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                ===============================================================================
   
                           Cubic Spline Library
   
   ===============================================================================
   
                           Carl W Akerlof
                           Center for Particle Astrophysics
                           301 Le Conte Hall
                           University of California
                           Berkeley, California  94720
   
                                   and
   
                           Randall Laboratory of Physics
                           University of Michigan
                           500 East University
                           Ann Arbor, Michigan  48109
   
                           [email protected]
   
   ===============================================================================
   
           The cubic spline library is a collection of "C" routines that compute
   and manipulate cubic B-spline coefficients under a variety of conditions. The
   principle source for this code was the FORTRAN language routines written by
   Finbarr O'Sullivan when he was in the Statistics Department at the University
   of California in Berkeley. Additional routines were adapted from code found
   in the LINPACK and BLAS libraries from [email protected]. "Numerical Recipes in
   C, Second Edition", by Press, Teukolsky, Vetterling & Flannery, was the source
   for various sort routines.
           The spline library routines were written in a style that keeps the data
   encapsulated in dynamically allocated structures. This reduces the number of
   parameters in subroutine calls to the essential minimum and makes it possible
   to handle a number of spline curves concurrently without worrying about
   declaring a large set of variables separately for each one. With one exception
   (spline_srf.c & spline_dsrf.c), all volatile internal variables are stored on
   the stack so the routines are reentrant. The routines handle two types of cubic
   splines: (1) smoothing splines which fit the data in a least square sense, and
   (2) interpolating splines which pass through specified data points exactly. Two
   types of boundary conditions are also employed: (1) the natural spline where
   the curvature at the endpoints goes to zero, and (2) the periodic spline where
   the curve has the identical value, slope and curvature at the two extremes. For
   each routine, there exists both a single precision and a double precision
   floating point version. The double precision routine is distinguished by an
   extra 'd' in the name as for example, spline_add & spline_dadd. A few routines
   also have FORTRAN call interfaces which simplify usage from FORTRAN. These
   could be augmented as required.
           The major impetus for this effort was a need for a better method of
   searching astronomical photometric data for periodic behavior. The library
   thus contains some fairly specialized routines which take advantage of the
   simple structure of B-splines to perform a fast iterative periodicity search.
   However, the routines contain no parameters that are in anyway specific to the
   particular experiment (MACHO) for which this code was written.
           Detailed information about each routine is provided by comments in the
   appropriate C source file.
   
           The following people were extremely helpful in explaining the concept
   of smoothing splines and providing code:
   
           Leo Breiman, Statistics Department, Univ. of California-Berkeley
           Finbarr O'Sullivan, Statistics Department, University of Washington
           James Reimann, Statistics Department, Univ. of California-Berkeley
           John Rice, Statistics Department, Univ. of California-Berkeley
           Philip Spector, Statistics Department, Univ. of California-Berkeley
   
           The following references were especially useful to the non-expert:
   
           "Approximation Theory and Methods", M. J. D. Powell, Cambridge Univ.
           Press (1981).
   
           "A Practical Guide to Splines", Carl de Boor, Springer-Verlag (1978).
   
           "Spline Models for Observational Data", Grace Wahba, Society for
           Industrial and Applied Mathematics (1990).
           
           Additional references:
   
           P. Craven and G. Wahba, "Smoothing noisy data with spline functions:
           estimating the correct degree of smoothing by the method of generalized
           cross validation", Numer. Math. 1979, vol 31, pages 377-403.
    
           B. W. Silverman, "Some aspects of the spline smoothing approach to
           nonparametric regression curve fitting", JRSS Series B 1985, vol 47.
    
           F. O'Sullivan, Contribution to the discussion of Silverman's paper,
           JRSS Series B 1985, vol 47.
    
   ===============================================================================
   spline_add.c    spline_dadd.c   Add two vectors with constant multiplier
   
