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TFHREAHES T~ANSFORHS A ~ATRIX INTO A SIMILAR UPPER-HESSENBERG MATRIX BY MEANS OF WILKINSON'S TRANSFORMATION. 
O~K~EAHES1 PEkFORHS THE BACK TRANSFORMATION I ON A ~ECTOR I CORRESPONDING TO TFKREAHES. 
BAK~LAHESZ PERFOkMS THE BACK TRANSFORMATION I ON COLU~NS I ~ORRESPONDING TO TFMREAHES. 
EUILBk EQUILIBRATES A MATRIX BY MEANS OF A DIAGONAL SIMILARITY TRANSFORMATION. 
BAKLBK PERFORHS THE BACK TRANSFORHATION C)RRESPON)ING TO EQILBR. 
REAVALQRI CALCULATES THE EIGENVALUES OF A REAL UPPER-HESSENBERG HATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL, BY HEANS OF 
srN~LE QR ITERATION, 
F.EAVECHES CALCULATES AN EIGENVECTOR CORRESPONDING TO A GIVEN REAL EIGENVALUE OF A REAL UPPER•HESSENBERG HATRIX BY HEANS OF 
INVE~SE ITE~ATION. 
REA~IGVAL CALCULATES TH~ EI~ENVALUES OF A HATRIX, PROVIDED THAT ALL EIGENVALUES ARE REAL, 
~EAS~L NO~HALIZES THE COLUM~S OF A THO•DIHE~SIONAL ARRAY. 
REAEIG1 CALtULATES THE EIGENVECTORS ANO EIGENVALUES OF A HATRIX, PROVIOEO THAT THEY ARE ALL REAL. 
kEAQKl CALCULATES ALL £IGENVALJES ANO EIGENVECTORS OF A REAL UPPER•HESSENBERG HATRIX, P~OVIOEO THAT ALL EIGENVALUES ARE REAL, 
BY MEANS OF SINGLE QR ITERATIO~. 
KEAEIGJ CALCULATES THE EIGENVE;TORS ANO EIGENVALUES OF A MATRIX, PRJVIOED THAT THEY ARE ALL REAL. 
COHVALORI CALCULATES THE REAL ANO COHPLEX EIGENVALUES OF A REAL UPPER•HESSENSERG MATRIX BY HEANS OF OOUBLE QR ITERATION, 
COHVECHES CALCULATES THE EI~ENVECTO~ CJRRESPONOING TO A GIVEN COMPLEX EIGENVALUE OF A REAL UPPER-HESSENBERG NAT~IX BY NEANS 
OF INVERSE ITERATION. 
COH~l~VAL CALCULATES THE EIGENVALUES OF A HATRIXe 
COHSCL NORMALIZES REAL ANO COMPLEX EIGENVECTORS. 
COH~IG1 CALCULATES THE EI~ENVALUES ANO EIGENVECTORS OF A 
LINEMIN MINIHIZES A FUNCTION OF SEVERAL VARIABLES IN A GIVEN OIRECTION. 
kNKlUPD ADDS A RANK-1 HATRIX Tl A SYHHETRIC 
OAVUPU ADOS A RANK-2 MATRIX TO A SYMMETRIC HATRIX. 
F~EUPD ADOS A RANK•Z HATRIX TO A SYHHETRIC MATRIX. 
RNK1HIN HINIHIZES A FUNCTION o~ SEVERAL VARIABLES. 
FLENIN MINIMIZES A FUNCTION OF SEVERAL 
CONJ GRAD SOLVES A POSITIVE DEFINITE SYMMETRIC SYSTEH OF LINEAR EQUATIONS BY THE METHOD OF CONJUGATE GRADIENTS. 
~SS~LH PERFORHS A TRI~N;ULAR OECOHPOSITION WITH A COHBlNAflON OF PARTIAL ANO COMPLETE PIVOTING. 
GSSSOL SOLVES A SYSTEH OF LINEAR EQUATIONS. 
!NVl CALCULATES THE INVERSE OF A MATRIX THAT HAS BEEN TRIANGULARLY OECOHPOSEO av GSSELH DR GSSERB.THE i•NORH OF THE INVERSE 
MATRIX HIGHT ALSO BE CALCULATED. 
GSSINV CALCOLAT~S THE INVERSE )FA MATRIX. 
uN~NRMINV CALCULATES THE 1-~0K1 OF THE INVERSE OF A HATRIX WHOSE TRIANGULARLY DECOHPOSEO FORN IS DELIVERED BY GSSELH. 
t~B~LH CALCULATES A ROUGH UPPE~BOUND FJ~ THE ERROR IN THE SJLUTION OF A SYSTEH OF LINEAR EQUATIONS WHOSE MATRIX IS 
T~IANGULARLY DECOMPOSED BY GSSELH. 
GSSE~u PERFORMS A TRI~N;ULA~ OECOHPOSTION OF THE MATRIX OF A SYSTEH OF LINEAR EQUATIONS AND CALCULATES AN UPPERBOUNO FO~ THE 
k~LATlVE ERROR IN THE SOLUTION OF THAT SYSTEM. 
GSSSOLERB SOLVES A SYSTEM OF LINEAR EQUATIONS ANO CALCULATES A ROUGH UPPERBOUNO FOR THE RELATIVE ERROR IN THE CALCULATEJ 
S~LUTlON. 
GSSlNVE~B CALCULATES THE INVERSE OF A HAT~IX ANO i•NORH, AN UPPERuOUNO FOR THE ERROR IN THE INVERSE HATRIX IS ALSO GI~EN. 
