StarLogo Workshop

Michael Novak – mnovak@ncsa.uiuc.edu

Starlogo Resources:

StarLogo (for download today and tutorials):  http://el.www.media.mit.edu/groups/el/Projects/starlogo/
StarLogoT (a Mac version that has advanced features) & NetLogo (A browser based multiplatform version (still in beta status)

 http://www.ccl.sesp.northwestern.edu/
Other StarLogo resources:

 http://www.asap.um.maine.edu/starlogo/
Simple Observer Commands for Starlogo:

Short command


Long command

Crt 
number

create-turtles  
 number

Ca




clearall

Cg




cleargraphics

Ct




clearturtles

Simple Turtle Commands for Starlogo:

Short command


Long command

Fd

number

forward  
number

Seth
number 

set heading
number

Rt

number

right

number

Lt

number

left

number

Pd




pendown

Pu




penup

Setc     number or name

setcolor
number or name

Repeat 
number 
[command]

Simple Turtle Commands from Observer:

Ask-turtles [command]

Other Turtle Commands:  (Go to the following address and click on commands)

http://el.www.media.mit.edu/groups/el/Projects/starlogo/


Modeling Biological Systems with Starlogo 


Tutorial from:  http://www.asap.um.maine.edu/starlogo/tutorials/rabbit-tut.html



Rabbits and Grass 



In the first Starlogo tutorial we saw that you can create large numbers of turtles, spread them across the screen, and instruct them each to follow the same set of instructions. In this tutorial we will our turtles as rabbits moving on the screen eating grass. 

Since we already have a rough idea of how to make rabbit turtles (later we'll see how to make car turtles, termite turtles, molecule turtles, etc.), we'll first look at how to make and grow grass. 

Patches 

So far you've seen turtles moving on a large black surface. But that surface is actually a large checkerboard of 10201 patches (the default screen size of 101 x 101), one for each coordinate position on the screen (see figure 1). There is a center patch at coordinate (0, 0), and corner patches at (50,50), (-50, -50), (50, -50), and (-50, 50). 
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figure 1 - 10201 Patches 

Patch Colors 

It turns out that each patch has a color, and this color can be changed by turtles. We can set each patch color at the beginning of our program, and then each turtle can "look down" and reset the patch color underneath it as it walks. This is the way we will begin building our model. 

We start by setting all patches to green, and then each rabbit turtle will reset a patch to black as it passes over it. 

The Program 

Create a starting procedure called setup, and create a button for it: 

to setup


ca


crt 500

     ask-turtles [



setxy random (screen-width) random (screen-height)



setc red



stamp green


]

end

This procedure clears the screen of any turtles and pictures there before, creates 500 rabbit turtles and then places each in a random position on the screen, sets the color of each rabbit turtle to red, and sets the patch color (setpc) of each patch to green. 

Create a rabbit turtle movement procedure called wander, create a button for it, and make sure that the forever box on the button is clicked.  (do you create this in the observer or turtle procedure area?)

to wander


fd 1


rt random 40


lt random 40


stamp black

end

Run the program by first clicking on the setup button, and then clicking on the wander button. 

Observing the Results 

What do you notice? It looks like the rabbit turtles are eating the grass fairly quickly. But: 

Grass grows in real life. 

Rabbits tend to have large numbers of offspring. 

Rabbits die if they don't get enough food. 



II. Rabbits and Grass: Patches Growing Grass 



We can do this because each patch not only has a color but can also have a life of its own! Just as each turtle wanders with a wander procedure, each patch can grow grass with a growgrass procedure. So: 

Create a growgrass procedure, create a button for it, and make sure the forever box is checked.  This is a turtle procedure.

to growgrass


if (random 50) = 0



[stamp green]

end

In English, this procedure says: 

have the computer pick a random number between 0 and 49 

check to see if it is equal to 0 

if it IS equal to 0 set its patch color to green 

So there is a 1 in 50 chance a patch will grow a blade of grass every time it runs its growgrass procedure. 

Observing the Results 

Notice that the rabbits are eating the grass, the grass is growing back, and the screen is staying partially covered with grass. What happens when you change random 50 to random 100? random 10? Do you notice a difference? Can you explain why there's a difference? 

Now change random 50 to random growrate , and then create a slider for growrate. This way you can vary growrate from 0 to 99 while your model is running. It's much easier to observe differences in this way. 

Also notice that the rabbits are not running freely around the screen as they were originally. Instead you should be getting a pulsing sensation from the screen. This is because of the tremendous amount of work being done by the patches. There are 10201 of them growing grass! 



III. Rabbits and Grass: Special Turtles Growing Grass 



Instead of having 10201 patches all trying to grow their own grass, we can speed up our model by having 100 special black (therefore "invisible" on a black background) "Johnny Grassseed" turtles moving around the screen continuously stamping green grass. 

Every Turtle Has a Who 

Every turtle has a special identification number, and we can get to that number with the word who. If there are 600 turtles on the screen, they will always have the numbers 0 to 599. So,... 

If we want 100 Johnny Grassseed turtles and 500 rabbit turtles, we can create 600 total turtles, make the first 100 black, and make the rest red. We can then tell the black ones to jump around growing grass and the red ones to wander around eating grass. 

The Program   Create a starting procedure called setup, and create a button for it. 

to setup

ca

crt 600

ask-turtles [


setxy random (screen-width) random (screen-height)


if who < 100



[setc black]


if who >= 100



[setc red]


]


end

This procedure clears the screen, creates 600 turtles, places each turtle in a random position on the screen, sets the first 100 (0-99) to black, and sets the others to red. Unlike before, the setup procedure doesn't need to set the patches all to green, since the Johnny Grassseed turtles will continuously stamp green. 

