
Analyzing	   the	   usability	   of	   BORO	  
method	   for	   semantic	   interoperability	  
in	  the	  military	  context	  

 

 

Ming Xie 

 

Xiao Zhou 	  

 

 

 

 

 

 

 

 

 

 

 

Department of Computer and Systems Sciences 

Degree project 30 HE credits 

Degree subject: Computer and Systems Sciences  

Degree project at the master level 

Spring term 2012 

Supervisor: Jelena Zdravkovic  

Reviewer: Theo Kanter 



	   	  

Abstract	  
 
In the context of military field, more and more international coalitions among allied forces have taken 
place. Information from heterogeneous systems needs to be exchanged without misinterpretation so the 
involved participating actors can share a common situational awareness regarding certain data and/or 
messages. This, in turn, requires the preservation of the intended meaning not only on the syntax, 
language, and representation level, but on a semantic level as well. 
 
The application domain of the Business Object Reference Ontology Program (BORO) method focuses 
on the development of ontological or semantic models for large complex operational applications, 
especially in the military context. It is chosen by FOI, the Swedish Defense Research Agency in the 
field of Information Systems, to apply to their Semantic Interoperability (SI) project. 
 
The goal of this thesis is to investigate how BORO method can be implemented for aligning the data 
and/or messages between the Swedish Armed Forces and other military organizations on a semantic 
level for the FOI SI project. To achieve this goal the design science research methodology is conducted 
through a series of steps. The analysis regarding the usability of BORO method for FOI to obtain 
semantic interoperability in its project will be demonstrated as the result of this thesis, which can also 
be utilized as a reference for other military organizations when conducting activities of information 
exchange. 
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1 Introduction	  

1.1 Background	  
 
Nowadays, the collaborations among different organizations are increasing rapidly. Information from 
heterogeneous systems needs to be exchanged without misinterpretation so the involved systems can 
share a common situational awareness regarding certain data and/or messages . Not only in the form of 
syntax, language, and representation, information between heterogeneous systems differs in the aspect 
of semantics as well. However, the traditional means of exchanging information across different 
systems does not guarantee that the intended meaning of semantic is preserved. Therefore, in order to 
perform a successful collaboration among participating systems, semantic interoperability must be 
established. 
 
In the context of military domain, more and more collaborations are taking place within an 
international coalition of allied forces. In order to decrease the occurrence of safety issues, the 
reliability of communication of the critical information must be taken into consideration. This, in turn, 
requires that any two co-operating parties are interoperable on a semantic level during the exchange 
process.  
 
The concept of ontology is then involved to assist in addressing this issue. It is known as an explicitly 
defined and machine-readable knowledge-based approach, captures mutual understanding of the 
exchanged information between heterogeneous systems on the semantic level (T. R. Gruber, 1991). If 
the participating systems describe the information in the form of ontologies, the interoperability will be 
achieved through the application of aligning semantically corresponding concepts. Consequently, the 
correctness of interpretation on the information will be assured. 
 
Due to the cognition of current insufficient development process of heterogeneous systems integration, 
the Swedish Armed Forces has identified the demand for pursuing research on how to reduce the 
threats and risks accompanied by information communication across multiple organizations by 
applying semantic techniques. FOI, the Swedish Defense Research Agency in the field of Information 
Systems, mainly works on research, method and technology development, as well as studies conducted 
in the interests of Swedish defense, safety and society security. Since 2007, it has carried out research 
and development in the field of semantic interoperability by the commission of Swedish Armed Forces 
to achieve the goal of addressing the safety issue arisen from international coalitions. Based upon the 
accomplishment from the first assignment of this research, now it has come into the phase of 
demonstrating the final prototype development. The outcome will be a prototype system, which is 
capable of demonstrating the advantages of the semantic concepts in command and control systems 
integration (Vahid M et al., 2011). And this prototype should be constructed around a real life case 
where multi-functional and/or multi-national co-operation are in focus. 
 
As a generic solution for addressing semantic interoperability, SILF (Semantic Interoperability Logical 
Framework) is introduced by the purpose of mediation to structure and relate elements in order to 
facilitate the interoperability of messages between communicating parties (Vahid M et al., 2011). The 
fundamental idea is to foster the use of semantic descriptions of all the information to be exchanged 
and then take advantage of a number of existing and emerging ontologies to elaborate the semantic 
interoperability.  To develop and apply this architecture, the information exchange is orchestrated into 
a number of stages by SIDEP, which stands for the Semantic Interoperability Development and 
Execution Process. This life-cycle process encompasses four phases: Preparation, Configuration, 
Operation and Post-Operation. Each phase is distinct and includes one or more activities. In preparation 
process, the participating systems accommodate their information structure to new, ontological formats 
and submit the semantic descriptions. Configuration phase will proceed harmonizing this process and 
create the mapping rules for ontology operations based on the task objective and scenario. In the 
operation phase, transformation across different systems is implemented in run-time and analysis on 
the results will be made in the post-operation phase as well as the proposals for future improvement. 
 
The BORO (Business Object Reference Ontology Program) method is used to develop ontological or 
semantic models for large complex operational applications, especially in the military domain. The 
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approach consists a top ontology and a process for constructing the ontology. It was developed in order 
to gather ontologies from the legacy systems, when modernize software or in an architectural 
transformation (Partridge C, 2005). It is the analysis method used in the development and maintenance 
of the U.S. Department of Defense Architecture Framework (DoDAF) Meta Model (DM2). The BORO 
method is a simple, repeatable process for developing formal ontologies. The method takes an 
extensional approach to ontology development. The advantage of BORO over other methods is that its 
grounding in physical reality, which means if followed to the letter, the method will always produce the 
same ontology given the same inputs. This makes it particularly powerful for comparing multiple data-
sources for semantic matches/mismatches and for re-engineering multiple legacy systems into a 
coherent whole. The purpose of this method is to improve the quality of information and information 
models, to integrate multiple information sources and extract hidden semantics. 
 
According to the requirements from FOI, the BORO method should be utilized on the FOI semantic 
interoperability project to address the issue of semantic heterogeneity in the coalition operations 
between the Swedish Armed Forces and other military organizations. 
 

1.2 Problem	  statement	  
 
Disagreement regarding the meaning and interpretation of exchanged information occurs during the 
communication process between heterogeneous systems. This, in turn, can lead to serious safety issues 
in the context of military domain. Thus, multiple interpretations of data by different parties must be 
handled.  
 

1.3 Research	  question	  
 
Regarding the problem we elicited above, the research question is defined as, ‘How is the BORO 
method utilized for solving the semantic heterogeneity issue in the military context?’ 
 

1.4 Goal	  
 
This thesis aims to investigate how the BORO method can be implemented for aligning the data and/or 
messages between the participating actors on a semantic level for the FOI SI project. The investigation 
encompasses both theoretical and empirical aspects. 
 

1.5 Purpose	  
 
The purpose of this thesis is to analyze the usability of the BORO method for the FOI to obtain 
semantic interoperability in its project. The results can also be utilized as a reference for other military 
organizations when conducting activities of information exchange. 
 

1.6 Research	  methodology	  summary	  
 
Given by the objective of this thesis, we firstly limit the options of the research methodology between 
Action Research and Design Science. In the first section of the Methodology chapter, we provide an 
explicitly comparison to illustrate the similarities and differences between these two approaches. We 
decide to select the design science approach to navigate our study as it fits more to the concerns of this 
thesis. Then we narrow down the scope within the design science approach domain and introduce the 
Design Science Research Methodology (Peffers et al., 2008), which is a synthesis work of several 
previous presentations and papers in the field of the design science approach. We consider this 
methodology as an upgrade version of the design science approach because it addresses the lack of a 
common model for guiding the reviewers to evaluate the results of the research, which exists in the 
design science approach. Therefore, we finally decide to apply the Design Science Research 
Methodology to our research. 
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Six activities are carried out in this methodology. 

1.6.1 Activity	  1.	  Problem	  identification	  and	  motivation	  
The research problem has been stated in the beginning, while the motivation for the collaborators to 
pursue the result is given by recognizing the importance of the solution will bring, which is to help FOI 
address the semantic interoperability issues for the SI project.  

1.6.2 Activity	  2.	  Define	  the	  objectives	  for	  a	  solution	  
The objective is inferred by designing a solution to solve the semantic interoperability problems 
through the application of the BORO method. This inferred objective would be utilized as a qualitative 
description of how to apply the BORO method to support the information exchange between different 
systems. 

1.6.3 Activity	  3.	  Design	  and	  development	  
This activity is considered as the core of the design science approach. Based upon the literature study 
on previous cases by applying the BORO method (Partridge C, 2005), we will propose a solution for 
the following three cases that contain different forms of data derived from the systems respectively. 
They are, 

• Alternative1: Having both meta-data and toy-instance data derived from the systems 
• Alternative 2: Having only meta-data derived from the systems 
• Alternative 3: Having only instance data derived from the systems 

  

1.6.4 Activity	  4.	  Demonstration	  
A case study of data from C-ICE 2011 scenario will be performed as the demonstration of the BORO 
method to solve semantic interoperability problems exist in the SI project. 

1.6.5 Activity	  5.	  Evaluation	  
The feasibility and efficiency of the solution will be assessed in this activity. The strength of the BORO 
method will be measured on each alternative so the organization can decide whether to employ this 
method when they have different types of data resources at hand. 

1.6.6 Activity	  6.	  Communication	  
During the seminar and meetings with practitioners from the FOI SI project, discussion regarding the 
outcome of the artifact of this thesis in the aspects of utility and effectiveness of the BORO method 
application will be carried out. Knowledge is transferred and disseminated through this process. 
 

1.7 Related	  work	  	  
 
The definition of interoperability defined by (IEEE, 1991) is the ability of two or more systems or 
components to exchange and use shared information. The systems should be able to access, process and 
interpret such information when data exchange is needed. For instance, when different applications 
mean different things by using similar or even the same terms, they will need to solve the 
interoperability conflicts. In our thesis, the work is focused on semantic aspect, which is closely tied to 
the systems or components domain. Semantic interoperability is defined as the ability that two or more 
heterogeneous and distributed systems or components collaborate and share information with common 
understanding of its meanings (Buranarach, 2001). There are different communities dealing with the 
semantic interoperability problem, such as Service-Oriented Requirements Engineering (SORE) 
(KeQing He & Peng Liang, 2010), Biomedical Research Systems (George A. Komatsoulis, Denise B, 
2007), Emergency Response System  (Zhengjie Fan & Sisi Zlatanova, 2011) and Electronic 
Prescription Systems (EPS) (Juha Puustjärvi & Leena Puustjärvi, 2010). According to the article 
(Visser et al., 2000), there are three ways of solving the semantic interoperability problem, which are 
centralized, decentralized and hybrid. The centralized approach is that all the interacted systems use the 
same common ontology to internally share the data and to communicate with other systems. In this 
approach, interoperability is not a problem as all the systems/applications are sharing the same 
ontology to describe the domain where they interacted. In the decentralized approach, each 
system/application has its own ontology to internally create and manage the data and to interact with 
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other systems or applications. In order to get the full semantic interoperability, each system/application 
has to create correct mappings from the ontology it uses, to the ontologies all the other interacted 
systems/applications use. In the third case, each system/application has its own internal ontology to 
represent the domain. Furthermore, there is a common domain ontology, which is used as a middleware 
and this common ontology is mapped to all the individual internal ontologies. The system/application 
will use the interaction with other systems through the mapping from its own ontology to the common 
ontology. 
 
Before the emergence of the BORO method, there are several other tools supporting semantic 
interoperability approaches. The first one is the Resource Description Framework (RDF) (O. Lassila & 
R. R. Swick, 1999), a standard from the W3C (The World Wide Web Consortium) for representing 
meta-data on the web, and its accompanying schema language RDFS (D. Brickley & R.V. Guha, 2000). 
The RDFS provides some modeling primitives, which can be used to define a vocabulary for a specific 
field. The RDF is mainly intended for describing explicit meta-data about web resources, but does not 
give semantics to the structure of a document. Therefore, RDF does not answer the question how the 
structure of a document and conceptual terms are mapped to each other. The XML Schema is designed 
and developed to achieve this task. It is a standard for describing the structure, content and semantics of 
the XML based documents (Klein.M et al., 2001). It also provides vocabulary for defining information 
sources that are aimed at exchange. As the most well known tool for utilizing semantic interoperability, 
the OWL Web Ontology Language is designed for the use by applications that need to process the 
content of information instead of just presenting information to people (W3C Recommendation, 2004). 
It can be used to explicitly represent the meaning of terms in vocabularies and the relationships 
between those terms. It facilitates greater machine interpretability of Web content than that supported 
by the XML, RDF, and RDF Schema (RDF-S) through providing additional vocabulary along with a 
formal semantics.  

Nevertheless, although these modern methods mentioned above tend to improve the efficiency of 
semantic interoperability solutions, a lot of them still depend on the analysts’ domain knowledge and 
linguistic interpretation.	    
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2 Extended	  background	  

2.1 Ontology	  
 
Ontology is an explicit description of a conceptualization (T. R. Gruber, 1993). A conceptualization is 
an abstract, simplified vision of the world that we want to represent. Every knowledge base, 
knowledge-based system, or knowledge-level agent is committed to conceptualization, either explicitly 
or implicitly. Ontology is a model for describing the world, which represents entities, ideas, and events, 
along with their properties and relationships in an explicit manner. It includes a set of types, properties, 
and relationship types, based upon the system categories. 
 

2.2 Semantic	  Interoperability	  
 
According to Thomas Bittner and Maureen Donnelly (2004), communication is an exchange of 
information between a sender and a receiver. The information is represented in the form of languages 
and symbols, which are required to specify the entity, as well as the relationships that the entity refers 
to, for the concerns of describing the information more explicitly. 
 
Both in the real world and in the computer systems, communication may be influenced by the fact that 
the sender and the receiver use different languages or symbols to describe the same thing. Or, vice 
versa, they may use the same language or symbol to describe different entities. This, in turn, leads to 
the misinterpretation that takes place between different systems or among a group of people. Therefore, 
exchanging information in a clear and unambiguous way is desired to achieve. Semantic 
interoperability will ensure the correctness of the transmission of information from both the sender and 
the receiver. And during this process, knowledge can be discovered and shared. 
	  

2.3 SILF	  and	  SIDEP	  
 
The Semantic Interoperability Logical Framework (SILF) consists of four main components, which are 
Common Ground, Ontology Operations, Translation Rules and Transformation (Vahid M et al., 2011). 
For the purpose of producing accurate ontology mappings, Common Ground is created to collect and 
provide knowledge resources that will serve as common references for the semantic descriptions 
supplied by independent systems. If the provided knowledge proves to be useful, reliable and validated 
for military use, then it can be placed in the Common Ground in order to support SILF’s ontological 
activities. Ontology Operations are carried out for the identification and alignment of similar concepts 
across ontologies. The output of this activity is formulated as Translation Rules, which are used for 
Transformation, where data and/or messages are converted between different systems with preserved 
semantics (Figure 1). 
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While SILF is used to provide a static perspective on the main components in the context, the Semantic 
Interoperability Development and Execution Process (SIDEP) provides a detailed insight into the 
dynamic aspect of the framework. It specifies the aim for integration and builds up necessary 
conditions for integration of the systems at hand; it is the process where the actual information 
exchange will be orchestrated. A high-level conceptual meta-model foe SIDEP is shown in Figure 2. 
 
 

	  
Figure	  2:	  A	  High-‐level	  Conceptual	  Model	  For	  SIDEP	  (Vahid	  M	  et	  al.,	  2011) 

 
In this thesis, we focus on the first step of the first phase of SIDEP, Preparation, where individual 
actors, such as military organizations or units use SILF to submit information under the assurance of 
semantic interoperability (Figure 3).  
 
 
  

Figure	  1:	  An	  Overview	  Of	  SILF	  (Vahid	  M	  et	  al.,	  2011) 
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Figure	  3:	  Preparation	  Phase	  (Vahid	  M	  et	  al.,	  2011) 
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The activities of Phase Preparation are as following, 
 
• Create	  and	  register	  semantic	  description	  

In the first step, each semantic interoperability actor is supposed to create and submit the model of its 
knowledge base to SILF in the form of a semantic description. The core requirement here is that the 
given document should describe the meanings of the included information and in a machine-readable 
way. The semantic description should provide a structure of all the information concepts, their 
relationships and constraints expected by the actor to relate to his future SI tasks. The input of the 
service is the semantic description, which is checked by SILF for compliance with accepted formats for 
artifacts. If the semantic description complies, the document is stored in the semantic description 
repository of SILF, otherwise the actor has to re-design or edit its semantic description and then re-
submit it to the framework. 
	  
