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Fractal geometry has emerged as one of the most exciting frontiers in the
fusion between mathematics and information technology. Fractals can be seen
in many of the swirling patterns produced by computer graphics, and they have
become an important new tool for modeling in biology, geology, and other nat-
ural sciences. While fractal geometry can indeed take us into the far reaches
of high-tech science, its patterns are surprisingly common in traditional African
designs, and some of its basic concepts are fundamental to African knowledge
systems. This book will provide an easy introduction to fractal geometry for
people without any mathematics background, and it will show how these same
categories of geometric pattern, calculation, and theory are expressed in

African cultures.

Mathematics and culture

For many years anthropologists have observed that the patterns produced in dif-
ferent cultures can be characterized by specific design themes. In Europe and Amer-
ica, for example, we often see cities laid out in a grid pattern of straight streets
and right-angle corners. Another grid, the Cartesian coordinate system, has

long been a foundation for the mathematics used in these societies. In many works
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of Chinese art we ind hexagons used with extraordinary geometric precision-

a choice thar might seem arbitrary were it not tor the importance of the num-

ber six in the hexagrams of their fortunetelling system (the | Ching), in the anatomy

charts for acupuncture (life-gi or “six spirits™), and even in Chinese architccture. !

Shape and number are not only the universal rules of measurement and logic;

they are also cultural tools that can be used for expressing particular social ideas

and linking different arcas of life. They are, as Claude Lévi-Strauss would put it,
“good to think with.”
Design themes are like threads running through the social fabric; they are

less a commanding force than something we command, weaving these strands

into many different patterns of meaning. The ancient Chinese empires, for

example, used a base-10 counting system, and they even began the first univer-
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sal metric system.? So the frequent use of the number 60 in Chinese knowledge

systems can be linked to the combination of this official base 10 notation with

their sacred number six. In some American cities we find that the streets are num-

bered like Cartesian coordinates, but in others they are named after historical
figures, and still others combine the two. These city differences typically corre-
spond to different social meanings—an emphasis on history versus efficiency, for
example.

Suppose that visitors from another world were to view the grid of an

American city. For a city with numbered streets, the visitors (assuming they could

read our numbers) could safely conclude that Americans made use of a coordi-

nate structure. But do these Americans actually understand coordinate mathe-

matics? Can they use a coordinate grid to graph equations? Just how sophisticated

is their mathematical understanding? In the following chapter, we will ind our-

selves in a similar position, for African settlement architecture is filled with remark-

able examples of fractal structure. Did precolonial Africans actually understand

and apply fractal geometry?
As I will explain in this chapter, fractals arc characterized by the repeti-

tion of similar parterns at ever-diminishing scales. Traditional African settle-

ments typically show this “self-similar” characteristic: circles of circles of

circular dwellings, rectangular walls enclosing ever-smaller rectangles, and

streets in which broad avenues branch down to tiny footpaths with striking geo-

metric repetition. The fractal structure will be casily identified when we com-

pare acrial views of these African villages and cities with corresponding fractal

graphics simulations.
What are we to make of this comparison! Let's put ourselves back in the

shoes of the visitors from another planct. Having beamed down to an American

settlement named “Corvallis, Oregon,” they discover that the streets are not num-
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~ This book begins by moving

Introducrion

the distinction between ordinal and cardinal numbers. While applied marhe-

matics makes use of rules, pure math tells ys why they work—and how to find
new ones.

along the spectrum just described. We wil] start by
showing that African fractals are not simply due to unconscious activity. We will
then look at examples where they are conscious but implicit desig

ns, followed
by examples in which Africans have devised exp

licit rules for generating these
patterns, and finally ro examples of abstract theory in these indigenous knowl-
edge systems. The reason for taking such a cautious route can be expressed in terms

of what philosopher Karl Popper called “falsifiability.” Popper pointed out that
everyone has the urge to confirm their favorite theories; and so we have to take

Precautions not to limit our attention to success—ag theory is only good if you

try to test it for failure. If we only use examples where African know

ledge sys-
tems successfully matched fract

al geometry, we would not know its limitations.
There are indeed gaps where the tamily of theories
fractal geometry in high-tech mathemarics h

Although such gaps are significant, the

and practices centered around
a$ No counterpart in traditional Africa.
y do not invalidate the comparison, but
rather provide the necessary qualifications to

accurately characterize the indige-
nous fractal geometry of Africa.

Overview of the text
— T INe text

Following the introduction to fractal geometry in the next section, in chapter

2 we will explore fractals in African settlements. It will become clear that the

explanation of unconscious group activity does not fit this case. When we talk

to the indigenous architects, they are quite explicit about those same fractal

features we observe, and use severa] of the basic concepts of fractal geometry in
discussing their material designs and associated knowledge systems. Termites
may make fracral architectures, but they do not paint abstract models of the

structure on its walls or create symbols for its peometric properties. While these

introductory examples won't settle all the questions, we will at least have estah-

lished that these architectural designs should be explained by something more

than unintentional social dynamics.
In chapter 3 we will examine another explanatjon: perhaps fractal settlement

patterns are not unique to Africa, and we have simply observed a common chargac-

teristic of all non-Western architectures. Here the concept of

design themes
become important. Anthropologists have found thar the de

sign themes found

in each culture are fairly distinct—that is, despite the artistic diversity within
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each society, most of the culture’s patterns can be characterized by ﬁptcifla? geo-
metric practices. We will see that although fractal designs do occur outside of
Africa (Celtic knots, Ukrainian eggs, and Maori rafters have some ex.cefla.u
examples), they are not everywhere. Their strong prevalence in Africa (and in
African-influenced southern India) is quite specific. _ |

Chapter 4 returns to this exploration with fractals in Africa_n esthetic
design. These examples are important for two reasons. First, they .rcmmd us that
we cannot assume explicit, formal knowledge simply on the basis of a pattern.
In contrast to the fractal patterns of African settlement architecture, these aes-
thetic fractals, according to the artisans, were made “just because it looks pretr.y
that way.” They are neither formal systems (no rules to the game) nor do the ar‘t‘v
sans’ report explicit thinking (“I don’t know how or why, it just flgamc to mt_: )
Second, they provide one possible route by which a particular set of mathematical
concepts came to be spread over an enormous cr_mtin_ent. Trade :?c[works could
have diffused the fractal aesthetic across Africa, reinforcing a design theme tbat
may have been scattered about in other areas of life. Of course, such origin stories
are never certain, and all too easy to invent.

Part i1 of this book, starting with chapter 5, presents the explicit design meth-
ods and symbolic systems that demonstrate fractal geometry as an African knowl-
edge system. As in the introduction to fractals in the first chapter, I W_l“ assume
the reader has no mathematics background and provide an introduction to an‘y
new concepts along with the African versions. We will see that not onIYT in archi-
tecture, but in traditional hairstyling, textiles, and sculpture, in painting, calrv-
ing, and metalwork, in religion, games, and practical craft, in quantitative
techniques and symbolic systems, Africans have used the patterns and abstract
concepts of fractal geometry. | |

Chapter 10, the last in part 11, is the result of my Collab_orarmn w1tIT an
African physicist, Professor Christian Sina Diatta. A spnn.‘.;or tor the Fulhrlght
fellowship that enabled my fieldwork in west and central Africa, Dr. fl‘hatta took
the idea of indigenous fractals and ran with it, moving us in directions that I
would never have considered on my own, and still have yet to explore fully.

