Why Another Approach?

1. Lack of flexibility

0 encapsulation policies for fixed categories of clients
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Iustrating Example: Class Morph P1. Lack of Flexibility

Morph is the root of all graphical objects in the Morph
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Squeak (Smalltalk) UI framework public drawOn: |
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Code in Smalltalk syntax
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Summary

P2. No Object-level Encapsulation

Morph
drawOn: FileTool U %
: : handleMouseDown: /
Unnecessarlly Wlde and :zgne::‘phhdexof: <—* Browser ‘
: alphaBlendWith:
error-prone interfaces e \
N
‘ﬁ ListMorph | aMorph aCollection
alphaBlendWith: qddMorph: T SmeOI"PhS remove:
removeMorph: do:
update select:
Fragility with respect to changes

0 Adding a method can break any existing subclass

Enumeration protocol (>50 methods)
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Summary

P3. Semantics Based On Static Types

Subobjects are either \\\ - .
[[ b/ aMorph aCollection |
Q fully accessible or Prerr— — | :
it . . deMO""Ph’ submorphs Femre: / public | int bar(D arg) int bar(0 arg) {
O completely inaccessible e b private | int foo() ‘ return arg.foo();
A )

Workarounds are clumsy and error prone = | ?
Difficult to implement data structures that are both rivate [int foa) & |

safe and convenient to use
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Our Proposal in a Nutshell

7 Encapsulation Policies ‘
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Overriding vs. Re-implementing

Re-infplesnending
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1 self foo
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What is an Encapsulation Policy?

Mapping from method selectors to access rights
Two access rights

a The right ¢ to ca// a method

0 The right o to override a method

Example

o [foo -> {co}, bar ->{c}, check ->{o}]

For convenience

o [foo, bar] < [foo ->{co}, bar ->{co}]

Object-Oriented Encapsulation

Encapsulation Semantics

Encapsulation affects only message sends

0 State is completely inaccessible from the outside

We distinguish between three syntactically different
kinds of message sends

(self foo)
(super foo)

0 self-sends
0 super-sends

0 object-sends  (anObject foo)

We explain the semantics on an example...
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‘ Message Semantics

anEllipseMorph update %
Object
commit
submorphs
- »> _ aCollection
Morph
dat
wpre N }\Q update
- submorphs isEmpty if True: [...].
- super update.
EllipseMorph self helper.
helper self commit.
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‘ Making the Class Hierarchy Robust

Morph basicUse --7_ PMorph
—III drawOn: basicExtend [N
Menu handleMouseDown: [~~~ 7] [drawOn:
updateCache N handleMouseDown:
submorphIndexOf: °dV°"\C¢d o
. “~._ (basicExtend + )
\ alpha [updateCache
AN submorphIndexOf:
advanced \\\ ]
“EllioseMoroh | II fP— { advanced +
EllipseMorph [ alpha |ListMorph ([alphaBlen dWith:] j
I
TransparentMorph
alphaBlendWith:
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‘ Message Semantics: Summary

= Valid messages
0 Object-sends: receiver is treated as a black-box
Policy associated with the receiver reference is relevant
0 Self-sends and super-sends: always sent to current object
Policies used in the inheritance hierarchy are relevant
= Message lookup

0 Object-sends and super-sends use traditional message
lookup

0 Self-sends take into account whether a method is
overridden ot re-implemented
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| Controlling Access to Sub-objects

X

aMorph aCollection
drawOn: add:
| addMorph: remove:
removeMorph: do:
submorphs select:
indexOfMorph: tally
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Controlling Access to Sub-objects (2)

~-. Collection
basicUse
\\\\ add:
__J remove:
_ enumeration do:

asEnumeration \
N

asEnumeration

Morph submorphs 1 selfWithPolicy: enumeration
drawOn:
submorphs submorphs
g 1 submorphs asEnumeration
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Implementation

Prototype implementation in Squeak (Smalltalk)

0 Distinction between message sends is synzactic:
Class-level encapsulation at compile-time

0 Per-object (reference) encapsulation polices:
Required VM modifications

0 Early alpha-version:
Extensive use of per-object (reference) encapsulation
< 15% performance penalty
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Evaluation Against the Problems

1. Lack of flexibility

0 encapsulation policies are reusable and composable
a  Unlimited number of encapsulation policies

0 Clients can select and customize encapsulation policies

2. Lack of expressiveness

0 Supports both cass-level and object-level encapsulation
in a uniform way

3. Dependence on static type systems

0 Semantics is based on different forms of message sends
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