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Introduction

Class Addition: Add new method to class

Class Refinement: Change (overwrite) existing method of class
Use Cases

- Convenience methods (e.g., 2.hours + 30.minutes)
- Bug fixing (monkey patching)
- Multi-dimensional separation of concerns
(— modular understandability)
- Adding new operations to existing classes
(c.f. expression problem, alternative to Visitor design pattern)

Popular in Ruby and Smalltalk
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Matriona Module System

* Module system for Squeak/Smalltalk

e Supports class nesting and class parameterization

OPicture copyright: S. Faric, CC BY 2.0 License
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High-level Idea

Class extensions are ...

e class members (like methods and nested classes)

subject to local rebinding: avoid breaking unrelated (black box) code

e active in a certain scope (locality of changes)

- Explicit activation: class extension specifies in which parts of the
program it should be active

— Import activation: other class requests a class extension (mixins)

— Hierarchical activation: class extension is active in all nested classes

layered: multiple class extensions can be active at the same time

(de)activated similar to layers in context-oriented programming
(layer activation stack)
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Locality of Changes (1/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} EViewer} L{App”cation}
popup ®WebPage - check main
open L popup

v open - @ partial class

o Every class extension belogs to a partial class

e Class is activated if one of its methods is executing
(e.g., Browser.open — Browser)

e Scope of class Browser: determines how long Browser's class
extensions will remain active (deactivation only)

¢ Intuition: scope(C) is the set of classes which are known to be
compatible with C's extensions
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Locality of Changes (2/3)
Smalltalk

I
L WebPage L Browser |~ Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} EApplication}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);

Example: Application calls Browser and Viewer

e
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);
Example: Application calls Browser and Viewer
-t
Application LA |
Application
ﬁ > main
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);
Example: Application calls Browser and Viewer
./.\ Browser
Apphca.uon A . . n
° Application ~7 -ope
D .main
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);

Example: Application calls Browser and Viewer

Pl 5]
w
s~ | WebPage

¥ Browser LB (8]

Browser__, WebPage
Application LA |
e > Application —~~ -open .open
.main

]
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);

Example: Application calls Browser and Viewer

. .

Fags |V |
~ | WebPageI Browser WebPage.popup
X Browser (8]

gl Browser__, WebPage __, WebPage
ApABcIai"?:ion _7 .open .open .popup
®—> main

]
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);

Example: Application calls Browser and Viewer

]
App\ica??n Browser—> Webpage — WebPage
Application — PN -open -popup
d TTFI)aF)In . .
D . \ X’\. View/er\
Viewer
.check
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);

Example: Application calls Browser and Viewer

. .

Fags |V |
~ | WebPageI Browser WebPage.popup
X Browser (8]

gl Browser__, WebPage WebPage
ApABcIai";n:ion _~ open _ .open ~ _  .popup

o—>

el
D \ ] viewer [ & WebPags LW

Viewer WebPage
.check —> .open
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Locality of Changes (2/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup Browser.open(...);
@ partial class L open Viewer.check(...);

Example: Application calls Browser and Viewer

. .

Fags |V |
~ | WebPageI Browser WebPage.popup
X Browser (8]

gl Browser__, WebPage WebPage
ApABcIai";n:ion _~ open _ _.open ~ _  .popup

o—>

el
D \ ] viewer ] & WebPags LW

Viewer WebPage WebPage
.check —> .open g _>.p0pup
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Locality of Changes (3/3)

Smalltalk

I
L WebPage L Browser |~ Viewer L Application

L{Viewer} L{Application}
check main

{WebPage}
L popup

{Browser, WebPage}

L open

@ partial class

Example: Application calls Browser calls Viewer

e

—~®WebPage
L popup

L open

WebPage.open(...);
Viewer.check(...);
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Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
L popup ~®WebPage - check main
L open L popup WebPage.open(...);
@ partial class L open Viewer.check(...);
Example: Application calls Browser calls Viewer
]
Application LA |
Application
ﬁ > main
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L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(App“caﬁon}
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L open L popup WebPage.open(...);
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° Application ~7 -op
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Locality of Changes (3/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(Application}
L popup ~®WebPage - check main
L open L popup WebPage.open(...);

@ partial class L open Viewer.check(...);

Example: Application calls Browser calls Viewer

Pl 5]
w
s~ | WebPage

¥ Browser LB (8]

Browser__, WebPage
Application LA |
e > Application —~~ -open .open
.main

]
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Locality of Changes (3/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(Application}
L popup ~®WebPage - check main
L open L popup WebPage.open(...);

@ partial class L open Viewer.check(...);

Example: Application calls Browser calls Viewer

. .

