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Summary

Definition of refactoring

Why and when?

Refactoring and performance
Refactoring indicators
Compose methods

Move features between objects
Simplify conditional expressions

Based on Refactoring: improving the design of
existing code, Martin Fowler, Addison-Wesley, 2000



Definition of Refactoring

Refactoring (noun):  a change made to the
Internal structure of software to make it easier to
understand and cheaper to modify without changing
Its observable behaviour

Refactor (verb):  to restructure software by
applying a series of refactorings without changing its
observable behaviour



Why Refactor?

To improve the design of software

To make software easier to understand
To help you find bugs

To help you program faster



When to Refactor?

Best done continually:

Oyou donOt decide to refactor, you refactor
because you want to do something else and
refactoring helps you do that thingO

refactor when you add functionality
refactor when you need to fix a bug
refactor when you do a code review



Refactoring and Performance

Refactoring to simplify the code may negatively
affect performance, but the simpler code Is easier to
change to achieve better performance

Most programmers do not know intuitively where
their programs spend their time

Typically 10% of the total code takes 90% of the
execution time

Therefore measure the program once it is running
(profiling), and optimise the most time-consuming
part

n Eclipse Test & Performance Tools Platform (TPTP)



Refactoring Indicators -1

Duplicated code
In different methods in the same class
In sibling classes
In unrelated classes
Long method
Large class
Long parameter list

DON'T SHOOT THE MESSENGER



Refactoring Indicators -2

Divergent change

a single class is changed in different ways for
different reasons - (split class)

Shotgun surgery \__/

changes to add a new

variation affect multiple classes
Feature Envy

references to data from other classes
Data Clumps

elements of data that are processed together
(turn into a new class)




Refactoring Indicators -3

Primitive Obsession

excessive use of primitive datatypes rather than
specialised classes

Switch statements \_ 7
use polymorphism
Parallel inheritance hierarchies

special case of Oshotgun surgeryO - changes
typically affect both hierarchies

Lazy class




Refactoring Indicators -4

Speculative generality

unnecessary code that is there
Ojust in case in the futureO

Temporary field \_ 7

Instance variables that are
only defined some of the time

Message chains

sequence of get messages
to fetch objects from chained structure

e.g.,
getRental().getMovie().getPriceCode()
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Refactoring Indicators -5

Middle-man
excessive delegation
Inappropriate intimacy
not respecting information hiding "

Alternative classes with different interfaces
standardise interfaces

Incomplete library class
add extra functionality
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Refactoring Indicators -6

Data class

classes with fields and only getter/setter
methods

A —

Refused request

subclass doesnOt support the interface of its
superclass

Comments
as possible indicator of poor code
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Compose Methods -1

Extract method:

turn a fragment of code into a method whose
name explains the purpose of the method

Inline method:

where a methodﬁ)s body Is as clear as its name,
put the methodOs body into the body of its callers
and remove the method

Inline temp:

replace all references to a singly assigned temp
with the assigned expression
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Compose Methods -2

Replace temp with query:

extract expression to a method and replace
references to temp with method call

Introduce explaining variable:
break up a complicated expression by

Introducing a temporary variable that explains its
purpose

Split temporary variable:

a temporary variable is assigned to more than
once, but is not a loop variable or a collecting
temporary variable - split into two separate

variables
14



Compose Methods -3

Remove assignments to parameters:

a method body assigns a new value to a
parameter - use a new temporary variable

Instead
e.g.
void aMethod(Obiject foo) {
foo.modify(); I/ OK
foo = anotherObject; /[l NOT OK

Java allows you to declare parameters as final
(enforces this good practice)

Substitute algorithm: Replace complicated algorithm
with a simpler one

15



Compose Methods -4

Replace method with method object:

when a long method is unsuitable for applying
Extract method, turn the method into its own
object so the local variables becomes fields of the
object - then it will be easier to decompose

e.g.
class Order ...
double price() {
double primaryBasePrice;
double secondaryBasePrice;

double tertiaryBasePrice;



Compose Methods -5

Becomes:
J PnceCalculator
Order L ——=——< primaryBasePrice
-secondaryBasePrice
+price() -TertiaryBasePrice
\\ +compute()
\

[\

price(): return new PriceCalculator(this).compute();
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Move Features between Objects -1

Move method:
move a method to the class containing the
majority of features that it is using (or that use
this method)

Move field:
move a field to the class where it IS most used.

