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Recent Developments in Context-oriented Programming

Some History...

Software Architecture

!

Distributed Processing Environments

!

Dynamic Aspect-oriented Programming
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Reflective Designs

\4 A\
Dynamic Service Adaptation

| ! !

Context-oriented Programming

with Pascal Costanza
and Oscar Nierstrasz
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Context

context = everything computationally accessible
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Outline
' | semantics i
. | layers only i
tooling m behavioral scoping
| [ use-casesiEEE | structural scoping
developers contracts m event-based composition m
users i r _ =
development layers | | reactive composmon
: ContextJS / Lively g )
constraint-based composition
— ContextJS / Babelsberg
constraint layers

image/objects

constraint solver
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Behavioral Variations

: , : (behavioral scopin
- Behavioral (dynamic) scoping . - gm
— Dynamic extent of execution | structural scoping

— Almost all COP extensions (development lai ierS
- Structural (topological) scoping ContextUS / Lively

— ContextdS
— Development layers

* Open implementation (Ol) for scoping strategies
— Allows for domain-specific scoping
— Mainly applied to Ul framework structures
 Lively: Morphic
 Webwerkstatt : Parts

R
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Development Support

: (toolin
* More applied = more useful \ gm
+ In PL work tool support often neglected | use-cases =2
— Usually too expensive, especially early... contracts m
- Need for explorative tool building support *
« Vivide

« Crosscutting nature of layers lends itself nicely to
crosscutting software engineering concerns
— Explicit use-cases representation
« UseCasePy

— Dynamic contract layers
. PyDCL

IS
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Reactive Approaches
:event-based composition m

reactive composition [T

7

constraint-based composition
> ContextJS / Babelsberg
constraint layers

User Code

Link: Bhere is the beast?
| mill crush its bones!

KeyboardListener

GameWinflow

£ 5

RegionUlI VYorIdUI
—

AiCha
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Foundations
. ( ti
+ Semantics and types _Seman 'CSW
— ContextFJ layers onlym
* Symmetry ' meta-tracing JITs [T TEINER

— No classes, only layers
— No base system

* L4
« Sideways composition very expensive
— Runtime support for optimizations

— Meta-tracing JITs
 R/Squeak-VM

— Higher performance - more (meta-level) flexibility

PT(m, C,Lo) undefined mbody(m,C,L',L) =X.e in D,L"

mbody(m, C, (L';Ly),L) =X.e in D,L"
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Behavioral Scoping

COP

w/ Pascal Costanza and Oscar Nierstrasz
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class Person {

}

private String name, address;
private Employer employer;

Person(String newName,
String newAddress,
Employer newEmployer) {

this.name = newName;
this.employer = newEmployer;
this.address = newAddress:

String toString() {return "Name: "+name;}
layer Address {
String toString() {
return proceed()+"; Contact: "+address;

layer Employment {
String toString() {
return proceed()+"; [Employer] "+employer;

class Employer {
private String name, address;

Employer(String newName,
Stringe newAddress) {
this.name = newName;
this.employer = newEmployer;

}

String toString() {return "Name: "+name;}

layer Address {
String toString() {
return proceed()+"; Visitors: "+address;
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CIaSS Darenn S
prive Employer hpi = new Employer("HPI", 14440 Potsdam");
prive Person robert = new Person(”Robert Hirschfeld", 14471 Potsdam", hpi);

clace Emnlovar S

Pers
System.out.printin(robert);
this 1
this
this
} Output: Name: Robert Hirschfeld

String toString() {return "Name: "+name;}
layer Address {
String toString() {
return proceed()+"; Contact: "+address;

layer Employment {
String toString() {
return proceed()+"; [Employer] "+employer;

String toString() {return "Name: "+name;}

layer Address {
String toString() {
return proceed()+"; Visitors: "+address;

l 1 L. L Ll /Oon0d4-\
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CIaSS Darenn S

Pers
with (Address) {

System.out.printin(robert);
thig }

this
this

} Output: Name: Robert Hirschfeld; Contact: 14471 Potsdam

String toString() {return "Name: "+name;}
layer Address {
String toString() {
return proceed()+"; Contact: "+address;

layer Employment {
String toString() {
return proceed()+"; [Employer] "+employer;

String toString() {return "Name: "+name;}

layer Address {
String toString() {
return proceed()+"; Visitors: "+address;

clace Emnlovar S ﬂ

prive Employer hpi = new Employer("HPI", 14440 Potsdam");
prive Person robert = new Person(”Robert Hirschfeld", 14471 Potsdam", hpi);
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CIaSS Darenn S

