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Opening Comments

• The presentation is scheduled for 25 minutes

• We have too many slides

• The focus will be on the high points of the material

• Some slides will be reviewed quickly

• Because of the importance of some we will take minute or two to 

explain

• All slides will be available
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Agenda

• Background and Acknowledgements

• Development of the Validation Suite for Needs & 

Requirements

• Development of the Design & System V&V Process 

Modes

• Modeling the V&V Planning Process

• Capture of V&V Compliance Results
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Background: Summary of Abstract (1 of 2)

• Verification and Validation (V&V) are critical processes that ensure alignment 

between stakeholder needs and system realization. 

• There is limited guidance for implementing V&V in a model-based 

environment. 

• This paper presents an adaptable methodology leveraging Cameo Systems 

Modeler and a SysML-derived Meta-Model to perform V&V.

• The methodology is aligned with the INCOSE Needs and Requirements Manual (NRM).

• The proposed approach is split into two major processes: 

• Needs and requirements V&V

• Design and system V&V
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Background: Summary of Abstract (2 of 2)

• Needs and requirements V&V integrates automated and manual methods for 

ensuring need and requirement sets are written in compliance with the 

INCOSE NRM guidelines

• Design and system V&V uses a custom profile to define system V&V 

attributes and activities used for V&V planning

This model-based framework enhances the efficiency and accuracy of both 

needs and requirements V&V and system and design V&V
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Validation Suite for Needs 
& Requirements
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Needs and Requirements V&V

• Need Verification

• Confirmation that the need statements & set of needs comply 

with the rules and characteristics defined by the NRM (NRM, 

§2.3.3.1)

• Requirement Verification

• Confirmation requirement statements and sets of requirements 

comply with the rules and characteristics defined by the NRM 
(NRM, §2.3.3.1)

• Need and Requirement Verification is implemented in 

using a set of validation rules 
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Needs and Requirements V&V

• Need Validation

• Confirmation that the needs clearly communicate the intent of the agreed-to 

lifecycle concepts, constraints, and stakeholder real-world expectations 

from which they were transformed (NRM, §2.3.3.1)

• Requirement Validation

• Confirmation that the requirements clearly communicate the intent of the 

needs, parent requirements, and other sources from which they were 

transformed (NRM, §2.3.3.1)

• Need and Requirement Validation is implemented by attaching 

artifacts documenting concurrence between stakeholders (NRM, 

§2.3.3.1)
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Need and Requirements V&V Process
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Guide to Writing Requirements in a Validation Suite



incose.org | 13 

Example Structured Expression
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Example Structured Expression

1. ifThenElse: This statement tests if the text field of the need or requirement 

has the string any within it and returns a Boolean true or false. If true is 

returned, the model displays an error.

2. or: This statement splits the validation suite into 2 statements to account for 

the case-sensitive nature of the expression. If either statement returns true, 

the then statement above executes.

3. stringContains: The string contains an expression that compares a system 

element or expression against a defined string. In this case Any and any are 

tested for.

4. Meta-chain Navigation: This is an expression that queries the system 

element, in this case, the requirement and need attribute text.
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Validation Suite Example
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Desing & System System 
Verification Process
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NRM Design and System V&V Definition

• Design Verification - Confirmation that: 1) the design reflects the set of 

design input requirements, 2) the set of design output specifications clearly 

implements the intent of the design as communicated by the set of design 

input requirements, and 3) the design meets the rules and characteristics 

defined for the organization’s processes, guidelines, and requirements for 

design (NRM, §2.3.3.1)

• System Verification - Confirmation that the designed and built or coded 

System of Interest (SOI): 1) has been produced by an acceptable 

transformation of design inputs into design outputs; 2) meets its set of design 

input requirements and set of design output specifications; 3) no 

error/defect/fault has been introduced at the time of any transformation; and 

4) meets the requirements, rules, and characteristics defined by the 

organization’s best practices and guidelines (NRM, §2.3.3.1)
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NRM Design and System V&V Definition

• Design Validation - Confirmation that the design, as communicated in the 

set of design output specifications, will result in a system that meets its 

intended purpose in its operational environment when operated by the 

intended users as defined by the set of needs and does not enable 

unintended users to impact the intended use of the system negatively (NRM, 

§2.3.3.1)

• System Validation - Confirmation that the designed, built, and verified SOI 

will result or has resulted in an SOI that meets its intended purpose in its 

operational environment when operated by its intended users and does not 

enable unintended users to negatively impact the intended use of the system 

as defined by its set of needs (NRM, §2.3.3.1)
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Meta Model 
Specializations for V&V
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System Verification and Validation Meta-Model

• The V&V Meta-

Model 

• Created to 

focus on the 

required 

relationships 

• V&V elements,

•  requirements,

• system 

architecture.
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Verification and Validation Attributes

• Adding the 

attributes

• Reduces the 

necessity to relate 

an instance with 

each need and 

requirement

• Simplifies 

compliance with 

the NRM. 
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Verification and Validation Activities

• V&V activities 

derived from the 

TestCase 

stereotype

• Verification types

• Needs

• Requirements

• Design

• System

Create a verification activity for each type of verification.
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Verification and Validation Event

• Verification and validation events 

group verification and/or validation 

activities into an event where they 

can be executed according to a plan.

