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Wageningen University & Research

INF

• Focus on life sciences, which comprises the 
branches of science that involve the scientific 
study of living organisms, 

• like plants, animals, and human beings.
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Parable of the Elephant
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A system cannot be known just by considering 
the elements of which the system is made...



Bedir Tekinerdogan Architecting Digital Ecosystems 8

System?



Bedir Tekinerdogan Resilient Business Ecosystems 9

System –
Definition 

• "A system is a set of interacting or 
interdependent components forming 
an integrated whole". 

- Wikipedia

• “A set of things working together as 
parts of a mechanism or an 
interconnecting network.”

- Oxford dictionary 

• an entity which maintains its existence 
through the mutual interaction of its 
parts. 

- www.systems-thinking.org
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Ross D. Arnold, Jon P. Wade. A Definition of Systems Thinking: A Systems 

Approach, Procedia Computer Science 44 ( 2015 ) 669 – 678.
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System of 
Systems
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System Scale
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System-of-System 
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System-of-Systems

• A system-of-systems is defined as a set or arrangement of 
systems that results when independent and useful systems
are integrated into a larger system that delivers unique 
capabilities

System-of-Systems

S1 S2 Sn S1 S2 Sn

N capabilities

> N capabilities

more than the sum of its parts
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System-of-Systems Characteristics

• Operational independence of constituent systems

• Managerial independence of constituent systems

• Emergent behaviour as a result of the interacting constituent 

systems in the wider whole

• Evolutionary development of the SoS

• Geographical distribution of the constituent systems
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System
Purpose
Elements
Interconnectedness

System of Systems

is-a

Operational independence
Managerial independence
Emergent behavior
Evolutionary development
Geographical distribution

System, System of Systems



Bedir Tekinerdogan Architecting Digital Ecosystems 16

SoS- Logical Configuration

System of System

System

2..*

Sub-System

0..*

Component

0..*

0..*

0..*

System Element

Capability

0..*

0..*
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Sets



Bedir Tekinerdogan Architecting Digital Ecosystems 18



Bedir Tekinerdogan Architecting Digital Ecosystems 19

Social System
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Logistics Management/Supply Chains
Suppliers Manufacturers Warehouses &

Distribution Centers
Customers
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System of Systems - Examples

System System-of-Systems 

Technological 

Airplane  Air Traffic Control System 

Car, Road  Integrated Traffic System 

Train Rail Network 

Smart Metering, Wind Turbine  Smart Grid 

Computer Distributed System 

Farm Integrated Precision Farming System 

Building  Town, Shopping Mall 

Social 

Town Council Government, United Nations, 

European Union 

Family, Social Group Town, Nation  

Student, Teacher, School Education System 

Company Enterprise, Stock Market 

Natural 

Animal Herd 

Plant Forest 

Weather, RI Eco-system 

Star Solar System 

 

System-of-
Systems

Independence

Evolution

Configuration

Operational 
Independence

Managerial 
Independence

Capabilities

System Element

Technological 
Changes

Changing 
Features

Emergent 
Behavior

Anticipated

Non-Anticipated

Physical

Logical

Lifetime
Continuous

Temporary

Interoperability

Legal

Organizational

Data

Process

<1..n>

<1..n>

Syntactic

Semantic

<1..n>

Workflow

Component

Sub-System

System
<1..n>

Design
Together

Separately

Engineering
Product Systems

Enterprise 
Systems

Service Systems

Geogrraphical
Distribution

local

Global

National

Key

alternative

mandatory

feature

B. Tekinerdogan, "Multi-Dimensional Classification of System-of-Systems," 2019 14th Annual Conference 

System of Systems Engineering (SoSE), 2019, pp. 278-283, doi: 10.1109/SYSOSE.2019.8753841.
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SoS Classification based on 
Management Criteria

 

NoYes

Virtual SoS
Yes

Collaborative SoS

No

 

Yes

Acknowledged SoS

No

Directed SoS

Systems interact 

voluntarily?

Central management authority and 

centrally agreed upon purpose?

Component systems retain 

independent ownership?

B. Tekinerdogan. Engineering Connected Intelligence: A Socio-Technical Perspective. Wageningen University, 2017

Common Purpose?

