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Abstract

JStatCom is a new software framework that simpli�es the creation of graphi-
cal user interface components for mathematical procedures.1 It is written in Java
and o�ers a coherent approach to creating applications for data based analysis.
Programming with JStatCom is e�cien t, becauseexisting algorithms written in
various popular matrix languagescan be reusedwith little or no changesrequired.
The paper shows how this systemcan be applied to provide an existing Ox program
with a feature-rich graphical user interface with relatively little e�ort. One of the
advantagesof the presented approach is the strict separation of user interface and
algorithm code. Although the framework provides standard solutions for common
tasks, it can be extendedand customizedin various directions.
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1 In tro duction

The aim of this work is to present a new approach to creating software for
analyzing data with statistical methods. It mainly addressesdevelopers who
intend to program graphical user interfacesfor mathematical algorithms. Al-
though there already exist a number of solutions to this task, the strength of
the presented approach lies in its 
exibilit y and the high level of code reuse
that can be achieved. It also promotesan object-oriented designthat allows

1 The URL is www.jstatcom.com.



to createscalableapplications that do not tend to becomemore complicated
and error-prone as more featuresare added, and thus avoiding the common
entropy problems(Bianchi et al., 2001).This is achieved by exploiting current
developments in software engineering,like Design Patterns (Gamma et al.,
1995)and unit testing (Beck, 1999).

An observation that can be made in areasthat heavily depend on the use
of complex mathematical algorithms is, that large and powerful libraries for
math, statistics and graphicsare createdin di�erent programming languages,
but that there is a lack of an integrating framework that seeksto make those
proceduresaccessiblein a user friendly way. So far there are only isolated
solutions for certain problems, as for example described in Ashworth et al.
(2003),but no attempt hasbeenmadeto standardizethe creation of GUIs for
mathematical applications in a more generalcontext.

The presented softwareframework JStatCom attempts to �ll this gapby de�n-
ing classesthat are especially designedto link betweenexisting math libraries
and a graphical user interface. It is not focussedon new algorithms for math
and statistics, but concentrates on convenient user interface components, an
e�cien t variable bookkeepingsystemand on a powerful and extendabledata
model. A special feature of JStatCom is, that existing code from popular ma-
trix oriented languagescan easily be reusedwithout even changing it. The
software makesevery attempt to be both, developer- and user-friendly. This is
mainly achieved by conceptualsimplicity in the classdesignand by providing
standardizedways to document and test applications basedon it.

A very generaldescription of the problemsthat occur when developing soft-
ware for scienti�c computing is given by Morven Gentleman in Boisvert and
Tang (2001,preface).The author mentions, that often very complexsoftware
systemsarecreatedby scientists rather than software engineers.This can lead
to the common situation, that best practices in software engineeringare ig-
nored or not recognized,and that projects can su�er from this de�ciency. For
example,object-oriented programming techniquesare still not in widespread
usefor the development of econometricroutines,although the additional e�ort
to adopt thesetechniqueswould pay o� quickly (Doornik, 2002).The reason
might be, that it requiresa higher e�ort to lay out the structure of an object-
oriented program, thus thinking more about the software itself instead of the
problem.

However, the procedural, function-basedprogramming style is often a su�-
ciently powerful way to solve computational problemsoccurring in economet-
rics. It only fails clearly when it comesto creating graphical user interfaces
and when various di�erent algorithms should be usedtogether.
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The idea of JStatCom is to let scientists program in their preferredstyle, but
to useobject-oriented techniques to integrate existing algorithms. This way,
domain-speci�c procedurescan be reusedand enhancedwith a user interface.

2 Existing Solutions for GUI Building

The idea to create user interfaces for scienti�c proceduresis of coursenot
new and there exist a number of approachesfor that task. Most of them use
special featuresof the respective languageto set up prede�ned, customizable
user interface components that are called from within the control 
o w of the
program.This conceptis usedfor exampleby Matlab and Xplore. Although it
is very easyto createsimplegraphicalapplicationswith this strategy, it tends
to clutter GUI related code and algorithm code as the application is growing.
Apart from that, the lack of data encapsulationincreasesinterdependencies
betweendi�erent parts of the createdsoftware,such that it is getting harder to
maintain and extend.There aremany exampleswhereMatlab hassuccessfully
beenusedto create stand-aloneapplications with a GUI, for exampleUhlig
(1999). But due to the growing complexity, thoseprojects are limited in size
and lifetime.

A di�erent solution is provided by the Ox programminglanguagewith the ex-
tensionOxPack(Doornik and Ooms,2001).Togetherwith GiveWin, a graph-
ical front-end that provides generalfunctionality for all GUI modules, it can
be usedto creategraphical interfacesto a model. The di�erence to the previ-
ously mentioned approach is, that here an object-oriented designis provided
to accessGUI functionality. It is necessaryto subclassthe ModelBaseclass
which is then usedby OxPackto set up the display of the user interface for
the createdmodel. Figure 1 shows the relationship of the relevant classesfor
a hypothetical STR modelling classin a UML diagram. For clarity, the repre-
sentation of thoseclassesis simpli�ed, not all public methods are shown. The
UML notation is a widely acceptedstandard to describe software systems,see
Booch et al. (1999) for an exhaustive discussion.

Subclassingmeans,that all functionality from a superclassis inherited, but
that behavior can be rede�ned by providing di�erent implementations for
certain procedures.The signature of these proceduresdoes not change by
overwriting them. A subclasscan always be usedinstead of a superclass,be-
causeit is an instanceof that class.ThereforeOxPackcan take the inherited
classSTRModelBaseas an argument to set up the user interface accordingto
the de�nitions laid out in that class.These de�nitions describe what kinds
of user interface components are used, which estimation routines are possi-
ble, the nameof the model and various other settings. Onceunderstood, this
approach can be usedto createuser interfacesto di�erent models in a fairly
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Fig. 1. Classdiagram for an interactive Ox program

standardized way. It even provides the option to de�ne HTML helpsets,a
feature that is also implemented for JStatCom modules.

By applying this method of creating userinterfacesfor econometricmodels,it
is easyto separatealgorithms and GUI related code, becausethe ModelBase
classis only usedto de�ne which algorithms are called accordingto the user
speci�cation. The actual code for the econometricproceduresshould be de-
�ned in di�erent classesthat are independent of the interface de�nition and
that could even be usedby other user-de�ned models.

There is only one problem with this approach. Between ModelBaseand its
subclassesmust exist a is-a relationship. This means,that every new model
must be a special caseof the generalmodel allowed for in ModelBase. The
ModelBaseclassis therefore designedto be a generalizationof all potential
models used in econometrics.Nevertheless,this restricts the applicability of
the design to compatible modelling situations only. Models that require an
extendedset of featuresor that belong to a di�erent problem domain would
not �t into that framework. Apart from that, the behavior of the user inter-
facesthat can be created is pretty much predeterminedby the OxPackclass.
Following the de�nition in Gamma et al. (1995) the useddesignpattern is a
TemplateMethod. A consequenceof using this pattern is, that the sequenceof
calls cannot be altered, but only the behavior of the singlesteps.This means,
that the 
exibilit y of this approach to create interactive GUIs for various
di�erent models is somewhatlimited.

The more generalproblem behind this is discussedin Bloch (2001, item 15).
Inheritance is a powerful concept,but it createsstatic relationships between
classesand should be usedonly, when a true is-a relationship exists between
the superclassand its subclasses.An alternative concept that can often re-
placeinheritance constructs is Composition. Composition means,that a class
is not an ancestorof another class,but that it keepsjust a referenceto in-
stancesof that classto get accessto the neededfunctionality. Applied to the
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designusedby Ox, this meansthat limitations stem from the fact, that not
every model canbe derived from the ModelBaseclass,or that it might require
special solutions that are not supported in a straightforward manner. An al-
ternative would be to usea composition approach, wheredi�erent classesor
components provide the necessaryfunctionality to createa GUI. This scheme
couldbeusedby arbitrary model implementations. In fact, this is exactly what
JStatCom does.There is much more freedomto designmodel interfaces,but
there is alsolessprede�ned structure. However, this lack of static structure is
compensatedby providing designguidelinesthat shouldhelp the developer to
apply standardizedsolutions to heterogeneousmodels.