ITI50L SOLVES A SYSTEH OF LINEAR EQUATIONS WHOSE HATRIX HAS BEEN TRIANGULARLY DECOMPOSE~ BY GSSELH OR GSSERB. THIS SOLUTION 
I~ lH?ROVEO ITERATIVElY• 
GSSITlSOL SOLVES A SYSTEM OF LINEAR EQUATIONS AND THE SOLUTION IS IMPROVED ITERATIVELY. 
GSSN~I PERFOtHS A TRlAN;ULA~ O~COHPOSITION ANO CALCULATES THE 1•NORH OF THE INVERSE 
ITISOLERB SOLVES A SYSTEM OF LINEAR EQUATIONS WHOSE MATRIX HAS TRIANGULARLY OECOHPOSED BY GSSNRI; THIS SOLUTION IS IHPROVEO 
lTE~ATIVELY AN UPPE~BJUNO FOR THE ERROR IN THE SOLUTIO~ IS CALCULATED. 
GSSITISOLERB SOLVES A SYSlEH OF LINEAR EQUATIONS; THIS SOLUTION IS IMPROVED ITERATIVELY ANO AN UPPERBOUNO FOR THE ERROR IN 

SOLUTION IS CAL;ULATED. 
HSHRLABIO TRANSFORMS A HATRIX TO BIDIAGONAL FORM, BY PREHULTIPLYING ANO POSTHULTIPLYING WITH ORTHOGONAL MATRICES. 
PSTTF1~AT CALCULATES THE POSTMJLTlPLYING MATRIX FROM THE DATA GEN~RATEO BY HSHREABID. 
PRETFMHAT CALCULATES THE PkEHULTIPLYING MATRIX FROM THE DATA GENERATED BY HSHREA8IO, 
Q~ISNGVAL3l0 CALCU.ATES THE SI~GULAR VALUES OF A BIDIAGONAL KATRIX. 
QRISNGVALOECBIO CALCULATES THE SINGULAR VALUES OECOHPOSITION OF A HATRIX OF WHICH THE BIDIAGONAL ANO THE PRE- AND 
POSTHULTIPLYING HATRICES ARE GIVEN. 
QKISNGVAL CALCULATES THE SINGULAR VALUES OF A GIVEN HATRIXo 
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Q~ISNGVALDEC CALCULATES THE SINGULAR VALUES DECOHPOSITION U • S • V', WITH U ANO V ORTHOGONAL ANDS POSITIVE DIAGONAL. 
SJL5VOOVR SOLVES AN OVERDETERHINED SYSTEM OF LINEAR EQUATIONS, MULTIPLYING THE RIGHT-HAND SIDE av THE PSEUDO-INVERSE Of THE 
GIVEN HATRIX. 
SOLOVR CALCULATES THE SINGULAR VALUES DECOHPDSITION AND SOLVES AN OVERDETERHINED SYSTEH Of LINEAR EQUATIONS. 
SJLSVOUNO SOLVES AN UNDERDETER~INED SYSTE~ Of LINEAR EQUATIONS, MULTIPLYING THE RIGHT•HANO SIDE BY THE PSEUOO•INVERSE Of THE 
GlV~N MATRIX. 
SOLUNu CALCULATES THE SINGULAR VALUES 0£CJHPOSITION AND SOLVES AN U~OEROETERHINEO SYSTEH OF LINEAR EQUATIONS. 
HOHSOLSVD SOLVES THE HOHOGENEOUS SYSTEM OF LINEAR EQUATIONS A• X = 0 ANO x• •A= 0, WHERE "A" DENOTES A HATRIX AND "X" A 
V~CTOR; < THE SINGULAR VALUE DECOMPOSITION BEING GIVEN>• 
HOHSOL SOLVES THE HOHOGENEO~S SYSTEH OF LINEAR EQUATIONS OF EQUATIONS A• X = D AND X' •A= D, WHERE NA" DENOTES A HATRIX 
A~J "X" A VECTOR■ 
PSDINVSVD CALCULATES THE PSEUOO•INVERSE OF A HATRIXI I THE SINGULAR VALUE OECOHPOSITION BEING GIVEN I. 
P~OINV CALCULATES THE PSEUOO·IiVERSE OF A MATRIX. 
DEC P~RFO~HS A TRIANGULAR DECOHPOSITION WITH PARTIAL PIVOTING. 
uE:SOL SOLVES A SYSTEH OF LINEA~ EQUATIONS WHOSE ORDER IS SHALL RELATIVE TO THE NUMBER Of BINARY DIGITS IN THE NUMBER 
REP~ESENTATION. 
O~ClNV CALCULATES THE INVERSE Jf A MATRIX WHOSE ORDER IS SHALL RELATIVE TO THE NUMBER OF BINARY DIGITS IN THE NUHBER 
~E?RESENTATION. 
D~TERH CALCULATES THE OETERHINANT OF A TRIANGULARLY DECOMPOSED HATRIX ■ 
CHLDLC2 CALCULATES THE CHOLESKY DECOHPJSITION OF A POSITIVE DEFINITE SYMHETRIC HATRIX WHOSE UPPER TRIANGLE IS GIVEN IN A 
TMO-CIHENSIONAL ARRAY. 
CHLOLC1 CALCULATES THE CHOLESKY OECOHPOSITIDN Of A POSITIVE DEFINITE SYMHETRIC MATRIX WHOSE UPPER TRIANGLE IS GIVEN 
COLUHNWISE IN A ONE•DIHENSIONA. ARRAY. 
CnLuETERM2 CALCULATES Of THE DETERMINANT OF A POSITIVE DEFINITE SYHHETRIC HATRIX, THE CHOLESKY OECOHPOSITION BEING GIVEN IN A 
TMO-u!HENSIONAL ARRAY. 
CHLOETERH1 CALCULATES THE OETE~HINANT Of A POSifIVE DEFINITE SYHHETRIC HATRIX~ THE CHOLESKY OECOHPOSITION BEING GIVEN 
COLU~NMISE IN A ONE-OIHENSIJNA~ A,~AY. 
