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Expansion GFT=<NT
GFT=<x0Or (EXP-TP/TOP) T’ VT2 =T3
GFTI<NTD
GF L=<x0r (EXP-TP/BOT) Gk T2=<nT2 (EXP-TPIOR
GF TIVT2=<NT3 i )
G  {def NI1:Tl — T2} <n2 1 (EXP-TP/FUN)
G F {val N1:T} <n2 07 (EXP-TP/RECV) {NI = TIG}EG |(_}0T1 =<n2 T2
=N1
G I {type N:TIl. T2} <x {type N:T1. T2} GOF {N1=T1}<n T2 (EXP-TP/BIND)
(EXP-TP/RECT)
EXP-TP/RECTN G - E> {type L: TA..TB
G I {type N1:T1 . T2} <n: 07 ) ) C:i)]’;L 7 } (EXP-TP/TSEL)
. N
T’ AT2 =T33
GFTI<NTI
GFT2=<NnT2

EXP-TP/AND
GFTIAT2 <nT3 ( )

Expanding Intersections
Oz A O =07
Or AT=T
TADr=T

{type N:TA1l . TB1} A {type N:TA2.. TB2} = {type N:TAl1V TA2..TB1 A TB2}

TIANT2=T3

(TOPT-AND/NN)
(TOPT-AND/NS)
(TOPT-AND/SN)

(TOPT-AND/SS)

Expanding Unions
Or Vv b7 =07
Or v T=0r
TV 0r =07

{type N: TAI .. TB1} V {type N:TA2 .. TB2} = {type N: TAl A TA2 .. TB1 V TB2}

T1vT2=T3

(TOPT-OR/NN)
(TOPT-OR/NS)
(TOPT-OR/SN)

(TOPT-OR/SS)

Expanded Lookup
G F TO <~ {type LN : T1. T2}
N—T0eG
G F var(N) 3¢ {type LN :T1 .. T2}
Membership

G - E > {type N: TS ..TU}
G I E>um {type N: TS .. TU}

GFE>T

(TLE)

GFE>uT

(PEV)

Figure 1. Expansion and Membership
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Subtyping

G F Twf,
GC G2
GLCGI1

GiFrT<.ToG2 . T4G2 (SUB-TP/REFL)

Gl - T wim
GlFT<m T H4G2

(SUB-TP/TOP)

G1+TB1 <y TB2 4 G2
G2 F TA2 <:m TA1 4Gl

Gl {def N:TAI — TB1} <:y {def N:TA2 — TB2} 41 G2
(SUB-TP/FUN)

G1+TB1 <:y TB2 4 G2
G2+ TA2 <:m TA1 HG1
G2+ TA2 <:qy TB2 4G2
G1 +TA1 <:y TB1 4Gl

Gl {type N:TAl .. TB1} <:u {type N:TA2 .. TB2} 4 G2
(SUB-TP/RECT)

GlFTI <M T24G2
Gl {val N:T1} <:vq {val N: T2} 4G2

(SUB-TP/RECV)

GIX | {type N:TAl. TB1} <: {type N:TA2..TB2} 41G2X
G2X Cyx) G2
G1X Cyx) Gl
G2 + var(X) 3 {type N :TA2 .. TB2}
Gl F var(X) o1 {type N:TAl . TB1}

G1 F var(X).N <: var(X).N 4 G2
(SUB-TP/TSELX-STRICT)

GIFTI <M TN {N=TI }::GO
GlFTl <M Tl 4GT’
GIFTI <:Mm TN {N=TN }::GO
GO Cy G2

GIFTI<m{N=TN}4G2

(SUB-TP/TBIND2)

{N=TN }:GOF TN <:y T2 4 G2
GO Cx G1

GIF{N=TN} <y T2-1G2

(SUB-TP/TBIND1)

Gl Tl <:m TA24G2
Gl FTI1 <:nq TB2 4 G2

Gl FTI <:m TA2 ATB2 4 G2

(SUB-TP/AND2)

GIFTI <M T24G2

G1 + TB1 wim
GlFTAl <M T2 4 G2

G1+TA1 ATB1 <:m T2 4G2

(SUB-TP/ANDI1A)

G1 = TAI win
Gl FTB1l <:m T24G2

Gl +-TA1 ATB1 <:m T2 4G2

(SUB-TP/AND1B)

Gl-TAl <M T24G2
Gl -TBl <M T24G2

B-TP/OR2
GIFTAIVTBI <y T2 4Gy SUB-TP/OR2)

