3 Static Semantics: Type System

æ˚ $ĆtŹ tcoML Š£ŤŰ¸ ìśýřŹ ,¸ X|ú yăŹ Şõ AÝ ă3 A˚ăŢř. æ˚ ŚYffiú ¸Ìľt sqŢ Š£ŤŰ e` qE ¯ vĆ Âľt_{∅ ⊢ e ⇒ v} ˚ [Gõ `ŢřŹ ,¸ Š<ü8 “Š£ŤŰ eŹ ¯ võ GSľ 6ř”L ć ř. Ťăć [G` Š<üŹ YA(proof tree Óù inference tree)ù Š£ŤŰ ¸ ìśüŹ YAĆ ŤÂ£ Âßýř.

¸ $ĆtŹ Š£ŤŰ¸ ìśüŹ YAú yý *Šľ Ç ¡ –Ź ŚYffi ú f´ľ Æř. ¸ăć ŚYĆ ˚ľt sqŢ Š£ŤŰ¸ *Šþ :Ćˇ Í ýŹ Ť Š£ŤŰú @:Śȷ£ {7‹ăL òù,¸ř. {7‹ăŹ ¸C [ ł¸ ”Ź Š£ŤŰ< IęĘ ˚y–Ź ([C{¸ ìśþ ¡ –Ź) Š£ŤŰ ˇ {7‹ľb ăŹ ,¸ř.

¸ăć ŚY¸ ‚8qb č S&ú AýľÃı:

• *Šý Š£ŤŰù ìś|Ć ffiGüŞ MŹř. Ň, „˚˚ Š£ŤŰ eĆ Âľt *Š¸ ĄWă8 ∅ ⊢ e ⇒ võ ˇTăŹ v` U&ćř.

• *Šù ĺ\ îćè^4Ć ˝flKb ćř.

• `ăćć ˘ù ˚y–Ź Š£ŤŰffi¸ *Šþ ¡ –qb ćř.

¸ăć ŚYú ˇȷŹ `$ öñć Şł¸ Í«¸Á(type theory)œ£ Ù â #ţř.^1

ŁăÛffiù Æ ˛˚õ `ľt Í«¸Á¸ Š£ŤŠČ sq˚ %ı‚Y u ÇĆ qN3 q%ńŞ 5¸L –L yŠ` qN3 þ ,‚Şõ ÙÛ:œ£# ˝ ŤÃ3 þ ,¸ř. yý = ˝% Öä¸8, ““ş Š£ŤŠČ ¸ÁY ìC Ź Í«¸Á˚ su(footnote)Ć ÝYć ,¸L Ç&˚ “şù ĺ\ L;ú A ÝăL ›9ă3 ¸ľăŹ PŁffiĆ ˚ľtˇ ˇffiqŢřŹ Pìú ŁăÛffi ù ł¸ ¸ľă§ ĘĹř.”

1Í«¸Áù 1908[ B. Russel ¸ ŽęĆt˚ ?£(Russel’s paradox)ú ŸăŹ ŞKœ£ LKü§ èȷřœ6, A. ChurchĆ ˚ľ 1940[êĆ Lambda CalculusĆ :Ìüt “typed

lambda terms always reduce into their normal forms”ĘŹ Aý(Normalization Theorem)`

ˇffiq Ţ,¸ Š£ŤŠČĆ :ÌüŹ řý` ü}ř. Í«¸Á¸ Š£ŤŠČĆ :ÌüŹ ŃP õ ÙÛ:œ£ ‹żă8 řüY ›ř: simply-typed lambda calculus (Church 1940), type in-

ference (Hindley 1969), plymorphic lambda calculus (Reynodls 1972), subtypes (Reynolds

1980), existential abstract types (Mitchell and Plotkin 1985), dependent type (MacQueen

1986), linear type (Girard 1987), SML (Milner 1990), proof-carrying code (Necula and

Lee 1997), typed assembly language (Morriset 1998), etc. ´´˚ ¡Ğù ¡zè^Ć ďŹ ř.

Íý˚ tcoMLĆt Í«ù \¿& ş£ăř:

Type τ ::= i integer type | b boolean type | s string type | τ → τ function type

Í«ŚYù řü˚ [Gõ @AľsŹ ŚYffi¸ř: Γ ⊢ e : τ æ˚ [Gõ řüY ›¸ ›ı “Š£ŤŰ é eŹ ΓĘŹ ÞEĆt Í« τõ` Ţř.” Í« ÞE ΓŹ řüY ›ù ì¸ø¸ř:

Γ ∈ Id^{fin}→ Type type environment

Definition 2 (Program’s Type) A program e has type τ if and only if relation ∅ ⊢ e : τ is proved. If there is no such τ, then the expression has no type.

řü¸ Š£ŤŰ é e ˚ Í«ú @AăŹ ŚYffi¸ř:

[Num] Γ ⊢ n : i

[Bool] Γ ⊢ true : b � ⊢ false : b

[String] Γ ⊢ string : s

[Fun]

Γ[x : τ_1] ⊢ e : τ_2 Γ ⊢ fn x => e : τ_1 → τ_2

[App]

Γ ⊢ e_1 : τ_1 → τ_2 Γ ⊢ e_2 : τ_1 Γ ⊢ e_1 e_2 : τ_2

[Let]

Γ ⊢ e_1 : τ_1 Γ[x : τ_1] ⊢ e_2 : τ_2 Γ ⊢ let x = e_1 in e_2 end : τ_2

[RecLet]

Γ[x : τ_1] ⊢ e_1 : τ_1 Γ[x : τ_1] ⊢ e_2 : τ_2 Γ ⊢ let rec x = e_1 in e_2 end : τ_2

[If]

Γ ⊢ e_1 : b Γ ⊢ e_2 : τ Γ ⊢ e_3 : τ Γ ⊢ if e_1 then e_2 else e_3 : τ

[Op]

Γ ⊢ e_1 : i/b Γ ⊢ e_2 : i/b Γ ⊢ e_1 op e_2 : i/b

[Read] Γ ⊢ read : i

[Write]

Γ ⊢ e : τ Γ ⊢ write e : τ

[Paren]

Γ ⊢ e : τ Γ ⊢ (e) : τ