Substituent elements remain 
independent ownership?
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Multi-Dimensional Classification of SoS

System of Systems
Classification

Application 
Domain

Management of 
Systems

Logical 
Configuration

Technological SoS

Social SoS

Natural SoS

Socio-Technical 
SoS

Directed SoS

Acknowledged SoS

Collaborative SoS

Virtual SoS

Governance of 
Systems

Organizational SoS

Federated SoS

Coalition SoS

Centralized SoS

Decentralized SoS

Distributed SoS

Complexity

Simple SoS

Complicated SoS

Disorder SoS

Technology 
Adoption

Low-Tech SoS

Medium-Tech SoS

High-Tech SoS

Super High-Tech 
SoS

Type of System 
Elements

Physical SoS

Cyber SoS

Cyber-Physical SoS

Complex SoS

Chaotic SoS

[1..*]

26 Separate 
Types of SoS

B. Tekinerdogan, "Multi-Dimensional Classification of System-of-

Systems," 2019 14th Annual Conference System of Systems Engineering 

(SoSE), 2019, pp. 278-283, doi: 10.1109/SYSOSE.2019.8753841.
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Computing - Stronger, Faster, Cheaper…

Hard Drive Capacity
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Digitization, Digitalization, 
Digital Transformation

https://www.linkedin.com/pulse/digitalization-past-present-future-bedir-tekinerdogan/

Hard Drive Capacity
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Pervasive Computing

Human to Human

Human to Machine

Machine to Machine

Any Thing Any Time

Any Place

Big Data
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Systems get Smarter, 
and Connected

B. Tekinerdogan. Engineering Connected Intelligence: A Socio-Technical Perspective, 
Wageningen University, isbn 978-94-6343-049, doi 10.18174/401115, 2017
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Physical Space and,…Cyberspace

Air

Cyber

Space

Sea Land
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Cyber-Physical System of Systems
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Ecosystem…

• Ecosystem or Ecological System is a 

community of living organisms in 

conjunction with the physical 

environment interacting as a system. 

• These biotic and abiotic components are 

regarded as linked together through 

nutrient cycles and energy flows.  

• they can be of any size but usually 

encompass specific, limited spaces.

Symbiosis

(sýn, "together", bíōsis, "living" is any type of 

a close and long-term biological interaction 

between biological organisms)

System

Ecosystem

is-a
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Ecosystem - Characterisics

• Biodiversity: An ecosystem is composed of a wide variety of 
living organisms that interact with each other and with their 
environment. 

• Energy flow: Ecosystems rely on a continuous flow of energy, 
usually from the sun, to sustain the life of its organisms. 

• Nutrient cycling: Ecosystems also rely on the cycling of 
nutrients to maintain the health of the community. 

• Adaptation: Ecosystems are constantly changing and adapting 
to their environment. 

• Interdependence: The organisms within an ecosystem are 
interdependent on one another for survival. The loss of one 
species can have a significant impact on the entire ecosystem.

• Self-regulation: Ecosystems have the ability to self-regulate 
and maintain balance through feedback mechanisms. This 
ensures that the ecosystem remains healthy and sustainable 
over time.
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Ecosystem - Relations

• Predation: This relationship involves one organism (the predator) killing 
and consuming another organism (the prey) for food. This relationship is 
common in many ecosystems and plays a critical role in maintaining 
balance and regulating populations.

• Competition: Competition occurs when two or more organisms require 
the same resources, such as food, water, or shelter. This can lead to a 
struggle for survival and often results in one organism outcompeting the 
other.

• Symbiosis: Symbiotic relationships occur when two or more organisms live 
together in a close and mutually beneficial relationship. 
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Ecosystem – Symbiotic Relations

• Mutualism: Both organisms benefit from the relationship (++). 

– For example, bees and flowers have a mutualistic relationship where bees 

pollinate the flowers and the flowers provide the bees with nectar. 

• Commensalism: One organism benefits from the relationship, 

while the other is neither helped nor harmed (+0) 

– For example, birds building nests in trees or using the branches to rest is a form 

of commensalism.

• Parasitism: One organism benefits from the relationship at the 

expense of the other (+-)

– For example, ticks and fleas are parasites that feed on the blood of their host 

animals, which can lead to disease and other health problems.
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Business Ecosystem

• a dynamic group of 

• largely independent 
economic players 

• that create products or 
services

• that together constitute a 
coherent solution

U. Pidun, M. Reeves, and M. Schüssler, Do you need a business Ecosystem?, Boston Consulting Group
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Digital Ecosystem

• A digital ecosystem refers to 
the interconnected network of 
digital devices, applications, 
and services that facilitate the 
creation, distribution, and 
consumption of digital 
content. 

