mod ::= MODULE(mname, dep ..., defn ...) s-exp ::=name | (s-exp ...)

M ::=mod ... name ::= a token such as x, clock, or lambda
mname ::= name
dep ::= mname@ph ast ::=val
deps ::=dep ... | REF(binding)
defn ::=(d @ph, kind, ast | var
de;ijzz = ée;zme ph, Kind, asty | APP(ast, ast, ...)
dname ::= name val ::= func
kind ::= VALUE | MACRO | QUOTE(name)
ph = integer | SYNTAX(s%x)
| UNBOUND

func ::= LAMBDA(var ..., ast)

binding ::= (ph, mname, dname) var ::= VAR(name)

bindings ::= binding ...
stx =id | (stx ...)

2 u=A{cell ..} id ::= STX(name, bindings)
cell ::=(binding, kind, val)
| (mname@ph) body ::= stx@ph

cmodule : s-exp M - M

cmodule[ (module mname mname;,; s-exp ...) , M]
= cbody[body ..., mname, mname;,; @0, e, M, ;]
subject to visit[mname;ui, 0, M, ] = Zini,

import[mnameni,, 0, M] = bindings,
wrap[s-exp, bindings] @0 ... = body ...

cbody : body ... mname dep ... defn ... M X - M

cbody[e, mname, deps, defns, M, 2] = M [mname <— MODULE(mname, deps, defns)]

cbody[ (idpeg Stx ...) @ph bodyyes: ..., mname, deps, defns, M, 2]
= cbody[stx@ph ... body,.s ..., mname, deps, defns, M, 2]

subject to resolve[idy.,, ph] = (ph, base, begin)

cbody[ (idys stx ...) @ph bodyyey ..., mname, deps, defns, M, 2]
= cbody[stx@ph+1 ... body,. ..., mname, deps, defns, M, 2]

subject to resolve[id,s, ph] = (ph,base,begin-for-syntax)

cbody[ (idu idew Stx) @ph body,ey ..., mname, deps, defn ..., M, X]
= cbody[bodyney ..., mname, deps, defn ... deftyen, M, Zy0]
subject to resolve[iday, ph] = (ph, base,define),

strip[id,ew] = dname, cexpr[stx, ph, €, 2] = ast,
(dname@ph, VALUE, ast) = deftiew,

(ph, mname, dname) = binding,.,
add[body,.s, binding,ew] ... = body,e ...,
maybe-eval[ph, ast, X = val,

3| binding,e, <— (VALUE, valy] = =,



cbody[ (iducsex idnew Stx) @ph bodyyes: ..., mname, deps, defn ..., M, 2]

= cbody[bodyne ..., mname, deps, defn ... deftyen, M, 2]

subject to resolve[idgsx, ph] = {ph, base, define-syntax),
strip[id,ew] = dname, cexpr[stx, ph+1, €, 2] = ast,
(dname@ph, MACRO, ast) = defiew,
(ph, mname, dname) = binding,.,

add[body,es, bindingey] ... = bodyuey ...,
eval[ast, 2] = val,

3| binding,en <— (MACRO, valy| = =,

cbody[ (iduacro StX ...) @ph body,ey ..., mname, deps, defns, M, 2]
= cbody[stxuen.@ph body,.y ..., mname, deps, defns, M, 2]
subject to resolve[idacro, phl = binding,
2(binding) = (MACRO, func),
eval[APP(func, SYNTAX( (idmacro StX ...))), 2] = SYNTAX(S%Xpen)

cbody[ (idyeq Stxin) @ph bodyes: ..., mname, dep ..., defns, M, X
= cbody[body,ey ..., mname, dep ... depye, defns, M, 2,1
subject to resolve[id,.,, ph] = (ph, base, require),

parse-req[stx.,, ph] = (mname,, ph),
visitfmnamei,, pha, M, 2] = ..,
import[mname;,, pha, M] = bindings,e.,
add[body,es, bindingsmey] ... = bodyney ..,
mname;,, @ph, = depye.

