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Architecture Driven Information Sharing  
Extracted from the SOPES IEDM  Specification Annex A: Modeling Profile Description 
 

The following information was directly extracted from the Object Management Group (OMG) Shared Operational 
Picture Exchange Services (SOPES) Infromation Exchange Data Model (IEDM) specification.  In the fall of 2010, The 
Object Management Group is expected to adopt the Shared Operational Picture Exchange Services Specification 
(SOPES) IEDM. The SOPES IEDM specification formalizes a platform independent set of data patterns for the 
construction, parsing and processing of JC3IEDM semantics for situational awareness and collaborative planning. The 
data patterns apply directly to a set of transactions for the MIP Joint Consultation, Command and Control 
Information Exchange Data Model (JC3IEDM: version 3.1 c ratified December 2007). The specification provides this 
set of data patterns as building blocks for the exchange of information that is applicable to a wide range of 
operational communities, including: 

¶ First Responders (e.g., Police, Fire Department and Emergency Medical Personnel); 

¶ Government Agencies (Federal, Provincial/State, and Municipal); 

¶ Non-Governmental Organizations (NGOs); 

¶ Other Government Department (OGD); 

¶ Private Volunteer Organizations (PVOs); 

¶ Para-military and security agencies; and 

¶ Military (Joint, land, maritime, air, space and coalition). 

These communities have comparable requirements for shared situational awareness, and collaborative planning. 
Their operations are increasingly crossing organizational, agency and national boundaries. The participating 
organizations are required to collaborate on asymmetric real-time operations such as: Crisis Response, Disaster 
Recovery, Humanitarian Aid, Sustainment and Support Operations, Public Health and Safety, Stability Operations and 
Homeland Security. The scope, complexity and frequency of these operations are presenting significant 
communication challenges. The SOPES specification provides a core set of information patterns that have the 
potential to bridge evolving community semantics and ontologies. 

However, the SOPES modelling profile can be used to address information requirements beyond the JC3IEDM.  The 
profile has been recently integrated into the second version of the Unified Profile for DODAF and MODAF to extend 
the abilities to architecture frameworks to specify information sharing and information protection policies within an 
enterprise, system of systems or systems environment.  Annex A to the SOPES specification describes this modelling 
paradigm. 

A.1 Overview 

The modeling approach used in this specification describes a set of reusable information patterns (building blocks) 
for a structured information store; in this case the JC3IEDM. The approach is intended to specify the operational 
policies for the composition, construction, processing and protection of information composites (or aggregates or 
business objects) as they are shared within and between operational nodes (e.g., systems, applications or services). 

The approach encompasses the following architectural elements: 

Contract ς A contract represents a grouping of semantics and information flow controls which specify a formal 
information sharing agreement between two or more operational nodes or participants in a domain or community 
(e.g., Community of Interest [CoI]). Although provided and described in the approach, this element is not a 
normative component of this specification which seek to focus on the transactional information patterns for the 
JC3IEDM, the contracts and semantics are deemed the purview of the operational communities such as MIP. 
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Figure A.1 - Alignment to the UPDM 

Semantic ς A semantic represents the build policy for an information composite or data composite that is specified 
as meaningful to participants (applications, systems and users) in a particular domain or community. Only exemplar 
semantics are provided in this submission as guidance to the design and development communities. 

Transactional - A Transactional represent the build policy for a reusable information building blocks, often realized as 
business objects comprising the community logical data model, for which there is likely also an underlying 
information or data store; they maintain the referential and data integrity of that store. Transactionals form the core 
of this specification. 

Wrapper - A Wrapper directly maps to a data instance (e.g., row of data in a database application) in the logical data 
model and the physical data model. 

Entity - An Entity is a Class mapping directly to the Physical Model specification for the underlying datastore. 

Figure A.1 illustrates the proposed relationship between four architectural views of the UML Profile for DODAF, 
MODAF, NAF and DNDAF (OV-2, OV-3, OV-7, and SV-1 1). These views combine to describe the flow and language of 
communication within the enterprise, operational environment of system depicted by an architectural model. 

