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A3 Build uaz Bundle uailwatazuawia lvai

(Build and Bundle)

® n17 Build kaz Bundle LLaﬂwﬁmfumm@ﬂmyj

® U‘ﬂ‘ﬁl 14: N7 Build L8z Bundle LLaﬂWSLﬂfmm’mslM@j@T’m Bun
® N1330M7 bundle mm@ﬂ‘my'uaz code splitting

® N7 optimize tree shaking L@z dead code elimination

® Masen Build Pipeline @28 Bun

® N1IIANT Assets LAz Static Files

° @”aasi’mymnms

UN¥ - N9 Build uaz Bundle walwatazwawialval
Tulanvasnmanawiivnadwiesusislnl nmssanmanuldsanduwmalngdaduanuring
o A a o Y [y v o 4 A
feny thasnnuadwaesumaidndsznaumislaadwinannuaz Ing assets Nnarnwaiy n1s
build W&z bundle leaateddsz@ntanwdadudssidunelinisvinausuiuuaznis deploy
1wliagnevaasa
& A o @ A o ' . & o A

wisluinafiadanfe n159@N13 bundle 2w1ATnAiLaz code splitting Tta8lWldan
;ﬂ%ﬁaoi%aﬂluLL@iazﬂ%'aﬁmuwmLﬁnaa a&awalﬁnmiumﬂmwﬁﬁL’ﬁua@muazﬂsmumszﬁ;ﬁ%ﬁ
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2% NIULS bundle  adrananzaudItalAnINaBIEIITnalinadInd1e 9 vasuadlasla
NIENUNITZUL

wanankh N3 optimize tree shaking L@ dead code elimination Wunatansioae

o v A o ° o o a a & o
e e bundle Taanisaalaan bailaltaanyl ﬂﬂﬂﬂ@g@mﬂﬁﬂizawﬁmwmﬂmu LRIt
ﬂimﬂ'@Lmuﬁ?mm:ﬂfwmmmaa@% ﬂﬁiﬂszﬂqﬂ@ﬂfmﬂﬁﬂmmﬁﬁaamﬁ'amwmfﬂmf‘mﬁﬂ
Lﬁmﬁ'ﬂmaaﬁﬂugamaammuazm?aaﬁa build
< . . . 1Y & A e o d. o« = ° =

N13@9A" build pipeline @28 Bun 1dudnwatandamn 1489910 Bun Wiawaanauialu
M3 compile L&z bundle MwianitiaIasdaldu § 1801513 runtime UL high-performance ¥in
IWinWaaanInaing pipeline ATaiiiuaziantu 30970MNIMINQWILLY local  UAZNNT

deploy Tu production environment
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wanNlAALEY N3 IANTT assets Uaz static files 111 JUN W lanau fonts uazlnd
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daz@ninw uazaadym IWsaeanianialnaatiluszninansldiuwais
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119 Build uag Bundle walwalazwawia lval

e M39@N13 bundle mm@ﬂ‘my'ua: code splitting

N7 optimize tree shaking LRz dead code elimination

137961 build pipeline @78 Bun

NN39ANT assets WA static files

1 @ﬁﬁ'ﬂm‘s Bundle 2@ 1%a) uas Code Splitting
ynn
o uwatwdiatulng 9 snfldanareniuusima
o tmwnnatadulWaidos (Single Bundle) azlnaath waslfusmaslunonsudu
o $uudas uanlaa (Code Splitting) tWolWlnaaianizainfis i
LIAA Code Splitting 1% Bun
o Bun 38950 ES Modules ¥nl#aunsa s Dynamic Import laviud
e Bun bundler 3z&379 Mauean (chunks) 1¥lasanlui
e LAWNZNU SPA, SSR, w3audle CLI tools
A20819:
/I main.ts

console.log("Main app loaded");

I Iuaﬂimgamwmﬁaﬂ@ﬂu
document.getElementByld("load-report")?.addEventListener("click", async () => {

const { generateReport } = await import("./report");

Bun.js Web Programming: Advance wih 2
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generateReport();
b;
/I report.ts
export function generateReport() {

console.log("Report module loaded!");

}
NaansLia Build:

o Bun 3:8319 W& bundle 1%L main.js

LRZRINN chunk WNUBY report.js

1%aq reportjs lawizaaufiglidains

©

NAUUA initial bundle

. X y
o 523ulunsiusn (First Load Time)

2@’15 Optimize Tree Shaking llaz Dead Code Elimination
ANNKNY
o Tree Shaking: auiﬁ@ﬁ"l,sjvlﬁgﬂlfmuaamm bundle
« Dead Code Elimination: auldaf lifiniesule imu:
if (false) {
console.log("az laifiiusu");
}
1w Bun.js
o Bun I esbuild-like optimization melu
o sassumisuldanlilals lagssan ESM imports
e msdouldalst pure wazld import LUDL1A9 92128 Tree Shaking lerunndiu
@a819n131 8 autige Tree Shaking:
/I utils.ts
export function usedFunc() {

console.log("This is used");

}

export function unusedFunc() {

console.log("This is never used");

}
/I app.ts

Bun.js Web Programming: Advance wih 3
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import { usedFunc } from "./utils";
usedFunc();
o build:
e Bun 328U unusedFunc aanlUlasaaluia
Tips:
o 1 —-minify iasaldauazdans optimize IRULA

o WANLRBINTIG require() LUL dynamic thasnnl# Tree Shaking ¥inawL@xf

3(1 J150%¢n Build Pipeline 428 Bun

RAHA

. LLaiJ’Lmy'@Taaﬁmgu@lau build AIT@LI% L% transpile TS — bundle — minify — copy
assets
e Bun s’sunﬂmgu@auf?l,@"'l,u@”’; lsidas@incs webpack, babel, rollup tein
Tassaselusiandanasine:
project/
src/
index.ts
components/
App.tsx
public/
images/
bunfig.toml

bunfig.toml (ﬁﬂﬂ"] Build Pipeline):

