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overview

language workbenches

building grammars or pseudo-grammars
generation templates

generation

using workbench DSLs




language workbenches

a tool that supports language oriented
programming

Intentional Software (Charles Simonyi) |

Xtext (openArchitectureVVare)

MPS (JetBrains)




compilation since cs-101

class Foo {
private int id;

}

Editable Representation
Storage Representation

Executable
Representation




Root

Statement

Statement




“post- J' ide’s”

first java ide to edit the abstract syntax directly

enables refactoring




workbenches

class Foo {
private int id;

Projections

Versioning Storage

Workbench

A
@O0 Document Window

/T Fap "\ Tab Tab
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Text Field Text Field |
Text Field Text Field
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grammars




Ms. Grant’s secret panel

idle

unlockDoor rorOpe ned

lockPanel

anelClosed

ﬁ\ aitingFor nght waitingForDr a\\
lightOn drawOpened

unlm ked Panel\

unlockPanel
lockDoor




the DSL

events
doorClosed DICL

drawOpened D20P
end

commands

unlockPanel PNUL
lockPanel PNLK
end




the grammar

list : eventList commandList;
eventList : 'events' eventDec* 'end';
eventDec : identifier identifier;
commandList : 'commands' commandDec* 'end';
commandDec : identifier identifier;

events
doorClosed DICL

drawOpened D20OP
end

commands
unlockPanel PNUL

lockPanel PNLK
end




Xtet=<

framework/tool for development of external
textual DSLs

based on openArchitectureVVare

you provide a grammar in their format

Xtext produces: ANTLR grammar,
parser, abstract syntax tree meta-model,
and Eclipse editor




Xtext projec

N0

Xtext project wizard

This wizard creates a pair of projects for your Xtext D5SL.

Main project name: my.dsll

Language name: mydsll

DSL-File extension: dsll

nsURI: http:/ fwww.example.org/my/dsl1
Base package: org.example.dsll

Create generator project: E‘

{ ‘? )]

< Back Mext = (" cancel ( Finish \!




Xtext artifacts

I Package Explorer 53 ux Hierarchv‘ Ji JUnit" - v =08
v 5 compartments
> (@ src < DSL source

» (# grc-gen

» B JRE System Libr
.

>

=\ Plug-in Dependencies

= META-INF generated source
o1 build.properties
I plugin.xml < meta-data for editor plug-in
b = compartments.editor . .
2 compartments generaror ——— editor plug-in
L] my.dsl
L my.dsl.editor \
L] my.dsl.generator generators

L] TWCodeSample
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= q%| = ffspecify your DSL grammar rules here I‘_?' a . | - I
p— S/IMPORTANT: You should change the property 'overwrite.plugin
ry
D compartments . Find: | o Al M S
¥ & src ; - Statemachine : )
¥ & com.nealford.confawol - 'events' =% Uncategorized
Checks.chk ' ;\:ents+=Event+
[E] Extensions.ext o .
i = ("resetEvents
[Ej Formatting.ext resetEventsi=[Event]+
[Ej Linking.ext Tend')?
¥ 1} com.nealford.confwol "commands '
¥ [J] XtextParser java ' ;c')rnrnnnds-o-:Corrlrrmnd-o-
v G XrextParser &
& Xtextp states+=5State+;
textPar
[} generate.oaw - Ewvent
generate.properties name=I0 code=ID;
SecretCompartments.] E ™
v Ig src-gen . — Command EE Outline &3 =0
name=I0 code=ID;
¥ B com.nealford.confwol ! laz =
b lJ] MetaModelRegistr | - State : (9 statemachine
GenChecks.chk ! = 'state' name=ID ® Event
[E] GenExtensions.ex ('”’Ct’_“:'r_’sl ! act}or_15+=[Cornrmnd]+ 112 & command
) transitions+=Transition®*
@ CenFormatting.ex tend': ( state
. . El
[E] GenLinking.ext & Transition
HID secretcompartme - Transition

@ SecretCompartme
¥ B com.nealford.confwol
F [J] GenParser java
| m FarserComponen
| m SecrEtCDmpartmE:
| m SecretCompartme _
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grammar debugMeWithAntlrWorks;

options { TR - rue ;. TIRER-true;

parse :
result=ruleStatemachine EOF

’

ruleStatemachine
(("events')

(temp_events=ruleEvent )
('end")
(("resetEvents')

(temp_resetEvents=RULE_ID
D)

('end")
)?

