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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 1= a mapping from ph to scp
scp = A{scp, ...}
atom ::=sym | prim| ....
sym ::='name
prim = stx-e Ilmk-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 = (X, 5¢p, 5¢p)



eval : ph ast s¢p 2 ~ (val, £)

eval, JAPP(lvalue, asty), scpi, &, 2] = (E(resolve ulidesur, Z21), iz)
subject to evallasti, scpi, &, E1 = (idreuns 22), 22 = (Z2, _, )

eval,,JAPP(Lexpand, ast.y,, AStuyps), SCPi, £, 2] = (flipphllstxexp, sepill, ix>
subject to evaly[asteg, scpi, €, 2] = (stx, iz>,
eval,,[astyops, Scpi, €, 2] = (LIST(idiop, --.)s Z),
{var—unstop[E(var)] | var € dom(E)} = Eopss o5 = (=, L),
Eunsiopst{resolve,;[ids.,,, Z5]— STOP(E(resolve il idsop, Zs1))} .. = Egops»
expand,[flip,lstx, scpil, Esopss 251 = (t%erps Z)

eval, [APP(lbinder, asty), scpi, €, 21 = (prune,ilidyesur, ¢pi2l, Sz)
subject to eval[asta, scpi, €, 2] = (idyesuars §z>, S, = (. . 5CPu)

eval, [ APP(FUN(var, astyay), Asta), SCP, S, S1 = evalylastya[var < val,,], scp, &, |
subject to eval,[astu,, scp, &, 2] = (valay, iz>

eval, [APP(prim, asta,, ...), scp, €, 21 = (d(prim, vala,, ...), ig)
subject to eval*[ph, (), (aStuy -..), scp, €, 2] = (Valuy ...), iz>
eval,[val, sép, &, 2] = (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

parse [ STX(LIST(idiumbdas idargs StXpoay) s €1x), 2] = FUN(VAR(resolve,i[id,.,, Z1), parsepul stxpoay, 21)

subject to resolve il idiumba, 21 = Lambda

parse [ STX(LIST(id o, StX), ctx), 2] = strip[stx]
subject to resolve,y[idguoe, =] = quote
parse, [STX(LIST(idyuar, $1X), ctx), Z] = six

subject to resolve i[idsymax, 2] = syntax

parse [ STX(LIST(StX a0rs $Xrands ---), €1X), 2]

1l

APP(parsephIIStxrmvr’ Z]]a parsephIISIXrUH(h Z:I]’ )

parse,ilid, Z] = VAR(resolve,[id, Z])



resolve : ph id 2 — name

resolve, [STX( name, ctx), Z] = nameyigees
subject to X(name) = {SCPpina<—NAMEping, ...},
biggest-subset[ctx(ph), {SCPpind, ---} 1 = SCPbiggest»

{5CPbina<—namesin, ...} (SCPbiggesr) = NAMEpiggest

resolve, [STX('name, ctx), 2] = name

biggest-subset : 5¢p {5¢p, ...} = 5¢p

biggest-subset[Scp,es, {SCPhinds ---Y] = SCPhiggest
subject t0 SCPhiggest S SCPrefs SCPbiggest € {SCPbinds -} »
SCPpind S SCPrep = SCDpina S SCPpiggest

strip : stx - val

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

atom



expand : ph stx € E - (stx, 2)

expand, [STX(LIST(idyyp, SIX, ...), ¢1x), &, 31 = (STX(LIST(id,p, StX,

subject to = (=, , ), E(resolve,lid,,, =1) = STOP( )

expand,[STX(LIST(idiun, idurg, S04y, C1x), E, (Z, 5Py, 5¢Pu)]

= (STX(LIST(idun, idew, $TXp0as2), CI1X), (4, SCPp, SCPu))

subject to resolve[idi, ] = 1ambda, alloc-name[Z] = (name, e, Z1),
alloc-scopel 2] = (scPuew, 22), addplidurgs SCPuen] = iden,
SoH{id e —naMe 0,y = X3, E+{name,o,— VAR(id,en) } = Enens

