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Original printing. This manual and the System Library Reference Manual, CRI publi-
cation SM-0114, obsolete the Library Reference Manual, CRI publication SR-0014. This
manual supports the Cray operating system COS release 1.15 and the UNICOS release
1.0 running on CRAY X-MP and CRAY-1 computer systems.

This manual supports COS release 1.16 and UNICOS release 2.0 running on the CRAY
X-MP and CRAY-1 computer systems. Several routines are now available under
UNICOS as well as COS. These include the table management routines, Fortran [/O
routines, word-addressable I/O routines, multitasking routines, flowtrace routines, and
the machine characteristics routines. The manual style has changed to reflect UNICOS
on-line style. Miscellaneous technical and editorial changes are also included. All
trademarks are now documented in the record of revision.

This reprint with revision includes documentation to support the UNICOS release 3.0
and COS release 1.16 running on the CRAY X-MP and CRAY-1 computer systems. The
following routines are now available under UNICOS: VAX conversion routines, IBM
conversion routines, miscellaneous conversion routines, logical record I/O routines,
and additional miscellaneous routines. The multitasking barrier routines have been
added for UNICOS. A miscellaneous UNICOS libraries and routines section has been
added. TCP/IP routines have been removed and are now in the TCP/IP Network Library
Reference Manual, publication SR-2057. Specific changes made to the routines are
documented in the New Features section following the table of contents. Miscellane-
ous technical and editorial changes are also included.

This reprint with revision includes documentation to support the UNICOS 4.0 release
and the COS 1.17 release running on the CRAY Y-MP, CRAY X-MP, and CRAY-1 com-
puter systems. The Boolean arithmetic routines are now documented with their own
pages, as are three Fortran interfaces to C routines: GETENV, GETOPT, and UNAME.
A new set of routines (STARTSP, SETSP, CLOSEV and ENDSP) to handle tape volume
switching under COS replace the obsolete set (CONTPIO, CHECKTP, PROCBOV,
PROCEOV, SWITCHV, and SVOLPRC). The base set of Asynchronous Queued I/O
(AQIO) routines has been ported to UNICOS, and new routines have been added to the
base set on COS. Eleven new level 2 Basic Linear Algebra Subprograms (BLAS2)
have been added to the scientific library routines. The SYMDUMP and TSECND rou-
tines have been added to UNICOS, and the TRIMLEN and CALLCSP routines to COS.
Miscellaneous technical changes to existing routines and editorial changes to this
manual are also included.
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This reprint with revision supports COS release 1.17.1 (while still supporting UNICOS
4.0) running on CRAY Y-MP, CRAY X-MP EA, CRAY X-MP, and CRAY-1 compnter
systems. Several routines have been added to the I/O section: AQOPENDV,
GETWAU, PUTWAU, WCHECK, WCLOSEU, and WOPENU. 12 new level 2 Basic
Lincar Algebra Subprograms (BLAS 2) for unpacked data of type complex have been
added to the Linear Algebra section, as have 17 level 3 Basic Linear Algebra Subpro-
grams (BLAS 3). OSRCHM has been added to the Search routine section.

The new routines are available only to users of COS 1.17.1,

Manual pages for GETNAMEQ, IGETSEC, and SETPLIMQ, also documented in the
System Library Reference Manual, publication SM-0114, have been added to the Pro-
gramming Aid section of this manual for user convenience. Numerous technical
changes and additions have been made to existing man pages — mainly in the Math,
Linear Algebra, and Search routine sections.
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PREFACE

The Programmer’s Library Reference Manual describes Fortran subprograms and functions available to
users of the Cray operating systems COS 1.17.1 and UNICOS 4.0 executing on CRAY Y-MP,

CRAY X-MP EA, CRAY X-MP, and CRAY-1 computer systems. It supplements the information con-
tained in the other manuals in the COS and UNICOS documentation sets.

The System Library Reference Manual, publication SM-0114, describes internal system subprograms,
Cray Assembly Language (CAL) subprograms, and Cray Pascal subprograms used by the Pascal com-
piler. For COS 1.17.1 users, the Cray C Library Reference Manual, publication SR-0136 5.0, describes
the C libraries available under COS (and UNICOS 5.0) on CRAY Y-MP, CRAY X-MP EA, CRAY X-MP,
and CRAY-1 computer systems. For UNICOS 4.0 users, the CRAY Y-MP, CRAY X-MP, and CRAY-1

C Library Reference Manual, publication SR-0136 C, describes the appropriate C library routines.

The following Cray Research, Inc. (CRI) manuals provide additional information about COS, UNICOS,
and related subjects. Unless otherwise noted, all publications referenced in this manual are CRI publi-
cations.

COS Manuals:
e Fortran (CFT) Reference Manual, publication SR-0009
e COS Reference Manual, publication SR-0011

e Macros and Opdefs Reference Manual for CRAY Y-MP, CRAY X-MP EA, CRAY X-MP, and
CRAY-1 Computer Systems, publication SR-0012

e Fortran (CFT) Internal Reference Manual, publication SM-0017

» CFT77 Reference Manual, publication SM-0018

o APML Assembler Reference Manual, publication SM-0036

e COS Message Manual, publication SR-0039

« Front-end Protocol Internal Reference Manual, publication SM-0042

e COS Operational Procedures Reference Manual, publication SM-0043

o Operational Aids Reference Manual, publication SM-0044

e COS Table Descriptions Internal Reference Manual, publication SM-0045
e JOS Software Internal Reference Manual, publication SM-0046

e I/O Subsystem (10S) Operator’s Guide for COS, publication SG-0051

= Pascal Reéference Manual, publication SR-0060

e Pascal Internal Reference Manual, publication SD-0061

e Segment Loader (SEGLDR) and Id Reference Manual, publication SR-0066
e Cray Simulator (CSIM) Internal Reference Manual, publication SM-0072
o Cray Simulator (CSIM) Internal Reference Manual, publication SM-0073

e CRAY Y-MP, CRAY X-MP EA, CRAY X-MP, and CRAY-1 CAL Assembler Version 2 Ready
Reference, publication SQ-0083

e Symbolic Machine Instructions Reference Manual, publication SR-0085
s COS Dump Analysis Ready Reference, publication §Q-0096

e System Library Reference Manual, publication SM-0114

e Cray C Library Reference Manual, publication SR-0136
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e CAL Assembler Version 2 Reference Manual, publication SR-2003

e Cray C Reference Manual, publication SR-2024

o The Guest Operating System (GOS), publication SMN-7013

e Directory of Supercomputer Applications Software, publication ASD-86F

UNICOS manuals:

Introductory manuals:
e UNICOS Overview for Users, publication SG-2052
e UNICOS Primer, publication SG-2010
e TCP/IP Network User Guide, publication SG-2009
e UNICOS Text Editors Primer, publication SG-2050
e UNICOS Tape Subsystem User’s Guide, publication SG-2051
s UNICOS Source Code Control System (SCCS) User’s Guide, publication $G-2017

e UNICOS Index for CRAY Y-MP, CRAY X-MP EA, CRAY X-MP, and CRAY-1 Computer
Systems, publication SR-2049

UNICOS reference manuals:
e UNICOS User Commands Reference Manual, publication SR-2011
e UNICOS User Commands Ready Reference, publication SQ-2056
e UNICOS System Calls Reference Manual, publication SR-2012
e UNICOS File Formats and Special Files Reference Manual, publication SR-2014
e Fortran (CFT) Reference Manual, publication SR-0009
e CFT77 Reference Manual, publication SR-0018
e« CAL Assembler Version 2 Reference Manual, publication SR-2003
e Cray C Reference Manual, publication SR-2024
e UNICOS vi Reference Card, publication SQ-2054
e UNICOS ed Reference Card, publication $Q-2055
e Network Library Reference Manual, publication SR-2057

CONVENTIONS

The following conventions are used throughout UNICOS documentation:

command(1) Refers to an entry in the UNICOS User Commands Reference Manual, publication
SR-2011.

command(1BSD) Refers to an entry in the UNICOS User Commands Reference Manual, publication
SR-2011.

command(1M)  Refers to an entry in the UNICOS Administrator Commands Reference Manual, publi-
cation SR-2022.

system call(2)  Refers to an entry in Volume 4: UNICOS System Calls Reference Manual, publication
SR-2012.
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routine(3X) Refers to an entry in the appropriate CRI iibrary reference manual. The letter or
letters following the number 3 indicate that the routine is either COS-only or that the
routine belongs to a specific UNICOS library, as follows:

(M) UNICOS math library
(3sSCI) UNICOS scientific library
(3P UNICOS Fortran library
(310) UNICOS 1/O library
(3U) UNICOS utility library
(3DB) UNICOS debugging library
entry(4X) Refers to an entry in the UNICOS File Formats and Special Files Reference Manual,
publication SR-2014. The letter following the number 4 indicates the section refer-
ence.
entry(info) Refers to an entry in the info section, which contains topical information that is not

available in the UNICOS on-line manuals. The info man pages are not published in
hard-copy form.

All sections begin with an entry called intro, and the entries that follow the intro page are alphabet-
ized. Some entriecs may describe several routines. In such cases, the entry is usually alphabetized
under its major name.

In this manual, bold indicates all literal strings, including command names, directory names, file names,
path names, library routine names, man page entry names, options, shell or system variable code names,
system call names, C structures, and C reserved words.

Ttalic indicates variable information usually supplied by you and words or concepts being defined.

All entries are based on the following common format, however, most entries contain only some of
these parts:

NAME shows the name of the entry and briefly states its function.

SYNOPSIS presents the syntax of the routine. The following conventions are used in this sec-
tion:

Brackets [ ] around an argument indicate that the argument is optional.
DESCRIPTION discusses the entry in detail.
IMPLEMENTATION provides details for using the command or routine with specific machines
or operating systems; normally this will tell you under which operating system the routine is
implemented.
NOTES points out items of particular importance.
CAUTIONS describes actions that can destroy data or produce undesired results.

WARNINGS describes actions that can harm people, damage equipment, or damage system
software,
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EXAMPLES shows examples of usage.

FILES lists files that are either part of the entry or related to it.

RETURN VALUE describes possible error retums.

MESSAGES describes the informational, diagnostic, and error messages that may appear.
BUGS indicates known bugs and deficiencies.

SEE ALSO lists entries that contain related information and specifies the manual title for each
entry.

All entries in this manual that are applicable to your Cray computer system are available on-line
through the man(1) command. To retrieve an entry, type the following, substimting the desired entry
name for entry:

man entry
If there is more than one entry with the same name, all entries with that name will be printed. To
retrieve the entry for a particular section, type the following, substituting the desired section name for
section and the desired entry name for entry:

man section entry

For further information on the man command, see man{1).
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READER COMMENTS

If you have comments about the technical accuracy, content, or organization of this manual, please tell
us. You can contact us in any of the following ways:

¢ Call our Technical Publications department at (612) 681-5729,

« Send us electronic mail from a UNICOS or UNIX system, using one of the following UUCP mail
addresses:

uunet!cray!publications

sun! tundra!hall! publications

e Send us electronic mail from a UNICOS or UNIX system, using the following ARPAnet address:
publications@ cray.com

o Send a facsimile of your comments to the attention of "Publications” at fax number (612) 681-5602.

¢ Use the postage-paid Reader’s Comment form at the back of this manual.

