SLATEC Conmon Mat hematical Library
Version 4.1

Tabl e of Contents

This table of contents of the SLATEC Cormon Mat hematical Library (CM) has
three sections.

Section | contains the nanes and purposes of all user-callable CM routines,
arranged by GAMS category. Those unfaniliar with the GAMS schene shoul d
consult the docunment "CGuide to the SLATEC Common Mat hemati cal Library". The
current library has routines in the foll owi ng GAM5S naj or categories:

Arithnetic, error analysis

El ementary and special functions (search also class L5)
Li near Al gebra

I nterpol ati on

Sol ution of nonlinear equations

Optim zation (search al so cl asses K, L8)
Differentiation, integration
Differential and integral equations
Integral transforns

Approxi mation (search al so class L8)
Statistics, probability

Data handling (search also class L2)
Servi ce routines

O her

NDZCXCSTIOMMOOP

The library contains routines which operate on different types of data but
whi ch are otherw se equivalent. The nanes of equivalent routines are |listed
vertically before the purpose. Imediately after each nane is a hyphen (-)
and one of the al phabetic characters S, D, C, I, H L, or A where

S indicates a single precision routine, D double precision, C conplex,

| integer, H character, L logical, and Ais a pseudo-type given to routines
that coul d not reasonably be converted to sonme other type.

Section Il contains the nanes and purposes of all subsidiary CM. routines,
arranged in al phabetical order. Usually these routines are not referenced
directly by library users. They are listed here so that users will be able

to avoid duplicating nanes that are used by the CM. and for the benefit of
programmers who may be able to use themin the construction of new routines
for the library.

Section IIl is an al phabetical list of every routine in the CM. and the
categories to which the routine is assigned. Every user-callable routine
has at | east one category. An asterisk (*) immediately preceding a routine
nane indi cates a subsidiary routine.

SECTION |. User-callable Routines
A. Arithnetic, error analysis
A3. Real
A3D. Extended range

XADD- S To provide single-precision floating-point arithnetic



DXADD-D with an extended exponent range.

XADJ- S To provide single-precision floating-point arithmetic
DXADJ-D with an extended exponent range.

XC210-S To provide single-precision floating-point arithmetic
DXC210-D with an extended exponent range.

XCON- S To provide single-precision floating-point arithnetic
DXCON-D with an extended exponent range.

XRED- S To provide single-precision floating-point arithnetic
DXRED-D with an extended exponent range.

XSET- S To provide single-precision floating-point arithmetic
DXSET-D with an extended exponent range.

Ad. Compl ex
A4A.  Single precision

CARG C Conpute the argument of a conpl ex nunber.

A6. Change of representation
A6B. Base conversion

ROPAK-S Pack a base 2 exponent into a floating point nunber.
DOPAK- D

ROUPAK-S Unpack a floating point nunber X so that X = Y*2**N,
DOUPAK- D

C. FElenentary and special functions (search also class L5)

FUNDOC- A Docunentation for FNLIB, a collection of routines for
eval uating el ementary and special functions.

Cl. Integer-valued functions (e.g., floor, ceiling, factorial, binom al
coefficient)

BINOWS  Compute the binom al coefficients.

DBl NOV D

FAC- S Conpute the factorial function.

DFAC-D

PCCH S Eval uate a generalization of Pochhamer’s synbol.
DPCCH- D

POCH1-S Calcul ate a generalization of Pochhammer’s synbol starting
DPCCHL-D fromfirst order.

C2. Powers, roots, reciprocals

CBRT- S Conput e the cube root.
DCBRT- D
CCBRT- C

C3. Polynomi als
C3A.  Orthogonal
C3A2. Chebyshev, Legendre



CA.

CGAA.

4B

CAC

Hyper bol i c,

CSEVL-S
DCSEVL- D

INNTS-S
I NI TDS- D

QVOVD- S
DQVOVD- D

XLEGF- S
DXLEGF- D

XNRMWP- S
DXNRMP- D

CACCs- C
CASIN-C
CATAN-C
CATAN2-C

COosDG- S
DCCSDG- D

Car- S

DCOT- D
CCOr- C
CTAN-C

SI NDG- S
DSl NDG- D

Exponenti al ,

ALNREL- S
DLNREL- D
CLNREL-C

CLCGLO-C

EXPREL- S
DEXPRL- D
CEXPRL-C

ACOSH- S
DACOSH- D
CACCsH- C

ASI NH- S
DASI NH- D

El ementary transcendenta
Tri gononetric,

Eval uate a Chebyshev seri es.

Deternmi ne the nunmber of terms needed in an orthogona

pol ynom al series so that it neets a specified accuracy.
This routine conmputes nodified Chebyshev nmonents. The K-th
nodi fi ed Chebyshev nmonent is defined as the integral over
(-1,1) of WX *T(K, X), where T(K, X) is the Chebyshev

pol ynomi al of degree K

Conput e normal i zed Legendre pol ynom al s and associ at ed
Legendre functions.

Conput e nornalized Legendre pol ynoni al s.
( functions
I nverse trigononetric
Conput e the conpl ex arc cosine.
Conput e the conpl ex arc sine.
Conpute the conplex arc tangent.

Conpute the conplex arc tangent in the proper quadrant.

Conpute the cosine of an argunent in degrees.
Conput e the cot angent.

Conput e the conpl ex tangent.

Conpute the sine of an argunent in degrees.

ogarithmc
Eval uate I n(1+X) accurate in the sense of relative error.

Conput e the principal
| ogarithm

val ue of the conpl ex base 10

Calcul ate the relative error exponential (EXP(X)-1)/X

i nverse hyperbolic

Conmput e the arc hyperbolic cosine.

Conput e the arc hyperbolic sine.



CASI NHC

ATANH S  Conpute the arc hyperbolic tangent.
DATANH D

CATANH- C

CCOsH C  Conpute the conpl ex hyperbolic cosine.
CSINH-C Conpute the conpl ex hyperbolic sine.
CTANH- C  Conpute the conpl ex hyperbolic tangent.

C5. Exponential and logarithmc integrals

ALl -S Conpute the logarithm c integral.
DLI-D
El-S Conput e the exponential integral EL(X).
DEl1- D
El-S Conput e the exponential integral Ei(X).
DEl - D
EXINT-S  Conpute an M nenber sequence of exponential integrals
DEXINT-D E(MN+K, X), K=0,1,...,M1 for N.GE 1 and X .CGE. O.
SPENC-S Conpute a form of Spence's integral due to K Mtchell.
DSPENC- D
Cr. Ganma

C7A. Ganmma, | og gamm, reciprocal gama

ALGAMS-S Conpute the | ogarithm of the absolute value of the Gamm
DLGAMS- D functi on.

ALNGAM S Conpute the | ogarithm of the absol ute value of the Ganma
DLNGAM D functi on.
CLNGAM C

COLGVC-C Evaluate (Z+0.5)*LOE (Z+1.)/Z2) - 1.0 with relative
accuracy.

GAMLIM'S Conpute the mininum and naxi num bounds for the argument in
DGAMLM D the Gamma function.

GAMVA-S  Conpute the conpl ete Ganma functi on.
DGAMVA- D
CGAMVA- C

GAMR- S Conpute the reciprocal of the Gamma functi on.
DGAMR- D
CGAMR- C

PCCH S Eval uate a generalization of Pochhamer’s synbol.
DPCCH- D

POCH1-S Calcul ate a generalization of Pochhammer’s synbol starting
DPCCHL-D fromfirst order.

C7’B. Beta, log beta



ALBETA-S Conpute the natural |ogarithmof the conplete Beta
DLBETA-D functi on.
CLBETA-C

BETA- S Conpute the conplete Beta function.
DBETA- D
CBETA-C

C7C. Psi function

PSI-S Conpute the Psi (or Digamma) function.
DPSI - D
CPSI-C
PSIFN-S  Conmpute derivatives of the Psi function.
DPSI FN- D

C7’E. Inconplete gama

GAM - S Eval uate the inconplete Ganma function.
DGAM - D

GAM C-S Calculate the conplenentary inconplete Ganma functi on.
DGAM C- D

GAMT-S Calculate Triconi’'s formof the inconplete Gamma functi on.
DGAM T- D

C7’F. Inconplete beta

BETAI-S Calculate the inconplete Beta function.
DBETAI - D

C8. FError functions
C8A. FError functions, their inverses, integrals, including the nornal
distribution function

ERF- S Conpute the error function.
DERF- D

ERFC- S Conpute the conplenentary error function.
DERFC- D

C8C. Dawson’s integral

DAWS- S Conput e Dawson’s function.
DDAWS- D

C9. Legendre functions

XLEG--S  Compute normalized Legendre pol ynomi als and associ at ed
DXLEGF-D Legendre functions.

XNRWP-S  Conpute nornalized Legendre pol ynom al s.
DXNRVP- D

C10. Bessel functions
CI0A. J, Y, H (1), H(2)
C10Al. Real argunent, integer order

BESJO-S  Conpute the Bessel function of the first kind of order



DBESJO- D

BESJ1-S
DBESJ1-D

BESYO- S
DBESYO- D

BESY1- S
DBESY1- D

zero.

Conput e the Bessel function of the first kind of order one.
Conput e the Bessel function of the second kind of order
zero.

Conput e the Bessel function of the second kind of order
one.

Cl10A3. Real argunent, real order

BESJ- S
DBESJ- D

BESY- S
DBESY- D

Conpute an N nenber sequence of J Bessel functions
J/ SUB( ALPHA+K- 1)/ (X), K=1,...,N for non-negative ALPHA
and X

| mpl enent forward recursion on the three termrecursion
relation for a sequence of non-negative order Besse
functions Y/ SUB(FNU+I -1)/(X), 1=1,...,Nfor real, positive
X and non-negative orders FNU

C10A4. Conpl ex argunent, real order

CBESH-C
ZBESH- C

CBESJ-C
ZBESJ-C

CBESY-C
ZBESY-C

cioB. I, K

Conput e a sequence of the Hankel functions H(m a, z)
for superscript mel or 2, real nonnegative orders a=b
b+1,... where b>0, and nonzero conpl ex argunent z. A
scaling option is available to help avoid overfl ow.

Conpute a sequence of the Bessel functions J(a,z) for
conpl ex argunent z and real nonnegative orders a=b, b+1
b+2,... where b>0. A scaling option is available to
hel p avoi d overfl ow

Conput e a sequence of the Bessel functions Y(a,z) for
conpl ex argunent z and real nonnegative orders a=b, b+1
b+2,... where b>0. A scaling option is available to
hel p avoi d overfl ow.

Cl0Bl1. Real argunent, integer order

BESI 0- S
DBESI 0- D

BESI OE- S
DBSI OE- D

BESI 1- S
DBESI 1- D

BESI 1E- S
DBSI 1E-D

BESKO- S
DBESKO- D

BESKOE- S
DBSKOE- D

BESK1- S

Conput e the hyperbolic Bessel function of the first kind
of order zero.

Conput e the exponentially scal ed nodified (hyperbolic)
Bessel function of the first kind of order zero.

Conpute the nodified (hyperbolic) Bessel function of the
first kind of order one.

Conput e the exponentially scaled nodified (hyperbolic)
Bessel function of the first kind of order one.

Conpute the nodified (hyperbolic) Bessel function of the
third kind of order zero.

Conput e the exponentially scal ed nodified (hyperbolic)
Bessel function of the third kind of order zero.

Conpute the nodified (hyperbolic) Bessel function of the



C10B3.

DBESK1- D

BESK1E- S
DBSK1E- D

third kind of order one.

Conput e the exponentially scal ed nodified (hyperbolic)
Bessel function of the third kind of order one.

Real argunent, real order

BESI - S
DBESI - D

BESK- S
DBESK- D

BESKES- S
DBSKES- D

BESKS- S
DBESKS- D

Conpute an N menber sequence of | Bessel functions

| / SUB(ALPHA+K- 1)/ (X), K=1,...,N or scal ed Bessel functions
EXP(-X) *1/ SUB(ALPHA+K-1) / (X), K=1,...,N for non-negative
ALPHA and X

| mpl ement forward recursion on the three termrecursion
relation for a sequence of non-negative order Besse
functions K/ SUB(FNU+l-1)/(X), or scal ed Bessel functions
EXP(X) *K/ SUB( FNU+I -1)/ (X), 1=1,...,N for real, positive
X and non-negative orders FNU

Conput e a sequence of exponentially scal ed nodified Bessel
functions of the third kind of fractional order.

Conput e a sequence of nodified Bessel functions of the
third kind of fractional order

Cl0B4. Conplex argunent, real order

C10D

C10F.

CBESI - C
ZBESI - C

CBESK- C
ZBESK- C

Conput e a sequence of the Bessel functions I(a,z) for
conpl ex argunent z and real nonnegative orders a=b, b+1
b+2,... where b>0. A scaling option is available to
hel p avoi d overfl ow.

Conput e a sequence of the Bessel functions K(a,z) for
conpl ex argunent z and real nonnegative orders a=b, b+1
b+2,... where b>0. A scaling option is available to
hel p avoi d overfl ow.

Airy and Scorer functions

Al -S
DAl - D

Al E-S
DAl E- D
Bl -S
DBl - D
Bl E-S
DBl E-D

CAl RY-C
ZAl RY-C

CBI RY-C
ZBI RY-C

Integrals of

Eval uate the Airy function

Calculate the Airy function for a negative argunent and an
exponentially scaled Airy function for a non-negative
ar gunent .

Eval uate the Bairy function (the Airy function of the
second ki nd).

Calculate the Bairy function for a negative argument and an
exponentially scaled Bairy function for a non-negative
ar gurent .

Conpute the Airy function Ai(z) or its derivative dAi/dz
for conplex argunment z. A scaling option is avail able
to help avoid underfl ow and overfl ow.

Conpute the Airy function Bi(z) or its derivative dBi/dz
for conplex argunment z. A scaling option is avail able
to help avoid overfl ow.

Bessel functions



BSKIN-S Conpute repeated integrals of the K-zero Bessel function
DBSKI N- D

Cl1l. Confluent hypergeonetric functions

CHU- S Conpute the | ogarithm c confluent hypergeonetric function
DCHU- D

Cl4. Eliptic integrals

RC- S Cal cul ate an approxi mation to
DRC-D RC(X,Y) = Integral fromzero to infinity of
-1/2 -1

(1/2) (t+X) (t+Y) dt
where X is nonnegative and Y is positive.

RD- S Conpute the inconplete or conplete elliptic integral of the
DRD- D 2nd kind. For X and Y nonnegative, X+Y and Z positive,
RD(X,Y,Z) = Integral fromzero to infinity of
-1/2 -1/2 -3/2

(3/2) (t+X) (t+Y) (t+2) dt .
If Xor Yis zero, the integral is conplete.

RF- S Conpute the inconplete or conplete elliptic integral of the
DRF- D 1st kind. For X, Y, and Z non-negative and at nost one of
them zero, RF(X Y,Z) = Integral fromzero to infinity of
-1/2 -1/2 -1/2

(1/2) (t+X) (t+Y) (t+2) dt.

If X, Yor Zis zero, the integral is conplete.

S Conpute the inconplete or conplete (X or Y or Zis zero)
-D elliptic integral of the 3rd kind. For X Y, and Z non-
negative, at nost one of them zero, and P positive,
RI(X,Y,Z,P) = Integral fromzero to infinity of
-1/2 -1/2 -1/2 -1
(3/2) (t+X) (t+Y) (t+2) (t+P) dt.

RJ-
DRJ

C19. Oher special functions

RC3JJ-S Evaluate the 3j synbol f(L1) = ( L1 L2 L3)
DRC3JJ-D (-M2-M3 M2 MB)
for all allowed values of L1, the other paraneters
bei ng hel d fi xed.

RC3JMS Evaluate the 3j synbol g(M2) = (L1 L2 L3 )
DRC3JM D (ML M2 - ML- MR)
for all allowed values of M2, the other paraneters
bei ng held fixed.

RC6J- S Eval uate the 6j synbol h(L1) = {L1 L2 L3}

DRC6J- D {L4 L5 L6}
for all allowed values of L1, the other paraneters
bei ng hel d fixed.

D. Linear Algebra

D1. Elenmentary vector and matrix operations
D1A. Elenmentary vector operations

D1A2. M ni mum and maxi nrum conponent s

| SAMAX-S Find the snmallest index of that conmponent of a vector



D1A3.
D1A3A.

D1A3B.

D1AA4.

Nor

L-1 (sum of

| DANMAX-
| CAMAX-

D
CA Cc
m

SASUM S
DASUM: D
SCASUM C

havi ng t he maxi mum nagni t ude.

magni t udes)

Conpute the sum of the nmagnitudes of the elenments of a
vect or.

L-2 (Euclidean norm

Dot

SNRMR- S

DNRM2- D

SCNRM2- C
pr oduct

CDOTC- C
DQDOTA- D
DQDOTI - D
DSDOT- D
DCDOT- C
SDOT- S
DDOT- D
CDOTU- C

SDSDOT- S
CDCDOT- C

Conpute the Euclidean length (L2 nornm) of a vector

(i nner

Dot

Conput e the inner

product)

product of two conpl ex vectors using
conjugate of the first vector

product of two vectors

preci sion accurul ati on and result.

Conput e the inner

product of two vectors

preci sion accurul ati on and result.

Conput e the inner

product of two vectors

preci sion accunul ati on and result.

Conput e the inner

Conput e the inner

product of two vectors.

product of two vectors

preci sion accumul ati on

D1A5. Copy or exchange (swap)

D1AG.

| COPY- S
DCOPY- D
CCOPY-C
| COPY- |

SCOPY- S
DCOPY- D
CCOPY-C
| COPY- |

Copy a vector.

Copy a vector.

t he conpl ex

wi th extended

wi th extended

w t h extended

w t h extended

SCOPYM'S Copy the negative of a vector to a vector

DCOPYM D

SSWAP- S
DSWAP- D
CSWAP- C
| SWAP- |

I nt erchange two vectors.

Mul tiplication by scalar

CSSCAL-C Scal e a conpl ex vector.



SSCAL- S
DSCAL- D
CSCAL-C

Multiply a vector by a constant.

D1A7. Triad (a*x+y for vectors x,y and scal ar a)

SAXPY- S
DAXPY- D
CAXPY-C

Conpute a constant tines a vector plus a vector.

D1A8. Elenentary rotation (G vens transformation)

SROT- S
DROT- D
CSROT-C

SROTM S
DROTM D

Apply a plane G vens rotation

Apply a nodified Gvens transformation

D1B. Elenmentary matrix operations
D1B4. Miltiplication by vector

CHPR- C
DCGER- D
DSPR- D
DSYR- D

SGBW- S
DGBMW- D
CEBMW- C

SCEWV- S
DGEMV- D
CGEMWV-C

SCGER- S

CCGERC- C
SCERC- S
DGERC-D

CCGERU- C
SCERU- S
DGERU- D

CHBW/- C
SHBW- S
DHBMWV- D

CHEMWV- C
SHEMV- S
DHEMV- D

CHER-C
SHER- S
DHER- D

CHER2- C

Performthe hermtian rank 1 operation
Performthe rank 1 operation.

Performthe symmetric rank 1 operation
Performthe symmetric rank 1 operation

Multiply a real vector by a real general band matri x.

Multiply a real vector by a real general matrix.

Performrank 1 update of a real general matrix.
Perform conjugated rank 1 update of a conpl ex genera
matri x.

Per f or m unconj ugated rank 1 update of a conplex genera
matri x.

Multiply a conplex vector by a conplex Hermtian band
matri x.

Multiply a conplex vector by a conplex Hermtian matri x.

PerformHermtian rank 1 update of a conplex Hermtian
matri x.

PerformHermtian rank 2 update of a conplex Hermtian



SHER2- S
DHER2- D

CHPW/- C
SHPW- S
DHPW- D

CHPR2- C
SHPR2- S
DHPR2- D

SSBW- S
DSBW- D
CSBwW-C

SSDI - S
DSDI - D

SSMIV- S
DSMIV- D

SSW- S
DSW- D

SSPW- S
DSPW- D
CSPW-C

SSPR- S

SSPR2- S
DSPR2- D
CSPR2-C

SSYW- S
DSYMWV- D
CSYMV-C

SSYR- S

SSYR2- S
DSYR2- D
CSYR2-C

STBW- S
DTBW- D
CTBWwW-C

STBSV- S
DTBSV-D
CIBSvV-C

STPW- S
DTPW-D
CTPW-C

STPSV- S
DTPSV-D

matri x.

Performthe matri x-vector operation

Performthe hermtian rank 2 operation

Multiply a real vector by a real symetric band matrix.

Di agonal Matrix Vector Miltiply.

Routine to calculate the product X = DIAG'B, where D AG
is a diagonal matrix.

SLAP Col um Fornmat Sparse Matrix Transpose Vector Product.
Routine to calculate the sparse matrix vector product:

Y = A*X, where ' denotes transpose.

SLAP Col um Format Sparse Matrix Vector Product.

Routine to calculate the sparse matrix vector product:

Y = A*X

Performthe matri x-vector operation

Performs the synmmetric rank 1 operation

Performthe symmetric rank 2 operation

Multiply a real vector by a real symetric matrix.

Perform symetric rank 1 update of a real synmmetric matrix.

Perform synmetric rank 2 update of a real synmmetric matrix.

Multiply a real vector by a real triangular band matri x.

Solve a real triangular banded system of |inear equations.

Perform one of the matrix-vector operations.

Sol ve one of the systens of equations.



D1B6.

D1B9.

D1B10.

