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Systematic index of NUMPAS, a library of numerical procedures in PASCAL 

edited by 

J. Kok 

ABSTRACT 

The ind,ex contains information about available numerical mathematics 

procedures which can be used in PASCAL programs. In particular a list is 

given of PASCAL procedures from NUMPAS and of several useful FORTRAN sub

routines from the well-known libraries IMSL (International Mathematical and 

Statistical Libraries) and NAG (Numerical Algorithms Group). 

In addition, directions are given for the use of these subroutines in PASCAL 

programs for the CYBER 73-28 computer of the Academic Computer Centre 

Amsterdam (SARA). 

KEY WORDS & PHRASES : Numerical mathematics, procedure libraries, PASCAL. 





PREFACE 

The library of numerical procedures in PASCAL, NUMPAS, is being 

developed by the NUMPAS Project Group of the Numerical Mathematics Depart

ment of the Mathematical Centre. The project was initiated by a request of 

the Wiskundig Seminarium of the Free University at Amsterdam, who parti

cipated in the costs involved. 

The aim is, to make available reliable PASCAL procedures and their 

documentation for solving numerical mathematics problems. PASCAL programs 

using these procedures can be run in the PASCAL 6000-3.4 system available 

on the Control Data CYBER 73-28 computer of the Academic Computer Centre 

Amsterdam (SARA). 

The project group has two main activities: 

I. to program and document PASCAL procedures, where the existing library 

of numerical mathematics procedures in ALGOL 60, NUMA.L, is used as a 

guide line. 

2. to make available FORTRAN subroutines which can be called in PASCAL 

programs. 

The here presented systematic index contains sufficient information 

about the available PASCAL procedures and FORTRAN subroutines. 

In view of the continuous development of the library of PASCAL procedures, 

we intend to update this index regularly. 

The NUMPAS project group is formed by: J. Blom, F. Groen, J. Kok and 

M. Louter-Nool. Former members were: R.R. de Graaf and J.K. Petiet. 
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THE INDFX CONTAINS THE FOLLOWING INFORMATION& 

t A SUBDIVISIO~I OF Tfif COMPLETE AREA OF NUMERICAL MATHEMATICS 
2 SUB 1 PROCEDURE'a 

T~E NAME OF THE PROCEDURE OR FUNCTION 
3 SUB 'DESCRIPTION FILENAME' CANO 1 RECNR 1 )1 

THE ~AME OF THC PERMANENT FILE (ANO THE NUMBER OF THE 
RECORD) WHERE THE DOCU~E~TATION CAN BE FOUND 

Q SUB 1 USE 1 1 
IF 'USE' • PROLOG, THEN USE THE SO•CALLED PREPROCESSOR FOR 
CO'·JSTRUCTI'JG A FILE OF EXTfRNAI.,. F'ROCEDLIRESJ ELS~ USE:: AS 
LIBRARY THE FILE(S) ~ENTIONFO (NMP: NUMPAS, PASCLIB CAN BE 
OMITTED) 

S SUB 'EXT REF'a 
THE WAY OF RCFERENCI~G THE EXTERN4L PROCEDURE, 

THE FOLLOWING SETS or rROCEOURES AR[ AVAILABLE I 

A, PASCAL PROCEDURES, 

PROCEDURES AND FUNCTIONS IN PASCAL, WHOSE DESCRIPTIONS ARE 
GIVEN IN THE NUMPAS MANUAL (TO APPEAR) AND ON FILES ~ITH 
PER'~A~JENT FILE NAMES tHP1~ASDOCUMENT# (# = 1, 2, •, ) AND 
IDENTIFICATION ID•NUMPAS, RECNR GlVlS THE NU~BER OF THE 
RECORD or SUCH A FILE CONTAI~ING THE DOCUMENTATION, THE 
~EXT RECORD CONTAI~S THE SOURCE TEXT(S) OF THE PROCEDURE(S) 
DOCUr-lENTED 1 

IN USER PROGRAMS REFERENCES TO THE$E PROCEDURES ARE MADE 
AS F'OLLOWSa 

< PRO C EDU RE / FUN C T I O i-J HEAD I NG > I E'. X T ER N , 1 

THE NUMPAS PROCEDllRES ARE DIVIOEO IN TWO SETS, O~PE.NDING ON 
THE PRQPf.RTV Wf-if.THER THEV ARE PRECO~P !LEO 'OR NOT, 

A, 1, PRf.COMPIL.EO ~IU"4?AS PROCEnURES, 
PRECO~P!LED PROCEDURES ARE AVAILABLE ON THE PERMA~~NT FILE 

lll 1MPAS,ID=NUMPAS, COMPILED PROGRA"IS (ON LGO ) CA~ BE 
EXECUTED ItJ THE FOLLOWING WAVSg 

LIBRARV,NUMPAS, OR I LDSET,Ll8aNU~PAS, 
LGO, 

A,2, rlTHER NLH1PAS PROCEDURES, 
ALL NUMPAS PROCEDURES WliICH USE ARRAYS WITH USER•OEFlNlO 
BOJNOS CAN~OT BE PRECOMPILEO, THE PROCEDURES REQUESTED MUST 
AE COMPILED wITH THE SA~E ENVIRO~MENT OF TYPE D£FIN1TIONS 
rnR l~RAV PARAMETERS 4$ EXISTS IN THE USER PROG~AM, FOR 
SUCH USER PROGRAHS A PREPROCESSOR IS AVAILABLE, W~lCH 
CO'JSTRtJCTS A PASCAL PROGRAM CONTA!NI"JG ALI.. REQUESTE.D NUMPAS 
rR'.')CEDU~ES Arm THEIR AUXILIARY PROCEDURES IN THE DESIRED 
ENVIRON~E~T OF TYPE DEFINITIONS, 
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THE PREPROCESSOR IS AVAILABLE ON THE PER~A~ENT FILE 
PROLOG,IO:NU~PAS, AND IS USED TOGETHER WITH T~O AUXILIARY 
FILES PASINrO, IOatllJMPAS AND SOURCE TEXTS, IO:NU"1PAS, 
F UL L I N f OR H A T l O i~ A AO UT THE USE OF PRO L O G I S G I VE N ON TH e 
PEqMANE~T FILE PROLOGDOC,ID•N~~PAS, 

B, FORTRAN SURROUTI~ES, 

SUBROUTI1~E5 WRITTEN IN FORTRAN AND AVAILABLE IN FORTRAN 
SU9ROUTPIE LIRRARIES CAN BE CALLEO IN PASCAL F'ROGRAMS WITH 
CERTAIN RESTRICTIONS CE,G, ONLY THOSE SUBROUTINES ~HICH DO 
1 JOT EXPECT A PROCEDURE OR FUMCTION IN THE USER I S PROGRAM AS 
A PARM'1ETER), 
REFERENCES ARE MADE IN THE FOLLOWING WAV1 

<PROCEDURE/ fllNCTION HEADING> r FORTRANr , 
FOR INFORHATIO~ ABOUT THE USE OF FORTRAN SUBROUTINES, SEEi 
J, KOK & M, LOUTER • NOOL I THE USE OF FORTRA~ SUBROUTINES 
I~ PASCAL PROGRA4S CTO APPEAR), 
ENTRIES TO fORTRA~ SUBROUTINES ARE INCORPO~ATEO IN THIS 
INDEX ONLV IF NO APPROPRIATE PASCAL PROCEDURE IS AVAILABLf, 
A l.,ARGE SET or SUBROUTINES CAN BE CALLEO VIA A"l INTE~FACE 
SUBROUTINE (SEE 6 1 3,) 1 THUS AVOI01NG CONFUSING RULfS ~OR 
PARAMETfR SUBSTITUTION, FOR l~FOR~ATION ABOUT THESE SUBROU• 
TI'lfS ONE IS REFERRED TO THE PERMANENT FILE NUMPASFTNOOC, 
ID::NUMPAS 8 

A,1, THE FORTRA~I SYSTEM LIBRARY, 

F ORT R A N S V S T t:: H F IJ NC T I O t JS A NO S :J BRO LJ T I 'If S C A N BE. C A LL E D Ill 'i c ~~ 
THE SYSTEM LIBRARY IS GIVEN IN THE FOLLOWING WAY& 

LIB~ARV,rORTRAN, nR, LDSET,LIB=FORTRAN, 

I~SL (INTERNATIO'.IAL ~ATHE"1ATJCAL A"lD STATISTICAL LIBRAR!f.:S) 
LI9RARV J I~PLEMENTATION FOR CDC CYBER 70 SERifS, 
:•JAY Of" USE: 

L HHU q V , ~ lU ~H' AS , I MS L 1 0 R I L D SET , L I B: NU MP A 5 / l M. SL , 
IF ~o JNTERF"ACE SUBROUTI~E WILL BE USED, THE~I 

