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Abstract: Command and Control to Simulation Interoperability (C2SIM) is an emerging 
family of standards to exchange Command and Control (C2) information between C2 
systems and simulation systems in a coalition context.  In order to achieve 
interoperability on the semantic level, C2SIM will need a formal ontological semantic 
model.  A C2SIM ontology will formalize C2SIM semantics, capture domain axioms, 
and provide a model a) for constraining the expressions that can be generated by the 
C2SIM standard according to the doctrine represented by the ontology and b) for 
semantic reasoning and hypothesis analysis using abductive reasoning. 
 
In this paper we present the history and scope of the C2SIM standard and the need for 
C2SIM semantics.  The current phase of C2SIM development is focused on using a 
model driven framework (MDF) for ease of use, extensibility and scalability in coalition 
simulation environments.  Therefore, the benefits of using an OWL ontology as a model 
in C2SIM MDF are presented next.  Thereafter, we will depict how aspects of 
“Foundation of Intelligent Physical Agents” (FIPA), in particular the “Agent 
Communication Language” (ACL) as well as the Coalition Battle Management Language 
and Military Scenario Definition Language XML schemas can be exploited as the C2SIM 
semantic foundation, the concept hierarchy and the domain relationships for our C2SIM 
ontology. 

1 Introduction		

The Command and Control (C2) Systems to Simulation Systems Interoperability 
(C2SIM) is a family of standards being developed to facilitate exchange of C2 
information between C2 systems, simulation systems and robotic systems primarily in a 
coalition context.  The goal is to have a framework of coalition systems that can 
seamlessly interoperate and effectively achieve coalition goals.  There are challenges to 
this goal at the system level, the exchange mechanism level, exchange language level and 
the semantic level.  C2SIM is designed to address the challenge at the exchange language 
level by providing a means to exchange unambiguous, semantically relevant messages 
between interoperating systems.  C2SIM development is through a Product Development 
Group at Simulation Interoperability Standards Organization [1].  The C2SIM PDG 
works by soliciting use-cases, developing a logical model and providing extension 
mechanisms to apply C2SIM to domain-specific implementations.  The C2SIM Logical 
Data Model (LDM) contains the basic building blocks to develop C2SIM 
implementations.  The LDM contains data elements, element hierarchy and relationships.  
C2SIM implementations will need to use LDM definitions and extension mechanisms to 
exchange C2 information in an interoperating environment. 
 
For effective interoperation, it is imperative that interoperating systems understand and 
parse data elements in a semantically consistent way.  Without semantic interoperability 



it would be very difficult to ensure that systems are using the data elements according to 
designed semantics.  An ontology is a semantic representation that will provide a means 
to ensure compliant systems recognize and use elements in their semantic context.  An 
ontology, at its core, is a formalization of domain knowledge in terms of entities, entity 
hierarchy and axioms.  C2SIM knowledge can be represented in terms of an ontology so 
that interoperating systems not only represent data uniformly but also use data 
consistently in their semantic context.  The need for a semantic model in coalition 
contexts has been identified in [2][3]. 
 
Among the other efforts to provide a vocabulary for C2 information exchange has been 
the NATO Multilateral Interoperability Programme (MIP) Information Model (MIM) [4].  
This model has been an extension and improvement over a large and complex data model 
called the Joint Consultation Command and Control Information Exchange Data Model 
(JC3IEDM).  In this paper we discuss interworking between C2SIM and MIM 
particularly on the semantic level.  As an example we look at the definition of a Unit in 
MIM and its applicability for use in C2SIM. 
 
C2SIM contains a substantial amount of information on agents (units, commanders, etc.).  
In order for these agents to communicate effectively, agent communication needs to be 
able to capture and represent intent, context, and expectations among other things.  
Foundation for Intelligent Physical Agents (FIPA) [5] is a standard that provides rules 
and guidance for agent communication.  Agent Communication Language (ACL) [6] is a 
component of FIPA that focuses on the message format and methodology for agent 
communication.  In this paper we provide a brief overview of FIPA and the applicability 
of FIPA components, particularly ACL, to C2SIM messaging. 

2 Background	Work		

In this chapter we will present the background for our work.  We will start with 
“Command and Control to Simulation Interoperability” (C2SIM) and discuss relevant 
programs for developing interoperability solutions for configuration of C2 systems and 
simulation systems in a coalition context.  Here we focus on the results achieved (section 
2.1).  As a next step, we will introduce ontologies, how they are built, how they can be 
used and how they are implemented (section 2.2).  In the final section of this chapter, we 
will introduce “Agent Communication Language” (ACL) (section 2.3). 

