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Q503 IS 529)> A Gz 4z G 9 egay | Type Erasure ¢
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® static-analysis.ts

function fullName(user: { first: string; last: string }) {
return user.first + " " + user.last;

fullName({ first: "Sara" });

Hibols ol

static-analysis.ts:5:10 - error TS2345: Argument of type
'{ first: string; }' is not assignable to parameter of type
'{ first: string; last: string; }'.

Property 'last' is missing in type '{ first: string; }'.
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® erasure-input.ts type-checks v
interface User { id: number; name: string }

function greet(user: User): string {
return "Hello, ${user.name}";

o erasure-output.js type-checks v

function greet(user) {

return Hello, ${user.name}’;
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So il aS (6jg) U — Cuwl ju az wylS ) diagdei j50 g JiS e £9,40 odlel slo B L |y TypeScript lo s
Ultiaw)> pabe 4 sl |) Ghazme glas o U 2iSge Slad |y )lil o) Juad ol .65 juz Cl g meSue juz
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V azuws Native JLLwolS ¢ tsc hal Og b ggs Giwyd )y Type Checker
VS Code J=I> tsserver hover. rename (JaoS3 :)giusl (g Language Service

tsc. esbuild. SWC syntax Jyai g loggi Bl Transpiler

Vite. esbuild. webpack 559950 6l Jgile ¢3bums Bundler
S)900 «Node.js: Bun w2l JavaScript gl Runtime

Bio> |y loggr — Miogde |y loggs Wol g aiiS,e transpile hiaé SWC g esbuild Jio gopw loyll gaulS asss
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B (o — a0 jl (gjlaslel,

[ ) setup

mkdir ts-lab && cd ts-lab
npm init -y

npm install -D typescript
npx tsc --init
npx tsc --version

1S Oliel 1y Glol jume 95 g dujlus (o6 SO
® src/hello.ts type-checks v

const now: Date = new Date();
console.log( Lzl caclw: ${now.toISOString()} );

npx tsc
node src/hello.js

node src/hello.ts

Node 24 ;> TS pudiawo gly2l — aiss
a5 «uwl transpile bhad ¢yl Lol (13S0 x>l padiue (type stripping) «ggs Gisn L) .ts glold s> Node.js
|, (parameter properties ¢ namespace g enum (J5e) 1)l JS padiue Jolee aS olosyntax g itype-check

€9 Ly WDpumo (2l o ) ol — Jlzl) o tsx Jhio plo)lil wsl) avwgi gl Opiages o8 Wygoa
Ll tsc ——noEmit aBlas addbg glizes

Saagie baS il

ol 9 .pmgyw > ) GhLelS plas — A0 tsserver jl &wly S0 hover g usio g9, VS Code > (;idg
tles
JSay 1y (g3 LB15 asuws Uo)8 i wWygods VS Code .auibl wylitio cuwl (Soo 659y adums 9 ygiudl adews *
node_modules/ ylow) workspace asuws «TypeScript: Select TypeScript Version» (lod L .5p0
300650 jaz S Cl g g5l U auus Ll |y (typescript
tsconfig 39,0 6305 Woliio (G3iu,Suy 95 iy dinosd Luyyds SaSke build Jg add0s i Uas jgiusl *
HalolS wgldtio asuws b « include jl 2B GLB (e 5> (5500
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Lo o8 acgoso b tsconfig casuws 1303)50 (63959 WOMIS] JLud — 103,55 «gige 95 a5 BWiSIn JLod agiud glatie

S29S 8j9)2 5 lgiinyy jliSLw

[ ] layout

ts-lab/
I—sr‘c/ € 2SS laas TS

| L— index.ts
I— dist/ € LlolS o9, (> .gitignore)

I— package.json
L tsconfig.json ¢ byalbs ax Lad

:.)J)L) Lszo — LS)9AJ).9 )‘| Jimo — ks|oj’9).g JY- 5] asS .))|.A.3|.1.w| L.u.J)S..\.u| 9>

® package.json

"scripts": {

"typecheck": "tsc --noEmit",

"build": "tsc"

TypeScript Gizlwyj eaouai ()idguwy 9 o200bw ol .ol merge byd docus )Us (Cl > 3L typecheck

(M) Jad) cuwl

Tl job iyl |).‘? - Og,}lS »)

- (yio) parse 31> B )lgx> tSC .l JLLwlS 395 3dgi b3 )5 gl Tasiuws 13> )15 93 «uwyp» 9 Aoy >
(JS 2dg5) emit g ()5 ;b — logg auylio g zlicwl) check (loglel a4 loawluis JLail) bind (syntax «s)>
«lizon a4y 9 wuwl (gl syntax )5 o annotation Wi> — cuwl ;¥ emit g parse had 29,5 adgi (glyp 1gadS aiss
oo «check g bind g3y «(Jalbay uld 1aiju0 ) pobe ¢ues 148> (o395 type stripping ¢ SWC g esbuild .5)las Lo

505 £95 Sl g > ued g — yigapw plp

Glogen @y gl SYNaX gus Glizo aS ol s Liy hiad LLBST aazy )15 leiy brbuing Sy pobe wil Lol
20 51 3L iylade) const enum :3uuSie 1) 6acl8 (ol TypeScript ouad LSig aw .aubbs aiuwly 50> o6
Bbei GBS azyio) 6)l38alis ey loggs re-export ¢ «wiigds merge glo namespace «(>g. inline ,5,>
9 isolatedModules loaiy;S .(Mlos b aS Hlade L dob Bi> ML a5 wuwl ggi export { X }
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) SuSs ol aS owi . JoSwe aS «ud) a5 — gl s SOl eoglasie j 9 lpl 9> (Loley wadad> — tsc --noEmit )

3

(625

oS Iy | paiio

Tl )JO.Q.O b).'n."z}) )= ‘Ol.\S ‘gg)l.iuw 2D >
A0 Uas Jez tsc ——noEmit Lol (aiSe build yolycl (935 1) 659 Vite )
338050 Uas JUbuoyi 55 ) Ses cus ol VS Code (> ¥
A2>,0 ReferenceError )S)950 55 bol dgi0 JoleolS S .V
GMis| .Y .S adlal pipeline a; |y typecheck (xS e )y £99 esbuild teuwl b )8, — uSza ) tdawl
b J3b/Jgjle Ygoso — E9 4 cuwl runtime Jsiiwo W .wglasio tsconfig b «ejg,s typescript b yginol tsserver azus
g VA Juad Elpw 6)135)L iy

Juad ol awslas (gl yiuwys I

Splv g9 gl imy — Cuwl juw Cl > Vite/esbuild b build .\ |
aBla> job (95 )y d9s dezyi JB syntax Lisy bdd «aw buildy ©56S e WBi> aweed o |) loggs Lo transpiler .«
.l 63,5 ivgols Wac |y TypeScript «3)las |y job ¢yl aS Lo 2l )bzl Cl )5 3L aS wawl tsc --noEmit

£3)95 (0 (69)0 42 @ tSC L 35S0 |2 eadiawo ) ts. (Js16 Node 24 .¥ |

|, enum/namespace/parameter properties g so30 plxl Glow)p zao — cuwl g95 syntax Bi> had type stripping

native g w L) tsc jl hdd iz E9 o 1wl Jle asungi adl> (glp bt gl . 3iS0 ) V2P Joba po

oo (V adeus

10 . L gy
Wil 0puzdy 9 6oy sjlnlel)



03
3wSy Gl BT >L)b — tsconfig.json

S o0 29 |y dolp gliszo aS (oloaiu;S g target/module (yuleslgsls g strict

Jiad oyl (63:55L Blanl
S Wil S50 |y bz azy Gulwl 1) tsconfig Lilis gloaiy;S ¢
Wl Iy emit gloaiu;S L type-checking gloaiy;S wglas

gl 032> 69 shy EBS B Al gaiuSy Sy ¢

aoly glizo aS (oloaiu;S .l JSuine LU.Q.) o2l 9 — wawl TypeScript glis Jold ¢uyieasi S,y tsconfig.json
a2 digjS Gl 1S e wiire Yldw Sy pulwl o |y loain;S Juad pol -xiale (bl gist S jl ols iiSe poge |y Las
1> glaigjo az 9 250 |) b

;S 6315l aw
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IS0 Syl

232> 69y sl EBS BB Al Sy

® tsconfig.json

"compilerOptions": {

"strict": true,
"noUncheckedIndexedAccess": true,
"noImplicitOverride": true,

"module": "nodenext",
"target": "es2023",
"outDir": "dist",

"sourceMap": true,

G3uySw Ll BT >k — tsconfig.json



"verbatimModuleSyntax":

"skipLibCheck": true

}

"include": ["src"]

iz Sy asly «aiyjS Sy @ — strict

).ub).; QA dw IS0 (pg) ) v w)p jl glacga=o strict: true

talwglasio €95 95 string \| null ¢ string ‘ol bl o8 Legi yo s nUll strictNullChecks
(V Juad) cunlhas Gy 092 Gupiand S50 WoSiw jlade wns 0)b)5 hilolS

€Sz (2 1wyo0 Halels any lxuos annotation (935 yiel)l noImplicitAny
90

(P Juad) contravariant ) auléoe dulio bivariant polus b gilgs loyiol)ly strictFunctionTypes

Vg0

Causi 8)S130 Js8 3332 6jgy0 sy strict — Joc o
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(Ul L PV (Lasd) runtime SU JolS aiwd Sy Wi Gibdgw (el

esbuild: type) LSS glo)lil gl 9 35S0 Bl |y jlaboe o g5 import jo — verbatimModuleSyntax ¢
bl import type L>_;)..o 2L «ggs bhddy gloimport ‘el g)9,6 (Node > stripping

Wglaio ja> 95 — lib g target

vasiie 1ib .(3gd Joas Joleo 3S @ 2. LT Wio) 3l euad jad> 29,5 Syntax uiSue yasiw target

5 duagis siwd Iy 1ib ,31.(DOM L Array.prototype.at Wio) cawloges Guyiwd ;3 WAPI plas glel xS0
SawMS glos >gd 0 Giuine target
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error TS2550: Property 'at' does not exist on type 'number[]'.
Do you need to change your target library? Try changing the
'"lib' compiler option to 'es2022' or later.

ay — 2w VU ) 1ib / target :J=el) oo pMel =8 Tib ;> aS nles)S o)lil GIAPI 4y :cuwl oolw bz
Node (g9, lib: €52023 tXdd(05 i |) runtime loggs .abl anils ) APl gl lais =8y runtime as b,
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[ ) legacy-tsconfig.json

"compilerOptions": {

"target": "esS",
"strict": false,
"noImplicitAny": true,
"skipLibCheck": true

39400 ai8)S SU gaio (32533 — cawl Livgels strictNullChecks aloz jl isy strict: false .):fwb

02955 1wl Jwd s Ao Luyds gjopel gldluxo gl target: es5 .V . G815 ulgssa, nolmplicitAny
resolution li8) — s paziwe include g module W .awlubei |y ¢yde AP L0s38 lib g (xS g yipuzx>
Somnghy 200 )15 4SS pgae GloyoPui 4

duad ol axsliao (gloyinwy, I

Sawild o0 0)Slie P8yt I tsconfig gloaisiS plas (s 6jgy ly - |

(oo gy > 9wl strict g 51 2)5) noUncheckedIndexedAccess . strict:  true
BB sy .ol =8lg runtime ail as gl module/target ¢ (LSS glo)ll L (6,85l gl verbatimModuleSyntax
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Contextual Typing ¢ 95 & Uliiiuwl

el @annotation wsgs b S 9 — Mje puaz ) €95 Sl hlwls

Juad (il (62550 Blawl
WS gl e9i az W)he So gl HholS GBS Gwoi ¢
D> pandis |y (e I b ylado jl) 95 wleMbl oy cug> ¢
Cuwl jogi =S g 5)l> j,l annotation xS (slaw ¢

ol Zluswl @y golaiel 5y alis (puSey — s TypeScript o bluwd ailis usio o gl annotation ¢yibgs
xS jl g5 wleMbl suilay aS cuwl ol (=8lg W)lgo add 0 Laasini bo jl 5§85 9 yigs |) €95 )l yiddiuw )d HhlwolS
Ll @)lge plas Juad ¢l 1> Yy Croww plaS @) g M0

€ wleMbl yb> g2 9o I

)5 1) gz 95 ol jI GSe TypeScript )5 zliscuwl o

JUo o) eb g2
number ggi¢ let n = 3 Type Inference (VL @ b)) jusio @y lado jl
map > callback siol)l Contextual Typing (0wl @ VL) o)le ) aigoj jl

:JHSU,Q Az |) pustio €95 g AS 0 oS5 Gl o jlado ay ,hLwlS 1wl e aos |y Jol cag>
[ inference-basic.ts type-checks v
let count = 42;

const name = "Sara";
let scores = [90, 85, 100];

let mixed = [1, "a", truel;

let user = { id: 7, active: true };

Oyle Y5 @ ool ol 95 05560 Jh8 «paRie £95 b LK ) Gl 18y .l Sipge 9 b pg> Cag
:-X:‘SL;*O PR
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[ ) contextual.ts type-checks v

const names = ["Ali", "Sara", "Reza"l;

const upper = names.map(n = n.toUpperCase());

window.addEventListener("click", e = {
e.clientX;

B

0cld U (g 95 — LD Jo

d.aé)g )|)§ as U:’l? )S| ol ngARA CL"“‘“"l ‘Uf(lﬂ.l.ﬁ.‘o )§| ((Y.)J.Sb,o Ot LT““S a> |) U)LLC O:?l EPN 1wy UU.)gb )’|
(2930 (5l lid) plos Ly s .l contextual typing ((ssuieMel LiuiSib £99 ustio annotation (g yiol,b)
Nlawsgi JiB Jlguw e L TypeScript

5135 d929 diroj (5199
o) So5U slov503)00m izl 5l G52 — e w1 ) dnej (e Bol> I gL 035 s

@ no-context.ts

["a", "2"].map(s = s.length);

const getlen = s = s.length;

Hibols ply

no-context.ts:5:16 - error TS7006: Parameter 's' implicitly
has an 'any' type.

annotate | yiol)b b 301> J=ol) 95 .ol 6365 Jhog oS0l 2o @) joio U ol 092 sz s 2l JbwlS
235l o) U Sumgio |y jusio 595 €95 b o (st string) = s.length ) sus

® make-context.ts type-checks v

const getlen: (s: string) = number = s = s.length;

" Contextual Typing ¢ gg5 zLiiiwl



Best Common Type g iuiSjl £g5 gLl

Djlwe ) «Syidivo €65 o yigan al)l )3 9 Mje gaz return gloyume plod jl 1) GidSib g95 Jblwels
® return-infer.ts type-checks v

function pickFirst(xs: number[], fallback: string) {
if (xs.length > 0) return xs[0];
return fallback;

+

class Animal { name = "" }
class Dog extends Animal { bark() {} }
class Cat extends Animal { meow() {} }

const pets = [new Dog(), new Cat()];

2L Jlg>0 Animall]l )51 .55lwe ) Lacl union 938,05 Syiine Mg Jwds @ pets gly JLbolS pgo aiss
. const pets: Animal[] = [...] :30095 glsgs

o 62218 Spuuugiu annotation s

Cawl g8 118 code review > as gloacld — Joc 5o
a5 cawl ©l5)L,8» annotation Lyl — (egac GWAPI > 29,5 inas Wosiol)ly) Logec gilgi GLdol iyugy ¢
AS e Jiiie pitiuw)d Jxe ay ) U g ags
_l>-union gla useState (JI> a3, S0 i 1az) aS (gusio — (gjlu dinoj Ldlg> 0 aS Lul> tpmgiy
9> refactor ;> g cuwl jug5 bid const n: number = 3 .ubg) adgl )lade b Llxo gloyusio (guigh ¢

2950

Ol 1) gilwesly SI ol v .aiSe yose |y bas oinliS Y=o 092 Sl pgo (o90c Z_:lg.; w>9,> annotation |>
Sginze LS U Wy ) legles Uas (T b .=8lg wle jl 95 Lalo — dgu0 yolb «oslaiwl Jxon )5 Uas (asS

Sl yob iyl I)g - CJg,;lS »J

const x = expr ;> .zl o> jl ;b (SUSe £9pd =S 1 HhLwelSy 13uh Sxo Jlgw SO U |y 2 bikiuwl
6ol looluly « Sy 2L Glg>ld )5 (Gle>ld = Slac = literal) sgi0 amwlxe Vb @) wylie gloSy I go)
literal (gl -390 Wil (uyigr 9 dgn0 Ro IS wéz jo jl (ighe «azy lylegS)l €95 b 95 yiol)ly

wlxil g lausls L5)9T8"‘:.> — Cud 9ol 5lwe union €S yidian EYP U2 [o.’i,g)ggﬂ ‘Ugiomlj (EHACI>
aw Tdogdy LOI93 o |) ilgi (bdol aS AiS 0 €6 pwlpwn Zluswl ML gloyl; Jie TypeScript L2 :)igrac JIgw

— 5o GiylIS e jl 593 b oas il GSao 65wl gl bl 3 lbs oo gl owige Ju>
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02 LA 315)h8 aS dede ol lagles Uas :jlwge (Ui jron pupo Gbasl 03595 6)5 juzdoes 4 juzdos
P9 -5lop) duwlol (S2gS ki o gy Grwhaw fuwl ylgsilge 9 iy cache lxo zliiwl .2 (e9d
S 4SS ) leplad bl 4y Algises (AS0 inugpad 63l JS AS g any b aS Lekuugw (392 2N

6Wjp0 659y (B85 g Llxo) 23S slaicl zliswl a4 U vyg)d LSLe «wlih |y Juad Lloe auogi (Jud> aw oyl
casdw 4 <.X£TU,Q)> Hbols 595 (6l oxcld .(.)|_))|)§ J8 + i)y )).o) Jsuwygis @annotation ogoc

i wyle ©gyd a |y piylanl Uil 5)90 £90 ghld 055l 1 pweSme gz )3 @in)eSl ylas Scontextual typing o
PL\S N ‘(())SJ )lS)) ZL‘MI > J] ULJ)_‘> S gz 9D . Xgub 0 » Wi Lol )'| callback LSLQ’):L"I)L} — ADI 0

Soad ghd cag>

3

(620

0S b2l 3= oS Gy
1S a2 g5l ) hover b Guguw faugin ) 590 4 oabzbsciuwl £95 llolS glyzl o
[ quiz.ts type-checks v

const [1, 2, null];
let b tags: [] };

const (flag: boolean) = flag ? "yes" : 0;

const d = Promise.resolve([truel);

Lo.;s.» ozl 9 2950 never[] diwj w9 JB wli — b: { tags: never[] } - a: (number | nul[] :Zwb

. d: Promise<boolean[]> - c: (flag: boolean) = "yes" | 8 -l oV annotation as cuwl il

Juad ol aaslbiao (gl yiawy) I

fawld 0 (5)L>1 |y annotation xS gg8 Zlissiuwl 5929 b .| |

declaration emit ly; 9 «dpao o @ d9)0 wle Yo @y Uas gise J48 15)L8 :0g0c APl g Lilolo gilgs gbawl
o) 09 sboyiol)ly g «( never[] ) JB il il Wumib zlissuwl aS lol> sgMedy .l 03V LLOSS

Sl Joomo Zlistuwl «yuSepn kg > 9 cuwa> contextual typing .Y |

L map ) callback yiol)l 335 0p wWke 4 B o5l> jI contextual typing ©g),0 £95 @ Hlado I Lgemo glisiwl
&L plas Jg aolg> e annotation ks (yg)> callback ¢uos gl 350 2abo glaol jl 1) yixces addEventListener

AolgS Lo 03l b
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a" gg const X Lol 5,50 string gq; "let x = "a |,

Juad (il (62550 Blawl
WS i loproperty g let/const s |y widening )lis, ¢
S oolaiwl jlxe slée gjlw e gl loliteral type ;I ¢
wwluin |y lowrapper type glopels g String b string wolai ¢

widening ,Sgjlw — Jlgw ol &wl € string gg5 let x = "on" Lol 55,0 "on" ggi const x = "on" l>
. as const g9sl> b Redux action glolas ;I «cuwl TypeScript «uzen glo)lis) jl Low pgd 23S —

Jlado SO o5l @y o g — Literal Types

aunion > bol wilexyldes algiday . true 42 « "on" bl £95 o g Nlgie ol Hlade o TypeScript )>
109500 Gloo dlbon gijlw e Slol il
® literals. type-checks v

type Direction = "up" | "down" | "left" | "right";
type DiceRoll 1123|4151 6;

function move(dir: Direction, steps: DiceRoll) {

move("up", 3);

) literals-err.ts

type Direction = "up" | "down" | "left" | "right";
declare function move(dir: Direction): void;

move ("Up");

Halols ply

literals-err.ts:4:6 - error TS2345: Argument of type '"Up"' is not
assignable to parameter of type 'Direction’.

il sy Glee polie degazo 13S0 plEnl JavaScript «ugdls glaaidyy jl TypeScript aS cuwl Luls glos ¢l
9331 )3 OBl H83e3 JueSS b — dgibie U 1)l

re Widening g Literal Types «aJgl gloggs



3gui 0 jlSakdle Jlols — Widening

"

o 1amy WSGe UB)3 V92 SR (e | E95 MilpelS Dgubise 0313 Cus s BB ustio @ literal laio By
1S aolgS iz gles (6,505

® widening.ts type-checks v

const a = "on";
let b = "on";

const obj = { mode: "on" };

O gl Iy e loproperty a5 (iSe el | binding 3¢5 hsd const :cuwl bad ol pld oujipge y31 b3
1338l o Flail oyl A=y 9 — dgli0 (pg2 Sstring a obj.mode

® widening-trap.ts

‘type Mode = "on" | HO'F'F";
declare function setMode(m: Mode): void;

const config = { mode: "on" };
setMode (config.mode);

HibolS ol

widening-trap.ts:5:9 - error TS2345: Argument of type 'string' is
not assignable to parameter of type 'Mode'.

ZG)%L&U G Uwgp )I 4d90|) auw

® widening-fixes.ts type-checks v

type Mode = "on" | "0.F.FII;

declare function setMode(m: Mode): void;

const cl: { mode: Mode } = { mode: "on" };

const c2 = { mode: "on" } as const;

const ¢3 = { mode: "on" } satisfies { mode: Mode };

setMode(cl.mode); setMode(c2.mode); setMode(c3.mode);
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(Sgazo property « let ) aly ;51 ($3,,80 (6,5 I 1oz cwl (S oule ol U 30 L5935 51 yhlols
S a5 widening .3ilo 0 literal «( as const « readonly « const ) & S| .5g:d,0 gz Lilegac gg5 @ literal
ol i Sawg)y Gy pde — gols &l

Gigo iS5 A — adgl glogg

RS auwlbube |) (undefined , null , symbol , bigint , boolean , number , string) adgl €95 oo
:35)> cuesl Joc > as
Luyds String «lgaivaimg glowsSaul £65 (S)j B> L) wrapper gloggs . String @ gy string ¢
e 6)Bils Sb g cuwl sliuil ddnes
integer ;I Jgg lp >0 Wl 0.1 + 0.2 == 0.3 jl ) losiv (£95 .l IEEE 754 i8> ylas number ¢
AwS oolswl bigint b jgmociiuw

Sl PV Lad > branding g3l awb unique symbol ¢

enum gl literal union — Jos o

G29)> )5 Zuzyi enum p type Status = "active" | "blocked" logy,luw yidw sl «yse TypeScript >
2l JSuine (P g ¥ Juad) LLBSS glolil b g cuuwl j92> pudtiumo API g JSON b (JolS erasure) »,lx runtime
("1 918 Jad) sypm Sy |y g5 zlyxiwl + as const (5ol ay)l> jLo e runtime > ,u5lie ay S|

Sl jobpl Iz — wolls 55

€95 U2E0> il literal yo gl JLlwolS .(freshness) SjU :suuwloiv |y Gislely pogde L Widening JolS pgd sy
129u 50 (s (s)agrommu gyl yoae aa=d )> «o3n £95 ol Culbgipw String & « "on" — sjlwe ) S

L Jols w85 plas | literal ((satisfies l>uli yiol)ly :@annotation) Akl aidly «)Uakl 3)90 9 Juade 6Esl> I

Olod j9ae Jg XS0 )5 padiue setMode("on") uoed gly dd00 &) Wol widening — >gxi 0 aumulio ,Uakl
Ll GUAIST (930 oBoley auwlg justie 1a3SW 0 @nnotation g buwlg jusis jl Hlabe

> Jlso 59d0 042 woges Vg @ g9 (@l paic (Jgoazo leti property) 1l pusi s Mado olyle S|
oz 4 5105 1) 035l He g D> Linbgy e |) 6aiul olie aS a3 Legs L hLelS (el 33zo yiubgs (lSeln
9 Mo s let s = "on"; s = "off" olSyl:let yale literal — 3sS jouai |) (piSuls L=hb e oy Loges

Sl i (60T L eds il BT aleleo (s «euleMbl (31> cuws jIn widening uy .oslaiuwl JBué (L)

+ readonly) «,S J48 aiues glp |) freshnessy Lisy as const :3i6Se Iy |) gli=dly lo Juad glo,lpl Vi
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0S Gl b S)le 1 £g)

) quiz5.ts type-checks v

const a = 404;
let b = 404;
const user = { role: "admin", verified: true };

const point = [10, 20] as const;

Jilo oy property 9> yo — user: { role: string; verified: boolean } - b: number - a: 404 :Zwl
S0 Joaws boliteral b saslgslasd tuple o |y aylT as const — point: readonly [10, 20]

Juad ol axslias (goyiswy I

Sylikhas oly aw Saiilo e literal «iud const <y gloproperty |y> .1 |

ooy ) lgizxo @i 3S e (Jad |y binding lhidd const — sgibe Jlecl widening ¢ cuwl yusi sl property so3 (92
Aalg> 0 @ 31518 Lw)p 589 satisfies U «JolS freeze gly as const s literal gg5 4y xu50 annotation
$A)3> 0 (6jA2 A2 9 JdI 0 iy a> status: string gloa .V |

vl g @utocomplete (JulwlS ;> typo jl (Sol> :3yy>0 - "idle" | "loading" | "done" :union of literals
2S00 S s 6ISWpas — (G Jon 3138 sy ;UL aid) .exhaustive check

FA Widening g Literal Types «aJgl gloggs
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Structural Typing ¢ Jiub glogg

Excess Property Check gliiwl g — ob a5 «(JSuio pulwl (5, 55lw

dhad (il (65255L Vlasl
S b2l o=8ly JUe 69, b 6 lizlw )5l 02cl8 ¢
39850 Gy HlSeusuw o) object literal L il ¢
ol API =1 )5 1) (g5gs structural glosely ¢

Db 05y )l UT)’| ‘Lo..\.u) )S| Gowl wlwil B B as A il (pomwl LQ)EgJ GJS)hu ‘(#Java‘ C) loybj I gylows o
Lo oo 9 wwl TypeScript oolellggd blasil Ju> po (ououas ol 1gyislw (o) 55lw :asd, (5,505 ol, TypeScript
Aol 328> b (532 (waige oS o)liliiope U8 Mz

PEL & «uwl pgo JSub : 2Mb oaclo
[ ] structural.ts type-checks v
interface Point { x: number; y: number }
class MousePosition {

constructor(public x: number, public y: number) {}

function distance(p: Point): number {
return Math.hypot(p.x, p.y);

distance(new MousePosition(3, 4));
distance({ x: 1, y: 2 });

distance({ x: 1, y: 2, z: 3 } as { x: number; y: number; z: number });

18285 02cl8 . Gy lg> 0 LiSuD Lol — ¢l PoINt (pon aisss 5e MousePosition

3380 J8lasn iy (5 Bjlw — Lidd o

— G GUSUine a8Lal guac il aidls )Bilw gloggi L) T glacl plai Y8las S )51 cuwl Glwisl JJB T a S
Hirges Gl dined ,ipols €93 - yipols g iSzeS dcgaxo ik gL 4z > 9 Mldlie acgoxon loggs

aSER & diplii 50

ra Structural Typing ¢ iuis sloggs



Excess Property Check : g0 (gliiwl

5,80 Uas ol 2 (s JSie adlal guac Sl

[ ) excess.ts

interface Options { title: string; darkMode?: boolean }

declare function init(o: Options): void;

init({ title: "App", darkmode: true });

Hibols ol

excess.ts:4:21 - error TS2353: Object literal may only specify known
properties, but 'darkmode' does not exist in type 'Options’.
Did you mean to write 'darkMode'?

