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APPENDIXA

THE ARPABET PHONE SET

The ARPAbet phone set was developed as part of the ARPA Spdedérstanding project (1971-
1976), and is included with the TIMIT speech corpus [87].

Table A.1:ARPAbet phone set [87]

no example no example no example

1 iy Dbeat 22 r red 43 zh measure

2 ih it 23 'y yet 44 sh  shoe

3 eh Dbet 24w wet 45 v very

4 ae bat 25 m mom 46 f  fief

5 ix roses 26 em buttom 47 dh they

6 ax the 27 n non 48 th  thief

7 ah butt 28 nx flappedn 49 hh hay

8 uw boot 29 en button 50 hv Leheigh

9 uh book 30 ng sing 51 dcl dclosure

10 ao about 31 eng Washington | 52 bcl b closure

11 aa cot 32 ch church 53 gcl gclosure

12 er bird 33 jh judge 54 tcl tclosure

13 axr diner 34 b bob 55 pcl pclosure

14 ey bait 35 p pop 56 kcl kclosure

15 ay bite 36 d dad 57 q (glottal stop

16 oy boy 37 dx butter 58 epi epinthetic
closure

17 aw bought 38 t tot 59 qcl dclosure

18 ow boat 39 g ogag 60 h# begin silence

19 ux beauty 40 k  kick 61 #h endsilence

20 | led 41 z  zoo 62 pau between silence

21 el Dbottle 42 s sis
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APPENDIX B

SOME THEOREMS REGARDINGM INIMAL
REPRESENTATIONGRAPHS

This appendix contains a number of proofs supporting theraemts in Chapter 5.

B.1 WORD SETS

Statement 1 (contextimplies_matchwords)

Vr,s € Z/7Z/ C Zcombined
context(r) D context(s) —

matchwords(r) C matchwords(s). (B.1)

Consider any wordv € matchwords(r), thenmatch(w,r) = 1 (eq. 5.34), and thetontext(w) 2
context(r) (eq. 5.11). Now als@ontext(w) 2O context(r) D context(s), somatch(w,s) = 1
(eq. 5.34), and themw € matchwords(s). Since this holds for alkv € matchwords(r),

matchwords(r) C matchwords(s).

Statement 2 (subsetransitive)

Vr,s € Z'\v € Ze, Ze C 7' C Zeompined, Voset(Z') C allset(Z')
path(subset(Z', Z.,0set(Z'),v,r,8)) =1 =
subset(Z', Z.,0set(Z"),v,1,8) = 1. (B.2)
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If path(subset(Z',Z.,o0set(Z'),v,r,s)) = 1, then there exista > 2 rulest; = r, to,...,t, =
s such that for each, t;,; pair it holds thatsubset(Z', Z.,o0set(Z'),v,t;,ti+1) = 1. Then
possible_words(Z', Z.,oset(Z'),v,t; = r) C ... C possible-words(Z', Z.,oset(Z"),v,t;) C
possible_words(Z', Ze, 0set(Z'),v,tiyv1) C ... C possible-words(Z', Z.,o0set(Z'),v,t, = s),
and thensubset(Z', Z., 0set(Z'),v,r,s) = 1 (from eq, 5.51).

Statement 3 (possiblevords_rulewords)

V1,8 € Zey Ze C Zeombined, Voset(Ze) C allset(Z,) :
w € possible-words(Ze, Ze, 0set(Z.),r,r) <=

w € rulewords(Ze, oset(Z.),r). (B.3)

If w € possible_words(Ze, Z., o0set(Z.),r,r), thenmatch(w,r) = 1 and there exists no rule €
Z, such thatmatch(w,s) = 1 and(s,r) € oset(Z.) (eq. 5.36). Them € winningrule(Z’,
oset(Z'),w) (eq. 5.12), and thew € rulewords(Z,,oset(Z.),r) (eq. 5.35); and vice versa.

Statement 4 (wordsrelations)

VreZ' Z. CZ' C Zeombined, Voset(Z') C allset(Z'),

Yo € Ze,v=r0r (v,7r) € oset(Z') :

rulewords(Z',o0set(Z'),r) C

possible_words(Z', Z.,o0set(Z"),v,1) C
matchwords(r). (B.4)

If w € rulewords(Z',oset(Z'),r), thenmatch(w,r) = 1 and there exists ne € Z’ such that
match(w,s) = 1 and(s,r) € oset(Z') (eq. 5.35 and eq. 5.12). Then, singe C Z’, there also
exists no suchs € Z., and thenw € possible_words(Z', Z., oset(Z"),v,r) with v = r the only
valid value forv (eq. 5.36). For any’ in possible_words(Z', Z,0set(Z'),v,r) it also holds by
definition thatmatch(w',r) = 1 (eq. 5.36), sav’ in matchwords(r) (eq. 5.34).

Statement 5 (complementdirectpath)

Vr,s € Z', Ze C Z' C Zeombineds

Voset(Z') C allset(Z') :

complement(Z', Zo,0set(Z'),r,8) =1 =
mincomp(Z', Z,0set(Z'),r,s)) =1

or path(containpat(Z',r,s)) = +1. (B.5)
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Letr, s € Z’ be any two rules such thavmplement(Z', Z., oset(Z'),r, s) = 1; and consider all the
options for acontainpat path betweem ands. If path(containpat(Z’,r,s)) = +1 the statement
holds. If neithemath(containpat(Z’,r,s)) = 1 nor path(containpat(Z',r,s)) = —1, then, since
complement(Z', Z,0set(Z'),r,s) = 1, it follows thatmincomp(Z’', Z., 0set(Z'),r,s) = 1 by
definition (eq. 5.49).

Statement 6 (rulewordssub_rulewords)

Vr € Z/a Z' - Zcombineda
Voset(Z') C oset' (Z') C allset(Z') :
rulewords(Z',oset'(Z'),r) C rulewords(Z',oset(Z'),r). (B.6)

Let w be any word such thatr € rulewords(Z’,oset’'(Z'),r). By definition (eq 5.35 and eq.
5.12) it follows thatmatch(w,r) = 1 and there exists ne such thatmatch(w,s) = 1 and
(s,r) € oset'(Z"). Now oset(Z') C oset’(Z"), which means thabset(Z’) has fewer restric-
tions thanoset'(Z’) and if (s,r) & oset’(Z') for an s as above, then als@,r) ¢ oset(Z’), and
thenw € rulewords(Z',oset(Z"),r). Since this holds for anw € rulewords(Z',oset’ (Z'),r),
rulewords(Z',oset'(Z'),r) C rulewords(Z’,oset(Z'),r).