2.1 C2SIM	background		

The use of simulation systems can improve, facilitate and reduce the costs of military 
activities such as training, planning, decision support, and after action analysis.  In order 
to use simulation systems for these activities, it is necessary that C2 systems and 
simulation systems share information.  It has also become evident that effective battle 



operations can be achieved in interoperating coalition contexts [7].  This dependency on 
coalition environments has created a need for languages, frameworks and exchange 
mechanisms that facilitate exchange of C2 information in a coalition context.  C2SIM 
will facilitate the representation and exchange of C2 information in a coalition context.  
The key to grant such a seamless information exchange is “Command and Control to 
Simulation Interoperability” (C2SIM). 
 
C2SIM is based on previous standardization efforts called Coalition Battle Management 
Language (C-BML) and Military Scenario Definition Language (MSDL). C-BML was 
used to exchange C2 tasking-reporting information in coalition experiments. It was 
developed to apply Battle Management Language (BML) to a coalition context. BML 
itself is a formal and standardized language in which orders, requests, and reports can be 
expressed unambiguously so that these messages can be interpreted by systems 
consistently and uniformly. C-BML Phase 1 schema was developed, balloted and 
approved as a standard at SISO. MSDL also is a SISO standard, a standard for initializing 
simulations. MSDL and C-BML are aligned to each other so that in a system of systems 
that includes C2 systems as well as simulation systems, the military situation can be 
mapped from the C2 systems to the simulation systems under the use of MSDL. 
Thereafter, the information exchange can be run under the use of C-BML. 
 
The BML concept was first envisioned around the year 2000 [8] and began in work 
sponsored by the US Army’s Simulation-to-C4I Interoperability Overarching Integrated 
Product Team (SIMCI OIPT) [8].  As a result, SISO appointed a BML Study Group that 
produced a report in 2005 [9], opening the road for the Product Development Group 
(PDG) “Coalition BML”.  At the same time, NATO RTO Modeling and Simulation 
Group recognized the need for a formal language to exchange orders and reports between 
C2 systems and simulation systems and thus created MSG-048 “Coalition Battle 
Management Language” to explore the promise of BML.  MSG-048, which was awarded 
the NATO STO 2013 Scientific Achievement Award, ran from 2006 to 2010.  After 
waiting some length for proposals for a BML standard from SISO’s PDG, MSG-048 
developed their own versions of BML and successfully tested those in a series of 
experiments.  The results of those experiments are summarized in [10].  The work of 
MSG-048 was continued by MSG-085 “Standardization for C2-Simulation 
Interoperation”.  Finally, in 2014, SISO approved Coalition BML (C-BML), version 1.  It 
was found that C-BML Phase 1 schema was too complex for developers [11] and 
therefore hindered implementation and development.  A light version of the C-BML 
schema was developed that allowed users to create C-BML implementations easily.  
MSDL was developed to represent and exchange primarily initialization information.  In 
coalition experiments it was clear that for effective C2 communication, initialization and 
tasking-reporting needed to be harmonious.  Data elements should be seamlessly shared 



between Initialization and tasking-reporting to achieve operational goals.  Eventually 
C-BML and MSDL PDGs merged into the C2SIM PDG.  A model driven approach was 
adopted so that C2SIM would fundamentally use a Logical Data Model that contains data 
elements, hierarchy, and relationships.  The PDG is working to also provide mechanisms 
to extend the C2SIM LDM for specialized use-cases and implementations.  In keeping 
with lessons learnt during C-BML development, the LDM is designed to be simple and 
extensible so that only most commonly used and needed elements and attributes are 
present in the LDM.  C2SIM PDG has three subgroups, “Logical Data Model 
(LDM)”,“Initialization” and “Tasking-Reporting”. Both, “Initialization” and “Tasking-
Reporting” use the LDM to create specialized products.  In addition, the C2SIM PDG 
will provide example extensions for maneuver warfare. 
 
C-BML development under SISO was planned through 3 stages in which the final result 
is a semantical C-BML grounded on sound knowledge about military operations in 
general and military communication in particular.  Such knowledge needs to be 
represented formally so that it can be exploited by C2 systems as well as simulation 
systems to support the consistent and uniform interpretation of C-BML messages.  
Formal representation of knowledge means ontological representations. 

