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System of Systems (SoSs) traditionally consists of interconnected non-
metric constituent systems entities. Therefore, creating a framework for
the management of SoSs can be a daunting task without any form of
procedural sensing and measurement strategies aimed at quantifying the
management effort. The management effort required across the chain of
tasks and activities of the constituent systems entities is referred to as
System of Systems Engineering Management (SoSEM).

The primary objective of this study was to establish a metric system for
quantifying, through algorithmic sensing and metrication, the minimum
management effort required by a SoSs overseeing entity to competitively
manage the complex network of systems that forms the heterogenous
SoSs cluster.

Discussion & Conclusion

The agro-seed nurturing (grain) industry was presented as a case study,
where Grain South Africa (GSA) served as centric system along with 34
other heterogeneous constituent systems. The study objective was
achieved by architecting a holistic, integrated framework that depicts
the SoSs network and developing a metric system via the Hybrid
Structure Interaction Matrix (HSIM) comparative model to identify,
sense and measure the overall quantitative evaluation of the SoSEM
towards industry competitiveness. Instead of trying to improve overall
management competitiveness through trial-and-error approaches, the
study identified a framework to identify, sense and measure the priority
systems that will increase the overall competitiveness the most. For the
GSA case study, it was realized that the effective minimum management
score required for the attainment of competitiveness in the holistic
management of the grain industry is 0.534067.

Determine the constituent systems (CSs)
as presented in the GSA case study.
Number them serially, from S1 to S35.

Draw the SoSs network of the CSs to
establish the hierarchical organization
and contextual relationships.

Transcribe the contextual relationship from
the SoSs network to determine a contextual
question (CQ), e.g. "Does CSj share
information with CS;?” (virtual)

Draw a square matrix of dimension 36.
for the specific contextual relationship.
Divide the first elemental box of the matrix
diagonally. Insert i at the lower half and
J at the upper half of the box. Number the
row and column elements from S1 to S35.

Carry out a pairwise comparison of a
row-column element using the CQ,
i.e. what is the answer to the CQ?

0, no interaction
Sij = 1, unidirectional interaction
Si=1, bidirectional interaction

Calculate the intensity of CS/'s
significance rating (IRF/) using the
data from the matrix, by means of

the following formula:
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Average the IRF/s for all the virtual CQ
matrices and also for all the physical CQ
matrices. Then determine the overall IRF/
by means of the following formula:
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Normalize the overall IRFi average for each
CSi, by means of the following formula:
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Determine the effective minimum
management score required for
competitiveness attainment

Draw matrices and conduct
pairwise comparison for the
physical interaction CQs too.

DESIGN AND DEVELOPMENT OF AN EFFECTIVE SENSING AND MEASUREMENT PROCEDURE FOR TASKS
FOR SYSTEM-OF-SYSTEMS ENGINEERING MANAGEMENT IN THE AGRO-SEED NURTURING INDUSTRY
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0,028735
0,028652
0,028811
0,028903

Average: 0,028571

Effective Minimum
Management Score
Required for
Competitiveness
Attainment

Count: 13
Percentage: 37,14%
Sum: 0,367519
0,136507

Count: 22
Percentage: 62,86%
Sum: 0,632481
0,397559

| | os53067 |