[build]

entrypoints = ["src/index.ts"]
outdir = "dist"

minify = true

target = "browser"
splitting = true
A1d9 build:
bun build
H97 Bun o alusia:
1. Compile TypeScript/JSX
2. Bundle 1azvi1 code splitting

Bun.js Web Programming: Advance wih 4
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3. Minify
4. a3lwaln dist

4@155@1711‘5 Assets uag Static Files
Tyn
o uatvmalngidng static tuaz 13w 3N, CSS, Waud
e G8INNTID copy 138 serve assets 8619370132
Tw Bun.js
o Bun hidadil server middleware wn (1% Express static)
e FINNID serve assets @3937N fetch o
o W30lT static directory &N LLAZ build script copy 80 luNa
201819 Bun HTTP Server i serve static:
import { readFile } from "fs/promises";

import path from "path";
const publicDir = path.join(import.meta.dir, "public");

export default {
port: 3000,
async fetch(req: Request) {
const url = new URL(req.url);

const filePath = path.join(publicDir, url.pathname);

try {
const file = await readFile(filePath);
return new Response(file);

} catch {

return new Response("Not Found", { status: 404 });

}
}
I3
1 Build Pipeline:
o 7 script %38 bun build --copy-assets Lﬁaﬂ”@aaﬂvlwgﬁnﬂ public/ —> dist/public/

o Bun bundler 31150 W8 static 191 bundle lasass anviuls import.meta.url 1iNe embed

Bun.js Web Programming: Advance wih 5
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[ &31maka Build & Bundle §w3ulysiond gl ln Bun.js
1. 1% Code Splitting Lﬁaamm@ initial load
2. Wunlanli Tree Shaking 111911918 LTWlE ESM imports
3. @3@1 bunfig.toml [RBMMAUA build pipeline ATALI%
4. 9AN17 assets MALBANEAN “ng\‘l serve Q33T copy A8l build
5

o --minify waz —-target=browser Nal#laauMALENUALIANIEAL production

un#l 14: N13 Build uay Bundle wailwatazuawia lvaiaag Bun

iy = A a a o v I3 & ' v e
U‘numamsaaamﬁ@]yﬂiwmsuumammuiﬂswnsﬂmy @]dLL@m’]iLLUﬂIﬂ@ (code splitting),
tree-shaking/dead-code elimination, lyaudiansasdn build pipeline LAZN1IIANIT assets/static

2t duIzuUe28 Bun.build taz CLI 84 bun build

1) 917 bundle Tnaiuaz Code Splitting
Walsaasuanlan
e &M (route) ey 9, wifeasiilivies, editorviewer aunalngj, W3a dependency
Ngy “rarely used”
« T8 TTUFirst Load uaziiy cache efficiency (IWananianas wasutostoyss)
35v111% Bun
o 1@ chunk splitting Al splitting: true (API) %30 --splitting (CLI)
o o import() Lmuvl@mﬁmﬁmmﬂ chunk @14 boundary ‘ﬁlﬂmﬁ’mumad
o %anY entrypoints 33819416 W& entry + shared chunks weni
A10819
/I src/main.ts (entry Wfﬂ)
document.getElementByld("btn-report")!.addEventListener("click”, async () => {
const { renderReport } = await import("./features/report");
renderReport();
b:;
/i build.ts (80316 build LU programmatic)
await Bun.build({
entrypoints: ["src/main.ts"],

outdir: "dist",

Bun.js Web Programming: Advance wih 6
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splitting: true,

format: "esm",

sourcemap: "linked",

minify: { whitespace: true, identifiers: true, syntax: true },
b;
splitting, minify, sourcemap, format, entrypoints, outdir uaatruly BuildConfig w83
Bun.build. (Bun)
NG \ofivany entrypoints Bun aza$191Ws entry + shared chunk 1#8alusia uazsansn
@lgdgﬂLLUU%aleﬂﬁﬁ’m naming.entry, naming.chunk, naming.asset (L°ﬁu1§<"( content hash) L‘ﬁia

) A o X
978 cache/CDN Nusaanadiw. (Bun)

2) Tree Shaking LLae Dead Code Elimination (DCE)
AMVAN (ﬁj‘ﬂt‘ﬁb)
« Tree shaking: StaTznWmIBunasaiioaanastwaand s “laignld” aan
« Dead code elimination: auldafi “laifiusi’ (LTURIV if ﬁﬂau"lmaa?ﬁgaﬁ’j’] false
BHD)) ﬁ%ﬂlf%‘ﬂﬂﬁgﬂ drop
97 Bun ¥in 1w
«  e1lnaa jsits/tsx/jsx 189 Bun 19 DCE + tree shaking {ud115uduaa1 bundle tag (laid
@Tawiiml,ﬁu) Batreld output A201AUAZLANAIAILALT. (Bun)
mahataSaia R awnsdn
« a1 minify (laslanz syntaxidentifiersiwhitespace) tiatdlanislw DCE ¥nsuanin.
(Bun)
o 7 annotation/mmmmﬁLﬂuﬁjﬁﬂmau bundler:
o 18/ @ PURE_ * UwWsrTud side-effect-free Lﬁalﬁgﬂé’@Laaﬂwaﬁwﬂﬁgﬂ
15
o package.json U841auUT3: sideEffects: false (ﬁaszi_qlmsw"l,mfﬁﬁwaiwaﬁm)
. m”al,ﬁaﬂmzugolu Bun:
o emitDCEAnnotations: 14AUl& @PURE annotation 1ajag minify La2
o ignoreDCEAnnotations: 913 annotation/sideEffects (131w workaround 1l
laum3azyfia)
o drop: szyﬂaaafﬁlﬁauﬁa (LT console.*, debug) IxWINIUULAN

ninuatatlu BuildConfig. (Bun)

