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Birth-and-Death Processes     
        February 28, 2006
Running R: 
· Click on the R icon on the desktop. 
 
Running Splus:

1. Click on the Splus icon on the desktop.

2. On some machines, this will be the first time that Splus has been invoked and a setup question will appear inquiring about the location of a work or data directory.  Answer yes to the suggested default location (most likely this will be C:\temp). 

3. If Splus opens in a blank shell, i.e., no windows are opened, click on the "Commands Window" icon in the toolbar.  (The icon looks like two > signs on top of each other followed by an x and a vertical line.) 


Make the R-Console window in R or the Commands Window active in Splus and try out the following commands:

Basic manipulations:

> 2+3

> x <- 2+3     [answer is stored in the vector x. 

> x 

[displays the contents of x]

> x <- c(10.1, -3.2,4.5, 6.7, 8.9, -1.2) [overwrites x as a vector containing 6  numbers]

> x[3]

[displays the third entry of x]

> x[x<0] 
[displays negative values of x]

> mean(x)
[calculates the mean of x]

> x/var(x)^.5
[divides each element of x by standard deviation]
> y <- 1/x
[stores the reciprocal of x in the vector y]
> z <- 2*x +y
[computes the vector z consisting of 2*x + y]
> z

[displays z]

> 1:10

[the integers 1 to 10]
> sum(1:100) 
[a quick way to sum the integers 1 to 100]

> prod(5:9)
[product of the integers 5 through 9]

> sum(1:100) ; prod(5:9) [multiple commands can be separated by semicolons]


> x<-matrix(1:6,3,2); x
[a 3x2 matrix with elements 1, 2, 3, 4, 5, 6]
> x[2,2]

[the element in the 2nd row, 2nd column of x]

> x[3,]

[all elements in the 3rd row of x]

> x[,2]

[all elements in the 2nd column of x]

Plots:
> plot(sin(seq(0,pi,.1)))

[plots sin(x) for x from 0 to pi in increments of .1]
> plot(seq(0,2*pi,.1), sin(seq(0,2*pi,.1)))  [plots (x, sin(x)) for x from 0 to pi]
> plot(seq(0,2*pi,.01), sin(seq(0,2*pi,.01)),type="l")
[plot with just lines]
> lines(seq(0,2*pi,.01), cos(seq(0,2*pi,.01)))

[appends plot with another]

Loops:
> bday <- 0





[initializes vector bday to 0]
> for (n in 1:40) bday[n] <- 1-prod((365-n+1):365)/365^n 
[compute prob of shared bdays]

> plot(bday,type="l")




[displays the result]

      Random numbers:


> runif(10)


[10 uniform(0,1) random numbers]

> rexp(10,rate=3)

[10 Exponential(3) random numbers; note that rate>0]

> sample(1:6,10,replace=T) 
[10 discrete uniform{1,…,6} random numbers]

Task 1.  Poisson process.  Use the following code to reproduce the simulated Poisson processes shown in class.  You can cut and paste the code below into the R-Console or commands window, then run the code at the command prompt with poisson.process().  (Use par(mfrow=c(5,5))  to set up the 5x5 plotting region.)  Then experiment with different values of lambda and different initial sizes.  For example, use the command poisson.process(.3,50,15) to run the simulation with lambda=.3, N=50 and initial.size=15.
"poisson.process"<-

function(lambda = 0.1, N = 30, initial.size = 10)

{


#


# To set the random number seed, un-comment the following line 

# and plug in any non-negative integer in [0,1023].


# set.seed(123)


#


# Simulate N events from a Poisson process.


# 


S <- rep(0, N)


W <- S


X <- S


X[1] <- initial.size


W[1] <- S[1]


#


# Note that this is time = 0.


#


for(i in 2:N) {



#



# Simulate a sojourn (inter-event) time, and compute the waiting time.



#



S[i] <- rexp(1, rate = lambda)



W[i] <- W[i - 1] + S[i]



X[i] <- X[i - 1] + 1


}


# end for loop on i


#


# Compute the analytic mean function of the process on a fine grid of times.


# 


grid <- ((0:1000) * max(W))/1000


M <- initial.size + (lambda * grid)


#


# Set up a plotting region, then add curve for the analytical mean and step function


# for the Poisson process.


#


plot(c(W, grid), c(X, M), type = "n", xlab = "Time", ylab = 



"Population Size")


lines(grid, M, col = 2)  #col = 2 is red in R; col = 8 is red in Splus

lines(W,X,type=”s”)

return()

}

Task 2. Yule-Furry process.  Modify the Poisson process code to handle the Yule-Furry process (linear birth).  You can rename the existing code via linear.birth<-poisson.process, then edit the code with fix(linear.birth).  (In Splus, you can also try Edit(linear.birth).  In this case, a new program window opens with the code inside; edit the code and then click the small black triangle in the upper left to compile the code.  Compilation errors will show up in the bottom part of the program window.  After the code successfully compiles, run it in the command window.)  
Task 3. Birth-and-death process with immigration. Modify the linear birth process code to handle general stochastic birth and death with immigration.   Syntax for if-then-else (needed, for example, in determining whether an event is a birth or a death) is 

u<-runif(1)

if(u<cutoff){



X[i]<-X[i-1]+1


}


else{



X[i]<-X[i-1]-1


}
You can put multiple commands inside the curly braces. Note: if immigration rate a=0, you need to allow for the possibility of extinction, in which case X stays at zero instead of increasing or decreasing by one.  Further, note that testing inequality in an if() clause is fine, but if you want to test equality, you’d better be working with integers.  So in this case, if(X[i-1]==0) makes sense but if(a==0) should be rephrased; e.g., by if(a>0){…}else{…}.
Task 4. Sterile male insect control.  Certain insect pests have been controlled by releasing artificially sterilized males into the environment.  These sterile males compete with native males, and when they successfully mate with native females, the females lay infertile eggs.  Over time, the pest species can be driven to extinction with this method.  Consider a situation in which native males and females are present in equal numbers, X(t), and that sterile and native males are equally competitive. Let S be the number of sterile males in the population; this is controlled at a fixed level through regular releases of sterile males.    Since native males and females occur in equal numbers, let’s track the native males only.  Let K be the carrying capacity for native males in the environment. Assume that the number of native males, X(t), follows a birth and death process with linear death rate (
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, and 0 otherwise.  (That is, only a fraction n/(n+S) of the matings are with non-sterile males, resulting in births.)  Simulate this process with K=S=100, λ=4, μ=1, and initial population size n0=20 (e.g., a pesticide application knocks the population down to well below its carrying capacity before the sterile males are introduced). It can be shown that the mean time to extinction of the process with these parameters is 8,101,227,748 lifespans.  According to your simulations, how well does this mean extinction time characterize the behavior of the process?  
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