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Introduction é

ÅDeveloper practices
ïWell understood and documented for traditional and 

agile approaches such as Java development

ïBut dynamic languages like Groovy and Ruby change 

the ground rules

ïMany of the rules and patterns we have been taught 

no longer apply

ÅThis tutorial explores

some of these changes
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é Introduction

ÅTraditional Developer Practice Guidelines
ïErich Gamma, Richard Helm, Ralph Johnson, John 

Vlissides (1995). Design Patterns: Elements of Reusable 

Object-Oriented Software. Addison-Wesley.

ïMartin Fowler (1999). Refactoring: Improving the Design 

of Existing Code. Addison-Wesley.

ïJoshua Bloch (2001). Effective Java Programming

Language Guide. Prentice Hall. 

ïRobert C Martin (2002), Agile Software Development, 

Principles, Patterns, and Practices. Prentice Hall.

ÅWhere are they now?



Examples to ponder

ÅWhat does Immutability mean?
ïWhen even constants can be changed

ÅFeature interaction
ïHow to understand and test very dynamic systems

ÅMinimise accessibility of classes and 

members
ïBut I can peek at anything through reflection

ÅIDE support
ïIôll spoon feed you so you can spoon feed me

ïDonôt fall into the trap of being too smart

ïBut what about style checkers
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Static vs Dynamic Typing é

ÅThe Debate
ïStatic vs dynamic typing

ÅStatic: the type of each variable

(expression) must be known at

compile time

like wearing a straight-jacket?

ÅDynamic: this information is known

only at runtime

like tightrope walking without a net?

ïStrongly typed vs weakly typed

ÅStrongly typed: List<Integer> myList

ÅWeakly typed: Object myList

ïType safety

ÅHow is this provided if at all?

ïType inference

ÅIs this supported?
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éStatic vs Dynamic Typing é

ÅStatic Typing Pros
ïErrors are often detected earlier and with better error 

messages

ïCode can sometimes be clearer ïyou donôt need to 

infer the types to understand the code ïespecially 

when revisiting the code later

ïCode can be more declarative ïotherwise we might 

need procedural tests

ïBetter refactoring, editing and other forms of source 

processing support is often possible

ïBetter optimisations are often possible

ïOften easier to understand a system from the outside 

(statically-typed APIs and interfaces)

ïWith generics support you can start to nail down even 

complex cases
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é Static vs Dynamic Typing é

ÅDynamic Typing Pros
ïSpeed development through duck-typing and less 

boiler-plate code

ïAllow more expressiveness

ïEasy to learn

ïYou need to cater for things static typing misses 

anyway, why not cover everything

ïYou need to have tests for other parts of your 

functionality, why not cover off types as part of your 

other tests

ïNo false sense of security

ïLess likely to neglect good documentation and/or 

good coding conventions on the grounds that your 

static types make everything clear by themselves
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é Static vs Dynamic Typingé

ÅGuidelines Groovy/Ruby
ïDonôt be afraid of throwing exceptions or handling 

unexpected messages using meta-programming

ÅGuidelines Groovy
ïIf you are going to use Interfaces, use fine-grained 

interfaces (Interface Oriented Design) or throw 

exceptions

ïUse static types whenever you feel it aids with clarity 

of the program or increases type safety, e.g. financial 

calculations

ïStatic typing promotes stability, dynamic typing 

promotes flexibility



Interface-Oriented Design vs Duck Typing

ÅImplicit vs Explicit interfaces
ïInheritance too restrictive?

ïDuck-typing too flexible?
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Shape
draw()

Adapted from [2]

Rectangle
draw()

set_sides()

Square
draw()

set_sides()

Rectangle
draw()

set_sides()

<<interface>>

Shape
draw()

<<interface>>

RegularPolygon
set_side()

Square
draw()

set_side()

EquilateralTriangle
draw()

set_side()

Rectangle
draw()

set_sides()

Square
draw()

set_side()

EquilateralTriangle
draw()

set_side()

Pistol
draw()

Menu
set_sides()
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Choosing when to use ñcleverò code é

ÅClass A has a bit of duplication
class Dumper {

def name
def invokeMethod( String methodName, args) {

println "$name: called $methodName with $args"
}

}

class A {
def helper
def make() {

helper.invoke( 'create' )
}
def get() {

helper.invoke( 'read' )
}
def change() {

helper.invoke( 'update' )
}
def remove() {

helper.invoke( 'delete' )
}

}
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é Choosing when to use ñcleverò code é

ÅNo problems, we can refactor out the dup

class B {
def helper
private invoke(cmd) {

helper.invoke(cmd)
}
def make() {

invoke( 'create' )
}
def get() {

invoke( 'read' )
}
def change() {

invoke( 'update' )
}
def remove() {

invoke( 'delete' )
}

}
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é Choosing when to use ñcleverò code

ÅBut we can do more using a dynamic 

language

Åé At the expense of no longer having IDE 

completion

class C {
def helper
def commands = [make: 'create' , get: 'read' ,

change: 'update' , remove: 'delete' ]
def invokeMethod( String name, Object args) {

helper.invoke(commands[name])
}

}

for (c in [A, B, C]) {
def o = c.newInstance()
o.helper = new Dumper(name: "$c.name's helper" )
o.make()
o.get()
o.change()
o.remove()

}



Open-Closed Principle...

