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Systems
The world is composed of distinct function elements that interact with each other, and are elements of
bigger functional things. This is the basis of the systems perspective, and those things are called
systems. It's a way of looking at the world that lets one compartmentalize phenomena to understand
them more easily and better. This perspective can greatly help designers understand the impact that the
products they create has on the world, and vice versa.

What is a system?
From [KMR90], [SJ00], we have the following deﬁnition of a system:

A system is (1) a set of (2) interacting elements, (3) that provide a speciﬁc set of
transformative functions, and (4) that is distinct from its environment.

That is, a system has four characteristics:
1. A system has more than one element or component.
2. A system's elements interact (they exchange mass, energy, and information) in some manner of
interest.
3. A system provides a set of transformative functions; it does something speciﬁc that we want it to
do (it has a purpose) and that we can quantify its performance in providing those functions.
4. A system is distinct from its operating environment; that is, you can say with complete certainty
whether a part is a part of the system or a part of everything else (the environment).
Consider the design of a paperclip. From the point of view of the paperclip, it and the papers it binds
together do constitute a system, but an unused paperclip and the tray in which the paperclip lies does
not constitute a system. This is because when the paperclip is binding paper, it is providing a function
and interacting in a manner of interest with the paper; but when the paperclip is just lying in a tray, it is
not providing a function and it is not interacting in a manner of interest from the paperclip's point of
view.

The situation would be diﬀerent for the design of the tray: the tray's designer would indeed
consider the tray and a paperclip in it to constitute a system. Can you explain why?

Point of view is very important when dealing with systems. It can, however, be confusing when you have
many systems to design together.
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Exercise for the reader: Identify which of the following items constitute a system, and
explain why it is or isn't a system, with respect to the deﬁnition given above.
An automobile sitting in a locked garage, from the point of view of the automobile.
A cup of water, from the point of view of the counter on which the cup sits.
The Earth and Moon, from the point of view of either the Earth or the Moon.

There are two terms we use to describe one system's relationship to another system:
Subsystem
A subsystem is a system that is fully contained within another system. (Supersystem is the
corollary term.) A subsystem may partially share a boundary with its containing system. A system
that shares a boundary with its supersystem is an interface subsystem.
For instance, in a laptop computer (the system), the keyboard is an interface subsystem of the
computer, but the internal hard drive is only a subsystem (not an interface subsystem) of the
computer.
Co-system
Given a system, its co-systems are other systems that (a) are outside of, but (b) interact with, the
one. Co-systems do not overlap one another but can share a boundary.
For instance, in a laptop computer (the system), the keyboard, hard drive, screen, case,
motherboard, etc. are all co-systems.

Exercise for the reader: Refer to Figure 1 below: Identify all the subsystems, naming the
corresponding containing systems, and all the co-system groups.

The systems perspective works best when you admit only two kinds of things: systems and parts.
Systems can contain other systems or parts, but parts cannot be broken down at all - they are “atomic”
items. So a product would break down into a hierarchy: the product itself is a system, which is composed
of other systems, each of which is composed of still other systems. Eventually, though, one ﬁnds some
level of sub…subsystem that contains only parts; and there, the hierarchy ends.
What is interesting here is that any product we design is not only a system in its own right, but is also an
element in some larger system. And that larger system is an element in a still-larger system. So the
hierarchy works both ways, down in detail from our product system, but also up into larger and larger
supersystems.
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Fig. 1: Even something as
small as a piston is connected
to so many other systems —
and can have all kinds of
eﬀects in those systems.

Refer to ﬁgure 1, and consider a piston in a car's engine. It is a part of the engine, both structurally and
functionally. Since the engine is part of a car, it follows that all parts of the engine are also parts of the
car. Put another way, the piston is an element of the car system. The engine is an intermediate system (a
subsystem) that is useful in its own way, but it doesn't really exist except as a mental thing.

Exercise for the reader: Imagine you are looking under the hood of a car, at the engine.
Except for knowing what an engine is, how exactly can you tell where the engine ends and
the rest of the car starts?

Of course, distinguishing the engine as a particular subsystem of a car is very useful. It helps manage
complexity by letting us break up functions a car must carry out. Indeed, the functions of the engine are
unique over all other systems in a car. There may be cases of cars that have more than one “engine” (or
at least motor) — consider hybrid vehicles, or cars that have wheel-motors1). But in this case, the
functions provided are substantively diﬀerent than those of a conventional internal combustion engine.

