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ABSTRACT 

The application of the Extensible Mark-up Language (XML) 
enabled a new level of interoperability for heterogeneous IT 
systems.  However, although XML enables separation of 
data definition and data content, it doesn’t ensure that data 
exchanged is interpreted correctly by the receiving system.  
This motivates data management to support unambiguous 
definition of data elements for information exchange.  Using 
a common reference model improves this process leading to 
"model based data management (MBDM)."  The results can 
be used immediately to configure mediation layers integrat-
ing services into an overall service oriented architecture.  For 
XML based services, the results of MBDM can be immedi-
ately applied in form of an auto-generated XSLT definition 
used to compose the service without additional modifica-
tions with other services.  The paper uses the Command and 
Control Information Exchange Data Model (C2IEDM) – as 
an example for a common reference model for information 
exchange – and its potential use in the Global Information 
Grid (GIG) – as the military example for a service oriented 
architecture – to integrate web-enabled M&S applications as 
an example for applying this method. 

1 INTRODUCTION 

In order to support operations with rapidly changing re-
quirements, service oriented architectures instead of the  
too inflexible traditional solutions are needed.  As an alter-
native to having a system fulfilling a set of predefined re-
quirements, services fulfilling requirements are identified, 
composed and orchestrated to fulfill the current users’ 
needs in a ongoing operation.  Grid Computing, System-of-
Systems Engineering approaches, and the Global Informa-
tion Grid are examples of this trend.  Modeling and Simu-
lation (M&S) is effected in three ways:  First, M&S can be 
used to model and evaluate such ideas before implement-
ing them.  Second, M&S uses information technology and 
is therefore indirectly effected by these developments.  
Third, M&S must support operations in the form of M&S 
services.  This is true for the military domain as well.  The 

 

paper focuses on the third domain: How to enable the defi-
nition of operationally usable M&S services. 

One of the most urgent problems that has to be solved 
before M&S services in service oriented architectures can 
become reality is meaningful semantic data interoperabil-
ity for information exchange between the services.  While 
the Extensible Mark-up Language (XML) enables good so-
lutions, XML alone is not sufficient.  Within the following 
sections, an XML based concept will be presented transfer-
ring the knowledge of heterogeneous distributed databases 
into the domain of XML based Mediation Services. 

2 SERVICE ORIENTED ARCHITECTURES 

Since its introduction, XML has been successfully applied 
to integrate distributed applications executed on heteroge-
neous information systems in various domains.  The mili-
tary domain, comprising among others the two domains of 
Joint Command and Control (JC2) – as defined in (DISA, 
2003) – and military simulation systems, used for training, 
experimentation and support of real operations, follows 
this trend as well, as shown in the two following sections. 

2.1 Joint Command and Control and  
the Global Information Grid 

The main idea of JC2 is that information is obtainable by 
the Warfighter Wherever he is, Whatever he does, and 
Whichever system he uses. To this end, technically interop-
erable and conceptually composable services of all applica-
tion domains have to be brought together in a distributed, 
heterogeneous information technology environment com-
prising systems using all sorts of middleware, languages, 
and hardware concepts. In the commercial world, this idea 
is supported by Grid computing. In the military world, in 
particular in the United States, the technical backbone ac-
tually chosen to support JC2 is the Global Information 
Grid (GIG), as defined in  the DoD Directive 8100.1 (DoD, 
2002). The GIG will be globally interconnected, end-to-
end set of information capabilities, associated processes, 
and personnel for collecting, processing, storing, dissemi-
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nating and managing information on demand to Warfight-
ers, policy makers, and support personnel. The GIG in-
cludes all owned and leased communications and com-
puting systems and services, software (including applica-
tions), data, security services, and other associated services 
necessary to achieve Information Superiority. 

