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use IEEE.std_logic_1164.all;

-- this is the entity
entity ANDGATE is

port (
I1 : in std_logic;
I2 : in std_logic;
0 : out std_logic);

end entity ANDGATE;

-- this is the architecture
architecture RTL of ANDGATE is
begin

0 <= I1 and I2;

Node-RED
Wiring the Internet of Things

end architecture RTL;
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FSM
‘ *\l/transitions
Machine ’ﬁ* State jsrc ou,{ Transition
states|name:String 1 , levent:Char
4& tgt in
FinalState

Abstract Syntax

step(State s, String evt) {
val next = s.outgoing.filter[event
if (next.size 9)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

evt]

Execution Semantics
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FSM

‘ *\l/transitions
Machine |@—_ 3| State jsrc SorlTransition

states|name:String

tgt
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FinalState

. event:Char

—_

in

Abstract Syntax

step(State s, String evt) {
val next = s.outgoing.filter[event == evt]
if (next.size == 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

Execution Semantics
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FSM

* | transitions
‘ . 1 *¢ - class Machine { List<State> states; [..] }
Machine |@—>| State oo out |ransition class State { String name; [..] }

states|name:String

tgt
N

FinalState

. event:Char
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class Trans { char event; [..] }
class FS extends State { [..] }

AST Classes

in

Abstract Syntax

step(State s, String evt) {
val next = s.outgoing.filter[event == evt]
if (next.size == 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

Execution Semantics
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FSM

‘ *\l/transitions
Machine |@—_ 3| State jsrc SorlTransition
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Abstract Syntax

step(State s, String evt) {
val next = s.outgoing.filter[event == evt]
if (next.size == 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

Execution Semantics

v

class Machine { List<State> states; [..] }
class State { String name; [..] }

class Trans { char event; [..] }

class FS extends State { [..] }

AST Classes
m: Machine
Y
Src tgt
s1:State |<—1 t: Trans s2: State
name ='S1’ event = 'a’ name ='S2'
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FSM

‘ *\l/transitions
Machine |@—_ 3| State jsrc SorlTransition

states|name:String , levent:Char
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class Machine { List<State> states; [..] }
class State { String name; [..] }

class Trans { char event; [..] }

class FS extends State { [..] }

Abstract Syntax

AST Classes

step(State s, String evt) {
val next = s.outgoing.filter[event == evt]
if (next.size == 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

interface Interpret { void interpret(); }

class Machine implements Interpret { [..] }
class State implements Interpret { [..] }
class Trans implements Interpret { [..] }

Interpreter Pattern

Execution Semantics

class Machine { void accept(Visitor v); }
class State { void accept(Visitor v); }
class Trans { void accept(Visitor v); }
interface Visitor {
void visit(Machine m);
void visit(State s);
void visit(Transition t);
3
class ExecMachine implements Visitor {
void visit(Machine m) { [.]
void visit(State s) { [.]
void visit(Transition t) { [..]

e el

}

Visitor Pattern
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FSM

‘ *\l/transitions . .
. 1 . - class Machine { List<State> states; [..] }
Machine |@—>| State |5z out |ransition class State { String name; [..] }
states name:Stnng1 . event:Char > | Class Trans { char event; [.] )}
7N ot in class FS extends State { [..] }
FinalState
AST Classes

Abstract Syntax

step(State s, String evt) {
val next = s.outgoing.filter[event == evt]
if (next.size == 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

Execution Semantics

pretty-print(State s) {
print(“State “ + s.name)
print(“Transitions:”)
for (t in s.transitions)
pretty-print(t)

Printing Semantics
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FSM

Abstract Syntax

step(State s, String evt) {
val next = s.outgoing.filter[event
if (next.size 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

evt]

Execution Semantics

pretty-print(State s) {
print(“State “ + s.name)
print(“Transitions:”)
for (t in s.transitions)
pretty-print(t)