GrUS S Gy alolS g0 031 patiiv g9 L OS> @ loaiiue 65U object literal s, 389 LY
Sl lade cues tYPO Uiz diuas Luydi g 3135 6,505 636SWaae o 0jU literal j> adLsl giac yoz — JSe L2l
S0 e Gy jl 9 00 (5o 53 Jol

o excess-indirect.ts type-checks v

interface Options { title: string; darkMode?: boolean }
declare function init(o: Options): void;

const opts = { title: "App", darkmode: true };
init(opts);

oacld jl Lindw @ ol oliteral (gg) (HUUaS Guugpw Sy excess property check 3,50 o> |) wolai ¢l
3135 392>9 aS 3l65)S Ly Linaudl (59 |y YUs)losze S o5 «adlsl property i g, uSol>y punz 4 ol @ )31 ., 55w

09 structural waiige glololy

1A Sy HubeolS Hh I (JSibpm 95 93 )
@ same-shape. type-checks v

type Userld string;
type ProductId string;

declare function getUser(id: UserId):
const pid: ProductId = "p_123";

getUser(pid);

as Structural Typing g Liudb sloggs



ool (6)I35E9 bl Lauges JlBjus leBly ProductId ¢ UserId suslgs o )S|.cuwl jleiwme ob ks alias
PV ad > brand o3l — au)l> 5L eouigjlwaui

wlass APl (g8 (g o bl asiuls |y L interface Jsiiv aS i yo sl «Suion glosd ok (090 API .Y
Sy dnterface 4y iz guac (53,5 a8lsl Lisy bl ((L=8lg (WMS (9w MOck) Lle (g pipcmd e ol loaillis glp
.(\Co (l.aaS) Cowl 635680 jus

(GHESIL Gloggs hy D90 Ly @Y Gec U g gracdigiac ¢5)5g5 sbudl (6)5jlw 1wl lazy g Sl auplio .V
(¥ Juad) xS0 )5 Vol GiiSjb Gloggs ued @l — duup (a8LS @ U 39,0 ol )5l 58 b luels

A Ll private gac b glogulls — jlasi
b S Olas bridd 13980 owl Mace ol 6)Bjlw bl aiils protected U private gac wllS )3l

LeBlgn Gloggs izl Gl om) 385 ol 2l JSubpd 168> (6,505 st )51 i 35 Blw GinlopwliS,);
.node_modules ,> ail3lis S jl adeuws 93 (s 031z slolas guio (o8 g — cuwl ¢ ogas

Sl job iyl I)g - v.’.‘.vg,;lS »)

tislw ohb 8 4y |) bo Jlgw ¢l Sabies a g dgub,0 L2l «ojln literal (g, héd excess property check |,>

{ name, — ol yioS glacl b sl g9ipj i sbacl b s «5)lislw Eiuwuw > .width subtyping :>,, 0

09 il (5y3pnSyi whid Ggiuw i Gl 03eld ool il G58ydy d9b wiwlgs> { name } > o age }
o0 WSS diug cuwygd b interface yo g 35030 Ginlbdol I (b AN s Culgizes b s ol

jl 4 naem: "Ali" }lowwl «adlsl guacy — cuws Uas property ob )5 typo :5)l> as)le S, width subtyping Lol
@3S Ll Lol Jooly gl TypeScript ax .eS gac Sy g adlal gac o b cuwl i hid g)lislw o
— Cal Silul olandl lebd Ly,si a8lsl giac ogdbe aislw (aplas @bzl glooy literal idg bhid :ogoc
stin | aS ()lxdo Lol .3l 3929 guae (T Gl 65503 03 Gpan guo § Cuiigize Bol> (e (Gl Cubl> oxumngs
Width iwsis s o p S b oolaiwl Ghladlsl glacl jl 6,50 lo ubi )l «&y)bn Mlse

“G3uSy5 JS 9 subtyping

03 19> ol 139050 035 95 Jwly jusio b > duogdo Vs g — cuwl oscld p aSloBT glitiwly excess check G
@ asS o5 «ob typon puinz @ ol @ wlige Azl Loxudb ()l 6)lbgd aS Cuwl (5)liSlw 6acld 395 (s Sb

A0Sy 6500 6l |y pmeuds O (Uwbws G30)Su uScusw DTO) a)ls oV exact ladlg ,SI .«des €Xact ,go»
oliulodin ;o des U — 3uSe Never |y wluil gac aS glueg GlosSuss b (WF Jas (g0 validation

3

U2yl

)b Jod

:05pS o0 s bghs 0l3S 3uS o H2belS po
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® quizé.ts

interface Named { name: string }

const a = { name: "Ali", age: 30 };
const b: Named = a;

const c: Named = { name: "Ali", age: 30 };

const d: Named = { name: undefined! };

excess ‘wuwl oj literal — X .Y 15135 =ilo pudiumoyé juwo jl a8lsl guac (oole (g )lislw ) 55lw — v ) sl

.. never a; non-null assertion , undefined! — >gi0 JubwolS v . (TS2353) xS0 olyicl property check
runtime a; Sb g 23S0 J9a8 JhbwelS teuwl £9)5 gledl il g 23S o Wi g95 I |y null/undefined bhad | :y5g.8>
Lo b cdghume iy @ssertion 1w .39),0

Juad ol awslbiao (gl yiawy) I

Sa> palgsu )51 Sxilyaugsi B — wyldio Jojlo 9 jl JSuives interface g> .| |

69, OrderId g UserId Wio) wuwl o)V SuSas Sl .ly Cayyei oo g pb @ o |) JSui s (g)lislu g)B5lw — aly
PV Jad) Legi-lbd ypo L branded type :auS iawd gjlwoml 20U «(string

Sl gl (JBB as S.¥ |

9 «j)lx exactness as Object.keys /DOM glojo (o (o=8lg validation | s= brand ojlg)> :aiiuwe 39320 glol>
2 30 a8 ol ol 2y CielS b dbiges — aS Gkl Llgiges runtime asl> aS mapped (,>9,5 jSyotio cast
b 385118 3L review
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€)Y d5ldae glas» b — undefined g null

wwle lado Cuwyd glogSll g 77 g .7 sloygilyl (strictNullChecks

Juad (il (62550 Blawl
S U £95 xbuw )3 |) ulé glo)laio strictNullChecks L ¢
2> o9 |y optional ¢ undefined ¢ null bz wolas ¢
S eolaiwl glés L8 (gl> 5> hid non-null assertion I ¢

5 UL po il ply 95 Uas ol I JavaScript pguw 3ol «g)¥s d)ldae lasy ) o « NULL g ico 90 (igs
— aidpin so)lyl aos g LSUE> I Sege — 35 wuasS gly TypeScript @glail ¢uyipge . undefined oo
S 5o U2 (95l (oaw) giacy a4y «runtime julp g jl 1) jlade e il strictNullChecks

strictNullChecks ;| s g (Ju8

2o JavaScript SU ¢uyizal) 0)b)d loggs iy — vlobuil J8 e95 po @ undefined ¢ null aiy;S ol o
10l b .35yl L8y

[ ) strict-null.ts

function len(s: string | null): number {

return s.length;

HabolS ol

strict-null.ts:2:10 - error TS18047: 's' is possibly 'null'.

(o Juad) narrowing aS sl Guloglas 8> ¢l 9 — A4S 3 1) cuné 0slisiwl I Jud 35S0 youmo |y Lo 4lluols

g0 _))|9
[ ] null-narrowing.ts type-checks v

function len(s: string | null): number {

if (s = null) return 0O;

return s.length;

Py €5y 3ldo las» LG — undefined g null



ole )lado b )15 )lplawe>

[ ] toolbox.ts type-checks v
interface User {

name: string;

nickname?: string;

avatarUrl: string | null;

function describe(u: User): string {

const firstChar = u.nickname?.charAt(0);

const display = u.nickname ?? u.name;

return “${display} (${u.avatarUrl ?? " ,gai 0sx"}) ${firstChar 22 ""}°;

Cunn ?2? gl || — jladins

hidd (6,9 iy gl .2l55 0 |) fallback o (false bu0 (JI aiiy)) falsy jlase o glp value || fallback
S e Jui Weoo ay [uo o |y yu0 wygy aS port || 3000 :SauwMlS Sb . 2?7 diuod (Cuws jlade iy
ol 315159 <y Sundefined L null

(€5 B g 2y 21318 .l )B5lw 315)L3 (ago (s jSae plaSgas Wi g 31> 1) 93 4o yUj

(5,1 property g yiohb) bj Laub (B9 Giuy — €)1 3929 / 6aki pabiin =y undefined ¢
)15 3929 NULL had JSON )5 g 43S S 1y GinlgT 1) 5» Uio @loBT Lopauas — (I g pon iy nULL ¢

oslaswl ((?) optional jl slgie G asly J31> )5 9 (string | null) sungio zupo |) £95 «0g0c APl > ¢

Qiwd ()9 (599l — Non-null assertion

:runtime G H FD U9 — (L null rai.iAb.o)) .x.:ggu,o ).bl.uols a ! )iLo..c

FE €5y 3ldo las» LG — undefined g null



® non-null.ts type-checks v

const el = document.getElementById("app");

el!.focus();

if (el) el.focus();
el?.focus();

if ('el) throw new Error("#app missing");

el.focus();

oo !l aoed plu b zopo gl 4y Gidydd cwl «Sanyaen (=8lg yoic (53905 S| 14,5 pSeaws |y ¥ aiy;S
assertion ol gues adL)lSlw akuws 2 g =S duegde el Ol jl oliil (6,9 i8g — Cuwl Hdy b
PV Jas) ssiume lofunction

03 U 3o @3 |y Cussé — i3 Jao
d2 e ) ) Cund sy ol 35S e b «ify S Wpao aldi o )5 )b gbyz aelpy Gec )pas | null o

033 925 MUl gy juad €95 aoliyy audty ay 9 — jlxiay Ua> b o2y 46,8y Jladie (oS Gy Jgl Ule |) (639)9 1AS 0
Ll (Goae U Cuud Ui gl (93 dssuw (8 SO glo 2. sl

Sl yob iyl I)g - v.“.:g,;lS »)

5)S Glyel a=y ldaw> a5 — ALGOL > [Tony Hoare: 1970 — cuwl null £ 550 395 5l «5)¥> 5)ldae glasy )l
oul>) undefined :3i WSipe Hb 93 Iy Uas ol JavaScript .e5,S (iladlsl g olwl ilsjlwesly oo» o
i MUl il 330 (gjuz wS» iy undefined :=8lg (Jg b (juled — (Groae cuug) NULL g (63w m3)ladbo

(o adS Gl BT LSy

JS > undefined g null 8Bl (s iy ) So» biad strictNullChecks :cuwlsepl holbo Gaos s
L null & string» sy String — st logg «aady Ghgols guac )lade 95 gul ol Yy - XSe U9e |y E99 Yo
o null (T b .55 Loledyie il Hoare aS gluohb ploas b iSue olew ) oul yhlelS ¢ «undefined
wolds . User | null :yly Léel )3 zopo b e plSely g Mgie jBjlwl g Jdiue loggs undefined
D90 Jaab €138 adline o8 Lidun a4y clzass (loiy wusdlgn jl cuné il awld

(il JulolS a5 2. g return g if ,o :osbuml Gty (lo Juad) JyiuS olbyz Julss pez SuSue )8 Jso ol b
Xyls 1) g ylazo oo RUSt g SWift g Kotlin .5gi 0 So)b loplas g9 g — Cuwl Latio uné asli gl )> aS o0
L s — 555 o5y cu,Suwllgls runtime I cub SO Gio i g9 |y of TypeScript «(nullable types / Option)
@lwolxiy GloSU I JolS (wllS Sy il by JS 55 cruntime ¢osu £95» ©)ad Ginlos oyiluj ubis ol Ll 4V
A oS gl (b2l aigje a0 b
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L9 gl
1l @bl Jobeo jlid) g 59 abolS | zad g9 aS 2SS uwgiil )9k |) U (ol

) quiz7.ts type-checks v

function getDomain(email: string | undefined): string {

return email!.split("@")[1]!.toLowerCase();

] quiz7-solution.ts type-checks v

function getDomain(email: string | undefined): string | undefined {

const domain = email?.split("@")[1];

return domain?.tolLowerCase();

o — (PV Juad) cuwl string | undefined Gb>g> noUncheckedIndexedAccess L [1] GuSiyl 3uS asgi
Gl jpo > Gxuyliel Cuw)d ol) bl «Cul jrise dduos Jaah Lo 3158 )SI.cuuwl GBsLo g eV pg> 2.
.é.o.c ).) !

Juad ol axslias (goyinwyy I

SasId 0 Cuwyd |y atiyi a= «possibly undefined» g9, gl -) |

9 yblize B8y Gl ?? = wuwl Lihie poluaebl Gi8g 2. asy «(early return/if) =8l narrowing Jol :Lsy
by cielS js as Gildl b bhdd g cuwl aly gyl TS sy cané GiBg plu bz o throw

€515 Sb a> config.port || 3000 .V l

GHSUEPUIR Gl e Wledhil ) IS @ik jebyred g0 oduely 9 cuwl falsy (coxy Gskas g Giw) B gy
S oiSels | null/undefined s aS cuwl > 2?2 lasd

Lt €5y 3ldo las» LG — undefined g null



08
void g any. unknown: never

L0 o) |) codebase S, wuslS aS i £95 )l

Juad gl (6850 Slasl
S0 iriie WgSz g XSLe Lbgels |y Giuz az lds any il
G )5 any gl ¢p3Sul> plgicay |, unknown ¢

oo |y Sanpe glogg g exhaustiveness > never Giss ¢

LS,; L.JJ..QJ.S ugs..\.u CaoMe 9 )|).§ az=y)> ahnd) L).J)JL)..LJL! ahnd L).J).JULI :AJ|&9.'J (i ((GLd))').o)) ‘d.ua_é C):?l ég.: )L@>
ol Logiazo — 55 pwaz £95 ez e b G935y 693 | plgize wlél | codebase
JaluolS 13,5 iigols — any

22 9 Gl Ol J8 egi yo ) 153 g Cuwl jlxe (ol 59) Gililac o .l Guyp EAS 318 (o £95 Sy any
Ol @ 9

@ any-virus.ts type-checks v

function parsePayload(json: string) {

const data = JSON.parse(json);
const id = data.user.id;

const name: string = data.nmae;
return { id, name };

3D g g0 piniio 6315 jumo plad )d (( JSON.parse l>¢pl) 3959 abids jl 13650 «@NY K392 WG 9N 6333y 2l
Sy sloany g xuuo glaany 9,50 |y s gloany hid noImplicitAny .xSie hgeld |y Ly duwy >
Ailose losiv b (res.json() ¢ JSON.parse Jio) WoAPI i

wwyp bas b «dlhsil gles — unknown

Wil ) g65 idg U s jlxo O (59, wildee gad (ol puSep ol — 5p3u0 ) 6)lade yo any Jio @o unknown

o unknown-strict.ts

function handle(value: unknown) {

value.toUpperCase();

L void g any. unknown. never



Aol ol

unknown-strict.ts:2:3 - error TS18046: 'value' is of type 'unknown'.

[ ] unknown-proof.ts type-checks v

function handle(value: unknown): string {

if (typeof value == "string") return value.toUpperCase();

if (value instanceof Error) return value.message;
return JSON.stringify(value);

yolge Clge 3S 1Joud BB slogwl leis Luyds .5 unknown L duwpy duugie any >y :wiige oacld
(...args: any[1) Jio) 3> oV ;S plgicas ) any ,LLwlS 395 aS Syyiz glogg I old blas g (Mo Juad)
.(>constraint ,> = any

«jS)dn £95 — never
:Ghol 50)18 95 .5)135 399 never ggi jl (g)lado Zuo 1wl JIB acgazo never
1335 p00p 5y aS Glgi 52y )
) never-return.ts type-checks v

function fail(msg: string): never { throw new Error(msg); }
function loop(): never { while (true) {} }

function readPort(env: Record<string, string | undefined>): number {

const raw = env.PORT ?? fail("PORT is required");
return Number(raw) ;

hid 2?2l asy Nldge HlelS weuwl never GilLiiSib 95 (92 13)S Syl NArowing > ,gh> fail S «ds

Ailose 0355 string aslu

uwl never 635laa8l il 63> gy Iy union G glacl ass idg 1335 y2yipge — exhaustive uw,)y ¥
;S 0 J2aw «refactoring o)V S @ |y cudads ¢yl

FA void g any. unknown. never



[ ) never-exhaustive.ts type-checks v

type Shape =
| { kind: "circle"; r: number }

| { kind: "square"; side: number };

function area(s: Shape): number {
switch (s.kind) {
case "circle": return Math.PI * s.r *x 2;
case "square": return s.side *x 2;
default: {
const unreachable: never = s;
throw new Error( Unhandled shape: ${JSON.stringify(unreachable)} );

U const unreachable: never = s ls g adlsl Shape a { kind: "triangle"; ... } gquac aS |8
AiSe JolS 1) 63Ul el PP bad .S e g ol |) sxilels glaswitch S5 JhlbwlS — 5,50

(s @go (529)5» — void

0 oSolz )5 13S0 Gz oS b :cuwlacallback )> iege wdlb .« axSs SudSjL Hlade an Lisy void
1295050 Q.AS)J.\J = void

o void-callback.ts type-checks v

const numbers = [1, 2, 3];
const callbacks: Array<() = void> = [];

callbacks.push(() = numbers.push(4));

aSipl @ S e edlatiwl ;29,5 jl 6aSlae aS cuwl ¢l () = void (gliwe ruw)d 9 Cuwl Glee Folud
88 o0 o forEach(x = arr.push(x)) g ol jl e S ol audls >9,5 5135 g callback
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ol glw (iAol «£950 (o (gl L aShe |) gz 93 2 g Xl o (5L clgd

L void g any. unknown. never
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Intersection g Union

Lacl a) uwyiawd L) g gy wbyy :(loggs ju>

Juad (il (62550 Blawl
Dl guyiawd > Syivive gbacl héd union gg,) > Gl ¢
G B ool oSy glp |) intersection ¢

LD paxsin ) (b never Jio) intersection glopels ¢

008 9 — Nlpmes Wds & o | .Shidl g gloizl 31> plal o ool b olgiy b ipslie acgamo laggs )3
|).> 9 <.)J|qulm.) ) LS)MM.O sbacl hd union 59) |).> .XJSL;A) do b |) @.3|) rol&ﬂ 9> ‘LQUT ((6|¢29A?_o))
. never >guu e primitive ¢> intersection

~

ol b 2l — Union

[ union-basics.ts type-checks v

type Id = number | string;

function normalizeId(id: Id): string {

return id.toString();

] union-error.ts

function shout(id: number | string) {
return id.toUpperCase();

Habols plu

union-error.ts:2:13 - error TS2339: Property 'toUpperCase' does not
exist on type 'string | number'.
Property 'toUpperCase' does not exist on type 'number'.

narrowing L i8g U .elasS lsei JubwelS 9 cunlacl jl Sy Jadd runtime > =8lg )lade (o Teudgixe ol 2>
Al EBlaus s (S duw ol — A3 0 ojla] Sy dxg @ hsd (Ss yasuine (1o Juad)

Ly Intersection ¢ Union
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Ul jieS yusldo — cuwl Shydl A & B :gblaig)8 .wl jlowe (55508 wlidec g puild o yieS Gilado yo 0)b)d Gy
ilps GuSe diines «Bllac )38y g (acgazo Sy - pidinn Sl i

Ol 2 (2l e — Intersection
i g8 CuSyi s & Lol 58

o intersection.ts type-checks v

type Timestamps { createdAt: Date; updatedAt: Date };
type SoftDelete = { deletedAt: Date | null };

type UserRow = { id: number; email: string } & Timestamps & SoftDelete;

const row: UserRow = {
id: 1, email: "a@b.dev",
createdAt: new Date(), updatedAt: new Date(), deletedAt: null,

slp bl 49> o loproperty aos» Gisy sbubl gl . 3ublb acgozo 95 o gac plojed L A & B ggi jl Hlado
:loprimitive

intersection-never.ts type-checks v

Impossible = string & number;

= { status: "ok" };

= { status: "error" };
= A & B;

G plesl intersection — jlai

Sl gine never |uogpuws oBjluwl axis g 3Se intersect |y ylinlogg 35S ai cmergen |) pbps glacl &
Wy (g)labo g o .(Fo Jhad) cuwl Omit<A, "k"> & { k: New } <> 6931 ausS «overriden |y egs subawlgs
.335)5; intersection > lgiy never JLos Jol «ogus cuslu JB8 LIS oo

Lounion g& # sbubl union

il ago by State Lohb > aS Ligles

Lt Intersection ¢ Union



® union-vs-object.ts type-checks v

type LoadingBad = {

status: "loading" | "success" | "error";
data: string | null;
error: Error | null;

i

const weird: LoadingBad = { status: "success", data: null, error: new Error("?") };

type Loading =
| { status: "loading" }
| { status: "success"; data: string }
| { status: "error"; error: Error };

) sl staten aduwld asums ¢l i oy P8 Wol «error 09 €rror g «data (g SUCCESSY (09> A >
hsd a5 > (gjlw e Hlpl 0L |y union aS¢pl Juws g — Ngio Lo ol o P8 g PP Jhad aS cuwl ¢S wslwold,ue

.65Lw g«bLy»
.“Sﬁ ’QQSQ l * .:‘.

acgamoy hacl 9 /S5 Gbacl sl A | B | € glan (A | B) | € :xiSue pbuwe |y yisdes union ¢
.(string — "a" | string) Jgs 0 wi>

duwyo pz plod — (A & B) | (A& C) uly A& (B | C) :dgie guje UNion g, & *

declaration g) 2S5 4SS lotooltip b olas )5 oyl wuiys @ 5,0 9)13 ulise ¢peuads union glacl cusys ¢
(VY uad — oxud yi)lagl stableTypeOrdering U $/V asuws )> emit

Sl 9bipl o — welS

Vg0 Likio WolS Juad cyl «oumen Hl8) 95 (A Juad glacgamo Siuc b
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Ll Gupawd ) ol Sliubl hed Gy uiblb el «(See glez 95 yon )0 LU jlxe Wllec .plaS Xl>00
sloole> Bisy HSgjlw ds (1o Jad) narrowing .cuwl wushd esc ay aildslo Bl gl s (5 pSsaw
g ST olais ! GloeullB B s3uue |y 43555 gloaslis jl Sy oy 32 — cuwl (S

(e — il gbldi,; acgazo 9> Slyusl string & number $3g4b 0 Never Lo, primitive o> intersection I,>

) I.\m asly g e UyliS Wy Yoo jd Uas tcuwl 939y o JSuie el Lasi o olob, .never Lisy
139)50 9,9 gacaigac intersection «sbubl gl . 3S e by el 45,95 WdyioghuS 1) Lash g dgu 0 yolbb oslatuwl ahds
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(o) Shibly a5 cunl «g)Bjlun Goleacld (o2 iSe LS pupo plu b «ay,ss

Gl ol 1 o LiaSid das — 1)l Ll g lpalls glacgazo slo)Sloc intersection g union :,Sgjlw (gaugaz
Ay 285 > o a0 pll elacgeze Whilacy (L) aS il o)l HUaHI «g)lislw CuSyin 2B o d9¢.0 aS
(GYWIVPITS s8> 9 o2l polio acgozon ruw)d JIguw

O pod

Lo Egs u
136S oolw |y ool Wylie jo amuis
[ quiz9.ts type-checks v

type T1 (string | number) & (number | boolean);

type T2 = "a" | "b" | string;
type T3 = { x: 1 } & { vy: 2 };
type T4 keyof ({ a: 1 } | { b: 2 });

* Mgau 0 SUpertype wix> oliteral — T2 = string - never glowuS)i Bi> g gujoi — T1 = number :@wb
sloads had union g, keyof — T4 = never - (,5;w s 9> intersection wygoay) T3 = { x: 1; y: 2 }

)10 Sy AS £ 9 ¢l 9 Ao ) Syidine

Juad ol awslas (gl yiuwys I

3940 a2 )5jlwl plpd giac b s 95 intersection .| |

Uas g dgdi0 Never lxoyy ((string & number (o) aibl ,55Lwb )81 ©,8 0 |) Linleggs intersection (ol gac

LS UliS o l>ples |) 5LAS gz wuwl yigy interface extends (iui glosld)hd gl dgdb0 yolb Luxe gl>

Sl (93 G=lb X158 0p string | number aS =G .Y |

Lusy — cawl aildslo union o)ls glaiels wll> g5 lebly 29,5 S| 0880 Wb LwS az |y narrowing ,b )5 Siuw
U asS 3485 |y ,>9,5—2639)9 alyly Syyi> L overload b el (gjlwosly Juii Juol> had union )3l Ll .discriminated
03 i 6xisS WG a0
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dyiss oby> Jul=i g Narrowing

discriminant g typeof. in. instanceof — xlg3> 0 hayhs ) g5 5 JLlLolS

Juad gl 6550 Slaol
Glidy ) oLinil d=o 9 151> type guard glgil ¢

S Giwuiny U jlahd) jo )5 ) psie S g5 ¢
(callback. mutation) «>g, 0 <aw> jl» Lo narrowing > Sla ¢

lo if ¢l TypeScript g — cuwl if jl 5 =8lg 3S Lol .3lubaws )5 Sy lacl hid union (gg) euisS lepl U
2SSl ahds o )5 gasie o 95 :3ugS e (control-flow analysis) JyiuS olyz Jud=i Sgjlw ol @ .dlg> 0 |,
L 05059, )15 giuw g JaleelS Lindy «uuixiasigmy Gl dgize Sk 0355 joue o jl b T b aS Galouwyy pulwl

.l TypeScript

w215 narrowing )lplas>

@ guards.ts type-checks v

function fmt(v: string | number | Date | null): string {
if (v = null) return "-";

if (typeof v = "string") return v;
if (typeof v = "number") return v.toFixed(2);
return v.toIS0String();

1oLyl 63930 g Loyl

JS 0438 pl> — typeof null = "object" primitive cieo typeof x = "..."
3,550 |y null/undefined g5 ;0 = null Caad X = null ¢ x = null

S 05,8 plain sbuil gl UMS diges x instanceof C

sl JSus S,S45 (gl property >g>g "K' din x

al)T gl instanceof ;I yigs al)T Array.isArray(x)
il 0 g ™ wdlyo falsy Wi> (if (x) )truthiness

PP Juad (loygd discriminant X.kind = "..."

|24

JyisS plby> Jud=i g Narrowing



NS0 a2 audy ) baglad,> as yieab )lis) 95 9
[ ] flow-subtle.ts type-checks v

function firstUpper(items: string[] | null) {

const list = items ?2? [];

return list.length > 0 8&& 1ist[0] == undefined
? list[0].toUpperCase()

nm.
1

function process(input: string | number) {
if (typeof input == "number") {
input = String(input);
¥

return input.trim();

(dgau 0 @SH Narrowing as il>

:awl (3032 e callback (el U Sy v9)d by Jud= @il jpo tdgl . 3)93 0 Ul A dod aS Ciusdge 9>
[ ] lost-callback.ts type-checks v

function send(msg: string | null) {
if (msg == null) {
setTimeout(() = {
console.log(msg.toUpperCase());
}, 100);

Hlade Ly jl A g cwl bl msg Gye) JSLe J= wlaiesigs |y ol 3j90 ¢l TypeScript ())se glodasuuw
O NS Oaeudi Dlgiges HhbwelS ogd mutate ole L sl et jaie Sl @go og0c 63cl8 Lol (58500
odede g Suiues J>ol) 313550 ,US 1) narrowing g — o Loge Hlade «callback gly=1» g «mw)p»
[ ) capture-const.ts type-checks v
function send(msg: string | null) {
if (msg == null) return;

const safeMsg = msg;
setTimeout(() = console.log(safeMsg.toUpperCase()), 100);

JyisS plby> Jud=i g Narrowing




2l getter wslgie property (g2 wuuwl Lo jusio jl yicauis obj.prop g, narrowing .sbuil property :og9>
DS Gy AR iy o e )0 Jol iglady> (59301 LS s gy I b

O 0335lgS plgicay JLlwolS — i Jio
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il @G 0 b mutation auiwes Luyds fuwl Sxidn lgize HBLsl az eslasuwl

3jlwo 5)lozo NArroWing — plSindgj CuwSu
uwlidl e by Jud= b (s adudw had early-return g3
[ ) early-return.ts type-checks v

interface Session { user: { id: string; role: "admin" | "member" } | null }

function requireAdmin(session: Session) {
if (!session.user) throw new Error("Not authenticated");

if (session.user.role == "admin") throw new Error("Forbidden");

return session.user;

SN «oryaed Loy Hd &l Gl AS g USLe JIS26S |y sxleadl wlls glad (pBimsg; return / throw o
S ol 1) juz aasd 0)bgd b aslis yo )5 aS gi)5g5 gloif b 3uS auwylioe .36S 0

AL HlagSicul JhbelS HI3S — Jos )

g 35305 )51 .50 €g)lon loggi — cuws eV Lilse annotation .o L yd5 dgu 6.2 Cuw)d NArrowing idg
aScpl @ ((PY uasd) 55 discriminant glissls b cwl 3 oy wauiyi G Vgaso dumngize as wipe gl
Cuwl «ylgeaSy TypeScript

Sl job iyl I)g - v.“.:g,;lS )

loo)S — plyz BLS Sy 26 o (59) w4z Lebly yolwlS ily S xegdie yigr |y (CFA) JpiiS ol Julos
Gala>y jl glacgazo )5 o )5 (property opz; b jusio) «glayh jo ©ly Ll See Gopue b ol bl
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2> 0 g0l
il oS b Al getter cuwl (ySeo obj.prop .loproperty gly — oslaiwl g )y o await b g lg>l9 ¢
|, property Gli> @il uy S Ul Dlgine |y Gibe @19 (oglsn JulolS S (6) 5w |y s 9w
2}RIGR )92
69y oo |) Liisass (ullypusi e jusie Dode Jud auad @ a8y jl «const > snapshoty o3l V>
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o quizl0.ts type-checks v

function f(x: string | number | string[] | null)

if (x = null) return;

if (typeof x == "object") {

return x.length;

gac lgis — string[] .P.5S &i> ) null/undefined hiaé = null — string | number | stringl[] .):Z&wl
Az, return |, object asli — string | number .V .oxlau8l «object»
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GuiSiL €95 g rest. this (g)Lusl sioll &b gos

diad ol (6 3S5L Bl

mwgi Signature g alias Jsub 93 yo |y 2 gg5
wwlisin [y method > leyiol)l bivariance ls, ¢

6ol gl @ b g Zupo |) GUiSiL €95 (6550 paosai ¢

XS0 JolS 1y 315)h8 ol yisings 3285 bj Jhad ol .So 1) o 030 1) oy :emwl aoliy jo 5> 158 Lol s>l (@l
Ngie Wil Lueialils ;> aS this goi g rest glayiohl Jie Luloedlb b al, syntax ;| —

U £95 pkibgs JSib 9

[ ] fn-types.ts type-checks v

function priceAfterTax(price: number, rate: number): number {
return price * (1 + rate);

type Formatter = (value: number, unit: string) = string;

const fmtFa: Formatter = (v, u) = ${v.tolLocaleString("fa-IR")} ${u} ;

lociigaolS Props s «g)li%s Slyil ay bl g |) ol 3wlgige )l pul U £95 5i8g 142,50 @Suws |y pg> JSui
.l (segec API I i «callback E ddailylis )5 . auS i 9 20135

)] . o .
G295 962959 2I3)L8 — Rilgs



rest g &9y «5)LiSl Glosioly

[ ] params.ts type-checks v

function buildUrl(
base: string,
path = "/",
guery?: Record<string, string>,

...segments: string[]

: string {
const g = query ? "?" + new URLSearchParams(query) : "";
return [base, path, ...segments].join("") + q;

buildUrl("https: //api.dev");
buildUrl("https://api.dev", "/v2", { page: "1" }, "users", "42");

18295 5SS 9>

«ilay > Dlgion iy ? coMe — cawl Record<string, string> | undefined U (yg,> query gg¢i ¢
Dgu g Wb eslaiuwl jl Ju8 Gug . undefined sy pailels g
Sy options object S, (loals loa wwl (g)Lis «Lhuwgn S| uly o bl jl sy L g Ll el ¢

Fipdgasigi g yiblgs —
® options-object.ts type-checks v
interface RetryOptions { attempts?: number; delayMs?: number; signal?: AbortSignal }

function retry<T>(task: () = Promise<T>, opts: RetryOptions = {}): Promise<T> {
const { attempts = 3, delayMs = 200 } = opts;
void delayMs;
return task();

Ir

void (retry<number> satisfies (t: () = Promise<number>, o0?: RetryOptions) =

Promise<number>);

S bl b zapo — GiS;L go

(S @28 Vs ) ¥ (Jad oacld

JalsolS Cuspan 5 Spp00 e Joxo @y | s AiSie b |y 31518 . dnsis |y GisSil £95 1ildbo/egas @lgi *
(PP Jhad — xS gl 6)bg> loosiuSdpan hy ) aisny s Y 1hbelS) S0 yigr e 1) S)i glosjoy 5>

ol e g B kil 15298 Llno @lgi ¢

2 21318 U suwngis ogac AP 5o Lol il jlxe piuitisdogis fcuawl Promise<T>  adiwes ;29,5 :async gilgi ¢
g 6305 Ll

oy . . .
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1S Lo po A3 0 o5l>| TypeScript sl olgiy yiohl Sy Wae this JavaScript ;s
® this-param.ts type-checks v
interface Counter { count: number }
function increment(this: Counter, by: number) A{

this.count += by;

const c: Counter & { increment: typeof increment } = {
count: O,
increment,

I

c.increment(5);

[ this-err.ts

function standalone(this: { count: number }) { this.count+; }
standalone();

HabolS ol

this-err.ts:2:1 - error TS2684: The 'this' context of type 'void' is
not assignable to method's 'this' of type '{ count: number; }'.