In the third and final part of this book we will examine the consequences
of African fractal geometry: given that it does exist, what are its social implica-
tions! Chapter 11 will briefly review previous studies of African knowledge sys-
tems. We will see that although several researchers have proposed ideas related
to the fractal concept—Henry Louis Gates’s “repetition with revision,” Léopold

' i " and Willi: agg's “ex ial morphology” are
Senghor's “dynamic symmetry,” and William Fagg'’s “exponential morp gy ¢

5 ave >cific obstacles that prevented anthropologists
all good examples—there have been specific obstacles p P

and others from taking up these concepts in terms of African mathematics.
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Chapter 12 covers the political consequences of African fractals. On the

one hand, we will find there is no evidence that geometric form has any inher-

ent social meaning. In settlement design, for example, people report both oppres-

sive and liberatory social experiences with fractal architectures. Fractal versus
nonfractal (“Euclidean™) geometry does not imply good versus bad. On the

other hand, people do invest abstract forms with particular local meanings. To

take a controversial example, recent U.S. supreme court decisions declared that

voting districts cannot have “bizarre” or “highly irregular” shapes, and several of

these fractal contours have been replaced by the straight lines of Euclidean
form. If fractal settlement patterns are traditional for people of African descent,

and Euclidean settlement patterns for Europeans, is it ethnocentric to insist on

only Euclidean voting district lines?
Chapter 13 will examine the cultural history of fractal geometry and its
mathematical precursors in Europe. We will see that the gaps are not one-sided:

just as Africans were missing certain mathematical ideas in their version of

fractal geometry, Europeans were equally affected by their own cultural views

and have been slow to adopt some of the mathematical concepts that were long
championed by Africans. Indeed, there is striking evidence that some of the
sources of mathematical inspiration for European fractals were of African

origin. The final chapter will move forward in time, highlighting the con-

temporary versions of fractal design that have been proposed by African
architects in Senegal, Mali, and Zambia, and other illustrations of possible
tal futures.

frac-

But to understand all this, we must first visit the fractal past.

A historical introduction to fractal geometry

The work of Georg Cantor (1845-1918), which produced the first fractal, the
Cantor set (fig. 1.1), proved to be the beginning of a new outlook on infinity. Infin-

ity had long been considered suspect by mathematicians. How can we claim to

be using only exact, explicit rules if we have a symbol that vaguely means “the
B y ) guely

number you would get if you counted forever”? So many mathemaricians, start-

ing with Aristotle, had just banned it outright. Cantor showed that it was pos-

sible to keep track of the number of elements in an infinite set, and did so in a

deceptively simple fashion. Starting with a single straight line, Cantor erased the

middle third, leaving two lines. He then carried out the same operation on

those two lines, erasing their middles and leaving four lines. In other words, he

used a sort of feedback loop, with the end result of one stage brought back as the

starting point for the next. This technique is called “recursion.” Cantor showed
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that if this recursive construction was continued forever, it would create an
infinite number of lines, and yet would have zero length.

Not only did Cantor reintroduce infinity as a proper object of mathe-
matical study, but his recursive construction could be used as a model for other
“pathological curves,” such as that created by Helge von Koch in 1904 (figs. 1.2,
1.3). The mathematical properties of these figures were equally perplexing.
Small portions looked just like the whole, and these reflections were repeated down

to infinitesimal scales. How could we measure the length of the Koch curve? If

output at each
Take a line Erase the middle stage of process

O 5

Bring each of the resulting
lines back in and do it again
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FIGURE 1.1
The Cantor set
In 1877 Georg Cantor came up with the idea of repeatedly subdividing a line to illustrate
the concept of an infinite set. This looping technique is called recursion. By specifying that the
recursion continues forever, Cantor was able to define an infinite set.
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erasing them. He began with
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The Koch curye
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FIGURE 1.3
Koch curve variations

There is nothing special about the particular shape Koch first used. For example, we can make
similar shapes that are more flat or more spiked using variations on the seed shape (a). Nor is there
anything special about triangles—any shape can undergo this recursive replacement process.
Mathematician Giuseppe Peano, for example, experimented with rectangular seed shapes such as

those in (b).
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we hold up a six-inch ruler to the curve (fig. 1.4) we get six inches, but of
course that misses all the nooks and crannies. If we use a smaller ruler, we get
greater length, and with a smaller one even greater length, and so on to infin-
ity. Obviously this is not a very useful way to characterize one of these curves.
A new way of thinking about measurement was needed. The answer was to plot
these different measures of ruler size versus length, and see how fast we gain length
as we shrink the ruler (fig. 1.5). This rate (the slope) tells us just how crinkled
or tortuous the curve is. For extremely crinkled curves, the plot will show that
we rapidly gain length as we shrink the ruler, so it will have a steep slope. For
relatively smooth curves, you don't gain much length as you shrink the ruler size,
so the plot has a shallow slope.

To mathematicians this slope was more than just a practical way to char-
acterize crinkles. Recall that when we first tried to measure the length of the Koch
curve, we found that its length was potentially infinite. Yet this infinite length
fits into a bounded space. Mathematician Felix Hausdorff (1868-1942) found that
this paradox could be resolved if we thought of the pathological curves as some-
how taking up more than one dimension, as all normal lines do, but less than two
dimensions, as flat shapes like squares and circles do. In Hausdorffs view, the Koch
curve has a fractional dimension, approximately 1.3, which is the slope of our
ruler-versus-length plot. Being pure mathematicians, they were fascinated with
this idea of a fractional dimension and never thought about putting it to prac-
tical use.

The conceptual leap to practical application was created by Benoit Mandel-
brot (b. 1924), who happened upon a study of long-term river fluctuations by British
civil servant H. E. Hurst. Hurst had found that the yearly floods of rivers did not

have any one average, but rather varied over many different scales—there were

flood years, flood decades, even flood centuries. He concluded that the only way
to characterize this temporal wiggliness was to plot the amount of fluctuation at
each scale and use the slope of this line. Mandelbrot realized that this was
equivalent to the kind of scaling measure that had been used for Cantor's patho-
logical curves. As he began to apply computer graphics (figs. 1.6, 1.7), he found
that these shapes were not pathological at all, but rather very common through-
out the natural world. Mountain ranges had peaks within peaks, trees had
branches made of branches, clouds were puffs within puffs—even his own hody
was full of recursive scaling structures.

The fractal simulations for natural objects in figure 1.7 were created just
like the Cantor set, Koch curve, and other examples we have already seen, with
a seed shape that undergoes recursive replacement. The only difference is that

some of these simulations require that certain lines in the seed shape do not get
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Measuring the length of fractal curves

The new curves of Cantor, Koch, and others represented a problem in measurement theory.

The length of the curve depends on the size of the ruler. As we shrink the ruler down, the length
approaches infinity.
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FIGURE 1.5
A better way to measure fractal curves
Our experiment in shrinking rulers wasn’t a total waste. In fact, it turns out that if you keep track

slope = 1.5

af
measured length of curve —

smaller ruler size ——»

of how the measured length changes with ruler size, you get a very good way of characrerizing the
curve. A relatively smooth fractal won't increase length very quickly with shrinking ruler size, but
very crinkled fractals will. (a) This smooth Koch curve doesn't add much length with shrinking
ruler size, so the plot shows only a small rise. (b) Since a small ruler can get into all the nooks and
crannies, this more crinkled Koch curve shows a steeper rise in measured length with a shrinking
ruler. (¢) An extremely tortuous Koch curve has a very steep slope for its plot.

Note for math sticklers: These figures are plotted on a logarithmic graph.
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Measuring nature with fractal geometry » _—
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dimension can be used as a diagnostic tool. A healthy lung has a high fractal dimen-
sion, but when black lung disease begins it loses some of the fine branching—a
condition that can be detected by measuring the fractal dimension of the X ray.
For this reason, Benoit Mandelbrot was recently named an honorary member of
the French Coal Miners Union.

