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» Member of the Tec4Com department in TRC.
» Responsible for the Temperature War SE Use Case.

> Systems Engineering Methodology thesis development.
» Complete SE Use Case based on the INCOSE 15288 Standard.
> Supervised training under the former president of INCOSE Spain.

> Degree in Computer Science and Engineering. José M. Pereira
jose.pereira@reusecompany.com
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"ﬁ" Describes content coming from the Systems Engineering Describes content coming from the “Practical Way to
il Handbook or the ISO 15288 Standard implement ISO 15288 V&V processes
(using The REUSE Company’s V&V Studio

= “ Extends content for V&V Processes inside the Systems
,JR Engineering Handbook

Extends content by describing how the concept is

< implemented in the V&V Studio Software tool

Describes content used in the
V&YV Studio Software tool
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V&V (Verification and Validation) Processes within the
ISO 15288 — Systems Engineering Standard

:‘:‘T’-“" \»;,
INCOSE

SYSTEMS ENGINEERING HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE PROCESSES AND ACTIVITIES

WILEY

All rights reserved © The REUSE Company 2021 )


../../../../WORK/ELECTRONIC-BOOKS/Systems and Software Engineering/Systems Engineering as a whole/INCOSE Systems Engineering Handbook 4e 2015 07.pdf

TH=

R=US= wesiNars 2021 KEY CONCEPTS : Development Life-Cycle -V (VEE) MODEL

COMPANY

g Off-core user discussions and approvals
(in-process validation)
Are the proposed baselines acceptable?

The core of the Vee (i.e., those e
products that have been placed under baseline
configuration control) depicts the
evolving baseline from stakeholder
requirements agreement to
identification of a system concept to
definition of elements that will
comprise the final system.

Baseline verification
How to prove it’s built right

Planned
verification

Baseline being

considered

Baselines
to be
Time now verified

Z ¢ considered
(Vertical line) C TR
. >0
with upward and IS QUIICVEE

Baselines

to be

With time moving to the right, the doun e d SO <: Plans. specifications. and
. . ‘o . = d o L d o :.’. 7
evolving baseline defines the left side of as required — B
. ime and baseline maturity . =
the core of the Vee, as shown in the v Time and baseline mawrity
. . Off-core opportunity and risk management
Shaded Portlon Of Flgure investigations and actions

How are the opportunities and risks of the
proposed baselines being resolved?

V-Model - Forsberg et al. (2005)
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Off-core user approval
of baseline and baseline modification
is the verified performance acceptable?

As entities are implemented, verified, and Baselines
integrated, the right side of the core of Defined Baseline validation to be

the Vee is executed system Are we building the right thing? verified
. . . performance

Since one can never go backward in time,

Defined

all iterations in the Vee are performed on entity & Baselines
the vertical “time now” line. performance Baseline Demg

] ] ] verification verified
Upward iterations involve the Are we building

stakeholders and are the in-process it right?
validation activities that ensure that the

proposed baselines are acceptable.

The downward vertical iterations are the B pumoleNe :

. I ff t .t d . I ans. .\chthdllOll.\.dnd‘ Baselines
essential o -core opportunity and  risk products are under progressive verified
Mmanagement investigations and actions. configuration management

In each stage of the system life cycle, the —
SE processes iterate to ensure that a Time and baseline maturity

concept or design is feasible and that the RS el verindbesn ol
kehold . ti f th Oft-core™ verification problem

sta (e. o er.s rémain supportive o < investigation and resolution

solution as it evolves. is the problem cause understood?

V-Model - Forsberg et al. (2005)
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“The purpose of the Verification process is to provide objective evidence that a system or system element
fulfills its specified requirements and characteristics.” (seHb p.83)

The purpose of the verification process is to provide evidence that no error/defect/fault has been introduced at the time
of any transformation of inputs into outputs; it is used to confirm that this transformation has been made “right”
according to the requirements and selected methods, techniques, standards, or rules.

All rights reserved © The REUSE Company 2021 17
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“The purpose of the validation process is to provide objective evidence that the system, when in use, fulfills its
business or mission objectives and stakeholder requirements, achieving its intended use in its intended
operational environment”. (seHb p.89)

All rights reserved © The REUSE Company 2021 18
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“The purpose of the Verification process is to provide objective evidence that a system or system element

fulfills its specified requirements and characteristics.” (serb p.83)

The purpose of the verification process is to provide evidence that no error/defect/fault has been introduced at the time
of any transformation of inputs into outputs; it is used to confirm that this transformation has been made “right”
according to the requirements and selected methods, techniques, standards, or rules.

“The purpose of the validation process is to provide objective evidence that the system, when in use, fulfills its
business or mission objectives and stakeholder requirements, achieving its intended use in its intended
operational environment”. (seb p.89)

e S B [ B et | BT i -------------------- ; ----------
'
L}
' o,
Stakehold : Stakeholder Stakeholder needs
Business Life-cycle concepts ! (““i der C:Q Smk}gholdu requirements and requirements
3 OpsCon, acquisition, deployment. needs ' requirements specification definition Process
operations \_ support, retirement Analysis (SIRS) 4.2)
: ) Validation
...................................... e ] e e T CT T S S
=4 ' t 1
L
- S ) System  Architecture
Svsten System life-cycle concepts System <:::> .. 33 }'.“‘m Syalan _ requirements _ definition
Y OpsCon, acquisition. deployment, needs requirements | requirementsf < process process
support, retirement Analvsis specilication q o Mo .
M VRS ection 4.3) (Section 4.4 V f
N o Lo ] N | erification
b i i gt R b B St o R e B

Source: Mike Ryan - > SE Handbook V4
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Stakeholder
requirements

'

'
Sl;ll\chuldﬂ'ci>

needs -

Analysis

Life-cve
OpsCon, acquisition, deployment.
support, retirement

le concepts,

Business
operations

..................