Statement 7 (rulewordsredundant)

Vr € Z', 7' C Zeompinea, Voset' (Z') C allset(Z') :
Joset(Z') C oset'(Z') : rulewords(Z’, oset(Z'),r) = ¢ <

ris a redundant rule i&@’, oset’(Z'). (B.7)

For any oset'(Z') 2 oset(Z'), it follows directly from statement 6 that ifulewords(Z’,

oset(Z'"),r) = ¢ alsorulewords(Z',oset'(Z'),r) = ¢ (sincerulewords(Z’,oset'(Z'),r) C

rulewords(Z',oset'(Z'),r)). In all orderings that includeset(Z’), rule r will never be invoked
to predict a word. Also, if- is a redundant rule inset’(Z') thenrulewords(Z', oset'(Z'),r) = ¢.

For at leastset(Z') = oset’'(Z'), but possibly also for other sets of orderings, it then hokds
rulewords(Z',o0set(Z'), r) = ¢.
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B.2 CHARACTERISTICS OF Z),

Statement 8 (possiblyminimal _single)

Vr e Zm, Zm - Zcombined :

possibly_minimal(Z,,) =1 = r € Zgingle (B.8)

Consider any' € Zy, € Zeombined- TheNT € Zeon flict—resolved Y Zno—conflict Y Zeon flict—combined
(eq. 5.21). Sincepossibly-minimal(Z,,) = 1, there exists an orderingset(Z,,) such that
minimal(Zyy,, oset(Z,,)) = 1 (eq. 5.26). According to this ordering, rutewill be invoked by at
least one wordv in T'D, otherwiser would be a redundant rule inrainimal rule set, which is im-
possible. Ifr € Z.op fiict—combined, T WOUId predictw with at least two different outcomes depending
on which of the specific alternative outcomes are selectgd54.9). Since this is not possible in an
accurate set of rule orderingspinimal(Z,,, oset(Z,,)) # 1, and then it is not possible to find the
requiredoset(Z,,), andZ,, cannot be @ossibly_minimal rule set. Fopossibly_-minimal(Z,,) =
1to hold,r & Zeon flict—combined: @Nd then € Zeop fiict—resotved Y Zno—conflict: Which is the same
as stating that € Z,;,,4. (9. 5.22). Note that anyossibly_minimal rule setZ,, can therefore be
assumed to be a subsetaf;,, g

Statement 9 (rulewordseq invalid)

Vr,s € Zmy Zm C Zsingle, possibly_minimal(Z,,) = 1,
Voset(Zy,) C allset(Zy,) : valid(oset(Zy,)) =1 =
rulewords(Zy,, oset(Zy,),r) # rulewords(Zy,, oset(Zy,), s). (B.9)

Consider any rules and s ordered according to thealid orderingoset(Z,,), and letoset' (Z,,)
be the final ordering used during word prediction, wheset'(Z,,) 2 oset(Z,,). Irrespective of
whether there is aule_order(.) relation between rules ands or not, or the existence of any ad-
ditional rules; in the final rule numbering assignment basedset’(Z,,), eitherrulenum(r) <
rulenum(s) or rulenum(s) < rulenum(r). Chooser to be the rule such thatulenum(r) <
rulenum(s), and letrulewords(Z,,, oset(Zy,),r) = rulewords(Z,, oset(Z,,),s). Letw be any
word pattern inT'D such thatw € rulewords(Z,,,oset'(Z,,),s). Atleast one such a word pat-
tern must exist, otherwise (from statements7is a redundant rule in @ossibly_minimal rule
set. Since, from statement 6ulewords(Zy,, oset'(Zy,),s) C rulewords(Zy,, oset(Zy,),s) =
rulewords(Zy,, oset(Z,,),r), it follows that match(w,r) = 1 = match(w,s) (eq. 5.35). For
any additionalt such thatmatch(w,t) = 1, one of the following situations can occur: (1) no
sucht exists, (2)(t,r) & oset'(Zy),(t,s) & oset'(Zy), ) {(t,r),(t,s)} € oset'(Zy,), (4)
(t,r) € oset'(Zn)),(t,s) & oset(Zy,), or (5) (t,r) & oset(Zy,),(t,s) € oset(Zy,). If (1) or
(2) occurs, thenw € rulewords(Zy,,oset'(Zy,),r) andw € rulewords(Z,,, oset'(Zy,), s) (€q.
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5.35), but sincerulenum(r) < rulenum(s), rule s will never be invoked to predict word pattern
w. If (3) occurs, then rule will always be invoked to predict word pattein, and neither rule-

or s will be invoked for this purpose. If (4) occurs, then eitheor s can be invoked, but since
rulenum(t) < rulenum(r) < rulenum(s) only t will be invoked. If (5) occurs, either ruleor r
can be invoked, but again rukewill not be invoked to predict word pattern. Rule s will therefore
never be invoked to predict word pattesn irrespective of the option that occurs. Since this holds
for all w € rulewords(Z,,oset'(Z,,), s), rule s is a redundant rule in gossibly_minimal rule
set, sovalid(oset’ (Z,,)) # 1. Butoset’(Z,,) was not restricted in any other way than by requiring
thatoset’(Z,,) 2 oset(Z,,) whererulewords(Z,,, oset(Zy,),r) = rulewords(Zy,, oset(Zy,), s).

It is therefore not possible thatulewords(Z,,,oset(Z,),r) = rulewords(Zy,,oset(Zy,),s).

If rulewords(Z,,,oset(Zy,),r) # rulewords(Z,,,oset(Z,,),s) then it is possible that a word
w' € rulewords(Z,,, oset(Z,,), s) exists such thatatch(w', s) = 1, match(w',r) # 1, and that

s can be invoked to prediat’ irrespective of whetherulenum(r) < rulenum(s); and a similar
contradiction does not occur. Exactly the same argumeulstibk is chosen to be the rule such that

rulenum(s) < rulenum(r).

Statement 10 (poswordsredundant)

V1,8 € Zm, v # Sy Zm S Zeombined, Voset(Zy,) C allset(Zy,)
minimal(Zpy, 0sety(Zpy)) =1 =

Vs € Zy, : possible words(Zy,, Zm, 0sety(Zm,),r,1) #

possible_words(Zy,, Zm, 0s€ty, (Zm), T, 8). (B.10)
From statement 3 and 7 it follows that iminimal(Z,,,osety(Zy)) = 1, then
possible_words(Zy, Zm, 08€ty (Zpy), 1) =  rulewords(Zmy,,osety (Zm), 1) # ¢ . |f

(r,s) & osety(Zy), then (sincer # s) possible-words(Zy,, Zm,o0setym(Zm),r,8) = ¢
(eq. 5.36), and then the statement holds. Now consider thatisin if (r,s) € oset,,(Zn):
possible_words(Zy, Zm, 08€tym (Zm), T, 1) = possible_words(Zy,, Zm, 08€tym(Zm), 1, 8)
implies that for each word patternv € possible.words(Zy,, Zy, osety,(Zy),r,s) also
match(w,r) = 1. Then, if(r,s) € oset,,(Zn,), possible_words(Zy,, Zm,05€tm(Zm),s,8) = ¢
(eq. 5.36). But thenrulewords(Z,,,oset,(Zy),s) = ¢ (statement 3) and therm
becomes a redundant rule (statement 7), which is impossiblee s € Z,. Then
possible_words(Zy, Zm, 08€tym (Zy),r,1)  Z#  possible_words(Zy,, Zpm, 0sety(Zm),r,s), and
the statement again holds.
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B.3 Zy) AS ASUBSET OF ZcomBinED