2.2 Ontology	background	

The semantic web is a framework to design and represent formalized semantic 
information.  The semantic web consists of systems that have a semantic model usually 
represented in the form of an ontology.  An  ontology consists of entities, entity hierarchy 
and axioms.  Entities and entity hierarchy provide a snapshot of semantic system 
organization and axioms represent asserted knowledge in the system.  Knowledge in the 
form of axioms is represented using Description Logic in the form of a ‹subject, 
predicate, object› triple.  C2SIM expressions and semantic constraints can be represented 
using description logic triples. 
 
The semantic web is fundamentally based on description of resources.  Resource 
Description Framework (RDF) is a World Wide Web Consortium (W3C) standard to 
represent resources using Uniform Resource Identifiers (URIs) and relationships between 
resources.  RDF Schema (RDFS) can be used to serialize descriptions of resources in the 
form of XML.  Web Ontology Language (OWL) is a language to represent ontologies 
that uses RDF definitions and expressions.  OWL can be used to represent classes, class 
attributes and hierarchy, and domain axioms. There are a number of tools, including open 
source tools that can be used to create and manipulate OWL ontologies.  An overview of 
semantic technologies and upper level ontologies useful to C2SIM is described in 
reference [3]. 



2.3 FIPA	background	

The FIPA standards are a set of interface specifications for communication among 
interacting entities in agent-based systems.  FIPA defines a model for multi-agent 
distributed computing as well as the interface specifications for assembling a multi-agent 
system [12].  Formalized through an IEEE standards committee, FIPA specifications 
provide a domain-independent framework for engineers to define the exchange formats, 
message content, conversation protocols, and semantic rules needed for agents to 
interoperate. 
 
The most widely adopted FIPA standard with the greatest potential benefit to C2SIM is 
the Agent Communication Language (FIPA-ACL).  ACL is designed around the idea of 
“communicative acts” whereby a sender intends to effect a change in a receiver’s 
awareness of the world (assertive), perception of the world (declarative), and goals and 
intentions (directive/commissive), etc.  The linguistic foundation for communicative—or 
“illocutionary”—acts described here can be traced back to J. Austin [13], Searle [14], and 
Vanderveken [15].  For the purposes of agent-based computing, FIPA ACL builds upon 
these primitive elements of communication to clarify a sender’s intentions:  report an 
observation, request action, request information, commit to do something, and much 
more [6]. 
 
FIPA is currently composed of 26 active standards1, but not all parts are equally useful to 
the C2SIM effort.  While a fully compliant FIPA implementation might provide a reliable 
foundation to C2SIM, several of the FIPA specifications are either technically outdated, 
incompatible with the objective coalition environments, or both.  In several cases, FIPA 
specifications extend beyond the scope of C2SIM. For example, physical transport and 
service interface specifications are beyond the scope of C2SIM.  Thus, we propose a 
more conservative approach of adapting the FIPA specifications that most benefit C2SIM 
efforts. 
 
FIPA ACL specifications form an integrated framework for 1) agent communication, 2) 
managing and affecting agents’ simulated/artificial mental attitude, and 3) defining the 
domain in which agents are operating; these three are achieved using communicative acts 
(described above), a Belief-Desires-Intentions (BDI) agent model, and ontologies, 
respectively.  As a result, solutions based on FIPA ACL will define agent-to-agent 
messages that are anchored in a well-defined domain ontology and with a precise 
calculus for how those messages should be interpreted and effected in the receiving 
agents’ cognitive state. 
 

                                                
1 http://www.fipa.org/repository/standardspecs.html 



In section 3.4, C2SIM semantics and FIPA below, we describe in greater detail how the 
FIPA ACL computing model and ontologies can improve interoperability in C2SIM 
while reducing ambiguity. Multi agent communication in the context of C2SIM has been 
outlined in [16] 
 

3 The	Role	of	an	Ontology	in	C2SIM	
This chapter will specify what kind of knowledge needs to be represented ontologically 
to be useful in C2SIM.  We will start this specification by determining the ontological 
concepts useful in the context of C2SIM (section 3.1).  From that starting point, we will 
sketch an ontology that is based on these concepts (section 3.2).  This ontology derives 
from the current C-BML and MSDL standards.  In addition to these sections, we will 
discuss how to further develop and improve the sketched ontology, on the one hand with 
respect to operational knowledge by exploiting the MIM (section 3.3) and on the other 
hand with respect to knowledge about communication in general and military 
communication in particular by exploiting FIPA ACL (section 3.4). 