OEC8ND PERFORMS A TRIANGULAR DECOMPOSITION OF A BAND HATRIX, USING PARTIAL PIVOTING. 
OETE,HBNO CALCULATES THE DETERMINANT Of A SANO ~ATRIX. 
LECSDLBNO SOLVES A SYSTEH OF LINEAR EQUATIONS BY GAUSSIAN ELIHINATION WITH PARTIAL PIVOTING IF THE COEFFICIENT HATRIX IS IN 
BANu FORM ANO IS STO~ED ROHMIS~ IN A ONE-DIHENSIONAL A~RAV. 
CrlLDECBND PERFORMS THE CHOLESKY DECOMPOSITION OF A POSITIVE DEFINITE SYHHETRIC BAND HATRIX. 
CrlLOETERHBNO CALCULATES THE OETERHINANT OF A POSITIVE DEFINITE SYMMETRIC SANO HATRIXe 
CHLSOLBNO SOLVES A POSITIVE DEFINITE SYHHETRIC LINEAR SYSTEH, THE TRIANGULAR OECOHPOSITION BEING GIVEN. 
CHLDECSOLBNO SOLVES A POSITIVE DEFINITE SYHHETRIC LINEAR SYSTEH ANO PERFORHS THE TRIANGULAR DECOMPOSITION BY CHOLESKY'S 
H~THOO. 
COHAaS CALCULATES THE MODULUS OF A COHPLEX NUHBER. 
COMMUL CALCULATES THE PRODU~T lF TWO COMPLEX NUMBERS. 
CvMOIV CALCULATES THE QUOTIENT OF TWO COMPLEX NUMBERS. 
COMSy,T CALCULATES TH~ SQUA~E ,oor OF A ClH?LEX NUMBER. 
Ck~POL TRANSFORMS THE CARTESIAN COORDINATES OF A COMPLEX NUHBER INTO POLAR COORDINATES. 
C~HKWO CA~CULATES T ➔ E ROOTS OF A QUADRATIC EQUATION WITH COMPLEX COEFFICIENTS. 
COHCOLCST HULTIPLIES A COHPLEX COLUMN VECTOR BY A COMPLEX NUMBER. 
COM~OWCST MULTIPLIES A COMP~EX ~ow VECTOR BY A COMPLEX NUMBER. 
COMHATVEC CALCULATES THE SCALA, PRODUCT OF A COHPLEX ROW VECTOR ANO A COMPLEX VECTOR. 
H~HCOMCOL TRANSFORHS A :OHP.EX VECTOR INTO A VECTOR PROPORTIONAL TO A UNIT VECTOR. 
HS~COHPRO PREMULTlPLIES A COMPLEX MATRIX WITH A COMPLEX HOUSEHOLDER MATRIX. 
KUTCO~COL REPLACES THJ COMPLEX COLUHN VECTORS X AND y BY THO COMPLEX VECTORS ex+ SY ANO CY - sx. 
ROTCOMROW REPLACES TMJ COMPLEX ROW VECTORS X AND y BY TWO COMPLEX VECTORS ex + SY AND CY - sx. 
C~M~UCNRH CALCULATES THE EUCLIDEAN NORM OF A COMPLEX MATRIX WITH LW LOWER COOIAGONALS ■ 
S~LCOH NORMALIZES THE COLUH~S OF A COHPLEX HATRIX. 
EQILli~COH EQUILIBRATES A COMPLEX HATRIX. 
uAKLBRGOM TRANSFORMS THE EIGENVECTORS Of A COMPLEX EQUILIBRATED l BY EQILBRCOH) MATRIX INTO THE EIGENVECTORS Of THE ORIGINAL 
H~TRIX. 
HSHHRHTRI TRANSFORMS A HERMITIAN HATRIX INTO A SIMILAR REAL SYMMETRIC TRIDIAGONAL HATRIX, 
HSHHRHTRIVAL OELIVE,S THE HAIN DIAGONAL ELEMENTS AND THE SQUARES Of THE COOIAGONAL ELEMENTS OF A HERHITIAN TRIDIAGONAL HATRIX 
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WHICH IS UNITARY SIMILAR HirH A GIVEN HERMITIAN MATRIX. 
BAKHRMTRI PERFOkMS THE BACK TRANSFORMATION CORRESPONDING TO HSHHRHTRio 
H5HCOMHES TRANSFO~HS A ~OHPLEX ~ATRIX av MEANS OF HOU5EHOLO~R•·s TRANSFORMATION FOLLOWED BY A CONPLEX DIAGONAL TRANSFORHATION 
INTO A SIMILAR UNITA~Y UPPE~-HESSENBERG HATRIX WITH A REAL NONNEGATIVE SUBOIAGONALe 
BAKCOHHES PERFORMS THE BACK TRANSFORMATION CORRESPONOI~G TO HSHCOHHES. 
EIGVALHRM CALCULATES TH£ EI;ENVALUES OF A COMPLEX HERMITIAN MATRIX. 
EIGHRM CALCULAT~S THE EIGENVAL~ES AND EIGE~VECTOR5 OF A COMPLEX HERMITIAN MATRIX. 
~RIVALHRM CALCULATES THE EIGENVALUES OF A COMPLEX HERMITIAN MATRIX. 
QRIHiM CALCULATES THE EIGENVALJES AND EIGE~VECTJRS Of A COMPLEX HERMITIAN MATRIXo 
VALQk!COH CALCULATES THE EIGEN~ALUES OF A COMPLEX UPPER-HESSENBERG HATRIX WITH A REAL SUBOIAGONAL. 
