









































































































































































































































































































































































































































































































































































































































B.4. Proofs of Theorems B.6 through B.9

(i) vetprefR N uctprefS A viinR %€ = false.
For reasons of symmetry, we can then also conclude
(@) vetprefR A uctprefS A utinS~<¢ = false.
Derivation (i) and (ii)) combined with
(i) uectprefS A Alfcond(R,S) = ulin(R|S)=ulinS.
yields
vetprefR A uctpref(R|S)
A (WMinR € V ulin(R|S) F¢€)
={(#), (it), (iii ), calc.}

uctprefR.

We proceed with the proof of (i).

vetprefR A viinRs%e A hd(R) CoutR A uetprefS

={Lemma B.29 , prefR satisfies rule g3}
(Er: set(r)efirstlR

:r<vlextR A re(oR)" A rs%e A vetprefR A uctprefS)
={ul ext(R|S)=vlext(R|S), Alfcond(R,S), calc.}

(Er :set(r) efirstlR
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:r<vlextR A re(oR)" A r%e A vlextR =ulextS A uctprefS)

={Alfcond(R,S), calc.}
(Er: set(r)efirst1R
:retprefStextS A re(oS)” A re)
={Altcond1(R,S) = fprop1(S)}
(Er,s:set(r)efirstlR A set(s)cfirstlS
((r=<<s V s<Xr) A rse)
={Altcond1(R,S) = llcond 1(R,S), calc.}
false.
O

LeMMA B.29. If for a n.e. trace structure R, prefR satisfies rule g3, then

vetprefR A viinRs%e A hd(R) CoutR

=(Er:set(r)efirstlR: r<viextR A re(oR)" A re).
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PROOF. Let R be a n.e. trace structure and prefR satisfies rule g3. We observe
vetprefR A viinRs%¢ A hd(R) CoutR
={calc.}
(Er::re(outR)” A r<v A Suc(r,R)\ outR=+ & A vetprefR)
={prefR satisfies rule g3, hd(R) CoutR, see below}
(Er::re(outR)’ A r<v A Suc(r,R)\ outR=*@ A vectprefR
A rtoR=~¢)
={hd(R) CoutR, def. of firstlR}
(Er: set(r)cfirstlR: r<vlextR A re(oR)’ A re).

Let rbetprefR A re(outR)” A bgoutR. We have begoutR = beinR. If
re(coR)’, then it follows, with rule g3 for prefR, that br ctprefR as well, con-
tradicting hdR CoutR. Consequently, rf oR 5.

O

PrOOF OF THEOREM B.8.1. Let R and S be n.e. trace structures such that
Disfree(R), Disfree(S), and Alfcond(R,S) hold. Let, furthermore,
Seqcond(R,S) hold and R and RlextR be prefix-free. We prove Disfree(R ;S)
by considering two cases corresponding to how a trace vb can be parsed as a
member of tpref(R ;S), viz.
(i) vbetprefR or
(ii) vbetprefR A vbetpref(R;S).
We observe
®
uetpref(R;S) A vbetprefR A beout(R;S)
A ul(ext(R;S)Uco(R ;S))=vI(ext(R;S)Uco(R;S))
={calc.}
uctpref(R;S) N vetprefR N vbetprefR A beout(R;S)
A ul(ext(R;S)Uco(R ;S))=vI(ext(R;S)Uco(R;S))
={Lemma B.30 (i), Disout(R), R and Rl extR are prefix-free,
Alfcond(R,S), take tg,t,:=u,v}
(Erg,s0:: u=roso A vbetprefR A beout(R;S)
A roetprefR A sqetprefS A (so=¢ V roetR)
A rol(extR UcoR)=vI(extRUcoR) )
={Disout(R), calc.}



B.4. Proofs of Theorems B.6 through B.9 195

(Erg,s9:: u=rosqg N robetprefR
A soetprefS A (so=¢€ V roetR) )

={R is prefix-free}

(Erg,s0:: u=rosg A robetprefR A soctprefS A so=¢)
={calc.}

ub etprefR
={calc.}

ub etpref(R ;S).