Of course, no revolution is without its counterrevolutionaries. It was not
long before some scientists started objecting that Mandelbrot was ignoring the
presence of the natural objects that could be described by Euclidean geometry,
such as crystals or eggs. It’s true that not all of nature is fractal—and this will be
an important point for us to keep in mind. Some writers have mistakenly
a dangerous and misleading

attempted to portray Africans as “more natural”
claim, even when made by well-meaning romantics. Since fractals are associated
with nature, a book about “African fractals” could be misinterpreted as support
for such romantic organicists. Pointing out that some Euclidean shapes exist in
the realm of nature makes it easier to understand that African fractals are from
the artificial realm of culture. Before moving on to these African designs, let’s

review the basic characteristics of fractal geometry.

Five essential components of fractal geometry

RECURSION
We have seen that fractals are generated by a circular process, a loop in which
the output at one stage becomes the input for the next. Results nre_ repeatedly
returned, so that the same operation can be carried out again. This is often referred
to as “recursion,” a very powerful concept. Later we will distinguish between three
different types of recursion, but for now just think of it in terms of this iterative
feedback loop. We've already seen how iteration works to create the Cantor set
and the Koch curve. Although we can create a mathematical abstraction in which
the recursion continues forever, there are also cases where the recursion will “bot-
tom out.” In our generation of the Koch curve, for example, we quit once the lines
get too small to print. In fact, any physically existing object will only be fractal

within a particular range of scales.

SCALING

: 3 “ o s e 2 ~f 1 "
If you look at the coastline of a continent—take the Pacific side of North Amer

ica for instance—you will see a jagged shape, and if you look at a small piece of

that coastline—say, California—we continue to see similar jaggedness. In fact,
a similar jagged curve can be seen standing on a cliff overlooking a rocky Cali-
: ar jag ;

fornia shore, or even standing on that shore looking at one rock. Of course, that's

17
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only roughly similar, and it’s only good for a certain range of scales, but it is aston-
ishing to realize how well this works for many natural features. It is this “scal-
ing” property of nature that allows fractal geometry to be so effective for
modeling. To have a “scaling shape” means that there are similar patterns at dif-
ferent scales within the range under consideration, Enlarging a tiny section will
produce a pattern that looks similar to the whole picture, and shrinking down

the whole will give us something that looks like a tiny part.

SELF-SIMILARITY

INFI

Just how similar do these patterns have to be to qualify as a fractal? Mathe-
maticians distinguish between statistical self-similarity, as in the case of the coast-
line, and exact self-similarity, as in the case of the Koch curve. In exact
self-similarity we need to be able to show a precise replica of the whole in at
least some of its parts. In the Koch curve a precise replica of the whole could
be found within any section of the fractal (“strictly self-similar”), bur this isn't
true for all fractals. The branching fractals used to model the lungs and acacia
tree (fig. 1.7), for example, have parts (e.g., the stem) that do not contain a tiny
image of the whole. Unlike the Koch curve, they were not generated by replac-
ing every line in the seed shape with a miniature version of the seed; instead,
we used some passive lines that were just carried though the iterations without
change, in addition to active lines that created a growing tip by the usual

recursive replacement.

NITY

Since fractals can be limited to a finite range of scales, it may seem like infinity
is just a historical artifact, at best 2 Holy Grail whose quest allowed mathematicians
serendipitously to stumble across fractals. It is this kind of omission that has made
many pure mathematicians rather nonplussed about the whole fractal affair,
and in some cases downright hostile (cf. Krantz 1989). There is no way to con-
nect fractals to the idea of dimension without using infinity, and for many math-

ematicians that is their crucial role.

FRACTIONAL DIMENSION

How can it be that the Koch curve, or any member of its fractal family, has infi-
nite length in a finite boundary? We are used to thinking of dimension as only
whole numbers—the one-dimensional line, the two-dimensional plane—but
the theory of measurement that governs fractals allows dimensions to be fractions.
Consider, for example, the increasing dimension of the Koch curves in figure 1.6.

Above the top, we could go as close as we like to a one-dimensional line. Below
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indigenous self-similar designs.
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— Architecture 6ften provides excellent examples of cultural design themes,
because anything that s going to be so much a part of our lives—a structure
that makes up our built environment, one in which we will live, work or play—
is likely to have its design informed by our social concepts. Take religious archi-
tecture for example. Several churches have been built using a triangular floor
plan to symbolize the Christian trinity; others have used a cross shape. The
Roman Pantheon was divided into three vertical levels: the hottom with
seven niches representing the heavenly hodies, the middle with the 12 zodjac
signs, and on top a hemisphere symbolizing the order of the cosmos as a
whole.d But we don’t need to look to grandiose monuments; even the most mun-
dane shack will involve geometric decisions—should it be square or oblong?
pitched roof or flat? face north or west’—and so culture will play a role here
a8 “'L"”.

At first glance African architecture might seem so varied that one would
conclude its structures have nothing in common. Although there is great diver-
sity among the many cultures of Africa, examples of fracral architecture can he
found in every corner of the African continent. Not all architecture in Africy
is fractal—fracral geometry is not the only mathematics used in Africa—but irs
repeated presence among such a wide variety of shapes js quite striking.
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Fractals in African settlement architecture

In cach case presented here we will compare the aerial photo or architec-
tural diagram of a settlement to a computer-generated fractal model. The frac-
tal simulation will make the self-similar aspects of the physical structure more
evident, and in some cases it will even help us understand the local cultural mean-
ing of the architecture. Since the African designers used techniques like itera-
tion in building these structures, our virtual construction through fractal graphics

will give us a chance to see how the patterns emerge through this process.

Rectangular fractals in settlement architecture

[f you fly over the northern part of Camer. on, heading toward Lake Chad along
the Logone River, you will see something like figure 2.1a. This acrial photo shows
the city of Logone-Birni in Cameroon. The Kotoko people, who founded this city
centuries ago, use the local clay to create huge rectangular building complexes.
The largest of these buildings, in the upper center of the photo, is the palace of
the chief, or “Miarre” (fig. 2.1b). Each complex is created by a process often called
“architecture by accretion,” in this case adding rectangular enclosures to preexisting
rectangles. Since new enclosures often incorporate the walls of two or more of
the old ones, enclosures tend to get larger and larger as you go outward from the
center. The end result is the complex of rectangles within rectangles within rec-
tangles that we see in the photo.

Since this architecture can be described in terms of self-similar scaling— it
makes use of the same pattern at several different scales— it is easy to simulate using
a computer-generated fractal, as we see in figures 2.1c—e. The seed shape of the model
is a rectangle, but each side is made up of both active lines (gray) and passive lines
(black). After the first ireration we see how asmall version of the original rectangle
is reproduced by each of the active lines. One more iteration gives a range of scales
that is about the same as that of the palace; this is enlarged in figure 2. 1e.

During my visit to Logone-Birni in the summer of 1993, the Miarre kindly
allowed me to climb onto the palace roof and take the photo shown in higure 2.1f.
lasked several of the Kotoko men about the variation in scale of their architecture.

They explained it in terms of a combination of patrilocal household expansion,

and the historic need for defense. “A man would like his sons to live next to -

him," they said, “and so we build by adding walls to the father’s house.” In the
past, invasions f\y northern marauders were common, and so a [;n‘gcr defensive
wall was also needed. Sometimes the assembly of families would outgrow this
defensive enclosure, and so they would turn that wall into housing, and build an

even larger enclosure around it. These scaling additions created the tradition of

self-similar shapes we still see today, although the population is far below the
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a. An aerial view of the city of Logone-Bimi in Cameroon.
The largest building complex, in the center, is the pilace
of the chicf.
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l ¢. Seed shape tor the fractal
simulation of the palace.

The active lines, in eriy,
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down replica of the entire
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d. First three iterarions of the fractal simularion

FIGURE 2.
Logone-Birni

b. A closer view of the palace.