• Control	  consistency	  of	  the	  registered	  semantic	  description	  
In this activity, an internal service of SILF is executed to perform a detailed consistency checking of 
the registered semantic description. Therefore, the correctness of the semantic description is verified. 
	  
• Map	  semantic	  description	  to	  Common	  Ground	  
In the last sub-phase, the registered semantic description will be mapped to a reference knowledge base 
of resources that acts as a semantic foundation within SILF. These resources will be used in order to 
build consistent ontology mappings between the semantic descriptions delivered by the independent 
actors. Thus, all the information resources that can be useful for bridging the semantic gap between the 
systems that interact with each other should be placed in the Common Ground. 
 

2.4 The	  BORO	  methodology	  
 
The BORO methodology is designed to re-engineer the entity-based business ontology paradigms 
embedded in existing computer application systems to transform into ontology business paradigms 
(Partridge C, 2005) (shown in Figure 4). We will depict the central concepts of BORO methodology in 
this section.  

2.4.1 Entity	  paradigm	  	  
 
The entity paradigm’s fundamental particles consist of four elements, which are, 

• Entity, 
• Entity type, 
• Attribute, and 
• Attribute type.  

 
The relationship between individual entities and entity types is many-to-one, as well as individual 
attributes and attribute types. The individual attributes belong to individual entities; they determine 
how an entity appears; they are the inherent features of an entity. The similar relationship applies to the 
attribute types and entity types. For each of the particles, the BORO methodology works through a 
series of stages that transmutes their entity formats into a more sophisticated object model. 

Figure	  4:	  Two	  Re-‐engineering	  Steps	  (Partridge	  C,	  2005) 
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2.4.2 Substance	  paradigm	  	  
 
Aristotle introduced the concept and structure of the substance paradigm in the 4th century BC. This 
paradigm and the entity paradigm share similar fundamental particles, but in the substance paradigm, 
entity is called substance instead, while the name for attribute stays the same. The main difference lies 
in the secondary level (the substance paradigm’s name for the type level), where the substance 
paradigm is more powerful. That means in the entity paradigm, types are restricted to a single level, 
whereas on the secondary level of the substance paradigm, hierarchy exists (shown in Figure 5). 
 

	  

Figure	  5:	  The	  Substance	  Paradigm	  Corresponds	  To	  The	  Entity	  Paradigm	  (Partridge	  C,	  2005)	  

 

2.4.3 Business	  object	  ontology	  paradigm	  
 
For the object ontology paradigms, in order to make the model easier to understand and the process 
construction more systematically, the objects are allocated to one of the following three broad levels. 
Figure 6 also illustrates the different shadings for each level. The three levels are, 

• Framework level,  
• Application level, and  
• Operational level.  
 

	  

Figure	  6:	  Three	  Levels	  Of	  The	  Objects	  Paradigms	  (Partridge	  C,	  2005) 

The framework level contains the object meta-model, whereas objects in the application level will 
typically be constructed during the system development. And those that are set up during live operation 
by the users of the finished system are the operational objects. 
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2.4.4 A	  systematic	  approach	  to	  re-‐engineering	  
 
A systematic approach to re-engineering entity formats is essentially a replay of the re-engineering of 
the entity ontology paradigm into the object ontology paradigm at a more specific level. In the BORO’s 
experience, the data in most systems contains sufficient amount of the important business patterns, 
which are either spatial or temporal patterns, enabling us to construct the general patterns needed for a 
comprehensive business model. This approach divides the re-engineering process into two stages, 

• Re-engineering the entity format of the existing entity system, and  
• Re-engineering conceptual patterns for the entity format.  

 
In the first stage, the entity from a sign in the entity format is identified, and then re-engineered into 
objects, finally constructs signs for the objects in the model (shown in Figure 7). An entity is the things 
we see in the business; it’s the instinct observation from the real world. While people use a sign to 
reflect this entity in the computer system. 

 

 

 
To make the whole process much more straightforward, there is a need to choose the order in which to 
re-engineer the various elements of the entity formats. Two principles created for this demand are, 

• Re-engineer the individual entity and entity type signs before their associated individual 
attribute and attribute type signs. 

• Re-engineer a couple of individual entity (attributes) signs and use the patterns to re-engineer 
their entity (attributes) type sign. 

 
In the second stage, in addition to the steps those are similar with the previous one, a relevant 
conceptual pattern needs to be found as an initial step (shown in Figure 8).  
 

	  

Figure	  8:	  Re-‐engineering	  Conceptual	  Patterns	  Paradigms	  (Partridge	  C,	  2005)	  

	  

Figure	  7:	  Re-‐engineering	  The	  Existing	  System's	  Entity	  Format	  Paradigms	  (Partridge	  C,	  2005)	  
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2.4.5 Reference	  ontology	  
 
When the repository of general re-usable object models reaches a certain size, it starts to make 
identification, generalization and management of similar objects across projects more effective. At this 
point, it is reasonable to formally mark this change as status and we name it reference ontology. We 
categorize all these re-usable models into the framework level. However, people sometimes have 
slightly different opinions on defining the precise boundary of the framework and the application levels, 
but actually it does not matter where exactly the border is allocated in the end, as long as the majority 
of re-usable object models are inside the framework level, it is ready for re-use. 
 

2.4.6 Generalization	  and	  compacting	  
 
A key objective of business re-engineering is the objects generalization. This is what brings 
compacting and its associated benefits. An important element in generalization is recognizing the 
objects that share the same patterns. This can be achieved by constructing schemas that describe the 
pattern of relationships between objects. The way in which the schema is drawn influences how it is 
understood. In well-drawn schemas, same patterns have same shapes, making them easier to spot. It is 
worth spending time on tailoring the schemas because it encourages substantial generalization, and so 
substantial compacting.  
 
We can get a basic understanding on how refined the re-engineering is by observing the scale of 
generalization and compacting in the form of population metrics. The actual amount of generalization 
is assessed from the business model re-engineering, whilst compacting is normally measured by 
comparing the number of items in the existing entity system with that in the object model. Comparison 
on the two sets of metrics can yield the correlation between generalization and compacting. The 
population metrics are divided into framework, application, and operational levels for the object model. 
Candidate framework objects are treated as application objects until the end of the re-engineering. The 
original objects from the framework level are separated and excluded from the overall metrics; only the 
application and operational objects get reserved. However, objects in the operational level are 
eventually removed from the business model and application level objects proceeds to the systems 
analysis stage.  
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3 Methodology	  

3.1 Choice	  of	  research	  methodology	  
 
According to the goal we set for this thesis, we limit our alternatives of research methodology between 
the Action Research and the Design Science. 

 
The Action Research is an iterative process involving researchers and practitioners collaborating on a 
particular cycle of activities, including problem diagnosis, action intervention, and reflective learning. 
It integrates theory and practice through improvement and reflection in an instant problematic situation 
within a mutually acceptable ethical framework (Avison D et al., 1999). It aims to solve current 
practical problems while expanding scientific knowledge (Baskerville & Myers, 2004). 
 
The Design Science is fundamentally a problem solving process, which deals with the construction and 
evaluation of the innovative IT artifacts. It seeks to create innovations that define the ideas, practices, 
technical capabilities, and products through analysis, design, implementation, and management; it also 
desires to accomplish the use of information systems more effective and efficient (Denning, 1997; 
Tsichritzis, 1998). The fundamental principle of the Design Science research is that knowledge and 
understanding of a design problem and its solution are acquired through the development and 
application of an artifact. 
 
Järvinen P (2007) indicates that Action research and the Design Science should be considered as 
similar research approaches. He lists seven pairs of the characteristics between Action Research and 
Design Science. The noticeable similarities can be observed in the five pairs below,   
 

 Action Research Design Science 

Utility Emphasized on the future 
system 

As the criteria to measure the 
output 

Central activities Action taking and evaluating Building and evaluation 

Objectives 
Modification on existing system 
or development on a new 
system 

Improvement on existing 
product or innovation 

Problem solving practice Intervention on problem setting Initiation and collaboration 

Knowledge 
Generated, used, tested and 
modified in the course of the 
project 

Generated, used and evaluated 
through the building action  

Table	  1:	  Five	  Pairs	  Of	  Similarities	  Between	  Action	  Research	  and	  Design	  Science	  (Järvinen P, 2007) 

 
The other two pairs present some slightly differences between these two approaches. One is the 
knowledge two approaches produce respectively. The Action Research produces knowledge in order to 
guide practice in modification, which concerns process and results, whilst the Design Science generates 
various types of knowledge that relates to the design, such as concepts, constructs, models and methods 
etc. The other aspect that differentiates two approaches is the way in which the collaboration is carried 
out. For the Action Research, it is performed between action researcher and the client system whereas 
the researchers initiate the research in the Design Science, and then cooperation takes place between 
researchers and customers. 
 
Cole et al. (2005), DeLuca et al. (2008) and Gray (2009) compare these two approaches in the aspects 
of epistemology, axiology, ontology, generation of theory and selection of methods. Based on these 
contributions, Nikolaos Papas et al. (2012) point out fours issues shown subtle differences of the two 
approaches in practice. 
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• The	  role	  of	  the	  artifact 
The Action Research concerns about the observation of the improvement, which means that as long as 
the change makes success, the production of an artifact does not have to be required. However, the 
usefulness of the artifact is the premise for the evaluation of a successful research in the Design 
Science. 
 
• Structuring	  of	  the	  process	  
The Action Research can be viewed as an envelope that contains various types of methods and cycles 
within the overall process. The methods inside the envelope are able to collaborate with each other 
while the cycles can be managed separately (McKay & Marshall, 2001). In the Design Science, the 
integration of system development methods can elaborate the management of the process, but the 
choice of inappropriate methods may cause the limitation of the research. 
	  
• The	  focus	  of	  evaluation	  
The six steps process model for the Design Science proposed by (Peffers et al., 2007) provides 
evaluation as a formal component, which brings more rigors to the Design Science approach; whilst in 
the Action Research, evaluation takes place repeatedly in the cyclical process. 
 
• The	  emphasis	  on	  learning	  and	  knowledge	  
The Design Science interchanges learning and knowledge quite often. Järvinen P (2007) suggests that 
these two terms are almost replaceable. In the Action Research, learning is regarded as the output of the 
research. Davison et al. (2004) state that a key element of the Action Research is the reflective learning, 
which creates actionable knowledge for practitioners, and the knowledge on interventions for 
researchers. 

Based on the similarities and differences between the Action Research and the Design Science that we 
have discussed above, we consider the Design Science approach as a more appropriate choice to 
perform our research. On one side, practice is enhanced by the development and use of artifacts in the 
Design Science while the Action Research focuses more on the result of the enhancement rather than 
the artifacts that were produced during the research. Since the artifact is central to our investigation 
instead of a by-product of the intervention, we lean towards the Design Science. On the other side, due 
to the limitation of time, we are unable to make evaluations of the current research progress in each 
time of the iteration during the cyclical process of the Action Research. 
 

3.2 Choice	  of	  the	  DSRM	  (Design	  Science	  Research	  Methodology)	  	  
 
In the last three decades, several researchers had made fruitful efforts on introducing the Design 
Science (DS) research into the Information Systems (IS) research community. However, a common 
mental model for guiding the reviewers to evaluate the results of such research was still missing. This, 
in turn, led to the extra work for justifying the validity and the value of the research paradigm on each 
new case. In order to address this issue, Peffers et al. (2008) selected seven representative papers and 
presentations (Archer, 1984; Takeda et al., 1990; Eekels&Roozenburg, 1991; Nunamaker et al., 1990-
1991; Walls et al., 1992; Cole et al., 2005; Rossi&Sein, 2003; Hevner et al., 2004) in the IS domain 
and then extracted common elements from them by conducting the consensus-building approach. The 
outcome of this synthesis is represented as six activities in the DSRM process model (shown in Figure 
9). It yielded as a commonly accepted framework for successfully carrying out research based on the 
DS research principles. 
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Figure	  9:	  DSRM	  Process	  Model	  (Peffers	  et	  al.,	  2008)	  

 

3.2.1 Activity	  1.	  Problem	  identification	  and	  motivation 
 
All the seven articles suggested that the problems of the research should be defined in the initial stage 
of the process. Walls et al. (1992), Cole et al. (2005), Rossi and Sein (2003) emphasized on the 
identification of the requirement, whereas Hevner et al. (2004) pays more attention to the existing 
important and relevant problems. Nunamaker et al. (1990-1991) proposed the construction of a 
theoretical framework, while Takeda et al. (1990) provided the idea of problem enumeration. Archer 
(1984), Eekels and Roozenburg (1991) advocated the need for data collection and analysis. Despite of 
the different terms they used, some component related to the problem identification is involved in all 
the papers listed above. Only when the problem has been recognized and specified, can the solution be 
designed accordingly. Moreover, by justifying the value of the solution, researchers and participants 
can become more motivated to pursue the study results. 
 

3.2.2 Activity	  2.	  Define	  the	  objectives	  for	  a	  solution	  
 
Nunamaker et al. (1990-1991), Cole et al. (2005), Eekels and Roozenburg (1991), Rossi and Sein 
(2003) merged problem identification with the objectives determination into requirement or need. 
However, both activities are incremental process; it is necessary to divide them into two separate 
phases. The objectives should be defined rationally and explicitly, not only for the guide of the artifact 
design and development, but also can be used as a solid standard for the latter activity Evaluation to 
measure the accomplishment of the goal. 
 

3.2.3 Activity	  3.	  Design	  and	  development	  
 
As well as the Activity 1, Design and development is also involved in all the seven works. The authors 
considered it as the fundamental stage in the Design Science process. This activity consists of design, 
building and analysis of the system. The output is the artifact with desired features determined by the 
requirements collected in the previous activities. 
 

3.2.4 Activity	  4.	  Demonstration	  
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The artifact is proven through simulation, experimentation and observation (Eekels & Roozenburg, 
1991; Nunamaker et al., 1990-1991). Researchers usually pick up one or more instances of the problem 
to demonstrate the effectiveness of the artifact on addressing the issue (Peffers et al., 2008). 
 

3.2.5 Activity	  5.	  Evaluation	  
 
Except for Archer (1984), all the other six papers included the phase Evaluation as the measurement on 
how well the artifact supports the solution to the problem. This activity can be performed in various 
ways. Metrics are built for comparing the solution with the objectives set in the second activity; 
satisfaction survey is taken for receiving feedback from customers; budget and response time are 
assessed through the quantity and quality analysis (Peffers et al., 2008). Therefore, as long as the 
method we choose can logically prove the value of the artifact, it is a proper way to perform evaluation. 
If either the researchers or the participants are not satisfied with the output, they can roll back to the 
Design and development stage, or they can solve the problem in the subsequent projects. 
 

3.2.6 Activity	  6.	  Communication	  
 
Archer (1984) and Hevner et al. (2004) stated the importance of spreading the knowledge between the 
researches and participants. The knowledge includes the problems, objectives, the artifact of the study 
and its utility. Information can be widely diffused and exchanged during the communication session. 
 

3.3 Application	  of	  the	  DSRM	  
 
We now follow the DSRM process model (Figure 9) shown above to conduct our research. To begin 
with, we choose the ‘Problem Centered Initiation’ as the research entry point as the problem 
identification is our first concern. 
 

3.3.1 Activity	  1.	  Problem	  identification	  and	  motivation	  
 
The problem is presented as the deviation from different parties regarding the meaning and 
interpretation of the exchanged information occurs during the communication process between 
heterogeneous systems. Consequently, it leads to severe safety issues in the context of military domain. 
By identifying the central problem, we had meetings with the practitioners from FOI to discuss the 
obstacles they came across when undertaking the SI project. At the same time, we also did literature 
study on the current issues regarding the semantic heterogeneity in the military domain. Therefore, 
with the knowledge acquired from both academic and practical sides, we refined our research problem 
more specifically. 
 
Since the collaborators are fully aware of the importance of the solution, the motivation is ensured. 
 

