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Introduction

On request of the Academic Computing Centre Amsterdam (SARA) the Mathe-~
matical Centre adapted its library of numerical procedures for use with
the CD CYBER 70 system. The major part is now available for use and
compatible with the CD ALGOL 60 compiler version 3. The resulting library
is called NUMAL.

The aim of NUMAL is to provide a high level numerical library for ALGOL 60
programmers. The library contains a set of validated numerical procedures
together with supporting documentation. Except for a small number of
double length scalar product routines, all the source texts are written
in ALGOL 60 and they are to a high degree independent of the computer/

compiler used.

Unlike the former numerical library of the Mathematical Centre, the do-
cumentation of the library NUMAL is self-contained and does not refer to
other MC-publications as far as the directions for use and the source

texts of the procedures are concerned.

0f course, the library is in continuous development and any description
will be an instantaneous one. In this report we give an index of the .
procedures available in january 1974 and a kwic-index of the procedures

whose full descriptions were available at december ISt 1973.

The aim of the Mathematical Centre is to distribute an extended version

of the index and kwic-index approximately twice a year.



Organization of the library

The library NUMAL is stored as a number of permanent files in the

CD CYBER 70 system of SARA.

These files are:

1.

the file "numal 3 index"

This file contains an up to date index of the library. A listing of
version 740101 (january 15t 1974) is printed below.

It gives a survey of the procedures and it describes the way one can

obtain the documentation of each procedure.

the file "numal 3"

(Numerical procedures in ALGOL 60, version 3).

This is a library file which contains the object code of the procedu-
res available. This library can be used when programs are loaded, com-

piled by the CD ALGOL 60 compiler, version 3.

the files "numal 3 document a"

"numal 3 document b"

etc.
These files contain the documentation.
Each of these documentation files is subdivided into a number of seg-
ments, each consisting of two successive records. The first record of
a segment contains a description of a procedure (or set of procedures)
and instructions for use; the second record contains the ALGOL 60

source text(s).

The files "numal 3 document a'" and "numal 3 document b" only contain

ALGOL 60 source texts. Full documentation is in preparation. Mostly, the

user can find documentation in the LR-series of the Mathematical Centre.

The files "numal 3 document c" upto "numal 3 document f" contain full do-

cumentation of those procedures which also were available for the EL-X8

computer of the Mathematical Centre and which are now available in a re-

vised form for the CD CYBER 70 system.



The files "numal document g" and "numal document h" contain full do-

comentation of the procedures, developed in 1973 for NUMAL.

The procedures described
"numal 3 document f" are
70 system. At the moment
and "numal 3 document h"

of an MC-project number.

in "numal 3 document a" up to and including
available for all users of the SARA CD CYBER
the procedures described in "numal 3 document g"

are only available for those who have the disposal



INDEX TO THE LIBRARY
NUMAL

OF ALGOL 60 PROCEDURES IN NUMERICAL MATHEMATICS
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ON REQUEST OF THE ACADEMIC COMPUTING CENTRE AMSTERDAM ( SARA )
THE LIBRARY NUMAL IS DEVELOPED AND SUPPORTED BY THE NUMERICAL
MATHEMATICS DEPARTMENT OF THE MATHEMATICAL CENTRE (AMSTERDAM) .

THE PRESENT DOCUMENT CONTAINS A SURVEY OF THE PROCEDURES AVAILABLE IN
OR PLANNED FOR NUMAL « MOREOVERy IT DESCRIBES THE WAY BY WHICH ONE
CAN OBTAIN FULL DOCUMENTATION OF THOSE PROCEDURES ALREADY AVAILABLE.

FILES.

THE LIBRARY NUMAL CONSISTS OF A NUMBER OF FILES!
le FILE UYNUMAL3INDEXY,
THIS FILE CONTAINS THIS PARTICULAR DOCUMENT, I.E, THE INDEX 71O
THE LIBRARY,
2+ FILE “NUMAL3" A LIBRARY FILE WHICH CONTAINS THE OBJECT CODE OF
THE PROCEDURES AVAILABLE, THIS LIBRARY CAN BE USED WHEN PRQOGRAMS
COMPILED UNDER ALGOL3 s ARE LOADED. FOR THE USE OF A LIBRARY FILE
SEE EsGs
SCOPE REF MANUAL» CHAPTER 6.
INTERCOM REF MANUAL»s CHAPTER 3, XEQ COMMAND.
3, THE FILES "NUMAL3DOCUMENTA"
"NUMAL 3DOCUMENTBY
WNUMAL3DOCUMENTCH
ETCe
THESE FILES CONTAIN THE DOCUMENTATION OF THE PROCEDURES.
EACH OF THESE FILES IS SUBDIVIDED INTO A NUMBER OF SEGMENTSs EACH
CONSISTING OF TWO SUCCESSIVE RECORDS.
THE FIRST RECORD OF A SEGMENT CONTAINS A DESCRIPTION OF A
PROCEDURE ( QR SET OF PROCEDURES )3 THE SECOND RECORD CONTAINS THE
ALGUL 60 SOURCE TEXT(S).
THE FILES “NUMAL3DOCUMENTA" AND "“NUMAL3DOCUMENTB" ONLY CONTAIN
ALGUL 60 SOURCE TEXTS, FULL DOCUMENTATION IS IN PREPARATION. MOSTLY
THE USER CAN FIND DOCUMENTATION IN THE LR=SERIES OF THE
MATHEMATICAL CENTREs WHICH CONTAINS DESCRIPTIONS OF THE EL=-X8
IMPLEMENTATION OF THE ALGORITHMS,
THE FILES WNUMAL3DOCUMENTC" » "NUMAL3DOCUMENTD" ETC. CONTAIN
FULL DOCUMENTATION.

HOW TO GET ENTRANCE TO THE DOCUMENTATION,

CLASSIFIEV ACCORDING TO SUBJECTs THE PRESENT INDEX CONTAINS THE
NAMES OF TME PROCEDURESs THE CORRESPONDING CODE NUMBERS IN NUMALJ
AND A REFERENCE TO THE DOCUMENTATION. THIS REFERENCE GIVES A
A FILENAME AND A NUMBER OF RECORDS TO BE SKIPPED ON THAT FILE (SKIPR).
IN ORDER TO CONSULY A SPECIFIED RECORD OF DOCUMENTATIONe ALL PRECEDING
RECORDS MHAVE TO BE SKIPPED.



EXAMPLE o

IN ORDER TO OBTAIN THE DESCRIPTION OF THE PROCEDURE “MULTISTEP®
(SECTION S5e2elelelels 9ON FILE HNUMAL3DOCUMENTC" » SKIPR=30 )
THE NEXT CONTROL CARDS CAN BE USED

[E X R NN

ATTACHIN3CsNUMAL3IDOCUMENTC,

SKIPFsN3Cs»30.

COPYBR#N3C»QUTPUT,

IN ORDER TO OBTAIN THE SOURCE TEXTs ONE MORE RECORD HAD TO BE SKIPPED.

SERVICE.

ADVICE ABOUT THE USE OF THE LIBRARY OR ABOUT THE USE OF THE INDIVIOUAL
PROCEDURES CAN BE OBTAINED FROM THE PROGRAM ADVISOR OF THE
MATHEMATICAL CENTRE,

NOTE.

FOR FUTURE PUBLICATION THE DOCUMENTATION IS SCATTERED WITH LAYOUT
SYMBOLSt S$S¢ %< $> $| %= S$§ S. ETCee

PoW.HEMKER
(MATHEMATICAL CENTRE)

NO PART OF THE LIBRARY NUMAL MAY BE REPRODUCEDy STORED IN A
RETRIEVAL SYSTEM OR TRANSMITTEDsy IN ANY FORM QR BY ANY MEANS»
ELECTRONIC PHOTOCOPYINGs RECORDINGy OR OTHERWISE WITHOUT THE
PRIOR WRITTEN PERMISSION OF THE ACADEMIC COMPUTING CENTRE AMSTERDAM
(SARA) OR THE MATHEMATICAL CENTRE (AMSTERDAM),



INDEX

l.ELEMENTARY PROCEDURES
1.REAL VECT AND MAT OPERATIONS
1«INITIALIZATION

2.DUPLICATION

3.MULTIPLICATION

4.SCALAR PROUUCTS

S,ELIMINATION

6. INTERCHANGING

T+KROTATION

8.VECTOR NORMS

l. 1. 9.VECTOR SCALING

PROCEDURE

INIVEC
INIMAT
INIMATOD
INISYMD
INISYMROW

DUPVEC
DUPVECROW
DUPROWVEC
DuPVECCOL
DUPCOLVEC
DUPMAT

MULVEC
MULROW
MULCOL
COLCST
ROWCST

VECVEC
MATVEC
TAMVEC
MATMAT
TAMMAT
MATTAM
SEQVEC
SCAPRD1
SYMMATVEC

ELMVEC

ELMCOL

ELMROW

ELMVECCOL
ELMCOLVEC
ELMVECROW
ELMROWVEC
ELMCOLROW
ELMROWCOL
MAXELMROW

ICHVEC
ICHCOL
ICHROW
ICHROWCOL
ICHSEQVEC
ICHSEQ

ROTCOL
ROTROW

ABSMAXVEC

CODE

31010
31011
31012
31013
31014

31030
31031
31032
31033
31034
31035

31020
31021
31022
31131
31132

34010
34011
34012
34013
34014
34015
34016
34017
34018

34020
34023
34024
34021
34022
34026
34027
34029
34028
34025

34030
34031
34032
34033
34034
34035

34040
34041

31060

DESCRIPTION
FILENAME

NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTOD
NUMAL3DOCUMENTD

NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD

NUMAL 3DOCUMENTD
NUMAL 3D0CUMENTD
NUMAL3IDOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD

NUMAL 3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD

NUMAL3DOCUMENTOD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL 3DOCUMENTD
NUMAL3DOCUMENTOD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD

NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTO
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD

NUMAL3DOCUMENTD
NUMAL3DOCUMENTOD

NUMALJ3DOCUMENTD

SKIPR
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INOEX

1 1. Fe
10,MATRIX NORMS

11.MATRIX SCALING
24COMPL VECT AND MAT QPERATIONS
‘..

2e
34MULTIPLICATIUN

4 ,SCALAR PRODUCTS

SELIMINATIUN

6,4 INTERCHANGING
T+ROTATION

B.VECTOR NORMS
9,VECTOR SCALING
10,MATRIX NORMS
11«MATRIX SCALING

3.COMPLEX ARITHMETIC
1,MONADIC QPERATIONS

2.,0YADIC OPERATIONS

4.LONG INTEGER ARITHMETIC
5+LONG KEAL ARITHMETIC

1,ELEM. ARITHMETIC OPERATIONS

2,SCALAR PROVLUCTS

ZeALGEBRAIC EVALUATIONS
1.EVAL, OF A FINITE SERIES
2.EVAL. OF POLYNOMIALS

2 2,

PROCEDURE

REASCL

MAXMAY

COMCOLCST
COMROWCST

COMMATVEC
HSHCOMCOL
HSHCOMPRD

ELMCOMVECCOL
ELMCOMCOL
ELMCOMROWVEC

ROTCOMCOL
ROTCOMROW

ComMsCL
COMEUCNRM
SCLCOM

COMABS
COMSQRT
CARPOL

COMMUL
COMDIV

LNGVECVEC
LNGMATVEC
LNGTAMVEC
LNGMATMAT
LNGTAMMAT
LNGMATTAM
LNGSEQVEC
LNGSCAPRD1
LNGSYMMATVEC

POL
NEWPQL

CODE

34183

34230

34352
34353

342354
34355
34356

34376
34377
34378

34357
34358

34193
34359

34360

34340
34343
34344

34341
34342

34410
34411
34412
34413
344lé
34415
34416
34417
34418

31040
31041

DESCRIPTION
FILENAME

NUMAL3DOCUMENTF

NUMAL 3DOCUMENTD

NUMAL 3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL3IDOCUMENTG
NUMAL 3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL3DOCUMENTE
NUMAL3D0CUMENTG
NUMAL 3D0CUMENTG

NUMAL3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL3DOCUMENTF
NUMAL3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTO

NUMAL3DOCUMENTD
NUMAL 3DOCUMENTD

NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE

NUMALIDOCUMENTYC
NUMAL3DOCUMENTC

SKIPR

18
24
24

ooo

10
20
22
14
16
18

20
22

2



INDEX PROCEDURE CODE DESCRIPTION )
FILENAME SKIPR

2. 2. CHP 31042 NOT YET AVAILABLE
ALLCHP 31043 NOT YET AVAILABLE
ORTPOLO 31044 NOT YET AVAILABLE
ALLORTPOL O 31048 NOT YET AVAILABLE
ORTPOL1 31046 NOT YET AVAILABLE
ALLORTPOL1 31047 NOT YET AVAILABLE
CHS 35082 NOT YET AVAILABLE
3.EVAL. OF CUNTINUED FRACTIONS
JFRAC 35083 NOT YET AVAILABLE
4 OPERATIONS UN PULYNOMIALS
NEWGRN 31050 NUMAL3DOCUMENTC 4
POWCHS 31051 NOT YET AVAILABLE
MULPOL 31052 NOT YET AVAILABLE
SUMPOL 31053 NOY YET AVAILABLE
TAYPOL 31241 NOT YET AVAILABLE
NORDERPOLOQ 31242 NOT YET AVAILABLE
NORDERPOL1 31243 NOT YET AVAILABLE
NORDERPOL2 31244 NOT YET AVAILABLE
DERPOLO 31245 NOT YET AVAILABLE
DERPOL1 31246 NOT YET AVAILABLE
DERPOL2 31247 NOT YET AVAILABLE
INTCHS 31248 NOT YET AVAILABLE
RECCOF 31249 NOT YET AVAILABLE
POLCHS 31250 NOT YET AVAILABLE
3.ALGEBRAIC EQUATIONS
1.LINEAR EQUATIONS
1.FULL MATRICES
1.SQUARE NON=SINGULAR MATRICES
1.REAL MATRICES
1.GENERAL MATRICES
1.PREPARATORY PROCEDURES
DEC 34300 NUMAL3DOCUMENTE 22
GSSELM 34231 NUMAL3DOCUMENTE 22
ONENRMINV 34240 NUMAL3DOCUMENTE 22
ERBELM 34241 NUMAL3DOCUMENTE 22
GSSERB 34242 NUMAL 3DOCUMENTE 22
BSSNRI 34252 NUMAL 3DOCUMENTE 22
2¢CALCULATION OF DETERMINANT
DETERM 34303 NUMAL3DOCUMENTE 24
3sSULUTION OF LINEAR EQUATIONS
soL 34051 NUMAL3DOCUMENTE 26
DECSOL 34301 NUMAL3DOCUMENTE 26
SOLELM 34061 NUMAL3DOCUMENTE 26
GSSSOL 34232 NUMAL3DOCUMENTE 26
GSSSOLERB 34243 NUMAL3DOCUMENTE 26
4oMATRIX INVERSION
INV 34053 NUMAL3DOCUMENTE 28
DECINY 34302 NUMAL3DOCUMENTE 28
INV] 34235 NUMAL3DOCUMENTE 28
GSSINV 34236 NUMAL3DOCUMENTE 28
GSSINVERS 34244 NUMAL3DOCUMENTE 28
S.ITERATIVELY IMPROVED SOLUTION
ITISOL 34250 NUMAL 3D00CUMENTE 30
GSSITVISOL 3425] NUMAL3DOCUMENTE 30

3. le 1. 1e 1. 1e Se ITISOLERB 34253 NUMAL 3DOCUMENTE 30



INUEX

le 1. 1. le 5e
2+SYMMETRIC POS DEF MATRICES
1 «PREPARATORY PROCEDURES

24CALCULATION OF DETERMINANT

3.S0LUTION OF LINEAR EQUATIONS

4sMATRIX INVERSION

2 LUMPLEA MATRICES
2+FULL RANK OVERDETERM SYSTEMS
1.REAL MATRICES
1.PREPARATORY PRUCEDURES

2.LEAST SUUARES SOLUTIUN

2.COMPLEX MATRICES
3.0OTHER PROBLEMS
1 KEAL MATRICES
1.S0LUTIUN OVEROETERMINED SYST

2.SOLUTIUN UNDEKDETEKRM SYSTEMS

3.SOLUT[ON HOMOGENEOUS EQUATION

4 ¢ PSEUDO=INVERSION

2,COMPLEX MATRICES
2.SPARSE MATHICES
1«DIRECT METHODS
1.REAL MATRICES
1+NON=SYMMETRIC MATRICES
1 «BAND MATRICES
1 «PREPARATORY PROCEDURES

2.CALCULATION OF DETERMINANT
3+SOLUTION OF LINEAR EQUATIONS

2. 1. le 1. 1 3.

PROCEDURE

GSSITISOLERS

CHLDEC2
CHLDEC1

CHLDETERM2
CHLDETERM1

CHLSOL2
CHLSOL1
CHLDECSOL2
CHLDECSOL1

CHLINVZ
CHLINV]

CHLDECINVZ
CHLDECINV]

LSQORTDEC
LSQDGLINY

LSQsoL
LSQORTDECSOL

SOLSVDOVR
SOLOVR

SOLSVDUND
SOLUND

HOMSOLSVD
HOMSOL

PSDINVSVD
PSDINV

DECBND
OETERMBND

SOLBND
DECSOLBND

CODE

34254

34310
34311

34312
34313

34390
34391
34392
34393

34400
34401

34402
34403

34134
34132

34131
34135

34280
34281

34282
34283

34284
34285

34286
34287

34320
34321

34071
34322

DESCRIPTION

FILENAME

NUMAL3DOCUMENTE

NUMAL 3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL 3DOCUMENTF
NUMAL 3DOCUMENTF

NUMAL3DOCUMENTF
NUMAL 3DOCUMENTF
NUMAL3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTH
NUMAL 3DOCUMENTH

NUMAL3DOCUMENTH
NUMAL3DOCUMENTH

NUMAL3DOCUMENTH
NUMAL3D0CUMENTH

NUMAL3DOCUMENTH
NUMAL3DOCUMENTH

NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

SKIPR

30
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32
32

34
34
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INDEX

3. 1. 2e 1. 1. 1. 2+ TRIDJAGONAL MATRICES
1.PREPARATORY PROCEDURES

2,CALCULATION OF DETERMINANT
3.SOLUTION OF LINEAR EQUATIONS

2.SYMMETRIC POS UEF MATRICES

1+BAND MATRICES

1 .,PREPARATORY PROCEDURES

¢ CALCULATION OF DETERMINANT

3.SOLUTION OF LINEAR EQUATIONS
2+ TRIDIAGONAL MATRICES

1,PREPARATORY PROCEDURES

2.CALCULATION OF DETERMINANT
J¢SOLUTION OF LINEAR EQUATIONS

24.CUMPLEX MATRICES
2.1TERATIVE METHODS
2.COMPLEX MATRICES

2« TRANSFORMATION 10 SPECIAL FORM
1.SIMILARITY TRANSFORMATIONS

l1«EQUILIERATION
l.REAL MATRICES

2.,LOMPLEX MATRICES

2e TRAMSE TQ HESSENBEKG FOkM
1.REAL MATRICES
1SYMMETRIC MATKICES

2+ASYMMETRIC MATRICES

2+sCOMPLEX MATRICES
1 sHEKMLITIAN MATRICES

3. 2. le 2. 2. le

PROCEDURE

DECTRI
DECTRIPIV

SOLTRI
DECSOLTRI
SOLTRIPIV
DECSOLTRIPLY

CHLDECBND
CHLDETERMBND

CHLSOLBND
CHLDECSOLBND

DECSYMTRI

SOLSYMTRI
DECSOLSYMTRI

CONJ GRAD

EQILBR
BAKLBR

EQILBRCOM
BAKLBRCOM

TFMSYMTRI?2
BAKSYMTRI2
TFMPREVEC

TFMSYMTRI1
BAKSYMTRI1

TFMREAHES
BAKREAHES]
BAKREAHES?2

HSHHRMTR]
HSHHRMTRIVAL

CODE

34423
34426

34424
34425
34427
34428

34330
34331

34332
34333

34420

34421
34422

34220

34173
34174

34361
34362

34140
34141
34142
34143
34144

34170
34171
34172

34363
34364

DESCRIPTION
FILENAME

NUMAL3DOCUMENTH
NUMAL3DOCUMENTH

NUMAL3DOCUMENTH
NUMAL3DOCUMENTH
NUMAL3DOCUMENTH
NUMAL3IDOCUMENTH

NUMAL3DOCUMENTE
NUMAL 3DOCUMENTE

NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTH

NUMAL3DOCUMENTH
NUMAL3DOCUMENTH

NUMAL3DOCUMENTC

NUMAL3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL3DOCUMENTD
NUMAL3DOCUMENTD
NUMAL300CUMENTOD
NUMAL3DOCUMENTD
NUMAL3DOCUMENTO

NUMAL3DOCUMENTF
NUMAL3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL3DOCUMENTG
NUMAL3DOCUMENTG

SKIPR

16
16

18
18
18
18

10
10

20

22
22

36

12
12

16
16

34
34
34
34
34

1s
14
14



3.

2.

3.THE

INDEX

1. 2. 2.

le
2+NON-HERMITIAN MATRICES

2,0THER TRANSFORMATIONS

1+ TRANSE T
l4REA

0 BIDIAGONAL FORM
L MATRICES

2,COMPLEX MATRICES
(URUINARY) EIGENV FROUBLEM

1 «REAL MATRICES

1«SYMMETRIC MATRICES
1. TRIDIAGONAL MATRICES

2.FULL MATRICES

24ASYMMETR

I1C MATRICES

1+MATRICES IN HESSENBERG FORM

2.FULL MATRICES

2.,COMPLEX MATRICES
1.HERMITIAN MATRICES

2 4NON=HERM

ITIAN MATRICES

1.MATRICES IN HESSENBERG FORM

2.FULL MATRICES

4.THRE GENERALIZED EIGENV PRUBLEM

5.SIN

GULAR VALUES

PROCEDURE

BAKHRMTRI

HSHCOMHES
BAKCOMHES

HSHREABID
PSTTFMMAT
PRETFMMAT

VALSYMTRI
VECSYMTRI
VALQRISYMTRI
QRISYMTRI

EIGVALSYM2
EIGSYM2
EIGVALSYM]
EIGSYM1
QRIVALSYMZ
QRISYM
QRIVALSYMI]

REAVALGR]
REAVECHES
REAQRI

COMVALQRI
COMVECHES

REAEIGVAL
REAEIG1
REAEIG3
COMEIGVAL
COMEIG]

EIGVALHRM
EIGHRM
QRIVALHRM
QRIHRM

VALGQRICOM
GQRICOM

EIGVALCOM
EIGCOM

CODE

34365

34366
34367

34260
34261
34262

34151
34152
34165
34161

34153
34154
34155
34156
34162
34163
34164

34180
34181
34186
34190
34191

34182
34184
34187
34192
34194

34368
34369
34370
34371

34372
34373

34374
34375

DESCRIPTION

FILENAME

NUMAL3DOCUMENTG

NUMAL3DOCUMENTG
NUMAL 3DOCUMENTG

NUMAL3DOCUMENTH
NUMAL3DOCUMENTH
NUMAL 3DOCUMENTH

NUMAL3DOCUMENTD
NUMAL3DOCUMENTOD
NOT YET AVAILABLE
NUMAL3DOCUMENTO

NUMAL3DOCUMENTE
NUMAL3DOCUMENTE
NUMAL3D0CUMENTE
NUMAL3DOCUMENTE
NUMAL 3DOCUMENTE
NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTF
NUMAL3DOCUMENTF
NUMAL3DOCUMENTF
NUMAL3DOCUMENTF
NUMAL3DOCUMENTF

NUMAL3DOCUMENTS
NUMAL3DOCUMENTS
NUMAL3DOCUMENTS8
NUMAL3DOCUMENTB
NUMAL3DOCUMENTB

NUMAL3DOCUMENTG
NUMAL3D0CUMENTG
NUMAL3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL 3DOCUMENTG
NUMAL3DOCUMENTG

NUMAL3DOCUMENTG
NUMAL3DO0CUMENTG

SKIPR

14
14

36
36

36

12
12
12
12
12
¥
12

16
16
16
16
16

34
34
34
36

®®o®



INDEX PROCEDURE CODE DESCRIPTION )
FILENAME SKIPR

3. 5. 1.KREAL MATRICES
1.8BIDIAGONAL MATKICES
QRISNGVALBID 34270 NUMAL3DOCUMENTH 10
QRISNGVALDECBID 34271 NUMAL3DOCUMENTH 10
2.FULL MATRICES
QRISNGVAL 34272 NUMAL3DOCUMENTH 12
QRISNGVALDEC 34273 NUMAL3DOCUMENTH 12
2.COMPLEX MATRICES
6. ZERUS OF PULYNOMIALS
1.ZEKUS OF OKTHOGONAL POLYNOM,
20P0 31360 NOT YET AVAILABLE
ZoP1 31361 NOT YET AVAILABLE
24bBY MEANS OF COMPANION MATRIX
3.ZERUS OF CUMPLEX POLYNUMIALS
COMKWD 34345 NUMAL3DOCUMENTD 24
4 «ANALYTIC EVALUATIUNS
1.EVAL. OF AN INFINITE SERIES
EULER 32010 NUMAL3DOCUMENTD 28
SUMPOSSERIES 32020 NUMAL3DOCUMENTE 16
2.QUADRATURE
1+ONE=DIMENSLONAL QUAURATURE
QADRAT 32070 NUMAL3DOCUMENTC 6
INTEGRAL 32051 NUMAL3DOCUMENTC 48
2eMULTIDIMENSIONAL QUADRATURE
TRICUB 32075 NOT YET AVAILABLE
3.6AUSSIAN WEIGHTS
GSSWGTO 31420 NOT YET AVAILABLE
GSSWGT1 31421 NOT YET AVAILABLE
3.NUMERICAL DIFFERENTIATION
5eNUN=-ALGEBRAIC EQUATIUNS
1.ANALYTIC EQUATIUNS
1oNON=LINEAR EQUATIONS
leA SINGLE EWUATION
ZEROIN 34150 NUMAL3DOCUMENTF 18
2.A SYSTEM OF EQUATIUNS
DAMPED NEwWTON 34200 NUMAL 3DOCUMENTB LY3
2.0PTIMIZATIUN
RNK1UPD 34211 NUMAL3DOCUMENTO 30
DAVUPD 34212 NUMAL3DOCUMENTD 30
FLEUPD 34213 NUMAL 3DOCUMENTD 30
LINEMIN 34210 NUMAL 3DOCUMENTD 30
RNKIMIN 34214 NUMAL3DOCUMENTD 30
FLEMIN 34215 NUMAL3DOCUMENTD 30
3.CUKRVE ANU SUKRFACE FITTING
SEE ALSO 7.
2.FUNCTIONAL EQUATIUNS
1.0IFFERENTIAL EQUATIONS
1+INITIAL VALUE PROBLEMS
1.,F1KST ORDER ORDINARY U,E.
1.NO DERIVATIVES RHS AVAILABLE
RK1 33010 NUMAL3DOCUMENTC 8
RK1N 33011 NUMAL3DOCUMENTC 10
RK&A 33016 NUMAL3DOCUMENTC 20
RK4&NA 33017 NUMAL 3DOCUMENTC 22

Se 2e le le le le RKSNA 33018 NUMAL3DOCUMENTC 24



INDEX

5 2e 1. 1. 1. le

2.JACOBIAN MATRIX AVAILABLE

SEE ALSO PRUC,
3«SEVERAL DERIVATIVES AVAILABLE

2.,5ECOND ORUER URDINARY D.E.
1.NO DERIVATIVES RHS AVAILABLE

2«SEVERAL UERIV. RHS AVAILABLE
3,PARTIAL DIFFERENTIAL EQUATIONS
2+BOUNDARY VALUE PROBLEMS
1.1w0 POINT B.V.P,
24 TWO=DIMENSTONAL BeVePo
3.MULTI=DIMENSIONAL BeVeP,
4 ,UVER=DETERMINED PROBLEMS

3.INVERSE PROBLEMS
2, INTEGRAL EWUATIONS

3,INTEGRO~ DIFFERENTIAL EUWS

44 DIFFERENCE EWUATIONS
54 CONVULUTION EQUATIONS
64FUNCTIUN EVALUATIONS
1aMATHEMATICAL CONSTANTS

2.PRYSICAL CONSTANIS
3.RANUOM NUMBERS

4oELEMENTARY FUNCTIONS
1« CIRCULAR FUNCTIOUNS

2.HYPERBOLIC FUNCTIONS

S+EXPONENTIAL INTEGRAL

6+4GAMMA FUNCTIONy ETC.
6. b‘

(542¢lelelel)

PROCEDURE

MULTISTEP
MODIFIED RUNGE KUTTA
EXPONENTIAL FITTED RUNGE KUTTA

EFSIRK
EFERK
LINIGER]
LINIGER2

MODIFIED TAYLOR
EXPONENTIAL FITTED TAYLOR

RK2
RK2N
RK3
RK3N

EULER NUMBERS
BERNQULLI NUMBERS

RANDOM
SETRANDOM

TAN
ARCSIN
ARCCOS

SINH
COSH
TANH
ARC SINH
ARC COSH
ARC TANH

EI
EI ALPHA

GAMMA

CODE

33080
33060
33070

33160
33120
33130
33131

33040
33050

33012
33013
33014
33015

35131
35132

30010
30011

35120
3512}
35122

35111
35112
35113
35114
35118
35116

35080
35081

35061

DESCRIPTION
FILENAME

NUMAL3DOCUMENTC
NUMAL3DOCUMENTC
NUMAL3DOCUMENTA

NUMAL3DOCUMENTC
NUMAL3DOCUMENTC
NUMAL3DOCUMENTD
NUMAL3DOCUMENTD

NUMAL3DOCUMENTC
NUMAL300CUMENTA

NUMAL3DOCUMENTC
NUMAL3DOCUMENTC
NUMAL3DOCUMENTC
NUMAL3DUCUMENTC

NOT YET AVAILABLE
NOT YET AVAILABLE

NOT YET AVAILABLE
NOT YET AVAILABLE

NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE

NUMAL3DOCUMENTA
NUMAL3DOCUMENTA
NUMAL3DOCUMENTA
NUMAL3DOCUMENTA
NUMAL 3DOCUMENTA
NUMAL3DOCUMENTA

NOT YET AVAILABLE
NOT YET AVAILABLE

NUMAL3DOCUMENTC

SKIPR

30
28
16

34
32

38

26
12

12
14
16
18

24
24
24
24
24
24

42



INDEX PROCEDURE
6. 6. RECIP GAMMA
LOG GAMMA
INCOMGAM
INCBETA
IBPPLUSN
IBQPLUSN
IXQFIX
IXPFIX
FORWARD
BACKWARD
7.ERROR FUNCTION, ETC,
ERF
8,LEGENDRE FUNCTIUNS
9.HESSEL FUNCTIONS OF INT. ORODER
1.BESSEL FUNCTIONS J AND Y
BESSELY
BESSELY
2.BESSEL FUNLTIONS I AND K
KO
KA
BESSELI
BESSELK
3.KELVIN FUNCTIONS
10.BLSSEL FUNCTIONS OF FRAC.ORUER
1.SPHERICAL HESSEL FUNCTIUNS
2.MOUSPHERICAL BESSEL FUNCTIONS
3.KICATTI=bESSEL FUNCTIONS
4,ATRY FUNCTIONS
AIRY
Al
BI
AIRYZEROS
1< INTERPOLATION & APPRUXIMATION
1« INTERRPULATION
NEWTON
2+ APPRUXIMATION
1 PREPARATORY PROCEDURES
INI
SNDREMEZ
2oNEAR MINIMAX APPROXIMATION
3.MINIMAX APPROXIMATION
MINMAXPOL

4,LEAST SQUAKRES APPROXIMATION
8 NUVMHER THEOKRY

VERSIUNI 74010)

CODE

35060
35062
35030
35050
35051
35052
35053
35054
35055
35056

35020

35100
35101

35040
35070
35102
35103

35140
35141
35142
35145

36010

36020
36021

36022

DESCRIPTION
FILENAME

NUMAL3DOCUMENTC
NUMAL3DOCUMENTC
NUMAL3DOCUMENTC
NUMAL3DOCUMENTE
NUMAL 3DOCUMENTE
NUMAL3DOCUMENTE
NUMAL3DOCUMENTE
NUMAL3DOCUMENTE
NUMAL3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTC

NUMAL3DOCUMENTA
NUMAL3DOCUMENTA

NUMAL3DOCUMENTB
NUMAL3DOCUMENTB
NUMAL3DOCUMENTA
NUMAL3DOCUMENTA

NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE
NOT YET AVAILABLE

NUMAL3DOCUMENTC

NUMAL 3DOCUMENTE
NUMAL3DOCUMENTE

NUMAL3DOCUMENTC

SKIPR

42
42
40
16
14
14
14
14
14
14

38

26
26

56
62

28
28

44

18
20

46



OBSOLETE PROCEDUKES

PROCEDURE CODE RETIREMENT EXPIRATION REPLACED BY

RNKSYM20 34100 730901 731201

SOLSYMZO 36101 730901 731201

RNKSOLSYM20 36102 730901 731201

[NVSYM2O 34103 730901 740101

RNKINVSYM20 34104 730901 740101

SULSYMHOM20 34105 730901 740101

RNKSYM10 34110 730901 740101

SOLSYMIQ 34111 730901 740101

RNKSOLSYM10 34112 730901 740101

INVSYMLO 34113 730901 740101

RNKINVSYMILO 34114 7130901 740101

VET 34050 730901 740101 DEC(3elslelelalel) sDETERM(3elelelelela?)
DETSOL 34052 730901 740101 DECSOL(3e¢lelelelele3)sDETERM.

