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About NS Theory 

• A theoretical framework investigating Modular 
Structures under Change 
- Based on Systems Theoretic concepts 

•  Completely independent of any framework, programming language, 
package, … 

• Has shown to be able to deal with the challenge of increasing complexity 
- E.g. hardware, Internet, space industry… 

- Initial scope: Modular Structures in Software Architectures 
- Publications: book, >50 conference proceedings, (invited) 

lectures at different universities… 
- Education: undergraduate, postgraduate… 
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The Dream: Doug Mc Ilroy 

“expect families of routines to be constructed on rational principles so 
that families fit together as building blocks. In short, [the user] 

should be able safely to regard components as black boxes.”  
 

uit: McIlroy, Mass Produced Software Components,  
1968 NATO Conference on Software Engineering, Garmisch, Germany. 
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The Reality: Manny Lehman 

The Law of Increasing Complexity 
Manny Lehman 

 
 

“As an evolving program is continually changed, its complexity, 
reflecting deteriorating structure, increases unless work is done 

to maintain or reduce it.” 
 
 

Proceedings of the IEEE, vol. 68, nr. 9, september 1980, pp. 1068. 



8 

Overview 

• Inleiding 
• Normalized Systems Theorie 

- Fundamenten: stabiliteit en entropie 
- Normalized Systems en software 
- Normalized Systems en bedrijfsprocessen 

• Enterprise Engineering 

• Alliantie voor Open Innovatie 
- Technologie en innovatie 
- Normalized Systems Alliance 



9 

Controlling Complexity  
can be done… 

Other disciplines have mastered the  
structured assembly of large numbers  

of fine-grained static modules… e.g. hardware !  
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Modular 
structures 
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However: 
 
 
 
 

Modularity 
is static 
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Some more examples … 

• Airbus 380 could not be designed by taking x2 
for every measure of the Airbus 340 plan 

• Instruction set of a microprocessor cannot be 
extended by adding another module 

• Construction buildings cannot grow over time 
by simply adding additional units 

• Car performance cannot be upgraded by 
adding additional parts to the engine 

• … 



Complexity 

Evolvability: The main issue 

Static Modularity 

Lehman, No McIlroy 

Increasing Change 
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Advantages of Modules 

 
  Reductie van complexiteit 
 

 
    Hergebruik 

 
 

     Evolueerbaarheid 
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Systems Theory  Evolvability 

• Stability in system dynamics: 
- Is used to study dynamics of system operations 

• Mechanical, e.g. constructions, vehicles, … 
• Electrical, e.g. amplifiers, generators, … 
• Hydraulical, e.g. pumps, engines, … 
• …  

- Is not used to study dynamics of system artefacts 
• Rockets and airplanes 
• Software and information systems 
• Organizations and human enterprises 
• … 
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Step 1: 
NS Principles 
The need for fine-grained modular structures 
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A Simple Transformation 

Data 

Tasks 

Customer 
-Name 
-Address 
-VATnr 
… 

Invoice 
-Nr 
-Date 
-… 

Change: 
addAttribute 

 

Struct Invoice 
- Nr 
- Date 
- … 

Struct Customer 
- Name 
- Address 
- VATnr 
- … 

computeInvoice 

inviteCustomer 

sendInvoice 

Func computeInvoice  

Func inviteCustomer 

Func sendInvoice 

 

IMPACT 

 

IMPACT 

 

IMPACT 
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NS Principles 
• Modularity x Change  Combinatorial Effects (CE) ! 

- CE = (hidden) coupling or dependencies, increasing with 
size of the system ! 

- NS Principles identify CE at seemingly orthogonal levels 
• SoC: Which tasks do you combine in a single module ? 

- “An action entity can only contain a single task.” 
• DVT: How do you combine a data and action module ? 

- “Data entities that are received as input or produced as output by action entities, 
need to exhibit version transparency.” 

• AVT: How do you combine 2 modules ? 
- “Action entities that are called by other action entities, need to exhibit version 

transparency.” 
• SoS: How do you combine modules in a workflow ? 

- “The calling of an action entity by another action entity needs to exhibit state 
keeping.” 
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Separations of Concerns 

 

IMPACT 
 

IMPACT 
 

IMPACT 



IT: Enterprise Service Bus 

• The effort to include an additional component 
may or may not vary with the system size       
or: airline spoke and hub 

 

                  Impact = N                Impact = 1 
 

Source: http://nl.wikipedia.org/wiki/Enterprise_Service_Bus 

http://nl.wikipedia.org/wiki/Afbeelding:ESB_versus_POINT_2_POINT.gif


22 

Separation of States 

 

IMPACT 

 

IMPACT 
 

IMPACT 
 

IMPACT 
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Assembly vs. Object Pipelines 
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Assembly vs. Statefull Control 