• This ecosystem involves the 
interaction between different 
digital technologies, software 
applications, and platforms, all 
of which work together to 
enable businesses and 
individuals to access, share, 
and use information in a digital 
format.

Software Ecosystem

Base Technology Software Platform

Software Service 
Platform

Standard Software

Architecture

Elements interact with/
interdependent 

on

has

based on

Coordinator

Privately Owened

Community

has
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Types of Business/Digital Ecosystem

• Solution Ecosystem: aims at creating a coherent solution. 
Core firm coordinates the innovation activities of the 
complementors, ensures continuous improvement of the 
overall product, and safeguards fair value sharing among 
ecosystem members

• Transaction ecosystem: A (digital) platform is used to 
integrate players in a two-sided market to establish an 
ecosystem.

• Hybrid system: The environment that combines features of 
a solution ecosystem with a transaction ecosystem.
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Solution Ecosystem

• has a core firm that orchestrates 
the offerings of several 
independent complementors

• Example:
Smart home (key innovation) 
combining smart solutions 
(complementors) such as lighting, 
entertainment, and security 
products and services), 

https://www.bcg.com/publications/2019/do-you-need-business-ecosystem

Suppliers

Core Firm

Complementors

Customers
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Solution Ecosystem

Suppliers

Complementors

Core Firm
Product/Service

Solution

supply

delivers

complement

Core Firm
gets

coordinates

coordinates
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Ecosystem Platform

Reusable Data

Platform-Based Ecosystem

Development Tools/Modules

Reusable 
Modules

External
Developers

use

develop

store

reuse

reuse

External
Users

coordinates

Platform
Coordinator
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Platform-Based Ecosystem

Software Ecosystem Platform

Producers Customers

Development Tools, Libraries, Platform

Software

Data

uses

develops

develops

uses

uses

Coordinator
coordinates
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Precision Farming
• Precision agriculture (PA) is a farming 

management concept based on observing, 

measuring and responding to inter and intra-

field variability in crops. 

• define a decision support system for whole 

farm management with the goal of optimizing 

returns on inputs while preserving resources.

• an application of advanced digital technologies

– Robotics

– Drones and UAV

– Internet of Things

– Cloud Computing

– Machine Learning/Deep Learning

– Software Engineering
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Smart Farming System of System/Ecosystem

Smart Connected Product

Sensor +

Weather
Data System

Farm 
Equipment 

System

Seed 
Optimization 

System

Irrigation 
System

Farm 
Management 

System

Field Sensors

Irrigation Nodes

Irrigation App

Weather
Maps

Weather
Forecasts Weather

Data App

Farm Perf.
Database
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Farm Management Information System
• A key element of smart farming ecosystem

• Management information system (MIS) is an 
information system used for decision-making, and 
for the coordination, control, analysis, and  
visualization of information in an organization.

• Involves people, processes and technology in an 
organizational context.

• the ultimate goal of the use of a management 
information system is to increase the value and 
profits of the business

• Farm management information systems (FMIS) is 
an MIS that supports the automation of data 
acquisition and processing, monitoring, planning, 
decision making, documenting, and 
managing the farm operations.

Management 
Information System

Farm Management 
Information System

is-a
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Farm Management Information 
Systems/Ecosystem Publications



Bedir Tekinerdogan Resilient Business Ecosystems 45

Architecture Design of FMIS

Architecture 
Design Method 

for FMIS

FMIS Design
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Reference Architecture vs. 
Application Architecture



Bedir Tekinerdogan Resilient Business Ecosystems 47

IoT Reference Architecture
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Reference Architecture vs. Application Architecture

IoT Reference Architecture

Device Layer

Network Layer
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IoT-based FMIS Architecture Design Approach



Bedir Tekinerdogan Resilient Business Ecosystems 50

Feature-Oriented Domain Modeling
• A feature model represents the 

common and the variable 
features of products and the 
dependencies between the 
variable features. 

• Feature: 
– a distinctive property of a 

concept (domain model)

– user visible characteristic of a 
system (requirements).

• A feature diagram consists of a 
set of nodes, a set of directed 
edges, and a set of edge 
decorations. 

