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 We assumed that the evolution has already taken
place.

* This week: how to implement evolution
 Reengineering of legacy systems
— Towards OO, aspects, services
 Refactoring and its impact
- Database migration

Technische Universiteit
e Eindhoven
/ SET / W&I 24-3-2014 PAGE 2 University of Technology



Evolution strategies

* Refactor
* Reengineer

 E.g., using models
* Re-implement

Questions
- How can one decide which strategy to follow?
- How can/should one implement the chosen strategy?
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First look at reengineering decision making

A Ransom, Sommerville, Warren
,| Reengineering, | Maintenance
S| modernisation
S
7))

(7))

@

-

‘» | Replacement Reduced

- .

m maintenance

Technical quality

- Both technical and business aspects
- Scale is rather vague
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Value-Based Decision Model [Visaggio 2000]

* Metrics to assess technical quality and business

value
Examples |Business value Technical quality
Objective | Input volume « Constants
* %input that can be « OS calls
automatically processed |+ DB queries/update
Subjective | * Importance « Adaptability
(expert  Fitness for purpose « Comprehensibility
opinion) « Correctness
 Efficiency

- Each metrics has a threshold B and a weight w
(importance)
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Value-Based Decision Model

* Divide the system in logical subcomponents
« Different subcomponents = different evolution strategies

« Calculate the metrics for each subcomponent
- Aggregate them using thresholds and weights

| SET / W&l

 Technical quality of component | Sqi = Z—’W-
where TCI:ZWJ- distinguishes high i M

B.

J

qguality components from the low quality components
« Similar formula can be given for business values

Business

value

A

Tq

Technical quality
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Empirical validation of VDM [Tilus et al.]

Modernization Maintenance - Alternative approaches:
A Relative Simplified
- " 4 *
;
: : E
f U = o m® o
C
- Agreement: O and [ should
Technicalscar be replaced, € should be
Feplacement Feduced maintenance m a| nta| n ed
Gray — system A, * Disagreement: experts
white — system B always preferred VDM
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Problem with VDM: To the man with a hammer,

everything looks like a nail

 Different
problems
require different
solutions

» Critique table
[Aversano et al.]

 If a problem
(left) is detected,
consider using
technique (up)

| SET / W&l

E o
i = = o i
= 2 § AEIME 2| g
= - ny E =)= 2 i
5|2 E-EQE?QEEE.%.E*J# 2|z
| . Sl 2 E| w2 5] 5| 2 |2
HEIEHEHB R HEBHEHE
A EHEIEHE IR HEI I E T
s| S| E|=| 8|5 |2|2|2|F|EIS|E|2|z2]|%
S|l B2l E|E|l=l=|E|E|E|2|lE|=2]| = &2 E
A IR I I E I I E A R R
elele | |8l A8|12 2222|828
Redevelopment cost XX X
ECONOMIC VALUE Maintenance cost X XXX | X
Future utility XX
Diata criticism X
-
5 DATAVALUE Data dependence X
:_'E Diata quality X X
5 Functional adsquacy X
'E Accuracy X X
Z Interoperability X[ x[x[x
2 |QUALITY IN USE e
A [sability X X
User satis faction X X
Safety X
SPECIALIZATION VALUE  (Specialization level X
Complexity X X X
Si X| X X X
MAINTAIN ABILITY e
Analyeahility XX | X | X)X |X X
E Structuredness X X X
..-:]’: Responsivensss degradation X X
j DEGRADATION Reliability degradation X
5 B aintainabi bty de gradation X | X | X |X|X|X X
E SW obsolescence X X
E DB obsolescence X X
= |OBSOLESCENCE OS chsolescence X
HW/SW mfrastruchurs
X | X
obsolescence
RELIABILITY SW reliability X X
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How can/should one implement the chosen

strategy?

» Correct code can be far from perfect:
« Bad structure
 Code duplication
 Bad coding practices

- We need to change it
« Undisciplined code modification may introduce bugs

« ... and does not guarantee that the code will actually be
Improved!

 Manual work, not clear how to support it beyond
“copy/paste” and “replace all”
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Refactoring

- Refactoring —a disciplined =
technique for restructuring R
code, altering its internal INEFACTORING
structure without changing HFROVING THE DESION
) . OF EXISTING CODE
Its external behavior.

