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{v/z}n = n
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{v/z}(er +e2) = ({v/a}er) + ({v/a}e2)
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Bt o] lom™ FA glo] X3y

Theorem (Progress)
Fe:T o]l eZ} gho] of ™ HREA] ¥ e — ¢ ST J

Proof. Fe: 72 ZHo] th3t A gdor !
e=er e A erer: Ol BE BYARE A A Fe p7l — o)Al
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Theorem (Subject Reduction, Preservation) }

Fe:T7o]e—e oJHEE T,

Proof. Fe:79 o thal AdHoz Ay} 2
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Fey:70|BE, BFYEE F3 9 -/IOH Feles:T.
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0 a1 e/ BF HA A Fer: 7 57 Fred E]r‘ﬂ-ir% T+ 2 ol
o3 Az.e’ ¥roll= Qlth =, e1 e2 = (Az.e’) v 0] 1L,
(Az.€) v — {v/x}e’ o|th F Az.e’ : 71 — rolgbd EFIFE FH
O3l z: 7' Fe 7o)t Fv:7 o]E=E, “Preservation under
Substitution Lemma” o] 2]3l]  {v/z}e’ : 7] T}
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Theorem (Preservation under Substitution)
F'to:r o]JZT+z:7Fe:7 o]JHTF {v/z}e: 7. J

Proof. T+xz:7' Fe: 79 SHe| ts AdHeZE ST
e=MXy.e ¢ A 4 yg{z}UFV ?_])\.eEZ}-T—:%"iFﬂEEE
{v/z} y.e’ = Ay{v/z}e’. WEtA, Bd A2 TF Ay {v/z}e : 7
AT +x:7 Fye :m—n CERE BYFE 72 o3|
F+z:7'4+y:mbe:mol, Thv:rTyg FV(v) L2 5H
F+y:mbo:r? O]EE, AG Aol A T +y: 7k {v/x}te : 2. &, E}
P32 FZol A3 ' Ay {v/z}e : 11 — T2.
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V(e 1)=u
ojFoH F2:
SEV(T,er) ¢ STke:ST

o] 7] Al

llS ): u,l
S € Subst = TyVar Y Type
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S}:ul S):ZLQ

S En=m

sa = {

St =

S':ul/\uQ
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SI' = {z:S7|zx:7eT}

Prof. Kwangkeun Yi

SNU 4541.310 Programming Language Simple Type System
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FE A2 7

A FBA M7 V(Te,T)

V(l,n,T) T=1
V(T,z,7) = 7=7 ifx:7 el
V([,e1 +ex,7) = 7=t AN V(I er,t) AN V(I ea,0)
VI, Aze,7) = 7=a1 —>as AN V([ +x:a1,e,a2) new ag,ao
V(Ieirea,7) = V([er,a—71) A V([ e, a) new «
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V(T e,1)= &2717

o1 7}?

SEVI,e,r) & STke:ST

Proof. ¢2] 7z T3t Al gHo=.
Az.e? S SEV(, Ave, 1) &

=

=

e A E WA D

SET=a1— a2 A V([ +z:ai,eaz) new ai,as
SET=01 — a2

ANSEVI+z:a,e a2)

ST=Sa1 — Sas

AST+z:Sarike:Sas (AL7HE)

ST =Sa1 — Saz

ASTFAz.e: Sar — Sas

ST F Az.e: ST.
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A7 A9 3 7317

5 93} &g (unification algorithm):
“A Machine-Oriented Logic Based on the Resolution

Principle”, J.A.Robinson, Journal of ACM, Vol.12, No.1,
pp.23-41, 1965.

o B9 $HAE(r=r) o F2HType) & 9 =2
5 Y3} (unification) &1 >
o YN ZUET EuA T
general unifier) S 3l
o Uu) 2 S Eu ol
o TEu = T=RS 9 Ro] At}
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U(u) = unify-all(u, 0 : Subst) : Subst = TyVar 2> Type

o]_Tr_

unify-all(t=7", ) (unify(7,7"))S
unify-all(u Aw',S) = let T = unify-all(u, S) in unify-all(Tu', T)

ol ™, & Y3} (unification) L1 ElZ unify(r,7') : Subst &
unify(r,7) = 0
{ {a—r71} ifadr

unify(a, 7) or unifty(r,a) =

fail o.w.
unify(ry — 1o, 74 — 74) = let S = unify(ry, 77)
S" = unify(Ste, S73)
in S5

unify(-) = fail
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FE A2 7

= A SH(sound & complete) &

H4d (sound) UV(De,a)) =S = ST'Fe:Sa
UV (e a) =S8
‘%‘rxd(complete)‘ AT = RST e bhe:r
AT = RS«
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M : TyEnv x Ezp x Type — Subst

M(T,n,7) =
M, z,7) =
M, \x.e,7) =

MT,ee,7) =

MT,e+é,r) =

S+ (sound)

A (complete)

unify(e, 7)

unify(r,7') ifz:7 el

let S = unify(a; — a2,7) new ag,as
S'=M(ST +z : Say, e, Saz)

in §'S

let S=MT,e,a —7) new «
S’ = M(ST,¢, Sa)

in §'S

let S = unify(¢, 7)
S' = M(ST,e,1)
S" = M(S'ST, €, 1)

in §”5'S

M(,e,a)=S = ST'te:Sa
M, e,a) =S
AT = RST = I'ke:7
AT = RSa
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2= l: V& unifyE 5 A] 9

W : TyEnv x Exp — Type x Subst

W(T,n) = (.,0)

wW(T,z) (r,0) ifa:7el
W(T, \z.e) let (1,8)=W({[I'+z:a,e) new
in (S — 7,5)
let (1,5) = W(T,e)

(7,8 =W(STL,¢)

S" = unify(t" — @, S'7) new a
in (8”9'S,5"a)
let (1,8) = W(T,e)

S’ = unify(r,¢)

(', 8") = W(S'ST, ¢')

S" = unify(7',1)
in (., 5"S"5'S)

W(T,e€)

W(T,e+e)

QA (sound) W(,e)=(r,S) = STke:7

W(T,e) = (r,5)
S (complete)| AT’ = RST <= I'ke:7
AT =Rt
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