Tutorial 4
More on Refactoring

How to refactoring unstructured code?
How to apply refactoring in Eclipse?
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Last lecture...

On refactoring

« We explained what is refactoring, what is
software refactoring

 How are they related to other restructuring
techniques?

« Examples of refactoring

» Refactoring structured source code into
goal models
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Today...

1. How to refactoring unstructured code into
goal models?

2. How to use Eclipse to do refactoring?
Discussions
4. Relation to your course project

o
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1. Refactoring an

unstructured program
* The subject is called “Squirrel Mail”

* It has 70 KLOC

* Developed in PHP
Function call
Foo.php: <?php include(“bar.php”) 7>
* Why it is unstructured?
Foo.php: <a hret="bar.php”/>
<a href="moo.php”/>
<?php echo “l won super 7!” ?>
Any idea?
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Why a PHP program is

unstructured?

Every Hyperlink generated from the PHP
Is an “exit” in the current PHP program

It may call other PHP routines, other web
pages, etc. when user click at them

Non-deterministic, how could you tell
which link will the user click?

Even “go back” button will change the
behaviour of the program

So ...
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The process

« Structured program is easier to understand

Legacy 1. Extract Refactored
source code Methods source code
Refactor
Yes No 2. Construct

2
Is structured? Hammock graph

AST o / _ 3. Extract

(annotated 5. Pars Structured | 4. Eliminate High-level Stat_e_s/ Statecharts
Goal graph) program GOTO \ Statechart | Transitions
Refactoring

6. Restructure

7. Testto Goal Model 8. Analyze Quality Goal Model
Goal Model identify with NERs metrics to identify with
NFRs softgoals Softgoals
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1.1 Refactoring based on
comments

ent ./ the following does\‘f\/
ry S(I, O,); '/ refactored
exit /52( I 4 02)/' 5(]; O);

// other ... J
Variables defined before the entry of the block

Variables defined in the block that will be used after the
exi/t
O=(0,00,){v] use(V,pP)ApP onlP}t#0
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Example

/** Path for SquirrelMail required files. */
define('SM_PATH’,’../");

require_once($SM_PATH . ‘functions/strings.php’);
require_once($SM_PATH . ‘config/config.php’);
require_once($SM_PATH . ‘functions/i18n.php’);
require_once($SM_PATH . ‘functions/plugin.php’);
require_once($SM_PATH . ‘functions/constants.php’);
require_once($SM_PATH . ‘functions/page header.php’);
require_once($SM_PATH . ‘functions/html.php’);
require_once($SM_PATH . ‘functions/global.php’);
require_once($SM_PATH . ‘functions/imap_general.php’);

1

$SM_PATH=set_path ();
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Further ...

<?php /* login.php */
$SM_PATH=set_path ();
$SM_lang=setup_language();
$base_uri = findout_base URI()
$logindisabled = detect_imap server($base uri);
if ($logindisabled) {

explain_situation();

exit;

do_hook(‘login_cookie’);

$header =onload functlon( ‘redirect.php”);
display_header($header);

load theme($theme[$theme default]);
do_hook('login_top');

show_logo();

show form($|og|nname $mailto, $key);
do_hook('login_form’);

gl)o hook('login_bottom');

>
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1.2 Convert into statechart

« Statecharts concisely describe behaviour of a system.

« No comments now, but we need to understand its
behaviour, therefore ...

$SM_PATH is
undefined

N /
/set_path
$SM_PATH=set_path (); =—) /set_path s
\ 4
\ 4
$SM_PATH is $SM _PATH
set
N 7 N J
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1.3 Statechart refactoring

Extract Method -> Exiract States and Transitions based on Hammock graphs

login.phg
Isetup_language ffind_out_base_URL =
/set_path - login.php
A $SM_PATH W ( $SM_lang 1 ( $base URL /_7(“—\
- - = obalsSet
WrongIMAP & /set_globals
/detectiMAPServer
%Z::aecctﬂ\m%erver =~ CorrectIMAP/ WrongIMAP/
$login_disabled detectiIMAPServer detectIMAPServer
! $login_disabled Vs A
Jload theme ( ! $login_disabled w ( $login_disabled w
Inog /login_cookie N
Jonload_function

