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Change Analysis

CVS diff

1967,1970c1964,1965
1f (d '= null) {

d.foo();

d.bar();

¥

d.foo();
> d.bar();

CVS log: “lines: +2
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Change Analysis

CVS diff 3 Body changes

1967,1970c1964, 1965

CVS log: “lines: +2 -4”
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Change Analysis

CVS diff
1967,1970c1964 , 1965

< d.foo();
< d.bar();

d.foo();
> d.bar();

CVS log: “lines: +2 -4”

3 Body changes

2 Statement parent
changes
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Change Analysis

CVS diff * 3 Body changes

1967,1970c1964,1965 - 2 Statement parent
< 1f (d !'= null) { chanaes
d.foo(); J

d.bar(); + 1 Statement delete
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Outline

Source code changes using abstract syntax
trees (AST)

Taxonomy of source code changes
ChangebDistiller tool
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Tree Differencing

S. S. Chawathe et al., Change Detection in Hierarchically Structured Data, SIGMOD 1996

INSC(11,”k”),1,3) MOV(5,11,1) DEL(2)
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Source Code Changes using ASTs

Using tree differencing, we can determine

public void method(D d) { public void method(D d) {
1f (d !'= null) { d.foo();
d.foo(); d.bar(Q);

d.bar(); }
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Source Code Changes using ASTs

Using tree differencing, we can determine
enclosing entity (root node)

public void method(D d) { public void method(D d) {
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Source Code Changes using ASTs

- Using tree differencing, we can determine

- @nclosing entity) (root node)

public void method(D d) { _
1f (d != null) {

d.foo();
d.bar();




Source Code Changes using ASTs

Using tree differencing, we can determine
enclosing entity (root node)

Kind of statement which changed (node
iInformation)

kind of change (tree edit operation)

public void method(D d) { public void method(D d) {
1f (d !'= null) { d.foo();
d.foo(); d.bar();
d.bar(); }
}
}
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Source Code Changes using ASTs

Using tree differencing, we can determine
enclosing entity (root node)

kind of statement which changed (node
information)

Kind of change (tree edit operation)

public void method(D d) { public void method(D d) {
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d.foo(); d.bar();
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}
}
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Source Code Changes using ASTs

Using tree differencing, we can determine
enclosing entity (root node)

kind of statement which changed (node
information)

Kind of change (tree edit operation)

public void method(D d) { public void method(D d) {
if (d != null) { “d.foo();
d.foo(Q); d.bar();
d.bar(); }
}
}
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Source Code Changes using ASTs

Using tree differencing, we can determine
enclosing entity (root node)

kind of statement which changed (node
information)

Kind of change (tree edit operation)

public void method(D d) { public void method(D d) {
if (d != null) { “d.foo();
d.bar(Q);

¥
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Source Code Changes using ASTs

Using tree differencing, we can determine
enclosing entity (root node)

kind of statement which changed (node
information)

Kind of change (tree edit operation)

public void method(D d) { public void method(D d) {

~d.foo();
¥

s.e.a.l.
‘s::dmart evolution & architecture lab




Tree Differencing

Using tree differencing algorithm on an AST

Problems

Tree differencing algorithm expects a general
tree data structure

AST implementation not uniform tree structure

Children of a AST-Node are not accessible uniformly
(e.g., if-statement: getThenStatement() instead of

getChildren())
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Transforming an AST

Transform an AST in a uniform tree data
structure

Using labeled and valued node
Label: number representing statement kind
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Transforming an AST

1f (d !'= null) {
d.foo();
d.bar();

¥




Transforming an AST

1f (d = null)




Transforming an AST

1f (d = null)

=)




Transforming an AST

1f (d = null)

@“d = null”




Transforming an AST

1

@“d = null”




Transforming an AST

1

(25)“a 1= ma>




Transforming an AST

d.foo();
d.bar(); @ “d 1= null”




Transforming an AST

d.foo();
d.bar(); @ “d 1= null”

“d.Foo();”




