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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 s¢p £ — (val, £)

eval, [APP(new-defs), scp;, E, (=, 5¢pp, 5cpu)] = (DEFS(SCPdefs, addr), s 3)
subject to alloc-scope[Z] = (scpaefs, 22), alloc-def-env[ 2] = (addr, Z3),
(Sr+{addr—E}, {scpdefs} U ScPp. 5cpu) = 23
eval,s[APP(def-bind, astaefs, astia), scpi, €, 2] = (0, (Zs, 5cPp3, 5CPu3))
subject to evalpplastdefs, scpi, &, S1= (DEFS(scpdefs, addr), ig),
evalppllastia, scpi, €, Sl= <ida,~g, i3>, S3= (2.3, SCPp3, ﬁu3>,
addphl[PrUnephl[ﬂipphl[idarg> sepill, scpusl, Scpdefs]] = iddefs,
alloc-name[ 23] = (nameney, 24), Zy+{idgefs— nameney} = =s,
Zs(addr) = Eefs,
Zs+{addr —Egefs+{nameneyy— VAR(idgefs) }} = Z6

eval,n[APP(def-bind, astaefs, astid, asts), scpi, €, 21 = (0, Zo)
subject to evalpnlastdefs, scpi, E, =1 = (DEFS(scpaefs, addr), 22),
evalpplastia, scpi, €, 221 = (idarg, £3),
evalpnlastse, scpi, €, 231 = (stxarg, 24), 24 = (4, 5CPp4, 5CPus)»
addpillflippnlstxarg, scpill, scpdefsl = stxarg2,
expandpp+1[stxarg2, Eprimirivess <24’ g, ®>]] = <5txexp, <259 ) 7>>,
evalpnlparsepns1lstxexy, =51, o, &, (Z5,5¢Pps, D)1 = (valexp. Zs),
S6=(%6, , ). Zs(addr) = Egefs,
addpplprunepplflipplidarg, scpill, Scpuall, Scpaefs] = iddefs,
alloc-name[Zs] = (nameney, Z7), Z7+{idefs— namepey} = =g,
<28+{addr - Edefs"’{namenew —Valexp}}, SCpp4, @u4> = i:9

evaly,[APP(lexpand, astexpr, AStsiops, AStdefs), SCDi, &, S1= <stxexp2, 25)
subject to evalpplastexpr, scpi, €, =1 = (stx, Z2),
evalpplastsops, scpi, €, Sl = (L1sT(idsiop, --.)s i3>,
evalpnlastdefs, scpis &, 231 = (DEFS(scpaefs, addr), 4),
Sy=(%4, , ). Z4addr) = Egefs,
{var HunStoPI[Edefs(Va” ) | var e dom(gdefs)} = Eunstops,
resolvepilidsiop, 241, ... = namegp, ...,
Eunstops"‘{namestop%STOP(Eunstops(namesrop))} .= Estops,
expandpiladdpilfiipprlstx, scpill, scpdefsl, Estops, 241 = (stxexp, Z5),
flipphlstxexp, scpill = Stxexp2
eval,n[APP(1value, astiq), scpi, &, 21 = (E(resolveppllidresuis» £21), 22)
subject to evalpnlastia, scpi, €, =1 = {idresuir, 22), £2 = (Z2, , )

eval,n[APP(Llexpand, astexpr, AStsiops) SCPi» &y 21 = (flipphlstxexp, scpil, E4)
subject to evalpnlastexpr, scpi, g, S1= (stx, iz>,
evalprlastsiops, scpi, &, 21 = (LIST(idstop, .-), 3),
{var—sunstop[E(var)] | var € dom(E)} = Eunsrops, 23 = (23, , ),
Eunstops+{resolvepplidsiop, Z31— STOP(E(resolvepplidsiop, 231))} ... = Estopss
expandpilflippalstx, scpil, Estops, 231 = (stxexp, Z4)
eval,s[APP(1binder, astig), scpi, €, 2] = (prunepillidresuir 5cpuzl, Z2)
subject to evalplastiq, scpi, &, S1= (id,ewlg iz>, S, = (,_,5cpu2)



evalpr[ APP(astfyn, astarg), SCp, &, 1 = evalpplastpeay[var<valaygl, s¢p, €, R
subject to evalpnlastyun, s¢p, E, £1 = (FUN(var, astpoqy), S2),
evalyplastarg, scp, €, Sl= (valarg, i3)
eval,,[APP(prim, astarg, ...), sCp, &, 1= (8(prim, valayq, ...), §2>
subject to eval*[ph, (), (astarg -..), 5¢p, E, 21 = ((valarg ...), £2)

evalylval, sép, €, 5] = (val, £)

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

parsepp[STX(LIST(idlambda» idarg> StXbody), €tx), 21
subject to resolvepplidiambda, 2] = 1ambda

