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TODAY’S LECTURE

= anti-patterns

= COmmon response to a recurring problem that is usually ineffective
and risks being highly counterproductive

» refactoring
= improving the design of existing code

Refactor Red

make the code write a test
better that fails

Green
make the test pass




ANTI-PATTERNS

If the following patterns

occur in your software

project, you're doing it
wrong!
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THE BLOB
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= The Blob. (aka “God Class”) One object("blob") has the majority of
the responsibilities, while most of the others just store data or
provide only primitive services.

= Solution: refactoring



THE GOLDEN HAMMER

= The Golden Hammer. A favorite solution ("Golden Hammer") is

applied to every single problem: With a hammer, every problem
looks like a nail.

= Solution: improve level of education



COPY AND PASTE PROGRAMMING

= Copy-and-Paste Programming. Code is reused in multiple places
by being copied and adjusted, causing maintenance problems.

= Solution: ldentification of common features; refactoring



SPAGHETTI CODE
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» Spaghetti Code. The code is mostly unstructured; it's neither
particularly modular nor object-oriented; control flow is obscure.

= Solution: Prevent by designing first, and only then implementing.
Existing spaghetti code should be refactored.



MUSHROOM MANAGEMENT
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» Mushroom Management. Developers are kept away from users.

» Solution: Improve communication.



VENDOR LOCK-IN

= Vendor Lock-In. A system is dependent on a proprietary architecture or
data format.

= Solution: Improve portability, introduce abstractions.



DESIGN BY COMMITTEE
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= Design by Committee. The typical anti-pattern of standardizing committees,
that tend to satisfy every single participant, and create overly complex and
ambivalent designs ("A camel is a horse designed by a committee").
= Known examples: SQL and COBRA.

= Solution: Improve group dynamics and meetings (teamwork) o



REINVENT THE WHEEL

= Reinvent the Wheel. Due to lack of knowledge about existing products
and solutions, the wheel gets reinvented over and over, which leads to
iIncreased development costs and problems with deadlines.

= Solution: Improve knowledge management.
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INTELLECTUAL VIOLENCE

» Intellectual Violence. Someone who has mastered a new theory,
technique or buzzwords, uses his knowledge to intimidate others.

s Solution: Ask for clarification!
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PROJECT MISMANAGEMENT

o it How the Programmer wrote it How the Business Consultant

described it
How the customer was billed ‘ How it was supported

» Project Mismanagement. The manager of the project is unable to make decisions.

= Solution: Admit having the problem; set clear short-term goals.
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OTHER ANTI-PATTERNS

= Boat anchor: Retaining a part of a system that has become obsolete

= Premature optimization: Focusing on performance of the code too
early

= Lava flow: code written under sub-optimal conditions is put into
production and added to while still in a developmental state.

= Dependency hell: Problems with versions of required products

14



"Any fool can write code that a computer can

REFACTORING et o taign .

— Martin Fowler

= refactoring is the process of applying transformations (refactorings) to
a program, with the goal of improving its design

= goals:
= keep program readable, understandable, and maintainable
= by eliminating small problems soon, you can avoid big trouble later

= characteristics:

» pehavior-preserving: make sure the program works after each step
» typically small steps
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WHY REFACTOR?

= why does refactoring become necessary?
= requirements have changed, and a different design is needed
= design needs to be more flexible (so new features can be added)

» address sloppiness by programmers (e.g., cut-and-paste
programming)

» refactoring often has the effect of making a design more flexible
= design patterns are often a target for refactoring
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HISTORY

= refactoring is something good programmers have always done
» popularized by various agile development methodologies

» especially popular in the context of object-oriented languages

= perhaps because object-oriented features are well-suited to make
designs flexible and reusable

= but refactoring is not specific to OO

» Opdyke’s PhD thesis (1990) presents refactoring tools for Smalltalk

= since then various other students of Ralph Johnson have worked on
refactoring tools, mostly for Smalltalk
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PRESERVING PROGRAM BEHAVIOR

= How to ensure that the program does the same thing before and after
applying a refactoring”?

= testing: write tests that exercise the parts of the program affected by
the refactoring

= |n general, no guarantees

= program analysis: perform a static analysis of the program using
techniques similar to those used in compilers

» difficult to implement; analysis may be imprecise and say that a
refactoring cannot be applied safely
= modern IDEs provide refactoring support (e.g., Eclipse, IDEA)
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Reractoring

IMPROVING THE DESIGN
oF Existin Cobk

FOWLER’S BOOK

= presents a catalogue of refactorings, similar to the catalogue of
design patterns in the GoF book

= catalogues “bad smells” - indications that refactoring may be
needed
= explains when to apply refactorings
= UML diagrams to illustrate the situation before and after
» examples of code before and after each refactoring
» small examples that are representative of larger systems
= many of Fowler’s refactorings are the inverse of another refactoring
» often there is not a unique “best” solution
» discussion of the tradeofts
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REFACTORING: AN EXTENDED EXAMPLE

public class Example {

void printOwing(){

}

Iterator<Order> it = _orders.iterator();
double outstanding = 0.0;
// print banner
System.OUt ) pr--i_n-t]_n("*************************");
System.out.println("***** Customer Owes *****"%.
System.out . pr--i_ntln("*************************");
// calculate outstanding
while (it.hasNext()){

Order each = 1t.next();

outstanding += each.getAmount();
hy
// print details
System.out.println("name:" + _name);
System.out.println("amount” + outstanding);

private String _name;
private double _outstanding;
private Set<Order> _orders;
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1. “EXTRACT METHOD”

void printOwing(){
Iterator<Order> it = _orders.iterator();
double outstanding = 0.0;

// print banner

System.out.println("*************************");
System.out.println("***** Customer Owes *****"},
System.out . pr--i_nt]_n("*************************");

// calculate outstanding

while (it.hasNext()){
Order each = it.next(Q);
outstanding += each.getAmount();

}

// print details
System.out.println("name:" + _name);
System.out.println("amount” + outstanding);



void printOwing(){

}

_orders.iterator();
0.0;

Iterator<Order> it
double outstanding

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = 1t.next();
outstanding += each.getAmount();

}

// print details
System.out.println("name:" + _name);
System.out.println("amount” + outstanding);

private void printBanner() {

}

// print banner
System.out . pr--i_n-tln("*************************");

System.out.println("***** Customer Owes *****"5.
System,out.ppintln("*************************");
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void printOwing(){

}

_orders.iterator();
0.0;

Iterator<Order> it
double outstanding

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = 1t.next();
outstanding += each.getAmount();

}

// print details
System.out.println("name:" + _name);
System.out.println("amount” + outstanding);

private void printBanner() {

}

// print banner
System.out . pr--l_n-tln("*************************");