Current planning is that the GIG will be Internet Proto-
col IPv6 based, which means that the service-oriented archi-
tecture is likely to be web service-based, leading immedi-
ately to an extraordinary role of XML for interoperability.  
But even if the service architecture will not make use of web 
services, the role of XML for information exchange between 
the services has been identified as one of the main interop-
erability enablers, as XML is used to define the namespaces, 
the ontologies used by the communities of interest being in-
terested in the exchange of information. 

This development led recently to the establishment of 
the United States Department of Defense (DoD) XML Re-
pository, which is used to collect all relevant XML tag sets 
used within the responsibility of the US DoD.  In addition 
to the DoD XML Registry, where XML tag sets are simply 
registered, the U.S. Department of Defense established the 
“DoD Metadata Registry and Clearinghouse”, which ob-
jective is given on their website as follows (DoD, 2004): 

 
“[The] Defense Information Systems Agency 
(DISA) is responsible for data services and other 
data-related infrastructures that promote interop-
erability and software reuse in the secure, reliable, 
and networked environment planned for the DoD's 
Global Information Grid (GIG). The Metadata 
Registry and Clearinghouse's primary objective is 
to provide software developers access to data tech-
nologies to support DoD mission applications. 
Through the Metadata Registry and Clearinghouse, 
software developers can access registered XML 
data and metadata components, COE database 
segments, and reference data tables and related 
meta-data information such as Country Code and 
US State Code. These data technologies increase 
the DoD's core capabilities by integrating common 
data, packaging database servers, implementing 
transformation media and using Enterprise data 
services built from "plug-and-play" components 
and data access components.” 
 

The definition of the DoD Discovery Metadata Specification 
(DDMS) is part of this plan and a very important step to-
wards data-driven net centric interoperability (DoD, 2003). 
The metadata is grouped into four categories, namely secu-
rity, resource, summary content, and format. 

 
• Security Set elements enable the description of se-

curity classification and related fields and provide 
for the specification of security-related attributes 
and may be used to support access control. 
 
• The Resource category elements provide a way 

to describe aspects of a data asset that support 
maintenance, administration, and pedigree of the 
data asset. 

• The Summary Content categories provide the de-
scription of concepts and additional contextual as-
pects of the data asset being tagged and include 
such elements as subject, description, and coverage. 

• The Format elements provide the description of 
physical attributes of the asset and include ele-
ments such as file size, bit-rate or frame-rate, and 
mime type. 

 
The actual version of the DDMS provides basic Summary 
Content elements to capture content metadata.  Activities 
are underway to test additional Summary Content elements 
that provide a more robust, structured method of describing 
the contents of a resource.   Candidates for addition to the 
Summary Content Category set are Person, Place, Organi-
zation, Material, and Event elements. 

Furthermore, the idea of establishing common Net 
Centric Enterprise Services (NCES) is of interest in the 
context of this paper.  NCES offer their functionality to all 
domains of all communities of interest.  These services will 
comprise, among others: 

 
• Services for Messaging, that is the ability to ex-

change information among users or applications 
on the enterprise infrastructure  (e.g., Email, Mes-
sage Oriented Middleware, AOL instant messen-
ger, Wireless Services, Alert Services, and stan-
dardized military Message Text Formats). 

• Discovery Services, which comprise the processes 
for obtaining information content or services that 
exploit metadata descriptions of enterprise IT re-
sources stored in Directories, Registries, and Cata-
logs.  Search engines are a subset of these services. 

• Mediation Services are services that help dissemi-
nating, translating, aggregating, fusing, or inte-
grating data and associated metadata. 

• Security Services comprise capabilities that ad-
dress vulnerabilities in networks, services, capa-
bilities, or systems. 

• Storage Services mean physical and virtual places 
to host data on the network with varying degrees 
of persistence (e.g., archiving, content staging). 

 
Other services deal with application management, user sup-
port, and more.  In the context of this paper, the mediation 
services will be of particular interest, as MBDM can be di-
rectly applied to instantiate these services using XSLT. 

