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PREFACE
DEEEEEEEEEER

This manual describes the C and Fortran iPSC®/2 vector library (VecLib) routines.

This manual uses the term “iPSC system(s)” to refer to the following iSC products: iPSC®/2,
iPSC®/2S, iPSC®/860, iPSC®/860S, and iPSC®/860Plus.

This manual assumes that you are an application programmer proficient in the C and Fortran
languages and the UNIX operating system.

#~  ORGANIZATION

Chapter 1
Chapter 2

Appendix A

Appendix B

Describes the routines that provide a set of basic vector operations that can
be called from C routines.

Describes the routines that provide a set of basic vector operations that can
be called from Fortran routines.

Summarizes the C VecLib routines according to function.

Summarizes the Fortran VecLib routines according to function.
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APPLICABLE DOCUMENTS

For more information, refer to the following manuals:

iPSC® System Manuals

iPSC®/2 Ada Program Development Guide
Describes the tools available to develop Ada Development programs for the
iPSC/2, and tells how to use them.

iPSC®I2 Ada Programmer's Reference Manual
Provides detailed information on all Ada routines and commands for the
iPSC/2 system..

iPSC®/2 and iPSC®/860 C Language Reference Manual
Describes the C compiler for the iPSC system.

iPSC®/2 and iPSC®/860 FORGE User's Guide
Tells how to use the FORGE tool set to analyze Fortran programs to port them
to a parallel machine. N

iPSC®/2 and iPSC®/860 Fortran Language Reference Manual
Describes the Fortran compiler for the iPSC system.

iPSC®I/2 and iPSC®/860 Programmer’ s Reference Manual
Describes iPSC system commands and system calls (for both C and Fortran).

iPSC®/2 and iPSC®/860 System Administrator's Guide
Provides a detailed description of the system administration tasks related to
operating and maintaining an iPSC system.

iPSC®/2 and iPSC®/860 User's Guide
Provides an overview of the iPSC system including both hardware and
software architectures. Describes how to use the system to develop and run
programs,

iPSC®I2 Lisp Language Reference Manual
Describes the Lisp implementation that runs on the iPSC/2 nodes, and its
extensions.

iPSC®I2 Lisp Programmer's Reference Manual
Describes the iPSC/2 Lisp user interface and the iPSC/2 Lisp concurrent
constructs.
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Intel® Manuals

iPSC®/2 DECON User’s Guide
Tells how to use DECON, the iPSC/2 concurrent debugger.

iPSC®/2 DECON User's Guide RX Beta Change Notice
Describes RX Beta Changes to DECON commands.

iPSC®/2 Simulator Manual
Tells how to use the iPSC/2 Simulator for software development.

iPSC®/2 VAST2 User's Guide
Provides detailed information on the use of the iPSC/2-VX version of VAST2
software.

iPSC®/2 VX User's Guide
Provides detailed information on the development of programs for the
iPSC/2-VX vector processing system.

iPSC®/860 Vector User's Guide
Provides detailed information on the use of iPSC/860 vector processing
features and the iPSC/860 version of VAST2 software.

Intel® NFS for System V/386 Programmer's Guide and Reference
Describes the NFS programming environment and provides information on
programming tools.

Intel® NFS for System VI386 User’ s/System Administrator' s Guide and Reference
Describes the NFS programming environment, provides user information,
and provides system administration information.

Intel® TCPIIP for SYSTEM V/I386 Administrator's Guide and Reference
(Replaces Excelan TCP/IP documentation)
Describes TCP/IP Network administration.

Intel® TCPIIP for SYSTEM V/386 Programmer’s Guide and Reference Manual
(Replaces Excelan TCP/IP documentation)
Describes the TCP/IP Network programming environment and provides
information on programming tools.

Intel® TCPIIP for SYSTEM V/386 User's Guide and Reference
(Replaces Excelan TCP/IP documentation)
Describes the TCP/IP Network programming environment and provides user
information.

vii
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Other Manuals

viii
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i860™ 64-Bit Microprocessor Programmer’s Reference Manual
Provides detailed information that enables programmers and designers to use
the i860 microprocessor.

i860™ Microprocessor Assembler and Linker Reference Manual
" Provides detailed information that enables programmers and designers to use
the i860 assembler and linker.

SYP301 Installation and User' s Guide
Describes installation and startup for the System Resource Manager. Also
provides hardware technical data.

C: A Reference Manual - Harbison and Steele
Describes the C programming language.

Reference Manual For The Ada Programming Language - ANSI/MIL-STD-1815A-1983
Describes the Ada programming language.

The C Programming Language - Kernighan and Ritchie
Describes the C programming language.

UNIX System V Manual Set
Provides a complete description of UNIX System V.
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NOTATIONAL CONVENTIONS

This section describes the following notational conventions:
» Type style usage
« Examples in text
e Command syntax

» System call syntax

Type Style Usage

This manual uses the following type style conventions:

Command names (including absolute pathname versions)
Switches, flags, and options

System Call names

Routine names (predefined and user-defined)

Reserved words

o Italic type style is used for:

Variables

File names (including absolute pathname versions)
Directory names

Process names

User names

Emphasis

Bold type style is used for anything that must be entered exactly as shown, including:

Preface

e Bold-italic type style is used for user input described in text (what you enter in response to some

prompt).
e Plain-Monospace type style is used for:

Computer output (prompts and messages)
Code

Error messages

Values of variables
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* Bold-Italic-Monospace type style is used for user input displayed in an example (what
you enter in response to some prompt)

* Bold-Monospace type style is used for the names of keyboard keys (which are also enclosed
in angle brackets). For example:

<Alt> <Backspace>
<Break> <Ctrl>
<Delete> or <Del> <Enter>

<Esc> <Tab>

For a key that prints, the result of pressing the key is used. For example, s means press the key
labeled <s>, and S means press and hold the <Shift> key while pressing the <S> key.

A dash indicates that the key preceding the dash is to be held down while the key following the
dash is pressed. This has the effect of producing a single keystroke (which is why there is only
one set of angle brackets). For example:

<Ctrl-Ss>

<Ctrl-@>
<Ctrl-Alt-Del>

Note that there are several ways to reference some keys. For example, S and <Shift-s>
mean the same thing. In such cases, the simplest method (8) is usually used.

Examples in Text
This manual uses monospace type style for examples.

Inexamples of interactive sessions, user input appears in bold-italic-monospace type style
to distiguish it from computer output. For example:

# getcube -t20 (userinput)
getcube successful: cube type 2m8n0 allocated (computer owtput)

Many examples contain annotations that describe specific parts of the example. These annotations
(which are not part of the example code or session) appear in italic type style.
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Command Syntax

You enter commands at the console. Commands have the following form:

command arguments

where:
command Is a keyword (see following section).
arguments Consist of zero or more optional or required terms. One kind of argument,

called a switch, consists of a dash followed by one or more letters. Sometimes
a name or value follows the switch.

Command syntax is represented in this manual as follows:

keywords Keywords appear in bold type. You must use keywords exactly as written.
Command names and switches are keywords.
variables Variables appear in italic type. They represent arguments that you must
- supply (in the place of the italicized word) when you invoke the command.
Do not enter the name of the italicized word itself.

[ 1] Optional command-line arguments appear within square brackets. If the
optional argument is a keyword, it appears in bold type. If the argument
represents a variable, it appears in italic type.

Ellipses (three periods in a row) following an argument indicate that you may
repeat that argument.

| A vertical bar separates two or more choices of which you may select only
one. For example, [-¢ cubename | -a ] indicates that may select the
first option (~¢ cubename) or the second option (-a).

The following command syntax for the load command shows all of the syntax elements:

load [ -c cubename | -a ] [ -ppid] [ -H ] [ node... ]
filename [ arguments... ]

According to the syntax, only the word load and a filename are required. However, five options are
available: four options require a switch, and two options (node and arguments), allow more than one
argument of this kind. The following example of this command uses the cubename option, two node
values, an input file name “input_file,” and an argument value of 1000 (this example does not use
the -p and -H options):

load -c alpha 3 4 input_file 1000
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System Call Syntax

You can use iPSC/2 system calls in programs in the same way that you use other system calls. In this
manual, system calls are described as follows:

Synopsis

return_type name ( parameters )
Parameter Declarations

type parameter

Note that the return type appears in regular type, the name of the call appears in bold type, the data
type of the parameters appears in bold type, and the parameters appear in italic type. For example,
the following is the synopsis and parameter declarations for getcube() for C programs:

getcube (cubename, cubetype, srmname, keep)

char *cubename;
char *cubetype;
char *srmname;
long keep;

The Fortran syntax for the same command appears as follows:
SUBROUTINE GETCUBE (cubename, cubetype, srmname, keep)
CHARACTER cubename* (*)
CHARACTER cubetype* (*)

CHARACTER srmname* (*)
INTEGER keep

C system calls that have no return value do not have a word preceding the name of the call. Fortran
routines that have no return value have the word SUBROUTINE in place of the return type. Fortran
routines that return a value have the word “FUNCTION” following the return type. For example,
iprobe(), which returns an integer, appears as follows for the two languages:

In Fortran: INTEGER FUNCTION IPROBE (id)

InC: long iprobe (id)

xii
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C VECLIB ROUTINES El
THHTIIL

INTRODUCTION

The Vector Library (VecLib) contains routines that support Intel’s numeric products. These routines
provide a basic set of vector operations that can be called from C and Fortran routines. From within
C programs, you can call these routines to replace C for loops. There are six versions of the VecLib
routines contained in the following libraries:

Library Implemented With Function

lusrllibllibvec.a "Fortran and C Executes on standard node board or system
resource manager.

lusrllibllibsxvec.a Fortran and C Executes on SX option board.

lusrllibllibvxvec.a Microcode Executes on vector processor board.

lusrllibllibvxdbvec.a Microcode Executes on vector processor board. Provides
debug checks.

lusr/libllibvxsxvec.a Microcode Executes on vector processor board and
nodes that have SX option.

lusrllibllibvxsxdbvec.a  Microcode Executes on vector processor board and
nodes that have SX option. Provides debug
checks.