Statement 11 (poswordssub_poswords)

Vr e Zp,v e Zy,VZqg C Zy © ZB C© Za S Zcombined:
Voseta(Za) C allset(Za),Vosetp(Zp) C allset(Zp),
order_subset(oseta(Z 4),0setp(Zp)) =1
possible_words(Zp, Zy, 0setp(Zp),v,r) C

possible_words(Z A, Zq,08et A(Z 4),v,7). (B.11)

Let w be any word such thaty € possible_words(Zp, Zy,0setg(Zp),v,r). By definition (eq
5.36) it follows thatmatch(w,r) = 1 and that there exists no € Z;, such thatnatch(w,s) = 1

and {(s,7),(s,v)} € osetp(Zp). Now order_subset(oseta(Za),osetg(Zp)) = 1, which

means thatoset4(Z4) has fewer restrictions thawmsetp(Zp) and, if for no such match-
ing s € Z, it holds that (s,r) € osetp(Zg), there also exists no such € Z, such
that {(s,r),(s,v)} € oseta(Za) (eq. 5.27). And sincez, C Z;, there also exists
no suchs € Z,, and thenw € possiblewords(Za,Z,,o0seta(Z4),v,7) (€q. 5.36).
Since this holds for allw in possible_words(Zpg, Zy,0setg(Zp),v,r), it follows that

possible_words(Zp, Zy, 0setp(Zp),v,r) C possible_words(Za, Z,,0set A(Z4),v,7).
Statement 12 (sharedwordssub_sharedwords)

Vr € Zp,v € Zy,VZq C Zy C Zp C ZaA C Zcombined:
Voseta(Za) C allset(Z4),Vosetp(Zp) C allset(Zp),
order_subset(oset(Z4),0setp(Zp)) =1:
shared_words(Zp, Zy, 0setg(Zp),v,1,s) C

shared_words(Za, Zy,0set A(Z4),v,7,8). (B.12)

Let w be any word pattern such that € shared-words(Zp,Zy,0setg(Zp),v,r,s). Then
w € possible_words(Zp, Zy,0setp(Zp),v,r) andw € possible_words(Zp, Zy, 0osetg(Zp), v, s)
(eq. 5.42). Sincerder_subset(oseta(Z4),0setp(Zp)) = 1, it follows from statement 11 that also
w € possible_words(Z A, Zg,0setA(Z4),v,r) andw € possible_words(Za, Zg,0seta(Z4),v, s),
and thenw € shared-words(Za, Z,,0sets(Z4),v,r,s) (eq. 5.42). As this holds for all
w € shared_words(Zp,Zy,0setp(Zp),v,r,s), shared-words(Zp, Zy,osetg(Zp),v,r,8) C

shared_words(Z s, Zq, 0setA(Z 4),v,1,5).
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Statement 13 (poswordssub_poswords later_v)

Vre 7' Zy CZy CZ' C Zeombined, Voset(Z') C allset(Z'),
Yo € Zy,v=ro0r(v,r) € oset(Z’),
Vt € Zy,t =vor{(v,t),(t,r)} € oset' (Z') :
possible_words(Z', Zy, 0set(Z'),t,r) C

possible_words(Z', Z,, 0set(Z'),v,r). (B.13)

Consider any word patterm € possible-words(Z', Zy,0set(Z'),t,r). Thenmatch(w,r) = 1
and there exists n@ € Z, such thatmatch(w,q) = 1 andq = t or (¢,t) € oset(Z’). Since
t =wvor(v,t) € oset(Z'), there therefore also exists no such matchjng 7, such thaty = v
or (q,v) € oset(Z'). SinceZ, C Z, there also exists no such € Z,. By definition then
w € possible_words(Z', Z,,oset(Z"),v,r) (€q. 5.36). Since this holds for all word patternsc
possible_words(Z', Zy, 0set(Z'),t,r), it follows that possible_words(Z', Z,,o0set(Z"),t,r) C
possible_words(Z', Zy, oset’ (Z'),v,r).

Statement 14 (poswordssub_poswords later_all)

Vr € Zp,v € Zp,VZq, C Zy C Zp C Za C Zeombineds

Voseta(Za) C allset(Za),Vosetp(Zp) C allset(Zp),

order_subset(osetA(Z 4),0setp(Zp)) = 1,

Yo € Zg,v=ro0r(v,r) € oset(Z’),

Vt € Zy,t =vor{(v,t),(t,r)} € oset' (Z') :

possible_words(Zp, Zy, 0setp(Zp),t,r) C
possible_words(Za, Zq,0setA(Z4),v,T). (B.14)

Sincepossible_words(Zp, Zy, 0setg(Zp),t,r) C possible_words(Za, Z,,0setA(Za),t,r) (State-
ment 11), anghossible_words(Za, Zy, 0set A(Z4), t, ) C possible_words(Z s, Zq,0set A(Z ), v,7)
(statement 13, choosing, = Z), it follows that possible_words(Zp, Zy, 0setp(Zp),t,r) C

possible_words(Za, Zq,0setA(Z4),v,7).
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Statement 15 (relationssupersetminset)

V7, 8,0 € Zmy Ze € Zim € Z' C Zeombineds
Voset(Z') C allset(Z'), osetym(Zy) C allset(Zy,),
allowed_state(Z', Z.,0set(Z')) = 1

V(Zm, 08ty (Zm)) € minrules(Z', Z,, 0set(Z")) :

containpat(Z',r,s) =1 = containpat(Zy,,r,s) = 1. (B.15)
containpat(Z',r,s) = —1 = containpat(Zmy,r,s) = —1. (B.16)
path(containpat(Zy,,r,s)) = 1 <= path(containpat(Z’,r,s)) = 1. (B.17)

complement(Zy,, Zym, 0set(Zy,),v,r,s) =1 =
complement(Z', Z,o0set(Z'),v,r,s) = 1. (B.18)
mincomp(Zy, Zm, 0set(Zy),v,1,8) =1 =

mincomp(Z', Z,0set(Z'),v,r, s) = 1. (B.19)

Consider each relationship separately, and note thatelsites specifically te, s,v € Z,,:

e Eq. B.15: Ifcontainpat(Z’,r,s) = 1, thencontext(r) D context(s) and not € Z’ exists
such thatontext(r) D context(t) D context(s) (eq. 5.47). Sinc&, C Z,, C Z', no sucht
can exist inZ,, either, and therontainpat(Z,,,r,s) = 1.

