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What SE Life Cycle Model do you use?

Adapted from INCOSE SEHv5.

Sequential

Incremental

Evolutionary
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Generalizing the
Systems Engineering Vee
Introducing Time as a third Dimension 



incose.org | 4 

The Vee

It is a logical

concept relating:

• Needs & Reqmts

• Technical solutions 

• Integration of

elements into systems

• Verification and Validation (V&V)

and is applied

• recursively (   ) across all 

relevant levels

• iteratively (   ) over time Verification

validate

Component

Subsystem

System

Stakeholders

& Context

Requirements

Architecture

Design

Requirements

Architecture

Design

Requirements

Design

Validation

Verification

Verification

verify

: Does not show time!

Needs & 

constraints
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Needs & 

constraints

The Vee over time

validate

System

Stakeholders

& Context

Requirements

Architecture

Design

Validation

Iteration 1
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Needs & 

constraints

validate

Subsystem

System

Stakeholders

& Context

Requirements

Architecture

Design

Requirements

Architecture

Design

Validation

Verification

verify

The Vee over time Iteration 2



incose.org | 7 

Needs & 

constraints

The Vee over time

validate

Component

Subsystem

System

Stakeholders

& Context

Requirements

Architecture

Design

Requirements

Architecture

Design

Requirements

Design

Validation

Verification

Verification

verify

Iteration 3
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The Vee over time Iteration n
Each Vee may be

interpreted as: 

• an implicit and microscopic 

iteration throughout development 

as you are learning about the 

system

• the explicit development sprints you 

have in an Agile process

• the explicit and macroscopic baselines 

you have in a phase-gate process

• (insert your process)
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The Vee over time

Adopted from INCOSE SEHv5.

“Frequent model-based 

integration and V&V”

Frequent - more and 

more model-based - 

integration and V&V
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The Vee over time

Adopted from VDI 2206:2004.

Macro-cycles to increase 

degree of product maturity 

(VDI 2206)
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The Vee over time and V&V

Time             

Snapshots of the SoI’s dev state: Versions, Milestones, Baselines, Project Gates, … 

1 2 3 4

Verification

Verification

Validation

Verification

Verification

Validation

Verif ication

Verif ication

Validation

Verification

Verification

…
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The Vee over time

2 3 4

Adapted from INCOSE SEHv5.

1
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The Vee over time

2 3 41

Time             

Adapted from INCOSE SEHv5
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The Vee over levels: Recursiveness

E1 EnE…

E1 EnE…

E1 EnE…

“The bottom of the Vee depicts either the 

recursive application of the systems life 

cycle processes at the next level of the 

system hierarchy or the implementation of 

atomic system elements (see Section 

1.3.5). The broadening at the base of the 

figure shows the growth in the number of 

system elements.” (SEHv5)

Adapted from Busch et al. (2025)

Adopted from INCOSE SEHv5
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Generalizing the
Systems Engineering Vee
Refining the Role of Analysis Tools
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The Vee over time and V&V

Time             
1 2 3 4

Validation

Verification

Verification

Validation

Verification

Verification

Validation

Verif ication

Verif ication

Validation

Verification

Verification

Informal V&V and

Analysis by Simulation or Test

Formal V&V by 

Test or Simulation

Make-Or-Buy, 
Requirements 

freeze 
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Decision

Management

Business or 
Mission 
Analysis

Stakeholder Needs 
and Requirements 

Definition

System

Requirements

Definition

Design 

Definition

Verification

Integration

Validation
System 

Architecture

Definition

ISO 15288 processes

“System analysis uses models and 

simulations to assess the utility and 

integrity of system requirements, 

architecture, and design across the 

life cycle” (SEHv5)

System 

Analysis

Adapted from ISO15288
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ISO 15288 processes on an atomic Vee element
Decision

Management

Business or 

Mission Analysis

Stakeholder Needs 
and Requirements 

Definition

System
Requirements

Definition
Verification

System 

Analysis

Integration

Validation

System 
Architecture

Definition

Design Definition

invokes“System Definition” “System Realization”
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A SE feedback/control loop

Predictive 

model 

Requirement

Incl. executable behavior, 

physical models, BCs, ICs, 

Materials, …

Execution/

Simulation
Processing

Analysis of quantities 

of interest
Incl. sensitivity 

analyses, DoEs, trade 

studiesSysML…3D CAD

S
im

u
la

tio
n

Descriptive 

model 

Engineering 

Decision

y<x!

y<x?

→ Verdict = {True, False}

Partly adopted from ISO/IEC/IEEE 42020:2019, ISO/IEC/IEEE 24641:2023

Decisi on
M anagement

Business or 
Mission Analysis

Stakeholder Needs 
and Requi rem ents 

Defi nition

System
Requirements

Definition
Verif ication

System 
Analysis

Integration

Validation

System 
Architecture
Definition

Design 
Definition

invokes
“System 

Definition”

“System 
Realization”

System 

Analysis

Decision
Management
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Needs & 

Constraints

The Vee over time

validate

Requirements

Architecture

Design

Validation

Iteration 1

System 

Analysis

v&v System Definition

Predi ct ive 

m odel 

Requirement

Incl. executab le  behavior , 

physical m odels, BCs, ICs, 
Ma terials, …

Executi on/

Simulat ion
Processi ng

Analysis of 

qua ntities of 
inter est

Incl. sensitivity 

ana lyse s, DoEs, t rade 
stud ie s

SysML…3D CAD

S
im

u
la

tio
n

Descript ive 

m odel 

Engineering Decision

y<x!

