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  1. Crime Hotspots 

Spatio-temporal clusters of crime 
 

Burglary, grand theft auto 
 

Time scales: hours to months 
   Geographical scales:  a few city blocks 

GTA, Los Angeles  Residential burglary, Long Beach 



  Broken Windows effect 

“Consider a building with a few broken windows. If the windows are not repaired, 
the even tendency is for vandals to break a few more windows. Eventually, they 
may even break into the building, and if it‘s unoccupied, perhaps become squatters 
or light fires inside. Or consider a sidewalk. Some litter accumulates. Soon, more 
litter accumulates. Eventually, people start leaving bags of trash from take-out 
restaurants there or breaking into cars.” 

 
James Wilson and George Kelling, Atlantic Monthly 1982 

Crime generates  
more and worse  

crime 
 
 



  Routine Activity Theory 
“I always go back to the same places because, one you been there, you know just 
about when you been there before and when you can go back. And every time I hit 
a house, it’s always on the same day of the week.” 

 
 
 



Repeat victimization 



Bowers, K.J., and Johnson, S.D. (2005). 
 European Journal of Criminology, 2(1), 67-92. 

Your neighbors are at risk as well! 



Residential burglary, Long Beach 

Repeat and Near-repeat burglaries within one year 
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Repeat burglary probability is higher at short distances 
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p2(t) =
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D(D+1)

If random, repeat burglary probability within D days is 



Ingredients 
“Imagine a 
swarm of 
robots that 
you could 
infiltrate a 
city with. 
You might 
be able to 
find 
Osama.”  

 

“The whole 
magic is at 
the swarm 
level.”  

 

“Am I 
intelligent? I 
don’t know. 
Is this 
Tupperware 
box 
intelligent? 
Well, it 
might be.”  

 

“I like things 
that are 
absolutely 
insane.”  

 
Interview conducted on 
December 16, 2004, and 
edited by Peter Tyson, 
editor in chief of NOVA 
online  

 

hop robot and then move toward a three-hop robot and a two-hop robot, etc. etc. Eventually you will get close to the robots that are right next to the chargers. Then you can 
see the chargers and go right in.  
They say things like, "I'm robot number five of seven. I'm recruiting you to be robot six of seven. And it's your job to recruit robot seven of seven." If you're doing, for 
example, follow the leader, you can share information as to who needs to recruit whom. 

 
 
Swarming 
NOVA scienceNOW: You've written that local interactions among individual robots produce global behavior, "sometimes unexpectedly so." Can you give an example of 
unexpected behaviors that arose? 
McLurkin: There are two things here. There's unexpected in that, "Look, there's emergent intelligence." Something amazing has happened that I didn't even know has 
happened. The robots are doing amazing things. There's also unexpected in that, "Look, that is not what I expected to happen. There must be an error in my software." I'm 
describing two reactions to the same phenomenon. I don't attribute emergent behaviors to amazing insights and interactions among the robots. I attribute them to me as the 
engineer not understanding the system.  
One example of an emergent behavior that I was not anticipating: I was trying to get the robots to spread evenly throughout their environment, trying to have them move 
themselves so that there were robots everywhere in the whole room, leaving no empty spaces. And I made an error in the program; I flipped some signs in the equations. 
And when I ran the software, the robots formed into little clumps. Essentially they made polka dots on the floor, which was very entertaining after the fact. At the time it 
wasn't so entertaining, because they weren't supposed to do that. But it was really very cute retrospectively. I wish I had taken pictures of it. 
NOVA scienceNOW: Do you feel a closer affinity to the swarm as a whole than you do to, say, an individual robot? 
McLurkin: On an emotional level, individual robots are more appealing because you can look at one—maybe it's robot #73—and watch that robot run around and wonder, 
"Hunh? What is that robot doing?" You can identify it and personify it and get into it. But the whole magic is at the swarm level. It does take some practice. You've got to 
learn how to twist your neck in the right direction to get a feel for what the whole swarm is doing and what you told the whole swarm to do. There definitely is Zen in there. 
There's a level of using the Force. There's a—what's the word?—gestalt. There's a something! 
NOVA scienceNOW: A synergy? 
McLurkin: Synergy, yes. But that doesn't describe what you the user needs to employ to understand what is happening. You need to be very laid back and develop a very 
good qualitative feel for what the swarm is going to do.  
NOVA scienceNOW: You mean intuition. 
McLurkin: Thank you! Intuition. And that has taken a long time. It's very important to trust that and be able to have access to that, because intuition often operates on a 
subconscious level, and it affects your design decisions. It affects what problems you are trying to solve. It affects how you structure your software. It affects how you 
structure your problems.  
My hope is that somewhere in the intuition are some of the answers to the problems I'm trying to solve. If I'm able to consistently make the robot do something that is 
correct, then at some level I must understand something about how this swarm works. The trick is for me to be able to get at that knowledge and articulate it. Once I can say 
it and write it, then I can study it very carefully and ascertain whether or not it is actually correct. Then publish about it and become famous, write lots of papers, become a 
professor, etc. etc.  
NOVA scienceNOW: Right. So what happens if one or more of the robots in your swarm fails? 
McLurkin: The whole advantage of the swarm is that failures of individual robots do not largely affect the output of the group. The magic word for that is what's known as a 
distributed system. The system is distributed amongst many individuals. So if you take the system apart piece by piece, it will still function. The opposite of that is a 
centralized system, where if you eliminate the centralized controller the whole thing falls apart.  
NOVA scienceNOW: You use things called distributed algorithms to program your robots. 
McLurkin: Exactly. A distributed algorithm is a piece of software that runs on mini computers. An example of this is the sharing software, as opposed to Napster. Napster is 
actually an example of a centralized system, which is why the lawyers were able to shut it down, because they had someone to sue. With something like Kazaa, it is spread 
out all over the Internet. You can't sue it. There is nothing to sue. Ants and bees, as you might imagine, are very distributed systems, where each individual system is 
running its own software, has its own sensors, makes its own decisions.  
NOVA scienceNOW: Your robots also rely on what you call Robot Ecology. What's that? 
McLurkin: In the iRobot Swarm [iRobot is a Burlington, Mass.-based robot manufacturer for which McLurkin works], there was a lot of very serious engineering that we had 
to overcome in order to get to the point where we could just sit down and write software, which is where we are now. And the engineering that we had to deal with was 
designing robots that you never had to touch. Any time you have to touch one robot, even something simple like turning it on, you will most likely have to do the same thing 
with all 100 of them.  
So we developed this mantra—"robots in the glass box." You can see them but you are not allowed to touch them. We had to design all this support. We call it a swarm 
extrastructure, as opposed to infrastructure. It's a play on words. So we could go about our work, and the robots could take care of themselves, things like charging, which 
you alluded to; remote power on; remote power off; remote programming; some remote debugging; ability to get data off the whole swarm. There is a lot of software and a 
lot of hardware that let the robots do their thing, and we can just sit back and collect our data. Mostly. 