Exercise for the reader: How are the functions of wheel-motors diﬀerent than those of an
IC engine?

This logic follows right through to the other “end” of the chain, the economic system per Figure 1. That
is, a piston is in essence a part of the economic system.
What we're missing here is the degree to which the piston is a participant in a system that contains it.
The piston is essential to the engine, but not very important at all to the economic system. The
“distance” between the piston and the economic system is a rough measure of this.
Still, one cannot discount the inﬂuence in certain unlikely circumstances.

Thought experiment: Can you think of a circumstance where a piston could inﬂuence an
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economic system (e.g. the economy of a region or even a nation) signiﬁcantly?

Exercise for the reader: If you're interested in how diﬀerent technological things connect
together throughout history, then you'll love James Burke's television series Connections.

Exercise for the reader: Think of 10 systems. For each system, think of as many possible
supersystems as you can.

And it is the existence of our product system in some larger system that gives rise to a product's function
and purpose.

Features of systems
Systems have certain key features. Understanding those features is the essence of understanding what
systems are and how they operate.

Systems encapsulate behaviours
Consider a refrigerator. Its function is to provide a small cold space for preserving things. How it executes
this function (that is, its behaviour) is irrelevant (except to HVAC engineers and refrigerator repairpersons), because all any other system cares about is its inputs and outputs - its system interface. You
don't care how or why your refrigerator works, so long as it does - its behaviour is encapsulated within it.
The behavioural performance of the transmission of an automobile is entirely independent of the
behavioural performance of the engine. It doesn't matter if the engine has four cylinders or eight, or
operates by internal or external combustion; the transmission accepts certain outputs from the engine as
its inputs, and does something with them to create new outputs. Thus, a system hides - or encapsulates its internal structure and behaviour within it, such that no external system cares at all what is going on
inside it.
Sometimes, we call a system a black box to underscore that its internals are completely separated from
the system's environment. This is described in diﬀerent ways in the literature. For instance in [AEO11],
functions are categorized as basic (external functions visible to agents outside the system) and
secondary (internal functions that operate entirely within the system); in this case, the secondary
functions are entirely encapsulated by the system. There is also a common - and arguably simpler convention: behaviour is what happens inside a system; function is how that transformative behaviour is
used outside the system.
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An important consequence of system encapsulation is that one can substitute any one system for
another, so long as its inputs and outputs are the same. This is the foundation of modularity.
This underscores the importance of understanding the boundary of a system. Encapsulation only works if
there is a crisp separation between systems; that is what boundaries are for.
If you are not sure where the boundary of your system is, then you're doing something wrong.

Systems interact by exchanging inputs and outputs
Systems are dynamic: they do things with and to other systems, and other systems can do things with
and to them. However, since the internal structure of systems is hidden from outside its boundaries, the
only way systems can communicate is through interacting - exchanging things between them.
In engineering design, there are only three broad classes of things that are exchanged between systems:
mass, energy, and information. Speciﬁcations of system interactions between systems (which is a part of
designing) are the system's system interfaces. A system's interfaces describe its behaviour.

Exercise for the reader: For each system below, (a) identify its boundaries and (b)
describe its interfaces as fully as possible.
The TTC
A typical Toronto subway train
An umbrella
The inside of a bank
A gas pump

Systems transform their inputs into their outputs
A system is a dynamic entity that responds to stimuli by performing some kind of transformation. You
can think of it as an analogy with a simple function: y = f(x). x is the input, y is the output, and f is a
function that transforms x into y. The function f is the system, x represents the mass, energy, and
information inputs to the system, and y represents the mass, energy, and information outputs from the
system. NOTE: This is the view from outside the system; if we were inside it, we would be talking about
behaviour.
Inputs and outputs are not necessarily things that enter and exit a system in the usual sense. They are
the things that are changed by the system. Here are some examples of non-obvious inputs and outputs:
User of an elevator: The user enters the elevator at one ﬂoor and exits at another. The user has
been transformed (in space). So one input to the elevator is the user at ﬂoor a and one output is
the user at ﬂoor b. The same argument can be made for the driver and passenger of an automobile
or other vehicle.
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Person drinking from a coﬀee cup: The coﬀee (and cup) transforms the drinker. The input is a
“sleepy” user, and the output is the same user, but energized by the coﬀee. A similar argument
applies to a restaurant, a bottle of water, etc.
The user of an agenda, or personal information manager: One input of such a product is a
“disorganized person,” and one of the outputs is an “organized person.”
Sometimes, the changes to the inputs can be quite profound; these are the changes we are more
accustomed to thinking of as inputs and outputs. Gasoline is an input to an automobile engine and the
corresponding outputs are mechanical energy, heat, noise, and various unpleasant chemicals.
The important point here is that anything that is transformed by a system is an input/output.

