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. The word “risk” itself has its roots in the maritime domain. In 

rhizikon described “difficulty to avoid in the sea” 
risicare took on the meaning “to dare” 



“normal”, meaning unavoidable. 

“black swans”. 

measures like “lateral cargo mobility” defining the variety of cargoes a ship can transport 

the “ilities”, properties that enable sustained value 

le “ilities” like reliability have been considered for a long time, and are very well

“ilities” 

situations that require rapid response, will be: “What resources do we have available that can 

be useful for recovering functionality from this disrupted state?” or “What 
have available that can be useful to provide a response to this emergent need?” Hence, 

not to suggest how the “ilities” can be addressed 



“ility” that best describes this is “resilience”

form, rather than designing a new system. This “operational design” 

“design” to 

t “what to design to meet the emerging need?” but rather 
“what resources do we have available?” Some examples from military logistics, humanitarian 

• –

•

by “Ships Taken Up From Trade”, which ensured the sufficient capacity to transport 

(“Logistic Support for O
Corporate,” 1982)

• –

•

•

• –



Similar to these motivating examples, the recent industry report “Think Ocean” produced by 

Norwegian Shipowners’ Association (2018)

observation is made in the report (Norwegian Shipowners’ 

“Due to its global presence and the number of ships, the fleet represents 
a formidable emergency preparedness resource for the Norwegian 
authorities and their allies. In order to contribute to global maritime 

security, and Norway’s ability to exploit the fleet as an emergency 
preparedness asset, improved contingency plans and a comprehensive 
strategy are needed.”

concept of “latent functions”, we adopt the term 
“latent capability” to address the fact that maritime engineering systems can contribute to a 

epresentative of the “intended or recognized” 
“Latent ” then 

constitutes a counterpoint to “manifest ”, those 



what
after

“What is the relationship between characteristics designed into marine 
systems, the ability to recover from operational disruptions, and the 
ability to respond to swiftly emerging demands?”

relation characteristics

ability inside outside
characteristics,

interpret a marine system; “what needs does the vessel serve ”, “what functionality does the 
”, and “what are the physical parameters that describe the 

”

recover from disruptions of operation what

respond to swiftly emerging demands

characteristics
system-

internal disruptions system-external, sudden-onset emergencies

Figure 1: Main conceptual relationships addressed in this thesis.



future uncertainty

stakeholder expectations

conceptual

relationship latent capabilities axiomatic design

characteristics

deployment

emergency response

case study offshore support vessels

multiple stakeholders under uncertainty

definition characterization latent functional 
capabilities

Models latent functional capabilities system 

resilience

methodology latent 
functional capabilities

measure of fleet effectiveness latent functional 

capabilities



Table 1: Overview of the main articles.

Paper ID Paper title Publication

Main Article 1 Ill-structured commercial ship design problems: The 

Responsive Systems Comparison Method on an 
Offshore Case

Journal of Ship 

Production and Design

Main Article 2 Exploiting latent capabilities for resilience in 
engineering systems

Research in Engineering 
Design

Main Article 3 Latent capabilities in support of maritime emergency 
response

Submitted to Maritime 
Policy and Management

Main Article 4 Evaluating fleet effectiveness in tactical emergency 
response missions using a maximal covering 
formulation

Resubmitted after 
revision to the Naval 
Engineers Journal

–



, “go to sea to do something” 

vessels that “go to sea to do something” include offshore support vessels (OSVs), and naval 

after



design

analysis
analysis science science

“what is”, design answers “what ought to be” 

design

engineering design

“Engineering design is a process performed by humans aided by 
technical means through which information in the form of requirements 
is converted into information in the form of descriptions of technical 
systems, such that this technical system meets the requirements of 

mankind.”

the “ilities”, 



Table 2: System characterization according to degree of complexity (based on Hubka & Eder (1988)). 

Level of 
complexity

Technical 
system

Characteristics Marine examples

I (simplest) Component Elementary parts whose 
manufacturing does not include 
assembly.

