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Modern Compilers Are No
Longer Standalone Applications
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Compiler Ecosystem

o IDEs. i.e. VSCode, IntelliJ Idea

o Code Scanners
o Security Scanners:
o Linters, Spot Bug, Sonar Scan, Check Style

o Tools
o Code Formatters, Code Visualizers, Artifact Generators, Report Generators

o Package Management System
o Cross-Compilers

and many more...
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Modern Compiler Trends
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LSP

| anquaqge Server Protocols
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LSP

o Created by Microsoft
o Standardize the protocol for how language development tools
communicate with each other.
o Encourage reusability.
o Features
o Auto complete
Go to definition

O
o Documentation on hover
o Refactoring

and many more...
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LSP

NO LSP LSP
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Credits: https://code.visualstudio.com/api/lanquage-extensions/lanquage-server-extension-quide
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https://code.visualstudio.com/api/language-extensions/language-server-extension-guide

LSP

Credits:
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VS Code
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https://code.visualstudio.com/api/lanquage-extensions/language-server-extension-quide
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https://code.visualstudio.com/api/language-extensions/language-server-extension-guide
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https://medium.com/ballerina-techblog/practical-guide-for-the-language-server-protocol-3091a122b750

WebAssembly (Wasm)

Baiierina
Swan Lake



Wasm

Binary Instruction Format: Wasm is a binary instruction format designed for a
stack-based virtual machine.

Compilation Target: It serves as a portable target for compiling high-level languages
like C, C++, and Rust, enabling them to run on the web.

Performance: Provides near-native execution speed, making it suitable for
performance-critical applications such as games and complex Uls.

Security: Designed to maintain the security guarantees of the web, ensuring safe
execution within a sandboxed environment in web browsers.

Platform Independence: Wasm is platform-independent, facilitating consistent
behavior across different systems and devices.
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Examples

® Run Linux or other Operating Systems in your browser!
o https://bellard.org/jslinux/

® Web AutoCad
o https://web.autocad.com/

® RustPython
o https://rustpython.qgithub.io/demo/

® More Applications: https:/madewithwebassembly.com/

Bainerina
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Al and Machine Learning
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Al and Machine Learning

e Multiple Areas

Tools
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Context aware completion
Bug detection

Code optimization

Natural language to Code
Personalization

VSCode Copilot
https://cursor.sh/
OpenAl's ChatGPT and APIs

Many more
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https://cursor.sh/
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Cloud Based Development

e Developer platform as a service
e Cloud compilers as a service

e Advantages

(@)

Accessibility, Collaboration, Scalability, Reduced Hardware Cost

e Disadvantages

(@)

Internet dependency, Security, Limited features, Performance, Cost over time.

e Products
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(@)

Github Actions
Github Codespaces
AWS Cloud9

WSO02 Choreo

19



Other Trends

Cross-Language Interoperability

DSL

Quantum Computing Language Development
Adaptive Optimization

Energy Efficient

Secure Compilation

and more ...
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Extending Ballerina Compiler
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Compilation Phases As Discussed In The Dragon Book
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Ballerina Compiler - Compilation Phases

Lexical | Syntax Semantic Intermediate Code

Analysis Analysis =®| Optimization |-

Analysis Code Gen Generation

Ballerina Semantic (@) o

: O = o

XML Analysis ® IR 5 8
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Feature Aware Mini Phases

e Rather than having single monolithic phase, we break phases into small
phases based on requirements
e Semantic Analysis

Barnerina
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(@)
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Constant Analysis - resolving compile time constants

Symbol Enter - resolving module level constructs, types, variables, functions,
etc.

