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Abstract 
 

The loopless nontrapping invasion-percolation model (LNTIP) is used to create clusters that 

model real world systems.  The code that uses this model is called “Geo percolation” and was 

written by Quinn Norris to model micro seismic activity (small earthquakes) during fracking.  

This code must be made usable on accessible computer systems in order to test the universality 

of the model.  Universality looks at what systems a model can represent.  The computer systems 

we chose to run the program is Windows personal computer and Linux supercomputer.  The 

physics that “Geo percolation” models currently is fracking.  There are two types of hydraulic 

fracturing, traditional and high volume.  High volume hydraulic fracking works better for getting 

fuel out of shale and creates the micro seismic data that LNTIP models.  The primary differences 

between LNTIP and other percolation models is that it uses bonds and it avoids the creation of 

loops similar to a self-avoiding walk.  These differences put LNTIP in a different universality 

class.  Universality looks at what systems a model can represent; more specifically, it is a 

measurement of different scaling exponents and determining what universality class has these 

specific exponents.  A universality class is a class that holds models that all share the same 

scaling exponents giving them the same macroscopic physics.  The code is made up of several 

parts in order to allow efficient flow of data and make it easier to add new code.  It took some 

effort to get the program running on a Windows personal computer and a supercomputer.  The 

use of a supercomputer is very beneficial because of the massive resources available.  The 

program is running, producing data, and preliminary plots are generated.  The plots are on a log-

log scale making it easier to identify a power law. Because the model cannot produce events 

bigger than the lattice an upper truncated power law is used to fit the data.  Changes can be made 

to the code to change the shape of clusters and better test universality.    
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1 Introduction  
 

When using a model to simulate real world systems in physics it is often necessary to identify 

similarities between different models.  Universality is a study that looks at critical systems and 

their various behaviors that helps us understand the macroscopic physics involved and identify 

other systems have similar properties.  “Geo percolation” is the code written by J. Quinn Norris 

to model the micro seismic activity produced during high volume hydraulic fracturing.  The 

model is the loopless nontrapping invasion-percolation model (LNTIP) which creates clusters of 

“fractures” using an algorithm specific to LNTIP.  It uses bonds, space between lattice sites, of 

random strengths and an growth logic similar to a self-avoiding walk.  The overarching goal of 

this project is to identify the universality class of the model.  This would be accomplished by 

determining specific scaling exponents.  Some examples of scaling exponents are, fractal 

dimension, chemical dimension, branching ratio, and bursts b-value which will be explained in 

more detail later.  In order to get to where LNTIP can be tested the program needs to work on 

available computers.  When this project started the “Geo percolation” code only worked on a 

single Linux desktop computer at U.C. Davis. It did not work with any other operating system 

and had not been compiled on any other computer.  For this part of the project the goal was to 

get the program to work on a personal computer and the BYU supercomputer.   

The decision was made to get the program running on these two operating systems, Windows 

and Linux.  The reason for Windows was because it would allow researchers with personal 

computers to preform simulations at their convenience. The pc available also had reasonable 

hardware for running the program and making small clusters.  Linux was decided as another 

operating system because it would allow the use of the BYU supercomputer.  Other possibilities 
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were available but for the sake of time these two were chosen.  These goals were accomplished 

and universality can now be tested. 

1.1 Quick Explanation of Fracking 

 

The way fracking relates to this project has to do with the data collected during injection events.  

Fracking, or hydraulic fracturing, is a process by which oil is recovered from shale.  There are 

generally two types of hydraulic fracking, traditional and high volume (see figure 1).  In 

traditional fracking the wellbore extends straight down at about three to five kilometers.  High 

viscosity fluids are then pumped straight into a single well to create a single large fracture.  This 

allows the oil and gas to flow into the fracture and create the well.  This technique is highly 

effective in highly permeable sandstone reservoirs but is ineffective in low permeability shale. 

shale [2, 3, 4, 11].  In high volume fracking modern drilling equipment allows for the ability to drill 

horizontally.  This wellbore extends about three to five kilometers down but is then turned to 

cover extensive distances horizontally as well.  Low viscosity fluid is forced in this horizontal 

path and many smaller fractures are created making clusters.  The oil and gas then flow through 

these sites and there is a much higher volume of fuel extracted from low permeability shale.  
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This project is interested in simulating the micro seismic activity produced during a high volume 

fracking treatment. These are micro earthquakes that are very small, -2 to -3 on the moment-

magnitude scale [2].  These earthquakes result from the growth of a connected fracture network 

under the surface.  Sensors placed around the drill sites pick up these micro earthquakes and use 

Figure 1: [3] traditional hydraulic fracturing on the left and high volume fracturing on the right. 