CTPSV-C

STRW-S Miltiply a real vector by a real triangular matrix.
DTRW- D
CTRW- C

STRSV-S Solve a real triangular system of |inear equations.
DTRSV- D
CTRSV-C

Mul tiplication

SGEMHS Miltiply a real general matrix by a real general matrix.
DGEMMVt D
CGEMMV C

CHEMMC Multiply a conplex general matrix by a conplex Hermtian
SHEMM'S  nmatri x.
DHEMW D

CHER2K-C Perform Hermtian rank 2k update of a conpl ex.
SHER2- S
DHER2- D
CHER2- C

CHERK-C PerformHermitian rank k update of a conplex Hermtian
SHERK- S mat ri x.
DHERK- D

SSYMMS Miltiply a real general matrix by a real symetric matrix.
DSYMwt D
CSYMu C

DSYR2K-D Perform one of the symretric rank 2k operations.
SSYR2- S
DSYR2- D
CSYR2-C

SSYRK-S  Performsymetric rank k update of a real symmetric matrix.
DSYRK- D
CSYRK- C

STRVM S Multiply a real general matrix by a real triangular matrix.
DTRMM D
CTRW C

STRSMS Solve a real triangular systemof equations with nultiple
DTRSM D right-hand sides.
CTRSM C

St orage node conversi on

SS2Y- S SLAP Triad to SLAP Col umm Format Converter.
DS2Y- D Routine to convert fromthe SLAP Triad to SLAP Col um
format.

El ementary rotation (G vens transfornation)

CSROT-C  Apply a plane G vens rotation.
SROT- S
DROT- D



SROTG-S Construct a plane Gvens rotation.
DROTG D
CROTG C

SROTMGS Construct a nodified G vens transfornation.
DROTMG- D

D2. Solution of systems of |inear equations (including inversion, LU and
rel at ed deconpositions)

D2A. Real nonsynmetric matrices

D2A1. Ceneral

SGECO-S Factor a matrix using Gaussian elimnation and estimte
DGECO-D the condition nunber of the matrix.
CGECO C

SGEDI -S  Conpute the determ nant and inverse of a natrix using the
DGEDI -D factors conputed by SGECO or SCGEFA.
CGEDI - C

SGEFA-S Factor a matrix using Gaussian elinination.
DGEFA- D
CGEFA-C

SCGEFS-S  Sol ve a general system of |inear equations.
DGEFS- D
CGEFS-C

SCGEIR-S Solve a general systemof |inear equations. Iterative
CCGEIR-C refinenment is used to obtain an error estimate.

SGESL-S Solve the real system A*X=B or TRANS(A)*X=B using the
DGESL-D factors of SGECO or SGEFA.
CGESL- C

SQRSL-S  Apply the output of SQRDC to conpute coordi nate transfor-
DQRSL-D nmations, projections, and | east squares sol utions.

CQRSL-C
D2A2. Banded

SGBCO-S Factor a band matrix by Gaussian elimnation and
DGBCO- D estimate the condition nunber of the nmatri x.
C@EBCO C

SGBFA-S Factor a band matrix using Gaussian elinination.
DGBFA- D
CGBFA-C

SGBSL-S  Solve the real band system A*X=B or TRANS(A)*X=B usi ng
DEBSL-D the factors computed by SGBCO or SGBFA.
CGEBSL- C

SNBCO-S Factor a band matrix using Gaussian elimnnation and
DNBCO D estimate the condition number.
CNBCO- C

SNBFA-S  Factor a real band matrix by elimnination.
DNBFA- D
CNBFA- C



D2A2A.

D2A3.

D2A4.

SNBFS- S
DNBFS- D
CNBFS- C

SNBI R- S
CNBI R-C

SNBSL- S
DNBSL- D
CNBSL- C

Tri di agonal
SGTSL- S
DGTSL- D
CGTSL-C

Tr

angul ar

SSLI-S
DSLI -D

SSLI 2-S
DSLI 2-D

STRCO- S
DTRCO-D
CTRCO-C

STRDI - S
DTRDI - D
CTRDI - C

STRSL- S

DTRSL- D

CTRSL-C
Spar se

SBCG- S
DBCG- D

SGVRES- S
DGVRES- D

Solve a general nonsymmetric banded system of |inear
equati ons.

Solve a general nonsymmetric banded system of |inear
equations. Iterative refinenent is used to obtain an error
esti mat e.

Solve a real band system using the factors conmputed by
SNBCO or SNBFA.

Solve a tridiagonal |inear system

SLAP MSOLVE for Lower Triangle Matrix.
This routine acts as an interface between the SLAP generic
MSOLVE cal | i ng convention and the routine that actually
-1
conputes L B = X

SLAP Lower Triangle Matrix Backsol ve.
Routine to solve a systemof the form Lx = b, where L
is a lower triangular matrix.

Estimate the condition nunber of a triangular matrix.

Conput e the determ nant and inverse of a triangular matrix.

Solve a systemof the form T*X=B or TRANS(T)*X=B, where
Tis atriangular matrix.

Precondi ti oned Bi Conjugate Gradient Sparse Ax = b Sol ver.
Routine to solve a Non-Symetric |linear system Ax = b
usi ng the Preconditioned Bi Conjugate G adient nethod.

Precondi ti oned CG Sparse Ax=b Sol ver for Nornmal Equati ons.
Routine to solve a general linear system Ax = b using the
Precondi ti oned Conjugate G adient nethod applied to the
normal equations AA'y = b, x=A'vy.

Precondi ti oned Bi Conjugate Gradient Squared Ax=b Sol ver.
Routine to solve a Non-Symetric |linear system Ax = b
using the Preconditioned Bi Conjugate Gadient Squared
nmet hod.

Preconditioned GVRES Iterative Sparse Ax=b Sol ver.
This routine uses the generalized m ni nrum residua



(GVRES) nethod with preconditioning to sol ve
non-symetric linear systens of the form Ax = b.

SIR S Preconditioned Iterative Refinenent Sparse Ax = b Sol ver.
DIR-D Routine to solve a general linear system Ax = b wusing
iterative refinement with a matrix splitting.
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DLPDOC-D Routines to solve |large sparse symetric and nonsynmetric
positive definite |inear systems, Ax = b, using precondi -
tioned iterative nethods.

SOWN- S Preconditioned Orthom n Sparse Iterative Ax=b Sol ver.
DOWN- D Routine to solve a general linear system Ax = b wusing
the Preconditioned Orthom n nethod.

SSDBCG- S Diagonal ly Scal ed Bi Conjugate G adi ent Sparse Ax=b Sol ver.
DSDBCG-D Routine to solve a linear system Ax = b using the
Bi Conj ugate Gradi ent nethod with diagonal scaling.

SSDCAN-S Diagonal |y Scal ed CG Sparse Ax=b Sol ver for Normal Egn’s.

DSDCGN-D Routine to solve a general |linear system Ax = b wusing
di agonal scaling with the Conjugate G adi ent mnethod
applied to the the normal equations, viz., AAy = b,

where x = A'y.

SSDCGS-S Diagonal ly Scal ed CGS Sparse Ax=b Sol ver.
DSDCGS-D Routine to solve a linear system Ax = b wusing the
Bi Conj ugate Gradi ent Squared nethod with diagonal scaling.

SSDAVR-S Diagonally Scal ed GVRES Iterative Sparse Ax=b Sol ver.

DSDGVR-D This routine uses the generalized m ni mum resi dual
(GVRES) net hod with diagonal scaling to solve possibly
non-symetric linear systens of the form Ax = b.

SSDOWN-S Diagonally Scaled Orthomin Sparse Iterative Ax=b Sol ver.
DSDOVWN-D Routine to solve a general linear system Ax = b wusing
the Othonmin nmethod with diagonal scaling.

SSGS- S Gauss- Seidel Method Iterative Sparse Ax = b Sol ver.
DSGS- D Routine to solve a general linear system Ax = b wusing
Gauss- Sei del iteration.

SSILUR-S Inconplete LU Iterative Refinement Sparse Ax = b Sol ver.
DSILUR-D Routine to solve a general |inear system AXx b using
the inconplete LU deconposition with iterative refinenent.

SSJIAC-S Jacobi’s Method lterative Sparse Ax = b Sol ver.
DSJAC-D Routine to solve a general linear system Ax = b wusing
Jacobi iteration.

SSLUBC-S I nconplete LU Bi Conjugate G adi ent Sparse Ax=b Sol ver.
DSLUBC-D Routine to solve a linear system Ax = b using the
Bi Conj ugate Gradient nethod with Incomplete LU
deconposi ti on preconditi oni ng.

SSLUCN-S I nconplete LU CG Sparse Ax=b Sol ver for Normal Equations.

DSLUCN-D Routine to solve a general linear system Ax = b using the
i nconpl ete LU deconposition with the Conjugate G adi ent
nmet hod applied to the normal equations, viz., AAy = b,

x = Avy.



D2B.
D2B1.
D2B1A.

D2B1B

SSLUCS- S
DSLUCS- D

SSLUGM S
DSLUGW D

SSLUOM S
DSLUOM D

I nconpl ete LU Bi Conjugate G adi ent Squared Ax=b Sol ver.
Routine to solve a linear system Ax = b using the

Bi Conj ugate Gradi ent Squared nethod with Inconmplete LU
deconposi ti on preconditioning.

I nconpl ete LU GVRES Iterative Sparse Ax=b Sol ver.

This routine uses the generalized m ni mum residua
(GVRES) nethod with inconplete LU factorization for
preconditioning to solve possibly non-symetric |inear
systens of the form Ax = b

Inconplete LU Othom n Sparse Iterative Ax=b Sol ver.
Routine to solve a general linear system Ax = b wusing
the Orthonin method with Inconplete LU deconposition.

Real symmetric matrices

Cener al
I ndefinite

SSICO- S
DSI CO- D
CH CO-C
CSI CO-C

SSID-S
DSI DI -D
CH DI -C
CSI D -C

SSI FA-S
DSI FA-D
CH FA-C
CSIFA-C

SSISL-S
DSI SL-D
CHI SL-C
CSI SL-C

SSPCO- S
DSPCO- D
CHPCO-C
CSPCO- C

SSPDI - S
DSPDI - D
CHPDI - C
CSPDI - C

SSPFA- S
DSPFA- D
CHPFA- C
CSPFA-C

SSPSL- S
DSPSL- D
CHPSL- C
CSPSL-C

Factor a symmetric matrix by elimnation with symmetric
pivoting and estimate the conditi on number of the matrix.

Conpute the determinant, inertia and inverse of a rea
symetric matrix using the factors from SSI FA.

Factor a real synmetric matrix by elimnation with
symetric pivoting.

Solve a real symmetric systemusing the factors obtained
from SSI FA.

Factor a real synmmetric matrix stored in packed form
by elimnation with symmetric pivoting and estinate the
condi tion nunber of the matrix.

Conpute the determinant, inertia, inverse of a rea
symmetric matrix stored in packed formusing the factors
fr om SSPFA.

Factor a real synmetric matrix stored in packed form by
elimnation with symetric pivoting.

Solve a real symmetric systemusing the factors obtained
from SSPFA.

Positive definite



D2B2.

D2B2A.

SCHDC- S
DCHDC- D
CCHDC- C

SPOCO- S
DPOCO- D
CPOCO- C

SPODI - S
DPODI - D
CPODI - C

SPCOFA- S
DPOFA- D
CPOFA-C

SPOFS- S
DPOFS- D
CPOFS- C

SPA R-S
CPAO R-C

SPOSL- S
DPOSL- D
CPCSL-C

SPPCO- S
DPPCO- D
CPPCO- C

SPPDI - S
DPPDI - D
CPPDI - C

SPPFA- S
DPPFA- D
CPPFA- C

SPPSL- S
DPPSL- D
CPPSL-C

Positive defi

SPBCO- S
DPBCO- D
CPBCO-C

SPBFA- S
DPBFA- D
CPBFA-C

SPBSL- S
DPBSL- D
CPBSL-C

Tri di agonal

Conput e the Chol esky deconposition of a positive definite
matrix. A pivoting option allows the user to estimate the
condition nunber of a positive definite matrix or determ ne
the rank of a positive semdefinite matrix.

Factor a real symretric positive definite matrix
and estimate the conditi on nunber of the matri x.

Conpute the determ nant and inverse of a certain real
symetric positive definite matrix using the factors
conput ed by SPOCO, SPOFA or SQRDC

Factor a real synmetric positive definite matrix.

Solve a positive definite synmetric system of |inear
equati ons.

Solve a positive definite synmetric system of |inear
equations. Iterative refinenent is used to obtain an error
estimate.

Sol ve the real symetric positive definite |inear system
using the factors conputed by SPOCO or SPOFA.

Factor a symmetric positive definite matrix stored in
packed form and estimate the condition nunber of the
matri x.

Conpute the determnminant and inverse of a real symetric
positive definite matrix using factors from SPPCO or SPPFA.

Factor a real symretric positive definite matrix stored in
packed form

Sol ve the real symetric positive definite system using
the factors conputed by SPPCO or SPPFA.

ni te banded

Factor a real symretric positive definite matrix stored in

band form and estimate the conditi on nunber of the matrix.

Factor a real symretric positive definite matrix stored in
band form

Solve a real symmetric positive definite band system
using the factors conputed by SPBCO or SPBFA.



SPTSL-S Solve a positive definite tridiagonal |inear system
DPTSL- D
CPTSL-C

D2B4. Sparse

SBCG S Precondi ti oned Bi Conjugate Gradient Sparse Ax = b Sol ver.
DBCG D Routine to solve a Non-Symetric |linear system Ax = b
using the Preconditioned Bi Conjugate Gradient nethod.

SCG S Precondi ti oned Conjugate G adi ent Sparse Ax=b Sol ver.
DCG D Routine to solve a symretric positive definite |linear
system Ax = b using the Preconditioned Conjugate
G adi ent et hod.

SCG\- S Precondi ti oned CG Sparse Ax=b Sol ver for Normal Equati ons.

DCGN- D Routine to solve a general linear system Ax = b wusing the
Precondi ti oned Conjugate G adient nethod applied to the
normal equations AA'y = b, x=A'Yy.

-S Precondi ti oned Bi Conjugate Gradi ent Squared Ax=b Sol ver.

D Routine to solve a Non-Symetric |linear system Ax = b
using the Preconditioned Bi Conjugate G adient Squared
nmet hod.

it

SGVRES-S Preconditioned GVRES Iterative Sparse Ax=b Sol ver.

DAGVRES-D This routine uses the generalized m ni mum resi dual
(GVRES) nethod with preconditioning to solve
non-symetric linear systens of the form Ax = b.

SIRS Preconditioned Iterative Refinenent Sparse Ax = b Sol ver.
DIR-D Routine to solve a general linear system Ax = b wusing
iterative refinement with a matrix splitting.

SLPDOC-S Sparse Linear Al gebra Package Version 2.0.2 Docurentation.

DLPDOC-D Routines to solve |large sparse symetric and nonsynmetric
positive definite |inear systems, Ax = b, using precondi -
tioned iterative nethods.

SOWN- S Preconditioned Orthom n Sparse Iterative Ax=b Sol ver.
DOWN- D Routine to solve a general linear system Ax = b wusing
the Preconditioned Orthom n nethod.

SSDBCG- S Diagonally Scal ed Bi Conjugate G adi ent Sparse Ax=b Sol ver.
DSDBCG-D Routine to solve a linear system Ax = b using the
Bi Conj ugate Gradi ent nethod with diagonal scaling.

SSDCG-S Diagonally Scal ed Conjugate G adi ent Sparse Ax=b Sol ver.

DSDCG-D Routine to solve a synmetric positive definite |inear
system Ax = b using the Preconditioned Conjugate
Gradient nethod. The preconditioner is diagonal scaling.

SSDCGAN-S  Diagonal |y Scal ed CG Sparse Ax=b Sol ver for Normal Egn’s.

DSDCGN-D Routine to solve a general |inear system Ax = b using
di agonal scaling with the Conjugate G adient nethod
applied to the the normal equations, viz., AAy = b,

where x = A'y.

SSDCGS-S Diagonal ly Scal ed CGS Sparse Ax=b Sol ver.
DSDCGS-D Routine to solve a linear system Ax = b using the



SSDAVR- S
DSDGVR- D

SSDOWN- S
DSDOVN- D

SSGS- S
DSGS- D

SSI CCG S
DSI CCG- D

SSI LUR- S
DSl LUR- D

SSJAC- S
DSJAC-D

SSLUBC- S
DSLUBC- D

SSLUCN- S
DSLUCN- D

SSLUCS- S
DSLUCS- D

SSLUGMH S
DSLUGM D

SSLUOM S
DSLUOM D

CGECO-C
SGECO- S
DGECO- D

Bi Conj ugate Gradi ent Squared nethod with diagonal scaling.
Di agonal |y Scal ed GVRES Iterative Sparse Ax=b Sol ver.

This routine uses the generalized m ni mum residual

(GVRES) net hod with diagonal scaling to solve possibly
non-symetric linear systens of the form Ax = b.

Di agonal Iy Scaled Orthom n Sparse Iterative Ax=b Sol ver.

Routine to solve a general linear system Ax = b wusing
the Othonmin nmethod with diagonal scaling.

Gauss- Seidel Method Iterative Sparse Ax = b Sol ver.
Routine to solve a general linear system Ax = b wusing

Gauss- Sei del iteration.

I nconmpl et e Chol esky Conj ugate Gradi ent Sparse Ax=b Sol ver.
Routine to solve a symretric positive definite |linear
system Ax = b using the inconplete Chol esky

Precondi ti oned Conjugate G adi ent nethod.

Inconplete LU Iterative Refinenment Sparse Ax = b Sol ver.
Routine to solve a general linear system Ax = b wusing
the inconplete LU deconposition with iterative refinenent.

Jacobi’s Method Iterative Sparse Ax = b Sol ver.
Routine to solve a general linear system Ax = b
Jacobi iteration.

usi ng

I nconpl ete LU Bi Conjugate G adi ent Sparse Ax=b Sol ver.
Routine to solve a linear system Ax = b wusing the

Bi Conj ugate Gradient method with I nconmplete LU
deconposi ti on preconditi oni ng.

I nconpl ete LU CG Sparse Ax=b Sol ver for Nornmal Equations.
Routine to solve a general linear system Ax = b using the
i nconmpl ete LU deconposition with the Conjugate G adi ent

net hod applied to the normal equations, viz., AAy = b,

X = Avy.

I ncompl ete LU Bi Conjugate G adi ent Squared Ax=b Sol ver.
Routine to solve a linear system Ax = b using the

Bi Conj ugate Gradi ent Squared nethod with Incomplete LU
deconposi ti on preconditi oni ng.

Inconplete LU GVRES |terative Sparse Ax=b Sol ver.

This routine uses the generalized m ni mum residual
(GVRES) nethod with inconplete LU factorization for
preconditioning to solve possibly non-symetric |inear
systenms of the form Ax = b.

Incomplete LU Orthonmin Sparse Iterative Ax=b Sol ver.
Routine to solve a general linear system Ax = b wusing
the Othonmin method with Inconplete LU deconposition.

Conpl ex non-Hernitian matrices
CGener al

Factor a matrix using Gaussian elimnation and estimte
the condition nunber of the matrix.



CGEDI - C
SCEDI - S
DGEDI - D

CCGEFA-C
SCEFA- S
DGEFA-D

CCGEFS- C
SCEFS- S
DGEFS-D

CCGEI R-C
SCEIR- S

CCGESL-C
SCGESL- S
DGESL- D

OQRSL- C
SQRSL- S
DQRSL- D

CSI CO-C
SSICO- S
DSI CO- D
CH CO-C

CSI D -C
SSID-S
DSI DI -D
CH DI -C

CSIFA-C
SSI FA-S
DSI FA-D
CH FA-C

CSI SL-C
SSISL-S
DSI SL-D
CHI SL-C

CSPCO- C
SSPCO- S
DSPCO- D
CHPCO-C

CSPDI - C
SSPDI - S
DSPDI - D
CHPDI - C

CSPFA-C
SSPFA- S
DSPFA- D
CHPFA- C

CSPSL-C
SSPSL- S
DSPSL- D

Conpute the determ nant and inverse of a matrix using the
factors conputed by CGECO or CGEFA.

Factor a matrix using Gaussian elimnnation

Solve a general system of |inear equations.

Solve a general systemof |inear equations. Iterative
refinement is used to obtain an error estinmate.

Sol ve the conpl ex system A*X=B or CTRANS(A)*X=B using the
factors conputed by CGECO or CGEFA.

Apply the output of CQRDC to conpute coordinate transfor-
mati ons, projections, and | east squares sol utions.

Factor a conmplex symmetric matrix by elimnation wth
symmetric pivoting and estinate the condition nunber of the
matri x.

Conpute the determ nant and inverse of a conplex symetric
matrix using the factors from CSI FA

Factor a conplex symmetric matrix by elimnation with
synmetric pivoting.

Sol ve a conplex symetric systemusing the factors obtained
from CSI FA

Factor a complex symetric matrix stored in packed form
by elimnation with symmetric pivoting and estimate the
condi tion nunber of the matrix.

Conpute the determ nant and inverse of a conplex symetric
matrix stored in packed formusing the factors from CSPFA.

Factor a conplex symmetric matrix stored in packed form by
elimnation with synmetric pivoting.

Sol ve a conplex symetric systemusing the factors obtained
f rom CSPFA.



CHPSL- C
D2C2. Banded

CGEBCO- C
SGBCO- S
DGBCO- D

CGBFA-C
SGBFA- S
DGBFA-D

CEBSL-C
SGBSL- S
DGBSL- D

CNBCO- C
SNBCO- S
DNBCO- D

CNBFA- C
SNBFA- S
DNBFA- D

CNBFS- C
SNBFS- S
DNBFS- D

CNBI R-C
SNBI R- S

CNBSL- C
SNBSL- S
DNBSL- D

D2C2A. Tri di agonal
CGTSL-C

SGTSL- S
DGTSL-D

D2C3. Triangul ar
CTRCO C
STRCO- S
DTRCO- D

CTRDI - C
STRDI - S
DTRDI - D

CTRSL-C
STRSL- S
DTRSL- D

Factor a band matrix by Gaussian elimnation and
estimate the condition nunber of the matrix.