System
requirements

System
needs

System life-cycle concepts
OpsCon, acquisition, deployment,
support, retirement

e

Analysis

Svstem

Source: Mike Ryan - > SE Handbook V4

requirements

specification

(SIRS)

System
requirements
specilication

(SYRS)

. VS AN S S 1 ) Bl SN

Stakeholder needs
and requirements
definition Process

4.2)

z System  Architecture
_ requirements  definition

Verification and Validation are not the same

Validation

Process process

Verification

Verification and Validation are not the same (“build the thing right” vs “build the right thing”):

Context is (very) different

Scope is different

... even if both use the same methods and tools

But, the digitalization of both can be based on the same methods and activities (we’ll see them ASAP)

Therefore, we'll offer the same tool (with different sections) to manage both Verification and Validation

All rights reserved © The REUSE Company 2021 20
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The INCOSE Systems Engineering handbook (V4) states the focus in a more precise way:

“The verification process can be applied to any engineering element that has contributed to the definition and
realization of the system itself (e.g., verification of a system requirement, a function, an input/output flow, a system
element, an interface, a design property, a verification procedure)”. (SEHb p.83)

This statement widens the Verification process goal to what it really stands for:

To provide objective evidence that whatever engineering item (requirement, requirements set, model
element, model(s), function, etc.), system element or the SOl itself has been “built right”.

Verified final
product

|

Level System definition System realization
The result is that the Verification process must be e Roviprens e o
efined  [—» ™ veriy e Verify S
applied universally and transversely both R2L of " | /L »m — A against ye
1Y S18
requirements characteristics
the V-Model (the most known) as well as L2L (or e o
even RZR) Defined __—»RJqulirCInL‘I]lS . B Realized
n+1 systems ?;ﬁ% Verify ‘::_Vcr'ny: system
ity ; elements . / design .---"" " Aganst 7 7] _clements i
rcquircn;cms L{: Cl];lgs:i’i‘;lic.\' :
= -
= =
w -

Source: Systems Engineering Handbook V4 - Fig 4.15 p.87
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Verify the Requirements against the SOI / SE? Verify the SOI / SE against the Requirements?

Items Explanation for Verification

Document To verify a document is to check the application of drafting rules.

To verify a stakeholder requirement or a system requirement is to check the application of syntactic and grammatical rules, characteristics defined in the
stakeholder requirements definition process, and the system requirements definition process such as necessity, implementation free, unambiguous,
consistent, complete, singular, feasible, traceable, and verifiable.

Stakeholder Requirement
and System Requirement

To verify the design of a system is to check its logical and physical architecture elements against the characteristics of the outcomes of the design

Design
processes.
System To verify a system (product, service, or enterprise) is to check its realized characteristics or properties against its expected design characteristics.
Aggregate To verify an aggregate for integration is to check every interface and interaction between implemented elements.
Verification Procedure To verify a verification procedure is to check the application of a predefined template and drafting rules.

https://www.sebokwiki.org/wiki/System_ Verification

Items Explanation for Verification

Architecture of the System To check the correct application of patterns and heuristics & correct usage of modeling techniques or methods.
Design of a System To check the correct usage of patterns, trade rules, or state of the art related to the concerned technology.
Element Verification of a system (product, service, or enterprise) or system element

To check its realized characteristics or properties (e.g., as measured) against its specified requirements, expected architectural characteristics, and

System design properties (as described in the requirements, architecture, and design documents)

SE Handbook V4 — p 85.
Why the debate? -> For Tool Vendor to decide meta-model

All rights reserved © The REUSE Company 2021 24
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Verify the Requirements against the SOI / SE? Verify the SOI / SE against the Requirements?

Explanation for Verification

Document To verify a document i eck the application of drafti

. T ify a stakeholder requirement or a s requirement is to check the application of syntactic and grammatical rules, characteristics defined in the
Stakeholder Requirement 4— . L . . L . .
stakeholder requirements definiti rocess, and the system requirements definition process such as necessity, implementation free, unambiguous,
consistent, complete, si r, feasible, traceable, and verifiable.

Design To verify th Sign of a system is to check its logical and physical architecture elements against the characteristics of the outcomes of the design
pr es.

and System Requirement

System To verify a system (product, service, or enterprise) is to check its realized characteristics or properties against its expected design characteristics.
Aggregate To verify an aggregate for integration is to check every interface and interaction between implemented elements.
Verification Procedure To verify a verification procedure is to check the application of a predefined template and drafting rules.

https://www.sebokwiki.org/wiki/System_ Verification

Items Explanation for Verification

Architecture of the System To check the correct application of patterns and heuristics & correct usage of modeling techniques or methods.
Design of a System To check the correct usage of patterns, trade rules, or state of the art related to the concerned technology.
Element Verification of a system (product, service, or enterprise) or system element

To check its realized characteristics or properties (e.g., as measured) against its specified requirements, expected architectural characteristics, and

System design properties (as described in the requirements, architecture, and design documents)

SE Handbook V4 — p 85.
Why the debate? -> For Tool Vendor to decide meta-model
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Verify the Requirements against the SOI / SE? Verify the SOI / SE against the Requirements?