The /usr/libllibsxvec.a library can be used only if the SX option is installed in your system. The
lusr/libllibvxsxvec.a and /usr/lib/libvxsxdbvec.a libraries can be used only if both the SX option and
vector processor boards are installed. The last four libraries (those with vx in the names) can be used
only if vector processor boards are installed. (Refer to the iPSC®/2 VX User’s Guide for more
information.)
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This chapter contains the following information:

* The conventions used in naming routines.

«  Conventions used for parameter names in the reference pages (formal parameters).
*  General rules and information that will help you use the VecLib routines.

e C macros for mathematical operations used in the routines.

*  General limitations.

»  Error messages.

*  Atable that is a summary of all of the routines, listing a brief description of each routine along
with a synopsis of the call and the C equivalent of the call.

*  The final section contains a reference page for each VecLib routine, in order alphabetically by
root name. For each routine, the reference contains a brief definition, the calling sequence, the
C equivalent, and a mathematical description.

NAMING CONVENTIONS

Routines exist for both single precision and double precision functions. In some cases, routines exist
for integer, logical, and complex functions. The data type a function operates on is indicated by the
first or second letter of the routine name; “d” represents double, “s” represents single precision
(float), and “i” represents integer. In addition, three special types are defined: “I” represents logical,
“c” represents complex, and “z” represents double precision complex (zcomplex). For example:

Root Double Float Logical Integer Complex Zcomplex
xcopy dcopy scopy Icopy icopy geopy zcopy

The vector library includes most of the Basic Linear Algebra Subprograms (BLAS) and uses the
BLAS calling sequence and naming conventions.

NOTE

For more information on the Basic Linear Algebra Subprograms,
refer to the following publications:

Bunch, J.R., Dongarra, J.J., Moler, C.B., Stewart, G.W., LINPACK
User's Guide, 1979, Appendix A.

Lawson, C.L., Hanson, R.J., Kincaid, D.R., Krogh, F.T., “Basic
linear algebra subprograms for Fortran usage,” ACM Trans. Math.
Software, 1979, Vol. 5, No. 3, pp. 308-371.
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Some of the vector routines use the Reverse Polish Notation (RPN) naming convention. An example
is shown in Table 1-1.

Table 1-1. Reverse Polish Notation

Routine Notation Description

xsvtvim s = scalar Scalar times vector quantity minus
v = vector vector

t=times
m = minus

xsvvtp s = scalar Scalar plus the quantity of vector times
v = vector vector

t = times
p=plus

FORMAL PARAMETERS

The calling sequence for each routine always includes the number of iterations as the first parameter,
followed by any scalar and vector values. Vector arguments in the parameter list are in bold type
style to distinguish them from scalar arguments. Each vector argument is followed immediately in
the argument list by its increment or “stride” (i.e., z, incz). Notice that some routines have an output
vector while other routines overwrite one of the input vectors.

-

\

Routines that take one vector as input use “x.” Routines that use two vectors use “x” and “y.”
Routines that use three vectors use “x”, “y”, and “z.” Routines that use four vectors use “w”, “x”,
“y"’ al,ld “z.”

Routines that use one scalar use “alpha”. Routines that use two scalars use “alpha” and “beta”.

In general, formal parameters can be described as follows:

n number of vector elements to process

X vector with at least (n-1) * ABS(incx)+1 elements
incx stride of the vector x

alpha scalar constant

beta scalar constant

18



C VecLib Routines

iPSC®2 and iPSC®/860 Math Libraries Reference Manual

GENERAL RULES

1-4

All floating point arguments and results normally match the type (for example, double or float)
of the subprogram.

Each routine, as documented in this chapter, includes three parameters:
- the number of iterations

- vector and scalar values, if appropriate

- strides (increments)

In the calling sequence, if the vector type differs from the type indicated by the routine name, it
is indicated by a single letter preceded by an “s” for single, “d” for double, “i” for integer, “1”
for logical, “c” for complex, or “z” for double precision complex type vectors. For example, the
vector “1z” in the call below is of type logical; “x” and “y” are of type float.

sgt (n, X, incx, y, incy, lz, incz);

The logical (logical), complex (complex) and double precision complex (zcomplex) types are
defined with typedefs in the include file cveclib.h. These types behave as the Fortran logical,
complex, and double precision complex types do. You can declare variables to be of these types,
declare arrays of them, and use them in structures. The logical type is defined such that FALSE
is equivalent to 0, and TRUE is equivalent to 1.

In the reference pages, the C equivalents for routines that use complex and zcomplex types
assume that the simple mathematical operations (+, -, *, /, unary minus, ==, =) are supported;
in fact, if you were to use the equivalent statements, you would substitute the functions shown
in the following section for these operations. The following section also lists definitions for the
ABS, MIN, and MAX functions.

The trigonometric routines (xVATN2, xCOS, xSIN) expect their arguments to be in radians, or
return a vector whose values are expressed in radians.

Limitations specified in some routines are not checked at runtime. If violated, erroneous results

are produced. The only routines which provide some parameter-checking are in libvxdbvec.a or
libvxsxdbvec.a.

Unless otherwise noted, vector elements that are not contiguous but are separated by equal
distances (either positive or negative) can be accessed by using a stride other than one. Non-unit
strides follow the BLAS parameter-passing convention, which does not allow negative indices
to arrays.
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The formula for indexing through the vectors [n,x[lowest_index) incx] for i from 0 to
n-1is:

if (incx > 0) x[i * incx + lowest_index];
else x[(i - n+ 1) * incx + lowest_index];

The following example defines two arrays, x and y. Then, there are three calls to saxpy (a
routine that multiplies a scalar times a vector, adds the result to another vector, and then
overwrites the second vector with the result). These calls specify positive and negative strides
not equal to 1. For each, the results in y are shown.

float x[10]={1.0,2.0,3-014.0,5-016-0,7-0,8-0,9-0[10.0};

float y[(10]={.01,.02,.03,.04,.05,.06,.07,.08,.09,.10}; float
a=1.0

saxpy (3,&a,x,2,y,1);
y will be equal to {1.01, 3.02, 5.03, .04, .05, .06, .07, .08, .09, .10}

saxpy (3,&a,x,-2,y,1);
y will be equal to {5.01, 3.02, 1.03,.04, .05, .06, .07, .08, .09, .10}

saxpy (3,&a,x[2],-2,y[1],2);
y will be equal to {.01, 7.02, .03, 5.04, .05, 3.06, .07, .08, .09, .10}

DEFINITIONS AND FUNCTIONS FOR COMPLEX OPERATIONS

The complex and double precision complex types (complex and zcomplex) are defined by typedefs
in the include file cveclib.h. The definitions are as follows:

typedef enum{FALSE,TRUE;} logical;
typedef struct {float r,i;} complex;
typedef struct {double r,i} zcomplex;

In the same file, the MIN, MAX, ABS, and CABS operations (used in the C equivalent descriptions
in the reference pages) are defined as follows:

#define MIN(x,y) (x)<(y) (x):(y)
#define MAX(x,y) (x)>(y) (x):(y)
#define ABS(x) (x)<0-(x):(x)

#define CABS (x) sqgrt(x.r*x.r+x.i*x.i)
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MIN, MAX, and ABS are used for integer, float, and double routines. The C equivalents of the
routines on the reference pages assume that the complex types support the simple operations +, -, *,
/Junary minus, =, ==, and !=. In fact, if you were to use the equivalents in a program, you would need
to substitute the following functions for these operations (functions are shown for the complex type;
for double precision complex, substitute zcomplex for complex and double for float).

1-6

Addition:

complex add(a,b)
complex a,b;

{

complex c;

c.r = a.r + b.r;

c.i=a.i+ b.i;
return c;

}
Multiplication:

complex mul (a,b)
complex a,b;
{

complex c;

c.r = a.r*b.r - a.i*b.i;
c.i = a.r*b.r + a.i*b.i;

return c;

}
Division:

complex div(a,b)
complex a,b;
{

complex c;

Subtraction:

complex sub(a,b)
complex a,b;

{

complex c;

c.r = a.r - b.r;

c.i=a.i-b.i;
return c;

}
Conjugation:

complex -CONJG (a)
complex a;

{

complex b;

b.r = a.r;

b.i = -a.i;
return b;

}

c.r = (a.r * b.r + a.i * b.i)/(b.r * b.r + b.i * b.i);
c.i= (a.r * b.r - a.i * b.i)/(b.r * b.r + b.i * b.i);

return c;

}
Negative:

complex neg(a)
complex a;

{

complex b;
b.r = -a.r;
b.i = -a.i;
return b;

}

Complex from two reals (CMPLX):

complex CMPLX(a,b)
float a,b;

{

complex c;

c.r = a;

c.i = b;

return c;

}
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Equal: Not Equal:
int eg(a,b) int ne(a,b)
complex a; complex a;
{ {
return(a.r==b.r)&&(a.i==b.i); return(a.r!=b.r) (a.i!'=b.i);
} }

GENERAL LIMITATIONS

The following limitations apply to vector routines described in this chapter.