(@)
uctpref(R;S) A vbetprefR A vbetpref(R;S) A beout(R;S)
A ul(ext(R;S)Uco(R ;S))=vI(ext(R;S)Uco(R;S))
={calc.}
uctpref(R;S) A vet(R ;prefS) A vbetpref(R;S) A beout(R;S)
A ul(ext(R;S)Uco(R;S))=vI(ext(R;S)Uco(R;S))
={Lemma B.30 (ii), Disout(R), R and RlextR are prefix-free,
Alfcond(R,S), take to,t;:=u,v}
(Erg,s0,71,51:: u=rosg AN v=ry8;
A roetprefR N soetprefS A (roetR V so=¢€)
A rietR A s, etprefS N vbetpref(R;S) A beout(R;S)
A rol (extR UcoR)=r I (extR UcoR)
A sol (extSUcoS)=s;l(extSUcoS) )
={R is prefix-free, Lemma B.25.1, Alfcond(R,S)}
(Erg,s0,71,81:: u=rosg A\ v=rys;
A roetprefR N soetprefS A (roetR V so=¢)
A riEtR A s etprefS A s betprefS A beoutS
A rol (extR UcoR)=r I (extR UcoR)
A sol(extS UcoS)=s,I(extSUcoS) )
={Disout(S)}
(Erg,s9,r1,81:: u=rosg A rytR A beoutS

A roetprefR A sobetprefS A (ro€tR V sg=¢)
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A rol(extRUcoR)=r I (extRUcoR) )
={calc.}
(Erg,s0,r1,51:: u=rosg N ri€tR N beoutS
A roetprefR A sobetprefS A (roetR V (ro@tR A sg=¢))
A rol (extR UcoR)=rl(extR UcoR) )
={Lemma B.31, R and RlextR are prefix-free, Disout(R)}
(Erg,s0,r1,51:: u=rgsg N roetprefR A sobetprefS
A (roetR vV (IRNenR#*#3J A hdS NoutS+#J)) )
={Seqcond(R,S)}
(Erg,s0::u=rgsg N roetR A sobetprefS)
={calc.}
ubetpref(R ;S).
ll;]or the proof of Disin(R ;S) a similar reasoning applies.
LeMMA B.30. If R and RtextR are prefix-free and Disout(R) and Alfcond(R,S)
hold, then for arbitrary traces t, and t| we have
toetpref(R;S) At etpref(R ;S)
A tol(ext(R;S)Uco(R ;S))=tI(ext(R ;S)Uco(R ;S))
=(Erg,50,71,51:: to=roSo N\ t{=rs;
A roetprefR A soetprefS A (so=€¢ V roetR)
A rietprefR A s, etprefS A (sy =€ V r  €tR)
A rol(extR UcoR)=r I (extR UcoR)
A sol(extS UcoS)=s;I(extS UcoS) ).

Moreover, if

(i) t,etprefR, then s;=¢

(it) t,et(R;prefS), then r| etR.

A similar lemma holds with co replaced by en and using Disin(R) instead of
Disout(R) as a condition.

PROOF. Let R and RlextR be prefix-free and Disout(R) and Alfcond(R,S)
hold. Let furthermore
toetpref(R;S) A t, etpref(R;S)
A tol(ext(R;S)Uco(R;S))=tI(ext(R ;S)Uco(R ;S)).
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By definition of concatenation we deduce
(Erg,s0,71,81:: to=rgSo A\ t1=ris,
A roetprefR N soetprefS A (so=¢ V ro€tR) (0]
A rietprefR A s, etprefS A (s;=¢ V ri €tR)).

