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Keep it Simple

• Beck:
‣ Is the simplest design the one with the fewest 

classes? This would lead to objects that were too 
big to be effective. Is the simplest design the one 
with the fewest methods? This would lead to big 
methods and duplication. Is the simplest design 
the one with the fewest lines of code? This would 
lead to compression for compression's sake and a 
loss of communication.
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Four Constraints, in Priority Order:

• The simplest system (code and tests 
together) is one that:

1. communicates everything you want to 
communicate,

2. contains no duplicate code,

3. has the fewest possible classes, and

4. has the fewest possible methods.

‣ (1) and (2) together constitute the “Once and Only 
Once” rule.
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What belongs in a Class
• Metz:
‣ Your goal is to model your application, using 

[objects], such that it does what it is supposed to do 
right now, and is also easy to change later.

‣ “Design is more the art of preserving changeability 
than it is the act of achieving perfection”.

• An object with a single responsibility:
‣ can be reused wherever that responsibility is needed

‣ solves the design problem, because it tells you what 
code should be in it.
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Bicycle Example
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The terms small and big are not very precise. To compare different gears, bicyclists
use the ratio of the numbers of their teeth. These ratios can be calculated with this
simple Ruby script:

1 chainring = 52 # number of teeth
2 cog       = 11
3 ratio     = chainring / cog.to_f
4 puts ratio # -> 4.72727272727273
5
6 chainring = 30
7 cog       = 27
8 ratio     = chainring / cog.to_f
9 puts ratio # -> 1.11111111111111

The gear created by combining a 52-tooth chainring with an 11-tooth cog (a 52 × 11)
has a ratio of about 4.73. Each time your feet push the pedals around one time your
wheels will travel around almost five times. The 30 × 27 is a much easier gear; each
pedal revolution causes the wheels to rotate a little more than once.

Believe it or not, there are people who care deeply about bicycle gearing. You can
help them out by writing a Ruby application to calculate gear ratios.

The application will be made of Ruby classes, each representing some part of the
domain. If you read through the description above looking for nouns that represent
objects in the domain you’ll see words like bicycle and gear. These nouns represent the
simplest candidates to be classes. Intuition says that bicycle should be a class, but noth-
ing in the above description lists any behavior for bicycle, so, as yet, it does not qual-
ify. Gear, however, has chainrings, cogs, and ratios, that is, it has both data and
behavior. It deserves to be a class. Taking the behavior from the script above, you cre-
ate this simple Gear class:

18 Chapter 2. Designing Classes with a Single Responsibility

Small Gear Big Gear

Little chainring, big cog.
Feet go around many times, wheel goes
around just once.

A big chainring and little cog.
Feet go around once; wheel goes
around many times.

Figure 2.1 Small versus big bicycle gears.
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Ruby code:
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Cyclists (at least those in the United States) use something called gear inches to
compare bicycles that differ in both gearing and wheel size. The formula follows:

gear inches = wheel diameter * gear ratio

where

wheel diameter = rim diameter + twice tire diameter.

You change the Gear class to add this new behavior:

1 class Gear
2 attr_reader :chainring, :cog, :rim, :tire
3 def initialize(chainring, cog, rim, tire)
4 @chainring = chainring
5 @cog = cog
6 @rim = rim
7 @tire = tire
8 end
9
10 def ratio
11 chainring / cog.to_f
12 end
13
14 def gear_inches
15 # tire goes around rim twice for diameter
16 ratio * (rim + (tire * 2))
17 end
18 end
19
20 puts Gear.new(52, 11, 26, 1.5).gear_inches
21 # -> 137.090909090909
22
23 puts Gear.new(52, 11, 24, 1.25).gear_inches 
24 # -> 125.272727272727

The new gear_inches method assumes that rim and tire sizes are given in inches,
which may or may not be correct. With that caveat, the Gear class meets the spec-
ifications (such as they are) and the code, with the exception of the following bug,
works. 