The OV-2 identifies the flows of Resources (material, energy, organization, services, and/or information) between 
operational nodes which fall into the context of the architectural model. The flow of these need resources are 
ǊŜŀƭƛȊŜŘ ƻƴ ŀ άƴŜŜŘƭƛƴŜέ ōŜǘǿŜŜƴ ǘǿƻ ƻǊ ƳƻǊŜ ƻǇŜǊŀǘƛƻƴŀƭ ƴƻŘŜǎΦ LƴŦƻǊƳŀǘƛƻƴ Ŧƭƻǿǎ realize the exchange of 
information-composites, which represent the aggregation of information and data elements described in the OV-7s 
and SV- 11s. 

The OV-3 characterizes the flow of the information composites by specifying frequency, timeliness, safeguards, 
quality, etc. for each information flow 
(Information Exchange Requirements 
[IERs]). 

The modeling approach aligns information 
exchange requirement or information 
flows (OV3) through to the logical and 
physical information definitions (OV-7 and 
SV- 11 respectively). The models establish 
policies (or rules) describing the logical 
construction of composite information 
from the information and data elements 
defined in the OV-7s and SV-1 1s. Each 
subtended element is built into a 
construction plan to systematically provide 
the information specified on the needline. 
The models are intended to provide 
traceability between the IERs and the 
application logic used to combine 
information and data elements of the 
information stores. 

The contracts group the semantics of the 
community into information sharing 
agreements. Providing a separation 
between the agreements and semantically 
complete information-composites makes 
the semantics architecturally reusable 
components. 

Each contract (information sharing 
agreement or ontological commitment) 
comprises one or more semantics (i.e., a 
COI exchange pattern with a defined 
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Figure A.2 - Alignment to the Zachman Framework 

 

meaning and purpose), which are specified by the participants to define information of relevance to their 
community. Each semantic is composed of one or moǊŜ ά¢ǊŀƴǎŀŎǘƛƻƴŀƭǎΣέ ǿƘƛŎƘ ǎǇŜŎƛŦȅ ǘƘŜ ƭƻƎƛŎŀƭ ƛƴŦƻǊƳŀǘƛƻƴ 
elements to be exchanged and how they are combined to meet the semantic requirements of the community. 

¢ƘŜ ά²ǊŀǇǇŜǊǎέ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ōǊƛŘƎŜ ōŜǘǿŜŜƴ ƭƻƎƛŎŀƭ ŜƭŜƳŜƴǘ ƻŦ ǘƘŜ ǘǊŀƴǎŀŎǘƛƻƴŀƭ ǇŀǘǘŜǊƴǎ ŀƴŘ the physical data 
definitions SV-1 1, the Data Model. At the semantic, transactional, and wrapper levels there may also be formal 
domain rules and constraints that must be honoured by the parties to the contract. 

A.1 .1 Other Architecture Frameworks 

A separate alignment can be presented for other architectural frameworks. However, with the OMG's current focus 
on the UML Profile for DODAF and MODAF it seemed reasonable to present the architectural alignment to the 
related frameworks (e.g., DODAF, MODAF, NAF, DNDAF, PSAF and others). As an example the alignment to the 
Zachman Framework is depicted in Figure 2 (above). 

A.1.2 Model Extensibility 

Later in the document the modeling approach will be extended to model domain filters and attribution which extend 
the policy models for information tagged with security, Quality of service and other information considerations. 

A.1 .3 Modeling Objectives 

The following objectives are critical to developing the concepts for policy based information interoperability: 

¶ A modeling profile based on UML; 
o Explicitly capture, as part of architecture, the business rules for the export, transform and load 

processes, which are typically embedded in middleware applications. These include: 
o Community semantics, 
o Data store transactions, 
o Transformations (re-usable data patterns), 
o Data suppression filters, and 

¶ Domain business rules. 

¶ Assure that the concepts captured in the model enabled Model Driven Architecture (MDA) 
transformations to executable policies, which were alterable in the operational environment; 

¶ Make the models useful and meaningful to stakeholders and users; 

¶ Alignment with evolving architecture frameworks; 

¶ Provide full traceability to requirements; and 
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Figure A.3 - SOPES IEDM Scope 

 

¶ Design for change. 