Worker Analysis - resolving worker(concurrent constructs) interactions
Semantic Analysis* - resolving statements

Type Checker - resolving expressions

Code Analysis - resolving reachability

Isolate Analysis - checking concurrency.

and more.
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Interutable Phases

e Redesign Phases such that, we can tell upto which point compilation
should run.

e Introduced a compilation phase runner to manage the compilation
requests.
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Reusable Phases and Results
e Redesign phases such that, result of each phase can be reuse.
e Introduced Compiler APlIs.
e Use Generated intermediate code (BIR) as the lowered version.
:/ _P;c;a—ge—A;’l_ S _Cc;m_mlgr_PrTas-eTRu_aner_ _____________ B
|
| Syntax API Semantic - O o
\ Analysis ® = o
——___ _ | 2 R |1 3 L] & |~
Parser - c [ 5._ 5 [=® @
Q Gen ~8-_| [0)
E|C|A|A 3 B
|( Semantic APl| Symbol Table Management
|{ Diagnostic APl | Error Handling and Reporting
Barerina
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Use Cases
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Use Case 1: Supporting Multiple Modules

Package is a logical source code grouping.

Developers compiles a project (using CLI).

A package contains one or more ballerina modules.

Modules are reusable components. i.e import ballerina/http

A module is Ballerina's unit of compilation (CompilationUnit).
o Compiler phases run against a module.
Package Structure

> Parent module
> Zero or More sub Modules

Modules can have inter-dependencies, but no cyclic.
One executable per package, that is for the parent module.

Barnerina
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Use Case 1: Supporting Multip

Baiierina

e Modules
Project En\lji': gjneritent Environment
Package
Module Module Module
Document Document Document Document Document
TextDocument Syntax Tree Symbols
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Use Case 1: Supporting Multiple Modules

Example: ballerina/graphql package

e graphql
e graphgl.dataloader
e graphgl.subgraph

Problems we have to solve.

Multiple compilation units = Multiple compilations
Decide compilation order

Reusable Symbol Table Entries

Single executable = Merge compilation results.

Barnerina
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https://github.com/ballerina-platform/module-ballerina-graphql/tree/master/ballerina

Use Case 1: Supporting Multiple Modules

Our Solution

Use the syntax API to get list of import
statements for each module.

forEach m in modules |[------c-c.-.

Syntax.parse(m)

v

Syntax.imports()

sortedModules = Package.BuildDG()

e Use this data build the dependency graph

e Execute the compilation phases upto BIR
generation, from bottom to top of the
dependency graph.

e Reuse BIRs of compiled modules

e At the parent module, execute full
compilation to get the executable.

Barerina
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v

forEach m in sortedModules |------

Package.Compile
(m, IR_GEN)

v

Package.UpdateCache
(mBRI)

3

executable = Package.CodeGen()
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Use Case 2: VSCode Show Diagnostics

Document did
Change

Package API

¥

5

Document did Open

Find Project
Root

Diagnostic API

\

—Dl Build Project

Barnerina
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—4 Get Diagnostics
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Use Case 3: VSCode Code Completion

function foo() A
int a = 10;

Start .

et e int b = <cursor>

Document Syntax API
Service }
Completion /

P Prune Source and Temp Update Document
arse Capture Tokens Content

Source J

Pruner ‘

Capture Tokens Upda(t:ec:)r?tzi;ation
Package API
\ Compile Module o
It
Reseorlr:le Resolve Visible Reolve Within Resolve Within
Capture Scope . Scope Cofitaxt Sort Items
o S Co——
Baierina Semantic API
SwanLake




Use Case 4: Compiler Extensions

e Extend language semantics
e Kinds

o Validate Code

o Modify Code

o Generate New Code and Artifacts
e Examples

o Code Validation

= Http resource function can have only certain parameters.

= Validate annotation attachments.
o Code Modifications

m Attached OpenAPI specification as attachment.
o Code Generation

» Generate docker and k8s artifacts.

