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Chapter 1

Basic Structures

1.0.1 Structure De nition

The syntax for a structure de nition is as follows
struct A{ /* list of members* };

The list of members can include scalars,arrays, matrices, strings, string arrays, as well
asother structures. As a type, scalarsare unique to structures and don't otherwise
exist.

For example, the following de nes a structure containing the possiblecorntents,

struct generic_example {

scalar x;

matrix y;

string  s1;

string array s2

struct other_example t;

h

A useful corvertion is to put the structure de nition into a le with an .sdf extension.
Then for any command le or sourcecode le that requiresthis de nition put

#include filename.sdf
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For example
#include example.sdf

These statemerts create structure de nitions that persist until the workspaceis cleared.
They do not create structures, only structure type de nitions. The next section
describes how to create an instance of a structure.

1.0.2 Declaring an Instance

To usea structure it is necessaryto declarean instance. The syntax for this is
struct  structure_type structure_name;
For example

#include example.sdf
struct generic_example pO;

1.0.3 Initializing an Instance

Members of structures are referencedusing a \dot" syntax:
p0.x = rndn(20,3);
The samesyntax applies when referredto on the right-hand side:

mn = meanc(p0.x);

Initialization of Global Structures

Global structures are initialized at compile time. Each member of the structure
initialized accordingto the following schedule:

scalar 0, a scalar zero

matrix fg, a empty matrix with zerorows and zero columns
array 0, a one dimensionalarray setto zero

string \", a null string

string array \", al 1 string array setto null
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If a global already existsin memory, it will not be reinitialized. It may be the casein
your program that when it is rerun, the global variables may needto be resetto default
values. That is, your program may depend on certain members of a structure being set
to default valueswhich are setto someother value later in the program. When you
rerun this program you will want to reinitialize the global structure. To do this, make
an assignmen to at least one of the members. This can be made corveniert by writing
a procedurethat declaresa structure and initializes one of its membersto a default
value and then returns it. for example,

/* ds.src */

#include ds.sdf

proc dsCreate;
struct DSdO;
d0.dataMatrix = 0;
retp(dO);

endp;

Calling this function after declaring an instance of the structure will ensure
initialization to default valuesead time your program is run.

struct DS dO;
d0 = dsCreate;

Initializing Local Structures

Local structures, which are structures de ned inside procedures,are initialized at the
rst assignmem. The proceduremay have beenwritten in sud a way that a subsetof
structures are usedan any onecall, and in that casetime is saved by not initializing
the unusedstructures. They will be initialized to default valuesonly whenthe rst
assignmem is made to one of its members.

1.0.4 Arrays of Structures

To create a matrix of instancesusethe reshape command:

#include ds.sdf
struct DS pO0;
pO = reshape(dsCreate,5, 1);

This createsa 5 by 1 vector of instancesof option , all of the with members initialized
to default values.

When the instance members have beenset to someother values,reshape will produce
multiple copiesof that instance setto those values.
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Matrices or vectors of instancescan also be created by concatenation.

#include trade.sdf
struct option pO0,pl,p2;

p0 = optionCreate;
pl = optionCreate;
p2 = pl | po;

1.0.5 Saving an Instance to the Disk

Instancesand vectors or matrices of instancesof structures can be saved in a le on the
disk, and later loaded from a le on the disk. The syntax for saving an instanceto the
disk is

ret = savestruct(instance ,file name)
The le on the disk will have an .fsr extension.
For example,

#include ds.sdf
struct DS pO0;
pO0 = reshape(dsCreate, 2,1);
retc = saveStruct(p2,” p2");

This savesthe vector of instancesin a le called p2.fsr . retc will be zeroif the save
was successfuland otherwise nonzero.

1.0.6 Loading an Instance from the Disk

The syntax for loading a le containing an instance or matrix of instancesis
{ instance, retc } = loadstruct(file_ namestruc ture _name;
For example,

#include trade.sdf;
struct DSp3;
{ p3, retc } = loadstruct("p2","ds ");
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1.1 PassingStructures to Procedures

Structures or members of structures can be passedto procedures.When a structure is
passedas an argumert to a procedure, it is passedby value. The structure becomesa
local copy of the structure that was passed.The data in the structure is not duplicated
unlessthe local copy of the structure has a new value assignedto one of its members.

