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Abstract: This paper describes some of the results of an analysis of new software technology, which can be used 
to develop microsimulation models. Searching for microsimulation software development environment, the 
author concludes that opportunities of contemporary software technology are not exhausted; Web-based 
application development could provide better software architecture while fulfilling user requirements.  
The structure of the paper is as follows. The brief introduction defines microsimulation and categorizes the 
models used. The next sections focus in detail on two major approaches, database-oriented and web-oriented. 
The subsequent parts of the paper present two solutions for Web services, J2EE and .NET and discuss their 
respective merits and disadvantages. A sample model, using database-oriented approach with Web-service and 
final remarks concludes the paper. 
The major contribution of the paper is the presentation of new technology and its use for microsimulation. The 
software solutions discussed can be used for other simulation applications and the software architecture could 
build the basis of more general simulation software development environments. 
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INTRODUCTION 
 
Socioeconomic systems are defined as complex 

systems of great significance for the society and 
economy. These systems are difficult to study 
without models, hence the importance of 
microsimulation, which creates and studies models 
that make intensive use of statistical data of the 
system. The models consist of special objects, the 
so-called micro units of the socioeconomic system; 
the person, the family or the household. 
Microsimulation models use simulation techniques 
in order to study the behavior of the whole 
socioeconomic system and its components, the 
micro level units (see also Orcutt et al. 1961). 

Developed countries all over the world (e.g., 
Australia, Canada, Europe and the USA) use 
microsimulation as a generally accepted tool for 
political decision-makers (see O’Donoghue 2001). 
Economies in transition also face problems 
especially in demography, pension systems, health 
care, and taxation. Microsimulation can be a very 
useful tool to a model-based study of these and 
related problems and their possible solutions. In the 
European Union, more and more signs indicate an 
increasing demand for instruments of 
macroeconomic analysis and prediction, coupled 
with a tendency of more willingness to budgetary 
spending for microsimulation (e.g., EUROMOD). 
There is an urgent need to find and/or develop 

advanced software tools, which support the 
achievement of the following goals: 

• Network oriented data and model access. 
• Distributed model execution/analysis. 
• Sharing simulation data, models and 

knowledge. 
• Group participation in the simulation 

process. 
• Multi-platform hardware and software 

solutions. 
• Open standard based software solutions. 
• Data and network security. 
• User friendliness, especially visualization. 
• Efficiency of software development. 
 
Transportation models can be considered as a 

subclass of microsimulation models, therefore 
statements valid for general microsimulation models 
are also valid for these transportation problems. In 
the recent years, the preferred tool for the solution of 
urban transportation problems has been the activity-
based approach (McNally 1999). This approach 
allows for the complexity of travel behavior on 
individual level, which is a complex socioeconomic 
phenomenon. The time-dependent and often space-
dependent (geographical) microsimulation models 
employed in this area help to indicate solutions to 
these intriguing problems. Some authors (e.g., Rindt 
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et al. 2002) develop microsimulation models by 
applying agent-oriented techniques.  

Microsimulation models can be classified as 
data-driven models and agent-based models. Both 
model classes must maintain a significant amount of 
data and use methods for processing and analyzing 
these data. 

Data sources can be integrated in 
microsimulation models in three different ways: 

• File processing approach (e.g., Heike et al. 
1994) 

• Database-oriented approach (e.g., Sauerbier 
2002) 

• Agent-oriented approach (e.g., Pryor et al. 
1996) 

These approaches are not architecture neutral 
and not network-oriented. About a decade ago 
computer science started to develop new network-
oriented technologies usable also for model-based 
applications, which supports the use of 
heterogeneous hardware and/or software platforms. 
These network-based technologies became more 
widespread recently, when technical development 
allowed for networked multi-platform applications 
and beyond the networked data access also for 
distributed computing. 

