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Introduction

In recent years, three standards have begun to emerge which support the systems engineering process. The standards are concerned with the information that systems engineers work with – requirements, architecture, , behavioural models, interfacing, verification, validation, etc. The standards are complementary, and the purpose of this paper is to examine how they can be used together. The standards are:

· AP233 – The draft ISO Standard for exchanging systems engineering data

· DoDAF – The DoD Architecture Framework

· SysML™ – The Systems Modelling Language™

Developing today’s complex systems typically requires engineering teams that are distributed in time and space and that are often composed of many companies, each with their own culture, methods and tools.  Effective collaboration requires agreement and a thorough understanding of the various work assignments and resulting products.  Many of these products pertain to important systems engineering considerations such as requirements and architectures that apply throughout the entire life cycle of the system of interest.  So it is critical that the system information contained in these work products is accurately captured and ‘readable’ by appropriate team members in a timely manner. Today, this information is generally captured in an array of tools where each is only concerned with a portion of systems engineering data and can’t share its data with other tools. To mitigate this situation, collaborating organizations are usually forced to either adopt a common set of tools or develop a unique, bi-directional interface between many of the tools that each organization normally uses. This can be an expensive and untimely approach to data exchange between team members.

The standards discussed in this paper permit an alternate approach that should be more affordable and timely.  In addition, if the tools that each participating organisation is currently using implement the standards discussed in this paper, this approach should allow:

· data exchanges between tools of different types (e.g. requirements and architecture), 

· common representations and improved communications among systems engineers and other engineering disciplines

· consistent descriptions of system architectures

This article is an expurgated version of a full technical paper which can be found at http://ap233.eurostep.com.

AP233

AP233 will become a part of STEP International Standard (ISO10303-233), and defines a vendor-neutral, structured format for exchanging and sharing systems engineering data. Data can be exchanged as a standard file (plain text or XML), or shared using technologies such as web services. The scope of AP233 is quite broad, covering everything from requirements, through functional modelling, to product structure (e.g. bill of materials). The standard is founded on models for configuration control, properties, security, risk, verification & validation, interfacing and generic models for creating hierarchies of systems, parts, functions etc. Altogether, AP233 covers the whole systems engineering lifecycle and provides the necessary links into domains such as engineering analysis, detailed design, manufacture and operation.

AP233 is still under development, but has already been used successfully for live exchanges of systems and requirements data between different tools. Vendors such as UGS PLM Solutions (Slate™) and 3SL (Cradle™) have developed their own AP233 interfaces, and others interfaces (such as to Telelogic DOORS™) have been developed by users and independent consultants. AP233 is supported by INCOSE and is being developed in cooperation with the SysML team, who are working from a complimentary set of concepts and requirements that are based on systems engineering. More information on AP233 can be found at http://ap233.eurostep.com

SysML

The Systems Modelling Language( (SysML() is a general-purpose systems modelling language (graphical) that will support specification, analysis, design, verification and validation of complex systems.  It is a key enabler for transitioning the practice of systems engineering from being document-centric to a model-centric approach – i.e. model driven systems engineering.  It is being developed by the SysML Partners as a joint initiative of INCOSE and the Object Management Group (OMG), and is defining extensions to the Unified Modelling Language( (UML(). The requirements for SysML were developed as a cooperative effort between the OMG, INCOSE, and the ISO AP233 team, resulting in the issuance of the UML for Systems Engineering RFP in March 2003
. The SysML Partners group was formed to respond to these requirements, and includes broad representation from end-users, tool vendors, and liaisons with related initiatives. 

