OCamljign in Ott

Scott Owens

OCamljign: (ESOP '08) is a formal semantics for a substantial subset of the Objective Caml core language, suitable for

writing and verifying real programs.

OCamljight key points
o Written in Ott
o Faithful to Objective Caml (very nearly)

e Type soundness proof mechanized in HOL
(Coq and Isabelle/HOL definitions generated too)

e Operational semantics validated on test programs
e Small-step operational semantics (131 rules)

e Type system (179 rules, below)
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— variant data types (e.g., type t = I of int | C of char),
- record types (e.g., type t = {f
— parametric type constructors (e.g., type ’a t = C of ’a),
— type abbreviations (e.g., type ’a t =
— mutually recursive combinations of the above (excepting abbreviations),
— exceptions, and values;
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’a * int),

e expressions for type annotations, sequencing, and primitive values

(functions, lists, tuples, and records);

e with (record update), if, while, for, assert, try, and raise expressions;
e let-based polymorphism with an SML-style value restriction;

o mutually-recursive function definitions via let rec;

e pattern matching, with nested patterns, as patterns, and “or” (|)patterns;

e mutable references with ref, !, and :=;

o polymorphic equality (the Objective Caml = operator);

® 31-bit word semantics for ints (using an existing HOL library); and

o |[EEE-754 semantics for floats (using an existing HOL library).
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The OCamljjgse Operational Semantics (131 rules)

matches patfern| - Pattern matching

IM_matchP var

F v matehes -

————— IM_matchP_any
T matehes, JM-matchPany

o M.matchPconstant
o mtehes
o matehes pat
b vmatches il cnp atas
‘v matches paf as ¢ J

o matches pat
tehes IM_matchP typed

matches (pat < 1)

+ vmatches pats
b pmatehespoh -y or et
v matehes pi | pat;

v matehes pary

v matehes pay [ pats

IM_matchP or_right

vy matehes pat;
U matehes constr (pats ... pity )

- v, matehes pat,
Feamstr (or IM.matehP construct

ot MamatehP_construct.any

Feonstr (o
© v matches pat; © v, matehes pat,
F(or. oo v, ) matehes (paty ., pab, )

field namef = v = vl fuy = of fru = of PERMUTES fieldname, = v .. fild names, = v,

© o matches pat; atches pat,,

field namey .. field_name,, distinet

el iamcy, = o, J matches {field name] = pafs

IM_matchP._tuple

IM_matehP.record

F{ Aeldnamer = v Fellamel, = pab, T

vy matches pat;
1 matches pat; P
o matches paty cpaly T £

capr matches pattern > {substsr } | Pattern matching with substitution creation

T T Fra L

e b

IM_match.constant

Fconstant matches constant & { J

© vmatchespat & frn, . neu)

IM.match.alias
Py

Fumatches patass & [nen

& vmatchespat > fan e, . )
atchos (pal 1) > (o me ] OMmachped

+ vmatchespat & fn 0, o b
Frmatehos o [pt; & Tmen e Mmaichoreft

(v matches pat,)
+ vmatches paty & {mé v, T}
¥

- vmatchespul B Ant i e E g match.orsigh
Fomatchespa [pal; & (aeon s oot

v, matches pat, & f substs . }
pat,) & {ubstsn @ G substs 5, §

v matches paty & { substsni }
Feonstr (1

IM.match.construct

T matehes consir | paty
IM.match.construct.

Feomstr (o -, oo ) matches comsir— & { }
+ v, matehes pat, & {f substs . }

i) & [ substsn; @ @ substs,

© o matchespat, & { substsn )
(o . v, ) matehes (pafy

IM_match.tuple

Sield_name{, = v . field_namel, = v fus = v{ .. = vf PERMUTES field_name, = v . field namez, = v
F v matchespaty t- { subsisn} ... © v,matchespaty & { subsis oy}
Jield-name, . field_namey, distinct

(el namer = v s fild_namey, = vy, } matches { field-name] = patr; < IM_match.record

Feldname, = paty} & {substsn 0 G substa, §
b o matches pats & { substsn )}
+ vy matches paty & { substsz, )}

M_match.
o vy matehes pat - paty & substo_n, O substs ;|

[recfun (tetrec_bindings . pattern_matching) & cxpr]  Recursive function helper

pattern_matching and . and 5, = fu attern_matching,)

Jrecfun Jetrec

letrec_bindings = (n = functi
z ) > fak . letrec T ]

Fechun | 7

Function values

— unvaluy
+ funval ( (%prim unary_prim ) ) »
— _ Junaly
F Funval ((eprim binary_prin ) ) "

. Jfonval bp_app

FRunval ((Jeprim binary_prim ) 7).

