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Wageningen UR (University & Research centre)
Full-time - 7 yrs 11 mos

Full Professor and Chair Information Technology
)
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-7 yrs 11 mos

eningen, The Netherlands

| am the chairholder of the Information Technalogy Group, which now consists of 15 staff members, 5 Post-
docs, and more than 20 PhD candidates. | am responsible for managing and leading the group wil

e more

Full Professor and Chair Business Science Section

Dec 2021 - Present - 1 yr

W ingen, Gelderland, Netherlands

Besides my role as chair of the Information Technology group, | also serve as the chair of the Business Science
section at Wageningen University & Research. The section consists of five strong chair groups incl

more
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Section Business Science (SBS)

Management Team Member - 4TU.NIRICT
4TU.Federation
2 - Present- 5 yrs 11

4TU.

mos

4TU.NIRICT
4TU.NIRICT is the Netherlands Institute for Research on ICT and comprises all ICT research
of the universities of technology in the Netherlands. It is one of the centers of the 4TU...

Faculty Professor
Bilkent University
Sep 2008 - Dec 2014

ra. Turkey

6 yrs 4 mos

- received rank of Associate Professor from the Turkish Inter-University Council (2010)
» IBM Faculty Award nomination (2009, 2010)

Assistant Professor
University of Twente

3 - Sep 2008 - 5yrs

2mos

My research and education activities were focused on software architecture and related topics including
aspect-oriented software architecture design, software architecture modeling, software architectur

e more

Visiting Assistant Professor
Bilkent University

Sey

- Jul 311 mos

This was a kind of a sabbatical leave for me. At Bilkent University | have introduced and given the courses
Software Architecture Design (2), Aspect-Oriented Software Development, and the course Object-

more
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Education

University of Twente
PhD, Computer Science/ Software Engineering

1995 -

PhD Thesis: Synthesis-Based Software Architecture Design

University of Twente
MSc, Computer Science - Software Engineering
1989 - 1994

MSc Thesis: The Design of an Object-Oriented Framework for Atomic Transactions

Isala College, Silvolde, The Netherlands
High School (Academic Stream)

1982 -

1988
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Wageningen University & Research

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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science, and socio-technical systems engineering.



Cyber-
Physical
SoS

System of
Systems

Digital

Ecosystems




Parable of the Elephant

a Snake!
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* "Asystem is a set of interacting or
interdependent components forming
an integrated whole".

- Wikipedia
* “Aset of things working together as
SySte m — parts of a mechanism or an
D f o t o interconnecting network.”
erinition - Oxford dictionary

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

- www.systems-thinking.org



"Systems thinking is a discipline for seeing wholes. It is a framework for
seeing interrelationships rather than things, for seeing patterns of change
rather than static snapshots" - Peter Senge

MORE THAN 1 MILLION COPIES IN PRINT

REVISED AND UPDATED WITH 100 NEW PAGES

NFTH

Purpose
Describes the purpose of
systems thinking ina way

that canbe clearly
understood.

DISCIPLINE

The Art& Praetice of

the Learnig(QQFganization

PETER M. SENGE

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

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

N capabilities

s1 §2 | Sn

System-of-Systems

> N capabilities

more than the sum of its parts



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



System, System of Systems

is-a

System of Systems

Purpose
Elements
Interconnectedness

Operational independence
Managerial independence
Emergent behavior
Evolutionary development
Geographical distribution



SoS- Logical Configuration

System of System

[ord
0.*
System >
System Element <+——
0.%)
O *
0.* Sub-System =
Capability
O“*
0.*

Component













Logistics Management/Supply Chains

Suppliers Manufacturers Warehouses & Customers
Distribution Centers




System of Systems - Examples

Operational
Independence
Managerial
Independence

Independence

Geogrraphical X
Distribution National

Global

Physical

Configuration |

Lifetime

System

Technological

Family, Social Group
Student, Teacher, School

System-of-Systems

Airplane Air Traffic Control System
Car, Road Integrated Traffic System
Train Rail Network
S Smart Metering, Wind Turbine Smart Grid
Changes Computer Distributed System

Farm Integrated Precision Farming System
Building Town, Shopping Mall

Emergent Social

ehavior Town Council Government, United Nations,

European Union
Town, Nation
Education System

Company Enterprise, Stock Market
Natural

Animal Herd

Plant Forest
Weather, RI Eco-system

Star Solar System

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.

Interoperability

Syntactic

Semantic

Process



SoS Classification based on
Management Criteria

? Common Purpose?

Yes No
Systems interact
voluntarily?

Yes

Substituent elements remain
independent ownership?