= Write to us at the following address:
Cray Research, Inc,
Technical Publications Department
1345 Northland Drive
Mendota Heights, MN 55120

We value your comments and will respond to them prompily.
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OPFILT.. e S0Ives Weiner-Levinson linear equations ............ooveeeeeereceeeesssensennrrnsessenes 4-98
RECPP......ooercirinianrannennnrsenensensaonens Solves a partial products PrOBIEM ..........cccorcrerenisrersssaerssessernonemsecesosssssesens 4-99
RECPS ... orninintntenenenimenesissarenns Solves a partial summation problem ..........cceeeccrenrveccenreeceescscnerenns 4-100
SASUM, SCASUM.......coveeeemneee. Sums the absolute value of elements in @ VECIOT ........ccoceeeerevemrecmerenrervenenes 4-101
SAXPY, CAXPY ...ccvveneerrreenenan Adds a scalar multiple of

a real or complex vector 10 another VECIOr..........cvueeiesensiresssrorsansarennens 4-102
scal - SSCAL, CSSCAL, CSCAL.. Scales a real Or COMPIEX VECIOT........c.cureererereaeervereessenssnssassssssesasseserasmssesase 4-103
SCATTER .....corrrerieirienrerearsennnas Scatters a vector into another vector............coeverennens 4-104
SCOPY, CCOPY............ ... Copies a real or complex vector into another VECOr .......c.cvvrvimreveereerereraenes 4-105
SGBMV .....ooviiommreirerennisenseneseenessns Multiplies a real vector by a real general band matriX .........cccceevevereeevennnen. 4-106
SGEMM........coivmmmrieneneenscennees Multiplies a real general matrix by a real general matrix..........cceeeveeceecruennn 4-108
SGEMMS ....covicoiirisinntrenenerrsssssosonns Multiplies a real gencral matrix by a

real general matrix using Strassen’s algorithm.........cccovveerceercercncnnne 4-110
SGEMV ....eeertecveeeecsreeeennaens Multiplies a real vector by a real general matrix ........ccoceecvveeeneiesenssecersens 4-113
SGER ....c..coerrerariectcnnrrnraneerissanssasnes Performs rank 1 update of a real general MatriX......c.cocveveecreserscrenccnecescesees 4-114
SMXPY ....ovreereieerecrererrrseessisssesaerans Multiplies a column vector by a matrix

and adds the result to another cOluMN VECIOL........cocoieneceeonenscvcsssassanses 4-115
SNRM2, SCNRM2........cccoouveererernne Computes the Euclidean norm Of @ VECIOT.........cccveeiereniesnnessescsnssesssaesesenneses 4-116
SOLR, SOLRN, SOLR3 wore. S0lves second-order LiNEAr TECUITEICES .....cccoererrerrarreresesaesensessasssnrassasesssoone 4-117
SPDOT, SPAXPY .....cocecvurversrersennes Performs Sparse VECtOr OPETAUONS .....eevreesemrmerensssresesssrmsiesassassssaencassesersnses 4-120
SROT ...cirerevtensssenc e ssnsnnsenasssasans Applies an orthogonal plane rotation .........c..cccuneernecsesireessenneessecseseones 4-121
SROTG ....ccovvierernerenrneensseranreneenasees Constructs a Givens plane rotation...........cceeeeereccsrsscsaseasaesasseesesssossasnsasnns 4-122
SROTM ... ...... Applies a modified Givens plane rOtAtION.....ccceveeeererisisissierniennsercssssosisssenss 4-124
SROTMG........ccoovurecrerenns Constructs a modified Givens plane rotation ...........cceccesnecurerceseesesssasanaaes 4-126
SSBMV.....coremirireererenrscorsannneneeee. Multiplies a real vector by a real symmetric band matrix.........cececruerevenenne 4-131
SSUM, CSUM......ccoceevmrrrrrrncrenrienns Sums the elements of a real Or COMPIEX VECLOT ......ccccveeceereerereraescrecsorencence 4-133
SSWAP, CSWAP......coevemrevecaaranee Swaps two rcal or COMPIEX ATTAYS ....ceereecrvereesaersererceecssssntrssvossrnsssssassarsensenis 4-134
SSYMM....cvviiirrennnerieneneenensssnnnnns Maultiplies a real general matrix by a real symmetric Matrix ........coeceeeennes 4-135
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SSYMV Leninesinnssirensencacnenns Multiplies a real vector by a real symmetric matrix ....... . 4-138
SSYR .. cveteeerensesrneressascansaenensens Performs symmetric rank 1 update of a real symmetric matrix .........ccceueee 4-139
SSYR2.... Performs symmetric rank 2 update of a real symmetric matrix .........ccooueee. 4-140
SSYR2K .. Performs symmetric rank 2k update of a real symmetric matrix ................ 4-141
SSYRK .... Performs symmetric rank k update of a real symmetric matrix ........oeunune 4-144
STBMV ...uiirienrecnneresnemrenseenene Maultiplies a real vector by a real triangular band matrix ........coceoeinineienn 4-146
STBSV .o nnesessesienasessnsone Solves a real triangular banded system of linear equations ...........c..ccceveueo.. 4-148
STRMM........... ... Multiplies a real general matrix by a real triangular MatriX......cveserisuesrane 4-150
STRMYV ...erreeenireniine et nannenns Multiplies a real vector by a real triangular matrix .........cceccvriernnnrcnnenanes 4-152
STRSM.......ooeevrrecerenrenersnsseesanesnns Solves a real triangular system of equations

with multiple right-hand sides 4-153
STRSV Solves a real triangular system of linear equations 4-155
SXMPY Multiplies a matrix by a row vector

and adds the result to anOther rOW VECIOT.........ccrveereerernecrnrreenes .. 4-156
5. FAST FOURIER TRANSFORM ROUTINES
INTRO.....coiereirereneerecarestmsasneseas seasassansas reeereresrarettbere st et s b s e stn s e rec R eRe e e HOR SO aRe 444400 P4 PAR SRS RRSE eesan s enebr RS ROYOEOR 5-1
CEFT2...coueeceeeiereeesesensreseeseeresnevans Applies a complex Fast Fourier Transform (FFT).....cccoeiieninnrnnverencisescsenns 5-3
CFFTMLT ......ccovenmamisnescsninnennanens Applies complex-to-complex Fast Fourier

Transforms (FFT) on multiple input VECIOTS ........ccovrvvimmieecenvsusresisanes 54
CRFFT2........... . Applies a complex-to-real Fast Fourier Transform (FFT)....cccccccoveveerreceenene 5-6
RCFFT2....ceeeeeevvenenerteeserasanannns Applies a real-to-complex Fast Fourier Transform (FFT)......c.ccoveeecrneneee 5-7
RFFTMLT ....... Applies complex-to-real and real-to-complex

Fast Fourier Transforms on multiple input vectors 5-8
6. SEARCH ROUTINES
INTRO ... veraerernvineonssnenenesnenans eeeesesrrsenaa s saenerese seasaarass e sRO RO RO aSESates e st ausae et sasERRE PO RSO R RR SRS A e 6-1
CLUSEQ, CLUSNE.........ccccerurueu. Finds index of clusters Withil @ VECIOT .........cceceiiiciecrernreesenssessessssesinssessnen 6-5
CLUSFLT, CLUSFLE,

CLUSFGT, CLUSFGE ............... Finds real CIUSLErS i @ VECIOT.........cccoreeenrasceersrsenarcnersesesassssonsansassssans sanses 6-6
CLUSILT, CLUSILE,

CLUSIGT, CLUSIGE................. Finds integer ClUSIEIS i @ VECIOT..........coceecsescesassassosrissoneeresssassesssessssasansense 6-7
IILZ, ILLZ, ILSUM....occcevemeecnnnne Retums number of occurrences of object in @ VECIOT .....eeeeecececeeccncescrnen. 6-8
INFLMAX, INFLMIN .................... Searches for the maximum or minimum value in a table.........c.crreresirsnsnns 6-9
INTMAX, INTMIN .........cccoovverennn Searches for the maximum or minimum value in an integer vector........... 6-10
ISAMAX, ICAMAX ...........u...... Finds first index of largest absolute value in VECIOTS........ccccerreerernereravsanenes 6-11
ISMAX, ISMIN, ISAMIN .............. Finds maximum, minimum, or minimum absolute value...........c.coecrvvreenan. 6-12
ISRCHEQ, ISRCHNE...........ccucuc... Finds array element equal or not equal 10 target..........ccoueeervrercnsicsisieninnennas 6-13
ISRCHFLT, ISRCHFLE,

ISRCHFGT, ISRCHFGE ............ Finds first real array element in relation to a real target ........ccoueueveerennnee 6-14
ISRCHILT, ISRCHILE,

ISRCHIGT, ISRCHIGE.............. Finds first integer array element in relation to an integer target................. 6-15
ISRCHMEQ, ISRCHMNE.............. Finds index of 1st occurrence equal or not equal to scalar in vector field. 6-16
ISRCHMLT, ISRCHMLE,

ISRCHMGT, ISRCHMGE.......... Searches vector for 10gical MAatCh .........ceveeremerereerimserecseseseneesensessesssssesaceesens 6-17
MAX0, AMAX1, DMAX1,

AMAXO, MAXI ......vvvniicnicne Returns the largest of all arguments v 6-18
MINO, AMIN1, DMIN1,

