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Introduction
	On November 6th, 2012, Colorado officially approved Amendment 64, also called the Colorado Marijuana Legalization Amendment with 55.32% of the people voting yes. This amendment updated the state’s constitution to completely legalize the recreational use of and possession of one ounce of marijuana for Colorado citizens over the age of 21, similar to the how laws treat alcohol or tobacco beginning in 2014 [3]. Out-of-state visitors are also able to purchase marijuana and legally use it, but are limited to purchasing no more than ¼ of an ounce in a single transaction [7]. All plants must be highly regulated by the government, with each plant grown getting tagged with a radio frequency identification chip in order to track its health. Before it can be sold the government mandates that it is tested for contaminants and that it must be sold in child-proof containers [8]. One of the biggest parts of the amendment declared that the sale of recreational marijuana will have to incorporate the state sales tax as well as additional taxes specifically targeting the drug. In the fiscal year of 2015 alone, marijuana raised over $70 million in tax revenue for the state [1]. Policy officials and citizens state that they are happy with the decision to legalize marijuana and believe it to be good for the state of Colorado.
	Colorado is not the only place where drugs are beginning to be less criminalized. In America, Washington, Alaska, and Washington D.C. have jumped aboard the recreational use of marijuana train. California, Nevada, Arizona, New Mexico, Montana, Minnesota, Michigan, Illinois, Connecticut, Delaware, Hawaii, Maine, Maryland, Massachussetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont have all passed legislation that legalizes marijuana for medical uses and many more states are predicted to follow [4]. In 2001, Portugal decriminalized the possession and use of all drugs, not just marijuana. Amsterdam is known for its legal marijuana coffee shops where people can go in and purchase and later smoke in a public location. Many countries in Latin America such as Ecuador are on their way to legalizing all drugs in a similar fashion to Portugal as well. A more lax policy on drugs is emerging everywhere in the world, but it begs the question what are the actual effects of these new laws?
Motivation
	For decades, especially in the United States, policy makers have been waging a “War on Drugs”. In the 1960s, the use of drugs recreationally became much more prevalent in America. Their use began to symbolize a sort of social rebellion from the status quo in a time of war and unhappiness with the government. During President Nixon’s time in office in the 1970s, the war on drugs was officially declared after a report that showed a huge problem with returning soldiers from Vietnam being addicted to heroin. He created the DEA and a few other federal drug control agencies, while also actually focusing on the importance of treatment for addicts. In 1976, however, a huge anti drugs parent movement began as well as a huge backlash to the media glamorization of cocaine and the government began to really crack down on laws against drugs. With the rise of crack cocaine in inner-city communities in the mid 80s and the drug cartel coming from Columbia, addiction rates were on a steep rise as well as violence from drug trafficking. In 1986, Ronald Reagan signs the Anti-Drug Abuse Act, allocating $1.7 billion to fight the drug crisis. $97 million of this was set aside to build new prisons with the rest going to treatment and education. The bill also created the mandatory minimum sentences for drug offenses. In 1990, President Bush added to this budget another $1.2 billion dollars [10]. 
	As of today, this war of drugs has received over $1 trillion in funding as well as sky rocketed incarceration rates for drug offenses from 40,000 in 1980 to 500,000 in present day. In spite of the massive amount of spending and intense crack down by police forces, drug use has not gone down in the slightest. 450 tons of heroin is trafficked yearly, with approximately 22 tons going to the United States to consume. These numbers are dwarfed when one analyzes the cocaine market. It is estimated that 865 tons of cocaine was produced worldwide in 2008, with the United States being the lead consumer in the world at 165 tons. If all of the drug users in the United States formed a nation, it is estimated to be the fifth most populous in the entire world [2]. 
Modeling Objective
	Clearly, the policies that the United States enacted criminalizing drugs over the past 40 years have not fixed the drug use, violence, and addiction problems that the country sees. Many proponents of a less aggressive stance on drug use look to countries in Europe as examples of what happens when policy officials decide to go the opposite route and create a lax drug environment. Portugal provides a very interesting case study in which statistics seem to claim that 15 years after the decriminalization of all drugs, drug usage reports have surprisingly decreased in the country. In 2000, nearly 1% of the population was addicted to heroin and the government decided it needed to do something. The new law states that if a person is found possessing less than a 10-day supply of any drug, ranging from marijuana to heroin, he/she is sent to a commission made up of a lawyer, doctor, and social worker who recommends either a small fine or treatment and then the person is sent off with no other punishment. 
	When this policy was enacted, many people predicted that drug usage rates would increase dramatically. This was not the case at all, however. Drug usage rates in young adolescents aged 15-24 has decreased from 2001 to 2012 from almost 6% of the population to fewer than 4% of the population. One can also see this phenomenon in the greater population of 15-64 year old drug usage dropping from a little over 2% to about 1.5% of the population [6]. Many argue that the United States should begin to adopt policy similar to this or even more lax to combat the drug crisis. There are a few studies, however, that begin to discuss the possibility that the decrease in drug usage amongst the population was not as correlated to the decriminalization law as proponents argue. Portugal also made drastic changes to other laws in the financial and public sphere that provide treatment to addicts. More resources were allocated to expanding prevention, treatment, and social reintegration programs. There was also a massive expansion of the welfare system in Portugal including a guaranteed minimum income [5]. Opponents of a more lax drug policy often use these claims that it was not actually the decriminalization law that helped the country make its way out of a drug crisis. 
	Because of this debate amongst policy creators and the increasing prevalence of similar drug laws in the United States and around the world, this work predominantly attempts to examine the differences in drug usage amongst purely rational humans in a world where drugs are legal versus a world where drugs are illegal in order to create a clearer description as to what factors caused the situation in Portugal to happen. 