 
 
Around the bend 
NOVA scienceNOW: So what's our collective future with robots? Will they soon be ubiquitous in our lives, even swarm robots? 
McLurkin: Well, many of the tasks that robots are good for and multiple robots can do even better—especially things that involve searching or coordination or security or 
mapping—are dangerous, dirty, and dull, things that people don't want to do or find too boring to do. But the best application for robotics has yet to make itself clear. 
There are two reasons why this is the case. The technology is very, very new. The field is at best 60 years old. It's not clear exactly what robots are really going to be good at 
and what applications are really ideal for them to do. (Except for going to Mars: it's a lot of fun but very dangerous, very expensive, very hard to get people there, so robots 
are great for Mars.) 
The other problem with this thing is that we don't understand the nature of intelligence at all. Intelligence in general is very, very complicated. We don't even know what we 
don't know. We can't even ask the questions to begin to do the research to understand intelligence. We can't even define intelligence. Am I intelligent? I don't know. I might 
be. I might not be. Are ants intelligent? I don't know. Is this Tupperware box intelligent? Well, it might be.  
The problem of trying to get robots to act intelligently and do intelligent things.... It is difficult to articulate to people who aren't in the field how stupid robots are and how 
stupid computers are and how little they can do without very precise human control. "Little," actually, is an overstatement. How they can do nothing without precise human 
control.  
NOVA scienceNOW: I remember Steve Squyres, the head of the current Mars mission, saying that his rovers are way dumber than your average laptop.  
McLurkin: Oh, yes. And your average laptop is way dumber than your average bacteria. Yet robots can still be useful. My vacuum cleaner is a robot. It bounces around my 
apartment and does a nice job cleaning. It has limitations. It will get stuck. I have to go find it when I come home some days. But as long as I can accept its limitations, it 
will do what I have asked it to do. 
Our cars are robots, essentially. People don't think of them like that, but most cars have five or six computers in them, all networked, all talking. If you buy an expensive car, 
you might get into the double digits of computers. Airplanes are very, very robotic. Autopilot is a classic example, where the robot is flying the plane. Robotics are starting to 
come into daily life disguised as cell phones and MP3 players and TiVos and things that people don't associate with robotics.  
Computers are taking over in that kind of way. There is an explosion right now in what are called embedded systems, where computers are built into common things and are 
literally everywhere. Everything we get has a computer in it. If it has power connected to it, you can be pretty sure that there is a computer in there—like microwaves, 
dishwashers, light switches, clocks, etc. Very, very exciting research is happening right now to figure out what can happen if all these simple computers can start to talk to 
each other. 
NOVA scienceNOW: Like in Terminator, where the world's computers become hyperaware? 
McLurkin: I've got a series of slides that address this exact issue. The problem is that Hollywood has done robots a disservice in a bunch of different ways. It makes very 
complicated tasks seem easy—people can build robots that do all these amazing things. In reality, we are decades, maybe even centuries away from things like that. 
And there are only three main plots. First, there's the Frankenstein plot, which is society's view on robots. There's the Tin Man plot, which is a robot trying to attain humanity. 
And then there is the Terminator plot, which is robots taking over the world. The way I address this in the talk is, the best way to avoid giant killer robots is to not vote for 
people who want to build giant killer robots. 
Robots, by their nature, are a technology. They are neither good nor bad. Splitting of atoms is a technology. Cars are a technology. More people die in cars than—pick 
whatever statistic you want. Yet no one argues that cars are taking over the planet. So that is not something that I really worry about. It's probably thousands of years away 
anyway. We have more things to worry about now with normal, conventional weapons, with people who want to kill each other. 