Insurance Product

Insured Object Coverage PremiumConditionsPayment

Person

Corporation

Movable 

Property

Realty

Service

Amount

Own Risk

Acceptance Exception

Payee

Person Corporation

Direct Periodical

Legend:

optional feature

alternative featuremandatory feature

or-feature

Illness

Life

Loss

Unemployment

Damage

Feature

Optional feature

[i-j]

Feature group with 

cardinality i– j

Mandatory feature
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Feature Model for IoT-Based FMIS
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FMIS Decomposition View
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FMIS Layered View



Bedir Tekinerdogan Resilient Business Ecosystems 54

FMIS Deployment View
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Case Study – Smart Wheat Production
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Obstacles of FMIS
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Obstacles of Farm Management IS/Ecosystem

• Standardized data formats: Causes problems with the interoperability between different systems and components. 

• System integration: FMISs and their components do not integrate with each other easily. Results to problems with 

interchangeability between applications and platforms. 

• Adoption rate of FMIS:  The adoption of new technologies in agriculture is rarely instantaneous and multiple factors 

influence the decision-making processes and can therefore be a result of multiple obstacles. 

• Cost of FMIS: Farmers find FMISs too expensive, or they are not able to see the profitability potential of an FMIS. 

• Incomplete FMIS: Multiple FMISs are specialized for one specific task on the farm. However, these systems are therefore 

missing features that will cause the farmer to use multiple FMISs, instead of one FMIS that can provide in all needs. 

• Understandability: Current FMISs are not always easy to understand and use for farmers, due to difficult user interfaces or 

other factors that make them complex. 

• Data size: The accumulation of data over the years is seen as a concern 

• Connection to internet: Some FMISs are only accessible with an active internet connection; this connection is however not 

always reliable in more rural areas. 

• Insufficient farmer skills: Farmers frequently have a low level of education, and therefore farmers are not always able to 

obtain the full potential of FMISs. 

• Language and regional: Sometimes FMISs are only available in one language. Furthermore, there are big regional 

differences between countries concerning agricultural practices; FMISs can therefore not always foresee in all farmers needs 

due to these differences. 

• Security: There are currently concerns about the security and privacy of the data that is used in the FMIS.
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Health 
Management 
Information 
Ecosystem
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Health Management Ecosystem
• health management information systems 

(FMIS) is an MIS that supports the automation 
of data acquisition and processing, monitoring, 
planning, decision making, documenting, and 
managing the health operations.

Management 
Information System

Health Management 
Information System

is-a
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Health Management Information 
Systems
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Health Information System of Systems

Hospital 
Information 

System

Clinical 
Information 

System

Financial 
Information 

System

Laboratory 
Information 

System

Radiology 
Information 

System

Pharmacy 
Information 

System

Nurse 
Information 

System

Patient 
Information 

System

… 
Information 

System
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Obstacles and Features of HMIS

Current HMIS

HMIS Domains 

HMIS Stakeholders

HMIS Features

HMIS Obstacles
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HMIS Domains
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HMIS Stakeholders
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HMIS Features
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Obstacles of HMIS
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Interdisciplinary and Transdisciplinary 
Approach
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Design Challenges – Digital Ecosystems

• Which domains are needed for digital ecosystems

• What are the stakeholders for each domain? 

• What are the concerns? 

• What are the required design viewpoints for digital ecosystems?

• Modeling approaches for digital ecosystems?

• Design Methods for digital ecosystem?

• Design Patterns/Tactics/Perspectives for digital ecosystems?

• Evaluation Method for digital ecosystems?

• Trade-off Analysis for digital ecosystems?

• Governance of digital ecosystems?

• Alignment of governance with systems/technology?

• Simulation of digital ecosystems?

• ….
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Conclusion

• A system is a set of interacting or interdependent components 
forming an integrated whole

• Increased level of scale and the interconnection of systems has led 
to the notion of system of systems

• Digitalization of systems has led to cyber-physical systems (of 
systems)

• An ecosystem is a system or system of systems with symbiotic 
relations of independent players that together constitute target a 
coherent solution

• a business ecosystem is a dynamic group of largely independent 
economic players that create products or services that together 
constitute a coherent solution

• Business ecosystems are increasingly currently IT-controlled 
leading to digital business ecosystems
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Conclusion

• Many unsolved challenges can be identified for designing, 
operating, and maintaining (digital) business ecosystems 

• Design of digital business ecosystems is one of the key artifacts 
that has a systemic impact on the overall ecosystem

• Existing system and system of systems engineering paradigms 
need to be enhanced to cope with the challenges of digital 
business ecosystems

• Designing and analyzing digital business ecosystems requires an 
interdisciplinary and transdisciplinary approach 
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