We prove for ry and r; in (0) that rof (extR UcoR)=r;I(extR UcoR). Then
we have sgf (extS UcoS)=s I (extS UcoS) as well, since

rol (extR UcoR)=r I (extR UcoR)
={roctprefR, r, ctprefR, Alfcond(R,S), calc.}

rol (ext(R ;S)Uco(R;S))=r I (ext(R;S)Uco(R;S))
={rosol(ext(R;S)Uco(R;S))=r;s5,I(ext(R;S)Uco(R ;S)), calc.}

sol (ext(R ;S)Uco(R ;S))=s I (ext(R ;S)Uco(R ;S))
={soctprefS, s, etprefS, Alfcond(R,S), calc.}

sol (extS U coS)=s,I(extS UcoS).

First, we infer

rosol (ext(R ;S)Uco(R ;S))=rys,I(ext(R;S)Uco(R;S))
={calc.}

(rolextR)(sol extR)=(rlextR)(s I extR)
={RrlextR is prefix-free, (0)}

rolextR =rlextR. 1

We derive

rol (extR UcoR) < ril(extR UcoR) ?2)
={roetprefR, r, ctprefR, calc.}

(Eu,b::roctprefR A rietprefR N ub<Xr; A be(extR UcoR)

A rol (extR UcoR)=ul(extR UcoR))

={rolextR =r,lextR, cf. (1), calc.}

(Eu,b::roctprefR A rietprefR A ub=<r; A becoR

A rol (extR UcoR)=ul (extR UcoR) )

={Disout(R)}

(Eb::robetprefR)
={R is prefix-free, to=ros¢ A (s9=¢€ V roetR), cf. (0)}

to=ro
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={tol(ext(R;S)Uco(R;S))=tl(ext(R;S)Uco(R;S)), t; =rys5;}
rol(ext(R ;S)Uco(R ;S))=r s, (ext(R;S)Uco(R;S))

={calc.}

rol (extR UcoR)=r,s,I(extR UcoR)
={calc.} '

rof (extR UcoR)>r ! (extR UcoR)
={(2)}

false.

For reasons of symmetry, we conclude
rol (extR UcoR)=r I (extR UcoR).
Finally, we observe that the properties (i) and (i/) follow from the property
that R is prefix-free.
O
LemMMA B.31. If R and Rt extR are prefix-free and Disout(R) holds, then
rietR A roetprefR A roetR
A rol(extR UcoR)=r I (extR UcoR)
= tIRNenR# 2.
Similarly, if Disin(R) holds, then
rietR A roetprefR A roetR
A rol(extR UenR)=rl(extR UenR)
= tIRNcoRF# 3.

PrOOF. Let R and RlextR be prefix-free and Disout(R) holds. Let furthermore
r1 €tR and rol(extR UcoR)=r ! (extR UcoR). We observe

roctprefR A roetR

={calc.}
(Eu::rouetR A uze)

={rol(extR UcoR)=r,I(extR UcoR), calc.}
(Eu::rquetR A us=e A rolextR =rlextR)

={r; €tR = rilextRetRlextR, RlextR is prefix-free}
(Eu::rouetR A u=e N ul extR =e).
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If utcoR= ¢, let b be the first symbol in ul coR, i.e. for some v we have
rouctR A rovb<rou A ve(enR) A becoR
={rol (extR UcoR)=r ;I (extR UcoR), r etR, calc.}
rovbetprefR A rietR A becoR
A rovl(extR UcoR)=r I (&xtR UcoR)
={Disout(R)}
ribetprefR A rietR
={R is prefix-free}
false.
Consequently, ul coR =¢, and we find
(Bu::rouetR A us€ A uc(enR)")
={calc., def. of tl}
tiIRNenR# 2.
Ehe proof for the second part is done similarly.