II Mechanism, 
sub-assembly

Parts consisting of a number of 
components, contributing to simple 
functions. 

III Machine, 
equipment

Systems that perform a closed 
function.

Propulsion system, 
marine machinery, 
topside equipment 
(cranes, winches, etc). 

IV System System that encapsulates different 
machines, equipment, and sub-
systems, each fulfilling a function 
towards a common “functional and 

spatial unity” (Magee & de Weck, 
2004). 

Ship, marine structures, 
subsea systems, etc. 

V Super-system, 
system-of-
systems

Higher-order systems, due to the 
existence of common functional unity 
across several Level IV systems, 
possibly with operational and 
managerial independence (Maier, 
1998). 

Fleet, marine transport 
system, offshore oil 
and gas infrastructure, 
etc. 

. Starting from the “ends”, or 
ip is to identify the “means” that 

the “means” will constitute a ship or other marine system. 



Figure 2: The design process as a mapping between domains.

or the “ends”. These needs relate strongly to 

Figure 3: Functional structure of a system with basic operands (Pahl & Beitz, 1996).



Opposite to the prescriptive Pahl & Beitz’ model of design described above, descriptive design 

� ��
� → �� ��

� � → ��.



� �� ��

Figure 4: Analysis, synthesis, and evaluation in the function-form mapping.

Table 3: Deduction, induction, and abduction in engineering design.

Reasoning 
process

Input Output Example of problem statement

Deduction Case (Fact)
Rule (Knowledge)

Result (Inferred 
fact)

“Calculate the metacentric 
height of the given ship form”. 

Induction Case (Fact)
Result (Inferred fact)

Rule 
(Knowledge)

“Determine the underlying 
relationship between ship form 
and resistance”. 

Abduction Rule (Knowledge)
Result (Inferred fact)

Case (Fact) “Create a ship form with the 
desired stability and resistance”. 

to a design criterion for the desired metacentric height. Induction takes a “case” and a “result” 
to derive a “rule”. 



“The Principles of Design” 

uses the terms “functional 

nt”, and “design parameter” to distinguish the functional and physical domains, 

A
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Taguchi’s 
Suh’s design axioms with measures of design robustness and tolerance



Furthermore, such flexible systems need not be “infinitely” 

proposed as early as the 1960’s 

multi-
attribute

•

•

•

•

•

selection compromise

reduces 

wicked 

problem, problem solved
mess solved

resolved ill-structured problem

Furthermore, Arrow’s Impossibility Theorem proves that grou
intransitive preferences1

1 Intransitive preferences are exhibited when the following condition is observed: � ≻ � ≻ �, but � ≻
�, where ≻ implies “preferred to”. For an individual, this preference structure is considered irrational 
according to utility theory (Hazelrigg, 1998). For a group, intransitive preferences can result even though 
each individual has transitive preferences. 



physical domain

needs domain

physical 

epochs
eras, epochs



Figure 5: The Evans-Buxton-Andrews ship design spiral (Andrews, 1981).

written in the 1960’s and 1970’s on ship design methodology



Figure 6: Key steps in a ship design process (Nowacki, 2010).



Figure 7: The system-based ship design process (Levander, 2012).

Figure 8: Functional breakdown of offshore vessels in system-based ship design (Levander, 2012).



difficulty of solving the “wicked problem” of ship design

, reflected by the term “naval architecture”, 

“physically large and complex 

system” could be developed through application of “requirements engineering”
“Requirements engineering” 

rs “requirements elucidation”, in which a more 

Figure 9: Ship design considerations in the design building block methodology (Andrews, 2006).



compromise
selection 



contextual temporal perceptual

Figure 10: Five aspects of complexity in ship design (Gaspar, Rhodes, et al., 2012).

what makes a better ship?



structurally behaviorally 

contexts

temporally

Figure 11: Notional mission breakdown for offshore ships with a description of mission requirements 
(Ulstein & Brett, 2015).



