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Systems Engineering
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The Three Essential Views on a System
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System requirements 
describe the commitment of 
the design team for which 
system features they take 

responsibility, and for which 
compliance will be 

demonstrated accordingly

• Complete system definition by three complementary and consistent views
 System Requirements,
 Functional Definition, and
 Architecture Definition

Functional descriptions utilise 
the associative human 

cognitive capabilities for the 
fast perception of complex 

situations
(Fast Thinking)

Architectural descriptions utilise the human cognitive 
capabilities for making distinctions and generating categories

(Slow Thinking)
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The Systems Engineering Learning Curve
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• Uncertainty and risk are reduced by
 maximisation of the initial knowledge, and
 Faster learning

• Action Driving Decisions take care that
 the right Design Decisions are made
 by the right people
 at the right point in time
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Omulvo and Takete

● Around 90% of all people correlate the two terms with the two figures 
in the same way although there is no further meaning behind the 
terms and the figures

● The reason is a natural correlation in the brain between phonemes and 
figures

 Icons have communicative power
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What is This?
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The V is “the” icon of 
Systems Engineering

We all overload the V 
with our theoretical 
knowledge and our 

individual experience

As at least our individual experience 
is different, the V may loose its 

communicative power due to the 
differences in our associations 

It is the objective of the V-Model Views to define 
the Overall Systems Engineering Value Stream 

consistently and unambiguously 
by strictly applying the flow principle
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The Four Vs
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The Basic V1

The Development V2 The Assurance V3

The Dynamic V4
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The Basic V
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The Basic V1

The Development V2 The Assurance V3

The Dynamic V4
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Top-Down Design and Bottom-Up Integration
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Vertical Dimension:
System Architecture

Horizontal Dimension: 
Logical Sequence

Stakeholder Needs and Stakeholder Satisfaction
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Stakeholder Needs and Stakeholder Satisfaction
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Stakeholder Needs exist in the 
Stakeholders‘ Minds

The stakeholders who 
have to deal with the 

system in the utilisation 
phase will rate their 

satisfaction when they 
operate the overall system 

in its real environmentAll Systems Engineers analysing the System 
Environment, or developing the Overall System or 
any Abstract System are concerned with satisfying 

the Stakeholder Needs on the Overall System 
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Logical Sequence
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The left-to-right 
direction expresses the 

logical sequence

The logical sequence may 
be executed iteratively

Several iterations may be 
performed concurrently 

over the full V or parts of it
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System Architecture
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The System Environment represents the part of the 
world considered relevant for the Overall System

The Overall System 
comprises all items and 
services to be delivered 

to a customer

Abstract Systems are a result 
of the recursive architectural 
decomposition of the Overall 
System due to technical and 

organizational reasons

System Elements on the Implementation Level represent all the supplies from other 
parties not concerned with achieving stakeholder satisfaction on the Overall System

The vertical dimension expresses 
the System Architecture

Abstract Systems may 
have a corresponding 

physical representation
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Organisational Workshare
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The Position Transducer may be an available part 
not specifically designed for the particular aircraft
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The Development V
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The Basic V1

The Development V2 The Assurance V3

The Dynamic V4
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Development Processes
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Stakeholder Requirement Definition

System Requirement Definition 
and System Design

System Integration 
Preparation

System Integration



© Dieter Scheithauer, 2015.

Stakeholder Requirement Definition
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Most Stakeholder Requirements are elicited on the levels of 
the System Environment and of the Overall System

Systems engineers working on the particular 
Abstract Systems may have a deeper under-

standing of stakeholder needs in their domain

Systems engineers working on Abstract 
Systems may define human-machine interfaces 

according to their design decisions

Further Stakeholder Requirements 
are elicited for Abstract Systems
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The Requirement Cascade
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Allocated Requirements comprise the 
objectives and intentions of the upper level 
systems engineering team to be satisfied by 

a particular system element

Allocation of requirements to the 
system elements demands a consistent 

configuration baseline of the system

The Requirements Cascade includes the 
System Design of the Overall System 

and the Abstract System Elements
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System Requirement Definition and System Design
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System Integration Preparation
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System Integration Preparation 
bypasses the implementation level

System Integration Preparation 
starts with the definition of 

assurance objectives

The System Integration Concept defines the strategy for 
system integration and the necessary system integration 
environments considering the whole System Architecture

System Integration 
Preparation may also cover 
virtual product integration
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System Integration
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Integration of a system demands a 
certain known maturity of the system 
integration of all its system elements

For all the system elements, a 
configuration baseline must exist 

before the integration of the 
upper level system can be started  

The demonstration of 
compliance of the 

implemented system 
may start when the 

system environment and 
the system to be 

integrated are 
functioning well.

Appropriate agreements between the systems engineering teams in 
charge of the upper level system and of its system elements are needed, 

especially when system elements feature omissions and open issues 
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The Assurance V
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The Basic V1

The Development V2 The Assurance V3

The Dynamic V4
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The Assurance V

31.01.2015 Architecting of Systems for Participation in System-of-Systems 25



© Dieter Scheithauer, 2015.