<,

‘ *\l/transitions
Machine |@—_ 3| State jsrc SorlTransition
states|name:String 1 , levent:Char >
4& tgt in
FinalState

class Machine { List<State> states; [..] }
class State { String name; [..] }
class Trans { char event; [..] }

class FS extends State { [..] }

AST Classes

interface Interpret { void interpret(); }
interface Print { void print(); }

class Machine implements {[.]3}
class State implements 6 {[.]3}
class Trans implements {[.]3}

Interpreter Pattern

Printing Semantics

v

interface Visitor { [..] }

class ExecMachine implements Visitor {

void visit(Machine m) {[.1}
void visit(State s) {[.1}
void visit(Transition t) { [..] }

3

class PrintMachine implements Visitor {

void visit(Machine m) {[.]7
void visit(State s) {[.1}
void visit(Transition t) { [..] }

}

Visitor Pattern
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FSM

* | transitions
‘_ . 1 *¢ - class Machine { List<State> states; [..] }
Machine |g | State oo out |ransition class State { String name; [..] }

states|name:String , levent:Char

v

class Trans { char event; [..] }

A tgt n ! class FS extends State { [..] }
FraiSiate Guard | 0.1 > | class Guard { String exp; [..] }

exp: String

guard
AST Classes
Abstract Syntax
step(State s, String evt) {
val next = s.outgoing.filter[event == evt]

if (next.size == 0)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()
}

Execution Semantics
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FSM
‘ t¢nanSMOns
Machine ’ﬁ* State jsrc ou,{ Transition
states|name:String 1 , levent:Char
4& tot n |
FinalState G.ug rq 0.1
exp: String guard

Abstract Syntax

v

class Machine { List<State> states;
class State { String name; [..] }
class Trans { char event; [..] }
class FS extends State { [..] }
class Guard { String exp; [..1 }

L1}

step(State s, String evt) {
val next = s.outgoing.filter[event
if (next.size 9)
throw new DeadlockException
if (next.size > 1)
throw new IndeterminismException
next.head.fire()

}

evt]

Execution Semantics

5

AST Classes

interface Interpret { void interpret(); }

class Machine implements Interpret { [..] }
class State implements Interpret { [..] }
class Trans implements Interpret { [..] }
class Guard implements Interpret { [..] }

Interpreter Pattern

interface Visitor {
void visit(Machine m);
void visit(State s);
void visit(Transition t);
void visit(Guard g); Q

3

class ExecMachine implements Visitor {
void visit(Machine m)
void visit(State s)
void visit(Transition t)
void visit(Guard g)
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3

Visitor Pattern
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cf. The Expression Problem
Philip Wadler

Challenges of Modular Extension

= How to extend (syntax and semantics of) DSLs
1. Without anticipating the extension
2. Without modifying or duplicating existing code
3. While ensuring type safety

Semantics A

! /!

o
+ ExecFSM + ExecGuardedFSM

o > —
FSM GuardedFSM

» Syntax
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The ReVISITOR Pattern



Revisitor Interface

= Maps syntactic objects to abstract semantic types

interface FsmRev<M, S, F extends S, T> {

M machine(Machine it);
S state(State it);

F fState(FState it);

T trans(Trans it);

Modular Extension of Executable DSLSs

m: Machine
Y
src tgt
s1:State |<—1 t: Trans s2: State
name ='S1’ event ='a' name ='S2'




Revisitor Interface

= Maps syntactic objects to abstract semantic types

interface FsmRev<M, S, F extends S, T> {

3

M machine(Machine it);
S state(State it);

F fState(FState it);

T trans(Trans it);

default M $(Machine it) { return machine(it); }
default F $(FState it) { return fState(it); 3}
default T $(Trans it) { return trans(it); }
default S $(State it) {
if (it instanceof FState)
return fState(it);
return state(it);

3

m: Machine
Y
src tgt
s1:State |<—1 t: Trans s2: State
name ='S1’ event ='a' name ='S2'
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Revisitor Implementation