ÅFundamental rule to make your software 

flexible
ïAll other OOP principles, methodologies and 

conventions revolve around this principle

ÅOpen-Closed Principle (OCP) states:

ÅSoftware entities should be open for 

extension, but closed for modification

ÅReferences
ïBertrand Meyer, Object Oriented Software 

Construction (88, 97)

ïRobert C Martin, The Open-Closed Principle

ïCraig Larman, Protected Variation: The Importance of 

Being Closed
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...Open-Closed Principle...

ÅConsider Javaôs String class
ïIt already has methods to convert to upper or lower 

case but how could I add a swapCase() method?

ïThe standard approach would be to make a 

EnhancedString class using inheritance

ïI canôt: String is immutable and final. In OCP terms, it 

is not open for extension

ÅGroovy code
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String .metaClass.swapCase = { - >
delegate.toList ().collect{ c - >

c in 'A' .. 'Z' ? c.toLowerCase () : c.toUpperCase ()
}.join()

}

println " Foo" .swapCase() // => fOO



...Open-Closed Principle...

ÅViolating OCP
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class Square {
def lengthOfSide

}
class Circle {

def radius
}

class AreaCalculator {
double area(shape) {

switch (shape. class ) {
case Square:

return shape.lengthOfSide * shape.lengthOfSide
break

case Circle:
return shape.radius * shape.radius * Math.PI
break

}
}

}



...Open-Closed Principle...

ÅWhatôs wrong
ïIf we wanted to introduce a Triangle, the 

AreaCalculator would need to be recompiled

ïIf we wanted to change the order the shape 

information was displayed, there might be many 

changes to make
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def shapes = [
new Square( lengthOfSide : 3),
new Square( lengthOfSide : 2),
new Circle(radius: 1.5 )

]

def calc = new AreaCalculator ()
shapes.sort ().each {s - >

println "Area of ${s.class.name} is ${ calc.area (s)}"
}



...Open-Closed Principle...

ÅDynamic shapes
ïNo issues with adding a Triangle
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class Square {
private lengthOfSide
double area() { lengthOfSide * lengthOfSide }

}
class Circle {

private radius
double area() { radius * radius * Math.PI }

}

def shapes = [
new Square(lengthOfSide:3),
new Square(lengthOfSide:2),
new Circle(radius:1.5 )

]
// unsorted
def prettyPrint = { s - >

println "Area of ${s.class.name} is ${ s.area ()}" }
shapes.each ( prettyPrint )

Area of Square is 9.0

Area of Square is 4.0

Area of Circle is 7.0685834705770345

Note: Duck-type

polymorphism

instead of

inheritance

polymorphism, 

i.e. no base Shape

(abstract) class or

interface.

Hmmé what are

the testing

implications when

I add Triangle?



...Open-Closed Principle...

ÅDynamic sorting using Closures
ïAs long as we are happy having our sort ñcodeò 

within a closure we have complete freedom

ïSometimes representing our abstractions within 

classes is appropriate; many times closures will do
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// sorted by area
def byArea = { s - > s.area() }
shapes.sort(byArea).each(prettyPrint)

Area of Square is 4.0

Area of Circle is 7.0685834705770345

Area of Square is 9.0

// sorted circles before squares but otherwise by area
def byClassNameThenArea = { sa, sb - >

sa. class .name == sb. class .name ?
sa.area() <=> sb.area() :
sa. class .name <=> sb. class .name

}
shapes.sort(byClassNameThenArea).each(prettyPrint)

Area of Circle is 7.06858...

Area of Square is 4.0

Area of Square is 9.0

Note: Make sure your

closures are testable.



...Open-Closed Principle

ÅInstead of worrying about
ïRigidity

ïFragility

ïImmobility

ÅBecause they can be easily gotten around 

even if you donôt try to apply OCP

ÅWe must worry about
ïDuplication

ïHarder refactoring

ïFeature interaction
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Language features instead of Patterns é

class SquarePeg {

def width

}

class RoundPeg {

def radius

}

class RoundHole {

def radius

def pegFits(peg) {

peg.radius <= radius

}

String toString() { "RoundHole with radius $radius" }

}

class SquarePegAdapter {

def peg

def getRadius() {

Math.sqrt(((peg.width/ 2) ** 2)*2)

}

String toString() {

"SquarePegAdapter with peg width $peg.width (and notional radius $radius)"

}

}

def hole = new RoundHole(radius:4.0)

(4.. 7).each { w ->

def peg = new SquarePegAdapter (peg:new SquarePeg(width:w))

if (hole.pegFits(peg))

println "peg $peg fits in hole $hole"

else

println "peg $peg does not fit in hole $hole"