SysML is based on UML™ version 2. SysML will reuse and extend a subset of UML™ to provide a comprehensive set of concepts to model structure, behaviour, properties, requirements, verification and other systems aspects of interest to systems engineers. Since SysML is being developed as a customization of UML™, it will define both visual (concrete) syntax and repository (metamodel) semantics. SysML version 1.0 will address many of the requirements in the RFP and is projected for adoption by the OMG in Q4 2004. Future revisions are planned to address the full spectrum of requirements as well as lessons learned from its use. Additional information on SysML can be found at the SysML Partners website (http://www.sysml.org) and at the OMG SE DSIG site (http://syseng.omg.org).
DoDAF

The purpose of the Department of Defense (DoD) Architecture Framework (DoDAF) is to provide guidance for describing architectures for both warfighting operations and business operations and processes.  The Framework provides the guidance, rules, views and product specifications for developing and presenting architecture models that ensure a common denominator for understanding, comparing, and integrating Families of Systems (FOSs), Systems of Systems (SoSs), and interoperating and interacting architectures.  

The Framework defines three related views of architecture:  Operational View (OV), Systems View (SV), and Technical Standards View (TV). The relationship between each view is shown in Figure 1.  Each view is composed of sets of architecture data elements that are depicted via graphical, tabular, or textual products.
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Figure 1
DoDAF views and their interactions

It is important to distinguish between an architecture view and an architecture product.  A view represents a perspective on a given architecture, while a product is a specific representation of a particular aspect of that perspective.  Thus, a view consists of one or more products. DoDAF is being adopted (in part or in whole) by a number of other defence ministries and government agencies around the world. The complete DoDAF specification is available at http://www.defenselink.mil/nii/doc/
Putting the Standards Together

The principle for combining the standards is relatively obvious. SysML provides the modelling notation, backed with the formal semantics of its meta model. The various DoDAF views and products are used to classify and present the operational and system descriptions.. AP233 provides a neutral data exchange format for the data presented in the architecture framework including –the operational and systems modelling information, and the supporting text. 

Figure 2 illustrates a simple case of three DoDAF views which are modelled in SysML, and exchanged from one tool to another as an AP233 file.
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Figure 2 – AP233, DoDAF and SysML together
NOTE: REPLACE AP233 with AP233 FORMAT
SysML offers the capabilities of UML and other models and representations that are required for DoDAF. The SysML and DoDAF specifications are underpinned by “meta-models”. A meta-model defines the meaning of each element of the specification and the permissible relationships between those elements. The contents of the meta-models are comparable with the AP233 specification, and are seen as key drivers in the development of the AP233 ISO Standard.

AP233 is independent of any systems modelling approach. Therefore, the AP233 format can be used for exchanging models between tools which use different notations – e.g. an IDEF0 activity diagram can be exported as AP233 and re-imported into a UML tool as a SysML activity diagram. This enables collaborating team companies to all use their own preferred notations, but still be able to exchange information and prepare their DoD Architecture Framework in one common notation (e.g. SysML).

Analysis of the Standards

SysML and AP233 are currently in development, and the preliminary approach described below represents some initial ideas on how to represent and exchange selected DoDAF products.  This approach will evolve and will be refined over time as the standards emerge.

Note that AP233 is a modular exchange standard. Each module defines “entities” which represent the data elements that are to be exchanged. These entities are shown in italics when they are referenced. 
This section consists of an initial mapping between DODAF products and SysML diagrams. The mapping will evolve as more in depth analysis is completed and as SysML and DODAF evolve.  Table 1 represents a preliminary mapping between DODAF products and SysML diagrams

Table 1.  Mapping between DODAF products and SysML diagrams

	
Applicable View
	
Framework Product
	
Framework Product Name
	
General Description
	UML Representation in DODAF V 1.0
	AP233 Data

Model Usage

(planned or extant)
	
SysML Diagram Representation

	All Views
	AV-1
	Overview and Summary Information
	Scope, purpose, intended users, environment depicted, analytical findings
	Produced from diagram and element annotations
	No complete equivalent in AP233, but elements are covered by:

view definition context, project, person & organization
	Produced from diagram and element annotations. Can be included on applicable diagram descriptions that are part of each SysML diagram.