C defines logical true to be nonzero and logical false to be zero. The VecLib routines use 1 for
true and 0 for false. Before you use a vector in a VecLib routine that expects a logical vector
as input, you should convert the vector to make sure that all “true” values are 1, and not some
other nonzero integer. You can do this easily and quickly with the isne() routine (se¢ xsne).

For n less than or equal to zero, voids do nothing, and most functions return 0. However, the
indexing functions return -1 to indicate a meaningless value (ixamin(), ixamax(), ixmin(),

ixmax(), ifirst(), ilast(). .

Output vector strides of zero produce undefined results if n is greater than 1.

Care must be used when overlapping input and output vectors. Because of the pipelined nature
of the VX arithmetic, the results for one iteration (i) are not always written to memory before

the next iteration (i+1) is begun.

Fortran and C versions of libraries may not produce exactly the same results as microcode
versions.

- 387™ coprocessor supports denormals, VX and SX hardware does not.
- VX hardware does not support the IEEE divide or square root operations.
- 387, VX, and SX coprocessors use different algorithms for transcendental functions.

- Because VX arithmetic hardware is pipelined, accumulation of round-off error for
reduction functions is not the same as for 387 or SX coprocessors.



C VeclLib Routines

iPSC®Y2 and iPSC®/860 Math Libraries Reference Manual

ERROR MESSAGES

Error messages are generated only when running VecLib routines in libvxdbvec.a or libvxsxdbvec.a.
In these messages, “<x>” represents vector or scalar parameter names and “<ddot>"represents any

veclib:

veclib:

veclib:

veclib:

VX veclib:

VX veclib:

VX veclib:

1-8

of the VecLib routine names.

Error in length for argument <x> in call to <ddot>

Cause: Internal error message, libvxdbvec.a or libvxsxdbvec.a error.

Action: Call iSC Customer Support

Error in memory space for argument <x> in call to <ddot>

Description: The data is not on vector board memory but is on the node board.

Cause: Incorrect use of vxid.

Action: Move the data containing the vector to the VX memory using vx/d.

Error in physical alignment for argument <x> in call to <ddot>

Cause: Internal error message, libvxdbvec.a or libvxsxdbvec.a error.

Action: Call iSC Customer Support

Error in physical bounds check for argument <x> in call to <ddot>

Cause: Internal error message, libvxdbvec.a or libvxsxdbvec.a error.

Action: Call iSC Customer Support

Error in type for check of argument <x> in call from <ddot>

Cause: Iniernal error message, libvxdbvec.a or libvxsxdbvec.a error.

Action: Call iSC Customer Support

Error in virtual alignment for argument <x> in call to <ddot>

Description: The virtual address modulo the data size (in bytes) is not equal to zero.

Cause: Ignored warning from compiler about equivalence misalignment or compiler or
linker didn’t align the data correctly.

Action: If warning ignored, change equivalence statement. If compiler or linker didn’t
align data correctly, call iSC Customer Support.

Error in virtual bounds check for argument <x> in call to <ddot>

Description: The data is not contiguous in virtual memory.

Cause: Requesting vector operations outside the bounds of an array.

Action: Locate error in your Fortran program.
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VX veclib: The following enabled exceptions have occurred: NaN (not-a-number),
overflow, underflow.

Cause: Requested modification of exceptions using vpexcept and algorithm-produced
exception.
Action: Modify algorithm used so exception does not occur.
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ASUM() xASUM()

Sum of the absolute values. (Function returning a value.)

Calling Sequence

Double precision:
double d, x[], dasum();
int n, incx;

d = dasum(n, x, incx);

Single precision:
float s, x[], sasum():;
int n, incx;

8 = sasum(n, X, incx);

C Equivalent
dasum = 0.0;
for(i = 0; i < n; i++)
dasum += ABS(x[i]);
Description
n-1
dasum= X Ix[i]|
i=0

1-10
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Scalar times a vector plus a vector to itself.

Calling Sequence
Double precision:
double x[], alpha, yl[]:

int n, incx, incy:;

daxpy(n, &alpha, x, incx,

Single precision:
float x[], alpha, yl[l:
int n, incx, incy:

saxpy(n, &alpha, x, incx,

Complex:
complex x[]), alpha, yl(]:;
int n, incx, incy

caxpy(n, &alpha, x, incx,

Double precision complex:
zcomplex x[], alpha, yl[]:
int n, incx, incy;

zaxpy(n, &alpha, x, incx,

C Equivalent

for(i = 0; 1 < n; i++)
y[i] += alpha * x[i];

Y,

Y,

Y,

incy) ;

incy) ;

incy):

incy):

C VeclLib Routines

xAXP()
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CLIPg

Clip to interval [alpha, beta].

Calling Sequence
Double precision:
double x[], alpha, y[], beta;
int n, incx, incy:;
dclip(n, x, incx, &alpha, &beta, y, incy):;
Single precision:
float x[], alpha, y[], beta;

int n, incx, incy;

sclip(n, x, incx, &alpha, &beta, y, incy)
C Equivalent

for(i = 0; i < n; i++)

y[i] = MIN(MAX(x[i]), alpha), beta):

Description

alpha if x[i] < alpha
yli] = x[i] if alpha <€ x[i] £ beta
beta if x[i] > beta

Note that “alpha” must be less than or equal to “beta”.

1-12
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xCNDST()
Conditional assignment.

Calling Sequence
Double precision:
double x[], z[]:
logical 1y[]:;

int n, incx, incy,

dcndst (n, x, incx,

Single precision:
float x[1, z[]:
logical 1yl[]:
int n, incx, incy,

scndst (n, x, incx,

C Equivalent

for (i = 0; i < n;

incz;

ly, incy, z,

incz;

ly, incy, =z,

i++)

if (ly[i]) z[i] = x[i];

C VecLib Routines

e hDSTO

incz);

incz);

1-13
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*COPY() | xCOPY(

Copy vector.

Calling Sequence
Double precision:
double x[], yl[];
int n, incx, incy;

dcopy(n, x, incx, y, incy):;

Single precision:
float x[1, yl[]:
int n, incx, incy;

scopy(n, %, incx, y, incy);

Integer:
int x[], yl[l:
int n, incx, incy:;

icopy(n, %, incx, y, incy):;

Logical:
logical x[], yll:
int n, incx, incy:;

lcopy(n, x, incx, y, incy):

Complex:
complex x[], yl[]l;
int n, incx, incy:;

ccopy(n, x, incx, y, incy):

1-14
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xCOPY() (cont.) xCOPY() (cont.)

Double precision complex:
zcomplex x[], yI[]:
int n, incx, incy;

C Equivalent
zcopy(n, x, incx, y, incy):

for (i = 0; 1 < n; i++)
y[il = x([i);

1-15
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Dot product of two vectors. (Function returning a value.)

Calling Sequence
Double precision:
double d, x[], y[], ddot():;
int n, incx, incy:

d = ddot (n, x, incx, y, incy):

Single precision:
real s, x[], yl[]l, sdot():
int n, incx, incy;

s = sdot(n, x, incx, y, incy):

C Equivalent
ddot = 0.0;
for (i = 0; i < n; i++);
ddot = ddot + x[i] * y[i];
Description
n-1
ddot= Y (x[il*yfil)
i=0

1-16



iPSC®Y2 and iPSC®/860 Math Libraries Reference Manual C Veclib Routines

xDOTC() xDOTC()

Dot product of two complex vectors, with the first vector being conjugated. (Function returning a value.)

Calling Sequence
Complex:
complex c, x[], yl[], cdotc():

int n, incx, incy:;

¢ = cdotc(n, x, incx, y, incy):

Double precision complex:
zcomplex z, x[], yl[]l, zdotc():
int n, incx, incy;

- z = zdotc(n, x, incx, y incy);

C Equivalent

gcdotc = CMPLX(0.0, 0.0);
for(i = 0; i < n; i++)
cdotc = cdotc + (CONJG(x[i]) * y[i]):

Description
n-1
clotc= 2, (CONJG(xil)+ ylil)
i=0

)
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xDOTU() *DOTU()

Dot product of two complex vectors. (Function returning a value.)

Calling Sequence
Complex:
complex c, x[], yl[], cdotu():

int n, incx, incy;

¢ = cdotu(n, x, incx, y, incy)

Double precision complex:
zcomplex z, x[], yl[], zdotu():;
int n, incx, incy;

z = zdotu(n, x, incx, y, incy):

C Equivalent
cdotu = CMPLX(0.0, 0.0);
for (i = 0; i < n; i++)
gcdotu = gcdotu + x[i] * y[i];
Description

n-1

com= X x[i]e yli]
i=0

1-18
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DZASUM() DZASUM()

Sum of the absolute values of the real and imaginary parts of a complex vector. (Function returning a value.)

Calling Sequence

Double precision:
double d, dzasum();
zcomplex x[];
int n, incx

d = dzasum(n,. X, incx)

C Equivalent
dzasum = 0.0;
for(i = 0; i < n; i++)
dzasum = dzasum + ABS(x[i].r) + ABS(x[i].i):;
Description

n-1
dzasum= 2,  Ix[ilrl+1x[i)i!
i=0

1-19
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Vector element equality.