Fanval ( Fanction pafiern matching) mv2-une

% capr’| Unary primitive evaluation

e R Jupimotne

Trotfaie — true UPimnotfake

——— Juprim_uminus
Freii 00

Juprim_ref_alloc

Juprim. deref

L

& expry binary_prim expr, — erpr|  Binary primitive evaluation

+ funval (v)

- e . I 1
0= v — (Yprimraise) (Tvalid argument (cqualerror String )]
vim_equal.const
omstant = constant — true 2"
constant # constant”
tant # consh Iy I_const fa

constant = constant’ — false

Jbprim-equal loc

FT=7 — ((%prim =) ((%prim ) 1)) ((%prim 1))

Flozn) = (=) — (((%prim =)o) of ) && (((%prim =) va) vf )

Jbprim_equal_cons.nil

Floem) = — flko
T T e b sl cons

length (v) . () > 2
W~ 7] — AND([(%prim =) ) 1] L& Gk ((7ops

oy I_tupl

Jva) )

P =

by ILconstr

Ja) i)

oot Cor o)) = Ceomstr (s 9 )) — AND ([ (prim =) ur) o] & G ( (%

constr # constr o

Feonstr (0 . o) = const’ (1] . 7,) — false

Jbprim_equal_const constr_false

Feanstr’ = constr (vr. . 5,) — false

by L constr_const fa

Feanstr (01, 0n) = constr’ — false

= = of's ol = w1}
Jir . jna PERMUTES ff . fi
T = wn} = o — AND(((oprim =) v ) (v ) &k - &G ( (Voprim =) 0, ) ()]

Joprim_equal_rec
Fifm=mn prim-q
— ibprimoplus
Foin iy — i g
——— Jbprimominus
— Jbprim.times
iy w iy — i E iy

Joprim.divo

F/0 — (Viprimraise) Divis

by sero
iy # 0
tha bprim div
by [y — iy [ iy
Jbprim assign

Fl=u S

© crpr with pattern_maiching — pattern_maiching']  Pattern matching step

(v matches pat)

length (e1) . (¢) > 1 JRmatching.next

Fowithpat = <Tpat > e it e patr > e T e
th patiern_maiching — erpr’|  Pattern matching finished
- vmatches pat & f2i 01, o r ot}
JRmatching found
7 oL = elpah = e Tpab = & — Lot 2 &

(v matches pat)
Fuwithpat = ¢ — (Vprimraise) Match failure

IRmatchingfail

I store % store’|  Store transition

e Rsoreempty
() o v
D2 Y pgoretookp
[RRE

st'(1) unallocated JRetoressign

st 1 remv_tyvar o, st

sty Lo epr, st

) P
[ PE——

store (location)_&_capr]  Store lookup

st(l) > ¢
AT
o Ssteokuprec

TS Sleokuptound

.
+ unaryprimo L ¢

- — Reepraprin
+ (prim unary-prim) v 2>

+ oy binaryprim v, 2 ¢
LT —  JReexprbprim
= ((Viprim binary_prim ) v, ) vs 25 ¢

e Rewnypedax

Fab g
2% Ry
Fan B ag

e Rl
Fo((Vprimraise) v) — (Viprimraise) o r-3PplY-
batg
828 e apply.cocin
Fom S
e Ry
primraise) v) v — (Viprimraise) v pr-apply.
: - IR xp 20
FU _matching vy ) — " prapely
Fat g
SR aspr et ct

Fletpat = coine -+ let pat — cjin e

R _expr et raise.

F et pal = (Viprimraise) vine — (Viprimraiso) v
Lt}

© vmatchespat & fzeu

Fletpat = vine — fmen IR oqrlet subst

(v matches pat)

et et = vine — (Viprim rafse) Match faflure P51

pattern_matching,)

letre_bindings = (z, = fo ~ function
etrecbindings , pattern-matchings) ©_es

recfun (letrec_bindings , pattern-matching,) e

fon pattern_matching,

JR_exprletrec

et rec etrec_bindingsin e — (16 01 tn e tn f e

IR expr sequence.ctx left
Feie

R

F{(Viprimraise] v) Cprimraise) v

———— JReprsequence

IR expr ifthenelse.ct

Fiferthen ezalso s b It themezelsees

IR exprifrase

F i (primraise) v then o, else ¢; — (Viprimraise) v

[ e ——— UL

R_exprifthenelse.fal

Fiffalsethen o, elso o, — o

Feb e
sch.ct

+ match e with pattern_matching > match ¢’ with pattern_matching.

IR _expr_match.aise

match [ Viprimraise ) o with pattern_malching — (Vprm raise)

v with pattern_matehing —> pattern_matching
5 - JR_expr_match.step.

= matching — natching

- vwith pattern_matching — e N -

Fmateh v with paticrn_matching — ¢

Fakte = Fathmaemeibe “FoP-=nd

e Reesorar

“rlle — it e, then true!

