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ABSTRACT: The product nomination accepted for the Coalition Battle Management Language (C-BML) Product 
Development Group identifies four phases to develop a C-BML standard.  The initial phase will describe a data model 
as a subset of the Command & Control Information Exchange Data Model (C2IEDM), an information exchange 
content and structure specification in the form of an XML schema, and an information exchange mechanism 
specification using the Web Services Description Language (WSDL).  The following two phases will introduce a 
grammar (syntax, semantics and vocabulary) to define the information exchange content and structure specification.  
The objective is to formalize the definition of tasks such that they are rigorous, well documented, and parseable.  The 
tasking and reporting grammar sections will make the information exchange more flexible.  The ultimate objective is 
the definition of an ontology-based standard, which will develop a battle management ontology to enable conceptual 
interoperability. 

This paper summarizes the various approaches, identifies applicable research in neighbored domains, and 
recommends a holistic approach for all four phases. 

  

1 Introduction 
Coalition Battle Management Language (C-BML) is 
defined as the unambiguous language used to com-
mand and control forces and equipment conducting 
military operations and to provide for situational 
awareness and a shared, common operational picture.  
This definition was proposed in [1] and accepted by 
the Study Group on C-BML [2] for the Product 
Nomination currently being the basis for the work of 
the Product Development Group for a C-BML SISO 
Standard. 

In summary, C-BML targets unambiguous information 
exchange for command and control (tasking) and situ-
ational awareness (reporting) between C2 systems, 
M&S systems, and robotics. 

The standard is going to be developed in phases: 

• The first phase will define information exchange 
between the targeted systems – command and con-
trol system, simulation system, and robotics – us-
ing web services.  The tag set used for information 
exchange will be based on the Command and 
Control Information Exchange Data Model 
(C2IEDM) or respectively the Joint Consultation, 

Command and Control Information Exchange 
Data Model (JC3IEDM), which is the C2IEDM 
successor and a real extension using the same hub 
and core entities and relations [3]. 

C2 System C2 System

Simulation
System

Robotic
System

C-BML tasking:
Command and Control
Forces and Equipment

C-BML reporting:
Provide for
Situational Awareness

 
Figure 1: Information Exchange using BML 

• The second and third phase will move the work 
forward from feasibility to extensibility and bi-di-
rectional use.  Objective is to introduce “genera-
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tive” grammars: Instead of using enumerations in 
an XML schema, tasking and reporting grammars 
will be used to generate valid C-BML expressions.  
The C2IEDM/JC3IEDM will remain the repre-
sentation of C-BML, but extensions may be neces-
sary. 

• The next and final phase will apply methods of the 
ontological spectrum.  Objective is to generate a 
C-BML ontology capturing the results in a flexible 
and yet standardized way enabling real compos-
ability for C-BML based services and applications. 

The C-BML triangle was introduced to show the 
different views necessary to describe C-BML.  It 
comprised the three components C-BML Protocol, C-
BML-Representation, and C-BML Doctrine.  In [4], 
we introduced our view on where C-BML Grammar 
and C-BML Ontology need to find their place, namely 
as connecting elements between the three main 
components, resulting in the “triangle with five sides” 
shown in Figure 2. 
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Figure 2: Components of C-BML 

The awarded paper [5] envisions a slightly different 
view in which grammars will play a much greater role 
than “simply connecting” protocols and representation.  
This led to some discussions in the C-BML 
community. 

With this paper, we want to show that both recommen-
dations, [4] and [5], are actually different sides of the 
same medallion and are both supporting the standardi-
zation work.  However, we will also show that a 
broader view than legacy system analysis is needed in 
order to result in a stable and yet extensible standard 
for C-BML, that allows the application of net-centric 
ideas as already demonstrated on presented in [6]. 

2 Components of C-BML 
In this section, we will deal with the five components 
of C-BML: protocols, grammar, representation, 
ontology, and doctrine.  We will give definitions for 
the terms and explain how they can be used within C-
BML. 

2.1 C-BML Protocols 

In order to communicate the reporting data from the 
systems into C-BML and the tasking data from C-BML 
to the executing systems, communication protocols are 
needed.  The C-BML Protocol standardizes the way the 
description of the executable tasks and assigned exe-
cuting military means is transported between the sys-
tems using C-BML.   

Proposed Definition: C-BML Protocol specifies the 
interfaces supported by the C-BML standard, the 
structure of the information, and how to access in-
terfaces and embedded service access points. 

The first phase is currently using web services, and 
consequently the Web Service Definition Language 
(WSDL) is used to define the protocol data.  WSDL 
comprises data type messages for data type definitions, 
operations port type bindings for abstract operations, 
and port services for service bindings.  The data type 
definitions are XML schemas.  A port type is a logical 
grouping of operations.  A port is used to expose a set 
of operations (as specified by the port types) using a 
given transport mechanism.  Service bindings map 
messages and operations to transport mechanisms 
needed for the communication when using the services.  
WSDL uses XML schemas to describe what input pa-
rameters are needed, what functions can be called, 
what output parameters have to be expected, and which 
protocols have to be used to deliver the input, to 
invoke the function, and to receive the output. 

