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Change-oriented SW Eng.

e Software Development
e +Writing a text

e Constructing a system by means of building
blocks

e (Construction

e Changing a construction yard towards a
required structure
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ange-Oriented Support

806 Kernel

Browser Edit Find View Package B®:L-8 Protocol Method Tools Help
%& EQ E‘i o RN ") ;. New Class..

: Mew 2
m Hierarchy -

References Ctri+F8
Local Image 4 Annotat - i
Base VisualWorks Behavio Initialize

Bahavic Extend in Package...
:[af] System * Behavio Rename..

[ Collections * + BlockCl

, Remove...

(51 External * BlockCe

:[8] Graphics * Boolean Safe Remove...

v

Mave
ﬁ PrnperﬂesT Comment | Rewr Override

- Refactar
Smalltalk defineClass: #MameOfClass
superclass: #{NameOfSuperclass} Store

indexedType: #none Query
private: false Instance Variables
Class Instance Variables

instanceVariableMames: 'instVarMal
classinstanceVariableMames: " Spawn

imports: " Spawn Hierarchy
File Out As...
Hardcopy

Add Class Probe
Remove Class Probes
Browse Probed Methods

category: 'Kernel-Objects'

Bundle: Kernel

Change-Oriented Software Engineering
ESUG, august 27th 2007




Change-Oriented Support
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Change-Oriented Support?

OO0 Change List
File Replay Remove Forget Find Conflicts Show Functions

Help

documentation RemoveExpressionArgument . Efile
RemoveExpressionArgument initialize (change) r

define User [ type
User receivefrom: (change) E class
User send: (change)
define Guest ] protocol

Guest name (change)

define RegisteredUser [ selector

RegisteredUser name (change) ) same
v

receive: mfrom: s
Transcript show: s name; show:''; show: m
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What do we want?

Support for changes in forward engineering

Undo mechanism

Readable change list

Change objects which can be reused

Changes should be applicable on different software systems /
different platforms
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What do we want?

Support for changes in forward engineering
Undo mechanism

» Evolvability & Maintainability

Readable change list
» Understandability
Change objects which can be reused

Changes should be applicable on different software systems /
different platforms

» Reusability
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Is there a solution around?

e C(Centralise Change in the development process
e First-class change objects

e A Model for first-class changes
e What models exist already?

e Spyware change model

e Changelist change model
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Example case

T
cr get: m from: self User Chatroom

username

Transcript show== send:(m: String) <«— get:from:(m: String, s: User)

(s name + "' + m) receive:from:(m: String, s: User) | register(u: User)
Lname() unregister(u: User)

- / ( " %users:
A username u receive: m from: s
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Evolution scenario

T

cr get: m from: self

User

Transcript show: )

~send:(m: String)

receive:from:(m: String, s: User) |

(sname + "'+ m)

O

e
Ny

Chatroom

register(u: User)
unregister(u: User)

get:from:(m: String, u: User) J

# 1 " users:

u receive: m from: s

Touen) Introducing different kinds of users

User

username

Ensuring user privacy

rsend:(m: String)

A username

receive:from:(m: String, s: User)

Chatroom

register(u: User)

get:from:(m: String, s: User)\

unregister(u: User) AN
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ChangelList’'s Change Log

1 Created package ChatApp

2 define User

3 dolt User organisation addCategory:#messaging
4 User receive:from: (change)

5 define User

6 define User

7 User send: (change)

8 dolt User organisation addCategory:#accessing
9 User name (change)

10 define Chatroom

11 define Chatroom

12 dolt Chatroom organisation addCategory:#messaging
13 Chatroom get:from: (change)

14 doit Chatroom organisation addCataegory:#registering
15 Chatroom register: (change)

16 Chatroom unregister: (change)

17

18 define Guest

19 dolt Guest organisation addCategory:#messaging
20 Guest name (change)

21 define RegisteredUser

22 RegisteredUser name (change)

23 User name (remove)

24 define User

25 define RegisteredUser

26

27 dolt User organisation addCategory:#encryption
28 User encrypt: (change)