Extract class:
If you find a class that is doing work that should

be done by two classes, create a new one by
splitting the old one.

Inline class:
If a class isnOt doing much, move its features into
another class 18



Move Features between Objects-2

Hide delegate:

If a client is invoking a method on a delegate
object of a server, create a method to hide the
delegate
e.g.
manager = john.getDepartment().getManager();
becomes
manager = john.getManager();

Client

Person D epartment

+getDepartment)) +getManager()
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Move Features between Objects -3

Remove middle-man:

if a class Is doing too much delegation, get the client to call
the delegate directly

Introduce foreign method:

if a server class needs an extra method, but you canOt modify
that class, create a method in the client class with the server
object as the first argument

Introduce local extension:

if a server class needs several extra methods, but you canOt
modify that class, create a new class with these methods that
IS a subclass or a wrapper of the original
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Organise Data -1

Self encapsulate field:

replace direct reference to a field with getter and setter
methods

Replace data value with object:

as a data item develops the need for specialised behaviour,
replace simple types (like String) with an object

Change value to reference (introduce object sharing):
replace many identical objects by one reference object

Change reference to value (remove object sharing):
replace a reference object by multiple value objects

21



Organise Data -2

Replace array with object:

an array has a collection of heterogeneous
objects; create an object with fields for each
element

e.g.
String row = new String(3);

row[0] = OBrisbaneO;

row[1] = O150;

becomes

Performance row = new Performance();
row.setName(OBrisbaneO):;
row.setWins(0O150);
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Organise Data -3

Duplicate observed data:

If domain data exists in a GUI element that
needs to be available to a domain object, use
the observer pattern. Useful for splitting business
logic from user interface objects

Change unidirectional association to bidirectional
use a back pointer to make reference two-way
decide which class will control the association
add a helper method on the non-controlling side

Change bidirectional association to unidirectional

23



Organise Data -4

Replace magic number with symbolic constant:
Encapsulate field:

turn a public field into a private field with
accessors (follow up with move method
refactorings)

Encapsulate collection:

rather than return a collection object, provide

less revealing methods (e.g. unmodifiable
collection view)

replace a method that sets a collection by
methods to add and remove elements from the

collection
24



Organise Data -5

Replace type code with class:
when type code does not cause different

behaviour
P
_ —eon BloodGroup
:2 . ilrr:: Person +0O : BloodGroup
S Il- +A: BloodGroup
+AB - int +B : BloodGroup
-bloodgroup : int 1 [+AB: BloodGroup

25



Organise Data -6

Replace type code with subclasses:

where an immutable type code affects the
behaviour, replace the type code with subclasses

Replace type code with state/strategy:

where code is mutable or where class is already
subclassed for some other reason, replace the
type code with a state object (example in video
store case study)

Replace subclass with field:

If subclasses vary only in methods that return
constant data, add field in subclass

26



Simplify Conditional Expressions -1

Decompose conditional:

if (date.before(WINTER_START) ||
date.after(WINTER_END)){

charge = quantity*summerRate;
telse{

charge = quantity*winterRate
+winterServiceCharge;

}
becomes
If (! winter(date) ) {
charge = summerCharge(quantity);
telse{
charge = winterCharge(quantity);

}

27



Simplify Conditional Expressions -2

Consolidate conditional expression:
if (seniority < 2) return 0;
If (monthsDisabled > 12) return O;
if (isPartTime) return O;
// compute disability amount

becomes

iIf (isNotEligibleForDisability()) return O;
// compute disability amount

boolean isNotEligibleForDisability() {

return (seniority < 2) || (monthsDisabled
> 12) || isPartTime;

28



Simplify Conditional Expressions -3

Consolidate duplicate conditional fragments:

If a fragment of code appears in all branches of a
conditional expression, move it outside

Remove control flag:

If a variable Is acting as a flag, replace
assignments with break or continue statements
(or possibly a return statement)

Replace conditional with polymorphism:

for a conditional that chooses different behaviour
depending on the type of an object, move each
conditional behaviour to an overriding method in

a subclass (original method becomes abstract)
29



Simplify Conditional Expressions -4

Replace nested conditionals with guard clauses:

double getPay() {
double result;
If (IsDead) result = deadAmount();
else {
If (isSeparated) result =
separatedAmount();
else {
iIf (isRetired) result =
retiredAmount();
else result = normalPay();
}

}

return result;

30



Simplify Conditional Expressions -5

Becomes

double getPay() {
iIf (isDead) return deadAmount();
If (isSeparated) return separatedAmount();
If (isRetired) return retiredAmount();
return normalPay();

Sometimes it is helpful to invert the Boolean conditions

31



Simplify Conditional Expressions -6

Introduce null object:

If there are multiple checks for a null value,
Introduce a null object (as a subclass) that
responds appropriately to messages

methods that can return null are modified to
return the null object instead

checks for a null value can now be removed

since such objects are constant, the Singleton
pattern is useful

32



Simplify Conditional Expressions -7

Introduce assertion:

If a section of code assumes something about
the state of the program, make the assumption
explicit with an assertion

helps communicate better than the equivalent
comment since it is checked by execution

assertion failures should result in unchecked
exceptions

33



Summary

Simplify method calls

Deal with generalisation

Tease apart inheritance

Convert procedural design to objects
Separate domain from presentation
Extract hierarchy

Based on Refactoring: improving the design of
existing code, Martin Fowler, Addison-Wesley, 2000

34



Simplify Method Calls -1

Rename method:
choose names that reveal the methodOs purpose
Add parameter:

use sparingly, often there is a better alternative
ask another object for the information
Introduce parameter object
consider how the information is being used

Remove parameter:
If it iIs not being used

35



Simplify Method Calls -2

Separate query from modifier:

If a method returns a value and also changes the
state of an object, split into two methods

take care with threads
Parameterise method:

unify multiple methods that vary only in a
parameter value, e.g.

fivePercentRaise() and
tenPercentRaise() can be unified into
raise(percentage)

36



Simplify Method Calls -3

Replace parameter with explicit methods:

where an enumerated parameter determines
what code gets executed, split the code Into
separate methods, e.g.
void setValue (String name, int value) {
if (name.equals(OheightO))
height = value;
else if (name.equals(OwidthO))
width = value;
else assert(OShould never reach hereO);

}

37



Simplify Method Calls -4

becomes:

void setHeight(int arg) {
height = arg;

}

void setWidth(int arg) {
width = arg;

}

Preserve whole object:

Instead of passing several attributes from one
object, pass the whole object instead

38



Simplify Method Calls -5

Replace parameter with method:
Int basePrice = quantity * itemPrice;
discountLevel = getDiscountLevel();
double finalPrice =
discountedPrice(basePrice, discountLevel);
becomes:
Int basePrice = quantity * itemPrice;

double finalPrice =
discountedPrice(basePrice);

Introduce parameter object:

If a group of parameters are always passed
together, replace them with an object, e.qg.

startDate and endDate become dateRange o



Simplify Method Calls -6

Remove Setting method:
If a field should be set only at creation time,
remove any setter method (and make field final)

Hide method:
make methods not used by other classes private

Replace constructor with factory method:
If more than simple creation is required, use a
factory method, e.g. replacing a type code with
subclasses

Encapsulate downcast:
If a method returns an object that needs to be
downcast by its callers, move the downcast into the
method 40



Simplify Method Calls -7

Replace error code with exception:

If a method returns a special code to indicate an
error, throw an exception instead (separate
normal processing from error processing)

Replace exception with test:

If a method is throwing an exception on a
condition that the caller should have checked
prior to sending the message, change the caller
to make the test

use exceptions only for genuine exceptional
circumstances

41



Deal with Generalisation -1

Pull up field:

If two subclasses have the same field, move it to
the superclass

Pull up method:

If two subclasses have the same method, move it
to the superclass

Pull up constructor body:

where subclasses have mostly identical
constructors, create a superclass constructor and

call it from the subclass constructors (first
statement)

42



Deal with Generalisation -2

Push down method:

If behaviour is only relevant to some subclasses,
move it to those subclasses

Push down field:

If a field is only used by some subclasses, move
It to those subclasses

Extract subclass:

If a class has features that are only used in some
Instances, create a subclass for that subset of
features

43



Deal with Generalisation -3

Extract superclass:

If two classes have similar features, create a
superclass that contains the shared features

Extract interface:

where only a particular subset of a classOs
responsibilities are used by a group of clients,
extract the subset as an interface (doesnOt
extract common code)

Collapse hierarchy:

If a superclass and its subclass are not very
different, merge them together

44



Deal with Generalisation -4

Form template method:

If two methods in subclasses perform similar
steps in the same order but the steps are
different, factor the steps into methods and pull
them up into the superclass

e.g.

45



Before

Sito

Residential Site

+ getBillable Amount()

N

N
~

double base = units * rate;
double tax = base * Site. TAX RATE;

return base + tax;

Lifeline Site

+ getBillable Amount ()

\
\

double base = units * rate *0.5;
double tax = base * Site. TAX_RATE * 0.2;

return base + tax;

46



After

Sito

+getBillable Amount ()
+getBaseAmount()
+getTaxAmount)

-

\>

VAN

return getBaseAmouni) + getTaxAmount();

Residential Site

+getBaseAmount()
+getT axAmount()

Lifeline Site

+getBaseAmount()
+getTaxAmount()

47



Deal with Generalisation -5

Replace inheritance with delegation:

if a subclass uses only part of its superclassOs
Interface or does not want to inherit data, create
a field for a superclass object and adjust
methods to delegate to the superclass object
and remove the subclassing

Replace delegation with inheritance:

If a class uses all the methods of the delegate,
switch to using inheritance instead

be careful if the delegate is shared and Is
mutable since inheritance does not allow sharing

48



Tease Apart Inheritance

If an inheritance hierarchy is doing two jobs at

once, create two hierarchies and use delegation to
Invoke one from the other

Decide which job is more important and retain that
In the current hierarchy

Move the other job to a new hierarchy

49



Tease Apart Inheritance : before

Doal

Active D eal Passive D eal

AN /\

Tabular Active D eal Tabular Passive D eal

50



Tease Apart Inheritance : after

Doal Presontation Stylo

JA /\

Active Deal Passive Deal Tabular Style Single Style

51



Convert Procedural Design to Objects

Take each record type and turn it into a dumb data
object with accessors

Put all the procedural code in a single class

Apply Extract Method and related refactorings to
break down each long procedure

Use Move Method to distribute each new method to
the appropriate dumb data class

See introduction to refactoring lecture for example

52



Separate Domain from Presentation -1

If the GUI classes contain domain logic, extract the
domain logic into separate domain classes

create a domain class for each window

If the window has a grid, create a class to
represent a row and use a collection on the
domain class to hold the row domain objects

examine the data on the window:

If it is used only for user interface purposes, leave it on
the window

If it is used only within the domain logic, move it to the
domain object

If used for both, use the Observer pattern so it is
available in both places and kept in sync

53



Separate Domain from Presentation -2

examine the logic in the presentation class; use
Extract Method to separate presentation logic

from domain logic; use Move Method to move it
to the domain object

the resulting domain objects are unlikely to be
well factored but this can be the next set of
refactorings

54



Extract Hierarchy

If a class is doing too much work with many
conditional statements, create a hierarchy of classes
In which each subclass represents a special case

create a subclass for each variation

use Replace Constructor with Factory Method to
return the appropriate subclass objects

take methods containing conditional logic and
apply Replace Conditional Logic with
Polymorphism

If the whole method does not vary, isolate the
varying part with Extract Method

55