3.3.2 Activity	  2.	  Define	  the	  objectives	  for	  a	  solution	  
 
The performance objective is to investigate how the BORO method can be implemented for aligning 
the data and/or messages between the participating actors on a semantic level for the FOI SI project. 
The investigation encompasses both theoretical and empirical aspects. 
 
To examine the possibility and feasibility of the inferred objective, literature study is necessarily 
required. Meanwhile, holding discussions among the alternatives of possible objectives enables the 
researchers and the audience to reach the mutual agreement on the aim of this research. Furthermore, 
based on the definition of objectives, research methodology is determined by making comparison and 
selection in the previous sections in this chapter. 
 

3.3.3 Activity	  3.	  Design	  and	  development	  
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As the essential part of the Design Science Research Methodology, the artifact is created, developed 
and refined in this stage. 
 
The desired features of the BORO solutions are determined through different methods due to the 
distinctive characteristics of each alternative. For the first alternative, the solution for applying the 
BORO method when having both meta-data and toy-instance data is mainly carried out by theoretical 
study. The second alternative that leaves only meta-data requires brainstorming within group work as 
well as for the third alternative, which is conducting the BORO method when only holding real 
instance-data at hand. After the creation and development is accomplished, group discussion is taken 
place to build the refinement of the solutions. Different opinions on the product can be exchanged 
among group members during this process, which will help us to identify the potential problems still 
existing in the current solutions. 
 

3.3.4 Activity	  4.	  Demonstration	  
 
This activity is achieved by conducting a case study of C-ICE 2011 scenario provided by FOI. During 
the demonstration, three solutions are adapted into the corresponding situations with the distinctive 
data types. The results are shown by following the process of each solution step by step.  
 

3.3.5 Activity	  5.	  Evaluation	  
 
This activity involves the observation and measurement of the solutions in terms of feasibility and 
efficacy. The strength of the application of the BORO method is analyzed and evaluated by comparing 
the objectives of the solution to the actual outcome from the use of the artifact in the demonstration 
stage (Peffers et al., 2008). In chapter 7, we will present the limitations of this artifact and some ideas 
inspired by this thesis for the future improvement. 
 

3.3.6 Activity	  6.	  Communication	  
 
Communication with the practitioners from the FOI SI project takes place in two ways. One is the half 
monthly meeting held by FOI, which involves presentations from us on the current work progress and 
presentations from the practitioners when the new requirements are elicited. Based on the presentation, 
discussion is carried out among all the participants. Therefore, the problems at hand are well 
communicated during the meeting. The other way is via e-mails, which enables us to get feedback or 
ask questions to the practitioners in timeliness. Moreover, in the latter phase of the thesis project, we 
are required to attend seminars to present our thesis work in front of other students and professionals. 
This can also amplify the effectiveness of the communication. 
 
Table 2 displays the activities that actually carried out in this thesis based on the Design Science 
Research Methodology process model. The corresponding chapters that involve these activities are also 
shown below. 
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 DSRM activities Activities conducted Related chapters 

1 Problem identification and motivation 
Literature study; discussion with 
practitioners 1 

2 Define the objectives for a solution 

Literature study; discussion with 
practitioners; research methods 
comparison and selection 1, 2, 3 

3 Design and development 
Theoretical study; brainstorming; 
group discussion 
 

4 

4 Demonstration Solutions adaption on case study  
 4,5 

5 Evaluation 
Analysis and assessment of the 
results, limitations provided 
 

5,6 

6          Communication 
Meetings; seminars; 
presentations; e-mails 
 

Along with the whole 
thesis  

Table	  2:	  DSRM	  Components	  And	  Corresponding	  Activities	  Conducted	  In	  Our	  Research	  

 

3.4 Research	  ethics	  
 
There are a number of ethical principles that should be followed when carrying out a scientific research. 
In this section, we discuss the ethical deliberation of the research method in the following aspects 
(Deborah S, 2003), 
 
• Obtain	  informed	  consent	  
The informed consent process ensures that individuals are participating as volunteers in the research 
with full knowledge of relevant risks and benefits. The researchers should inform the participants in all 
aspects of the research that might reasonably be expected to influence willingness to participate. This 
may include the demands from the participants, the objectives of the research, the methods being 
employed, the possible outcomes of the research, the expected duration and procedures, as well as the 
associated adverse effects, such as discomforts, inconveniences and potential risks that the participants 
may confront.  

• Protect	  anonymity	  and	  confidentiality	  
Some data collected from research participants needs to be kept confidential or anonymous. And the 
researchers can only disclose it when permissions are sought in advance. This principle is extremely 
important in our research. Since the object of this thesis is involved in the military domain, data 
resources are considered as significantly confidential. Therefore, as the researchers who are not the 
formal employees working for FOI, we are not allowed to get the full access to the whole set of data. 
The data that we work on in this thesis was selectively extracted by the project leader from the database 
in FOI. And some documents and materials we received from them should also be considered as 
confidential, which means we should not post them on the Internet or send to other organizations for 
their investigation unless we get permissions from FOI. 
 
• Avoid	  using	  deceptive	  practices	  
Concealment or deception of the participants should be avoided. Holding information on hand, 
especially the information that consists of upcoming risks of the research may cause a severely 
negative result for both researchers and participants. Researchers have the responsibility to timely 
inform the participants about the truth of the research. 
 
• Give	  participants	  the	  right	  to	  withdraw	  
The researchers must attempt to ensure that participants are fully aware of the right that they are able to 
withdraw at any stage during the ongoing research process, irrespective of whether or not payment or 
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other inducement has been offered. It is often a case that researchers are in a position of authority or 
influence over participants; however, any pressure or even threats should not put on the participants 
when they propose to withdraw the research.  
 
By taking theses principles into account when performing the research, we can ensure that not only the 
benefits will be delivered, but the deficiency can also be reduced.  
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4 Result	  
 
In this chapter, we firstly present the result we worked on from the theoretical perspective, and then 
apply the corresponding solution to our case study. 
 

4.1 Result	  in	  the	  theoretical	  aspect	  
 
The FOI suggested three types of data resources that may exist in the message exchange process. In the 
following text, we will go through the investigation of the BORO method applicability on each 
alternative. 
 

4.1.1 Altenative1:	  Investigate	  the	  BORO	  method	  for	  gathering	  reference	  ontology	  when	  
having	  both	  meta-‐data	  and	  toy-‐instance	  data	  

 
Here, we define meta-data as entity types and attribute types. Toy-instance data is the data that exists 
on the lowest level of the system’s database created by following the restrictions of the real data when 
the access to the real data is limited or when there is no useful real data identified. Entities from the 
same entity type share the same attribute types, while instances give values to each attribute. 
 
To apply the BORO method to this alternative, we follow the systematic re-engineering process, which 
consists of two stages. In the first stage, we re-engineer the existing system’s entity format into a model 
that maps business objects. At the second stage, we re-engineer conceptual patterns. 
 

4.1.1.1 Re-‐engineering	  entity	  format	  in	  the	  existing	  system	  
 

 
 
 
 
 
	  
 
 
For making the illustration easier to understand, we created a simplified file (Table 3) from a Student 
Management Information System as the working example for temporarily use. We assume that no 
students’ full names are exactly overlapped. From this table, we can infer the relevant part of the 
student entity format looks like Table 4. 
 

Entity type Attribute type #1 Attribute type #2 

Student Student full name Student number 

	  
Table	  4:	  Student	  Entity	  Format 

 
To begin with, we use the basic reference ontology as the starting point (Partridge C, 2005).  

 As can be seen from the figure below, things consist of bodies and events, which are represented in 
different shapes. Bodies class is a class of individual bodies; while Events class is a class of individual 
events. Since both Bodies and Events are contained in the class Things, a super-sub-class tuple is used 
to connect the super class and its two sub classes. 

The same relationship applied to the Tuples Classes class and the Classes class. We see Classes as the 

Student full name Student number 

Lisa Brown 00001 

John Kenish 00002 

	  	  	  	  	  	  Table	  3:	  Student	  Listing	  
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collection of all types of classes; therefore, the Tuples Classes is the sub class of the Classes class. At 
the same time, a class-member tuple is used to connect the Tuples class and the Tuples Classes class, 
which implies that the Tuples class is a member of the Tuples Classes class. 

	  
Figure	  10:	  Framework	  Object	  Schema	  (Partridge	  C,	  2005)	  

 
The re-engineering process starts with the entity sign instead of entity, and ends with a model object 
instead of object. This is because we are re-engineering information; so we re-engineer from entity 
signs to object signs. Nevertheless, the core of the re-engineering process is entities, objects and their 
semantics, not the signs. Before we construct object signs for the objects in the model, we identify the 
entity that the entity sign refers to, and re-engineer it into object. 
 

	  
Figure	  11:	  First	  Stage-‐	  Re-‐engineering	  The	  Entity	  Format	  (Partridge	  C,	  2005) 

 
According to the two rules we introduced in the Extended Background for ordering the re-engineering 
of entity formats, the first step should be “re-engineer the individual entity and entity type signs before 
their associated individual attribute and attribute type signs.” 
 
• Re-‐engineering	  the	  first	  individual	  entity	  sign	  
It is effortless to find the record of Lisa Brown entity sign from the Student file as an individual entity 
sign, so we can easily move on to working within the entity ontology paradigm. The paradigm’s 
semantics explains that they refer to individual entities constructed from an underlying primary 
substance, to which attributes are attached. We apply this explanation to our example. The Lisa Brown 
entity sign refers to the ‘primary substance’ of the student whose name is Lisa Brown. The primary 
substance and its attributes compose her. Then, we proceed to re-engineer the primary substance into 
an object. In the object ontology paradigm, we see objects in four-dimensional terms, which are three 
dimensions for space and one dimension for time. Therefore, besides the current three-dimensional 
extension we have already built in the entity ontology paradigm, we then follow Lisa Brown’s three-
dimensional extension back and forward in time, filling in the fourth dimension.  
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Figure	  12： 	  Four	  Dimensional	  Object	  –	  Lisa	  Brown 
 
Before we construct the object sign, we need to find a connecting pattern between the Lisa Brown 
object and the framework objects. Since this object persists through time, it exists as a body object, 
which implies it is a member of the Bodies class. This introduces the class–member tuple constructed 
from the two objects, also identified as the connecting pattern we need to derive. With two objects on 
hand, we start to create an individual body object sign for the Lisa Brown object and a class–member 
sign for the tuple object. As can be seen in the schema, the class–member tuple links the Lisa Brown 
object to the Bodies class on the framework level. 
 

	  

Figure	  13:	  Lisa	  Brown	  Object	  Schema	  

 
• Re-‐engineering	  the	  second	  individual	  entity	  sign	  	  
We follow the same pattern of re-engineering as we used for the Lisa Brown entity sign. We construct 
a sign for the John Kenish object and include it in the object model. This gives us an object schema as 
below.	  

	  

Figure	  14:	  John	  Kenish	  Object	  Schema 

 
We then integrate the two schemas and get the picture below. 
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Figure	  15:	  Merged	  Lisa	  Brown	  And	  John	  Kenish	  Object	  Schema	  

	  
• Re-‐engineering	  the	  entity	  type	  sign  
Following the first principle, we need to re-engineer the Student entity type sign after we finished re-
engineering the individual entity signs. Same process applied to this stage.  
 
According to the BORO method, the entity type sign refers to the secondary substance, one that we can 
see as the sum of primary substances. Using this pattern, the Student entity type sign then refers to the 
Student secondary substance, which consists of primary substances, such as Lisa Brown and John 
Kenish. We then link the Student secondary substance into the class of Students in the application level 
in order to transform the entity type into object. The individual formats have four-dimensional 
extensions, so does the class. 
 
We now work out the pattern of structural interconnections with the existing model. The Students class 
has members as the individual physical body objects, which are Lisa Brown and John Kenish. Thus, on 
one hand, the Students class is a member of the framework class, named Classes; on the other hand, it 
is a sub-class of the Bodies class since the members are all physical body objects. The object schema is 
shown below. 
 

	  

Figure	  16:	  Students	  Object	  Schema 

  
• Re-‐engineering	  the	  first	  attribute	  sign 
The second principle for ordering the re-engineering of attributes is that re-engineer a couple of 
individual attribute signs and use the patterns to re-engineer their attribute type sign. 
 
We start this by picking up Lisa Brown entity sign’s Student Full Name attribute sign “Lisa Brown”. 
This is the name field of the Lisa Brown record and contains the character string “Lisa Brown”. This 
name field is an attribute sign and so refers to an attribute, but identifying which one is not 
straightforward. Although the attribute sign looks like a non-relational attribute sign, it is actually an 
implicit relational attribute sign related to an implicit Lisa Brown Full Name entity sign. It is not 
uncommon to find these implicit signs when re-engineering. They are the results of trying to use the 
entity ontology paradigm to describe patterns that do not fit into its constrained structure. We re-
engineer this implicit relational attribute sign in two steps. We start by re-engineering the implicit Lisa 
Brown Full Name entity sign and then re-engineer the relational attribute. 
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Figure	  17:	  Implicit	  Relational	  Attribute	  

 
The Lisa Brown Full Name entity sign refers to Lisa Brown Full Name entity, which is the class of all 
types of “Lisa Brown” character strings, in the form of writing, speaking and machine-readable. They 
can all persist through time so they are four-dimensional objects. Therefore, every time someone says, 
writes down or, most importantly for us, keys into a computer system the character string “Lisa 
Brown”, it presents the full name of Lisa Brown. This implies that “Lisa Brown” is a member of the 
Lisa Brown Full Names class, which itself is a member of the framework class, Classes. We then 
construct the sign for the object and its patterns in the object model. 
 

	  

Figure	  18:	  Lisa	  Brown	  Full	  Names	  Object	  Schema 

 
Now we move on to the second part of the attribute - the implicit relational attribute sign that points to 
the Lisa Brown Full Name entity sign. This refers to the full name’s relational attribute that relates the 
Lisa Brown substance to the Lisa Brown Full Name entity. According to the BORO method, the basic 
re-engineering pattern transforms relational attributes into a couple belonging to a tuples class. 
Applying the pattern to our example, the relational attribute re-engineers into the couple < Lisa Brown 
body object, Lisa Brown Full Names class> belonging to the Student Full Naming Tuples class. 
However, instead of ending the object schema in this stage, we choose to dig it a little deeper. Every 
time we use a Lisa Brown Full Name (a member of the Lisa Brown Full Names class), we get the same 
pattern. In object terms, this particular pattern translates into a couple object, with Lisa Brown and the 
character string “Lisa Brown “as components. This couple object belongs to the Lisa Brown Full 
Naming Tuples class. This is an example of the objects behind the basic pattern. 
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Figure	  19:	  Lisa	  Brown	  Full	  Naming	  Tuples	  Object	  Schema 

 
As can be seen from the schema above, the Lisa Brown Full Names class is classified as derived by   
shading the grey triangle at the left bottom of the rectangle. It is defined by the Lisa Brown Full 
Naming Tuples class. This is because without the naming tuples, a name cannot name any object. 
 
However, the analysis is not yet complete, we need to introduce the exemplar, which connects the 
domain and the object model. The sign in the object schema for Lisa Brown exemplar name needs to 
reflect its special status as an example referring to a class. We do this in two ways. First, we insert at 
the end of the name sign the text ‘[EXEMPLAR]’. And second, we put an arrow over the class–
member tuple sign linking the exemplar name to the sign of its class. We classify the “Lisa Brown 
[EXEMPLAR]” as derived, defined by its exemplar class–member tuple. If something occupies the 
member place of the Lisa Brown Full Name Exemplar class–member tuple, it must be an exemplar 
Lisa Brown Full Name.  

	  

Figure	  20:	  Lisa	  Brown	  Exemplar	  Full	  Name	  Object	  Schema	  

	  
• Re-‐engineering	  the	  second	  attribute	  sign  
Following the rules, we now re-engineer the second individual attribute before we re-engineer the 
attribute type. We follow the same re-engineering pattern as we used for the Lisa Brown Full Name 
attribute. This gives us the object schema shown below. 
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Figure	  21:	  John	  Kenish	  Full	  Names	  And	  Full	  Naming	  Tuples	  Object	  Schema	  

	  
• Re-‐engineering	  the	  first	  attribute	  type	  sign  
We can now re-engineer the Student Full Name attribute type. This follows a similar pattern to the 
individual attribute sign, which was re-engineered into a number of related objects.  
 
