n, i, 7, k

num

nat

hex

bin

string

backtick _string
regexp

T, Y, 2

T

Index variables for meta-lists

Numeric literals

Internal literal numbers

Bit vector literal, specified by C-style hex number
Bit vector literal, specified by C-style binary number
String literals

String literals

Regular expresions, as a string literal

Variables

Variables



Source locations

o~

Location-annotated names

|zl
| (i)l Remove infix status
| name_t — M Extract x from a name_t
izt = Location-annotated infix names
|zl
« = Type variables
|
al = Location-annotated type variables
| al
N = numeric variables
’ 77x
N = Location-annotated numeric variables
| NI
id = Long identifers
| abal gl
tnv = Union of type variables and Nexp type variables, without lo
| «
| N
tnvar! = Union of type variables and Nexp type variables, with locati
_—t
—
tnus = Type variable lists
| tnuy .. thoy,
tnvars' = Type variable lists
tnvary .. tnvar!
1 n
Nexp_auz Numerical expressions for specifying vector lengths and inde
N
num

Nexpy * Nexpo
Nexp; + Nexp
(Neap)



Nezxp

Nezxp_constraint_auz

Nexp_constraint

typ_aux

typ

lit_aux

lit

pat_aux

Nezxp_aux

Nexp = Nexp’
Nexp > Nexp’

Nexp_constraint _auz |

l

o

typr — typ2
typy * .... * typn,
Nexp

id typy .. typn
backtick _string typ: .. typy

(typ)

typ_aux |

true
false
string
hex

bin
string
string

9)
bitzero
bitone

lit_aux |

(pat as z)

(pat : typ)
id paty .. paty,

Location-annotated vector lengths

Whether a vector is bounded or fixed size

Location-annotated Nexp range

Types
Unspecified type
Type variables
Function types
Tuple types
As a typ to permit applications over Nexps, o
Type applications
Backend-Type applications

Location-annotated types

Literal constants

hex and bin are constant bit vectors, entered

bitzero and bitone are constant bits, if commc

Location-annotated literal constants

Optional semi-colons

Patterns
Wildcards
Named patterns
Typed patterns
Single variable and constructor patterns



pat

fpat

eTp _aur

(Ifpaty; ...; foaty, ;7))
paty; ..; paty ;7]
|paty .. paty ]

(paty, ..., paty)
paty; ..; paty ;']

pat_auz |

id = pat |

id

backtick _string

N

fun psexp
function |” pexpy| ... |peap, end
exp exps

expy izt exps
(|fezps|)

(|exp with fexps|)
exp.id

[lexps; ..; expn ;)
exp.(Nexp)
exp.(Nexp;..Nexps)

match exp with |” pexp;| ... |peap, l end

(exp : typ)
let letbind in exp
(expi, ..., expy)
2
lexpy; ..; expp ;]
(exp)
begin exp end
if exp; then exp, else exps
exTpy i erpo
lit
{exp:|ezpo}
{exp| forall gbind; .. gbind,, |exp2}
{expy; .5 expn s’}

Record patterns

Vector patterns
Concatenated vector patterns
Tuple patterns

List patterns

Cons patterns
constant addition patterns
Literal constant patterns

Location-annotated patterns

Field patterns

Optional bars

Expressions
Identifiers
identifier that should be literally used in out
Nexp var, has type num
Curried functions
Functions with pattern matching
Function applications
Infix applications
Records
Functional update for records
Field projection for records
Vector instantiation
Vector access
Subvector extraction
Pattern matching expressions
Type-annotated expressions
Let expressions
Tuples
Lists

Alternate syntax for (exp)

Conditionals

Cons expressions

Literal constants

Set comprehensions

Set comprehensions with explicit binding
Sets



erp

gbind

fexp

fexps

pexrp

psexp

tannot’

funcl_auz

letbind _aux

letbind

funcl

name_t

q gbindy ... qgbind,.exp
[ezp1| forall gbind, .. gbind,, | exps)
do id pat; < exps; .. pat, < exp,; in exp end

exp_oux |

forall
exists

zl

(pat IN exp)
(pat MEM exp)

id = expl

fezpy; ...; feapn ;71

pat — exp |

paty ... pat, — expl

:typ

! paty ... paty tannot’ = exp

pat tannot’ = exp
funcl_auz

letbind _aux |

funcl_auz 1

Logical quantifications

List comprehensions (all binders mu

Do notation for monads
Location-annotated expressions
Quantifiers

Bindings for quantifiers

Restricted quantifications over sets

Restricted quantifications over lists

Field-expressions

Field-expression lists

Pattern matches

Multi-pattern matches

Optional type annotations

Function clauses

Let bindings
Value bindings
Function bindings

Location-annotated let bindings

Location-annotated function clauses

Name or name with type for inductive



name_ts

rule_aux

rule

. ?
witness’

check’

. ?
functions

indreln_name_aux

indreln_name

typs

ctor_def

texp

?
name-

td

(z' : typ)

name_ty .. name_t,

z! : forall name_t .. name_t;.exp — a:{ expy

rule_auz [

witness type z';

check z!;

zh: typ

z': typ; functions’

(2! : typschm witness’ check® functions’]

indreln_name_auz |

typy * ... * typy

z! of typs
l‘l

typ ,
([af : typrs .52y = typns7l)
| ctor_defy| ... |ctor_def,

[name = regexp]

.. €TDy,

Names with optional tyj

Inductively defined relat

Location-annotated indt

Optional witness type n:

Option check name decl:

Optional names and typ

Name for inductively de

Location-annotated namn

Type lists

Datatype definition clau
Constant constructors
Type definition bodies
Type abbreviations
Record types
Variant types