Barnerina
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Use Case 5: Visual Features

Architectural design view - Services

« > £ project (Workspace) D8 o
@ EXPLORER Architecture View X ui]
v PROJECT (WORKSPACE) - [ i il
— . o ¥ - |l o
T Service Diagram: Level 1 Packages ] "§ TreeLayout ~ || + CoMPONENT
> cartservice
> checkoutservice
> currencyservice
> emailservice > GRG Ads
> frontend
> paymentservice
> productcatalogservice
> recommendationservice ‘6RPG: Cart
> shippingservice
> client_stubs
> i
HTTP (& Frontend
@ %RPE: Currency
Googleapis.Gmail
Endpoint
GRPG: Email ——— nopl
S
Sienrrr L
/PG Checkou §
%P6 Payment
©tP6: Recommendation
PG Catalog A
&
GRPG: Shipping
+
> OUTLINE -_—
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Use Case 5: Visual Features

Architectural design view - Resources

Bainerina
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Use Case 5: Visual Features

Architectural design view - Types

Bainerina
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Bainerina

Use Case 5: Visual Features

ervice designing

EXPLORER

RESTAPI

tainer son t ballerina/http;
gifanoe int port = 8080;
Ballerina.toml

s toml 1

service.bal

(1d) albuns [

{1d: "1", title: "Blue Train", artist: "John Coltrane", pr:

{id: 2", title: , artist: “Gerry Mulligan", price: 17.9
, title: Vaughan and C artist

Listener(port) {

get albums(
albuns. toArray();

get albums/[string id]
Albun? albun dl;
f albun

Albumhtt

album;

post albuns (ef y 1 albun
albums . add album);

return albun;

delete path/[string id
albums [id

? param;

OUTLINE

TIMELINE

5 Overview Diagram %

@ @ restapi

servicebal

Types

, pric (x) Album

ModuleVariables

V port

tFound|http:

V albums

1 albun)

Ballerina
? param,
Albun? album = albuns [id];
if album
return NOT_FOUND;

OUTLINE i

®0

TIMELINE

0 Wo

ca@

Service /

restapi

restapi

path/|

Configure Resource

HTTP Method”

GET ¥ path

+ Add Path Param

Parameters.
+ Add Parameter

Advanced Parameters Show

Responses

+ AddResponse

Gancel m

Lng,Col 19§ 4

Ballerina_2201.7.2 (Swan Lake Update 7) &3 L



Use Case 5: Visual Features

Data mapping

main.bal Diagram — integration-samples

& main.bal Diagram X

& main.bal
Data Mapper: ( configure
calendarListe

onNewEvent (calendar:Event payload

calEvent:  triggergoogle colendor Event v teioCards

ards card = calEventToTrelloCard(payload);

kind:  strn
trello->addCards (card);

o closad: string

etog string desc: string
e wing v sting
string twillioMsg = calEventToMessage (payload);
twilio->sendSms (twFromMobile, twToMobile, 4 ot ae Mefloumst a0
hemilink?: string @AttochmantCover: string

creted?: s

Boord: string
log:printError(string "Fai wpdated?: string dCardSoure: sting
toDeadLetterChannel(payload, e);

cummary?. string dLobele: sting

description st string

location?: string dMombors:  string

t payload
colord? keopFromSourca:  string
crvatorr: User iobets
onEventUpdate(calendar:E
oanizer? User

stort?: Time pos: sting
date?: string subscribed: string
calEventToTrelloCard(calendar:Event calEvent)
doteTime?: sting wiSource: string
alEvent. summary
timeZone?:
and?: Timo

doter:

doteTime?.  string

tmeZone?: 5
calEventToMessage(calendar:Event calEvent)
endTimeUnspecifiod?: booloon
string "N r rea calEvent. summary
! LEvent.end?.dateTime

B P - toDeadLetterChannel(calendar:Event calEv
anerina .

