
CE 5333 – Systems Analysis Tools for Water Resources L01,

Topics: i) Introduction
ii) Definition of a System
iii) Systems Thinking in Engineering
iv) Components Integration

1. Introduction

2. Definition of a System

Figure ?? is a schematic diagram of some system independent of discipline context. The figure
depicts a boundary, components or elements, and interactions or influences.

A system is a combination of interacting elements organized to achieve one or more stated purposes;
the act of identification implies a boundary and a system of interest (SOI) (?)

Figure 1: A system of interest (SOI) (?)

Paraphrasing from (?)
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The purpose of the system is called its mission. The mission of the system is to provide
a solution to a problem. For a system comprised of elements that are interconnected
to achieve the system?s mission, it is assumed that all three of those principal aspects
result from conscious choice. Hence, we are referring to systems that have been delib-
erately designed, or engineered. Further, a system that has been engineered to perform
a specified mission must be able to perform that mission with relative autonomy; it
must be managerially and operationally independent (and may well have been procured
independently).

The last aspect is called system integration – well known integrators are Boeing, Raytheon, Mi-
crosoft. An integrator assembles components so the system performs without beneficiaries needing
to be able to construct the components themselves. We will use aspects of integration in this class
to explore systems tools in engineering applications.

3. Systems Thinking in Engineering

Recent direction from TTU leadership is a need to instill systems thinking in courses. So why is
such direction mandated?

As technological systems grow larger, more complex, and interdisciplinary, electronics
and hi-tech industries face a growing demand for engineers with a capacity for “engi-
neering systems thinking.”

The next question is what is “systems thinking”?

“Systems thinking”, is a discipline for seeing wholes. It is a framework for seeing
interrelationships rather than things, for seeing patterns of change rather than static
“snapshot”. Systems thinking offers us a flexible language that might expand, change,
and shape our ordinary way of thinking in regard to complex issues.

Not much of a definition but it gives some direction explicitly demanding examination beyond
components into how they perform the larger mission.

Lets list some aspects of a Systems Thinking Engineer

• Understanding the whole system: A problem may not be solved by breaking it down into
elements and finding a separate solution for each of those elements. One must be able to see
the whole picture. Some problems stem from the structure of the system itself. All system
components (persons, parts) share responsibility for system problems. Thus, an engineer with
a capacity for systems thinking understands how sub-systems integrate into a whole single
system and understands the whole ? the entire system and the whole picture beyond its single
components.
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• Understanding the synergy of the system: The general systems theory holds that all systems
are similar in certain ways. According to this view, if the synergy attribute exists in all
systems, then it certainly exists in man-made technological systems. The systems engineer
must, therefore, be capable of deriving the synergy of a system from the very integration of
the sub-systems under his responsibility.

• Understanding the system from multiple perspectives: A successful systems engineer would
avoid adopting a one-dimensional view and would examine a specific subject or problem from
different angles and points of view.

• Understanding the implications of modification to the system: It turns out that modifications
are central to the work of the systems engineer. The systems engineer must understand the
system as a whole and be capable of anticipating and detailing all implications (including
side effects) of changes in the system – engineering and non-engineering alike – both those
initiated by the contractor and those required by the end user after freezing the design. In
many cases, the systems engineer must be able to take care of every stage of the change
starting from the conception of the idea and proceeding through the paper work (forms and
approvals) and on to the execution and documentation of the introduced modification.

• Understanding a new system immediately upon presentation: An engineer with a good grasp
of the system understands and is able to describe the operation, purposes, applications,
advantages, and limitations of an unknown system immediately after receiving an initial
explanation.

• System complexity level: Dynamic complexity exists when a certain operation results in
a certain series of consequences in one part of the system and a totally different series of
consequences in other parts of the system. Dynamic complexity also exists when regular in-
tervention produces results that are irregular. Regular methods of design and analysis are not
structured to cope with dynamic complexity. In real life, most situations deal with dynamic
complexity and not complexity of detail. Simulations with thousands of variables and complex
alignments of components are likely to divert our attention from seeing the main patterns and
interactions. Thus, a system becomes more complex with the growing number of sub-systems
within it, causing an increase in the number of interconnections between its components. A
successful systems engineer will be better equipped to describe the functionality of complex
systems.

