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Introduction
°

Context

Software ...
> Evolve in complex/changing environment (e.g, Cloud, embedded systems)
» Need dynamic adaptation to best deliver the service (e.g., Waymo!, Netflix!)

Software languages ..

» Can abstract concerns into high level constructs (e.g., memory management)

Vision : abstract self-adaption into high level language constructs

L Cf. https://waymo.com, https://www.netflix.com
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Self-Adaptable Language
°

What is a Self-Adaptable Language ?

“ A software language that abstracts the design and execution of feedback loops
in the design-time environment and the run-time environment "

1. Free the language user from the implementation of :

» The feedback loop
» The trade-off analysis

2. Allow continuous and automatic evolution of itself

A Towards Self-Adaptable Languages - Jouneaux et al.
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Experimentation

The case of Self-Adaptable Virtual Machines
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Self-Adaptable Virtual Machines
000000

What are Self-Adaptable Virtual Machines

> A specific case of Self-Adaptable Languages
P Runtime Feedback loop in language operational semantics

> In our experiment : Pluggable architecture with delegation of responsibilities

Towards Self-Adaptable Languages - Jouneaux et al.



Self-Adaptable Virtual Machines
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Motivating Examples

Accuracy Execution time

MiniJava

Energy

Rendering
consumption

quality

Execution time Transfer size *

K

RobLANG

* Transfer size is proportional to energy consumption (Cf. https://www.websitecarbon.com/)
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Adaptations
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Self-Adaptable Virtual Machines
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Adaptations (MiniJava)
Applied Approximate Loop Unrolling [1] on image processing algorithm (Sobel)

Standard output Approximated output

[1] M. Rodriguez-Cancio, B. Combemale, and B. Baudry, “Approximate loop unrolling,” in Proceedings of the
16th ACM International Conference on Computing Frontiers, ACM, 2019
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Self-Adaptable Virtual Machines
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Adaptations (RobLANG)

Applied a motor speed reduction on basic actions

Rational : P; = Pmax(sif:deim) [2]

Three programs studied :
» Move forward/backward
» Turn left/right
» Combination of moves and turns (square patterns)

[2] A. Al-Mofleh, S. Taib, W. Salah, et al., “Importance of energy efficiency: From the perspective of electrical
equipments,” in Proceedings of the 2nd International Conference on Science and Technology (ICSTIE), 2008
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Adaptations (HTML)

amazon o

> Conditional loading of resources
» Perforation of HTML lists

> Image degradation

Applied on the top 100 websites
— 45 still deliver the content
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Adaptations (HTML)

1116 of 70 results for and tools” > Conditional loading of resources

Sort by: ~Sort by:Featured

» Perforation of HTML lists

Compilers: Priniples, Techniues, and Tools > Image degradation

1.2 out of 5 starsa18

o 1o ron
Gnly 16 Il in stock - oxdur soon.

clextbock
£30.99535.9910 rant

R Applied on the top 100 websites
A e v — 45 still deliver the content

$67.78(27 used & naw offers)

e

Adapted website
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Self-Adaptable Virtual Machines
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Evaluate the relevance of proposed adaptation

TL;DR : Good results but ...

» Correct adaptations of MiniJava > Performance overhead

» Up to 10x more actions on RobLANG > Lack of control on the adaptations

> Energy reduction from -8.7% to 97.2% » Deal with the diversity of programs
with a mean of 63.8% [54.2%, 73.4%)] oblivious of the adaptations performed

QLIS Towards Self-Adaptable Languages - Jouneaux et al.



Self-Adaptable Virtual Machines
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Compare Language-level vs System-level abstractions

Attempt to implement as library of the language

VMs Feedback loop Trade-.off ‘ Feedback loop - Interaction -
reasoning calls with the domain
MiniJava = = + T+
RobLang = + + + .
HTML (JS) = = = -

Comparison of implementation simplicity (+ in favor of language-level)

A Towards Self-Adaptable Languages - Jouneaux et al.
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SEALS : A Framework for Building Self-Adaptable Virtual Machines
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Approach overview on the HTML use case
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domain

» Modeling of domain concepts et

1.
2.
3.

Define the abstract syntax
Create the correctness envelope
Implement the operational semantics

ssssssssss

SEALS

Domain
modeling
facilities

Adaptation
facilities

adaptation

’

HTML
Self-Adaptable
Language

!

