
	17	14	74	60
	18	16	72	56
	19	22	66	44
	20	16	72	56
	21	16	72	56
	22	24	64	40
	23	22	66	44
	24	20	68	48
	25	22	66	44
	26	28	60	32
	27	28	60	32
	28	26	62	36
	29	24	64	40
	30	34	54	20
	31	23	65	42
	32	35	53	18
	33	36	52	16
	34	34	54	20
	35	34	54	20
	36	28	60	32
	37	32	56	24
	38	46	42	-4
	39	40	48	8
	40	34	54	20
	41	46	42	-4
	42	44	44	0
	43	50	38	-12
	44	44	44	0




























































































































































	201	124	-4	0.496
	202	117	-7	0.468
	203	121	4	0.484
	204	130	9	0.52
	205	126	-4	0.504
	206	121	-5	0.484
	207	118	-3	0.472
	208	133	15	0.532
	209	123	-10	0.492
	210	125	2	0.5
	211	133	8	0.532
	212	118	-15	0.472
	213	126	8	0.504
	214	121	-5	0.484
	215	130	9	0.52
	216	124	-6	0.496
	217	127	3	0.508
	218	124	-3	0.496
	219	118	-6	0.472
	220	128	10	0.512
	221	119	-9	0.476
	222	128	9	0.512
	223	122	-6	0.488
	224	120	-2	0.48
	225	137	17	0.548
	226	133	-4	0.532
	227	111	-22	0.444
	228	123	12	0.492
	229	131	8	0.524
	230	129	-2	0.516
	231	124	-5	0.496
	232	130	6	0.52
	233	123	-7	0.492
	234	133	10	0.532
	235	115	-18	0.46
	236	117	2	0.468
	237	132	15	0.528
	238	124	-8	0.496
	239	111	-13	0.444
	240	122	11	0.488
	241	121	-1	0.484
	242	142	21	0.568
	243	112	-30	0.448
	244	133	21	0.532
	245	123	-10	0.492
	246	132	9	0.528
	247	122	-10	0.488
	248	117	-5	0.468
	249	125	8	0.5
	250	139	14	0.556
	251	111	-28	0.444
	252	115	4	0.46
	253	123	8	0.492
	254	114	-9	0.456
	255	131	17	0.524
	256	118	-13	0.472
	257	139	21	0.556
	258	126	-13	0.504
	259	112	-14	0.448
	260	140	28	0.56
	261	116	-24	0.464
	262	127	11	0.508
	263	130	3	0.52
	264	122	-8	0.488
	265	123	1	0.492
	266	126	3	0.504
	267	125	-1	0.5
	268	124	-1	0.496
	269	128	4	0.512
	270	123	-5	0.492
	271	128	5	0.512
	272	116	-12	0.464
	273	135	19	0.54
	274	127	-8	0.508
	275	122	-5	0.488
	276	131	9	0.524
	277	118	-13	0.472
	278	122	4	0.488
	279	124	2	0.496
	280	131	7	0.524
	281	132	1	0.528
	282	126	-6	0.504
	283	125	-1	0.5
	284	106	-19	0.424
	285	134	28	0.536
	286	119	-15	0.476
	287	121	2	0.484
	288	118	-3	0.472
	289	135	17	0.54
	290	120	-15	0.48
	291	128	8	0.512
	292	118	-10	0.472
	293	124	6	0.496
	294	113	-11	0.452
	295	134	21	0.536
	296	115	-19	0.46
	297	134	19	0.536
	298	111	-23	0.444
	299	119	8	0.476
	300	120	1	0.48
	301	133	13	0.532
	302	127	-6	0.508
	303	134	7	0.536
	304	121	-13	0.484
	305	119	-2	0.476
	306	131	12	0.524
	307	113	-18	0.452
	308	121	8	0.484
	309	124	3	0.496
	310	130	6	0.52
	311	122	-8	0.488
	312	124	2	0.496
	313	123	-1	0.492
	314	131	8	0.524
	315	134	3	0.536
	316	120	-14	0.48
	317	125	5	0.5
	318	131	6	0.524
	319	128	-3	0.512
	320	129	1	0.516
	321	113	-16	0.452
	322	137	24	0.548
	323	121	-16	0.484
	324	128	7	0.512
	325	130	2	0.52
	326	125	-5	0.5
	327	128	3	0.512
	328	121	-7	0.484
	329	126	5	0.504
	330	130	4	0.52
	331	125	-5	0.5
	332	124	-1	0.496
	333	131	7	0.524
	334	122	-9	0.488
	335	119	-3	0.476
	336	129	10	0.516
	337	113	-16	0.452
	338	136	23	0.544
	339	130	-6	0.52
	340	122	-8	0.488
	341	119	-3	0.476
	342	139	20	0.556
	343	116	-23	0.464
	344	132	16	0.528
	345	127	-5	0.508
	346	130	3	0.52
	347	127	-3	0.508
	348	115	-12	0.46
	349	124	9	0.496
	350	130	6	0.52