System.out.println("***** Customer Owes *****"3.
System.out. println("*#k ks sk kkskokkkkokokrdokk ),
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2. “EXTRACT METHOD”

void printOwing(){
Iterator<Order> it
double outstanding

_orders.iterator();
0.0;

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = 1t.next();
outstanding += each.getAmount();

}

// print details
System.out.println("name:" + _name);
System.out.println("amount"” + outstanding);
ks
private void printBanner() {

// print banner
System.out . pr--l_n-tln("*************************");

System.out.println("***** Customer Owes *****"3.
System.out. println("*#k ks sk kkskokkkkokokrdokk ),

}
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void printOwing(){

}

_orders.iterator();
0.0;

Iterator<Order> it
double outstanding

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = 1t.next();
outstanding += each.getAmount();

}

printDetails(outstanding);

private void printDetails(double outstanding) {

}

// print details
System.out.println("name:" + _name);
System.out.println("amount"” + outstanding);

private void printBanner() {

}

// print banner

System.out . prl-i_n-t]_n("*************************");
System.out.println("***** Customer Owes *****"3,
System.out . prl-i_n-t]_n("*************************”);
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void printOwing(){

}

_orders.iterator();
0.0;

Iterator<Order> it
double outstanding

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = 1t.next();
outstanding += each.getAmount();

}

printDetails(outstanding);

private void printDetails(double outstanding) {

}

// print details
System.out.println("name:" + _name);
System.out.println("amount” + outstanding);

private void printBanner() {

}

// print banner

System,out.pp?ntln("*************************");
System.out.println("***** Customer Owes *****");
SyStem.Out . prllntlnC"*************************");
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3.

REMOVE COMMENTS

void printOwing(){

}

}

}

private void

System.out.

_orders.iterator();
0.0;

Iterator<Order> it
double outstanding

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = 1t.next();
outstanding += each.getAmount();

}

printDetails(outstanding);

printDetails(double outstanding) {

A

System.out.println("name:" + _name);

System.out.println("amount” + outstanding);

private void printBanner() {

oa¥e Qo QL K A

println("*************************");

System.out.println("***** Customer Owes *****");
System.out.printlnC"*************************");
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void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = it.next(Q);
outstanding += each.getAmount();

}

printDetails(outstanding);
¥

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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4. “EXTRACT METHOD”

void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();

// calculate outstanding

while (it.hasNext()){
Order each = it.next(Q);
outstanding += each.getAmount();

}

printDetails(outstanding);
¥

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
Iterator<Order> it = _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> it, double outstanding) {
// calculate outstanding
while (it.hasNext()){
Order each = it.next(Q);
outstanding += each.getAmount();

}

return outstanding;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> it, double outstanding) {
// calculate outstanding
while (it.hasNext()){
Order each = it.next(Q);
outstanding += each.getAmount();

}

return outstanding;

¥

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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5. REMOVE COMMENT

void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

prlvate double getOutstandlng(Iterator<0rder> 1t, double outstanding) {

while (1t hasNext()){
Order each = it.next();
outstanding += each.getAmount();

}

return outstanding;

¥

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> it, double outstanding) {
while (it.hasNext()){
Order each = it.next();
outstanding += each.getAmount();

}

return outstanding;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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6. ‘RENAME VARIABLE”

void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> 1it,
while (it.hasNext()){
Order each = it.next();
outstanding += each.getAmount();

}

return outstanding;

}

private void printDetails(double outstanding) { ..

private void printBanner() { .. }

double outstanding) {

}
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void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> it, double result) {
while (it.hasNext()){
Order each = it.next();
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
Iterator<Order> it _orders.iterator();
double outstanding = 0.0;

printBanner();
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> it, double result) {
while (it.hasNext()){
Order each = it.next();
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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7. MOVE STATEMENT

= _orders.iterator();
= 0.0;

printBannér();

outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
¥

private double getOutstanding(Iterator<Order> it, double result) {
while (it.hasNext()){

Order each = it.next(Q);
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double outstanding = 0.0;
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
}

private double getOutstanding(Iterator<Order> it, double result) {
while (it.hasNext()){
Order each = it.next(Q);
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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8. “INLINE LOCAL VARIABLE”

void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double outstanding = 0.0;
outstanding = getOutstanding(it, outstanding);

printDetails(outstanding);
}

private double getOutstanding(Iterator<Order> it, double result) {
while (it.hasNext()){
Order each = it.next(Q);
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double outstanding = getOutstanding(it, 0.0);

printDetails(outstanding);
}

private double getOutstanding(Iterator<Order> 1it, double result) {
while (it.hasNext()){
Order each = it.next();
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double outstanding = getOutstanding(it, 0.0);

printDetails(outstanding);
}

private double getOutstanding(Iterator<Order> 1it, double result) {
while (it.hasNext()){
Order each = it.next();
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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GOAL: REFACTOR THIS INTO A SINGLE
METHOD

void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double outstanding = getOutstanding(it, 0.0);

printDetails(outstanding);
}

private double getOutstanding(Iterator<Order> 1it, double result) {
while (it.hasNext()){
Order each = it.next(Q);
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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9. “INLINE METHOD”

void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double outstanding = getOutstanding(it, 0.0);

printDetails(outstanding);
}

private double getOutstanding(Iterator<Order> 1it, double result) {
while (it.hasNext()){
Order each = it.next();
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }



void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){

Order each = it.next();

result += each.getAmount();

}

double outstanding = result;

printDetails(outstanding);
}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){

Order each = it.next(Q);

result += each.getAmount();

}

double outstanding = result;

printDetails(outstanding);
}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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10. “EXTRACT METHOD”

void printOwing(){
printBanner();

Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){

Order each = it.next();

result += each.getAmount();

}

double outstanding = result;

printDetails(outstanding);
}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();
double outstanding = getOutstanding();
printDetails(outstanding);

}

private double getOutstanding() {
Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){
Order each = it.next();
result += each.getAmount();
¥
double outstanding = result;
return outstanding;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();
double outstanding = getOutstanding();
printDetails(outstanding);

¥

private double getOutstanding() {
Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){
Order each = it.next(Q);
result += each.getAmount();
ks
double outstanding = result;
return outstanding;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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11. “INLINE LOCAL VARIABLFE”

void printOwing(){
printBanner();
double outstanding = getOutstanding();
printDetails(outstanding);

¥

private double getOutstanding() {
Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){
Order each = it.next(Q);
result += each.getAmount();
¥
double outstanding = result;
return outstanding;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();
double outstanding = getOutstanding();
printDetails(outstanding);

¥

private double getOutstanding() {
Iterator<Order> it = _orders.iterator();
double result = 0.0;
while (it.hasNext()){
Order each = it.next(Q);
result += each.getAmount();