Comparedto Ox with OxPack, JStatCom provides more 
exibilit y to design
applications basedon it. It is not limited to a speci�c model setup anymore,
not even a speci�c problem-domain,like econometrics.However, this comesof
courseat a price. Programming with JStatCom requiressomeknowledgein
Java. Luckily, the Java programminglanguageis increasinglypopular and also
more and more adopted by the sciencecommunity, seefor exampleBoisvert
et al. (2001). There is an enormouslyrich documentation available and there
is excellent tool support. The following sectionsshould give an introduction
to the workings of that framework and shouldmotivate developers to give it a
try. This text might alsohelp to decide,whenexisting solutionsaresu�cien tly
powerful and when it will pay o� to learn and usethe presented approach.

3 JStatCom System Overview

This sectionaimsat giving a quick overviewof the main featuresand the basic
workings of the framework. It is by no meansa completedocumentation or
speci�cation. For a deeper understanding,the API documentation in javadoc
format aswell as the architecture documentation is required.The �rst is part
of the JStatCom distribution, the secondis still under development at this
moment.

JStatCom is a software framework, which is de�ned asa setof reusableclasses
that make up a reusabledesign for a classof software (Johnson and Foote,
1988;Deutsch, 1989).This meansthat it already provides a structure aswell
as key functionality for applications in a certain problem domain. The de-
signerof an application can reusenot only classes,but the wholedesignof the
framework and concentrate on speci�c aspectsof his implementation. Someof
the solutionspresented in this sectionhave alreadybeensketched in Benkwitz
(2002), wherethe �rst prototype of the systemwas described.

Figure 2 shows the context of the framework together with the roles that
potential users can have. Typically there is someonewith domain speci�c
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Fig. 2. Use casesfor JStatCom

knowledge,who is calledScientist, and somebody who developsthe Java GUI
with JStatCom, called the GUI Developer. Only the latter personmust inter-
act with the framework. The scientist needsto communicate closelywith the
developer to lay out the requirements and to setup a test for the software.
The GUI developer can focuson the Java side,taking the algorithms asgiven.
JStatCom servesasan architectural layer that handlesall tasksthat are com-
mon to applications in the given problem domain, which is econometricsfor
the current example. Thus it supports the Java developer in incorporating
the proceduresquickly, in laying out the GUI with specializedcomponents,
setting up a helpsystemand managingsetsof automated unit tests.

The collaboration of components that make up an arbitrary runnable appli-
cation is shown in Figure 3. The application, for exampleJMulTi, usesthe
framework, which itself managesthe communication to an external execu-
tion engine.2 Algorithm implementations have to be provided asresourcesfor
the respective engine.For Ox these would be .ox or .oxo �les. GUI devel-

2 JMulTi is the referenceapplication for JStatCom. The URL is www.jmulti.de.
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executed by engineanalysis

specific classes for
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Fig. 3. Components of JStatCom

opers create the application, whereasscientists should provide the algorithm
resources.

The top level elements of the system are given in Table 1. Each element
correspondsto a subsystemwith coherent functionality that canbe separately
looked at. Developers use the components to lay out the user interface, the
data model to represent variables of the model, and the Engine System to
communicate to the respective engineto invoke algorithms. All elements can
be further decomposedinto classesor other subsystems.However, for the sake
of clarity, only the Type System, the Symbol Management and the Engine
systemare described in greater detail.

Element Name
Implementation Units
(com.jstatcom )

Element Responsibility

Data Model
model
model.control
util

Contains the T yp e System to de�ne domainspe-
ci�c data typesand the Data Event System to
inform listeners about changesin a data object.
The Symbol Managemen t is usedto sharedata
objects acrossdi�erent components and the Sym-
bol Event System can be usedto notify listen-
ersabout valuechangesin a symbol. The Symbol
Con trol provides graphical components to access
the state of the symbol manager.

Input/Output
io
util

Contains classesto support �le handling and the
Data Imp ort System . It alsoprovidesa logging
facility.
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Time Series
ts
util

This module collectsall classesthat are especially
designedfor time seriesanalysis.There are types
to represent dates,date rangesand series,but also
a number of specializedGUI components, like the
time seriesselector.

Components
component
table
equation
util

This module provides the GUI components that
canbeusedto display and edit data objectsaswell
as to gather user information. The Data Table
subsystemcontains con�gurable tablesfor number
arraysandstring arrays,aswell asinput validating
text �elds for numbers, number ranges,datesand
date ranges.The top level application frameis pro-
vided, aswell as the module extensionmechanism
and the interface to the help system.The subsys-
tem Equation is usedto display GUI objects for
models in matrix notation.

Parsers
parser

This module contains generated parsers for the
TSCalc language, for date expressionsand for
number ranges.

Engine
engine
engine.gauss
engine.grte
engine.stub
engine.mlab
engine.ox

Contains the abstract enginecommunications sys-
tem that hides engine speci�c implementation
details from clients. Subsystemsimplement the
abstract scheme for concrete engines: Gauss,
GRTE , MatLab , Stub and Ox . 3 It alsohasthe
PCall systemfor procedurecalls.

Table 1: Elements of JStatCom

3.1 Type System

JStatCom needsto represent data internally, becauseit maintains inputs and
resultsof econometriccomputations.Furthermore, it must be easyto let data
objects interact with GUI components that display or changethe underlying
values. The data objects that are used within JStatCom on the Java side
must conform to the typesthat are usedby a speci�c engine,like for example

3 The Stub enginecan be usedto call compiled dynamic link libraries directly from
Java, without the needto write a dedicated wrapper library �rst.
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Ox. The idea is to have a consistent data management system within the
framework that can contain various di�erent typesto adjust to any potential
modelling situation. When external proceduresare called, those types must
be converted to and from the respective typesof the engine.This mechanism
is completely hidden from the developer and managedautomatically by the
engineimplementations.

The framework usesa Metadata model to achieve the desired
exibilit y. Core
attributes are standardizedfor all data types by de�ning a very general in-
terfaceJSCData, which all speci�c typesmust implement. This interfacedoes
only specify methods that are commonto all potential types.Any specialized
functions to accessor modify the contents of data objects are de�ned in im-
plementations of the interface.Type related code and interfacesare therefore
strictly separated.An alternative would have beento useone generalVALUE
class that can take on di�erent states, depending on what type of data is
stored. This has the advantage that VALUEinstancescould always be treated
uniformly, but it tends to createa monolithic classwith many unrelated func-
tions for di�erent data types.The presented approach still o�ers the possibility
to treat JSCDatainstancesuniformly, but only with respect to their interface,
which is quite general.However, the bene�ts clearly outweigh this drawback,
especially becausethis approach allowsto havean arbitrarily rich typesystem.

