Data-types definitions: Use of Theory and
Context instantiations Plugins1

Peter Riviére‘L, Neeraj Kumar Singh*, Yamine Ait-Ameurt

T INPT-ENSEEIHT / IRIT Université de Toulouse, France

June 8, 2021

9th Rodin User and Developer Workshop

ABz2021 @

1This work is supported by ANR-EBRP project.

1/20



Outline

@ Introduction

® DataTypes transformation
© Direct Operators

@ Axiomatic Operators

@ Recursive Function

® Conclusion

2/20



Introduction
@00

@ Introduction

3/20



Introduction
(o] e}

Context and Objectives

Context
Context instantiation work is in porgress in EBRP ANR projectz.

Interest

® Access to Rodin Tools e.g. ProB model
checker/animator [LBO3] to be used for the development
of theory-based Event-B models.

® |mprove proof automation.

e Keep the syntactic constructs of the Theory-Plugln

Objectives

Providing a set of transformation rules of theories [BM10] into
Event-B contexts [Abr10].
thtps://www.irit.fr/EBRP
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Overview
Theory Context
THEORY Th CONTEXT Ctx
IMPORT Thi, ... SETS s
TYPE PARAMETERS E, F, ... CONSTANTS ¢
DATATYPES AXIOMS A
Typel(E, ...) THEOREMS Tty
constructors END
cstrl(py: Ty, ...)
OPERATORS

Opl <nature> (py: Tq, ...)
well-definedness WD(p1,...)
direct definition Dq

AXIOMATIC DEFINITIONS
TYPES Ag, ...
OPERATORS
AOp2 <nature> (p1: T1,..): Tr
well-definedness WD(pq,...)
AXIOMS Ay, ...
THEOREMS Ty, ..
PROOF RULES
REWRITE RULES
INFERENCE RULES
END

(a) (b)

Table: Global structure of Event-B Theories and Context
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DataTypes transformation
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Data Types

® Some properties are implicit in data type definitions

® Need of an explicit transformation rule

CONTEXT
THEORY Data.Type_-Schema
Data_-Type_-Schema
SETS
TYPE PARAMETERS T1, T2, Struct
T1,T2
CONSTANTS
DATATYPES consl, cons2, cons2Type, ell, el2
Struct
//base case 1 AXIOMS
consl axml: Partition(Struct,{cons1}, cons2Type)
//base case 2 axm2: cons2 € T1xT2>» cons2Type
cons2(ell:T1, el2:T2) axm3: ell econs2Type —» T1
axm4: el2 e cons2Type — T2
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e Direct Definition of an operator — lambda expression

e Predicate operators — BOOL type expression

THEORY
Direct_Expr_Schema

TYPE PARAMETERS
T1,T2

OPERATORS

opE <expression >
(argl:T1l,arg2:T2)
well-definedness WD1,WD2
direct definition
Exp(argl,arg2)

opP <predicate>
(argl:T1l,arg2:T2)
well-definedness WD1,WD2
direct definition
PExpr(argsl,arg2)

CONTEXT
Direct_Expr_Schema

SETS
T1, T2

CONSTANTS
opE, opP

AXIOMS

axmE: opE = (Xargsl args2:
argsle T1 Aargs2e T2A
WD1AWD2 |
Exp(argsl,args2)

axmP: opP = (Aargsl args2-
argsle T1Aargs2e T2A
WD1AWD2 |
bool (PExpr(args1,args2)))

Direct Operators
oe

Operators : Direct definitions

9/20



Axiomatic Operators
@00

@ Axiomatic Operators

10/ 20



Operators : Axiomatic definitions

e Axiom in a theory — Axiom in the context

e Typing axioms are added to support well-defined condition

THEORY CONT/-E\i(:w Schema
Axm_Schema -
TYPE PARAMETERS SETSTl ™
T1, T2 ,
AXIOMS OPERATORS CONSIANTS

op <expression> P

(argl:T1,arg2:T2)8 Res_type
well-definedness WD1,WD2 AXIOMS
axmDefOp : ope€

AXIOMS {argsl+> args2-argle T1Aarg2e T2AWD1 A WD2}

— Res_type

axml : Expl(op,...) axml : Expl(op,...)

axmn : Expn(op,...)

axmn : Expn(op,...)
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Axiomatic Operators
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Example: Sequence

THEORY CONTEXT
Seq-Theo Seq.CTX
TYPE PARAMETERS SETS
A A
OPERATORS CONSTANTS
seq <expression> (a: P(A)) ZeeqSize
direct definition q
{fn-neN Afe l.n—alf} AXIOMS
seqSize <expression> (s: Z ©A) axm?2:
well-definedness seq=(la-aeP(A)|{f,n-neNAfel.n—alf})
s eseq(A) axmd:
direct definition seqSize = (As s € Z - A As €seq(A) | card(s))
card(s) END
END
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Inductive Schema

® Rely on recursive functions schemas of J.R Abrial and D.
Cansell
® |nstantiation of the specific FrSB function schema