The smallest rectangles, in the

center, are the royal chambers.

e. Enlurement of the third
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FIGURE 2.1 (comtinued)
Inside Logone-Birni

24

Introduction

original 180,000 estimated for Logone-Birni's peak in the nineteenth century. At
that time there was a gigantic wall, about 10 feet thick, that enclosed the
perimeter of the entire settlement.

The women I spoke with were much less interested in either patrilincage
or military history; their responses c. mcerning architectural scaling were primarily
about the contrast between the raw exterior walls and the stunning waterproof
hnish they created for courtyards and interior rooms. This began by smoothing
wet walls flat with special stones, applying a resin created from a plant extract,
and then adding beautifully austere decorative lines.

The most important of these decorative drawings is the guti, a royal insignia
(hg. 2.1g). The central motif of the guti shows a rectangle inside a rectangle inside
a rectangle; it is a kind of abstract model that the Kotoko themselves have cre-
ated. The reason for cho sing scaling rectangles as a symbol of royalty becomes
clear when we look at the passage that one must take to visit the Miarre (fig. 2.1h).
The passage as a whole is a rectangular spiral. Each time you enter a smaller scale,
you are required to behave more politely. By the time you arrive at the throne
you are shoeless and speak with a very cultured formality.? Thus the fractal
scaling of the architecture is not simply the result of unconscious social dynam-
ics; it is a subject of abstract representation, and even a practical technique applied
to social ranking.

To the west near the Nigerian border the landscape of Cameroon becomes
much greener; this is the fertile high grasslands region of the Bamileke. They too
have a fractal settlement architecture based on rectangles (fig. 2.2a), but it has
no cultural relation to that of the Kotoko. Rather than the thick clay of Logone-
Birni, these houses and the attached enclosures are built from bamboo, which
is very strong and widely available. And there was no mention of kinship,
defense, or politics when I asked about the architecture; here I was told it is pat-
terns of agricultural production that underlie the scaling. The grassland soil and
climate are excellent for farming, and the gardens near the Bamileke houses typ-
ically grow a dozen different plants all in a single space, with each taking its char-
acteristic vertical place. But this is labor intensive, and so more dispersed
plantings—rows of corn and ground-nut—are used in the wider spaces farther
trom the house. Since the same bamboo mesh construction is used for houses,
house enclosures, and enclosures of enclosures, the result is a self-similar archi.
tecture. Unlike the defensive labyrinth of Kotoko architecrure, where there
were only a few well-protected entryways, the tarming activities require a lot of
movement between enclosures, so at all scales we see good-sized openings. The
fractal simulation in figures 2.2b,c shows how this scaling structure can be mod-

eled using an open square as the seed shape.
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FIGURE 2.2
Bamileke settlement | P
(a) Pl f Bamileke settlement from about 1960. (b) Fractal simulation of B_ME:. T t...irltv}i _::“i ;
]jll)rl[wl-l‘fl:r:}r rri-lr]-]uinn (“seed shape™), the two active lines are shown in gray. (¢) Enlarged view o

fourth iteration. . e
(a, Beguin 1952; reprinted with permission frim ORSTO
' 4 52,
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Circular fractals in settlement architecture

Much of southern Africa is made up ot arid plains where herds of cattle and other
livestock are raised. Ring-shaped livestock pens, one tor cach extended family,?
can be seen in the acrial photo in figure 234, a Ba-ila sertlement in southern Zam.-
bia. A diagram of another Ba-ila settlement (fg. 2.3d) makes these livestock enclo-
sures (“kraals”) more clear. Toward the hack ot each pen we ind the family living
quarters, and toward the front is the gared entrance for letting livestock in and
out. For this reason the front entrance is associated with low status (unclean, ani-
mals), and the back end with high status (clean, people). This gradient of sta.
tus is reflected by the size gradient in the architecture: the front is only fencing,
as we go toward the back smaller buildings (for storage) appear, and roward the
very back end are the larger houses. The two geometric elements of this struc-
ture—a ring shape overall, and a status gradient increasing with size from front

Lo I’filk'k

echoes throughout every scale of the Ba-ila settlement.

The settlement as a whole has the same shape: it is a ring of rings. The set-
tlement, like the livestock pen, has a front/back social distinction: the entrance
is low status, and the back end is high status. At the settlement entrance there
are no family enclosures at all for the first 20 yards or so, but the farther back we
go, the larger the family enclosures become.

At the back end of the interior of the settlement, we see a smaller detached
ring of houses, like a settlement within the settlement. This is the chief’s
extended family. At the back of the interior of the chief’s extended family ring,
the chief has his own house. A nd if we were to view g single house from above,
we would see that it is a ring with « special place at the back of the interior: the
household altar.

Since we have a similar structure at all scales, this architecture is easy to
model with fractals. Figure 2. 3h shows the first three iterations. We begin with
a seed shape that could be the overhead view of asingle house. This is created
by active lines that make up the ring-shaped walls, as well as an active line at
the position of the altar at the hack of the interior. The only passive lines are
those adjacent to the entrance. In the nextiteration, we have a shape that could
he the overhead view of a family enclosure. At the entrance to the family enclo-
sure we have only fencing, but as we go toward the back we have buildings of
mereasing size. Since the seed shape used only passive lines near the entrance
and increasingly larger lines toward the back, this iteration of our simulation has
the same size gradient that the real family enclosure shows, Finally, the third irer-
ation provides a structure that could be the overhead view of the whole settle-

ment. At the entrance to the settlement we have only fen ing, but as we o roward
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the back we have enclosures of Increasing size. Again, by having the seed shape
use only passive lines near the entrance and increasingly larger lines toward the
back, this iteration of our simulation has the same sjze gradient that the real settle.
ment shows,

I never visited the Ba-ila myself; most of my information comes from the
classic ethnography by Edwin Smith and Andrew Dale, published in 1920.
While their colonial and missionary motivations do not inspire much trust,

they often showed a strong commitment toward understanding the Ba-ila point

of view for social structure. Their analysis of Ba-ila settlement architecture
points out fractal attributes. They too noted the scaling of house size, from
those less than 12 feet wide near the entrance, to houses more than 4o feet wide
at the back, and explained it as a social status gradient; “there being a world of
difference between the small hovel of a careless nobody and the spacious dwelling
of a chief” (Smith and Dale 1068, 114).

It is in Smith’s discussion of religious beliefs, however, that the most strik-
ing feature of the Ba-ila’s fractal architecture is illuminated. Unlike most mis-
sionaries of his time, Smith was a strong proponent of respect for local religions.
He was no relativist- —understanding and fespect were strategies for conver-
sion—but his delight in the indigenous spiritual strength comes across clearly in
his writings and provided him with insight into the subtle relation of the social,

sacred, and physical strucrure of the Ba-ila architectural plan.

