
06. Analysis & Design: Software Design
CS 346: Application Development

Design guidelines; SOLID principles



Phase 3: Analysis & Design
We’ve determined the high-level structure of our application. What’s next? 

We can consider software design of our system: 

• What critical classes we might need. 

• How these classes should relate to one another. 
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Software architecture and design are related concepts, 
that operate at different levels of abstraction. Think of 
them as working along a continuum.

Level of detail

High-level  
Architecture & Structure

Low-level  
Design & Implementation

(Scalability, Extensibility) (Simplicity, Testability)



What is Software Design?

3

The term “software design” is overused. The definition will vary depending on who you ask. 

• A UX designer will treat design as the process of working with users to identify requirements, 
and iterating on the interaction and experience design with them to fine tune how they want 
the experience to work (we did this in the requirements phase!) 

• A software engineer will want to consider ways of designing modules and source code that 
emphasize desirable characteristics like scalability, reliability and performance. 

• A software developer may want to consider structure of their code, readability and 
maintainability, and correctness of the results (among other things). 

In this course, we’ll define design as the set of low-level implementation decisions that are 
made prior to writing code, and that lead to a “good” design.
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There’s a subtle reason that programmers always want to throw away the code and start 
over. The reason is that they think the old code is a mess. And here is the interesting 
observation: they are probably wrong. The reason that they think the old code is a mess is 
because of a cardinal, fundamental law of programming: 

It’s harder to read code than to write it.  

—Joel Spolsky (2000)

Good Design for Developers

Your code should be clear and understandable to everyone that will need work with it . 
Note that“other people” may include future-you. Will you understand this code one year from 
now? This is why experienced developers strive for clarity and simplicity in their designs.  

In the same way that we want flexibility from our architectures, we should strive for 
flexibility and extensibility in our low-level designs as well.



SOLID Principles
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How to design classes that behave well together.



SOLID Principles
SOLID was introduced by Robert (“Uncle Bob”) Martin around 2002.  

The SOLID Principles tell us how to arrange our functions and data structures into classes, and how 
those classes should be interconnected (“class” meaning “a grouping of functions and data”) 

The goal of the principles is the creation of mid-level software structures that: 

• Tolerate change (flexibility, extensibility), 

• Are easy to understand (readability), and 

• Are the basis of components that can be used in many software systems (reusability). 

There are five SOLID principles, and we’ll walk through them. 

— Diagrams are taken from Ugonna Thelma: The S.O.L.I.D. Principles in Pictures.
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https://medium.com/backticks-tildes/the-s-o-l-i-d-principles-in-pictures-b34ce2f1e898


SOLID Principles
1. Single Responsibility

The Single Responsibility Principle (SRP) states 
that we want classes to do a single thing.  

This is meant to ensure that are classes are 
focused, but also to reduce pressure to 
expand or change that class. 

• A class has responsibility over a single 
block of functionality. 

• There is only one reason for a class to 
change. 

• Applies to components, and other “units” 
of code, not just classes.
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SOLID Principles
2. Open-Closed Principle

This principle champions subclassing as 
the primary form of code reuse. 

A particular module (or class) should be 
reusable without needing to change its 
implementation.
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“A software artifact should be open for 
extension but closed for modification. In 
other words, the behaviour of a software 
artifact ought to be extendible, without 
having to modify that artifact. “  

– Bertrand Meyers (1988)
We’ll revisit this shortly. Subclassing is a very restrictive way of specializing…



SOLID Principles
3. Liskov-Substitution Principle

It should be possible to substitute a derived 
class for a base class, since the derived class 
should retain the base class behaviour. 

In other words, a child should always be able 
to substitute for its parent.
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“If for each object o1 of type S there is an 
object o2 of type T such that for all programs 
P defined in terms of T, the behaviour of P is 
unchanged when o1 is substituted for o2, 
then S is a subtype of T”.  

-– Barbara Liskov (1988)



SOLID Principles
4. Interface Substitution

It should be possible to change classes 
independently from the classes on 
which they depend. 

Also described as “program to an 
interface, not an implementation”. This 
means focusing your design on what 
the code is doing, not how it does it.  

Never make assumptions about what 
the underlying code is doing – if you 
code to the interface, it allows flexibility, 
and the ability to substitute other valid 
implementations.
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SOLID Principles
5.Dependency Inversion

The most flexible systems are those in which 
source code dependencies refer to 
abstractions (interfaces) rather than 
concretions (implementations). This reduces 
the dependency between these two classes. 

• High-level modules should not import 
anything from low-level modules. Both 
should depend on abstractions (e.g., 
interfaces). 

• Abstractions should not depend on 
details. Details (concrete 
implementations) should depend on 
abstractions.
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Design Guidelines
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General principles that aren’t so bound into OO paradigms.



Recall: Coupling/Cohesion (Flexibility)
When designing classes, create self-contained classes (high-cohesion) with minimal dependencies 
on one-another (loose-coupling). 

As much as possible, minimize dependencies and enforce separation across layers!
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Coupling refers to how closely linked 
components or modules are to each 
other.

Cohesion is a measure of how 
closely related the parts of a module 
are to each another.



Encapsulate What Varies (Flexibility, Simplicity)
Identify the aspects of your application that vary and separate them from what stays the same. 