('commands ')
(temp_commands=ruleCommand )
('end")

(temp_states=ruleState )
D)

.
’




ruleEvent
((temp_name=RULE_ID )

(temp_code=RULE_ID )
)

ruleCommand
((temp_name=RULE_ID )

(temp_code=RULE_ID )
)

ruleState
(('state')

(temp_name=RULE_ID )
(('actions')
'{"

(temp_actions=RULE_ID
)

'3
)?

ANTLR
grammar
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template file

«IMPORT secretcompartments»

«REM»

This is the 'main’' template.

You should replace the type 'Object' with your respective meta type.
«ENDREM»
«DEFINE main FOR »

«ENDDEFINE»




template

«FOREACH states AS s »
else 1f (currentState.equals("«s.name»")) {
«FOREACH s.transitions AS t SEPARATOR ' else '»
1f (lastCommand.equals("«t.event.name»")) {
currentState = "«t.state.name»";
«FOREACH t.state.actions AS a»

System.out.printin("«a.name»!");

«ENDFOREACH»
}
«ENDFOREACH»
else {
System.out.printin{"Unkown command '"+lastCommand+"'. Try again.");
}
}
«ENDFOREACH»

lastCommand=null;




main()

public class Controller {
public static void main(String[] args) {
// open up standard input
BufferedReader br = new BufferedReader(new InputStreamReader(System.in));
String lastCommand = null;
String currentState = "idle";
while(true) ﬂ

if (currentState.equals("idle")) {
System.out.println("You're in state 'idle'. Possible events are [doorClosed]. Type 'q!' to escape.");
}
else
if (currentState.equals("active")) {
System.out.println("You're in state 'active'. Possible events are [drawOpened, lightOn]. Type

q!' to

} -




templates

It &30 Q | EHC | @S | Fl ooy S &0 %5 [l Ba
[_1 model.ds| lm FowlerDs|Example.xtxt (ﬁ] Main.xpt S@\[ﬂ Controller.java L
i~

«IMPORT fowlerdslexample»

«DEFINE main FOR Statemachine»
«FILE "Controller.java"»

import java.io.BufferedReader;
import java.io.IO0Exception;
import java.io.InputStreamReader;

public class Controller {
public static void main(String[] args) {

// open up standard input

BufferedReader br = new BufferedReader(new InputStreamReader(System.in));

String lastCommand = null;

String currentState = "«states.first().name»";

while(true) {
«FOREACH states AS s SEPARATOR " else "»
if (currentState.equals{"«s.name»")) {

System.out.printin("You're in state '«s.name»'. Possible events are «s.

}
«ENDFOREACH»
while (lastCommand==null) {
try {
lastCommand = br.readlLine();
} catch (I0Exception e) {
System.out.printin("Error reading input. try again.");
}
}
. e Sl e 1l Mol BN\ [

transitions.event.sortBy(ele.name)
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eclipse editor

J:"v ZJ.#;?'@Vl-/HVJi t:‘ /\'J'Jk:,; »"'J v ."*‘_ gl g

[

£ |84 Java

(ég MrsHs.dsl 33

events
resetting doorClosed D1CL
drawlpened D20P
lightOn L10N
doorOpened D10P
panelClosed PNCL

end

commands
unlockPanel PNUL
lockPanel PNLK
lockDoor D1LK
unlockDoor DI1UL
end

state idle
actions {unlockDoor lockPanel}
doorClosed => active

end

state active
drawlpened -=> waitingForlLight
1ightOn => waitingForDraw
end

state waitingForLight
lightOn => unlockedPanel

TS5 Writable Insert J




Xtext

most mature of the text-based DSL tools

still extricating itself from
openArchitectureware & MDA background

heavily Eclipse based (editors, project
structure, etc.)

efficient generation of DSL, grammar, code
generation, & templates

nice editor projection (acts like source file)







bakery life

competition is brutal!