The Assurance V
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Assurance activities need to be performed 
continuously over the whole value stream

Only distinct assurance activities are shown in 
correspondence to the development activities

Process assurance is not visualized at all
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Stakeholder 
Needs

System
Requirements

Implemented 
System

Validation Verification

Do we build 
the right system?

Did we built 
the system right?

Stakeholder 
Satisfaction

Fulfilment of 
Requirements

Validation and Verification
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Validation Principles
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It can never been proven during development that all 
relevant Stakeholder Needs have been captured completely

Validation is best 
performed progressively 
during the development

Validation activities provide a proof either that the understanding of 
stakeholder needs is substantiated, or that unwanted effects are absent
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Stakeholder Requirement Validation 
and Allocated Requirement Validation
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Validation Steps V1 and V2 are similar

V1 is performed when 
Stakeholder Requirements 

are available

V2 is performed when 
Allocated Requirements 

are available

Check requirements, the corresponding 
rationales, and any supporting 
illustrations, examples etc. for 

comprehensiveness and consistency 
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System Design Validation and 
Virtual System Validation
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Validation Steps V3 and V4 
are similar as well

V3 is performed before 
Allocated Requirements are 

forwarded to System Elements

V4 is performed when 
models from lower 
architectural levels 

become available and are 
virtually integrated

Check the functional and architectural 
models for being reasonable satisfying 

Stakeholder Needs including the 
absence of unintended functions



© Dieter Scheithauer, 2015.

Operational Validation
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V5 is performed by bringing 
the integrated Overall System 
into its System Environment

Check whether the product/service can 
be operated well in the real world

Note that this objective is distinct 
from the verification of the Overall 

System for which a representation of 
the System Environment is needed
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In-Service Validation
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V6 is performed after development 
in the utilisation phase

Means applied for V6 include 
stakeholder surveys and the 
evaluation of maintenance 

and other records

V6 provides hints for further product/ 
service evolution and enlarges the 

knowledge base on the Stakeholder 
Needs for future products and services
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Verification
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Verification means to 
demonstrate that the 

integrated system satisfies its 
System Requirements

Verification includes satisfying 
assurance objectives driven by 
resolving assumptions as these 

assurance objectives also 
contribute to verification

Verification is not applicable 
for the System Environment 
as the System Requirements 
on the System Environment 
are out of the scope of the 
development of the Overall 

System
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The Dynamic V
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The Basic V1

The Development V2 The Assurance V3

The Dynamic V4
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The Dynamic V
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The expression of iterations 
indicate how far to the left 

the Overall Value Stream  has 
to be re-entered in order to 
incorporate lessons learned

Iterations may be 
pre-planned or 
event-driven
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Iterations Over the V

● Iterations are unavoidable when the initial knowledge is significantly 
below 100 percent of the final knowledge

● Iterations over the V are caused by
 performing systems engineering activities repeatedly in different system 

life cycle phases satisfying the same or different objectives
 with the main focus on problem finding in conceptual phases
 with the focus of system improvement when utilising the product

 applying incremental or evolutionary development philosophies

 incorporating lessons learned

● Iterations of all kinds need to be properly managed to maintain high 
integrity
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Iterations Over a Single System Element
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They enhance the 
maturity of Allocated 

Requirements forwarded 
to System Elements

They enhance the maturity of 
integrated System Elements 

forwarded for the integration 
of the upper level System

Improved maturity of the configuration baselines of every System reduces 
the load on the heavier change control over the System Architecture !
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Iterations over Several System Elements Either on 
the Left Leg or the Right Leg of the V
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They enhance the maturity of a 
System Architecture before System 
Elements on the Implementation 
Level are procured from suppliers

They improve the reactivity 
to cope with anomalies 
especially when System 
Integration is performed 
on various architectural 

levels  concurrently



© Dieter Scheithauer, 2015.

Iterations Over Several System Elements including 
System Elements on the Implementation Level
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They are usually 
the most costly

Preferably, they should 
be pre-planned

Pure event-driven iterations 
should be avoided except when 

the implementation effort is quite 
low as for example for some 

software development activities
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The System Life Cycle
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System Life Cycle Efficiency and Sustainability

● System Life Cycle Efficiency
 Ratio of the Benefit of a system over the system life cycle to the resources 

spent for the system throughout its system life cycle

 Of course, quantification of both figures is not easy

 Ratios greater than One are allowed and welcomed

● Sustainability
 Maximised system life cycle efficiency plus

 All enterprises (including individuals) interfering with the system over its 
system life cycle profit from it
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The Role of Systems Engineering 
in Business Planning
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Conclusions

● The architecting of systems comprises a part of systems engineering 
emphasising the value adding creative aspects that are especially 
important  rather early in the system life cycle

● Integrated multi-disciplinary teams defining the system by complementary 
system requirement, functional and architectural views are best suited to 
maximum use of human cognitive capabilities

● The use of MBSE throughout the systems engineering value stream needs 
further investigations due to
 Consistency of too many views
 Limitations of binding models of a system for the engineering teams in charge 

of the system elements
 How to implement model based virtual product integration

● The systems engineering value stream is defined to enable concurrent 
execution of several iterations with consistent configuration baselines 
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Thank You
for your attention
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