PROOF OF THEOREM B.9. Generalization of the proof of Theorem B.8.0 to n
trace structures, n=0.
O

B.5. PROOFS OF THEOREMS B.10 THROUGH B.16

ProoOF OF THEOREM B.10. We prove Theorem B.10.1. The proof of Theorem
B.10.0 is similar. Let R and S be n.e. prefix-free trace structures, prefR and
prefS satisfy rule g3, RrextR and StextS are prefix-free, and
Altcond 1(R,S) N Alfcond(R,S) hold. We prove that (R|S)ext(R|S) is prefix-
free, i.e.

rset(R|S)lext(R|S) A ret(R|S)lext(R|S) = s=e.
First we observe for egt(Rl'extR) A egt(SlextS)
rset(RrextR) A ret(StextS) A r-e
= {R and S are prefix-free, calc.}
(Erg,s0::rg€tR A rs=rolextR A Suc(rg,R)= D A rse
A SoELS A r=solextS A Suc(sg,S)=9)
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= {Altcond 1(R,S) = firstlR and firstlS are defined, calc.,
prefR and prefS satisfy rule g3, Lemma B.32}
(Eu,v: set(u)efirstlR A set(v)efirstlS
TuSsSrs A use A v=<r A ve)
= {calc.}
(Eu,v: set(u)efirstlR A set(v)efirstlS
U<y V v<Xu) A uzEe N\ vi~e)
={Altcond 1(R,S) = llcond 1(R,S), calc.}
false.
Similarly, r et(Rt'extR) A rset(StextS) = false. Consequently, we infer
rset(R|S)ext(R|S) A ret(R|S)ext(R|S) A r+e
= {Alfcond(R,S), calc.}
(rsetRlextR V rsetStextS) A (retRlextR V retStextS) A re
= {see above, calc.}
(rsetRlextR A setRlextR) V (rsetStextS A retStextS) A re
= {RrextR and StextS are prefix-free}
5 =€

For ectStextS Vv ectRlextR, we observe

ectSlextS

= {StextS is prefix-free}
{e} =tSTextS

= {prefS satisfies rule g3, S is prefix-free and n.e., Th. B.16.1, calc.}
firstlS ={ &}

= {Altcond 1(R,S), R and S are n.e.}
firstlR={ 2}

= {prefR satisfies rule g3, R is prefix-free and n.e., Th. B.16.1, calc.}
{e} =tRlextR

= {RrextR is prefix-free}
ectRlextR.

Accordingly, ectStextS V ectRlextR = #(R|S)ext(R|S)={e¢}, and we con-
clude that (R|S)ext(R|S) is prefix-free.
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Lemma B.32. If, for a n.e. trace structure R, firstlR is defined and prefR
satisfies rule g 3, then
retR A Suc(r,R)=@ A rtextRs~e¢
= (Eu: set(u)efirstlR: u<rtextR A uze).

PROOF. Since firstlR is defined, we may assume hdR C outR. We observe
retR A Suc(r,R)=3 A rlextR=e
= {calc., hdR CoutR}
(Eu::retprefR A u<r A uc(outR)’
A (Suc(u,R)\ outR=£=3 Vv Suc(u,R)= 9)
) A rlextR=~¢
= {hdR CoutR, prefR satisfies rule g3, see below} ©)
(Eu:: uctprefR A u<r A ulextR%e A uc(outR)’
A (Suc(u,R)\ outR#= 3 Vv Suc(u,R)= 2)
)
= {def. of firstlR, calc.}
(Eu: set(u)efirstlR: u=<xrtextR N uze).
Step (0) in the above derivation follows from the derivation below.
u<r A uc(outR)” A ulextR=e¢ A rlextRs%¢ A rctprefR
= {calc.}
u<r A ue(coR)’ A utextR=c A rtextR+¢ A rectprefR
= {Suc(u,R)\ outR+* 2 Vv Suc(u,R)= 3, calc.}
Suc(u,R)\ outR#= 32 A ue(coR)’
= {calc.}
(Eb:beinR: ubetprefR A ue(coR)")
= {prefR satisfies rule g3}
(Eb:beinR: buctprefR)
= {hdR CoutR}
false.