}

return result;

}

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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void printOwing(){
printBanner();
double outstanding = getOutstanding();
printDetails(outstanding);

¥

private double getOutstanding() { .. }

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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12. “INLINE LOCAL VARIABLE”

void printOwing(){
printBanner();
double outstanding = getOutstanding();
printDetails(outstanding);

¥

private double getOutstanding() { .. }

private void printDetails(double outstanding) { .. }
private void printBanner() { .. }

52



DONE!

void printOwing(){
printBanner();
printDetails(getOutstanding());
}

private double getOutstanding() { .. }
private void printDetails(double outstanding) { .. }
private void printBanner() { .. }
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OBSERVATIONS

= small incremental steps that preserve program behavior

= Most steps are so simple that they can be automated
» exercise: try to refactor the example using Eclipse (or Intellid IDEA)
» automation limited in complex cases

» refactoring does not always proceed “in a straight line”

= sometimes, undo a step you did earlier...
= ...when you have insights for a better design
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REFACTORING IN ECLIPSE

00 | | Java - RefactoringExample/src/step1/Example.java - Eclipse

[£ Package Explorer 52 = 1) Example.java 22

B <'1'==‘\> < 1 package stepl;
» & Adant 2 import java.util.Iterator;
~J _ap er 3 import java.util.Set;
>J;./ Bridge 4
| 4 @FileSystem-Composite 5
> @FileSystem-lterator 6 public class Example {
>&€9File8ys(em-0bserver 7 wvoid printOwing(){
» (= FileSystem-Proxy 8 Iterator<Order> it = _orders.iterator();
> @FileSys(em-Visitor 9 double outstanding = 0.0;
= 10
vdﬁ;;ﬂa'ze . I 11 // print banner
d"’re actoringExample 12 System.out.println(" );
v iBsrc 13 System.out.println("***** Customer Owes *¥¥¥¥");
v [ original 14 System.out.println("*} Undo
» [J) Example.java 15 .
VB} step1 16 // calculate outstandi Revert File
» 7] Example.java 17 while (it.hasNext()){ Save
» =), JRE System Library [JavaSE-  1° Order each = it.next .
>@VendingMachine-S(a(e . outstanding += each.  Open Declaration F3
~ 20 .
» (= vendingMachine-Traditional 21 ¥ Open Type Hierarchy F4
22 // print details Open Call Hierarchy ~XH
23 System.out.println("nc  Show in Breadcrumb B
24 System.out.printin("ar  Quick Outline %0
jz ¥ Quick Type Hierarchy 8T
27 private String _name; Open With 4
w28 private double _outstanc Show In XEW >
29 private Set<Order> _orde
0 Cut #X
- Copy 8C
°! Problems @ Javacdoc |2 Decarn  COPY Qualified Name
. " Paste ®’V | ) o
<terminated> Example [Java Applicatiol jdk/Contents/Home/binfjava (Feb 8, 2017, 8:52:50 AM
foo(D) Quick Fix %1
Source S >
Refactor X 8T > Move... 8V
Surround With X3z > h hod Si _
Local History > Change Method Signature... SGC
Extract Method... X #M
References >
Declarations > Extract Interface...

Extract Superclass...
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REFACTORING IN ECLIPSE

A1) Example.java £3

1 package stepl;
2 import java.util.Iterator;
3 import java.util.Set;

4
5

6 public class Example {

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
Wil 8
29
30}

void printOwing(){
Iterator<0Order> it = _orders.
double outstanding = 0.0;

// print banner

System.out.println("¥**¥¥kx
System.out.println("***** (
System.out.println("¥**¥¥kx

// calculate outstanding
while (it.hasNext()){
Order each = it.next();
outstanding += each.getAmou

}

// print details
System.out.println("name:" +
System.out.println("amount" +

}

private String _name;
private double _outstanding;
private Set<Order> _orders;

O O Extract Method

Method name: | printBanner]

Access modifier: | public |  protected |  package @ private

| Declare thrown runtime exceptions

|| Generate method comment

Method signature preview:
private void printBanner()

Preview > cancel | (D
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REFACTORING IN ECLIPSE

| NON Extract Method

Changes to be performed b ¢ Tov
v ;;F Example.java - RefactoringExample/src/step1

v O Example

¥ a printOwing()

&) Substitute statements with call to printBanner

m Example.java ﬁ‘t}‘ ‘,:"s\ 4’;1 A
Original Source Refactored Source
113 """"" ToTmETEmmm e 11 printBanner(); |
d . 12

11 // print banner .

12 System.out.println( " ¥ FF e oo . 13 //.calcczflate outstanding

13 System.out.println("***** Customer Owes **¥*¥¥"). L4 while (1t.hosNe)'<t()){

14 System.out. printLn( " ¥R oo ) . 15 Order each = it.next();

15 16 outstanding += each.getAmount();

16 // calculate outstanding { } |]
17 while (it.hasNext()){ o . .

18 Order each = it.next(); 19 // print deta}ls " "

19 outstanding += each.getAmount(); 20 System.out.println("name:" + _name);

>0 } ’ 21 System.out.println("amount” + outstanding);

, 22}

21 < - <

5o // print details 23 private void printBanner() {

. . " " 24 // print banner

23 System.out.println("name:" + _name); = - ,.

24 System.out.println("amount" + outst;nding)' 25 System.out.println("*hkkiikisisiiiiitataxty;
25} ’ 26 System.out.println("****¥ Customer Owes *¥*¥¥"}).

be - 27 System.out . printLn( " ¥rss ook ) -

2 .

27 private String _name; Zé ¥

2% private double _outstanding; Z:) . Stri .

29 private Set<Order> _orders; 39 pr}vate tring _name; .

