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Type T ::=1Int |Float| T'— T |Ref T

Expression e :=n|f|lx|Ax:T.e|lee|l|refe]| le|e:=e€e|errore
Value v i=nl|flAx:Tell
EvalCtx F :=Fv|vE|ref E|lE| X Xx:T.E|F:=e|v:=F|error &
Error er = error v
2|F|‘ 61ZT1%T2
Y| I'+-e: T Y| TI'F ex:Ts  Ts <:Th Y| I'+e: T
Y| I'F refe:Ref T Y| T'F epex:Ts Y| I'F errore:T
Ti<:T1 T2<:T; T<:T°

Ti" To<:Ty" T, Ref T <:Ref T° J



Type T ::=1Int |Float| T'— T |Ref T
Expression ¢ =n|flx|Xx:Te|lee|l|refe| le|e:=e|errore

Value v s=n| f|ldx:Tell
EvalCtx F :=Fv|vE|ref E|lE| X Xx:T.E|F:=e|v:=F|error &
Error er :i= error v

The error must be typed at any type
I(ref (error 0)) N> !(error 0)
well-typed l-typed

typically: |- error :  TO for a fresh TO




Type 1"

Int |Float | T'— T |Ref T

Expression ¢ =n|flx|Xx:Te|lee|l|refe| le|e:=e|errore
Value v i=nl|flAx:Tell

EvalCtx F :=Fv|vE|ref E|lE| X Xx:T.E|F:=e|v:=F|error &
Error er 1= error v

2|F|‘ 61:T1—>T2
Y| I'+-e: T Y| TI'F ex:Ts  Ts <:Th Y| I'+e: T

Y| I'F refe:Ref T Y| T'F epex:Ts Y| I'F errore:T

Ti<:T: T2<:T;
T1" To<:Ti" T;

references must be invariant



Type T ::=1Int |Float| T'— T |Ref T

Expression e :=n|f|lx|Ax:T.e|lee|l|refe]| le|e:=¢€|errore
Value v n|f|xe:T.ell R

EvalCtx FE : —Ev|vE|refE|'E)\:U TEE—€|U—E|GI'I‘OI'E
Error er :i= error v ——

We did not intend to evaluate underneath a \lambda.

This i1s an oversight.

Fe: T

Y| I'F refe:Ref T Y| T'F epex:Ts Y| I'F errore:T

Ti<:T1 To.<:T, T<:T _
Ti" To<:Ti" Ts Ref T <:Ref T J




Type T ::=1Int |Float| T'— T |Ref T

Expression e :=n|f|lx|Ax:T.e|lee|l|refe]| le|e:=¢€|errore
Value v i=nl|flAx:Tell N

EvalCtx EI::EU|UE|I'efE"E)\£U TEE—€|U—E|GI'I'OI‘E
Error er ;1= error v —

b)) | I'- e : 17 — 15
Y| I'F e:T YITE ex:Ty Ty <:Th

Y| I'F refe:Ref T Y| T'F epex:Ts

Ti<:T: T2<:T;
T1" To<:Ti" T;

Our question:
Can we quickly interrogate languages to check this type of issues?



Language Validation

type sound?
big questions data-race free?
IS bisim a congruence?

Language

Definition ==

" Expressione = |x|!x:T.e|ee |
aaa

(Ix:T.eevy evix]
iftruethen e else e d €
if falsethen e else ea 8 e

444



Language Validation

what are the canonical forms?

. what synt. categories are bound by types?
smaller guestions .
what are the binders?
E
canonical forms
value type
Language Wi Language rue bool
Definition g8 AbalySis false bool
‘ )= —— function arrow
i [a1, ..., an] list

helpful for debugging



A Languages-as-Databases Approach

Anterrogating languages should be akin to interrogating databases O

¥ languages-as-databases. Stores languages as database tables.
¥y LANG-SQL, tailored to interrogating languages

canonical forms value type
SELECTGETOPNANIErM) AS value, true bool
GETOPNANEXPRESSI(dtgs)) AS type
FROM/alue, rule » false bool
WHERRBredname = type_check ANDrole = CONCL fun arrow
ANDGETOPNANIErm) = GETOPNANIBUTPUTYPHargs))) o it

Matteo Cimini. A Query Language for Language Analysis. SEFM 2022.



