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ABSTRACT

We implemented a feature-based context-oriented programming

language, which clearly separates the notion of contexts from the

notion of features. Contexts reify particular situations occurring in

the surrounding environment, to which a software system can adapt.

Features reify the system’s behaviour; they are the language com-

ponents that describe the system’s functionality at a fine-grained

level. Contexts are mapped to features, such that, when certain

contexts become active at run-time, the corresponding features get

selected and activated, thus adapting the system’s functionality to

those particular contexts. In this paper we show the object-oriented

architecture, design and implementation issues of such a feature-

based context-oriented programming language, which we imple-

mented on top of the Ruby programming language as an application

framework for context-oriented programmers. An important part

of our language design is the explicit representation of contexts

and features in terms of hierarchical tree structures that capture

the structural constraints to be maintained at runtime. We illus-

trate our language design with a small example of a feature-based

context-oriented program written in this language.
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1 INTRODUCTION

An explicit representation of, and adaptation to, context is key

to facilitate the building of context-aware applications [1] where

the user’s or system’s surrounding context is changing rapidly.

Context-oriented programming languages [16] were designed to

build software systems of which the behaviour can be adapted at

runtime in response to context changes. In layer-based context-

oriented programming languages [16], the behavioural variations

are grouped into layers. When a context changes, the corresponding

layer gets deployed to refine the current behaviour.
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In our feature-based context-oriented approach, we regard and

represent contexts and features as separate dual entities, related

through an explicit mapping.While a context represents a particular

situation of the surrounding environment in which the system

executes, a feature is a prominent or distinctive user-visible aspect,
quality, or characteristic of a software system or systems [18]. In
what follows, when we use the word feature, we mean some fine-

grained functionality of the system, such as a single method or a

set of related methods. Despite their different definitions, these two

kinds of entities (contexts and features) bear similarity. They can

both become active or inactive at runtime, and many structural

constraints can be declared among them that need to be maintained

upon (de)activation. Furthermore, the kinds of constraints that can

be declared among them (mandatory, optional, or, alternative) are

similar.

For that reason, in earlier work we proposed a context-oriented

software architecture [22], where these two notions are clearly

represented separately, yet modelled in a similar way. Our main

inspiration for this architecture came from the field of feature and

software product line modelling [4, 5, 17, 21], and Hartmann and

Trew’s multiple product-line feature modelling approach in partic-

ular [14]. In their approach, both contexts and features are part of

a single model that is explicitly separated into a context variability

diagram and a feature diagram, each with their own internal struc-

tural constraints, and connected by explicit dependencies between

both diagrams.

In the implementation of our feature-based context-oriented lan-

guage too, we represent contexts and features as separate models,

connected through an explicit mapping. We implemented a proto-

type of such a language as an application framework in the Ruby

programming language. The purpose of this paper is to present

the overall object-oriented implementation architecture and design

issues underlying that implementation. This information may be

relevant to potential developers using our language to write context-

oriented applications, or for researchers in context-oriented pro-

gramming who want to take inspiration from our language design

to implement their own language. We also illustrate how to build

a context-oriented application in our language, using the example

of a risk information system which we already introduced in a

previous paper [9].

In Section 2 we introduce our feature-based context-oriented

approach in more detail. Section 3 describes the case study, a risk in-

formation system, that we will use in this paper. Section 4 presents

the design and implementation choices of our programming lan-

guage, as well as how to write a context-oriented application in this

language. Finally Section 5 exposes the related work and Section 6

concludes our paper and presents some future work.

https://doi.org/10.1145/3340671.3343357
https://doi.org/10.1145/3340671.3343357
https://doi.org/10.1145/3340671.3343357
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2 APPROACH

An important implementation choice of our feature-based context-

oriented language is the explicit representation of both contexts

and features in terms of hierarchical tree structures, i.e. feature

models.