AMINO, MIN1 Retums the smallest of all arguments. 6-19
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OSRCHI, OSRCHEF............cccecsereree Searches an ordered array and returns index
of the first location that contains the target ...........ccceeeerersereereereerens 6-20
OSRCHM......ccoovmrnnierienaccnnsnennnnes Searches an ordered integer amray and returns index of
the first location that is equal to the integer target........cccocvverevevcrerreeranes 6-21
WHENEQ, WHENNE .................... Finds all array elements equal to or not equal to the target.........c.cccourenene. 6-22
WHENFLT, WHENFLE,
WHENFGT, WHENFGE............ Finds all real array elements in relation to the real target .........oceceverurnennne 6-23
WHENILT, WHENILE,
WHENIGT, WHENIGE ............. Finds all integer array elements in relation to the integer target................. 6-24
WHENMEQ, WHENMNE ............. Finds the index of occurrences equal or not equal
to a scalar within a field in @ VECIOT .....ccerereeerccicnrcrinnerenrencecssseenenne 6-25
WHENMLT, WHENMLE,
WHENMGT, WHENMGE ......... Finds the index of occurrences in relation to a scalar in a vector field...... 6-26
7. SORTING ROUTINES
INTRO....ccerrirececennecnsssssesensnsssns srsnssrssases verarrerereseereae et s re e e sesarsenasenetrasasaareneaens 7-1
ORDERS Sorts using internal, fixed-length record SOIt........cceververerseesennererneseeseresseeens 7-2
8. CONVERSION SUBPROGRAMS
INTRO ittt sisesisssess sessssasbostasansssssasrsstsesstsessetsssesessseressssase 1ore soassass ot shesassssssnsasssssssasssastsesasnarsnssssasstsssas 8-1
B20CT ...tverrreerinennrenenesesesssissasenes Places an octal ASCII representation ............ccceeruererreorerseseasesasacsrsrnsassaesesnans 8-5
BICONYV, BICONZ..........cccoeeunrmcnne Converts a specified integer to a decimal resesstesasrensas s sasssans 8-6
CHCONV .....coterreeennrnsteraensaenennsens Converts decimal ASCII NUMETALS ........cccccvveerereriesssrerneesnessenssaessssessessesssnsns 8-10
DSASC, ASCDC......coevereceemcenasenns Converts CDC diSplay COE.......coumeucrecerormssesscasacsnssossaossssssscersassaroresssassasseress 8-11
FP6064, FP6460.........cceevererereracacnns Converts CDC 60-bit single-precision numbers..... veennes 8-12
INT6E064 .......ccconrvncreraicrenrcrenrneanan Converts CDC 60-bit integers to Cray 64-bit integers 8-13
INTO460 ......c.coveereneerrrereerencnenenaensens Converts Cray 64-bit integers to CDC 60-bit integers.........uecveeemcerrerensrene 8-14
RBN, RNB ....covicieimnnmrensisisssacssanens Converts trailing blanks to nulls and vice versa...... .. 8-15
TR e ceeemeerrereresesssssnsasssesassssasnsserees Translates a string from one code to another .......... . 8-16
TRRUI ......ooeeirrerrereeraeransesesesaennersnens Translates characters stored one character per word... . 8-17
USCCTC, USCCTI.....coceererrenererenes Converts IBM EBCDIC data to ASCIL.....c.ccccerererernsecsessermnesersrassossaesessaress 8-18
USDCTC ......cceererrrerreinecrerenrenesesenns Converts IBM 64-bit floating-point NUMDETS........cccceveeeerereerererrenereenenssesesses 8-19
USDCTI....cooeeticretrceernanencaseerenens Converts Cray 64-bit single-precision, floating-point numbers.................... 8-20
USICTC, USICTL.......cccccrumrererrennnne Converts IBM INTEGER*2 and INTEGER*4 numbers..........cccececvceeivnnenn. 8-21
USICTP ...evvevreereeerecvaeseemsseenensene Converts a Cray 64-bit integer to IBM packed-decimal field.........ccccvvuennee 8-22
USLCTC, USLCTI ......cceveveerrereene. Converts IBM LOGICAL*I and LOGICAL*4 values.........cccovreeerneeeraennens 8-23
LURY 32 OF K G0 Converts a specified number of bytes of an IBM '
packed-decimal field to a 64-bit integer field .........cccoeevcrecncnne 8-24
USSCTC ... riierensanrnnnenrssesssasanens Converts IBM 32-bit floating-point numMbers..........ceceneeerenee 8-25
USSCTI ..o veererrnncaerereassennsnsnnenes Converts Cray 64-bit single-precision, floating-point numbers...........co.n.. 8-26
VXDCTC...corevevnerreriseresanseseseseses Converts VAX 64-bit D format NUMDETS..........ccccerererrrersessossenerecnsnsasassasens 8-27
VXDCT...ccoriermermnrenersiirasesersesensenses Converts Cray 64-bit single-precision, floating-point numbers........ccvueseeees 8-28
VXGCTC....coovecereeerrenrenecencsaersoneans Converts VAX 64-bit G format numbers. s 8-29
72, (€0} U Converts Cray 64-bit single-precision, floating-point numbers.............cce... 8-30
VXICTC ..ccr e reerenesseriesasassensssesanes Converts VAX INTEGER*2 or INTEGER™4...........coccioercrmreranrenscrecscsnsonses 8-31
VXICTL..oceeeeremmscsesrenenrensesnsasasessans Converts Cray 64-Dit INEZEIS ......ccciverermerercsrerescsncorcsssscssssorseronsnsassssssssasens 8-32
VXLCTC ..coveveirrnseesseseesenenasinens Converts VAX logical values to Cray 64-bit logical values...........cceverernee 8-33
VXSCTC ....oiivcemnnriscsessenenanensnsans Converts VAX 32-bit floating-point NUMDBETS.........ccevrerrenrencasesesssesnenssessssenes 8-34
VXSCTL.....ocoiieeerreeneerenemnissasissssnsansne Converts Cray 64-bit single-precision, floating-point.........cccoceveereererssssasancns 8-35
VXZCTC......... Converts VAX 64-bit complex numbers to Cray complex numbers........... 8-36
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VXZCTI .ourrerereriersasassssisesssiases Converts Cray complex numbers to VAX complex numbers..........o.ccoc.. 8-37
9. PACKING ROUTINES

INTRO.....coeeeceinncsriscanes vernrrnneesescaresenernenes I=1
PACK .. CoMPresses SOTEd dAA........cccerirccssronmiensnsissarisiisisisisinsssesessessssansasssensasesns 9-2
P32, U32.....o oo vevrerermeesensarsrnensneneees PACKs/unpacks 32-bit words into or from Cray 64-bit words .........ccuenneees 9-3
P6460, UGDGA........coonveneeeererarsirinene Packs/unpacks 60-bit words into or from Cray 64-bit words ..........c.ccuunee. 9-4
UNPACK......... Expands Stored data...........coeeveereceeciecrercsnsesnisissssmsmisssssesrmsnsensesssrsaasasesesss 9-5
10. BYTE AND BIT MANIPULATION ROUTINES

INTRO ..o iecrenescnsniosiensnrerarercases sessssssasassssssnsasssastrsessesstsassasssas s ssssass sresssossssassesssassass snsananons 10-1
PUTBYT, IGTBYT ......................... Rep]aces abyteina vanable OF AN AITAY ..ococeeecrecemseremsensnsnsssessosersssesserseses 10-2
FINDCH... trererersensrennsesenenee. S€ATCHES @ variable or an array for an occurrence of a character string..... 10-3
KOMSTR ....... Compares specified bytes between variables Of arrays......ccoocvniniirucisissnnsns 104
STRMOV, MOVBIT ........ccccecrrene. Moves bytes or bits from one variable or array to another ............cccccevueee 10-5
MVC ..ot eerere e ssinssnss s sensssenes Moves characters from one memory area to another ... eveeeeeeereceesneans 10-6
TRIMLEN .....ccconnininmimincnmcseecnennee Returns the number of characters in a SING.......cocovevevcrnciiiniesccrisesesnninns 10-7
11. HEAP MANAGEMENT AND TABLE MANAGEMENT

INTRO ... coiueerermmsessanessssasasssssns sossssrsssosssssoscssssssssssosssssessesssssssnssssese asssssssnsassssssssven bresseseeusesnerneaseaneresessasessastesis 11-1
HPALLOC.......... Allocates a block of memory from the Reap .......cccecceciarennrenvercrcnnrnsasesenss 114
HPCHECK......cccorernrererereeseenessencsnsens Checks the integrity of the heap weeverssreresanee 11-5
HPCLMOVE ... Extends a block or copies block contents into a largcr block ..................... 11-6
HPDEALLC... Returns a block of memory to the list of available space .. eevsesereonennes 117
15134 018] 7 | Dumps the address and size of each heap block .. 11-8
HPNEWLEN........cccccvvrirerrrnernraereres Changes the size of an allocated heap block.... 119
HPSHRINK ......coeverreninceeccrnrencarenns Returns an unused portion of heap to the operating system ..........ceceveeeenene 11-10
THPLEN......ccrivrmrmrereriranns . Returns the length of a heap block 11-11
IHPSTAT ... Retumns statistics about the heap .................... Nevenensseassesenranensesnsrsatbatensareneras 11-12
TMADW .. Adds a word to a table seeresensasasesessenenenes 11213
TMAMU.....cocirrecenenrrenecrerensesenenne Reports table management operation SLatiStCS ...........eecerecsrcaercassossnsocsonsenen 11-14
TMATS....cocvvrirnrisiinnnreccssescssesssenss AlIOCAES 1ADIE SPACE.....vieveveerrereenercncnssisisrssnesssseninearsrenerevsasssstssssssssss 11-15
TMMEM. Requests additional MEMOIY ......ccconvveererrreressssnssonne 11-16
TMMSC......eeeeeneenenarrnerresnessensrans Searches the table with a mask to locate a specific field...........cooevierennanne 11-17
TMMVE . Moves memory (WOIAS) ....cc.cvrcereececneerencenscnccsenessssassorsesnssassassossssassassesroneas 11-18
TMPTS ...ooviremerrrnseraesassesesssssasnsssans Presets (able SPACE.....ccvevmcrerssirenssssstssessstssasssstonuensesssasssssesesasssssssasasencnesroness 11-19
TMSRC...coiininicereernrnereeseessesssnesens Searches the table wilh an optional mask to locate a specific field ............ 11-20
TMVSC . ..... Searches a vector table for the search argument..........ccoceceeennvcvinesnsnennes 11-21
12. YO ROUTINES

INTRO . rereressesesares sttt sa e s s R e s as seransa st s seebenenanane st et 12-1
ACPTBAD................. Makes bad data available...........ccoeeveenrccrireceieissnnsscrenrinrnesessessesessansessoses 12-9
AQCLOSE.........ccorersertremreserennenees ClOSES an asynchronous queued 1/0 dataset or file 12-11
AQOPEN Opens a dataset or file for asynchronous queued I/O...... 12-12
AQOPENDYV .....cuveiiecsesennennnn.. Opens a dataset or filc for asynchronous queued I/O (size, location).......... 12-13
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AQREAD, AQREADC,

AQREADI, AQREADCI............ Queues a simple or compound asynchronous I/O read request................... 12-15
AQRECALL, AQRIR............c.cu...... Delays program execution during a queued I/O sequence...........ccccerceueuee.. 12-17
AQSTAT ... ecceevecrenrseaesenens Checks the status of asynchronous queued I/O requests........cccooeeecececnnne.. 12-19
AQSTORP............... Stops the processing of asynchronous queued I/O requests.......coeveennnnee 12-20
AQWAIT..........eecrcrrrerrnrcerrenes Waits on a completion of asynchronous queued I/O requests..................... 12-21
AQWRITE, AQWRITEC,

AQWRITEI, AQWRTECI.......... Queues a simple or compound asynchronous I/O write request.................. 12-22
ASYNCMS, ASYNCDR................. Sets I/O mode for random access routines to asynchronous..........c.ceecece.. 12-24
CHECKMS, CHECKDR ................ Checks status of asynchronous random access I/O operation...................... 12-25
CHECKTP...c.ccomrrrccrarensrarnsrssranranens Checks tape I/O SLALUS.......ccerereesariaererenensesnssssoressassaressssnssssorcasasesesasenssssases 12-26
CLOSEV...eereeienesacenssesensannesnes Begins user EOV and BOV PrOCESSING.......cccorererersnreserseresenseerassennsnrassassonse 12-27
CLOSMS, CLOSDR......ccccccmrerrnn. Writes master index and closes random access dataset..........ccccceeecerereeene. 12-28
CONTPIO.......oecrerecrrrieecnrnerrernnnenns Continues normal I/O Operations...........ceeeereceemreecesseresenns - 12-30
ENDSP.....cocvernmrrcvencccsarescerenannenneee. REQUESES notification at the end of a tape volume............oovenreeeeceeveennn. 12-31
FINDMS .....ccoviviiemeemrencciestsssssinsaens Reads record into data buffers.......coveieieerniverenceneennnrenneecsssscreseeseeserseressenes 12-32
FSUP, ISUP, FSUPC, ISUPC......... Output a value in an argument as blank or return to ordinary 1/O.............. 12-33
GETPOS, SETPOS ........ccovveevverne. Retumns the current position of interchange tape......c.ccoueveveeeererenencecrecene. 12-34
GETTP......ccovrrvrererecmiesscnsnssanes Receives position information about an opened tape dataset or file............ 12-36
GETWA, SEEK ...........cceuveeunen.... Synchronously and asynchronously reads data..........cooereerrvereeerencserereenene. 12-38
GETWAU.......covverrrnrrrnecnscersassessenes Asynchronously reads a number of words from the disk, directly to user.. 1240
OPENMS, OPENDR............ccu..... Opens a local dataset as a random access dataset... crereeresreresseoressonrases 12-42
PROCBOV .....cceeceeceerecncsnraenennes Allows special processing at beginning-of-volume (obsolele) ..................... 1244
PROCEOV.....eeeecccessreeravesannes Begins special processing at end-of-volume (EOV) (obsolete) ................... 1245
PUTWA, APUTWA.......ccceevevereene Writes to a word-addressable, random-access dataset..........c..cocevererceeee. 1246
PUTWAU.....cooeererreeinsanrencesasesnene Writes to a word-addressable, random-access dataset, unbuffered.............. 1247
READ, READP.........cucccvrrereraenene Reads words, full or partial record modes........c..cccenrerunrernrerercessesenesssasenns 12-49
READC, READCP.........ccccovceruvrenen Reads characters, full or partial record mode.................... ... 12-50
READIBM.........comimminereerenarasnesens Reads two IBM 32-bit floating-point Words ...........cecerernrrecrcrenreereesesreivenns 12-51
READMS, READDR.........cccceuunne Reads a record from a random-access dataset ...........ceevrerervenerereereerennsesensens 12-52
RNLFLAG, RNLDELM, RNLSEP,