Create a Johnny Grasseed turtle hopping procedure called plant, create a button for it, and make sure that the forever box on the button is clicked. 

to plant


if who >= 100 [stop]


setxy random (screen-width) random (screen-height)


stamp green

end

Create (or change) a rabbit turtle movement procedure called wander, create a button for it, and make sure that the forever box on the button is clicked. 

to wander


if who < 100 [stop]


fd 1


rt random 40


lt random 40


stamp black

end

Notice that both wander and plant must always check which turtles are wandering and planting, since Johnny Grasseed turtles shouldn't wander and Rabbit turtles shouldn't plant. 

Run the program by first clicking on the setup button, then clicking on the wander and plant buttons. 

Observing The Results 

Notice how the rabbit turtles are now moving more freely. This is simply because there are only 100 Johnny Grassseed turtles stamping grass rather than 10201 patches all trying to grow their own grass. 

But do you see a problem with the rate at which the grass is growing? We can vary the growth rate of the grass by modifying the plant procedure: 

to plant


if who >= 100 [stop]


setxy random (screen-width) random (screen-height)


if (random growrate) = 0



[stamp green]

end

Instead of always stamping green, the Johnny Grasseed turtle first picks a random number between 0 and growrate. If the number is 0 then the turtle stamps some green grass.  Growrate will need to be set using a slider button.

Now, change growrate and observe what happens. Turn off the plant button and observe what happens. 

What does it mean to the rabbit turtles if we speed up or slow down the grass growth? What should happen to rabbits if not enough grass is growing? If a great deal of grass is growing? What actually is happening in this model? 



IV. Rabbits and Grass: Births and Deaths 



Our last model was a model of immortal rabbits! They ate forever, never giving birth, and never dieing. An exciting part of biological modeling is the birth/death process (Actually, we already have modeled a birth/death process - the grass. But now we want to do it for the rabbits.) 

One way to model rabbit births and deaths is by having each rabbit keep track of its energy level, dieing if the energy level reaches 0, and giving birth when it goes above a special birth level. We're the modelers, so we'll define the birth level. 

The Program 

Since we want each turtle to keep track of its special energy level, we will give each turtle an energy variable by putting the following line in the Procedures window at the top: 

turtles-own [energy]

Now, start again with the setup procedure and button used in our last model. Add the bold line right before end in the setup procedure: 

to setup

ca

crt 500

ask-turtles [


setxy random (screen-width) random (screen-height)


if who < 100



[setc white]


if who >= 100



[setc red



set energy (random 10) ]


]


end

In english, these statements say:        

Set the energy of a rabbit randomly between (full =9) and (empty =0).  Some will have high energy levels, and some will have low energy levels.  (What do you think the average energy level of a turtle will be?) 

Now, we need to ask ourselves: 

how does energy change?    how and when do rabbit turtles die? 

how and when do rabbit turtles give birth? 

First, the energy level should go down when the rabbits wander, and up when rabbits eat grass. So, change the wander procedure to: 

to wander

if who < 100 [stop]

fd 1

rt random 40

lt random 40

set energy (energy - .1)

if pc = green

[stamp black

set energy (energy + 1) ]

end

The first new line subtracts .1 from energy. The new if statement says that if the patch color is green then stamp it black and set the new energy level to 1 more than the old energy level. Remember, each rabbit turtle has its own energy level that it changes. 

Notice that there are two different things a rabbit turtle is doing in a wander step - wandering and eating. It actually might be better for us then to create an eat procedure, creating a forever button along with it. The eat procedure would look like this: 

to eat

if who < 100 [stop]

if pc = green

[stamp black

set energy (energy + 1) ]

end

If you do this, make sure that you take these same steps out of the wander procedure. 

Create a death procedure, create a button for it, and make sure the forever box is checked: 

to death

   if who < 100 [stop]

   if energy <= 0 

      [die]

end

Notice that the death procedure only applies to rabbit turtles. Johnny Grassseed turtles are still "immortal". All death does then is to check the rabbit turtle's energy level. If it's less than or equal to 0, the turtle dies. 

Create a birth procedure, create a button for it, and make sure the forever box is checked: 

to birth

   if who < 100 [stop]

   if energy >= birthlevel

      [set energy (energy / 2)

       hatch [] 

      ]

end

Birth also applies only to rabbit turtles. Birth also checks the rabbit turtle's energy level. If it's equal to birthlevel (you'll need a slider for birthlevel) then the turtle divides its energy level in half and hatches a new turtle. The new turtle gets the same energy level. 

Set the growrate slider to 25 and birthlevel slider to 10. Then run the program by first clicking on the setup button, then clicking on the birth and death buttons, then finally clicking on the wander and plant buttons. 

Observing the Results 

Watch the red rabbit turtles eating the grass. What do you notice about the change in the turtle population? How about the change in the grass population? Change the sliders and start the system again. Do you notice any differences from before? 

It would help if you could also watch the actual number of red rabbit turtles growing and shrinking. To do this first create the following procedure: 

to total-rabbits 

  output count-turtles-with [color = red]

end

Now, click on the tool palette button that looks like a television, and then click on a place on the interface window where you would like to place the "viewport". A dialog box will come up. Type rabbits into the instruction box and click OK. Now when you run your model, a constantly changing display of the number of red rabbits will appear. This will give you another way to watch the changing rabbit totals. 



