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Preface

This is a hands-onintroduction to the Ox programming laggu may be used for self
study, or in a classroom setting with an instructor. Ex@ssre spread throughout the
text, both to check and extend the understanding of the Eg®uUSome more extensive
exercises are given, which may be set as take home testsiftards (for example, the
questions at the end of Chapter 11). Not all details of thguage are discussed here;
for more information we refer to Doornik (2006), which caonta full reference of the
Ox language.

We hope that a working knowledge of the material in this bebWiill allow you to
use Ox more productively, whether in your studies or reseaRtease let us know if
you have any comments on this introduction.

Itis assumed that you have a copy of Ox installed on your nmacaind working. If
not, you can download a copy frohttp://www.doornik.com

Some conventions are used in this book. Source code, vasiabsource code and
file names are written itypewriter font. Exercises are indicated witheain the
margin, and referred to as [3.1] (for example), where 3 ictigpter number, and 1 the
exercise humber in that chapter. Sections are referred ¢oga§3.1. Source code is
listed in a grey box. For many of these the code is providedve $/ping. In that case,
the upper-right corner of the box the filenamatadics. All the files will have the .ox
extension, although some of those will not be valid Ox codsuah (the file is always
an exact copy of the code in the text, and occasionally thoslig part of a program).

We wish to thank Francisco Cribari-Neto for helpful comnsent

Jurgen Doornik
Marius Ooms

Xi






Chapter 1

Ox Environment

1.1 Installing Ox

We assume that you have access to a properly installed mersi@x. If you do not have
Ox yet, you can download a copy frohttp://www.doornik.com/products.html#Ox
Or contact Timberlake Consultants. Timberlake can be foandthe internet at
www.timberlake.co.uk and www.timberlake-consultancy.com , or
contacted via telephone in the UK on: +44 (0)20 8697 3377 jmatite US on: +1 908
686 1251.

1.2 Ox version

You can follow these tutorials using Ox version 4 or neweraop available computer
platform. Parts of Chapter 11 require Ox Professional ukdadows.

1.3 Help and documentation

The reference book for the Ox language is Doornik (2006). iMeicthat is also avail-
able in the online help. This help system is in the form of HT¥icuments, which can
be read with an internet browser such as Netscape or then&ttExplorer. The help
files can be found in thex\doc directory; the master file imdex.html . To read
the file in the Internet Explorer, choose File/Open, themisoto findindex.html
and then open it. The entries at the top give access ttatiie of contentsand to the
index The capture on the next page shows the helpok .

»[1.1] Open the help system in your browser. Use the index t fielp on the
rows() function. Explore other functions and other parts of thephssis-
tem. You may also use the browser’s find command to searcheiroplen
document.
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Ox Documentation

contents ‘ rank b

rank {const ma);
rank {const ma, const eps);

ma
------ ! in: arithmetic type

eps
in: arithmetic type, optional tolerance

Return valus
Returns the rank of a matrix, of type int. The rank of a
scalar is 1, except for the rank of zero, which is zero. In
the one argument version, the rank is also relative to the
norm, so that rank {1e-20} equals one. The two
argument version uses the specified tolerance:
rank{le-20, 1le-10) sqguals zero. =

See also
decsvd, inverteps, norm

Example

rann

IR

1.4 Running an Ox program

All versions of Ox which are free for educational purposescansole versionsThis
means that the program is launched from the command line @msote window (e.g.
from the MS-DOS command prompt in a DOS window). Output wilpear on the
console as well. To run an Ox source code file cateygfirst.ox in a console
Window, issue the command (thex extension need not be typed):

oxl myfirst.ox

»[1.2] We suggestthat you now try to run an Ox program (here se2Windows):
(1) Open an MS-DOS command prompt window.
(2) Go to the Ox folder@:\Program files\OxMetrics4\Ox , but
it could different).
(3) Gotothesamples folder (directory).
(4) Run the commandxl myfirst
The output should be (the version of Ox could be newer):

Ox version 4.00 (Windows/U) (C) J.A. Doornik, 1994-2006
two matrices

2.0000 0.00000 0.00000

0.00000 1.0000 0.00000

0.00000 0.00000 1.0000
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0.00000 0.00000 0.00000
1.0000 1.0000 1.0000

If the outputis:
myfirst.ox (1): 'oxstd.h’ include file not found
myfirst.ox (7): 'unit’ undeclared identifier
myfirst.ox (11): 'print’ undeclared identifier
then your include variable is not yet set ($8€.1).
If the output is something like ‘bad command or filename’, ypath is not
set (again segA2.1).

In a moment we’'ll adopt more convenient ways to run Ox program

1.5 Redirecting output

Output from the console version appears on the console. Foiesit in a file,redirect
the output, e.g. tonyprog.out asin:
oxl myfirst.ox > myfirst.out
Themore command may be used to page through large amounts of outpgytiqb
may prefer to use an edito®xl myfirst.ox | more

1.6 Using OxMetrics and OxRun

Ox Professional works with OxMetrics, and offers some vesgful features for devel-
oping and running Ox programs. The first thing to note whemamemyfirst.ox
usingOpen on OxMetrics'sFile menu is the syntax highlighting:

B myfirst. ox - D:\OxMetrics4\Ox\samplesimyfirst. ox E|E|g|
finclude <oxstd.h> /4 include the 0x standard library header 4

maini) S function main 1s the starting point
{
decl ml, mz; S/ odeclare two variakles, ml and mz2
ml = unit{3); S/ assign to ml a 3 x 3 identity matrix
ml[O] [0O] = 2; /7 set top-left element to 2

mz = <0,0,0;1,1,1>;//m2 is a 2 x 3 matrix, the first row
S/ consists of zeros, the second of cnes

print ("two matrices", ml, m2); /7 print the matrices
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There are several features to make programming easier. idhetbparentheses are
shown in red (forgetting a closing or } is quite a common mistake). You can select
of block of lines, and then usGomment In/Comment Out to make temporary changes
(there is unlimited undo/redo as well).

And very importantly, there is context sensitive help. Frareple, put the text

cursor inside the worgrint

MFL

Documents
] Data
] Graphics
] Code

[Z] myfirst.ox

] Text
[Z] Results
# Modules
# Model
# Oy
# OxPack
# CxRun

He|

@ Print (PrNaivel|

@ println(}

@ PrintTestwal (f
@ Probahility pac

@ probbetal)

@ probbinomial )

@ probbvni)

@ probcauchy()

@ probchil)
@ probexp()

@ probextremey.

@ probf()

@ probgarmmal) [ 4 |

<

>

in myfirst.ox. Then Press tHel key:

NERHE SR PDADE

1P B

Help Index

x
| =
#incl

Enter the text to search for

print

malin (|| jarintd
{ Print (PcFimiDgp)
d| |Print {PcMNaiveDgp)
printing
PrintTestval (Modelbase)
Probability package
probbeta)
probhinamial
probbvn
probcauchy ()
probchil)
probexp(
probextrermevalua ()
probfy
probgammal)
probgeometric()
probhypergecmetric
probinvgaussian()
problogistic()
problogarithimic ()
problognd
probmises()
probrmyn{)
probn()

rrohneahin’

Tal }

ooy | |

Close ]

Selectprint() and press th®isplay button. This will start your browser at the point
of the print function. You can also see in the screen captuse the Help pane of
OxMetrics lists the Ox help index as well.

To run afile, you can click on thRun button on the top toolbar:

The output will appear in a new window, entitled/first.out.

Fe i Rl

Fun
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Finally, a mistake, e.g., to omit the openiqgarentheses after print, results in an

error message:

D:ZWastewmyfirst.ox (12): ") " out of place

0¥ reports errors: exit code= 211
~ 1

< > |

-~

(= myfirst. out M=
Ox version 4.00 {(Windows/U) (C) J.A. Doornik, 1994-zZ00a
D:Z\Wastewmyfirst.ox {(12): ';" expected but found T"<string>"
D:\Wastemyfirst.ox (12): ";' expected but found ")°

Just double click on the line with the error, and OxMetricH jump straight to the

location of the error.

You can also use OxRun to run a specified program by startirgu@xrom the
Modules menu in OxMetrics. As before, the output (both text and gieghwill ap-
pear in OxMetrics. The following capture shows how to use @xk run an Ox file,
inthe
background. Normally, under Windows, thelude edit field can be left empty. OxRun
can also run programs from the command line. In additioraiitrn interactively, and

with some graphics and text output fram\samples\simula\simnor.ox

run as a debugger of Ox programs.

F

= H: Oxfun BEX
i Filernarme
0.5 —Hig=1.1) -
: M DWouxMetr ics4\Ox\samplesisimulatsimnor. ox v E
0.4 I k
L M Rur ]
0.3
F . Fun mode
0.2 . "
| (@ Normal () Debug
0.1
L HI' Options
_2'5 E— DCreate (a0 file
0.3 ___ additional include paths (to locate .h/.oxo files):
0k Further options (follow carmmand line syntad:
L Arguments for the Ox program
0.1
L 1
5 D 2 5 D o = o o = - = o

o
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1.7 Using the OxEdit editor

A powerful editor for use with Ox, calle@xEdit is available for use with Ox from

www.doornik.com . Like OxMetrics, OxEdit supports syntax colouring of Ox pro
grams, and context-sensitive help. OxEdit is installedas gf Ox Console. Ox pro-

grams can be run from within the editor, and output captuneal text window. Some

additional information and a screen capture is give§AB.2. When creating a new file
in OxEdit, the Ox features are not available until the file basn saved as aox file.

1.8 Graphics

Graphics is discussed in Chapter 6.

1.9 Compilation and run-time errors

Program statements are processed in two steps, resulting potential types of errors:

(1) Compilation errors
The statements are scanned in and compiled into some kimtieohal code. Er-
rors which occur at this stage are compilation errors. Ntestants are executed
when there is a compilation error. Compilation errors cduddcaused by un-
declared variables, wrong number of function argumentggfiting a semicolon
at the end of a statement (among many other reasons). Fopéxatmese two
messages are caused by one undeclared variable at line i@ mfagram:

D:\Waste\myfirst.ox (10): 'y’ undeclared identifier
D:\Waste\myfirst.ox (10): Ivalue expected

Occasionally, a syntax error leads to a large list of errassages. Then, correct-
ing the first mistake could well solve most of the problem.

(2) Run-time errors
When the code which does not have syntax errors is executiedistcan still
go wrong, resulting in a run-time error. An example is trytogmultiply two
matrices which have non matching dimension. Here, this éagg at line 10 in
themain function:

Runtime error: 'matrix[3][3] * matrix[2][3]' bad operand
Runtime error occurred in main(10), call trace:
D:\Waste\myfirst.ox (10): main
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1.10 Have you programmed before?

If not, there is a lot to learn initially: not just a new langygabut also basic program-
ming concepts which take some time to master. Some persésisirequired too: a
compiler (that is the program which runs your computer paagris unforgiving. For-
get a comma here, or a semicolon there, and your programetitvark at all.

Before continuing it is useful to ask the following questiotio | need to solve
problems which require Ox? If the main objective is reg@ssinalysis, then there will
be several menu-driven programs (such as, e.g., PcGivehwahé easier to use. But, if
you need to do something slightly different, or do very este@ computations, Ox can
be a powerful tool to solve the problem.

If you decide to use Ox and work through this tutorial, youl\abrn about pro-
gramming and about Ox. Because of its simplicity and sintyldo C, C++and Java,
this is not a bad place to start. Moreover, you can immediaigbly it to more relevant
subject matter (econometrics, statistics, etc.).

As you will see in the upcoming chapters, the basic buildilegks of an Ox com-
puter program areariablesand functions(sometimes called procedures or subrou-
tines). A variable is like a box in which you can store a numM#efunction is like a
recipe: it takes some variables as inputs (the ingredieans) gives output back. The
purpose of a function is to isolate tasks which have to be aeeeral times. Functions
also help to break a program down in more manageable bloékally; the complete
program is all the variables and functions put together.



Chapter 2
Syntax

2.1 Introduction

This chapter gives a brief overview of the main syntax eleiefithe Ox language.
The most important features of the Ox language are:

e Thematrix is a standard type in Ox. You can work directly with matrickes,
example adding or multiplying two matrices together. Oodias the standard
scalar types for integers (tyjr@ ), and real numbers (tymouble ).

A vector is a matrix with one column or one row, whereds>al matrix is often
treated as a scalar. Ox will keep track of matrix dimensionybu.

e Variables aremplicitly typed So a variable can start as an integer, then become
a10 x 1 matrix, then & x 2 matrix. and so on. As in most languages, variables
must beexplicitly declared

e Ox has strings and arrays as built-in types, to allow for aigitimensional ma-
trices, or arrays of strings.

e Ox has an extensive numerical and statistical library.

e Ox allows you to write object-oriented code (this is an optibfeature).

The syntax of Ox is modelled on C andt@ (and also Java), so if you're famil-
iar with these languages, you'll recognize the format fags, functions, etc. Prior
knowledge of these language is not assumed in this book.

2.2 Comment

Ox has two types of commentx* ...x/ for blocks of comment, anfl for comment
up to the end of a line:

| *

This is standard coment, which /* may be nested */.
*/
decl x; // declare the variable x
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When writing functions, it is useful to add comment to docuainghe function,
especially the role of the arguments, and the return valuaseful template could be
(here used for the library functiarisc ):

oxtut2a|
| *
* olsc( const mY, const mX, const amB);
*k mY in. T x n matrix Y
*k mX in. T x k matrix X
*x amB in: address of variable
*x out: k x n matrix with OLS coefficients

*%

* Return value

ok integer: 1: success, 2: rescaling advised,

ok -1: X’X is singular, -2: combines 2 and -1.
*%*

*+  Description

** Performs OLS, expecting the data in columns.
*%*

*  Example

*x error = ols(my, mx, &mb);

*%

* |ast changed

* 21-04-96 (Marius Ooms): made documentation
* [

If you use this template, you can do a find in files (called grepmix systems) to
create a listing of all documentations. It may be useful &ate a copy of this template
for later use. Good documentation is important: often,ligtter to have documentation
and no code, than the other way round.

2.3 Program layout

Our first complete program is:

] oxtut2b
#i ncl ude <oxstd.h>

main()

print("Hello world");

This program does only print a line of text, but is worth dissing anyway:

e The first line includes aeader file
The contents of the filoxstd.h  are literally inserted at the point of the
#include statement. The name is betweerand > to indicate that it is a
standardheader file: it actually came with the Ox system. The purpdsbai
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file is to declare all standard library functions, so thattban be used from then
onwards.

e This short program has orfanction calledmain . It has no arguments, hence
the empty parentheses (these are compulsary). An Ox progfeats execution
at themain function; withoutmain , there might be a lot of code, but nothing
will happen.

e A block of code (here théunction bodyof the main function), is enclosed in
curly braces.

Most Ox code presented in this books uses syntax ‘colouraaghment is shown as
italic, and reserved words (also called keywords) are dtdh OxMetrics and OxEdit
use syntax colouring. This is a purely visual aide, the d€&xacode is a plain text file.

2.4 Statements

Statements are commands to do something, some computatieradmple. Important
ingredients of statements are variables, to store or aecessult, and operators (dis-
cussed in the next chapter) to combine existing resultsriet@ ones. A statement is
terminated with a semicolon J. Please note when you're copying code from paper:
Ox makes a distinction between lower case and upper caseslett

. oxtut2c
#i ncl ude <oxstd.h>

main()
decl n, sigma, X, beta, eps;
n 4; sigma = 0.25;

X 1 ~ ranu(n, 2);
beta = <1; 2; 3>;

eps = sigma =* rann(n, 1);

print("x", X, "beta", beta, "epsilon", eps);

}

Some remarks on this program:

e decl is used to declare the variables of this program.
e n = 4 simply assigns the integer value 4 to the variahle
e sigma = 0.25 simply assigns a real value.
e ; terminates each statement.

e ranu andrann are library functions for generating uniform and normaldam
numbers.

print is a standard library function used for printing.
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e * multiplies two variables.
e ~ concatenates two variables. Here we concatenate an im@her4 x 2 matrix.
The process can be pictured as:

»[2.1]

»[2.2]

»[2.3]

»[2.4]

8 8 8 8
8 8 8 8
e
8 8 8 8
8 8 8 8

As a first exercise run the Ox program listed above. Nbé&t all the pro-
gram listings which have a name in the top-right corner oflibe are in-
stalled with Ox, in theox/tutorial folder. So the file to be run is called
oxtut2c.ox

Use the help system to discover the meaningasfu and the difference
betweerprint  andprintin

Add a line for computingy = X3 + e. Also print the value ofy. This
requires:

(1) decl aringthe variable

(2) inserting a statement computit3 + € and storing it iny

(3) adding a statement firint  they variable.

Therows() andsizer() functions returns the number of rows of a ma-
trix, thecolumns() andsizec() functions the number of columns. Add
a print statement to report the dimensions af the above program.

Here are some of the things which can go wrong in the previreceses:

(1) Forgeta comma. For examplecl a, b c¢; needsacomma after the
(2) Forget a semicolon, as for examplein:= 4 sigma = 0.25;
(3) Adding a semicolon after the function header, as in:

main();

{
}

(4) Omitting the curly braces, as in:

main()

print("some text");

(5) Forget to declare a variable. The ngwariable must be declared before it can
be used.

