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1 Notice

The following sections contain detailed definitions of languages and models as well as statements of key
theorems. Given the amount of symbols, it is possible that there are typos or other mistakes here. If in
doubt, please consult the Coq code. Many parts are annotated with the identifiers and file names of the
corresponding Coq definitions.

2 Differences From the Paper

The paper omits many definitions that are shown here (e.g., module similarity itself). The paper also shows
several definitions in a simplified form, which are shown in its full form here. In particular:

e A local world can depend on the global world (see WorldL).

e A local world can give a relational interpretation to type names (see MN). Like in PBs, this is used for
reasoning about parametric polymorphism.

Worlds feature the distinction between public and private state transitions. This also affects the
definition of E.

E includes the validity assumption (see U).

E contains machinery to enable the reasoning principles discussed in Section 6 in the paper. The main
pieces are:

— E carries around a flag (o) indicating whether configure cares about the world being currently
satisfied.

— E is indexed by an order and an element i of that order to allow stuttering.

3 Abstract Language and Concrete Instances

(In )
teEvtu=¢| ™ |In Fi,F,... € Lbl

3.1 Language Specification
(Lang_Spec in )



Domains: Val, Cont, Conf, Mach, Mod, Anch

Operators and relations:
. vload € Mod — Anch — (Lbl x Val)* — Lbl — P(Val)
. cload € Mod — Anch — (Lbl x Val)* — P(Conf?)
. € Conf — Conf — Conf
. 0 € Conf
.« = € P(Evt x Mach x Mach)
. real € Conf — P(Mach)
. extra € P(Conf)
. core € P(Conf)

. halted := {m € Mach | t,m’. m <4 m'}
. error = {m € Mach | Vc. m ¢ real(c)}

Properties:

. Conf forms commutative monoid with - and ().

« Vt,m,m'. m Som! Am! ¢ error = m ¢ error

o Vt,m,m'. m ¢ error Am < m! Am' € error =—> t = ¢

o 0 € extra

. Ve,d € extra. ¢- ¢ € extra

o Ve. Im. Ve € extra. Ym' € real(c- ¢’). m € real(c)

o Vei,ca,c),ch,m. ¢y € core A ¢y € core A'm € real(cy - ¢)) Nreal(cg - ch) = ¢1 =ca N =d)
e VYm,e,m'. m' €m-cAc€extraAm’ € halted = m € halted



3.2 Source Language

(Semantics in

, language specification in , types in )

T = vi]a|unit|nat| T o> | X7 | 1+ T2 | po.T |

Vo7 | Jo. 7 | ref 1

e == x| {)|n|input|outpute | fix f(x).e|es ea| (e1,e2) |
el ]ez2|inle|inre| casee(x.e1) (z.ez2) | roll e | unroll e |
Flejoey|ifnzetheneyelsees | Ae| e]] | packe |

unpackejasxziney |l |refe|le| e :=ea| e == e
v = ()| n|fixf(z).e| (vi,v2) | inlv|inrv |rollv | Ae | packv |1
Val = {v| FV(v) =0}
Mod> M := [Fi=vy,...,F,=uv,]
Anch = 1
Cont>K := e|Kel|vK]| ...
Env := Lbl — Val
Heap := (Loc — Val)
Mach := Heap x Env x Exp
Conf := Heap x Env, g x Exp g

where X g =X U {0, L}
= (0,0,0) (h,o,e)- (W,o',e):=(h-hW, o0 e-€)
cload(M)()() := {(c,0) | 30" ¢ = (0, (0, M, 0”),0)}
vioad(M)()()(F) := {v | (F,v) € M}
real(c) := {m | m = ¢ Am.dhp # L Am.hp finite}
core := {(0,0,¢)}
extra := {(h,0,0)}
halted := {(_,v) | v € Val}
(h,o, K[F]) < (h,o0, K[v]) (if o(F) = v)
(h, o, K[lnput])<|—n>(h o, K[n])
(h, o, K[output n]) < (h, o, K[()])
)= ( le]
]) (

~

(h,o,K[v v h,o, K[e[v'/z][v/f]]) (if v = fix f(z). )

R
N
(h, o, K|ref v]) = (h-{l—v}, o, K[l]) (if h-{l—v} # 1)