Factor a band matrix using Gaussian elinination.

Sol ve the conpl ex band system A*X=B or CTRANS(A)*X=B usi ng
the factors conputed by CGBCO or CGBFA.

Factor a band matrix using Gaussian elimnation and
estimate the condition nunber.

Factor a band matrix by elimnation.

Solve a general nonsymmetric banded system of |inear
equati ons.

Solve a general nonsymmetric banded system of |inear
equations. Iterative refinenent is used to obtain an error
esti mate.

Solve a conpl ex band system using the factors conputed by
CNBCO or CNBFA.

Sol ve a tridiagonal |inear system

Estimate the condition nunber of a triangular matrix.

Conpute the determ nant and inverse of a triangular matrix.

Solve a systemof the form T*X=B or CTRANS(T)*X=B, where
Tis atriangular matrix. Here CTRANS(T) is the conjugate
t ranspose.

D2D. Conplex Hermitian matrices

D2D1. General
D2D1A. Indefinite

CH CO-C

Factor a conplex Hermtian matrix by elimnation with sym



SSICO- S
DSI CO- D
CSICO-C

CH DI -C
SSID-S
DSl SI-D
CSIDl -C

CH FA-C
SSI FA-S
DSI FA-D
CSI FA-C

CH SL-C
SSISL-S
DSI SL-D
CSI SL-C

CHPCO- C
SSPCO- S
DSPCO- D
CSPCO-C

CHPDI - C
SSPDI - S
DSPDI - D
DSPDI - C

CHPFA-C
SSPFA- S
DSPFA- D
DSPFA-C

CHPSL- C
SSPSL- S
DSPSL- D
CSPSL-C

nmetric pivoting and estimate the condition of the matrix.

Conpute the determi nant, inertia and inverse of a conplex
Hermitian matrix using the factors obtained from CH FA.

Factor a conplex Hermitian matrix by elimnation
(symmetric pivoting).

Solve the conplex Hermitian systemusing factors obtained
from CHI FA.

Factor a conmplex Hermitian matrix stored in packed form by
elimnation with symetric pivoting and estimte the
condi tion nunber of the matrix.

Conpute the determi nant, inertia and inverse of a conplex
Hermitian matrix stored in packed formusing the factors
obt ai ned from CHPFA.

Factor a conplex Hermitian matrix stored in packed form by
elimnation with synmetric pivoting.

Solve a conplex Hermitian system using factors obtained
from CHPFA.

D2D1B. Positive definite

CCHDC- C
SCHDC- S
DCHDC- D

CPCCO-C
SPOCO- S
DPOCO- D

CPQDI - C
SPODI - S
DPODI - D

CPCFA-C
SPOFA- S
DPOFA- D

CPCOFS-C
SPOFS- S
DPOFS-D

Conput e the Chol esky deconposition of a positive definite
matrix. A pivoting option allows the user to estimate the
condition nunber of a positive definite matrix or determ ne
the rank of a positive semdefinite matrix.

Factor a conplex Hermitian positive definite matrix
and estimate the conditi on nunber of the matri x.

Conpute the determinant and inverse of a certain conplex
Hermitian positive definite matrix using the factors
conput ed by CPOCO, CPCFA, or CQRDC.

Factor a conplex Hermitian positive definite matrix.

Sol ve a positive definite symretric conpl ex system of
i near equations.



CPOR-C
SPA R-S

CPOSL- C
SPOSL- S
DPOSL- D

CPPCO-C
SPPCO- S
DPPCO- D

CPPDI - C
SPPDI - S
DPPDI - D

CPPFA- C
SPPFA- S
DPPFA- D

CPPSL-C
SPPSL- S
DPPSL- D

D2D2. Positive defi

CPBCO- C
SPBCO- S
DPBCO- D

CPBFA- C
SPBFA- S
DPBFA- D

CPBSL-C
SPBSL- S
DPBSL- D

D2D2A. Tri di agona
CPTSL-C

SPTSL- S
DPTSL-D

Solve a positive definite Hermtian system of |inear
equations. Iterative refinenent is used to obtain an
error estimte.

Solve the conplex Hernmitian positive definite |inear system
using the factors conputed by CPOCO or CPOFA.

Factor a conplex Hermitian positive definite matrix stored
in packed formand estimate the condition nunber of the
mat ri x.

Conpute the determ nant and inverse of a conplex Hermitian
positive definite matrix using factors from CPPCO or CPPFA.

Factor a conplex Hermitian positive definite matrix stored
in packed form

Solve the conplex Hermitian positive definite system using
the factors conputed by CPPCO or CPPFA.

nite banded

Factor a conmplex Hermtian positive definite matrix stored
in band formand estimate the condition nunmber of the
matri x.

Factor a conmplex Hermtian positive definite matrix stored

in band form

Solve the conplex Hermitian positive definite band system
using the factors conputed by CPBCO or CPBFA.

Solve a positive definite tridiagonal |inear system

D2E. Associ ated operations (e.g., matrix reorderings)

SLLTI 2-S
DLLTI 2-D

SS2LT-S
DS2LT-D

SSD2S- S
DSD2S- D

SSDS- S

SLAP Backsol ve routine for LDL’ Factorization
Routine to solve a systemof the form L*DL’ X = B
where L is a unit lower triangular matrix and Dis a
di agonal matrix and ' means transpose.

Lower Triangle Preconditioner SLAP Set Up.
Routine to store the lower triangle of a matri x stored
in the SLAP Col umm format.

Di agonal Scaling Preconditioner SLAP Nornmal Egns Set Up
Routine to conpute the inverse of the diagonal of the
matrix A*A", where Ais stored in SLAP-Colum fornat.

Di agonal Scaling Preconditioner SLAP Set Up



DSDS- D

SSDSCL- S
DSDSCL- D

SSICS-S
DSICS-D

SSILUS-S
DSI LUS- D

SSLLTI-S
DSLLTI -D

SSLUI - S
DSLU - D

SSLUI 2-S
DSLUI 2- D

SSLUI 4- S
DSLU 4-D

SSLUTI - S
DSLUTI - D

SSMMTT - S
DSMMITT - D

Routine to conpute the inverse of the diagonal of a matrix

stored in the SLAP Col um fornmat.

Di agonal Scaling of systemAx = b
This routine scales (and unscales) the system Ax = b
by symmetric diagonal scaling.

I ncompl . Chol esky Deconposition Preconditioner SLAP Set Up
Routine to generate the Inconplete Chol esky deconposition
L*D*L-trans, of a symmetric positive definite matrix, A
which is stored in SLAP Colum format. The unit | ower
triangular matrix L is stored by rows, and the inverse of
the diagonal matrix D is stored.

I nconpl ete LU Deconposition Preconditioner SLAP Set Up
Routine to generate the inconplete LDU deconposition of a

matrix. The unit lower triangular factor L is stored by
rows and the unit upper triangular factor Uis stored by
colums. The inverse of the diagonal matrix D is stored.
No fill in is allowed.

SLAP MSOLVE for LDL' (IC) Factorization
This routine acts as an interface between the SLAP generic
MSOLVE cal | i ng convention and the routine that actually
-1
conputes (LDL') B = X

SLAP MSOLVE for LDU Factorization
This routine acts as an interface between the SLAP generic
MSOLVE cal | i ng convention and the routine that actually

-1
(LDY)

SLAP Backsol ve for LDU Factorization.

Routine to solve a systemof the form L*DU X = B

where L is a unit lower triangular matrix, D is a diagona
matrix, and Uis a unit upper triangular matrix.

comput es B = X

SLAP Backsol ve for LDU Factorization

Routine to solve a systemof the form (L*DFU)’ X =B
where L is a unit lower triangular matrix, D is a diagonal
matrix, and Uis a unit upper triangular matrix and ’
denot es transpose.

SLAP MISOLV for LDU Factorization.
This routine acts as an interface between the SLAP generic
MISCLV cal ling convention and the routine that actually

-T
(LDY)

SLAP Backsol ve for LDU Factorization of Nornmal Equations.
To solve a systemof the form (L*D*U*(L*D*U)’ X =B
where L is a unit lower triangular matrix, D is a diagonal
matrix, and Uis a unit upper triangular matrix and ’
denot es transpose.

conput es B =X

SLAP MSOLVE for LDU Factorization of Normal Equations.
This routine acts as an interface between the SLAP generic
MMISLV cal ling convention and the routine that actually

-1
[(LDU*(LDY)'] B = X

conput es



D3. Determ nants
D3A. Real nonsynmetric matrices
D3Al. Ceneral

SGEDI -S  Conpute the determ nant and inverse of a natrix using the
DGEDI -D factors conputed by SGECO or SCGEFA.
CGEDI - C

D3A2. Banded
SGBDI-S Conpute the determ nant of a band matrix using the factors
DGBDI-D conmputed by SGBCO or SGBFA.
CGBDI - C

SNBDI -S  Conpute the determ nant of a band matrix using the factors
DNBDI -D  conput ed by SNBCO or SNBFA.

CNBDI - C
D3A3. Triangul ar
STRDI-S  Conpute the determ nant and inverse of a triangular matriXx.
DTRDI - D
CTRDI - C

D3B. Real symmretric matrices
D3B1. Ceneral
D3B1A. Indefinite

SSIDI-S Conpute the determinant, inertia and i nverse of a real
DSID -D synmetric matrix using the factors from SSI FA.
CH D -C

CsSID -C

SSPDI-S  Conpute the determinant, inertia, inverse of a real
DSPDI-D symetric matrix stored in packed formusing the factors
CHPDI -C  from SSPFA.

CSPDI - C

D3B1B. Positive definite

SPODI -S  Conpute the determ nant and inverse of a certain real
DPCDI -D  synmetric positive definite matrix using the factors
CPODI -C  conputed by SPOCO, SPOFA or SQRDC.

SPPDI -S  Conpute the determ nant and inverse of a real symetric
DPPDI-D positive definite matrix using factors from SPPCO or SPPFA.
CPPDI - C

D3B2. Positive definite banded

SPBDI-S  Conpute the determ nant of a synmetric positive definite
DPBDI-D band matrix using the factors conputed by SPBCO or SPBFA.
CPBDI - C

D3C. Conplex non-Hermitian matrices
D3Cl. Ceneral

CCGEDI -C  Compute the determinant and inverse of a matrix using the
SGEDI -S factors conputed by CGECO or CGEFA.
DGEDI - D



Conpute the determ nant and inverse of a conplex symetric
matrix using the factors from CSI FA

Conpute the determninant and inverse of a conplex symmetric
matrix stored in packed formusing the factors from CSPFA.

Conpute the determ nant of a conplex band matrix using the
factors from CGCO or CGBFA.

Conpute the determi nant of a band matrix using the factors
conput ed by CNBCO or CNBFA.

Conput e the determ nant and inverse of a triangular matrix.

Conpl ex Hermitian matrices

Conpute the determ nant, inertia and inverse of a conpl ex
Hermtian matrix using the factors obtained from CH FA.

Conpute the determi nant, inertia and inverse of a conplex
Hermitian nmatrix stored in packed formusing the factors
obt ai ned from CHPFA.

Conpute the determ nant and inverse of a certain conplex
Hermtian positive definite matrix using the factors
conput ed by CPOCO, CPOFA, or CQRDC.

Conput e the determ nant and inverse of a conplex Hermitian
positive definite matrix using factors from CPPCO or CPPFA.

Positive definite banded

Conpute the determ nant of a conplex Hermitian positive
definite band matrix using the factors conputed by CPBCO or

CSID -C
SSID-S
DSI DI - D
CH DI -C
CSPDI - C
SSPDI - S
DSPDI - D
CHPDI - C
D3C2. Banded
C@&BDI - C
S@&DI - S
DGAEBDI - D
CNBDI - C
SNBDI - S
DNBDI - D
D3C3. Triangul ar
CTRDI - C
STRDI - S
DTRDI - D
D3D.
D3D1. General
D3D1A. Indefinite
CH D -C
SSIDl-S
DSl SI-D
Csli D -C
CHPDI - C
SSPDI - S
DSPDI - D
DSPDI - C
D3D1B. Positive definite
CPODI - C
SPODI - S
DPQDI - D
CPPDI - C
SPPDI - S
DPPDI - D
D3D2.
CPBDI - C
SPBDI - S
DPBDI - D

D4. Ei genval ues,

El SDOC- A Docunentati on for

CPBFA.

ei genvectors

El SPACK, a collection of subprogramns for
solving matrix ei gen-probl ens.



D4A. Odinary eigenval ue problens (Ax = (lanbda) * x)
D4Al. Real symmetric

RS- S Conput e the ei genval ues and, optionally, the eigenvectors

CHC of a real synmmetric matriXx.

RSP- S Conput e the ei genval ues and, optionally, the eigenvectors
of a real symetric nmatrix packed into a one di nensi ona
array.

SSIEV-S Conpute the eigenval ues and, optionally, the eigenvectors
CH EV-C of areal symetric matrix.

SSPEV-S  Conpute the eigenval ues and, optionally, the eigenvectors
of a real synmetric matrix stored in packed form

D4A2. Real nonsymetric

RG S Conput e the ei genval ues and, optionally, the eigenvectors
CGC of a real general matrix.

SCGEEV-S Conpute the eigenval ues and, optionally, the eigenvectors
CCGEEV-C of a real general matrix.

D4A3. Conplex Hermtian

CHC Conput e the ei genval ues and, optionally, the eigenvectors
RS- S of a conplex Hermitian matriXx.

CH EV-C Conpute the eigenval ues and, optionally, the eigenvectors
SSIEV-S of a conplex Hermitian matrix.

D4A4. Conpl ex non-Hermtian

CGC Conput e the ei genval ues and, optionally, the eigenvectors
RG S of a conplex general matrix.

CCEEV-C  Conpute the eigenval ues and, optionally, the eigenvectors
SGEEV-S of a conplex general matrix.

DAAS. Tr

di agonal

Bl SECT-S Conpute the eigenvalues of a symetric tridiagonal matrix
in a given interval using Sturm sequencing.

| MTQL1-S Conpute the eigenvalues of a symmetric tridiagonal matrix
using the inmplicit Q. method.

| MTQL2-S Conpute the eigenval ues and ei genvectors of a synmetric
tridiagonal matrix using the inplicit Q nethod.

| MTQLV-S Conpute the eigenvalues of a symmetric tridiagonal matrix
using the inplicit Q method. Eigenvectors nay be conputed
| ater.

RATQR-S Conpute the largest or snallest eigenvalues of a symmetric
tridiagonal matrix using the rational QR nmethod wi th Newt on
correction.

RST- S Conput e the ei genval ues and, optionally, the eigenvectors



of a real symetric tridiagonal matrix.

RT- S Conput e the ei genval ues and ei genvectors of a special rea
tridiagonal matrix.

TQ1-S Conput e the ei genval ues of symmetric tridiagonal natrix by
the Q. net hod.

TQ.2-S Conput e the ei genval ues and ei genvectors of symmetric
tridiagonal matrix.

TQLRAT-S Conmpute the eigenval ues of symmetric tridiagonal matrix
using a rational variant of the Q. nethod.

TRIDIB-S Conmpute the eigenvalues of a symmetric tridiagonal matrix
in a given interval using Sturm sequencing.

TSTURMS Find those eigenval ues of a symetric tridiagonal matrix
in a given interval and their associated ei genvectors by
St ur m sequenci ng.
D4A6. Banded

BQR- S Conput e sone of the eigenvalues of a real symmetric
matrix using the QR nethod with shifts of origin

RSB- S Conput e the ei genval ues and, optionally, the eigenvectors
of a symmetric band matri x.

D4B. Ceneralized ei genval ue problens (e.g., Ax = (lanbda)*Bx)
D4B1. Real symetric

RSG S Conput e the ei genval ues and, optionally, the eigenvectors
of a synmetric generalized ei genprobl em

RSGAB-S  Compute the eigenval ues and, optionally, the eigenvectors
of a symmetric generalized ei genprobl em

RSGBA-S  Conpute the eigenval ues and, optionally, the eigenvectors
of a synmetric generalized ei genprobl em

D4B2. Real genera

RGG S Conput e the ei genval ues and ei genvectors for a rea
general i zed ei genpr obl em

DAC. Associ ated operations
DACl1. Transform probl em
D4AClA. Bal ance matri x

BALANC-S Bal ance a real general matrix and isolate eigenval ues
CBAL-C whenever possible.

DAC1B. Reduce to conpact form
DAC1Bl1. Tridi agona

BANDR-S  Reduce a real symmetric band matrix to symetric
tridiagonal matrix and, optionally, accunul ate
orthogonal sinilarity transformations.

HTRI D3-S Reduce a conplex Hermtian (packed) matrix to a rea



symmetric tridiagonal nmatrix by unitary simlarity
transformati ons.

HTRI DI -S Reduce a conplex Hermitian matrix to a real symetric
tridiagonal matrix using unitary sinmlarity
transformati ons.

TRED1-S Reduce a real symetric matrix to symmetric tridi agona
matri x using orthogonal simlarity transfornations.

TRED2-S Reduce a real symetric matrix to a synmetric tridi agona
matri x using and accunul ati ng orthogonal transformations.

TRED3-S Reduce a real symetric matrix stored in packed formto
synmetric tridiagonal matrix using orthogona
t ransf ormati ons.

D4ClB2. Hessenberg

ELMHES-S Reduce a real general matrix to upper Hessenberg form
COVHES-C using stabilized elenentary simlarity transformations.

ORTHES-S Reduce a real general matrix to upper Hessenberg form
CORTH- C using orthogonal simlarity transformations.

D4C1B3. O her

QZHES-S The first step of the QZ algorithmfor solving generalized
matri x ei genproblens. Accepts a pair of real genera
matrices and reduces one of themto upper Hessenberg
and the other to upper triangular formusing orthogona
transformations. Usually followed by QZI T, QZVAL, QZVEC.

QI T-S The second step of the @ algorithmfor generalized
ei genprobl ems.  Accepts an upper Hessenberg and an upper
triangul ar matri x and reduces the forner to
quasi -triangul ar formwhile preserving the formof the
latter. Usually preceded by QZHES and fol |l owed by QZVAL
and QZVEC.

D4CLC. Standardi ze probl em

FIA-S Transforms certain real non-synmetric tridiagonal matrix
to symmetric tridiagonal matrix.

FIA2-S Transforns certain real non-symetric tridiagonal matrix
to symmetric tridiagonal matrix.

REDUC-S  Reduce a generalized symetric eigenproblemto a standard
symmetri c ei genprobl em usi ng Chol esky factorization

REDUC2-S Reduce a certain generalized symetric eigenproblemto a
standard symetric ei genprobl em usi ng Chol esky
factorization.

D4C2. Compute eigenval ues of matrix in compact form
D4C2A. Tridi agona

Bl SECT-S Conpute the eigenvalues of a symetric tridiagonal matrix
in a given interval using Sturm sequencing.



D4C2B.

DAC2C.

D4C3.

| MTQL1- S

| MTQL2- S

| MTQLV- S

RATQR- S

TQL1-S

TQL2-S

TQLRAT- S

TRI DI B- S

TSTURM S

Hessenber g

COMLR- C

COMLR2-C

HQR- S

COMCR- C

HQR2- S
COVQR2-C

I NVIT-S
CINVIT-C

O her

QZVAL- S

BANDV- S

Conpute the eigenval ues of a symretric tridiagonal matrix
using the inplicit Q. nethod.

Conput e the ei genval ues and ei genvectors of a symetric
tridiagonal matrix using the inplicit Q. nethod.

Conput e the ei genval ues of a symretric tridiagonal matrix
using the inmplicit Q method. Eigenvectors nay be conputed
| ater.

Conpute the largest or smallest eigenvalues of a symetric
tridiagonal matrix using the rational QR method wi th Newt on
correction.

Conput e the ei genval ues of symmetric tridiagonal nmatrix by
the Q. et hod.

Conput e the ei genval ues and ei genvectors of synmetric
tridiagonal matrix.

Conput e the ei genval ues of symmetric tridiagonal matrix
using a rational variant of the Q. nethod.

Conput e the ei genval ues of a symretric tridiagonal matrix
in a given interval using Sturm sequencing.

Find those eigenvalues of a symetric tridiagonal matrix
in a given interval and their associated ei genvectors by
St ur m sequenci ng.

Conput e the ei genval ues of a conpl ex upper Hessenberg
matrix using the nodi fied LR net hod.

Conput e the ei genval ues and ei genvectors of a conpl ex upper
Hessenberg matri x using the nodified LR nethod.

Conput e the ei genval ues of a real upper Hessenberg matrix
usi ng the QR nethod.

Conput e the ei genval ues and ei genvectors of a real upper
Hessenberg matri x using QR net hod.

Conpute the eigenvectors of a real upper Hessenberg
matri x associated with specified eigenval ues by inverse
iteration.

The third step of the Q algorithm for generalized

ei genprobl ems. Accepts a pair of real matrices, one in
quasi -triangul ar formand the other in upper triangular
form and conputes the ei genval ues of the associ ated

ei genproblem Usual ly preceded by QZHES, QZIT, and
foll owed by QZVEC.

Form ei genvectors from ei genval ues

Formthe eigenvectors of a real symretric band matrix
associated with a set of ordered approximte ei genval ues



by inverse iteration.

QZVEC-S The optional fourth step of the @ algorithmfor
general i zed ei genproblenms. Accepts a matrix in
quasi -triangul ar form and another in upper triangular
and conmputes the eigenvectors of the triangular problem
and transforns them back to the original coordinates
Usual | y preceded by QZHES, QZI T, and QZVAL.