“system systems”

marine design 

problem

1. What is the optimal number of ships in the fleet? 

2. What are the right ships to invest in?

renewal

What is the right way to update the fleet composition, given the existing fleet?



analysis of alternative fleets, or “force structures”



“

”



From this perspective, the system is not “finished” once it has been designed. 

For example, functions can be statements such as “transport humans”, “provide energy”, or 
“transmit signals”. 

“ ”

“ ”

define functions as the “desired behavio rs”, 

are “simply what the system does”. For increasingly complex systems, including 
emergence



and its human operator, who may choose to follow or not follow a prescribed “user 

manual” that outlines how the system is intended to function. An interesting question then 

that functionality needs to be stated in the terms where “the functi � � �”, meaning 

� � � �

•

•

introduced the term “latent function” in his 

•

•

•

��

�� ��

��� ���

���



Figure 12: Needs-function-form mapping model with notation based on Suh (1990), distinguishing 
manifest and latent mapping2.

ocking a street during a riot, or if sufficiently expensive, it functions as a signal of the owner’s 

define a redundant function as a “function that can be realized by 
the function in its normal state”. While 

ses prescribed by the “user manual” that dictates how the 

2 The term “underdetermined” is used in Figure 12. This term was used by Goel & Pirolli (1989) to 
describe the fact that many well-structured representations can exist for each ill-structured problem.



Table 4: Examples of manifest and latent functions in marine systems.

ø

, a report on icebreaking technology published in the 1990’s (Sodhi, 1995) claims that 

example of a latent function for the crane. The manifest function is to “lift cargo”, whereas 
“produce roll movement” is the latent function. In modern icebreakers, heeling tanks are used 

. The manifest function of the generator is to “produce energy”, 
while the latent function is to “dampen vibrations”.



pull ratings. The main manifest functions of an AHTS vessel are to “hoist anchors” and “tow 
rigs”, whereas the latent function can be described as “tow iceberg”

is what makes the “tow iceberg” function latent. 

Figure 13: Modes of operation for offshore vessels in ice management (McClintock et al., 2007).

latent functions



it to the “ilities”

unarticulated value

free latent value combinatorial latent value accessible value

Accessible value

Generally, real options “in” systems constitute a right, but not an obligation to execute changes 

“in” system

number of options theoretically

Combinatorial latent value 

accessible free latent value



free latent value, 

Free latent value 

��� ���

��� ���

��

Figure 14: Free latent value and combinatorial latent value (Ross, 2006) in the context of the needs-
function-form mapping model (based on Suh, 1990).



Figure 15: Function-form mapping model (based on Suh, 1990) extended with human actors.

���

that can be taken advantage of. Still, this may increase novel risks, in the form of “adaptive 
failures”

hipping company’s 

operations “routine” to whom



Autonomy

Belonging

Connectivity, 
Diversity, 

emergence, 

function “transport supplies”, it also performs the latent function “partake in emergency 
ture”, as it in a case where there is a need for emergency response, it will act as part 

“If a system plays many roles in many supersystems, how should we 
specify which of these roles are the functions of interest? Second, if a 

given role is collectively performed by many systems, how should we 
specify which of these systems is the functional one and which are 
supporting that functioning system?”

model representing the “dual nature of technical art facts” presented by



Figure 16: Emergence of latent system-of-systems function resulting from two socio-technical systems 
performing their manifest function, extending a model in Kroes et al. (2006).

Table 5: Distinction between manifest and latent capabilities.

– –



bent, in the early 1900’s 

of complex systems came in the 1970’s, as 

“normal”. Adding redundancy to such sys

research influenced the development of “resilience engineering” as a safety management 

multiple “ilities” for management of uncertainty in engineering 



esilience, as with many other “ilities” 

Table 6: Resilience definitions from the literature3.

Reference Domain Resilience definitions

(Holling, 
1973)

Eco. “… a measure of the persistence of systems and of their ability to 
absorb change and disturbance and still maintain the same 
relationships between populations and state variables.”