RNLREP, RNLCOMM............... Adds or deletes characters recognized by NAMELIST .........ccocoeerenrecnnnane 12-54
RNLECHO.........cccoounrivvcreccrcarnene.... Specifies output unit for NAMELIST error messages..........coeeeeeueeerersveverns 12-55
RNLSKIP.......coevervreriecrerrreneioseanes Takes appropriate action with an undesired NAMELIST group ................. 12-56
RNLTYPE ......coiriimimrnnnnenecenenns Determines action if a type mismatch occurs on an input record ............... 12-57
SETSP..ocrererrreceinciessoresesssenssennsnnes Requests notification at the end of a tape volume..........ccccooeeverenvernnnennennns 12-58
SETTP ....coicierinecrcrnennensnnnneeneneeennas Positions a tape dataset OF file........ccceeevrenrencencncrinescesssesesnseeesescsennnas 12-59
SKIPBAD........cccovrvrntrmnecrererecnenssenes SKIPS Dad dALa........cccceeeereriiriirrneeresisicsestsssse e seeenaneseseste e ssasassassssessssnssssensane 12-61
STARTSP.....ocvcvcirirerenesinsseesenrennse. BEZINs user EOV and BOV ProCESSING.......vcecereererareeriessasssmsmsensssasasessseans 12-62
STINDX, STINDR.........cocerememrerenes Allows an index to be used as the current index ......c.cococevenreeveerreeeeesnncncn. 12-63
SVOLPRC......covimeerenererarnnnssraeceans Initializes/fterminates special BOV/EOV processing (obsolete) ................... 12-65
SWITCHV ... Switches tape VOIUME.........ccoueiriarercrernenennmcnrersssesecscsssssnnnssersssasasassessassasacserens 12-66
SYNCH......oooiertcrreresrnrecernreneeens Synchronizes the program and an opened tape dataset............c........... 12-67
SYNCMS, SYNCDR..........cccceeun... Sets I/O mode for random access routines to synchronous..........co.eeeuserene. 12-68
WAITMS, WAITDR........cvmererenne Waits for completion of an asynchronous I/O operation ............ccococereeeunuee. 12-69
WCHECK......oieerirecreessrereseneans Checks word-addressable file SIAMUS ........cccvereveesercrsmnenanensessuecsmesisessanosesenes 12-70
WCLOSE......ccoievrrernrnns ... Closes a word-addressable, random-access dataset ..........ccccererveerrccerenennnes 12-71
WCLOSEU......ccoeeeeierernrersanreresenenas Closes a word-addressable, unbuffered random-access dataset.................... 12-72
WNLFLAG, WNLDELM,

WNLSEP, WNLREP .................. Provides user control of QULPUL...........c.ccoceeiieinencnnrnrereesresnasinsesesenesesaens 12-73
WNLLINE........ceveeeereemrnessenronnns Allows each NAMELIST variable to begin on a new line.............cuu...... 12-74
WNLLONG.....cccoeneervrmrerencnennsanans Indicates output Hne 1ENgh........cccorrercerescnincssesinseresesneararercasseesessassossnens 12-75
WOPEN.......ooerccvermnnicnanrerinasecnsesans Opcns a word-addressable, random-access dataset ... eeveecccvisessesenrecnanens 12-76
WOPENU........ccooiercnrenrannnreeecaans Opens a word-addressable, random-access dataset, unbuffered................... 12-78
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WRITE, WRITEP..........ccccouerueene.. Writes words, full or partial record mode.........oceerveeecen.

12-80

WRITEC, WRITECP..........coeeeno... Writes characters, full or partial record mode..........ccceveveeecrmvinesnieninsnressnsas 12-81
WRITIBM ....ccoconvimmncnnnirncaroneinee. Writes two IBM 32-bit floating-point words ..........vvvesesivescsenisenes 12-82
WRITMS, WRITDR.......cccrcruerenenns Writes to a random-access dataset on disk 12-83
13. DATASET UTILITY ROUTINES

INTRO...cvreerersmisaessesrinsesssisssassssens sensassonsmssaseseses i etererereteastatastse s st aserareseserresenesenseenenerenesaenane 13-1
BACKFILE... Positions a dataset after the previous EOF ..........iinsininnviissinsnne 13-3
COPYR, COPYF, COPYD............. Copies records, files, Or @ QALASEL .........cccvereiesernscsinseensesnesesssnisasassassessrranses 134
CcorPYU Copies either specified sectors or all data to EOD..... 13-5
EODW ......coceteiemecereerensirenenenneneenene. L€ININALES @ dataset by writing EOD, EOF, and EOR1 .13-6
EOF, IEOF .......cccceneniicennnnennnneene. Retums real or integer value EOF status 13-7
JTONY 2 (N Retumns EOF and EOD Status ......ccoevereessencasanseseaes veeenrnennens 13-8
NUMBLKS.....ccocevrsrririencarreroeoreneons Retums the current size of a dataset in 512-word blocks ...coeieeeicecerinannes 139
SKIPD Positions a blocked dataset at EOD ...t ninssessiens 13-10
SKIPR, SKIPF........c..cccosmimcvrrerurans Skip records or files ....... eevereerenesnenmensnes 13-11
SKIPU Skips a specified number of sectors in @ dataset ..........ccvmvveiseresrmscsninesenes 13-13
14. MULTITASKING ROUTINES

INTRO ..ot crnerneseresesieannrasens cerene eevevesneneaertrasher s gae et e etataae et etk et e e ses e etk sanas e nrate e neeeearesanensrten 14-1
BARASGN.......oreverrerrersneersneraesesens Identifies an integer variable t0 use as @ bAITier.......cccovvererverrvrvensrsarersnerens 14.5
BARREL Releases the identifier assigned 10 @ DAITIET........ccovveeierienrianenrensermssisnesisanss 14-6
BARSYNUC .....coovverrerrenreneenrecreesenans Registers the arrival of a task at @ Darrier ..o 14-7
BUFDUMP...... ... Unformatted dump of multitasking history trace buffer.........c.ccocerrreeereene. 14-8
BUFPRINT......... Formatted dump of multitasking history trace buffer........ccerncricnncrrccnines 14-9
BUFTUNE....... Tune parameters controlling multitasking history trace buffer .................... 14-10
BUFUSER Adds entries to the multitasking history trace buffer ..........cccccocereeererrenene. 14-13
EVASGN Identifies an integer variable to be used as an event........c.cccnerncereierencenes 14-14
EVCLEAR Clears an event and returns control to the calling task.......c..eeveereereererenenne 14-15
EVPOST.....covvevereenrerrererrerserscerenans Posts an event and returns control to the calling task..... 14-16
EVREL.....ccocceen. Releases the identifier assigned to the task.........ocoveevrverenvererrerecrennsnsnnenns 14-17
EVTEST Tests an event to determine its posted State .........o.ccecevererene reseeresnensasasnrares 14-18
EVWALIT ....coverecrerernrrensereresssnerssrnnens Delays the calling task until the specified event is posted.........cccoeeeeuereenene. 14-19
JCCYCL ...t reerreseerencsnsenrasissens Retuns maching CyCle tME ... uiiuiisiomiioisisiiasisenessonsesessessescessassesrsresssnsns 14-20
LOCKASGN. ......ccovvmiamimrnenrraranirenes Identifies an integer variable intended for use as a locK.....ccccvevciiccransaranas 14-21
LOCKOFF......coeearmaieeneanenrirennans Clears a lock and retums control to the calling task....... 14-.22
LOCKON......ccoerrrereerenesaeserarieaennann Sets a lock and returns control to the calling task ........cocecveeveevevreencereeecennns 14-23
LOCKREL......coneciercreecreeeen Releases the identifier assigned t0 a I0CK .....coccvveevnncrcnennnsrennnescconensesesene 14-24
LOCKTEST...uvirreerineenneereesressenes Tests a lock to determine its state (locked or unlocked) ...vveveerverrvernvevnennes 14-25
MAXLCPUS .....ccommrnrensererrernsnsnrens Returns the maximum number of 10gical CPUS.....c.vvvvereninrerensserassersssscens 14-26
TSECND.....corirerenrenectemrereeeemes Returns elapsed CPU time for a calling task.........cccevrveesreressenessenerassereanasene 14-27
TSKSTART..... INGLALES @ LASK...cioiierininemsussanssisrecnetesesiaranses s onscmomreressessesessemsasansassassenemssnsas 14-28
TSKTEST ....ooieeeenneeeceeceneanrennes Retumns a value indicating whether the indicatcd task exists..........oevveeenen. 14-29
TSKTUNE.......cocevvniernieresssennensenens Modifies tuning parameters within the library scheduler.......cveveeveicevceenns 14-30
TSKVALUE......ieceneerccrencnnas Retrieves user identifier specified in task control array ..........cceeveeveereenns 14-31
TSKWAIT ..cocciciirnicrnseinnaean Waits for the indicatcd task to complete eXecBtion ..........ocvnemrveercrveennes 14232
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15. TIMING ROUTINES

INTRO i isieeeresiestriensarnnneentesasiessss senrasassssesessassasareassessstessesmessstnssssssssaese sans sasss staseseerernsss saassasensasesesnesantassssnanrsesses 15-1
CLOCK......coimricrrcrnareenmsecssnsesssrenns Returns the current system-Clock tIME .......ccoieerercrncnneerescscssessssaserossscssseanes 15-3
DATE, JDATE.......cccovvvreeeeeeererenes Retumns the current date and the current Julian date.............ccooeereeerervrennens 154
DTTS . Converts ASCII date and time tO LME-SIAMP.......cccccreereerrerrererraresecesaassessens 15-5
RTC, IRTC..covrercciciriirerenennercsrsnns Returns real-time Clock VAIUES......oieveininiinciniisiennsresnssasssssensasarnersssesnassasses 15-6
SECOND. ...t ereerereneneeceeriererenaeaes Retums elapsed CPU time ........ccvverensrevnerenrencene 15-7
TIMEF .....cottiireercicvassenneneeerae e Returns elapsed wall-clock time since the call to 'I'IMEF ........................... 15-8
TREMAIN......coocvrrirreeereieeaenrearennes Returns the CPU time (in floating-point seconds) ..........cceerveeeeeerereraeccrenne- 159
TEDT et s sesesssaeenes Converts time-stamps to ASCII date and time SINES ........eceueveerececercererennee 15-10
TSMT, MTTS ....oooeereeererenecanes Converts time-stamp to a corresponding real-time value, and vice versa... 15-11
UNITTS ...t eererecrtserseeraerennnsrasanes Retumns time-stamp units in specified standard time units..........c.cceeveverernene 15-12

