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1 Appendix A – SE UML Requirements

1.1 General Requirements. 

Clarify need for syntax and semantics.
1.1.1 OverallPurpose. SE UML shall be a standard systems engineering modeling language which addresses the semantics of SE, which assists participants involved in system specification, design, and verification with a common foundation and framework for satisfying domain needs:
1) Capturing the systems information in an efficient and precise manner, which can be integrated into a broader knowledge repository, and reused.

2) The analysis and evaluation of complex systems to increase system understanding, identify issues, and support trade-offs and decisions across the life cycle.
3) Communication of systems information consistently and unambiguously with stakeholders, including customers and end users, other systems and specialty engineers, developers, implementers, managers, and other participants involved in the system life cycle. 

4) 
1.1.2 Evaluation Criteria. SE UML shall address each of the effectiveness criteria in Section 2.1, and use the criteria as a basis for providing a balanced solution for a general-purpose systems modeling language.

1.2 Evaluation Criteria

The following criteria provide a basis for evaluating the effectiveness of proposed solutions in addressing the semantics needed for systems engineering as defined in the specific requirements below. 
	Ref
	Criterion Description
	Mandatory / Optional


1.2.1 Ease of use

The language should be readily interpreted and used by a broad range of technical and non-technical stakeholders, with a reasonable amount of instruction and practice.

	2.1.1.1
	90% of practicing Systems Engineers (team ?) with 5+ years experience in the discipline should be able to accurately interpret the meaning of 75% of each SE UML diagram content after 10 hours of instruction and practice. (average of 1hr instruction and practice / diagram type)
	M


1.2.2 Unambiguous 

The language should be based on well-defined semantics and unambiguous representations (each symbol with one meaning), which are consistently applied throughout the model. Glossary/symbol


	2.1.2.1
	SE UML shall provide clear and well-defined semantic meaning and representations for all model elements.
	M


1.2.3 Precise

The language should be sufficiently precise to execute models. Move executable and figure alternative specification for precision. Mathematically based is the goal.
	2.1.3.1
	SE UML shall be sufficiently precise to execute specification and design models at each level of the system hierarchy, to validate the requirements, and verify the design model satisfies the requirements. ?
	M


1.2.4 Complete

The language should address the breadth of systems modeling concerns to support system analysis specification, design, optimizatiion, verification, and validation. 

	2.1.4.1
	SE UML shall provide modeling support to address the breadth of systems engineering modeling concerns, by satisfying the requirements detailed in this document. This is intended to encompass, as a minimum, the technical scope of AP-233.
	M


1.2.5 Scalable

The language should provide levels of abstraction to provide scalable solutions for modeling complex systems.

	2.1.5.1
	SE UML shall provide levels of abstraction and elaboration, including collection, composition, generalized association / link ,generalization/specialization, instantiation, model views, elaboration ?, and refinement to provide scalable solutions for modeling complex systems.
	M


1.2.6 Adaptable to different domains

The language should provide the capability to model a broad range of systems domains (e.g., aerospace, telecom, automotive).

	2.1.6.1
	SE UML shall provide the capability to extend the modeling constructs and their syntax to represent unique entities and relationships applicable to specific domains (e.g., aerospace, telecom, automotive) 
	M


1.2.7 Integration with other modeling languages 

The language should integrate with other model languages, including other SE languages, as well as analytic, prototype and design, geometric, requirements management, as well as documentation tools. Differentiate between interoperate with other  SE modeling languages, and integrate with other models beyond the scope of this language.
	2.1.7.1
	SE UML shall be capable of model interchange with AP-233.,. 
	M


1.2.8 Process and method independence

The language should not overly constrain the choice of a specific process or method.

	2.1.8.1
	SE UML shall be capable of being used to implement methods, in support of industry standard SE processes (e.g. EIA 632, ISO 15288, IEEE 1220). All processes and methods may not be completely supported by SE UML.
	M


1.2.9 Compliance with the UML meta-model

The language shall be compliant with the UML Standard.

	2.1.9.1
	SE UML, including its extensions, shall comply with the approved UML standard (currently UML 1.4.1)
	M


1.2.10 Verification of Proposed Solution

The language shall be verifiable to demonstrate that it satisfies its requirements.

	2.1.10.1
	SE UML compliance shall be verified by providing a compliance matrix showing how the proposed solution satisfies each SE UML requirement, and the application of the proposed solution to a sample problem,  Provide a sample problem. Relate compliance matrix to problem.
	M


Modeling Infrastructure. SE shall providce the infrastructure to support for CM, …
Note: Apply AHP to determine weights.