DETInV 34054 730901 740101 DECINV(3slelelelele4d) sDETERM,

RNKELM 34060 730901 740101 GSSELM(3elelelelel,l)

RNKSOLELM 34062 730901 740101 GSSSOL(3eleleleleleld)

SOLHUM 34063 730901 740101 SINGULAR VALUE PROCEDURES (3.5)

INVELM 34064 730901 731201 GSSINV(3elelelelelas)

DETBND 34070 730901 740101 DECBND(3s1¢2elelelelel) sDETERMBND (34102010l elele2)
DETSOLEBND 3407¢ 730901 740101 DECSOLBND (3014241 0lelels3)yDETERMBND,
DETSYMZ 34080 730901 740101 CHLDEC2(3¢lelelele2el) sCHLDETERM2(3elelelelo2e2)
SOLSYMZ 34081 730901 740101 CHLSOL2(341elelele243)

DETSULSYMZ 34082 730901 740101 CHLDECSOL2(3elelelele2e3)9sCHLDETERM2,
INVSYMZ 34083 730901 740101 CHLINV2(3alelelele204)

DETINVSYM2 34084 130901 740101 CHLDECINV2(3slelelele2e4) s CHLDETERM2,
DETSYM] 340090 730901 740101 CHLOEC1(3el0lelele2el) sCHLDETERMI(3410s10ls1e262)
SOLSYMI 34091 730901 740101 CHLSOL1(3slelelele2e3)

DETSOLSYM] 34092 730901 740101 CHLDECSOL1(Jelelelelea2e3) sCHLDETERML
INVSYM] 34093 730901 740101 CHLINV1(3,1elels1,244)

DETINVSYM] 34094 730901 740101 CHLDECINV1(3elelelele2e4)sCHLOETERM]
DETSYMBND 34120 730901 740101 CHLDECBND (3e1e2slsle2elsl) sCHLOETERMBND,
SOLSYMBAD 34121 730901 740101 CHLSOLBND(301¢2elal024143)

NETSULSYMBEND 34122 730901 7640101 CHLDECSOLBND (341¢20101e24143) sCHLDETERMBND .
LSWUEC 34130 730901 740101 LSQORTDEC(3elel,2,101)

1.SQDECSOL 34133 730901 740101 LSQORTDECSOL (341e1020142)

ORIVALSYMTRI 34160 730925 740101 VALGRISYMTRI(343elelel)

VERSIONS 740101



Kwic_index to the library NUMAL of ALGOL 60 procedures in numerical

mathematics.

This key word in context (kwic) index is based upon only those procedures

whose full documentation was available on 1 december 1973.

Directions for use:
The kwic index is based upon program abstracts such as:

32070 ¢ 6 $qadrat ( $quadrature ) computes the $definite $integral of a

$function of one variable over a finite interval.

The first ten characters (32070 C 6") of each abstract are a code to
locate the procedure, while the remaining characters until a period com-
prise a short description of the program (its name, what it does, and
how it does it), only "important' words (preceded by a $ in the above
example) are used as key words in the kwic index.

The first appearance of our above example abstract in the kwic index is:

t ( quadrature ) computes the definite integral of a function of one

variable over a finite interval. 32070 C 6

If this program (qadrat) is of intefest, you can locate it as follows:
the first five digits give the number of the object code procedure in the
library file "NUMAL3". The next letter is to locate the documentation
file: "A" corresponds to file "NUMAL3DOCUMENTA", "B'" to file "NUMAL3DOCU
MENTB" etc.. The final number specifies the number of records to be skip-
ped on the documentation file in order to locate the documentation of the

particular program.

In case an entry in the kwic index is not completely readable (i.e.,
truncated at an end of the line), you can find a complete listing (by

code number) of all the abstracts following the kwic index.



HE NEW ROW ELEMENT OF MAXINUM
HAT MATRIX ELEMENT OF MAX|MUM
S| GEARS, ADAMS = MQULTON, CR
ING MULT|STEF METHODS; GEARS,
ELI"COMVECCCL

ELMCOMCOL

ELMCOMROVVEC

ELMVEC

eLMCOL

ELMVECCCL

ELMRCY

ELMCOLVEC

ELMVECROW

ELMROWVEC

ELMCOLROY

ELMROYCCL

MAXELHROW

EULER COMPUTES ThE SUM OF AN

NOM|AL (IN GRUNERT FORM) THAT
D FOR THiS MINIMAX POLYNOMjAL
FERENTIAL EWUATIONS USING THE
L VALUE PROBLEMS, GIVEN AS AN
L VALUE PROBLEMS, GIYEN AS AN
L VALUE PROBLEMS, GIVEN A5 AN
L VALUE PROGQLEMS, GIVEN A5 AM
LINE®MIN 4§ Al

RKKIUPD 15 AN

LAVUPD 1S AN

FLEUPD 15 AN

IXQF IX IS AN

IXPFIX 1S AN

FCRWARD 1S aN

BACKWARD 1S AN

INTL 1S AR

GSSERY 18 AM

GSSWR1 1S AN

COMBCL 18 AN

SAKSYMTR) 2
BAKSYMTR
BAKLBR
BAKREAUES]
BAKREAHES?
BAKHRITR !
BAXCOMHES
BAKLBRCOM

PERFORITS
FERFORMS
PERFCRI[1S
PERF GRS
PERFOR™MS
PERFOR:IS
PERFORNS
FERFORIIS

COMPUTES THE DETERMIMANT OF A
STEM OF LINEAR EQUATINNS WiTH
H SYMMETRIC POSITIVE DEFINITE
A SY'UMETRIC POSITIVE DEFIN!ITE

ABSMAXVEC COMPUTES THE IMFINITY NORM OF A VECTOR AND DELIVERS ThE INDEX FOB AN ELEMENT MAXINMAL IN MO
ABSOLUTE VALUE,

ABSCLUTE VALUE.

ADAMS - RASHFORTH METHON) WITH AUTOMATIC STEP AND ORDER CONTROL AND SUITABLE FOR THE INTEGRATICN OF

ADAMS = NMOULTON, DR 4DA1S m SASHFORTH METHOD; wITH AUTOMATIC STEP AND MRDER CONTROL AND SUITABLE FOR

ADPS A COMPLEX NUMBER TIMES A COMPLEX COLUMN VECTOR TO A COMPLEX VECTOR,

ADDS A COMPLEX NUMBER T|MES A COMPLEX COLUMN VECTOR TO ANOTRER COMPLEX COLYUMN VECTOR,
ADNS A COMPLEX NUMBER TIMES A COMPLEX VECTOR Tn A COMPLEX ROW VECTOR,

ADDS A SCALAR TIIIES a4 VECTOR TN ANOTHER VECTOR,

ADRS A SCALAR TINES COLUMN VECTOR TO ANOTHER COLUMN VECTOR,

ADDS A SCALAR TIMES a CNLUMN VECTOR Th A VECTOR,

ADDS A SCALAR TIHES A RNW VECTOR TO ANOTHER ROW VECTOR,

ADDS A SCALAR TIfES a VECTOR TO A COLUMN VECTOR,

ADDS A SCALAR TI{IES A RNW VECTOR TO A VECTOR,

ADPS A SCALAR TINES 4 VECTOR TO A RDw VECTOR,

ADLS A SCALAR TINES a RYW VECTOR TO A COLUMN VECTOR,

ADDS A SCALAR TIHES A CHLUMN VECTOR TN A ROW VECTOR,

ADDS A SCALAR TIMES a RNY VECTOR TO A ROW VECTOR, AND RETURNS THE SUBSCRIPT VALUE Of THE NEW RCW ELE
ALTERNATING SERIES,

APPROXINATES A FUNCTION GIVEM FOR DISCRETE ARGUMENTS; THE SECOND REMEZ EXCHANGE ALGORITHM (S USED FC
APPROX i MATION
ARC LENGTH AS INTEGRATION VARIABLE,
AUTONOMCUS SYSTE! OF FIQST ORDER DIFFERENTIAL
AUTOHNO-ICUS SYSTE{! OF FIQST ORDER DIFFERENT AL
AUTCHONMCUS SYSTEIl OF FIRST ORDER DIFFERENTIAL
AUTCHOACUS SYSTEN OF FI28T ORDER DIFFERENT AL
AUXIL1ARY PROCEDURE FOR OPT|™IZAT|ON,
AUXITLTARY PROCEDURE FOR OPTIMIZATION,
AUXILTARY PROCEDURE FOR OPTIMIZATION,
AUXIL1ARY PROCEDURE FOR QOPTIMIZATION,
AUXILIARY PROCEDURE FCR THE INCOMPLETE
AUX 1L 1'ARY PROCEPURE FOR THE INCOMPLETE
AUXIL1IARY PROCEDURE FOR THE INCOMPLETE BETA FUNCTION,

AUX 1L 1ARY PROCERURE FOR THE (NCOMPLETE BETA FUNCTION,

AUX1LLVARY PROCEDURE FQOR ™INMIMAX APPRNXIMATION,

AUXITLIARY PROCEPURE FOR THE SOLUTION OF LINEAR EQUATION WITH AN JPPER ROUND FCR THE ERROR,
AUX ILIARY PROCEDURE FOR THE TERATIVELY REFINMED 30QLUTION OF A SYSTEM OF LINEAR EQUATIONS,
AUXITLIARY PROCEDURE FOR THE COMPUTATIQN OF COMPLEX EIGENVECTORS OF A REAL MATRIX,

AACKYARD 1S AN AUXILIARY PROCEDURE FOR THE INCOMPLETE JETA FUNCTION,
3ACK TRAMSFORMAT | ON CORRESPONDING TO THE HMOUSEHOLDERS TRANSFORMATION

EXPONENTIALLY FITTED, EXPLICIT RUNGE

EXPONENTIALLY FITTED, SEMj - |MPLICIT
|PLICIT, EXPONENTIALLY FITTED, FIRST
JAPLICHT, EXPONENTIALLY FITTED, SECON

EQUATIONS, By AN
EQJATIONS, BY AN
EQUATIONS, BY AN
EQUATIONS, BY AN

BETA
BETA

FUMCTION,
FUNCTION,

AS PERFORMED BY TFMSYWTRID,

JACK TRAMSFORMATION CORRESPOMNDING TO THE HOUSEHOLDERS TRANSFORMATION AS PERFNORMED BY TFMSYMTRIZ,
JACK TRANSFORMATION CORRESPONMDING TO THE EQUIL(BRATION AS PERFORMED 8y ENILBR,

AACK TRAMSFORMAT I Oh CORRESPONMDING TO THE WILKINSON TRANSFORMAT{Ou AS PERFORMED dY TFMREAHES, ON A VE
3ACK TRAMSGFORMATION CORRESPONDING TO THE W{LKINSON TRANSFORMAT|OM AS PERFORMED B8Y TFMREARES, ON THE
BACK TRANSFORMATION CORRESPONDING TO ASHHRMTR',

3ACK TRANGFORMATION CORRESPONDING TO -SHCOMHES,

3ACK TRANSFORMATION CORRESPONDING TO THE EQUILIBRAT{ON AS PERFORHED By EQILBRCOM,

JAKCOMHES PERFORIS THE 7JACK TRANSFORMATION CORRESPONDING TN HSHCOMHES,

JAKKRAMTR| PERFOR{IS THE JACK TRANGFORMATION CORRESPONDING TO HSHHRMTRI,

3AKLARCCHM PERFORIIS THE S[ACK TRANSFORMATION CORRESPOND|ING TO THE EQUILIRRATICN AS PERFORMED By EQILBR
JAKLAR PERFORMS THE 8ACK TRANSFORMATIQON CORRESPONDING TO THE EOUILIBRATION AS PERFORMED By EQILBR,
BAKRCA4ES] PERFCRMS THE BACK TRANSFORMATION CORRESPONDING TO THE WILKINSON TRANSFORMATION AS PERFORM
3AKREAAESR PERFCRMS THE SACK TRANSFORMATION CORRESPONDING TO THE WI(LKINSON TRANSFORMATION AS PERFORM
JAKSYMTRI, PERFCRMS THE BACK TRANSFORYAT|ON CORRLSPONDING TO THE HOUSEMOLDERS TRANSFORMATICN AS PERF
3AKSYMTR|2 PERFCRMS THE RACK TRANSFORIAT ON CORRESPONDING TO THRE HOUSEHOLDERS TRANSFORMATION AS PERF
SAND MATRIX, WhHICH HaS AEEN DECOMPOSED BY DECBND,

BAND MATRIX, WHICH |8 DECOMPOSED BY DECBHND,

JAND MATRIX, WHICH Ha§ 4EEN DECOMPOSED BY CHLDECBND,

3AHD MATRIX AND SOLVES THE SYSTEM OF [ INEAR EOUATIONS 3Y THE

CHOLESKY METHND,

21060
34025
34230
33080
33080
34376
34377
34378
34020
24023
34021
34024
34022
34026
34027
34029
34028
34025
32010
36022
36022
33018
33120
33160
33130
33131
24210
34211
34212
34213
35053
35054
25055
35056
36020
34242
24252
34193
35056
34141
34444
34174
34471
34172
34365
34367
34362
34367
34365
34362
34174
34171
34172
34144
34141
34321
34071
34332
34333
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TRIANGULAR DECOMPOSITION OF A
RFORMS THE DECOMPOSITION OF A
, ADAMS - MOULTON, OR ADAMS <
SOLSVDUID CALCULATES TFE
SOLUND CALCULATES THE

CBETA COMPUTES THE [NCOMPLETE
PLUSN COPUTES THE INCOMPLETE
PLUSN COMPUTES THE INCOMPLETE
N OF A REAL MATRIX OF WHICH A

TRANSFORMS A REAL MATRIX INTO
ID TO TRANSFORM A MATRIX [INTO
ID TO TRANSFORM A MATRIX INTO

THE SINGULAR VALUES OF A REAL
ED TAYLOR SOLVES AN INITIAL ¢
NGE KUTTA SOLVES AN INITIAL (
UAT|ONS AND COMPUTES AN UPPER
ERSE OF A MATRIX AND AN UPPER
REF INED SOLUTION AND AN UPPER

ERBELM COMPUTES AN UPPER
RMS

A COVMPLEX NUMBER GIVEN N

NEAR EQUATIONS ) COMPUTES
NEAR EQUATIOQHNS ) COMPUTES
SITIVE DEFINITE MATRIX BY
EM OF LINEAR EQUATIONS bv
EM OF LINEAR EQUATIONS BY
EM OF LINEAR EQUAT QNS BY
CHLDEC{INVZ2 COMPUTES, §v
CHLDECINV1 COMPUTES, ©BvY TKE

L ELEMENTS AnND SQUARES OF THE
INISYMD INITIALIZES A

LIZES (PART OF) A DIAGONAL OR
ADRATIC EQUATION ¥WITH COMPLEX
NEWTON DETERIVINES ThE
MINMAXPOL DETERININES THE

T’-E
THE
THE
THE
THE
THE
THE

TES THE SCALAR PRODUCT OF
INTERCHANGES ELEMENTS OF
ARY ROTATION OPERATION ON
R PRODUCT OF A ROW VECTOR AND
ELEMENTS OF A ROW VECTOR AND
PUTES THE SCALAR PRODUCT OF A
MULCOL NMULTIPLIES A

COLCST MULTIPLIES A

TwO
TwO
TwO

BAND MATRIX BY GaUSSIAN ELIMINATION,

BAMD MATRIX BY GAUSSIAN ELIMINATION AND SOLVES THE SYSTEM OF LINEAR EQUATIONS,

3ASHFORTH METHOD; WITH AUTQMATIC STEP AND ORDER CONTROL AND SU|TABLE FOR THE INTEGRATION OF STIFF DI
3EST LEAST SQUARES SULUTION OF A UNDERDETERMINED SYSTEM OF LINEAR EQUATIONS, PROVIDED THAT THE SINGY
3EST LEAST SQUARES SOLUT|ON OF A UNDERDETERMINED SYSTEM OF LINEAR EQUATIONS BY MEANS OF SINGULAR VAL
3ETA FUNCTION 1(X,P,Q),0<=X<=1,P50,Q»5,

9ETA FUNCTION 1(X,P#i,0),0¢=X<el,P>0,Qx0, FOR N=zU(1)NMAX,

BETA FUNCTION 1 (X,P,0sN),0¢=X<c=1,P>0,950, FOR N=zU({1)NMAX,

31DVAGONAL DECOMPOSITION IS GIVEN, BY MELNS OF AN IMPLICIT QGR=ITERATIOM,
31DIAGONAL FORM BY MEANS OF HOUSENMOLDER TRANSFORMATION,

JIDPAGONAL FORM,

3iDIAGONAL FORM,

3IDIAGONAL MATRIX BY MEANS OF IMPLICIT QRw=|TERATICON,

3O0UNDARY ) VALUE PROBLEY, GIVEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS,
SOUNDARY ) VALUE PROBLEY, GIVEN AS A SYSTEM OF F|RST ORDER ( NONaLINEAR ) DIFFERENTIAL EQUAT)ONS,
30UND FCR TS ERROR,
3CUND FCR TS ERROR,
SO0UND FCR |TS ERROR,

BY A ONE~STEP TAY
BY

OF A SYSTEM OF LINEAR EQUATIONS, OF WHICH THE TRIANGULARLY DECOMPOSED FORM OF T
BCUND FCR THE ERROR IN THE SOLUTION OF A SYSTEM OF LINEAR EQUATIONS,

CARPOL TRAMSFORMS A COMPLEX NUMBER GiVEN |N CARTES{AN COORDINATES INTO POLAR COORD|NATES,

CARTES |AN COORDINATES 1°1TO POLAR COORD|NATES,

CHLDECT ( LINEAR EQUATIONS ) COMPYTES THE CHOLESKY DECOMPOSITION OF A SBYMMETRIC POSITIVE DEFINITE MA
CHLDEC?2 ( LINEAR EQUATIONG ) COMPUTES THE CHOLFESKY DECOMPOSITION OF A SYMMETRIC POS|TIVE DEFINITE MA
CHLOECHBND PERFORLIS THE TRIANGULAR DECQMPOSITION OF A SYMMETRIC POS|TIVE DEFINITE MATRIX BY THE CHOLE
CHLDECINVL COMPUTES, BY THE CHOLESKY “ETHOD, THE INVERSE OF A SYHMMETRIC POSITIVE DEFINITE MATRIX, ST
CHLDECINV2 COMPUTES, BY THE CHOLESKY METHOD, THE [INVERSE OF A SYWMETRIC POSITIVE DEFINITE MATR1X, ST
CHLDECSCLY SOLVES A SYMHETRIC POSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS BY THE CHOLESKY VETROD, T
CHLDFCSCL? SOLVES A SYMMETRIC POSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS BY ThHE CHNOLESKY VETFOD, T
CHLDECSCLSND PERFORNS THE DECOMPOSITION OF A SYMMETRIC POSITIVE DEFINITE BAND MATRIX AND SGLVES THE
CHLDETERMY COMPLTES THE DETERMINANT OF A SYMMETRIC POSITIVE DEFINITE MATRIX, WHICH HAS BEEN DECOMPOS
CHLDETERM2 COMPUTES THE DETERMINANT OF A SYMMETRIC POS|TIVE DEFINITE MATRIX, WHICH HAS BEEN DECOMPOS
CHLDETERMBND COMPUTES T+HE DETERM|NANT OF A SYMMETRIC POSITIVE DEFINITE MATRIX, WHICH HAS BEEN DECOWMP
CHL INV] COMPUTES THE INVERSE OF A SYMMETRIC POSITIVE DEFINITE MATRIX WHICH HAS BEEN DECOMPCSED BY CHK
CRLI1V2 COMOPUTES THE INVERSE OF a SYMMETRIC PQSITIVE DEFINITE MATRIX WHICH HAS BEEN DECOMPOSED BY Ch
CHLSOLY SOLVES A SYNIIETRIC POSITIVE DEFIN|TE SYSTEM OF LINFAR EQUATIONS, THE MATRIX 3EING DECOVMPOSED
CHLSOL? SOLVES A SYMNETR|C POSITIVE QEFINITE SYSTEM OF LINEAR EQUATIONS, THE MATRIX BEING DECOVMPOSED
CHLSOLIND SOLVES A SYSTEM OF LINEAR EQUATIONS wiTh SYMHMETRIC POSITIiVE DEFINITE BAND MATR|X, WHICH HA
CHOLESKY DECOMPCSITION OF A SYMMETRIC POSITIVE DEFINITE MATRiX, STORED IN A TWO~DIMENSIONAL ARRAY,
CHOLESKY DECOMPCSITIONM NF A SYMMETRIC POSITIVE DEFINITE MATRIX, STORED COLUMNWISE |N A ONE=DIMENS|CHN
CHOLESKY METHQD,
CHOLESKY METHQOD,
CHOLESKY METHOD,
CHROLESKY METHOD,
CHROLESKY METHQD, THE

MATRIX BEING STORED !H A TWO=DIMENS|ONAL
MATRIX REING STORED 'N A ONE=DIMENS|ONAL
INVERSE OF A SYMHETRIC POSITIVE DEFINITE MATRIX, STORED IN A TWO-DIMENSIONAL AR
CHOLESKY METHOD, THE INVERSE OF A SYMMETRIC POSITIVE DEFINITE MATRIX, STORED N A ONE-DIMENSIONAL AR
CODIAGONAL ELEMENTS OF & HERMITIAH TRIDIAGONAL MATRIX WHICKR 1S UHITARY SIMILAR TO A GIVEN FERMIT(AN
COL'IAGONAL OF A SYMMETRIC MATRIX WITH A CONSTANT,

CODIAGONAL WITH 4 CONSTANT,

COEFFICIENTS,

COEFF|CIENTS OF THE NEWTON INTERPOLATION POLYNOMIAL FOR GIVEM ARGUMENTS AND FUNCTION VALUES,
COTFTICIENTS OF THE POLVHOMIAL (IN GRUNERT FORM) THAT APPROX|MATES A FUNCTION GIVEN FOR DISCRETE ARG
COLCST MULTIPLIES A COLUMN VECTOR BY A SCALAR,

COLU'N VECTORS,

COLUIMN VECTORS,

COLUMN VECTORS,

COLUMN VECTOR,

COLUMN VECTOR,

CCLUMN VECTOR AND VECTOR,

COLUMN VECTOR By A SCALAR,

COLUMN VECTOR BY A SCALAR,

THE
THE

ARRAY,
ARRAY,

34320
34322
33060
34282
34283
35050
35051
35052
34271
34260
34261
34202
34270
33040
33060
34243
34244
34253
34241
34344
34344
34311
34310
34330
34403
34402
34393
34392
34333
34313
34312
34331
34401
34400
34391
34390
34332
34310
34311
34330
34333
34392
34393
34402
34403
34364
31013
31012
34345
36010
36022
31131
34014
34031
34040
34013
34033
34012
31022
311381
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OMCOLCST MULTIPLIES A COMPLEX
DUPVECCOL COPIES (PART OF) A
ELMCOL ADDS A SCALAR TIMES A

MYECCOL ADDS A SCALAR TIMES A

MROWCOL ADDS A SCALAR TIMES A

MPUTES THE ERROR FUNCTION AND
ION WITH COMBINED PARTIAL AND
{ON WITH COMBINED PARTIAL AND
OF A QUADRATIC EQUATION VITH
ADDS A COMPLEX NUIIBER TIMES A
ADDS A COMPLEX NUI'BER TIHMES A
Ol PERFORMS A ROTATION ON TwO
COMCOLCST FMULTIPLIES A

PLIES A COMPLEX MATRIX WITH
COMPUTES ALL EIGENVALUES CF
NVECTORS AND EIGEMVALUVES CF
PUTES THE EUCLIDEAM HORi: GF
M NORMALIZES THE COLUINNS CF
HSHCOMHES TRANSFURKS
EQILBPCOM TRAISFORWS A

COMMUL MULTIPLIES TrO
COMPUTES THE QUOTIENT OF TvO
ABS COMPUTES THE moCULUS OF A
COMPUTES THE SQUARE ROOT CF A
CARPOL TRAHSFORMS A
ELNCOMVECCOL ADDS A

ELMCOMCOL ADDS A

ELMCOMROWVEC ADDS A

OW PERFORMS A ROUTATIGN On TwO
COMROWCST [ ULTIPLIES

PUTES THE SCALAR PRQDUCT OF
COMPUTES ALL EIGEMVALUES CF
NVECTORS AND EIGEMVALUES CF
ADDS A COMPLEX NUNMBER TIMES
HSHCOMCOL TRAMSFORMS

»>>r > >

> >»>r >

AR EQUATIONS BY THE METHOD CF

AN MATRIX AND AUTOMATIC STEP
WITH AUTOMATIC STEP AND 0ORDER
TESIAN COORDINATES INTH POLAR
LEX NUMBER GIVEN (N CARTESIAN

DUPVEC
DUPVECRCWY
DUPROWVEC
DUPVECCCL
DUPCOLVEC

DUPMAT
MATRiX BY

RDECOMPOSITION OF A

COLUNN VECTOR BY A COMPLEX NUMBRER,

COLUNMN VECTOR TO A VECTOR,

COLUMN VECTOR TC ANDTHER COLUMMN VECTOR,

COLUMN VECTOR TC A VECTOR,

COLUMN VECTOR TQ A ROy VECTOR,

COMADRS COMPUTES THE MODULUS OF A COMPLEX NUMBER,

CONCNLCST MULTIPLIES A GOMPLEX COLUMN VECTOR BY A COMPLEX NUMBER,

COMDIV COMPUTES THE WUOTIENT OF TWD COMPLEX NUMBERS,

COMEUCNRM COMPUTES THE EUCLIDEAN NORM OF A COMPLEX MATRIX,

CONKVD COMPUTES THE ROOTS OF A QUADRATIC EQUATION WITH COMPLEX COEFFICIENTS,
CCMMATVEC COMPUTES THE SCALAR PRODUCT OF A COMPLEX RO¥ VECTOR AND A COMPLEX VECTOR,
cOnMUL MULTIPLIES TWO COMPLEX NUMBERS,
COMPLEMENTARY ERROR FUNGTIOM FOR A REAL ARGUMENT;
COMPLETE PIVOTING,

COMPLETE PIVOTING,

CONPLEX CCEFFICIENTS,

CONPLEX COLUMN VECTOR TN A COMPLEX VECTOR,
COMPLEX COLUMN VECTOR TO AMOTHER COMPLEX COLUMN VECTOR,

COMPLEX COLUMN VECTORS,

CCUPLEX COLUNMN VECTOR BY A COMPLEX NUMBER,

CONPLEX HOUSEHOLDER NATRIX,

COMPLEX MATRIX,

COIMPLEX MATRIX,

COI'PLEX 1MATRIX,

CONPLEX HATRlx,

COMPLEX MATRIX INTO a SIMILAR UNITARY UPPER HESSENBERG MATRIX WITH A REAL MON-NEGATIVE SUBDIAGCNAL,

THESE FUNCTIQNS ARE RELATED TO THE NORMAL OR GAUSS

COIPLEX MATRIX (HTO a Si™{LAR EQU|L!BRATED COMPLEX MATRIX,

COPPLEX NUMBERS,

CCMPLEX NUMBERS,

CCIMPLEX NUMBER,

COMPLEX NUMBER,

CCMPLEX MUMBER GIVEN IN CARTESIAN COORDINATES [NTO POLAR CNORDINATES,
COMPLEX HUMBER TIMES 4 COMPLEX COLUMN VECTOR TO A COMPLEX VECTOR,
COMPLEX MUMBER TIMES ¢ COMPLEX COLWMN VECTOR TO ANOTHER COMPLEX COLUMN VECTOR,
COMPLEX NUMBER TIMES [ COMPLEX VECTOR TO A COMPLEX ROW VECTOR,
CCHPLEX RO VECTORS,

COMPLEX ROw VECTOR HY A COMPLEX NUMBER,

COMPLEX ROY VECTOR AWL A COMPLEX VECTOR,

COMPLEX UPPER HESSENHERG MATRIX WITH A REAL SUBDIAGONAL,

COMPLEX {PPER HESSENuKRG MATRIX WITH A REAL SUBDIAGONAL,

COMPLEX VECTOR TO A COMPLEX ROW VECTOR,

COMPLEX VECTOR IHTO A VECTOR PROPORTIONAL TO A UNIT VECTOR,

COMROWCST MULTIPLIES 4 COMPLEX ROW VECTOR BY A COMPLEX NUMBER,

COMSCL 1S AN AUXILIARY PROCEDURE FQR THE COMPUTATION OF COMPLEX EIGENVECTORS OF A REAL MATRIX,
COMSQART COMPUTES THE Y9OQUARE ROOT OF A COMPLEX NUMBER,

COMVALQRI CALCULATES THE REAL AND COMPLEX EIGENVALUES OF A REAL UPPER HESSENBERG MATRIX BY MEANS OF
COMVECHES CALCULATES THE E[GENVECTOR CORRESPONDING TO A GIVEN COMPLEX EI(GENVALUE OF A REAL UPPER HES
COMJUGATE GRADIENTS,

COHJ GRAD SOLVES A SYHMETRIC AND POS|TIVE DEFINITE, SYSTEM OF LINEAR EQUATIONS B8Y THE METHOD OF CONJ
COMTROL; SUITABLE FOR IMTEGRATION OF §TIFF DIFFERENTIAL EQUATIONS,

CONTROL AND SUITABLE FOR THE iNTEGRATION OF ST|FF DIFFERENTIAL EQUATIONS,

COORD I NATES,

COORDINATES INTO POLAH COORDINATES,

COPIES (PART OF) A VECTOR TO A VECTOR,

COFIES (PART QF) A ROWw VECTOR TO A VEGTOR,
COPIES (PART OF) A VECTOR TO A ROW VECTOR,
COPIES (PART OF) A COLUMN VECTOR TO A VECTOR,
COPIES (PART QF) A VECTOR TO A COLUMN VECTOR,
CCPIES (PART QF) A MATRIX TO (AN OTHER) MATR!X,

CROUT FACTORIZAT!ON ViT4 PARTIAL PIVOTING,

34352
31033
34023
34021
34028
34340
34352
24342
34359
34345
34354
34341
35020
34231
34232
34345
34376
34377
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34352
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J4341
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34376
34377
34378
24358
34353
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34378
34355
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34193
34343
34190
34491
34220
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33080
34344
34344
21,030
31031
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34300



SYSTEM OF LINEAR EQUATIONS RY

ATR|X, PROVIDED THAT THE UipU
ECBND PERFORMS THE TRIANGULAR
DECSOLBND PERFORMS THE

ECBND PERFORIMS THE TRIANGULAR
CHLDECSOLBND PERFORMS TRE

DEC PERFORMS THE TRIANGULAR
SSELM PERFORIS THE TRIANGULAR
TIONS ) COMPUTES THE CHCLESKY
TIONS )y COMPUTES THE CHOLESKY
TES, WITHOUT PIVOTING, THE LU
WITH PARTIAL PIVOTING, THE LU
DECSYMTR! CALCULATES THE U'DU

ECOMPOSITION AS CALCULATED BY

LVES A SYMMETR{C AND PNS|TIVE
T ( QUADRATURE ) COMPUTES THE
L ( QUADRATURE ) COMPUTES TrE

COMPUTES
CONMPUTES
COMPUTES
COMPUTES
COMPUTES

THE
THE
THE
THE
THE

DETERMBND
CHLDETERMBND
DETERM
CHLDETERMZ
CHLDETERM]

LSADGLINV COIPUTES

ARES PROBLEM AND COMPYUTES
SHHRMTRIVAL DEL!VERS THE
IMATD IN|TIALIZES (PART
IMIZATION ) HINIMIZES &
1A1ZATION ) MINIMIZES &
1 SOLVES A SINGLE FIRST
OLVES A SYSTEM CF FIRST
RK?2 SOLVES A E£ECOND
LVES A SYSTEM™ OF SECOMD
RK3 SOLVES A SECOND ORDER
LVES A SYSTEH OF SECOND ORDER
RK4A SOLVES A SINGLE

RK4NA SOLVES A SYSTElk CF
OLVES A SYSTEM CF FIRST ORDER
EN AS A SYSTEM OF F|RST ORDER
SYSTEMS ARI!SING FROM PART AL
OF FIRST ORDER ( MOM~LINEAR )
EN AS A SYSTEM OF FIRST OR[LER
FOR THE INTEGRATION OF STIFF
ONOMOUS SYSTEM OF FIRST ORDFR
ABLE FOR INTEGRATION OF STIFF
ONOMOUS SYSTEM OF FIRSY OREER
ABLE FOR INTEGRATION OF STIFF

THE
THE
A
OoF ) A
GIVEH
GYVE®M
CRDER
OKDER
ORDER
OFDFR

CROUT FACTCRIZATION W T+ PARTIAL PIVOTING,

DAVUPD 18 AN AUXILIARY PROCEDURE FOR QPT|M|ZAT|ON,

DECEND PERFORMS THE TRIANGULAR DECOMPOSITION OF A BAND MATRIX BY GAUSSIAN ELINMINATION,
DECINV COMPUTES THE INVERSE OF A MATRIX,

DECOMPOSITION 1S GIVEN,
DECCMPOSITION CF A 3aND MATRIX BY GAUSSIAN ELIMINATION,

DECCMPOSITION OF A HaND MATRIX BY GAUSSIAN ELIMINATION AND SOLVES THE SYSTEM OF L INEAR EQUATIONS,
DECCMPOSITION OF A SYMMETRIC POSITIVE DEFINITE MATRIX BY THE CHOLESKY METHOD,

DECOMPOSITION OF A SYMMETR|C POSITIVE DEF|NITE BAND MATRIX AND SOLVES THE SYSTENM OF LINEAR EQUATIONS
DECCMPOSITION GF A MaTRIX BY CROUT FACTOR|ZATIiON WITH PARTIAL PIVOTING,

DECCMPOSITION OF A MATRIX BY GAUSSIAN ELIMINAT|ON WITH COMBINED PARTIAL AND COMPLETE PIVOTING,
DECCMPOSITION OF A SYMMETRIC POS|TIVE DEFIMITE MATRIX, STORED |N A TWO=DIMENSIONAL ARRAY,
DECOMPOSITION OF A SYMMETRIC POSITIVE DEFINITE MATRIX, STOPED COLUMNWISE IN A ONE~DIMENS|ONAL ARRAY,
DECOMPOSITION OF A TRIDIAGONAL MATRIX,

DECOMPOSITION OF A TRIDIAGONAL MATRIX,

DECOMPOSITION OF A SYMMETRIC TRIDIAGONAL MATRIX,

DECSOLBND PERFORIIS THE NECOMPOSITION OF A BAND MATRIX 3Y GAUSS|IAN ELIMINATICN AND SOLVES THE SYSTEWM
NDECSOLSYMTRI SOLVES A SYSTEM OF L iNEAR EQUATIONS WiTH SYMMETRIC TRIDIAGOMAL COEFFICIENT MATRIX,
DECSOLTRIPIV SOLVES WITH PARTIAL PIVOTING A SYSTEM OF LINEAR EQUATIONS WITH TRIDIAGOMAL COEFFICIENT
DECSOLTR| SOLVES A SYSTEM OF LINEAR EQUATIONS wiTh TRIDIAGONAL COEFFICIENT NATRCX,