	All Views
	AV-2
	Integrated Dictionary
	Architecture data repository with definitions of all terms used in all products
	Produced from diagram and element annotations
	AP233 will use reference data libraries to support standard terms and product / property types. These libraries will probably be implemented using semantic web technology (OWL).
	Produced from diagram and element annotations, and associated model repository

	Operational
	OV-1
	High-Level Operational Concept Graphic
	High-level graphical/textual description of operational concept
	N/A or Use Case Diagrams
	No complete equivalent in AP233, but elements are covered by:

view definition context, project, person & organization
	Free form or Iconic class diagrams. OR may utilize Use Case diagrams to portray capabilities.

	Operational
	OV-2
	Operational Node Connectivity Description
	Operational nodes, connectivity, and information exchange needlines between nodes
	Collaboration Diagrams
	The person and organization module covers the organization definitions. Needlines would be represented using the organization relationship entity which would be classified as a “needline”
	Operational nodes are represented as packages.  The packages represent grouping of operational activities. Needlines represented by item flows between activities in packages. Item flows are typed by classes that represent the information exchange along a needline. Note: A surrogate activity can be included prior to identification of activities, which is replaced by specific operational activities as the model is refined.

	Operational
	OV-3
	Operational Information Exchange Matrix
	Information exchanged between nodes and the relevant attributes of that exchange
	N/A. Produced from OV-2 diagram and element annotations
	See OV-2
	Decomposition and specification of item flows that are identified in OV-2.

	Operational
	OV-4
	Organizational Relationships Chart
	Organizational, role, or other relationships among organizations
	Class diagrams
	The person and organization module defines the organizations and their relationships.  The organization relationship entity would be used, classified by the appropriate reference data.
	Class diagrams with stereotypes for different organizational relationships.

	Operational
	OV-5
	Operational Activity Model
	Capabilities, operational activities, relationships among activities, inputs, and outputs; overlays can show cost, performing nodes, or other pertinent information
	Use case diagrams + activity diagrams
	Modules are:

* Activity

* Activity method

* Scheme
	-  Use case represents a capability. 

-  Activity diagram with item (input/output) flows shown between activities (using object nodes). If control flows are also shown on activity diagram, then OV-5 and OV-6c have been combined into one product.

-  Hierarchy of operational activities can be modeled in a SysML Activity Hierarchy

	Operational
	OV-6a
	Operational Rules Model
	One of three products used to describe operational activity—identifies business rules that constrain operation
	N/A. Produced from OV-5, OV-6b, OV-6c diagram and element annotations
	Modules are:

* Activity

* Activity method

* Requirement assignment

* Requirement identification and version
	Requirements diagram to represent doctrine, guidance, and business rules that constrain activities and the data modeled in OV-7. Alternatively, use parametric diagram to specify constraints.

	Operational
	OV-6b
	Operational State Transition Description
	One of three products used to describe operational activity—identifies business process responses to events
	StateChart Diagrams
	Modules are:

* State definition
* State observed
* State characterized
	State Machine Diagram

	Operational
	OV-6c
	Operational Event-Trace Description
	One of three products used to describe operational activity—traces actions in a scenario or sequence of events
	Sequence Diagrams and Activity Diagrams.
	Modules are:

* Activity

* Activity method

* Scheme
* Person & organization
	Activity Diagram or sequence diagram

	Operational
	OV-7
	Logical Data Model
	Documentation of the system data requirements and structural business process rules of the Operational View
	Class Diagrams
	Not covered by AP233
	Class Diagrams.  .

	Systems
	SV-1
	Systems Interface Description
	Identification of systems nodes, systems, and system items and their interconnections, within and between nodes
	Deployment + Component Diagrams
	Modules are:

* System breakdown

* Interface


	Packages represent systems nodes that correspond to a grouping of systems. Systems are represented by structured classes. A composite structure diagram is used to recursively decompose the system into its components. . A system interface is represented by a logical connector between system classes and/or between system components.  The data exchange is represented by an item flow. 