LI8qARY,I 4 SL, OR; LDSET,LIB:IMSL, 
O~E rs WAR~ED, HOWEVE~, THAT THE INTERFACE SHOULD BE USED 
I~ THE CASE THAT AN IMSL SUBROUTINE CAN BE EXPECTED TO 
~QITt A ~ESSAGE ON THE FILE OUTPUT, 
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tlAG (NlJ'1ERICAL. ALGORITHMS GROUP) CDC CY6ER 70 SERIES 
!H0LfMENTATION 9 WAV OF USE 8 

LIBRARV,NAGF, OR& LDSET,LIB•NAGF, 
0 R ( I ~~ THE CASE OF AN INTER F' ACE SUB RO ll T I NE ) I 

LIBRARV,NU~PAS,NAGF, ORS LDSET,LIB:NUMPAS/NAGF, 
ALL ~AG SUBROUTINES SHOULD BE CALLED WITH THE SOFT FAILURE 
OPTION CIFAIL a 1), 

B, 3 1 THE FORTRAtl PASCAi.. ItHERF'ACE, 

INTERFACE SURROUTINES ARE WRITTEN FOR ALL USEFUL FORTRAN 
SUBROUTINES OPERATING WITH TWO•OIMENSIONAL ARRAYS, IN THIS 
CASE ARRAYS OUGHT TO BE TRANSPOSED DUE TO THE OIFFERENT 
STJRING OF ARRAYS IN PASCAL AND FORTRAN, WITH THE INTERFACE 
SU9ROUTI~ES, ONE CAN USE THE DIRECTIONS OF USE IN THE 
RESPECTIVE L.IBRARV MANUALS DISREGARDING THIS PECUL.lARlTY, 
O~E ONLY HAS TO REMEMBER THAT IF A PARAMETER IS REQUIRED 
CO'JTAINltJG THE LEt-.lGTH OF THE COLUMNS OF AN ARRAY ONE "tUST 
GIVE THE LENGTH OF THE ~o~s INSTEAD, THE PERFORMANCE OF •N 
INTERFACE SUBROUTINE CONSISTS OF THE APPROPRIATE TRANSPORM• 
ATIONS OF THE PARAMETERS ANn OF A CALL OF THE INTENDED sue. 
RO:JTINE, 
FQq ALL INTERFACE SUBROUTINES THE 
~A~E OF THE ORIGINAL SUBROUTINE, 
AN fXTRA PARAMETER IS NECESSARY, 
THE ROWS OF A SCCONO ARRAY TO BE 
THE SUB ROUT I ttE SI 

LfTTER PIS PRECEDING THE 
IN A FE~ CASES, HOWEVeR, 
INDICATING THl LENGTH OF 

TRA~SPOSEO, THIS CO~CER~S 

PICSFKU (SECTION 7,1,2,J,2 1 1,), 
PZXtLP, PZX2LP (SECTION 5 1 1,4,1,), 

THE I NTERF' ACE ALSO CONT A I NS THE SUBR0 1JT INES FOR T RA NSPOS I NG 
REAL OR COMPLEX ARRAYS, AND A SUBROUTINE THAT AVOIDS THE 
PRINTING or MESSAGES BV IMSL SUBROUTINES ON UNASSIGNED 
FILES, 
ALL INTfRFACE SUBROUTINES ARE CONTAINED IN THE PERMANENT 
rr1.,E rJU 11PAS,ID•MUMPAS (SEE A.1,), 

C, rlT--if.R P~OCEDIIRES, 
IN THE PASCAL SVSTEM LIBRARY SOME NUMERICAL PROClOURES ARE 
AVAILABLE WHICH CAN BE USEO IN PASCAi.. PROGRAMS, THIS 
CO~CERNS THE PROCEDURES Pl, RA~OOM AND RANDSlT, REFERENCiS 
ARE 1-1AD~ AV: 

FUNCTION PI g REALI EXTERNp 
FUNCTION RANDOM g REALI EXTERN; 
PROCEDURf. RMIDSETCX I REAL) B EXTERNJ , 



SUPERVlSIQt,J 9 

ALL cn~~E~TS, CO~PLAINTS, AND REQU~STS FOR 
r~1roR•·•~1·10 1J SHOULD BE ADDRESSED TO ; 

1JU~IPA S PROJECT GROUP 
MATHEMATISCH CENTRU~ 
TWEEDE OOERHAAVESTRAAT aq 
AMSTERDAM. 100s. 

FURTHER 



PAGE 1 tlU''PAS IrlDEX 1 0/0fJ/7& PROCEDURE DESCRIPTION REC USE EXT 
FILENAME NR REF 

1.EL.E'1ENTI.RV PROCEDURES 
t .QEtL Vf'CT A'ID 'H.T OPl:RATIONS 

1.l'HTIALIZATIOM 
INIVEC NUMPASDOCUMENT1 1 PROI.OG EXTERN 
IN[MAT NUMPASDOCUMENT1 1 PROLOG EXTLR!I; 
INlMATD NUV.PASDOCUMEN'tl 1 PROLOG EXHRN 
lNISV~ID NUMP A SDOC UM!:: N T1 1 PROL.OG EXH:RN 
lNISYMROW NU"1PASDOC:UMENT1 1 PROLOG !:XTERN 

Z1 DUPi.ICA TION 
DUPVH t-.U"IPASDOCUMENT 1 s PROLOG EXTEl<N 
DUPVf.CROW N\)MP AS DOC UMENTi :s PRllLOG BTERN 
OUPROWVEC P,W..,PASlJOCUME.,-,T 1 3 PROLOG E.XT£RN 
DUPVE.CC:01,. NUMPASDOCUMENT1 3 PROLOG EXHRN 
DUPCOLVEC NU"P A SDOC U•lf NT 1 3 PROLOG EXTERN 
OUP!-'A T 'iU'IPA SDOClJME "IT 1 l PROLOG E)(T£RI'. 

3.~ULTIPL!CATION 
HULV~C NUMPASDOCU"1ENT! 5 PROLOG EXTERi'. 
MUl.,ROW NUMPASDOCUMENT1 5 PRDLOG EXHRN 
MULCOL NUl'PASDOCU~C:NT l · 5 PROLOG EXH.RN 
COLCST NUMPASOOCU,.ENT1 5 PROLOG EXTERN 
r:io.-csr NU"1PASDOCUMEIIIT1 s PROLOG EXH.RN 

Q0 SCALAR PROOUCTS 
! 0 VfCTO~ VECTOR PRODUCTS 

_, VEC:VEC NUMPASDOCUMENf1 ., PROLOG EXTERt.J 
MATVEC NU1'1PASOOCUHENH 1 PRDI..OG EXH.RN 
TAHVEC NUMPASDOCUHEN'ft 1 PROLOG EXHRN 
MA'fMA'f NUMPASOOCUMt:.NT1 7 PROLOG UH.RN 
TAMf'A'f NU.>4P AS DOC UMEN 'ft 7 PROLOG fXH.R"I 
MATTA'I NU~PASDOCUMfN'!'t 1 PROLOG EXH.RN 
SEQVEC NUl"PASDOCUMFNf1 7 PROLOG EXHRN 
SCIIF'R(H NUMPASDOCUME'JT 1 7 PROLOG EXTERN 
SYMHATVEC NUMPASDOCUMENTl 1 PROLOG E XTE.RN 

Z0 MATRIM VECTOR PRODUCTS 
f UL 11A TVEC NUMPASDOCUME"lTt q PROLOG EXTERN 
F'UL fA'!VEC NUMPASDOCUME 'lfi 9 PROLOG EXHR"< 
FULSV"11o1ATVEC NUMPASDOCUMENT\ q PROLOG EXTERN 
RESVEC NUMPASDOCUMENfl 9 PROI.OG EXTERN 
SYMR[ SVEC NU"1P A SDOC UME. '-IT 1 q PROI.OG EXT!:RN 

J 0 HATRI• MITRIM PRODUCTS 
HSHVECMAT NUMPASDOCUME"ll1 it PROI.OG EXTERN 
HSHCOLMAT NUMPASDOCUMENTI 11 PROLOG f)(TERN 
t ◄ SHRO/JMAT NUMPASDOCUMENTl 11 PROLOG EXH.RN 
HSHVE CTAM NUMPASDOClJML''-JTl 11 PROLOG EXTERN 
HSHCO\.TAM NUMPASDOCUM~NT1 11 P>IDLOG EXTERN 
HSHPO,iff>.M NUMPASDOCUMENTI 11 PROLOG EXTERIIJ 

5,ELI"IINATION 
El.MV(C NU"IPASOOCUMENTl 13 PROLOG EXTtRN 
ELl'ICOL NUMPASDOCUMENTt n PROLOG EXTERN 
Ef.MROl'l NU'IPASDOCUMENTi 15 PROLOG EXTERN 
EL'-'VECCOL NU'1PASOOCUMfNT1 n PROLOG EXTERN 
ELMCOLVEC: NUMPASDOCUMF.NTi 13 PROLOG EXTERN 
ELMVF:CROW NUMPASDOCUMENT! 13 PROLOG EXHRN 
ELMRCHVEC NUMPASDOCU~ENTt 13 PROLOG eXTE:RN 
tl'-'C OL ROW NUMPASDOCUME"lT1 11 PROLOG I; XHRN 