 External behavior not MARTIN FOWLER
changed Wilam Opyke, m Don Roberts

Focoword by Erich Gamma

* New bugs are not introduced OvtectTechcioay nerntons

e Old ones are not resolved!

- GBECT TECHMRLOGY

* Aims at improving BoocH |
. : - i REIENT
« maintainability, performance : [einpmess
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Examples of refactorings

 Extract method

 If similar series or steps are repeatedly executed, create
a separate method

* Rename method

 If the method’s name no longer corresponds to its
purpose/behaviour, rename the method

* Pullup

 Move the functionality common to all subclasses to
the/a superclass

* Push down

 If the functionality is needed only in some subclasses
move it to the subclass

Techni h Un
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Refactoring catalogue [Fowler]. Example

* Name: Inline Temp
« Applicability:

 Atemp is assigned to once with a simple expression, and
It is getting in the way of other refactorings.

 Replace all references with the expression
- Motivation: simplifies other refactorings, e.g., Extract
Method Why would you
- Steps (Java): declare the
« Declare the temp as final, and compile temp as final?
Find references to the temp and replace them
Compile and test after each change
Remove the declaration and the assignment of the temp
Compile and test

Techni h Un
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How many refactorings are there?

Author Year Language Number
Fowler 2000 Java 93

book and website

Thompson et al. Haskell 20 * 3
website categories
Garrido 2000 C 29
Serebrenik, 2008 Prolog 21
Schrijvers, Demoen

Fields et al. 2009 Ruby >70

- One has to organize refactorings by categories

* We will discuss some of the refactorings in more
detail!

Techni h Un
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Categories of refactorings [Fowler]

« Composing methods (extract method, inline temp)

* Moving features between objects (move field, remove
middle man)

« Organizing data (change value to reference)

- Simplifying conditional expressions

« Making method calls simpler (rename method)
« Dealing with generalization (pull up field)

* Big refactorings (separate domain from presentation)
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Closer look: Pull Up Field / Push Down Field

Employee Employee
‘“”F% — Name

Pull /i\ /i\

| | | |
U p Salesman Engineer Salesman Engineer
— Name — Name

Employee

Employee

Push - Z; é Z}

Down | | | |

Salesman
Salesman Engineer Engineer
quota

 When would you use each one of the refactorings?
« Pull Up: field is common to all subclasses
 Push Down: field is used only in some subclasses
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Pull Up: Seems simple...

 Inspect all uses of the candidate fields
 Ensure they are used in the same way.

* If the fields do not have the same name, rename

 The candidate fields should have the name you want to
use for the superclass field.

« Compile and test.

* Create a new field in the superclass.

- If the fields are private, protect the superclass field
 The subclasses should be able to refer to it.

* Delete the subclass fields.

« Compile and test.

* Consider using Self Encapsulate Field on the new

field.
Techni h Un
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Another example: Extract method: Without

parameters
static Order order; statlc Order order;
static char name[ |; 2 ,
void printOwing () { Il prlnt banner
Enumeration e = elements (order) ; | Vvoid printBanner() {
double outst = 0.0 : printf (
/I print banner printf (
printf ( printf (
printf (
printf ( - void printOwing
calculaie outstanding Enumeration e = elements (order) ;
while (hasMoreElements (e)) { double outst = 0.0
Order each = nextElement (€)
outst += getAmount ( each ) ; /I calculate outstanding
} while ( hasMoreElements (e ) ) {
/I print details Order each = nextElement (e) ;
printf ( ,name ) ; outst += getAmount (each ) ;
printf ( , outst) : }
} /[ print details
printf ( , name ) ;
printf ( , outst)

Technische Unlver5|te|t
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Extract method: With input parameters

static Order order; static Order order;
static char name][ |; static char name][ |;
/Il print banner I/ print banner
void printBanner() {
printf ( ) ; I/ print details
printf ( ) ; void printDetails(double outst) {
printf ( ) ; printf ( , hame ) ;
} printf ( , outst ) ;
void printOwing () {
Enumeration e = elements (order) ; void printOwing () {
double outst =0.0; Enumeration e = elements (order) ;
printBanner(); double outst =0.0;
/[ calculate outstanding printBanner();
while ( hasMoreElements (e ) ) { /[ calculate outstanding
Order each = nextElement (e) ; while ( hasMoreElements (e ) ) {
outst += getAmount ( each ) ; Order each = nextElement (e) ;

outst += getAmount ( each ) ;