(Wildavsky, 
1988)

Soc. "… the capacity to cope with unanticipated dangers after they have 
become manifest, learning to bounce back.”

(Foster, 1993) Eng. “… the ability to accommodate change without catastrophic failure, or 
the capacity to absorb shocks gracefully.”

(Asbjørnslett 
& Rausand, 

1999)

Man. “… a system’s ability to return to ‘a new stable situation after an 
accidental event’.”

(Rice & 
Caniato, 2003)

Man. “… an organization’s ability to react to an unexpected disruption, such 
as one caused by a terrorist attack or a natural disaster, and restore 
normal operations.”

(Sutcliffe & 
Vogus, 2003))

Org. “The maintenance of positive adjustment under challenging 
conditions.”

(Christopher & 
Peck, 2004)

Man. “… the ability of a system to return to its original state or move to a 
new, more desirable state after being disrupted.” 

(Allenby & 
Fink, 2005)

Eng. “the capability of a system to maintain its functions and structure in 
the face of internal and external change and to degrade gracefully when 
it must.”

(UN/ISDR & 
UN/OCHA, 
2008)

Man. “The capacity of a system, community or society potentially exposed 
to hazards to adapt, by resisting or changing in order to reach and 
maintain an acceptable level of functioning and structure.”

(Dekker et al., 
2008)

Eng. “A resilient system is able effectively to adjust its functioning prior to, 
during, or following changes and disturbances, so that it can continue 
to perform as required after a disruption or a major mishap, and in the 
presence of continuous stresses.” 

(Richards, 
2009)

Eng. “… the ability of a system to recover from disturbance-induced value 
losses within a permitted recovery time.”

(Neches & 
Madni, 2013)

Eng. “… the ability of a system to adapt affordably and perform effectively 
across a wide range of operational contexts, where context is defined 
by mission, environment, threat, and force disposition.”

(Chalupnik et 
al., 2013)

Eng. “… the ability of a system, as built/designed, to do its basic job or jobs 
not originally included in the definition of the system’s requirements 
in uncertain or changing environments.”

(Goerger, 
Madni, & 
Eslinger, 2014)

Eng. “A resilient system in DoD is; trusted and effective in a wide range of 
mission contexts; is easily adapted to many others through 
reconfiguration and/or replacement, and; has predictable, graceful 

degradation of function.”

3 Eco. – Ecology, Eng. – Engineering, Man. – Management, Org. – Organizational science, Soc. – Social 
science. 



– “being able to change its function without changing its form”

define resilience as “the ability of a system to be recovered from a disrupted state
”, and focus on latent capabilitie



Table 7: Excerpt of management principles for resilience (adapted from Madni & Jackson (2009)).

Design principle Description

Functional redundancy Several alternative components can perform the same function. 
Physical redundancy Duplication of components to protect against failure of function. 

Reorganization System restructuring after external change. 
Human backup Humans backing up automated systems in case of failure. 
“Human-in-loop” Humans should support the need for creative problem-solving.
Predictability Systems should behave predictably. 
Complexity avoidance Minimize complexity, similar to the second design axiom (Suh, 1990, 2001).
Context spanning Systems should be able to survive (survivability).
Graceful degradation Systems should degrade in a controlled, gradual manner. 
Drift correction Monitor and control drift towards brittle states by timely preventive action. 
“Neutral state” Systems should be able to prevent further damage until problem diagnosis.
Inspectability Systems should allow for easy human intervention. 
Intent awareness Systems and humans should have a shared model of intent. 
Learning/Adaptation Continuously update knowledge base to adapt and improve the system.  

’

ability to rebound

resilience and 



robustness as the same concept

graceful 
extensibility

sustained adaptability

levels 

explication interpretation Explication
interpretation

sensemaking
improvisation

“margin of man uvre” (Grøtan, 2017). Sensemaking
improvisation 

“

”

(Weick, 1993). In Weick’s (1993) analysis of the 1949 Mann Gulch 

Δ�� Δ�

��



Figure 17: Performance variation over a time period, as an indicator of resilience (Asbjørnslett & 
Rausand, 1999).
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Figure 18: The resilience triangle. Resilience can be increased by minimizing performance degradation, 
disruption time, and cost of recovery (Pettersen, Erikstad, et al., 2018).