In this village there are about 250 huts, built mostly on the edge of a circle four
hundred yards in diameter. Inside this circle there is a subsidiary one occupied
by the chief, his family, and cartle. It is village in itself, and the form of it in
the plan is the form of the greater number of Ba-ila villages, which do not attain
to the dimensions of Shaloba’s capital. The open space in the center of the vil-
lage is also broken by a sec. nd subsidiary village, in which reside important mem.
bers of the chief's family, and also by three or four miniature huts surrounded
by a fence: these are the manda a mizhimo (“the manes’ huts”) where offerings

are made to the ancestral spirits. Thus early do we see traces of the all-pervading

religious consciousness of the Ba-ila. (Smith and Dale 1968, 113)

In the first iteration of the computer-generated model there is 4 detached
FIGURE 2.3 soe v ; g _
active line inside the ring, at the end opposite the entrance. This was motivated

Ba-ila T, O g
| Tement betore 1og4. (b)) Fractal seneration of Ba-ila simu b | : '“ by the ring comprising the chief's family, but it also describes the location of the
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1s to the whole settlement as the altar is to the house. 1t is not a status gradient,
as we saw with the front-back axis, but rather 4 recurring functional role between
different scales: “The word applicd to the chief’s relation to his people is kulela:

in the extracts given above we translate it ‘to rule,” hut it has this only as a sec-
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ondary meaning. Kulela is primarily to nurse, to cherish; it is the word applied
to a woman caring for her child. The chief is the father of the community; they
are his children, and what he does is lela them” (Smith and Dale 1968, 307).
This relationship is echoed throughout family and spiritual ties at all
scales. and is structurally mapped through the self-similar architecture. The
nesting of circular shapes __ancestral miniatures to chiet’s house ring to chief’s
extended family ring to the great outer ring—was not a status gradient, as we saw
for the enclosure variation from front to back, but successive iterations of lela.
A very different circular fractal architecture can be seen in the famous stone
buildings in the Mandara Mountains of Cameroon. The various ethnic groups
of this area have their own separate names, but collectively are often referred to
as Kirdi, the Fulani word for “pagan,” because of their strong resistance against
conversion to Islam. Their buildings are created from the stone rubble that

commonly covers the Mandara mountain terrain. Much of the stone has natural

fracture lines that tend to split into thick flat sheets, so these ready-made
bricks—along with defensive needs- “helped to inspire the construction of their
huge castlelike complexes. But rather than being the Euclidean shapes of Euro-
pean castles, this African architecture is fractal.

Figure 2.4a shows the building complex of the chief of Mokoulek, one of
the Mofou settlements. An architectural diagram of Mokoulek, drawn by French
researchers from the ORSTOM science institute, shows its overall structure (fig. 2.4b).
It is primarily composed of three stone enclosures (the large circles), each of which
surrounds tightly spiraled granaries (small circles). The seed shape for the sim-
ulation requires a circle, made of passive lines, and two different sets of active
lines (fig. 2.4c). Inside the circle is a scaling sequence of small active lines; these
will become the granaries. Outside the circle there is a large active line; this will
replicate the enclosure filled with granaries. By the fourth iteration we have cre-

ated three enclosures filled with spiral clusters of granaries, plus one unflled. The

real diagram of Mokoulek shows several unfilled circles evidence that not
everything in the architectural structure can be accounted for by fractals. Nev-
ertheless, an important feature is suggested by the simulation.

In the first iteration we see that the large external active line is to the left

of the circle. But since it is at an angle, the next iteration finds this active line

above and to the right. If we follow the iterations, we can see that the dynamic’

construction of the complex has a spiral pattern; the replications whorl about a
central location. This spiral dynamic can he missed with just a static view—I cer-
tainly didn’t see it before I tried the simulation—but our participation in the vir-
tual construction makes the spiral quite evident.? The similarity between the small

spirals of granaries inside the enclosures and this large-scale spiral shape of the
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FIGURE 2.4
Mokoulek

(a) ;\1;1[»;".;“](-1\. Cameroon. The small buildings inside the stone wall are eran:
}‘IlilJ'_H: (top righr) holds the sacred altar. (b) Architectural di erl'ame : -‘{;":"”““' o amandas
m'r.nfun_\ of the Mokoulek simulation. The seed shape is com 1:: -I] -“_ : “_ oulek. (c) First three
lines (black) and with gray active lines both inside and nulw’di- t.‘it:- :‘]ilr-l"]L ”(‘dl;l Iljm“.]}‘ S S

cle. ourt

the Mokoulek simulation.

(a and b, by permission from Seignobos 1982 )

1iteration of
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complex as a whole indicates thar the fraceal appearance of the architecrure is

not merely due toa random ace umulation of various-sized circular tforms. The

idea of circles of increasing size, spiraling from a central point, has been appliced

at two difterent scales, and this rructural coherence is confirmed by the archi-

tects own Cu moeeps.

I our simulation the active line became ke cared toward the center of the

spiral. The Mofou also think of their architecture as spiraling from this ¢ entral

location, which holds their sacred altar. The altar is a kind of conceptual "acrive
life. Seignobos (1982)

line™ in their schemay it is responsible for the irerations of
notes that this area of the complex is the site of both religious and political author-

itvs it is the location for rituals that generate cyeles of agricultural fertility and

ancestral succession. This geometric mapping between the scaling circles of the
trchitecture and the spiritual cycles of life is represented in their divination
(*fortunetelling”) ritual, in which the priest creates concentric circles of stones
ind places himself at the center. As in the guti painting in Logone-Birni, in which
the Kotoko had modeled their scaling rectangles, the Mofou have also created
their own scaling simulation.

By the time | arrived at Mokoulek in 1994 the chief had died, and the own-

ership of this complex had been passed on to his widows. The new chief told me
that the design of this architecture, including that of his new complex, began with
A precise knowledge of the agricultural yield. This volume measure was then con-
verted to a number of granaries, and these were arranged in spirals. The design
is thus not simply a matter of adding on granaries as they are needed; in fact, it

has 2 much more quantitative basis than my computer model, which I simply did

by eyeball.

Not all circular architectures in Africa have the kind of centralized
location that we saw in Mokoulek. The Songhai village of Labbezanga in Mali
(tig. 2.50), for example, shows circular swirls of circular houses withour any
<ingle tocus. But comparing this to the fractal image of figure 2.5h, we see that
| lack of central focus does not mean a lack of self-similarity. 1t is important to
remember that while “symmetry” in Euclidean geometry means similarity within
one seale (e, similarity berween opposite sides in hilateral symmetry), fractal
scomertry is based on symmetry hetween different scales. Even these decentral-
=ed swirls of circular buildings show a scaling symmetry.

Paul Stoller, an accomplished ethnographer of the Sonehai, tells me that
the rectaneular buildings that can he seen in hgure 2.5 are Jue to Islamic influ-
L1 BT S :".H-\l []'I.N ]l.]\.' ”l‘i‘_{”liii structure \‘.'\Hli\_l E]Il\'l' ]‘{_'l‘!'] \"-11]”‘1{'!.\_']‘.' L .[!"_"\.'lZH'.

[hanks to Peter Broadwell, a computer programmer from Silicon Graphics Inc.,

we were able to run a quantitative test of the photo that confirmed what our eyes
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FIGURE 2.5
T Labbezanga
a) Acrial view of the village of Labhezanga in M;

(a, photo by Geore Gerster: b, by

ili. (b) Fracral graphic.
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() Drawing of 4 Nankani home. (b) The woman's main room (déeo)
inside the Nankant home. (¢) A scaling stack of pots in the fireplace.
(d) The ralunga.

ta, Bonodier and Trinh 1985: conortesy of the authors: b=d, photos from

Bonrdier and Trinh ro85. by permission of the authors. )

Fractals in African settlement architecture

rriangle in these decorations (see walls of dégo) represents the zalanga, a nested
\'[;H:k of calabashes (L'Irt‘lI];H' |n1‘.'.'1w c,':lr\'m_i from g wirds) that mu'}l wWormiean kL‘L‘P.\'
in her kitchen (flj_’. 2.6d). Since these calabashes are stacked from E:H'_ut‘ ro mm”.
they (and the rope that holds them) form a rriangle—thus the triangular
decorations also represent scaling circles, just in a more abstract way. The small-
est container i a woman's zalanga is the kumpio, which is a shrine for her soul.

When she dies, the zalanga, along with her pots, is smashed, and her soul is released

to eternity. The eternity concept, associated with well-being, is symbolically

FIGURE 2.0
Nankani home
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represented by the coils of a serpent of infinite length, sculpred into the walls
of these homes.