• Note that some attributes are typed 

by Diagrams.

• This is not a SysML relationship and is not 

defined in the V&V Meta-Model.

• This allows for an informal link to 

diagrams created in the model that further 

define test setups and test configurations.
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Example of an Informal Diagram Link

• Test setups and configurations are defined in Block Definition 

Diagrams (BDD). 
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V&V Execution Record

• In order to collect objective 

evidence of verification an artifact 

called a V&V Execution Record is 

created

• The SE team captures the results 

and uploads to the model for 

traceability
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Take Away

• The Verification and Validation Meta-Model defines the relationships between 

needs, requirements, verification/validation activities, objective evidence, and 

events. 

• Each customer need must be validated by a validation activity.

• Each system requirement must be verified by a verification activity. 

• Both of which are linked to artifacts that document objective evidence. 

• These activities are grouped into verification or validation events, forming a 

cohesive verification and validation plan. 

• This approach ensures consistent traceability

• Supports integration of V&V activities across the system lifecycle, 

• Aligns with the INCOSE NRM.



incose.org | 27 

The V&V Process

• The 3 stages of the 

process are

• Planning

• Defining

• Execution & Reporting

• The following slides 

breakdown the 

process
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Planning Stage
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Planning Stage

• Step 1: Early System 

Verification Planning
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Initial Verification Events

• Documentation of common or already known verification 

events
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Planning Stage

• Step 2 define attributes for 

V&V
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Need & Requirements V&V Attributes Example (1 of 2)

• As system and subsystem 

requirements are defined, 

V&V attributes should be 

defined as early as possible

• Note: this process deviates 

in implementation from the 

NRM but satisfies the intent 

and simplified the V&V 

process
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Need & Requirements V&V Attributes Example (2 of 2)

Example System Verification Matrix
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Planning Stage

• Step 3 Define Risk 

Redetection Steps
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Defining Risk Mitigation Steps

• Risk mitigation strategies often 

include a series of development 

testing or analysis to buy down risk.

• The risk mitigation activities are 

modeled as verification activities and 

linked to associated requirements 

using the verify relationship.
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The Defining Stage 

• Step 1 Define V&V Activities
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Derivation of V&V Activities

• Defining verification and 

validation activities is a detailed 

and tedious process

• Requirements need to be sorted 

based on VMs

• V&V activities are created for 

both design and system V&V and 

can be reused

• Attributes for the activities are 

defined and related to 

requirements via the verify 

relationship

• Procedures are mapped out with 

pass/fail criteria
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Create V&V Activities
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Relate V&V Activities to Requirements
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Process for Developing Verification Events
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Define V&V Activitiey, Procesures and Pass/Fall Criteria
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Define V&V Activitiey, Procesures and Pass/Fall Criteria
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The Defining Stage 

• Step 2 Develop V&V Events and Procedures
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Modeling the Test Set Up
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Identification of System Under Test 
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Verification Execution Plan Example
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Execution & Reporting

• There are 3 stages that 

are critical are critical to 

Execution & Reporting

• Exporting the VEP 

created during Planning

• Collection of the V&V 

results

• Display or communication 

of the Compliance 

Assessments
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Execution & Collection of VEP

• As the Nominal Operation 

Test is executed each a 

verification activity is initiated 

for each step.

• Each step returns a verification 

assessment that is captured.
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Conclusions
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Conclusions

• The paper presents a methodology compliant with the 

INCOSE NRM  for performing 

• Needs and requirements V&V and

• Design and system V&V
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Conclusions

• Design & System V&V

• The process is described using 

• Activity diagrams, 

• Presenting a customized V&V profile, and 

• Providing examples for each step
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Conclusions

• Needs and requirements V&V 

• Performed early in the system lifecycle and

• Uses Cameo’s validation suites to develop automated 

constraints on the need and requirement text-based attributes.

• A manual process is also presented to check more abstract best 

practices for needs and requirements sets along with validation.
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Conclusions

• Performing model based design and system V&V 

increases 

• traceability of V&V attributes to needs and requirements,

• test coverage across the design, 

• and the ability to reuse verification activities throughout the 

lifecycle

• The process also enables V&V planning, management, 

and creation of a master verification execution plan.
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