}

def peg = new SquarePeg(width:w )

peg.metaClass.radius = Math.sqrt (((peg.width /2) ** 2)*2)

Adapter Pattern

Do I create a whole

new class or just add

the method I need

on the fly?
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package plain

abstract class Shape { }

class Rectangle extends Shape {

def x, y, width, height

Rectangle(x, y, width, height) {

this .x = x; this .y = y; this .width = width; this .height = height

}

def union(rect) {

if (!rect) return this

def minx = [rect.x, x].min()

def maxx = [rect.x + width, x + width].max()

def miny = [rect.y, y].min()

def maxy = [rect.y + height, y + height].max()

new Rectangle(minx, miny, maxx - minx, maxy - miny)

}

def accept(visitor) {

visitor.visit_rectangle( this )

}

}

class Line extends Shape {

def x1, y1, x2, y2

Line(x1, y1, x2, y2) {

this .x1 = x1; this .y1 = y1; this .x2 = x2; this .y2 = y2

}

def accept(visitor){

visitor.visit_line( this )

}

}

class Group extends Shape {

def shapes = []

def add(shape) { shapes += shape }

def remove(shape) { shapes - = shape }

def accept(visitor) {

visitor.visit_group( this )

}

}

class BoundingRectangleVisitor {

def bounds

def visit_rectangle(rectangle) {

if (bounds)

bounds = bounds.union(rectangle)

else

bounds = rectangle

}

def visit_line(line) {

def line_bounds = new Rectangle(line.x1, line.y1, line.x2 - line.y1, line.x2 - line.y2)

if (bounds)

bounds = bounds.union(line_bounds)

else

bounds = line_bounds

}

def visit_group(group) {

group.shapes. each { shape - > shape.accept( this ) }

}

}

def group = new Group()

group.add( new Rectangle( 100 , 40, 10, 5))

group.add( new Rectangle( 100 , 70, 10, 5))

group.add( new Line( 90, 30, 60, 5))

def visitor = new BoundingRectangleVisitor()

group.accept(visitor)

bounding_box = visitor.bounds

println bounding_box. dump()

abstract class Shape {

def accept(Closure yield) { yield( this ) }
}

class Rectangle extends Shape {
def x, y, w, h
def bounds() { this }
def union(rect) {

if (!rect) return this
def minx = [rect.x, x].min()
def maxx = [rect.x + w, x + w].max()
def miny = [rect.y, y].min()
def maxy = [rect.y + h, y + h].max()
new Rectangle(x:minx, y:miny, w:maxx - minx, h:maxy - miny)

}
}

class Line extends Shape {
def x1, y1, x2, y2
def bounds() {

new Rectangle(x:x1, y:y1, w:x2 -y1, h:x2 -y2)
}

}

class Group {
def shapes = []
def leftShift (shape) { shapes += shape }

def accept(Closure yield) { shapes. each{it.accept(yield)} }
}

def group = new Group()
group << new Rectangle(x:100, y: 40, w: 10, h: 5)
group << new Rectangle(x:100, y: 70, w: 10, h: 5)
group << new Line(x1:90, y1: 30, x2: 60, y2: 5)
def bounds

group.accept{ bounds = it.bounds().union(bounds) }
println bounds.dump ()

é Language features instead of Patterns é

Visitor Pattern

<= without closures

with closures =>
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interface Calc {
def execute(n, m)

}

class CalcByMult implements Calc {
def execute(n, m) { n * m }

}

class CalcByManyAdds implements Calc {
def execute(n, m) {

def result = 0
n.times {

result += m
}
return result

}
}

def sampleData = [
[3, 4, 12],
[5, -5, -25]

]

Calc[] multiplicationStrategies = [
new CalcByMult(),
new CalcByManyAdds()

]

sampleData.each{ data ->
multiplicationStrategies. each{ calc ->

assert data[ 2] == calc.execute(data[ 0], data[ 1])
}

}

def multiplicationStrategies = [
{ n, m -> n * m },
{ n, m -> def result = 0; n. times { result += m }; result }

]

def sampleData = [
[3, 4, 12],
[5, -5, -25]

]

sampleData.each{ data ->
multiplicationStrategies. each{ calc ->

assert data[ 2] == calc(data[ 0], data[ 1])
}

}

é Language features instead of Patternsé

Strategy Pattern

<= with interfaces

with closures =v
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é Language features instead of Patterns

import groovy.xml.*

def page = new MarkupBuilder()

page.html {

head { title 'Hello' }

body {

ul {

for ( count in 1.. 10) {

li "world $count "

} } } }

ÅCreate new builder

ÅCall pretended methods 

(html, head, ...)