Structure argumerts must be declaredin the procedurede nition.

struct rectangle {
matrix ulx;
matrix uly;
matrix Irx;
matrix Iry;

I3

proc area(struct rectangle rect);
retp( (rectIrx - rectulx) .* (rectuly - rectlry) );
endp;

Local structures are de ned using a struct statemert inside the procedure de nition.

proc center(struct rectangle rect);
struct rectangle cent;

centrx = (rect.Irx - rectulx) [/ 2;
cent.ulx = -cent.Irx;
centuly = (rectuly - rect.lry) ! 2;
centlry = -cent.uly;
retp(cent);
endp;
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Chapter 2

Special Structures

There are three commontypesof structures that will be found in the GAUSS
Run-Time Library and applications.

The DS and PV structures are de ned in the GAUSS Run-Time Library. There
de nitions are found in ds.sdf and pv.sdf respectively in the src sourcecode
subdirectory.

Before structures many proceduresin the Run-Time Library and all applications had
global variables serving a variety of purposessuc as setting and altering defaults.
Currently thesevariables are being entered as members of \control" structures.

2.1 The DS Structure

The DS structure, or \data" structure, is a very simple structure. It contains a member
for eadh GAUSS data type. The following is found in ds.sdf :

struct DS{
scalar type;
matrix dataMatrix;
array dataArray;
string dname;
string array vnames;

h

This structure was designedfor use by the various optimization functions in GAUSS, in
particular, sgpSolvemt, aswell as a set of gradient procedures,gradmt, hessmt, et al.
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Theseproceduresall require that the user provide a procedurecomputing a function
(to be optimized or take the derivative of, etc.) which takesthe DS structure asan
argumert. The Run-Time Library proceduressud as sqpSolvemt take the DS
structure asan argumert and passit on to the user-provided procedure without

modi cation. Thus, the usercan put into that structure whatever they might needas
data in their procedure.

Toinitialize an instance of a DS structure, the proceduredsCreate is de ned in ds.src .

#include ds.sdf
struct DS dO;
d0 = dsCreate;

2.2 The PV Structure

The PV structure, or \parameter vector" structure is usedby various optimization,
modelling, and gradient procedures,in particular, sgpSolvemt, for handling the
parameter vector. The GAUSS Run-Time Library cortains special functions that work
with this structure. They are pre xed by \pVv" and de ned in pv.src . Thesefunctions
store matrices and arrays with parametersin the structure, and retrieve various kinds
of information about the parametersand parameter vector from it.

\P aking" into a PV Structure

The various proceduresin the Run-Time Library and applications for optimization,
modelling, derivatives,etc., all require a parameter vector. Parametersin complex
models, howewver, often comein matrices of various types,and it has beenthe
responsibility of the programmer to generatethe parameter vector from the matrices
and vice versa. The PV proceduresmake this problem much more corveniert to solve.

The typical situation involvestwo parts, rst, \packing" the parametersinto the PV
structure, which is then passedto the Run-Time Library procedureor application, and
second\unpacking" the PV structure in the user-provided procedurefor usein
computing the objective function. For example,to padk parametersinto PV structure,

#include sgpsolvemt.sdf

[* starting values */

b0 = 1; /* constant in meanequation */
garch ={ .1, .1 }; /* garch parameters */

arch ={ .1, .1 }; /* arch parameters */
omega= .1 /* constant in variance equation */

10
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struct PV p0;

p0 = pvPack(pvCreate,b 0,"b0 ");
p0 = pvPack(pO,garch," garch");
p0 = pvPack(pO,arch,"a rch") ;
p0 = pvPack(p0,omega," omegd);
[* data */

z = loadd("tseries");

struct DSdO;
dO0.dataMatrix = z;

Next, in the user-provided procedurefor computing the objective function, in this case
minus the log-likelihood, the parameter vector is unpadked

proc li(struct PV p0, struct DSdO);
local bO,garch,arch,om ega,p,q,h, u,vc, w;

b0 = pvUnpack(p0,"b0") ;
garch = pvUnpack(p0,"garch" );
arch = pvUnpack(p0,"ar ch");
omega= pvUnpack(p0,"omega");

rows(garch);
rows(arch);

p
q

u = dO.dataMatrix - bO;
vc = moment(u,0)/rows( u);

w = omega+ (zeros(gq,q) | shiftr((u.*ones (1,q) ),se qa(g-1,-1, q))) * arch;
h = recserar(w,vc*ones (p,1) ,garc h);

logl =-0.5 * ((u.*u)./h + In(2*pi)  + In(h));
retp(logl);

endp;