Uiyl yieS laarrow function L ¢y)ae 35 )5 .cuuwl o15)1,8 had — (erasure) doun o0 Wi> JS ,>9,5> ;> this jiel)L

Cuwl (596 DOM gloevent handler g )i 0118 (gloailiulis (53)S ol glp Lol wayyl>
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Result J=>ol) 0 Joad — il 00 E ) TS > as) Swowo glolhs g his (,>9,5 > (639,9 :wlaSs9s «gs ghaxl
code review > |, asiuw ¢yl -l (a8l Ginbasel slgs 1) Giblaiss 3L Ll s eslaiwl gl 31 .(@>0 |,

Aoy By

I8 Cuwy> arr.map(x = x) il b glopelhh U o=U igild uiils (ieS glaoyiol)h L oG TypeScript >
ol 935S Lbgehdn Lisy bel wuwl Jle ocallback gly ¢l 515 yiol)lh aw Map ouw, callback as¢ul b 35S0
el sl )3 a5 S Jae 0315 €65 ) |y ol dusdles> e, Lzl S1 s Uas
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3,55 JUaisl | auw 50 V> 35loy plls o B L oA (glyy o sbaiibgs Lilghd o aS xipitiy A g gl Milgiie

OlegS)T 9> ddimas @iy 35 (a, b) = void gly aS gloaulg>lyd Sl piaemiSile jieS yiohl U &L b2
Uas 55,0 adlsl (legS) JavaScript )5 — 5,50 63000 Jhs o 1) pgd> HlogS)l lg>0 |) @ bid aS L=l . 3swyd 0
undefined — osliwyds Sy oxilg>hd aS Nlg>0 egw yiohl (igdgiyn Ul aez>ld GiuwScy 0394
arr.map(x = X) 6,0j9) g callback aS cuwl gz plos b Sy <W o)l oSy 63cld uy .0pkaops

03)S S e |y ((5yiel)baw callback L * 2)

— (S5 055 29y @ 031> Job oxiilgShdn sy VOId (glbel Samiie () = void gl ldSy)laie &G >
gu 63l ol S| .l jpoy il e S @S Sy Hlabo 0aSIgE A wuwl 63SWG a0 8)l)> (6313)),8
JS L=8lg gl L gl — 2l5Sep d3c push yg> sbe Uas arr.forEach(x = results.push(x))
ASiz e

Ay €Oy @ — dgibe Wigie g 3)lbem |) Bjlw glael gln resolution (g2 Sl pgo overload waiyi Iy>
Spp Ao ple gldel 43Sy by Jl b Lael guyipels e culgiume ¢ler @ Gigimuing 1B o yieslw il

2O e Jgaes ) ool PO Juad .ogib 05 6305 15,0 (gas glo overload wds g

OS b g GLasl

138 glinalsl g lay )15 G2 JSine aw Lawl ol

® quizll.ts type-checks v

function createUser(name: string, admin?: boolean, email?: string,
sendWelcome?: boolean, locale?: string) {

createUser("x", undefined, "a@b.c", :cwwlle>U ilg>hd Jmo ) ey )il yiolb )lg= ) i@l
iz Wol .o ilgS)8 dad (Sl (i 035l dzuwgi W .l o rloals Asiue @ LS boolean g> .Y .true)
:pL L options object )5 a.é, (gLl Jol yiol)b

o quizll-solution.ts type-checks v

interface CreateUserOptions {
email?: string; role?: "admin" | "member";

sendWelcome?: boolean; locale?: "fa" | "en";
ki
function createUser(name: string, options: CreateUserOptions = {}) { void name; void
options; }

or . « .
G295 962959 2I3)L8 — Rilgs
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Juad ol awslas (gl yiuwys I

Sl @lw il 9 Xil5)S) Hlade Llgize () = void ggi b callback Iy . |

arr.forEach(x = g gl (Ol Gjuz» & «gbe ai8)S 6350 Wl>g9,5» Liey callback >g,5 6Eyl> > void
slyl8 — AS e aSS 529,34 UaSEd (192 G EJlwb L5155 oy dae push aSgul b cuwl jlxo 1ist.push(x))
NS R y e

S6313,8 wolis — Sy b siebl b )il ol P |

Lo @530 (Jg 3235 Mlgie caller iy x: T = def ©udb T | undefined UL loud g s Llgie caller isy x2: T
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HibolS glbs yailgs i g — Tuple: readonly caul)i

0‘0

s loply juandi Suilaiuuw (og) + Gy Gl lslw

duad ool (655850 Sl
G )5 )by g <ol Jgb b glo) izl gl |, tuple ¢
Slv 6B > [, [IT L [Ireadonly T wglas ¢

S st glal>yo)lgz @in)oSIl b 1) JhlelS glas o ¢

oair ) isle ilwd e iluyo «olg) 0p0jg) JIS» Ehw 4y |) oSy sy aS S0 plad |) Wylge 95 Jad il
aSs ol @ plae OUS aud aS (LbelS glolas 35l Suilotuw (bg) — yiege 2L — ¢ (tuple: readonly (ayl)l)
35S JolgS

AiylivgSU ciunblg 95 9 aul)l

[ ] arrays.ts type-checks v

const scores: number[] = [85, 92, 78];

const first = scores[0];

function highest(xs: number[]): number | undefined {
return [...xs].sort((a, b) = b - a)[0];

€E3j 05 Cawdn S3)l,8 — readonly

[ ) readonly.ts

function sum(xs: readonly number[]): number {
xs.push(0);

return xs.reduce((a, b) = a + b, 0);

e AilolS glas yaslgs o g — Tuple: readonly )T



Aol ol

readonly.ts:2:6 - error TS2339: Property 'push' does not exist on
type 'readonly number[]'.

(033551300 glp yistiw 63T iaS Jod) cumwl wlwiil Jo8 readonly number[] a number[] :poge (,Bjlw oicld
9 M0 (Gridinn 6ld(639)9 — Amgiy readonly |y 3> 0 ki as glalyl gloyiol)l :loc azuis .45 GuScy Lol
<l H,8, loproperty g9, readonly g ReadonlySet « ReadonlyMap (gly gloie (ped .Cuwl j5@sbo lisls)l,d
el ity el Job — Tuple
sagll &5 sugio tuple o)l bieo «usedgon (5idg
® tuples.ts type-checks v

type LatlLng = [lat: number, lng: number];
const tehran: LatlLng = [35.6892, 51.3890];

type Entry = [key: string, value: string, ...flags: boolean[]];

function useToggle(init: boolean): [boolean, () = void] {
let v = init;
return [v, O = { v = lv; }];

IF

const [on, toggle] = useToggle(false);

void on; void toggle;

number[]) Mluidias 9 pwizpd polic S| .cuwl Hlslize destructuring as s)ls (i)l pulogples Lds tuple
S e oy | _)|3)|)§ tuple ;(()ig) = 50909 ol = S Jol paicen )§| ¢35 by d,ng :(cho).o.}
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Sl lddzye Hloz @in)eSl . aiS e UinliS 1) JhlelS JVaswl oz JS :uldelS gez 1l Vgb TypeScript glolas
HI-EV-)

Zhw pigrec )d G=Bly wile 59,0 55> @ JS jl gidgi glolas by palgl @i Wil |y aidygi Jhaw (2pST )
ol

@Gyb o33 S Y Seumz X — 3,05 «X is not assignable to Yy Jsui Uas yo Lu,ds .aiS oy |y lged £g5 95 ¥
('l blé — Lou annotation Lisy — Y wldgl canas) Sl oliuil

(HBjlwl wluwsl) TS2322 (wwle property) TS2339 ((Bjlwb ¢logS)) TS2345 .0 iz Iy s a5 W
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(8,85 U — 3,uSiiy annotation b il glopsio 4 1) wylie auwl g0 joio S| il |y Adgiib o yisS2gS
(2300 GipanS |) SS5 gl FY (had) Ao pabe ashd g,

128y JUo Sy 59,
® read-error.ts
interface Order { items: { sku: string; qty: number }[] }

function totalQty(order: Order): number {

return order.items.reduce((sum, it) = sum + it.quantity, 0);

I

Hilbels by

read-error.ts:4:52 - error TS2339: Property 'quantity' does not exist
on type '{ sku: string; qty: number; }'. Did you mean 'qty'?

— wlé gac sy TS2339 W al>yo items quac £ 659, quantity» (glges :¥ al>yo 5135 yidu abw Syl dopo
IS o Sopz b ez sl (59) @in)eSl oo .aul 65 e S .l Cuwyd ilgm Did you mean >lgiiun 9
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bz 35S dges £95 95 o ()iEracy 355,00 |y @izyoSUl gl il Lol .36S e ioyd |y oLy TypeScript Errors
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121> gy dismoly (Jiad onl GPlb Eaeual 9
Jod» hidd as cuwl glal)l readonly 13,65 655 «elslBy Glhio b SyuSeyy ai g cuwl TL1 ggipl readonly TI1 L2
aS Gjz) M0 Gizha [ Jsd wrl Gseme aill o .JolS all gloculé |l Slacgamap; — Ad3Le (Nl
slesly iz GiuwSe .l jlxo g ool readonly T = [IT Gluil Gy (caigiileds Gilgine ebd (g Lilgiue
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Ll «Ghbwels
sl (bl ISy > hdd olinigles o= Sl Array oy g o runtime )5 idg 31> @9 @byl b a8yl tuple |)>
Oxeo NUMber & )l> 2 go5 ol length — Xbse literal wygoay |) 6Byl o £95 9 Jgb aS cuwl egi tuple
slouad > g S0 Sww |y variadic tuples g )Lis| polic 613502y (8> dest;'ucturing aS cuwl adlal Gisls
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O
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h2 9 52560 rlh az S Gl dwsSe 2l ue

[ ) quizl2.ts

const pair: [string, number] = ["a", 1];
const nums: number[] = [1, 2, 3];

const x: [string, number] = ["a", 1, 2] as [string, number, 2];

const y: readonly number[] = nums;
const z: number[] = y;

readonly :0 b3 .TS2322 — (cuwl £93 jl s Job) s Cluisl 1B gouacgs 4y gaacaw tuple ;¥ hs :guwb
gz 1092 Cuwl Gy ¥ s el adbs, readonly (g)B5lw cag> — s Ol J8 number[] ay number[]

ol L’)Lo.m Cuw)d

Jad ol auslas S iy I

Sladd eSy> gl — phsJez @l .| l
) lge> £95 93 a2y .l Biad)g5 a ,=blg e g 03U o3z iz 4 LIS il lg-WeasyPrint :@pilgs o |) aid)gs Jb.w O P Groc
.S di cwl e Al g annotation 5;lgo jl ow — cuwl ble W)b Pl3S pwpe 9 PIS Lo Yativ

a0 (ol a> U jiolyb > readonly T[] .V |
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wwligo wlkiil Sy — type g interface

e > wlxisl eacld g declaration merging «,=8lg (glowgles

Juad (il (62550 Blawl
WS Cuwyed |y type alias g interface Jloc glowglas ¢
Cowl SUjhas =S g aude =S merging Lilss ¢
&S wlxil codebase gly )55l oacld Sy ¢

@ g Gl €135 S8y A > Fawly iy )Sawlyli code review g axslae Jlguw ou)5)Siyp — «Stype L interfacen
ol (o oacld SO okl s g U9'§|9 Gglai 9> ro.@Q WCuw)d é,uub ‘locglai Jhas L.uu).e.‘)

A0 plail g 051l Sy @) 95y azil

12l ol des Gy jlHlul 95 o — LuMS lawgi sl implement (y5)S extend (@l gbdwl b JSui
[ ) both-work.ts type-checks v

interface UserI { id: number; name: string }

type UserT = { id: number; name: string };

interface AdminI extends UserI { scope: string }
type AdminT = UserT & { scope: string };

class Member implements UserI { id = O; name = "" }
class MemberT implements AdminT { id = 0; name = ""; scope = "" }

1 30gu 0 69),;» L>U,J| )’| chugl.cu .Jjj)|ro.d> L2§|9 9> C):‘?I 0)0j9) S ZAo L5|)':'

o baunlxo gloggi type: union. tuple hiad — | wglas

«union. tuple. conditional. mapped — I jl jué Gjaz ;o .3Sue oo | «@b/si JSion hiad interface
:euwl type (g lazsl g,0l8 — template literal

type-only.ts type-checks v

Status = "idle" | "loading" | "done";
Pair = [string, number];
Nullable<T> = T | null;

Keys = ‘user:${string}’;

# wigo wlxil Sy — type g interface



@iw Ju> @) &5 — cuwl Jol Hlpl type aiSue @ilwdde PP BV glodad glogSl b aS 35 5 iulac amuis
-ablgi Jud> @y asly

interface: declaration merging has — ¥ wglai

165 =i gl <rol.'xro.a> type ¢ 2igi 0 ‘olﬁ)| <rol.'xro.a> interface olel 9>
) merging.ts type-checks v

interface WindowConfig { theme: string }
interface WindowConfig { locale: string }

const cfg: WindowConfig = { theme: "dark", locale: "fa" };

slasel B s iniyiawS 1o Blgize Lhl o aS Leg — cuwl culilBas Vgomo uinSall 35 )5 cubld ¢l
ay property (,5)S adlal a3 s 1) uhSes Gloaliulis g45 33,0 65l aS cunl HSgjlw o 1885 Lol s
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® extends-vs-and.ts

interface A { id: string }

interface B extends A { id: number }

Hilbols ol

extends-vs-and.ts:2:11 - error TS2430: Interface 'B' incorrectly
extends interface 'A'.
Types of property 'id' are incompatible.
Type 'number' is not assignable to type 'string'.

Sl 9biyl o — WS
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G Ol K9 1wl LotuuwgS| g (glas paouai Sy o9 jU .cuwl declaration merging ples ¢l — g b=l
sl interface 4 susuilgi o loaliulis @ weubls liso YO Juad augmentation Jgjlo @ dgs GivyiaS Jo& Window
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S50 adlal a8 95 (Jao yo ayaS WithTimestamps<T> (SaS ggi .F

interface «uwl type — union .Y .e3iSW@uao bhuwgi augment (L8 (iuh egec d15),8 — interface .1 :Zawb
type :& L Sy Sy — type ¥ (PO Juad) 5la5tuwl ol Lgss — interface + declaration merging W .6lg5 o5
WithTimestamps<T> = T & { createdAt: Date; updatedAt: Date }

Juad ol axslias gl yinwyy I

fha> 9 Cuwax> type plp > interface gl Uieui 6328 . |

jaz o 0las zupo glbs g jucs extends yblsay — interface (Lugyw gloyioll oo Props) segac Limis glasls)l,d
1 GwsSy bkl 395 jl ege Xlgines Wel interface (9> type (union. tuplec mapped. conditional) .Sy
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Suman S 9 wwwl s S declaration merging .¥ |
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/global glodalé ;5 as Vs I So — dein0 goz plinlach luoy aS Syikie scope (> pleo interface g> 95Las
Db blixo script
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Default g Constraint (gg5 yio)b — oS i

VG adb Sy U yiolhb Ghio plad :ggi jusio

Juad (il (62550 Blawl
D> Zuds (E9) b > @y Olgicay |y Sppiz ¢
&S 29320 |y £95 yioll aiel> extends | ¢
NS gliial 1S 1) g9 olasS)T HlsolS Lilay *

L Slawys syntaxn jl oSz duagds Gaac ) aloz ol S .puas ) «Egn «Supiz (S0 gyehl |) ¢)ladon gl
ol 03 dilig) e sl Jrad ol 9 — Vigdipo S G Gl @ Sy

WS p J> Sy aS glabliue

S50 S (63 99 U S 9N

® why-generics.ts type-checks v

function first0fStrings(xs: string[]): string | undefined { return xs[0]; }

function firstO0fNumbers(xs: number[]): number | undefined { return xs[0]; }

function firstAny(xs: any[]1): any { return xs[0]; }
const n = firstAny([1, 2, 31);

function first<T>(xs: readonly T[]): T | undefined { return xs[0]; }

const a = first([1, 2, 3]);
const b = first(["x", "y"1);
const ¢ = first([{ id: 1 }]);
void a; void b; void c;

bés )5 S,y w)ad g0 pasuive osliwl pKis aS 3SLe )5 Legi b gl oy il £g5 pastio Sy pMel <T>
S0 )-.’I)-.’-)‘-:‘% Lg)LSL,,:.S 9 S0 dub any as Gz — «uwl (63959 paic iz jl =95 ) 1wl meb.;l,
s I — £95 plogS)l g Lisiawl

6> HbwolS toacld LS o glistuwl LbylegS)T I T JLLwelS tauwgizes first<number>([1,2]) cdgzao L5
1230 Gk =8l plogS)T EP LLaol > T o olb

70 Default g Constraint (ggs yiohlh — oS, >



] inference-sites.ts type-checks v

declare function map<T, U>(xs: T[], f: (x: T) = U): U[];

const lens = map(["a", "bb"], s = s.length);

9 CL“'“*’I U,g|)'§|fo.d> o2 .(\C d.»aS) S5 «aiaojn callback ).uobl.t a Jol Ulogg)Tﬂ T CLu.u.u| 2GS 8> ch'olg il Ay

& oS cuwwl Gi8g gl pupo £95 logS)T .uS e annotations |y wes Gy aS el contextual typing
. const cache = new Map<string, User>() :Cuwy gliiwl ghy 5)laio glogS)l

A |y aiel> extends L — Constraint

S az J8la> T 1ugS,0 constraint .asS IS «eg0 o0 (69 aS Cwl jlxo Lildec bhid aixy 097 «d9iz0 (9N

)l
) constraints.ts type-checks v
interface HasId { id: string | number }
function indexById<T extends HasId>(items: readonly T[]): Map<T["id"], T> {
const m = new Map<T["id"], T>0);

for (const it of items) m.set(it.id, it);
return m;

const users = indexById([{ id: 1, name: "Ali" }, { id: 2, name: "Sara" }]);

const ali = users.get(1);

void ali;

€9 users.get(l) Guod gy .2l Joliv ) o cuwl pjlo hdd dguines Judi HasId a4 T :pgo g wayb aiss
sl HasTd osbw yiohl U ,l> constraint Sy wolds ol .3l5,Su0p | gias JolS

¥ Default g Constraint (ggs yiohlh — oS, >



® generic-vs-plain.ts type-checks v

interface HasId { id: number }

function pickPlain(x: HasId): HasId { return x; }

const inpU't = { id: 1, name: "ALli" }_'
const p = pickPlain(input);

function pickGeneric<T extends HasId>(x: T): T { return x; }
const g = pickGeneric({ id: 1, name: "Ali" });

void p; void g;

«JSlasn iy constraint cwakulyy iy Suyis> — Hidd Jdo
oladoe S ‘U’?9)§(_)L539)9) «SpiS b polgs 0 |y lakuly azy 1wy Sawgy SOy Jwles g o
a4 — Cuwl iy gl 3V J8lasn s o constraint . iV Supie wu glabyl) s 31 .(callbacke logS)T

S0 3 o2 ) LigiB (gl sd9,9 «(Fle constraint i

€55 siobly UBSiy — Default

[ ] defaults.ts type-checks v
interface ApiError { code: string; message: string }

interface Paginated<T, E = ApiError> {
items: T[];
total: number;
error?: E;

type UsersPage = Paginated<{ id: number }>;

type CustomPage = Paginated<string, { reason: string }>;

Component<P = {}, S Wio) loasluliS )5 3,15, — cawl (gjlwiinlaw ool b Jgbso Eopi alndin gly default
.audy jl asy l> default gloyiol)b sl pgo )i (@28 React j> = {}>

uwgh Al Sy — jlades

oxcld .l i@sbo g GBS unknown — iS00 ke glakly zao function log<T>(x: T): void Gbawl

API (,8LSI Sy i .l idindis diias Ly i gipo yolb Lasl )5 jb Sy hid aS Legs yiohl :om) Sl
(G B0 V9N S e SN ) lolhs g ,iSluwyi )
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o oS erasure — ulgyi Sy identity<number> g identity<string> .cawl g runtime )5 ggi yiol)b ()
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b as £95 yiohb 101 0)5 APl >hb gy oMb (gl So lgues . aS e Jlasl g wud JllelS aS ol (29,5
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w28ls wolosST €95 b 1y Lael )3 T gols looluls JLlolS ol bl g IylS gazn «ggs ologS)T g liiul (¥
6101 yiegec Vgasno) uyigr WolusilS I G 940 ghaiuwl T sly IulS wud jo jl aiSpe was
Moy )l 5l iele b 558> T Wio — aS e «oliuily gl 538y g0 61380l Lasl JS 55 ¢ wlsil (155l
Sl e oyl > literal | sloxol calizee oSul> 93 1 HBjlwl glolauils :cuwliony ol 5l LSy Ao Ly,ds —
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[ ) quizl4.ts

declare function zip<A, B>(a: A[l, b: B[1): [A, BI[I;
declare function wrap<T extends { length: number }>(x: T): { value: T; size: number };

const z = zip([1, 2], ["a", "b"1);

const w = wrap("hello");

const bad = wrap(42);

aidy — w: { value: string; size: number } - B=string g A=number, z: [number, string]l[] :Zwb
TS2345 glas : bad - (Cuwl Jeeme Sypz oSole (92 deiu0 (pg String «, "literal "hello) T = string )l length
S e 03yl ) { length: number } udgi=e number —
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S5 Glivdgsy eslaiuwl ahss )5 aS ewS L>hb AP jgha il Gilwiige Jhad ¢l s 1) Suyio Swillo Jub Juad
@ Cuwl GHloASWBpas ayyxi « oy APl S cudsS jlse .09 (B glolas b as gy @nnotation g — «aiss
bl lwosly saiaibge

GiiSy9ed) 138 b Sy 2l — 1 o3
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® result-helpers.ts type-checks v
type Result<T, E = Error> =
| { ok: true; value: T }

| { ok: false; error: E };

const ok = <T,>(value: T): Result<T, never> = ({ ok: true, value });
const err <E,>(error: E): Result<never, E> = ({ ok: false, error });

function tryParse(json: string): Result<unknown, SyntaxError> {
try { return ok(JSON.parse(json)); }
catch (e) { return err(e as SyntaxError); }

const r = tryParse('{"a":1}');
if (r.ok) console.log(r.value);

else console.error(r.error.message) ;

2 > 0k(5) wuwl wluwil B8 juz> ans 4y never (9 LS 8> ok ,>9)> > Result<T, never> ay
Sjlwe GBjlw fiSlasy gbasl oy i 5> never jl GlolBT oslaiwl .55 0 > Result<number, AnyError>

L0 Sz o3laiwl B wiigrelS g APl — Jac )5 Sy
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o repository.ts type-checks v
interface Entity { id: string }

interface Repository<T extends Entity> {
findById(id: string): Promise<T | null>;
findAll(filter?: Partial<T>): Promise<T[]>;
save(entity: T): Promise<T>;
delete(id: string): Promise<boolean>;

class InMemoryRepository<T extends Entity> implements Repository<T> {
private store = new Map<string, T>();

async findById(id: string) { return this.store.get(id) ?? null; }
async findAll(filter?: Partial<T>) {

const all = [...this.store.values()];

if (!filter) return all;

return all.filter(e =

(Object.keys(filter) as (keyof T)[]).every(k = el[k] = filter[k]l));

¥
async save(entity: T) { this.store.set(entity.id, entity); return entity; }
async delete(id: string) { return this.store.delete(id); }

interface Product extends Entity { name: string; price: number }
const products: Repository<Product> = new InMemoryRepository<Product>();

await products.save({ id: "p1", name: "Keyboard", price: 1200 });
const cheap = await products.findAll1({ price: 1200 });

void cheap;
export {};

.(‘examples/repository > cuwi g 8,9 Postgres azuws b JolS asuuws) cuwl 655648 aduwi )5 QLS ¥ 6jgy ¢l
1> hb gloaiss
)l 5L id ay s repository — cuwl o5V dsl_xp T extends Entity ¢
(Yo Juad) xS0 li |) clodadsd jl glacgezoyn g3z €93 gud wo ikid gly Partial<T> ¢
23S string[] lxac Object.keys 092 — awl (5)905 Object.keys (g9, as (keyof T)[] cast ¢
16> 18 cast aS cuwl 639320 ol 5l oSy ol (5 Jbad bl aiils g)lisbe adlal g ol oSao sub)

Db aiudbld cuelS 3l 9wl
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® form-builder.ts type-checks v
interface FieldSpec<T> { parse: (raw: string) = T; label: string }
function buildForm<S extends Record<string, FieldSpec<unknown >>>(spec: S) {
return {
parse(raw: Record<keyof S, string>): { [K in keyof S]: ReturnType<S[K]["parse"]> } {
const out: Record<string, unknown> = {};

for (const [key, field] of Object.entries(spec)) {
out[key] = field.parse(raw[key as keyof S]1);

return out as { [K in keyof S]: ReturnType<S[K]["parse"I]> };

const form = buildForm({

age: { label: " w", parse: raw = Number(raw) },
email: { label: " J.l", parse: raw = raw.trim().tolLowerCase() },

7))

const values = form.parse({ age: "30", email: " A@B.dev " });

void values;

woaxo gloailiylis as cuwl «configuration-firsty (o3l ¢yl .3l Ylindgs oggs das 1> 631> hid ouSBuao
ReturnType ¢ (A Juad) constraint. mapped type | cuwl uSy 9 — AiSe iudldeuwgs |y (Zod: TanStack)
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Ajlwd 39 |y Su > abstraction — jladi
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abstraction jl «udgo LS . y>lge Ao b — dgub diunSud 0L (109 6l 9 3,50 |y 636SWB a0 S Ylas S

<l 5ol owy9)
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i Jtype parameter const « NoInfer — )5 b il assepl «zlssuwl dgagm gl TypeScript |y>

dw bl Gleo «eudais i o)l ¢l 9 ol pasive pauas bl b (Swlse ‘o.'i,g)g.i“ Sy gl yo Sl logS)T

1Aigad g2y Loyl B dauolidy |y @aesal alads

3 Sawls S T gols sloslSils ans o8k SAd «eimm gliswl > LK l> plas ) ahis
@acgozo jl 25 B0 iy Hlade aiSg — default jl & by al)l jl bhéd T swlgs 0 pick(animals, default)
siohl o sl Gy 1) oBuls ol 6fy @>» s> NoInfer<T> .sgd0 o5 wolho lhs g AiSe 3LiS Iy union

S 00 ES b (ol (3 Dgu L0 «owy» bsd

Ghie plad) S0 ogec £65 Cuauwds |y 05U glo literal (zLisiwl (8,9 iy Tai b Aigdny Widen o literal :¥ alds
AbwlS @ type parameter const — Lo event ob droute glopume — 30> jLs Lo literal ay Lo API idg (0 Juad
as const) g 6aule>1,8 9> @ )15 ¢l TS 5.0 I Ly .«yl> a5 as const Yo Iy oSul> ¢l sloglegS)in 130650
S Giiaouds Xilgi e AP z1)b V> (iwwd

contextual g 3jlwie ) T glolauuls (Jol gloglegS)l iy 4 caz $3940 (§)l> Latiyi a2 4y Zlissiwl ¥ ahis
693l 9> callback «(Jgl asi (yaas (gly -39u 0 arisi olals los jl (callback Wio) gass loylosS,T typing
g0 implicit any Giulesel)l 9 2ile e context 93 callback (iuwSey — cuwl 5)lstuwl

s |y abss duw ol jl oS0 Vgaso dugiy iuwd 1) 65 ologS)T cuuwl jgamo Losis AP 633iS8pas (idg t,>hb (w)d
y 630iSWpan di ) s |) Laoel — 316,55 padass

oS gluswl J:B6 1) API
294 Ll legS)T jl g95 U 3uS =1yl .aiS e annotation a; jguxe Iy ,3)S API ¢yl
® quizl5.ts type-checks v

declare function createStore<State>(): {

get(): State; set(s: State): void;
i

Doy Wb Jlopoas )5 aS GilegS)T — 28y adgl )lade jl 1) go) sgawl

Ve Sz o3laiwl B wiigrelS g APl — Jac )5 Sy



] quizl5-solution.ts type-checks v

function createStore<State>(initial: State) {
let state = initial;

return { get: () = state, set: (s: State) = { state = s; } };
I
const store = createStore({ count: 0 });
store.set({ count: 5 });

Juad ol awslbao (gl iy I

Sl SIS a2 8 3SW a0 A9 jl tgSs Sy . |

35135 ol zlistinwl g ol oliiisl Lasl 5 £65 ol 5l Ygoaszo 13uiS Liwib |y >hb diungize <Foo>

fannotation a4 Jlu «eslaiwly jl £g5 aS JS 0 6,5 j9b> factory >lb ) .7 |

@8 JS JSub as buildForm(spec) (o — d9ub 5)l> =8lg (ylogS)T jl Zlisuwl b @iS 0 jlow (639,9 sbdyiol)ly (g9, 1) 315,118
Ll 9Boly Guils Jeaze (£95 (a0 0315 03SWpas . defineConfig(cfg) L 35S0 SPec 595 jl I,

VE Sz o3laiwl B wiigrelS g APl — Jac )5 Sy
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Indexed Access g keyof: typeof

AS o (S |y L=Blg 6315 ay loggs Juasl aS SzgS ygill aw

Juad ol (6550 Blas
S Giine 031> ,lizlw jl 1) g95 indexed access g keyof |, ¢
WS Wiz | 1SS 9 (g5lus g9 runtime laso jl typeof L ¢

iS 0oly loygil ol ¢l U |) «aslg cudads> gaon goSJl ¢
2 S2)PR O R 9 EEN G

Giloe loggr Layyei gloas oyl b .«ladggin g «aoliy =8lg 6315 o Jo 1 Su5iliuwl Lol 351265 Juad ¢l Hgilyyl aw
oBanl ;a0 (B> 2ue Sy iAS 0 Giino 0315 395 1) £95 — 25,50 aold e jl dg5 b s as —edld b

union ylgicay loauls — keyof

[ keyof-basics.ts type-checks v
interface User { id: number; name: string; email: string }

type UserKey = keyof User;

function getProp<T, K extends keyof T>(obj: T, key: K): T[K] {
return obj[key];

const u: User = { id: 1, name: "Ali", email: "a@b.dev" };
const n = getProp(u, "name");

const i = getProp(u, "id");

void n; void i;