ÅArguments are Closures

ÅBuilder code looks very 

declarative but is ordinary 

Groovy program code and 

can contain any kind of 

logic

ÅBuilder pattern from the GoF at the syntax-level

ÅRepresents easily any nested tree-structured data

NodeBuilder, DomBuilder, 

SwingBuilder, AntBuilder, é
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SwingBuilder
import java.awt. FlowLayout
builder = new groovy.swing.SwingBuilder()
langs = [ "Groovy" , "Ruby" , "Python" , "Pnuts" ]

gui = builder.frame(size: [290, 100],
title: ʎ3×ÉÎÇÉÎÇ ×ÉÔÈ 'ÒÏÏÖÙƞƦ) {

panel(layout: new FlowLayout ()) {
panel(layout: new FlowLayout ()) {

for (lang in langs) {
checkBox(text: lang)

}
}
button(text: 'Groovy Button' , actionPerformed: {

builder.optionPane(message: 'Indubitably Groovy!' ).
createDialog(null, 'Zen Message' ).show()

})
button(text: 'Groovy Quit' ,

actionPerformed: { System.exit(0)})
}

}
gui.show()

Source: http://www.ibm.com/developerworks/java/library/j-pg04125/
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Cheri::Swing

# requires JRuby
require ' rubygems'
require ' cheri /swing'
include Cheri::Swing

@frame = swing.frame ( 'Hello' ) {
size 500,200
flow_layout
on_window_closing {|event| @ frame.dispose }
button( 'Hit me' ) {

on_click { puts 'button clicked' }
}

}
@frame.show
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AntBuilder
def ant = new AntBuilder ()

ant.echo ( "hello" ) // lets just call one task

// create a block of Ant using the builder pattern
ant.sequential {

myDir = "target/ AntTest /"
mkdir (dir: myDir )
copy( todir : myDir ) {

fileset (dir: " src /test" ) {
include(name: "**/*.groovy" )

}
}
echo( "done" )

}

// now let's do some normal Groovy again
file = new File ( "target/test/ AntTest.groovy " )
assert file.exists ()
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Refactoring Refactoring

ÅOut with the Old
ïSome refactorings no longer make sense

ÅIn with the New
ïThere are some new refactorings

ÅTimes é they are a changinô
ïSome refactorings are done differently
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Encapsulate Downcast Refactoring

ÅDescription
ïContext: A method returns an object that

needs to be downcasted by its callers

ïSolution: Move the downcast to within the method

ÅIs there a point in a dynamic language?
ïMaybe but not usually

// Before refactoring
Object lastReading() {

return readings.lastElement()
}

// After refactoring
Reading lastReading() {

return (Reading) readings.lastElement()
}

Donôt you 

worry about 

that



Agile 2007 - 29

S
u
b
m

is
s
io

n
 6

4
2
 ©

 A
S

E
R

T
 2

0
0
7

Introduce Generics Refactoring

ÅDescription
ïContext: Casting is a runtime hack that allows

JVM to clean up a mess caused by a compiler

that couldnôt infer intent

ïSolution: Use Generics to reveal intent to compiler

ÅIs there a point in a dynamic language?
ïMaybe but not usually

// Traditional Java style
List myIntList = new LinkedList()
myIntList.add( new Integer( 0))
Integer result = (Integer) myIntList.iterator().next()

// Java generified style
List<Integer> myIntList2 = new LinkedList<Integer>()
myIntList2.add( new Integer( 0))
Integer result2 = myIntList2.iterator().next()

// Groovier style
def myIntList3 = []
myIntList3.add( 0)
Integer result3 = myIntList3.iterator().next()

Donôt you 

worry about 

that
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Closure Refactoringé

ÅComplex code involving closures

// Before refactoring
def phrase = "The quick brown fox jumps over the lazy dog"
def result = phrase.toLowerCase().toList().

findAll{ it in "aeiou" .toList() }.    // like WHERE ...
groupBy{ it }.                        // like GROUP BY ...
findAll{ it.value.size() > 1 }.       // like HAVING ...
entrySet().sort{ it.key }.reverse().  // like ORDER BY ...
collect{ "$it.key:${it.value.size()}" }.
join( ", " )

println result

New Things 

to worry 

about
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é Closure Refactoring é

ÅPossible Refactoring

// Refactored helper closures
def lowercaseLetters = phrase.toLowerCase()
def vowels = { it in "aeiou" .toList() }
def occursMoreThanOnce = { it.value.size() > 1 }
def byReverseKey = { a, b - > b.key <=> a.key }
def self = { it }
def entriesAsPrettyString = { "$it.key:${it.value.size()}" }

// Refactored main closure
println lowercaseLetters.

findAll(vowels).
groupBy(self).
findAll(occursMoreThanOnce).
entrySet().sort(byReverseKey).
collect(entriesAsPrettyString).join( ", " )
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é Closure Refactoring

# Add group_by to the Array class
class Array

def group_by
group_hash = {}
uniq.each do |e|

group_hash[e] = select { |i| i == e }.size
end
group_hash

end
end

# Before refactoring
phrase = "The quick brown fox jumps over the lazy dog"
puts phrase.downcase.

scan(/[aeiou]/).                      # like WHERE ...
group_by.                             # like GROUP BY ...
select { |key, value| value > 1 }.    # like HAVING ...
sort.reverse.                         # like ORDER BY ... DESC
collect{ |key, value| "#{key}:#{value}" }.join( ', ' )

# Refactored version
lowercase_letters = phrase.downcase
vowels = /[aeiou]/
occurs_more_than_once = lambda { |key,value| value > 1 }
entries_as_pretty_string = lambda { |key, value| "#{key}:#{value}" }

puts lowercase_letters.
scan(vowels).
group_by.
select(&occurs_more_than_once).
sort.reverse.
collect(&entries_as_pretty_string).join( ', ' )



Exploring the Delegation Pattern...