/calculatePage

cookie_hooked
— [display_header lexplainSituatior /J—\
/—</nop F\ /—& PageGenerated /explainSituation
top_hooked $logo_shown $header_displayed Q

A\ \
\ Nlogin_top Jshow._logc /showForm
Inor Jlogin_bottorr g é
\f bottomfhooked -
N /showForrr—»T)

\ \

CorrectiIMAP WrongIMAP

lenterForm IreportError
v v

What's new here? You are refactoring behaviour rather than structures!
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1.4 Put it together ...the high-level statechart of the
unstructured program

e browser N

|

/enterURL

Index.php

login.php
checkimap /goBack
N
AN
WrongIMAP/reportError
CorrectIMAP/calculatePage % :;)(;%%?dOut/
login.php / 5?&'?33 /
showForm 'LoggedOut &

WrongForm/reportError Expired/send

WrongKey/redoForm

webmail.php
CorrectForm &
CorrectKey —

/startWebMail

/enterFo

redirect.php
)

o /
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1.4 Now convert statechart back
into a program with GOTQO’s

- FORTRAN

call EnterURL
10 call Login
if (wrongIMAP) goto 30
20 call ShowForm
if (wrongKey) goto 20
call EnterForm

if (wrongForm) goto 30
call StartWebMail
if (loggedOut) goto 10
if (expired) goto 10
call Send
Stop

30 call ReportError
call GoBack
goto 10
end

* Rule of thumb: every state is a basic block; adding a label to states with
multiple incoming transitions; adding GOTO statements for all outgoing
transitions except one; line-up the basic blocks
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1.4 Eliminate GOTO's

« FPT (Fortran parallelizing transformer, developed at ELIS, Ghent
University, Belgium)

« Result of goto elimination:
CALL EnterURL
REPEAT
REPEAT
CALL Login
IF (.not.wrongIMAP) THEN
REPEAT
CALL ShowForm
UNTIL (.not.wrongKey)
CALL EnterForm
IF(.not.wrongForm)THEN
CALL StartWebmail

ENDIF
ENDIF

UNTIL (.not.loggedOut.or .not.expired.or.wrongIMAP .or.wrongForm)
IF(wrongIMAP.or.wrongForm)
THEN

CALL ReportError

CALL GoBack
ENDIF

UNTIL (.not.wrongIMAP.and.not.wrongForm)
CALL Send
END
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1.5 Turning structured program into
an annotated goal model

REPEAT..UNTIL
EnterURL (not wrongIMAP
or not wrongForm)

REPEAT..UNTIL
(not loggedOut or not Expired IF(wrongIMAP.or.wrongForm)
or wrongIMAP or WrongForm)

AND IF (not wrongIMAP) AND

REPEAT..UNTIL AND

(not wrongKey) IF (not wrongForm)
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1.6 Turning it into “pure” goal
model (AND/OR graph)

ecall A
call B

if (x) then
call A
else
call B
end if

ecall A
repeat
call C

until s
call B
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1.7 Introducing softgoals

* |dentify NFRs

« Add softgoals to O
categorize why g

there are the
NFRs

» If possible, one i A |
can measure the A () o] [ o
4 “. OR \‘
degree of @ tlome -.
satisfaction for VY )
the softgoals = :
o B s
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2. How to refactoring in Eclipse

» If you are developing in Java, you are LUCKY!

* The Eclipse IDE, JBuilder IDE are very
comprehensive

» Refactoring was developed in Smalltalk, now
moved to Java in Eclipse, it has been told in C#
for Visual Studio, etc.

