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Appendix A: Table of Prototype
Declarations

We here list ANSI prototype declarations for al the routines in Numerical
Recipesin C. If, asis preferred, you are using a compiler that implements the ANSI
standard, then you should #include this listing (or the relevant lines thereof) in
each separately compiled sourcefile that contains or references any routinefrom this
book. That will aert your compiler to the fact that our routines do not generally
expect argument conversions, and also allow your compiler to point out possible
errors in your invocation of our routines.

On the diskette, this Appendix is in the file nr.h. An important point about
the file on the diskette is that it contains both ANSI C and “traditional” or “K&R”
style declarations. The ANSI forms are invoked if any of the following macros are
defined: __STDC__, ANSI, or NRANSI. (The purpose of the last oneisto give you
an invocation that does not conflict with other possible uses of the first two names.)
If you do have an ANSI compiler it is essential that you invoke it with one or more
of these macros defined. The typical means for doing so is to include a switch like
“~DANSI" on the compiler command line.

If you have a “traditiona” or “K&R” C compiler, then the above discussion
does not apply to you: you do not need the ANSI header file listed here. If you
have the diskette nr.h file, you will probably find it helpful to #include nr.h
anyway, without setting any of the macros __STDC__, ANSI, or NRANSI. That will
at least alert your compiler to the returned value types of our routines. You should
of course be sureto use the K& R versions of our programs, as included (along with
the primary ANSI versions) on the Numerical Recipes C Diskette. Your compiler
will do the “usual argument conversions’ whether you like it or not, but it will also
undo them upon entering routines whose arguments have been declared differently
from the usual conversions.

Here is a listing of the file nr.h:

#ifndef _NR_H
#define _NR_H_

#ifndef _FCOMPLEX_DECLARE_T_

typedef struct FCOMPLEX {float r,i;} fcomplex;
#define _FCOMPLEX_DECLARE_T_

#endif /* _FCOMPLEX_DECLARE_T_ */

#ifndef _ARITHCODE_DECLARE_T_
typedef struct {
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unsigned long *ilob,*iupb,*ncumfq,jdif,nc,minint,nch,ncum,nrad;
} arithcode;
#define _ARITHCODE_DECLARE_T_
#endif /* _ARITHCODE_DECLARE_T_ */

#ifndef _HUFFCODE_DECLARE_T_
typedef struct {
unsigned long *icod,*ncod,*left,*right,nch,nodemax;
} huffcode;
#define _HUFFCODE_DECLARE_T_
#endif /+* _HUFFCODE_DECLARE_T_ */

#include <stdio.h>
#if defined(__STDC__) || defined(ANSI) || defined(NRANSI) /* ANSI */

void addint(double **uf, double **uc, double **res, int nf);

void airy(float x, float *ai, float *bi, float *aip, float *bip);

void amebsa(float **p, float y[], int ndim, float pb[], float *yb,
float ftol, float (*funk)(float []), int *iter, float temptr);

void amoeba(float **p, float y[], int ndim, float ftol,
float (*funk)(float []), int *iter);

float amotry(float **p, float y[], float psum[], int ndim,
float (*funk)(float []), int ihi, float fac);

float amotsa(float **p, float y[], float psum[], int ndim, float pbl[],
float *yb, float (*funk)(float []), int ihi, float *yhi, float fac);

void anneal(float x[], float y[l, int iorder[], int ncity);

double anorm2(double **a, int n);

void arcmak(unsigned long nfreq[], unsigned long nchh, unsigned long nradd,
arithcode *acode);

void arcode(unsigned long *ich, unsigned char **codep, unsigned long #*lcode,
unsigned long *lcd, int isign, arithcode *acode);

void arcsum(unsigned long iin[], unsigned long iout[], unsigned long ja,
int nwk, unsigned long nrad, unsigned long nc);

void asolve(unsigned long n, double b[], double x[], int itrnsp);

void atimes(unsigned long n, double x[], double r[], int itrnsp);

void avevar(float data[], unsigned long n, float *ave, float *var);

void balanc(float **a, int n);

void banbks(float **a, unsigned long n, int ml, int m2, float **al,
unsigned long indx[], float b[]);

void bandec(float **a, unsigned long n, int ml, int m2, float **al,
unsigned long indx[], float *d);

void banmul(float **a, unsigned long n, int ml, int m2, float x[], float b[]);

void bcucof (float y[], float yi[], float y2[], float y12[], float di,
float d2, float **c);

void bcuint(float y[], float y1[], float y2[], float y12[],
float x11, float xlu, float x21, float x2u, float x1,
float x2, float *ansy, float *ansyl, float *ansy2);

void beschb(double x, double *gaml, double *gam2, double *gampl,
double *gammi);

float bessi(int n, float x);

float bessiO(float x);

float bessil(float x);

void bessik(float x, float xnu, float *ri, float *rk, float *rip,
float *rkp);

float bessj(int n, float x);

float bessjO(float x);

float bessjl(float x);

void bessjy(float x, float xnu, float *rj, float *ry, float *rjp,
float *ryp);

float bessk(int n, float x);

float besskO(float x);

float besskil(float x);

float bessy(int n, float x);
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float bessyO(float x);

float bessyl(float x);

float beta(float z, float w);

float betacf(float a, float b, float x);

float betai(float a, float b, float x);

float bico(int n, int k);

void bksub(int ne, int nb, int jf, int ki, int k2, float *#**c);

float bnldev(float pp, int n, long *idum);

float brent(float ax, float bx, float cx,
float (*f)(float), float tol, float *xmin);

void broydn(float x[], int n, int *check,
void (*vecfunc) (int, float [], float [1));

void bsstep(float y[], float dydx[], int nv, float *xx, float htry,
float eps, float yscall[]l, float *hdid, float *hnext,
void (*derivs) (float, float [], float [1));

void caldat(long julian, int *mm, int *id, int *iyyy);

void chder(float a, float b, float c[], float cder[], int n);

float chebev(float a, float b, float c[], int m, float x);

void chebft(float a, float b, float c[], int n, float (*func) (float));

void chebpc(float c[], float d[], int n);

void chint(float a, float b, float c[], float cint[], int n);

float chixy(float bang);

void choldc(float **a, int n, float p[l);

void cholsl(float **a, int n, float p[], float b[], float x[1);

void chsone(float bins[], float ebins[], int nbins, int knstrn,
float *df, float *chsq, float *prob);

void chstwo(float bins1[], float bins2[], int nbins, int knstrn,
float *df, float *chsq, float *prob);

void cisi(float x, float *ci, float *si);

void cntabl(int **nn, int ni, int nj, float *chisq,
float *df, float *prob, float *cramrv, float *ccc);

void cntab2(int **nn, int ni, int nj, float *h, float *hx, float *hy,
float *hygx, float *hxgy, float *uygx, float *uxgy, float *uxy);

void convlv(float data[], unsigned long n, float respns[], unsigned long m,
int isign, float ans[]);

void copy(double **aout, double **ain, int n);

void correl(float datal[], float data2[], unsigned long n, float ans[]);

void cosft(float y[], int n, int isign);

void cosfti(float y[], int n);

void cosft2(float y[], int n, int isign);

void covsrt(float **covar, int ma, int ial[], int mfit);

void crank(unsigned long n, float w[], float *s);

void cyclic(float a[], float b[], float c[], float alpha, float beta,
float r[], float x[], unsigned long n);

void daub4(float a[], unsigned long n, int isign);

float dawson(float x);

float dbrent(float ax, float bx, float cx,
float (*f)(float), float (*df)(float), float tol, float *xmin);

void ddpoly(float c[], int nc, float x, float pd[], int nd);

int decchk(char string[], int n, char *ch);

void derivs(float x, float y[], float dydx[]);

float dfidim(float x);

void dfouri(double datal[], unsigned long nn, int isign);

void dfpmin(float p[], int n, float gtol, int *iter, float *fret,
float (*func)(float [1), void (*dfunc)(float [], float []));

float dfridr(float (*func)(float), float x, float h, float *err);

void dftcor(float w, float delta, float a, float b, float endptsl[],
float *corre, float *corim, float *corfac);

void dftint(float (*func) (float), float a, float b, float w,
float *cosint, float *sinint);

void difeq(int k, int k1, int k2, int jsf, int isl, int isf,
int indexv[], int ne, float **s, float **y);

void dlinmin(float p[], float xi[], int n, float *fret,
float (*func)(float []), void (*dfunc) (float [1, float[]));
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double dpythag(double a, double b);

void drealft(double datal[], unsigned long n, int isign);

void dsprsax(double sa[], unsigned long ijal[l, double x[], double b[],
unsigned long n);

void dsprstx(double sa[], unsigned long ijal[l, double x[], double b[],
unsigned long n);

void dsvbksb(double **u, double w[], double **v, int m, int n, double b[],
double x[1);

void dsvdcmp(double **a, int m, int n, double w[], double **v);

void eclass(int nf[], int n, int listal[], int listb[], int m);

void eclazz(int nf[], int n, int (*equiv)(int, int));

float ei(float x);

void eigsrt(float d[], float **v, int n);

float elle(float phi, float ak);

float ellf(float phi, float ak);

float ellpi(float phi, float en, float ak);

void elmhes(float **a, int n);

float erfcc(float x);

float erff(float x);

float erffc(float x);

void eulsum(float *sum, float term, int jterm, float wkspl[]l);

float evlmem(float fdt, float d[], int m, float xms);