ÅTraditional approach to creating a class that is an 

extension of another class is to use inheritance

ïClearest intent & simplest, clearest code for simple cases
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class Person {
private name, age
Person(name, age) {

this .name = name
this .age = age

}
def haveBirthday() { age++ }
String toString() { "$name is $age years old" }

}

class StaffMemberUsingInheritance extends Person {
private salary
StaffMemberUsingInheritance(name, age, salary) {

super(name, age)
this .salary = salary

}
String toString() {

super.toString() + " and has a salary of $salary"
}

}

Better ways 

to do old 

things



é Exploring the Delegation Pattern...
ÅMost common alternative is to use delegation

ïIntention less clear (can be helped with interfaces)

ïOvercomes multiple inheritance issues & inheritance abuse
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class StaffMemberUsingDelegation {
private delegate
private salary
StaffMemberUsingDelegation (name, age, salary) {

delegate = new Person(name, age)
this .salary = salary

}
def haveBirthday () {

delegate.haveBirthday ()
}
String toString () {

delegate.toString () + " and has a salary of $salary"
}

}



é Exploring the Delegation Pattern é
ÅDownside of delegation is maintenance issues

ïRefactoring overhead if we change the base class

ïMeta-programming allows us to achieve inheritance 

like behavior by intercepting missing method calls 

(invokeMethod or method_missing)

ïYou could take this further with Groovy using named 

parameters rather than the traditional positional 

parameters shown here (future versions of Ruby may 

have this too)
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é Exploring the Delegation Pattern é
class StaffMemberUsingMOP {

private delegate

private salary

StaffMemberUsingMOP(name, age, salary) {

delegate = new Person(name, age)

this .salary = salary

}

def invokeMethod(String name, args) {

delegate.invokeMethod name, args

}

String toString() {

delegate.toString() + " and has a salary of $salary"

}

}

def p1 = new StaffMemberUsingInheritance( "Tom", 20, 1000)

def p2 = new StaffMemberUsingDelegation( "Dick", 25, 1100)

def p3 = new StaffMemberUsingMOP("Harry" , 30, 1200)

p1.haveBirthday()

println p1

p2.haveBirthday()

println p2

p3.haveBirthday()

println p3

Tom is 21 years old and has a salary of 1000

Dick is 26 years old and has a salary of 1100

Harry is 31 years old and has a salary of 1200 



class StaffMemberUsingLibrary {
private salary
private person
StaffMemberUsingLibrary(name, age, salary) {

person = new Person(name, age)
this .salary = salary
def delegator = new Delegator(StaffMemberUsingLibrary, person)
delegator.delegate haveBirthday

}
String toString() {

person.toString() + " and has a salary of $salary"
}

}

é Exploring the Delegation Pattern
ÅGoing Further

ïThe example shown (on the previous slide) codes the 

delegate directly but both Groovy and Ruby let you 

encapsulate the delegation pattern as a library:

ÅGroovy: Delegator, Injecto; Ruby: forwardable, delegate

ïBut only if I donôt want to add logic as I delegate

ÅE.g. If I wanted to make haveBirthday () increment salary
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Dependency Injection vs Meta-programming é

ÅDependency Injection
ïDependencies are explicitly declared and allowed to 

be set externally (typically via constructor or setters)

ÅTransparent injection of dependent service objects into other 

service objects by a controlling container  hence the name 

inversion of control

ÅWhy?
ïMore flexible

ÅCentral configuration of service objects

ïCan be less work to do

ÅService objects are instantiated by the dependency injection 

framework

ïImproves testability

ïImproves reusability

ïImproved lifecycle control
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é Dependency Injection vs Meta-programming é

ÅWithout dependency injection

class PrintService {

private printer = new PhysicalPrinter('Canon i9900')

}

class PrintServiceTest extends GroovyTestCase {

def testPrintService() {

def printService = new PrintService()

printService. print ()

// go to the printer and fetch the page

}

}

class PrintService

def initialise

@printer =

PhysicalPrinter.new( 'Canon i9900')

end

end

class PrintServiceTest < Test::Unit

def test_print_service

print_service = PrinterService.new

print_service.print

# go to the printer and fetch the page

end

end
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é Dependency Injection vs Meta-programming é

ÅImproves testability

class TestablePrintService {

def printer

}

class TestablePrintServiceTest extends GroovyTestCase {

def testPrintService() {

def printService = new TestablePrintService()

printService.printer = new StubPrinter()

printService. print ()

//...