1.3 Specific Requirements. The following requirements specify the modeling capabilities for SE UML, using the definitions provided in Section 5.3.

Look at order ?? (reqts first)
Definitions first or hyperlinks
1.3.1 Structure. SE UML shall provide the following capabilities to model structure.
1.3.1.1 System hierarchy.  Model the system as a composition of lower level systems or components.
Note: Systems may include a combination of hardware, software, data, operating procedures, personnel, and facilities.
Where is layering representation (e.g. dependency). Dependency relationship.
1.3.1.2 System interconnection. Model the ?? interconnection between ??systems and/or components. ?? (POTENTIAL DEPARTURE WITH AP-233). Which ports connect to which ports. Interface specification. Where do things interconnect.
1.3.1.3 Deployment.  Model the deployment of software and/or data components to the hardware components, where they reside.
1.3.1.4 Geometry. Model the following spatial relationships between systems and/or components. (e.g., contained in), and provide a mechanism to associate a system or component to a  geometric model. ??
1.3.2 Behavior. SE UML shall provide the following capabilities to model behavior.
1.3.2.1 Item transformation.  Model functions, which transform inputs to generate outputs, and allow for the following: 

Items can be matter, energy, information.

1.3.2.1.1 An output from one function may be an input to one or more other functions (including the same function).

1.3.2.1.2  An output from a function may be stored by a system or component, which then may be available as an input at a later time.  NEED TO CLARIFY. THERE ARE DIFFERENT TYPES OF STORES (depletable, non depletable) 
1.3.2.1.3 An entity can have properities can have properities that can be discrete or continuously vagying with time. A function input or output can be a discrete or continuous time varying property. 

Note: A function performs a transformation of inputs to outputs by transforming values of input properties, to values of output properties.
1.3.2.2 Function activation/deactivation.  Model the activation/deactivation of one or more functions, based on the following activation/deactivation logic.
1.3.2.2.1 Activation when its control input transitions from disable to enable.  (when triggering inputs are received)
1.3.2.2.2 Activation when selected input values are received.

1.3.2.2.3 Deactivation when its control input transitions from enable to disable.

1.3.2.2.4 Deactivation when the function completes the transformation of its inputs.

1.3.2.2.5 Allow for re-initializing or disregarding a control input enable, which is received while the function is active (i.e. control input is already enabled). 

Get time in this section.

1.3.2.3 Control operators. Model the following control operators, which transform control inputs to control outputs. The control output may activate/deactivate one or more functions (i.e. represent a control input to the function).
1.3.2.3.1 Selection . One of “N” control outputs is enabled when the control input satisfies the defined conditions.  

1.3.2.3.2 Fork. All of the control outputs are enabled when the control input is enabled.

1.3.2.3.3 Join . The control output is enabled when all of the control inputs are enabled.

1.3.2.3.4 Merge .The control output is enabled when any one of the control inputs are enabled. All other control inputs are disregarded.

1.3.2.3.5 Iteration. Iteration is a special case of selection, where one of the control outputs enables the control input., based on satisfying defined conditions (e.g. number of iterations completed).

1.3.2.3.6 Transition. Control output is enabled or disabled based on a defined set of events and conditions on the control inputs.

Note: The events and conditions can be generated from internal or external to the function, and can include exception conditions. Events and conditions may be defined in terms of a boolean expression of input and outputs values.

1.3.2.4 Process (Thread ??).  Model a set of inter-related functions and their corresponding inputs and outputs, which are activated and deactivated by control inputs.  Also, provide the capability to model the timeline associated with the activation and deactivation of the functions over time. Refer to Herzog?
1.3.2.5 State based behavior. Model the transition between states when triggered by events and conditions,. Include representation for the functions (actions), which occur during transition, and /or functions, which can be activated within the state (entry, do-while, exit). 

1.3.2.6 Composite function. Model a composite function, which is defined in terms of its lower level functions.
Note. This may also be referred to as function decomposition or function hierarchy, and may include multiple level levels of the hierarchy.
1.3.2.7 Composite input and output items. Model an input and/or output item, in terms of its component parts, which may include both composition and generalization/specialization relationships.
An input or output item has properties,. Reconcile with i/o items from above having properties.
1.3.2.8 Assignment (allocated ?) of behavior to systems and components.  Model the assignment of behavior to systems and components (including systems and components in the environment).
1.3.2.8.1 Assign functions to systems and components.

