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Need for SysML Model Validation and Verification 

(V&V)

• Model Based Systems Engineering (MBSE) will not succeed without correct and complete 

models. 

• Consequences of incomplete or incorrect models

▪ Integration failures due to erroneous or incomplete model interface blocks, 

▪ Violations of space weight or power constraints because of value properties leading in model 

block definitions and instantiations

▪ Invalid analysis results because the model did not represent the system, 

▪ Inability to perform acceptance testing because requirements were not traced properly traced to 

the elements that satisfy them, and many others. 

• Net result:  cost overruns and delays – just as in programs using conventional systems 

engineering practices. 

• V&V methods should be integrated into programs using MBSE in order to avoid the same 

or worse program impacts
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Model Transformation



Model V&V is Governed by Requirements

• Types of requirements

– Project Specific requirements

• Correctness of requirements

• Completeness and accuracy of representation

• Accurate traceability of requirements to design and to verification methods

• Utility of produced artifacts (for development, management, design reviews, testing and verification, and 

sustainment)

• Completeness and correctness of internal data, exports and imports

– Generic requirements

• Organization

• Ease of navigation and information retrieval

• Internal and External Documentation

• Descriptive names

• Complete diagrams

• Correct use of SysML



Model Requirements Catalog
1. General:

– Requirements for language (.e.g., SysML vs, UPDM)

– Incorporation of Government furnished profiles, 

– Production of artifacts for model development, design reviews, testing and verification, and sustainment, 

2. Requirements Diagrams and models: amount and level of details needed for system requirements (very 

detailed requirements might be kept in a separate requirements management system)

3. Structural Model Elements and Diagrams: Requirements for the amount and level of detail for structural 

content

4. Behavioral Model Elements and Diagrams: Requirements for the amount and level of detail for 

behavioral content. 

5. Parametric Models: Requirements for modeling and analyzing non-functional system attributes

– Capacity and Response Time

– Reliability, Maintainability, Availability

– Cybersecurity

– Other Specialized areas



Manual v. Automated Model Verification

• Manual V&V

– Evaluation of model’s human meaning (semantics)

• Correctness of requirements allocation and verification

• Completeness of model representation

• Completeness and correctness of interfaces

• Correctness of documentation

• Correctness of value imports and exports

– Inspection and demonstration are the primary methods 

• Test used for verification of quantitative results

• Automated V&V

– Evaluation of model’s conformance to language rules and modeling conventions

• Requirements traceability

• Structural and flow representations

• Behavioral representations

– Scripts are the primary method of verification 

• Analogous to static analyzers for software



Examples of Manually Verified Requirements

• The model shall be organized in a consistent manner (e.g. by organization, by hierarchy, or by subsystem) 

• Verified by inspection

• Rationale:  large models are difficult or impossible to understand unless their organization is clearly understood

• Additional details to be specified in requirement:  how model should be organized

• The model shall include package diagrams that capture and describes the model organization

• Verified by inspection

• Rationale:  package diagrams are the primary means of depicting model organization

• Additional details to be specified:  how package diagrams should be organized

• The model shall include diagrams that depict links and enable navigation to all diagrams and views 

contained in the model

• Verified by demonstration

• Rationale:  model navigation aids enable information to be found that might otherwise be missed

• Additional details to be specified:  what navigation aids should be provided



Example of Automatically Verifiable Requirement

The model shall have a different target state for each state/transition pair on the state machine diagram

Refers to element being 

validated

Script 

language

Method from MagicDraw API that allows 

access to element properties 

Setting Boolean output to determine if 

validation rule is violated or not



Check that all connections are 

through ports

2 of many 

violations:



Error: “The model shall 

include data type for all 

attributes and properties”

Typing of Value properties



Error: “All actors need 

documentation.”

Documentation of Model Elements



Traceability between blocks and requirements

Element: SysML Blocks

Error: “All blocks 

representing system 

components shall be 

traceable to a 

requirement.”



Conclusions

•A necessary condition for MBSE and for Digital Engineering is that the models 

are correct

•Model Requirements are necessary for model verification and validation (V&V)

– Model requirements and distinct form system requirements.

•V&V includes manual and automated methods

– Manual methods are primarily inspection and validation, and are necessary to validate model 

requirements on aspects of the model that are interpreted by humans (natural language 

content, model navigation, and model output)

– Automated methods can be used to check model syntax, relationships, and structure

•A catalog of candidate requirements and verification methods will soon be 

available to assist in development of model requirements