30 } 31 private double _outstanding;

22 nrivate Set Nrders arderc:

< Back Cancel “




REFACTORING IN ECLIPSE

4] Example.java £3

1 package stepl;

2 import java.util.Iterator;
3 import java.util.Set;

4

5

fH public class Example {

7 wvoid printOwing(){

8 Iterator<0Order> it = _orders.iterator();

9 double outstanding = 0.0;

19

11 printBanner();|

12

13 // calculate outstanding

14 while (it.hasNext()){

15 Order each = it.next();

16 outstanding += each.getAmount();

7 }

18

19 // print details
20 System.out.println("name:" + _name);
21 System.out.println("amount” + outstanding);
22}
23  private void printBanner() {
24 // print banner
25 System. out.println("*¥dkikkiooiooioookookek ) .
26 System.out.println("***** Customer Owes *¥¥¥*");
27 System. out. printTa( " ¥ e ) -
28 }
29

20 orivate Strina name:



“LOCAL” REFACTORINGS

Rename

rename variables, fields methods, classes, packages
provide better intuition for the renamed element’s purpose

Extract Method

extract statements into a new method
enables reuse; avoid cut-and-paste programming
improve readability

Inline Method

replace a method call with the method’s body
often useful as intermediate step

Extract Local

introduce a new local variable for a designated expression

Inline Local replace a local variable with the expression that defines its value
Char.lge SEHNEE reorder a method’s parameters
Signature
Enc:ipe sl::Iate introduce getter/setter methods

Convert Local
Variable to Field

convert local variable to field
sometimes useful to enable application of Extract Method
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RENAME: KEY ISSUES

= renaming methods
= when renaming a method m, ensure that all methods overriding m
and all methods overridden by m are renamed as well

= renaming fields

= when renaming a field f, need to ensure that hiding relationships are
preserved

= renaming variables
» need to ensure that hiding relationships are preserved
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EXTRACT METHOD: KEY ISSUES

= analyze usage of local variables
= only used in target method? Declare in target method.

= used in source method & read but not assigned in target method?
Pass in as parameters.

» used in source method & assigned In target method & new value

used in source method”? Pass in as parameters and return changed
value.,

= |if more than one variable is modified:
» Select different code to extract

= apply additional refactorings (e.g., Replace Temp with Query, or
Replace Method with Method Object)
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INLINE METHOD: KEY ISSUES

= polymorphism
s |f the invoked method is overridden, cannot be sure which method
will be invoked

= multiple return values
» need to be eliminated before applying the refactoring
= e.9., by introducing an additional variable in the invoked methoad

= recursion
= prevents this refactoring from being applied
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REPLACE TEMP WITH QUERY

public class Example {
double getPrice(){
double basePrice = _quantity * _itemPrice;
double discountFactor;
if (basePrice > 1000) discountFactor = 0.95;
else discountFactor = 0.98;

return | @ Extract Method
}
Ambiguous return value: Selected block modifies more than one local variable used
private it o in subsequent code. Affected variables are:
private d¢
} double basePrice

double discountFactor

= sometimes, Extract Method cannot be applied because too many
local variables are modified

= solution: Replace Local Variable (Temp) with Query
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REPLACE TEMP WITH QUERY

double getPrice(){
double basePrice = _quantity * _itemPrice;
double discountFactor;
1f (basePrice > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return basePrice * discountFactor;

64



double getPrice(){
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;

return basePrice() * discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

}
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double getPrice(){
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;

return basePrice() * discountFactor;

¥

private double basePrice() {
return _quantity * _itemPrice;

}
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EXTRACT METHOD

double getPrice(){
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;

return basePrice() * discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

}



double getPrice(){
double discountFactor = discountFactor();
return basePrice() * discountFactor;

}

private double discountFactor() {
double discountFactor;
1f (basePrice() > 1000) discountFactor =
else discountFactor = 0.98;
return discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

}

0.95;
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double getPrice(){
double discountFactor = discountFactor();
return basePrice() * discountFactor;

}

private double discountFactor() {
double discountFactor;
1f (basePrice() > 1000) discountFactor =
else discountFactor = 0.98;
return discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

¥

0.95;
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INLINE LOCAL VARIABLE

double getPrice(){

double discountFactor = discountFactor();
return basePrice() * discountFactor;

}

private double discountFactor() {
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

¥
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double getPrice(){
return basePrice() * discountFactor();

}

private double discountFactor() {
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

}



double getPrice(){
return basePrice() * discountFactor();

}

private double discountFactor() {
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

}



REPLACE IF WITH CONDITIONAL EXPRESSION

double getPrice(){
return basePrice() * discountFactor();

}

private double discountFactor() {
double discountFactor;
1f (basePrice() > 1000) discountFactor = 0.95;
else discountFactor = 0.98;
return discountFactor;

}

private double basePrice() {
return _quantity * _itemPrice;

}
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DONE!

double getPrice(){

return basePrice() * discountFactor();

}

private double discountFactor() {
return (basePrice() > 1000) ? 0.95

}

private double basePrice() {
return _quantity * _itemPrice;

}

: 0.98;
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MOVE METHOD

= A method is using or is used by more features of another class
than the class on which it is defined

» “feature envy”

» Create a new method with a similar body in the class it uses
Most.

= either turn the old method into a simple delegation, or remove it
altogether.
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EXAMPLE: MOVE METHOD

class Account { class AccountType {
double overdraftCharge(){ -
1f (_type.isPremium()){ public boolean isPremium() { .. }
double result = 10;
1f (_daysOverdrawn > 7) }

result += (_daysOverdrawn - 7)*0.85;
return result;
} else return _daysOverdrawn*1.75;
hy
double bankCharge(){
double result = 4.5;
1f (_daysOverdrawn > 0)
result += overdraftCharge();
return result;
}
private AccountType _type;
private int _daysOverdrawn;
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MOVE METHOD

class Account {
double overdraftCharge(){
1f (_type.isPremium()){
double result = 10;
if (_daysOverdrawn > 7)
result += (_daysOverdrawn - 7)*0.85;
return result;
} else return _daysOverdrawn*1.75;
}
double bankCharge(){
double result = 4.5;
i1f (_daysOverdrawn > @)
result += overdraftCharge();
return result;
¥
private AccountType _type;
private int _daysOverdrawn;

class AccountType {

public boolean isPremium() { .. }

}
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MOVE METHOD

class Account {
double overdraftCharge(){
return _type.overdraftCharge(_daysOverdrawn);
}
double bankCharge(){
double result = 4.5;
i1f (_daysOverdrawn > @)
result += overdraftCharge();
return result;

}
private AccountType _type;

private int _daysOverdrawn;

}

class AccountType {
public boolean isPremium() { return false; }

double overdraftCharge(int daysOverdrawn){
if (isPremium()){
double result = 10;
1f (daysOverdrawn > 7)
result += (daysOverdrawn - 7)*0.85;
return result;
} else return daysOverdrawn*1.75;

}
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MOVE METHOD

class Account {
double overdraftCharge(){
return _type.overdraftCharge(_daysOverdrawn);
}
double bankCharge(){
double result = 4.5;
i1f (_daysOverdrawn > @)
result += overdraftCharge();
return result;

}
private AccountType _type;

private int _daysOverdrawn;

}

class AccountType {
public boolean isPremium() { return false; }

double overdraftCharge(int daysOverdrawn){
if (isPremium()){
double result = 10;
1f (daysOverdrawn > 7)
result += (daysOverdrawn - 7)*0.85;
return result;
} else return daysOverdrawn*1.75;

}

= if the method is not needed in its old location, you can remove the

forwarding method altogether

= supported in Eclipse, but instead of passing field as the parameter,

It passes the entire Account object.
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MOVE METHOD: RELATED REFACTORINGS