G2 = TB2 wiy
G1+FTI <:m TA2 4 G2

-TP/OR]
GIFTI < TA2 v TB2 4 G2 SUB-TP/ORIA)

G2 = TA2 wiy
Gl1+TI1 <:m TB2 4G2

Gl FTI <:m TA2 V TB2 4 G2

(SUB-TP/OR1B)

Gl F var(X).N wfy
GIXFTBI1 < T2 4G2
G1X Cyx) Gl
G1 F var(X) om {type N:TAl . TB1}

SUB-TP/TSEL1
Gl F varX).N <y T2 41 G2 ( )

G2 F var(X).N wf;
Gl FT1 <:y TA2 4G2X
G2X Cyx) G2
G2 F var(X) 31 {type N:TA2. . TB2}
Gl F Tl <: var(X).N 4 G2
(SUB-TP/TSEL2-STRICT)

G2 F var(X).N wf,
Gl FTI <:» TB2 4 G2X
G2X Cyx G2
G2 F var(X) o5~ {type N:TA2.. TB2}
Gl F Tl <:» var(X).N 4 G2
(SUB-TP/TSEL2-LENIENT)

G2 - T wim

GIF L<mTHG2 (SUB-TP/BOT)

Figure 2. Subtyping
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Well-Formedness

GX I {type N:TA .. TB} wfum
GX ES(X) G
G F var(X) om {type N: TA .. TB}

G+ T wiu (WF-TP/TOP)
G+ 1 wiy (WF-TP/BOT)
G - TB wim
G + TA wim

G F {def N:TA — TB} wfy (WE-TP/FUN)

GFTA<:MmTBAG
G F TB wfum
G  TA wium

G I {type N:TA .. TB} wiu

(WF-TP/RECT)

G - T wiu
G F {val N: T} wiy

(WF-TP/RECV)

WEF-TP/TSEL
G F var(X).N wiy ( )

{ N= TN }::GO - TN wiy
GOCn G

WE-TP/TBIND
GF (NS TN why / )

G  TA wim
GHTB WfM

G - TA A TB wiy (WF-TP/AND)

G - TA wiy
G + TB wiu

G - TA V TB wiy (WF-TP/OR)

Figure 3. Well-Formedness

Typing
GF{0.):T
G+ T wf,
N—=TeG
GF var(N): T

G I El: {val LNV :T1}
G F ELLNV: Tl

TC::G I {def LNF:T3 — T4} A {val LNV : T2}
G + TC wf

MT::G = MT wf,
MT::GF T2 <:; T2 4 TC::G

MT::G - R2:T2

T3::TC::G + R:T4
type-mem(M,MT)
|G|=N

(T/EMPTY)

(T/VAR)

(T/SEL)

AMT <:y TC 4TC::G

(T/FUN)

G I new TC {def LNF(_:T3):R=T4;val LNV:R2=T2;types M} : TC

GFE2:Tl

G - El: {def LNF:T1 — T2}

(T/APP)

G - EL.LLNF(E2) : T2

GFTI <1 T24G
GFE:Tl

GFE:T2

(T/SUB)

Figure 4. Typing

2013/11/6




Evaluation

G {0} {0} (E/EMPTY)
N—VeG (EIVAR)
GF var(N) | V
< {defz={0.};val z={0,}}in G>,:G F R2| V2 (E/FUN)
G I new TC {def LNF(_:X2):R=X3;val LNV:R2=X4;types MT} || < {def LNF =R; val LNV =V2}in G>,
V2::< {def LNF =R; val LNV =R2}in GI1>,:Gl - R V3
GHFHE2{V2
G F El || < {def LNF=R; val LNV=R2}in Gl>,
(E/APP)
G F ELLNF(E2) || V3
G F El | < {def LNF=R;val LNV=V}in Gl>,
L v b (E/SEL)

GF ELLNV |V

Figure 5. Evaluation

Value Typing

{0,} F G wf, (WFV/EMPTY)

TCO::GCF {def LNF: Tl — T2} A {val LNV : T} A TX <:» TCO -4 TCO::GC
TCO::GCFTCO <:» TCHG
type-mem(M,TX)
R2 + TX::GC wf,
TX::GCFT <:» T HTCO::GC
T1::TCO::GC + R: T2
wf-env(H,GC)

WFV/F
< {def LNF=R; val LNV =R2}in H>, F G wf, ( )
G I {type LNT: Tl .. T2} wf~ (WEV/T)
< {def LNF=R; val LNV =R2}in H>, F G wf,
GlFTl<x THG
V + Gl wf,
VI Gwi (WFV/SUB)

Figure 6. Value Typing
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