% § initial_samples b Ballerina SDK: 2201.3.2 (Swan Lake Update3) ® 0 A 2 4 Live Share

recurrence?:  string

rocumingEventia?:  string




Use Case 5: Visual Features

Data persistence

N ) Entity i ip Diagram — balll backend DB M 0
model.bal M > Entity Relationship Diagram X 00 see
entity_model > persist > §§ model.bal > §3 Submission > S
1 import ballerina/time; Entity Relationship Diagram X Collapse
2 import ballerina/persist as _;
2 |
4 type User record {|
e i
5 5 readonly string id; Choasos
6, string username; Qo sns
7 string fullname; 1
8 string role; i ChallengesOnContests e i
9 l Challenge[] challenge; 3, W stiing Sreotdims oM
107 Contest[] moderatedContests; = chalienge Challengo tomplateFile bytel
11% Submission[] submissions; - e \ recdimefile oyt
2 I e mm| ] e s
{ testCosesle bytel
14 type Contest record {| { Nieng
15 Feadonly S titig He; i Gontest \ . contests  ChallengosOnContostsl]
16 string title; Su — e Lo
17 R byte[] readmeFile; tile string submissions. Submissionl]
18 time:Civil startTime; readmeFiie bytel] )
19 time:Civil endTime; startTime cwil \ / Submission
20 string imageUrl; anditime — “ Q, w string
2 ChallengesOnContests[] challenges; * — " / e ————

Submission[] submissions;
challenges  ChallengesOnContests{]

N
[N

2 User moderator; n
24 1} submissions Submissionl R cholenge  Challenge
25 modarator T / R — contest Contest
26 type Challenge record {| user User
27 readonly string id; / ooy
28 string title; Hu G R
29 time:Civil createdTime; ‘ usemame string
30 byte[] templateFile; \ | fullname string ) <
31 ) byte[] readmeFile; = — g
32 string difficulty; N ra
33 byte[] testCasesFile; i 2 “7 chotenee Eioteryel
34 § ChallengesOnContests[] contests; STl modersteaContests (RN +

(1] n 35 l User author; submissions Skl

D 362 Submission[] submissions;
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se Case 5: Visual Features

ext and graphical syntax parity

main.bal Diagram — integration-samples

25 main.bal Diagram X
g PR> @url
ballerina/http;

ballerinax/googleapis.sheets;

string
string
string

githubPAT = ?7;

sheetsAccessToken
spreadSheetTd
string sheetName = "

%

PR {
string url;

string updated_at;

main() 74
http:Client github
<string> head

("https

ept": "applicat

n/vnd. github.
y " + githubPAT

ion

[l prs

github->/repos/octocat/Hello\-World/pulls(headers);

sheets:Client gsheets ({auth: {token: sheetsAccessToken}});
eck gsheets->appendRowToSheet (spreadSheetId, sheetName,

: “Updated A

var {url, title, state, created_at, updated_at} in prs {
gsheets->appendRowToSheet (spreadSheetId, sheetName, &
[url, title, state, created_at, updated_at]);

X § initial_samples*

@  Ballerina SDK: 2201.3.2 (Swan Lake Update 3)

@142 # Live Share
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Key Lessons from Developing Ballerina Lang

It is a Platform

Continuous Adaptation
Incremental vs. Radical Change
User-Centric Development

Bainerina

42



Find out more...

e Learn Ballerina

(@)

O O O O

Learn pages

Ballerina by example

Ballerina VS Code extension

Ballerina training video series

Ballerina certification

e Join the Ballerina community

@ Discord = stackoverflow
ballerinalang Tag : ballerina

Barnerina

Swan Lake

X () GitHub

@ballerinalang

ballerina-lang
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https://ballerina.io/learn/
https://ballerina.io/learn/by-example/
https://ballerina.io/learn/vs-code-extension/
https://www.youtube.com/playlist?list=PL7JOecNWBb0LfllJWrKpu95tu0HQBI2of
https://wso2.com/training/certification/certified-ballerina-developer-swan-lake/
https://discord.gg/ballerinalang
https://stackoverflow.com/questions/tagged/ballerina
https://twitter.com/ballerinalang
https://github.com/ballerina-platform/ballerina-lang
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