Hence, implication (0) holds.
For hdR CinR a similar proof applies.
O
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PrOOF OF THEOREM B.11.0. Let R and S be n.e. prefix-free trace structures.
We observe for arbitrary traces r and s
rset(R;S) A ret(R;S)
= {calc.}
(Erg,sq::r =rgsg A ro€tR A so€tS A rososet(R;S))
= {R is prefix-free }
(Esqg::50€tS A 505 €ELS)
= {S is prefix-free}
s=e¢

Consequently, R ;S is prefix-free.
a

PrOOF OF THEOREM B.11.1. Let R and S be n.e. trace structures, RlextR and
StextS are prefix-free, and Alfcond(R,S) holds. We observe

(R;S)text(R;S)
= {Alfcond(R,S), calc.}
(RrextR);(STextS).

Subsequently, by Theorem B.11.0 we immediately derive that
(RtextR);(StextS) is prefix-free, and so (R;S) ext(R;S) is prefix-free as well.
O

PrOOF OF THEOREM B.13. Let R and S be n.e. trace structures with
Alfcond(R,S) N Altcond(R,S). Since Altcond(R,S) holds, we may assume
hdR CoutR A hdS CoutS and firstO(R|S) is defined. For
hdR CinR A hdS CinS the proof is similar.

(i) We observe

te(o(R|S))" A tetpref(R|S) A t5€
A (Suc(t,R|S)\ o(R|S)#£2 V Suc(t,R|S)=2)
= {calc., Alfcond(R,S)}
te(0RU0S)" A tetpref(R|S) A t5£€
A (Suc(t,R)\ o0R#Z V Suc(t,S)\ 0SF @
V (Suc(t,R)=92 A Suc(1,5)=2))
= {calc.}
(t€(0RU0S)" A tetpref(R|S) A Suc(t,R)\ oORF#~D A t7e)
V (t€(0RU0S)" A tetpref(R|S) A Suc(t,S)\ 0S#Z A t5e)
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V (te(0RU0S)" A tetpref(R|S)
A Suc(t,R)=3 A Suc(t,S)=3 N te)
= {calc., Alfcond(R,S), Altcond(R,S), cf. equivalence (0) below}
(te(0R)" A tetprefR A Suc(t,R)\ OR# D A t5e)
V (te(0S)" A tetprefS A Suc(t,S)\ 0SF D A t€)
V (te(0R)’ A tetprefR A Suc(t,R)=@ A te)
V (te(0S)" A tetprefS A Suc(t,S)=2 A t+e)
= {calc.}
(te(oR)" A tetprefR A t€
A (Suc(t,R)\ OR#* @ V Suc(t,R)= 3))
V (te(0S)" A tetprefS A te
A (Suc(t,S)\ 0S# 2 V Suc(t,S)= D))
The equivalence
te(0RUo0S)" A tetpref(R|S)
A Suc(t,R)= @ N Suc(t,S)=3 A te
= {Alfcond(R,S), Altcond (R, S)} 0)
(te(0R)" A tetprefR A Suc(t,R)=@ A t5€)
V (te(0S)" A tetprefS A Suc(t,S)=2 A t=e)
follows from
te(outR)’ A tctprefR A Suc(t,R)=2 A Suc(t,S)#D A t7e
= {hdR CoutR, def. of firstOR, calc.}
(Er:set(r)efirstOR: r<t) A tetprefS N Suc(t,S)#3 N t7e
= {hdS CoutS, def. of first0S, calc.}
(Er,s: set(r)efirstOR A set(s)efirst0S
<t A (s V s<t) N s5€)
= {Altcond (R,S) = llcond (R,S)}
false,

and, similarly, with R and S interchanged. This gives the «-part of (0).
The =-part is obvious.
(ii) Furthermore, we derive