Figure 4 shows the completeinterfaceand all typesthat are currently imple-
mented. For the sakeof clarity, only very fewmethodsof the actual data classes
are given, a completedocumentation canbe found in the API documentation.
It should be noted that the implemented types are responsible to facilitate
interaction with GUI components and to operate as storageunits, instead of
carrying out computationson them directly. For example,the JSCNArrayclass
is a basicmatrix classfor JStatCom, but it doesnot try to compete with ex-
isting Java matrix implementations for linear algebracalculations.The bene�t
is, that the interfacesof all types are kept quite simple. However, data can
easily be moved from JSCDatatypesto instancesof specializedmath classes.
But typically sophisticatedlinear algebracalculationsare donewith the em-
ployed engine,which is especially suited and optimized for that purpose.An-
other e�ect of the taken solution is, that instancesof JSCDatacannot change
their type anymore after they have beencreated. This introducesa form of
type-safety for data objects within the framework, which is di�erent from the
operation of most engines,including Ox. For example,a variabledeclaredonce
can take OXSTRINGand OXINT values.The representing object changesits
state accordingly. The bene�t is, that the Ox programmer does not have to
specify typesexplicitely, thus the syntax of the languageis simpli�ed. But the
drawback is, that there is a lack of static checking. However, for JStatCom
type-safety is a desiredfeature,becausetypically, attempts to changetypesof
data objects after they have beencreatedwould be programmingerrors.
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JSCData

<< interface >>

+name():String

+type():JSCTypes

+clear():void

+isEmpty():boolean

+copy():JSCData

+isEqual(o:JSCData):boolean

+addJSCDataListener(evtListener:JSCDataListener,evtType:JSCDataEventTypes):void

+setJSCProperty(type:JSCPropertyTypes,val:Object):void

+getJSCProperty(type:JSCPropertyTypes):Object

JSCInt

+intVal():int

+setVal(a:int):void

JSCNumber

+doubleVal():double

+setVal(a:double):void

JSCNArray

+doubleArray():double[][]

+rows():int

+cols():int

+setVal(a:double[][]):void

JSCString

+string(): 

+setVal(a:String):void

JSCSArray

+stringArray():String[][]

+rows():int

+cols():int

+setVal(a:String[][]):void

JSCVoid

+setVal(a:Object):void

JSCDate

+setVal(a:TSDate):void

+getTSDate():TSDate

JSCDRange

+setVal(a:TSDateRange):void

+getTSDateRange():TSDateRange

Fig. 4. Type System

The following small code example demonstrates,how instancesof di�erent
types can be created in Java. A special feature is, that every object must
have a name.This convention was choosen,becauseit helps to identify vari-
ablesduring runtime. Especially when error messagesare created, it is often
extremely useful to have the name of the variable that was involved. Each
instanceof JSCDatashouldbe viewed asa namedstoragecontainer. The code
also shows, how di�erent types can be treated uniformly as a JSCDataar-
ray. This cangreatly simplify method signatures.However, if the type-speci�c
functionality is needed,then a cast to the respective implementation classis
necessary. A save way to do this is to check the type before.

// data instances of various types are created
JSCNArray y = new JSCNArray("yData",

new double[]{2.3, 1.9, 3.3, 5.5, 3.4});
JSCDate start = new JSCDate("start", new TSDate(1960, 1, 4));
JSCInt index = new JSCInt("i", 3);

// all data can be treated uniformly as JSCData
JSCData[] args = new JSCData[]{y, start, index};
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// if the concrete implementation is needed, casting is necessary
// the type can be checked before
JSCTypestype = args[0].type();
if (type == JSCTypes.NARRAY){

JSCNArray yRef = (JSCNArray) args[0];
System.out.println(yRef .dou ble At(0 ,0)) ;

}

The systemcanbeextendedwith arbitrary newtypesin a very straighforward
manner without interfering with existing types by just creating new realiza-
tions of JSCData. However, de�ning a new type for the coreframework is not
a trivial task, becausethe new classshould be thread-save, it must inform
listenersabout changesin the data, it must be XML serializableand it must
be well-documented and tested. If necessary, there should also be GUI com-
ponents to accessand modify the contents of a type. Future enhancements of
JStatCom could include types of complex numbers and arrays, or types for
arbitrary precisionnumbers and big integers.Even multi-dimensional arrays
could be considered.

Not all typesthat can be usedwithin the framework have a corresponding Ox
type. More generally, every engineusesa subsetof all available types in JS-
tatCom. However, a rich set of typeson the Java sidecan make programming
much clearer and tends to reduce the amount of code necessaryto accom-
plish certain tasks.Table2 shows, how typesare converted to Ox values.This
is always necessary, if proceduresfrom an Ox module are called with input
and return parameters.Type conversion is handled automatically by the Ox
engine.There is only one limitation. It is currently not possibleto produce
an OXARRAYwith mixed types from within Java, like f "y", 0, 3g. This is
neededfor the Select method of the Ox Database class.A workaround is to
provide a wrapper class,which provides an Adapter to match the Java and
the Ox side.This will be shown in the advancedexamplelater on.

JStatCom Type Represented Value Corresponding Ox Type

JSCInt integer value OXINT

JSCNumber double value OXDOUBLE

JSCNArray double array OXMATRIX

JSCString string OXSTRING

11



JSCSArray string array n � 1: OXARRAY �lled
with n OXSTRINGvalues
n � m: OXARRAY with
n OXARRAYvalues, each
of them �lled with m
OXSTRINGvalues

JSCVoid reference to any Java ob-
ject, especially domain
speci�c user-de�ned types,
can be useful together
with the Symbol Manage-
ment to share data across
components

none

JSCDate time seriesdate none

JSCDRange range marked by two time

seriesdates

none

Table 2: Type conversionbetweenJStatCom and Ox

3.2 Symbol Management

The Type System introducesvarious ways to store and manipulate data of
di�erent kind. However, a commonproblem when designingapplications for
complex models is, that various classesand GUI components need to share
data stored in instancesof JSCData. For example,when a VAR model is ana-
lyzed, then there arevariablesthat de�ne the state of the model, like lags,sub-
set restrictions, data for endogenous,exogenousand deterministic variables,
and so on. The user interface is typically broken up into several components
that handle di�erent modelling steps, like speci�cation, estimation, diagnos-
tics and forecasting.All thesecomponents needto have accessto the model
state. It would certainly not be a good idea to exchange data directly be-
tweenthesecomponents, becausethis would createunnecessarydependencies
amongthem. Another anti pattern is of courseto rely on global data, because
this would break data encapsulation,one of the principles of object-oriented
programming.

Gamma et al. (1995) suggestthe State pattern in this case.A State could
be implemented as a classthat represents a model, say VARState. This state
object could then be shared among all participating components. However,
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the drawback of this approach is, that the developer would needto createa
VARStatestate class�rst and she would then have to �nd a mechanism to
publish it to all components that needaccessto it. The hypothetical VARState
classwould becomequite large soon, becauseit would have to store also the
namesof variables, the estimation method and various other settings. Apart
from the e�ort of creating and maintaining such a class,this proceduredoes
not generatea standard way of creating GUIs for an arbitrary model, be-
causeit would most likely lead to di�erent solutions for each model that
is implemented. The quality, extendability and maintainabilit y of model im-
plementations would di�er largely. Therefore it would be desireableto have
a straightforward way to represent and share the state of just any possible
model without the needto think about how to create state classesand how
to share them. This would also be a good example not only of classreuse,
but of designreuse,which is one of the major bene�ts of programming with
a framework.

Figure 5 givesa simpli�ed overview of the Symbol Management systemwhich
is the JStatCom solution to addressthe raised issues.It consistsof a class
SymbolTable which is an aggregationof an arbitrary number of Symbol in-
stances.Each symbol object represents exactly oneinstanceof JSCData. Sym-
bol objects are identi�ed via their namein the symbol table, which operatesas
a shareddata repository. Via the symbol table it is possibleto accessthe sym-
bol elements and �nally the actual data values.Symbols can be understood
as pointers to variables.The referencedvalues,instancesof JSCData, can be
changede�cien tly during runtime, but not the type. For example,if a symbol
was initialized to point to a JSCInt, then a runtime exceptionwould be gen-
erated when trying to set it to a JSCString. The SymbolTablecan represent
the state of arbitrary models as an aggregationof symbols of di�erent types.
It is therefore much more general,but also lessspeci�c than the previously
mentioned VARStateclass.All sharedglobal data should residein a symbol
table, which is then accessedby the components of a model.

