typevar, X
termvar, x

label, 1, k

mdex, i, j, n, m
T, S, U n=

terminals

type variable
term variable

field label
indices

X

Top

T — T
VX<:T. T
{ll . Tl,..
(7)

(X — T|T

: Tn}

 In

z
Ax:T. t
tt
AX<:T.t
t[T]
{llztl,..
t.1

let p=tint’
(t)

[z — ]t
[X — T]t
ot

) ln:tn}

z: T

{ll:p1> () ln:pn}

bind X in T”

bind z in t

bind X in t

bind b(p) in ¢’

S

M

M

M

b==x

b =b(p1..pn)
bind z in t
bind X in ¢t
M

type
type variable
maximum type
type of functions
universal type
record

term
variable
abstraction
application
type abstraction
type application
record
projection
pattern binding

pattern
variable pattern
record pattern

values
abstraction
type abstraction
record

type environment

multiple term substitution



H<>I'A'<l

formula
judgement

r=1'

X=X

( formula)

—formula

Vi € 1..m.formula

Ji € 1..m.formula
formula A formula’
=0

formulay ... formula,

Judgement _in
z € dom(T")
X € dom(I")
z: T el

X< UeTl

Jtype
I' F ok type environment I' is well-formed

r=1mT type T is well-formed in type environment I’
=S < T S is a subtype of T

ret: T term t has type T

Fp:T=A pattern p matches type T giving bindings A

Jop
t — 1o t1 reduces to ty
match (p, v)=0

judgement
Judgement_in
Jtype

Jop

user_syntax
typevar
termuvar

label

index



QA He= g

terminals
formula
z € dom(I)
XING_1
re€dom(I', z : T) G
z € dom(T")
XING_2
z €dom(l', X' <: U’)
z € dom(I)
XING_3
z € dom(', 2" : T")
X € dom(I")
XiNG_1
X edom(l', X <: U)
X € dom(I) XING.2
X edom(T, X' <: U) ~ o~
X € dom(I") XING.3
INGL_
X edom(", z/ : T")
x:Tel,z: T TIN-1
x:TeTl 5
Tel, X < U '
z: T el 3
x:Tel,z T TN
Tin_1
X< Uel', X < U A
X<UeTl Tix 2
X< Uel, X < U -
X< UeTl TIN.3
IN_
X< Uel',z : T
type environment I' is well-formed
Gok_1

empty - ok



re1T
—(z € dom(I"))

Gok_2
I'z: TF ok oK

re T
ﬂ(XEdom(P))
I X < TFok UOK3

I' = T| type T is well-formed in type environment I'

I' - ok

X<:UeT GT.Va
T X VAR

I' F ok
I' H Top
1T

re T S
Tr 7T = 1T -1 ON

GT_Topr

DX < THT o
I - VX<:T.T' -HORALL

r-n . I'ET, GT Re
- D
Fl—{lliTl,..,anTn}

'S <: T| Sisasubtypeof T

I' + ok SA.To
_Top
'S <: Top
ook gp RerL TV
TFX < x o
X< Uel
rro< 7T SA_TRANS_TVa
TFX < T - RANS-LVAR
r-m1T < %
LhS < SA_ARROW
'S - S <2 T — Ty N
Ty <: 8
N X <-Th kS < T
Lo 2 SA_ALL
' VX<:8.85 <:VX<:T1. Ty
Viel.m.dj € 171(]%:[] AT E S < Tj)
SA_RcpD
FI—{/{Jlisl,..,]{?mZSm}<:{lliTl,..,ln:Tn}
I'+t: T| term t hastype T
I' - ok
z:Tel Ty.V
Tres.7T %
I'z:ThF & T
’ ! 2 2 Tvy_ABS

'+ )\LL’:Tl.tQ . T1 — T2



F|_t1:T11—>T12
'kt : Th
' t1ty : Tho
' X < ThFt: T
' AX<:T. b : VX<:T1. T
'kt : VX< T11. Tio
I+ Ty <: T11
PEt[Te] : [X — T3] The
't : T
Fp:Th = A
' AFt: T
Ik letp:tlintg . T2
Fl—tliTl Fl—tnTn
P'E{h=ti,..,lh=ty} : {lh : Th, .., 1l Ty}
Pt {lL Ty, ., b, Ty}
'+ t.lj : Tj
'¢:8
r=s < T
't¢t: T
Fp: T = A| pattern p matches type T giving bindings A

Ty_AppP

Ty_TABS

Ty_TApp

Ty_LET

Ty_RcD

Ty_ProJ

Ty_SuUB

PAT_VAR
Fx:T:T=empty,z: T

|‘p12T1:>A1 . }_pn:Tn:>An
|_ {llzpla--aln:pn} : {ll : Tl,..,ln : Tn} = Al,..,An

t; reduces to ty

PAT_RCD

REDUCE_APPABS
(Az:Th1.ti2) v — [z — w2]tio

REDUCE_TAPPTABS
(AX<ZT11. t12) [ TQ] — [X — TQ] t1o

match (p, v )=0

- REDUCE_LETV
let p=viinty, — oty

REDUCE_PROJRCD

{li=v, .., =0, }.ll — v
h — 1
7 REDUCE_CTX_APP_FUN
tlt e tl
th —

—————————  REDUCE_CTX_APP_ARG
vlh — v

o — t
W[T] — 4[T]

REDUCE_CTX_TYPE_FUN

t — t/

(h=v1, . bp=vm, I=t, L=t . L=t} — {bh=0v1, .., ln=vm, I=t', [ =1],

ot

ey

n

=1

n

}

REDUCE_C



o — t
REDUCE_CTX_LET_BINDING

letp=tiinty — letp=t{int

’match(p, v):a‘

M_VAR

match (z : T, v)=[z — v]
Viel.m.3j € l.n.(l=k A match(p;, v;)=0;)

M_RcD
match ({hi=p1, .., bn=pm },{ki=v1, .., kn=v,})=01, .., Om

Definition rules: 48 good 0 bad
Definition rule clauses: 99 good 0 bad