Transforming an AST

d.foo();
d.bar(); @ “d 1= null”

“d.Foo();” “d.bar();”




Tree Differencing

Phase 1: building a matching set between
nodes

Phase 2: building an edit script transforming
left into right tree, based on matching set




Building a Matching Set

“method(D)” e “method(D)”

“d.foo();” “d.bar();”

“d.foo();”
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Building a Matching Set

e “method(D)”
“d.Foo();” @ “d.bar();”

“d'FOOCD;”<:i§//




Building a Matching Set

“method(D)”

“d.bar();”

“d.foo();” {




Building a Matching Set

“method(D)”

“d.bar();”




Building a Matching Set

“method(D)”




Building a Matching Set

“method(D)”

“d.foo();”<::>

“d.foo(); ”@ h




Building a Matching Set

“method(D)”
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Building a Matching Set

“method(D)” “method(D)”




Building a Matching Set




Building a Matching Set




Building the Edit Script




Building the Edit Script

* Are values the
same?

*  No: Update




Building the Edit Script

“method(0)” 3 (3)methodco)”
“d 1= null”@ - @“d.bar();”

. Are parents the
same (in matching

set)?

asoon@) o0 Nohow




Building the Edit Script

“method(D)” @
“d != null” @

? . Are parents the
same (in matching
set)?

asoon@) o0 Nohow




Building the Edit Script

* Has partner In
matching set?

*  No: Delete




Software Evolution Context

Taking two ASTs (same class, two subsequent
revisions)

Transforming them into intermediate ASTs

Applying tree differencing algorithm reporting set
of tree edit operations transforming first into
second AST

Using taxonomy of source code changes to
classify tree edit operations

S.€.a.l.
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Taxonomy of Source Code Changes

Taxonomy classifies a single or a set of tree
edit operations into a change type

body- or declaration-part change

name for the change according to the kind of the
operations and involved tree-nodes, e.g.,

Statement Insert
Condition Expression Change

Method Renaming
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Taxonomy of Source Code Changes

Taxonomy gives each change type a
change significance level

impact of the change on other source code

entities

Parameter Renaming vs. Method Renaming

whether th

e change is

functionality-modifying or -preserving

Method R

lenaming vs. R

eturn Type Change

S.e.a.l.
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Taxonomy of Source Code Changes

Four levels of change significance
low, medium, high, or crucial

depending on how strong the impact could be
and whether the change is functionality-modifying
or -preserving
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Examples of Change Types

Classification of 35 change types
body part changes

Additional Object State low
Condition Expression Change medium
Removed Functionality crucial

declaration part change
Final Modifier Delete low

Parameter Renaming medium
Return Type Update crucial

© Beat Fluri S eA an IL
‘w‘mre uuuuuuuu rchitectre lab




Software Quality and Changes

Stability of interfaces

Change propagation analysis
Documenting (comments) of source code
Changes due to bug fixes

Many vs. significant changes




ChangeDistiller

Implementation as Eclipse plugin
Use Java Development Tools (JDT)
Parser to generate AST
AST visitor to generate intermediate tree
Hibernate (Object Relation Mapper)

Object-Oriented model mapped to relational
database

s.e.a.l.
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ChangeDistiller Model

—.
ClassHistory
classVersions StructureEntityVersion

attributeHistories = structureEntity Revision }\
\

innerClassHistories version .

methodHistories . )
link to
org.evolizer.model.versioning

StructureEntity
uniqueName
type
bodyChanges
declarationChanges

‘* ChangeOperation SourceCodeEntity

SourceCodeChange structureEntit uniqueName
AttributeHistory changeType y N

. . : sourceCodeEntity shortName
attributeVersions changeOperations type type

| BodyChange
H DeclarationChange |-

MethodHistory
methodVersions

Insert Delete Move Update

parentEntity parentEntity oldParentEntity newEntity
newParentEntity parentEntity

e
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ChangeDistiller
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Change Analysis

