Sub-method, partial behavioral

reflection with Reflectivity

Looking back on 10 years of use

> Reflectivity implements a Meta Object Protocol
= Sub Method Structural Reflection
= Fine grained Behavioral Reflection
> Properties
= Cross cutting
= Partial (spatial, temporal, selective reification)
= Dynamic

> Used extensively in research and practice over 10 years
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> Part of Pharo http:/pharo.org
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http://pharo.org

Context: Reflection

® Reflective System:

O Model of itself that is causally connected: Changing the model changes the system and vice
versa

O In 00 languages: the system contains an object model of itself

® Structure vs. Behavior
O Structure: classes, methods, packages...

O Behavior: runtime aspects, e.g. variable access, message sending...

® General purpose Languages: not fully reflective (memory, speed...)
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What is Reflectivity?

Reflectivity = Sub method Reflection + Partial Behavioral Reflection

We improve Structural and Behavioral Reflection in an 00 language:

- Sub method Reflection --- Structural Reflection covers method structure

- Partial Behavioral Reflection --- Behavioral Reflection as annotation on the
structure




Submethod Reflection

The AST as sub method structure

Causally connected: changing the
AST leads to recompilation
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Partial Behavioral Reflection

® MetalLinks bind operations to meta objects

® MetaLinks as known from Reflex
O  See Tanter, OOPSLA 2003

e Reflectivity:
©) MetalLinks are annotations on the sub method structure

O Fully dynamic: add and remove links at runtime
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The Metalink

MetaLinks are objects

- Annotate one or more AST nodes
- Describe a message to be send to the meta object

The meta object and method to call

Control: #before, #after, #instead

Arguments: what to pass to the meta object
Supports reifications: e.g. #receiver, #arguments
Optional condition
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Demo 1: A Simple Metalink

_________________ <

meta-object |
link metaObject:

selector: #once;

_________ -~ control: #before.
source codeI
(AST) :
_______________ -




Demo 2: MOP for state access

Smalltalk:
® |Instance variables are accessed via bytecode

® No way to change semantics of variables

Can we use Reflectivity to implement a simple class side Meta Object Protocol?

=> variable access is implemented by the metaclass and can be changed per
class hierarchy.




Demo 3: Metalinks at Runtime

MetaLinks are dynamic!

® C(Create Links at Runtime
e Install and remove links at runtime

® We caninstall alink at runtime in the method that will be called
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Properties

® Simple, non-intrusive instrumentation

® C(ross-cutting

e Partial
O  Spatial Selection
O  Temporal Selection: Condition and Dynamic (un)instrumentation
O  Selective Reification

® Metalink control

Not Shown:

® Metalink execution level control
® Object-centric metalinks
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See the Paper for a
detailed analysis

Users over 10 years of the 21 Papers
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Future Work

® Better sub-method model
O Improve memory efficiency
® Thread safety
O Notonly for Link installation, but reflective change in general
® Integrate with First Class Variables of Pharo 9
e Improve hot code update

O  Onstack replacement

Contributions are very welcome!

https://github.com/pharo-project/pharo
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