11
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Masked Matrices

The pvUnpack function unpadks parametersinto matrices or arrays for usein
computations. The rst argumert is a PV structure cortaining the parameter vector.
Sometimesthe matrix or vector is partly parametersto be estimated (that is, a
parameter to be entered in the parameter vector) and partly xed parameters. To
distinguish betweenestimated and xed parameters,and additional argumert is usedin
the pading function called a \mask" which is strictly conformableto the input matrix
and the elemerts of which are setto 1 for an estimated parameter and O for a xed
parameter. For example,

p0 = pvPackm(p0,.1*eye( 3),"t heta" ,eye( 3));
Here just the diagonalof a3 3 matrix is addedto the parameter vector.

When this matrix is unpadked the ertire matrix is returned with currernt valuesof the
parameterson the diagonal.

print pvUnpack(p0,“thet a");

0.1000 0.0000 0.0000
0.0000 0.1000 0.0000
0.0000 0.0000 0.1000

Symmetric Matrices

Symmetric matrices are a special casebecauseewven if the entire matrix is to be
estimated only the nonredundart portion is to be put into the parameter vector. Thus
for them there are special procedures. For example,

ve={16 4 6 1.2 4 21}
p0 = pvPacks(pO,vc," vc");

There is also a procedurefor masking in caseonly a subsetof the nonredundart
elemerts are to be included in the parameter vector:

ve={16 4 6 1.2 4 21}
mask={ 110, 110, 001}
p0 = pvPacksm(pO,vc, "vc", mask),

Fast Unpadking

When unpading matrices using a matrix name, pvUnpack hasto make a seart
through a list of nameswhich is relatively time-consuming. This can be alleviated by

12
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using an index rather than a namein unpading. To do this, though, requiresusing a
special pack procedurethat establishesthe index:

p0 = pvPacki(p0,b0,"b0 *",1);

pO0 = pvPacki(pO,garch, "garc h",2) ;
p0 = pvPacki(pO,arch,” arch" ,3);
p0 = pvPacki(p0,omega, "ome@",4) ;

Now they may be unpaded using the index number
b0 = pvUnpack(p0,1);
garch = pvUnpack(p0,2);
arch = pvUnpack(p0,3);
omega= pvUnpack(p0,4);

When padked with an index number they may be unpadked either by index or by name,
but unpading by index is faster.

2.2.1 MiscellaneousPV Procedures

pvList

This proceduregeneratesa list of the matrices or arrays padked into the structure.

p0 = pvPack(p0,b0,"b0" );

p0 = pvPack(pO,garch," garch");
p0 = pvPack(pO,arch,"a rch") ;
p0 = pvPack(p0,omega," omegd);

print  pvList(p0);
b0
garch

arch
omega

pvLength

This procedurereturns the length of the parameter vector.
print  pvLength(p0);

6.0000

13



pvGetParNames

This procedure generatesa list of parameter names:

print

pvGetParNames(1);

bO[1,1]
garch[1,1]
garch[2,1]
arch[1,1]
arch[2,1]
omega[l,1]

pvGetParVector

This procedurereturns the parameter vector itself.

print

pvGetParVector(p 0);

1.0000
0.1000
0.1000
0.1000
0.1000
1.0000

pvPutP arVector

2. SPECIAL STRUCTURES

This procedurereplacesthe parameter vector with the onein the argumernt:

14

newp
po =

print

={ 15 .2, 2, 3, 3 81}
pvPutParVector(ne wp);

pvGetParVector(p 0);

1.5000
0.2000
0.2000
0.3000
0.3000
0.8000
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pvGetindex

This procedurereturns the indicesin the parameter vector of the parametersin a
matrix. Theseindices are useful when setting linear constraints or boundsin
sgpSolvemt. Bounds for example, are set by specifyinga K 2 matrix whereK is the
length of the parameter vector, and the rst column are the lower bounds and the
secondthe upper bounds. To setthe boundsfor a particular parameter then requires
knowing where that parameter is in the parameter vector. This information can be
found using pvGetindex. For example,

/*
** get indices of lambda parameters

** in parameter vector
*/

lind = pvGetindex(par0,"la mbda);

/*

** set bounds constraint matrix to unconstrained default
*/

c0.bounds = ones(pvLength(par0) ,1).* (-le2 50~1e250);

/*
** set bounds for lambda parameters to be positive

c0.bounds[lind,1 ] = zeros(rows(lind) ,1);

2.3 Control Structures

Another important classof structures is the \control" structure. Applications
deweloped before structures were introduced into Gausstypically handled some
program speci cations by the use of global variables which had somedisadvantages,in
particular preventing the nesting of calls to procedures.