   spline_bas.c    spline_dbas.c   Compute B-spline function values
   
   spline_csi.c    spline_dcsi.c   Compute Fourier integrals of spline curve
   
   spline_cst.c    spline_dcst.c   Compute constrained spline regression matrix
   
   spline_cur.c    spline_dcur.c   Compute spline curvature derivative matrix
   
   spline_cyc.c    spline_dcyc.c   Compute periodic smoothing spline
   
   spline_cym.c    spline_dcym.c   Compute periodic smoothing spline
   
   spline_df0.c    spline_ddf0.c   Compute B-spline polynomial coefficients
   
   spline_df1.c    spline_ddf1.c   Compute B-spline first derivative coefficients
   
   spline_df2.c    spline_ddf2.c   Compute B-spline second derivative coefficients
   
   spline_dot.c    spline_ddot.c   Compute vector dot product
   
   spline_end.c    spline_dend.c   Deallocate spline data structure
   
   spline_esr.c    spline_desr.c   Deallocate periodicity search data structure
   
   spline_fnd.c    spline_dfnd.c   Search for optimum smoothing spline parameters
   
   spline_fpk.c    spline_dfpk.c   Find spline curve peak values
   
   spline_har.c    spline_dhar.c   Compute spline curve Fourier series
   
   spline_icy.c    spline_dicy.c   Initialize periodic spline data structure
   
   spline_ifl.c    spline_difl.c   Find spline curve inflection points
   
   spline_ini.c    spline_dini.c   Initialize smoothing spline data structure
   
   spline_int.c    spline_dint.c   Compute interpolating spline
   
   spline_inv.c    spline_dinv.c   Factor a real positive definite band matrix
   
   spline_ipr.c    spline_dipr.c   Compute inner products for cross-validation
   
   spline_isr.c    spline_disr.c   Initialize periodicity search data structure
   
   spline_lse.c    spline_dlse.c   Compute spline least square error matrix
   
   spline_lvr.c    spline_dlvr.c   Compute smoothing spline coefficients
   
   spline_miv.c    spline_dmiv.c   Gauss-Jordan matrix inversion
   
   spline_mmx.c    spline_dmmx.c   Find spline curve minima and maxima
   
   spline_mul.c    spline_dmul.c   Solve real positive definite band matrix system
   
   spline_phs.c    spline_dphs.c   Initialize phase vector for periodicity search
   
   spline_pls.c    spline_dpls.c   Compute periodic spline coefficients
   
   spline_pow.c    spline_dpow.c   Compute integral of square of spline curve
   
   spline_psp.c    spline_dpsp.c   Compute periodic smoothing spline coefficients
   
   spline_rdc.c    spline_drdc.c   Reduce dimension of spline regression matrix
   
   spline_sag.c    spline_dsag.c   Adjust spline stiffness for positive slope
   
   spline_slm.c    spline_dslm.c   Find spline curve slope minima and maxima
   
   spline_src.c    spline_dsrc.c   Invoke periodicity search routines
   
   spline_srf.c    spline_dsrf.c   Perform fine gridded frequency search
   
   spline_sri.c    spline_dsri.c   Factor real symmetric positive definite matrix
   
   spline_srl.c    spline_dsrl.c   Perform coarse gridded frequency search
   
   spline_srp.c    spline_dsrp.c   Estimate missing periodic spline coefficients
   
   spline_srq.c    spline_dsrq.c   Compute period-folded spline curve
   
   spline_srt.c    spline_dsrt.c   Indexed Heapsort routine
   
   spline_tbl.c    spline_dtbl.c   Binary table lookup routine
   
   spline_twk.c    spline_dtwk.c   Adjust spline stiffness to specified chi square
   
   spline_val.c    spline_dval.c   Compute spline curve value
   
   spline_vas.c    spline_dvas.c   Compute spline curve slope
   
   spline_fadd.c   spline_fdadd.c  FORTRAN call interfaces to spline_add, _dadd
   
   spline_fbas.c   spline_fdbas.c  FORTRAN call interfaces to spline_bas, _dbas
   
   spline_fcur.c   spline_fdcur.c  FORTRAN call interfaces to spline_cur, _dcur
   
   spline_fdot.c   spline_fddot.c  FORTRAN call interfaces to spline_dot, _ddot
   
   spline_fend.c   spline_fdend.c  FORTRAN call interfaces to spline_end, _dend
   
   spline_ffnd.c   spline_fdfnd.c  FORTRAN call interfaces to spline_fnd, _dfnd
   
   spline_fini.c   spline_fdini.c  FORTRAN call interfaces to spline_ini, _dini
   
   spline_finv.c   spline_fdinv.c  FORTRAN call interfaces to spline_inv, _dinv
   
   spline_fipr.c   spline_fdipr.c  FORTRAN call interfaces to spline_ipr, _dipr
   
   spline_flse.c   spline_fdlse.c  FORTRAN call interfaces to spline_lse, _dlse
   
   spline_flvr.c   spline_fdlvr.c  FORTRAN call interfaces to spline_lvr, _dlvr
   
   spline_fmul.c   spline_fdmul.c  FORTRAN call interfaces to spline_mul, _dmul
   
   spline_fval.c   spline_fdval.c  FORTRAN call interfaces to spline_val, _dval
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