• Interconnections: A successful systems engineer must understand and be able to describe the
interconnections (even when some of them are hidden) and the mutual influences between
sub-systems (and neighboring systems).

• Remedies for failures and system problems : Systems engineers are sometimes required to
remedy/solve/analyze system failures or system problems. Engineering systems thinking
a priori could, perhaps, prevent the appearance of a system failure or a system problem.
Therefore the treatment of system failures/problems is a significant component of engineering
systems thinking.
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• Analysis and synthesis: An engineer with a capacity for engineering systems thinking must
be able to move from the whole to its parts, and analyze the system by breaking it down
to its components. He or she must be able to track signals from the input through every
sub-system, and interface to the output. In addition to this, however, the systems engineer
must be able to synthesize. He or she must be able to assemble or connect sub-systems into
a complete system and provide end-to-end solutions.

• Don’t get stuck on details: There are engineers who have to thoroughly understand all the
details involved in a given problem in order to be able to form a decision and come up with
a solution. Engineers of this sort usually find it difficult to develop engineering systems
thinking. A successful systems engineer must be able to see the whole picture and not get
stuck on details. He or she should be able to act without understanding fully all of the
system’s details. Such engineers usually feel comfortable working in unclear conditions and
in an uncertain environment.

• Multidisciplinary and interdisciplinary knowledge: The single most prominent characteristic
of an engineer with a capacity for engineering systems thinking is multidisciplinary knowl-
edge, as well as interdisciplinary knowledge. Knowledge of this sort makes one comfortable
with multi-tasking activities. Multidisciplinary knowledge does not mean that one knows a
little of everything. The systems engineer must acquire specialization in at least one main
area (an anchor); in addition, he or she must be knowledgeable in all other relevant areas.
The engineer’s knowledge in those other areas need not be equal to that of a specialist. In
the additional content areas, the systems engineer must possess general knowledge and un-
derstanding on the overall level. He or she must be familiar with the jargon of the other
disciplines (relevant to his occupation and tasks), and be able to communicate with people
from different areas. Wide knowledge is required for the systems engineer also in order to
be able to understand and derive significance from the answers and reports of others, i.e.
?specialists? from outside his own main area of expertise. Such wide knowledge may also
enable the systems engineer to cope with new disciplines.

Some of these are kind of bullshit – we can identify that as we proceede but in general the list
simply calls for accepting complexity and uncertainty. A further expansion of these concepts is
listed in a set of systems laws (?) listed below

1. In all the project’s phases/stages and along the system’s life, the systems engineer has to take
into account the customer organization vision, goals and tasks, the customer requirements
and preferences, and the problems to be solved by the system and the customer needs.

2. The whole has to be seen as well as the interaction between the system’s elements. For this
purpose a circular thinking has to be developed, to replace the traditional linear thinking. A
problem should not be solved by just dismantling it to parts but all its implications have to
be taken into account. Each activity in a system’s certain element affects the other elements
and the whole.

3. Consider that every action could have implications also in another place or at another time.
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4. One should always look for the synergy and the relative advantages stemming from the
integration of sub-systems.

5. The solution is not always only engineering one. The systems engineer has also to take into
account cost, re-use, organizational, managerial, and personal considerations.

6. The system’s engineer should take as many different perspectives as possible, of every subject
or problem, and other aspects have to be reviewed from all points of view.

7. Always take into account electrical considerations, mechanical considerations, environmental
conditions constraints, quality assurance considerations, and benefit indices, such as reliabil-
ity, availability, maintainability, testability and productibility.

8. In all development phases the future logistic requirements have to be taken into account
(spare parts, maintenance infrastructures, support, service, maintenance levels, worksheets,
technical documentation and various manuals).

9. When a need arises to carry out a modification in the system, take into account: the engineer-
ing and non-engineering implications in any place and at any time; the effects on the Form,
Fit and Function; the delays and the time durations of the modification incorporation; the
system’s response time to the changes; the needs, difficulties and attitudes of those supposed
live with the modification; that the change could bring short-term benefit but long-term
damage.