Figure 2: examples of some of the drill bits used in fracking that allow multidirectional drilling. The image on the left dwarfs the 
person shown but keep in mind there is a little forced perspective happening. (Images are in the public domain) 
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them as data points.  It is this cluster forming behavior that LNTIP models using the data as 

reference.  Figure 2 shows a top down view of the data. 

 

 

 

 

 

 

  

 

 

1.2 The Invasion Percolation Model 

 

Invasion percolation simply put is a way to grow clusters.  There are many types of percolation.  

Two of the more common ones are site and bond percolation.  With site percolation, sites on an 

empty lattice are randomly occupied.  This leads to clusters forming as neighboring sites are 

occupied.  With bond percolation a bonds between two sites are randomly occupied and the 

cluster forms between the sites.  LNTIP is a bond type percolation model.  The invasion 

percolation models come from the fact that, instead of randomly filling any spot on a lattice, they 

start at an origin and randomly grow from there.  LNTIP does this as well. 

Figure 3: [8,9] shows a set of 
data points representing 
areas of measured 
earthquakes.  These micro 
quakes would signify actual 
fractures.  Each color is 
related to a fluid injection 
event.  Event one data 
points are purple, event 
two data points are green, 
etc. 
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Figure 4: example of bond (left) and site (right) percolation.  Clusters in site percolation are formed when occupied sites touch 
faces.  A spanning cluster spans the lattice, or touches more than one side of the lattice, like the bond lattice on the left.  That 
cluster is said to be a percolating cluster 
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For one aspect of LNTIP, understanding self-avoiding walks (SAW) is helpful.  A self-avoiding 

walk grows randomly from the current site but avoids stepping on any spot it has previously 

occupied (see figure 5). 

 

Figure 5: Example of a self-avoiding walk (SAW).  (a)As the walk progresses it is given three possibilities to progress.  (b)When 
the walk is given an option to step back on a previous spot it eliminates that option. 

 

 

LNTIP uses a growth algorithm similar to a SAW but instead of growing from a single point, it 

can grow from any previously occupied sites.  It works by starting at an injection site in a lattice 

with bonds connecting sites .  These bonds are randomly given strengths between zero and one.  

This injection site expands to other areas depending on which bond is the weakest (see figure 6).    
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Figure 6: [6] As the cluster grows it extends through bonds of the weakest strengths. Notice the bond 
between (0, 0) and (0, 1) is removed from the possible options, this thereby stops the formation of a 
loop which in some cases could trap bonds. Also note that the cluster extends to the weakest bonds 
and every occupied site is a candidate for expansion. 

. 

Another part of LNTIP algorithm is that the expansion simply stops the formation of loops.  The 

SAW like nature of the algorithm does this by default.  Removing bonds that connect two 

adjacent occupied sites prevents the model from forming loops.  This is important for analysis 

since a loop or trapped bond could not give evidence on how it was made. It would be unclear 

how a loop was formed, if it was a result of a single fault or gradual fracturing. 

 

 

 

 

 

 

 

 

 

 

 

All of these factors make up the logic behind the algorithm of LNTIP. 
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1.3 Universality 

 

 What is universality?  Universality is how many different physical systems have the same 

critical behavoir.  A more precise definition would be, a universal model shares the same scaling 

exponents with other models in the same universality class.  A universality class has models in it 

that share the same scaling exponents, meaning that they have the same macroscopic physics.  

Changing certain parameters of how the model behaves without changing the main algorithm 

should not change the scaling exponents.  If it does then the model has a very limited universality 

class. 

A very simple example of a scaling exponent would be measuring the mass of a uniform two 

dimensional disk by using circles of expanding radius.  Whatever part of the circle falls in the 

disk gives us the mass of the parts of the disk in 

the circle.  As the radius increases so does the 

mass enclosed giving the equation for the mass 

of the disk to be 𝑚(𝑟) = 𝜎𝜋𝑟𝑑𝑓, where 𝜎 is the 

density and 𝑑𝑓 is called the fractal 

dimensionality.  𝑑𝑓 is an example of a scaling 

exponent and in this case it would be two..  For a 

line the equation would look like 𝑚(𝑟) = 2𝜆𝑟1 

making 𝑑𝑓 one in this case, and for a sphere it 

would be three.        