2.2 Extensible Modeling and Simulation Framework 

While the former introduction was somehow limited to 
command and control systems, modeling and simulation 
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(M&S) is an integrated part of this.  Operational require-
ments for embedded training, mission rehearsal, alternative 
course of action analyses, and after action review tools are 
mandating the integration of M&S services into command 
and control systems.  This was recognized by experts of 
George Mason University, Naval Postgraduate School, Old 
Dominion University, and SAIC resulting in the establish-
ment of the Extensible Modeling and Simulation Frame-
work (XMSF, 2004).  

XMSF is intended to contribute to the transformation 
of the armed forces by contributing to fulfillment of the re-
quirements for software system support derived from fu-
ture military operations.  Concerning the XMSF group, the 
only software systems that composably scale to worldwide 
scope utilize Internet and web technologies.  The XMSF 
Reports present the consensus integration of extensive in-
puts by over 50 experts participating in several workshops.  
By embracing commercial web technologies as a shared-
communications platform and a ubiquitous-delivery 
framework, DoD M&S can fully leverage mainstream 
practices for enterprise-wide software development.  The 
use of open web-based standards and technologies doesn’t 
imply that XMSF is limited to the public Internet.  The ac-
tual Working Definition for XMSF hence is: 
 

“The Extensible Modeling and Simulation Frame-
work (XMSF) is defined as a set of web-based 
technologies and services, applied within an exten-
sible framework, that enables a new generation of 
modeling & simulation (M&S) applications to 
emerge, develop and interoperate.  
 Current work showed that Web Services are an 
appropriate basis for organizing and composing the 
many necessary capabilities of Web/XML and 
Internet/Networking needed for M&S applications.” 

 
The XMSF group is convinced that XML, Internet tech-
nologies, and Web Services will enable a new generation 
of distributed M&S applications to emerge, develop, and 
interoperate. 

Web-based technologies applied within an extensible 
execution framework are enabling a new generation of 
modeling and simulation applications to emerge, develop, 
and interoperate in the commercial world.  A bridge is 
needed between these emerging commercial technolo-
gies/standards and defense systems.  An extensible XML-
based framework can provide a bridge between forthcom-
ing modeling and simulation requirements and 
open/commercial Web standards. 

XMSF proofed to be feasible and applicable within vari-
ous prototypes, among these a commercial-off-the-shelf 
based viewer for High-Level-Architecture (HLA) federations 
– which was successfully integrated into the Joint National 
Training Capability (JNTC) Network of the J7/Training Di-
rectorate and the Distributed Continuous Experimentation 
Experiment (DCEE) of the J9/Experimentation Directorate of 
 
the US Joint Forces Command (JFCOM), – and an XMSF 
prototype of the US Army’s Battle Management Language 
(BML) called XBML – which is currently evaluated by the 
NATO Modeling and Simulation Group (NMSG) for coali-
tion application as well as by the Defense Modeling and 
Simulation Office (DMSO) and JFCOM for use within the 
prototypical experiments leading towards the GIG, called 
Horizontal Fusion. Both XMSF prototypes were shown dur-
ing the I/ITSEC 2003 in Orlando, Florida. 

In particular the XBML project as described in (Hieb 
et al. 2004) contributed to the idea of MBDM in general, 
and in particular in using the NATO Command and Con-
trol Information Exchange Data Model (C2IEDM) as the 
reference model for Joint Command and Control (JC2); 
some details will be given in section 5 of this paper. 

In summary, showing the necessity for additional 
metadata for the application domain and the use of DDMS 
in the domain setting up a repository supporting the War-
fighter with reusable, composable, and orchestrated solu-
tions for training, education, experimentation, and support 
of operations, are the main objectives of this paper: How to 
apply XML based Mediation Services utilizing Model 
Based Data Management.  These are new ideas not yet ap-
plied in the XML Repository or the DDMS, but necessary 
to be dealt with on the long term. 

