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GST 70 - System Boundaries

Formal Description

A system boundary is a conceptual or physical distinction drawn to identify the components,
processes and interactions regarded as belonging to a system. System boundaries separate the
system from its environment for the purposes of description, investigation or analysis. The choice of
boundary influences how the system is represented but does not alter the underlying physical reality.

Plain English Explanation

When we investigate a system, we first need to decide what we are studying. We do this by identifying
its system boundary.

A system boundary separates the system from everything else. It helps us decide which components,
processes and interactions we will include in our investigation and which will be regarded as part of
the surrounding environment.

Sometimes the boundary is obvious. The casing of a computer or the walls of a building provide
convenient physical boundaries. In many situations, however, the boundary is chosen for the
particular purpose of the investigation. A transport planner may regard an entire city as the system,
while an engineer may focus on a single bridge within that city. Both boundaries are valid because
they are chosen to answer different questions.

Changing the system boundary changes the way we describe the system but does not change the
underlying reality. The same engine may be regarded as a complete system when investigating its
internal operation, or as a subsystem when studying the vehicle as a whole. Likewise, the transfer of
electrical energy into the engine remains physically the same whether it is described as an input to
the engine or as an internal transfer within the vehicle.

System boundaries therefore help us manage complexity. By choosing an appropriate boundary, we
can focus on the interactions most relevant to our investigation while recognising that the system
continues to interact with its wider environment through transfers of matter, energy and information.
There is no single "correct" system boundary for every investigation. The most useful boundary is the
one that best supports the purpose of the enquiry while preserving the important patterns of causal
organisation.

Understanding system boundaries is essential because every description of a system depends upon
them. They allow us to analyse systems at different levels of organisation without changing the reality
being studied.
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SYSTEM BOUNDARIES

The Same Physical Reality Represented Using Two Different Boundaries

Changing the system boundary changes the representation, not the underlying reality.
‘ It also changes which entities are represented as systems, subsystems or components.

REPRESENTATION 2:
Boundary Around the Entire Vehicle
Vehicle is the System of Interest

| REPRESENTATION 1:
Boundary Around the Engine
Engine is the System of Interest

= = N S s e e T
- =~ System Boundary — =~ System Boundary
—p Transfers (flows) = Transfers (flows) J
) L -
a Exhaust
o gasses
~
L/ N, /
\
§\
Air ~a - ;
/ /
I/ /
Fuel - | 7/
\ g /
1 \ ] B § >
Fuel —b: | l\ \ p R [ -~ e “a Mechanical
\l L 5 Mechanical \ . > I e 2 power
; power e, = - g £ \
U B o, g - Heat
\
, B Heat
_____ SUBSYSTEMS IN THE CAR
o = = 3 & 3 = 55 ) = =
SUBSYSTEMS IN THE ENGINE ‘ e Engine * Braking system
. * Transmission * Steering system
« Piston assembly ¢ Intake system ;
4 | ¢ Fuel system e Drive system
g valve train sjExnaust system « Cooling system (axles, driveshafts)
* Fuel injection system * Ignition system « Exhaust system « Body and interior
 Lubrication system ¢ Crankshaft assembly o Electrical system o Wheels and tyres
¢ Cooling system * Engine control system  Battery » Sensors and control systems
« Suspension system e ... and others
— = — — ),
WHY THE DIFFERENCE?
o hoi Fbotndaryd d i The physical components and transfers are identical
ur choice of boundary depends on the purpose in both representations.

outhe lvestisation: Only the boundary — and therefore the level of detail |

* When the engine is the system of interest, we represent — has changed |
its internal parts are represented as subsystems.

* When the whole vehicle is the system of interest, The same reality can be represented at
the engine is represented as one of many different levels of analysis.
subsystems. ‘

‘ NOTE ON TERMINOLOGY (PLAIN ENGLISH USAGE)

In everyday engineering language, the parts listed above are commonly referred to as the engine components.
In this course we use the more precise term subsystems to reflect that each has its own internal
organisation and emergent capabilities.

EDUCATIONAL EMPHASIS: BOUNDARIES ARE ANALYTICAL TOOLS

| Boundaries help us ‘ The same entity can be Compression (fewer Boundaries do not
focus on what matters &~  asystem, subsystem or ° details) and decompression create or change the
for our purpose of N component depending (more details) are underlying physical

investigation. on the boundary necessary and productive reality.
chosen. in analysis.

Reality is one. Our representations are many. Boundaries help us think clearly.
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Examples

A hospital administrator may define the hospital as the system and regard patients, suppliers and
emergency services as part of the environment. A national healthcare planner may instead treat the
hospital as one subsystem within the wider healthcare system. The hospital itself remains
unchanged; only the chosen boundary differs.

An ecologist may study a single pond as a system, while another researcher investigates the entire
river catchment. Both studies describe the same physical world, but they adopt different boundaries
to address different questions.

Provenance and Links

The concept of system boundaries has been central to systems thinking since its earliest
development. Systems theorists have consistently recognised that the choice of boundary
influences the representation and analysis of a system. Within General Systems Theory, system
boundaries provide a means of identifying the scope of an investigation while recognising that
systems remain causally connected to their environments through ongoing transfers of matter,
energy and information.

Practical Exercise
Choose a familiar system such as a school, a business, a household or a motor car.
Draw two different system boundaries around the same physical reality.
For each boundary:
e I|dentify whatis included within the system.

e |dentify what forms part of the environment.
e Describe the principal transfers of matter, energy or information that cross the boundary.

Finally, explain why each boundary might be appropriate for a different investigative purpose and how
changing the boundary alters the representation without changing the underlying reality.
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