In an object environment (e.g., OO DB or object layer), support objects can be used (with a single existence) by 
multiple information-composites (semantics and transactions) providing a highly efficient use of information. 
Traditional approaches use a single information instance per composite causing increase memory and processing 
(e.g., data synchronization). Using the multi-ǳǎŜ ŀǇǇǊƻŀŎƘ ŜƴŀōƭŜǎ άŜǾŜƴǘ-ŘǊƛǾŜƴ Ǝƭƻōŀƭ ǳǇŘŀǘŜΦέ ! ǎƛƴƎƭŜ Řŀǘŀ 
change (new instance of data/information) can initiate the 
build and release of all transactionals and semantics in 
which the element is contained. 

Within the context of data, information and knowledge 
management, ontology is defined as an information model 
describing a set of concepts within a domain of interest and 
the relationships between those concepts. This specification 
describes a set of information exchange concepts for ECM 
situational awareness and collaborative planning. The IEDM 
describes a set of information and knowledge patterns 
based on JC3IEDM-compliant transactions and information 
elements (i.e., data entities). 

The Information patterns (Chapter 10 and 11) describe: 

¶ Individual information elements; 

¶ Classes: sets, collections, or types of objects; 

¶ Attributes: properties, features, characteristics, 
or parameters; 

¶ Relations: ways that objects can be related to 
one another, for data storage and in the construction of semantics (meaningful data object: this 
specification); and 

¶ Events (watch points): changes to the data environment (e.g., attributes or relations) that trigger an 
exchange of information. 

The specification describes a set of policies for constructing and interpreting information exchanges using reusable 
architectural components (information building blocks) aligned directly to commonly used architecture frameworks 
aligned directly to commonly used architecture frameworks as illustrated in Figure A.1 and Figure A.2. 

A.1.4 Modeling Concept 

The class models describe the policies (or rules) for processing information datasets; and aligning the datasets to the 
underlying data schemas. The objective of the models is three fold: 1) explicitly capture these key business rules as 
part the enterprise and System architectures; 2) retain corporate knowledge and understanding; and 3) separate the 
business rules from the underlying middleware application. Meeting these objectives, this modeling approach 
delivers auditable systems with increased interoperability, portability, and assurance. 

As illustrated in Figure A.3, the semantics, transactionals and wrappers document a set of policies for the processing 
of reusable informational building blocks that align the information Exchange Requirements specified in an 
information exchange requirements to the information schemas underlying the operational environment. 

! ά{ŜƳŀƴǘƛŎέ ǊŜǇǊŜǎŜƴǘǎ ŀ ǎŜǘ ƻŦ ǇƻƭƛŎƛŜǎ ŦƻǊ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻr marshalling of information objects (i.e., a dataset) 
that is meaningful to the community (e.g., applications, systems, and users that form the context of architecture 
Model). The semantic is the uppermost concept in the ontological structure. When enforced by a system or 
application, a semantic realizes a complete information object (e.g., message payload) that provides a clear and 
consistent meaning for the community. 

! ά¢ǊŀƴǎŀŎǘƛƻƴŀƭέ ǎǇŜŎƛŦƛŜǎ ǘƘŜ ǇƻƭƛŎȅ όƻǊ ǊǳƭŜǎύ ŦƻǊ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƻǊ ƳŀǊǎƘŀƭƭƛƴƎ ƻf reusable information sets (e.g., 
realized as information objects) derived from the underlying logical model and associated physical data store(s). 
These plans form a set of informational building blocks that encapsulate semantics of the stores and set the rules for 
semantic completeness. The Transactionals also assure a semantically consistent treatment of information as it 
transitions in and out of the data store. 
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Figure A.4 - Realization of Information 

¢ƘŜ ǘŜǊƳ ά¢ǊŀƴǎŀŎǘƛƻƴŀƭέ ǿŀǎ ŀŘƻǇǘŜŘ ǘƻ ŀƭƛƎƴ ƛǘǎ ŎƻǊŜ ŎƻƴŎŜǇǘǎ ǿƛǘƘ ǘƘŀǘ ƻŦ ŀ ŘŀǘŀōŀǎŜ ǘǊŀnsaction - a concept well 
understood by the data and information management communities. The base transactionals would encompass the 
referential and data integrity of the datastore(s). The transactions are combined to complete the semantic 
requirements of the community. When enforced by information systems and applications the transactionals realize 
composite information sets needed to complete one or more semantics. 