1 Virtual SoS
No

Collaborative SoS
Yes No

Acknowledged SoS Directed SoS

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



Multi-Dimensional Classification of SoS

1.7

Technological SoS
Social SoS

Natural SoS

Application
Domain

Socio-Technical

Directed SoS

Acknowledged SoS

Collaborative SoS
Virtual SoS

Organizational SoS

Federated SoS

Coalition SoS
Centralized SoS

Management of
Systems

Governance of
Systems

System of Systems
Classification

V| Logical R
H Configuration Decentralized SoS

Distributed SoS
Physical SoS

Cyber SoS

Cyber-Physical SoS

Disorder SoS

Low-Tech SoS

Type of System
Elements

Complexity )

Technology
Adoption

Medium-Tech SoS

High-Tech SoS

Super High-Tech
0

—_

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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Moore's Law: Transistors per microprocessor
Number of transistors which fit into a microprocessor. This relationship was famously related to Moore's Law
was the observation that the number of transistors in a dense integrated circuit doubles approximately every
years
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Digitization, Digitalization,
Digital Transformation /

Digital

Digitization Digitalization Transformation

(Conversion to (Use of digital

digital format) technologies) (Disruptive

change)

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

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.

e they can be of any size but usually
encompass specific, limited spaces.

Symbiosis

(syn, "together", biosis, "living" is any type of
a close and long-term biological interaction
between biological organisms)




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.

Ecosystem

Services

Drivers of change



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.



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.




Business Ecosystem

a dynamic group of

largely independent
economic players

that create products or
services

that together constitute a
coherent solution

Business Ecosystem

L]
Trade
Associations
L]
) Labour
Extended Enterprise Unions
. .
. Standard Direct
n Customers
Investors it Core Business HITOMEES
® Core Contributors (‘ustzmcrs C
@ Distribution Channels Of My Other
@ Direct Suppliers Customers Stakeholders
L]
Supplier
Of My °
. e Suppliers Suppliers Of
Government Complementary
Agencies & Products

Other Regulatory
Bodies ®
Competing Organisations That Have
Shared Product & Services Attributes,
Business Processes &
Organisational Arrangements

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



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.

based on

Elements

L

interact with/
interdependent
on

Software Ecosystem

Base Technology

Software Platform

Standard Software

Software Service

Architecture

Platform

Coordinator —

Privately Owened

Community




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.



Solution Ecosystem

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

Suppliers

Core Firm

Example:
Smart home (key innovation)
combining smart solutions

(complementors) such as lighting, v

Complementors

entertainment, and security

products and services),
Customers

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



Solution Ecosystem
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Platform-Based Ecosystem

Ecosystem Platform

Development Tools/Modules

Platform
Coordinator

evelop

-

Reusable
Modules

store

i

Reusable Data

External
Users




Platform-Based Ecosystem

Software Ecosystem Platform

coordinates
Coordinator

uses o
Development Tools, Libraries, Platform
develops USEes
Producers Software Customers
develops uses

Data




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

! ‘ ‘ Evapotranspiration
sensor on drone
Smart phone
1]
j Decision support

Weather station Soil moisture
sensor station P - ..




Smart Farming System of System/Ecosystem

Maps Forecasts Weather

Data App

Weather
Data System Farm Perf.
Database

Farm Farm Seed
Equipment Management Optimization
System System System

Smart Connected Product

Irrigation
System

Field Sensors

Irrigation App

Irrigation Nodes



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



Farm Management Information
Systems/Ecosystem Publications

Computers and Electronics in Agriculture

& &IL Volume 157, February 2019, Pages 189-204

Review

Obstacles and features of Farm Management
Information Systems: A systematic literature
review

J- Tummers, A. Kassahun, B. Tekinerdogan & E

@ Springer Link

% Computers and Electronics in Agriculture

ks
& El . Volume 165, October 2019, 104939

Open Access | Published: 11 December 2018
S Architecture design approach for IoT-based farm

Architecture framework of ToT-based food and management information systems
farm systems: A multiple case study 6. Koksal & & B. Tekinerdogan

Cor Verdouw * P 2 B, Harald Sundmaeker ¢, Bedir Tekinerdogan 2, Davide Conzon 4, Teadore Montanaro ©

Precision Agriculture 20, 926-958(2019) | Cite this article

@ Springer Link

Open Access | Published: 01 June 2020
Reference architecture design for farm management
information systems: a multi-case study approach

J. Tummers, A. Kassahun & B. Tekinerdogm

Precision Agriculture (2020) | Cite this article



Architecture Design of FMIS

@ Springer Link

Open Access | Published: 11 December 2018
Architecture design approach for IoT-based farm
management information systems

0. Koksal =1 & B, Tekinerdogan

Precision Agriculture 20, 926-958(2019) | Cite this article

@ Springer Link

Open Access | Published: 01 June 2020

Reference architecture design for farm management
information systems: a multi-case study approach