DECSOL SOLVES A SVSTEM OF L INEAR EQUATIONS BY CRDUT FACTORIZAT|On WI1TH PARTIAL PIVOTING,

DECSYMTRI CALCULATES THE U'DU DECOMPOS|TION OF A SYMMETRIC TRIDIAGONAL MATRIX,
DECTR!P!V CALCULATES, WITH PARTIAL PIVOTING, THE LU DECOMPOS|T|ON OF A TRIDIAGONAL
DECTRIPIV 1S GIVEN,

DECTR! CALCULATES, “iTHOUT PIVOTING, THE LU DECOMPOSIT{ON OF A TRIDIAGONAL MATRIX,
DEC PERFORMS THE TRIANGILAR DECOMPOSITION OF A MATRIX 13Y CROUT FACTORIZATION wiTH PARTIAL PIVOTING,

MATRIX,

DEFINITE, SYSTEM OF LINEAR EQUATIOMS AY THE METHOD OF COMJUGATE GRADIENTS,
DEFINITE INTEGRAL OF A FUNCT{ON OF ONE VAR|ABLE OVER A FINITE |NTERVAL,
DEFINITE INTEGRAL OF A FUNGTION OF ONE VARIABLE OVER A FINITE OR INFINITE (NTERVAL OR OVER A NUMBER

DETERMBNDR COMPUTES THE NDETERMINANT OF A BAND MATRIX, WHICH HAS BEEN DECOMPOSED BY DECBND,
DETERMINANT OF A BAND MATRIX, WHICH HAS BEEN DECOMPOSED BY DECBND,

DETERMINANT OF A SYMMETRIC POS|TIVE DEFINITE MATRIX, WHICH HAS BEEN DECOMPOSED BY CHLDECBNC,

DETERM|NANT OF A MATRIX PRQVIDED THAT THE MATRIX HAS BEEN DECOMPQSED BY DEC OR GSSELM,
DETERMINANT OF A SYNHETRIC POS!TIVE BEFINITE MATRIX, WwAICH hAS BEEN DECOMPOSED BY CHLDEC2,
DETERMINANT OF A SYHMMETRIC POS!TIVE DEFINITE MATRIX, wilICH HAS BEEN DECOMPOSED EBY CHLDECH,

DETERN COMPUTES THE UETERMINANT OF A MATRIX PROVIDED TH{AT THE MATRIX HAS BEEN DECOMPOSED B8Y DEC OR 6
DIAGONAL ELEMENTS OF THE (NVERSE OF MI¥ (M COEFFICIENT MATRIX) OF A LiMEAR LEAST SQUARES PRCBLEM,
DIAGONAL ELEMENTS OF THE (NVERSE OF MIiM (M COEFFICIENT MATRIX),
DIAGONAL ELEMENTS AJdL SAUARES OF THE CODIAGOMNAL ELEMENTS OF A HERM|TIAN
DIAGONAL QF CODIAGCNAL “1TH A CONSTANT,

DIFFERENTIABLE FuNCTiOM OF SEVERAL VARIABLES BY A VARJABLE METRIC METHOD,
DIFFERENTIABLE FUNCTIOM OF SEVERAL VARIABLES BY A VAR|ABLE METRIC METHOD,

TRIDIAGCNAL MATR|IX WHICH IS

DIFFERENTIAL EGUATION USING A S«TH ORDER RUNGE KUTTA METHOD,
DIFFERENT AL EGUATIONS SIHG A SeTH ORDER RUNGE KUTTA "ETHOD,
DIFFERENT AL EGUATION USING A S=TH ORDER RUNGE KUTTA METHOD,

JSING A SeTH ARDER RUNGE KUTTA HMETHOC,
EQGUATION USING A H5=TH ORDER RUNGE KUTTA METHOD;

EQUATIONS "ISING A SaTH ORDER RUNGE KUTTA “ETKOD;
EQUATION BY SQMETIMES USING A DEPENDENT VARIABLE AS
EQUATIONS AY SOMETIMES USING THE DEPENDENT VARIABLE AS

DIFFERENT AL
DIFFERENTIAL
DIFFERENT &L
DIFFERENT { AL
DIFFERENT AL

EQUATINNS

NG DERIVATIVES ALLOWED ON RIGHT HAND S|
NO DERIVATIVES ALLOWED ON RIGKHT FAND §

INTEGRAT ION VARIABLE,

INTEGRAT!ON VARIABLE,

DIFFERENTIAL EQUATIOQONS 1SING THE ARC LENGTH AS INTEGRATION VAR{|ABLE,
DIFFERENTIAL EQUATIONS, BY A ONE«STEP TAYLOR METHOD; THIS METHOD (S PARTICULARLY SUITABLE FCR THE IN
DIFFERENT 1AL EQUATIONS, PROQVIDED ®IGHER ORDER DERIVATIVES CAN BE EASILY OBTAINED,

DIFFERENTIAL EGUATIONS, BY A STABIL{ZED RUNGE KUTTA METHOD WITH L!MITED STORAGE REQUIREMENTS,

DIFFERENTIAL EQUATIONS, BY ONE OF THE FOLLOWING “ULTISTEP METHODS! GEARS, ADAMS = MOQULTON, GR ADAMS
DIFFERENTIAL EQUATIONS,

DIFFERENTIAL EQUATIONS, B8Y AN EXPONENTI|ALLY FITTED, EXPLICIT RUNGE KUTTA METHCD WHICH USES THE JACOB
DIFFERENT 1AL EQUATINNS,

DIFFERENT 1AL EGUATIONS, By AN EXPONENTIALLY FITTED, SE™MI = IMPLICIT RUNGE KUTTA METHOD; SUITABLE FOR
DIFFERENT AL EGUATINNS,
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32051
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31012
34214
34215
33010
33011
33012
33013
33014
33015
33016
33017
33018
33040
33040
23060
33080
23080
33420
33120
33160
33460

E
D
€
E
H
E
E
E
E
E
E
F
F
H
H
H
E
H
H
H
E
H
H
]
H
E
C
C
C
E
E
E
£
F
F
E
4
E
G
D
D
o]
c
C
C
C
C
C
4
C
C
c
[
C
c
[«
C
C
4
c



ONOMOUS SYSTEM OF FIRST
ABLE FOR INTEGRATION QF
ONOMOUS SYSTEM OF FIRST
ABLE FOR INTEGRATION OF
LNGVECVEC
LNGMATVEC
LNGTAMVEC
LNGMATMAT
LNGTAMMAT
LNGMATTAM
LNGSEQVEC
LNGSCAPRD1
LNGSYMMATVEC

ORDER
STIFF
ORDER
STIFF
COMPUTES IN
COMPUTES N
COMPUTES 1IN
COMPUTES 1IN
COMPUTES IN
COMPUTES |N
COMPUTES IN
COMPUTES 1IN
COMPUTES N

UTES ALL,
UTES ALL,

OR SOME CONSECUTIVE
OR SOME CONSEQUTIVE
QRISYM COMPUTES ALL
REAQR| CALCULATES THE

TES ALL, OR SOME CONSECUTIVE,
VALQRISYHMTR! COMPUTES AlL
COMPUTES ALL EIGENVECTORS AND
UTES ALL, OR SOME CONSECUTIVE
UTES ALL, OR SOME CONSECUTIVE
QRIVALSYML COMPUTES ALL
QR|VALSYM2 COMPUTES ALL
REAVALQR! CALCULATES THE
LCULATES THE REAL AND COMPLEX
EIGVALHPM COMPYTES ALL
COMPUTES ALL EIGENVECTORS AND
QRIVALHRM COMPUYTES ALL
COMPUTES ALL EIGEKVECTORS AND
EIGVALCONM COMPUTES ALL
COMPUTES ALL E(GENVECTORS AND
VALQR!ICOM COMPUTES AlL
COMPUTES ALL EIGENVECTORS AND
CORRESPONDING TO A GIVEN REAL
RESPONDING TO A GIVEN COMPLFX
QRISYMTR! COMPUTES ALL

EIGHRM COMPUTES ALL

QRIHRM COMPUTES ALL

EI1GCOM COMPUTES alL

QRICOM COMPUTES ALL

VECSYMTRI COMPUTES

E CONSECUTIVE EIGENVALUES AND
E CONSECUTIVE E!GENVALUES AND
COMPUTES ALL EIGENVALUES AKND
ALCULATES THE EIGENVALUES AND
REAVECHES CALCULATES TkE
COMVECHES CALCULATES TKE

DIFFERENTIAL EQUATIONS, FIRST ORDER ONE=STEP METHOD WITH NO AU
DIFFERENTIAL EQUATIONS,
DIFFERENTIAL EQUATIONS,
DIFFERENT AL EQUATIONS,
DOUBLE PRECISION THE §CALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECISICN THE SCALAR
DOVEBLE PRECISION THE SCALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECISION THE SCALAR PRODUCT OF
DOUBLE PRECISION THE SCALAR PRQDUCT OF
DUPCOLVEC COPIES (PART OF) A VECTOR TOQ A COLUMN VECTOR,

DUPMAT COPIES (PART OF) A MATRIX TO (AN OTHER) MATRIX,

DUPROWVEC COPIES (PART OF) A VECTOR TQ A ROW VECTOR,

DUPVECCCL COPIES (PART 2F) A COLUMN VECTOR TO A VECTOR,

DUPVECRCW COPIES (PART 2F) A ROW VECTOR TO A VECTOR,

DUPVEC COPIES (PART OF) A VECTOR TO A VECTOR,

EFERK SCLVES INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SySTEM OF FIRST ORDER DIFFERENTI(AL EQUAT
EFSIRK SOLVES INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUA
E1GCOM COMPUTES ALL EIGENVECTORS AND EIGENVALUES OF A COMPLEX MATRIX,

EIGENVALUES AND LIGENVECTORS OF A SYMMETRIC MATR{X, WHWICH !S STORED IN A ONE-DIMENSIONAL ARRAY,
EIGENVALUES AND EIGENVECTORS OF A SYMMETRIC MATRIX, WR|CH 1S STORED IN A TWO-DIMENSIONAL ARRAY,
EIGENVALUES AND EIGENVECTORS OF A SYMMETRI|C MATRIX 3Y QR«ITERATION,

8Y AN IMPLICIT, EXPOMNENTIALLY FITTED,

By AN IMPLIC|T, EXPONENT|ALLY FITTED, SECOND ORDER ONE=-STEP METHOD WITK NO A
PRODYCT aF
PRODUCT OF
PRODYCT OF
PRODYCT oF
PRODUCT OF
PRODYCT OF

PRODUCT oF

TWQ VECTORS,

A ROW VECTOR AND A VECTOR,

A COLUMM VECTOR AND A VECTOR,

A ROW VECTOR AND A COLUMN VECTOR,
TWO COLUMN VECTARS,

TWO Row VECTORS,

TWO VECTORS,

TWO VECTORS,

A VECTOR AND A ROW N A SYMMETRIC MATRIX,

E1GENYALUES AND E|GENVECTORS OF A REAL UPPER HESSENBERG MATRIX, PROVIDED THAT ALl EIGENVALUES ARE RE
EIGENVALUES NF A SYHMMETR|C TRIDIAGONAL MATRIX RY LINEAR (NTERPOLATION USING A STURM SEQUENCE,
EIGENVALUES OF A SYMMETR|C TRIDIAGONA|L MATRI(X BY QR-ITERATIOM,

E{GENVALUES OF A SYHMMETR|C TRIDIAGONAL MATRIX RY QRITERATION,

EIGENVALUES OF A SYMHETR|C MATRIX, STORED IN A ONE~DIMCNSIONAL ARRAV, 8Y LINEAR INTERPOLAT|CN USING
EIGENVALUES OF A SYNMHMETRIC MATRIX, STORED IN A T70~DIMENSIONAL ARRAY, BY LINEAR [NTERPOLATICN USING
EI1GENVALUES OF A SYNMIETRAIC MATRIX, STQRED IN A OVE~DIMENSIONAL ARRAY, BY QR~!TERATION,

EIGENVALUES OF A SYMMETR{C MATR{X, STQRED (N A T70aDIiMENS|ONAL ARRAY, BY QR=~ITERAT(ON,

EIGENVALUES OF A REAL UPPER HESSENBERG MATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL, By WEANS OF S
EIGENVALUES OF A REAL UPPER HESSENBERG MATRIX RY MEANS OF DOUBLE QR-[TERAT|ON,

EIGENVALUES OF A HERMITIAN MATRIX,

EIGENVALUES OF A HRERMITIAN MATRIX,

E1GENVALUES OF A HERMITIAN MATR'X,

EIGENVALUES OF A HERMITIAN MATRIX,

EIGENVALUES OF A COMPLEX MATRIX,

EIGENVALUES OF A COMPLEX MATRIX,

EIGENVALUES OF A COMPLEX UPPER HESSENRERG MATR(X WITH A REAL SUBOI|AGONAL,

EIGENVALUES OF A COMPLEX URPER HESSENBERG MATRIX WITH A REAL SUBDIAGONAL,

EI1GENVALUE OF A REAL UPPER HESSENBERG MATRIX, BY MEANS OF
EIGENVALUE OF A REAL UPPER HESSENBERG MATRIX By MEANS OF
EIGENVECTORS ANL EIGENVALUES OF A SYMMETRIC TRIDIAGONAL
EIGENVECTORS AND EIGENVALUES OF A HERMITIAN MATRIX,
EIGENVECTORS ANC EIGENVALUES OF A HERMITIAN MATRIX,
EIGENYECTORS AND EIGENVALUES OF A COMPLEX MATR|X,
EIGENYECTORS AND EIGEMVALUES OF A COMPLEX UPPER HESSENBERG MATRIX WITH A REAL SUBDIAGONAL,

INVERSE |TERATION,
INVERSBE ITERATION,
MATRIX BY OR=ITERAT)ON,

EIGENVECTORS OF 4 SYMMETRIC TRID|AGONAL MATRIX BY INVERSE ITERATION,
EIGEMVECTORS OF A SYNMETRIC MATR(X, WHICH 1S5 STORED IN A ONED[MENSIONAL ARRAY,
£I1GENVECTORS OF A SYMMETRIC MATR|X, WMICH IS STORED IN A TWOD|MENSIONAL ARRAY,
EIGENVECTORS OF A SYMMETRIC MATRIX BY QR=I|TERATION,

EIGENVECTQRS OF 4 REAL '/PPER HESSENBERG MATRIX, PROVIDED THAT AL{ EIGENVALUES ARE REAL, BY MEANS OF
EIGENVECTOR CORRESPONDIMG TO A G|VEN REAL EIGENVALUE OF A REaL UPPER HESSENBERG MATRIX, BY MEANS OF
EI1GENVECTOR CORRESPONDING TO A GIVEN COMPLEX E|GENVALUE OF A REAL UPPER HESSENBERG MATRIX BY MEANS O
EiGHFRM COMPUTES ALL EIGENVECTORS AND E|GENVALUES OF A HERMITIAN MATRIX,

EI1GSYML COMPUTES ALL, OR SOME CONSECUTIVE EIGENVALUES AND EIGENVECTORS OF A SYMMETRIC MATRIX,
E1GSYM2 COMPUTES ALL, OR SOME CONSECUT|VE EIGENVALUES AND EIGENVECTORS OF A SYMMETRIC MATRIX,

WHICh
WHICH
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34161
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34369
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AND DEL

ES AND MODULUS CF
OF A BAND MATRIX
QF A BAND MATRIX
ITION OF A MATRIX

| CHROWCOL
ICHVEC
ICHSEQVEC
I CHSEQ
1CHCNL
1 CHROW
IVERS THE

INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERCHANGES
INGEX FOR AN
THAT MATRIX
3Y GAUSS!AN
3Y GAUSSIaN
3Y GAUSS AN

LINEAR EQUATIONS 3Y GAUSS AN

EQUILIBRATION AS

EQUILIB

OF F1I
( MON
OF FI
Fi

OF FI

OF FI

OF FI
SOL sOL
ELM SOL
ING FRO
GRATION
GRATION
GRAT | ON
GRATION
GRAT I ON
D SOLVE

- I - I Bk 4
o]
-

ERB SOL
SOL soOL

VE DEF!

M OF FI

RAT|ON AS

RST ORPDER
=L INEAR )
RST ORDER
RST ORPDER
RST ORDER
RST ORDER
RST ORDER

FERFORMED Py
PERFORMED EBY

CIFFERENTIAL
CIFFERENT 1AL
CIFFERENTIAL
CIFFERENTIAL
CHFFERENT 1AL
DIFFERENT AL
DIFFERENT AL

VES A SYSTEM OF LINEAR
VES A SYSTEM OF LINEAR

M PARTIAL
OF ST!FF
OF STIFF
OF STIFF
OF STIFF
oF STIFF

CIFFERENT 1AL
CIFFERENT AL
CIFFERENT AL
CIFFERENTIAL
DIFFERENT AL
DIFFERENT AL

S THE SYSTEM OF L INEAR
OLUTION OF A SYSTEM OF LINEAR
VES A SYSTEM OF LINEAR
VES A SYSTEM OF LINEAR
SOL SOLVES A SYSTEM OF LINEAR
LVES A SYSTEM OF DIFFERENTIAL
NITE, SYSTEM OF LINEAR
D SOLVES THE SYSTEM OF L INEAR

RST ORDER

OF SECOND ORDER
QF SECOND ORCUER LIFFERENTIAL
RST ORDER DIFFERENTIAL
BND SOLVES A SYSTEM OF L |NEAR

M OF FI

DIFFERENT AL
DIFFERENT 1AL

EIGVALCCM COMPUTES ALL E|GENVALUES OF A COMPLEX ™ATRIX,

E1GVALHRM COMPUTES ALL E|GENVALUES OF A HERMIT|AN MATRIX,

EIGVALSYMY COMPUTES aLL, OR SOME CONSECUTIVE EIGENVALUES OF A SYMMETR|C MATRIX, STORED IN A ONEDIME
E1GVALSYM2 COMPUTES alLl, OR SOME CCNSECUTIVE E[|GENVALUES OF A SYMMETRIC MATRIX, STORED IN A TWC.DIME
ELEMENTS OF A RCW VECTOR AND COLUMN VECTOR,

ELEMENTS GF TwO VECTURS,

ELEMENTS OF TyC VECTORS,

ELEMENTS OF TwO VECTURS,

ELEMENTS OF TWO COLUYHN VECTORS,

ELEMENTS QF Tyl ROV VECTORS,

ELEMENT MAXIMAL N MODULUS,

CLEMENT OF MAXIMUM ABSOLUTE VALUE,

ELIMINATION,

ELIMINATION AND SOLVES THE SYSTEM OF L INEAR EQUATIONS,

ELIMINATION WITH COMBINED PARTIAL AND COMPLETE PIVOTING,

ELIMINATION WiTk COMBIMNED PARTI{AL AND COMPLETE PIVOTING,

ELI'COLRCW ADDS A SCALAR TIMES A RQW VECTOR TO A COLUMN VECTOR,

£LIMCOLVEC ADDS A SCALAR TIMES A VECTOR TO A COLUMN VECTOR,

ELI'COL ADDS A SCALAR T!™MES A COLUMN VECTOR TO ANOTHER COLUMN VECTOR,

SLMCOMCCL ADDS A COMPLEX NUMBER TIMES A COMPLEX CCLUMN VECTOR TO ANOTHER COMPLEX COLUMN VECTOR,
ELMCOMRCYVEC ADDS A COMPLEX NUMBER TIMES A COMPLEX VECTOR TO A COMPLEX ROw VECTOR,

ELICOMVECCOL ADDS A COMPLEX NUMBER TIMES A COMPLEX COLJMN VECTOR TO A COMPLEX VECTOR,

ELMROWCCL ADDS A SCALAR TIMES A COLUMN VECTOR TO A ROW VECTOR,

SLMROWVEC ADDS A SCALAR TIMES A YECTOR TO A RQW VYECTOR,

ELMROW APDS A SCALAR TIMES A ROW VECTOR TO ANOTHER ROY VECTOR,

ELNVECCCL ADDS A SCALAR TIMES A COLUMN VECTOR TO A VECTOR,

EL"VECRCYW ADDS A SCALAR TIMES A ROW VECTOR TO A VECTOR,

ELMVEC ADDS A SCALAR TIMES A VECTOR TQ ANOTHER VECTOR,

£QILBRCCN,

EQILBRCCHM TRANSFORIMS A COMPLEX MATRIX INTO A SIMILAR EJUILIBRATED COMPLEX MATRIX,

EQ L3R,

£QILBR TRAMNSFORMS A NMATRiX INTQ A SIMILAR EQUILIBRATED MATRIX,

EQUATIONS, BY A ONEwSTER TAYLOR METHOD) THIS METHACD IS PARTICULARLY SUITABLE FOR THE INTEGRATICN OF
EQUATIONS, BY A STABILIZED RUNGE KUTTA METHOD wiTH LIMITED STORAGE REQUIREMENTS,

EQUATIONS, BY AN EXPOMENTIALLY FITTED, EXPLICIT RUNGE KUTTA METHOD WHICH USES THE JACOBIAN MATRIX AN
EQUAT!IONS, BY AN EXPONENTIALLY FITTED, SEM| = IMPL|CIT RUNGE KUTTA METHOD; SUITABLE FOR INTEGRATION
EQUATIONS, BY AN IMPL(CIT, EXPONENTIALLY FITTED, F{RST ORDER ONE«STEP METHOD WITH NO AUTOMATIC STEP
EQUATIONS, BY AN [IPLICIT, EXPONENTIALLY F|TTED, SECOND ORDER CNE=STEP METHOD WIiTH NO AUTOMATIC STEP
EQUATIONS, BY ONE OF THE FOLLOWING MULTISTEP HETHODS! GEARS, ADAIIS = MOULTON, OR ADAMS = BASHFCRTH M
EQUATIONS, OF WrICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX !S GIVEN,

EGUATINONS, CF WKICH TPE TRIANGULARLY DECOMPOSED FORM OF THE MATR{X |5 GIVEM,

EGUATIONS, 'PROVIDED Hi1GHER ORDER DERIVATIVES CAN BE EASILY CBTAINED,

EQUATIONS,

EQUATIONS,

EQUATIONS,

EQUATIONS,

EQUATIONS,

EQUATIONS,

EQUATIONS,

EQUATIONS AND COHPUTES AN UPPER BOUND FOR |TS ERROR,

EQUATIONS BY CRCUT FACTORIZATION WITKR PART|AL PIVOT|NG,

EQUATIONS BY GAUSSIAMN ELIMINATION WITH COMRBINED PARTIAL AND COMPLETE PIVOTING,

EQUATINNS BY SOMETIMES MSING THE DEPENDENT VARIABLE AS INTEGRATION VARIABLE,

EQUATIONS BY THE METHOD OF CONJUGATE GRADIENTS,

EQUATIONS BY THE CHOLESKY HETHOD,

EQUATIONS USING A H5aTH NRDER RUNGE KUTTA METHOD,

EQUATIONS USING A FmTH NRDER RUNGE KUTTA METHON,

EQUATIONS USING A GeTH GRDER RUNGE KUTTA METHOD; NO DERIVATIVES ALLOWED ON RIGHT HAND SIDE,
EQUATION3 USING TME ARC [LEMGTH A8 [NTEGRATION VAR|ABLE,

EQUATIONS ¥ITH BAND “ATRIX, WHICH IS DECOMPOSED 8Y DEC3ND,

34374
34368
34155
34453
34033
34030
34034
34035
34031
34032
31060
34230
34320
34322
34231
34232
34029
34022
34023
34377
34378
34376
34028
34027
34024
34021
34026
34020
34362
34361
34174
34473
33040
33060
33120
33460
33130
33131
33060
34051
340061
33040
33060
33320
33160
33130
33151
34322
34241
34243
34301
34232
33017
34220
34333
33011
33013
33015
33018
34071
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BND SOLVES A SYSTEM OF [ INEAR

SOLVES A SINGLE {IFFERENTIAL
NGLE FIRST ORDER [iFFERENTIAL
S A SECOND ORDER DIFFERENMTIAL
5 A SECOND ORDER DIFFERENTIAL
UTES THE ROOTS OF A QUADRATIC
COMPLEX MATRIX INTH A SIMILAR
FORMS A MATRIX INTO A SIMILAR
ORMATION CORRESPOMDING TO THE
ORMATION CORRESPONDING TO TKE

ON AND AN UPPER BGUND FOR 1ITS
MPUTES AN UPPER 8CUND FOR ITS
IX AND AN UPPER BOUND FOR (TS

ERF COMPUTES TrE

OR FUNCTION AND CCMPLEMENTARY
MPUTES AN UPPER BCUND FOR TKE
COMEUCNRM COMPYTES TKE

PCL
NEWRCL

THE RANGE [1/2,3/2); 00D AND
EMEZ (SECOMD REMEZ ALGOR|THN)
E ARGUMENTS; THE SECOND REMEZ
, BY AN EXPONENTIALLY FITTED,
DIFFERENTIAL EQUATIONS, RY AN
DIFFERENTIAL EQUATIONS, BY AN
AL EQUATIONS, 8Y AN [MPLICIT,
AL EQUATIONS, B8Y AN IMPLICHT,
POSITION OF A MATRIX BY CROLT
OF LINEAR EQUATIONS BY CROUT
RK1 SOLVES A SINGLE

RK1N SOLVES A SYSTEN CF

RKSNA SOLVES A SYSTEN OF
PROBLEM, GIVEN aS A SYSTEN CF
PROBLEM, GIVEN AS A SYSTEM CF
EN AS AN AUTONOMOUS SYSTEM CF
EN AS AN AUTONOMOUS SYSTEM OF
EN AS AN AUTONWOMOUS SYSTEM CF
EN AS AN AUTONOMOUS SYSTEM OF
PROBLEM, GIVEN AS A SYSTEN CF
QUATIONS, BY AN EXPONENTALLY
BY AN [MPLICIT, EXPONENT ALLY
BY AN [MPLICIT, EXPONENT|ALLY
QUATIONS, BY AN EXPONENTIALLY

ORMAL OR GAUSSIAN PROBABILITY
ERF COMPUTES TRE ERRCR
COMPUTES THE INCOMPLETE GAMMA
§ THE RECIPROCAL OF THE GAMMA
CTION AMD COMPLEMENTARY ERROR
GAMMA COMPUTES THE GAMMA
ATURAL LOGARITHM GF ThHE GAMMA

ERT FORM) THAT APPROXIMATES A
COMPUTES THE INCOMPLETE BETA
COMPUTES THE INCOMPLETE BETA
COMPUTES THE INCOMPLETE BETA

EQUATIONS WITH SYMHETRIC PQSITIVE DEFINITE BAND MATRIX, WHICH HAS BEEN DECOMPOSED 3Y CHLDECEND,
EQUATION BY SOMETINEG USING A NDEPENDENT VARIARLE AS [(NTEGRATION VARIASLE,

EQUATION USING A 5=TH ORDER RUNGE XUTTA METHOD,

EQUATION USING A %«TH ORDER RUNGE KUTYTA METHOD,

EQUATION USING A 5-TH ORDER RUNGE KUTTA METHOD; NC DERJVATIVES ALLOWED ON RIGHT HAND SIDE,

EQUATION WITH CCHMPLEX CNEFFICIENTS,

EQUIL I BRATED COMPLEX MATRIX,

EQUILIBRATED MATRIX,

EQUILIBRATION AS PERFORMED By EQ|LBR,

EQUILIBRATIQMN AS PERFORMED BY EQILBRCOM,

ERRELM COMPUTES AN UPPER BOUND FOR TWE ERROR IN THE SOLUTION OF A SYSTEM OF LINELAR EQUATIONS,

ERF COMPUTES THE ERROR FUNCTION ANC COMPLEMENTARY ERROR FUMCTION FOR A REAL ARGUMENT) THESE FUNCTICN
ERROR, CF A SYSTEM OF L{NEAR EQUATIONS, OF WHICH THE TRIANGULARLY DECOMPOSED FORH OF THE MATRIX (8 €
ERROR,

ERRON,

ERPCR FUMCTION AND COMPLEMENTARY ERROR FUNCTION FOR A REAL ARGUMENT; THESE FUNCT|ONS ARE RELATED TC
ERROR FUNCTION FOR A REAL ARGUMENT) THESE FUNCTIONS ARE RELATEPR TO THE NORMAL OR GAUSSIAN PROBABILIT
ERROR IN THE SOLUTION OF A SYSTEM OF L INEAR EQUATIONS,

EUCL IDEAN NORM OF A COMPLEY MATRIY,

EULER CCMPUTES THE SUM OF AN ALTERMATING SERIES,

EVALUATES A POLYNOI'lal G|VEN IN THE GRUNERT FORM By TmE HORNER SCHEME,

EVALUATES A POLYNOIMIAL GIVEN iN THE NEWTON FORM By THE HORNER SCHEMNE,

EVEN PARTS ARE ALSO DFLIVERED,

EXCHRANGES MNUI'BERS W ITH NUMBERS OUT OF A REFERENCE SET,

EXCHANGE ALGORITHM 1§ USED FOR TH{5 M|NIMAX POLYNOMIAL APPROXIIATION,

EXPLICIT RUNGE KUTTA METHOD WHICH WUSES THE JACOBIAN MATRIX AND AUTOMATIC STEP CONTROL; SUITABLE POR
EXPCHENTIALLY FITTED, EXPLICIT RUNGE KUTTA METHOD WHICH USES THE JACOBIAN MATRIX AND AUTOMATIC STEP
EXPCHENTLALLY FITTED, SEM| = (MPLIC!IT RUNGE KUTTA METHOD; SUITABLE FOR INTEGRATION OF STIFF DIFFEREN
EXPOMNENTIALLY FITTED, FIRST ORDER ONE~STEP METHOD wi1TH NO AUTOMATIC STEP CONTROLj) SUITABLE FOR INTEG
EXPONENTIALLY FITTED, SFCOND ORDER ONEwSTEP METHOD WiTH NO AUTOMATIC STEP CONTROL} SUITABLE FOR INTE
FACTORIZATION WITH PARTIAL PIVOTING,

FACTOR|ZATION WITH PARTIAL PIVOTING,

FIRST ORDER DIFFEREMTIAL EQUATION USING A S=TH ORDER RUNGE KUTTA METHOD,

FIRST ORDER DIFFERENTIAL EQUATIONS USING A 5-TH ORDER RUNGE KUTTA METHOD,

FIRST DRDER DIFFERENTIAL EQUATIONS US|NG THE ARC LENGTH AS INTEGRAT!ON VARIABLE,

FIRST ORDER DIFFERENTIAL EQUATIONS, BY A ONE-STEP TAYLOR METHOD; TrIS METHOD 1S PARTICULARLY SUITABL
FiRST NRDER DIFFERENTIAL EQUATIONS, BY ONE OF ¥THE FOLLOWING NMULTISTEP METHODS: GEARS, ADAMS < MOULTO
FIRST ORDER DIFFEREUTIAL EQUATIONS, BY AM EXPONENTIALLY FITTED, EXPLICIT RUNGE XKUTTA METHOD wHiCk US
FIFPST NRDER DIFFERENTIAL EQUATIONS, BY AN EXPONEWTIALLY FITTED, SEMI = IMPLICIT RUNGE KUTTA METHOD;
FIRST ORDER DIFFERENTIAL EQUATIONS, BY AM IMPL|CIT, EXPONENT|ALLY FITTED, FIRST ORDER ONE~STEP METHC
FiPST ORDER DIFFEREMTIAL EQUATIONS, BY AN IMPL|CIT, EXPONEMTIALLY FITTED, SECOND ORDER ONE~STEP METH
FIPST ORDER ( NCNuLI!NEAR ) DIFFERENT{AL EQUATINNS, BY A STABILIZED RUNGE KUTTA METHOD WITH LIMITED S
FITTED, EXPLICIT RUNGE KUTTA METHOD wHICH USES THE JACOBIAM MATRIX AND AUTOMATIC STEP CONTRCL; SUITA
FITTED, FIRST ORDER UNESTEP METHOD WITH NO AUTOMATIC STEP CONTROL; SUITABLE FOR INTEGRATICN OF STIF
FITTED, SECOND CRDER ONE~STEP METHOD WITH NO AUTOMATIC STEP CONTROL; SUITABLE FOR INTEGRATICN CF ST
FITTED, SEM! ~ IMPLICIT RUNGE KUTTA METHOD; SUITABLE FOR INTEGRATION OF STIFF DIFFERENT!AL EQUATIONS
FLEMIN ( OPTIMIZATION ) MINIMIZES A GIVEN DIFFERENTIABLE FUNCTION OF SEVERAL VARIABLES BY A VARIABLE

FLEUPD [§ AN AUXILIARY PROCEDURE FOR QPTIMIZATION,

FOPWARD 1§ AN AUXILIARY PROCEDURE FOR THE INCOMPLETE BETA FUNCTION,

FUNCTION,

FUNCTION AND COMPLEMENTARY ERROR FUNCT|ON FOR A REAL ARGUMENT; THESE FUNCTIONS ARE RELATED TO THE NO
FUNCTION BY PADE APPROXIMATIONS,

FUNCTION FOR ARGUMENTS IN THE RANGE [4/2,3/2)3 0DD AND EVEN PARTS ARE ALSO DELIVERED,

FUMCTION FOR A REAL ARGUMENT) THESE FUNCTIONS ARE RELATED TO THE NORMAL OR GAUSSIAN PROBABILITY FUNC
FUNCTION FOR A REAL ARGUMENT,

FUNCTION FOR POS|ITIVE ARGUIMENTS,

FUNCTION G!VEN FUR DISCRETE ARGUMENTS) THE SECOND REMEz EXCHANGE ALGORITHM 1S USED FOR THIS MIN|MAX
FUNCTION !'(X,P+N,Q),U<¢=Xe¢=4,P>0,0850, FOR N=0(1)NMAX,

FUNCTION ((X,P,Q),0<=X<al,P>0,8>0,

FUNCTION 1¢tX,P,Q4N),Uc=X<=l,P>0,0>0, FOR Na((1)NMAX,

34332
33016
33010
33012
33014
24345
34361
34173
34174
34362
34241
35020
34253
34243
34244
35020
25020
34244
34359
32010
31040
31041
35060
36021
36022
33420
33120
33160
33130
33131
34300
34301
33010
33011
23018
33040
33060
33120
33160
33130
33131
33060
33120
33430
33431
33160
34215
34213
35055
35020
35020
35030
35060
35020
35061
35062
36022
35051
35050
35052
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ES THE DEFINITE INTEGRAL OF A
ES THE DEFIN|TE INTEGRAL OF A
ROIN SEARCHES FOR A ZERU OF A
IMIZES A GIVEN DIFFERENT[ABLE
IMIZES A GIVEN DIFFERENTABLE