The term “resilience” “
”. 

Hence, even though the basic definition above fits an example of “resilience as rebound” 

taking the engineering systems perspective, to overlap with perspectives of “resilience as 

graceful extensibility” and “resilience as sustained adaptability”



Organization’s (IMO) 

the “hazard focus” can be seen as the process to mak
, the “mission focus” goes beyond that

Table 8: Formal vulnerability assessment (FVA) (Berle, Asbjørnslett, et al., 2011).



Berle’s



“disaster operations 
management”, arguing that the term “ ”

found in situations that can be termed “disastrous”.



distinguish “routine” emergencies that occur frequently, like ambulance deployments, from 

new techniques and methods like “soft OR4”

wicked problem mess
problem

in the 1970’s 

1970’s and 1980’s, in 

4 OR – Operations research



1990’s





disasters
nnected to the “wicked problem”



Table 9: Overview of the ten most-cited journals and conferences in the thesis. 

5

To reflect that the thesis considers the “state of the art” at the time of its publication with a 

Figure 19: Number of citations by year of publication.

5 RINA –Royal Institution of Naval Architects, IJME – International Journal of Maritime Engineering 



context, as exemplified by the “engineering systems” literature (de Weck et 

ly taken an “engineering systems” 

– –



and gain knowledge from analyses. Research “methodology” refers to a wider concept 
than research “method”

methodology methods 

inferential experimental simulation
Inferential

Experimental
Simulation 

Mixed



• Descriptive analytical describing

evaluate

• Applied fundamental: real-
life

general body of knowledge

• Conceptual empirical: theory

experiments or empirical data

• Other research typologies: 

One-time longitudinal

Clinical diagnostic: 

Conclusion-oriented decision-oriented: 

Decision-

oriented descriptive
prescriptive, 

normative

conceptual, mixed 
quantitative-qualitative descriptive analytical

applied fundamental descriptive
analytical descriptive

analytical
synthesis analysis applied fundamental

applied

fundamental

Table 10: Classifying the thesis on descriptive-analytical and applied-fundamental dimensions.



conceptual

empirical

clinical or diagnostic case 
study research empirical

mixed quantitative-qualitative

one-time

decision-oriented prescriptive
conclusion-oriented 

•

•

•

•



• reduce

•

•

engineering system engineering system,

we mean “a class of systems characterized by a high degree of technical complexity, social 
intricacy and elaborate processes, aimed at fulfilling important functions in society” 



Figure 20: Units of analysis for the main articles.

investigation of a “contemporary 

life context”, with the additional remark that there is often a blurry 

6

diagnostic
An example is Weick’s 

6 SIMOSYS was a Knowledge-building project for industry (KPN) supported by the Norwegian Research 
Council from 2014 – 2017. Partners in the project were NTNU, MIT, Ulstein International, and DNV GL. 
The main objective of SIMOSYS was to develop new knowledge for management of risk and uncertainty 
in marine systems design (Erikstad, 2014). 



reflect the author’s 

on “Decision oriented methods”. 



may be considered “research methods”. Prescriptive and normative decision

“ought” than “is”, 
“sciences of the artificial”.



information gathering

alternatives evaluation

alternatives analysis



Figure 21: Research timeline.

continuously revisited, were explored through what is referred to as “Book chapter 1” 





“What is the relationship between characteristics designed into marine 
systems, the ability to recover from operational disruptions, and the 

ability to respond to swiftly emerging demands?”

latent capabilities. 

Figure 22: Relationship between research question, research objectives, main articles, and research 
contributions.



Explore challenges in the ship design problem that arise due to future 
uncertainty and differing stakeholder expectations. 