Feature model

Feature models are diagrams that capture the possible functional-

ities of systems in a software product line [18]. They model the

main commonalities and variabilities of such systems. In our ap-

proach, we use feature models to represent the commonalities and

variabilities of a single software system of which the functionality

can change at runtime depending on changing contexts. (We even

use them to model the possible contexts and how these can change

at runtime, but more about that soon.) Commonalities represent

the features that need to be present in each instance of the system,

while the variabilities are features that may be present in some

instances of the system only.
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Figure 1: An excerpt of a featuremodel for our risk informa-

tion system.

As depicted in Fig. 1, a feature model can be represented as a

tree, where the nodes represent features and its hierarchical edges

declare constraints between a feature and its subfeatures. Such

constraints can be mandatory (when the feature is present its sub-

feature should be as well), optional (when the feature is present

its subfeature may be present), or constraints (at least one of the
subfeatures of a given feature should be present when the parent

feature is present), or an alternative constraint (exactly one of the

subfeatures should be present when its parent feature is). In a fea-

ture model, we can also distinguish abstract features from concrete

ones. Whereas abstract features are mainly infrastructural and help

programmers group related finer-grained functionalities, concrete

features contain code that may affect existing system behaviour

when they get selected. For an instance of a feature model to be

valid, its set of selected features must satisfy all the constraints

declared by the feature model.

Feature-based context-oriented approach

Fig. 2 presents an overview of our feature-based context-oriented

approach. It is an extension of our earlier context-oriented software

architecture [22] where we already proposed handling contexts and

features in separate architectural layers. In our current implemen-

tation, inspired by Hartmann and Trew [14], we extend this idea

further by representing contexts and features explicitly in terms of

two separate feature models. One feature model, the Context Model,
declares the possible contexts (and their constraints) to which the

system may adapt, whereas the Feature Model declares the system’s

behavioural variations. In addition to these two models, a Mapping
Model declares the dependencies from contexts to features. With

these dependencies, the system knows what features must be in-

stalled in or removed from the current instantiation of the system,

depending on the current state of the contexts.
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Figure 2: Overview of our feature-based context-oriented

programming approach.

The control flow of our approach goes as follows: when a con-

text changes, the Context Activation component gets informed

about this new discovery. It will then attempt to activate this con-

text, taking into account the constraints imposed by the Context
Model declared by the programmer. Once the context activation

is done, the Feature Selection component takes over, selecting

the features corresponding to the newly activated context(s) based

on the Mapping Model. The Feature Activation component, as

its homologue Context Activation, will then try to activate the

selected features taking into account the constraints imposed by

the Feature Model. Finally, the Feature Execution component will

deploy the activated features in the classes of the currently run-

ning system. Similarly, when certain contexts become inactive, the

different components in the architecture will take care of the nec-

essary deactivations of contexts and their corresponding features

and code.

3 RUNNING EXAMPLE

Before explaining the design and implementation issues encoun-

tered in conceiving our programming language, we first introduce

the running example used in this paper: a risk information system

(RIS for short) [9]. It aims to notify citizens about the characteristics

of emergencies such as earthquakes or floods, and to provide them

with instructions on how to act in case of such emergencies.

The characteristics are the information about an ongoing emer-

gency, such as for example its severity and its location. For example,

the severity for an earthquake emergency is computed using the

Richter scale and its location is defined as a circular impact zone

with a certain epicentre. For a flood emergency, the severity may be

indicated as low, medium or high and its location may be described

by a polygon impact zone.

The instructions given to citizens in case of an emergency can

depend on many contexts: the user’s age, the weather, the status

of the emergency and so on. The status of an emergency describes
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whether the emergency is about to happen, is ongoing or is finished.

According to this status, an instruction could for example be “Limit

journeys and avoid the danger zones” if a flood is happening or

“Ventilate rooms adequately, but also heat them adequately to dry

off the moisture" when the flood is over.
1
Such instructions could

be given in textual form for adults, or using pictograms when the

citizen is a child.

At all times, the citizens can also consult the instructions on

actions they must undertake in case an emergency occurs, even if

there is currently no emergency warning. In that case, the system

provides all instructions for the selected emergency type.