1 puts Gear.new(52, 11).ratio # didn't this used to work?
2 # ArgumentError: wrong number of arguments (2 for 4)
3 #         from (irb):20:in 'initialize'

20 Chapter 2. Designing Classes with a Single Responsibility
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Grace version
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Single Responsibility?
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• Not really!
‣ since when does a gear have a a tire and a rim?

‣ mixed up with other bits of bicycle

• Does it matter?
‣ Maybe!



Arguments to “Leave it be”
• Code is Transparent and Reasonable
‣ Consequence of a change should be Transparent

‣ Cost of change proportional to benefits

• Why?  Because there are no dependents

• How should we improve it?
‣ We don't yet know — but the moment that we 

acquire some dependents, we will

➡ Wait until that time
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Arguments for Change

• Code is neither (re)usable, nor exemplary
‣ multiple responsibilities ⇒ can’t be used for other 

gears

‣ not a pattern to be emulated
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Improve it now vs. improve it later

• This tension always exists!
‣ designs are never perfect

‣ the designer has to weigh the costs and benefits 
of a change
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Embracing Change

Some basic rules that will help, regardless of 
what change happens:

• Depend on Behaviour, not data
‣ encapsulate instance variables

° Grace gives us this one for free

‣ encapsulate data 
° e.g., don’t expose an array of pairs of numbers
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obscuringReferences
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method knows all about 
the structure of d



Separate Structure from Meaning
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• If you need a table of wheel and tire sizes, make 
it contain objects, not lists

• Metz uses a Ruby Struct to create a transparent 
object.

• In Grace:
class wheelWithRim(r) tire(t) { 
    // this is equivalent to the Ruby `Struct.new(:rim, :tire)` 
    method rim { r } 
    method tire { t } 
    method asString { "{rim} wheel with {tire} tire" } 
}





Embracing Change

• Enforce Single Responsibility 
Everywhere
‣ Extract extra responsibilities from methods

‣ Isolate responsibilities in classes
° Grace lets you create “local” classes
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This method is too long!
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Will you ever need to get the diameter of just one wheel? Look at the code again; you
already do. This refactoring is not a case of overdesign, it merely reorganizes code that
is currently in use. The fact that the singular diameter method can now be called
from other places is a free and happy side effect.

Separating iteration from the action that’s being performed on each element is a
common case of multiple responsibility that is easy to recognize. In other cases the
problem is not so obvious.

Recall the gear_inches method of the Gear class:

1 def gear_inches
2 # tire goes around rim twice for diameter
3 ratio * (rim + (tire * 2))
4 end

Is gear_inches a responsibility of the Gear class? It is reasonable that it would be.
But if it is, why does this method feel so wrong? It is muddled and uncertain and
seems likely to cause trouble later. The root cause of the problem is that the method
itself has more than one responsibility. 

Hidden inside gear_inches is the calculation for wheel diameter. Extracting
that calculation into this new diameter method will make it easier to examine the
class’s responsibilities.

1 def gear_inches
2 ratio * diameter
3 end
4
5 def diameter
6 rim + (tire * 2)
7 end

The gear_inches method now sends a message to get wheel diameter. Notice that
the refactoring does not alter how diameter is calculated; it merely isolates the behavior
in a separate method. 

Do these refactorings even when you do not know the ultimate design. They are
needed, not because the design is clear, but because it isn’t. You do not have to know
where you’re going to use good design practices to get there. Good practices reveal design. 

This simple refactoring makes the problem obvious. Gear is definitely responsible
for calculating gear_inches but Gear should not be calculating wheel diameter.

30 Chapter 2. Designing Classes with a Single Responsibility
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The Real Wheel

• The customer tells you that she has need 
for computing wheel circumference.

• This tells you that your “bicycle calculator 
app” needs to model wheels.

• So let’s move wheel out of gear.
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