{{b}|beco(R|S) N betpref(R|S)}
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= {calc., Alfcond(R,S)}
{{b}|becoR N betprefR}
U{{b}|becoS A betprefS}.
(iii) Third, we have
t(R|S)={€e} = tR={e} N tS={¢}.
From (i), (ii), and (iii), and the definition of first) we conclude
firstO(R |S) =firstOR U first0S.
Similarly to (i) we prove for firstl(R|S)
te(out(R|S))" A tetpref(R|S)
A (Suc(t,R|S) \ out(R|S)# 2 Vv Suc(t,R|S)=9)
= {Alfcond(R,S), Altcond (R, S)}
(te(outR)" A tetprefR A (Suc(t,R)\ outR+*@ V Suc(t,R)= @))
V(te(outS)" A tetprefS A (Suc(t,S)\ outS#3 V Suc(t,S)= 2)).
Consequently, we have by definition of first1
first1(R|S)=first1R U first1S.
O
PrROOF OF THEOREM B.14.0. Let R and S be n.e. trace structures, with
hd(R;S)Cin(R;S) V hd(R;S)Cout(R;S). Hence, firsth(R;S) is defined. Let
furthermore, R be prefix-free and Alfcond(R,S) N Seqcond(R,S) hold.
If tR ={¢}, then t(R;S)=tS and firstO(R ;S)=first0S, by Alfcond(R,S).
If tR+4{¢}, then it follows, since R is prefix-free, that e¢tR. We observe for
hd(R ;S)Cout(R ;S)
(@)
te(o(R;S))" A tetpref(R;S) A te
A (Suc(t,R;S)\o(R;S)# D V Suc(t,R;S)= D)
= {Seqcond(R,S), Alfcond(R,S), calc., e#tR, R and S are n.e.}
te(oR)" A tetprefR A te
A (Suc(t,R;S)\o(R;S)5#D V Suc(t,R;S)= D)
= {R is prefix-free, Alfcond(R,S) calc.}
te(oR)" A tetprefR A te
A (Suc(t,R)\ oOR# @ V Suc(t,R)= 9).



B.5. Proofs of Theorems B.10 through B.16 205

(ii) Moreover,

beco(R;S) N betpref(R;S)
= {Alfcond(R,S), e&tR, calc.,, R and S are n.e.}

becoR A betprefR.

(#ii) Third, we have (R ;S)={€} = tR={e} A tS={¢}.

From (i), (if), and (iii) and the definition of first) we conclude

tR+#{¢} = first®(R ;S)=firstOR.

FDor reasons of symmetry the theorem also holds for hd(R ;S) Cin(R ;S).

PrOOF OF THEOREM B.14.1. Let R and S be n.e. trace structures with
hd(R;S)Cin(R;S) V hd(R;S)Cout(R;S), prefR satisfies rule g3, R and
RrextR are prefix-free, and Alfcond(R,S) N Seqcond(R,S) hold.

First we consider t(RlextR){e}. Because RlextR is prefix-free, it follows
eztRlextR. We observe, assuming hd(R ;S) Cout(R ;S),

te(out(R;S))" A tetpref(R;S)
A (Suc(t,R;S)\ out(R;S)#D V Suc(t,R;S)= D)
= {Alfcond(R,S), Seqcond(R,S), e¢tRlextR, prefR sat. rule g3,
Lemma B.33}
te(outR)” A tetprefR
A (Suc(t,R;S)\ out(R;S)# 3 V Suc(t,R;S)= D)
= {R is prefix-free, Alfcond(R,S)}
te(outR)” A tetprefR
A (Suc(t,R)\ outR# @ V Suc(t,R)= 2).

Since tetprefR A Alfcond(R,S), we have tlext(R;S)=1tlextR. Consequently,
we conclude from the definition of firstl and Alfcond(R,S)

RrextR+#{e} = firstl(R ;S)=firstlR.