CONTEXT SchemaRecGen
SETS S_type, B_type
CONSTANTS wellfounded, fix, FrSB, S, B
AXIOMS
axm0: S CS_type
axm6: B C B_type
@axml: wellfounded ={r-reS o SA(¥p-pCSApCrlp]=p=0}
@axm2: fix € (P(SxB) - P(SxB))—P(SxB)
@axm3: Yh-heP(SxB—->P(SxB)A(Ya,b-aCbAbCSxB= h(a)Ch(b))
= fix(h) = h(fix(h))

axm4: FrSB ={r+> g fr|re wellfounded Ag € S x (S -+ B) + BA

(Vx,f-xe SAfeS+BAr~[{x}]] Cdom(f) = x> fedom(g))A

fr=fix(Ap-peS o B|{x,h-xeSAr~[{x}]ah CpA

r~ (] ah er~[x)] - B x> glx > r~[(x)] ah)))
leml1: FrSBe{r g|r € wellfoundedA
geS(S+»B)»BA(Yx,f-xeSAFeS-»BAr~|[{x}] Cdom(f)
= x> fedom(g))} — (S < B)

THEOREMS
thml: Vr,gfr-r>g—fre rISB=freS—B
thm2: Vr,gfr-r—>ge fre ISB= (Yx-x€ S = fr(x) = g(x > r~[{x}] <fr))
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ve Function

Induction type definition (Step 1)

CONTEXT Ind_-Data-Type-Schema

SETS IndTypeTYPE, T

CONSTANTS IndType, IndTypeSET, consl, cons2,
consinducl, consinduc2

AXIOMS

axml: IndTypeSET =

{indtype_El + cons1_El +> cons2_El +>
THEORY Ind_Data_Type_-Schema consinducl_El + consinduc2_El |
TYPE PARAMETERS T indtype_El C IndType TYPEA
DATATYPES cons1_El € indtype_EIA
IndType : cons2_El € T »> (indtype_El \
consl (ran(consinduc1_El)U
//base case 1 ran(consinduc2_El) U {cons1_El}))A
cons2 (el:T) consinducl_El € indtype_El > (indtype_El \
//base case 2 (ran(cons2_El) U ran(consinduc2_El)U
consinducl (el :IndType) {cons1_El}))A
// inductive case 1 consinduc2_El € T > (indtype-El \
consinduc2(ell : T, el2 (ran(consinduc1_El) U ran(cons2_El)U
IndType) {cons1_El}))A
// inductive case 2 (Vtr-consl_El € tr A cons2_EI[T] C trA

consinducl_El[tr] C trA
consinduc22[T X tr] C tr
=> indtype_El C tr)}

axm2: IndType +— consl > cons2
consinducl + consinduc? € IndTypeSET
END
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ve Function

Operator : Recursive definition (Step 2)

THEORY

TYPE PARAMETERS T1,T2

OPERATORS

op <expression> ( argl:Tl,arg2:T72)
well-definedness WD1,WD2...
recursive definition
case consl = Expl(---) //base case 1
case cons2 = Exp2(---) //base case 2

case consinducl = Explnd1(op,---) // inductive case 1
case consinduc2 = Explnd2(op,---) // inductive case 2
CONTEXT

INSTANCIATES SchemaRecGen Ind_-Data_Type_Schema

SETS T,T1,T2

CONSTANTS op

AXIOMS

axmn: op =FrSB({e > ind_el | e € IndType A ind_el € IndTypeA
(Jel-el € T Aind-el = consinducl(el — e) v (el -el € T Aind-el = consinduc2(el - e))}
{er>fiores|ecindType Af € {ind_el | ind_el € IndType A WD1 A WD2} — Res_Type

(Vel,ind-el-el € T Aind-el € IndTypeA
(e = consinducl(el — ind_el) V e = consinduc2(el > ind_el)) = ind_el € dom(f))A

(e =consl(...) > res = Expl(...)Ve =cons2(...) = res = Exp2(...))A
((Fel,ind-el-el € T Aind_el € IndType A e = consinducl(el > ind_el) = res = Explnd1(f, ...

)
(Jel,ind_el -el € T Aind-el € IndType A e = consinduc2(el + ind_el) = res = Explnd 2(f,...))
END

W\
D))
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Example

ve Function

THEORY
TYPE PARAMETERS T,S
DATA TYPES
List(T)
constructors
nil()
cons(head:T, tail:List(T))
OPERATORS
listSize <expression> (1l:
recursive definition
case |
listSize(nil ) =0
listSize(cons(h, q)) = 1 + listSize(q)
END

List(T))

CONTEXT List
SETS T List-type
CONSTANTS nil , fix,
wellfounded,
AXIOMS
@axml, @axm2,@axm3 // fixpoint |
// S:=List_type;; S_type:=List_type |thmI,
thm4, thmb5
axm2: List_struct ={l+ n> c|l C List_typeA
nelAceTxl»I\{n}A
| = fix(Atr - tr e P(List_type) | {n} U c[T x tr])}

List_struct,
FrSB, listsize ,

cons,
List

@axm4, @axm5, @axm6, @axm/ // SchemaRecGen |
// B:=IN;; S:=List_type;;S_type:=List_type;;
B_type:=Z| @axml, leml, thml, thm2

axm3: List +— nil +— cons € List_struct
axm4: listsize = FrSB({q — [ |

q € List_type Al € List_typeA

(Ah-h e TAl=cons(h q))}—

{l > f>n|leList_type A f € List_type - INA

(Yh,q-h € T AqE€List_type Al = cons(h + q)
= g € dom(f))A

(l=nil=n=0)A

(3h,q-h e TAqgelList_type Al
=>n=1+1f(q))})

cons(h  q)

END
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Conclusion

® A systematic transformation of Theories as Event-B
contexts

e Study automatisation and develop a tool

® Proof rules can be transformed as theorems, to be proved,
in Event-B Contexts

e Add destructor operators for inductive types
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