 

Figure 7: an example of fractal dimension taken from mass 
as a function of radius.  As the radius of the circle increases 
more of the cluster is encompassed.  This gives a more 
accurate measurement but the cluster takes up less area in 
the circle. The fractal dimension can be solved form the 
equation that results (Norris 2014) 
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For clusters like the ones made by LNTIP and other cluster models, the scaling exponents will 

not be integer values.  Figure 4 demonstrates how different models from different universality 

classes look in macro scale and how there scaling exponents, fractal dimension in this case, 

differ as well.  The Ising model is another real world example of a simple toy model that falls in 

a certain universality class.  It can be applied to the spin systems of dipole moments.  This model 

can also be applied to thermodynamics and other systems that can be reduced to several units 

that have two state variables which interact with each other.  These systems and the models for 

them based on the Ising model all share the same universality class.  The Ising model shows that 

universality applies to real world systems as well as computational models.   

For percolation models some examples of the many scaling exponents are fractal dimensions, 

chemical dimensions, branching statistics, and bursts scaling .  

 

Figure 8: On the left a percolation cluster and on the right a Diffusion limited aggregation, (DLA), cluster.  While they both 
represent chaotic system and can seem similar from up close there macroscopic behaviors are very different.  Because of this 
there big picture shape is different and the scaling exponents are just as different.  Shown in the middle is the fractal dimension 
for each 
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1.4 Testing universality 

 

In order to test for universality, certain parameters of the model must be changed to alter the 

growth of the cluster..  For LNTIP, the clusters tend to be isotropic or growing equally in all 

directions.  A factor can be used to make the clusters anisotropic thereby changing the shape of 

the cluster without changing the way the cluster develops, or the algorithm.  The factor “a”, for 

anisotropy, was applied to the matrix functions that represented stresses on the lattice the model 

would use, 𝜎𝑥𝑥 = 𝑎𝜎𝑦𝑦 .  If “a” equals one, then the cluster is isotropic, if it is infinity, then a 

line would be the only thing visible propagating in the x direction.  Figure 6 shows how the 

shape of the cluster changes with “a”. 

 

Figure 9: [5,6] showing how changing parameter “a” affects the cluster growth.  The star is the injection site or site where the 
cluster starts.  The “a” is the value that is called the anisotropy.  The four colors are sites where the largest burst happen.  A 
burst is area where a strong bond failing leads to the failure of many weaker bonds.  The regions in black are smaller bursts or 
areas where no bursts happen. 

 

Since the part of the project accomplished here was to get the program running, the discussion on 

the different methods used to test universality and the scaling exponents to be tested will be 

minimal.  For better understanding some examples of scaling exponents are: 
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Fractal dimensions: the ability of a cluster to fill a certain space. There are many ways to 

measure this all depending on the type of system.  The way described earlier in this paper is 

common and what is used by “Geo percolation”.  That is, measure the mass as a function of 

radius and take the logarithm of both sides of the equation.  Finally solve for fractal dimension. 

 𝑚(𝑟)~𝑟𝑑𝑓 

log(𝑚) ~ 𝑑𝑓 log(𝑟) 

The fractal dimension could be found by doing a least squares fit of the log-log data. 

log(𝑚) ~ 𝑑𝑓 log(𝑟) + 𝐶 

𝑑𝑓 ~
log(𝑚)

log(𝑟)
− 𝑐 

Chemical dimensions: A good example of chemical dimension is to follow a single path and 

examine how branching occurs (see figure 7).  A definition as given by Norris, 2014, is the 

number of bonds between two points along a cluster [5].  The equation and manner of solving is 

similar to fractal dimension, 𝑀~𝑙𝑑𝑙. 

Branching statistics: Because LNTIP does not create loops the clusters can be thought of as a tree 

or some branching system.  This allows the use of branch ordering statistics.  A simple way of 

explaining this is to list the types of branches in certain categories or orders.  Type one is the 

smallest.  From this idea equations for bifurcation ratio, 𝑅𝑏 =
𝑁𝑖

𝑁𝑖+1
, or the ratio of the types of 

branches can be expressed.  Ni is the number of branches of a type or order.  Another equation 

used is called, length order ratio 𝑅𝑟 =
𝑟𝑖+1

𝑟𝑖
.  Where ri is the average length for a type of branch [2, 

10].  Figure 10 shows a visual for branching and chemical dimensions.  
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Bursts: when a strong bond fails, it is followed by a sequence of smaller bonds failing.  This 

leaves large areas covered in fractures.  A user cannot see this directly so the “Geo percolation” 

program keeps track of bond strengths and counts fractures as a bust if the bonds breaking are 

smaller than the previous large bond  [6].  A threshold strength is used to make this even simpler.  

As long as the bonds involved are lower in strength that the threshold, a burst is counted.  Once a 

bond is broken that is larger than the threshold, then the burst stops.  The equation  𝑁𝑏~ 𝑚𝑏
𝑠𝑏 is 

what is used to solve for burst distribution [6].   

Other equation are involved for some of these scaling exponents as well as other methods needed 

but this is sufficient for here. 