1.3.2.8.2 Assign function inputs and outputs to ports (including control inputs and outputs)

SAME INCOSISTENCY WITH AP-233. ASSIGN BEHAVIOR TO PARTS.

1.3.2.9 System context vs behavioral context. Model the flow of input and output items between systems and components and the environment. This is to be restricted to the flows at a single instant in time, but is intended to represent the flows that occur over time. Another-words, this represents a composite of all the inputs and outputs that flow across the system/component boundary. The context diagram should include representation, such as arrows, for directional flow. ADD REFERENCE TO ENVIORNMENT. Possibly move it to another section.
1.3.3 Properties. SE UML shall provide the following capabilities to model properties.
1.3.3.1 Continuous or discrete valued.  Model properties as either,realordiscrete valued.
Note: Values should include description of units, types (e.g. int, real, complex, vector, tensor, ..) and other standard value attributes, such as type, ….

1.3.3.2 Time varying property values.  Model property valuess as either continuous or discrete time varying properties (i.e. there values change continuously with time, or at discrete points in time). Provide the capability to model property values as a function of time. CLEAN UP.
1.3.3.3 Time. Time as a global property.It is referencedby other properties (i.e. any property can be a function of time). NEEDS WORK
1.3.3.4 Probabilistic propertiy values. Model values of properties, in terms of a defined probability distribution, including mean and variance. Differentiate uncertainty due to lack of knowledge and due to underlying phyiscla process.
1.3.3.5 Parametric relationships.  Model properties and the mathematical and/or logical relationships between them by providing the following:
1.3.3.5.1 A parametric model which describes the parameters (e.g. properties) and the mathematical and logical relationships between them, including their respective frames of reference (e.g. coordinate systems for a vector/tensor)
1.3.3.5.2 A graphing capability to represent the relationship between parameter values as a function of other parameter values, as described in the parametric model.

1.3.3.6 Assignment of properties. Model the assignment of properties to systems and components, and or to input and output items (including systems, components and I/O associated with the environment). AP-233 incosistency with the term component and part. Applies to each instance of component. (CONSIDER INCLUDING UNDER TRACEABILITY ALLOCATION and associated bi-directional.
Add requirement to identify criticality of a requirement (under requirements) or a property.

1.3.4 Requirements. SE UML shall provide the following capabilities to model requirements.
1.3.4.1 Requirements assignment. Model the assignment of one or more requirements, which are defined in text, to a set of model elements, which are associated with the behavior, structure, and/or properties of a system or component, and specification of the associated constraints on expressions (e.g. pre/post conditions). 
Note: Provisions should be made to define different types of requirements such as functional, interface, performance, control, store, physical, and specialty (safety, reliability, ..) requirements. This should also include provisions for measures of effectiveness, which are defined in terms of other requirements, and used as system optimization criteria.
1.3.4.2 Requirements allocation. Model the allocation between one or more requirements, which are expressed in text or models, to the model elements, which are associated with the implementation of the requirement. NEED TO BE MORE COMPLETE (refer to budgeting in AP-233). Clarrify distinction between reqts vs design. Allocation, Traceability. Derivation, Flowdown
Clarify REQUIREMENTS. , Veirfy design satisfies reqt.
Reference the models for requirements, and it is assumed that the requirements managent databased are inherited in full.
1.3.4.3 Problem definition. 

1.3.4.3.1 Model the assignment of a problem, issues or deficiency to one or more systems or components.

1.3.4.3.2 Model the relationship between a problem and its source problem. 

Expand to include technical/system issues. Consider relationship to decision trees, fault trees.
Stakeholder needs. Need to relate to operational problems and objectives (e.g. interoperability, fmeca, safety, .)
Relate problem to stakeholder needs and requirements.
1.3.5 Verification & Validation. SE UML shall provide the following capabilities to model verification and validation.
1.3.5.1 Verification. Model how a system or component complies with one or more of its requirements (i.e. a verification or test case, procedures, test results). Model how a system requirement is verified. Distinguish design verification (and allocation). Verify the allocated requirements meet the system requirements (e.g. design verification). Verify the system meets is requirements.
1.3.5.2 Validation. Model how the system or component requirements comply with one or more of the stakeholder needs. Model how a system is validated. Validate requirements are correct and meets need vs validate product meets need
Differentiate product verification vs design verification

Differentiate product validation vs requirements validation

Same applies to the veriication and validation system.
NOTE: ensure the requirements apply to a test system model.
1.3.6 Other. SE UML shall provide the following other modeling capabilities.
1.3.6.1 General relationships. Model the following relationships among onr or more model elements to support modeling abstractions. INCLUDE DEFINITIONS.
1.3.6.1.1 Collection. 
1.3.6.1.2 Composition.

