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Administrivia

• Homework 4c due Thursday
– Remember: up to 75% of lost points on 4a back

• Homework 5 coming soon
– Team sign-up deadline next week

• Required reading due today
– Effective Java: Items 51 (method names), 60 (avoid float and double), 

62 (avoid strings), and 64 (prefer interfaces)

• Midterm exam in class next week Thursday (29 March)
– Review session next week Wednesday

https://commons.wikimedia.org/wiki/File:1_carcassonne_aerial_2016.jpg
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Part 1:
Design at a Class Level

Design for Change:
Information Hiding, 

Contracts, Unit Testing, 
Design Patterns

Design for Reuse:
Inheritance, Delegation, 

Immutability, LSP, 
Design Patterns

Part 2:
Designing (Sub)systems

Understanding the Problem

Responsibility Assignment, 
Design Patterns, 

GUI vs Core,
Design Case Studies

Testing Subsystems

Design for Reuse at Scale:
Frameworks and APIs

Part 3:
Designing Concurrent 

Systems

Concurrency Primitives,
Synchronization

Designing Abstractions for 
Concurrency

Intro to Java

Git, CI
Static Analysis

GUIsUML More Git

GUIs
Performance

Design
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Key concepts from last Thursday
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Key concepts from last Thursday

• Libraries vs. frameworks
• Whitebox vs blackbox frameworks
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Framework design considerations

• Once designed there is little opportunity for change
• Key decision:  Separating common parts from variable parts

– What problems do you want to solve?

• Possible problems:
– Too few extension points
– Too many extension points
– Too generic
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(one modularization:  tangrams)
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Domain engineering

• Understand users/customers in your domain
– What might they need? What extensions are likely?

• Collect example applications before designing a framework
• Make a conscious decision what to support

– Called scoping

• e.g., the Eclipse policy:
– Interfaces are internal at first

• Unsupported, may change
– Public stable extension points created when there are at least two distinct 

customers
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Typical framework design and implementation

• Define your domain
– Identify potential common parts and variable parts

• Design and write sample plugins/applications
• Factor out & implement common parts as framework
• Provide plugin interface & callback mechanisms for variable parts

– Use well-known design principles and patterns where appropriate…

• Get lots of feedback, and iterate
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This week: API design

• An API design process
• The key design principle:  information hiding
• Concrete advice for user-centered design

Based heavily on "How to Design a Good API and Why it Matters" by Josh Bloch.
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1. “Time for a Change” (2002)

If you pay $2.00 for a gasket that costs
$1.10, how much change do you get?

public class Change {
public static void main(String args[]) {

System.out.println(2.00 - 1.10);
}

}

From An Evening Of Puzzlers by Josh Bloch 
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What does it print?

(a) 0.9
(b) 0.90
(c) It varies
(d) None of the above
public class Change {

public static void main(String args[]) {
System.out.println(2.00 - 1.10);

}
}
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(a) 0.9
(b) 0.90
(c) It varies
(d) None of the above: 0.8999999999999999

Decimal values can't be represented exactly
by float or double

What does it print?
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Another look

public class Change {
public static void main(String args[]) {

System.out.println(2.00 - 1.10);
}

}
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How do you fix it?

// You could fix it this way...
import java.math.BigDecimal;
public class Change {

public static void main(String args[]) {
System.out.println(

new BigDecimal("2.00").subtract(
new BigDecimal("1.10")));

}
}

// ...or you could fix it this way
public class Change {

public static void main(String args[]) {
System.out.println(200 - 110);

}
}

Prints 0.90

Prints 90
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The moral

• Avoid float and double where exact answers are required
– For example, when dealing with money

• Use BigDecimal, int, or long instead
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2. “A Change is Gonna Come”

If you pay $2.00 for a gasket that costs
$1.10, how much change do you get?

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {

BigDecimal payment = new BigDecimal(2.00);
BigDecimal cost = new BigDecimal(1.10);
System.out.println(payment.subtract(cost));

}
}



2117-214

What does it print?

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {

BigDecimal payment = new BigDecimal(2.00);
BigDecimal cost = new BigDecimal(1.10);
System.out.println(payment.subtract(cost));

}
}

(a) 0.9
(b) 0.90
(c) 0.8999999999999999
(d) None of the above
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(a) 0.9
(b) 0.90
(c) 0.8999999999999999
(d) None of the above:
0.89999999999999991118215802998747
6766109466552734375

We used the wrong BigDecimal constructor

What does it print?
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Another look

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {

BigDecimal payment = new BigDecimal(2.00);
BigDecimal cost = new BigDecimal(1.10);
System.out.println(payment.subtract(cost));

}
}

The spec says:
public BigDecimal(double val)

Translates a double into a BigDecimal which is the
exact decimal representation of the double's binary 
floating-point value. 
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How do you fix it?

import java.math.BigDecimal;

public class Change {
public static void main(String args[]) {

BigDecimal payment = new BigDecimal("2.00");
BigDecimal cost = new BigDecimal("1.10");
System.out.println(payment.subtract(cost));

}
}

Prints 0.90
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The moral

• Use new BigDecimal(String),
not new BigDecimal(double)

• BigDecimal.valueOf(double) is better, but not perfect
– Use it for non-constant values.