3) @9@" Build Pipeline a2g Bun

Bun.js Web Programming: Advance wih 7
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N19Laan 2 @18: CLI vs API

cLi: aseluasaan wanzruwelviallic
bun build src/main.ts --outdir=dist --splitting --format=esm --minify --sourcemap=linked
API (Bun.build): anguinitanududan (vanamiine, Uandu, 1aul)
// build.ts
const client = Bun.build({

entrypoints: ["src/client/index.html"], // HTML dw entry &

outdir: "dist/client",

minify: true,

splitting: true,

publicPath: "/static/",

naming: { entry: "[name]-[hash].js", chunk: "chunks/[name]-[hash].js", asset:
"assets/[name]-[hash][ext]" },

s

const server = Bun.build({
entrypoints: ["src/server/index.ts"],
outdir: "dist/server",
target: "bun”, /! Iﬁ’@lﬁfﬂLfﬁWL’Jﬂfﬁ?‘uuu Bun runtime
packages: "external", /1 'lai bundle node_modules Lﬁiaamjm@
format: "esm",
sourcemap: "external",
minify: { syntax: true, whitespace: true, identifiers: true },
drop: ["console.debug”, "console.trace"],
bk
aalTwatng packages: "external”, publicPath, naming, target, sourcemap, drop

ilu BuildConfig w83 Bun. (Bun)

v []
Watch/Dev & WNUWADWNLANIZHN

1% bun build --watch SzrIINaW YN lau3 (SHnn) wazidansendes buid lUsen
T4 (Bun)

14 tsc —-noEmit Lnauaat type-check (Bun 'Mivin typecheck 55319 build) waals
Bun.build ¥wiinfinsudlwsafuda. (Bun)

Plugins ABW:

Bun.js Web Programming: Advance wih 8
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o lulwua production build K1w CLI 83 119 — dandwidia 9 156w API
(Bun.build) %38 dev server #1% bunfig.toml. (Bun)
Target/Format/Bytecode (d’mﬁr‘d 133¥lnas)
e target: "bun" + format: "cjs" Danala bytecode: true LﬁiaLi\‘l cold-start (LLaﬂﬁU1W§1%EQ

g v Y v
Yuanday) — ENUY serverless/Bun-hosted T@HadNIA. (Bun)

4) N139AN"13 Assets WAz Static Files
HTML/CSS/Assets LL11) one-stop
o 1A HTML Ju entry U&7 bun build 32
o bundle & hash <script src>, <link rel="stylesheet">
o Amsanuazzlnw dla Waud vay uazidsuwislniliaaluid

e bun build ./index.html --outdir=dist --minify
ﬁ'df:ﬁﬂﬁa%’m static site/landing page e zero-config LazE978930RaNe HTML
entry/glob laene. (Bun)

¢ CSS:

o Bun 3 CSS bundler luen (minify, CSS Modules, transpile Wwafmi'ﬂlmj,
vendor prefixing) Waz378 CSS 310 @import/import 14 JS 1JulWade entry &
8@ Luaid. (Bun)
File & HTML Loader (§1@synu CDN/caching)

« file loader: 1281 import logo from "./logo.svg" @ah build Bun azaasaninaluf outdir
wazauandunisuasindin (Waswiu absolute/relative @ publicPath). ' lWg
fNRUAGIE naming.asset. (Bun)

« publicPath: a3 prefix dunslndlwaanunily CON 1w /static/ w3e
https://cdn.example.com/ laviud (El,“ﬁ)llﬁﬂwu asset ‘ﬁ?mmﬂ) — MwIINNU naming.asset
‘ﬁlﬁ content hash L‘ﬁia cache-busting. (Bun)

e HTML loader: glLni <img>, <link>, <script> 489 LA bundle/copy/hash LLaz rewrite W1T
1% 1w full-stack build (~target=bun) n13 import HTML 919 manifest object el
Bun.serve 1&g nTnaa 3 arswinlafissdnsnw. (Bun)

w3n: (@30 static Tulusansuils Bun
11 oG SWIWER build uda
const server = Bun.serve({

port: 3000,

fetch(req) {

const url = new URL(req.url);

Bun.js Web Programming: Advance wh 9
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if (url.pathname.startsWith("/static/")) {
return new Response(Bun.file("dist${url.pathname}"));
}
return new Response("OK");
3

b;
1 full-stack build 71 import HTML 1% entry, Bun ﬂxlﬁ’ﬂql’agmLﬁvaa‘Lﬁa@{w asset Miwaaly

. oy
ldmzainiedn. (Bun)

5) gijuunn'ls@fﬁgavlﬂaf(naming) ez Source Map
o UL naming leaziBua:
e naming: {
. entry: "[name]-[hash].js",
o chunk: "chunks/[name]-[hash].js",
o asset: "assets/[name]-[hash][ext]"
o 1},
e publicPath: "/static/",
e sourcemap: "linked" // 738 "external” §1%IU Cl/prod
S RHINE
o Long-term caching @28 content hash
o Ialazs dist/ lﬁlﬂuﬂm(ﬂﬁg (chunks/assets) TaLA%
o LRanTia source map Ikmangny production/debug
(@‘i"JLﬁaﬂ sourcemap: "none" | "linked" | "external" | "inline"). (Bun)
6) 2aA233xdsuwriiadwmsulisidnd vy
Tan & Dependency
«  ®ANLABY “barrel file” 7 export nﬂazi'ml,mmmvlmf IWINZ1RAUIZRNTAN tree-
shaking
e 78U import { fn } from "lib/subpath” 41NN import * as lib from "lib" 1umtﬁvl,amﬁﬁ
side-effects JaiTa
e G sideEffects Tanlulaunivasqoues

e LN boundary §28 import() mug@ﬁﬂ’l‘*ﬁn@/tﬁumn/lmmLLacﬂﬁu

(=g}
2
Do,
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AuviilidosianinSeu

o #W3U server build: 17 packages: "external" VWAL WLAR (Ivmmrm node_modules
AOUIUUNG) LIUGAAMADINNT single-file artifact 9349 9. (Bun)
o 1% drop: ["console.*] tNaauaaaslais1dusanarnlusendi. (Bun)
o 7 bytecode: true (W%'amf‘liauvlm target: "bun" + format: "cjs") §1ATLINY server ‘ﬁlﬁadmi
cold-start 7112310, (Bun)
Assets/CDN
. o publicPath 1#@359AULEUN1I CDN 339 ULaTATIIFALIN reverse proxy & Cache-
Control ‘ﬁmmmu
o 7 naming.asset + content hash L&ua Lﬁia cache-busting
DX/CI
o &N step: tsc --noEmit (typecheck) + bun build (bundle)
o 1@ —-watch lu local dev viiin; lu CI vinlusansu build a351den

