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Systems theoretic “morphisms” are used to:
• Mathematically characterize relationships
between system requirements, verification
requirements, design, and verification assets

Bayesian and utility-drivenmethods are used to:
• Characterize shaping of confidence of adherence of
design to requirements as a result of morphisms

Contributes to SE through:
• Mathematical foundations of MBSE
• Bridge between theory and practice

Rather than thinking of verification in terms of
ambiguous representativeness (e.g., simulation, test),
we can begin to think in terms of representativeness of
the verification asset to the design using morphisms.

Given that verification is confirmation of adherence of a
design to system requirements and a verification activity
may be conducted on an asset that is an abstract
representation of the design, it makes sense that we
should establish an understanding of validity of the
verification asset to the design. Without this knowledge,
we may be currently shaping our confidence in the
design meeting requirements through the use of
verification assets that are not valid representations of
the design.

The next steps are to (1) use case studies to show the
existence (or lack of) morphisms between verification
assets and corresponding design and (2) construct
Bayesian and utility-driven networks to understand the
extent to which the use of morphisms shape
confidence and yield verification agility.

I. Digest, abstract, and extract key aspects of
Wymorian Systems Theory (largely completed [1])

II. Explore the use system theoretic morphisms to:
• Characterize mathematical relationships between
system requirements and verification

• Characterize mathematical relationships between
system design and verification assets

III. Characterize belief structure through Bayesian and
utility-driven methods, based on use of morphisms

Shown above, A. Wayne Wymore’s mathematical theory
of MBSE [2] used the concept of a morphism (red) to:
• Characterize relationship between the more
abstract functional and more elaborate buildable
designs

• Characterize relationship between software
system, a hardware system, and a desired
functionality

• Characterize when it is acceptable to reuse
components or use commercial-off-the-shelf (COTS)
products [3]

Above is an image of a micro-/nanofluidic channel
modeled through science-based finite meshing and
computational fluid dynamics. While a theoretical
underpinning is common in other engineering domains;
such is not currently inherent in the use ofMBSE.

III. HYPOTHESES

Basis: Verification assets are used to inference
confidence that the design meets requirements.
Assumptions are made that assets used for verification
are valid representations of the design. While this may
be true for extreme cases, such as a verification asset
that is the final product; however, is the assumption
always true of the validity of representativeness of the
verification asset to a design?

Argument: This research argues that (1) verification
requirements should be defined mathematically and on
the basis of a mathematical relationship to system
requirements, (2) verification assets should be defined
on a mathematical basis of a relationship to the design
to which they correspond, and (3) mathematically
defined systems that are specified on the basis of
mathematically defined requirements yield agility in
verification.
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For characterizing the validity of relationships (red) and,
thus, the validity of results of a verification activity as to
adherence of design to system requirements, the
following morphisms are currently being explored:
interface morphisms, homomorphisms, isomorphisms,
endomorphisms, automorphisms, parametric
morphisms, and approximate morphisms. This is a work
in progress that will continue to evolve as the relevance
of morphism to verification is characterized.
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