e Eq. B.16: If containpat(Z’,r,s) = —1, then containpat(Z',s,r) = 1. Then
containpat(Z,y,, s,r) = 1 (from eq. B.15), and theeontainpat(Z,,,r,s) = —1.

e Eq. B.17: Ifpath(containpat(Z,,,r,s)) = 1, thencontext(r) O context(s) (eq. 5.48) and
thenpath(containpat(Z',r, s)) = 1; and vice versa.

e Eq. B.18: Ifcomplement(Z,, Zym,0set(Z,y,),v,r,s) = 1 then there exists a rule € Z,,
and wordw such thatw € shared-words(Zy,,, Zy,,o0set(Zy,),v,r,s) (eq 5.43). Since
order_subset(oset(Z'),oset(Zy,)) = 1 andZ, C Z,, C Z' by definition (eq. 5.29), it
follows from statement 12 that alse € shared-words(Z', Z.,o0set(Z'),v,r,s), and then
complement(Z', Z., oset(Z"),v,r,s) = 1 (eq 5.43).

e Eq. B.19: Ifmincomp(Zy,, Zm, 0set(Zy,),v,r,s) = 1thencomplement(Z,,, Zm, 0set(Zy,),
v,r,s) = 1 and path(containpat(Z,,,r,s)) = 0 (eq. 5.49). Then also
complement(Z', Z, 0set(Z'),v,r,s) = 1 (eq. B.18) antbath(containpat(Z’',r,s)) = 0
(eq. B.17), and themincomp(Z', Z., 0set(Z'),r, s) = 1.
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B.4 RULE ORDERING IN Zy

Statement 16 (redimplies_acc)

V7,8 € Zmy Zm C Zeompined, Possibly-minimal(Z,,) = 1,
Voset(Zy,) C allset(Zy,),valid(oset(Z,,)) =1 :
orderyed(Zm, 0set(Zy,),r,s) =1 = ordergec(Zm,0set(Zy,),r,s) = 1. (B.20)

If order,eq(Zm, oset(Zy,),r,s) = 1 then requirings to occur before- causes some ruleto become
redundant given any state’,,, Z,,, oset'(Z,,)), whereoset' (Z,,) 2 oset(Z,,) U (s,r) (eq. 5.55).
If it were possible that for any sucbset’(Z,,) it could hold thataccurate(Z,,, oset'(Z,)) = 1,
then rulet could be removed from the rule set and the new rule set wollllthstaccurate. However,
then the new rule set would have fewer rules thap, which is impossible, given that,, is a
possibly_minimal rule set (eq. 5.26 and eqg. 5.25). This means that if baihd s are inZ,,, and
orderyed(Zm, 0set(Zy,),r,s) = 1, then alswrder,c.(Zm, oset(Zy,),r,s) = 1.

Statement 17 (orderimplies_acc)

V1,8 € Zmy Zm C Zeompined, Possibly-minimal(Z,,) = 1,
Voset(Zy,) C allset(Zy,), valid(oset(Z,y,)) =1 :
order(Zy,0set(Zy),r,s) =1 = orderycc(Zm,oset(Zy,),r,s) = 1. (B.21)

This follows directly from statement 16 and eq. 5.56.

Statement 18 (directorder_implies_.complement)

V7,8 € Zm, Zm, C ZcombinedvpOSSibly—minimal(Zm) =1,

Voset(Zy,) C allset(Zy,),valid(oset(Zy,)) =1 :
direct_order(Zm, oset(Zy,),r,s)) =1 =

Yo € Zp, (v,1), (v, 8) € oset(Zy,) : complement(Zy,, Zy,, 0set(Zy,),v,1,8) = 1. (B.22)

Since Z,, is a possibly-minimal rule set, order(Z,,,oset(Zy),r,s) = 1 implies that
ordergce(Zm,0set(Zy,),r,s) = 1 (statement 17). The accuracy ordering between any two
rulesr ands can be caused in two ways: (1) A direct ordering requiremdaég from one or more
word patterns that each create the need for such an ordedegéndently. (2) An indirect ordering
requirement is caused by a set of word patterng in predicted one after the other, each prediction
an independent event. Such a set of word patterns may ragiléreto occur earlier than another rule
v, and again require rule to to occur earlier than rule, creating an indirect ordering requirement
from ruler to rule s. If direct_order(Z,,, oset'(Z,,),r,s) = 1, then by definition there exists no
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rule t such thatrder(Z,,, oset'(Z,,),r,t) = 1 andorder(Z,,, oset'(Z,,),t,s) = 1, even though
order(Zy,, oset' (Z,),r,s) = 1. It therefore follows that the ordering betweerand s is a direct
ordering (as in (1) above) caused by at least one (singled watternw. Such a word patterm will
be predicted incorrectly ifulenum(s) < rulenum(r) (sinceorderqec(Zm,o0set(Zy,),r,s) = 1)
and predicted correctly for at least one ordering which ireguthatrulenum(r) < rulenum(s)
(sincewalid(oset(Z,,)) = 1). This is only possible if the word pattern is predicted accurately
by ruler and incorrectly by rules. Thenmatch(w,r) = 1 andmatch(w,s) = 1, and nov € Z,,
exists earlier in the rule set tharsuch thatmatch(w,v) = 1. Since such a exists, it follows that
complement(Zy,, Zm,0set(Zy,),v,r,s) = 1 for all v such that (v, ), (v,s)} € oset(Z,,).

Statement 19 (ordeccomplementorder)

Vr,s € Zm, Zm C Zsingle, possibly_ minimal(Zy,) = 1,
Voset(Zy,) C allset(Zy,) :

(
orderacc(Zm, Zm, 0s€t(Zy,),r,s) =1 = Yo : {(v,7),(v,s)} € oset(Z,,) :
)

path(complement&direct_order(Zy,, Zm,0set(Zy,),v,1,8)) = (B.23)
If ordergce(Zm,o0set(Zy,),r,s) = 1 then by definition, order(Z,,,oset(Z,,),r,s) = 1
(eq. 5.56) andpath(direct_order(Zy,,oset(Zy,),r,s)) = 1 (eq. 5.57). Now con-
sider any rulest;,t;y1 along the path fromr to s. Since for eacht;, t;,q1 pair it
holds that direct_order(Z,,,oset(Zy,),ti,t;i+1) = 1, it follows from statement 18 that
complement(Zy,, oset(Zy,),v,t;, tir1) = 1 for a valid v. Since this holds for alk; along

this path, it follows thapath(complement&direct_order(Zy,, Zm, oset(Zy,),v,r,s)) = 1.

