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Bruzzone The implementation of a proaramming lanGuace is a complex
task that involves several implementation aspects, such as:

— Syntax and semantics — Error handlina
definition — IDE support
— TType system definition — Documentation

— Code generation

K is usually done in 8 monolithic way with a top-down approach,
where all the aspects are tightly coupled.

This makes the maintainagility, extensigility and reusagility of the
implementation difficult.

Slide 2 of I6
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LSP In a Nutshell
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et In 20l6, Microsoft in collaroration with Red Hat introduced the

aenersation Languace Server Protocol (LSPY.
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The LSP allows the communication retween a Languace Server
and an [DE.

Editor Server
In a Nixtshel N
Language-agnostic Language-specific
editing support editing support

j«— LSP

Editing actions Language actions

Text changes Text Changes
Intrinsic properties: Features:
— Language-aanostic — Diaanostiecs
— IDE-aanostic — Hover
— Asynchronous — Go to detinition
— Text-rased — Find references
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- Initially implemented for Visual Studio Code, the LSP has reen
ederico .
Brorone adopted By several [DEs and proarammina lanauaces.

The Reductions
of Comeinations.
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Initially implemented for Visual Studio Code, the LSP has reen
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Bruzzone adopted By several IDEs and proaramming lancuaaes.
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Feature-Oriented Proaramming (FOP) is a proaramming
paradiam that allows the development of software product
lines (SPLs).
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Feature-Oriented Proaramming (FOP) is a proaramming
paradiam that allows the development of software product
lines (SPLs).

- Feature is a unit of functionality that satisties a
reQuirementt.

- Feature Model is a model that represents the variagility of
the SPL.

- Feature Configuration is a set of features that compose
3 product.
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Lanauaae \Workrenches

Toav:jrf;& Lanauace Workrenches (L\Ws) are tools that allow the

ceneration development of proaramming lanauages, Both GPLs and DSLs.
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Precompiled Native

Languace Modularization Feature IDE LspP LsP
Workeench Supp. Supp. @en Gen.  Mod.
JustAdd © O O O O
Melance e) 3rd p. PA PA
MontiCore © © () (@) (@)

MPS ) O () A g v
R ascal @) @) () @) O
Spoofax ® © ) PAY PAe
Stext (@) © (] [ ) @)
Neverlana @ o O * *
@ Full support © Coarse-arained mod.
O No support * My contrirution
© Limited support % Future Work

Side 108 Ib ©@ Fine-arained mod. 3rd p. Third-party



Scientific Contrirution
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Coories Methodoloay #£or whole LWs +that support at least
Bruzzone component modularization.

- Type System and LSP Modularization.
- DSL (arout 2k LoC) for Type System dedtinition
- LSP aeneration for Neverlana lanauaces.

- Clientt and Syntax Highlichting aeneration reducina the
NnuMBer Of compinations.

- Implementation of a Java Lierary (aeout bk LoC) for
Neverilana to support the type system for every lancuace
developed with Neverlana.

- 3 use cases to show the effectiveness of the methodoloay.
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Scope 1 Scope X

Type System
Components

Score 1 I

Scope X I

Score 1 I

Scope X I
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Scope 1 Scope X

[ Topina Environment ] [ Typine Environment ]

Tre System
Components

Score 1 ]

Scope X ]

Score 1 ]

Scope X ]
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Scope 1 Scope X

[ Tpina Environment ] [ Typing Environment ]
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TE Envtry 1 TE Entry N
‘ ) Taele Envtry 1 || o ‘ DN Taele Ervtry N
Type Definition 1 Type Definition M
Tyee 1 Sianature 1 Type M | Sianature M
Scope 1 Scope X
[ Tpina Environment ] [ Typing Environment ]
Tipe System
) [Type Des 1] [Type Des M] - [Type Des 1] [Type Des M]
Scope 1 I Scope X I Scope 1 I Scope X I
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function suml(x) {
return sum(x, 1);

}

function sum(x, y) {
return x + y;
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N U W e

}

Checking and
Inference

identifier
sum

identiﬂer] [number]

X
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@eneration 1 | function suml(x) {
Federico 2 B Emies; D) — Compilation Unit
Bruzzone 311} . . .
5 | function sum(x, y) { — Compilation Unit Task
6 return x + y; . .
7| 3 B — Compilation Helper

| Task #0 with Priority globa |

function
Task #1 with Priority fun

sk #2 with Priority fun

Checking and
Inference

identifier
¥y
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Lanauace Feature

Artifact 3

e N i

[ Syntax

Artifact |

[ Syntax

Seml I em2|

Modularization
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IdentifierType.nl

module neverlang. core. typelang. types. IdentifierType {
imports {
| neverlang.core. typelang.Formatting;

}

reference syntax {

Identifier <-- /[a-zA-Z][a-2A-Z0-9]+/;

Scopeldentifier <-- Identifier;

CF: Scopeldentifier <-- "(" "$file" "??" /[a-zA-Z][a-ZA-Z0-9]+/ ")";
NT: Scopeldentifier <-- NonTerminal

TI: TokenIdentifier <-- Identifie:
TINT: TokenIdentifier <-- NonTerminal;

}

Tole(translate){
O<template> .{{{#0.text}}}.

$$Formatting.withIdentifier(sn, $SE[0].Text, false);
CF: .

| s$Formatting.withIdentifier($n, #3.text, true);

3.

NT: {

| s$Formatting.withToken($n, 0);

3.