 
 
Life as a robot guy 
NOVA scienceNOW: Can you ever see yourself not working with robots? Will that time ever come in your career, or are you always going to work with them? 
McLurkin: I love building things. I have always loved building things. I love making things work. I love being able to write software and then watch that software make 
robots move and make the lights blink and the speakers go and things like that. Robotics is the highest form of that art, the art of electromechanical software systems. So I'll 
probably be here for awhile.  
NOVA scienceNOW: Is the kind of work you do something you share with others, or do you work autonomously? 
McLurkin: Both. You can never get to the next level on your own. You have to have comrades. You have to have counterpoint. You need people to inspire you. You need 
people to tell you, "You are being a moron." You need oversight. You need advisors and people who are more senior than you to say, "Yeah, people tried that in the '50s in 
Russia and it's not going to work. Try this." 
NOVA scienceNOW: Have you had a mentor, someone to really get you fired up? 
McLurkin: I can't say that I've ever really had a mentor per se. I have a lot of people senior to me who have taken a lot of time to get me moving in correct directions and 
tell me when I'm going in the wrong direction. I've got a lot of colleagues, people who are my age and my stature, whom I can bounce ideas off of and whom I can work with. 
That's maybe a third of it.  
Then there's a large portion of it where I need to be chained to my desk, slaving over an algorithm with paper and pencil or wired into the robots, typing in software and 
watching the robots run. A lot of that really cannot be spread over multiple people. It's just you and your computer and your software until the wee hours of the morning. My 
ants are very active at this time of night too, so they can keep me company. 
NOVA scienceNOW: For all the aspiring robot engineers out there, what kind of mind do you need for this kind of work?  
McLurkin: The most important thing for any kind of work is to enjoy it, to have passion. To be a hands-on engineer, you need to have a mind that really likes building, that 
likes creating, that likes solving problems, that likes to take things apart, understand them, and get them back together and have them still work. 
NOVA scienceNOW: Have you learned anything from the high school students you teach? 
McLurkin: Lots and lots. They never fail to surprise me in terms of what they bring to the classroom and how they approach things and what they understand and what they 
don't understand. I'll spend three hours working on something that is 15 minutes of lecture that I think will cause a lot of difficulty, and I'll spend perhaps five minutes on 
things that I think are easy. When I go to teach, I discover the exact opposite, that the thing that I've prepared lots of examples for and thought through very carefully, they 
all get that. The thing that I didn't think needed to be explained because it was so easy, that's where the questions come. 
The real joy, though, is—well, there are two of them. When I see that they get it and can take it and run with it, that's really a lot of fun. And it is also really nice being 
surprised when they come up with questions or solutions or examples that you never thought of, because they're coming from a different world than you are.  

 
 
Not just function anymore 
NOVA scienceNOW: Last question: what's the most exciting thing you've heard about lately in your field or not in your field? 
McLurkin: SpaceShipOne. SpaceShipOne is really cool. The fact that it's just a stick-and-rudder plane; it's not computer controlled. The guy's actually flying that thing all the way up and all the way down. And the problem that they set out to solve is mind-bogglingly hard. I mean, you have to get this thing in space, land it, tear it down, prep it, and get 
it back up. And it worked. 
Burt Rutan [SpaceShipOne's designer] is obviously brilliant. He's been called brilliant by people far more brilliant than I am, so clearly he must be brilliant. The other thing about SpaceShipOne is that it looks like it ought to. It looks like a space ship. It looks crazy and wild. 
NOVA scienceNOW: All Rutan's creations are. There is such a wild look to them.  
McLurkin: That's where he goes. He's got the combination of formidable engineering talent and a design aesthetic. And design is something that I've been spending a lot more time thinking about in the past two or three years, getting in touch with my right brain, my little, impoverished right brain. 
I just gave a talk at Honda. I talked about engineering creativity. There is a double entendre there: creativity for engineering, and how do you actually make creativity, the act of engineering creativity out of the things around you. And one of the things that you have to do is really study fine design. 
You could have made SpaceShipOne look like a breadbox or something equally ugly and still have it perform. But he chose not to. He chose to make it elegant and beautiful and futuristic and crazy, which describes what the product is. The product is absolutely insane. I like things that are absolutely insane.       
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hop robot and then move toward a three-hop robot and a two-hop robot, etc. etc. Eventually you will get close to the robots that are right next to the chargers. Then you can 
see the chargers and go right in.  
They say things like, "I'm robot number five of seven. I'm recruiting you to be robot six of seven. And it's your job to recruit robot seven of seven." If you're doing, for 
example, follow the leader, you can share information as to who needs to recruit whom. 