Optional name specifica

Type definitions



CS

c_pre

typschm

instschm

target

open_tmport

l

l l ?
z' tnvars’ name

”
2l tnvars' name’ =t

id tnvart

Cly -y Cj =

Nexp_constrainty, .., Nexp_constraint; =
1, .., ci; Nexp_constrainty, .., Nexp_constraint, =

forall tnvart .. tnvar

c_pre typ

c_pre(id typ)

hol
isabelle
ocaml
coq

tex
html
lem

open
import
openimport
include
includeimport

{targety; ..; target, }
{targety; ..; target,}
non_exec

exp

l
n-CS

Definitions of opaque types

Typeclass constraints

Typeclass and length constraint
Must have > 0 constraints
Must have > 0 constraints
Must have > 0 of both form o

Type and instance scheme prefix

Must have > 0 type variables

Type schemes

Instance schemes

Backend target names

Open or import statements

Backend target name lists

all targets except the listed or
all non-executable targets, use

Optional targets



lemma_typ

lemma_decl

dexp

declare_arg

component

termination_setting

erhaustivity _setting

elim_opt

fixity _decl

target_rep_rhs

assert
lemma
theorem

lemma_typ 7° 2 : exp

name_s = string [
format = string |

arguments = exp; ... exp, |
targuments = texp; ... texp, [

string
(|dexpy; ...; dexpy, 7 l|)

module
function
type
field

automatic
manual

exhaustive
inexhaustive

od

right_assoc nat
left_assoc nat
non_assoc nat

infix fizity_decl backtick_string

exrp
typ

special string exp; ... exp,

Types of Lemmata

Lemmata and Tests

declaration field-expressions

arguments to a declaration

components

termination settings

exhaustivity settings

optional terms used as eliminators for patter

fixity declarations for infix identifiers

right hand side of a target representation de



target_rep_lhs

sort

sorts_rhs

declare_def

val_def

ascii_opt

instance_decl

class_decl

val_spec

def _aux

target_rep component id J:f .zl

target_rep component id tnvars'

backtick_string
sorty .. sorty,

declare 7’ compile_message id = string
declare 7’ rename module = z!
declare 7° rename component id = x
declare 7’ ascii_rep component id = backtick_string
declare target target_rep target_rep_lhs = target_rep_rhs
declare target target_sorts id = sorts_rhs

declare set flag 2} = z}

? . . . . . .
declare 7° termination_argument id = termination_setting

l

declare 7° pattern_match ezhaustivity_setting id tnvars' = [idy; ...

let 7° letbind

let rec 7’ funcl; and ... and funcl,
let inline 77 letbind

let lem_transform 7’ letbind

[backtick _string]

instance
default_instance

class
classinline

val 2! ascii_opt : typschm

type td; and ... and td,

sidy, ;°) elim_opt



def

ne

val_def Valu

lemma_decl Lem
declare_def a de
module z! = struct defs end Mod
module z! = id Mod
open_import idy ... idy, impc
open_import T backtick_string; ... backtick_stringy, impc
indreln 7’ indreln_name; and ... and indreln_name; rule; and ... and rule,, Indu
val_spec Top-
class_decl(z' tnvar') val r{ a} ascii_opty : typy b ... val T, z} ascii_opt, : typ, I, end Type
instance_decl instschm val_defy Iy ... val_def, I, end Type

Locatic
def _aux 1

Option
i

Definit;

? ?
defi ;3 .. defn s,

Unique
Xy. .. Ty T
_list
_bool
__num
__set
_string
__unit
__bit
__vector
Type v
{tnvy — t1 .. thu, — t,}
Interna
e}
t1 — b
% ... x
pt_args
ne
o(t) M Mult
o(tnv) M Sing
curry (t_multi, t) M Curr
interna

10



t_args

t_multi

nec

names

env_tag

v_desc

f_desc

s

N

nat

nejp x nes

nejp + neg

(—ne)

normalize (ne)

ney + ... + ney
bitlength (bin)
bitlength (hex)
length (pat; ... pat,)
length (exp; ... expy,)

t1..tp
o(t-args)

(t1 % .. *xty)
o(t_multi)

ne(nec

ne = nec
ne <= nec
ne

{xla .. ,.’L’n}

(p1 tnvy) .. (py, tnuy,)

method
val
let

(forall tnvs.t_multi — p, (z of names))
(forall tnvs.C = t, env_tag)

(forall tnvs.p — t, (x of names))

Il .. Ty

11

=TI (L

Lists of types

Multiple substitutions
Lists of types

Multiple substitutions

Numeric expression constraints

Sets of names

Typeclass constraint lists

Tags for the (non-constructor) value descripti
Bound to a method
Specified with val
Defined with let or indreln

Value descriptions
Constructors
Values

Fields



EX

EF

EM

EP

EL

tc_abbrev

te_def

{(ptr), .., (pntn)}
¥, U..uU X6,

{neci, .., nec, }
>Ny UL u e,

<EM’EP’EF’EX>
Fi W By
€

{z1 — v_descy, ..,z — v_descy}
Efy . W EY

{z1 — f_desci, .., 2, — f_descy}
Efy .. WE}

{.’L‘l — El, ey Ty > En}

{.’L‘l ’_>p1) oy I Hpn}
E'w . WE?

