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Abstract 
 

Under the topic of C2-Simulation Interoperability (C2SIM), NATO and SISO develop 

formalisms to allow military organizations to link their C2 and simulation systems 

without special preparation in order to support staff training, after action analysis, and 

decision support among others. One of these formalisms is Military Scenario Definition 

Language (MSDL) by which simulation systems easily can be initialized. Another one is 

Battle Management Language (BML), which allows exchange of orders and reports 

among the systems. For both formalisms, SISO has published standards. Today’s Military 

Scenario Definition Language (MSDL) and Battle Management Language (BML) have 

been merged due to the work of NATO’s S&T MSG-085 “Standardization for C2-

Simulation Interoperation” (Pullen et al., 2013) so that the technology is mature enough 

for application (Pullen & Khimeche, 2014).   

 

In order to complete the program, BML needs to be grounded in an ontology 

(Singapogu, 2014). The Coalition BML (C-BML) standard, version 1, had been grounded 

on the JC3IEDM insofar as C-BML uses terms for which the JC3IEDM provides 

definitions. Since JC3IEDM is published as NATO standard STANAG 5525, NATO had 

agreed upon these definitions. As a result, the C-BML expressions are lexically 

unambiguous. Although the JC3IEDM is a data model and not an ontology, its 

successor, the MIP Information Model (MIM), not only provides the same standardized 

term definitions as the JC3IEDM does but also incorporates more of those features and 

properties demanded for an ontology.   

 

Within this paper we discuss how the MIM can be developed further so that it will 

become the ontology BML should be grounded upon. From a technical point of view, 

Gupton et al. (2011) already argued that information from all kind of models, among 

them the JC3IEDM and the MIM, should be remodeled in OWL so that that information 

is available in an ontological representation. The paper at hand is more about the 

content than the technical aspects. The most important aspect of our approach is as 

follows. The backbone of an ontology is its taxonomy by which all the concepts, 

represented as classes, are related to each other according to hyponymy. The MIM 

already comes with such a taxonomy. However, that taxonomy does not include 

communication acts which however are needed to represent information exchange with 

BML. Therefore, the MIM taxonomy should be expanded by a taxonomy branch for 

communication acts. Schade et al. (2010) already suggested that BML messages can be 

categorized in the tradition of speech act theory (Austin, 1962; Searle, 1969, 1979). In 

addition, Gupton & Heffner (2012) proposed a taxonomy branch for communication 

acts referring to the theory of speech acts as well. In sum, these suggestions can and 

should be joined to incorporate classes for communication actions into the MIM.  

 

 

 



1. Introduction 
 

In the introduction, we will provide some background information on C2SIM in general, 

and on BML and C-BML (section 1.1) as well as on the MIM (section 1.2) in particular. 

We will argue that an ontology is needed in order to grant semantic interoperability in 

C2SIM and that such an ontology should include a branch representing military 

communication. In chapter 2, we will present some insight from speech act theory 

(section 2.1) that can be exploited to build the ontology branch representing military 

communication. Chapter 2 will be completed by presenting some examples that show 

the usefulness of the ontology discussed in the section before. The paper will be finished 

with a look ahead (chapter 3) and the reference list. 

 

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. It is based on previous standardization 

efforts called Coalition Battle Management Language (C-BML) and Military Scenario 

Definition Language (MSDL). MSDL is a SISO standard for initializing simulations 

(Wittman, 2009). C-BML is a standard by which C2 tasking and reporting information 

can be exchanged. MSDL and C-BML are aligned to each other (Pullen et al., 2012, 

2013; Remmersmann et al., 2012) 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 done by the use of C-BML. In the following sub-section, we take a 

more detailed look on C-BML and the history of its development which leads us to more 

C2 standards, namely the JC3IEDM and its successor, the MIM, which are discussed in 

section 1.2. 

 

 

1.1 Background on BML and C-BML 

  

Battle Management Language (BML) had been envisioned as an unambiguous language 

for command and control simulated forces conducting military operations (Carey et al., 

2001; Blais, Galvin & Hieb, 2005) so that simulations can be integrated into staff 

training, planning, decision support, and after action analysis. NATO RTO Modeling and 

Simulation Group 048 “Coalition Battle Management Language” developed first 

versions of BML and tested and evaluated the results successfully (Heffner et al., 2010). 