	Systems
	SV-2
	Systems Communications Description
	Systems nodes, systems, and system items, and their related communications lay-downs
	N/A or deployment diagrams
	Modules are:

* System breakdown

* Interface


	A variant of SV-1 where each logical connector is replaced by a physical path. The physical path is defined by physical connectors (communication links) and communication systems (classes).  These can be decomposed using composite structure diagrams as described in SV-1. Use allocation relationships to maintain traceability between logical and physical connectors (i.e., between SV-1 logical connectors with item flows, and physical connectors in SV-2).   The physical characteristics of the data exchange are specified properties of the item flows.

	Systems
	SV-3
	Systems-Systems Matrix
	Relationships among systems in a given architecture; can be designed to show relationships of interest, e.g., system-type interfaces, planned vs. existing interfaces, etc.
	N/A
	Modules are:

* System breakdown

* Interface


	Properties on a logical interface are depicted here. Specify attributes or add reference data (i.e. project status) to items flows or connectors defined in SV-1. 

	Systems
	SV-4
	Systems Functionality Description
	Functions performed by systems and the system data flows among system functions
	Use Case and Class Diagrams within packages
	Modules are:

* System breakdown

* Functional breakdown

* Interface


	-  Activity diagrams with object nodes to represent data flows.

-  Hierarchy of system functions can be modeled in a SysML Activity Hierarchy

	Systems
	SV-5
	Operational Activity to Systems Function Traceability Matrix
	Mapping of systems back to capabilities or of system functions back to operational activities
	N/A. Produced from OV-5 and SV-4 diagram and element annotations.
	Modules are:

* Activity method

* Activity method assignment

* System breakdown

* Functional breakdown

* Interface

Another module may be needed here to map activity relationships onto interface relationships.


	Matrix produced from OV-5 and SV-4 diagram and element annotations.

	Systems
	SV-6
	Systems Data Exchange Matrix
	Provides details of system data elements being exchanged between systems and the attributes of that exchange
	N/A. Produced from SV-1 and SV-4 diagram and element annotations.
	Modules are:

* System breakdown

* Interface


	A system data exchange is represented as an item flow over an interface in an SV-1. Corresponds to object nodes in SV-4.

	Systems
	SV-7
	Systems Performance Parameters Matrix
	Performance characteristics of Systems View elements for the appropriate time frame(s)
	N/A
	Modules are:

* System breakdown

* Property assignment


	Parametric Diagram

	Systems
	SV-8
	Systems Evolution Description
	Planned incremental steps toward migrating a suite of systems to a more efficient suite, or toward evolving a current system to a future implementation
	N/A. Produced from diagram and element annotations
	Modules are:

* Scheme

* System breakdown

* Product version relationship

* Date time assignment


	Timeline that depicts use case-capabilities evolution over time, and may also show systems or system functions over time

	Systems
	SV-9
	Systems Technology Forecast
	Emerging technologies and software/hardware products that are expected to be available in a given set of time frames and that will affect future development of the architecture
	N/A
	No direct equivalent in AP233, though the system breakdown module could be used in conjunction with date time assignment
	Represented in tabular form or as a timeline showing technologies on a timeline.  Note: A technology can correspond to an enumerated property value. 

	Systems
	SV-10a
	Systems Rules Model
	One of three products used to describe system functionality—identifies constraints that are imposed on systems functionality due to some aspect of systems design or implementation
	N/A. Produced from SV-4 diagram and element annotations and constraints
	Modules are:

* Requirement identification and version

* Requirement assignment

* System breakdown

* Rules


	Requirements diagram to represent doctrine, guidance, and business rules that constrain system functions and the data modeled in OV-7 & SV-11.

	Systems
	SV-10b
	Systems State Transition Description 
	One of three products used to describe system functionality—identifies responses of a system to events
	StateChart Diagrams
	Modules are:

* State definition
* State observed
* State characterized
	State Machine Diagram

	Systems
	SV-10c
	Systems Event-Trace Description
	One of three products used to describe system functionality—identifies system-specific refinements of critical sequences of events described in the Operational View
	Sequence Diagrams
	Modules are:

* State definition
* State observed
* State characterized

* Functional behavior
	Activity Diagram or Sequence Diagram.