(h, o, e) (J_, o,e) (if e # v and no other rule applicable)

[Tre:7| [TFEM:T'|  [MyM, Behav (M)




3.3 Intermediate Language

(Semantics and language specification in )

a == (|n|{r,z) | x1|z2]inlz|inrz |
fix f(y,k).e | Ak.e | 1 ==z | ©1 0 o

e = lety=aine|letky=ejiney |y« input; e |
output z; e |y« refx; e |z :=m9; e |y« la; e
ifnz x then e; else eo | casex (y. e1) (y. e2) |
vz k |zl k| ka

Val 5 v = () |n|l]{vi,ve) |inlv |inrv |

(o,fix f(y, k).e) | (o, \y.€)

Loc>1 = ... 0y

Mod> M := [Fi=ey,...,F,=¢,]

Anch =1

Cont = Val

Env = LblwTVarw KVar — Val

Heap := (Loc — Val),

Mach := Heap x (Env x Exp)

Conf := Heap x (Env x Exp) | ¢

0:=(0,0) (h,ee) - (h',ee’) ;= (h-h ee-ee)

cload(M)()(-) := {((0,0), (0,0))}
vload(M)(imports)(_)(F') := {(imports + [F1 = e1,..., Fin—1 = €m—1],€)
‘ M = [Fl 261,...,Fm,1 :em,l,F:e,...]/\
F¢{F,....,Fn_1}}
where [a1,...,am] H [b1,..., 0] :=[a1,. .., am,b1,...,by]
real(c) := {m | m = ¢ A chp # L A c.hp finite}
core := {(., (0,€))}
extra := {(.,0)}
halted := {(h, (-, n))}



(hv (07 let z =y in 61)) — (hv (O’[l"—)o’(y)], 61))
(h,(o,let ky = ey in e3)) = (h, (clk— (o, Ay.e1)], e2))
(. (0. « inputs €))<5 (h (oly+n] )
(h, (7, 0utput y; €)= (8, (0,¢))

(h, (o,ifnz x then e; else e2)) = (h, (0,€1)) (if o(x) #0)
(h, (o,ifnz x then e else e3)) <= (h, (0, e2)) (if o(x) = 0)
(h, (o,casex (y. e1) (y. e2))) = (h, (cly—v],e1)) (if o(xz) = inlv)
(h, (o,casex (y. e1) (y. e2))) = (h, (o|y—v], e2)) (if o(z) = inrv)

(h, (0, k x)) = (h, (o' [y—0o(2)], €))

(if o(k) = (0", Ag.e))
(h'7 (Uv Tl T2 k)) — (h7 (U/[fa Y, k'/'—>0'(.231), 0'(.732), O'(k')}, 6))
(if o(z1) = (o', fix f(y, k). €))

(h, (0, z[] k) = (h, (cly—a(k)], €))
(if o(z) = {0/, Ay. €))

(h, (0,€))—= (L, (0,e)) (if no other rule applicable)



3.4 Target Language

(Semantics and language specification in )
Reg > r nw= sp|clo|arg|env]|ret|aux]i
Oper 3 o w= n|r|{r£n)|r£n
Instr 3 z w= jmpol|jnzro|ldro]|stoor|lpcr |

bop o 7 01 02 | input r | output r | alloc ry 79

Val = Word

Anch >a = Word

Seg > seg m= (n,ny...nk)

Mod > M(n,[a1,...,a5]) == [F1=seg,...,F n =seg,,]

Cont = Word

RegFile = Reg — Word

Stack = (Word — Word) |

Heap = (Word — Word) |

Mach := Heap, x Stack x RegFile x Word
where Heap | = Heap U{L}

Conf := Heap x Stack x RegFile, y x Word ¢

0:=(0,0,0,0) (h,st,R,n) - (h,st,R,n):=(h-h',st-st’',R-R',n-n')
vioad(M)(n)([F1 = segy, ..., F1 = seg,])(F) := {v | (F,(v,-)) € M(n)([segy, . ..,seg,])}
real(c) := {m | m = ¢ A chp # L A c.hp finite A c.st # 1}
eval((h,st,R,pc)) :={(n,n)} U {(r,R(r))} U
{({r £n),n) | st(R(r) £n) =w} U
{((r£n),n) | H(R(r) £n) = w}
For m = (h, st, R, pc) with pc > 0 we define:
m < (h,st, R,pc’) (if h(pc) = jmp o A (0,pc’) € eval(m))
m < (h,st,R,pc+1) (if h(pc) =jnzr oA R(r) =0)