TINVIT-S Conpute the eigenvectors of symretric tridiagonal matrix
correspondi ng to specified eigenval ues, using inverse
iteration.

D4C4. Back transform ei genvectors

BAKVEC-S Formthe eigenvectors of a certain real non-symetric
tridiagonal matrix froma symetric tridiagonal matrix
output fromFI d.

BALBAK-S Formthe eigenvectors of a real general matrix fromthe
CBABK2- C eigenvectors of matrix output from BALANC.

ELMBAK-S Form the eigenvectors of a real general matrix fromthe
COMBAK- C eigenvectors of the upper Hessenberg matrix output from
ELMHES.

ELTRAN-S Accumrul ates the stabilized elenmentary sinmlarity
transformati ons used in the reduction of a real genera
matrix to upper Hessenberg form by ELMHES.

HTRI B3-S Conpute the eigenvectors of a conplex Hermitian matrix from
the eigenvectors of a real symetric tridiagonal matrix
out put from HTRI D3.

HTRIBK-S Form the eigenvectors of a conplex Hermitian matrix from
the eigenvectors of a real symetric tridiagonal matrix
output from HTRI DI .

ORTBAK-S Formthe eigenvectors of a general real matrix fromthe
CORTB-C  eigenvectors of the upper Hessenberg matrix output from
ORTHES.

ORTRAN-S Accunul ate orthogonal simlarity transformations in the
reduction of real general matrix by ORTHES.

REBAK-S Formthe eigenvectors of a generalized symetric
ei gensystem from the ei genvectors of derived matrix out put
from REDUC or REDUC2.

REBAKB-S Formthe eigenvectors of a generalized symetric
ei gensystem from the ei genvectors of derived matrix out put
f rom REDUC2.

TRBAK1-S Formthe eigenvectors of real symretric matrix from
the eigenvectors of a symetric tridiagonal matrix forned
by TREDL1.

TRBAK3-S Formthe eigenvectors of a real symmetric matrix fromthe
ei genvectors of a synmetric tridiagonal matrix fornmed
by TRED3.



D5. QR deconposition, Gam Schnidt orthogonalization

LLSIA-S Solve a linear |east squares problens by performing a QR

DLLSIA-D factorization of the matrix using Househol der
transformati ons. Enphasis is put on detecting possible
rank defi ciency.

SG.SS-S Solve a linear |east squares problems by performng a QR

DGLSS-D factorization of the matrix usi ng Househol der
transformati ons. Enphasis is put on detecting possible
rank deficiency.

SQRDC-S  Use Househol der transformations to conpute the QR
DQRDC-D factorization of an N by P matrix. Colum pivoting is a
CQRDC- C users option.

D6. Singul ar val ue deconposition

SSVDC-S  Performthe singular value deconposition of a rectangul ar
DSVDC-D matri x.
CSVDC- C

D7. Update natrix deconpositions
D7B. Chol esky

SCHDD-S Downdate an augnent ed Chol esky deconposition or the
DCHDD-D triangular factor of an augnmented QR deconposition
CCHDD- C

SCHEX-S Update the Chol esky factorization A=TRANS(R)*R of A

DCHEX-D positive definite matrix A of order P under diagonal

CCHEX-C permutations of the form TRANS(E)*A*E, where Eis a
pernutation matri x.

SCHUD-S Update an augnented Chol esky deconposition of the
DCHUD-D triangular part of an augmented QR deconposition
CCHUD- C

D9. Overdetermined or underdeterm ned systens of equations, singular systens,
pseudo-i nverses (search al so classes D5, D6, Kla, L8a)

BNDACC-S Conpute the LU factorization of a banded matri ces using
DBNDAC- D sequential accumul ation of rows of the data matri x.
Exactly one right-hand side vector is permtted.

BNDSOL-S Sol ve the | east squares problemfor a banded matri x using
DBNDSL- D sequential accumul ation of rows of the data matri x.
Exactly one right-hand side vector is permtted.

HFTI - S Solve a linear |east squares problens by performng a QR
DHFTI-D factorization of the matrix using Househol der
transformati ons.

LLSIA-S Solve a linear |east squares problens by performing a QR

DLLSIA-D factorization of the nmatrix using Househol der
transformati ons. Enphasis is put on detecting possible
rank defi ciency.

LSEl - S Solve a linearly constrained | east squares problemw th
DLSEI-D equality and inequality constraints, and optionally compute
a covariance matrix.



E

El.

E1A.

E1B.

M NFI T- S

SGLSS-S
DGE.SS- D

SQRSL- S
DQRSL- D
OQRSL- C

ULSI A-S
DULSI A- D

I nterpol ati on

BSPDOC- A

Conput e the singular val ue deconposition of a rectangul ar
matrix and solve the related |inear |east squares problem

Solve a linear |east squares problens by performng a QR
factorization of the matrix using Househol der
transformati ons. Enphasis is put on detecting possible
rank defi ci ency.

Apply the output of SQRDC to conpute coordinate transfor-
mati ons, projections, and | east squares sol utions.

Sol ve an underdeterm ned |inear system of equations by
performng an LQ factorization of the matrix using
Househol der transformations. Enphasis is put on detecting
possi bl e rank deficiency.

Docurentation for BSPLINE, a package of subprograns for
wor ki ng wi th pi ecewi se pol ynonial functions
in B-representation.

Univariate data (curve fitting)
Pol ynomi al splines (piecew se polynom al s)

Bl NT4- S
DBI NT4- D

Bl NTK- S
DBI NTK- D

BSPDOC- A

PCHDOC- A

PCH C- S
DPCHI C- D

PCH M S
DPCH M D

PCHSP- S
DPCHSP- D
Pol ynomi al s

POLCOF- S
DPOLCF- D

Conpute the B-representation of a cubic spline
whi ch interpol ates given data

Conpute the B-representation of a spline which interpolates
gi ven dat a.

Docurentation for BSPLINE, a package of subprograns for
wor ki ng with pi ecewi se polynonial functions
in B-representation

Docurentation for PCHI P, a Fortran package for piecew se
cubic Hermite interpolation of data

Set derivatives needed to determ ne a pi ecewi se nonot one
pi ecewi se cubic Hernmite interpolant to given data

User control is available over boundary conditions and/or
treatment of points where nmonotonicity switches direction

Set derivatives needed to determ ne a nbnotone pi ecew se
cubic Hermite interpolant to given data. Boundary val ues
are provi ded which are conpatible with nmonotonicity. The
interpolant will have an extremum at each point where nono-
tonicity switches direction. (See PCHIC if user control is
desired over boundary or switch conditions.)

Set derivatives needed to determne the Hermte represen-
tation of the cubic spline interpolant to given data, with
speci fi ed boundary conditions.

Conpute the coefficients of the polynomal fit (including
Hermte polynom al fits) produced by a previous call to
POLI NT.



POLI NT- S
DPLI NT- D

Service routines (e.qg.
(search al so class N5)

BFQAD- S
DBFQAD- D

BSPDR- S
DBSPDR- D

BSPEV- S
DBSPEV- D

BSPPP- S
DBSPPP- D

BSPVD- S
DBSPVD- D

BSPVN- S
DBSPVN- D

BSQAD- S
DBSQAD- D

BVALU- S
DBVALU- D

CHFDV- S
DCHFDV- D

CHFEV- S
DCHFEV- D

I NTRV-S
DI NTRV- D

PCHBS- S
DPCHBS- D

PCHCM S
DPCHCM D

PCHFD- S
DPCHFD- D

PCHFE- S

Produce t he pol ynom al
dat a points.

which interpolates a set of discrete

grid generation, evaluation of fitted functions)

Conpute the integral of a product of a function and a
derivative of a B-spline.

Use the B-representation to construct a divided difference
table preparatory to a (right) derivative cal cul ation

Cal cul ate the value of the spline and its derivatives from
the B-representation.

Convert the B-representation of a B-spline to the piecew se
pol ynom al (PP) form

Cal cul ate the value and all derivatives of order |ess than
NDERI V of all basis functions which do not vani sh at X

Cal cul ate the val ue of al
functions at X

(possi bly) nonzero basis

Conpute the integral of a K-th order

B-representation.

B-spline using the

Eval uate the B-representation of a B-spline at X for the
function value or any of its derivatives.

Eval uate a cubic polynomial given in Hermte formand its
first derivative at an array of points. Wile designed for
use by PCHFD, it may be useful directly as an eval uator

for a piecewi se cubic Hermite function in applications,
such as graphing, where the interval is known in advance.
If only function values are required, use CHFEV i nstead.

Eval uate a cubic polynomal given in Hernmite format an
array of points. Wile designed for use by PCHFE, it may
be useful directly as an evaluator for a piecew se cubic
Hermite function in applications, such as graphing, where
the interval is known in advance.

Conput e the | argest
such that XT(ILEFT)
of the X interval.

integer ILEFT in 1 .LE. ILEFT .LE. LXT
.LE. X where XT(*) is a subdivision

Pi ecewi se Cubic Hermite to B-Spline converter

Check a cubic Hermite function for nobnotonicity.

Eval uate a pi ecewi se cubic Hermte function and its first
derivative at an array of points. My be used by itself
for Hermte interpolation, or as an evaluator for PCH M
or PCHC. If only function values are required, use
PCHFE i nst ead.

Eval uate a piecewi se cubic Hermite function at an array of



DPCHFE-D points. My be used by itself for Hermte interpolation,
or as an evaluator for PCH Mor PCH C

PCHIA-S Evaluate the definite integral of a piecew se cubic
DPCHI A-D Hermite function over an arbitrary interval.

PCHID-S Evaluate the definite integral of a piecew se cubic
DPCH D-D Hernmite function over an interval whose endpoints are data
poi nt s.

PFQAD-S  Conpute the integral on (X1, X2) of a product of a function
DPFQAD-D F and the ID-th derivative of a B-spline,
(PP-representation).

POLYVL-S Calculate the value of a polynomal and its first NDER

DPOLVL-D derivatives where the pol ynom al was produced by a previous

call to POLI NT.

PPQAD-S Conpute the integral on (X1, X2) of a K-th order B-spline
DPPQAD- D using the piecew se polynom al (PP) representation.

PPVAL- S Cal cul ate the value of the IDERI V-th derivative of the
DPPVAL-D B-spline fromthe PP-representation.

F. Solution of nonlinear equations
F1. Single equation

F1A. Snooth

F1A1. Pol ynom al

F1A1A. Real coefficients

RPQR79-S Find the zeros of
CPQR79-C

QD

pol ynomi al with real coefficients.
RPZERO-S Find the zeros of a polynomial with real coefficients.
CPZERO- C

F1A1B. Conpl ex coefficients

CPQR79-C Find the zeros of
RPQR79- S

QD

pol ynomi al with conplex coefficients.
CPZERO-C Find the zeros of a polynomal with conplex coefficients.
RPZERO- S

F1B. General (no snoot hness assuned)
FZERO-S Search for a zero of a function F(X) in a given interval
DFZERO-D (B,C). It is designed primarily for problenms where F(B)

and F(C) have opposite signs.

F2. System of equations
F2A. Snoot h

SNSQ S Find a zero of a systemof a N nonlinear functions in N
DNSQ D variables by a nodification of the Powell hybrid nethod.

SNSQE-S  An easy-to-use code to find a zero of a systemof N
DNSQE-D nonlinear functions in N variables by a nodification of
t he Powel I hybrid nethod.

SCs- S Sol ve a square system of nonlinear equations.



DSCs- D
F3. Service routines (e.g., check user-supplied derivatives)

CHKDER-S Check the gradients of Mnonlinear functions in N
DCKDER-D vari abl es, evaluated at a point X, for consistency
with the functions thensel ves.

G Optimzation (search also classes K, L8)
&. Constrained

&A. Linear progranm ng

&@A2. Sparse matrix of constraints

SPLP- S Sol ve linear programing problens involving at
DSPLP-D nost a few thousand constraints and vari abl es.
Takes advantage of sparsity in the constraint matrix.

@E. Quadratic progranm ng

SBOCLS-S Sol ve the bounded and constrai ned | east squares
DBOCLS-D problem consisting of solving the equation
E*X = F (in the |least squares sense)
subject to the linear constraints
X =Y.

SBOLS-S  Sol ve the problem
DBOLS-D E*X = F (in the |l east squares sense)
wi th bounds on sel ected X val ues.

@&@H. Ceneral nonlinear progranmm ng
&HL. Sinpl e bounds

SBOCLS-S Sol ve the bounded and constrai ned | east squares
DBOCLS-D probl em consisting of solving the equation
E*X = F (in the |least squares sense)
subject to the linear constraints
cX=Y.

SBOLS-S  Sol ve the problem
DBOLS- D E*X = F (in the |l east squares sense)
wi th bounds on selected X val ues.

&H2. Linear equality or inequality constraints

SBOCLS-S Sol ve the bounded and constrai ned | east squares
DBOCLS-D probl em consi sting of solving the equation
E*X = F (in the |least squares sense)
subject to the linear constraints
cX =Y.

SBOLS-S  Solve the problem
DBOLS- D E*X = F (in the |l east squares sense)
wi th bounds on selected X val ues.

G4. Service routines
AC. Check user-supplied derivatives

CHKDER-S Check the gradients of Mnonlinear functions in N
DCKDER-D vari abl es, evaluated at a point X, for consistency
with the functions themsel ves.



H Differentiation, integration
H1. Nunerical differentiation

CHFDV-S Evaluate a cubic polynonmial given in Hermite formand its
DCHFDV-D first derivative at an array of points. While designed for
use by PCHFD, it may be useful directly as an eval uator
for a piecewi se cubic Hermite function in applications,
such as graphing, where the interval is known in advance.
If only function values are required, use CHFEV i nstead.

PCHFD-S Evaluate a piecewi se cubic Hermite function and its first

DPCHFD-D derivative at an array of points. My be used by itself
for Hermte interpolation, or as an evaluator for PCH M
or PCHC. If only function values are required, use
PCHFE i nst ead.

H2. Quadrature (nunerical evaluation of definite integrals)

@QPDOC-A  Docunentation for QUADPACK, a package of subprograns for
automati c eval uati on of one-di nensional definite integrals.

H2A. One-di nensional integrals

H2A1l. Finite interval (general integrand)

H2A1A. Integrand avail able via user-defined procedure
H2A1Al. Automatic (user need only specify required accuracy)

GAUS8-S Integrate a real function of one variable over a finite

DGAUS8-D interval using an adaptive 8-point Legendre-Gauss
algorithm Intended primarily for high accuracy
integration or integration of snpboth functions.

QAG S The routine cal cul ates an approximation result to a given
DQAG D definite integral | = integral of F over (A B),

hopeful ly satisfying follow ng claimfor accuracy

ABS( | - RESULT) LE. MAX( EPSABS, EPSREL* ABS(1)) .

QAGE- S The routine calcul ates an approximation result to a given
DQAGE-D definite integral | = Integral of F over (A B),
hopefully satisfying follow ng claimfor accuracy
ABS( | - RESLT) . LE. MAX( EPSABS, EPSREL* ABS(1)).

QAGS- S The routine calculates an approximation result to a given
DQAGS-D Definite integral | = Integral of F over (A B),

Hopeful ly satisfying follow ng claimfor accuracy

ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

QAGSE-S The routine calculates an approxination result to a given
DQAGSE-D definite integral | = Integral of F over (A B),

hopeful ly satisfying follow ng claimfor accuracy

ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

ONC79-S Integrate a function using a 7-point adaptive New on-Cotes
DONC79-D quadrature rule.

NG S The routine cal cul ates an approxi mation result to a

DONG- D given definite integral | = integral of F over (A B),
hopeful ly satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

H2A1A2. Nonautomatic



X15-s To compute | = Integral of F over (A B), with error
DQK15- D estimte
J = integral of ABS(F) over (A B)
xK21-S To compute | = Integral of F over (A B), with error
DQK21-D estimte
J = Integral of ABS(F) over (A B)
XK31-Ss To compute | = Integral of F over (A B) with error
DQK31-D estimte
J = Integral of ABS(F) over (A B)
&x41-s To compute | = Integral of F over (A B), with error
DQK41-D estimte
J = Integral of ABS(F) over (A B)
XK51-S To compute | = Integral of F over (A B) with error
DQK51- D estimte
J = Integral of ABS(F) over (A B)
X61-S To compute | = Integral of F over (A B) with error
DQK61- D estimte
J = Integral of ABS(F) over (A B)
H2A1B. Integrand available only on grid
H2A1B2. Nonautonmatic
AVINT-S Integrate a function tabulated at arbitrarily spaced
DAVI NT-D absci ssas using overl appi ng parabol as.
PCHIA-S Evaluate the definite integral of a piecew se cubic
DPCHI A-D Hernite function over an arbitrary interval.
PCHID-S Evaluate the definite integral of a piecew se cubic
DPCH D-D Hernite function over an interval whose endpoints are data
poi nt s.
H2A2. Finite interval (specific or special type integrand including weight

functi ons,
i ntegral s,
H2A2A.
H2A2A1.

BFQAD- S
DBFQAD- D

BSQAD- S
DBSQAD- D

PFQAD- S
DPFQAD- D
PPQAD- S
DPPQAD- D

QAGP- S
DQAGP- D

oscillating and singul ar
spl i nes,
I ntegrand avail abl e via user-defined procedure
Aut omatic (user

i ntegrands, principal value

etc.)
need only specify required accuracy)

Conpute the integral of a product of a function and a
derivative of a B-spline.

Conpute the integral of a K-th order
B-representation.

B-spline using the

Conpute the integral on (X1, X2) of a product of a function
F and the ID-th derivative of a B-spline,
(PP-representation).

Conpute the integra
usi ng the piecew se pol ynomi al

on (X1,X2) of a K-th order B-spline
(PP) representation.

The routine cal cul ates an approximation result to a given
definite integral | = Integral of F over (A B)

hopefully satisfying follow ng claimfor accuracy

break points of the integration interval, where |oca
difficulties of the integrand may occur(e.g. SINGULARI TIES,



DI SCONTI NUI TIES), are provided by the user.

QAGPE-S  Approxinmate a given definite integral | = Integral of F
DQAGPE-D over (A, B), hopefully satisfying the accuracy claim
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .
Break points of the integration interval, where |ocal
difficulties of the integrand may occur (e.g. singularities
or discontinuities) are provided by the user.

QAVC- S The routine cal cul ates an approxi mation result to a
DQAWC-D  Cauchy principal value | = | NTEGRAL of F*Wover (A, B)
(WX) = 1/((X-C, CNEA CNEB), hopefully satisfying
follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABE, EPSREL* ABS( 1)) .

QAWCE-S  The routine cal cul ates an approxi mation result to a
DQAVCE- D CAUCHY PRI NCI PAL VALUE | = Integral of F*Wover (A B)
(WX) = 1/(X-C, (CNEA C NEB), hopefully satisfying
followi ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( | ))

QAVO- S Cal cul ate an approxination to a given definite integral
DQAVO- D | = Integral of F(X)*WX) over (A B), where
W X) = COS( OVEGA* X)
or WX) = SI N(OVEGA* X) ,
hopeful |y satisfying the follow ng claimfor accuracy
ABS( 1 - RESULT) . LE. MAX( EPSABS, EPSREL* ABS(1)) .

QAWCE-S Calculate an approximation to a given definite integral
DQAVCE- D I = Integral of F(X)*WX) over (A B), where
WX) = COS( OVEGA* X)
or WX) = SI N( OVEGA* X) ,
hopeful ly satisfying the follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

QAVE- S The routine cal cul ates an approximation result to a given
DQAWS-D definite integral | = Integral of F*Wover (A B),

(where Wshows a singular behaviour at the end points

see paraneter | NTEGR).

Hopeful ly satisfying follow ng claimfor accuracy

ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

QAWBE-S  The routine calculates an approxinmation result to a given
DQAWSE-D definite integral | = Integral of F*Wover (A B),
(where Wshows a singul ar behaviour at the end points,
see paraneter | NTEGR).
Hopefully satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

QVOMO-S  This routine conputes nodi fied Chebyshev nonents. The K-th
DQVOMO- D  nodi fi ed Chebyshev nmonent is defined as the integral over
(-1,1) of WX)*T(K, X), where T(K, X) is the Chebyshev
pol ynom al of degree K

H2A2A2. Nonautomati c

QC25C-S To conpute | = Integral of F*Wover (A B) with
DQC25C-D error estimte, where WX) = 1/(X-C

QC25F-S To conpute the integral I=Integral of F(X) over (A B)
DQC25F-D Where W X) = COS(OVEGA*X) O (WK) =S| N( OVEGA* X)



QC25S- S
DQC25S- D

QK15W S
DQK15W D

and to conpute J=Integral of ABS(F) over (A B). For small
val ue of OVEGA or snall intervals (A B) 15-point GAUSS-
KRONROD Rul e used. Ot herw se generalized CLENSHAW CURTI S us

To conmpute | = Integral of F*Wover (BL,BR), with error
estimate, where the weight function Whas a singul ar
behavi our of ALGEBRAI CO LOGARI THM C type at the points
A and/or B. (BL,BR) is a part of (A B).

To compute | = Integral of F*Wover (A B), with error
estimate

J Integral of ABS(F*W over (A B)

H2A3. Semi-infinite interval (including e**(-x) weight function)
H2A3A. Integrand avail abl e via user-defined procedure
H2A3A1. Automatic (user need only specify required accuracy)

QAG - S
DQAG - D

QAG E-S
DQAG E- D

QAWF- S
DQAWE- D

QAWFE- S
DQAWFE- D

H2A3A2. Nonaut onat i

The routine calcul ates an approximation result to a given

| NTEGRAL | = Integral of F over (BOUND, +I NFI NI TY)
OR | = Integral of F over (-1NFIN TY, BOUND)
OR| = Integral of F over (-INFINTY,+l NFIN TY)

Hopeful |y satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS(1)) .

