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How many companies that were on the Fortune 
500 list in 2000 are still on the list in 2014?



Disruption Is The New Normal

• Jim Collins (Built to last): Companies last, on average, 30 15 10
years on the Fortune 500 list. And that time period is decreasing

• Main cause: Companies fail to innovate and to build new core 
capabilities

Digitalization Is The New Disruptor!



Digitalization

Digitalization is the use of digital 
technologies to change a business model 

and provide new revenue and value-
producing opportunities; it is the process 

of moving to a digital business.
- Gartner



Digitalization



Why digitalization?
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• Differentiation through mechanics and electronics is increasingly difficult
• To avoid commoditization, new solutions and services are required
• Digitalization of products, data from the field and changed business 

models can provide differentiation

Hypothesis: growing revenue through new, continuous business models based on a digitalized product portfolio is 
the most promising strategy to increase differentiation and avoid commoditization



What Makes A 
Digital 

Company?

• Using email?
• Have a website?
• Use social media?
• Video conferencing?
• Chatbots?

• Data-driven decision making
• Relentless experimentation (e.g. A/B testing)
• Short feedback cycles
• Decision making pushed down in organization
• Strategic data collection
• Unified data warehouse
• Pervasive use of AI and automation
• New job descriptions



Technology Evolution

mechanics electronics software data artificial intelligence

digitalization



Business Evolution

Transactional model(s) Subscription-based model(s)

Value-based and continuous model(s)

Business model
evolution

New 
partner(s)

New 
partner(s)

New 
partner(s)

Ecosystem 
evolution

DevOps

DataOps

MLOps

Ways-of-
working 
evolution

Olsson, H. H., & Bosch, J. (2020). Going digital: Disruption and transformation in software-intensive embedded systems ecosystems.
Journal of Software: Evolution and Process, e2249.



1. Build it in software unless you really, really can’t

2. Build it in hardware and keep it flexible (FPGAs instead of 
ASICS) unless you really, really can’t

3. Build it in mechanics if you HAVE to and keep it modular, 
easily replaceable and simple 

Systems Engineering 2.0



From:
• Systems built to last
• Opinions-based decision making 

(experience)
• Deeply integrated architectures
• Hierarchical organizational 

model
• Satisfying the requirements

• Static certification

To:
• Systems built to evolve
• Data-driven decision making 

• Modularized architectures 

• Ecosystem of partners

• Constant experimentation and 
innovation

• Dynamic, continuous 
certification

Systems Engineering 2.0



• Digitalization is disrupting industry and society to an extent that we have 
only seen the early beginnings of

• Digital companies need to be world class in :
Software (continuous deployment) to continuously deliver value
Data to increase the quality of decision making
Artificial Intelligence to provide superior solutions to almost everything

• Transforming to become a digital company requires to adopt a Digital 
Business Operating System

Three Key Take-Aways



• Software Center
• A software and data driven company …

Software: Fast feedback loops
Data: Data-driven decision making
AI: AI-driven development

• Conclusion

Overview



Boards

Consultancy

Software Center

Academic 
Research 

Angel investing

Industry



Software Center 
Mission: To significantly improve the digitalization capability of the European Software-Intensive industry





Some Online Companies



• Software Center
• A software and data driven company …

Software: Fast feedback loops
Data: Data-driven decision making
AI: AI-driven development

• Conclusion

Overview



• Product generations
• Annual software updates
• DevOps, DataOps and AI/MLOps
• A/B testing
• Reinforcement learning

How do we deliver value to customers?

shortening of value delivery cycles



Product sales 
(limited service 
revenue)

Product-as-a-
service sales

Complementary 
services around 
products

Customer KPI’s-
based business 
model

Multi-sided
ecosystem
model

Focus is on the product as a 
mechanical and physical item
Product sold ”as-is” 

Focus is on the product
but with a few services in 
areas such as e.g. support
Reactive SW updates

Focus is on expanding service 
offerings around the product
Proactive and continuous SW 
updates