float expdev(long *idum);

float expint(int n, float x);

float fi(float x);

float fidim(float x);

float f2(float y);

float f3(float z);

float factln(int n);

float factrl(int n);

void fasper(float x[], float y[], unsigned long n, float ofac, float hifac,
float wki[], float wk2[], unsigned long nwk, unsigned long *nout,
unsigned long *jmax, float *prob);

void fdjac(int n, float x[], float fvec[], float **df,
void (*vecfunc) (int, float [], float [1));

void fgauss(float x, float a[], float *y, float dyda[], int na);

void fillO(double **u, int n);

void fit(float x[], float y[], int ndata, float sig[], int mwt,
float *a, float *b, float *siga, float *sigb, float *chi2, float *q);

void fitexy(float x[], float y[], int ndat, float sigx[], float sigyl],
float *a, float *b, float *siga, float *sigb, float *chi2, float *q);

void fixrts(float d[], int m);

void fleg(float x, float pl[], int nl);

void flmoon(int n, int nph, long *jd, float *frac);

float fmin(float x[]);

void fourl(float data[], unsigned long nn, int isign);

void fourew(FILE *file[5], int *na, int *nb, int *nc, int *nd);

void fourfs(FILE *file[5], unsigned long nn[], int ndim, int isign);

void fourn(float data[], unsigned long nn[], int ndim, int isign);

void fpoly(float x, float p[], int np);

void fred2(int n, float a, float b, float t[], float f[], float wl[],
float (*g)(float), float (¥ak)(float, float));

float fredin(float x, int n, float a, float b, float t[], float f[], float wl[],

float (*g)(float), float (*ak)(float, float));

void frenel(float x, float *s, float *c);

void frprmn(float p[]l, int n, float ftol, int *iter, float *fret,
float (*func)(float []), void (*dfunc)(float [], float [1));

void ftest(float datall], unsigned long nl, float data2[], unsigned long n2,
float *f, float *prob);

float gamdev(int ia, long *idum);

float gammln(float xx);

float gammp(float a, float x);

float gammq(float a, float x);

float gasdev(long *idum);
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934 Appendix A

void gaucof(int n, float a[], float b[], float amuO, float x[], float wl[l);

void gauher(float x[], float w[], int n);

void gaujac(float x[], float w[], int n, float alf, float bet);

void gaulag(float x[], float w[], int n, float alf);

void gauleg(float x1, float x2, float x[], float w[], int n);

void gaussj(float **a, int n, float **b, int m);

void gcf(float *gammcf, float a, float x, float *gln);

float golden(float ax, float bx, float cx, float (*f)(float), float tol,
float *xmin);

void gser(float *gamser, float a, float x, float *gln);

void hpsel(unsigned long m, unsigned long n, float arr[], float heap[]);

void hpsort(unsigned long n, float rall);

void hqr(float **a, int n, float wr[], float will);

void hufapp(unsigned long index[], unsigned long nprob[], unsigned long n,
unsigned long i);

void hufdec(unsigned long *ich, unsigned char *code, unsigned long lcode,
unsigned long *nb, huffcode *hcode);

void hufenc(unsigned long ich, unsigned char *xcodep, unsigned long #*lcode,
unsigned long *nb, huffcode *hcode);

void hufmak(unsigned long nfreq[], unsigned long nchin, unsigned long *ilong,
unsigned long *nlong, huffcode *hcode);

void hunt(float xx[], unsigned long n, float x, unsigned long *jlo);

void hypdrv(float s, float yy[], float dyyds[]l);

fcomplex hypgeo(fcomplex a, fcomplex b, fcomplex c, fcomplex z);

void hypser(fcomplex a, fcomplex b, fcomplex c, fcomplex z,
fcomplex *series, fcomplex *deriv);

unsigned short icrc(unsigned short crc, unsigned char *bufptr,
unsigned long len, short jinit, int jrev);

unsigned short icrcl(unsigned short crc, unsigned char onech);

unsigned long igray(unsigned long n, int is);

void iindexx(unsigned long n, long arr[], unsigned long indx[]);

void indexx(unsigned long n, float arr[], unsigned long indx[]);

void interp(double **xuf, double **uc, int nf);

int irbitl(unsigned long *iseed);

int irbit2(unsigned long *iseed);

void jacobi(float **a, int n, float d[], float **v, int *nrot);

void jacobn(float x, float y[], float dfdx[], float *xdfdy, int n);

long julday(int mm, int id, int iyyy);

void kendli(float datall[], float data2[], unsigned long n, float *tau, float *z,
float *prob);

void kendl2(float **tab, int i, int j, float *tau, float *z, float *prob);

void kermom(double w[], double y, int m);

void ks2dis(float x1[], float yi1[], unsigned long ni,
void (*quadvl) (float, float, float *, float *, float *, float *),
float *dl, float *prob);

void ks2d2s(float x1[], float yi[], unsigned long nl, float x2[], float y2[],
unsigned long n2, float *d, float *prob);

void ksone(float data[], unsigned long n, float (*func)(float), float *d,
float *prob);

void kstwo(float datall[], unsigned long nl1, float data2[], unsigned long n2,
float *d, float *prob);

void laguer(fcomplex a[l, int m, fcomplex *x, int *its);

void 1fit(float x[], float y[], float sigl[], int ndat, float a[], int iall,
int ma, float **covar, float *chisq, void (*funcs)(float, float [], int));

void linbcg(unsigned long n, double b[], double x[], int itol, double tol,

int itmax, int *iter, double *err);

void linmin(float p[], float xi[], int n, float *fret,
float (*func)(float [1));

void lnsrch(int n, float xold[], float fold, float gl[l, float p[], float x[],
float *f, float stpmax, int *check, float (*func) (float [1));

void load(float x1, float v[], float y[1);

void loadl(float x1, float vi[], float y[1);

void load2(float x2, float v2[], float y[1);

void locate(float xx[], unsigned long n, float x, unsigned long *j);
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void lop(double **out, double **u, int n);
void lubksb(float **a, int n, int *indx, float b[]);
void ludcmp(float **a, int n, int *indx, float *d);
void machar(int *ibeta, int *it, int *irnd, int *ngrd,
int *machep, int *negep, int *iexp, int *minexp, int *maxexp,
float *eps, float *epsneg, float *xmin, float *xmax);
void matadd(double **a, double **b, double **c, int n);
void matsub(double **a, double **b, double **c, int n);
void medfit(float x[], float y[], int ndata, float *a, float *b, float *abdev);
void memcof (float datal[], int n, int m, float *xms, float d[]);
int metrop(float de, float t);
void mgfas(double **u, int n, int maxcyc);
void mglin(double **u, int n, int ncycle);
float midexp(float (*funk)(float), float aa, float bb, int n);
float midinf(float (*funk) (float), float aa, float bb, int n);
float midpnt(float (*func)(float), float a, float b, int n);
float midsql(float (*funk)(float), float aa, float bb, int n);
float midsqu(float (*funk)(float), float aa, float bb, int n);
void miser(float (*func)(float []1), float regn[], int ndim, unsigned long npts,
float dith, float *ave, float *var);
void mmid(float y[], float dydx[], int nvar, float xs, float htot,
int nstep, float yout[], void (*derivs)(float, float[], float[]));
void mnbrak(float *ax, float *bx, float *cx, float *fa, float *fb,
float *fc, float (*func) (float));
void mnewt(int ntrial, float x[], int n, float tolx, float tolf);
void moment (float datal[], int n, float *ave, float *adev, float *sdev,
float *var, float *skew, float *curt);
void mp2dfr(unsigned char a[l, unsigned char s[], int n, int *m);
void mpadd(unsigned char w[], unsigned char u[], unsigned char v[], int n);
void mpdiv(unsigned char q[], unsigned char r[], unsigned char ull,
unsigned char v[], int n, int m);
void mpinv(unsigned char u[], unsigned char v[], int n, int m);
void mplsh(unsigned char u[], int n);
void mpmov(unsigned char u[], unsigned char v[], int n);
void mpmul (unsigned char w[], unsigned char u[], unsigned char v[], int n,
int m);
void mpneg(unsigned char u[], int n);
void mppi(int n);
void mprove(float **a, float **alud, int n, int indx[], float bl[],
float x[]);
void mpsad(unsigned char w[], unsigned char u[], int n, int iv);
void mpsdv(unsigned char w[], unsigned char u[], int n, int iv, int *ir);
void mpsmu(unsigned char w[], unsigned char u[], int n, int iv);
void mpsqrt(unsigned char w[], unsigned char ul], unsigned char v[], int n,
int m);
void mpsub(int *is, unsigned char w[], unsigned char u[], unsigned char v[],
int n);
void mrqcof (float x[], float y[], float sigl[], int ndata, float al[],
int ial[], int ma, float **alpha, float beta[], float *chisq,
void (¥funcs) (float, float [], float *, float [], int));
void mrgmin(float x[], float y[], float sig[], int ndata, float al],
int ial[], int ma, float #**covar, float **alpha, float *chisq,
void (*funcs)(float, float [], float *, float [], int), float *alamda);
void newt(float x[], int n, int *check,
void (*vecfunc) (int, float [1, float [1));
void odeint(float ystart[], int nvar, float x1, float x2,
float eps, float hl, float hmin, int *nok, int *nbad,
void (*derivs) (float, float [], float []),
void (*rkgs)(float [], float [], int, float *, float, float,
float [], float *, float *, void (*)(float, float [], float [1)));
void orthog(int n, float anu[], float alphal[l, float betal[l, float all,
float b[]);
void pade(double cof[], int n, float *resid);
void pccheb(float d[], float c[], int n);
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936 Appendix A