 
 
Swarming 
NOVA scienceNOW: You've written that local interactions among individual robots produce global behavior, "sometimes unexpectedly so." Can you give an example of 
unexpected behaviors that arose? 
McLurkin: There are two things here. There's unexpected in that, "Look, there's emergent intelligence." Something amazing has happened that I didn't even know has 
happened. The robots are doing amazing things. There's also unexpected in that, "Look, that is not what I expected to happen. There must be an error in my software." I'm 
describing two reactions to the same phenomenon. I don't attribute emergent behaviors to amazing insights and interactions among the robots. I attribute them to me as the 
engineer not understanding the system.  
One example of an emergent behavior that I was not anticipating: I was trying to get the robots to spread evenly throughout their environment, trying to have them move 
themselves so that there were robots everywhere in the whole room, leaving no empty spaces. And I made an error in the program; I flipped some signs in the equations. 
And when I ran the software, the robots formed into little clumps. Essentially they made polka dots on the floor, which was very entertaining after the fact. At the time it 
wasn't so entertaining, because they weren't supposed to do that. But it was really very cute retrospectively. I wish I had taken pictures of it. 
NOVA scienceNOW: Do you feel a closer affinity to the swarm as a whole than you do to, say, an individual robot? 
McLurkin: On an emotional level, individual robots are more appealing because you can look at one—maybe it's robot #73—and watch that robot run around and wonder, 
"Hunh? What is that robot doing?" You can identify it and personify it and get into it. But the whole magic is at the swarm level. It does take some practice. You've got to 
learn how to twist your neck in the right direction to get a feel for what the whole swarm is doing and what you told the whole swarm to do. There definitely is Zen in there. 
There's a level of using the Force. There's a—what's the word?—gestalt. There's a something! 
NOVA scienceNOW: A synergy? 
McLurkin: Synergy, yes. But that doesn't describe what you the user needs to employ to understand what is happening. You need to be very laid back and develop a very 
good qualitative feel for what the swarm is going to do.  
NOVA scienceNOW: You mean intuition. 
McLurkin: Thank you! Intuition. And that has taken a long time. It's very important to trust that and be able to have access to that, because intuition often operates on a 
subconscious level, and it affects your design decisions. It affects what problems you are trying to solve. It affects how you structure your software. It affects how you 
structure your problems.  
My hope is that somewhere in the intuition are some of the answers to the problems I'm trying to solve. If I'm able to consistently make the robot do something that is 
correct, then at some level I must understand something about how this swarm works. The trick is for me to be able to get at that knowledge and articulate it. Once I can say 
it and write it, then I can study it very carefully and ascertain whether or not it is actually correct. Then publish about it and become famous, write lots of papers, become a 
professor, etc. etc.  
NOVA scienceNOW: Right. So what happens if one or more of the robots in your swarm fails? 
McLurkin: The whole advantage of the swarm is that failures of individual robots do not largely affect the output of the group. The magic word for that is what's known as a 
distributed system. The system is distributed amongst many individuals. So if you take the system apart piece by piece, it will still function. The opposite of that is a 
centralized system, where if you eliminate the centralized controller the whole thing falls apart.  
NOVA scienceNOW: You use things called distributed algorithms to program your robots. 
McLurkin: Exactly. A distributed algorithm is a piece of software that runs on mini computers. An example of this is the sharing software, as opposed to Napster. Napster is 
actually an example of a centralized system, which is why the lawyers were able to shut it down, because they had someone to sue. With something like Kazaa, it is spread 
out all over the Internet. You can't sue it. There is nothing to sue. Ants and bees, as you might imagine, are very distributed systems, where each individual system is 
running its own software, has its own sensors, makes its own decisions.  
NOVA scienceNOW: Your robots also rely on what you call Robot Ecology. What's that? 
McLurkin: In the iRobot Swarm [iRobot is a Burlington, Mass.-based robot manufacturer for which McLurkin works], there was a lot of very serious engineering that we had 
to overcome in order to get to the point where we could just sit down and write software, which is where we are now. And the engineering that we had to deal with was 
designing robots that you never had to touch. Any time you have to touch one robot, even something simple like turning it on, you will most likely have to do the same thing 
with all 100 of them.  
So we developed this mantra—"robots in the glass box." You can see them but you are not allowed to touch them. We had to design all this support. We call it a swarm 
extrastructure, as opposed to infrastructure. It's a play on words. So we could go about our work, and the robots could take care of themselves, things like charging, which 
you alluded to; remote power on; remote power off; remote programming; some remote debugging; ability to get data off the whole swarm. There is a lot of software and a 
lot of hardware that let the robots do their thing, and we can just sit back and collect our data. Mostly. 

 
 