	Systems
	SV-11
	Physical Schema
	Physical implementation of the Logical Data Model entities, e.g., message formats, file structures, physical schema
	Class Diagrams
	Not covered by AP233
	Class Diagrams

	Technical
	TV-1
	Technical Standards Profile
	Listing of standards that apply to Systems View elements in a given architecture 
	N/A
	Modules are:

* Document identification and version
* Document assignment
* System breakdown
	Requirements diagram and traced to modeling elements that are constrained by them.

	Technical
	TV-2
	Technical Standards Forecast
	Description of emerging standards and potential impact on current Systems View elements, within a set of time frames
	N/A
	Modules are:

* Document identification and version
* Document assignment
* System breakdown

* Date time assignment
	Represented in tabular form or as a timeline showing technologies as properties on a timeline.  Each technology forecast is defined as a property.


 All Views

There are some overarching aspects of an architecture description that relate to all three views.  These overarching aspects are captured in the All-Views (AV) products.  The AV products provide information pertinent to the entire architecture but do not represent a distinct view of the architecture.

AV-1
Overview and Summary Information 
This DODAF product provides executive-level summary information in a consistent form that allows quick reference and comparison among architectures.  AV-1 includes assumptions, constraints, and limitations that may affect high-level decision processes involving the architecture.

In SysML, AV-1 may be produced from diagram and element annotations.  AV-1 elements and their attributes can be included on applicable diagram descriptions that are part of each SysML diagram.

In AP233, there is no complete equivalent, but elements are covered by view definition context, project, person, and organization.
AV-2
Integrated Dictionary 

AV-2 contains definitions of terms used in the given architecture.  It consists of textual definitions in the form of a glossary, a repository of architecture data, their taxonomies, and their metadata (i.e., data about architecture data), including metadata for tailored products, associated with the architecture products developed.  

In SysML, the integrated dictionary may be produced from diagram and element annotations, and associated model repository.
AP233 will use reference data libraries to support standard terms and product / property types. These libraries will probably be implemented using semantic web technology (OWL).

 Operational View
OV-1
High-Level Operational Concept Graphic

This DoDAF product describes a mission and highlights main operational nodes (see OV-2 definition) and interesting or unique aspects of operations.  It provides a description of the interactions between the subject architecture and its environment, and between the architecture and external systems.  

In SysML, this may be represented as use case diagrams that describe the usage of systems (subjects) by its actors (the operational nodes).  

In AP233, there is no complete equivalent in AP233, but elements are covered by view definition context, project, person, and*.
OV-2 Operational Node Connectivity Description

This DoDAF product describes the operational nodes, their connectivity, and the information exchange needlines
 between nodes.

In SysML, the operational nodes may be represented as packages.  The packages represent grouping of operational activities. Needlines are represented by flows between activities in the packages. Object nodes represent the information exchange along a needline. 

In AP233, the operational nodes would be represented as organization entities, with associated activities. The needlines would be represented by AP233 organization relationship entities that connect the organizations. AP233 will also allow these entities to be associated with activity relationship entities which represent the information flows between processes.

OV-3
Operational Information Exchange Matrix

This DoDAF product details information exchanges and identifies who exchanges what information, with whom, why the information is necessary, and how the information exchange must occur. 
In SysML information exchange attributes may be specified by decomposition and specification of item flows that are identified in OV-2.  These item flows also correspond to object nodes in OV-5.
In AP233, the person and organization module covers the organization definitions. Needlines would be represented using the organization relationship entity which would be classified as a “needline.”
OV-4
Organizational Relationships Chart

This DoDAF product illustrates the command structure or among human roles, organizations, or organization types that are the key players in an architecture.