 
 

MICROSIMULATION 
 
The stored data of microsimulation models can 

be: initial model data, intermediate and final 
simulation data. These data are stored for further 
analysis. The description of model behavior in 
microsimulation models is based on algorithms, 
which describe the behavior of the micro units and 
their environment. The estimation of simulation 
model parameters, the general data analysis in order 
to determine/estimate behavioral rules are important 
steps of the modeling process. The microsimulation 
model is embedded in an experimental framework, 
which provides an environment to study the effects 
of policy changes on the microsimulation model 
behavior.  See Figure 1. 

 
 

Figure 1: Microsimulation model 
 
All available data are carefully analyzed using 

special techniques, which have been developed to 
improve microsimulation data quality (e.g., 
imputing, merging, synthetic data). For solving 

special model verification and validation problems, 
different methods and techniques were developed 
(see e.g., Rubin 2004; Little and Rubin 2002; 
Schofield and Polette 1998) 

 
 

TECHNOLOGICAL ALTERNATIVES 
 
Alternative Web technologies can be grouped in 

three different categories: 
o Stub/skeleton based remote procedure call 

architectures (CORBA, RMI, DCOM). 
 Technologies of this category provide access to 

remote services as though it were local services. 
The architecture maintains bi-directional 
communication between client and server to 
exchange data. Developers are required to 
create two modules: a stub, which is located on 
the client machine and a skeleton, which is 
located on the server side. Stub and skeleton 
encode and decode data in order to make them 
understandable for the interface communication 
layer. 

 CORBA (Common Object Request Broker) 
provides solution for heterogeneous 
environment.  

 Java RMI (Remote Method Invocation) has 
been developed for a Java environment. 

 DCOM (Distributed Common Object Model) is 
a solution for a Microsoft environment. 

 Compared to Web services, CORBA provides 
a cross-platform and cross-language solution, 
which keeps a persistent client-server 
connection, while servicing fewer clients per 
server and maintaining a high transaction load. 
RMI and DCOM are locking the user into a 
single (language or operating system) 
environment. 

o HTTP-like transactional architectures (CGI, 
Servlets, JSP, ASP, PHP). 

 Clients communicate with the server using 
HTTP or HTTPS in a way that the server 
handles clients’ requests and delivers the 
requested data as a response in HTML or XML 
format. After the transaction is completed, the 
connection is terminated, so the connection is 
not persistent.  

 CGI (Common Gateway Interface) is a 
program, which processes the client request and 
builds up the response. 

 JSP (Java Server Pages) and Servlets are 
Java-based solutions.  

 ASP and PHP: ASP was introduced by 
Microsoft, PHP by the Open Source 
community. 

 Compared to Web services, the transactional 
architecture lacks directory service and 
formalized communication, therefore it is more 
difficult to use. 

Micro -
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o Screen scrapers are client-side programs, 
which use the existing interface to process 
server data. 

 
All alternative technologies have their strengths 

and weaknesses. The paper will demonstrate in 
detail that Web services provide generally more 
flexible, vendor-neutral, cross-platform and cross-
language solutions for network-oriented simulation 
applications. 

 
 

WEB-BASED MICROSIMULATION  
 
Web-based microsimulation models can be 

developed using more sophisticated network-
oriented technologies. Two basic approaches can be 
distinguished, based on IT industry main trends:  

• Database-oriented approach 
• Web-service approach 

 
 

.Database-oriented Approach 
 
The database-oriented approach uses networked 

RDBMS technology. Microsimulation models are 
developed and used in a RDBMS environment using 
technological standards and different analytical 
tools. Among others, Web technologies, 
mathematical and/or statistical program packages 
and advanced user interface can be used. See Figure 
2. 

The network-oriented RDBMS provides a 
possibility to develop advanced microsimulation 
applications using an architecture, which is similar 
to the one depicted in Figure 3. 

The overriding goal of this architecture is data 
management, which provides a networked multi-
platform accessibility for all microsimulation data. 
Applications are “usual” DB applications, which 
process data stored in a database. 

Networked DBMS functionality can be delivered 
by different commercial software products (e.g., 
Oracle Application Server 2003). Microsimulation 
algorithms can be developed using high level 
programming languages (e.g., Java). Data analysis 
and parameter estimation can be prepared by special 
mathematical and statistical software tools (e.g., 
SAS, SPSS). 