29 User decrypt: (change)

30 User send: (change)

31 User receive:from: (change)
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ChangelList’'s Change Log

1 Created package ChatApp

2 define User

3 dolt User organisation addCategory:#messaging
4 User receive:from: (change)

¢mﬁw’
5 define U ¢ M M
3 dating oo > ﬁ Restricted Level Of Granularity
7 User send: (change) A,

8 dolt User organisation addCategory:#accessing

9 User name (change)
10 define Chatroom

11 define Chatroom R T O I d .
12 dolt Chatroom organisation addCategory:#messaging PR\ e rl I l Ve r Oa I ng
13 Chatroom get:from: (change) T8

14 doit Chatroom organisation addCataegory:#registering

15 Chatroom register: (change)
16 Chatroom unregister: (change)

" P¥ESill Lack Of High-level Changes

19 dolt Guest organisation addCategory:#messaging
20 Guest name (change)
21 define RegisteredUser
22 RegisteredUser name (change)
23 User name (remove)
define User

User Kinds

User organisation addCategory:#encryptio
28 User encrypt: (change)
29 User decrypt: (change)
30 User send: (change)

r receive:from: (change)

User Privacy
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ChangelList’'s Change Log

1 Created package ChatApp

2 define User

3 dolt User organisation addCategory:#messaging
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3 dating oo > ﬁ Restricted Level Of Granularity
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19 dolt Guest organisation addCategory:#messaging

20 Guest name (change)

21 define RegisteredUser AT,
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23 User name (remove ' ol N I f I
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25 define RegisteredUser G 6 ©
26
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28 User encrypt: (change) — B d f ({3 B ’
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Model of First-class Changes

Fine-grained Changes
Composable Changes
Dependent Changes

Intensional Changes

Change-oriented IDE
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Fine-grained Changes

AddClass | Attrl buteChange

f.a.ﬁmmm oidinstancelarniabies
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Composable Changes

o B ree—
changes

A

F

AtomicChang
e

when
where

CompositeCh
ange

when

Hierarchy of Atomic
Change Classes

where
High level Refactorings
changes
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Model of First-class Changes

Fine-grained Changes
Composable Changes
Dependent Changes

Intensional Changes

Change-oriented IDE
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(anAddClass )

timestamp
subchanges
isApplied
name
belongsTo
definition
classObject
isAbstract
accessor

/

[ anAddAttribufe )

timestamp
subchanges
isApplied

name

belongsTo
definition
classObject
oldInstancevariables
olsClassVariables
isinstanceVariable
initialisationValue

—

anAddMethod

timestamp
subchanges
isApplied
name
belongsTo
accessor
signature
body
returnType
isGetter
isSetter
definition
methodObject
islnstanceMethod
protocols
selector

dent Changes

parameters

—

username

end:(m: String)

T

cr get: m from: self

h -

(anAddAccess )
Change

timestamp
subchanges
isApplied
initiatorName
initiatorObject
linenr
accesses
scope

read

write

value
isReturnValue

timestamp
subchanges
isApplied
initiatorName
initiatorObject
linenr
receiver
receiverType
message
arguments
argumentTypes
isReturnValue

—

—

timestamp
subchanges
isApplied
initiatorName
initiatorObject
linenr
accesses
scope

read

write

value
isReturnValue

—
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(anAddClass )

timestamp
subchanges

dent Changes

User

timestamp
subchanges
isApplied

name

belongsTo
definition
classObject
oldInstancevariables
olsClassVariables
isinstanceVariable
initialisationValue

—

anAddMethod

timestamp
subchanges
isApplied
name
belongsTo
accessor
signature
body
returnType
isGetter
isSetter
definition
methodObject
islnstanceMethod
protocols
selector
parameters

username

end:(m: String)

T

cr get: m from: self

h -

(anAddAccess )
Change

timestamp
subchanges
isApplied
initiatorName
initiatorObject
linenr
accesses
scope

read

write

value
isReturnValue

timestamp
subchanges
isApplied
initiatorName
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linenr
receiver
receiverType
message
arguments
argumentTypes
isReturnValue

—

—

timestamp
subchanges
isApplied
initiatorName
initiatorObject
linenr
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read

write

value
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—
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Dependent Changes