It should be pointed out that other protocols are also 
possible.  Of particular interest are natural language 
processing interfaces, such as envisioned in the Cana-
dian contribution to [2], which deals with Natural Lan-
guage Scripting (NLS).  NLS fulfills the criteria of the 
definition and could become an interface specification 
for direct human interaction, if the human speaks C-
BML. 

2.2 C-BML Grammar 

A C-BML Grammar is used to allow extensible con-
figuration of C-BML Protocols enabling the informa-
tion exchange based on the operational needs as cap-
tured by the C-BML Representation.  It also allows the 
use of different structures or varying protocol means 
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with the same C-BML Representation.  A broader view 
on how grammars can support C-BML is given in [5], 
in which Schade and Hieb use the early work of Chom-
sky to motivate their work.  We follow their definition. 

Proposed Definition: C-BML Grammar is a set of 
words comprised in a lexicon and a set of rules to 
generate grammatically valid sentences out of 
these words. 

It should be understood that these “sentences” must be 
equivalent to the information structure that is specified 
by the protocol, or – as envisioned by the C-BML 
study group – that the C-BML tasking and reporting 
grammars will be used to specify the information 
structure. 

2.3 C-BML Representation 

The C-BML Representation structures the information.  
This is currently done using a data model.  To be more 
precise, the Command and Control Information Ex-
change Data Model (C2IEDM) is used.  We strongly 
disagree with evaluation conducted in [5] that “the 
missions listed in the C2IEDM (in the “action-task-
activity-code” enumerated values) are merely words 
with a vague textual description.”  This list of words is 
the lexicon used for the grammars and the constructs 
exchanged via the interfaces.  A data model captures 
much more, as it identifies entities, attributes of enti-
ties, valid values for the attributes – often in the 
context of other assignments –, and associations.  This 
view is reflected in the working definition. 

C-BML Representation is a data model, that 
groups the allowed values as attribute values to 
attributes that characterize entities that can be as-
sociated with each other.  The structure of the data 
model allows generating the information structure 
specified by the protocol. 

  The strong connection between C-BML and support-
ing data models was documented in [7]: the operational 
research conducted by the US Army Battle Manage-
ment Language researchers described in [1] was 
mapped to the Multi-Source Database (MSDB) utiliz-
ing the Joint Common Database (JCDB).  As stated in 
[7]: “concerning the data, the MSDB is the central 
piece; it contains all the verbs, nouns, adjectives, ad-
verbs and concepts of BML.  Atlantic Consulting Ser-
vices, Inc and Northrop Grumman developed the initial 
version of MSDB.  The MSDB employs BML data ele-
ments and BML concepts.  In order to cope with all 
information exchange requirements, 113 tables were 
added to the JCDB.” 

When the same information was mapped to C2IEDM, 
only four new tables had to be introduced to capture 
the same information. 

2.4 C-BML Ontology 

C-BML Ontology will formulate an exhaustive and 
rigorous conceptual schema of the Battle Management 
domain.  As stated by Obrst, who belongs to the lead-
ing scientists in the domain of ontologies, it is agreed 
in practice that an ontology should contain at a 
minimum not only a hierarchy of concepts organized 
by the subsumption relation, but other 'semantic 
relations' that specify how one concept is related to 
another.  The main purpose is the definition of entities 
and their relationships [8].  Therefore, the role of the 
C-BML Ontology is to conceptualize the C-BML 
Doctrine and to relate this to the C-BML 
Representation. 

Proposed Definition: C-BML Ontology is a formal 
specification of the conceptualization of the Battle 
Management domain as derived from C-BML 
Doctrine. 

As such, C-BML Ontology comprises all terms defined 
in the lexicon, the concepts underlying this terms, the 
relations, etc.  One of the main differences between 
data models and ontologies is that data models repre-
sent the symbolic information (structure/syntax of 
data) while ontologies deal with the contextual 
information (meaning/semantics of data) and the 
conceptual and representational level of data elements.  
We will cope with this issue more in section � of this 
paper.  As Schade and Hieb state for data models – and 
hence C-BML Representations – in [5]: “C2IEDM is 
for exchanging facts, but not for communicating 
meanings and intentions.  This, however, is what a 
language is for.”  Again, we agree with this statement; 
however, we are convinced that only ontological 
methods can overcome this challenge. 