(6) Any typo, such as writingriny instead ofprint

(7) Insome parts of the world a comma is used as a decimalatepadx uses a dot.
Perhaps surprisingly at this stage, this is valid code:

sigma = 0,25;
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but it will setsigma to zero.

(8) Using the wrong caseprint(X); would not work, because the variable is
calledx, notX.

(9) Matrix dimensions do not match in multiplication:

T T xr X T T
xr
T T xr T . X T T
* ( ) fails, but * T works.
xr X xr X xr xr X
X
r X xr xr r X

2.5 ldentifiers

Identifiers (names of variables and functions) may be up tot&0acters long. They
may consist of the characte’s-¢], [a-z], [], and [0-9], but may not start with a digit.

2.6 Style

It is useful to raise the issue of programming style at thityesiage. A consistent style
makes a program more readable, and easier to extend. Eveverty small programs
of these tutorials it helps to be consistent. Often, a progvha few lines grows over
time as functionality is added. With experience, a goodrxaabetween conciseness
and clarity will be found.
Here is one solution to the previous exercise:

#include <oxstd.h>

main()
decl n, sigma, X, y, beta, eps;

4; sigma = 0.25;
1 ~ ranu(n, 2);

eps = sigma * rann(n, 1);
y = X * beta + eps;

print("x", X, "beta", beta, "epsilon", eps);

print("y”, y);

print("x has ", rows(x), " rows and ",
columns(x), " columns\n");

}

But this solution will work too:

#include <oxstd.h>
main()
{decl n,x1,x,y,x2,x3;
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n=4;x1=0.25;x=1"ranu(n,2);
x2=<1;2;3>;x3=x1  *rann(n,l1);
Y=X * X2+X3;
print("x",x,"beta”,x2,"epsilon”,x3);
print("y".y);

print("x has ",rows(x)," rows and ",
columns(x),” columns\n®);}

Later on (in§5.11) we shall introduce a system of name decoration, whitthina
crease the readability of a computer program. For exampmeyewuld prefix all global
variables withg_, such agy_dMisval (but we shall do our best to avoid global vari-
ables as much as possible).

2.7 Matrix constants

The previous code used various types of constahts: an integer constan®.25 is

a double constant, affd" is a string constant. Most interesting is the value assigned
to beta , which is amatrix constant This is a list of numbers inside and>, where

a comma separates elements within a row, and a semicoloratepeaows. Remember
that you can only use numbers in a matrix constant, no vasaktl,2,sigma> is
illegal. In that case us€2"sigma  (seg¢3.3).

»[2.5] Write a program which assignes the following constatat variables, and
prints the results:

<1,2,3>
<11,12,13; 21,22,23; 31,32,33>
<1:6>

2.8 Creating a matrix

There are several ways to create a matrix in Ox, as the faligwkamples show.

e Using matrix constants:

#i ncl ude <oxstd.h>
main()
decl x;

X = <1, 2, 3>
print("x", x);

e Reading matrices directly from disk is discussed in Chagter
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e Using library functions such amit , zeros , ones:

#i ncl ude <oxstd.h>

main()
decl x, vy;
X = zeros(2,3);
y = unit(2);

print("x", x, "y", y);

Some of the relevant library functions are:

— zeros(r,c) creates am x ¢ matrix of zeros;
ones(r,c)  creates am x ¢ matrix of ones;
unit(r) creates am x r identity matrix;
constant(d,r,c) creates am x ¢ matrix filled with d’s;
range(i,j) creates an x j — i+ 1 matrix withé,7 + 1,..., .
e Using matrix concatenation:

#i ncl ude <oxstd.h>
main()

decl x =0 " 1) | (2 " 3);
print("x", x);

Concatenation works as follows:
~ horizontal concatenation

0 ~ 1 —(0 1)

1 =(1)

The code uses parentheses to ensure that the two horizontztenations are
done first. Ox always does horizontal before vertical cagreation, so the paren-
theses are redundant. When in doubt it is better to write taeyway.

| vertical concatenation
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2.9 Using functions

The function is a fundamental building block when writing @sograms. Functions
allow for splitting complex tasks up in manageable bits. Bhst ones are those which
only interact with the outside via the arguments (the inpatsl the return value (the
outputs, if any). Then, when there are no external variabdesl inside the function,
the function can be treated as an isolated piece of codentlgghong which matters is
the documentation of the function.

Up to this point, only one function has been used,iteen function. Execution of
an Ox program starts atain , from which other functions are called; there is no action
outside functions. Ox comes with a vast library of functidasyour convenience.
These are all documented in the help and the Ox book. Whefliecton is written in
C, and added to the Ox system (as for the standard libraryritien in Ox itself (such
as the maximization functions and the Database class),miesake any difference to
the user of the function.

2.9.1 Simple functions

The most simple Ox function has no arguments, and returnaluevThe syntax is:
functionname()

{
}

For example:

statements

#i ncl ude <oxstd.h>
sometext()

print("Some text\n");

main()

sometext();

We've created theometext function, and call it from thenain function. When the
program is run, it just printSome text . Note that, to call the function, the empty
parentheses are required.

2.9.2 Function arguments

A function can take arguments. In the header of the functamtecthe arguments are
listed, separated by comma’s. This example takes one argume
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. oxtut2d
#i ncl ude <oxstd.h>

dimensions( const mX)

printin(“the argument has ", rows(mX), " rows");

main()

dimensions( zeros(40, 5) );

Theconst which precedes each argumentindicates the function isamdgssing
the value, not changing it. Although any change made¥or mXis only local to
the function (once the function returns, both will have tiodd values back), it is very
useful to useconst wherever possible: the compiler can then generate mucérfast
code.

»[2.6] Modify the dimensions function to give it two arguments, printing the
number of rows in both arguments.

2.9.3 Returning a value

Thereturn statement returns a value from the functiand also exits the function
So, when the program flow reacheseturn  statement, control returns to the caller,
without executing the remainder of the function. The symtbthereturn  statement
is:

return returnvalue;

Or, to exit from a function which does not have a return value:
return;

For example:

MyOls1( const mY, const mX)

return (mX’mx)-1 * (mX'mY);

Or, using the library functiolmlsc as shown in the next example. This estimates
and prints the coefficients of the linear regression modbeé dependent variable is in
then x 1 vectormy, and the regressors in thex k£ matrixmX The&b part is explained
below. Any local variable (hereb) must be declaredy only exists while the function
is active. Withreturn  the result is returned to the caller, and the function exited
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) oxtut2e|
#i ncl ude <oxstd.h>

MyOls( const mY, const mX)
decl b;

olsc(mY, mX, &b);
print("in MyOls(): b=", b);

return b;
}
main()
decl b;
/1l my argument, nX argunent, both just random
b = MyOls( rann(10, 1), ranu(10, 2) );
/1 b now holds the result
print("in main(): b=", b);
}

»[2.7] In MyOls, move the line with the return statement to above the pratest
ment and compare the output with the old version.

»[2.8] Test the function using the program given underneditie task is to use
MyOls() for the regression. The data are observations on the wefght o
chickens {) versus the amount of feed they were givéf) ( The data source
is Judge, Hill, Griffiths, Lutkepohl and Lee (1988, Tabl8,5.195).

oxtut2f
#i ncl ude <oxstd.h>

MyOls( const mY, const mX)

decl b;
olsc(mY, mX, &b);
return b;
main()
decl y = <0.58; 1.1; 1.2; 1.3; 1.95;
2.55; 2.6; 2.9; 3.45; 3.5;
3.6; 4.1; 4.35; 4.4; 4.5>;
decl x1 = <1 : 15> /'l note transpose!
decl mx =1 " x1 ™~ x1 . 2; /'l regressors
print(ly ~ mx); [/l print all data

/1 2do: use MyO's to regress y on nx & print results

}
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2.9.4 Function declaration

A function can only be called when the compiler knows abaunithe program listed
below [2.8], theMyOls() function can be used insideain , because the source code
is already known at that stage. MyOls() were to be moved belomain it cannot
be used any more: the compiler hasn’t yet encountbtg@Is() . However, there is
a way to inform about the existence MfyOls() , without yet giving the source code,
namely by declaring the function. This amounts to copyirggttbader only, terminated
with a semicolon. To illustrate the principle:

#i ncl ude <oxstd.h>

MyOls( const mY, const mX);// forward decl aration of MO s,
/] so that it can be used in nmain

main()

/1 now MyA's may be used here

MyOls( const mY, const mX)

/'l code of MyA's
}

The header files (e.goxstd.h ) mainly list all the function declarations together,
whereas the source code resides elsewhere.

An option for small bits of code is to write the function to ax file, and just
include the whole file into the source file which needs it.

»[2.9] Add documentation td1yOls, using the template provided §2.2. Save
the resulting code (comment plivyOls) in a file calledmyols.ox . Then
adjust your program resulting from [2.8] along these lines:

#include <oxstd.h>
#include "myols.ox" /I insert code from myols.ox file

main()

/I now MyOls may be used here

2.9.5 Returning values in an argument

Often, a function needs to return more than one value. It ve@rsted out before that
a function cannot make a permanent change to an argumenteudowhis can be
changed using the ampersaig.(The following program illustrates the principle.



2.9 Using functions 19

) oxtut2g
#i ncl ude <oxstd.h>

test1(x) /1 no const, because x will be changed

X = 1;
printin("in testl: x=", x);

test2( const ax)
/1 Note: indexing starts at 0 in Ox
ax[0] = 2;
printin("in test2: x=", ax[0]);

main()

decl x = 10;

printin("x = ", Xx);

test1(x); /] pass x

printin("x = ", Xx);

test2(&x); /'l pass reference to x
printin("x = ", x);

}

The program prints:
x = 10
in testl: x=1
x = 10
in test2: x=2
X =2

This is happening:

e When callingtest2 , it receives in&x the addressof the variablex, not its
contents. In other words, we are now working with a referdnoe rather than
directly withx.

e Insidetest?2 ,theax argument holds this address. To access the contents at that
address, we use subscriptdx[0] is the contents of the address, which we can
now change.

e ax[0] = 2 does precisely that: it changes x itself, because x residésat
address.

Consider the variable as a mailbox: a location at which aevean be stored. In the
first casetestl ), we just faxg the content of the box: the function can reachange
the content, but we (the function caller) still have the wréd version. In the second
casefest2 ), we pass the key to the mailbox (the 'address’): this allthvegunction to
put something new in the box, which will then permanenthaep the content once the
function returns. Whether the variable is paskgdalueas intestl , or by reference
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asintest2 is determined by the author of the function. The functiorr nsest follow
the conventions adopted by the function author.

Finally, Ox makes no distinction between functions whichrdturn a value, and
those that do not. If you wish, you may ignore the return valie function altogether.
(But, of course, if a function has no return value, it showtlle used in an expression.)
For example:

decl b0 = MyOls(my, mx)[0];
MyOls(my, mx);
print(MyOls(my, mx));

The first line directly indexes the returned vector. The ayrdf indexing is discussed
in the next chapter.

»[2.10] Modify MyOls to print the following information:
Number of observations: xx
Coefficients:
XX
XX
Error variance:
XX

»[2.11] Modify MyOls to compute the estimated error variance. Return this throug
an argument.
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Operators

3.1 Introduction

A language like Ox needs at least three kinds of operator®tl with matrices:

(1) index operators, to access elements in a matrix;
(2) matrix operators, for standard matrix operations sischatrix multiplication;
(3) dot operators, for element by element operations.

There are quite a few additional operators, for example tdkwidth logical expres-
sions — these are discussed later in this chapter.

3.2 Index operators

In §2.8 we learned various ways to create a matrix. The countdgahe extraction of
single elements or specific rows or columns from the matrixh@s a flexible indexing
syntax to achieve this. But first:

Indexing in Ox starts at zero, not at one!

Initially you might forget this and make a few mistakes, befdre too long it will
become second nature. Ox has adopted this convention fopatdsility with most
modern languages, and because it leads to faster progrdmaee /B an option to start
at index one, which is explained in the Ox manual (and notyeatommended). The
available indexing options are:

e Single element indexing
A matrix usually has two indicedi][j] indexes elementi, j) of a matrix,
where[0][0] s the first (top left) element.

e Range indexing
Eitheri orj may be replaced by arange, suchla® . If the lower value of a
range is missing, zero is assumed; if the upper value is ngstie upper bound
is assumed.

21
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e Empty index
The empty indeX] selects all rows (when it is the first index) or all columns
(when it is the second). When there is only one infexthe result is a column
vector, filled by taking the elements from the indexand rowdw.

¢ Indexing a vector (i.e. a matrix with one row or one column)
When a matrix is used with one index, it is treated as a vebtdhat case it does
not matter whether the vector is a row or a column vector.

e Using a matrix as an index
In this case the matrix specifies which rows (if it is the firetéx) or columns (for
the second index) to select. The elements in the indexingxmatist be integers
(if not, they are truncated to integers by removing the fomal part).

Here are some examples:

01 2
:17<345), yf(012), z = 3

Y=yl =(0 1), z[:l]:z[:l][O]:(g).

»[3.1] Write a program to verify these examples.

»[3.2] Write a program which createsdax 4 matrix of random numbers. Then
extract the2 x 2 leading submatrix using (a) range indexing, and (b) matrix
indexing.

3.3 Matrix operators

All operators+ - * [ work as expected when both operands are an integer or a
double: when both operands are an integer, the result istegan otherwise it will be

a double. The exception is division of two integers: thid pibduce a double, st/2
equals 0.5 (C and €+ programmers take note!).

When matrices are involved, things get more interestingvi@isly, when two
matrices have the same size we can add them element by elefeot subtract them
element by element) . Although not a standard matrix algebraic operation, agldin
a column vector to a row vector works is allowed in Ox (and r@ies very useful). It
works like a table:

Yo To+Y 1+ Yo
(360 171)+ Yy | = Tot+tyr T1+ Y1
Y2 To+Y2 X1+ Y2
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For matrix multiplication use , then element, j of the result is the inner product
of row i (left operand) and columj(right operand).

»[3.3] Ifyou're not so familiar with matrices, try the folldmg on paper and then in

(1)

Division (/ ), when the right operand is a matrix, corresponds to postiptichtion
with the inverse. We've already used matrix transpdseahd horizontal and verti-
cal concatenation. We also saw one useful feature whenimgetfie constant term
for regression: when concatenating an integer (or doulsld)aamatrix, the scalar is
automatically replicated to get the same number of réwsof columns [ ). When
concatenating two non-matching matrices, the shortestsopadded with zeros at the
end. (Sothere is a difference betweenn <1;1> and<1> ~ <1;1> ;awarning
is printed for the latter.)

A square matrix may be raised to an integer power, usirigr exampleA™2 equals
Ax A. To summarize:

operator operation
' transposeX'y is short forX’ xy
(matrix) power

* (matrix) multiplication
/ (matrix) division

+ addition

- subtraction

horizontal concatenation
[ vertical concatenation

Some operations are illegal, resulting in an error mesddgee is an example:

Runtime error: 'matrix[4][1] * matrix[3][4]’ bad operand

Runtime error occurred in main(16), call trace:

C:\Program Files\Ox\tutorial\oxtut3a.ox (16): main
The first says that we cannot multiplydax 1 matrix into a3 x 4 matrix. The error
occurred in thenain function, at line 16. In OxEdit or OxMetrics you can doublikl
on the line with the error to jump directly to the problematicie.

»[3.4] Write a program that creates the following two matsice
name dimensions content
x 3 x4 random numbers
y 4x1 (1,2,3,4)
Then compute the following)'y, zy, y'2’, (z|y')?, y+v', 2’ +y. Also check
if these work:yz, z'y, = + v.
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»[3.5]

Consider a simple linear model:
yr = By + B1xt + &, fort=1,...T.
Creating a vectok; = (1 x;)" andf = (8, 61)":
y=x,8+¢, fort=1,...T.

More compact notation stacks theunderneath each other to createthe 1
matrix Y, and the transposed to create thd" x 2 matrix X:

Y=X0+e

This format is closest to the matrix expressions used in Ox.
Complete the following code section and turn it into a wogkidx program.
The program generates data from the simple linear modetijsstissed.

oxtut3b
/ = complete this simple linear model */
decl ct, mx, vbeta, veps, vy;
ct = 4 /] sanple size T
mx = ... /] create X, where z;=t
vbeta /1 2 x 1 matrix with ones

veps = 0.1 =* rann(ct, 1);
vy = .. /] create Y
print("y = X * beta + eps\n",
"X", mx, "beta", vbeta, "eps", veps, "y, vy,
"b_hat", (1/(mx’mx)) * (mx'vy) );

Your code should produce the following output:
y = X * beta + eps
X
1.0000 1.0000
1.0000 2.0000
1.0000 3.0000
1.0000 4.0000
beta
1.0000
1.0000
eps
0.022489
0.17400
-0.020426
-0.091760

2.0225
3.1740
3.9796
4.9082
b_hat
1.1554
0.94628
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»[3.6] Extend the previous example by adding the followingeo

print("b_hat", invert(mx'mx) * (mx'vy) );
print("b_hat", (mx'mx)™-1 * (mx'vy) );
print("b_hat", invertsym(mx’'mx) * (mx'vy) );
decl vb_hat;

olsc(vy, mx, &vb_hat);// olsc is the best way to do OLS!
print("b_hat", vb_hat);

3.4 Dot operators

Dot operators are element-by-element operators. For gddid subtracting matrices
there is only the dot version, already used in the previoctmse(written as+ and- ).