Currently, the purposessened by global variables are now sened by the useof a
control structure. For examplefor sgpSolvemt,

struct sgpSolvemtControl {

matrix A,
matrix B;
matrix C;
matrix D;

15



h

scalar
scalar
matrix
scalar
scalar
scalar
scalar
scalar
scalar
scalar
scalar
scalar
scalar
scalar
scalar
matrix

eqProc;
inegProc;
bounds;
gradProc;
hessProc;
maxlters;
dirTol;
CovType;
feasibleTest;
maxTries;
randRadius;
trustRadius;
seed;
output;
printlters;
weights;

2. SPECIAL

STRUCTURES

The members of this structure determine optional behaviors of sqpSolvemt:

16



Chapter 3

sgpSohemt

sgpSolvemt is a procedurein the GAUSS Run-Time Library that solvesthe general
nonlinear programming problem using a Sequetial Quadratic Programming desceh
method, that is, it solves

minf ()

subject to

A =B linear equality

C D linear inequality
H()=0 nonlinear equality
G() O nonlinear inequality
b up bounds

The linear and bounds constraints are redundart with respect to the nonlinear
constraints, but are treated separately for computational convenience.

The call to sgpSolvemt has four input argumerts and one output argumert:

out = SQPsolveMT(&fct,P,D,C);

3.0.1 Input Arguments

The rst input argumert is a pointer to the objective function to be minimized. The
procedurecomputing this objective function hastwo argumerts, a PV structure
containing the start values,and a DS structure containing data, if any. For example,

proc fct(struct PV p0, struct DS dO0);

17
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local y, x, b0, b, e, s;

y = dO[1].dataMatrix;

x = dO[2].dataMatrix;

b0 = pvUnpack(p0,"const ant") ;

b = pvUnpack(p0,"coeffi cient s");
e=y- b0 - x*b;

s = sqgrt(e'e/rows(e));
retp(-pdfn(e/s);

endp;

Note that this procedurereturns a vector rather than a scalar. When the objective
function is a properly de ned log-likelihood, returning a vector of minus
log-probabilities permits the calculation of a QML covariance matrix of the parameters.

The remaining input argumerts are structures,

P a PV structure containing starting valuesof the parameters,
D a DS structure cortaining data, if any

C an sgpSohemtControl structure

The DS structure is optional. sgpSolvemt passeghis argumert on to the
user-provided procedurethat &fct is pointing to without modi cation. If there is no
data, a default structure can be passedto it.

sgpSohemt Control Structure

A default sgpSolvemtControl structure can be passedin the fourth argumert for an
unconstrained problem. The members of this structure are as follows

A M K matrix, linear equality constraint coe cients: A = B wherep is
a vector of the parameters.

B M 1 vector, linear equality constraint constarts: A = B wherep is a
vector of the parameters.

C M K matrix, linear inequality constraint coe cients: C >= D where
p is a vector of the parameters.

D M 1 vector, linear inequality constraint constarts: C >= D wherep is
a vector of the parameters.

egProc scalar, pointer to a procedurethat computesthe nonlinear equality
constraints. When suc a procedurehas beenprovided, it hastwo input

18
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argumerts, instancesof PV and DS structures, and one output argumert,
a vector of computed inequality constraints.

Default = f.g, i.e., no inequality procedure.

IneqProc scalar, pointer to a procedurethat computesthe nonlinear inequality
constraints. When suc a procedure has beenprovided, it hastwo input
argumerts, instancesof PV and DS structures, and one output argumert,
a vector of computed inequality constraints.

Default = f.g, i.e., no inequality procedure.

Bounds 1 2or K 2 matrix, boundson parameters. If 1x2 all parameters
have samebounds.