Calling Sequence

Double precision:

double x[], yI[l]:
logical 1z([];
int n, incx, incy,

deq(n, x, incx, y,

Single precision:

float x[], yll:
logical 1z[];
int n, incx, incy,

seq(n, x, incx, y,

Integer:

C Equivalent

int x[], y(];
logical 1z[]:
int n, incx, incy,

ieq(n, x, incx, y,

incz;

incy,

incz;

incy,

incz;

incy,

for(i = 0; i < n; i++)
1z[i] = x[i] == y[i]:

lz, incz);

lz, incz):;

1z, incz);
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Fast Fourier Transform.

Calling Sequence
Complex:
complex x[], yl]l:

int n, incx, incy:

cfft(n, x, incx, y, incy):

Double precision complex:
zcomplex x[], yl[];
int n, incx, incy;

zfft(n, x, incx, y, incy):

C Equivalent

y = fft (x)

Description

This routine performs a one-dimensional fft with a maximum vector length of 16384; n must be a
power of two. The vectors x and y may not overlap because the transform is not done in place.

The cfft routine uses vpfast_ as a scratch vector.
The zfft routine dynamically allocates a buffer of (3n+1) eight-byte words the first time you call it.
This buffer is reused if subsequent calls to zfft use a value of n less than or equal to the first, making

this routine very fast. If a value of n that is larger than the currently allocated buffer is used, the
buffer is freed and a larger one is allocated.

If either incx or incy is not 1, zfft will run slower. If both incx or incy are not 1, zfft allocates an
additional 2n eight-byte words.
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xFILL() xFILL()

Fill vector with scalar.

Calling Sequence
Double precision:
double alpha, x([];
int n, incx;

dfill(n, &alpha, x, incx);

Single precision:
float alpha, x[];
int n, incx;

sfill(n, &alpha, x, incx);

Integer:
int alpha, xI[];
int n, incx;

ifill(n, &alpha, x, incx);

Logical:
logical alpha, x[]:
int n, incx;

1£ill(n, &alpha, x, incx);

Complex:
complex alpha, x[]:
int n, incx;

cfill(n, &alpha, x, incx);
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xFlLL() (cont.) xFILL() (cont.)

Double precision complex:
zcomplex alpha, x[];
int n, incx;

zfill(n, &alpha, x, incx);

C Equivalent
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xFOLR()

First-order linear recurrence routine.

Calling Sequence
Double precision:
double xI[], yl[l, zI[];
int n, incx, incy, incz;

dfolr(n, x, incx, y, incy, z, incz);

Single precision:
float x[], y[l, zI[];
int n, incx, incy, incz;

sfolr(n, x, incx, y, incy, %, incz);
C Equivalent

for(i = 0; i < n; i++)
z[i + 1] = y[i] + z[i] * =x[i];

Note that the routine accesses one more element in z than in w or x. Be sure to make the z array large
enough (including the increment size) to avoid overwriting other memory.
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xGATHR()
Vector gather.

Calling Sequence
Double precision:
double x[], zI[]:

int n, incx, incy,

dgathr(n, x, incx,

Single precision:
float x[]1, zI[]:
int n, incx, incy,

sgathr(n, x, incx,

Integer:
int x[1, z[];
int n, incx, incy,

igathr(n, x, incx,

C Equivalent

for(i = 0; i < n;

incz, iyll;

iy, incy, z, incz);

incz, iyl(];

iy, incy, z, incz):;

incz, iyll:

iy, incy, z, incz);

i++)

z[i] = x[iy[i]];

Description

The array iy must contain values between 0 and n-1.

C Veclib Routines

xGATHR()
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*GEQ |

Vector element greater than or equal to vector element.

Calling Sequence

Double precision:
double x[]1, yl[]:
logical 1z[]:
int n, incx, incy, incz;

dge(n, x, incx, y, incy, 1z, incz);

Single precision:
float x[], yll:
logical 1z[];
int n, incx, incy, incz;

sge(n, x, incx, y, incy, 1z, incz);

Integer:
int x[], yl[]:
logical 1z[];
int n, incx, incy, incz;

ige(n, x, incx, y, incy, 1z, incz);

C Equivalent

for(i = 0; i < n; i++)
1z[i] = x[i] >= y[i];
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*GT0 — L

Vector element greater than vector element.

Calling Sequence

Double precision:
double xI[], ylI];
logical 1z[];
int n, incx, incy, incz;

dgt (n, x, incx, y, incy, lz, incz);

Single precision:
float x[], yl]:
logical 1z[];
int n, incx, incy, incz;

sgt(n, x, incx, y, incy, lz, incz);

Integer:
int x[1, yl(1;
logical 1z[];
int n, incx, incy, incz;

igt (n, x, incx, y, incy, 1z, incz);
C Equivalent

for(i = 0; i < n; i++)
1z[i] = x[i] > y[il;
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AMAX() | ______xAMAX()

Index of maximum absolute value. (Integer function returning a value.)

Calling Sequence

Double precision:
double x[];
int n, incx, i, idamax();

i = idamax(n, x, incx);

Single precision:
float x[];
int n, incx, i, isamax();

i = isamax(n, %, incx);

C Equivalent

idamax = -1;
if (n > 0) idamax = 0;
for (i = 1; i < n; i++)
if (ABS(x[i]) > ABS(x[idamax]) idamax = i;
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LxAMIN()

Index of minimum absolute value. (Integer function returning a value.)

Calling Sequence

Double precision:
double x[];
int n, incx, i, idamin();

i = idamin(n, x, incx);

Single precision:
float x[];
int n, incx, i, isamin();

i = isamin(n, x, incx);

C Equivalent

idamin = 1;
if (n > 0) idamin = 0;
for(i = 1; i < n; i++)
if (ABS(x[i]) < ABS(x[idamin]) idamin = i;

C Veclib Routines

e AMIN(
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xICLIP() xICLIP()
Inverted clip.
Calling Sequence
Double precision:
double x[], alpha, beta, yl[]:
int n, incx, incy:
diclip(n, x, incx, &alpha, &beta, y, incy):
Single precision:
float x[], alpha, beta, yl[]:
int n, incx, incy;
siclip(n, x, incx, &alpha, &beta, y, incy):;
C Equivalent
for(i = 0; i < n; i++) {
if (x[i] < (alpha + beta)/2.0) {
y[i] = MIN(x[i], alpha);
}
else
y[i] = MAX(x[i], beta):;
}
Description

alpha if alpha < x[i] < (alpha + beta)/2.0
yli]) = beta if (alpha + beta)/2.0 £ x[i] < beta
x[i] otherwise

Note that “alpha” must be less than or equal to “beta”.
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ICOUNTY()

Number of logical true values. (Integer function returning a value.)

Calling Sequence

logical 1x[];
int n, incx, i, icount ()

i = icount(n, 1lx, incx);

C Equivalent
icount = 0;

for(i = 0; i < n; i++)
if (1x[i]) icount++;
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Inverse Fast Fourier Transform.

Calling Sequence
Complex:
complex x[], yl]l:

int n, incx, incy;

cifft(n, x, incx, y, incy):

Double precision complex:
zcomplex x[], yI[];
int n, incx, incy;

zifft (n, x, incx, y, incy):; N

C Equivalent

y = £fft1(x)

Description

This routine performs a one-dimensional inverse fft with a maximum vector length of 16384; n must
be a power of two. The vectors x and y may not overlap because the transform is not done in place.

The cifft routine uses vpfast_ as a scraich vectar.

The zifft routine dynamically allocates a buffer of (3n+1) eight-byte words the first time you call it.
This buffer is reused if subsequent calls to zfft use a value of n less than or equal to the first, making

this routine very fast. If a value of n that is larger than the currently allocated buffer is used, the
buffer is freed and a larger one is allocated.

If either incx or incy is not 1, zifft will run slower. If both incx or incy are not 1, izfft allocates an
additional 2n eight-byte words.
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FIRST() IFIRST()

Index of first logical true value. (Integer function returning a value.)

Calling Sequence

logical 1x[];
int n, incx, i, ifirst();

i = ifirst(n, lx, incx);

C Equivalent

ifirst = -1;
for(i = 0; i < n; i++) {
if (1x[i]) |
ifirst = i;
break;
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ILAST) 1LAST)

Index of last logical true value. (Integer function returning a value.)

Calling Sequence

logical 1x[];
int n, incx, i, ilast():;

i = ilast(n, 1lx, incx);

C Equivalent
ilast = -1;

for(i = 0; i < n; i++)
if (1x[i]) ilast = i;
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MAX()

Index of maximum value. (Integer function returning a value.)

Calling Sequence
Double precision:
double x[];
int n, incx,

i = idmax(n,

Single precision:
float x[];
int n, incx,

i = ismax(n,

C Equivalent
idmax = -1;

i,

x,

i,

idmax () ;

incx);

ismax();

incx);

if (n > 0) idmax = 0;
for(i = 1; i < n; i++)

if (x[i] > x[idmax]) idmax = i;

C VeclLib Routines

e TAX(
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MIN(Q)

Index of minimum value. (Integer function returning a value.)

Calling Sequence
Double precision:
double x([];

int n, incx,

i = idmin(n,

Single precision:
float x[]:
int n, incx,

i = ismin(n,

C Equivalent

idmin
if (n
for(i

v i
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X,

i,

idmin() ;

incx);

ismin();

incx);

0) idmin = 0;
1; i < n; i++)
if (x[i] < x(idmin)) idmin = i;
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Vector logical AND with vector.

Calling Sequence

logical x[], yI[l, z(]:
int n, incx, incy, incz;

land(n, x, incx, y, incy, 2z, incz):;
C Equivalent

for(i = 0; 1 < n; i++)
z[i] = x[i] && ylil;
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LANYO

Logical true if any elements in X are true. (Logical function returning a value.)