void pcshft(float a, float b, float d[], int n);

void pearsn(float x[], float y[], unsigned long n, float *r, float *prob,
float *z);

void period(float x[], float y[], int n, float ofac, float hifac,
float px[], float py[l, int np, int *nout, int *jmax, float *prob);

void piksr2(int n, float arr[], float brr[l);

void piksrt(int n, float arr[]);

void pinvs(int iel, int ie2, int jel, int jsf, int jcl, int k,
float ***c, float **s);

float plgndr(int 1, int m, float x);

float poidev(float xm, long *idum);

void polcoe(float x[], float y[], int n, float cof[]);

void polcof(float xal[], float yall, int n, float cof[]);

void poldiv(float u[], int n, float v[], int nv, float q[], float r[l);

void polin2(float xla[], float x2al[], float **ya, int m, int n,
float x1, float x2, float *y, float *dy);

void polint(float xal[l, float yal[l, int n, float x, float *y, float *dy);

void powell(float pl[], float **xi, int n, float ftol, int *iter, float *fret,
float (*func) (float [1));

void predic(float datal[], int ndata, float d[], int m, float future[], int nfut);

float probks(float alam);

void psdes(unsigned long *1lword, unsigned long *irword);

void pwt(float a[], unsigned long n, int isign);

void pwtset(int n);

float pythag(float a, float b);

void pzextr(int iest, float xest, float yest[], float yz[], float dyl[],
int nv);

float qgaus(float (*func)(float), float a, float b);

void qrdcmp(float **a, int n, float *c, float *d, int *sing);

float qromb(float (*func)(float), float a, float b);

float qromo(float (*func)(float), float a, float b,
float (*choose) (float (*)(float), float, float, int));

void qroot(float p[], int n, float *b, float *c, float eps);

void qrsolv(float **a, int n, float c[], float d[], float b[l);

void qrupdt(float **r, float **qt, int n, float ul[l, float vI[]);

float gsimp(float (*func)(float), float a, float b);

float qtrap(float (*func)(float), float a, float b);

float quad3d(float (*func)(float, float, float), float x1, float x2);

void quadct(float x, float y, float xx[], float yy[l], unsigned long nn,
float *fa, float *fb, float *fc, float *fd);

void quadmx(float **a, int n);

void quadvl(float x, float y, float *fa, float *fb, float *fc, float *fd);

float ranO(long *idum) ;

float ranl(long *idum);

float ran2(long *idum);

float ran3(long *idum) ;

float ran4(long *idum);

void rank(unsigned long n, unsigned long indx[], unsigned long irank[]);

void ranpt(float pt[], float regn[], int n);

void ratint(float xal[l, float yal[], int n, float x, float *y, float *dy);

void ratlsq(double (*fn)(double), double a, double b, int mm, int kk,
double cof[], double *dev);

double ratval(double x, double cof[], int mm, int kk);

float rc(float x, float y);

float rd(float x, float y, float z);

void realft(float datall, unsigned long n, int isign);

void rebin(float rc, int nd, float r[], float xin[], float xi[]);

void red(int izl, int iz2, int jzl, int jz2, int jml, int jm2, int jmf,
int icl, int jcl, int jcf, int kc, float ***c, float **s);

void relax(double **u, double **rhs, int n);

void relax2(double **u, double **rhs, int n);

void resid(double **res, double **u, double **rhs, int n);

float revcst(float x[], float y[], int iorder[], int ncity, int n[l);

void reverse(int iorder[], int ncity, int n[l]);
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float rf(float x, float y, float z);

float rj(float x, float y, float z, float p);

void rk4(float y[], float dydx[], int n, float x, float h, float yout[],
void (*derivs) (float, float [], float [1));

void rkck(float y[], float dydx[], int n, float x, float h,
float yout[], float yerr[], void (*derivs)(float, float []1, float [1));

void rkdumb(float vstart[], int nvar, float x1, float x2, int nstep,
void (*derivs) (float, float [], float []));

void rkgs(float y[], float dydx[], int n, float *x,
float htry, float eps, float yscall], float *hdid, float *hnext,
void (*derivs) (float, float [], float []));

void rlft3(float ***data, float **speq, unsigned long nni,
unsigned long nn2, unsigned long nn3, int isign);

float rofunc(float b);

void rotate(float **r, float **qt, int n, int i, float a, float b);

void rsolv(float #**a, int n, float d[], float b[]);

void rstrct(double **uc, double **uf, int nc);

float rtbis(float (*func) (float), float x1, float x2, float xacc);

float rtflsp(float (*func)(float), float x1, float x2, float xacc);

float rtnewt(void (*funcd) (float, float *, float *), float x1, float x2,
float xacc);

float rtsafe(void (*funcd) (float, float *, float *), float x1, float x2,
float xacc);

float rtsec(float (*func) (float), float x1, float x2, float xacc);

void rzextr(int iest, float xest, float yest[], float yz[]l, float dy[l, int nv);

void savgol(float c[], int np, int nl, int nr, int 1d, int m);
void score(float xf, float y[], float £[1);
void scrsho(float (*fx) (float));
float select(unsigned long k, unsigned long n, float arr[]);
float selip(unsigned long k, unsigned long n, float arr([]);
void shell(unsigned long n, float al[l);
void shoot(int n, float v[], float f[]);
void shootf(int n, float v[], float f[1);
void simpl(float #**a, int mm, int 11[], int nll, int iabf, int *kp,
float *bmax);
void simp2(float **a, int m, int n, int *ip, int kp);
void simp3(float #**a, int il, int k1, int ip, int kp);
void simplx(float **a, int m, int n, int ml, int m2, int m3, int *icase,
int izrov[], int iposv[]);
void simpr(float y[], float dydx[], float dfdx[], float **dfdy,
int n, float xs, float htot, int nstep, float yout[],
void (*derivs) (float, float [], float []));
void sinft(float y[], int n);
void slvsm2(double **u, double *x*rhs);
void slvsml(double **u, double **rhs);
void sncndn(float uu, float emmc, float *sn, float *cn, float *dn);
double snrm(unsigned long n, double sx[], int itol);
void sobseq(int *n, float x[]);
void solvde(int itmax, float conv, float slowc, float scalv[],
int indexv[], int ne, int nb, int m, float **y, float ***xc, float **s);
void sor(double **a, double **b, double **c, double **d, double *x*e,
double **f, double **u, int jmax, double rjac);
void sort(unsigned long n, float arr[]);
void sort2(unsigned long n, float arr[], float brr[l);
void sort3(unsigned long n, float ral[l, float rb[], float rc[]);
void spctrm(FILE *fp, float p[], int m, int k, int ovrlap);
void spear(float datall[], float data2[], unsigned long n, float *d, float *zd,
float *probd, float *rs, float *probrs);
void sphbes(int n, float x, float *sj, float *sy, float *sjp, float *syp);
void splie2(float xlal[], float x2a[], float **ya, int m, int n, float **y2a);
void splin2(float xla[], float x2al[], float **ya, float **y2a, int m, int n,
float x1, float x2, float *y);
void spline(float x[], float y[], int n, float ypl, float ypn, float y2[1);
void splint(float xal[l, float yal[l, float y2a[l, int n, float x, float *y);
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938 Appendix A

void spread(float y, float yy[], unsigned long n, float x, int m);
void sprsax(float sa[], unsigned long ijal[l, float x[], float b[],
unsigned long n);
void sprsin(float **a, int n, float thresh, unsigned long nmax, float sal],
unsigned long ijall);
void sprspm(float sal], unsigned long ijall, float sb[], unsigned long ijbll,
float sc[], unsigned long ijc[l);
void sprstm(float sal], unsigned long ijall, float sb[], unsigned long ijbll,
float thresh, unsigned long nmax, float sc[], unsigned long ijc[l);
void sprstp(float sal], unsigned long ijall, float sb[], unsigned long ijbl[l);
void sprstx(float sa[], unsigned long ijal[l, float x[], float b[],
unsigned long n);
void stifbs(float y[], float dydx[], int nv, float *xx,
float htry, float eps, float yscalll, float *hdid, float *hnext,
void (*derivs) (float, float [], float [1));
void stiff(float y[], float dydx[], int n, float *x,
float htry, float eps, float yscalll, float *hdid, float *hnext,
void (*derivs) (float, float [], float [1));
void stoerm(float y[], float d2y[], int nv, float xs,
float htot, int nstep, float yout[],
void (*derivs) (float, float [], float [1));
void svbksb(float **u, float w[], float **v, int m, int n, float b[],
float x[]);
void svdcmp(float **a, int m, int n, float w[], float **v);
void svdfit(float x[], float y[], float sig[], int ndata, float all,
int ma, float **u, float **v, float w[], float *chisq,
void (*funcs)(float, float [], int));
void svdvar(float **v, int ma, float w[], float **cvm);
void toeplz(float r[], float x[], float y[], int n);
void tptest(float datall[]l, float data2[], unsigned long n, float *t, float *prob);
void tqli(float d[], float e[], int n, float **z);
float trapzd(float (*func)(float), float a, float b, int n);
void tred2(float #**a, int n, float d[], float e[]);
void tridag(float a[], float b[], float c[], float r[], float ul],
unsigned long n);
float trncst(float x[], float y[], int iorder[], int ncity, int n[]);
void trnspt(int iorder[], int ncity, int n[]);
void ttest(float datall], unsigned long nl, float data2[], unsigned long n2,
float *t, float *prob);
void tutest(float datal[], unsigned long ni, float data2[], unsigned long n2,
float *t, float *prob);
void twofft(float datal[]l, float data2[], float ffti[], float fft2[],
unsigned long n);
void vander(double x[], double w[], double q[l, int n);
void vegas(float regn[], int ndim, float (*fxn)(float [], float), int init,
unsigned long ncall, int itmx, int nprn, float *tgral, float *sd,
float *chi2a);
void voltra(int n, int m, float tO, float h, float *t, float *xf,
float (*g)(int, float), float (*ak)(int, int, float, float));
void wti(float al[], unsigned long n, int isign,
void (*wtstep) (float [], unsigned long, int));
void wtn(float al[l, unsigned long nn[], int ndim, int isign,
void (*wtstep) (float [], unsigned long, int));
void wwghts(float wghts[], int n, float h,
void (*kermom) (double [], double ,int));
int zbrac(float (*func) (float), float *x1, float *x2);
void zbrak(float (*fx)(float), float x1, float x2, int n, float xbi[],
float xb2[], int *nb);
float zbrent(float (*func) (float), float x1, float x2, float tol);
void zrhqr(float all], int m, float rtr[], float rtil[l);
float zriddr(float (*func) (float), float x1, float x2, float xacc);
void zroots(fcomplex a[], int m, fcomplex roots[], int polish);