/[ print details
printf ( printDetails(outst);

printf ( }
Technische Universiteit
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Extract method: With output parameters

static Order order; static Order order;

static char name][ |; static char name][ |;

/Il print banner I/ print banner

Il print details I/ print details

void printDetails(double outst) {
printf ( , hame) ; /[ calculate outstanding
printf ( , outst ) ; double getOutst(Enumeration e,

} double outst) {

void printOwing () { while ( hasMoreElements (e ) ) {
Enumeration e = elements (order) ; Order each = nextElement (e)

double outst = 0.0 ; outst += getAmount ( each ) ;

}

return outst;

/[ calculate outstanding
while ( hasMoreElements (e ) ) {

Order each = nextElement (e) ; void printOwing () {
outst += getAmount ( each ) ; Enumeration e = elements (order) ;
double outst =0.0;
printDetails(outst); printBanner();

}

/| SET / W&I 24-3-2014 PAGE 19
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Extract method: Further simplification

static Order order;
static char name][ |;
I/l print banner

/Il print details

// calculate outstanding
double getOutst(Enumeration e,
double outst) {
while (hasMoreElements (e ) ) {
Order each = nextElement (e) ;
outst += getAmount (each ) ;

}

return outst;

}

void printOwino

Enumeration e = elements (order) ;
double outst = 0.0 ;

printBanner();

outst = getOutst(e, outst) ;

 «er RintDetails(outst);
1

24-3-2014 PAGE 20

static Order order;
static char name][ |;
/[ print banner

Il print details

// calculate outstanding
double getQ

}

Enumeration e = elements (order) ;
double outst = 0.0 ;

while ( hasMoreElements (e) ) {
Order each = nextElement (e) ;
outst += getAmount ( each ) ;

}

return outst;

void printOwing () {

printBanner();

printDetalls(getOutst());
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But is the new program really better than the

old one?

 Assume that we want to improve maintainability

Metrics Old New

LOC 18 26

Comments 3 3

Ave McCabe |2 5/4

Halstead 156 226

volume

Maintainability | 57 77

Index Difficult to |Average
maintain maintainability

Techni h Un
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The refactoring process

« Select the maintainability metrics

Recall: Goal — Question — Metrics!

- Refactoring loop

| SET / W&l

Calculate maintainability metrics
Identify a problem: “bad smell”

Check that the refactoring is applicable
Refactor

Compile and test

- Recall: “without changing its external behavior”

Recalculate the maintainability metrics

24-3-2014 PAGE 22
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How to identify bad smells?

- Software metrics
e Size: Large class, large method, long parameter list
 Dependencies: feature envy, inappropriate intimacy
* % comments: comments

« Code duplication

* Changes (based on version control)

* Divergent change (one class is changed in different
ways for different reasons)

« Shotgun surgery (many small changes)
— Parallel inheritance hierarchies

Techni h Un
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[Tahvildari and Kontogiannis]

Core classes are complex and

Classes that are tightly / tightly coupled with other parts
coupled with other A "r‘ of the system.
parts of the system. —_— Class 4 3
Classes that are
her .
Coupling | Class1 Class 5 / rather complex
H | g
Class 6
Class 2 N
H
Complexity

- Start with complex and tightly coupled classes

Technische Universiteit
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Feature envy [Simon, Steinbriickner, Lewerentz]

Fields — boxes, methods — balls
Green — Class A, blue—-Class B
Distance

p(X) ~p(Y)

p(X)w p(Y)

pP(X) — properties of X

e Method: the method, methods
called and fields used

 Field: the field and methods that
use it

1-—

Techni h Un
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How to identify bad smells?

- Structural problems: obsolete parameters,
inappropriate interfaces, ...

- Parameter p of C.m is obsolete if
* Neither C.m itself uses p

* Nor any of the classes inheriting from C and
reimplementing m uses p

* Naive approach: check all parameters of all methods
of all classes

 Not feasible
 Better ideas?