The project has succeed in enabling the program to run on a Linux environment fully and also on 

a Windows environment partially.  The Windows version had problems with command line 

execution but the Linux version runs completely on the Fulton supercomputer (BYU 

supercomputer), and preliminary data was obtained.  This data comes in the form of lists but is 

also visually given as plots in separate files. More on these in results. 

Figure 10: [6] (left) example 
of chemical dimension.  The 
star is the injection site.  
Notice that a single path is 
followed.  The number of 
bonds would be what was 
counted here.   

(Right) example of branching 
statistics.  Blue is the 
primary branch with red 
being secondary and green 
being the smallest branch.  
They are given numbers to 
represent types or orders.  
These would be summed up 
and used for finding scaling 
exponents. 
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2 Simulation 
 

This section goes over the code and how it works to accomplish the task of creating the clusters.  

The code was written in C++ and some parts are more complex than others.  The use of a 

language like C++ allows for the implementation of object oriented programming. By breaking 

the code up into classes a programmer can adjust and troubleshoot the program with greater ease.  

The principles of encapsulation is taken advantage of here.  Encapsulation is a principle in 

computer programming that has to do with keeping data contained to the places it is needed and 

not letting that data show up or get changed anywhere else.  Better definitions can be given but 

this should suffice.  For our purposes this means we can keep an efficient flow of information 

that does not take up unnecessary resources and will not get used where it does not need to be.  

There is also a settings file which allows the changing of key features of the program without 

having to recompile.  An abbreviated description will be given for this file. 

2.1 Code 

 

The “Geo percolation” code uses many files to operate.  All of these files are used for the most 

part.  There are many classes and functions that exists in these files.  For the goals mentioned in 

this paper troubleshooting and patching required some knowledge of each part of the code but 

not extensive knowledge.  This will allow a brief but sufficient description of the files involved.   

Algorithm 

This is where the algorithms are stored.  In the “settings file”, discussed later, we choose which 

algorithm we want to use to make the clusters.  There are two main classes for these algorithms.  

One is “ip_central_Algorithm”, which an unbound invasion percolation model from a central 
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site.  This model does not require a pre-defined lattice to run, but generates the lattice as needed.  

The other is the “natural_fracking_algorithm” which is designed to work with pressure 

simulation. It needs a lattice and the pressure is increased uniformly for each bond.  When the 

pressure is greater than the bond strength the fracture spreads at that bond.  This is closer to 

traditional percolation.   

Both of these are child classes to the algorithm class, which is stored in the “Abstract_Classes.h” 

file.  While the algorithm class handles how clusters are made in general, each one of these child 

classes defines the specific cluster growth algorithm.  They also handle how to clean up after 

themselves as well. 

Analysis 

This file is used to calculate various parameters of the cluster such as scaling exponents.  Some 

of the items in the file may sound strange, but they were discussed in 1.4 of this paper.  Terms 

like the “frequency and magnitude distribution of bursts”, “the cluster mass”, “the mass 

distribution”, “the Tokunaga statistics”, and “fault statistics” are found in this file.  Tokunaga 

statistics has to do with branching and branch ordering. The term mentioning burst has to do with 

the topic of burst mentioned in 1.4 of this paper.  The mass terms are relating to the amount of 

occupied sites, they count as the mass of the cluster.  Fault statistics is not used in the working 

version of this program.  As mention by Norris (2014) LNTIP does not have this feature but it 

can be incorporated later [6].   This file also has methods for saving all calculation to files. 

Bond 

This is a class that defines the properties of a bond.  It is pretty simple and straight forward.  The 

bond in here is a simple bond and is a child class to Bond which is found in the 
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“Abstract_Classes.h” file.  It has a value for the strength and then getters and setters for that 

value as well as the others values in the Bond class. 

Common runs 

 This allows for the user to select from different types of algorithms. The modules to choose 

from are: normal, time faults, largest strength, strength distribution, and natural fracking,  

Lattice 

Where the different lattice types are stored.  There are one dimensional line lattice, two 

dimensional square lattice, three dimensional cubic lattice, four dimensional hyper cubic lattice 

are the just some of the available types.  There are higher dimensional, up to six dimensions, 

infinite hyper cubic lattice available, as well as other versions of two and three dimensional 

lattices for use.  These are child classes, the parent class is located in the abstract classes file. 

Main  

Simply drives the program.  This also looks at the configuration file and passes the settings 

accordingly.  It calls tools and simulation to accomplish its tasks. 

Simulation 

This acts like a storage bin to hold various pointers from other classes.  This allows the program 

to communicate with itself.  The pointers found in this class testify of the modular nature of the 

program: Algorithm, Lattice, Site, Bond, Timing, and Strength. 