{xl =t .., Ty tn}
{zb s ty, 2l =t}
Elw .. W E}

tnvs tc_abbrev

{pl = tc*d6f17 . 7pn = tc*defn}

A1 WAy

{pl = ZS81, -- y Pn — :ESTL}

01 W oo

12

M

Typeclass constraints

Nexp constraint lists

Environments

Value environments

Field environments

Module environments

Path environments

Lexical bindings

Type abbreviations

Type and class constructor definitions
Type constructors

Type constructor definitions

Typeclass definitions



inst = A typeclass instance, t must not contain nested types
| C=(pt)
1 = Global instances
| {inst1, .., inst,}
’ L UDL M
D ES Global type definition store
A
’ D1 WDy M
G M
terminals =
— >=
I -
|« <-
| = ==>
A <l
D >
| N
| U
| W
| ¢
| C
| #
|0
|
)
|k
’ 9
| -
| >
| >
| =
-
| €
formula =
| judgement
| formulay .. formula,
] EM( ) > FE Module lookup
| E°(z)> Path lookup
| Ef(z) > f desc Field lookup
| EX(x) > v_desc Value lookup
| E%(z) > Lexical binding lookup
| A(p) > tc def Type constructor lookup
| d(p) > zs Type constructor lookup

13



convert_tnvars

look_m

look_m_id

look_tc

check_t

-2
~—

disjoint doms (EY, ....
disjoint doms (Ef, ..., EY)

compatible overlap (z; — t1, .., z, — &)
duplicates (tnvs) = 0

duplicates (11, .., x,) = 0

r ¢ dom (E")

r ¢ dom (E¥)
r ¢ dom (E")
p ¢ dom (9)
p ¢ dom(A)
FV (t) C tnus

FV (t_multi) C tnovs
FV (C) C tnus

inst IN

(pt) &1

E} = E}

Ef = EX

Ef = Ej

Ey = Ey

Ay = Ay

61 = o2

hL=15

names, = namess

t1 =1

o1 = 09

b1 =p2

TS — TS2

tnvsy = tnvsy

l

tnvars’ ~ tnus

tnvart ~ tno

El(x{ .. xfl) > E2

E1(1d> > E2

E(id) > p

14

Pairwise disjoint domains
Pairwise disjoint domains

(zi = zj) = (i = ;)

Free type variables
Free type variables
Free type variables

Name path lookup

Module identifier lookup

Path identifier lookup



teq

convert_typ

convert_typs

check _lit

inst_field

inst_ctor

inst_val

not_ctor

not_shadowed

check _pat

id_field

1d_value

check_exp

AF tok
A, tnv - tok

AFt =t

AEFtyp ~~ t
F Nexp ~ ne

A, E+ typs ~~ t_multi

Flit:t

A,E + fieldid : pt_args — t > (z of names)

A, E  ctorid : t_multi — p t_args > (z of names)
A,EF valid:t > €

E,E" I znot ctor

E" F id not shadowed

AE Bl pat it > By
A, E,E} - pat_auz : t > EY

E + idfield
E + id value

AE,E"Fexp:tp XC, 2N

A, E,E"F exp_auz : t > ¢, 5N

A, E, EF - gbind; .. gbind, > EL, ¢
A, B, EF - list gbind, .. gbind, > Ey, ¢
A,E,E"F funcl > {z — t}, 26, 2N

15

Well-formed types
Well-formed type/Nexps m:

Type equality

Convert source types to int
Convert and normalize nun

Typing literal constants

Field typing (also returns ¢

Data constructor typing (al

Typing top-level bindings, «

v is not bound to a data co

1d is not lexically shadowed

Typing patterns, building t
Typing patterns, building t

Check that the identifier is

Check that the identifier is

Typing expressions, collecti
Typing expressions, collecti
Build the environment for ¢
Build the environment for ¢
Build the environment for ¢



check_rule

check_texp_tc

check_texps_tc

check_texp

check_texps

convert_class

solve_class_constraint

solve_class_constraints

check _val_def

check_t_instance

check_defs

Judgement

A, E, B!t letbind > E, %€, ¥V

A,E,E" F rule > {z — t},ZC,EN

25, A1, B+ tetd > Ag, ET

LIJS,Al,E F tctd .. tdi > AQ,EP

A, E & tnvs p = texp > (EY, EX)

zs, A, E - tdy .. td,, > (E¥, EX)

O, EFid~p

I+ (pt)INC

I-x¢»cC

A, I, Et val_def > EX

A, (aq, ..,a,) F tinstance

Z7, D1, By &= def > Do, By
7jj , D1, By F defs > Do, Eo

convert_tnvars
look_m
look_m_id

look _tc

check_t

teq

convert_typ
convert_typs
check_lit
inst_field

16

Build the environment for a let bin

Build the environment for an induc

Extract the type constructor inforr

Extract the type constructor inforr

Check a type definition, with its pe

Lookup a type class

Solve class constraint

Solve class constraints

Check a value definition

Check that t be a typeclass instanc

Check a definition
Check definitions, given module pa



user_syntax

mnst_ctor

inst_val

not_ctor
not_shadowed

check _pat

id_field

id_value

check_exp

check _rule

check _texp_tc

check _texps_tc

check _texp

check _texps
convert_class
solve_class_constraint
solve_class_constraints
check _val _def
check _t _instance
check _defs

n
num

nat

hex

bin

string

backtick _string
regexrp

id

tnv
tnvar
tnvs
tnvars
Nexp_auz

Nexp
Nexp_constraint_auz

l

l

17



Nexp_constraint
typ_aux

typ

lit_aux

lit

7

?

pat_aux

pat

fpat

|?
exp_aur
erp

q

gbind

fexp

fexps

pexp

psexrp
tannot’
funcl_auz
letbind _aux
letbind
funcl
name_t
name_ts
rule_auz
rule
witness’
check’

. ?
functions’

indreln_name_aux

indreln_name
typs
ctor_def
texp

name’

td

c

cs

c_pre
typschm
instschm
target

open _import
-

?
T

18



lemma_typ
lemma_decl

dexp

declare_arg
component
termination_setting
erhaustivity_setting
elim_opt

fixity _decl
target_rep_rhs
target_rep_lhs

sort

sorts_rhs
declare_def

val_def

ascii_opt
instance_decl
class_decl

val_spec

def _aux

def
.7
defs
p

o

t

ne
t_args
t_multi
nec
names

env_tag
v_desc

f_desc

tc_abbrev

te_def

19



terminals
formula

|
|
|
| I
|
|
|

l

’ tnvars’ ~ tnus ‘

l

tnvary ~ tnvy .. tnvar

n ™ tnu,

I 7 CONVERT_TNVARS_NONE
tnvary .. tnvar;, ~ tnuy .. thuy,

CONVERT_TNVAR_A
al ~ o

————— CONVERT_TNVAR_N
NI~ N

Ei(x!..2l) > Ey| Name path lookup

————— LOOK_M_NONE
E()> E

EM(z) > Ey
—1
Ei(yl ) > By
(EM,E? B EX)(zlyl ) > B

LOOK_M_SOME

Ey(id) > E2| Module identifier lookup

El(ylxll) > EQ

1

El(gl x ll 12) > EQ

LOOK_M_ID_ALL

E(id) > p| Path identifier lookup
E(yl') > (EM EF, EF, EX)
E*(z)>p
E(glel lg) > p

