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uestion 13
a) Suppose {X L tel0, w)} is a Poisson process with parameter 2 =1.35. Use the following code to

generate 2100 observations of the process. The code also prints the time of the 2100™ observation (i.e. the
total time for the 2100 observations).|

proc iml; /*Practical 8%/
n =2100;

Ob = J(n,1,0);

time = J(n,1,0);

lambda = 1.35;
doi=1ton;

Ob[i,1] = ranexp(1l)/lambda;
time[i] = Ob[+];
end;

T = time[n];
print 'Total time' T

Note that ranexp(seed) *lambda generates an observation from an exp( 1) distribution.
Give an explanation of what the above code is generating. Print your output for the above code.
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b) TESTING WHETHER A PROCESS SATISFIES A POISSON DISTRIBUTION
Weusea y” test here, where

H, : the increments are from a Poisson distribution

H, : the increments are not from a Poisson distribution.
If we have the observations for a process up to time 7, we divide the interval [0,7] into & intervals of equal
length. Under the assumption that A is true, the number of observations in each interval is ~Poisson (A7/ k).
The statistic for the test is
(0 -E)
Cc= Z 7Hk-p-1)
for » large and provided E, > 5Vi. Here p is the mlmbel of parameters we need to estimate to carry out the
test, O, is the observed frequency for interval i and E, is the expected frequency for interval i. We reject
H,if c= Z(Z,C,P,La).
1) Divide the interval [0,7] into 18 intervals. Using the information stored in Ob and time and write

iml code that stores the expected frequencies ina 18 x1 vector £ and the observed frequencies ina 18 x1
vector O. Check that the elements of £ and O sum to 2200 observations.

13 )2
(i1) Extend your code to calculate the test statistic ¢ = ZM .

i1 &
(iif) ‘What is the result of the hypothesis test at a 1% significance level? 5% significance level? Use

cinv(p,dof) which returns x such that P[X < x]= p for X ~ 7*(dof) . (probchi(x,dof) returns P[.X < x].)
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c) Suppose that for the Poisson process in (a), three types of events can occur, namely A, B and C with
probabilities p,. ps and p.. respectively. The probabilities for a certain type of event are independent of the

other event types and of previous events.

1) If 4,.B, and C, are the number of events of each type in the interval (0.r], show that each process
{4,:1=0},{B, :1>0}and {C, :7 > 0} is a Poisson process. Also give the parameter of each process. (No
computer work.)

(i1) Write a program in proc iml to generate such a process if p,=0.3and p; =0.4 . Generate 550
events. Output the number of events of each type and the total time of the process for 600 events.

d) ‘Write a proc iml program to generate a Yule process with 1.45. Generate 190 events. Output the total
time as well as the observation for the expected length between events.

e) Write a proc iml program to generate 9 observations (or until the process stops) of a Pure Death
5 j+1
process with Hy = J— where i =20
1
f) ‘Write a proc iml program to generate 18 observations (or until the process stops) of a Birth and

Death process. Take 2 =12and #=19.
Include your code and output for all questions.