	351	121	-9	0.484
	352	138	17	0.552
	353	114	-24	0.456
	354	134	20	0.536
	355	133	-1	0.532
	356	124	-9	0.496
	357	133	9	0.532
	358	120	-13	0.48
	359	127	7	0.508
	360	129	2	0.516
	361	121	-8	0.484
	362	140	19	0.56
	363	106	-34	0.424
	364	142	36	0.568
	365	115	-27	0.46
	366	126	11	0.504
	367	123	-3	0.492
	368	128	5	0.512
	369	120	-8	0.48
	370	142	22	0.568
	371	125	-17	0.5
	372	124	-1	0.496
	373	119	-5	0.476
	374	130	11	0.52
	375	128	-2	0.512
	376	121	-7	0.484
	377	136	15	0.544
	378	119	-17	0.476
	379	120	1	0.48
	380	129	9	0.516
	381	141	12	0.564
	382	112	-29	0.448
	383	136	24	0.544
	384	110	-26	0.44
	385	136	26	0.544
	386	121	-15	0.484
	387	130	9	0.52
	388	132	2	0.528
	389	112	-20	0.448
	390	119	7	0.476
	391	128	9	0.512
	392	129	1	0.516
	393	126	-3	0.504
	394	123	-3	0.492
	395	134	11	0.536
	396	124	-10	0.496
	397	124	0	0.496
	398	118	-6	0.472
	399	125	7	0.5
	400	131	6	0.524
	401	132	1	0.528
	402	132	0	0.528
	403	119	-13	0.476
	404	120	1	0.48
	405	119	-1	0.476
	406	133	14	0.532
	407	128	-5	0.512
	408	126	-2	0.504
	409	128	2	0.512
	410	115	-13	0.46
	411	143	28	0.572
	412	117	-26	0.468
	413	124	7	0.496
	414	128	4	0.512
	415	128	0	0.512
	416	121	-7	0.484
	417	125	4	0.5
	418	129	4	0.516
	419	125	-4	0.5
	420	135	10	0.54
	421	104	-31	0.416
	422	135	31	0.54
	423	121	-14	0.484
	424	133	12	0.532
	425	118	-15	0.472
	426	137	19	0.548
	427	113	-24	0.452
	428	129	16	0.516
	429	133	4	0.532
	430	121	-12	0.484
	431	126	5	0.504
	432	128	2	0.512
	433	119	-9	0.476
	434	134	15	0.536
	435	119	-15	0.476
	436	125	6	0.5
	437	125	0	0.5
	438	116	-9	0.464
	439	136	20	0.544
	440	122	-14	0.488
	441	137	15	0.548
	442	116	-21	0.464
	443	117	1	0.468
	444	136	19	0.544
	445	133	-3	0.532
	446	121	-12	0.484
	447	132	11	0.528
	448	119	-13	0.476
	449	132	13	0.528
	450	116	-16	0.464
	451	145	29	0.58
	452	99	-46	0.396
	453	128	29	0.512
	454	119	-9	0.476
	455	133	14	0.532
	456	107	-26	0.428
	457	143	36	0.572
	458	121	-22	0.484
	459	121	0	0.484
	460	119	-2	0.476
	461	131	12	0.524
	462	118	-13	0.472
	463	128	10	0.512
	464	133	5	0.532
	465	135	2	0.54
	466	115	-20	0.46
	467	129	14	0.516
	468	117	-12	0.468
	469	131	14	0.524
	470	134	3	0.536
	471	114	-20	0.456
	472	127	13	0.508
	473	121	-6	0.484
	474	127	6	0.508
	475	122	-5	0.488
	476	130	8	0.52
	477	125	-5	0.5
	478	130	5	0.52
	479	118	-12	0.472
	480	132	14	0.528
	481	117	-15	0.468
	482	136	19	0.544
	483	119	-17	0.476
	484	127	8	0.508
	485	137	10	0.548
	486	116	-21	0.464
	487	146	30	0.584
	488	117	-29	0.468
	489	122	5	0.488
	490	128	6	0.512
	491	125	-3	0.5
	492	123	-2	0.492
	493	133	10	0.532
	494	121	-12	0.484
	495	129	8	0.516
	496	121	-8	0.484
	497	129	8	0.516
	498	121	-8	0.484
	499	136	15	0.544
	500	120	-16	0.48






















































































































































































































































































































































































































































































