* |t should not be long to see open-source
programming languages to have them
supported, such as PHP

« Examples, developed by Jing Su

Spring 2005 ECE450H1S Software Engineering



Example 1 — extract method

void f() { void f() {
/I Gompute score
score=a " b + C; |
score -= discount;

computeScore();

} void computeScore() {
score=a*b+cC;
score -= discount;

}
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Java - ExtractMethodExample. java - E

File Edit Source Refactor Mawvigate Search

ipse Platform

Project

Run  Window Help

IBf-Ha |%»-0-G- |BHG- O |48 [H-#-06-=-

[# Package Explorer 52 \ﬂierarchyl

127 aspectphp
107 editor
107 ejbclientgen

17 javacc-3.2
127 lexarid-ui-extensions. protege
107 lexgrid-ui-extensions. protege. feature

127 org.aspecti

107 org.edipse.ui. editars

157 org.edipse.ui, workbench

157 Tutorials

4 Tutariala

3 (default package)

; Eﬂm ExtractMethodExample. java
-z IRE System Library [i2sdki.4.2]
1 wcre

ﬁ!EJJava- HBgcic++ >

17 %

2 w - Created on Now 185
3 |

4

S/

= * @author Jing Su

7 * To illustrate the idea of Extract Method refactoring
g | ==

9vpublic class ExtractMethodExample {

Z004

10% void £{) {

11 int &, b, c, score, discount;
1z a=h =c = 10;

13 10;

Undo Ctr+Z

:IE.‘
1R s 0w ~

® ExtractMethodExample
: i¢]

[T
o= Cutline &2 \\__

15 Revert File
17 }
18 3 Open Declaration F3
19 Open Type Hierarchy F4
Open Call Hierarchy Chrl+Alk+H
Open Super Implement ation
Show in Package Explorer
Cut Chrl+x
Copy Chrl+C
Paste Chrl+y
Source Ale+shift+35 »
Move. .. Ale+Shift+y
Local ory 3 Change Method Signature. .. Alt+5hift+C
References 3 Pull Up. ..
Declarations 3 Push Down. ..
Extract Interface. ..
Save §
Use Superkype Where Possible.. .

Alt-+ShiFt-+

Problems I Javadoc ! Declaration | El consale 52 \\fiall Hierarchy

Console

| Wiitable | Sart Insert 161 27

SPrMg 2UUd

CUE40Urn o oO0Iwdre crigiriecririg 1



T Java - ExtractMethodExample.java - Eclipse Platform

Eile Edit Source Refackor Mavigate Search Project Rum Window  Help

IN-B&|%-0-Q- | 8HG- | @7 | 4B |[H-F -2 - B | &2ava Hgoice+ ™

[% Package Explorer 2 Hierarchy| = 0| . 9 51| 5= outline &2 =0
4?|!E|<§>7 i3 e lagﬂ\s“d"

..... 7 aspectphp < |shoprcatcdrongov s el =@  ExtractMethodExample

..... 7 editar 3| 8 e a O

----- 107 ejbclientgen 4

----- 17 examples Sy

..... 7 FileRater =] * @author Jing Su

..... 7 ace 7 * To illustrate the idea of Extract Method refactoring

..... BT arappa 8| %/

----- ] isv-2.0 S<public class ExtractMethodExample {

----- & javacc-3.2 10+ void £{) {

""" 127 lexgrid-ui-extensions, protege 11 int a, b, o, score, discount;

----- 107 lexgrid-ui-extensions, protege. feature 12 a=k=oc = 10;:

""" 127 OneGs 13 discount = 10;

----- 11 OpenGME -

----- 127 org.aspecti

127 org.edipse.ui, editors

127 org.edipse.ui.workbench

12 Tutariald

[—]E% Tutariald

- (default package)

[+ [J] ExtractMethodExample. java
-2 JRE System Library [j2sdk1.4.2]

""" 1 wicre Access modifier: ¢ public © protected 7 default % privace Ent

Extract Method

Method name: I ComputeScore

r a name according to the

Parameters: 0 ent
Type | Mame | §§
ink a
int b
ink C U;I
int discount |
Down

[ add thrown runkime exceptions ko methad signature
W Generate Javadoc comment

™ Replace duplicate code fragments

Methad signature previe:

private void CowmputeScore (int a,int b,int c,int ]
- discount) b
Problems | Javadac ! Dieclaration | = B -=0
il /Ay This name is discouraged. According to convention, names of methods should
skart with a lowercase letter.
Preview = | [o]4 I Cancel
| Writable Smart Inserk 16 : 27