We firstly take the attribute type sign from the listing. This is the sum of the full name fields of all the 
Student records in the computer. Following the same pattern that we used at the attribute level, we start 
by re-engineering the implicit Student Full Name entity sign. In the entity term, this refers to a Student 
Full Name entity. We now find out what object it is re-engineered into. The classic re-engineering 
pattern for attribute types has the attribute type transformed into the class of the objects that the 
individual attributes were re-engineered into. This pattern applies here. The Student Full Name 
attribute type re-engineers into the Student Full Names class. It is a class with the Lisa Brown Full 
Names class and the John Kenish Full Names class as members. 
 

	  

Figure	  22:	  Student	  Full	  Names	  Object	  Schema 

 
Continuing to follow the attribute level pattern, we now re-engineer the relational attribute type sign, 
which points to the Student Full Name entity type sign. This refers to a Student’s Full Name relational 
attribute type that relates the Student entity type to the Student Full Name ‘s entity type. 
 
We apply the classic re-engineering pattern for attribute types again and transform the relational 
attribute type into the class of the objects that the attributes were re-engineered into. This is the class of 
all the individual Student Full Naming Tuples Classes, such as the Lisa Brown Full Naming Tuples. 
We then identify its structural patterns. It has as members both the Lisa Brown Full Naming Tuples and 
the John Kenish Full Naming Tuples. We construct signs for the objects. Student Full Naming Tuples 
Classes is a class of Tuples Classes. This means that Student Full Naming Tuples Classes is related to 
both Students and Student Full Names by Tuples Classes of class places. In addition, the Student Full 
Names class (like its member classes) is classified as derived, defined by Student Full Naming Tuples 
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Classes.  

	  

Figure	  23:	  Student	  Full	  Naming	  Tuples	  Classes	  Object	  Schema 

 
We then re-engineer the Exemplar Student Full Names into the class constructed by collecting together 
the individual exemplar full names - the class of Exemplar Student Full Names. We work out its 
structural patterns and construct the appropriate signs in the object model. This captures the exemplar 
pattern at the class level.  
 

	  

Figure	  24:	  Exemplar	  Student	  Full	  Names	  Object	  Schema	  

	  
• Re-‐engineering	  the	  second	  attribute	  type	  sign  
This is another form of student name and uses the same basic naming pattern as Student Full Names, 
thus the re-engineering follows the same pattern. The object schemas are shown below in Figure 25 for 
Student Numbers, Figure 26 for Student Numbering Tuples Classes and Figure 27 for Exemplar 
Student Numbers. 
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Figure	  25:	  Student	  Number	  Object	  Schema	  

	  

	  

Figure	  26:	  Student	  Numbering	  Tuples	  Classes	  Object	  Schema	  

	  

	  

Figure	  27:	  Exemplar	  Student	  Numbers	  Object	  Schema	  
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So far we have completed the direct re-engineering of the elements of the Student entity format. We 
have constructed an object model that reflects the re-engineered objects. However, we still need to take 
advantage of any opportunities for generalizing the objects. This is essential to any refined re-
engineering because it leads to the compacting that makes the model simpler and more powerful. We 
conduct this in the following section. 

• Generalizing	  Student	  Full	  Names	  and	  Numbers 
We not only re-used the same pattern in the re-engineering of Student Full Names and Numbers; the 
two objects’ connecting patterns are also very similar. We generalize them to the Student Names 
superclass, illustrated in Figure 28. 
 

	  

Figure	  28:	  Generalized	  Student	  Names	  Object	  Schema	  

	  
• Generalizing	  Student	  Full	  Naming	  and	  Numbering	  Tuples	  Classes	  
The Student Full Naming and Numbering Tuples Classes also shared similar connecting patterns. So 
we generalize them to a Student Naming Tuples Classes super-class. We put this and the Student 
Names generalization onto one object schema (as shown in Figure 29) to give a good view of the 
generalized pattern. The classes were defined as derived and now have no dependent connections. We 
therefore classify them and their connecting tuples as redundant, changing their grey derived icon to 
black. 
 

	  

Figure	  29:	  Integrated	  Generalized	  Student	  Names/	  Naming	  Tuples	  Classes	  Object	  Schema	  
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• Generalizing	  Exemplar	  Student	  Full	  Names	  and	  Numbers 
The Exemplar Student Full Names and Numbers are in a similar situation. We generalize them to an 
Exemplar Student Names super-class and get the object schema below. The new generalized Exemplar 
Student Names is classified as derived. 
 

	  

Figure	  30:	  Generalized	  Exemplar	  Student	  Names	  Object	  Schema	  

	  
Having done this generalization, we can go one step further and compact the model. If we purge the 
model of redundant objects, then we can fit the whole application level model into the single object 
schema shown in Figure 31. 

	  
Figure	  31:	  First	  Stage	  Application	  Level	  Object	  Model	  

	  

4.1.1.2 Re-‐engineering	  Conceptual	  Patterns	  
	  
The re-engineering in the second stage follows similar steps to the first stage, but with a different initial 
step. We do the following: 

• Find a relevant conceptual pattern,  
• Identify the entity it refers to,  
• Re-engineer it into an object pattern, and then  
• Construct signs for the pattern in the model.  

These steps are shown graphically below. 
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Figure	  32:	  The	  Four	  Re-‐engineering	  Steps	  In	  The	  Second	  Stage	  (Partridge	  C,	  2005)	  

	  
To start with, the first step is to figure out what the conceptual pattern is. Conceptual patterns, by their 
nature, are not as publically explicit as the entity formats. They are the patterns our brain uses. And the 
reason we need the extra first step at this stage is they are not formally listed. It involves some effort, 
and in some cases, ingenuity to find relevant ones. 

• Character	  Strings	  patterns	  	  
We find our first missing conceptual pattern, Character Strings, using a simple technique and by 
conceptually reviewing the object model. This involves taking a precise look at the model and mentally 
comparing it with the conceptual patterns in our heads. From the object schema we re-engineered for 
Lisa Brown Full Names, it is easy to observe that when we worked through the re-engineering, we 
referred to Lisa Brown Full Names as a ‘class of Character Strings’. As we wrote the phrase ‘Character 
Strings’, it must be a concept in our conceptual system. But the object ‘Character Strings’ does not 
appear anywhere in the previous object model. Therefore, it is a missing concept. 
 
Now we re-engineer the Character Strings conceptual pattern into an object pattern. Since Character 
Strings is clearly a class and a super-class of Lisa Brown Full Names, it has all the members of the Lisa 
Brown Full Names class as members. To make it more coherent, we then need to find the re-engineered 
object’s connecting patterns with other objects in the model. First, we take a look at Character Strings’ 
connecting patterns with the Lisa Brown Full Names class. The Character Strings class is a super-class 
of the Lisa Brown Full Names class so we explicitly make the connection. Character Strings is also a 
class, so it is a member of the framework class, Classes. We make this connection as well. Character 
Strings is the class of all character strings; so, it includes character strings other than Lisa Brown Full 
Names. We can show this in the model by randomly picking a character string, ‘X’, and recognizing it 
as a member of the Character Strings class. The object schema is shown in Figure 33 below. 
 

	  

Figure	  33:	  Character	  Strings	  And	  Lisa	  Brown	  Full	  Names	  

 
Second, we look for the connecting patterns between Character Strings and Student Names. The 
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connection that can be observed directly is a super-sub-tuple-class. Members of the Student Names 
class, such as Lisa Brown Full Names, and John Kenish Full Names, are sub-classes of the Character 
Strings class.  
 

	  

Figure	  34:	  Character	  Strings	  And	  Student	  Names	  

	  
Third, we find the pattern between Character Strings and Exemplar Character Strings. We construct an 
Exemplar Character Strings class that is a super-class of Exemplar Student Names and a sub-class of 
Character Strings. The ‘Lisa Brown [EXEMPLAR]’ and the ‘X [EXEMPLAR]’ are both members of 
this class. 
 

	  

Figure	  35:	  Character	  Strings	  And	  Exemplar	  Character	  Strings	  

	  
The last connecting pattern between Character Strings and Student Names is the one that involves a 
new class object - Character String Classes. This is an example of the Power class. A Power class is the 
class of all sub-classes of a class. The Power class of the Character Strings lass is the class of all sub-
classes of the Character Strings class.  
 

	  

Figure	  36:	  Character	  String	  Classes	  Object	  Schema(Partridge	  C,	  2005)	  
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In the Figure 37 shown below, the Student Names class has classes of Character Strings (for example, 
Lisa Brown Full Names) as members. This makes it a class of classes of Character Strings. However, it 
obviously does not contain all the potential classes of Character Strings. This makes it a sub-class of 
the Character String Classes class. 
 

	  

Figure	  37:	  Character	  Strings	  And	  Character	  String	  Classes 

 
We now have completed all the steps we are set out to do for gathering ontology. So we can move on 
to the second alternative. 
 

4.1.2 Alternative	   2:	   Investigate	   the	   BORO	   method	   for	   gathering	   reference	   ontology	  
when	  having	  only	  meta-‐data	  

 
As we defined in the beginning of the first alternative, meta-data refers to entity types and attribute 
types. However, neither toy-instance data nor real data are involved in this investigation. Since most of 
the time human makes observation of the world directly from instances, application of the BORO 
method in this alternative can become a little tricky and abstract. 
 
 

Entity type Attribute type #1 Attribute type #2 

Student Student full name Student number 

	   	   Table	  5:	  Student	  Entity	  Format	  With	  Only	  Meta-‐data	  

 
We still take the Student listing for example. In this alternative, all the information can be derived from 
the system is the Entity type, Student; Attribute type #1, Student full name; and Attribute type #2, 
Student number. 
 
Now we retrospect the whole process we did for the first alternative. Following the second ordering 
rule for re-engineering, “Re-engineer a couple of the individual entity signs and use the patterns to re-
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engineer the entity type sign”. Since we are unable to observe any individual entity signs from the data 
we have, it is undoable to use the sum of primary substance to refer to the entity type sign, Student, as 
the second substance. This, in turn, leads to the insufficient data for modeling patterns and exemplars 
later. All we can re-engineer stays on the application level where contains second substance only.  
 

4.1.3 Alternative	  3:	  Investigate	  the	  BORO	  method	  for	  gathering	  reference	  ontology	  with	  
only	  instance	  data	  

 
This situation happens when there is no standard for building meta-data. The information exchange 
takes place in an oral and manual way. For example, an employee gets some instance data from another 
employee, and makes the classification of these data based on his own understanding. He can consider 
Lisa Brown either belongs to an entity or an attribute type. We can assume him as an experienced 
employee working in this area, so normally he can divide data into different categories according to 
some informal principles in a relatively correct way. However, when a new type of data shows up, he 
will have the problem on determining which group should this data be placed in, and there is no 
standard for evaluating his decisions. Therefore, we consider the applicability of the BORO method for 
this alternative at a very low level. 
 
	  

4.2 C-‐ICE	  2011	  scenario	  
 
Joint Users Interoperability Communications Exercise (JUICE) is an American exercise that spans 
across the United States and involves all branches of the U.S. Armed Forces. The purpose of the JUICE 
is based on experience from ongoing operations aligned with new technology developing ability for 
interoperability between military units as well as with civil authorities. 
  
Since 2010, many current coalition partners of the U.S. Armed Forces have been invited to participate 
in the coalition part, called Coalition - Interoperability Communications Exercise (C-ICE). The 
scenario for the C-ICE 2011 is to practice and demonstrate the transmission of voice and data, where a 
multinational unit is involved in a NBC attack. The unit consists of three parties, which are the U.S., 
Sweden and Norway. Voice reports are sent by the Norwegian party to the U.S. via Sweden; whereas 
the fire-supported requests from the Swedish PC Dart are sent to the U.S. AFATDS, which in turn 
generates response back to the PC Dart. In this thesis, we focus on the exchange messages namely CFF 
(Call-For-Fire) (Figure 38). 
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Figure	  38:	  Technical	  Realization	  Of	  C-‐ICE	  Scenario	  (FOI,	  2011)	  

 
In order to exchange different formats of messages between the Swedish PC Dart and the U.S. 
AFATDS, the unit planned to utilize VMF as the standardized coalition message format. However, 
problems occurred when making effort on mapping formats from both parties to VMF. In preparation, 
it was found that VMF also included a higher form of handshake. After assiduous attempts, VMF was 
proven to be too complex for executing a translation in a short time. Moreover, difficulty arisen in 
obtaining the necessary expertise in VMF in order to make this translation between the PC Darts and 
VMF. Eventually, Format STANAG 2245 came into implementation instead (FOI, 2011). 
 
The process of exchanging CFF messages by applying STANAG 2245 is as following, 

1. SWE Fire observer sends CFF message with PC-DART via SWE “messaging system”.  
2. This message goes into a staff-PC in SWE, where re-addressing towards the US occurs.  
3. SWE converter gets the CFF message and converts this into a STANAG 2245 message. 
4. US AFATDS system receives the STANAG 2245 CFF message 
5. US AFATDS system sends STANAG 2245 “message to observer” 
6. SWE fire observer receives the converted “message to observer” in PC-DART 

 
 
To conduct this case study, we received two message formats selectively extracted from the C-ICE 
2011 scenario by FOI. “ART100” illustrates a "PC-DART" format whilst “ASCA-CFF” is the message 
format for Call For Fire in "STANAG 2245". Both formats are used for the request of Call For Fire, 
meaning that they have a similar intended use. “ART100” is located in the Swedish messaging systems 
while “ASCA-CFF” is the agreed upon exchange format. Our goal is to employ the BORO method to 
gather ontologies from both formats on a semantic level. 
	  

4.3 ART100	  Format	  
 
This format is from the Swedish messaging systems, thus it is in Swedish. In the following texts, we 
will display the Swedish names derived from this format first, and provide the explanation after that. 
The complete English version can be seen in the Appendix. 
 



35	  
	  

An “ART100” Format can be regarded as a communication form with prompts in principle. It is 
composed of combination of lines. It specifies the contents of each line (the line library) and how the 
combination of lines for each format is completed (the format library). 
 
• Radbibliotek	  (The	  line	  library)	  
The line library reports the structure of all the lines. Each row consists of 16 positions in which each 
position can be either a part of prompts or fill-in fields. For example, the contents of line No.101:  
 
TILL: ----------- 
 
This line consists of five positions prompts and eleven positions of the fill-in fields. There are also a 
number of lines that have never occurred alone, but are always combined with the previous line. These 
lines are termed as "continuation lines". 
 
Radnr Fältbeteckning Beskrivning Exempel Kommentarer Övrigt 

 
001 ERO:------------ ERO-fält skall 

ha komma (,) 
separering 
mellan 
anropssignaler 
om flera 
adressater 
ingår. 
 

ERO:ZG.G1.G
12.AJ, 

Kan vara blanding 
mellan bokstäver 
och siffror. 

Måste alltid 
anges för att 
skapa en 
skjutning. 

018 FRITEXT  2SK/MIN   
101 TILL:----------- Adresseringsra

d addresser 
komma 
separeras. 
 

TILL:JA,KA Ingår I 
meddelandehuvud 

Måste alltid 
anges 

102 ------*FRÅN:---- Tidnummber 
DDHHMM 
FRÅN: Avser 
anropssignal på 
avsändare 
 

311855*FRÅN
:VJ 

Ingår I 
meddelandehuvud 

Måste alltid 
anges 

103 ------SLUT------ Anger SLUT 
på meddelande 
 

 Slutrad Är ej editerbar 

104 TEXT:----------- Fritextrad TEXT:FIEND
EN HAR 
 

  

971 ZON:---RUTA:---- Zon avser 
aktuell UTM-
zon 
RUTA avser 
tiomila-ruta i 
UTM 

ZON:33VRUT
A:XF__ 

 RUTA Måste 
alltid anges 
RUTA kan 
anges med 
siffror ex:0165 
OBS! Måste 
anges med 
fyra siffror 
 

972 :----:----Z:---- Anger 
koordinater i 
UTM 
Y/E/W 
X/N/S 
Z uppmätt 
värde 
 

3250:4555:Z:1
120 

 Z-fält i 600-
format har 
fyra siffror 
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973 ---:-----*BF:-* MÅL/OPL 
med 
målnummer/bet
eckning eller 
anropssignal 
 

OPL:_SA_BF:
_* 

 BF: BF- fältet 
används ej har 
idag ingen 
praktisk 
betydelse 

004 EK:------------- Eldkommandof
ältet ifylles 
efter fastställd 
Eldkod 

EK:1ES Exempel: 
 
EK:--------. Tom 
rad = Inrikta 
 
EK:4SK-----. 4 
skott skjuts så 
snabbt som möjligt. 
 
