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Because PHP!
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function f(bool $b): mixed {

if ($b) {

$x = ‘b’;

bar($x);

$x = 12;

}

else {

$x = ‘a’;

}

return $x;

}

int | string is a subtype 
of mixed (Hack’s top type)

Internally, Hack gives $x
the type int | string



•

•

class List<T as I> { … }

function foo(mixed $m): string {

if (is_int($m)) {

…

} else if ($m instanceof List) { 

…

}

}

Hack refines type of $m to List<T#1>
where T#1 is abstract, 

but with upper bound T#1 <: I

Hack refines type of $m to int
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function foo(int $i): string {

$s = true;

do {

if ($i < 5) break;

$s = "hey";

$i++;

} while ($i < 10);

return $s;

}

Hack should report type error here
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𝜏 ∷= 𝑏𝑜𝑜𝑙 𝑖𝑛𝑡 𝑚𝑖𝑥𝑒𝑑 | …

𝑒 ∷= $𝑥 𝑒1𝑜𝑝 𝑒2 …

𝑠 ∷= $𝑥 = 𝑒; | 𝑠 Ԧ𝑠 𝑖𝑓 𝑒 𝑠1𝑒𝑙𝑠𝑒 𝑠2;

𝑏𝑟𝑒𝑎𝑘; 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒; | 𝑤ℎ𝑖𝑙𝑒 𝑒 𝑠;

𝜏1 <: 𝜏2



•

Γ ∷= 𝑥1: 𝜏1, … , 𝑥𝑛: 𝜏𝑛
•

Γ = {𝑥: 𝑖𝑛𝑡, 𝑦: 𝑏𝑜𝑜𝑙|𝑠𝑡𝑟𝑖𝑛𝑔}

•

Γ ⊢ 𝑒 ∶ 𝜏

•



•

Δ ∷= 𝑘1: Γ1, … , 𝑘𝑛: Γ𝑛
•

Δ = {𝑛𝑒𝑥𝑡: 𝑥: 𝑖𝑛𝑡 , 𝑏𝑟𝑒𝑎𝑘: 𝑥: 𝑠𝑡𝑟𝑖𝑛𝑔, 𝑦: 𝑏𝑜𝑜𝑙 }

•

Γ; Δ ⊢ 𝑠

Γ

Δ



Γ; 𝑛𝑒𝑥𝑡: Γ ⊢

Γ; Δ[𝑛𝑒𝑥𝑡: Γ′] ⊢ 𝑠 Γ′; Δ ⊢ {Ԧ𝑠}

Γ; Δ ⊢ {𝑠; Ԧ𝑠}

Γ; Δ ⊢ 𝑠 𝑛𝑒𝑥𝑡 ∉ 𝑑𝑜𝑚(Δ)

Γ; Δ ⊢ {𝑠; Ԧ𝑠} Unreachable: might warn 
or error



Γ; 𝑛𝑒𝑥𝑡: Γ 𝑥: 𝜏 ⊢ $𝑥 = 𝑒

Γ ⊢ 𝑒: 𝜏



Γ ⊢ 𝑒: 𝑏𝑜𝑜𝑙 Γ; Δ ⊢ 𝑠1 Γ; Δ ⊢ 𝑠2
Γ; Δ ⊢ 𝑖𝑓 𝑒 𝑠1 𝑒𝑙𝑠𝑒 𝑠2



Γ; Δ 𝑏𝑟𝑒𝑎𝑘: Γ′, 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒: Γ , 𝑛𝑒𝑥𝑡: Γ ⊢ 𝑠 𝑜𝑘

Γ; Δ, 𝑛𝑒𝑥𝑡: Γ′ ⊢ 𝑤ℎ𝑖𝑙𝑒 𝑡𝑟𝑢𝑒 𝑠

Γ; 𝑏𝑟𝑒𝑎𝑘: Γ ⊢ 𝑏𝑟𝑒𝑎𝑘 Γ; 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒: Γ ⊢ 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒

𝑤ℎ𝑖𝑙𝑒 𝑒 𝑠 ≡ 𝑤ℎ𝑖𝑙𝑒 𝑡𝑟𝑢𝑒 { 𝑖𝑓 ! 𝑒 𝑏𝑟𝑒𝑎𝑘; 𝑠 }

𝑑𝑜 𝑠 𝑤ℎ𝑖𝑙𝑒 𝑒 ≡ 𝑤ℎ𝑖𝑙𝑒 𝑡𝑟𝑢𝑒 { 𝑠; 𝑖𝑓 ! 𝑒 𝑏𝑟𝑒𝑎𝑘; }



Γ1; Δ1 ⊢ 𝑠 Γ2 <: Γ1 Δ2 <:Δ1

Γ2; Δ2 ⊢ 𝑠

Γ1 <: Γ2

Δ, 𝑘: Γ2 <:Δ, 𝑘: Γ1 Δ, 𝑘: Γ <: Δ

𝜏1 <: 𝜏2

Γ, 𝑥: 𝜏1 <: Γ, 𝑥: 𝜏2 Γ, 𝑥: 𝜏 <: Γ



• 𝐼𝑛𝑓

𝐼𝑛𝑓 Γ, 𝑠 = Δ

Δ Γ; Δ ⊢ 𝑠



𝐼𝑛𝑓 Γ, $𝑥 = 𝑒 = 𝑙𝑒𝑡 𝜏 = 𝐼𝑛𝑓 Γ, 𝑒 𝑖𝑛 𝑛𝑒𝑥𝑡: Γ 𝑥: 𝜏

𝐼𝑛𝑓 Γ, { } = {𝑛𝑒𝑥𝑡: Γ}

𝐼𝑛𝑓 Γ, 𝑠; Ԧ𝑠 =

𝑙𝑒𝑡 Δ1 = 𝐼𝑛𝑓 Γ, 𝑠 𝑖𝑛

𝑙𝑒𝑡 Δ2 = 𝐼𝑛𝑓 Δ1 𝑛𝑒𝑥𝑡 , Ԧ𝑠 𝑖𝑛

(Δ1 \𝑛𝑒𝑥𝑡) ⊓ Δ2 Could warn or error if
this doesn’t exist (unreachable code)



𝐼𝑛𝑓 Γ, 𝑖𝑓 𝑒 𝑠1 𝑒𝑙𝑠𝑒 𝑠2 =

𝑐ℎ𝑒𝑐𝑘(𝐼𝑛𝑓 Γ, 𝑒 <: 𝑏𝑜𝑜𝑙)

𝑙𝑒𝑡 Δ1 = 𝐼𝑛𝑓 Γ, 𝑠1 𝑖𝑛

𝑙𝑒𝑡 Δ2 = 𝐼𝑛𝑓 Γ, 𝑠2 𝑖𝑛

Δ1 ⊓ Δ2



𝐼𝑛𝑓 Γ, 𝑤ℎ𝑖𝑙𝑒 𝑡𝑟𝑢𝑒 𝑠 =

𝑙𝑒𝑡 𝑟𝑒𝑐 𝑖𝑡𝑒𝑟 Γ =

𝑙𝑒𝑡 Δ = 𝐼𝑛𝑓 Γ, 𝑠 𝑖𝑛

𝑖𝑓 Δ 𝑛𝑒𝑥𝑡 <: Γ ∧ Δ 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒 <: Γ

𝑡ℎ𝑒𝑛 𝑛𝑒𝑥𝑡: Δ 𝑏𝑟𝑒𝑎𝑘

𝑒𝑙𝑠𝑒 𝑖𝑡𝑒𝑟(Γ ⊔ Δ 𝑛𝑒𝑥𝑡 ⊔ Δ(𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒))

𝑖𝑛 𝑖𝑡𝑒𝑟(Γ)

𝐼𝑛𝑓 Γ, 𝑏𝑟𝑒𝑎𝑘 = 𝑏𝑟𝑒𝑎𝑘: Γ

𝐼𝑛𝑓 Γ, 𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒 = {𝑐𝑜𝑛𝑡𝑖𝑛𝑢𝑒: Γ}



Δ1 ⊓ Δ2 = 𝑘: Γ1 ⊔ Γ2 Δ1 𝑘 = Γ1, Δ2 𝑘 = Γ2} ∪

𝑘: Γ Δ1 𝑘 = Γ, 𝑘 ∉ 𝑑𝑜𝑚 Δ2 ∪

{ 𝑘: Γ ∣ Δ2 𝑘 = Γ, 𝑘 ∉ 𝑑𝑜𝑚 Δ1 }

Γ1 ⊔ Γ2 = 𝑥: 𝜏1 ⊔ 𝜏2 𝑥: 𝜏1 ∈ Γ1, 𝑥: 𝜏2 ∈ Γ2}

⊔

•

•



Γ ⊢ $𝑥: 𝜏 Γ[𝑥: 𝜏 ⊓ 𝜏′]; Δ ⊢ 𝑠1 Γ[x: 𝜏 ∖ 𝜏′]; Δ ⊢ 𝑠2

Γ; Δ ⊢ 𝑖𝑓 $𝑥 𝑖𝑠 𝜏′ 𝑠1 𝑒𝑙𝑠𝑒 𝑠2

𝐼𝑛𝑓 Γ, 𝑖𝑓 $𝑥 𝑖𝑠 𝜏′ 𝑠1 𝑒𝑙𝑠𝑒 𝑠2 =

𝑙𝑒𝑡 𝜏 = Γ 𝑥 𝑖𝑛

𝑙𝑒𝑡 Δ1 = 𝐼𝑛𝑓 Γ[𝑥: 𝜏 ⊓ 𝜏′], 𝑠1 𝑖𝑛

𝑙𝑒𝑡 Δ2 = 𝐼𝑛𝑓 Γ[𝑥: 𝜏 ∖ 𝜏′], 𝑠2 𝑖𝑛

Δ1 ⊓ Δ2
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•
class C<T> {

function __construct(public T $item) { }

}

function findpair(vec<mixed> $v):bool {

$i = 0;

$first = $second = null;

while (true) {

if ($i >= count($v)) return false;

$x = $v[$i];

if ($x instanceof C) {

if ($first === null) {

$first = $x; continue;

} else {

$second = $x; break;

}

}

$i++;

}

$first->item = $second->item;

Unsound: $first has type C<T> for some T,
$second has type C<T> for some possibly-different T
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