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Key Insight 1: On Coupling

“expect families of routines to be constructed on rational 
principles so that families fit together as building blocks”

from: Doug McIlroy, Mass Produced Software Components, 
1968 NATO Conference on Software Engineering, Garmisch, Germany.
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Key Insight 1: On Coupling

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.
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Key Insight 1: 
Deplete Combinatorial Effects

Systems Theoretic Stability

Core concept:

Coupling/Ripple Effects/

Combinatorial Effects

NS Principles
» Separation of concerns

» Data version transparency

» Action version transparency

» Separation of state

NS  Fine-grained Modularity
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Key Insight 2: On Concerns
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Key Insight 2: On Concerns

Element

Invoice

Order

Client

Inv.line

Payment

Authorisation

Directory services

Persistency
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Key Insight 2: 
Generate Recurring Structure

Con-
nector

Work-
flow

TriggerTaskData

NS Application 
=

n Instances 
of Elements

+
Customizations

Elements

Insertion

Extension

Elementary, functional 
building blocks, exhibiting 

proven evolvability

Generated skeletons 
provide > 90% of 
application code

Expanders

Insertion

Insertion

Extension

Extension
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Key Insight 3: On Updating

• Structure should be recurring, as variations:

- increase complexity of codebase

- decrease consistency in behaviour

• Recurring structure may need to vary over time:

- new insights

- discovery of flaws

- changes in technologies

Structural changes may need to be applied 
with retroactive effect, but the efforts increase 

with the frequency of change. 

N(N+K)

2K

K Total

100 100

50 150

20 300

10 550

5 1050

2 2550

1 5050

N=100

N instances, update every K  #updates =
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Key Insight 3: 
Rejuvenate Skeleton Texture

NS

Separate

Integrate
Harvesting Injection

App Skeleton V1.1

(Extensions: 10%)
App Skeleton V1.2

(Extensions: 5%)

App Skeleton V1.3

(Extensions: 3%)

CURRENT

Prime Radiant



DIMENSIONS OF EVOLVABILITY
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Dimensions of Evolvability

• mirrors : analysis models

new data attributes/relations, new elements

• skeletons : element structures 

new or improved implementations of concerns

• utilities: technology frameworks

new frameworks to implement various concerns

• craftings : custom plugin code

new or improved implementations of tasks, screens
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Insulating utilities/frameworks

#U = 4+2+2+2+3+2+2 = 17 #U = 4x2x2x2x3x2x2 = 384

Variation Gain
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Evolution: Functional: Data
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Evolution: Software: Concerns
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Evolution: Software: Concerns
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Evolution: Software: Concerns
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Prime Radiant – Modeling
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Prime Radiant – Applications
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Prime Radiant – Code Analysis
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Prime Radiant – Code Details



REJUVENATING APPLICATIONS
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Rejuvenating Applications

• Regenerating a software application with

- a given model (data, task, flow, connector, and 
trigger element parameters)

- a given codebase of custom code (extensions and 
insertions)

• Applying 

- a new version of the skeletons or 
generator/expander templates

- possibly new (versions of) utility frameworks
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Types of ½ Applications

• Budget follow-up tool

• Master thesis evaluation

• Diplomatic card services

• Data centre management

• Solar panels monitoring

• Beverage product lifecycle

• Energy datahub management

• IoT data inflow engine

• Privacy and digital vault

• …. (incl. many from Dutch Tax Authority)
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Types of ½ Applications
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Types of ½ Applications
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Types of ½ Applications
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Some Figures on ½ Codebase

Applications ± 20

Components 43

Data elements

Attributes

1546

7094

Task elements 535

Flow elements 133

Skeletons Total

Classes ± 40.000

Extensions Total

Data layer 6

Logic layer 1731

Shared layer 250

Proxy layer 5

Control layer 218

View layer 1186

Insertions Total

Data 

element

1436

User

connector

146

Task

element

401

Flow

element

0
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Some Reports on Applications

• Detailed status report:

- Model with various elements/attributes

- Custom extensions/insertions in various layers

• Evolution report:

- Model with various elements/attributes

- Custom extensions/insertions in various layers

• Example: IoT Data Inflow Engine

- Component monitoring
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Some Figures on Utilities

4+2+2+2+3+2+2 = 17 4x2x2x2x3x2x2 = 384

Variation Gain
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From Continuous Integration 
to Continuous Rejuvenation

• Current CICD encompasses:

- custom code evolution

- model evolution

• CICD+Rejuvenation introduces:

- new generator/skeleton versions

- newly supported utility frameworks

• Our CICD environment expands and builds

- most applications in several utility settings

- all applications in new generator/skeleton version
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From Continuous Integration 
to Continuous Rejuvenation

• Applications between 10 and 0 years old:

- Some have been rejuvenated > 10 times

• Last rejuvenation max 3 or 6 months old:

- Skeleton code (>90%) max 3-6 months old

- Used frameworks supported by newest skeletons

- Custom code
• Has no conflicts with new(er)(est) skeletons

• Does not depend on obsolete frameworks
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From Continuous Integration 
to Continuous Rejuvenation

• All applications may benefit at once from:

- Newly supported frameworks

- Additional features skeletons

- Improved security features

• Applications have benefitted in the past from:

- New knockoutjs UI implementation

- Auto-generation of waterfall screens

- Configurable authentication/authorization

- Improved high-throughput flow processing

- …



DISCUSSION AND CONCLUSION
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Discussion and Conclusions

• Contributions 

- Insight into current problems ~ Lehman’s Law

- Proposing the structure of a possible solution

• Software elements to guarantee stability

• Applications as instantiations of elements

- Charting dimensions of evolvability
• Decoupling of skeletons and frameworks

• Separating skeletons and custom code

- Setting up a rejuvenation CICD environment

• For a pretty significant application set
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Discussion: Limitations

• Limitations: 

- Limited time span

- Limited application set

- Limited set of frameworks

- No collaborative model realized

 working on an “Expander API”

Goal: 

All participating expander developers 
can make improvements to skeletons, 

that may be applied to all applications 
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Questions

• herwig.mannaert@uantwerp.be