[ ) keyof-err.ts
interface User { id: number; name: string }
declare function getProp<T, K extends keyof T>(obj: T, key:

declare const u: User;

getProp(u, "age");

Aol ol

keyof-err.ts:5:12 - error TS2345: Argument of type '"age"' is not
assignable to parameter of type 'keyof User'.

vo Indexed Access g keyof. typeof



9 (2ulS plao £95) TIK] «(ximo 3dS) K extends keyof T :hs Sy ;> ol aw — 35S ha> |, getProp gLl
LajLuspoyd B 10dash I el ailiglis ol L=l lael ol €95 siohl 95 o abul,

€S ol yladon g9 Indexed Access — T[K]

o indexed.ts type-checks v
interface ApiConfig {

endpoints: { users: string; orders: string };
retry: { attempts: number; delayMs: number };

type RetryConfig = ApiConfig["retry"];
type Endpoint ApiConfig["endpoints"]["users"];

type AnySection ApiConfig[keyof ApiConfig];

declare const roles: readonly ["admin", "editor", "viewer"];
type Role = (typeof roles)[number];

ol gasy (668Ul pgiw « @s const b Sy ) .«tuple/agll uolic g9 :3g)bawy ybols ay |, Tlnumber]

E95 lid @ )lade glus ;I — typeof

A Juad slad 9> Gewy Jz — a0 |) 39290 )lade S g0 (95 6Bz )5) s Sl typeof

® single-source.ts type-checks v

const PLANS = {
free: { maxProjects: 1, price: 0 },
pro: { maxProjects: 20, price: 15 },
team: { maxProjects: 99, price: 45 },
} as const;

type Plans typeof PLANS;
type PlanName keyof Plans;
type Plan Plans[PlanName];

function price(name: PlanName): number {
return PLANS[name].price;

Indexed Access g keyof. typeof




price("pro");

® single-source-err.ts

declare function price(name: "free" | "pro" | "team"): number;
price("enterprise");

HaleolS ol

single-source-err.ts:2:7 - error TS2345: Argument of type
'"enterprise"' is not assignable to parameter of type
I"'Fr‘ee" | ||pr,0|| | "team'” )

)S395 JaeSS ¢« price zouwylicl « PlanName g — dgub 0 adlsl PLANS a enterprise 15,9 :uiuw |y )5 Gs,S
0Bl 2 (iwd G Zad (gjlge ENUM Zud Mg 0 j9)a 5395 oSG uas das g jgidl

Cuwd ol £65 «uwdVb 031> — idd Jo

A)ls Cdds> guio 9 il yas olle wiley Sislas al)l/s b GU8 b by aS 335, Gungiciuwd |y g5 g o
oBasl . auS Gide [number] + keyof + typeof L) ggigay)l> aSi @85> as const L) )lade ) cug>
g e Juad «olo JByuen au ¢S |l

Cuwl [Istring laos Object.keys — I

Jdo> @ il (gaoe ol 9 — ddd0 string[] Lol caosy (keyof User)[] ggi Object.keys(user) syl ,Uail
CiolS b oo cast wuidiaboe HSI sl aibls adlsl glasuds runtime ) cuwl gSao s (§ Juad) )bl ) 55lw
D90 Ly AS 5 U 3usS dgasS (typedKeys ) SgS helper S, J31s 1) cast uugiy

Tl job iyl |).g - v.“.lg,ng »)

ol Ghawyd — G «Cydgazon ol § (keyof T[] &g 5)l> string[] 29,5 lib.d.ts > Object.keys |>
sloproperty cuwl jlxo runtime ;> «cuwl T Guegs aS (g)lade el § Juad width subtyping gles Gidds o
e b «adlal 39250 ladly gloauS ilsS,0p (keyof T[] g£o5 keys ,SI .aiiuws T )5 aS 2l anils (gladLal
«dlaoy g «i=hy g TypeScript pud runtime swoly b Uawl £9;0 — s plivguac aS 355)95 0 Ly
(19)w (6399 W (ligs literal) susums s «JolS Slon l> yo aS 3 ¢l Lblles g9l g )5 Ll |) wdlao

o R0l aS oyl 8,85 cudgime — 368 Laol ailaBT g bsgs I, as (keyof T[] U gjlwsSyb

Obwe Jy — djlwe literal gloads union (gg5 S «glacl Jgazn jl aS )Slac 3w SlSe e |) keyof 3¢5
A Jsad mapped types « T[K] ) «opol 3ulS» glogSl ans el (g loso Gikinos! .UNION glod ¢ jlUislw glos

keyof (A & B) = 135S o0 )lS wig) 9 d.;as P> dod union U9 9 AUS 0 )9rE d.; O jl (LSJ).AD getter
hsd) keyof (A | B) = keyof A & keyof B (ulaiu,8 g (i gloadS ¢y gbacl) keyof A | keyof B
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oS00 Goles des ,on Ghio i8> Jg Mo shias dig)lg Jgl 6155 55 aS skl 93 — (Wl ks Sy glosls
Ao 9 a8 «opo

= keyof typeof obj Sy .«ggi 4 lade I Cdidsy il Jjb pow azhd po (type-level axuws) typeof
(€9 Gwd S5 yow |y el g config as single source of truth goSUl — 39290 s rod 2Bly (GloSy
Audgr 63,5 iugolyd | d2 ol 02 'olio.abb 9 Al aSs las> ) )labo g £95 )by .2S 0 £95 guiw

O pod

WSS glow gjlw@idine
1S Gidino 0315 ol 1) eabasiwlgs sloggi «iwd UNION Zoas (yikgs (9w

® quizlé.ts type-checks v

const ROUTES = {
home: { path: "/", armed: false },
login: { path: "/login", armed: false },
admin: { path: "/admin", armed: true },

} as const;

) quizlé-solution.ts type-checks v

const ROUTES = {
home: { path: "/", armed: false },
login: { path: "/login", armed: false },
admin: { path: "/admin", armed: true },
} as const;

type RouteName keyof typeof ROUTES;
type RoutePath = (typeof ROUTES)[RouteName]["path"];

= "path" L LuSul s aw UNioN = el UNioN § GuSxul s JS typeof ROUTES :3.uS 5L ) ¥ aiwlgs 6y
uwl =8lg Glud glogjlw@idine 290 (gladl>dw 6,u50) (e . e literal auw union

Slady> o) § (keyof T)[]1 aidjl> stringl] >9)> Object.keys ly> .| l

E9y> (keyof T[] g abl aibld Luwgl g65 51 Gy oads runtime j> cuwl Sow Hlade — iy exact loggi (o=
w9 631 b — s HlitiSlw Sle aS Jilubl (glp 8 (st cast b typedKeys S, helper :glad,> ol .5g.
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2> xuogi |y keyof/typeof b «aslg ciads> guon go8Ul ¥ |
0938l . type Role = keyof typeof ROLES :3uSie «@giiney ol jl ) oggi 9 3uS 0 wayyei as const b Sy ) ool
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infer g Conditional Types

Loy is b 3 51 g9 zhauwl g — £9 b > if/else

Jiad ol (655U Blanl
S 2Uj)l d=peasal>yse |y conditional type <o ¢
S LU |) union g, (distributive) =je5 ,t8, ¢

&S zhziwl Promise L aylyT (g6 jl 1) gos infer iy ¢

Gbrb e (£9i el @ loconditional type .3ixilee lad g Makbie wayyei 1300g) Ly oggs Lol U
¢ ReturnType iy 259)’[.\» ol - AS e wlkil asli 95 ¢y @ssignability Uy SO pwlwl p aS egi tudd e
<l 63> gloutility olos Ly,ss 9 Exclude . Awaited

G295 sliwo g 9=
[ conditional-syntax.ts type-checks v

type IsString<T> = T extends string ? true : false;

type A IsString<"hello">;

type B IsString<42>;

@aly Sl Sl U ay Cluwl BB T g5 jl jlabo po Uiy il §85 Giwwyy Sy T extends U 2 X @ ¥V o)le
xelgd Glao bl (6)Bjlw sy o2l — s oGS (gl extends glas ¢l S @8> . Y a5)Sg ¢ X aseis
5 Joad (g)lisluw

Juad 2l 0328 (1 5ipgo — Union (g9 =299 59,
1390 UNION bazis g ol Lacl S5SG (g9) by 3,55 union g auib (naked) aisys g5 yiohly Sy T idg

59,9

type ToArray<T> = T extends unknown ? T[] : never;
type R = ToArray<string | number>;

union glacl gg) g1j95 — | p8

ToArray<string> | ToArray<number>

sl o Abj)l — ¥ el
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string[] | number[]

WSS g — Azl

R = string[] | number[] // « (string | number)[] !

1 Gyb 9> (53)S tuple 1385 (o sdglaie — )9l «Sampn jl ) yiehl (dadles |) 21595 S

® no-distribute.ts type-checks v

type ToArrayAll<T> = [T] extends [unknown] ? T[] : never;
type R2 = ToArrayAll<string | number>;

<l union Gigols guac never — jlasiue

. false & «wwl never ply IsString<never> (uy (3iSei Adgi glasli oo (JUS union) never (gg) gujgi
oly [T] extends [never]l oSl — a8 Sz |y e Jol S0 e azxyis NEVEr b g Juwigie £95 Cud S
uwl Never Gausis 5)la5tuwl

Jislw o jl g9 Zlxiuwl — infer
WAS by T ,Lslw jl ) ol algs e JubelS jl g MSLe Lm0 Judz £9 pusio Sy by asliv )> infer
) infer-basics.ts type-checks v

Element0f<T> = T extends (infer E)[] ? E : never;
UnwrapPromise<T> = T extends Promise<infer V> ? V : T;
FirstArg<F> = F extends (a: infer A, ...rest: any[]) = any ? A : never;

E1l = ElementOf<number[]>;

V1 UnwrapPromise<Promise<string>>;

V2 UnwrapPromise<boolean>;

Al = FirstArg<(id: string, n: number) = void>;

sl 3)135buwl ReturnType [ Sgjlw lid> ¢yl
® returntype-impl.ts type-checks v

type MyReturnType<T extends (...args: any) = any> =
T extends (...args: any) = infer R ? R : never;

type R3 MyReturnType<typeof JSON.parse>;
type R4 MyReturnType<() = Date>;

A infer g Conditional Types
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|y juz O 3 j9=> (juz jl Promise ggSUI L T Sy iy Promise<infer V> :3,6S o0 «gSUhy Sy Joo by asliv 4y
b > destructuring glos — 23S0 (613560 1) B Gl> i L a0 plel ) matching JLbwlS .«ely V

E95

route £g5 jl Zwl £9i :,=8lg Gidiro Sy
1S (Giine £95 39290 313)[8 Sy jl adlgRy aS AkS)d e iz infer g conditional s,
o api-derive.ts type-checks v
type Routes =
"GET /users": { response: { id: number; name: string }[] };
"GET /users/:id": { response: { id: number; name: string } };
"POST /users": { body: { name: string }; response: { id: number } };

I

type ResponseOf<R extends keyof Routes> =
Routes[R] extends { response: infer Res } ? Res : never;

type BodyOf<R extends keyof Routes> =

Routes[R] extends { body: infer B } ? B : undefined;

declare function call<R extends keyof Routes>(
route: R,
body: BodyOf<R>

): Promise<Response0f<R>>;

const users = await call("GET /users", undefined);

oS pao das Foute ,usi yo b g Jgdo G Ol jl loggs audy «uwl Aolg Cadads> gaio Routes sls)l8
NS0 Jaa oS oS ) g 1) 98Ul e O Juad . xigipe — joy8 «5)Bjlwl wygo 55 b — jo, ylojpe

p2ugis conditional type S — Jos o

Ul 89 conditional type .awuugiu 65lw type alias g g0 Wpao >y )5 g 3l cull clls g5 hiad bys S
il b Ghs ez wlas deiiue Jleel Egito slag3g)9 (59 aS (sloacld — yols g0 a5 bl eacld as 5yl

(P Juad) cuwl pi )5 L=8lg glaijo 3395 gloconditional

Tl j9b iyl |)g - nggls »)

29,2 0ol ) (linagd o aS )l )Sgjlw 9> Lbl=8lg s, Lol (@3S Lo «Leg ify Iy conditional type
gl oS epbitiont
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355 union g 3,y extends iz cuaw 3 (iudgy (9ay) Ay £95 yiohl ;idg .Union glacl g9, Map = gijgi ()
Sliso @) Scal UodUi ol by Nsbue UNION aylis o bal Lacl IS5 @) — Sdinad il oSy by
)15 Gula> wl gac o ghy «E331)355e 1) by AL B Ly Jldaw a0l 30 (oal 0Ly sy UNION :393)5)) (glacgozo
oxcld .xlgyjgi aoo hidd Seo NonNullable g Extract ¢ Exclude .cuwlopwl glaizl @Bslo Fwl
Sy plgicay dxSy |y uniony isy — [T] extends [U] — tuple ;> @yb 95 yailivgy :cuwl Cgp e ed (LSid
Qb3S 5555055 69) b WAL 9 WIS YULEST )3 1) 93 o ) Lxituwd LB Hld) 95 o iy >l acgamo

joio T exilgias — 2SGes i)l ) by JhlkelS (Syjiz b aing J215) il ST jeim T )1 .(deferral) Gagsi (¥
T is noty eaSaS golhs guio il 9 o wlwil BB Lakiw asld zuo b «@leon g9 .3)la Hlade
Lanl ygym a4 by loal> | overload :pllw glod>el) .l Sopus gilgi g)> «assignable :[0 Conditional

9350 @l ST T @y diuly by pBimg5 2bj)l — s B3bal Codgize

1 Jad Glausls goz puile Glas ;LLwlS dnfer R olSol> )5 1w «0x5)S jusie b o3I Guaain |) o € infer g
7= ©j»z Awaited g Parameters ¢ ReturnType .>gi,0 plesl glinlalusls (pbes infer sils siz — 3iSue Lol

Ll 03,5 Gl suiSiL s Awaited s ()093 yuos

3

(620

ALlS g pl8 L — (Gidino A
19l Cawday (Vb @ido Joaz Jie) alopodyalye |) plaS jo asys
o quizl7.ts type-checks v

type Xl Exclude<uau | "b“ | “C", nau>;

type X2 = NonNullable<string | null | undefined>;

type X3 = Awaited<Promise<Promise<number >>>;

— X2 = string - g e B> UNION jl g Mg, 0 NEVer a; "a" b by gloasls (gyjgi — X1 = "b" | "c" :Zawbl
S0 U ) 99)5g5 gloagV g cuwl LiiS;L Awaited — X3 = number - null/undefined gl )Sgjlw ole

Juad ol axslias gloyinwyy I

SIS 0 Yinigols ol g Cawloss ga) a4y (S (,=2j93 conditional .| |

(>So» |y union suslgs o 5389 p>lio . Exclude Jio — dguib Jlacl UNion (g9, guacayguac (Jaad aadlgs 0 5idg 1gd) 4
) asuis Giasjoi aS duilb never gjo wlls 4y yliwlg> g . [T] extends [U] — auss tuple |) &b g :igols s
.S .0 Never
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T extends) a)ll paic (ReturnType) gl 29,5 ghsiwl )b Llgyl glegSUl .conditional s extends cuauw )5 hidd

adouw pattern matching :cuw)> wuiod (Parameters) oglogS)l o «(o5lw Awaited ) Promise jlado (((infer E)[]

E95
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Key Remapping ¢ Mapped Types

€9 jl £95 wSlw :loaulS (g, for adl>

Juad (il (62550 Blawl
Ao S s |y loproperty aS uwugio mapped type ¢
S Sk b Gungib ) oadsas b ¢
Blosud aislw agS> 3)labuwl gloutility type Logs) ¢

Gl 9 Vi A8 £95 Sy oS (g9 :emwl ¢l «fory asl> mapped type 3¢ loggs glos «conditional type «if )3l
claw Joab jleubp 9 Pick « Readonly «Partial qlpl Sy oo b Djlwe duaz €95 )0 gaac S o
Aoy 93l linelaSzas ;305 (bad ¢l jl asy g — Nlesss aislw

mapped type < (093Ul

[ ) mapped-anatomy.ts type-checks v

interface User { id: number; name: string; email: string }

Clone<T> = { [K in keyof T]: T[K] };

MyPartial<T> = { [K in keyof T]?: T[KI] };

MyReadonly<T> = { readonly [K in keyof T]: T[K] };
Draft = MyPartial<User>;

. readonly ¢ ? :modifier g5 ¢ (e o U TIK]) jlabo g5 (K in ... ) losds :pibs BB gl
- Mg b — 35S po Wis ylgie |y lemodifier

) modifiers.ts type-checks v

type Mutable<T> = { -readonly [K in keyof T1l: T[K] };
type Required2<T> = { [K in keyof T]-?: T[K] };

interface Config { readonly host?: string; readonly port?: number }

type EditableConfig = Mutable<Required2<Config>>;

Ab Key Remapping 9 Mapped Types



L po 50 S0 Wyl as ) (readonly g ? ) 59290 glomodifier « keyof T (g9, mapped type :ogo Lhas aiss
ol asuws & «euwl clone i_v_'falg Clone<T> (o gl — o> liyuss
U st g yilid — as b Key Remapping
1S Gdis> never L L — oS Gawgiib |y adS b (pinlows > )5 Juilgie (TypeScript 4.1 i
® remapping.ts type-checks v

interface User { id: number; name: string; save(): void }

Getters<T> = {
in keyof T & string as ‘get${Capitalize<K>}']1: () = TI[K];

UserGetters Getters<User>;

DataOnly<T> = {
in keyof T as T[K] extends (...a: never[]) = unknown ? never : K]: T[K];

UserData = DataOnly<User>;

» Pick johzn )ISGy Jlgw gawl ol lade g9 guwlwl  adS yilad 13, Luws bl @ |y «never + byi + asy o3
HGIN] ((‘:Mgig E9 u~lwl

® pick-by-type.ts type-checks v
type PickByType<T, V> =

[K in keyof T as T[K] extends V ? K : never]: T[K];
i

interface Form { name: string; age: number; bio: string; score: number }

type StringFields = PickByType<Form, string>;

099 G — 3)lastiuwl gloutility jLw;b

:3ogdy ) (Lib.es5.d.ts jl eaubeslw) =8l Glogjlwesly :had ¢l s ¢ yigs
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® stdlib-impl.ts type-checks v

type MyPick<T, K extends keyof T> = { [P in K]: T[P] };
type MyRecord<K extends keyof any, V> = { [P in K]: V };

type MyOmit<T, K extends keyof any> = MyPick<T, Exclude<keyof T, K>>;

type Settings = MyRecord<"theme" | "lang", string>;

type NoId = MyOmit<{ id: number; name: string }, "id">;

vislen LB losymbol/lwnumber/lastring jl union o — s3> keyof T (g9, Lot s eV in aus wés
Sy Sy «S>gS gloylpl — Omit = Pick + Exclude :suiuw |y (gp3u0wuSyig .( MyRecord ) cuwl

l>)> iy 4 cproperty ails)ls — idd Jao

az — paaal ol S5 (5399 1S o @lil @ jlwe G 95 XSRS «Uinlngr |) 6399 €95 Mapped type
S Ly 132 |) ol dw ued gy cuze 29,5 S| .lomodifier az (jladoe w)lie) Legh az (as) Lol
2550 558 a5 s 63z OLibSy Ygoso

Jlo,05 homomorphic aus union (g9, mapped type — lasiusd

/tuple sjug L8, g Lomodifier wilyg «( [K in MyUnion] Wio) aypSie alold [K in keyof T1 (593Ul Lidg
Partial yg= ( (string | undefined)[]) sloge alyl joio Partial<string[]> .au@>0 uwd jl ) oayl)l

/)T 5Gie39,9 ;51 -3jlun (g33e GldadS b i cuwl ;See homomorphic jué jlwciws asuws sl homomorphic

(PP Jad) dsungiy cuni bl ilgi,e e tuple

Tl job iyl |)g - 09,3l$ »j

1A 0 2wsgi |y Gikanb glo)lid) aS (g)Sgjlw Wl 95 Vs ¢aud)S L8y=e «lasulS (g9, for ail>y |y mapped type

[K in keyof T] (o3l ;I lauds wudlSs idg S3iS 505 wiys | Partials tuple 1y> — (homomorphism) iy e (1
wadypen bl gl ASGe dgib ) T Hlisle aS Gl ajpe welle «dypemn | ol JhlolS S gosn
Jagl)l azuis b tuple b al)T T )51 25000 9 Xigiise S T jl (puac o readonly ¢ optional) Lol sle modifier
9 '1" 9 "0" losdS L iy & «uwl ()Ll uolic U tuple Sy Partial<[string, number]> — xloe tuple
S8, (ol aed g 39,0 O jl Likuyed — [K in Keys] — 30050 650 sl jl | auds 31 .push g length

Al |y Gidored )5 gl «aill cuze gloShen Lak mapped type Gidg .ol b po Shas>

XS0 dawlxo |) 33> b S o glp [K in keyof T as NewName] .never b Wis> g — as b s cubls;b (¥
giac O Sy NEVer a4y ol duwlo 31 :ojug oacld .( on${Capitalize<k>} ) 19 Juad template literal b Vgomo —
+ as + conditional wuSy 13S0 asbol mapped type a |) «iudy g Cuwl Gloe 3I5)L8 ¢l g0 WBi> LIS

ojlw Sy > g3 o dilter g interface. map Sy L=l glacl hid Uio — «uwl HLd, by )31 )15aSin sy Never
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Giino Culgiy (T JSub) b guio Sy — Xlggs piauaw «DRY Jiallopudn Lo mapped type :g)lazo grugaz
mapped Sy wy)lde a6 JSibes G |) g95 95 > o (Lo event map (o Partial Readonly .getter) oSpo

® quizl8-so

type Nullable<T>

type MethodsO0f<T
[K in keyof T
i

interface Svc {
type SvcMethods
type SvcNullable

Ll Lo O 6)gy GBS 1D ool g, Soa type

O2)0d
s idylaw utility 9>

null b g95 yloo loproperty aao : Nullable<T> .|

Lol yloo b o xio bbs : Methods0f<T> .Y
‘@l
lution.ts type-checks v
= { [K in keyof TIl: T[K] | null };

> = {

as T[K] extends (...a: never[]) = unknown ? K : never]: T[K];

url: string; fetch(): Promise<void>; retry(n: number): void }
= MethodsOf<Svc>;
= Nullable<Svc>;

Fiol)ly) d9,0 Match L=l o [never L€ (...a: any[]) = any &g (...a: never[]) = unknown ly>

Figo ANY ()9 A @ wWale bol (S0 IS Lol 95 4o ©uiS AS 3)lg any aS¢pl g (P Juad — cuwl contravariant

a 2lS S — { [K

Juad ol awslbao (gl yiawy) I

SAuS 50 € iy |) 3udS Sy jgh> mapped type > . |

in keyof T as K extends Secret ? never : K]: T[K] } :never a key remapping b

GBlo lade g9 pwlwl » aS cuwl PickByType Jio abopidad agly 38y (e gl aislw Wol giae o Lisy Never

TAS 0 Ba> Sl |) G522 42 Su9)90900 Mmapped type .V |

Oxed gl — Ngde Jiie gue jl gac o readonly g optional gle modifier oS e wulSs  keyof T (g9 Lidg
Jio) cuivlsy GolBT 1) o modifier gloas >gin0 po -readonly ¢ -? L .xloligS 08¢l Readonly ¢ Partial

.(Required

AA Key Remapping 9 Mapped Types



19
Template Literal Types

ol route U event name jl — g95 xlow )> ldais,

Jiad ol (6550 Blaal
S Jre g5 gl )3 ) glaiiy glogSIl ¢

6o B |y infer g union L template literal wus,s ¢

90 ) JyiS I SwSS ol xS Sl ¢

template literal .log)59S aazyi losdS doute gloyume ddliyg) eb :3l=8lg oty glodas loaiy,

A5 9 Sy b (95 plgicay aiiy (5931 :xygle €95 o a4y ) e Swwllgl> template string a8 yloo latype
35)15 51518 — St «29dley 305 aS (olodiuh) rasuis

> uS)5 de = union x ¢Sl :euslw

[ tlt-basics.ts type-checks v

type Locale "fa" | "en" | "de";
type Page = "home" | "pricing";

type RouteKey "${Locale}/${Page} ;

type CssVar “—-${string}";
type Handler ‘on${Capitalize<"click" | "focus">};

const v: CssVar = "--primary-color";

[ ] tlt-err.ts

type CssVar = " --${string} ;
const bad: CssVar = "primary-color";

Hibols ol

tlt-err.ts:2:7 - error TS2322: Type '"primary-color"' is not
assignable to type ' -—-${string} '.

Hbols > m — Uncapitalize .Capitalize «Lowercase .Uppercase — 3> glaid, utility ,lg>
g e wuSyi letemplate literal b g aslosus o5l
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oSJ1 J31> infer :asjo0
S Lo 2] Wbty jl ool S zlhaiwl 95 loylislu j1 1V (Lasd aS jgbolas

[ ) tlt-parse.ts type-checks v

type PathParams<P extends string> =
P extends ${string}:${infer Param}/${infer Rest}"
? Param | PathParams< /${Rest} >
P extends “${string}:${infer Param}"
? Param
never;

PathParams<"/users/:userld/posts/:postId">;
PathParams<"/health">;

type ParamsObject<P extends string> = { [K in PathParams<P>]: string };

declare function get<P extends string>(
path: P,
handler: (params: ParamsObject<P>) = void
): void;

get("/users/:userId/posts/:postId", (params) = {

params.userld;
params.postld;

B

[ ] tlt-parse-err.ts

type PathParams<P extends string> =
P extends "${string}:${infer Param}/${infer Rest}  ? Param | PathParams< /${Rest} >
: P extends "${string}:${infer Param}  ? Param : never;

declare function get<P extends string>(
path: P, handler: (params: { [K in PathParams<P>]: string }) = void): void;

get("/users/:userId", (params) = { params.postId; });

Hbols ol

tlt-parse-err.ts:7:44 - error TS2339: Property 'postId' does not
exist on type '{ userlId: string; }'.