2.5 C-BML Doctrine 

As stated from the first reports on Battle Management 
Language efforts on: every term used within C-BML 
must be unambiguously defined and must be rooted in 
military doctrine.  In other words, the doctrinal view 
must comprise a glossary that comprises each term and 
its unambiguous definition and express the concepts 
behind the terms and associations.  Furthermore, the 
relations between concepts and terms must be de-
scribed and executable tasks, their context within mis-
sions, and all other relevant information describing the 
Battle Management domain. 
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Proposed Definition: C-BML Doctrine is a rigor-
ous documentation of the Battle Management do-
main in the language of the user, such as Field 
Manuals, which is sufficient to support a formal 
specification of its content. 

As documented in [1], the US Army BML team started 
by analyzing more than 70 doctrinal manuals related to 
tasking and reporting.  They began with general manu-
als as the Field Manual 3-0 on Operations or the Uni-
versal Joint Task List as published by the Joint Staff 
and included the field manuals of branches of the 
Army, such as Field Artillery, Air Defense Artillery, 
Engineers, Military Police, and many more manuals 
down to the platoon level. 

In summary of this section on C-BML Components, it 
is understood that several layers of information in form 
of terms, concepts, entities and attributes, associations 
and relations, and the context of their use are inter-
woven in the five components.  These views are mutu-
ally supportive and must be approached in a holistic 
way otherwise structural variances will occur. 

3 “Divide and Conquer” or “Partnering 
for Performance” 

Within this section, we want to show that the holistic 
view is necessary and possible to ensure the success of 
C-BML standardization and application.  We will show 
that all five components are connected and have their 
special role in the orchestration.  In order to do this, the 
ontological spectrum, the ISO/IEC 11179, and data 
models need to be introduced first. 

3.1 The Ontological Spectrum 

It may be of interest that the ontology domain 
identifies lexicons and dictionaries as part of the 
ontological spectrum [8], which can be divided into 
five categories: 

• Controlled Vocabularies enumerate all allowed 
terms and their meanings completely.  All terms 
are well-defined and controlled by a common reg-
istration authority.  They deal with terms. 

• Thesauri are controlled vocabularies arranged in a 
known order and structured so that equivalence, 
homographic, hierarchical, and associative rela-
tionships among terms are displayed clearly and 
identified by standardized relationship indicators.  
They deal with terms. 

• Taxonomies are tree structures of classifications 
for terms.  The root nodes apply to all objects; 
nodes below these roots are classifications that are 

more specific.  Taxonomies can also be used to in-
troduce the idea of concepts and implementing 
terms. 

• Ontologies are formalizations of specifications of 
conceptualizations.  Ontologies describe all the in-
formation captured in thesauri and taxonomies 
plus contain additional relationships and rules, 
such as theorems and regulations, within the 
domain concept.  They focus on the contextual 
information (meaning/semantics of data) of data, 
which are the concepts, but have also references to 
the structure/syntax of data, which are the terms. 

• Logical Models are the strongest semantics in the 
ontological spectrum.  First order logic and modal 
logic are examples. 

It should be mentioned that the methods of the onto-
logical spectrum were evaluated with regards to the 
objectives of the Semantic Web.  The two main objec-
tives are the unambiguous definition of information 
describing content of the Web as well as supporting the 
search for this content.  In particular, the definition 
ideas directly support the C-BML effort. 

Furthermore it should be noted that no standards have 
been generally accepted for ontologies.  No standard 
format to capture ontologies is established.  In 
addition, no standard to display ontologies for human 
users is established. 

3.2 Syntax and Semantic 

We already realized that it is necessary to distinguish 
between concepts (meaning/semantics of data) and 
terms (structure/syntax of data). 

ISO/IEC 11179 standard on Metadata Registries [11] 
introduces the following terms to describe a registry: 

• Conceptual Domains define sets of categories, 
which are not necessarily finite, where the catego-
ries represent the meaning of the permissible val-
ues in the associated value domains.  They com-
prise symbolic information on the conceptual 
level.  An example is that we want to 
communicate the concept of a main battle tank. 

• Data Element Concepts describe the contextual 
semantics, i.e., the kinds of objects for which data 
are collected and the particular characteristic of 
those objects being measured.  They comprise the 
contextual information on the conceptual level.  
They define what properties are needed to describe 
and identify a concept, such as caliber and turret 
specifications characterizing the main battle tank. 
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• Value Domains comprise the allowed values for an 
associated data element.  Value domains comprise 
symbolic information on the representation level.  
These are the allowed values for data elements.  At 
this level, we specify if we measure the caliber in 
inches or centimeters (unit-of-measure) or list 
enumeration of allowed values.  

• Data Elements are the basic containers for data as 
used in data models.  Data elements comprise 
contextual information on the representation level.  
Data models comprise these data elements, which 
are the entities and relations as used by the sup-
porting IT system. 