Onemight ask,whetherthis is not just anotherway of introducingglobaldata.
In a way it is, but there is another part of the Symbol Management system
which allowsfor �ne-grained de�nition of accessscopes.The questionis, which
components can usea certain symbol table? JStatCom o�ers a way to limit
the visibilit y of symbol tables to only components that belongto onemodel.
Furthermore, it is possibleto share data on di�erent levels, which is some-
what similar to global and local variables.For this, the interfaceSymbolScope
is provided. Implementations of this interface have accessto symbol tables
on three di�erent levels: global, upper and local. Every symbol table keeps
a referenceto the next higher symbol table in the hierarchy de�ned by im-
plementations of SymbolScope. The top level symbol table has only a null
referenceinstead.
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<< interface >>

SymbolScope

+ global ():SymbolTable
+ upper ():SymbolTable
+ local ():SymbolTable

SymbolTable

+set(a:JSCData):void

+get(a:JSCTypeDef):JSCData

Symbol

+ type :JSCTypes

+ getJSCData():JSCData
+ setJSCData(a:JSCData):void

<< interface >>

JSCData *

1

 

 

 *

1

0..1

Fig. 5. Accessingshareddata repositories

To be more speci�c, Figure 6 shows, how the SymbolScopeinterface is im-
plemented by components of the model. Every model should be implemented
with a ModelFrameasthe top level component. This can be the starting point
for any application basedon JStatCom. A ModelFrameis typically a compo-
sition of a number of ModelPanel components. Both classesprovide accessto
the Symbol Management systemand can useit to set and retrieve variables.
The SymbolScopeinterface imposesa hierarchical ordering of symbol tables.
The ModelFrameand ModelPanel implementations of this interface use the
component hierarchy for this. Symbol tables are assignedas follows:
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SymbolScope
 

<< interface >>

ModelFrameModelPanel

 

*

Fig. 6. SymbolScope inheritance

� ModelFrame- top level component, global , local and upper areequivalent
and return the top level symbol table

� ModelPanel
� local - returns the symbol table createdby this panel
� upper - searches the component hierarchy upwards until an instance of

SymbolScopeis found and returns the result of a call to local on the com-
ponent found; if no parent instanceof SymbolScopeexists, this.local is
used

14



� global - searches the component hierarchy upwards until an instanceof
SymbolScopeis found and returns the result of a call to global on the
component found(if this instanceis a ModelPanel, it will search itself for
the next higher component, and so on, typically the global table de�ned
in ModelFrameis reached); if no parent instanceof SymbolScopeexists,
this.local is used

It shouldbe noted, that this processis doneautomatically. Developersshould
only understand, that ModelPanels can be usedto de�ne accessscopes.One
could alsothink of other possibleimplementations of SymbolScope, re
ecting
di�erent hierarchical schemes.However, for the purposeof GUI building, this
solution hasproven to be very fruitful.

Onemight be tempted to compareModelFrameto the ModelBaseclassin Ox.
The only similarity is, that both classesshould be subclassedto createa new
model. ModelFramedoesnot provide any model speci�c functionality, except
the accessmethods to the symbol table. No speci�c structure for components,
behaviour or modeltypes is imposed.But theoretically, one could implement
the functionality of ModelBasein a speci�c ModelFrameimplementation to
provide further standardization for a distinct problem domain.

Figure 7 sketches, how classesfor a VAR model interface could be laid out
with ModelFrameand ModelPanel. The top level component for the model is
VARFramewhich is composedof a panel for model speci�cation and a panel
for residual analysis. The latter is itself composedof a panel for diagnostic
tests. Each panel can accessthe Symbol Management systemeasily, because
it inherits the accessmethods local , upper, global from SymbolScope.

A snapshotof the object structure at runtime is presented in Figure 8. The
entities of the diagram are now objects instead of classes.It can be seen,
that the instance frame of the classVARFramehas a link to a symbol table
global . This is usually the placeto store variablesthat should be sharedby
all panels that a certain model frame is composedof. It cannot be accessed
by panelsfrom other model frames,at least not by default. In a VAR context,
the global symbol table should contain the selecteddata and lags,estimated
coe�cien ts, standard deviations, namesof variables, etc.. Model panels,like
panel1 for speci�cation and panel2 for residual analysis,have accessto the
global symbol table via their global method. However, a further re�nement
is, that data can alsobe sharedon lower levels.For example,it might be that
somedata is sharedby panelsbelonging to the residual analysisonly, which
are children of ResAnPanel. Therefore the respective symbol table local2
can be accessedvia the upper method by panel21, the object to hold the
diagnostic tests interface. But panelsmight also usea symbol table to store
variables that are not usedby other components, for exampletest statistics
and p-valuesof diagnostic tests might go to local21 . This data neednot to
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VARFrame

VARSpecPanel

ModeFrame

ModelPanel
ResAnPanel

DiagTestsPanel

SymbolScope
1

1

1
1

1

1

Fig. 7. Classstructure of a hypothetical VAR frame
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frame :VARFrame

global :SymbolTable

panel1 :VARSpecPanel local1 :SymbolTable

panel2 :ResAnPanel local2 :SymbolTable

panel21 :DiagTestsPanel local21 :SymbolTable

Fig. 8. Snapshotof model objects and shareddata with di�eren t scopes

be shared,but it might still be reasonableto put it in a local symbol table.
However, the local symbol table of a panel is the upper symbol table of child
components, thus local2 can be accessedby panel21.
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Storing data in symbol tables is not only meaningfulwhenvariablesshouldbe
shared,but it can also be usedto publish the results in the Symbol Control
system,which is another subsystemof JStatCom that providesaccessto vari-
ablesthat are currently used.A desription is omitted here,but it presents a
tree view of the symbol table hierarchy and it hascomponents to display and
export all symbols that have beenput in oneof the symbol tables.

The following small Java code exampleshould demonstrate the workings of
the Symbol Management system.It corresponds to the classdiagram in Fig-
ure 7, but only sketches the contents of the concrete implementations. The
VARFramebinds all panelstogether and should provide a mechanism to navi-
gatebetweenthem. VARSpecPanelshouldcontain a mechanismto selectseries
and to specify lags. JStatCom provides several special components for that
purpose,but they are not described here. As a placeholderfor this, only a
JSCString with the estimation method is stored globally. The ResAnPanel
sets the namesof the residual serieslocally in its setResidNamesmethod.
Thus, they canbeaccessedby child panels,like DiagTestsPanel. The method
DiagTestsPanel.executeTes ts invokes the test procedures.The respective
input parameterscan easily be retrieved by their namesfrom the global and
upper symbol tables. The actual tests would typically be invoked via the En-
gine system,which is described in the next section.

// top level class, contains various panels
public class VARFrameextends ModelFrame {

private ResAnPanel resAnPanel;
private VARSpecPanelvARSpecPanel;
...
// constructor
public VARFrame(){

super("VARFrame");
// add menubar or tabbed pane
// add panels
...

