Systems engineering

As an industry, we have been “architecting”
aerospace systems ever since the first Wright
brothers biplane was built. But only in recent
years have aerospace systems engineers begun
to recognize systems architecture as an impor-
tant discipline within systems engineering, one
with its own unique methods and practitioners.
This year, systems architecting further evolved
toward becoming a standalone profes-
sion in the aerospace industry. The
importance of a formal systems
architecture discipline and the
role of the systems architect
have become vital topics for
both systems engineers
and their government and
industry organizations.

What is systems ar-
chitecture, and why is it
important for systems
engineers to recognize it
as an independent dis-
cipline? Simply speak-
ing, it is the conceptual
property of a system: its
purpose, top-level de-
sign, and overall struc-
ture. Systems architects
bypass traditional systems
engineering methods and
use inductive reasoning and
heuristics to develop system
concept.

Conversely, traditional sys-
tems engineers use deductive reason-
ing and analytical tools derived from hard
science and mathematics to analyze and trade
options to develop system concepts. Now, how-
ever, increasingly complex systems are present-
ing more options than can be realistically ana-
lyzed and traded.

So, as system complexity increases, the sys-
tems architect becomes more important. Sys-
tems engineers and others who develop today’s
system architectures must study architecture
processes and heuristics and develop their in-
ductive reasoning ability in recognition of the
character of this “front-end” systems engineer-
ing process for highly complex systems.

To further understand the unique role of
the systems architect, consider the metaphor of
the civil architect and civil engineer. In the clas-
sic civil case, the architect works for the client
and with the builder. The architect does not ask
the client for his requirements; rather, that is

the reason the client has hired the architect—to
convert his needs and desires into requirements
for the builder. The client also expects the archi-
tect to resolve tradeoffs that occur in the build-
ing process. And just as important, the client
expects the architect to certify the completed
system as suitable for the intended purpose.
Clearly, these roles and relationships sug-
gest the potential for a conflict of interest if the
architect works for the builder. However, in the
aerospace industry, where system technology
is highly complex, the systems archi-
tect necessarily works for the
builder, to more readily under-
stand and evaluate alternative
technologies and feasibility.
Thus it is important that
builders of complex sys-
tems formally recognize
systems architects and
keep them widely in-
dependent of project
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In the future,
aerospace systems will
/ become more com-
/‘ plex. Innovative archi-
tectures will be required
/ for successful systems. A
large body of knowledge
already exists to train the
systems architect. Processes
have been developed and
heuristics have been documented
as tools for the architect. Formal ar-
chitecture frameworks have been devel-
oped to document the system architectures.
Systems engineers and others who develop and
evaluate system architectures must study and
apply the methods of systems architecting.
Good systems architecture means having no re-
grets at system certification or for the life of the
particular system.

Programs must recognize the need for dis-
ciplined systems architecting and allow for it up-
front in the development process. They must
avoid the temptation to get the operations view
from the operator and the systems view from
the builder. These views must be provided by a
single systems architecting organization if new
systems are to be successful. In the classic
sense, the distinct roles of the client, architect,
and builder must all be recognized if we are to
be successful in building more complex aero-
space systems in the future. A
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