Methods
	There were two models created, both using NetLogo. The first model depicts a world where rational humans purchase drugs on the street because they are illegal and the second model is a world where drugs are purchased legally in stores.
Both Worlds
In both models there are people with different aspects of personality. Each person is randomly assigned upon setup an initial amount of money, a personality that influences risk behavior (how likely that person is to try a drug), and an initial level of happiness. The people in this model act in a purely rational way assuming that when given different options of action, he/she will always choose the one that increases his/her overall utility. Recent studies have shown that this applies in particular to drug usage and addiction due to the neurotransmitter called dopamine that is related to feelings of pleasure and elation. Drugs of all types have the commonality of increasing dopamine levels in the brain; the more dopamine that is released during a certain activity, the more likely that the person will choose to do that activity again [9]. 
Drugs are not the only things that increase happiness; many activities provide people with spikes in dopamine. For this study, it is simplified to four overall actions that can lower or increase dopamine in the brain: working, eating, drugs, and building friendships. Working decreases dopamine, but increases total money providing a utility of income minus the amount of happiness a person’s job takes away. Eating increases dopamine because it allows a person to survive, but lowers money because of the cost of food giving a utility of dopamine increase from food minus the cost of paying for it. Building friendships only increases dopamine at no monetary cost to the person, providing a greater increase of dopamine if the person has no friends since humans are innately social creatures compared to the increase in dopamine that building friendships gives to people who already have friends, but giving an overall increase in dopamine regardless. Doing drugs is the most complex function involving overall utility because it increases utility dramatically more than most actions depending on the potency of the drug, but also can get decreasingly less effective as a tolerance to the drug is built, making the user purchase a larger quantity in order to receive the same effects. 
Each person is also given a set of friends in a network using the preferential attachment algorithm that comes in the nw extension of NetLogo. This algorithm is based on the Barabasi-Albert Algorithm where as a node is added to the network (in this case a person upon setup) it will form links with already added nodes. The mechanism with which it decides which nodes to form links with is calculated by increasing the probability that new nodes will connect to an already added node depending on how many nodes are already attached to it. The more nodes that are attached to a node, the greater the likelihood that a new node will attach to it. As the person exists in the world, he/she will develop the desire to have friends who participate in the same activities as them. This is modeling the social aspect of drugs and how people who do drugs often associate with people who also do drugs and people who don’t do drugs often associate with people who do not do drugs. 
Legal World
	In the world where drugs are considered legal, users must purchase them in stores that are taxed by the government. To simplify, this work examines one neighborhood that assumes all inhabitants have equal access to the store in the area. In order to purchase a drug from the store, a person must have friends that are willing to do drugs as well and spend money on them. Because there is no personal connection with a dealer to get drugs or try them for the first time, this imitates how unlikely it would be for a person to just walk into a drug store alone and pick one up to try it by his or herself. When calculating the drug utility function, this work takes into account the ease of finding to mean how likely the person will have willing friends to try a drug. If the friends are willing it calculates the dopamine increase and money decrease, but if there are no willing friends, the person will not choose this. This is supposed to imitate the influence of peer pressure and group mentality when doing drugs for the first time. As time goes on, however, it becomes less important to the user if he/she has willing friends. 
Illegal World	
	In the world where drugs are considered illegal, users must purchase them from a dealer. Upon setup, not only are normal people added to the world, but also dealers. A dealer will be created in the population 5 times for every 100 people.  People form relationships with dealers depending on the way the preferential attachment algorithm is generated. In order to do drugs, a person must have access to a dealer, to simplify this, it is assumed that there can be no more than 3 links separating a person from a dealer in order for this person to have access to drugs. When calculating the utility that doing drugs returns, the ease of access to a dealer is taken into account. If a person does not have access to a dealer through either a direct connection or through friends, he/she will be unable to do drugs. The ease of access amount is increased the closer to a dealer that a person is. As time goes on and friendships begin to be created, it will be easier for a person to gain direct access to a dealer.
Results and Analysis
	In order to verify that this model’s implementation functions as needed, BehaviorSpace was used to fully analyze what happens when variables are changed and then compared to the real world data gained from Portugal’s case study in order to piece together why drug-usage went down for the country after all drugs were decriminalized. The other variables remained constant for each experiment with these parameters: Energy of Job = 50, Energy-From-Food = 20, and Cost-of-Food = 10. These experiments ran on a population of 100 people. 
	Four BehaviorSpace experiments were run in order to compare the two different worlds. Each run stopped after 100 ticks had passed to simulate the person living to be 100 and was repeated 10 times.  The drug costs was varied in each run from 0 to 50 incremented by 5 each run. 
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Conclusions
[bookmark: _GoBack]	In comparing both situations where the drug was extremely potent, such as heroin, and the situations where the drug was not as potent, such as marijuana, drug usage overall was much higher in the world where drugs were legalized and purchased in a store than a world where drugs were illegal and purchased on the street. In the legal world for low potency drugs, the amount being used was higher over a larger range of costs as well implying that people are more willing to pay more for low potency drugs such as marijuana when they are being sold in stores compared to when they are being sold on the street. From this one can begin to make the conclusion that the proponents of drug legalization who say drug usage decreases might be taking other factors besides solely the legislation. Because in this experiment the only thing that changed between the two worlds was the mechanism of how a person achieved initial access to a drug, it only takes into account the question of whether or not the legislation itself is what is changing the population’s overall drug usage. As the paper that questioned whether the drug usage rates in Portugal were actually because of solely the legislation or the result of a multitude of legislation passed brings up, it is likely not just the fact that drugs were decriminalized that led to the decrease in use.  
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