Statement 20 (subsetmplies_red_min)

Vr, 8,0 € Zmy Zm € Zsingle, possibly-minimal(Zy,) = 1,
Voset(Zy,) C allset(Zy,),
subset(Zy,, 0set(Zy),r,r,8) =1 =

order eq(Zm,0set(Zy,),r,s) = 1. (B.24)

If subset(Zy,,o0set(Zy,),r,r,s) = 1 it follows by definition thatpossible_words(Z,, Zy,,
oset(Zy,),r,r) C possible-words(Zy,, Zm, oset(Zy,),r, s) (€g. 5.51), and then it will hold for any
word patternw € possible_words(Zy,, Zm, oset(Zy,),r,r) that alsomatch(w, s) = 1 (eq. 5.36).
Sincepossible_words(Zy,, Zm, 0set(Zy,),r,r) = rulewords(Zy,, oset(Z,,),r) (statement 3), this
set provides a list of all the words 1RD that may possibly invoke rukeduring pronunciation predic-
tion (eq. 5.35). It therefore follows that, éfoccurred before, all words that could possibly mateh
would first be matched againstandr would never be invoked. Rulewill then be a redundant rule
within a possibly_minimal rule set, which contradicts the definition ofpassibly minimal rule
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set. Since rule- becomes redundant if rukeoccurs before rule when enforcing all the restrictions
required byoset(Z,,), it follows thatorder,cq(Zm,, oset(Zy,),r,s) = 1 (eq. 5.55).

Statement 21 (subsetmplies_red)

V7,8 € Zmyv € Zeoy Ze C Ziy € Z' C Zeombined, Yoset(Z') C allset(Z'),
(Zm, 0setym(Zm) € minrules(Z', Z,, 0set(Z")) :
subset(Z', Z.,0set(Z'),v,7,8) =1 =

order eq(Zm,0set(Zp,),r,s) = 1. (B.25)

Choose anyv € Z. and r,s € Z, such thatsubset(Z’, Z.,oset(Z'),v,r,s) = 1.
Thenv = r or {(v,r),(v,8)} € oset(Z") and possible.words(Z', Z.,oset(Z'),v,r) C
possible_words(Z', Z,0set(Z'),v,s) (eq. 5.51). Now consider any word pattern
w € possible.words(Zy,, Zm,0set(Zy,),r,r). Since order_subset(oset(Z'), osetym(Zm)) =
1 and Z. < Z, (eq. 5.29) it follows from statement 14 that als@ €
possible_words(Z', Ze, 0set(Z'),v,r). Since possible-words(Z', Z.,0set(Z'),v,r)  C
possible_words(Z', Z,,0set(Z'),v,s) (as given above), it follows that alsow €
possible_words(Z', Ze,0set(Z'),v,s). This implies thatmatch(w,s) = 1 and noq € Z.
exists such thatnatch(w,q) = 1 andqg = v or (¢g,v) € oset(Z'). Now sincev = r
or {(v,r),(v,8)} € oset(Z') this means no such matching € Z. exists such that
g = r or{(gr),(qgs)} € oset(Z'). Then noq € Z, exists such thay = r or
{(q,7),(q,9)} € osety(Zy) (sinceZ. C Z,, andorder_subset(oset(Z'),osetm(Zy)) = 1),
and thenw € possible.words(Zy,, Zm,o0setm(Zm),r,s).  Since this holds for allw €
possible_words(Zy,, Zm, 0set(Zy,),r,r), it follows that possible_words(Z,,, Zm, 0setm(Zm),
r,r) C possible-words(Zy,, Zm,0sety(Zy),r,s). But from statement 10 it is not possible
that possible_words(Z,,, Zm, 0sety(Zm),r,r) = possible_words(Zy,, Zy, 05ty (Zm), 1, s),
S0 possible_words(Zy,, Zy,, 0sety,(Zy,),r,1r) C possible_words(Zy,, Zy,, 0setm(Zy,),r, s), and
then subset(Z,,, Zpm, osety(Zm),r,r,s) = 1 (eq. 5.51). Then it follows from statement 20 that

order eq(Zm,0set(Zy,),r,s) = 1.

Statement 22 (containpat_implies_order_min)

V7,8 € Zmy Zom € Zeompineds Possibly minimal(Z,,) = 1,valid(oset(Z,y,)) = 1
path(containpat(Zy,,r,s)) =1 = order,eq(Zm,0set(Zy,),r,s) = 1. (B.26)

If path(containpat(Zy,,r,s)) = 1 then context(r) O context(s) (eq. 5.47) and then
matchwords(r) C matchwords(s) (statement 1). Lebset’(Z,,) be any ordering that includes
(s,r)Uoset(Zy,). Then for every word patterw such thatnatch(w,r) = 1 alsomatch(w, s) = 1,
and sinces, r) € oset'(Z,,) and boths andr in Z,,,, possible_words(Zy,, Zm, oset'(Zy,), s,1) = ¢
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(eq. 5.36). Sincerulewords(Zy,,oset' (Zy,),r) C possible-words(Zy,, Zm, oset' (Zy,), s,1)
(statement 4) alseulewords(Z,y,, oset' (Z,,),r) = ¢, which means that has become a redun-
dant rule (statement 7). Since this holds for asyt'(Z,,) 2 oset(Z,,) U (s,r) it follows that
orderyed(Zm, 0set(Zy,),r,s) =1 (eq. 5.55).

B.5 RULE ORDERING IN Z,; AS ASUBSET OF ZcomBinED

Statement 23 (pathorder_min)

V7,8 € Zmy Ze C Zm € Z' C Zeombined

Voset(Z') C allset(Z'), allowed_state(Z', Z.,0set(Z")) = 1,

V(Zm, 08ety(Zm) € minrules(Z', Ze, 0set(Z')) :

containpat/supercomp/rule_order(Z', Z.,0set(Z'),r,s) =1 =
(r,s) € osety(Zm). (B.27)

Choose any, s € Z,,:

o If rule_order(Z', Z,o0set(Z'),r,s) = 1, then (r,s) € oset(Z') (eq. 5.7). Since
allowed_state(Z', Z.,0set(Z")) = 1, order_subset(oset(Z'), osetm(Zm)) = 1 (€q. 5.29)
and then(r, s) € oset,,(Zy,).

o If supercomp(Z', Z.,0set(Z'),r,s) = 1, thensubset(Z', Z.,0set(Z"),r,s) = 1 by defini-
tion (eq. 5.52) and then, from statement 21 it follows thaier,..q(Z,,, oset, (Zp,), r, s) = 1,
and again(r, s) € osety,(Zpm,).

e If containpat(Z’',r,s) = 1thencontainpat(Z,,,r,s) = 1 (eq. B.15) and then it follows from
statement 22 thatrder,eq(Zm, 0setm (Zm), r,s) = 1. Again(r, s) € osety,(Zy,).