Around the bend 
NOVA scienceNOW: So what's our collective future with robots? Will they soon be ubiquitous in our lives, even swarm robots? 
McLurkin: Well, many of the tasks that robots are good for and multiple robots can do even better—especially things that involve searching or coordination or security or 
mapping—are dangerous, dirty, and dull, things that people don't want to do or find too boring to do. But the best application for robotics has yet to make itself clear. 
There are two reasons why this is the case. The technology is very, very new. The field is at best 60 years old. It's not clear exactly what robots are really going to be good at 
and what applications are really ideal for them to do. (Except for going to Mars: it's a lot of fun but very dangerous, very expensive, very hard to get people there, so robots 
are great for Mars.) 
The other problem with this thing is that we don't understand the nature of intelligence at all. Intelligence in general is very, very complicated. We don't even know what we 
don't know. We can't even ask the questions to begin to do the research to understand intelligence. We can't even define intelligence. Am I intelligent? I don't know. I might 
be. I might not be. Are ants intelligent? I don't know. Is this Tupperware box intelligent? Well, it might be.  
The problem of trying to get robots to act intelligently and do intelligent things.... It is difficult to articulate to people who aren't in the field how stupid robots are and how 
stupid computers are and how little they can do without very precise human control. "Little," actually, is an overstatement. How they can do nothing without precise human 
control.  
NOVA scienceNOW: I remember Steve Squyres, the head of the current Mars mission, saying that his rovers are way dumber than your average laptop.  
McLurkin: Oh, yes. And your average laptop is way dumber than your average bacteria. Yet robots can still be useful. My vacuum cleaner is a robot. It bounces around my 
apartment and does a nice job cleaning. It has limitations. It will get stuck. I have to go find it when I come home some days. But as long as I can accept its limitations, it 
will do what I have asked it to do. 
Our cars are robots, essentially. People don't think of them like that, but most cars have five or six computers in them, all networked, all talking. If you buy an expensive car, 
you might get into the double digits of computers. Airplanes are very, very robotic. Autopilot is a classic example, where the robot is flying the plane. Robotics are starting to 
come into daily life disguised as cell phones and MP3 players and TiVos and things that people don't associate with robotics.  
Computers are taking over in that kind of way. There is an explosion right now in what are called embedded systems, where computers are built into common things and are 
literally everywhere. Everything we get has a computer in it. If it has power connected to it, you can be pretty sure that there is a computer in there—like microwaves, 
dishwashers, light switches, clocks, etc. Very, very exciting research is happening right now to figure out what can happen if all these simple computers can start to talk to 
each other. 
NOVA scienceNOW: Like in Terminator, where the world's computers become hyperaware? 
McLurkin: I've got a series of slides that address this exact issue. The problem is that Hollywood has done robots a disservice in a bunch of different ways. It makes very 
complicated tasks seem easy—people can build robots that do all these amazing things. In reality, we are decades, maybe even centuries away from things like that. 
And there are only three main plots. First, there's the Frankenstein plot, which is society's view on robots. There's the Tin Man plot, which is a robot trying to attain humanity. 
And then there is the Terminator plot, which is robots taking over the world. The way I address this in the talk is, the best way to avoid giant killer robots is to not vote for 
people who want to build giant killer robots. 
Robots, by their nature, are a technology. They are neither good nor bad. Splitting of atoms is a technology. Cars are a technology. More people die in cars than—pick 
whatever statistic you want. Yet no one argues that cars are taking over the planet. So that is not something that I really worry about. It's probably thousands of years away 
anyway. We have more things to worry about now with normal, conventional weapons, with people who want to kill each other. 

 
 
Life as a robot guy 
NOVA scienceNOW: Can you ever see yourself not working with robots? Will that time ever come in your career, or are you always going to work with them? 
McLurkin: I love building things. I have always loved building things. I love making things work. I love being able to write software and then watch that software make 
robots move and make the lights blink and the speakers go and things like that. Robotics is the highest form of that art, the art of electromechanical software systems. So I'll 
probably be here for awhile.  
NOVA scienceNOW: Is the kind of work you do something you share with others, or do you work autonomously? 
McLurkin: Both. You can never get to the next level on your own. You have to have comrades. You have to have counterpoint. You need people to inspire you. You need 
people to tell you, "You are being a moron." You need oversight. You need advisors and people who are more senior than you to say, "Yeah, people tried that in the '50s in 
Russia and it's not going to work. Try this." 
NOVA scienceNOW: Have you had a mentor, someone to really get you fired up? 
McLurkin: I can't say that I've ever really had a mentor per se. I have a lot of people senior to me who have taken a lot of time to get me moving in correct directions and 
tell me when I'm going in the wrong direction. I've got a lot of colleagues, people who are my age and my stature, whom I can bounce ideas off of and whom I can work with. 
That's maybe a third of it.  
Then there's a large portion of it where I need to be chained to my desk, slaving over an algorithm with paper and pencil or wired into the robots, typing in software and 
watching the robots run. A lot of that really cannot be spread over multiple people. It's just you and your computer and your software until the wee hours of the morning. My 
ants are very active at this time of night too, so they can keep me company. 
NOVA scienceNOW: For all the aspiring robot engineers out there, what kind of mind do you need for this kind of work?  
McLurkin: The most important thing for any kind of work is to enjoy it, to have passion. To be a hands-on engineer, you need to have a mind that really likes building, that 
likes creating, that likes solving problems, that likes to take things apart, understand them, and get them back together and have them still work. 
NOVA scienceNOW: Have you learned anything from the high school students you teach? 
McLurkin: Lots and lots. They never fail to surprise me in terms of what they bring to the classroom and how they approach things and what they understand and what they 
don't understand. I'll spend three hours working on something that is 15 minutes of lecture that I think will cause a lot of difficulty, and I'll spend perhaps five minutes on 
things that I think are easy. When I go to teach, I discover the exact opposite, that the thing that I've prepared lots of examples for and thought through very carefully, they 
all get that. The thing that I didn't think needed to be explained because it was so easy, that's where the questions come. 
The real joy, though, is—well, there are two of them. When I see that they get it and can take it and run with it, that's really a lot of fun. And it is also really nice being 
surprised when they come up with questions or solutions or examples that you never thought of, because they're coming from a different world than you are.  

