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Abstract

Recently published ontologies have enabled the application of advanced socio-technical systems to
coupled project management, systems engineering, and discipline engineering concepts such that informa-
tion artifacts represented in Integrated Project Models (IPM) are logically consistent due to underlying
semantic connections. While logically consistent IPM generation and dynamic editing is broadly use-
ful, some nuanced aspects of system operation have not been afforded sufficient ontological attention
for representation in a useful socio-technical system. In this work, the concepts of system resilience,
reliability, robustness, and anti-fragility were ontologically interrelated for representation as information
artifacts in model-based socio-technical systems, specifically the Engineering Management Platform for
Integration, Realization, and Execution (EMPIRE). The meaning and significance of these four terms are
often conflated during engineering discussions, leading to miscommunications and ambiguity concerning
system architecture and design decisions. Because the terms are not easily quantifiable in socio-technical
systems, they tend to be afterthoughts of a design considered following system realization. The present
work offers a strategy to differentially characterize and quantify resilience, reliability, robustness, and
anti-fragility such that their evaluations can influence system architecture, function, and design from the
concept stage forward. Integrated system resilience characterizes a system’s ability to experience delete-
rious external stressors within an operational environment and still execute its functions and capabilities.
Reliability expresses an internal view of continued system operation represented by hierarchical system
architecture or functional diagrams, and robustness describes a system’s ability to execute a function
to a given performance value exceeding the bounds specified by capability requirements, all without the
system experiencing loss of function or performance degradation. Anti-fragility extends resilience and
robustness in that an anti-fragile system not only continues to function and perform under operational
environment stressors, but the performance of the system improves in response to the stressors. The on-
tological relations between system function and capability are related to the parametric characterizations
of system environments using varied methods to quantify these properties in EMPIRE. An interplanetary
spacecraft operating in-transit was used as a case study for the relation of system architecture, function,
and capability to resilience, reliability, robustness, and anti-fragility.