Site 

Sites act like a nodes in a network. Stores information about the point, like whether or not it is 

occupied or not. 
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Strength 

This class uses a random number generator to distribute bond strengths.  The higher the bond 

strength the more it takes to “break” or allow the cluster to grow past the bond.  There is also a 

test class to distribute strengths differently.  This is one place to add code that would help test the 

universality of the model. 

Tools 

This contains functions that allow various helpful actions to be performed on the simulation.  

Abstract classes 

This is where the true hierarchy exists (figure 12).  All parent classes exist here.  The program 

uses several interfaces or classes with pure virtual functions and only pure virtual functions.  

Simulation is not included as an abstract class, though it is used in some of these interfaces. 

Forward declaration 

This namespace lists the children classes of the various abstract classes.  The program uses 

interfaces so all that is needed is this list to get it running.  The benefit of this is that less header 

files are required.    

2.2 Settings file 

 

The Simulation configuration file.  The purpose of this file is to allow the user access to settings 

that effect how the simulation runs, and what measurements will be made outside of the code.  

This means changes can be made without the need to recompile.  

The purpose of each setting will be explained here. 
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Name 

Allows the simulation to be named. 

Size of run 

A setting for the number of bonds in the cluster.  The bigger the cluster the longer it will take to 

run but there will be more fractures for analysis.  Increasing physical memory helps to speed up 

larger cluster simulations.  

Number of runs 

How many times the simulation runs.  This ultimately means how many distinct clusters.  Just 

like with “size of run”, setting this to higher values increases the time of the simulation to run but 

you get more data to analyze.  Higher processor speeds help reduce run times. 

Dimensions 

This sets the dimensions of the lattice.  The lattice types available are listed partly in 2.0 of this 

paper. 

Lattice type 

Sets the lattice shape for each dimension type.  Also partially listed in 2.0 of this paper. 

P_c 

Stands for probability critical or the burst water level and controls the number of bursts.  

Traditionally it tells us what fraction of the bonds need to be occupied to have an infinite 

spanning cluster.  Choosing p_c to be the critical occupation probability for the lattice results is a 

power-law distribution of burst sizes..   
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Type of runs 

Sets the type of algorithm, calls one of the coded algorithms found in the algorithm file. 

Type of strength 

How to generate random numbers.  What are they between and how are they distributed.  This is 

where you set the functions to distribute bond strengths. 

Fractures 

Whether or not fractures are recoded to a data file. 

Bursts 

Used to store bursts, Similar to fractures.  Burst are basically areas in the cluster that have 

multiple broken bonds.     

Mass r 

Finds mass as a function of radius.  If turned on this will produce a data file.  It is necessary to 

use this for testing universality.  Consequently this is turned on. 

Mass l 

Mass as a function of chemical level.  An example would be following a path and seeing how 

many bonds there are.  This is also set to true in the settings file. 

Branching 

This setting is for whether or not we want branching information to be printed out to a file during 

the simulation.  This is set to true. 
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Fault 

This setting is similar to branching but for faults.  This is set to false because it was not needed 

for testing and, as mentioned above, it has not been fully incorporated yet.  It also caused 

segmentation errors, most likely due to how it was being written to file.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: screen shot of settings file. 
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Figure 12: this represents the flow of the abstract classes.  Notice that 
simulation is not in this chart even though it is used in lattice and 
algorithm.  This is because it is not considered an abstract class.  Notice 
as well that both strength and timing do not interact with other classes at 
this level. 

2.3 Implementation  

 

After choosing the settings needed to 

execute any specific run.  The program 

will follow simple steps to accomplish 

its goal.  To avoid going into 

unnecessary detail it is simply 

illustrated in figure 7.  All major 

classes used for the program can be 

easily followed in the abstract classes 

file.  Site is the lowest being used by both lattice and bond.  This is because both classes need the 

site the will be assigned the necessary values. Algorithm then takes the information from lattice 

and bond in order to produce the cluster according to the algorithm selected in the setting file.   

2.4 Getting it working 

 

In order to get the program up and running a decision needed to be made on what environment to 

work on, there were many options to choose from, but since time was limited two were chosen as 

possible candidates.  These candidates were, Windows personal computer, and Linux.  They 

were readily available and had certain qualities that made them desirable.   