Level System definition systerh fealization

Verified final
product

Requirements
Defined | —» ™ verify . Verify Realized
n | system L . design_~"  ..ocemmmmm" “* against system
Verify | 8- Design Iy
requirements HStC
Verified
: products
> Eefined —— Requirements Realized
= verify Teeo o Verifye— stemn
n+l1 Z/ systems . / erify 3% ainst syste
> i _-=="""against ¥ :
Verify ¥ elements > dL.\lgn - ve : elements ——
o :"‘ [ Design 1 l
requirements -
4 | characteristics
= w
= =
o =

Source: Systems Engineering Handbook V4 - Fig 4.15 p.87
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Verify the Requirements against the SOI / SE? Verify the SOI / SE against the Requirements?

4.9.2.1 Notion of Verification Action A verification ~ 4.3.2.2  Characteristics and Attributes of Good
action describes what must be verified (e.g., a require- Requirements In defining requirements, care should
ment, a characteristic, or a property as reference). on ... Source: SEHV4 - p.60

which item (e.g.. requirement, function, interface,
system element, system), the expected result (deduced
from the reference), the verification technique to apply
(e.g., inspection, analysis, demonstration, test), and on
which level of decomposition of the system (e.g.. SOI,
intermediate level system element, leaf level system
element).

Source: SEH V4 - p.85

» Verifiable—Each requirement must be verified at
some level by one of the four standard methods
(inspection, analysis, demonstration, or test). A
customer may specify, “The range shall be as long
as possible.” This is a valid but unverifiable require-
ment. This type of requirement is a signal that a
trade study is needed to establish a verifiable
maximum range requirement. Each wverification
requirement should be verifiable by a single method.

Source: SEHV4 - p.61

All rights reserved © The REUSE Company 2021 27
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Verify the verifiable item against Source ltems Tou deridesEiNE

Level System definition System realization
Verified final
. roduct
Requirements I
Defined | ——» ™ verify  TTTeeeal Verify Realized ‘
n & system . / design __.oooememommTT “**against system
Verify {-‘ I Design 4
requirements characteristics
Verified
Requi products
L —— Requirements Realized
Sl [ &, ‘e TTreeoL__ Verifye— 3
n+1 - systems R Verify Pt system ‘
Verif 7 elements - / design _.----"  against elements 1
ety ‘:"“‘ 1 Design I :
requirements -
4 | characteristics
= E4
= =
o =

Source: Systems Engineering Handbook V4 - Fig 4.15 p.87

How to Define the Verifiable Items in V&V Studio
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How to Verify / Validate
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The Verification Process implementation evolves around the notion of VERIFICATION ACTION.

A Verification Action defines a structured representation (digital) of the necessary information used to
assure that the verified element fulfills its specified requirements and characteristics.

The Verification Action (VA) is intended to serve as a mean to provide objective evidence that a work-
product has (or has not) been verified.

The process of defining, configuring, scheduling, filling, analyzing, managing and reporting VAs is called
the Verification Process

All rights reserved © The REUSE Company 2021 31
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Notion of Verification Action:

A verification action describes WHAT MUST BEVERIFIED (e.g., a requirement, a characteristic, or a property as
reference, the system), ON WHICH ITEM (e.g., requirement, function, interface, system element, system), the
expected result (deduced from the reference), the verification technique to apply (e.g., inspection, analysis,
demonstration, test), and on which level of decomposition of the system

The performance of a verification action onto the submitted item provides an obtained result which is compared with
the expected result.

How does it work in V&YV Studio

All rights reserved © The REUSE Company 2021 32
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The process of verifying a work-product is simply to
compare predefined information (a reference) with real
information and confirm that the comparison produces
the expected results Used by

Reference Verifiable [tem

Submitted to

The information for comparing results and other
administrative data must be stored in a Verification
Action

Verification Action

Defines Produces

A VA is considered passed when the obtained result
fulfills the defined criteria of comparison with the

expected result, producing an evidence Expected Result Obtained Result

. e . = Comparison
Attributes of the Verification Action B

Correctness?

The V&V Studio is capable to launch the verification
process automatically (comparison operation)

The comparison process allows the computer to assign a
state to the VA

All rights reserved © The REUSE Company 2021 35
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Connect to the Verifiable
Predefine the Reference information supporting Tool
Information in aVA PP &

Techni Method (DOORS, Excel, TeamCenter, etc.)
echnique, Fethod, Reference Verifiable Item and assign a VA to each one of
resources, etc) them

Used by Submitted to

Verification Action

Defines Produces
Predefine what value must . £ ot
be expected (')A\btaln tthﬁrl ication re|TUIts
Expected Result Obtained Result (Automatically or manually)
Comparison
Computer Assigns
“Suggested YES” < Correctness?
State to VA

Engineer I Engineer
decides A quality comparison function is automatically decides
Final value Final value

calculated
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v a3

Relevant Concepts: Reference

Verifiable [tem

Expected Result
Obtained Result Used by Submitted to

Different methods for obtaining results Verification Action

The Comparison Operation
The Verification Action STATE

Defines Produces

Expected Result Obtained Result

fmuss

V&V Studio Methods for OBTAINING Results |4t Comparison

Amuss

COMPARISON operations in the V&V Studio | © s

Correctness?

