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On Normalized Systems
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About Normalized Systems Theory (NST)
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▪ A theoretical framework investigating Modular Structures under Change

▪ Based on concepts from Systems Theory and Thermodynamics
• Completely independent of any framework, programming language, package, …

▪ Initial scope: Modular Structures in Software Architectures for Information Systems

▪ Publications: book, >50 papers & conference proceedings, (invited) lectures at different 
universities…

▪ Education: undergraduate, postgraduate

▪ Industrial practice: substantial installed base



NS Theorems
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NST defines evolvable modularity as absence of so-called Combinatorial 
Effects (CE), which occur with every violation during development or 
maintenance of the following design principles:

• Separation of Concerns

• Data Version Transparency

• Action Version Transparency

• Separation of State



Expansion of NS Elements



Rejuvenation of NS Applications
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Rejuvenation challenges the idea that that 

applications should be rebuilt every 5-10 years due 

to structure degradation caused by Lehman’s Law 

of Increasing Complexity, which is largely accepted 

in industry.



Case Study: 

Province of Antwerp Budgeting Application
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About the Case Study

9

▪ Origin
▪ in 2012, existing ERP package was difficult to adapt to the specifics of Belgian government regulations

▪ Goal
▪ monitor and manage its financial resources effectively, 
▪ ensure compliance with fiscal policies, 
▪ make data-driven decisions to allocate resources efficiently
▪ integrate with existing financial systems, such as accounting software and ERP systems

▪ Functional requirements
▪ budget creation and management, 
▪ expense tracking and control, 
▪ managing different revenue streams, 
▪ forecasting and planning, 
▪ reporting and analysis, 
▪ compliance and audit trail, 
▪ integration with financial systems, 
▪ data security, 
▪ and privacy.



Data Model
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Data Model as Input to the NS Expanders
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Rejuvenation 2012-2023
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Limitations
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▪ Only a small CRUDS application

▪ The technical changes were limited in the sense that updates from 
technologies were required, but no major shifts to other technologies.



Voice of the Customer
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▪ On the advantages of Rejuvenation using NS framework
▪ “The main advantage for us was the speed that can be gained with the rejuvenation of the 

application. Because the process of expansion and re-injection is fully automated and fast, 
a new version can be put in place and the actual functionality can be tested instead of also 
having to validate and test the boiler-plate code.”

▪ On developing with or without NS
▪ “We have no real data concerning the effective difference between development with or 

without NS. In my opinion, if we did not use NS, the first change of the application in 2014 
(new budgeting legislation), would have resulted in building a new application, instead of 
just rejuvenating the existing one. Such a rebuild would have probably taken 50 man-days. 
While with rejuvenation, we only had a few days of functional testing to do.”

▪ On Maintenance Cost 
▪ The maintenance of 6 different applications at the Province of Antwerp built using the NS 

methods (including the Budgeting application) required only 4 man-days of maintenance 
operations both in 2021 and in 2022 (across all 6 applications). 



Conclusion
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▪ NST was published extensively in previous papers

▪ This paper documents one of the essential characteristics in NST, i.e., 

▪ a rejuvenation over a period of 10 years, with the skeleton of the application being 
updated to the most recent version of the underlying technologies, 

▪ in response to multiple functional and non-functional, technical changes

▪ whereas in industry, it is largely accepted that applications should be rebuilt every 
5-10 years

▪ This suggests that the increased use of code generators holds significant 
promise for the future.
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