The routine calcul ates an approximation result to a given
i ntegral I Integral of F over (BOUND, +I NFI NI TY)
or | Integral of F over (-1NFIN TY, BOUND)
or | Integral of F over (-INFINTY,+INFINTY),
hopefully satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1))

The routine cal cul ates an approximation result to a given
Fourier integral

I = Integral of F(X)*WX) over (A INFINTY)

where W X) = COS(OVEGA*X) or W X) = SI N OVEGA*X) .

Hopeful ly satisfying follow ng claimfor accuracy

ABS( | - RESULT) . LE. EPSABS.

The routine cal cul ates an approxi mation result to a
gi ven Fourier integral

I = Integral of F(X)*WX) over (A INFINTY)

where W X) = COS(OVEGA*X) or WX) = SI N(OVEGA* X) ,
hopefully satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. EPSABS.

c

X151-S The original (infinite integration range is mapped
DQK151-D onto the interval (0,1) and (A B) is a part of (0,1).
it is the purpose to conpute
| = Integral of transforned integrand over (A B),
J = Integral of ABS(Transformed Integrand) over (A B).
H2A4. Infinite interval (including e**(-x**2)) weight function)
H2A4A. Integrand avail abl e via user-defined procedure

H2A4Al. Automatic (user need only specify required accuracy)

QAG - S
DQAG - D

The routine calcul ates an approximation result to a given

| NTEGRAL I = Integral of F over (BOUND, +I NFI NI TY)
OR |l = Integral of F over (-1NFIN TY, BOUND)
OR| = Integral of F over (-INFINTY,+l NFIN TY)



Hopeful ly satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1)) .

QMG E-S The routine calculates an approxinmation result to a given
DQAG E-D integral I Integral of F over (BOUND, +I NFI NI TY)

or | Integral of F over (-1 NFIN TY, BOUND)

or | Integral of F over (-INFINTY,+l NFINTY),
hopeful ly satisfying follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( | ) )

H2A4A2. Nonautomatic

| 1A1B.

| 1A2,

X151-S The original (infinite integration range is mapped
DQK151-D onto the interval (0,1) and (A B) is a part of (0,1).
it is the purpose to conpute
I Integral of transformed integrand over (A B),
J Integral of ABS(Transforned |ntegrand) over (A B).

Differential and integral equations
Ordinary differential equations
Initial value problens

Ceneral, nonstiff or mldly stiff
One-step nethods (e.g., Runge-Kutta)

DERKF-S Solve an initial value problemin ordinary differential
DDERKF- D equations using a Runge-Kutta-Fehl berg schene.

Multistep nethods (e.g., Adans’ predictor-corrector)

DEABMS Solve an initial value problemin ordinary differential
DDEABM D equations using an Adans-Bashforth met hod.

SDRIV1-S The function of SDRIV1 is to solve N (200 or fewer)

DDRIV1-D ordinary differential equations of the form

CDRIV1-C dY(I1)/dT = F(Y(l),T), given the initial conditions
Y(1) =Yl. SDRIV1 uses single precision arithnetic.

SDRI V2-S The function of SDRIV2 is to solve N ordinary differenti al

DDRI V2-D equations of the formdY(l)/dT = F(Y(l),T), given the

CDRIV2-C initial conditions Y(lI) = Yl. The programhas options to
all ow the solution of both stiff and non-stiff differential
equations. SDRIV2 uses single precision arithnetic.

SDRIV3-S The function of SDRIV3 is to solve N ordinary differenti al

DDRI V3-D equations of the formdY(l)/dT = F(Y(1),T), given the

CDRIV3-C initial conditions Y(I) = Yl. The programhas options to
all ow the solution of both stiff and non-stiff differential
equations. Qher inmportant options are available. SDRIV3
uses single precision arithnetic.

SINTRP-S Approximate the solution at XOUT by eval uating the
DI NTP-D  pol ynom al conputed in STEPS at XOUT. Mist be used in
conjunction with STEPS.

STEPS-S Integrate a systemof first order ordinary differential
DSTEPS-D equati ons one step.

Stiff and m xed al gebraic-di fferential equations

DEBDF-S  Solve an initial value problemin ordinary differenti al
DDEBDF- D equations using backward differentiation fornulas. It is



SDASSL- S
DDASSL- D

SDRI V1- S
DDRI V1- D
CDRI V1-C

SDRI V2- S
DDRI V2- D
CDRI V2-C

intended primarily for stiff problens.

This code solves a systemof differential/algebraic
equations of the formT,Y, YPRIME) = 0.

The function of SDRIV1 is to solve N (200 or fewer)
ordinary differential equations of the form
dy(1)/dT = F(Y(1),T), given the initial conditions
Y(1) = VYl. SDRIV1 uses single precision arithnetic.

The function of SDRIV2 is to solve N ordinary differential
equations of the formdY(l)/dT = F(Y(1),T), given the
initial conditions Y(I) = Yl. The programhas options to
all ow the solution of both stiff and non-stiff differential

equations. SDRIV2 uses single precision arithnetic.
SDRIV3-S The function of SDRIV3 is to solve Nordinary differentia
DDRI V3-D equations of the formdY(l)/dT = F(Y(l),T), given the
CDRIV3-C initial conditions Y(lI) = Yl. The programhas options to
all ow the solution of both stiff and non-stiff differential
equations. Qher inmportant options are available. SDRIV3
uses single precision arithnetic.
I 1B. Multipoint boundary val ue probl ens
| 1B1. Linear
BVSUP-S  Solve a linear two-point boundary val ue probl em using
DBVSUP- D superposition coupled with an orthonormalization procedure
and a variable-step integration schene.
2. Partial differential equations
2B. Elliptic boundary val ue probl erms
| 2B1. Linear

| 2B1A. Second order
| 2B1A1. Poisson (Laplace) or Hel nhol z equation
| 2B1A1A.  Rectangul ar domain (or topologically rectangular in the coordinate
system
HSTCRT-S Solve the standard five-point finite difference
approxi mati on on a staggered grid to the Hel mholtz equation
in Cartesian coordi nates.
HSTCSP-S Solve the standard five-point finite difference
approxi mati on on a staggered grid to the nodified Hel mholtz
equation in spherical coordi nates assum ng axi symetry
(no dependence on | ongitude).
HSTCYL-S Sol ve the standard five-point finite difference
approxi mati on on a staggered grid to the nodified
Hel mhol tz equation in cylindrical coordinates.
HSTPLR-S Sol ve the standard five-point finite difference
approxi mati on on a staggered grid to the Hel mholtz equation
i n polar coordinates.
HSTSSP-S Sol ve the standard five-point finite difference
approxi nati on on a staggered grid to the Hel nholtz
equation in spherical coordi nates and on the surface of
the unit sphere (radius of 1).
HWBCRT-S Sol ve the standard seven-point finite difference



HWECRT- S

HWSCSP- S

HWSCYL- S

HWSPLR- S

HWESSP- S

approxination to the Hel mholtz equation in Cartesian
coor di nat es.

Solves the standard five-point finite difference
approxination to the Hel mholtz equation in Cartesian
coor di nat es.

Solve a finite difference approximation to the nodified
Hel mhol tz equation in spherical coordi nates assum ng
axi symmetry (no dependence on | ongitude).

Solve a standard finite difference approximation
to the Hel mholtz equation in cylindrical coordinates.

Solve a finite difference approximation to the Hel mholtz
equation in pol ar coordinates.

Solve a finite difference approxinmation to the Hel mholtz
equation in spherical coordinates and on the surface of the
unit sphere (radius of 1).

| 2BLA2. O her separabl e probl enms

SEPELI - S

SEPX4- S

| 2B4. Service routi
| 2B4B. Sol uti on of

Di scretize and solve a second and, optionally, a fourth
order finite difference approximation on a uniformagrid to
t he general separable elliptic partial differentia
equation on a rectangle with any conbi nati on of periodic or
nm xed boundary conditi ons.

Sol ve for either the second or fourth order finite

di fference approximation to the solution of a separable
elliptic partial differential equation on a rectangle.

Any conbination of periodic or mxed boundary conditions is
al | oned.

nes
di scretized elliptic equations

BLKTRI -S Sol ve a bl ock tridiagonal system of |inear equations

CBLKTR-C (usually resulting fromthe discretization of separable
two-di nensional elliptic equations).

GENBUN-S Solve by a cyclic reduction algorithmthe |inear system

CMGNBN- C of equations that results froma finite difference
approxinmation to certain 2-d elliptic PDE's on a centered
grid .

PO S3D-S Sol ve a three-di nensional block tridiagonal |inear system
which arises froma finite difference approximation to a
t hr ee- di mensi onal Poi sson equation using the Fourier
transf orm package FFTPAK written by Paul Swarztrauber

PO STG S Solve a block tridiagonal systemof |inear equations
that results froma staggered grid finite difference
approximation to 2-D elliptic PDE s.

J. Integral transforms

J1. Fast Fourier transfornms (search class L10 for tine series analysis)

FFTDOC- A

Docunment ati on for FFTPACK, a collection of Fast Fourier
Transf orm routi nes.



J1A.
J1AL.

One- di mensi onal
Real

EZFFTB- S

EZFFTF- S

EZFFTI - S

RFFTBL- S
CFFTB1-C

RFFTF1- S
CFFTF1-C

RFFTI 1- S
CFFTI 1-C

J1A2. Conpl ex

J1A3.

J4.

Tri

CFFTB1-C
RFFTB1- S

CFFTF1-C
RFFTF1- S

CFFTI 1-C
RFFTI 1- S

gononetric (sine,

COSQB- S
COSQF- S
cosql - S
COST- S
COSTI - S
SI NQB- S
SI NQF- S
SINQ-S
SINT-S

SINTI-S

QAVC- S
DQAVC- D

A sinplified real, periodic, backward fast Fourier
transform
Conpute a sinplified real, periodic, fast Fourier forward

transform

Initialize a work array for EZFFTF and EZFFTB.

Conput e the backward fast Fourier transformof a real

coefficient array.

Conpute the forward transform of a real, periodic sequence.

Initialize a real and an integer work array for RFFTF1 and
RFFTBL.

Conput e the unnornalized inverse of CFFTFL.

Conpute the forward transform of a conplex, periodic

sequence.

Initialize a real
CFFTBL1.

and an integer work array for CFFTF1 and

cosi ne)
Conput e the unnornalized inverse cosine transform

Conpute the forward cosine transformw th odd wave nunbers.
Initialize a work array for COSQF and COSQB.

Conpute the cosine transformof a real, even sequence.
Initialize a work array for COST.

Conpute the unnornalized inverse of SINQF.

Conpute the forward sine transformw th odd wave nunbers.
Initialize a work array for SINQF and SI NQB.

Conpute the sine transformof a real,

odd sequence.

Initialize a work array for SINT.

Hi | bert transforns

The routine cal cul ates an approxi mation result to a
Cauchy principal value I = INTEGRAL of F*Wover (A B)
(WX) = 1/((X-C, C.NE A C. NEB), hopefully satisfying
foll owi ng claimfor accuracy

ABS( | - RESULT) . LE. MAX( EPSABE, EPSREL* ABS( 1)) .



QAWCE-S  The routine cal culates an approxi mation result to a
DQAWCE- D CAUCHY PRI NCI PAL VALUE | = Integral of F*Wover (A B)
(WX) = 1/(X-C, (CNEA CNEB), hopefully satisfying
follow ng claimfor accuracy
ABS( | - RESULT) . LE. MAX( EPSABS, EPSREL* ABS( 1))

QL25C-S To conpute | = Integral of F*Wover (A B) with
DQC25C-D error estimte, where WX) = 1/(X-C

K. Approximation (search also class L8)

BSPDOC- A Docunentation for BSPLINE, a package of subprograns for
wor ki ng wi th pi ecewi se pol ynonial functions
in B-representation.

K1. Least squares (L-2) approximation

K1A. Linear |east squares (search also classes D5, D6, DQ)
K1Al. Unconstrai ned

K1A1A. Univariate data (curve fitting)

K1A1Al. Polynom al splines (piecew se polynom als)

EFC-S Fit a piecew se polynomial curve to discrete data.
DEFC- D The pi ecew se pol ynom als are represented as B-splines.
The fitting is done in a weighted | east squares sense
FC S Fit a piecew se polynomial curve to discrete data.
DFC-D The pi ecew se pol ynom als are represented as B-splines.

The fitting is done in a weighted | east squares sense
Equality and inequality constraints can be inposed on the
fitted curve.

K1A1A2. Pol ynom al s

PCCEF-S Convert the POLFIT coefficients to Taylor series form
DPCCOEF- D

POLFIT-S Fit discrete data in a | east squares sense by polynom al s
DPOLFT-D in one variable.

K1A2. Constrai ned
K1A2A. Linear constraints

EFC- S Fit a piecew se polynom al curve to discrete data.
DEFC- D The piecew se polynonm als are represented as B-splines.
The fitting is done in a weighted | east squares sense
FC S Fit a piecew se polynom al curve to discrete data.
DFC-D The piecew se polynonm als are represented as B-splines.

The fitting is done in a weighted | east squares sense
Equal ity and inequality constraints can be inposed on the
fitted curve.

LSEl - S Solve a linearly constrai ned | east squares problemw th
DLSEI-D equality and inequality constraints, and optionally compute
a covariance matri Xx.

SBOCLS-S Sol ve the bounded and constrai ned | east squares
DBOCLS-D probl em consisting of solving the equation
E*X = F (in the |least squares sense)
subject to the linear constraints



X =Y.

SBOLS-S  Sol ve the problem
DBOLS- D E*X = F (in the |l east squares sense)
wi th bounds on selected X val ues.

WANLS-S Solve a linearly constrained | east squares problemwth
DWNNLS-D equality constraints and nonnegativity constraints on
sel ected vari abl es.

K1B. Nonlinear |east squares
K1Bl1. Unconstrai ned

SCOV- S Cal cul ate the covariance matrix for a nonlinear data
DCOV- D fitting problem It is intended to be used after a
successful return fromeither SNLS1 or SNLSIE.

K1B1A. Smooth functions
K1B1Al. User provides no derivatives

SNLS1-S Mnimze the sumof the squares of M nonlinear functions
DNLS1-D in N variables by a nodification of the Levenberg-Marquardt
al gorithm

SNLS1E-S An easy-to-use code which nmnimzes the sumof the squares
DNLS1E-D of Mnonlinear functions in N variables by a nodification
of the Levenberg-Marquardt al gorithm

K1B1A2. User provides first derivatives

SNLS1-S Mnimze the sumof the squares of M nonlinear functions
DNLS1-D in N variables by a nodification of the Levenberg-Marquardt
al gorithm

SNLS1E-S An easy-to-use code which mninzes the sum of the squares
DNLS1E-D of Mnonlinear functions in N variables by a nodification
of the Levenberg-Marquardt algorithm

K6. Service routines (e.g., mesh generation, evaluation of fitted functions)
(search al so class N5)

BFQAD-S Conpute the integral of a product of a function and a
DBFQAD-D derivative of a B-spline.

DBSPDR-D Use the B-representation to construct a divided difference
BSPDR-S table preparatory to a (right) derivative cal cul ation.

BSPEV-S Calcul ate the value of the spline and its derivatives from
DBSPEV-D the B-representation.

BSPPP-S  Convert the B-representation of a B-spline to the piecew se
DBSPPP-D pol ynom al (PP) form

BSPVD- S Cal cul ate the value and all derivatives of order |ess than
DBSPVD-D NDERIV of all basis functions which do not vanish at X

BSPVN-S Calculate the value of all (possibly) nonzero basis
DBSPVN-D functions at X

BSQAD-S Compute the integral of a K-th order B-spline using the
DBSQAD- D B-representation.



Statistics,

BVALU- S
DBVALU- D

I NTRV-S
DI NTRV- D

PFQAD- S
DPFQAD- D

PPQAD- S
DPPQAD- D

PPVAL- S
DPPVAL- D

PVALUE- S
DP1VLU-D

Eval uate the B-representation of a B-spline at X for the
function value or any of its derivatives.

Conpute the | argest
such that XT(ILEFT)
of the X interval.

integer ILEFT in 1 .LE. ILEFT .LE. LXT
.LE. X where XT(*) is a subdivision

Conpute the integral on (X1, X2) of a product of a function
F and the ID-th derivative of a B-spline,
(PP-representation).

Conpute the integral
usi ng the pi ecewi se pol ynom al

on (X1, X2) of a K-th order
(PP)

B-spline
representation.

Cal cul ate the value of the IDERIV-th derivative of the
B-spline fromthe PP-representation.

Use the coefficients generated by POLFIT to eval uate the
pol ynom al fit of degree L, along with the first NDER of
its derivatives, at a specified point.

probability
Function eval uati on (search also class C
Uni vari ate
Currul ati ve distribution functions,

probability density functions

Error function, exponential, extreme val ue
ERF- S Conpute the error function.
DERF- D
ERFC- S Conpute the conplementary error function.
DERFC- D
L6. Pseudo-random nunber generation
L6A. Univariate
L6A14. Negative binom al, nornmal
RGAUSS-S GCenerate a normally distributed (Gaussian) random nunber.
L6A21. Uniform
RAND- S CGenerate a uniformy distributed random nunber.
RUNIF-S  Generate a uniformy distributed random nunber.
L7. Experinental design, including analysis of variance
L7A. Univariate
L7A3. Analysis of covariance
Cv-S Eval uate the variance function of the curve obtained
DCV- D by the constrained B-spline fitting subprogram FC.
L8. Regression (search also classes G K)
L8A. Linear |east squares (L-2) (search also classes D5, D6, D9)
L8A3. Piecew se polynomal (i.e. nultiphase or spline)
EFC- S Fit a piecew se polynomal curve to discrete data.
DEFC- D The pi ecew se polynonials are represented as B-splines.

The fitting is done in a weighted | east squares sense.



FC S
DFC-D

Fit a piecew se polynom al curve to discrete data.

The piecew se polynonials are represented as B-splines.
The fitting is done in a weighted | east squares sense
Equality and inequality constraints can be inposed on the
fitted curve.

N. Data handling (search also class L2)

N1. [Input, output

SBHI N- S
DBHI N- D

SCPPLT- S
DCPPLT- D

STIN-S
DTIN-D

STQUT- S
DTOUT-D

N6. Sorting
N6A. I nternal

N6Al. Passive (i.e.

N6ALA. | nteger

| PSORT- |

SPSCRT- S
DPSORT- D
HPSORT- H

N6A1B. Real

SPSORT- S
DPSORT- D
| PSORT- |
HPSORT- H

N6A1C. Char acter

HPSORT- H
SPSORT- S
DPSORT- D
| PSORT- |

N6A2. Active
N6A2A. | nteger

| PSORT- |
SPSCORT- S
DPSORT- D
HPSORT- H

| SORT- |
SSORT- S

Read a Sparse Linear Systemin the Boeing/Harwell Fornat.
The matrix is read in and if the right hand side is also
present in the input file then it too is read in. The

matrix is then nodified to be in the SLAP Colum fornat.

Printer Plot of SLAP Colum Fornat Matri x.
Routine to print out a SLAP Colum format matrix in a
"printer plot" graphical representation

Read in SLAP Triad Format Linear System
Routine to read in a SLAP Triad format matrix and ri ght
hand side and solution to the system if known.

Wite out SLAP Triad Fornmat Linear System
Routine to wite out a SLAP Triad format matrix and ri ght
hand side and solution to the system if known.

construct pointer array, rank)

Return the permutati on vector generated by sorting a given
array and, optionally, rearrange the elements of the array.
The array nmay be sorted in increasing or decreasing order.
A slightly nodified quicksort algorithmis used.

Return the pernutation vector generated by sorting a given
array and, optionally, rearrange the elements of the array.
The array may be sorted in increasing or decreasing order.
A slightly nodified quicksort algorithmis used.

Return the pernmutation vector generated by sorting a
substring within a character array and, optionally,
rearrange the elenments of the array. The array may be
sorted in forward or reverse | exicographical order. A
slightly nodified quicksort algorithmis used.

Return the pernutation vector generated by sorting a given
array and, optionally, rearrange the elements of the array.
The array may be sorted in increasing or decreasing order.
A slightly nodified quicksort algorithmis used.

Sort an array and optionally make the same interchanges in
an auxiliary array. The array may be sorted in increasing



DSORT-D or decreasing order. A slightly nodified QU CKSORT
algorithmis used.

N6A2B. Real

SPSORT-S Return the permutation vector generated by sorting a given
DPSORT-D array and, optionally, rearrange the elements of the array.
| PSORT-1 The array may be sorted in increasing or decreasing order
HPSORT-H A slightly nodified quicksort algorithmis used.

SSORT-S Sort an array and optionally nmake the same interchanges in

DSORT-D an auxiliary array. The array may be sorted in increasing

| SORT- | or decreasing order. A slightly nodified QU CKSORT
algorithmis used.

N6A2C. Char act er

HPSORT-H Return the pernutation vector generated by sorting a
SPSORT-S substring within a character array and, optionally,
DPSORT-D rearrange the elements of the array. The array may be
| PSORT-1 sorted in forward or reverse | exicographical order. A
slightly nodified quicksort algorithmis used.

N8. Permuting

SPPERM'S Rearrange a given array according to a prescribed
DPPERM D permutation vector

| PPERM |

HPPERM H

Servi ce routines
Machi ne- dependent constants

giﬂ

| IMACH | Return integer nmachi ne dependent constants.

RIMACH S Return floating point machi ne dependent constants.
D1MACH- D

R2. Error checking (e.g., check nonotonicity)

GAMLIM'S Conpute the m ni nrum and nmaxi num bounds for the argunent in
DGAMLM D the Ganma function

R3. Error handling

FDUMP- A  Synbolic dunp (should be locally witten).
R3A. Set criteria for fatal errors

XSETF-A  Set the error control flag.
R3B. Set unit number for error messages

XSETUA-A Set logical unit nunbers (up to 5) to which error
nessages are to be sent.