Element-by-element multiplication is denoted by and./ is used for element-
by-element division. As with addition and subtraction, donformity implies that
either operand may be a row (or column) vector. This is theapswhrough the rows
(columns) of the other operand. For example:

Yo Y1 ToYo T1Y1
( To X1 )-* Y2 Y3 = ToY2 T1Y3
Ys Ys ToYs T1Ys

To summarize:

operator operation
. element-by-element power
L * element-by-element multiplication

N element-by-element division
+ addition
- subtraction

»[3.7] Extend the program from [3.4] with the following exgeons:y. x y, y. * y/,
x.xx,y.” 2.

3.5 Relational and equality operators

Relational operators compare both operands, and existtiixmaarsion and in element
by element (or ‘dot’) version. The first version always retian integer, even when
both arguments are matrices. The return value 0 stands fo8EAand 1 for TRUE.
When comparing a matrix to a scalar, the result is only 1 (TRIDE holds for each
element of the matrix.
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operator operation

< less than

> greater than

<= less than or equal to
=> equal or greater than
== is equal

I= is not equal

The second form of relational operator is the dotted versibis does an element
by element comparison, and returnsiatrix of 0's and 1's. The dotted versions are:

operator operation

< element-by-element less than

> element-by-element greater than

<= element-by-element less than or equal to
S>= element-by-element equal or greater than

== element-by-elementis equal
A= element-by-elementis not equal

Often code is more readable when using the predefined caffRiEandFALSE,
instead of the numbers 1 and 0. These are definedstd.h . Relational operators
are especially important in conditional epressions anfddpand these are discussed in
the next chapter.

3.6 Logical operators

These are closely related to the relational operators,landave non-dotted and dotted
versions. The first evaluate to either zero or one:

operator operation
&& logical-and
Il logical-or

If an expression involves several logical operators atehether, evaluation will stop
as soon as the final result is known. For examplélin|| checkval(x)) the
functioncheckval is never called, because the result will be true regardlegs o
outcome. This is called oolean shortcut

The dotted versions perform the logical expression for edement when matrices
are involved (therefore they cannot have boolean shojtcuts

operator operation
&& element-by-element logical-and
Al element-by-element logical-or
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As a first example, we print a logical table. Print format op# are used to label
rows and columns, for more information sgel.

) oxtut3d
#i ncl ude <oxstd.h>

main()

decl al = <0,1>, a2 = <0,1>;

print("Truth table", "%7g ",
"%r", {"'m=0:","'m=1:"  },

"%c", {" m]| 0" m| 1" m & 0 m && 1" 1
@1 .| a2) © (al’ .&& a2) );

Which prints the table:

Truth table

mi| O m | 1 m && 0 m && 1
m=0: 0 0 0
m=1: 1 1 0 1

The next program uses some matrix comparisons, printing:
v (v.>1.&& vV .<3) " (v.== <1:3>)

1.0000 0.00000 1.0000
2.0000 1.0000 1.0000
3.0000 0.00000 1.0000
No dots: (v > 1 && v < 3) =0, (v ==<13>) =1
) oxtut3e
#i ncl ude <oxstd.h>
main()

decl v = <1;2;3>;

print(" v (v.>1.&& v < 3) 7 (v .== <1:3>)",
v (v .>1 .&& v < 3) 7 (v == <1:3>));
printin("No dots: ",
"v>1&&% Vv<3="((>18&&V <3,
"o(v == <Li3>) =, vo== <1i3%);

Some procedures are available for selecting or droppings/miumns based
on a logical decision. These aselectifr , selectifc , deleteifr and
deleteifc  ;vecindex may be used to translate the 0-1's to indices. A very useful,
but slightly more complex operator is the dot-conditioraémtor (se€3.8).
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Here are some examples using these functions:

expression outcome

u 1 01 0 2
u.>0 1 01 01
vecindex(u)’ 0 2 4
vecindex(u .> 1) 4

selectifc(u, u .> 0) 11 2
selectifc(u, u .> 1) 2

3.7 Assignment operators

It may surprise you, but assignment is an operator like ahgroit just has very low
precedence (only one operator is below it: the comma omdrads a result we may
write

decl x1, x2, x3, x4;

X1 =0; x2 =0; x3 =0; x4 =0;
/1 or more concisely:

Xl = x2 = x3 = x4 = 0;

There are also compact assignment-and-other-operatione operators, for ex-
ample you could try adding print statements for:

decl x1, x2, x3, x4;
X1l = x2 = x3 = x4 = 0;

X1l += 2;
X2 -= x1;
X1l *= 4;
x1 /= 4;
x1l "= x2;
X3 |= 2;

3.8 Conditional operators

Both the conditional, and dot-conditional operators arét anlore advanced, because
they have three components. The dot-conditional can beciediyauseful, because it is
like a filter: a one in the filter will let the first value througdzero the second. Consider
for example:

decl x = rann(2,2);
X=X .<0.20 . x

Initially, x is a matrix with standard normal random numbers. The ne&tdhecks for
negative elementx(.< 0 creates a 0-1 matrix, with 1 in the positions of negative



3.9 And more operators 29

numbers). For all positions where the filter is not 0, the egpion after the? is used.
For the zeros, the else expression (afte) is applied.

»[3.8] Below is an example using ttselectifr andvecindex functions. Ad-
just it to use the dot-conditional operator (use the helgdassary, see under
conditional operator), to set all negative valuesuab zero. Note that dot
operators tend to be much faster than using loops.

oxtut3f
#i ncl ude <oxstd.h>

main()
decl u = rann(6,1), v, w;

v = selectifr(u, u .< 0);
print(u’, v');

w = u;
wlvecindex(u .< 0)][] = O;
printu ~ w, v’ 7 vecindex(u .< 0));

3.9 And more operators

We have not discussed all operators, see the Ox book for thiksfu Some will be
needed in the remaining chapters:

decl x1, x2;
X1l = x2 = 0;
print(x1, " ", ++x1, "\n"); /1 increnment x1 by 1
print(x1, " ", --x1, "\n"); /1 decrenent x1 by 1
x1l = <0,1,2>;
printin(x1, " ", Ix1, " ", 1Ix1); /1 ! is negation:

// 0 beconmes 1, non-zero becones 0

3.10 Operator precedence

Because operator precedence is so important, we replleatable from the Ox book
here. Table 3.1 gives a summary if the operators availab@xintogether with their
precedence. The precedence is in decreasing order. Ogzaatthe same line have the
same precedence, in which case the associativity givegdlee of the operators.
Atfirst, it will be useful to keep Table 3.1 close at hand: wienfuse the precedence
ordering in our statements to avoid using too many pareathddut when in doubt, or
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Table 3.1 Ox operator precedence.

Category operators associativity
primary 0 = left to right
postfix >0 ++ - left to right
power o left to right
unary ++ -- + - | & new delete right to left
multiplicative kx| ] left to right
additive + - left to right
horizontal concatenation ™ left to right
vertical concatenation | left to right
relational < ><=>= <> <= >= left to right
equality = Il= == = left to right
logical dot-and && left to right
logical-and && left to right
logical dot-or Al left to right
logical-or Il left to right
conditional 20?70 right to left
assignment =*x=[= 4= -="=|=. x= [= right to left
comma , left to right

when needing to override the default, you can always addgaesis. For example, in
[2.8] we wrote:

mx =17 x1 7~ x1 . 2; |/l regressors
Using the precedence table we know that dot-power comesdedmcatenation. Also,
concatenation is evaluated left to right. So the expredsiedaluated as:

mx = ((1 " x1) © (x1 .7 2));
Writing

mx = (17 x1 "~ x1) . 2
would have given some problems in the regression.



Chapter 4
Input and Output

4.1 Introduction

Table 4.1 lists the files types which Ox can read and write.

file type default extension
Text matrix file .mat

Text data file with load information .dat
PcGive/OxMetrics data file .in7 (with .bn7)
Excel spreadsheet file Xls

Lotus spreadsheet file wks/.wk1l
Gauss matrix file fmt

Gauss data file .dht (with .dat)
Stata data file .dta

text file usingfscan /fprint  functions
binary file usingread /fwrite  functions

Table 4.1 Supported file formats.

Simple functions are available for reading and writing, eslaw level functions
which can be used to read virtually any binary data file (ptedithe format is known;
see the examples isamples\inout ). This chapter gives examples of the most
frequently used methods, but is by no means exhaustive.

To read afile directly into a matrix, u@admat . Theloadmat function uses the
extension of the file name to determine the file type. EBeemat to write a matrix
to disk, again the file type is determined by the extension.

All versions of Ox, whether for Unix or Windows, will write @htical files. So you
can write a PcGive file on the Sun, transfer it to a PC (.in7 andrly transfer for .bn7!),
and read it there.

31
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4.2 Using paths in Ox

If you specify full folder names, you must either use one famvslash, or two back-
slashes:"./data.mat" or "\\data.mat" . Ox will interpret one backslash in
a string as an escape sequence (a%nh , see§7.4); only if it happens not to be an
escape sequence, will the backslash be used. Also notehth&Vindows and Unix

versions of Ox can handle long file names.

4.3 Using OxMetrics or Excel

If you need to enter data from the keyboard, you can enteetims a file using a text
editor, or enter them into a OxMetrics database or Exceksfsieeet. These can be read
directly into an Ox matrix or into an Ox database. Examplesgiwren below.

4.4 Matrix file (.mat)

This is a simple ASCII (human-readable) file. The first two ens in the file give the
number of rows and columns of the matrix, this is followed ey matrix elements, row
by row. If data.mat has the following contents:

4 2 /I 4 by 2 matrix

1 2 /I comment is allowed
34
56 738

then the following program will read it, provided it is in tkame directory.

#i ncl ude <oxstd.h>
main()
decl mx;
mx = loadmat("data.mat");

print(mx);

»[4.1] Rewrite [2.8] by putting the data in a .mat file. To saypibg the numbers,
you can first run the program withsavemat command.
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4.5 Spreadsheet files

Ox can read and write the following spreadsheet files:

o Excel: .xls files;
o Lotus: .wks, .wk1 files;

provided the following convention is adopted:

e Ordered by observation (that is, variables are in columns).

e Columns with variables are labelled (have a name).

e Thereis an unlabelled column with the dates (as a stringhgfiorm year—period
(the — can actually be any single character), for exampl801® (or: 1980Q1
1980P1 1980:1 etc.). This doesn’t have to be the first column.

e The data form a contiguous sample (non-numeric fields areected to missing
values, so you can leave gaps for missing observations;ethesExcel code
@N/A.

Ox can read the following types of Excel files:

e Excel 2.1, 3.0, 4.0 worksheets;
e Excel 5.0, 95, 97, 2000, XP, 2003 workbooks.

Workbooks are compound files, and only the first sheet in thaeditead. If Ox cannot
read a workbook file, it is recommended to retry with a worleslide.

When saving a database as an Excel file, it is written as anl xtevorksheet.
The maximum size of spreadsheet file$55536 rows by256 columns, and a warning
is given if that maximum is exceeded (Ox can handle much tadgtasets). Ox does
not enforce the maximum number of columns, allowing up3636 instead; rows and
columns in excess df5 536 are not written.

For example, the format for writing is (this is also the oglrformat for reading):

A B C D
CONS INFL DUM
1980-1 883 2.7
1980-2 884 3.5
1980-3 885 3.9
1980-4 889 2.6
1981-1 900 3.4

OOk, WNPE
N O 01 W

4.6 OxMetrics/PcGive data files (.IN7/.BN7)

As for spreadsheet and matrix files, these can be read diiatdl a matrix using the
loadmat function.



34 Chapter 4 Input and Output

»[4.2] Adjust the program you wrote in [4.1]. to save the mafilie in the PcGive
file format. If you have access to OxMetrics, then load theifiite it. Or, if
you have access to Excel, you can try to use the spreadsheettfimstead.

4.7 What about variable names?

Often the columns of the matrix to be read in are variablesrfodelling which have
a name. It would be nice to have those names in the output,esr e8lect variables
by name. This functionality is offered by tlimtabase classWe will start later with
object oriented programming, but the following exampleldaiready be useful. The
database class also has facilities to keep track of timessdata.

The examples will use theata.in7 /data.bn7 file combination, installed with
Oxin theox\data directory.

oxtut4a
#i ncl ude <oxstd.h>
#i nport <database>
main()
decl dbase;
dbase = new Database();
dbase.Load("C:/Program Files/ox/data/data.in7");
dbase.Info();
del et e dbase;
}
With output:
---- Database information ----
Sample: 1953 (1) - 1992 (3) (159 observations)
Variables: 4
Variable  #obs #miss min mean max std.dev
CONS 159 0 853.5 875.94 896.83  13.497
INC 159 0 870.22 891.69 911.38 10.725
INFLAT 159 0 -0.6298 1.7997 6.4976 1.2862
OUTPUT 159 0 11659 11911 1213.3 10.974
»[4.3] Trythe above program, using the correct path for yostallation.
»[4.4] With mx = dbase->GetAll(); you can get the whole database matrix

into the variablenx. Usemeanc etc. to replicate the database information.
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4.8 Finding that file

In the previous section we hardcoded the file name. That isalkatys convenient,
especially not with distributed code where it is up to therusedetermine the file
locations. There are a couple of tricks which may help:

] oxtut4b
#i ncl ude <oxstd.h>

#i nport <database>
#i nport <data/>

main()

decl x = loadmat("data/data.in7");
print("means:", meanc(x));

decl dbase = new Database();
dbase.Load("data.in7");
dbase.Info();

del et e dbase;

If you have installed properly (i.e., under operating systeother than Windows,
the OX4PATHvariable is set correctly), then in both cases the files valfdund.

e loadmat works, because, when normal file opening fails, the file isctesl
alongOX4PATHwhich has an appropriate default under Windows). In thieca
the file is inox/data , so the second search succeeds.

e Load works with the help of thémport statement. The argumentitoport
is a partial path (because of the terminating slash). THative path is now
combined withOX4PATHo continue the search.



Chapter 5

Program Flow and Program Design

5.1 Introduction

Ox is a complete programming language, withstatements anidr loops. However,
where you need loops in more traditional languages, you ften ase the special ma-
trix statements available in Ox. Try to avoid loops whenexar can: the vectorized
version will often be very much faster than using loops. Gndther hand, you'll dis-
cover that loops cannot be avoided altogether: some cotldgesn’t vectorize (or the
resulting code might get too complex to maintain).

5.2for loops

The authors of the C language came up with a nice solutiorhiaisyntax of the for
loop: it is flexible, yet readable:

for ( initialization; condition; incrementatior)

{
statements
}
For example:
decl i

for (i = 0; i < 4; ++i)

print(" ", i);

Printing:0 1 2 3.
It works as follows:

36
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value ofi  check condition action
initialize i 0 TRUE— goon print0
increment 1 TRUE—goon printl
increment 2 TRUE— goon print2
increment 3 TRUE—goon print3
increment 4 FALSE — stop!

So, at the end of the loop, will have the value 4. Since the condition is checked prior
to executing the loop, it is possible that the body is not atext at all (then will have
the initial value).

It is allowed to have more than one statement in the initiin or incrementation
part of the for loop. A comma is then required as a separator:

decl i, j;
for (Ii=0j=-11i< 4 & & j <=3, ++i, | += 2)
print(" ", i, " ", )
»[5.1] Write a function which multiplies two matrices usifiy loops. Compare
the results with using the matrix multiplication operator.
»[5.2] Can you see whatis wrong with this code?
for (i = 4; i >= 0; ++i)
print(" ", i);
5.3while loops
The first example for théor loop can also be written using a while loop:
i =0;
while (i < 4)
print(" ", i);
++i;
}

In this case, théor loop is more readable. But if there is not a clear initializat
or incrementation part, thehile form might be preferred.

Again, thewhile loop is not executed at all whenstarts at 4 or above. If a loop
must be executed at least once, usedihewhile loop:
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i = 0;

do

t .
print(" ", i);
++i;

} while (i < 4);

Here the check is at the end: the body is executed the first tegardless of the initial
value ofi .

5.4break and continue

Two special commands are available inside loops:

e break;
Terminates the loop in which the command appears, for exampl

for (i = 0; i < 4; ++i)

if (i==2) break;
print(" ", i);

This works as follows:

i check condition action
initialize i 0 TRUE— goon no break, print 0
increment TRUE— goon no break, print 1
incremeni 2 TRUE— goon break!

=

e continue;
Starts with the next iteration of the loop, for example:

for (i = 0; i < 4; ++i)

if (i==2) continue;
print(" ", i);

This works as follows:



5.5 Conditional statements 39

i check condition action
initialize i 0 TRUE—goon nocontinue, print0
incremeni 1 TRUE—goon no continue, print1
incremeni 2 TRUE— goon continue!
incremeni 3 TRUE— goon no continue, print3
incremeni 4 FALSE— stop!