Amuss

STATES of the Verification Action | iatle
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Verification Level per Level:

. Level System definition System realization
Every system and system element are verified,
and any findings possibly corrected before being Ve
. . . RLL]UIILIT)Lnl\ B
integrated into the system of the higher level. e —. Verify T vseeeen_ Veify Realized
n N system > / design  ___--- _--—----::-’"uguiml system
As necessary, systems and system elements are Verify (g Design 3
. . . requirements characteristics
partially integrated in subsets (aggregates)
o . . Verified
order to limit the number of properties to be ,mu.cf.\
. L. . T e RqullerLnl\ _ Realized
Defined meas e ] L
verified within a single step. . ™ vy Veilve Tl ystem
ch\ ; elements > /'d‘..\l N = e agamns ) elements —
l’ﬁ(]llil'dl]].dl]l.\ I—!: DL‘-\ltl." : LI:

characteristics

FIGURE 4.15  Verification level per level. Reprinted with permission from Alain Faisandier. All other rights reserved.

Source: Handbook
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VERIFICATION

Inspection Demonstration Test Analogy or Similarity Sampling Analysis / Simulation

fCo f¥) = K‘;’

mimim]

&
&
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Inspection

Based on visual or dimensional examination of an element

Relies on the human senses
or uses simple methods of measurement and handling.

Generally nondestructive
and typically includes the use of sight, hearing, smell, touch, and taste

Simple physical manipulation / mechanical and electrical gauging / and measurement.

No stimuli (tests) are necessary

How to define an Inspection VA in the V&V Studio

All rights reserved © The REUSE Company 2021 53
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Demonstration

Used to show correct operation of the submitted element against operational and observable
characteristics without using physical measurements

(or minimal instrumentation or test equipment).

Generally uses a set of actions, selected to show that the element response to stimuli is suitable

or to show that operators can perform their assigned tasks when using the element.

Observations are made and compared with predetermined/expected responses

How to define a Demonstration VA in the V&V Studio

All rights reserved © The REUSE Company 2021 55
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Test

Performed onto the submitted element by which functional, measurable characteristics, operability,
supportability or performance capability is quantitatively verified when subjected to controlled

conditions that are real or simulated.
Often uses special test equipment or instrumentation to obtain accurate quantitative data to be
analyzed.

How to define a Test VA in the V&V Studio

All rights reserved © The REUSE Company 2021 57
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Analogy or Similarity

Based on evidence of similar elements to the submitted element or on experience feedback.
It is absolutely necessary to show by prediction that
the context is invariant
the outcomes are transposable.
(e.g., models, investigations, experience feedback).

Can only be used if the submitted element is similar in design, manufacture, and use.
Equivalent or more stringent verification actions were used for the similar element.

The intended operational environment is identical to or less rigorous than the one applied to the similar
element.

Often considered as a type of analysis technique.

How to define an Analogy VA in the V&V Studio

All rights reserved © The REUSE Company 2021 59
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A A

Sampling

Based on verification of characteristics using samples.

The number, tolerance, and other characteristics must be specified and in agreement with the
experience feedback.

How to define a SamplingVA in the V&V Studio

All rights reserved © The REUSE Company 2021 61
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Analysis / Simulation

Based on analytical evidence

obtained without any intervention on the verifiable element.

To show theoretical compliance => Mathematical or probabilistic calculation, logical reasoning
(including the theory of predicates), modelling and/or simulation under defined conditions.

Mainly used where testing to realistic conditions cannot be achieved or is not cost-effective.

How to define an Analysis/Simulation VA in the V&V Studio
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Specific Analysis: Quality Analysis

Based on analytical evidence about the quality of the Verifiable ltem (Using RQA from The REUSE company)

Obtained without any intervention on the verifiable element.

To show theoretical compliance => Mathematical or probabilistic calculation, logical reasoning
(including the theory of predicates), modelling and/or simulation under defined conditions.

Compare expected quality with obtained quality

Used when quality judgement exists.

How to define a Quality Analysis VA in the V&V Studio
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Verification
Method Manual Insertion of Check List Custom Quality

Verification numeric values Verification calculation
Technique
Inspection X X X
Analysis X X X
Quality Analysis X X X
Demonstration X X X
Test X X X
Analogy or Similarity X X X
Sampling X X X
V&V Studio Quality Analysis X X
Other X X X
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Inputs

Life cycle concepts
System requirements
Verification criteria
Updated RVTM

Interface definition
Integrated system or
system elements
Integration report

Controls

. 4

Activities
Prepare for verification
Perform verification
Manage results of
verification

Verification Process > Definition

ISO 15288 —Verification Process

)

Enables

All rights reserved © The REUSE Company 202|

Outputs

Verification strategy
Verification enabling
system requirements
Verification constrains
Verification procedure
Final RVTM

Verified system
Verification report
Verification record
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Verification Process > Definition

A process is best defined using inputs, outputs
and activities to be developed in it.