QRICOH CALCULAT~S THE EIGENUECTJRS AND THE EIGE~VALUE5 OF A COMPLEX UPPER•HESSENBERG MATRIX. 
EIGUALCOH CALCULATES THE EIGENVALUES OF A COMPLEX MATRIX. 
EIGCOH CALCULATES THE EIGEN~ECTJRS ANO EIGENVALJES o= A COMPLEX HAT~IXo 
ELMCOMVECCOL ADOS A COMPLEX NUH6ER TIMES A COMPLEX COLUHN VECTOR TO A COHPLfX VECTOR. 
ELHCOHCOL ADDS A COMPLEX NU~8E~ TIMES A CJH?LEX COLUH~ VECTOR TO A COMPLEX COLUHN VECTOR. 
ELHCOHROWVEC AODS A COMPLEX NUMBER TIMES A COHP~EX VECTOR TO A COMPLEX ROH VECTOR. 
CHLSOL2 SOLVES A SYSTEM OF LINEAR EQUATIONS IF rHE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BY CHLDEC2 OR CHLDECSJL2o 
CHLSOL1 SOLVES A SYSTEM OF LINEAR EQUATIONS IF THE COEFFICIENT MATRIX HAS BEEN DECOMPOSED BY CHLDEC1 OR CHLOECSOL1o 
CHLDECSOL2 SOLVES A PJSITIVE DEFINIT! SYMMETRIC SYSTEM OF LINEAR EQUATIONS BY CHOLESKY'S SQUARE ROOT HETHoo; IHE COEFFICIENT 
HAriIX SHOULD BE GIVEN IN THE UPPERTRIANGLE OF A TWO•DIHENSIONAL ARRAY. 
CHLDECSOL1 SOLVES A POSITIVE DEFINITE SYMMETRIC SYSTEM OF LINEAR EQUATIONS BY CHOLESKY'S SQUARE ROOT HETHOO; THE COEFFICIENT 
MATRIX ·SHOULD BE GIVEN COLUMNWISE IN A ONE•OIHENSIONAL ARRAY. 
C~LlNV2 CALCULATES THE INVERSE OF A POSITIVE DEFINITE SYMMETRIC MATRIX, IF THE MATRIX HAS BEEN DECOMPOSED BY CHLOECZ OR 
CHLOECSOL2o 
CHLINV1 CALCULATES THE INVERSE Of A POSITIVE DEFINITE SYMMETRIC HAT~IX, IF THE MATRIX HAS BEEN DECOMPOSED BY CHLDEC1 OR 
LHLULCSOL1o 
C"LDECINV2 CALCULATES THE INVE~SE OF A POSITIVE OEFINirE SYHHETRIC MATRIX BY CHOLESKY'S SQUARE ROOT HETHOO; THE COEFFICIENT 
HATRIX GIVEN COLUMNHISE IN A TWO-DIMENSIONAL AR~AY. 
C~LOECINV1 CALCULATES THE INVERSE OF A POSITIVE DEFINITE SYHMETRIC HATRIX BY CHOLESKY'S SQUARE ROOT HETHOO; THE COEFFICIENT 
MATKIX GIVEN COLUMNWISE IN A O~E-DIHENSIONAL ARRAYo . 
LNG~ECVEC CALCULATES TH~ SCALAR PRODUCT OF THO VECTORS BY DOUBLE LENTGH ARITHMETIC. 
LNGMATVEC CALCULATES THE SCALAR PRODUCT OF A VECTOR ANO A ROH VECIOR BY DOUBLE PRECISION ARITHMETIC. 
LNGTAMVEC CALCULATES IHE SCALAR PRODUCT OF A VECTOR AND A COLUMN VECTOR BY DOUBLE PRECISION ARITHHfTICo 
LNGHATHAT CALCULATES THE SCALAR PRODUCT OF A ROW OF A VECTOR AND A CDLUHN VECTOR BY DOUBLE PRECISION ARITHHETIC. 
L~GTAHHAT CALCULATES THE SCALAR PRODUCT OF TWO COLUHN VECTORS BY DOUBLE PRECISION ARITHMETIC. 
LNGHATTAM CALCULATES THE SCALA' PRODUCT OF TWO ROW VECTORS BY DOU6LE PRECISION ARITHHETIC. 
LN~SEQVEC CALCULATES THE SCALA' PRODUCT OF TWO VECTORS GIVEN IN ONE•OIHENSIONAL ARRAYS, HHERE THE MUTUAL SPACINGS BETWEEN THE 
lN~IC~S OF THE 1ST VECTOR CHANGE LINEARLY, BY DOUBLE LENGTH ARITHMETIC. 
LNGSCAPR01 CALCULATES THE SCALAR PRODUCT OF THO V~CTORS GIVEN IN ONE-DIHENSIONAL ARRAYS, WHERE THE SPACINGS OF BOTH VECTORS 
A~E CONSTANT, BY DOUBLE P~E:ISIJN A,ITHMETIC. 
LNGSYMHATVEC CALCULATES THE SCALAR PRODUCT OF A VECTOR GIVEN IN A ONE•DIHENSIONAL ARRAY ANO A ROW OF A SYHHETRIC MATRIX, 
HHJSE UPPER TRIANGLE IS STO,ED CJLU~NHISE IN A JNE•DIHENSIONAL ARRAY, BY DOUBLE PRECISION ARITHMETIC. 
OECSYHTRI PERFO~MS THE TkIANGULAR OECOMPOSirION OF A SYMMETRIC TRIDIAGONAL HATRIX. 
SJLSYHTRI SOLVES A SY1METRI: 1,101AGONAL SYSTEH OF LINEAR ElUATIONS, THE TRIANGULAR DECOMPOSITION BEING GIVEN. 