IR _expr while

While ¢ do ¢z done — if ¢; then ez while ¢; do ¢, doy

IR_expr_for ctxt

F forr = ¢ [down]to ¢, do c; done - forz = f [down]to c; do ¢ done

IR expr-for raisel

Ffors = (Vprimraise) v [down]to c; do ¢ done — (Viprimraise) ¢
[
SR_expr for ct

F forz = v [downlto e, do e;done — forz = v [downto ¢} do cs done

JR_expr_for_raise2

FTors = v[downio (primraise] v do o, done — (Wpramraise] v

b fors = iy tonzdocdone — (lets = iyine); fors = iy 4 1tonsdoedone

i S ita JResorfor to.d

Fors = 7 torzdocdone — ()

iy £ iy

~ forz = i downtosi; doedone — (lets = iiyine): forz = ity - 1 downto sy do e done

Sin

FTors = T downton;doc done 5 [ *1-exPr-fordownto.done

ey cwith pattern-matcing > try ¢ with pattern_matching

Ftry v with patfern smatching — v

IR _expr-try-catch

P ry (prim raise) v With pal_crp | | pal_crp, — matel o with paterpy | | pal ey, |- > ((primraise] 1)

Fely o
IR expr.tuple.c
ke et ,
S —— JReortupleraise
P e ((iprimrase) o], v, on 5 (primraise)s %oxPr3uP
Fety e
. IR expr.const.ctx
et (e e e ) o comstr (o1 e o)
comair (er - e ((Wprimraise) v, o1, 0n] — (Wprimraie)y O -o0=eomstrise

L Reprcons.cta
Faie B e

TR ((primrane)v) — (primraie)y O -oPreons el

JR_expr_cons ctx2

IR expr_cons.raise2

O

Tprimraise) )7 v — (Vprimraise) o

b emr s enpr
z - JR_expr_record ctx

¥ I — Y Y S, g
U =e Ml = € field-name' = expr's fof = v s fuly = v, }
Tl = s o = e = (primraise) v o] = o7 o = 5.} 5 (primraie)y <
bede
_ R dwith coct
F (oWt fuy = 011 ot fi = e fieldname = e fof = v L=t
(owithfin = o1t fim = e ficd-name = €5 ], = 1y i ft, = 1}

. — . e IR record with raisel
FLvWIth i, = 617 i fitm = e Ju = (Viprimraise) v; fn = nii ., = 0a)] — (Aprimraise) v o a

[
3 IR, d with.ct
F {ewith fieli-namer = e1; . field-name,, = 6, } o { ' with fied-name; = ey feld_nanme,
R drae co
F{(Veprim raise ) o with fid_name = ev; - feldwame, = 6 — (Viprimraine) v
length (i) .. (af) 2 1
fieldname ¢ fin . frn ® "
F U = 05 Jooe = b feldname = 03 [ = : — Jty = v, ) with feld_name = o' o = s o]
(i = 15t fi = o feld_name o = 13 i o, = 1, hwith fu = of
fieldname ¢ fin . frn " it
{0 = [y = i, = Y With feld_ame = ') —
o = bt eldname = v/ o = 0 o = v}
Fe b o
" .
+ e field_name 5 e field_name
P primratee ) v) e — (primraia)y P econdaccessrase
field-name & i . fin
IR expr record access
Flim=n frin = v field_name = v: fug = vj Tty = U 1 field_name — v o
Fely o
— LY Regraserax
Fasserte L5 asserte!
— I ,.
assort ((Foprimraise) v) — (Wprimraise]v
e Rewaserne
T assertfalse — (Wprimraise] Amert fallure J-oPssertfalse
- {definitions, program) > (definitions', program') | Definition sequence evaluation
Fety e
- Jdefn.letctx
- (ds_value,let pat = e3; defnitions) > (ds-value, let pat = ¢! defnitions)
Tl Tt par = (primratse) vy defiions) — (-, (Fprimraise) ] c-etrae
b vmatchespat & {560, o5t ) .
T walue Yot pat = 07 defafions) — {dvalue, |y — Fommy Tyvar o, ., Femy tyvar o, defnitions
(v matehes par) Lt .
s -value 1ot paf = v defimions) —> (ds_value. (Tprin rafse) Mateh failure) 20e7-etnotmate
letrec_bindings = (1 = and s, = funct . )
vectun (letre_bindings . pttern_matchingy) © e1 .. vecfun! letrc-bindings , pattern-matchings) b e
s value. Tot vec Tetrec_bindings ; defniians) — (do-value, | 71— Femv EYVar e1 . 3 -~ remv_tyvar ey J defintions] 0e"-¥41%¢
sl ypedefmtion' defiitions] — Tdo-vaiue - ype-defmtion, defitiors] 2#-¥P°
Jdefn_exn

F Tdsvalue, cxception defimition - defintians) —s (ds_value ;- czception e finifion, definitions)

[ Cdefinitions, program, store) — {definitions”. program’ store’)]  Top-level reduction

+ store 55 store!
- (definitions_value. program) 5 {definitions, program')
=

iy JRiop-defs