EK:1ES-----. 
Skjutning med haub 
15,5 24sk,grk 12cm 
9sk oavsett antal 
ingående pjäser/grk. 
 
EK:1300-----. 
Granaterna börjar 
slå ned angiven tid.  
 
EK:1300-1303-. 
Skjutning sker 
mellan angiven tid. 
 
EK:-1300----. Sista 
granat slår ned 
angiven tid. 
 
EK:10SEK1SK-. 
Ett skott skjuts per 
ingående pjäs I 
nummerordning 
avges med angivet 
tidsmellanrum. 
 

Skapar FMT 
415 
INRIKTAD 
och skickas till 
motstn 
 
Bör avges 
inom 10sek 

351 ERO*ELDREGL* Formatnamn  Ingår I 
meddelandehuvud 
 

 

Table	  6:	  The	  line	  library	  (FOI,	  2011)	  

 
• Formatbibliotek	  (The	  format	  library)	  
The format library contains all the formats. Each format specifies the lines and the order in which they 
occur. No.612 Format below is an ART100 Format derived from the format library. The first column is 
the line number that indicates the order of the lines for the current ART100 Format. The second 
column shows the format’s number. The third column is the corresponding line number (i.e. the 
sequence number it has in the line library). The forth column displays prompts or fill-in fields. The fifth 
column presents the sub-lines that should be filled in the previous column. The sixth column shows the 
description of each line while the seventh are instances of the sub-lines. The last column is for 
reference use. 
 
1 612 351 ERO*ELDREGL* 0 X X  
2  101 TILL:----------- 45 TILL: Anger 

meddelandets 
adressat I form 

45: 
(FAL”(,”FA
L”)*) | 
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av en eller 
flera FAL 
åtskillda med 
kommatecken 
eller en eller 
flera  
FAL/TSNUM
MER åtskillda 
med 
kommatecken 
 

((“FAL”/[0-
9]{7}) 
(,”FAL”/[0-
9]{7})*) 
 

3  018 ---------------- 39 Godtycklig 
textsträng 

39: “TEXT” 
{1,16} 
 

Forsättning 
på POS 2 

4  102 ------*FRÅN:---- 46,47 Tidsnummer 
FRÅN: Anger 
meddelandets 
avsändare 
 

46: “TNR” 
47: “FAL” 
 
 

Forsättning 
på POS 3 

5  001 ERO:------------ 1 ERO: 
Anropssignal 
till det/de 
förband 
eldordern 
avser 
 

1: 
“FAL”(,”FA
L”)* 
 

 

6  001 ERO:------------ 1 ERO: 
Anropssignal 
till det/de 
förband 
eldordern 
avser 
 

1: 
“FAL”(,”FA
L”)* 
 

 

7  973 ---:-----*BF:-* 807,808,809 MalOpl 
(“MÅL” eller 
“OPL”): 
Målets 
Identitet (1-5 
bokstäver för 
mål samt 2  
bokstäver för 
EE). 
BF: Bokfört 
målnummer 
 

807: (MAL) 
| (OPL) 
808: “MAL” 
809: J| |N 
 

 

8  971 ZON:---RUTA:---- 802,803 ZON: Zon 
position enligt 
MGRS 
(Military Grid 
Reference 
System) 
RUTA: Square 
position enligt 
MGRS 
(Military Grid 
Reference 
System) 
 

802: [0-
9]{3} 
803: [0-
9]{4} 
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9  972 :----:----Z:---- 804,805,805 Position i 
MGRS 
: Y-koordinat 
: X-koordinat 
och 
Z: Höjdvärde 
 

804: [0-
9]{4} 
805: [0-
9]{4} 
806: [0-
9]{1,4} 
 

 

10  004 EK:------------- 6 EK: Anger 
Eldkommando 
tomt fält 
innebär 
INRIKTA 

6: 
(“ELDTID”
?”ELDKOD 
(/MIN)?”()?(
+()?”ELDK
OD(/MIN)?”
)*) 
 

 

11  018 ---------------- 39 Godtycklig 
textsträng 

39: “TEXT” 
{1,16} 
 

Forsättning 
på POS 16 

12  018 ---------------- 39 Godtycklig 
textsträng 

39: “TEXT” 
{1,16} 
 

Forsättning 
på POS 17 

13  018 ---------------- 39 Godtycklig 
textsträng 

39: “TEXT” 
{1,16} 
 

Forsättning 
på POS 18 

14  018 ---------------- 39 Godtycklig 
textsträng 

39: “TEXT” 
{1,16} 
 

Forsättning 
på POS 19 

15  021 ESU:-* 42 ESU: Anger 
Eldsignalering 
slut eller ej 
 

42: [J|1| ] 
 

 

16  103 ------SLUT------ 0 X X 
 

 

Table	  7:	  The	  format	  library	  (FOI,	  2011)	  

 
After illustrating all the elements, we come to the phase of the BORO method demonstration. We 
consider No.612 Format as the entity type and each line as an attribute type. We follow the systematic 
approach introduced in the theoretical study to conduct re-engineering. In the first stage, we re-
engineer the existing system’s entity format into a model that maps business objects. At the second 
stage, we re-engineer conceptual patterns - in other words, the ideas in our heads - into business objects 
and include them in the model. 
 
We work on the case with toy-instance data that are created for this format first, and then study on 
another case with meta-data only. 
 

4.3.1 No.612	  Format	  with	  toy-‐instance	  data	  
	   	  

Line number Prompt 

1 ERO*ELDREGL* 

2 TILL: SA,HA 

3 SS 

4 311155*FRÅN:BJ 
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5 ERO:ZX,T3 

6 OPL:_SA_BF:_* 

7 ZON:31WRUTA:XF 

8 3100:1255:Z:1100 

9 EK:2ES 

10 ESU:J* 

11 ------SLUT------ 

Table	  8:	  No.612	  Format	  With	  Toy-‐instance	  Data	  (No.612-‐001	  Format)	  

	  

Line number Prompt 

1 ERO*ELDREGL* 

2 TILL: KJ 

3 Q 

4 311157*FRÅN:BK 

5 ERO:ZW,T3 

6 OPL:_KQ_BF:_* 

7 ZON:33VRUTA:XF 

8 3076:2082:Z:1103 

9 EK:4SK 

10 ESU:J* 

11 ------SLUT------ 

Table	  9:	  No.612	  Format	  With	  Toy-‐instance	  Data	  (No.612-‐002	  Format)	  

 
We create these data by taking reference from the description of attributes in the Radbibliotek (The line 
library). Therefore, they are reasonable and valid for studying. We name the two entity formats as 
No.612-001 Format and No.612-002 Format respectively. And now we follow the BORO method 
illustrated in the first alternative of the theoretical section step by step to investigate the applicability 
for this case. 
 

4.3.1.1 Re-‐engineering	  entity	  format	  in	  the	  existing	  system	  
	  
We apply the two principles for ordering the re-engineering of entity formats to our case, 

• Re-engineer the No.612 Format individual entity and entity type signs before their associated 
individual attribute and attribute type signs. 

• Re-engineer a couple of No.612 Format individual entity (attributes) signs and use the patterns 
to re-engineer the No.612 Format entity (attributes) type sign. 
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• Re-‐engineering	  the	  first	  individual	  entity	  sign	  
Firstly, from the Table 8 we created above, we can easily tell that the No.612-001 Format record in the 
format library is the entity sign in the existing computer system. Secondly, we work on identifying its 
individual entity this sign refers to. The No.612-001 format entity sign refers to the ‘primary substance’ 
of the format we call the No.612-001. The primary substance and its attributes compose the No.612-
001 Format. Thirdly, we move on to re-engineering the primary substance into an object. In the object 
ontology paradigm, we see objects in four-dimensional terms, which are three dimensions for space 
and one dimension for time. Therefore, besides the current three-dimensional extension we have 
already built in the entity ontology paradigm, we then follow the No.612-001 Format’s three-
dimensional extension back and forward in time, filling in the fourth dimension. 
 
Before we construct the object sign, we need to find a connecting pattern between the No.612-001 
Format object and the framework objects. Since No.612-001 Format object persists through time, it 
exists as a body object, which implies it is a member of the Bodies class. This introduces the class–
member tuple constructed from the two objects, also identified as the connecting pattern we need to 
derive. With two objects on hand, we start to create an individual body object sign for the No.612-001 
Format object and a class–member sign for the tuple object. As can be seen in the schema, the class–
member tuple links the No.612-001 Format object to the framework’s Bodies class. 
 

	  

Figure	  39:	  No.612-‐001	  Format	  Object	  Schema 

 

• Re-‐engineering	  the	  second	  individual	  entity	  sign  
We follow the same pattern of re-engineering as we used for the No.612-001 Format entity sign. We 
construct a sign for the No.612-002 Format object and including it in the object model. This gives us an 
object schema as below. 
 

	  

Figure	  40:	  No.612-‐002	  Format	  Object	  Schema	  

 
We then integrate the two schemas and get the picture below. 
 



41	  
	  

	  
Figure	  41:	  Merge	  No.612-‐001	  Format	  And	  No.612-‐002	  Format	  Object	  Schema	  

 
• Re-‐engineering	  the	  entity	  type	  sign  
Following the first principle, we need to re-engineer the No.612 Format entity type sign after we 
finished re-engineering the individual entity signs. Same process applied to this stage.  
 
According to the BORO method, the entity type sign refers to a secondary substance, one that we can 
see as the sum of primary substances. Using this pattern, the No.612 Format entity type sign then refers 
to No.612 Format secondary substance, which consists of primary substances, such as No.612-001 
Format and No.612-002 Format. We then link the No.612 Format secondary substance into the class of 
No.612 Formats in the framework level in order to transform the entity type into object. The individual 
formats have four-dimensional extensions, so does the class. 
 
We now work out the pattern of structural interconnections with the existing model. The No.612 
Format class has members as the individual physical body objects, which are No.612-001 Format and 
No.612-001 Format. Thus, on one hand, the No.612 Format class is a member of the framework class, 
named Classes; on the other hand, it is a sub-class of the Bodies class since the members are all 
physical body objects. The object schema is shown below. 
 

	  

Figure	  42:	  No.612	  Formats	  Object	  Schema 

 

• Re-‐engineering	  the	  first	  attribute	  sign 
The second principle for ordering the re-engineering of attributes is that re-engineer a couple of 
individual attribute signs and use the patterns to re-engineer their attribute type sign. 
 
We start this by picking up the individual attribute sign from Table 8. We firstly choose the second row 
of the No.612-001 Format record that contains the character string “TILL: SA,HA”, then we can follow 
the pattern we use for this typical attribute to build the object schemas for the rest of the attributes in 
the No.612-001 Format. From its description in the line library we can tell this attribute sign is used to 
set the recipient’s address in the form of one or several FAL separated by commas or one or more FAL 
/ TSNUMMER separated by commas. The definition of FAL is in the area of [a-zåäöA-ZÅÄÖ0-
9\*]{2,5}. We call this attribute sign as Recipient attribute sign. This recipient field is an attribute sign 
and so refers to an attribute, it is an implicit relational attribute sign related to an implicit No.612-001 
Format recipient entity sign. We re-engineer this implicit relational attribute sign in two steps. We start 
by re-engineering the implicit “TILL: SA,HA” Recipient entity sign and then re-engineer the relational 
attribute. 
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Figure	  43:	  Implicit	  Relation	  Attribute	  

 
“TILL: SA,HA” Recipient entity sign refers to the “TILL: SA,HA” Recipient entity, which is the class 
of all types of “TILL: SA,HA” character strings, in the form of writing, speaking and machine-readable. 
They can all persist through time so they are four-dimensional objects. Therefore, every time someone 
says, writes down or, most importantly for us, keys into a computer system the character string “TILL: 
SA,HA”, it presents the recipient of No.612-001 Format. This implies that “TILL: SA,HA” is a 
member of the No.612 Format Recipients class, which itself is a member of the framework class, 
Classes. We then construct the sign for the object and its patterns in the object model. 
 

	  

Figure	  44:	  No.612-‐001	  Format	  Recipients	  Object	  Schema	  

 
Now we move on to the second part of the attribute - the implicit relational attribute sign that points to 
the “TILL: SA,HA” Recipient entity sign. This refers to the recipient’s relational attribute that relates 
the No.612-001 Format substance to the No.612-001 Format Recipient entity. Applying this pattern to 
our case, the relational attribute re-engineers into the couple <No.612-001 Format Body object, 
No.612-001 Format Recipients class> belonging to the No.612 Format Recipient Tuples class. To dig it 
a little deeper, every time we use a No.612-001 Format Recipient (a member of the No.612-001 Format 
Recipients class), we get the same pattern. In object terms, this particular pattern translates into a 
couple object, with No.612-001 Format and the character string “TILL:” as components. This couple 
object belongs to the No.612-001 Format Recipient Tuples class. This is an example of the objects 
behind the basic pattern. 
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Figure	  45:No.612-‐001	  Format	  Recipient	  Tuples	  Object	  Schema	  

 
As can be seen from the schema above, the No.612-001 Format Recipients class is classified as derived. 
It is defined by the No.612-001 Format Recipients Tuples class. This is because a recipient only exists 
if it is included in the NO.612-001 Format. 
 
Now we introduce the exemplar, which relates the domain with the object model. The sign in the object 
schema for the No.612-001 Format Exemplar name needs to reflect its special status as an example 
referring to a class. We insert ‘[EXEMPLAR]’ at the end of the “No.612-001 Format”. We classify this 
Exemplar as derived, defined by its exemplar class–member tuple. If something occupies the member 
place of the No.612-001 Format Recipient Exemplar class–member tuple, it must be an exemplar 
No.612-001 Format Recipient.  
 

	  

Figure	  46:	  No.612-‐001	  Format	  Exemplar	  Recipient	  Object	  Schema	  

	  
• Re-‐engineering	  the	  second	  attribute	  sign 
Following the rules, we now re-engineer the second individual attribute before we re-engineer the 
attribute type. We follow the same re-engineering pattern as we used for the “No.612-001 Format” 
Recipient attribute. This gives us the object schema shown below. 
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Figure	  47:	  No.612-‐002	  Recipients	  And	  Recipient	  Tuples	  Object	  Schema 

• Re-‐engineering	  the	  first	  attribute	  type	  sign 
We can now re-engineer the No.612-001 Format Recipient attribute type. This follows a similar pattern 
to the individual attribute sign, which was re-engineered into a number of related objects.  
 
We firstly take the attribute type sign from Table 8 and Table 9. This is the sum of the recipient fields 
of all the No.612 Format records on the computer. Following the same pattern that we used at the 
attribute level, we start by re-engineering the implicit No.612 Format Recipient entity sign. In the 
entity world, this refers to a No.612 Format Recipient entity. The classic re-engineering pattern for 
attribute types has the attribute type transformed into the class of the objects that the individual 
attributes were re-engineered into. This pattern applies here. The No.612 Format Recipient attribute 
type re-engineers into the No.612 Format Recipient class. It is a class with the No.612-001 Format 
Recipients class and the No.612-002 Format Recipients class as members.  
 

	  

Figure	  48:	  No.612	  Format	  Recipients	  Object	  Schema 

 
Continuing to follow the attribute level pattern, we now re-engineer the relational attribute type sign, 
which points to the No.612F Format Recipient entity type sign. This refers to a No.612 Format’s 
Recipient relational attribute type that relates the No.612 Format entity type to the No.612 Format 
Recipient 's entity type. 
 
We apply the classic re-engineering pattern for attribute types again and transform the relational 
attribute type into the class of the objects that the attributes were re-engineered into. This is the class of 
all the individual No.612 Format Recipient Tuples Classes, such as the No.612-001 Format Recipient 
Tuples. We then identify its structural patterns by constructing signs for the objects. No.612 Format 
Recipient Tuples Classes is a class of Tuples Classes. This means that No.612 Format Recipient Tuples 
Classes is related to both No.612 Format and No.612 Format Recipient by Tuples Classes of class 
places. In addition, the No.612 Format Recipient class (like its member classes) is classified as derived, 
defined by No.612 Format Recipient Tuples Classes. 
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Figure	  49:	  No.612	  Format	  Recipient	  Tuples	  Classes	  Object	  Schema 

 
We then re-engineer the Exemplar No.612 Format Recipient into the class constructed by collecting 
together the individual exemplar recipients - the class of Exemplar No.612 Format Recipient. We work 
out its structural patterns and construct the appropriate signs in the object model. This captures the 
exemplar pattern at the class level. 
 

