Recursion and complexity
(3rd lecture)

Isabel Oitavem
CMA and DM, FCT-UNL

This work was partially supported by the Fundacéo para a Ciéncia e a Tecnologia (Portuguese Foundation for
Science and Technology) through the project UID/MAT /00297/2013 (Centro de Matematica e Aplicagdes).

NOVA
m FCT Fundagio para a Ciéncia e a Tecnologia




Implicit recursion-theoretic approach
Functions have two sorts of input positions, normal and safe:
f(%:¥).
Input-sorted initial functions S7:
» €, So(; x) and S;(; x) (the constructores of the algebra);
» P(; x) (predecessor);
» C(;x,y, 20,21) (case distinction);

» 7" (projections over both input sorts).

Input-sorted composition E: f(x;y) = g(7(x;); 5(x;¥)).

[SZ; SC, Input-sorted Recursion ]



Implicit recursion-theoretic approach: FPtime

FPtime = [SZ;SC,SR] (Bellantoni-Cook 1992)

(Input-sorted recursion over W):

f(e,)_(;)_/) = g(e,)'(;}_/)
f(20,x;y) = h(20,%;y,f(z,%;¥))
f(Zl,)_(;}_/ = h(Z]-a)_( y, f(Z,)_(,_)_/))



Implicit recursion-theoretic approach: FPtime

FPtime = [SZ;SC,SR] (Bellantoni-Cook 1992)

(Input-sorted recursion over W):

f(e,)_(;)_/) :g(e,)_(;}_/)
f(20,x;y) = h(20,%;y,f(2,%,7))
f(z1,%:y) = h(z1,%;y,f(2,%; 7))

Example: f(11) leadsto h(11, h(1,g(¢)))
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Implicit recursion-theoretic approach: FPtime

FPtime = [SZ;SC,SR] (Bellantoni-Cook 1992)

(Input-sorted recursion over W):

f(ea)_(;)_/) :g(e,)_(;}_/)
f(20,x;y) = h(20,%;y,f(2,%,7))
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Example: f(11) leadsto h(11, h(1,g(¢)))
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Implicit recursion-theoretic approach

Input-sorted composition SC: f(x;y) = g(r(x;);

If F(x;y) is in the class then
» f(x,y;) = F(x;y) is in the class;
» f(;x,y) = F(x;y) is NOT in the class.
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Implicit recursion-theoretic approach: FPtime

SR: fle.x;y) = g(e,%:7)
f(z0,x;y) = h(z0,x;y,f(z,%;y))
f(z1,x,y) = h(zl,x;y,f(z,%;¥))

» Concatenation:  @(e; x) = x
®(y0; x) = So; ®(y; x
®(ylix) = Si(a((y;x)
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®(y, x; ) is in the class.
@(;y,x) is NOT in the class.



Implicit recursion-theoretic approach: FPtime
SR: fle.x:y) = g(e,x:y) =
f(20,%y) = h(z0,%;y,f(z. %, 7))
f(z1,x y) h(z1,%y,f(z.%, 7))
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» Concatenation:  @(¢; x) = x
®(y0; x) = So(; ®B(y; x))
®(y1; x) = S1(; B(y: x))

®(y, x;) is in the class.
®(; y,x) is NOT in the class.

» exp such that | exp(z)| = 27

exp(e) =1
exp(zi) = ®(exp(z), exp(z))



Implicit recursion-theoretic approach: FPtime
SR: fle.x:y) = g(e,x:y) B
f(20,%y) = h(z0,%;y,f(z. %, 7))
f(z1,x y) h(z1,%y,f(z.%, 7))
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» Concatenation: ®(€; x) = x
D(y0; x) = So(; B(y: x))
Byl x) = S1( S(y: x))
@(y, x;) is in the class.

®(; y,x) is NOT in the class.
» exp such that | exp(z)| = 27

exp(e;) =1
exp(zi;) = @B(; exp(z), exp(z)) PROBLEM!