Incentives to encourage repeat customers...
...out the other guys do the same thing
flexible business rules

easy to define & change




establishing profiles

Profile comesInRarely = new ProfileImpl();
comesInRarely
.frequency(2)
.monthlySpending(20);

Profile everyDay = new ProfileImpl();
everyDay
.member()
.frequency(25)
.monthlySpending(500);




discounts

rules.add()
.basedOn(comesInRarely)
. forMembership(5.0)
. forMonthlySpending0f (15, 5.0)
. forNumberOfVisits(19, 5.0);

rules.add()
.basedOn(everyDay)
. forMembership(10.0)
. forMonthlySpending0f (100, 10.0)
. forNumberOfVisits(20, 10.0);




discount

public interface Discount {
Discount basedOn(Profile profile);
Discount forMembership(double discount);
Discount forNumberOfVisits(int numberOfVisits,
double discount);
Discount forMonthlySpendingOf(int monthlySpending,
double discount);

double getDiscount();
String toString();




discount implementation

public Discount forMembership(double discount) {
_discountForMembership = discount;
return this;

}

public DiscountImpl forNumberOfVisits(int numberOfVisits,
double discount) {
_numberOfVisits = numberOfVisits;
_discountForVisits = discount;
return this;

}

public Discount forMonthlySpendingOf(int monthlySpending,
double discount) {
_monthlySpending = monthlySpending;
_discountForMonthlySpending = discount;
return this;




getDiscount()

public double getDiscount() {

double discount = 0.0;

1f (_profile.1isMember())
discount += _discountForMembership;

1f (_profile.getFrequency() > _numberOfVisits)
discount += _discountForVisits;

1f (_profile.getMonthlySpending() > _monthlySpending)
discount += _discountForMonthlySpending;

return discount;
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Meta Programming Sﬁste'r-n

internal project by JetBrains
based on lessons learned with Intelli)
used internally to build new products

created by Sergey Dmitriev & Konstantin
Solomatov

actively used now for 3+ years
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Tools "ul’ersinnnntrnl ﬂndnw ﬂelp

ile dit View GoTo Generate Build

1: Project EF I

0

BER|SG|ERBE|&HN

() BakeryDemo ] (=) main ] (1) reduce_Discount ] \£) BakeryDemo | (&) Discount l \5) Profile ]
- CEEEEEED
- = - E — -
View as: [ @ Logical View H | concept Discount extends Statement 2
— : implements INamedConcept X
= pro . |
Project & : instance can be reoot: false
¥ (5) bakery.sandbox X :
¥ [=F bakery Pt n::“
v 6 sandbox :
» L) BakeryDemo ; f:ifd.fg:::
v java stubs :
[EIJ : references:
¥ = bakery : Profile profile|l |specializes: |<none>
0' sandbox@java_stub E concapt proparties:
¥ (L) bakery : alias = discount
¥ @ structure : concept links:
H '
P © linkDeclaration : profile concept property declarations: E
» © conceptProperty © alias e """ o H .
¢ implements : INamedConce § <no icon>
¥ (5) Profile icon <no icon: @
O conceptProperty : alias . :
I—Stmtmt—| Editor Constraints Behavior Typesystem Intentions I‘-]

=+

@ 11:44:54 : bakery/sandbox/BakeryDemo.java : The import com.nealford cannot be resolved (line: )7 |5
@ 11:44:54 : bakery/sandbox/BakeryDemo.java : The import com.nealford cannot be resolved (line: )8 .
@ 11:44:54 : bakery/sandbox/BakeryDemo.java : Profile cannot be resolved to a type (line: )19 k-
h

i ol . £l W) - " : h ;_

| I8 9: Changes I [ ™ 0: MPS Messages ]

| 2% | i . @/ F[137Mof 273M,




new MPS project

800 New Project

MName:

Projectl

Project path:

JUsers /nealford/MP5Projects /Projectl
Intelli) IDEA integration:
@ Compile in MPS
() Compile in IDEA
G Create project in Intelli)] IDEA
O Create a module in Intelli] IDEA
Solutions And Languages
W Create a new language

E‘ Create a new solution

Ifr_ QK w'I 'r_CanceI_\"