DECSOLSYHTRI SOLVES A SYHHETRI~ TRIOIAGOl~AL SYSTEM OF LINEAR EQUATIONS ANO PERFORMS THE TRIDIAGONAL DECOMPOSITION. 
DECTRl PERFORMS A TRIANGULA, OECOHPOSITION OF A TRIDIAGONAL MATRIXo 
~OLTkl SOLVES A TRIOlAGJNAL SYSTE~ OF LINEAR EQ~ATIONS THE TRIANGULAR OECOHPOSITION BEING GIVEN. 
~~C50LTRI SOLVES A T~IOIAGONAL SYST~H OF LINEAR EQUATIONS AND PERFORMS THE TRIANGULAR DECOMPOSITION WITHOUT PIVOTING. 
u~~T~IPIV PERFOkH5 A TRlAUGULA~ DEGOHPOSITION OF A TRIDIAGONAl HATRIX, USING PARTIAL PIVOTING. 
S~LTRIPIV SOLVES A T~IDlAGONAL SYST~H JF LINEAR EQUATIONS THE TRIANjULAR DECOMPOSITION aEING GIVEN. 
DECSOLTRIPIV SOLVES A TRIDIAGONAL SYSTEH OF LINEAR EQUATIONS ANO PERFORMS THE TRIANGULAR DECOHPOSITION WITH PARTIAL PIVOTING. 
QJANEWBND SOLVES A SYSTEH OF NON-LINEAR EQUATIONS OF ~HICH THE JACOBIAN l BEING A BAND HATRIX) IS GIVEN. 
QUANEHBN01 SOLVES A SYSTEM OF NON-LINEAR EQUATIONS OF WHICH THE JACOBIAN IS A BAND HATRIX. 
PRAXIS HINIHIZES A FUNCTION OF SEVERAL VARIABLES. 
HININ HINIHIZES A FUNCTION OF ONE VARIABLE IN A GIVEN INTERVAL. 
HININOER HINIHIZES A FUNCTI~N ~F ONE VARIABLE IN A GIVEN INTERVAL, USING VALUES OF THE FUNCTION AND OF ITS DERIVATIVE. 
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ZEROINRAT FINDS I IN A 5IVE~ ,~TE~VAL t A ZERO JF A FUNCTION OF ONE VARIABLE. 
J~COuliNF CALCULATES THE JACJBIAN MATRIX OF AN N•DIHENSIONAL FUNCTION OF N VARIA6LES USING FORWARD OIFFEKENCES. 
JACOBt~MF CALCULATES THE JACJBIAN HATRIX OF AN N·DIHENSIONAL FUNCTION OF H VARIABLES USING FORWARD DIFFERENCES. 
JACOON6N0f CALCULATES THE JAC06IAN MATRIX OF AN N•OIMENSIONAL FUNCTION OF N VARIABLES, If THE JACOBIAN IS KNOWN TO BE A BAHD 
MAT,ux. 
HAR~U~ROT CALCULATES THE LEAST SQUARES SOLUTION OF AN OVERDETERMINED SYSTEM OF NON~LINEAR EQUATIONS WITH MARQUARDT'S METHOD. 
GSSNEHTON CALCULATES J Hi:. LEAST SQUA.RE.S SOLUTION OF AN OVEROE TERHINEO SYSTEM OF NON•LINEAR EQUATIONS WITH JHE GAUSS•NEWTON 
Hi:. THO[J. 
PEIOE ESTIMATES UNK~OHN PARAMETERS IN A SYSTEH JF 1ST ORDER DIFFERENTIAL EQUATIONS; THE UNKNOWN VARIABLES ~AY APPEAR 
NON-LINEA~LY BOTH IN JHE DIFFERENTIAL EQUATIONS ANO ITS INITIAL VALUES; A SET OF OBSERVED VALUES Of SOHE COMPONENTS OF THE 
SOLUTION OF THE OIFFE~ENTIAL ElUATIONS HUST BE ~IVEN. 
Z~ROINOER FINDS CINA GIVEN INTERVAL t A ZERO OF A FUNCTION OF ONE VARIABLE USING VALUES OF THE FUNCTION AND OF ITS 
DERIVATIVE. 
POLZEROS CALCULATES ALL ZEROS Of A POLYNOHIAL WITH REAL COEFFICIENTS. 
QZI~AL COHPUTES GENERALlZEO El~~NVALUES BY ~EANS OF QZ-ITERATION. 
QZI ,oHPUTES GENE~ALIZEO EIGENVALUES AND EIGENVECTONS BY HEANS OF QZ•ITERATION. 
HSHJEC~UL IS AN AUXILIARY P~OCEOURE FOR THE COMPUTATIO~ OF GENERALIZED EI~ENVALUESo 
Ht~TGL3 IS AN AUXlLIARY PkO;EOUkE FOR THE COMPUTATION OF GENEkALIZED EIGENVALUES• 
HEST~LZ IS AN AUXILIA~Y P~O:Eoa~E FOR THE COHPUTATION OF GENERALIZED EIGENVALUES. 
H5H2COL IS AN AUXILIARY PROCEDURE FOR THE COMPUTATION OF GENERALIZED EIGENVALUES. 
HSH3COL IS AN AUXILIARY PROCEDURE FOR THE COHPUTATION OF GENERALIZED EIGENVALUES. 
HSHZROHJ IS AN AUXILIARY PROCEJURE FOR THE COMPUTATION Of GENERALIZED EIGENVALUES. 
HSH2~0W2 IS AN AUXILIARY PRJCEJURE FJR THE COHPJTATION Of GENERALIZED EIGENVALUES. 
HSH3ROHJ IS AN AUXILIARY PROCEDURE FOR THE COMPUTATION OF GENERALIZED EIGENVALUES. 
HSH3RDW2 IS AN AUXILIARY PR:>CEDURE FOR THE COHPJTATION OF GENERALIZED EIGENVALUES. 
