Technische Universiteit
e Eindhoven
University of Technology

Reusable
specification
SRy for defining
dynamic semantics
of DSLs

Ulyana Tikhonova
ulyana.tikhonova@constelle.net

Where innovation starts Tim Willemse Mark van den Brand



Technische Universiteit
Eindhoven
University of Technology

Ve

take_a_snapshot

Laser Sensor Handler Projector
®
objectPos /
framePos -

[AdjustFrame ]

PositionObject

Domain Specific Languages (DSLS)




take_a_snapshot

TU/

Laser Sensor Handler Projector
L
+-
objectPosition / ‘& ‘
framePosition
«Cjssa» «Cjssa»
AdjustFramePosition PositionObject
«sa» “«sa»
Producelight GrabAFrame

Technische Universiteit
Eindhoven
University of Technology




% * To understand the dynamic semantics
* To analyze the dynamic semantics

DSL developer ) . .

* To validate the dynamic semantics

* To understand and debug
DSL programs

Precise and executable definition

Why to define dynamic semantics?




Technische Universiteit
Eindhoven
University of Technology

Ve

take_a_snapshot

Laser Sensor Handler Projector
®
objectPos /
framePos -

[AdjustFrame ] PositionObject

What is dynamic semantics?




Technische Universiteit
e Elndhoven
rsity of Technology

What is dynamic semantics?




Technische Universiteit
e Elndhoven
rsity of Technology

* To understand the dynamic semantics

* To analyze the dynamic semantics

* To validate the dynamic semantics

To understand and debug DSL programs

What is dynamic semantics?
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/' * To understand the dynamic semantics
To analyze the dynamic semantics

/ * To validate the dynamic semantics
/ * To understand and debug DSL programs

Dynamic semantics as requirements vs.
dynamic semantics as an actual implementation
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Language constructs
(statements)

Semantic mapping

* Variables/memory
Semantic domain  Control flow

* Branching

Defining dynamic semantics of
programming languages
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Defining dynamic semantics of
domain specific languages
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DSL constructs
(statements)

Semantic mapping

Specification , ,
Semantic domain °
templates .

Semantic mapping

Semantic domain .

Architecture layers
Design patterns
Synchronization protocols

Variables/memory
Control flow
Branching

Defining dynamic semantics of
domain specific languages
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MACHINE queue_machine
SEES queue_context
VARIABLES queue
INVARIANTS

invl: queue € N +»
EVENTS

MyType

INITIALISATION &
actl: queue:=0
END

enqueue:
ANY element, index
WHERE

grdl: element €

MyType

grd2: index — element € queue

grd3: Vi-i € dom(queue) = index < i

THEN

actl: queue := queue \ {index — element}
END

Eindhoven

Technische Universiteit
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dequeuez
ANY element, index
WHERE
grdl: element €
grd2:index € N
grd3: queue # @ =

(Vi-i € dom(queue) = index > i)

MyType

grd4: {index — element} €N »| MvyTvpe

grd5: index € dom(queue)

THEN

act2: queue := queue U {index — element}
END

END
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Scan
DSL °‘
a1
metamodel |L3
1. :71 1::'0 to :‘o
B 1 1
Subsy'stem = su::;/if)t:m Data Node
action 1 occurrence
* _:J"Hl E K E
typ 1 output typ 1
Subsystem L;:pu( Data type
’ Ul c - -
[ ____]
[ ]
= Substitution
(7))
e ————— Event-B
MACHINE queue_machine enqueue: dequeuez o o
SEES queue_context ANY element, index ANY element, index S p e C | fl Ca
VARIABLES queue WHERE WHERE
INVARIANTS grdl: element €| My Tyne grd1: element €f MY Ivbe

invl: queue €N
EVENTS
INITIALISATION &
actl: queue :== @
END

MyType

grd2: index — element € queue

grd3: Vi-i € dom(queue) = index < i

THEN

actl: queue := queue \ {index — element}

END

grd2: index EN

grd3: queue # @ = (Vi-i € dom(queue) = index > i)

grd4: {index — element} € N »
grd5: index € dom(queue)

THEN

MyType

act2: queue := queue U {index — element}
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DSL constructs
(statements)

Semantic mapping

Specification , ,
Semantic domain °
templates .

Semantic mapping

Semantic domain .