Data Element 
Concept

Data Element

Conceptual 
Domain

Value Domain

0..N

1..1

1..1

0..N

1..1

0..N

0..N

1..1

+Specified by

+Specifying

+Represented  by

+Representing

+Expressed by

+Expressing

+Representing

+Represented by

DEC Administration: 0..1
Object Class: 0..1
Property: 0..1

CD Administration: 0..1
Value Meanings: 0..N

DE Administration: 1..1
Derivation: 0..1

VD Administration: 1..1
Permissible Values: 0..N
Description: 0..1
Data Type: 1..1

 

Figure 3: ISO/IEC 11179 Metadata Registry 

ISO/IEC Figure 11179 distinguishes four different do-
mains that are often merged and blurred in discussions: 
What we say (data elements), how we say it (value do-
main), what we are talking about (data element con-
cept), and in what context we are talking about it (con-
ceptual domain). 

These distinctions become very important in the inter-
national domain: if nations agree on concepts and rep-
resenting data, the value domain can be used to support 
different units-of-measure and different enumerations 
of terms (such as English, French, and German vo-
cabularies). 

These ideas must be followed in the C-BML efforts 
rigorously.  It is necessary to clearly distinguish be-
tween the “levels of meaning” we are focusing the 
standardization efforts on.  Table 1 summarizes the 
ideas.  In order to mo  In order to model a challenge, 
we must perceive it first.  Our perception is already a 
subset of the real world, and in C-BML different 
nations may already have different perceptions (such as 
on what Armed Forces are eligible to do).  This 
perception must be captured in concepts, which 

happens by abstracting and conceptualizing.  Adding 
modeling, we add concrete meaning in a context, 
leading to terms, which are the vocabulary of the 
communities of interest.  When they are implemented, 
they become entities.  When working on C-BML 
standards the PDG must make sure to make explicit if 
these standards apply to concepts, terms, or entity. 

Table 1: Referents, Concepts, Terms, and Entities 

Activity Result 

Perception (mental 
picture of the world)  

(real world)  
Referent 

Abstraction and Concep-
tualization (conceptual 
picture of a subset of the 
world) 

Concept 

Modeling (make a model 
of how the concept 
works) 

Term 

Implementing (make the 
model executable) 

Entity 

3.3 Data Models 

Data Models are used to group terms in a meaningful 
way for one or more applications.  Without giving the 
usual definitions in detail, data models distinguish be-
tween attributes, entities, and associations.  Attributes 
are the data elements that capture terms.  Each term 
must be a valid attribute value in order to be captured 
in a data model.  Entities group of attributes into a 
meaningful unit.  Associations link several entities to-
gether; associations can also be attributed. 

These artifacts used to build data models – attribute 
values, attributes, entities, and associations – can be 
used to implement tools to capture thesauri, taxono-
mies, or ontological structures.  It is therefore not the 
data model technique but its application that defines on 
what level a data model is used. 

In the context of C-BML, the C2IEDM/JC3IEDM is 
primarily used as a common reference model capturing 
the conceptual domains and characterizing data 
element concepts of C-BML.  Although related as well 
as our own research showed that C2IEDM/JC3IEDM 
has several weaknesses when used as the basis for an 
ontology, these are minor and do not disqualify the 
overall approach. 
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3.4 Controlled Vocabularies in Protocols, 
Grammar, Representation, Ontology, and 
Doctrine 

Concerning the authors, the most obvious common 
factor in all five C-BML components is the lexicon of 
usable terms.  The NATO Code of Best Practice [10] 
identifies the use of glossaries for Command and Con-
trol assessment as a significant success factor, such as 
the NATO Glossary of Terms [11], that can be 
downloaded by every interested scientist.  National 
extensions are also published and used. 

Controlled vocabularies are of high importance for the 
C-BML effort, as they are related to all five compo-
nents: 

• C-BML Doctrine is used to extract the terms and 
meaning from user documentation. 

• C-BML Ontology captures the results of C-BML 
Doctrine in a formal specification, in which each 
term and its concept is modeled. 

• C-BML Ontology also gives meaning to entities, 
associations, attributes, and attribute-values used 
in the C-BML representation. 

• C-BML Representation uses well-defined numbers 
and controlled vocabularies as attribute values. 

• C-BML Representation must be able to capture all 
controlled vocabularies used in the lexicon part of 
the C-BML Grammar. 

• C-BML Grammar consists of a lexicon with termi-
nals (terms of the controlled vocabulary) plus non-
terminals (starting symbol plus interim placehold-
ers), and a set of rules that can be used to generate 
valid sentences made up by terms in a grammati-
cally correct sequence. 

• C-BML Protocol reads and writes grammatically 
correct sequences using the elements of the con-
trolled vocabulary. 

It should be pointed out that the process of sense-mak-
ing – mapping syntax and semantics or structure of 
data and meaning of data to each other – is handled by 
the C-BML Ontology.  Our recommendation is to do 
this in form of a formal specification based on the 
controlled vocabulary and identified grammatical 
constructs under consideration of the representing data 
model.  Furthermore, it should be clearly distinguished 
if we are talking about concepts (elements of the 
ontology describing the ideas and meaning), terms 
(instantiations of concepts in the application domain, 
such as C-BML vocabularies), and entities 
(instantiations of terms within the participating 

applications, such as C2 systems, simulation systems, 
and robotics). 

