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Abstract. Models of physical processes from the fields of physics and chemistry may be used
to create a variety of beautiful visuals and structures that resemble living things. Diffusion
limited aggregation, also known as DLA, is an illustration of this. It is a term used to explain,
among other things, how zinc ions diffuse and assemble onto electrodes in an electrolytic
solution. "Diffusion" refers to the random movement of the particles that make up the structure
before they adhere ("Aggregate") to it. "Diffusion-limited" refers to the fact that the structure
grows one particle at a time rather than in chunks of particles because the particles are thought
to be in low concentrations, preventing them from coming into touch with one another. Other
instances include the development of coral, the route of lightning, the coalescence of dust or
smoke particles, and the development of certain crystals.Nature uses a variety of interesting and
often simple processes to produce amazing shapes, patterns, and forms that span all scales and
never cease to surprise and enlighten the keen observer. From the From the micro to the macro,
matter uses a variety of logical, observable processes to arrange, enhance, and transform, often
stacking on top of each other in complex ways. In this paper, Mathematicians will discuss a
process called diffusion-restricted aggregation or DLA, which uses randomly moving and
"sticky" particles to produce fractal branching structures.
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1. Introduction

Witten and Sander proposed the diffusion limited aggregation (DLA) model in 1981. Numerous pattern-
forming processes, including as dielectric breakdown, two-fluid flow, and electrochemical deposition,
have been proven to be explained by the model. The model starts with one particle fixed at the origin of
coordinates in d dimensions. Next, a cluster is created by releasing a random walker from infinity, which
is then allowed to roam until it collides with any particle in the cluster. Once there, the new particle is
let loose from infinity and joined to the expanding cluster. The model was investigated both on and off
the lattice in multiple dimensions d 2; DLA has garnered a lot of attention throughout the years as a
stunning illustration of fractal objects [1-20].This is a research report on diffusion-limited Aggregation.
Diffusion-limited aggregation is a process in which particles of matter stick together (aggregate) as they
chaotically move (diffuse) through a medium that provides some sort of resistive (limiting) force.
HoMathematiciansver, in this study, Mathematicians added another TRAP. As the name implies, when
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random points move to TRAP, they will stop moving. Trap will invalidate the lattice for which trap (i,
j) == true. And pTr is associated with trap. When the pTr goes lager the greater the probability that the
lattice trap (i, j) == true. When particles are moving around freely, they are called walkers. When they
get stuck together, they are collectively called clusters. Mathematicians will also complete the study
based on this process. Models of physical processes from the fields of physics and chemistry may be
used to create a variety of beautiful visuals and structures that resemble living things. Diffusion limited
aggregation, also known as DLA, is an illustration of this. It is a term used to explain, among other
things, how zinc ions diffuse and assemble onto electrodes in an electrolytic solution. "Diffusion" refers
to the random movement of the particles that make up the structure before they adhere ("Aggregate") to
it. "Diffusion-limited" refers to the fact that the structure grows one particle at a time rather than in
chunks of particles because the particles are thought to be in low concentrations, preventing them from
coming into touch with one another [1-20]. Other instances include the development of coral, the route
of lightning, the coalescence of dust or smoke particles, and the development of certain crystals. The
DLA process over the real axis, which is quite visible, illustrates the usage of iterated conformal maps
to represent cluster expansion. The relative simplicity is due to the fact that the size of the strike is
independent of the order of iteration, unlike the usual off-lattice DLA in two dimensions, where the
strike size changes with each iteration to allow the insertion of a fixed size particle in the physical
domain. This allows one to precisely estimate the growth rate and fractal dimension of the entire cluster
or of certain trees.

2. Organization of the text

2.1. Aggregation model with no trap

The first model Mathematicians'll look at is aggregation with no Traps. So, the model grows from a
random point in the center of the circle, and they can move left or right on the lattice, and gradually it
will fill up the whole circle. In this model, Mathematicians have 200 lattices, and Mathematicians have
10,000 particles. The smaller the number of lattices, the faster it will grow, and the faster it will go
through the circle, but it actually determines the size of the model, so it seems like slow or fast, but they
have the same speed. The aggregation model with no trap is shown as iI‘l Figure 1.

Figure 1. Aggregation model with no trap.

2.2. Aggregate dynamic model

The next one is aggregation dynamic. Aggregation dynamic is the simultaneous expansion of the radius
of the circle as aggregate grows, in which case it will not grow through the circle. And Mathematicians
can see that this is what happens when it doesn't go through the circle. But it's important to note that
when the lattice is small, it might go through the boundary. The aggregation dynamic model is shown
as below in Figure 2.