 
 
Not just function anymore 
NOVA scienceNOW: Last question: what's the most exciting thing you've heard about lately in your field or not in your field? 
McLurkin: SpaceShipOne. SpaceShipOne is really cool. The fact that it's just a stick-and-rudder plane; it's not computer controlled. The guy's actually flying that thing all the way up and all the way down. And the problem that they set out to solve is mind-bogglingly hard. I mean, you have to get this thing in space, land it, tear it down, prep it, and get 
it back up. And it worked. 
Burt Rutan [SpaceShipOne's designer] is obviously brilliant. He's been called brilliant by people far more brilliant than I am, so clearly he must be brilliant. The other thing about SpaceShipOne is that it looks like it ought to. It looks like a space ship. It looks crazy and wild. 
NOVA scienceNOW: All Rutan's creations are. There is such a wild look to them.  
McLurkin: That's where he goes. He's got the combination of formidable engineering talent and a design aesthetic. And design is something that I've been spending a lot more time thinking about in the past two or three years, getting in touch with my right brain, my little, impoverished right brain. 
I just gave a talk at Honda. I talked about engineering creativity. There is a double entendre there: creativity for engineering, and how do you actually make creativity, the act of engineering creativity out of the things around you. And one of the things that you have to do is really study fine design. 
You could have made SpaceShipOne look like a breadbox or something equally ugly and still have it perform. But he chose not to. He chose to make it elegant and beautiful and futuristic and crazy, which describes what the product is. The product is absolutely insane. I like things that are absolutely insane.       
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1.  Residential burglary, crime of opportunity 
 

2.  Victimized once, easier to be victimized again 

3.  Introduce dynamically changing  
“environmental” attractiveness A(x,t)	



 
Sites are made “better” by criminal activity 
Criminals are biased towards “better” sites 

 
Feedback loops criminals/environment 

 



Agent based model, a cartoon 
A=8 

A=5 

A=14 

A=4 

A=2, start 

A=7 

A=3 

A=9 

A=10 



i) Site not very attractive, move 
A=8 

A=5 

A=14 

A=4 

A=2, start 

A=7 

A=3 

A=9 

A=10 



i) Site not very attractive, move 
A=8 

A=5 

A=14 

A=4 

A=2 

A=7 

A=3 

A=10 

A=9, end 



ii) Attractive site, steal 
A=8 

A=5 

A=4 

A=2 

A=7 

A=3 

A=9 

A=10 A=14,  
start 



ii) Attractive site, steal 
A=8 

A=5 

A=4 

A=2 

A=7 

A=3 

A=9 

A=10 A=14, 
steal, 
leave 



A increases close to theft site 
A=8 

A=5+1 

A=14+2 

A=4 

A=2 

A=7+1 

A=3 

A=9 

A=10 



A decreases away from theft site 
A=8-1 

A=6 

A=16 

A=4-1 

A=2-1 

A=8 

A=3-1 

A=9-1 

A=10-1 



Scheme, parameters 



Simulations 

  

Many criminals,  
low increase in A 

No hotspots 
 

Few criminals,  
large increase in A 
Transient hotspots 

 
Many criminals,  

large increase in A 
Stationary hotspots 



Continuum model 
∂A
∂t

=η∇2A− (A− A0 )+ ρA

∂ρ
∂t

=

∇⋅

∇ρ −

2ρ
A

∇A

%

&'
(

)*
− ρA+Γ

Attractiveness diffuses through environment 
decay, replenished by criminal acts 

 
Criminals depleted through reactions with system 

spontaneously generated 
 

Diffusion and advective motion up gradients of A 
 



Continuum vs. discrete 



Steady state 

Same parameters 
as discrete (a), (b) 

Same parameters 
as discrete (c) 

 
Many criminals,  

large increase in A 

Stationary hotspots: enhanced risk  
of repeated crime is high enough to diffuse and be 
sustained locally without binding distant crimes 



Linear Stability Analysis 

∂A
∂t

=η∇2A− (A− A0 )+ ρA

∂ρ
∂t

=

∇⋅

∇ρ −

2ρ
A

∇A

%

&'
(

)*
− ρA+Γ

A*= A0 +Γ

ρ*= Γ
Γ+ A0

A = A*+δAe
σ tei


kx

ρ = ρ *+δρe
σ tei


kx



Linear Stability Analysis 

σ (k)

σ  - imaginary 
σ   – real 

 
Typical wavenumber k* -- Typical distance λ = 2π/k* 



Hotspot separation 

λ  = 2π/k* -- fitted vs. simulated data 

Larger diffusivity à larger typical hotspot separation  



Extensions 
Suppression of 

hotspots 
 

Policing 
 

Spatial 
heterogeneity 

 
Application to 

geographical data 
 

Self exciting point 
processes 



  2. An informant and a criminal 

The 
apathetic 

The villain The  
informant 

The paladin 



To commit a crime or not. 
To collaborate or not. 

Paladins: will not commit crime and will always report 
 

Villains: will always commit crimes and never report 
 

Apathetics: will not commit crimes but will not report 
 

Informants: will commit crimes and will report 

Assume constant population 
 

P + V + A + I = N 
 

strategies may change in time 



The crime 

Begin round - each player has value 1. 
 
