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Our goal

- Adaptation of User Interfaces at runtime

- Uls are described by means of architectural models that contain the
specification of user interface components

- Architectural Models can vary at runtime due to changes in the context (user
Interaction, a temporal event, etc)

Runtime Adaptation of Architectural Models: an ai

AC G 2nd International Conference on Model & Data Engineering
October, 3-5, 2012



- Adaptation of User Interfaces at runtime

Our goal

- Uls are described by means of architectural models
specification of user interface components

Runtime Adaptation of Architectural Models: an approach for

ACG

- |&

P
GUI
.
Email Chat
N
————
VideoHQ Audio

Initial Architectural Model

Email

Chat

Audio

VideoHQ

Adapted User Interface

that contain the

- Architectural Models can vary at runtime due to changes in the context
Interaction, a temporal event, etc.)

Initial User Interface

|

-
GUI

|

Email 1

N

[ Chat 1

|| g

VideoLQ }

{Audo w

4] o]

f

lackBoard w

J |

R

(FileSharing }

Adapted Architectural Model

Adaptation
Process

Email Chat
Audio VideoLQ
BlackBoard | FileSharing

(user

2nd International Conference on Model & Data Engineering

October, 3-5, 2012



Runtime Adaptation of Architectural Models: an approa

ACG

Our goal

Meta-metamodel

’,7
Metamodel A
Metamodel T
AN\
s A
Model A = Model T

Metamodel B

______________>

A PRIORI

> Model B

2nd International Conference on Model & Data Engineering

October, 3-5, 2012



Architectural
Model A

Runtime Adaptation of Architectural Models: an approach for

ACG

Our goal

Architectural
Metamodel

Architéctural
Model B

Architectural
Model C

2nd International Conference on Model & Data Engineering
October, 3-5, 2012



10

User Interface Adaptation

- Adaptation of architectural models

- @Runtime

- Using M2M transformations

- Transformations are also adapted at runtime.
Model Transformations not prepared a priori

M2M is dynamically composed from a rule model

Architectural Metamodel

conforms to conforms to

cemeeceiTiiii>] BMM s i T

Adapted
Architectural Model
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User Interface Adaptation

- Build a pattern/template for modeling our adaptation schema

- Build a Rule Repository

Runtime Adaptation of Architectural Models: an app

ACG

- Design a Rule Selection process as an M2M

 This selection process can generate different rule subsets

- Design a Rule Selection Log process as an M2M

 This process updates the repository with selection information

- Develop a Rule Transformation process as an M2T

e This process generates the model transformation

2nd International Conference on Model & Data Engineering
October, 3-5, 2012
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Model Transformation Pattern

- Model the structure and composition  of our transformation
schema elements

- Possibility of changing  our adaptation schema
- Elements:

e TransformationSchema

Runtime Adaptation of Architectural Models: an

 Metamodel [a Transformat-onsmema]
 Model : !
e Transformations: S metamodes [ 07
71
: 180 .
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Adaptive Model Transformation
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1 — Rule Selection

2 — Rule Selection Log

3 — Rule Transformation

4 — Model Transformation

1° Rule Selection : is obtained as an instance of the M2M concept

Input: the repository model (RRM) and the initial architectural model (AM ;)

Output: the selected rules model (RM )
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Adaptive Model Transformation
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Output: the updated rule repository model (RRM)

ACG

2nd International Conference on Model & Data Engineering

October, 3-5, 2012



15

Adaptive Model Transformation

El TransformationSchemal
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Adaptive Model Transformation
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Transformation Rules

- Metamodel for transformation rules

- Rule Repository Model (RRM)
- Selected rules model (RM,)

- Rule attributes:

Runtime Adaptation of Architectural Models: an ¢

AC G 2nd International Conference on Model & Data Engineering
October, 3-5, 2012



18

Runtime Adaptation of Architectural Models: an approac

ACG

Transformation Rules

- Metamodel for transformation rules

- Rule Re|
- Selectec

- Rule attr

rule_name purpose is_priority | weight | ratio | run_c | selec_c
Insert_Chat InsertChat true 2.0 1.0 3 3
Insert_Audio InsertAudio false 4.0 1.0 2 2
Insert_Videol InsertVideoLow(Q false 11.0 0.5 2 1
Insert_Video2 InsertVideoLow(Q true 6.0 0.5 2 1
Insert_Video3 InsertVideoHighQ false 9.0 1.0 3 3
Insert_BlackBoardl |InsertBlackBoard false 6.0 0.5 2 1
Insert_BlackBoard2 |InsertBlackBoard false 4.0 0.5 2 1
Insert_FileSharing |[InsertFileSharing false 3.0 0.0 0 0
Delete_Chat DeleteChat true 3.0 0.0 0 0
Delete_Audio DeleteAudio true 3.0 0.0 0 0
Delete_Video DeleteVideo true 3.0 0.0 0 0
Delete_BlackBoard |DeleteBlackBoard true 3.0 0.0 0 0
Delete_FileSharing [DeleteFileSharing true 3.0 0.0 0 0

rule_name: unique; identifies the rule

purpose: indicates the purpose of the rule

IS_priority: boolean; if its value is true, the rule must be selected.

