BIOS 750:  Monte Carlo and Bootstrapping Methods

Fall Semester 2000


September 8, 2000

1.  Distributions

2.  More basic programming

3.  The ANOVA problem (again)

Random Number Generation in SAS
For Call statements, you must initialize the seed before you use the Call.

Example:

call ranuni(0,x);

doesn't work

seed = 0;

call ranuni(seed,x);

does work

Seeds:

If seed = 0, then the first execution of the function initializes the stream with a seed = clock time.  This value stays the same for subsequent executions of the function.

If seed < 0, then the current clock time is used as the seed for every execution of the function.

Distributions--General Info
Distributions can be characterized by their moments, or expectations.

rth noncentral moment = E(xr) = 
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1st moment = mean = E(x) = 
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rth central moment = E[x-E(x)] r
2nd central moment = E[x - E(x)] 2 = E(x2) - [E(x)] 2 = variance=V

3rd central moment (M3) =

 E[x - E(x)] 3 = E(x3) -3 E(x2)E(x) +2[E(x)] 3  

4th central moment (M4) =

 E[x - E(x)] 4 = E(x4) -4 E(x3)E(x) +6E(x2) [E(x)]2 -3[E(x)] 4
Skew = 
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Kurtosis = 
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Uniform Distribution.

U(a,b) is distribution such that every value between a and b is equally probable.

mean = 
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var = 
[image: image6.wmf]12

)

a

b

(

2

-





skew = 0  



kurtosis = 9/5

Unit Uniform 
U(0,1)

F(x) = p(X < x) = x


0 < x < 1

f(x) = 1

mean = 
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var = 
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skew = 0  
kurtosis = 9/5

ranuni(seed); 

uniform(seed);

call ranuni(seed,x);

How can you turn a U(0,1) into a random variable that is U(a,b)?

Normal distribution
X is normally distributed if X has probability density function 
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If  = 0 and  = 1, the standard normal distribution is obtained:
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Skew = 0


Kurtosis = 3 (or 0)

Assume x ~ N(m,v)

If y = a*x + b, then y ~ N([a*m+b], a2*v)

rannor(seed);

 

normal(seed);

call rannor(seed,x);

Other common continuous distributions:

1.  Lognormal distribution

If x is N(2) then y = exp(x) is lognormal(a,b)

y~lognormal(a,b) 
a = exp(+2/2)

b = exp(2+2) [exp(2)-1]

Let c2 =  [exp(2)-1]

then

b = a2c2 = variance

M3 = a3(c6+3c4)
and
M4 = a4(c12+6c10+15c8+19c6+3c4)

Skew = c3+3c  = ?

Kurtosis = ?

If you want a lognormally distributed variate with mean 4 and variance 2, how do you do it?

Lognormal distribution is commonly used as a positively skewed distribution.  Many biological variables are lognormal.

2.  Exponential


F(x) = 1-e-(x


( > 0  
x > 0

f(x) = 
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mean = (-1 


variance = (-2
3rd central moment = 2*(-3
4th central moment = 9*(-4

Skew = 2


Kurtosis =  9

for unit exponential, ( = 1

Random variables from unit normal generated by

ranexp(seed)
and
call ranexp(seed,x)

these are based on inverse transformation of U(0,1) variates

For an exponential variate with  = 1.5, 


x = ranexp(seed)/1.5;

Uses:  Non-normal data in general,   failure time data

3.  Gamma distribution
Gamma distribution has parameters  and :
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((() = (-1)! if is a positive integer

Mean = (/(

Variance = (/(2
M3 = 2(/(3

Skew = 
[image: image10.wmf]a
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M4 = (3(2+6()/(4
Kurtosis = 3 + 6/(
rangam(seed,a) 
and
call rangam(seed,a,x)

a = (, the parameter of the gamma distribution

unit gamma, so (  = 1

To get a gamma variate, x, with (  = k, where k ( 1, create the unit gamma and then multiply by 1/k

For a gamma variate with (  = 3 and  (= 2:

x = (1/3)*rangam(seed,2)

rangam can be used to generate beta variates, Erlang variates, and 2 variates.

2 distribution

2 distribution is gamma with  = k/2 and  = 1/2

How to produce one a 2 distribution with 4 df?

Distribution properties:
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x > 0 and k = degrees of freedom

E(X) = k

Var(X) = 2k

Skew = ?

Kurtosis = ?
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Extension:

If Ci is distributed as a (2 variable with ki df, then 

C1 + C2 + ... + Ci  is distributed as a  (2 variable with 

k=k1+k2+...+ki df

4.  t-distribution (depends on df)

  
If z is a standard normal deviate and C is a chi-squared variable with df, then 
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skew = 0

mean, variance, and kurtosis?

Discrete distributions  

Bernoulli distributions

Assume there are two possible outcomes:

Let X = 0 for outcome A, X = 1 for outcome B.

Let p(X=1) = p and p(X=0) = 1-p = q. 

Then X has a Bernoulli distribution with parameter p, where 0 < p < 1.

E(X) =  = x p(x) = 0 * (1-p) + 1*p = p

E(X2) = x2 p(x) = 02*(1-p) + 12*p = p

V(X) = 2 = E(X2) - 2 = p - p2 = p(1-p) = pq

Binomial distribution

Let X be the number of successes in a series of n independent Bernoulli trials, where the probability of success at each trial is p.  

Then X is distributed according to a binomial distribution with parameters n and p:
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If  X is binomial and Yi are independent Bernoulli trials, then X = Y1 + Y2 + ... Yn

E(X) = E(Y1)+ E(Y2)+ ... + E(Yn) =

Var(X) = Var(Y1)+ Var(Y2)+ ... + Var(Yn) =

Binomial:  
E(X) = np 


V(X) = npq

generate with ranbin(seed,n,p) or call ranbin(seed,n,p,x) 

algorithm based on U(0,1) variate if n < 50 and N(0,1) 

if n> 50.

Bivariate Normal Data

Uses:  simple regression, correlation

If z1 and z2 are standard normal deviates, they are independent by definition, sof joint probability density function is
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If x = xz1+x and y = y[z1+(1-2)1/2z2]+y
then x and y have a joint bivariate normal distribution:

[image: image18.wmf])
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Parameters:  , x, y, x, y
To generate standard bivariate normal data then, generate two standard normal deviates and combine them:

x ~  N(0,1)

specify some r (corr. between x 

w ~ N (0,1)


and  y)

y = r*x+(sqrt(1-r2)*w)

More simple programming 
If/then statements

Good for specifying conditions such as

if group =1 then x = rannor(-99);

Also can use if/then else statements:


if group = 1 then x = rannor(-99);


else x = 3*rannor(-99);

also:


if group = 1 then x = rannor(-99);


else if group = 2 then x = 5*rannor(-99);


else x = 3*rannor(-99);

Be careful:


if group = 1 then x = rannor(-99);


if group = 2 then x = 5*rannor(-99);


else x = 3*rannor(-99);

will overwrite group 1.

That ANOVA thing:

%macro montecar(iter);

%do ii = 1 %to &iter;

data one;

   seed = -99;

   n = 15;

   gsumx = 0;

   gsumxsq = 0;

   do group = 1 to 3;


     do i = 1 to n;

       x = rannor(seed)*group;


   output;

     end;

   end;

/*proc print; */
proc glm noprint outstat = new; class group;

  model x = group;

data prob; set new; if _type_ = 'SS3';

  if prob le 0.05 then a = 1; else a = 0;

  keep a;

proc append base = anovap;

%end;

%mend montecar;

%montecar(5000);

data test; set anovap;

proc means sum; var a;

run;
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