3.5 Grammar and Representation 

In their introduction to [5], Schade and Hieb make the 
case that data models have an implicit grammar (al-
though, as cited in section 2.3, they later refer to the 
attribute value enumerations as “merely words with a 
vague textual description”).  The authors agree that it 
is necessary to make the implicit grammar explicit, but 
this must conducted in an aligned way with the other 
goals of C-BML and cannot be conducted as an iso-
lated task.  To this end, implicit grammars of data mod-
els – and guiding ontologies – need to be made explicit 
in order to enable efficient alignment.  The following 
list of assertions is a recommendation for consideration 
by the authors: 

1) Valid expressions generated by a grammar must be 
valid selections from the database 

2) A valid selection from the database (select on 
possible views on associated tables) must be a 
valid expression generated by a grammar 

3) The set of all valid attribute values in a data model 
must be equal to the set of all terminals of a gram-
mar (lexicon of terms) 

In other words: if something valid can be extracted 
from the data model, but it cannot be generated by the 
grammar, then the grammar is incomplete; and also, if 
something valid can be generated by the grammar, but 
it cannot be selected from the database, then the data 
model is not complete. 

One important component of data models often over-
seen is the guiding business rules.  The JC3IEDM has 
over 150 pages of business rules summarized in An-
nex G to its current Version 3.0.  These rules must be 
taken into account when populating the data model.  
They document the interdependencies between 
attribute values that are not captured in the structure of 
the model itself.1  When the concepts of a data model 
are formally specified, the business rules must become 
part of this formalization.  An ontology is more than an 
OWL version of the entity-relationship model, it must 
comprise the logic as well.  The C-BML Ontology 
must therefore represent the entities, attributes, 
associations, and underlying concepts and it must deal 
with the business rules. 

                                                           
1  The four tables mentioned in [7] that were introduced to 

C2IEDM to be able to capture the C-BML information 
could also have been established a four new business 
rules with enumerations. 
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These results are supported by current research of other 
scientists as well.  Generally, data modeling is a proc-
ess starting with the identification of data, the set of 
components to represent it, and the relationship among 
those components.  Common data modeling 
approaches include Entity-Relationship (E-R) 
modeling, Object-Oriented Modeling, and more 
recently XML-based modeling.  However, as Peng et 
al. point out in [15]: 

“A data model is the grammar, vocabulary and 
content that represents all types of information 
stored in one format or another in a system.  The 
grammar defines the relationships between ele-
ments in the system; the vocabulary defines the 
terminology used to describe these elements; con-
tent defines what is to be included in the system.”   

In other words, grammar rules can be applied in data 
models in the form of primary keys, foreign keys, clas-
sifications, associations, and subsumptions, rather than 
exclusively enumerated as a set of production rules. 

Gyssens et al. have shown how a grammar-based ap-
proach can be used to build hierarchical data models 
[16].  Based on the formal language definition of a 
grammar they offer the following definition: 

“An information base scheme is a formal grammar 
G = (V, T, S, P) with V a finite set of attributes, T a 
finite set of constants, S a set of axioms, S V, and 
P a finite set of productions of the form A→s, 
where , , and each attribute 
appears at most once in s.”  

⊆

A V∈ (s V T∈ U )

This type of grammar is referred to as a “context-free” 
grammar in Chomsky’s hierarchy.  In order to create a 
data model based on a grammar, one must first create a 
grammatical view of the model based on the following 
algorithm: 
 
• Create a taxonomy based on a controlled vocabu-

lary: The controlled vocabulary is the set of terms 
in the data model.  This vocabulary must be or-
ganized into a thesaurus then into taxonomy.  
These are the first three parts of the ontological 
spectrum.   

• Generate a set of production rules reflecting the 
relationships between elements in the model: The 
most common way is to use an annotated directed 
graph to represent the system being modeled.   

• Build the grammar tree representing the 
grammatical view of the model based on the 
production rules and the taxonomy: The grammar-
based tree must be “a non empty tree the nodes of 
which are labeled with elements of (V ) in 

such a way that each internal node is labeled by an 
attribute.”  [16] Figure 4 shows an example of 
production rules and the resulting grammar tree.  
The level of detail supported by a grammar tree 
depends on the level of abstraction of the model. 