= Move Field
= move a field from source class to target class
= similar issues

= Extract Class
= preak up a single class into two classes
= create a new class that will contain some of the functionality of the source class
= create link between source and target class (e.g., in constructor of source class)

= move functionality to target class with repeated applications of Move Method and
Move Field
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TYPE-RELATED REFACTORINGS

= refactorings for changing the class hierarchy and/or the types of
declarations of variables and fields

= purpose is to make designs more flexible, e.qg., by facilitating the
introduction of design patterns

replace the type of a declaration with a more

Generalize Declared Type general type

create a new interface, and update

Extract Interface declarations to use it where possible

Pull Up Members move methods and fields to a superclass

infer type arguments for “raw” uses of generic
types

Infer Generic Type Arguments
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GENERALIZE DECLARED TYPE

public void foo(){
ArrayList<String> list = new ArraylList<String>();
list.add("hello, world");

}

82



GENERALIZE DECLARED TYPE

| _NON

= X 30O

| Java - RefactoringExample

N

Qi Gri®e s 5y P

% Package Explorer 3 = O

=

-

r

> (= Adapter
> ';9 Bridge
> (= FileSystem-Composite
= FileSystem-Iterator
> 'l_}J FileSystem-Observer
> (= FileSystem-Proxy
> (= FileSystem-Visitor
> = Maze
v ! RefactoringExample
v i #src
v £} generalizedeclaredtype_ol
» |J| Example.java
» £} movemethod_orig
» £} movemethod_step01

\J] Example.java 52

1 package generalizedeclaredtype_orig;
4 import java.util.Arraylist;

4
5 public class Example {

Do =~ O

public void foo(){

ArrayList<String> list = new ArraylList<String>Q);
9 list.add("hello, world");
10 }
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GENERALIZE DECLARED TYPE

[J] Example.java 2

1 package generalizedeclaredtype_orig;

2 import java.util.ArraylL <’ Undo Typing #®Z
4 Revert File
5 public class Example { Save
6
7 public void foo(){ .
8 ArrayList<String> 1 Open Declaraftlon F3 |
9 list.add("hello, wo  Open Type Hierarchy F4
0} Open Call Hierarchy AN\ H
il_ ; Show in Breadcrumb B
13 Quick Outline #¥0
Quick Type Hierarchy ®8T
Open With >
Show In X EW >
Cut
Copy |
Copy Qualified Name Rename... TR
Paste #’YV Move... X 8V
Quick Fix ) 1 Change Method Signature... "\ $8C
Source #S > Extract Local Variable... 3L
Refactor X#ET > Extract Constant...
Local History > Inline... 88l
‘ References > Convert Local Variable to Field...
i Declarations > i
Problems (@ Javadoc Det . _ Extract Interface...
i o |t Add to Snippets... Extract Superclass...
No consoles to display at this time. )
Use Supertype Where Possible...
Debug As >
Pull Up...
e "t Push Down
Validate
Team > Extract Class...
Compare With > Introduce Parameter Object...
Replace With >
Introduce Parameter...
Preferences...

- Remove from Context

Generalize Declared Type...
Infer Generic Type Arguments...




GENERALIZE DECLARED TYPE

(- £ W itsr Or Qui 87 Gri® 03 - PPl o (B (1)L | vt v

% Package Explorer 22 = O [J] Example.java 5%

al& - 1 package generalizedeclaredtype_orig;
1 -
(=) -
> lfd Ad.apter 3 import java.util.Arraylist;
> = Bridge 4
> l@? FileSystem-Composite 5 public class Example {
> = FileSystem-Iterator 6
» = FileSystem-Observer 7 public void foo(){
» (= FileSystem-Proxy 8 ArraylList<String> list = new ArraylList<String>Q);
> = FileSystem-Visitor 9 list.addf"batln wunalAtne .
— 16 @ Generalize Declared Type
=l 10 1}
> i~ Maze 11
v '_Lf;J RefactoringExample 12} Choose new type for 'ArrayList<String> list':
v l‘i}; src 13 v(® ArrayList<String>
Vv {1 generalizedeclaredtype_ol € Sscrializable
> [J] Example.java @ Cloneable
> 1 movemethod_orig v (9" AbstractList<String>
> £ movemethod_step01 v (3% AbstractCollection<String>
> [# original ® object

> {1 replacetemp_orig X! Collection<String>

» EB replacetemp_step01 0 Iterable<String>
> {3 replacetemp_step02 v & List<String>

> i replacetemp_step03 v & Collection<String>
> {i1 replacetemp_step04 O Iterable<String>
> [ stepO1 w BB 1 intoChrinns

> [ step02
> [ step03
> [ step04
> [ step05

> [ step06 = Preview > Cancel |

> [ step07

> stepos T A ——— o5




GENERALIZE DECLARED TYPE

® 0 Generalize Declared Type
Changes to be performed b ¢ o
v 28 Example.java - RefactoringExample/src/generalizedeclaredtype_orig
\J| Example.java 2 8 &3 R
Original Source Refactored Source
1 package generalizedeclaredtype_orig; 1 package generalizedeclaredtype_orig;
| 2import java.util.Arraylist; 3 import java.util.Arraylist;
4 ™ < import java.util.Collection; |
5 public class Example { 5 I]
b 5 public class Example {
7 public void foo(){ 7
[ 8 ArrayList<String> list = new ArraylList<String>Q); | # public void foo(){
9 list.add("hello, world"); [ 9 Collection<String> list = new Ar'r'ayList<Str'ing:| []
19 3 18 list.add("hello, world");
11 11}
12} 12
13 12}
14

< Back Cancel
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GENERALIZE DECLARED TYPE

@ © | Java - RefactoringExample/src,
Sl L Ehids e O Qv i G 0 s P (8 110 [ s o
[% Package Explorer £3 = O \J] Example.java &2
& - 1 package generalizedeclaredtype_orig;
a[& k lizedeclaredt '
> P
> Il:jAd.apter 3 import java.util.Arraylist;
>.£:3-Br|dge 4 import java.util.Collection;
P == FileSystem-Composite 5
P@J-FileSystem—Iterator b public class Example {
» | FileSystem-Observer 7
» (= FileSystem-Proxy & public void foo(){
» =¥ FileSystem-Visitor 1 (13911ec’220|:;5’{{ing> 11{3:cl| = new ArraylList<String>(Q);
Pi:h‘/lMaze 111 ) ist.add("hello, world");
v |2 RefactoringExample 12
v i #src l;}

Vv {4} generalizedeclaredtype_ol 14
» |J| Example.java
» £} movemethod_orig

b 1 mAvamathad ctann
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GENERALIZE DECLARED TYPE