REC!IP

LCG

OMGAM COMPUTES THE INCOMPLETE
OMPUTES THE RECIPROCAL OF TFE
GAMMA COMPUTES TFE

THE NATURAL LOGAF (TRM OF THE

MPQSITION OF A BAND MATR|X BY
MPOSITION OF A BAND MATR{X BY
DECOMPOSITION OF A MATR|X BY

SYSTEM OF LINEAR EQUATIONS BY
ARE RELATED TO THE NORFMAL CR

FOLLOWING MULTISTEP METHCDS:

NS BY THE METHOD OF CONJVUGATE
NTATION FROM NEWTON FORM INTO
TES A POLYNOMIAL GIVEN IN THE
ICIENTS OF THE POLYNOMIAL (IN

HSHHRMTR!I TRANSFORMS A
1S UNITARY SIMILAR TO A GIVEN
COMPUTES ALL EIGENVALUES OF A
NVECTORS AND EIGENVALUES OF A
COMPUTES ALL EIGENVALUES OF A
NVECTORS AND E|GENVALUES OF A

THE CODIAGONAL ELEHENTS OF A
L MATRIX INTO A SIMILAR UPPER
E EIGENVALUES OF A REAL UPPER
AL EIGENVALUE 0OF A REAL UPPER

EIGENVECTORS OF A REAL UPPER
X EIGENVALUES OF A REAL UPPER
EX EIGENVALUE OF A REAL UPPER
IGENVALUES OF A COMPLEX UPPER
|GENVALUES OF A COMPLEX UPPER

INTO A SIMILAR UNITARY UPPER

HOMSOLSVD SOLVES A
HOMSOL SOLVES A

EN IN THE GRUNERT FQRM
VEN IN THE NEWTON FORM
A SIMILAR TRIDIAGONAL

ORMAT ION CORRESPOHDING
A SIMILAR TRIDIAGOMAL ONE eY

ORMATION CORRESPONDING TQ THE
COMPLEX MATR{X WITH A COMPLEX
O BIDIAGONAL FORM 8Y MEANS CF
LSQORTDEC PERFORMS THE

BY THE
gy THE
ONE RY
To THE

ONE VARI1ABLE OVER
ONE VARIABLE OVER
ONE VARIABLE IN A
SEVERAL VARIABLES
SEVERAL VAR|ABLES

A FINITE INTERVAL,
A FINITE OR INFINITE
GIVEN INTERVAL,

By A V4RIABLE METRIC METHOD,
Ay A VAR[ABLE METRIC METHOD,

FUNCTION OF
FUNCTION OF
FUNCTION OF
FUNCTION OF
FUNCTION OF

INTERVAL OR OVER A NUMBER OF CONSECUT|VE INTERVAL

GAP'MA CCMPUTES THE RECIPROGAL OF THE GAMMA FUNCTION FOR ARGUMENTS |IN THE RANGE [1/2,3/2]1; ODD AND EV
GAI'MA CCMPUTES THE GAMMA FUNCTION FOR A REAL ARGUMENT,

GAMNA CCHPUTES THE NATURAL LOGARITHM OF THE GAMMA FUNCTION FOR POS|TIVE ARGUMENTS,

GAI'MA FUNCTION BY PADE APPROXIMAT|ONS,

GAIMMA FUNCTION FOR ARGUIENTS IN THE RANGE (1/2,3/2]; 02D AND EVEH PARTS ARE ALSO DELIVERED,

GAMMA FUNCTION FUR A REAL ARGUMENT,

GAMMA FUNCTION FOR PUSIT|VE ARGUMENTS,

GAUSSIAN ELIMINATION,

GAUSSIAN ELIMINATION AND SOLVES THE SYSTEM OF LINEAR EQUATIONS,
GAUSSIAN ELIMINATION wI™H COMBINED PARTIAL AND COMPLETE PIVOTING,
GAUSSIAN ELIMINATION wiI™H COMBINED PARTIAL AND COMPLETE PIVOTING,
GAUSS I AN PROBABILITY FUMCTION,
GEARS, ADAMS o MOULTON, OR ADAMS a
GRADIENTS,

GRUNERT FORM,

GRUNERT FORM BY THE HORYER SCHEME,
GRUNERT FORM) THAT APPRNAX|MATES A FUNCTION GIVEN FOR DISCRETE ARGUMENTS; THE SECOND REMEZ EXCHANGE A
GSSELM PERFORMS THE TRIANGULAR DEGOMPASITION OF A MATR|X B8Y GAUSSIAN ELIMINAT(ON WITH COMB|INED PARTI
GSSERB 1S AN AUXILIARY PROGEDURE FOR THE SOLUTIOY OF LINEAR EGUATION WITH AN UPPER BOUND FOR THE ERR
GSSINVERB COMPUTES THE [NVERSE OF A MATRIX AND AN UPPER BOUND FPOR |TS ERROR,

GSSIHY COMPUTES THE INVERSE OF A MATRIX,

GSSITISCLERB COMPUYTES A'l ITERATIVELY REFINED SOLJTION NF A SYSTEM OF LINEAR EQGUAT/|ONS,

G8SITISCL COMPUTES AN ITERATIVELY REFINED SOLYTION OF A SYSTEM OF LINEAR EQUATIONS,

GSSNR! 1S AN AUX|LIARY PRQGEDURE FOR THE |TERATIVELY REFINED SOLUTION OF A SYSTEM OF LINEAR EQUATICN
GSSSOLERB SOLVES A SYSTEM OF LINEAR EQUAT{ONS AND COMPJTES AN UPPER BOUND FOR ITS ERROR,

G8SS0L SOLVES A SYSTEM NF L INEAR EQUATIONS BY GAJSSIAN ELIMINATION wITH COMBINED PART|AL AND COMPLET

BASHFORTH METH0D; WITH AUTOMATIC STEP AND ORDER CONTROL AND SYITA

HERM | TIAM MATRIX INTO A SIM{_ AR REAL SYMMETRIC TR{DIAGINAL MATRIX,

HERMIT AN MATRIX,

HERMITIAN MATRIX,

HERMITIAN MATRIX,

HERMITIAN HMATRIX,

HERMITIAN MATRIX,

HERMIT(AN TRIDIAGONAL MATRIX WHiCH 1S UNITARY SIMILAR TO A GIVEN HERM;TIAN MATRIX,
HESSENBZERG MATRIX BY THE WiLKINSON TRANSFORMAT|ON,

HESSENBERG MATRIX, PROVIDED THAT ALL E|GENVALUES ARE REAL, By MEANS OF SINGLE QR=|TERATION,
HESSENBERG MATRIX, B8Y MEANS OF (NVERSE ITERATION,

HESSENBERG MATRIX, PROVIDED THAT ALL CIGENVALUES ARE REAL, BY MEANS OF SINGLE QRe[TERATION,
HESSENBERG MATRIX BY MEANS OF DOUBLE QRe|TERATION,

HESSENSERG MATRIX BY MEANS OF |NVERSE |TERATION,

HESSENAERG MATRIX WITH A REAL SUBDIAGONAL,

HESSENBERG MATRIX WITH A REAL SUBDIAGONAL,

HESSENHERG MATRIX WITH A REAL NON«NEGATIVE SUBD!AGONAL,

HONOGENEOUS SYSTEM OF LINEAR EQUATIONS, PROVIDED THAT ThE SINGULAR VALUE DECOMPOS|TION OF ThE COEFF!
HOI'"CGENEOUS SYSTEM OF LINEAR EQUATIONS BY MEANS OF SIN3ULAR VALUE DECOMPOSITION,

HOMSOLSYD SOLVES A MOMOGENEOUS SYSTEM OF L INEAR EQUATIONS, PROVIDED THAT THE SINGULAR VALUE DECOMPGS
HOMSOL SOLVES A HOMOGENEOUS SYSTEM OF LINEAR ENUATIONS BY MEANS OF SINGULAR VALUE DECOMPOSITION,
HORNER SCHEME |

HORNER SCHEME

HOUSEHROLDERS TRANSFORMAT|ON,

HOUSEHOLDERS TRANSFORMATION AS PERFORMED BY TFMSYMTRIZ,

HOUSEHOLDERS TRANSFORMATI|ON,

HOUSEHOLDERS TRANSFORMATION AS PERFORMED By TFMSYMTRIY,

HOUSEHOLDER MATRIX,

HOUSEHROLDER TRANSFORMATION,

HOUSEHROLDER TRIANGULARIZATION OF THE COEFFICIENT MATRIY OF A LINEAR LEAST SQUARES PROBLEM,

32070
32051
34450
34214
34215
35060
35061
35062
35030
35060
35061
35062
34320
34322
34231
34232
35020
33080
34220
31050
31040
36022
34231
34242
34244
34236
34254
34251
34252
34243
34232
34363
34364
34368
34369
34370
34374
34364
34170
34180
34181
34486
34190
34191
34372
34373
34366
34264
34285
34284
34285
31040
31041
34140
34141
34143
34144
34356
34260
34434
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ANSFORMATION CORRESPONDING

ANSFORMAT|ON CORRESPOND|ING

OSTMULTIPLYING MATRIX USED
PREMULTIPLYING MATRIX USED

DIFFERENTIAL EQUATIONS, 8Y
DIFFERENTIAL EQUATIONS, gV
EXPONENTIALLY FITTED, SegM

INCBETA COMPYTES

| BPPLUSN COMPUTES

1 BQPLUSN COMPUTES
AUXILIARY PROCEDURE FOR
AUXILIARY PROCEDURE FOR
AUXILIARY PROCEDURE FOR
AUXILIARY PROCECURE FOR
INCOMGAM COMPUTES

OF A VECTOR AND DELIVERS
MAXMAT FINDS

ONE VARIABLE OVER A FINITE
ABSMAXVEC COMFUTES

zZzzZzzZ

TO

TO

BY
By

AM
AN

I -

THE
THE
THE
THE

CR
THE

INISYMD
INISYMROW
INIVEC
INIMAT
IN|MATD

MULTISTEP SOLVES

AN

EFERK SOLVES
EFSIRK SOLVES
LINIGERL SOLVES
LINIGERZ SOLVES

MODIFIED TAYLOR SOLVES
ODIFIED RUNGE KUTTA SOLVES

ATURE ) COMPUTES THE DEF N
ATURE ) COMPUTES THE DEF N

PARTICULARLY SUITABLE FOR

AN
AN

ITE
ITE

ThE

CONTROL AND SUITABLE FOR THE

IC STEP CONTROL; SUITABLE
GE KUTTA METHOD; SU!TABLE

FOR
FCR

HSHCOMCOL TRANSFORMS A COMRLEX VECTOR INTO A VECTOR PROPORTIONAL TO A UNIT VECTOR,

HSHCOMHES,

HSHCOMHES TRANSFORMS A COMPLEX MATRIX INTO A S{MILAR UNITARY UPPER HESSENBERG MATRIX wITH A REAL NON
HSI{COMPRD PREMULTIPLIES A COMPLEX MATRIX WITH A COMPLEX HOUSEHOLDER MATRIX,

HSHHRMTR IVAL DELIVERS THE MAIN DIAGONAL ELEMENTS AND SQUARES OF THE CODIAGONAL ELEMENTS OF A HERMITI
HSHKRMTR |,

HSHHRMTR1 TRANSFORMS A HERMITIAN MATRIX [NTO A SIM|LAR REAL SYMMETRIC TRIDIAGONAL MATRIX,

HSHREAZID TO TRANSFORM A MATRIX INTO 8[DIAGONAL FORM,

HSHREABID TO TRAMSFORM A MATRIX [NTO 3(DIAGONAL FORM,

HSHREARID TRANSFORIS A REAL MATR|X INTO BIDIAGONAL FOR'M BY MEANS OF HOUSEHOLDER TRANSFORMATION,
IBPPLUSN COMPUTES THE INCOMPLETE BETA FUNCTION 1(X,P+N,Q),0<=Xe=1,P>0,m>0, FOR NaQ({1)NMAX,

IRAPLUSN COMPUTES THE IMCOMPLETE BETA FUNCTION ((X,P,QaN),(0<=Xc=4,P>0,0>0, FOR NaQ(1)NMAX,

ICHCOL INTERCHANGES ELEMENYS OF TWO COLUMN VECTORS,

| CHROWCCL INTERCHANGES ELEMENTS OF A ROW VECTOR AND COLUMN VECTOR,

ICHROW IMTERCHANGES ELEMENTS OF TWO ROW VECTORS,

ICHSEQVEC INTERCHANGES ELEMENTS OF TwO VECTORS,

ICHSEQ INTERCHANGES ELEMENTS OF TWO VECTORS,

ICHVEC |INTERCHANGES ELEMENTS OF TWO VECTORS,

IMPLICIT, EXPONENTIALLY FITTED, FIRST ORDER ONE-STEP METHOD WITH NO AUTOMATIC STEP CONTROL; SUITABLE
IMPLICIT, EXPOMNENTIALLY FITTED, SECOND ORDER ONE-STEP METHOD W{TH NO AUTOMATIC STEP CONTROL; SUITABL
IMPLICIT RUNGE KUTTA METHOD; SUITABLE FOR INTEGRATION OF STIFF DIFFERENTIAL EQUATIONS,

INCBETA COMPUTES THE INCOMPLETE BETA FUNCTION ((X,P,Q),0<3X<=1,P>0,Qa50,

INCCHGAM COMPUTES THE INCOMPLETE GAMMA FUNCTiQM dY PADE APPROX|MAT{ONS,

INCOMPLETE BETA FUNCTIOM I(X,P,Q),0<nX<=1,P>0,051,

INCOMPLETE BETA FUNCTION 1(X,PsN,Q),0¢aXcal,Px0,320, FOR N=0(1)NIAX,

INCOMPLETE BETA FUNGTIOH | (X,P,Q4N),0<8X<e1,P50,9>0, FOR N=20(1)NMAX,

INCOMPLETE BETA FUNCTIOM,

INCCHPLETE BETA FUNCTIOM,

INCOMPLETE BETA FUNCTIONM,

INCOMPLETE BETA FUNCTIOM,

INCOMPLETE GAMMA FUNCTION BY PADE APPROXIMATIONS,

INDEX FCR AN ELEMENT MAX|MAL IN MODULUS,

INDICES AND MQODULUS OF THAT MATR(X ELEMENT OF MAXIMUM ABSOLUTE VaLUE,

INFINITE INTERVAL OR OVER A NUMBER OF CONSECUTIVE [NTERVALS,

INFINITY NORM OF A VECTOR AND DELIVERS THE INDEX FOR AW ELEMENT MAX!MAL IN MODULUS,

INIMATD INITIALIZES (PART OF) A DIAGANAL OR COD'!'AGONAL WITH A COMSTANT,

INIMAT INITIALIZES (PART QF) A MATRIX WITH A CONSTANT,

INISYMD INITIALIZES A CNODIAGONAL OF A SYMMETRIC MATRIX WITH A CONSTANT,

INISYMRCY INITIALIZES A ROW OF A SYMMETRIC MATRIX WITH A CONSTANT,

INITIALIZES A CCDIAGONAL OF A SYMMETRIC MATRIX WIiTH A CONSTANT,

INITIALIZES A ROW OF A SYMMETRIC MATR[X WITH A CONSTANT,

INITIALIZES (PART OF) A VECTOR WITH A CONSTANT,

INITIALIZES (RART OF) A MATRIX WITH A CONSTANT,

INITIALIZES (PART OF) A DIAGONAL OR GQDIAGONAL WITH A CONSTANT,

INITIAL VALUE PROBLEM, G|VEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EGUATIONS, BY ONE OF THE FOLLOVW
INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY AN E
INITIAL VALUE PRQBLEMNS, GIVEN AS AN AYTONQMOUS SYSTEM OF F|RST ORDER DIFFERENTIAL EQUATIONS, BY AN E
INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY AN |
INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY AN |
INITIAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY A ON
INITIAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER ( NON-LINEAR ) DIFFERENTIAL EQV
INIVEC INITIALIZES (PART OF) A VECTOR WITH A CONSTANT,

INI 1S AN AUXILIARY PROCEDURE FOR MINIMAX APPROXIMATION,

INTEGRAL OF A FUNCTION DOF QONE VARIABLE OVER A FINITE INTERVAL,

INTEGRAL OF A FUNCTION OF ONE VARIABLE OVER A FINITE OR INFINITE INTERVAL OR OVER A NUMBER CF CONSEC
INTEGRAL ( QUADRATURE ) COMPUTES THE DEFINITE INTEGRAL OF A FUNCTION OF ONE VARIABLE OVER A FIN|TE O
INTEGRATION OF LARGE SYSTEMS ARIBING FROM PART|AL DIFFERENTIAL EQUATIONS, PROVIDEDP HIGHER ORDER PERI|
INTEGRATION OF STIFF DIFFERENTIAL EOQUATIONS,

INTEGRATION OF STIFF DIFFERENTIA| EQUATIONS,

INTEGRATION OF STIFF DIFFERENTIA|, EQUATIONS,

34355
34367
34366
34356
34364
34365
34363
34261
34262
34260
35051
35052
34031
34033
34032
34034
34035
34030
33130
33131
33460
35050
35030
35050
35051
35052
35053
35054
35055
35056
35030
31060
34230
32051
31060
31012
31011
31013
31014
31013
31014
31010
31011
31012
33080
33120
33160
33130
33431
33040
33060
31610
36020
32070
32051
32051
33040
33080
33120
33160
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1C STEP CONTROL; SUITABLE FOR
1C STEP CONTROL: SUITABLE FCR
USING A DEPENDENT VARIABLE AS
ING THE DEPEHWDENT VARIABLE AS
TIONS USING THE ARC LENGTH AS
IChVEC

ICHSEBVEC

ICHSEQ

lcHeoL

I CHROY

I CHROVCOL

HE COEFFICIENTS OF THE NEWTCN
TRIDIAGONAL MATRIX BY LINEAR

~DIMENS |ONAL ARRAY, BY LINEAR
~DIMENS IONAL ARRAY, BY LINEAR
OVER A NUMBER OF CONSECUTIVE

MMETRIC TRIDIAGONAL NMATRIX BY
ESSENBERG MATRIX, BY MEANS OF
HESSENBERG MATRIX BY MEANS COF
NY CQMPUTES THE 1=NORI" OF THE
INV COMPUTES THKE

DECINV COMPUTES THE

INV1 COMPUTES ThE

GSSINV COMPUTES THEL

GSSINVERB COMPUTES THE
DINVSVD CALCULATES THE PSEUDRD
PSDINV CALCULATES THE PSEUDO
CHLINV2 COMPUTES THE

CHLINV1 COMPUTES TFE

, BY THE CHOLESKY METHOD, THE
, BY THE CHOLESKY METHOD, TkE
THE DIAGONAL ELEMEMTS OF TKE
THE DIAGONAL ELENENTS OF TkE

TRIDIAGONAL HMATRIX BY INVERSE
G MATRIX, BY MEANS OF INVERSE
RG MATRIX BY MEANS OF |NVERSE

ITISOL COMPUTES AN
GSSITISOL COMPUTLS AN
ITISOLERB COMPUTES AN

GSS|TISOLERA COMPUTES AN

THE INCOMPLETE BETA FUNCTION
THE INCOMPLETE BETA FUNCTION
THE INCOMPLETE BETA FUNCTION
E KUTTA METHOD WHi{CH USES THE
ITABLE FOR THE INTEGRATION OF
OEFFICIENT MATRIX OF A LINEAR
EFFICIENT MATRIX) OF A LINEAR
LSQS0OL SOLVES A LINEAR
LSQORTDECSOL SOLVES A LINEAR
SOLSVDOVR CALCULATES THE
SOLOVR CALCULATES TFE
SOLSVDUND CALCULATES THE BEST
SOLUND CALCULATES THE BEST
NTIAL EQUATIONS USING THE ARC

INTEGRATION OF STIFF DIFFERENTIAL FQUATIONS,
INTEGRATION OF STIFF DIFFERENTI AL EQUATIONS,

INTEGRAT|ON V
INTEGRATION V
INTEGRATION V
INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERCHANGES
INTERPOLATION
iNTERPOLAT!ON
INTERPOLATION
INTERPOLATION
INTERVALS,
{NV1 COMPYTES
INVERSE ITERA
INVERSE | TERA
INVERSE |TERA
INVERSE OF A
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE OF
INVERSE NnF M!

P> rrrr>p

ARIABLE,
ARIABLE,
ARIABLE,
ELEMENTS OF TWO
ELEMEMNTS OF TWwWO
ELEMENTS OF TWO
ELEMENTS OF TWO
ELEMENTS OF TWO
ELEMENTS OF

VECTORS,
VECTORS,
VECTORS,

COLUMN VECTORS,
ROW VECTORS,

USING a STURM SEQUENCE,
USING A STURM SEQUENCE,
USIiING a4 STURM SEQUENCE,

THE INVERSE OF A MATRIX OF WHICH THE TRIANGULARLY DECOMPOSED FORM

A ROW VECTOR AND COLUMN VECTOR,
PCLYNOMIAL FOR GIVEN ARGUMENTS AND FUNCT|ON VALUES,

IS TRIANGULARLY DECNMPGSED,

MATRIX OF wHICH THE TRIANGULARLY DECCMPOSED FORM

MATRIX OF WHICH THE TRIANGULARLY DECCMPQSED FORM

TION,

TICNW,

T‘mh

MATRIX, WHICH

MATRIX,

MATRIX,

MATR'X AND AN UPPER BOUMD FOR
MATRIX,

MATRIX dY WMEANS

SYNMMETRIC POS|TIVE

SYNVMETRIC ROS|TIVE DEFINITE MATRIX
SYMMETRIC POS|TIVE DEFINITE MATRIX,
SYMMETRIC POS|TIVE DEFINITE MATRIYX,

M (1 COEFFICIENT MATRIX) OF

INVERSE NDF M'M (1M COEFF|CIENT MATRIX),

INV COMPUTES
ITERATICN,
ITERATICN,
ITERATICN,

I TERATIVELY R
ITERATIVELY R
I TERATIVELY R
ITERATIVELY R
ITISOLERH COM
ITISOL COMPUT
I XPFIX
TXQF IX
1(X,P+N,Q),0<
1 (X, P,Q+N),0<
Y (X, P,Q),0¢nX

THE INVERSE OF A MATRIX QF WHICH THE TRIAWGULARLY DECOMPOSED FORM

EFIHED SOLUTION
EFINED SOLUTION
EFINED SOLUTION
EFINED SOLUTION
PUTES AN
ES AN

IS AN AUXILIARY PROCEDURE POR THE
1S AN AUXILIARY PROCEDURE FOR THE
FOR NmO(4)NMAX,
FOR Nz (1)NMAX,

=2X<e1,P>0,2>0,
=X<=21,P>0,Q>0,
<=1,P>0,0>0,

OF A SYSTEM OF LlNEkh EQUATIONS, THE NATRIX OF WriCH IS GIVEN IN

ITS ERROR,
PRIVIDED THAT THE SINGULAR YALUE DECOMPDSITION
OF THME SINGULAR VALUE DECHOMPOSITION,

DEFINITE MATRIiX

WHICH {AS

IS GIVEN,

iS GIVEN,

BEEN DECOMPOSED 8Y CHLDEC2,

WHiCh HAS BEEN DECOMPOSED RY CHLDECY,

STORED
STORED

OF & SYSTEM OF LINEAR EQUATIONS,

AND AN UPRER BOUND FOR

ITS ERROR,

OF A SYBTEM OF LINEAR EQUATIONS,

ITERATIVELY REFINED SOLUTION AMD AN
ITERATIVELY REFINED SOLUTION OF A SYSTEM OF L(NEAR EQUATIONS, THE MATR(X OF WHICH
INCOMPLETE BETA FUNCT|ON,
INCOMPLETE BETA FUNCT|ON,

JACOBIAN MATRIX AND AUTOMATIC STEP CONTROL;

LARGE SYSTEMS
LEAST SQUARES
LLEAST SGUARES
LEAST SGQUARES
LEAST SGUARES
LEAST SGUARES
LEAST SGQGUARES
LEAST SGUARES
LEAST SGUARES
LENGTH AS

PROBLEM,
PROBLEM,
PROBLEM,

PROVIDED THAT MHE COEFF|CIENT MATRIX
PROBLEM AND COMPUTES THE DIAGONAL ELEMENTS OF
SOLUTION OF A OVERDETERMINED SYSTEM OF L INEAR
SOLUTION OF A OVERDETERM|NED SYSTEM OF LINEAR
SOLUTION OF A UNDERDETERMINED SYSTEM OF LINEAR EQUATIONS,

SUITABLE FOR
ARISING FROM PARTIAL DIFFERENTIAL EQUATIONS,

OF A SYSTEM CF LINEAR EQUATICNS,

UPPER 3OUND FOR

THE
EQUATIONS,
EQUATIONS BY MEANS OF SINGULAR VALUE DEC

IN A TWODIMENSIONAL APRAY,
IN A ONE.DIMENS!ONAL ARRAY,
A LINEAR LEAST SQUARES PROBLEM,

'S GIVEN,

ITS TR
OF W

ITS ERRQR, OF A SYSTEM OF

INTEGRATION OF STIFF DIFFERENTIAL EQUATIONS
PROVIDED H|GHER ORDER DERIVAT|VES CAN BE

HAS BEEN DECOMPOSED BY LSQORTDEC,
INVERSE OF Mt'M (M COEFFICIENT MATRIX

PROVIDED THAT THE SINGULAR VA

PROVIDED THAT THE SINGULAR V

SCLUTION OF A UNDERDETERMINED SYSTEM OF LINEAR EQUATIONS BY MEANS OF SINGULAR VALUE DE

INTEGRATION VAR|ABLE,

33130
33131
33016
33017
33018
34030
34034
34035
34031
34032
34033
36010
34151
34155
34153
32051
34235
343152
34161
34191
34240
34053
34302
34235
34236
34244
34286
34287
34400
34401
34402
34403
34132
34335
34053
34152
34161
34191
34250
34251
34253
34254
34253
34250
35054
35053
35051
35052
35050
33120
33040
34134
34132
34131
34135
34280
34261
34282
34283
33018
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POS|TIVE DEFINITE,
SOLBND SOLVES A

TION AND SOLVES THE

T
N

F
F
F
F

[aNaNaNal

CHLSOLBND SOLVES A
RIX AND SOLVES THE
THE SOLUTION OF A
SOL SOLVES A
DECSOL SOLVES A
SOLELM SOLVES A
GSSSOL SOLVES A
GSSSOLERB SOLVES A
INED SOLUTION A
INED SCQLUTION A
OR 1 TS ERROR, A
INED SOLUTION A

POSITIVE DEFINITE
POSITIVE DEFINITE
POSITIVE CEFINITE
POSITIVE DEFINITE

OF A OVERDETERMINED
OF A OVERDETERMINED
F A UNDERDETERM!INED
F A UNDERDETERMINED
OLVES A HOMOGENEOULS
OLVES A HOMOGENEOUS

SOLTR! SOLVES
DECSOLTR! SOLVES
SOLTRIP|V SOLVES
PARTIAL PIVOTING
SOLSYMTRI| SOLVES

CSOLSYMTR!I SOLVES

A
A
A
A
A

A

MMETRIC TRIDIAGOMNAL

TTMmzZzZz

A ONE=DIMENSIONAL
A TWO=DIMENSiIONAL
THE COEFFICIENT MATRIX OF A
(M COEFFICIENT MATRIX) OF

SYSTEM
SYSTEW
SYSTEM
SYSTEM
SYSTEM
SYSTEN
SYSTEM
SYSTEI
SYSTENM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
CHLPEC
CHLDEC
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEWM
SYSTEWM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SVSTE
SYSTEM
SYSTEM
MATR X
ARRAVY,
ARRAY,

OF
OF
OF
CF
OF
CF
CF
CF
OF
CF
CF
OF
OF
CF
CF
2 (
1¢
CF

A
LSQASOL SCOLVES &
LSQORTDECSOL SOLVES A

0G GAMMA COMPUTES THE NATURAL

ULATES,
S,

WiTHOUT PIVQATING,
WiTH PARTIAL PIVOTING,

THE
THE

LINEAR EQUATIONS BY THE METHOD OF COMJUGATE GRADIENTS,

LINEAR EQUATIONS WITH BAND MATRIX, WHICH IS DECOMPOSED BY DECSND,

LINEAR EQUATIONS,

LINEAR EQUATIONS wiTH SYMMETRIC POSITIVE DEFIN|TE BAND MATPIX, WHICH HAS BEEN DECOMPOSED BY CHLDECBN
LINEAR EQUATIONS BY THE CHOLESKY METHND,

LINEAR EQUATIONS,

LIMEAR EQUATIONS, OF WHICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX 15 GIVEN,

LINEAR EQUATIONS BY CROUT FACTOR{ZATION WITH PARTIAL PIVOTING,

LINEAR EQUATIONS, OF wHiCH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX IS GIVEN,

LIHEAR EQUATIONS BY GAUSSIAN ELIMINATION WITH COMBINED PARTIAL AND COMPLETE PIVOTING,

LINEAR EQUATIONS AND CO'PUTES AN UPPER BOUND FOR ITS ERROR,

LINEAR EQUATIONS, THE MATRIX OF WHICH (S GIVEN IN |TS TRIANGULARLY DECOMPOSED FORM,

LIHEAR EQUATIQONS,

LINEAR EQUATIONS, OF WHICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX S G| VEN,

LINEAR EQUATIONS,

LINEAR EQUATIONS ) COMPUTES THE CHOLESKY DECOMPOSITION OF A SYMMETRIC POSITIVE DEFINITE MATRIX, STOR
LINEAR EQUATIONS ) COMPUTES THE CHOLESKY DECOMPOSITION OF A SYMMETRIC POS|TIVE DEFINITE MATRIX, STOR
LINEAR EQUATIONS, THE MATRIX BEING DECOMPOSED BY CHLOEC2,

LINEAR EQGUATIONS, THE MATRIX BEI!NG DECOMPOSED 3Y CHLDECYH,

LINEAR EQUATIONS BY THE CHOLESKY METHOD, THE MATRIX BEING STORED IN A TWO-DIMENSIONAL ARRAY,

LINEAR EQUATIONS BY THE CHOLESKY METHOD, THE HMaATRIX BEING STORED N A ONE-DIMENSIONAL ARRAY,

LINEAR EQUATIONS, PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION OF THE COEFFICIENT MATRIX 1S GIVEN,
LIMNEAR EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPOSIT|OM,

LINEAR EQUATIONS, PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION OF THE COEFFICIENT MATRIX IS GIVEN,
LINEAR EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPOSITION,

LINEAR EQUATIONS, PROVINED THAT THE SINGULAR VALUE DECOMPOSIT|ON OF THE COEFFICIENT MATRIX IS GIVEN,
LINEAR EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPOSIT|ON,

LINEAR EQUATIONS WITH TRID|AGONAL COEFFICIENT MATR|X, PROVIDED THAT THE LU DECOMPOSITION 1S GIVEN,
LIMNEAR EQUATIONS WITh TRIDIAGONAL COEFFICIENT MATRIX,

LINEAR EQUATIONS WiITH TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED THAT THE LU DECOMPOSITION AS CALCULAT
LINEAR EQUATIONS WITH TRIDIAGONAL COEPFICIENT MATRIX,

LINEAR EQUATIONS WITH SYMMETRIC TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED THAT THE U'DU DECOMPOSITION
LINEAR EQUATIONS WITH SYMMETR!C TRIDIAGONAL COEFFICIENT MATRIX,

LINEAR IMTERPOLATION USING A STURM SEQUENCE,

LLINEAR INTERPOLATION USIMG A STURM SEQUENCE,

LINEAR INTERPOLATION USING A STURM SEQUENCE,

LINEAR LEAST SQUARES PROABLEM,

LIMEAR LEAST SQUARES PROBLEM,

LINEAR LEAST SQUARES PRNARBLEM, PROVIDED THAT THE CCEFFICIENT MATRIX HAS BEEN DECOMPOSED BV LSQORTDEC,
LINEAR LEAST SGUARES PROBLEM AND COMPUTES THE DIAGONAL ELEMENTS OF THE INVERSE OF Mt (M CCEFFICIENT
LINEMIN 1§ AN AUXILIARY PROCEDURE FOR OPTIMIZATICN,

LINIGERY SOLVES INITIAL VALUE PROBLEMS, GIVEN AS 'AN AYTONONMOUS SY¥STEM OF FIRST GRDER DIFFERENTIAL EQ
LINIGER? SOLVES INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL E®
LNGMATMAT COMPUTES IN DOUBLE PRECISION THE SCALAR PRODUCT OF A ROW VECTOR AND A COLUMN VECTOR,
LNGMATTAM COMPUTES IN DAUBLE PRECISION THE SCALAR PRODUCT OF TwO ROW VECTORS,

LNGMATVEC COMPUTES (N DOUBLE PRECISION THE SCALAR PRGDUCT OF A ROW VECTOR AND A VECTOR,

LNGSCAPRD] COMPUTES IN DOUBLE PRECISION THE SCALAR PRODUCT OF TWwO VECTORS,
LNGSEQVEC COMPUTES IN DOUBLE PRECISION THE SCALAR PRODUCT OF TwO VECTORS,
LLNGSYMMATYVEC COMPUTES IN DOUBLE PRECISION THE SCALAR PRODUCT OF A VECTOR AND A ROVW
LNGTAMMAT COMPUTES IN DNUBLE PRECISION THE SCALAR PRODUCT OF TwO COLUMM VECTORS,
LNGTAMVEC COMPUTES IN DOUBLE PRECISIQN THE SCALAR PRODUCT OF A COLUMN VECTOR AND A VECTOR,

LNGVECVEC COMPUTES IN DOUBLE PRECISION THE SCALAR PRODUCT OF TwC VECTORS,

LOGAR|ITHM OF THE GAMMA FUNGTION FOR POSITIVE ARGUMENTS,

LCG GAMNA COMPUTES THE NATURAL LOGAR|THM OF THE GAMMA PUNCTION FOR POSITIVE ARGUMENTS,

LSQDGL INV COMPUTES THE D|AGONAL ELEMENTS OF THE INVERSE OF MiM (M COEFFICIENT MATRIX) OF A LINEAR LE
LSQORTDECSOL SOLVES A LINEAR LEAST SQUARES PRCBLEM AND COMPUTES THE DIAGONAL ELEMENTS OF THE [INVERSE
LSQORTDEC PERFORMS THE HOUSBEHOLDER TRIANGULARIZATION OF THE COEFFICIENT MATRIX OF A LINEAR LEAST SQU
LLSOSOL SOLVES A LINEAR LEAST SQUARES PROBLEM, PROVIDED THAT THE COEFFICIENT MATRIX HAS BEEN DECOMPOS
LU DECOMPOSITION OF A TRIDJAGONAL MATRIX,