This may be represented in SysML as class diagrams.  Class relationship notation may be used to show relationships among organizations.  
In AP233, the person and organization module defines the organizations and their relationships.  The organization relationship entity would be used, classified by the appropriate reference data.
OV-5 Operational Activity Model  
This product covers capabilities, operational activities, relationships among activities, inputs, and outputs; overlays can show cost, performing nodes, or other pertinent information.

In SysML, use cases would be used to represent a capability. An activity diagram with item (input/output) flows shown between activities (using object nodes) would represent the operational activities. If control flows are also shown on activity diagram, then OV-5 and OV-6c have been combined into one product. Hierarchy of operational activities can be modelled in a SysML Activity Hierarchy.

In AP233, the activity diagram would be represented using entities from the scheme module (a generic capability for all kinds of process model), combined with activity, and activity relationship entities to represent the individual processes and the relationships between them. This capability has already been demonstrated in a pilot implementation which exported an IDEF0 diagram as AP233 then loaded this back into a Visio™ as a UML activity diagram. Where overlays are present, these would be represented as properties, organizations, etc. in AP233.

OV-6a, b, c
Operational Activity Sequence and Timing Descriptions

OV-6a
Operational Rules Model

This product specifies operational or business rules that are constraints on an enterprise, a mission, operation, or a business.   
In SysML, requirements diagram can be used to represent doctrine, guidance, and business rules that constrain activities and the data modelled in OV-7. Alternatively, parametric diagrams can depict a network of constraints among properties of the operational use cases of OV-5.  OV-6a extends the capture of business requirements and concept of operations for the use cases of OV-5. A parametric diagram may also be used for OV-6a in conjunction with the classes of OV-7 to depict constraints on data types.
In AP233, there are modules for Activity, Activity method, Requirement assignment, and Requirement identification and version.
OV-6b
Operational State Transition Description 

This product is a graphical method of describing how an operational node or activity responds to various events by changing its state.  

This may be represented in SysML as state machine diagrams.

In AP233, there are modules for State definition, State observed, and State characterized.
OV-6c Operational Event-Trace Description

One of three products used to describe operational activity—traces actions in a scenario or sequence of events.

In SysML, this product would be represented as sequence diagrams and activity diagrams. 

In AP233, these would be represented using entities from the scheme and activity modules (see OV-5). The timing and sequencing is handled by assigning times (date time assignment module), assigning properties and using activity relationship entities to represent the sequence.  

OV-7
Logical Data Model

OV-7 describes the structure of an architecture domain’s system data types and the structural business process rules (defined in the architecture’s OV-6a) that govern the system data.  It provides a definition of architecture domain data types, their attributes or characteristics, and their interrelationships.  

This may be represented in SysML as class diagrams.  OV-7 is relevant to modelling information systems that deal with the storage, retrieval, and updates of persistent data.  Constraints on data types are depicted in a parametric diagram as OV-6a.
Data modelling is not covered by AP233.
Systems View

SV-1
Systems Interface Description

This DODAF product depicts systems nodes and the systems resident at these nodes to support organizations/human roles represented by operational nodes of the Operational Node Connectivity Description (OV-2).  SV-1 also identifies the interfaces between systems and systems nodes.

SV-2
Systems Communications Description

This product depicts pertinent information about communications systems, communications links, and communications networks.  SV-2 documents the kinds of communications media that support the systems and implement their interfaces as described in SV-1.  Thus, SV-2 shows the communications details of SV-1 interfaces that automate aspects of the needlines represented in OV-2. 

Although SV-1 & 2 are strictly speaking two DoDAF products, there is much cross-over and are often represented as one diagram. The products identify systems nodes, systems, and system items and their interconnections, within and between nodes. The SV2 product concentrates on the related communications lay-downs for the systems nodes.

In SysML, packages represent systems nodes that correspond to a grouping of systems. Systems are represented by structured classes. An assembly diagram is used to recursively decompose the system into its parts. A system interface is represented by a logical connector between systems classes and/or between its parts. The data exchange is represented by an item flow.  The physical characteristics of the data exchange are specified properties of the item flows.