). Tummers, A. Kassahun & B. Tekinerdogan &

Precision Agriculture (2020) ‘ Cite this article

Architecture

Design Method
for FMIS

FMIS Design




Reference Architecture vs.
Application Architecture

Relerence 'Q Relerence
Architeclure Architecture View

A A

i Conforms 1o E Conforms 1o
Application <> Application
Architeclure Architecture View




loT Reference Architecture

Business Layer

Application Layer

Session Layer

Security Layer

Network Layer

Management Layer

Device Layer




Management Layer

Reference Architecture vs. Application Architecture

Business Layer

Application Layer

Session Layer

Security Layer

Network Layer

Management Layer

Device Layer

loT Reference Architecture

Business Layer Business Layer Business Layer
Application Layer g = Application Layer g & Application Layer g
5 . 5 . 5
c o
Session Layer Z g Session Layer Z & Session Layer o
5 @ 5 Qo 5
2 & g @ g
Network Layer v = Network Layer v c Network Layer v
= =

Device Layer Device Layer Device Layer



loT-based FMIS Architecture Desigh Approach

| Springer Link

Open Access | Published: 11 December 2018
Architecture design approach for [oT-based farm
management information systems

&. Koksal & & B. Tekinerdogan

Precision Agriculture 20, 326-958(2019) ‘ Cite this article
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Feature-Oriented Domain Modeling

* A feature model represents the
common and the variable [ ]  Feature
features of products and the
dependencies between the
variable features.

Mandatory feature

|_;l_| Optional feature

* Feature: i
— adistinctive property of a ﬁ& E:f;,f,rael,?yr?fﬁ) with

concept (domain model)

— user visible characteristic of a
system (requirements).

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

—— mandatory feature /A alternative feature
O optional feature A or-feature




Feature Model for loT-Based FMIS

Farm Management
Information System (FMIS)

loT Data
Acquisition

| Data Acquisition

Reporting
Human Resource
Management

Data Visualization

Environment Yield
Monitoring | Mapping

-

,/’_

loT Based FMIS
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‘ Architecture ‘
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Server-
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FMIS Decomposition View

MQTT Data XMPP Data AMQP Data DDS Data CoAP Data
Acquisition Acquisition Acquisition Acquisition Acuisition
ISOBUS Data CAN Data : : ) : 2
Abquistion Adqulistion Soil Sensing Light Sensing Whether Sensing
Water Sensing Vehicle Control ] Actuator Control Yield Mapping
Control
2 ) 4 < < Paa Environment Image/Video
Soil Type Mapping Light Mapping Yield Monitoring Mosioring Processing

Data Mining

Decision Support

Data Logging

External Weather
Forecast/Interface

Interface with
other external
systems




FMIS Layered View

Management Layer

FMIS — Business Layer

Fertility Nutrient Pest Weed Irrigation
Management || Management || Management Management || Management

FMIS — Application Layer

System

Data Processing Data Visualization
Management

Comm. with
Extemnal System

FMIS — Data Acquisition Layer

MQTT XMPP AMQP CoAP

interface interface interface DDS interface interface

Conventional
interface

Session Layer

Network Layer

Device Layer

Security Layer




FMIS Deployment View

Central Cloud Client
Server (Farmer)
Sensor Actuator Vehicle Camera UAV/Drone Satellite
Vehicle Vehicle Vehicle UAV/Drone Satellite

Sensor Actuator Camera Camera Camera



Case Study — Smart Wheat Production
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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 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.
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ABSTRACT

Background: Currently many healthcare systems are supported by an increasing set of Health Information Sys-
tems (HISs), which assist the activities for multiple stakeholders. The literature on HISs is, however, frag
mented and a solid overview of the current state of HISs is missing. This impedes the understanding and char.
acterization of the required HISs for the healthcare domain.

Methods: In this article, we present the results of a Systematic Literature Review (SLR) that identifies the HISs,
their domains, stakeholders, features, and obstacles.

Results: In the SLR, we identified 1340 papers from which we selected studies, on which we performed a full-
text analysis. After the synthesis of the data, we were able to report on 33 different domains, 41 stakeholders,
features, and 69 obstacles, We discussed how these domains, features, and obstacles interact with each other and
presented suggestions to overcome the identified obstacles. We recognized five groups of obstacles: technical
problems, operational functionality, maintenance & support, usage problems, and quality problems. Obstacles
from all groups require to be solved to pave the way for further research and application of HISs,

Conclusion: This study shows that there is a plentitude of HISs with unique features and that there is no consensus
on the requirements and types of HISs in the literature.
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Designing a reference architecture for health ===
information systems

Joep Tummers'”, Hilde Tobi?, Cagatay Catal® and Bedir Tekinerdogan'

Abstract

Background: Healthcare relies on health information systems (HISs) to support the care and receive reimbursement
for the care provided. Healthcare providers experience many problems with their HISs due to improper architecture
design. To support the design of a proper HIS architecture, a reference architecture (RA) can be used that meets the
various stakeholder concerns of HISs. Therefore, the objective of this study is to develop and analyze an RA following
well-established architecture design methods.