T

| s$Formatting. tokenFronIdentifier(sn, 0);

Pa

TINT: .{
| s$$Formatting. readAttribute($TINT[0], STINT[1], "token");




£ IdentifierType.nl > {} neverlang.core.typelang.types IdentifierType
module fiEVeElang . core. typelang. types.IdentifierType {

1
2
E
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
=
24
7

‘0

imports {
. core. typelang. Formatting;
}

Teference syntax {
$0 Identifier <-- #0/[a-zA-7][a-7A-20-9]+/;

SISI: $1Scopeldentifier <-- $2 Identifier;

CFCF: $3Scopeldentifier <-- #@ " (" #1 "$file" #2 "??" #3 /[a-zA-Z][a-zA-70-9]+/ #4")";
NT NT: $4 Scopeldentifier <-- $5NonTerminal;

TITI: $6TokenIdentifier <-- $7 Identifier;

TINT TINT: $8 TokenIdentifier <-- $9 NonTerminal;

}

role(translate){
O<template> .{{{#0.text}}}.
SI: .{

P - - e
[ CF <-- Scopeldentifier "(" "$file" "??" /[a-zA-Z][a-ZA-Z0-9]+/ ")"

false);

<
$$Formatting.withIdentifier($n, #3.text, true);

A
| $$Formatting.withToken($n, 0);

TI: {
| $S$Formatting.tokenFromIdentifier(sn, 0);

3.

TINT: .{
| $SFormatting.readAttribute(STINT[0], STINT[1], "token");
).
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Interesting results:

— We are writina an article (Code Less to Code More) to re
suBmitted to JSS.

Interesting twist:

— Recyaing the code of the TS to define a new compilation
phase inside of Neverlana.

Future work:
— Define the same methodoloay for the DAP.

Conclusions
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Thanks for your attention!
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Since 1990s, researchers have Been working on the concept
of Software Product Lines (SPLs) to move towards a more
Mmodular world.

Conclusions

Slide I6 of I



Software Product Lines

Toward TSs
and LSP
&eneration

Federico
Bruzzone

Since 1990s, researchers have Been working on the concept
of Software Product Lines (SPLs) to move towards a more
Mmodular world.

— SPLs defines a family of software products.

— SPLs is descrired By 8 Feature Model.

— A Feature Model descrires the variagility of the software.
— SPL variants are aenerated By selecting a set of features.
— A feature (or artifact) is a first-class entity in SPLs.

Conclusions
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Lanauace Product Lines

Toward TSs AppPlying the concept of SPLs to proaramming lancuaces, we

and LSP . .
ceneration oBtain the concept of Lanauace Product Lines (LPLs).
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Lanauace Product Lines

Toward TSs Applying the concept of SPLs to proaramming lanGuaces, we
ceneretion OBtain the concept of Languaae Product Lines (LPLs).
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% Mandatory
« Optional

Or

Primaries

A
A Alternative
O
=

Abstract
) O
MulExpr | | UnaryExpr Primary | | PrimaryExpr Concrete
x x LA
- 7 N // \\ ‘\\ '///\\\ //’

Some achievementts:
— Bottom-up approach 1o lanauaae implementation
Coaces — Reusarility of lanauace artifacts
— Muktiple variants of the same lancguace
Side I o b — Language Workeenches come 1o the rescue



2 pevertang git:(ood-1op) X1

fotal 32

SraerXEox 4 feb feb 4.0K 0L 14 13:06 b
“rw-ro-ro- 1 feb feb 2,46 UL 14 12147 mu\a gradie
drexe-xr-x gra

“rwer--r-- 1 feb fcb 2. 20 11360 gradtew.oat
-rwr--r-- 1 feb 4 May 26 11:66 settings.gradle
S reveriang (it (o1 Y gradte ciem

BUILD SUCCESSFUL in 44gms
1 actionable task: 1 executed
> neverlang git:(nod-15) X gradle generatelSPClient

Task :generateLspclient
neverlang. conpi Ler. Lsp. NeverlangLangLSP
neverlang. conpiler. Lsp. KeverlangLangLse
neverlang.conpiler.sp. NeverlangLangLs?

Deprecated Gradle features were used in this build, making it incompatible with Gradle 9.0.

You can use
ome fron your own scripts or plugins.

For more on this, please refer t

-warning-node all' to show the individual deprecation warnings and determine if they c|

e Command L ine arnings.in tne Gradie doconeriation:

SUILD SuccessFuL in 3
2 actionable tasks: 2 executed
2, pevertang git:(sod-1op) X1

fotal ek

drexe-xr-x 4 feb fcb 4.0€ Jul 14 13:07 build
“rw-r--1-- 1 feb fcb 2.6k Jul
druxr-xr-x 3 fcb fcb 46K May
“ruxr-xr-x 1 feb fcb 8.5€ Nay

|_ine_interface.htnl

1
0.1
-0

o7
b feb ‘iok May 20 11046 sertings gradie.

:

H
1
2
3
s
5
7
8

5
10

b
1

plugins ©
id “java
version '1.

¥

neverlangLspcL

10 “neverlang-lsp-client’
6.1-SHAPSHOT*

ient {

generatorversion = *1.0.1-SNAPSHOT®
" e,

“it uninidi.adaptlab:
“it unini. di.adaptlab:

2Lt
vin-client:1.o.
vscode-client:

Sareror)

l:mm tsp.cl
ang. 1sp.clients vin.VinTenplateGenerator*]
Languagetane - “revertns. compivon Lop heerlsnghongtohe
fiteext -
Sarpatn 10/Libs”
Tauncher « “neverlang. conpiler.lsp.PipeLauncher”

dependencies {

B

6.1-sMApSHOT"
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