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:zirahd dwihpnqd illk .1

⟨x := a, s⟩ → s [x 7→ A [a] s]
:ass (`)

⟨skip, s⟩ → s
:skip (a)

⟨S1, s⟩ → s′, ⟨S2, s
′⟩ → s′′

⟨S1;S2, s⟩ → s′′
:comp (b)

B [b] s = tt m`
⟨S1, s⟩ → s′

⟨if b thenS1 else S2, s⟩ → s′
:if tt (c)

B [b] s = ff m`
⟨S2, s⟩ → s′

⟨if b thenS1 else S2, s⟩ → s′
:ifff (d)

B [b] s = tt m`
⟨S, s⟩ → s′ ⟨while b do S, s′⟩ → s′′

⟨while b do S, s⟩ → s′′
:whilett (e)

B [b] s = ff m`
⟨while b do S, s⟩ → s

:whileff (f)

:miqetih `ll `cnl aiygza miaeyg mixehpianew .2

test = λl.λm.λn.l mn (`)

tru = λt.λf.t (a)

fls = λt.λf.f (b)

. . . ,c2 = λs.λz.s s z , c1 = λs.λz.s z ,c0=λs.λz.z (c)

scc = λn.λs.λz.s (n s z) (d)

plus = λm.λn.λs.λz.m s (n s z) (e)

times = λm.λn.m (plus n) c0 (f)

Y = λf. (λx.f (xx)) (λx.f (xx)) (g)

:miqetih mr `cnl aiygza dqthdd illk .3

x : T ∈ Γ

Γ ⊢ x : T
:T − V AR (`)

Γ ⊢ true : Bool
:T − TRUE (a)

Γ ⊢ false : Bool
:T − FALSE (b)

Γ ⊢ t1 : Bool Γ ⊢ t2 : T Γ ⊢ t3 : T

Γ ⊢ if t1 then t2 else t3 : T
:T − IF (c)

Γ ⊢ t1 : T11 → T12 Γ ⊢ t2 : T11

Γ ⊢ t1 t2 : T12
:T −APP (d)

Γ-a λx.t dxevdn iehia oi` xy`k
Γ, x : T1 ⊢ t2 : T2

Γ ⊢ λx : T1.t2 : T1 → T2
:T −ABS (e)

dni`znd miqetihd ze`eeyn zveaw - At z` xicbp .iehia t idi :miqetih zwqd xear ze`eeyn mixvei cvik .4
:f`e .elyn qetih-dpzyn xevip t-a riteny iehia lk ly rten lkl .t-l

.At-l α = β z` siqep ,iehia eze`l mini`zn β-e α m` •

z` siqep f` ,dn`zda t1t2-e t2 ,t1 ly mirtenl mini`zn γ-e β ,α qetihd ipzyn m` ,t1t2 rten lkl •
.At-l α = β → γ
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,dn`zda funx → t′-e t′ ,x ly mirtenl mini`zn γ-e β ,α qetihd ipzyn m` ,funx → t′ rten lkl •
.At-l γ = α → β z` siqep

:OCaml ly div`lea`d illk .5

ixtqn e` ip`ilea jxr lkl
E ⊢ v ⇒ v

Constant (`)

E (x) = v

E ⊢ x ⇒ v
: V ar (a)

E ⊢ e1 ⇒ v1 (x : v1) :: E ⊢ e2 ⇒ v

E ⊢ let x = e1 in e2 ⇒ v
:Let (b)

E ⊢ e1 ⇒ ⟨E′, (funx → e)⟩ E ⊢ e2 ⇒ v2 (x : v2) :: E
′ ⊢ e ⇒ v

E ⊢ (e1 e2) ⇒ v
:App1 (c)

E ⊢ (funx → e) ⇒ ⟨E, (funx → e)⟩
:Fun1 (d)

.E′ = (f : ⟨E′, (funx → e1)⟩) :: E xy`k
E′ ⊢ e2 ⇒ v

E ⊢ let rec f x = e1 in e2 ⇒ v
:Letrec (e)
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