)




concepts

fundamental building block

like a class: data, behavior, encapsulation
also editors, code generators
implemented in base language

properties, events, methods, and links




concept declaration

concept Frofile extends Statement
implements <nonec>

instance can be root: false

properties:

name : string
membership : boolean
fregquency : integer

children:
references:

concept properties:
alias = profile

concept links:

concept property declarations:

concept link declarations:

<po icon>

iecon <no icon




concept editor

editor for concept Frolflle
node cell layout:

[/
[ profile |{ name|} <]
[~ [/
[> membership {
[> frequency f{
%]
N ]

inspected cell layout:
cchoose cell model>

concept Profile extends Statement

implements

instance can be root: false

properties:

name : string
membership : boolean
frequency : integer

children:

references:

concept properties:
alias = profile
concept links:

concept property declarations:

concept link declarations:




concept editor

editor for concept <no concept-
node cell layout:

oo OO0 000000

¢ cnild node cell list (vertical) s
ig (> child node cell list (horizontal) v
—— indent
[/ collection (vertical)
[> collection (horizontal)
[ collection (with indent)
alternation cell alternatiﬂﬁ
attributed link cell for attributed linH
attributed node cell for attributed node
attributed property cell for attributed property
block {EditorCellModel in j.m.h.editﬂrLanguagE}:,
block end (EditorCellModel in j.m.b.editorLanguage)




smart help

editor for concept <no concept>
o node cell layout:
& <choose cell model>

@ Surround with vertical collection
jetbrains.mps.bootstrap.editorLanguage

"D" or right click to disable /enable

ctri+b to go to intention declaration




discount

concept Discount extends Statement
implements INamedConcept

instance can be root: false

properties:
children:

references:
Profile profile 1 speclializes: <none>

concept properties:
alias = discount

concept links:

concept property declarations:

concept link declarations:




reduction rule mapping

mapping configuration main
top=priority group false

mapping labels:

conditional root rules:

mapping rules;:

weaving rules:

reduction rules:
"concept Frofile 7=-=-> reduce Frorfile
inheritors false

condition <always>

"concept Discount J=--> reduce Discount
inheritors false
condition <always>

abandon roots:

pre-processing scripts:

post=processing scripts;




reduction template

template reduce Frofile
source - Frofile

Ctrl-Shift-F : create template fragment
Ctrl-Shift-M : create macro

content node:
<IF Profilef(profile] = new ProfileImpl{ ) {

{
$IFSFthis.member( );

this.frequency(srl7):
]..
<add members (ctrl+space)>

, )

IF>

T




discount template

template reduce Discount
source Discount

Ctrl-Shift-F : create template fragment
Ctrl-Shift-M : create macro

content node:
{
Profile p:
<IF Discountdname] = new DiscountImpl( ) { + 1 TF>
{ this.basedon(=->8p7):}
<add members (Ctrl+space)>

}




using the editor

public class BakeryDemo extends <none> implements <none> {
<<initializer>>
c<static fields>>
<fields>>
<properties>>

<constructor>>
<<methods>>

public static void main(String[] args) {

) profile rarely
membership false
frequency 25

profile allTheTime
membership true
frequency 30

discount basedOnRarely
profile rarely

profile all the time
membership true

h frequency 12

<<static inner classifiers>>




Project /Users /nealf.. @~ — JC§
3. LR

View as: [ ¥Y Logical View

&

[red Project

¥ = bakery
"
> L) Bak
» [M] java stubs
¥ (L) bakery (gener
¥ & structure
v (5) Discour
b O linkE
F © cond
+ © imp
¥ (5) Profile
O cond
> © prog
> C© pro
» C© pro
¥ <M editor (ge
¥ &) Discou
¥ © cel
Qg
 Oq
v &) Profile_
v O cellh
O
O
> @ constraints
> & helgins
¥ (&) generator/

¥ () bakery.sandbox (generation required

"R

Create Root Node
Paste

Delete Model
Clone Model

Optimize Imports
Fix Missing Imports

Show References To Missing Models/Languages

Check Model

Generate Files

el

Show mappings partitioning
Show Differences With Model On Disk

Subversion

Revert Memory Changes

Save

+& Model Properties
+#& Model Properties (Experimental)