FUN(VAR(resolveppllidarg, Z1), parsepnlstxpody, Z1)

parsepp[STX(LIST(idguore, 5tX), ctx), Z] = strip[stx]

subject to resolvepilidguore, 2] = quote

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

subject to resolvepilidsyniax, Z] = syntax

parsephESTX(LIST(Stxrators Sthrand, ---)s Ctx), 2] = APP(parsephﬂStxraror, R parsephEStxrand, 2L, ..)
parseppllid, 2] = VAR(resolvepullid, Z])

resolve : ph id 2 - name

resolve,,[STX('name, ctx), Z] = namepiggest
subject to X(name) = {SCPpind < namepind, ...},
biggest-subsetlctx(ph), {SCPbind; ---}1 = SCPbiggest,

{SCPbina<—namepind, ~~-}(ﬁbiggest) = namepiggest

resolveps[STX("name, ctx), Z] = name

biggest-subset : scp {scp, ...} - scp

biggest-subset[scpref, {SCPbind, ---}1 = SCPbiggest
subject to SCPpiggest S SCPrefs SCPbiggest € {SCPbind» -} »

SCPbind S SCPref = SCDbind S SCPbiggest



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

atom

List(strip[stx], ...)

expand : ph stx £ 2 (stx, 2)

expandp [ STX(LIST(idygp, stx, ...), ctx), &, by = (STX(LIST(idsmp, Stx,

subject to == (=, , ), E(resolvepnlidsiop, =1) = STOP( )

expandpr[STX(LIST(idjam, idarg, StXpody), ctx), &, (=, 5¢Pp, 5cpu)]

= (STX(LIST(idjam, idnew, StXpody2), CIx), (24, SCPp, SCPu))

subject to resolvepilidiam, =] = 1ambda, alloc-name[X] = (namenew, 1),
alloc-scope[ =71 = {scPnew, 22), addpilidarg, SCPnewl = idnew,
So+{idpeyw—s namenew} = 23, E+{nameneyy— VAR (idyew)} = Enew,

...),ctx),i)

expandps[addphlstxpody, SCPrewl, Enew, (23, {scPnew} U 5Pp, D) = (stxpody2, (Z4, _, )

expandpr[STX(LIST(idguore, 5t%), ctx), E, ] = (STX(LIST(idguote, Stx), ctx), Z)

subject to S = (=, , ), resolvepilidguore, £] = quote

expandps[ STX(LIST(idgynax, S1X), ctx), €, Y|
= <STX(LIST(idsynnu> Stxpruned), crx), 2>

subject to 2 = (2, 5¢pp, 5cpu), resolvepplidsyniax, 1 = syntax, prunepplstx, Scppl = stxpruned

expandpp[STX(LIST(idjs, id, $txrhs, StXpody), ctx), E, (£, 5¢Pp, 5cpu)] = (stxresuit, (X6, 5CPp, SCPu))

subject to resolvepllids, £] = let-syntax, alloc-name[[X] = (name,,ew, 21),
alloc-scope[ 2] = (scpnew, 22), addpillid, scpnewl = idnew,
2o+H{idpew—>namepey} = 23,
expandpp+1[stxrns, Eprimin’ves, <Z3’ a, ®>]] = <Stxexp7 <Z4, ) _>>>
evalpplparsepn+1lstxexp, 2], €, <Z4, SCpp» @>]] = <Valexp, <25, . _>>,
E"'{namenewﬂvalexp} =Enews addph[[Stxbod_v, SCPnewl = SIXbody2,
expandpilstxpody2, Enews <25, {scpnew} U scpp, ®>]] = <Stxresult, <26, s >>

expandppl stxmacapp. g, <2s SCPp, Wuﬂ] = (Stxresults S5>

subject to Stxmacapp = STX(LIST(idmac, Starg, -..), ctx), E(resolvepplidmac, Z1) = val,
alloc-scope[ 2] = (scpy, ), alloc-scope[ 2] = (scpi, =3),
<Z3, {scpu} U scpp, {scpu} U ﬁu) = i:3,
eval,,[APP(val, flipppladdpnlstxmacapp, scpul, scpil), sepi, €, 3= (stxexps Z),
expandpnlflipprlstxexy, scpill, €, 241 = (stxresuir, Zs)

expandp[ STX(LIST(stXy1or, StXrnd, -..), tX), E, (=, SCPp, scpu)l

= (STX(LIST(S!Xexpriors StXexprnds ---)s €1x), (1, 5¢Pp, SCPu)

subject to expand*prl (), (stXrior StXrnd -..), &, (Z, 5¢Pp, D) = ((stXexprior StXexprnd ---)> Z1)

expandplid, €, 51 = (idpew, Z)

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

prune,s[STX(atom, ctx), scpp] = STX(atom, ctx+{ph— ctx(ph) \ scpp})
prunep[STX(LIST(stx, ...), ctx), 5cppl = STX(LIST(SIXpruned; ---), ctx+{ph—>ctx(ph) \'scpp})
subject to pruneppllstx, Scppl, ... = StxXpruneds ---

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)})