3 DATA ENGINEERING 

The real potential of service oriented architectures lies in 
the possibility to compose services and to orchestrate their 
execution enabling new functionality compositions to ful-
fill the current often changing user requests “on the fly.” 

To this end, information must be exchangeable be-
tween all composed services.  In order to do this in a mean-
ingful manner, i.e., not simply exchanging bits and bytes 
but ensuring the interpretation of data in a consistent way 
leading to the same information, knowledge, and ulti-
mately awareness within the services and their users, each 
service has to know what data is located where, the mean-
ing of data and its context, and into what format the data 
have to be transformed to be used in respective services 
composed into a distributed application within the overall 
system.  To generate the answers to these questions is the 
objective of data administration, data management, data 
alignment, and data transformation, which can be defined 
as the building blocks of a new role in the interoperability 
process: Data Engineering (Tolk, 2003).  The composing 
terms are defined as follows: 

 
• Data Administration is the process of managing 

the information exchange needs that exist between 
the services, including the documentation of the 
source, the format, context of validity, and fidelity 
and credibility of the data.  Data Administration 
therefore is part of the overall information man-
agement process for the service architecture. 
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• Data Management is planning, organizing and 
managing of data by defining and using rules, 
methods, tools and respective resources to iden-
tify, clarify, define and standardize the meaning of 
data as of their relations. 

• Data Alignment ensures that the data to be ex-
changed exist in the participating systems as an 
information entity or that the necessary informa-
tion can be derived from the data available, e.g., 
using the means of aggregation or disaggregation. 

• Data Transformation is the technical process of 
aggregation and/or disaggregation of the informa-
tion entities of the embedding systems to match 
the information exchange requirements including 
the adjustment of the data formats as needed. 

 
In XML environments, and in particular when using web 
service architectures, these data engineering processes are 
supported by the respective web-based standards: As every 
service defines its information exchange needs using XML, 
many translation problems are solved already by having 
agreed on this common standard.  As the definitions are fur-
thermore published using universal description, discovery, 
and integration (UDDI) registries, data administration can be 
directly supported as well.  The application of XSLT for 
data transformation will be dealt with explicitly in a later 
section.  The main intellectual process in the chain of data 
engineering is the data management process, in which data 
elements are identified, described, and equivalent expres-
sions of information are mapped to each other. 

Within XML environments, data management really 
becomes tag set management.  The challenges are not triv-
ial.  They are closely related to problems to be solved in 
heterogeneous, distributed database environments.  In their 
work on heterogeneous data federations published in 
(Spaccapietra et al., 1992; Parent and Spaccapietra, 1998), 
the authors identify the following four classes of conflicts 
to be solved by data management, which are applicable to 
semantic XML tag set management as well: 

 
• Semantic Conflicts occur when concepts of the 

different local schemata do not match exactly, but 
have to be aggregated or disaggregated. They may 
only overlap or be subsets of each other, etc. 

• Descriptive Conflicts describe homonyms, 
synonyms, and different names for the same 
concept, different attributes or slot values for the 
same concept, etc. 

• Heterogeneous Conflicts result from substantially 
different methodologies being used to describe the 
concepts. 

• Structural Conflicts results from the use of 
different structures describing the same concept. 

 
Spaccapietra et al. concluded that a generic meta data 
model comprising only objects and attributes for values 
and references is needed to support efficient data man-
agement. Their model can be mapped surprisingly well to 
XSLT structures. 

As long as the XML schemas that have to be mapped to 
each other are relatively simple, the task of data manage-
ment is easy to accomplish.  Some current works are already 
evaluating solutions without a human in the loop, i.e., auto-
matically generated solutions based on the use of intelligent 
software agents and other technologies (Su et al., 2001).  As 
long as addresses and packing lists have to be mapped, ap-
proaches like the referenced one are valuable and should be 
supported.  However, information structures like the Air 
Task Order (ATO) comprising all air operations of interest 
within a period of 24 hours, or the Operational Order of a 
US Army Battalion are too complex to be mapped automati-
cally.  Therefore, an alternative approach is necessary.    