The main goal of this principle is to minimize the effect caused by changes. 

You can do this by encapsulating classes, or functions. In both cases, your goal is separate and isolate the code 
that is likely to change from the rest of your code. This minimizes what you need to change over time. 
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fun getOrderTotal(order) {
    var total = 0
    for (item in order.lineItems) {
        total += item.price * item.quantity

        if (order.country == "US")
            total += total * 0.07 // US sales tax
        else if (order.country == "EU")
            total += total * 0.20 // European VAT
    }
    return total
}

fun getOrderTotal(order) {
  total = 0
  for (item in order.lineItems) {
    total += item.price * item.quantity
  }
  total += total * getTaxRate(order.country)
  return total
}

fun getTaxRate(country) {
    return when (country) {
        "US" -> 0.07 // US sales tax
        "EU" -> 0.20 // European VAT
        else -> 0
    }
}

Changing tax rates 
are likely.



Program to an Interface (Extensibility)
Program to an interface, not an implementation.  

Dependencies between classes should be based 
on abstractions, not on concrete classes. This 
allows for maximum flexibility. 

When classes rely on one another, you want to 
minimize the dependency - we say that you want 
loose coupling between the classes. Do do this, 
you extract an abstract interface, and use that to 
describe the desired behaviour between the 
classes. 

e.g. our cat on the left can only eat sausage. The 
cat on the right can eat anything that provides 
nutrition, including sausage. 
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— Alexander Shvets. 2019. Dive Into Design Patterns. 



Favour Composition (Flexibility)
Favour Composition over Inheritance 

Inheritance is a useful tool for reusing code. In principle, it sounds great - derive from a base class, and you get all 
of it's behaviour for free!  

Unfortunately it's rarely that simply. There are sometimes negative side effects of inheritance.  

1. A subclass cannot reduce the interface of the base class. You have to implement all abstract methods, even 
if you don't need them. 

2. When overriding methods, you need to make sure that your new behaviour is compatible with the old 
behaviour. In other words, the derived class needs to act like the base class. 

3. Inheritance breaks encapsulation, because the details of the parent class are potentially exposed to the 
derived class. 

4. Subclasses are tightly coupled to superclasses. A change in the superclass can break subclasses. 

5. Reusing code through inheritance can lead to parallel inheritance hierarchies, and explosion of classes.
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A useful alternative to inheritance is composition. Where inheritance represents an is-a 
relationship (a car is a vehicle), composition represents a has-a relationship (a car has an engine). 

Imagine a catalog application for cars and trucks.

Inheritance leads to class explosion, and unused 
intermediate classes.

Composition (aggregation) greatly reduces the complexity, 
and models based on supported behaviours.

— Alexander Shvets. 2019. Dive Into Design Patterns. 



Favor Immutability (Robustness)
Avoid side effects (aka unintended consequences). 

Prefer a functional style as much as possible. 

• Write functions that return modified data (and do not modify data that is passed in). 

• Avoid using global variables (except as constants that do not change). 

Reuse known-working code 

• This doesn’t just mean code that you write…. 

• Use tested libraries when possible. 
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Expect Errors (Robustness)
Bake error handling into your design. 

You should anticipate errors and design mechanisms that allow your application to continue processing, 
even when these errors occur. 

Have a strategy for handling errors: 

• Favour immutable functions, with no side effects. This drastically reduces the chance of runtime errors. 

• Check function return values to ensure that results are valid. Use Kotlin’s NULL handling correctly. 

• Never throw an exception without understanding where it will be handled, otherwise this will just 
percolate up the call stack to the user (and crash). 

• Perform validation on user inputs to avoid users entering invalid information that could cause issues. 

• For system operations, determine if it’s appropriate to retry (e.g. network error) or abort the operation 
(e.g. invalid file operation). If you cannot handle an error automatically, log it!
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Action: 
Technical Review
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Are the requirements viable? What complications do they introduce?



Technical Impact
When we define functional requirements, we do so without considering how they could be 
implemented.  

However, at some point, we need to examine each feature in the context of the system. 

• Will we be able to to implement this feature? Is it even possible? 

• Does it require significant novel research? Is it risky? 

• How would implementing this feature impact the rest of our system?  

This is the technical impact of implementing this feature.
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Technical Impact
For each task that you have identified, consider: 

1. Does this feature put limits on how we design our system? 

• e.g. a requirement to securely store data will affect every component that works with that data.  

• e.g. a feature that requires a specific version of a library will impact anyone that use that library. 

2. Do we have dependencies between features (i.e. where one relies on the other)?  

• This is important to identify since it limits how we plan out features. 

• What should you consider first? (Hint: data model is often a great place to start).
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Technical decisions 
can broadly affect your 

design.



Technical Detail
You should attempt to determine how you will implement a particular feature. 

You should not plan the entire feature! You just need to identify risks, challenges and have some basic 
idea of how you will approach it.  

• Identify risks at this stage. 

• Need a library that does something? Read the documentation, possible test it ahead of time. 

• Need to know how to implement something? Find and read a relevant paper.

23

Add technical detail to the existing requirements i.e. issues that will help during 
implementation. You’re trying to determine the impact of a feature, and understand the scope.