Analysis_Agents
	Complexity Science models
	Two-dimensional cellular automata
	Analysis - Agents

	Analysis for row:		44


	Column	Total	Total
	number	"on" states	"off" states	Difference

	1	0	44	44
	2	0	44	44
	3	1	43	42
	4	0	44	44
	5	2	42	40
	6	1	43	42
	7	4	40	36
	8	2	42	40
	9	3	41	38
	10	4	40	36
	11	7	37	30
	12	4	40	36
	13	4	40	36
	14	7	37	30
	15	8	36	28
	16	9	35	26
	17	7	37	30
	18	7	37	30
	19	10	34	24
	20	9	35	26
	21	11	33	22
	22	11	33	22
	23	11	33	22
	24	13	31	18
	25	9	35	26
	26	18	26	8
	27	10	34	24
	28	13	31	18
	29	17	27	10
	30	15	29	14
	31	19	25	6
	32	17	27	10
	33	21	23	2
	34	15	29	14
	35	17	27	10
	36	16	28	12
	37	17	27	10
	38	19	25	6
	39	23	21	-2
	40	18	26	8
	41	19	25	6
	42	14	30	16
	43	30	14	-16
	44	7	37	30
	45	9	35	26
	46	7	37	30
	47	30	14	-16
	48	14	30	16
	49	19	25	6
	50	18	26	8
	51	23	21	-2
	52	19	25	6
	53	17	27	10
	54	16	28	12
	55	17	27	10
	56	15	29	14
	57	21	23	2
	58	17	27	10
	59	19	25	6
	60	15	29	14
	61	17	27	10
	62	13	31	18
	63	10	34	24
	64	18	26	8
	65	9	35	26
	66	13	31	18
	67	11	33	22
	68	11	33	22
	69	11	33	22
	70	9	35	26
	71	10	34	24
	72	7	37	30
	73	7	37	30
	74	9	35	26
	75	8	36	28
	76	7	37	30
	77	4	40	36
	78	4	40	36
	79	7	37	30
	80	4	40	36
	81	3	41	38
	82	2	42	40
	83	4	40	36
	84	1	43	42
	85	2	42	40
	86	0	44	44
	87	1	43	42
	88	0	44	44




































































































































































Analysis_SingleAgent
	Complexity Science models
	Two-dimensional cellular automata
	Analysis - Single agent