(anAddClass )

timestamp

subchanges
isApplied username

name end:(m: Strin
belongsTo — ( S\ g)
definition
classObject =

isAbstract cr get: m from: self
accessor ‘

( anAddAttribufe | (anAddMethod

timestamp timestamp
subchanges subchanges
isApplied isApplied v
name name %/
belongsTo belongsTo anAddAccess
definition accessor Changg
classObject signature timestamp timestamp timestamp
oldInstancevariables body subchanges subchanges subchanges
olsClassVariables returnType isApplied isApplied isApplied
fs!r?stlanc.eVariable ?sGetter initiatorName initiatorName initiatorName
initialisationValue isSetter initiatorObject initiatorObject initiatorObject
—_— definition - linenr linenr linenr
methodOb]ect accesses receiver accesses
isinstanceMethod scope receiverType scope
protocols read message read

selector write arguments write
parameters

— value argumentTypes value

ﬁturnValue isReturnValue isReturnValue ‘
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Model of First-class Changes

Fine-grained Changes
Composable Changes
Dependent Changes

Intensional Changes

Change-oriented IDE
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Intensional Changes

Chatroom

*///{/7 ser
,///é. U

L send:(m: String)

T, receive:from;(m: String, s: User) [ get:from:(m: String, s: User)
@f pt st f:"f# e m ( > register(u: User) \\

unregister(u: User)
Y u € users:
u receive: m from: s

~Guest
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Intensional Changes

Chatroom

o ser
,///é. U

L send:(m: String) _
gﬁ;ﬁfﬁuﬁrﬁ ~_  receive:from:(m: String, s: User) [ 1 get:from:(m: String, s: User)

HJ%W ‘ f{//ﬁf/i’f Jﬁ#"ﬁ‘ﬁ? /////// lrjengrIesg;?srt(clajr(llJJ :Sl(jger) A\ ﬁ

Y u € users:
u receive: m from:

~Guest
[name() —

e Rename method Refactoring:

e Change the name() method to username()
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Intensional Changes

User

Chatroom

L send:(m: String)

recelve from :(m: String, s: User) [ 1 get:from:(m: String, s: User)
m » register(u: User) N

unregister(u: User)
Y u € users:
u receive: m from: s

~Guest

Algorithm 1 Change method body: extension

Change the name of method name in class RegisteredUser to username
Change the name of method name in class Guest to username

Change the invocation s name in method receive:from: from User to s username
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Intensional Changes

User

Chatroom

L send:(m: String)

recelve from :(m: String, s: User) [ 1 get:from:(m: String, s: User)
m » register(u: User) N

unregister(u: User)
Y u € users:
u receive: m from: s

~Guest

Algorithm 2 Change method body: intension
Change the name of method name in all subclasses of the class User to username
Change every invocation of that method name to an invocation of method username
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Intensional Changes

User

Chatroom

L send:(m: String) _
recelve from (m String, s: User) [ 1 get:from:(m: String, s: User)

) irmegistor(o: Usen 8 \j
m:s

Y u € users:
u receive: m from:

~Guest
[name() —

Algorithm 2 Change method body: intension
Change the name of method name in all subclasses of the class User to username
Change every invocation of that method name to an invocation of method username

=> More robust to change
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Model of First-class Changes

Fine-grained Changes
Composable Changes
Dependent Changes

Intensional Changes

Change-oriented IDE
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Change-Oriented IDE