Calling Sequence

logical x[], 1, lany():
int n, incx;

1 = lany(n, x, incx);

C Equivalent
lany = 0;

for(i = 0; i < n; i++)
if (x[i]) lany = 1;
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xLBIDI() N xLBIDK()

Performs the forward substitution to solve the lower bidiagonal in a matrix.

Calling Sequence
Double precision:
double 1[], b[], xI[]:
int n, incl, incb, incx;

dlbidi(n, 1, incl, b, incb, =x, incx):;

Single precision:
float 1(], bll, xI[1:
int n, incl, incb, incx;

slbidi(n, 1, incl, b, incb, x, incx):;

C Equivalent
x[0] = b[0];
for(i = 1; i < n; i++)
x[i] = b[i] - 1[i] * x[i-1];
Description

xIbidi does the forward substitution to solve Ax=b where A is the bidiagonal matrix:

1 0 0 0 0
11 1 0 0 0
0 12 1 0 0

1n-2 1 0

. . . .
— e b d e el

1ln-1 1l
1is the lower diagonal | (elements 1 through n-1 are used)
b is an input (to solve for) (elements O through n-1 are used)
x is the output (partial answer) (elements O through n-1 are used)
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xLBIDI() (cont.) xLBIDIK() (cont.)

If the matrix is a tridiagonal, you can use xtrfac() to perform an LU factorization of A, and then use
x1bidi( to solve the lower bidiagonal and xubidi() to solve the upper bidiagonal. See xtrfac() and
xubidi() for more information.
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Vector logical negation.

Calling Sequence

logical x[], yl]:
int n, incx, incy:;

lnot (n, x, incx, y, incy):
C Equivalent

for(i = 0; i < n; i++)
yl[il = !x[i);
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LOR() LOR

Vector logical OR with vector.

Calling Sequence

logical xI[1, yl[l, z[]:
int n, incx, incy, incz;

lor(n, x, incx, y, incy, 2z, incz);
C Equivalent

for(i = 0; i < n; i++4)
z[i] = x[i] || y[i);
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LSAND()

Scalar logical AND with vector.

Calling Sequence

logical x[], yl[], alpha;
int n, incx, incy;

lsand (n, &alpha, x, incx, y, incy):

C Equivalent

for(i = 0; i < n; i++)
y[i] = alpha && x[i];

C VeclLib Routines

LSANDO
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LSO

Scalar logical OR with vector.

Calling Sequence

logical x[], yl[], alpha;
int n, incx, incy;

lsor(n, &alpha, x, incx, y, incy):
C Equivalent

for(i = 0; i < n; i++)
y[i] = alpha || x[i];
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xMASK(

Conditional assignment.

Calling Sequence

Double precision:
double w[], x[], z[]);

logical 1lyl[]:;
int n, incw, incx, incy, incz;

dmask (n, w, incw, x, incx, ly, incy, z, incz);

Single precision:
float w(l, x[1, z[]:
logical 1ly([]:
(-n\ int n, incw, incx, incy, incz;

smask(n, w, incw, x, incx, ly, incy, %, incz);

C Equivalent

for(i = 0; i < n; i++)
if (lyl[i])
z[i] = w([i];
else
z[i] = x[i);
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Vector element inequality.

Calling Sequence

Double precision:

double x[], yl];
logical 1z([];
int n, incx, incy,

dne(n, x, incx, y,

Single precision:

float x[], yll:
logical 1z[]:
int n, incx, incy,

sne(n, x, incx, y,

Integer:

C Equivalent

1-46

int x(], yl[1:
logical 1z([];
int n, incx, incy,

ine(n, x, incx, y,

for(i = 0; i < n;
1z[i] = x[i]

incz;

incy, lz,

incz;

incy, 1lgz,

incz;

incy, 1lz,

it++)
= y[i];

incz);

incz);

incz);
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Change sign.

Calling Sequence
Double precision:
double x[];

int n, incx;

dneg(n, x, incx);

Single precision:
float xI[];
int n, incx;

sneg(n, X, incx);

Integer:
int x[]:;
int n, incx;

ineg(n, x, incx);

Complex:
complex x[];
int n, incx;

cneg(n, x, incx);

Double precision complex:
zcomplex x[];
int n, incx;

zneg(n, x, incx);
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xVNEG()(cont.) xVNEGO(cant.)

C Equivalent

for(i = 0; i < n; i++)
x[i] = -x[i];
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xNRM2()
Euclidean vector norm. (Function returning a value.)

Calling Sequence
Double precision:
double d, x[], dnrm2();
int n, incx;
d = dnrm2 (n, %, incx);
Single precision:
float s, x[], snrm2();

int n, incx;

s = snrm2(n, X, incx);

C Equivalent

dnrm2 = 0.0;
for(i = 0; i < n; i++)

dnrm2 = dnrm2 + x[i)*x[i];
dnrm2 = sqrt (dnrm2);

Description

dnm2= Vx[OP+ x[1]2 + ... + x[n-1]2

C Veclib Routines

Note that the summation of the squares operation is performed with scaling to protect from overflow

or underflow of intermediate results.
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xRAMP()

Ramp function.

Calling Sequence
Double precision:
double alpha, beta, x[];

int n, incx;

dramp(n, &alpha, &beta, x, incx);

Single precision:
float alpha, beta, x[]:
int n, incx;

sramp(n, &alpha, &beta, x, incx);

Integer:
int alpha, beta, x[];
int n, incx;

iramp(n, &alpha, beta, x, incx);

C Equivalent

for(i = 0; i < n; i++)
x[i] = alpha + (i - 1) * beta;
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xANDOM() xRA

NDOM(

Pseudo-random number generation. (Function returning a value.)

Calling Sequence

Double precision:
double d, drandom():;
d = drandom() ;

Single precision:
float s, srandom();
s = srandom();

Description

The scalar and vector versions of the random number routines use the same seed value, which is
stored in:

extern int random_seed ;

Since the same seed is used by all the random routines, a call to the vector routine and # calls to the
scalar routine would produce the same sequence of numbers (i.e., it is possible to vectorize random
number calls and expect the same sequence of random numbers).

The seed’s initial valueis 1 oneach node. The user probably will want to set the seed to a different
value on each node. Legal values are in the range from 1 through 231-1,

The algorithm used is described in the following article:
Park, Stephen K., and Miller, Keith W.

Random Number Generators: Good Ones are Hard to Find.
Communications of the ACM, Vol. 31, Number 10, (Oct 1988), pg. 1192-1207

1-51



C VeclLib Routines iPSC®2 and iPSC®/860 Math Libraries Reference Manual

Apply a plane rotation.

Calling Sequence

Double precision:
double x[]1, yl[]l, c, s:
int n, incx, incy:;
drot(n, x, incx, y, incy, &c, &s);

Single precision:
float =[], yl(], c, s;
int n, incx, incy;
srot (n, x, incx, y, incy, &c, &s);

C Equivalent
for(i = 0; i < 0; i++) {
t = x[i];
x[i] =t * ¢ + y[i] * s;
y[i] = -t * 38 + y[i] * c;
}
Description

Typically, this routine is used to apply a plane rotation to a matrix after using the appropriate xrotg()
routine to construct a Givens plane rotation. These subroutines compute the new x and y as a
function of the sin and cos of the angle through which the matrix is rotated (c represents the cosine
and s represents the sine, the values for which can be obtained with the xrotg() routines):

x[ilpew = x[ilo1q * ¢ + ylilgygq * s

Ylilpew = -x[ilg1gq * s + ylilg1g * ¢
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X

R G(

Construct a Givens plane rotation. It is intended to be used with xrot().

Calling Sequence

Double precision:
double a, b, ¢, s;
drotg(&a, &b, &c, &s);

Single precision:
float a, b, ¢, s;
srotg(&a, &b, &c, &s);

Discussion

Given a and b as the x and y values, this routine calculates the sine (s) and cosine (c) of the angle 6
through which the vectors are to be rotated. These values can then be used in the xrot() routines to
apply the plane rotation.

The routines return 7 overwriting g, and z overwriting b, as well as returning ¢ and s (when you call
the routines, ¢ and s are uninitialized), where:

r=0(a%+ b?)\2

where c=(sgn(@)if lal>Ibl)or(sgn(b)iflal21bl)

>

z is equal to s, 1/c, or 1, depending on the following:

s iflal>Ibl
1/ iflalzlblandc#0
1 ifc=0
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xROTGO (cont.) xROTG () (cont.)

If you wish to reconstruct ¢ and s from z, you can do it as follows:

ifz=0 setc=0ands=1
iflzl<1 setc=(1-22)2ands=2
iflzl>1 setc=1/zands=(1-c?)2
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xSADD() *SADD()

Scalar plus vector.

Calling Sequence
Double precision:
double xI[], yl[], alpha;

int n, incx, incy:;

dsadd(n, &alpha, x, incx, y; incy):;

Single precision:
float x[], y[], alpha;
int n, inecx, incy;

ssadd(n, &alpha, x, incx, y, incy):

Integer:
int x[], yl[l, alpha;
int n, incx, incy:;

isadd(n, &alpha, x, incx, y, incy):

Complex:
complex x[], y[], alpha;
int n, incx, incy:;

csadd(n, &alpha, x, incx, y, incy):;

Double precision complex:
zcomplex x[], y[], alpha;
int n, incx, incy:;

zsadd(n, &alpha, x, incx, y, incy):;
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xSADD() (cont.) XSADDO (cont.)