MSG-048, which was awarded the NATO STO 2013 Scientific Achievement Award, was 

continued by MSG-085 “Standardization for C2-Simulation Interoperation” (2010-2014) 

and MSG-145 “Operationalization of Standardized C2-Simulation Interoperability” 

(started in 2016).  SISO already approved one of the NATO groups’ BML version, namely 

Coalition BML (C-BML), version 1, as standard. However, SISO envisions a version of 

BML that is semantically grounded on an ontology so that systems in general and 

simulation systems in particular can resort on the knowledge represented in that 



ontology whenever such a system needs to interpret a BML message. The knowledge 

that needs to be represented in such an ontology is knowledge about military 

operations in general and military communication in particular.  

 

BML in general and the SISO approved C-BML, version 1, in particular refer lexically to 

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). Since the MIP serves as military standardization 

organization for its 24 member nations, NATO, and EDA, the JC3IEDM is a NATO 

STANAG, namely STANAG 5525. As such it provides agreed upon definitions for 

thousands of terms from the military domain in general and the C2 domain in particular. 

It can be said that the JC3IEDM provides meaning and thus the semantics for these 

terms. This semantics is standardized from the NATO point of view and therefore the set 

of these terms had been taken for BML as vocabulary.  

 

 

1.2 Background on the MIM 

 

The JC3IEDM is a data model. As a first step to advance this data model into an 

ontology, the MIP created the MIM (MIP Information Model; www.mimworld.org). 

Apart from some additions and some deletions, the MIM kept the JC3IEDM’s terms and 

their agreed upon definitions, cf. Gerz & Bau (2012) and Gerz et al. (2015) for a 

discussion of the differences. One of these differences, however, is the following: the 

hierarchy of terms in the MIM is significantly stricter, respecting hyponymy as demanded 

for taxonomies that build the backbone of ontologies. Thus, the MIM is a fitting starting 

point if one wants to ground BML ontologically. 

 

In the following, we will concentrate on the branch of the BML ontology that is needed 

to represent knowledge about military communication. Currently, the MIM does not 

include this branch in detail, i.e., in all the details we think are mandatory for 

representing that knowledge. In contrast, the MIM includes lots of concepts and 

knowledge on military operations (besides the communication aspects). Singapogu, 

Gupton & Schade (2016), as a complementary paper to the paper at hand, discuss how 

this can be exploited for the BML ontology. 

  

  

2. An Ontology for C2SIM 
 

In this chapter, we first take a look at speech act theory (section 2.1). Speech act theory 

makes available the linguistic knowledge on communication in general. We will use this 

linguistic knowledge to build the ontology branch representing military communication 

as discussed in section 2.2. Subsequently, we present examples that show the usefulness 

of the ontology in C2SIM. 

 



 

2.1 Towards the Ontology: A Taxonomy for Communication Acts 

 

In order to communicate, people exchange messages. In military communication, these 

messages most often are either reports, or orders, or requests. All these kinds of 

messages serve a specific purpose and come with specific constraints that restrict and 

determine their wordings and their phrasings. These kinds of military messages also 

come with specific expectations about appropriate answers and reactions. If military 

communication is formalized so that it can be directed to a system, e.g., to simulated 

units in a staff training exercise, some of those constraints and expectation can be 

represented in the exchange formats, e.g. in form of XML schemata. Other constraints 

and expectations, especially those that are grounded in doctrine and that contribute to 

the military discourse knowledge of professional soldiers cannot be formalized that 

easily. However, some of those can be represented in an ontology about military 

messages so that the automated communication between systems can tap into and 

exploit this knowledge.   

 

The backbone of an ontology always is a taxonomy. A well-known taxonomy for 

messages is suggested by speech act theory (Austin, 1962; Searle, 1969, 1979). Searle 

differentiated the following five classes of speech acts: assertives, directives, 

commissives, expressives, and declarations. They differ in the speaker’s intention. 

Military communication mainly consists of assertives and directives. By a speech act of 

type assertive, the sender conveys information to the addressee. Reports are of that 

type. In comparison, a complaint is an example of an assertive that is rare in military 

communication. A directive is a speech act by which the sender wants to move the 

addressee to act (according to the sender’s intention). Orders and requests are 

directives. However, what is called “order” in the military context often is a complex 

document that consists of many paragraphs and sections: lots of those are purely 

assertive, only some of them include directives. We will come back to this aspect in 

section 2.2. Examples for non-military directives are pleas and challenges. By a 

commissive, the sender commits to act as expressed in the commissive. For example, the 

commander might commit to meet a request. We will call that kind of commissive a 

commitment. Other commissives are vows or (verbally expressed) threats. We can 

neglect the latter with respect to automated military communication. By an expressive, 

the sender expresses his or her emotions which we also can neglect here. Last but not 

least, there are declarations. Declarations are specific because the world changes 

immediately, if they are carried out correctly. For example, if the head of one state 

declares war on another state those states are on war thereafter. Declarations are rare in 

military communication but may occur in form of promotions or degradations. 

