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A NOTE ON OMITTING THE REPLACEMENT SCHEMA

A. BUNDY

In {1] Heath considers a formalisation of primitive recursive arith-
metic similar to that given in Goodstein [2], in which the replacement
schema (Goodstein’s Sb,) is deduced from special cases of itself, using a
double recursive uniqueness rule. The deduction of Sb, given in [1] is,
however, incomplete. This is rectified in the present note. The special
cases of Sb, taken by Heath are:

(i) A=B+SA =SB

(ii) A=B+-x+A=x+B
(iii) A=B+A +x=B +x
(ivy A=B+-x+-A=x*B
(v) A=B+rA=>x=B=>x

Remark In fact either (ii) or (iii) can be omitted since x +y =y +x can be
proved without using (ii) or (iii) and then one can be derived from the other.

In order to derive the full Sb,, i.e., A= B+ f(A) = f(B), for any primitive
recursive function f, it is necessary to show that the substitution theorem,
x =y — f(x) = f(y), persists under definition by a primitive recursive
schema. Heath shows that it persists under the recursion without parame-
ter, which I shall call R,

f(O) = (0)’
FSx) = glx, fx)),

i.e., that fromx =y & w = z — glx, w) = g(v, z) we can deduce x =y — flx) =

f(y). He then quotes a theorem of R. M. Robinson that all primitive
recursive functions are generated from 0, x, Sx, x + 3y and x = y by substi-
tution and the recursion R. To complete the proof it would be sufficient to
show that Robinson’s reduction of primitive recursion can be carried out in
the restricted primitive recursive arithmetic (i.e., without full Sb,). This
would involve defining the pairing functions J(x, y), K(x) and L(x) given by
Robinson, deriving their main properties, e.g. L(Sx) # 0 — K(Sx) = K(x) &
L(Sx) = S(Lx), and checking that the substitution theorem is satisfied by
them. This part was omitted by Heath, and it is not clear that this
programme could be carried out.
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However it is fairly easy to check that the substitution theorem
persists under full recursion, by a simple adaptation of Heath’s proof for
the recursion scheme R, as the following theorem shows.

Theorem Suppose f is defined by primitive vecursion from h and g, i.e.,

flos ooy tny 0) = R, ..., uy) (a)
Ftoy e ves ttny S%) = g(Uhoy o v oy Uny X, fltlgy + o o, Uny X)) (b)
and the substitution theovem has alveady been proved for h and g, i.e.,
U=V & oo & Uy =0y — R{Ugy ..., Ux) = B(Vg, ..., V) (c)
and
U= Vo & oo & Upyp = Vpys — oy v o vy Unya) = 8Woy e o vy Upyn) (d)

Then the substitution theovem holds for f, i.e.,

U= Vo & o & Upyy = Vpgy — flUhoy e v vy Unys) = FWoy ooy Upg)
Proof
Lemmal uy=0v,& ... & Uy =0n — f(Uogyev, Un, X) =f(0o, ..., Un, X)
By induction on x, prove the basis
Ug=Vo & oo & Uy =Un — fllhgy .o, Up, 0) =f(Vg,..., Un, 0)

by hypotheses (a) and (c)
and the step

U=V & o . &U, =0, & W=V & ... & U, =Vn —
f(u0}°"7uﬂ:x) =f(1)0;--°’vm x)) —>f(u0:'-~>uﬂ; Sx) "—'f(?)o,.-.,'Un, Sx)
by hypotheses (b) and (d).

Lemma Il x =y — flUoy -+« tn, X) = flthoy - 5 Un, V)
By double induction onx and y, prove

x=0— flo,..., Un X) =flthg, ..., Un, 0)
and

0=9— flhoyennytn 0) =Ff(thoy ..., Un ¥)

by schema F onx and y respectively. Then use the deduction theorem to
prove

(x=y-_'f(u0"";uﬂ’x) =f(u0""’un)y))__’

(Sx=5Sy— flg, ..., Un, SX) =fg, ..., us, Sy))
Assume x =y — flg, ..., Un, X) = flUo,..., U, v) and Sx = Sy and without
using Sb; on any of the variables u,, ..., #,, x, ¥, deduce, in turn,
x=9
oy ooy tny %) = Rty ooy Un, B) by modus ponens
GWoy vy Uny X0 f Wosevnytn, X)) =goyeevy Un, Vo flhoy o v vy Uny §))

by hypothesis (d).
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Therefore
flugy . ooy tn, SX) = fltlg, . .., Un, Sy) by hypothesis (b).

The theorem follows from Lemmas I and II.
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