C Equivalent

for(i = 0; i < 0; i++)
y[i] = alpha + x[i];
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Scalar times a vector to itself,

Calling Sequence
Double precision:
double alpha, x[];

int n, incx;

dscal(n, &alpha, x, incx);

Single precision:
float alpha, x[];
int n, incx;

sscal(n, &alpha, x, incx):;

Complex:
complex alpha, x[];
int n, incx;

cscal(n, &alpha, x, incx):;

Double precision complex:
zcomplex alpha, x[];
int n, incx;

zscal(n, &alpha, x, incx);

C Equivalent

for(i = 0; i < 0; i++)
x[i) = alpha * x[i];
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SCASUM() SCASUM()

Sum of the absolute values of the real and imaginary parts of a complex vector. (Function returning a value.)

Calling Sequence

Single precision:
float s, scasum();
complex x[];
int n, incx

s = scasum(n, X, incx)

C Equivalent
scasum = 0.0;
for(i = 0; i < 0; i++)
scasum = scasum + ABS(x[i].r) + ABS(x[i].i):;
Description
n-1
scasum= X Ix[i]ad + x[i].il
i=0
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xSCATR()

Vector scatter.

Calling Sequence
Double precision:
double xI[], zI[];

int n, incx, incy,

dscatr(n, x, incx,

Single precision:
float xI[], zI[];
int n, incx, incy,

sscatr(n, x, incx,

Integer:
integer x[], z[]:;
int n, incx, incy,

iscatr(n, x, incx,

C Equivalent

*SCATR()

incz, iyl]:

iy, incy, z, incz);

incz, iyl(l;

iy, incy, 2z, incz);

incz, iyl]):

iy, incy, z, incz);

for(i = 0; 1 < 0; i++)
z[iy([i]] = x[i];

Note that iy must contain values between 0 and n-1. If the values of iy are not distinct, the results

are undefined.
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| xSDI()

Scalar divided by vector.

Calling Sequence
Double precision:
double x[], y[], alpha;

int n, incx, incy;

dsdiv(n, &alpha, x, incx, y, incy):

Single precision:
float x[], y[], alpha;
int n, incx, incy;

ssdiv(n, &alpha, x, incx, y, incy):;

Integer:
int x[], y[], alpha;
int n, incx, incy:;

isdiv(n, &alpha, x, incx, y, incy):

Complex:
complex x[], yl[], alpha;
int n, incx, incy;

csdiv(n, &alpha, x, incx, y, incy):;

Double precision complex:
zcomplex x[], yl[]l, alpha;
int n, incx, incy;

zsdiv(n, &alpha, x, incx, y, incy)
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xSDlV() (cont.) XSDIVO (cont.)

C Equivalent

for(i = 0; i < 0; i++)
y[i] = alpha / x[i];
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Vector equal to scalar.

Calling Sequence

Double precision:
double x[], alpha;
long 1ly([];
int n, incx, incy:;

dseq(n, &alpha, x, incx, ly, incy) ;

Single precision:
float x[], alpha;
long ly[];
int n, incx, incy;

sseq(n, &alpha, x, incx, ly, incy):

Integer:
int x[], alpha;
long 1lyl[]:

int n, incx, incy;

iseq(n, &alpha, x, incx, ly, incy):
C Equivalent

for(i = 0; i < 0; i++)
ly[i] = alpha == x[i];
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Scalar greater than or equal to vector.

Calling Sequence

Double precision:
double x[], alpha;
long ly[]:
int n, incx, incy;

dsge (n, &alpha, x, incx, ly, incy):

Single precision:
float x[], alpha;
long 1yl[]:
int n, incx, incy;

ssge(n, &alpha, x, incx, ly, incy):

Integer:
int x[], alpha;
long 1lyl[];

int n, incx, incy;

isge(n, &alpha, x, incx, ly, incy):
C Equivalent

for(i = 0; 1 < 0; i++)
ly[i] = alpha >= x[i];
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Scalar greater than vector.

Calling Sequence

Double precision:
double x[], alpha;
long 1lyI[1];
int n, incx, incy;

dsgt (n, &alpha, x, incx, ly, incy):

Single precision:
float x[], alpha;
long 1lyl];
int n, incx, incy;

ssgt (n, &alpha, x, incx, ly, incy):

Integer:
int x[], alpha;
long 1lyl[];

int n, incx, incy;

isgt(n, &alpha, x, incx, ly, incy):;
C Equivalent

for(i = 0; i < 0; i++)
ly[i] = alpha > x[i];
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C Veclib Routines

Scalar less than or equal to vector.

Calling Sequence

Double precision:
double x[], alpha;
long 1lyl[]:
int n, incx, incy:

dsle(n, &alpha, x, incx, ly,

Single precision:
float x[], alpha;
long 1lyI[]:
int n, incx, incy;

ssle(n, &alpha, x, incx, ly,

Integer:

C Equivalent

int x[], alpha;
long 1lyl[];
int n, incx, incy;

isle(n, &alpha, x, incx, ly,

for(i = 0; i < 0; i++)
ly([i] = alpha <= x[i];

incy) ;

incy);

incy) ;
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Scalar less than vector.

Calling Sequence

Double precision:

double x[], alpha;
long 1lyl[];
int n, incx, incy;

dslt (n, &alpha, x,

Single precision:

float x[], alpha;
long 1lyl[];
int n, incx, incy;

sslt(n, &alpha, x,

Integer:

C Equivalent

1-66

int x[], alpha;
long 1lyI[];
int n, incx, incy;

islt(n, &alpha, x,

incx, ly, incy):;

incx, ly, incy):

incx, ly, incy):

for(i = 0; i < 0; i++)
ly[i] = alpha < x[i];
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*SMUL() xSMULY()

Scalar times vector.

Calling Sequence
Double precision:
double x[], y[], alpha;

int n, incx, incy:;

dsmul (n, &alpha, x, incx, y, incy):

Single precision:
float x[], yl[]l, alpha;
int n, incx, incy:;

ssmul (n, &alpha, x, incx, y, incy):

Integer:
int x[], y[]l, alpha;
int n, incx, incy:;

ismul (n, &alpha, x, incx, y, incy);

Complex:
complex x[], yl[], alpha;
int n, incx, incy:

csmul (n, &alpha, x, incx, y, incy):;

Double precision complex:
zcomplex x[], yl[], alpha;
int n, incx, incy:; '

zsmul (n, &alpha, x, incx, y, incy):
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x*SMULY() (cont.) xSMUL() (cont.)

C Equivalent

for(i = 0; i < 0; i++)
y[i] = alpha * x[i];
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Vector not equal to scalar.

Calling Sequence

Double precision:

double x[], alpha;
long 1yl(]:
int n, incx, incy:

dsne (n, &alpha, x,

Single precision:

float x[], alpha;
long 1lyl[]:;
int n, incx, incy;

ssne (n, &alpha, x,

Integer:

C Equivalent

int x[], alpha;
long 1lyl[]:;
int n, incx, incy:;

isne(n, &alpha, x,

for(i = 0; 1 < 0;

inex, ly,

incx, 1ly,

incx, ly,

i++)

ly[i] = alpha != x[i];

incy) ;

incy) ;

incy);
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xSOLR()

Second-order recurrence routine.

Calling Sequence

Double precision:
double wl[], xI[], y[l, z[];
int n, incw, incx, incy, incz;

call dsolr(n, w, incw, X, incx, y,

incy, z, incz);

Single precision:
float w(], xI[], y[1, z[]:
int n, incw, incx, incy, incz;

call ssolr(n, w, incw, X, incx, y, incy, 2z, incz);

C Equivalent

for(i = 0; i < 0; i++)
z[i+2]) = w[i] + z[i+1] * x[i] + z[i] * y[i];

Note that the routine accesses two more elements in z than in w or x. Be sure to make the z array
large enough (including the increment size) to avoid overwriting other memory.
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xSSUB() SSUB()

Scalar vector subtraction.

Calling Sequence
Double precision:
double x[], yl[], alpha;

int n, incx, incy:

dssub(n, &alpha, x, incx, y, incy):

Single precision:
float x[], yl[], alpha;
int n, incx, incy;

sssub(n, &alpha, x, incx, y, incy):

Integer:
int x[], yl[], alpha;
int n, incx, incy:;

issub(n, &alpha, x, incx, y, incy):

Complex:
complex x[], y[], alpha;
int n, incx, incy;

cssub(n, &alpha, x, incx, y, incy):

Double Precision Complex:
zcomplex x[], y[], alpha;
int n, incx, incy;

zssub(n, &alpha, x, incx, y, incy):
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xSSUB() (cont.)

C Equivalent

for(i = 0; i < 0; i+4)
y[i] = alpha - x[i]:
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Vector sum. (Function returning a value.)

Calling Sequence
Double precision:
double d, x[], dsum();

int n, incx;

d = dsum(n, x, incx):;

Single precision:
float s, x[], ssum():;
int n, incx;

8 = ssum(n, X, incx):;

Complex:
complex ¢, x[], csum();
int n, incx;

c = csum(n, X, incx):;

Double precision complex:
zcomplex z, x[], zsum();
int n, incx;

z = zsum(n, X, incx);

C Equivalent

dsum = 0.0;
for(i = 0; i < 0; i++)
dsum = dsum + x[i];



C VeclLib Routines
xSUM() (con.)
Description
n-1
dsum= X
i=0
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*SVMVT()

Scalar minus vector quantity times vector.