4 MODEL BASED DATA MANAGEMENT 

The two preceding sections describe two apparently con-
tradicting requirements to be solved to enable service-
oriented architectures supporting military operations: on 
the one side, independently developed and published ser-
vices should be composed and orchestrated in meaningful 
ways; on the other side, the data structures used to describe 
military operations are too complicated to be handled, 
managed and mapped automatically.  In other words: How 
can the information exchange between services be man-
aged ensuring semantic consistency without knowing the 
services at definition and implementation time? 

The traditional way chosen in the recent decades to 
couple Command and Control Systems facing the same 
problem was limited to individually designed point-to-point 
interfaces. Of the several approaches to design configurable 
interfaces, none was generally accepted so far. However, the 
use of meta data and meta data models to support configur-
able mappings is found in many proposals presented during 
recent workshops and symposia. Therefore, before demon-
strating the use of a special reference model in the following 
section, the general idea to use a reference model for data 
management and capture the mappings to this data model in 
the meta data model will be discussed first. 

However, before going into the meta model and map-
ping details, a general motivation will be given. As pointed 
out before in various papers dealing with interoperability 
between n systems, the problem of mapping is an n2 prob-
lem:  Every time a new system is introduced, the mapping 
process must done for every potential partner.  The use of a 
common reference model agreed to by all participating sys-
tems reduces this effort to an n problem:  The alignment 
must only be done with the reference model, not with each 
participating partner.  If this reference model is used by the 
data management process, a common information hub is 
gradually created which increases with each new system. 

It should be pointed out that this is a gradually increas-
ing evolutionary process and not a “big bang” solution.  
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Furthermore, the underlying work of data management and 
alignment has to be done anyhow; the use of a common, 
continuously growing and improving reference model only 
facilitates the conservation of knowledge and supports re-
use and continuity. 

Before showing what rules should be applied for the ex-
tension and modification of the reference model, a general 
meta model for information modeling for services is intro-
duced.  The idea is to use properties describing the data and 
information, i.e., data in context.  The atomic information is 
stored in the property values, i.e., pure and factual single 
data points.  The properties can be grouped into property 
concepts, structuring data into a minimal context.  Finally, 
using the idea of relations between these minimal concepts, 
associated concepts can be established allowing for descrip-
tion of more complex information structures.  In summary, 
the following elements are defined: 
 

• Property values are the allowed values for a speci-
fying characteristic. Of particular interest are enu-
merations. Within XML, these are the allowed val-
ues within the documents. Within relational data-
bases, these are enumeration values for attributes. 

• Propertied concepts are a collection of specifying 
characteristics for an entity in the domain of 
knowledge.  In ontologies using data models to 
structure its information, this can be mapped to 
tables and their attributes.  Within XML, this is 
the collection of XML tag sets. 

• Associated concepts are semantic entities in 
which data is given in a broader context.  Within 
data models, these are the views or replication 
domain sets. In the XML world, this can be 
mapped to XML documents satisfying the XML 
schema. In recent publications, such as (Pohl, 
2004), similar ideas are referred to as domain-
specific ontology layers above the propertied con-
cepts, as these constructs are needed to provide 
the domain-specific context of the data. 

 
Model Based Data Management (MBDM) uses this infor-
mation model to cope with the information comprised in 
the reference data model – in other words: establishing a 
common information exchange language to be spoken and 
understood by all participating services. 

In practice, the information exchange requirements of 
the service, i.e., what data has to be provided in what struc-
ture as input data for the service and what data has to be 
expected in what structures as a result of the service execu-
tion, have to be mapped to respective data sets of the refer-
ence model with the same meaning.  Assuming that the 
resolution of both sides are similar (if this is not the case, it 
is likely that the wrong reference model is used for the  
  
given purpose), the following cases within the mapping 
process can be observed: 
 

• Extension of property values: the property values 
of the model to be mapped exceed the property 
values of the reference model. The reference mo-
del must be extended to comprise these additional 
property values in respective properties. 