Step 2:  
NS Elements 

How to control large numbers of fine-
grained modules, in theory and practice ? 
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A Simple Transformation 

Data 

Tasks 

Customer 
-Name 
-Address 
-VATnr 
… 

Invoice 
-Nr 
-Date 
-… 

Change: 
addAttribute 

 

Struct Invoice 
- Nr 
- Date 
- … 

Struct Customer 
- Name 
- Address 
- VATnr 
- … 

computeInvoice 

inviteCustomer 

sendInvoice 

Func computeInvoice  

Func inviteCustomer 

Func sendInvoice 

 

IMPACT 

 

IMPACT 

 

IMPACT 
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A More Complex Transformation 

Invoice 
-Nr 
-Date 
-… 

computeInvoice 

Change: 
addAttribute 

Invoice 
Element 

 

IMPACT 

 

IMPACT 

 

IMPACT 

Data 

Tasks 

Customer 
-Nr 
-Date 
-… 

Customer 
Element 

inviteCustomer 

sendInvoice 

invite 
Customer 
Element 

compute 
Invoice 

Element 

send 
Invoice 

Element 
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Normalized Systems Elements 

• The proposed solution =  
- Structure through Encapsulations, called Elements 

• A Java class is encapsulated in 8-10 other classes, dealing with 
cross-cutting concerns, in order to deal with the anticipated 
changes without CE, and fully separating the element from all 
other elements. 

• Every element is described by a “detailed design pattern”.  Every 
element builds on other elements. 

• Every design pattern is executable, and can be expanded 
automatically. 

- Realizing the core functionality of Information Systems 
• Application = n instantiations of Elements 
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Building using NS Elements 

Requirements Con-
nector 

Work-
flow Trigger Action Data 

NS Application  
= 
 

n Instances  
of Elements 

Elements 

 
1) Elements 
 

 + 
2) Apply Expansion parameters 
 

 + 
3) Apply Customizations 
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Regeneration 

NS 
 

Separate 
Integrate Harvesting Injection 

App Skeleton V1.1 
(Extensions: 20%) 

App Skeleton V1.2 
(Extensions:10%) 

App Skeleton V1.3 
(Extensions: 5%) 

CURRENT 
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Modularity at the Enterprise Level? 

• Campagnolo and Camuffo (2009) 
- Point at different definitions of modularity 
- Identify 125 studies related to modularity in academic literature on Management 

since 1986 
- Trace modularity as a design principle for organizations back to Sanchez and 

Mahoney (1996) 
• For example: 

- Op ’t Land (2008): Organization construction rules related to modularity 
- Tewinkel et al.(2008): Modularity in Organizational structures 
- Van Ark and De Jong (2004): Modularity in Services 
- Tiwana (2008): Modularity and Organizational Knowledge 

 
• General Indication: Organizations as modular departments, business 

processes consisting of modular steps, … 
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Lack of theory on BP modularity 
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Current BP contain CE 
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Additional BP examples 

• Mail virtualization 
 
 
 

• Curriculum change 
 

 
• 250 variants of BP 

 
 
 

 

http://www.google.be/url?sa=i&source=images&cd=&cad=rja&docid=EuMCf3x_jgbj5M&tbnid=VnPqMShnmcgM7M:&ved=0CAgQjRwwAA&url=http://fashion-disciple.blogspot.com/2010/05/envelope-bags.html&ei=xGtyUvusFOKP0AXw3YHgCA&psig=AFQjCNFRBoS1b-4MapEJ36rsgWa9_rLE0Q&ust=1383316804405537
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=1fkYYAR3qmlihM&tbnid=Ewe3IRxnZBbdVM:&ved=0CAUQjRw&url=http://drexel.edu/mem/programs/undergraduate/curriculum/&ei=j21yUvSNFqal0AX_p4A4&bvm=bv.55819444,d.d2k&psig=AFQjCNE5-vsMBFbXnJtgv8dLxoRzEWFCBA&ust=1383317227681304
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=QYLqaKTuh_eJ8M&tbnid=Yr77V_RBYhcOvM:&ved=0CAUQjRw&url=http://www.newswise.com/articles/library-binds-10-000-page-two-foot-thick-book-of-poetry&ei=7m5yUvucIuO80QXJ-YGADQ&bvm=bv.55819444,d.d2k&psig=AFQjCNFIe6zxFvoZ8ONh65cko-eA_GWMmw&ust=1383317603110086
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PhD Els Vanhoof (2015) 
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PhD Dieter Van Nuffel (2011) 

• …transposes NS 
principles to the level of 
Business Process 
Modeling, resulting in 
27 principles 
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PhD Philip Huysmans (2011) 
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The Agile Organization 

Software 

NSBP 

NSEA 

Current 
Expanders 

F/C 
Gap, 
Bridged in a  
Normalized 
Transformation Enterprise pattern/Service 

SW constructen 

Enterprise Engineering 
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• Services Sector 
- “Door modularisering van dienstenproducten, 

standaardisatie van inputs en de stroomlijning van het 
voortbrengingsproces valt veel productiviteitswinst te 
behalen. De combinatie van ICT met niet-
technologische innovaties vormt hiervoor de sleutel.” 
(Van Ark, 2004) 

- “Information about the package is just as important as 
the package itself.” (Fred Smith, FedEx) 

• Industrial Sector 
- Ubiquitous Computing will increase the amount of ICT 

in industrial products. 
- ICT captures knowledge about the usage of products 

by customers, and the efficiency of the production 
process. 