m < (h,st,R,pc’)
(if h(pc) =jnzr oA R(r) # 0 A (0,pc’) € eval(m))

m < (h, st, R[r — n],pc+ 1) (if h(pc) =Id 7 oA (0,n) € eval(m))
m < (h,st, R[r' — R(r)],pc+ 1) (if h(pc) =sto 1’ r)
m < (h,stln’ £n— R(r)],R,pc+1)

(if h(pc) =sto (' £n) r A ((r' £n),n’) € eval(m))
m < (h[n’ £n+— R(r)],st,R,pc+ 1)

(if h(pc) =sto [r' £ n]r A ((r' £n),n’) € eval(m))

m < (h, st, R[r — pc],pc+ 1) (if A(pc) = lpcr)
m — (h, st, R[r — nj ong],pc+ 1)
(if h(pc) = bop o 101 02 A (01,11) € eval(m) A (02, n2) € eval(m))
m <3 (h, st, R[r — n],pc+ 1) (if h(pc) = input r)
'R(r
m ;(>)(h, st,R,pc+1) (if h(pc) = output 1)
m — (L, ma, ms, my) (if no other rule applicable)



4 Generic Model and Concrete Instances

(model common.v, unless specified otherwise)

T € TrSys = {(S,Jpup,J) € Set x P(SxS) x P(SxS) | transys
Tpub, 2 pre-orders A pyp € 3}
TyName = {v,va,...}
TypeF {r = 7/ € Type,v € Type, V7. € Type} model.flextyp
VRelF 4 p := Typel — P(A.Val x B.Val) model.vrelf
VRely g ;= Type — P(A.Val x B.Val) model.vrel
KRela, ;= Type — Type — P(A.Cont x B.Cont) model.krel
VQry,, = unit | natn | pairvv’ | inlv | inrv | rollv | fun | goodfun | goodgen | packv | name
vquery
CQry,, = appuv' k| retvk |instvk (wherev,v’ € L.Val and k € L.Cont)
cquery
QH?)B = {(rgh €T.S ™3 VRels p model.method_query
,vgha € T.S ™% VQry , — P(A.Val)
,vghb € .S 2% VQry; — P(B.Val)
,cgha € T.S — CQry, — P(A.Conf)
,cghb € T.S — CQryz — P(B.Conf))
| Vs, U. cgha(s)(U) C A.core A cghb(s)(U) C B.core}
CRZ,B = {crel € (T.S — VRelF 4 ) ==& model.method_conf
T.S — P(A.Conf x B.Conf)}
MNY 5 = {(supp € P(TyName) model.method_name
,name € (T.S — VRelF 4 5) =%
T.S — TyName — P(A.Val x B.Val))
| VU, s. ¥(v, _,_) € name(U)(s). v € supp}
We define algebraic, well-founded orders as follows
awfo = {(0,<,0,1,4) €8Set x O x O x ((O x0)—= 0) gwfo.awfo
| (< well-founded on O) A
(Vi. 0+i=1i) A (Vi. i +0=1d) A
(Vi j.i+j=7j+i)A
(Vi. 0 <d) A
(Vi,d',j. i <i = i+j<i+j)A
(Vi j,j'. g <j = i+j<i+j)A
(0#1)}
World 4 5 = {(T € TrSys,_€ CRiB, _€ QHg’B, _€awfo, < MN/ )} world
WorldC 4 p = {(T € TxSys,_ € CR} ,- € QHY p)} world_glob
For W € WorldG4,p we define
WorldLg g(W) = {(T € TrSys,-€ CRZ‘V"EXT, _cawfo, < MN'[ L)} world_loca
Ry * Ry = {(cf g, e} ch) | (cf,ch) € Ry A (c§,ch) € Ra}
wt. T = WIT xwT (where w € WorldL 4 g(W)) wlift
wh.crel(U)(sg,s) = Wrel(U(—,s))(sg) * w.crel(U)(sg, 5)
wt.vgha(sg, ) = W.gha(sg) (analogously for the rest)
wT.supp = w.supp
wt.name = w.name



