1 Syntax

Se v= X 1= ¢
ex=cel s € stat == skip c |X !
€, =+ € *31S
| x € Var ‘ ! | s1; 82 .1 ?
ler +es |- +a - Ix=e | if1 5152
| @1 (e2) , | while; (e >0) s
| Ax.s @ | if (e>0) s12 | whiles (e > 0)
whilea (e >0) s
| e1 (e2) | @2 | while (e >0) s | ret °
return, -
| alloc | :’ | return e |t !
. =1 e
|e.f | finy. |eq.f = e | fim
| fine ! | delete e.f o
| deleteq .f

2 Abstract Semantics

2.1 Expressions

RED-CONST(c)

(_ | emp>ne777<:) >CU (_ | emp7n€>a(c))

RED-VAR-LOCAL(X)

Et
(~ e BEx e BL ) ox U (= e o> Blxner Bl BLB) dom (EY)

RED-VAR-LOCAL(X)

(_|77'_)Euanvn)axu(_|77'_)Eu7n?Eu [X])

x € dom (E“)

RED-VAR-GLOBAL(Z)

(_|ne "’Eg*UCHEﬂmeﬂ?c),XU (_ ‘ Ne HE&*UC'—)EE»TIG,EE [X])

x € dom (EY) Ax ¢ dom (EY)

RED-VAR-UNDEF(x)

i i
(= ne = ELxne = B niene) ox b (= | ne = EF %10 0> B, errt) x ¢ dom (EY) Ax ¢ dom (ET)

RED-VAR-UNDEF(Z)

(_ | nHEuv,'%n))XU (_ | 77»—)E"7er'r‘u)

x ¢ dom (E“)



RED-ADD( €1, €2)

(=1 dsmesne) e 4 (M [¢,rF) (M [/, M (ne), '), +1e2} @
(_ | ¢a77ea77c)»€1 +€2U(I)

RED-ADD-1(e3)

(_|¢7776;77c)7€2 U (M|¢,’T”) (M | ¢,,M(U¥),T"),-+2~U@
(—|¢777c,(77e,v§)),-+1 es | ®

RED-ADD-2

(=l emp. v, (ne,v8)) - +2- U (= | emp, e, vf +F vf)

RED-LAMBDA(X, 5)

(— [ emp,me,ne) , Ax.s | (— | emp, ne, (e, Ax.s))
RED-APP(€1,€2)
(_ | ¢77767770) )€1 U (M | QS,,Tn) (M | ¢,5M(n0) 77""),@1 (62) U o
(_ | ¢7neanc) ,€1 + €2 U ¢

RED-APP-1(e3)

(= snesne) sea b (M| ¢'rh) (M| ¢, M (v}) ,x,5,77), @z ) @
(_ | ¢>7707 (776a (néa)‘xs))) @1 (62) U o

RED-APP-2(S)
n.. fresh
(moom | B [x <o ]xne B < gne,m) sy @ @,05 @'

(—’77'—’]5”*¢,77e,77c,X75,Un),@2U<I"

RED-APP-3-RET

(_ | emp, ret (Ue,vn)) a@S U (_ | emPﬂ?eW")

RED-APP-3-NO-RET

(_ | emp, 7767770) , Q3 U (_ | emp, 6’]“1”)



RED-NEW-OB]J

(_ | emp, 7767770) ) alloc U (_7. -1 | [~ {_: },77671)

RED-FIELD(e, f)

(_|¢7nevnc);eucb CD,.fU(I)I
(_|¢777e,77c),€-f1l<1>'

RED-FIELD-1(f)

(_ |Z'—> {f: “u}ﬂ?eﬂ?c) _fU(— |Z'_) {f: uu}’ne’u”Val")

RED-IN(f, €)
(— | by 1es11e) e | @ O, fing- | (I)/RED—IN—I-TRUE(T:) ” .
U 1
(_|¢ane7nc)afineuq)l (_‘l'_){f:un}vnevl)vfinl'u(_|l'_){f:un}vne,"') Vall
RED-IN-1-FALSE(f)
i
Eu
(— | I~ {f: u"},ne,l),finl- [l (— | I {f: u"},ne,o)
2.2 Statements
RED-SKIP
(_ | emp, ne»nc) ) Skip U (_ | emp, 7767776)
RED-SEQ($1,52) RED-SEQ-1($2)
(_|¢77767776)751U(I) (I)a';ls2u(1), (_|¢aneanc)a82u(b
(_|¢777e7770)751;52uq), (_|¢;ne777c)a'§152uq)



RED-ASN(x, €)
(—lémem) e § (M]¢'at) (M| M (n),a") x:=1 -4 @
(=1 ,me,me) s x=ell @

RED-ASN-1(X)
7. fresh
(_|77€ ’_>Eg*ncHEcuanw(nmU")))X::l 'U(_a.ﬁn(lg neHEg*ncHEﬁ*néHEg [X(_’Un]an;a’rk)

x ¢ dom (E?)