weight: the selection process uses this attribute to select the rules

run_counter:
selection_counter:

ratio: frequency of using a transformation rule

number of times the rule has been selected

number of times the purpose of the rule matches adaptation purposes

2nd International Conference on Model & Data Engineering

October, 3-5, 2012
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<<model>>
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———————— >
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RUM Instance of the M2M concept

The process starts when the system
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<<model>>
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Input: Architectural Model (AMi), Rule
Repository Model (RRM)

Output: Selected Rules Model (RMi)

Input: AM,; and RRM Output: RM;

if AM;!Launcher.running = true then
RuleSelection
end if

RuleSelection

1
g =

if AM T ayncher purnoses/EStrine, EStrine | contains BRAM!'Bule. nurnase then

it RRMTRule, .1s_priority = true then
RM;.add(RRM!Rule,,)

alo o

if 3!j,j € 1..RRM.size/ RRM!Rule; .weight > RRM!Rule,, .weight then
RM;.add(RRM!Rule,, )

end if
end if
end if
. end for

I

ayiels ERRe 4 [ |
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Example:

Rule Selection

We have an Architectural Model (AM,) where Launcher.purposes = [ ‘DeleteVideo’,
‘InsertVideoLowQ’, ‘InsertBlackBoard’, ‘InsertFile

Rule Repository
Model (RRM):

Runtime Adaptation of Architectural Models: an approac

Selected Rules Model
(RM,) is generated:

ACG

Sharing’ ].
rule_name purpose is_priority | weight | ratio | run_c | selec_c
Insert_Chat InsertChat true 2.0 1.0 3 3
Insert_Audio Insert Audio false 4.0 1.0 2 2
Insert_Videol InsertVideoLowQ false 11.0 0.5 2 1
Insert_Video?2 InsertVideoLow(Q true 6.0 0.5 2 1
Insert_Video3 InsertVideoHighQ false 9.0 1.0 3 3
Insert_BlackBoardl [InsertBlackBoard false 6.0 0.5 2 1
Insert_BlackBoard2 |[InsertBlackBoard false 4.0 0.5 2 1
Insert_FileSharing |InsertFileSharing false 3.0 0.0 0 0
Delete_Chat DeleteChat true 3.0 0.0 0 0
Delete_Audio DeleteAudio true 3.0 0.0 0 0
Delete_Video DeleteVideo true 3.0 0.0 0 0
Delete_BlackBoard |DeleteBlackBoard true 3.0 0.0 0 0
Delete_FileSharing [DeleteFileSharing true 3.0 0.0 0 0
rule_name purpose is_priority | weight

Insert_Video?2 InsertVideoLowQ true 6.0

Insert_BlackBoardl |InsertBlackBoard false 6.0

Insert_FileSharing |InsertFileSharing false 3.0

Delete_Video DeleteVideo true 3.0

2nd International Conference on Model & Data Engineering

October, 3-5, 2012
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Rule Selection Log

<<model>>
REM
(repository)

Instance of the M2M concept

<<metamodsl>>
———————— > >

conforms_to

<<transformation>>

RuleSelectionLog
(MZM)

Input: Selected Rules Model (RMi), Rule
Repository Model (RRM)

<<model>>
RM;

Output: Updated Rule Repository Model

~ The process starts after RuleSelection
| (RRM)

process RSL
etz B RAL e do

Runtime Adaptation of Architectural Models: an approac

1
) AL contains RPRALS then

o RN 1t].run_—counter o ILILNI|].T Un_counter & 1

4: REMInl selection_counter «— RREM(nl. selection_counter + 1

5) RRM [n].ratio «+ RRM [n].selection_counter/RRM [n].run_counter

- BRMIgl speight o BEMIp] sucight o BRMIn] rotiga BREA honais

{ else

= e e s 2 e o < i s T T 2

9: RERMnl run counter < RBRMInl.run_counter - 1

1o HEM[n|.ratio < KAEM |n|.selection_counter/ RENM [n|.run_counter

i f RRBRM [n].weight <+ RRM [n].weight — RRM [n].ratio * RRM penalty
T2 end 1T

13: end if

14: end for

2nd International Conference on Model & Data Engineering
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Rule Selection Log