}
} // end VARFrame

// panel for model specification
public class VARSpecPanelextends ModelPanel {

...
// sets estimation method as JSCString to global table
private void setEstimationMethod(){

global().set(new JSCString("EstimationMeth od", "OLS"));
}

} // end VARSpecPanel
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// panel for residual analysis
public class ResAnPanel extends ModelPanel {

public DiagTestsPanel diagTestsPanel;
...
// constructor
public ResAnPanel(){

super();
// add child panels, maybe with a tabbed pane

}
// set the names of the residuals in local table
// local table is upper table for child ModelPanels
private void setResidNames(){

local().set(new JSCSArray("ResNames",
new String[]{"u1", "u2", "u3"}));

}
} // end ResAnPanel

// ModelPanel to carry out diagnostic tests
public class DiagTestsPanel extends ModelPanel {

...
// gets estimation method from global table
// and residual names from upper table
private void executeTests(){

JSCString estMeth = global().get("EstimationMe thod ")
.getJSCString();

JSCSArray resNames = upper().get("ResNames").g etJSCSArray ();
... // invoke procedure via Engine system

}
} // end DiagTestsPanel

This code should only give an idea of how the Symbol Management system
could be used. It has the advantage, that there are fewer direct connections
betweencomponents. DiagTestsPanel, for example,doesnot know anything
about VARSpecPanel, although it usesvariables that were set by this panel.
The code sketch here usesplain strings to de�ne variables. This is suitable
only for small applications,becauseonemight easilymix up names,especially
if there are many variables. A much better way is to create a separateclass
with the de�nitions of all sharedvariablesin a certain scope. The framework
supports this with the classJSCTypeDef, which canbeusedto de�ne variables
with their name,the type and an optional description.Using this way of de�n-
ing shareddata helps greatly to manageeven large GUI systemswith many
variables. It is part of the designguidelinesto build extendableapplications
with JStatCom.
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3.3 Engine System

This section introducesthe systemfor communicating to di�erent execution
engines.Typically theseenginesrely on external resources,which meansthat
extra software packagesor libraries must be installed. For the Ox engine,the
installation of Ox consoleis required together with the extra packagesthat
are used.The inner workingsof the Enginesystemare not described here,but
rather how clients can useit.
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Fig. 10. Client using the Engine system
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The framework tries to provide accessto di�erent engineimplementations via
a uni�ed interface. Figure 9 presents the complete interface Engine and all
implementations currently available. Clients shouldusethe engineonly via its
abstract implementation, thushaving the samecallsfor every implementation.
However, this is a big challengeand experiencehasshown, that it is not fully
achievable, becauseenginesdi�er signi�cantly in terms of calling semantics.
For example,the Ox engineallows to createobjects from classes,which is not
supported by the GAUSSengine.Although not impossible,it would not seem
reasonableto try to generalizeall potential action typesin a uni�ed interface.
For this reason,the engineinterfaceprovides the parametrizedfunction load
to addresstheseissues.The method takesa parameterof typeLoadTypesthat
de�nes the speci�c action to carry out.

Figure 10givesa classdiagramfor an arbitrary client classthat usesthe Engine
system.For clarity, only two concreteengineimplementations are displayed.
The graphic shows, that clients use the abstract classEngineTypes and the
interfaceEngine without knowing anything about the implementing classesin
the background. But clients must also use the load types that are especially
designedfor the used engineto call the load method, thus implementation
di�erences leak through the interface. However, this is not a severe compli-
cation, given the amount of 
exibilit y that is achieved. Any other di�erences
betweenenginesare completely hidden from clients.

The solution found managesto integrate engineswith very di�erent charac-
teristics and calling conventions. Therefore it is likely, that the system will
also allow to add communications interfacesto many software packagesthat
might be used for mathematical computations. Planned extensionsare the
integration of R, Mathematica and Xplore. This undertaking is supported by
the fact, that tool vendors often supply programming interfaces to control
the respective software from an external application, examplesare the Ox C-
API, the GaussRuntime Engine, the J/Link packagefor Mathematica or the
MD*Crypt library for Xplore, to namejust a few.

3.4 Calling the Ox Engine

The Ox implementation of the Engine system supports the following basic
functions:

� loading of oneor more modules(.ox or .oxo �les) with classde�nitions and
static functions

� creating an instanceof a classwhich is then the set to be the current object
� calling member functions of the current object with input arguments and

return parametersof compatible types
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This set of operationsimposesseveral restrictions on the useof the Ox engine.
First, it is not possibleto call a static function de�ned in a module directly
from Java. This is, becausethere is no API function provided that retrieves
the addressof a function by its name. Therefore it is necessaryto de�ne
an Ox classwith the neededmember functions. It is then possibleto create
an instanceof that Ox classfrom Java and call the provided methods. This
approach can always be usedto call static functions via adapter methods laid
out in an Ox class.

Another limitation is, that only oneOx object is referencedat a time. When-
ever a newobject is created,this is set to be the current object and all methods
would be called on that one, until a new object is created.However, the Ox
interface is not meant to managethe interaction of various Ox classesfrom
Java. Instead oneshould think of it as an entry point to an Ox module via a
singleclass.This classis similar to the main method of an Ox program. The
usedpattern is a Facade, becausethe Ox classusedby the Java sidecan serve
as an interface to a possiblycomplexsystemof Ox classes.

Furthermore, it is not possibleto useall available Ox types in the methods
that should be called from Java. One is restricted to numbers,arrays, strings
and string arrays, which can be converted to and from Ox. Object references,
function pointers or mixed type Ox arrays cannot be used. If Ox methods
with theseparametersmust be called, the input arguments must be prepared
within the wrapper classthat connectsJava and Ox.

The limitations discussedshouldnot be severe in most cases.The systemstill
provides a lot of 
exibilit y and it should be possibleto connect about any
Ox module to a JStatCom GUI. The requirement to have a singleclassthat
provides methods that can be called from Java could actually be seenas an
enforcement to useobject-oriented programming, not only on the Java side,
but also in Ox.

A last remark is on the useof graphicsfunctions in Ox modules.Thesefunc-
tions can only be linked with the Ox professionalversion when Ox is used
via its C-API. But it is possibleto install and usethe GnuDraw packagefor
Ox, which canbe usedto provide the graphicsfunctions instead.The external
software GnuPlot is also required. It is a powerful open-sourcetool, which is
publishedunder the GNU license.

3.5 Portability

Applications basedon JStatCom are usually written in Java and are therefore
portable to most operating systems.But if a certain engineis used,portabilit y
is restricted to the operating systemsthat are supported by that engine.Lim-
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itations stemfrom the fact, that usually systemspeci�c dynamic link libraries
are required.Thosedlls might only be available to a certain operating system.
If Ox is usedas an engine,a wide range of di�erent systemsare supported.
However, it is necessaryto usethe correct versionof the dynamic link library
that managesthe link betweenthe C-API and Java via the JNI (Liang, 1999).
But it posesno problems to compile this library for a number of operating
systems.Applications basedon JStatCom that usethe Ox enginecan there-
fore be run on any platform that is supported by Ox. If GnuPlot is usedfor
the graphics,this posesno further restrictions, becauseit is alsoavailable for
all major operating systems.

3.6 Intr oductory Example

A small code exampledemonstratesa typical call to the Ox enginevia the
Engine interface. It is assumed,that the usedmodulesexist in the OxEngine
resourcedirectory jox . Resourcescontain the algorithm implementations for
an engineand therearespecialdirectories,whereJStatCom looksfor them. By
convention, this is a subdirectory which starts with a j followed by the name
of the engine,thus jox , jgrte , jgauss , jstub and jmlab . The Ox enginealso
needsto know the location of the dynamic link library that contains the func-
tions usedby the Ox C-API. On Windows this library is namedoxwin.dll .
The Enginesystemhasan elaborate con�guration management, which is used
to gather environment settings from a con�guration �le, and, if somethingis
missingor wrong, from the userdirectly. The required settings vary from en-
gine to engine.But all enginesstore information in a �le engine config.xml
in the respective resourcedirectory.

For this introductory example,a very simple Ox classis assumed.It should
be de�ned in jox/mymodule.ox , relative to the JStatCom installation folder.
A more elaborate real world Ox module will be presented in the next section.