1 =4 ~J =4



Java - ExtractMethodExample. java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Run WWindow Help

|fﬁ'[‘a‘]|’3]$'0'%'|@ﬂ§’@']®ajj §|E_|.Ql'ﬁ|'ﬂ3<b‘ v T @!&tha-g@qc*’*’ 2

[# Package Explorer &2 \Eierarchy! 51| 5= outline 52 \\,_ = ml|
dBER - 1w/ L AW o w -

< | stearedionNow B 2004 ®  ExtractMethodExample
2 i e @ ComputeScareding, int, ink, ink)

107 ejbeliertgen ki s T8

107 examples Sl

127 FileRater 6 + @author Jing 3u

107 gee 7 % To illustrate the idea of Extract Method refactoring

127 grappa g %/

T isw-2.0 S<public class ExtractMethodExample

107 javacc-3.2

127 lexgrid-ui-extensions. pratege

127 lexarid-ui-extensions, proteqge, feature
7 ontGs

11 OpenCME

127 org.aspectj

10+ void £()

149 int a, b, c, score, discount:
1z R R e 0

13 discount = 10;

14 ComputeScore (a, b, c, discount):;

107 org.edipse.ui, editors i
157 org.edipse.ui, workbench 1 e
10 Tutoriald
‘[g_—‘j! Tutoriald il - Bparam s
JEB (defaulk package) 13 * eparam b
- [J] ExtractMethodExample. java 2o ¥ @param c
[+-B% JRE System Library [j2sdk1.4.2] 21 * @param discount
T were 2z o
23+ private void CowputeScore(int a, int b, int c, int discount) {
z4 int score;
Z5 /¢ Compute score
Z6 score = a ¥ ho+ oo
z7 score —= discount;
=8 K
29 1}
30
Problems | Javadoc|DecIarati0n (E Console 38 Call Higrarchy = [ - =8
Consale

(I Writable | Smart Insert 14:9
w s T UT T T Ln]



Example 2 — move method

class Jar { class Jar {
bool isFragile() {
} switch(material) {
class RoboPacker { case GLASS: return true;
private bool isFragile(Jar foo) { case WOQD: return true;
switch(foo.material) { case TIN: return false;
case GLASS: return true; 11}
case WOOD: return true; class RoboPacker {
case TIN: return false; private bool isFragile(Jar foo) {
} return foo.isFragile();
} }
} }
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Java - MoveMethodExample. java

e Platform

File  Edit
=5

Source  Refactor

Mavigate Search Project

Run  Window  Help

% -0-Q- |HHFG- B | 4B

EERE RS R R

[# Package Explorer 2 \tiierarchyl

ﬁ’EJJava- fgcic+ >

107 ejbelientgen
1T examples
12 FileRater

127 lexarid-ui-extensions. protege

107 lexarid-ui-extensions. protege. feature
157 ontGs

11 OpenCME

107 org.aspectj

127 org.edipse.ui,editors

157 org.edlipse.ui.workbench

3 (defaul package)

&“. [3] ExtractMethodExample. java
= [3] MoveMethodExample. java
[+-2 JRE System Library [j2sdk1.4.2]
1 wcre

| = 8 || [J] ExtractMethodExample.java
Ak G

2 * Created on Nov 18, 2004
3 o=
4
SR
[ * @author Jing Su
£ | B

Svpublic class MovelMethodExamwple {

all
case return true;
case return true:
case return false;
Z5 i

return false:

B[ = outine 2 b

=k class Jar {

10

11 private static £inal int GLASS = 0;
12 private static f£final int WOOD = 1;
13 private static final int TIN = Z;
14

15 public int materisl:

16

17 K

15+ class EoboPacker |

19

20w private boolean isFragile (Jar foo) {

Undo
Revert File

Ctr+2

Open Declaration F3

Open Type Hierarchy F4

Open Call Hierarchy Cerl+alt+H
Open Super Implementation

Shaw in Package Explorer

Cuk Chrl+x

Copy Chrl4+C

Paste Chrl+Y

Source Alt+Shife+s »

Ale+Shift+T B

= E"

B o o~

©® MoveMethodExample
Jar

FF Glass :int
7 TN int
7 w000 ing
- o material : int

Q RoboPacker
....... -

isFragile{Jar)

Local History » Change Method Signature. .. Alt+35hift+C
Move Member Type to Mew File...
References 3
Declarations » Pull Up...
Problems | Javadoc|DecIaration (E Consale &7 Call Hierarchey Save Push Dawn... + B -=08
Console Use Supettype Where Possible. ..
Extract Method... Ale+shift++
| | ‘\Writable Smart Inserk 271




T Java - MoveMethodExample.java - Eclipse Platform

Eile Edit Source Refackor Mavigate Search Project Rum Window  Help

|ti-E

E|$-0-6- |BHG-|OP|IE |H-5-0E-

2 Package Explorer &2 Hierarchy| =0 | m ExtractMathodExample.java
42 | = <;==g> - 17/ %

_____ 7 aspectphp Z * Created on MNov 18,
----- 127 editor 3 |imE

----- 107 ejbclientgen 4

----- T examples bl

..... 7 FileRater &6 | * @author Jing Su

..... m goc T w7

Changes to be perdormed
EE'LE RoboPacker java - RoboPacker
[» .Jar.ja'-.rs - RoboPacker

----- 121 OpenGi
----- 10 org.aspe
----- 127 org.edip
----- 127 org.edip
----- 1o Tutoriald
=22 Tutorials
- (def:

Z004

B | &1ava Bgoic++ >

] | 0% Qutline 52

:IE\
13 8 e ¥ ~

EG MoveMethodExample
-Gy Jar

£ F ELASS ¢int
£ TIN ¢ int
£ WooD :ink
o material :ink

1
e Jar)

|I| h“'-lnhcl Packer. jgwva

Ciriginal Sounce

Refactored Source

public class RoboPacker |
private boolean isFragile(Jar foo)

{

I

switchi{foo.material)

return true;
return true;
return false;

case Jar.GLAS
case Jar.wWiOD:
case Jar.TIH:

| »]

public class RoboPacker |
private boolean isFragile(Jar foo)

return foo.isFragile();

| »]

[ »

[4]

SPTMg £20U0

CULa40UrN 1o
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£ Java - MoveMethodExample. java - Eclipse Platform

File Edit Source Refactor Mavigate Search Project Rum Window Help

| %~ B HF-0-- | GHFG-|®@F | AB |H-FH-Lo- - B | &lava HRicicH+ >
[ [# Package Explorer S 2 _Hierarchy | =0 ': _' [J] ExtractMethodExample java 0| EE Outling 52 =
T | - H |
ales || =/ 2 AR o N v
107 aspectphp 2 SECATEduonENO S R0 E = G MoveMethodExample
T editar 3 | =) Q Jar
17 eibclientgen 4 £ GLAsS int
1 examples Soild S TIN it
1°7 FileRater 6 * @author Jing Su SF wWooD ;s int
1T ace 5 | B o material : int
1C71 grappa Svpublic class MoveMethodExample § m isFragile)
T isw-2.0 [=hd class Jar { =) Q RoboPacker
B javacc-3.2 i0 m  isFragile(Jar)
17 lexarid-i-extensions. protege 11 private static final int GLASS = 0O:
17 lexgrid-ui-extensions. protege . feature 1z private static final int WOOD = 1;
g OntGS 13 private static final int TIN = 2;
Open2ME
14
L org.aspect] 15 public int waterial:
1T org.eclipse.ui, editors '
. 3 ia6
107 orag.eclipse.ui, workbench ’ . 2
BT Tutariala 17 private boolean isFragile() {
=122 Tutorials 15 switch(material) {
B E} {default package) 19 case MoveMethodExample.Jar.SLASS: return true;
2 D ExtractMethodExample. java 20 case MoveMethodExample.Jar.WOOD: return true:
= m MaoveMethodExample. java 21 case MoveMethodExample.Jar.TIN: return false;
=), IRE System Library [j2sdki.4.2] 22 i
T were 23 return false;
24 ¥
25
26 }
27 class RoboPacker

private boolean isFragile(Jar foo) |{
return foo.isFragile():