y<x?
→ Verdict = 

{True, False}

System

Stakeholders 

& Context
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Needs & 

Constraints

validate

Requirements

Architecture

Design

Requirements

Architecture

Design

Validation

Verification

verify

The Vee over time Iteration 2
v&v System Definition

v&v System Definition

Subsystem

System

Predi ct ive 

m odel 

Requirement

Incl. executab le  behavior , 

physical m odels, BCs, ICs, 
Ma terials, …

Executi on/

Simulat ion
Processi ng

Analysis of 

qua ntities of 
inter est

Incl. sensitivity 

ana lyse s, DoEs, t rade 
stud ie s

SysML…3D CAD

S
im

u
la

tio
n

Descript ive 

m odel 

Engineering Decision

y<x!

y<x?
→ Verdict = 

{True, False}

Stakeholders 

& Context
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Component

SysML…3D 
CAD

Needs & 

Constraints

The Vee over time

validate

Subsystem

System

Stakeholders 

& Context

Requirements

Architecture

Design

Requirements

Architecture

Design

Requirements

Design

Validation

Verification

Verification

verify

Iteration 3
v&v System 
Definition

v&v System Definition

v&v System Definition

Predi ct ive 

m odel 

Requirement

Incl. executab le  behavior , 

physical m odels, BCs, ICs, 
Ma terials, …

Executi on/

Simulat ion
Processi ng

Analysis of 

qua ntities of 
inter est

Incl. sensitivity 

ana lyse s, DoEs, t rade 
stud ie s

SysML…3D CAD

S
im

u
la

tio
n

Descript ive 

m odel 

Engineering Decision

y<x!

y<x?
→ Verdict = 

{True, False}
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The Vee over time Iteration n

System analysis and 

simulation in particular

is iteratively used to refine, 

integrate, and v&v all 

artefacts.

v&v System 
Definition

v&v System Definition

v&v System Definition

MB
SE

Predi ct ive 

m odel 

Concern
Requireme

nt

to be add ressed by Analysis

Incl. executab le  behavior , 

physical m odels, BCs, ICs, 
Ma terials, …

Executi on

/

Simulat io

n

Processi n

g

Analysis of 

qua ntities of 
inter est

Incl. sensitivity 

ana lyse s, DoEs, t rade 
stud ie s

SysML…3D 
CAD

S
im

u
l

a
tio

n

Descript ive 

m odel 

Engineering Decision

y<x!

y<x?
→ Verdict = 

{True, False}

[1…*] 

SA
SASASA

System 

Analysis
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V&V

validate

Requirements

Architecture

Design

Requirements

Architecture

Design

Requirements

Design

V&V

V&V

V&V

Needs & 

constraints

SA

SA

analyze

verify

analyze

verify

analyze
SA

SA

Modeling & Analysis approaches & tools

3D mCAD & eCAD, SW models, …

D
e

s
c
ri
p
ti
v
e

 &
 P

re
s
c
ri

p
ti
v
e

P
re

d
ic

tiv
e

AADL
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Behavior Execution

MBSE & Simulation

CAE Simulation

Adapted from: Busch, Alexander , Rodney L. Dreisbach, and Frank Popie las. “What Do Simulation Engineers Need To Know About Systems Engineer ing And MBSE.” Salzburg, Austria , 2025.

S
E
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u
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 (p
re

d
ic

tiv
e
)

Architecture Modeling

System Simulation

E1

Model 

orchestrators 

SoI

E2 E3
AI/ML

SPH

LBM

FEM

CFD

FVM DEM

A1 A2

A4A3 “FEA”

Requirements Management DB

System Context/SoS Simulation
• Mission Analysis

• System Simulation

API

SysPhS & SysPhS 2

API

AI/ML

SysML2SSP

SysLMA

AADL
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Takeaway

Time             
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Thank you.
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Ignore – to be deleted in final version
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Simulation over time
V&V Methods

• Test

• Inspection

• Analysis

• Demo

Simulation

Informal V&V by 

Simulation or Test

→ System Analysis

Formal V&V by 

Simulation or Test

→ V&V

Adopted from Busch et al. (2025)

Ignore – to be deleted in final version
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MBSE

A SE feedback/control loop

Predictive 

model 

ConcernRequirement

to be addressed by 

Analysis

Incl. executable behavior, 

physical models, BCs, ICs, 

Materials, …

Execution/

Simulation
Processing

Analysis of quantities 

of interest
Incl. sensitivity 

analyses, DoEs, trade 

studiesSysML…3D CAD

S
im

u
la

tio
n

Descriptive 

model 

Engineering Decision

y<x!

y<x?

→ Verdict = {True, False}

Partly adopted from ISO/IEC/IEEE 42020:2019, ISO/IEC/IEEE 24641:2023
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M anagement

Business or 
Mission Analysis
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Defi nition

System
Requirements

Definition
Verif ication
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Analysis
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Validation

System 
Architecture
Definition

Design 
Definition

invokes
“System 

Definition”

“System 
Realization”


	Slide 1: Generalizing the Systems Engineering Vee Introducing Time as a third Dimension and Refining the Role of Analysis Tools
	Slide 2
	Slide 3: Generalizing the Systems Engineering Vee Introducing Time as a third Dimension 
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Generalizing the Systems Engineering Vee Refining the Role of Analysis Tools
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 31
	Slide 35
	Slide 36