16. PROGRAMMING AID ROUTINES

INTRO ... cereccerterie st ceststssssesesnsons sesesasesssassnssosss sesssatssanesessesens saressssssess seseresssarassassssssssaresnsnsnsssasontassns ssesearserasssnsasen 16-1
CRAYDUMP.......cooevvrrrerrvremrrnenees Prints a memory dump to a specified dataset......ccceevverererenrereereraeseerernesesnnns 163
DUMP, PDUMP............cconecemnrerens Dumps memOory t0 FOUT ... coereiciereresenresesrecarsrsssssessssosseressesssssassasasesess 164
DUMPIJOB........ccovcereerrarrerrranscssarsanne Creates an unblocked dataset containing the user job area image ............. 16-5
FXPveveirerrcvemreeesivse e eenennense s Formats and writes the contents of the Exchange Package ..........ccccceeevneune 16-6
GETNAMEQ........ccceemreverierenerennenenes Retums name of the Caller.........oorirernercececeserrrereneeneseernseenessernesessssaeses 16-7
IGETSEC......cccicminerennenesiennsenans Retums the cycles charged to @ job .......coeveerevenenee. . verrerenes 16-8
PERF........ccccccevtrnrrrecrreessserrennennnennn. PTOVIAES an interface to the hardware performance monitor .............oeee... 169
SETPLIMQ......oeeivereereecceecenranene Initiates detailed tracing of every call and retum........c.cceccveirernevereencnscnnanne 16-12
SNAP........ovrteeecrrerresesrenesesensesnanee. COPi€S current register contents to $OUT.......c..oeveeevrererereseenresraresseresessenens 16-13
SYMDEBUG......cccccrenrersacanmsorororenes Produces a SymbOlC QUMD ...c.eercieeiecevrreenereencerenserenrscsnsississeesessessneressastsssase 16-14
SYMDUMP.....urerieerenenrenrressaraees Produces a snapshot dump of a running program .........ccccevevrereerreeeseresenne 16-16
TRBK ocvereverrreneereenreeeneeecvressenes Lists all subroutines active in the current calling sequence........ceeeeereereren. 16-20
TRBKLVL.....cvinirenenencnrenereecnennas Retums information on current level of calling sequence .........ooeeeeveercrecnene 16-21
XPEMT ......cccovniimnnnenmrssasasesnensnscans Produces a printable image of an Exchange Package ........coccreveecrreriececnnne. 16-22

17. SYSTEM INTERFACE ROUTINES

INTRO ... emttrescensnsensseesssesens sresbosssossssssnsassssssssasssassnsaesess setossnssansanass sossassassarassassssssssss 17-1
ABORT.........coerreecerenrenrernreererenens Requests abort with traceback. teereesnesebtesntantesnessrentesasssisaretarenssaesans 17-5
ACTTABLE ........cccoreeivrrvereseaccannnnne. Retumns the Job Accounting Table (JAT).....cccvrnciinisesanasennnnnssssssssossssanens 176
CCS..urrrrniinncasesionsserssnsmsossseseseses Cracks @ CONMIO] SIALEMENE .......cccerreserrnereeseesessaseseesssrsssessansasssesassassassessarsonses 17-7
CEXPR ....oveveirrrrereeerensnnnnenessesenesenes Cracks an EXPreSSiON.........ceeeesvueesecerersessuesesecersnsssoressssensnsrsaenssssssnsanasassrases 17-8
CLEARBT, SETBT ......ccoccveeverenen. Temporarily disables/enables bidirectional memory transfers .............c.c.... 179
CLEARBTS, SETBTS.................... Permanently disables/enables bidirectional memory transfers...............ce... 17-10
CLEARFI, SETHI ......ccccoeveverurcnaen Temporarily prohibits/permits floating-point intermupts.........cececevevererenrvennes 17-11
CLEAREFIS, SETFIS.......ccoocrurcmnenene Temporarily prohibits/permits floating-point intEITUPLS......c.ceveeeeeerernseiesencns 17-12
CRACK ..covvritiererrenseiissenennecensasses Cracks 2 IrECHVE...cieeeereereriorseressesssssssasessorssrsarossasssssnssasasssssessasnsssarssnarnsassasas 17-13
19):21 57, OO Do nothing for a fixed period of time..........cocieverrecinienieierennencessonsnesenes 17-14
DRIVER........ccuuirrennsremarereererassrenes Programs a Cray channel on an I/O Subsystem (IOS)......cccccevveeenrraenscneneane 17-15
ECHO.......cooeveeritreeerreeenenineenneeen. Tums o0 and off the classes of messages to the user logfile....................... 17-16
END, ENDRPV........ccocvuvrerrecriannen Terminates @ JOD SIEP ..cccviiiiiireiiininicseinrsisenenisecssie st sanensasissssassseans 17-17
ERECALL ......coccceerervesrseasaeeannenens Allows a job to suspend itself until selected events occur .........ecivencnnee 17-18
ERREXIT .....ccccvermrmececissancrensarncans REQUESES @DOM.........ecveiericecereenasssicceeencamsistssiss e sisassssssresossasssssessesesassesasases 17-20
EXIT ...iiiirenmrcscsnsnisinienenssssssnoseanns Exits from a FOrtran Program ...........ceecreesnecsccsescnscssssuonseresssssisssasscssessrenss 1721
GETARG. ... errerceninececenaenes Returns Fortran command-line argument................. rervreeseneaanensenenens 17-22
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GETLPP veee REAUMS LINES PET PAGE...ociirieicnincrcrireninisersassenssinnsmasesassesnnsssseasssssssssssssssases
GETPARAM...........cccoererrerereernnnnnnne. GELS parameters .-
TARGC.......ccorverrerrrnerereererenseennnnense. REIUMS number of command line arguments ..............

ICEIL... Retumns integer ceiling of a rational NUMDBEY ...........cooeeerevnenicnisnesisenersinns
UCOM. Allows a job to communicate with another job.........c..ocuvmnsniniesisisenncrinees
ISHELL Executes a UNICOS shell command

JNAME... Returns the job name ........... ceressensessacnennes
ISYMSET, ISYMGET..........c.ccou.... Changes a value for a JCL symbol ...
LGO..... Loads an absolute program from a datasel ............curermmnnniniernnisnereserenes
LOC .iiiriiirisniencnscsssssssassssssssans Returns memory address of variable Or array............covcevcrecscnnessesensecncncnne
MEMORY ......ocovrirrercccrsuanamsascrsacne Manipulates a job’s memory alloCation ...........coocceuricecrcinsrcscensnsscsnareneens
NACSED......coererrrnrereresransesssnsesnss Returns the edition of a previously-accessed permanent dataset................
OVERLAY .....ocovvevmerenenncerennenranenes Loads an OVerlay ..........cccevvcrrenrecreraremasencessacesesaeresrasees

PPL ...t tcrccesnnensereasnases Processes keywords of a difECHVe.........cerveevniesinionenssinsese s rerseisassesseaens
REMARK?2, REMARK................... Enters a message in the user and system Jog files .......cccocervverrerrcrereersenns
REMARKEF........cccoeenecrnncnrsrmnerarsenaes Enters a formatted message in the user and system logfiles........................
RERUN, NORERUN........ccccceccrenn. Declares a job rerunnable/not rerunnable .........cccoveeveeevsrcceeriaresssnsnessssanes
SENSEBT Determines whether bidirectional memory transfer is enabled ...................
SENSEHFI ... Determines if floating-point interrupts are permitied .........ccoccoceerenseressaenes
SETRPV ....erctrirecnsisssenaressesesnans Conditionally transfers control to a specified routine............covverueresseresncsnas
SMACH, CMACH........cwcnceee. Returns machine epsilon, small/large normalized numbers ............cccecrenne
SSWITCH.......covvveicenrirrecrarcsascarees TESLS the SENSE SWILCH ...vvecueeerrcreniresiieiseseseccecnseevereasieneesitsasssasene
SYSTEM ..... Makes requests of the operating SyStem......cuvueeivivecerimuemmnreincesrsnsmmssasserssens

18. INTERFACE TO C LIBRARY ROUTINES

-------------------------------------------------------------------------------------------

.......................................... Gets an option letter from an argument VECIOT........cvocevvereresnenrerasissseseresnans
.......................................... Gets name of current Operating SYSIEM.........c.c.covereereereersarereensaesesesssasessasans

19. MISCELLANEOQUS UNICOS ROUTINES

INTRO Heeenenern b bt e st ses e s R s st et s e s st ar Rt see R st anter e enaR e e sh st sbetesenraens
CUISES c..comevemssesaesrernonsassassasarensensseseans Updates CRT SCIELNS ......ccorrcreeriesesessenrsrssensessassesresassens

xio -... Text interface to the X Window SySteMl.........cereeceisienrnrenrreinsserernssesensererens
D € 11+ OO ORI OO O C Language X Window System Interface Library .........cccccoevereeeeieververenene.
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1. INTRODUCTION
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This manual describes Fortran programming subprograms provided in the standard COS libraries
$ARLIB, SFTLIB, $IOLIB, $SCILIB, $SYSLIB, and SUTLIB, and those subprograms supported by UNICOS
on the CRAY Y-MP, CRAY X-MP, and CRAY-1 computer systems. The Cray Assembly Language (CAL)
subprograms and subprograms called by code gencrated by the Cray Fortran compiler or the Cray Pas-
cal compiler are described in Volume 6: UNICOS Internal Library Reference Manual, publication
SM-2083, Routines generated in the form of in-line code are generally not included in this manual, but
they are described in the Fortran (CFT) Reference Manual, publication SR-0009, and the CFI77 Refer-
ence Manual, publication SR-0018.

The routines are divided into functional sections. A brief description of each section follows:

Section
1
2

10

11

12

13
14
15
16

17

Description
Introduction

Common Mathematical Subprograms - General arithmetic, exponentiation, loga-
rithmic, trigonometric, character, type conversion, and Boolean functions

COS Dataset Management Subprograms - COS Job Control Language (JCL) routines

Linear Algebra Subprograms - Basic linear algebra, linear recurrence, matrix inverse
and multiplication, filter, gather/scatter, and LINPACK/EISPACK routines

Fast Fourier Transform Routines - Computing Fourier analysis and Fourier synthesis
routines

Search Routines - Maximum and minimum search and vector search routines
Sorting Routines - ORDERS optimized sort routine

Conversion Subprograms - Foreign dataset conversion (IBM, CDC, and VAX),
numeric conversion, and miscellaneous conversion routines

Packing Routines - Packing and unpacking data routines

Byte and Bit Manipulation Routines - Routines for comparing, moving, and search-
ing at the element level

Heap Management and Table Management Routines - Routines for manipulating and
managing memory within heaps and tables

I/O Routines - Dataset positioning, auxiliary NAMELIST, logical record, random
access dataset, and output suppression routines

Dataset Utility Routines - Routines for positioning, copying, and skipping datasets
Muliitasking Routines - Task, lock, event, and history trace buffer routines
Timing routines - Time-stamp and time/date routines

Programming Aids Routines - Flowtrace, traceback, dump, Exchange Package pro-
cessing, and hardware performance routines

System Interface Routines - JCL symbol, control statement processing, job control,
floating-point interrupt, bidirectional memory transfer, and special purpose interface
routines
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Section Description

18 Interfaces to C Library Routines - C library interface routines available under
UNICOS and documented in the CRAY Y-MP, CRAY X-MP, and CRAY-1 C Library
Reference Manual, publication SR-0136 C, and the UNICOS System Calls Reference
Manual, publication SR-2012.

19 Miscellaneous UNICOS Routines - X Window System routines and libraries,

SUBPROGRAM CLASSIFICATION

Unless otherwise noted, all routines in this manual are described as Fortran subroutines or functions. In
some cases (e.g., SECOND), the routine may be called as either a subroutine or a function. The Fortran
compilers will, however, enforce consistency in any one compilation unit.