For the personal computer, the fact that it provided a convenient workstation that researchers 

could experiment seemed helpful.  The personal computer available also had the necessary 

hardware for running the program simulations albeit very small simulations.  To get this version 

running “Geo percolation” needed to be debugged and a couple libraries had to be installed to get 

it working on visual studio.  
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For the Linux system we wanted a version that could be ran on the BYU Supercomputer.  Since 

“Geo percolation” does not need to be multi-threaded it would use the same logic to run on a 

supercomputer as it would a personal computer.  The greater resources available on a 

supercomputer would allow the simulation to run much faster.  The real limit on “Geo 

percolation” is available RAM and not number of processors, though that helps too.  The BYU 

supercomputer has lots of RAM for the needs of this work.  Surprisingly all that was needed was 

a version of the code that was adapted to a Linux environment found on Norris GitHub page 

“jqnorris/geo_percolation”.  This version has been patched and troubleshot in the past by various 

other people.  This meant only minor changes needed to be made to get it working.  The biggest 

change was to set Linux to run an older version of Python.  The command for this is shown in 

the last two lines of figure 13.   

2.4.1 Supercomputer 
 

 

 

Figure 13: a snap shot of the script used to run jobs on the Fulton super computer. Most lines on here are just for running on 
this specific computer system, but the main lines to notice are lines four and five.  Eight cores were requested and 128 GB of 
memory, but notice that the script generator chose 131 GB instead.  This might just be because the Fulton supercomputer 
tries to use as much resources as necessary to keep at 100 percent usage. The last two lines tell the computer the version of 
Python needed and what file to execute. 
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Minor steps are needed to get the program running on a supercomputer but this information is 

covered in other documents and is simple enough.  Essentially a script is needed to get any job 

queued and running properly on a super computer.  This script may differ from supercomputer to 

supercomputer but it is just there for efficiency and speed of getting assigned jobs completed.  

The pertinent information here is that eight CPU cores were used with 128 GB of memory.  This 

is substantially more than what was available on the personal computer, with only four cores and 

16 GB of memory.  More memory and cores could have been requested but for a test job of 1000 

runs at 1000 bonds, it was not needed.  Finally Python module 2.7 must be set as the Python 

environment used.  And the Python file “run_job.py” needs to be ran through the Python 

environment.  The program manages its self from that point on. 
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3 Results 
 

The reason Windows and Linux became the options for running the program was because, they 

were available at the time.  It was also possible to install Linux on a personal computer but since 

the supercomputer was already a Linux environment the personal computer option ended up as 

an inferior choice. 

The personal computer that was used had the necessary components to run small jobs.  It would 

also be convenient for future researchers to have a copy of the executable file on their computer.  

Packaged with the associated Python files, they could run their own jobs and experiment on their 

own.  Those jobs would have to be small, but cluster size of 1 million is not impossible.  The 

Linux supercomputer offered an environment that the code was already adapted to.  It also had 

significant resources to allow for very large jobs.  The plots available were obtained from 

running the invasion percolation model successfully on a Linux supercomputer environment.   

3.1 Steps for Windows 

 

In order to get the code working on a Windows machine the program was successfully reworked 

for Visual Studio.  Originally the code was made on a Linux machine some time ago, so besides 

getting the code working in a different environment we also updated some aspects that are no 

longer supported. 

Some libraries that were used in the code were not found in Visual Studio.  Equivalent libraries 

were successfully installed and parts of the code were reworked to use those libraries.  The code 

had to be adapted in order to get it working. For example the boost library was one such library 

that was installed in order for the code to operate.  Some instances of the code needed to be 
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adapted in order to have access to the newly installed library and that was done successfully.  

Changing one part of the code would break other parts, and fixing another part of the code may 

actually break what was already fixed.  After some extensive troubleshooting and reprograming, 

the code was able to run without any major faults. 

The problem with using a Windows environment goes beyond adjusting the code.  The problem 

that made it impossible to use a personal computer for the current workflow was Windows itself.  

The current C++ code that generates the model is ran through a Python script.  This script tries to 

run commands on the operating system in order to set up the necessary file structure and execute 

the invasion percolation code.  One of the commands that it uses is a command for a symbolic 

link.  In Linux this is simple, but in Windows the syntax changes with each new version of the 

operating system.  Symbolic links are basically short cuts to a program, this avoids having to 

make copies of the program.  When Windows attempts to make a symbolic link it turns it into a 

short cut to a file folder.  This causes a fatal error in the Python script and the program crashes.  

Sometimes the program or even the computer itself freezes up and requires using Task Manager 

to resolve. 

In order to get this program running in Windows it may need to be completely redesigned.  It 

could be made to not create symbolic links and a user could manually make hard copies of the 

file and file system, but this could get tricky and cause problems if not done properly.  Maybe 

there are versions of Windows that can still allow for the creation of symbolic links.  Older 

versions of Windows may still have working link commands but they may fall short in other 

areas of requirement, like hardware.   
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3.2 Steps for Supercomputer 

 

Using a supercomputer for this project meant having access to considerable resources.  This 

would allow more runs and larger clusters.  The more data the better when it comes to 

determining universality.   