Well-formed types

LOOK_TC_ALL

CHECK_T_VAR

A F aok
At 1 ok
AF tg ok
m CHECK_T_FN
AFtiok ... AFt,0k

CHECK_T_TUP
At * ... xt,0k

A(p) > tnv; .. tnuy, tc_abbrev
A, tnn F ok .. A, tnu, Ft, ok

Al—ptl..tnok

CHECK_T_APP

20



A,tnv F tok| Well-formed type/Nexps matching the application type variable

A F tok

—————— CHECK_TLEN_T
A, ot tok

—————— CHECK_TLEN_LEN
A, N F neok

AFti =t| Type equality

AF tok
AE = [|EQREFL
A=t
ARt =ty TEQ_SYM
At =1t
Al =13
N TEQ_TRANS
A = t3
Abty=1
Abt —ty=1t3 > &y TEQ-ARROW
AFt=w ... AFt,=u,
AFt % sty = up * o x Uy TEQ-TUP
A(p) > aj..ap
At =u .. AFt,=u,
Abpty.ty=pui. uy TEQ-APP
A(p) > ay..an.u
TEQ_EXPAND

Abpty.ty={a1 = t1..an— t,}(u)

ne = normalize (ne’)

A ne = ne TEQ-NEXP

A EF typ ~ t| Convert source types to internal types

CONVERT_TYP_VAR

AEFall~ «

A, E = typ1 ~ tl
A’ E+ tpr ~ o
CONVERT_TYP_FN
A EEtypy — typa l ~ ) — b

AEFtypr ~t ... AEF typ, ~ t,
CONVERT_TYP_TUP
A EEtypr * ook typp L~ t1 % ol x 1y

AEEtypr ~t .. AEF typ, ~ t,

E(id) > p
A(p) > aj .. ay te_abbrev

. CONVERT_TYP_APP

A EFidtypr .. typp L~ pty ..ty
F Nexp ~~ ne N
CONVERT_TYP_INEXP
A, E+ Nexp ~ ne
AEFtyp ~ t

CONVERT_TYP_PAREN

AEF (typ) L~ ¢

21



A EEtyp ~ 1
At =1t
A EFtyp ~ b

F Nexp ~» ne| Convert and normalize numeric expressions

CONVERT_NEXP_VAR

CONVERT_TYP_EQ

FNI~~N

———  CONVERT_NEXP_NUM
F num [ ~ nat

F Nexp; ~> nep
F Nexpy ~~ neo

CONVERT_NEXP_MULT
F Nexp; * Nexpo I ~~ nep * nes
F Nexp; ~ ne;

F Nexpy ~~ ney
CONVERT_NEXP_ADD

F Nexpy + Nexps I ~» nep + ney

’A, E+ typs ~ t_multi

AEFtypr ~t .. AEF typ, ~ t,
A, EF typy * ..k typy, ~> (t1 % .. x 1p)

Flit . t| Typing literal constants

CONVERT_TYPS_ALL

CHECK_LIT_TRUE

F true!l : __bool

CHECK_LIT_FALSE
F false!: __bool

nat = bitlength (hex)
F hex | : _vector nat __bit
nat = bitlength (bin)

F binl : __vector nat __bit

CHECK_LIT_HEX

CHECK_LIT_BIN

————— CHECK_LIT_UNIT
F () : __unit

. - CHECK_LIT_BITZERO
F bitzero! : __bit

CHECK_LIT_BITONE

F bitone !l : __bit

A EF fieldid : pt_args — t > (z of names) ‘ Field typing (also returns canonical field names)

E(al') > (EM, E*, E*, EX)
E*(y) > (forall tnv; .. tnv,.p — t, (z of names))
AFtiok .. AFt,ok

— INST_FIELD_ALL
AEF fieldz!. ylhib:pt..t, — {tnv — t .. tno, = t,}(t) > (2 of names)

A, E F ctorid : t_multi — p t_args > (z of names) ‘ Data constructor typing (also returns canonical constrt

E(z!l') > (EM, E*, EF, EX)

EX(y) > (forall tnv; .. tnv,.t_multi — p, (2 of names))

AFtiok .. AFt,ok

- INST_CTOR_ALL

-1

A, E F ctor xll ylhly: {tnvy — t .. tnoy, — t, H(tomulti) — p ty .. t, > (2 of names)

22



A,EF valid : t > X¢| Typing top-level bindings, collecting typeclass constraints

E(al') > (BE™ E*, E", EY)
EX(y) > (forall tnu .. tnuy,.(p1 tnvy) .. (p; tnv]) = ¢, env_tag)
AFtiok .. AkFt,ok
o= {tnv; — t; .. tnv, — t,}
- INST_VAL_ALL

AEF valgZ ylhl:o(t) > {(pro(tnyy)), .., (pio(tnv]))}

E,E*F znot ctor‘ v is not bound to a data constructor

E*(z) >t
FE, E' F znot ctor
r ¢ dom (E¥)
(EM, E*, E*, EX), E* - z not ctor

NOT_CTOR_VAL

NOT_CTOR_UNBOUND

EX(z) > (forall tnu; .. tnuy,.(p1 tnvy) .. (p; tnv)) = t, env_tag)
NOT_CTOR_BOUND
(EM, E*, E*, EX), E' - z not ctor