V> ).SJ Wl ) Lm).wl)l.: WS u.JLJ ) youno .\.uuug)BL,o ORM 9 routing U)o glodiluls aS ol glag,=i ‘LQ.;B_) ol
.mapped type + ,iiS;L template literal + infer :cuwus weilS 4 3wl> 0

9o Template Literal Types



Glos o3laiwl (ya5idy)lS,y — event map o3l

[ ] event-map.ts type-checks v

type EntityEvents<E extends string>
| “${E}:created’ | "${E}:updated’ "${E}:deleted ;

type AppEvent = EntityEvents<"user" "order">;

declare function track(event: AppEvent, payload: Record<string, unknown>):

track("order:created", { id: 1 });

[ ) event-map-err.ts

type AppEvent = “${"user" | "order"}:${"created" | "updated" | "deleted"} ;
declare function track(event: AppEvent): void;
track("order:update");

Hilbels by

event-map-err.ts:3:7 - error TS2345: Argument of type '"order:update"'
is not assignable to parameter of type ... | "order:updated" |

E9 xbuw ) 0dlw s regex — idd Jio

bl Lo 2L el iregex g string literal ¢ gjaz — 23S 615 «@aunki (69301 Sy Jie template literal type
33285 o3l az 4o .63y o W |y o (ply Lisy infer g aloepl 51 GSon iy UNION wgjuz yo» izy ${string}
FS)n a2 g5 £95 9 — Siged i licl

Gl o28lg asSyi il — laid

sounion gly ;LLwelS .giac Vo 000 Lisy o3I Sy 31> (gauaces UNION jlg= :3g: 0 S)js &y b union i)lS> s
«expression produces a union type that is too complex to representy glas (100,000 393> (51> jr0) Sy s
o fwl GBS Tprefix${string} ol ledly gloawlib gl ol 63 AS U)yginsl (ol jl Jud g — 33,0
(Y5 Jhad) s o3V JolS

Tl job iyl |).‘3 - ungS »)

A3 ,0 2o | lin)ad e aS cuwl lidiuiy )Bgjlw 9> — Mbuus «aiily o3kuuzy bid lo template literal type
) plibs po

il Template Literal Types



03jlg> Bl=¥| g Al=W| L ${A}-${B} :CuwlouS) doo az=is c.\.':),gS.) union 9§J| SO glosSul> 89 ylS> Lo ()
HaleolS as literal )li005 iz gauacos s> Hlgz 0SS0 My Lolad g — «gaz) a5 ol € sy ol djlwo gac
Gy )lail ras e 0)e> aliw a4y b i3S logSl I gjlw UNioN 8y .S j90 Auplio o 55 g djluy Wb
b Culgiy asgazen as) template oSl 365 b dveuSyi aas odpadin 6l b 38 Syl | o3l 1pleyd tuwl
Azsa B 5 b cuus 03V 931 — ued Guubi (Gl «oscld

Guabs gl p |) @iy S extends  ${infer A}-${infer B} .type-level Suw infer — regex U oSl Guuki (¥
sl "ab.c’ sl ¢ Jusers/:iid o oyiolhl zliEiwl il type-level glo parser ass 4y 9 38,0
9o e Ay JolS Ginlow @ Gk ol (V7 Jiad) culiSjb L .case o g3 5> 95 slouls

— Xloais o5k HlwolS 595 )5 g95 )lgz ol Bl wéds> S (Uislagliugs g Uppercase ) o intrinsic o))>
Gliswl (5)la g 6acld gy i) Abws eslw BB L) 395 Gloojlw L aS gl JS loge Lo
285 gl 2ol & il S Joc

Ay .63 diugy IS ) aS glasid) — s (Ll gloaiub) JSub zuuw)lich el 1w 6)bgd |) (5)loso jpo g
lo template literal .xj W)= Golo)bys Mlgie PF Jad validation hid g s type @Swi g )15 ;1 osel

2350 |y dwgawg gol> 3L compile-time/runtime j o aS cuwl uls (25§85

O pod

il Aoy s
1L yizo HUSlw ool 51 adSsus. pu glowaas)s bad aS agjlun gy9b ) TranslationKey ggs

[ quizl9.ts type-checks v

const fa = {
auth: { login: ">9,9", logout: "go,=" },

cart: { empty: "cuwl Jb aw" },
} as const;

:mapped + template b xbuw 95 Ginlow t@wl

ar Template Literal Types



® quizl9-solution.ts type-checks v

const fa = {
auth: { login: "55,9", logout: "gg,=" },
cart: { empty: "cwl I " },

} as const;

type Messages = typeof fa;
type TranslationKey = {

[S in keyof Messages & stringl: ~${S}.${keyof Messages[S] & string}’;
}[keyof Messages & stringl];

— ASe J2aw wuki union & au |y mapped type yslio des (€395 @ uSaighy) {...Flkeyof ...]1 LU 28y
Ao 0bgd @ Vo (had 5> aS eS|

Juad ol axslias (goyiswyy I

Sauleailw)y production a; as template literal types (=8lg 515 95 . |

cart:$) namespace U >laug)/aezyi oS g ( PathParams<"/users/:id"> ) route aid) jl puwo gloyiol)ly 2lyiuwl
SL & cuwl cslw glas S b e > tYpo 13S0 compile-time | «stringly-typed» APl g5 o — ({Action}

S Il gl Glol jhs ¥ |

.50 validation b string glas b aiels (gl b L))l g S26S diold aS 3uS Z)3 2> |) W)a8 :PF Juad oacld

Ly Template Literal Types
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wylaw g d)lastiuwl — Utility Types

W95 glo i el g wsbol glo,lpl :0mit b Partial

Jiad oyl (63:55L Blanl
by gligjlwesly L ) 5,5, slautility type ¢
;b (DeepReadonly (Jio) iijlaw Joas ¢

3}'3 lS)lJQij uuj)l UA»)LELAM Utl|lty lJS L,:ll.\J A4

# 1 lastuwl gloutility 13650 IS 95 Juad ¢l .aujluu g swlgsu 1) utility type o swlgise Vs dA g IV gloJuad b
D50 (1 law utility (U.;.:>Lu.u L) easlw Gl wligo jlso g AS e Wi (3US e = oS (glaliwon ulwl

abawo yulwly — 5)lastiuwl Hlplae> I

Record<Locale, string>

Exclude<Status, "deleted">

NonNullable<Found>

ReturnType<typeof load>

Awaited<ReturnType<typeof

fetchUser>>

Record<K, V>

Extract / Exclude

NonNullable<T>

/ ReturnType

Parameters

Awaited<T>

Jbo il aliue

update(id, patch: Partial<User>) Partial<T> 6299 — ¢l o Jg (S (paaoy
update

Required<Config> Required<T> 0S5l = — ¢ k>l anoy

RN

Readonly<State> Readonly<T> props g state — «,ousi (J8uén

Pick<User, "id" \| "name"> Pick<T, K> =9)> DTO — «lvadid ¢l bsdy
Omit<User, "passwordHash"> Omit<T, K> ol 38 Bis — locpl j> aosy

A — lado Gl doadS ¢puly
> a5/ ¢S Wi union
«y9> ju0 |y undefined g nully

«&b gloyiohly / 29)> £95»

«await olgs azion

1359400 6395 production 33 ;> auss 1 i aS LSy (693l 9o

qr
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[ ) combos.ts type-checks v

async function loadDashboard() {
return { widgets: [{ id: 1, title: "Sales" }], refreshedAt: new Date() };

IF
type Dashboard = Awaited<ReturnType<typeof loadDashboard>>;

interface ApiUser { id: number; createdAt: string }
type User = Omit<ApiUser, "createdAt"> & { createdAt: Date };

w2 createdAt: string & Date a, ApiUser & { createdAt: Date } :3uS augléo pl> & LY 9l
S oS Hiduac abdls w |y ool — adlsl sy Omit Jgl (3 Jrad) suuw) 0 NEver

03)95 S0 Aigai Aw — uiylaw utility cslw

o custom-utils.ts type-checks v

type DeepReadonly<T> = T extends (...a: never[]) = unknown 2 T
: T extends object ? { readonly [K in keyof T]: DeepReadonly<T[K]> }
T,

type RequireAtlLeastOne<T, K extends keyof T = keyof T> =
Omit<T, K> & { [P in K]: Required<Pick<T, P>> & Partial<Pick<T, Exclude<K, P>>> }[K];

interface Notify { email?: string; sms?: string; push?: string }
type ValidNotify = RequireAtlLeastOne<Notify>;

const nl: ValidNotify = { email: "a@b.dev" };

type Prettify<T> = { [K in keyof T1l: T[K] } & {};

type Ugly = { a: 1 } & { b: 2} &{c: 3 };

type Nice = Prettify<Ugly>;

void (0 as unknown as Nice); void (0 as unknown as DeepReadonly<Notify>);
const n2: ValidNotify = { sms: "0912", push: "token" };

void nl; void n2;

22 Sy jl aS egec GAPI )3 .aiSue ikl |y as ply g tooltip hid — aiS 0 Ldgs Lulizo guo Prettify
(P8 Jaad) 5p0 Vb (oo |y 63055 puan dyymd udsS «S29S )Szamn aad g o aislw intersection

ylaw g 5)lastiwl — Utility Types




«pawl b 62cldn iy utility — i) Jao

221 Boc U juzdasy wig)bal osdsS 1 GSo J8lasn 13l sl b o oly BB oxecld Sy b iylaw utility yo
e lsgs = olo Lind 9z — deub aislw ki £95 (T (AweSy dlax Sy > 1) oacld sulgi 05 )1 .«readonly
il g5lwaiiane waas 0l (59 w9 panl . GaslgR ilgi 00

Gluws b jluen jluso — Jos 5>
PV Jhad) amngioe Linly E65 il g il piguly 03lw o) @ wul @3V L +¥ )5 0acld 131 jluy ¢
conditional sz ay lgilwesly JSI b augiy Zupo — sl @annotation Sy ¢ y5oligS gly b :)S jlus ¢
D9ue yidn Of Seu jl (515455 aigjo — dagdie Yhlodumgs hid aS )5 jLo gi)dg5

ol 6358 Cunt g @il Vlotis! (i (Loutility jiso asliuliS) type-fest > goglums Sy qidbw jl Jud ¢

Sl yob iyl I)g - n’.‘:g,;lS »)

9 Record ¢ Pick g Required g Partial . JulwolS g93l> plaSzas :lo utility type o)b)> widids> ou)ipgo
«mapped type — 3u9,S 5b @S Jrad aw 5 aS Mlessd wayyei (aoojlw oo U lib.d.ts )5 Seo ReturnType
Go to Definition ob (g9, editor ;5) swlgsu 1) olinds,=i Swlgie Vgl tiuz 95 iy o2l -conditional. infer. keyof
0lsgs 1) gliveslglspo 1slgie idgl @S > o b ((cawlzplos type-level programming Guys ¢y yigs — Awij
A oy Gles wuS)i S RequireAtLeastOne g Mutable g DeepPartial — aujLu

Slacl S5 59y OMit<A | B, K> .Cams oMgiigyjes OMIt ;S0 ,uSIBLE |) ol)lS aS ayb Lolb pweas Sy
slxil Gab keyof (A | B) g oad wayysi Pick<T, Exclude<keyof T, K>> L Omit (o2 — >g4b 05 L=l union
discriminated gl — 63,5 @5 |) Lacl S5 cugn aS cuwl (5)bidlw @zl 50 1) Sy gloids hiad 1§ JLad
conditional b ¢lises =sjgi A :3)la5buwl Gloyd ogu 0 WBi> Syidopé discriminant (9> cuwl az=>16 union
WJbo ¢l 2SS0 Jled Ixac LV Juad gojgi 6acld aS — T extends unknown ? Omit<T, K> : never — aioy
OXle> @lz g 9 Ajlwe d9gu ol (Lirel & WiSpe el Gininys |y Utility yo )l )15 655 Lo
S 03 |y )y

@ ) Cdds guio Sy aS Al Gidg — Jlkgjlwgiiiv Slacy b utility 1310 logaes jl po HLL Sauw oacld
&0 aS Cuwl ol colle (Partial<Omit<Pick<..>>> ) aVxiz g5 )3 g5 dopzj .aimd WL jlisyge JSil
Ajlun O jl) S)3 9 23S wapsi ) il S8 £95 S £95 51 03z id)S Giudie glzay toai QLI oLl b

P13S 0 b Sy« J2as aw

:3ungiv (> mapped type gga0) 3)lastuwl gloutility wusys b

.readonly Soo « mfaSecret g passwordHash ;> User gloalid asos: PublicUser .)

Gyl aos  id j>a Product glosls : UpdatePayload .Y

97 iyléw g 3)lastiuwl — Utility Types



void ay Event jl ,suli « "click" | "hover" guac jo gljl a: HandlerMap .V
] quiz20-solution.ts type-checks v

interface User { id: number; name: string; passwordHash: string; mfaSecret: string }
interface Product { id: string; title: string; price: number }

type PublicUser Readonly<Omit<User, "passwordHash" | "mfaSecret">>;
type UpdatePayload Partial<Omit<Product, "id">>;
type HandlerMap Record<"click" | "hover", (e: Event) = void>;

Jad ol auslas Wiy

Sl ol ’Uga.zo update (539,9 gl Partial<User> l)> .| |

1uwyd (6931 Ll paTchable sl as s invariant/ugs glosld g id des jl — USue WSl |) juzdes o>
S Uolg )bl asy ccuwl jusi (Jol8 Woly 622 42 IS yuasi Jol — Partial<Omit<User, "id" | "createdAt">>

31> (g,li9, a> discriminated union (g9, Omit .V |

G=2j9 A o)l ol HUEGl aS Cuw (Giaz wlél axis WS e IS Union «Syiive gbachy gg) 9 S0 gajei il
Uiwld Goe 5,800,8 Lgumo glolgw jl So ol 9 — T extends unknown ? Omit<T, K> : never :cuwl jlwcuwd
.l utility

v wilaww g 3)lx5bul — Utility Types
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Const Type Parameters g as const: satisfies

WP O Cuwd i g £y 20885 umbai; sl Hlpl aw

Juad (il (62550 Blawl
Wl @195 1) as L g annotation L as const wglas ¢
L2 plzsl widening gy Luw) ) satisfles L ¢

6 B Sy AP s |y const type parameter ¢

G 9 (EG (dld aS5 G850 ( LISeUdS teudud O had > aS JiiS e 2 |) Spidie ke Su Jhad ol il aww
Lol «uaiSL ()30 AS )5 aw o g (5.0 ;I const type parameter (4.9 ;I satisfies) xlylg> aw o .lade Gk
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[ ] as-const.ts type-checks v

const config =
env: "production",
ports: [8080, 8443],
features: { darkMode:

} as const;

tuple loayl)l ans widening (9 Woliteral ass readonly loproperty aeo xS0 Joc @Gaoc as const

JSoib Jadd — s> 05 eS| Gwyp o 1S90 WIF Jad «asly wdads &xio) L59'§'” Cawgd ()il -(INilgS
I3gsi 0 dozie JolS Wiz b typo bl aisls typo 81 .S e yoge |y 2 lissuwl

0SS 082 U9 S Lw)p — satisfies

3w |; @annotation SeuwMS albuwe

A Const Type Parameters g as const. satisfies



® satisfies-why.ts

type Theme = Record<string, string | [string, string]l>;

const themel: Theme = {

primary: "#3178Cé6",

surface: ["#FFFFFF", "#0B1222"],
e

const theme2 = {

primary: "#3178Cé6",

surface: ["#FFFFFF", "#0B1222"],
} satisfies Theme;

theme2.surface[0];
theme2.primary.toUpperCase();

® satisfies-catch.ts

type Theme = Record<string, string | [string, string]>;

const broken = {
primary: "#3178C6",
surface: OXFFFFFF,
} satisfies Theme;

satisfies-catch.ts:4:3 - error T7S2322: Type 'number'

assignable to type 'string | [string, string]'.
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API ,> ,5595 const type parameter — as const

const | €5 yiolhl aSepl }So — Juwggis as const b s> Hlily)lS pSe literal e b cuud Lo API idg

[ ) const-type-param.ts type-checks v

function defineRoutes<T extends readonly string[]>(routes: T): T { return routes; }
const rl = defineRoutes(["/home", "/about"]);

function defineRoutesC<const T extends readonly string[]>(routes: T): T { return routes; }
const r2 = defineRoutesC(["/home", "/about"]);

type FirstRoute = (typeof r2)[0];
void rl; void (0 as unknown as FirstRoute);
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Exhaustiveness ¢ Discriminated Union
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[ ] request-state.ts type-checks v

type RequestState<T> =
| { status: "idle" }
| { status: "loading"; startedAt: number }
| { status: "success"; data: T; loadedAt: number }
| { status: "error"; error: Error; retryCount: number };

function render(state: RequestState<string[]>): string {
switch (state.status) {

case "idle": return "osbl";
case "loading": return "l s,I55,L Jb 5 ${state.startedAt} ;
case "success": return state.data.join(", ");

case "error": return state.error.message;

o2l L) status gg hdd &b — ASe Wikl |y bosyo guac JS state.status = "success" Gaud b LhlLolS
@ Xlgupwd [ s plas glosld 6> case o Jobs reul Giills uyigr ) (lo Juasd) ,lisLe narrowing
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[ ) flags-bad.ts type-checks v

interface RequestStateBad<T> {
islLoading: boolean;
data?: T;
error?: Error;

startedAt?: number;

declare const s: RequestStateBad<string>;
if (!s.islLoading && !s.error) { s.data?.toUpperCase(); }

refactor > .,LLwlS a; discriminated union > .cuwl @ e Glacl das Liod phb) @ aoly Giwyd Wy Jio )d

DS o0 pue | wgldl gasy

A0 |) 6301 as xS — Exhaustiveness

:(0g)1> 5L @ A Juasd jI) sguv0 JolS exhaustive )y L g3l
o exhaustive.ts type-checks v

type PaymentMethod =
| { kind: "card"; last4: string }
| { kind: "wallet"; provider: "apple" | "google" }
| { kind: "bank"; iban: string };

function assertNever(x: never): never {
throw new Error( Unhandled case: ${JSON.stringify(x)} );

function label(pm: PaymentMethod): string {
switch (pm.kind) {
case "card": return "o S cc-¢ ${pm.last4a}’;
case "wallet": return pm.provider == "apple" ? "Apple Pay" : "Google Pay";
case "bank": return " oluw> ${pm.iban.slice(0, 8)}.. ;
default: return assertNever(pm);

1o Exhaustiveness g Discriminated Union



® exhaustive-err.ts

type PM = { kind: "card" } | { kind: "wallet" } | { kind: "crypto" };
declare function assertNever(x: never): never;
function label(pm: PM) {
switch (pm.kind) {
case '"card": return "o, 8";
case "wallet": return "Jg caS";

default: return assertNever(pm);

HleolS ol

exhaustive-err.ts:7:35 - error TS2345: Argument of type
'{ kind: "crypto"; }' is not assignable to parameter of type 'never'.
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® quiz22.ts type-checks v

interface Subscription {

active: boolean;
trialEndsAt?: Date;
canceledAt?: Date;
plan?: "pro" | "team";

oag) g Jld — { active: true, canceledAt: new Date() } :digos glimoiy wusSyi :(wes >hb &) &l
oloje
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® quiz22-solution.ts type-checks v

type Subscription =
"trial"; plan: "pro" | "team"; trialEndsAt: Date }

"active"; plan: "pro" | "team"; renewsAt: Date }
"canceled"; plan: "pro" | "team"; canceledAt: Date; accessUntil: Date }

"none" };
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Branded Types g Type Predicate: Assertion Function

Gl cdluwyj 69y wewwl £95 9 — wigs ilgs L NArrowing iysaws
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LS 0 b ) gg5 as =G — Type Predicate

[ predicates.ts type-checks v
interface User { id: number; name: string }

function isUser(value: unknown): value is User {
return (
typeof value == "object" && value == null &&
"id" in value 8&& typeof (value as Record<string, unknown>).id == "number" &%
"name" in value 8& typeof (value as Record<string, unknown>).name == "string"

);

function greet(input: unknown) {
if (isUser(input)) {
console.log( oMw ${input.name} );

}
+
greet({ id: 1, name: "Ali" });

2 & ol = ol jlccawl User go jl value (pails)Sy true Sy 13950 JulwolS @ value is User glaol
il>ans « filter o if jd» — XUSe Joce typeof Joo JypsS by Jud=i
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] filter-predicate.ts type-checks v

const inputs: (string | null | undefined)[] = ["a", null, "b", undefined];

const bad = inputs.filter(x = x == null);

const good = inputs.filter((x): x is string = x =+ null);
void bad; void good;

)0 o bad akuws — ASe glisiuwl g5 |, predicate wolw Jor gilgi sl Jubwls TypeScript 5.5 jl :jg)a) aiss
ol ro)’U LR GLmslg)I)é 9 0z Gb,uo tSl)‘:’ Ub.m 20 predicate Lol ')9“‘“L>‘° string[] > GLQ)LLMLS
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A>lg Cwd = Gaggicaws predicate :oacld .Sb g5 ()i a0 155 a4 eleuli «SU g — 3S,0 5oL JhbelS (s
69y 3l ) oy aS (WE Jas) ausS eslaiwl schema jl Guugiciaws predicate gloau (igyu 6315 gl igs b ¢ bl
XS gl byl

WUy L owyp» — Assertion Function

: asserts glaol .oy laglos g Sh auolgs o true/false asly gloa Lo
o assertions.ts type-checks v

function assertDefined<T>(value: T, name: string): asserts value is NonNullable<T> {
if (value = null || value == undefined) {
throw new Error( ${name} must be defined’);

function assertIsAdmin(user: { role: string }): asserts user is { role: "admin" } {
if (user.role == "admin") throw new Error("Forbidden");

function deleteProject(projectId: string | undefined, user: { role: string }) {
assertDefined(projectId, "projectId");
assertIsAdmin(user);

console.log( ${user.role} deletes ${projectId} );
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[ branding.ts type-checks v

declare const brand: unique symbol;
type Brand<T, B extends string> = T & { readonly [brand]: B };

type UserId Brand<string, "UserId">;
type OrderId Brand<string, "OrderId">;

function toUserId(raw: string): UserId {
if (!/7u_[a-z0-9]1{8}$/.test(raw)) throw new Error( Invalid user id: ${raw}’);
return raw as UserlId;

declare function getOrders(id: UserId): Promise<OrderId[]>;

const vid = toUserId("u_abl2cd34");
await getOrders(uid);
export {};

[ ) branding-err.ts
declare const brand: unique symbol;
type UserIld = string & { readonly [brand]: "UserId"

declare function getOrders(id: UserId): void;

getOrders("just-any-string");

bl pla

branding-err.ts:5:11 - error TS2345: Argument of type 'string' is not
assignable to parameter of type 'UserId'.
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] quiz23-solution.ts type-checks v

declare const brand: unique symbol;
type Email = string & { readonly [brand]: "Email" };

function toEmail(raw: string): Email {
const v = raw.trim().toLowerCase();

if (1/A[e\s1+@["E\s]+\.[*@\s]+$/.test(v)) throw new Error( Invalid email: ${raw}’);
return v as Email;

function sendWelcome(to: Email): void { void to; }

sendWelcome (toEmail(" Ali@Example.COM "));
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Cawl i3 any o jl aS xS0 adgi laigweloull SU ¢Seg)> predicate — 3iSei amglie x is T glesl L 1) ain Jhlwls
G293 Ud93> aS schema «igym 631> Gl folw L3l glossas gl had predicate :glés .aS0 wlz slaicl Yoz

A0 )l

fAiS 0 IS y9k> runtime aiyj (493 branding .V |

©lojlgys jl ks Hlsg0 jlade cuslw 010 JS )5 UL g as (declare > unique symbol ) cuwl Legi-hid (gaac o
— €0 ) 0jlg)> jIn iy ol j> UserId yo s @ ol jl .30j0 o Jdume as Su b g 36S 0 validate aS cuwl ¢ San
.fuo aigjo L compile-time LolgS
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&lgi (5,5;lw ¢ Variance

@ uSep g — cuwl Clwisl LB void <= (x: Cat) a4, void <= (x: Animal) |,>

Juad (il (62550 Blawl
2> Zmogs TypeScript JUw b |y variance cdl> Hlo=> ¢
w13 |y property function g method (g uScusw wglas

&S ynds | variance jl ool =8lg glolas ¢

s Container<A> oSS ol B ggipj A 5189 :aiS0 Glac |y £95 @i (65 JIguw oyicidew Juad ¢yl
«@lhiom golas i glaiws winiiy Jrad ol S| SauSse HU8) puSep @ilgi )2 9 Sum> Container<B> a
g)ld ieS (gl GOy senior glaausbas ;> g — Xigib e Lo Glislp

variance cJl> jlo>

23> el )lg> F<Animal> U F<Dog> alyl).cuwl Animal ggipj Dog :(,5,8

TypeScript ;> Jlwo akyl, >

ilgs gloproperty « readonly T[] (@b >9)> F<Animal> - F<Dog> (crg=>po) Covariant
(strictFunctionTypes L) gl gloyiol)l F<Dog> — F<Animal> (cug>wdMs) Contravariant

*6)955 ;> TL] gy Jo8 property olan 8,85 has (plaSzae) Invariant

grac xolws — method (gloiol)l Cag> 9D (@Jlwb — 9> o) Bivariant

aoldl )5 £653u0)5 lp Il g (loc olui — ASe (B9 covariant Wac |y ¢yidgi sl ayl)l TypeScript*

Tl Cg>BMS 23U yiolb Iy

1J90yd b & — jluwy =8y Jlie Su L 1) 904k
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® contravariance.ts type-checks v

type Animal = { name: string };

type Dog Animal & { bark(): void };

type AnimalHandler = (a: Animal) = void;

type DogHandler = (d: Dog) = void;

declare function onDogAdopted(handler: DogHandler): void;

const generalHandler: AnimalHandler = a = console.log(a.name);
onDogAdopted(generalHandler);

[ ] contravariance-err.ts
type Animal = { name: string };
type Dog = Animal & { bark(): void };

declare function onAnimalSeen(handler: (a: Animal) = void):

const dogOnly = (d: Dog) = d.bark();

onAnimalSeen(dogOnly) ;

Habols plu

contravariance-err.ts:6:14 - error TS2345: Argument of type
'(d: Dog) = void' is not assignable to parameter of type
'(a: Animal) = void'.
Types of parameters 'd' and 'a' are incompatible.
Property 'bark' is missing in type '{ name: string; }'.

2925 Ggluwo b yiiew 9 (jlxo iegac 1iohly) 1S b gglue b siaS b puisl> @)l :eudS plgie Yl |y eacld
,be liberal in what you accept :a6mu0 |) pred gilio )5 — 35S Gihas LudSl @ .(jlae Suols :;29,5) Ad
.conservative in what you return

e &l9i (5,5l ¢ Variance



soc olui — method bivariance

[ bivariance.ts type-checks v

interface EventListeners {

onEvent(e: MouseEvent): void;

I

interface EventListenersStrict {

onEvent: (e: MouseEvent) = void;

declare const a: EventlListeners; declare const b: EventlListenersStrict;
void a; void b;

« (onEvent: (e) = void ) dawugu property Jsui @ Iy locallback «(ylsgs glainterface ) :wiigo asui
Ag)ld aS5 =Blg (gl gl 1) gase JSuib -u S50 (65829 sw)p — Method

® array-hole.ts type-checks v

type Animal = { name: string };
type Dog = Animal & { bark(): void };

const dogs: Dog[] = [{ name: "Rex", bark: () = {} }1;

const animals: Animall[] = dogs;

animals.push({ name: "Whiskers" });
dogs[0]?.bark();
dogs[1]?.bark();

b ashl aS ol ilas gl .cmnSioe |y Lo 3S jl e aagll (5o,S invariant — o0 o)l Ixac |y ¢l TypeScript
dads 0l 9) -l pllw WolS T covariance o3l ¢yiigs xio oe> readonly 34,5 readonly T[] wuwles o bhiad
(-« WV Juad anogs iGaos

variance gz 031> by s> — Gidd Jw

leigzen (Mge wgmwm 0315) ozes> 2y Gib plaS jl g d9uie Ylg Byb 1S jl 031> sy :J9az ha> gl
VL J9az plad .cuggus (s J26 property) xidl o @lasl 93 o aS ol (g BUS (39,50 55 0315) logg)9
e Aoz S ran

"o &l9i (5,5l ¢ Variance



3)950 U3y @ Yl 2l xS — Jas >
9 Cawl Sy oyiolhl aulio cug> uils e V> — «Types of parameters ... are incompatible» glolas ¢
Ailg> o s 1) ply
.locallback (gl property Jsu — listener/plugin glwinterface >l,b ¢
9 <a>lpo gl yiiy — interface Producer<out T> :(+TS 4.7) S,z slosiol)l g9, in/out annotation ¢
ol s Ugamo 2 bl 88ty H13) 4550 69il> Lo )5 aluolS cucyuw

Sl jobpl Iz — wolls 55

3)S duolgss oo |y Gidgaz 15 1505 9 — (Tl ool GiujSulen — asS 2wl e5lw Jldw Sy 5l 1) variance

h88) cuwl 633Sagi kiad Box )S1 oS oS5 edld yly> g @ Seuwl ol Box<Animal> l> S Box<Dog>
cag> el covariance ¢l ool — cuwl Animal Sy Dog ¢ cuwl Dog 3uly g9y <Box<Dog jl az o (awlgs 0
3 e Animal aS (ol puSep auad (duuwgie hid) cuwl saSWpas hid Box S| .5gib 0 k> all)
Sl g .aig)lg alyly cug> :contravariance — s 0 Sink<Dog> gl> Sink<Animal> (uy Opluue eo ) gl Dog
- MloaiiSpan gl gloyiohly (e invariance — s (ol gz 93 jl plaSEd (duwngie e lg>0 po
0l Vil s Gidio (Jrad «aclgdn ans .covariant = cuwl 636S3gi (>, ccontravariant

— Mdge invariant b g Xl iuigi- salgs aSJl>)s il covariant el :TypeScript aloBT o8> 9> V>
9y e . lolS glas o g0 039)T L Dog ayll g xS epush @S LwS usxy animals « |, dogs
Jad |y Jogol L8 oly (ailg> 0 s gilgi iS1) 55,0 3 |) L=8lg Jas s IS aS )l Laddc px> @l invariance (o2
<l @Il LeBlg Ll covariance «ixilgs-bisd — 35,8 readonly T[] jiohl :3gs 6315 WV

il Uiy ohed Glwe — g ayyes syntax property L aSeul ;5o (legs> 9> o) Xl bivariant oo
13 1o2hb Guyd aSis event g DOM auly slogSJl U s asisls S5 loio (gly Iaac aS « strictFunctionTypes
wwyp G (on(e: E): void a« on: (e: E) = void) duwggi property Jsuiv « Iy callback l» interface

leasle jU =S Ly ausls 3L hasd — 63,50 Jaed bas 4o b |y lveyas> . asles Jled contravariance ailuScusuw
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quiz24.ts

interface Animal { name: string }
interface Dog extends Animal { bark(): void }

de
de
de
de
de
de

2
f1
gl
g2
r2

clare
clare
clare
clare
clare
clare

f1;
2;
92;
g1;
rl;

let
let
let
let
let
let

f1:
f2:
gl:
g2:
rl:
r2:

() = Dog;

() = Animal;

(d: Dog) = void;
(a: Animal) = void;
readonly Dogl[];
readonly Animall];

Haie) contravariant yiehy v P X P L(2039) diwlgS loas (a0 Jagxi Suw) covariant >gy5 v ) gl

<l @Jlw covariant aylT bark. 8. v readonly/a;)S Jlie glas — X .F .(iyols guisl> jigesac

§Agi 0 w)ye yipalo shorthand w)gwoa; method glayiol)b Iy ) l

Sy (Ve dw al/DOM gloAPI a5,39) (6u3u3p)S sl ilwo — wawl bivariant Ixac method shorthand

oNn:) Jangiy LU property Jsuiv @ |y giae aisS,e sly)L,8 callback as e interface gl >gsu 0 5y @l il
g Jleel JolS strictFunctionTypes U ((e: E) = void

Spllw readonly T[] Jg cuwl pJlwb yisigiJsd al,i covariance > .V |

) oiivgs yuumo readonly .o 639)T loSw aljl — ¢S push a)S (% [JAnimal 1) [[Dog :ulise «yinvgs juamor I (ollwb
/29y wuwl Variance Gogac 63el8 plas b ol .l > adpas Animal ylgicay DOg ales Luy AiSue bi>
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Module g Overload: Declaration Merging

Augmentation

OhSes glogg pipuS 9 (@b Su gl Laol 2z

duad (il (62550 Blawl
ol ) ol whlas g ey g wagu overload ¢
0> LS |y lailyls g9 module augmentation L ¢
cuwl overload yigy ¢o580ls union b Sojpis S il ¢

Lo @l Sy 4 Lael 3z overload .cusezge Sy oMel Mz i) Sy azg Sy uad ol HBg5lw aw
b duw 5o (200538 dw o Ope hSud sladgile 4 Iy plesl ¢l augmentation (S e £95 S |) pMel aiz merging

WlidgS> Hogate glopel>

) wodly S 1)1y Ji> — Function Overload
1S5 by edbw Sy 9wl «Ghyin 529)5639,9 abul) idg

® overloads.ts type-checks v

function parseInput(input: string): string[];
function parselnput(input: string, asNumber: true): number[];

function parseInput(input: string, asNumber?: boolean): string[] | number[] {

const parts = input.split(",").map(s = s.trim());
return asNumber ? parts.map(Number) : parts;

I

const tags = parseInput("a, b, c");
const ids = parseInput("1, 2, 3", true);
void tags; void ids;

il aclgd 5,5 o0 NArrowing 3L 636SWpas o g M e string[] | number[] (=>g,5 overload g
A3 V6 1) gaipels — aSe Gl ) )il gbasl gl HlelS il pgo catiy ¢
hid JllelS g Al SUjhs )il T b xlgize — 3N eges obal b pidus Lwyy §jlwesly Gbéel *
(MY i) 23S aans | ogac globaal .38 e Sz | Bl ()5l
overload «ul cdl> 93 gl S3065,00 Jijaai |y oo conditional type + Sy iz LT oy overload jl Ju8 ¢
.(\V Jxad) conditional «xiwescld ally gl tawl y5Ulgs

NA Module Augmentation g Overload. Declaration Merging



PLpo slayllel gox> — Declaration Merging I

dnterface + interface :3S0 )55 aaw aw ) (ol .Xgd 0 Merge pbpo glointerface sil>e W (Jad ji
sodgile 69y oMel o uld ;5 — Lo sl aod jl Sege — g (jQUery a8 (5o3JI) namespace + function
ohSe

Loailsylis £95 LS — Module Augmentation

» )5 augmentation gy XS e adlsl user ald GwywSl Request ay Loy middleware :=8lg (59.)luw

:0l b .ouwmwgiu (req as any).user U handler

® types/express.d.ts type-checks v

import type { AuthUser } from "../src/auth";

declare module "express-serve-static-core" {
interface Request {
user?: AuthUser;

[ ] handler.ts type-checks v

import express from "express";

const app = express();

app.get("/me", (req, res) = A{
if (!'req.user) return res.status(401).end();
res.json({ id: req.user.id });

