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/Decidability for theories of real arithmeti \

e Truthin the first order languagér of R is decidable (Tarski).

e If N(z) & z € N, then truth inL + N is undecidable since if

Q(x1,...,xx) is a quantifier-free formula of natural number arithmetic
NEdzr...xn Q(x1,. .., xn) (i)
Iff

RiEdzi...xn- N(x1) A ... N(zn) ANQ(1, ..., zn) (i)
and the truth ofi) is undecidable in general (Matiyasevich).
e E.g., truth inLg + sin is undecidable sinc& (z) < = € N where

N(z) =2 >0A3r-0<m<4AsinT=sinxr =0

k. What otherf make truth inLr + f undecidable? /
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/Encodingsin In a bounded concave | I \

g=p(s,sins)

e(r,y) = (1f$, 133;)
SO v(xz) = q(9(p(x)))
where  p(z) = %, q(s) =15
and g(s) = Ks+s?+ isins

K Question: do anyX and M make~y conca\@
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/Encodingsin in a bounded concave |l I \

Answer: yes! Here are, ~" and~” for K = M = 1:
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K Can youprove 7" < 9
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/Encodingsin In a bounded concave |l I

Answer: ah! well, | can prove it foK = 2 andM > 9:

E . . . . ammaO(x

: : : : : gamma(x

o ! ! ! DDgamma(x)—,
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Challenge: is there any automation to help outw

e?



A Little Challenge Problem for Real Number Theorem Proving

o

/The challenge problem as a trigonometric polynojial \

~ IS a trigonometric rational function.

If tigonometric polynomials are more to your taste, put 11—, and
then~”(x) has the same sign a$s) where

h(s) = (1+Ks+s+2)[(1+s)(2— 2) 42K + 4s + 2=2]
—2(1+4 s)(K +2s 4 ==2)2,

If you forget the formulas, you can find these slides at
http://ww. | enma- one. coml paper s/ papers. htn

/




A Little Challenge Problem for Real Number Theorem Proving

/Remarki

e The classical method for this kind of problem is to find polgmal
bounds, subdividing the interval if necessary.

e Happily, we were free to use more convenient valuegfand )M .
e Some types of problem should be well suited to automation
e ...butwhat are the useful decidable fragments?

e Paulson’s MetiTarski system is very promising, but didotve the
little challenge “out of the box”.




