WHAT IS IT?
-----------
On July 20th, James Holmes committed a mass shooting in a midnight showing of The Dark Knight Rises. Mr. Holmes was armed with a 12-gague Remington 870 Express Tactical Shotgun, Smith & Wesson M&P 15 semi-automatic rifle, and a Glock 22 40-caliber handgun. It is important to note that all the aforementioned firearms violated Senator Dianne Feinstein assault weapon ban. After releasing tear gas into the theater, James Holmes fired approximately 110 rounds, striking 58 people (CBC News 2012, Fahrenthold 2012, Parker 2012). The Aurora Colorado shooting was used as a test case to validate this
framework for modeling mass shootings.

HOW IT WORKS
------------
The simulation is considered complete when all civilians have either escaped or been shot. 
	Running speed – feet/second the agent can run
	σ – the standard deviation a gunman or security guard aims off center
	Capacity – number of rounds the magazine of the agent can hold
	Ammo - maximum amount of ammo for that weapon
	
	Escape Distance –is leaving the movie theater via the exit. 
The simulation environment consists of a two-dimensional Cartesian world. When it is either the gunman’s turn to act, they aim directly for the center of their target. The bullet they fire is perturbed from this intended trajectory. This error represents both the gun’s and the shooter’s accuracy. A smaller perturbation is indicative of a more accurate gun and shooter. The perturbation is a normally distributed random variable. The baseline standard deviation (σ) of the random variable is calculated from the maximum effective distance of the gun. The maximum effective distance of a gun is considered the distance at which an average trained shooter can hit a human torso, assumed 1.4 feet in diameter, 50% of the time. Assuming a normal distribution, it becomes possible to determine the standard deviation or baseline measure of the accuracy for each weapon. Take for example the AR-15, which has an effective range of 1804.46 feet (Dockery 2007).
 θ=tan^(-1)〖(radius human torso)/(effective range)〗
	Using the equation above, the AR-15’s θ=0.022 degrees. In other words, 50% of the time the AR-15 will fire a bullet within 0.022 degrees of the intended aiming line. The mean of the random normal distribution is assumed to be 0. To determine the standard deviation, the equation σ=  θ/0.67 is used (Bertsekas 2002).
	In the case of the AR-15, the standard deviation is 0.033. Any additional deviation is caused by the shooter; therefore to represent a less accurate shooter the standard deviation can be increased. We now have the information necessary to plot the trajectory of a bullet fired. The shooter aims at the center of the target. For the gunman, this is the closest civilian the bullet leaves at a trajectory that is altered by random normal distribution; for the AR-15 this is N(0,0.033 + human error).  The bullet travels on this adjusted trajectory, and the first person that is less than 0.7 feet (assumed radius of the torso) off of the trajectory and within the range of the gun is considered shot. The bullet is assumed to travel instantaneously and does not penetrate through a person or wall.

HOW TO USE IT
-------------
The user of the simulation can adjust the parameters of the weapons. An interesting thing to do is to examine what factors affect the number of people shot. For example,
is the amount of people shot affected more by magazine capcity or reload time.

RELATED MODELS
--------------
The base model for this simulation can be found:
Hayes, Roy Lee, Hayes, Reginald Lee (2013, August 26). "Mass Shooting Simulation" (Version 1). CoMSES Com-putational Model Library. Retrieved from: http://www.openabm.org/model/3920/version/1
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