In order to get the code working on a supercomputer the original code that was troubleshot had 

to be discarded.  This was simply because it was changed so much for a different environment 

that it would be easier to start from scratch than patch what was already done.  It was discovered 

that using unaltered code on the Linux environment also did not work.  In fact it might have 

taken just as long to get it working on Linux as it did on Windows.  Luckily there was a version 

of the code that actually worked with minimal change found on Quinn Norris GitHub page, as 

mentioned above.  The Linux environment on the Fulton Supercomputer that we were using 

allowed for compiling and running code in various versions of Python.  Choosing an older 

version worked.  In order to get the code to operate fully we needed to turn off some things in the 

“sim_config.txt” file.  Faults for example was an option that was turned off, which was not 

needed to test anyway.   

There are a couple Python scripts needed in order to run the program. These files work together 

to create the file structure, run the program, collect the data and plot.  An example of three of 

these are:   

Aggregate data: used to collect data and save it to a readable file as well as assembling 

the plots. 

Distributions: contains algorithms and logic for creating the distributions found in plots. 
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Run job: does exactly as the name suggests.  Here you can determine how the “jobs”, or 

an execution of the program on the computer system, are handled. 

 

Figure 14: A screen shot of the list of Python scripts (left) and how the file hierarchy is set up in the “runs” folder after the 
program is ran (middle). The resultant data and plots found in the “aggregate folder after the program is completed. 

 

The data that comes out looks like a matrix of numbers. There is a file for burst distribution.  

There is a file for “mass_l”, which is mass computed from looking at a single path and seeing 

how it branches.  There is a file for “mass_r”, which is mass as a function of radius. 
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Figure 15: sample of aggregate data files.  Here you can see the data for the first 50 of a thousand sample run. 

 

We get data for each parameter turned on we turned on in the “sim_config.txt” file. 

Once the program outputs the data files, plots can be made.  There are primitive plotting tools 

included in the set of Python files.  
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The resultant plots appear but without labels and backwards, they are also normalized.  

 

 

Because of this the plotting tools need some restructuring to find out why they are not plotting as 

expected or labeling.  This is not needful as other plotting software exist.   

 

Some of the key features found in these plots are:  

Un-normalized probability distribution function.  Which is found in the bottom blue 

curves.  This is our data and tells us how many of x size is in the cluster. 

The top red curve is the complementary cumulative distribution function (CCDF).  

Which generally means how many of a size is greater than x is visible in the cluster.  It is 

often called the survivor function.  Since the cluster is limited in size, the bursts must also 

be limited, so there is a cutoff for the cluster size.  Looking at figure 16 shows that the 

Figure 16: left is the burst distribution, top right is the mass l, used for finding chemical dimension.  Bottom right is mass r, used 
for finding fractal dimension.  These plots are un-normalized and backwards, also there are no labels. 
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plot for bursts is linear on a log-log plot.  This indicates a power law, and since the burst 

must be limited the truncated power law is evident [1]. 

The plots for the mass as a function of radius and mass as a function of chemical length 

do not look linear.  This is because the cluster was small, only 1000 sites or M = 1000 

and we are looking at the CCDF rather than the cumulative distribution function.  If 

bigger clusters are made we get plots that look like figure 17. 

 

 

Figure 17: plots as found in Norris (2014).  The larger number of sites in the cluster, or mass, allows for more linear plots.  Hear 
we also see that after solving the equation for m(r) all one has to do is look at the slope of the plot to determine the fractal 
dimension. 

This means if a bigger cluster size was simulated with this works “Geo percolation” code a 

researcher could determine scaling exponents.        
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4 Discussion 
 

Getting a program that was made in a specific environment to work on current machines had its 

many barriers.  Since the program was written in C++ there is no real problem there.  The issues 

arise when the Linux syntax in C++ does not work in the same way in Windows Visual Studio. 

Originally the LNTIP program was written to work on a Linux personal computer some time 

ago.  When the decision was made to try and get the program working on Visual Studio it was 

understood that some changes needed to happen.  It took some time to work out all the different 

segmentation faults and linker errors encountered.  This was because as newer versions of Visual 

Studio comes out certain things change and some things even get removed.  Some libraries were 

installed and code was changed to replace what was used in Linux.  The syntax for some of the 

algorithms were changed to support the Visual Studio environment.  This took more time than 

was initially planned for and was the bulk of the research.  The program was successful in 

running in Visual Studio. 