¢ƘŜ ά²ǊŀǇǇŜǊǎέ ŦƻǊƳ ǘƘŜ ŦƻǳƴŘŀǘƛƻƴ ƻŦ ǘƘŜ ƳƻŘŜƭƛƴƎ ŀǇǇǊƻŀŎƘΦ ¢ƘŜ ǿǊŀǇǇŜǊǎ ŀǊŜ ŀ ƭƻƎƛŎŀƭ ǊŜǇresentation of 
instances of information elements that can be held within a data store. Each wrapper represents a single instance (or 
row of data) of data from the underlying store. 

A.1 .5 Realization of Information 

The models describe the policy (steps in a process) for systematically constructing or processing fused information 
sets (semantics). By definition the semantics ensure that the content exchange conforms to agreed community 
information patterns or semantics. It is important to understand that the models represent the specification for the 
aggregation or marshalling information - it is not the information carried on the needline; the actual information 
carried is referred to as an information-composite. 

Definitions: 

¶ Construction or Build: The process of aggregating information and data elements into their composite 
structures. 

¶ Marshalling: The process of de-aggregating information composites and storing the information and data 
elements in their specified information or data stores. 

A.1.6 Pattern Reuse 

The modeling promotes the reuse of subtended elements and composites: 

¶ An InformationComposite at the Semantic level can be reused to fulfill multiple commitments (Contracts), 
which use different messaging standards (e.g., National ADatP-3, OTH-Gold, MIP PDU). 

¶ An InformationComposite at the transactional level can be reused within multiple transactional and 
semantics. 

¶ An informationElement can be reused in multiple InformationComposites such that a single change (i.e., 
new data) cascades through each of the informationComposites enclosing the element; resulting in the 
updating of every contract and semantic 
holding the data. 

The model approach supports derive information 
patterns (Figure 4) that enable concepts like event 
driven global update of all InformationComposite 
enclosing single instances of data enclose in well 
specified semantics. 

A.1.7 Modeling Elements 

Figure A.5 illustrates the basic modeling elements 
used in the models and the meanings applied to them. 
It is evident from the limited and standard set of 
modeling elements that the core concepts are not 
overly complicated and supportive of a broad 
community of practitioners. 
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Figure A.5 - Basic Modeling Elements A.1.7.1 Class Diagram 

 

Figure A.6 - Modeling Elements 

 

The modeling approach uses UML Class Diagrams to 
identify all the subtended Classes of a Semantic or 
Transactional. Those ǎǘŜǊŜƻǘȅǇŜŘ ŀǎ ά¢ǊŀƴǎŀŎǘƛƻƴŀƭέ 
are decomposed on a secondary class diagram. This 
modeling style aids in the readability of the models 
and simplifies each model element. Typically, the 
ά5ƛŀƎǊŀƳ bŀƳŜέ ƳŀǘŎƘŜǎ ǘƘŜ ά9ƴŎƭƻǎƛƴƎ /ƭŀǎǎέ 
name whether a Contract, Semantic or a 
Transactional. Again this is for readability and 
publishing of the model. 

A.1.7.2 Classes 

Core modeling concepts: contracts, semantic, 
transactions and wrappers are included in the class 
diagrams as class stereotypes (Figure A.6). 

Navigating the arcs of the class diagrams defines the 
construction plans for each information aggregation 
(i.e., transactions and semantics). 