Pers with (Employment) {
with (Address) {
System.out.printin(robert);

this }
thig }
this

} Output: Name: Robert Hirschfeld; Contact: 14471 Potsdam;
[Employer] Name: HPI; Visitors: 14440 Potsdam

String toString() {return "Name: "+name;}
layer Address {
String toString() {
return proceed()+"; Contact: "+address;

layer Employment {
String toString() {
return proceed()+"; [Employer] "+employer;

String toString() {return "Name: "+name;}

layer Address {
String toString() {
return proceed()+"; Visitors: "+address;

clace Emnlovar S ﬂ

prive Employer hpi = new Employer("HPI", 14440 Potsdam");
prive Person robert = new Person(”Robert Hirschfeld", 14471 Potsdam", hpi);
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CIaSS Darenn S

Pers with (Address) {
with (Employment) {
System.out.printin(robert);

this }
thig }
this

} Output: Name: Robert Hirschfeld; [Employer] Name: HPI;
Visitors: 14440 Potsdam; Contact: 14471 Potsdam

String toString() {return "Name: "+name;}
layer Address {
String toString() {
return proceed()+"; Contact: "+address;

layer Employment {
String toString() {
return proceed()+"; [Employer] "+employer;

String toString() {return "Name: "+name;}

layer Address {
String toString() {
return proceed()+"; Visitors: "+address;

clace Emnlovar S ﬂ

prive Employer hpi = new Employer("HPI", 14440 Potsdam");
prive Person robert = new Person(”Robert Hirschfeld", 14471 Potsdam", hpi);
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CIaSS Parenn S | | rlace Emnlnvar S

prive Employer hpi = new Employer(”HPI" "14440 Potsdam");
prive Person robert = new Person(”’Robert Hirschfeld", “14471 Potsdam", hpi);

\
Perg with (Address) { Thread-1 !
| with (Employment) { :
' System.out.printin(robert); :
th|s| } |
th|<\}~ Y
thiek T
) Output-1: Name: Robert Hirschfeld; [Employer] Name: HPI;
Visitors: 14440 Potsdam; Contact:14471 Potsdam
Stin= - =
{ with (Employment) { Thread-2 !
|

layel Wwith (Address) {
StrF System.out.printin(robert);

}} N _
Output-2: Name: Robert Hirschfeld; Contact: 14471 Potsdam;
laye [Employer] Name: HPI; Visitors: 14440 Potsdam
Stri
return proceed()+"; [Employer| "+employer,;
| \
}

—\ | |

3S;

Rob

l 1 L. Ll /O 4
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Dynamically-scoped Layer Activation

 Constructs
with (...) {...}
without (...) {...}
next (...)

* Activate (deactivate) layers for the current thread

— No interference with other layer activations/deactivations in
other threads

— Layers are activated/deactivated only for the dynamic extent
of the associated code block (dynamic scoping)

— Activation order determines method precedence

». |

Robert Hirschfeld (2015)
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COP Basics Summary

* Behavioral variations
— Partial class, method, and layer definitions

« Layers
— Groups of related context-dependent behavioral variations
* Activation
— Activation and deactivation of layers at run-time
« Context
— Anything computationally accessible
e Scoping
— Well-defined explicitly-controlled scopes
JC_NC .
T

Robert Hirschfeld (2015)
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COP Extensions (Some...)

8
d
f

« ContextS

« ContextS2

« ContextdS

« JCop (Contextd)
« ContextPy

« PyDCL

« UseCasePy
« PyContext

« ContextR

« ContextG

« ContextAmber
* Ly 4

Robert Hirschfeld (2015)

(\L‘”
—

(¢

®—_

ContextL
ContextScheme
ContextJ”
ContextErlang
EventCJ

Lambic

Ambience
COP.JS
delMDSCO/c;
Phenomenal Gem
Subjective-C
Context Petri Nets

Made with secret
alien technology

JS
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Structural Scoping & Development Layers

trct

w/ Jens Lincke

Robert Hirschfeld (2015) 19
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Lively Webwerkstatt

_log_jenslincke.xml

| Min: (1
(SpreadsheetScripter.metainfo, markoroeder, Mon May 09 2011 21:35:07 GMT+0200