Default = f -1e2561e256g.

GradProc scalar, pointer to a procedurethat computesthe gradient of the
function with respect to the parameters. When suc a procedure has
beenprovided, it hastwo input argumerts, instancesof PV and DS
structures, and one output argumernt, the derivatives. If the function
procedurereturns a scalar, the gradient procedurereturns al K row
vector of derivatives. If function procedureturns an N 1 vector, the
gradient procedurereturns an N K matrix of derivatives.

This procedure may compute a subsetof the derivatives. sqgpSohemt will
compute numerical derivativesfor all those elemens setto missing values
in the return vector or matrix.

Default = f.g, i.e., no gradient procedure has beenprovided.

HessPrac scalar, pointer to a procedurethat computesthe Hessian,i.e., the
matrix of secondorder partial derivativesof the function with respect to
the parameters. When sud a procedure has beenprovided, it hastwo
input argumerts, instancesof PV and DS structures, and one output
argumert, a vector of computed inequality constraints. Default = f.g,
i.e., Default = f.g, i.e., no Hessianprocedure has beenprovided.

Whether the objective function procedurereturns a scalar or vector, the
Hessianproceduremust return a K K matrix. Elemerts setto missing
valueswill be computed numerically by sgpSohemt.

Maxlters scalar, maximum number of iterations. Default = 1le+5.

MaxTries scalar, maximum number of attemps in random seart). Default =
100.

DirT ol scalar, corvergencetolerance for gradient of estimated coe cien ts.
Default = 1e-5. When this criterion has beensatisifed sqpSohent exits
the iterations.

19
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CovType scalar,if 2, QML covariance matrix, elseif 0, no covariance matrix is
computed, elseML covariance matrix is computed. For a QML
covariance matrix the objective function proceduremust return anN 1
vector of minus log-probabilities.

FeasibleTest scalar,if nonzero, parametersare tested for feasibility before
computing function in line seart. If function is de ned outside
inequality boundaries, then this test can be turned o. Default = 1.

randRadius scalar, If zero, no random seart is attempted. If nonzero,it is the
radius of the random seard. Default = .001.

seed scalar,if nonzero,seedsrandom number generator for random seard,
otherwisetime in secondsfrom midnight is used.

trustRadius scalar, radius of the trust region. If scalar missing, trust region
not applied. The trust setsa maximum amount of the direction at eath
iteration. Default = .001.

output scalar, if nonzero,results are printed. Default = 0.
Printlters scalar, if nonzero,prints iteration information. Default = 0.

weights vector, weights for objective function returning a vector. Default = 1.

3.0.2 Output Argument

The single output argumert is an sgpSolvemtOut structure. Its de nition is

struct SQPsolveMTOuUf
struct PV par;
scalar fct;
struct SQPsolveMTLagrangdagr;
scalar retcode;
matrix moment;
matrix hessian;
matrix xproduct;

h

The members of this structure are

par instanceof a PV structure cortaining the parameter estimatesare placed
in the member matrix par.

fct  scalar, function evaluated at nal parameter estimates

20
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lagr an instance of a SQPLagrangestructure cortaining the Lagrangeansfor
the constraints. For an instance named lagr, the members are:

lagr.lineq M 1 vector, Lagrangeansof linear equality constraints,
lagr.nlineqg N 1 vector, Lagrangeansof nonlinear equality constraints
lagr.linineq P 1 vector, Lagrangeansof linear inequality constraints

lagr.nlinineq Q 1 vector, Lagrangeansof nonlinear inequality
constraints

lagr.bounds K 2 matrix, Lagrangeansof bounds

Whenewer a constraint is active, its assaiated Lagrangeanwill be
nonzero. For any constraint that is inactive throughout the iterations as
well as at convergence the correspnding Lagrangeanmatrix will be set
to a scalar missing value.

retcode return code:

normal corvergence

forced exit

maximum number of iterations exceeded
function calculation failed

gradient calculation failed
Hessiancalculation failed

line seard failed

error with constraints

function complex

© 00 N O 01~ W N PP O

feasibledirection couldn't be found

3.0.3 Example

De ne
Y = +

where isaK L matrix of\loadings", anL 1 vector of unobsened \laten t"
variables,and an K 1 vector of unobsened errors. Then

= 0+

where isthe L L covariance matrix of the latent variables,and isthe K K
covariance matrix of the errors.