#else /* ANSI */
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Table of Prototype Declarations (nr.h)

/* traditional - K&R */

H

void addint ()
void airy()

H

Rest of traditional declarations are here on the diskette.

#endif /* ANSI x/

Sample page from NUMERICAL RECIPES IN C: THE ART OF SCIENTIFIC COMPUTING (ISBN 0-521-43108-5)

Copyright (C) 1988-1992 by Cambridge University Press. Programs Copyright (C) 1988-1992 by Numerical Recipes Software.

Permission is granted for internet users to make one paper copy for their own personal use. Further reproduction, or any copying of machine-
readable files (including this one) to any server computer, is strictly prohibited. To order Numerical Recipes books or CDROMs, visit website
http://www.nr.com or call 1-800-872-7423 (North America only), or send email to directcustserv@cambridge.org (outside North America).

NR_H_ */

#endif /*



Appendix B: Utility Routines

Non-Copyright Notice: This Appendix and its utility routines are herewith
placed into the public domain. Anyone may copy them freely for any purpose.
We of course accept no liability whatsoever for any such use.

Theroutineslisted below are used by many of the Recipesin thisbook. Thefirst
routing, nrerror, isinvoked to terminate program execution — with an appropriate
message — when afatal error is encountered. The other routines are used to allocate
and deallocate memory for vectors and matrices, as explained in detail in §1.2. All
memory allocation and deallocation in Numerical Recipesin C is done using these
routines as intermediaries. Therefore, if you want to allocate memory in some
different way, you need change only these routines, not the programs themsel ves.

On the diskette, these routines are in the file nrutil.c. Also listed here is
the header file nrutil.h. Besidesthe declarations for the routinesin nrutil.h, it
contains several macros that are used throughout the book. The ideas behind some
of these macros were described in §1.2.

Memory Allocation: Advanced Topics

Two issues regarding vector and matrix memory alocation are worth discussing here:
first, a “back-door” compatibility between our matrices and those used by other C software;
second, the question of whether our pointer arithmetic for unit-offset vectors and matrices
violates the ANS| C standard.

1. Back-door compatibility. Asexplained in §1.2, we always allocate matrices via the
scheme “pointer to an array of pointers to rows’ (shown in Figure 1.2.1). With this scheme,
once storage for a matrix is alocated, the top level pointer (the “name” of the matrix) can
be used to store a matrix of any size whose dimensions are less than or equal to the size of
the dimensions allocated. The only time that the allocated size ever again becomes relevant
is when the matrix storage is finally deallocated.

In this scheme, the rows of amatrix need not be stored in physically contiguous storage;
each row hasits own pointer addressing it (see Figure 1.2.1). However, the allocation routines
printed below in fact (and by design) allocate an entire matrix as one contiguous block, via
a single cal to malloc(). This “back-door” fact allows you to use matrices created with
our routines directly with other software: The address of the first element in a matrix **a
(usually &a[1] [1] if a has been allocated with a statement like a=matrix(1,m,1,n); but
possibly &a [0] [0] if a was created with zero-offsets) is guaranteed to point to the beginning
of a contiguous block containing the full physical matrix, stored by rows. This address can be
used as an argument to other software. (Note that this other software will generally also need
to know the physical size of the matrix, or at least the number of columns.)

2. Unit-offset vectors. In §1.2, we described how aunit-offset vector bb[1. .4] could be
obtained from azero-offset array b [0. . 3] by the pointer arithmetic operation bb=b-1. Since
bb points to one location before b, bb [1] addresses the same element asb [0], and so on.
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Utility Routines (nrutil.c) 941

Strictly speaking, this scheme is not blessed by the ANSI C standard. The problem
is not the fact that b-1 points to unallocated storage: location b-1 will never be referenced
without an increment back into the allocated region. Rather, the problem is that it might
happen in rare cases (and probably only on a segmented machine) that the expression b-1
has no representation at all. If this occurs, then there is no guarantee that the relation
b=(b-1)+1 is satisfied.

In practice, this is much less of a problem than one might think. \We are not aware of
any compiler or machine on which b=(b-n)+n fails to be true for small integer n. Evenon a
segmented machine, what typically happens is that the compiler stores some (perhapsillegal)
representation of b-n, and that b isrecovered when . is added back to thisrepresentation. The
memory allocation routines in the First Edition of Numerical Recipesin C, in wide use since
1988, all have this“problem”, and we have had not even a single report of their failurein this
respect (notwithstanding the many readers who have told us that theoretically it could fail).
We have also communicated to standards bodies the desirability of blessing “b=(b-n)+n" (at
least for some range of n, say n representable as type short) in afuture standard, since there
would seem to be no conflict with existing compilers in doing so.

Despite the absence of any experimental (as opposed to theoretical) problem, we have
taken some steps in this edition to make our vector and matrix allocation routines more ANS|
compliant. Inthelisting that follows, the parameter NR_END is used asanumber of extrastorage
locations allocated at the beginning of every vector or matrix block, smply for the purpose
of making offset pointer references guaranteed-representable. We set NR_END to a default
value of 1. This has the effect of making all unit-offset allocations (e.g., b=vector(1,7);
or a=matrix(1,128,1,128) ;) be strictly ANSI compliant. With NR_END = 1, the number
of storage locations wasted is fairly negligible. Allocations with offsets other than 1 (e.g.,
b=vector(2,10)) are till theoretically non-compliant, but are virtually unknown in our
routines. If you need to make such allocations, you may wish to consider increasing the value
of NR_END (noting that larger values increase the amount of wasted storage).

Here is a listing of nrutil.h:

#ifndef _NR_UTILS_H_
#define _NR_UTILS_H_

static float sqrarg;
#define SQR(a) ((sqrarg=(a)) == 0.0 ? 0.0 : sqrargxsqrarg)

static double dsqrarg;
#define DSQR(a) ((dsqrarg=(a)) == 0.0 ? 0.0 : dsqrarg*dsqrarg)

static double dmaxargl,dmaxarg?2;
#define DMAX(a,b) (dmaxargl=(a),dmaxarg2=(b),(dmaxargl) > (dmaxarg2) 7\
(dmaxargl) : (dmaxarg2))

static double dminargl,dminarg?2;
#define DMIN(a,b) (dminargi=(a),dminarg2=(b),(dminargl) < (dminarg2) 7\
(dminargl) : (dminarg2))

static float maxargl,maxarg?2;
#define FMAX(a,b) (maxargl=(a),maxarg2=(b),(maxargl) > (maxarg2) 7\
(maxargl) : (maxarg2))

static float minargl,minarg?2;
#define FMIN(a,b) (minargl=(a),minarg2=(b),(minargl) < (minarg2) 7\
(minargl) : (minarg2))

static long lmaxargl,lmaxarg?2;
#define LMAX(a,b) (lmaxargi=(a),lmaxarg2=(b),(lmaxargl) > (Ilmaxarg2) 7\
(lmaxargl) : (lmaxarg2))

static long lminargl,lminarg?2;
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942 Appendix B

#define LMIN(a,b) (lminargl=(a),lminarg2=(b),(lminargl) < (lminarg2) 7\
(1minargl) : (lminarg2))

static int imaxargl,imaxarg2;
#define IMAX(a,b) (imaxargi=(a),imaxarg2=(b),(imaxargl) > (imaxarg2) 7\
(imaxargl) : (imaxarg2))

static int iminargl,iminarg?2;
#define IMIN(a,b) (iminargl=(a),iminarg2=(b),(iminargl) < (iminarg2) 7\
(iminargl) : (iminarg2))