	  

Figure	  50:	  Exemplar	  No.612	  Format	  Recipients	  Object	  Schema 

 
So far we have completed the re-engineering of the No.612 Format Recipient attribute type. We now 
start re-engineering the other attribute types from the No.612-001 Format and No.612-002 Format. The 
process of re-engineering follows the same basic pattern.  
 
In both No.612-001 Format and No.612-002 Format, the first attribute type sign is 
“ERO*ELDREGL*”, which according to the line library means the format name, including in the 
message’s header. We give the name “Message-header” for this attribute type. The object schemas of 
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tuples classes and exemplar are shown below.  
 

	  

Figure	  51:	  No.612 Format	  Message-‐header	  Tuples	  Classes	  Object	  Schema	  

	  

	  

Figure	  52:	  Exemplar	  No.612 Format	  Message-‐headers	  Object	  Schema 

 
Since the rest of the attribute types do not have too much difference with the previous two attribute 
types in general, we will only give the names for these attribute types and skip the presentation of the 
object schemas. 
 
We call the third attribute type “Free-text” for representing the attribute sign “SS” in No.612-001 
Format and “Q” in No.612-002 Format. It is used for filling in arbitrary text strings. 
“311155*FRÅN:BJ” in No.612-001 Format and “311157*FRÅN:BK” in No.612-002 Format are used 
to illustrate the sender of the messages, so we give the forth attribute type name “Sender”. It consists of 
three parts, the time code, the prompts “from”, and the sender’s name. After the attribute type “Sender”, 
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there is “ERO:ZX,T3” in No.612-001 Format and “ERO:ZW,T3” in No.612-002 Format used for 
creating a shooting. Multiple recipients of call signals are separated by commas. We call this attribute 
type as “Call-signal”. “OPL:_SA_BF:*” in No.612-001 Format and “OPL:_KQ_BF:_*” in No.612-002 
Format  contains the goal’s information, thus we call it “Goal-identifier” attribute type. The 7th line 
“ZON: 31WRUTA:XF” in No.612-001 Format and “ZON:33VRUTA:XF” in No.612-002 Format is 
selected to describe the zone and square positions, which are based upon MGRS (Military Grid 
Reference System). We give this attribute type name of “Zone&square”. “3100:1255:Z:1100” in 
No.612-001 Format and “3076:2082:Z:1103” in No.612-002 Format is also based on MGRS to 
illustrate the coordinates. Therefore, we call it “Coordinates” attribute type accordingly. “EK:2ES” in 
No.612-001 Format and “EK:4SK” in No.612-002 Format are filled with determined fire code. We 
give the name “Fire-code” for this attribute type. “ESU:J*” from both formats implies the fire signals 
end or not. We define this attribute type as “End-reminder”. The last attribute type “SLUT” implies this 
message is ended. We call it the “Message-ender”.  

• Generalizing	  re-‐used	  patterns	  
In the previous section, we re-engineered the elements of the existing system’s entity format directly 
into an object model. In this section, we work on the generalization of objects. A good indication of an 
opportunity for generalization is patterns of objects that have been re-used in the modeling. In our case, 
the No.612 Format Recipients pattern, No.612 Format Recipients Tuples Classes pattern and Exemplar 
No.612 Format Recipients pattern are re-used in the re-engineering of other No.612 Format attributes. 
From the point view of semantics, we generalize two re-used patterns. The first is for Recipients, 
Senders and Message-headers, namely “Message-title” pattern. 

We generalize these three objects to the Message-titles superclass, illustrated below. 
 

	  

Figure	  53:	  Generalized	  No.612 Format	  Message-‐titles	  Object	  Schema 

 
Then, we need to generalize the Tuples Classes and Exemplar for this pattern in order to achieve the 
first stage application level object model.  
 

	  

Figure	  54:	  First	  Stage	  Application	  Level	  Object	  Model	  For	  Message-‐title 

 
We name the second re-used pattern as “Position” pattern. With the same process applied, we get 
another object model in the application level in the end of the first stage.  
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Figure	  55:	  Generalized	  No.612	  Format	  Positions	  Object	  Schema	  

	  

	  

Figure	  56:	  First	  Stage	  Application	  Level	  Object	  Model	  For	  Position 

 

4.3.1.2 Re-‐engineering	  Conceptual	  Patterns	  
 
The re-engineering in the second stage follows similar steps to the first stage, with a different initial 
step. We do the following: 

• Find a relevant conceptual No.612 Format pattern,  
• Identify the entity it refers to,  
• Re-engineer it into an object pattern, and then  
• Construct signs for the pattern in the model.  

We start with the first missing conceptual pattern, Character Strings. From the models we derived 
previously, it is easy to observe that many attributes from the two formats consist of prompts and fill-in 
fields. The prompts for each attribute are already given, while the rest part of the attribute is filled in 
with character strings. Now we re-engineer the Character Strings conceptual pattern into an object 
pattern. This is relatively straightforward. We take No.612-001 Format Recipients class for example. 
The Character Strings is clearly a class and a super-class of No.612-001 Format Recipients. Therefore, 
it has all the members of the No.612 Format Recipients class as members. Since the Character Strings 
is the class of all character strings, besides No.612-001 Format Recipients class, character string ‘X’ is 
also a member of the super-class as well as other attributes from the No.612-001 Format contain 
character strings. 
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Figure	  57:	  Character	  Strings	  and	  No.612-‐001	  Format	  Recipients	  

 
After that, we look for the connecting patterns between Character Strings and No.612 Format 
Recipients. The connection that can be observed directly is a super-sub-tuple-class. Members of the 
No.612 Format Recipients class, such as No.612-001 Format Recipients, and No.612-002 Format 
Recipients, are sub-classes of the Character Strings class.  
 

	  

Figure	  58:	  Character	  Strings	  and	  No.612	  Format	  Recipients 

 
Then we construct an Exemplar Character Strings class that is a super-class of Exemplar No.612 
Format Recipients and a sub-class of Character Strings. The ‘No.612-001 Format [EXEMPLAR]’ and 
the ‘X [EXEMPLAR]’ are both members of this class. 
 

	  

Figure	  59:	  Character	  Strings	  And	  Exemplar	  Character	  Strings 
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To dig the Character Strings pattern a little bit deeper, we include the concept of Power class to 
construct an Exemplar Character Strings class that is a super-class of Exemplar No.612-001 Format 
Recipients and a sub-class of Character Strings. Then we introduce the Character String Classes. It is 
the class of all sub-classes of the Character Strings class. The result is shown below. 
 

	  

Figure	  60:	  Character	  Strings,	  Character	  String	  Classes	  	  

	  

4.3.2 ART100	  format	  with	  only	  meta-‐data	  
 
Instead of getting a more specific view of No.612-001 Format and No.612-002 Format in the very 
beginning, we now have to work from the meta-data, which means we now only have the entity type, 
No.612 Format and its attribute types, i.e., Message-header, Recipient, Sender, Free-text etc. As we 
have discussed in the theoretical section, without explicitly pointed-out instances, it is very hard to 
identify the individuals and their spatial-temporal extent. Then the re-engineering steps of the BORO 
method cannot proceed to this case. 
 
 

4.4 ASCA-‐CFF	  
 
This ASCA-CFF message will be used to transmit initial Fire for Effect requests for fire and/or orders 
to fire, the table of attributes is shown below. 
 
Ser Set ID Set OCC Fld Occ Fld No Field Title Field 

length 
A MSGID M   MESSAGE 

IDENTIFICATION 
 

   M 1 Message Type 6X 
   M 2 Originator 13X 
B TNO M   TARGET 

NUMBER 
 

   M 1 Target Number 6AN 
C NUN C   NUMBER OF 

WEAPONS 
 

   M 1 Number of Guns 1-2N 
D GRID M   TARGET  
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LOCATION 
   M 1 UTM Easting 6N 
   M 2 UTM Northing 1-8N 
   M 3 Altitude 1-5NS 
E GZE M   TARGET GRID 

ZONE 
 

   M 1 Grid Zone 1-3NS 
F TST    TARGET 

DESCRIPTION 
 

   M 1 Target Type 3-6A 
   M 2 Target Subtype 2-6A 
   C 3 Degree of 

Protection 
4-6A 

G STR M   TARGET 
STRENGTH 

 

   M 1 Number of Target 
Elements 

1-4N 

H SIZ M   TARGET SIZE  
   M 1 Length 1-4N 
   O 2 Width 1-4N 
   C 3 Attitude 4N 
I RVA O   REPORT VALUE 

ACCURACY 
 

   M 1 Report Accuracy 1-3N 
J TRJ O   TRAJECTORY 

TYPE 
 

   M 1 Trajectory Type 3-4A 
K MUE O   MUNITIONS IN 

EFFECT 
 

   C 1 Number of 
Volleys/Rockets 

1-2N 

   O 2 Fire Fore Effect 
Projectile 

3A 

   C 3 Fire Fore Effect 
Fuze 

2-4A13 

L EFR C   EFFECTS 
REQUIRED 

 

   M 1 Effects Required 1-2N 
M MOC M   METHOD OF 

CONTROL 
 

   M 1 Method of Control 2-3A 
   C 2 Time 4N 
   C 3 Duration of Time 

Window 
3N 

N FIRINT C   FIRING 
INTERVAL 

 

   M 1 Interval Between 
Volleys 

1-3N 

   C 2 Duration 1-3N 
O EOM C   END OF MISSION  
   M 1 End of Mission 

Indicator 
1A 

Table	  10:	  ASCA-‐CFF	  Message	  Definition	  (FOI,	  2011) 

 
M, C or O in this format stand for Mandatory (M), Conditional (C), Optional (O), or Not specified (N). 
In this format, “X” is character. To make it clearer, “A” is letter, “N” is natural number and “S” is 
integer. As described above, “ASCA-CFF” is the message format for Call For Fire in "STANAG 2245". 
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According to the format specification and further explanations (Attached as the appendix), we can 
easily understand the possible contents in the “STANAG 2245” message.	  
	  
Now we start re-engineering this case by following the steps we applied in the ART100 Format.  
 

4.4.1 Re-‐engineering	  entity	  format	  in	  the	  existing	  system	  
 
• Re-‐engineering	  the	  first	  individual	  entity	  sign 
According to the ASCA-CFF message table, we can generate a lot of different forms, with or without 
some optional/conditional attributes. Here each of the generated forms is considered as an individual 
entity. We assume there is a ASCA-CFF format which using all the stated attributes in ASCA-CFF 
message table as Table 10. We call this ASCA-CFF format “ASCA_Form1”.  
We looked at how the substance paradigm's semantics explained what individual entity signs refer to. 
That refers to individual entities constructed from an underlying primary substance. We apply the 
explanation here. The “ASCA_Form1” format individual entity sign refers to the “primary substance” 
of the format “ASCA_Form1”. The primary substance and its attributes make up the “ASCA_Form1” 
format. 
 
Then we re-engineer the ASCA_Form1 primary substance into a “ASCA_Form1” object. In the object 
ontology paradigm, we treat objects in four-dimensional terms, which are three dimensions for space 
and one dimension for time. To increase the coherence, we also need to find out a connecting pattern 
between the “ASCA_Form1” object and the framework object. As the “ASCA_Form1” format will 
persist through a certain period. The “ASCA_Form1” object is a body object, not an event object in our 
framework object schema. Obviously The “ASCA_Form1” body object is a member of the bodies class. 
This introduces the second object: the class-member tuple constructed from the two objects.  
 
We carry out the final step in re-engineering by constructing signs for the two objects. We construct an 
individual body object sign for the “ASCA_Form1” object and a class member sign for the tuple object. 
The result model is shown in the schema in Figure 61. This also shows how we used a class-member 
tuple to display the new “ASCA_Form1” object onto the framework's bodies class. 
 

  
 
	  
• Re-‐engineering	  the	  second	  individual	  entity	  sign 
Following the rule of re-engineering a couple of entities signs, we should pick a second entity sign and 
re-engineer it. This time we assume there is another form using all attributes in ASCA message 
definitions, except the optional “RVA” attributes, which are the report value accuracy attributes. We 
call this form “ASCA_Form2” format. We follow the same pattern of re-engineering as we used for the 
“ASCA_Form1” entity sign. We end out constructing a sign for the “ASCA_Form2” object and 
including it in the object model. It gives us a similar object schema in Figure 62. This schema has the 
same pattern as the ASCA_Form1 object schema in Figure 61. 
 
 
 
 
 

Figure	  61:	  ASCA_Form1	  Object	  Schema	  
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ASCA_Form1 and ASCA_Form2 are only 2 formats of many possible formats, which can be translated 
from the ASCA definitions. It is possible to draft other ASCA_Form3, ASCA_Form4 and etc. In 
Figure 63 we merge those 2 object schemas into one picture. 
 

	  
Figure	  63:	  Merged	  ASCA_Form1	  And	  ASCA_Form2	  Object	  Schema	  

 
• Re-‐engineering	  the	  entity	  type	  sign	  
In the previous part we have re-engineered the ASCA_Form1 and ASCA_Form2 entity signs. Now we 
are following the same procedures. First we identify the ASCA-CFF format entity type sign refers to. 
Following the BORO book we understand the entity type sign refers to a secondary substance. The 
second substance is the sum of the primary substances. The ASCA format entity sign can be treated as 
the sum of all different ASCA_Form1, ASCA_Form2, ASCA_Form3...ASCA_Form(x). Then we need 
to re-engineer the entity type, i.e. The ASCA format entity type sign into the object. We look for the 
pattern of structural connections with the existing model. The ASCA-CFF format has individual body 
objects: ASCA_Form1 and ASCA_Form2, as members. It is a class. Therefore it is a member of the 
framework class. On the other hand, as the members of this ASCA-CFF format class are all body 
objects, this ASCA format class is also a sub-class of the bodies class. At the final step we construct the 
ASCA-CFF format class sign and then use the connections' sign between the three levels object model. 
From framework level objects to application level objects, like ASCA-CFF Format class; as well as the 
operational level objects such as ASCA_Form1 and ASCA_Form2. The ASCA-CFF format object 
schema is shown as Figure 64. 

Figure	  62:	  ASCA_Form2	  Object	  Schema	  (Change	  Content	  to	  ASCA_Form2)	  
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• Re-‐engineering	  the	  attribute	  type	  sign	  
After re-engineering the ASCA-CFF format entity type and its associated entities, we now need to re-
engineer the attribute type and corresponded attributes signs.  
We follow the BORO rule: For individual attribute and attribute types, re-engineer a couple of 
individual attribute signs and use the patterns to re-engineer their attribute type sign. Here we pick up 
the individual attribute “Target Number” in the ASCA-CFF format definition.  
 
According to the field definition, Target Number is a mandatory attribute: Six (6) characters used to 
specify the target number. The first two (2) characters shall be letters followed by four (4) digits. Legal 
entries: 
Letters: AA to ZZ 
Digits: 0001 to 9999.  
That means the Target Number attribute will be used in all the ASCA-CFF formats, including the 
ASCA_Form1 and ASCA_Form2. This is the TargetID field of the ASCA_Form1 (and ASCA_Form2) 
and contains the character strings such as “AA0001”.  
 

 
 
 
Taking ASCA_Form1 format as an example, even though the attribute sign “Target Number” looks 
like a non-relational attribute sign, it is actually an implicit relational attribute sign related to an 
implicit ASCA_Form1 TargetID entity sign. As shown in Figure 65. 
 
The “ASCA_Form1” TargetID sign refers to the “ASCA_Form1” TargetID entity. It doesn't mean 
much for us. We need to work out the object it is re-engineered into. In our case the ASCA_Form1 
TargetID is the class of all ASCA_Form1“Target Number” character strings. Every time we speak, 
write, or transmit the string “Target Number” in the computer system under the ASCA_Form1 format, 
it presents the TargetID of ASCA_Form1 format.  
 