}

}
class TestablePrintService

attr_accessor :printer

end

class TestablePrintServiceTest < Test::Unit::TestCase

def test_print_service

print_service = TestablePrintService.new

print_service.printer = StubPrinter.new

print_service.print

#...

end

end
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é Dependency Injection vs Meta-programming é

ÅImproves reuse

class ReusablePrintService

attr_accessor :printer

# interesting printer logic below

# ...

end

# One customer may use a network PostScript printer

class PostScriptPrinter

# ...

end

# The next customer may use a local Windows printer.

class LocalWindowsPrinter

# ...

end

# No change is required to the ReusablePrintService!

class UnreusablePrintService

def initialise(printer_name)

@printer = PostScriptPrinter.new(ip_address)

end

# printer logic below

# ...

end

# What if I donõt want to use a Physical Printer?

Without DI
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é Dependency Injection vs Meta-programming é

ÅPrinter dependency can be redefined in 

test code

ÅBenefits of Dependency Injection only 

become apparent in larger projects
ïwhere we need lots of reuse and centralized 

configuration of services

ÅIn smaller projects, this is just a burden

# Create stub/mock services in a separate module

Printer = Stubs::Printer

class PrintServiceTest < Test::Unit

def test_print_service

# The Printer instantiated by this class

# is now a stub!

print_service = UntestablePrintService.new

print_service.do_something_interesting_with_printer

end

end
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é Dependency Injection vs Meta-programming é

ÅImprove lifecycle control, e.g. Guice

import com.google.inject.*

@ImplementedBy(CalculatorImpl)
interface Calculator {

def add(a, b)
}

@Singleton
class CalculatorImpl implements Calculator {

private total = 0
def add(a, b) { total++; a + b }
def getTotalCalculations() { 'Total Calculations: ' + total }
String toString() { 'Calc: ' + hashCode()}

}

class Client {
@Inject Calculator calc
// ...

}

def injector = Guice.createInjector()
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é Dependency Injection vs Meta-programming é

ÅBut just as easy using meta-programming

class Calculator {
private total = 0
def add(a, b) { total++; a + b }
def getTotalCalculations () { 'Total Calculations: ' + total }
String toString () { 'Calc: ' + hashCode()}

}

class CalculatorMetaClass extends MetaClassImpl {
private final static INSTANCE = new Calculator()
CalculatorMetaClass () { super (Calculator) }
def invokeConstructor ( Object [] arguments) { return INSTANCE }

}

def registry = GroovySystem.metaClassRegistry
registry.setMetaClass (Calculator, new CalculatorMetaClass ())
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é Dependency Injection vs Meta-programmingé

ÅDownsides.....
ïCode becomes more complex

ïConstructors (and/or interfaces) contain noise

ïPotentially need to introduce (many) new interfaces

ïThere is some magic

ÅDo I really need this?
ïIn Java, for medium to large projects, the consensus 

is yes!

ïBut Ruby and Groovy are extremely dynamic

ïWe can rely on duck typing

ïWe can change classes at runtime

ïWe can intercept object creation



Agile 2007 - 46

S
u
b
m

is
s
io

n
 6

4
2
 ©

 A
S

E
R

T
 2

0
0
7

é Dependency Injection vs Meta-programming é

ÅBut should we abandon using these types 

of frameworks altogether?
ïNot for large systems

ïYes we can step around many of the problems which 

make such frameworks especially attractive

ïBut they typically require us to use a very beneficial 

organizational discipline across our dependencies

ïA great example: Dependency Injection in Ruby

http://onestepback.org/index.cgi/Tech/Ruby/DependencyInjectionInRuby.rdoc



Agile 2007 - 47

S
u
b
m

is
s
io

n
 6

4
2
 ©

 A
S

E
R

T
 2

0
0
7

é Dependency Injection vs Meta-programming é

ÅTraditional

ÅService

Locator

class WebApp
def initialize

@quotes = StockQuotes. new
@authenticator = Authenticator. new
@database = Database. new
@logger = Logger. new
@error_handler = ErrorHandler. new

end
# ...

end

def create_application
locator = {}
locator[:logger] = Logger. new
locator[: error_handler ] = ErrorHandler. new(locator)
locator[:quotes] = StockQuotes. new(locator)
locator[:database] = Database. new(locator)
locator[:authenticator] = Authenticator. new(locator)
locator[: webapp] = WebApp.new(locator)

end

class StockQuotes
def initialize(locator)

@error_handler = locator[: error_handler ]
@logger = locator[:logger]

end
# ...

end
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é Dependency Injection vs Meta-programming

Å Using DIdef create_application
container = DI:: Container. new
container.register (: logfilename ) { "logfile.log" }
container.register (: db_user ) { " jim " }
container.register (: db_password) { "secret" }
container.register (: dbi_string ) { " DBI:Pg:example_data " }

container.register (:app) { |c|
app = WebApp.new( c.quotes , c.authenticator , c.database )
app.logger = c.logger
app.set_error_handler c.error_handler
app