Inputs

Based on the ISO 15288 Standard, a good - Life cycle concepts

* System requirements

implementation of the Verification Process  Verification criteria
* Updated RVTM
must support the realization of the following ¢ Interface definiton
ntegrated system or
act|V|t|eS' system elements

Integration report

|.  Prepare for verification
2. Perform verification

3. Manage results of verification

Next Section: A detailed description on how to
implement the activities using the V&V Studio

All rights reserved © The REUSE Company 2021

Controls

4

Activities

* Prepare for verification
* Perform verification
¢ Manage results of

verification

Enables

Outputs

* Verification strategy
* Verification enabling

system requirements

* Verification constrains

* Verification procedure
*  Final RVTM

+ Verified system

* Verification report

* Verification record
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|- Prepare for verification.
Develop a strategy - that prioritizes the verification actions to minimize costs and risks while maximizing operational coverage of ECE
system behaviors I
Determine the verification items
Establish verification constraints
Plan for the Verification Methods or techniques

Establish the scope of the Verification

Develop the verification procedures - that support the verification actions.
Schedule execution of VAs

Define the configuration of Submitted Items to Vas

|dentify verification constraints on the system or system elements E

arising from the verification strategy, that relate to specific system requirements, architecture elements, or design elements.

Ensure the necessary enabling systems, products, or services E

required for the verification actions are available, when needed
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2- Perform verification.
Implement the verification plan - That plan includes detailed descriptions for the selected verification actions:
Item to be verified
Expected results and success criteria
Selected verification method or technique
The data needed

The corresponding enabling systems, products, or services

Execute the Verification Actions and record the results.

Using the verification procedures,

Analyze the verification results
Against any established expectations and success criteria to determine whether the element being verified indicates
conformance
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COMPANY

Identify and record verification results
and enter data in the Requirements Verification and Traceability Matrix (RVTM). Maintain the records per
organizational policy.

Record anomalies

observed during the verification process and analyze and resolve the anomalies (corrective actions or
improvements) using the quality assurance process.

Establish and maintain bidirectional traceability

of the verified system elements with the system architecture, design, and system and interface requirements
that are needed for verification.

Provide baseline information for configuration management.
Update the verification strategy and schedule

according to the progress of the project; in particular, planned verification actions can be redefined or
rescheduled as necessary.

Coordinate verification activities with the project manager

(e.g., for scheduling, acquisition of enablers, hiring of qualified personnel and resources), the architects or
designers (e.g., for errors, defects, nonconformance reports), and the configuration manager (e.g., for versions
of submitted items, requirements, architecture and design baselines, enablers, verification procedures).
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Common approaches and tips:
Beware the temptation to reduce the number of verification actions due to budget or schedule overruns.

In the progress of the project, it is important to know, at any time, what has not been verified in order to
estimate the risks about possibly dropping out some verification actions.

Each system requirement should be quantitative, measurable, unambiguous, understandable, and testable. It is
generally much easier and more cost-effective to ensure that requirements meet these criteria while they
are being written. Requirements’ adjustments made after implementation and/or integration are generally
much more costly and may have wide-reaching redesign implications.

Avoid conducting verification only late in the schedule when there is less time to handle discrepancies.

Testing the actual system is expensive and is not the only verification technique. Other techniques such as
simulation, analysis, review, etc. can be used on other engineering elements representing the SOI such as
models, mock-ups, or partial prototypes.
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@ R=usE

VERFICATION &

VALIDATION STUDIO

Digitalizing the Verification Process

Using the V&V Studio
(following the ISO [5288)

All rights reserved © The REUSE Company 2021 85



TH=

_R=US= wesiNars 2021 Verification Process in a Nutshell using V&V Studio

COMPANY

Prepare for Verification Perform Verification Manage Results of Verification

Sel he | be Verified Execute the Verification Action for Manage and record
elect the ftems to be Yertiie each Verifiable Item. If possible, discovered anomalies and AN
the computer gathers the evidences )

Information automatically

Define a Verification Action for Track the Verification = ™*" °
each Verifiable Item

we=mm wm==m Computer applies the OK /KO Process
S decision process based on the and manage Configuration |

= m=mm = standard guidelines.

@@@ Prepare Resources of all types,

, N =esses
® - (©  |dentify constraints, m 2 Engineer defines the final state Build and maintain the RTVM g o =
" Enabling Systems, etc. amB of the Verification process
——

for each Verifiable ltem

Provid t
E ) = I '\'?‘ Define a Verification Technique rovide proper reports g
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=1 Connection = O *
V&V Studio
by The REUSE Company
Prepare for Verification
OSLCKM credentials: Selected workproducts management system (WMS) connection details:
Usern Connection name;
LLORENSYuan Lioreris PDF Test Procedures ’
Select the Items to be Verified Password:
Available Workproducts Management System (WMS) connections:
Connection name Server Source Type
A REP S T R P e T == e e ==} Simple =
cuie e . T #  New Grouping Project ... . -
IREME - System Requirements  CAZ-REPOSITORY\Pro W02.xls Simple
&\ EIRE (D IBM Rational DOORS ¢ B Add connection b vo2.xls Simple
# FOR State Diaghwgn | (D 1BM DOORS Next Generation toli:connection draw.uml_mode... ‘Simple
# FOR - Mechanical R¢ PTC Integrity 3 [ Delete selected connections  F-ACCELERATED... Simple
# V&V DB - EIRENE - M Reqtify W [E Delete all connections p wdocx Simple -
18 connections AR (o Duplicate
&= Microsoft Excel i
o ,!, Import connections
M8 Template fi M ft Excel . =l A
Tt ity M osoRe B #® Export selected connections .. =
war ReqlF Fil
. : RS Refresh -
Hide RMS connections. ';.z_!‘j %ML File Corinect Quit