From the 20-meter diameter of the building complex to the o.2-meter
kumpio—and not simply at one or two levels in between, but with dozens of selt-
similar scalings—rthe Nankani fracral spans three orders of magnitude, which is
comparable to the resolution of most computer screens. Moreover, these scaling
circles are far from unconscious accident: as in several other architectures we have
examined, they have made conscious use of the scaling in their social symbol-
ism. In this case, the most prominent symbolism is that of birthing. When a child
is born, for example, it must remain in the innermost enclosure of the women's
dégo until it can crawl out by itself. Each successive entrance is— spatially as well
as socially—a rite of passage, starting with the biological entrance of the child
tfrom the womb. It leaves each of these nested chambers as the next iteration in
life's stages is born. The zalanga models the entire structure in miniature, and irs
destruction in the event of death maps the journey in reverse: from the circles
of the largest calabash to the tiny kumpio holding the soul—from mature adult
to the eternal realm of ancestors who dwell in “the earth’s womb.” There is a
conscious scheme to the scaling circles of the Nankani: it is a recursion which

bottoms-out at infiniry.

Branching fractals

While African circular buildings are typically arranged in circular clusters, the
paths that lead through these settlements are typically not circular. Like the
bronchial passages that oxygenate the round alveoli of the lungs, the routes that
nourish circular settlements often take a branching form (e.g., hgure 2.7). But
despite my unavoidahly organicist metaphor, these cannot he simply reduced ro
unconscious traces ot minimum efforr. For one thing, conscious design criteria
are evident in communities in which there is an architectural transition from cir-
cular to rectangular huildings, since they can choose to either maintain or erase
the branching forms.

Discussion concerning such decisions are apparent in the settlement of Banyo,
Cameroon, where the transition has a long history (Hurault 1975). 1 found that
few cirg ular l\llil\imgh were left, but those that were still intact served as an
embodiment of cultural memory. This role was honored in the case of the chief's
complex and exploited in the case of o blacksmith's shop, which was the site of
occasional tourist visits. After passing approval by the government officials
and the sultan, | was greeted by the official city surveyor, who—considering

the tact that his raison d'¢étre was Euc Iiuh';lni:in}_: the streets ~showed surprising
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FIGURE 2.7
Branching paths in a Senegalese settlement
(a) Aerial photo of a traditional sottlement in northeast Senegal. The space between enclosure

witlls, serving as roads and footpaths, creates a branching partern. (b) A branching fractal can be

created by the background of a scaling set of circular shapes.
(a, conrtesy Instinut Geographique du Senegal.)

appreciation for my project and helped me locate the most fracral area of the
city (fig. 2.8a). At the upper left of the photo we see a portion of the Euclidean
orid that covers the rest of the city, but most of this area is still fractal. The loca-
tion of this carefully maintained branching—fanning out from a large plaza
that is bordered by the palace of the sultan and the grand mosque—is no
coincidence. By marking my position on the acrial photo as | traveled through
(fig. 2.8h), I was later able to create a map by digitally altering the photo image
(fig. 2.8¢). This provides a stark outline—Ilooking much like the veins in a
leaf—of the fractal structure of this transportation network. I may have plunged
through a wall or two in creating this map, but it certainly underestimates the
fine branching of the footpaths, as 1 did not attempt to include their extensions
into private housing enclosures.

How does the creation of these scaling branches interact with the kinds of
iterative construction and social meaning we have seen associated with other

examples of fractal architecture? A good illustration can he found in the

Position 1—outs
outside palace Position 2

FIGURE 2.8

& .Branching paths in Banyo
(a) Acrial photo of the city
Cameroon. (b) Successive v
branching

of Banyo,
icws of the

The clay walls require

. their own roof, which
comes in b ith tl

] [ 1atched and meral versions
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photo of Banyo with only | I
ta, courtesy National Institute of Car
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Cameroon.) Sidhia

—road below mosque
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wublic paths showing.

&

7

Position 3—narrow walkway



a
i\
; |
| é;
v
FIGLUIRE 2.9
Streets of Cairo

) Mop of streers of Cairo, 1895, (b) Frac tal simulation for Cairo streets, (€) Enlirged view
ot tourthoreration,
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branching streets of North African cities. Figure 2.9a shows a map of Cairo, Egypr,
in 1898. The map was created by an insurance company, and 1 have colored the
streets black to make the scaling branches more apparent. Figure 2.gb shows its
computer simulation. Delaval (1974) has described the morphogenesis of Saha-
ran cities in terms of successive additions similar to the line replacement in the
fractal algorithms we have used here. The first “seed shape” consists of a mosque
connected by a wide avenue to the marketplace, and successive iterations of con-
struction add successive contractions of this form.

Since these fractal Saharan settlement architecrures predate Islam (see
Devisse 1983), it would be misleading to see them as an entirely Muslim inven-
tion; but given the previous observations about the introduction of Islamic
architecture as an interruption of circular fractals in sub-Saharan Africa, it is impor-
tant to note that Islamic cultural influences have made strong contributions to
African fractals as well. Heaver (1 987) describes the “arabesque” artistic form in
North African architecture and design in terms that recall several fractal con-
cepts (e.g., “cyclical rhythms” producing an “indefinitely expandable” struc-
ture). He discussed these patterns as visual analogues to certain Islamic social

concepts, and we will examine his ideas in greater detail in chapter 12 of this book.

Conclusion

Throughout this chapter, we have seen that a wide variety of African settlement
architectures can be characterized as fractals. Their physical construction makes
use of scaling and iteration, and their self-similarity is clea rly evident from com-
parison to fractal graphic simulations. Chapter 3 will show that fractal architecture
is not simply a typical characteristic of non-Western settlements. This alone does
not allow us to conclude an indigenous African knowledge of fractal geometry;
in fact, I will argue in chapter 4 that certain fractal patterns in African decora-
tive arts are merely the result of an intuitive esthetic. But as we have already seen,
the fractals in African architecture are much more than that. Their design is linked
to conscious knowledge systems that suggest some of the basic concepts of frac-
tal geometry, and in later chapters we will find more explicit expressions of this

indigenous mathematics in astonishing variety and form.
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hranching streets of North African cities. Figure 2.9 shows a map of Cairo, Egypt,

in 1808. The map was created by an insurance company, and | have colored the
streets black to make the scaling hranches more apparent. Figure 2.9h shows its
computer simulation. Delaval (1974) has described the morphogenesis of Saha-
ran cities in terms of successive additions similar to the line replacement in the
fractal algorithms we have used here. The first “seed shape” consists of a mosque
connected by a wide avenue to the marketplace, and successive iterations of con-
struction add successive contractions of this form.

Since these fractal Saharan settlement architectures predate Islam (see
Devisse 1083), it would be misleading to see them as an entirely Muslim inven-
ious observations about the introduction of Islamic

tion; but given the prev
Saharan Africa, it is impor-

architecture as an interruption of circular fractals in sub-

tant to note that Islamic cultural influences have made strong contributions to

African fractals as well. Heaver (1987) describes the “arabesque™ artistic form in
North African architecture and design in terms that recall several fractal con-

cepts (e.g., “cyclical rhythms” producing an “indefinitely expandable” struc-
ture). He discussed these patterns as visual analogues to certain Islamic social
concepts, and we will examine his ideas in greater detail in chapter 12 of this book.