Focus shifts to customer outcomes and data 
is monetized with the primary customer
base
Continuous upgrade of SW and periodic
upgrade of electronics and HW

Data for 
product

performance

Data for QA 
and 

diagnostics

Data for 
primary

customer
base

Data for 
secondary
customer

base

Data from 
one customer

is used for 
that

customer

Data for human 
interpretation

Static ML models trained
on fixed data sets

AI integrated into DevOps Mass customization with ML 
models adjusting to products and 
users

Autonomous system experimentation

Product updates and changes
because of the potential to 
monetize the secondary customer
base
Full digitalized offering

AI/ML/DL 
dimension

Business 
model
dimension

Data 
exploitation
dimension

Product 
upgrade
dimension

From Traditional to Digital: The evolution path along four dimensions

Bosch, Jan, and Helena H. Olsson. "Digital for real:
A multicase study on the digital transformation of

companies in the embedded systems domain.”
Journal of Software: Evolution and Process 33, no. 5 (2021): e2333.



Stairway to Heaven: Speed

R&D teams R&D teams

V&V

R&D teams

V&V

Release

Cust. Sup.

R&D teams

V&V

Release

Cust. sup.

Prod. mgmt.

Sales & mrkt



• Development cycle
• Requirements cycle
• Quality assurance cycle
• Governance cycle
• Deployment cycle
• Value creation cycle

Feedback Cycles



Traditional Agile CI CD Inno System
Development Long Sprint Sprint Sprint Sprint
Requirements Long Sprint Sprint Sprint Sprint
Quality assurance Long Long Sprint (internal) Sprint (external) Sprint (external)

Governance Long Long Sprint Sprint Sprint
Deployment Long Long Long Sprint Sprint
Value creation Long Long Long Long Sprint

Feedback Cycles and Speed

Slow: opinion-based; sprint: data-driven



Dependencies 
Unawareness 

Duplication - reuse

Temporal properties -
behavior

Repeated wrapping

Contagious ATD

Quality issues

Hidden ATD

Adaptation of 
existing code

New code

Big deliveries involving 
many developers Testing

Non-completed 
refactoring

Finding hidden 
problems

PHENOMENA (EFFECTS)CLASSES OF ATD 

“Double” effort

Non uniformity 
- Policies

Confusion Understanding

Bug Fixing
Non identified non-

functional 
requirements

CAUSES

Wrong 
estimation of 

effort
Time pressure

Cause of 
ATD 

generation

Causes

Duplicated activities

Lack of familiarity and experience

Debt Interest

Martini, A., Bosch, J., Chaudron, M., 2014. “Architecture Technical Debt: Understanding Causes and a Qualitative Model”, 
Best Paper Award at 40th Euromicro Conference on Software Engineering and Advanced Applications. 

*

*

EXTRA-ACTIVITIES 

Technical Debt



CIVIT: Visualizing Continuous Integration And Test

Once /release Month Week Day      Hour Immediate/
Minutes

Customer

Release

Full Product

Partial Product

Subsystem

Component
F Q
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F Q
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L E

F Q
L E
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L E
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Continuous Delivery Model



How do we 
know that 

we’re actually 
delivering 

value 
customers 

care about?



“Featuritis”



Our Research …
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Bosch, J. (2013). Achieving Simplicity with the Three-Layer
Product Model, IEEE Computer, Vol. 46 (11), pp. 34-39.

Three Layer Product Model



What % of R&D
for Commodity?



Value Design Value factors at different levels that need to align for an organization
to benefit from data driven development practices and achieve the
outcomes they look for.

Business level 
value factors

Product/system 
level value factors

Team/feature level 
value factors

E.g. Customer
satisfaction

E.g. Daily/Monthly
active users

E.g. Feature usage
frequency

What factors
do we
optimize for…?

How to align
factors at 
different 
levels?

*H.H. Olsson. and J. Bosch, “Make up your mind: towards a comprehensive definition of customer value in large scale software development”. CLEI Electronic Journal, 2018, 21(1).