CHSHZ FINDS A COMPLEX ROTATlON HATIUX. 
SYHOEC2 CALCULATES T"E SYHHET,IC OECOHPOSITION OF A SYHHETRIC MATRIX WHOSE UPPER TRIANGLE IS GIVEN IN A THO-DIMENSIONAL 
A~RAY. 
SYHOEC1 CALCULATES THE SYHHETRIC DECOMPOSITION Of A SYMMETRIC MATRIX WHOSE UPPER TRIANGLE IS GIVEN COLUMNHISE IN A 
ON[•OINENSIONAL ARRAY. 
SYHOETERMZ CALCULATES THE OETEtHINA~T A SYHHETRIC HATRIX, THE SYMMETRIC DECOMPOSITION BEING GIVEN IN A TWO•DIHENSIONAL AkRAY. 
SYHOETERH1 CALCULATES THE DETE~MINANT OF A SYHHETRIC HATRIX, THE SYHMETRIC DECOMPOSITION BEING GIVEN COLUHNHISE IN A 
ONE-JlHENSrONAL ARRAY. 
SYMSOLZ SOLVES A SYSTEH OF LINEAR EQUATIONS IF THE COEFFICIENT HATRIX HAS BEEN DECOMPOSED BY SYHDECZ OR SYHOECSOL2, 
SYHSCLl SOLVES A SYSTEH Of LINEAR EQUATIONS IF THE COEFFICIENT MATRIX HAS BEEN OECOHPOSEO BY SYHOECl 0~ SYHDECSOLlo 
SYMDECSOLZ SOLVES A SYHHETRIC SYSTEH Of LINEAR EQUATIONS BY SYHHETRIC OECOHPOSITION ( WITHOUT PIVOTING a; THE COEFFICIENT 
HAJRIX SHOULD BE GIVEN IN TiE UPPERTRIANGLE OF A THO-DIMENSIONAL AR,AYo 
SYHDECSOL1 SOLVES A SYHHETRIC SYSTEH Of LINEAR EQUATIONS BY SYHHETRIC DECOMPOSITION ( WITHOUT PIVOTING); THE COEFFICIENT 
MATRIX SHOULD aE GI~EN COLU1NWISE IN A ONE-DIMENSIONAL ARRAY. 
SYHI"V2 CALCULATES JHE INve,sE OF A SYHHETRIC MAJRIX, USIHG THE SYHHETRIC DECOMPOSITION FORHEO BY SYHOECZ OR SYHOECSOLZ. 
SYHillVl CALCULATES THE INVERSE OF A SYHHET~IC MATRIX, USING THE SYH1ETRIC DECOMPOSITION FORHEO av SYHDEC1 OR SYHOECSOL1. 
SYHJlCINVZ CALCULATES THE INVERSE OF A SYHHETRIC MATRIX BY A SYMMeTRIC DECOMPOSITION I WITHOUT PIVOTING); THE COEFfICI~tlT 
HAT~IX GI~EN COLUHNHISE IN A THO·OIMEllSIONAL AR~AY. 
SYH0LCINV1 CALCULATES THE INVERSE OF A SYHHETRI~ MATRIX BY A SYMMETRIC DECOMPOSITION C WITHOUT PIVOTING t; THE COEFFICIENT 
HAT~IX GIVEN COLUHN~ISE IN A ONE-OIHENSIONAL AR~AY. 
[RkO~FUNCTION COMPUTES THE :RRO~ FUNCTION ( ERF t AND COMPLEMENTARY ERROR FUNCTION C ERFC) FOR A REAL ARGUMENT. 
UONEXPERfC COHPUHS ERFCIX) • ;:xPtx•x1. 
INVERSE ERROR FUNCTION CALCULATES THE INvE,sE E~ROR FUNCTION y = INVERF(X). 
F~~~NEL CALCULATES THE FRESNEL 1NT;:5RALS CCXI A~J SCXlo 
FG IS AN AUXILIARY P~OCtDURE FJR THE COMPUTATION OF FRESNEL INTEGRALS. 
IN:OM5AH COMPUT~S T~E INCOMPLETE GA1HA FUNCTIONi. 
I~C6lTA COMPUTES THE IN~OHPLET~ SETA-FUNCTION ICX,P,QI; D <= X <= 1, P > D, Q > D, 
iBPPLUSN CO~PUTES IHCOMPLETE BETA•FUNCTION RATIJS IlX,P+N,Q> FOR N = D (1> NHAX, D <= X c: 11 P > O, Q > Do 
IBQPLUSN COHPUTES INCOHPLETE BETA•FUNCTION RATIJS IIX,P,Q+NI FOR N = 0 Cit NHAX, 0 <• X c: 1, P > O, Q > O. 
IXQFIX IS AN AUXILIARY PROCEDURE FOR THE COHPUTATION OF INCOMPLETE BESSELFUNCTIONS. 
IXPFIX IS AN AUXILIARY PROCEDURE FOR THE COMPUTATION OF INCOMPLETE BESSELFUNCTIONS, 
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u~CK~ARD IS AN AUXILIARY PRJCEDURE FOR THE COHPUTATION OF INCOMPLETE BESSELFUNCllONS. 
RECIP GAMMA CALCULATES THE RECIPROCAL OF THE GAHHA FUNCTION FOR ARGUHENTS IN THE RANGE ,.s,1.s1; MOREOVER 000 ANO EVEN PARTS 
A~E DELIVERED. 
GAMMA CALCULATES THE GAMMA FUN;TION. 
L~G GAHHA CALCULATES THE NATURAL LOGARITHM OF THE GAH~A FUNCTION FOR POSITIVE A~GUHENTS. 
EI CALCULATcS THE EXPONENTIAL INTEGRAL. 