LU DECOMPOSITION OF A TRID|JAGONAL MATRIX,

IN A SYMMETRIC MA

34220
34071
34322
34332
34333
34241
34051
34301
34061
34232
34243
34250
34251
34253
34254
34310
34311
24390
34391
34392
34393
34280
34281
34282
34283
34284
34285
34424
34425
34427
34428
34421
34422
34151
34455
34153
34154
34132
34431
34435
34210
33430
33131
34413
34415
34411
34417
34416
34418
34414
34412
34410
35062
35062
34432
344135
34434
J4131
34423
34426
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HSHHRMTRIVAL DELIVERS THE

SYMMETRIC
SYMMETRIC

TRIDIAGONAL
TRIDIAGONAL
ES SYMMETRIC TRIDIAGONAL
ES SYMMETRIC TRIDIAGONAL
E INDICES AND MODULUS OF THAT
VEC COMPUTES THE TRANSFORMING

DUPMAT COPIES (PART OF) A
NIMAT INITIALIZES (PART OF) A
S A CODIAGOMAL OF A SYMKETRIC
TIALIZES A ROW OF A SYMMETRIC

RS
ES

AN ELEMENT
ELEMENT OF
ELEMENT CF

VERS THE INDEX FOR
LUE OF THE MNEW RCw
LUS OF THAT MATRIX

VERAL VARIABLES BY A VAR|ABLE
VERAL VARIABLES BY A VAR|ABLE
18 AN AUXILIARY PROCEDURE FCR
GE ALGOR|THM 1S USED FOR THiS
RNK{MIN ( OPTIMIZATICN )
FLEMIN ( OPTI(MIZATION )

DEX FOR AN ELEMENT MAXIMAL N
COMABS COMPUTES THE

MAXMAY FINDS THE INDICES AND

ISTEP METHODS: GEARS, ADAMS =

MuLcoL
coLcsT
COMCOLCST
COMROWCST
MULROW
ROWCST
MULVEC
CoOMMUL

IONS, BY ONE OF THE FOLLOWING

LOG GAMMA COMPUTES THE

TES A POLYNOMIAL GIVEN IN THE
OLYNOMIAL REPRESENTAT!ION FROM
MINES THE COEFFICIENTS OF THE
AS A SYSTEM OF FIRST ORDER (
REABCL

ScLCoM

FUNCTIONS ARE RELATED TO THE
EUCNRM COMPUTES THE EUCLIDEAN
SMAXVEC COMPUTES THE INFINITY
ONENRMINV COMPUTES THE {w
COMMUL, MULTIPLIES TWO COMPLEX

MAIN DIAGONAL ELEMENTS AND SQUARES OF THE CODIAGONAL ELEMENTS OF A HERM|ITIAN TRIDIAGONAL MATRIX WHIC

MATMAT COMPUTES THE SCALAR PROBUCT OF A ROV VECTOR AND COLUMN VECTOR,
fIATRIX BY INVERSE ITERAT|ON,

HATRIX BY LINEAR (NTERPOLATION USING A STURM SEQUENCE,

MATRIX BY OR~|TERATION,

HATRIX BY QR-|TERATION,

MATRIX ELEMENT OF MAX MM ABSOLUTE VALUE,

HATRIX IN COMBINATION WITH PROCEDURE TFMSYMTRIZ2,

MATRIX TO (AN OTHER) MATRIX,

MATRIX WITH A CONSTANT,

MATRIX WITH A CONSTANT,

MATRIX WITH A CONSTANT,

HMATTAM COMPUTES THE SCALAR PRODUCT OF TWO ROV VECTORS,

MATVEC COMPUTES THE SCALAR PRODUCT OF A ROW VECTOR AND VECTCR,

MAXELMRCW ADDS A SCALAR TIMES A ROW VECTOR TO a RCW VECTOR, AND RETURNS THE SUBSCRIPT VALUE OF THE N
MAXIMAL IN MODULUS,

MAX ! 1MUN ABSOLUTE VALUE,

MAX IMUM ABSOLUTE VALUE,

MAXMAT FINDS THE INDICES AND MODULUS OF THAT MATRIX ELEMENT OF MAXIMUM ABSOLUTE VALUE,

METRIC METHOD,

METRIC NETHOD,

MINIMAX APPROXIMATION,

MINITMAX POLYNOMIAL APPROX|MATION,

[i{NIMIZES A GIVEN DIFFERENT!ABLE FUNCT|ON OF SEVERAL VARIABLES BY A VARIABLE METRIC METHOD,
MINIMIZES A GIVEN DIFFERENT|ABLE FUNCTION OF SEVERAL VARIABLES BY A VARIABLE METR{C METHOD,
MINMAXPCL DETERM|NES THE COEFFIC|IENTE OF THE POLYNOMIAL (!N GRUNERT FORM) THAT APPROXIMATES A FUNCTI
MODIFIED RUNGE KUTTA SOLVES AN (N|ITIAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SYSTEM OF F{RST ORPER
MODIFIED TAYLOR SOLVES AN |NITIAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER DIFFE
MopPuLUS,

MODULUS OF A COMPLEX NUMBER,

MCDULUS OF THAT MATRIX ELEMENT OF MAXIMUM ABSOLUTE VALUE,

MOULTON, OR ADAM8 =~ BASHFORTH METHOD) WITH AUTOMAT|C STEP AND ORDER CONTROL AND SUITABLE FOR TKE
MULCOL MULTIPLIES A COLUMN VECTOR BY A SCALAR,

MULROW NMULTIPLIES A ROW VECTOR BY A 3CALAR STORING THE RESULT
MULTIPLIES A COLUMN VECTOR BY A SCALAR,

INT

IN ANOTHER VECTOR,

MULTIPLIES A COLUMN VECTOR BY A SCALAR,
MULTIPLIES A COMPLEX COLUMN VECTOR BY A COMPLEX NUMBER,

MULTIPLIES A COMPLEX ROW VECTOR BY A COMPLEX NUMBER,

MULTIPLIES A ROW VECTOR BY A SCALAR STORING THE RESULT IN ANOTHER VECTOR,
MULTIPLIES A ROW VEGCTOR BY A SCALAR BTORING THE RESULT IN ANOTHER ROWVECTOR,
MULTIPLIES A VECTOR BY A SCALAR,

MULTIPLIES TWO COMPLEX NUMBERS, !

OR ADAMS = BASHFORTH METHOD) WITH AUTOMATIC STEP AND ORDE
GIYEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EGUAT|ONS,

MULTISTEP METHODS:) GEARS, ADAMS = MOULTON,
MULTISTEP SOLVES AN INITIAL VALUE PROBLEM,
MULVEC MULTIPLIES A VECTOR BY A 8CALAR,

NATURAL LOQGAR(ThM QF THE GAMMA FUNCT|QN FOR POS|T|VE ARGUMENTS,

NEWGRN TRANSFQRMS A POLYNOM|AL REPREBENTATION FROM NEWTON FORM INTO GRUNERT FORM,

NEWPOL EVALUATES A POLYNOM|AL GIVEN IN THE NEWTON FORM BY THE HORNER SCHEME,

NEWTON DETERMINES THE CQEFF[CIENTS OF THE NEWTON INTERPOLATION POLYNOM|AL FOR GIVEN ARGUMENTS AND FU
NEWTON FORM BY THE HORNER SCHEME,

NEWTON FORM INTO GRUNERT FQRM,

NEWTON INTERPOLATION POLYNOM|AL FOR GIVEN ARGUMENTS AND FUNCTION VALUES,

NON=L INEAR ) DIFFERENTIAL EQUATIONS, BY A STABI|LIZED RUNGE KUTTA METHOB WITH LIMITED STORAGE REQUIRE
NORMAL I ZES THE CQLUMNS OF A TWO-DIMENS|ONAL ARRAY,

NORMAL IZES THE COLUMNS OF A COMPLEX MATRIX,

NORMAL CR GAUSS|AN PROBABILITY FUNCGTIQGN,

NORM OF A COMPLEX MATRIX,

NORM OF A VECTOR ANP DE| |VERS THE
NORM QF THE INVERSE OF A MATRIX,
NUMBERS,

INDEX FOR AN ELEMENT MAXIMaAL 1N MODULUS,
WHICH IS TRIANGULARLY DECOMPOSED,

34364
34013
34452
34451
34165
34161
34230
34142
31035
31011
31013
31014
34015
34011
34025
31060
34025
34230
34230
34214
34215
36020
36022
34214
34215
36022
33060
33040
31060
34340
34230
33080
31022
31021
31022
31434
34352
34353
31024
31132
34020
34341
33080
33080
31020
35062
31050
31044
36010
31041
31050
36010
33060
34483
34360
35020
34359
31060
34240
34341
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S THE QUOTIENT OF TWO COMPLEX
UTES THE MODULUS OF 4 COMPLEX
THE SQUARE ROOT OF A COMPLEX
CARPOL TRANSFORMS A COMPLEX
MENTS N THE RANGE (1/2,3/2)}

IS AN AUXILIARY PROCEDURE FOR
IS AN AUXILIARY PROCEDURE FOR
IS AN AUXILIARY PROCEDPURE FCR
IS AN AUXIL!ARY PROCEDURE FOR
RNKLMIN (

FLEMIN ¢

THOD; WITH AUTOMATIC STEP AND
RKi SOLVES A SINGLE FIRST
RK1N SOLVES A SYSTEM OF FIRST
RK2 SOLVES A SECOND

K2N SOLVES A SYSTEM OF SECOND
RK3 SOLVES A SECOND

K3N SOLVES A SYSTEM OF SECOND
K5NA SOLVES A SYSTEM OF FIRST
M, GIVEN AS A SYSTEM QF FIRST
M, GIVEN AS A SYSTEM OF FIRST
AN AUTONOMOUS SYSTEM OF FIRST
AN AUTONOMOUS SYSTEM OF FIRST
AN AUTONOMOUS SYSTEM OF FIRST
AN AUTONOMDUS SYSTEM OF FIRST
RENTIAL EQUATION USING A 5aTH
M, GIVEN AS A SYSTEM OF FIRST
€ LEAST SQUARES SOLUTION OF A
E LEAST SQUARES SOLUTION OF A
AN ELI!M{NATION WITH COMBINED
AN ELIMINATION WITH COMBINED
OF LARGE SYSTEMS ARISING FROM
X BY CROUT FACTOR|ZATION WiTH
S BY CROUT FACTOR|ZATION WITH
DECTRIPIV CALCULATES, WITH
DECSOLTRIPIV SOLVES WI|TH
RANGE (1/2,3/2); ODD AND EVEN
IPIV CALCULATES, WITH PARTIAL
UT FACTORIZATION WITH PARTIAL
COMBINED PARTIAL AND COMPLETE
UT FACTORIZATION WITH PARTIAL
COMBINED PARTIAL AND COMPLETE
SOLTRIPIV SOLVES WITH PARTIAL
IN CARTESIAN COORDINMNATES INTO
| THM 1S USED FOR THIS MIN!IMAX
6 OF THE NEWTON INTERPOLAT!ION
POL EVALUATES A

NEWPOL EVALUATES A

NEWGRN TRANSFORMS A

MINES THE COEFFICIENTS OF THE

J GRAD SOLVES A SYMIETRIC AND
DECOMPOSITION OF A SYMMETRIC
HE DETERMINANT OF A SYMMETRIC
NEAR EQUATIONS WITH SYMNETRIC
DECOMPOSITION OF A SYMMETR!IC
DECOMPOSITION OF A SYMMETRIC
DECOMPOSITION OF A SYMMETRIC
HE DETERMINANT OF A SYMMETRIC

NUMBERS ,
NUMBER,
NUMBER,
NUMBER GIVEN

IN CARTESIAN GOORDINATES

INTO POLAR COORD|NATES,

ODP AND EVEN PARTS ARE ALSO DELIVERED,

ONENRMINYV COMPUTES THE 4=NQRM OF THE

OPTIMIZATION,
OPTIMIZATIQON,
OPTIMIZATION,
OPTIMAIZATION,

INVERSE QF A MATR|X, WHICH

IS TRIANGULARLY DECOMPOSED,

ORTIMIZATION ) MINIMIZES A GIVEN DIFFERENTIABLE PUNCTION OF SEVERAL VARIABLES BY A VARIABLE METRIC M
OPTIMIZATION ) MINIMIZES A GIVEN DIFFERENTIABLE FUNCTION OF SEVERAL VARIABLES BY A VARIABLE METRIC M

ORDER CONTROL AND SUITABLE FOR THE

INTEGRATION OF STIFF DIFFERENTIAL EQUATIONS,

ORDER DIFFERENTIAL EQUAT|ON USING A 5«TH ORDER RUNGE KUTTA METHOD,
ORDER DIFFERENTIAL EQUAT|ONS USING A 5«TH ORDER RUNGE KUTTA METHOD,
ORDER DIFFERENT!AL EQUAT|ON USING A 5sTH ORDER RUNGE KUTTA METHOD,
ORDER DIFFERENT/IAL EQUAT|ONS USING A 5sTH ORDER RUNGE KUTTA METKOD,

ORDER DIFFERENTIAL EQUAT|ON USING A SuTH ORDER RUNGE KUTTA METHOD})
ORDER DIFFERENTIAL EQUAT|ONS USI!NG A 5aTH ORDER RUNGE KUTTA METHODj NO DER|VATIVES ALLOWED CN RIGHKT
ORDER DIFFERENT!AL EQUAT|ONS USING THE ARC LENGTH AS
ORDER DIFFERENTIAL EQUAT|ONS, BY A ONELSTEP TAYLOR METHOD}
ORDER DIFFERENT!AL EQUATIOQONS, BY ONE QF THE FOLLOWING MULTI|STEP METHODS:
ORDER DIFFERENTIAL EQUAT|ONS, BY AN EXPONENTIALLY FITTED,
ORDER DIFFERENT!AL EQUATIONS, BY AN EXPONENTIALLY FITTED,
ORDER DIFFERENTIAL EQUATI|ONS, BY AN
ORDER DIFFERENTIAL EQUAT|ONS, BY AN

INTEGRATION VARI[ABLE,
THIS METHOD
GEARS,

SEM| o
EXPONENT |ALLY FITTED,
EXPCNENT [ALLY FITTED,

IMPLICIT,
IMPLICIT,

ORDER RUNGE KUTTA METHOD,

ORDER

OVERDETERMINED SYSTEM OF LINEAR EQUATIONS,
OVERDETERMINED SYSTEM OF L|NEAR EQUAT|ONS BY MEANS OF SINGULAR VALUE DECOMPOS|T|ON,

( NON=LINEAR ) DIFFERENT|A|L EQUATIONS,

PARTIAL AND COMPLETE PIVOTING,
PART AL AND COMPLETE PIVOTING,

PARTIAL DIFFERENTIAL EQUAT|ONS,

PARTIAL P|VOTING,
PARTIAL PIVOTING,
PARTIAL PIVOTING,

PARTIAL PIVOTING A SYSTEM OF LINEAR EQUATIONS wITK TR|DIAGONAL COEFFICIENT MATRIX,

THE LU DECOMPOSITION OF A TRIDIAGONAL MATRIX,

PARTS ARE ALSO DELIVERED,

PIVCTING,
PIVOTING,
PIVOTING,
PIVOTING,
PIVOTING,

THE LU DECOMPAS|TION OF A TRIDIAGONAL MATRIX,

PIVOTING A SYSTEM OF LINEAR EQUATIONS WITH TRIDIAGONAL COEFFIC|ENT MATRIX,

POLAR CCORDINATES
POLYNOMIAL APPRCX

IMATION,

POLYNOMIAL FOR GIVEM ARGUMENTS AND FUNCTION VALUES,

POLYNOMIAL GIVEN
POLYNOM| AL G!VEN

POLYNOMIAL REPRESENTATION FROM NEWTON FORM
(IN GRUNERT FORM) THAT APPROXIMATES A FUNCT|ON GIVEN FOR DISCRETE ARGUMENTS;

POLYNOMI AL

POL EVALUATES A POLYNOMIAL G|VEN
POSITIVE DEFINITE,

POSITIVE DEFINITE
POSITIVE DEFINITE
POSITIVE DEFINITE
POSITIVE DEFINITE
POSIT{VE DEFINITE
POSITIVE DEFINITE
POSITIVE DEFINITE

IN THE GRUNERT FORM By THE HORMER SCHEME,
IN THE NEWTON FQRM BY THE HORMNER SCHEME,
INTO GRUNERT FORM,

IN THE GRUNERT FCRM BY THE HORNER SCHEME,
MATRIX BY THE CHOLESKY METHOD,

MATRIX, WHICH WAS BEEN DECOMPOSED BY CHLDECBND,
BAND MATRIX, WHICH WAS BEEN DECOMPOSED BY CHLDECEND,

SYSTEM QF LINEAR EQUATIONS BY THE METHOD OF CONJUGATE GRADIENTS,

NO DERIVATIVES ALLOWED CN RIGKT h

IS PARTICULARLY SUITABLE FOR
ADAMS - MOULTON, OR
EXPLICIT RUNGE KUTTA METHOD WHICr USES THE
JMPLICIT RUNGE KUTTA METHCD,
FIRST ORDER ONE.STEP METHOD WITh
SECONMD ORDER ONE-STEP METHCD WIT

SUITAB

By A STABILIZED RUNGE KUTTA METHOD W|TH LIM|TED STORAGE
PROVIDED THAT THE S5)NGULAR VALUE DECOMPOSITION OF THE COE

PROVIDED HiGHER QRDER DERIVATIVES CAN BE EASILY OBTAINED,

THE SECOND R

BAND MATRIX AND SOLVES THE SYSTEM OF LINEAR EQUATIONS8 BY THE CHOLESKY METHOD,

HATRIX,
MATRIX,
MATRIX,

STORED (N A TWO=DIMENSICNAL ARRAY,
STORED COLUMNWISE IN A ONEDIMENSIONAL ARRAY,
WHICH HAS BEEM DECOMPOSED BY CHLDEC2,

34342
34340
J4343
34344
33060
34240
34210
34211
34212
34213
34214
34215
33060
33010
33011
33012
33013
33014
33015
33018
33040
33080
33120
33160
33130
33431
33010
33060
34280
34281
34231
34232
33040
34300
34301
34426
34428
35060
34426
34300
34231
34301
34232
34428
34344
36022
36010
31040
31041
31050
36022
31040
34220
34330
34331
34332
34333
34310
34311
34312

MMTMMMM OO0 NPIMMAMIAIIMMAOAMMIIONCONONNNONNONNONNTO0O0O00UMOOOCO O



HE DETERMINANT OF A SYMMETRIC
CHLSOL2 SOLVES A SYMMETRIC
CHLSOL]1 SOLVES A SYMMETRIC

CHLDECSOL2 SOLVES A SYMMETR!C

CHLDECSOLY SOLVES A SYMMETRIC

ES THE INVERSE OF A SYMMETRIC

ES THE INVERSE OF A SYMMETR'C

D, THE INVERSE OF A SYMMETRIC

D, THE INVERSE OF A SYMMETRIC

M OF A CONVERGENT SERIES WITH

PSTTFMMAT CALCULATES TRE
HSHCOMPRD
PRETFMMAT CALCULATES TFE

TED TO THE NORMAL OR GAUSSIAN
EFERK SOLVES INITIAL VALUE
EFSIRK SOLVES INITIAL VALUE
LINIGERY SOLVES INITIAL VALUE
LINJGER2 SOLVES INITIAL VALUE
AN [NITIAL ( BOUNL:ARY ) VALUE
AN INITIAL ( BOUNDARY ) VALUE
ISTEP SOLVES AN IN|TIAL VALUE
TAMVEC COMPUTES THE SCALAR

N DOUBLE PRECISIOM THE SCALAR
MATVEC COMPUTES THE SCALAR
MATMAT COMPUTES THE SCALAR

N DOUBLE PRECISION THE SCALAR
N DOUBLE PRECISION THE SCALAR
SYMMATVEC COMPUTES THF SCALAR
N DOYBLE PRECISION THE SCALAR
VECVEC COMPUTES THE SCALAR
TAMMAT CONPUTES THE SCALAR
MATTAM COMPUTES THE SCALAR
SEQVEC COMPUTES THE SCALAR
SCAPRD1 COMPUTES THE SCALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECIS!ON THE SCALAR
DOUBLE PRECISION THE SCALAR
DOUBLE PRECISION THE SCALAR

zzZzzzZZ

PSDINVSVD CALCULATES THE
PSDINV CALCULATES TRE

MMETRIC TRIDIAGONAL MATRiX BY
MMETRIC TRIDIAGONAL MATR)X BY
N A ONE=DIMENS|ONAL ARRAY, BY

POSITIVE DEFINITE MATRIX, WHICH HAS BEEN DECOMPOSED BY CHLDECI,

POSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS, THE MATRIX BEING DECOMPOSED BY CHLDEC2,

POS!TIVE DEFINITE SYSTE™M OF LINEAR EGUATIONS, THE MATRIX BEING DECOMPOBED RY CHLDECY,

POSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS BY TmE CHOLESKY METHOD, THE MATRIX BEING STORED IN A TW
POSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS BY THE CHOLESKY METHOD, THE MATRIX BEING STCRED IN A ON
PCSITIVE DEFINITE MATRIX WHICH HAS BEEN DECOMPOSEpP BY CHLDEC?,

PCSITIVE DEFINITE MATRIX WHICH HAS BEEN DECOMPOSED BY ChHLDECY,

POSITIVE DEFINITE MATRIX, STORED IN A TWORDIMENSICNAL ARRAY,

POSITIVE DEFINITE MATRIX, STORED IN A ONE«DIMENSICNAL ARRAY,

POSITIVE TERMS, USING THE VAN WIJNGAARRDEN TRANSFORMATION,

POSTMULTIPLYING MATRIX USEDP BY HEBHREARID TO TRANSPORM A MATRIX INTO BIDIAGONAL FORM,

PREMULTIPLIES A COMPLEX MATRIX WITH A COMPLEX HOUSEHOLDER MATRI|X,

PREMULTIPLYING MATRIX USED BY HSHREAB|D TO TRANSFORM A MATRIX |NTO BIDIAGONAL FORM,

PRETFMMAT CALCULATES THE PREMULTIPLYING MATRIX USED BY HSHREAB|D TO TRANSFORM A MATRIX INTO BID|AGON
PROBABILITY FUNCTIOM,

PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST CRDER DIFFERENT|AL EQUATIONS, BY AN EXPONENTIALLY F
PROBLEMS, GIVEN A4S AN AUTOMOMOUS SYSTEM OF FIRST CRDER DIFFERENT|AL EQUATIONS, BY AN EXPCNENTIALLY F
PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENT|AL EQUATIONS, BY AN (MPLICIT, EXPON
PROBLEMS, GIVEN AS AN AITONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY AN IMPLICIT, EXPCN
PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUAT|ONS, BY A ONE-STEP TAYLOR METHOD} THIS
PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER ( NONa«LINEAR ) DIFFERENTIAL EQUATINONS, BY A STABILIZED RUN
PROBLEM, GIVEN AS A SVSTEM OF FIRST ORDER DIFFERENT|AL EQUAT|ONS, BY ONE OF ThE FOLLOWING MULTISTEP

PRODUCT OF A COLUMN VECTOR AND VECTOR,

PRODUCT OF A COLUMN VECTOR AND A VECTOR,

PRODUCT OF A ROW VECTOR AND VECTOR,

PRODUCT OF A ROW VECTOR AND COLUMN VECTOR,

PRODUCT GF A ROW VECTOR AND A VECTOR,

PRODUCT OF A ROW VECTOR AND A COLUMN VECTOR,

PRODUCT OF A VECTOR aND A ROW OF A SYMMETRI(C MATR(X,
PRODUCT OF A VECTOR AND A ROV IN A SYMMETR|C MATRIX,

PROCUCT OF TWQo VECTORS,

PRCDUCT OF TwQ COLUMN VECTORS,

PRODUCT OF TWO ROW VECTOPRS,

PRCDUCT OF TwWO VECTOKS,

PROCUCT OF TWO VECTORS,

PRODUCT OF Two VECTORS.,

PRODUCT OF Two COLUMN VECTORS,

PRCDUCT OF Two RQw VECTNRS,

PRODUCT OF Twe VECTORS,

PRODUCT OF Two VECTORS,

PSDINVSVD CALCULATES THE PSEUDO INVERSE OF A MATRIX, PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION
PSHINV CALCYLATES THE PSEUDRPO 'NVERSE QF A MATR|X’/BY MEANS OF THE SINGULAR VALUE DPECOMPOS|TION,
PSEUDO INVERSE CF A MATRIX, PRQOVIDED THAT THE SINGULAR VALUE CECOMPOSITION IS GIVEN,

PSEUDC INVERSE CF A IMATRIX BY MEANS OF THE SINGULAR VALUE DECOMPUSITION,

PSTTFMMAT CALCULATES THE POSTMULT!PLYING MATRIX USED BY HSHREABID TO TRANSFORM A MATRIX INTC BIDIAGO
QADRAT ( QUADRATURE ) COMPUTES THE DEFINITE INTEGRAL OF A FUNCT|ON OF ONE VARIABLE OVER A FINITE INT
QRICOM COMPUTES ALL EIGENVECTORS AND EIGENVALUES CF A COMPLEX UPPER HESSENRERG MATR|X WITh A REAL SU
QR !HRM COMPYTES ALL EIGENVECTORS AND E[IGENVALUES CF A HERMIT{AN MATRIX,

QRISNGVALBID CALCULATES THE SiINGULAR VALUES OF A REAL 3IDIAGCNAL MATRIX BY MEANS OF IMPLJCIT QR=ITER
QRISNGVALDECBID CALCULATES THE SINGULAR VALUE DECOMPOS|TIOM OF A REAL MATRIX OF WHICH A BIDIAGONAL D
ORISNGVALDEC CALCULATES THE SINGULAR VALUE DECOMPOS|ITION OF A REAL MATRIX BY MEANS OF AN |MPLICIT QR
NRISNGVAL CALCULATES THE SINGULAR VALUES OF A REAL MATRIX BY MEANS OF AN IMPLICIT QR~ITERATION,
QRISYMTR| COMPUTES ALL E|GENVECTORS ANO EIGENVALUES OF A SYMMETR|C TRIDIAGONAL MATRIX BY QR«|TERATIO
QRISYM COMPUTES ALL EIGENVALUES AND EIGENVECTORS CF A SYMMETRIC {1ATRIX BY QR-ITERATION,

QRIVALHRM COMPUTES ALL EIGENVALUES OF A HERMITIAN MATRIX,

QRIVALSYM] COMPUTES aLL EIGENVALUES OF A SYMMETRIC MATRIX, STORED IN A ONELDIMENSIONAL ARRAY, BY QRw
ORIVALSYM2 COMPUTES ALL EIGENVALUES OF A SYMMETRIC MATRIX, STORED IN A TWO.DIMENSIONAL ARRAY, BY QRpm
OR~ ITERATION,

QR~1TERATION,

QR- I TERATICN,

34313
34390
34393
34392
34393
34400
34401
34402
34403
32020
34261
34356
34262
34262
35020
33120
33160
33430
33431
33040
33060
33080
34012
34412
34011
34013
34411
34413
34018
34418
34010
34014
34015
34016
34017
34410
34414
34415
34416
34417
34266
34287
34286
34287
34261
32070
34373
34371
34270
34271
34273
34272
34161
34463
34370
34164
34462
34165
34161
34164
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N A TWO-DIMENS|ONAL
TORS OF A SYNMETRIC
ARE REAL, BY MEANS
ARE REAL, BY MEANS
ERG MATRIX BY MEANS
L MATRIX BY MEANS OF
IVEN, BY MEANS OF AN
ATRIX BY MEANS OF AN IMPLICIT
ATR|X BY MEANS OF AN IMPLICIT
OMKWD COMPUTES THE ROOTS CF A

QADRAT ¢

INTEGRAL (

COMDIV COMPUTES THE

ATES THE SINGULAR VALUES OF
ATES THE SINGULAR VALUES OF
TFMREAHES TRAMSFORMS
HSHREABID TRANSFORMS

ULAR VALUE DECOMPQSITION OF
TFMSYMTR |2 TRANSFCRMS
TFMSYMTRI1 TRANSFORNKS

ARRAY, BY
MATRIX BY
OF SINGLE
OF SINGLE
OF DOUBLE

IMPLICIT

IMPLICIT

>»>»Pr>»>rPpr

RECIP GAMMA COMPUTES THE

TISoL COMPUTES AN ITERATIVELV
TISOL COMPUTES AN (TERATIVELY
OLERB COMPUTES AN ITERATIVELY
OLERB COMPUTES AN ITERATIVELY

SNOREMEZ (SECOND
]SCRETE ARGUMENTS; THE SECOND
EWGRN TRANSFORMS A POLYNOPMIAL

COHKWD COMPUTES THE
COMSQRT COMPUTES THE SQUARE
ROTCOMCOL PERFURMS A
ROTCOMROW PERFORMS A

RQTCQL PERFORMS AN ELEMENTARY
ROTROW PERFORMS AN ELEMENTARY

INISYMROW INITIALIZES A

LAR PRODUCT OF A VECTOR AND A
TES THE SCALAR PRGDUCT OF TwoO
INTERCHANGES ELENENTS OF TwoO
ARY ROTAT!ION OPERAT!ION ON TwWO

QR~ITERATION,

QR~ I TERATION,

QR~ITERATION,

QR~ I TERATION,

OR~ I TERATION,

QR~ I TERATION,

QR= 1 TERATION,

QR=ITERATION,

OR= I TERATION,

NUADRATIC EQUATION ¥ITH COMPLEX COEFF|CIENTS,

QUADRATURE ) COFRUTES THE DEFINITE INTEGRAL OF A FUNCTION OF ONE VARIABLE OVER A FINITE
QUADRATURE ) COMPUTES THE DEFINITE INTEGRAL OF A FUNCTION OF OME VARIABLE OVER A FINITE CR
QUOTIENT OF TWO GCOMPLEX NUMBERS,

INTERVAL,
INFINITE

REAL BIDIAGONAL MATRIX BY MEANS OF IMPLICIT QRAITERATION,

REAL MATRIX BY MEANS OF AN IMPLICIT GRwITERATION,

REAL MATRIX INTO A SIMILAR UPPER HESSENBERG MATRIX BY THE WILK|NSON TRANSFORMATION,

REAL MATRIX INTO BIDIAGOMAL FORM BY MEANS OF HOUSEHOLDER TRANSFORMATIOM,

REAL MATRIX OF WHICH A BID|AGONAL DECOMPOS(TION IE& GIVEN, BY MFANS OF AN IMPLICIT QR=iITERATION,
REAL SYMMETRIC MATRIX IMTO A SIMILAR TRIDIAGONAL CNE BY HOUSEROLDERS TRANSFORMATION,

REAL SYMMETRIC MATRIX INTO A SIMILAR TRIDIAGONAL CNE BY HOUSEHOLDERS TRANSFORMATION,

REAQGR| CALCULATES THE E|GENVALUES AND EIGENVECTORS OF A REAL UPPER HESSENBERG MATRIX, PROVIDED THAT

REASCL NORMALIZES THE COLUMNS OF A TwQ.DIMENSIONAL ARRAY,
REAVALOR! CALCULATES THE E|GENVALUES OF A REAL UPPER HESSENBERG MATR!X, PROVIDED THAT ALL EIGENVALUE
REAVECHES CALCULATES THFf FE|GENVECTOR CORRESPONDING TO A GIVEN REAL E!GENVALUE OF A REAL UPPER HESSEN
RECIPROCAL OF THE GAMMA FUNCTION FOR ARGUMENTS |M THE RANGE (1,/2,3/2); ODD AND EVEW PARTS ARE ALSO D
RECIP GAMMA COMPUTES THE RECIPROCAL OF THE GAMMA FUNCTION FCR ARGUMENTS IN THE RANGE (1/2,3/2]) ©0DD
REFINED SOLUTION OF A SvSTEM OF | INEAR EQUAT!ONS, THE MATRIX OF WHI{CH IS GIVEN IN ITS TRIANGULARLY D
REFINED SOLUTION OF a SYSTEM OF [ !NEAR EQUATIONS,
REFINED SOLUTION AND AN UPRER BOUND FOR |TS ERROR,
REFINED SOLUTION OF A SYSTEM OF | INEAR EQUATIONS,
REMEZ ALGORITHM) EXCHANGES NUMBERS W|T™H NUMBERS OUT OF A REFERENCE SET,

REIMEZ EXCHANGE ALGORITHM 1§ USED FOR TWIS MINIMAX POLYNOMIAL APPROXIMAT|ON,

REPRESENTATION FROM HEWTON FORM |NTO GRUNERT FORM,

RKiN SOLVES A SYSTFf OF FIRST ORDER DIFFERENTIAL EQUATIONS USING A 5-TH ORDER RUNGE KUTTA METHCD,
AK1 SOLVES A SINGLE FIRST ORDER DIFFERENTIAL EQUATION USING £ 5.TH ORDER RUNGE KUTTA METHOD,

RK2N SOLVES A SYSTEM OF SECOND ORDER DIFFERENTIAL EQUATIONS US|NG A 5.TH ORDER RUNGE KUTTA NETFOD,
RK? SOLVES A SECOND ORDER DIFFERENTIAL EQUATION USING A 5~Th OPDER RUNGE KUTTA METHOD,

RK3N SOLVES A SySTEM OF SECONMD ORDER DIFFERENTIAL EQUATIONS USING A 5-TH ORDER RUNGE KUTTA FMETHOD) N
RKI SOLVES A SECOND ORDER DIFFERENTIAL EQUATION USING A 5~-TH ORDER RUNGE KUTTA METHOD; NO DERIVATIVE
RK4A SOLVES A SINGLE DIFFERENTIAL EQUATION By SOMETIMES USING A DEPENDENT VARIABLE AS INTEGRAT|ON VA
RK4NA SOLVES A SYSTEM OF DIFFERENTIAL EQUATIONS BY SOMETIMES USING THE DEPENDENT VARIABLE AS INTEGRA
RK5NA SCLVES A SYSTEM OF FIRST ORDER DIFFERENT)AlL EQUAT!ONS USING THE ARC LENGTH AS INTEGRATION VARI
RNK1MIN ¢ CPTiIM{ZATION ) MINIMIZES A G!VEN DIFFERENTIABLE FUNCTION OF SEVERAL VAR|ABLES By A VARIABL
RNK1UPD 1S AN AUXIL1ARY PROCEDYRE FOR QPTIMIZATION,