Techni h Un
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Querying the structure [Tourwe, Mens]

Program ————> DB of 5 pesults
Query W ~

* Query (ala Datalog):
obsolete(Class,Method,Parameter):-
classimplements(Class,Method),
parameterOf(Class,Method,Parameter),
forall(subclassimplements(Class,Method,Subclass),
not(methodUsesParameter(Subclass,Method,Parameter)))

- Advantage:
« Once the DB is populated one can look for different smells

Techni h Un
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Another example: Inappropriate interface

| AbstractTerm |

CallTerm CompoundTerm | Wariable

terms s

SmalttalkTerm QuotedCodeTerm Cut | | MativeClause

terms temns

AbstractTerm cannot be easily extended
e not clear which subclass should implement terms

* Query

| SET / W&l

commonsSubclint(Class,Int,Subcs) :-

classinterface(Class,Classint),
allSubclasses(Class,SubcList),
sharedinterface(SubcList,commonint,Subcs),
difference(commonint,Classint,int)

Techni h Un
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How to chose appropriate refactorings?

Bad smell Refactoring

Comments Extract method
Introduce assertion

Duplicated code Extract method

Extract class
Pull Up method
Form Template method

Feature envy Move method
Extract method
Long method Extract method

Decompose conditional

Techni h Un
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Refactoring never comes alone

- Usually one can find many different bad smells
- And for each one many different refactorings...
« Guidelines when refactorings should be applied

« Still even with strict guidelines [DuBois 2004]
e org.apache.tomcat.{core,startup}
e 12 classes, 167 methods and 3797 lines of code
* Potential refactorings
- Extract Method 5
- Move Method 9
- Replace Method with Method Object 1,
— Replace Data Value with Object 3
— Extract Class 3

Techni h Un
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Refactoring never comes alone

« Which one is “better”?

* The most beneficial for the maintainability metrics
we want to improve

 We can do this a posteriori but the effort will be lost!
« So we would like to assess this a priori

« Extract method from multiple methods
— decreases LOC
— decreases #dependencies on other classes

Techni h Un
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The refactoring process

- Select the quality metrics
* maintainability, performance, ...
 Recall: Goal — Question — Metrics!

- Refactoring loop
« Calculate the metrics value
 |ldentify a problem: “bad smell”
 Check that the refactoring is applicable
« Refactor
» Compile and test
- Recall: “without changing its external behavior”
* Recalculate the metrics value
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Inconsistency

» Refactoring can introduce inconsistency
* In tests by breaking the interfaces
* In models by making them out-of-date

* We need to detect such inconsistencies
* A priori: using classification of refactorings
- We know when the things will go wrong
* A posteriori:
— Using a logic formalism
— Inconsistency = unsatisfiability of a logic formula
- Using change logs
- eROSE
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Interface preservation by refactorings

* Refactoring can violate the interface

+ Classify refactorings [Moonen et al.]
« Composite: series of small refactorings,
« Compatible: interface is not changed
 Backwards compatible: interface is extended

« Make backwards compatible: interface can be modified to
keep it backwards compatible

* Incompatible: interface is broken, tests should be adapted

Techni h Un
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Refactoring and tests

Compatible Inline temp

Extract class

Decompose conditional
Backwards compatible Extract method

Push down/Pull up field
Make backwards Add/Remove parameter
compatible Rename/Move method
Incompatible Inline method

Inline class

» To which group belong
* Replace Exception with Test
« Self Encapsulate Field (create getters and setters)

Techni h Un
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But tests are also code!

« Smells [Moonen et al.]
 Mystery guest (dependency on an external resource)
 Resource optimism (availability of resources)
 Test run war (concurrent use of resources)
« General fixture (too many things are set-up)
 Eager test (several methods are tested together)
« Lazy tests (the same method for the same fixture)

« Assertions roulette (several assertions in the same test
with no distinct explanation)

* For testers only (production code used only for tests)
e Sensitive equality (toString instead of equal)
 Test code duplication
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Smells are there, what about refactorings?