}

container.register (:quotes) { |c|
StockQuotes. new( c.error_handler , c.logger )

}

container.register (:authenticator) { |c|
Authenticator. new( c.database , c.logger , c.error_handler )

}

container.register (:database) { |c|
DBI.connect ( c.dbi_string , c.db_user , c.db_password )

}

container.register (:logger) { |c| Logger. new( c.logfilename ) }
container.register (: error_handler ) { |c|

errh = ErrorHandler. new
errh.logger = c.logger
errh

}
end
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Flexible Mocks é

ÅMocking is an important aspect to 

interaction-based testing

ÅBut with dynamic languages, you donôt 

always need a complex mocking package:
ïStubs

ïClosures

ïMaps

ïMeta-programming

ÅSame goes for Behavior-Driven Design 

packages
ïBut thatôs another story
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class ClosureMocking {
String methodOne () {

methodTwo ()
}
String methodTwo () {

"television"
}

}

def emc = new ExpandoMetaClass(ClosureMocking, true )
emc.methodTwo = { -> "radio" }
emc.initialize ()

assert "radio" == new ClosureMocking(). methodOne ()

class MyApp {
def factory
def logger
def doBusinessLogic(param) {

def myObj = factory.instance
myObj.doSomething(param)
myObj.doSomethingElse(param)
logger.log( 'Something done with: ' + param)

}
}

def factory = [instance: businessObj]

def logger = new Expando()
logger.log = { msg - >

assert msg == 'Something done with: ' + param }

é Flexible Mocks

<= ómockô using meta-programming

Traditionally, weôd

use mocks for factory

and logger, here we use

Expandos and Maps =>
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Aspects vs Meta-programming
class TimingInterceptor extends TracingInterceptor {

private beforeTime
def beforeInvoke(object, String methodName, Object[] arguments) {

super .beforeInvoke (object, methodName, arguments)
beforeTime = System.currentTimeMillis ()

}
public Object afterInvoke (Object object , String methodName,

Object[] arguments, Object result) {
super .afterInvoke (object, methodName, arguments, result)
def duration = System.currentTimeMillis () - beforeTime
writer. write ("Duration: $duration ms \n")
writer.flush ()
return result

}
}

def proxy = ProxyMetaClass.getInstance(util.CalcImpl. class)
proxy.interceptor = new TimingInterceptor ()
proxy.use {

assert 7 == new util.CalcImpl ().add( 1, 6)
}
// =>
// before util.CalcImpl.ctor ()
// after  util.CalcImpl.ctor ()
// Duration: 0 ms
// before util.CalcImpl.add (java.lang.Integer , java.lang.Integer )
// after  util.CalcImpl.add (java.lang.Integer , java.lang.Integer )
// Duration: 16 ms
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Checked vs unchecked exceptions

ÅFrom [1]:
ïñStatically checked exceptions lead to leaking 

abstractions. This happens when a component 

interacts with another component that declares to 

throw unrelated exceptions that stem from a third 

component but which can only be handled on a 

higher level.ò

ÅIs the debate less relevant now?
ïGroovy auto converts checked exceptions into 

unchecked

ïTechniques such as autoboundaries can be used to 

overcome issues with existing code that abuses 

checked exceptions

See: http://code.google.com/p/agileplugins/



Immutability

ÅWhy?
ïSimpler classes

ïGood for certain kinds of domain objects

ïNo issues with concurrency
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Strict Class Immutability Rules (Bloch #13)

1. No mutator methods (that modify state)

2. Ensure methods canôt be overridden
ï Prevents careless or malicious subclasses from 

compromising the immutable behavior of the class

3. Make all fields private and final
ï Clearly expresses your intentions in an enforceable 

manner (not strictly required but often desirable)

4. Ensure exclusive access to any mutable 

components
ï Ensure that clients of the class cannot obtain 

references to any mutable object fields and make 

defensive copies where needed in constructors, 

accessors, and readObject methods
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Immutability Discussion...

ÅJava
ïStrict Immutable

ïRead-only accessors

ïRead-only super classes

ÅRuby
ïConsider freeze

ïBut watch out for thaw via dup

ÅGroovy
ïEven strict can be broken

ïRead-only through meta-programming
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...Immutability Discussion
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str = 'A simple string. '

str.freeze

begin

str << 'An attempt to modify.'

rescue => err

puts "#{err.class} #{err}"

end

# Output: TypeError can't modify frozen string

str2 = str.dup

puts "#{str.frozen?} #{str2.frozen?}"

# Output: true false

str2 << 'An attempt to modify.'

str2.freeze

puts str2

# Output: A simple string. An attempt to modify.

str = 'Original string - '

str.freeze

str += 'attachment'

puts str

# Output: Original string - attachment

Adapted from

Mutable and Immutable Objects

rubylearning.com



Feature Interaction...
ÅAn unintended side-effect of adding features 

iteratively
ïNot helped by emergent behavior

ïNor by dynamic systems which can add behavior in ad-hoc ways

ÅCommon problem in other domains, e.g. 