« @733 "y DCE” 18mMIuIna bundle Lisuiiauiawynasida minify uazizy drop

7) a3Un N30 Workflow Ubzihn

1. WU
o bun index.html %38 dev server/MPA; import CSS/asset @uUNG
o 1% import() 219 boundary M3lwaauuy lazy #niuRiaasing
o bun build --watch Lﬁaﬁaamaau bundle 14 local. (Bun)

2. Tusanzw (Client)
o bun build ./index.html --outdir=dist --minify --splitting --sourcemap=linked
o @lgd naming.* + publicPath lkinaneny CDN. (Bun)

3. Tusanzw (Server)
o Bun.build({ target: "bun", packages: "external”, drop: ["console.*"], sourcemap:

"external" })

o AT bytecode: true T@aINT cold-start 3. (Bun)
N139AN13 bundle 2W1A InaiLas code splitting

1 @zymmaa Bundle 211 )
luldsiandlwg) 15w SPA, dashboard, n3aszuunTuiiaasioas
o invdaldaninuadulwsiden (single bundle)

o Initial Load Time (11811¥1aaATILIN) 2LU
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o TTI (Time to Interactive) i
o 'IWdlna¥in 1% cache invalidation Lias (1WRsulaaiaifedaslnaa lWslnang
nau)
AI d"/ v Y
o Ffnszny UX lasass inzglddassauu

] 35unfa Code Splitting — nsuanlaaaanidu chunk gae 9 uazlraailadiin

2 @ode Splitting Tw Bun.js
Bun 3895UM3¥1 code splitting ¢ 2 WUURAAN
2.1 Automatic Splitting Al splitting: true
e splitting @8 build:
bun build src/main.ts --outdir dist --splitting --format esm
Bun 32:
e 3A7z% dependency graph
o usnlwa library/common aantdu chunk Na"y
o A entry wan (LT% main.ts) F2U1ALENEY

e W& chunk ﬁ]::gﬂIVia@]E.]u@liu&lm&ﬁaﬁﬂ’]ié"mﬁd

2.2 Manual Splitting Al Dynamic Import
14 ES dynamic import (import()) tAaven Bun Inlilnaaldasiuiiueanlng
/I src/main.ts
document.getElementByld("btn-report")?.addEventListener("click", async () => {
const { renderReport } = await import("./features/report");
renderReport();
Bk
/I src/features/report.ts
export function renderReport() {
console.log("Report loaded!");
}
\§io build @28 --splitting:
o main.ts zidulnanan
e reportts azpnuuLAaLdn chunk Lan (report-XXXX js)
. Iua@mwwmauﬂ@ﬂw

3 @mmamsﬁ'ﬂms Bundle 2141 1
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AuviilidosianinSeu

LLgNAIN Route/Page

f |4 SPA %38 Framework 1% React Router:

const Page = lazy(() => import('./pages/Page"));
LL@iﬂt%ﬁj’]’QZﬂﬂ’lULﬂ% chunk &N

ugna1d Feature Module

Wen logic %38 component ﬂ@;ﬂmy' L% analytics, admin, report
e Third-party Libraries

119 library 1%aj 1% Chartjs, Three.js A3lnaauen:
const { Chart } = await import(‘chart.js');

1% Multiple Entry Points

@i‘mmy entry 1% Bun:

bun build src/admin.ts src/client.ts --outdir dist --splitting

4@mﬁmﬁuﬂs$an%mw

\Ja minify tivaanawa bWa:

bun build src/main.ts --splitting --minify --outdir dist

5 naming.chunk LLaZ naming.asset & content hash \Na cache busting:

naming: { chunk: "chunks/[name]-[hash].js" }

19 chunk 13w /static/ waa99 publicPath 1#lwaatH14 CDN

5 @@ﬂ Workflow W11

1.

2
3
4.
5

1M9las9a9lU51and 395U split (feature/module separation)
1% import() #w3ulnaaldauuy lazy

1@ --splitting WAz --minify @aw build

M output naming/hash Lﬁalﬁ' cache-friendly

1% CDN &30 chunk way asset

6 Tusunsa (Wugnw 3 + LLmﬂszqﬂ@T 3) #WIUWITE "N139AN1T bundle WA IWAILAE code

splitting" Tu Bun.js lagaziing

Tassasslisiane
Taaanlna
aasuslanazidan

NAN133% (Mock-up AUANULDII)

Bun.js Web Programming: Advance
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Part 1 — lulsunsaingiw (3 Arae19)
Tusunsadingiuii 1 — Dynamic Import &1%3uan2u1a Bundle
Taseasne

bun-code-splitting-basic1/

bunfig.toml

Twa: src/math.ts

export function heavyCalculation(a: number, b: number): number {
console.log("[] heavyCalculation module loaded!");
return a ** b;

}

Twa: src/main.ts

console.log("L] App Started");

document.getElementByld("calcBtn")?.addEventListener("click", async () => {
const { heavyCalculation } = await import("./math.js");
const result = heavyCalculation(2, 10);
console.log("Result:", result);
Bk
Twa: bunfig.toml
[build]
entrypoints = ["src/main.ts"]
outdir = "dist"
splitting = true
minify = true
A1asu1Y
o 1% import() WuU Dynamic Lﬁiaiwaﬂiw@amW"nzLﬁaﬂ@ﬁu — aauW1a bundle 5UAU
o Bun 3@ IWALEN LU main.js WAZ math-xxxxx.js
o mitminggmsufnesilidasnaariu
NAaN1I% (318 09)

| App Started

Bun.js Web Programming: Advance wih 14
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uﬁaﬂ@ﬂw)
| heavyCalculation module loaded!