Figure 23: Relationship between Research Objective 1 and the contributions.



Develop a conceptual framework for characterizing latent capabilities 
for enhancing system resilience.

Figure 24: Relationship between Research Objective 2 and the contributions.

capabilities as “the capabilities of a system neither intended nor recognized”, after 

during after



Investigate the relationship between latent capabilities, and axiomatic 
design theory.

Figure 25: Relationship between Research Objective 3 and the contributions.

because of



Investigate the design characteristics that enable complex service vessels 
to generate value in unconventional emergency response missions.

unarticulated unexplored

ill-structured wicked 

Figure 26: Relationship between Research Objective 4 and the contributions.



Develop a deployment model that effectively captures fleet performance 
towards emergency response missions that are not assessed during ship 

design.

Figure 27: Relationship between Research Objective 5 and the contributions.

. To the author’s knowledge, it is the first model to consider a maximal 
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An industrial case study from the design of advanced offshore support 

vessels with multiple stakeholders under uncertainty.

unarticulated

Figure 28: Moving from the research objectives to Contribution 1.



➢ An illustration that the creation of decision support models is a difficult design 
problem by itself, through what is referred to as the “two-stage abduction process”. 

the decision support 

models

“two

process”

➢ An interest in exploring how unintended and unrecognized behaviours can be taken 

advantage of in marine systems.
“two stage abduction process” outlined in the discussion section in Main Article 

latent latent



A definition and characterization of latent functions and latent functional 
capabilities for engineering systems.

Figure 29: Moving from the research objectives to Contribution 2.

➢ A definition of latent functional capabilities for engineering systems. 

“Capabilities that were neither intended nor recognized during design, but have 
potential to be exploited and provide a benefit in the operational phase.”



➢ A characterization of latent functional capabilities, including implications for 
concepts in systems design and operation, limitations and demarcations against
similar concepts.

latent
latent manifest

temporality

perception

• Temporality

• Perception

➢ Relevant cases that motivate and illustrate the application of latent capabilities. 



Two models that demonstrate how latent functional capabilities can 
enhance system resilience.

Figure 30: Moving from the research objectives to Contribution 3.

➢ A review of measures of resilience.

gineering, where relations to “ilities” like reliability and survivability are covered. 



➢ Model 1: An axiomatic design model operationalizing latent capabilities in relation 

to resilience.

➢ Model 2: A qualitative assessment of function-form mapping for offshore support 
vessels to identify latent capabilities. 



A methodology for identification, assessment, and contingency planning 
for latent functional capabilities.

Figure 31: Moving from the research objectives to Contribution 4.



➢ A distinction between searching for latent capabilities in the functional domain and in 
the needs domain.

➢ Development of criteria and constraints for exploitation of latent capabilities.

➢ Application to the offshore support vessels in the Macondo oil spill response.



A new measure of fleet effectiveness that captures emergence of latent 
functional capabilities on the system-of-systems level.

Figure 32: Moving from the research objectives to Contribution 5.

➢ A fleet deployment model formulation starting from the structure of a maximal 

covering problem.



➢ Capture of the value of vessel interaction effects and emergence, that signify the 
existence of fleet level latent capabilities. 

➢ A clarification regarding the use of decision support methodology based on the 

planning horizon under consideration. 

epochs, but not to “optimize” the “design” of the fleet

more uncertain. Rather than “optimize” across the strategic planning horizon, we take 

epochs. 