5.5 Conditional statements

In the previous section we uséfd statements to illustrate the useaufntinue and
break . The full syntax is:

if (condition)

statements
}
else if ( condition)
{
statements
}
else
{
statements
}

here, condition must be an expression. Remember that anygerorvalue is true, and
zero is FALSE. Also: a matrix is only true if it has no zero etats at all. It might
seem a bit pedantic to write true in lower case, BAULSEin uppercase (and a different
font). There is, however, a big difference here betweendn®TRUE The latter is a
predefined constant which always has the value 1 (equBADSE ). The former refers
to any non-zero value, e.@, 2, -12.5 , etc.

5.6 Vectorization

The following program draw§’ (set in the variablet ) normally distributed random
numbers, and computes the mean of the positive numbers:
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) oxtutbal
#i ncl ude <oxstd.h>

main()

decl ct, mx, i, cpos, dsum, time;

ct = 250;
mx = rann(ct, 1);
time = timer(); /| save starting tine

for (i = cpos = 0, dsum = 0.0; i < ct; ++i)
if (mx[i] > 0)
{

dsum += mx[i];
++cpos;

printin("lapsed time: ", timespan(time));
printin("count of pos.nos: ", cpos, " out of ", ct);
printin(*mean of pos.nos: ", dsum / cpos);

}

»[5.3] Inexercise [3.8], we used tlselectifr function to select part of a matrix,
based on a boolean condition. Use this knowledge to rewrgeptogram
without using loops or conditional statements.

»[5.4] Repeat both programs f@r = 2000, 8000 and compare the time of the orig-
inal and your vectorized program. (You might have to inceeBgurther to
get meaningful timings.)

5.7 Functions as arguments

A function may be passed as argument to another functionthemdcalled from within
that function. To pass a function as argument, just passaheerfwithout parentheses).
The argument s then used as any other function, but thereecan argument checking
at compile time, only at run time.

The examples in this section involve maximization of a fimtof several param-
eters. Fortunately, maximization code is provided with @xd we shall use that to
illustrate using functions as arguments. The library fiorcMaxBFGSimplements
the BFGS (Broyden-Fletcher-Goldfarb-Shanno) methodefodivailable unconstrained
maximization methods are Newton’s method and the NeldexeM@mplex method.
Further information on all these functions is in the Ox mdraunal online help. Details
of the procedures are beyond our current objectives, bué tisea vast literature on
non-linear optimization techniques to consult (see, ammagy others, Fletcher, 1987,
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Gill, Murray and Wright, 1981, Cramer, 1986 and Press, Faprireukolsky and Vet-
terling, 1988). Note that many texts on optimization focaswinimization, rather than
maximization, but of course that is just a matter of revaysire sign.

Consider minimizing the so-called Rosenbrock function:

fla,B) =100 (8 —a2)® + (1 —a)?.

The minimum is at1, 1) with function value0; the contours of the function are rather

banana-shaped.
In order to use a function for maximization, it must have farguments:

func( const vP, const adFunc, const avScore, const amHess);

obeying the following rules:
e VP is ap x 1 matrix of parameter values at which the function is to beestad.
e adFunc mustbe the address of a variable on input. On output, thdéiumealue
at the supplied parameters should be stored at the address.

e avScore holds eithel0 on input, or the address of the score variable. If it was

not 0 on input, the first derivatives of the function (the scoreg, a1 vector)
should be stored at the address.

e We ignore theamHess argument.

e func should return 1 if it was successful, and 0 if it failed to exsk the function
at the supplied parameter values.

The initial program is:

) oxtutsh)
#i ncl ude <oxstd.h>

fRosenbrock( const vP, const adFunc, const avScore,
const amHess)

adFunc[0] = -100 * (VP[1] - vP[O] .m 2) . 2

- (2 - vP[O]) .0 2; /1 function val ue
return 1; // 1 indicates success
}
main()

decl vp, dfunc, ir;

vp = zeros(2, 1); [l starting val ues
ir = fRosenbrock(vp, &dfunc, 0, 0); [/ eval uat e

print(*function value is ", dfunc,
"\n at parameter value:", vp’);
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»[5.5] Below is a function which can be used to tBebsenbrock . Add it to the
previous program, rewritinain to usefunceval , with fRosenbrock
as the first argument.

oxtutb¢
funceval( const func, const vP)
decl dfunc, ir;
ir = func(vP, &dfunc, 0, 0); [/ eval uate

if (ir == 0)
print("function evaluation failed\n");
else
print("function value is ", dfunc,
"\n at parameter value:", vP");

Itis a small step from here to maximize the function uditexBFGSWhen calling
MaxBFGS a function has to be provided for maximization, in a fornetritical to that
of fRosenbrock (which explains all the seemingly redundant arguments).

In addition to calling MaxBFGS (the help explains the arguments), the
maximize.h  header file must be included, and the object code for maxiiniza
linked in. The resulting program is:

oxtut5d
#i ncl ude <oxstd.h>
#i mport <maximize>
fRosenbrock( const vP, const adFunc, const avScore,
const amHess)
adFunc[0] = -100 * (VvP[1] - VP[O] .~ 2) " 2
- (1 - vP[O]) .~ 2 [/ function val ue
return 1; /1 1 indicates success
}
main()
decl vp, dfunc;
vp = zeros(2, 1); /] starting val ues
MaxBFGS(fRosenbrock, &vp, &dfunc, 0, TRUE);
print(“function value is ", dfunc,
" at parameter value:", vp’);
}
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»[5.6] Use the help or documentation to read about MaxBFGS function.
Add a call toMaxControl(-1, 1); to the program in order to print
the results of each iteration. Also try to inspect the retuatue of
MaxBFGS function maximization can fail for various reasons (tigseuthe
MaxConvergenceMsg function).

5.8 Importing code

The previous program used thamport  statement to link the maximization code:

#i ncl ude <oxstd.h>
#i mport <maximize>

There is no file extension in the argument#onport . The effect is as an
#include <maximize.h> statement followed by markingnaximize.oxo
for linking. The actual linking only happens when the file isny and
#import <maximize> statements may occur in other files which need it (in-
cluding compiled files).

The maximization code as supplied with Ox has three parts:

ox/include/maximize.h the header file
ox/include/maximize.oxo the compiled source code file
ox/src/maximize.ox the original source code file

Because we link the compiled code, the original Ox code isewrity needed. Program
organization is discussed further§s.10.

5.9 Global variables

A golden rule of programming is tavoid global variables as much as possiblehe
reason for this is that using global variables makes progrhard to maintain, and
difficult to use. A global variable (also callexkternalvariable) which is only used in
one source file is not too bad, but it becomes more probleraatgoon as the global
variables have to be shared between various source code files

Sometimes you cannot avoid the use of global variables dictise we recommend
to label thenstatic ~ whenever possible. This will indicate that the variable ocaly
be seen within the current file (i.e. tlseopeis restricted to the file). For example, if
a procedure likdRosenbrock above needs to access data, we cannot avoid a global
variable: the data cannot be provided as an argument, bedaatswill stop us from
using the function as an argumentM@axBFGS

Another solution to the problems caused by global variaislés wrap everything
into aclass This is the subject of Chapter 8.
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To illustrate the issue, we can estimate the parametersdroormal density given
a sample of size. The normal density is:

Flyisp, o) = (27“72)_1/2 exp {* (yi — p)° /202} .

The log-likelihood (divided by:) for the sample is:

(0l)/n = 3" log f(yi50) = —5log (270%) — 5= > (i = )* /o™

oxtutbe
#i ncl ude <oxstd.h>

#i ncl ude <oxfloat.h> /] defines MPlI, M2PI
#i mport <maximize>

static decl s_my; /1 the data sanmple (T x 1)
fLoglik( const vP, const adFunc, const avScore, const amHess)
decl dsum, dsig2;

dsum

sumsqgrc(s_mY - vP[0]) / rows(s_mY);
dsig2

VvP[1];

adFunc[0] = -0.5 * (log(M_2PlI = dsig2) + dsum / dsig2);
return 1; // 1 indicates success
main()

decl cn, dmu, dsigma2, vtheta, dfunc;

cn = 50; [l sanple size
dmu = 21; [l distribution paraneter: nean
dsigma2 = 49; // and vari ance

/1 generate a sanple
s_.mY = dmu + sqrt(dsigma2) * rann(cn, 1);

vtheta = <20;49>;
fLoglik(vtheta, &dfunc, 0, 0); /| eval uate

print(“function value is ", cn * dfunc,
" at parameter value:", vtheta’);

MaxControl(-1,5);
MaxBFGS(fLoglik, &vtheta, &dfunc, 0, TRUE);

print("Function value is ", cn x dfunc,
" at parameter value:", vtheta’);
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Maximizing the log-likelihood amounts to regression on astant term (but in
regression the estimated variance is be dividediby k). So, an explicit solution is
available, and the code has only an illustrative purpose!

In the Ox program, the maximand is the log-likelihood didd®y the sample size,
instead of just the log-likelihood. The reason for this is tonvergence decision by
MaxBFGS This is based on two criteria: relative change in paramsetad likelihood
elasticities (parameter times score). While both are iawato scaling of parameters,
the latter is not invariant to sample size. In least squasihology this amounts to
maximizing (minus) the residual variance, rather than éstdual sum of squares.

»[5.7] The program creates a random sample of 50 observatithg: = 20 and
o? = 49. Next, the values of: ando? are estimated for that particular
sample, with the iterative process starting from the truees
Extend the program step by step:

(1) Insidemain useloadmat to loadthedata.in7 file (see Chapter 4).

(2) Replace the artificiad data by the first column from the loaded data
(which is the CONS variable), and estimate

(3) Write 4 = 23, wherez; = 1. In the code, introduce aX variable
which is set to & x 1 intercept. Use this variable in the log-likelihood
and verify thatu is unchanged.

(4) Now extend theX matrix with the second and third columns from the
loaded data. Adjust the coefficient vector accordingly, apdate the
log-likelihood function to estimate all parameters.

(5) Finally, estimatdog o2 instead ofs2. This ensures that the estimated
o2 will always be positive (because we have to take the expoteent
transform it backwards). Adjust the starting value acaagdi.

5.10 Program organization

To summarize program structure as seen up to this point:

e A header file communicates the declaration of functionsstarts and external
variables §2.3).

e Including Ox code makes it available for use ([2.9]).

e Precompiled code can be linked §5(8).

For small programs it doesn’t matter so much how you orgathieecode. It could
be convenient to set some functionality aside in an .ox fitkefa MyOls.ox ), and
then include it when required.

For large programs more care is needed. Usually, the prigjetivided in source
code according to functionality (no need to create a sepdilatfor each function).
Header files then allow the declaration to be known wherevsrequired. To run the
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program, the code must be linked in with timain function, either including the code,
or linking in the precompiled code.

As an example, pretend that tlieoglik ~ function given above is actually of any
use. First create a source code file caliegoglik.ox

#i ncl ude <oxstd.h>
#i ncl ude <oxfloat.h>

static decl s_mY; /] the data sample (T x 1)
/] use static to avoid any other file from seeing s_my

SetYdata( const mY)
s mY = mY;

FMyLoglik( const vP, const adFunc, const avScore,
const amHess)

/! code del eted

}

By makings_mYstatic, we hide it from other source files. In order to storeadia it,
we provide theSetYdata function. A less desirable strategy would have been to omit
thestatic  keyword, and provide direct access to the variable.

Next, a header file calleahyloglik.h (don't forget the semicolons after the dec-
larations!):

SetYdata( const mY);
FMyLoglik( const vP, const adFunc, const avScore,
const amHess);
I if s_n¥ is declared wi thout static, then we would call
I it g my, and access fromother files is provi ded by

I declaring it as follows in the header file:
/1 extern decl g_nv;

(1) Including the code:

#i ncl ude <oxstd.h>

#i ncl ude "myloglik.h" /1 no <...> but

#i ncl ude "myloglik.ox" /1 also get the code
main()

{ /1 main code has to be supplied

}

Including the code this way can only happen once in a proj&etmore conve-
nient method is to uséimport
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(2) Importing the code:

#i ncl ude <oxstd.h>

#i mport "myloglik" /[l no <...>but "...", no extension

main()

{ /! main code has to be supplied

}

The #import "myloglik" command corresponds to a#include
"myloglik.h" , followed by markingmyloglik.ox for linking. This
way myloglik.ox will only be included once in a project, regardless of how
many timestimport "myloglik” occurs.

(3) Linking the pre-compiled code requires compilationtfirsYou could use
oxl.exe forexample:
oxl -c myloglik.ox

The#import  will search for theoxo file before trying theox file. So after
compilation it will find the former.
You can also use OxRun, checking the box labelled ‘creatditeto

Note, that you must recreate theyloglik.oxo file any time you make a change in
myloglik.ox

The filename for#import and#include was sometimes put inside double
quotes, and other times in angular brackets. The former sndwat Ox will first try
to find the file in the folder of the program. For files which agtpf Ox this is not
required, and the...> formis used.

»[5.8] AddtheSetYdata tothe program fron§5.9, and use it to change the con-
tents ofmsY. Try the various procedures outlined above, and compare the
outcomes.

5.11 Style and Hungarian notation

The readability and maintainability of a program is consididy enhanced when using
a consistent style and notation, together with proper itatean and documentation.
Style is a personal matter; this section describes the atjdgted in the Ox manual.
Indent by four spaces at the next level of control (i.e. aftarh opening brace), jumping
back on the closing brace.

The Ox manual also uses something called Hungarian notafibis involves the
decoration of variable names. There are two elements to &hiargnotation: prefixing
of variable names to indicate type, and using case to inglgaipe (remember that Ox
is case sensitive).
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In the following example, théuncl function is only used in this file, and gets
the address of a variable as arguméninc2 is exported to other files, and expects a
matrix X, and corresponding array of variable names (array of ®jinfhe naming

convention of the example uses most of:

variable prefix type

mX matrix X

asX array ofstrings X
g-mX global matrix X

s_mX static matrix X

mmX member of class matrix X

while local variables are all lower case. We often don't usegrhrian notation for
local variables, but otherwise have found it extremely ulsief enhance the readability
and maintainability of our code. This is especially benafivihen developing within a

team where the same rules are used.

#i ncl ude <oxstd.h>

const decl MX R = 2; /* a const ant
decl g_mX; [+ exported matrix
static decl s_iCount; [+ static external variable

static funcl( const amX)/*argunent is address of variable
amX[0] = unit(2);

[+ exported function
Func2( const mX, const asX)
{
decl i, m, ct, cx;
cx = columns(mX);
ct = rows(mX);
if (cx != sizeof(asX))
print("error: dimensions don’'t match");

*/
*/
*/

«/

*/

Table 5.1 lists the conventions regarding the case of viesadnd functions, while

Table 5.2 explains the prefixes in use.
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Table 5.1 Hungarian notation, case sensitivity.

local variables all lowercase

function (not exported) first letter lowercase

function (exported) first letter uppercase

static  external variable s_ prefix, type in lower, next letter uppercase
exported external (global) variable as above, but prefixitd gv

function argument type in lowercase, next letter uppercase
constants all uppercase

Table 5.2 Hungarian notation prefixes.

prefix type example
[ integer iX

c count of cX

b booleanf{ is also used) bX

f boolean (and integer flag) X

d double dX

m matrix mX

\ vector vX

S string sX

a array (or address) aX
as array of strings asX
am array of matrices amX
p pointer (function argument) pX
m class member variable mmX
0- external variable with global scopeg-mX

static external variable (file scope)s_mX

(%]
1




Chapter 6
Graphics

6.1 Introduction

We assume that you have OxMetrics or can handle PostScegt feéquiring:

(1) access to OxRun and OxMetrics to see graphs on screen, or

(2) access to GhostView or another program to view a savgghgra screen, or
(3) access to a PostScript printer to print a saved graph, or

(4) access to a GhostScript or another program to print alsgraph.

More details follow.

6.2 Graphics output

Several types of graphs are readily produced in Ox, suchaghgrover time of several
variables, cross-plots, histograms, correlograms, etthoAgh all graph saving will
work on any system supported by Ox, only a few can displaytggap screen (OxMet-
rics can, for example). If you have GhostView installed, yam use that to display a
saved PostScript file on your screen.

A graph can be saved in various formats:

Encapsulated PostScripeps ),

PostScript (s ), and

OxMetrics graphics file.gwg ).

A bitmap format (png , portable network graphics).

When usingdOxMetrics graphs can also be saved in Windows Metafile fornvatn(f ),
and copied to the clipboard for pasting into wordprocessors
6.3 Running programs with graphics

e Windows graphics from the console version
OxlI cannot display graphics, but can save graphics.
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e Graphics from Unix console versions
These cannot display graphics, but can save graphics.

e Windows graphics@QxRunandOxMetricg
Text and graphics output from the Ox program will appeaDxMetrics There,
text and graphs can be edited further, or copied to the dipbfor pasting into
other programs.