Runtime Adaptation of Architectural Models: an approach

Example:
SeIeCted R UIeS rule_name purpose is_priority | weight
Model (RM) Insert_Video?2 InsertVideoLowQ true 6.0
I Insert_BlackBoardl |[InsertBlackBoard false 6.0
Insert_FileSharing [|InsertFileSharing false 3.0
Delete_Video DeleteVideo true 3.0
rule_name purpose weight ratio run_c |selec_c
Insert_Chat InsertChat 2.0 1.0 3 3
rt Audig TnsertAudio 0] 1.0 2 2
Updated RU|e Insert_Videol InsertVideoLow(Q 11.0i 10.33 0.5—0.33 2—3 1 ]
1 Insert_VideoZ InsertVideoLow() 0.0—=7.065 U.o—0U.00 Z2—r3 1—2Z
RepOSItO ry Insert_Video3 InsertVideoHighQ 9.0 1.0 3 3
Model (RRM); Insert_BlackBoard1 |InsertBlackBoard 6.0—7.65 0.5—0.66 253 | 12
Insert_BlackBoard2 |InsertBlackBoard 4.0—3.33 0.5—0.33 2—3 1
Insert_FileSharing |InsertFileSharing 3.0—+5.5 0—1.0 0—1 0—1
Delete_Chat DeleteChat 3.0 0.0 0 0
Delete_Audio DeleteAudio 3.0 0.0 0 0
Delete_Video DeleteVideo 3.0—5.5 0.0—1.0 0—1 0—1
Delete_BlackBoard |DeleteBlackBoard 3.0 0.0 0 0
Delete_FileSharing |DeleteFileSharing 3.0 0.0 0 0

AC G 2nd International Conference on Model & Data Engineering
October, 3-5, 2012
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Rule T

<<metamodel>>

RMM

A

1
, conforms_to

<<model>>

RM;

ransformation

Instance of the M2T concept

The process starts after
RuleSelectionLog

Input:
- Selected Rules Model (RM))

<<transformation>>
RuleTransformation

Output:

- Architectural model transformation

<<transformation>>
ModelTransformation;
(M2M)

<<model>>
AM;

(ModelTransformation )

<<model>>

AMj 1

Runtime Adaptation of Architectural Models: an approac

conforms_to <<metamodel>>

"""""" > AMM <

ACG

conforms_to
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Rule Transformation

4 |4 platform:/resource/MedelTransformation/models/RMxmi
4 4 RuleSet

4 Model Reference AMIN
< Model Reference AMOUT

4 Metamodel Reference AMM Property
4 < Matched Rule InsertText Belongs to
i 4 To Element ComplexAbstractComponent Element

a4 To Element'SimpIeAbstractComponemf Element name
> < Assignment
- 4 Assignment

< From Element ComplexAbstractComponent

To var

= Model Reference AMOUT

= SimpleAbstractComponent -> AbstractComponent

'= SimpleAbstractComponent
=g

Selected Rules
Model (RMi)

RuleTransformation (JET)

module ti1;
create
<c:iterate var="model_ref" select="/RuleSet/model_ref [@model_type =
<c:get select="$model_ref/@model_name"/> :
<c:get select="9%model_ref/conforms_to/@metamodel _name"/></c:iterate>
from
<c:iterate var="model_ref" select="/RuleSet/model_ref [@model_type =
<c:get select="8$model_ref/@model _name"/> :
<c:get select="3%model_ref/conforms_to/@metamodel_name"/></c:iterate>;
<c:iterate var="rules" select="/RuleSet/rules">
<c:if test="$rules[self :: MatchedRule or self :: LazyRule]l">
<c:if test="$rules[self :: MatchedRule]">rule</c:if>
<c:if test="$rules[self :: LazyRulel">lazy rule</c:if>
<c:get select="3$rules/@rule_name"/>

{

Runtime Adaptation of Architectural Models: an approa

<c:include template="templates/fromElements.jet" passVariables="rules"/>
<c:include template="templates/toElements.jet" passVariables="rules"/>
<c:include template="templates/doBlock.jet" passVariables="rules"/>

}
</c:if>
</c:iterate>

0UT’]" delimiter=",">

PIN’]" delimiter=",">

ACG

ModelTransformation (ATL)