Verifiable Items and Source Items in the V&V Studio
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Verification Process in a Nutshell usingV&V Studio

~~— By selecting a predefined VA template. i.e:
-Template for performing Inspection
-Template for producing a Check list
-Template for Simulation Analysis

Notion of VA Template

Prepare N Verifiable Items and Source ltems

A
Quality Project
Define a Verification Strategy
[E Verification action baseline - ] X
Template:
Define a Verification Action for o ! s
ystem Verification by Demonstration - BASELIN
each Verifiable Item Rationsle

This technique is used to show correct operation of the submitted element against operational and observable characteristics without using physic

Verification:
Technique: Method:
Demonstration v ® Automatic Rule Checklist Custom action
1 Inspection
| Analysis

Demonstration
Test

Analogy or similarity
Simulation

Sampling

V&V Studio Quality Analysis
Other

Decomposition level:

System of interest

Evaluation:
Expected evidence: 71

A Recorded Video or Picture

Expected numeric result:

Objective: (1
This technique is used to show correct operation of the
submitted element against operational and cbservable
characteristics without using physical measurements (or
minimal instrumentation or test equipment). It uses
Activity to perform: 1

v Create a video or take a picture demeostrating the
property or characteristic verified in the System

Obtained evidence: i

Automatic Rule: Obtained Numeric Result: Precision (-/+):

= v

OK Cancel

&, LSelect.. X Clear...

v
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Prepare for Verification

Allocation:
Performed by: Estimated Labor (Person/Days): Labor (Person/Days):
| | 0 0
Starting date: Ending date: Estimated Funds (Currency €/%): Funds (Currency €/$):

0 0
Facility Resources: &3] Estimated Time (Days): Time (Days):

0 0

—
@@@\ Prepare Resources of all types,
Identify constraints,

£ ®
©~‘ Enabling Systems, etc.
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Prepare for Verification Select one Verification Technique

or define your own one

A 4

® -~ Define If the obtained results will be gathered
PO

manually or automatically

—>® - manually: (A human engineer fills data in the VA manually

el
> |Z£| Defining customizable Check-lists

— # Defining values to be expected

—»@ - automatically (a Calculation Function gets the obtained data into the VA)
| ~) 4 [Be
—> Y sauing L‘

éf(x)= l'\% Define a Verification Technique —> N‘}a Calculating the Quality of Verifiable Item using RQA Tool

i
1tmy Connecting to other tools

for each Verifiable ltem

—»Dq Defining your own Calculation Function
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@ - —] Verification Process in a Nutshell usingV&V Studio

Perform Verification

Execute the Verification Action for
each Verifiable Item. If possible,
the computer gathers the
Information automatically

Connect to the Source
to collect the verifiable
items
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@ - —] Verification Process in a Nutshell usingV&V Studio

Perform Verification

Execute the Verification Action for

EaEE @ i _ s
C he S | = each Verifiable Item. If possible,
onnltlact toht ¢ :u:ie s ' -~ the computer gathers the
to collect the veritiable ' Information automatically

items

Engineer fills the VA
information

103

All rights reserved © The REUSE Company 202|




TH=

_R=US= wesiNars 2021 Verification Process in a Nutshell using V&V Studio

COMPANY

Perform Verification

B e s u - Execute the Verification Action for
= = each Verifiable Item. If possible,
Connect to the Sf).urce e ' ] - the computer gathers the
to collect the verifiable M | Information automatically

items

Engineer fills the VA
information

Ask the computer to — _

calculate the «
verification process
(if automatic)
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Verification Process in a Nutshell usingV&V Studio

Perform Verification

—— Computer applies the OK / KO

""""""" decision process based on the —
= = standard guidelines.
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Computer automatically
compares expected
results with obtained
results

- Suggested Yes

- Suggested No

- NA
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Perform Verification

Verification Process in a Nutshell usingV&V Studio

Computer applies the OK / KO

decision process based on the —>

standard guidelines.
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Computer automatically
compares expected
results with obtained
results

- Suggested Yes

- Suggested No

- NA

Full vision and
management of the
results is presented

110
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Perform Verification

m 2 Engineer defines the final state

mmB  of the Verification process L The engineer fills the VA
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Perform Verification

Execute the Verification Action for
each Verifiable Item. If possible,
the computer gathers the
Information automatically

— Computer applies the OK / KO

""""""" decision process based on the
= = standard guidelines.

m 2 Engineer defines the final state
mmB  of the Verification process

A complete animated example for Quality Analysis Verification
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Manage Results of Verification