268



Proceedings of the 3rd International Conference on Signal Processing and Machine Learning
DOLI: 10.54254/2755-2721/6/20230811

Figure 2. Aggregate dynamic model.

2.3. Aggregation model with traps

The last one is aggregation with traps. Here is the difference in the image it produces in the case of
different pTr. Trap will invalidate the lattice for which trap (i, j) == true. And pTr is associated with
trap. When the pTr goes lager the greater the probability that the lattice trap (i, j) == true. In other words,
when the random walker goes into trap it would disappear. When the pTr is large, they will fill part of
the circle, and the development of the whole model will be more concentrated. When the pTr is small,
it develops more evenly. Three different types are shown respectively in Figure 3, Figure 4, and Figure

Figure 3. pTr =0.001. Figure 4. pTr = 0.0001. Figure 5. pTr = 0.00001.

And then after that Mathematicians can get the distance betMathematiciansen the points and so on
and figure out its fractal dimension and the 2-point correlation function. When the distance is small, the
dependence is poMathematiciansrful. When the distance becomes larger, the 2-point correlation
function will go to zero. Images of 2 point correlation function are shown in Figure 6.
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Figure 6. Image of 2 point correlation function.
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2.4. The fractal dimension

2.4.1. Introduction for fractal dimension. Fractal dimension is known as the Fractal theory of nature
geometry. It is a new branch of modern mathematics, but its essence is a new world outlook and
methodology. Fractal dimension reflects the efficiency of space occupied by complex forms and is a
measure of the irregularity of complex forms. It is cross-combined with the chaos theory of dynamical
systems and complement each other. It acknowledges that parts of the world may, under certain
conditions or in certain processes, show similarities with the whole in a certain aspect (form, structure,
information, function, time, energy, etc.), and it acknowledges that the change of spatial dimension can
be either discrete or continuous, thus expanding the horizon.

2.4.2. The method of obtaining fractal dimension. Use this formula to get a series of different values of
N by changing the value of R, and then build a linear model in turn. Finally, the slope of the line that
comes out of this is going to be the D that needed to be figured out.

D = —logN/ logR

6]

In this way, use the related r min and r max that figured out before, then input all the relevant variables

and it will be computed by a compiled Java program. The result looks like picture 1. The corresponding
numreical result is given in Figure 7.

Give Number of particles in the cluster, N:18060

Give Number of histogram bins, M:3@

Give Rmin for the histogram:2

Give Rmax for the histogram:186

SumX = 4.246721

SumY = -4.,1798415

SumXX= 18.783379

SumXY= -17.263876

beta=0.65008307 ; b=9.6772396E-4
D=1.650083065032959

Figure 7. Solution for D.

2.5. The nonlinear regression

2.5.1. Confirm the model. Express rho in R and put it into the code according to the derivation formula
in lecture which is shown below:
2R

. 2
Npairsa

e RD—l

p2(R) = m
(2)

Analyze a set of data that came out and make an image out of these points which is shown in figure
2. Look at this image and ensure the model like below in Fig.8:
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Figure 8. Solution for D.

Look at this image and ensure the model like below:

rho = aRP~1 + b (3)

2.5.2. Complete the model. Therefore, construct a new variable based on D obtained before, and make
this variable directly proportional to the dependent variable in order to complete this nonlinear
regression. Finally, this project by using RStudio and got the nonlinear fitted formula shown in formula

4

rho = 0.0038595RP~1 + 0.0014048 (4)

2.6. The discussion of D(pTr)

2.6.1. Introduction. Make it clear that D is the exponent of the typing dimension and pTr is the
probability that each unit becomes a TRAP. And here are a couple of pictures showing different D's for
different probabilities which are created by Java. The correspoingding results are given in Figure 9,
Figure 10 and Figure 11.

Give
Give
Give
Give
SumX
SumY

Number of particles in the cluster, N:15000
Number of histogram bins, M:3@

Rmin for the histogram:2

Rmax for the histogram:189

= 4.246721

= -4.042356

SumXX= 18.783379
SumXY= -16.732367
beta=

D=

©.5801618 ; b=0.0014942375
1.5801618099212646

Figure 9. D for pTr = 1e-4.
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Give Number of particles in the cluster, N:18008@

Give Number of histogram bins, M:38

Give Rmin for the histogram:2

Give Rmax for the histogram:130

SumX = 4.246721

SumY = -4.210805

SumXX= 18.783379

SumXY= -17.415373

beta=0.6233658 ; b=0.0010509525
D=1.6233658194541931

Figure 10. D for pTr = 1e-5.
Give Number of particles in the cluster, N:18000
Give Number of histogram bins, M:30
Give Rmin for the histogram:2
Give Rmax for the histogram:180
SumX = 4.246721
SumY = -4.155113
SumXX= 18.783379
SumXY= -17.15652
beta=0.65320873 ; b=9.788711E-4

D=1.6532087326049805

Figure 11. D for pTr = 1e-6.