4.1 Global Worlds

(In

)
T/ == {(s € P(Type x Loc x Loc), 2, D) |
s finite A
(V7. 7" g, V), Ub, U (T.0g, 1) € SA (T, 00,0]) € s =
(vp =ve = 7' =7 Nv, =)
N )

creli (U)(s) = {((0,0,0, hrr). (hs, 0,0) |
hr 7& 1L Ahs 75 LA
dom(hr) = {lT | I7,1s. (1,l1,ls) € s.refdb} A
dom(hg) = {ls | 37, lt. (1,l1,ls) € s.refdb} A
Y(r,lT,ls) € s.refdb. (1, hr(lT), hs(lT)) € (U(s))*}
(analogously for the other pairs of languages)

WABT .=TAx TH% xTB  WAB.rgh := rgh

ref

WAB vygha := vth W4 B vghb := vqhB

W4B cgha := cqh? W4 B cqhb := cqh®

WAB crel(U)(s) := (cpred” (s4) x cpred?(sB)) *crelfe’fB(U)(s)
T8.S := Lbl — Valg 781 := TS.qub ={(s,9)}
TS =1

queryy := {pairp v v’} U {inly v} U {inrpr v} U {funt v}
ValDb := queryr — P(T.Val)

TT.S := RegFile x ValDb TT23:={(s,5) | s.2 2 5.2}
TT Jpu :={(s',s) € TT.0 | Vr € {sp,env}. s'.1(r) = s.1(r)}

cpred(s) := (0, s, L)
cpred’(s) := (0, L)

repr € Heap — P(query x Word)

repr(h) := {(pairpvv’,n) | h(n) =v Ah(n+1) =v'}U
{(inlpv,n) | h(n) =0Ah(n+1) =v}U

{(inrpov,n) | In. ' Z0Ah(n)=n"Ah(n+1) =v}U
{(funTv,n) | h(n) = v}

cpred™ (R, valdb)) := {(h, st, R, L) | (Yn. n >= R(sp) <= v, st(a) = v)
A (Yg,v. v € valdb(q) = (q,v) € repr(h))}

o~~~ o~
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e)) ¢ badfun}

pair ve') i= {(v,0)}  vahy()(pairve’) = {(v,0")}

rollv) = {roll v} vahy()(rollv) := {v}

J(fun) := {fix f(x).e}  vghy(2)(fun) := {{o, fix f(y, k). e)}

unit) = {()} vahy () (unit) := {()}

natn) := {n} vghy(J)(natn) := {n}

J)(inlv) := {inl v} vghy(2)(inlv) := {inlv}

(inrv) = {inrv} vahy () (inrv) := {inr v}

packv) := {pack v}  vgh;(.)(packv) := {pack v}

(gen) == {A.c} vahy()(gen) = (0, A. )}

_)(name) := {v} vghy(J)(name) := {{o,n)} .
(goodfun) == {v}  vahy()(goodfun) := { (o, fix (3 k). €} | ({0, fix £y, ).
_)(goodgen) := {v} vahy(-)(goodgen) := {({c, Ak.€) | ({0, Ak.e)) ¢ badgen}

where badfun := {([], fix0(0,0).n)} and
badgen := {([], A0.n)}

vahp(s)(pairvv’) = {n|n € s.valdb(pairvv’)}
vahr(2)(rollv) = {v}
vghr(s)(fun) = {n | 3In'. n € svaldb(funn’)}
vahe()(unit) = {n}
vahg()(natn) = {n}
vahr(s)(inlv) = {n | n € s.valdb(inl,v)}
vahr(s)(inrv) = {n | n € s.valdb(inr,v)}
vahe()(packe) = { n}
vghr(s)(gen) = {n | 3In'. n € s.valdb(funn’)}
vahp()(name) = {n}
vghp(-)(goodfun) := {n}
vghr(-)(goodfun) := {n}
cahg(-)(appvv' k) = {(0,0, kle[v/f][v'/]]) | v = fix f(z). e}
cang()(instvk) = {(0.0.k[e]) | v = Az e}
cahg()(retvk) = {(0.0, klo])}
cahy()(appo o' k) = {(0, (0" €)) | v = (o fix f(, K). €) A
o' =o[fv, y—v' k' —k]}

cqhy()(instv k) = {(0,(c',e)) | v="{o,AK'.€) No' = o[k'—k]}
cany()(retvk) = {0, (0, K 2)) | o(k) = k A o(x) = v}
cghp(s)(appvv' k) == {(0,0,0,n) | v =s.R(clo) Av' = s.R(arg)