For t(RrextR)={e} we derive the following. Assume hd(R;S)Cout(R;S)
again. Consequently, by Alfcond(R,S), hdR CoutR. We derive

t(RrextR)= (¢}
= {calc.}
tR C(intR)"
= {prefR satisfies rule 3, hdR CoutR,
shift first beenR in any fetR, if present, to beginning of ¢}
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tR C(coR)’
= {Seqcond(R,S), hd(R ;S) Cout(R ;S), Alfcond(R,S), calc.}
hdS CoutS A firstlS is defined.
Subsequently,
te(out(R;S))" A tetpref(R;S)
A (Suc(t,R;S)\ out(R;S)#2 Vv Suc(t,R;S)=3)
= {tRC(coR)’, Alfcond(R,S), calc.}
(Er,s::t=rs A retR A sctprefS A re(coR)” A se(outS)’
A (Suc(s,S)\ outS#=93 Vv Suc(s,S)=3)
A trext(R;S)=slextS ).
Hence, from the definition of firstl(R ;S) and firstlS we infer
t(RlextR)={e} = firstl(R;S)=firstlS.
FE'lor hd(R ;S)Cin(R ;S) a similar proof applies.

LeMMA  B.33. For ne  trace structures R and S  with
Alfcond(R,S) N Seqcond(R,S) N e¢tRlextR A pref R satisfies rule g3, we have

te(out(R;S))" A tetpref(R;S)
= te(outR)" A tetprefR.
A similar lemma holds for out replaced by in.
PrROOF. Let tctpref(R;S) and te(out(R;S))". We have either tetprefR or
(Er,s::t=rs AN retR A setprefS A s7%=€). We observe
(Er,s::t =rs A retR A sctprefS A ss%e)
= {te(out(R;S))", Alfcond(R,S), e¢tRlextR, calc.}
(Er,s::retR A re(outR)’ A rtoRe
A sctprefS A se(outS)” A se
)
= {pref R satisfies rule g3, shift symbol from oR in r to the end of r}
tlRNoR#2 A hdS NoutS+# 2
= {Seqcond(R,S)}
false.
Consequently, we derive
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te(out(R;S))" A tetpref(R;S)
= {Alfcond(R,S), Seqcond(R,S), e&tR!extR,
pref R satisfies rule g3, see above}
te(outR)” A tetprefR.
d
PrOOF OF THEOREM B.15. Let R be a prefix-free, n.e. trace structure with
hdR CoutR Vv hdR CinR. We derive
tetprefR A t5%¢
= {R is prefix-free}
(Er:retR:t<r A Suc(r,R)=@ A te)
= {Assume hdR CoutR, calc.}
(Er:retprefR
(<<rvrxi
A ((re(oR)” A rs#€ A (Suc(r,R)\ oR#“ @ V Suc(r,R)= 2))
V recoR
)
)
= {def. of firstOR, which is defined since hdR CoutR Vv hdR CinR}
(Er: set(r)efirstOR: r<t v t=<r).

Consequently, fprop O(R) holds. For reasons of symmetry fprop O(R) also holds
for hdR CinR.

The property fprop 1(R) is proved similarly.
O

PrROOF OF THEOREM B.16. Let R be a n.e. trace structure with
hdR CinR V hdR CoutR, hence firstOR and firstlR are defined. For the proof
of B.16.1, we infer tRlextR={¢} = firstlRC{J}, by definition of firstlR.
Furthermore, we derive

tRl'extR7{¢}

= {R is prefix-free and n.e.}
(Er::retR A rtextRs%e A Suc(r,R)= J)

= {Lemma B.32, firstlR is defined, prefR satisifies rule g3}
(Eu::set(u)efirstlR A u=e)
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= {calc.}
—(firstlR C{ 2 }).