HTML
Feedback Loop

¥

1 HTML
Adaptation Context

Approach overview on the HTML use case

Towards Self-Adaptable Languages - Jouneaux et al.




SEALS
€00000

SEALS : A Framework for Building Self-Adaptable Virtual Machines

domain

» Modeling of domain concepts et

1. Define the abstract syntax
2. Create the correctness envelope
3. Implement the operational semantics

sssssssssss

> Adaptation process’ specialization

1. Specialize the Adaptation Context
2. Specialize the Feedback loop
3. Connect the components

SEALS
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’
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!

HTML
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¥

HTML
Adaptation Context

Approach overview on the HTML use case
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Framework implementation - Global view

) (=5 o
— Ao et
Aot 8 e
ModuloRegistry | <tang cxtends SeliadaptableLanguage<AdsptstonCte>,
ot pTen P
Map< Class<AdaptabieNode<?>> gty Medsehesiay - adaptatonContex! . AdagtasonCix
T 2 opertesOttnes: opeSun, St
oo Lt et . e oo s O Tve—————— o]
+ register{module : SelfAdaptationModule<?. 7, 75) : void -environmenthodel : List<Resource> = monkor) : vold
bz s hagaeNotecr) |3 o s b
o regsterhodule(module : Set4 75) :vod final el e
R Aot .
P oo it Stbctataionio, 7 > e v
senninpntontode sogods o
<Adopstoncr extendsAdstatoCnteters, o
Sptodsoencs Adapaonochncr
e s cnsaion
T

targetodeCiass - Cass<Adapiabloodec?s>
mocosProprtiosOftrest Lst<Sofgant

actve - boolasn
+ altogateradaptaonCorion - AdaptatonCortex) -vod finl
+ goTargtNodeClass() ;Cass<Adspibloodec?>> st
+ gaodulsPropartesOiret( - UistcSofigoals nal

+iAcve():bocean
+setctive{actve :booiean) vod

+ iifcotext - AdaptatonCt) v

+ comnctSofiGoakofgoa Sotoa) v

+ connectRosourceesoure - Rasouce) - void

+ aTargtecode(acaptaleode : Adaplaieode<?s) : bolean
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Framework implementation - Domain modeling

SelfAdaptiveVisitor

Node

+ dispatch(node : Node, execCtx : Object) : Object

+ accept(vis : SelfAdaptiveVisitor, execCtx : Object) : Object ~default + dispatch(node : AdaptableNode, execGtx : Object,
config : SemanticsAdaptationinterface) : Object

«Abstract»
Operation

@Operationalize

+node() : Class

+ visitor() : String

<N extends Node>

+ execute(vis: SelfAdaptiveVisitor, node : Node, execCtx : Object) : Object

AdaptableNode

» «Abstract»

extends AdaptableOperation

+ accept(vis : SelfAdaptiveVisitor, execCtx : Object) : Object default fUse] SemanticsAdaptationinterface Use] <l extends SemanticsAdaptationinterface,
— AN extends Adaptable Node>

+ defaultinstance() : Interface
+ execute(vis: SelfAdaptiveVisitor, node: AN, execCtx: Object, config: ) : Object

Class diagram of the SEALS Framework (domain package)
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Framework implementation - Adaptation process

«Abstracts «Abstract
AdaptationContext " FeedbackLoop
ModuleRegistry <Lang extends SelfAdaptableLanguage<7s> —_— <Lang extends SelfAdaplableLanguage<AdaptationCtxs,
- modulesByNodeType : - moduleRegistry : ModuleRegistry
Maps Class<AdaptabloNodo<?>>, - adaptationContex : AdaptationCix
List<SeltAdaptationModule<?, 2, 755> - propertiesOfinterest : Map<Stiing, Softgoal>
- modules : List<SelfAdaptationModule<?, 7, 75>  expectedTradeO : Map<Sting, Double ~ getAdaptationGontext() : AdaptationCix final
+ register(module : SelfAdaptationModule<?, ?, 7) : vold - environmentModel  List<Resource ~ monitor() : void
+ getModuleForiclazz : Class<AdaptableNode<?>) 1 - tradeOffhode : Goal ~ analysel) : boolean
u e ~ plan() : void
+ registerModule(module : SelfAdaptationModule<?, 2, 75) : void final
+ getModules() - List<SelfAdaptationModule<?, 2, 75> ~ executel) : void
+ getPropertiesOfinterest() : Map<Sting, Softgoal= final
+1o0p() : void final
+ getEnvironmentModel() :List<Resources> final
-+ isTriggeredinode : Node) : boolean
+ gethoduleRegistry() : ModuleRegistry final
+ setExpectedTradeOff(expectedradeOff: Map<Stiing, Double>) void final
+ getExpectedTiadeOfi() : Map<Siring, Double> final
+ readExpectedTradeOHf) : Map<String, Double>
+ propertiesOfinterest() : String(]
~ environment() : Resource(]