XSETUN-A Set output file to which error nessages are to be sent.
R3C. Oher utility prograns

NUMXER-I Return the npst recent error numnber.



Z.

XERCLR- A
XERDMP- A

XERVAX- A

XERVBG A
XGETF- A

XGETUA- A

XGETUN- A

O her
AAAAAA- A

BSPDOC- A

El SDOC- A

FFTDOC- A

FUNDOC- A

PCHDOC- A

QPDOC- A

SLPDCC- S

DLPDOC- D

SECTION Il. Subsid
ASYI K
ASYJY
BCRH
BDI FF
BESKNU
BESYNU

Reset current error nunber to zero.
Print the error tables and then clear them

Set nmaxi mum nunber of times any error nessage is to be
printed.

Process error nessages for SLATEC and other libraries.
Return the current value of the error control flag.

Return unit nunber(s) to which error nessages are being
sent.

Return the (first) output file to which error messages
are being sent.

SLATEC Common Mat hematical Library disclainmer and version.
Docunentation for BSPLINE, a package of subprograns for
wor ki ng wi th pi ecewi se pol ynoni al functions

in B-representation.

Docunentation for ElISPACK, a collection of subprograns for
solving matrix ei gen-probl ens.

Docunent ati on for FFTPACK, a collection of Fast Fourier
Transf orm routi nes.

Docurentation for FNLIB, a collection of routines for
eval uating el enmentary and special functions.

Docurentation for PCH P, a Fortran package for piecew se
cubic Hermite interpolation of data

Docunentati on for QUADPACK, a package of subprogranms for
automati c eval uati on of one-di nensional definite integrals.

Sparse Linear Al gebra Package Version 2.0.2 Docunentation
Routines to solve | arge sparse symetric and nonsynmetric
positive definite |inear systems, Ax = b, using precondi -
tioned iterative nethods.

ary Routines

Subsidiary to BESI and BESK

Subsidiary to BESJ and BESY

Subsidiary to CBLKTR

Subsidiary to BSKIN

Subsi di ary to BESK

Subsi di ary to BESY



BKI AS
BKI SR
BKSOL
BLKTRL
BNFAC
BNSLV
BSG®
BSPLVD
BSPLVN
BSRH
BVDER
BVPOR

C1MERG

cLaeve

COLN2R

CACAI
CACON
CASYI
CBI NU
CBKNU
CBLKT1
CBUN
CBUNK
CCwPB

CDCST
CDl Vv
CDNTL

Subsidiary to BSKIN
Subsidiary to BSKIN
Subsidiary to BVSUP

Subsi diary to BLKTR
Subsidiary to BINT4 and BI NTK
Subsidiary to BI NT4 and BI NTK
Subsidiary to BFQAD
Subsidiary to FC

Subsidiary to FC

Subsi diary to BLKTR
Subsidiary to BVSUP
Subsidiary to BVSUP

Merge two strings of conplex nunbers. Each string is
ascendi ng by the real part.

Conpute the | og gamma correction factor so that
LOG( CGAMVA(Z)) = 0.5*LO¥ 2.*Pl) + (Z-0.5)*LO¥2) - Z
+ COLGMC(Z) .

Eval uate LOE 1+Z) from second order relative accuracy so
that LOF1+Z) = Z - Z**2/2 + Z**3*COLN2R(Z2) .

Subsidiary to CAlRY

Subsidiary to CBESH and CBESK

Subsidiary to CBESI and CBESK

Subsi diary to CAIRY, CBESH, CBESI, CBESJ, CBESK and CBIRY
Subsidiary to CAIRY, CBESH, CBESI and CBESK

Subsidiary to CBLKTR

Subsidiary to CBESI and CBESK

Subsidiary to CBESH and CBESK

Subsi diary to CBLKTR

Subrouti ne CDCOR computes corrections to the Y array.
CDCST sets coefficients used by the core integrator CDSTP
Conput e the conplex quotient of two conpl ex nunbers.

Subroutine CDNTL is called to set paraneters on the first

call to CDSTP, on an internal restart, or when the user has

altered M NT, MTER, and/or H



CDNTP

CDPSC

CDPST

CDSCL

CDSTP

CDZRO

CFFTB

CFFTF

CFFTI
CFOD
CHFCM
CHFI E
CHKPR4
CHKPRM
CHKSN4
CHKSNG
CKSCL
CMLR
CMPCSG
CMPCSD
CMPOSN
CMPOSP
CMPTR3

Subroutine CDNTP interpolates the K-th derivative of Y at
TQUT, using the data in the YH array. |f K has a val ue
greater than NQ the NQth derivative is cal cul ated
Subrouti ne CDPSC conputes the predicted YH val ues by
effectively multiplying the YH array by the Pascal triangle
matri x when KSGN is +1, and perforns the inverse function
when KSGN is -1.

Subrouti ne CDPST eval uates the Jacobian matrix of the right
hand side of the differential equations.

Subroutine CDSCL rescal es the YH array whenever the step
size is changed.

CDSTP perforns one step of the integration of an initial
val ue problemfor a systemof ordinary differential
equati ons.
CDZRO searches for a zero of a function F(N, T, Y, | ROOT)
bet ween the given values B and C until the width of the
interval (B, C has collapsed to within a tol erance
specified by the stopping criterion,

ABS(B - O .LE 2.*(RWABS(B) + AE).
Conpute the unnornalized inverse of CFFTF.

Conpute the forward transform of a conplex, periodic
sequence.

Initialize a work array for CFFTF and CFFTB.
Subsi di ary to DEBDF

Check a single cubic for nonotonicity.

Eval uates integral of a single cubic for PCH A
Subsi di ary to SEPX4

Subsi diary to SEPELI

Subsi di ary to SEPX4

Subsi diary to SEPELI

Subsidiary to CBKNU, CUNK1 and CUNK2
Subsidiary to CBESI and CBESK

Subsi diary to CMEGNBN

Subsidiary to CMG\BN

Subsi diary to CMEGNBN

Subsidiary to CMG\BN

Subsi diary to CMEGNBN



CVPTRX Subsidiary to CMGNBN
covPB Subsi diary to BLKTR
COSGEN Subsidiary to GENBUN

cos@B1 Conpute the unnornalized inverse of COSQFl

COs@F1 Conpute the forward cosine transformw th odd wave nunbers.
CPADD Subsi di ary to CBLKTR
CPEVL Subsi di ary to CPZERO

CPEVLR Subsi di ary to CPZERO

CPRCC Subsidiary to CBLKTR

CPRCCP Subsi diary to CBLKTR

CPRCOD Subsidiary to BLKTR

CPRODP Subsi di ary to BLKTR

CRATI Subsi diary to CBESH, CBESI and CBESK
Cs1s2 Subsidiary to CAIRY and CBESK
CSCALE Subsidiary to BVSUP

CSERI Subsidiary to CBESI and CBESK

CSHCH Subsidiary to CBESH and CBESK

CSROOT Conput e the conpl ex square root of a conplex numnber

CUCHK Subsidiary to SERI, CUO K, CUNK1, CUNK2, CUNI1, CUNI 2 and
CKSCL

CUNHJ Subsidiary to CBESI and CBESK

CUNI 1 Subsidiary to CBESI and CBESK

CUNI 2 Subsidiary to CBESI and CBESK

CUNI K Subsidiary to CBESI and CBESK

CUNK1 Subsi di ary to CBESK

CUNK2 Subsidiary to CBESK

Cua K Subsi diary to CBESH, CBESI and CBESK

CWRSK Subsidiary to CBESI and CBESK

D1MVERG Merge two strings of ascendi ng doubl e precision nunbers.
D1IMPYQ Subsidiary to DNSQ and DNSQE
D1UPDT Subsi diary to DNSQ and DNSQE



D9AI MP Eval uate the Airy nodul us and phase.

DI9ATNL Eval uate DATAN(X) fromfirst order relative accuracy so
that DATAN(X) = X + X**3*DOATNIL( X).

D9BOMP Eval uate the nodul us and phase for the JO and YO Bessel
functions.

D9B1MP Eval uate the nodul us and phase for the J1 and Y1 Bessel
functions.

DICHU Eval uate for large Zz Z**A * U(A B,Z) where Uis the
| ogarithm c confluent hypergeonetric function.

DOGM C Conpute the conplenmentary i nconplete Ganma function for A
near a negative integer and X snall.

DOGM T Conpute Tricom's inconplete Gamma function for small
argunent s.

DIOKNUS Conput e Bessel functions EXP(X)*K-SUB- XNU(X) and EXP(X)*
K- SUB- XNU+1(X) for 0.0 .LE. XNU .LT. 1.0.

DILAE C Conpute the | og conmpl enentary inconpl ete Ganma function
for large X and for A .LE X

DOLA T Conpute the logarithmof Tricom'’'s inconplete Gamm
function with Perron’s continued fraction for |arge X and
A.CGE X

DOLGVC Conpute the | og Gamma correction factor so that
LOG( DGAMVA( X)) = LOG(SQRT(2*Pl)) + (X-5.)*LOE X) - X
+ DOLGVC( X) .

DILN2R Eval uate LOZ 1+X) from second order relative accuracy so
that LOG1+X) = X - X**2/2 + X**3*DILN2R( X)

DASYI K Subsidiary to DBESI and DBESK
DASYJY Subsi diary to DBESJ and DBESY
DBDI FF Subsidiary to DBSKIN

DBKI AS Subsidiary to DBSKIN

DBKI SR Subsidiary to DBSKIN

DBKSCL Subsi di ary to DBVSUP

DBNFAC Subsidiary to DBl NT4 and DBI NTK
DBNSLV Subsi diary to DBl NT4 and DBI NTK
DBOLSM Subsidiary to DBOCLS and DBOLS
DBSGXB Subsi di ary to DBFQAD

DBSKNU Subsi di ary to DBESK

DBSYNU Subsi di ary to DBESY



DBVDER
DBVPOR
DCFOD

DCHFCM
DCHFI E
DCHKW

DCCEF
DCSCAL
DDAI NI

DDAJAC

DDANRM
DDASLV
DDASTP
DDATRP
DDAWT'S

DDCST
DDES
DDNTL

DDNTP

DDOGLG
DDPSC

DDPST

DDSCL

DDSTP

Subsi di ary to DBVSUP

Subsi di ary to DBVSUP

Subsi di ary to DDEBDF

Check a single cubic for nonotonicity.

Eval uates integral of a single cubic for DPCH A
SLAP WORK/ | WORK Array Bounds Checker.

This routine checks the work array | engths and interfaces
to the SLATEC error handler if a problemis found.
Subsi di ary to DBVSUP

Subsi diary to DBVSUP and DSUDS

Initialization routine for DDASSL.

Conpute the iteration matrix for DDASSL and formthe
LU deconposi tion.

Conput e vector norm for DDASSL.

Li near system sol ver for DDASSL.

Perform one step of the DDASSL integration.

I nterpolation routine for DDASSL.

Set error weight vector for DDASSL.

Subrouti ne DDCOR computes corrections to the Y array.

DDCST sets coefficients used by the core integrator DDSTP.
Subsi di ary to DDEABM

Subroutine DDNTL is called to set paraneters on the first
call to DDSTP, on an internal restart, or when the user has
altered MNT, MTER, and/or H

Subroutine DDNTP interpolates the K-th derivative of Y at
TOQUT, using the data in the YH array. |If K has a value
greater than NQ the NQth derivative is calcul ated.

Subsi diary to DNSQ and DNSQE

Subr outi ne DDPSC conputes the predicted YH val ues by
effectively multiplying the YH array by the Pascal triangle
matri x when KSGN is +1, and perforns the inverse function

when KSGN is -1.

Subrouti ne DDPST eval uates the Jacobian matrix of the right
hand side of the differential equations.

Subroutine DDSCL rescal es the YH array whenever the step
size is changed.

DDSTP performs one step of the integration of an initial



val ue problemfor a systemof ordinary differential
equati ons.

DDZRO DDZRO searches for a zero of a function F(N, T, Y, [ ROOT)
bet ween the given values B and C until the width of the
interval (B, C) has collapsed to within a tol erance
specified by the stopping criterion,

ABS(B - C) .LE. 2.*(RWABS(B) + AE).

DEFCIVN Subsi diary to DEFC

DEFE4 Subsi di ary to SEPX4

DEFEHL Subsi di ary to DERKF

DEFER Subsi di ary to SEPELI

DENORM Subsi diary to DNSQ and DNSQE

DERKFS Subsi di ary to DERKF

DES Subsi di ary to DEABM

DEXBVP Subsi di ary to DBVSUP

DFCWN Subsidiary to FC

DFDJCL Subsi diary to DNSQ and DNSQE

DFDJIC3 Subsidiary to DNLS1 and DNLS1E

DFEHL Subsi di ary to DDERKF

DFSPVD Subsidiary to DFC

DFSPVN Subsidiary to DFC

DFULMT Subsidiary to DSPLP

DGAMLN Conpute the logarithm of the Gamma function

DGAMRN Subsidiary to DBSKIN

DH12 Subsidiary to DHFTI, DLSEl and DWNNLS
DHELS Internal routine for DGVRES.
DHEQR Internal routine for DGAVRES.

DHKSEQ Subsidiary to DBSKIN

DHSTRT Subsi di ary to DDEABM DDEBDF and DDERKF
DHVNRM Subsi di ary to DDEABM DDEBDF and DDERKF
DI NTYD Subsi di ary to DDEBDF

DJAI RY Subsidiary to DBESJ and DBESY

DLPDP Subsi diary to DLSEI



DLSI
DLSOD
DLSSUD
DMVACON
DMGSBV

DVPAR

DOGLEG
DOHTRL
DORTH

DORTHR
DPCHCE
DPCHCI

DPCHCS
DPCHDF
DPCHKT
DPCHNG
DPCHST
DPCHSW
DPI GVR
DPI NCW
DPINIT
DPI NTM
DPJAC

DPLPCE
DPLPDM
DPLPFE
DPLPFL
DPLPIMN
DPLPMJ

DPLPUP

Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di

| nt er nal

ary
ary
ary
ary
ary
ary
ary
ary

ary

to

to

to

to

to

to

to

to

to

DLSE

DDEBDF

DBVSUP and DSUDS
DBVSUP

DBVSUP

DBCOCLS and DFC
DNLS1 and DNLS1E
SNSQ and SNSQE
DBVSUP and DSUDS

routi ne for DGVRES.

Subsidiary to DBVSUP and DSUDS

Set boundary conditions for DPCH C

Set interior

derivatives for DPCH C

Adj usts derivative values for DPCH C

Conput es divided differences for DPCHCE and DPCHSP

Conpute B-spline knot sequence for DPCHBS.

Subsidiary to DSPLP

DPCHI P Si gn- Testing Routine

Limts excursion fromdata for DPCHCS

| nt er nal

Subsidiary to

Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di
Subsi di

ary
ary
ary
ary
ary
ary
ary
ary
ary

ary

to

to

to

to

to

to

to

to

to

to

routi ne for DGVRES.

DSPLP
DSPLP
DSPLP
DDEBDF
DSPLP
DSPLP
DSPLP
DSPLP
DSPLP
DSPLP

DSPLP



DPNNZR
DPOPT

DPPG(8
DPRVEC
DPRVPG
DPRWR
DPSI XN

DQCHEB

DQELG

DQFORM
DQPSRT

DQRFAC
DQRSLV
DWGTC

DQWGTF

DQNGTS

DRECRT
DRKFAB
DRKFS

DRLCAL

Subsidiary to DSPLP

Subsi diary to DSPLP

Subsi di ary to DPFQAD

Subsi di ary to DBVSUP

Subsidiary to DSPLP

Subsi diary to DSPLP

Subsi di ary to DEXI NT

This routine computes the CHEBYSHEV series expansion

of degrees 12 and 24 of a function using A

FAST FOURI ER TRANSFORM METHOD

F(X) = SUMK=1,..,13) (CHEB12(K)*T(K-1,X)),

F(X) = SUMK=1,..,25) (CHEB24(K)*T(K-1, X)),

Where T(K, X) is the CHEBYSHEV POLYNOM AL OF DEGREE K.
The routine deternmines the imt of a given sequence of
approxi mati ons, by means of the Epsilon al gorithm of
P.Wnn. An estimate of the absolute error is also given.
The condensed Epsilon table is conmputed. Only those

el enents needed for the conputation of the next diagona
are preserved

Subsi diary to DNSQ and DNSQE

This routine maintains the descending ordering in the
list of the local error estimated resulting fromthe

i nterval subdivision process. At each call two error
estimates are inserted using the sequential search

nmet hod, top-down for the |argest error estimte and
bottomup for the snmallest error estinmate.

Subsidiary to DNLS1, DNLS1E, DNSQ and DNSQE

Subsidiary to DNLS1 and DNLS1E

This function subprogramis used together with the
routi ne DQAWC and defines the WEI GHT function

This function subprogramis used together with the
routi ne DQAWF and defines the WEI GHT function

This function subprogramis used together with the
routi ne DQAWS and defines the WEIGHT function

Subsi diary to DSPLP
Subsi di ary to DBVSUP
Subsi di ary to DBVSUP
Subsi di ary to DDERKF

Internal routine for DGQVRES.



DRSCO
DSLVS
DSOSEQ
DSOSSL
DSTOD
DSTORL
DSTVAY
DSUDS
DSVCO
DULILS
DUL1US
DUL2LS
DUL2US
DUSRMI
DVECS
DVNRVS
DVOUT
DWALI T
DVWKLSM
DWKLT1
DVKL T2
DWKLT3
DWRI TP
DWUPDT
DX

DX4
DXL CAL

DXPMJ

DXPMUP

Subsi di ary to DDEBDF

Subsi di ary to DDEBDF

Subsidi ary to DSCS

Subsi di ary to DSOS

Subsi di ary to DDEBDF

Subsi di ary to DBVSUP

Subsi di ary to DBVSUP

Subsi di ary to DBVSUP

Subsi di ary to DDEBDF

Subsidiary to DLLSIA

Subsidiary to DULSI A

Subsidiary to DLLSIA

Subsidiary to DULSI A

Subsidiary to DSPLP

Subsi di ary to DBVSUP

Subsi di ary to DDEBDF

Subsidiary to DSPLP

Subsidiary to DAWNNLS

Subsidiary to DWNNLS

Subsidiary to WNLIT

Subsidiary to WNLIT

Subsidiary to WNLIT

Subsidiary to DSPLP

Subsidiary to DNLS1 and DNLS1E

Subsi diary to SEPEL

Subsi di ary to SEPX4

Internal routine for DGVRES.

To compute the val ues of Legendre functions for DXLEGF
Met hod: backward mu-wi se recurrence for P(-MJ,NU, X) for
fixed nu to obtain P(-MJR, NUL, X), P(-(MJR-1),NU1, X), ...
P(-MJL, NU1, X) and store in ascendi ng nmu order

To compute the val ues of Legendre functions for DXLEGF
This subroutine transforns an array of Legendre functions



DXPNRM

DXPQNU

DXPSI
DXQVUJ

DXQNU

DY

Dy4

DYAI RY
EFCWN
ENORM
EXBVP
EZFFT1

FCWN
FDJACL
FDJAC3
FULMAT
GAMLN
GAVRN
H12
HKSEQ
HSTART

HSTCS1

of the first kind of negative order stored in array PQA
into Legendre functions of the first kind of positive

order stored in array PQA. The original array is destroyed.
To compute the val ues of Legendre functions for DXLEGF
This subroutine transforns an array of Legendre functions
of the first kind of negative order stored in array PQA
into normali zed Legendre polynom als stored in array PQA
The original array is destroyed.

To compute the val ues of Legendre functions for DXLEGF
This subroutine calculates initial values of P or Q using
power series, then performs forward nu-w se recurrence to
obtain P(-MJ NU, X), QQO,NU, X), or Q1,NU, X). The nu-w se
recurrence is stable for P for all mu and for Q for nu=0, 1.
To compute values of the Psi function for DXLEGF

To compute the val ues of Legendre functions for DXLEGF

Met hod: forward mu-w se recurrence for QMJ,NU, X) for fixed
nu to obtain Q MJL, NU, X), Q MJL+1,NU, X), ..., Q MR, N X).
To compute the val ues of Legendre functions for DXLEGF

Met hod: backward nu-wi se recurrence for QMJ, NU, X) for
fixed mu to obtain Q MJL, NUL, X), Q MJL, NUL+1, X), ...,

Q MUL, NU2, X)

Subsi di ary to SEPEL

Subsi di ary to SEPX4

Subsi diary to DBESJ and DBESY

Subsidiary to EFC

Subsidiary to SNLS1, SNLS1E, SNSQ and SNSQE

Subsi diary to BVSUP

EZFFTI calls EZFFT1 with appropriate work array
partitioning.

Subsidiary to FC

Subsidiary to SNSQ and SNSCE

Subsidiary to SNLS1 and SNLS1E

Subsidiary to SPLP

Conpute the logarithm of the Gamma function
Subsidiary to BSKIN

Subsidiary to HFTI, LSEl and WANLS
Subsidiary to BSKIN

Subsi di ary to DEABM DEBDF and DERKF

Subsi di ary to HSTCSP



HVNRM
HWSCS1
HWESS1
| 1IMERG
| DLCC
| NDXA
| NDXB
| NDXC
I NTYD
I NXCA
I NXCB
| NXCC
| PLCC
| SDBCG

| SDCG

| SDCGN

| SDCGS

| SDGVR

| SDI R

Subsi diary to DEABM DEBDF and DERKF
Subsi di ary to HWBCSP

Subsi di ary to HWBSSP

Merge two strings of ascending integers.
Subsidiary to DSPLP

Subsi di ary to BLKTR

Subsi diary to BLKTR

Subsi di ary to BLKTR

Subsi di ary to DEBDF

Subsi di ary to CBLKTR

Subsidiary to CBLKTR

Subsi diary to CBLKTR

Subsidiary to SPLP

Precondi ti oned Bi Conjugate G adient Stop Test.