The VA supports the
reporting of anomalies .
= I Manage and record
' — discovered anomalies and
evidences
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Manage Results of Verification

Manage Verification
Snapshots or Verification v D R Track the Verification ©
evolution along time _— EPacass

and manage Configuration | |
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Manage Results of Verification

A RTVM is created e e
linking Verifiable ltems
and Source Items

A

Build and maintain the RTVM E., e
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Manage Results of Verification

— Provide proper reports g

All reports can be
produced in MS Word

A
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Prepare for Verification Perform Verification Manage Results of Verification

Select a Quality Template
for the Quality Project

Select the VA Template
for the Verification Project

Configure the actual quality
Metrics and functions
for the Quality Project

Configure the actual VA
to be used in the Verification

loop
Verification

loop
Quality
Calculation

Calculate Quality
Perform Calculations

Perform
Calculations

777777 Return Value

Suggest Verification Result
* Suggested True
* Suggested False

Confirm / Reject and
Manage Verification Action
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DEMO

V&YV Studio

Systems Engineering Suite

B = = =
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Excel workbook as (project?) (Excel sheets as (modules?)

Excel rows as (work-products?)
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DOORS project from database as (project?) DOORS modules as (modules?)

TR TRV
1} DOURS Catabase: flntegratico_Tast Data
= iR
Fie Edn View Took ~ Change Manager

Al P EE

' Filtes

DR 110k Sysleat

DOORS requirements as (work-products?)

B Reqi currant 0.0 in /ROM Demo (Formal madula) - DOORS
the e Ve Dmert Uk Analyss Teble Tooh Chcumbon Uher BGM Heb
[~ s T &> i s ©
Ful Vi v At ¥ . S@BT ALY R
= Rep D Requenert: cesied n DOORS Tes Carer | Test Saamz 2
= | Aeqasrert | ™ - ~
11 Regirnmert 14 Regar | 1 1 Requirement 1 ot dogroved
12 Reauament 18: Roaur | 14 1.1 Requirement 1A (2) Tez: Faied Nat appraved
2 Requenent 2 Aegulenest
3 3Aequrerent 3 = _SRequremant adetals =  ————
4 Regawtert 4 Faguawenl £ | 15 1.2 Requirement 18 2) TC2: Faikd 10t apgroved
g oo e Regqubement 1b detalis ‘rodfed
§ Aeinmert & Reagurene § |- - —
? Aearerment 7 Requeensent | | 2 2 Requirement 2 G TeL: Pames Hot dograved
B Anguaremert & Fagueement | Raqurement 2 details "‘1 ke @ i
I ReqeTent 2 Flequesment & L\
10 Rmcararvart 10 Regussrer | | 3 3 Requirement 3 Nat Approved <
17 Recpunrsert 11 Floguasrses = 5 s - d h
12 Recurarsert 12 Reuaener| | 19 3.1 Requirement 3a @) TC2Z Falkd ot Aopraved
13 Regquenent 13 Pequeenes Requrement Ja detais
17 3.2 Requirement 3b @) TCZ: Falled tot soproved
Requiremant 30 datalls
18 3.3 Requirement 3¢ (2) TC2: Faikd Not Aoproved
Requrement 3 detaks
4 4 Requirement 4 « @) TCZ Faikd Hat Apgraved
Raquirement 4 detalls
5 (1) TCL: Fasssd Not spproved
5 Requirement 5 PR S
Requiresment 5§ details
° 6 Requirement 6 (2 TC2: Faled tat appreved
< > ¢ >
L Database Manager Enchairve odt mode
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Select a connection to a source (project?) (Optionally) select a (module?)

Start V&V Studio ‘ ‘
| ae R B
o ri -
B | nose
> >

The Information is displayed in the screen (work-products?)

u i ) aby - ‘“.J"I-.I ! -
FeR 8 2

T » 'a
=i
@ <
<
R T e R e
ke gt -] [ e ¢
| st = -
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Assess Verification / Validation / Quality Configure Module ~ Quality Assurance Verification /Validation
For every single work-product (called workbook) Assurance

N ///

VaV Studlo [ = |

X

V&V Assurance

2
.@.

Workbook configuration Quality Assurance

Module

Selection = [ - E;J . e
Worksheet PropartésRequs Current Snapshot Evolution Suggestions
selector state scoreboard
Worksheet selector Verification scorel Quality view : Knowledge base
Verification View
Drag a column header here to group by that column vValidation View @
(& Pr.. [W.. |ID Verifiable item Elview Verification Phase | V. Verified Correctness | Score | M | Corr... | Consistency

[ ] €o.. Pr.. FRS.. The maximum power consumption of the compress... Suggested Yes 0

E Co... | Pr.. |FRS.. | The maximum power consumption of the fan shall... Suggested Yes 0]

Ei Co... | Pr.. |FRS.. | The maximum power consumption of the fan blade... Suggested Yes 0

E} Co... | Pr.. |FRS.. | The maximum power consumption of the heater sh... Suggested Yes 0

B Co... | Pr.. |FRS.. | The maximum power consumption of the air condit... Suggested Yes 066 | 0 02/.