1 • I • s. ELMR □ ~:coL NU'1PASDOCUME'-IT1 13 PROLOG EXHR~ 



PAGE 2 '-IU'1rAS ItlDEX 10/0CJ/7& PROCEDURE DESCRIPTION REC USE EXT 
FILENAME NR REI: 

1 I l I s. MAXELMROW NUM~ASDOCUMENTl 1l PROLOG EXTERN 
b,ltlTERCttAMGI~G 

ICHVEC NUMPASOOCUMENTl 15 PROLOG EXTERN 
ICHCOL NU,-.PASDOCUME~T1 15 PRO\_CG EXTERN 
ICHROrl NU'1PASOOCUME~T1 1S PROLOG EXTERN 
ICHROWCOL NllMPASOOClJMf N Tl 15 PROLOG E.XTERN 
ICHS~tWEC NU'1PA5D0CUMENTl 15 PROLOG EXT~RN 
ICHSE:Q NU"1PASDOCU'1E~IT 1 15 PROLOG EXHRN 

7 ,ROTATION . 
ROTCOL NU"IPASOOCUMENTl 17 PROLOG EXTERN 
ROTROi'I NUMPASOOCUMENTI 17 PROLOG EX TERN 

9 1 '10R 11S 
INFtlRtWEC NU~PASDOCUME.NTl u PROLOG EXHRN 
PJfllfHIROW ~lUMP A snoc UME ~J T 1 19 PROLOG EXH.Rt,i 
INl'NR11COL IJUMP A sooc \JME NT 1 19 PROLOG E.XTERN 
lllf"tJR'1MAT NUMP ASOOCUMf Ill Tl 1 q PROLOG EXTERN 
OMEtlR!tVEC NlJMPASDOCUl'ENT1 19 PROLOG EXHRN 
ON£NRt.1RQW NUP'!PASOOCUMENTt . 19 PROLOG EXHflN 
ONE HRt,COL NUMPASDOCU,..E 1H1 19 PROLOG EXTER"-
ONENR'tMAT NUt-1PASDOCUMENT1 1 q PROLOG EXTERN 
ABSMAX"AT NUl"-PA5D0CUMENT1 19 PROLOG EXTERN 

,,SCALI'JG 
REASCL 

10,STORAGE MODE CO~VERSIO~ 
NOT YET AVAILABLE 

PVCVTBf' IIIUMPASF'HIDOC NMP,IMSL FORTRAN 
PVCVTP'B NU14PASFT~OOC IIIMP, 1"4SL FORTRAN 
PVCVTP'Q NU!otPASFTNDOC NMP,IMSL FORTRAN 
PVCVTF'S NU,.PASFTNDOC NMP 1 If'ISL FORTRAN 
PVCVTQF' NUMPASl'TNDOC NMP, 1"4SL FORTRAN 
PVCVTQS NUMPASFTNOOC N!"IP, lMSL FORTRAN 
PVCVTSF NU1otPA SF PJOOC NMP, P1SL FORTRAN 
PVCVTSQ NUMPASFTNOOC NMP 1 IMSL FORTRAN 
SPl NU1otPASF'TNOOC NUMPAS FORTRAN 
SPZ NUMPASFTNDOC NUMPAS FORTRAN 

2,COMPL VECT AND MAT OPERATIONS 
1. 
z. 
3, 'lllL TIPLICATION 

COf'ICOLCST NUMPASDOCUMENTj 1 PROLOG EXTER~ 
COHROWCST t.iUMPASDOCUMENU 1 PROLOG EX TE.RN 

4,SCALAR PRODUCTS 
COMMATVEC NU"1PASDOCUMENT3 3 PROLOG EXTERN 
liS~CCOL NUMPASDOCUME~Tl l PROLOG E.XTERN 
HSHCPRO NUMPASOOCUMENTl 3 PROLOG EXTERN 

51 CLIMI11ATIO"I 
ELMCVECCOL NUMPASDOCUMENT3 5 PROLOG EXHRN 
El.MC COL NUMPASQOCUMENT3 5 PROLOG EXTERN 
EL"4CROWVEC NUMPASDOCUME.t◄ T3 

b, I'lTERtHAtlGI'lG 
s PROLOG EXTERN 

7 ,ROTA TIO~ 
ROTCCOL NUMPASOOCUME"ITl 7 PROLOG EXTERN 
ROTCROW NUMPASOOCUMENTl 7 PROLOG EXTERN 
CHSH2 NOT YET AVAILABLE 

8 1 :lORMS 
l I ?, e. co~tEUCNRM NUMPASOOCUMPITl 9 PROLOG EXTERN 



PAGE l tlU'4PAS IHOtlC 10/0917& PROCEDURE DESCRIPTION REC USE EXT 
Flt.ENAME NR RE.F 

1. 2. 9,SCAt.I'lG 
COMSCL. NOT. YET AVAILABLE 
SCLCO~l NOT YET AVAILABLE 

to.STORAGE :tOOE CONV£RSIO·~ 
PVCVTCH NUMPASFTNOOC NMP,IMSL FORTRAN , 
PVCVTHC NUMPASFTNOOC NMP,IMSL FORTRAN 
SPC1 NU'1PASFTNOOC NUMPAS FORTRAN 
SPC2 NUMPASfTNOOC NUMPAS FORTRAN 

leCO"IPLElC A!:UTH!!ETIC 
1, 'WIAOIC OPERATIOIIS 

C!H'ARS IIIUHPASDOCUHENT3 11 NUMPAS E.XTERN 
CO..,SQl=!T fliUHPASOOC UMEN T3 11 NUMPAS E.XTERN 
CARPOL NU1'1PASOOCUMENT3 11 NU"'PAS EXTE.RN 

2.~VADIC OPERATIONS 
COHAOO IIIUMPASOOCUH£NT3 13 NUl'IPAS . EXTERN 
COMSUBT NUhlPASOOCUMENT3 13 NUMPAS EXTERN 
COHrtUL. NU'1PASOOCU"1PIT3 13 NU,.PAS EXTE.RN 
COMOIV NUMPASOOCUHF.NTl- 13 NUMPAS EXTFRN 
co .. ro111ER NUHPASOOCUMENTl 13 NUMPAS EXTEIIN 

4,LO'IG JIITEGER ARITHMET!C 
L'lGIAOO NUMPASOOCUME"ITl 1 PROLOG EXH'.RN 
I.NG I SUBTRACT NU"1PASOOCUl-'ENT2 1 PROLOG EXTERN 
LtHHSQR NUHPASOOCUMENTl 1 PIIOLOG EXTERN 
LNGIMULT NUHPASOOCUMENTZ l PROLOG EX TE.RN 
LPJGIOIVIOE NUMPASOOCUMENTZ 1 PROLOG EXH.RN 
LNG I POWER NUP"PASOOCU~E"IT2 

S0 L01G REAL ARITHMETIC 
1 PROLOG EXTERN 

1.ELE~, ARITH"'ETIC OPERATIONS 
OP ADO NOT YET AVAILABLE 
OP SU!l NOT YFT AVAILABLE 
OP ~•UL NOT YET AVAILASLE 
DP DIV NOT YET AVAILABLE 
L'JG ADD NOT YET AVAILABLE 
LNG SUB NOT YET AVAILABLE 
L'lG ~\JL NOT YET AVAILABLE 
I.PIG OIV NOT YET AVAILABLE 

z.sCALAR PR~OUCT3 
t,VECTOR VECTOR PRODUCTS 

LNGVECVEC NOT YET AVAILABLE 
LNGMATVEC NOT YET AVAILABLE 
L '-IGTAHVEC NOT YET AVAILABLE 
L'lG 11ATl'AT NOT YET AVAILABLE 
LNGTA'IMAT NOT YET AVAILABLE 
LNGMATTA'1 ~OT YET AVAILABLE 
L.NGSEIWEC NOT Y~T AVAILABLE 
LNGSCAPRD1 NOT YET AVAILABL~ 
LNGSP1MATVEC NOT YF.T AVAILABLE 

l 1 HATPIX VECTOR PRODUCTS 
LNGFUL~'ATVEC NOT YET AVAILABLE 
LflGfUL T AMVEC NOT YET AVAILABLE 
LNGFIJLSYMMATVEC NOT YfT AVAILABLE 
L~:GRESVEC NOT YET AVAILA8Lf. 