1.3.6.1.3 Generalized associations/links.

1.3.6.1.4 Generalization/specialization. (refer to 4 category types in semantic dictionary)

1.3.6.1.5 Instantiation.

1.3.6.1.6 Model view. Include partial system view (user defined vs predefined viewer),  Elaboration.
Refer to Julian text for overall capability. Tranformational view (alternative view). Provide a transformation mechanism (operational mapping) Get with Roger.
Dependency

Elaboration
Import
1.3.6.2 Decision tree (topology/graph). Model a network of nodes, which are connected by paths. This generalized  graph structure is intended to model a decision tree as well as other types of networks.

Move requirements for other parameter graph to be included here.

1.3.6.2.1 Path attributes. Assign attribute to a path, which correspond to a probability distribution and value.
1.3.6.2.2 Node assignment.  Assign a set of model elements to a node (e.g. the selection of an alternative design).

Concept modeling. Must have clear definition. Package of model elements.
Family of languages ?

1.4 Definitions. The following provide the definitions for the constructs used in support of the system modeling capabilities in Section 5.2.
1.4.1 Component.

1.4.1.1 SE UML Requirements Analysis V0.4.  A logical (e.g., technology independent) or physical part (item) of a system, which is implemented by hardware, software, data, personnel/user/operator, procedures, or facilities.
1.4.1.2 Semantic Dictionary Draft 8.  A system assembly is the static parts of the system including their interconnection and inerconnection descriptions.
1.4.2 Condition.

1.4.2.1 SE UML Requirements Analysis V0.4 . One or mare property values or range of values, which are required to trigger the activation or deactivation of a function or a control operator.
1.4.2.2 Semantic Dictionary Draft 8. Not explicitly defined..
1.4.3 Connection (Alias: Port).

1.4.3.1 SE UML Requirements Analysis V0.4 . The part of a system/component, which provides access to its external inputs and outputs   A connector may represent a set of connections. A system/component boundary may be defined at the set of all of its ports.
1.4.3.2 Semantic Dictionary Draft 8. A port is a connection point on a system assembly in the system assembly decomposition hierarchy.

1.4.4 Connection medium (Alias: Link).

1.4.4.1 SE UML Requirements Analysis V0.4 . A type of system/component, whose primary function is to transport outputs from one system./component to the input of another system/component. The medium has properties, and may transform the input, as opposed to passing the input unmodified
1.4.4.2 Semantic Dictionary Draft 8.  A link is a particular kind of system assembly that is used when it is helpful not to model or specify its details.
1.4.5 Environment.

1.4.5.1 SE UML Requirements Analysis V0.4.  The environment is defined by the collection of users, systems, and the physical environment, external to the system boundary, which directly or indirectly interact with the system.
1.4.5.2 Semantic Dictionary Draft 8.  All SE_Things external to the system that interact with it.
1.4.6 Event.

1.4.6.1 SE UML Requirements Analysis V0.4. A note-worthy occurrence, which may be accompanied by a set of conditions, to trigger a function or state. Typical events may occur when an expression becomes true, or a signal arrives, and includes occurrences resulting from exceptions or failures.
1.4.6.2 Semantic Dictionary Draft 8. Not explicitly defined.
1.4.7 Function (Alias: Activity).

1.4.7.1 SE UML Requirements Analysis V0.4 .  A function represents a transformation of inputs into outputs.
1.4.7.2 Semantic Dictionary Draft 8.  The entity in the context of modeling that transforms an input set of SE_Things into a set of output SE_Things that may be the same or measurably different from the input set.
1.4.8 Input/output item.

1.4.8.1 SE UML Requirements Analysis V0.4.  An item, which is consumed, modified or created by functions.
1.4.8.2 Semantic Dictionary Draft 8.  SE_Things consumed by a function are Inputs and those generated by a function are Outputs.
1.4.9 Item (Alias: Entity, SE Thing).

1.4.9.1 SE UML Requirements Analysis V0.4. Anything, which can be characterized by a set of properties, which is of interest to the modeler.
1.4.9.2 Semantic Dictionary Draft 8. An SE_thig is that which is discernable by reproducible measurement of its characteristics.
1.4.10 Model View (Alias: System View).