1 module t1;

2

3 create

4 AMOUT @ AMM

5 from

B AMIN : AMM

75

i

9= rule InsertText

18 |

11 from ¥ : AMM!ComplexfbstractComponent im AMIN
12 { f.component_name = 'GUI'

13 )

14 to

15 t1 : AMM!ComplexfbstractComponent in AMOUT
16 { component_name <- f.component_name

17 ¥,

18 t2 @ AMM!SimpledAbstractComponent in AMOUT
19 { component_name <- ‘Text',

28 component_parent <- tl

21 )

22 }

2nd International Conference on Model & Data Engineering
October, 3-5, 2012
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User Interface Adaptation

Initial User Interface

Adapted User Interface

-
GUI
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\/

—
VideoHQ

Mo

Chat

Initial Architectural Model

Email

Chat

Audio

VideoHQ

GUI
Email 1 Chat 1 rVideoLQ
~ I}
Audio 1 BlackBoard [X]| [FileSharing
T =
Adapted Architectural Model
Email Chat
Adaptation . )
Process Audio VideoLQ
| BlackBoard | FileSharing
|
e e e e e — o L
— — - -
~
T module t1; S
2 AN

7

8

he {

11
12

13
14
15
16
17

3 create

4 AMOUT @ AMM
5 from

6 AMIN : AMM

9= rule InsertText

from f : AMM!ComplexAbstractComponent in AMIN
( f.compenent_name = 'GUI'

)

to

t1 @ AMM!ComplexAbstractComponent in AMOUT
( compenent_name <- f.compenent_name

2 : AMMISimpleAbstractComponent in AMOUT
( compenent_name <- ‘Text',
component_parent <- tl

2nd International Conference on Model & Data Engineering

October, 3-5, 2012
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Runtime Adaptation of Architectural Models: an app

Conclusions

« Adaptive transformation for architectural models at runtime
» Transformation pattern/template for adaptation schema

« Adaptation schema is also changeable and adaptable

e High degree of adaptability

 All adaptation elements are based on MDE

 Models (architectures, rule repository, selected rules)
« M2M (RuleSelection, RuleSelectionLog,
ModelTransformation)

« M2T (RuleTransformation)

» Case study:
Adaptation of component-based user interfaces at ru ntime

AC G 2nd International Conference on Model & Data Engineering

October, 3-5, 2012
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Future work

* Higher degree of adaptability

* Add to selection logic: use frequency of rules , rule weight
management policies , etc.

* RuleTransformation process

Replace M2T transformation (JET)
by HOT (Higher Order Transformation)

 Editing tool for building:

Adaptation rules
Architectural models

e Automate the context processing by using M2M
transformations

2nd International Conference on Model & Data Engineering
October, 3-5, 2012
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Future work

NEW PHASE
deci si on-
<<net amodel >> maki ng
conforms_to u'> RVM <-conf orms to ) T TTTTTTTTTT !
! 1
' /N source :
' | conforms_to target !
! . 1
! <<nodel >> 1
1: source | .
: RRM < 9: source :
1 (repository) '
! 1
: M !
3: source : 11: source :
4: target ' 12: target !
; :
. I
<<transfornmati on>> 1 i
) 3: source <<t ransf or mati on>> o
Rul eSel ecti onlLog : Rul eSel ect i onlLog 111: sour cq
1
(MM : (MM :
| :
! 1
<<transformati on>> . i L
| 2: target <<transformation>> |10: target
Rul eSel ecti on <<n;de| >> Rul o6l oot i om g <<model >> -
(MM M (VM) RM +1
state i | 5! source et Nl | 13: source
<<transformati on>> <<t ransf or mati on>>
Rul eTransformati on Rul eTransf or mati on
(M2T) (MRT)
1. source 6: target 9. source 14: target
del <<t ransf or mati on>> del <<transfornati on>>
<< >> . <<nodel >> .
nz"\j <——— Model Transfor mati on; AV Model Tr ansf or mati on; 44
+1
7: source (MM . (MM
8. {arget 5:source

conforms_to

<<net anodel >>

AVM <

confornms_to
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Thank you very much
for your attention!!

Questions??