In the next section, we will present the design and implemen-

tation choices of our programming language, and illustrate with

code fragments how a programmer can create a context-oriented

risk information system using our language.

4 DESIGN AND IMPLEMENTATION

Fig. 3 shows the implementation architecture of our feature-based

context-oriented programming language. This architecture is or-

ganised in three parts. The Entities part reifies the different kinds

of entities that need to be declared and defined by the programmer,

i.e. the contexts, features, as well as the mapping between them. The

Modelling part reifies the hierarchical tree structure represent-

ing the context and feature models and their internal constraints

and dependencies. Finally, the Architecture part implements the

different components of our context-oriented software architec-

ture [22] as explained in the last paragraph of section 2.

Each of these parts will be explained in more detail below. We

also show how our implementation architecture allows us to easily

create tools (e.g., visualisation tools), to support programmers writ-

ing programs in our feature-based context-oriented programming

language.

4.1 Entities

Fig. 4 shows a more detailed version of the Entities part of our

implementation architecture. It captures the main kind of entities

that programmers need to declare and define, such as the contexts

to which their context-oriented program can adapt, the features

describing the application behaviour specific to certain contexts,

and the mapping from context to features declaring what specific

behaviour is triggered by what particular contexts.

Contexts and features as entities. Together with classes (represent-

ing the system’s base functionality that can be adapted dynamically),

contexts and features are the primitive building blocks of our lan-

guage. Due to their different nature, each of these notions is reified

by a different class in our implementation architecture: the class

Context and the class Feature. While a context is just identified

by a name, a feature is characterised by a name and a targeted class,

that is, the class of which this feature will adapt the behaviour.

Each of these two classes inherit, respectively, from their more ab-

stract counterpart AbstractContext and AbstractFeature. This
abstraction comes from the fact that we can have both abstract

features and concrete ones in our feature model (and similar for

contexts). Abstract features are just there for helping to structure

1
https://www.info-risques.be/en/hazards/naturals-hazards/floods

the tree hierarchy, but are not attached to a targeted class that they

can alter, as opposed to concrete features. Similarly, abstract con-

texts are just infrastructural entities to help structuring a context

model, whereas concrete contexts correspond to an actual situation

that may occur in the environment surrounding the application.

Finally, both classes AbstractFeature and AbstractContext in-
herit from a common class Entity. This allows us to model the

fact that both features and contexts are a special kind of entities

among which similar kinds of constraints and dependencies can be

declared, as we will see next.

Context and feature declarations. One of the first things a program-

mer building a feature-based context-oriented application needs

to declare is the context and feature model of the application. To

do so, the programmer needs to extend, respectively, the classes

ContextDeclaration and FeatureDeclaration provided by our

implementation architecture. The declaration of the context (resp.

feature) model starts by the declaration of an abstract context (resp.

feature) as root entity of the context (resp. feature) model.

Just like the classes Context and Feature in our architecture

inherited from a common parent class Entity, for consistency, the
classes ContextDeclaration and FeatureDeclaration inherit

from a common parent class EntityDeclaration. This parent class
contains some infrastructural scaffolding code, such as the method

generate_all_getters to automatically generate accessors for all en-

tities. These accessors are useful for a programmer to access the

entities when (s)he needs to declare the mapping from the contexts

to the features.

A code example of a context declaration and a feature declara-

tion are shown in Listings 1 and 2, with the classes RISContext-
Declaration and RISFeatureDeclaration, respectively.

1 class R I SCon t e x tDe c l a r a t i o n < Con t e x tDe c l a r a t i o n

2 i n c l u d e S i n g l e t o n

3 def i n i t i a l i z e ( )

4 super ( )

5 . . .

6 self . d e f i n e_ eme rgency_ con t ex t s ( )

7 @root_contex t . a d d _ r e l a t i o n ( : Opt iona l , [

@us e r _p r o f i l e _ c on t e x t , @emergency_context ] )

8 end
9 def de f i n e_ eme rgency_con t ex t s ( )

10 @emergency_context = Ab s t r a c tCon t e x t . new ( '

Emergency ' )

11 . . .