Classes fall into two categories on each diagram: 

¶ Enclosing Class 

¶ Subtended (Support) Class 

Each class diagram identifies policies (rules) for 
building reusable information composites in the 
runtime environment. A.1.7.3 Enclosing Class 

A.1.7.3.1 Overview 

¢ƘŜ ά9ƴŎƭƻǎƛƴƎ /ƭŀǎǎέ ƛǎ ǘƘŜ ŦƻŎǳǎ ƻŦ ŀ ŘƛŀƎǊŀƳ ŀƴŘ 
encapsulates the policies associated with the 
aggregation of information at runtime. Each 
Enclosing Classes realizes an object that encloses the 
aggregate of information from each of its subtended 
classes. 

On the diagram, the enclosing class is the one to 
which the white diamond symbol on the association 
line is attached. The modeling style has one 
enclosing class on each diagram, which typically shares the same name and the diagram title. 

In a runtime environment, semantics and transactions are only instantiated in response to a data event, and only 
persist for the period needed to construct or marshal the information-composites specified. The information 
aggregates, enclosing the information element / data event, are built in response to that data event. 

Semantic and transactionals do persist their reference and policy data patterns comprising the community 
semantics. This informs the environment of the information instances active in the particular operational domain. 
¢ƘŜǎŜ ŜƭŜƳŜƴǘǎ ŀǊŜ ǇŜǊǎƛǎǘŜŘ ǳƴǘƛƭ ŜȄǇƭƛŎƛǘƭȅ ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ǎȅǎǘŜƳǎΩ ƻǊ ŀǇǇƭƛŎŀǘƛƻƴǎΩ ŘƻƳŀƛƴΦ ¢Ƙƛǎ ŎƻƴŎŜǇǘ ƻf 
persistence applies to both the semantic and transactional objects. 

The information or leaf-node elements of the information patterns are persisted in the operational domain.  

A.1.7.3.2 Identifying Class 

In each diagram, there exists one and only one subǘŜƴŘŜŘ Ŏƭŀǎǎ ǘƘŀǘ ƛǎ ƭŀōŜƭŜŘ ŀǎ ǘƘŜ άLŘŜƴǘƛŦƛŜǊΦέ ¢ƘŜ LŘŜƴǘƛŦƛŜǊ 
indicates that the class on the labeled aggregation holds data that identifies which instance data is included in the 
build or aggregation. This information typically includes Database Keys or Unique Identifiers of some venue. 
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Figure A.7 - Single Instance Data  

 

 

Figure A.7-1 ς Addition of Filters  

 

A.1.7.3.3 Subtended Class 

¢ƘŜ ά{ǳōǘŜƴŘŜŘ ό{ǳǇǇƻǊǘύ /ƭŀǎǎέ ǊŜǇǊŜǎŜƴǘǎ ǘƘƻǎŜ ŎƭŀǎǎŜǎΣ ǿƘƛŎƘ ŀǊŜ ƛƴŎƭǳŘŜŘ ǿƛǘƘƛƴ ǘƘŜ ōǳƛƭŘ Ǉƭŀƴ ƻŦ ǘƘŜ ά9ƴŎƭƻǎƛƴƎ 
/ƭŀǎǎΦέ 9ŀŎƘ ǎǳōǘŜƴŘŜŘ Ŏƭŀǎǎ ƛǎ ƭƛƴƪŜŘ ǘƻ ǘƘŜ ŜƴŎƭƻǎƛƴƎ Ŏƭŀǎǎ ǘƘǊƻǳƎƘ ŀƴ ŜƴŎƭosing aggregation arc. Subtended classes 
can be Transactionals or Wrappers. 

A.1.7.4 Containment (Aggregation) Arc 

The aggregation arc is read with inverse logic. In the information (/data) environment - the enclosing Class only exists 
if the mandatory subtended Classes exist. UML traditionalists would read the arc in the opposite direction. However, 
the models describe a build or construction policy for aggregated information sets, which require the existence of 
their subtended (support) classes to meet their semantic rules. 

If mandatory subtended objects (identified through its multiplicity) do not exist, then the enclosing object cannot 
form or build and the policy fails. If optional subtended objects (identified through its multiplicity) do not exist, then 
the enclosing object builds with the information held by the existing subtended object. 