Class diagram of the SEALS Framework (adaptation package)
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Framework implementation - Adaptation modules

«Abstract»
SelfAdaptationModule

extends 2
extends
Interface extends SemanticsAdaptationinterface>

- modulelD : String

lass : Cl p 25>

- modulesPropertiesOfinterest : List<Softgoal>

- active : boolean

N i fonContext : fionContext) : void final
+ get lass() : CI P! 75> final
+ iesOflnterest() : Li ftgoal final

+isActive() : boolean

+ setActive(active : boolean) : void

+ init(context : AdaptationCtx) : void

+ connectSoftGoal(softgoal : Softgoal) : void

+ connectResourceresource : Resource) : void

i : Adap! 25) : boolean

+ adapt(Interface configintertace) : Interface

Class diagram of the SEALS Framework (module package)
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Framework implementation - Self-Adaptatble Language

«Abstract» 1
SelfAdaptableLanguage
A ionClx ds A ; text<?>>

- INSTANCE : SelfAdaptableLanguage<?>

- adaptationContext : AdaptationCtx

- oop : F 00p<?, AdaptationCtx>

- visitor : SelfAdaptiveVisitor

+ INSTANCE()_: SelfAdaptableLanguage<?>

+ getAd: ionContext() : A ionCtx

+ getFeedbackLoop() : FeedbackLoop<?, AdaptationCtx>
+ getVisitor() : SelfAdaptiveVisitor

+ createAd: ionContext() : A ionCtx

+ createFeedbackLoop(context : AdaptationCtx) : FeedbackLoop<?, AdaptationCtx>

+ createVisitor() : SelfAdaptiveVisitor

Class diagram of the SEALS Framework (lang package)
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Specifying Adaptive Semantics

Based on a language definition :
> Abstract syntax as metamodel
» Dynamic information merged in the metamodel
» Modular definition of the semantics (I-MSOS)

To make it adaptive we need :
> Additional semantics rules for adaptation
» Mechanism for adaptation rule introduction

» Dynamic selection of semantics rule to apply

A Towards Self-Adaptable Languages - Jouneaux et al.



Scopes of semantics rules

Recursive
m( m( rule_a
A(B(),whatever), A(B(),whatever), Scope rule_b
[after_a] [before_a] -
) ) rule_c
after_a ||

________ >i Scope_1 H|
<<Scoped>>"""

<<Scoped>> N ?
"""" >{ Scope_2 H | before_a | |

A N

Override |

....... <<Scoped>>------- -><— Scope_2
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Scopes of semantics rules

Recursive
m( m( rule_a
A(B(),whatever), A(B(),whatever), Scope rule_b
[after_a] [before_a] -
) ) rule_c
after_a II

<<Scoped>> N ?
"""" >{ Scope_2 H | before_a | ‘

N
!

i
H

Override |

------- <<Scoped>>------- -><— Scope_2

Specifying Adaptive Semantics
00000

» Original semantics rules defined
in the global scope




Scopes of semantics rules

Recursive
m( m( rule_a
A(B(),whatever), A(B(),whatever), Scope rule_b
[after_a] [before_a] -
) ) rule_c
________ >i Scope_1 }—){ | after_a | ‘
[ <<Scoped>>"""
before_a | ‘

<<Scoped>> . ?
""""" >{ Scope_2 H |
A \

Override |

------- <<Scoped>> - ----- -><— Scope_2

Specifying Adaptive Semantics
00000

» Original semantics rules defined
in the global scope

> Adaptation introduce new rules
through new scopes




Scopes of semantics rules

Recursive

M1 M2( rule_a
A(B(),whatever), A(B(),whatever), Scope rule b
[after_a] [before_a] -

) ) rule_c

-------- >i Scope_t1 HI after_a | ‘
"""""" <<Scoped>>""" T
........ >{ Scope_2 H | before_a | ‘
AN A

Override |

------- <<Scoped>> - ----- -><— Scope_2

<<Scoped>>
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using pointcuts



Specifying Adaptive Semantics
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Scopes of semantics rules