For B.16.0 a similar proof applies.

a

Appendix B
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Samenvatting

In dit proefschrift wordt een methode beschreven voor het ontwerpen van ver-
tragingsongevoelige circuits. Vertragingsongevoelige circuits zijn circuits waar-
van het funktionele gedrag onafhankelijk is van vertragingen in de elementen
waaruit het circuit is opgebouwd of in de verbindingsdraden daartussen. Om
een aantal uiteenlopende redenen, waarop we in deze samenvatting niet verder
ingaan, is er thans een toenemende belangstelling voor deze circuits.

We proberen zo’n circuit samen te stellen uit een eindig aantal basiselemen-
ten. We doen dit door een constructiemethode voor zo’n samenstelling te geven
die is gebaseerd op het vertalen van programma’s. Een programma specificeert
het gewenste gedrag van een circuit. Niet elk programma komt in aanmerking
voor deze vertaling; we gaan uit van programma’s die aan een zekere syntax
voldoen. Het resultaat van zo'n vertaling is dan een vertragingsongevoelige
samenstelling van basiscomponenten die het gedrag realiseert zoals is
gespecificeerd in het programma. Bovendien heeft de vertaling de eigenschap
dat het totale aantal aantal basiselementen in de samenstelling evenredig is met
de lengte van het programma.

De methode kan als volgt worden samengevat. We noemen een abstractie
van een circuit een component; componenten worden gespecificeerd door
programma’s geschreven in een notatie die is gebaseerd op tracetheorie. In
hoofdstuk 1 geven we een korte inleiding tot de tracetheorie.

De programma’s noemen we commands. Ze kunnen worden beschouwd als
een uitbreiding van de notatie voor reguliere expressies. Elke component
gerepresenteerd door een command kan ook worden gerepresenteerd door mid-
del van een reguliere expressie. De notatie voor commands staat echter een
compactere representatie toe dankzij enkele extra programmeerprimitiva zoals
operaties om parallellisme uit te drukken, staartrecursie (voor het representeren
van eindige automaten), en projectie (voor het introduceren van interne
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symbolen). In hoofdstuk 2 geven we een aantal voorbeelden hoe een com-
ponent gespecificeerd kan worden door middel van een command.

Gebaseerd op tracetheorie formaliseren we de begrippen decompositie en ver-
tragingsongevoeligheid in hoofdstuk 3. De decompositie van een component
representeert een realisatie van een component door een samenstelling van cir-
cuits. Het begrip vertragingsongevoeligheid is geformaliseerd in de definities
DI decompositie en DI component. Een DI decompositie representeert een rea-
lisatie van een component door middel van een vertragingsongevoelige
samenstelling van circuits. Een DI component representeert een circuit dat op
een vertragingsongevoelige wijze met zijn omgeving communiceert. Een van de
hoofdstellingen in dit proefschrift is dat DI decompositie en decompositie
equivalent zijn als alle betrokken componenten DI componenten zijn.

Met behulp van de definitie van DI component ontwikkelen we in hoofdstuk
4 een aantal DI grammatika’s. Dit zijn grammatika’s waarvoor geldt dat elke
command die hiermee gegenereerd kan worden een DI component voorstelt.
Met behulp van deze grammatika’s definiéren we de taal £ van commands.

In hoofdstuk 5 en 6 laten we zien dat elke component gerepresenteerd door
een command uit de taal £ gedecomponeerd kan worden in een eindige ver-
zameling van basiscomponenten. Deze decompositic kan worden beschreven
als een syntax-gerichte vertaling van een command uit £ naar commands van
(DI) basiscomponenten. Bovendien is het aantal basiscomponenten in deze
vertaling evenredig met de lengte van de command uit £&. Op deze manier
hebben we op een formele wijze een constructiemethode gegeven voor
vertragingsongvoelige circuits gerepresenteerd door commands uit £4.

In hoofdstuk 7 worden een aantal suggesties voor optimalisering van de
decompositie methode behandeld.
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