3.1 Ontological	concepts	that	are	useful	to	C2SIM	

C2SIM LDM contains the basic building blocks for information exchange in the form of 
core data elements and relationships.  These data elements are associated to their 
semantic context in a C2SIM message.  It is possible to have a valid C2SIM message 
created by a sender that is parsed and understood wrongly by the receiver.  This is 
because, in the absence of a semantic model, conformance can only be tested for format 
and syntax and not for meaning.  A semantic model allows systems to capture and 
understand the semantic context of data elements. 
 
OWL entities can be used to represent C2SIM classes.  Using OWL, C2SIM classes can 
be annotated to capture C2SIM relevant semantics including class name, type, and 
attributes.  The benefit of OWL entity definitions is the ability to inherit, associate, and 
reuse semantics in C2SIM.  Legacy C2SIM applications have seen a number of elements 
(e.g. OID in C-BML and MSDL) that are used repeatedly and have a single format and 
syntax but have differing semantics based on their context.  In a C2SIM semantic model, 
this semantic disambiguation can be captured and clarified.  An example definition of a 
C2SIM Unit using MIM domain definitions is show below: 



<owl:Class owlx:name="Unit" owl:complete="false"> 
  <owl:Annotation> 
    <owl:Documentation>A MilitaryOrganisation whose structure  
      is prescribed by competent authority. 
    </owl:Documentation> 
  </owl:Annotation> 
</owl:Class> 

OWL object and class properties can be used to model hierarchical relationships between 
C2SIM classes.  An example subclass property that asserts C2SIM Unit as a subclass of 
C2SIM organization is shown below: 

<owl:Class rdf:about="#Unit"> 
  <rdfs:subClassOf> 
    <owl:Restriction> 
      <owl:onProperty rdf:resource="#hasAsCommander" /> 
      <owl:maxCardinality 
          rdf:datatype= 
              "&xsd;nonNegativeInteger">1</owl:maxCardinality> 
    </owl:Restriction> 
  </rdfs:subClassOf> 
</owl:Class> 

The definition above also specifies that a Unit can have at most one commander using the 
property “hasAsCommander” and setting the maximum cardinality of that commander to 
the value “1”.  This example illustrates the use of OWL to set semantic constraints but 
the actual values for the constraints can be set after domain expert consultations. 
 
Domain relationships can be captured using OWL axioms.  Coalition context have a 
number of semantic constraints and relationships that are usually captured as free text 
statements in doctrine documents.  A semantic model can be used to capture these 
domain constraints and relationships in a formal, machine-readable fashion.  Common 
ontological tools can be used to easily check for semantic inconsistencies and constraints.  
As an example consider the location of a Unit.  Since a unit is a physical entity, it can 
only exist at one place at a particular time.  In a coalition experiment, with hundreds of 
status reports, it would be important to be notified of the semantic inconsistency in the 
location of a Unit.  This can be done using the following axiom: 



<owl:Class rdf:about="#Unit"> 
  <rdfs:subClassOf> 
    <owl:Restriction> 
      <owl:onProperty rdf:resource="#hasAsCurrentLocation" /> 
      <owl:maxCardinality rdf:datatype= 
        "&xsd;nonNegativeInteger">1</owl:maxCardinality> 
    </owl:Restriction> 
  </rdfs:subClassOf> 
</owl:Class> 

When coalition systems use a C2SIM semantic model that contains this axiom, it is easy 
to flag inconsistent reports.  In this way, other doctrinal constraints and axioms from field 
manuals, guide documents and other domain texts can be incorporated into the C2SIM 
ontology. 

3.2 Creating	an	ontology	using	C-BML/MSDL	Phase	1	XML	schema	

C-BML and MSDL PDGs have spent considerable amounts of time on identifying data 
pertaining to initialization and tasking-reporting.  The result of this work is a balloted set 
of XML schemata for C-BML and MSDL.  The XML schemata have been used in 
coalition experimentation and analysis.  These XML schemata formalize the format and 
syntax of C-BML and MSDL messages.  They contain a wealth of information that can 
useful to building a semantic model.  The schemata contain definitions of data elements 
in the form of XML schema annotations.  XML schema hierarchy is used to capture the 
data hierarchy of C-BML and MSDL.  In addition, relationships between data elements 
are stored in the form of documentation and XML schema annotations.  These pieces of 
information are useful in building a semantic model. 
 