#include <oxstd.h>

class MyClass{
decl a, x;
MyClass(const arg);
setX(const x);
getX();

}
MyClass::MyClass(const arg){

a = arg;
}
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MyClass:setX(const x){
this.x = x;

}
MyClass:getX(){

return x;
}

The Java code might then be:

// EngineTypes stores all available engine types
// ox is an instance of OxEngine, but the client
// does not use this information
Engine ox = EngineTypes.OX.getEngine( );

// parametrized call to load with OxLoadTypesreferenced,
// puts mymodule.ox(o) in Ox workspace, no arguments
ox.load("mymodule", OxLoadTypes.OXO,null);

// another load call, equivalent to decl x = new MyClass(3);
// MyClass must be defined in mymodule.ox(o)
// x is the object from which memberfunctions can be called
ox.load("MyClass", OxLoadTypes.CLASS,

new JSCData[]{new JSCInt("arg", 3)});

// call to memberfunction: x.setX(3.4)
ox.call("setX", new JSCData[]{new JSCNumber("x", 3.4)}, null);

// initialize result with an empty number object
JSCNumberresult = new JSCNumber("result");

// call to memberfunction: x.getX()
ox.call("getX", null, new JSCData[]{result});

// result.doubleVal() == 3.4 now

This code snipnet hasnot createdany userinterfacecomponents, but demon-
strates,how the Type Systemtogether with the Enginesystemcould be used
to make a call to an Ox resource.The Symbol Management is not involved
here, becauseno data is shared. It will be used in the following real world
example.
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4 Programming with the Framew ork

After introducing the system JStatCom as a whole and describing someof
its coreelements, this sectionpresents a more realistic development scenario.
The examplewill show, how the Ox MSVAR package(Krolzig, 1998)could be
usedto create an application for Markov-Switching VAR analysis.However,
for simplicity only the most basic featuresare implemented. But it should be
straightforward to extend this example to turn it into a useful software. It
should be mentioned that the MSVAR package is already implemented as a
subclassof the Ox classModelBase, such that it canbeusedwith the GiveWin
system,providing a graphical user interface. Therefore, this examplecan be
usedto comparethe di�erent implementations and the pros and consof each
system.

The JStatCom implementation gives more freedomto designthe user inter-
faceand to combine the Ox packagewith other modulesthat are not directly
related to it. One could even combine procedureswritten in Ox with algo-
rithms implemented in other languages,such asGaussor Matlab. The obvious
drawback is that coding in Java is required, and that more code needsto be
produced.In this respect, the Ox solution is, not surprisingly, simpler. On the
other hand,onecould customizeJStatCom to createa subclassof ModelFrame
which alreadyhasquite similar functionality to the ModelBaseclass.Instances
of that new classcould be con�gured by a relatively simple settings �le, for
example.This would be an extensionof the framework for a speci�c problem
domain.

4.1 Typical Steps

Creating applications with JStatCom consistsof a number of steps that are
always similar. Here it is assumed,that an Integrated Development Environ-
ment (IDE) is used.This is a software to support Java development projects.
There is a number of toolsavailable,someof them areOpen-Source,like for ex-
ample Eclipse.Development with an IDE is dramatically more e�cien t than
using only a text editor and a compiler, especially when projects grow and
whenGUI layout is needed.However, it is by no meansrequired to usesuch a
tool, and a simple application could alsobe created\b y hand". This text will
not describe, how projects are set up with a speci�c software, however, there
is detailed documentation on the web. The generalstepsin the development
processare:

(1) download and unpack JStatCom
(2) set up a Java project with your favourite IDE, put jstatcom.jar and all
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jar archives from the jars subdirectory in the classpaththat is usedby
your development tool

(3) create your top level component by subclassingModelFrame, choosean
appropriate nameand title, and compile it (t ypically doneautomatically
by IDE)

(4) put the fully quali�ed classnameof your frame in the �le modules.xml,
for exampleadd the line: <Module class="msvar.MSVARFrame"/>

(5) start your application with the batch �le app.bat , maybe you need to
add the classpathof your newly createdclassbefore,check it

(6) now go back to your development tool and implement all panels, use
subclassesof ModelPanel if you needaccessto shareddata

(7) implement calls to the external modules implementing the math algo-
rithms, put all Ox modulesthat are usedin the jox subdirectory, set up
and run setsof automated unit tests for all enginecalls

(8) repeat 5, 6 and 7 until all featuresare implemented, createa deployable
version(for example,just zip the project directory)

One should alsoprovide documentation for the userasa helpset.The add-on
tool JHelpDev can be used to create a JavaHelp set from a directory with
HTML �les. It can then easily be integrated in the application, even with
context-sensitive help. Together with Latex2html or other converters, one
could write the helpsystemcompletely in Latex, which is especially useful
if many formulas are used.But details are omitted here.

In step4 oneputs the classnamein a con�guration �le modules.xml. This way,
the new frame will be recognizedas a module when the JStatCom TopFrame
is invoked. This is the true top level component of all model frames and it
provides general functionality for importing data, transforming time series,
accessingmodel framesand providing the helpsystem.The TopFrameis some-
what similar to GiveWin, but it canbe con�gured in many ways. Somesimple
adjustments, like title, version,splashscreenand about-information can be set
in the �le app.properties . If further changesare wanted, one would have
to subclass TopFrame. This way, almost everything can be changed in the
behaviour and appearanceof the application.

4.2 Creating a GUI

As already mentioned, the MSVAR Ox packageis usedtogether with JStat-
Com to createan application that is able to apply the provided methods on
arbitrary datasets.However, the MSVAR packageis very 
exible and contains
variousmodelling features.A GUI for it couldbecomequite complex,therefore
for this motivating exampleonly a small subsetof all featuresis implemented.
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The MSVAR package comeswith several example �les, one of them is the
following:

/**
* MSM(2)-AR(4) Model of the US Business Cycle
* see: Hamilton (1989), Econometrica 57, 357-384.
* (c) Hans-Martin Krolzig, Oxford, 2002
*/

#include <oxstd.h>
#import <msvar130>

main()
{

decl msvar = new MSVAR();
msvar->IsOxPack(FALSE);
msvar->Load("gnp82.xls");
msvar->Select(Y_VAR, {"DUSGNP", 0, 4});
msvar->SetSample(1951,1,19 84,4 );
msvar->SetModel(MSM, 2);
format(120);
msvar->Estimate();
msvar->StdErr();
msvar->PrintStdErr();

}

It estimates a Markov-Switching AR model with a variable mean and two
regimes.The transition probabilities are assumedto be constant, as well as
the variancesand the autoregressiveparameters.It is possibleto reproducethe
results presented in Hamilton (1989) with this code. A GUI for this should
provide an interface to load the data, set the sample, specify the number
of AR lags and estimate the model. This way one could use the method to
identify businesscyclesin di�erent countries. All other possiblevariations, like
changing the number of regimes,estimating a VAR, allowing for exogenous
variables,and changing the type of the switching-regression,are omitted here
for clarity. Adding them would bea straightforward extensionof this example.

First the Ox wrapper module msvarwrapper.ox is given,providing an adapter
classfor the OxEngine. It shouldbe noted, that onecould alsohave usedonly
the headerof this �le to load the msvar package into the workspace.In this
case,an MSVARobject could have beencreated directly from Java. However,
becausethe Select method takesa mixed type array as argument, it would
not have been possibleto call it directly from Java. Therefore the wrapper
classis needed.It servesas an adapter betweenthe OxEngineand the MSVAR
class. MSVARWrapperis a subclass of MSVARand inherits all methods from
that class.It can be usedinstead of MSVARwith the samecalling semantics.
This is very handy and always possible,becauseOx has no mechanism to
restrict inheritance, like for exampleJava with the final keyword. From the
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include statements it can be seen,that msvar and gnudraware needed,with-
out gnudraw, the module would not link when called from Java, becausethe
graphicsfunctions would not be found.