Statement 24 (ordecnot_order)

VT, s € ZI7 Ze C z' - Zcombineda
Voset(Z') C allset(Z'), allowed_state(Z', Z.,0set(Z')) = 1 :
order(Z', Z.,0set(Z'),r,s) =1 = order(Z', Z.,0set(Z'),s,r) # 1. (B.28)

Consider anyr,s € Z' and first consider theorder,.. relation specifically. If
orderacc(Z', Ze,0set(Z'),r,s) = 1, then nooset'(Z') O oset(Z') U (s,r) exists such that
allowed_state(Z', Z.,0set'(Z')) = 1 (eq. 5.54). But sincellowed_state(Z', Z.,o0set(Z')) = 1
at least on€Z,,,, oset,(Z,,) pair exists such thatZ,,, oset,,,(Z,,)) € minrules(Z', Z., oset(Z'"))
(eq. 5.29), such thatinimal(Z,,, osety(Zm)) = 1 (eq. 5.28). Clearly(s,r) & osety,(Zm),
which means that either (1), s) € oset,,(Z,,) or (2) that the relationship betweenand s is

DEPARTMENT OFELECTRICAL, ELECTRONIC AND COMPUTER ENGINEERING 137



University of Pretoria etd — Davel M H (2005)
APPENDIX B SOME THEOREMS REGARDINGMINIMAL REPRESENTATIONGRAPHS

indeterminate, that is, that eithetlenum(r) < rulenum(s) or rulenum(s) < rulenum(r) is
allowed without affecting the value afccurate(Z,,, oset,,(Zy,)), or that (3) either or both of
ands are not inZ,,. In all the above case$r, s) can be added toset,,(Z,,), and it will still hold
that minimal(Z,,, osety,(Zy,)) = 1. Thenorderq..(Z', Z.,0set(Z'),s,r) # 1. The same can
be shown to hold with regard t@-der,.q(Z’, Z.,0set(Z'),r, s) using eq. 5.55 in the same way as
above, and therefore this statement also holds with regattebrder relation in general.

Statement 25 (ordercomplementoptions)

Vr,s € Z',Ze C 7' C Zeompined, Yoset(Z') C allset(Z) :
complement&order(Z', Z,,oset(Z'),r,s) =1 =
path(containpat(Z', Z,0set(Z'),r,s))) = 1
or mincomp(Z', Z,, 0set(Z"),r,s) = 1. (B.29)

If complement&order(Z', Z,0set(Z'),r,s) = 1 then bothcomplement(Z', Z.,0set(Z'),r,s) =

1 andorder(Z', Z.,0set(Z"),r,s) = 1 (eq. 5.44). Sinceomplement(Z',Z.,o0set(Z'),r,s) = 1

it follows from statement 5 that eithemincomp(Z’, Z.,0set(Z’),r,s)) = 1 or that
path(containpat(Z',r,s)) = =+1. However, if path(containpat(Z',r,s)) = -1, then
path(containpat(Z',s,r)) = 1 (eq. 5.47 and eq. 5.44) and therder,.q(Z', Z.,0set(Z'),s,r) =

1 (statement 22). Since it is not possible that bather(Z’, Z.,oset(Z'),s,r) = 1
and order(Z',Z.,oset(Z'),r,s) = 1 (statement 24), it is therefore impossible that
path(containpat(Z',r,s)) = —1. So either mincomp(Z', Z,0set(Z'),r,s)) = 1 or
path(containpat(Z',r,s)) = 1.

Statement 26 (oregimplies_acc)

VT‘, s € Zlv Ze c z - Zcombineda
Voset(Z') C allset(Z'), allowed_state(Z', Z.,0set(Z')) = 1 :
Jv € Z : order req(Z', Ze, 0set(Z'),v,r,s) = 1,

orderyeq(Z', Ze, 0set(Z'),1,5) =0 =

direct_order(Z', Z.,o0set(Z'),r,s) # —1. (B.30)
If order_req(Z', Z.,oset(Z'),v,r,s) = 1, then by definition (eq. 5.58) it follows that
direct_order(Z', Z.,0set(Z'),r,s) = 1, shared-words(Z', Z.,oset(Z'),v,r,s) # ¢, and

for all w; € shared-words(Z', Z.,oset(Z'),v,r,s) it holds thatoutcome(w;) = outcome(r).
Furthermore, there exists at least oné in shared_words(Z', Z.,0set(Z'),v,r,s) such that
outcome(w') & outcome(s). The value ofdirect_order(Z’', Z.,0set(Z'),r, s) can be0,1 or —1.
Since order,eq(Z', Ze,0set(Z'),r,s) = 0 the value of direct_order(Z', Z.,oset(Z'),r,s)
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depends on the value obrdery..(Z',Z.,0set(Z'),r,s), which also can be0,1 or —1

(eq. 5.57). Now consider anyZ,,,oset,,(Zy)) € minrules(Z', Z.,o0set(Z')).  Since
allowed_state(Z', Z,0set(Z')) = 1, at least one such &,,,oset,,(Z,,) pair exists. Since
shared-words(Zy,, Zm, 0sety(Zm),v,r,s) C shared-words(Z', Z.,oset(Z"),v,r, s) (Statement
12) it still holds that for all ther; € shared_words(Z,,, Zm, 0sety(Zm),v,r, s) outcome(x;) =

outcome(r). If it were possible thatdirect_order/order,c.(Z', Ze,0set(Z'),s,r) = 1, then

there would exist at least one word patterisuch thats would predicty accurately, and would

predict y incorrectly. But since for all ther; above outcome(z;) = outcome(r), no suchy

can exist, and therefordirect_order/orderq..(Z', Z,0set(Z'),s,r) # 1 which implies that
direct_order(Z', Z,, 0set(Z'),r,s) # —1.

B.6 CHARACTERISTICS OF AN ALLOWED STATE

Statement 27 (allowedstate decided)
VZ. C Z' C Zeombined, Yoset(Z') C allset(Z'),
allowed_state(Z', Z, 0set(Z')) = 1,
V(Zm, 08ty (Zm)) € minrules(Z', Z,.,0set(Z")) :
order_subset(decided_set(Z', Z.,0set(Z")), 0set,(Zm)) = 1. (B.31)