Calling Sequence
Double precision:
double x[], yl[), z[], alpha;

int n, incx, incy, incz;

dsvmvt (n, &alpha, x, incx, y, incy, 2z, incz);

Single precision:
float x[], yl[l, z[], alpha;
int n, incx, incy, incz;

ssvmvt (n, &alpha, x, incx, y, incy, %, incz);

C Equivalent

for(i = 0; i < 0; i++)
z[i] = (alpha - x[i]) * y[i];
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xSVPVT()
Scalar plus vector quantity times vector.

Calling Sequence
Double precision:
double x[], yl[], z[], alpha;

int n, incx, incy, incz;

dsvpvt (n, &alpha, x, incx, y, incy, z,

Single precision:
float x[1, yl[l, zI[], alpha;
int n, incx, incy, incz

ssvpvt (n, &alpha, x, incx, y, incy, gz,
C Equivalent

for(i = 0; i < 0; i++)
z[i] = (alpha + x[i]) * y[i];
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#SVTSP() | *SVTSP()

Scalar times vector quantity plus scalar.

Calling Sequence
Double precision:
double x[], yl[]l, alpha, beta;

int n, incx, incy;

dsvtsp(n, &alpha, &beta, x, incx, y, incy);

Single precision:
float x[], yl[], alpha, beta;
int n, incx, incy:;

ssvtsp(n, &alpha, &beta, x, incx, y, incy):

C Equivalent

for(i = 0; i < 0; i++4)
y[i] = alpha * x[i] + beta;
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xSVTVM()

STV

Scalar times vector quantity minus vector.

Calling Sequence
Double precision:
double x[], yl[], z[], alpha;

int n, incx, incy, incz;

dsvtvm(n, &alpha, x, incx, y, incy, z,

incz);
Single precision:
float x[], y[l, z[], alpha;
int n, incx, incy, incz;
ssvtvm(n, &alpha, x, incx, y, incy, 2z, incz);

C Equivalent

for(i = 0; i < 0; i++)
z[i] = alpha * x[i] - y[i];
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xSVTVP()

xSVTV(

Scalar times vector quantity plus vector.

Calling Sequence

Double precision:

double x[], yl[], z[], alpha;
int n, incx, incy, incz;

dsvtvp(n, &alpha, x, incx, y, incy, z, incz);

Single precision:
float x[), y[], z[], alpha
int n, incx, incy, incz;

ssvtvp(n, &alpha, x, incx, y, incy, 2, incz);

C Equivalent

for(i = 0; i < 0; i++4)
z[i] = alpha * x[i] + yI[i];
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x*SVVMT() x*SVVMT()

Scalar times the quantity of vector minus vector.

Calling Sequence
Double precision:
double x[], yI[], z[], alpha;

int n, incx, incy, incz;

dsvvmt (n, &alpha, x, incx, y, incy, 2z, incz);

Single precision:
float x[], yl[l, z[], alpha;
int n, incx, incy, incz;

ssvvmt (n, &alpha, x, incx, y, incy, Z, incz);
C Equivalent

for(i = 0; i < 0; i++)
z[i] = alpha * (x[i] - y[i]);

1-80



iPSC®&2 and iPSC®/860 Math Libraries Reference Manual

xSVVPT()
Scalar times the quantity of vector plus vector.

Calling Sequence
Double precision:
double x[], yl[]l, z[], alpha;

int n, incx, incy, incz;

dsvvpt (n, &alpha, x, incx, y, incy, zZ,

Single precision:
float x[], y[], z[], alpha;
int n, incx, incy, incz;

r\ ssvvpt (n, &alpha, x, incx, y, incy, 2z,

C Equivalent

for(i = 0; i < 0; i++)
z[i] = alpha * (x[i] + y[i]):

C VeclLib Routines

xSVVPT()

incz);

incz):;
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Scalar minus the quantity of vector times vector.

Calling Sequence

Double precision:
double x[], y[]l, z[], alpha;

int n, incx, incy, incz;

dsvvtm(n, &alpha, %, incx, y, incy,

Single precision:
float x[], y[l, z[], alpha;
int n, incx, incy, incz;

ssvvtm(n, &alpha, x, incx, y, incy,
C Equivalent

for(i = 0; 1 < 0; i++)
z[i] = alpha - x[i] * y[i];
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xSVVTP()

Scalar plus the quantity of vector times vector.

Calling Sequence
Double precision:
double x[], yl[l, z[], alpha;
int n, incx, incy, incz;

dsvvtp(n, &alpha, x, incx, y, incy, Z, incz);

Single precision:
float x[], yl[l, z[], alpha;
int n, incx, incy, incz;

ssvvtp(n, &alpha, x, incx, y, incy, z, incz);
C Equivalent

for(i = 0; 1 < 0; i++)
z[i) = alpha + x[i] * yI[i];
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P

xSWA

Swap vectors.

Calling Sequence
Double precision:
double xI[], yll;
int n, incx, incy;

dswap(n, x, incx, y, incy):

Single precision:
float xI[]1, yl[1;
int n, incx, incy;

sswap(n, x, incx, y, incy):

Integer:
int x[1, yl[1:
int n, incx, incy;

iswap(n, x, incx, y, incy):;

Complex:
complex x[], yl]:
int n, incx, incy;

cswap(n, x, incx, y, incy):;

Double precision complex:
zcomplex x[], yl[];
int n, incx, incy;

zswap(n, x, incx, y, incy):;
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XSWAPO (cont.)
C Equivalent
for(i = 0; i < 0; i++)
t = yli];
yli]l = x[i];
x[i] = t;

{

C Veclib Routines

xSWAPO (cont.)
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xTRFAC() xTRFAC

Performs an LU factorization of the tridiagonal of a matrix, and is intended to be used with xubidi() and xIbidi().

Calling Sequence
Double precision:
double 1[], d[], ull:

int n, incl, incd, incu;

dtrfac(n, 1, incl, 4, incd, u, incu);

Single precision:
float d[], ull, =x[];
int n, incd, incu, incx;

strfac(n, 1, incl, d, ined, u, incu);

C Equivalent
d[0] = 1.0/d[0];
for(i=1;i < 0;i++) {
1[i] = 1[i] * d[i-1);
dfi] = 1.0/(d[i] - 1([i] * u[i-1]);
}
Discussion

xtrfac does an LU factorization of A, where A is the tridiagonal matrix:
[ dl1 ul 0 0

oo 0
[ 12 d2 u2 0 oo 0
[0 13 d3 u3 0

1ln-1 dn-1 un-1
ln dn

—
. . .
— e et bt d d
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xTRFAC 0 (cont.) xTRFAC() (cont.)
The matrix is stored in the following space-efficient way:
1is the lower diagonal (elements 2 through » are used)
d is the diagonal (elements 1 through n are used) .
u is the upper diagonal (elements 1 through n-1 are used)

xtrfac() factors the tridiagonal to produce the lower and upper bidiagonals, which you can then solve
with xIbidi() and xubidi(), respectively. In addition, xtrfac() inverts the diagonal, so it is ready for
xubidi() to solve.
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xBIDI() |DI()

Performs the backward substitution to solve the tridiagonal in a matrix, and is intended to be used with xtrfac( and
xIbidi().
Calling Sequence
Double precision:
double d[], ul], xI[]:

int n, incd, incu, incx;

dubidi(n, d, incd, u, incu, x, incx):;

Single precision:
float d[(], ull, x[]:
int n, incd, incu, incx;

subidi(n, d, incd, u, incu, x, incx);

C Equivalent

for(i =n - 2; i <-1; i-=)

x[1] = (x[i] - u[i]) * x[i + 1] * d[i];
Discussion
xubidi does the backward substitution to solve Ax=b where A is the bidiagonal matrix:

[ 4o uo 0 0 eee 0]

[ O dl ul 0 ... 0]

[ O 0 d2 u2 oo 0]

[ ... ]

[ ... e ]

[ 0 dn-2 un-2 ]

[ dn-1 un-1 ]
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xU BIDIO (cont.) xUBlDIO (cont.)
d is the diagonal that results from (elements 0 through n-1 are used)
the use of xtrfac(), which takes the
reciprocal of the diagonal
u is the upper diagonal (elements 0 through n-2 are used)
x is an input (the output of xlbidi) and an (elements O through n-1 are used)

output (x that satisfies Ax=b)

The xubidi() routine does a forward substitution to solve the upper bidiagonal. The xubidi() routine
assumes that the diagonal is inverted, done automatically if you have a tridiagonal matrix and use
xtrfac() to factor it into upper and lower bidiagonals. If your original matrix has only the upper
bidiagonal, invert the diagonal before you use xubidi(.
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Element-wise absolute value.

Calling Sequence

1-90

Double precision:
double x[], yI[];
int n, incx, incy;

dvabs (n, x, incx, y,

Single precision:
float x[], yl]:
int n, incx, incy;

incy);

svabs(n, x, incx, y, incy):;

Integer:
int x[1, y[1:
int n, incx, incy;

ivabs(n, x, incx, y, incy)

Complex:
complex x[];
float syl]:
int n, incx, incy:

cvabs(n, x, incx, sy,

Double Precision Complex:
zcomplex x[];
double dy(]:;
int n, incx, incy:

zvabs(n, x, incx, dy,

incy);

incy):
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{
\
xVABS() (cont.) xVABS() (cont.)
C Equivalent
For non-complex values:
for(i = 0; i < 0; i++)
y[i] = ABS(x[i]);
{
For complex values:
for(i = 0; i < 0; i++4)
y[i] = CABS(x[i]);
Description
ylil =1x[i]1
-
/
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xVADD() xVAD(

Vector addition.