TU

• Build a data model representing the grammar 
tree: The grammar tree is implementation 
independent.  In addition, it is a highly structured 
hierarchical model that supports generalizations, 
typing, and aggregation.  

nrvolissue

booksource

issuejournsource

authsauthauths

yearsourcetitauthsref

refsrefrefs

:→

→

→

→

→

→

<refs>

<ref> <refs>

<auths> <tit> <source> <year>

<auths><auth> <issue><journ>

<nr><vol>

Sudnikovich US BML JDMS 5 : 2 2008

 

Figure 4: Production Rules and Grammar Tree2

Most models, however, have their underlying grammar 
embedded, and that is the case for C2IEDM/JC3IEDM 
as well.  Nonetheless, it is still possible for such 
models to exhibit their structure in the form of 
semantic views.  Regardless of the underlying 
implementation behind a model (object oriented, E-R, 
XML), it is possible to identify a set of business 
objects that are of interest to outside systems.  These 
objects can be words (atomic concepts), phrases 
(composite concepts), or sentences (aggregated 
concepts).  In terms of information exchange, which is 
the domain of C-BML, identifying these objects 
greatly improves interoperability between systems; 
however, business objects are not sufficient if not 
accompanied by enforceable business rules.  These 
rules can be captured in a grammar based on the fol-
lowing algorithm: 

• Within the reference model identify the set of ob-
jects to exchange: The set of business objects is 
the set of concepts that two or more interoperating 
systems have agreed to exchange.  By analogy to 
the definition provided in [16] this is the set of 
axioms S.  

                                                           
2 Figure 4 is based on Gyssens et al. [16] 

06F-SIW-008 - 7 - 



  Fall Simulation Interoperability Workshop 
  Orlando, FL, September 2006 

• For the set of business Objects identify the set of 
attribute to unambiguously exchange information: 
Most interoperating systems distinguish between 
initialization data and information exchange data.  
The set of attributes in this case refers to the latter 
in exclusion of the former.  System initialization is 
another part of C-BML currently investigated by 
the Military Scenario Definition Language 
(MSDL) Study Group.  By analogy to the defini-
tion provided in [16] this is the set of attributes V.  

• Identify the enumeration set pertinent to the infor-
mation exchange: Each enumeration set is unique 
depending on the context, scope, and goal of the 
information exchange.  It is therefore important 
that only relevant enumerated values are available 
during the information exchange.  For instance, 
two interoperating army systems should only sup-
port the enumerated set of ground attacks.  By 
analogy to the definition provided in [16] this is 
the set of constants T.  

• Generate the set of production rules: These rules 
must reflect the constraints of the information ex-
change and must conform to the definition given 
in [16].  

The conglomeration of these four steps results in a 
grammar that is particular to the information exchange 
needs of participating systems.  With the use of a com-
mon reference model such as C2IEDM/JC3IEDM, 
grammars become reusable for isomorphic sets of 
business objects.  

3.6 Categories of Rules 

When the components of a language such as C-BML 
are revealed, it quickly becomes apparent that in order 
to use them to communicate unambiguously, there 
must be a number of different rules governing how the 
components come together [12].  These rules can be 
broadly divided up into two different, but related, cate-
gories [13].   

The first category applies to the relationships between 
terms of the language.3  The first set of rules deals with 
the questions which types of terms and/or instances of 
terms are related with each other and when they are 
valid.  This is reflected by the representation of C-
BML as well, normally in form of a data model.  As 

                                                           
                                                          3  Remember the separation of concepts, terms, and entities.  

As long as we refer to C-BML, we talk about terms.  
When these terms are mapped to application-specific 
representations, they become entities. 

this category of rules exists completely within the 
language itself, we refer to them as internal rules. 

The second category applies to the structuring together 
of terms by external systems that are making use of the 
language.  In this case, the communication needs of the 
external system determine which combinations of 
terms are correct.  This set of rules, due to its nature of 
originating from outside the language, is referred to as 
external rules.  They deal with the mapping of C-BML 
terms – and phrases and sentences – to application-spe-
cific entities – and composites and aggregates of them 
in form of understandable information groups.  The 
first US Army specific WSDL, grouping C-BML terms 
in form of an US Army Task Order, is an example for 
such a grouping. 

The close relationship between the two types of rules 
comes from the fact that they are both governing the 
combining of terms.  The internal rules apply to the 
correct application of associations to bring terms to-
gether and forming associated terms.  On the other 
hand, the external rules must be supported for bringing 
both terms and associated terms together to create un-
ambiguous statements satisfying the communication 
needs of the external system. 

When considering these two categories of rules in light 
of the definition given earlier in 2.2, we can see how 
these rules are connected to the ideas of the C-BML 
grammar.  Different aspects of grammars are supported 
by a slightly different view of tow classes of rules 
given here. 

• One set of rules support the construction of the 
terminal symbols of a formal grammar.  This set of 
rules constructs the inner part of the grammar tree 
shown in Figure 4. 

• The second set of rules supports the application of 
the grammar rules required to construct the 
equivalence for a non-terminal symbol.  This set 
of rules produces the leaves of the grammar tree. 