Manually extracting semantics from a complicated XML schemata can be time-
consuming and error-prone.  Alternatively, there have been research efforts to extract 
semantic models from XML schemata.  Recently, an automated framework has been 
developed that creates an OWL ontology from C2 XML schemata [17].  The method 
described in [17] creates OWL classes for <xs:element> definitions in the XML 
schemata.  The hierarchy of the XML schemata in the form of <xs:extension>s and 
<type=”abstract"> is captured as OWL subclass hierarchy.  In addition, a part of 
speech tagger is applied to schema annotations to extract domain relationships.  The 
ontology created using this method can be pruned and extended by input from domain 
experts.  This automated method has been applied to the C-BML and MSDL phase 1 
schemata.  Snapshots of the ontology are shown below: 



 
Figure	1.		C2SIM	ontology	with	relationships	derived	from	XML	schema	annotations	

 
Figure	2.		C2SIM	ontology	illustrating	hierarchy	extracted	from	XML	schema	hierarchy	



 
Figure	3.		C2SIM	ontology	snapshot	of	'Location'	viewed	in	OntoGraph	

3.3 C2SIM	semantics	and	ontological	MIM-uses	and	alignment	

Semantically, C-BML had been based on the Joint Consultation Command and Control 
Information Exchange Data Model (JC3IEDM).  The JC3IEDM is a product of the 
Multilateral Interoperability Programme (MIP) (https://www.mip-interop.org) which 
serves as military standardization organization for its 26 member nations and NATO.  
The JC3IEDM is fixed as NATO STANAG 5525.  It provides agreed upon definitions for 
thousands of concepts from the C2 domain such as military objects and actions.  With 
other words, the terms denoting those concepts have a standardized meaning.  They thus 
form a semantically standardized vocabulary.  C-BML uses this vocabulary. 
 
Essentially, the JC3IEDM is a data model.  Advancing the JC3IEDM, the MIP created 
the MIM, which includes the JC3IEDM’s terms and their agreed upon definitions apart 
from some additions and some deletions.  The differences between the JC3IEDM on the 
one hand and its successor, the MIM, on the other hand have been listed and discussed in 
[18].  A main difference is that the MIM is much more of an ontology than the JC3IEDM 
had been and can thus not only serve as a vocabulary that provides standardized meaning 
for military terms but also represents knowledge that can be exploited for C2SIM 



applications. A description of MIM as a semantic reference and model for Military 
operations can be found in [19] 
 
The rest of this section will discuss few examples of a) how the ontological aspects of 
MIM’s representation of units can be exploited for C2SIM and b) how the MIM might be 
developed further so that even more exploitable knowledge is represented.  More 
information about the MIM and more examples can be found in [18][20]. 

3.3.1 MIM	information	for	C2SIM	

The MIM proposes a detailed model to represent (military) units.  There are 44 attributes 
to describe a unit.  The table below shows as an example of how the values are assigned 
to these attributes for a German Mechanized Infantry Battalion 
(Panzergrenadierbataillon).  Of course, not all attributes apply always.  For example, if 
attribute “isCommittedIndicator” has value “true” assigned, attribute “readinessCode” 
gets value “NOT APPLICABLE” since the latter attribute denotes the time the respective 
units needs to become operational. 
 

Attribute Example Value 
affiliations DEU 
alternateName … 
boobyTrapPresenceCode false 
designedCapabilities … 
geoLocationIdentifier … 
groupAccounts --- 
hostilityStatusCode FR (Friend) 
isDecoyIndicator false 
maritimeTrackIdentifier NOT_APPLICABLE 
name Panzergrenadierbataillon 411 
nffiIdentifier … 
specificCapabilities … 
symbol [null] 
typeAffiliations [null] 
typeName Panzergrenadierbataillon 
cbnDressStateCode [null] 
descriptionText … 
hasCommandFunctionIndicator true 
operationStatusCode OPR (Operational) 
operationStatusQualifierCode NOT_APPLICABLE 
radiationDoseMeasure 0.0 



Attribute Example Value 
mainActivityCode [null] 
availabilityCode NOT_APPLICABLE 
commandAndControlCategoryCode … 
commandAndControlRoleCode … 
emissionControlCode EMCON3 (no restrictions) 
fireModeCode WPNTGT (Weapons tight) 
identifier … 
isCommittedIndicator true 
isInActionIndicator true 
isInReserveIndicator false 
readinessCode NOT_APPLICABLE 
readinessDuration … 
reinforcementCode NORM 
serviceCode ARMY 
trainingLevelCode GREEN 
armCategoryCode INF  
armSpecialisationCode [null] 
categoryCode COMBAT 
formalAbbreviatedName PzGrenBtl 411 
generalMobilityCode LNDTRC (Land, tracked) 
qualifierCode MEDIUM 
sizeCode BN (Battalion) 
supplementarySpecialisationCode MECH (Mechanised) 