• For API designers
– Make it easy to do the commonly correct thing
– Make it hard to misuse
– Make it possible to do exotic things
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Learning goals for today

• Understand and be able to discuss the similarities and 
differences between API design and regular software design
– Relationship between libraries, frameworks, and API design
– Information hiding as a key design principle

• Acknowledge, and plan for failures as a fundamental limitation 
of a design process

• Given a problem domain with use cases, be able to plan a 
coherent design process for an API for those use cases
– "Rule of Threes"



2717-214

API:  Application Programming Interface

• An API defines the boundary between components/modules in a 
programmatic system
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API:  Application Programming Interface

• An API defines the boundary between components/modules in a 
programmatic system
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API:  Application Programming Interface

• An API defines the boundary between components/modules in a 
programmatic system
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API:  Application Programming Interface

• An API defines the boundary between components/modules in a 
programmatic system
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Libraries and frameworks both define APIs

Library

Framework

public MyWidget extends JContainer {

ublic MyWidget(int param) {/ setup 
internals, without rendering
}

/ render component on first view and 
resizing
protected void 
paintComponent(Graphics g) {
// draw a red box on his 
componentDimension d = getSize();
g.setColor(Color.red);
g.drawRect(0, 0, d.getWidth(), 
d.getHeight()); }
}

public MyWidget extends JContainer {

ublic MyWidget(int param) {/ setup 
internals, without rendering
}

/ render component on first view and 
resizing
protected void 
paintComponent(Graphics g) {
// draw a red box on his 
componentDimension d = getSize();
g.setColor(Color.red);
g.drawRect(0, 0, d.getWidth(), 
d.getHeight()); }
}

your code

your code

API

API
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Motivation to create a public API

• Good APIs are a great asset
– Distributed development among many teams

• Incremental, non-linear software development
• Facilitates communication

– Long-term buy-in from clients & customers
• Users invest heavily: acquiring, writing, learning
• Cost to stop using an API can be prohibitive
• Successful public APIs capture users

• Poor APIs are a great liability
– Lost productivity from your software developers
– Wasted customer support resources
– Lack of buy-in from clients & customers
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Public APIs are forever

Your 
code

Your 
colleague

Another 
colleague

Somebody 
on the web

Somebody 
on the web

Somebody 
on the webSomebody 

on the web
Somebody 
on the web

Somebody 
on the webSomebody 

on the web
Somebody 
on the web
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Public APIs are forever

Eclipse
(IBM)

JDT Plugin 
(IBM)

CDT Plugin 
(IBM)

UML Plugin 
(third party)

Somebody 
on the web

Somebody 
on the webSomebody 

on the web
Somebody 
on the web

Somebody 
on the webSomebody 

on the web
third party 

plugin
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Evolutionary problems:  Public APIs are forever

• "One chance to get it right"
• You can add features, but never remove or change the 

behavioral contract for an existing feature
– You can neither add nor remove features from an interface*

• *Deprecation of APIs as weak workaround

awt.Component,
deprecated since Java 1.1
still included in 7.0
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Characteristics of a good API

• Easy to learn
• Easy to use, even without documentation
• Hard to misuse
• Easy to read and maintain code that uses it
• Sufficiently powerful to satisfy requirements
• Easy to evolve
• Appropriate to audience
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Outline for today

• The Process of API Design
• Key design principle:  Information hiding
• Concrete advice for user-centered design
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An API design process

• Define the scope of the API
– Collect use-case stories, define requirements
– Be skeptical

• Distinguish true requirements from so-called solutions
• "When in doubt, leave it out."
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Plan with Use Cases

• Think about how the API might be used?

– e.g., get the current time, compute the difference between two 

times, get the current time in Tokyo, get next week's date using a 

Maya calendar, …

• What tasks should it accomplish?

• Should all the tasks be supported?

– If in doubt, leave it out!

• How would you solve the tasks with the API?
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An API design process

• Define the scope of the API
– Collect use-case stories, define requirements
– Be skeptical

• Distinguish true requirements from so-called solutions
• "When in doubt, leave it out."

• Draft a specification, gather feedback, revise, and repeat
– Keep it simple, short
– Keep an issues list
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Sample early API draft

// A collection of elements (root of the collection hierarchy)
public interface Collection<E> {

// Ensures that collection contains o
boolean add(E o);

// Removes an instance of o from collection, if present
boolean remove(Object o);

// Returns true iff collection contains o
boolean contains(Object o) ;

// Returns number of elements in collection
int size() ;

// Returns true if collection is empty
boolean isEmpty();

...  // Remainder omitted
}
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An API design process

• Define the scope of the API
– Collect use-case stories, define requirements
– Be skeptical

• Distinguish true requirements from so-called solutions
• "When in doubt, leave it out."

• Draft a specification, gather feedback, revise, and repeat
– Keep it simple, short
– Keep an issues list

• Code early, code often
– Write client code before you implement the API
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Respect the rule of three

• Via Will Tracz (via Josh Bloch), Confessions of a Used Program 
Salesman: Write 3 implementations of each abstract class or interface 
before release
– "If you write one, it probably won't support another."
– "If you write two, it will support more with difficulty."
– "If you write three, it will work fine."
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Documentation matters

Reuse is something that is far easier to say than to do.  Doing it 
requires both good design and very good documentation.  Even 
when we see good design, which is still infrequently, we won't see 
the components reused without good documentation.

– D. L. Parnas, Software Aging. Proceedings
of the 16th International Conference on
Software Engineering, 1994
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Documenting an API

• APIs should be self-documenting
– Good names drive good design

• Document religiously anyway
– All public classes
– All public methods
– All public fields
– All method parameters
– Explicitly write behavioral specifications

• Documentation is integral to the design and development 
process
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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Josh Bloch’s experiences designing the Collections framework
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API design to be continued Thursday