#include <oxstd.h>
#include <packages/gnudraw/gnudr aw.h>
#import <msvar130>

class MSVARWrapper:MSVAR{
MSVARWrapper();
SelectY(const name, const startLag, const endLag);
PrintSetup(const number, const fName);

}

MSVARWrapper::MSVARWrapper() {
MSVAR();

}

MSVARWrapper::SelectY(const name, const startLag, const endLag){
Select(Y_VAR,{name, startLag, endLag});

}

MSVARWrapper::PrintSetup(con st number, const fName){
format(number);
fopen(fName, "l");

} // end of msvarwrapper.ox

Onecansee,that the problematicSelect method is now interfacedby SelectY .
The style of the adapter currently only allows to selecta singlevariable, there-
fore only an AR model is allowed. For more variables,arrays of the respective
names,start and end lagscould be usedasparametersand the selectionarray
could be createdvia a loop. There shouldalsobe di�erent selectmethods, like
SelectX for exogenousvariables,SelectT for the threshold and SelectS for
the regimes.The method PrintSetup is neededto call static functions that
are not members of a class,which are format and fopen.

Now the top level frame for the MSVAR analysis GUI module is given. It
is a subclass of ModelFrame, although in this simple example a standard
JInternalFrame , the superclassof ModelFrame, would have beensu�cien t.
This is, becausethere is just onepanelcontained, and the global symbol table
could thereforeas well be the local table of the speci�cation panel. However,
usingModelFrameshouldbe the default and hasno recognizableperformance
implications.
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package msvar;
import com.jstatcom.model.ModelF rame;

public class MSVARFrameextends ModelFrame {
private msvar.MSVARSpecPanelmsvarSpecPanel = null;
public MSVARFrame(){
super();
initialize();

}

// init tasks, generated by IDE
private void initialize() {
this.setContentPane(getMS VARSpecPanel()) ;
this.setTitle("MSVAR Analysis");
this.setSize(543, 505);

}

// adds specification panel, generated by IDE
private msvar.MSVARSpecPanelgetMSVARSpecPanel(){
if (msvarSpecPanel == null) {

msvarSpecPanel = new msvar.MSVARSpecPanel();
}
return msvarSpecPanel;

}
} // end of MSVARFrame.java

The next code section contains the Java classmsvar.MSVARSpecPanelwith
the speci�cation panel and the Ox call. Here the main work is done,which is
variable selection,lag input, estimation invocation and output presentation.
This classusesseveral JStatCom components that are very helpful in that
context, namely TSSel for variable selection,ResultField to present output
and NumSelector to retrieve lag input that is validated against a prede�ned
range. The use of these components is not described here in detail, this is
left to the Java API documentation. The rest of the graphical components
involved are standard Swing beans(Eckstein et al., 1998).

Although the code is pretty long, onehasto note, that most of it can be gen-
erated with a visual layout tool, similar to Visual Basic. Thesecode sections
are marked with \generated by IDE". Such a tool should be part of the IDE
software that is used. With a bit of experience,one can develop even com-
plex GUIs in little time. Especially layout management needsa bit of care
sometimes,but this is not discussedhere.
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package msvar;
import com.jstatcom.engine.*;
import com.jstatcom.engine.ox.*;
import com.jstatcom.io.*;
import com.jstatcom.model.*;
import com.jstatcom.ts.*;
import java.awt.event.*;
import java.io.*;

// Specification of MSVARmodel.
public class MSVARSpecPanelextends ModelPanel {
private com.jstatcom.ts.TSSel tsSel = null;
private javax.swing.JButton jButton = null;
private com.jstatcom.component. NumSelector numSelector = null;
private javax.swing.JLabel jLabel = null;
private com.jstatcom.component. ResultF ield resultField = null;
private javax.swing.JPanel jPanel = null;

// default constructor, generated by IDE
public MSVARSpecPanel(){
super();
initialize();

}
// init method, generated by IDE
private void initialize() {
this.setLayout(new java.awt.BorderLayout());
this.setSize(550, 503);
this.add(getTSSel(), java.awt.BorderLayout.E AST);
this.add(getJPanel(), java.awt.BorderLayout.CENT ER);

}
// time series selector, generated by IDE
private com.jstatcom.ts.TSSel getTSSel() {
if (tsSel == null) {
tsSel = new com.jstatcom.ts.TSSel();
tsSel.setEndogenousDataNa me("Y_VAR");
tsSel.setEndogenousString sName(" Y_NAMES");
tsSel.setExogenousDataName("X _VAR");
tsSel.setExogenousStrings Name("X _NAMES");
tsSel.setDateRangeName("MSVAR_DRANGE");
tsSel.setOneEndogenousOnl y(tr ue) ;

}
return tsSel;
}
// estimate button with listener
private javax.swing.JButton getJButton() {

if (jButton == null) {
jButton = new javax.swing.JButton();
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jButton.setText("Estimat e");
// connects action to estimate button
jButton.addActionListene r(ne w ActionListener() {

public void actionPerformed(ActionEve nt e) {
// usage of PCall system, creates extra Thread
PCall job = new PCall() {
// mimics the main method of hamilton example
public void runCode() {
Engine ox = engine();
ox.load("msvarwrapper", OxLoadTypes.OXO,null);
ox.load("MSVARWrapper", OxLoadTypes.CLASS,null);
ox.call("IsOxPack", new JSCData[]{

new JSCInt("oxPack", false)}, null);
TSDateRangerange = global().getSymbol(
"MSVAR_DRANGE").getJSCDRange().g etTSDateRange( );

ox.call("Create", new JSCData[]{
new JSCInt("freq", range.subPeriodicity()),
new JSCInt("main_l", range.lowerBound().mainPe riod ()),
new JSCInt("period_l", range.lowerBound().subP erio d()) ,
new JSCInt("main_u", range.upperBound().mainPe riod ()),
new JSCInt("period_u", range.upperBound().subP erio d()) },
null);

JSCNArray data = global().getSymbol("Y_V AR")
.getJSCNArray();

JSCSArray namesY= global().getSymbol("Y_NAM ES")
.getJSCSArray();

ox.call("Append", new JSCData[]{data, namesY}, null);
ox.call("SelectY", new JSCData[]{
new JSCSArray("aName", namesY.stringAt(0, 0)),
new JSCInt("startLag", 0),
new JSCInt("endLag", getNumSelector().getIntNu mber())} ,
null);

ox.call("SetSample", new JSCData[]{
new JSCInt("main_l", range.lowerBound().mainPe riod ()),
new JSCInt("period_l", range.lowerBound().subP erio d()) ,
new JSCInt("main_u", range.upperBound().mainPe riod ()),
new JSCInt("period_u", range.upperBound().subP erio d()) },
null);

ox.call("SetModel", new JSCData[]{new JSCInt("MSM", 5),
new JSCInt("regimes", 2)}, null);

String fName = JSCConstants.getSystemTemp()
+ "/msvar.out";

ox.call("PrintSetup", new JSCData[]{
new JSCInt("width", 120),
new JSCString("outFile", fName)}, null);

ox.call("Estimate", null, null);
ox.call("StdErr", null, null);
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ox.call("PrintStdErr", null, null);
// appends output generated in Ox to output buffer
output.append(FileSupport .rea dTextFi le(f Name) + "\n\n");
new File(fName).delete();

}
public Engine engine() {
return EngineTypes.OX.getEngine() ;

}
};

job.setName("MSVARCall");
// sets result field as output component
job.setOutHolder(getResult Fie ld() );
// queues the job in the background thread
job.execute();

}
});

}
return jButton;