A significant advantage of this approach is that 
most elements of these industry-standard 
technologies are platform-independent, vendor-
neutral and widely available. 

 

 
Figure 2: Database-oriented architecture 

 
 
 

Web service Approach 
 
Web services are applications implemented as 

Web-based components, which offer certain 
functionality to clients via the Internet. The 
components have well-defined interfaces. Once 
deployed, Web services can be discovered, 
used/reused by consumers (clients, other services or 
applications) as building blocks.  

Web service architecture is built on open 
standards and vendor-neutral specifications. The 
architecture is presented in Figure 4.  

The approach is a shift from a single application 
usage to a multi-component distributed application 
running on different platforms using open standard 
based network communication. Standards, guiding 
the interactions, are managed by broad consortia 
(e.g., World Wide Web Consortium, Organization 
for the Advancement of Structured Information 
standards, Web Services Interoperability 
Organization). 
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Figure 3: Database-oriented architecture 
 
 
The following elements are considered as a part 

of Web service standards: 
o Universal Description Discovery and 

Integration (UDDI) is responsible for 
publishing, locating and binding Web 
services to consumer software. The service 
requested by the consumer is determined by 
a contract between the service provider and 
the client, who will consume the service.  

o Web Services Description Language 
(WSDL), which defines the formulation of 
the contract. 

o Simple Object Access Protocol (SOAP) and 
Hypertext Transfer Protocol (HTTP) are 
used by the parties involved to agreed upon 
a common message and protocol.  

o Extensible Markup Language (XML) is a 
standardized data interchange format used 
during all communications.  

Services can be implemented in different 
programming languages, deployed and then 
executed on any operating system or software 
platform. Consumers must first locate the 
application, before invoking a service, discover the 
interface and then configure their software in a way 
that it is able to collaborate with the Web service. 
See Figure 4. 

Web service based technological developments 
are very promising and future work could lead to a 
rethinking and/or extension of existing network-

oriented simulation technologies (e.g., Miller et al. 
1998 and Miller et al. 2001). Previous HLA-based 
solutions (e.g., Lantzsch et al. 1999) can be further 
extended and solutions offered, which allow the user 
to develop large, multi-platform, network-oriented 
(micro)simulation models. The obvious advantages 
will certainly further attract simulation software 
developers; therefore Web services will be a viable 
alternative also for microsimulation software 
development in the future. 

 

 
Figure 4: Web service architecture 
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Two main platforms to develop Web services, 
are Microsoft .NET and J2EE.  

 
Microsoft .NET Technology 

 
.NET is a new Microsoft Windows platform for 

developing and deploying web services. Microsoft 
developed this technology in order to update and 
merge its older tools in a Java-like run-time 
environment called Common Language Runtime 
(CLR). .NET is optimized for XML and designed 
around XML-based Web Services. The technology 
has the advantage that any and all programming 
languages on the platform can be used and they can 
also inter-operate (the most important are Visual C# 
.NET and VB .NET). The platform’s run-time 
environment, also referred to as “managed execution 
environment”, allows compiled programs to run on 
any platform. Further Web service related 
components, like ASP.NET and Microsoft Internet 
Information Services (IIS) round out the framework. 

 
Java Technology 

 
In contrast to Microsoft technology, the Java 

technology requires more professional attention, 
because process and code generation is not a highly 
automatic (unlike in the case of .NET) and software 
components might be provided by different vendors. 
The major J2EE application server vendors are IBM, 
SUN, Borland, Oracle, and Macromedia.  

J2EE runs on several platforms, but only 
supports the Java language. Further elements of the 
framework are the runtime environment, the 
platform editions, and the application programming 
interfaces (APIs). The current platform editions are: 
J2ME, J2SE, and J2EE (Micro, Standard and 
Enterprise Editions), each of them with the Java 
language and its portable bytecode at the core. To 
increase programming efficiency, the use of an IDE 
(Integrated Development Environment), like IBM 
Web-sphere or SUN One is suggested. 