The first set of these rules can be thought of as being 
analogous to generate a sentence schema; the second 
replaces the schema placeholders with words, forming 
sentences understandable in the described domain.4

By examining the definition of a formal grammar [5], 
we see that it consists of a set of terminal symbols, a 
set of non-terminal symbols, and a set of rules.  In 
comparing this definition to our definition for rules, we 

 
4  It is easy to make the case that these “sentences” now 

have to be mapped from “terms” to “entities” of the 
application.  
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can see that significant parts of the formal grammar 
definition already are satisfied.   

When we combine the rules described above with a 
data model, the whole definition of a formal grammar 
come into view.  The addition of the data model pro-
vides for all the terms and associations that the internal 
rules combine to create words (terminal symbols), and 
then the external rules combine those words into sen-
tences (applying production rules to create non-termi-
nal equivalences).  The goal of the formal grammar is 
satisfied by this combination of rules and a data model. 

3.7 Configurable Services 

Within the first phase of C-BML development cycle, 
Web service standards are applied to a common refer-
ence model with C2IEDM/JC3IDEM acting as the ba-
sis for information exchange between systems.  How-
ever, C-BML is not another way to “speak 
C2IEDM/JC3IEDM,” but it should be the foundation 
for a real language.  In order to fulfill such constraints 
already in the initial phase, it is important to structure 
the web services in a way that supports both composi-
tion and aggregation of valid expressions independent 
from C2IEDM specific structures without losing the 
normative character for the specifications of the mean-
ing derived from the model and application rules as 
described above.  

In order to support composition and aggregation, we 
recommend that C2IEDM/JC3IEDM must be accessi-
ble in a combination of three levels [17]: 

• Atomic Level: Individual entities are described at 
the most basic level (tables in a database).  In 
terms of a grammar, atomic services are the vo-
cabulary of the language.  

• Composite Level: At this level, services are 
grouped into meaningful semantic information 
blocks.  The reference model is decomposed into 
views that reflect its underlying concepts (Who, 
What, Where etc…).  Composed services are or-
dered groupings of semantically related atomic 
services using existing associations.  

• Aggregate Level: Aggregate services are ordered 
groupings of semantically related composite ser-
vices.  These groupings reflect not only grammati-
cally correct sentences but also semantically valid 
ones (“Who” is doing “What,” “Who” is “Where,” 
etc…).  In addition, they may aggregate informa-

tion and add information derived from the refer-
ence model, but not explicitly in the model.5 

An extension of the model results in additional atomic 
services that can be composed into composite services 
that can in turn be aggregated into aggregate services.  
This process does not affect existing services but rather 
extends and enriches system interoperation.  By defin-
ing and applying a set of production rules at the atomic 
level, it is possible to have a web-based grammar dy-
namically generating composite services that can be 
aggregated into grammatically correct sentences.6

However, ontological descriptions of each service 
(atomic, composite, and aggregate) are still likely to be 
necessary in order to ensure semantic correctness.  
Standards such as the Web Ontology Language (OWL) 
and its corollary for services (OWL-S) address this 
issue by providing a way to formalize ontologies of 
systems and services and allow automated interactions 
between services.  This is beneficial to C-BML in an-
other way because it provides an obvious link between 
the four phases of standardization described in the first 
section, but details on this research go beyond the 
scope of this paper.  A good overview of the state of 
the art can be found in [18]. 

4 Recommendations for the C-BML 
Product Development Group 

Based on the results of our research, we would like to 
offer the following recommendations for the C-BML 
Product Development Group (PDG).  The objective is 
to avoid separate tasks and activities on C-BML Proto-
col, Grammar, Representation, and Ontology compo-
nents of C-BML, which would create stove-piped sin-
gle-technology solution.  Instead, we envision a C-
BML Doctrine driven standard, which is supported by 
all these interdependent views. 

The first recommendation is to agree on a common set 
of terms – the Introduction of a Controlled Set of Vo-

                                                           
5  Typical examples are codes, such as unit-identifier codes.  

They comprise and codify information on the structure, 
the place in the unit order of battle, the type of the unit, 
etc.  In the application, this can be very useful, but in a 
reference model, codes are the introduction of redundant 
information and they can be reproduced based on the 
available atomic information. 

6  This approach is currently supported by the Joint 
Advanced Training Technology Laboratory (JATTL) of 
Joint Forces Command.  Supported by VMASC, our 
industry partner Gestalt LLC implemented more than 400 
web services enabling the access of JC3IEDM based 
concepts resulting from ISO/IEC 11179 applications. 
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cabularies – to be used in C-BML.  The reason is the 
following 

• When we consider the different levels for captur-
ing ontological meaning [8], each resulting in an 
increasingly higher level of conceptual specificity, 
we see that the foundational layer is the controlled 
vocabulary.  Without a controlled vocabulary, 
none of the higher levels within the ontological 
spectrum is possible as they all assume access to 
such a vocabulary.   