E" F id not shadovved‘ id is not lexically shadowed

r ¢ dom (E")

NOT_SHADOWED_SING
E'F z [ b not shadowed

NOT_SHADOWED_MULTI

E' - zl. ..z} .y'.2! I not shadowed

’A, E Ef F pat:t > EQL‘ Typing patterns, building their binding environment

A, E,Ef - pat_auz : t > Ej

CHECK _PAT_ALL
A,E,Ef - pat_auz ] : t > EY

’A, E,E}* pat_auz : t > EY ‘ Typing patterns, building their binding environment

A F tok
AEEVE _ct>{}
AE Bl pat:t > EY
z ¢ dom (Ey)

A E,Ef+ (pataszl):t > EyW{z — t}
AE,ElF pat: t > EY
AEFtyp ~ t

A,E,Ef - (pat : typ) : t > EX

CHECK_PAT_AUX_WILD

CHECK_PAT_AUX_AS

CHECK_PAT_AUX_TYP

A,EF ctorid : (t; x .. xt,) — pt_args > (z of names)
E" F id not shadowed
AE E"Fpaty :ty > Ef .. AE,E"F pat, : t, > E}

disjoint doms (E}, .., E})
CHECK_PAT_AUX_IDENT_CONSTR
A, E,EY & id paty .. pat, : pt_args > Ef'W .. & EL
AF tok

E,E" I z not ctor

CHECK_PAT_AUX_VAR
AEE' - xlhl i t>{z—t}

23



A,E + fieldid; : pt_args — t; > (x; of names)i
A B, EFpat it > B

disjoint doms (ETLz )

duplicates (7;%) = ()

A, E,E" (]ml ) s ptoargs > LﬂEiiLi

CHECK_PAT_AUX_RECORD

AEE'Fpaty:t> Ef ... AJE,E"F pat,:t> E}
disjoint doms (£, ..., E})
length (pat; ... pat,) = nat

CHECK_PAT_AUX_VECTOR
A, E,E" + [|paty; ...; paty ;°|] - ——vector natt > EF W ... & EL

A,E,E" \- pat; : __vectorne; t > Ef ... A, E,E"F pat,: __vectorne,t > E)
disjoint doms (£}, ..., E))

ne' = ne; + ... + ne,
CHECK_PAT_AUX_VECTOR(

A, E,E* | [|pat; ... pat,|] : —_vectorne’t > El'W ... W EL
AE E'Fpaty -t > B ... AE E“F paty, : t, > By,
disjoint doms (E7, ...., E)

A E,E" - (paty, ....,paty) s t1 % ... %ty > EM W .. W EY
AF tok
AEEYFpaty :t > Ef .. AE,E“F pat, it > E}
disjoint doms (£}, .., E})
A, E,E" & [paty; .. paty ;7] _distt > EF W .. W EL
AE Bl pat:t> EY
A, E,El - (pat) : t > Ey
A,E,El - paty - t > Ey
A,E,El' - paty : _listt > Ey
disjoint doms (E3, EY)
A, E,El' = paty :: paty : _list t > Ey W By
Flit:t
AEEV ittt {}
E,E" I znot ctor
AE,E' - zl+ num: _num > {z — _num }

EI-idfield| Check that the identifier is a permissible field identifier
E¥(z) > f_desc
(EM,E? E¥ EX)F zl lhfield

EM(z) > E
z ¢ dom (E)

Eryl 2l field
(EM,E? E¥ EX)F zly.yl. 2l |, field

E - idvalue| Check that the identifier is a permissible value identifier

EX(z) > v_desc
(EM,E? E* EX) F xl I value

CHECK_PAT_AUX_TUP

CHECK_PAT_AUX_LIST

CHECK_PAT_AUX_PAREN

CHECK_PAT_AUX_CONS

CHECK_PAT_AUX_LIT

CHECK_PAT_AUX_NUM_ADD

ID_FIELD_EMPTY

ID_FIELD_CONS

ID_VALUE_EMPTY
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EM(z) > E
z ¢ dom (E¥)

-1
E+ yf 2t Iy value
ID_VALUE_CONS

<EMv EP7 EF) EX> Fx ll-gz Zl 12 value

AE,E*F exp:t > X€, N Typing expressions, collecting typeclass and index constraints

A, E,E"F exp_auz : t > ¢, 5N

CHECK_EXP_ALL
A E.E'F exp_auxl:t > XC, YN

A, E,E" + exp_auz : t > XC, N Typing expressions, collecting typeclass and index constraints

E'(z) > t

CHECK_EXP_AUX_VAR
A,E,EL H xll 12 1t > {},{}

CHECK_EXP_AUX_NVAR

AE,E'FN:_num > {},{}

E" F id not shadowed
E - id value
A,E F ctorid : t_multi — pt_args > (z of names)

A,E,E"\id : curry (t-multi,p t_args) > { },{}
E* I id not shadowed

E + id value
A,EF valid : t > X€

AE,E-Fid:to xC, {}
AE E"Fopaty -ty > Ef ... AJE E“F paty, :t, > E}
AVE,E*WE'Y .. WELF exp:up X6 0N
disjoint doms (£, ..., E})
A, E, E' I~ fun pat; ... pat, — exp | : curry ((ty * ... * t,), u) > €, XN

CHECK_EXP_AUX_CTOR

CHECK_EXP_AUX_VAL

CHECK_EXP_AUX_FN

A, E,EVF pat; : t > EiLi
AE,E'WE! F exp; : u > Eci,ENil

CHECK_EXP_AUX_FUNCTION

A, E, E*  function |? pat; — exp; liiend St X0, 3N,
A,E,EL H expy 1ty — to > ch,ZNl
A, E,E"F exps: t1 > 3¢5, 5N,
A, E,E" F expy exps : by > Ecl U ECQ,ENl @] ENQ
A,E,EL F (’L:C) R R e S W Ecl,le
A,E,EL [ erpy : t > ECQ,ZNQ
A E,EVF expy : ty > X653, 5N
AE,E"F exprizlexps : t3 > 201 U X0y U XC3, TN U SN, U BN,