@ © | Java - RefactoringExample/src,
Sl L Ehids e O Qv i G 0 s P (8 110 [ s o
[% Package Explorer £3 = O \J] Example.java &2
& - 1 package generalizedeclaredtype_orig;
a[& k lizedeclaredt '
> P
> Il:jAd.apter 3 import java.util.Arraylist;
>.£:3-Br|dge 4 import java.util.Collection;
P == FileSystem-Composite 5
P@J-FileSystem—Iterator b public class Example {
» | FileSystem-Observer 7
» (= FileSystem-Proxy & public void foo(){
» =¥ FileSystem-Visitor 1 (13911ec’220|:;5’{{ing> 11{3:cl| = new ArraylList<String>(Q);
Pi:h‘/lMaze 111 ) ist.add("hello, world");
v |2 RefactoringExample 12
v i #src l;}

Vv {4} generalizedeclaredtype_ol 14
» |J| Example.java
» £} movemethod_orig

b 1 mAvamathad ctann
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GENERALIZE DECLARED TYPE

oK ) | Java - RefactoringExample/s
i s s 0 Qe i Goe %0 = e LB A0 o [t

% Package Explorer £2 = O \J| Example.java 23

= 5 - 1 package generalizedeclaredtype_orig;
> Iji,j-Aci.apter 3 import java.util.Collection;
> i~ Bridge 4 import java.util.LinkedList;
= FileSystem-Composite 5
» (= FileSystem-Iterator L public class Example {
> 'l_:‘/J FileSystem-Observer 7
» = FileSystem-Proxy & public void foo(){
» (= FileSystem-Visitor 9 Collection<String> list = new Linked|ist<String>(Q);
Pfideaze 10 list.add("hello, world");
V_Efﬂ-RefactoringExample ﬁ }

v i #src 13}
v {1 generalizedeclaredtype_ol 14
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GENERALIZE DECLARED TYPE

SN0 R HG SO

| Java - RefactoringExample

. E O A SR el

[ JON |
=i
[ Package Explorer 53
==

= Adapter
> ij Bridge
(=) FileSystem-Composite
> FileSystem-Iterator
> (= FileSystem-Observer
= FileSystem-Proxy
(= FileSystem-Visitor
> ‘_L} Maze
v ij RefactoringExample

v (Hsrc

v {1 generalizedeclaredtype_oi

b [J] Example.java
> £} movemethod_orig

> £} movemethod_step01

= 0

-

[J] Example.java

1 package generalizedeclaredtype_orig;

3 import java.util.Arraylist;

4

5 public class Example {

6

7 public void foo(){

ArraylList<String> list = new Arraylist<String>Q);
9 list.add("hello, world");

o0
Chie SNt O Q8 Gri®™ e v 9L (8 1)

| Java - RefactoringExample/src,

[ Package Explorer 52

&

=

3= Adapter
> ‘l:? Bridge
> = FileSystem-Composite
> FileSystem-Iterator
> ‘;‘3 FileSystem-Observer
3= FileSystem-Proxy
3= FileSystem-Visitor
> ‘l:? Maze
v ‘;9 RefactoringExample

v (#src

v E generalizedeclaredtype_oi

> m Example.java

» £ movemethod_orig

b 1 mAvamathad ctanni

[J] Example.java 2

1 package generalizedeclaredtype_orig;

3import java.util.Arraylist;
4 import java.util.Collection;
5

& public class Example {

& public void foo(Q{

9 Collection<String> 1"Lst| = new ArraylList<String>Q);
10 list.add("hello, world");

11 }

12

12}

14

= SO how does Eclipse figure out which types can be used?
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TYPE CONSTRAINTS

ArrayList<String> list = new ArraylList<String>Q);
list.add("hello, world");

» Eclipse applies static analysis to determine relationships between the
types of variables and expressions that should be preserved



TYPE CONSTRAINTS

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

‘ class Collection<T> {
public boolean add(..){ .. }

}

» Eclipse applies static analysis to determine relationships between the
types of variables and expressions that should be preserved. Let’s say
that:

= {4 represents the type of variable list
= {2 represents the type of expression new ArrayList<String>()
= t3 represents the most general type in which add () is declared
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TYPE CONSTRAINTS

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

‘ class Collection<T> {
public boolean add(..){ .. }
}

= Now, ignoring the specific type used for variable list, we can observe
that this program is type correct if:

= {2 is a subtype of t1, and
= t1is a subtype of t3
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TYPE CONSTRAINTS

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

<::> class Collection<T> {
public boolean add(..){ ..

}

}

= Now, ignoring the specific type used for variable list, we can observe
that this program is type correct if:

n to=t4, and
s f1=13
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Object-Oriented
Type Systems

TYPE CONSTRAINTS

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

<::> class Collection<T> {
public boolean add(..){ ..

}

}

= Now, ignoring the specific type used for variable list, we can observe
that this program is type correct if:

n to=t4, and
s t1=13
= From the program, we can see that:
= t> = Arraylist
= t3 = Collection
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CONSTRAINT SOLVING

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

<::> class Collection<T> {
public boolean add(..){ ..

}

}

= 10 find permissible types for t1, Eclipse needs to solve the following
system of constraints:

n o=ty
n f1=13
» f2=ArrayList

m {I3=Collection
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CONSTRAINT SOLVING
®

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

solution must satisfy:
ArrayList =ty =Collection
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CONSTRAINT SOLVING
®

ArrayList<String> list = new ArraylList<String>(Q);
list.add("hello, world”);

solution must satisfy:
ArrayList =ty =Collection

Collection
AbstractCollection
Abstractlist

List

ArrayList
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EXTRACT INTERFACE

= we'll consider an example where:
» class Stack that defines methods like push (), pop (, etc.
» class Client that refers to concrete type Stack

= we'll use the Extract Interface refactoring to extract an interface
IStack from Stack
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class Stack {

private Vector v2;

public Stack() {
v2 = new Vector()

}

public void push (Object o) {
v2.addElement (o) ;

}

public Object pop() {
classreturn

v2.remove (v2.size()-1) ;

}

public void moveFrom(Stack s3) {
this.push(s3.pop())

}

public void moveTo (Stack s4) {

s4 .push (this.pop()) ;

}
public boolean isEmpty () {

return v2.isEmpty () ;

}
public static void print(Stack s5) {

Enumeration e = s5.v2.elements|() ;
for ( ; e.hasMoreElements(); )
System.out.println (
e.nextElement()) ;

class Client {

public static

void main (String[] args) {
Stack sl = new Stack()
sl.push (new Integer(l))
Stack s2 = new Stack();
s2 .push (new Float(2.2));
s2 .push (new Float(3.3));
sl .moveFrom(s2) ;
s2 .moveTo (sl) ;
Stack.print(s2);
Vector vl = new Vector()

while (!'sl.isEmpty()) {
Number n = (Number)sl.pop();
vl.add (n) ;

}

// rest of code same as before.