6.4 Example
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The example program generates two drawings from a stanaanaah distribution,
cumulates these to get two independent random walks. Thedbéen drawn against
time (both in one graph) and against each other, resultibgaorgraphs.

Theoxdraw.h header file must be included for the graphics functions.

Some remarks on the functions used:

e DrawTMatrix() graphs variables against timdt expects the data in rows.
The startyear(startperiod) is 1(1), with frequency 1. Tdiies anx-axis which
is1,2,3,.... The first argument is the area index, here 0 for the first plot.

e DrawXMatrix()  graphs variables against another varialilexpects the data
in rows. Thez-axis is given by the second variable. The first argumen&atiea
index, here 1 for the second plot.
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e ShowDrawWindow() is required to realize the graph on screen. It also clears
the drawing buffer for subsequent graphs.

e You may add a call t&saveDrawWindow() to save the graph to disk. The
extension determines the file typgwg for OxMetrics graphics,eps for en-
capsulatedPostScript  and.ps for PostScript

) oxtutéal
#i ncl ude <oxstd.h>

#i ncl ude <oxdraw.h>
main()
decl ct = 200, meps, msum;

meps = rann(ct, 2);
msum = cumulate(meps);

DrawTMatrix(0, msum’, {"y1", "y2" }, 1, 1, 1);
DrawXMatrix(1, msum[][0], {"y1" }, msum[][1]’, "y2");
ShowDrawWindow();

}

»[6.1] The listed program only shows the first two graphs offtgare above. The
additional graphs are the two standard normal drawingsttaidcross plot.
Add two lines to the program so that the full figure is replécht



Chapter 7

Strings, Arrays and Print Formats

7.1 Introduction

In addition to matrices (and integers and doubles), Ox alpparts strings and arrays.
We have been using strings all the time to clarify the progoatput. An example of

a string constanis "some text" . Once this string is assigned to a variable, that
variable has the string type.
In §3.6 we even used an array of strings0","1"} . This type is especially

useful to label rows and/or columns of a matrix. Here is aao#xample:

. oxtut7al
#i ncl ude <oxstd.h>
main()
print( "%r", {"row 1", "row 2" ,
"%c", {"col 1", "col 2" } "%6.1g", unit(2) );
}
producing:
col 1 col 2
row 1 1 0
row 2 0 1

This program has 7 string constants, and 2 arrays. The stvimich have théo
symbol areformat specifiersto be discussed later.

7.2 String operators

Most useful are string concatenatiéntfut| will also work), and string indexing. Since
a string is a one dimensional construct, it takes only onexné&or example:
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#i ncl ude <oxstd.h>
main()
decl s = "some";

s "= " text",
print(s, s[4:], "\n size of s = ", sizeof(s));

7.3 Thesprint  function

Thesprint  function works exactly likgorint , but it returns the output as a string,
instead of printing it to the screen. Together with concatiem, this allows for easy
creation of text in the program.

Inthe next example we usprint  to write intermediate results to a file, where the
filename depends on the replication. This apprach might eibduring very lengthy
computations, to allow inspection of results before theypam is complete.

) oxtut7b
#i ncl ude <oxstd.h>

main()
decl crep = 4, ct = 50, i, sfile, mx;

for (i = 0; i < crep; ++i)

{
mx = rann(ct, 1); /] some | engthy cal cul ation
sfile = sprint("step", i, ".mat");
savemat(sfile, mx);
print("Step ", i, " saved to i sfile,
"7 mean:", meanc(mx));
}

}

»[7.1] Run the above program, then write the counterparts Should read in the
created files, and compute the means of the data in those files.

7.4 Escape sequence

Escape sequences are special characters embedded irga Bty start with a back-
slash. The previous example usédto insert a double quote in a string. We also used
\n , which inserts a newline character. Some useful ones are:
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\"  double quote'()
\0O  null character
\\ backslash\()

\a alert (bel)

\b  backspace

\n  newline

\t horizontal tab

The most importantis perhaps the backslash itself, be¢hatis used in filenames:
"c:\\ox\\bin" . You may also use forward slashes in Ox, then only one is redui
"c:/ox/bin"

7.5 Print formats

Without specifying an output format, all output is writtenthe default format. You can
change both the global default output format, as well asigpadormat for the next
object in theprint  function.

Examples of the latter were §v.1. There we uset?6.1g" to print the matrix
in generalformat (which uses scientific notation if the numbers becomeesmall or
large), using an output field of 5 characters with 1 signifiaigit. In addition"%r"
was used to indicate that the next argument is an array afgstiio label the rows,
whereas%c" was used for column labels. A full description is in the oallelp, and
in the manual.

Theformat function may be used to set the global format, for example:

format("%#13.5g");  // set new default format for doubles
format(200); /I increase line length to 200

"%#13.5g" is actually already the default for writing doubles such asrir elements.
The defaults will usually suffice, so perhaps it is more comiwatemporarily override
itintheprint  function than using théeormat command.

»[7.2] Use the following program to experiment with some fatm

. oxtut7c
#i ncl ude <oxstd.h>

main()
decl mx;

mx = ranu(1,1) ~ ranu(1,1) / 10000;
print("%25.169", mx, "%25.4g9", mx, "%25.4f", mx);
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7.6 Arrays

A matrix is a two-dimensional array of real numbers, and caontain any other data
types. Arrays give more flexibility. An array is a one-dimiemal array of any object.
Note that this is a recursive definition: an element in anyamay be an array itself,
making high dimensional arrays possible.

An array is constructed from variables by the use of curlycesaor by using the
new array[ dim] statement. When an array is printed, all elements are ligtedys
can be concatenated, and indexed. Section 7.1 showed gioéstengs:{"row 1",
"row 2" }. Here is a more elaborate example which mixes types in ag:arra

oxtut7d
#i ncl ude <oxstd.h>
main()
decl x = unit(2), ar;
ar = {x, {'row 1", "row 2" }, {"col 1", "col 2" b
print(ar);
ar = {x, { {'row 1%, "row 2" }, {"col 1", “"col 2" P b
print(ar);
}
producing:
[0 =
1.0000 0.00000
0.00000 1.0000
[1][0] = row 1
[1][1] = row 2
[2][0] = col 1
[2][1] = col 2
[0 =
1.0000 0.00000
0.00000 1.0000
[1][0][0] = row 1
[1][0][1] = row 2
[1][1][0] = col 1
[1][2][1] = col 2

7.7 Missing values

There is one type of missing value which is supported by cderpuardware. It is

calledNot a Numberor NaN for short.
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In a matrix constant, you may use a dot to represent a NaN. Yualso use write
.NaN whenever you need the missing value, or use the predefinestactivNAN
(defined inoxfloat.h ). The format used when printing outputidaN. The spaces
around the dot in the example are necessary, otherwisginterpreted as a dot-greater
than:

) oxtut7e|
#i ncl ude <oxstd.h>

#i ncl ude <oxfloat.h> /1 defines M NAN
main()
decl m = <. > dl = .NaN, d2 = M_NAN;

printtm + 1, d1 == .NaN, " ", d2 / 2);

Any computation involving a NaN results in a NaN, so in thisspled2 / 2 is
also .NaN. Comparison is allowed (but not in older versidi®xy anddl == .NaN
evaluates to one (so is TRUE).

A number of procedures are available to deal with missingasImost importantly:

e deletec() : deletes all columns which have a NaN,

e deleter() : deletes all rows which have a NaN,

e selectc() : selects all columns which have a NaN,

e selectr() : selects all rows which have a NaN,

e isdotnan()  :returns matrix of O’s and 1's: 1 if the element is a NaN, O othe
wise,

e isnan() :returns 1 ifanyelementis a NaN, O otherwise.

isdotnan in combination with the dot-conditional operator is an easy to
replace missing values by another value:

#i ncl ude <oxstd.h>
main()
decl ml = <0,.;.,1>, m2;

m2 = isdotnan(ml) .? -10 .. mil; /'l replace NaN by -10
print(m1, m2);
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7.8 Infinity

Infinity also exists as a special value supported by the harelwnfinity can be positive
or negative (printed as.Inf and-.Inf ), and can be used in comparisons as any
normal number. Thesdotinf() function tests for infinity.

»[7.3] Write a little program to experiment with NaN and infiniGenerate a NaN
as the logarithm of a negative number, and infinity as the egpbof a large
number. Investigate how they behave when multiplied/digidy each other
or a normal number.
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Object-Oriented Programming

8.1 Introduction

Object-oriented programming might sound rather dauntinfirst. Indeed, in some
computer languages, there is such a vast array of syntaxésatelated to classes and
objects, that it is almost impossible to master them all. i@xyever, only implements
a small subset. As a consequence, there is a slight lack dfiflgx On the other hand,
object-oriented programming in Ox is really quite easy &oihe It may even be a useful
as a start to using objected-oriented aspects of other tayegu

Object-oriented programming is an optional feature in Oxp-+tainow we've done
quite well without it. So, is it worth the effort to learn it? &¥elieve so: it avoids the
pitfalls of global variables, and makes our code more flex{bllowing us, for example,
to combine code sections more easily), and easier to maiatad share. We hope to
have convinced you of this by the end of this book.

The main component of object-oriented programming isctaes and several use-
ful classes are supplied with Ox. Examples are Blstabase , Modelbase and
Simulation  classes. Therefore we first focus on using an existing dassdore
learning how to write one.

8.2 Using object oriented code

The main vehicle of object-oriented programming is dheess which is the definition
of an object (somewhat like the abstract concept of a carj.itRo work in practice
requires creatingbjectsof that class (your own car is the object: it is difficult towdri
around in an abstract concept). It is with these objects ttatprogram works by
making function calls to the object.

The first objected-oriented code was encounterégid. This was approximately
as follows:
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) oxtut5a (repeat|
#i ncl ude <oxstd.h>

#i nport <database>
main()

decl db = new Database();
db.Load("data/data.in7");
db.Info();

del et e db;

The main aspects for users of the Datahzassare:

e The necessarpx or.oxo file of the Database class must be linked in. This is
achieved with thétfimport  statement.

e Usenew to create ambjectof the class.
The syntax

object= new classnamg. . .);

involves a function call to theonstructorfunction.

The constructorfunction is called when the object is created, and is useato d
all necessary initializations. A constructor has the saaraaas the class, and
may have arguments. In this case it creates an empty database

e Make function calls to the created object.
object functior( ...)

In this case we uskoad to load the data, anthfo to print some summary
statistics.

e Usedelete to remove thebjectfrom memory.
delete classnamg

This involves a function call to thdestructorfunction. In Ox this destructor
often does nothing. Aftedelete , we cannot use the object anymore.

»[8.1] Had we used global variables to store the databasenation, then we could
have only one database. The object-oriented code, on tlee loéimd, allows
us to create two databases, and use them simultaneouslyit&k#we previ-
ous example to create and load two databasesdata/data.in7 and
data/finney.in7 . Print a summary for both before usiniglete to
remove the objects.
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8.3 Writing object-oriented code

Writing object-oriented code involves the following steps
e declare a class with
e class members, consisting of:
— constructor and destructor functions (optional),
— functions and data members;
e write the contents of the function members.

These steps are contained in the following example:

#i ncl ude <oxstd.h>

cl ass AnnualSample
/'l constructor
AnnualSample( const iYearl, const iYear2);
decl m_iYearl;
decl m_iYear2;

AnnualSample::AnnualSample( const iYearl, const iYear2)

{

m_iYearl = iYearl;
m_iYear2 = iYearz;
}
main()
decl sam = new AnnualSample(1960, 2000);
del et e sam;
}

oops1l.ox

e Declaring a class.
class classname

{
b

Inside the curly braces is a list of the member functions (s&ders, just like in
a header file), and the data members (declared whih ). Often, this section
is in a separate header file, because it is required wherevetass is used.

e The code for member functions is always preceeded by
classname

so that it is clearly part of the named class. Apart from thefig, the syntax for

functions is unchanged.
The constructor function has the same name as the class.

Every member function can access the data members. Whee,jieaish object
works on its own copies of the data members. However, funstigchich are not

of the classannotaccess the data members.
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¢ In this example the constructor has two arguments, which beusupplied when
the object is created.

»[8.2] Add a data member called.cT which is set to the sample size in the con-
structor function.

»[8.3] Add afunction calledetSampleSize to this class, which returns the sam-
ple size. Add some output in main which prints the samplediitee created
object.

Because these exercises may still be quite difficult at ttsiges we provide the
solution:

) 00pS2.0X
#i ncl ude <oxstd.h>
cl ass AnnualSample
{ /'l constructor
AnnualSample( const iYearl, const iYear2);
GetSampleSize(); /1 added function
decl m_iYearl;
decl m_iYear2;
decl m_cT; /| added data menber
h
AnnualSample::AnnualSample( const iYearl, const iYear2)
{
m_iYearl = iYearl,
m_iYear2 = iYear2;
m_cT = m_iYear2 - m_iYearl + 1; // value set in constructor
}
AnnualSample::GetSampleSize() /1 only way to get the val ue
{ [/ from out si de
return m_cT;
}
main()
decl sam = new AnnualSample(1960, 2000);
printin("The sample size is: ", sam.GetSampleSize());
del et e sam;
}

»[8.4] Add a function calledrearindex to this class, which returns the observa-
tion index of the specified year. Add some code in main whi@sukis new
function, for example to print the index of 1960.
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8.4 Inheritance

As it stands, thénnualSample class is not very useful. We can extend it by adding
a data matrix and variable name. However, instead of addimgetmembers, we create
a new class which is derived fromnnualSample . The new classAnnualDb ,
inheritsall the members and functions of thase classonly the new bells and whistles
need to be added.

. 00ps3.0X
#i ncl ude <oxstd.h>

cl ass AnnualSample
/1 constructor
AnnualSample( const iYearl, const iYear2);
decl m_iYearl;
decl m_iYear2;

s
AnnualSample::AnnualSample( const iYearl, const iYear2)
m_iYearl = iYearl;
m_iYear2 = iYear2;
cl ass AnnualDb : AnnualSample /] derived cl ass
{
AnnualDb(); /] constructor
“AnnualDb(); /] destructor
Create( const mX, const asX, const iYearl, const iYear2);
vi rtual Report();
decl m_mX;
decl m_asX;
b

AnnualDb::AnnualDb()

AnnualSample(0, 0);
m_mX = <>;
m_asX = {};

AnnualDb::"AnnualDb()
printin("Destructor call: deleting object.");

AnnualDb::Create( const mX, const asX, const iYearl, const iYear2)
{
m_mX = mX;
m_asX = asX;
AnnualSample(iYearl, iYear2);
Report();

}
AnnualDb::Report()

printin("The sample size is: ", m_iYear2 - m_iYearl + 1);
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) 0ops3.0x (continued)
main()

decl db = new AnnualDb();
db.Create(rann(20,2), {"varl", "Var2" }, 1981, 2000);
del et e db;

e The constructor of the derived class is responsible foingpthe base constructor
(C++ programmers take note!).
Here the remaining data members are set to the empty matliempty array
respectively.

e TheAnnualDb class has a destructor function. A destructor has the same na
as the class, but is prefixed with a In this case it does not do anything useful,
just print a message.

e The database is not created in the constructor (this is glésiue).

e InsteadCreate is used to create the database, and print a report. Crebsté¢heal
base class constructor as a normal function call. We couwld batmiYearl
andmiYear2 directly, because we can access the data members of the base
class, but decided that the function call leads to more ragiable code.

e Function members in the derived class have direct accesstaontembers (see,
e.g.Report );

e Report is avirtual function. This means that whdreport is called (as
e.g. inCreate ), it will call the version in the derived class (if it existsyo a
derived class caaverridethe functionality ofReport
The class writer has decided to label tReport function asvirtual
If we use an object of theAnnualDb class, and callCreate the
AnnualDb::Report function is called. However, when we create a de-
rived class (inheritingnter alia Create ) which has a newReport , then
the new version is called irAnnualDb::Create , despite the fact that
AnnualDb::Create knows nothing about the derived class

This covers the most important aspects of object-orientedramming. Further
examples, making use of the classes which come with Ox, &endn Chapters 10
and 11. The examples in this chapter show some similarithedatabase class.
You can check the source code in thidsrc  folder and the header imx/include

»[8.5] Create a class which is derived frohmnualDb , and give it aReport()
function which prints variable names and the variable meats standard
deviations. Also update main to use your new class.
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Summary

9.1 Style

e Use interpretable names for your variables.

e Use Hungarian notatior3%.11) to indicate the type and scope of your variables.

e Use indentation and spaces to structure your programs.xaonge 4 spaces in
(or a tab) aftef , and four out for thé .

e Document your code.

e Use text to clarify your output.

e Only put more than one statement on a line if this improvedabiity.

9.2 Functions

e Split large projects up in several file§s(10).

e First try each function separately on a small problem.

e Avoid the use of global (external) variables. If possiblekenghemstatic
otherwise prefix global variables which have global scop#hwi. Consider
creating a class (Chapter 8) to avoid the use of global vimseddtogether.