CHECK_EXP_AUX_APP

CHECK_EXP_AUX_INFIX_APP1

)

A,E - field id; : pt-args — t; > (z; of names)
A,E,EL H exp; : t; > ECZ.?ENZ.’L

duplicates (7;°) = 0

names = {7;* }

CHECK_EXP_AUX_RECORD

7

AVE,EY & (|id; = exp; l; ;" 1]) : pt_args > Zicii,ENi

25



A,E+ fieldid; : pt.args — t; > (z; of names)i
A,E,EL H erp; : t; > EC“E]\/’iZ

duplicates (7;%) = ()

AE, E" & exp: pt_args > ZC,, sV

i p p— p 7 CHECK_EXP_AUX_RECUP
A, E, E' &= (Jexp withid; = exp; I; ;71]) : pt_args > X¢" U XC¢; | SN U BN

AE,E"Fexpy it > X, %Yy .. AE,E“F exp,:t >3, 3V,
length (exp; ... exp,) = nat
CHECK_EXP_AUX_VECTOR
A,E,EL - [lexpy; ... expn ;7] : —_vectornatt > €1 U ... U XC,, YN U ... U XN,

A,E,E"F exp : __vector ne’ t > X6, 2N
F Nexp ~> ne

CHECK_EXP_AUX_VECTORGET
A, E,E' F exp.(Nexp) : t > ¢, N U {ne(ne'}

A, E,E"+ exp : __vector ne' t > ¢, >N
F Nexp; ~ ney

F Nexps ~~ ney

ne = ney + (—ney)

CHECK_EXP_AUX_VECTORSUB
A, E,E' F exp.(Nexp;..Nexps) : __vectornet > €, YN U {nej(nex(ne’}

E Fidfield

A,E F fieldid : pt_args — t > (z of names)
A,E,E“+ exp: pt_args > ¢, 2N
CHECK_EXP_AUX_FIELD
AE,E*F exp.id : t > €, XN

A E,EYF pat; i t > ElLZ
AE,E*WE! - exp; : u > Zci,ZNiz
AE,E"F exp:t > ¢ oV

CHECK_EXP_AUX_CASE
)

AE,E"F exp:tp X°, 2N
AEEtyp ~ t
A, E,E-F (exp: typ) : ¢t b 5C, 5N CHECK_EXP_AUX_TYPED

A, E, E* F match exp with|” pat; — exp; ['lend:u > ¥C¢ U ¢, SNy eV

A, E, E! & letbind > EY, %€, %N,
A E,EFWEY - exp: t > XCo XN,
CHECK_EXP_AUX_LET
A, E,EF - let letbind inexp : t > X€; U €, XNy U XN,

AE,E"F expr: 1 > ¥, N,

A,E,E"F exp, : t, > ¥, SN,

CHECK_EXP_AUX_TUP
AE B (expr, ooy €apn) it % v kb > X U L U X, SN UL U BN,
A+ tok
AE,E'Foexpy:t > 36,5V, . AE,E'F exp,:t > X6, 5V,

CHECK_EXP_AUX_LIST
A,E,Ev &= [expy; .. expy;’] : distt > XC; U .. U XC, YN U ..U XN,

AE,E"F exp:t> ¢ 2N
A BB T (eap): t5 30,5V CHECK_EXP_AUX_PAREN

AE,EVF exp:t > X6, vN
CHECK_EXP_AUX_BEGIN
A,E,E' F beginezpend : ¢t > ¢, N

A, E,E"F expy : __bool > ¢, ¥V,
A, E,E"F expy: t > X6, 5N,
A E,E"F exps: t > XC3, 5N
A, E, E" F if exp; then ezps else exps : t > €1 U Y€y U XC3, XN, U BN, U SN, CHECK-BXP-AUXIE
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A,E,E"F expy - t > ¢, 3V
A, E,E* - expy - _listt > XCp N,
A, E,E'F expy :: expy : _listt > XC; U XCq, XN U BN,
Flit:t
AEEV Lttt {}{}

CHECK_EXP_AUX_CONS

CHECK_EXP_AUX_LIT

AT t;0k'

AEE-W{1— & }Fep :t>x, 2V,
AEE w{z — ' }+ exps: _bool > 3¢y ¥V,
disjoint doms (E*, {z; — ' })

E — <EM’EP’EF’EX>

% € dom (EX)"

A,E,Ev - {expi|expy} : _sett > XC; U XCy, YN U XN,
A, E,E* & gbind; ' > E%, 5,
AE,EX & EY b oeapy s t > 65,2V,

A, E,Ef W EY & expy - _bool > ¥C3 %V3

CHECK_EXP_AUX_SET_COMP

- CHECK_EXP_AUX_SET_COMP._
A, E, EF - {exp;| forall gbind; |exps} : _sett > %€ U X€y U XC5, XNy U XN

A tok
AE,E“Fexpr:t > 3,5V . AE E'Fexp,:t> X6, 2N,
AE,EV - {expr; ..;eapn 'y _sett > X U ..U XC, YN UL U XN,
A, E,E' & gbind; ' > EL, 3¢,
A,E,EF¢ EY - exp : _bool > %€y ¥V,

CHECK_EXP_AUX_SET

; CHECK_EXP_AUX_QUANT
A, E,El - q gbind; .exp : _bool > XC; U %€y 3N,

A, E, E* & list gbind; ' > E, ¥¢;

A E,EF W EY - expy - t > 369, 5N,

A,E, Bl W EY - expy : _bool > ¥C3 ¥V,

; CHECK_EXP_AUX_LIST_COMP_
A, E, EF - [expy| forall gbind; |exps) : _list t > X€; U X€y U X€5, XNy U XN