' 4 . URL: | http:/ively-kemel
HeatingSystem : =
Filter: |\"
Heat: 6.4681 [kWIs]
Stopped: false CEST)
Factor: 20
Max: 5 [kW]
1r Heat < ftuLl && Fruet uas > Max T at &&
#HeatStorage ' Energy < 0.3 * #HeatStorage ' Max) {
var gas = - Max
Serializationinspector
#Fuel * Gas -= g =
Heat += gas Q min refs: 0 min full size: 20000
5. 0 Object Name ClassName
1 root lively.morphic
} $.Factor 2 submorphs object
$.Heat ) 3 146 PartsBinBrowser lively.morphic
var d $.Max 4 attributeConnections object
. . 5 AttributeConne
if $.Stopped 6 dependedBy livelv.morohic
7 dependendConnections ,M
8 0
9 sourceObj more i - rglre i 2
} eltl 10 attributeConnections http/Aively-kemel.o pository
11 0
12 targetObj Part
} 13 allurss
14 submorphs
15 0 more
; 16 submorphs
17 3 part
18 submorphs
19 0
20 submorphs
, 21 o oy
LaTeX Outline E 22 shape
[ ] [ = ] C 23 stringifiedShapeNode
col e prin |24 1 F
e 25 submorphs X
26 0
O Examples? ([ sala 27 shape
O but... (03, salsu Lol |28 stringifiedShapeNode
O LT: Mayve make the | |29 2
O REVIEWER 2:"Intt |
O but... [04_malleable_tools.tex:62] @' roncior Corten Tabhe

v add figure of StyleEditor [04_malleable_tools.tex:99] @done (13-12-04 14:10)

v add figure of d
O Problems with serializing scripts?

O Active Content -> Application Content -> (just) Content
O make clear how we can live with changes

m]
m]

Should | &resenl the Syntax and Semantics of ContexJS in a more abstract way?
alte present the Syntax of ContextJ?
O write section "Adapting Core Behavior from Scripted Tools"

How did

ing object with halo? [04_malleable_tools.tex:100] @done (13-12-04 14:10]

O implement section "Repository of Parts”
O insert ref to code duplication

O only random number based UUIDs can be generated in the browser.

O write section "Scripting Parts — Summarg'
O write section "Case Study: Server Side Scripting”

o

O show tracing result

Ref?

_Pasition

O to be fair, we could write down non GOP tracer code that manages dynamic scope somehow | |—LivelyClassName__: lively.morphic.Shapes....
O case-study chapter: write sum

o

mary for
Reviewer 1: 'What is the purpose of this "related work" section except mentioning some relatq

Robert Hirschfeld (2015)

a oo
name: 10 Rectangle [lively.morphic.Shapes.Rectangle] ingore > <-do notignore
__SourceModuleName__: Global.lively.morphic.... 7 Point
_Position: [object Object] 4 undefined
_Extent: [object Object] 2 lively.morphic.EventHandler
_Fill: [object Object] 2 Color
renderContextTable: [object Object] 2 lively.morphic.Shapes.Recte

1 ChangeSet

1 lively.morphic. HandMorph
1 lively.morphic.World
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Lively Kernel and Lively Wiki

x

€« > CH [@Iively-kernel.org/repository/webwerkstatt/LiverHPImgzn/draft.xhtmI

ARRS

_order | add | astext setfile.. save

-

” count
. - . | o Latest changes o O] )
Lively Wiki -- eine Web-bas = () | characters:1956
. . . .. .| draftxhtml (40348 -- jenslincke)
NlC!’\t nur pel Stgdenten erfreuen _such Wiki livelykernel.xhtml (40347 - jenslincke) ro
Beliebtheit. Wikis helfen Informationen zu { geangieTestxhimi (40287 -- robertkrahn) erin
Verbindung zu ,TQ R Ver Engine lige
Wikis, die untert rtkrahn) 27
benutzen sie un rum
unsere Arbeit zL kis so zu
Spezialanwend n.

Examples.js:EngineMorph:-- all --:doStep (proto)

Dabei kénnen d
einfachen Artur
ist ein Erfolgsre:

'httpJIIively-kemel.orgkepository/webwerksiaMively/
‘ ChangeSet.js

ErTES- | initiaiize (proto)

E] Testwidget

% Connector.js ClockMorph default category initialize TransientState (pr
Warum muss S Contributions.js SymmetryMorph makeLayout (proto)
Projekt Lively-K Corejs PianoKeyboard addRunMenu (proto)
haben mit Livel Data.js FeedWidget makeCylinders (proto)
ermdglicht, auf ¢ defaultconfig.js SquiggleMorph movePiston (proto)
bearbeiten. Wir demofx.js WeatherWidget setRunning (proto)
im Web-Browse EmuDom.js StockWidget nextStep (proto)
aus einem Livel ‘

Addmodule.  Loadall | LineNo | Refresh | Evalon Sot | Viewas..