Conclusion

Throughout this chapter, we have seen that a wide variety of African settlement
architectures can be characterized as fractals. Their physical construction makes
use of scaling and iteration, and their self-similarity is clearly evident from com-
parison to fractal graphic simulations. Chapter 3 will show that fractal architecture

is not simply a typical characteristic of non-Western settlements. This alone does

not allow us to conclude an indigenous African knowledge of fractal gecometry;
in fact, I will argue in chapter 4 that certain fractal patterns in African decora-

tive arts are merely the result of an intuitive esthetic. But as we have already seen,

the fractals in African architecture are much more than that. Their design is linked

to conscious knowledge systems that suggest some of the hasic concepts of frac-

tal geometry, and in later chapters we will find more explicit expressions of this

indigenous mathematics in astonishing variety and form.
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40 Introduction

other types of material design and cultural practices as well. We will begin our
survey with a brief look ar the design themes in Native American societies, which
included both hierarchical state empires as well as smaller, decentralized tribal

L'ill[l]!'l.’\-

Native American design

TI]L' /\!‘ICL'HTT'dl I-‘UC}\IU H[)L'it'l\' L]\\’i’lll'ti in \\']ILIT Is Now |}N' ‘\l‘l]l]l\-\-'l_’\"(‘f'“ lllli[L'Ll
States around 1100 C.E. Aerial photos of these sites (fig. 3.1) are some of the most
famous examples of Native American settlements. But as we can see from this
vantage point, the architecture is primarily characterized by an enormous circular
form created from smaller rectangular components—certainly not the same shape
at two different scales. This juxtaposition of the circle and the quadrilateral (rec-
tangle or cross-shaped) form is not a coincidence; the two forms are the most impor-
tant design themes in the material culture of many Native American societies,
including both North and South continents.

As far as architecture is concerned, there are no examples of the nonlinear
scaling we saw in Africa. The only Native American architectures that come
close are a few instances of linear concentric figures (fig. 3.2a). Shapes approx-

imating concentric circles can be seen in the Poverty Point complex in north-

FIGURE 3.1
Euclidean geometry in Native American architecture
(a) Acrial photo of Bandelier, one of the Ancestral Pueblo settlements (starting around 1100 ¢.E)
in northwestern New Mexico. (b) Aerial photo of Pueblo Bonito, another Ancestral Puchlo
settlement (starting around g0 ¢..). Note that they are mostly rectangular at the smallest scale
and circular at the largest scale.

(a, photo by Tom Baker; b, photo by Georg Gerster.)
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which means there can be an infinite number in a finite space (fig. 3.2h). Sec-

ond, even nonlinear concentric circles are only self-similar with respect to a

single locus (the center point), rather than

tractals (fig. 3.2¢)

The importance of the circle is detailed in a famous passage by Black Elk

(1961), in which he explains that “everything an Indian does is in a circle, and

that is because the Power of the World always works in circles, and everything

tries to be round.” But he goes on to note that his people thought of their world

as “the circle of the four quarters.” A similar combination of the circle and quadri-

lateral form can be seen many Native American myths and artifacts; it is not their

only design theme, but it can be found in a surprising number of different soci-

eties. Burland (1965), for example, shows a ceremonial rattle consist ing of a wooden

hoop with a cross inside from southern Alaska, a Navajo sand paint ing showing

four equidistant stalks of corn growing from a circular lake, and a Pawnee buffalo-

hide drum with four arrows emanating from its circular center. Nabokov and

Easton (1989) describe the cultural symbolism of the tepee in terms of its com-

bination of circular hide exterior and the four main struts of the interior wood

supports. Waters (1963) provides an extensive illustration of the cultural sig-

nificance of combining the circular and cross form in his commentary on the Hopi

creation myth.

The fourfold symmetry of the quadrilateral form has lead to some sophis-

ticated conceptual structures in Native American knowle

dge systems. In Navajo
sand painting, for example, the cruciform shaj

e represents the “four directions”

concept, similar to the Cartesian coordinate system. While orderly and consis-

tent, it is by no means simple (see Witherspoon and Peterson 1095). The four
Navajo directions are also associated with corresponding sun positions (dawn,
day, evening, night), yearly seasons (spring,

summer, fall, winter), principal
colors (white, blue, yellow, black)

» and other quadrilateral divisions (botanical

categories, partitions of the life cycle, etc.). These are further broken into inter-

secting bipolarities (e.g., the cast/west sun path is broken by the north/south direc-

tions). Combined with circular curves (usually representing organic shapes and

processes), the resulting schema are rich cultural resources for indigenous mathe-

matics (see Moore 1994). But, except for minor repetitions (like the small circular
kivas in the Chaco canyon site of fig. 3.1) there is nothing particularly fracral

about these quadrilateral designs.
Many Mesoamerican cities, such as the M

ayans' Teotihuacin, the Aztec's
Tenochtitlan, and the Toltec's Tula

, embedded a wealth of astronomical know|-
edge in their rectangular layouts, aligning their streets and buildings with heay-

enly objects and events (Aveni 1980). ]. Thompson (1970) and Klein (1982)

having the global self-similarity of
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sizetrame (Usize frame™ hecanse the term “scale”

siake ski). This Mayan
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i~ contusing in the context of

e same size, o
tourtold symmetry, But the African example emphasizes fracral symmetry, which
onot abouat similarity between right/lefe or up/down, but rather similarity
berwween different size frames. The African stake partern sh
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ows dismonds within

more accurate: cobra
skin does indeed exhibir a fractal pattern—the snake’s “hood,” its twin whire

parches, and the individual scales themselves are all diamond shaped—and yer

snake skin patrerns (thanks to the arrangement of the scales) are also charac-

teristically in diagonal rows, so they are accurately modeled as Euclidean struc-
tures us well. Each culture chooses to emphasize the characteristics that best fit
s design theme,

There are a few cases in which Native Americans have used scaling geo-
metries in artistic designs. Several of these were not, however, part of the tra-
dicional repertoire,? Navajo blankets, for example, were originally quite linear:
it was only on examining Persian rugs that Navajo weavers hegan to use more
sciling styles of Jdesign

(and even then the designs were much more Euclidean
than the Persian originals; see Kent 1985). The Puchlo “storyteller”™ hpures have
rome scaling properties, but they are of recent (1960s)

origin. Pottery and cala-
wsh (carved gourd) artisans in Africa often create scaling by allowing the

adaptively to change proportion according to the three-dimensional form

nwhich i is inscribed (see "adaptive scaling” in chapter 6), but this was quite
are i Native American potrery until the 1960s.

Finally, there are three Native American designs that are both indigenons

art of the Haida, Kwakiutl,
acitic Northwest (Holm 1005). The fio

i fraceal. The best case is the abstrict heurarive

| |-|':Ii‘.. and l-‘lfh'l'\' in 1]1(' & Lres, ]wrim,;“]\
Arvings, have the kind of vlobal, nonlinear self=similarity necessary to qualify

rictals and learly exhibin recursive scaling of up 1o three or tour iterations,
b dilse ke s ol adaprive sealing, as illustrated by the shrinking series of
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frieures on the diminishine handles of soup ladles. Researchers since Adams

(ro36) have pointed ro the similarity with carly Chinese art, which also his some

Beanritul L\:I]H]‘r\ SR Y RN |!||:Lr form, and irs sevle of vurvarure and J‘lf.irur.ai SvVIn-

metry could }I"Ikil'l'\i e \_II|IIII'\I”'\' tied ro these N \\Ill.'-'."tl l]L'~Ii_[I'|'\ I}Hulll_{[] An

| ancrent commaon origin. However, doubn that s the case for the sealing chur-
|

wteristics, The Pacitic Northwest art appairs o huve developed s s iling

SRSt s Till' ]L'\lll] 0l \".'|11[‘l".E[|'Z'H WEWCCT artis:
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carvings (Faris 1983). Alrhough some researchers have werihured the competi-
ton pressure to European trading influences, rhe dey clopment of the sealing desions
Wils i_lL'.l]E‘. i |H!L'[Hili myventiomn.

