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Digital Engineering Main Principles

Enabling 

Automation

Maintaining 

Authoritative 

Source of Truth

Semantics

Reducing 

Human-in-the-loop effort
Knowing where the true 

design is

AND who is responsible 
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Digital 
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Development Operations

DevOps – An Agile and Iterative Development Approach

Knowledge gain through

operations

Stakeholder needs

Blue-

print
OPERATE

DEPLOY

MONITORTEST

BUILD

DEVELOP

Blueprint is

continuously

evolving
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Engineering Ecosystem
Goal: Develop blueprint of the system

Blueprint
Information needed to 

make the system

Interpretable

(Semantic Blueprint)
Facilitates Automation

Implementable

(Implementable 

Blueprint)
Automatically construct 

physical system

Blueprint “ all of the information that 

is needed to build or make something.”
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Text = Subject to 

Human interpretation

Blueprint = Amenable to 

Machine Interpretation

System Design From Document to (Semantic) Blueprint

Implementable
Automatically construct 

physical system

Implementable
Automatically construct 

physical system

Implementable
Automatically construct 

physical system

Central 

Blueprint
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SysML: a language for expressing system blueprints

Drive-

Cycle Data

Battery 

Assembly
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Connector
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SemanticsSyntax

Blueprint

Semantics

System

Model A

Model B

Model C

Semantic

Blueprint

Steady State Analysis

Parametric  Analysis

Implementation

Dynamic Analysis

Implementable

Blueprint

Model  - “a system that shares observable 

properties with a system of interest.”
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Model Produced from a 

Blueprint with Dynamic 

Semantics
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Static Model Built from a Blueprint
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Digital Engineering – Authoritative Source of Truth

Maintaining 

Authoritative 

Source of Truth
Knowing where the true 

design is

AND who is responsible 

▪ Semantic blueprints are the 

key to automation

▪ System blueprints are 

required to integrate often 

siloed implementable 

blueprints

▪ System blueprints with 

semantics support the 

production of system 

models which are essential 

to the design process

Digital 

Engineering

Semantics

DevOps



11

Ambiguous Authority

Design Embedded Software

Human interpretation Automatic

Implementation

Which one is the truth

blueprint blueprint

Source is hereChanges made here

Make the design the 

Implementable Blueprint

Automatic
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Implementable Software Blueprint

▪ Component/port/ 

connector paradigm 

maps well to 

modern software/ 

firmware 

frameworks

▪ Choice of language 

for component 

behavior
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Forces and torques

Forces and torques

Stakeholder Authority

Control System
Aerodynamics

Automated

Truth is here

Human Effort

Truth is here

Authority of Source

Subsystem

System

Stakeholders
How do you maintain the 

compliance to stakeholders’ 

requirements when modified by the 

Authority at lower level ?

Thou 

shalt!
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Formalizing Authority 

Using Constraints

Realization Constraint

Thermodynamic 

Authority

Experiment
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OPERATE

DEPLOY

MONITORTEST

BUILD

DEVELOP

Development Operations

DevOps – Artefact Criticality

Decreasing 

Criticality

Implement-

ation

Artefact
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Conclusion

▪ DevOps and agile workflows are fast becoming 

the accepted wisdom for software development

– It seems inevitable and fitting that these approaches 

emerge in system development workflows

▪ The principles of digital engineering are a good 

fit with agile system development workflows

– Automation enables rapid development iterations

– Authoritative source of truth identifies the data 

around which the infinity loop revolves

▪ Semantic blueprints give meaning to 

authoritative source of truth and are essential to 

automation

Digital 

Engineering

Semantics

DevOps