Completion of experiment

Initiate experiment

Establishing length of experiment

Establishing baseline

Selection of a system/user base for experimentation

Translation of hypothesis into an experiment

Prioritization of key value factors

Normalization of key value factors

Identify key value factors

Agree on intended direction of key value factors
Fast moving 
metrics

Slow moving 
metrics



Identify key
value factors

Direction of key
value factors

Prioritization of
key value factors

Case company example I: Key value factors



Strategic product goal

select

implement MVF

actual behavior (Bact)

generate

Bexp

Experimentationrelevant gap (Bact ≠ Bexp)
no gap (Bact = Bexp)

Business strategy and goals
Feature
backlog

Gap
analysis

Develop
hypotheses implement alternative MVF

Product

extend MVF

abandon

Feature: expected behavior (Bexp)

The HYPEX Model



A/B testing: “Xbox deals” experiment

• Experiment Goal:
• Identify the impact of showing 

the discount in the weekly 
deals stripe.

• Value Hypotheses: 
• (1) increased engagement with 

the stripe
• (2) no decrease in purchases.

• Outcome:
• Treatment B decreased 

engagement with the stripe 
without decreasing purchases.

• Treatment C increased both 
engagement with the stripe 
and purchases made. 



Requirements driven 
development
- Regulatory features
- Competitor parity features
- Commodity features

Outcome/data driven 
development
- Value hypothesis
- New ”flow” features
- Innovation

AI driven development
- Minimize prediction errors
- Many points in data set
- Combinatorial explosion of

alternatives

continuous
deployment

behavior
data

System in operation

AI component

SW component

continuous
deployment

behavior data

Holistic DevOps Framework
Holistic DevOps Framework



Artificial Intelligence

Experimentation 
& prototyping

Non-critical 
deployment of 
ML/DL 
components

Critical 
deployment of 
ML/DL 
components

Cascading 
deployment of 
ML/DL 
components

Autonomous 
ML/DL 
components

AI Engineering



Why Software Engineering For Deep Learning?

Google: D. Sculley, G. Holt, D. Golovin, E. Davydov, T. Phillips, D. Ebner, V. Chaudhary, M. Young, J.-F. Crespo, and D. Dennison,
“Hidden technical debt in machine learning systems,” in Advances in Neural Information Processing Systems, 2015, pp. 2503–2511



Where The Effort Goes …

assemble 
datasets

create 
models

train and 
evaluate deployment

Amount of effort Amount of attention



AI engineering: Research agenda*

Generic AI engineering challenges Domain specific AI engineering challengesData science

*Bosch, J., Olsson, H.H., and Crnkovic, I. (forthcoming). Engineering AI systems: A research agenda, In Artificial 
Intelligence Paradigms for Smart Cyber-Physical Systems. IGI Global 

Strategic focus areas that are 
related to the four main 
phases of an ML/DL project.



• Software Center
• A software and data driven company …

Software: Fast feedback loops
Data: Data-driven decision making
AI: AI-driven development

• Conclusion

Overview



“In the future, all companies 
will be software companies”

George F. Colony (CEO Forrester Research)

Digital
(Software, Data & AI)



• Digitalization is disrupting industry and society to an extent that we have 
only seen the early beginnings of

• Digital companies need to be world class in :
Software (continuous deployment) to continuously deliver value
Data to increase the quality of decision making
Artificial Intelligence to provide superior solutions to almost everything

• Transforming to become a digital company requires to adopt a Digital 
Business Operating System

Conclusion



Learn More?
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Boost Your Digitalization: 
8 capability areas to build  

 
 
 
 
 

Jan Bosch 
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Software Platforms 
10 Lessons  
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Product Development: 
10 Fallacies 

 
 

 
Jan Bosch 



www.janbosch.com
jan@janbosch.com

Follow me on LinkedIn, Twitter (@JanBosch) or 
www.janbosch.com/blog