Although we recognize that C-BML is an international 
standard, we recommend using the English version on 
the NATO Dictionary [11] as well as the definition of 
entities in the JC3IEDM (definitions in annexes B, C, 
and E) for this purpose.  Entities in national applica-
tions can be derived from these internationally 
accepted terms. 

The second recommendation is Concentration on the 
Data Model of the C-BML Representation to give 
structure to these terms.  The data model is a key for 
the successful integration of all of the components of 
C-BML.  Following are a few reasons for this: 

• One of the benefits that a data model brings to C-
BML is that it defines a controlled vocabulary.  
The categorization of entities provides for the clas-
sification of such a vocabulary, and the enumera-
tion of those categories provides for the vocabu-
lary members themselves.  The addition of asso-
ciation allows for the building of associated-enti-
ties, with are required for the more complex cate-
gories and enumerations. 

• A data model has an implicit grammar that reflects 
relations between entities.  Explicit grammars 
must be based on the built in set of rules within the 
representation layer.  By definition, grammars do 
not exist without controlled vocabularies that data 
models also provide.  

• As mentioned in section 3.4, ontology for C-BML 
is intended to give meaning to entities, associa-
tions, attributes, and attribute-values.  Much of this 
meaning can be captured within the data-model, 
especially where such meaning is intrinsic to the 
entities and associations of the data model.  The 
meaning that can be captured at that level is in un-
derstanding the attributes and attribute-values that 
grant definition to the entities, and how the asso-
ciations tie such entities together. 

• The set of atomic, composite, and aggregate ser-
vices cannot exist without a reference data model 
that serves as the basis for a common language, C-
BML.  The configurable services are just a way to 

manipulate the words of this language into mean-
ingful sentences. 

• The migration to higher representations in the 
ontological spectrum is possible and – as soon as 
methods, techniques, and the communities are 
ready for this – can be conducted.  The need is al-
ready captured in  [19]. 

The third recommendation is the Application of 
ISO/IEC 11179 to capture the controlled vocabularies 
(terms) and the represented real world objects (con-
cepts): 

• The C2IEDM/JC3IEDM should be used to repre-
sent the concepts, as it is the view of the war-
fighter.  It is endorsed by an increasing number of 
DoD organizations. 

• The metadata of ISO/IEC 11179 should be used to 
map the vocabulary captured from C-BML doc-
trine and data elements of implementing C-BML 
enabled systems to this concepts. 

The fourth recommendation is the Inclusion of 
Atomic, Composite, and Aggregate Service for the C-
BML Protocol.  This does not contradict 
recommendations supported so far in the C-BML study 
group. 

• The prototypes described in [2] use services that 
can be modeled as aggregate services, as they use 
information captured in the C2IEDM, but they use 
slightly different structures. 

• The first step shall be the definition of atomic ser-
vices for all tables of the C2IEDM/JC3IEDM.  
This step must be followed by atomic services for 
all C-BML specific extensions.  The development 
of composite and aggregate service shall be driven 
by the information exchange need of the partici-
pating C-BML enabled systems, such as the na-
tional contributions to the NATO MSG-048 activ-
ity described in [20]. 

• Industry partners implemented more than 400 ser-
vices for JFCOM proving the feasibility and appli-
cability. 

• The general applicability of the approach has been 
documented and published in [17]. 

The fifth of our recommendations to the PDG is to 
make sure that all developments are complementary of 
each other and the central data model.  C-BML will not 
be possible without the integration of these compo-
nents.  Application of a holistic view on all five com-
ponents of C-BML is mandatory and the structure of 
the product development group tasks and organization 
must enable and reflect this need. 
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• The ontological spectrum is a logical continuum 
based on the principals of data engineering.  The 
XML data elements of the C-BML Protocol, the 
data elements of the C-BML Representation, the 
vocabularies of the C-BML Grammar, and the 
concepts, relations, and terms of the C-BML On-
tology are all interconnected and based on the C-
BML Doctrine. 

• Extensions of one view must be reflected in exten-
sions of the other views.  If, e.g., the grammar en-
ables new sentences that reflect a valid view of the 
doctrine, this view must be captured in the repre-
sentation and must be expressible by the protocol.  
The ontological view shall be used as the umbrella 
holding the elements together.  

In this light, ongoing research in individual areas, such 
as ontology [14] or grammar [5], must be supportive of 
the integration of all C-BML components.  Without 
this support, such work is certainly interesting and 
valuable, but may not be contributing to the overall 
success of C-BML. 

5 Summary 
With this paper, we wanted to show that all five parts 
of C-BML – protocol, grammar, representation, ontol-
ogy, and doctrine – are equally important and intercon-
nected.  It is not possible to change one part without 
influencing the others.  Therefore, a strong alignment 
of task forces is mandatory.  Activities focusing on one 
part exclusively may result in solutions that can hardly 
be integrated with other activities.  It is therefore es-
sential to have a strong component that is agreed upon 
in the center of alignment activities.  
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