• Enhancement/refinement of property values: the 
resolution of the model to be mapped is higher 
than the resolution of the reference model.  The 
resolution of the reference model has to be in-
creased in order to be able to cope with these 
higher detailed values. 

• Different grouping of property values: although the 
property values are the same they are used to de-
scribe different propertied concepts. This is a se-
mantic conflict, as the “specifying characteristics” 
are specifying different concepts in both models. 
This conflict must be resolved by enhance-
ment/refinement of the affected propertied concepts. 

• Extension of propertied concepts: a propertied 
concept of the model to be mapped comprises 
additional properties. If this doesn’t lead to an 
enhancement/enrichment, the number of proper-
ties has to be increased to cope with these infor-
mation elements. 

• Enhancement/refinement of propertied concepts: 
the resolution of the model to be mapped is higher 
than the resolution of the reference model. The 
resolution of the reference model has to be in-
creased. The use of sub-categories is a special 
form of refinement, in particular when new cate-
gories are introduced in the process of enhance-
ment/refinement. 

• Different grouping of propertied concepts: al-
though the propertied concepts are the same they 
are used to describe different associated concepts, 
which means, they describe different semantic 
concepts, such as fields necessary to describe an 
action like an attack, etc.  This is a semantic con-
flict on a higher level. The reference model should 
be used as the standard. 

• Extension of associated concepts: if the reference 
model has more propertied concepts in the associ-
ated concept, the models to be mapped have to be 
enhanced.  If the model to be mapped has more 
propertied concepts, it must be decided if these 
are model specific issues or if the semantic con-
cepts of the reference model have to be extended. 

• Enhancement/refinement of associated concepts: 
these conflicts can be solved by increasing the 
resolution of the reference model by splitting the 
propertied concepts into new, higher resolution 
propertied concepts. 
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To summarize the idea of MBDM, the reference model can 
be interpreted as the common language.  If a model which 
wants to use this language has a higher resolution, the lan-
guage must be refined to cope with this new information 
exchange requirement.  The extension and enhancement 
rules allow this.  XML is an appropriate technical mean to 
capture the models as well as the mapping results. 

It is worth mentioning that this doesn’t imply any in-
ternal details on how services have to handle their informa-
tion.  The reference model is for external information ex-
change and is not forcing the service implementation to use 
special methods or structures, as long as these data are 
aligned with the information exchange requirements. 

5 THE COMMAND AND CONTROL 
INFORMATION EXCHANGE DATA MODEL 

It would go beyond the scope of this paper to give an in-
troduction to the Command and Control Information Ex-
change Data Model (C2IEDM), which is currently defined 
as Version 6.1. The complete documentation is available 
online at the MIP website (MIP, 2004). In addition, a tuto-
rial was presented by Dr. Loaiza during the recent 
C2IEDM workshop (Loaiza, 2004). A short overview in-
cluding the history can be found in (Tolk, 2004). 

To give a very rough overview, the C2IEDM utilizes 
the concepts of categories and subcategories to model exist-
ing information exchange request–such as orders and reports 
–in military operations and a set of extension rules allowing 
for extension of the model without having to modify the ex-
isting kernel. Table 1 shows the hub concepts of the 
C2IEDM from which the more detailed concepts are derived 
by subcategorizing and adding attributes to the sub-concepts. 

What is much more of interest in the scope of this paper 
is the use of the C2IEDM as a common reference model for 
military services–which includes M&S services–within ser-
vice oriented architectures, such as the GIG.  This general 
idea is described in more detail in (Pohl, 2004).  In the key-
note address during the C2IEDM workshop dealing with the 
applicability of this approach to increase of M&S solution– 
and in particular to increase Command and Control and 
M&S interoperability–the slide depicted in Figure 1 was 
used to show the potential of this solution within the De-
fense Modeling & Simulation Office (DMSO) and the De-
fense Information Systems Agency (DISA). 