El ALPHA CALCULATES A SEQUENCE OF INTEJRALS OF THE FORH INT~GRAL IEXPl•X•T>•T••N OT), FROM T=i TO T=INFINITY. 
JFRAC CALCULATES A TERMIHATING CONTINUED FRACTION. 
SI~COSINT CALCULATES TH~ SI~E INTEGRAL SI(Xl AND THE COSINE INTEGRAL CICXlo 
SINCCSFG IS AN AUXILIARY PROCEDURE FO~ THE SINE AND COSINE INTEGRALS. 
ENX :oHPUTES A SEQJENCE OF EXPONENTIAL INTEGRAL> EIN,XI = THE INTEGRAL FROH 1 TO INFINITY OF EXPl•X • Tl/ T••N OT. 
NONEXP ENX COMPUTES A SEQUENCE OF INTEGRALS EXPIXl • EIN,Xlo 
~INH COMPUTES THE HYPERBOLI; SINE FOR A REAL ARGUMENT X. 
COSH COMPUTES THE HYPERBOLIC COSINE FOR A REAL ARGUMENT x. 
TANH COMPUTES TNE HYPERBOLI; TA~GE~T FJR A REAL ARGUMENT X. 
A~CSiNH COMPUTES THE INVERSE HYPERBOLIC SINE FOR A REAL ARGUMENT X. 
A~CCOSH COMPUTES THE INVERSE HYPERBOLIC COSINE FOR A REAL ARGUMENT X ■ 

ARCTANH COMPUTES THE INVERSE HYPERBOLIC TANGENT FOR A REAL ARGUMENT Xe 
TAN COMPUTES TH~ TANGENT FO~ A ~EAL ARGUMENT X. 
AkCSIN COMPUTES THE ARCSINE FOR A REAL ARGUMENT X. 
•kCCOS COMPUTES THE ARCCOSINE FOR A REAL ARGUME~T X ■ 
AlRY EVALUATES THE AIRY FUNCTIONS AI&Zl ANO BI(ZI AND THEIR DERIVATIVES. 
AIRVZ~ROS COMPUTES THE ZE~OS A~D ASSOCIATEJ VALUES OF THE AIRY FUNCTIONS AI(Zt AND BI(Z) ANO THEIR OE~IVATIVES. 
SPH~R BESS J CALCULATES THE SPHERICAL BESSEL FUHCTIONi Of THE 1ST KINDi J[Kto5J(X>•SQRT(PI/C2 4 Xll 9 K=O, ••• ,N t WHERE 
JCK+.S)!Xl DENOTES THE BESSEL FUNCTION OF THE 1ST KINO OF ORDER K+.5. 
SPHER BESSY CALCULATES THE SPHERICAL BESSEL FU~CTIONS Of THE JRD KINDi Y(K+.5l{X! 4 SQRT(Pl/(Z•X>a, K=o, ••• ,N • WHERE 
YCK+.SJ(XI DENOTES THE BESS~L •UNCTION JF THE J~D KIND OF O~OER K+,S. 
SPHEK BESS I CALCULATES THE HOOIFIE □ SPHERICAL BESSEL FUNCTIONS OF THE 1ST KINDi ICK+.SJIXB•SQRT(PI/C2•Xli, K=O•••••N , WHEKE 
I[Kt.~l(XI DENOTES THE MOOI=IEO BESSEL FUNCTION OF THE 1ST KIND OF ORDER K+.S. 
SPHER BESS K CALCULATES THE MODIFIED SPHERICAL BESSEL FUNCTIONS Of THE 3RD KINDi KlI+o5llX>•SQRTlPI/&Z•X)), I=D, ••• ,N, WHERE 
K(It.~l(XI DENOTES THE MOOI=It) B~SSEL FUNGTIJN OF THE 3RD KIND OF ORDER Ite5o 
NONEXP SPHER BESS I CALCULATES THE MODIFIED SPHERICAL BESSEL FUNCTIONS OF THE 1ST KIND HULTIPIED BY EXP(-XIS 
IC~+.Sl1X)•SQRT<PI/(2•X!)•EXPl•X), K=o ••••• N , WHERE I[K+.5l1X) uENDTES THE HOOIFIEO BESSEL FUNCTION OF THE 1ST KIND OF ORDER 
K+.5. 
IJUN~XP SPHER BESS K CAL~ULATES THE ~ODIFIED SPHERICAL BESSEL FUNCTIONS OF THE 3RD KIND MULTIPLIED BY EXPC+XII 
KCI+.51(X>•SQRT(PI/12 4 Xl)•EXP(tXl , I=O, ••• ,N, WHERE K[Ito5l(XI DENOTES THE HOOIFIEO BESSEL OF THE 3RD KIND OF ORDER I•o5e 
B~ss JO CALCULATES THE ORDINAkY BESSEL FUNCTION OF THE 1ST KIND OF ORDER ZERO. 
b~SS Ji CALCULATES TH£ OKDINA~Y BESSEL FUNCTION OF THE 1ST KIND OF ORUER ONE. 
b~SS J CALCULATES THE ORDINARY BESSEL FUNCTIONS OF THE 1ST KIND OF ORUER L t L = D, ••• ,N le 
B~SS Y01 CALCULATES THE OROINA~Y BESSEL FUNCTIO~S Of THE 2Nu KIND ORDER ZERO ANO ONE WITH ARGUHENT x; X > o. 
B;SS Y CALCULATES THE ORDINARY BESSEL FUNCTIONS OF THE 2ND KINO OF ORDER L ( L = O, ••• ,N > WITH ARGUMENT X, X> O. 