Neben Werkze
ContextJS, eine
uns erlauben so
die eigenen We

Robert Hirschfeld (2015)

doStep: function() {

var crPt;
this.crankAngle += this.angleStep;

if (this.crankAngle > Math.PI*4) this.crankAngle -= Math.PI*4; ‘:
this.crank.setRotation(this.crankAngle); // Rotate the crankshaft 'y
S P ——— B .- ’,/

21
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Self-supporting Development Environments

« Collaboratively evolve tools and environment
— Adapt tools while using them
— From within
— Share easily

« Design goals for self-supporting development
environments (SSDES)
— Innovative repair
— Short feedback loops - immediacy

« Technical problem

— Changes to core functionality might break the environment
(also for everyone)

Robert Hirschfeld (2015) 22
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ContextdS

« Library-based COP extension to JavaScript

* Open implementation (Ol) for layer composition
— Behavioral scoping

— Structural scoping EventCounter.count = function(evt) {
alert("evt: " + evt);
EventCounter = { this.n = this.n + 1;
n: 0 ;
. r

count: function(evt) {
this.n = this.n + 1;

}

cop.create("DevLayer").refineObject (EventCounter, {
count: function(evt) {

alert("evt: " + evt);
this.n = this.n + 1; cop.proceed(evt);

DevLayer.beGlobal () ; debugArea.setWithLayers([DevLayer])

Robert Hirschfeld (2015) 23
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Example 1: Visualizing Events

cop.create( ' ShowMouseMovelLayer')
.refineClass(Morph, {

onMouseMove: functio evt) {
Bhow(evt .mous |

ret# gy cop.proceed t)
S ."\

ShowMouseMovelLay®

beGlobal()

Robert Hirschfeld (2015) 24
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Example 1: Visualizing Events

cop.create( ' ShowMouseMovelLayer')
.refineClass(Morph, {
onMouseMove: function(evt) {
show(evt.mousePoint)
return cop.proceed(evt)

},
B

Smorph('DebugArea’).setWithLayers([ShowMouseMovelayer])

Robert Hirschfeld (2015)
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Example 2: Text Coloring

Hello \World

M Workspace

processCommandKeys: function(evt) {
var key = evt.getKeyChar();
if (key) key = key.tolLowerCase();

switch (key) {

}
}
return cop.proceed(evt);

B

case "5": { this.emphasizeSelection({color:
case "6": { this.emphasizeSelection({color:
case "7": { this.emphasizeSelection({color:
case "8": { this.emphhsizeSelection({color:

cop.create('TextColorLayer').refineClass(lively.morphic.Text, {

if (evt.isShiftDown()) { // shifted commands here...

Color.black}); return true; }
Color.red}); return true; }

Color.green}); return true; }
Color.blue}); return true; }

Ithis.setWithLayers([...]) I

ITextColorLayer.beGlobal() I

Robert Hirschfeld (2015)
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Example 3: Developing Auto-completion

this.onMouse
onMouse
onMouseDown
onMouseDownEt
onMouseMove
onMouseMoveE!
onMouseQut

DevArea

cop.create( 'WordCompletionLayer').refineClass(lively.morphic.Text, {
onKeyPress: function(evt) { Workspace

var key = evt.getKeyChar();
if (lkey.match(/\w/)) {
this.hideWordCompletionMorph();

return;
}
var range = this.getSelectionRange()
var cursor = range[@];
Y vvns

I$morph('DevArea').setWithLayers([WordCompletionLayer]);I

Robert Hirschfeld (2015) 27
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Structural Scoping Summary

* Application of COP to SSDEs

— Organize changes into layers

— Apply changes during development
to only objects of interest
-> Structural scoping
- Development layers

« Evolution of tools in SSDEs
can be direct, interactive,
and safe

* Future work
— Refactoring of layers back into base

Robert Hirschfeld (2015)

Code

(1) bootstrap l

(4) persistence

Classes

DevLayer

depend

Tools

Objects

(3) feedback

Self-supporting Development
Environment

28
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Explicit Use-case Representation

w/ Michael Perscheid

Robert Hirschfeld (2015) 29
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Use-cases in Software Development

» Users perceive
program behavior without

Implementation knowledge |
Graph Editor

f drawing.png1

« Developers also @ O
know internals and User's /
implementation details Perspective

L User Int'erface )

« Use-cases describe [ |
Interaction at system @
bO un d a ry Developer's

Perspective
Object Structure |

 Use-cases link
both perspectives

Robert Hirschfeld (2015) 30
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Use-cases in Software Development

« Use-cases and variants are
of most
contemporary
development processes

to use-cases
in later more code- and

deployment-centric
development activities

about which parts of the
system contribute to
which use-case

Robert Hirschfeld (2015)