 

Speech acts may be successful or not. For example, a military report is successful if the 

reported content is integrated into the operational picture and thus contributes to the 

situation awareness of the addressee. Whether or not a speech act will be successful 



depends on several aspects. The most important aspects are the wording of what is 

conveyed in the communication and the situation as such. With respect to the wording, 

it is important to avoid ambiguous expressions. If the addressee does not capture the 

sender’s intent due to ambiguous terms, she/he cannot act according to that intent and 

the speech act fails. Humans have a much broader knowledge about the world in 

general and military aspects in particular than computational systems. Thus they often 

are able to circumvent ambiguities and to recognize the sender’s intention. However, in 

order to minimize the change for ambiguities and, as a consequence, for misinterpreting 

the intention, military communication among humans is restricted by doctrine to specific 

wordings and specific patterns of expressions and replies. These doctrinal aspects had 

been taken into account during the development of BML (and C-BML). Even more, since 

BML is used for communication with or even among systems which cannot fall back on 

broad knowledge about the world as such, remaining potentials for ambiguity of 

expressions have been eliminated. Thus, the ambiguity problem should not arise. 

However, speech acts may also fail because of situational factors. For example, if the 

sender is not authorized to assign a task to the addressee, the respective directive will 

fail. Such situational factors must be respected in a simulation so that simulated units 

act as if they were real units. This means that the situational factors have to be 

represented in the communication branch of the ontology.   

 

 

2.2 How to Build the Ontology 

 

The first step to build an ontology is to determine its domain. The ontology has the task 

to represent knowledge about that domain, especially that knowledge we want to 

exploit in some applications. The MIM’s domain is the domain of military operations. 

Thus, it represents, among other things, knowledge about military units and military 

actions. However, military communication is underrepresented.  

 

As a first approach to build the ontology branch that represents knowledge about 

military messages we extract a taxonomy out of speech act theory and (with military 

communication in mind, only) we get the following:  

 

0) Thing 
   1) SpeechAct 
      2) Assertive 
         3) Warning 
        3) Report 
      2) Directive 
        3) Order 
         3) Request 
      2) Commission 
   3) Commitment 
 
Figure 1: A simple taxonomy for communication branch of the ontology derived from speech act 

theory 



 

This taxonomy can also be found in Gupton & Heffner (2012), cf. figure 2. 

 

  
 

Figure 2: The communication branch of the ontology as proposed by Gupton & Heffner (2012).  

 

If we want to represent BML messages in our ontology, we enlarge our taxonomy with 

information that is covered in military speech acts.  

 
0) Thing 
   1) SpeechAct 
      2) Assertive 
         3) Warning 
        3) Report 
      2) Directive 
        3) Order 
         3) Request 
      2) Commission 
   1) InformationStructure 
      2) Header 
      2) Body 
        3) ReportBody 
         3) OrderBody 
   1) InformationSection 
      2) ReportSection 
  2) OrderSection 
         3) CommandIntent  

3) Execution        
   1) InformationLines 
      2) ReportLine 
      2) CommandIntentLine 
  2) TaskAssignmentLine 

 
Figure 3: the taxonomy for communication branch of the ontology enlarged 



 

 

Beyond the hierarchical listing of information, the taxonomy then can be developed 

towards an ontology by adding knowledge that connects the branches among one 

another, often by specifying part-of-relations among the classes in the ontology’s 

taxonomy. Examples for such added knowledge are: (a) a BML message always is a 

speech act and as such consists of both a “Header” (providing information about the 

sender, the addressee, the sending time and so on) and a “Body” (expressing the 

messages content); (b) the body of a BML report is of type “ReportBody” which consists 

of “ReportLines”; (c) the body of a BML order is of type “OrderBody” and consists of 

(optionally) a section “CommandIntent” that by itself consists of 

“CommandIntentLines” and mandatorily a section called “Execution” that consists of 

“TaskAssignmentsLines”.  However, in orders, especially in operation orders, there are 

sections like “Situation” which list information to be made known to the addressee. 

From the speech act theory’s point of view “Situation” is assertive and not directive. 