A, E, E}' \= gbind, .. ¢bind, > Ey, ¥¢| Build the environment for quantifier bindings, collecting typeclass cons

CHECK_LISTQUANT_BINDING_EMPTY
AEE*F>{},{}

AF tok

A E,EFw{z — t} F gbind; > EY, ¢,

disjoint doms ({z — t}, E})

A, E, B &zl qbind,' > {z — t}w B, 5C;

AE,El'tpat :t > Ex
AE,ElFexp: _sett > X, 5N
A, E,EF W EY b qbind;' > EY, %
disjoint doms (E3, Ey)

CHECK_LISTQUANT_BINDING_VAR

; CHECK_LISTQUANT_BINDING_RESTR
A, E,E} b (pat IN exp) gbind; > E} & EY, ¥¢; U XCy

AE EfFpat:t> By

AE Bt exp: _listt > ¥, N,

A,E,E} W E} & gbind; " > Ey, %

disjoint doms (Ey, EY)

p CHECK_LISTQUANT_BINDING_LIST_RESTR
A, E, E} - (pat MEM ezp) gbind; > EY W EY, X6 U X¢,
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A, E, E} += list gbind, .. gbind, > Ej, ¥¢| Build the environment for quantifier bindings, collecting typeclass

CHECK_QUANT_BINDING_EMPTY
AEEFLists {L{) @

AE,Ef Fpat:t> Ey
A E,EFFexp: _ldistt b X¢, 5N
A, E, Bl W EY - qbind; ' > EY, 3¢
disjoint doms (E3, EY)
A, E, E* b list (pat MEM exp) ghind; ' > Ey W B, $¢; U XC,

CHECK_QUANT_BINDING_RESTR

A, E,E" F funcl > {z +— t}, %, SN|  Build the environment for a function definition clause, collecting typec

AEE'Fpaty > B .. AE EYF paty, b, > EY
AE,E"WE'Y ... WEL - exp:up X€ 0N
disjoint doms (EY, ..., E})

AEFtyp ~ u
CHECK_FUNCL_ANNOT
A,E B -zl paty ... pat, : typ = explp > {z > curry ((t * ... *t,),u)}, XC, XN
AE E'Fopaty ity > Ef ... AE E“F pat, : t, > E}

AE,E'"WE'W ... 0 E: F exp:u v X°, 2N
disjoint doms (Ey, ..., E})
A,E,E" -zl paty ... pat, = exply > {z — curry ((t1 % ... x t,),u)}

C SN CHECK_FUNCL_NOANNOT
) )

A, E, El - letbind > By, %C, SN| Build the environment for a let binding, collecting typeclass and index con

AE E; Fpat:t> Ey
AE EftFexp:tp yC N
AEFtyp ~t
A,E,El & pat : typ = expl > EY, %€ SN
A,E Ef - pat:t> Ey
AE,EFFexp:t> X 2N
A,E,EFF pat = expl > E}, ¥C YN
A E,Ef F funcl_auz | > {z — t},ZC,ZN
CHECK_LETBIND_FN
A, E,E}' - funcl_auz | > {z+— t}, %€, %N

CHECK_LETBIND_VAL_ANNOT

CHECK_LETBIND_VAL_NOANNOT

A,E,E"F rule > {z — t},%C, YN | Build the environment for an inductive relation clause, collecting typecl]

AT #; 0k’ |

E}Y = {namet; >z — ;' }

A E,E'WELF exp' : _bool > x¢' vV

AE,EFWESY Foexpy s up > X0, 5N . AE EFWEY F expy : up > X6, 2N
A,E,El -zl : forall name_t; ' .exp' = x L eapy .. expy I > {z + curry ((uy * .. * u,),__bool )}, ¢ U X€; U

zs,A1,E+ tctd > Ag, ET ‘ Extract the type constructor information

tnvars' ~ tnus
AEFtyp ~t
duplicates (tnvs) = 0
FV (t) C tnus
7' r ¢ dom (A)
7Y A E F tex ltnvarst = typ > {5t o — tnws .t} {x — 7t x)

CHECK_TEXP_TC_ABBREV
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Lws tnus

tnvars
duplicates (tnvs) = 0
7. 'r ¢ dom (A)
7Y A By F tex ltnvars! > {yi o s tnws }, {x — 7t a)
l

CHECK_TEXP_TC_ABSTRACT

tnvars’ ~ tnvs
duplicates (tnvs) = 0
7i-'r ¢ dom (A)
7' A1 B tex ltnvarst = (|of : typr; o2l typ; Tl o {T e e tnes } {z o Tt nd

CHECK_TEXP_TC_REC

tnvars' ~ tnvs
duplicates (tnvs) = 0
7' & dom (A)
7L A E F tex ltnvarst = |7 ctor_defi| ... |ctor_def; > {g;- > tnvs },{z — 3t z}

CHECK_TEXP_TC_VAR

xs, A1, B+ tctdy .. td; > Ay, EF ‘ Extract the type constructor information

CHECK_TEXPS_TC_EMPTY
zs, A,E+ tc> {},{}

zs, A1, EF tctd > Ag, E5

25, AL W Ao, EW ({}, EL {1, {}) F tctd;' > As, EY
dom (EY) N dom (Ef) = 0

25, Ay, E & tetdtd' v Ay W As, ES W EY

CHECK_TEXPS_TC_ABBREV

A, E + tnvs p = texp > (E¥, EX) ‘ Check a type definition, with its path already resolved

CHECK_TEXP_ABBREV
A EFtnusp =typ > ({ },{})

AEF typ — &'

names = {z;" }

duplicates (7;") = 0

FV (1) C tnos'

E" = {z; — (forall tnvs.p — t;, (z; of names)) l}

AEvtnvsp = (|l typ; 7)) > (BF,{})

A, EF typs; ~ t_multi; '

names = {7;" }

duplicates (7;") = 0

FV (t_multi;) C tnos '