The Windows version was abandoned however because of failings in the Windows 

implementation of symbolic links.  A Linux version was produced instead.  It proved easier to 

get the Linux version running because the program was made in Linux.  It did take some effort to 

update some things but after minor changes and using the right version of Python, the program 

ran fine.  Except for faults, which may be because of how the faults were being saved.  Since 

faults were not being used yet this option was disabled and no errors were produced.  There is 

future work here to be done. 
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This project proved to be an excellent way of learning programming for physics.  Things like 

how the computer looks at code and how that translates into how the problem should be 

approached. 

Encapsulation is necessary for projects like this to work.  If data is not kept in tight bounds 

troubleshooting becomes exponentially harder.  Also any reasons for unusual anomalies found in 

the data or plots can be quickly located in the code.  Encapsulation also helps to avoid problems 

with difficulties in writing new code.  For instance if the way strengths are assigned is changed, 

it may break the way the lattice is made.  This does not happen, but without using principles of 

encapsulation any random error can form and become difficult to solve.   

The ease of using a supercomputer is also important.  Learning Linux commands and how jobs 

are executed is the easy part of this project but it is extremely useful.  Familiarity with the many 

forms of IP is important as well.  This way it would not require extensive analysis of plots to see 

what is actually going on.  Understanding IP will help show any researcher weather or not any 

changes to the program actually mattered. 

The first half of this project required the ability to work with multiple disciplines.  Both 

physicists and Computer scientist were instrumental in getting it all up and running.  Having the 

ability to switch from explaining the problem to a physics orientated mind to a computer 

orientated mind is crucial.  Otherwise no one will be sure of the help they can offer.  Learning 

the problem enough and understanding both ways of thinking is a way to accomplish that. 

With all that being said the project is currently at the half way phase.  All of the difficult steps 

needed to get the program working and producing data is complete.  The next steps may are 
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straight forward and will actually provide results for the testing of universality.  That can be 

simple or complicated depending on how any researcher wants to proceed. 
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5 Conclusion 
 

Somethings that could be done in future steps for this research would be improving workflow 

tools.  For example getting the plotting tools working or making some plotting program that 

would automatically plot data and normalize it accordingly.  This would allow a researcher to 

run the simulation and pull out plotted data for analysis without having to deal with output files.  

The straight forward approach of not dealing with collecting the files, sorting them accordingly, 

and plotting them with an external plotter, not only takes time but also can lead to mistakes and 

user errors that would give bad results. 

A more necessary step would be create a bigger run on the supercomputer and analyze the data.  

This is one of the next goals of the overarching project.  The current plots are good but from a 

small test run so some things are not sufficient, like m(r) not being linear.  The number of runs 

and size of cluster was at one thousand each but more useful information could be gleamed from 

more data.  With the supercomputer, a cluster of one million would not be considered too large 

and over a thousand runs would be a start. 

5.1 Analysis and Future work  

 

The resultant plots could then be analyzed checking the individual aspects of universality 

mentioned earlier.  After that the code needs to be modified to change the way the cluster is 

generated.  This would create a different cluster and running the simulation again would give 

additional data to analysis and test against the other run. 

One possible way to alter the clusters would be to alter the lattice.cpp file in the 

“modify_strength” function.  This function exists for each type of lattice available.  A little 
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digging would show the researcher how the strengths for each bond is assigned.  The way the 

strengths are assigned could be altered to allow greater bond strengths in certain directions.  The 

overall shape of the cluster would change.  This is only one of the many ways to change 

parameters for the cluster. With enough different cluster information the universality could be 

analyzed fully.   

Because of inheritance, the actual function does not have to be altered.  The researcher could 

make a separate child function and assign it to be used instead of the current one.  This modular 

design could be the case for all alterations of the code.  Doing this would avoid troubles with 

coding in the future and allow access to previous functions.  If something fails, the original 

functions still exists unaltered.  

Commenting out code is one way to do this but a more streamlined approach would be better.  

Making a switch and assigning each version of a type of function to a variable in that switch is a 

better but not perfect solution.  This way all the researcher would have to do is insure the right 

switch value is active to trigger the desired function. 

Some more debugging can be done to fix the programs ability to have faults turned on.  This 

simply means that faults will be recorded to file.  Most likely the way this information is being 

stored is causing segmentation faults.  Since it was not necessary to use this information it was 

simply turned off and left for later troubleshooting. 

Additional modification could be made to allow the program to use OpenGL.  Since the data is 

output as a lattice of numbers, a simple drawing can be done.  This would help others viewing 

the data to conceptually understand what is going on.  A logical statement could be used to check 

for burst and other anomalies to color them in the drawing.  This would make the anomalies easy 
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to spot.  For example density sampling.  The drawing can be programed to show a user where 

high counts of fracturing occurred, by changing color or increasing opacity.  Checking to see 

how density changes from different versions of an LNTIP cluster may be another way of testing 

universality.     
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