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FIGURE E6-6. The top line illustrates a cartoon of Wiener Brownian motion
carried to many recursion steps. The generator, shown in a small window, is
identical to the generator A2 of Figure 2. At each step, the three intervals of

the generator are shuffled at random; it follows that, after a few stages, no
trace of a grid remains visible to the naked eye.

The second line shows the corresponding increments over successive
small intervals of time. This is for all practical purposes a diagram of
Gaussian “white noise” as shown in Figure 3 of Chapter E1.
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FIGURE E6-7. This figure reveals — at long last — the construction of Figure 2 of
Chapter E1. The top line illustrates a cartoon of Wiener Brownian motion fol-
lowed in a multifractal trading time. Starting with the three-box generator
used in Figure 6, the box heights are preserved, so that D, is left unchanged at
D,=2 (a signature of Brownian motion), but the box widths are modified.
(Unfortunately, the seed is not the same as in Figure 6.)

The middle line shows the corresponding increments, Very surprisingly,
this sequence is a “white noise,” but it is extremely far from being G i
In fact, serial dependence is conspicuously high. The bottom line repeats the
middle one, but with a different “pseudo-random” seed. The goal is to dem-
onstrate once again the very high level of sample variability that is character-
istic of wildly varying functions.

The resemblence to actual records exemplified by Figure 1 of Chapter E1
can be improved by “fine-tuning” the generator.
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Figure 1. An example of 1000 steps of a Figure 2. An example of 1000 steps of an

approximation to a Brownian motion type
of Lévy flight in two dimensions. The
origin of the motion is at [0, 0], the angular
direction is uniformly distributed and the
step size is distributed according to a Lévy
(i.e. stable) distribution with @ =2 and

B =0 (i.e.,, a normal distribution).

Lévy flight in two dimensions. The origin
of the motion is at [0,0], the angular
direction is uniformly distributed and the
step size is distributed according to a Lévy
(1.e. stable) distribution with @ = 1 and

B = 0 which is a Cauchy distribution. Note
the presence of large jumps in location
compared to the Brownian motion
illustrated in Figure 2.

Applications

The definition of a Lévy flight stems from the mathematics related to chaos theory and is useful in
stochastic measurement and simulations for random or pseudo-random natural phenomena. Examples
include earthquake data analysis, financial mathematics, cryptography, signals analysis as well as many
applications in astronomy, biology, and physics.

Another application is the Lévy flight foraging hypothesis. When sharks and other ocean predators can’t
find food, they abandon Brownian motion, the random motion seen in swirling gas molecules, for Lévy
flight — a mix of long trajectories and short, random movements found in turbulent fluids. Researchers
analyzed over 12 million movements recorded over 5,700 days in 55 data-logger-tagged animals from 14
ocean predator species in the Atlantic and Pacific Oceans, including silky sharks, yellowfin tuna, blue
marlin and swordfish. The data showed that Lévy flights interspersed with Brownian motion can describe

the animals' hunting patterns.[/IBI°I10] Birds and other animals(!!! (including humans)['?! follow paths that

have been modeled using Evy flight (e.g. when searching for food).l3] Biological flight data can also
apparently be mimicked by other models such as composite correlated random walks, which grow across
cales to converge on optimal Lévy walks.!14] Composite Brownian walks can be finely tuned to
theoretically optimal Lévy walks but they are not as efficient as Lévy search across most landscapes types,
suggesting selection pressure for Lévy walk characteristics is more likely than multi-scaled normal

diffusive pattems.[ls]

hitps:/en.wikipedia.org/wiki/L%C3%A9vy_flight 35
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