E* = { z; — (forall tnvs.t_multi; — p, (x; of names)) Z}

CHECK_TEXP_REC

—— CHECK_TEXP_VAR
A Et tnvsp = | o}l of typs; > ({}, EX)

25, A\, E F tdy .. td, > <EF,EX>\

— CHECK_TEXPS_EMPTY
vit A EE e ({1

tnvars’ ~ tnus
A B & tnus it n = texp > (EF, EY)
T A B¢ td > (ES,EY)
dom (Ef) N dom (E5) = 0
{

l

dom (Ef) N dom (EY) = 0
7L A E 2 ltnvars! = texptTJjj > (B W ES, Ef ¢ ES)

CHECK_TEXPS_CONS_CONCRETE
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TLAEF i o (B B
7Y, A E & oz ltnvarst tTfjj > (E¥, EX)

0, E+id ~ p| Lookup a type class

E(id) > p
o(p) > xs
5.EFid — p

CHECK_TEXPS_CONS_ABSTRACT

CONVERT_CLASS_ALL

I'F(pt)INC| Solve class constraint

SOLVE_CLASS_CONSTRAINT_IMMEDIATE

I'E (pa)IN (p1 tnvr) .. (ps tnv;)(p ) (p) tnwy) .. (pj tno;)

(p1 tnvy) .. (pn tnvy,) = (pt)INT
It (pro(tnv))INC .. IF (ppo(tnu,))INC

It (po(t)INC

I C Solve class constraints

I+ (prt))INC .. Ik (pnty)INC
It {(pl tl)a ) (pn tn)} >C

’A, I, B+ val_def > EX ‘ Check a value definition

SOLVE_CLASS_CONSTRAINT_CHAIN

SOLVE_CLASS_CONSTRAINTS_ALL

A E{}F letbind > {7~ &'}, ¢, vV
IFx¢sC _
FV (t;) C tnvs'
FV (C) C tnus

A, I, By - let 77 letbind > {z; — (forall tnvs.C = &, let)  }

CHECK_VAL_DEF_VAL

A, E, EL+ funcl,— > {Ii — t,-},ZCZ-,ZN/
I+x¢pC
FV (1;) C tnvs'
FV (C) C tnos
compatible overlap (z; — & ')
B ={z—~1t }
A,I,E+ letrect’ funclii > { z; — (forall tnws.C = t;,let) }

CHECK_VAL_DEF_RECFUN

’A, (a1, .o,ap) F tinstance‘ Check that ¢ be a typeclass instance

CHECK_T_INSTANCE_VAR

A, (o) F ainstance

CHECK_T_INSTANCE_TUP

A, (g, e ya) Fag % ... * oy, instance

CHECK_T_INSTANCE_FN

A, (a1, a2) F a; — ay instance

Ap) > of ..,
CHECK_T_INSTANCE_TC

A, (aq, ..,an) F paj ..o, instance

7jj , D1, B1 - def > Do, F5| Check a definition
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59, A1, B+ tetd, ' > Ag, BF |
51,0188, B ({3, E" {} {}) - 1" o (B", B%)
59, (A1, 0, 1), E - typed;' Lo (Ao, {1, {}), ({}, BV, BV, BX)
A,I,E + val_def > EX
%7, (A,6,1), E F val-def 1> e, ({ },{ }:{ }, EX)

Z7J x, Dy, By F defs > Dy, By
z7, Dy, Ey - modulez j = struct defsend by > Dy, ({z — Ex}, {1, {},{})

CHECK_DEF_TYPE

CHECK_DEF_VAL_DEF

El(id) > E2
- _ _ _ A
77 D.E - modulezl —idh b ¢, ({z > B CHECK-DEF-MODULE-RENAME
R ) ) ) )
AEEtyp ~ t
FV (t) C a;°

FV (o}") c o
5. EF idy — pr
B = ({3 {1 (). {o — (foralla;’.(pr o) = t,val)})
%9 (A,6.1),E v valzl :foralla; I idgol Il = typly o ¢, B/

CHECK_DEF_SPEC

A B & typi b
FV(t) C o'
p=%"u ,
By ={}{z = ph{},{y — (foralla.(pa) = t;, method) ' H
o={p—u'"}
p ¢ dom (01)
zj-j (A 01, 1), By - class(z lal”)val y; I; : typ; lil end! > ({},02,{}), E»
E = (B, E*, E¥, BX)
AEF typ' ~
A, (@;*) F t' instance
tnus = oTii
duplicates (tnvs) = 0
5, EF idy —~ py
FV (ozk) C tnus
E(id) > p
i(p) > 77
—F—k
Lh={= o) }
AT U L, E F val_def, > EX "
disjoint doms ( EX")
EX(zy) > (forallo”.(p o) = tk,method>k
{ z — (forall tnvs. = {a/' — t’}(tk),let>lC }=EX"
=%’
k
Iy ={(pxay) = (pt) }
(p{ai—a? " }(t) ¢ 1
z7, (A6, 1), E +- instance forall o; l{i Jdy o), l,’g’k = (id typ') val_def, I, "end I' > ({ },{}, I), €

CHECK_DEF_CLASS

zj7, Dy, By & defs > Do, E»| Check definitions, given module path, definitions and environment
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CHECK_DEF_MODULE

CHECK_DEF_



— CHECK_DEFS_EMPTY
Zzil,D,EF >ee

%7, D1, By & def > Do, By

. —1
Zij],Dl&JDQ,ElH’JEgl—deﬁ;;Z > Ds, B3
- CHECK_DEFS_RELEVANT_DEF

zZJ, D, By def;;?m;;;?Z > Dy W D3, Ea W E3
El(Zd) > E2 )
7jj,D1,E1LﬂE2FmZ > Ds, E3

- CHECK_DEFS_OPEN
— . ? ?
zj?, D1, E1 - openidl;;’ def;;;; > D3, E3

Definition rules: 141 good 0 bad
Definition rule clauses: 425 good 0 bad
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