10. Each problem may have more than one possible working solution. All possible alternatives
should be examined and compared to each other by quantitative and qualitative measure-
ments. The optimal alternative should be chosen.

11. Engineering design is not necessarily maximal. One should not always aspire to achieve
maximum performances. At every stage engineering trade-offs and cost-effectiveness consid-
erations should be considered. One could always improve more. One has to know when to
?cut? and freeze a configuration for production. Excessive pressure in a certain point could
cause a collapse at another point. Over stressing one part in the system could weaken another
part and thus the entire system. Maximum performance design is expensive and not always
results in maximizing entire system performance.

12. In case of system’s malfunction, problem or failure, repeated structures and patterns should be
looked for and analyzed, and lessons drawn accordingly (repeated failure is a failure that keeps
returning, after the repairs, until the true malfunction is found and repaired. A repeated-
non-verified failure is a failure that the user complained about, the technician inspected and
could not verify and the failure reappeared again in the next operation).

13. Look always for the leverage point ? changes that might introduce significant improvements
by minimum effort.

14. Pay attention to and take into account slow or gradual processes.

15. Avoid adapting a known solution for the current problem ? it might not be suitable.
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16. Take into account development risks. In each project uncertainty prevails on the level of
scheduling, cost, resources, scope, environmental conditions and technology. Therefore, the
strategy of eliminating uncertainties has to be taken ? e.g. experiments, tests, verifications,
analyses, comparisons, simulations, awareness of possible risks, planning ways of retreat and
risk deployment among the partners.

17. It is impossible to run a project without control, configuration management, milestones and
management and scheduling methods. Possible bottlenecks and potential critical paths have
to be examined constantly.

18. The operator/user person must be considered as major part of the system. Hence at each
stage, the human element has to be considered. The engineering design should include MMI
(Man-Machine-Interface) considerations.

19. The engineering design is a top-down design (excluding certain ?open systems?, for which the
bottom-up approach is preferable). The integration and tests are bottom-up.

20. At every stage, systemic design considerations should be used (such as decentralized or cen-
tralized design, minimum dependency between sub-systems, etc.). The systems engineer
should be familiar with system malfunction analysis methods and tools.

21. Engineering systems thinking requires the use of simulations. The simulation limitations
should be taken into account.

22. Engineering systems thinking requires the integration of expertise from different disciplines.
As the systems become more complex and dynamic, one person, as competent as he may
be, is inadequate to understand and see it all. Systems thinking, by its nature requires the
examination of different perspectives, calling for teamwork to cover the various perspectives.
When setting up the team proper representation has to be given to all the system’s functions.
Control and status discussions and meetings as well as ?brain storming? may have to be more
frequent.

23. Try to anticipate the future at every stage. Take into account anticipated technological
developments, future market needs, difficulties, problems and expected changes in the project.

24. Selecting partners and sub-contractors could be critical. Before signing agreements refer to
considerations such as the ?engineering/economic history? of the potential partner, manpower
(quality, stability, human capital) that he is capable of investing at the project’s disposal,
division of work and responsibility and proper arrangements for status meetings, integration
tests and experiments of all kind.

25. When selecting the software language or software development tools and platforms, make sure
that they are usable and supportable, or changeable, throughout the system’s life.

26. When selecting components for production, take into account their shelf life. Select compo-
nents whose supply is guaranteed throughout all the system’s life. In case of likely obsolescence
of component, make sure of having sufficient stock.
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27. In order to win a tender, many companies reduce the development price in their offer, assuming
that they will be compensated by the serial production and by the cost of modifications
(if required). Therefore, in engineering systems thinking, it is recommended not to start
development at all, if the serial production budgets are not guaranteed in advance.

28. Always examine the external threats against the system (for example, electro-magnetic-
interference, environment conditions, etc.).

29. Engineering systems thinking resorts probability and statistical terms, both when defining
the system specifications and when determining the project targets (costs, performance, time
and scope).

30. In engineering systems thinking it is advisable to limit the responsibility assigned to an
external factor (such as external counselor), since this increases the dependency on it.

4. Components Integration

Integration of components is where I think the real action occurs, and this course will focus on this
aspect.
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