Result: 1024

g { 1 6
Tusunsafug1uil 2 — uiis Chunk maliaas
¥
laseaing

bun-code-splitting-basic2/

src/

main.ts

chart.ts

L report.ts

bunfig.toml

TWa: src/chart.ts
export function renderChart() {
console.log("[] Chart module loaded!");

}
Tola: src/report.ts

export function generateReport() {

console.log("[] Report module loaded!");

}

V[‘Nif: src/main.ts

console.log("[] App Started");

document.getElementByld("chartBtn")?.addEventListener("click", async () => {
const { renderChart } = await import("./chart.js");

renderChart();
b;

document.getElementByld("reportBtn")?.addEventListener("click", async () => {
const { generateReport } = await import("./report.js");
generateReport();

b:;

Tla: bunfig.toml

[build]

Bun.js Web Programming: Advance wh 15
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entrypoints = ["'src/main.ts"]
outdir = "dist"
splitting = true
A1a51u18
o U1 chunk 1J% chart uas report
o InaaaunInszviwassld — aq initial bundle size
. mmzém%’m:uuﬁﬁ%mUWLaa‘iL@iQ’Lﬁ’LﬁLﬁmdmu
NAaN133
| App Started
(iilana Chart)
__| Chart module loaded!
(L:ﬁaﬂ(ﬂ Report)
] Report module loaded!

lisunsafingiuil 3 — Code Splitting + Lazy Rendering
Tas9a3n9

bun-code-splitting-basic3/

gallery.ts

bunfig.toml
Twa: src/gallery.ts
export function loadGallery() {

console.log("[] Gallery module loaded!");

}

Iﬂfcf: src/main.ts

console.log("[] App Started");
let galleryLoaded = false;

document.getElementByld("galleryBtn")?.addEventListener("click", async () => {
if ('galleryLoaded) {
const { loadGallery } = await import("./gallery.js");

loadGallery();

Bun.js Web Programming: Advance wh 16



galleryLoaded = true;
}

D;

Tna: bunfig.toml

[build]

entrypoints = ["'src/main.ts"]

outdir = "dist"

splitting = true

A1a5u18
o Inaaluga gallery laWZASILINALEEN
. esnunslnaadiiaaanmsliniiaanud
e LWANZAU UI ﬁiﬂa@ﬁagaﬂ%lﬁm

NAaN133%

] App Started

(NAASILIN)

| Gallery module loaded!

(nagn)

(no extra load)

Part 2 — lilsunsauwadlszand (3 a2a819)
uwatlszandi 1 — lnaaluaa Al lawizaawldom
Tas9a39

bun-code-splitting-adv1/

bunfig.toml

Tvla: sre/ai.ts

export async function runAl(input: string) {
console.log("[] Al module loaded!");
return "Al processed: ${input}’;

}

TWa: src/main.ts

console.log("[] Dashboard Started");

4 o v A
g{uwuq’?{ammumiau

wih 17

Bun.js Web Programming: Advance



4 o v A
g{uwuq’?{ammumiau

document.getElementByld("aiBtn")?.addEventListener("click", async () => {
const { runAl } = await import("./ai.js");
const result = await runAl("Hello World");
console.log(result);

b;

Toa: bunfig.toml

[build]

entrypoints = ["src/main.ts"]

outdir = "dist"

splitting = true

NANI3%

__| Dashboard Started

udlona Al

| Al module loaded!

Al processed: Hello World

uw3szanan 2 — lwaa Visualization Library lawizaanilansv
Taseasne

bun-code-splitting-adv2/

bunfig.toml
Twd: src/d3.ts

import * as d3 from "d3";

export function drawGraph() {
console.log("[] D3 Graph module loaded!");

}

Iﬂfcf: src/main.ts

console.log("[] Analytics App");

document.getElementByld("graphBtn")?.addEventListener("click", async () => {

Bun.js Web Programming: Advance wh 18



const { drawGraph } = await import("./d3.js");
drawGraph();
1

NAN1IIW

| Analytics App

(Lfiaﬂ@ Graph)

| D3 Graph module loaded!

Ltuaﬂizqnﬁﬁ 3 — Progressive Loading 29K eCommerce
Tasease
bun-code-splitting-adv3/

— src/

main.ts

cart.ts

L

payment.ts

bunfig.toml

Twa: srcicart.ts

export function loadCart() {
console.log("[] Cart module loaded!");

}
Toa: src/payment.ts

export function processPayment() {

console.log("[] Payment module loaded!");

}

V[‘Nif: src/main.ts

console.log("[ ] E-Commerce App Started");

4 v A v A
ﬁuwm%aiﬂmumiau

document.getElementByld("cartBtn")?.addEventListener("click", async () => {

const { loadCart } = await import("./cart.js");

loadCart();
b;

document.getElementByld("payBtn")?.addEventListener("click", async () => {

const { processPayment } = await import("./payment.js");