RED-ASN-1(x)
7 fresh
(_ ‘ 77'—>Eu»77, (U,Uu))ax =1 U (_;. — Ne ‘ 77'_)Eu * e = Eﬁ [x(—’[}n],nmn)

x ¢ dom (EV)

RED-ASN-1-LOCAL(X)
n.. fresh
(= [ = B x e > BLne, (ne,0%)) s x =1 - U (=0 = [ me = EL x> B x g o Bl [x < ot ] ne, ;)

x € dom (Eg)

RED-ASN-1-LOCAL(X)
7. fresh
(_|7)’—>Ena777(777vu))7><5:1 U(_7._)776|UHEN*776'_)EH [X(_vn]7n7’r]c)

x € dom (E“)

RED-IF (e, $1, 52)
(_ | ¢777€7n(!) )€ U (M | ¢,axn) (M | d),aM(nC) 7xu)7if1 5182 U ¢
(- | ¢7776777C)7if (6>0) s182 | @

RED-IF-1-POS(S1, S2) RED-IF-1-NEG(S1, S2)
(=1¢:1me,me) 51 | @ (=1 nesme) ;52 1 @

fnezl
(banc’(ne)’uu))?iflslSQUq) ° (_ (b’nCa(nevvu))aiflSlSQU(I)

vtn—g#1

RED-WHILE(e, S)
(_ | ¢v77677]c) ,GU (M ‘ ¢”xﬁ) (M ‘ ¢,»M("7c) 71"1) ) whiley (6 > 0) S U b
(= | ¢, mesme) , while (e >0) s | @

RED-WHILE-1-NEG(€, §)

(_ ¢7 TNes (n(iavu)) ) whilel (e > 0) s U (_ | ¢7 neanc)

RED-WHILE-1-POS(€, 5) RED-WHILE-2(e, §)
(_|¢77767776)78Uq) q)awhiZGQ (€>O)SU(I>, ’Uul_|+i_l_ (_|¢777e777@)7wml€ (e>O)SUCI)
(= &sme, (nes vt)) , whiley (e >0) s ) &' (=1 @ mesme) , whiles (e>0) s | @

vin—g#1




RED-RETURN(€)
(_ | ¢777e777c)76U P @,Teturnl-U(ID'
(— \ ¢»77e777¢) ,returne || P’

RED-RETURN-1

(— | emp, ne,v") ,returny- |} (— | emp, ret (7)6,11”))

RED-FIELD-ASN(e1, f, e2)
(_ | ¢77767770) ) €1 U (M | ¢,7Tﬂ) (M | ¢,7M(770) ar“) ,.fi=1 e U @
(_ | ¢777€7770)7€1-f =62 U d

RED-FIELD-ASN-1(f, €2)

(=1 ¢meme) e2 Y (M [¢,rh) (M| ¢ M(ne) M(D), "), .£:=- | @

(_ | O3 Mes (77871)) ,ofi=re | @
RED-FIELD-ASN-2(f)
(_ | I~ {f : uﬁ} 77707[7(776’1}")) y - Fi=a - U (_ | I~ {f : 'Uu} 77767770)

RED-DELETE (€, T)

(=lonesne) e Y (M| 'rt)  (M]¢', M (ne),1t), deleter .1 | @
(= ¢.ne,ne) , delete e.f | @

RED-DELETE-1(f)

(— |l»—> {f: uu},na(ne,l)),deletel AL (=1 {f:8},0c,7)

2.3 Aborting Rules

RED-ERROR-EXPR(¢€) RED-ERROR-STAT(S)
abort ® A —intercept, ® abort
(P7 € U o @7 S U P
zh=C [err"]
abort (M ’ ¢,xn) interceptq, (M | o, ret (ne,vu))
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