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ast ::= var | APP(ast, ast, ...) | val
var ::= VAR(name)
val ::= FUN(var, ast) | atom | LIST(val, ...) | stx
stx ::= STX(atom, ctx) | STX(LIST(stx, ...), ctx)
id ::= STX(sym, ctx)
ctx ::= a mapping from ph to scp
scp = A{scp, ...}
atom = sym | prim| ....
sym ::='name
prim ::= stx-e |lmk-stx| ...
& ::= a mapping from name to transform
transform ::= lambda | let-syntax | quote | syntax | VAR(id) | val
2 ::= binding store, name — (scp — name)
name ::= a token such as x, egg, or lambda
scp ::= a token that represents a scope
ph ::= integer
scp i=scpl e

S 2= (2, 5¢p, 5ep)



eval : phast scpES - (val, i)

eval,n[APP(1value, astig), scpi, &, 21 = (E(resolvepnlidresuir, =21), £2)
subject to evalplastia, scpi, &, 21 = (idresuir, 22), £2 = (2, _, _)

eval,n[APP(Llexpand, ast, astsiops), SCpi» &, 21 = {flippnlstxexp, scpill, 24)
subject to evalp[ast, scp;, €, S1= (stx, iz>,

evalpalastsiops, scpi, €, 21 = (LIST(idstop, -..), 3),

{var—unstop[E(var)] | var € dom(€)} = Eunsrops. S3= (=3, , ),

resolvepillidsiop, 231, ... = namesp, ...,

Eunstops+{namesiop— STOP(Eunstops(namessop))} .. = Estops.

expandpilflippalstx, scpil, Estops, 231 = (stxexp, Z4)
eval,,[APP(1binder, asfiy), scp;, €, 31 = (pruneppllidresuir, Scpu2l, 22>
subject to evalpplastia, scpi, &, Si= (idresulz, 22>, = (_7 > @u2>
evalp [ APP(astfyn, astarg), sp, &, by | = evalpplastpeay[var < valar), scp, &, $31
subject to evalpnlastfun, sp, €, =1 = (FUN(var, astpody), =2),

evalpplastarg, sep, €, 21 = (valarg, £3)

eval,s[APP(prim, astars, ...), sp, &, 1 = (d(prim, valarg, ...), 22>
subject to eval*[ph, (), (astarg -..), scp, &, S1= ((valarg ...), 22>
evaly[val, sép, €, 31 = (val, i>

unstop : transform — transform

unstop[STOP(transform)] = transform

unstop[[transform] = transform
d(stx-e, STX(val, ctx)) = val
d(mk-stx, atom, STX(val, ctx)) = StX(atom, ctx)

d(mk-stx, LIST(stx, ...), STX(val, ctx)) = STX(LIST(stx, ...), ctx)

parse : ph stx Z - ast

parsepn[ STX(LIST(idjambda, idarg, StXbody), ctx), Z] = FUN(VAR(resolvepyllidarg, Z1), parsepnlstxpody, Z1)
subject to resolvepplidiambda, 2] = 1ambda

parsepp[ STX(LIST(idguote, 5tX), ctx), 2] = strip[stx]

subject to resolvepilidguore, 2] = quote

parse [ STX(LIST(idgyntax, Stx), ctx), Z] = stx

subject to resolvepilidsyniax, Z] = syntax

parsephESTX(LIST(Stxrators SXrand, -.-), Ctx), Z] = APP(parsepl1|[Stxraror, R parseph[ﬁxrand, 2L, ..)
parseppllid, 2] = VAR(resolvepullid, Z])



resolve : ph id 2 — name

resolve,,[STX('name, ctx), Z] = namepigges:
subject to X(name) = {SCPpind < namepind, ..}
biggest-subsetl[ctx(ph), {scppind, ---}1 = SCPpiggest

{5¢Pbina<namepind, ...} (SCPbiggest) = namepiggest

resolve,s[STX('name, ctx), Z] = name

biggest-subset : 5¢p {5¢p, ...} = 5¢p

biggest-subset[scpyef, {SCPbind, ---}1 = SCPbiggest
subject to SCPpiggest  SCPref> SCPbiggest € {SCPbind: ---»
SCPbind S SCPref = SCPbind S SCPbiggest

strip : stx - val

strip[STX(atom, ctx)]
strip[STX(LIST(stx, ...), ctx)] = LiSt(strip[szx], ...)