Languages-as-Databases

Type T ::=1Int |Float| T"— T |Ref T

Expression ¢ =n|flax|Xx:Te|ee|l|refe| le|e:=e|errore
Value v s=n| fldx:Tell

EvalCtx F :=Fv|vE|ref E|lE|Xx:T.E|FEF:=e|v:=F|error &

Error er ::= error v

grammar
category term
. Type int
grammar info
Type arrow T T
category meta var obj - var
Type T — .
yP Expression abs T (x)e
EXxpression e X _
Expression app ee
Value Vv —
EvalCtx E —
EvalCtx appE e
Error er —




Languages-as-Databases

2|F|_ 61:T1—>T2

Y| I'F e: T Y| I'F ex:Ts T5<:Ty Y| TI'E e:T
Y| I'k refe:Ref T Y| TF e1ex:Th Y| I'F errore:T
Ti<:T1 To<:T, T<:T'
T1" To<:Ti" T; Ref T <:Ref T
rule
rulename predname args role
(t-app) | [l ;" e Ta " To PREM
(t-app) | [ ;" ;€ Tsl PREM
(t-app) <! [T3; Ta] PREM
(t-app) | [! ;" ;apper e; T;] CONCL
(s-arrow) <: T1; T4] PREM
(s-arrow) <: T,; 5] PREM
(s-arrow) <: [arrow T1 To;arrow T; T,] CONCL




LANG-SQL (or LANG-n-QUERY)
(A query language for querying languages)

Language
Definition 2=

output table

columm column,




Check: No Evaluation Underneath Binders

whereEvalUunderBinders!
SELECT FROM

(SELECTGETOPNANIErM) AS opname
GETARG@erm) AS ROWSarg
FROREvaICtx )

WHERErg 1S BOUNRNDGETBOUNDERKArG) = E

CHECHKvhereEvalUnderBinders IS EMPTY

EvalCtx

term

abs|[T; (X)E]

app[E; e

app [v; E]




Test: No Evaluation Underneath Binders

whereEvalUunderBinders!

SELECT FROM,...
(SELECTGETOPNAI\(tErm) AS opname,

| GEFARG@erm) AS ROWSarg
FROI\/EvaICtx) o
WHERErg 1S BOUNBNDGETEOUNDERRBRG) = £

CHECHKvhereEvalUnderBinders IS EMPTY

EvalCtx Nested SELECT
term opname arg
abs[T; (x)E] abs T
.o abs (X)E
a , €
PPl : app E




Test: No Evaluation Underneath Binders

whereEvalUnderBinders!

SELECT FROM
(SELECTGETOPNANIErM) AS opname
GETARG@erm) AS ROWSarg
FROMEvalCtx)

WHERRErg 1S BOUNIANDGE+BOUNDOERKarg) =

| CHECKvhereEvalunderBinders IS EMPTIE |

EvalCtx Nested SELECT

term Opname arg whereEvalUnderBinders

abs[T;(x)E]| .2 | T | | opname arg

app [E; e abs (X)E

app E

app [v; E]

app e




LANG-SOL (or LANG n-QUERY)
(A query language for querying languages)

Check that reduction does not occur underneath binders

Check that references are invariant

Check that errors are typed at any type

Check that types do not bind expressions (as dependent types)
Retrieve canonical forms, elimination forms, count typing rules

Most Part of LANG-n-CHECK = over 1200 lines of OCaml code
As Lang-SQL queries = 23 lines

Rule format for Obisimilarity is a congruenceO = 14 lines

Matteo Cimini.
Testing Languages with a Languages-as-Databases Approach. TAP 2023.
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