1.4.10.1 SE UML Requirements Analysis V0.4. A subset of model elements from the domain of interest, which represent a set of relationships of interest to the modeler.
1.4.10.2 Semantic Dictionary Draft 8.  A collection of SE_Things and related information about the system that are useful and defined for a particular purpose in a particular context.
1.4.11 Problem.

1.4.11.1 SE UML Requirements Analysis V0.4. The inability of one or more systems or components to achieve a desired outcome.
1.4.11.2 Semantic Dictionary Draft 8.  Not defined.
1.4.12 Property.

1.4.12.1 SE UML Requirements Analysis V0.4 . Measurable characteristic, which characterizes the functional, physical, or other aspect of an item.
1.4.12.2 Semantic Dictionary Draft 8. Any named measurable or observable attribute, quality or characteristic of an se_thing.
1.4.13 Property value.

1.4.13.1 SE UML Requirements Analysis V0.4 . Uniquely characterizes the state of a property, which can be continuous or discrete.
1.4.13.2 Semantic Dictionary Draft 8. A numeric value assigned to a physical_property
1.4.14 Requirement.

1.4.14.1 SE UML Requirements Analysis V0.4. Specifies the desired behavior, structure, and/or properties of a system/component.
1.4.14.2 Semantic Dictionary Draft 8. A system requirements is a statement of properties that a system shall exhibit or shall not exhibit when completed.
1.4.15 Stakeholder need.

1.4.15.1 SE UML Requirements Analysis V0.4 . A desired capability by a stakeholder, which is intended to address a problem.
1.4.15.2 Semantic Dictionary Draft 8. The benefits that the stakeholders wish to be satisfied by or delivered by the system when it is implemented and functioning.
1.4.16 State (Alias: Mode).

1.4.16.1 SE UML Requirements Analysis V0.4.  A characterization of a system/component, which specifies the system response to a transition (triggering event/conditions).
1.4.16.2 Semantic Dictionary Draft 8. Not explicitly defined.
1.4.17 Subsystem.

1.4.17.1 SE UML Requirements Analysis V0.4. A partitioning of system functionality, which may be associated with one or more system components (either logical or physical).
1.4.17.2 Semantic Dictionary Draft 8. Not explicitly defined.
1.4.18 System.

1.4.18.1 SE UML Requirements Analysis V0.4 A composite of components, which interact with one another to exhibit observable properties and behaviors.  

1.4.18.2 Semantic Dictionary Draft 8. SE_Things with a well defined interface, both static and dynamic, with respect to the Domain of Interest.  
1.4.18.3 EIA-632. An aggregation of end products and enabling products to achieve a given purpose.
1.4.18.4 MIL-STD 499B. A composite of people, products, and processes that provide a capability to satisfy a stated need.
1.4.19 System store.

1.4.19.1 SE UML Requirements Analysis V0..4. .Entities, which are stored by a system, and may include information, mass, and/or energy. System stores can be non-depletable (e.g., data store in computer memory) or depletable (e.g. energy in a battery, fluid in a tank). Note: The system store should be differentiated from the storage device.
1.4.19.2 Semantic Dictionary Draft 8. Not defined.
1.4.20 Time. 

1.4.20.1 SE UML Requirements Analysis V0..4. A property which represents a global variable that all other properties depend on. Can be continuous or discrete valued like any other property.
1.4.20.2 Semantic Dictionary Draft 8. Not explicitly defined.
1.4.21 Trigger.

1.4.21.1 SE UML Requirements Analysis V0..4. Response to events/conditions, which results in the activation/deactivation of one or more functions.
1.4.21.2 Semantic Dictionary Draft 8. Function Ordering imposes how functions execute, which may be sequential, concurrent, traversed iteratively, or lie on separate alternative paths.
1.4.22 Validation result (Alias: Verification event).

1.4.22.1 SE UML Requirements Analysis V0..4.  A comparison between a stakeholder need, and the satisfaction of that need.
1.4.22.2 Semantic Dictionary Draft 8. A validation event is an ccurrence (with date, performer and result) of a comparison of a Requirement against the stakeholder needs.
1.4.23 Verification result (Alias: Verification event).

1.4.23.1 SE UML Requirements Analysis V0..4.  .A comparison between the measured value of a property, and the required value of a property, under the specified conditions.
1.4.23.2 Semantic Dictionary Draft 8. A verification event is an occurrence (with date, performer and result) of a comparison of a requirement against the test, analysis, or inspection results of a design or instance of a system.

Add definitions for structure, behavior etc.
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