Refactoring
Find Usages
Scripts

Check Types In Model

[ R ‘!':.-I':.-II!IIIIIII'F.--"HF"-ﬂ.r!......-----------51 -

(£) BakeryDemo l ) main ] (1) reduce_Discount ] ) BakeryDemo

i public class BakeryDemo extends <none> implements <none>
: <<initializer>>

<<static fields>>

<<fields>>

<<properties>>

<constructors>>

comad hade s

L(String[] args) {

~V
B>
TF5S
i
e

<default> |




package bakery.sandbox;

/*Generated by MPS */ content node:
import com.nealford.conf.dsl. |
import com.nealford.conf.dsl. |
import com.nealford.conf.dsl. |
import com.nealford.conf.dsl. !

public class BakeryDemo {

public static void main(String[] args) {
Discount basedOnRarely = new DiscountImpl() {

{
}
+i

Profile all_the_time =
{

this.basedOn(rarely);

new ProfileImpl() {

this.member();
this.frequency(12);

}
+i

C

<IF FProfilefprofile)] = new ProfileImpl( ) {

%

{
$IF5(fhis.member( );]
this.frequency($Cll);

<add members (ctrl+space)>

}

public static void main(String[] args) {
profile rarely
membership false
frequency :i5
profile allTheTime
membership true
frequency 30
discount basedOnRarely
profile rarel
profile all the time
membership true

frequency 12
discount new discount
profile all the time

Discount new_discount = new DiscountImpl()

{
this.basedOn(all_the_time);

}
¥

| template reduce Discount
| source

 Ctrl-shift-F :
. Ctrl-shift-M :

| content node:

Discount

create template fragment
create macro

Profile p;

<TF |Discount§[name)] = new DiscountImpl({ ) t | TF>
{ this.basedOn(=>8(pl);}
<add members (ctrlt+space)>

b




grammar?

encapsulated within




3 CEEEEEDS

Project /Users/nealf. EE " | = R EOYNT T ] =) main ‘ (1) reduce_Discount l () BakeryDemo ] (5) Di

WView as: [ ¥Y Logical View

= template reduce Discount
H | Bource Discount

¥ = bakery

(] EakeryDema

» [M] java stubs
¥ (L) bakery (generation req
¥ & structure
¥ (5) Discount
kO linkDeclarati
kO conceptProp
P O implements
¥ (5) Profile
< conceptProp
b © propertyDec
b O propertyDec
O propertyDec
¥ M editor (generation |

<] » GhERissuntdiay

% }
¥

Discount new_disc

this.basedon(

¥ (5) bakery.sandbox (generation required|a . Ctrl-shift-F

v 6 sandbox (generation required)

: create template fragment
3 . Ctrl-sShift-M : create macro

h content node:

| l-i'] Ernfila mns
Edit ew DiscountImpl{ ) {
{ this.basedon{->$pJ1);}

i

<add members (ctrl+space)>

Set Virtual Package... }
Expand All
Copy ~C
Copy Reference AN A4C
Paste “V
Cut ~X
Clone Root 1+F5
Delete E33
Go To Concept Declaration ~{5
.£) Go To Editor Declaration “N4GE |
Show Node In Explorer F12
;
) Find Usages F7
@ Fast Find Usages ~E7
Show Concept Structure
Show Class In Hierarchy ~“H
Refactoring ] Rename 1tF6
B Run * ~{F10 Move Nodes F6
Go To Rule Which Caused Error 4R 5afe Delete Node VEr

Highlight Dependent Leaves
Go To Node This Depends On ===




¥ (L) bakery igenerat

¥ M structure
O oiscours
kO linkD
O cong
o impl

¥ 5) Profile
o cong
+ O prop
O prop
O prop
¥ < editor (gen
¥ k) Discoun
v © cellN
p ©g
 © g
¥ (k) Profile_|
¥ o celln
b O g
b O g

b <M constraints

b @ helgins

¥ (g) generator/|

find usages

on required) }

Edit
Set Virtual Package...
Expand All

Copy
Copy Reference

Paste
Cut
Clone Root

Delete

Go To Concept Declaration
.£) Go To Editor Declaration
Show Node In Explorer

) Find Usages

Fast Find Usages

Show Concept In Hierarchy
Show Concept Structure

~C
“N4rC
~\

“X
{+F5

~{r5
“NE
F12
F7

FE7

“H

a0 Find usages

Finders View Options

| Concept Instances [ Skip results tab with one usages
':' Exacthnceptlnstances ':' New tab