 
The set of features (attribute-value pairs) the MIM uses to describe a unit do not only 
include the standard features like size (in our case “battalion” – “BN”), arm (in our case 
“infantry” – “INF”), mobility (in our case “land, tracked” – LNDTRC), or affiliation (in 
our case “German” – “DEU”).  The set of features also includes features like training 
level (in our case “green”) that in C2SIM could be used to modify the combat strength of 
simulated units.  In principle, the value set of this feature might be expanded in order to 
represent aspects like combat experience or the quality of the unit’s commanding staff in 
addition.  Another feature that can be exploited for C2SIM is the already mentioned 
readiness.  The value assigned to that feature determines the time span the units need to 
reach combat readiness, e.g., because vehicles still had to be refueled and supplied with 
munition.  Within the simulation, a unit that has not reached readiness should be 
restricted in combat power in the case it gets under attack, and with respect to the C2 
system absent readiness should be presented to the commander as a warning if tasks are 
assigned to the unit for the critical time span.  Such a warning might result in a logistic 
action by the commander in order to facilitate supply.  In short, the MIM allows for 



representing units as well as other objects of the battlefield, e.g., facilities, in useful 
details.  All those data can be exploited to improve C2SIM applications.  However, the 
MIM still does not include all data that might be desired. 

3.3.2 Data	missing	in	the	MIM	

With respect to the representation of units, the data still missing in the MIM is about 
abilities and doctrine.  This is not a problem for the simulation because the 
representations of units in the simulation often include knowledge about the respective 
unit’s abilities and its doctrine.  However, on the C2 side of C2SIM, knowledge about a 
unit’s abilities (and its doctrine) normally is not available but would change for another 
set of warnings, especially if the commander tasks a unit with an action that is beyond its 
abilities. 
 
Another aspect that can be added to the MIM is the already mentioned representation of 
combat strength.  Training level is represented in the MIM but combat experience, the 
quality and the mind-set of a unit’s command staff and the unit’s morale contribute to the 
unit’s combat strength and its behavior on the battle field.  As such, these factors can be 
used in the simulation in order to mirror specifics of the units. 

3.3.3 C-BML	and	the	MIM	

The examples on how the (advanced) MIM can be exploited in C2SIM are in alignment 
with C-BML.  Since C-BML uses the terms from the JC3IEDM/MIM as vocabulary 
means that the knowledge represented in the MIM can easily and appropriately be 
accessed whenever a C-BML order is formulated.  Thus, the warnings sketched in the 
examples above can easily be generated.  They then only have to be presented to the 
commander. 

3.4 C2SIM	semantics	and	FIPA	

Up to this point, we have described the benefits of ontology modeling and how the 
semantic content of C2SIM-based messages can be managed with ontologies.  The other 
C2SIM standards for Initialization and Tasking-Reporting can utilize the semantic 
content of the C2SIM LDM to form message structures and implementers of C2SIM can 
extent the LDM for their domain and applications.  Yet more can be done to improve 
C2/simulation interoperability and reduce ambiguity by applying key elements of the 
FIPA ACL specifications. 

3.4.1 Recommendations	for	applying	FIPA	ACL	to	C2SIM	

Already mentioned in section 2.3, the FIPA ACL set of standards provides a framework 
for defining inter-agent message contents, how logically an agent should interpret a 



message, and protocols for conversation control.  The following recommendations 
propose which FIPA ACL specifications should be utilized in C2SIM development. 
 
Recommendation #1:  Base the message structure for Tasking-Reporting on FIPA 
Message Structure Specification2 contents when used for agent-to-agent communication. 

Caveat:  Strict adherence may not be necessary or desirable, but each aspect of 
FIPA Message Structure should be considered for its intended value to 
message processing. 

Caveat:  Further, additional data elements may need to be added based on 
C2SIM need or through user extensions. 

 
The FIPA Message Structure Specification 
defines the basic ‘envelope’ and structure 
for messages.  Many of the elements are 
applicable to C2SIM; as drafting proceeds, 
these fields are a reasonable starting point 
for all entity-to-entity communications. 
 