= Implements the semantic objects

interface Pr { String print(); } m: Machine

interface PrintFsm extends FsmRev<Pr, Pr, Pr, Pr> {

default Pr machine(Machine it) { Y src tgt
return () -> it.name + “:\n” + s1: State [<—1 t: Trans s2: State

it.states.map(s -> $(s).print()); name = ‘ST event = ‘& name = 'S2
}
default Pr state(State it) {
return () -> /* print a state */; $()
}

default Pr fState(FState it) {

return () -> /* print a final state */; (Machine) => String

} . (State) => String (State) => String
default Pr trans(Trans it) {
return () -> /* print a transition */; (Trans) => String
3
3
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Modular Extension with Revisitors

m: Machine
\ /
Src tgt
s1: State |<— t:Trans s2: State
name = 'S1' event ='a’ name = 'S2'

guard| g: Guard
expr = 'true'
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Modular Extension with Revisitors

interface GuardFsmRev<M, S, F extends S, T, G>

extends FsmRev<M, S, F, T> { m: Machine
G guard(Guard it);
default G $(Guard it) { return guard(it); } \
3 o1 State |~ 1 Trans
name = 'S1’ event ='a'

tgt

/

Extend the (existing) mapping

s2: State

name = 'S2'

g: Guard

expr = 'true'
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Modular Extension with Revisitors

interface GuardFsmRev<M, S, F extends S, T, G>
extends FsmRev<M, S, F, T> {
G guard(Guard it);
default G $(Guard it) { return guard(it); }

\

Src

m: Machine

s1: State

<—1 t:Trans

tgt

/

Extend the (existing) mapping

name ='S1'

event ='a’

interface PrintGuardFsm
extends PrintFsm,
GuardFsmRev<Pr, Pr, Pr, Pr, Pr> {
default Pr guard(Guard it) {
return () -> /* print a guard */;
}
@verride default Pr trans(Trans it) {
return () -> super.print()+$(it.guard).print();
3
3

Extend the (existing) semantics

(State) => String

Modular Extension of Executable DSLSs

s2: State

name = 'S2'

g: Guard

expr = 'true'

$()

(Machine) => String

(State) => String

(Trans) => String

(Guard) => String




ALE: the Action Language for EMF

% Model Explorer &3 & *mydomain class diagram #] extlibraryecore & extlib
A type filter text M| 2B | H O vim e B & &
open class Machine { . _ : BBV vl et @
. . - & com.mycompanymyproject. mydomain | 5 AudioVisualiter | | g Book |
def St ri ng pr‘l nt () { =), Project Dependencies o tite : EString = title : EString
s - nn, (# src T minutesLength : Eint=10 = pages : Elnt = 100
Strlng ret ’ : j, JRE Syst b fidk1.8.0] 1; damaged : EBoolean = false = category - BookCategory = Mystery
. < mh ystem Library [jdkl.2,
for (State s in self.states) . .
. + B Plug-in Dependencies
ret = ret + $[s].print(); T METAINF
return ret; =l & model _
} # [ mydomain.aird 0.1 fbpoks |
- @ mydomain.ecore = name :
&% people

}

open class State {
def String print() { /> ... =/ } B NewEClass1

+ [& mydomain.genmodel

} ] ) P Y S

open class FinalState {

def String print() { ‘
return "x" + $[super].print(); .‘ o BEO

}

mydomain

& mydomain class diagram

& mydomain package dependencies
E mydomain class table

B mydomain documentation table

& mydomain class g

Export representations as images

}

open class Transition { ‘
def String print() { — eC Ipse
return self.event + "=>" + self.tgt.name; '

}
} [EclipseCon’17] EcoreTools Next:

Executable DSL made (more) accessible

Printing FSMs In ALE @2 nttps:/itinyurl.com/ale-ecore
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Wrap-up

= The story so far
* Independent and modular extensibility of syntax & semantics
« With incremental compilation, without anticipation
» Applicable in any “mainstream” OO language
« The ALE language, soon™ in Eclipse, makes it user-friendly

= \What's next?

« Separate compilation is the first step towards language components
« Off-the-shelf language components have explicit provided & required interfaces
» Pick, assemble, and customize language components to create new DSLs

DSL,
choose roduce
: D » DSL,
DSL & Tools
Designer DSL

n
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