Chapter 3 of this thesis describes the research undertaken as “conceptual, mixed quantitative-

qualitative research”. This classification can be traced to the focus on 

by the “exploration exploitation” t

theorize

final theory

conceptual 
empirical 



Contribution 1

ill-structured 

latent 

latent capabilities. 

what happened

Contribution 2

in design

temporal after 
perceptual 

purpose



Contribution 3

Contribution 4

Contribution 5 

latent

ill-structured latent capabilities



7

7 Frontex is shorthand for the European Border and Coast Guard Agency.





that “contingency plann

relevant preventive measures and actions” (DNV, 2011). This indicates that assessment of latent 

(“Logistic Support for Operation Corporate,” 1982; Rosendahl, 2015; Wilkinson, 1993)



“What is the relationship between characteristics designed into marine 

systems, the ability to recover from operational disruptions, and the ability 
to respond to swiftly emerging demands?”

case study offshore support vessels
multiple stakeholders under uncertainty

definition characterization latent functional capabilities

Models latent functional capabilities system 
resilience

methodology latent 
functional capabilities

measure of fleet effectiveness emergence of latent functional 
capabilities
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“The ability of a system to change in a timely fashion”

“The ability of a system to alter its operations or form, and consequently 

possibly its function, at an acceptable level of resources” (de Weck et al., 2012). 

• Structural complexity: “rel
interrelationships”. 

• Behavioural complexity: “related to performance, operations, and reactions to 
stimuli”.

• Contextual complexity: “related to circumstances in which the system exists”. 

• Temporal complexity: “related to dimensions and properties of systems over time”. 

• Perceptual complexity: “related to stakeholder preferences, perceptions and cognitive 

biases”. 

“…

mankind” (Hubka & Eder, 1987). 
ed by Simon (1996) who states that “everyone 

ones”. We use design and engineering design interchangeably

• Task clarification:

• Conceptual design:

• Embodiment design:

• Detail design:

See also “System design”. 



“… ability of a system to be modified to do jobs not originally included in the 

requirements definition” 
adaptability flexibility

• Manifest function: 

• Latent function:
also “Latent (fun

capabilities”. 

• Dysfunction:

“ ” “… are desired properties of systems, such as flexibility or maintainability (usu

always ending in “ility”), that often manifest themselves after a system has been put to 
its initial use. These properties are not the primary functional requirements of a system’s 

ends in “ility”)” (de Weck et al., 2011). esilience exemplifies one “ility” which does not end 
“ility”. 

“…”ill structured problem” (ISP) is a residual concept. An ISP is 

if it is not a WSP (well structured problem)” (Simon, 1973). 
See also “Wicked problem”, which are 

See also “Functions: Latent 
”. 

“The sequence of phases that an engineering system undergoes
” (de Weck et al., 2011). 

design production
operation disposal



“…

better decisions” “a scientific approach to executive decision making, 
including problem formulation, mathematical modelling, and system optimization” (de Weck 

evaluate 

“The ability of an item to perform a required function, under given environmental 
and operational conditions and for a stated period of time” (Rausand & Høyland, 2004)

“The properties that an engineered system is supposed to achieve, deliver, or 

exhibit” (de Weck et al., 2011). 

“… a system’s ability to resist an accidental event and return to do its intended 
” 

“A set of interacting components having well
understood) behavior or purpose” (de Weck et al., 2011). 

• Complex system: “A system with components and interconnections, interactions, or 

or change” 

• Engineering system: “A class of systems characterized by a high degree of technical 

functions in society” 

• System-of-systems: “A system

properties” 

• Technical system

“The process of defining the components, modules, interfaces, and data for a 
uirements”

“An interdisciplinary approach to derive, evolve, and verify a life

balanced system solution which satisfies customer expectations and meets public acceptability” 



8. Alternatively, “an inter

successful systems” 9

“Things that are not known, or only known imprecisely” 

“The ability of a system to satisfy diverse needs for the system without 
change form” (de Weck et al., 2012).

The properties of a system that “may weaken or limit its ability to endure threats 
and outside the system boundaries” 

“ ” “ ”
“ ”, v) “one

operation” vi) unbounded set of possible solutions, vii) “essentially unique”, viii) “symptom of 
another problem”, ix) “choice of explanation of 

problem’s resolution”, “the planner has no right to be wrong”. See also “Ill
problem”. 

8 Definition according to IEEE, see Blanchard & Fabrycky (2013). 
9 Definition according to INCOSE, see Blanchard & Fabrycky (2013).
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