#define SIGN(a,b) ((b) >= 0.0 ? fabs(a) : -fabs(a))
#if defined(__STDC__) || defined(ANSI) || defined(NRANSI) /% ANSI */

void nrerror(char error_text[]);

float *vector(long nl, long nh);

int *ivector(long nl, long nh);

unsigned char *cvector(long nl, long nh);

unsigned long *1lvector(long nl, long nh);

double *dvector(long nl, long nh);

float **matrix(long nrl, long nrh, long ncl, long nch);

double **dmatrix(long nrl, long nrh, long ncl, long nch);

int **imatrix(long nrl, long nrh, long ncl, long nch);

float =**submatrix(float #**a, long oldrl, long oldrh, long oldcl, long oldch,
long newrl, long newcl);

float **convert_matrix(float *a, long nrl, long nrh, long ncl, long nch);

float ***f3tensor(long nrl, long nrh, long ncl, long nch, long ndl, long ndh);

void free_vector(float *v, long nl, long nh);

void free_ivector(int *v, long nl, long nh);

void free_cvector(unsigned char *v, long nl, long nh);

void free_lvector(unsigned long *v, long nl, long nh);

void free_dvector(double *v, long nl, long nh);

void free_matrix(float **m, long nrl, long nrh, long ncl, long nch);

void free_dmatrix(double **m, long nrl, long nrh, long ncl, long nch);

void free_imatrix(int *#*m, long nrl, long nrh, long ncl, long nch);

void free_submatrix(float **b, long nrl, long nrh, long ncl, long nch);

void free_convert_matrix(float **b, long nrl, long nrh, long ncl, long nch);

void free_f3tensor(float ***t, long nrl, long nrh, long ncl, long nch,
long ndl, long ndh);

#else /* ANSI */
/* traditional - K&R */

void nrerror();
float *vector();
Rest of traditional declarations are here on the diskette.

#endif /* ANSI x/

#endif /* _NR_UTILS_H_ */

And here is nrutil.c:

#include <stdio.h>
#include <stddef.h>
#include <stdlib.h>
#define NR_END 1
#define FREE_ARG charx

void nrerror(char error_text[])
/* Numerical Recipes standard error handler */

{
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fprintf (stderr, "Numerical Recipes run-time error...\n");
fprintf (stderr,"%s\n",error_text);
fprintf (stderr,"...now exiting to system...\n");
exit(1);

}

float *vector(long nl, long nh)
/* allocate a float vector with subscript range v[nl..nh] */

{
float *v;
v=(float *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof(float)));
if (!v) nrerror("allocation failure in vector()");
return v-nl+NR_END;
}

int *ivector(long nl, long nh)
/* allocate an int vector with subscript range v[nl..nh] */

{
int *v;
v=(int *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof (int)));
if (!v) nrerror("allocation failure in ivector()");
return v-nl+NR_END;

}

unsigned char *cvector(long nl, long nh)
/* allocate an unsigned char vector with subscript range v[nl..nh] */
{

unsigned char *v;

v=(unsigned char *)malloc((size_t) ((nh-nl+1+NR_END)=*sizeof (unsigned char)));
if (!v) nrerror("allocation failure in cvector()");
return v-nl+NR_END;

}

unsigned long *1lvector(long nl, long nh)
/* allocate an unsigned long vector with subscript range v[nl..nh] */
{

unsigned long *v;

v=(unsigned long #*)malloc((size_t) ((nh-nl+1+NR_END)*sizeof (long)));
if (!'v) nrerror("allocation failure in lvector()");
return v-nl+NR_END;

}

double *dvector(long nl, long nh)
/* allocate a double vector with subscript range v[nl..nh] */
{

double *v;

v=(double *)malloc((size_t) ((nh-nl+1+NR_END)*sizeof (double)));
if (!v) nrerror("allocation failure in dvector()");
return v-nl+NR_END;

}

float **matrix(long nrl, long nrh, long ncl, long nch)
/* allocate a float matrix with subscript range m[nrl..nrh] [ncl..nch] */
{

long i, nrow=nrh-nrl+l,ncol=nch-ncl+1;

float **m;

/* allocate pointers to rows */
m=(float **) malloc((size_t) ((nrow+NR_END)*sizeof (float*)));
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}

if (!'m) nrerror("allocation failure 1 in matrix()");
m += NR_END;
m -= nrl;

/* allocate rows and set pointers to them */

m[nrll=(float *) malloc((size_t) ((nrow*ncol+NR_END)*sizeof (float)));
if ('m[nrl]) nrerror("allocation failure 2 in matrix()");

m[nrl] += NR_END;

m[nrl] -= ncl;

for(i=nrl+1;i<=nrh;i++) m[i]=m[i-1]+ncol;

/* return pointer to array of pointers to rows */
return m;

double **dmatrix(long nrl, long nrh, long ncl, long nch)
/* allocate a double matrix with subscript range m[nrl..nrh] [ncl..nch] */

{

}

long i, nrow=nrh-nrl+l,ncol=nch-ncl+1;
double **m;

/* allocate pointers to rows */

m=(double **) malloc((size_t) ((nrow+NR_END)*sizeof (doublex*)));
if ('m) nrerror("allocation failure 1 in matrix()");

m += NR_END;

m -= nrl;

/* allocate rows and set pointers to them */

m[nrl]=(double *) malloc((size_t) ((nrow*ncol+NR_END) *sizeof (double)));
if (!m[nrl]) nrerror("allocation failure 2 in matrix()");

m[nrl] += NR_END;

m[nrl] -= ncl;

for (i=nrl+1;i<=nrh;i++) m[i]l=m[i-1]+ncol;

/* return pointer to array of pointers to rows */
return m;

int **imatrix(long nrl, long nrh, long ncl, long nch)
/* allocate a int matrix with subscript range m[nrl..nrh] [ncl..nch] */

{

long i, nrow=nrh-nrl+l,ncol=nch-ncl+1;
int **m;

/* allocate pointers to rows */

m=(int **) malloc((size_t) ((nrow+NR_END)*sizeof (int*)));
if (!'m) nrerror("allocation failure 1 in matrix()");

m += NR_END;

m -= nrl;

/* allocate rows and set pointers to them */

m[nrll=(int *) malloc((size_t) ((nrow*ncol+NR_END)*sizeof (int)));
if (!m[nrl]) nrerror("allocation failure 2 in matrix()");

m[nrl] += NR_END;

m[nrl] -= ncl;

for (i=nrl+1;i<=nrh;i++) m[i]l=m[i-1]+ncol;

/* return pointer to array of pointers to rows */
return m;
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float =**submatrix(float #**a, long oldrl, long oldrh, long oldcl, long oldch,
long newrl, long newcl)
/* point a submatrix [newrl..][newcl..] to aloldrl..oldrh] [oldcl..oldch] */
{
long i, j,nrow=oldrh-oldrl+1l,ncol=oldcl-newcl;
float **m;

/* allocate array of pointers to rows */

m=(float **) malloc((size_t) ((nrow+NR_END)*sizeof (float*)));
if (!'m) nrerror("allocation failure in submatrix()");

m += NR_END;

m -= newrl;

/* set pointers to rows */
for(i=oldrl, j=newrl;i<=oldrh;i++,j++) m[jl=alil+ncol;

/* return pointer to array of pointers to rows */
return m;

}

float **convert_matrix(float *a, long nrl, long nrh, long ncl, long nch)
/* allocate a float matrix m[nrl..nrh] [ncl..nch] that points to the matrix
declared in the standard C manner as al[nrow] [ncol], where nrow=nrh-nrl+i
and ncol=nch-ncl+l. The routine should be called with the address
%a[0] [0] as the first argument. */
{

long i, j,nrow=nrh-nrl+1,ncol=nch-ncl+1;

float **m;

/* allocate pointers to rows */

m=(float **) malloc((size_t) ((nrow+NR_END)*sizeof (float*)));
if ('m) nrerror("allocation failure in convert_matrix()");
m += NR_END;

m -= nrl;

/* set pointers to rows */

m[nrl]l=a-ncl;

for(i=1,j=nrl+l;i<nrow;i++,j++) m[jl=m[j-1]l+ncol;
/* return pointer to array of pointers to rows */
return m;

}

float ***f3tensor(long nrl, long nrh, long ncl, long nch, long ndl, long ndh)
/* allocate a float 3tensor with range t[nrl..nrh][ncl..nch][ndl..ndh] */
{

long i, j,nrow=nrh-nrl+l,ncol=nch-ncl+1,ndep=ndh-ndl+1;

float **x*t;

/* allocate pointers to pointers to rows */

t=(float ***) malloc((size_t) ((nrow+NR_END)*sizeof (float**)));
if (!'t) nrerror("allocation failure 1 in f3temsor()");

t += NR_END;

t -= nrl;

/* allocate pointers to rows and set pointers to them */
t[nrl]l=(float **) malloc((size_t) ((nrow*ncol+NR_END) *sizeof (float*)));
if ('t[nrl]) nrerror("allocation failure 2 in f3tensor()");

t[nrl] += NR_END;

t[nrl] -= ncl;

/* allocate rows and set pointers to them */
t[nrl] [ncl]=(float *) malloc((size_t) ((nrow*ncol*ndep+NR_END)*sizeof (float)));
if (!t[nrl] [ncl]) nrerror("allocation failure 3 in f3tensor()");
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946 Appendix B

t[nrl] [ncl] += NR_END;
t[nrl] [ncl] -= ndl;

for(j=ncl+l;j<=nch;j++) tlnrl][jl=t[nrl] [j-1]+ndep;
for(i=nrl+1l;i<=nrh;i++) {

t[i]=t[i-1]+ncol;

t[i] [ncl]=t[i-1] [ncl]+ncol*ndep;

for(j=ncl+l;j<=nch;j++) t[i][j1=t[i][j-1]+ndep;
}

/* return pointer to array of pointers to rows */
return t;

