Bios 750:  Monte Carlo and Bootstrapping Methods

Fall 2000






Sept. 22, 2000

SAS Proc IML

1.  Defining a matrix

2.  Matrix functions

3.  Creating matrices from SAS data steps

4.  Writing matrices to SAS data files 

Try this:

generate multivariate normal data with 3 variables.  Assume n = 200.  (x1, x2, and y)

Let the correlation between x1 and x2 = .2, the correlation between x1 and y = .7, and the correlation between x2 and y = .4.

Suppose we want to predict y from x1 and x2 jointly.

Generate (in IML) a regression equation to do this.
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 Need to:

generate the data

define X as the matrix of predictors

define Y as a vector of outcomes

compute 
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a vector of regression coefficients.

Check this by running your data through proc reg or proc glm.

proc iml;

  n = 5;

  r = {1 .2 .7,.2 1 .4,.7 .4 1};

  print r;

  c = root(r);

  z=j(n,3,.);

    do i = 1 to n;


  do j = 1 to 3;


   z[i,j]=rannor(-99);


  end;


end;

  d = z*c;

  print d;

  ones=j(n,1,1);

  print ones;

  x1=d[,1]; x2=d[,2];y=d[,3];

  xpred = x1||x2;

  xpred2 = d[1:n,1:2];

  print xpred xpred2; 

  x=ones||xpred;

  print x y;

  b = inv(x`*x)*x`*y;

  print b;

  create reg var{x1 x2 y};

  append;

 quit;

proc print data = reg; 

proc glm; model y = x1 x2;

run;

Defining a matrix
What does SAS consider to be a matrix?

Everything in IML is a matrix, so matrices can be numeric or character.  Focus for us in on numeric.

Each matrix has a SAS name limited to 8 characters.

The dimension of a matrix is n x m, n rows and m columns.


1 x 1

matrices are scalars  (basics numbers)


1 x m
matrices are row vectors


n x 1
matrices are column vectors

1.  Defining a matrix via literals:   (specifying each element)

Use brackets to begin and end the matrix definition and commas to separate rows.  Scalars don't need brackets.

x = 3;


defines (scalar) matrix x:  [3]

y = {1 4 6}

defines 1x3 row vector [1    4    6]

t = {1, 4, 6}

defines the 3 x1 column vector 
[image: image2.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

6

4

1


2.  Matrix generating functions

Block

creates a block diagonal matrix from 

submatrices

BLOCK(matrix1,<matrix2,....,matrix15>)

example

a = {1 1, 1 1};
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b = {2 2, 2 2};
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c = block(a,b);
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J function


J( nrow,<ncol<,value>>);

z=j(4,3,.);
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ones=j(1,5,1);


[1    1    1    1    1]

I function


This creates Identity matrices

I(dim);



identity matrices are n x n, so you only need to specify one dimension

I(4);
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Index vectors

Create vectors using the index operator (:).

x = 1:4;


[1    2    3    4]

y = 6:3;                    [6    5    4    3]

w = do(1,4,2);          [1    3]



1 to 4 by 2

3.  From other matrices by subsetting 

t=
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Select a specific element  (i,j):

x = t[2,3]

x = 18

Select a specific row (i):

y = t[2,]


y = [22   33   18   30]

Select a specific column (j):

w = t[,4]



w = 
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Selecting a submatrice:


specify the rows and columns you want

x1 = t[(1 3),(2 3)];

takes rows 1 and 3, cols. 2 and 3
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x2=t[1:2,2:4];

takes rows 1 thru 2, cols. 2 thru 4
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4.  from other matrices by combining

t=
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s=
[image: image13.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

35

14

24

11

40

32

25

12

42

33

21

9


Concatenate horizontally:  matrix 1||matrix 2
w = t||s;
The joined matrices must have the same number of rows.
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Concatenate vertically: matrix 1//matrix 2
q = t//s
The joined matrices must have the same number of columns.
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Common Matrix Functions:
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Matrix inversion:


inv(matrix1)

The inverse of a matrix is that matrix such that inv(x)*x = 1.

1 represents the identity matrix.  The matrix to be inverted must be a square matrix (n = m).

Transpose:



matrix1`

x` = 
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Flip the matrix so that rows become columns.

Matrix Multiplication

matrix1*matrix2

a = 
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b = 
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y = a*b;

y = 
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y(1,1) = a(1,1)*b(1,1) + a(1,2)*b(2,1) + a(1,3)*b(3,1) =



(1*22) + (3*20) + (5*15) = 157

number of rows in matrix 1 must equal number of cols in matrix 2

Elementwise multiplication: 
matrix1#matrix2

w = x#y;


x and y must have same dimensions

Addition, subtraction:

use + and -; this are elementwise operations

Powers:



to raise a matrix to a power: matrix1**c 


a**3 means a*a*a


to raise each element to a power:  matrix1##c

a##3 means a(i,j)**3



These are the basics; there are specific matrix functions (such as root) that can be used.

3.  Creating matrices from SAS data steps

data one;

   do group = 1 to 3;

   do i = 1 to 10;

       id = (group-1)*10 + i;

       y = rannor(-99)*group;


   w = ranuni(-99)*2*group;


   output;

   end;

   end;

proc print;

proc iml;

  use one var {id y w group};

  list all;

  list all where (group = 3);

  read all var {id y w group};

  d = id||y||w||group;

  read all var {id y w group} into d2;

  print d;

  print d2;

quit;

run;

Use  dataset <var  operand> <where(expression)>;

This allows you to read a dataset.

List <range> <var operand> <where(expression)>;

prints the dataset in use

range can be all, current, next <number>,after, 

point(operand)

such as point 5 for the 5th record


Each variable in the dataset can be read into a column vector:

read <range> <var operand> <where(expression)> 

<into name>


read all var {id y w group};

  d = id||y||w||group;

read all var {id y w group} into d2;

4.  Writing a matrix to a dataset

create outdat var{id y};

append;

create out2 from d2;

  append;

You can also read from and write to non-SAS datasets.

Just as easy to handle that in data step?

Look up infile and input, file and output, in HELP IML.

New problem:

We want to compare the impact of increasing amounts of missing data on the H0:  i = 0 for a multiple regression problem.

Use the same correlation matrix as the problem before 

Let N = 20, 50, 200

Percent missing = p = 5, 10, 20, 30

Let data be missing completely at random, where the missing data point is always x1.

Compare how?



1.  empirical prob. of rejection
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Var(b) = MSE*(xTx)-1

MSE = SSE/(N-3)

SSE = eTe where e = y-
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2.  Magnitude of difference of (bi, SE(bi)) from  trues

Logically, what should happen?

Do 1000 iterations.

Program outline:

� EMBED Equation.3  ���
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