 
Comparison of .NET and Java Technologies 

 
An analysis of the characteristics of the 

technologies should be based on criteria, like TCO, 
software performance, development and other 
abilities (CGI Group Inc. 2002). 

As pointed out, J2EE is not yet standardized and 
automated to the degree as Microsoft .NET is, which 
is a disadvantage from a software developer point of 
view (see Benchmark comparison 2001 and The 
Middleware Company, 2003). There are, however, 
advantages to be had in the Java technologies, 
namely avoidance of single vendor lock-in, higher 
level reliability, security and stability. A new aspect 
for further analysis might be the consideration of 
ability to provide Integrated Life-cycle Development 
Environment (ILDE) with collaborative 

development, integrated test and maintenance tools. 
These features are very welcome in a simulation 
software development process. 

From architectural point of view, Figure 5 
provides an overview, which shows the fundamental 
reasons of advantages and disadvantages. 

 
Figure 5: Web service development environment 
 
 

Advantages and Disadvantages of Web services 
 

From the point of view of microsimulation 
software development, the major emphasis is on 
model development. Microsimulation algorithms 
can be developed using high level programming 
languages (e.g., Java), data analysis and parameter 
estimation can be prepared by special mathematical 
and statistical software tools (e.g., SAS, SPSS). Both 
components are supported by Web services. 
Networked DBMS functionality can be accessed 
using the high level programming languages 
provided by the Web service framework.  

A significant advantage of this approach is that 
most elements of this technology are platform-
independent, and widely available. 

  
Advantages of using Web services are as 

follows: 
• Legacy systems can be integrated, existing code 

re-used, 
• Software development and maintenance costs, 

furthermore operational costs can be reduced, 
• New business models can be established and 

new revenue can be generated, while interfaces 
with customers and integration with business 
partners can be improved. 

 
Disadvantages of using Web services are as 

follows: 
• There is no network performance guarantee, 
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• Lack of some additional standards (e.g., 
security and privacy, authentication, non-
repudiation, billing and contract), 

• Steep learning curve and early stage of 
product life cycle. 

 
SERVICE ORIENTED ARCHITECTURE 

 
Service Oriented Architecture (SOA) is a 

concept based on loosely coupled software 
components, which are modeled as services. SOA 
contains three roles (service requestor, service 
provider and service registry), each of which can be 
played by any node or program in a network (a 
simple program can even fulfill multiple roles). 

All business functions are realized in the 
software as services, which can be consumed over 
the network. Web service architecture realizes a kind 
of  SOA. 

The focus of software design is on application 
building using components with well defined 
interfaces; so the integration can be realized at the 
interface level and not at the implementation level. 

SOA radically changes developers’ world view 
and also their application portfolio. All applications 
(also legacy systems) can be converted to services, 
bringing IT and business concepts together, creating 
flexible software infrastructures. 

 
APPLICATION EXAMPLE 

 
The selected example is a simplified static 

microsimulation application, based on Gilbert and 
Troitzsch 1999, (p. 62-69), and illustrates the usage 
of the software environment. 

The Web service application is built on a 
homogeneous Oracle platform using Java. The 
selected software, Oracle 10g, provides a further 
integration of database management and Java based 
Web service technology. The example was 
implemented using the following architecture (see 
also Figure 6): 
• Client tier contains the microsimulation model 

and the client stub, which invokes the tax 
income forecast web service using SOAP on 
HTTP. 

• Application tier contains the Oracle HTTP 
Server (actually an Apache), which receives 
request and sends response, furthermore the 
Oracle 10g Application Server with Oracle 
Container for J2EE (OC4J) to store the web 
service, which realizes the model calculations 
for income tax forecasting. 

• Information tier runs Oracle 10g Database, 
which includes the data of the microsimulation 
model. 

 
The Appendix shows selected program snippets 

with application details. Because of the easy way of 
calculating static tax models and the requirement of 

using significant amount of data, the Database-
oriented approach has been applied. In case of 
sophisticated numerical calculations and less data, 
the Web service approach based on J2EE or .NET 
can be used, eventually also extended with database. 

