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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,,[APP(new-defs), scp;, &, (Z, SCDp, @l,)]] = (DEFS(scpMS, addr,.,), Z)
subject to alloc-scope[Z] = (scpucs, 22), alloc-def-env[Z,] = (addr o, Zs),
(So+{addr ., —E}, {Scpas} U SCP,, 5cp.) = =5

eval,,JAPP(de £-bind, ast.y, asty), scpi, €, 21 = (0, (s, 5CPp3, 5CPus))
subject to eval[asta, scpi, E, 21 = (DEFS(5CPaess, addr ), iz>,
evallasti, scpi, €, 251 = (idug, £5), E5 = (S5, 5pys, 5¢Pus)s
add,[prune il flipyilidar,, scpill, Scpusl, SCPaers] = iduesss
alloc-name[Z;] = (name e, Z4), Zt{idugs—> namene,y = s,
Zs(addr o) = Eaepsr Zs+{addr o —> Epopt{name,,,— VAR(iduys) } } = Zs

eval,,[APP(de £-bind, ast.y, asty, asty), scpi, £, 2] = (0, (o, 5CPps, 5CPus))
subject to eval[asta, scpi, E, 21 = (DEFS(5CPacss, addr ), §2>,
evallast, scpi, €, 251 = (idug, 25), evalulasty, scpi, €, 51 = (5tXug, 24),
iz = <24, ﬁ,ﬁ, ﬁm),
expandyi.i[add [ flipultxarg, SCPi1l, SCPaess s Eprimitives <24, g, ®>]] = <S Xexps (25, > 7>>s
eval,[parse,lstey, 251, @, &, (Zs, 5P, D) = (Valey, (Z6, . ),
Zs(addr o) = Eaeps» @ddul prune i [flippulidag, scpill, SCPull, SCPaess] = iduaesss
alloc-name[Zs] = (nameye, 27y, ZrH{idus—>name,o.} = Zs,
Sst{addr ..,— Eapt{name,o,—val.,} 3 = Zo

eval, [ APP(Lexpand, ast.y,, AStyops, ASticss), SCPi» E, 2] = (flippulstxey, scpil, 25>
subject to evaly[astop:, scpi, €, 2] = (stx, iz>,
eval[astuops, scpi, &, 221 = (LIST(id,ep, -..), 25),
evallastug, scp;, €, 251 = (DEFS(Scpags, addre,), i), £ = (S, _, ),
Z4(addrm\’) = Edﬂfﬁ {var%unStopl[Edef:(Var)]] I var € dom(%defs)} = Eun:lopx,
Eul!:l0p3+{reSOI\/ephlIid:lOp’ Z4]] HS’.[‘()P(%(Iefs(reSOIVeph"—.idsmp’ 24]]))} .= Esmp:,
expandphlladdphl]:ﬂipphI]:Stx’ SCPi]], Scpdeﬁt]], E.xmpx’ i4]] = <Stxe\7n i5>
eval, JAPP(lvalue, asty), scpi, &, 2] = (E(resolveilidyesr, Z21), )
subject to evallasti, scpi, &, E1 = (idreuns 22), 22 = (Z2, _, )
eval, [APP(Lexpand, aste,, dstup), SCPi, E, 2] = (flipplstxes, scpill, Z)
subject to eval[aste,:, scpi, &, 21 = (stx, 25),
eval[astyups, scpi, €, 221 = (LIST(idyop, -..), 25),
{var—sunstop[E(var)] | var € dom(E)} = Euniopss 25 = (=5, . ),
Emnmpx"'{resowephﬂidxmp, z3]] %STOP(E(reSOIVephIIidxmp, 23]]))} = E.rmpx’
expand,[flip,Lstx, scpill, Esopss 251 = (51, )
eval, [APP(lbinder, asty), scpi, €, 21 = (prune,lid,equ 5Cpi2ll, Z2)
subject to eval[ast, scpi, €, 2] = (idyesurs iz>, S, = (. . 5CPu)
eval, [ APP(FUN(var, astyay), AStay), SCP, S, 31 = evalylastyavar<val,,], scp, &, |
subject to eval,[astu,, scp, &, 2] = (valay, iz>
eval,,[APP(prim, asta,, ...), scp, €, 21 = (&(prim, val,, ...), iz>
subject to eval*[ph, (), (aStay -..), scp, €, 2] = (Valuy ...), iz>

eval,[val, sép, E, 2] 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

parsephIISTX(LIST(idlnmbda’ idargs Sbead)‘)s CI-X)s Z:I]
subject to resolve il idiumpa, 2] = Lambda

FUN(VAR(resolve,[ida, Z1), parsel stxpoay, 21)

parse,  [STX(LIST(id o, St), Ctx), 2] = strip[szx]
subject to resolve,[idgue, 2] = quote
parse [ STX(LIST(idyar, $1X), €1X), 2] = stx

subject to resolve,[idyua, 2] = syntax

parse [ STX(LIST(SX ators SWXrands ---), C1X), 2] APP(parse [ stXaor, 21, Parsepml stxaa, 21, -..)

parse,i[id, 2] = VAR(resolve,[id, Z])

resolve : ph id 2 — name

resolve, [STX( name, ctx), Z] = nameyigges
subject to Z(name) = {SCPpina<—namepin, ...},
biggest-subset[ctx(ph), {SCPpind, ---} 1 = SCDbiggest

{5CPrina—namening, ..} (SCPhiggest) = NAMEpigges:

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

biggest-subset : 5¢p {5¢p, ...} = 5¢p

biggest-subset[Scpi.s, {SCPuinas ---}1 = SCPbigges:
subject to SChuiggest S SCPyefs SCPbiggest € {SCPbinds -} »
SCDbind S SCPref = SCPbina S SCPbiggest

strip : stx - val

atom
List(strip[stx], ...)

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



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), scp,] = STX(LIST(StX)uneds ---), ctx+{ph— ctx(ph) \'scp,})

subject to prune,ilstx, scp,l, ... = 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)})