2,ALGEB~AIC EVALUATIONS 
Lrrnsy,1RESVEC NOT YET AVAILABLE 

2. l ,EVAL, OF A rtlltTE SERIES 
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FILENAME NR REF 

z. 2,EVAL, OF' POLVM~IALS 
t,EVAL, OF GE"l~RAL POLVND~IALS 

1,POLYN0'1IALS lH GRUNERT FORM 
POL NOT YET AVAILABLE 
TAYPOL NOT YET AVAILABLE 
NuRDERPOL NOT YET AVAILABLE 
DERPOL NOT YET AVAILABLE 

2,POLYM0'1IALS IN tlEl'ITO"I ,oRH 
NEWPOL NOT YET AVAILABLE 

21 EVAL, OF M'l'HOGO'I, POLYNO'IIALS 
1,GE'l(RAL OR'l'IIOGUtl, POLV'IOMIAI.S 

ORTPOL NOT YET AVAILABLE 
ALLORTPOL NOT YET AVAILAijLE 
ORT POL SER NOT YET AVAILABLE 

2,CHEBYSHfV POLVN04IALS 
CHEPOL NOT YET AVAILABLE 
ALLCHEPOL NOT YET AVAILABLE 
CHEPOLSER NOT YET AVAILABLE 

3,EVAL, OF' TRIGm1::,,,, POLVt10'4IAL.S 
1,EVAL, OF FOURIER SERIES 

SCE ALSO SECTIOIII 2,S, 
SIIIISER NOT YET AVAILABLE 
COSSER NOT YET AVAILABLE 
FOUSER NOT YET AVAILAdLE 
FOUSERl NOT YET AVAILABLE 
FOUSERZ ~OT YET AVAILABLE 
COHFOUSER NOT YET AVAILA~LE 
CO"'FOLJSERl NOT YET AVAILABLE 
COMf'OUSER2 NOT YET AVAILABLE 

11,EVAL, OF SPLINES 
11 1•01"1, SPLI'IES 

PICSEVU NU'1PASF'Tf\lDOC NMP,!HSL l'ORTRAIII 
2,2•!"PI, SPLI!IES 

PIBCEVU NUMPASFTNDOC NMP 1 1MSL FORTRAN 
J 0 EVAL 0 OF COllfI'JUEO f'RACTIOPlS 

JFRAC NOT YET AVAILABLE 
11,JPERATIO~S 0~ POLYNOMIALS 

1. TRA'ISF' • OF ~U'RESE'HATIOtl 
NEWCRN NOT YET AVAILABLE 
POLCHS NOT YET AVAILABLE 
POWCHS NOT YET AVAILABLE z.,r. 04 GENERAL POLVNn~IALS 
AOOPOL NOT YET AVAILABLE 
SU!3POL NOT YET AVAILABLE 
MULPOL NOT YET AVAILABLE 
OIFPOL NOT VET AVAILABLE 
lNTPOL NOT YET AVAILABLE 

3 •OP• 0'1 ORTHOGO~IAL f'OL V'IO~II AI.S 
INTCI-IS NOT YET AVAILABLE 

5,F~ST FOIJRIER TIU\JSFOR~l 
leREVERSE OI~ARV OROER CONVERSIO~ 

FFRORZ NUMPASFTNDOC IMSL FORTRAN 
2, TRA'lSFOIHI OF RlAL VECTOR 

FFTR IIIUMPASFTNOOC !"ISL. FORTRAIII 
z. 'i, 3, TRA'ISFOR'I OF' tuill'LEX VECTOR 
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FILENAME NR REF 

2. s. 3. FfTP NUMPASl"TNOOC lMSL FORTRAN 
FF'T2 NU"1PASFTNOOC IMS!.. FORTf<AN 
FFT2R\I NU"lPASFTNOOC IMS!.. FORTRAN 

11.COSI'IE Ano SPIE TRANSF'OR'1 
FFCSIN NUMPA SFT NOOC IMSL FORTRAN 

:S.LI~EAR ALGEBRA 
I• I. I t~E AR S VS TEHS 

1.FULL 11AT~ICES 
10 SQUARE N0:1,.SltlGIILAR MATRICES 

1 0 REA\. ''A Tr.ICES 
l 0 GENERAL MATRICES 

t 0 PREPARATORY PROCEDURES 
DEC NUMPASDOCUMENT2 3 PRDLOG EXTERN 
GSSEL'1 NOT YET AVAILABLE 
o•;p,RMINV NOT YET AVA1L~6LE 
ERBEL!1 NOT YET AVAIL4BLE 
GSSER8 NOT YET AVAILABLE 
GSSMR! NOT YET AVAILABLE 

2 0 CALCUL.HION OF DETERMINAtlT 
DE TERM NUMP ASOOCUME>I T 2 5 PROLOG EXTERN 
PLPJV:SF' NUMPASFTNDOC 

3 0 501.UTIO~ OF LINEAR EQUATIONS 
NMP 1 lMSL FORTRAN 

SOL NUMPASOOCUMENT2 7 PROLOG EXTERN 
OE.CSOL NU"IPASOOCUMENT2 7 PROLOG EXH.RN 
SOLEL11 NOT YET AVAILABLE 
GSSSOI., NOT YET AVAILABLE 
GSSSOLERB ~OT YET AVAILABLE 
PLINV.SF" NU"1PASFTNOOC NMP,lMSL FORTRAN 
PLEDT1F NUMPASFTNOOC NMP.IMSL FORTRAN 

q.~ATRIX !~VERSION 
HIV NOT YET AVAILABLE 
DEC:lNV NOT YET AVAILABLE 
PJV1 NOT YE.T AVAILABLE 
GSSINV NOT YET AVAILABLE 
GSSINVERB NOT YET AVAILABLE 
PLINVlF NUMPASFTNDOC NMP 0 lMSL FORTRAN 
P!..It~V2F NUMPASFTNDOC NMP. 8 IMSI. FORTRAN 
F'LYNV3F NUMPASFTNDOC 

5 0 ITERATIVELV IMPROVED SOLUTION 
NMP,lMSL FORTRAN 

IT I SOL NOT YET AVAILABLE 
GS SIT ISOL NOT YF.T AVAILABLE 
ITISOLERB NOT YET AVAILABLE 
GS SIT I SOL ERB NOT YET AVAILABLE 
PL EQT 2f NUMPASFTNDOC 

2,SVMt1ETRIC POS DEF MATRICES 
NMP 9 1MSL FORTRAN 

11 PREPARATORV PROCEDURES 
CfH.DEC2 NOT YET AVAILABLE 
CHLDECt NU'1PASOOCUMENT2 q PROLOG EXTERN 

Z0 CALCULATION OF DETERMINANT 
CHLDE.TERM2 NOT YET AVAILABLE 
CHLDETERM1 NUMPASOOCUMENT2 11 PROLOG EXTERN 

3 0 SOLllTIOII OF LlnEAR E11UATIOiJS 
CHLS0!..2 NOT VET AVAILABLE 
CHLSOL1 NUMPASDOCUMENT2 u PROLOG EXTERN 

3. I • t • l • 1 • z. 3. CHLDECS0!..2 NOT YET AVAlLABLr 
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FILENAME NR R~F 

3. I• 1. l I 1, 2. lo CHLDECSCIL1 NU'1PASDOCUMENT2 13 PROLOG EXTERN 
PLEOT1P NUMPASFTNOOC NMP,IMSL FORTRAN 
PLEGT2P I-IUMPASFT~rnoc NMP 1 1"'5l. FORTRAN 

4,HATRIX INVERSION 
CHLINV2 NOT YET AVAlLABl.E 
Ct-!l.INVl NOT YET AVA!l.A8l.E 
CHLDEC ItlV2 NOT YET AVAILABLE 
CflLDECJtJV1 IIIOT YFT AVAILABLE 
PLIIJVtP NUMPASFTNOOC NfllP,IMSL FORTRAN 
PLI'IV2P IIIU'lPASF'T'JOOC NMP 1 IMSI. FORTRAN 

3,GEN(RAL SYll'tETRIC MATRICES 
1,PREPAQATORY f'ROCEO'.IRE:S 

SY~'DEC2 NOT YET AVAILABLE 
SYMDECl NOT YET AVAILABLE 

2,CALCULATION OF DETERMINANT 
SYMOETERM2 NOT YET AVAILABLE 
SVMOETERMl NOT YET AVAILABLE 

3,SMLUTIO~ OF Ll~EAR EQUATIONS 
SYHSOL2 NOT YfT AVAILABLE 
SY,.S01.1 NOT YET AVAIL~BI.E 
SYHO[CSOL2 NOT YET ~VAlLABLE 
SYMDECSOL1 NOT YET AVAILABLE 
PLEQIS NIJ'IPASFTNOOC NMP,lMSL FORTRAN 
PLEJ2S NUMPASFTNDOC NMP,IMSL FORTRAN 

4,MATRIX INVERSION 
SYMINV2 NOT YET AVAILABLE 
SY"'INV1 NOT YET AVAILABLE 
SYMDECINV2 NOT YET AVAILABLE 
SYMDECINVl NOT YET AVAILABLE 