Programs written in C can call library functions intended for use by Fortran programs. The C program-
mer is responsible for passing arguments by address and not by value, as is the normal case in C.

C programs can also be written to accommodate Fortran users. Such programs must be written to
accept arguments passed by address rather than passed by value, as in the normal case in C.

Pascal programs can call library functions intended for use by Fortran programs. Similarly, Fortran
codes can invoke subroutines and functions written in Pascal. Unlike C, the Pascal compiler passes all
arguments by address, and supports several predefined conversion functions to facilitate communication
with Fortran routines. See the Pascal Reference Manual, publication SR-0060, for information regarding
parameter passing, data formats, and restrictions.

LINKAGE METHODS

SR-0113

The externally-callable library routines are accessed by one of two methods: call-by-address or call-by-
value. Subroutines are always called by address. Fortran accesses intrinsic library functions or user
functions named in a VFUNCTION directive in either call-by-address or call-by-value mode, depending
on Context.

In call-by-address mode, addresses of arguments are stored sequentially in memory. Functions return
their results in registers. Subroutines return results through their argument lists (for information on the
calling sequence, see the Macros and Opdefs Reference Manual for CRAY Y-MP, CRAY X-MP EA,
CRAY X-MP, and CRAY-1 Computer Systems, CRI publication SR-0012).

In call-by-value mode, arguments are loaded into either scalar (S) or vector (V) registers, and the func-
tion returns its result in S1 or V1. 82 or V2 is used for complex or double-precision functions. Vector
functions must also have the vector length present in the vector length (VL) register,

Linkage macros generate code to handle subprogram linkage between compiled routines and CAL-
assembled routines, These linkage macros and their uses follow.

Macro Description

CALL Provides linkage to call-by-address routines

CALLV Provides linkage to call-by-value routines

ENTER Reserves space for parameter addresses, saves
B and T registers, and sets up traceback linkage

EXIT Initiates a return from a routine to its caller and

restores any B or T registers not considered scratch

1-2 D
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Linkage macros should be used whenever possible to maintain compatibility with future CRI software.
See the Macros and Opdefs Reference Manual for CRAY Y-MP, CRAY X-MP EA, CRAY X-MP, and
CRAY-1 Computer Systems, CRI publication SR-0012), for detailed descriptions of linkage macros and
linkage conventions.

All Cray library subroutines can use any of the A, S, V, VL, VM, B70 through B77, and T70 through
T77 registers as scratch registers; therefore, the calling routine should not depend on any of these regis-
ters being preserved. These routines, however, preserve the contents of registers BO1 through B65 and
TOO through T67 (all registers are numbered in octal).

NOTE

CRI reserves the right to make future use of any of the

A, S, V, VL, VM, B66-B77, and T70-T77 registers in any
library subroutine. You cannot depend on the contents

of these registers being preserved in any library

routine.

CRI also reserves subroutine names beginning with the characters
100 for internal use only.

1-3 D
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2. COMMON MATHEMATICAL SUBPROGRAMS
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The math library contains routines that are accessible to Cray Fortran (CFT and CFT77), Cray C, and
Cray Assembly Language (CAL).

This introductory section is divided into the following categories of mathematical routines:
* General arithmetic functions
» Exponential and logarithmic functions
o Trigonometric functions
e Character functions
e Type conversion functions
e Boolean functions

In this section, each category of routines is given a general introduction. The routines are then listed in
tabular form, displaying purpose, name, and manual entry (the name of the manual page containing
documentation for the routine).

Following this introductory section, the manual pages for the routines appear in alphabetical order, usu-
ally by generic function name.

Generic function names are function calls that cause the Fortran compiler to automatically compile the
appropriate data type version of a routine, based on the type of the input data. For example, a call to
the generic function LOG with type complex input data will compile as CLOG.

In general, real functions have no prefix, integer functions are prefixed with I, double-precision func-
tions are prefixed with D, and complex functions are prefixed with C (for example ABS, IABS, DABS,
and CABS). Arguments are given in their type: real, integer, complex, logical, Boolean, and double
(double precision); results are given as r, i, z, /, b, and d for real, integer, complex, logical, Boolean,
and double precision, respectively. Functions with a type different from their arguments are noted.
Real functions are usually the same as the generic function name.

The math routines available through the normal C calling sequence, identifiecd by lowercase names,
have the appropriatc declarations listed in the Synopsis section of their manual pages. To assure a clear
distinction between Fortran and C information, headings of "Fortran:" and "C:" are used in the Synopsis
and Notes sections of relevant manual pages — even when only one language is mentioned on a page.

The documentation for some of the most often used math library routines also contains information on
Cray Assembly Language (CAL) register usage.

For more information on calling library routines from various programming languages, see the Notes on
Calling Functions from Fortran, C, or Cray Assembly Language (CAL), in the Preface of this manual.
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General Arithmetic Functions

The general arithmetic functions are based upon ANSI standards for Fortran and C, with the exception
of the pseudo-random number routines (RANF, RANGET, and RANSET), which are CRI extensions,

In the routine descriptions, complex arguments are represented such that
X=x.+1* x;

where x, is the real portion and i * x; is the imaginary portion of the complex number. Arguments
and results are of the same type unless otherwise indicated.

Base values raised to a power and 64-bit integer division are implicitly called from Fortran.

The following table contains the purpose, name, and manual entry of each general arithmetic function.
The "manual entry” is the name of the manual page containing documentation for the routine(s) listed.

General Arithmetic Functions

Purpose Name Manual Entry
Compute absolute value for real, ABS ABS
integer, double-precision, and TABS
complex numbers DABS
CABS

Compute the imaginary portion of a AIMAG AIMAG
complex number

Compute real and double-precision AINT AINT
truncation - DINT

Compute the conjugate of a complex CONJG CONJG
number

Find the positive difference of DIM DIM
real, integer, or double-precision IDIM

numbers DDIM

Compute the double-precision product | DPROD DPROD
of two real numbers

Remainder of x/x, MOD MOD
for integer, real, and double- AMOD
precision numbers DMOD
Find the nearest whole number for ANINT ANINT
real and double-precision numbers DNINT
Find the nearest integer for real NINT NINT
and double-precision numbers IDNINT
Obtain and establish a pseudo- RANGET
random number seed RANSET
RAN

Obtain the first or next number in RANF
a series of pseudo-random numbers
Transfer the sign of a real, integer, SIGN SIGN
or double-preciston number ISIGN

DSIGN

SR-0113 22 D
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Exponential and Logarithmic Functions

INTRO(3X)

The CRI exponential and logarithmic functions are similar to the ANSI standard functions. Each func-
tion has variations for real, double-precision, and complex values except the common logarithm func-
tion, which only addresses real and double-precision values. Complex arguments are represented such

that

xX=x4+i*x

where x, is the real portion and i * x; is the imaginary portion of the complex number.

The following table contains the purpose, name, and manual entry of each exponential and logarithmic

function.

The "manual entry” is the name of the manual page containing documentation for the routine(s) listed.

Exponential and Logarithmic Functions

Purpose Name Manual Entry

Compute the natural logarithm for ALOG LOG
real, double-precision, and DLOG
complex numbers CLOG
Compute the common logarithm for real | ALOG10 | LOGI0
and double-precision numbers DLOG10
Compute exponents for real, double- EXP EXP
precision, and complex numbers DEXP

CEXP
Compute the square root for real, SQRT SQRT
double-precision, and complex numbers | DSQRT

CSQRT
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Trigonometric Functions

The trigonometric functions are based on the ANSI standard for Fortran and C, except for the cotangent
function, which is a CRI extension.

The following table contains the purpose, name, and manual entry of each trigonometric function.
The "manual entry" is the name of the manual page containing documentation for the routine(s) listed.

Trigonometric Functions
Purpose Name Manual Entry
Compute the arcsine for real and ASIN ASIN
double-precision numbers DASIN
Compute the arccosine for real and ACOS ACOS
double-precision numbers DACOS
Compute the arctangent with one ATAN ATAN
real or double-precision argument DATAN
Compute the arctangent with two ATAN2 ATAN2
real or double-precision arguments DATAN2
Compute the cosine for real, double- COS COS
precision, and complex numbers DCOS
CCOS
Compute the hyperbolic cosine for real COSH COSH
and double-precision numbers DCOSH
Compute the sine for real, double- SIN SIN
precision, and complex numbers DSIN
CSIN
Compute the hyperbolic sine for real SINH SINH
and double-precision numbers DSINH
Compute the tangent for real and TAN TAN
double-precision numbers DTAN
Compute the cotangent for real and CoT coT
double-precision numbers DCOT
Compute the hyperbolic tangent for real | TANH TANH
and double-precision numbers DTANH
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Character Functions

Character functions compare strings, determine the lengths of strings, and return the index of a sub-
string within a string. The character functions are ANSI standard functions.

The comparison functions return a logical value of true or false when two character arguments are com-
pared according to the ANSI collating sequence. These four functions are found under the entry
LGEQGF).

The routines for determining the length of a string and the index of a substring are found under the
entriecs LEN(3F) and INDEX(3F), respectively.

Type Conversion Functions

Type conversion functions change the type of an argument. The following table contains the purpose,
name, and manual entry of each type conversion routine.

The "manual entry” is the name of the manual page containing documentation for the routine(s) listed.

In the routine description, complex arguments are represented such that x =x,+1* x;, Arguments
and results are of the same type, unless indicated otherwise.

Type Conversion Routines
Purpose __ Name Manual Entry
Convert type character to integer ICHAR
CHAR
Convert type integer to character CHAR
Convert to type complex CMPLX | CMPLX
Convert to type double precision DBLE
DBLE
Convent integer to double precision | DFLOAT
Convert to type integer INT INT
IFIX
IDINT
Convert a 64-bit integer to a INT24
24-bit integer
INT24
Convert a 24-bit integer to a LINT
64-bit integer
Convert to type real REAL REAL
FLOAT
SNGL
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Boolean Functions
The Boolean functions perform logical operations and bit manipulations.

The scalar subprograms in the following table are extemal versions of Fortran in-line functions. These
functions can be passed as arguments to user-defined functions. They are all called by address; results
are returned in register S1, All Boolean functions are CRI extensions.

The "manual entry” is the name of the manual page containing documentation for the routine(s) listed.

Boolean Arithmetic Routines
Purpose Name Manual Entry
Compute the logical product AND AND
Compute the logical complement COMPL | COMPL
Compute the logical equivalence EQV EQV
Count the number of leading 0 bits LEADZ | LEADZ
Return a bit mask MASK MASK
Compute the logical difference (same as XOR) NEQV NEQV
Compute the logical sum OR OR
Count the number of bits set to 1 POPCNT | POPCNT
Compute the bit population parity POPPAR | POPPAR
Perform a left circular shift SHIFT SHIFT
Perform a left shift with zero fill SHIFTL | SHIFTL
Perform a right shift with zero fill SHIFTR | SHIFTR
Compute the logical difference (same as NEQV) | XOR NEQV
SEE ALSO

Fortran (CFT) Reference Manual, publication SR-0009

CFT77 Reference Manual, publication SR-0018

Cray C Reference Manual, publication SR-2024
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NAME
ABS, 1ABS, DABS, CABS — Computes absolute value

SYNOPSIS

Fortran:

r = ABS(real)

i = TABS(integer)
DABS(double)
CABS(complex)

K
Il

CAL register usage:

Scalar IABS:

IABS% (call by register)

on entry (S1) = argument
on exit (81) = result
Scalar DABS:

DABS% (call by register)
on entry (S1) and (S2) = argument

on exit (S1) and (S2) = result
Scalar CABS: Vector CABS:
CABS% (call by register) %CABS% (call by register)
on entry (S1) and (S2) = argument on entry (V1) = argument vector 1 (real portion)
on exit (S1) = result (V2) = argument vector 2 (imaginary portion)
on exit (V1) = result vector
DESCRIPTION

These functions evaluate y =] x | , except for CABS, which evaluates
y=[ &+ x)?].