B

obao sloyasio — Lid> augmentation ¢y, y55,,5,0 9
o types/env.d.ts type-checks v

declare global {
namespace NodeJS {
interface ProcessEnv {
DATABASE_URL: string;
REDIS_URL?: string;
NODE_ENV: "development" | "production" | "test";

export {};

nq Module Augmentation g Overload. Declaration Merging



s> (typo) process.env.DATABASE_URL g wuwl string €9 ;| process.env.DATABASE_URL iy @y (ol jl
Ao o0 aisluwl property

Ooudl 45 ccawles] augmentation — jlade

S0 @ 1) JhlolS badd — sl asiisls 3929 rUNtime > yusio 398,00 eacl DATABASE_URL: string el
0acld .(PF Juad — Zod L process.env (g9, schema W) 35 cua> boot plSis =bly Laxuwlicl U 1) g65 lesl
.Cuwl runtime > wldl Loy S declare yo : S

D0 Wi |y glivls Slys eidg aS augmentation (8 sclgd

declare (Jojlo J>1> (5 pwlpw SCOPE ay ()35 > (glp el «Jojlon Vb xbuw export / import gol> Jol& ¢
.l o5V global

sloggs (Express gly — il =8lg specifier yloo 6,85 3L declare module "..." > Jojlo pb *
Sl JB& "express" (33,5 augment aiSe SA; express-serve-static-core > i.q.'élg Request
(:amS b s . d.ts 395 jl ) o) .36S 05

wle guyigal) — dodoe aid)S oab Inouy 4359 il ejgyy include > L augmentation Jul& ¢
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«5l open-world b ggeim isy merging — i3 Jo
EiaswgS| gl ol . 3S a8l gguac dlgie SCOPE )5 (ol jo akius aiwy Module o TypeScript. interface >
23948 03l €y b oinSall 3S 53 Jwd e a4 18485 9 — wuwl il (Express. Vue: Fastify) jgmocmSly
oS5 (pivg) (5)1356L b types/ adigy > ks |, augmentation . slaicl JB logus (uwl U l>das aS g

Ayl

Sl jobpl Iz — wolls 55

ol rc.e.Q L}.:ls Mo sl Hliildis ¢ s ((Wgﬂ welatiz] J|J)|).§)) 9> > ‘d.taé o2 JISQjLw 9>

3o 6y wb (Java g CH# Jio) Guabai-cppigr ©2)93d] S i @l «@aaki (pdgln 1> overload resolution
g union ;ga> ;> as gaclgd — JS Lkl |) 6xdp «d9) Jipole» saazy Aclgd b g dzuw |) lobaol aos (Lilg>)o
jl 1wl =h8 g 6slw TypeScript Lkl . Giwyiny WBpé pd Abo AS e «Syye glidsuwl g structural typing
A=y o5 Glanl ccawlads APl (Gbinde aays @ pudiuno doly . ploi gxiunz g D0 B gLl gl ol 4 Vb
hag wogese glolaol b gilwesly a4y 9z 9 . bie Gkl j5dg) Al ple — Cuwl 03)0 S ple gLasl jl
oS0 lobasl )3 (i8S £9)5 (s overload Gisgs Jg 3o Ginigy ) locdls dos 3L ai3) 315 ¢ (6) 55wy
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AS ol |y GadiaswgS| 3ub TypeScript (g2 Sa5)1> 929 Wol I)> module augmentation g declaration merging
adlsl guac Request ay as Express (gl ¢uSW aiils «ogym 1 GinyiuSy Sioyd loans JS s piSIle (o395 aS
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Syisno 3I5)L8 @y [y G395 « e pgwn Nlgie glaiw o :iey augmentation + (W Lad) ;L interface 5150
Gl San due aS egi il 9o ol) I Jac «yad ol loy . aiS 0 Merge |) o pgw das JubolS ¢ 1S adlal
Mlosls glindyiaws «l=Blgy as gy gl hid augmentation : il 6acld .okl Lblb LB xiz ga> Juol>

uadi 3 H9d ©lp SHD g vy, eb b Lolais] gloJuld )5 adiues ‘(bjLwUA ly guac ol ;l&ﬁ|9 as | middleware)
0bdg> gloggs

O pod

Sconditional L overload

Glp — X15)5y HTMLDivElement b "div" L g HTMLAnchorElement L "a" aiiy b createElement giU
S (5 yig ol) b dungiie HTML. overload (gloSs aono

:indexed access + ;> — 315 5929 lib )5 6slol w5 9 Cuwl «aiooscly alyl) ai o ;Y Overload oo :gwb
o quiz25-solution.ts type-checks v
function create<K extends keyof HTMLElementTagNameMap>(

tag: K
): HTMLElementTagNameMap[K] {

return document.createElement(tag);
¥
const link = create("a");
const box = create("div");
void link; void box;

O 188> oo lib.dom >¢5 .3w06aeld glowdls gly wudlSs + Syyin 0aeldy wlls 2z gl overload ;LIS Guyd
)l 1) oS

Juad ol axslias (goyiswyy I

Sl pgo Iy> o overload cagiyi .| |

Lo 2y5 9 Sgubes Wil S0 Lol Wil Lol jl YL Legas Laol 31 ©3)l5,0p |y Match glasl ol VU I Lol
Lo overload 5S35 b Gl Siw 9 ol il Gosm il 6jlwesly Glaol ail bk g .ol el eaeld . Ngd e LS

ol ‘o)U Cowd — Dg.wuo WM L.,13|.\.'> hsd

S¢S 05 ebin ) (652> a> module augmentation .V |

aS¢pl 9 cuwl middleware S g0 (8l req.user aSeul — cuwlesl hiad declare module I, runtime A2 T
runtime > ) Lesl aS (635 b >gib cua> augmentation yo :alw (g93J1 .boot )5 schema IS cuns l=8lg process.env.X

XS0 b8y
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Jie jpo 9 Aiyjo )28 — Type-Level uygiaoly

Llg> egac APl >k g 1LbolS b (GidSih logss

Juad (il (62550 Blawl
Gla ) of Bae cudgaze 9 Guushy GUiSiL go5 ¢
G Ul g paril |) oduzn GEY JbelS anje ¢
S )8y Jolei 2UlgS 9 wd>  egec APl gly ¢

EJQ..w ) a.))b.w 318 (sjhuo;p,; o |y me)&ulwb Pl Cuwl L,éLS — Gl 630> (oL c;u))é Loy au 09 Uiy
APl Gjuz a2 ¢ Sl=S U (gaiaiigs LS U LiiiSil 95 rwl jro 6)b)> Juad ol oS,z )5 SQL JolS parser (ggs

i b (Egpine il — GLiS;L gloggs

[ recursive.ts type-checks v

type Json = string | number | boolean | null | Json[] | { [key: string]: Json };

const valid: Json = { users: [{ name: "Ali", tags: ["a"], active: true }] };

type Paths<T> = T extends object

? { [K in keyof T & string]: T[K] extends object ? K | “${K}.${Paths<T[K]>}" : K }
[keyof T & string]

. never;

interface Settings { ui: { theme: string; font: { size: number } }; lang: string }
type SettingKey = Paths<Settings>;

void valid; void (0 as unknown as SettingKey);

2l Lol .am30 sloslallGed anmi g oais 63ky jobpymos Leily (react-hook-form) pyé gloalslis )> Paths
Type instantiation is excessively deep and» glolas) 3iSe d9a20 |) £95 (5jlwdiges Goc JhbwlS reuwl=S Cadw
L) ool b aisSube oS ogSdl il «gi)dg glosSuyis b Gaoe glo)islw g9, — (possibly infiniten, TS2589
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odazxu ool =09 dijo

1wl 8 OIS b8d g g WSy l>aw > ayje
x S)j» union x gi)sg5 conditional .cuwl JulwlS =8y )5 « S,z instantiation o :gusl g JabwelS LS )
(PV Joad 258051l )ll) 59y y2 (@i US 6l )5395 JuaSs pugaumo b = cuisSjh
/mapped oxijl b3 Joz woy stringy gloa vy olidl ylogS)l aS glesiiSépac s gloply ¥
Lt @0 Mo Joc ) (uwy pAilgs B Giylolas aS AP .S 0 wiély,> conditional

uwl o5 1518 8 5 0,858y bus factor <, VUL uRlodiuwg hid aS sldilioiogs &9 :G)lbdgj W
[ ] cost-example.ts type-checks v
type CamelCase<S extends string> =

S extends “${infer H}_${infer T} ? "${H}${Capitalize<CamelCase<T>>}  : S;
type CamelKeys<T> = { [K in keyof T & string as CamelCase<K>]: T[K] };

type Row = { user_id: number; created_at: string };

type ApiRow = CamelKeys<Row>;
void (0 as unknown as ApiRow);

Sh 42091 — DS o

UingSS Algipe 5 Xz 9 (Tape dgmw B ol jl o) )3 )b Az X 6XESGpae M) Py 0uzy £95 0 @l
DN (Sl Util S )5 g9 plad (il (6138 aylosuw (Z0d Jio) Wy ailylis Sy diuud )5 o3uzxn €5 (T35l
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lo £95 g gyayg) Omit<Pick<...>> & {...} L tooltip )> e3uSuas aSl gloas S5 jb s ©U )
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[ ) boundary.ts type-checks v

export interface QueryResult<Row> { rows: Row[]; total: number }
export declare function query<Row>(sql: string): Promise<QueryResult<Row>>;

type ParseColumns<SQL extends string> =
SQL extends 'SELECT ${infer Cols} FROM ${string}’ ? Cols : never;
type X = ParseColumns<"SELECT id, name FROM users">;

void (0 as unknown as X);

— (piylaw gl €950 SSS iz g losol) Uas by U swngiy jlolise oU L constraint .aus =hb |y Uas W
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Sz Lidg .event bus S sloads router S, type-safe gloywo — «5puo dgw ol jl (6L oSV pas

o + y563kw AS U 1) 315)L8 las wius LaliSiey BB ob)Ses Gl Linlhs oly b couwl Bpas ahis S gl

Al5 (61350 ainjo 1301 po loggi .aS (ly

(620

wAigo iwjl

Slgiuding Sy g b Jlgaw 9> .aiS Merge aslgs o g aiivgs loahads yumo b jladoe 38)5n gl |) €95 pal YU)Se

o quiz2é6.ts

type Get<T, P extends string> =
P extends "${infer K}.${infer Rest}"

? K extends keyof T ? Get<T[K], Rest> : never
: P extends keyof T ? T[P] : never;

1S 2 pbo oSule

type-checks v

declare function get<T, P extends string>(obj: T, path: P): Get<T, P>;

il o =y — dgune Never GVl S ("items.8.name" ) goxe GuSiil g dvahT b )lid) 21 Jlguw :aiges guwly
G yigy — S0 Jie 15)9d Bpae ahds ay Uas g .)J;UAH never Cuwl blé juue 5i8q :¥ Jlgw . ,=8lg (oo
V- hid 31 lgisiuy Sablb H5595 JuoSS slgiing U g Lilg>hd J=o )5 Uas U g S9ae Paths<T> @ P

Squ 0 65Ly yioslw po tuple L get(obj, ["items", 8, "name"] as const) jeslw gbanl )l> 62SWpas

B30 5y gl o

Juad ol axslias (gloyiswy I

SauS 0 az — 2i8)S TS2589 .| |

h oLl by Jol b jl SGaac 639)9 b auaw)> abgi byi pox GLiSih £ 1@rac G b colgiy instantiation Gis,
13 9 )38 0 tuple-based Gac ox)loss cal 3V ledlg Gac S a=y (Ngis z)l> b logili g b primitive) piSe So

Sauib type-level 35U Wol (Sausu ool Ul :pupio cules

Seawlzs «j)lo type-level Sauzum jpo .Y l

.bus factor g 03SWGpaoe sl yules JByué s ply ginsl/JalwolS 35S 135S auylis oslatiwl wups b ) digjo aw

Olas — Sy Loy Houd Sy G5 Util .oslw Logac Glasl g g9 i b aly :03iiSGpan o b ailylisS aws

Yo

.20 sbasl 2z | overload
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GrSsw b >1hb — strict odlgils

noUncheckedindexedAccess g exactOptionalPropertyTypes G nolmplicitAny ;l

duad ool (655850 Sl
> Glaigjo az g 3,50 ) Sb az il strict ayiS o ¢l ¢
WS bl GloBTI) strict 51 51,6 asu;S g5 ¢

S 8= @ Gl G2 (G S Cuwluw ¢

az e85 strict yiz gbacl gie Groe Jad ool oLl b3 & ol gopi abids strict: true waS W Jad

b (St cunlunn =8lg @i Sy glp sshz 9 iiSe Wldl Gz Az iz jl 2)5 pge AiS 93 ISe
.30S5 sl C»ogLﬁ.o as ro.uS

Sb S ; aule plas,s — strict yiz glacl

AS 0 Wi as Sb ywlls
V had — wlé jlado ay Luwyiawd strictNullChecks
annotationy glosiel)l 5l any glao s i noImplicitAny
P Juad — lgi @bl Lol strictFunctionTypes
OlogS)T w)» w9 bind/call/apply strictBindCallApply
ai8)Ss jlado >z aS wlsS property strictPropertyInitialization
ST galgi )5 assliuib this noImplicitThis
uiols Error cuwl (Sew (o=8lg glas — any. unknown gl>a catch o useUnknownInCatchVariables
strict Lu)b ¢ "use strict" L emit alwaysStrict

feature ¢yl ©)9lu Juas> Ly Cuwl HSlew Ao glas)l — eail glacl sglleas oyl oo iy strict: true
.Oli!l) LS)SM = Lé_l)l ZLSLJ a5 Cawl

21525 632 Wb aS aiyjS 9> — strict jl 4,8

llelS aijS ¢ yi@slo — noUncheckedindexedAccess

Irv xS s Lo lb — Strict eslgils



)

® nuia.ts type-checks v

const limits: Record<string, number> = { free: 1, pro: 20 };

const limit = limits["enterprise"];

const effective = 1limit ?? 0O;

const parts = "a,b".split(",");
const second = parts[1];
void effective; void second;

2olg> 0 a8lsl glo )y (bain)eS)l (Sl gloadls) AiSue IS «hakon GloguSiul b aS ¢3S ) :diyjo
OUS (ol auogi .ciolS b 1 Rl d)lge )3 L ouyp b Lat() centries() « for...of :uSuls Glaglll
2D)l> 1y undefined is not a function JolS LwMS &G Wbl (i)l (S (pivg) 33> oo

o9 undefinedy L «yagu0n wglas — exactOptionalPropertyTypes
® eopt.ts
interface Profile { nickname?: string }

const p: Profile = {};

const q: Profile = { nickname: undefined };

Hibols ol

eopt.ts:4:20 - error TS2375: Type '{ nickname: undefined; }' is not
assignable to type 'Profile' with 'exactOptionalPropertyTypes: true'.
Consider adding 'undefined' to the types of the target's properties.

g «undefined usl>» o)laie ) ol Object.keys o wawl true ply “"nickname" in g gz fcuwl age >

hsd sy ? @S opl b (pewbios lospread: JSON.stringify. patch) ss)ls wylaie runtime s, «eyléy

:ublasygze . nickname?: string | undefined sungiy (uolgs 0 po 2o undefined )31 «auil cylé lgsLon

)l Sl o8 a5 EuliS o 55 il o))l GUsgs 3S )5 iy juos ol b jeio loaslulis 5

IPA xSt gl Lolb — Strict eslgils



oliyl Gl JeSe — 35 cuollw gloais;S

[ ) health-options.jsonc

"compilerOptions": {

"noImplicitOverride": true,
"noFallthroughCasesInSwitch": true,
"noImplicitReturns": true,
"noUnusedLocals": true,
"noUnusedParameters": true

2l pgo il oo paasai — «lasy 4 xubl «lasian sl ;> U a)lawe ESLINt ay loas S 1) ;3T 5500 9
59wy S Cl 3> aS Cuwl

aWjo R iz GRS — 3 e
paduise Jlo a (cud Y cuclw production Slus) pgae 63l jl I) digje (S e Wiz Lilxe |) SU glaiysS oo

W2 52 > (V) Az ol pol> L :aiyiS so L)l eBis ) JIgw 1S e Jiiie (piuiel pBid 20 u)y)
©lp fcuwl ab ddipes T.u)m &b strictNullChecks (glp «$3gi (Sl SL wlS o b @313y

Sl €ONfIG (93)S LS b wligo paawal wgldi ¢pl g — 31> diel> 4y Siuwy exactOptionalPropertyTypes

P S 2N Cawlw — Jas 5>
Cl )5 logiuwcoMw aud; ¢Jol jo, jl strict + noUncheckedindexedAccess :3ua2> sjgp ¢
> puamno -Ja8 5l 530 9 d g @S b oguil wgSpw dhas gl — 2SS (g 2S5 ) demy S0 139290 jgyy ¢
(@) Nidy (0438 1S (SHHCt 3,22 35N jro b iyjSaraiy;S il Vo Juad
ai>gi review ;> 3L as o ubl aubld <y coolS L 1 g // Bts-expect-error ;o ek M oeild ¢

ASGe Y S @ 1) g S (Jdd o wgSiw gk

Tl job iyl |).‘3 - v.::g,;lS »)

1SS0 uoge checker (s ) gjuz az 18,85 «SwlSon ElaS o il aS A S oo (Uj)l wuw)d 389 | strict glopsy

G (V Jad) oggi ju> 395 )5 jusi — AiSue 92 |) loggs ans > null/undefined wugac strictNullChecks
a; bivariant jl ) G gloyiol)ly Ly strictFunctionTypes .oy o2yidiad))l 9 o2 pbiouSiaw )y Sy 0959l
(P Jad (grec gltwl) baie @ o function type glp hid (Jg — xSue wakw contravariant
S50 235 (s = 5595 caunSul Zlusuwly @y 1) «pgels any = 5)95 Sl g lisuwly cuwbuw noImplicitAny
wlil strictPropertyInitialization .dguive iy A had Gwgysg 9 S0 uis 3S )5 laos any ol o
03)S il annotation as gl undefined (ggl> — solgd 0 ) WMS (loproperty =hd o5)liéoe

e xSt gl Lolb — Strict eslgils



»o throw ojl>l JS (92 @ilBslo — 550 unknown « any jl |, catch ,.xie useUnknownInCatchVariables
.(\’"0 d.;aB) 25,0 ) G
wigléio kS/LJ oS ro|.xS Jr- A VEEIINY (((5),5&5_“) ab.uu)) strict GLQPD)J :Jol ..x:gTUo)J Rl ol jl LS)-SP-*M-’ aiSs g9

el tsconfig »» b P SVNToy] o2l 9 uS/L: WS gloo il 8T U.u).J.XJ G L0 UdS Ulgels — _\J).Suo Wi ly
9  noUncheckedIndexedAccess (ogaza; — strict > I )5 Gglopzy pgd bl abb

£5)15 d92>g90 5loaS (59) YL jues K9 aSLy lyb))leS K9 a5 dlesile gy — exactOptionalPropertyTypes
S (g |y 93 4o (greenfield) juw 6jg,s 5>

3 (S0 ) duas i gol=) nolmplicitAny Jol :3loe)d SwlSe (e I > iy dmigration gly o
o2 gl ohlio (,eu28 codebase gg) e L das (3)S (g .audy d=y (655U ()35,5) strictNullChecks
il OLb2) 35 Y=l icuduw LASISET aS 330

3

O
fedSe b SU ol aijS plas

123,550 §x59k> o 5l aS glaiy;S production SL ;o gl

.5,S crash J& aljl g9, config.servers[0].host .\

.5)S crash ooy @iy g, catch (e) { log(e.message) } .V

Nlo ey override g i yoge Mlg Xio U Ix=y 3,5 override |, gxio Subclass .V

Slidl (gasy case a g S 3 lauo s |) 3> wlls status g9, switch ¢
useUnknowninCatchVariables .V .x& 0 523y undefined oo 0 GuSail — noUncheckedindexedAccess .\ :&wl
— nolmplicitOverride .V .cuuwlgs 0 Narrowing g sls,0 Uas unknown (g9, message. a uwyiaws — (strict Js1)

:65lw o g > g noFallthroughCasesInSwitch . .85 0 Uas ¢ 594 (gjaz Override jSu5 oy Ao
2550 UiyliS eswitch aos )5 1) 3yas> wlls as PY lad exhaustive check

Juad ol axslias gl yinwyy I

Sho 9 AS0 (g Lais> |y aiyjS plas estrict yio jl 2yl ) |
Sl strict aS (ol glod — 35S e T | undefined a5Bslo |y Record g aylyT (uSasul : noUncheckedIndexedAccess
awl Uilxo Loyds aS noImplicitOverride (LS .aiSue oS35 (ol 3ulS (I ail)l) L=bly GoSL g cuwl

Sz Louds i 5> Uas gSHw Cuwbuw .V |

(aSue Gzl 1) GjlwsSh g dgie las (s> g g8) Uas iy oz — ts-ignore «i) @ts-expect-error hid
GDX — D90 3 FeVieW )5 xudgi )93y woSpw Cl ) lowgSiuw 35)5 Hiylad g dssue awluh g «hzy wiols b adyes

.l 039l (DI b

1¥o xS s Lo lb — Strict eslgils
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Module Resolution ¢ ESM: CommonJS — b Jgjlo

X)93 0 (o) Wbejgys yiuiny aS ul> tnodenext g target. lib. module

Juad (il (62550 Blawl
1% |, moduleResolution g target. lib module J&iuwe Ginds ¢
LD Zudgi runtime g €9 o j> 1) CJS g ESM wglai ¢
WS wlxil bundler g ()30 Node (gl o> ga50)Say ¢

L3 9 1wl juz Sy (65w Ay L (XS Hed Hi8g U AiS e )8 logjle ojlasl ay TypeScript jl Luuss goo
02 bl g9 9> o 43,5 Jywo ¢l TypeScript aaldsg 9 (ESM ¢ CommonJdS) JavaScript ;> =8l Jgjlo
S b algis | resolution glas o ¢l b aS 3o 0 gladids Joad ol .plaSzas

wyldio Jl1gw jloz «aizjS )lo2

ADO 0 a.wb as Jlgw

(§es2023 tes2017) $>9: emit (gl syntax a> L ,>9,> target
Seahyl> 3929n loggi 5> built-in gWAPI olss lib

Sl @bl olizo az g Aiguh eMit Labiuguw az ay lwimport module
g ol =Bl Jyld @y joha> "lodash" L "./x" (yie moduleResolution

Lol @Sl Promise g osdb €85 po 1ib aSiyl jl s g «5) 55w gl iuil3S es5 | target :Suwlls glas
OUngiy Zop0 — AS e s |) SS0des 80y bl lYdiume aiyjS )lgz v2l

.\ul.wg.:um l.sb&g.: as (lowglai — ESM g CJS
o esm-vs-cjs.ts type-checks v

import { readFile } from "node:fs/promises";

export const VERSION = "1.0.0";

( import.meta.url Giul>a) 5la __dirname «o)l> live binding g oistinge ESM :15)l> =8lg runtime lowglas
i e ESM (35S require iz Node () 394 (5)135) esa8 require b lgies ESM (Ul :5age o

¥ Module Resolution ¢ ESM: CommonJS — o Jgjlo



.Cts / .mts Nguwy 135S 0 s ol Node )5 1) (LB g9 (30050 632 |) jro LIS 02cl8 Lol conis ()San laglps
.package.json (iS55 5> "type" b b a0

&2l slod 9 sl Cawyd (g S
:(&.35.3 «CLI 4)9)..\.0) Node as .\

® tsconfig.node.jsonc

"compilerOptions": {

"module": "nodenext",
"target": "es2023",
"verbatimModuleSyntax": true

s sLeimport ;3 Mg Ll qpackage.json ;> exports a plyisl :Node 395 sclgd la.ds» Lizy nodenext
@ o353l g Scusw ol type pwlwl p cjs/esm SuSas g «(Its B > i .Js @l — ./util.js ) ESM
.5)S algs ) deploy wub Node aS 35S0 Jogud |y gjaz tSC oyl (930 — 5l ,=8lg runtime aiul Lol Jsuw)y 0 b5

:(Vite/Next b xleilyd) >jlwo bundler as gas .Y
® tsconfig.web.jsonc
"compilerOptions": {

"module": "esnext",
"moduleResolution": "bundler",

"target": "es2022",
"lib": ["es2022", "dom", "dom.iterable"],
"noEmit": true

O WGl AGS e Gida lisgs esbuild/Vite yoo — Mgy Lzl Glgio cuwl (y)2e resolution ylas bundler
= pall> Node ScauwS ulgs 6ausShal rul Spyliu Lz Moduley Jlguw Fwl diueas Luydi (sdi)Sw 95 ol

.bundler = bundler snodenext

Ly Module Resolution ¢ ESM: CommonJS — o Jgjlo



2250 o) ojlg)> — package.json > exports

[ ) package-exports.jsonc

"name": "@acme/toolkit",
"type": "module",

"exports": {
o { "types": "./dist/index.d.ts", "default": "./dist/index.js" },
"./schema": { "types": "./dist/schema.d.ts", "default": "./dist/schema.js" }

09 jl 5> @acme/toolkit/dist/internal — 35l import (LB easbelel glopmmo hd «uwd exports idg
Jol :0)2e gloresolver buwgi types b 6335 by .(NPM &)U )5 )b gl gl «o=28lg (gjlwalgmnS) dgui 05 ;U
Cawl 0038 Lais resolution Liss Vgeso (@llw zuSy wuas jl a= TS2307 Wg,mo glbs il entry ,o >

ol OhS 2S5 aSiul 4 — Ailg3 s |) exports g (nodel0 )

Abb runtime 1589 p2yio b tSC — Giod Jao
gy S0 3/ Joud ulgs runtime as 1S 5)/Jgd ) iz ploo 16,85 tSC aS cuwl Ol > Jojle (g3iu)Sw

«S3S e J= yelaz |y import ¢l =8lg 63uSh=In Sy — «@iS Sl |y tSC Hghzy Jwwys ui8)S resolution glas
S e Jétiie runtime ay 1) counSui Jasd «isialigliuw gloain;S b tse ¢o)S eSSl .S auais pleo b 1) (g350)Sw 3=

verbatimModuleSyntax g import type — ;lasi
o )9y gy import type { User } from "./models.js" «uuwl g9i gl bdd gimport idg
— 3515 &S5 b as6S Wi b |y import ¢ aisls 05 (Node sg95 esbuild. SWC: type stripping) LSS glatranspiler

Do ) o5V side effect as 83> (yuSep b o gl hid dgie Ll runtime s as Jgjlo razuis
DS Giig) 35S0 J2ad 2bweS gl ay |y plgl ol verbatimModuleSyntax

Tl job iyl |).‘5 - v.::g,;lS »)

«gjlwaruin Iy y=8lg 62uSh>1 (iS50 [yl 1) Louiy AS tSC 1355 L0 i) dla> Sy jl resolution g Jgjle glo)> plas
ol @8> moduleResolution .adl LSo cusblg L aS 30> oyl 89 hsd gillwawdh 9 — ASe

1wl €659 6 5 Lwauuds

)0 Main ogdbe 63 Gwiz INdEX.jS wuws eV Nguy 13S0 (gjlwaws | CommondS a8 glu> nodeld
) exports ald gzl o g i) )de 395 ESM (glus nodenext .>gde oxilg> package.json
bl 39290 B8 S iz Ol I 215 lajmme — (jlxe Glde9)9n Ainds) diuy ou jro wlgicay package.json
3135 1) Ngany (6 S s g dagd e |y €XPOrts :o5tiugl Jouwg ailiugdly bundler .import/require jilos g (Egian
h olod (SaSue 10ad LwsS az leblg 1) 35y sl LSy Aduas ewouas 63cld . 3)gbimos ledly Ls bundler (o> —
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yols deploy i )5 L=8lg s g — ASe juw ) G Lalbs oS GHhlelS Gigy Siolasl auS (gjlwan

-3940

il TypeScript o038 Juol SO Gl «Spumigis .35 Nguw U .ts (ld import s,b >y Bgyzo loo g
s ol gl 092 Sha Ao 6295 53 lue Auungie azsl .ASes LuwgiL |) specifier ¢io jSyo Jhbwels
i 03] Ao 9wy olgS Lylb az ay SPeCifier Nlsue admas (¥ ad) s9iie ha! ao LB cygod, ts
O A Solgs S, L 1S, old — Suangiy | «olaolS 1 Gay prasson b Lo Gy -ylial 5505 sl build i
swesisslyzl gl allowlmportingTsExtensions (e bundler) )30 glo,lul 9 4 Bjlw Jg 2iuligsU .js. ee import
Al 1) lisgs e Jooly plaS yo (TS ppdiuwe

ol 9> 6Bl «uoydLi L=9y3n Jxe ESM g CJS ylgz 95 315 Lgolio (liwl> eo esModuleInterop
,lid) Lo bundler g Node as 1S IS (g)9bple import x from "cjs" U 3I385.0 29,5 )0 S26S puis (02
] €508 TUNTIME ¢ TSy SanMlS Lo 0938 (L0 )d Linidgr Livgels .3S L0

O pod

auiyy aw resolution glbs aw

Relative import paths need explicit file extensions in ECMAScript imports... Did you mean .\
v/ util.js'?
3 J28 Lol — TS2307: Cannot find module '@acme/kit/schema’ :xl6>)S cuai il LzSy .V

. Node_modules

. ERR_MODULE_NOT_FOUND :3:5j0 Node ;3 1) 35 (lass il juuw juzdos Vite sjop )5 ¥

) 529)3> ymo @ 1S (8 )5) 35S adlsl L3S — Ngauw 19 L import g module=nodenext .\ :gwl
Y oues a5l nodenext/bundler ay — 1Slgs s 1) exports s aS eua8 moduleResolution .V . (3uuwgio
nodenext yi,Scusw aclgd b (humo-9> 3S gy — (- «@lias iguy) wuwl Node jI ixatigliw bundler ¢S

Juad ol awslas (gl yiswys I

£3589 |y 1aS — Cuwl pllw Auiiabio S L2uSy (59) TS2307 (glas .| |

ol (node10) asa8 slo resolution g Ngdio J> exports yuwme jl hid (y)se GlogsSs .|, p3g3> moduleResolution
il o Sy exports ;> types bub gbds ASue yil> VUgase nodenext/bundler ay )l .aiegdies Iy abd
828> Laukins (gl arethetypeswrong

Sl util.ts (8 i8g damwgiy ./util.js b (6395 ESM )5 > .7 |

gl |y Lo import ¢ 555,06 js. Jlws runtime ;> Node — ujgw a5 ccuwl o gl ,>9,5» 4y Gleio specifier o=
Wo cuwl 6xiSeshl . uSue ail |y cusbly e module: nodenext .ajj e cuws |, specifier Txoc o 1SC S el
DS e Jo plings (g2 AiSe Wi |y el ¢l ke bundler «ailéslo

e Module Resolution g ESM: CommonJS — o Jgjle
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types@ ¢ pMel glo bl