Refactoring Bad smell

Inline resource Mystery guest
Setup External Resource |Resource optimism
Make resource unigque Test run war
Reduce data General fixture

Add assertion explanation | Assertions roulette
Introduce equality method | Sensitive equality

Techni h Un
TU/e i
/ SET /[ W&l 24-3-2014 PAGE 38 Un sty of Technology



Alternative: A posteriori inconsistency

« Sometimes we do not know what refactorings took
place

* Van Der Straeten et al.: inconsistencies in UML
models using encoding as logic formulas

« Similar technique can be used for code/model
e Syntax adapted.:
Inconsistent(ClassDiagram,SegDiagram,Class,Obj) :-
class(Class),
not(inNamespace(Class,ClassDiagram)),
InstanceOf(Class,Obj),
INnNamespace(Obj,SeqDiagram)
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P u tt I n g I t al I to g & lava - java.lang/src/javaflang/Float. java - Eclipse SDK

File Edit Source Refactor Mavigabe Search Project Runm Window  Help

[J] Float java &2

= public static 3tring toHexString(float £
skl ath, gbs [f) < FloatConsts.MNTN WORMAL
SRR (/) float subnormal
// Ldjust exponent to create subn
fioreplace subnormal douwble expon
/! exponent
Atring s = Double. tofexStringiFpl)  openCedaraion  F3

AF -1022+4126 Open Trpe Hisrarchy F4

Dowb leConsts..  open Call Hierarchy - Ctrealk+H
FloatConsts .M

* Intellid IDEA —first
popular commercial
refactoring browser
for Java

< Unda Typing Chrl+Z

T &° 2 O

¢ L Fi ("p-10224" Cuick Cutline ChrlO
. —_ return s.replaceFirst (" p- e . .
° TO d ay : ad d |t| O n al , Quick Type Higrarchy CtrI+T.
, . , ) Show In AlE+3hift+n ¥
elsze // double scring will be the sam
I an g u ag eS return Double. toHeaStoing(f) ; Zuk Chrl
b Copy ChriC

° A num b er Of Paste Chrl+y

- lllll LA
I - # Return=s & sonderFloats S ecodes ohden J0urce Al+5hife+3 F
a. ter n at I V eS + | Mave.. Alk+3hift+ tefackor Alt+5hife+T  #
i i k
- H Change Method Signature. . Alk+3hift+C Surrnu@ With Alt-+Shift-+2
° EC I I p S e ! Extract Method.,, Alt+Shift+ Lucal History g
"< Extract Local Yariable... Alb-+hift+L References N
. . .
¢ M S VI S U al St U d I O “ Extract Constar... Dreclarations 4
. # | E=trock Interface... RUn As b
.nn * Extr;ct Sfercliz... - Debug 4s i
e Supertype where Possible,

" el PETYP Profile As ¥

# ool PUltp.. .
Anal b

# = PushDown.., rAvE
. Tearn r
S Introduce Parameter. ., COmpars Wich ¥

*

< Introduce Parameter Object,. Replace With b

Eclipse Europa 3.3 0 tgts Prferences.. ) |
/ SET / W&I 24-3-2017 PAGE 40 lmgy




Refactoring browsers have a lot of potential but

are they used?

« Students [Murphy-Hill and Black]
» 16 used Eclipse, 2 used refactoring
* 42 used Eclipse, 6 used refactoring

* Professionals
« 112 agile programmers, 68% used refactoring

« Traditional programmers are expected to be less
enthusiastic

- Are refactoring browsers fit to what the developers
want to do?
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How do people refactor [Murphy-Hill and

Endodontic /
File ———

* Root canal refactorings:
concentrated refactoring effort,
Infrequent, no usual development

activites take place

* Floss refactorings:
frequent, intertwined
with usual development
activities

* Regular flossing prevents root canal treatment
* Programmers prefer to floss [Weil3gerber, Diehl]
TU/e iz,
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We need to focus on floss refactorings

1. Choose the desired refactoring quickly,

2. Switch seamlessly between program editing and
refactoring,

3. View and navigate the program code while using
the tool,

4. Avoid providing explicit configuration information,
and

5. Access all the other tools normally available in the
development environment while using the
refactoring tool.
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Eclipse Europa revisited