Exercise for the reader: For each system below, identify as many inputs and outputs as
possible. Be sure to match inputs to outputs.
The TTC
A typical Toronto subway train
An umbrella
The inside of a bank
A gas pump

This view of systems is supported by Eekels ([Eek00]), who wrote that an action is performed by a
subject on an object.

System components may be physically separate
A system's components do not have to be in physical contact to interact. The earth and the moon
constitute a system. A billboard and the condominium the view of Lake Ontario that it blocks constitute a
system. The furnace and the people who live in the building that it heats constitute a system.
Assemblies are a special kind of system, where there is physical contact between the parts.
A corollary of this is that system components may be distributed (intentionally) throughout other
systems. For example, the electrical system of a car has elements scattered everywhere within the car,
and yet is considered a system distinct and separate from all the others; this is because it provides a
distinct and separate set of functions.

Systems need the functions of its subsystems
Consider an automobile and its engine. The automobile is a system. So is the engine. The engine is a
subsystem of the automobile. One function of the automobile is to move people and cargo. The function
of the engine is to create mechanical power suﬃcient to move the automobile. The function of the engine
is not the function of the automobile. But the automobile needs the engine's function to provide its own
https://deseng.ryerson.ca/dokuwiki/
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function.
In this case, a system uses the function of subsystems to deliver a possibly diﬀerent function.
This is supported by Eekels ([Eek00]), who wrote that parts of the subject are connected to parts of the
action by a functional organization, and an action method connects parts of the action to parts of the
object.

Systems may "inherit" the functions of its subsystems
Consider instead a warm air humidiﬁer. This product serves two functions: to warm air, and to control the
humidity in the air. Inside the product is a heater whose function is to warm the air that passes through
it. This heater is a subsystem of the product. In this case, the function of a subsystem (the heater) is the
same as one function of the product as a whole (the humidiﬁer).
Here, a system simply passes the functions of its subsystems up to the user (it “inherits” the functions of
the subsystems).

Systems make no commitment to physical structure
Two diﬀerent systems can share physical parts. A system groups functions, not parts. For example, an
engine block is part of the combustion system and the lubrication system (the engine block contains
passages that let lubricant move from the top of the engine to the bottom); the block is part of two
diﬀerent systems.

Systems do not duplicate each others' functions
Unless there is a speciﬁc reason to introduce redundancy into a system, then systems must provide nonoverlapping sets of functions. In a car, for example, only the engine provides power. The battery provides
power too, but only to start the engine and run certain electric systems. The battery is recharged by the
engine. Even though both the battery and the engine provide power in the general sense, they have very
speciﬁc and non-overlapping roles.

Functional inputs and outputs
There are three basic types of system inputs and outputs: mass, energy, and information; but since
systems are functional units, their inputs and outputs should be functional too. That is, deciding whether
a given input or output should be one of mass, or energy, or information depends on the function that the
input/output will serve. It also depends on how much one already knows about the design.
For instance, one might be tempted to deﬁne an input into an engine as a mass input: gasoline. This
assumes, however, that one has already decided to use gasoline as a fuel. It may be that the problem is
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constrained such that gasoline is the only reasonable energy source; in this case, the assumption is
justiﬁed. On the other hand, the assumption is not justiﬁed if no such constraint exists; in this case, it
makes sense to specify an energy input - which opens the possibility of using other kinds of engines rather than a mass input. This is to say that one speciﬁes input and output types based on the needs of
the problem, which is deﬁned by the situation one seeks to address.
The situation becomes even more tricky when dealing with information inputs and outputs, because
information can be carried by both energy (such signals in wires, or RF radiation) and mass (text in
books). Again, the speciﬁcs depend on the reason why the transfer between systems is needed. Consider
the following example:

If I give you a heavy textbook, it can represent:
a mass transfer if you need a weight to prop open a door;
an energy transfer if you intend to burn it to make heat; or
an information transfer if you will read and learn its contents.

In all three cases, the same book is passed between systems, but it is treated as one of mass, or energy,
or information, depending on its role (function) in the situation. This underscores the important diﬀerence
between the physical form and substance of a design intervention on the one hand, and the way that it
gets used on the other. As designers, we always start from the use (function) and move toward form
(structure).
Thus, when one identiﬁes inputs and outputs of a system, one must consider the role of those inputs and
outputs within the larger ensemble of systems that includes the system being designed.