€95 U9 IS gy pMel (yivgi g d.ts. DefinitelyTyped

Jiad oyl (63:55L Blanl
LD pauid |y (types@ b built-in) S0 S5 g95 gaio ¢

ool el Gl pMel £95 w9 Jojle sl ¢

Sl ;I lop=i; Wlde |y _.groupBy glael aboldl VS Code g awjo npm install lodash (idg
(SLEY S LSI)'.’ )gb.} 9 “O.US az> Al U.L99 <.)u.JTU40 L>_S )| LQ)&QJ .)uSL,,o )b |) 0y UT d.aa.Q U.J| ..).3|o.>)5 JIS .d.ts
Erngiy ool pMel (g gs
N 9 Lol — d.ts
16jlwosly zuo wbanol g loggs hid :cuwl Jojlo )y (Mel JoL8
math-utils.d.ts type-checks v
export declare function mean(xs: readonly number[]): number;
export declare function clamp(x: number, lo: number, hi: number): number;

export declare const EPSILON: number;

export interface Stats { mean: number; variance: number }

export declare function describe(xs: readonly number[]): Stats;

20 9l — ASe dlaiel gl 4 lolS el 6505 Gla iy (Cund 39290 (il iy declare  ojlgads
.Sljyhs D S 0 M)AB D [y GwgpMel aS cuwl Wlaich ¢y .U_ﬂqg LS)L*”°->L.?:? L w0

929l Lty — S0 xS jl 20 0 £

GllS :y)de d)latiwl .yl package.json ,> exports.types U typings / types sld — ZiSy 395 .)
ASe Jez g3 |) pinloggs

Wo) 2yl go5 plivsgs oS uloalls gly «DefinitelyTyped oo 51 —  Btypes/gaSyel .Y
— ol Sy 395 1 1az (gaasuw bol Lo Ygomo waussS 1aumgie asol> |y odiuw ol .( @types/express
il S olBasl

Lol b paouaii 9 (TS7016 glas — plaSgas .V

Ut types@ g ollel gloyls



Aol ol

error TS7016: Could not find a declaration file for module
'legacy-sdk'. 'node_modules/legacy-sdk/index.js' implicitly
has an 'any' type.
Try ‘npm i --save-dev @types/legacy-sdk™ if it exists or add
a new declaration (.d.ts) file containing “declare module 'legacy-sdk';"

alyaw YLy — 3)l8 3929 £99 5id9

(890 wBT) dlawuil g8) gly SH8la> el — ) aly

[ ) types/legacy-sdk.d.ts type-checks v

declare module "legacy-sdk";

(dg,o&o Joles ab_o.;) Louis Usyao API Gb"" oMel — ¥ q,l_.
o types/legacy-sdk-v2.d.ts type-checks v
declare module "legacy-sdk" {

export interface Client { track(event: string, data?: Record<string, unknown>): void }
export function createClient(apiKey: string): Client;

)l:xugw.\?us)}guu.c|j|:@,§§bn§%950u.c| leJhSéthSm—mUp&)modSMwbbwmumm
ko gLl b ogilly £9,5 Sy comwas bl o fuml yigs

Ll Waesids g g3z pleslaiwl i8g — ailbulis 595 a5 PR L DefinitelyTyped > wis)livo — V¥ aly

ambient gl J18 9 global glocuy Sl

a0 iIMport yotu piwlogMel — il (g pwlw Cog)Swly bl @bl Vb xlaw import/export as .d.ts o
:(build—time Bl i 030G ))5 L).\.\S.U.AJLJT u.u)S.uﬂ) 2l global T_9§|9 as L,JLQ)).O OdS k_AJLJ Glp g0 630D

® types/globals.d.ts type-checks v
declare const _ BUILD_ID_ : string;

interface Window {

analytics?: { track(event: string): void };

s types@ g el sloy1é



HobolS @ class Cudgioune iy d.ts — )ladus

Ao 3l |y ble 35 JolS labl b ylolS agSy £9,5 Ll )SI — 9405 dulio gjlwesly b widgzus oMel Jul
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0bd9S ZuSy @l d.ts Jdgs

o tsconfig.lib.jsonc

"compilerOptions": {

"declaration": true,
"declarationMap": true,
"stripInternal”: true

h
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Djlwo 035z gloyo)les (el gloasuw b 95 o ylojed Cuai g0 4id)S 63350
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(620

ugi ol
1390 Buao jgbol (E95 gy) tiny-queve ()8 ailylis
o usage.js type-checks v

const { createQueue } = require("tiny-queue");

const q = createQueue({ concurrency: 2 });

g.push(async () = { ¥
g.onIdle(() = console.log("done"));

[ ) types/tiny-queuve.d.ts type-checks v

declare module "tiny-queue" {
export interface QueueOptions { concurrency?: number }
export interface Queue {
push(job: () = Promise<void>): void;
onIdle(cb: () = void): void;
¥
export function createQueue(options?: QueueOptions): Queue;

S

(038 Sz docs 5l — ol jiuudyduing hie Lol 3,05 lase Jls 53) 6 Lasl concurrency S wds o owouas a4y
i sawgioMel .cunl H@le () = void | Promise<void> gy ohabo Sl 315,35, Promise lais job
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JojlauJgile wyzlgo (gilyiml g checkJs. JSDoc

Juad ol (65:55L Slaol
G2y £95 Gy (2 Ngauy i (92 checkds g JSDoc |, ¢
S (69 «any oo y>lgon pl) 5l

s gl 059 (3990 Wymlgo cwl ailiS |y lowy>lge by alos ol — «TypeScript juzaos aduigs jh»
Ore sl TypeScript .xjlaig deploy jl | el 6oy e o Ao Uil sl jo) il a5 ol Sy o8 G2y 35 Aol
Aawliis o JolS S jieS aS 35l Shaz)s gl gu)bow

gy S (A> s 09N EP R — y0 1
:JSDocC L — >gx type-check slgi oo jg ol (o Lo JavaScript

® pricing.js type-checks v

export function finalPrice(price, options) {

const shipping = options.includeShipping ? 50 :
return price * (1 + options.rate) + shipping;

I

finalPrice(100, { rate: 0.09 });

1wl uyiand 5> JSDoOC )5 — cast > d.ts jl ea import gloggs (oSHie — 95 @linuw )28 plal Lu)m
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] jsdoc-advanced. js type-checks v

export const last = xs = xs[xs.length - 1];

const cache = new Map();

)20 518 (535S
® tsconfig.migration.jsonc
"compilerOptions": {

"allowds": true,
"checkdJs": true,

"noEmit": true,

"strict": false,
"noImplicitAny":
i

"include": ["src"]

build g 35 )5 i y00 b 03b g9y Lowwy wyzlgo = Cl j> typecheck < Suwl + (63iu,Sus (o

iy 9 adids — Jojlougjle g5lyiwl
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[ bad-migration.ts type-checks v

export function processOrder(order: any, user: any, options: any): any {

return { ...order, by: user.id, express: options?.express ?? false };

I
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@5 wlbido ) p3)LSS £65 wyp

Juad (il (62550 Blawl
G B LISl gl gl | composite g project reference ¢
&S =hb ) Cl > g95 w0 pipeline ¢
@ =S g 3250 wlg> =S cache g incremental ils ¢

2w Wb aS Cl Sl (gojo @Sy iz — o pwlido )0 bol .add 0 wlg> «1SC S ) juzaosy (]2 loes U
pipeline _>l)b g incremental wJl> «project references :Juad ¢l glo)lial .a0)1> 5L £95 Ly g lao 4 — Jilay

b slaiel (PB Gl Guwn» aS (gl

U0 J215 (o) W) 0 — Project References

iz po abyl) b S29S 6590 iz Saudof ojgr Su o

[ ] monorepo-layout

acme/

I— packages/

I— core/ € g aioly Util(ge a aiwly) b
— tsconfig.json

F—— api-client/ ¢ « aiwlg core

| — tsconfig.json

L WEb/ € 90 D d.uu.:l_g

|
|
|
|
| L— tsconfig.json

L tsconfig.json ¢ solution: bgl,l laas

® packages/api-client/tsconfig.jsonc

"compilerOptions": {
"composite": true,
"rootDir": "src",
"outDir": "dist"
i
"references": [{ "path": "../core" }],
"include": ["src"]
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® tsconfig.solution.jsonc

"files": [],
"references": [
{ "path": "packages/core" },
{ "path": "packages/api-client" },

{ "path": "packages/web" }

[ build

tsc --build --verbose
tsc --build --watch

d.ﬂ.a.uuo dguw 9

j upstream (gloojgys g oubei cOre il cucl web > pusi agde ) BLS tsc —-build :ulhls ¢
S0l Gy — JolS Guygw & g0 Buao 63uilgi . d.ts
Jolgsw developer 1 i> asS import web I ASlgies core .cuwl import jlxe jo reference jyo :g)loo ¢

g0 compile-enforced (gasaV —

Caw)d ()9 &2y — cache g incremental

® ci-options.jsonc

"compilerOptions": {
"incremental": true,

"tsBuildInfoFile": "node_modules/.cache/tsc/app.tsbuildinfo"

aS )5 dgw 89 hdd Cl jd xS wyyp 9lod ) aidiy)il glosld bhiéd bl u incremental
:blisl 6acld 9> .(lockfile + tsconfig suds L restore) squ cache oly>l ¢ . tsbuildinfo

Al asusls pipeline s> «cache glwSLy e dias tCuxe golas = U5 cache ¢

Do Jolis 1) asws 3L cache s — xS e Jbb |y TypeScript: cache asuws glas)l ¢
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Cl gly» g0 pipeline

[ ) ci.yml

steps:
- run: npm ci

- run: npx tsc --build --pretty false

- run: npx eslint . && npx vitest run

o sloaiss
&uo Cl/)giol asuws WSl .«yy3Tr & (global a — lockfile ;I had TypeScript :l>ass s glas ¢
0399 joww (30 Elumciw (590 SewMlS
(pMUel emit L --build L) tsc --noEmit ojlwe >9,5> bundler idg i> :build ;I 1a> typecheck ¢
lpllw po loggin Lisy pipeline juw G — xib Cl Jdiuo al>yo
tsc --build S e |y Lidblogw cache oyl au)135 :(Nx/Turborepo) task-runner ,lpl L monorepo ¢
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e 65U2B95 9 £95 W9aw)S) jl (5Sel>
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313,18 1 55 w9au)S) — E99 Cannss

€90 pw SweS gilgi g @ts-expect-error cuwl gbj 395 )5 lpl oy5eslw
[ ] type-tests.ts type-checks v
type Expect<T extends true> = T;
type Equal<A, B> =
(<T>() = T extends A ? 1 : 2) extends (<T>() = T extends B ? 1 : 2)
? true : false;

type PickByType<T, V> = { [K in keyof T as T[K] extends V ? K : never]: T[K] };

interface Form { name: string; age: number; bio: string }

Expect<Equal<PickByType<Form, string>, { name: string; bio: string }>>;
Expect<Equal<PickByType<Form, boolean>, {}>>;

const bad: PickByType<Form, string> = { name: "x", bio: "y", age: 1 };
void bad;
export {};

/ unknown / any glai — Cuwl @iuawgSl (6935895 31t (So > gbaol 93 @Gupb jl auglio) Equal i8)s
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tsd ¢ (expectType0f(x).toEqualType0f<Y>() :)glg) APl L oxul le) expect-type Jio uloaluls
Ll tsc --noEmit (las )5 g MiSge S vitest glocuws (LS go5 glocus (2l63)S gaiudiam 1) o3I ¢yl

15> suite oyigpw — Ngibe (Lwyy=)
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® bisect.ts type-checks v

declare const data: unknown[];
declare function normalize(x: unknown): { id: string };

declare function isValid(x: { id: string }): boolean;
const stepl = data.map(normalize);
const step2 = stepl.filter(isValid);

void step2;

bl Ugamo 03,5 zliiwl az T 6l JulbolS s dbs oules i Jud — sl y> LSz g9y hover .¥
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[ ) profile

npx tsc --noEmit --extendedDiagnostics

npx tsc --noEmit --generateTrace trace-dir

npx @typescript/analyze-trace trace-dir
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uac (ydg; optional) b glowelas g 3Se 132 string I | any @lScudun 1S eslasiwl £95 9> «Slaogply

180 AalsolS LIS 5 oz lolhs Slys o5



s > o 81 Lo ol @ chzy 36l b — S ke 1) Golgjlwesly wldis cuus eV .xiwue e | (readonly

(©2940 joy8 @iansi b ANY 95 ¢yl SH Sy Jol dmngize Gl

APl (@iluliS Sy (090 Glogg 092 SEASuLe D393 oaSeslaiuml 35y aSiyl @ Il & g Eg5 i Yol |y
— D0 UB9E 29> Zliiwl LS e refactor Lo 135yl i L Cl j> aS Ligyn lweriuSWuan b Sk
315518 Hlod (€95 i .x.uSmUp A2y a5 oS Wya0 g dloo juw olisgs S — any[] a4 User[] jl Wio
3) j9ad g D) Wb aS (Ghuz S0 wlil Ets-expect-error cuwl bas ol GidoaSwe 35S0 Fao (b Cl jox |,
tsc ploo e Cl )5 GioSls . JolS adbgs cuwi g0 Uas directive ¢pl 395 (35 Uas gjg) S| g — dgui0

g check 3L hdd aS cuwl (635» (£g5 wuwd :test runner a ol

O p0d

(Blay 03j9%icuwd b aS) &)U g )l o 93 Gac 1 3uugiy €95 il duw Yo Juad DeepReadonly (gly

&l
[ quiz32-solution.ts type-checks v

type Expect<T extends true> = T;
type Equal<A, B> = (<T>() = T extends A ? 1 : 2) extends
(<T>() = T extends B ? 1 : 2) ? true : false;
type DeepReadonly<T> = T extends (...a: never[]) = unknown ? T
: T extends object ? { readonly [K in keyof T]: DeepReadonly<T[K]> } : T;

type _T1 = Expect<Equal<DeepReadonly<{ a: { b: number } }>,

{ readonly a: { readonly b: number } }>>;
type _T2 Expect<Equal<DeepReadonly<{ xs: string[] }>,

{ readonly xs: readonly string[] }>>;
type _T3 = Expect<Equal<DeepReadonly<{ f: () = void }>,

{ readonly f: () = void }>>;

export {};
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2505 (52819 JSON 0)b)5 (Sl = Ll €95 1) 6jg

duad ol (6,550 Vlao
G2 Yl aSu jro )d |) lado ouw)licly g «gg5 el wglas ¢
S gl o 5] 95 9 Gunshs o)loz b Zod L ¢
61N > g)leso > |, parse-at-the-boundary o3I ¢

S9uio E9pd usBly S jl juzans g0 g Koy Gl jl el aS (l> e ) QLS jre orieee Jad ol
E-“’L' 3L API > ddows — .)J|.>)§).; Gy Dlgi e j9puw S5 ) oz as User eS| Juad aS
aiSe ol [28lg (F asuws) Zod U 1) (6399 jpo :Juad ¢yl 1 59y JSON (gl>ay HTML (glas

[ boundary-lie.ts type-checks v

interface User { id: number; name: string; email: string }

async function getUser(id: number): Promise<User> {

const res = await fetch( /api/users/${id} );
return res.json() as Promise<User>;

const user = await getUser(1);
user.email.toLowerCase();

export {};

yxiio Ul Goe ) wde jl 95 (u=dly glas .pulod)g> pud as b b gz — 35Sue il JolS 1) 35 ¢l Hhlwels
ey Gl o o ol 030> g D9 yxaie Wol 3L 3 de jl g D90

Cuwl 0355 o runtime > as cq9i :Schema

225> Syiine 030l Sy (Opue 8@ 1) Zod 4 LS ¢l — Zod: Valibot: ArkType) schema validation glaailolis
Ll £05 gaio e Cuwl runtime )y oo aS A>lg Lay i
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[ ) user-schema.ts type-checks v

import { z } from "zod";

export const UserSchema = z.object({
id: z.number().int() .positive(),
name: z.string().min(1),
email: z.email(),
role: z.enum(["admin", "member"]).default("member"),
createdAt: z.coerce.date(),

B

export type User = z.infer<typeof UserSchema>;

1390 iy jobyl (o 9
[ ] boundary-safe.ts type-checks v

import { z } from "zod";
import { UserSchema, type User } from "./user-schema.js";

export async function getUser(id: number): Promise<User> {
const res = await fetch( /api/users/${id} );

if (!res.ok) throw new Error( HTTP ${res.status}’);

const parsed = UserSchema.safeParse(await res.json());
if (!parsed.success) {

console.error(z.treeifyError(parsed.error));

throw new Error("xles i o188 L o m awl");
}

return parsed.data;

o8 las 63,5 jouc 0jlg)d jl (65 ¢l b (g)lado yo (¥ Jaad) cuwl @IgS aoly JS )5 User sy ay ahis ol jl
POl Y duw & — 35y G483 plo b g 39)9 ab) ploo
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parse at the boundary :(g,loso (5931

[ architecture

ossu (unknown) 092 o (typed)

fetch/res.json() schema.parse > User, Order,

webhook payload schema.parse > WebhookEvent
process.env EnvSchema.parse > Env ()> boot)
localStorage schema.parse = SavedDraft | fallback
form input schema.parse > ValidForm (ta Jas)

L>plas loschema .Sy Cojo jro 4V > des — 62iSly validation za» g unknown s aoly JId :oacld
— dgde ge> >SSy po «gilwdloyn Guy ( default « coerce.date ) 3os0 plxil o (B8 i ¢ transform
PV Jaad 6jlgys Guwyd ples

] env-schema.ts type-checks v
import { z } from "zod";

const EnvSchema = z.object({

DATABASE_URL: z.url(),

PORT: z.coerce.number().int().default(3000),

NODE_ENV: z.enum(["development", "production", "test"]),
7))

export const env = EnvSchema.parse(process.env);

ol S pl g0 lesl augmentation :3uS e aygus |y PO Juad «euldl Loson b ¢yl

ire ly schema «pg)> gl Ll €95 — S Yo
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(635 9 jugi) S0 validate o)bg> o aoly Goc )3 b (lnoy Sb) 3iSe slaiel 0 5> g9 @ b 13S0 GbB
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aliold 1o,y aS widds> 2ae 95 — «ul b Sislody Gugicuws schema + Guogicuws interface :olubl cg>

L «(OpenAPI jl Wis) 5,15 3929 Jud 5l 95 )31 .£95 lid z.infer iy, lgis SChema :aiives ) taga 2S5 0
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VA
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API 550 JolS Jgjlo — | 0592 015,
:('examples/boundary > >l B JolS 1S) 6jg,s ,lislw

[ ) project-structure

boundary/

F—— src/

| F—-schemas.ts aod SChemassg s sl + types > liwwl

| F—— api.ts fetchJson L S ,i> safeParse
| L— main.ts ol awl ipdls awly 190> NV
F—— package.json zod "4

— tsconfig.json strict + nodenext

) api.ts type-checks v
import { z } from "zod";

export class ContractViolation extends Error {
constructor(public url: string, public issues: z.core.$ZodIssuel[]) {
super( Contract violation at ${url}’);

export async function fetchJson<S extends z.ZodType>(
url: string,
schema: S,
init?: RequestInit
Promise<z.infer<S>> {
const res = await fetch(url, init);
if (!res.ok) throw new Error( HTTP ${res.status} for ${url}’);
const result = schema.safeParse(await res.json());
if (!result.success) throw new ContractViolation(url, result.error.issues);
return result.data;

gl b (W) ol 29p> = @lw gwl b god @bzl (V) Guw npm run typecheck (1) :0jgp (i Hlso
L ) Lo schema :aswgi ¢y 05 . egro TYPeError & «uls 30ué .85 LiyliS L ContractViolation — oauig)Siuw
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031> ylgicay Uas> — exception gl>a; Result :¥ o5,

Juad (il (62550 Blawl
;o discriminated union U |, Result/Either Joo ¢
WS bl g SUS4s |y validation g HTTP «aSuis glolas ¢

gy ol timeout g retry b JolS APl coplls ¢

220 (9N (iac ;o jl (egi o throw .dguizes 8395 Lawl jd 031> S)ju 565 ahis S, TypeScript > exception
Sy g — Result b sl glgicay Uas 13S0 05ky JolS |y ¢uiSule glad,> (69301 (ad ¢l P 8jgp .20l £95 55 (63
LSS gl (Jawe g retry. timeout b (=819 APl couMS

Gl (63 5ljl «yliion glolas gy exception Iy

[ exception-blind.ts type-checks v

declare function chargeCard(amount: number): Promise<string>;

FB sl 9 (598 GiyliS YU ¢ 355y 4138 — invariant (a8 ahdls ghd) opliieyue/SL Nlpws 9> lolas
U bl aidly jeas> 95 55 b pgd iz (dield Ghio jl iy — dg0 @hd aSui g 365, b 3y w)lS) Ll
.discriminated union :aislw PY lasd |) Giylil 35S paeual a4 jgaze |) 635658 pan JhlelS
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[ ] result.ts type-checks v

export type Result<T, E> =
| { ok: true; wvalue: T }
| { ok: false; error: E };

export const ok <T,>(value: T): Result<T, never> = ({ ok: true, value });
export const err = <E,>(error: E): Result<never, E> = ({ ok: false, error });

export function map<T, U, E>(r: Result<T, E>, f: (v: T) = U): Result<U, E> {
return r.ok ? ok(f(r.value)) : r;

}

export function unwrapOr<T, E>(r: Result<T, E>, fallback: T): T {
return r.ok ? r.value : fallback;

059y w8 — o SSai gl (Jao

CaMS Sy ,=dlg glolhs .z wld b ol QLS (eS ahis las «ogac EMOr So» .cuwl E ohb (ol o
13515 eoglate WolS iz aw HTTP

o api-error.ts type-checks v
import type { z } from "zod";
export type ApiError =

kind: "network"; cause: unknown; retryable: true }
kind: "http"; status: number; body: string;

retryable: boolean }

kind: "contract"; issues: z.core.$ZodIssue[];
retryable: false };

Gh3 o Fwh — Cuws piy retry oly)hd glas .Jaw 395 )d Lwlige puoual 1duS wd> retryable ald a
€9 3)lg oS gloay (Gildae il Hebipl .ASGe adlal jugi g U hdd dazme W aSudh juwmo @ wuwl
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[ client.ts type-checks v

import { z } from "zod";
import { type Result, ok, err } from "./result.js";
import type { ApiError } from "./api-error.js";

export interface ClientOptions { baseUrl: string; timeoutMs?: number; retries?: number }

export function createClient(opts: ClientOptions) {
const { baseUrl, timeoutMs = 8000, retries = 2 } = opts;

async function request<S extends z.ZodType>(
path: string, schema: S, init?: RequestInit
): Promise<Result<z.infer<S>, ApiError>> {
for (let attempt = 0; ; attempt+) {
const result = await attemptOnce(path, schema, init);
if (result.ok || !result.error.retryable || attempt = retries) return result;
await new Promise(r = setTimeout(r, 300 * 2 %% attempt));

async function attemptOnce<S extends z.ZodType>(
path: string, schema: S, init?: RequestInit
Promise<Result<z.infer<S>, ApiError>> {
let res: Response;
try {
res = await fetch(baseUrl + path, {
...init,
signal: AbortSignal.timeout(timeoutMs),
P
} catch (cause) {
return err({ kind: "network", cause, retryable: true });
b
if (!res.ok) {
return err({ kind: "http", status: res.status, body: await res.text(),
retryable: res.status = 500 || res.status = 429 });
IF
const parsed = schema.safeParse(await res.json());
return parsed.success
? ok(parsed.data)
err({ kind: "contract", issues: parsed.error.issues, retryable: false });

return { request };
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® consume.ts type-checks v

import { z } from "zod";
import { createClient } from "./client.js";

const api = createClient({ baseUrl: "https://api.shop.dev" });
const ProductSchema = z.object({ id: z.string(), title: z.string(), price: z.number() });

const result = await api.request("/products/pl", ProductSchema);
if (!result.ok) {

switch (result.error.kind) {
case "network": showToast("euScwe vl o,les auin 1,8 0 JLasl"); break;

case "http": showToast( g w sla> (${result.error.status}) ); break;

case "contract": reportToSentry(result.error.issues); showToast(" >l slaz"); break;
I
} else {
render(result.value);

declare function showToast(m: string): void;

declare function reportToSentry(x: unknown): void;

declare function render(p: { id: string; title: string; price: number }): void;
export {};
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state machine + gg5 xhuw )5 )SgwsS glainvariant :I g ¥ ojg

Juad (il (62550 Blawl
S ezl ) «oS eslbwblBuc ) Sl staten oxcld ¢
il 02l jlro Glo)l3S b wlle puile ¢

S ooly zaypo d>)L8 L S, repository ¢
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order-model.ts type-checks v

export interface Address { city: string; street: string; postalCode: string }
export interface LineItem { sku: string; qty: number; unitPrice: number }

export type Order =
| { status: "draft"; items: LineItem[] }

| { status: "placed"; items: readonly LineItem[]; address: Address;
placedAt: Date }
status: "paid"; items: readonly LineItem[]; address: Address;
placedAt: Date; paidAt: Date; txId: string }
status: "shipped"; items: readonly LineItem[]; address: Address;
placedAt: Date; paidAt: Date; txId: string; trackingCode: string }
status: "canceled"; reason: string; canceledAt: Date };

:edhb g5 g .«(3y1> txId) 63,5 Hguc paid jl Lai> g 31> trackingCode Lotz isy syl :elaiiume Jio Givawlgsy
Wol canceled 9 ‘Cawl JubwolS glas w5l asy s Ginlg — S0 Joai readonly a, draft jl a=y items
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138 Vs> ¢3S s | locdl> VU Jow
® transitions.ts type-checks v

import type { Order, Address } from "./order-model.js";

export function place(
order: Extract<Order, { status: "draft" }>,
address: Address
): Extract<Order, { status: "placed" }> {
if (order.items.length == 0) throw new Error("cuuw cuw LB GG xw");
return { status: "placed", items: order.items, address, placedAt: new Date()

export function pay(
order: Extract<Order, { status: "placed" }>,
txId: string

): Extract<Order, { status: "paid" }> {

return { ...order, status: "paid", paidAt: new Date(), txId };

® transitions-err.ts

import { pay } from "./transitions.js";
import type { Order } from "./order-model.js";

declare const draft: Extract<Order, { status: "draft" }>;

pay(draft, "tx_1");

Hbols ply
transitions-err.ts:4:5 - error TS2345: Argument of type
'{ status: "draft"; ... }' is not assignable to parameter of type
'{ status: "placed"; ... }'.

