A COMPARISON OF GEOMETRIC ALGORITHMS AND AGENT BASED MODELS FOR FRACTAL SIMULATIONS OF AFRICAN SETTLEMENT ARCHITECTURE


This paper describes our ongoing attempts to simulate the layouts of African settlements using a fractal approach. Many examples of African indigenous architecture have been shown to demonstrate elements of fractal design (Eglash, 1999). The settlement selected for consideration in this study is in the city of Logone-Birni in Cameroon. An examination of an aerial view of the settlement layout shows distinct fractal characteristics, such as that of self-similar scaling. These characteristics made this settlement a prime example for study of fractal based design. Among the structures, the most interesting one is the palace of the chief (Figure 1), which shows the clearest discernible fractal appearance- e.g. the scale of the units seem to decrease as they move towards the center.
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The palace of the chief in the Logone-Birni settlement 
Local inhabitants reported that different reasons were responsible for the designs implemented in this settlement. These ranged from patrilocal residency (sons would build new houses adjoining their father’s houses, hence the growth of these buildings would happen through a process of accretion) to military defense (the structure, with its series of parallel walls, would serve as an effective defense against invaders). It is interesting to see how these considerations manifested themselves in the architecture, the results of which were fractal forms. Thus, the motivation behind this study was to uncover rules that could approximate the fractal layouts in these settlements. We explored computer simulations of fractal shapes using different techniques, to examine whether they were able to reciprocate, to a degree of certainty, the layouts of these settlements. 


Three distinct approaches were adopted in simulating these layouts. They were the ‘transformational geometry’ approach, the ‘growing edge’ approach, and the ‘agent based’ approach.
In the first approach, a seed shape was iterated to the required number in one single operation, at the same time manipulating it by operations of scaling, rotation, etc. as required. This approach was consistent with recursive affine linear transformations [cf. Flake, 2000], where iterative copies of a shape are subjected to simultaneous mathematical transformations in one step. Although this approach gave some interesting results, it was deemed unsatisfactory in view of our goals, mainly because it was difficult to ‘tune’ it to simulate an image similar to the one projected by the layout. 
The second approach of using a ‘growing edge’ helped us overcome some of the problems faced in the first one. In this approach, each copy of a unit of iteration in the simulation would have one edge that served as a vector for the next transformation. An advantage of this approach was that the succeeding units at every step were automatically determined with relation to the previous ones. This approach was able to produce the spiraling characteristics of the layout, However, it was still insufficient in its capabilities. 
The results of these two approaches indicated the need for a strategy which could better reflect the complexity of the scaling architecture. The patterns were not necessarily determined by a single rule, e.g. a spiraling could start out in a particular direction, and at some point appear to reverse direction, and so on. Also, the units were not regular throughout the layout; different sizes of units appeared in between, hence the scaling was not necessarily uniform. All this defined the need for each unit to be ‘aware’ of its preceding unit, and also of the overall space, before it gets formed. Another possibility was that of a probabilistic model for the layouts, which allowed for changing the rules as the simulation progressed.
This third approach, which is still under development, utilizes an agent modeling toolkit, NetLogo to simulate the layout. This strategy involves agents which multiply on a grid according to certain rules. Using different types of agents accounts for the non-regularity of the shapes that are seen in the layout. Preliminary investigations show that fractal characteristics can emerge from this growth process. Future extensions planned for this strategy involve incorporating external constraints in the developments of these layouts. Evolving a generic model of this nature could mean that further investigations can be conducted on other indigenous architectures from different parts of the world, which is a future goal of this project. 
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