}
// number range, generated by IDE
private com.jstatcom.component. NumSelector getNumSelector() {
if (numSelector == null) {

numSelector = new com.jstatcom.component.N umSelect or( );
numSelector.setRangeExpr ("[0 , 10]");

}
return numSelector;

}

// lags label, generated by IDE
private javax.swing.JLabel getJLabel() {
if (jLabel == null) {

jLabel = new javax.swing.JLabel();
jLabel.setText("Endogeno us lags");

}
return jLabel;

}
// result field, generated by IDE
private com.jstatcom.component. ResultF ield getResultField() {
if (resultField == null) {

resultField = new com.jstatcom.component.R esul tFie ld( );
}
return resultField;

}
// add all components, generated by IDE
private javax.swing.JPanel getJPanel() {
if (jPanel == null) {

// constraints for layout omitted, generated automatically
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jPanel.add(getResultFiel d(), consGridBagConstraints1) ;
jPanel.add(getNumSelecto r(), consGridBagConstraints2) ;
jPanel.add(getJLabel(), consGridBagConstraints3);
jPanel.add(getJButton(), consGridBagConstraints4);

}
return jPanel;

}
}

The example code contains the method getTSSel to initialize the time se-
ries selector.One can set the namesof the variables that are selected.They
will be stored in the global symbol table under the respective names.The
getNumSelector method setsup the number selectorwith the interval [0; 10].
Whenever input validation fails, a dialog is shown and the value is set back
to the previousone.

But the most interesting method to look at is getJButton . Here the estimate
button is con�gured and an action listener is attached. This listener invokes
the call to the engineand mimics the behaviour of the main method in the
MSVAR example�le. There is the PCall systeminvolved here,which is used
to handle procedurecalls. It is not mandatory to usethis system,but it has
many advantages.One of the major bene�ts is, that it can executethe call in
a newthread. This way the GUI is still reactive, even if a lengthy computation
is running. There is not a new thread for every PCall invocation, but instead
a background thread is used,and new calls are queueduntil the previouscall
has �nished. By calling the PrintSetup method of the Ox adapter class,the
output is redirected to a �le, which is known by the Java side. The contents
of this �le are then appendedto the output bu�er. The PCall systemsetsthe
contents of this bu�er automatically to the output holder, which is the result
�eld in this case.This way, text formatting on the Java side is not necessary.

4.3 Critique of the Implementation

Although the example re
ects a real world situation and could serve as a
starting point for a full featured analysismodule, there is much potential to
improve the presented implementation. First, the namesof the globalvariables
are just given as strings where they are needed.If onechoosesto changethe
nameof a variable, this would have an impact on all parts of the code where
the variable is used.Especially if there are many variables to be shared,an
extra classwith the type de�nitions is worth being considered.Type de�ni-
tions should not be implemented as plain strings, but rather as instancesof
JSCTypeDef. An exampleclasscould be:
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final class MSVARConstants{
public static final JSCTypeDefY_VAR= new JSCTypeDef(

"Y_VAR", JSCTypes.NARRAY,
"The selected endogenous variables, no lag truncation.");

public static final JSCTypeDefY_NAMES= new JSCTypeDef(
"Y_NAMES",JSCTypes.SARRAY,
"The names of the selected endogenous variables.");

...
}

Instead of using strings, one should use these type de�nitions to reference
variables.A sidee�ect is, that the descriptionsare put in the Symbol Control
systemwhen the symbol is referencedwith this de�nition for the �rst time:

// initialization in getTSSel
tsSel.setEndogenousDataName(MSVARConstant s.Y_VAR.name);

// reference to endogenous variables
global().get(MSVARConstant s.Y_VAR).ge tJSCNArray( );

Another obvious drawback is the nesting of the estimation call within the
MSVARSpecPanel. It is much better to separatethe procedurecall in an extra
class,which is an exampleof the Commandpattern. This has the advantage,
that calling logic and GUI code would be better separated.One could usethe
new classnot only in oneplace,but it could be reusedinternally. This could
be useful for a command implementing a call to display the autocorrelation
function, for example.Another big advantage would be, that the classcould
alsobe createdand checked with the help of automated unit tests, an invalu-
able tool to improve the quality of code that is under constant change.Any
input parameterswould have to be set in the constructor, the codemight then
be:

public final class MSVAREstCallextends PCall {
private JSCNArray data;
private JSCSArray namesY;
private int lags;
private TSDateRangerange;
private String fName = JSCConstants.getSystemTemp()

+ "/msvar.out";

public MSVAREstCall(JSCNArrayy, JSCSarray names,
int arLags, TSDateRangerange){

setName("MSVARCall");
// maybe check inputs and copy values here
this.yDat = y;
this.nam = names;
this.lags = arLags;
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this.range = range;
}
public void runCode() {
Engine ox = engine();
ox.load("msvarwrapper", OxLoadTypes.OXO,null);
ox.load("MSVARWrapper", OxLoadTypes.CLASS,null);
ox.call("Create", new JSCData[]{
new JSCInt("freq", range.subPeriodicity()),
new JSCInt("main_l", range.lowerBound().main Peri od( )),
new JSCInt("period_l", range.lowerBound().subPer iod ()),
new JSCInt("main_u", range.upperBound().main Peri od( )),
new JSCInt("period_u", range.upperBound().subPer iod ())} ,
null);

ox.call("Append", new JSCData[]{data, namesY}, null);
ox.call("SelectY", new JSCData[]{
new JSCSArray("aName", namesY.stringAt(0, 0)),
new JSCInt("startLag", 0),
new JSCInt("endLag", lags)}, null);

ox.call("SetSample", new JSCData[]{
new JSCInt("main_l", range.lowerBound().main Peri od( )),
new JSCInt("period_l", range.lowerBound().subPer iod ()),
new JSCInt("main_u", range.upperBound().main Peri od( )),
new JSCInt("period_u", range.upperBound().subPer iod ())} ,
null);

ox.call("SetModel", new JSCData[]{new JSCInt("MSM", 5),
new JSCInt("regimes", 2)}, null);

ox.call("PrintSetup", new JSCData[]{
new JSCInt("width", 120),
new JSCString("outFile", fName)}, null);

ox.call("Estimate", null, null);
ox.call("StdErr", null, null);
ox.call("PrintStdErr", null, null);

}
public void finalCode(){

// appends output generated in Ox to output buffer
output.append(FileSuppo rt.r eadText File (fN ame) + "\n\n");
new File(fName).delete();

}
public Engine engine() {

return EngineTypes.OX.getEngin e();
}

};

Currently this classonly prints the results in text form. It would be desirable
to read residuals,coe�cien t estimates,standard deviations,etc. back to Java.
This can easily be implemented by just calling the respective methods of the
MSVARclass.Onecould alsofactor someof the calls to the Ox wrapper classto
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reducethe number of calls that arenecessaryfrom the Java side.For example,
the creation of a database,appending variablesand setting the samplecould
all be done within the SelectY method. The code required in Java would
becomemuch shorter.

These�nal remarksindicate someof the designguidelinesthat canbeusedfor
applicationsbasedon JStatCom.The ideais to havea setof bestpracticesthat
ensurea high quality classdesign,which can easily be maintained, extended
and tested.

5 Conclusion

It was shown, how the software framework JStatCom could be used to cre-
ate graphical user interfaces for econometricroutines with the help of Ox.
The approach wasdemonstratedfor an exampleapplication, which could well
be extended to establish a useful system. Various subsystemsof JStatCom
addresscommon problems that are inherent when designinggraphical user
interfacesfor complex mathematical algorithms. A strong emphasiswas put
on the extendability and 
exibilit y of the framework. It is hoped, that the
presented approach is still simple enoughto serve as a development platform
for researchers in the �eld, who want to make available their algorithms to
interestedusers.
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