The idea is simple: applications of C2IEDM within the 
Multilateral Interoperability Program (MIP) of NATO have 
already proven, that the C2IEDM is mighty and flexible 
enough to cope with the information exchange requires of 
the strategic, operational, and tactical systems.  To do so, 
the C2IEDM was used as a reference model and enhanced 
as described within section 4 of this paper. 

Furthermore, the author is convinced that there should 
be no fundamental difference between data describing a 
real world military operation and the data describing its 
simulation.  In Germany, the Army Office already uses 

  
 
Table 1: C2IEDM Hub Concepts 

Concept Definition 
OBJECT-ITEM An individually identified object that has military 

significance.  Examples are a specific person, a 
specific item of materiel, a specific geographic 
feature, a specific coordination measure, or a spe-
cific unit. 

OBJECT-TYPE An individually identified class of objects that 
has military significance.  Examples are a type of 
person (e.g., by rank), a type of materiel (e.g., 
self-propelled howitzer), a type of facility (e.g., 
airfield), a type of feature (e.g., restricted fire 
area), or a type of organization (e.g., armored di-
vision). 

CAPABILITY 
 

The potential ability to do work, perform a func-
tion or mission, achieve an objective, or provide a 
service. 

LOCATION A specification of position and geometry with 
respect to a specified horizontal frame of refer-
ence and a vertical distance measured from a 
specified datum.  Examples are point, sequence 
of points, polygonal line, circle, rectangle, ellipse, 
fan area, polygonal area, sphere, block of space, 
and cone.  LOCATION specifies both location 
and dimensionality. 

ACTION An activity, or the occurrence of an activity, that 
may utilize resources and may be focused against 
an objective.  Examples are operation order, opera-
tion plan, movement order, movement plan, fire 
order, fire plan, fire mission, close air support mis-
sion, logistics request, event (e.g., incoming un-
known aircraft), or incident (e.g., enemy attack). 

 
the C2IEDM to manage the information exchange needs of 
its simulation models (Zimmermann, 2003).  Finally, the 
XBML project described in (Hieb et al., 2004) uses the 
C2IEDM exactly for the purpose of exchanging data be-
tween tactical systems generating operational orders and 
the simulation systems executing these orders. 

In summary, the C2IEDM has been identified as a 
very promising hub to evolve from in order to come to a 
common reference model in the military domain, and in 
particular in command and control.  The joint and com-
bined nature of C2IEDM is of particular interest for pro-
jects as the Joint National Training Capability (JNTC).  
The advantage of the C2IEDM is not only that it is academi-
cally and scientifically sound and well documented, it is also 
accepted and has been agreed to by the operational special-
ists and warfighters of the participating nations.  Together 
with its flexibility and extensibility, the C2IEDM is highly 
recommended for use by the author to initiate a common 
reference model for information exchange. 

How is this related to XML and MBDM?  The relation 
to MDBM is obvious: it is recommended to use C2IEDM 
as the hub for the common reference model.  In order to be 
able to follow the recommendations of this paper, an XML 
schema for C2IEDM is needed.  Unfortunately, the trans-
formation from (relational) database models can be done fol-
lowing several methods leading to ambiguous results.  

 Therefore, it must be decided first if the XML schema 
is needed for unambiguous tag set definition only, or if data 
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Figure 1: C2IEDM as a General Information Exchange Hub 
 
replication mechanisms should be replaced by XML based 
protocols, such as web service use, etc.  Second, it must be 
decided if the logical or the physical model is used to gener-
ate the tag set.  Third, the tag set can be generated automati-
cally or by hand, and finally, the documentation or the data 
of the information resource dictionary of the tool describing 
the C2IEDM may be used.  All ideas have been successfully 
applied; however, no standard has been established so far.  
The works of the Institute of Defense Analysis (IDA) in Al-
exandria, VA, and the Naval Postgraduate School in Mon-
terey, VA, are groundbreaking in this domain, but other or-
ganizations are working on this issue as well.  