• “IT is not just transformational.  It is also a central 
determinant of the successful business models and 
industry structure of a growing fraction of the 
economy.” (Dhar et al., 2007) 
 

 

The Agile Organization 



42 



43 

• MIS is not about programming, but about 
using ICT to realize the Agile Organization  

• Spectrum ranges from, and integrates:  
- Behavioral science (e.g., IT Management) 
- Design science (e.g., NS) 

The Agile Organization 
is the core of MIS (Beleidsinformatica) 
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 Our Adoption Dream 

 
 

Change the IT world 
 

Replace Lehman by McIlroy 
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Innovation and Adoption 

• Many issues: 
- Gap between academia and business 
- Resistance to creative destruction 

 

• Possible solution: 
- Network Enabled Collaboration 
- The Architecture of Participation 
 Reach out across boundaries 
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Our Strategic Goal 

Their achievement was sufficiently unprecedented to attract an 
enduring group of adherents away from competing modes of 

scientific activity. Simultaneously, it was sufficiently open ended to 
leave all sorts of problems for the redefined group of practitioners 
to resolve. Achievements that share these two characteristics, I 

shall refer to as "paradigms". 

Thomas Kuhn, The Structure of Scientific Revolutions. 
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 Our Adoption Dream 

 
 

Change the IT world 
 

Replace Lehman by McIlroy 
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The Adoption Reality 

Source: Gartner, 2009 
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NSA – 17 May 2011 

 
NS 

Province of 
Antwerp 

Colruyt 

Flemish 
Government 

Capgemini 
NL 

RealDolmen 

 
… 
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• NSI 
- Type IV institute of the University of Antwerp, 

affiliated with the Faculty of Applied Economics 
• NSX 

- Official spin-off of the University of Antwerp 
- Development of the NS expanders 

• Together, they are an academic spin-off 2.0 

NSA – 17 May 2011 
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NSA – 17 May 2011 
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NSA – October 2013 

Province of 
Antwerp 

Colruyt 

Flemish 
Government 

Capgemini 
NL 

RealDolmen 

DAF  
Trucks 

IBM 

Randstad 
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NSUA 
• Computer Science Faculties 

- Prof. dr. Serge Demeyer (University of Antwerp) 
- Prof. dr. Jan Dietz (TU Delft) 
- Prof. dr. Alberto Silva, Prof. dr. Sergio Guerrero (TU 

Lisbon) 
- Prof. dr. Robert Pergl (TU Prague) 

• Applied Economics Faculties 
- Els Vanhoof (University of Antwerp, dept. ACF) 
- Prof. dr. Chihiro Suematsu (Kyoto Univ, dept. 

Management) 
• Research Centers 

- Centrum voor Wiskunde en Informatica 
- IBM Almaden Research 
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Open alliance – our approach 

• Full transparency to reduce risks 
- From research to industry: show expanders 
- From industry to research: audit applications 

• MoU 
- Confirm industrial relevance of NS 
- Confirm the potential of a productivity factor 
- Share the investment cost & results  
- Establish NSI and NSX 
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Open alliance – our approach 

• Private business cases 
- All NSA partners 

• Public business cases 
- Capgemini paper (2011) 

• Productivity factor 2-2.5 measured 

- HICSS paper 2014 (top 5 conference) 
• E.g. case from Province of Antwerp 



Conclusion 
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NS Theory 

Current Step 1: 
Principles 

Step 2: 
Elements 

Step 3: 
Meet-in- 

The-Middle 

Lehman 
 
 

Fine-grained Expansion Aggregate Reusable 
And Evolvable  
Building Blocks 

 DETERMINISM ! 
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NSA – October 2013 

Province of 
Antwerp 

Colruyt 

Flemish 
Government 

Capgemini 
NL 

RealDolmen 

DAF  
Trucks 

IBM 

Randstad 



61 

Yearly updates 

 
 
 

“Avond rond Beleidsinformatica” 
 

14 november 2013 
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Thank you  
for your attention! 

Contact: 
herwig.mannaert@uantwerpen.be 
jan.verelst@uantwerpen.be 
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