cbody[ (iduoa idsp idiir StX ...) @ph bodyyey ..., mname, deps, defns, M, 2]
= cbody[body,es: ..., mname, deps, defns, My, 2]
subject to resolve[id,uoqa, ph] = (ph, base, module),

striplidsus] = mnameg, striplidii] = mnamey,
cmodule[ (module mnameg, mname;, strip[stx] ...), M] = M.,

cbody[ (idwoa idsup idiic StX ...) @ph bodyyey ..., mname, deps, defns, M, 2]
= cmodule[ (module mnames, mname;y strip[stx] ...) , Myew]
subject to resolve[id,..qa, ph] = (ph, base, modulex*),

striplidsus] = mnameg, striplidii] = mnamey,
cbody[bodyes: ..., mname, deps, defns, M, 2] = M,

cbody[ (iduoa idss () Stx ...) @ph body,ey ..., mname, deps, defns, M, X]
= cbody[shift[stx, 0—ph] @O ..., mnamesu,, mname @0—ph, €, Me, Zinic]
subject to resolve[id,..qa, ph] = (ph, base, modulex*),

striplidas] = mnameg,,
cbody[bodyyes ..., mname, deps, defns, M, 2] = Me,

Visitl[mname, O_ph, Mnew, Q] = Z:inil

cexpr : stx ph env X — ast

cexprlid, ph, env,X] = var
subject to env-lookup[env, VAR(strip[id])] = var



cexprlid, ph, env, 2] = REF(binding)
subject to resolvel[id, ph] = binding

cexprl (idiumpaa (id ...) stx), ph, nameg,, ..., 2]
= LAMBDA(VAR(strip[id]) ..., cexpr[stx, ph, VAR(strip[id]) ... namen, ..., 27)

subject to resolve[idiumsia, ph] = (ph, base, lambda)

cexprl (idguore stx) , ph, env, 2] = QUOTE(strip[szx])
subject to resolve[idgoe, phl = (ph, base, quote)

cexprl (idgs stx) , ph, env, 2] = SYNTAX(stx)
subject to resolve[idyux, phl = (ph, base, syntax)

cexprl (idmacro Stx ...) , ph,env, 2] = cexprlstxuew, ph, env, 2]
subject to resolve[idyacro, phl = binding,
3(binding) = (MACRO, func),
eval[APP(func, SYNTAX( (idacro StX ...))), 2] = SYNTAX(SXew)

cexpr[ (stx ...), ph,env, 2] = APP(cexpr[stx, ph, env, 2], ...)

cexprlid, ph, env,>] = UNBOUND

eval : ast 2 - val
eval[val, 2] = val

eval[REF(binding), 2] = val
subject to X(binding) = (VALUE, val)

eval[APP(ast, astar, ...), 2] = eval[astb0¢‘.[var ..<—val ...],Z]

subject to eval[ast, 2] = LAMBDA(var ..., astpoqy),
eval[astye, 21 ...=val ...

maybe-eval : ph ast £ - val
maybe-eval[0, ast, 2] = UNBOUND

maybe-eval[ph, ast, 2] = evallast, X]

ast-shift : ast ph — ast
ast-shift[var, ph] = var
ast-shift[LAMBDA(var ..., ast), ph] = LAMBDA(var ..., ast-shift[ast, ph])

ast-shift[QUOTE(name), ph] = QUOTE(name)



ast-shift[APP(ast, ...), ph] = APP(ast-shift[ast, phl, ...)
ast-shift[REF((ph,.;, mname, dname)), ph] = REF((ph..+ph, mname, dname))
ast-shift[ SYNTAX(stx), ph] = SYNTAX(shift[stx, ph])

ast-shift[UNBOUND, ph] = UNBOUND

visit : mname ph M ¥ - ¥

visitfmname, pha, M, 2] = X
subject to X(mname@ph 4) = READY

visitfmname, pha, M, 2] = visit-body[defn ..., mname, pha, ey
subject to M(mname) = MODULE(mname, deps, defn ...),
) [mname @phy<— READY] = Zinits
visit*[deps, pha, M, Zii] = Zieps