For SV2, each logical connector is replaced by a physical path. The physical path is defined by ports and physical connectors (communication links) and communication systems (classes).  These can be decomposed using assembly diagrams as described in SV-1, where ports and connectors specify systems connectivity and characteristics of the connectivity.
Allocation relationships are used to maintain traceability between logical and physical connectors (i.e., between SV-1 logical connectors with item flows, and physical connectors in SV-2).   
In AP233, the system breakdown module would be used to describe the system of systems. In addition to this, AP233 has a generic interface capability which can be used to represent the connections in the SV1 and 2 diagrams. AP233 also allows interfaces to be assembled into a hierarchy (e.g. the OSI stack). 

SV-3
Systems-Systems Matrix

This DODAF product provides detail on the interface characteristics described in SV-1 for the architecture, arranged in matrix form.  

Properties on a logical interface are depicted here. Attributes can be specified for connectors in SysML or reference data (i.e. project status) can be added to item flows or connectors defined in SV-1.
In AP233, there are modules dealing with System breakdown, and Interface.
SV4 Systems Functionality Description

Describes functions performed by systems and the system data flows among system functions.

In SysML, this would be represented as activity diagrams with object nodes to represent data flows. Hierarchy of system functions can be modelled in a SysML Activity Hierarchy.

In AP233, the systems hierarchy is represented using the system breakdown module, and the functional hierarchy is represented by the functional breakdown module. Relationships between systems and functions are represented with using the breakdown element realization entity. The information flows between systems would be represented using the interface module.

SV-5
Operational Activity to Systems Function Traceability Matrix

A specification of the relationships between the set of operational activities applicable to an architecture and the set of system functions applicable to that architecture.  

This is a report product.  The matrix can be produced from OV-5 and SV-4 diagram and element annotations. 
In AP233, modules are Activity method, Activity method assignment, System breakdown, Functional breakdown, Interface.  Another module may be needed here to map activity relationships onto interface relationships.

SV6 – Systems Data Exchange Matrix

This DoDAF product provides details of system data elements being exchanged between systems and the attributes of that exchange.

In SysML, a systems data exchange is represented as an item flow over an interface in an SV-1 product. Also corresponds to object nodes in SV-4.

In AP233, the exchanges between systems are modelled using the generic interface module in addition to the system breakdown module. The representation as a matrix is beyond the scope of AP233, which seeks to just model the underlying semantics of the system of systems.

SV-7
Systems Performance Parameters Matrix

This DoDAF product specifies the quantitative characteristics of systems and system hardware/software items, their interfaces (system data carried by the interface as well as communications link details that implement the interface), and their functions. Performance parameters include all technical performance characteristics of systems for which requirements can be developed and specification defined.  
This may be represented in SysML as parametric diagrams that identify critical performance parameters and their relationships to other parameters.
In AP233, modules are System breakdown, and Property assignment.
SV-8
Systems Evolution Description

This DoDAF product captures evolution plans that describe how the system, or the architecture in which the system is embedded, will evolve over a lengthy period of time.
This may be represented by using a Timeline construct (as defined in UML 2.0 or SysML) to show use cases-capabilities over time. In addition, one can show the evolution of systems or system functions over time.

 In AP233, modules are Scheme, System breakdown, Product version relationship, and Date time assignment.
SV-9
Systems Technology Forecast

This DODAF product defines the underlying current and expected supporting technologies.  Expected supporting technologies are those that can be reasonably forecast given the current state of technology and expected improvements.  New technologies should be tied to specific time periods, which can correlate against the time periods used in SV-8 milestones.  

This may be represented in SysML in tabular form or as a timeline with technology forecast showing a property vs. time, where property value = technology standards forecast.
In AP233, there is no direct equivalent, though the system breakdown module could be used in conjunction with date time assignment.
SV-10a, b, c
Systems Functionality Sequence and Timing Descriptions

SV-10a Systems Rules Model
SV-10a describes the rules under which the architecture or its systems behave under specified conditions.  At lower levels of decomposition, it may consist of rules that specify the pre- and post-conditions of system functions.  Such rules can be expressed in a textual form, for example, “If (these conditions) exist, and (this event) occurs, then (perform these actions).”