As illustrated in Figure A.7, a single subtended element 
can be contained by multiple enclosing classes. This 
specifies that a change in that subtended object cause 
both enclosing objects to build at runtime. By cascading 
this concept, the models establish policy for event 
driven global update capability - one data event cause 
all semantics enclosing that subtended object to build 
and, if meeting there semantic requirements, and be 
released and fulfill ontological commitments of the 
participating communities. 

In addition. As illustrated in Figure A7-1,  the 
containment arcs can contain a qualifier on the 
association which acts as a fixed fileter during the 
construction (aggregation) of a dataset under the 
prescribed pattern. These filters restrict the the 
collection of data to those datasets whose attribute 
όΨŀǘǘǊƛōǳǘŜbŀƳŜΩύ Ƙŀǎ ŀ ǾŀƭǳŜ ƻŦ ΨǇǊƻǇŜǊ±ŀƭǳŜΩΦ  9ΦƎΦΣ 
ǎŜƭŦΦǎŜŎǳǊƛǘȅ[ŜǾŜƭ Ґ άǳƴŎƭŀǎǎƛŦƛŜŘέΦ  CƛƭǘŜǊǎ όǉǳŀƭƛŦƛŜǊǎύ 
are used selectively include or exclude information 
instances based on specific domain value instances at 
runtime. 

The formal SOPES Model provided in Section 10 does 
not caontain qualifiers as they are used to refine the 
model to specific operational requirements.  With 
respect to the formal SOPES Specification filters were 
identified as extensible features.   

A.1.7.5 Dependency Arc 

The dependency arc is used in the contract 
specification to identify the relationship between the 
contract and the semantics, where a change in the 
semantic affects the semantics of the contract - 
resulting in the exchange of information. The arrow 
representing a dependency specifies the direction of a 
relationship, not the direction of a process. 
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A.1.7.5.1 Association 

Navigable associations indicate that there is a relationship present between the associated entities in the underlying 
data store. Where an association is made between a Wrapper class and a Transactional class it is understood that the 
relationship exists between the Wrapper and the Identifier of the Transactional class. 

A.1.7.5.2 Identifier 

¢ƘŜǊŜ ŜȄƛǎǘǎ ƻƴ ŀƴŘ ƻƴƭȅ ƻƴŜ άƛŘŜƴǘƛŦƛŜǊέ ƻƴ ŜŀŎƘ ǎŜƳŀƴǘƛŎ ƻǊ ǘǊŀƴǎŀŎǘƛƻƴŀƭ ŘƛŀƎǊŀƳΦ ¢ƘŜ άƛŘŜƴǘƛŦƛŜǊέ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ 
subtended class that holds data elements needed for the construction of semantically complete information 
composite. This class would contain, as a minimum, the base Global Unique Identifier (e.g., Database Key, foreign 
keys or unique identifier) that would differentiate which transactional or wrappers (information element instances) 
are included in the construction of the composite (e.g., foreign key relationships). 

A.1.7.5.3 Multiplicity 

Multiplicity is presented on the aggregations to identify: 

¶ The optionality of the subtended class; 

¶ The number of information instances to be included in the construction of the information composite 
specified by the composite class (e.g., transactional or semantic). The multiplicity of the composite class is 
ŀƭǿŀȅǎ άмΦέ 

 

Table A.2 - Multiplicity  

Multiplicity Indicators 

Indicator Meaning  

0. .1 Zero or one Optional 

1 One only Mandatory 

0..* Zero or more Optional 

1..* One or more Mandatory 

0. .n Zero to n (where n > 1) Optional 

1. .n One to n (where n > 1) Mandatory 

 

A.1.7.6 Constraint 

The Constraints, Figure A.8, govern the construction for the composite information object. There are three areas 
where the modeling includes explicit constraints: 

¶ Navigation constraint is used to constrain the inclusion of branches of the semantic tree based in specific 
domain value instances at runtime. Navigation constraints are primarily used when dealing with 
generalizations in the underlying data model (e.g., to select a specific subtype). The use of variable based 
constraints that apply only at runtime enables the selection of the specialization at runtime - allowing for 
variations in the semantic based on context.  The OCL used in the models guide the inclusion of 
aggregations in the construction sequences of the defined patters and not intented to ne executable. 