), ex), 2)

expand,[add,[stXsody, SCPuew]ls Enews (Zs, {CPuen} U 56y, D)1 = (stp0ay2, (Za, _, _))

expand, [STX(LIST(id e, 5tX), ctx), €, 2] = (STX(LIST(id e, SEX), Ctx), Z)

subject to = (=, , ), resolve,lidune, =] = quote

expand,, [STX(LIST(idya, $2X), ctx), E, 1
= (STX(LIST(id\yiars S%prunca) €1X), 2)

subject to S= (2, SCPps scp,,), resolve i lidsyuas 2] = syntax, prune,[stx, scp,] = StXpunea

expand [STX(LIST(idy,, id, $tXs, $Xpoay), €1, &, (Z, 5Py, ScPu)] = (SXresutrs (Zs, 5CPp, SCPu))

subject to resolve,[id;, 2] = let-syntax, alloc-name[X] = (name,,ew, 2,),
alloc-scope[ 2] = (SCPuew, 22), addyllid, SCPuen] = iden,
oH{iduen—>name, .,y = 23,
expandys [S2xns, Sprimirives <23, d, @>]] = (Slxe.\-p, (Zzt, - _>>,
eval,[parsealstxey, 241, ©, €, (£, 5¢p,, D)1 = (valey, (Zs, ., ),
E+{name,p,—val,,} = Eens AL X0ty > SCPnew]l = StXpody2,
expand,ilstXson2, Enews (5, {5CPuew} U SCPps DY = {8%resuirs (Zs,_, )

expand,i[stXmacapp» E, (Z, SCPy, 5¢Pu)] = (SBesu 25)
subject to $tXmacapp = STX(LIST(id ac, Starg, --.), C1X), E(resolve L id e, 21) = val,
alloc-scope[ 2] = (scp., %), alloc-scope[ 2] = (scp:, =),
(Zs, {scp.} USCP,, {scp.} USEp,) = £,

eval, [APP(val, flip,u[addil stmacapps SCP.L, scpi1), scpis €, 51 = (stxenp, ),

expand,[fip,[stxe, scpil, € i1 = (Stvewutrs Zs)
expand, [STX(LIST(SXior, $Xpna, -..), €1x), E, (Z, 5¢Py, 5¢Pu)]
= (STX(LIST(S Xeprtors SEexpruds ---)» C1X), (21, 5CPp, SCPu))
subject to expand*,i[(), (stXor SXpnd -..), &, (2, 5¢P,p, D)1 = ((SXexprior STXexprnd ---)5 Z1)
expandphllid’ Ea i]] = <idnew’ i)
subject to & = (=, ), E(resolve,lid, Z]) = VAR(id i)

s

expand* : ph (stx ...) (stx ..) E S > ((stx ...), =)
expand [ (s&one ), 0, &, (2, ) = {(%Xuone --.), Z)

expand* (st --.), (510 stx; ...), &, (2, 5¢p,, D)]
= expand* [ (s8Xuone -+ SWxaone0)s (s2X; ...), &, <ZZ’ SCPp» @>]]
subject to expand,[stxo, &, (2, 5¢p,, D)1 = (stXuoneos (2, _, )



prune : ph stx scp - stx

prune, [STX(atom, ctx), scp,] = STX(atom, ctx+{ph— ctx(ph) \ scp,})

prune,[STX(LIST(stx, ...), ctx), 5cp,] = STX(LIST(SXpuneds ---), ctx+{ph— ctx(ph) \ 5cp,})

subject to prune,ilstx, scppl, ... = SXpruneds ---

add : ph stx scp - stx

add,[STX(atom, ctx), scp] = StX(atom, ctx+{ph—{scp} U ctx(ph)})
add, [ STX(LIST(stx, ...), ctx), scp]l = STX(LIST(add4[stx, scpl, ...), ctx+{ph— {scp} U ctx(ph)})

flip : ph stx scp — stx

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