ABS retumns the real absolute value of its real argument.

IABS retumns the integer absolute value of its integer argument.

DABS returns the double-precision absolute value of its double-precision argument.
CABS recturns the real absolute value of its complex argument.

ABS is the generic function name.
ABS, IABS, DABS, and CABS are intrinsic for CFT and CFT77.
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ARGUMENT RANGE
ABS, IABS, DABS:

lx]<o (= 10%%)

CABS:
[xc | 4] % [< o0

IMPLEMENTATION
These routines are available to users of both the COS and UNICOS operating systems,

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full

Code generation: ABS, IABS, DABS: In-line
CABS: External

RETURN VALUE
When the correct value would overflow, CABS aborts with a floating-point error.
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NAME
ACOS, DACOS, acos — Computes arccosine

SYNOPSIS
Fortran: C:
r = ACOS(real) #include <math.h>
d = DACOS(double) double acos(x)
double x;

CAL register usage:

Scalar ACOS: Vector ACOS:

ACOS% (call by register) %ACOS% (call by register)

on entry (S1) = argument on entry (V1) = argument vector

on exit (S1) = result on exit (V1) = result vector

Scalar DACOS: Vector DACOS:

DACOS% (call by register) %DACOS% (call by register)

on entry (S1) and (S2) = argument on entry (V1) and (V2) = argument vector

on exit (S1) and (S2) = result on exit (V1) and (V2) = result vector
DESCRIPTION

These functions evaluate y = arccos(x).

ACOS and acos (callable only from C programs) return the real arccosine of their real argument.
DACOS returns the double-precision arccosine of its double-precision argument.

ACOS is the generic function name.
ACOS and DACOS are intrinsic for CFT and CFT77.

ARGUMENT RANGE
[x|<10

IMPLEMENTATION
These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: External
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ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: Extemal
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NAME
AIMAG - Compuies imaginary portion of a complex number

SYNOPSIS
Fortran:
r = AIMAG(complex)

DESCRIPTION

This function evaluates
y=x.

AIMAG returns the imaginary portion of its complex argument.
AIMAG is intrinsic for CFT and CFT77.

ARGUMENT RANGE
|x,|,|xi|<oo (0'0'-"'-10 EED
EXAMPLE

PROGRAM AIMTEST
REAL RESULT
RESULT=AIMAG((1.0,2.0))
PRINT *, RESULT

STOP

END

The preceding program gives the imaginary portion of the complex number (1.0,2.0). After running the pro-
gram, RESULT=2.0.

IMPLEMENTATION
This routine is available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: In-line
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NAME
AINT, DINT -~ Computes real and double-precision truncation

SYNOPSIS
Fortran:
r = AINT(real)
d = DINT(double)
DESCRIPTION

These functions evaluate y = | x] without rounding.

AINT truncates the fractional part of its real argument. The fractional part is lost (not rounded).
DINT truncates the fractional part of its double-precision argument. The fractional part is lost (not
rounded).

AINT is the generic function name.

AINT and DINT are intrinsic for CFT and CFT77.
ARGUMENT RANGE

AINT:

x| < 2%

DINT:
| x| < 2%

IMPLEMENTATION
These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full

Code generation: AINT: In-line
DINT: External
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NAME

ALOG(3M)

ALOG, DLOG, CLOG, log — Computes natural logarithm

SYNOPSIS
Fortran:

r = ALOG(real)
DLOG(double)
z = CLOG(complex)

CAL register usage:

Scalar ALOG:

ALOG% (call by register)

on entry (S1) = argument

on exit (S1) = result

Scalar DLOG:

DLOG% (call by register)

on enry (S1) and (S2) = argument

on exit (S1) and (S2) = result

Scalar CLOG:

CLOG% (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (S2) = result
DESCRIPTION

These functions evaluate y = In(x).

C:

#include <math.h>
double log(x)
double x;

Vector ALOG:
%ALOG% (call by register)

on entry (V1) = argument vector
on exit (V1) = result vector
Vector DLOG:

%DLOG% (call by register)

on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector
Vector CLOG:

%CLOG% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

ALOG and log (callable only from C programs) return the real natural logarithm of their real argument.
DLOG returns the double-precision natural logarithm of its double-precision argument.
CLOG returns the complex natural logarithm of its complex argument.

LOG is the generic function name.

ALOG, DLOG, and CLOG are intrinsic for CFT and CFT77.

ARGUMENT RANGE

(e = 10%%%)

0<x <o

IMPLEMENTATION

These routines are available to users of both the COS and UNICOS operating systems.
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NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: Extemal

ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: External
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NAME
ALOG10, DLOG10, log10 — Computes common logarithm

SYNOPSIS
Fortran; C:
r = ALOG10(real) #include <math.h>
= DLOG10(double) double log10(x)
double x;

CAL register usage:

Scalar ALOG10: Vector ALOG10:

ALOG10% (call by register) %ALOG10% (call by register)

on entry (S1) = argument on entry (V1) = argument vector

on exit (S1) = result on exit (V1) = result vector

Scalar DLOG10: Vector DLOG10:

DLOG10%  (call by register) %DLOG10% (call by register)

on entry (S1) and (S2) = argument on entry (V1) and (V2) = argument vector

on exit (S1) and (S2) = result on exit (V1) and (V2) = result vector
DESCRIPTION

These functions evaluate y = log(x).

ALOG10 and logl0 (callable only from C programs) return the real common logarithm of their real
argument.
DLOGI10 retums the double-precision common logarithm of its double-precision argument.

LOG10 is the generic function name.
ALOG10 and DLOG10 are intrinsic for CFT and CFT77.

ARGUMENT RANGE
O<x <o (o= 10%%)

IMPLEMENTATION
These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: External
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ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: Extemnal
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NAME

AND - Computes logical product

SYNOPSIS
Fortran:

I = AND(logical logical)
b = AND(arg.arg)

DESCRIPTION

arg = CFT77:. type Boolean, integer, real, or pointer
CFT: type Boolean, integer, or real

AND(3M)

When given two arguments of type logical, AND computes a logical product and returns a logical result.
When given two arguments of type Boolean, integer, real, or pointer, AND computes a bit-wise logical
product and returns a Boolean result.

AND is intrinsic for CFT and CFT77.

The following tables show both the logical product and bit-wise logical product:

Logical Variable 1 | Logical Variable 2 | (Logical Variable 1) AND (Logical Variable 2)
T T T
T F F
F T F
F F F
Bit of Variable 1 | Bit of Variable 2 | (Bit of Variable 1) AND (Bit of Variable 2)
1 1 ]
1 0 0
0 1 0
0 0 0

IMPLEMENTATION

This routine is available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:

ANSI Fortran 77 standard or Cray extension to standard: Cray extension

Level of vectorization: Full
Code generation: In-line

SR-0113
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CAUTIONS

Unexpected results can occur when Boolean functions are declared external and then used with logical
arguments. The external Boolean functions always treat their arguments as type Boolean and return a
Boolean resuit.

EXAMPLES

The following section of Fortran code shows the AND function used with two arguments of type
logical:

LOGICAL L1,L2, 13

L3 = AND(L1,L2)
The following section of Fortran code shows the AND function used with two arguments of type
integer. The bit pattemns of the arguments and result are also given. For clarity, an 8-bit word is used
instead of the actual 64-bit word.

INTEGER 11, 12, I3

I3 = AND(IL,I2)

lo]JofoJof1[1]o]o0]

I1

[oJojojof1fof1]0]

12

[oJoJofof1[ofofo]

I3
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NAME
ANINT, DNINT - Finds nearest whole number

SYNOPSIS
Fortran:
r = ANINT(real)
d = DNINT(double)
DESCRIPTION
These functions find the nearest whole number for real and double-precision numbers by using the fol-
lowing equations:
y=Llx+5] if x20
y=lx-5] if x<0
ANINT retumns the real nearest whole number for its real argument.
DNINT returns the double-precision nearest whole number for its double-precision argument.

ANINT is the generic function name.
ANINT and DNINT are intrinsic for CFT and CFT77.

ARGUMENT RANGE
ANINT:

| x | < 246

DNINT:
| x]< 2%

IMPLEMENTATION
These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full

Code generation: ANINT: In-line
DNINT: External
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NAME
ASIN, DASIN, asin — Computes arcsine

SYNOPSIS
Fortran:

r = ASIN(real)
d = DASIN(double)

CAL register usage:

Scalar ASIN:

ASIN%  (call by register)

on entry (S1) = argument

on exit (S1) = result

Scalar DASIN:

DASIN%  (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (S2) = result
DESCRIPTION

These functions evaluate y = arcsin(x).

ASIN(3M)

C:

#include <math.h>
double asin(x)
double x;

Vector ASIN:

%ASIN% (call by register)
on entry (V1) = argument vector
on exit (V1) = result vector

Vector DASIN:

%DASIN% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

ASIN and asin (callable only from C programs) return the real arcsine of their real argument.
DASIN returns the double-precision arcsine of its double-precision argument.

ASIN is the generic function name.

ASIN and DASIN are intrinsic for CFT and CFT77.

ARGUMENT RANGE
[x|<10

IMPLEMENTATION

These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:

ANSI Fortran 77 standard or Cray extension to standard: ANSI standard

Level of vectorization: Full
Code generation: External
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C:
ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: Extemal
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NAME

ATAN(3M)

ATAN, DATAN, atan — Computes arctangent for single argument

SYNOPSIS
Fortran:

r = ATAN(real)
d = DATAN(double)

CAL register usage:

Scalar ATAN:

ATAN%  (call by register)
on entry (S1) = argument
on exit (S1) = result

Scalar DATAN:

DATAN% (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (S2) = result
DESCRIPTION

These functions evaluate y = arctan(x).

C.

#include <math.h>
double atan(x)
double x;

Vector ATAN:
%ATAN% (call by register)

on entry (V1) = argument vector
on exit (V1) = result vector
Vector DATAN:

%DATAN% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

ATAN and atan (callable only from C programs) return the real arctangent of their real argument.
DATAN returns the double-precision arctangent of its double-precision argument.

ATAN is the generic function name.

ATAN and DATAN are intrinsic for CFT and CFT77.

ARGUMENT RANGE
(0 = 10%%)

| x| < oo

IMPLEMENTATION

These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:

ANSI Fortran 77 standard or Cray extension to standard: ANSI standard

Level of vectorization: Full
Code generation: Extemal
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ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: Extemnal
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NAME

ATAN2(3M)

ATAN2, DATAN2, atan2 — Computes arctangent for two arguments

SYNOPSIS
Fortran:

r = ATAN2(real real)
d = DATAN2(double,double)

CAL register usage:

Scalar ATAN2:

ATAN2% (call by register)
on eantry (S1) = argument 1
(S2) = argument 2

on exit (S1) = result

Scalar DATAN2:

DATAN2%  (call by register)
on entry (S1) and (S2) = argument 1
(S3) and (S4) = argument 2

on exit (S1) and (S2) = result

DESCRIPTION
These functions evaluate

y = arctan (x /x,).

