Software presentation
Grany-3 is a C++ application implementing a cellular automaton simulator. It is architected around the following modules:

· core engine: handle cells (basic cells, wall cells...) and movements between cells (movements are allowed according to various types of switching rules)

· vector-based figures: define various types of figures (lines, polygons, ellipses...) in a vector world

· scene engine: uses vector-based figures, filling and coloring, to produce scenes in an hexagonal space made of cells

· files managers: parse and load walls, movement rules, scenes and simulations

· text interface: text-based interface using files and scenes to output simulation steps

· graphical interface: graphical interface allowing to create movement rules, scenes and simulations, and showing simulations steps

Graphical interface

Manipulating a scene
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When starting the application, the scenes editor should be open. After loading an existing scene, the scene editor shows the first tab, the defined borders for the scene:

The normal borders are shown in blue, the generating borders in red (generating borders may generate new cells).

To load a borders file, or modify the existing borders, the buttons on the right should be used.
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When modifying borders, a vector-based editor is shown:

Available figures (lines, arcs of ellipses, ellipses and polygons) are provided as buttons in the toolbar, and normal borders / generating borders can be switched from there too. A light pink grid is shown to facilitate straight lines.
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The second tab of the scenes editor displays the available phases. Phases can be edited with the Properties button, and phases can be set as propagative or generated by clicking the appropriate buttons on the right.

When viewing the properties for a phase, a phase editor is shown, where the name, the solid/fluid state, the inertia, the color, the active rules and the ponderations applying to the phase can be edited:
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From the phase editor, rules to apply to the phase may be selected; if needed, rules may be editor with an appropriate rules editor:

The rules editor allows to edit movement rules, which will later define how cells can move.

Considering a cell (displayed in red at the center), for each of the six neighbors movements can be restricted and conditions on neighbors can be specified (red means same phi, blue means lower than solid phi, green means lower phi, and gray means any phi). 
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The third tab of the scenes editor shows the phases zonings, e.g. the initial ratio of phases used when the cells will be generated out of this scene.
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When modifying zonings, the zoning editor is open:

The various types of available forms are available in the toolbar, and the relative mix of phases is specified with sliders on the right.

Colors are meaningful; in this example, the top area is 50% of phase “void” and 50% of phase “water”, thus a light blue/purple color is used; the bottom area is 100% of phase “sand”thus the orange color is used.
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The fourth tab of the scenes editor shows additional colorations if needed; colorations are not meaninful for determining cells in phases, they merely overlay the normal color of the cells, in order to better visually track the movements of cells during the simulation. In this example, a yellow square is defined in the left-middle part.

Creating a simulation
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To create a simulation, the scene file should be specified, the network size (controlling the amount of cells generated), the requested number of steps of the simulation, and the random seed:
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Out of these parameters, the actual cells are generated to match the borders, phases, zonings and colorations of the scene:

In that example, the top area being 50% of phase “water” and 50% of phase “void”, we can see e.g. half of cells being blue (the “water” cells) and the other half being light purple (the “void” cells). The bottom area contains only “sand” cells. And above that, the yellow area in the left-middle part is the selected coloration overlay.
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The simulation starts when clicking on the Play button in the toolbar. The cells begin to move according to the defined rules. In this example, “void” cells quickly move to the top of the silo, and “sand” sells move to the bottom and progressively exit the silo. The yellow cells, actually being “void”, “water” and “sand” cells, move up for some of them, and down for some
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If the simulation is carried on for a longer period of time, we can see that nearly all of the “sands” cells are out, and a large part of the “water” cells as well even if slower.