& Java - java.lang/src/fjavaflang/F loat. java - Eclipse SDK

File Edit Source Refactor Mavigabte Search Project Run Window  Help

[J] Float.java &4 -5

= public static 3tring toHex3tring (float £ fad
HTN WORMAT

o {44 £loat gubnormal
S hdjust exponent to create subnl
£ replace subnormal double expon

f/ exponent
3tringy =2 = Double. todexString(Fpl Open Declaration F3

<= Undo Typing Chr+Z

f* 10224126 Open Trpe Hisrarchy F4
DoubleConsts.  onen Call Hierarchy  Crrb-alt+H
FloatConsts. M o outline Chrho
return s.replaceFirst ("p-102235", Cuiick Type Hisrarchy Cerl+T
o _ - Show In Alt4SHEE+ P
else [/ double string will be the =sam
return Double. tofeaStoing(f) ; Zuk Chrl+
+ Copy Chrl+C
Paste Chrl+y
- / wE
+ Returwe s condesFlosatc oodes ohdes SOUrFCE Al+5hift+3 - ¥
+ ¢ Mowve., Alt+Shifk+Y Reefackor Alt+Shifk+T  *
i i 2
o Change Method Signature... alk+ehift+C SLII'I’DUITIj With Alt+Shift-+2
i Extract Methad... Ali-Shift+ Local Histary '
* < Extract Local Variable... Al-EhiE+L Referances v
P
Extract Constari. .. :
- Declarations ’
w |  Ewtract Interfacs... U As .
* g Extr;ct Slfercl:: o - Debug s N
=& SUpertype Where Passible. ..
*oE pul L PErTyR Profile As ’
oo ull Up... !
Anal ]
% | PushDown,., natyes
" Team 4
B Introduce Farameter. .. Compars with 3
*
< Introduce Parameter Object. .. Replace With 3
o Writabke Preferences. .. 5

Lengthy menus: refactoring
selection is slow (Req. 1)
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EC I i S e E Java - ju':l'!.l'El."“"' {amn 3 mnrn (o mm (ol Smaen  Calmas ©N0F
p T < Extract Method
"B Floet 52

& Java - java.lang/srcfjavaflang/Float. jov
il Semdh G access modifier: (0 public {2 protected ) default (52 private

[J] Floatjava &4 Paramekers:

publiec static String
& EEgliiach. abs |£) < Flo Type Mane Edit...

Method narne: | =

File Edit Source  Refactor

- o £ i [ Float f float
Oz £ bdjust expone
= /¢ replace gsubnor Up T
f/ exponent l
Ciown

String s = Doublel

return s.replacef [ ] peclare thrown ruriime exceptions
:
else // double =string

return Double. tof

| | Generate method comment:

Replace al ocourrences of stabenments with method

g . Method signature preview:
* R “I‘VI*“ scrndesil = private static hoolean sowmeMethodName (Eloat f£)
% v,
L .
Change Method Signatu )
* Exkract Method.., string
* <" Extract Local Variable..,
® % Extract Canstark..,
*
w |  Ewtract Interfacs...
% a  Extract Superclass... Preview = QK Cancel
* g Use supettype Where P
+ o PullUp...
* ) PushDown.., * <prleading and trailing whitespace characters in <code>s</c
* 8 Introduce Parameter. .. ¥ oare ignored. Thitespace iz remowed ms if by the {[Blink
*
<

Introduce Parameter Oh f = i‘zﬁf#t ixhrmaju 'Lﬁa i ;gélt 50T ace and control
¢ | viritabls g " n Ig'{j JE@ = né EE(: 3 o ;ﬂcuie} should
*oConsticyrte 4 xl;l"luul.ﬁ.?\1lu.:x.fi; a5 descrillbed by cthe lexical

:lul

Lengthy me Interrupts-the reqgular development

selection is |activi :
0 View the code (Req. 3).
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= Java - jawva,l-nndann it
Fil:  Edit ~ Extrag