Lol sl g3 Ly of runtime > if (order.status == "placed") throw :auS duglio gul) asuws b 1) ol
HI3S L AS e joy8 sy alasd losd IDE >yl .asegdy U 2SIyl 1) slaiil jume 0L production b ciuws — cuawl yu3
b Juad «olo PByaé alosy @y (S SLy jl jisel
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® machine-map.ts type-checks v

import type { Order } from "./order-model.js";

const TRANSITIONS = {
draft: ["placed", "canceled"],
placed: ["paid", "canceled"],
paid: ["shipped", "canceled"],
shipped: [],
canceled: [],
as const satisfies Record<Order["status"], readonly Order["status"][]>;

export type CanTransition<S extends Order["status"]> = (typeof TRANSITIONS)[S][number];
type FromPaid = CanTransition<"paid">;

— Egioo oI35 type-level glocuwi g runtime glocuws « cancel / ship glo)l3S b — cdls il JolS demws

. examples/state-machine >

200 d15,1)8 b S )i repository — F ojgy
(W0 Lpa_‘a) Uos Sl g JolS 31518 L Vs« |) Ginsybo 10 Juasd aS glosls auV

® repository-full.ts type-checks v
import type { Result } from "./result.js";
export interface Entity { readonly id: string }
export type RepoError =

| { kind: "not-found"; id: string }

| { kind: "conflict"; id: string; detail: string }

| { kind: "storage"; cause: unknown };

export interface Repository<T extends Entity> {
findById(id: string): Promise<Result<T, RepoError>>;

list(filter?: Partial<T>, page?: { limit: number; offset: number }):

Promise<Result<readonly T[], RepoError>>;
create(input: Omit<T, "id">): Promise<Result<T, RepoError>>;
update(id: string, patch: Partial<Omit<T, "id">>): Promise<Result<T, RepoError>>;
remove(id: string): Promise<Result<void, RepoError>>;

6SWGpas |) awlbud) create j> Omit<T, "id"> :Ju8 glohad jl > So plsS jo — asuw 1) 31)L8 Gloareas
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Swggio ) archive (I3S gbael g o ¢l gyl gyl + 630 ydiciio

‘puly

) quiz36-solution.ts type-checks v

type Article =
| { state: "draft"; title: string; body: string }
| { state: "published"; title: string; body: string;
slug: string; publishedAt: Date }
state: "archived"; title: string; body: string;
slug: string; publishedAt: Date; archivedAt: Date };

function archive(
a: Extract<Article, { state: "published" }>
): Extract<Article, { state: "archived" }> {
return { ...a, state: "archived", archivedAt: new Date()

|, published (slug: publishedAt) slououas ans spread 3us wds g — cuwl gly JBjus Yo Gangiing gl
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Sy CuiguolS g context. reducer (oprops. hook :0 6jg

Juad (il (62550 Blawl
&S b React 19 ) g3l L |, lo-event g props ¢
WS Jde any g g as kg |y Context ¢ useReducer ¢

S b (6315 Jgaz o) iy catigaolS ¢

BlSy i @lgi ook g «uwl wlls (uile state ol 15)1)8 props :sless aislw e ly TypeScript g React

+ Sopiz 031> Jgaz) JolS y208 S b 6y 53 9 S0 yore |y React 19 glagSll Juad ool -3l |) Ginlaylil oo —
awloggi g9) s jSuai (agal |y React :y6,8 .55lwe (556515 hook

CuiigrolS Slo)ly6 — Props

[ ] button.tsx type-checks v

import { type ReactNode, type ComponentPropsWithoutRef } from "react";

interface ButtonProps extends ComponentPropsWithoutRef<"button"> {
variant?: "primary" | "ghost" | "danger";
loading?: boolean;
children: ReactNode;

export function Button({ variant = "primary", loading, children, ...rest }: ButtonProps) {
return (
<button data-variant={variant} disabled={loading || rest.disabled} {...rest}>
{loading ? "..." : children}
</button>
)5

<Button variant="ghost" onClick={e = console.log(e.currentTarget)}>59,9</Button>;

Gwd wgijb gl>ay ComponentPropsWithoutRef<"button"> :36l props wVlguw Z9e Zuwl ashd ¢l gloaiss
prop < ref (React 19 )> g .children ¢lp ReactNode «(& Jua8) variant gl union literal ¢,09: gloprops
» 1) ref?: Ref<HTMLButtonElement> lidd «uwsi pjV forwardRef (lizgs glocsiguls gl — cuwl JJgeso

-39l props

vy TypeScript L React



Whandler g wslayg,

[ ] events.tsx type-checks v
import { useState, type ChangeEvent, type FormEvent } from "react";
export function SearchForm({ onSearch }: { onSearch: (q: string) = void }) {

const [query, setQuery] = useState("");

const handleChange (e: ChangeEvent<HTMLInputElement>) = setQuery(e.target.value);

const handleSubmit = (e: FormEvent<HTMLFormElement>) = {

e.preventDefault();

onSearch(query.trim());

i

return (
<form onSubmit={handleSubmit}>
{
<input value={query} onChange={handleChange} />
</form>
)5

= JSX (g handler ¢(cuus auwj) annotation (g = JSX (yg)> handler :lec o3xcld

.28 alias ) handler gg5 «aub ()15 o annotation )31 . iolaigliugs 9 ChangeEvent<HTMLInputElement>

useReducer + discriminated union :63.2. State

:lvaction g, e g state (g9, po — >9.b 0 Jlocl padiiuo PY Juad u)d o)l> wll> x> state idg
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® reducer.tsx type-checks v
import { useReducer } from "react";

interface Item { id: string; title: string }
type FetchState =
status: "idle" }
status: "loading" }
status: "success"; items: Item[] }
status: "error"; message: string };

type FetchAction =
| { type: "started" }
| { type: "resolved"; items: Item[] }
| { type: "rejected"; message: string };

function reducer(state: FetchState, action: FetchAction): FetchState {
switch (action.type) {
case "started": return { status: "loading" };
case "resolved": return { status: "success", items: action.items };
case "rejected": return { status: "error", message: action.message };

export function List() {
const [state, dispatch] = useReducer(reducer, { status: "idle" } satisfies FetchState);
void dispatch;

switch (state.status) {
case "idle": return <p>osll</p>;

case "loading": return <p>,5 Jbb s, I35,L.</p>;

case "error": return <p role="alert">{state.message}</p>;
case "success": return <ul>{state.items.map(i = <1li key={i.id}>{i.title}</1i>)}</ul>;

09 ) switch fause clls o adlsl . (JublS gl Sitems (93 dispatch({ type: "resolved" })
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® data-table.tsx type-checks v

import { type ReactNode } from "react";

interface Column<Row> {
header: string;

cell: keyof Row | ((row: Row) = ReactNode);

interface DataTableProps<Row extends { id: string | number }> {
rows: readonly Row[];
columns: readonly Column<Row>[];
onRowClick?: (row: Row) = void;

export function DataTable<Row extends { id: string | number }>(
{ rows, columns, onRowClick }: DataTableProps<Row>
) {
return (
<table>
<thead><tr>{columns.map(c = <th key={c.header}>{c.header}</th>)}</tr></thead>
<tbody>
{rows.map(row = (
<tr key={row.id} onClick={() = onRowClick?. (row)}>
{columns.map(c = (
<td key={c.header}>
{typeof c.cell = "function" ? c.cell(row) : String(row[c.cell])}
</td>
N}
</tr>
N}
</tbody>
</table>
)7

interface User { id: number; name: string; email:
declare const users: User[];

<DataTable
rows={users}
columns=A{[

{ header: "oL", cell: "name" },
{ header: "J.l", cell: u = <a href={ mailto:${u.email} }>{u.emaill}</a> },

1F
onRowClick={u = console.log(u.email)} // u: User — gluiwl JoU8

/>
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e Gl s 03iSWrao gl 393 g9, <Row,> — (IF (had) cuwl Sz 2l pled (Spyie wiigrolS
awl Ul (€l 5ol wgs Suyion) 10 Jhad jlso ¢l dgu0 J88 audy >0 rows

undefined §g,> (93 Context — Joc )5

WApan hook + createContext<Auth | null>(null) :3)l3 lsliso adgl jlade as Context glp sadauogi g3l
Jjadyn createContext<Auth>({} as Auth) jl.(xiSie throw as useAuth ) 3Se 5) udly glas L I null as
/examples 6jg,s ;5> JolS aduws .3S 0 Ju3b Ges ) «undefined is not a function» a; Iy =8lg glas aS 9,5 —
.react-feature

Algs 0 £95 ylogS)l «union L useState — )l
ol £95 3z jl state > o g0 U =8lg Hlabo (413)S w9 S e glituwl nULL gg5 useState(null)
a3 Sg — useState<Item[]>([1) :JI& ail gl paoo . useState<User | null>(nUll) :30Sy zoyp0
(I all o> glos ¢ Juad) never[]

Result  Liswo (556515 hook «S,,i> DataTable b «ylp)S cuwdn 32,8 : examples/react-feature JolS 6jg,
yp0 9 as o (JolS strict § juw tsc —-noEmit :Lbpdy o .95 lowuwd 9 wygs jly>l Context Vo Jad
QB string | number )lasoe U glosdS s as (g 9b 2uS sortable |) loggiw :aswgi (el y2xa8 JS )5 any

.(PickByType :\A Jhad wusS)s) sl sort

Tl job iyl l)g - v.‘.‘.vg,ng »)

JSX 9 3580 Props as b :cuwz lelS Gl «iigrelSy At aS Juegde Groc Lidg |) React )> ol
S, 8> <Button label="ok" /> o -l U Slgshd gl syntax a8 hdd g JSX g — 15,5505
OYTguile das b odgie 6iussiuw Props glegs)l ylgicas Lo attribute s :cuwl Jgoszo ilg>1,9 type-check
&l narrowing g union (cuslas l>glas sasiybioliusl attribute :5 Juasd) o;U literal (gg, excess check — Luil
(¢ Jrad — x>0 ) event gg5 annotation 93 onClick ) s callback gl contextual typing byi props

Ll «awgyy Jdd JSX fiui IS )5 (gaga> oacld Zao

digibze gVl Juad ege oSl 95 (gual ol

(optional g5 o) uuo props b wpisue «onClick b href Ly as iigrels .discriminated union a;lioa; props
compile error |, cuw)db oslaiwl discriminant b jues union .a55lsee ¢5Siool (glocuSyi )15 1) PP Jad JSine les
9w APl &> a4y (631518 «iiguols APl — xS e

0,5 plas 3,50 renderItem: (item: T) = ReactNode ¢ items: T[] aS List<T> .Sype Cuiguols

Oyl K9 0ALSWYuae — dgiue 5yl renderltem a; g sg.i 0 glisiuwl items I T il ¥ Jad «oSul> 95 ¢
ol (glad)> i/ 08/ Jgaz gldailiuliS ¢giw o3I ¢l 315 sl WolS annotation. callback S, i

hid zlisswl g2 35 eV 95 logS)T useState<User | null>(nUll) |y :diwype dod S LU gha So g
User Tasm aisSs jlwlS @ Lol gus e nUll bad null jl — (1 Jad) 580 1ulS 9290 logS jl
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«28lg diol> jl yipu88n jlado U state > yo :(blegac o3l .l yle gMbl Glood @upo HlogS)l (a0 o
a3y 200 |y UNION 9.0 g

SAbL aidls po |y 092 )U8) dasd Ak aS (iylduw daS> Sy props | |

— (union literal L variant) (¢3¢ gloalid + interface Props extends ComponentPropsWithoutRef<"button">
9 cuwl Joamo prop me React 19 ref )5 .ugdbe Lwwgil Giwd 9 dule Slxe *-aria g disabled g onClick
a3V forwardRef

31> JSuine a> useState(null) .V |

1 2o logS)T cuwl Leginiz state 1> jo .cunlhs =8lg Hlade (3)S Cuw g doi0 gliswl nULl « state ggi
«y5ya80y adgl jlado :0cld .>gid 0 never[] as useState([]) :pl> yuoo yolgs g ¢ useState<User | null>(null)

.63 annotation = (,=8lg dwol> jl
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CillS g 9w jyo — Next.js

API 515)1,8 g serialization (wroute handler :# ojg,;

Juad ol (6,550 Slawl
WS Lwliel g ol ) coMS o 9w oy Serialization jo ¢
GG 200 529)3/1639,9 315),8 L route handler ¢

29y O jl jpe il yeae ) i plas Sl ¢

)0 85 (63S g dgiue Izl jgpw g9y a5 (GIS 1S Le Eaandi Lod 93 ) ) e aolsyy (App Router (¢ W) Next.js

i 0jgy + had (il .4 dyaoudi Jg MiSe jeae Ol jl bggi aS cuwe serialization jro Sy > ¢l G 5590
.iigeeS U route handler ;I ;0 ¢l (59, 03 =i, licl g ol ols),8

39050 OS5 918 )3 (G52 A — CuiyMS/ jg5w jyo

[ ] server-page.tsx type-checks v

import { db } from "@/lib/db";
import { OrderList } from "./order-list";

export default async function OrdersPage() {
const orders = await db.orders.findRecent();

return <OrderList orders={orders.map(o = ({
id: o.id,
title: o.title,
placedAt: o.placedAt.toIS0String(),
total: o.total,
T 5

:serialize B8 jslée Jadsd wServer Action >g,5 g «iMS @ j9,w jl (g 946 Props bl Jaas 3L as gloacld
9 &b « class instance «Map Lol auSue jouc Date .ol 95 (63930 dlasi g wdlw sb/alyl primitives
09y e L interface (agd,0 Iy jro (al Lo TypeScript €95 :jipgo 9 — > Joazo JSON ;> undefined
Jo 7 (uad) jye gl @20 DTO :g)lome J=ol, 5980 2925 (6525 jaz runtime )3 g 3)ie jro U JololS (gl

MU toIS0String e BT Juaws — (APl Jow # diwl>

L CMS g jgpum jro — Next.js



Zod UL ,>9,5/(559,9 315,18 — Route Handler

:a9,bg> Lziuwlicl L JolS endpoint — ¢ 6jgy.
® app/api/orders/route.ts type-checks v

import { NextResponse } from "next/server";
import { z } from "zod";

export const CreateOrderInput = z.object({
items: z.array(z.object({ sku: z.string(), gty: z.number().int().min(1) })).min(1),
couponCode: z.string().optional(),
B
export const CreateOrderOutput = z.object({
orderId: z.string(),
total: z.number(),
placedAt: z.iso.datetime(),
B
export type CreateOrderInputT z.infer<typeof CreateOrderInput>;
export type CreateOrderQutputT z.infer<typeof CreateOrderOutput>;

export async function POST(req: Request) {
const parsed = CreateOrderInput.safeParse(await req.json().catch(() = null));
if (!parsed.success) {
return NextResponse.json(
error: "invalid-input", issues: parsed.error.issues },
status: 400 }

const order = await placeOrder(parsed.data);
const dto: CreateOrderOutputT = {
orderId: order.id, total: order.total, placedAt: order.placedAt.toIS0String(),
I
return NextResponse.json(dto, { status: 201 });

declare function placeOrder(input: CreateOrderInputT):
Promise<q{ id: string; total: number; placedAt: Date }>;

1wy 0 Gl @ ol PO Jhad cuipMS — dgub 0 Wpao schema glos «igMS Cuoww g

CMS g jgpum jro — Next.js




® lib/orders-client.ts type-checks v

import { CreateOrderOutput, type CreateOrderInputT } from "@/app/api/orders/route";
import { createClient } from "./api-client";

const api = createClient({ baseUrl: "" });

export function createOrder(input: CreateOrderInputT) {
return api.request("/api/orders", CreateOrderOutput, {
method: "POST",
headers: { "content-type": "application/json" },
body: JSON.stringify(input),
B

S o — o edlaiel ciMS fetch ay) sguve validate jgpw )3 (6399 ()9l Cwd @ Gz Az S b
Syl 93 30 g (G golaicl jopw Glojeal deploy @) sgi e validate ciuMS )5 =g, (p POST Llgie
.Sl drift — schema

AA> Wyguo «Aelgd ylasd — Server Actions

o actions.ts type-checks v

"use server";
import { z } from "zod";

const RenameInput = z.object({ orderId: z.string(), title: z.string().min(1).max(80) });

export async function renameOrder(raw: unknown) {

const input = RenamelInput.parse(raw);
await db.orders.rename(input.orderId, input.title);
return { ok: true as const };

+

declare const db: { orders: { rename(id: string, t: string): Promise<void> } };

aSws endpoint S wasdly )5 :aiSue ISUhS (aad — o B A «Jgasme gilin loggs 3o I Server Action
.S parse Jol o (FormData U) 35,5 unknown |y yielb :eacld .30 o) Siw> BB jS)950 jl Gold9)9 9 ol
1S)900,8 Huld b cuwl VF (Jiad as User ylos parse o «osiulin gbaol
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il dlaicel jo SO «use client/servern jo — i3 Jio

HADD (el Mg g8 dgu o Cach (es g — import <y directive Sy — 31> Sww Syntax oj,e Next.js )
«JSON lguon Sy plissd )5 39,0 wiiguelS a; fetch I L «action a; 0,9 jl «client component a; RSC jl 030> > o
Jiabd) 39)9 ahisi 5> SChema il Sy adivad o> Fawly TAD30 el WS a2 ,lg0> Bibl iy 9 XSy
(7§ Jrad) 29,5 ahii > xupuo DTO (PE

sl b a5 Next SaS gloggs — Jac 5
Ul bbaxéo glaol — params: Promise<{ id: string }> :x:leBesl Next 16 )5 puuwe glogiolly ¢
XS0 compile-time |, <Link href> glocid po typedRoutes (3uS S lidgs dsws Wlxiiume
a3)Sg (35S0 o3latwl (Cookies. geo) Lols wlilSal jl aS Aile;V ;i8g khid NextResponse / NextRequest ¢
.l e (Jl8 o)lasbuwl Request/Response
gy o2l 9 juz yo — NEXT_PUBLIC_* i gjlwlas + (WE Jad) boot )> schema : oo glojusio ¢
)9y bad

G typecheck (i jlse (5158 s + <iyMS + route handler) examples/next-boundary ;> JolS 6jgp
taawgi (el igllS e ContractViolation — s, Siws Fwly fassbesluw 400 - olys body L POST
eadiumo P9 Jiad 0)8 U asS Juias plo—ald culss L kind: "validation" ay cuiplS ) 1) jgmw 400 glolas

Sl yobgpl s — ©ealS

) CoaMS 9 )9y Cawlosdd 395 IS aS5 93 G edlaicl o (ayigA> 0aub Ly &l saoline Sy fullstack type safety
libwelS I ez cculeggi «pgd sxuSSLy serialization g — JSON g cuwl aSuis Ly lol (dungie i S
Syuire interface Sy Wyb 9> Sl i pld s (wlS g Map ©gie bi> undefined ogie String u)b
g jlwd by I8y G «Syiine gn — 30> 3,9 interface Yl b dg9u0 3) @aw i.vélg aS (g2 S import

S e runtime )3 (lwolS jw cipMlS g 30 rename |y alid jo,w 1 SauwllS Gollenl fuwl oyl pogs

Sl las jl g9 zhsinl + Alg 31518 165Lwosly 95 b Moyl Sy LSao Juad ol gl ol,

A0/ 3lwe O b ) 29,5 9w (el schema Sy endpoint o 51518 :(euw g9y PF Joad) schema uwo
Sy s = 31y)L8 o .08 ,0 schema «glasy jlinfer L 1) glincgs 93 10 g S0 parse ol L | 39,9 cigMS
8k 93y plojed K1 0,8 =

Ay 0 MS @ jgyw codegen w9 L&DEQJ)) 2wl b ) GySgjlw as 5> (g idilgums glesl tRPC o
JS 29y ) P Juad Gab as — import type { AppRouter } — S0 import |y jg,.w router ggi «iyUls §,gh>
395 lilwlS 35S0 Heae check (loj > g95 BIS s wgues wiMlS bundle )lg ()9, 35 Zad )13 ()l oo
check GUAQ S O b 9w g GoMS el ‘ogl_v.o )l59)’Lw O jl D il ol oo ((3|3)|)§ Jsl JLB»
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12 9 X0 ()5 LB 59,0 jl (6399 — wawl aSuis endpoint wusdly )5 (Jg wuwl Jgese il loggs 4> jl action g2
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0wl Event Emitter g ool State (o o)d

A o 4

slayg, ol L 6|QJL§;L')5 Il + ro).é Jo5 asy> v 0592

Jiad oyl (63:55L Blanl
&S Jo (.../idle/submitting) a0 union b 1) 0,8 state ¢
&S« AbortController b I oSl widac g2 ¢
;L payload—slag, cunlss L ;i event emitter ¢

whilac g2l (V 6jgy) 8 JolS as)z 1Xigiize ST o2Bly Gl yo )> aS XSie JolS |) glady> ashd aw Juad ol
Eadimo oSy w o .(Jol pidw A 8jgy) lululis S, event emitter S, g (AbortController L pSooU

il oSy @)lge (il 032 poghe S Lol — Nl glouad glalil

iloo globoolean gl>a; xsy0 state — )9

[ ] form-state.ts type-checks v
import { z } from "zod";

export const SignupSchema = z.object({
email: z.email("cuws juizo Juoyl"),
password: z.string().min(8, " SLIS A Jslas"),
7))
export type SignupData = z.infer<typeof SignupSchema>;

export type FormState =

| { phase: "editing"; errors: Partial<Record<keyof SignupData, string>> }

| { phase: "submitting" }

| { phase: "succeeded"; wuserlId: string }

| { phase: "failed"; message: string; errors: Partial<Record<keyof SignupData,
string>> };

schema gloald @ loadS — Partial<Record<keyof SignupData, string>> :3uS «i8> errors £y @
S o plSeS l>aes gl iy SChema )5 3az 3 g cuwl ubwlS glas 3Ld eb ) typo <l Jod

IAF ol Event Emitter g oKooU State dop)d



® form-logic.ts type-checks v

import { z } from "zod";

import { SignupSchema, type FormState, type SignupData } from "./form-state.js";
import type { Result } from "./result.js";

import type { ApiError } from "./api-error.js";

export function validate(raw: Record<string, string>):
| { ok: true; data: SignupData }
| { ok: false; errors: Partial<Record<keyof SignupData, string>> } {
const parsed = SignupSchema.safeParse(raw);
if (parsed.success) return { ok: true, data: parsed.data };
const errors: Partial<Record<keyof SignupData, string>> = {};
for (const issue of parsed.error.issues) {
const key = issue.path[0] as keyof SignupData | undefined;
if (key &% !errors[key]) errors[key] = issue.message;
I

return { ok: false, errors };

export async function submit(
state: FormState, raw: Record<string, string>,
api: (d: SignupData) = Promise<Result<q{ userId: string }, ApiError>>

Promise<FormState> {
if (state.phase == "submitting") return state;
const v = validate(raw);
if (!'v.ok) return { phase: "editing", errors: v.errors };
const result = await api(v.data);
return result.ok
? { phase: "succeeded", userId: result.value.userld }
: { phase: "failed", message: describeError(result.error), errors: {} };

declare function describeError(e: ApiError): string;

(505 juz o L PV Juad React) Ul . g3y Result - state — ,iso 031> = schema : pwlipw o3uieul by JS
i )5 )> isloading && !error 8& touched zao .JS0 zagw phase (gg) bidd

E9 d15,1)8 ylgica; AbortController — g

0S5 d ) o5 azis ‘o.x.oT),p a_wl.: U >ya0 2L d Cuwlg)d ruwl g2 (6 iidino (5255 SuwlS 0155 (5929
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[ ) cancellation.ts type-checks v

export function createSearcher<T>(

fetcher: (g: string, signal: AbortSignal) = Promise<T>
) {

let controller: AbortController | null = null;

return async function search(q: string): Promise<T | "aborted"> {
controller?.abort();
controller = new AbortController();
try {
return await fetcher(q, controller.signal);
} catch (e) {

if (e instanceof DOMException &% e.name == "AbortError") return "aborted";

throw e;

const searchUsers = createSearcher((q, signal) =

fetch( /api/users?q=${encodeURIComponent(q)} , { signal }).then(r = r.json() as
Promise<unknown>)
)7

void searchUsers;

v owb gV @ |y ol g 530 signal: AbortSignal b «uuwld) L HVgby pBesl APl o :>lb oacld
629> (S eolaiwl WO Juad) Migis 0 wuSyi AbortSignal.timeout b loyesl (yidogdo (o9 fetch — son
Ll (63le Gl i a9 1wl G BT pasuai o exception gl>a, "aborted"

payload—>liyg) cuislss — > Event Emitter

101 J88 e L payload Jsui g dlagg) pU ¢l y> aS gl emitter :A 659, 8
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® typed-emitter.ts type-checks v

type Listener<P> = (payload: P) = void;

export class TypedEmitter<EventMap extends Record<string, unknown>> {
private listeners: { [K in keyof EventMap]?: Set<Listener<EventMap[KI]>> } = {};

on<K extends keyof EventMap>(event: K, fn: Listener<EventMap[K]>): () = void {
(this.listeners[event] ??= new Set()).add(fn);
return () = this.listeners[event]?.delete(fn);

emit<K extends keyof EventMap>(event: K, payload: EventMap[K]): void {
this.listeners[event]?.forEach(fn = fn(payload));

type AppEvents = {
"cart:add": { sku: string; qty: number };
"cart:clear": undefined;
"auth:logout": { reason: "manual" | "expired" };

}

const bus = new TypedEmitter<AppEvents>();

const off = bus.on("cart:add", p = console.log(p.sku,
bus.emit("cart:add", { sku: "k1", qty: 2 });
bus.emit("auth:logout", { reason: "expired" });

off();

[ emitter-err.ts

declare const bus: {

emit<K extends "cart:add">(e: K, p: { sku: string; qty: number }):
I
bus.emit("cart:add", { sku: "k1", gty: "two" });

emitter-err.ts:4:31 - error TS2322: Type 'string' is not assignable
to type 'number'.

payload. mapped type (sl indexed access (1% Juad) K extends keyof EventMap :3lges> l>¢pl lo)ljl doo
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Juad (il (62550 Blawl
ISy Caw)d EXPOrts ¢ d.ts b xSy ¢

gl ogec AP gl type-level cuws ¢
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aS J98 g Cuw)d eXPOorts s gloplel b — g i b Vo> g aS (635 Dake ) adls (Ll Juad
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S0 J48 |) (ogec AP as level

Osdo ZSy egill

[ ) package.jsonc

"name": "(@acme/typed-emitter",
"version": "1.0.0",
"type": "module",
"exports": {
o o
"types": "./dist/index.d.ts",
"default": "./dist/index.js"
If
b
"files": ["dist", "README.md"],
"scripts": {
"build": "tsc -p tsconfig.build.json",
"typecheck": "tsc --noEmit",
"test": "vitest run",

"prepublishOnly": "npm run typecheck && npm run test && npm run build"
b

"devDependencies": { "typescript": "A7.0.2", "vitest": "/A4" }
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® tsconfig.build.jsonc

"extends": "./tsconfig.json",

"compilerOptions": {

"declaration": true,
"declarationMap": true,
"sourceMap": true,
"outDir": "dist",
"rootDir": "src"
I
"include": ["src"],
"exclude": ["src/*x/x.test.ts", "src/xx/*.test-d.ts"]

@) Aawyde |y dist hid as files ¢Jgl types L exports :3iSie laz @llw jl 1) diuwSud Glozass) aS iloaiss
dual auSe Gluiin e CJS 81 g aSue pSewl | exinsSss )Ll aS prepublishOnly (s g Guyguw
S i ESM-only oty joume U )15 =8lg Siusy aS — ,>9,> 9> ¢ "import" / "require" U publish

(! 63Lol WolS Pol's aiumungSl)

S wlsil BT 1) (090 API

o src/index.ts type-checks v

export { TypedEmitter } from "./emitter.js";

export type { Listener, EventMapConstraint } from "./emitter.js";

/%% X5 :SeS lpl 95 .l breaking osiiSpas gl i L Wis el (g)15a55 s export o
/publint L API Extractor Jieo ulo)lpl g «(dgiv0 B3> dits jl) stripInternal aijS + @internal */
5 o S =l sl o 5l LJ_J.Q [y lo 09> — exports cuoMw g (0g90c a.b..w G0 sl arethetypeswrong
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® src/index.test-d.ts type-checks v

import { TypedEmitter } from "./emitter.js";

type Expect<T extends true> = T;
type Equal<A, B> = (<T>() = T extends A ? 1 : 2) extends
(<T>() = T extends B 2 1 : 2) ? true : false;

type Events = {
"msg": { text: string };
"tick": undefined;

i

const bus = new TypedEmitter<Events>();

bus.on("msg", p = {
type _T1 = Expect<Equal<typeof p, { text: string }>>;
D

const off = bus.on("tick", () = {});

type _T2 = Expect<Equal<typeof off, () = void>>;

bus.on("nope", () = {});

bus.emit("msg", { text: 42 });

export {};

3gu 0 3038 Cl aiS oge |y losls)lh8 ¢l I SSu (1> refactor )51 — 5gio0 wyp  tsc —-noEmit > (L8 ¢yl
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.38 >0 production
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Lol b oV Juad ooy b — strictNullChecks: true [] ¢

.Jols strict: true [] ¢

*

. noImplicitOverride: true + noUncheckedIndexedAccess: true []

*

(Fo Jrad) a5 jgim audy (Strict 65)Seuy>lgo glodvg,93Sul> — per-directory tsconfig el Sy ¢je SI ]

Couls — F 519

*

.blocking (,g:51 Cl ;> tsc --noEmit []

*
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.CONTRIBUTING ,> as/any xelgs + Lulgs loaigjS Joaz :(PV Jaad) o gjp0 sloslaylys [ ]

*

*
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320 83laiwl B g5 L>lyb GlogSl

oslaiuwl 3)lge g JolS 1S b 63)95 S0 (5931 63jl9>

aas . 8laz 1S « oSl « aliumo 1ilgaz (g2 Sy S 4y Lol (s aislw QS )5 aS egi (o3l 63jlgd
el Juad ) JolS Zudgi b asws (aigi o JalwoS strict b g silessuusgs Lo snippet

(1 1% Juad) 631> jl £95 — A>lg Cudais> guio .

3 *

[ pOl-source-of-truth.ts type-checks v

const ROLES = ["admin", "editor", "viewer"] as const;
type Role = (typeof ROLES)[number];

const PERMS = { admin: 7, editor: 3, viewer: 1 } as const satisfies Record<Role, number>;
type Perm = (typeof PERMS)[Rolel;

(Vg «P¥Y Juad) discriminated union L cJl> uile ¥

® p02-state.ts type-checks v

type State =

| { status: "idle" }

| { status: "loading" }

| { status: "done"; data: string }

| { status: "failed"; error: string };
function assertNever(x: never): never { throw new Error(String(x)); }
function label(s: State): string {

switch (s.status) {

case "idle": return "ooLl";

case "loading": return "..";
case "done": return s.data;
case "failed": return s.error;
default: return assertNever(s);

Lals 3320 63l B £55 Lohb (slogSIl



(P Juasd) ;W Jolé glas glps Result .1

[ ] p03-result.ts type-checks v

type Result<T, E> = { ok: true; value: T } | { ok: false; error: E };
const ok = <T,>(value: T): Result<T, never> = ({ ok: true, value });
const err = <E,>(error: E): Result<never, E> = ({ ok: false, error });

function parsePort(s: string): Result<number, string> {
const n = Number(s);
return Number.isInteger(n) && n > 0 && n < 65536 ? ok(n) : err( usol w,g: ${s} );

(P¥ Jad) (ol SuSas5 — Branded type ¥

[ ] pO4-brand.ts type-checks v

declare const brand: unique symbol;
type Brand<T, B extends string> = T & { readonly [brand]: B };

type Userld = Brand<string, "UserId">;

function asUserId(raw: string): UserId {
if (!/7u_[a-2z0-91{8,}$/.test(raw)) throw new Error(" uizel awliu");
return raw as Userld;

(¥ Juad) schema — parse, don't validate ojlg)> .0

[ p05-schema.ts type-checks v
import { z } from "zod";

const User = z.object({ id: z.string(), email: z.email() });
type User = z.infer<typeof User>;

function fromJson(raw: unknown): User { return User.parse(raw); }
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(16 Juad) Wpao ahdi ) glissiuwl b Builder/factory .¢

[ ] pB6-factory.ts type-checks v

function defineConfig<T extends Record<string, unknown>>(cfg: T): Readonly<T> {
return Object.freeze(cfg);

}

const config = defineConfig({ port: 3000, host: "0.0.0.0" });

(*9 Juad) payload—slaygy cuislSs .V

@ pO7-eventmap.ts type-checks v
interface Events { save: { id: string }; reset: undefined }

function on<K extends keyof Events>(event: K, fn: (p: Events[K]) = void): void {
void event; void fn;
¥

on("save", p = p.id);

(Yo Juad) ainmulg (glvais;S / RequireAtLeastOne .A

[ ) p08-atleastone.ts type-checks v

type RequireAtlLeastOne<T, K extends keyof T = keyof T> =
K extends keyof T ? Omit<T, K> & Required<Pick<T, K>> : never;

interface Notify { email?: string; sms?: string }
declare function send(target: RequireAtlLeastOne<Notify>): void;
send({ email: "a@b.c" });

(A Juad) )lado £95 yulwl y Wdgiac yilud — PickByType .4

o p09-pickbytype.ts type-checks v

type PickByType<T, V> = { [K in keyof T as T[K] extends V ? K : never]: T[K] };

interface Row { id: number; name: string; active: boolean; score: number }
type Sortable = keyof PickByType<Row, string | number>;
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(19 had) o GLdAS — Lodiiy Egighw (Jadsi lo

[ ) plO-pathparams.ts type-checks v

type PathParams<S extends string> =
S extends " ${string}:${infer P}/${infer Rest} ? P | PathParams< /${Rest} > :

S extends “${string}:${infer P} ? P : never;

type P = PathParams<"/users/:userld/posts/:postId">;

(P$ Juad) (5iisS;L DeepReadonly .11

@ pll-deepreadonly.ts type-checks v

type DeepReadonly<T> = T extends (...a: never[]) = unknown ? T
: T extends readonly unknown[] ? { readonly [K in keyof T]: DeepReadonly<T[K]> }
: T extends object ? { readonly [K in keyof T]: DeepReadonly<T[K]> }
T

type Frozen = DeepReadonly<{ a: { b: number[] } }>;

(Fo Y Juad) g9 i b 31)I58 Jad .1¥

[ ] pl2-typetest.ts type-checks v

type Expect<T extends true> = T;
type Equal<A, B> = (<T>() = T extends A ? 1 : 2) extends
(<T>() = T extends B ? 1 : 2) ? true : false;

type _T1 Expect<Equal<ReturnType<() = string>, string>>;

type _T2 = Expect<Equal<string, number>>;
export {};
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