2,COMPLEX llATRICES 
11 GENERAL MATRICES 

l,SOLUTIO~ OF LI~EAR EOUATIO~S 
PLEQT1C NU"IPASFTNDOC NMP,ll-lSL FORTRAN 
PLElHZC NUMPASFTNDOC 

2,FllLL RANK OVERDf.TE:A'1 SYSTEMS 
NMP,IMSL FORTRAN 

l,AEAL •4AT~lCES 
l 1 PREPARATORY PROCEDURES 

LSGORTOEC NUMPASDOCUMENT2 15 PROLOG E>CTERl'<I 
LSQOGLINV NUMPASOOCUMENTZ 15 PROLOG EXTERN 

2,LEAST SQUARES SOLUTION 
SEE ALSO SECTIO~ 3,1,1,3,1,1, 

LSQSOL NU .. PASDOCUMENTZ 17 PROLOG EXTERN 
LSQOECSOL NU"'IPASDOCUMENT2 17 PROL.OG EXTERN 

31 ItlYElfSE P~ATRIX OF NORMAL EQN, 
LSQINV NUMPASDOCU14ENT2 19 PROLOG EXTERN 

2,COMPLEX HATRICES 
11 0TH£R PROBLEMS 

I ,REAL ''A TRICES 
1,SOI.UTlON OVEROETER"'INEO SVST 

SOLSVOOVR NOT YET AVAILABLE 
SOLOVR ~OT YET AVAILABLE 
PLLSQAR NU"'PASF'TNDOC NMP 1 I"'SL FORTRAN 

2,SOLUTIO~ U~OERDETER~ SYSTEMS 
SOLSVDUND NOT YET AVAILABLE 

lo l • 1 • 3. 1. 2, SOLtmD NOT YET AVAILABLE 
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FILENAME NR REF 

l, I • 1. 3, 1. 3 1 SOLUTION ll0'10GEIIEOUS £QUA TI ON 
t-lOMSOLSVD NOT YET AVAILABLE 
HOMSOL NOT YET AVAILABLE 

ll, PSEllOO•INVERSIO!I 
PSl')lNVSVD NOT YET AVAILABLE 
PSDINV NOT YET AVAILABLE 
PLPSDOR NU"IPASFTNDDC NMP,IMSL FORTRAN 

21 C0"'PLEX 1!4TRICES 
2,SPARSE ~ATQICES 

l,OIRECT METHODS 
l,REAL ~ATRICES 

1,~0N•SV~~ETRIC MATRICES 
l,!U'IO r-tATRICES 

1,~REPARATORY PROCEDURES 
DECSND NOT YET AVAILABLE 

Z,CALCULATION or DETERMINANT 
DETERM8HO NOT YET AVAILABLE 

l,SOLUTIOi OF LI~EAR EQUATIONS 
SOLONO NOT YET AVAILABLE 
OECSOLBNO NOT YET AVAILABLE 
PLEQTlB NU"1PASFTNOOC "4MP,IMSL FORTRA~ 

m PLEQTc!B NU"1PASFTNOOC NMP,lMSL FORTRAN 
a, 2,TRIDIAGO~AL MATRICES 
r t,PREPARATORY PROCEDURES 0 
-I DECTRI NOT YET AVAILABLE 
::r: DECTRlPIV NOT YET AVAILABLE 

\ m 2,CALCULATION or DETER~lNANT rn 
;is; 3,SOLUTIO~ OF LINEAR EQUATIO~S 

):, s: SOL TRI NOT YET AVAILABLE s: )> DEC SOL TRI NOT YET AVAILABLE 
(/l -1 SOLTRIPXV NOT YET AVAILABLE -I :r: 
rn m DECSOLTRIPIV NOT YET AVAILABLE 
:0 s 3,8LOCK•TqIOIAG0NAL MATRICES 
j; ~ 4,0T~ER SPARSE MATRICES 
s:: en l,PREPARATORY PROCEDURES 

\~ PF'03AJF NUMPASP'TNDOC NMP 1 NAGF FORTRAN 
PF'OJAKF "!UMPASf'TNDOC NMP 9 NAGF FORTRAN 

m 3,SOLUTIO~ OF LINEAR EQUATIONS 
z Pf'04APF NUMPASF'TNDOC NMP,NAGF FORTRAN 
--l 2,SVM~!TRIC POS DEF MATRICE~ ::::0 
C: 11 BAtlD '1ATRICES 
? .= !,PREPARATORY PROCEDURES 

CHLDECBND NOT YET AVAILABLE 
Z,CALCULATION OF DETERMINANT 

CHLOETERMBND NOT YET AVAILABLE 
3,SOLUTIO~ OF LINEAR EQUATIONS 

Cl◄LSOL8ND NOT YET AVAILABLE 
CHLDECSOLBNO NOT YET AVAILABLE 
PLE01PB NUMPASFT"IDOC NMP,IMSL FORTRAN 
PLEQ2PB NUMPASFTNDOC NMP 1 lMSL FORTRAN 

2,TRIDIAGnAL '1ATRICES 
t,rREPARATORY PROCEDURES 

DECSYMTRI 
2,CALCULATION OP DETERMINANT 

NOT YET AVAILABLE 

3, t • z. I • 1. 2, 2, 3,SOl, 1!TIOn OF LINEAR ECWATtO~IS 
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FILENAME NR R~F 

3. I •· 2. t • 1 • 2. 2. . 3. SOLSYMTRI NOT YET AVAILABLE 
DECSOLSYMTRI NOi YET AVAILABLE 

l.BLOCK•TRIDI4GONA!. !1ATRICES 
2 0 C0'1F'LfX !'ATRICtS 

2 0 ITEPATIVE '1ETHODS 
1 0 REAL '1ATRlCE"S 

CONJ GRAD NOT YET AVAILABLE 
CONJ RESI NOT YET AVAILABLE 

2 0 COHP!,.EX ltATRICE:S 
! ,FllLL ltATRICES 

2,TiU'ISf'OR'1AT10'1 TO srf.CIAL FOR~! 
1,SP4YLARITY TRA~ISFORMAT!O'!S 

1,ECHIIL Il3RA TIDN 
1.REAL. IIA TRICES 

EGIILBR NOT YET AVAILASLE 
BAKLBR NOT YET AVAILABLE 

Z1 C01"PL,.EX 'IATRICES 
Er.lILBRCOM NOT YET AVAILABLE 
BAKLBRCOM NOT YET AVAILABLE 

2 0 TRA'JSF TO HESS~•JBERG FORM 
10 Rf AL ''A TRICES 

1 • SYHnE.fi?IC "'A TRICES 
TFMSYMTRI2 NOT YET AVAILABLE 
BAKSY~TRI2 NOT YET AVAILABLE 
TFMF'REVCC NOT YET AVAILABLE 
TFMSY"ITRI 1 NOT YET AVAILABLE 
BAKSYltTRI 1 NOT YET AVAILABLE 

2 1 ASYHMETRIC MATRICES 
TP'REAHES NOT Y~T AVAILA6LE 
BAKPEAHES1 NOT YET AVAILABLE 
BAKRHHE.S2 NOT YET AVAILABLE 

2.CO"F'l.EX tlATRICES 
1,HERH!TIAN MATRICES 

HSHHRMTRI NOT YET AVAILABLE 
HSHHR"TRIVAL. NOT YET AVAILABLE 
BAKHRMTRI NOT YfT AVAILABLE 

2,NON•HERMITIA~ MATRICES 
HSHC0'1HES NOT YET AVAILABLE 
BAKCOMHES NOT YET AVAILABLE 

2,0TtlER TRANSFOR'1AT10111S 
11 TRA'ISF' T~ 8IDI4GO'IAL FORM 

1,REAL 4A TRICES 
HSHREABID NOT YET AVAILABLE 
PSTTf~"lAT NOT YET AVAILABLE 
PRETF"-IMAT NOT YET AVAILABLE 

2,COMPLEX MATRICES 
J,T~f (OPDI~ARY) EIGE~V PROBLEM 

1 0 RI: AL HHRtCES 
1,SYWtET~IC '1ATRICES 

1.rqIDlAGONAL ~ATRlCES 
VALSYMTRI NOT YET AVAILABLE 
VE:CSYl-1TRI NOT YET AVAILABLE 
'lRIVALSYMTRI NOT YET AVAILABLE 
Q~ISY•HRI NOT YET 4VAILABLE 

3, J, 1. 1 • 1 • RATQRI NOT YET AVAILABLE 
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lo 1. 1. I• 2,FULL MATRICES 
EIGVALSYM2 NOT YET AVAILABLE 
ElGSYM2 NOT YET AVAILABLE 
EIGVALSYMt "IOT VET AVAILABLE 
E1GSY'11 NOT YET AVAILABLE 
Q~IVALSYMZ NOT VET AVAILABLE 
QFIISY•I "IOT YET AVAILABLE 
QRIVALSYM1 NOT YET AVAILABLE 
Pr:tG~S NU~PASFTNOOC NMP 1 tMSL FORTRAN 