aRaXa) Star Browser on: ChatApp *
Services Help

-3 H
@ Root (12) Changes Objects

4 Welcome to the StarBrowser™
&y Array

(I} StarBrowserUl™ +

(I} SoulKernel

(op ADvance2 * +

- 4p Add new class "Smalltalk.User" to package "ChatApp”
-4 Add new instance method "receive: m from: s" to class "User”
;;;-Q Add invocation to behavioral entity “receivefrom: == Transcript show: m
-4 Add read access to behavioral entity “receivedfrom? => read value of variable "Transcript”
4 Add access argument to behavioural entity receivefrom: > m
4 Add read access to behavioral entity "receivefrom:” == read value of argument variable "m”
-4 Add new instance variable "¢r" to class "User”
5.7 RunaRound * + - Add new instance variable "username” to class "User”
o (3 (none) * = fd(:j new ins'_tanoe bmer:hoﬁ ‘S?nd:_m::;cl::.‘ass “User” f ;
. ; = invocation to behavioral entity "send:” == cr get: mfrom: se
wO ” Add read access to behavioral entity "send:” = read value of instance variable "cr*
Add access argument to behavioural entity send: ==m
. Add read access to behavioral entity "send:” == read value of argument variable “m”
4p Add access argument to behavioural entity send: > self
-4 Add read access to behavioral entity "send:" >> read value of variable "self’
-4 Add new instance method "name” to class "User”

Change Classes Refactarings

FEntityChange §>---F_xpand NameSpaceReferencesRefactoring
AssociationChange #-ClassRefactoring
rgumentChange t-AbstractvariablesRefactaring
MethodRefactoring
WariableRefactoring
-CompositeRefactoring
‘-RemoveObjectRefactaring

(7 ChangeManagement * +

Chronologically

Spawn results
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Change-Oriented IDE

OO n

Star Browser on: ChatApp *

Services Help

£ H

-t. Welcome to the StarBrowser!y
Su Array

(o} StarBrowserlUl™ +

(I} SoulKernel *

(I ChangeManagement ™ +
(7 RunaRound * +

- (3} (none) *
(0

Changes Objects (Undo’ (Propagate”

_’ Add encryption for class: "RegisteredUser” with function "* m*
Q Add new instance method "encrypt: m” o class "Guest”
-~ Add read access to behavioral entity "encrypt” == return value of argument variable "m”
-4 Add new instance method "decrypt: m" to class "Guest’
-4 Add read access to behavioral entity "decrypt:” »= return value of argument variable "m”
- Add new instance method "send: m” to class "Guest”
#r4p Add invocation to behavioral entity "send” == cr get: self encrypt: mfrom: self
4 Add new instance method “receive: m from: 5" to class "Guest”
' Q Add invocation to behavioral entity "receivefram: == Transcript show: s name + "'+ s decrypt: m
—Q Add encryption for class: "Guest” with function "4 m®
- Add new instance method "encrypt: m” to class "RegisteredUser”
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Change List by ChEOPS

| Changes on ChatApp package: vegsoc.gif

2 Add new class "User"

3 Add new instance method "receive: m from:s" to class "User"

4 -> Invocation tree

5 Add new instance variable "cr" to class "User"

6 Add new instance variable "username" to class "User"

7 Add new instance method "send: m" to class "User"

8 -> Invocation tree

9 Add new instance method "name" to class "User"

10 -> Add Read Access

I I Add new class "ChatRoom"

12 Add new instance variable "users" to class "ChatRoom"

I3 Add new instance method "get: m from:s" to class "ChatRoom"
14 -> Invocation tree

I5 Add new instance method "register: u" to class "ChatRoom"
16 -> Invocation tree

|7 Add new instance method "unregister: u" to class "ChatRoom"
I8 Add invocation "users remove: u"

| Changes on ChatApp package:

2 Add new class "Guest"

3 Add new instance method "name" to class "Guest"

4 -> Invocation tree Added

5 Add new class "RegisteredUser"

6 Add new empty instance method "name" to class "RegisteredUser"

7 Add read access to behavioral entity "name" >> return value of variable "username"
8 Remove instance method "name" from class "User"

9 -> Invocation tree Removed
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I3 -> Invocation tree Added
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o exploration facilities

| Changes on ChatApp package:

2 Add encryption for class "RegisteredUser" with function "f(x)= encrypt(x)" and
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Conclusion

e Support for Change-Oriented Software Engineering
e Current models of first-class changes are insufficient:

The restricted level of granularity in the different
types of changes

The overloading of change types

The lack of high-level changes

The lack of program exploration facilities
e Extensions to the model overcome those issues

e (Change- and Evolution-Oriented Programming Support
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Future Work

e COSE for component-oriented programming
e Provide other semantics to the changes

e Platform-specific code maintenance based
on the changes

e Maintain the “raison d’étre” of program
entities

e Improved IDE support for COSE
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