ROOTS OF A QUADRATIC EQUATION WITH COMPLEX COEFFICIENTS,

RONT OF A COMPLEX NUMBER,

ROTATION ON TWO COMPLEX COLUMN VECTORS,

ROTATION ON TwO COMPLEX ROW VECTORS,

ROTATION QPERATIQON ON TWO COLUMN VECTORS,

ROTATION OPERATION ON TyO ROW VECTORS,

RCTCOL PERFORMS AN ELEMENTARY ROTAT!ION OPERATION ON TWO COLUMN VECTORS,
RCTCOMCCL PERFORMS A ROTATION ON TWO COMPLEX COLUMN VECTORS,

RCTCOMRCW PERFORMS A ROTAT|ON ON TWO COMPLEX ROW VECTORS,

ROTRNW PERFORMS AN ELEMENTARY ROTATION OPERATION ON TWO RCW VECTORS,
ROYCST MULTIPLIES A ROW VECTOR BY A SCALAR STORING THE RESULT [N ANOTHER

OF A SYSTEM OF LINEAR EQUATIONS, OF WrICk THE TRI

ROWVECTOR,

ROY OF A SYMMETRIC MATRIX WITH A CONSTANT,
ROW OF A SYMMETRIC MATRIX,

ROW VECTORS,

ROW VECTORS,

ROW VECTORS,

34162
34163
34160
24186
34490
34270
34271
34272
34273
34345
32070
32051
34342
34270
34272
34170
34260
34271
34140
34143
34486
34483
34180
34461
35060
35060
34250
34251
34253
34254
36021
36022
31050
33011
33010
33013
33012
33015
33014
33016
33017
33018
34214
34211
34345
34343
34357
34358
34040
34041
34040
34357
34358
34041
31132
31014
34018
34015
34032
34041
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PUTES THE SCALAR PRODUCT OF
PUTES THE SCALAR PROQLUCT OF
0L, INTERCHANGES ELEMENTS OF
MULROW IULTIPLIES

ROWCST ["ULTIPLIES

OMROVWCST MULTIPLIES A COMPLEX
DUPVECROW COPIES (PART oF) A
ELMROW ADDS A SCALAR TInMES A
MVECROW ADDS A SCALAR TimFEs A
MCOLROW ADDS A SCALAR TIiMES A

> r > > P

XELMROW ADDS A SCALAR TImMES A
L EQUATION USING A H=TH QRDER
EQUATIONS USING 5«TH QRDER
L EQUATION USING A b=TH ORDER
EQUATIONS USING A 5-Th ORDER
L EQUATION USING A 5=TH ORDER
EQUATIONS USING A 5.TH ORDER
AL EQUATIONS, BY a STARILIZED
XPONENTALLY FITTED, EXPLIC!IT
fALLY FITTED, SEM| = IMPLICIT
VECVEC COMPUTES THE

MATVEC COMPUTES THE

TAMVEC COFPUTES THE

MATMAT COMPUTES THE

TAHMAT COMPUTES THE

MATTAM COMPYTES THE

SEQVEC CONPYTES THE

SCAPRD1 COMPUTES THE
SYMMATVEC CONPUTES THE
COMMATVEC COINPUTES THE

PUTES tN DOUSLE PRECISION THE
PUTES IN DOUSLE PRECISION TkE
PUTES IN DOUSBLE PRECISION THE
PUTES IN DOUBLE PRECIS!ON THE
PUTES IN DOUBLE PRECISION TrE
PUTES IN DOUHBLE PRECISICH TKE
PUTES IN DOUBLE PRECISION ThHE
PUTES IN DOUBLE PRECISICON THE
PUTES IN DOURLE PRECISION THE
ELMVEC ADDS A

ELMCOL ADDS A

ELMVECCUL ACDS &

ELMROW ADDS A

ELMCOLVEC ADDS &

ELMVECROW ADDS A

ELMROWVEC ADDS &

ELMCOLROY ADDS A

ELMROWCOL ADDS A

MAXELMROY ARDS A

kK2 SOLVES A

RK2N SOLVES A SYSTEI CF

RKZ SCLVES A

RK3N SOLVES A SYSTeM OF
SNDREMEZ (

N FOR DISCRETE ARGUMENTS; TKE
, BY AN EXPOMENTIALLY FITTED,

TES THE SUM OF AN ALTERNATING

VE
VE
VE
VE
VE
VE
VvE
VE
VE

ROY
ROY
RoW
ROW
RCV
ROY
ROV
ROW
ROV
RoY VE
ReY VE
RUNGE

RUNGE

RUNGE

RUNGE

RUGE

RUNGE

RUNGE

RUNGE

RUNGE

SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR
SCALAR

CTOR
CTOR
CTOR
CTQR
CTOR
CTOR
CTOR
CTOR
CTOR
CTOR
CTOR
KUTTA
KUTTA
KUTTA
KUTTA
KyTTA
KUTTA
KUTTA
KUTTA
KUTTA
PROD
PRQD
PROD
PROD
PROOD
PROO
PROD
PROD
PROD
PROD
PROD
PRQD
PROD
PROD
PROD
PROC
PROD
PROD
PRQOD
TiME
TIME
T I ME
TIME
TiME
TINE
TIME
TIME
T ME
TIME

AND VECTOR,

AND CopUmn VECTQR,

AND COLUMN VECTOR,

BY A SCALAR STORING THE RESULT
BY A SCALAR STORING THE RESULT

IN AMOTHER VECTOPR,
IN ANQTHER ROWVECTAOR,

BY A CONPLEX NUMBER,
TO A VECTOR.
To ANQTHER RAV VECTOR,
ToO A VECTUR.
TO A COLUMN VECTOR,
To A ROV VECTOR, AND RETURMS THE SUBSCRIPT VA_UE oF THE NEW ROW ELEMENT OF MAXIMUM ABSOLU
METHGD,
METROD .,
METHOD,
METHOD,
METHOD; MO DER|VATIVES ALLOWED ON RIOGKWT HAND SIDE,
METHOD; NO DERJVATIVES ALLOWED ON R)GRT HAND SIDE,
METHOD “ITH LIMITED STQRAGE REQUIREMENTS,
METHOD WHICH USES THE JACOR!IAN MATR!X AND AUTOMATIC STEP CONTRNL; SUITABLE FOR INTEGRATI
METHOD; BU!TABLE FOR INTEGRATION OF STI|FF DIFFERENTIAL EQUATIONS,
UCT CF TwO VECTORS,
UCT OF A RQW VECTOR AND VECTOR,
UCT CF A COLUMN VECTOR AND VECTOR,
UCT CF A ROW VECTOR AND COLUMN VECTOR,
UCT CF TWo COLUMN VECTQRS,
YCT OF TWO RNW VECTORS,
UCT OF THU VECTORS,
UCT OF Two VECTORS,
UCT OF A VECT™IR AND A ROV AF A SYMMETRIC MATRIYX,
UCT CF A COMPLEYX ROW VECTOR AND A CoMPLEX VECTOP,
UCT CF Twu VECTORS,
UCT OF A ROW VEGTOR AND A VECTOR,
UCT CF A COLJMN VECTOR AND A VECTOR,
UCT CF A ROW VEGTOR AND A COLUMN VECTOR,
UCT CF Twu COLYMN VECTQRS,
UCT CF Twou ROW VECTORS,
UCT CF Twu VECTORS,
UCT CF Twu VECTORS,
UCT OF A VECTOR AND A ROW IN A SYHMETRIC MATRIX,
S A VECTOR TO ANOTHER VECTOR,

§ A COLUNMN VECTOR TO ANOTHER COLUMN VECTOR,

5 A COLUMN VECTOR TO A VECTOR, 4

S A ROW VECTOR TO ANOTHER ROW VECTOR,

§ A VECTOR T3 A COLUMN VECTOR,

S A ROW VECTOAR TO A VECTOR,

S A VECTDR TO A ROW VECTOR,

S A ROW VECTOR TO A COLUMN VECTOR,

S A COLUMN VECTOR TO A ROW VECTCR,

S A ROW VECTOR TO A ROV VECTOR, AND RETURNS THE SUB3CRIPT VALUE OF TmE NEW ROW ELEMENT OF

SCAPRDL COMPUTES THE SCALAR PRODUCT OF TwQ VECTORS,

SCLCOM
SECOND
SECCND
SECOHND
SECOND
SECOND
SECOND
SEM) w
SEQVEC
SERIES

NORM
CRDE
CRDE
CRDE
CRDE
REME
REME
THMPL
COMP

ALIZES THE COLUMNS NF A COMPLEX MATRIX,

R DIFFERENT!AL EQUATION USING A 5-TH ORDER RUNGE KUTTA METHOD,

R DIFFERENT!AL EQUATIONS USING A S«TH ORDER RUNGE KUTTA METHOD,

R DIFFERENT!IAL EQUATIQN USING A 5-TH4 ORDER RUNGE KUTTA METHOD; MO DERIVATIVES ALLOWED ON
R DIFFERENTI AL EQUATIONS USING A 5-TH ORDER RUNGE KUTTA METHOD; NO DERIVATIVES ALLOWED ON
Z ALGORITHM) EXCHANGES NUMAERS W!TH NUMBERS OUT OF A REFERENCE SET,

2 EXCHANGE ALGOR)THM 1S USED FOR THIS MINIMAX POLYNOM|AL APPROXIMATION,

ICIT RUNGE K'ITTA METHOD) SUITABLE FOR INTEGRATION OF STIFF DIFFERENTIAL EQUATIONS,

UTES THE SCALAR PRODUCT OF TWO VECTORS,

34011
34013
34033
31021
31132
34353
31031
34024
34026
34029
34025
33010
33011
33012
33013
33014
33015
33060
33120
33160
34010
24011
34012
34013
34014
34015
34016
34017
34018
34354
34410
34411
34412
34413
24414
34415
34416
24417
34418
34020
34023
34021
34024
34022
34026
34027
34029
34028
34025
34017
34360
33012
33013
33014
33015
36021
36022
33160
34016
32010

DoONOmMNONOEUOUOUUOUUOU0DUUIIIIIIIITIAOUOOUODDODDONNANONANNNODOOTCAMAD ODOO

Y
@

WODODODNNIAE BO OO

[
RSy

g
@ o

28

=N
NN OO ®®O® D Mm®D

QA
OO O DN



PUTES THE SUIl OF A CONVERGENT
EN DIFFERENTIABLE FUNCTION CF
EN DIFFERENTIABLE FUNCTION OF

BR TRANSFORMS A MATRIX INTO A
FORMS A COMPLEX MATRIX INTO A
RMS A HERMITIAN MATRIX INTO A
GONAL MATRIX WHICh 1S UN)TARY
REAL SYMMETRIC MATRIX INTO A

REAL SYMMETRIC MATRIX INTO A

FORMS A COMPLEX MATRIX INTO A
ANSFORMS A REAL MATRIX INTO &
RK4A SOLVES A

FK1 SOLVES &

QRISNGVALBID CALCULATES THE
QRISNGVAL CALCULATES TKE
EQUATIONS, PROVIDED THAT THE
LINEAR EQUATIONS BY MEANS OF
EQUATIONS, PROVILED THAT TrE
LINEAR EQUATIONS BY MEANMNS CF
EQUATIONS, PROVILED THAT TRE
LINEAR EQUATIONS BY [tEANS CF
F A MATRIX, PROVIDED THAT TkE
E OF A MATRIX BY RHEANS OF TkE
RISNGVALDECBID CALCULATES TKE
QRISNGVALDEC CALCULATES THE

CALCULATES THE LEAST SQUARES
CALCULATES THE LEAST SQUARES
ER BOUND FOR THE ERROR IN THE
ULATES THE BEST LFAST SOQUARES
ULATES THE BEST LEAST SQUARES
MODIFIER TAYLCR

MODIFIED RUNGE KUTTA
WULTISTEP

HOMSOL SV

HOMSOL

LSQsoL

LSQORTPECSOL

RK2

RK3

RK1

RK4A

CONJ GRAD

CHLSOL?

cHLSOLY

CHLDECSOL?

CHLDECSOLL

RK4N

RK2N

RKIN

RKANA

SERIES WITH POSITIVE TE]RMS, USING THE VAN WIJUNGAARDEN TRANSFORMATION,

SEVERAL VARIABLES BY A VARJABLE METR(C METHOD,
SEVERAL VARIABLES BY A VAR|ABLE METRI{ METHOD,
SIMILAR EQUILIBRATED MATRIX,

S|{MILAR EQUILIBRATED COMPLEX MATRIX,

SIMILAR REAL SYMMETRIC TRIDIAGONAL MATRIX,
SIMILAR TO A GIVEN HERMITIAN MATRIX,

SIMILAR TRIDIAGONAL ONE 3Y HOUSEMOLDERS TRANSFORMATION,
SIMILAR TRIDIAGONAL ONE B8Y HOUSEROLDKERS TRANSFORMATION,
SiIMILAR UNI!TARY UPPER HESSENBERG MATRIX WITH A REAL NON-NEGATIVE SUBDIAGONAL,

SIMILAR URPPER HESSENBERG MATRIX BY THE WILKINSON TRANSFORMATION,

SINGLE DIFFERENT AL EQUATION BY SOMETIMES USING A DEPENDENT VAR|ABLE AS INTEGRATION VARIABLE,
SINGLE FIRST ORDER DIFFERENTIAL EQUATION USIHNG A 5aTH ORDER RUMGE KUTTA METHOD,

S1NGULAR VALUES OF A REAL BIDIAGONAL "ATRIX BY MEANS OF IMPLIC|T QR=ITERATION,

SINGULAR VALUES OF A REAL MATRIX BY MEANS OF AN IMPLICIT QR«ITERATION,

SINGULAR VALUE DECOMPOSITION OF THE COEFFICIENT MATRIX IS GIVEN,

SINGULAR VALUE CECOMPOSITION,

S{HNGULAR YALUE DECOMPOSITION OF THE GQUEFFICIENT MATRIX 18 GIVEN,

SIHGULAR VALYUE DECOMPOSITION,

SIHGULAR VALUE DECOMPOSITION OF THE COEFFICIENT MATRIX 1S GIVEN,

SINGULAR VALUE DECONMPOSITION,

SINGULAR VALUE DECONMPOSITION (8 GIVEN,

SINGULAR VALUE DECOMPOSITION,

SINGULAR VALUE DECOMPOSITION OF A REAL MATRIX oF YHICH A BID|AGONAL DECOMPNSITION 1S GIVEN, BY MEANS
SINGULAR VALUE DECOMPOSITION OF A REal, MATRIX RY MEANS OF AN |MPLICIT GR-ITERATION,
SNOREMEZ (SECOND REMEZ ALGORITHM) EXCHANGES NUMBERS WiTh NUMBERS OUT OF A REFERENCE SET,

SOLBND SOLVES A SYSTEM OF LINEAR EQUATIONS WITH oAND MATRIX, WRICH IS DECOMPOSED BY DECBND,

SCLELM SOLVES A SYSTEM OF LINEAR EQUATIONS, OF WMICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX
SOLOVR CALCULATES THE LEAST SQUARES SQLUTION OF A OVERDETERMINED SYSTEM OF LINEAR EQUATIONS BY MEANS
SO0LSYDOVR CALCULATES THE LEAST SQUARES SOLUTION OF A OVERDETERMINED SYSTEM OF LINEAR EQUATIONS, PROV
SOLSVDUND CALCULATES THF BEST LEAST SQUARES SOLUTION OF A UNDERDETERMINED SYSTEM OF L INEAR EQUAT|ONS
SOLSYMTR| SOLVES A SYSTEY OF LINEAR EQUAT!ONS W|TH SYMMETRIC TRIDIAGONAL CNEFFICIENT MATRIX, PROVIDE
SOLTRIPIV SOLVES A SYSTEM OF LINEAR EQUATIONS wiTH TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED THAT THE
SOLTR! SOLVES A SYSTEM NF LINEAR EQUATIONS WITH TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED ThAT THE LU
SOLUMD CALCULATES THE BEST LEAST SQUARES SOLUTION OF A UNDERDETERM|NED SYSTEM OF LINEAR EQUATIONS BY
SOLUTION OF A OVERDETER'"|NED SYSTEM OF LINEAR EQUAT|ONS, PROVIDED THAT THE SINGULAR VALUE DECONPOSIT
SCLUTION OF A OVERDETER'YINED SYSTEM OF LINEAR EQUAT|ONS B8Y MEANS OF SINGULAR VALUE DECOMPOS|TICN,
SOLUTION OF A SYSTEY OF LINEAR EQUATIANS,

SOLUTION OF A UNDERUDETERMINED SYSTEM OF LINEAR EWQUATIONS, PROVIDED THAT THE SINGULAR VALUE DECCMPOSI
SOLUTION OF A UNDERDETERM(NED SYSTEM OF LINEAR EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPCS|T|ON,

SCLVES AN INITIAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATION
SOLVES AN INITIAL ( BOUMDARY ) VALWE PROALEM, GIYEN AS A SYSTEM OF FIRST ORDER ( NONaLINEAR ) DIFFER
SOLVES AN INITIAL VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY ONE OF
SOLVES A HOMOGENEOUS SYSTE™ OF LINEAR EQUATIONS, PROVIDED ThHAT THE SINGULAR VALUE DECOMPOSITION OF T
SOLVES A HOMOGENEOUS SYSTE™ OF LINEAR EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPOSITION,

SOLVES A LINEAR LEAST SAQUARES PROBLEM, PROVIDED THAT THE COEFF|CIENT MATRIX HAS BEEN DECOMPOSED BY L
SOLVES A LINEAR LEAST SNUARES PROBLEM AND COMPUTES THE DIAGOMNAL ELEMENTS OF THE INVERSE OF MiM (M (O
SOLVES A SECOND ORDER DIFFERENTIAL EQUATION USING A 5«TH ORDER RUNGE KUTTA METHOD,

SOLVES A SECOND ORDER DIFFERENTIAL EQUATION USING A 5=TH ORDER RUNGE KUTTA METHOD; NO DERIVATIVES AL
SOLVES A SINGLE FIRST ORDER DIFFERENTIAL EQUATION USING A 5«TH ORDER RUNGE KUTTA METHOD,

SOLVES A SINGLE DIFFERENT|AL EQUATION BY SOMETIMES USING A DEPENDENT VARIABLE AS INTEGRATICN VARIABL
SOLVES A SYMMETRIC AND POS|TIVE DEFIN|TE, SYSTEM OF LINEAR EQUATIONS BY THE METHOD OF CONJUGATE GRAD
SOLVES A SYMMETRIC PUSIT|VE DEFINITE SYSTEM OF LINEAR EQUATIONS, THE MATRIX BEiING DECOMPOSED BY CHLD
SOLVES A SYMMFTRIC PUSIT|VE DEFINITE SYSTEM OF LINEAR EQUATIONS, THE MATRIX BEING DECOMPOSED BY CHLD
SOLVES A SYMMETR|C PUSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS BY THE CHOLESKY METHOD, THE MATRIX B
SOLVES A SYMMETRIC PUSIT|VE DEFINITE SYSTEM OF LINEAR EQUATIONS 3Y THE CHOLESKY METHOD, THE MATRIX B
SOLVES A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS USING A 5aTH ORDER RUNGE KUTTA WMETHOD,

SOLVES A SYSTEM OF SECOND ORDER DIFFERENTIAL EQUAT|ONS USING A 5.TH ORDER RUNGE KUTTA METHCD,

SOLVES A SYSTEM OF SECOND ORDER DIFFERENTIAL EQUAT|ONS USING A 5a.TH ORDER RUNGE KYTTA METHOD; NO DER
SOLVES A SYSTEM OF DIFFERENTIAL EQUATIONS BY SOMETIMES USING THE DEPENDENT VARIABLE AS INTEGRATION V

32020
34214
34215
34173
34361
34363
34364
34340
34143
34366
34470
33016
33010
34270
34272
34280
34281
34282
34283
34284
34285
34286
34287
34271
34273
36021
34071
34061
34281
34280
34282
34421
34427
34424
34283
34280
34281
34241
34282
34283
33040
33060
33080
34284
34285
24131
24135
33012
33014
33010
33016
34220
34390
34391
34392
34393
33011
33013
33015
33017
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RK5NA

SoLBND
CHLSOLBND
SCL

PECSCL
SOLELM
GSSSCL
GSSSOLERS
SOLTR!
DECSOLTF!
SOLTRIPIV
SOLSYMTR|
LECSOLSYMTRY
EFERK

EFSIRK
LIN|IGERZ
LINIGERD
TIVE DEFINITE BANL NMATRIY AND
LECSCLTRIPIV

COMSQRT COMPLTES THE
DIFFERENTIAL EQUATICNS, BY A

HFORTH METHOD; WITH AUTOMATIC
JACOBIAN MATRIX AMD rUTOMATI!IC
ITABLE FOR THE INTEGRAT(ON CF
3 SUITABLE FOR INTEGRAT!ON CF
; SUITABLE FOR INTEGRATION CF
;s SUITABLE FOR INTEGRATION CF
4 SUITABLE FOR INTEGRATIQON CF

NGE KUTTA METHOL W [TH LINMITED

LINEAR |NTERPOLATION USING A
LINEAR [NTERPOLATICN USING A
LINEAR |NTERPOLATIOHN US|KG A

A ROV VECTOR, AND RETURNS THE
EULER COFMPUTES THE
SUMPOSSERIES COMPUTES THE

CONJ GRAL SOLVES &
INITIALIZES A CODIAGONAL OF A
SYMROW INITIALIZES A KOW CF A

TFMSYMTR12 TRANSFORM™MS A REAL

TFMSYMTR |1 TRANSFORIIS A REAL

CONSECUTIVE EIGENVALUES CF A

CONSECUTIVE E(GENVALUES OF

NVALUES AND EIGENVECTORS OF
NVALUES AND EIGEMVECTCRS OF
COMPUTES ALL EIGENVALUES OF
COMPUTES ALL EIGENLVALUES OF
NVALUES AND EIGENVECTORS OF
CT OF A VECTOR AN[L A KOW 1IN
TRIANGULAR DECOMPQOSITION COF
COMPUTES THE DETERMINANT COF
STEM OF LINEAR EQUATIONS
RFORMS THE DECOMPCSIT|ON CF
E CHOLESKY DECOMPCS|TION CF
E CHOLESKY DECOMPCSITION OF
COMPUTES THE DETERMINANT CF
COMPUTES THE DETERMINANT CF
CHLSCL? SOLVES

>

>>»D>P>>pr

P> PP > >

SOLVES A SYSTEM UF FIRST ORDER DIFFERENTIAL EQUATIONS USING THE ARC LEMGTH AS INTEGRATION VARIABLE,
SOLVES A SYSTEM QOF LINEAR EQUATIONS wiTH BAND MATRIX, WH|CH |S DECOMPOSED AY DECBND,

SOLVES A SYSTEM OF LINFAR EQUATIONS wITH SYMMETRIC POSITIVE DEFINITE BAND MATRIX, WHICH HAS BEEN DEC
SOLVES A SYSTEM OF [ INEAR EQUATIONS, OF WHICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX IS GIVE
SCLVES A SYSTEN OF LINEAR EQUATIONS BY CROUT FACTORIZATION W[TH PARTIAL PIVOTING,

SOLVES A SYSTEM OF LINEAR FQUATIONS, OF WHICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX IS GIVE
SOLVES A SYSTEM OF LIMEAR EQUATIONS 8Y GAUSSIAN ELIMINATIOM wITH COMBINED PARTIAL AND COMPLETE PIVOT
SCLVES A SYSTEM OF LINEAR EQUATIONS AND COMPUTES AN JUPPER BOUND FOR ITS ERROR,

SCLLVES A SYSTEM OF LiNEAR EQUATIONS W|TH TRIDIAGONAL COEFFICIENT MATRiX, PROVIDED THAT THE LU DECOMP
SOLVZS A SYSTEM OF LINEAR EQUATIONS WITH TRIDIAGONAL COEFFICIENT HMATRIX,

SCLVES A SYSTEM OF LINEAR EQUATIONS w!TH TRIDIAGONAL COEFF|CIENT MATR'X, PROVINED THAT THE LU CECOMP
SCLVES A SYSTEM OF [LINEAR EQUATIONS WITH SYMHETRIC TRIDIAGONAL CUEFFICIENT MATRIX, PROVIDED THAT THE
SOLVES A SYSTEM OF LINEAR EQUATIONS W|TH SYMANETRIC TRIDIAGONAL COEFFICIENT MATRIX,

SCLVES INiTIAL VALUE PRNSLEMS, GIVEN A4S AN AUTONOMOUS 3YSTEN OF FI!RST ORDER NIFFERENTIAL EQUATIONS,
SOLVES (NITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS 3YSTENM OF FIRST ORDE® DIFFERENTIAL EGUATIONS,
SOLVES I(MITIAL VALUE PRNABLEMS, G|VEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATICONS,
3CLVES INITIAL VALUE PROSLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENT)IAL EQUATIONS,
SOLVES THE SYSTEN OF LINEAR EQUAT|ONS av THE CHOLESKY "ETHOD,

SCLVES w!TrH PARTIAL PIVATING A SYSTEM OF LINEAR EQUATIONS ¥ITH TRIDIAGONAL COEFFICIENT MATRIX,

SCL SOLVES A SYSTE' OF LINEAR EQUATIOMNS, OF wWH|CH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX IS
SGUARE RODT CF A CONPLEX NUMSER,

STAEILIZED RUNGE KUTTA METHOD WITH LIMITED STOPAGE REQUIREMENTS,

STEP AMD ORDER CONTROL AND SU!TABLE FOR THE INTEGRAT!OY OF ST|FF DIFFERENTIAL ESUATIONS,

STEP CONTROL; SUITATJILE FOR INTEGRATION OF STIFF DIFFERENTIAL EQUATIONS,

STIFF DIFFERENT 1AL EQUAT|ONS,

STIFF DIFFFRENTIAL EWUAT|{ONS,

STIFF DIFFERENT AL EQUYAT|ONS,

STIFF DIFFERENTIAL EWQUAT|ONS,

STIFF DIFFERENT lalL EUUATIONS,

STORAGE REQUIRENENTS,
STLR!M SEQUENCE,

STUR’t SERUENCE,

3TURM SEOQUENCE,
SURSCRIPT VALUE OF TrE
SUI'POSSERIES COMPUTES THE SU4 OF A COMVERGENT SER|ES
Syl OF AN ALTERNATING SERIES,

SU" OF A CONVERGENT SERIES WITH POSITIVE TERMG, NUSING THE VAN W!JNGAARDEN TRANSFORMATION,

3YI'MATVEC CONMPUTES THE SCALAR PRODUCT OF A VECTOR AND A ROV OF A SYMMETRIC MATRIX,

SYMMETRIC AND PCSIT|VE DEF|NITE, SYSTFM OF LINEAR EQUATIONS 3y THE METHOD nNF CONJUGATE GRADIENTS,
SYIMETRIC +ATRIX wWITH A COMSTAMT,

SYMWETRIC MATRIX wiTH A CONSTANT,

SYI'METRIC PATRIX IMTO A SIMILA® TRID)AGONAL ONE 3Y HOUSEHOLDERS TRANSFORMATION,

SYI'METRIC MATRIX |NTO A SIM|ILAR TRIDIAGONAL ONE 3Y HOUSEHOLDER3 TRANSFORMATION,

SYI'WETRIC MATRIX, STOREND IN A ONE=DIMENSIONAL ARRAY, BY LINEAR 1iTERPOLATION USING A STURM SEQUENCE,
SYI'METRIC MATRIX, STORED IM A TWODIMENS|OMAL ARRAY, BY LIMEAR INTERPOLATION USING A STURM SEQUENCE,
SYI'METRIC MATR!IX, YiiCH |S STORED IN A ONE=DIMENSIONAL ARRAY,

SYMMETRIC MATRIX, V=)1CH 1S STORED IN 4 TWO=DIMENS)ONAL ARRAY,

SYI'METRIC MATRIX, STORED IN A ONE-DIMENS|OHAL ARRAY, BY QR~ITERATICN,

SYI'METRIC MATRIX, STURED |4 A TWO«DIMENS|(OMAL ARRAY, BY QR~ITERATION,

SYMMETRIC MATRIX BY GR~ITERATION,

SY'"METRIC MATRIX,
SYI'METRIC POSITIVE
SYMMETRIC POS|TIVE
SYNMMETRIC POSITIVE
SYI'METRIC POS|TIVE
SYPVETRIC POS | TIVE
SYI'METRIC POS|TIVE
SYIMMETRIC POS|TIVE
SYNMVETRIC POS|{TIVE
SYPNETR!C POS|TIVE

‘IEYW ROW ELEMENT OF MAXIMUM ABSOLUTE VALUE,

WiTH POSITIVE TER¥S, USING THE VAN WiJNGAARDEN

DEF I~ TE
NEFIN|TE
DEF IMITE
DEFIN)TE
DLFIMITE
DEFIN|TE
NEFINITE
DEF I TE
DEFIN|TE

MATRIX BY THE CHOLFSKY
MATR|X, WHICH HAS R8EEN

METIIOD,

DECOMPOSED 8Y CHLDECBND,

BAND MATRIX, WHICH HAS BEE'l DECOMPOSED BY CHLDECAND,

3AND MATRIX AND SOLVES THE SYSTEM OF LINEAR EQUATIONS BY THE CHCLESKY ME
MATRIX, STORED IN A TWO=-DINENSICNAL ARRAY,

MATRIX, STORED COLUMNWI|SE IN A ONE«D|MENS|IONAL ARRAY,

MATRIX, WHICH HAS BEEN DECOMPOSED BY CHLDEC2,

MATRIX, WHICH HAS BEEN DECOMPOSED B8Y CHLDECY,

SYSTEM OF |.INEAR EQUAT|ONS, THE MATRI(X BEING DECOMPOSED BY CHLDECZ,

33018
34071
34332
34051
34301
34061
24232
34243
34424
34425
34427
34421
34422
23420
33160
33130
33131
34333
34428
34051
34343
33060
33080
33120
33080
33120
33160
33130
33131
33060
34151
34155
34153
34025
32020
32010
32020
34018
34220
31013
31014
34140
34143
34155
34153
34156
34154
34164
341,62
34163
34418
34330
34331
34332
34333
34310
34311
34312
34313
34390

MM MMM MMM IMMMMMMMO OO0 NOMOUOMOMMONODOONODNDONODOMIMOUUNONIIIIIMMMMMMMO

ANNOO



CHLSCL1 SOLVES
CHLDECSGLY SOLVES
CHLDECSCLL SOLVES

THE
THE

NV2 COMPUTES
NV1 COMPUTES
ESKY METHOD,
ESKY METHOD, THE INVERSE
CONSECUTIVE, EIGENVALUES
Rl COMPUTES EIGENVECTORS
COMPUTES ALL EIGENVALUES
NVECTORS AND EIGEMVALUES
AN MATRIX INTO A SIMILAR
S THE U'nuU DECOMPCSITION
STEM OF LINEAR EOUATIONS
STEM OF LINEAR EQUATIONS
CT OF A VECTOR ANC A ROW
FOR THE INTEGRAT|ON
RKANA

Rk 1N

RK5NA
PROBLEM, GIVEN
Y ) VALUE PROBLEM, GIVEN
AL VALUE PROBLEM, GIVEN
BLEMS, GIVEN AS AM
BLEMS, GIVEN A3 AN
BLEMS, GIVEN AS AN
BLEMS, GIVEN AS AR
METR!IC

INVERSE
INVERSE
THE INVERSE

Y ) VALUE

oF
OF
OF
CF
CF
OF
CF
OF A
REAL
QF A
WiTH
¥ TH
CF A

»>r>>P>® B> >D

OF LARCGE
SOLVES
SOLVES
SOLVES

AS
AS
AS

P> > D>>r>

AUTONONMOUS
AuTONONMOUS
AUTONONOUS
AUTONONMOUS
AND POSITIVE DEFINITE,

SCLEBND SOLVES 4

AN ELIMINATION ANL SOLVES TrE
CHLSOLEBMD SOLVES A

TE BAND MATRIX ANl SCLVES TrE

HE ERROR IN THE SCLUTION CF A
SOL SOLVES A

DECSNL SOLVES A

SOLELF SOLVES A

GS$SS0L SOLVES 4

GSSSOLERB SOLVES A

ATIVELY REFUINED SCLUT!ON OF A
ATIVELY REFIMED SCLUTION OF A
PER BOUND FOR 1TS ERROR, OF A
ATIVELY REFINED SOLUT!ON GF A

A SYMMETRIC POSITIVE DEFINITE
A SYHMMETRIC POSITIVE DEFINITE
A SYMMETRIC PCS!TIVE DEFINITE
A SYMMETRIC POSITIVE DEFIN|TE
SOLUTION OF A OVERLETERMINED
SOLUTION OF A OVFRDETERI®INED

SQLUTION
SOLUTION
OMSOLSVD
HOMSOL
SOLTR!