EXTRACT INTERFACE
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Stack implements IStack { interface IStack ({

public
public
public
public
public

void push (Object o) ;
Object pop();

void moveFrom(Stack s6)
void moveTo (Stack s7);
boolean isEmpty() ;

Example: Extract interface IStack from Stack

— make IStack a supertype of Stack

— create interface IStack that declares all instance methods of Stack

— where possible, update declarations to refer to IStack instead of Stack

.
14
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class Stack implements IStack {

private Vector v2;

public Stack() {
v2 = new Vector()

}

public void push (Object o) {
v2.addElement (o) ;

}

public Object pop () {
return v2.remove (v2.size()-1);

}

public void moveFrom(Stack s3) {
this.push(s3.pop())

}

public void moveTo (Stack s4) {

s4 .push (this.pop()) ;

}
public boolean isEmpty () {

return v2.isEmpty () ;
}

public static void print(Stack s5) {
Enumeration e = 85.v2.elements () ;

for ( ; e.hasMoreElements(); )
System.out.println (
e.nextElement()) ;

interface IStack {

}

public void push (Object o) ;
public Object pop() ;
public void moveFrom(Stack
public void moveTo (Stack
public boolean isEmpty () ;

s6) ;
s7);

class Client {

public static
void main (String[] args) {

Stack sl = new Stack()
sl.push (new Integer(l))
Stack s2 = new Stack();
s2 .push (new Float(2.2));
s2 .push (new Float(3.3));
sl .moveFrom(s2) ;
s2 .moveTo (sl) ;
Stack.print(s2);
Vector vl = new Vector()
while (!'sl.isEmpty()) {

Number n = (Number)sl.pop():

vl.add (n) ;

}
//
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class Stack implements IStack {

private Vector v2;

public Stack() {
v2 = new Vector()

}

public void push (Object o) {
v2.addElement (o) ;

}

public Object pop () {
return v2.remove (v2.size()-1);

}

public void moveFrom(Stack s3) {
this.push(s3.pop())

}

public void moveTo (Stack s4) {

s4 .push (this.pop()) ;

}

public boolean isEmpty () {
return v2.isEmpty () ;

}

public static void print(Stack s5) {
Enumeration e = s5.v2.elements () ;

for ( ; e.hasMoreElements(); )
System.out.println (
e.nextElement()) ;

interface IStack {

}

public void push (Object o) ;
public Object pop() ;
public void moveFrom(Stack
public void moveTo (Stack
public boolean isEmpty () ;

s6) ;
s7);

class Client {

public static
void main (String[] args) {

Stack sl = new Stack()
sl.push (new Integer(l))
Stack s2 = new Stack();
s2 .push (new Float(2.2));
s2 .push (new Float(3.3));
sl .moveFrom(s2) ;
s2 .moveTo (sl) ;
Stack.print(s2);
Vector vl = new Vector()
while (!'sl.isEmpty()) {

Number n = (Number)sl.pop():

vl.add (n) ;

}
//
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class Stack implements IStack {

private Vector v2;

public Stack() {
v2 = new Vector()

}

public void push (Object o) {
v2.addElement (o) ;

}

public Object pop () {
return v2.remove (v2.size()-1);

}

public void moveFrom(Stack s3) {
this.push(s3.pop())

}

public void moveTo (Stack s4) {

s4 .push (this.pop()) ;

}
public boolean isEmpty () {

return v2.isEmpty () ;
}

public static void print(Stack s5) {
Enumeration e = s5.v2.elements|() ;

for ( ; e.hasMoreElements(); )
System.out.println (
e.nextElement()) ;

interface IStack {

}

public void push (Object o) ;
public Object pop() ;
public void moveFrom(Stack
public void moveTo (Stack
public boolean isEmpty () ;

s6) ;
s7);

class Client {

public static
void main (String[] args) {

Stack sl = new Stack()
sl.push (new Integer(l))
Stack s2 = new Stack();
s2 .push (new Float(2.2));
s2 .push (new Float(3.3));
sl .moveFrom(s2) ;
s2 .moveTo (sl) ;
Stack.print(s2) ;
Vector vl = new Vector()
while (!'sl.isEmpty()) {

Number n = (Number)sl.pop():

vl.add (n) ;

}
//
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class Stack implements IStack {

private Vector v2;

public Stack() {
v2 = new Vector()

}

public void push (Object o) {
v2.addElement (o) ;

}

public Object pop () {
return v2.remove (v2.size()-1);

}

public void moveFrom(Stack s3) {
this.push(s3.pop())

}

public void moveTo (Stack s4) {

s4 .push (this.pop()) ;

}

public boolean isEmpty () {
return v2.isEmpty () ;

}

public static void print(Stack s5) {
Enumeration e = s5.v2.elements () ;

for ( ; e.hasMoreElements(); )
System.out.println (
e.nextElement()) ;

interface IStack {

}

public void push (Object o) ;
public Object pop() ;
public void moveFrom(Stack
public void moveTo (Stack
public boolean isEmpty () ;

s6) ;
s7);

class Client {

public static
void main (String[] args) {

Stack sl = new Stack()
sl.push (new Integer(l))
Stack s2 = new Stack();
s2 .push (new Float(2.2));
s2 .push (new Float(3.3));
sl .moveFrom(s2) ;
s2 .moveTo (sl) ;
Stack.print(s2);
Vector vl = new Vector()
while (!'sl.isEmpty()) {

Number n = (Number)sl.pop():

vl.add (n) ;

}
//
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class Stack implements IStack {

private Vector v2;

public Stack() {
v2 = new Vector()

}

public void push (Object o) {
v2.addElement (o) ;

}

public Object pop () {
return v2.remove (v2.size()-1);

}

public void moveFrom ( s3) {
this.push(s3.pop())

}

public void moveTo ( s4) {

s4 .push (this.pop()) ;

}

public boolean isEmpty () {
return v2.isEmpty () ;

}

public static void print(Stack s5) {
Enumeration e = s5.v2.elements () ;

for ( ; e.hasMoreElements(); )
System.out.println (
e.nextElement()) ;

interface IStack {

}

public void push (Object o) ;
public Object pop() ;
public void moveFrom (
public void moveTo (
public boolean isEmpty () ;

s6) ;
s7);

class Client {

public static
void main (String[] args) {
sl = new Stack();
sl.push (new Integer(l))
Stack s2 = new Stack();
s2 .push (new Float(2.2));
s2 .push (new Float(3.3));
sl .moveFrom(s2) ;
s2 .moveTo (sl) ;
Stack.print(s2);
Vector vl = new Vector()
while (!'sl.isEmpty()) {
Number n = (Number)sl.pop():
vl.add (n) ;