 
CONCLUSIONS 

 
The increased interest in microsimulation creates 

an obligation to review the existing practices in 
simulation and get acquainted with the new 
technologies, which can be applied to new projects.  

Converting traditional microsimulation models 
into Web-enabled ones provides for their effective 
and efficient use in modern integrated information 
systems. New technologies, like Web service, 
provide user-friendly and powerful tools for new 
model development. 

Web-based microsimulation models can be used 
to develop Web-enabled model bases consisting of 
different types of microsimulation models and 
creating Web-based socioeconomic decision-support 
systems. The presented software-environments are 
generally available in contemporary IT 
environments.  

 

 
Figure 6: Example model architecture  
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APPENDIX  
 

Web services classes 
 
// Data Model of MicroSimulation Model 
import java.io.Serializable; 
public class TaxClass implements Serializable 
{public int lowEnd;   // lower boundary of tax class 
  public int uppEnd;  // upper boundary of tax class 
  public double baseTax;   // tax rate in base year 
  public double plannedTax; // tax rate in next year 
  public double baseTaxSum;   // tax  in base year 
  public double plannedTaxSum;  // tax in next year} 

 
WebService class 
MicroSimulationmodell for tax income forcast 
 
import javax.sql.DataSource; 
import java.sql.*; 
import javax.naming.*; 
public class TaxIncomeForecastWS 
{  Connection conn;     // storing exchange rates  
    // default constructor 
    public TaxIncomeForecastWS()  
           throws SQLException,NamingException 
    { Context ctx = new InitialContext(); 
       DataSource ds =   
           (DataSource)ctx.lookup("jdbc/MicSimTaxCoreDS"); 
        conn = ds.getConnection();}  
    // get number of tax classes 
    //   * @webmethod 
public int getNumberOfClasses() throws SQLException 
    {  … 
      return ret;}  
// run microsimulation modell 
public TaxClass[] calculate(TaxClass[] taxClasses) 
         throws SQLException 
    {double plannedTaxVal; 
      savePlannedTax(taxClasses); 
      Statement stmt = conn.createStatement (); 
      ResultSet rset = stmt.executeQuery  
        ("SELECT  ID,GROSS_INC " + 
                                          "FROM 
TBL_MICSIM_ELEMENTS"); 
      while (rset.next()) 

      {plannedTaxVal=plannedTaxValue 
                     (rset.getDouble("GROSS_INC")); 
        savePlannedTaxValue 
                    (rset.getDouble("ID"),plannedTaxVal); } 
      for(int i=0;i<getNumberOfClasses();i++) 
        taxClasses[i].plannedTaxSum= 
            sumTax ("PLANNED_TAX_VAL",taxClasses[i]. 
                            lowEnd,taxClasses[i].uppEnd); 
     System.out.println("invoke simulation()"); 
     return taxClasses; 
    } 
  // get tax classes 
  public TaxClass[] getTaxClasses()  throws SQLException 
    { // create the store object of tax classes 
      … 
      return taxClasses; } 
// private methodes 
private double plannedTaxValue(double grossInc) 
            throws SQLException 
    {  … 
       return taxVal; } 
private void savePlannedTaxValue(double id,double tax) 
          throws SQLException 
  { …  } 
private void savePlannedTax(TaxClass[] taxClasses) 

          throws SQLException 
    { … } 
private double sumTax(String col,int lowEnd,int uppEnd) 
          throws SQLException 
  { … 
    return sum;} 
} 

 
Web service interface 
 
/* Generated by the Oracle9i JDeveloper Web Services Interface 
Generator 
 * Date Created: Tue Mar 01 02:55:34 CET 2005 
 *  
 * This interface lists the subset of public methods that you 
 * selected for inclusion in your web service's public interface. 
 * It is referenced in the web.xml deployment descriptor for this 
service. 
 *  
 * This file should not be edited. */ 

 
public interface ITaxIncomeForecastWS  
{public int getNumberOfClasses()  
      throws java.sql.SQLException; 
  public TaxClass[] calculate(TaxClass[] taxClasses)   
      throws java.lang.sql.SQLException; 
    public TaxClass[] getTaxClasses()    
      throws java.lang.sql.SQLException;}    