12 @zone_context = Contex t . new ( ' Zone ' )

13 @type_context = Ab s t r a c tCon t e x t . new ( ' Type ' )

14 @earthquake_em_context = Contex t . new ( '

EarthquakeEmergency ' )

15 @flood_em_context = Contex t . new ( '

F loodEmergency ' )

16 @type_context . a d d _ r e l a t i o n ( : Or , [

@earthquake_em_context , @f lood_em_context ] )

17 @emergency_context . a d d _ r e l a t i o n ( : Or , [

@s ta tu s_con tex t , @seve r i t y_ con t ex t ,

@zone_context , @type_context ] )

18 end
19 end

Listing 1: Snippet of the context declaration of our RIS.

https://www.info-risques.be/en/hazards/naturals-hazards/floods
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Figure 3: Implementation architecture of our feature-based context-oriented programming language.
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Figure 4: Class diagram of the Entities part of our imple-

mentation architecture.

Aprogrammer creating these classesmust implement themethod

initialize. This method must first call the super method to initialise

the root context (resp. feature), then declare the other contexts

(resp. features), and finally attach them to the root context (resp.

feature).

1 class R I S F e a t u r eD e c l a r a t i o n < F e a t u r eD e c l a r a t i o n

2 i n c l u d e S i n g l e t o n

3 def i n i t i a l i z e ( )

4 super ( )

5 self . d e f i n e _ eme r g en c y _ i n f o _ f e a t u r e s ( )

6 . . .

7 @roo t_ f e a tu r e . a d d _ r e l a t i o n ( : Opt iona l , [

@emergency_ in fo_ fea ture ,

@ag e_ s en s i t i v e _ f e a t u r e , @nav iga t i on_ f e a tu r e ,

@no t i f y_ f e a tu r e , @ r i s k _ d e s c r i p t i o n _ f e a t u r e ,

@ i n s t r u c t i o n s _ i n _ c a s e _ o f _ f e a t u r e ] )

8 @roo t_ f e a tu r e . a d d _ r e l a t i o n ( : Mandatory , [

@p r o f i l e _ e d i t i o n _ f e a t u r e ] )

9 end
10 def d e f i n e _ eme r g en c y _ i n f o _ f e a t u r e s ( )

11 @emergency_ in fo_ fea ture = Ab s t r a c t F e a t u r e . new (

' Emergency In format ion ' )

12 @d i s p l a y _ s e v e r i t y _ f e a t u r e = Ab s t r a c t F e a t u r e .

new ( ' D i s p l a y S e v e r i t y ' )

13 @standa rd_ f e a tu r e = F e a t u r e . new ( ' S t anda rd ' , '

F l ood ' )

14 @r i c h t e r _ f e a t u r e = F e a t u r e . new ( ' R i c h t e r ' , '

Ear thquake ' )

15 @d i s p l a y _ s e v e r i t y _ f e a t u r e . a d d _ r e l a t i o n ( : Or , [

@s tandard_ f ea tu re , @ r i c h t e r _ f e a t u r e ] )

16 . . .

17 @emergency_ in fo_ fea ture . a d d _ r e l a t i o n ( :

Mandatory , [ @d i s p l a y _ s e v e r i t y _ f e a t u r e ,

@show_impacted_zone_feature ] )

18 end
19 end

Listing 2: Snippet of the feature declaration of our RIS.

Context and feature definitions. From the context and feature decla-

rations provided by the application programmer, the implementa-

tion architecture automatically creates corresponding context and

feature definitions. These definitions represent the entities that will

be used at runtime and contain the necessary code to manage the ac-

tivation and deactivation of these entities. In other words, interpret-

ing the programmer’s declared subclasses of ContextDeclaration
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(resp. FeatureDeclaration), implies the initialisation of the con-

text (resp. feature) model in the class ContextDefinition (resp.