DECSCLTRI

OLVES
SOLSYHMTRI
DECSOLSYMTR

RK N

RE 3N

OF A UNDERDETERMINED
OF A UNDERDETERMINED
SOLVES A HOMOGENEOUS
SOLVES A HOMOSGENEOQUS
SNLVES A
SNLVES

SOLTRIPIV SOLVES
WITH PARTIAL PIVNTING
SOLVES
SOLVES
SOLVES
SOLVES

>»>>»>»Pp >

SYMMETRIC
SYIMETRIC
SVHMETRIC
SYNMETRIC
SYIIWETRIC
SYI'"WETRIC
SYNNETRIC
SYNMMETRIC
SYI'WETRIC
SYNMETRIC
SYMMETRIC
SYNFETRIC
SYI'METRIC
SYNMETRIC
SYNMETRIC
SYNMETRIC

SYSTEMS ARISING FROM PARTIAL DIFFERENTIAL EQUATIONS,

SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYETEM
SYSTEM
GYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM

CF
CF
CF
CF
CF
cF
CcF
CF
CF
CcF
CF
CF
CcF
[
CF
CF
CF
CcF
CF

POS|TI
POS T
POS T
FOSITH
POS|TI
POS | TI
PAS 1T
TRIDIA
TRIDIA
TRIDIA
TRIDIA
TRIDIA
TRIip!lA
TRIDIA
TRIDIA
MATR

VE DEFIM|TE SYSTEM OF LINEAR

VE DEFIM|TE SYSTEM OF LINEAR EQUATIONS BY THE CHOLESKY METHOD,
VE DEFIN|TE SYSTEM OF LINEAR EQUATI|ONS BY THE CHOLESKY METHOD,
VE DEFIN|TE MATRIX WHI(CH HAS BEEN DECOMPOSED BY CHLDEC?,

VE DEFIN|TE MATRIX WHICH MAS BEEN DECOMPOSED BY CHLDECY,

VE DEFINM|TE MATRIX, STORED IN A TWO-DIMENS!ONAL ARRAY,

VE DEFIN|TE MATRIX, STORED IN A ONE=DI'1ENS|ONAI, ARRAY,

GONAL MATRIX BY L INEAR INTERPOLATION USING A STURM SEQUENCE,
GOMAL MATRIX BY INVERSE [TERATION,

GOMAL MATR|X BY QRwITERATION,

GONAL MATRIX BY QRa«ITERATION,

GONAL MATRIX,

GONAL MATRIX,

GOMAL CNEFFICIENT MATRIX, PROVIDED THAT THE U'DU DECOMPOS|TION
GONAL COEFFICIENT MATRI(X,

X,

BIFFERENT AL EQUATIONS BY SQMETIMES USING THE DEPENDENT VAR|ABLE aAS

FIRST

FIRST

FIRST

FIRST

FIRST

FIRST

FIRST

FIRST

FiRST

L INEAR
LiNEAR
L IHEAR
LiNEAR
(I NEAR
LINEAR
L INEAR
LINEAR
{. INEAR
L INEAR
LINEAR
LINEAR
. INEAR
LINEAR
LIHEAR
L. INEAR
L. INEAR
LINEAR
L' NEAR
L' NEAR
LITHEAR
L IMEAR
L INEAR
L !NEAR
LINEAR
LIHEAR
LINEAR
L INEAR
LIMEAR
L INEAR
L INEAR
SECOND
SECOND

EQUAT|ONS, THE MATRIX BEING DECOMPCSED BY CHLDECT,

THE MATRIX BEING STOK
THE MATRIX BEING STOR

IS GIVEN,

PROVIDED MIGHER ORDER DER|VATIVES CAN BE EASILY

INTEGRATION VARIABLE,

ORDER DIFFERENTIAL EQUATIONS USING A 5.TH ORDER RUNGE KUTTA METHOD -

ORDER DIFFERENTIAL EQUATIONS USING THE ARC LENGTH AS (MTEGRATION VARIABLE,

ORDER DIFFERENTIAL EQUATIONS, BY A ONE-STEP TAYLQOR METHOD; THIS METHOD IS PARTICULAR
ORDER ( MOMzLINEAR ) DIFFERENT|AL EQUATIONS, BY A STABILIZFED RUNGE KUTTA METHOD Ww|TH
ORDER DIFFERENT AL EQUATIONS, RBY ONE OF THE FOLLOWING MULTISTEP NETHODS: GEARS, ADAM
ORDER DIFFERENT!AL EQUATIONS, BY AN EXPONENTiALLY FITTED, EXPLICIT RUNGE KUTTA METHO
ORDPER DIFFERENT!AL EQUATIONS, BY AN EXPONENTiALLY FITTED, SENI = IMPLICIT RUNGE KUTT
ORDER D(FFERENTIAL EQUATIOHNS, 8Y AN [MPLICIT, EXPOHENTIALLY FITTED, FIRST ORDER ONEs
ORDENR DIFFERENTIAL EQUATIONS, BY AN {MPLICIT, EXPONENTIALLY FITTED, SECOND CRDER ONE

EQUATIANS BY THE METHOD OF CONJWUGATE
ERUATINANS WITH BAND MATRIX, WH!CH
EQUATINNS,

SRADIENTS,

EGUATINNS WiTH SYMMETRIC POSITIVE DEF(NITE BAND MATRIX,

EQUATIONS BY THE CHOLESKY METHOD,
EQUATIONS,
EOQUATIONS,

OF WH!ICH THE TRIANGULARLY DECOMPOSED FORM

IS DECOMPOSED BY DECBND,

OF

EQUATINNS BY CROUT FACTORIZAT |O" WiTh PARTIAL PIVOTING,

EQUAT I ONS,

UPPER BGUND FOR
18 GIVEN IM

EQUATIONS AND COMPUTES AN
EQUaTIONS, THE MATRIX OF WwHIiCH
EGUATIONS
EOUATIONS,
EQUATIONS,
EQUATIONS,
EQIATIONS,
EQUATIONS BY THE CHOLESKY METHOD,
EOUATIONS BY THE CHOLESKY METHOD,
EQUATINNS,
EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPOS|TION,
EQUATIONS,
EQUATIANS BY MEANS OF SINGULAR VALUE DECOMPOSITION,
EQUAT!ONS,

/
THE MATRIX BE!NG DECOMPOSED BY CHLMECZ,
THE MATRIX BE!NG DECOMPOSED 3Y CHLDECL,
THE MATRIX BEING
THRE MATRIX BREING

OF WHICH TWE TRIANGULARLY DECOIPOSED FORM OF
EQUATINNS BY GAUSSIAN ELIMINATION WITH COMBINED PARTAL
ITS ERRCR,

ITS TRIANGULARLY

OF WHICH THE TRIANGULARLY DECCMPOSED FURM

STORED
BTORED

PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION
PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION

PROVIDED TWAT THE SINGULAR VALUE DECOMPOSITION

THE

THE
AMD

OF THE

N
Ih
OF
OF

OF

EQUATIONS BY MEANS OF SINGULAR VALUE DECOMPOS|T|OM,
EQUATIONS WITH TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED THAT
EQUAT!INNS WITH TRIDIAGONAL COEFFICIENT MATRIX,

EOUATIONS WITH TRIDIAGONAL COEFF|CIENT MATRIX, PROVIDED THAT
EGUATINNS WITH TRIDIAGONAL COEFFICIENT MATRIX,

EQUATINANS VW [TH SYMMETRIC TRID|AGONAL COEFFICIENT MATRIX,
EQUATIANS WITH SYMMETRIC TRID|AGONAL COEFFICIENT MATRIX,

wHICR HAS BEEN DECCMPCSED B

MATRIX 1S GIVEN,
MATRIX 5 GIVEN,
COWPLETE PIVOTING,

DECOMPOSED FORM

MATRIX IS GIVEN,

A TWO=DIMENSICNAL ARRA
A ONESDIMENSIONAL ARRA
THE COEFFICIENT MATRIX

THE COEFFICIENT MATRIX

THE COEFFICIENT NATRIX

ThE Ly DECCMPCSITION |

THE LU DECCMPCSITION A

PROVIDED THAT THE U'DU DEC

ORDER DIFFERENTIAL EQUATIONS USING A 5eTH CRDER RUNGE KUTTA METHQD,
ORPER DIFFERENTIAL EQUATIONS USING A 5.TH ORDER RUNGE KUTTA METHOD; NO DERIVATIVES

34391
34392
34393
34400
34401
34402
34403
34151
34152
34465
34161
34363
34420
34421
34422
34018
33040
33017
33011
33018
33040
33060
33080
33120
33160
33130
33131
34220
34071
34322
34332
34333
34241
34051
34301
34061
24232
34243
24250
34251
34253
34254
34390
34391
34392
34393
34280
24281
34262
34283
24284
34285
34424
34425
34427
34428
34421
34422
33013
33015
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TIAL EQUATIONS, BY A ONELSTEP

MODFIED

RANSFORMATION AS
RANSFORMATION AS

FERFORMED RY
PERFORMED BY
RANSFORMATION AS PERFORMED BV

RANSFORMATION AS PERFORMED RV
IN COMBINATION WITH PROCEDURE

ELMCOL ACDS A
ELVMVECCOL A[DS A
ELMROWCOL ALDS A

MVECCOL ADDS A COMPLEX
MCOMCOL ADDS A COMPLEX
MROWVEC ADDS A CONPLEX

ELMROW ADDS A
ELVMVECROW ADDS A
ELMCOLROW ADDS A
MAXELMROW ACDS A

A
A

SCALAR
SCALAR
SCALAR
NUMRER
NUMBER
NUMBER
SCALAR
SCALAR
SCALAR
SCALAR
ELMVEC ADDS SCALAR
ELMCOLVEC ALDS SCALAR
ELVMROWVEC ADDS A SCALAR
IDIAGONAL ONE BY HOUSEHOLDFERS
IDIAGONAL ONE BY pHOUSEHOLLEFS
NBERG MATRIX BY THE wiILKINSCH
FORM BY MEANS OF HQUSFHOLDER
BAKSYMTRI2 PERFORMS THE BACK
ESPONDING TO THE KOUSEHOLDEPS
BAKSYMTR !4 PERFORMS THE BACK
ESPONDING TO THE FOUSEHCLLERS

BAKLBR PERFORMS THE BACK
BAKREAHES]1 PERFOKRMS THE BACK
BAKREAMES?2 PERFOPMS THE BACK

BAKHRMTR1 PERFORMS THE BACK
BAKCOMHES PERFOKMS THE BACK
BAKLBRCOM PERFORNMS THE BACK
TFMPREVEC COMPUTES THE
CaRPCL

HSHCOMME S

EQILBRCON

HSHCOMCOL

HSHHRMTR |

EQILBR

NEWGRN

TFMSYMTR 2

TFMSYMTR|

TFMREAMES

HSHREARBID

G MATRIX USED BY hSHREABID TO
G.MATRIX USED BY FSHREABID TO
TDEC PERFORMS THE HOUSEROLDER
DECBND PERFORMS ThE

CHLDECBND PERFQRMS THE

CEC PERFORMS THE

GSSELM PERFORMS THF

STEM OF LINEAR EQUATICHS WiTH

TAMNAT COMPUTES THE SCALAR PRODUCT OF TWO COLUMN VECTORS,

TAP'VEC COMPUTES THE SCALAR PRODUCT OF A COLUMN VECTOR AND VECTOR,

TAYLOR NMETHOD; Ti11S METHOD (S PARTICULARLY SUITABLE FOR THE |INTEGRATION OF LARGE SYSTEMS ARISING FRO
TAYLOR SOLVES AN IMITiAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL E

TFMPREVEC COMPUTES THE TRANSFORMING MATRIX
TFI'REAHES, ON A VECTUR,

TFI'REAHES, ON THE COLUMNS QF A MATRIX,
TFMREAHES TRAMSFORNS A REAL MATRIX INTO A SIMILAR UPPER HESSENBERG MATRIX 8Y THE WILKINSON TRANSFORM
TFI'SYMTRI Y,

TFNSYMTRI{ TRANSFORMS A PEAL SYMMETRIC MATRIX
TFHSYMTR 2,
TFNSYMTRI2,
TFMSYMTRI2 TRANSFORMS

IN COMBINATION WITH PROCEDURE TFMSYMTRI2,

{NTO A SIMILAR TRIDIAGONAL ONE BY HOUSEHOLDERS TRANSFO

A REAL SYMMETRIC MATRIX INTO A SIMILAR TRIDIAGONAL ONE BY HOUSEHOLDERS TRANSFO

TIBES A COLYMN VECTOR TH ANOTHER COLUMN VECTOR,

TIES A COLUMN YECTOR T2 A VECTOR,

TIMES A COLUIIN VECTOR To A ROW VECTOR,

TIMES A COMPLEX COLUMN VECTOR TO A COMPLEX VECTOR,

TINES A COMPLEX COLUMN VECTOR TO ANOTHER COMPLEX COLUMN VECTOR,
TIMES A COMPLEX VECTOR TO A COMPLEX RQOW VECTOR,

TIMES A RO¥ VECTOR TO AMOTHER ROW VECTOR,

TIMES A ROW VECTOR TO A VEGTOR,

TIMES A ROW VECTOR TO A COLUMN VECTOR,

TIMES A RO® VECTOR TO A R0W VECTOR, AND RETURNS THE SUISCRIPT VALUE OF THE NEW ROW ELEMENT CF NMAX(|MU
TIMES A VECTOR TO ANOTHER VECTOR,

TIMES A VECTOR TO A COLIMN VECTOR,

TIMES A VECTOR TU A ROW VEGTOR,

TRANSFORMATION,
TRANSFORMATION,
TRANSFORMATION,
TRANGFORMAT I ON
TRANSFORMAT I ON
TRANSFORMATION
TRANSFORMATION
"RANSFORMATION
TRANSFORMAT [ ON
TRAMSFORMATION
TRANSFORMATION
TRANSFORMATION
TRANSFORMATION
TRANSFORMATION

CORRESPONDING TO THE HNOUSEHOLDERS TRANSFORMAT|ON AS PERFORMED 8BY TFMSYMTRIZ,
AS PERFORMED AY TFMSYMTRIZ2,

CORRESPONDING TO THE HOUSEHOLDERS TRANSFORMAT|ON AS PERFOPMED
AS PERFORMED 8Y TEM3YMTRIY,

CORRESPOMDING TO THE EQUILIBRATIOY AS PZIRFORMED BY EQILAR,
CORRESPONDIMG TO THE WILKINSON TRANSFORATION AS PERFORMED 8Y
CORRESPOMDING TO THE WILKINSON TRANSFORUATION AS PERFORMED 3v
CORRESPOND ING TO HEHMHRMTR|,

CORPESPOND IHG TO HSHCOMKES,

CURRESPONDING TO THE EQUILIARATION AS PCRFORMED By EQILRRCOM,
TRANSFORM MG MATRIX N COMBINAT!ON WITH PROCEDURE TFMSYMTR)2,

TRANSFORMS A COMPLEX NUAJASER GIVEN !N CARTESIAY CHORDINATES INTC POLAR COORDINATES,

TRANSFOR!:S COFPLEX MATRIX INTO A SIMILAR UMITARY UPPER HESSENBERG MATRIX WITH A REAL NONaNEGATIVE

gy TFMSYMTRIY,

TFHREARES,
TFwREANES,

CN A VECTOR,
ON THE cOLUM

TRANSFORMS CONMPLEX MATRIX INTO A S|'{{LAR EQUILIBRATEN COMPLEX HATRIX,

TRANSFORMS CONMPLEX VECTOR INTO A VECTOR PROPORTIONAL TO A UN|T VECTOR,

TRANSFORMS HERMITIAN "MATRIX INTO A SIMILAR REAL SYMMETRIC TR|D|AGONAL MATRIX,
MATRIX INTD A SIMILAR EQU|LIBRATED HATRIX,

TRANSFORMS
TRANSFORNS
TRANSFOR1S

POLYNOMI AL REPRESENTATION FROM NEWTON FORM INTO GRUWERT FORM,
REAL SYNMETRIG MATR|X INTO A SIMILAY TRIDIAGONAL ONE BY HOUSEHOLDERS TRANSFORMATION,

A
A
A
A
TRANSFORMS A
A
A
A REAL SYNMETRIC MATR|X INTO A SIMILAR TRIDIAGONAL ONE BY HOUSEHOLDERS TRANSFORFATICN,
A
A

TRANSFORMS REAL MATR!IX INTO A SI™ILAR UPPER HESSENBERG MATRIX BY THE WILKINSON TRANSFORMATION,
TRANSFORMS REAL MNMATRIX |INTO BIDIAGONAL FORM BY MEANS OF HOUSEHOLDER TRANSFORMATION,
TRANSFORM A MATRIX INTO BIDIAGONAL FORM,

TRANSFORM A MATR|IX INTO BIDIAGONAL FORM,

TRIANGULARIZATICH OF THE COEFFI|CIENT ¥YATRIX OF A LINEAR LEAST SQUARES PROBLEM,

TRIANGULAR DECONMPOSITION OF A BAND MATRIX BY GAUSS|AN ELIMINATION,

TRIAHNGULAR DECOMPOS!ITION OF A SYMMETRIC POSITIVE DEFIN|)TE MATR|X BY THE CHOLESKY METHOD,

TRIAMGULAR DECOMPOSITION OF A MATRIX 3Y CROUT FACTORIZATION W|TH PART|AL PIVOTING,

TRIANGULAR DECONPOSITION OF A MATRIX BY GAUSSIAN ELIMINATION w|TH COMBINED PARTIAL AND COMPLETE PIVD
TRIDIAGCNAL COEFFICIENT MATRIX, PROVIDED THAT THE LU DECOMPOS|ITION IS GIVEN,

34014
34012
33040
33040
34142
34171
34172
34170
34144
34143
34141
24142
24140
34023
34021
34028
24376
34377
34378
34024
34026
34029
34025
34020
34022
34027
34140
24143
34170
34260
34141
34141
34144
34144
34174
34171
34172
34365
34367
24362
34142
34344
34366
34361
34355
34363
34173
31050
34140
34143
34170
34260
34261
34262
34134
34320
34330
24300
34231
34424
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STEM
STEM
STEM

OF LINEAR
OF LINEAR
OF LINEAR
NEAR EQUATIONS
NEAR EQUATIGONS
E, EIGENVALUES
S EIGENVECTORS
LL EIGENVALUES
ND EIGENVALUES

EQUATIONS wiTH
EQUATIQONS WITH
EQUATIONS WITH
WiTH SYMMETRIC
WiTH SYMMETRIC
OF A SYMMETRIC
OF A SYMMETRIC
OF A SYMMETRIC
OF A SYMMETRIC
INTO A SIMILAR REAL SYMMETRIC
GONAL ELEMENTS OF A HERM|Tian
NG, THE LU DECOMPOSITION OF A
NG, THE LU DECOMPDS|TION CF 4
DECOMPOSITION OF A SYMRETRIC

MMETRIC MATRIX INTO A SIMILAR
MMETRIC “MATRIX INTO A SIMJLAR
T LEAST SQUARES SOLUTION COF 4
T LEAST SQUARES SCLUTION OF A
N TRIDIAGONAL MATRIX WhicH (S
COMPLEX YMATRIX INTO A SImMILAR
ERBEL™ CONMNPUTES aN

EAR EQUATIONS AND COMPUTES AM
HE INVERSE OF A MATRIXx AND AN
IVELY REFINED SOLUTION AND AN
A REAL VMATRIX INTO A SIMILAR

TES THE EIGENVALUES OF A REAL
VEN REAL EIGENVALUE OF A REAL
ES AND EIGENVECTORS OF A REAL
COMPLEX EIGENVALUES OF A REAL
COMPLEX EIGENVALUE OF A REAL

ALL EIGENVALUES OF A COMPLEX

AND EIGENVALUES OF A COMPLEX

MATRIX INTO A SIMILAR UNITARY
DECSYMTRI CALCULATES TFE

ENT MATRIX, PROVILCED THAT THE

W ELEMENT OF MAXIMUM ABSOLUTE
X ELEMENT OF MAXIMUM ARSOLUTE

EFSIRK SOLVES INIT|AL
ITH POSITIVE TERMS, USING TrE
RENTIABLE FUNCT!ION OF SEVERAL
RENTIABLE FUNCT!ION OF SEVERAL
ION OF SEVERAL VARIABLES BY A
ION OF SEVERAL VAR!ABLFS BvY A

TES THE SCALAR PRODUCT OF Two
SCALAR PRODUCT OF TWO CoOLUMN
THE SCALAR PRODUCT OF TWo RCWM
TES THE SCALAR PRODUCT OF Twn
TES THE SCALAR PRODUYCT OF TwO
INTERCHANGES ELEMENTS OF Two
INTERCHANGES ELEMENTS OF Two
INTERCHANGES ELENMENTS OF TwO
HANGES ELEMENTS OF Tw0O CoLuMN
ERCHANGES ELEMENTS OF TWO RCW
ATION OPERATION Ok TWO COLUMN
ROTATION OPERATION ON TWO ROW
|ON THE SCALAR PRCDUCT OF TwO

TRIDIAGCNAL
TRIDIAGCNAL
TRIDIAGCNAL
TRIP IAGCNAL
TRIGIAGCNAL
TRIDIAGCNAL
TRICIAGCNAL
TRIDIAGCNAL
TRIDIAGCHAL
TRICIAGCHAL
TRIDIAGCNAL
TRiDIAGCHAL
TRID)AGCHNAL
TRIDIAGCNAL
TRIDIAGCNAL ONE 3v HMOUSEHOLDERS TRANSFORMATION,

TRILIAGCNAL ONE 8Y HOUSEHOLDERS TRANSFORMATION,

UNFERDETERM INED SYSTEM OF L INEAR EQUATIONS, PROVIDED THAT THE SIHGULAR VALUE DECOMPOSITION CF THE CO
UNDERDETERIINED SYSTLM OF L INEAR EQUAT|ONS BY MEANS OF SINGULAR VALUE DECOMPOSITION,

UNITARY SIMILAR TO A GIVEN HERMITIAN MATRIYX,

UNITARY UPPER HESSENUERG MATRIX W|TH A REAL NON-IEGATIVE SUBDIAGONAL,

UPPER BCUNUL FOR THE ERRAR [N THE SOLUTIOM OF A SYSTEM OF LINEAR EQUATIONS,

UPPER HCUND FOR TS ERROR,

UPPER BCUND FOR (TS ERROR,

UPPER BCUND FOR ITS ERRNR, OF A SYSTEM OF LINEAR EQUATIONS,
UPPER HESSENBERG MATRIX BY THE WILKINSON TRANSFORMATION,
UPPER HESSENBERG MATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL,
UPPER HESSENBERG MATHIX, BY MEANS OF |NVERSE |TERATION,

1JPPER HESSENBERG MATR(X, PROVI(DED THAT ALL EIGENYALUES ARE REAL,
UPPER HESSENBERG MATRIX BY MEANS OF DOYBLE QR«ITERATION,

UPPER HESSENBERG MATRIX BY MEANS OF INVERSE ITERAT|ON,

UPPER HESSENBERG MATRIX WITH A REAL SUBDIAGONAL,

UPPER ESSENRERG MATRIX WITH A REAL SUBDIAGONAL,

JPPER HESSENBERG MATRIX WITH A REAL NONNEGATIVE SUBDIAGONAL,
JiU DECOMPQS | TION OF A SYMMETRIC TRiD|AGONAL MATR)X,

Ut DECHMPOSITION 15 GIVEN,

VALGRICCla COMPUTES ALL € |GENVALUES OF A COMPLEX JPPER HESSENBERG MATRIX WITH A REAL SUBD|AGCNAL,
VALGRISYMTRI CONPUTES ALL EIGENVALUES OF A SYMMETRIC TRIDIAGONAL MATRiX BY QR-ITERATION,

VALSYNTRI COMPUTES ALL, OR SOME CONSECUTIVE, EIGENVALUES OF A SYMMETRIC TRIDIAGONAL “MATRIX EY LINEAR
VALVE,

VALUE,

VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS,
VAN WIJUNGAARDEN TRANSFORMATION, /

VAP IABLES BY A VAR!AUBLE METRIC METHOD,

VARIABLES BY A VARIAGLE METRIC METHOD,

VAR IABLE METR|C METHOD,

VAR IABLE METR|C METHUD,

VECSYMTR| COMPUTES E(GEMVECTORS OF A SYMMETRIC TRIDIAGONAL MATRIX BY
VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

VECTORS,

COEFFICIUNT
CQEFFCIENT
COEFFICIENT
COEFFICILNT MATRIX,
COEFFICIENT MATRIX,
MATRIX 8Y LINEAR INTERPOLATION USING A STURM SEQUENCE,
MATRIX BY [(NVERSE |TERAT:iON,

MATRIX BY QR~1TERATION,

MATRIX 8Y QR~ITERATION,

MATRIX.
"ATRIX
AATRIX,
MATRIX,
MATRIX,

MATRIX,
MATRIX,
MATR X,

PROVIDED THAT THE LU DECOMPOSITION AS CALCULATED BY DECTRIPIV IS GIY

PROVIDED THAT THE U'DU DECOMPOSITION 18 GIVEH,

WHICH IS UNITARY S{MILAR TO A G{VEN HERMITIAN MATRiX,

OF wiilCH THE TRIANGULARLY DECCKPOSED FCR
BY MEANS OF S|INGLE OR«ITERATICN,

BY MEANS OF SINGLE QRwITERATICN,

gY AN EXPCNENTI

INVERSE ITERATION,

34425
34427
34428
34424
34422
34151
34152
34465
34464
34363
34364
34423
34426
34420
34440
24143
34262
34283
34364
34366
34241
34243
34244
34253
34170
34150
34181
34186
34150
34191
34372
34373
34366
34420
34421
34372
34165
24151
34025
34230
33160
32020
34214
34215
34214
34215
34152
34010
34014
24015
34016
34017
34030
34034
34035
34031
34032
34040
34041
34410
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R PRODUCT OF A ROW VECTOR AND
ROQDYCT OF A COLUMN VECTOR AND
CT OF A ROW VECTOR AND COLUMN
TS OF A ROW VECTOR AND COLUWMN
PUTES THE SCALAR PRODUCT OF A
S THE SCALAR PRODUCT OF a RCW
NTERCHANGES ELEMENTS OF A RCW
MPUTES THE INFINITY NORM OF A
S THE SCALAR PRODUCT OF A RCWY
HE SCALAR PRODUCT OF A COLUNHK
T MULTIPLIES A COlPLEX COLUIMN
WGST MULTIPLIES A COMPLEX RCY
MULVEC FULTIPLIES &

MULROW MULTIPLIES A RCY
ROWCST MULTIPLIES A RCV
MULCOL MULTIPLIES A COLUMN
COLCST MULTIPLIES A COLUFN
ELMVEC ADDS A SCALAR TIMES A
ROW ADDS A SCALAR TIMES A RCVY
DUPCOLVEC COPIES (PART OF) A
MCOLVEC ADDS A SCALAR TIMES A
ROW ADDS A SCALAR TIMES A RCW
DUPROWVEC COPIES (PART OF) A
MROWVEC ADDS A SCALAR TIMES A
ADDS A SCALAR TIFES A COLUMN
ROW ADDS A SCALAR TIMES A RCW
DUPVEC COPJES (PART 0OF) A
VECROW COPIES (PART OF) A ROW
COL COPIES (PART OF) A Columi
ADDS A SCALAR TImMES A COLuMN
ROW ADDS A SCALAR TIMES A RCY
NIVEC INITIALIZES (PART OF) A

POS|TIVE TERMS, USING THE Van
PPER HESSENBERG MATRIX BY TrE
ORMATION CORRESPONDING TO TkE
ORMAT|ON CORRESPONDING TO TrE

ZEROIN SEARCHES FOR A

VECTOR,
VECTOR,

VECTOR,

VECTOR,

VECTOR AND A ROW OF A SyMMETRIC
VECTOR AND COLUMN VECTOR,
VECTOR AND COLUMH VECTOR,
VECTOR AND DELIVERS THE INDEX FOR AN ELEMENT MAX!MAL
VECTOR AND VECTCR,

VECTOR AND VECTOR,

MATRIX,

VECTOR By A CQMPLEX NUMSER,

VECTOR BY A COMPLEX NUMAJER,

VECTOR BY A SCALKR,

VECTOR BY A SCALAR STORING THE RESULT IN ANOTHER VECTOR,
VECTOR BY A SCALAR STORING THE RESULT IN ANOTHFR ROWVECTOR,
VECTOR BV a SCALAR,

VECTOR BY A SCALAR,
VECTOR TO ANOTHER VECTOQ,
VECTOR TO ANOTHER ROU VECTOR,
VECTOR TO A COLUIN VECTIR,

VECTOR TO COLUMN YECTIR,
VECTOR TO COLUNMN VECTHOR,
VECTOR TO RQW VECTUR,
VECTOR TO ROW VECTOR,
VECTOR TO RQV VECTUR,

VECTOR T0O
VECTOR TO
VECTOR TO
VECTOR TO VECTOR,

YECTOR TO VECTOR,

VECTOR wiTH A CCHSTANT,

VECVEC COMPUTES THE SCALAR PRODUCT OF TWO VECTORS,

VIJINGAARDEN TRANSFORIMATION,

JtLKINSCN TRANSFORMATION,

YILKINSCHN TRAMSFORI'AT(ON AS PERFORMED BY TFMREAHES,
WILKINSCN TRANSFORMATION AS PERFORMED BY TFMREAHES,

VECTOR,
VECTOR,
VECTOR,

ZERCIN SEARCHES FOR A ZERO OF A FUNCTION OF ONE VARIABLE
ZERO OF A FUNCTION OF ONE VARIAYLE IN A GIVEMN [NTERVAL,

A
A
A
A
VECTOR 7D A RQW VECTOPRP, AND RETURNS THE SUBSCRIPT VALUE OF THE NEW
A
A
A
A
A

ON A VECTOR,
QN THE COLUMNS OF A MATRIX,

ROw ELEMENT OF MAXIMUM

INTERVAL,

AESOLUTE V

34011
34012
34013
34033

34018
34013
34033
31060
34011
24012
34352
34353
31020
31021
31132
31022
31131
34020
34024
31034
34022
34029
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INIVEC INITIALIZES (PART OF) A VECTOR WITH A CQNSTANT,

INIMAT INIT|ARIZES (PART QOF) A MATRIX W|TH A CQONSTANT,

INIMATD INITIALIZES (PART OF) A DIAGONAL OR CODIAGONAL WITH A CONSTANT,

IN|SYFD INITIALIZES A CCDIAGONAL OF A SYMMETRIC MATR(X WITH A CONSTANT,

INISYMROW IN|TIALIZES A ROW OF A SYMMETRIC MATRIX WITH A CONSTANT,

MULVEC MULTIPLIES A VECTOR BY A SCALAR,

MULROW MULTIPLIES A4 ROW VECTNR BY A 5CALAR STORING THE RESULT (N ANOTHER VECTOR,

MULCOL MULTIPLIES A COLUMN VECTOR BY A SCALAR,

DUPVEC COPIES (PART OF) A VECTOR TC A VECTOR,

DUPVECROW COPIES (PART CF) A ROW VECTOR TO A VECTOR,

DUPROWVEC COPIES (PART OF) A VECTOR TO A ROW VECTOR,

DUPVECCOL COPIES (PART OF) A COLUMN VECTOR TO A VECTOR,

DUPCOLVEC COPIES (PART CF) A VECTOR TO A COLUMN VECTOR,

DUPMAT COPIES (PART OF) A MATRIX TO (AN OTHER) MATRIX,

POL EVALUATES A POLYMNCIMIAL GIVEN IN THE GRUMERT FORM BY THE HORNER SCHEME,

NEWPOL EVALUATES A FOLYNOMIAL GIVEN |N THE NEWTON FORM BY THE HORNER SCHEME,

NEWGRN TRANSFORNS A POLYNOM|AL REPRESENTATINN FROM NEWTON FORM INTO GRUNERT FORM,

ABSMAXVEC COMPUTES THE INFINITY NORM OF u VECTOR AND DELIVERS THE [NDEX FOR AN ELEMENT MAXIMAL IN MODULUS,

COLCST MULTIPLIES A COLUIIN VECTOR BY A SCALAR,

ROWCST MULTIPLIES A RQOW VECTOR BY A SCALAR STORING THE RESULT IN ANOTHER ROWVECTOR,

EVLER COMPUTES THE SUN CF aN ALTERNATING SER{ES,

SUMPOSSERIES CONPUTES THE SUM OF A CONVERGENT SERIES WITH POSITIVE TERMS, USING THE VAN WIUNGAARDEN TRANSFORMATION,

INTEGRAL ( QUADRATURE ) COMPUTES THE ODEFINITE |NTEGRAL OF A FUNCTION OF ONE VARIABLE OVER a FINITE OR INFINITE INTERVAL OR OVER A Ny

MBER CF CONSECUTIVE INTERVALS,

QADRAT ( QUADRATURE ) COMPUTES THE DEFINITE |[NTEGRAL OF A FUNCTION OF ONE VARIABLE OVER A FINITE INTERVAL,

RK1 SCLVES A SINGLE FI(RST ORDPER DI(FFEREMTIAL EQUATION USING A 5-TH ORDER RJUNGE KUTTA METHOD,

RK1N SOLVES A SYSTENM OF FIRST CROER DIFFERENT{AL EQUATIONS USING A 5=TH ORDER RUNGE KUTTA METHOD,

RK? SCLVES A SECOND ORDER DIFFERENTIAL EWQUAT|ON USING A 5eTH ORDER RUNGE KiUTTA METHOD,

RK2N SOLVES A SYSTEM CF SECCND ORDER DIFFERENT|AL FQUATIONS USING A DeTH ORDER RUNGE KUTTA METHOD,

RK3 SCLVES A SECOND ORDER DIFFERENTIAL EGUATION US{NG A 5=TH ORDER RUNGE KJTTA METHOD; NO NERIVATIVES ALLOWED ON RIGHT RANC SIDE,

RK3IN SOLVES A SYSTFNM OF SECCND ORDER DIFFERENTIAL EQUAT!IONS USING A HmwTH ORDER RUNGE KUTTA METHOD; NO DERIVATIVES ALLOWED CN RIGHT H

AND SIDE,

RK4A SOLVES A SINGLE DIFFERENTIAL EGUATION 3¥Y SOMETIMES USING A DEPENDENT yARIABLE AS INTEGRATICN VAR|ABLE,

RK4NA SOLVES A SYSTEN OF DIFFERENTIAL EQUATIONS 8y SOMET{MES USING THE DEPENDENT VAR|ABLE AS INTEGRATION VARIABLE,

RKSNA SOLVES A §VSTE' OF FIRST ORDER DIFFERENT|AL EQUAT!IONS USING THE ARC LENGTH AS INTEGRATION VAR{ABLE,

HMODIFIER TAYLCR SOLVES AN {NITIAL ( BOUNDARY ) VALUE PROBLEM, GIVEN AS A SySTEM OF F|RST ORDER DIFFERENTIAL EQUATICNS, By A ONE+STEP
TAYLCR METHOD; THIS METHOD 18 PARTICULARLY SUITABLE FOR THE INTEGRATION OF LARGE SYSTEMS ARISING FROM PARTIAL DIFFERENTIAL EQUATION

S, PRCVIDED HIGHER CRDER DERIVATIVES CAN BE FASILY OBTAINED,

MODIFIED RUNGE KUTTA SOLVES AN INI{TIAL ( ROUNDARv ) VALUE PROBLEM, GIVEN AS A SYSTEM OF FIRST ORDER ( NOW-LINEAR ) DIFFERENTIAL EQUA