Anyway, in order to be able to use C2IEDM as a 
common reference model for MBDM, the following re-
quirements have to be ensured by policy and procedures: 

 
1. The C2IEDM must be established as a common 

hub for information exchanged; 
2. The way to generate XML models must be estab-

lished as a common method; 
3. The way the C2IEDM must be extended and en-

hanced must be agreed to over the borders of the 
participating communities of interest. 

 
The author believes that the technical challenges are not as 
hard to overcome as cultural gaps between the potential 
users of the model. 
6 USING MODEL BASED DATA MANAGEMENT 
TO INTEGRATE XML BASED SERVICES INTO 
MILITARY SYSTEM 

So far, the methods recommended are only of limited di-
rectly applicable use.  However, if the various parts are 
combined in a meaningful way, Model Based Data Man-
agement can be directly applied to generate software layers  
needed to solve the discrepancy between the need for well 
define information alignment between service in a com-
pletely open and arbitrary service oriented environment 
where services may be composed in ways never expected 
by the service developers.  The idea to use data manage-
ment to configure a data mediation layer is already coped 
with in (Krusche and Tolk, 2000). 

As already pointed out before, the use of XML to de-
scribe the information exchange requirements of a service 
principally enables any composition of services.  The use 
of common reference models to unambiguously define the 
tag sets – e.g. using the C2IEDM – ensures the semantic 
consistency of data exchanged.  Together, these ideas can 
be used to be applied to instantiate mediation services as 
needed within service oriented architectures using services 
with various data interpretations. 

Generally, mediation services will navigate between 
individual service interpretations of data, i.e., they translate 
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data from one interpretation into another.  If a common 
reference model is used, mediation services can utilize the 
data modeling results, which map individual data interpre-
tations to the standardized data elements of the reference 
model.  Thus, mediation services can be applied using me-
diation schemas to navigate from the individual service in-
terpretation to the standard and vice versa.  Within XML 
environments, this idea can be directly implemented by 
XSLT configurations. 

This works as follows: the data manager uses C2IEDM 
– or better said its agreed XML representation – to map the 
data elements of a service to a standardized data element (or 
a group of standard data elements).  If necessary, the refer-
ence model has to be extended and enhanced following the 
rules sketched in section 4 of this paper.  After this work is 
accomplished, a mapping or mediation schema from one in-
ternal XML dialect into the C2IEDM XML description is 
documented which can be used to define the XSLT schema 
translating between both variants.  If the appropriate tool for 
data management is used, the results can be directly applied 
to generate the XSLT schema automatically.  As these 
XSLT schemas can be composed as well, a translation layer 
from one service A to another service B can be generated by 
combining the mapping of A to C2IEDM with the layer of 
C2IEDM to B.  

In summary, the method described here can gradually 
instantiate an enhanced and extended C2IEDM, which can 
become the basis for the common language between the 
services in an open service oriented architecture, as envi-
sioned in a more general sense in (Pohl, 2004). 

7 SUMMARY 

The methods outlined in this paper are technically mature 
enough to be applied.  First prototypes demonstrated the fea-
sibility and efficiency of the recommend parts of the solu-
tion.  What is currently missing is the community-wide will 
to agree to such a common way to do business.  The cultural 
gaps and not the technical gaps are the main obstacles.  
However, the work described in this paper has to be done for 
each integration and interface project anyhow, it is just a 
question if the community can and will agree on common 
standards and procedures.  As commercial industry partners 
are supporting more and more of the methods recommended 
to combine in this paper, the author sees no reason not to fol-
low such a common path into a future of homogenous, re-
quirement-driven support for the Warfighter using heteroge-
neous IT systems combined into a service oriented 
architecture based on a common computer grid. 
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