"Good" and "bad" inputs/outputs
No system is perfect. This means that all systems produce “good” and “bad” outputs, and have to deal
with “good” and “bad” inputs that come to it from other systems.
The terms “good” and “bad” are relative; that is, they depend on the roles assumed by the inputs and
outputs in speciﬁc situations. For example, a gas-powered internal combustion engine produces a good
output - mechanical energy - and several bad outputs - waste heat, noise, and a variety of noxious
chemicals. The engine also has to tolerate a variety of bad inputs: impurities in the gasoline, acts of
vandalism (e.g. putting a sugar cube in a gas tank), a range of possibly harmful ambient temperatures,
etc.
To design a good solution, a designer must account for both the good and the bad inputs and outputs. So
both good and bad inputs and outputs must be treated in a system design.
The good inputs and outputs are quite naturally treated, and tend to be identiﬁed very easily based on
requirements for the design problem. Bad inputs and outputs are generally treated in two ways:
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Elimination: One can strive to develop a system that simply produces no bad outputs. Of course,
this is technically impossible, but it is possible to minimize many bad outputs through technologies
that increase eﬃciency. However, there are pragmatic limits on increasing eﬃciency (cost,
development time, maintenance, etc.) One can minimize bad inputs by providing technologies that
ensure high quality inputs. However, high quality means high cost.
Accommodation: One can ﬁnd ways to accommodate bad inputs and outputs in some way. For
example, using thermoelectric power generating technology can recycle a signiﬁcant portion of the
heat from internal combustion engines that would otherwise be wasted; or one can ﬁnd a reason to
gather bad outputs to be used in some other situation where it is a useful input (e.g. industrial
ecologies). One can also design systems that accommodate bad inputs through techniques such as
robust design.
No matter how one deals with bad inputs and outputs, it is essential to include them in any system
design exercise.

The "black box" approach
The systems approach is to start by considering a system to be a black box; that is, an entity the internal
structure of which is not apparent. At this stage, we can only talk about the system's inputs and outputs
(i.e. its behaviour) without thinking at all about how the system converts its inputs into outputs.
When designing a system (mechanical or otherwise), the outputs are determined by the functions
(functional requirements) that the system serves in its environment. The inputs, though often
constrained by the environment, can be speciﬁed by the designer. Besides the functions, a product might
have to exhibit certain qualities (product characteristics) that further limit its behaviour (how it can
transform inputs to outputs). The inputs and outputs together constitute the a complete set of interfaces
between a system and its environment – every possible interaction of consequence must be accounted
for.
Notice how a product architecture corresponds nicely with the needs of systems design.

Exercise for the reader: Consider a pen. It is a system. Its inputs are forces transmitted to
it by a human hand and by a writing surface. Its output is ink left behind on a sheet of paper.
The internal structure of the pen and how it transforms its inputs to its outputs is unknown
to us, because at this stage the pen is a black box. The output is constrained by its
environment and the nature of its intended interactions with the environment. Many
questions are unanswered, though. Will the pen be used in space? Will it be used
underwater? What kind of paper will it be used to write upon? What color is the paper?
(Writing on black paper with black ink is not very useful….). How do we stop it from writing
(so we don't get a pocket full of ink)? Have we omitted any inputs or outputs of a pen?

Once the behaviour of a system are determined and speciﬁed, then the black box can be opened to
reveal its internal workings. Of course, there isn't really anything there yet – we still have to design it!
DesignWIKI - https://deseng.ryerson.ca/dokuwiki/

Last update: 2020.03.12 13:30

design:system

https://deseng.ryerson.ca/dokuwiki/design:system

But it is only after we have determined the system's inputs and outputs that we proceed to design the
system itself.
Designing a system consists of ﬁnding transformations that convert the available inputs into the required
outputs. In the early stages of design, these transformations are best described as actions the system
has to take to convert inputs to outputs, while making as little commitment as possible to how these
actions will be carried out physically.

Exercise for the reader: Consider the pen again. How can the forces that are inputs be
transformed into writing? Where does the ink come from? How can forces be used to renew
the supply of ink when it runs out? One way of getting the pen to write is to use the forces to
cause friction between a part of the pen wetted with ink and a sheet of paper. How does ink
get delivered to the wetted surface? Do we use human forces to get the ink to the wetted
surface, or is there another force we can use? Did we include that force as an input to the
overall system?