9.3 Efficient programming

e Prepare a brief outline before you start programming.

e Use standard library functions whenever possible.

e Check if you can solve the problem using available Ox packafgee
www.doornik.com).

e Try to find examples which solve a related problem.

e Experiment with small problems before tackling larger ones

e Start simulation experiments with a small number of repices. Use théimer
andtimespan functions to estimate the time it will take. If it is a few dags
weeks, split the program in smaller parts.
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9.4 Computational speed

Use matrices as much as you can, avoiding loops and matmxing.

e Use theconst argument qualifier when an argument is not changed in a func-

tion: this allows for more efficient function calling.
Use built-in functions where possible.

e When optimizing a program with loops, it usually only paysfiimize the inner

9.5

most loop. One option is to move loop invariants to a variabiside the loop.
Avoid using ‘hat’ matrices (such a% (X’X)~!1X’), i.e. avoid using outer prod-
ucts over large dimensions when not necessary.

Frequent concatenation in loops (especially using largeices) can be slow. In
that case, its is better to create a matrix of the final sizeilasett the rows (or
columns) instead.

If necessary, you can link in C or Fortran code, as explaingdeé Ox manual.

Noteworthy

e diagonal returns a row vector.
e Time-series functions with AR or MA components use the catiea of writing

the AR and MA coefficients on the right-hand side with a pesitign.
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Using Ox Classes

10.1 Introduction

Object-oriented programming was introduced in Chapter ®pdfully it was easier
than expected. This chapter will to show how to use some ofltdsses available with
Ox. This chapter repeats much of Chapter 8 in another cotaehlp understanding
object-oriented programming. First we reiterate the maimcepts.

The main vehicle of object-oriented programming is theess which is the defini-
tion of an object (somewhat like the abstract concept of a €ar it to work in practice
requires creatingbjectsof that class (your own car is the object: it is difficult towdri
around in an abstract concept). It is with these objectsttieaprogram works.

Classes have two typeswfembersvariables (thelata) and functions (thenethods
which work on that data).

Inheritanceis important: a van can inherit (or derive) much of its fuootlity
from a basic car. This avoids the need to start again fromdatrdhe same is applied
in programming: a derived class inherits all the memberdiefttase class; only the
new bells and whistles need to be added.

Say we wish to implement a Monte Carlo experiment. The bdagsaill store the
replication results, and do all the bookkeeping. To be ganee wish it to be unaware
of what it is actually simulated. But how can it call a functicalled Generate, say),
if that function doesn't exist yet? (And it will not exist uhtve design the actual
experiment.) This is whereartual function comes into play: if a derived class has its
own new version ozenerate , the base class will automatically use that one, instead
of the original version.

A constructorfunction is called when the object is created, and is usedtalld
necessary initializations. A constructor has the same rasrthe class. Alestructor
function cleans up (if necessary) when finished. A destruws the same name as the
class, but is prefixed witha.
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10.2 Regression example

The very first example using classes was givegdiry. Here is another example using
one (actually: three!) of the preprogrammed classes:

#i ncl ude <oxstd.h>
#i nport <pcfiml>
main()

oxtutl0a

decl model = new PcFiml();

model.Load("data/data.in7");
/]l create deterministic variables in the database
model.Deterministic(FALSE);

// formul ate the nodel
model.Select(Y_VAR, {"CONS", 0,1 }); [// lagOtol
model.Select(X_VAR, {"INC", 0, 1 }); // lag O to 1
model.Select(X_VAR, { "Constant", 0, O } ) /1 no | ags!

model.SetSelSample(-1, 1, -1, 1); [/ maxi mum sanpl e
model.Estimate(); /] estimate the nodel
del et e model;

This estimates a model by ordinary least squares:

Yo = Bo + B1yi—1 + BTt + B3Ti—1 + €,

wherey; is CONS(consumption from the artificial data sg#ta.in7 /data.bn7 ),
z¢ ISINC (income).

The PcFiml class is for estimating linear regression mo@eisn multivariate), with

options for diagnostic testing, cointegration analysid aimultaneous equations es-
timation (using Full Information Maximum Likelihood estation, hence the name).
Here it is used in its simplest form.

A few points related to the program:

e The necessary .oxo files must be linked in. Here that is aeHidwy im-

porting pcfiml , which actually links four .oxo files: maximize.oxo
modelbase.oxo ,database.oxo andpcfiml.oxo

new creates a new object of the PcFiml class, and puts it in thabhlarcalled
model .

Compare the data loading part with the cod€4n7. They're exactly the same!
This is because PcFiml derives from the Database class,asddimatically in-
herits all the data input/output functionality.

To call functions from the object, useor -> (prior to Ox version 2.00 only>
was allowed). From the outside there is only access to fonstinot to any of
the data members.
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Deterministic() creates a constant term, trend, and seasonal dummies.
Again, this is Database code being used.

Select formulates the model_VARfor dependent and lagged dependent vari-
abeles X_VARfor the other regressors. The second argument is an arry wit
three elements: variable name, start lag and end lag.

SetSelSample sets the maximum sample, but could also be used to select a
subsample.

Estimate estimates and prints the results. How much work would thiha
been starting from scratch?

Finally, when done, we delete the object. When creatingatbjeithout calling
delete afterwards, memory consumption will keep on increasing.

The output from the program includes:

---- System estimation by OLS ----
coefficients

CONS
CONS_1 0.98587
INC 0.49584
INC_1 -0.48491
Constant 2.5114
coefficient standard errors
CONS
CONS 1 0.027620
INC 0.037971
INC_1 0.041031
Constant 11.393
equation standard errors
CONS
1.4800
residual covariance
CONS
CONS 2.1903

log-likelihood=-59.9149683 det-omega=2.13489 T=158

»[10.1] Run the above program. When successful, InFLAT to the model (with-

out any lags), and re-estimate. Surprised by the large eéhanthe coef-
ficients? Then see the chapter called Intermediate Ecomimsét Hendry
and Doornik (2001).

»[10.2] Building on the knowledge of the previous chapteeplicate the coefficient

estimates from the first model. Useadmat to load the data in a matrix
(Ch. 4), the order of the data iI€ONS INC, INFLAT, OUTPUT. Uselag0
to create lagged variables, aoldc to do the regression.
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10.3 Simulation example

The example discussed here generates data from a standandl mistribution, and
estimates the mean and variance (simila§3®, but now using analytical solutions. It
also tests whether the mean is different from zero.
The data are drawn from a normal distribution, so that tha daheration process
(DGP) is:
ye = p + € With ¢, ~ N(0,02).

We choose: = 0 ando? = 1. The parameters are estimated from a sample ofBize
T-1 T-1
p=T"Y g, =T (—p),
t=0 t=0

and
1

§= {(T—l)_lg(%—ﬂﬁ}% = {TT162}%'

Thet-test which tests the hypothedi&: 1 = 0is: = Tz /8.

The properties of the estimated coefficients and test Stadie studied by repeating
the experimeni/ times, and averaging the outcome of thieexperiments. We could
have done this Monte Carlo experiment analytically (whighgourse, is much more
accurate and also much more general). But for more comptcatoblems, the ana-
lytical solution often becomes intractable, and the Morael@experiment is the only
way to investigate the properties of tests or estimatorsntaye information on Monte
Carlo analysis see Davidson and MacKinnon (1993, Ch. 2I1ndHg(1995, Ch. 3) and
Ripley (1987).

»[10.3] Write a program which draws a sample of size 50 fronizd> and computes
f1, § andi. When that is working, add a loop of sia¢ around this. We wish
to store the results of th&/ replications to compute the averageands from
thoseM numbers. The added code could be of the form (this is incowple

oxtut10h

decl cm = 1000, mresults;
mresults = zeros(3, cm); /1 precreate matrix

for (i = 0; i < cm; ++i)

/1 generate results

mresults[O][i] = /1 store nmean here
mresults[1][i] /| store std.dev. here
mresults[2][i] /1 store t-value here

/1 conpute averages of mean and std. dev
/1 perhaps draw hi stogram of t-val ues
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Theory tells us that the-values have a Student-t distribution with 49 degrees of
freedom. Inmresults[2][] we now havel000 drawings from that distribution,
and a histogram of this data should be close t§48) distribution. Similarly, after
sorting the numbers, entry 949 should correspond t& %eritical value which may
be found in tables. This is also called &% quantile of the test.

»[10.4] Add code to your program to print t86% quantile of the simulatedvalues.
Use both thesortr() function and thequantiler() function. Also
report the theoretical quantile fromt&t9) distribution usingquant().

So much for the theory. The following program repeats the tdd@arlo experi-
ment, based on the Simulation class, and uging 50 andM = 1000. The new class
SimNormal derives from theSimulation  class. Now there seems to be a setback:
the new program is more than twice as long as the not objéetted version. Indeed,
for small, simple problems there is a case for sticking wlid $imple code. Although:
we now do get a nice report as output (without any effort),clihis still missing from
the simple code. And, without modifications we can run it farigus sample sizes at
once. In the next section, we will create our own (simplersian of the Simula class.

»[10.5] Run the program below. Note that when a Monte Carlgpm is modified,
there could be two reason for getting different results:tiig)initial seed of
the random generator is different, (2) a different amourmaatiom numbers
is drawn, so after one replication they don’t match anymore.

) oxtut10c
#i ncl ude <oxstd.h>
#i nport <simula> /1 inmport sinmulation header and code
[ % mmmmme e SimNormal : Simulation --------------- * [
cl ass SimNormal : Simulation // inherit fromsinulation
{
decl m_mCoef; [/l coefficient
decl m_mTest; /] test statistic
decl m_mPval; /1 p-val ue of t-test
SimNormal(); /1 constructor

/1 Generate() replaces the virtual function with the

/'l same nane of the base class to generate replications
Generate( const iRep, const cT, const mxT);

//these al so replace virtual functions:

GetCoefficients(); /1 return coefficient val ues
GetPvalues(); /1 return p-values of tests
GetTestStatistics(); /] return test statistics
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SimNormal::SimNormal()

Simulation(<50>, 50, 1000, TRUE, -1,
<0.2,0.1,0.05,0.01>,

SimNormal::GetCoefficients()

{

return m_mCoef;
SimNormal::GetPvalues()
{

return m_mPval;

SimNormal::GetTestStatistics()

decl experiment = new SimNormal();
experiment.Simulate();

del et e experiment;

Il p-

<0,1>); /1 true coefs: nean=0, sd=1
SetTestNames( {"t-value" }); /] set names
SetCoefNames( {"constant", "std.dev" D;
SimNormal::Generate( const iRep, const cT, const mxT)
{
decl my, sdevy, meany;
my = rann(cT, 1); /| generate data
meany = meanc(my); /1 mean of y
sdevy = sqrt(cT * varc(my) / (cT-1)); /] std.dev of y
m_mCoef = meany | sdevy; /1 mean, sdev of y
m_mTest = meany / (sdevy / sqrt(cT)); [/t-val ue on mean
m_mPval = tailt(m_mTest, cT-1); /1 t(T-1) distributed
return 1;

{
return m_mTest;
}
[ * e END SimNormal : Simulation -----
main()

) oxtut10c (continued)
/! define constructor

val ues to investigate

*/

/'l create object
/] do simulations

/'l renmpve object
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»[10.6] We obtained the output below. Try to interpret thessutts.
T=50, M=1000, RNG=MWC_52, common seed=-1

moments of test statistics

mean std.dev skewness ex.kurtosis
t-value 0.019533 0.98938 -0.013264 0.037059
critical values (tail quantiles)

20% 10% 5% 1%
t-value 0.88058 1.2384 1.5872 2.2479
rejection frequencies

20% 10% 5% 1%
t-value 0.21100 0.089000 0.039000 0.0080000
[ASE] 0.012649 0.0094868 0.0068920 0.0031464
moments of estimates

mean MCSD
constant 0.0024543 0.13648
std.dev 0.99797 0.10294
biases of estimates

mean bias MCSE RMSE true value

constant 0.0024543 0.0043160 0.13651 0.00000
std.dev -0.0020337 0.0032554 0.10296 1.0000

10.4 MySimula class

10.4.1 The first step

A class is declared as follows (the part in square brackedslisused when deriving
from an existing class, as in the example above):
class classnam¢: baseclask

{
3

Note the semicolon at the end.

classmembers

Our class starts as:
class MySimula

MySimula(); /I constructor

Where the constructor is alreadgclaredas a first function member. A member func-
tion is thendefinedas
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classname:: memberfunctio argumentg

{
}

Adding the definition for the constructor yields:

functionbody

. oxtut10d
#i ncl ude <oxstd.h>

cl ass MySimula
MySimula(); /] constructor
MySimuIa::MySimuIa()

printin(*"MySimula constructor called");

main()
decl mysim;
mysim = new MySimula();

del et e mysim;

}

»[10.7] Run the program given above.

»[10.8] Like the constructor, the destructor function has same name as the class.
To distinguish them, the destructor is prefixed with aymbol. The destruc-
tor is called™MySimula() . Modify the code to declare the destructor in
the class. Add the destructor function and make it also primessage. No
changes have to be madenain .

10.4.2 Adding data members

The main variables needed a¥g, 7', and storage for the replicated mean and standard
deviations (we concentrate on those first, calling themffedents’). We use Hun-
garian notation§5.11). The constructor receives values far, 7' as arguments. A
Simulate function is used to do the experiment, andeport function to report the
results.

You may have noted that from inside a member function, we elimther member
functions without needing the dot notation (hihts. andthis->  are allowed).
Member variables may be accessed directly.
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oxtut10e
#i ncl ude <oxstd.h>
cl ass MySimula
decl m_cT; /'l sanple size
decl m_cRep; /1 no of replications
decl m_mCoefVal, /| coeff.values of each replication
MySimula( const cT, const cM); // constructor
Simulate(); /1 do the experiment
Report(); /1 print simulation results
}
MySimula::MySimula(  const cT, const cM)
m_cRep = cM;
m_cT = cT;

MySimula::Simulate()
{ .
decl i
for (i = 0; i < m_cRep; ++i)
/1 do the replication
Report();
MySimula::Report()

printin("Did nothing ", m_cRep, " times");

main()

decl mysim = new MySimula(50, 1000);
mysim.Simulate();
del et e mysim;

»[10.9] Try the modified program. Add @enerate() function to the class; this
should be called from within the replication loop, and hawve arguments:
the replication number, and the sample size.

10.4.3 Inheritance

The base class MySimula is intended to remain unaware ofdtualeexperiment. To
simulate the drawings from the normal distribution, crea&mNormal class deriving
from MySimula. The one difference fronHE- is that the constructor of the base class
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is notautomatically called, so we must call it explicitly from tBémNormal construc-
tor. We assume that you did the previous exercise, and drdsesaméenerate()
in MySimula as present in SimNormal:

oxtut10f
/1

I ébde for MySimula i s unchanged
/1 apart from addition of Generate();
cl ass SimNormal : MySimula

SimNormal( const cT, const cM); // constructor
Generate( const iRep, const cT);

SimNormal::SimNormal(  const cT, const cM)

MySimula(cT, cM); /'l call base class constructor
SimNormal::Generate( const iRep, const cT)
{
}
main()
decl mysim = new SimNormal(50, 1000);
mysim.Simulate();
del et e mysim;
}

»[10.10] Reduce the number of replications to 2. In MySimaifaenerate() add
a line printing ‘MySimula::Generate()’. In SimNormalGenerate() a
line printing ‘SimNormal::Generate()’. When you run thtee output will
indicate that it is MySimula’s version which is called.

10.4.4 Virtual functions

The previous exercise showed that we have not achieved ouryei: the wrong
Generate() s called.

»[10.11] In the MySimula class declaration replace
Generate(const iRep, const cT);
with
virtual Generate(const iRep, const cT);
and rerun the program. Did you see the difference?

So, adding theirtual keyword to the function declaration in MySimula solved
the problem: the generator of the derived class is calle@rdtvas no need to do the



10.5 Conclusion 77

same for theGenerate()  function in SimNormal (but there is if we wish to derive
from SimNormal and replace itSenerate() yet again).
What if MySimula wishes to call its owGenerate() ? In that case, prefix it with
MySimula:: , so that the loop body reads:
MySimula::Generate(i, m_cT);
SimNormal can have access to MySimul@enerate() in the same way.

10.4.5 Last step

That really is all we need to know from object-oriented peogming to finish this
project. It remains to fill in the actual procedures. Of ceurthe preprogrammed
Simulation class is much more advanced, but therefore aabitdn to use.

»[10.12] Perhaps you should try to complete the program yaiifisst. If you got stuck
along the way, the code up to the previous exercise is prdddextut10y.ox

10.5 Conclusion

Ox only implements a subset of the object-oriented faesiin C+-+. This avoids the
complexity of C+-+, while retaining the most important functionality.

Several useful packages for Ox are downloadable. Ofteretdesve from the
Database class, as for example the Arfima (for estimating@maasting fractionally
integrated models) and DPD packages (for estimating dynpariel data models). You
can look at these to learn more about object-oriented pnogriag. In addition, these
classes can easily be plugged into a simulation class. S the estimation side is
done, the Monte Carlo experimentation can be started vgrglya And, no global
variables: you can use several objects at once, without asgilpility of unexpected
side effects.