visit* : deps ph M ¥ - X
visit*[e, pha, M, 2] = X

visit* [mname@ph dep ..., phs, M, 2] = visit*[dep ..., pha, M, 2,1
subject to visit[mname, phatph, M, 2] = 2.,

visit-body : defns name ph £ - ¥
visit-body[ e, mname, phs, 2] = X

visit-body[{dname @ph,.;, VALUE, ast) defn ..., mname, pha, 2]
= visit-body[defn ..., mname, ph,, 2]
subject to phat+phaes=0

visit-body[{dname @phy., kind, ast) defn ..., mname, pha, 2]
= visit-body[defn ..., mname, ph,, 2]
subject to pmax[[-1, phstphay] = -1

visit-body[{dname @phy.s, kind, ast) defn ..., mname, ph,, 2]
= visit-body[defn ..., mname, ph, Z,..]
subject to phat+phas = ph, eval[shift[ast, phal, 2] = val,

> [(ph, mname, dname) <— (kind, val}] =2

run : mname ph M 2 - X

run[mname, pha, M, 2] = X
subject to X(mname@ph,) = READY



run[mname, pha, M, 2] = run-body[defn ..., mname, pha, Zaeps]
subject to M(mname) = MODULE(mname, deps, defn ...),

3 mname@ph 4<—READY] = 5.,

run*[deps, pha, M, Ziil] = Zaeps

run* : deps ph M ¥ - X
run*le, pha, M, 2] = X

run*[mname@ph dep ..., pha, M, 2] = run*[dep ..., pha, M, 2,1
subject to run[mname, phatph, M, 2] = X,..,

run-body : defns name ph ¥ - X

run-body[ e, mname, phs, 2] = X

run-body[{(dname@ph,.s, VALUE, ast) defn ..., mname, ph,, 2]
= run-body[defn ..., mname, ph, >y
subject to phat+phas = 0, eval[shift[ast, phi], 2] = val,

) [(O, mname, dname) <— (VALUE, val}] =2 ew

run-body[defngi, defn ..., mname, ph, 2]
= run-body[defn ..., mname, ph, X]

wrap : s-exp bindings — stx
wrap[name, bindings] = STX(name, bindings)

wrapl (s-exp ...), bindings] = (wrap[s-exp, bindings] ...)

strip : stx - s-exp
strip[STX(name, bindings)] = name

strip[ (szx ...)] = (strip[szx] ...)

add-to-stx : stx bindings — stx

add-to-stx[STX(name, binding ...), binding,e ...]
= STX(name, binding ... binding,e. ...)

add-to-stx[ (stx ...), bindings] = (add-to-stx[stx, bindings] ...)

add : body bindings — body

add[stx@ph, bindings] = add-to-stx[stx, bindings]@ph



resolve : id ph - maybe-binding

resolve[STX(dname, binding,. ... binding binding,.s ...), ph]l = binding

subject to binding = (ph, mname, dname)

resolvelid, ph] = #f

shift : stx-or-ast ph - stx-or-ast

shift[STX(name, (ph, mname, dname) ...), phuil
= STX(name, (ph+phg.n, mname, dname) ...)

Shlft[ (stx ...) ,ph:hiﬁ] = ( Shift[SlX,phS/,,'ﬁ] ...)

shiftlast, phai] = ast-shift[ast, phgsl

parse-req : stx ph — (name, ph)

parse-req[idi., ph] = (strip[id.], ph)

parse-req[ (ids stxi,) , ph] = parse-req[stx,, ph+1]
subject to strip[id;] = for-syntax

parse-req[ (idy stxi) , ph] = parse-req[stxi,, ph—1]
subject to strip[id;] = for-template

import : mname phy M — bindings

import[mname, pha, M] = (phatphay, mname, dname) ...
subject to M(mname) = MODULE(mname, dep ..., defn ...),
defn ... = {(dname@phy, kind, ast) ...