The other two traditional Native American designs do not quality as frac-

tals quite as well. One involves the saw-tooth pattern tound in several hasket

md weaving designs, When two saw-tooth rows meersect at an angle, they cre-

e riangle made from trinngalar edges, But these typically have only two iter-

ations of scale, and there is noindication in the ethnographic literature that

they are semantically tied o ideas of recursion or sc aling (see Thomas and Slock -

sh 1982, 18). The other is an arrangement of spiral arms often found on

coiled baskets. Again, this is self-similar only with respect to the center point,

but there are some nonlinear sealing versions (that is, designs thar rapidly get
smaller as you move from hasker edge to center). However, these designs
venerally appear to be a tusion berween the circular form of the hasker and the
cruciform shape of the arms: again more a combination ot two Euclidean

shapes than a fraceal.

Once of the most common examples of this fusion hetween the circle and

i the cross is the *hifold roration” pattern in which the arms curve in apposite

dircerions, as shown in figure 3.4t Figure 3.4b shows the figure of a bat from
Mimbres pottery with a more complex version of the hifold rotation. Euclidean
svimmetry hias been emphasized in this haure; tor example, the ears and mouth
of the hat have been made ro look similar to increase the bilateral symmetry, and
the belly is drawn s o red tangle. Figure 3.4¢ shows the haure of o bat from an
Mrrcan desion: i is o siwzag shape that expands in width from top to bottom, rep-

resenting the wing of the bat, FHere we sece nevlect of the bilareral symmerry of

the b, and an cmphasis on the scaling folds of 3 single wing. Avain, the Native

American representation makes tse of its quadril;

sthe African representation of the bat emphasizes scaling desion.

eral/circular desion theme, just

There s plenty ol com dexity and sophistic atton in the indieenons reonn-
t = 34

I and numeric systems of the Americs (see Ascher g, 87 04, Closs 1986

Fubish 1ooSh), bur with the tmpressive exception of the Pacibie Northwest Carv-

nusctractals are almost entirey absent in Native American Jdesions,

FIGURE 3.3
Snakeskin models in Native American and African cultures -
(a) Rowclio Diaz of the Mathematics Museum at the University of Querétaro shows how the skin

) 5 shiskis e e |
[raatrerns ot the dramondback rattlesnake were used by the Mayans to syimbolize a co mology base
on gquadrilateral structure, (b) The Mandinck weavers of Guinea-Bissau have also created an

thstract design based on a snakeskin patiern, but chose o L'ﬂ”‘[l;l‘-i?k' the tractal characteristics



. au.,.mfi :

Arkansas portery Pima basker

Southwestern potrery motif

(a) The circular and gquadrilateral forms were often combined in Native American desions as o

tourtold or bitold rotation.

(b) This image of a bat, from o Mimbres pottery m Southwestern
Navve American tradition, shows an emphasis on circular and
quadrilateral torm. The car and the mouth, for example, are made
to look similar to emphasize bilateral symmerry, and the belly is
drawn as a rectangle, Te also shows the wing hones as a bifold

raration pattern.

(c) This African ¢ Ill]‘llll't' of a bar, trom the Lewa ety of Zaire, Pays
Lirtle atrention 1o the bilaeral <y mmetry ol the Bats body but gives an

cmphasis on the scaling svmmetry of the wing folds, shown asan

expanding zigzag patrern.
FIGURE 3.4
The bifold rotation in Native American design
(az Lefr, fromn Miles 1963, Conter, from Southwest Indian Cratt Ares by Clara Lee Tanner, C ipyrieh

196t by the Arizona Bowd of Regenes. Reprmeed by peymissiom of the Unversioy of Avizona Press.

Right. courtesy Don Crowe. b, from Zaslow 1977, conatesy of the author, ¢, courtess af Daniel Bichusck )

Fractals in cross-cultural comparison

Designs of Asia and the South Pacific

Several of the South Pacific cultures share a tradition of decorative curved and
spiral forms, which in certain Maori versions—particularly their rafter and tat-
too patterns—would certainly count as fractal (see Hamilton 1977). These are
strongly suggestive of the curvature of waves and swirling warer. Classic Japan-
ese paintings of water waves were also presented as fractal patrerns in Mandel-
brot’s (1982) seminal text (plate C16). These may have some historic relation
to scaling patterns in Chinese art (see Washburn and Crowe 1988, fig. 6.9), which
are based on swirling forms of water and clouds, abstracted as spiral scaling
structures. While both the Japanese and Chinese patterns are explicitly associ-
ated with an effort to imitate nature, these Maori designs are reported to be more
about culture—in particular, they emphasize mirror-image symmetries, which are
associated with their cultural themes of complimentarity in social relations
(Hanson 1983).

In almost all other indigenous examples, however, the Pacific Islander pat-
terns are quite Euclidean. Settlement layout, for instance, is typically in one
or two rows of rectangular buildings near the coasts, with circular arrangements
of rectangles also occurring inland (see Fraser 1968). The building construc-
tion is generally based on a combination of rectangular grids with triangular
or curved arch roofs. Occasionally these triangular faces are decorated with tri-
angles, but otherwise nonscaling designs dominate hoth structural and deco-
rative patterns. 3

Again, it is important to note that this lack of fractals does not imply a lack
of sophistication in their mathematical thinking. For example, Ascher (1991)
has analyzed some of the algorithmic properties of Warlpiri (Pacific Islander) sand
drawings. Similar structures are also found in Africa, where they are called
lusona. But while the lusona tend to use similar patterns at different scales (as
we will see in chapter 5), the Warlpiri drawings tend to use different patterns at
different scales. Ascher concludes that the Warlpiri method of combining dif-
ferent graph movements is analogous to algebraic combinations, but the African
lusona are best described as fraceals.

Complicating my characterization of the South Pacific as dominated by
Euclidean patterns is the extensive influence of India. It is perhaps no coinci-
dence that the triangle of triangles mentioned above is most common in Indone-
sta. Inarchitecture, a famous exception to the generally Euclidean form is that
of Borobudur, a temple of Indian religious origin in Java. Although northern India
tends toward Euclidean architecture, explicit recursive design is seen in several

temples in southern India—rthe Kandarya Mahadeo in Khajuraho is one of the
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clearest examples—and 1s related to recursive concepts in religious cosmology.
These same areas in southern India also have a version of the lusona drawings,
and many other examples of fractal design. Interestingly, these examples from south-
ern India are the products of Dravidian culture, which is suspected to have sig-

nificant historical roots in Africa.

European designs

Most traditional European fractal designs, like those of Japan and China, are due
to imitation of nature—a topic we will take up in the following chapter. There
are at least two stellar exceprions, however, that are worth noting. One is the
scaling iterations of triangles in the floor tiles of the Church of Santa Maria in
Cosmedin Rome (see plate 5.7 in Washburn and Crowe 1988). | have not been
able to determine anything about their cultural origins, bur they are clearly
artistic invention rather than imitation of some natural form. The other can be
found in certain varieties of Celtic interlace designs. Nordenfalk (1977) suggests
that these are historically related to the spiral designs of pre-Christian Celtic reli-
gion, where they trace the flow of a vital life force. They are geometrically
classified as an Eulerian path, which is closely associated with mathematical knot

theory (cf. Jones 1990, 99).

Conclusion

Fractal structure is by no means universal in the material parterns of indigenous
societies. In Native American designs, only the Pacific Northwest patterns show
a strong fractal characteristic; Euclidean shapes otherwise dominate the art and
architecture. Except for the Maori spiral designs, fractal geometry does not
appear to be an important aspect of indigenous South Pacific patterns either. That
is not to say that fractal designs appear nowhere but Africa—southern India is
full of fractals, and Chinese fluid swirl designs and Celtic knot patterns are
almost certainly of independent origin.* The important point here is that the frac-
tal designs of Africa should not be mistaken for a universal or pancultural phe-
nomenon; they are culturally specitic. The next chapter will examine the

question of their mathematical specificity.
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