}

void free_vector(float *v, long nl, long nh)
/* free a float vector allocated with vector() */
{
free ((FREE_ARG) (v+nl-NR_END));
}

void free_ivector(int *v, long nl, long nh)
/* free an int vector allocated with ivector() */
{
free ((FREE_ARG) (v+nl-NR_END));
}

void free_cvector(unsigned char *v, long nl, long nh)
/* free an unsigned char vector allocated with cvector() */
{
free ((FREE_ARG) (v+nl-NR_END));
}

void free_lvector(unsigned long *v, long nl, long nh)
/* free an unsigned long vector allocated with lvector() */
{
free ((FREE_ARG) (v+nl-NR_END));
}

void free_dvector(double *v, long nl, long nh)
/* free a double vector allocated with dvector() x*/
{
free ((FREE_ARG) (v+nl-NR_END));
}

void free_matrix(float **m, long nrl, long nrh, long ncl, long nch)

/* free a float matrix allocated by matrix() */
{

free ((FREE_ARG) (m[nrl]+ncl-NR_END));

free ((FREE_ARG) (m+nrl-NR_END));
}

void free_dmatrix(double **m, long nrl, long nrh, long ncl, long nch)

/* free a double matrix allocated by dmatrix() */
{

free ((FREE_ARG) (m[nrll+ncl-NR_END));

free ((FREE_ARG) (m+nrl-NR_END));
}

void free_imatrix(int *#*m, long nrl, long nrh, long ncl, long nch)

/* free an int matrix allocated by imatrix() */
{

free ((FREE_ARG) (m[nrl]+ncl-NR_END));

free ((FREE_ARG) (m+nrl-NR_END));
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Utility Routines (nrutil.c) 947

void free_submatrix(float **b, long nrl, long nrh, long ncl, long nch)
/* free a submatrix allocated by submatrix() */
{
free ((FREE_ARG) (b+nrl-NR_END));
}

void free_convert_matrix(float *xb, long nrl, long nrh, long ncl, long nch)
/* free a matrix allocated by convert_matrix() */
{
free ((FREE_ARG) (b+nrl-NR_END));
}

void free_f3tensor(float ***t, long nrl, long nrh, long ncl, long nch,
long ndl, long ndh)
/* free a float f3tensor allocated by f3tensor() */

{
free ((FREE_ARG) (t[nrl] [ncl]+nd1-NR_END));
free ((FREE_ARG) (t[nrl]+ncl-NR_END));
free ((FREE_ARG) (t+nrl-NR_END));

}
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Appendix C: Complex Arithmetic

The functions listed below are used by the Recipes cisi, frenel, hypdrv,
hypgeo, hypser, laguer, zroots, and fixrts for complex arithmetic. A complex
number is defined to be a structure containing two float values, thereal (.r) and
imaginary (.1i) parts. Complex arguments are passed and returned by value. See
additional discussion in §1.2.

On the diskette, this Appendix is in the file complex.c.

#include <math.h>
typedef struct FCOMPLEX {float r,i;} fcomplex;

fcomplex Cadd(fcomplex a, fcomplex b)

{
fcomplex c;
c.r=a.r+b.r;
c.i=a.it+b.i;
return c;

}

fcomplex Csub(fcomplex a, fcomplex b)

{
fcomplex c;
c.r=a.r-b.r;
c.i=a.i-b.i;
return c;

}

fcomplex Cmul(fcomplex a, fcomplex b)

{
fcomplex c;
c.r=a.r*b.r-a.ixb.i;
c.i=a.i*b.r+a.r*b.i;
return c;
}
fcomplex Complex(float re, float im)
{
fcomplex c;
c.r=re;
c.i=im;
return c;
}

fcomplex Conjg(fcomplex z)
{

fcomplex c;

c.r=z.r;
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Complex Arithmetic (complex.c)

c.i=-z.i;
return c;

}

fcomplex Cdiv(fcomplex a, fcomplex b)
{
fcomplex c;
float r,den;
if (fabs(b.r) >= fabs(b.i)) {
r=b.i/b.r;
den=b.r+r*b.i;
c.r=(a.r+r*a.i)/den;
c.i=(a.i-r*a.r)/den;
} else {
r=b.r/b.i;
den=b.i+r*b.r;
c.r=(a.r*r+a.i)/den;
c.i=(a.i*r-a.r)/den;
}
return c;

}

float Cabs(fcomplex z)
{
float x,y,ans,temp;
x=fabs(z.r);
y=fabs(z.i);
if (x == 0.0)
ans=y;
else if (y == 0.0)
ans=x;
else if (x > y) {
temp=y/x;
ans=x*sqrt (1.0+temp*temp) ;
} else {
temp=x/y;
ans=y*sqrt (1.0+temp*temp) ;
}
return ans;

}

fcomplex Csqrt(fcomplex z)
{
fcomplex c;
float x,y,w,r;
if ((z.r == 0.0) && (z.i == 0.0)) {

c.r=0.0;
c.i=0.0;
return c;
} else {
x=fabs(z.r);
y=fabs(z.i);
if (x >=y) {
r=y/x;
w=sqrt (x) *sqrt (0.5*%(1.0+sqrt (1.0+r*r)));
} else {
r=x/y;
w=sqrt (y) *sqrt (0.5* (r+sqrt (1.0+r*r)));
}
if (z.r >= 0.0) {
c.r=w;
c.i=z.1/(2.0%w);
} else {

c.i=(z.i >= 0) ? w : -w;
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Appendix C

950

H

c.r=z.i/(2.0%c.i)

}

H

return c

fcomplex RCmul(float x, fcomplex a)

Sample page from NUMERICAL RECIPES IN C: THE ART OF SCIENTIFIC COMPUTING (ISBN 0-521-43108-5)

Copyright (C) 1988-1992 by Cambridge University Press. Programs Copyright (C) 1988-1992 by Numerical Recipes Software.

Permission is granted for internet users to make one paper copy for their own personal use. Further reproduction, or any copying of machine-
readable files (including this one) to any server computer, is strictly prohibited. To order Numerical Recipes books or CDROMs, visit website
http://www.nr.com or call 1-800-872-7423 (North America only), or send email to directcustserv@cambridge.org (outside North America).

H
H

fcomplex c;
c.r=x*a.r
c.i=x*a.i
return c;



Index of Programs and Dependencies

The following table lists, in aphabetical order, al the routines in Numerical
Recipes. When aroutine requires subsidiary routines, either from this book or else
user-supplied, the full dependency treeis shown: A routine calls directly all routines
to which it is connected by a solid line in the column immediately to its right; it
cals indirectly the connected routines in al columns to its right. Typographical
conventions. Routines from this book are in typewriter font (e.g., eulsum, ganmi n).
Thesmaller, slanted font isused for the second and subsequent occurences of aroutine
in a single dependency tree. (When you are getting routines from the Numerical
Recipes diskettes, or their archive files, you need only specify names in the larger,
upright font.) User-supplied routines are indicated by the use of text font and square
brackets, e.g., [funcv]. Consult thetext for individual specificationsof these routines.

The right-hand side of the table lists section and page numbers for each program.

addint — interp §19.6 (p. 880)
airy bessik G e §6.7 (p. 250)
—[ bessjy :|— beschb —— chebev

amebsa ranl . . . . §10.9 (p. 452)
amotsa [funk]
—E ranl
[funk]
amoeba amotry — [funk] §10.4 (p. 411)
—I: [funk]
amotry — [funk] §10.4 (p. 412)
amotsa—[ [funk] §10.9 (p. 454)
ranl
anneal —— ran3 . §10.9 (p. 448)
— irbit1l
— trncst
—metrop——ran3
— trnspt
—revcst
— reverse
anorm?2 §19.6 (p. 887)
arcmak §20.5 (p. 912)
arcode — arcsum §20.5 (p. 913)
arcsum §20.5 (p. 914)
avevar §14.2 (p. 617)
badluk —— julda §1.1 (p. 13)
—I: %1mooz
balanc §11.5 (p. 483)

951

(5-80TEY-TZS-0 NASI) ONILNDNOD DIHILNTIOS 40 18V FHL :D NI STdIDTY TvOIYINNN woly abed sjdwes

‘aremyos sadioay [eauswnN Aq z66T-886T (D) WbuAdoD sweiboid ssald Ausianiun abpugwe)d Aq z66T-886T (D) WbLAdoD

‘(eauBWY YUON apisino) Bio abpugued@AIasisnoloalip 0] [lewd puas Jo ‘(Ajuo eauawy YUON) £2¥/-2/8-008-T |[ed J0 Wod Ju mmm//:dny

81ISgaM NISIA ‘SINOHAD 10 sq00q sadioay [ealswn 1apio 0] ‘pangiyold Apows si ‘1eindwod 1aaias Aue o} (suo siyy Buipnjoul) saji a|jqepeal
-auiyoew Jo BuiAdod Aue Jo ‘uononpolidal Jayund asn feuosiad umo Jiay) Joy Adod Jaded suo axew 0] s1asn 1oulalul 10} pajuelB si uoissiwiad