TIONS, Bv A STARILIZED RUNGE KUTTA METHOL WITH LIMITED STORAGE REQUIREMENTS,

MULTISTEP SOLVES AN INITiAL VALUE PROALEM, G|VEN AS A SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, BY ONE OF ThE FOLLOWING MULT|STg

P METHODS| GEARS, ADAMS - NCULTOM, OR ADAMS « BASHFORTH METHOD; WITH AUTOMATIC STEP AND ORDER CONTROL AND SUITABLE FCR THE INTEGRAT|

ON OF STIFF DIFFERENT)AL EQUATIONS,

EFERK SOLVES |NIT{AL VALUE PRORBLEMS, GIVEN AS AN AUTONOMOUS SySTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, By AN EXPONENTIALLY FITTEpD
, EXPLIEIT RUNGE KUTTA METHCD WHICH ULSES THE JACOBIAN MATRIX AND AUTOMATIC STEP CCNTROL; SUITARLE FOR INTEGRATICN CF STIFF DIFFERENT
IAL EQUATIONS,

LINIGER]L SOLVES INIT{AL VALUE PROBLEMS, GIVEN AS AN AUTONOMOUS SYSTEM OF FIRST ORDER DIFFERENTIAL EQUATIONS, By AN [MPLICIT, EXPONEN

TIALLY FITTED,; FIRST ORDER CNEmSTEP METHOD W|TH NO AUTOMATIC STEP CONTROLj SUITABLE FOR INTEGRATION OF STIFF DIFFERENTIAL EQUATIONS,

LINIGER2 SOLVES INI!T(AL VALUE PROBLEMS, GIVEN AS AN AUTONQOMOUS SYSTEM OF F|RST CRDER D{FFERENT AL EQUATIONS, BY AN [MPLICIT, EXPONEN
TIALLY FITTED, SECOMND ORDER ONE=STEP METHOD WITH NO AUTOMATIC STEP CONTROL; SUITABLE FOR JNTEGRATION OF STIFF DIFFERENTIAL EQUATIONS

'
EFSIRK SOLVES INITIAL VALUE PROBLEMS, GIVEN AS AN AUTONOMQUS SYSTEM OF F|RST ORDER D|FFERENTIAL EGQUATIONS, BY AN EXPCNENT|ALLY FITTE
D, SEN| = |MPLICIT RUNGE KUTTA METHOD; SUITABLE FOR |NTEGRATIOH OF ST|FF DIFFERENT|AL EQUATIONS,

VECVEC COMPUTES THE SCALAR PRODUCT CF TWO VECTORS,

MATVEC COMPUTES THE SCALAR PRODUCT CF A ROW VECTOR AND VECTOR,

TAMVEC CUMPUTES THE SCALAR PRODUCT CF A COLUMN VECTOR AND VECTOR,

MATMAT COMPUTES THE SCALAR PRODUCT CF A ROW VECTOR AND COLUMN VECTOR,

TAMMAT COMPUTES THE SCALAR PRODUCT OF TWO COLUMN VECTORS,
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MATTAM COMPUTES THE SCALAR PRODUCT COF Two RoW VECTORS,

SEQVEC COMPUTES ThHE S5CALAR PRODYCT CF TWO VECTORS,

SCAPRD1 COMPUTES THE SCAL AR PRODUCT OF Twp VECTORS,

SYMMATVEC COMPUTES THE SCALAR PRODUCT OF A VECTOR AND A RQW OF A SYMMETRIC
ELMVEC ADDS A SCALAR TIMES A VECTOR TO ANOTHER VECTOR,

ELMVECCOL ADDS A SCALAR TIMES A COLUMN VECTOR TO A VECTOR,

ELMCOLVEC ADPDS A SCALAR TIMES A VECTOR TO A COLUMN VECTOR,

ELMCOL ADDS A SCALAR TIMES A COLUMN VECTOR TO ANOTHER COLUMN VECTOR,
ELMROY ADDS A SCALAR TIMES A ROW VECTOR TO AMOTHER ROW VEGTOR,

MATRIX,

MAXELMROW ADDS A SCALAR TIMES A RQW VECTOR TO A ROW VECTOR, AND RETURNS THE SUBSCR|PT VALUE OF THE NEW ROW ELEMENT OF MAXIMUM ABSOLU
TE VALUE,

ELMVECRQW ADDS A SCALAR TIMES A ROW VECTOR TO A VECTOR,

ELMROWVEC ACDS A SCALAR TIMES A VECTOR TU A ROW VECTOR,

ELMROWCOL ADDS A SCALAR TIMES A COLUNN VECTOR TO A ROW VECTOR,

ELMCOLROW ADDS A SCALAR TIMES A ROW VECTUR TO A COLUMN VECTOR,

ICHVEC INTERCHANGES ELENMENTS OF TwO VECTORS,

ICHCOL INTERCHANGES ELEMENTS OF TwO COLUMN VECTORS,

I CHROW INTERCHANGES ELEMENTS OF TwC ROW VECTORS,

ICHROWCOL INTERCHANGES ELEMENMTS OF A ROW VECTOR AND COLUMN VECTOR,

ICHSEQVEC INTERCHANGES ELEMENTS OF TWO VECTORS,

ICHSE® INTERCHANGES ELEMENTS OF TwO VECTORS,

ROTCOL PERFORMS AN ELEMENTARY ROTATION OPERATION OM TWO COLUMN VECTORS,

ROTROW PERFORMS AN ELEMENTARY ROTATION OPERATION ON TWO ROW VECTORS,

SOL SOLVES A SYSTEM OF LINEAR EQUATIONS, OF WH|CH THE TRIANGULARLY DECOMPOSED FCRM OF THE MATRIX 18 GIVEN,
INV COMPUTES THE INVERSE OF A FATRIX OF WeiCH THE TRIANGULARLY DECOMPOSED FORM 1S GIVEN,

SOLELKF SOLVES A SYSTEM OF LINEAR ERUATIONG, OF WHICH THE TRIANGULARLY DECOMPOSED FORM OF THE MATRIX IS GIVEN,

SOLBNL SOLVES A SYSTEN

CF LINEAR EGUATIONS /| TH BAND MATRIX, WHICH

{3 DECOMPOSED BY DECBND,

LSQSOL SOLVES 4 LINEAR
LSQDGL !NV COMPUTES THE

LEAST SQUARES PROBLEY, PROVIDED THAT THE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BY LSQORTDEC,
CIAGCNAL ELEMENTS OF THE {NVERSE OF M'M (M COEFFICIENT MATR|X) OF A LINEAR LEAST SQUARES PRCBLEM,

© GRIVALSYM] COMPUTFS ALL EIGENVALUES OF A (YHMETRIC MATRIX,

LSQORTNEC PERFORMS THE HOUSEHOLDER TRIANGULARIZATION OF THE COEFFICIENT MATRIX OF A LINEAR LEAST SQUARES PROBLEN,

LSQORTNDECSOL SOLVES A LINEAR LEAST SWUARES PRORBRLEM AND COMPUTES THE DJAGONAL ELEMENTS OF THE (NVERSE OF MM (M COEFFICIENT MATRIX),
TFMSYFTRIZ TRANSFORKS A REAL SYMMETRIC MATR{X INTO A SIMI[AR TRIDIAGONAL ONE BY HOUSEHOLDERS TRANSFORMATION,

BAKSYMTRI12 PERFCORMS THE 3ACK TRANSFCRMATION CORRESPONDING TO THE HOUSEHOLDERS TRANSFORMATION AS PERFORMED BY TFMSYNTR|2,

TFMPREVEC COMPUTES THE TRAMSFORMING MATRIX (N COMBINATION WITH PROCEDURE TFMSYMTRI2,
TFMSYTRIY TRAWSFORMS A REAL SYMMETRIC 1aTRIX |NTO A S|MILAR TRIDIAGONAL ONE BY HOUSEHOLDERS
BAKSYMTRIY PERFORMS THE BACK TRANSFORMATION CORRESPONDING TO THE HOUSEHOLDERS TRANSFORMATION

TRANSFORMAT | ON,
AS PERFORMED BY TFMSYMTRIY,

ZEROIN SEARCHES FOR A ZERO CF A FUNCTION OF ONE VARIABLE IN A GIVEN INTERVAL,

VALSYMTRI COMPUTES ALL, OR SOME CONSLCUTIVE, E|GENVALUES OF A SYMMETRIC TRID|AGONAL MATRIX BY LINEAR INTERPOLATION USING A STURM SHQ
UENCE,

VECSYFTRI COMPYTES EIGENVECTORS OF A SVMMETR|C TRIDIAGONAL MATRIX BY INVERSE [TERATION,

EIGVALSYM2 COMPUTES ALL, OR SOME CONSECUTIVE E|GENVALUES OF A SYMMETR|C MATRIX, STORED IM A TWO=DIMENS|ONAL ARRAY, BY LINEAR INTERPQ
LATION USING A STURM SEQUENCE, /

EI1GSYr2 COMPUTES ALL, OR SOME CONSECUTIVE E|GENVALUES AND EIGENVECTORS OF A SYMMETRIC MATRIX, WHICH |S STORED (N A TWO=D|MENSIONAL A
RRAY,

EIGVALSYHML COVMPUTES ALL, OR SOWME CONSECYT|VE E|GENVALUES OF A SYMMETR|C MATRIX, STORED IM A ONE=DIME!SIONAL ARRAY, BY LINEAR INTERPO
LATION USING A STURM SEQUENCE,

E1GSYP] COMPUTES ALL, OR SONME CONSECUTIVE EIGENVALUES AND EIGENVECTORS OF A SYMMETRIC MATRIX, WHICH IS STORED IN A ONE~DIMENSIONAL A
RRAY,

QRISYHTRI COMPUTES ALL EIGENVECTORS AND EIGENVALUES OF A SYMMETRIC TRIDIAGONAL MATRIX BY QR=ITERATION,

GRIVALSYI? COMPUTES ALL ECIGENVALUES QF A $YAMETRIC MATRIX, STORED (N A TWO-D|MENS|ONAL ARRAY,

QRISYI. COMPUTES ALL EIGENVALUES AND EJGENVECTORS OF A SYMMETR|C MATRIX BY QR=- | TERATION,

STORED IN A ONE-DIMENS|IONAL ARRAY,

VALQRISYMTRI COMPUTES ALL EIGENVALUES OF 4 SYMMETRIC TRID|AGONAL MATR|IX BY QR=ITERATION,

TFMREAHES TKANSFORMS A REAL MATRIX INTO A SiM|{LAR UPPER HESSENBERG MATRIX 3Y THE W|LKINSON TRAMSFORMATION,

BAKREAHESY PERFCRKMS THE SACK TRANSFORMATION CORRESPONDING TO THE Wi LK|INSON TRAMSFORMATION AS PERFORMED gY TFMREAHES, ON A VECTQR,

2?KREAHE52 PERFCRI'S THE BACK THRANSFORMATION CORRESPONDING TO THE W{LK|NSON TRANSFORMAT|ON AS PERFORMED BY TFMREAHES, ON THE COLUMNS
A FATRIX,

EQILBKk TRANSFORNMS A MATRIX IMTO A SIMILAR EQUILIRRATED MATRIX,

BAKLHBK PERFORMS THE BACK TRANSFORMATION CORRESPONDING TO THE EQUILIBRATION AS PERFORMED BY EQILBR,

REAVALQRI CALCULATES THE EIGENVALUES OF A REAL UPPER HESSENBERG MATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL,

8Y QP=ITERATION,

BY QR=ITERATION,

BY MEANS OF SINGLE @
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R= | TERATION,
REAVECHES CALCULATES THE E{GENVECTOR CORRESPONDING TO A GIVEN REAL EIGENVALUE OF A REAL UPPER HESSENBERG MATRIX, 8y MEANS OF INVERSE

ITERATION,
REASCL NORMAL IZES THE COLUMNS OF A TuO-DIMEMSIQNAL ARRAY,
REAQGRI CuLCULATES THE FIGENVALUES AND EIGENVECTORS OF A REAL UPPER HESSENBERG NATRIX, FROVIDED THAT ALL EIGENVALUES ARE REAL, BY MEp
NS OF SINGLE QR-ITERATIOHN,
COMVALAOR| CALCULATES THE REAL AND CCHPLEX E1GENVALUES OF A REAL UPPER HESSENBERG MATRIX BY MEANS CF DOUBLE QR-|TERATION,
COMVECHES CALCULATES THE E{GENVECTOR CORRESPONDING TO A GIVEN COMPLEX EIGENVALUE OF A REAL UPPER HESSENBERG MATRIX BY MEANS OF INVER
SE ITERATION,
COMSCL 15 AM AUXILIARy PROCEDURE FOR THE cOMPUTATION OF COMPLEY EIGENVECTORS OF A REAL MATRIX,
LINEMIN 18 AN/ AUXILIARY PROCEDURE FCR OPTIMIZATION,
RNKIUPD 8) AW AUXILIARY PROCEDURE FOR OPTIMIZATION,
DAVUPD S AN AUXILIARY PROCEDURE FCR OPTIMIZATION,
FLEUPDR IS AN AUXILIARY PROCEDURE FOR OPTIMIZATION,
ANKLMIN ( OPTIM{ZATION ) MINIMIZES A GIVEN DIFFERENTIABLE FUNCTION OF SEVERAL VARIABLES By A VARIABLE METRIC METHOD,
FLEMIN ( OPT{M|ZATICH § NMIN[{M|{ZES A GIVEN DIFFERENTIABLE FUNCTION OF SEVERAL VARIABLES BY A VARIABLE METRIC METHOD,
CONJ GRAD SOLVES A SYMIETRIC AND POSITIVE DEFINITE, SYSTE'W OF LINEAR EQUATIONS By THE METHOD OF CONJUGATE GRADIENTS,
AAXMAT FINDS THE INDICES AND MODULUS OF THAT MATRIX ELEMENT OF MAXiMUM ABSOLUTE VALVE,
GSSELI® PEZRFORMS THE TRIANGULAR DECONPOSITION OF A MATRIX BY GAUSSIAN ELIMINATION W{TH COMBINED PARTIAL AND CCMPLETE PIVCTING,
GSSSOL SOLVES A SYSTEM OF LINEAR EQUATIONS A3y GAUSSIAN ELIMINATION WITH COMBINED PARTIAL AND COMPLETE PIVOTING,
INV]{ COMPUTES THE INVERSE OF A MATRIX OF wHICH THE TRIANGULARLY DECOMPOSED FORM 15 GIVEN,
GSSINY COMPUTES THE INVERSE OF A MATRIX,
ONENRK INV COMPUTES THE 1-NORM OF THE IMVERSE OF A MATRIX, WHICH 1S TRIANGULARLY DECOMPOSED,
ERBELM COMPUTES aN UPPER BOUND FOR THE ERROR IN THE SOLUT(ON OF A SYSTEM OF LINEAR EQUATIONS,
GSSERB 1S AN AUXILIARY PROCENURE FOR THE SOLUTION OF LINEAR EQUATION W|TH AN UPPER BOUND FOR THE ERROR,
GSSSOLERS SOLVES A SYSTEM OF [ INEAR EQUAT|ONS AND COMPUTES AM UPPER BOUND FOR ITS ERROR,
GSSINVERA COMPUTES THE INVERSE OF A MATRIX AND AN UPPER BOUND FOR |TS ERROR,
|TISOL COMPUTES AN ITERATIVELY REFINED SOLUT|ON OF A SYSTEM OF LINEAR EQUATIONS, THE MATRix OF WHICh 1S GIVEN [N ITS TRIANGULARLY DE
COMPOSED FORM,
GSSITISOL COMPUTES AN ITERATIVELY REFINED SOLUTION OF A SyYSTEM OF L INEAR EQUATIONS,
GSSNR{ [5 AN AUXILIARY PROCEDURE FOR THE |TERATIVELY REFINED SOLUT|ON OF A SYSTEM OF LINEAR EQUATIONS,
| TISOLERSB COMPUTES AN ITERATIVELY REFINED SHLUTION AND AN UPPER BOUND FOR |TS ERROR, OF A SYSTEM OF LINEAR EQUATIONS, OF WRICH THE T
RIANGULARLY DECOMPOSED FORM OF THE MATRIX 1§ GIVEN,
GSSITISOLERB COMPUTES AN |TERATIVELY REFINED SOLUTION OF A SYSTEM OF LINEAR EQUATIONS,
HSHREABID TRANSFORMS A REAL MATRIX INTO BIDIAGOMAL FORM BY MEANS OF HOUSEHOLDER TRANSFORMATION,
PSTTFMMAT CALCULATES THE POSTMULTIPLYING MATRIX USED BY HSHREARID TO TRANSFORM A MATRIX INTO BIDIAGOMAL FORM,
PRETFIMAT CALCULATES THE PREMULTIPLY NG MATRIX USED BY HSWREABID TO TRANSFORM A MATRIX INTO SIDIAGONAL FORM,
QRISNGVALBID CALCULATES THE S|NGULAR VALUES OF A REA|, BIDIAGONAL MATRiX BY MEAHS OF |MPLICIT QR~ITERATION,
QRISNGVALDEC3ID CALCULATES THE SINGULAR VALUE DECOMPOSITION OF A REAL MATRIX OF WHICH A BIDIAGONAL DECOMPOSITICh 1S GIVEN, BY MEANS
OF AN (MPLIC|T GR~|TERATION,
QRISNGVAL CALCULATES THE SINGULAR VALUES OF A REAL MATRIX BY MEANS OF AN I1MPLICIT QRaITERATION,
ORISNGVALPEC CALCULATES THE S8INGULAR VALUE DECOMPOSITION OF A REAL MATRIX 3y MEANS OF AN (MPLICIT QR«|TERATION,
SOLSVDOVR CALCULATES THE LEAST SQUARES SOLUT|ON OF A OVERDETERMINED SYSTEM OF LINEAR EQUATIONS, PROVIDED THAT TRE SINGULAR VALUE DEC

OMPOSITION OF THE CCEFFICIENT MATRIX IS GIVEN,
SOLOVR CALCULATES THE LEAST SQUARES SOLUTION OF A OVERDETERMINED SYSTEM OF LINEAR EQUATIONS BY MEANS OF SINGULAK VALUWE DECCMPOSITION

éOLSVDUND CALCULATES THE BEST LEAST SQUARES SOLUTION OF A UNDERDETERMINED SYSTEM OF [ INEAR EQUATIONS, PROVIDED THAT THE SINGULAR VAL
JE DECOMPOS|ITION OF THE COEFFICIENT MATRIX |8 GIVEN,
SOLUN[* CALCULATES THE BEST LEAST SQUARES SOLUT|ON OF A UNDERDETERM|NED SYSTEM OF L|NEAR EQUATIONS 8Y MEANS OF SINGULAR ValLUE DECOMPQ

SITiON,

HOMSOLSVD SOLVES A FOMOGENECUS SYSTEM OF LIMEAR EQUATIONS, PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION OF THE CCEFFICIENT MATRIX
IS GIVEN,

HOMSOL SOLVES A HOMCGENWEOUS SYSTEM CF LINEAR EQUATIONS By MEANS OF SINGULAR VALUE DECOMPOS[TION,

PSDINVSYD CALCULATES THE PSEUDO INVERSE OF 4 MATRIX, PROVIDED THAT THE SINGULAR VALUE DECOMPOSITION |8 GIVEN,

PSDINV CALCULATES THE PSEUDC !MVERSE OF a MATRIX BY MEANS OF THE SINGULAR VALUE DECOMPOSITION,

DEC PERFORMS THE TRIANGULAR DECOMPOS|TION OF A MATRIX BY CROUT FACTORIZATION WITH PARTIiAL PIVOTING,

DECSOL SOLVES A SYSTEM OF LINEAR EQUATIONS dY CROUT FACTORIZATION WIThH PARTIAL PIVDTING,

DECINV COMPUTES THE (NVERSE OF A MATRIX,

DETERM COMPUTES THE DETERMINANT OF A MATRIX PROVIDED THAT THE MATR!X HAS BEEN DECOMPOSED BY DEC OR GSSELM,

CHLDEC2 ( LINEAR EQUATIONS ) COMPUTES THE CHOLESKY DECOMPASITION OF A SYMMETRIC POSITIVE DEFINITE MATRIX, STORED IN A TWOmDIMENS|ONy
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L ARRAY,
CHLDECY ( LINEAR EQUATICHS ) COMPYTES THE CHOLESKY DECOMPQSITION QF A SYMMETRIC POSITIVE DEFINITE MATR|X, STORED CCLUMNW|SE IN A ONE

=D IMENS I ONAL ARRAY,

CHLDETERM2 COMPUTES THE DETERMINANT OF A SYUIMETRIC POSITIVE DEFINJTE MATRIX, WHICH HAS BEEN DECOMPOSED BY CHLDEC?2,

CHLDETERM{ COMPUTES THE DETERMINANT OF A SYY4ETRIC POSITIVE DEFINITE MATRIX, WHICH HAS BEEN DECOMPOSED BY CHLDECY,

DECBND PERFORMS THE TRIAHGULAR DECOMPOSITION OF A BAND MATRIX BY GAUSS|AN ELIMINAT|ON,

DETERMBND COMPUTES THE DETERMINANT CF A 3ANN MATRIX, WHICH HAS BEEN DECOMPQOSED By DECBND,

DECSOLBND PERFORHMS THE DECONMPOSITION OF a4 BAND MATRIX BY GAUSS|AN ELIM|NAT|ON AND SOLVES TWE SYSTEM OF LINEAR EGUATIONS,

CHLDECBND PERFORNS THE TRIANGULAR DECOMPOSIT|OM OF A SYMMETRIC POS|TIVE DEFIN|ITE MATRIX Bv THE CHOLESKY METHOD,

CHLDETERVMBND COMPUTES THE DETERMINANT OF A SYMMETRIC POSITIVE DEFINITE MATRIX, WHICK HAS BEEN NDECOMPOSED BY CHLDECEND,

CHLSOLRAND SOLVES A SVSTE:l OF LINEAR EQUATIONS WITH SYMMETRIC POSITIVE DEF|NITE BAND MATRIX, WHICH HAS BEEN DECONMPOSED BY CHLDPECBND,
CHLDECSOLBND PERFORMS THE DECOMPOSITIOM OF A SYMMETRIC POSITIVE DEFIN|{TE BAND MATR|X AND SOLVES THE SYSTEM OF L INEAR EQUATIONS BY TH
E CHOLESKY METHOD,

COMABSS COMPUTES THE 10DULUS OF A COMPLEX NUIBER,

COMMUL MULTIPLIES TW? COMPLEX NUMBERS,

COMD IV COMPUTES THE QUOTIENT OF Ty0O COMPLEX NUMBERS,

COMSQRT COMPUTES THE SQUARE RQOT OF A COMPLEX NUMBER,

CARPOL TRANSFORMS A COMPLEX NUMBER GIVEH IN CARTES|AN COORDINATES (NTO POLAR COORDINATES,

COMKWD COMPUTES THE RQOTS OF A QUADRATIC EQUATION WITH CONPLEX COEFFICIENTS,

COMCOLCST MULTIPLIES A COMPLEX COLUMN VECTOR BY A COMPLEX NUNMBER,

COMROWCST MULTIPLIES A COMPLEX ROW VECTOR By A COMPLEX NU'BER,

COMMATVEC COMPUTES THE SCALAR PRODUCT OF A COMRLEX ROW VECTOR AND A COMPLEX VECTOR,

fISHCOMCOL TRANSFORMS A COMPLEX VECTOR 1'TO A VECTOR PROPORTIONAL TO A UNIT VECTOR,

HSHCOMPRD PREMULTIPLIES A CCHPLEX MATRIX wi™ A COMPL_EX HOUSEHOLDER “ATRIX,

ROTCOLCOL PERFORMS A ROTATICM ON TWC COMPLEY, COLUMN VECTARS,

ROTCONRO# PERFORMS A ROTATICN OGN TWC COMPLEX ROW VECTORS,

COMEUCNRM COMPUTES THE EUCLIDEAN NOR!1 OF A GOMPLEX MATRIX,

SCLCOM NORMALIZES THE COLUINS OF A COMPLEX MATRIX,

EQILBRCOM TRANSFORMS A COMPLEX MATRIX INTC 4 SIMILAR EQUIL IBRATED COMPLEX MATRIX,

3AKLBRCOM PERFORIS THE BRACK TRANSFORMATION CORRESPONDING ™0 THE EQUIL{3RAT|{ON AS PERFORMED BY EGQ!LBRCOM,

ASHHRKMTR! TRANSFORMS A FERVITIAN MATRIX INT3 A SIMILAR REAL SYMMETRIC TRIDJAGONAL MATR[X,

HSHHRFTR{VAL DELIVERS ThHE "MAIN DIAGCONAL ELE 1ENTS AND SQUARES OF THE CCD{AGINAL ELEMENTS NF A HFERMITIAN TRIDIAGONAL MATRIX WHICH 8 U
NITARY SiMiLAR TO A GIVEN HERMITIAN [1ATRI(X,

JAKHRIETR! PERFORMS THE RACK TRANSFORMATION CORRESPONDIMG TO ASHHRMTRI,

HSHCOMHES TRANSFORMS A COMPLEX MATRIX INTO A SIMILAR UNITARY UPPER HESSENBERG MATR|X WiTH A REAL NON=NEGATIVE SUBD|AGONAL,
JAKCOMHES PERFORMS THE BACK TRANSFORMATION CORRESPONDING TO HSHCOMHES,

E1GVALHR COMPUTES ALL EIGENVALVUES CF A HERIITIAN MATRIX,

E1GHRM COMPUTES ALL EIGENVECTORS AND EIGENVALUES OF A HERYITIAN MATRIX,

AR VALHRIA COMPUTES ALL EIGENVALUES CF A HERYITIAN MATRIX,

QRIHR} COMPUTES ALL EIGENVECTORS AND EIGENVALUES OF A HERWITIAN MATRI|X,

VALORICOM COMPUTES ALL EIGENVALUES OF A COMPLEX UPPER HESSENSERG MATRIX WITH A REAL SUBDIAGONAL,

QRICONM COMPUTES ALL EIGENVECTORS AND EIGENVALUES OF a4 COVMPLEX UPPER AESSEN3ERG MATRIX @ITH A REAL SUBDIAGONAL,

E1GVALCO™ COMPYTES ALL EIGENVALUES OF A COMPLEX MATRIX,

E1GCOM COMPUTES ALL EIGEHVECTORS AND EIGENVALUES OF A COMPLEX MATRIX,

ELMCONVEZCOL ADDS A COYPLEX NUMBER TIMES A AOMPLEX COLUMN VECTOR Tn A COWPLEX VECTOR,

ELMCOMCOL ADDS A COMPLEX NUNMBER TI!MES A COMPLEX COLUMN VECTOR TO ANOTHER COMPLEX COLUMN VECTOR,

ELMCONROWVEC ADDS A COMPLEX NUMBER TIMES A GCOMPLEX VECTOR TO A COMPLEX ROW VECTOR,

CHLSOL?2 SOLVES A SYNMIETRIC POSITIVE DEFINITE SYSTEM OF LINEAR EQUATIONS, THE MATRIX BE|NG DECOMPOSED BY CHLDECZ,

CHLSOL1 30LVES A sYMIETRIC POSITIVE DEF|LITFE SYSTEM OF LINEAR EQUATIONS, THE MATR{X BEING DECOMPOSED B8Y CHLDEC1,

CHLDECSOL? SOLVES 4 SYMMETRIC POS|TIVE DEFIY|TE SYSTEM OF LINEAR EQUAT|ONS BY THE CHOLESKY METHOD, THE MATRIX BEING STORED IN A TWO.
DIMENS | ONAL ARRAY,

CHLDECSOLL SODLVES A SYIMETRIC POSITIVE DEFI9JTE SYSTEM OF LINEAR EQUAT|ONS BY THE CHOLESKY METHOD, THE MATRIX BEING STORED IN A ONE.
DIMENS {ONAL ARRAV,

CHLINV2 COMPYTES THE ([IVERSE OF A SYHHMETRIC POSITIVE DEFINITE MATRIX WHICH HAS BEEW DECOMPOSED BY CHLDEC2,

CHLINVY COMPUTES THE I[HVERSE OF A SYMMETRIC POSITIVE DEFIN|ITE MATRIX WHICH HAS BEEN DECOMPOSED BY CHLDECY,

CHLDECINVZ COMPUTES, 8Y THE CHOLESKY METHOD, THE INVERSE OF A SYMMETR(C PO3IT|VE DEFIN|TE MATRIX, STORED IN A TWO-D|MENSIONAL ARRAY,

CHLDECINVY COMPUTES, BY THE CHOLESKY YETHOD, THE INVERSE OF A SYMMETRIC POSITIVE DEF|NITE MATRIX, STORED IN A ONED|MENSIONA| ARRAY

LNGVECVEC COMPUTES 1t DOUBLE PRECISION THE SCALAR PRODUCT OF TwO VECTORS,
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LNGMATVEC COMPUTES |3 DOUBLE PRECISION THE SCALAR PRODWCT OF A ROW VECTOR AND A VECTOR,

LNGTANVEC COMPUTES I DOUBLE PRECISION THE SCALAR PRODUCT OF A COLUMN VECTOR AND A VECTOR,

LNGMATMAT COMPUTES IN DOUBLE PRECISION THE SCALAR PRODUCT oF A RoW VECTOR AND A COLUMN VECTOR,

LNGTAMMAT COMPUTES I} DOUBLE PRECISION THE SCALAR PRODUCT OF TwO COLJMN VECTORS,

LNGMATTAN COMPUTES I DOUBLE PRECISION TME SCALAR PRODUCT OF TwO RoW VECTORS,

LNGSEQVEC COMPYTES (i DOUBLE PRECISION THE SCALAR PRODWCT OF TwO VECTORS,

LNGSCAPRDL COMPUTES IN DOUBLE PRECISIOM THE SCALAR PRORUCT OF TWO VECTORS,

LNGSYNMATVEC COMPUTES IN DOURLE PRECISION TH4E SCALAR PRODUCT OF A VECTOR AND A ROW I|M A SYMMETRIC MATRIX,

DECSYMTR! CALCULATES THE U'DU LECOMPOSITION OF A SYAMETRIC TRIDIAGONAL MATRIX, .
SOLSYMTR| SOLVES A SYSTE!M OF LINEAR EQUATIONS ¥|TH SYMMETRIC TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED THAT THE UiDU DECOMPCSITION IS
GIVEN,

DECSOLSYMTR! SOLVES A SYSTEM OF LINEAR EQUAT]ONS WITH SYMMETRIC TRIDIAGONAL COEFF|CIENT MATRIX,

DECTR! CALCYULATES, WITHOUT PIVOTING, THE LU DECOMPOSITION QF A TRIDIAGONAL MATRIX,

SOLTRI SOLVES A SYSTEM OF LINEAR EQUATIONS ¥|TH TRIDJAGONAL COEFFICIENT MATRIX, PROV|DED THAT THE LU DECOMPOSITION |§ GIVEN,
DECSOLTRI SOLVES A SYSTEM™ OF LINEAR EQUATIONS WiTH TRIDIAGONAL COEFFICIENT MATRIX,

DECTRIPIV CALCULATES, YITH PARTIAL PIVOT(NG, THE LU DECOMPQSITION OF A TRINIAGONAL MATRIX,

SOLTRIPIV SOLVES A SYSTEM OF LINEAR EQUATIOS WITH TRIDIAGONAL COEFFICIENT MATRIX, PROVIDED THAT THE LU DECOMPOSITION AS CALCULATED
BY DECTRIPIV I8 GIVEN,

DECSOLTRIPIV SOLVES YI(Tk PART({AL PIVOTING A SYSTEM OF LINEAR EQUAT(ONS WITH TRIDIAGONAL COEFFICIENT MATRIX,

ERF COMPUTES THE ERROR FUNCTION AND COMPLEMENTARY ERROR FUNCTION FNOR A REAL ARGUMENT) THESE FUNCTIONS ARE RELATED TO THE NORMAL OR 6
AUSS 1AM PROBABILITY FUNCT!ON,

INCOMGAM COMPUTES THE INCOMPLETE GAMMA FUNCT|ON B8Y PADE APPROX(MAT|ONS,

INCBETA COMPUTES THE |MCOMPLETE BETA FUNMCTINAN | (X,P,Q),0¢sX<=31,P>0,0>(0,

IBPPLUSN COMPUTES THE INCOMPLETE BETA FUNCTION I(X,PaN,Q),0<=Xe¢=1,P>0,950, FOR N=Q(1)NMAX,

IBQPLUSN COMPUTES THE INCOMPLETE BETA FUWCTION I (X,P,Q#N),0<=X<c=1,P>0,Q050, FOR N=0(1)NMAX,

IXQF IX 1S AN AUXILI1ARY PROCEDURE FOR THE |NCOMPLETE BETA FUNCTION,

IXPFIx 1S AN AUXILIARY PROCEDURE FOR THE |NCOMPLETE BETA FUNCTION,

FORWARD 1S AN AUXILIARY PROCEDURE FOR THE IYCOMPLETE BETA FUNCTION,

AACKWARD 1S AN AUXILIARY PROCEDURE FOR THE INCCMPLETE BETA FUNCTION,

RECIP GAMMA COMPUTES THE RECIPROCAL OF THE GAMMA FUNCTION FOR ARGUMEITS IN THE RANGE [41/2,3/2); ODD AND EVEN PARTS ARE ALS0 DELIVERE
0,

GAMMA CONMPUTES THE GAMIMA FUNCTION FOR A REAL ARGUMENT,

1.LOG GAMWA CONMPUTES THE NATURAL LOGARI|THN OF THE GAMMA FUNCTION FNR POS|TIVE ARGUMENTS,

NEWTON DETERMINES THE COEFFICIENTS CF THE MEWTON INTERPOLATION POLVNOMIAL FOR GIVEN ARGUMENTS AND FUNCTION VALUES,

INI 1S AN AUNIL1ARY PROCEDURE FOR MINIIIAX APPROXIMATION,

SNDREI'EZ (SECOND REMEZ ALGORITHM) EXCHANGES “UMBERS WITH YUM3ERS OyT OF A REFERENCE SET,

HINMAXPOL DETERMINES THE COEFFICIENTS OF THEZ POLYNOMIAL (IN GRUNERT FORM) THAT APPROX!MATES A FUNCTION GIVEN FOR DISCRETE ARGUMENTS}
THE SECHND REMFZ EXCHANGE ALGORITHN 1S ugSEN FOR THIS MIN|MAX POLYND.1|AL APPROXIMATION,