21 ASV 11!-IETRIC 'UTIIICES 
l 1 MATll!CES 1~ ~ESSE~BERG FORM 

REAVALQRI NOT YET AVAILABLE 
RE.AVE CHES NOT VET AVAILABLE 
REAQRI NOT YET AVAILABLE 
C0"1VALQRI NOT YET AVAILABLE 
COMVECHES NOT YE.T AVA1LA8LE 

21 F'ULL MATRICES 
REAFIGVAL NOT YET AVAILABLE 
REAE:IG1 NOT YET AVAILABLE 
REAEIG2 NOT YET AVAILABLE 
Rf.AEIG3 NOT YET A~AILABLE 
C0"4ElGVAL NOT YET A~AILABLE 
COt-<EIGl NOT YET AVAILABLE 
co~iEIG2 NOT YET AVAILABLE 
PEIGRF NUMPASFTNOOC 

2.COHPLEX "ATRICES 
NMP,lMSL FORTRAN 

11 HER 4 ITIAN MATRICES 
EIGVALHRM NOT YET AVAILABLE 
EICHR'1 NOT YET AVAILABLE 
QRIVALHRM NOT YET AVAILABLE 
QRiliRM NOT YET AVAILABLE 
PrICCH NUMPASFTNDOC NMP,!l'ISL FORTRAN 

2,N~4.HERMIT!AN MATRICES 
1,"'ATRICES I~ HESSENBERG FORM 

VALilRICOM NOT YET AVAILABLE 
QRICOH NOT YET AVAILABLE 

2.,IJLL M,HR!CES 
EIGVALCOM NOT VET AVAILABLE 
EIGCO'I NOT VET AVAILABLE 
Pf.IGCC NUMPASFTNDOC NMP 1 lMSL FORTRAN 

Q9 TrlE GENERALIZtO EIGEHV PROBLE~ 
1 ,REAL "ATRICES 

1,SY~~ETRIC MATRICES 
i? 1 ASr!'4ETRIC 'IATRlCES 

OZIVAL NOT YET AVAILABLE 
OZI NOT YET AVAILABLE 
HSHOECMUL NOT VET AVAILABLE 
Hf.STGL3 NOT YET AVAILABLE 
HESTGL2 NOT YET AVAlLASLE 
HSH2COL NOT VET AVAILABLE 
HSH3COL NOT Y~T AVAILABLE 
HS"i2ROW3 NOT YET AVAILABLE 
HSH2ROW2 NOT YET AVAILABLE 
HSH3ROW3 NOT YET AVAILABLE 

3. Q. l • i?, "i5H3ROW2 NOT YET AVAILABLE 
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Fil,.ENAME NR REF 

3. "· 1. 2. PEIGZr NUMPASFTNDOC NMP 9 I"4SL FORTRAN 
5,Sl~GUl,.AR VALUES 

1 ,RtAL !IAfRICES 
l,AlDlAGDNAL ~ATRICES 

QRISNGVALBID NOT YET AVAILABLE 
QRISNGVALDECBIO NOT YET AVAILA8LF. 

2,FllLL "IATRICES 
CIRISNGVAL NOT YET AVAII.A~LE 
QRISNGVALDEC NOT YET AVAILABLE 
PLSVALR NUMPASFTNDOC NMP 1 IMSL FORTRAN 

Z0 COIIF>LEX 'IA TRICES 
~,ZEROS l'lf' POLY:10'1ULS 

I.ZEROS nr GENERAL RtAL POLY~o~. 
POLZF.!!OS NOT YET AVAILABLE 
ZPOLR NU"IPASFTNDOC · IMSI. FORTRAN 
ZRPOLY NUMPASP'TNDOC IMSL FORTRAN 
ZOADR IIIUMPASFTNDOC IMSL FORTRAN 

z. ZEP'JS or ORTHOGOtlAL POLY'l0'1, 
ALLZERORTPOL NOT YET AVAILAeLE 
1,.UPZERORTPOL NOT YET AVAILABLE 
SELZERORTPOL NOT YET AVAILABLE 

l,ZEROS OF C0'1PLEX POLYNOMIALS 
CO"IKl'IO NOT YET AVAILABLE 
ZCPOLV NUIIIPASFT"IOOC IMSL FORTRAN 
zcaoc NUMPASF'TNOOC IMSL FORTRAN 

4,ANALYTIC EVALUATIO!IS 
t 0 EVAL 0 OF AN I~FINITE SER!tS 

EULER NUMPASOOCUMENTl 15 NUMPAS EXTERN 
SU"1POSSERIES NU"'PASOOCUMENT3 15 NUMPAS EXTERN 

Z,QJADRATLIRE 
1. O'IEe!) I !1£115 IONAL ClUA0 1?A TURE 

QADRAT NU14PASDOCUMENT,i? Zl NUMPAS EXTERN 
I 1lTEGRAL NUl4PASDOCUMENT3 17 NUMPAS EXTERN 
PDCSOOU NU11PA5FTNOOC NMP 1 I"1SL FORTRAN 

z.~ULTIDI~ENSIONAL QUADRATURE 
TRICUS NU'4PASDOCUMENT3 19 NUMPAS EXTERN 
POCSc!l'lU NUMPASP'TNOOC 

30 GAUSSIAN WEIGHTS 
NMP,I11SL FORTRAN 

RfCCOF" NOT YET AVAILABLE 
GSSWCT NOT YET AVAILABLE 

3,~U~ERlCAL DIF"FERE ... TIATION 
l,FUHCTIO~S or OIIE VARIABLE 

1 • 
Z,t•ST a. 2•"0 DENIV, OF SPLif.lE 

POCSEVU NU11PASFTNOOC NMP,I14SL FORTRAN 
2,FUIICTIO~S OF MORE VARIABLES 

1 ,CALC I WITH OlrFERE'-'CE FOR~1ULAS 
JACOB~INF' NOT VET AVAILABLE 
JACOBIJ"IF NOT YET AVAILABLE 
JACOB'IBNDF NOT VET AVAILABLE 

2,1,&2,PART,DtR, or BICUB,SPLINE 
P013CCVU NUMPASFTNOOC NMP,Il"St. FORTRAN 

s.A~ALVTlCAL rP~OLE~S 
10 A'-ULVTICAL E'l11A TIONS 

5, 1. 1,~0H•Ll~CAR EQUATIONS 



PAGE U NU'1PU tllOEX 10/0917& PROCEDURE OESCIUPHON REC USE EXT 
F'II.ENA~1E NR RE,F 

s. I • 1 • 10 A SINGLE EQUATION 
10 NO DEP.IVAT!VE AVAIi.ABLE 

ZEROir.J NUMPASDOCUMENT2 23 NUMPAS EXTERN 
ZEROtNRAT NOT YET AVAlLABI.E 

2.DERIVATIVE AVAILABLE 
ZEROI~lDER NOT VET AVAILABLE 

2 0 A SVSTE'1 OF' EOUATIOflS 
t 0 AUlCJLIARY PRt1CEDIJRES 
2 0 JACOSIAN MAT~IX ~,r AVAILABLE 

BROWNL.S NOT YET AVAILABLE 
Ql,IA'l(W NOT YET AVAILABLE 
OUANE."11 NOT VET AVAILABLE 
QlJA'1E\JBMO NOT YET AVAILABLE 
QUANEWBND1 NOT YET AVAILABLE 

,.JACOBIAN MATRIX AVAILABLE 
NEWRAP NOT VET AVAlLA~LE 
DAMPED NEWTON NOT VET AVAILABLE 

3 0 POLV!IC1'-l!AL E,QUAT%t1NS 
SEE ALSO SCCTlU~ 3 0 b 

2.unciJ·1sTRAt'J[I) /)l'f!''lZATIQ!l 
I ,fU'ICTIQNS or ONE: VARIABLE 

1.0ERIVAT!VE NOT AVAILABLE 
MINH! NU"1PASOOCUMENT2 25 NUMPAS EXTERN 

2 0 0ERIVATIVE AVAILABLE 
MININDER NUMPASOOCUMENT2 Z7 NUMPAS EXTERN 

2,F'UIICTl'.l"IS or '!OPE' VARif\ALES 
1 0 AUXILIARV PROCEDURES 

1.INF.M!t-l NOT YET AVAILABLE 
R!lK 1 UPO NOT YET AVAILABLE 
DAVUPD NOT VET AVAILABLE 
FLEUPD NOT VET AVAILABLE 

2 0 NQ OERIVATIVES AVAILABLE 
PRAXIS NOT VlT AVAILABLE 

3 0 GRAOIE~IT AVAII.ADI.E 
RNK1MIN NOT VET AVAILABL! 
F-"LE~I'-J NOT VET AVAILABLE 

<1 0 GRAClIEIIT IL JACOBIM~ AVAILABLE 
NE.WTONMXN 

3.0VERDETER~t~ED NO~LlHEAR svsr. 
NOT YET AVAILABLE 

1,LtAST SQUARES SOLUTIONS 
SEE ALSO SE'CTIO'l 7, 

1,AJXILIARV PROCEDURES 
2 0 JACODIAN MATRIX ~OT AVAILABLE 

SH ALSO Sf.CTinri s,1.2.2.2. 
l,JAcogIAN MATRIX AVAILABLE 

MARQUARDT NOT V!T AVAIi.ABLE 
GSSNE'IITON NOT VET AVAIi.ABLE 

ll,CO!ISTRAI 11ED OPTl'l!ZATiull 
1,LPJEAR PROGP.AtlMI'IG 

F'ZX 1 LP NUMPASFTt-lOOC NMP,IMSL FORT RA"' 
PZX2V' NU'1PASF TN DOC NMP,IMSL FORTRAN 
PZX3LP NUl'IPASFTNDOC NMP,lMSL FORTRAN 