This message structure is truly structural, 
and does not specify the syntax for a 
message.  Other FIPA specifications define 
the acceptable message syntaxes, however 
C2SIM is likely to specify a different, 
SISO-conformant XML syntax for C2SIM 
messages. 
 
Recommendation #2:  Express the Tasking-Reporting message contents as one or more 
statements, each of which must be marked with a FIPA Communicative Act3 so that 
message senders and receivers know how to handle each statement in the message. 

Caveat:  Not all FIPA Communicative Acts may be relevant to C2SIM, so should 
be adopted as requirements demand. 

Next, recommendation #2 advocates for the use of communicative acts as the primitive 
element by which Tasking-Reporting messages are composed. 
FIPA encourages extension of this list, yet does not require that agents implement every 
communicative act.  The communicative acts of greatest interest to C2SIM are {Agree, 
Cancel, Confirm, Disconfirm, Failure, Inform, Not Understood, Query If, Query Ref, 
Refuse, and Request}.   
 

                                                
2 FIPA ACL Message Structure Specification - http://fipa.org/specs/fipa00061/SC00061G.html 
3 FIPA Communicative Act Library Specification - http://fipa.org/specs/fipa00037/SC00037J.html 

Parameter											 Category	of	Parameters 
performative Type	of	communicative	acts 

sender 
Participant	in	
communication 

receiver 

reply-to 

content Content	of	message 

language 

Description	of	Content encoding 

ontology 

protocol 

Control	of	conversation 

conversation-id 

reply-with 

in-reply-to 

reply-by 



 
 
For each of these communicative acts, FIPA provides 
definitions and formal rules for how a receiver must 
interpret and handle the message contents.  For 
instance, ‘Inform’ changes an entity’s belief state 
(awareness of the environment); ‘Request’ indicates 
that an action should be taken (and if the sender has 
sufficient authority, this request may be an order); 
‘Query If/Ref’ indicates a request for information to 
which the receiver should respond with an answer. 
 
The benefit to C2SIM is a clean separation of entity-
to-entity communication and control from the military 
domain of discourse.  Not only does this open the possibility of applying C2SIM 
solutions to non-military applications, but also allows entities to process the diversity of 
coalition, national, service-level, and functional-area vocabularies and doctrine more 
objectively. 
 
Recommendation #3:  Establish language for C2SIM Tasking-Reporting implementers to 
define interaction/conversation protocols (e.g., Call for Fire) like the predefined FIPA 
Interaction Protocols.4 
 
Finally, Recommendation #3 advocates for the 
establishment of conversation control through 
conversation protocol specifications.  Merely 
specifying a message format is of limited value 
without additional controls of when an entity should 
send a message, the kind of response messages, and 
the kind of subsequent messages that are appropriate 
within a conversation. 
 
Implementers of C2SIM will need to specify their 
own conversation protocols to fit their 
organizational doctrine for mission threads and 
message threads, so C2SIM should provide the 
specifications necessary to define conversation 
protocols in a consistent syntax.  The distinction to 
be made is that the explicit protocols provided by 
                                                
4 FIPA Interaction Protocols - http://fipa.org/repository/ips.php3 

FIPA Communicative Acts 
Accept Proposal Propagate 
Agree Propose 
Cancel Proxy 
Call for Proposal Query If 
Confirm Query Ref 
Disconfirm Refuse 
Failure Reject Proposal 
Inform Request 
Inform If Request When 
Inform Ref Request Whenever 
Not Understood Subscribe 

Figure	4.		Example	FIPA	conversation	protocol	
for	requesting	action 



FIPA may not be of direct value to C2SIM implementers, and further, C2SIM should not 
standardize explicit protocols (e.g., Call for Fire or Close Air Support) because mission 
processes will vary across communities.  Thus, C2SIM can provide greater value to 
coalition interoperability by formalizing how implementers should design and manage 
protocols in a standard way. 

3.4.2 Utilize	FIPA	ACL,	but	not	dogmatically	

C2SIM Tasking-Reporting is intended to incur action with messages, such as requesting/
ordering entities to perform a task, or change an entity’s awareness using reports.  
However, interfacing with C2 systems will regularly require processing complex tactical 
messages that capture multiple communicative intents.  A tactical message may include 
both informative and directive (request/order) content.  Thus it is unreasonable to 
presume a Situation Report, Call for Fire request, Operations Order, or Warning Order 
would be categorized simply as ‘Inform’ or ‘Request’ message types. 
 