Recursive rule a - . .

mi( ma( . » Original semantics rules defined
A(B(),whatever), A(B(),whatever), Scope rule b
[after_a] [before_a] = in the global scope

) ) rule_c

<<Scopeds> =" >1 SCO;U }—ﬂ atera || > Adaptation introduce new rules
<cscope> >| s Towna]] through new scopes
A

N

> Instantiation of scopes defined
using pointcuts

Override |

------- <<Scoped>> - ----- -><— Scope_2

> Two types of scopes :

> Blocking
> Recursive

Towards Self-Adaptable Languages - Jouneaux et al.
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Meta-language for Original Semantics

1| model minijava.ecore > Inspired by Spoofax DynSem
2| import helper.java as help

3

4| rule divide_lhs,

5 Div(al, a2) —> Div(al’', a2)

6| where

7 al — al’

8

9| rule divide_rhs,

10 Div(Number(nl), a2) —> Div(Number(nl), a2")
11| where

12 a2 —> a2’

13

14| rule divide_result,

15 Div(Number(nl), Number(n2)) —> n3

16| where

17 n2 =0

18 n3 : help.div(Number(nl), Number(n2))

Towards Self-Adaptable Languages - Jouneaux et al.
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1| model minijava.ecore > Inspired by Spoofax DynSem
2| import helper.java as help

3

4| rule divide_lhs, » Model merging metamodel and
5 Div(al, a2) —> Div(al’, a2) dynamic information

6| where

7 al — al’
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9| rule divide_rhs,

10 Div(Number(nl), a2) —> Div(Number(nl), a2")

11| where

12 a2 —> a2’
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Specifying Adaptive Semantics
00@00

Meta-language for Original Semantics

1| model minijava.ecore > Inspired by Spoofax DynSem
2| import helper.java as help

3 .

4| rule divide_lhs | » Model merging metamodel and
5 Div(al, a2) —> Div(al', a2) dynamic information

6| where

7 al —> al’

8 » Import external operations

9| rule divide_rhs,

10 Div(Number(nl), a2) —> Div(Number(nl), a2")

11| where > A set of semantic rules

12 a2 —> a2’ . .

13 » Conclusion as reduction
14| rule divide_result, over concepts

15 Div(Number(nl), Number(n2)) —> n3 > Reduction premises

1? Whe'iz - 0 » Side condition

18 n3 : help.div(Number(nl), Number(n2)) > Binding computed values

Towards Self-Adaptable Languages - Jouneaux et al.



Specifying Adaptive Semantics
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Meta-language for Original Semantics

1| model minijava.ecore

2| import helper.java as help

3

4| rule assign_expr,

5 Assign(var, expr) —> Assign(var, expr’)
6| where

7 expr —> expr’

8

9] rule assign_dec,

10 Assign(var, Number(n))

11 —>

12 var.def.value = Number(n)
13

14| rule var_reference,

15 VarRef(def) —> def.value

Accessing dynamic information

Towards Self-Adaptable Languages - Jouneaux et al.



Specifying Adaptive Semantics
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Meta-language for Semantics Adaptation

1| model minijava.ecore

2| semantics minijava.sem

3 » Dependence to the semantics
4| recursive ApproximateDouble{

5

6 match Assignement(VarRef(def), expr) » Pointcut definition

7 where def.type = Float .

8 > Structural matching

9| Before binop_rhs rule binop_rhs_float, » Additional constraints

10 Binop(Double(nl), a2)

11 —

12 Binop(Float(nl), a2) > Adaptation rules

13 . .

14| Before binop_result rule binop_result_float, > Kind of adaptatlon rule
15 Binop (Number(nl), Double(n2)) > Affected rule in semantics
16 — > Adaptation semantic rule
17 Binop (Number(nl), Float(n2))

18] }

Towards Self-Adaptable Languages - Jouneaux et al.
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Conclusion

» The concept of Self-Adaptable Language and its conceptual framework
> A framework to implement Self-Adaptable Virtual Machines

» Ongoing work on specification of adaptive semantics

Towards Self-Adaptable Languages - Jouneaux et al.
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Open Questions

> What is the killer app to demonstrate SALs ?
» What is the best design pattern(s) for the implementation ?

> Opinions on specification of adaptive operational semantics
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Thanks for your attention !
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Correctness envelope implementation
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Metamodel of adaptive semantics meta languages
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