Choose any Z,,, oset,,(Zy,)) € minrules(Z', Ze, oset(Z')). Thenminimal(Zy,, 0sety,(Zy,)) =
1, Z. C Z,, C Z' andorder_subset(oset' (Z'), oset,,(Zy)) = 1, by definition (eq. 5.28). Now
consider any, s € Z,, N Z' such that(r, s) € decided_set(Z', Z.,oset'(Z")). Thenr,s € Z,, and
path(order_decided(Z', Z., oset'(Z'),r,s)) = 1 (eq. 5.60). From the definition @f-der_decided,
this implies that there exists a path = r,vq,...,v, = s, all v; € Z’, such that either (1)
containpat(Z' v, vi41) = 1, or (2) supercomp(Z', Z,, oset(Z'),v;, vi41) = 1 or (3) (v, vi41) €
oset(Z'). Now lett; be only those; such thav; € Z,,. Then there exists apath= r, t, ....t, = s
such that for each;, path(containpat/supercomp/rule_order(Z’', Z.,o0set(Z'), t;, tiv1)) = 1,
with all ¢; € Z,,. From statement 23 it then follows that for eatht;; pair it holds that
order(Z', Z.,o0set(Z'),t;,t;+1) = 1, and then(t;, t;11) € oset,,(Z,,). Since these; form a path
from r to s, it follows that also(r, s) € oset,,(Z,,) (eq. 5.7). Since it holds for any s € Z,,, N Z’
that if (r,s) € decided_set(Z', Z.,oset'(Z')) then also(r, s) € oset,,(Zy,), it follows (from eq.
5.27) thatorder_subset(decided_set(Z', Z.,0set(Z')), osety(Zm)) = 1.
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Statement 28 (allowedstate_possible)

VZ. C Z' C Zeombined, Voset(Z') C allset(Z'),

allowed_state(Z', Z.,o0set(Z')) =1 =

V(Zm, 0sety,) € minrules(Z', Z., 0set(Z")) :
order_subset(oset,,(Zy,), possible_set(Z', Z,, 0set(Z'))) = 1. (B.32)

Choose any(Z,,, osety,) € minrules(Z', Z.,oset(Z")), and anyr,s € Z,, such that(r,s) €
osety(Zy). Since(r,s) € osety(Zy,), it follows that orderacc(Zm, Zm, 0set(Zy,),rys) =

1 (statement 17) and thepath(direct_order&complement(Zy,, Zm, 0s€tm(Zm),v,1,s)) = 1

for all v such that{(v,r), (v,s)} € oset,,(Z,) (statement 19). This means that a path of
n > 2 rules exist witht; = r,t9,t3,...,t, = s, all thet; € Z,. For each of these
ti,tir1 pairs bothdirect_order(Zy,, Zm,o0setym(Zm),ti,tiv1) = 1 and complement(Z,,, Zpm,
osety(Zm), v, ti tiv1) = 1. Since complement(Zy,, Zm, 08€ty (Zm), v, ti tiv1) = 1, it
follows that complement(Z’', Z.,0set(Z'),v,t;,t;+1) = 1 (eq. B.18), and then either (1)
path(containpat(Z' t;, t;y1) = 1 or (2) mincomp(Z', Z.,0set(Z'), v, t;, t;i11) = 1 (Statement 25).

In both caseshared-words(Z', Z.,oset(Z'), v, t;, tiv1) # ¢ (€q. 5.43).

o If (1) path(containpat(Z' t;,t;+1)) = 1, then path(order_decided(Z', Z.,o0set(Z'),
ti,ti+1)) = 1 (eq. 5.59), and theft;, t;+1) € possible_set(Z', Z.,0set(Z")) (eq. 5.63).

o If (2) mincomp(Z', Z,0set(Z'),v,t;, t;+1) = 1then (sinceshared_words(Z', Z., oset(Z'),
v, ti, tir1) # ¢) it follows that the value oforder_possible(Z', Z., 0set(Z'),v,t;,tiv1),
depends on the values of (aprder_decided(Z',Z.,o0set(Z'),t;,t;+1), and (b)
order_possiblel(Z', Z.,0set(Z'), t;, t;+1) (€q. 5.62).

First consider the possible values for (a), and asswm&r_possiblel(Z', Z,,oset(Z'),
ti,tiv1) # —1, the least restrictive choice. Wrder_decided(Z', Z.,o0set(Z'),t;, ti11) =

0, then the value obrder_possible(Z', Z.,o0set(Z'),t;, tix1) = 1 (eq. 5.62), and then
(tiytiv1) € possible_set(Z', Z.,0set(Z")). If order_decided(Z', Z.,0set(Z'),t;1,t;) = 1,
then also(t;,t;+1) € possible_set(Z', Z.,0set(Z')) (eq. 5.63). Sinc€t;,tit+1) € Zm
and direct_order(Zy,, Zm, 08€tm(Zm), tis tiv1) = 1 it follows from statement 27 that
direct_order(Z', Z.,oset' (Z'),t;,t;+1) # —1. For the two valid options it then holds that
(tiytiv1) € possible_set(Z', Z.,0set(Z'")).

Now consider the possible values for (b), and assumedhétr_decided(Z', Z., oset(Z'),
t;,t;+1) = 0, again the least restrictive choice otfder_possible1(Z', Z.,0set(Z'), t;, tiv1) #
—1, then order_possible(Z', Z.,0set(Z'),t;,t;41) = 1. If it were possible that
order_possiblel(Z', Z.,0set(Z'), t;, tix1) = —1, then order_possible(Z', Z.,oset(Z'),
ti+1,t;) = 1 (eq. 5.62) and then it would hold thatder req(Z’, Z., oset(Z"), v, ti11,t;) =1
for a valid v (eq. 5.61), and thewirect-order(Z', Z.,oset(Z'),t;11,t;) # —1 (state-
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ment 26), or stated differentlydirect_order(Z', Z.,o0set(Z'),t;,t;41) # 1. But

since direct_order(Zy,, Zm,0setm(Zm), ti,tix1) = 1, this causes a contradiction.
Then it must hold thatorder_possiblel(Z’', Z,, oset(Z'),t;,tiv1) # —1, and then

(ti,tiv1) € possible_set(Z', Z.,0set(Z")).

Since it holds for al(¢;, ;1) along a path from to s that(¢;, t;+1) € possible_set(Z’, Z., 0set(Z')),

it follows that (r,s) € possible_set(Z', Z.,0set(Z')) (eq. 5.63). Since this holds for any
(r,8) € osety(Zy), it follows thatorder_subset(oset,,(Zy,), possible_set(Z', Z., oset(Z')) = 1
(eq. 5.27).

B.7 INITIAL ALLOWED STATE

Statement 29

Yw € TD,r,w' € Z',w' aword pattern matching word, Z' C Z.ombined :

match(w,r) =1 <= path(containpat(w',r)) = 1. (B.33)

Letw be any word pattern i ompineqs @ndw’ its associated word patterniD. If match(w,r) = 1,
then, context(w) 2O context(r) by definition (eq. 5.11). Given the construction 28f,,,.pined, the
only rule s that can exist such thabntext(w) = context(s) is thats which is the word pattern
w', socontext(w) = context(w’) D context(r). Sincecontext(w’) O context(r) it follows from
eq. 5.48 thapath(containpat(Z',w',r)) = 1. Similarly, if path(containpat(Z',w',r)) = 1,
then (again from eq. 5.48pntext(w’) D context(r), and thencontert(w) = context(w’) D
context(r), and thenmatch(w,r) = 1 (eq. 5.11).