	Agent analyzed
	  Column:		44
	  Row:  		44
	Number of time steps:		44

	Search		Number of		80 percent							Search		80 percent
	string	Search	search strings		confidence interval*				Time	Agent		string	Chi	confidence interval
	number	string	Actual	Expected	Minimum	Maximum	Variance		steps	states		length	square	Minimum	Maximum

	1	0	37	22.000	17.6	26.4	10.227		1	0		1	20.455	0.000	0.064
	2	1	7	22.000	17.6	26.4	10.227		2	0		2	54.818	0.000	1.005
	3	00	32	11.000	8.8	13.2	40.091		3	0		3	101.091	0.000	3.822
	4	01	4	11.000	8.8	13.2	4.455		4	0		4	169.636	0.000	10.307
	5	10	4	11.000	8.8	13.2	4.455		5	1
	6	11	3	11.000	8.8	13.2	5.818		6	0
	7	000	27	5.500	4.4	6.6	84.045		7	0
	8	001	4	5.500	4.4	6.6	0.409		8	1
	9	010	3	5.500	4.4	6.6	1.136		9	0
	10	100	4	5.500	4.4	6.6	0.409		10	0
	11	011	1	5.500	4.4	6.6	3.682		11	0
	12	110	1	5.500	4.4	6.6	3.682		12	0
	13	101	0	5.500	4.4	6.6	5.500		13	0
	14	111	2	5.500	4.4	6.6	2.227		14	0
	15	0000	23	2.750	2.2	3.3	149.114		15	0
	16	0001	3	2.750	2.2	3.3	0.023		16	1
	17	0010	3	2.750	2.2	3.3	0.023		17	0
	18	0100	3	2.750	2.2	3.3	0.023		18	0
	19	1000	3	2.750	2.2	3.3	0.023		19	0
	20	0011	1	2.750	2.2	3.3	1.114		20	0
	21	0110	0	2.750	2.2	3.3	2.750		21	0
	22	1100	1	2.750	2.2	3.3	1.114		22	0
	23	0101	0	2.750	2.2	3.3	2.750		23	0
	24	1010	0	2.750	2.2	3.3	2.750		24	0
	25	1001	1	2.750	2.2	3.3	1.114		25	0
	26	0111	1	2.750	2.2	3.3	1.114		26	0
	27	1110	1	2.750	2.2	3.3	1.114		27	0
	28	1011	0	2.750	2.2	3.3	2.750		28	0
	29	1101	0	2.750	2.2	3.3	2.750		29	0
	30	1111	1	2.750	2.2	3.3	1.114		30	0
									31	0
									32	0
	* This confidence interval is relatively simplistic. For a more advanced								33	1
	  approach, see exercise 6 of Chapter five.								34	1
									35	1
									36	1
									37	0
									38	0
									39	0
									40	0
									41	0
									42	0
									43	0
									44	0










































































































