Problems | Javadac | Declaration | B cansale 52 Call Hierarchy | =8
Consale

‘Wit able Smart Insert 29: 44




Example 3 — lift method

class Jar {
bool isFragile() {
switch(material) {
case GLASS:
// complex glass calculation
case WOOD:
// complex wood calculation
case TIN:
// complex tin calculation

b1
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class Jar {
bool isFragile() {
return material.isFragile();

b}

interface Material { ... }

class GlassMaterial:Material { ... }
class WoodMaterial:Material { ... }
class TinMaterial:Material { ... }
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File Edit

Ciite

va - MoveMethodExample.java - Eclipse Platform

Source  Refactor  Mavigate

[ 2 Package Explorer S Hierarchy |

157 aspectphp

157 editaor

157 ejbclientgen

157 examples

157 FileRater

17 gee

127 grappa

1B isv-2.0

187 javacc-3.2

157 lexarid-ui-extensions. protege
157 lexarid-ui-extensions, proteqge, feature
157 ontGs

17 OpenME

157 org.aspecti

127 org.edipse.ui, editors

127 org.edipse.ui, workbench

157 Tutariald

-2 Tutorialg

[=1-H3 {defaulk package)

m ExtractMethodExample. java
m Jar.java

[3] Material.java

[+ m MoveMethodExample. java
=, JRE Svystem Library [j2sdk1.4.2]
1 wcre

-

m

Search  Project

=

Bun  Window Help

=8 :. [¥] ExtractMethadExample. java

&

@0 - |BHG | ®F |

-

B -H e

m Jar.java

4 a3 |
S/ &
& * @author Jing Su
2|
S¥public class MoveMethodExample {
o= interface Material {
10 public boolean isFragile():
11 K
12+ class Glass implements Material
<13~ public boolean isFragile() {
14 return true;
i
¥
class Wood implements Materisl |
public boolean isFragile() {
return true;
i
H
class Tin implements Material {
public boolean isFragile() {
return false:
i
}
class Jar |
public Material material;
private boolean isFragile() {
return material.isFragilei):
¥
}
class BEoboPacker {
private boolean isFragile (Jar foo) {
return foo.isFragile():
i
}
|
|Problems | Javadoc | Declaration | Econsole 52 call Hierarchy |
Console
| Wiritable Smatt Insert | 40 1

EERCITY

-

DDDD

5| B= outline 52

®

B | 8uave Hgoict+ >
B | sl o w v
eMethodExample

Glass

@ . isFragile()

Jar

@ material : Material

m  isFragile()

Material

RoboPacker

Tin

“Wwood

SPTMYg 20U
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3. Think about these ...

1. How to extend refactoring tool support to
other programming languages such as
PHP?

2. Can you extend refactoring to
documents, such as in various formats:
diagrams, textual, xml, etc.?

3. How can know a function is NFR?
Can you measure the impact of a NFR
on a quality attribute?
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4. Relation to your project

« Opportunities:

— You may add junit test cases to the code base to
reveal bugs (publish it to the bug tracking system)
and fix them (+5%)

— You may apply design patterns, refactoring
techniques on this legacy code base, showing as an
iImproved complexity metrics (+2.5% )

— You may tune the performance of the system to
speed up the display, load/save for scalable graphs
(+2.5°/o)

* Don'’t forget your major project task (up to

100%!)

— To study the editor methods in the OpenOME and
adapt them to the OmniGraphEditor web service.
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