Bun.js Web Programming: Advance
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processPayment();
b;
HAN1IIH
| E-Commerce App Started
(n& Cart)
| Cart module loaded!
(n® Payment)

| Payment module loaded!
N3 optimize tree shaking LLa dead code elimination

10 dnamansuazidhwane

Tree Shaking
e fam3 ﬁ'ﬂfﬁ'ﬂmmé’gn‘lfj’muaan 970 bundle
o 331U ESM (ES Modules) \W31¢ Bun 8131303407129 import/export graph lagaias
e B880UA bundle uazInaMLIIEIY
Dead Code Elimination (DCE)
. dams avlaadilaanansasulasde
o 1gu Sewla if(false){ .. } w38 function Mlaidlasi58n
e RNLTEANEANIS size WaE runtime
whuangsa
o ARVWA NS bundle
e R}@ initial load time

o 123Nt code ﬁ"L;iﬁ']LﬂugﬂIm@rﬁmﬁwﬁu

2 @é’nm‘sﬁ'm'mmm Bun

—_

Bun 14 ESM dependency graph lumsiaseh
2. sryihwaitweudvenalwugnliom
3. avldaswiliinmsldmnuean
4. Minify 3370 DCE — ¥11% bundle 1anuazi324%
JaFILNA
e Bun tree shaking 1‘315“17%6!@11%% ESM

e CommonJS (require) 32N tree shaking #1nNI1
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3 @Iﬂﬁﬂn'ﬁ Optimize Tree Shaking
3.1 1% ESM Import U129
/1 [ ai@é sy tree shaking

import * as utils from "./utils";

/I L] @&93U tree shaking
import { usedFunc } from "./utils";
usedFunc();
3.2 ﬁzz‘i@i’l sideEffects: false 1 package.json
{
"name": "my-lib",

"sideEffects": false

« uan bundler 31 Tra# import T finasnatdas — Bun sansnauldailalalsle
3.3 1% Annotation /* @__PURE__*/ &1%5U function ‘ﬁhjﬂ' side effect
I* @__PURE__ */
function helper() {

return 123;

«  %28ls¥ minifier + DCE e function 7la/ldgni3un
3.4 a1 console/debug Alaisniin
// bun build --drop ["console.*"]
e Bun 3¢AU console.log, console.debug 80 luN@ L bundle production

3.5 ugn module wmﬂslmyju"flu dynamic import

e Module filnaa lazy 2z lsignikulu initial tree — aa initial bundle

4[®Iﬂﬁﬂ Dead Code Elimination
4.1 Gonlaasn (constant condition)
if (false) {

console.log("This will be removed");

U dq, Q L=
e Bun zaUlAARNUNHAND 6 11N
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4.2 Environment Variables
o 14 Bun define process.env.NODE_ENV
if (process.env.NODE_ENV === "development") {

console.log("Dev mode");

o process.env.NODE_ENV = "production” — Bun 2¢aulf@ branch Alaile
4.3 Remove Unused Exports
export function used() {}
export function unused() {}

et unused() ld#ilas158n — Bun tree shaking 3zauaan

5@dq Bun Build %31 Optimization

A28819 bunfig.toml

[build]

entrypoints = ["src/main.ts"]
outdir = "dist"

minify = true

splitting = true
target = "browser"
sourcemap = "linked"
drop = ["console.*"] # U console/debug
A1asuY
e minify = true — /YW@ code + identifiers
e gplitting = true — lazy load + code splitting
e drop = ['console.*"] — 81U debug logs
e target = "browser" — optimize &1IL browser

« sourcemap = "linked" — debug laud bty performance

6@aasin‘[ﬂmnwuumﬁuvlﬂa‘ (Tree Shaking + DCE)
Tassasslisiane
bun-tree-dce/

| src/

| I— main.ts
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utils.ts

| (I

Twla: srciutils.ts

bunfig.toml

export function usedFunc() {

console.log("[] usedFunc called");

export function unusedFunc() {

console.log("[] unusedFunc called");

" @__PURE__ */
export function pureHelper() {

return 123;
}

vL“.Nia(: src/main.ts

import { usedFunc } from "./utils.js";

console.log("[] App Started");

usedFunc();

/I Dead code
if (false) {
console.log("This will never run");

}

WNAN133WKAY build
| App Started

[ | usedFunc called

e Bun 3¢ aU unusedFunc LLaZ branch if(false)” aan

e  UUIA bundle AARIDLIININ

4 o v A
g{uwuq’?{ammumiau

v
daae19 3 lsunsuitugn + 3 ldsunsaunidszand §1%3L Tree Shaking + Dead Code

Elimination W32y

o lawsaislsiand

wih 23
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e bunfig.toml

o  HANNIIH

4 o v A
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6 Tsunsan §nIuaTe “n1s optimize Tree Shaking 1a¢ Dead Code Elimination (DCE)”

14 Bun.js lasuysdn

o 3Tdsunsaingin

o 3ldsunsauwaszand
uazudazldsunsnazd

e Tassasolilsone

[~
o lalanda
o a v a KR
«  @aaduglaamean

e  HWANIITHINADY
Part 1 — lilsunsaingiw (3 ara819)
dﬂl Q - Q =%
W1 1 — @a unused function amfu&lm

Tas9a39

bun-tree-basic1/

utils.ts

bunfig.toml
TWa: srclutils.ts
export function usedFunc() {

console.log("[] usedFunc executed");

export function unusedFunc() {

console.log("[] unusedFunc executed");

*@_PURE__*

Bun.js Web Programming: Advance
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export function pureHelper() {
return 42;

}

Twa: src/main.ts

import { usedFunc } from "./utils.js";

console.log("L] App Started");

usedFunc();

/I Dead code
if (false) {
console.log("This will never run");

}
T a: bunfig.toml

[build]

entrypoints = ["src/main.ts"]
outdir = "dist"

minify = true

splitting = true
drop = ["console.*"]
A1asuY
e unusedFunc Qﬂ@”@aaniml tree shaking
« pureHelper gﬂﬂULﬁaaaﬂﬂ"LszL@TL%'ﬂﬂLLa:ﬁ annotation @__PURE__
« if(false) anavusay DCE
«  drop: ["console.*"] 981 debug log N lis1dn
NAN133%
| App Started

|| usedFunc executed

#ing 1w 2 — aadanlalaignin (Dead Code)
Tas9a39
bun-tree-basic2/

| src/
| I— main.ts
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config.ts

| (I

Tw4: src/config.ts

bunfig.toml

export const isProd = true;
export const isDev = false;
171%{: src/main.ts

import { isProd, isDev } from "./config.js";

if (isProd) {

console.log("[] Production Mode");

if (isDev) {
console.log("[] Development Mode");