 
WSDL 
 
<?xml version = '1.0' encoding = 'UTF-8'?> 
<!--Generated by the Oracle9i JDeveloper Web Services WSDL 
Generator--> 
<!--Date Created: Tue Mar 01 02:55:34 CET 2005--> 
 
<definitions 
name="WSTaxIncomeForecast" 
targetNamespace="http://TaxIncomeForecastWS.wsdl" 
xmlns="http://schemas.xmlsoap.org/wsdl/" 
xmlns:xsd="http://www.w3.org/2001/XMLSchema" 
xmlns:soap="http://schemas.xmlsoap.org/wsdl/soap/" 
xmlns:tns="http://TaxIncomeForecastWS.wsdl" 
xmlns:ns1="http://ITaxIncomeForecastWS.xsd"> 
<types> 
   <schema 
      targetNamespace="http://ITaxIncomeForecastWS.xsd" 
      xmlns="http://www.w3.org/2001/XMLSchema" 
      xmlns:SOAP-ENC= 
            "http://schemas.xmlsoap.org/soap/encoding/"/> 
</types> 
<message name="getNumberOfClasses0Request"/> 
…  
</message> 
<portType name="TaxIncomeForecastWSPortType"> 
 … 
</portType> 
<binding name="TaxIncomeForecastWSBinding" 
type="tns:TaxIncomeForecastWSPortType"> 
   <soap:binding style="rpc"  
          
transport="http://schemas.xmlsoap.org/soap/http"/> 
… 
</binding> 
   <service name="WSTaxIncomeForecast"> 
      <port name="TaxIncomeForecastWSPort"  
            binding="tns:TaxIncomeForecastWSBinding"> 
       <soap:address location= 
             "http://localhost:8888/WebServices-Micro 
                Simulation-context-
root/WSTaxIncomeForecast"/> 
      </port> 
   </service> 
</definitions> 

 
Web service client stub 
 
import oracle.soap.transport 
http.OracleSOAPHTTPConnection; 
import org.apache.soap.encoding.soapenc.BeanSerializer; 
import org.apache.soap.encoding.SOAPMappingRegistry; 
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import org.apache.soap.util.xml.QName; 
import java.net.URL; 
import org.apache.soap.Constants; 
import org.apache.soap.Fault; 
import org.apache.soap.SOAPException; 
import org.apache.soap.rpc.Call; 
import org.apache.soap.rpc.Parameter; 
import org.apache.soap.rpc.Response; 
import java.util.Vector; 
import java.util.Properties; 
/** 
 * Generated by the Oracle9i JDeveloper Web Services Stub/Skeleton Generator. 
 * Date Created: Tue Mar 01 03:02:43 CET 2005 
 * WSDL URL: file: 
           /D:/Projects/WebServices/MicroSimulation/src/TaxIncomeForecastWS.wsdl 
 */ 
public class WSTaxIncomeForecastStub  
{  public WSTaxIncomeForecastStub() 
  {m_httpConnection = new OracleSOAPHTTPConnection(); 
    m_smr = new SOAPMappingRegistry();} 
  public String endpoint =  
        "http://localhost:8888/WebServices-Micro 
             Simulation-context-root/WSTaxIncomeForecast"; 
  private OracleSOAPHTTPConnection m_httpConnection = 
null; 
  private SOAPMappingRegistry m_smr = null; 
  public Integer getNumberOfClasses() throws Exception 
  { … 
    return returnVal;} 
  public void setMaintainSession(boolean maintainSession) 
  {  
m_httpConnection.setMaintainSession(maintainSession);} 
  public boolean getMaintainSession() 
  { return m_httpConnection.getMaintainSession(); } 
  public void setTransportProperties(Properties props) 
  { m_httpConnection.setProperties(props); } 
  public Properties getTransportProperties() 
  { return m_httpConnection.getProperties(); } 
} 
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