2,FJ~JCTlOrlAL E'lllATIQIJS 
1,DIFF'ERr~Tl4L EOUATIO!IS 

s. 2. 1 • 1 e I'IITIAL VAL!'E PP.n'ILt 11S 
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Fil.ENAMIE NR REf 

s. 2. 1 • I • t 0 FXRST ORrER ORO!~ARV D,Eo 
10 •JC1 Dt.RIVATIVES RHS AVAil,.ABI.E 

sr.E ALSO SECTIO~ s.2.1.1.1.1. 
RKt NOT V[T AVAIi.ABLE 
RKE NUMPASDOCUMENT2 29 PROLOG EXTERN 
Rl<O NOT YET AVAIi.ABLE 
RKIJNA NOT YET AVAILAijLE 
RKSNA NOT VET AVAILABLE 
MULTI STEP NOT VET AVAILABLE 
DlFFSYS NOT YET AVAILABLE 
ARK NOT YET AIIAILA~LE 
EfRK NOT YfT AVAIi.ABLE 

2 8 JACCIBUN '1ATRIX AVAILABLE 
EFSIRK NOT VET AVAILABLE 
EFERK NOT YET AVAILABLE 
LINIGER1ll8 NOT YET AVAILABLE 
l.l'-J!GER2 NOT YET AVAILA8LE 
lMPEX NOT VET AVAILA9LE 
Gt-:S NOT YET AVAILABLE 

SCE ALSO PRnc. MULTIST[P cs.2.1,1.1.1) 
],SEVERAL PERtllATlllES Al/AIi.ABLE 

MODIFIED TAYLOR NOT YET AIIAlLABI.E 
EXPONENTIALLY FITTED NOT YET Al/All.ABLE 

2 8 SECOl!O Ol'DER ORDI'lARV D.E, 
l,MO DtRIVATIVES RHS AVAILABLE 

SCE ALSO SfCTIOil 5 0 21 10 i 0 21 t. 
RK2 NOT YET AVAILABLE 
RK211 NOT YET AVAILABLE 
RK3 NOT YET AVAILABLE 
RK3N ~or VET AVAILABLE 

2,StVERAI. DERIV 0 RHS AVAILABLE 
3.P».RTIAL OIF'FERE1JTIAL E~UATI0'l5 

.?.souii:)ARY 1/Al,U[ PR::JOLf~IS 
1.rwo P~INT o.v.r. 

1,s11urn JriG ''E"T•H'l')S 
SEE Al.SO SFCTION 5 0 2,1.3.1 

2 1 1.lNEAR GLOOAL MET~ODS 
1, SECO'ID ORDER TP!lVP 

ieSEI.F ADJOINT TPBVP 
FEM I.AG NOT YET AVAILABLE 
FEM LAG SVM NOT YET Al/All.ABLE 

2,S~EW ADJOINT TP811P 
FEM LAG SKEW NOT YET AVAILABLE 

2,FOURTH ORDER TPBVP 
10 SEl.f ADJOINT TPBVP 

FEM HERM SVM 
2,SKEW ADJOINT TPOVP 

NOT YET AVAILABLE 

3,HO"l•Ll'lEAP. GLOBAL METHODS 
2.TWO•DH'E'ISIO'lAL A,v.r. 

1,ELLlPTIC B1 ll,f' 1 S 
l 1 DISCRETIZATIOM PROCEDURES 
Z • SP [ C I AL L II IE AR SYS TE '1 S 

RICHARDSON NOT VET AVAIi.ABLE 
ELIMINATION NOT YET AVAILABLE 

5. 2. 1. ?. z. 1 • SfE ALSJ SECTION 3,1,2 
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FILENAME NR REF 

s. z, 1. 2, 2. t. 3,SPECIAL NON•LINEAR SYSTEMS 
2,PARAKnLIC & ~YPERBOLIC B,V,P,S 

3 0 '-IUL TI•!'111ENSIOrlAL B, V,P, 
11,0VER•DETERHt~EO PROBLE~S 

J,PAPAHETFR tSTI11ATIOII I'I D,E, 
10 P1 E, I~ INITIAL VALUE PROBLENS 

PElOE NOT VET AVAILABLE 
Z I PITEGRAL t!.IUA TIOtJS 
3,l'IHGPOe DH"HRE'ITIAL tOS 
4,0irF'EPt'ICE flHJA TlOflS 
5,C011VOUIT 10'J FOUATlONS 

ti 1 SPECIAI. F'U'ICTIO'JS I, CO"lSTldlTS 
l,"IATHE'1ATIC4L CO~STUITS 

CONSTPI PASCLIB Ellf!Rl,j 
E < • EXP Ct) ) 

21 "1ACHttlf C011STMITS 
MBASE ~OT VET AVAILABLE 
ARPEA NOT VET AVAILABLE 
DWARF NOT VET AVAILABLE 
GIANT NOT VET AVAILABLE 
MAXlNT (STANDARD) 
OVRf'LOW NOT VET AVAILABLE 
UNDFLOW NOT YET AVAILABLE 

J,1u:mo·1 nu•1etRS 
RAN[IO~ PASCL18 EXTERN 
RANDSET PASCLIB UTERN 

11 1 ELE'1['1TAltY Fl.lllCTIONS 
!,CIRCULAR F'UNCTIOIIS 

TAN NOT YET AVAILABLE 
ARCSIN NOT YET AVAILABLE 
ARCCOS NOT YET AVAILABLE 

z, ►IVPERBOLlC F'UNCTIOflS 
SINH NOT YET AVAILABLE 
COSli NOT VET AVAILABLE 
TANH NOT YET AVAILABLE 
ARCS PIH NOT YET AVAILABLE 
ARCCOSH NOT YET AVAILABLE 
ARCTA"IH NOT YET AVAILABLE 

J.LOGARITH'IIC fUIICTlONS 
ALOG10 FORTRAN ,oRTRAN 

~,EXPO•IE'lTIAL I'ITEGRAL, ETC, 
l,EXPONE'IT!AL lllTEGRAL 

EI NOT YET AVAILABLE 
EI ALPHA NOT YET AVAILABLE 
EUX NOT YET AVAILABLE 
NONEXP ENX NOT YET AVA!LABL! 
Ml"DEI I\IUMPASFTNDOC lMSL ,oRTRAN 

z.sIIIE A'ID COSINE INTEGRAL 
SINCOSINT NOT YET AVAILABLE 
SINCOSFG NOT YET AVAILABLE 
S1.SA8F NU"IPASFTNDOC NAGF' FORTRAN 
S13ACF NUMPASFTNDOC 

3,ELLIPTIC INTEGRAL 
NAGF FORTRAN 

HHOELE NUMPASfTNDOC IMSL l'ORTRU 
fl. 5, .s. MHOELK NU""PASfTNDOC IMSL FORTRAN 



PAGt 111 'JUHPAS l'IDt.X 10/0fl/76 PROCEDURE DESCRIPTION REC USE EXT 
I'll.ENA ME NR RE,F 

t,. &,GA'4"A f'li'ICTIO!I, ETC, 
GAMMA NOT' YET AVAILABLE 
RECIP GAMMA NOT YET AVA!LA8LE 
LOG GAMMA NOT YET AVAILABLE 
INCIJ"4GU1 NOT YET AVAILABLE 
INC BETA NOT YET AVAILA~LE 
IBPPLUS"I NOT YET AVAILABLE 
IBCJPLlJSt~ NOT YET AVAILABLE 
IXClFIX NOT YET AVAILABLE 
IXPFIX NOT YET AVAILABLE 
FORWARD NOT YET AVAILABLE 
BACKi>IAR0 NOT YET AVAILASLE 
M0BETA NUMPASFT'l00C 114SL FORTRAN 
'10BETI NUMPASFTN0OC IMSL FORTRAN 
'40GI.M '-IU'4PASFTN00C IMSL · FORTRAN 
HGAl-1MA NUMPASl"TNl)OC IMSI,. FORTRAN 
HLGAMA NUMPASFT"I0OC lMSL FORTRAN 