FeatureDefinition) thanks to the method set_model_root(model_-
root). Because the entire behaviour of these *Definition classes
is similar, again they inherit from a common parent class Entity-
Definition that contains the implementation of this behaviour.

These definition classes serve as a bridge with the Architecture

and Modelling parts of our implementation architecture. When-

ever some component of our implementation architecture wants

to activate or deactivate an entity, it sends a message (e.g. with a

call to the method activate(entities)) to the definition of this entity,

which then delegates that action to the entity itself.

Mapping contexts to features. Once the programmer has declared

a context and feature model with all the context and feature en-

tities known to the application, (s)he still needs to declare how

the system should react to contextual changes, i.e. what context

activations trigger what feature activations. To declare this map-

ping from contexts to features, the programmer extends the class

MappingDeclaration for which he initialises themapping instance
variable.

This mapping is a hash data structure where the key is a list of

contexts and the value is a list of features. The reason for using a list

structure for the keys and the values is that the programmer cannot

only create simple mappings (from one context to one feature) but

also more complex ones (from many contexts to many features,

indicating that if a set of contexts is simultaneously active, this

would trigger activation of all corresponding features listed).

Listing 3 gives an example of such a mapping declaration.

1 class RISMapp ingDec l a r a t i on < Mapp ingDec l a ra t i on

2 i n c l u d e S i n g l e t o n

3 def i n i t i a l i z e ( )

4 @mapping = { . . .

5 [

6 R I SCon t e x tDe c l a r a t i o n . i n s t a n c e .

7 du r i n g_ con t e x t ( ) ,

8 R I SCon t e x tDe c l a r a t i o n . i n s t a n c e .

9 f l ood_em_con t ex t ( )

10 ] => [

11 R I S F e a t u r eD e c l a r a t i o n . i n s t a n c e .

12 a c t i v e _ d u r i n g _ f l o o d _ f e a t u r e ( )

13 ] ,

14 [

15 R I SCon t e x tDe c l a r a t i o n . i n s t a n c e .

16 f l ood_em_con t ex t ( )

17 ] => [

18 R I S F e a t u r eD e c l a r a t i o n . i n s t a n c e .

19 s t a n d a r d _ f e a t u r e ( ) ,

20 R I S F e a t u r eD e c l a r a t i o n . i n s t a n c e .

21 po lygon_ impac t ed_ zone_ f e a tu r e ( )

22 ]

23 }

24 end
25 end

Listing 3: Snippet of a mapping declaration of our RIS

In this declaration, the programmer uses the accessors of the con-

text and feature declarations to create the mapping from contexts

to features. In this particular mapping, when a flood emergency is

currently occurring, two contexts (during_context and flood_em_-
context) would be active, which would imply the selection of the

feature active_during_flood_feature, dedicated to provide instruc-

tions to citizens on how to act when a flood is occurring.

As for the context and feature definitions, when this mapping

declaration gets interpreted, the mapping is set in the class Map-
pingDefinition by calling the method set_mapping(mapping).

4.2 Modelling

Now that we have explained the different classes in the Entities

part of our implementation architecture, we turn our attention to

the Modelling part. The main purpose of this part is to provide a

generic implementation for building entity models (i.e., either con-

text or feature models depending on the kinds of entities contained

in them). Fig. 5 shows the detailed class diagram for the Modelling

part of our implementation architecture. We will present this part

from two different angles: the creation of an entity model and the

(de)activation of entities in an entity model.

Node

add_relation(type, targets)

activate(entities)

deactivate(entities)

toggle(actions_on_entities)
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commit_nodes(entities)
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pending_counter: int

commit()

rollback()

1

parent

*

Strategy

activate(entities)

deactivate(entities)

toggle(actions_on_entities)

AtomicStrategy

Relation

sub_relations()

interpret()

Constraint

Dependency

Exclusion

Alternative

Or

Optional

Mandatory

Requirement

1

has relation*
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1

Figure 5: Class diagram of theModelling part of our imple-

mentation architecture.