This leads us to setting up a set of subsystems, which are components of the overall system. Each
subsystem takes some inputs and converts them into some outputs. By piecing together these
subsystems, we can fully deﬁne the overall system.
We can then imagine subsystems of a pen might be
1.
2.
3.
4.

store ink,
deliver ink to the wetted surface,
expose the wetted surface to paper, and
maintain structural integrity amongst the components.

Notice how each of these subsystems is speciﬁed in terms of what they do within the pen system. At the
level of each of these subsystems, the pen itself is in the environment.
Each subsystem is itself a black box. To continue the design, we have to open all those black boxes and
repeat the procedure (i.e. system design is a recursive process). Eventually, we reach a point where the
subsystem components are either (a) no longer systems themselves (they can be implemented with a
single part) or (b) we have a ﬁxed, available solution for implementing the particular component.

Exercise for the reader: What are the sub-subsystems of the ink storage subsystem
mentioned above? Are there any?

Now, we start working back up towards the overall system. Starting at the smallest level of subsystem,
physical components are assigned to each system component, and assembled to constitute
subassemblies. These subassemblies are in turn assembled to form higher level assemblies until we
reach a single assembly representing the overall system being designed.
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The ink storage subsystem gives rise to the ink cartridge, the cartridge's writing tip arises as the
delivery mechanism, when combined with the cartridge itself (notice how multiple functions are
provided by one single physical component). The pen's “body” or shell provides a housing to provide
structural integrity to the other components.

Here is another example. In designing an elevator, the ﬁrst level of design will require development of
requirements and design concepts for the elevator system as a whole (i.e. not just the elevator cab).
Once a winning concept has been established through the use of the decision matrix, the overall system
which has been a black box up to now, is opened the various subsystems are identiﬁed, each subsystem
providing one or more of the overall system functions.
The elevator's cab would constitute one of many subsystems in the overall elevator system. The cab
provides a number (but not all) the functions expected of the overall system. The cab now becomes the
product being designed. So long as the design of the cab proceeds so that it provides all the functions
expected of it, then any suitable design of the cab will ﬁt into the overall elevator system design.

An example: putting it all together
Fig. 2: A typical modern gas station (courtesy
Shell).

Consider ﬁgure 2 of a gas station. Note that some of the system elements have been indicated. A gas
station is a far more complex system than just a place to pump gasoline into cars. If you're going to
design a good gas station, you need to understand how it performs as an element of a bigger system
before you can ﬁgure out what the gas station will look like and how it will work.
The gas station has inputs of gasoline, cars and other vehicles in need of gas, people (customers,
employees, passengers, etc.), other products (snacks for the shop, air to ﬁll one's tires, possibly a car
wash — what does that require as inputs), electricity, information (via computer connections to set the
price, say, or to validate credit/debit card purchases).
Even the environment (the local environment, at least) can be thought of as an input2).
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It has many outputs too: vehicles with full gas tanks, employees who have earned a living, environmental
damage, revenue and proﬁt for the owners, certain waste products (e.g. sewage from the customers-only
washrooms, dirty water wiped from the windshields of cars, candy wrappers from snacks purchased at
the snack shop….)
What's more, the gas station itself is made up of subsystems that all have to work together properly.
Each pump at the gas station is itself a system that has inputs and outputs. You can probably guess what
they are.
Now consider this. A system transforms its inputs to its outputs. A gas pump changes a car by ﬁlling its
tank, thereby transforming the car between two diﬀerent states. So the pump takes the car as an input.
This is certainly true, but there is something new about this situation that changes things a little: the
pump interacts directly with the car. The interaction is a transmission of gasoline (from a reservoir)
through the pump and into the car's gas tank. This means it makes more sense to think of the pump and
the car as two subsystems of the same larger system, which interact with each other.
So, from the point of view of the gas station as a whole, the car is an input; but from the point of view of
the gas pump, the car is another system with which it interacts. This may sound confusing, but it isn't so
long as you carefully keep track of which system you're thinking about.
Here is a rule to help keep things straight:
If system A and system B interact (i.e. exchange mass, energy, or information) and A transforms B,
then the two systems are considered components of a larger system. We call such systems cosystems.
If system A and system B do not interact, and A transforms B, then B is an input to A resulting in
some outputs.
So, systems do not only interact with one another, but can be inputs and outputs of other systems.

Exercise for the Reader: Try to describe how a car interacts with a gas station, without
mentioning a subsystem of the gas station, and without mentioning a function that is
handled by a subsystem of the gas station.