B~SS POD IS AN AUXILIARY PRJCEOURE FOR THE COMPUTATION OF THE ORDINARY BESSEL FUNCTIONS OF ORDER ZERO FOR LARGE VALUES OF 
l ➔ EI~ ARGUMENT. 
atss PQ1 IS AN AUXILIARY PROCEDURE FOR THE COMPUTATION OF THE ORDINARY BESSEL FUNCTIONS OF ORDER ONE FOR LARGE VALUES OF 
TrlEI~ ARGUMENT. 
BESS IO CALCULATES THE MODIFIED BESSEL FUNCTION OF THE 1ST KIND OF ORDER ZERO. 
BESS 11 CALCULATES THE ~ODIFIEO BESSEL FUNCTION OF THE 1ST KIND OF ORDER ONE. 
B~SS I CALCULATES TH£ MODIFIED BESSEL FUNCTIONS OF THE 1ST KIND OF ORDER L ( L = O, ••• ,N ). 
G~SS KD1 CALCU~ATES THE HDOIFIED BESSEL FUNCTIONS OF THE 3RD KIND OF ORDE~S ZERO AND'ONE WITH ARGUMENT X, X > D. 
B~SS K CALCULATES THE HOOlFlEO BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER L IL= D, ••• ,N ) WITH ARGUMENT X, X > O. 
NONEXP BESS ID CALCULATES THE HOOIFIEO BESSEL FUNCTION OF THE 1ST KIND OF ORDER ZERO; THE RESULT IS HULTIPLIEO BY 
EXPI-ABS(Xl). 
NONEXP BESS Ii CALCULATES THE HOOIFIEO BESSEL FUNCTION OF THE 1ST KIND OF ORDER ONE; THE RESULT IS HULTIPLIED BY EXP(-ABS(XlJ 
NONEXP BESS I CALCULATES THE ~ODIFIED BESSEL FUNCTIONS OF THE 1ST KIND OF ORDER L (La O,eee,N ); THE RESULT IS HULTIPLIED 
BY EXPC•ABSIXl)o 
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llONEXP BESS K01 CALCULATES THE HODIFIEO BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER ZERO ANO ONE WITH ARGUMENT X, X>O; THE 
R~SULT IS MULTIPLIED BY EXPCXI, 
NON~XP BESS K CALCULATES THE H)DIFIEO BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER L ( L = O, ••• ,N) WITH ARGUMENT X, X>O; THE 
kESJLT IS MULTIPLIED BY EXP<X> ■ 
BESS JAPLUSN CALCULATES THE BESSEL FUNCTIONS OF THE 1ST KIND OF ORDER A+K ( O<=K<=N, O<=A<1 ). 
B~SS YA01 CALCULATES THE BESSEL FUNCTIONS OF THE 2ND KIND I ALSO CALLEO NEUMANN'S FUNCTIONS l OF OROE~ A ANO A ♦ 1 ( A>=O) ANO 
h~~UHENT X>O ■ 

a~ss YAPLUSN CALCULATES TnE BESSEL FUNCTIONS OF THE 2NO KIND OF ORDER AtN, N=D, ••• ,NHAX, A>=O, ANO ARGUMENT X ► O. 
B~SS PQA01 IS AN AUXILIARY PRD~tDURE FOR THE COMPUTATION OF THE BESSEL FUNCTIONS FOR LARGE VALUES OF THEIR ARGUMENT ■ 
BESS IAPLUSN CALCULATES THE MOJIFIED BESSEL FUN~TiONS OF THE 1ST KIND OF ORDER AtN, N=O, ••• ,NMAX , A>=O ANO ARGUMENT X>=O. 
·BESS KA01 CALCULATES THE HOOIFIED BESSEL FUNCTIONS OF THE 3RD (IND OF ORDER A AND At1, A>=O, ANO ARGUMENT X, X>O. 
B~SS KAPLUS~ CALCULATES THE HO)IFIEO BESSEL FUN:TIONS OF THE 3RD KIND OF ORDER A+N, N=O, ••• ,NHAX, A>=D, AND ARGUMENT X>O ■ 
NON~XP BESS IAPLUSN CALCULATES THE MODIFIED BESSEL FU~CTIONS OF THE 1ST KIND OF ORDER A+N, N=O, ■■■ tNMAX, A>=O ANO ARGUMENT 
X>=O, MULTIPLIED BY EXP(-Xlo 
N0NEXP &SS KA01 CALCULATES THE MODIFIED BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER A AND A+l, A>=O AND ARGUMENT X9 X>O, 
HULTIPLIEO BY THE FACTOR EX~IXI. 
NONEXP BESS KAPLUSN CALCULATES THE MODIFIED BESSEL FUNCTIONS OF THE 3RD KIND OF ORDER A+N, N=O, ••• ,NMAX , A>=O ANO ARGUMENT 
X>O MULTIPLIED BY THE FACTO~ EXPlXl ■ 

NEWTON CALCULATES THE COEFFICIENTS OF THE NEWTON POLYNOMIAL THROUGH GIVEN INTERPOLATION POINTS ANO CORRESPONDING FUNCTION 
VALUES. 
INI SELECTS A ISUBISET OF INTEGERS OUT OF A GIVEN SET OF INTEGERS; IT IS AN AUXILIARY PROCEDURE FOR MINHAXPOL ■ 
S~DREHEZ EXCHANGES AT HOST ~+1 NU~BERS WITH NUMBERS OUT OF A REFERENCE SET; IT IS AN AUXILIARY PROCEDURE FOR HINHAXPOL. 
HINMAXPOL CALCULATES THE COEFFICIENTS OF THE POLYNOMIAL THAT APPROXIHATES A FUNCTION, GIVEN FOR DISCRETE A•GUMENTS, SUCH THAT 
THE INFINITY NORH OF THE ER~OR VECTOR IS HINIHISEO. 