The next chapter will apply the object-oriented featuredaeelop a small package
for probit estimation.
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Example: probit estimation

11.1 Introduction

In this chapter all the principles of the previous chapteesagpplied to develop proce-
dures for probit estimation. The theory is briefly reviewadd then applied to write
programs of increasing sophistocation. Five version ofttogram are developed:

(1) Maximum likelihood estimation, numerical derivativessing global variables
along the lines 0§5.9.
(2) Addition of analytical first derivatives, numerical cpaotation of standard errors.
(3) Avoid global variables by using a class, derived frDatabase .
(4) Create a more sophisticated class, allowing model ftatian by variable name.
(5) Derive fromModelbase , and create an interactive version for OxPack.
(mc) Use the class in a Monte Carlo experiment.

11.2 The probit model

Several earlier examples involved least squares estimatioere it is assumed that the

dependent variable is continuous. A discrete choice madahé where the dependent

variable denotes a category, so it is discrete and not aomtisi This section briefly

reviews the application of maximum likelihood estimatiansuch models. General

references are McFadden (1984), Cramer (1991), and Amgii®@d) among others.
An example of a categorical dependent variable is:

y; = 0 if household owns no car,
yi =1 otherwise.

This example is a binary choice problem: there are two categ@and the dependent
variable is a dummy variable. With a discrete dependenatitej interest lies in mod-
elling the probabilities of observing a certain outcomeitévr

pi=P{y; =1},

78
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To test our programs we use the data from Finney (1947), gealin the files
finney.in7 andfinney.bn7  (in the ox/data folder). This data set holds 39
observations on the occurrence of vaso-constriction (timerdy variable, called ‘vaso’)
in the skin of the fingers after taking a single deep breatte. ddse is measured by the
volume of air inspired (‘volume’) and the average rate opiration (‘rate’). Some
graphs of the data are given in Hendry and Doornik (2001, ¢h. 9

Applying OLS to these data has several disadvantages hege, ifdoesn't yield
proper probabilities, as it is not restricted to lie betw®and 1 (OLS is called the
linear probability modelp;, = z5). Secondly, the disturbances cannot be normally
distributed, as they only take on two values: = 1 — p; ore; = 0 — p;. Finally,
they are also heteroscedastife;] = (1 — pi)p; + (0 — p;)(1 — p;) = 0, E[¢Z] =
(1= pi)?pi + (0= pi)*(1 — pi) = (1 — pi)pi-

A simple solution is to introduce an underlying continuoasabley;, which is not
observed. Observed is instead:

[0 ifyf <O,
vi { 1 ify; >0, (111

Now we can introduce explanatory variables:
yr =20 — €.

and write
pi=P{y =1} =P{ajB— ¢ > 0} = F. (23).

Observations withy; = 1 contributep; to the likelihood, observations with; = 0
contributel — p;:

L@ x)= [ a-r) [I » (11.2)
{yi=0} {yi=1}

and the log-likelihood becomes:

N
CB1X) = [(1—yi)log (1 —pi) +yilogp] = > 4 (B). (11.3)
=1 N

The choice ofF, determines the method. Using the logistic distributiord&etologit
(which is analytically simpler than probit). The standacdmal distribution givegro-
bit. Writing ®(z) for the standard normal probablity &t

pi = <I>(:c§ﬁ)-

As explained irg5.7, we prefer to maximizé/N, rather thart.
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11.3 Step 1: estimation

robitl
#i ncl ude <oxstd.h> .

#i nport <maximize>

decl g_my; /1 gl obal data
decl g_mX; /'l gl obal data

fProbit( const vP, const adFunc, const avScore,
const amHessian)

decl prob = probn(g_mX * VP); /1 vP is columm vector

adFunc[0] = double(

meanc(g_mY . * log(prob) + (1-g_mY) . * log(1-prob)));
return 1; /1 1 indicates success
}
main()
decl vp, dfunc, ir;
printin("Probit example 1, run on ", date());
decl mx = loadmat("data/finney.in7");
g_mY = mx[][0]; /| dependent variable: 0,1 dunmmy
gmX =1~ mx[][3:4]; /'l regressors: 1, Lrate, Lvolune
delete mx;
vp = <-0.465; 0.842; 1.439>; /1 starting val ues
MaxControl(-1, 1); /1 print each iteration
/1 maximze
ir = MaxBFGS(fProbit, &vp, &dfunc, 0, TRUE);
print("\n", MaxConvergenceMsq(ir),
" using numerical derivatives",
“\n Function value = ", dfunc * rows(g_mY),
", parameters:", vp);
}

We can discuss this program from top to bottom. First, in Bmidito oxstd.h
we use #import to include the maximize.h  header file, and link in the
maximize.oxo maximization code (cf35.8).

The likelihood function is set up as §b.7, forcing us to use global variables: the

N x 1 matrixY’, containing only zeros and ones, and ffiex &£ matrix X which holds
the regressors.
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fProbit() evaluates the log-likelihood(3) at the provided parameter values
(VP holdsg as a column vector). The function value is returned irdiRenc argument
(sees2.9.5). ThefProbit() function itself returns a 1 when it succeeds, and should
return a O otherwise.
The probabilitie; = ®(x}5) are computed in one statement, because all the ob-
servations are stacked:
4!
P=| : | =2Xp).
PN
All the likelihoods can also be computed in one step as

(1-Y).x log(1—P)4+Y . log(P).

The resultingNV x 1 vector is summed usingumc() . This returns a x 1 matrix,
which is converted to a double using ttleuble()  typecast function.

This takes us to thmain() function. Here the first step is to load the data matrix
into the variablenx The first column is the variable, which is stored ig_mY. The
fourth and fifth (remember: indexing starts at zero) are atertated with a 1 to create
a constant term (cf§2.4), this is stored ig_mX Now mxis not needed anymore, and
delete is used to remove its contents from memory.

Starting values have been chosen on the basis of a prior Inregaession, using
scaled OLS coefficient2.58,; ¢ — 1.25 for the constant term, arel553,; ¢ for the
remaining coefficientsMaxControl leaves the maximum number of iterations un-
changed, but ensures that the results of each iteratioringegdrout. Initially that is
useful, but as the program gets better, we shall want to bulitat off again.

We do not need to specify the initial (inverse) Hessian mdor MaxBFGS The
argumen® makes it use the identity matrix, which is the usual startiugvature’ mea-
sure for BFGS. As the maximization process proceeds, thabowéll converge to the
true (inverted) Hessian matrix. Also, the matrix on outpubdt useful for computing
standard errors: imagine starting with the identity matfiem the optimum values.
Then the procedure will converge immediately, and the dutpatrix will still be the
identity matrix.

Finally, whenMaxBFGS() is finished, it returns the status of the final results as an
integer. These are predefined constants, and can be texhibad text message using
MaxConvergenceMsg() . Hopefully the return value iIMAXCONY corresponding
to strong convergence.

The maximization converges quickly. Note that the numbétenations depend on
the current settings for the convergence criteria (adjusgingMaxControl ) and on
whether you used or ¢/n). The final part of the output is:
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Position after 14 BFGS iterations
Status: Strong convergence

parameters

-1.5044 2.5123 2.8619
gradients
-5.7314e-006 -7.2320e-006 5.8091e-006
function value = -0.375475147828

Strong convergence using numerical derivatives
Function value = -14.6435; parameters:
-1.5044
2.5123
2.8619

11.4 Step 2: Analytical scores

Computing analytical scores requires differentiatingltelikelihood with respect to
(. This can be done inside the summation in (11.3):

o (B) _ ( —1 )51%- 4 (i) Ipi _ yi—pi Ops
5.~ TN\ Ty ) o, TIN5 ) 95, T T pom 96,

The derivative of the normal probability is the normal déysi

o _ 0
95, o, e

As for the log-likelihood, the full factor multiplying;, can be computed in one go
for all individuals:

W=(—P).» ¢/ ((1—P).x P).

W isanN x 1 vector which has to be multiplied by each, to obtain the three score
values for each individual log-likelihood. Again, one niplication will do:

S=W.* X.

This uses the ‘tabular’ form of multiplicatior§3.4): all three columns oK are mul-
tiplied by the one column ifV; the resultingS is an N x 3 matrix. Then summing
up each column and dividing by gives the derivatives of the complete scaled log-
likelihood. Becausd&axBFGSexpects a column vector, this has to be transposed.
The analytical derivatives are more accurate than the niaad@mes. A small dif-
ference may just be noted when comparing the final gradidniteedwo programs.
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. probit2 (part of)
fProbit( const vP, const adFunc, const avScore,
const amHessian)
{
decl prob = probn(g_mX * VP); /! vP is colum vector
decl tail = 1 - prob;
adFunc[0] = double(
meanc(g_mY . * log(prob) + (1-g_mY) . * log(tail)));
if (avScore) [/ if 1'0: conpute score
decl weight = (g_mY - prob) . * densn(g_mX * VP)
J (prob . = tail);
avScore[0] = meanc(weight . * g mX); // need col um
return 1; // 1 indicates success
}

The final program also computes estimated standard errtig abefficients using
numerical second derivatives of the log-likelihood at tbaverged parameter values:

) probit2 (part of)
/1 if converged: conmpute standard errors

if (ir == MAX_CONV || ir == MAX_WEAK_CONYV)
if (Num2Derivative(fProbit, vp, &mhess))

decl mcovar = -invert(mhess) / cn;
print("standard errors:", sqrt(diagonal(mcovar)’));

These are only computed when there is convergence. The etamg$timated
variance-covariance matrix is minus the inverse of the seécerivatives:

— R 2
Vil = —Q(3)', whereQ = -2

The standard errors are the square root of the diagonal ofrtatix. Another way of
computing the variance can be obtained from the outer ptaifube gradients (OPG):

Va[B] = (5'8) 7"
»[11.1] AdjustfProbit in such a way that it return§’S in theamHessian argu-
ment. Use this to compare the two variance estimates. Thé stwould be
approximately:

standard errors: 0.63750 0.93651 0.90810
OPG standard errors: 0.59983 1.1911 1.0142
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»[11.2] Recompute usingMaxNewton (second derivatives required) and/or

MaxSimplex . Compare the number of iterations and computing time.

11.5 Step 3: removing global variables: the Database
class

Step 3 uses object-oriented techniques (see Chapters 80dnd femove the global
variables. Th®atabase classis used to derive fromin order to facilitate data lngdi
The code listed illustrates by omitting that part of the pewg which is nearly identical
to the previous program (apart from the switch frgnmy, g_mXto mmY, mm2X:

) probit3 (outline of)
#i ncl ude <oxstd.h>

#i nport <database>
#i mport <maximize>

class Probit : Database

{
decl m_myY; [+ dependent variable [cT][1] =*/
decl m_mX; /* regressor data vector [cT][mcX] =/
Probit(); [+ constructor x/
Estimate(); [+ does the estimation */
fProbit( const vP, const adFunc, const avScore,
const amHessian); [+ 1og-likelihood */

I
Probit::Probit()

Database(); [/ intialize base class
printin("Probit example 3, object created on ", date());

Probit::fProbit( const vP, const adFunc, const avScore,
const amHessian)

[ ... as before, using mmyY, mnX instead of g_n¥, g_nX
}
Probit::Estimate()

/las main() before, using mn¥, mnX instead of g_nv¥, g_nX

main()
decl probitobj = new Probit(); /] create the object
probitobj.Estimate(); /1 load the data, estinmate the nodel
del et e probitobj; /1 done with object
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The Probit class derives from the Database class. It addd&aeomembers foY
and.X, and three functions:

(1) The constructor to call the base class constructor antgmessage.

(2) The loglikelihood function.

(3) TheEstimate()  function contains the code which was previouslyiain() :
loading the data, estimating and then printing the results.

The newmain() creates the object, calisstimate() , and deletes the object.

11.6 Step 4: independence from the model specification

The version of Step 3 has a serious defect: for each new modelufation the
Estimate()  function must be modified. Ideally, the code of the class wdd¢
any binary probit model, and not just for this one. Modifioas to achieve this take us
closer to the approach taken in packages such as Arfima and DPD

First, the oldProbit::Estimate() is splitin five parts:

(1) InitData()
To initialize the data: transfer the selected variablemftbe database tmmY

andmmX

probit4 (part of)
Probit::InitData()

m_mY = GetGrouplLag(Y_VAR, 0, 0); /] get Y data
m_mX = GetGroup(X_VAR); /1 and X data; Set Sel Sanpl e
m_cT = m_iT2sel - m_iTlsel + 1; /[l sets mi T?sel
m_vPar = m_mCovar = <>; /1 throw ol d val ues away

return TRUE;
}

(2) InitPar()
To set the initial parameter values: at this stage we jughsen to zero. This is
not optimal, but fortunately doesn’t matter so much for byrarobit (which has
a concave likelihood).

Probit::InitPar()

m_vPar = zeros(columns(m_mX), 1); /1 start from zero
return TRUE;

}

(3) DoEstimation()
Does the basic estimation by calliMpxBFGS
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Probit::DoEstimation(vStart)
{
m_iResult = MaxBFGS(fProbit, &vStart, &m_dLogLik, O,

FALSE); // m.iResult: return code, vStart: new pars
m_dLogLik *= m_cT; /1l change to unscaled log-lik
return {vStart, "BFGS", FALSE }; // three return val ues

}

(4) Covar
To compute the variance-covariance matrix and store thdtiagshemmcCovar
variable.

(5) Output

To print the output.
(6) Estimate()
Calls all the previous functions.
(7) The constructor sets the additional member variables

Probit::Probit()

m_iResult = -1;
m_vPar = m_mCovar = <>;
printin("Probit 4, object created on ", date());

Database(); [/ initialize base class

}
The resulting program is used in a similar way to the PcFirahegle in§10.2. The
full listing is in probit4.ox . Here is themain() function:
) probit4 (part of)
main()
decl probitobj = new Probit();
probitobj.LoadIn7("data/finney.in7"); /1 | oad data
probitobj.Info(); /1 print database sunmary
probitobj.Deterministic(FALSE); /| create constant

/1 Formul ate t he nodel
probitobj.Select(Y_VAR, { "vas0",0,0 )
probitobj.Select(X_VAR, { "Constant",0,0,

“Lrate",0,0, "Lvolume",0,0 )
probitobj.SetSelSample(-1, 1, -1, 1); [l full sanple
MaxControl(-1, 1); /1 print each iteration
probitobj.Estimate(); /] estimte

del et e probitobj;
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The Database class has the facility to store a model forimualathich is used in
this step. If making five new functions out of the ditimate seems somewhat
excessive, read on to the next section.

»[11.3] ChangdnitPar , to base the starting values on a prior linear regression:
2.50801¢ — 1.25 for the constant term, artd53,;, ¢ for the remaining coef-
ficients.

11.7 Step 5: using the Modelbase class

The structure adopted in step 4 is quite general: it fits almibgconometric models.
The common steps are: load data, formulate a model, iziéiaata and parameters, es-
timate and finally print a report. THdodelbase class which comes with Ox contains
a more general implementation of such stepdelbase uses virtual functions to
allow the user (i.e. the derived class) to specify all thdipalars. And, as we shall see
in a moment, allows for interactive use of the clabdodelbase itself derives from
Database , so model formulation is unchanged.

11.7.1 Switching to theModelbase class

After we derive fromModelbase , we can actually throw most code away:

(1) InitData()
The defaultimplementation expects a model formulatiohwitvARandX VAR
and will put the selection irmmY and mmX It also setsmcT, as well as
miTlest , miT2est to hold the index of the first and last database index in
the estimation sample. So tReobit::InitData version is not needed. The
data members are also in thtdelbase class, so should not be Rrobit

(2) InitPar()
This is a virtual function inModelbase , like InitData . Our objective is
to call the base class version first, which is achieved byirgfithe call as in
Modelbase::InitPar . Without the function would call itself, resulting in
a recursive loop until there is stack overflow. It is our resgbility to set the
numbers of parameters usiBgtParCount , and set them to zeran(cX is set
by InitData ).

probit5 (part of)
Probit::InitPar()

Modelbase::InitPar(); /11l first call Model base version
SetParCount(m_cX);
SetPar(zeros(m_cX, 1)); /11l start from zero

return TRUE;
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(3) DoEstimation() is unchanged.

(4) Covar is also unchanged. Note that tmamCovar variable is part of
Modelbase .

(5) Output : We can use thlodelbase default, and delete therobit  version.

(6) Estimate()  The same holds fdEstimate

(7) The constructor calls the new base class:

Probit::Probit()

Modelbase(); [/ initialize base class

Also remember to change the class declaration to:

cl ass Probit : Modelbase

{
Probit(); /'l constructor
fProbit(const vP, const adFunc, const avScore,
const amHess);
vi rtual InitPar(); [l initialize paraneters
vi rtual DoEstimation(vPar); /1 do the maximation
virtual Covar(); // conpute variance-covariance matri x
b

After this simplification (the full code is iprobit5.0x ), the program still works.
The output is more comprehensive:

Modelbase package version 1.0, object created on 10-12-200 5

---- Modelbase ----

The estimation sample is: 1 - 39

The dependent variable is: vaso (data/finney.in7)
Coefficient Std.Error t-value t-prob

Constant -1.50421 0.6375 -2.36 0.024

Lrate 2.51206 0.9365 2.68 0.011
Lvolume 2.86188 0.9081 3.15 0.003
log-likelihood -14.6435308

no. of observations 39 no. of parameters 3

AIC.T 35.2870616 AIC 0.904796451
mean(vaso) 0.512821 var(vaso) 0.249836
BFGS using analytical derivatives (eps1=0.0001; eps2=0.0 05):

Strong convergence
Used starting values:
0.00000 0.00000 0.00000

»[11.4] The output says that this is Modelbase version 1.0. erfide the
GetPackageName and GetPackageVersion virtual functions to
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change this to Probit version 0.1.