21
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The log-likelihood of the i-th obsenation is

logP (i) = %[Kln(z Y+ Inj j+ Y(@i) YT
Not all elemeris of , , and canbe estimated. At least one elemert of ead column

of must be xed to 1,and is usually a diagonal matrix.

Constraints

To ensurea well-de ned log-likelihood, constraints on the parametersare required to
guararntee positive de nite covariance matrices. To do this a procedureis written that
returns the eigervaluesof and minusa small number. sqpSolvemt then nds
parameterssud that theseeigervaluesare greater or equalto that small number.

3.0.4 The Command File

This command le can be found in the le sqgpfact.e in the .
examplessubdirectory.

#include sgpsolvemt.sdf

lambda = { 1.0 0.0,

0.5 0.0,

0.0 1.0,

0.0 05 }
Imask ={ O 0,

1 0,

0 0,

0 1}

phi ={ 1.0 0.3,
03 1.0 }

psi ={ 0.6 0.0 0.0 0.,
0.0 06 00 0.0,
0.0 0.0 06 0.0,
0.0 0.0 00 06 }

tmask = { 1 0 0 0,
0 1 0 0,
0 0 1 0,

22
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0 0

struct PV par0;
parO = pvCreate;

par0 = pvPackm(par0O,lambda,"lam bda", Imask);
par0 = pvPacks(parO,phi,"p  hi");

par0 = pvPacksm(parO,psi,"

struct

SQPsolveMTControl cO;

c0 = sgpSolveMTcontrolCrea te;

lind

tind

c0.bounds = ones(pvLength(par0) ,1).*

= pvGetindex(par0,"la mbda);

= pvGetindex(par0,"ps i"); [*

/*

psi", tmask);

/* get indices of lambda parameters */
/*
get indices of psi
in parameter vector */

in parameter vector */
parameters */

(-1e2 50~16250);

c0.bounds[lind,1 ] = zeros(rows(lind) ,1);
c0.bounds[lind,2 ] = 10*ones(rows(lin d),1) ;
c0.bounds[tind,1 ] = .001*ones(rows(t ind), 1);
c0.bounds[tind,2 ] = 100*ones(rows(ti nd),1);
cO.output = 1,

cO.printlters =1,

cO.trustRadius = 1;

c0.ineqProc = &ineq;

cO.covType = 1;

struct DS dO;

dO = dsCreate;

d0.dataMatrix = loadd("maxfact");

output file = sqgpfact.out reset;

struct SQPsolveMTOubutO;

out0 = SQPsolveMT(&lpr,par 0,d0, c0);
lambdahat = pvUnpack(outO.par,” lambda");

phihat
psihat

= pvUnpack(outO.par ,"phi ");
= pvUnpack(outO.par ,"psi ");

23
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"estimates";

print;

print

"lambda" lambdahat;

print;

print

"phi"  phihat;

print;

print

"psi" psihat;

struct PV stderr;
stderr = outO.par;

if not scalmiss(out0.mom ent);

stderr = pvPutParVector(s tderr ,sqrt (diag (out 0.monent)) );

lambdase = pvUnpack(stderr ,"lam bda") ;
phise = pvUnpack(stderr,"p hi");
psise = pvUnpack(stderr,"p si");

print “standard errors";

print;
print "lambda" lambdase;
print;
print "phi" phise;
print;
print "psi" psise;
endif;
output off;
proc lpr(struct PV parl, struct DSdatal);

local lambda,phi,psi,sigm a,log I;

lambda = pvUnpack(parl,”l ambdd);
phi = pvUnpack(parl,"phi" );
psi = pvUnpack(parl,psi" );
sigma = lambda*phi*lambda ' + psi;

logl = -Inpdfmvn(datal.da taMatrix,s igma);
retp(logl);

endp;
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proc ineq(struct PV parl, struct DSdatal);
local lambda,phi,psi,s igma,e;

lambda = pvUnpack(parl,“lam bda");
phi = pvUnpack(parl,"p hi");
psi = pvUnpack(parl,"p si");
sigma = lambda*phi*lambda’ + psi;

e = eigh(sigma) - .001; /* eigenvalues of sigma */
e = e | eigh(phi) - .001,; /* eigenvalues of phi */
retp(e);

endp;