}
Iﬂfcf: bunfig.toml

[build]

entrypoints = ["src/main.ts"]
outdir = "dist"

minify = true

drop = ["console.*"]

A1a51u18
e Bun 3.A7=% constant condition (isDev = false) — @@ branch if(isDev)
e ANYsEANTN W load uazaa bundle size
o Gowlamiduass (isProd = true) azgnuin Ly

NAaN133

| Production Mode

#ngw 3 — aulaaailalalrom
la39a3ng

bun-tree-basic3/
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| bunfig.toml
Toa: src/helpers.ts
export function logHello() {

console.log("Hello");

export function logBye() {

console.log("Bye");

}

vL“.Nia(: src/main.ts

import { logHello } from "./helpers.js";

logHello();
A185U1Y
e logBye Vl,ajgm%'zm —> Bun tree shaking @@aaan
e aawa bundle laglinsznuwssauildass
NAaN133%

Hello
Part 2 — ldsunsuunidlszgna (3 drat19)
l,!,%'nhzquh — Lazy Loading + Tree Shaking

Tasease

bun-tree-adv1/

analytics.ts

bunfig.toml

Twa: src/analytics.ts
export function trackPageView() {

console.log("[] Pageview tracked");

export function trackEvent() {

Bun.js Web Programming: Advance
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console.log("[] Event tracked");

}

Tvla: src/main.ts

console.log("L] App Started");

document.getElementByld("trackBtn")?.addEventListener("click", async () => {
const { trackPageView } = await import("./analytics.js");
trackPageView();
Bk
A1asuY
o trackEvent 0 tree shaking aaaaniwazlaldisen
o trackPageView TnaaLan1zaan click — aa initial bundle
o LWNNZEIWIVIZUL Analytics/Monitoring
NANI3%
| App Started
(L:ﬁaﬂ(ﬂ Track)

[] Pageview tracked

uw3ilszand 2 — Module 2w1alwa) + Dead Code Elimination
¥
Taseasng

bun-tree-adv2/

payment.ts

bunfig.toml

Toa: src/payment.ts

export function payCreditCard() {
console.log("[] Credit Card Payment");

export function payPaypal() {
console.log("[] PayPal Payment");
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if (false) {
console.log("This is dead code");

}

171%{: src/main.ts

import { payCreditCard } from "./payment.js";

console.log("[] Checkout Started");

payCreditCard();

A1asuY
o payPaypal Laz if(false) an DCE a8z tree shaking aaaan
e W19 bundle LANY — faster load

HANI3I%

| Checkout Started

L] Credit Card Payment

Ltuaﬂizqnﬁ 3 — Feature Modules + Tree Shaking
Tasease

bun-tree-adv3/

src/

main.ts

featureA.ts

— featureB.ts

bunfig.toml
W &: srcifeatureA.ts
export function featureA() {

console.log(“f Feature A executed");

export function unusedFeatureA() {

console.log("[] Unused Feature A");

}
‘I‘N ch : src/featureB.ts

export function featureB() {
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console.log("[] Feature B executed");

}

Tvla: src/main.ts

console.log("L] App Started");

document.getElementByld("btnA")?.addEventListener("click", async () => {
const { featureA } = await import("./featureA.js");
featureA();
Bk
A1asuY
» featureB LA unusedFeatureA 0N tree shaking faan
e Module featureA Iﬁa@lLaW’lzLﬁa;ﬂ“ﬁ' click — a@ initial bundle size
o anz@mILLeUAnay feature LLﬁﬁﬁﬁfﬁﬂﬂﬂ%
NANI3%
| App Started
(L:ﬁaﬂ(ﬂ Feature A)

% Feature A executed
N13@3A" Build Pipeline @28 Bun

1 Im MNWN1YVDYI Build Pipeline
Build Pipeline #an3zU4M300 LWaaanILLaSuNlAa lNTau&IIL deployment %38
production Ta8TINGHABY L1F%
1. Transpile/Compile — L1184 TypeScript — JavaScript %38 JSX — JS
2. Code Splitting / Tree Shaking / Minify — 8aa1#41@ bundle
3. Asset Handling — AN"7 static files, images, CSS
4. Environment Variables — @i‘]m production/dev variables
5. Output / Deployment — 8314 folder Wiax deploy
whnang
o lildansanldnusuazdamaldn
e A% human error

o udlaoaluie
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2@un.js AU Build Pipeline
Bun LT all-in-one runtime + bundler + task runner — &14130&319 build pipeline LUV
wafllseanEnIngs
ANMNFINIIARAN
e bun build — bundle + tree shaking + minify
e bun run — run script
e bun watch — watch file changes + rebuild
e MIIANNT assets (copy static files)
e NNINNRUA multiple entry points

e Environment variables W% process.env

3@%%%@1%10 Build Pipeline @28 Bun
3.1 @319 0d bunfig.toml

@28819 bunfig.toml §w3uldsiandlng
[build]

entrypoints = ["src/main.ts", "src/admin.ts"]
outdir = "dist"

splitting = true

minify = true

target = "browser"

sourcemap = "linked"

drop = ["console.*"]

[assets]
include = ["public/**/*"]

outdir = "dist/public”

[env]
NODE_ENV = "production"
API_URL = "https://api.example.com"
A185U1Y
e entrypoints — qﬂﬁwﬁmaa build #8181 / Bane feature

o splitting — L@ code splitting
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e minify — 8AW1a JS

e sourcemap — §1#3U debugging

e drop — A1 console/debug

o [assets] — copy static files Lo images, CSS

e [env] — environment variables 1130 production

3.2 N139AN13 Assets
{UNGLUTLANAH folder public/
project/

— src/

L

main.ts

public/

style.css

L logo.png

bunfig.toml
«  Bun 9 copy public/* Ui dist/public/ 8@ lwsia
e RIWNIN import CSS/Images LUU relative path 16 win

import logoUrl from "../public/logo.png";