Creation of an entity model. An entity model is a tree structure

where the nodes are entities and the edges are relations between

those entities. To allow having entities as nodes, the class Entity
inherits from the trait

2 Node. Thanks to this trait, an entity can

have many relations (instances of the class Relation) to compose

the entity model. These relations can be either constraints or de-

pendencies.

Constraints, which are instances of the class Constraint, repre-
sent a hierarchical constraint between an entity and its child entities.

These constraints can be Mandatory, Optional, Or or Alternative.
The meaning of these constraints have already been discussed in

Section 2.

Dependencies, which are instances of the class Dependency, on
the other hand, represent non-local dependencies between nodes in

the tree that do not necessarily have a direct hierarchical relation.

Two types of such dependencies are currently available in our pro-

gramming language: Exclusion and Requirement. An exclusion

dependency between two nodes implies that their corresponding

entities cannot be active simultaneously at runtime. A requirement

2
Implemented as a module in the Ruby programming language.
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dependency between some source and target node implies that

the source entity cannot be activated if the target entity was not

already activated before. Other types of dependencies could also

be implemented in the future, such as for example the causality

dependency or implication dependency suggested by Cardozo et

al. [6].

Activation of entities. The activation (or deactivation) of contexts

or features is less trivial than it may seem, because we must always

ensure that the constraints and dependencies declared by their en-

tity model remain satisfied at all times. To verify this, the system

calls the method satisfy?() on the root node and goes through the

entire model to check if the satisfiability of the new configuration

is valid. This dynamic satisfiability checking was implemented for

the context and feature models but is not (yet) implemented for the

mapping model because our mapping model is (currently) less com-

plex that our entity model. When an entity model is discovered not

to be valid (i.e. not satisfying the constraints), we must provide ap-

propriate strategies to resolve the context/feature interaction prob-

lem [23]. Therefore, in addition to the different relations a node has,

each node also has a strategy to (de)activate its entities. When the

system attempts to (de)activate an entity, the Node trait delegates
the action to this strategy by calling the methods activate(entities)
or deactivate(entities). We defined a default AtomicStrategy that
tries to (de)activate all the entities in a single transaction. If this

transaction cannot be completed correctly, the strategy rolls back

these (de)activations. Otherwise it commits the transaction to yield

a new stable configuration of the entity model. This transaction is

implemented by the trait Activatable.

4.3 Architecture

The Architecture part implements the different components of

our context-oriented software architecture [22], from the activation

of contexts, over feature selection and activation, to the deployment

of the features in the running system. Fig. 6 depicts the class diagram

of the Architecture part of our implementation architecture. Each

component of our context-oriented software architecture [22] is

reified as a class in this diagram.

ContextActivation

activate(contexts)

deactivate(contexts)

FeatureSelection

select_changes(contexts)

FeatureActivation

activate(features)

toggle(features)

FeatureExecution

proceeds_methods: Hash

execute_activation(activated_features)

execute(to_execute)

alter(action, feature_entity)

proceed(current_instance,
current_classname,
current_method,
*args, &block)

_deploy(targeted_class, alteration)

_undeploy(targeted_class,
current_method, stack)

Use Use Use

EmptyModule

Use

Figure 6: Class diagram of the Architecture part of our

implementation architecture.

Control flow of the architecture. When a context change is detected

in the environment surrounding the application, the system sends

a message to the class ContextActivation with the method acti-
vate(contexts) or deactivate(contexts) as depicted in Listing 4. In this

example, the system has detected a situation where a flood emer-

gency is currently happening, so it tries to activate the contexts

during_context and flood_em_context.

1 Con t e x tA c t i v a t i o n . i n s t a n c e . a c t i v a t e (

2 c o n t e x t _ d e c l a r a t i o n . du r i n g _ con t e x t ( ) ,

3 c o n t e x t _ d e c l a r a t i o n . f l ood_em_con t ex t ( )

4 )

Listing 4: Activation of the contexts during_context and

flood_em_context when these contexts are sensed.