Runtime Adaptation of Architectural Models: an

AC G 2nd International Conference on Model & Data Engineering
October, 3-5, 2012
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A validation tool
of our proposal

| £,| Architectural Model Adaptation

| = =T |‘

Context Variables

Bandwidth (kbps):

1
[ b f

o W i3 M0 I I

)

Value: 99

Available RAM (MB):

[}
[ e

0§00 00 300 400 300 &0 T

Value: 205

Average Size of File Sharing (MB):

I:.D:

B 5 015 BB B S 4

Value: 35

—— Components Available

® User Profile () Technical Profile ) Political Profile

[v] video Low Quality

7 Architectural Model

~

Email Chat

Autdio

Video High Quality

TaskManager

ACG

[v] Video High Quality g9
3800

10

Maximum... 6.0 Maximu... 16.0

— Log
[M2M: ContextProcessing] Executed successiullyl
[Model: AAOpM] Operation list-= InserTed, Insertfudio, InsefvideoHighQ

o 8 architectural_metamodel

E
E
E
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4 Attribute component_name
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4 To Element drop
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Transformation Rules

H RuleSet

0.* l metamodel_ref

H MetamodelReference

0.* lmodel_ref

T metamodel_path : EString
T metamodel_name : EString

H ModelReference

1

T model_name : EString
T model_type : EString

conforms_to

- belongs_to

B MainRule

0.

H Rule

* rules

T rule_name : EString

T purpose : EString

T is_priority : EBoolean
T weight : EDouble

T run_counter : Elnt

T selection_counter : EInt
T ratio : EDouble

71

H ModelElement

>

= element_name : EString

1

*

E ToElement

T to_var: EString

to_elements

1.* from_elements

H FromElement

T from_var : EString

Runtime Adaptation of Architectural Mod

0.* | assignments -
H Assignment 1 . H Attribute :
- T attribute_name : EString
attribute| 0.1 | do_block
H Action
condition, 0.1
value 1 B value H Condition
H Expression
T expression : EString
FAN

[

H HelperRule

B calledRule

+ H DoRute

L\

—

H LazyRule

H ParametrizedRule

B MatchedRule

0.*

parameters

0.1
context

H Context

1

B parameter

T parameter_name : EString

B TypedEIemenrq

<

returned_type
H ReturnedType

1
returned_expression

B ReturnedExpression

<

1 type

5] Type

L\

H ModelElementTypd|

H OtherType

ACG

T type : EString
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ur goal

Ground uses and vegetable coverages

Role: Technician

-ound uses in level 3

[[1Urban cores in 2003
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Our goal

T1H

C1

Cc2

C6

c9

C12

C3

Cc7

C10

C13

C4

C5

Cc8

Cl1

Cl4

* Extensible to other component-based software models
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(Starting model)

Our goal

Replace C3, C4 and C5 by C15

Cc2

Runtime Adaptation of Architectural Models: an approach for adapt

Ci15

c7

C10

Ci3

Ci1

c2

o [ e ][ s ] o [ ) e | ]
c1 c12 c1 c12
c6 c9 - co
c13 c13
c2 c2
c10 c10
c7 L | c7
B I
c11 c14 o cl4
C15
c4 cs ce
Ca ‘|
[
I =14
[ 11
I | | o [ e I ]
Cc1 Ci12 Cc1 C12
c6 €9 - co

Ci5

c7

c10

C13

Ci1

C16

Delete C8 and C14 Insert C16 and Delete T4
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B AbstractComponentModel

H ConcreteComponentModel

0.*

abstract_components

H AbstractComponent

<<enumeration= >
¥ PropertyPriority
= MANDATORY
= NORMAL

= OPTIONAL

can-::rete_mmpnnentsl 0.*

H ConcreteComponent

v v

1

B ComponentDefinition

uri

T component_name : EString H URI

functional_properties

1 0.1

H Functional

I R A

non_functional_properties

H NonFunctional|

1.*

property

B FunctionalProperty

1.* | property

H NonFunctionalProperty

T interface_name : EString

=

H Provided

H Required 2 value

T property_name : EString

T property_priority : PropertyPriority
O js_observable : EBoolean

O is_editable : EBoolean

: EString
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Regeneration

AbstractArchitecturalModel;

All B

U U P

abstract components

SemanticTrader

A2 B3

All B
Cl|| D
N~

concrete components

T
—

A1 A2 || A3

ConcreteArchitecturalModel;

B1 B2 B3
\;/___/
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Performance

Architectural Model
Client e =0 Facade il

'\__ - W

Py

% Needed: 'ﬁ"

Dependency i S

k|
a

w
-
5

Implementation Prediction Model

O

=
Y
4

Execution/ s
Prediction
Measurement \/ \/
Measured ; Weansfsad ' PrEFiicted
Times correspondence Time
1.9 sec 2 sec
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