2.6.2. The analysis reason. In terms of function expression, when the cardinal number is >0, the larger
D is, the faster mass grows when x expands; on the contrary, it is obvious that the cardinal number is
greater than zero in this model, that is, the larger D is, the more the number of Particles increases with
R. My understanding of pTr is that the larger the pTr is, the higher the probability of each unit becoming
trap and the less Particles can walk, that is, the less Particles in a circle with radius R. So at first
Mathematicians guessed that as pTr gets bigger, D gets loMathematiciansr. HoMathematiciansver, after
adjusting parameters, calculation and testing data for many times, Mathematicians obtained the
following results. It can be seen from the data in the figure that the size of D does change with the size
of pTr, but the trend of change is different from our prediction. When pTr <= le-5, D decreases with the
increase of pTr. HoMathematiciansver, for individual values, D fluctuates greatly around pTr = le-5,
and the peak value also appears around it. When pTr > le-5, D is similar to that at pTr = 0. D is very
close and stable. Based on the above data results and conclusions, Mathematicians believe that when
pTr increases (greater than a certain value), the probability of each unit becoming TRAP is higher, and
the part of Particles that can be moved is indeed less, and D is smaller. HoMathematiciansver, when pTr
is too small, Particles are not obstructed, which may be too easy to randomly gather, and D tends to be
stable. HoMathematiciansver, an appropriate pTr can sometimes cause Particles to gather and limit the
development of Particles to a distance, thus easily causing D to peak in a certain range of R. The
corresponding results are given in Figure 12 and Figure 13.
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Give Number of particles in the cluster, N:1306@
Give Number of histogram bins, M:3@
Give Rmin for the histogram:2

Give Rmax for the histogram:186
SumX = 4.246721

SumY = -4.2030168

SumXX= 18.783379

SumxXY= -17.37041

beta=0.63924384 ; b=9.901061E-4

D=1.6392438411712646

Figure 12. D for pTr = le-7.
Give Number of particles in the cluster, N:18600
Give Number of histogram bins, M:36
Give Rmin for the histogram:2
Give Rmax for the histogram:186
SumX = 4.246721
SumY = -4,202597
SumXX= 18.783379
SumXY= -17.362791
beta=0.6470389 ; b=9.582546E-4

D=1.6470388770103455

Figure 13. D for smaller pTr.

3. Summary

The diffusion limited aggregation (DLA) model was presented by Witten and Sander in 1981. The model
has been shown to describe a wide range of pattern-forming processes, such as dielectric breakdown,
two-fluid flow, and electrochemical deposition. At the beginning of the model, one particle is fixed at
the d-dimensional coordinate system's origin. A random walker is then let loose from infinity to build a
cluster, after which it is permitted to roam until it collides with any particle within the cluster. The new
particle is then released from infinity and added to the growing cluster once it has arrived there. The
model was examined in various dimensions d 2 both on and off the lattice; DLA has attracted a lot of
interest over the years as a magnificent example of fractal objects. First of all, Mathematicians may draw
the conclusion that modeling a (off-lattice) DLA using a square lattice approach is a severe
simplification, changing both the DLA's size and structure. Mathematicians have also observed that
when Mathematicians increase the impact of the square lattice using the minValue principle, the
dimension doesn't change considerably but the structure changes. Therefore, using the minValue noise
reduction approach to increase the visibility of some attributes is a smart idea. Implementing an off-
lattice approach is an option if Mathematicians don't want these negative impacts. But this is less
effective and more difficult. Mathematicians may infer from the results that the DLA is not significantly
altered by the simplifications used for the off-lattice DLA. In conclusion, the use of iterated conformal
maps to describe cluster expansion is demonstrated by the DLA process over the real axis in a manner
that is comparatively transparent. The reason for the relative simplicity is because, unlike the traditional
off-lattice DLA in two dimensions, where the strike size varies with each iteration to accommodate the
addition of a fixed size particle in the physical domain, the size of the strike is independent of the order
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of iteration. As a result, in this instance, one may accurately determine the growth rate and fractal
dimension of the entire cluster or of specific trees.
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