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1 #include <math.h> .
2 #include <stdlib.h> Key InS|ght
3 #define M_PI 3.14159265358979323846
4 void fft_recursive(doublex data, int n) { IC"']_
5 if (n <= 1) return;
6 // Allocate temporary storage for half-size FFTs. q‘\
7 double* even = (double*)malloc(n * sizeof(double)); _ . . : -
8 double* odd = (doublex)malloc(n * sizeof (double)); 9 Z SPL SLn@(])k An GLn@(])k D An® Ik @ SPL (Slgnal processmg
9 for (int i =0; 1 <n / 2; ++i) { . O language)
10 even[2 * i] = data[4 * i]; ]=
i; e;ZEgz *é + ;]t:[jatal;4 *23 + 17; IR Il: Loop-level program Recovermg IR Ill: Algorithm formalization
0 * 1] = datal4 = 1 + ; .
13 odd[2 * i + 1] = datal4 * i + 31; structure algebraic operators (PLDI °01)
14 ) (PLD/ °05)
15 // Recursively compute FFTs.
16 fft_recursive(even, n / 2);
17 fft_recursive(odd, n / 2); . . .
18 for (int i = 0; i <n/ 2; ++i) { Imposing a normal form Combing SPL objects
19 double theta = -2.0 * M_PI * 1 / n;
20 double wr = cos(theta);
21 double wi = sin(theta);
22 // Twiddle factor multiplication. _ . loop(_i, _n/2, decl([_theta, _wr, _wi, _real, _imag], chain( n n
23 double r.“eal = odd[2 =* %] * Wr - odd[2 =* i + 1] * wi; assign(_theta, neg(V(2.0))*M_PI() * idiv(_i,_n)), (DFT2® In/Z)TTL 2 (IZ® DFTn/Z)LZ
24 double imag = odd[2 * i] * wi + odd[2 * i + 1] * wr; e assign(_wr, fcall("cos", _theta)), /
25 datal2 * 1] = even[2 * 1] + real; assign(_wi, fcall("sin", _theta)),
26 datal2 * 1 + 1] = even[2 x 1 + 1] + imag; assign(_real, nth(_odd, V(2)*_i) * _wr - nth(_odd, V(2)*_i+V(1)) * _wi),
27 datal2 = (1 + n / 2)] = even[2 * i] - real; e assign(_imag, nth(_odd, V(2)*_i) * _wi + nth(_odd, V(2)*_i+V(1)) * _wr), Knowledge
28 datal[2 * (1 + n/ 2) + 1] = even[2 * 1 + 1] - 1imag; assign(nth(_d, V(2)*_i), nth(_even, V(2)*_i) + _real),
29 ) Parsing assign(nth(_d, V(2)*_i+V(1)), nth(_even, V(2)*_i+V(1)) + _imag), base lookup
30 // Cleanup. assign(nth(_d, V(2)*brackets(_i + idiv(_n, V(2)))),
31 free(even); nth(_even, V(2)*_i) - _real),
32 free(odd); assign(nth(_d, V(2)*brackets(_i + idiv(_n, V(2)))+V(1)),
nth(_even, V(2)*_i+V(1)) - _imag))))
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GPT-generated fast Fourier transform in C IR I: Low-level internal code Discrete Fourier transform
$ spiral-lift fft.c - [: Identity
1 eod . SPL ’ Input Variations Lifting Output Outcome - Permutation
.1code -> Sigma- ... done .
Sigma-SPL -> SPL] ... done Original (Listing 1) RC(DFT(n)) Verified T2 Twiddle
'SPL -> Spec.] ... success Reordered independent instructions ~ RC(DFT(n)) Verified ): Tensor product
Semantically equivalent indexing RC(DFT(n)) Verified Example:
Recovered specification: RC(DFT(n)) Incorrect index access No SPL match  Bug detected
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Recovered algorithm: Recursive Cooley-Tukey FFT _— l, WA= [ A]