Fags |V |
~ | WebPageI Browser WebPage.popup
X Browser (8]

gl Browser__, WebPage __, WebPage
ApABcIai"?:ion _7 .open .open .popup
®—> main

]
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Locality of Changes (3/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(Application}
L popup ~®WebPage - check main
L open L popup WebPage.open(...);

@ partial class L open Viewer.check(...);

Example: Application calls Browser calls Viewer

]
] Browser__, WebPage _, WebPage
Application —~ 0PN .open .POpup

o—> ;
] .main .0

X LB] vieler

Viewer

.check
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Locality of Changes (3/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(Application}
L popup ~®WebPage - check main
L open L popup WebPage.open(...);

@ partial class L open Viewer.check(...);

Example: Application calls Browser calls Viewer

. .

Fags |V |
~ | WebPageI Browser WebPage.popup
X Browser (8]

] Browser WebPage WebPage
AppT|C|on _~ open _ .open 2 _’.popupg
o—> f
.main
D N View/er\ v WebP/a;;

Viewer WebPage
.check —> .open
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Locality of Changes (3/3)
Smalltalk

|
L WebPage L Browser L Viewer L Application

{WebPage} {Browser, WebPage} L{Viewer} L(Application}
L popup ~®WebPage - check main
L open L popup WebPage.open(...);

@ partial class L open Viewer.check(...);

Example: Application calls Browser calls Viewer

]
] Browser__, WebPage _, WebPage
Application —~ -OPen .open .POpUp
o—> f
i .main PN R N
X LB viewer X WebPags L]
Viewer WebPage —> WebPage
.check —> .open -popup
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Scope of a Class

Class L remains active as long as a method within scope(L) is executing.

Definition
scope(L) = {L} (reflexivity)
U {target(P) | P € partials(L)} (local rebinding)
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Hierarchical Scoping

Smalltalk {Smalltalk, AddressBook, AddressBook.Address, Networking,
Networking.Address, Pinging, Collections, String}

L AddressBook L Networking L Collections
{AddressBook, Address, String} {Networking, Address, String, Pinging} {Collections, String}
— Address — Address
{Address} {Address}
asAddress asAddress
@ String | ® String L String
|_ |_ {String}
| asAddress asAddress
- add(...) — Pinging
{Pinging} @ partial class
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Hierarchical Scoping

Smalltalk ismaitai, ok, / Address,
N Activation: Add [ Networking.Address, Pinging, Collections, String}
current and all |~AddressBook LNetworking LCoIIections
{AddressBook, Address, String} {Networking, Address, String, Pinging} {Collections, String}
enclosing classes L Address L Address
|_(Address) {Address}
» Deactivation: For all asAddress asAddress
. - @ Strin - ® Strin L Strin
nested classes N in C: L 9 L 9 el
ccope ( N) C scope ( C) asAddress asAddress
p = scop L add(...) L Pinging
{Pinging} @ partial class

Example: Address book application with remote storage

e
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Hierarchical Scoping

- Dl s rsses o, Soteso. o
e Activation: Add L L L
current and all AddressBook Networking L Collections
{AddressBook, Address, String} {Networking, Address, String, Pinging} {Collections, String}
enclosing classes L Address L Address
L(Adaress) {Address}
» Deactivation: For all asAddress asAddress -
. - @ Strin - ® Strin i
nested classes \V in C: L 9 L 9 Sl
( N) - ( C) asAddress asAddress
scopellV) = scope " add(...) " Pinging
{Pinging} @ partial class

Example: Address book application with remote storage

activate all
enclosing classes

Smalltalk, AddressBook

° AddrBook

.add
]
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Hierarchical Scoping

. . dd |Sma”ta|k LSTEH::!Kg Address, Pinging, Collect Adg;e’s;)
o Activation: A etworking Address, Pinging, Gollecions, S
current and all |~AddressBook LNetworking LCoIIections
{AddressBook, Address, String} {Networking, Address, String, Pinging} {Collections, String}
enclosing classes L Address L Address
L(Adaress) {Address}
» Deactivation: For all asAddress asAddress
. L @ Strin L@ Strin L Stri
nested classes N in C: L 9 L 2 String
ccope ( N) C scope ( C) asAddress asAddress
p = scop L add(...) L Pinging
{Pinging) @ partial class

Example: Address book application with remote storage

scope(St) includes e i
activate all scope(AB) and scope(N) S
.
st A String
AddrBook __—7 .asAddress
reoo
o—>

.add
]
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Hierarchical Scoping

dd DBl s o oo
« Activation: A avoring Adiress, PG, Gotecsone.
current and all |~AddressBook LNetworking LCoIIections
{AddressBook, Address, String} {Networking, Address, String, Pinging} {Collections, String}
enclosing classes L Address L Address
L(Adaress) {Address}
e Deactivation: For all asAddress asAddress
. L @ Strin L@ Strin L Stri
nested classes N in C: i 9 i 2 String
o e(N) C sco e(C) asAddress asAddress
scop = scop L add(...) L Pinging
{Pinging) @ partial class
Example: Address book application with remote storage

scope(St) includes suidg

StAB String.asAddress
activate aII scope(AB) and scope(N)
N
enclosmg classes t "
A S
Smalltalk, AddressEcok St rnn

g
AddrBook /.asAddress

®—> add > f_
D F;ilr%gmg
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Hierarchical Scoping

e Activation: Add
current and all
enclosing classes

e Deactivation: For all
nested classes NV in C:
scope(N) C scope(C)

