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LANG-n-PLAY
A Functional Language with Languages as First-Class

let listsLang = {!

Type T ::= int | (list T),

Expression e ::= zero | (succ e) | emptylist | (consList e e) | (elementAt e e),
Value v ::= zero | (succ v) | emptyList | (consList v v),

Context E ::= (consList E e) | (consList v E) | (elementAt E e) | (elementAt v E),
Gamma |- zero : int,

Gamma |- (succ e) : int <== Gamma |- e : 1int,

Gamma |- emptylList : (list T),

Gamma |- (consList el e2) : (list T) <== Gamma |- el : T /\ Gamma |- e2 : (list T),
Gamma |- (elementAt el e2) : T <== Gamma |- el : int /\ Gamma |- e2 : (list T)

'}

Intuitively: elementAt3[0;1;2;3] —>3
Reduction semantics? In a second.

Matteo Cimini. Languages as First-Class Citizens (Vision Paper). SLE 2018.
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Intuitively: elementAt3[0;1;2;3] —>3
Reduction semantics? Two options:

1. no bounds check, unsafe but more efficient
2. bounds check, safe, but less efficient
(Java-style access)



Functions on Languages

let addEfficientAccess mylan = function that takes a language
mylan U {! as input and returns a language

(elementAt zero (consList v1 v2)) --> vT1,
(elementAt (succ v) (consList v1 v2)) --> (elementAt v v2)
'}

let addJavaStyleAccess mylan =
mylan U boolLan U natFunctions U {!

Expression e ::= outOfBounds,

Error er ::= outOfBounds,

(elementAt zero (consList v1 v2)) --> v1,

(elementAt (succ v) (consList v1 v2)) -->

(if-then-else (greater (succ v) (length (consList vl v2)))

outOfBounds
(elementAt v v2)),

(elementAt e emptylList) --> outOfBounds

»

let execWithRightLanguage isSafeCode =
if isSafeCode then (addEfficientAccess listslLang)> prg
else (addJavaStyleAccess listslLang)> prg

language execution: language> program

executes program according to the operational semantics in language



Another Feature: Bounded Polymorphism a” la System F

let addEfficientAccess 'langmylan : 'lan U {! Types T ::= int | (list T), i
mylan U {! <l _Expression e ::= elementAt !}}=

(elementAt zero (consList'Vi‘Qé)St;:§UQT:
(elementAt (succ v) (consList vl v2)) --> (elementAt v v2)

»

Another Feature: Passing Evaluation Strategies at Runtime

let lambdaf{Qﬁygféiféﬂég&)?: {! Context E ::= (app E e)
S (app (abs @x e)gvh’ --> e[vh/x] !}

if mayDiverge then (lambda ee)
else (lambda vv) U {! Context E ::= (app v E) !}



Multi-language Programming

In LANG-n-PLAY:

let math = {!
Type T ::= int | float |
rest of grammar and inference rules

1}

(addJavaStyleAccess listsLang)> (elementAt

(math noCheck positive?> (square 2))
(o6 ; 1 ; 2 5 3 ; 4]
)

nested language execution

pre- and postconditions checks




Formal Semantics of LANG-n-PLAY: M\~

Expression e =Xx|Ax:T.e|ee
(languages) | L | (e pre post)> prg | e union e
(embedded results) | Val prg in £

translation to a HO logic program standard semantics of HOLP

(R-EXEC)

[£]” E (prg — prg’)
(L pre post)> prg — (L pre post)> prg’

(r-exec-success)
grammafl ) =G v %g prg IL"" k= (post prg)
(L pre post)> prg # Val prg in L

precondition predicate postcondition predicate

Matteo Cimini. A Calculus for Multi-language Operational Semantics. VSTTE 2021.
* excerpt of the calculus, omitted: polymorphism, etc.




A Safety Theorem for A\~

Problem: Milner’s safety is too strong: Can programs go wrong? YES
Language designers may intentionally use an unsafe language

(addEfficientAccess listsLang)> elementAt 5 [0 ; 1] STUCK!

Refined Safety Theorem:
Well-typed multi-language programs can only go wrong
on programmer-defined languages

Theorem . (Type Safety). if ! ! e:! ande™ ' e then
b e = v, for some valuev, or

b e = err, for some error err, or

be e, or

P e = E[(L pre post)> prg] and (L pre post)> prg $%#

Matteo Cimini. A Calculus for Multi-language Operational Semantics. VSTTE 2021.



Implementation aspects

OCaml BT ambdas

Parser Prolog
Type Checker Term

Compiler to LP

Lang-n-Play

Program

(.lop)

~ Languages are translated into HOLP

<

. typeOf nil (list T) ;

. typeOf (cons E1 E2) (list T) :- typeOf E1 T,

typeOf E2 (list T) ;

. typeOf (elementAt E1 E2) T :- typeOf E1 int,

typeOf E2 (list T) ;

. step (elementAt zero (cons V1 V2)) V1 :- value V1,
value V2 ;

. step (elementAt (succ V) (cons V1 V2)) (elementAt V V2)

. value nil :
. value (cons V1 V2) :- value V1, value V2 ;

. step (elementAt E1 E2) (elementAt E1O E2) :- step E1 E10 ;

step (elementAt V1 E2) (elementAt V1 E20) :- step E2 E20
- >

- value V1, value V2 ; |

Interpreter:

Lambda-Prolog
Program

Then, simply ask:

tep Prg PrgO) 7



Implicational Queries in HOLP

connected nyc seattle.
connected chicago atlanta.
connected atlanta denver.

- connected nyc chicago => connected nyc denver.

becomes

connected nyc seattle.
connected chicago atlanta.
connected atlanta denver.
connected nyc chicago.

.- connected nyc denver.



Implicational Queries in HOLP

step (elementAt zero (cons V1 V2)) V1 :- value V1.
step (elementAt (succ V) (cons V1 V2)) (elementAt V V2) :-
value V, value V1, value V2.

[step (iftrue E1E2) E1.|__ oo pres proy
“|step (if false E1E2) E2|~ 0 919

becomes

step (elementAt zero (cons V1 V2)) V1 :- value V1.

step (elementAt (succ V) (cons V1 V2)) (elementAt V V2) :-
value V, value V1, value V2.

step (if true E1 E2) E1.

step (if false E1 E2) E2.

- step Prg Prg’.

Matteo Cimini. On the Effectiveness of Higher-Order Logic Programming in
Language-Oriented Programming. FLOPS 2020.
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