Requirements

Analysis

Design

Implementation

Test & Debug

Deployment

R L R ]

800 9000 900e Seag s iat i oran e

@
S S
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Use-case-centered Development

« Use-cases Iin source
code, as deployment
units, and at run-time

Robert Hirschfeld (2015)

Requirements

Analysis

Design

Implementation
Language
Constructs

Test & Debug
First-Class
Entities

Deployment
Dynamic
Composition

f(

@
< (S

\\

T B

~—
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First-class Entities at Run-time

« Based on source code annotations

« Use-cases as meta objects

« Central registry of use-case descriptions

« Available at run-time for introspection and intercession

Interface Object

& Q) (O Entity Object A

Use-case Meta Object

Call

Linkage between Runtime

Q Control Object
—>

k Object and Meta Object /

Robert Hirschfeld (2015)
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Dynamic Composition

« Based on selection of a set of desired use-cases
 Requires use-case-aware method dispatch
* Allows for use-cases as deployment units

g )
@ Use-cases

O Object

——  Object Relationship
\_ J

Robert Hirschfeld (2015)
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Use-case Discovery

 |ntroduce use-case-centered

Developer

development to existing
SySte m S @ Use-Cases
%@ . Source Code
« Based on feature location oo 0" @ O Tracer
techniques
Sourl\::%pcigg and <: O Use-Cases
 Tracer observes execution Use-Case =

X
Method-Map B

of use-cases from

) . . Anmotate O Use-Cases
the users’ point of view -<:' 5] sanoco

v

 Semi-automatic and
automatic implementations

Source Code

Robert Hirschfeld (2015) 35
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Use-case Layers Summary

« Use-case-centered development allows for explicit
representation of use-cases in code and at run-time

— Available during implementation, testing, and deployment

— Use-case discovery migrates existing systems to use-case-
centered development

 Future work

— User studies
— Improved analysis techniques
— Better tool support

Robert Hirschfeld (2015) 36
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Monitor Analyze Plan Execute-Knowledge

MAPE-K

NIl Shonan Seminar 052 EASSy

Robert Hirschfeld (2015) 37
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COP & MAPE-K

Robert Hirschfeld (2015)
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class ResourceManager {

.. COP & MAPE-K

layer MAPE { // not necessary [rm———————————— -
static mapeBefore(resource, in, ...) { i :
Il no?e = .. : A P :
monitorBefore(...); : i
analyzeBefore(...); I
planBefore(...); i__I_VI_____K_____E___:
executeBefore(...);
return note; R
}
static mapeAfter(resource, in, note, out, ...) {
[/ newOut = ...
monitorAfter(...); rexccuertier;  class ManagedResource {
analyzeAfter(...); / planafter(..). /...
planAfter(...); / analyzeafter(..); process(in) {
executeAfter(...); // monitorAfter(...); /[ out := ceey
return newOut; return out;
i} }
layer MAPE {
process(in) {
note := ResourceManager.mapeBefore(self, in, ...);
out := pext(in);
out := ResourceManager.mapeAfter(self, in, note, out, ...);
return out;

Robert Hirschfeld (2015) Y1} 39
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class ResourceManager {

. COP & MAPE-K

layer MAPE { // not necessary [rm———————————— -

static mapeBefore(resource, in, ...) { I :
I no?e = .. : A P :
monitorBefore(...); : i
analyzeBefore(...); I
planBefore(...); : _______ K_ ____%___:
executeBefore(...);
return note; R

}

static mapeAfter(resource, in, note, out, ...) {
// newOut = ...
monitorAfter(...); /execuerrier);  class Ma
analyzeAfter(...); / planafter(..). /...
planAfter(...); / analyzeafter(..); process(in) {
executeAfter(...); // monitorAfter(...); /[ out := ceey
return newOut; return out;

i} }

layer MAPE {

process(in) {
note := ResourceManager,

out := gext(in);

out := ResourceManager.mapeAfter(self, in, note, out, ...);
return out;

Robert Hirschfeld (2015) Y1} 40

apeBglore(self, in, ...);
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Web References

* COP-related publications

— HPI/SWA

http://www.hpi.uni-potsdam.de/swa/publications/

* Selected systems
— JCop

https://github.com/hpi-swa/JCop/

— ContextdS and Lively Webwerkstatt
http://lively-kernel.org/repository/webwerkstatt/webwerkstatt. xhtml

— EventCJ

http://prag.is.titech.ac.jp/projects/eventcj/

— Lively Kernel
http://lively-kernel.org/
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