CVS diff - 3 Body changes

1967,1970c1964,1965
< 1f (d !'= null) {
d.foo();

d.barQ); - 1 Statement delete

- 2 Statement parent
changes

}

d.foo();
d.bar();

- Change significance

log: “lines: +2 -4”7




Change Analysis Building a Matching Set

N\

. f ° o
CVS dif 3 BOdy ChangeS “method(D)” .(3) | 3/)“method(D)”

1967, :!.97@C1964 , 1965 - 2 Statement parent T /\
if (d !'= null) { chanaes PN DN
d.foo(); g “d !'= null” {\25/1 “d.fo0();” :\Ij’»_Z_/': !\?E/l“d.bar();”

d.bar(); - 1 Statement delete I
} . g N
- Change significance (%)
d.foo();
d.bar; N\
“d.foo();”(32) (32 )“d.bar();”

log: “lines: +2 -4”
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Change Analysis

CVS diff - 3 Body changes

1967,1970c1964,1965
< 1f (d !'= null) {
< d.foo();

d.barQ); - 1 Statement delete

- 2 Statement parent
changes

}

d.foo();
> d.bar();

- Change significance

CVS log: “lines: +2 -4”

Taxonomy of Source Code Changes

- Taxonomy classifies a single or a set of tree
edit operations into a change type

* body- or declaration-part change

- name for the change according to the kind of the
operations and involved tree-nodes, e.g.,

- Statement Insert
+ Condition Expression Change
+ Method Renaming

Building a Matching Set

N\
“method(D)”i\3/l

| O\

“ | » "/- -\ “ f » -’/ é\‘u
d '= null K??/I d.foo(); \Ey/

L

[ 99 )

“d.foo();”(32)
. "(32)

|'/.3 2\' “ ”»
\>¢) d.bar();

4 ﬂ\" “ »
L\3/; method(D)

(35) “ .9
\35) d.bar(Q);




Change Analysis

CVS diff

1967,1970c1964,1965

< if (d '= null) {
d.foo();
d.bar();

+ 3 Body changes

+ 2 Statement parent
changes

- 1 Statement delete

+ Change significance
d.foo();
> d.bar();

CVS log: “lines: +2 -47
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Taxonomy of Source Code Changes

+ Taxonomy classifies a single or a set of tree
edit operations into a change type

 body- or declaration-part change

- name for the change according to the kind of the
operations and involved tree-nodes, e.g.,

+ Statement Insert
+ Condition Expression Change
+ Method Renaming
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Building a Matching Set
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ChangeDistiller Model
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Move Update
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Change Analysis Building a Matching Set

CVS diff - 3 Body changes

1967,1970c1964,1965
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Conclusions and Future Work

Fine-grained source code changes according
to tree edit operations

Taxonomy of source code changes
Assessing software quality criteria
In future: further change significance analysis
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Conclusions and Future Work

Fine-grained source code changes according
to tree edit operations

Taxonomy of source code changes
Assessing software quality criteria
In future: further change significance analysis

Thank you
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Implementation

Eclipse Plugin ChangeDistiller

ASTVisitor (JDT) to transform AST into
intermediate tree

Extracting tree edit operations using
Chawathe’s algorithm

Classifying change types and storing in
hibernate mapped database




Case Study - ArgoUML

Selected four classes having more than 80
revisions and a change coupling rate of 19

Research questions

To what extent are lines added/removed from

CVS log indicators for the significance of the
applied change?

Do the significance levels of change coupled files
behave similarly?
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Change Significance Level

Change Significance Level

Revision 1.x

——Lines Added ——Lines Removed —— Total Significance

|
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Change Significance Level
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Change Significance Level

0,

Change Significance Level

Revision 1.x

——Lines Added ——Lines Removed —— Total Significance
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Change Significance Level

Examples have shown that lines added/
removed are not indicators for the change
significance

Change significance level is more precise,
e.g., for representing change effort




Significant Change Couplings

Change Significance Level

9 10 11
Transaction

m FigClass mFiginterface mFigComment m FigPackage
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