}
//
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class Stack implements IStack { interface IStack {

private Vector v2; public void push (Object o) ;
public Stack() { public Object pop() ;
v2 = new Vector () public void moveFrom(Stack s6);
} public void moveTo (Stack s7);
public void push (Object o) { public boolean isEmpty() ;
v2.addElement (o) ; }

}

public Object pop () {
return v2.remove (

}

public void moveFro
this.push(s3.pop ()

t {

atic

main (String[] args) {
= new Stack();

ew Integer(l));

= new Stack() ;

ew Float(2.2));

ew Float(3.3));
om(s2) ;

(sl1);

nt (s2) ;

= new Vector () ;
1.isEmpty()) {

n = (Number)sl.pop():
vl.add (n) ;

}

public void moveTo (S
s4 .push (this.pop()
}
public boolean isEmp
return v2.isEmpty (
}
public static void p
Enumeration e = s5.v2.elements () ;
for ( ; e.hasMoreElements(); )

System.out.println ( }
e.nextElement()) ; // rest of code same as before..

} }
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EXTRACT INTERFACE

Cie e L ENids e Q- Qe i Gioi (8 00 a2 Pl B (1)A0 |25 It e s

54 Package Explorer &% = B EI Client.java E] Stack.java 1'_‘J Stack.java &%

=) & - 1 package extractinterface_step@1;
(=l Z
> rgAd'apter 3 import java.util.Enumeration;
> g Bridge 4 import java.util.Vector;
> = FileSystem-Composite 5
» (= FileSystem-lIterator & class Stack {
> = FileSystem-Observer s 7 private Vector vZ;
» (& FileSystem-Proxy & public Stack @ @ Extract Interface
» (= FileSystem-Visitor up J vZ = new V
» 3 Maze 0} i Interface name:  IStack
V."-;:J-R factoringE | 11 public void
i~ Refactoringexample w12 v2.addElen Use the extracted interface type where possible
v (#src 13 = ; in'i i
> B} extractinterface_orig 14 public Objee Use the extracted interface in 'instanceof' expressions
VIE extractinterface_stepO’ 15 return v2. Declare interface methods as 'public’
[ g
> 41| Client.java 16 . 1 Declare interface methods as 'abstract’
» |J] Stack.java 17 publ}c void
> EB generalizedeclaredtype 18 this.push( Generate '@Override' annotations (1.6 or higher)
. 19 }
» £} movemethod_orig 0 public void
> & mc.av.emethod_stepm :l s4.push(th Members to declare in the interface:
> it original 22} @ isEmpty() : boolean
> 1 replacetemp_orig 22  public boole @ moveFrom(Stack) : void
> {3 replacetemp_step01 24 return vZs ® moveTo(Stack) : void Deselect All
> £ replacetemp_step02 25 1 bic o ® pop() : Object
26 public stati . )
> {1 replacetemp_step03 w27 Enumeratio i push(Object) : void
> {3 replacetemp_step04 - for ¢ i
Iy .
> i stepO1 29 Systém .0
> [#1 step02 20 N Generate method comments
> [ step03
> [$i step04 i
> fﬂ step05 Problems Java
> [# step06 <terminated> Client (5) i
> [H step07 Preview > Cancel
> [} step08

b [l ctanna
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EXTRACT INTERFACE

® ® Extract Interface

Changes to be performed

> @CIient.java - RefactoringExample/src/extractinterface_step01

% *‘ Stack.java - RefactoringExample/src/extractinterface_stepO1

_/ & _Croata 'IQtanlk iava' - DafantarinaEvamnlalernlavirantintarfara ctanN

m Stack.java

YT

Original Source

‘ Refactored Source

[o.class Stack {

7 private Vector v2;
2  public Stack(){

=0 0o =~

22 %

e nithls ~ lhaaTlaan 5 cCmnda /NS

}—{ 6 class Stack implements IStack {

private Vector vZ;
public Stack(){

}

nithla ~ lhaaTlaan 5 cCmnda /NS

9 vZ = new Vector(); 9 v2 = new Vector(); o
10 } 10 %
11 public void push(Object o){ 11 public void push(Object o){
12 v2.addElement(0); 12 v2.addElement(0);
12} 12}
14  public Object pop(){ 14 public Object pop(){ O
15 return v2.remove(v2.size()-1); 15 return v2.remove(v2.size()-1); -
16 3} 16 }
[1? public void moveFrom(Stack s3){ ] [1? public void moveFrom(IStack s3){ |
18 this.push(s3.pop()); 18 this.push(s3.pop());
19 } 19 %
[;3 public void moveTo(Stack s4){ | [;3 public void moveTo(IStack s4){
21 s4.push(this.pop()); s4.push(this.pop());

< Back Cancel
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INFER GENERIC TYPE ARGUMENTS

oK ) Infer Generic Type Arguments

Changes to be performed 4 e

?:.! Client.java - RefactoringExample/src/infergta_orig

[1] Client.java ﬁh "}:"& L'Q &
Original Source Refactored Source

1 package infergta_orig; 1 package infergta_orig;

w

. import java.util.Vector; import java.util.Vector;

L =
V& wr

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

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

y 0o~ O

~ O

Stack sl = new Stack(Q); 8 Stack<Number> s1 = new Stack<Number>(); | u
9 sl.push(new Integer(l)); | 9 sl.push(new Integer(l));
10 Stack s2 = new Stack(); | 10 Stack<Float> s2 = new Stack<Float>(); | B[]
11 s2.push(new Float(2.2)); 11 s2.push(new Float(2.2));
12 s2.push(new Float(3.3)); 12 s2.push(new Float(3.3));
13 sl.moveFrom(s2); 13 sl.moveFrom(s2);
14 s2.moveTo(sl); 14 s2.moveTo(sl);
15 Stack.print(s2); 15 Stack.print(s2); 1
16 Vector vl = new Vector(); ] 16 Vector<Number> vl = new Vector<Number>();]
17 while (!sl.isEmpty()){ [ 17 while (!sl.isEmpty()){ [ []
18 Number n = (Number)sl.pop(); ] 18 Number n = sl.pop();
19 vl.add(n); 19 vl.add(n);
20 } 20 }
21} 21}
22} 22}

< Back Cancel
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RECOMMENDATIONS

= continuously refactor to keep your code readable, understandable, and
maintainable

= by eliminating small problems soon, you can avoid big trouble later

« familiarize yourself with the automated refactoring support
= this will save you time in the long run
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