Work
	Complexity Science models
	Two-dimensional cellular automata
	Work

	Previous state of agent/neighborhood:  							140
	Current state of agent (from lookup):							0
		Number of									Calculate binary number for rule
		"live" agents
	Previous agent state	Von Neuman neighborhood	Moore neighborhood	Equivalent number	Total number of neighbors	Agent current state for lookup	Agent current state for calculation	Consecutive numbers	Calculated rule number	2 ^ (consecutive numbers)				Check	Difference
	1	4	4	144	8	0	0	49	0	562949953421312	0.00	- 0	0	0	0
	0	4	4	044	8	0	0	48	0	281474976710656	0.00	- 0	0	0	0
	1	3	4	134	7	0	0	47	0	140737488355328	0.00	- 0	0	0	0
	0	3	4	034	7	0	0	46	0	70368744177664	0.00	- 0	0	0	0
	1	2	4	124	6	0	0	45	0	35184372088832	0.00	- 0	0	0	0
	0	2	4	024	6	0	0	44	0	17592186044416	0.00	- 0	0	0	0
	1	1	4	114	5	0	0	43	0	8796093022208	0.00	- 0	0	0	0
	0	1	4	014	5	0	0	42	0	4398046511104	0.00	- 0	0	0	0
	1	0	4	104	4	0	0	41	0	2199023255552	0.00	- 0	0	0	0
	0	0	4	004	4	0	0	40	0	1099511627776	0.00	- 0	0	0	0
	1	4	3	143	7	0	0	39	0	549755813888	0.00	- 0	0	0	0
	0	4	3	043	7	0	0	38	0	274877906944	0.00	- 0	0	0	0
	1	3	3	133	6	0	0	37	0	137438953472	0.00	- 0	0	0	0
	0	3	3	033	6	0	0	36	0	68719476736	0.00	- 0	0	0	0
	1	2	3	123	5	0	0	35	0	34359738368	0.00	- 0	0	0	0
	0	2	3	023	5	0	0	34	0	17179869184	0.00	- 0	0	0	0
	1	1	3	113	4	0	0	33	0	8589934592	0.00	- 0	0	0	0
	0	1	3	013	4	0	0	32	0	4294967296	0.00	- 0	0	0	0
	1	0	3	103	3	0	0	31	0	2147483648	0.00	- 0	0	0	0
	0	0	3	003	3	0	0	30	0	1073741824	0.00	- 0	0	0	0
	1	4	2	142	6	0	0	29	0	536870912	0.00	- 0	0	0	0
	0	4	2	042	6	0	0	28	0	268435456	0.00	- 0	0	0	0
	1	3	2	132	5	0	0	27	0	134217728	0.00	- 0	0	0	0
	0	3	2	032	5	0	0	26	0	67108864	0.00	- 0	0	0	0
	1	2	2	122	4	0	0	25	0	33554432	0.00	- 0	0	0	0
	0	2	2	022	4	0	0	24	0	16777216	0.00	- 0	0	0	0
	1	1	2	112	3	0	0	23	0	8388608	0.00	- 0	0	0	0
	0	1	2	012	3	0	0	22	0	4194304	0.00	- 0	0	0	0
	1	0	2	102	2	0	0	21	0	2097152	0.00	- 0	0	0	0
	0	0	2	002	2	0	0	20	0	1048576	0.00	- 0	0	0	0
	1	4	1	141	5	0	0	19	0	524288	0.00	- 0	0	0	0
	0	4	1	041	5	0	0	18	0	262144	0.00	- 0	0	0	0
	1	3	1	131	4	0	0	17	0	131072	0.00	- 0	0	0	0
	0	3	1	031	4	0	0	16	0	65536	0.00	- 0	0	0	0
	1	2	1	121	3	0	0	15	0	32768	0.00	- 0	0	0	0
	0	2	1	021	3	0	0	14	0	16384	0.00	- 0	0	0	0
	1	1	1	111	2	0	0	13	0	8192	0.00	- 0	0	0	0
	0	1	1	011	2	0	0	12	0	4096	0.00	- 0	0	0	0
	1	0	1	101	1	0	0	11	0	2048	0.00	- 0	0	0	0
	0	0	1	001	1	0	0	10	0	1024	0.00	- 0	0	0	0
	1	4	0	140	4	0	1	9	512	512	0.00	- 0	0	0	512
	0	4	0	040	4	1	1	8	256	256	1.80	- 0	1	256	0
	1	3	0	130	3	1	1	7	128	128	3.61	1	1	128	0
	0	3	0	030	3	1	1	6	64	64	7.22	3	1	64	0
	1	2	0	120	2	0	1	5	32	32	14.44	7	0	0	32
	0	2	0	020	2	0	1	4	16	16	28.88	14	0	0	16
	1	1	0	110	1	1	1	3	8	8	57.75	28	1	8	0
	0	1	0	010	1	1	1	2	4	4	115.50	57	1	4	0
	1	0	0	100	0	1	1	1	2	2	231.00	115	1	2	0
	0	0	0	000	0	0	1	0	1	1	462.00	231	0	0	1
							Total		1,023			462		462	561
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