services offered by PABX systems, Intelligent 

Networks, Mobile Phones
ïThey have been trying to tackle the problem for some time and 

have some success

ÅFrom óhttp://c2.com/cgi/wiki?FeatureInteractionô:
ïGood systems don't mind if you try using their features in new 

ways; mediocre systems prevent you from using them in new 

ways; bad systems break.
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...Feature Interaction...
ÅExamples:
ïCall Waiting (if a busy subscriber receives a call, the new incoming 

call is put on hold) and Call Forwarding (every call to a subscriber is 

forwarded to another phone) cannot be activated in conjunction: if 

one of them has priority, the other is disabled

ïBob has Call Forwarding, and is forwarding all calls to Carol. Carol 

has Do Not Disturb enabled. Alice calls Bob, the call is forwarded to 

Carol, and Carol's phone rings, because Do Not Disturb is not 

applied to a forwarded call

ïA new Mobility service is offered to office workers. When Alice signs 

up, her office phone number is forwarded to the Mobility service. On 

receiving a call for Alice, the Mobility service forwards it to wherever 

Alice's personal data dictates.

However, whenever the data indicates that Alice is in her office, an 

incoming call enters a forwarding loop.

Agile 2007 - 58

S
u
b
m

is
s
io

n
 6

4
2
 ©

 A
S

E
R

T
 2

0
0
7



...Feature Interaction...
ÅMore Examples:
ï Alice@host1 and Bob@host2 correspond by email. Because Bob wishes to 

remain anonymous in this correspondence, he is known to Alice as 

anon@remailer, and the Remailer feature retargets electronic mail for 

anon@remailer to Bob@host2.

However, Bob@host2 also has an Autoresponse feature set to notify his 

correspondents that he is on vacation. When electronic mail arrives with 

source address Alice@host1 and target address Bob@host2, it immediately 

generates a response with source address Bob@host2 and target address 

Alice@host1. When Alice receives the response, she learns Bob's identity. 

ï Bob has Call Forwarding, and is forwarding all calls to Carol. Alice calls 

Bob, the feature forwards the call to Carol, and also changes the source 

address of the call to Bob's address (on the grounds that Bob is responsible 

for this leg of the call).

One scenario: Carol has Call Blocking, and is blocking all calls from Alice. 

This call is not blocked, however, because it appears to be from Bob. 

Another scenario: Carol misses the call, but later tries to use a Call Return 

feature to return it. The feature places a call to Bob's address, which is 

forwarded back incorrectly to Carol.

Agile 2007 - 59

S
u
b
m

is
s
io

n
 6

4
2
 ©

 A
S

E
R

T
 2

0
0
7



...Feature Interaction...
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class Phone {
def name
def respond(number) {

println "RING RING ..."
println "$name: RECEIVED CALL FROM $number"

}
def call(number) {

println "$name: CALLING $number"
}

}

class Exchange {
def numbers
def makeCall(num1, num2) {

numbers[num1].call(num2)
numbers[num2].respond(num1)

}
}

def e = new Exchange()
e.numbers = [

123 : new Phone(name: 'Alice' ),
456 : new Phone(name: 'Bob' )

]
e.makeCall(123, 456)

Alice: CALLING 456
RING RING ...
Bob: RECEIVED CALL FROM 123



...Feature Interaction...
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class ForwardingExchange extends Exchange {
def forward = [456: 789]
def makeCall(num1, num2) {

numbers[num1].call(forward[num2])
numbers[forward[num2]].respond(num1)

}
}
def fe = new ForwardingExchange()
fe.numbers = e.numbers
fe.numbers[789] = new Phone(name: 'Carol' )
fe.makeCall(123, 456)

Alice: CALLING 789
RING RING ...
Carol: RECEIVED CALL FROM 123



class NoDisturbingPhone extends Phone {
def doNotDisturb
def acceptOrDeny (number) {

if ( doNotDisturb ) println "UNAVAILABLE"
else super .respond (number)

}
def init(exchange) {

def emc = new ExpandoMetaClass (Exchange, true)
exchange.metaClass = emc
emc.makeCall = { num1, num2 - >

numbers[num1].call(num2)
numbers[num2] instanceof NoDisturbingPhone ?

numbers[num2]. acceptOrDeny (num1) :
numbers[num2].respond(num1)

}
emc.initialize ()

}
}
def ndphone = new NoDisturbingPhone (name: 'Carol' ,

doNotDisturb : true)
ndphone.init (e); e.numbers [789] = ndphone
e.makeCall (123, 789)

...Feature Interaction...
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Alice: CALLING 789
UNAVAILABLE



...Feature Interaction

ÅNow letôs try to add both features
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fe.numbers[789] = ndphone
fe.makeCall(123, 456)

Alice: CALLING 456
RING RING ...
Bob: RECEIVED CALL FROM 123

Alice: CALLING 789
RING RING ...
Carol: RECEIVED CALL FROM 123

ndphone.init(fe)
fe.makeCall(123, 456)