Example: Address book application with remote storage

activate all
enclosing classes

o—>

]

.add

Smalltalk, Addresssﬁk:%
AddrBook

Smalltalk ismaitai, Address,

Networking.Address, Pinging, Collections, String}

|
|~AddressBook L Networking L Collections
{AddressBook, Address, String} {Networking, Address, String, Pinging} {Collections, String}
— Address - Address
L(Adaress) {Address}
asAddress asAddress
@ String @ String L String
{String}
L asAddress L asAddress
- add(...) - Pinging
{Pinging} @ partial class

scope(St) includes

sitg
scope(AB) and scope(N) g

String

/ .asAddress StN String asAddress
] ] ||V
—a /\ Ne‘m )z/\ smng
X

Pinging
Pingin Strin
.pingg g —> .asAddr%ss
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Scope of a Class

Class L remains active as long as a method within scope(L) is executing.

scope(L) = {L} (reflexivity)
A target(PYy P partials(L)} (local rebinding)
U{C | C € nested”(target(P)) A\ P € partials(L)}
U{C | C € scope(N) A N € nested(L)} (hierarch. scoping)
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Importing Class Extensions

Smalltalk (smaitalk AST, Nodes, Node, IntNode, PlusNode, Appiicaton}

L |_ »_'/,‘%A\p;:hcatcrllNoce l‘tWENC;‘E PlusNode}
Ication

AST  {AST, Nodes, Node, IntNode, PlusNode} extFe)rgs AST.Evaluating(

| AST.Printing(Object))
{Nodes, Node, InNode, P\N\c*ﬂl\ {Node, IntNode, PlusNode} L {Node, IntNode, PlusNode}

Nodes Evaluating( base Printing(base)

extends base extends base

Node () ®Node ® Node
IntNode el @ IntNode @ IntNode
evaluate L print

PlusNode

e Nk L
b !PUSNOGS\ ....................... : @ PIuSNOde @ PluSNode
® partial class L evaluate L print '

e Scope of a class includes scope of superclass
o Activate a class C if a method is executing in its context
(polymorphic receiver class's superclass hierarchy includes C)
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Scope of a Class

Class L remains active as long as a method within scope(L) is executing.

scope(L) = {L} (reflexivity)
U{C | C € nested”(target(P)) A P € partials(L)} (loc. rebinding)
U{C | C € scope(N) A N € nested(L)} (hierarch. scoping)

U scope(superclass(L)) (importing class extensions)
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Overview

Mechanism
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|~ 2
Scope of a Class

When calling or returning to a method on an object of class C, activate all
enclosing classes of C and C.

Class L remains active as long as a method within scope(L) is executing.

scope(L) = {L} (reflexivity)
U{C | C € nested”(target(P)) A P € partials(L)} (loc. rebinding)
U{C | C € scope(N) A N € nested(L)}

(hierarch. scoping)
U scope(superclass(L))

(importing class extensions)
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Effective Superclass Hierarchy

<<partial>> <<partial>> <<partial>> c <<partial>> C
C' C' C' > > (¢}
A A A A
<<nested>>: <<nested>>: <<nested>>! <<nested>>:
L
B' B A A
—> >

¢ Insert active partial classes in superclass hierarchy
o Activation order determines order of partial classes

* No proceed statement, use super instead
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Overview

Conclusion
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Conclusion

e High-level idea: Make sure that class extensions are not destructive
by confining their scope to compatible classes

» Scoping dimensions: explicit scoping, class nesting hierarchy
(hierarchical scoping), superclass hierarchy (import scoping)
* Future Work

- Implementation details and performance optimizations
— Blocks/anonymous functions
- Formal semantics of the mechanism
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Appendix

Appendix
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Locality of Changes (4/3)

Smalltalk
|
‘— WebPage L Browser L Viewer L Application
{WebPage} {Browser, WebPage} LWIewer) L{Application}
L popup ~®WebPage - check main
L open L popup
- Open () partial class

Example: Standalone usage of Viewer

Viewer WebPage WebPage
— —
.check .open .popup

] b ]
|:| Viewer X WebPage

WebPage . Browser is never activated

o—>
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Locality of Changes (5/3)
Smalltalk

|
L WebPage L Browser L Viewer |» Application

{WebPage} {Browser, WebPage} L{VieWﬂ} L(Application}
}» popup ~®WebPage - check main
L open L popup
= open ® partial class

Example: Standalone usage of Browser

Browser WebPage WebPage
o—> — —
.open .open .popup

. _— Browser WebPagepopup | |o]
e WebPage W] [w]
Browser LB L& ] L]

Browser.WebPage . popup is called
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