11.7.2 Splitting the source code

Theprobits.ox file contains class header, class contentraaéh() all in one file.
To make it generally useful, this has to be split in three files

e bprobit.h - class header file,
e bprobit.ox - class implementation file,
e bprotestox  —main (left overs fronprobit5.ox ).

At this stage we also rename the cl&wobit to reflect the new structure
The header file has one interesting feature:

. bprobit.h (part of)
#i f ndef BPROBIT_H_INCLUDED

#def i ne BPROBIT_H_INCLUDED
/1 class definition

#endi f /1 BPROBI T_H_| NCLUDED

This prevents the header file from being included more thae @ma source code file
(necessary because a class can de defined only once). Sonibwowrite in your code
file:

#include "bprobit.h"

#include "bprobit.h"
Then the first tim&PROBIT_H.INCLUDEDIs not defined, and the full file is included.
The second tim8PROBITH.INCLUDEDIs defined, and the part betwe#ifindef
and#endif is skipped.

The bprobit.h file already importsmodelbase (and with it database
and maximize ), which then is not needed in the main code anymore as long as
bprobit.h is included. The top dbprotest.ox includesbprobit.h  , but also
the Ox file directly (as this file is still under developmenttds stage, it is inconvenient
to create a precompiled (.oxo) file):

) bprotest (part of
#i ncl ude <oxstd.h>

#i nport "bprobit"

11.7.3 Interactive use using OxPack

Start OxPack from the OxMetriddodule menu?

This requires Ox Professional.
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& OxPack =Jo&d

File = Package Model Test Help
AddiRemove Package. .

Package

Before we can use it, we must tell OxPack about the new class:

(1) In OxPack, use thBackage, Add/Remove Package menu to add th&probit
class. Locate theox file in the dialog:

Add/Remove Package
Add Package

O or oxo file | DOxMetrices\Cudutarialbprobit.ox ‘:

Class name | Bprobit —

Oy is case sensitive, so specify the class name
exactly as it is used in the source code.

Remove Package

] [renoe ]
Done

(2) Thisinstalls theprobit class, but it still requires starting. Click d@probit in
the Package menu:

& OxPack g@

File ' Package Model Test Help
AddiRemove Package. ..

Bprobit

(3) Amessage appears in the OxMetrics Results window teditthidelbase package
has started (unless your code implements exercise [1h.4thich case it may
say something different). Now the Formulate icon lights up.

»[11.5] Load the Finney data set in OxMetrics, and re-estintae model of this
chapter using OxPack.

11.7.4 Extending the interface

Well, it turned out to be very simple to create an interactieesion. No new code
was required, just loading it in OxPack. This works, becadgPack knows about the
Modelbase class. If your class is not derived frokhodelbase , OxPack will not be
able to handle it.
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The Test menu is currently empty, and to add entries, we need to wdititianal
Ox code for theBprobit  class. Itis also possible to add dialogs. Examples of thds ar
in the Arfima and DPD packages (you can see the code, and sse #tarting point for
your own package). The full documentation is in the Ox book. &d this section by
adding some entries to tfest menu.

»[11.6] Add the SendMenu code listed below as a function mert8probit
Afterwards, you need to recreate tlo file, restart theBprobit class in
OxPack. The latter step can be done by switching to anothudsage (Arfima,
say), and then back. Or by exiting and restarting OxPack. nbt necessary
to useAdd/Remove Package again. Try both restrictions tests.

sendmeny
SendMenu(const sMenu)
i f (sMenu == "Test")
{ return
{{ "&Graphic Analysis", "OP_TEST_GRAPHICS" 1,
{l "&Exclusion Restrictions...", "OP_TEST_SUBSET" ¥
{ "&Linear Restrictions...", "OP_TEST_LINRES" }
h
}
}

Remember that, when working with classes made by othesshi¢tter to create a
derived class, and put your code in there. Also note thataheescode will still work
from other Ox programs, as well as interactively.

11.8 A Monte Carlo experiment

One of the claims we made was that, once wrapped up in a clas®asier to reuse
the code. To make our case, we implement with a Monte Carleraxent of Probit
estimation. Once again several steps are involved.

We use theBprobit  class from the previous section. All files in this section are
bprobit.  * andbpro *. *, where the b stands for binomial.

11.8.1 Extending the class

A few extensions are required to make the class more usefdate Carlo analysis.
When working from someone elses class, this is best done hyirde our custom
version from it through inheritance. Here we have contr@rdte class (which is still
quite basic). We need:

e SetPrint(const fPrint) — to switch automatic printing on/off,
e IsConverged()  —to check for convergence after estimation,
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e GetPar() -—returns estimated parameters,
e GetStdErr()  —returns estimated standard errors of parameters.

All functions are supplied bpModelbase , except forlsConverged() . To
implement that, we check iGetModelStatus() returns the predefined constant
MSESTIMATED

11.8.2 One replication

Continuing with the step-wise refinement of the program, tag svith a one-replication
experiment. Instead of loading a datafile, and formulatingpael specific to that data,
we need to create artificial data ourselves:

. bprosim1]

#i ncl ude <oxstd.h>

#i nport "bprobit"

main()
decl probitobj, ct = 100, x, y;
probitobj = new Bprobit(); /'l create object
probitobj.Create(1, 1, 1, ct, 1); /] create database
probitobj.Deterministic(FALSE); /| create constant
X = ranu(ct, 1); [/ artificial x
y = 1 + x + rann(ct, 1); [l artificial y
y=y .<1.?20 .1 /1 translate into 0,1 variable
probitobj.Append(x ~ v, {"x", "y" 1}); // extend database
probitobj.Info(); /1 print database summary

/] formulate the nodel: y on 1,Xx

probitobj.Select(Y_VAR, { "y",0,0 )
probitobj.Select(X_VAR, { "Constant",0,0, "x",0,0 )
probitobj.SetSelSample(-1, 1, -1, 1); /1 full sanple
probitobj.Estimate(); /1 maxim ze
del et e probitobj;

}

»[11.7] Run this program for various sample sizes. An expeniike this can be
useful to check your coding if you use a large sample sizei(asg) that the
estimator is consistent): the obtained parameters sheutddsonably close
to the input values. Fav = 100 000 we found:

The dependent variable is: y

Coefficient Std.Error t-value t-prob
Constant -0.00744270  0.008144 -0.914 0.361
X 1.01175 0.01481 68.3  0.000

Can you explain why the constant term is insignificant?
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11.8.3 Many replications

Most of the work is done now. What remains is to create a rafiia loop, and accu-
mulate the results.

e Parameter estimates and their standard errors are stoagzbleyding the results
toparams andparses respectively. This starts from an empty matrix (starting
from 0 adds a column of zeros and affects the outcomes).

e The x variable is kept fixed, but the is recreated at every experiment. It is
stored in the database of the probit object, from where ttimagon function
will retrieve it.

e The results are only stored when the estimation was sucteEspecially when
numerical optimization is used, is it important to take iatzount that estimation
can fail. Here we reject the experiment, and try again, wnép experiments
have succeeded (if they all fail, the program would go in dimite loop).

e Atthe end, a reportis printed out.

. bprosim?2
#i ncl ude <oxstd.h>
#i mport "bprobit"
main()
decl probitobj, ct = 100, x, y, crep = 100, irep,
ires, cfailed, params, parses;
probitobj = new Bprobit();
probitobj.Create(1, 1, 1, ct, 1); [/ create database
probitobj.Deterministic(FALSE); /] create constant
X = ranu(ct, 1); /1 fixed during experiment
y = zeros(ct, 1); // 0 as yet, created in replications
probitobj.Append(x ~ v, """y )
probitobj.Select(Y_VAR, { "y",0,0 ) /] formul ate
probitobj.Select(X_VAR, { "Constant",0,0, "x",0,0 )
probitobj.SetSelSample(-1, 1, -1, 1); [l full sanple
probitobj.SetPrint(FALSE); /1 no intermedi ate out put
params = parses = <>;
for (irep = cfailed = 0; irep < crep; )
y = 1 + x + rann(ct, 1); /1 create newy variable
y=y .<1.20 .1 /] make into 0,1
probitobj.Renew(y, {"y" }); I/ replace in database
probitobj.ClearModel(); /1 force re-estinmation
ires = probitobj.Estimate();
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. o bprosim2 (Continued)
if (probitobj.GetModelStatus() '= MS_ESTIMATED)

++cfailed,; /'l count no of failures
continue; [/l failed: reject and try again
}
params "= probitobj.GetPar(); /| store paraneters
parses "= probitobj.GetStdErr(); /1 and std errors
++irep; /1 next replication

printin("No of successful replications: ",
crep, " (", cfailed, " failed)");
printin("Sample size: ", ct);
printin("estimated parameters",
"%c", {"mean-par", "sd-par’, "mean-se", "sd-se" e
meanr(params) ~ sqrt(varr(params)) ~
meanr(parses) ~ sqrt(varr(parses)));

del et e probitobj;

»[11.8] ForM = 100, N = 100 we obtained:
No of successful replications: 100 (0 failed)
Sample size: 100
estimated parameters

mean-par sd-par mean-se sd-se
-0.071007 0.27671 0.28120 0.0075460
1.1531 0.61658 0.53563 0.037024

Interpret these results.

»[11.9] Modify the program to use the simulation class for khente Carlo experi-
ment.

»[11.10] In (11.2) the binary variablg; is used as a selection variable, whereas in
(11.3) this selection is implemented through multiplioatby 0 or 1. Can
you find the (extreme) situations in which this is not the séiiet: compute
the value 00 x o0)?

»[11.11] Extend the program to print the time it took to contpléhe Monte Carlo
experiment.

11.9 Conclusion

If you made it this far you have certainly becomecpert(to quote from van der Sluis,
1997). From now on we hope that you can spend less time onitegiiee computing
language, and more on the econometric or statistical cbotéime problems you intend
to solve. We wish you productive use of the Ox programminglege.
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A debug session

Ox has debug facilities, which can be useful to locate buggimr programs. A de-
bug session is started with thd switch (useoxli.exe  under Windows). When
debugging you can:

inspect the contents of variables;

change the value of variables;

set or clear a break point at a source code line;

trace through the code step by step;

trace by stepping over a function call;

trace into a function call (the function must be written in €de, not a library
function).

When in debug mode, the prompt is givendsbug) . The commands are:

#break file line - set breakpoint at line of file
#clear file line - clear breakpoint at line of file

#clear all - clear all breakpoints

#go - run to next breakpoint

#go file line - run to line of file

#go line - run to line of current file

? - debug command summary (also: #help)
?? - show all symbols and current break
?symbol - show a symbols

#quit - stop debugging

#step in - step (in to function) (also: press return)
#step over - step (over function)

#step out - step out of current function

#show - shows current break

#show calls - show call stack

#show variable - same as ?variable

#show breaks - show all breakpoints

#show all - show all variables

#show full - show all variables with full value
#trace - lists all lines executed

#trace off - switches trace off

lcommand - operating system command
expression - enter an Ox expression,

e.g. x[0][0]=1; or print(x);

95
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Appendix A1 A debug session

Here is a session witimyfirst.ox . The bold text is entered at the prompt. First
we list the program being debuggeshmples/myfirst.ox ), with line numbers in
bold in the margin.

1 #include <oxstd.h>// include the Ox standard library heade r
3 main() /I function main is the starting point
4
5 decl ml1, m2; /I declare two variables, m1 and m2
7 ml = unit(3); // assign to m1 a 3 x 3 identity matrix
8 m1[0][0] = 2; /I set top-left element to 2
9 m2 = <0,0,0;1,1,1>;// m2 is a 2x3 matrix, the first row
/I consists of zeros, the second of ones
12 print("two matrices", m1, m2); /I print the matrices
13}

C:\ox\samples> oxli -d myfirst
Entering debug mode, use #quit to quit, ? for help.
myfirst.ox (5): break!

(debug) #break 9
(debug) #go
myfirst.ox (9): break!

(debug) ??

=== |ocal symbols ===
0 m1[3][3] matrix 2 ..
1 m2 (null)

myfirst.ox (9): break!
(debug) ?m1l

m1[3][3] matrix
2.0000 0.00000 0.00000
0.00000 1.0000 0.00000
0.00000 0.00000 1.0000

(debug) m1[1][1] = -20;
(debug) ?m1l

m1[3][3] matrix
2.0000 0.00000 0.00000
0.00000 -20.000 0.00000
0.00000 0.00000 1.0000

(debug)

myfirst.ox (12): break!

(debug)

two matrices
2.0000 0.00000 0.00000
0.00000 -20.000 0.00000
0.00000 0.00000 1.0000
0.00000 0.00000 0.00000
1.0000 1.0000 1.0000

myfirst.ox (13): break!
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(debug) #quit

C:\ox\samples>

#break 9 sets a breakpoint at line 9 of the current source file.

e #goruns the program until a break is encountered.

?? lists all the variables which are visible within the currenbpe. We can see
thatm1lis a3 x 3 matrix (elemend, 0 is also given)m2has not been assigned a
value yet, and is listed gsull)

?m1 prints themZl1variable. Only variable names are allowed after the questio
mark. To print part of a matrix uggrint , e.g.print(m1[0][1:]);

m1[1][1] = -20; changes the second diagonal element. The code must be valid
Ox code, so do not forget the terminating semicolon!

Just pressing enter does one step in the code, leading thdin€he next enter
runs to line 13, executing th@int  statement in the code.

#quit aborts the debug session.
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Installation Issues

A2.1 Updating the environment

Skip this section if you managed to run the Ox programs in boisklet. Otherwise,
under Unix you may still have to update t0X4PATHenvironment variable, and under
Windows and Unix you may wish to set tRATHenvironment variable.

The executabledikl.exe etc.) is in theox\bin  folder, for example by default it
isin:

C:\Program files\Ox\bin

So, update youPATHvariable if necessary.

Also, under Unix the OX4PATH environment variable must be set to the
ox\include;ox . However, under Windows the default is derived from the lo-
cation of the Ox executable, corresponding to (under thessssumption):

set OX4PATH=C:\Program files\Ox\include;C:\Program fil es\Ox
Without these, you can still rumyfirst.ox  , but more typing is needed:
"C:\Program files\Ox\bin\oxI"
"-iC:\Program files\Ox\include" myfirst.ox
The double quotes are required because of the space in thafile.

A2.2 Using the OxEdit editor

OxEdit is a powerful text editor, and a very useful program in its onght, see
www.oxedit.com . Like OxMetrics (see Chapter 1). OxEdit has some featuréstwh
are especially useful when writing Ox programs:

e Syntax colouring.
Three colours are used to distinguish keywords, constartscamment. This
makes the code more readable, and mistakes easier to spot.

In Windows 2000 and XP theATHand OX4PATHvariables are set through the Control
panel, System: use the environment page in the system fiexper
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Facility to easily commentin or comment out blocks of text.

Run Ox programs from inside OxEdit.

e Context sensitive help.

Just put the cursor on a word in the Ox source code, and ptes$or the index,
useHelp/Module Help Index.

Double click on an error message to jump to the location otther.

When you install Ox Console with OxEdit, the relevant Ox coamas are
automatically added. If you install OxEdit separately, @xe the Add/Remove
modules command on theTools menu. Then chooséoad From and locate
Ox/bin/oxedit/OxCons.tool to install the Ox commands (load OxPro.tool if
you have Ox Professional). The following commands are atlnidteModules menu:

e Ox - runs the currently active document window usimg.exe . The output
will appear in the window called Ox Output.
A shortcut for this is the ‘running person’ button on the tmanl
e OxGauss (OxEdit)
to run OxGauss files within OxEdit.
o OxGauss (OxEdit/GnuDraw)
to run OxGauss files within OxEdit using GnuDraw for graphics

For Ox Professional, there are additional commmands:

e OxRun - runs the currently active document window usidgRun The output
will appear inOxMetrics
A shortcut for this is the ‘second running person’ button loatioolbar.

e Ox - interactive - starts an interactive session. The input/output windovalked
Session.ox.

e Ox - debug - starts a debug session for the currently active documeanrdaw.
The input/output window is called Debug.ox.

You can even add more buttons representing Ox on the toaliggat click on the
toolbar (in the area next to a button), and add the relevahtache toolbar.

The Run icon is on the toolbar entitled ‘Side bar’, which ig slbown by default.
You can switch this on from the View menu.

Finally, OxEdit can highlight unbalanced parentheses, dvawy this is switched
off by default. To activate got t&references/Options and checkShow unbalanced
parentheses.
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