':' Mode & Descendants Usages
E Node Usages

Scope

() Model scope <default>
() Module scope <default=

O] Project scope
() Global scope

0K (c 1)
E 3 . Cance ),




X ¢ D o« @~

s 2900

&)

found usages

Jadsearched nodes

\5) Discount
) 3 usages found
¥ (L) bakery
¥ M bakery.editor
1) Discount_Editor
¥ (@ bakery (generator/no name)
v & bakery.generator.baselLanguage.template.main
v @ main
© reduce Discountirole: reductionMappingRule; in: main)
(1) reduce_Discount
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DotExpression|:

updaters:
description
for each
where
do

-

r
description
for each
where

do

+

r
description
for each
where

do

-

description
for each
where

do

-4

description
for each
where

do

+

r
description
for each
where

do

r
description
for each
where

do

Convert old date operaticons|[migrate form b.

LT T

[N T R T T

LT T

R T T

[T T

[T T

migration script ConvertOldDateOperations

531

Convert IsHNotNullOperation
IslotHulloperaticon
<no condition>
{node )->void {
datetime fake;
node.replace with(= =
}

Convert IsNullOperation
IsHulloperation
<no condition>
(node )=>void {
datetime fake;
node.replace with(E % node.datetime):

node.datetime): .isNotNull

.isNull B);

Convert TocDateTimeOperaticn
ToDateTimeOperation
<no condition>
(node )=>void {
Date fake;
node.replace with(€ %[ node.expression):

}

Convert ToJavaCalendarOperation
ToJavaCalendarOperation
<no condition>
{node )->void {
datetime fake;
node.replace with(= =

.datetime 5);

node.datetime): .javaCalendar

Convert ToJavaDateOperation
ToJavaDateOperation
<no condition>
(node y=>void {
datetime fake;
node.replace with(E % node.datetime): .javaDate E);

}

Convert ToJodaDateTimeOperation
ToJodaDateTimeOperation
<no condition>
{node )=>void {
datetime fake;
node.replace with(€ ©| node.datetime):

}

.jodaDateTime 5);

Convert DateTimePropetyReference
DateTimePropetyReference
<no condition>
{node )=>void {
datetime fake;
node.replace with(= -

}

node.datetime): . ( node.dateTimeFroperty)”
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composing DSLs

plan LowPay

value Juantity BASE BRATE

1999 - 10 - 01 : 10.0 USD/EsH
value (uantity REDUCED RATE
1999 - 10 - 01 : 5.0 USD/EH

vyyy - mm - dd

value Quantity CAP

1395 - 10 - 01 =

event USAGE

1999 - 10 - 01 =

event SEBE¥ICE CALL

1999 — 0= D

1999 = Ad: = Bl

event Thix

1395 - 10 - 01 =

BaBusD K

50.0 ExH

amount
account

amount

account :

amount
account

amount

account :

integer constant (formula lancuiadge)

: IF({ usage > CAP , BASE BATE * usage , BEDUCED BATE * usage )
: bhase-usage
% 10.0 +
service |t jetbhrains.mps. formulalangiage. structure -
fee * 0,.5- Jetbhrains.mps. formulalanouage. structure B
! Service | Jethrains.mps. formulalanguage. structure —
g Jetbrains.mps. formulalanguage. structure
fee * 0.0psop RATE
i CAP 3
NER(SEP S Jethrains.mps. formulalanguage. structure 1
REDUCED RATE
fee
quantity |
-




comparisons

Xtext MPS Intentional
grammar EBNF/antlr encapsulated !
environment Eclipse MPS !
code : : via MPS or :
: via Eclipse : internal
generation Intelli]
projections EMF & text | textlike (for rich
now)
roject :
POl Eclipse MPS !
ecosystem
L now! soon !
availability :
open source | open source commercial
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questions!

please fill out the session evaluations
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resources

Xtext
http://wiki.eclipse.org/Xtext

MPS
http://www.jetbrains.com/mps/

Intentional Softare
http://www.intentsoft.com/

Martin Fowler’s DSL Work in Progress
http://martinfowler.com/dslwip/
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