 

1.  Choose a victimizer (V or I) 

2.  Choose a victim (any player) 

3.  A “crime” occurs with transfer of “wealth” δ<1 
      

    Victim                    Victimizer 
1-δ   	

 	

          1+δ	



4.  Reporting?  
       If the victim is a villain or an apathetic no reporting 

 end of round - start over 
 

If the victim is a paladin or an informant reporting 
 beginning of “investigation” - move to investigation 

 



The investigation 

Only if victim is paladin or informant. 
 
 
 

1.  “Witness” pool of mP, mI, mA, mV individuals 

2.  How many of them will corroborate victim’s story?  

 
      

 
3.  Victimizer is convicted with probability ω.  The δ “loot” is 

returned to the victim. The victimizer is punished by θ. 

4.  Victimizer is free with probability 1-ω. The δ “loot” is kept by 
the victimizer. The victim gets extra loss ε due to retaliation. 

€ 

ω =
mP + mI

mP + mI + mA + mV



Find “loser” between victim and victimizer 
(player with lower payoff) 

 
 

Change his/her strategy by comparing  
final payoffs and imitating 

 

Changing strategy 

Imitate victimizer - copy total strategy 
Loser becomes an informant or a villain 

 

OR 
 

Imitate victim - become non criminal 
copy only reporting strategy  

Loser becomes a paladin or an apathetic 
 

Bias removed, “empathy” 



Agent based vs. continuum equations 

At t=0  I0, P0, V0, A0 
 

Study dynamics 
Compare agent based (stochastic) and continuum descriptions 

Find equilibria.  
Stability?  



Dynamics 
I0=40, A0=P0=0, V0=960 

 
I0=A0=0, P0=400,V0=600 

 

Stochastic 

Deterministic 

Paladins “win” 
UTOPIA 

Villains “win” 
DYSTOPIA 

θ = 0.6,	


ε = 0.2, δ = 0.3 

N=1000   



Upon closer inspection 

Achieving utopia is strongly dependent upon I0. 
 

For P0 < PT2 , adding one informant leads to 5-10% 
 increases in the probability of reaching utopia 

N=100 
A0=0, V0 = N - P0 - I0. 

PT1 PT2 



Linear Stability Analysis 

From the deterministic case: 
 

Dystopia is unstable to the 
addition of informants 

 
A saddle point emerges 

 
Utopia stable for P > Pc 

 

Hence, if I0 > 0 
 

We always end up in utopia 
according to the deterministic equations 



Costs? 
To achieve utopia we need informants 

Let’s recruit them from the villain pool. 
 

This comes at a price. 
at t=0 we convert I0 villains 

 
Cost = cost to convert informants + losses to society due to crime 

Stochastic vs. deterministic 
 

OPTIMAL CONVERSION 



What do real people do? 



Here is what UCI college kids do  

16 experiments, 10 treatments, ~ 400 students 
 

Learning rounds, inertia, ‘parallelized’  
 



Outcomes 
Theory  College kids  

Theory  College kids  



  3. Rehabilitation and Recidivism 
  

The carrot and the stick 



  



The criminal life 
Players are exposed to criminal activities 

and choose to commit crimes or not based on: 
 

1.  Past criminal history 
2.  Surrounding environment 

3.  If recidivists: enrollment in rehabilitation programs 
 
 

Build and keep track of players criminal history 
N0, N1,  N2,  …. Nk, ….  

 



The criminal life 
For each convicted crime: PUNISH AND REHABILITATE 

 

Players may permanently reform: PALADINS 
 

If the number of crimes reaches a threshold criminals are irreducible: 
UNREFORMABLES  

 
 
 
 



Paladins and Unreformables 

N0        N1       …           Nk             NR-1       

P P 

U 

P P 

At the end of our irreversible game players 
in one of two sinks: 

 
Paladins P   

Unreformables U 
 

Define natural ``order parameter” P/U 



Decisions – Committing crimes? 

pCrime =
pi + si
2

!

"
#

$

%
&ai

For each individual i  
 

ku unpunished crimes    kp punished crimes 
k total = ku+kp 

 
Personal history - pi 

 
 Societal input - si 

 
Attenuation due to rehabilitation – ai 

 



Mathematical choices 

si =
Nk +U

k≠0
∑

N
Crime generates more crime 

ai = (1− h e
−t/τ ) h incentives 

τ time duration 

pCrime =
pi + si
2

!

"
#

$

%
&ai

pi =
p0 + ku

ku + p0 +θkp
θ  punishment 

unpunished crimes - ku 
punished crimes – kp 

After crime:  
punish with probability α  = 1/4	





After the crime 
If no crime committed : reform with probability 

 
  
 
 
 

If a crime committed 
 
 

if not arrested/punished    if arrested/punished 
   don’t reform           reform with probability	



	


	



preform =
αP
N

preform =
1
2
αP
N

+
θkp

ku + p0 +θkp

!

"
##

$

%
&&

preform = 0



Variables/Parameters 

Irreversible system, very sensitive to initial conditions 



Runs 

400 individuals, 25 replicas 
 

 τ=2      p0=0.1     α= ¼    R=3 
 

vary h, θ	


 

IC0 : 400 in N0 at time t=0 
 

IC1: 200 in N0, 200 in N1 at time t=0 
 

Parallel updates 
 



Results 



Total resources are finite! 