This means in the normal world we may say:  
The TargetID of the ASCA_Form1 is “Target Number AA0001” 
And in the object scheme of things, we will say: 
“Targer Number AA0001” is a member of the ASCA_Form1 TargerID class. 
 

Figure	  65:	  Implicit	  Relational	  Attribute	  

Figure	  64:	  ASCA-‐CFF	  Format	  Object	  Schema	  
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We now follow the same pattern as before and work out the structural connections for the 
class object. Because the object is a class, it is then an member of the framework class, 
classes. We then construct the sign for the object and its patterns in the object model as shown 
in Figure 66. 
	  

 
The second step is to analyze the implicit relational attribute sign that points to the “TargetID” entity 
sign. This refers to the recipient’s relational attribute that relates the ASCA_Form1 format substance to 
the ASCA_Form1TargetID entity. By using the basic re-engineering pattern for relational attributes, 
we are able to transform the relational attributes here into a couple <ASCA_Form1 body object, 
ASCA_Form1 TargetID class>, which belongs to the ASCA_CFF format TargetID tuples class.  
 
Even though the ASCA_Form1 object is connected to the TargetID class, we never actually use the 
TargetID to refer to ASCA_Form1. We only use the member of the TargetID class. Since every 
member of the TargetID class has the same pattern. The link between ASCA_Form1 body and the 
ASCA_Form1 TargetID class is a tuple class rather than a couple. Meanwhile there is another couple 
between the ASCA_Form1 body and the ASCA_Form1 Target Number character string, as in Figure 
67.  

	  
 
There is one thing connecting the object model to the domain. More specifically, there  is an object 
model sign referring to the real object in the domain. In our case the sign in the object schema for the 
ASCA_Form1 exemplar name needs to reflect its special status as an example referring to a class. We 
insert the text “[EXEMPLAR]” at the end of the name sign and then put an arrow over the class-
member tuple sign linking the exemplar name to the sign of its class. As you notice that the 
“ASCA_Form1 exemplar” is classified as derived (with a shaded grey triangle at the bottom left of the 
rectangle). This means the exemplar is defined by the ASCA_Form1 exemplar class–member tuple. If 

Figure	  66:	  ASCA_Form1	  TargetID	  Object	  Schema	  

Figure	  67:	  ASCA_Form1	  TargetID	  Tuples	  Object	  Schema	  (Change	  Names)	  
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something occupies the member place of the ASCA_Form1 exemplar class–member tuple, it must be 
an exemplar ASCA_Form1.  
 

	  
 
We can now re-engineer the ASCA_Form1 TargetID attribute type. This follows a similar pattern to 
the individual attribute sign, which was re-engineered into a number of related objects. In other words, 
the attribute signs’ pattern is reflected at the attribute type level. We start it by following the three steps 
in our systematic approach. We take the attribute type sign in the computer system. This is the sum of 
the Target Number fields of all the ASCA_Form1 records on the computer. Following the same pattern 
as we used at the attribute level, we start by re-engineering the implicit ASCA_CFF format entity sign. 
In entity world it refers to the ASCA_CFF format TargetID entity. We now find out what object it is 
re-engineered into. The classic re-engineering pattern for attribute types has the attribute type 
transformed into the class of the objects that the individual attributes were re-engineered into. This 
pattern applies here. The ASCA_CFF format TargetID attribute type re-engineers into the ASCA_CFF 
format TargetID class. This is a class with ASCA_Form1 TargetID class as members. 
 

 
Continuing to follow the attribute level pattern, we now re-engineer the relational attribute type sign, 
which points to the ASCA_CFF format TargetID entity type sign. This refers to a ASCA_CFF format’s 
TargetID relational attribute type that relates the ASCA_CFF format entity type to the ASCA_CFF 
format recipient 's entity type. 
 
We apply the classic re-engineering pattern for attribute types again and transform the relational 
attribute type into the class of the objects that the attributes were re-engineered into. This is the class of 
all the individual ASCA_CFF format TargetID tuples classes, such as the ASCA_Form1 format 
TargetID tuples and ASCA_Form2 format TargetID tuples. We then identify its structural patterns by 

Figure	  68:	  ASCA_Form1	  EXEMPLAR	  Recipient	  Object	  Schema	  

Figure	  69:	  ASCA_CFF	  TargetID	  Object	  Schema	  
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constructing signs for the objects. ASCA_CFF format TargetID tuples classes is a class of tuples 
classes. This means that ASCA_CFF format TargetID tuples classes is related to both ASCA_CFF 
format and ASCA_CFF format TargetID by tuples classes of class places. In addition, the ASCA_CFF 
format recipient class (like its member classes) is classified as derived, defined by ASCA_CFF format 
recipient tuples classes. 
	  

 
We then follow the final step of the attribute level pattern and re-engineer exemplar ASCA_CFF 
format TargetID. We re-engineer this into the class constructed by collecting together the individual 
exemplar TargetIDs, which in this case, is the class of exemplar ASCA_CFF TargetIDs. We work out 
its structural patterns and construct the appropriate signs in the object model as in Figure 71. 
 

	  
Figure	  71:	  EXEMPLAR	  ASCA_CFF	  Format	  TargetID	  Object	  Schema 

 
Now we have completed the re-engineering of the ASCA_CFF format TargetID attribute type. 
According to the BORO book we would like to re-engineer several attribute types in order to get the 
more accurate result. The process of re-engineering follows the same basic pattern. 
 
As we assume all attributes defined in the ASCA will be used in the ASCA_Form1 format. We see in 
ASCA_Form1 format, there is an attribute type sign called “GZE”, a mandatory attribute, Target Grid 
Zone. It is defined as: One (1) to three (3) characters used to specify the earth hemisphere and grid 

Figure	  70:	  ASCA_CFF	  Format	  TargetID	  Tuples	  Classes	  Object	  Schema	  
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zone designator. One (1) or two (2) digits used to specify the grid zone at the location preceded by one 
character used to specify the earth hemisphere. Grid zones in the southern hemisphere shall be 
preceded by a minus (-) sign. We give the name “TargetGrid” for this attribute type. By following the 
same step of re-engineering, the object schemas of tuples classes and exemplar are shown below. 
 

	  
Figure	  72:	  ASCA_CFF	  Format	  TargetGrid	  Tuples	  Classes	  Object	  Schema 

 

	  
Figure	  73:	  EXEMPLAR	  ASCA_CFF	  Format	  TargetGrid	  Object	  Schema 

 
We can go through the whole ASCA_CFF definition and we can rename the attribute types: 
• Message Identification, we call it “MsgID”. 
• Target number is “TargetID” 
• Number of weapons is “WeaponNr” 
• Target Locations is UTM and altitude number, therefore “TargetLocation” 
• Target Grid Zone is “TargetGrid” 
• Target Description is “TargetDesc” 
• Target Strength is “TargetElem” 
• Target Size is “TargetSize” 
• Report value Accuracy is used to described the accuracy of target location, therefore it is 

“TargetAccuracy” 
• Trajectory type is used to specify the trajectory type, so it is “TrajectoryType” 
• Munitions in effect is “MunitionEffect” 
• Effects Required is “EffectReq” 
• Method of Control is “MsgControl” 
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• Firing Interval is “FireInterval” 
• End of Mission is “MsgEnd” 
By applying the basic patterns we can get similar tuple class object schema and exemplar object 
schemas for those attribute types above. We will skip the step of presentation of re-engineering. Instead 
we will try generalizing re-used patterns. 
 
 
• Generalizing	  re-‐used	  patterns	  
According to the BORO book (Partridge. C, 2005), A good indication of an opportunity for 
generalization is patterns of objects that have been re-used in the modeling. In our ASCA_CFF case, 
the ASCA_CFF format TargetID pattern, ASCA_CFF format TargetID tuples classes pattern and 
exemplar ASCA_CFF format recipients pattern are re-used in the re-engineering of other ASCA_CFF 
format attributes.  
 
After our analysis of the ASCA_CFF definitions. We generalize two re-used patterns. The first is for 
MsgID and MsgEnd as well as all the message controlling attribute types such as “MsgControl”, in our 
pattern those attributes are all used to setup the message. We name it “MsgDef” pattern. The second 
pattern is named “TargetData” which contains the target information such as size, type, description, 
position and etc. We listed some of the attribute types as shown in Figure 74 and Figure 75. 
 

	  
Figure	  74:	  Generalized	  ASCA_CFF	  Format	  MsgDef	  Object	  Schema	  

	  

	  
Figure	  75:	  Generalized	  ASCA_CFF	  Format	  TargetData	  Object	  Schema	  

 
We can generalize the tuples classes and exemplar for this pattern in order to achieve the first stage 
application level object model. 
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In the same way, we can generalize the tuples classes and exemplar for “TargetData” pattern in order to 
achieve the first stage application level object model. 
 
 

 
 

4.4.2 Re-‐engineering	  conceptual	  patterns	  
We now work through an example of reviewing an object schema, if we take a look at Figure 2-9 
ASCA_Form1 TargetID object schema. The “TargetID” is a class of  “Target Number xxxxxx”. Here 
obviously we can treat the target number as a character string. Therefore the “Target ID” is actually a 
class of character strings. Further more, if we take a look at other attribute types in the ASCA_CFF 
definition, their contents are all character strings. The character strings is a class and a super-class of  
ASCA_Form1 format TargetID. Character string itself is also a class, so it is a member of the 
framework class, classes. As in Figure 78. 
 

Figure	  76:	  First	  Stage	  Application	  Level	  Object	  Model	  For	  MsgDef	  

Figure	  77:	  First	  Stage	  Application	  Level	  Object	  Model	  For	  TargetData	  
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If we add the exemplar together with character strings and character string classes here, we will get a 
conceptual pattern of the ASCA_CFF format, and thus finish the stage2, as Figure 79. 
 
 

	  
Figure	  79:	  Object	  Schema	  With	  Character	  Strings	  And	  Character	  String	  Classes 

 
So far we have completed the re-engineering for three case studies, which are ASCA-CFF format with 
toy-instance data, ART100 format with toy-instance data and ART100 format with only meta-data. We 
get the application object models in the first stage, and conceptual patterns in the second stage. 
Providing our study results in the context of SIDEP, we have accomplished the first step of the 
Preparation phase. The semantic description is created and registered, the information concepts, their 
relationships and constraints are provided in a machine-readable form. Therefore, SIDEP can move on 
to the next step consistency checking, to verify the correctness of the gathered ontologies. 
 
The further research will be conducted by mapping the ASCA-CFF format object schemas and the 

Figure	  78:	  Character	  Strings	  and	  ASCA_Form1	  Format	  TargetID	  
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ART100 format object schemas on a semantic level. Since our thesis focuses on gathering ontology 
from both formats only, the mapping task is not included in our topic. It will be carried out in the 
Configuration phase of SIDEP.	    
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5 Analysis	  	  

In this chapter, we will firstly analyze the results we derived from each alternative in the theoretical 
aspect, and then draw a conclusion regarding their application domain. Secondly, we will evaluate the 
feasibility of the BORO method application to our case studies.  

5.1 Analysis	  on	  the	  results	  from	  the	  theoretical	  perspective	  

5.1.1 Alternative1:	   The	   BORO	   method	   applicability	   for	   gathering	   reference	   ontology	   when	  
having	  both	  meta-‐data	  and	  toy-‐instance	  data	  

	  
The BORO method starts with instances. However, it happens in some cases that users cannot get real 
data due to the safety reasons. Especially in the military context, lots of data are considered as 
confidential, only for internal use. Thus, in order to make the investigation on the BORO method 
applicability doable, we had to create some artificial data based on the principles of building instances 
to carry out this study. And we gave the name of this type of data as the toy-instance data. 
 
We took a simple example to illustrate the systematic nature of the re-engineering process. We gave a 
detailed explanation for each step to ensure the ease of understanding. Here, we will analyze two 
essential sub-processes used in the theoretical section. 

• Re-‐engineering	  the	  patterns	  
In the Student example, re-engineering those name attribute types has given us some idea of the 
distortions that the entity ontology paradigm is forced to make to some patterns to fit them into its 
framework. It should also give some idea of how accurate we need to be to see how to unwind the 
distortions. Working on the Student example has taken us from one end of the re-engineering spectrum 
to the other. Re-engineering the Student entity type was simple and straightforward; whereas, re-
engineering its name attribute types was far from straightforward. It needed careful analysis to reveal 
the underlying naming patterns.  
 
Due to the constrained structure of the framework of the entity ontology paradigm, entity with its 
attribute cannot be displayed as an entity in a rectangle while attaches its attribute within a smaller 
rectangle on the lower right corner. The attribute needs to be transformed into an entity sign, which in 
the Student example is the Student Full Name entity.  
 
The Student Full Names class is the class that contains all the forms of the character strings of the 
student full names, and the relationship between the object Student and the Student Full Names class is 
defined as a tuple <Student, Student Full Names class>. However, this is not yet the essential naming 
pattern we desire to achieve. When we refer to a student, instead of using the Student Full Names class, 
we use its members to point out which student we are referring to. Therefore, the underlying naming 
pattern between the object Student and the Student Full Names class is revised into a tuples class that 
contains individual tuples as <object Student, member of the Student Full Names class >. 
 
• Finding	  conceptual	  patterns	  
Conceptual patterns are not as restricted as the entity oriented computer systems and so hold a much 
richer store of patterns. This provides more of an opportunity for the power and flexibility of the object 
paradigm to come into play and so the construction of more accurate, simpler and functionally richer 
object models. 
 
Most people’s conceptual patterns are only loosely based on substance semantics. This leads to a 
tendency to ‘refer to’ things informally; or, in other words, it is not always clear what the conceptual 
patterns refer to. So, even though our brains effortlessly use these patterns, trying to make them formal 
does require some thoughts. And even then we cannot be sure that what we have formalized is either 
complete or correct. 
 
Before we look at the techniques for investigation, we need to clarify which patterns count as useful 
and relevant. In a new paradigm, the old ways of working are often turned on the head. What were 
sensible and solid ways of working become counter-productive. What were impractical ways of 
working become pragmatic and realistic. This means that when we shift to the new paradigm we have 
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to unlearn the old ways of working and relearn new ones. This is true for the way in which we 
investigate our conceptual patterns. 
 
Most people seem to find it quite easy to look at an object schema and naturally compare it with their 
conceptual patterns. This often occurs during the first stage of the re-engineering process. A modeler 
working on a schema will just look at it and see something wrong - the patterns of the object signs do 
not fit together. This will be easy to see. First, because the object patterns are described by using visual 
patterns, something the human brain is very good at dealing with. Second, because the patterns in the 
object schemas are explicit and public.  
 
When we review the object schemas, we might find that it does not have one of our conceptual patterns. 
Or, we might find that the model has the pattern, but it is different in important respects from our 
conceptual patterns. 
 
When we analyze these, they usually provide us with a fruitful source of re-usable patterns. The 
differences may highlight inaccurate patterns in the model. This should not be surprising because, at 
this stage, the object model is only a transformation of the existing system, and still contains some of 
its faults. We can revise these inaccurate patterns, making them more re-usable. The missing 
conceptual patterns can often usefully be re-engineered, added to the object model, and generalized. 
 
It is important to recognize that the review is a two way process. While we are enhancing the object 
model, it is also enhancing the way we see the business. This is particularly obvious when we review 
schemas produced by other people. At first glance, their find patterns may look wrong. Sometimes our 
intuition is trustworthy and the model’s pattern needs changing. Other times it is our intuition that is 
wrong and its patterns need changing. The object schema then ‘teaches’ us a new, more accurate, way 
of looking at the business. By the end of the review process, our conceptual patterns and the object 
model’s patterns should have converged. The object model and we should share a common way of 
seeing the business. 
 

5.1.2 Alternative	   2:	   The	   BORO	   method	   applicability	   for	   gathering	   reference	   ontology	   when	  
having	  meta-‐data	  only	  

 
Most people currently see things as entities and attributes. They see individual things, such as an 
individual car or house, as entities. They group these individual entities into types - for example, 
vehicles and houses in general - called entity types. Both entities and entity types have attributes - also 
sometimes called properties or qualities. For instance, cars in general have the attribute of model, and 
an individual car may have the model attribute, Ford Ranger. When people see this individual car, the 
thing comes into their mind immediately is the attribute Ford Ranger, instead of thinking this as a 
vehicle in the first place. Hence, re-engineering by starting with only entity types and attribute types is 
quite intangible.  
 
