prove (IH) by induction on s:

JueTs: q(s) =, U, p(u) =7, t
A EIQ<O-($17""xk:)> — [Q1($7-r(1))a”'7Qm 7-r(m ] € Rlv (e [m] - [k]7
w € CA(X,,), Upyeesty, €T A

ql(sr(l)) :>*’_i[ﬂ1 Uyp, .- 7qm(87r(m)) :>*T1 U, p(u/[ul?”wum}) :>T2 2
(by decomposition)

= 3oy, xy) = U [q1 (T (1) oo s G (T ()] € Ry, w2 [m] — [K],
w € CA(X,,), UpyeestUyy €T A
q1(871) =7, Uty oy & (Se(m) =7, Urnes
Ip1, e sDpy EP, ty, .yt ETo, t/ € Cn(X,,), p:[n] = [m]:
p(u) =%, ' [p1(@p01))s s P (@ pin))]s P1(Upa) =0, trs s P (W) =7, tn
(by (*))
= (o(wq, s 78) = U [q1 (Tr1))s o G (T(m)] € Ryy i [m] =[], v € CA(X,,),
PiseesPn EP, ty,st, €T, ' € Ch(X,,), p:[n]— [m]:
(4p1)P1) (Sn(p1)) =T 1y {Qp(n)Pr) (Sr(p(n)) =T b
p(u') =% tp1 (o)) s Pl pin))] (by (IH))
< Im: [m] = [k], p:[n] = [m], v € CA(X,,), t/ € Cnu(X,), ti,...,t, € Tg:
(2p(1)P1) Sr(p(1)) = t1s s (Do) P) Sr(p(n)) =7 tns

<Q7p> (J<x17 7wk:>> -t [<qp(1)7p1><x7r(p(1))>7 seey <Qp(n)7pn><‘r7r(p(n)))] €ER
(by Construction)

<= (¢,p)(s) =T t/[tla ety =t

In the following we show (x): (<) by decomposition. (=) if T, is copying, i.e., Ji,i’: i #
i’,p(i) = p(i’) = j then T} was deterministic: up(i) = up(i’) = u; and q; = q; = q;; if Ty
is deleting, i.e., 3j: j ¢ codom(p), then B; was total: it did not block on ¢;(t.(,;)))- O
(c) Let TY = (Q', X/, A’ I}, R}) and Ty = (P’, A”, 2" I}, R}) be td-tt where
o X ={al9, B0 41 A" =100 411 "and 27 = {BO)} are ranked alphabets,
« QY =11 ={x}, P" =15 ={q},
o By={ *(a) = a, #(y(x1)) = v(x(zq)) }, and RS = { q(y(zy)) = B }.

The removal of any rule would result in the conclusion to be true, therefore T and T4 are

minimal with respect to the number of rules. Note that 7(TY) o 7(T4) = 0.
(d) Let T/ = (Q" x P/, X", I] x I}, R") be the bu-tt where R’ = { (x,q)(y(z,)) = « }.

(e) Let (s,t) = (y(5), ). Then
L (s,t) ¢ 7(T{) o 7(T3) = 0, and
2. (s,t) e 7(T").
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