Once these activations are finished, the contexts are sent to the

class FeatureSelection. This class then selects the corresponding

features from the mapping definition to transfer them to the class

FeatureActivation. This class then attempts to (de)activate the

features thanks to twomethods activate(features) and toggle(features).
While the method activate(features) is called at the creation of the

feature definition to activate the mandatory features, the method

toggle(features) is used at runtime when a change is detected. Fi-

nally when the features are activated, these features must be added

to the running system thanks to the class FeatureExecution. This
class is in charge of deploying or undeploying the new features

in the existing classes of the context-oriented program. For that

the programmer must provide an object-oriented skeleton of base

classes that can be extended at run-time, as well as the code of the

features that will extend these base classes.

An example of such code fragments are presented in Listings 5

and 6.

1 class F lood < R i sk

2 def i n f o rm_use r ( u s e r )

3 super ( u s e r )
4 end
5 def i n s t r u c t ( )

6 pu t s " I n s t r u c t i o n s to f o l l ow when a f l o o d i s

d e t e c t e d : "

7 end
8

9 end

Listing 5: Snippet of the Flood base class.

1 module S t anda rd

2 a d a p t _ c l a s s e s : F lood

3 . . .

4 def s e v e r i t y =( s e v e r i t y )

5 self . v a l i d _ s e v e r i t y ? ( s e v e r i t y )

6 @sever i ty = s e v e r i t y

7 end
8 def i n f o rm_use r ( u s e r )

9 proceed ( u s e r )

10 pu t s " I t s s e v e r i t y i s # { @sever i ty } . "

11 end
12 end

Listing 6: Snippet of the Standard feature.

In this example, the class Flood will be adapted by the feature

Standard to add the severity of a flood. The programmer needs
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to declare in each feature
3
the classes that will be altered by that

feature, by calling the method adapt_classes.
As for the class FeatureActivation, the class FeatureExecution

implements a method execute_activation(activated_features) for the
activation of themandatory features at the launch of the application
and a separate method execute(to_execute) dedicated for the runtime.

Each of these methods delegates the change action to be performed

to the method alter(action, feature_entity). Depending on the ac-

tion, the system will deploy (resp. undeploy) all the methods of the

newly activated (resp. deactivated) features in the corresponding

classes with the method _deploy(targeted_class, alteration) (resp.
_undeploy(targeted_class, current_method, stack)).

Proceed mechanism. When a feature refines the default behaviour

or that of a previous feature, it is useful to call that previous be-

haviour to enhance the power of dynamic adaptability. For that,

Hirschfeld et al. suggested a proceed mechanism in context-oriented

programming [16]. Our language also implements such a proceed
mechanism, which we attached to the class Object provided by

the Ruby programming language. With this addition to the class

Object, each object can call this proceed mechanism. When the

proceed statement is called, the class Object intercepts the call. It
retrieves the method that called the proceed in the stack and dele-

gates the rest of the behaviour to the class FeatureExecution. This
class contains an attribute proceeds_methods to store all the applied
adaptations for each method of each class. When the method pro-
ceed of this class is executed, the system gets the previous version

of the adaptation, deploys it in the corresponding class, executes it,

and then redeploys the last version of the adaptation to be sure to

be consistent with the previous state of the system.

4.4 Tool support

So far we have discussed the implementation choices underlying our

programming language for building feature-based context-oriented

applications. However, when building such applications, some pro-

grammers can get lost in their development task due to the high

complexity of creating such applications. The problem can come

from the high dynamicity of such systems but also from the expo-

nential number of combinations when designing the contexts, the

features and the mapping between them. To help programmers in

their development task, we believe there is a strong need to support

them with dedicated programming support tools. For example, in

previous work we have suggested and presented two different visu-

alisation tools: a Feature Visualiser [9] and a Context and Feature
Modelling Visualiser [8]. The first tool helps to visualise the more

dynamic side of our approach, by displaying the active contexts,

which features are activated depending on these contexts and how

these features alter the classes of the system. The second visual-

isation tool focuses more on helping the programmer to inspect

and display, either statically or dynamically, the context model and

feature model as well as the mapping that the programmer must

design to sketch which contexts imply which features. While the

first tool mainly focusses on the classes in the Architecture part

of our implementation architecture, the second one is more related

to the Modelling part.