This routine calculates the stop test for the Bi Conjugate
Gradient iteration schene. |t returns a non-zero if the

error estimate (the type of which is determnmined by | TQOL)

is less than the user specified tol erance TOL.

Precondi ti oned Conjugate G adient Stop Test.

This routine calculates the stop test for the Conjugate
Gradient iteration scheme. It returns a non-zero if the
error estimate (the type of which is determned by | TQOL)
is less than the user specified tol erance TOL.

Preconditi oned CG on Normal Equations Stop Test.

This routine calculates the stop test for the Conjugate
Gradient iteration schene applied to the nornmal equations.
It returns a non-zero if the error estimate (the type of
which is determined by ITOL) is | ess than the user
specified tol erance TOL.

Precondi ti oned Bi Conjugate Gradient Squared Stop Test.
This routine calculates the stop test for the Bi Conjugate
Gradient Squared iteration schenme. It returns a non-zero
if the error estimate (the type of which is determ ned by
ITOL) is less than the user specified tol erance TOL.

General i zed M ni nrum Resi dual Stop Test.

This routine calculates the stop test for the Generalized
M ni mum RESi dual (GVRES) iteration scheme. It returns a
non-zero if the error estimate (the type of which is
determned by ITOL) is less than the user specified

tol erance TOL.

Preconditioned Iterative Refinenent Stop Test.
This routine calculates the stop test for the iterative



| SDOWN

| SSBCG

| SSCG

| SSCGN

| SSCGS

| SSGWR

I SSI R

| SSOW

| VOUT
JASAVE

JAI RY

refinement iteration scheme. It returns a non-zero if the
error estimate (the type of which is deternined by | TQOL)
is less than the user specified tol erance TOL.

Preconditioned Orthomn Stop Test.

This routine calculates the stop test for the Othonin
iteration scheme. It returns a non-zero if the error
estimate (the type of which is determned by ITO) is
| ess than the user specified tolerance TOL.

Precondi ti oned Bi Conjugate G adient Stop Test.

This routine calculates the stop test for the Bi Conjugate
Gradient iteration schene. |t returns a non-zero if the

error estimate (the type of which is deternined by | TQOL)

is less than the user specified tol erance TOL.

Precondi ti oned Conjugate G adient Stop Test.

This routine calculates the stop test for the Conjugate
Gradient iteration scheme. It returns a non-zero if the
error estimate (the type of which is determined by | TOL)
is less than the user specified tol erance TOL.

Precondi ti oned CG on Nornmal Equations Stop Test.

This routine calculates the stop test for the Conjugate
Gradient iteration schene applied to the normal equations.
It returns a non-zero if the error estimate (the type of
which is determned by ITOL) is |ess than the user
specified tol erance TOL.

Precondi ti oned Bi Conjugate Gradient Squared Stop Test.
This routine calculates the stop test for the Bi Conjugate
Gradient Squared iteration scheme. It returns a non-zero
if the error estimate (the type of which is determ ned by
ITOL) is less than the user specified tol erance TOL.

CGeneral i zed M ni mum Resi dual Stop Test.

This routine calculates the stop test for the Generalized
M ni mum RESi dual (GVRES) iteration schene. It returns a
non-zero if the error estimate (the type of which is
determned by ITOL) is less than the user specified

tol erance TOL.

Preconditioned Iterative Refinenent Stop Test.

This routine calculates the stop test for the iterative
refinement iteration scheme. It returns a non-zero if the
error estimate (the type of which is deternined by | TQOL)
is less than the user specified tol erance TOL.

Preconditioned Orthomin Stop Test.

This routine calculates the stop test for the Othonin
iteration scheme. It returns a non-zero if the error
estimate (the type of which is determned by ITO) is
| ess than the user specified tolerance TOL.

Subsidiary to SPLP

Save or recall global variables needed by error
handl i ng routi nes.

Subsidiary to BESJ and BESY



LAOS5AD Subsi diary to DSPLP
LAOSAS Subsi diary to SPLP
LAO5BD Subsi diary to DSPLP
LAO5BS Subsi diary to SPLP
LAO5CD Subsidiary to DSPLP
LAO5CS Subsi diary to SPLP
LAOSED Subsi diary to DSPLP

LAOSES Subsi diary to SPLP

LMPAR Subsidiary to SNLS1 and SNLS1E

LPDP Subsidiary to LSEI

LSAME Test two characters to determne if they are the sane
letter, except for case.

LSI Subsidiary to LSEI

LSOD Subsi di ary to DEBDF

LSSODS Subsidiary to BVSUP

LSSUDS Subsi diary to BVSUP

MACON Subsi di ary to BVSUP

MC20AD Subsidiary to DSPLP

MC20AS Subsidiary to SPLP

MGESBV Subsi diary to BVSUP

M NSO4 Subsi di ary to SEPX4

M NSCL Subsi diary to SEPELI

MPADD Subsi di ary to DQDOTA and DQDOTI
MPADD2 Subsi di ary to DQOTA and DQDOTI
MPADD3 Subsi di ary to DQDOTA and DQDOTI
MPBLAS Subsi diary to DQOTA and DQDOTI
MPCDM Subsi di ary to DQDOTA and DQDOTI
MPCHK Subsi diary to DQOTA and DQDOTI
MPCNVD Subsi di ary to DQDOTA and DQDOTI
MPDI VI Subsi diary to DQOTA and DQDOTI
MPERR Subsi di ary to DQDOTA and DQDOTI



MPVAXR
MPMLP
MPMUL
VPMUL 2
MPMULI

MPOVFL
MPSTR

MPUNFL
OHTROL
OHTROR
ORTHOM4
ORTHOG
ORTHOL
ORTHOR

PASSB

PASSB2

PASSB3

PASSB4

PASSB5

PASSF

PASSF2

PASSF3

PASSF4

PASSF5

PCHCE

Subsi di ary

Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary
Subsi di ary

Subsi di
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to

to

to

to

to

to

to

to

to

to

to

to

to

to

DQDOTA and
DQDOTA
DQDOTA
DQDOTA
DQDOTA
DQDOTA
DQDOTA
DQDOTA
DQDOTA
BVSUP

and
and
and
and
and
and
and

and

BVSUP
SEPX4

SEPELI
BVSUP

BVSUP

ary

Cal cul ate the fast
arbitrary | ength.

Cal cul ate the fast
[ ength two.

Cal cul ate the fast
| ength three.

Cal cul ate the fast
| ength four.

Cal cul ate the fast
l ength five.

Cal cul ate the fast
arbitrary | ength.

Cal cul ate the fast
| ength two.

Cal cul ate the fast
| ength three.

Cal cul ate the fast
| ength four.

Cal cul ate the fast
length five.

Set

Fouri

Four i

Four i

Four i

Fouri

Four i

Four i

Four i

Fouri

Four i

DQDOTI
DQDOTI
DQDOTI
DQDOTI
DQDOTI
DQDOTI
DQDOTI
DQDOTI
DQDOTI

er

er

er

er

er

er

er

er

er

er

boundary conditions for

transform

transform

transform

transform

transform

transform

transform

transform

transform

transform

PCHI C

of

of

of

of

of

of

of

of

of

of

subvectors

subvectors

subvectors

subvectors

subvectors

subvectors

subvectors

subvectors

subvectors

subvectors

of

of

of

of

of

of

of

of

of

of



PCHCI Set interior derivatives for PCH C

PCHCS Adj usts derivative values for PCH C

PCHDF Conput es divided differences for PCHCE and PCHSP
PCHKT Conput e B-spline knot sequence for PCHBS.

PCHNGS Subsidiary to SPLP

PCHST PCHI P Si gn-Testing Routine

PCHSW Limts excursion fromdata for PCHCS

PGSF Subsi di
Pl MACH Subsi di
PI NI TM Subsi di
PJAC Subsi di
PNNZRS Subsi di
PO SD2 Subsi di
PO SN2 Subsi di
PO SP2 Subsi di
POS3D1 Subsi di
POST&R Subsi di

PPADD Subsi di
PPGB Subsi di
PPGSF Subsi di
PPPSF Subsi di
PPSGF Subsi di
PPSPF Subsi di
PRCC Subsi di
PROCP Subsi di
PRCD Subsi di
PRODP Subsi di
PRVEC Subsi di

PRWPGE Subsi di
PRW/I R Subsi di

ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary
ary

ary

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

to

CBLKTR
HSTCSP, HSTSSP and HWSCSP
SPLP
DEBDF
SPLP
GENBUN
GENBUN
GENBUN
POl S3D
POl STG
BLKTRI
PFQAD
CBLKTR
CBLKTR
BLKTRI
BLKTRI
CBLKTR
CBLKTR
BLKTRI
BLKTRI
BVSUP
SPLP
SPLP



PSG-
PSI XN

PYTHAG

QCHEB

QELG

QFORM
QPSRT

QRFAC
QRSOLV
Qs21 1D

Qs21 1R

QAGTC

QNGTF

QNGTS

RLMPYQ
RLUPDT
ROAI VP
ROATNL

Subsidiary to BLKTR
Subsidiary to EXI NT

Conput e the conpl ex square root of a conplex nunber w thout
destructive overflow or underfl ow.

This routine computes the CHEBYSHEV series expansion
of degrees 12 and 24 of a function using A

FAST FOURI ER TRANSFORM METHOD

F(X) = SUMK=1,..,13) (CHEB12(K)*T(K-1,X)),

F(X) = SUMK=1,..,25) (CHEB24(K)*T(K-1, X)),

Where T(K, X) is the CHEBYSHEV POLYNOM AL OF DEGREE K

The routine deternmines the imt of a given sequence of
approxi mati ons, by means of the Epsilon al gorithm of

P. Wnn. An estimate of the absolute error is also given.
The condensed Epsilon table is conmputed. Only those

el enents needed for the conputation of the next diagona
are preserved

Subsidiary to SNSQ and SNSQE

Subsidiary to QAGE, QA E, QAGPE, QAGSE, QAWCE, QAWDE and
QAWSE

Subsidiary to SNLS1, SNLS1E, SNSQ and SNSQE
Subsidiary to SNLS1 and SNLSI1E

Sort an integer array, noving an integer and DP array.
This routine sorts the integer array | A and nmakes the sane
i nterchanges in the integer array JA and the doubl e pre-
cision array A. The array |A may be sorted in increasing
order or decreasing order. A slightly nodified QU CKSORT
algorithmis used.

Sort an integer array, noving an integer and real array.
This routine sorts the integer array | A and nakes the sane
i nterchanges in the integer array JA and the real array A
The array |A may be sorted in increasing order or decreas-
ing order. A slightly nodified QU CKSORT algorithmis
used.

This function subprogramis used together with the
routi ne QAWC and defines the WElI GHT function

This function subprogramis used together with the
routi ne QAWF and defines the WEI GHT function

This function subprogramis used together with the
routi ne QAW and defines the WEIGHT function.

Subsidiary to SNSQ and SNSQE
Subsi diary to SNSQ and SNSQE
Eval uate the Airy nodul us and phase.

Eval uate ATAN(X) fromfirst order relative accuracy so that
ATAN(X) = X + X**3*ROATNL( X)



ROCHU

ROGM C

ROGM T

ROKNUS

ROLG C

ROLA T

ROLGVC

ROLN2R

RADB2

RADB4

RADBS

RADBG

RADF2

RADF3

RADF4

RADF5

RADFG

REORT
RFFTB

Eval uate for large Z Z**A * UA B,Z) where Uis the
| ogarithm c confluent hypergeonetric function

Conpute the conplenentary i nconplete Ganma function for A
near a negative integer and for small X

Conpute Tricom’'s inconplete Gamma function for smal
argunent s.

Conput e Bessel functions EXP(X)*K-SUB- XNU( X) and EXP(X)*
K- SUB- XNU+1(X) for 0.0 .LE. XNU .LT. 1.0.

Conpute the | og conpl enentary inconplete Ganma function
for large X and for A .LE X

Conpute the logarithmof Tricom's inconplete Gamm
function with Perron’s continued fraction for |large X and
A .G X

Conpute the log Gamma correction factor so that
LOG( GAMVA( X)) = LOG(SQRT(2*Pl)) + (X-.5)*LOE X) - X
+ ROLGMC( X) .

Eval uate LOG 1+X) from second order relative accuracy so
that LOG1+X) = X - X**2/2 + X**3*ROLN2R( X) .

Cal cul ate the fast Fourier transform of subvectors of
| ength two.

Cal cul ate the fast Fourier transform of subvectors of
[ ength three.

Cal cul ate the fast Fourier transform of subvectors of
| ength four.

Cal cul ate the fast Fourier transform of subvectors of
length five

Cal cul ate the fast Fourier transform of subvectors of
arbitrary | ength.

Cal cul ate the fast Fourier transform of subvectors of
 ength two.

Cal cul ate the fast Fourier transform of subvectors of
[ ength three.

Cal cul ate the fast Fourier transform of subvectors of
| ength four.

Cal cul ate the fast Fourier transform of subvectors of
length five

Cal cul ate the fast Fourier transform of subvectors of
arbitrary | ength.

Subsidiary to BVSUP

Conput e the backward fast Fourier transformof a rea
coefficient array.



RFFTF
RFFTI
RKFAB
RSCO
RWUPDT
SIMERG
SBOLSM
SCHKW

SCLOSM
SCCEF
SDAI NI
SDAJAC

SDANRM
SDASLV
SDASTP
SDATRP
SDAWT'S
SDCOR
SDCST
SDNTL

SDNTP

SDPSC

SDPST

SDSCL

Conpute the forward transformof a real, periodic sequence.
Initialize a work array for RFFTF and RFFTB.

Subsi diary to BVSUP

Subsi di ary to DEBDF

Subsidiary to SNLS1 and SNLS1E

Merge two strings of ascending real numnbers.

Subsidiary to SBOCLS and SBOLS

SLAP WORK/ | WORK Array Bounds Checker

This routine checks the work array | engths and interfaces
to the SLATEC error handler if a problemis found.
Subsidiary to SPLP

Subsi diary to BVSUP

Initialization routine for SDASSL

Conpute the iteration matrix for SDASSL and formthe
LU deconposi tion.

Comput e vector norm for SDASSL

Li near system sol ver for SDASSL

Perform one step of the SDASSL integration

Interpolation routine for SDASSL

Set error weight vector for SDASSL

Subrouti ne SDCOR conputes corrections to the Y array.

SDCST sets coefficients used by the core integrator SDSTP
Subroutine SDNTL is called to set paraneters on the first
call to SDSTP, on an internal restart, or when the user has
altered MNT, MTER, and/or H

Subroutine SDNTP interpolates the K-th derivative of Y at
TQUT, using the data in the YH array. |If K has a val ue
greater than NQ the NQth derivative is calcul ated
Subrouti ne SDPSC conputes the predicted YH val ues by
effectively multiplying the YH array by the Pascal triangle
matrix when KSGN is +1, and perforns the inverse function
when KSGN is -1.

Subrouti ne SDPST eval uates the Jacobian matrix of the right
hand side of the differential equations.

Subroutine SDSCL rescal es the YH array whenever the step
size is changed.



SDSTP SDSTP perforns one step of the integration of an initial
val ue problemfor a systemof ordinary differential
equati ons.

SDZRO SDZRO searches for a zero of a function F(N, T, Y, |ROOT)
bet ween the given values B and C until the width of the
interval (B, C has collapsed to within a tol erance
specified by the stopping criterion,

ABS(B - O .LE 2.*(RWABS(B) + AE).

SHELS Internal routine for SGVRES.
SHEQR Internal routine for SGVRES.
SLVS Subsi di ary to DEBDF
SMOUT Subsidiary to FC and SBOCLS
SODS Subsi di ary to BVSUP

SOPENM Subsidiary to SPLP

SORTH Internal routine for SGVRES.
SOSEQS Subsidiary to SCS

SOSSOL Subsidiary to SCS

SPELI 4 Subsi diary to SEPX4

SPELI P Subsi di ary to SEPELI

SPI GVR Internal routine for SGVRES.
SPI NCW Subsidiary to SPLP

SPINIT Subsi diary to SPLP

SPLPCE Subsidiary to SPLP

SPLPDM Subsidiary to SPLP

SPLPFE Subsidiary to SPLP

SPLPFL Subsi diary to SPLP

SPLPWN Subsidiary to SPLP

SPLPMU Subsidiary to SPLP

SPLPUP Subsidiary to SPLP

SPOPT Subsidiary to SPLP

SREADP Subsidiary to SPLP

SRLCAL Internal routine for SGVRES.
STOD Subsi di ary to DEBDF

STORL Subsidiary to BVSUP



STWAY Subsidiary to BVSUP

SUDS Subsi di ary to BVSUP

SVCO Subsi di ary to DEBDF

SVvD Perform the singular value deconposition of a rectangular
matrix.

SVECS Subsi di ary to BVSUP

Svout Subsidiary to SPLP

SVWRI TP Subsidiary to SPLP

SXLCAL Internal routine for SGVRES.
TEVLC Subsi diary to CBLKTR
TEVLS Subsi diary to BLKTR
TRI 3 Subsi diary to GENBUN
TRI DQ Subsidiary to PO S3D
TRI S4 Subsi di ary to SEPX4
TRI SP Subsi diary to SEPEL
TRI X Subsi diary to GENBUN
UL1LS Subsidiary to LLSIA
Ul1us Subsidiary to ULSIA
U12LS Subsidiary to LLSIA
ul2us Subsidiary to ULSIA

USRNMVAT Subsidiary to SPLP

VNVRVS Subsi di ary to DEBDF

VWALI T Subsidiary to WNNLS
VWNLSM Subsidiary to WNNLS
VWALT1 Subsidiary to WNLIT
VWNLT2 Subsidiary to WNLIT
VWALT3 Subsidiary to WNLIT

XERBLA Error handler for the Level 2 and Level 3 BLAS Routi nes.
XERCNT Al ow user control over handling of errors.
XERHLT Abort program execution and print error message.

XERPRN Print error nessages processed by XERMSG



XERSVE
XPMJ

XPMUP

XPNRM

XPQNU

XPSI

XQWJ

XQNU

YAl RY
ZABS

ZACAI
ZACON
ZASYI
ZBI NU
ZBKNU
ZBUNI
ZBUNK

2DV

ZEXP

Record that an error has occurred.

To conmpute the val ues of Legendre functions for XLEGF.
Met hod: backward mu-wi se recurrence for P(-MJ, NU, X) for
fixed nu to obtain P(-MJR, NUL, X), P(-(MR-1),NU1, X), ...,
P(-MJL, NU1, X) and store in ascending nmu order.

To conmpute the val ues of Legendre functions for XLEG-.

This subroutine transforns an array of Legendre functions
of the first kind of negative order stored in array PQA
into Legendre functions of the first kind of positive
order stored in array PQA. The original array is destroyed.

To compute the val ues of Legendre functions for XLEG-.

This subroutine transforns an array of Legendre functions
of the first kind of negative order stored in array PQA
into normalized Legendre polynom als stored in array PQA
The original array is destroyed.

To conmpute the val ues of Legendre functions for XLEG-.

This subroutine calculates initial values of P or Q using
power series, then performs forward nu-w se recurrence to
obtain P(-MJ, NU, X), QQO,NU, X), or Q1,NU, X). The nu-w se
recurrence is stable for P for all mu and for Q for nu=0, 1.
To conmpute values of the Psi function for XLEG-.

To conmpute the val ues of Legendre functions for XLEG-.

Met hod: forward mu-w se recurrence for Q MJ,NU, X) for fixed
nu to obtain QMJ, NU, X), QMI+1, NU, X), ..., QMIR2, NU X).
To conmpute the val ues of Legendre functions for XLEG-.

Met hod: backward nu-wi se recurrence for Q MJ, NU, X) for
fixed mu to obtain Q MJL, NUL, X), Q MJL, NUL+1, X), ...,

Q MJL, NU2, X) .

Subsidiary to BESJ and BESY

Subsi diary to ZBESH, ZBESI, ZBESJ, ZBESK, ZBESY, ZAIRY and
ZBlI RY

Subsidiary to ZAl RY

Subsidiary to ZBESH and ZBESK

Subsi diary to ZBESI and ZBESK

Subsi diary to ZAIRY, ZBESH, ZBESI, ZBESJ, ZBESK and ZBI RY
Subsidiary to ZAIRY, ZBESH, ZBESI and ZBESK

Subsidiary to ZBESI and ZBESK

Subsidiary to ZBESH and ZBESK

Subsi diary to ZBESH, ZBESI, ZBESJ, ZBESK, ZBESY, ZAl RY and
ZBlI RY

Subsi diary to ZBESH, ZBESI, ZBESJ, ZBESK, ZBESY, ZAIRY and
ZBlI RY



ZKSCL Subsidiary to ZBESK

ZLOG Subsidiary to ZBESH, ZBESI, ZBESJ, ZBESK, ZBESY, ZAIRY and
ZBI RY

ZNMLRI Subsi diary to ZBESI and ZBESK

ZMLT Subsi diary to ZBESH, ZBESI, ZBESJ, ZBESK, ZBESY, ZAIRY and
ZBI RY

ZRATI Subsidiary to ZBESH, ZBESI and ZBESK

Z51S2 Subsidiary to ZAI RY and ZBESK

ZSERI Subsidiary to ZBESI and ZBESK

ZSHCH Subsidiary to ZBESH and ZBESK

ZSOQRT Subsidiary to ZBESH, ZBESI, ZBESJ, ZBESK, ZBESY, ZAIRY and
ZBI RY

ZUCHK Subsidiary to SERI, ZUO K, ZUNK1, ZUNK2, ZUNI 1, ZUN 2 and
ZKSCL

ZUNHJ Subsidiary to ZBESI and ZBESK

ZUN 1 Subsidiary to ZBESI and ZBESK

ZUNI 2 Subsidiary to ZBESI and ZBESK

ZUNI K Subsidiary to ZBESI and ZBESK

ZUNK1 Subsidiary to ZBESK

ZUNK2 Subsi di ary to ZBESK

ZUd K Subsidiary to ZBESH, ZBESI and ZBESK

Z\\RSK Subsidiary to ZBESI and ZBESK

SECTION III. Al phabetic List of Routines and Categories

As stated in the introduction, an asterisk (*) imediately
preceeding a routine nane indicates a subsidiary routine.