This may be represented in SysML as parametric diagrams that can depict a network of constraints among properties of the systems.
In AP233, modules are Requirement identification and version, Requirement assignment, System breakdown, and Rules.
SV-10b Systems State Transition Description 

This DODAF product is a graphical method of describing a system (or system function) response to various events by changing its state.  The diagram basically represents the sets of events to which the systems in the architecture will respond (by taking an action to move to a new state) as a function of its current state.  Each transition specifies an event and an action.

This may be represented in SysML as state machine diagrams.  

In AP233, there are entities dealing with dynamic behaviour of system components. Modules are State definition, State observed, and State characterized.
SV-10c
Systems Event-Trace Description

SV-10c provides a time-ordered examination of the system data elements exchanged between participating systems (external and internal), system functions, or human roles as a result of a particular scenario.  Each event-trace diagram should have an accompanying description that defines the particular scenario or situation.  SV-10c in the Systems View may reflect system-specific aspects or refinements of critical sequences of events described in the Operational View.

This may be represented in SysML as activity diagrams. 
In AP233, there are entities dealing with flow of control among system components. Modules are State definition, State observed, State characterized, and Functional behaviour.
SV-11
Physical Schema

SV-11 is one of the architecture products closest to actual system design in the Framework.  The product defines the structure of the various kinds of persistent system data that are utilized by the systems in the architecture. 

In SysML, this may be represented as class diagrams.  
Data modelling and physical schema representations are not covered by AP233.
Technical Standards View
TV-1
Technical Standards Profile

This DODAF product collects the various systems standards rules that implement and sometimes constrain the choices that can be made in the design and implementation of an architecture description.  

Technical standards may be represented in SysML as requirements diagrams and traced to modelling elements that are constrained by them.
In AP233, modules are Document identification and version, Document assignment, and System breakdown.
TV-2
Technical Standards Forecast

This DODAF product contains expected changes in technology-related standards and conventions, which are documented in the TV-1 product.  The forecast for evolutionary changes in the standards should be correlated against the time periods as mentioned in the SV-8 and SV-9 products.  

This may be represented in SysML in tabular form or as a timeline with technology forecast showing a property vs. time. Each technology forecast is defined as a property.  

In AP233, modules are Document identification and version, Document assignment, System breakdown, and Date time assignment.
Conclusions

The conclusion of this study is that AP233, DoDAF and SysML are indeed highly complimentary standards. The semantic overlap between them is quite significant, and where there are gaps, there are opportunities to enhance each standard.

Early prototype implementations have shown the possibility to use AP233 as the neutral format to convert data from existing systems engineering tools into SysML models and show these as DoDAF products. Also, work done for the US DoD has shown the suitability of UML for most DoDAF products – the enhanced capabilities of SysML help reduce ambiguity and add a richness of semantics to many DoDAF products.

For DoDAF users, AP233 provides a neutral exchange format that is independent of any software tool, and is also independent of the modelling approach used (e.g. IDEF0 diagrams can be exported to AP233 as easily as UML activity diagrams). It will be an ISO standard, and provide rigid conformance testing for exchange files. For SysML users, AP233 provides a way to migrate data from non-UML systems.

This study was timely, in that more and more vendors and consultants are now beginning to look into how to implement the three standards. Opportunities still exist to influence the development of AP233, and the future versions of DoDAF and SysML. Intelligent use of the three standards will provide vendors with a world class capability for sharing and exchanging systems information. In turn, this will provide users with seamless integration of their systems engineering tools and an architecture framework in which to manage the consolidated data.
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� SysML requirements document may be found at: http://syseng.omg.org/UML_for_SE_RFP.htm


� The DoDAF specification defines needlines as follows: “A needline represents an aggregation of information flows between two operational nodes, where the aggregated information exchanges are of a similar information type or share some characteristic.”