952 Index of Programs and Dependencies

banbks

bandec

banmul

bcucof

bcuint — bcucof
beschb —— chebev

bessi —bessiO

bessiO

bessil

bessik —— beschb —— chebev
bessj bessjo

J_]:bess§1

bessjo

bessjl

bessjy —— beschb —— chebev

bessk besskO — bessiO
—[ besskl — bessil

besskO ——bessiO

besskl —bessil

bessy bessyl —bessjl
—I: bessy0 ——bessjO

bessy0 ——bessjO

bessyl —bessj1

beta — gammln .
betact
betai gammln
—[ betact
bico——factln—— gammln
bksub
bnldev ranl
_I:gammln

brent — [func]

broydn fmin .
fdjac [funcv]
qrdcmp
qrupdt —— rotate
rsolv

lnsrch — fmi n— [funcv]
bsstep —I: mmid — [derivs]

pzextr
caldat

§2.4 (p.54)
§2.4 (p.53)
§2.4 (p.52)
§3.6 (p. 126)
§3.6 (p. 127)
§6.7 (p. 245)
§6.6 (p. 239)
§6.6 (p. 237)
§6.6 (p. 238)
§6.7 (p. 248)
§6.5 (p. 235)

§6.5 (p. 232)
§6.5 (p. 233)
§6.7 (p. 243)
§6.6 (p. 239)

§6.6 (p. 237)
§6.6 (p. 239)
§6.5 (p. 234)

§6.5 (p. 232)
§6.5 (p. 233)
§6.1 (p. 216)

§6.4 (p. 227)
§6.4 (p. 227)

§6.1 (p. 215)
§17.3 (p. 770)
§7.3 (p. 295)

§10.2 (p. 404)
§9.7 (p. 390)

§16.4 (p. 728)

§1.1 (p. 14)
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Index of Programs and Dependencies 953

chder
chebev .
chebft — [func]
chebpc
chint
chixy
choldc
cholsl
chsone —— gammq —E gser j
gct gammln
chstwo — gammq gser
—E gct ——L gammln
cisi e e e
cntabl — gammq —[ gser j
gct gammln
cntab2 L.
convlv twofft .
—[ realft ]— fourl
copy

correl twofft
—I: realft l

cosftl —realft — fourl

fourl

cosft2——realft — fourl
covsrt
crank

cyclic——tridag

daub4
dawson A
dbrent func
—I: {dfun]c]
ddpoly
decchk .
df1dim — [dfunc]
dfourl .
dfpmin [func]
[dfunc]

lnsrch — [func]
dfridr — [func]
dftcor

§5.9 (p. 195)
§5.8 (p. 193)
§5.8 (p. 192)
§5.10 (p. 197)
§5.9 (p. 195)
§15.3 (p. 670)
§2.9 (p.97)
§2.9 (p.97)
§14.3 (p. 621)

§14.3 (p. 622)

§6.9 (p. 258)
§14.4 (p. 631)

§14.4 (p. 635)
§13.1 (p. 543)

§19.6 (p. 881)
§13.2 (p. 546)

§12.3 (p. 518)
§12.3 (p. 520)
§15.4 (p. 675)
§14.6 (p. 642)
§2.7 (. 75)
§13.10 (p. 595)
§6.10 (p. 260)
§10.3 (p. 406)

§5.3 (p. 174)

§20.3 (p. 902)

§10.6 (p. 425)

double version of fourt, g.v.
§10.7 (p. 428)

§5.7 (p. 188)
§13.9 (p. 587)
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dftint [func]
realft — fourl
polint
dftcor

difeq . . . . . . . . . .

dlinmin mnbrak — f1dim .
_I:dbrent———-dfldié]——-ﬁunq

dpythag

drealft

dsprsax

dsprstx

dsvbksb

dsvdcmp

eclass .

eclazz — [equiv]

ei

eigsrt

elle rf
L

ellf —rf

ellpi—[rf. .

rj-—[:rc

rf
elmhes

erff — gammp —[ gser_—L

gcf
erffc gammp gser .
—|: gct —_L gammln

gammgqg gser _—I_
ganmi n

gammln

gcf

erfcc
eulsum
evlimem
expdev——ranl
expint
f1dim — [func]
factln—— gammln
factrl — gammln
fasper avevar

—E spread

realft — fourl
fdjac — [funcv]

§13.9 (p. 588)

§17.4 (p. 778)
§10.6 (p. 424)

double version of pythag, g.v.
double version of realft, Q..
double version of sprsax, Q..
double version of sprstx, q.V.
double version of svbksb, q.V.
double version of svdcmp, Q..
§8.6 (p. 346)

§8.6 (p. 346)

§6.3 (p. 225)

§11.1 (p. 468)

§6.11 (p. 268)

§6.11 (p. 268)
§6.11 (p. 269)

§11.5 (p. 485)
§6.2 (p. 220)

§6.2 (p. 220)

§6.2 (p. 221)
§5.1 (p. 167)
§13.7 (p. 575)
§7.2 (p. 287)
§6.3 (p. 223)
§10.5 (p. 419)
§6.1 (p. 215)
§6.1 (p. 214)
§13.8 (p. 582)

§9.7 (p. 389)
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fgauss
fiiio . . . . . . .
fit — gammg gser
—E gcf ——L gammln
fitexy—T—avevar . . . . . .
— fit — gammq gser
—I: gct —_L gammln
— chixy
— mnbrak
— brent
— ganmg gser
gcf :L ganmmi n
— zbrent — chi xy
fixrts —— zroots —— laguer
fleg
flmoon .
fmin — [funcv]
fourl
fourew
fourfs — fourew
fourn
fpoly
fred2 gauleg
[ak]
[d]
ludcmp
lubksb

ludcmp
lubksb
fredin —I: [ak]
d]

fredex-—EEquadmx————wwghts-———kermom

frenel

frprmn [func]

[dfunc]
linmin mnbrak
—E brent ——L f1dim — [func]
ftest-—[:avevar o
betai gammln
—I: betact
gamdev ——ranl

gammln

§15.5 (p. 688)
§19.6 (p. 881)
§15.2 (p. 665)

§15.3 (p. 668)

§13.6 (p. 569)
§15.4 (p. 680)

§1.0  (p.1)

§9.7 (p. 388)
§12.2 (p. 507)
§12.6 (p. 535)
§12.6 (p. 532)
§12.4 (p. 523)
§15.4 (p. 680)
§18.1 (p. 793)

§18.3 (p. 802)

§18.1 (p. 793)

§6.9 (p. 256)
§10.6 (p. 423)

§14.2 (p. 619)

§7.3 (p. 292)
§6.1 (p. 214)
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gammp gser_—L

gammln

gct
gammq gser .
gcf—:]-gammln
gasdev —ranl .
gaucof tqli — pythag
—[ eigsrt
gauher
gaujac — gammln
gaulag — gammln
gauleg
gaussj

gcf —— gammln
golden — [func]
gser —— gammln .
hpsel — sort
hpsort

hqr

hufapp

hufdec

hufenc
hufmak — hufapp
hunt

hypdrv

hypgeo-—[:hypser e
odeint —[ bsstep —[ mmid
pzextr

hypdrv

hypser
icrc—icrcl
icrcl
igray
iindexx
indexx
interp
irbitl
irbit2
jacobi
jacobn

julday

§6.2 (p. 218)
§6.2 (p. 218)

§7.2 (p. 289)
§4.5 (p. 157)

§4.5 (p. 154)
§4.5 (p. 155)
§4.5 (p. 152)
§4.5 (p. 152)
§2.1 (p.39)
§6.2 (p. 219)
§10.1 (p. 401)
§6.2 (p. 218)
§8.5 (p. 344)
§8.3 (p. 337)
§11.6 (p. 491)
§20.4 (p. 907)
§20.4 (p. 908)
§20.4 (p. 907)
§20.4 (p. 906)
§3.4 (p. 118)
§6.12 (p. 273)
§6.12 (p. 272)

§6.12 (p. 273)
§20.3 (p. 900)
§20.3 (p. 900)
§20.2 (p. 896)

. long int versionof indexx, q.v.