Statement 30 (onlyword_patterns) If, prior to any rule resolution, all rules irZ..,,.pineq are or-
dered according to the set of relationshigecided_set(Zcompined, ¢, ), then predicting any word
w € T'D will only invoke the word pattera’ € Z,,,—con flict -

Sinceoset(Zeompined) = ¢ does not contain any orderings whatsoever, it follows diyefcom the

definition ofrulewords (eq. 5.35 and eq. 5.12) amdatchwords (eq. 5.34) thatnatchwords(r) =

rulewords(Zeompineds ¢, 7). Letw € TD be any word to be predicted, and € Z.,pineq b€

each associated word pattern. Given the way in wHigh,.»:n.a has been constructed;’ exists
for each wordw, match(w,w’) = 1, and furthermore there may exist a set of rufes} such
that alsomatch(w’,r;) = 1. From statement 29 it follows that for each of thesehere exists
a path(containpat(Zeompined, W', 7i)) = 1. Sincepath(containpat(Zeompined, w',7:)) = 1, then
alsopath(order_decided(Zeompined, > ¢, w',7i)) = 1 (€9.5.59) and even if suah exist, none will
be invoked — onlyw’. Since word variants are not allowed, € Z,,,_con flict-
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Statement 31 (complete)The set of rules?,,,_ .., i+ describes the training data accurately and
completely.

Consider any training word pattetn. If any sub-patterns existed ifi that matched both this word
pattern and a conflicting one, it would have been removed . ..., r1::. Therefore, if a rule
N Zy0—conflict 1S applicable, it will be accurate. There are no word vasant?’D; therefore, for
each grapheme in each word pattern there exists at leastubApattern (the word pattern itself)
that describes the grapheme in a way that does not conflibtamiy other pattern, implying that an
applicable rule will always be found.

Statement 32 (initiaLsuperpath_implies_subset)

1,8 € Zmy Zm C Z' C Zeompined, possibly_minimal (Zy,) = 1
path(containpat /supercomp(Z', ¢, ¢, vo,7,8)) =1 =
subset(Zy, Zm, ¢, v0,1,8) = 1. (B.34)

Consider anyw € possible_words(Z', ¢, p,vo,7), Znm C Z'. Since ¢ contains no order-
ings whatsoever, then any sebssible_words(A, B, ¢,vo,x) will consist of all the words
in TD matched byzx, irrespective of the constitution oA or B, except thatA and B
should meet the requirements specified by eq. 5.36 piersible_words(A, B, ¢, vy, x) to
be defined.  Thenmatchwords(x) = possible_words(A, B, $,vq,x) for all valid val-
ues of A,B and z; and then it also holds that for al}f € Z,: matchwords(y) =
possible_words(Z', ¢, ¢, vg,y) = possible_words(Zy,, Zm, ¢,v0,y) = rulewords(Zy,, ¢,y). For
anyr,s € Zp, if path(containpat/supercomp(Z', ¢, ,r,s)) = 1 then there exists a set of rules
v1 = r,ve,..,v, = s such that for eacliv;, v;+1), either (1)containpat(Z’,v;,v;41) = 1 or (2)
supercomp(Z', ¢, ¢, v, v, v;i41) = 1. If (1) containpat(Z',v;, viy1) = 1 thencontext(v;) D
context(viy1) (€q. 5.47) and thematchwords(v;) C matchwords(v;y1) (Statement 1); and then
rulewords(Zy,, ¢, v;) C rulewords(Zy,, ¢,viv1). If (2) supercomp(Z', ¢, ¢, ,vo,vi,vi41) = 1,
then possible_words(Z', ¢, ¢,v;) C possible_words(Z', ¢,¢,v;+1) by definition (eq. 5.51),
and then alsaulewords(Z,, p,v;) C rulewords(Z,,¢,vi+1). Then it holds for allv; that
rulewords(Zy,, p,v1 = r) C rulewords(Zy,, p,v2) C ... C rulewords(Z,,, ¢,v, = s); and
then rulewords(Z,,, ¢,r) C rulewords(Z,,®,s). But since bothr and s in Z,,, and since
valid(¢) = 1, it is not possible thatulewords(Z,,,¢,r) = rulewords(Z,,¢,s) (Statement
9). Sorulewords(Zy,,o,r) C rulewords(Z,,»,s), and thenpossible_words(Z', ¢, ¢p,r) C
possible_words(Z', ¢, ¢, s), and thensubset(Z', ¢, ¢,r,s) = 1 (eq. 5.51).
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Statement 33 (Initial allowed state) If the rule setZ....uineq IS Ordered according to the rule set
orderings generated byecided_set(Zcompined, ¢, @), then the rule set is accurate, complete and in
an allowed_state, i.€:

7' = Zeombined, Ze = ¢,0set(Z') = decided_set(Z', ¢, ¢) —>
accurate(Z',oset(Z")) = 1, allowed_state(Z', Z.,0set(Z')) = 1. (B.35)

Let w be any word inl’D andw’ its associated word pattern By,,_con fiict- It follows from state-
ment 30 that predicting word according toZ’, oset(Z’) will always invoke the word pattern’ €
Zno—conflict» Which always exists. Since there is always such a wordnpattiee new rule set will be
complete. Since only rules i#,,,—con f1ict Will be invoked, and the rule sef,,,_ .o, riic: IS accurate
(from statement 31), the new rule set will also be accuratd;thenaccurate(Z’, oset(Z')) = 1.
From the definition ofminimal (eq. 5.25), if a rule set can be accurate and complete, dt leas
one rule set and rule ordering set will always exist such thatimal(Z,,, oset,,(Z,,)) = 1.
Since Z.ompinea CONSists of all possible rules, all suéh, will be a subset of7.,,.pineq, @and then
=2, C Zn CZ' = Zeompinea- NOW consider any, s € Z,, such that alsdr, s) € oset(Z’),
i.e. (r,s) € decided_set(Z', ¢, $). Thenpath(order_decided(Z', ¢, d,7,s)) = 1 (eq. 5.60), and
thenpath(containpat / supercomp/rule_order(Z', ¢, ¢,vo,r,s)) = 1 (eq. 5.59). Since& contains
no orderings whatsoever, this is only possibledth(containpat/supercomp(Z', ¢, p,r,s)) = 1.
Then subset(Z', ¢, ,1,8) = 1 (statement 32)prder,eq(Zm, Zm, 0s€tm(Zm),r,s) = 1 (state-
ment 21), and therir,s) € oset,,(Z,) (eq. 5.56 and eq. 5.7). Since this holds for all
(r,s) € Zy, it follows that order_subset(decided_set(Z', ¢, $), oset,,(Zy)) = 1 (eq. 5.27), and
thenorder_subset(oset(Z'), oset,,(Z,,)) = 1, and themllowed_state(Z', Z., oset(Z')) = 1 (eq.
5.29).
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