Therefore, if a “Situation” section is part of a BML order’s body, that section will consist 

of “ReportLines” (cf., section 3.4 in Singapogu et al., 2016, for a corresponding 

argument with respect to Warning Orders). Constraints and restrictions also constitute 

knowledge and thus can and need to be integrated. Figure 4 shows the constraint that 

a speech act must have a “Header” and a “Body”.  

 

 
 

Figure 4: Linking Classes beyond the taxonomy 

 

 

 

2.3 How to Use the Ontology 

 

An ontology about military messages in general and BML messages in particular should 

include two aspects to improve communication in military simulations. First, it should 

express speech act specifics and, second, it should incorporate a set of syntactic and 

semantic restrictions that the messages have to meet. The speech act specifics define 

the responses that the sender of the message can expect from the addressee. For 

example, the addressee of a message often is expected to acknowledge the receipt of 



the message. Furthermore, the addressee of a request is expected to inform the 

requester whether the request is granted or denied. These kinds of acknowledgements 

allow the sender (as well as the addressee) to plan further actions without running into 

the danger of producing conflicting ones. Conflicting actions have the potential to result 

in loss of valuable time, of material, or even in casualties, e.g. by friendly fire. Therefore, 

they strictly are to be avoided in military actions. However, during staff training, 

communication that leads to conflicting actions needs to be allowed so that the trained 

officers learn to see problems coming and how to avoid them. This demonstrates that 

successful communication training with simulated units needs to respect the speech act 

specifics that are common in interhuman communication but often are lost when 

systems are involved. So, the speech act specifics need to be represented in the ontology 

and used within training. In addition, communication during staff training should also 

allow for reports that are not exactly true but somewhat deviate from the ground truth 

simulation systems operate on. Such deviating reports, however, cannot be generated 

randomly. They need to be consistent with respect to their own sequence. For example, 

a report about an already reconnoitered hostile unit, beforehand reported with a wrong 

indication of size (say “platoon” instead of “company”, for example), should not 

suddenly be reported with the correct indication of size without any additional remark 

(“oh, it even might be a whole company”). All these kinds of speech act specifics, some 

of them demanded by doctrine, need to be represented and exploited. This forms an 

important case for how to use the military communication branch of the ontology.     

 

Another case how to use the ontology comes from the syntactic and semantic 

restrictions that are represented within it. These restrictions can be used to check 

messages for syntactic and semantic completeness and consistency to form linguistically 

useful speech acts. For example, an order line by which an attack is tasked should 

include information about a unit that is to be attacked, and this unit needs to be hostile, 

but not friendly or neutral. The latter constraint is a semantic constraint since an attack 

task should always affect hostile units in opposite to other tasks like a support task that 

should be directed at friendly or neutral units. The fact that an attack task has an 

affected unit as argument at all is, from a linguist’s point of view, in part a syntactic 

constraint (“attack” comes with a direct object) and in part a semantic constraint (in 

contrast to “seize” which is directed to an area and which thus comes with a direct 

object denoting that area, “attack” is directed to a unit).     

 

Beyond checking messages for potential conflicts with other tasks or for linguistic 

completeness and consistency, the ontology can also be used in planning applications as 

part of a simulation system or part of a C2 system. In orders, tasks are assigned to units. 

If a simulated unit receives several task assignments, the simulation system is supposed 

to let the simulated unit execute these tasks. A BML line assigning exactly one task has 

to specify time and location in order to determine when and where the task is supposed 

to be executed. The simulation’s planning tool can exploit this information to generate a 

plan that specifies the order according to which the assigned tasks are executed. This 



may include movements of the unit if consecutive tasks are supposed to happen at 

different locations and that may entail additional tasks that the simulation system 

assigns to other simulated units so that these units support the original one, e.g., 

logistically. Logistic support can be triggered by action knowledge represented in the 

ontology. E.g., the representation of each unit type might include a list of tasks such a 

unit can perform and it might also list the strengths in persons and equipment and the 

amount of consumables, like gas or munition, necessary to execute a task in question.     

 

 

3. The Way Ahead 
 

As has already been suggested by SISO, C2SIM should include means that represent 

knowledge about military operations in general and military communications in 

particular. Ontologies offer the chance to represent knowledge to be exploited by 

systems like C2 or simulation systems, automatically. Thus, in this paper, we argued for 

developing a C2SIM ontology. This ontology can be based on the MIM. However, since 

the MIM does not represent military communication actions sufficiently detailed, a 

military communication branch for the proposed C2SIM ontology should be based on 

insights from speech act theory. Nevertheless, what will be represented in that ontology 

branch should be considered by the MIP community for integration into the MIM as 

well.   
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