3
implemented as a trait in Ruby

Without showing what these visualisations look like (for more

information see [9] or [8]), we focus here on how we extended

our implementation architecture to make it easy to connect such

tools to our language. We added a system of proxies so that our

implementation architecture can communicate easily through com-

munication channels with a server that maintains these different

communication channels. As Fig. 7 depicts, each class of the Archi-

tecture part has a corresponding trait to send relevant information

to the server. For example, the class FeatureExecution has a trait

FeatureExecutionProxy which provides the server with informa-

tion about what feature alters which classes of the system. The

visualisation tool then interacts with the server to visualise this in-

formation independently from the actual language implementation.

All the proxies in the Architecture component send information to

our Feature Visualiser tool [9]. For the Context and Feature Modelling
Visualiser [8] tool, on the other hand, the class Node has his own
trait ModellingProxy which sends the server information about

what contexts or features are (in)active, which mapping is activated

as well as some other relevant information.

ContextActivation FeatureSelection FeatureActivation FeatureExecution

ContextActivationProxy FeatureSelectionProxy FeatureActivationProxy FeatureExecutionProxy

Use Use Use
Node

Architecture Modelling

ModellingProxy

Figure 7: A proxy-based architecture for programming sup-

port tools to communicate with our programming language.

5 RELATEDWORK

Many other context-oriented programming language implementa-

tions exist [2, 3, 7, 10–13, 15, 20, 24–27]. However, most of these

implement either a layer-based approach or do not explicitly imple-

ment contexts and features in terms of an explicit context model

and feature model, respectively. This lead us to explore this new

implementation architecture where a clear separation distinguishes

the contexts from the features and where both contexts and fea-

tures are stored in feature-like models of which the consistency is

maintained at runtime.

6 CONCLUSION

In this paper, we presented the implementation architecture of

a feature-based context-oriented programming language and ap-

proach as a Ruby application framework, which separates the no-

tions of contexts, features and the classes they adapt. Inspired by re-

search in the field of software product line modelling, both contexts

and features are represented explicitly in a feature-like diagram,

with an explicit mapping from the contexts to the features.

This implementation architecture is subdivided in three main

parts: Entities, Modelling and Architecture. The Entities part

reifies the main building blocks of our language, used either by the

context-oriented application programmer, or by the system itself.

The Modelling part reifies the notion of feature modelling used to

represent both the context model and feature model of a feature-

based context-oriented program. Finally the Architecture part

implements the different components implementing the overall
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control flow of our context-oriented software architecture [22].

We also included some code fragments of a context-oriented risk

information system to illustrate how a programmer can use the

different building blocks of our programming language to build a

context-oriented application. In addition to these parts, we showed

how we implemented a mechanism of proxies communicating with

a server, to make it easy to build programming support tools such

as visualisation tools on top of our programming language.

Several paths of future work can still be explored to extend

our proposed programming language. For example, as stated by

Cardozo et al. [6], we can extend the kind of dependencies that

can be declared between the different features or contexts in a

context-oriented application. Or to extend our implementation

with alternative strategies that a programmer can use to solve

some of the problematic context and feature interactions (s)he

may encounter [23]. We can also enhance the mapping model to

increase the programmer’s expressiveness when describing the

mapping from contexts to features. Note that this improvement

also implies the need for implementing a consistency checking

mechanism for the mapping model. Also, in the current version of

our implementation the features dynamically adapt the classes of

the system, but we could study how we could allow adaptations at

the instance level as well [20].

Another extension which we intend to explore is to go beyond

adaptations with mere behavioural features, but to explore as well

dynamically adaptive features that focus more on the user interface

or the data handling of the application and how these features could

vary with changing contexts.

Finally, in addition to these language extensions, we need to

carry out larger experiences to explore whether our language and

tools satisfy the needs of real developers [19] when building context-

oriented applications.
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