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Systems of Systems Engineering Relationships amongst Resilience and System Lifecycle Properties
A system of system (SoS) is an integration of a finite number of constituent (llities) :

systems which are independent and operable, and which are networked = The “ilities” are properties that often manifest and determine value after a system
together for a period of time to achieve a certain higher goal.*[Jamshidi, 2009]. is put into initial use (e.g. resilience, interoperability, robustness).

SoS are composed of separate constituent systems and have a majority of the = Resilience is an important “-ilities- and must be mastered and maximized with
following five characteristics ?[Maier, 1998]: engineering systems of systems.

Operational independence — constituent has a purpose of its own and can be Hypothesis 1: The resilience can be evaluated by defining and analysing its relations

operated independently, without the need to interact with other systems. within the *ilities” "ecosystem”.
Managerial independence - constituent are controlled by different authorities recaliabiliey -
(or system owners), they not only have operational independence but are, ihtaronerability
actually, operated independently.
Emergent behavior — behaviors are only exhibited at the SoS level and cannot N reliability avolvability
be achieved by any of the constituent systems operating independently of the SR bilicy —— -
other constituent systems. A A
Evolutionary development — SoS is not created once and for all, but evolves as ) .
. . . manutacturabpilit
constituent systems, or functions thereof, are added, removed, or modified. claieiey
: . : . . . . ibili
Geographical distribution — the concern of SoSE is primarily with the qualit i
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Hypothesis 2: The evaluation of resilience is decomposed in local resilience evaluation
according to its lifecycle.

Fig.1. A Transport System-of-Systems

Resilience
€5 Evaluation of Resilience
Ability to prevent, prepare for, respond to, adapt to disruptions and to mitigate -
the consequences as well as to recover in timely and efficient manner
including preservation, restoration of services 3[Cutter et al. 2013].
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Fig.2. lllustration of essential resilience capabilities.

Hypothesis 3: The evaluation is done according to different points of view:

Prevention: Identifying and minimizing the risks posed by the Critica organizational, physical, behavioral and functional.

Infrastructure, its equipment and fittings, and the natural hazards of the

environment 4{lUNESCO 2017]. = Definition of organizational, behavioral, physical and functional resilience .
Preparation: "Getting ready to cope” [lUNESCO, 2017]. = Adaptation of each indicator to the studied point of view.
Response: Following the previously established emergency procedures. = Comment
Absorption: Endogenous ability to reduce the negative impacts caused by
disruptive events and minimize consequences with less effort °[Nan, 2017]. [ h . N\
. . . . unctional Organizational
Adaptation: Endogenous ability to adapt to disruptive events through self- Resilience Resilience
organization to minimize consequences. It can be enhanced by using 3 |
emergency systems 5 [Nan and Sansavini 2017]. -\ N v ~ * \
Recovery: “Getting back to normal” 4 JUNESCO 2017]. = % . QJ ;J y
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