ANk = s.R(ret) An € s.db(funv)}
cghp(s)(instvk) = {(0,0,0,n) | v=s.R(clo)

Nk = s.R(ret) An € s.db(funv)}
cghp(s)(retvk) = {(0,0,0,k) | v=s.R(arg)}

10



5 Simulations
(In )
Suppose A, B € LangSpec, T' € TrSys, and W € QHQB

(=Y7) € TS — VRelF 4 5 — VRelF 4 p vclos_thunk
(R)*:={(7 — 7", vq,vp) € R | vq € Wvgha(s)(fun) A v, € W.vghb(s)(fun)}
U {(Vo. 7,04, v)} € R | v, € Wovgha(s)(gen) A vy € Wovghb(s)(gen)}

(—=») € TS — VRelF4 g — VRela vclos_, vclos
(R)* := (R)* U {(unit,ve,v) | vq € W.vgha(s)(unit) A vy, € W.vghb(s)(unit)}
U {(nat, vg,vp) | In. v, € quha(s)(natn) A vy € Wovghb(s)(natn)}
U{(rs - vayun) | 3ok o2 ok oB. (v, ob) € (R)*(r) A (02,02) € (R)* () A
vy € Wvgha(s )(palrv 2) A vy, € W.vghb(s)(pair vi vE)}
U{(7 + 72,00, 0p) | F0k 0k (0l,0}) € (R)*(71) Av, € Wvgha(s)(inlvl) A v, € Wivghb(s)(inlv})}
U{(7 + 72,00, 0p) | F02, 07 (1)2 vE) € (R)*(72) Avg € quha( )(inrv2) A vy, € Wovghb(s)(inrv?)}
U {(per. /Ava,vb) | Jol, ( ) € (R)(T{pa.7/al) A
Vg e quha( )(rollv YA vy € quhb( )(rollvg)}
U{(FJa. 7, vq,p) | ElT, v, vp. (U, vp) € (R)S (77" /o) N FV(T) =0 A
€ W.vgha(s )(packv YAy € quhb( )(packwp)}
U{(v.vq,w) | vp € quhb(s)(name) A (vg,vp) € R(1v)}
U {(ref 7. vq,vp) | (va,vs) € Worgh(s)(7)}

Given W € World 4 g, we define:

configure € (W.S — VRelF 4 ) - W.S — B — (A.Conf x B.Conf) — configure
(A.Conf x B.Conf) — (A.Conf x B.Conf) — P(A.Mach x B.Mach)
configure(U)(s)(0)(eq, €p)(Ca, cb)(ch, ¢}) = {(mq, mp) € Areal(eq - ¢q - ) X B.real(ey - ¢y - ;)
‘ (—U - Cazcb:@)/\
(0 = (cacp) € Wecrel(U)(s) A ey € A.core A e, € B.core) A
(ca,cp) € Weerel(U)(s)}

call e W.S — VRelF 4 B — VRelF 4 g — KRely g — Type — P(A.Conf x B.Conf) call
call(s)(Ryf)(Ry)(Ri)(7) := {(eq,es) € W.cqha(s )(app favaka) x W.cghb(s)(app fovp kp) | F70. 7
Hfth fb7 Va, Ub, ka» kb
(fayfb) S <Rf>s(Tr' ” TI‘:) A (Ua,7vb) S <<RU>>S(71) A\ (kcukb) S Rk(T/)(T)}
U {(eq,ep) € W.cgha(s)(instvg kq) X W.cqhb(s)(instwvy kp) | Jov, 7, 7,

