(skip|o)—o0 (sx1P)

SET
<a)‘:=a|0'>—»o'[x,_>[[a]]?exp]( )
(alo)—o lald)—o"
SE
<Cl; CQ|0'>—»O'// Q
<Cl‘0'>—»o'/
tF si [p]Bexp — T
(if b then ¢ elseCQ|J>_»0/( T) []B
<62‘0'>—»O'/
I si [p]Bexp — |
(if b then ¢ else 02|J>_»0/( 1) [b]E
clo)—d while b do ¢ | o’ ) —» 0"
S ( while b< docl|o) ‘// i (WHILET) si [b]BexP = T
Wil g )—>»0
WHILE | s Tp]Bexp — |
o

(while bdo c|o ) — o0

Figure 1: Regles de ’évaluation des commandes.

(z]o)—(o@)]|0)

(ar|o)—(dy]o") (ar|o)—(ay]o")
(a1 +az|o)—(ay +az]o") (a1 *x ag | o) — (ay * az| ")
(alo)—(d]|d") (alo)—(d]|d")
(n+alo)—(n+adlo") (n*xalo)—(nx*xdl|d)
(m+nlo)—(m+tnl|o) (m*xnlo)—(mxnlo)

Figure 2: Regles de réduction des expressions arithmétiques.



(a1 o) —(ay|d")
(a1 <ag|o)—(a; <ax|ad)

(alo)—(d]d") (blo)—(V]|d")
(n<al|lo)—{(n<dld) (not b| o) — (not b |o")

sim<n
(not false|o ) — (true|o)

<nlo)— (true|o)

S

sim>=n
- (not true | o) — (false| o)

(m<n|o)— (false|o)

Figure 3: Regles de réduction des expressions booléennes.

(alo)—(d]d")
(v =alo)—(eo=dla) "
(2 = n|o) — (skip|ofz = n]) o5
(alo) = (d1d) o
(c15 calo)y— (s ea|d) ¢ (skip; c|o)—(c|o) 0
(blo)— (b ]|o") (
¥
(if b then c; else ¢y | o) — (if b’ then c¢; else c3 |0’ ) )
(if true then ¢; else CQ|O’>—><01|O'>(IFT)
(if false then c; else 62|0>—><02\J>(IFL)
(WHILE)

(while b do ¢| o ) — ( if b then (c¢; while b do ¢) else skip | o)

Figure 4: Regles de réduction des commandes.



I'Fn:int (i)
(x:A)el

F'kxz:A (VAR)

I'z:AFt: B
I'rfunz — t: A= B

(FUN)

(FST)
I'Hfst:AxB=A

't A I'u:B
' (t,u) :Ax B

(PAIR)

———— (BooL)
T'Fb:bool

(ADD)
I'+add: int X int = int

I't: A= B I'Fu:A
I'Ftu:B

(apPP)

(sND)
I'Fsnd: Ax B=B

Figure 5: Regles de typage.

(INT)

|

——  (ADD)
add —» add

(fun © — t) — (fun = — t) (FuN)

t—>t u—

(t,u) —» (' ,u)

(PAIR)

——  (FST)
fst —» fst

——  (sND)
snd —» snd

t — add

tu—>m-+n

u— (m,n)

!’

t —» (fun x — t') U —>»u

(sum)

tr—u] — v

tu—» v

t —» fst u —» (v1,v3)

tu — vy

t —» snd u —» (v1,09)

tu —» vy

Figure 6: Evaluation en mini-ML.

(Fs

(sN

(appP)



Pour v, v1 et vy des valeurs :

t—t u—u
—_— (APPL) —_— (APPR)
tv—1Tv tu—tu
(aPP) (ADD)
(fun & — t) v — t[z — 9] add (m,n) — m+n
t—t' u— u’
(PAIRL) (PAIRR)

(t,’U) — (tlsv) (tsu) — (tsu/)

(FsT) (sND)
fst (v1,v2) — 1 snd (vq,v2) — Vs

Figure 7: Réduction en mini-ML.

Typage:
(FIX)
F'Ffix: (A= A)=A
Evaluation:
t—sfun z - t'  t[zwfix(fun z — t)] — v
fixt — v
Réduction:
t—t
fixt — fixt’ fix (fun z — ¢) — tlz — fix (fun = — )]

Figure 8: Point fixe en mini-ML.