7 ,ERROR Fu•,cnn•1, ETC 1 

ERRORF'UNCTION NOT YET AVAILAltLE 
N0NEXPERFC NOT YET AVAILABLE 
INVlRSE ERROR FUNCTI NOT YET AVAILABLE 
FAES"'EL NOT YET AVAILABLE 
FG NOT YET AVAILABLE 
"4f.RF NUMPASFT!II00C PISL FORTRAN 
"4ERFC NU"1PASf"TNDOC !MSL FORTRA~ 
14ERFI NUMPASFTN0OC IMSL FORTRAN 
Mf.RFCI NU"IPASFTN00C l"tSL FORTRAN 
M0NRIS NU'4PASFTN00C IMSL FORTRAN 
Ml4DAW NUMPASFTNDOC I14SL FORTRAN 
SZOUF IIIUMPASFTND0C IOGF FORTRAN 
S20ABF NU"IPASFTN0OC NAGF FORTRAN 

~,LEGENDRE l'll'ICTI0HS 
11,BCSSEL f'U'~CTI0 11S OF I~IT I ORDER 

1aBFSSEL FU~CTIOHS JANDY 
BESS JO NOT YET AVAILABLE 
BESS Jt NOT YtT AVAILABLE 
BESS J NOT YET AVA!LA9L! 
BESS Y0l NOT YET AVAILABLE 
BESSY NOT YET AVAILABLE 
BESS PQ0 ~OT YET AVAILABLE 
BESS PQ1 NOT YET AVAILABLE 
S17UF NU"IPASFTND0C NAGF FORTRAN 
Sl 7ABF NUMPASFTNDOC NAGF FORTRAN 
S17ACF NU!o!PASFT~D0C NAGF FORTRAN 

2,BESSEL FUNCTIOHS 1 AHD K 
BESS IO NOT YET AVAILABLE 
·ecss 11 NOT YET AVAILABLE 
BESS I NOT YET AVAILABLE 
BESS KOl NOT YfT AVAILABLE 
Bf:SS I( NOT YET AVAILABLE 
NQt,,jf.XP BESS IO NOT YET AVAILABLE 
N0"IEXP BESS Il NOT Y~T AVAILABLE 
NIJNEXP BESS I ~OT YET AVAILABLE 
N0llEXP BESS 1(01 NOT Y~T A~AILABLE 

b, 9, z. NONEXP BESS K NOT YET AVAILABLE 
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&. q. z. S1BAAF' NUM~ASFTNDOC NAGF FORTRAN 
SlBABF NUHPASFTNDOC NAGF FORTRAN 
S18ACF NUMPASFTNOOC NAGF FORTRAN 
S18ADF NUMPASFTNOOC NAGF FOATRAIII 

3,KELVIN ,11~1cno11s 
MMKELO NUMPASFTNDOC IMSL FORTRAN 
Ml'KELO NUMPASFTNDOC l"15L FORTRAN 
MMKELl NUMPASFTNOOC IMSL FORTRAN 

10,BESSEL FU'ICTtOtJS OF' REAL ORDER 
1,B£SSEL FU~CTIO~S J AND V 

BESS JAPLUSN NOT YET AVAILABLE 
BESS YA01 NOT YET AVAILABLE 
BESS YAPLUSN NOT YET AVAILABLE 
BESS PQA01 NOT YET AVAILABLE 
S1'7AOF NUMPUFTNOOC NAGF 'FORTRAN 

l,DtSSFL FUNCTIONS 1 ANO K 
BESS IAPLUSN NOT YET AVAILABLE 
Bf.SS KAOt NOT YF.T AVAILABLE 
BESS KAPLUSN NOT YET AVAILABLE 
NONEXP BESS IAPLUSN NOT YET AVAILABLE 
NONEXP BESS KAOl NOT YET AVAILABLE 
NONEXP BESS KAPLUSN NOT YET AVAILABLE 

J,SPHERILAL BESSEL FUhCTIONS 
SPHER BESS J NOT YET AVAILABLE 
SrHER BESSY NOT YET AVAILABLE 
SPHER BESS I NOT YET AVAILAaLE 
SPHER BESS K NOT YkT AVAILABLE 
NONEXP SPHER BESS I NOT YET AVAILABLE 
NONEXP SPrlER BESS K NOT YET AVAILABLE 

Q1 AIPY ,u~CTIONS 
AIRY NOT YET AVAILABLE 
AIRY ZEROS NOT YET AVAILABLE 

7.lNTfRPOLATIOfl & APPROl(IMATIO~l 
I.REAL DATA IN O~E DI~ENSION 

t 0 l'ITERPnLATION, WITH 
1,POLVNO"ULS 

1,GENERAL PDLVNO~tA~S 
NEWTO"I NOT VET AVAILABLE 
EOt AAF NUMPASF'TNOOC NAGF f'DRTRAN 
E01ABF NUMPASFTNOOC NAGF FORTRAN 

2 • MTllOGl'l>IAL POLYl10'4IALS 
2,Sl'L!'lE S 

l ,G!t-1£RAL SPLWF.S 
2, NATIIRAL SPL I '~ES 

PICSICU NUMPASf'TNODC NMP 8 1MSL FORTRAN 
3,TRtGONOMETRIC SERIES 

SEE ALSO SECTIO~ 2,S,4, 
1,FOURIE~ SERIES 
2,Sl"IE SERIES 
1.cos1·1r SEMitS 

4,R4TIONAL f"IJ'ICTl0 11S 
i;.fXPO•~f.'JTIAL FllNCTIO:lS 

. 2,APPROXI"ATlON l'I 2•1110R'I, wxrn 
1 ,GE'IERAL f"UIICTil.l'IS 

1, 1 • z. SFE ALSO SECTIO~ 5,1,3,1 
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z. 2,POLYNO'IJALS 
leGENEqAL POLYNO~IALS 
z,oqTHOGONAL POLYNOI.IIALS 

s.srLI"'fS 
1,GE..,ERAL SPLINES 
2,NATURAL SPLI~ES 

SEE ALSO SECTIO~ z,2,a, 
t 114ITl1 FtXEO K'IOTS 

2,WITH VARIABLE KNOTS 

u,TRtGONOMETRIC PnLYNOMIALS 
SEE ALSO S£CT10'1 z.s.11. 

5,RATIO"'AL ru·1cum1s 
6 1 EXPO~E~TIAL FU"'CTIO~S 
1, SF'f'C IAL FIJ'IC TIO'IS 

3.APPROXI~ATI~"' I~ l~F•~ORM 1 141TH 
1,Gf:'IERAL FIJ'ICTIO'IS 
2, POL y110•1 IALS 

11 GE111fqAL POL Y~IO!I ULS 

2,0RTHOGONAL POLYNO"IA~I 

3,TRIGOl\jQ'4£TRlC PnLVNO~IALS 
SEE ALSO SECTION 2,5 1 4 0 

U,QATIO"'AL FU~c,1nN3 
4 0 APF'~OXl'4AfIO"' IN l•NnRH, WITH 

1,or:·1tAAL rU"ICTlO'II 
2 ,POLYrlO'lIALS 

s.sHMTHl'IG, sv 
11 SPLI"ES 

2,RtAL DATA I'I 'IORE OJ'4f.NSIO~IS 
l,INTt~POLATJON, WITH 

1,SPLiflES 
SEE ALSO SECTlOII ii!,ii!,4 1 

3,REAL F'IHICTIO'IS I'I l OI'4ENSION 
, • P~L y:m·•IALS 

8 1 1HJ'18ER nIEORY 
91 TABLE HA 1l01.IIIG 

VEPSION1 1010911& 

PROCEDURE 

RLFOTl-1 
RLFOTW 

l'ICSFKU 

PICSVKU 

PRSM!TZ 

l'H 
UIOREMEZ 
MINHUPOL 

E02ACF 

PICSSCU 

PIBCICU 
PIBCIEU 

DESCRIPTION 
FILENAME 

t;UMPASFTNOOC 
NUMP ASF'T NOOC 

NUMPASFTNDOC 

NU'4PASFTNOOC 

NOT YET AYAlLABLE 

NOT YET AVAILABLE 
NOT YET AVAILABLE 
~OT YET AVAILABLE 

NU!4PUFTNDOC 

NUMPASFT1>4DOC 

NUMPASFTNDOC: 
NU'4PASFTNDOC 

REC 
NR 

USE 

lMSL 
%MSL 

EXT 
REF 

FORTRAN 
FORTRAN 

N14P 1 1MSL FORTRAN 

NMP,IHSL FORTRAN 

NAl:F FO.RTRAN 

NMP 1 IMSL FORTRAN 

NMP,IMSL FORTRAN 
NMP 1 l'4SL FORTRAN 