Elfaafb7ka7kb' ) 7
(fas fo) € (Rg)*(Vov.ar, ) NFEV(1y) = O A (o, k) € Ri(7.[7, /) (7)}
[7, Va, vp] := {(7, Va, vp)} [ka, k) :={(7, 7. ka, kp) | 7 € Type} vsingle, ksingle

11



Given W € Worldy g, we define coinductively:

Eprog € W.O — A.Cont x B.Cont — (W.S — VRelF4 gp) - WS - WS - B — esim_progress
Evt - A.Mach x B.Mach — Type — P(A.Conf x B.Conf)

Eprog(i)(k‘gvkg)(U)(SO)(f)(U)(t)(mb»m?,)(/’) =
{(easep) | 3, (mp =5 my) V (Et=€Amy, =m) Ai' <* i) A (eq,ep) € B ) (K, k) (U)(s°)(s)(o)(7) Ao =0}

E € W.O — A.Cont x B.Cont — (W.S — VRelF 4 5) - W.S - W.S - B — Type — P(A.Conf x B.Conf)

E(Z)(kg, kg)(U)(so)(s)(G)(fT) — esim_call, esim_main, esim_, pesim
{(ea,eb) ‘ UcU = Veq, hNay M-
o € Acextra Ay € Bextra —s  V(ma,my) € configure(U)(s)(e) (€as ) (cas ) (11as0):

(ERR) Jmy. my & mb A my € B.error

V (RET) 3s’ va,vb,ea,eb,c cp. 8" s A s Jpup s°A
mp <—> mb A
(el e,) € W.cqha(s')(retvg kY) x W.cghb(s")(ret vy k) A
(va,vp) € (U(s))*(7) A (mmm;é) € configure(U)(s")(1)(eq, €;)(cqs ¢4) (11, )

V (STEP) (m, §§ A.halted) /\Vt7m;. Mg = m, =
3, e a,eb7c ¢, my,my, o', s'. 8" Js A .
(my,my) € Conﬁgure( )()(0")(€as €v)(chy &) (ay 6) Ay = gy A

ko, k) (U)(s°)(s") (0") () (mi,, my)) (7)

(REC) (eq eb) € Eprog(i')(
} V (CALL) ) <3 il A (¢ ) € call(s")(U (/) (U(s)) (K7 (K2, K)() () () (1) A o = 1
U e P(W.S — VRelF4 p) gknow_, gknow

U :={U | U monotone w.r.t. I AF(U) CU A Vv & Wsupp. U(s)(v) = Wname(U)(s)(v)}

goodthunk(W)( )=
{(r " Va,vp) | va € Wovgha(s)(goodfun) A v, € Wovghb(s)(goodfun)} U
{(Vev. /.va,vb) | v, € W.vgha(s)(goodgen) A vy € W.vghb(s)(goodgen)}

F e (WS — VRelF4 5) > W.S — VRelF 4 p Isim_, lsim
F(U)(s) := {(7. va,vp) € goodthunk(W)(s) | V7', kq, kp. YU D U. Vs’ T s.
call(s')([7. va, vo])(U"(s")) ([Ka; ko)) (7") € B(#) (ka, ko) (U)(s")(s") (o) (7)}

K € W.0 — A.Cont x B.Cont — (W.S — VRelF4 g) = W.S — W.S — KRel4 5 ksim_, ksim
K (i) (K2, k) (U)(s°)(8) := {(+', 7. kay k) | YU’ D U. ¥s' Dpup, 5. ¥(va, ) € (U'(s"))(7).
W.cgha(s')(ret v, kq) x W.cghb(s')(ret vy, ky) € E(i)(k2, k2)(U")(s®)(s")(1)(7)}

Given W € WorldG 4,5 and w € WorldL(W) 4,5, we define:

realizableG(W) € (A.Conf x B.Conf) —» U — P(W.T) realizable_global state
realizableG(W)(cq, ¢p)(U) := {s | Jea, €p, Cy, Ch, NMas Moy M, Mep.