B Co...  Pr.. |FRS.. | The Air conditioning system shall have 3 heater N/A 0

E! Co... | Pr.. |FRS.. | The Hydraulic system shall have 1 accumulator N/A 0

Ei Co... | Pr.. |FRS.. | The Hydraulic system shall have 1 Pump N/A 0

E| Co... | Pr.. |FRS.. | The Hydraulic system shall have 1 relief valve N/A 0

El Co... | Pr.. |FRS.. | The capacity of the pump shall be lower than 2 gall... N/A 0

E Co... Pr.. |FRS.. | The battery shall provide a minimum output of 30 K... N/A 0
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H = V&V Studio - 0 X
SWitChing Ve rification and Validation MOde m Quality Contral Workbook configuration Quality Assurance V&V Assurance o @
‘ _ PropertiesRequs H ‘}
Worksheet Current  Snapshot Evolution Verification Suggestions
selector state scoggleraTd View iv
In Quality Control tab (Modified inV20) Qualtyview | Knowedge bas
Verification View
Drag a colum er here to group by that column Validation View @
C. Pr.. |W.. |ID Verifiable item full ey Verification Phase | V. Verified Correctness | Score | M | Corr... | Consistency
Se | ect th e d esi red vi ew an d th e tOOI is / [] €o.. Pr.. FRS.. The maximum power consumption of the compress... Suggested Yes 0 |
. = 1 | Co.. |Pr.. |FRS.. | The maximum power consumption of the fan shall... Suggested Yes 0
reconflgu red Ei | | Co.. Pr.. FRS..  The maximum power consumption of the fan blade... Suggested Yes 0
El : Co... | Pr... | FRS... | The maximum power consumption of the heater sh... Suggested Yes 0
Obs.. It |S POSSl ble to wo rk as = 1 | Co.. Pr.. |FRS.. The maximum power consumption of the air condit... Suggested Yes 066 0 02/.
B | ' Co.. Pr.. FRS.. | The Air conditioning system shall have 3 heater N/A 0
Ve I"iﬁ Cation Co... Pr.. |FRS.. | The Hydraulic system shall have 1T accumulator N/A 0
E] 1 | Co.. Pr.. FRS.. The Hydraulic system shall have 1 Pump N/A 0
Va.l idation = B Co... | Pr... | FRS... | The Hydraulic system shall have 1 relief valve N/A 0
B | | Co.. |Pr.. FRS.. | The capacity of the pump shall be lower than 2 gall... N/A 0
Qual |ty ! ! ! H El | | Co.. Pr.. FRS.. |The battery shall provide a minimum output of 30 K... MN/A 0
Total items: 11, Requirements: 11
Hide non-requirement E Verification report v Verification v ,Hé Author work-product
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erneersaecor -7 Using a Check List from CMMI

Search worksheets: .. . . . pe . . .

E— > Critical Design Review Verification ——> guidelines and Raytheon Systems

Engineering practice

LR

4 ¥ CoRS-SyRS_EIRENE_VO02.xls
B cor U . 3 g g

_ : sing a Consistency Quality Analysis

DesignRegus > Property Requirements > 8 y Quality Y
PropertiesRequs Metrlc mOdel
StakeholderRequs
SystemV&\V

§ @

Stakeholder Requirements N Usmg a Correctness Quality Analysis
Metric model

v

» Verification of the System N ::J;IIBg a simulation model by running a

OK Cancel
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DEMO

#H = V&V Studio -

Workbook configurat

takehciderRequs

Drag 3 column header here to group

C. Project Worksheet | ID Label Verifiable item

V. Verified Correctness | Score | Ma...

@ (] CoRS-SyRS.. Stakeholde.. SyRS.002 This specification has been developed within UIC Project EIRENE. It specifies... 0 B

Stakeholde.. 004 The EIRENE System Requirement 0
Stakeholde.. The EIR 0
Stakeholde. The specification distinguishes between requirements affecting a railway's ne... 0
Stakeholde. The statements made in the specification are assigned to one of three categ... 0
Stakeholde.. The EIR! ystem Requirements Specification defi jio system satisfy.. 0
Stakehold: ion of this specification will ensure interoperability for trains and. 0
Stakeholde.. 3GPP Third Generation Partnership Project AoC Advice of Charge ARFCN Abs, 0
Stakeholde... unctional Requirements Specification’, PS.. 0
Stakeholde.. SM standard. To meet addit 0
Stakehold: in figure 1-2, 5 the hierarchy... 0
Stakeholde.. s provided in the normative references.. 0

Stakeholde. Compliance to the list of normative documents is mandatory for all of the GS..

o o

Stakeholde.. Later releases of

e specifications may be used, providing that the system...

Stakeholde.. T m is based on the GSM arc ure which is summarised in figure.. 0

Stakeholde. 0

Stakeh controlling.. 0

Stakeholde. interface.... 0

eholde... The network also compri S) infrastruct

Stakehoide, Mobile equipment (ME) interfacing to the BSS via the air (Um) interface 0

Stakeholde. Subscriber Identity Modules (SIMs) containing information specific to single.. 0

® Stakeholde. Operation and Maintenance Centre (OMC) for managing the network. 0
CRE] Stakeholde... Billing Centre (¢ -

Total items; 640 , Requirements: 640

fide non-requirement £ Verification report v

Verification v 4 Author work-product
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