C:

#include <math.h>
double atan2(x1,x2)
double x1,x2;

Vector ATAN2:

%ATAN2% (call by register)
on entry (V1) = argument vector 1
(V2) = argument vector 2

on exit (V1) = result vector

Vector DATAN2:

%DATAN2% (call by register)
on entry (V1) and (V2) = argument vector 1
(V3) and (V4) = argument vector 2

on exit (V1) and (V2) = result vector

ATAN2 and atan2 (callable only from C programs) return the real arctangent of the quotient of their

real arguments.

DATAN?2 returns the double-precision arctangent of the quotient of its double-precision arguments.

ATAN2 is the generic function name.

ATAN2 and DATAN2 are intrinsic for CFT and CFT77.

ARGUMENT RANGE

|x1],]x2]<o, |x;] and | x| are not both zero.

IMPLEMENTATION

(0o = lom)

These routines are available to users of both the COS and UNICOS operating systems.
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NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: Extemnal

ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: External
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NAME

CHAR, ICHAR - Converts integer to character and vice versa (Cray Fortran intrinsic function)

SYNOPSIS

ch=CHAR(integer)
ch=CHAR(boolean)

i=ICHAR(char)

DESCRIPTION

CHAR (inline Fortran code) and ICHAR are inverse functions. CHAR (type character) converts an
integer or Boolean argument to a character specified by the ASCII collating sequence. Type conversion
routines assign the appropriate type to Boolean arguments without shifting or manipulating the bit pat-
terns they represent. For example, CHAR() returns the ith character in the collating sequence. integer
must be in the range 0 to 255.

ICHAR (type integer) converts a character to an integer based on the character position in the collating
sequence.

IMPLEMENTATION

SR-0113

These routines are available to users of both the COS and UNICOS operating systems.
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NAME
CMPLX — Converts to type complex

SYNOPSIS
Fortran:
¢ = CMPLX(arg;,[,arg,])

DESCRIPTION
This function converts one or two arguments into type complex.

Complex and 24-bit integer arguments use a single argument.
Integer, Boolean, real, and double-precision arguments can use either one or two arguments,

Type conversion routines assign the appropriate type to Boolean arguments without shifting or manipu-
lating the bit patterns they represent.

If two arguments are used, they must be of the same type.
The following cases represent the evaluation of CMPLX when using two arguments:

CMPLX(L,J) gives the value FLOAT(I)+i*FLOAT(J)
CMPLX(x,y) gives the complex value x +i*y

The following cases represent the evaluation of CMPLX when using one argument:
CMPLX(X) gives the value X+i*0
CMPLX() gives the value FLOAT(@)+i*0 _
CMPLX(C) where C is a complex number, gives the complex value x+i*y; that is,
CMPLX(C)=C.
CMPLX is intrinsic for CFT and CFT77.

ARGUMENT RANGE
Complex, real, double precision:

|x <o (o= 10%%)
Integer:

[x|< 2%

Integer (24-bit) (CFT only):

|x <22

IMPLEMENTATION
This routine is available to users of both the COS and UNICOS operating systems.
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NOTES
Fortran:

ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: In-line
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NAME
COMPL - Computes logical complement

SYNOPSIS
Fortran:
1 = COMPL(logical)
b = COMPL(arg)

DESCRIPTION

arg = CFT: type Boolean, integer, or real
CFT77: type Boolean, integer, real, or pointer

When given an argument of type logical, COMPL computes a logical complement and returns a logical
result.

When given an argument of type integer, real, Boolean, or pointer, COMPL computes a bit-wise logical
complement and returns a Boolean result.

COMPL is intrinsic for CFT and CFT77.

The following tables show both the logical complement and bit-wise logical complement:

Logical Variable | COMPL (Logical Variable)
T F
F T

Bit of Variable | COMPL (Bit of Variable)
1 0
0 1

IMPLEMENTATION
This routine is available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: Cray extension
Level of vectorization: Full
Code generation: In-line

CAUTIONS

Unexpected results can occur when Boolean functions are declared external and then used with logical
arguments. The external Boolean functions always treat their arguments as type Boolean and return a
Boolean result.

SR-0113 2-29 D



COMPL (3M) COMPL (3M)

EXAMPLES

The following section of Fortran code shows the COMPL function used with an argument of type
logical:

LOGICAL L1, L2

L2 = COMPL(L1)
The following section of Fortran code shows the COMPL function used with an argument of type
integer. The bit patterns of the argument and result are also given. For clarity, an 8-bit word is used
instead of the actual 64-bit word.

INTEGER 11, 12

12 = COMPL(I1)

[1ft]1[1]ofoo]o]
1l

loJoJoJofr[1]1]1]
’ 12
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NAME
CONJG — Computes conjugate of a complex number

SYNOPSIS
Fortran:
z = CONJG(complex)

DESCRIPTION

This function evaluates

y=x,—i% x;.

CONJG returns the complex conjugate of a complex number.
CONJG is intrinsic for CFT and CFT77.

ARGUMENT RANGE
[x: ], 1xi <o (0 =107

IMPLEMENTATION

This routine is available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: In-line

EXAMPLE

PROGRAM CONTEST
COMPLEX ARG, RESULT
ARG=(3.0,4.0)
RESULT=CONJG(ARG)
PRINT *RESULT

STOP

END

The preceding program gives RESULT = (3.,-4.).
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NAME

COS, DCOS, CCOS, cos — Computes cosine

SYNOPSIS

Fortran:

COS(real)
DCOS(double)
CCOS(complex)

r
d

z

CAL register usage:

Scalar COS:

COS% (call by register)

on entry (S1) = argument

on exit (S1) = result

Scalar DCOS:

DCOS% (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (S2) = result

Scalar CCOS:

CCOS% (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (S2) = result
DESCRIPTION

These functions evaluate y = cos(x).

COS (3M)

C:

#include <math.h>
double cos(x)
double x;

Vector COS:

%COS% (call by register)
on entry (V1) = argument vector
on exit (V1) = result vector

Vector DCOS:

%DCOS% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

Vector CCOS:

%CCOS% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

COS and cos (callable only from C programs) return the real cosine of their real argument.
DCOS retumns the double-precision cosine of its double-precision argument.
CCOS returns the complex cosine of its complex argument.

COS is the generic function name.

COS, DCOS, and CCOS are intrinsic for CFT and CFT77.
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ARGUMENT RANGE
COS:

| x| <2

DCOS:

|x|<2%

CCOS:
[x, |<2®, |x;]<2? * In2

IMPLEMENTATION
These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:
ANSI Fortran 77 standard or Cray extension to standard: ANSI standard
Level of vectorization: Full
Code generation: External

ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: External
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NAME

COSH(3M)

COSH, DCOSH, cosh — Computes hyperbolic cosine

SYNOPSIS
Fortran:

r = COSH(real)
d = DCOSH(double)

CAL register usage:

Scalar COSH:

COSH% (call by register)

on entry (S1) = argument

on exit (S1) = result

Scalar DCOSH:

DCOSH%  (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (82) = result
DESCRIPTION

These functions evaluate y = cosh(x).

C:

#include <math.h>
double cosh(x)
double x;

Vector COSH:

%COSH% (call by register)
on entry (V1) = argument vector
on exit (V1) = result vector

Vector DCOSH:

%DCOSH% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

COSH and cosh (callable only from C programs) return the real hyperbolic cosine of their real argu-

ment.

DCOSH returns the double-precision hyperbolic cosine of its double-precision argument.

COSH is the generic function name.

COSH and DCOSH are intrinsic for CFT and CFT77.

ARGUMENT RANGE
|x|<2P* In2

IMPLEMENTATION

These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:

ANSI Fortran 77 standard or Cray extension to standard: ANSI standard

Level of vectorization: Full
Code generation: External
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C:
ANSI C standard or Cray extension to standard: ANSI standard
Level of vectorization: None
Code generation: Extemal
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NAME
COT, DCOT - Computes cotangent

SYNOPSIS
Fortran:
r = COT(real)
d = DCOT(double)

CAL register usage:

Scalar COT:

COT% (call by register)

on entry (S1) = argument

on exit (S1) = result

Scalar DCOT:

DCOT%  (call by register)

on entry (S1) and (S2) = argument

on exit (S1) and (52) = result
DESCRIPTION

These functions evaluate y = cot(x).

COT(3M)

Vector COT:
%COT% (call by register)

on entry (V1) = argument vector
on exit (V1) = result vector
Vector DCOT:

%DCOT% (call by register)
on entry (V1) and (V2) = argument vector
on exit (V1) and (V2) = result vector

COT returns the real cotangent of its real argument.
DCOT returns the double-precision cotangent of its double-precision argument.

COT is the generic function name,

COT and DCOT are intrinsic for CFT and CFT77.

ARGUMENT RANGE

Ix|<2®

IMPLEMENTATION

These routines are available to users of both the COS and UNICOS operating systems.

NOTES
Fortran:

ANSI Fortran 77 standard or Cray extension to standard: Cray extension

Level of vectorization: Full
Code generation: External

SR-0113



DBL_PREC(3M)

NAME

DBL_PREC (3M)

DASS, DASV, DAVS, DAVV, DDSS, DDSV, DDVS, DDVV, DMSS, DMSV, DMVS, DMVV, DSSS, DSSV,
DSVS, DSVV — Performs double-precision arithmetic

DESCRIPTION

Double-precision arithmetic routines include addition (D+D), division (D/D), multiplication (D*D), and
subtraction (D-D) functions. These routines are implicitly called by CFT and CFT77 programs to per-
form double-precision arithmetic.

The function of each routine follows:

DASS

DASV
DAVS
DAVV
DDSS

DDSV
DDVS
DDVV

Double-precision addition: Scalar + Scalar
Double-precision addition: Scalar + Vector
Double-precision addition: Vector + Scalar
Double-precision addition: Vector + Vector
Double-precision division: Scalar / Scalar
Double-precision division: Scalar / Vector
Double-precision division: Vector / Scalar
Double-precision division: Vector / Vector

DMSS — Double-precision multiplication: Scalar * Scalar

DMSV - Double-precision multiplication: Scalar * Vector
DMVS - Double-precision multiplication: Vector * Scalar
DMVV - Double-precision multiplication: Vector * Vector

DSSS - Double-precision subtraction: Scalar - Scalar
DSSV -~ Double-precision subtraction: Scalar - Vector
DSVS - Double-precision subtraction: Vector - Scalar

DSVV - Double-precision subtraction: Vector - Vector

CAL REGISTER USAGE

SR-0113

Double-precision addition: Scalar + Scalar

DASS% (call by register)

entry (S1) and (S2) = arg 1 words 1 and 2
(83) and (S4) = arg 2 words 1 and 2

exit (S1) and (S2) = result words 1 and 2

Double-precision addition: Vector + Scalar

DAVS% (call by register)

entry (V1) and (V2) = arg 1 (augend)
(S3) and (S4) = arg 2 (addend)

exit (V1) and (V2) = result vector (sum)

Double-precision division: Scalar / Scalar
DDSS% (call by register)

entry (S1) and (S2) = numerator words 1 and 2

(S3) and (S4) = divisor words 1 and 2
exit (S1) and (S2) = quotient words 1 and 2

2-37

Double-precision addition: Scalar + Vector

DASV% (call by register)

entry (S1) and (S2) = arg 1 (augend)
(V3) and (V4) = arg 2 (addend)

exit (V1) and (V2) = result vector (sum)

Double-precision addition: Vector + Vector

DAVV% (call by register)

entry (V1) and (V2) = arg 1 (augend)
(V3) and (V4) = arg 2 (addend)

exit (V1) and (V2) = result vector (sum)

Double-precision division: Scalar / Vector
DDSV% (call by register)

entry (S1) and (S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>