Carrot, stick or both?  

hτ +θ = const

The carrot: 
Rehabilitation resources hτ	



 
The stick: 

Punishment resources θ	


 

Increase one,  
Decrease the other  



P/U with finite resources 

hτ +θ = 0.8

hτ +θ = 0.6

hτ +θ = 0.4



P/U with finite resources 

hτ +θ = 0.8

h = 0.30
τ =1.5
θ = 0.35

Optimal 
parameter 

set 



Best strategy 

Enough stick 
 

Enough carrots 
For enough time 

 
 

Too lenient or too harsh punishments are not 
as effective as judicious balancing of the two  



ODEs 
Challenges: 

 
Memory effects 

Open ended 
Parallel vs. Sequential updates 

 
Keep track of indeces ku, kp 

 
Nk à Nku,kp 

 
pcrime àc ku,kp 

  
Preform à r ku,kp 

 



Agent based vs. continuum equations 



ODEs 

t − tlast = t / kp



Conservation of population 

Truncate 



Relevant parameters 

τ

resources for rehabilitation 
 

time for rehabilitation 
 

punishment ϑ

h



A qualitative match, IC0 



  4. Criminal Networks 
Organized crime: complex hierarchical structures 

Pablo Escobar (Medellin) El Chapo (Sinaloa)  
The Godfather (Cosa Nostra) 



  

Cali,  Sinaloa  Mexico 



  

Medellin, Colombia 

Cifuentes Villa,  
Colombia 

La familia Michoacana, 
Mexico  



How to stop the growth of a  
criminal network? 

growth and containment 



  Network growth 
•  Start with  “kingpin” 

•  Grow hierarchically -- k recruits at each time step 
•   Preferential attachment at “street criminals” 

Probability of attachment for each node w(j,t) 
Distance from “street” σ(j,t) 

 
 
 
 

w( j, t) = 1
σ ( j, t)+ a

If node j on street σ(j,t)=0, w(j,t) = 1/a 
If node j very far from street σ(j,t) >> a, w(j,t) ~ 0 



  Network growth 

 
 
 
 

w( j, t) = 1
σ ( j, t)+ a

k=5, a=1, t=3  
Street criminals  

yellow 

kingpin σ=1, w=1/2 
street criminals σ=0, w=1 



   Node distribution 
P(d,t) = probability any node has d underlings at time t 

For t>>1, P(d,t) ~ c1 exp[-c2t] 



   Distance from kingpin 
On averages increases with time and follows a shifted   

Γ probability density  



  Number of street criminals s(t)  
increases linearly with time, and with k 



  Network containment 
•  Police always start ``investigating” street criminals 

•  Move up via self-avoiding random walks 
•  Dark network – structure unknown 

•  Network is still growing 
 



  Three strategies 
1. Stop when kingpin is reached 

2. Stop if criminal of distance q from street is reached 
3. Stop after p steps 



  Three strategies 
1. Stop when kingpin is reached 

2. Stop if criminal of distance q from street is reached 
3. Stop after p steps 

q=2 



  Three strategies 
1. Stop when kingpin is reached 

2. Stop if criminal of distance q from street is reached 
3. Stop after p steps 

p=3 



  Reaching dead-ends 

If number of investigations until stopping is too large, 
higher risk of dead-ends  



  Eradication probability  
2. Stop if criminal of distance q from street is reached 

grow network until n=2000 people 

P=1 

P=0 

Eradication 
decreases for k 

 
For small k~40, q 

intermediate is 
optimal 

 
For large k>40, q 
large is optimal 

k, network growth  



  Lessons? 

If network is growing fast, 
Aim to catch more senior criminals 

more risky, more rewards 
 

If network is growing slowly, 
Aim to catch lower level criminals 

less risky, reach kingpin slowly but surely 
 



  Summary and conclusions 

Simplified models, mathematically tractable 
 

Basic concepts from sociology, criminology, 
anthropology analyzed through math tools 

 
Some validation through data, experiments 

 
Predictions, discussion, ideas,  

more questions to be asked 
 

Integration with data?   
 



Thank you 

Martin B. Short (Georgia Tech) 
Andrea Bertozzi (UCLA) 
 Lincoln Chayes (UCLA) 

Yaoli Chuang (CSUN) 
Tom Chou (UCLA) 

Mike McBride (UCI) 
 Ryan Kendall (UCI) 

Richard Dekmejian (USC) 
Bijan Berenji (UCLA) 

 P. Jeff Brantingham (UCLA) 
George Tita (UCI) 

Charlie Marsak (UCLA) 
Milind Tambe (USC) 



Discrete simulation 

Attractiveness vs. Crimes 



Best Response Analysis 

Strategies are not chosen by imitation 
but depend on payoff maximization  

 
Once in a game, the first player will choose to  

victimize only if his/her expected payoff is higher than 1. 
 

Once victimized, the victim will choose whether 
to report or not in order to improve his/her payoff odds. 

 
Informants do not necessarily drive the system to utopia 

(not always a best response) 
 

But it is a best response for low enough punishment to the 
informant 