§8.4 (p. 338)
§19.6 (p. 880)
§7.4 (p. 297)
§7.4 (p. 298)
§11.1 (p. 467)
§16.6 (p. 742)
§1.1 (p. 11)
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kendll — erfcc

kendl2 — erfcc

kermom

ks2dls —

ks2d2s —

— quadct

— quadvl

— pearsn —— betai gammln
—[ betacft

— probks

— quadct

——pearsn————betai-—[:gammln

betact

ksone

— probks

sort
[func]
probks

kstwo —[ sort

laguer

lfit—E

probks

[funcs]
gaussj
covsrt

linbcg atimes
—E snrm

asolve

linmin-—[:mnbrak

brent—:]-fldim———-ﬁund

Insrch — [func]

locate
lop

lubksb
ludcmp
machar
matadd

matsub

medfit — rofunc — select

memcof

metrop — ran3

§14.6 (p. 643)
§14.6 (p. 644)
§18.3 (p. 801)
§14.7 (p. 647)

§14.7 (p. 649)

§14.3 (p. 625)

§14.3 (p. 625)

§9.5 (p. 373)
§15.4 (p. 674)

§2.7 (p. 86)

§10.5 (p. 419)

§9.7 (p. 385)
§3.4 (p. 117)
§19.6 (p. 887)
§2.3 (p.47)
§2.3 (p. 46)
§20.1 (p. 892)
§19.6 (p. 887)
§19.6 (p. 887)
§15.7 (p. 704)
§13.6 (p. 568)
§10.9 (p. 451)
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mgfas——rstrct . . . . . . . . . . . . £19.6 (p.885
— slvsm2 —£i110

— interp

— copy

—relax2

— lop

— matsub

— anorm?2

— matadd

mglin——rstrect . . . . . . . . . . . . §19.6 (p.878)
— slvsml — £i110

— interp

— copy

—relax

— resid

— fillO

— addint —interp

midinf — [func] G 84.4 (p. 144)
midpnt — [func] G 84.4 (p. 142)

miser ranpt—ranl . . . . . . . . . . §7.8 (p. 325)
—I:[func]

mmid — [derivs] e . ... ... .. 8163 (p.723)
mnbrak — [func] .. . . . . . . . . . . 8101 (p.400)

mnewt—E[usrfun] e §9.6 (p. 381)

ludcmp
lubksb

moment e . ... . ... 8141 (p.613)
.. . . . . §20.6 (p.922
mpdiv mpinv —I: mpmul —drealft —dfourl . . §20.6 (p. 920)

mpops
npnul —— dreal ft —— df our 1

npops
mpinv —I: mpmul —drealft —dfourl . . . . . §20.6 (p.920)
mpops
mpmul — drealft — dfourl . . . . . . . . 820.6 (p.918
mpops . . . . . . . . . . . . . . . . 8206 (p.916)
mppi mpsqrt —[ mpmul —drealft —dfourl . . §20.6 (p.923)
mpops

mp2dfr —— mpops e

npops
npnul —— dreal ft —— dfour 1

mpinv — npnul ——dreal ft — dfour1
mp2dfr — npops

mprove — lubksb . . . . . . . . . . . . §2.5 (p.56)
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mpsqrt-—[:mpmul-———drealft-———dfourl
mpops
mrqcof — [funcs]

mrqmin mrqcof — [funcs] .
—E gaussj
covsrt
newt fmin e
fdjac [funcv]
ludcmp
lubksb

lnsrch — fmi n— [funcv]
odeint [derivs] .
—[ rkqs —I: [derivs]

rkck — [derivs]

orthog o

pade ludcmp .
—E lubksb
mprove —— | ubksb

pccheb
pcshft

earsn— betai ammln
? —[ ‘ietacf
period — avevar
piksr2
piksrt
pinvs
plgndr

oidev ranl
? __[:gammln
polcoe
polcof ——polint
poldiv .
polin2 —polint
polint e
powell —I: [func] e

linmin —[ mnbrak_—L .
brent f1dim — [func]

predic
probks
psdes
pwt

pwtset

§20.6 (p. 921)

§15.5 (p. 687)
§15.5 (p. 685)

§9.7 (p. 386)

§16.2 (p. 721)

§4.5 (p. 159)
§5.12 (p. 202)

§5.11 (p. 199)
§5.10 (p. 198)
§14.5 (p. 638)

§13.8 (p. 579)
§8.1 (p. 331)
§8.1 (p. 330)

§17.3 (p. 770)
§6.8 (p. 254)
§7.3 (p. 294)

§3.5 (p. 121)
§3.5 (p. 121)
§5.3 (p. 175)
§3.6 (p. 124)
§3.1 (p. 109)
§10.5 (p. 417)

§13.6 (p. 570)
§14.3 (p. 626)
§7.5 (p. 302)
§13.10 (p. 597)
§13.10 (p. 596)
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pythag
pzextr

qgaus — [func]

qrdcmp e

qromb —[ trapzd — [func]
polint

qromo —[ midpnt — [func]
polint

gqroot —— poldiv
qrsolv——rsolv
qrupdt — rotate
gsimp — trapzd — [func]
gtrap — trapzd — [func]
quad3d — ggaus [func]

[yl
[y2]
(z1]
(22]

quadct

quadmx — wwghts —— kermom

quadvl

ran0

ranl

ran2

ran3d

ran4 — psdes

rank

ranpt —ranl

ratint

ratlsq [ffn] . . . . .
dsvdcmp — dpytha
dsvbksb
ratval

ratval

rc

rd
realft — fourl
rebin

red

relax

relax2

§2.6 (p.70)
§16.4 (p. 731)
§4.5 (p. 148)
§2.10 (p. 99)
§4.3 (p. 140)

§4.4 (p. 143)

§9.5 (p. 378)
§2.10 (p. 100)
§2.10 (p. 101)

§4.2 (p. 139)

§4.2 (p. 137)

§4.6 (p. 164)

§14.7 (p. 648)
§18.3 (p. 802)
§14.7 (p. 648)
§7.1 (p. 279)
§7.1 (p. 280)
§7.1 (p. 282)
§7.1 (p. 283)
§7.5 (p. 303)
§8.4 (p. 341)
§7.8 (p. 327)
§3.2 (p. 112)
§5.13 (p. 206)

§5.3 (p. 176)
§6.11 (p. 267)
§6.11 (p. 264)
§12.3 (p. 513)

§7.8 (p. 323)
§17.3 (p. 771)
§19.6 (p. 881)
§19.6 (p. 886)
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resid

revcst

reverse

rf . .

r rc
J__I:rf

rk4 — [derivg]

rkck — [derivg]

rkdumb [derivs]

L

rk4 — [derivg]

rkqs — rkck — [derivg]
rlft3——fourn .

rofunc — select
rotate
rsolv
rstrct
rtbis — [func]
rtflsp — [func]
rtnewt — [funcd]
rtsafe — [funcd]
rtsec — [func]
rzextr .
savgol ludcm
© —I: lubksg
scrsho — [func]
select

selip ——shell .

sfroid plgndr .o
_[:solvde difeq
pinvs

red
bksub

shell .

shoot [load] .o
odeint —E [derivs]

rkqs — rkck — [derivg]

[score]
shootf [load1]

odeint [derivs]
—E rkqs — rkck — [derivs]

[score]
[load2]

§19.6 (p. 881)
§10.9 (p. 449)
§10.9 (p. 449)
§6.11 (p. 264)
§6.11 (p. 265)

§16.1 (p. 712)
§16.2 (p. 719)
§16.1 (p. 713)

§16.2 (p. 719)
§12.5 (p. 528)
§15.7 (p. 704)
§2.10 (p. 101)
§2.10 (p. 100)
§19.6 (p. 880)
§9.1 (p. 354)
§9.2 (p. 356)
§9.4 (p. 365)
§9.4 (p. 366)
§9.2 (p. 357)
§16.4 (p. 731)
§14.8 (p. 652)

§9.0 (p. 349)
§8.5 (p. 342)
§8.5 (p. 343)
§17.4 (p. 777)

§8.1 (p. 332)
§17.1 (p. 758)

§17.2 (p. 761)
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simpl
simp2
simp3
simplx simpl
—E simp2
simp3
simpr ludcmp
—E lubksb
[derivg]
sinft — realft — fourl

slvsm2 —£ill0
slvsml — £il110

sncndn

snrm

sobseq

solvde difeq
pinvs
red
bksub

sor

sort

sort2

sort3 —— indexx

spctrm—— fourl

spear sort2
crank
erfcc
betai —[ gammln

betact
sphbes —— bessjy —— beschb —— chebev
sphfpt — newt —— fdjac — shootf (Q.V.)
——1nsrch—1
— fmin —'shoot f (Q.V.)

— ludcmp
— lubksb

sphoot — newt —— fdjac — shoot (Q.V.)
——1nsrch—1

— fmin —'shoot (Q.V.)
— ludcmp

— lubksb

splie2——spline

splin2 splint
—[ spline

§10.8 (p. 441)
§10.8 (p. 442)
§10.8 (p. 442)
§10.8 (p. 439)

§16.6 (p. 743)

§12.3 (p. 517)
§19.6 (p. 887)
§19.6 (p. 880)
§6.11 (p. 270)

§2.7 (p.88)

§7.7 (p. 312)
§17.3 (p. 768)

§19.5 (p. 869)
§8.2 (p. 333)
§8.2 (p. 334)
§8.4 (p. 340)

§13.4 (p. 557)

§14.6 (p. 641)

§6.7 (p. 251)
§17.4 (p. 781)

§17.4 (p. 780)

§3.6 (p. 128)
§3.6 (p. 128)
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spline
splint
spread
sprsax
sprsin
sprspm
sprstm
sprstp —— iindexx .
sprstx
stifbs jacobn
simpr ludcmp
—E lubksb
[derivs]
pzextr

stiff jacobn
ludcmp
lubksb
[derivs]
stoerm — [derivs]
svbksb

svdcmp — pythag

svdfit [funcs] . . . .
—E svdcmp — pythag

svbksb
svdvar
toeplz
tptest —[ avevar
betai —[ gammln
betacf

tqli — pythag .
trapzd — [func]

tred2
tridag
trncst
trnspt
ttest-—[:avevar .
betai-—[:gammln
betactf
tutest —[ avevar
betai —[ gammln
betactf

twofft — fourl

§3.3 (p. 115)
§3.3 (p. 116)
§13.8 (p. 583)
§2.7 (p.79)
§2.7 (p.79)
§2.7 (p.82)
§2.7 (p.82)
§2.7 (p. 80)
§2.7 (p. 80)
§16.6 (p. 744)

§16.6 (p. 739)

§16.5 (p. 733)
§2.6 (p.64)

§2.6 (p.67)
§15.4 (p. 678)
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