Methods: Domain analysis was performed to scope and model the domain of HISs. For the architecture design, we
applied the views and beyond approach and designed the RA's views based on the stakeholders and features from
the domain analysis. We evaluated the RA with a case study.

Results: We derived the following four architecture views for HISs: The context diagram, decomposition view, layered
view, and deployment view. Each view shows the architecture of the HIS from a different angle, suitable for various
stakeholders. Based on a Japanese hospital information system study, we applied the RA and derived the application
architecture.

Conclusion: We demonstrated that the methods of the software architecture design community could be used in
the healthcare domain effectively and showed the applicability of the RA.

Keywords: Electronic patient dossier, Reference architecture, Software architecture, Health information systems,
Unified modeling language
S
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HMIS Domains

“
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Hospital 49 Allergy and immunology 2 y .

Primary care 20 Brain disorder 2 1 3
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Pulmonology 3




Direct system users

HMIS Stakeholders

Physician

Nurse

Medical specialist
Administrative Staff
Pharmacist

Laboratory technician
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Social worker
Biomedical engineer

Hospice staff

Alternative medicine practitioner
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In-direct system users

Technical stakeholder

Patient

Healthcare manager
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Student
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Healthcare association
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HMIS Features
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Sector specific

General features

Medication recording

Patient record

Lab test results

Clinical decision support and
guidelines

Diagnosis/clinical assessment

Patient tracking and monitoring

Clinical notes

Treatment planning

Recording vital signs

Laboratory functionality
Specialist care feature

Medication prescription

Disease monitoring

Patient admission and registration
Radiology management

Patient health status registration
Allergy recording

Patient care overview and summaries

Immunization and vaccination
registration

Making discharge summaries

Consultation documentation

Referrals

Patient portal

Pharmacy functionality

Recording blood values

Medical forms and questionnaires

Medical data analysis

Recording symptoms
Care coordination
Clinical measurements
Food management
Death registrations
Telehealth

Visit management
Family planning
Informing patient and family
Lifestyle suggestions
Pain recording
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Reporting

Order management
Reminders and alerts
Administration and finance

Video and image analysis
Documentation
Appointments and
scheduling

Recording demographics
Problem list

Internal communication
Data visualization

Data import and export
Data and record exchange
Staff and patient education
Data storage

External communication
Data and system integration
Security and risk
management

Inventory management

Data search
Workflow support
Quality control
Authentication
Task management
Remote access
Human resource mgmt.
Evaluation and
benchmarking
Sensor management
Voice control
Setting goals
Prognosis

Help function

To do list

Data sharing
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Obstacles of HMIS

Poor interface design 27
Lack of standards 24
Poor security 19
Lack of data and system integration 18
Hardware/Power problems 16
Poor privacy 14
Poor data and system availability 13
E Performance problems 1
§ System limitations 10
% Network problems 10
E Poor hardware availability 10
E Poor data exchange 7
Poor system accessibility 7
Lacking infrastructure 6
Data and system reliability 6
System down 6
System installation problems 2
Poor scalability 2
Problems with data and system storage 1
Missing features 47
o | Bad fit with clinical workflow 17
é Problems with specific features 14
E Captures attention away from patients 12
E. Requirement of multiple systems
O | Need to work in unique and specific setting
Poor working environment 4
‘g Lacking professional support 25
§ High system costs 23
g Poor communication 1"
§ Legal and bureaucratic problems 9
€ | Lack of help and documentation 7
g Poor system updates 5
§ Low trust in supplier 3
18

Usage problems

Quality problems

Limited use

Time consuming to use

Lacking user training

Poor system usability

High system complexity
Uneducated users

Data and system inefficiency
Duplicate documentation

Manual work

Incorrect usage

Navigation issues

Low trust in system

Low user satisfaction

User disagreement with system
Finding data

Problems related to meeting user needs
Information overload

Lack of awareness

Maximum use of system to usage

Low system usefulness
Hygiene problems
Use of free text for registrations

Lack of data and system interoperability
Low data quality
Poor system development

Data and system inconsistencies

Data loss

Faulty system

Data input/output/Propagation problems
Poor data integrity

Low system accuracy

Poor patient safety

Fragmented data

Medical error

Poor system natural language

Data interpretability
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Interdisciplinary and Transdisciplinary
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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? S el
i Y\*\\\
: : Ma \ \XX
Alignment of governance with systems/technology? M"’{ - \3\ i %x\_ gt
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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



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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