Architecture layers
Design patterns
Synchronization protocols

Variables/memory
Control flow
Branching

Defining dynamic semantics of
domain specific languages




Mapping DSL constructs to
specification templates
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VARIABLES curr_job, curr_la, la_input, ssa_output

INVARIANTS
la_input € N + LogicalActions

request _ssa (ssaction, occurence)
where

. occurence € curr_job

ssa_output € N + SSActions —j_

occurence ~ ssaction € LALabelDef (curr_la)

then

curr_job = curr_job \ {occurence}

curr_job € P(SSAOccurences)
curr_la € LogicalActions
EVENTS
Initialisation

. . execute ssa (ssaction, n)
curr_la :€ LogicalActions -

: where
curr_job = _ _
B Mt = 2 ssaction € SSActions
— n€N
ssa_output = I ,
request la (Ia, n) ssa_output# J = Vi-i € dom(ssa_output) > n>i
: then

where

, , ssa_output = ssa_output U { n - ssaction
la € LogicalActions (Y _outp { }

curr_job=9
END
neN
la_input 2z J > Vi-i€dom(la_input) =>n>i
then
curr_job := dom(LALabelDef(la))
curr_la:=la

la_input :==la_inputU{nmla}
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subscribe
enqueue :
init_partial_order A Listener

operation2 dequeue subscribe
notify

notify

is_max_element Partial Order

operation3 init_partial_order

is_max_element
‘ remove_element S

remove_element

Aspect Oriented Programming:

CrosSs Cutting concerns
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operation]/ subscribe init_partial _order
operation/ﬁ notify enqueue |[lis_max_element
operatio;[u?; dequeue |[|lremove_element

Specializations of specification templates

from the library

Aspect Oriented Programming:
composing cross cutting concerns
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Operations
of the DSL
dynamic
semantics
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#) roboticarm.ecore

4 ¥ taskStm
“ task
4 ¥ armActionStm
< action
4 ¥ handActionStm
< action
4 ¥ executeArm
< action
4 ¥ executeHand
< action
“ Type HandActions
+ Type ArmActions

+ Type Actions

Aspects = specification templates

# library_interfaces.constellec

< driverl : template_queuq

engueue

element

degueue

element

e & Robotic Arm Paralle

ElementType

4 driver? : template_gueue

engueue

element

degueue

alement

A

< distributor : template_requegt
reguest

elements

process

element

process

element

]
I I 'cenye
Substitution of template (static) parameters with DSL types

Constelle
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e Scalability and applicability of the proposed method
— Validated on three different DSLs

* A library of specification templates

— State machine, communication channels, data typing,
esign patterns (Listener), data structures (Queue)

* Specification templates for bridging
technological diversity
— Source code, visualization templates, formal notations
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* To understand the dynamic sem|
» To analyze the dynamic semanti| eartiater
DSL developer . .
* To validate the dynamic semant

* To understand and debug
DSL programs

DSL constructs
(statements)

Semantic mapping

Architecture layers
Design patterns
Synchronization protocols

Specification g e ioma
DSL user * To understand the dynamic semantics templates SmamRecomen

* To analyze the dynamic semantics
* To validate the dynamic semantics
* To understand and debug DSL programs

Precise and executable defin|

Semantic mapping

Variables/memory
Control flow
Branching

Semantic domain

Why to define dynamic semantics?

What is dynamic semantics?

Defining dynamic semantics of
domain specific languages
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Aspects = specification templates
) roboticarm.ecore f library_interfaces.constellech [B Robotic Arm Paralie) £
w + driverl : template queud| + driver2: template_queud| + distributor : template_reque
4 ¥ taskStm
o ene Queue Partial Orde * task
— N N . . Operations|| * * amAionstm
[ operationl |subscribe init_partial_order || ofthenst | ... 200
k7 | Substitution l - - - dynamic + action
g operation2 | notify enqueue mls_max_element semantics ||+ *eseaneam
+ action
o l operation3 dequeue |[[remove_element Sl
T structuralinterface [
[ macHing queve_machine enquer dequeuca spe
CAmABES s . ) P Specializations of specification templates Substitution of template (static) parameterswith DSL types
INVARIANTS grdl: element & -' .
invt:quewe N [ MY I3 DE | : ot & que grd2: index €N from the ||brarv
EVENTS grd3: vi-i € dom{queue) = index< | grd3: queue #@ = (Vi | & domigueue) = ind|
s ron = i s eene) ¢ N = o Ta o]
Bctl queue =0 BEtl: queue = queue \ {index — element) #rdS: index & domigueue)
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sctd: queve = aueve U [index 1+ element]

Eal

2 More details: SoSyM paper & PhD thesis