AAAAAA z ACOSH ccC

Al C10D Al E C10D
ALBETA CcrB ALGAMS C7’A
ALI C5 ALNGAM CrA
ALNREL 4B ASI NH ccC
*ASYI K *ASYJY

ATANH cAC AVI NT H2A1B2
BAKVEC D44 BALANC D4AC1A
BALBAK D4cC4 BANDR D4AC1B1
BANDV D4C3 *BCRH
*BDI FF BESI C10B3
BESI 0 cioB1 BESI OE cioB1
BESI 1 cioB1 BESI 1E CioB1
BESJ C10A3 BESJO C10A1

BESJ1 C10A1 BESK C10B3



BESKO
BESK1
BESKES
BESKS
BESYO

* BESYNU
BETAI
B
Bl NOM
Bl NTK

*BKI AS

* BKSOL
BLKTRI
BNDSOL

* BNSLV

* BSGB
BSPDOC
BSPEV

* BSPLVN
BSPVD
BSQAD
BVALU

* BVPOR
COLGVC

* COLGVC

* CACAI
CACOS
CAl RY
CASI N

* CASYI
CATAN2
CAXPY
CBAL
CBESI
CBESK
CBETA
CBI RY

* CBLKT1

Ci0B1
cioB1
C10B3
C10B3
C10A1

CrF
C10D

E1A

E, E1A K, Z
E3, K6

E3, K6

H2A2Al1, E3, K6

E3, K6

C7’A
C7’A

C4AA
C10D
CGAA

C4AA
D1A7
DACLA
cioB4
cioB4
CrB
C10D

c2

D2D1B
D7B

cAC
D1A4

D1A4

| 1A2, |11A1B
| 1A2, 11A1B

4B

J1A2
J1A2
J1A2
DAA4
Cr7A

D3C2
D1B4
D2C1

BESKOE
BESK1E
* BESKNU
BESY
BESY1
BETA
BFQAD
BIE
Bl NT4
BI SECT
*BKI SR
* BLKTRL
BNDACC
* BNFAC
BQR
BSKI N
BSPDR
* BSPLVD
BSPPP
BSPVN
* BSRH
* BVDER
BVSUP
* CLVERG
* COLN2R
* CACON
CACOSH
CARG
CASI NH
CATAN
CATANH
CBABK2
CBESH
CBESJ
CBESY
* CBI NU
* CBKNU
CBLKTR
* CBUNI
CCBRT
CCHDD
CCHUD
CCoPY
ccor
* CDCOR
*CDl V
* CDNTP
CDOTU
* CDPST
CDRI V2
* CDSCL
* CDZRO
* CFFTB
* CFFTF

Ci0B1
cioB1

C10A3
C10A1
C/B

H2A2A1, E3, K6

C10D

E1A

D4A5, DAC2A
D9

D4AG

C10F

E3

E3, K6

E3, K6

| 1B1

D1A4
| 1A2, |11A1B

J1A2
J1A2
J1A2

D2C1, D3Ci



*

* %k X

* % X

*

* F X

DAA4
D2C1
D1B6
D1B4
D2C1
D4A3
D1B6
D1B4
D1B6

E3
D2D1A
D4A3
D2D1A

D2D1A
D2D1A
D1B4
D2D1A
D4C2B
C/B

| 2B4B

C3A2
D2C1
D2C1
D2C1
D2C1, D3C1

CCGEFA
CCEI R

CCGERU
CGTSL
CHBW
CHEWV
CHER2
CHERK
CHFDV
CHFI E
CHI DI
CHI FA
CHKDER

* CHKPRM

*

L

*

*

CHKSNG
CHPDI

D2C1
D2C1
D1B4
D1B4
D2C2A
D1B4
D1B4
D1B4
D1B6
E3, H1

D2D1A, D3D1A
D2D1A
F3, 4AC

D2D1A, D3D1A
D1B4

D1B4

C11

Cr7A
C4B

D2D1B, D3D1B
D2D1B
D2D1B
D2D1B, D3D1B
D2D1B

cic
F1A1B

D9, D2C1
D1B10
D1A6

D2C1, D3C1
ccC
D2C1
D2C1



CSPSL

D2C1
D1B10

D1B6
D1B6

D1B4
D1B4
D2C3, D3C3
D1B4
D1B6

L7A3

Ci0D
C10A1
C11
C/E

C7’E
AGB

Ci0D
D1A3A

H2A1B2
D1A7

Ci0B1
C10A3
C10A1
ci0B1
C10B3
C10A1
CrB
H2A2A1, E3, K6
C10D
c1
E1A

D9

K1A2A, QE, &2H1L, &H2
Ci0B1

cioB1

C10B3

E3, K6

E3, K6

H2A2A1, E3, K6

E3, K6

c2

D2A4, D2B4
D2B1B

* % 3k X Xk 3k X X X X X X

*

*

*

*

K1A2A, QRE, &Hl, &H2

Ci0B1
cioB1
C10F

E3, K6
E3, K6
E3, K6

| 1B1
D1A4
D2B4
D2A4, D2B4
D7B



DCHEX D7B * DCHFCM

DCHFDV E3, H1 DCHFEV E3
*DCHFI E * DCHKW R2
DCHU C11 DCHUD D7B
DCKDER F3, AC * DCCEF
DCOPY D1AS DCOPYM D1AS
DCCSDG C4AA DCOr C4AA
DCoOV K1B1 DCPPLT N1
* DCSCAL DCSEVL C3A2
DCv L7A3 * DDAl NI
*DDAJAC * DDANRM
* DDASLV DDASSL | 1A2
* DDASTP * DDATRP
DDAWS cscC * DDAW'S
* DDCCR *DDCST
DDEABM | 1A1B DDEBDF | 1A2
DDERKF | 1A1A * DDES
* DDNTL * DDNTP
*DDOGLG DDOT D1A4
* DDPSC * DDPST
DDRI V1 | 1A2, 11A1B DDRI V2 | 1A2, 11A1B
DDRI V3 | 1A2, |11A1B * DDSCL
*DDSTP *DDZRO
DE1 c5 DEABM | 1A1B
DEBDF | 1A2 DEFC K1A1Al, K1A2A, L8A3
* DEFCWN * DEFE4
* DEFEHL * DEFER
DEI c5 * DENORM
DERF C8A, L5A1E DERFC C8A, L5A1E
DERKF I 1A1A * DERKFS
*DES * DEXBVP
DEXI NT c5 DEXPRL 4B
DFAC c1 DFC K1A1Al, K1A2A, L8A3
* DFCWN *DFDJC1
*DFDJC3 * DFEHL
* DFSPVD * DFSPVN
* DFULMI DFZERO F1B
DGAM C/E DGAM C C/E
DGAM T C7E DGAMLM C’A, R2
* DGAMLN C7’A DGAMVA C7’A
DGAMR C7’A * DGAMRN
DGAUSS8 H2A1Al DGBCO D2A2
DGBDI D3A2 DGBFA D2A2
DGEBW D1B4 DGBSL D2A2
DGECO D2A1 DCGEDI D3A1, D2A1
DGEFA D2A1 DGEFS D2A1
DGEMM D1B6 DGEMWV D1B4
DCER D1B4 DGESL D2A1
DGELSS D9, D5 DGVRES D2A4, D2B4
DGTSL D2A2A *DH12
*DHELS D2A4, D2B4 * DHEQR D2A4, D2B4
DHFTI D9 * DHKSEQ
*DHSTRT * DHVNRM
DI NTP | 1A1B DI NTRV E3, K6
*DI NTYD DR D2A4, D2B4
*DJAI RY DLBETA CrB
DLGAMS C7’A DLI c5
DLLSI A D9, D5 DLLTI 2 D2E
DLNGAM CrA DLNREL 4B
DLPDOC D2A4, D2B4, Z *DLPDP

DLSEI K1A2A, D9 *DLSI



K1B1Al, K1B1A2
F2A

D2A4, D2B4

D2B2
D2B2
E3

E3, H1

E3, H2A1B2
E3, H2A1B2
E3

E1A

H2A2A1, E3, K6

E1B

C1, C/A
D2B1B, D3B1B
D2B1B

K1A1A2

D2B1B
N8

D2B1B

cic

N6A1B, N6A2B
H2A1Al
H2A3Al, H2A4Al
H2A2A1
H2A1Al
H2A2A1, J4
H2A3Al
H2A2A1
H2A2A1
H2A2A2, J4
H2A2 A2

D1A4

H2A1A2
H2A2 A2
H2A1A2
H2A1A2
H2A2A1, C3A2
H2A1Al

*DLSSUD

* DMGSBV

* DMPAR
DNBDI
DNBFS
DNLS1
DNRM2

DOK15]

* DQPSRT

D3A2

D2A2

K1B1Al, K1B1A2
D1A3B

F2A

D2A4, D2B4
K6

D3B2

D2B2

E3

E3
E1A
E1A

K1A1A2
D2A4, D2B4

C1, C/A

D2B1B

D2B1B

E1B

E3

D2B1B

D2B1B, D3B1B
D2B1B

H2A2A1, E3, K6
E3, K6

crc

D2B2A

H2A1Al

H2A3Al, H2A4Al
H2A2A1

H2A1Al

H2A2A1, J4
H2A3A1

H2A2A1

H2A2A1

H2A2A2

D1A4

H2A3A2, H2A4A2
H2A1A2
H2A1A2
H2A1A2
H2A1Al



:

2
9

D5
D9, D2A1

C19
C19

D2E
D1B4
F2A

D2B1A, D3BlA

D2B1A
D1B4
D1B4
| 1A1B

D6

D1B6
D1B4
D1B6
D1B4
N1

D1B4
D2A3
D1B6
D2A3
D1B4

C14
C19
Ci14

C14

D1A8
D1A8

D1B9

D1A6

D2A4, D2B4
D2A4, D2B4
D2A4, D2B4
D2A4, D2B4
D2E

D2A4, D2B4
D2B1A

D2B1A, D3B1A

D2A4, D2B4
C4AA
D2A4, D2B4

D1A5
D1B4
D1B4
D1B6
D1B4

D1B4
D2A3, D3A3
D1B4
D1B6

K1A2A



* DWRI TP

* DX
DXADD
DXC210

* DXLCAL
DXNRVP

* DXPMUP

* DXPQNU

* DXQWJ
DXRED

*DY

*DYAI RY
EFC
E
ELMBAK
ELTRAN
ERF

* EXBVP
EXPREL
EZFFTB
EZFFTI
FC

* FDJACL
FDUWP
FIG

* FULMAT
FZERO

A3D
A3D
D2A4,
C3A2,
C3A2,
C3A2,
C3A2,
A3D

88B3R

K1A1Al, K1A2A, L8A3

C4B
J1A1
J1A1

K1A1Al, K1A2A, L8A3

R3
DACLC

FiB
C7’E
C’A, R2
Cr7A

| 2B4B
D9
N8
D4C2B

| 2B1A1A
| 2B1A1A
D4cC4
DAC1B1

| 2B1A1A

| 2B1A1A

R1

D1A2

D1A2

D4A5, DAC2A
D4A5, DAC2A

C3A2
E3, K6
D4C2B

N6ALA, N6A2A
D2A4, D2B4
D2A4, D2B4
D2A4, D2B4
D2A4, D2B4

8 8883

Ji, Z
DACLC
C Z
C7E
C7’E
C7’A
Cr7A
H2A1Al

N6ALC, N6A2C
D4C2B

| 2B1A1A

| 2B1A1A

| 2B1A1A

D44

D4AC1B1

| 2B1A1A
| 2B1A1A
| 2B1A1A
| 2B1A1A
D1AS5

D4A5, DAC2A

C3A2

D1A2

D2A4, D2B4
D2A4, D2B4
N6A2A



*| SSBCG
*| SSCGN
*| SSGVR
*| SSOWN
*1 VaJT
*JAI RY
*LAOSAS
*LAOSBS
*LAOSCS
*LAOSES
* LMPAR
* LSAME
*LSI
* LSSCDS
* MACON
*MC20AS
M NFI T
*M NSCL
* MPADD2
* MPBLAS
* MPCHK
*VPDI VI
* MPMAXR
* MPMUL
* MPMULI
* MPOVFL
* MPUNFL
* OHTRCL

* PASSB2
* PASSB4
* PASSF
* PASSF3
* PASSF5
* PCHCE
PCHCM
* PCHDF
PCHFD
PCHI A
PCHI D
* PCHKT
PCHSP
* PCHSW
PFQAD
* Pl MACH
*PJAC
POCH
POl S3D
* POl SN2
POl STG
POLFI T
POLYVL
* POSTG2
* PPGQB
* PPPSF
* PPSGF
PPVAL
* PROCP

D2A4, D2B4
D2A4, D2B4
D2A4, D2B4
D2A4, D2B4

DACA

D4cC4

E3

E3, H1

E3, H2A1B2
E3, H2A1B2
E3

E1A

H2A2A1, E3, K6
C1, C/A

| 2B4B

| 2B4B

K1A1A2
E3

E3, K6

*| SSCG
*| SSCGS
*] SSI R
| SWAP
* JASAVE
*LAO5AD
* | AO5BD
*|_AO5CD
* | AO5ED
LLSI A
*|_PDP
LSEl
*|_SOD
*|.SSUDS
* MC20AD
* MGSBV
*M NSO4
* MPADD
* MPADD3
* MPCDM
* MPCVD
* MPERR
* MPMLP
* MPMUL2
* MPNZR
* MPSTR
NUMXER
* OHTROR
ORTHES
* ORTHOG
* ORTHOR
* PASSB
* PASSB3
* PASSB5
* PASSF2
* PASSF4
PCHBS
* PCHCI
* PCHCS
PCHDOC
PCHFE
PCHI C
PCHI M
* PCHNGS
* PCHST
PCOEF
* PGSF
*P| NI TM
* PNNZRS
POCHL
* POl SD2
* POl SP2
POLCOF
POLI NT
* POS3D1L
* PPADD
* PPGSF
PPQAD
* PPSPF
* PROC
* PROD

D2B4
D2A4, D2B4
D2A4, D2B4
D1A5

D9, D5

K1A2A, D9

R3C
DAC1B2

E3
E1A, Z
E1A

E1A

K1A1A2

C1, C/A

E1B

E1B

H2A2A1, E3, K6



* PRODP *PRVEC

* PRWPGE * PRWI R

* PSGF PSI c7C
PSI FN c7c *PS| XN
PVALUE K6 * PYTHAG
QAG H2ALAL QAGE H2ALAL
QAG H2A3AL, H2A4AL QAG E H2A3AL, H2A4AL
QAGP H2A2A1 QAGPE H2A2A1
QAGS H2ALAL QAGSE H2ALAL
QAVC H2A2AL, J4 QAVCE H2A2AL, J4
QAWF H2A3AL QAWFE H2A3AL
QAVD H2A2A1 QAVCE H2A2A1
QAVB H2A2A1 QAWBE H2A2A1
QC25C H2A2A2, J4 QC25F H2A2A2
QC25S H2A2A2 * QCHEB

*QELG * QFORM
QK15 H2ALA2 QK15I H2A3A2, H2A4A2
QK15W H2A2A2 QK21 H2ALA2
QK31 H2ALA2 QK41 H2AL1A2
QK51 H2AL1A2 QK61 H2AL1A2
QVOVD H2A2A1, C3A2 QNC79 H2ALAL
NG H2ALAL QPDOC H2, Z

* QPSRT * QRFAC

* QRSOLV *Qs21 1D N6A2A

*Q82l 1R N6A2A * QNGTC

* QNGTF * QNGTS
QZHES D4CLB3 @T D4CLB3
QZVAL D4C2C QZVEC D4C3
RLMACH RL * RLMPYQ

* RLUPDT * ROAI MP C10D

* ROATNL C4A * ROCHU c11

*RIGM C C7E *ROGM T C7E

* ROKNUS C10B3 *RILG C C7E

*ROLG T C7E * ROLGVC C7E

* ROLN2R C4B ROPAK AGB
ROUPAK AGB * RADB2

* RADB3 * RADB4

* RADB5 * RADBG

* RADF2 * RADF3

* RADF4 * RADF5

* RADFG RAND L6A21
RATQR D4A5, DAC2A RC Cl4
RC3JJ C19 RC3JM C19
RC6J C19 RD Cl4
REBAK D4CA REBAKB D4CA
REDUC D4CLC REDUC2 D4CLC

* REORT RF Cl4

*RFFTB J1A1 RFFTB1 J1A1

* RFFTF J1A1 RFFTF1 J1A1

* RFFTI J1A1 RFFTI 1 J1A1
RG D4A2 RGAUSS L6AL4
RGG D4B2 RJ Cl4

* RKFAB RPQR79 F1ALA
RPZERO F1ALA RS D4AL
RSB D4AG * RSCO
RSG D4B1 RSGAB D4B1
RSGBA D4B1 RSP D4AL
RST D4AS RT D4AS
RUNI F L6A21 * RAUPDT

* SIMERG SASUM DLA3A

SAXPY D1A7 SBCG D2A4, D2B4



SBHI N
SBOLS
SCASUM
SCGN
SCHDC
SCHEX
SCHUD
SCNRMVR
SCOPY
SCov
*SDAI NI
* SDANRM
SDASSL
* SDATRP

N1

K1A2A, QRE, &2H1L, &H2

D1A3A

D2A4, D2B4
D2B1B

D7B

D7B

D1A3B

D1AS5

KiB1

| 1A2

D1A4

| 1A2, |11A1B

K1B1Al, K1B1A2
D1A3B

F2A

D2A4, D2B4
D2A4, D2B4

D2B2
D2B2

C5
&RA2

D2B1B
D2B1B
D2B1B
D2B1B
D2B1B, D3B1B

*SPI GVR
*SPINIT
*SPLPCE
* SPLPFE
* SPLPWN
* SPLPUP
SPQODI
SPCOFS
* SPOPT
SPPCO
SPPERM

K1A2A, &ZE, &2HI,

D2B4
D2A4, D2B4
D7B

D1AS5
N1

| 1A2, |11A1B
| 1A2, 11A1B
D1A4

| 2B1A2
D3A2

D1B4

D2A1

D4A2

D2Al1

D1B6

D1B4

D9, D5
D2A2A
D2A4, D2B4
J1A3

J1A3

J1A3

D2A4, D2B4
D2A4, D2B4, Z

K1B1Al, K1B1A2
F2A
F2A

D3B2
D2B2

D2A4, D2B4

D2B1B, D3B1B
D2B1B

D2B1B
N8

&RH2



‘é

D2B1B

N6A1B, N6A2B

D5

D1A8
D1A8

D2B1A, D3Bl1A

D2B1A

D2E

D2A4, D2B4
D2A3

D2A4, D2B4
D2A4, D2B4

| 1A1B

N1

D1B4

D2A3, D3A3
D1B4

D1B6

D4C3
D4A5, DAC2A

D4ACl1B1
DAC1B1
D4A5, DAC2A

SPPSL
SPTSL
SQRSL
SRLCAL
SROTG
SROTMG
Ss2Y
SSCAL
SSDBCG
SSDCGN
SSDG\R
SSDOWN
SSDSCL
SSI CCG
SsI Cs
SSI EV
SSI LUR
SSI SL
SSLI
SSLLTI
SSLUCN
SSLUGM
SSLUI 2
SSLUOM
SSMM 2
SSMIV
SSORT
SSPDI
SSPFA
SSPR
SSPSL
SSWAP
SSYW
SSYR2
SSYRK
STBSV
STIN
* STORL
STPW
STRCO
STRW
STRSL
STRSV
* SUDS
* SVD
* SVOUT
* SXLCAL
*TEVLS
TQ1
TQLRAT
TRBAK3
TRED2
*TRI 3
*TRI DQ
*TRI SP
TSTURM
*U11US
*U12US
* USRVAT
*\ARLI T
*\WALT1

*

D2A4, D2B4

D2A4, D2B4
D2A4, D2B4

D2A4, D2B4

N6A2B
D2B1A, D3Bl1A
D2B1A
D1B4
D2B1A
D1A5
D1B4
D1B4
D1B6
D1B4
N1

D1B4
D2A3
D1B6
D2A3
D1B4

D2A4, D2B4

D4A5, DAC2A
D4A5, DAC2A
D44

D4ACl1B1

D4A5, DAC2A



C10B4
cioB4

88843

*WALT3

XC210
* XERBLA
* XERCNT
* XERHLT
XERVBG
* XERSVE
XGETUA
XLEGF
* XPMJ
* XPNRM
* XPS|
* XQNU
XSET
XSETUA
* YAl RY
* ZACAI
ZAI RY
ZBESH
ZBESJ
ZBESY
ZBI RY
* ZBUNI
*ZDI V
* ZKSCL
* ZMLRI
* ZRATI
* ZSERI
* ZSQRT
* ZUNHJ
*ZUNI 2
* ZUNK1
*ZUO K

Ci0D
C10A4
C10A4
C10A4
Ci0D

8 88383