Eclipse

Sourcy

Method n=
& Java - java.lang/srcfjavaflang/Float. jov

File Edit Source Refactor Mavigak Search A ACCess mo
[J] Floatjava &4 Pararmeker

& = public static 3tring T

& PEal otk . 2bs [£) < Flo *p

= £ : YRR Floak

Oz £ bdjust expone

= /¢ replace gsubnor

S exponent

String s = Doublel

return s.replaceF

[ ]Declare
|:| Geners

j
elsge [/ double string
return Double. toff

, Replac
5 san Method sic
#+ Returwne a condesFl - prirat
+ 2| Mowe.
L .
Change Method Signatu
* Ezkrack Method...
* <" Extract Local Variable..,
T 7 Extract Constark...
*
w |  Ewtract Interfacs...
% a  Extract Superclass...
* g Use supettype Where P
+ o PullUp... ——
% | Push Down,., * apxL
to= Introduce Farameter. .. ¥ oare
*
< Intraduce Parameter Ob - * r}.
o® | Yiritable C n fl g’lj =€
TGOS

Lengthy mepinterrupts

selection is

“ BExtract Method

Changes to be perfarmed

= @ Flozt . java - jawa.utilfsre
EGF Float
=-[v] & toHexStringiFfloat)

f @ Substicuke stakernenk(s) with call bo isSubnarmal
*@ Create new method isSubnormal from selected statementis)

Float.java

& 2 4 B

Original Source |

| Refactored Source

if (Math.sb=si(L£) < FlnatCDnsts.Haffﬁ if |isSubnormal (£] ) §{/S/ flu|ﬁ
€& f£ !'= 0.0f ) {// f£loac subno: A4 Adjust exponent to cr
S8 AdJust exponent to oreste F& replace subnormsl doy
fd replace subnormal doukle S ¢ exponent
ff eXponent Gtring & = Double. toHexd
String 2 = Double, toHex3trir P
f7 =124 Doy ——=
Lowul leico Flos
Floatcor return s.replaceFirst|"p
return s.replaceFirsc("p-102 H
H else /) doukle sStTring will b
elge ./ double string will be t} return Double.toHexStrin
return Double.toHex3cring (£ H
¥
private static boolean is3ub
fuw return Math.ahsif) < Flo
* Returns a <coderFloat</ocodex £& £ !'= 0.0f:
# goodesxfloat</oodes> walue repy }
* '\Cn_:ul_lI::f.:i'-:.-"'n_:_u_ll::f. ‘
* . . SEE . w
review (good idea) but the basic »
AQ = 4 V4

functionality is limited: no hover-on
documentation (Req. 5) . =]

N ILaUN= [ ] [B) 1L SIS R Ty e TR e [

| SET / W&l

=z

EI-'LE_'L.@L‘E-I

e Req. 3).
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Fast access means limited choice

1 :
Poab | |
; §§§§§§§§§§g§ : % - Which refactorings are
£ S 4 s ]
éé;;;%;ééiéﬁziigssﬁ actually used?
””””””””””””” -  Column - refactoring
CIRRL - Row —developer
0 s s » Colour —times used
: : * Leaders
Zem
= « Rename, move
= « Extract method, pull up
 ModifyParameters

: e ExtractLocalVariable
 Extractinterface
 ExtractConstant

ir
B Technische Universiteit
g e Eindhoven

/ SET / W&I 1 48 University of Technology
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Eclipse Usage Data Collector (2009)

rename elemeant

create getter setter

extract local variable

override methods

move elemeant

extract method

generate constructor using fields
surround with try catch

modify method parameaters
inline

add unimplemented constructors
extract constant

zort members

genearate hashcode equals
generate tostring

salf encapsulate field

promote local variable

extract interface

0 5000 10000 15000 20000

* Formatting changes excluded

« More or less the same leaders:
 Rename, move
« Extract method + getters/setters

« Extract local variable
Technische Universiteit
TU e Eindhoven
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Proposed solution: Refactoring Cues

“ Java - java.util/src/java/lang/Long. java - Eclipse SDK E|@|@ |
File Edi ource Refackor Mavigate Search Project Run  Window  Hel,
E;g

static- int stringSize(long x) |
long p = ;
for (int i=Qf; [i<pe G+ ¢

if (E £ b]
roturn :L Extract Method (Expression) =

MHE [ ] Dedlare thrown runtime exceptions

Generate method comment

H

return |1 9|:

b Extract Local Yariable

£ M Extract Constant

ek 9y

Short menu (Req. 1)
Switch is easy (Req. 2) » Configuration (Req. 4) Is
Code is visible (Req. 3) an 1ssue

Dialog is non-modal (Req. 5)
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No explicit configuration: X-Develop

public boolean egquals (obiect obi) |
if {okj instanceof Long) |

return value == [EEN=lslspNalalyRRTallsdI=RAINNY

}

return false:

!

public boolean egquals (obiect obi) |
if (ob] instanceof Long) |
return value == @(Dbj);
!
return false:

}

private long H{Object obyl |
return {{(Long)obi).longvalus();
1

/| SET / W&I 24-3-2014 PAGE 51

Up: Original source code

Down: After the extract
method refactoring

Default method name: m

The name is pre-
selected: the rename
method refactoring is
Intended
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How does this look in Eclipse Indigo?