configure(U)(s)(1)(€a, ) (¢y ¢4)(Ca - ay ¢ - ) }
realizableL(w) € U — P(w.T) realizable_local _state
realizableL(w)(U) := {s | Jca, cb. (Ca,p) € w.crel(U)(s)}

stable(W) € P(WorldL 4 g(W)) stable
stable(W) := {w | VU, s, 5, 8y, Ca, - U € U A (ca, ) € w.crel(U)(sg, s) A sy I 855 A
sy € realizableG(W)(cq, &) (U(—,s)) =

35" Jpub . (Cas cp) € w.crel(U)(sg,s")}
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5.1 Module Simulation
Given W € WorldG4 g, M, € A.Mod and M, € B.Mod we define the module simulation:

M, Sw M, : TV := tlsim, msim
VNN countably infinite = Jw € WorldL 4 g(W). V¥,, \Ilb,’ya,’yb,cgmg,cé,cé.
(cg,c) € Acload(M,) (Vo) (va) A (cf, ch) € B.cload(My) (W) () A
map IT; v, = map [1; T'=map I1; 7, = 3s°. w € stable(W) A w.supp © N A
(VU € U. (¢9,¢]) € WcreI(U(f,Hgso))(HlsO)) A (VU € U. (c, cl) € w.crel(U)(s°)) A
(V700 V. (Va,v) & Wrgh(s®)(7)) A
Viir eIV, F(vq,vp) € Avload(My) (Vo) (va)(f') x B.vload(My)(Ps)(ve)(f').
Vs 3 50 VU eU.se reahzableL( ) =
) =

(Vf:r' el (vafiwf) € (U(s)* (7 va,ve) € (U(s))*(7)
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6 Key Results

Theorem 1 (Transitivity).
‘F| FMT jTI MII |F/| Fl—MI jIS Ms :F/
FFMTjTS MsSF/
|F||—MI j[[ MI/ ‘F/‘ F"MI/ ﬁ}s Ms Z].—V
F"MI jIS Ms:F/

(Here |—| erases the types from the given context, leaving just a list of variables.)

vcomp_tms

vcomp._mims

Note that from the second property we immediately get the following:
|F‘ - MI jikl MII : |F/| 'k MII jIS Ms T
F"MIszMslrl

VCOIIII),IIIIIIS,I“tC

Theorem 2 (Linking). We define linking of modules in source and target language:

Xt € Modt x Modt — Modr tgt_link
(M, <ip M) (¥)(imports) := segs; +H- segssa
where

segs1: =My () ([n1,...,0m))
size ::Zsegemap (IIz0Ils) segsy (1 + |Seg|)

segso: =M (¥ + size)(imports +H map (II; o I15) segs;)

g € Modg x Mods — Modg src_link
M, <ig My := M, +H M,

"Mrjljl].—‘l Fl :mapﬂl Mé
I—M%:I‘g 'y = map Iy Mg
IiNn=0 NNy, =0
F"M%\ st Mé:Fl F,Fll_Mr% jTS M§:F2

'k (M%\ DA Mr%) jTS (Mé Xg Mé) : Fl,Fg

hcomp_msim.linking

6.1 Adequacy
(In )

We define OBS and Behav as greatest fixed points in the following way:

OBS € Set obs_event, observation
OBS := {done, 00} U ({?n,!n} x OBS)

Behav;, € P(Mach; x OBS) behmatch, behave_, behave
Behavy, := {(m, o) |

(ERR) Im’. m < m! Am’ € L.error
V (HALT) 0o = done A Im”". m & m’ Am € Lohalted
V (e€) 0=00c AIm/. m <y m/ A (m/,00.) € Behavy,
V(EvT) 3Im/,m” t,0o'. o= (t,0') Am S m Am Som/Ate {™n,In} A (m/,0") € Behav}

For convenience, we write Behav(my) for {o | (mp,0) € Behavy}.
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Theorem 3 (Adequacy).
T'[Fain] = unit — 7 F My : T
loadt(Mt) = mr -+ My J1s Mg : T’ loads(Ms) = ms
Behav(mt) C Behav(mg)

adequacy_msim

6.2 Compiler Correctness
(In )
Theorem 4 (Reinheitsgebot: Compositional correctness of Pilsner).

' Mg: TV
I' F Pilsner(Mg) 31s Mg : T’

compile_correct

- Ms: T
F Pilsner(Ms) : |TV|

compile_correct
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