3.3 N19 Build uag Watch
@1d9 build
bun build
e Bun 87% bunfig.toml — i1 bundle, code splitting, minify, tree shaking, copy assets
ﬁ']ﬁjd watch
bun watch

e 22 rebuild 96 luidLUa lWalw sre/ 1WALW — GFIMIL dev

3.4 N13N11%WA Environment Variables
luldaanansald process.env baringi:
console.log("Environment:", process.env.NODE_ENV);
console.log("API URL:", process.env.APl_URL);

e Bun 32 replace Al production build — dead code branch mmsngﬂ@”@aaﬂ
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3.5 Workflow @284 Build Pipeline
1. Walw b src/

o static assets b public/

34 bun watch 3¥%#319 dev — rebuild aaluia

o o A Wb

X o
Deploy folder dist/ U% server ¥13a CDN

4(1_grethsTusiond Build Pipeline
Tassaselysiang

bun-build-pipeline/

utils.ts

public/

|—— style.css

L logo.png

bunfig.toml
Tw4: srclutils.ts
export function greet(name: string) {

console.log(*Hello, ${name}!");

export function unusedFunc() {
console.log("This function will be removed by tree shaking");
}
Twa: src/main.ts
import { greet } from "./utils.js";

import logo from "../public/logo.png";

console.log("[] App Started");
greet("Bun.js User");

console.log("Logo URL:", logo);

A9FN bunfig.toml (entrypoints, splitting, minify, assets, env)

5 bun build — &9 bundle + copy assets —> 117 dist/

4 v A v A
ﬁuwm%aiﬂmumiau
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if (process.env.NODE_ENV === "development") {

console.log("Dev mode enabled");
}
Tla: bunfig.toml
[build]
entrypoints = ["src/main.ts"]
outdir = "dist"
splitting = true
minify = true
sourcemap = "linked"
drop = ["console.™]

target = "browser"

[assets]
include = ["public/**/*"]

outdir = "dist/public”

[env]

NODE_ENV = "production"
APIl_URL = "https://api.example.com”
NaN139% build

] App Started

Hello, Bun.js User

Logo URL: /public/logo.png

e unusedFunc 0n tree shaking Aaaan
e console.log ﬁagjlu branch development an drop

* Assets 0N copy 14 dist/public/

4 o v A
g{uwuq’?{ammumiau

6 Tisunsa §%sLwaTe “n13@9A1 Build Pipeline @28 Bun” lagusain

o 3Tdsunsaudingn
o 3lusunsaunatszand
ueazlUsunsvazd

e Tavsasrolilsiane

nih 34
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. Ivalaaén
o a v a R
«  @aaduglaamean

e WANITIUHINRDY
Part 1 — lulsunsaingiw (3 arad19)

#%371% 1 — Build Pipeline Aug1ui Bun
Tasease

bun-build-basic1/

| src/
| L

vL“.Nia(: src/main.ts

main.ts

bunfig.toml
console.log("[] Hello Bun Build Pipeline");

/I @883 function §11IL tree shaking
export function unusedFunc() {

console.log("L] This will be removed");

export function usedFunc() {

console.log("L] This is used");

usedFunc();

Tla: bunfig.toml

[build]

entrypoints = ["src/main.ts"]
outdir = "dist"

splitting = true

minify = true

target = "browser"

drop = ["console.*]

sourcemap = "linked"
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A1a5u1Y
e entrypoints — ﬁ;@]Lé&J build
o splitting — i@ code splitting
e minify — 8ATWIA JS
e drop — A1 console/debug
e Tree shaking 22@@ unusedFunc 8an
NANI3%
_| Hello Bun Build Pipeline
| This is used

ﬁug’m 2 — Build Pipeline + Asset Copy
Tasease

bun-build-basic2/

— src/

(I

main.ts

public/
L logo.png

bunfig.toml

V[‘Na(: src/main.ts

import logo from "../public/logo.png";

console.log("[] App Started");
console.log("Logo URL:", logo);
1715: bunfig.toml

[build]

entrypoints = ["src/main.ts"]
outdir = "dist"

splitting = true

minify = true

[assets]
include = ["public/**/*"]

outdir = "dist/public"
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A1a5u1Y
e Bun 3¢ copy assets 31N public/ — dist/public/
e Tree shaking + minify £4¥in91uauln@
NANI3%
| App Started
Logo URL.: /public/logo.png

17';%31% 3 — Build Pipeline + Environment Variables
Tassasne

bun-build-basic3/

| src/
| L

1ﬂa€: src/main.ts

main.ts

bunfig.toml

console.log("[] App Started");
console.log("Environment:", process.env.NODE_ENV);
console.log("API URL:", process.env.APl_URL);

Toa: bunfig.toml

[build]

entrypoints = ["src/main.ts"]
outdir = "dist"

minify = true

[env]

NODE_ENV = "production"

API_URL = "https://api.example.com"

A1a5118
¢ Bun 3¢ replace environment variables 4 build
« Dead code branch 813130 9ndAa8aN

NANI3%

| App Started

Environment: production

API URL: https://api.example.com
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Part 2 — Tilsunsauuadlszand (3 a2a819)

LLWJSIJ‘J:E;ﬂGﬁ — Multi-entry Build + Code Splitting
Tasease
bun-build-adv1/

admin.ts

bunfig.toml

vL“.Nia(: src/main.ts

console.log("[] Client App Started");

export function clientFeature() {
console.log("] Client feature loaded");

}

clientFeature();

Twa: src/admin.ts

console.log("[ ] Admin App Started");

export function adminFeature() {
console.log("[ ] Admin feature loaded");

}

adminFeature();

Twa: bunfig.toml

[build]

entrypoints = ["src/main.ts", "src/admin.ts"]

outdir = "dist"

splitting = true

minify = true

target = "browser"

A1a511Y
o finang entrypoints — Bun §3719%a18 bundle
e  AAVWALUGART bundle — Im@ﬁ’;ifu

e Code splitting Y1911 entrypoint
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