atom



expand : ph stx E S - (stx, 2)

expands[STX(LIST(id, stx, ...), ctx), E, £] = (STX(LIST(id, stx, ...), ctx), Z)
subject to == (=, , ), E(resolveplid, =1) = STOP( )

expandpp[STX(LIST(idiam, idarg, Stxpdy), ctx), E, (Z, 5¢Pp, 5cpu)]
= (STX(LIST(idjam, idnew, Stxpdy2), ctx), (24, 5CPp, SCPu))
subject to resolvepilidiam, 2] = 1ambda, alloc-name[Z] = (namepew, 1),
alloc-scopel 2] = (scpnew. Z2), addpnlidarg, SCPnewl = idnew,
So+{idnew—>namenew} = Z3, E+{nameneyy,— VAR (idyew) } = Enew,
(23, {scpnew} U scpp, ®> = 23,
expandpnladdpilstxpdy, Scpnewl, Enews ij’]] = <Slxbdy2, <24, s »

expandp[ STX(LIST(idguore, stx), ctx), &, =] = (STX(LIST(idguore, st%), ctx), =)
subject to = (=, , ), resolvepnlidguore, =] = quote

expandpp[STX(LIST(idsyniax, stx), ctx), €, 2]

= <STX(LIST(idsyntax’ Stxpruned)» ctx), i>

subject to S = (2, 5¢pp, 5cpu), resolvepplidsyniax, ] = syntax, prunepplsix, Scppl = stxpruned

expandyr[STX(LIST(id)s, id, stXyhs, StXpody), C1X), g, <2’ SCPp, ﬁu)]] = <5txresult, <26> SCPp, @u»
subject to resolvep,lidjs, ] = let-syntax, alloc-name[Z] = (namenew, 1),
alloc-scopel 2] = (scppew. 22), addpillid, scpnew] = idnew,
2o+{idpew—>namepey} = 23,
expandpp+1[stxrhs, Eprimitives, <237 g, ®>]] = <Stxexp’ <Z4, ) 7>>7
evalpnlparsep1[stiexp, 241, ¢, €, (24, 5¢pp, D)1 = (valexp, (Zs5, _,_)),
E+{namenpeyy—>valexp} = Enew, addprlstxpody, SCPnew] = Stxpody2,
expandphllsixpody2, Enew <25, {scpnew} U scpp, ®>]] = (Slxresult, <E6, 5 >>

expandprllstXmacapp, E, <2s SCPp, ﬁuﬂ] = <Stxresults i5>
subject to Stxmacapp = STX(LIST(idac, StXarg, --.), ctx), E(resolvepplidmac, 1) = val,
alloc-scope[ 2] = (scpu, Z2), alloc-scope[ ] = (scpi, =3),
<23» {scpu} v @p» {secpur v @u> = 237
flipprladdprlstXmacapp» scpul, scpill = stxmacapp2,
evalps[ APP(val, stximacapp2)s SCPis € 231 = (stxexp, 24),
expandpplflipphlstxexp, scpil, E, i4]] = <Stxresull7 i5>
expandpp[STX(LIST(s1X t0r, StXrnds -..), ctx), E, (Z, 5¢pp, 5cpu)]
= (STX(LIST(StXexpriors Stexprnds ---)s €1X), (1, 5¢Pp, SCPu)
subject to expand*prl (), (stXrior StXrnd -..), &, (Z, 5CPp, D) = ((stXexprior StXexprnd ---)> Z1)
expandplid, €, 21 = (idpew, 2)
subject to & = (=, , ), E(resolvepplid, =) = VAR(idnew)



expand” : ph (stx ...) (stx .) EE > ((stx ...), =)
expand*ph[(ﬂxdone =),0.8, (Z’ ) _>]] = <(5txdone s Z)

expand*prl(stXdone --.) (stxo stx; ...), &, (2, 5cpp, D)1
= expand*pull (stXdone .. SXdone0), (SIX] ...), g, <225 SCPp, ®>]]
subject to expandpilLstxo, &, (Z, 5cpp, D)1 = (stxdoneo, (Z2. . )

prune : ph stx scp — stx

prunepn[STX(atom, ctx), scppl = STX(atom, ctx+{ph— ctx(ph) \ scpp})

prunepp[STX(LIST(stx, ...), ctx), 5cppl = STX(LIST(StXpruned, ---), ctx+{ph—ctx(ph) \'scpp})
subject to pruneppllstx, Scppl, ... = Stxpruneds ---

add : ph stx scp - stx

add,s[STX(atom, ctx), scpl = StX(atom, ctx+{ph— {scp} U ctx(ph)})
addys[STX(LIST(stx, ...), ctx), scp] = STX(LIST(addpplstx, scpl, ...), ctx+{ph—{scp} U ctx(ph)})

flip : ph stx scp — stx

flippr[STX(atom, ctx), scpl = StX(atom, ctx+{ph—scp ® ctx(ph)})
flippr[STX(LIST(stx, ...), ctx), scp]l = STX(LIST(flippulstx, scpl, ...), ctx+{ph—scp @ ctx(ph)})