However, when we try to apply the BORO method to this case, we find out that the problems are more 
than only the abstract sense that expected in the beginning. Partridge. C (2005) pointed out that it is 
useful to start modeling with individual objects, particular examples of the more general classes. They 
are more tangible and help people to see the underlying patterns more clearly. These individual objects 
are often at operational level, objects that the users would set up. Consequently, we usually end up with 
quite a number of operational objects in our working models. When we tidy up the model for the next 
stage of system building, we purge them because they are not needed then. Taking the ordering rules of 
the re-engineering process, the patterns are collected from individual particles, which are called 
instances in our case. Then we apply the patterns to the upper level, the class of instances, which are 
entity types and attribute types in terms of the BORO method terminology. Therefore, with only meta-
data, the process is hard to start. 
 

5.1.3 Alternative	  3:	  The	  BORO	  method	  applicability	   for	  gathering	   reference	  ontology	  with	  only	  
instance	  data	  

 
In this situation, two parties do not have any standard model for their message exchange, which means 
having neither entity types nor attribute types on hand but only concrete data. The problem would very 
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likely happen when two parties understand the data in a different way. Take “Georgia” for example, 
without given entity type and attribute types, one party can interpret it as a country, and the other can 
classify it as a state in the U.S. Following the second ordering rule for the re-engineering process, we 
should re-engineer a couple of individual entity (attributes) signs and use the patterns to re-engineer 
their entity (attributes) type sign. Apparently, the patterns derived from both parties will differ, and this, 
in turn, leads to the variation of the final object schemas, even though there is no such a principle to 
judge which party made the wrong model. 
 
Thus, the probability of obtaining interoperable models from both parties is not optimistic.  
	  

5.2 Analysis	  on	  the	  case	  study	  
	  
In the previous chapter, we applied the artifact to case studies. In this section, we will make evaluations 
on the applicability of the BORO method based on that. 
 
The ASCA-CFF Format and ART100 Format have similar structures, and here, we choose ART100 
Format to assess the BORO application. 
 
We started with two entity formats, which are No.612-001 Format and No.612-002 Format. Along with 
the whole re-engineering process, attribute types and instances were defined, also the patterns that 
reveal the relationships between the elements. By having the two steps of re-engineering process and 
ordering rules as guideline, the application from theoretical results to case study is straightforward and 
clear. When it comes to generalizing the patterns, we picked up two patterns by considering the 
attribute types semantically. However, it is not the only result can be derived; people see things 
differently, which results in grouping attribute types into different classifications. Patterns can be 
improved by making them more accurate and compact. In our case, the Message-title pattern and 
Position pattern apparently can be re-used for the majority of the command control systems. As for the 
conceptual pattern Character Strings, it is even more generalized. Whenever there is an attribute 
presented in the form of text, character strings will be filled in. And then, the object schema of 
Character Strings can be adjusted in accordingly. It is quite common for people to find that the first 
stage’s object schemas are less general than their conceptual patterns. The question here is whether it is 
worthwhile including the more general concept of Character Strings in the model. In this case, not only 
is Character Strings a really re-usable general class, but it also captures an important part of our 
understanding of what a filled-in field of texts stands for. 
 

5.3 The	  benefits	  that	  the	  BORO	  method	  brings	  
 
Based upon the analysis on both theoretical and practical aspects above, we now provide a reflection on 
the benefits that the BORO method brings. 

Re-engineering to objects creates a foundation for the re-engineering of the business paradigms. They 
together bring two main benefits. They enable: 

• More accurate patterns, and so functionally richer systems,  
• More compact patterns, and so simpler systems. 

 

5.3.1 More	  accurate	  patterns,	  functionally	  richer	  systems	  
 
In the BORO approach, when we start to re-engineer business paradigms, we find that we are 
constructing a model whose business patterns are both more explicit and more accurate. One important 
result of capturing more of a pattern explicitly and capturing it more accurately is that it becomes more 
re-usable. This turns out to be part of a general trend towards greater accuracy in most engineering 
disciplines. 
 
The more accurately we model the business, the simpler, more general and so re-usable the objects are. 
As the accuracy of the model increases so does the potential for generalization and re-use of its objects. 
These more accurate objects can then be compacted into less space than their less accurate predecessors. 



66	  
	  

Therefore, re-engineering business paradigms enable us to construct more accurate, functionally richer 
business models. It enables us to see the real world more accurately. Consequently, this enables us to 
spot functionally richer, re-usable business objects. In general, the more accurately a model reflects the 
world, the more powerful it is. This is true of most models, not just business models. 

5.3.2 More	  compact	  patterns,	  simpler	  systems	  
 
Most people find it counter-intuitive that a system can be made simpler and functionally richer - 
especially just by using more accurate patterns. When working within a paradigm, it is reasonable to 
assume that a piece of information has a natural complexity. If it is made simpler, it contains less 
information. When re-engineering to business objects, we cannot make this assumption. The purpose of 
the re-engineering is to transform complex patterns into simpler and more compact ones. Compact 
patterns with more accurate objects for sure works better than complex patterns with disorganized and 
redundant objects. The systems that may seem to be lack of functionalities actually contains lots of 
accurate and compact information, it takes less space to represent more knowledge, therefore, it enables 
the model to be more powerful.	    
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6 Discussion	  

6.1 Results	  related	  to	  previous	  research	  
 
In section 1.7, we described three different ways on addressing semantic interoperability problems, 
which are centralized approach, decentralized approach and hybrid approach. By taking reflection on 
how the BORO method was conducted in our case study to solve the semantic interoperability, we can 
infer that our application belongs to the decentralized approach. Since both of the two forms have 
developed their own ontology to internally manage the data, next step will be performing mappings 
between the two systems to complete the information exchange process. 
 
As also mentioned in the section 1.7, OWL, the Web Ontology Language, is more advanced than 
languages such as the XML, RDF, and RDF Schema, in the field of representing machine interpretable 
content on the Web. The common credit the OWL and the BORO method share is that both of them 
have vocabulary for maintaining formal ontologies. Yet, to fulfill this need, the OWL provides three 
increasingly expressive sublanguages that support users from different domains, whilst the BORO 
method builds up a top ontology and a simple, repeatable process for constructing the ontology. Since 
the OWL is defined as a Web Ontology Language, the target is especially towards the web 
environment, while the BORO method aims to develop ontological or semantic models for large 
complex operational applications. Its purpose is to be a precise model of business. Moreover, the OWL 
was developed based on XML and DAML (W3C, 2004), the languages in the OWL family are capable 
of creating classes, properties, defining instances and its operations, whereas the BORO method is 
based on Unified Modeling Language (UML) in the field of object-oriented software engineering, 
consisting of elements such as object, tuple, class etc. (Partridge C, 2005). Therefore, we can tell that 
although they serve the most important purpose in common, which is developing the formal ontologies, 
the area they emphasize on, the foundation and structure their theories lay on, and the process how they 
work through are quite different from each other. We always need to take distinctive characteristics 
from each specific case into consideration when we tend to make the decision on choosing a proper 
method for solving semantic interoperability issues. 
 

6.2 Ethical	  and	  Social	  consequences	  	  
 
One possible ethical and social consequence could be that due to the benefits that the BORO method 
brings, more and more military coalitions will be willing to adjust this method into their information 
exchange processes. This, in turn, will increase the possibility and efficiency of international 
cooperation in the long run. 
 

6.3 Limitations	  	  	  
 
The scarcity of instances is the main limitation in this thesis.  Other than the two formats provided by 
FOI, we had no more data on hand to take the investigation. The usability of the BORO method to 
semantic interoperability was only testified through applying it to the minimum amount of data. 
Despite the two message formats were selectively extracted from the command control systems for this 
thesis, the data is quite general, which means it has covered most of the frequent features in the desired 
domain, the results may still differ when we study some new data in the future. Therefore, more case 
studies can be required in order to increase the comprehensibility of the BORO method application. 
 

6.4 Future	  research	  
 
Apart from the BORO method, other semantic languages, such as the RDF, XML, and OWL are also 
quite widely used in the ontology area today. Yet still, there are no specific standards or principles to 
provide the guideline on the choice of all the optional tools. A systematic study on making comparison 
of different ontologies is worth carrying on. 
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Moreover, as noted in the limitation part, more rigorous testing in the future is considered as quite 
optimistic. More use cases can be introduced in the research with different features and situations on 
the purpose of raising the level of reliability and validity.  
 
Furthermore, the ethical and social dimension can also be drawn attention to. Due to the amount of 
participates are always more than two involved in a coalition, ownership and governance of data and 
information exchange process will become critical issues to discuss and decide in the long run. Which 
party is responsible for maintaining the common resources, which party is in charge of mediation? 
Such an investigation will complement our present study in the aspect of research ethics.	    
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7 Conclusion	  
 
For solving the semantic heterogeneity, the BORO method is used to gather ontologies of data 
extracted from the computer systems. It starts with building object schemas for entities, entity types, 
attributes and attribute types at the operational level. Then look for the patterns between these elements. 
After that, the BORO method conducts generalization of the patterns that can be re-used for other 
objects at the application level. And the generalization keeps evolving until the users get the desired 
object models that are simpler, more compact and accurate. It is applicable when there are both meta-
data and individual instances in the computer systems; with only entity types and attribute types, data is 
considered as implicit and intangible, so the feasibility of conducting the BORO method to this 
situation is not optimistic; on the contrary, by only having instances on hand, the problem lies in the 
absence of mutual standard on data classification from two parties. One can get an object model based 
on their understanding of the data, while the other can acquire a distinctive one due to the different 
interpretation. This will give a negative effect on the mapping of models derived from both parties. 
	  
Moving on to the application of the BORO method to the preparation phase of the SILF project, we 
created and registered the model of its knowledge-base from “ART100” Format located in the Swedish 
messaging systems and “ASCA-CFF” Format, the agreed upon exchange format, to the SILF in the 
form of reference ontology. The results we derived from the first alternative, which is gathering 
reference ontology when having both meta-data and toy-instance data, successfully describe the 
meanings of the included information and they are in a machine-readable form. The gathered ontology 
provides a structure of all the data concepts, relationships and constraints. It will be placed in the 
repository of the SILF by compliance checking. Finally, all the information resources that can be useful 
for bridging the semantic gap between the two units should be addressed in the Common Ground in the 
end of the preparation phase. 
 
The SILF is still a work progress and many details remain to be filled in. The study we have conducted 
in this thesis is just a corner of the whole project, but as the first stage in the first phase, it is the 
foundation for the following steps to take place. The contribution is not so called huge, but it leads the 
research to the right direction.	    
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9 Appendix	  

9.1 The	  line	  library	  in	  English	  version	  
 
Line 
number 

Field name Description Example Comments Others 

001 ERO:------------ ERO fields 
must have 
comma to 
separate 
between call 
signs if several 
recipients 
included. 
 

ERO:ZG.G1.G
12.AJ, 

Can be mix 
between letters and 
numbers 

Must always 
be indicated in 
order to create 
a shooting 

018 FRITEXT  2SK/MIN   
101 TILL:----------- Addressing line  

Addresses are 
separated by 
comma. 
 

TILL:JA,KA Included in the 
message-header 

Must always 
be indicated 

102 ------*FRÅN:---- Times number 
DDHHMM 
FRÅN: refers 
call signs of the 
sender. 
 

311855*FRÅN
:VJ 

Included in the 
message-header 

Must always 
be indicated 

103 ------SLUT------ Indicate SLUT 
in the message. 
 

 End line Is not editable 

104 TEXT:----------- Free text line TEXT:FIEND
EN HAR 
 

  

971 ZON:---RUTA:---- Zon refers to 
actual UTM-
zone 
RUTA refers to 
tiomila-ruta in 
UTM 

ZON:33VRUT
A:XF__ 

 RUTA must 
always be 
indicated 
It can be 
indicated with 
numbers 
ex:0165 
OBS! Must be 
indicated with 
for numbers 

972 :----:----Z:---- Coordinator in 
UTM 
Y/E/W 
X/N/S 
Z indicates the 
measured value 
 

3250:4555:Z:1
120 

 Z-field in 600-
format has 4 
numbers 

973 ---:-----*BF:-* MÅL/OPL 
with case 
number/ 
designation or 
call signs 
 

OPL:_SA_BF:
_* 

 BF: The BF 
field has no 
practical 
meaning to be 
used today 
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004 EK:------------- Firing 
command 
fields be filled 
in after the 
specified Fire 
code 

EK:1ES Example: 
 
EK:--------. Empty 
line=Inrikta 
 
EK:4SK-----. 4 
shots are shot as 
soon as possible. 
 
EK:1ES-----. 
Shooting with haub 
15,5 24sk,grk 12cm 
9sk regardless of 
the total incoming 
pieces/grk. 
 
EK:1300-----. 
Grenades begins 
Put down the 
specific time.  
 
EK:1300-1303-. 
Shooting occurs 
between the 
specific times. 
 
EK:-1300----. Last 
grenade puts down 
the specific time. 
 
EK:10SEK1SK-. A 
shot is taken per 
incoming piece 
in numerical order, 
released by the 
specific time 
intervals. 

Create FMT 
415 
INRIKTAD 
and be sent to 
the remote fax 
 
Should be 
released 
within 10sek 

351 ERO*ELDREGL* Format name  Included in the 
message-header 
 

 

 

9.2 The	  Format	  library	  in	  English	  version	  
 
1 612 351 ERO*ELDREGL* 0 X X  
2  101 TILL:----------- 45 TILL: 

Indicates the 
message’s 
recipients in 
forms of one 
or several FAL 
separated by 
commas or on 
or several 
FAL/TSNUM
MER 
separated by 
commas 
 

45: 
(FAL”(,”FA
L”)*) | 
((“FAL”/[0-
9]{7}) 
(,”FAL”/[0-
9]{7})*) 
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3  018 ---------------- 39 Arbitrary text 
strings 

39: “TEXT” 
{1,16} 
 

Following 
POS 2 

4  102 ------*FRÅN:---- 46,47 Times number 
FRÅN: 
Indicates the 
message’s 
sender 
 

46: “TNR” 
47: “FAL” 
 
 

Following 
POS 3 

5  001 ERO:------------ 1 ERO: Call 
signs to the 
organic 
unit/units the 
fire orders is 
concerned 
 

1: 
“FAL”(,”FA
L”)* 
 

 

6  001 ERO:------------ 1 ERO: Call 
signs to the 
organic 
unit/units the 
fire orders is 
intended to 
 

1: 
“FAL”(,”FA
L”)* 
 

 

7  973 ---:-----*BF:-* 807,808,809 MalOpl 
(“MÅL” or 
“OPL”): The 
case’s identity 
(1-5 letters for 
case while 2 
letters for EE). 
BF: Carry case 
number 
 

807: (MAL) 
| (OPL) 
808: “MAL” 
809: J| |N 
 

 

8  971 ZON:---RUTA:---- 802,803 ZON: Zone 
position 
according to 
MGRS 
(Military Grid 
Reference 
System) 
RUTA: Square 
position 
according to 
MGRS 
(Military Grid 
Reference 
System) 
 

802: [0-
9]{3} 
803: [0-
9]{4} 
 

 

9  972 :----:----Z:---- 804,805,805 Position in 
MGRS 
: Y-coordinate 
: X-coordinate 
and 
Z: elevation 
 

804: [0-
9]{4} 
805: [0-
9]{4} 
806: [0-
9]{1,4} 
 

 

10  004 EK:------------- 6 EK: Indicate 
firing 
command 
empty field 
means 

6: 
(“ELDTID”
?”ELDKOD 
(/MIN)?”()?(
+()?”ELDK
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INRIKTA OD(/MIN)?”
)*) 
 

11  018 ---------------- 39 Arbitrary text 
strings 

39: “TEXT” 
{1,16} 
 

Following 
POS 16 

12  018 ---------------- 39 Arbitrary text 
strings 

39: “TEXT” 
{1,16} 
 

Following 
POS 17 

13  018 ---------------- 39 Arbitrary text 
strings 

39: “TEXT” 
{1,16} 
 

Following 
POS 18 

14  018 ---------------- 39 Arbitrary text 
strings 

39: “TEXT” 
{1,16} 
 

Following 
POS 19 

15  021 ESU:-* 42 ESU: Indicate 
firing 
signaling 
ending or not 
 

42: [J|1| ] 
 

 

16  103 ------SLUT------ 0 X X 
 

 

 