There are lots of other examples of this sort of change. The driver of a car is input to it as a whole, but
becomes a component of the car and interacts with its subsystems. Batteries are inputs to a ﬂashlight,
but once installed become a subsystem of the ﬂashlight. A CD-ROM is input to your computer, but once
it's in there, it becomes a component of the the computer's “ﬁle system”.

Exercise for the reader: We've seen how the pump changes the car. But the car cannot
pump gas itself. That's where the user comes in. How does the pump change its user? Is the
user best thought of as an input/output of the pump, or as an interacting co-system.
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In other words, as Amory Lovins says, “People don't want heating fuel or coolant; people want cold beer
and hot showers.”
Indeed, we can't know what a product will look like until we understand what it's supposed to do.
Of course, we will often use nouns to represent a system, like “gas station” and “car.” But these are very
general nouns that capture the essential purpose of the product, and not the actual structure of it.
They're labels and little more at this point in the design process, that stand for functions that most of us
take for granted. (You wouldn't use a “car” to drive a nail into a piece of wood, and you would not ride a
hammer to school!)
So systems are about functions, not (yet) structures.
Fig. 3: An overhead projector in use.

Now here, we come to an interesting feature of systems (functional things) versus products (structural
things): the individual parts of a product can be elements of more than one system at the same time.
This is easily shown by example.
Consider an overhead projector, like the one shown in ﬁgure 3. It has a hard outer shell. This outer shell
is probably made of a few pieces of metal or plastic. Each piece of the shell could itself part of several
diﬀerent systems simultaneously. The shell pieces may be part of:
a safety system, because they protect users from sticking their hands inside the projector;
a structural system, in that other pieces are connected to it internally that must remain aligned in
particular ways for the projector to work;
an aesthetic system that gives the projector a marketable look;
a noise reduction system to help keep the fan's noise under control;
…and so on.
This is an important distinction to be made: physical parts of products are not necessarily just elements
of one system, but can simultaneously be elements of many diﬀerent systems. And since each system
provides diﬀerent functions, then such product parts are multi-functional.
Developing multi-functional parts is a good way to improve the quality and robustness of a product while
also lowering its cost. And it comes from having a systems perspective.
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Exercise for the reader: Here are some other examples of simple systems that you may
see with every day, listing some of their subsystems. Do you understand why the
subsystems are there? Do you see any subsystems missing?
Stapler: staples, structural system, safety system, stapling system, staple-loading
system.
Coﬀee Mug: containment system, lifting system, insulation system.
Toaster for Home Use: heating system, access system (to insert bread and extract
toast), electrical system, control system.

Exercise for the reader: For each item below:
1. ﬁnd an image of one via Google,
2. based on the image, come up with a list of typical parts of the product, and
3. group the parts together into diﬀerent systems.
Then think about or discuss any diﬃculties you had in grouping parts into systems. Why do
you think that might be?
A retractable pen
A conventional hammer
A 3-hole punch for paper
An electric screwdriver

When we design something, we're planning to create something that is new to the environment in which
it will be used. If the things we design are systems, then our products transform the environment.
Since engineers' ﬁrst ethical duty is to the public good, we need to design products that will transform
their environments in beneﬁcial ways. This means we must understand why we are introducing the new
product — what transformation do we want to happen?
So we need to understand what the environment currently is — how things are. Then we must set down a
preferred environment that will result from a product being added to that environment. The product will
transform the current environment to the new and preferred one.
But a product can only change parts of the environment.

Thought Experiment: Think of a product you recently purchased. Think of how this
product is beneﬁcial to you. Now think of other things in your life that are not aﬀected at all
by that thing you bought.

Even if a product is beneﬁcial in some ways, it will probably be harmful in other ways3).
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Systems

When we design things, we have to design them to work harmoniously with other things in a the
environment. We have to ﬁnd designs that balance the beneﬁts of the product's use against the damage
it can also cause.
Since systems design makes us think in terms of transforming the environment, it is an excellent way to
help us design products that work well, harmoniously, in their environment.

See Also
System diagrams are how systems are represented graphically.
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systems, balance
1)

Or, if you really want to get weird, consider the spherical wheels of the Audi RSQ — which might not
really be that crazy.
2)

Why? Well, consider: does the gas station change the environment?
3)

Example: Nuclear energy is “clean” (with respect to greenhouse gases) and eﬃcient. But the radioactive
waste a reactor produces can be very harmful.
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