We propose that complex messages such as those used in coalition environments should 
be expressed in C2SIM as a composite of multiple communicative acts.  Such a deviation 
from FIPA impacts how C2SIM messages are structured to convey multiple performative 
statements. 
 

 
Figure	5.		Notional	decomposition	of	a	Warning	Order	for	illustration	purposes	

Figure 5 above is a notional illustration (i.e., not indicative of the future C2SIM syntax) 
of how a tactical message may be decomposed into multiple communicative acts.  
Multiple context references are required too; the WARNO above describes: 

• the current situation and request for action (‘standard context’) 
• why the WARNO is issued (‘hypothetical context’, e.g., anticipated future action 

by enemy) 
• what action might be issued in the near future (‘planning context’, an activity to 

be requested in the future, but not currently issued) 



While this may seem complicated at first look, the handling of complex messages and 
referencing multiple context frames is central to the entity communications that C2SIM 
will enable. 

3.4.3 Applying	FIPA	ACL	to	C2SIM	

We have described the general applicability of FIPA ACL to C2SIM Tasking-Reporting, 
but more touchpoints are worth mentioning.  First, reports and orders are often crucial 
components of exercise planning and simulation initialization.  Historical intelligence 
reports (leading up to exercise start) and initial force plans and orders are often issued 
during initialization.  Therefore, C2SIM Initialization documents may include Tasking-
Reporting messages, indirectly applying FIPA ACL to initialization processes. 
 
Secondly, the constructs provided by FIPA ACL are not explicitly provided in the MIM, 
but the MIM does include structures for building plans, orders, and reports.  MIM focuses 
on operational context of those message types while FIPA ACL emphasizes the 
fundamental interpretation of actions, so the two are largely complementary rather than 
contradictory. 
 
Applying FIPA ACL to C2SIM will mitigate some of the difficulty with partial or 
incomplete implementations of interfaces.  C2SIM will aid engineers to evaluate whether 
two system, simulations, or entity models are compatible in the following ways.  First, 
the relatively small number of communicative acts limits and focuses the communication 
interfaces between systems, simulations, and entities.  Second, when ontologies are the 
foundation for message content, it is easier to evaluate whether two systems can 
communicate: if they are using the same ontology and the same message sets, then they 
can interoperate; if not, then they cannot. 
 
This idea of assessing the compatibility of C2SIM implementations leads to other 
opportunities to help the systems engineering lifecycle of simulations and entity models.  
Once C2SIM ontologies and community extensions are established, they can be 
published and reused by other engineers.  Similarly, the communities’ C2SIM message 
structures and conversation protocols can be published and reused too.  An open ‘market’ 
for C2SIM components would bring visibility to the solutions built for coalition, national, 
service, etc. levels of doctrine.  Finally, as compliant services and entity models are built, 
their ‘interface profile’, that is the set of messages and ontologies for which the model is 
built, can also be published within communities, to foster software and service reuse and 
to simplify the assessment of which services and entity models can work together. 



4 Conclusions	and	Future	Work		
This paper demonstrates the need and scope of a semantic model for C2SIM.  In the past, 
the language, grammar, interoperability mechanisms and frameworks have been 
discussed and the scope for C2SIM has been analyzed.  Recent consolidation of C-BML 
and MSDL has created this unified development platform for C2SIM that can fuel future 
growth.  The success of C2SIM is dependent on successful interoperation of systems in 
coalition environments.  Interoperability on the semantic level is essential for effective 
interoperability.  This paper sketches a path forward for semantic interoperability using 
OWL.  Preliminary OWL ontologies for C2SIM have been built and can be used in future 
development.  We have demonstrated the usefulness of a base C2SIM ontology created 
from XML schemata.  We have explored interworking between C2SIM semantics and 
MIM.  This interworking is essential to ensure interoperation between C2SIM and MIM.  
In addition, we discussed improvements in MIM that will help in future interoperation. 
 
There is scope for future work to incorporate MIM semantics into C2SIM.  It would also 
be interesting to use existing frameworks [21] to analyze alignment between C2SIM 
ontology and MIM based ontology.  Future work can also focus on applying text-mining 
techniques on doctrinal documents to extract domain relationships. 
 
Finally, we have made a case for incorporating the FIPA Agent Communication 
Language into the C2SIM standards.  Applying FIPA ACL in conjunction with the 
domain semantics provided by MIM will lead to standards that are more powerful and 
extensible while becoming easier to maintain and integrate. 
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