B%uppressiarnings("restriction™)
public static String toHexString{float f) {
if (Math.abs(f) <= FlootConsts.MIN_NORMAL
i Extract to local variable (replace all occurrence,...
public static String toHexString(float f) {
] float abs = Math.abs(f);
© Extract to constant if (abs < FloatConsts.MIN_NORMAL
@ Extract to method && f 1= 0.0f ) {// float subnormal

JQ Remove surrounding method invocation

O Extract to local variable

else

} ' Press "Tab" from proposal table or click for focus

« Ctrl+1
+ Context-sensitive menu

* Results of refactoring are shown in the yellow box
 Academic research = main-stream IDE
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But there is more

* Direct shortcuts in the yellow box.

@5uppressWarnings("restriction™)
public static String toHexString(float f) {

if (Math.abs(f) < FlogtConstTg: et CRT N Ny V]

& f 1= 0.8f ) {// floa
/4 Adjust exponent to €

£f exponent

String s = Double. toHex
S
Douk
Flog

return s.replacefFirst("p

}
else // double string will

return Double. toHexStri
1

public static int floatToIntBits{float value) {
int result = floatToRawIntBits(value);
/¢ Check for NaN based on wvalues of bit fields, maximum
if { ((result & FloatConsts.EXP_BIT MASK) ==
FloatConsts. EXP_BIT MASK) &&
(result & FloatConsts.SIGNIF_BIT_MASK) 1= @)
result = @x7fcBod;
return result;

}
et
* Returns a representation of the specified floating-point wvalue
* gccording to the IEEE 754 floating-point "single format" bit
* layout, preserwving MNot-a-Number {NaM)} values.
* eps
* Bit 31 (the bit that is selected by the mask
* ccode-@xBO0OBOOB-</code>) represents the sign of the floating-point
* number.
* Bits 38-23 (the bits thaot are selected by the mask
* ccode-@x7fROBOOO-</code=) represent the exponent.
*

Bits 22-8 (the bits that are selected by the mask

0o Rename in workspace ("C2ER)

Link all references for a local rename (does not
change references in other files)

Press 'Tab’ from proposal table or click for focus

Quick Assist - Assign to field 382 F|
Quick Assist - Assign to local variable 382 L
Quick Assist - Rename in file 2R

82 Writable

Smart Insert 681 :13 J |




Closer look at

rename elemeant

« Create getter sattar

axtract local variable

override methods

move element

extract mathod

generate constructor using fields
surround with try catch

modify method parameters

inline

add unimplementad constructors
extract constant

sort members

generate hashcode equals
generate tostring

self encapsulate field

promote local variable

extract interface

public class Person { Ctrl +

private String name;
Space

@ getMame() : String - Getter for ‘name’
@ get() : void - Method stub
@ CetField - java.io.ObjectinputStream

et

public class Person {
private String name;

public String getName() {
return name;

Press "“Space’ to show I

}
5000 1004 20000

* The same idea works for

 default constructors

« overridden methods from the superclass

| SET / W&l
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Additional features of Eclipse Indigo

» Ctrl + Shift + O removes unused imports:
 Why would this feature be interesting?

- Ctrl + Shift + F formats the code according to a
predefined style.

* length of the lines in a source code, placement of
brackets, etc.

« Why would this feature be interesting?
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Conclusion

- Refactoring —a disciplined technique for
restructuring code, altering its internal structure
without changing its external behavior.

- Refactoring loop
« Calculate maintainability metrics
 |ldentify a problem: “bad smell”
 Check that the refactoring is applicable
» Refactor
« Compile and test
 Recalculate the maintainability metrics

* Refactoring browsers should better support flossing
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