Calling Sequence
Double precision:
double x[1, yl[]l, z[l:

int n, incx, incy, incz;

dvadd(n, x, incx, y, incy, z, incz);

Single precision:
float x[], yl[l, zl[]):
int n, incx, incy, incz;

svadd(n, x, incx, y, incy, 2, incz);

Integer:
int x[1, y[1, z[):
int n, incx, incy, incz;

ivadd(n, x, incx, y, incy, 2z, incz);

Complex:
complex x[], yI], z[]1;
int n, incx, incy, incz;

cvadd(n, x, incx, y, incy, %, incz):;

Double precision complex:
zcomplex x[], yI[], z[];
int n, incx, incy, incz;

zvadd(n, x, incx, y, incy, 2, incz);
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)

xVADD() (cont.)

C Equivalent

for(i = 0; i < 0; i++)
z[i] = x[i] + y[i];

C VeclLib Routines

xVADD() (cont.)
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xVAMAX() xVAMAX()

Vector element-wise maximum absolute value.

Calling Sequence
Double precision:
double x[], vy, z[]:;

int n, incx, incy, incz;

dvamax(n, x, incx, y, incy, z, incz);

Single precision:
float x[], y[l, z[]:
int n, incx, incy, incz;

svamax(n, x, incx, y, incy, %, incz);
C Equivalent
for(i = 0; i < 0; i++)

z[i] = MAX(ABS(x[i]),ABS(y[i]));

Description

z[i] = max (I x[i] |, | y[i] I.)
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xAMI()

Vector element-wise minimum absolute value.

Calling Sequence
Double precision:
double x[1, yl]l, zI[]:

int n, incx, incy, incz;

dvamin(n, %, incx, y, incy, 2z, incz):;

Single precision:
float x[], yll, z[]):
int n, incx, incy, incz;

svamin(n, x, incx, y, incy, %, incz);
C Equivalent
for(i = 0; i < 0; i++)

z[i] = MIN(ABS(x[i]),ABS(y[il])):

Description

z(i] = min (I x[i] I, 1 y(i] 1)

1-85



C Veclib Routines iPSC®/2 and iPSC®/860 Math Libraries Reference Manual

xVATAN() xVATAN(

Element-wise inverse-tangent.

Calling Sequence
Double precision:
double x[], yl];

int n, incx, incy;

dvatan(n, x, incx, y, incy):

Single precision:
float x[], yI(1;
int n, incx, incy:;

svatan(n, x, incx, y, incy):

C Equivalent

for(i = 0; i < 0; i++)
y([i] = atan(x[i]);

Description

ylil= aictangcnt (in radians) of x[i]
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Element-wise inverse-tangent.

Calling Sequence

Double precision:
double x[], yIl, z[]:

int n, incx, incy, incz;

dvatn2(n, x, incx, y, incy, z, incz);

Single precision:
float x[]1, yl[l, zl[]l:
int n, incx, incy, incz;

svatn2(n, x, incx, y, incy, %, incz);

C Equivalent
for(i = 0; i < 0; i++)
z[i] = atan2(x[i],yl[i]):
Description

z[i] = arctangent (in radians) of x[i] / y[i]

C VecLib Routines

~ xVATN2()
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xVCMPLX()

Construction of a complex vector. The cvemplx() routine builds a complex vector from two float vectors; the
zvemplx() routine builds a double precision complex vector from two double vectors.

Calling Sequence
Float to complex:
complex z[];
float sx[], syll:

int n, incx, incy, incz;

cvemplx(n, 8x, incx, 8y, incy, %, incz);

Double to double precision complex:
zcomplex z[];
double dx[], dyll:
int n, incx, incz;

zvemplx(n, dx, incx, dy, incy, 2, incz);

C Equivalent
Float to complex:

for(i = 0; i < 0; i++)
z[i] = CMPLX(sx[i], syl[i]):

Double to double precision complex:
for(i = 0; i < 0; i++)
z[i] = CMPLX(dx[i], dy[i)):
Description

Construction of a complex vector from two float vectors, the first x being the real part, and the
second y being the imaginary part.
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xVCONJG() xVCONJG()

Calculate the conjugate of a complex vector.

Calling Sequence
Complex:
complex xI[]1, yll:

int n, incx, incy;

call cvconjg(n, x, incx, y, incy):;

Double precision complex:

zcomplex x[], yI[];
int n, incx, incy;

r call zvconjg(n, x, incx, y, incy):
C Equivalent

for(i = 0; i < 0; i++)
y[i] = CONJG(x[i]):;
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xVCOS()

| xVO()

Element-wise cosine.

Calling Sequence
Double precision:
double x[], yll:

int n, incx, incy:

dvcos(n, x, incx, y, incy);

Single precision:
float x[], yI[]:
int n, incx, incy;

svcos (n, x, incx, y, incy):

C Equivalent

for(i = 0; i < 0; i++)
y[i]l = cos(x[i]);

Description

y[i] = cosine of x[i] in radians
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VDBLE()

Single to double precision.

Calling Sequence

double dyl[]:
float sx[];
int n, incx, incy;

vdble (n, sx, incx, dy, incy):
C Equivalent
for(i = 0; i < 0; i++)

dy([i] = (double)sx[i]:

Description

dyl[i] = conversion of sx[i] to double precision
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xVDIV()

AVDIVg

Element-wise vector division.

Calling Sequence
Double precision:
double x[], yl[l, z[];

int n, incx, incy, incz;

dvdiv (n, x, incx, y, incy, z, incz):;

Single precision:
float x[], yI[1, zI[];
int n, incx, incy, incz;

svdiv(n, x, incx, y, incy, 2z, incz);

Integer:
int x(1, y[1, zI[]:
int n, incx, incy, incz;

ivdiv(n, x, incx, y, incy, z, incz):;

Complex:
complex x[], y[l, z[):
int n, incx, incy, incz;

cvdiv(n, x, incx, y, incy, z, incz);

Double precision complex:
zcomplex x[], yl[l, z[];
int n, incx, incy, incz

zvdiv(n, x, incx, y, incy, %, incz);
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xVDIVO (cont.) xVDIV() (cont.)

C Equivalent

for(i = 0; i < 0; i++)
z[i] = x[1] / y[i];
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xVEXP()

Element-wise exponential.

Calling Sequence

Double precision:
double x[], yl[]:

int n, incx, incy;
dvexp(n, x, incx, y, incy):
Single precision:

float x[1, yl];

int n, incx, incy

svexp(n, x, incx, y, incy):
C Equivalent

for(i = 0; i < 0; i++)

yli] = exp(x[i]);

Description

ylil = eXlil
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xVFIX(

Truncate elements to integer values.

Calling Sequence
Double precision:
double x[];

int n, iy[], incx, incy:;

dvfix(n, x, incx, iy, incy):

Single precision:
float x[];
int n, iyl[], incx, incy;

svfix(n, x, incx, iy, incy):
C Equivalent
for(i = 0; i < 0; i++)

iy(i] = (int)x[i];

Description

iy[i] = value resulting from truncation of the fractional part of x[i]
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xVFLOA()

dall

Convert integer to floating point.

Calling Sequence

Double precision:
double yl[];
int n, incx, incy, ix[]:

dvfloa(n, ix, incx, y, incy):

Single precision:
float yll:;
int n, incx, incy, ix[];

svfloa(n, ix, incx, y, incy):;

C Equivalent

for(i = 0; i < 0; i++)
yli]l = ix[i];

Description

yli] = conversion of ix[i] to floating point
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VIMAG()

Extract the imaginary part of a complex vector.

Calling Sequence

Complex:

complex x[]:;
float syl];
int n, incx, incy;

cvimag(n, x, incx, sy, incy):;

Double precision complex:

C Equivalent

zcomplex x[];
double dyl[];
int n, incx, incy;

zvimag(n, x, incx, dy, incy):;

for(i = 0; i < 0; i++)
sy([i] = x[i].i;

C Veclib Routines

xIMAG()
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xVLG10() xVG1 0(

Element-wise base 10 logarithm.

Calling Sequence
Double precision:
double x[], yI[]:

int n, incx, incy;

dvlglO(n, x, incx, y, incy):
Single precision:

float x[], yll:

int n, incx, incy;

svlglO(n, x, incx, y, incy):

C Equivalent

for (i 0; i < n; i++4)

y[i] = loglO(x[i]);

Description

yli] = log,o(x[i])
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xVLOG() ) -~ xVLG()

Element-wise natural logarithm.

Calling Sequence
Double precision:
double x[], yI[]:

int n, incx, incy;

dvlog(n, x, incx, y, incy):;

Single precision:
float x[], yl]:
int n, incx, incy:;

svlog (n, x, incx, y, incy):

C Equivalent
for(i = 0; i < 0; i++)
y[i]l = log(x[i]);
Description
yli] = In (x[i])

1-109



C Veclib Routines iPSC®/2 and iPSC®/860 Math Libraries Reference Manual

XVMAX( e

Vector element-wise maximum.

Calling Sequence
Double precision:
double x[], y[], z[];

int n, incx, incy, incz;

dvmax(n, x, incx, y, incy, 2z, incz);

Single precision:
float x[1, yI[1, z[]:
int n, incx, incy, incz;

dvmax(n, x, incx, y, incy, z, incz);
C Equivalent

for(i = 0; i < 0; i++)
z[i] = MAX(x[i],y[i]);
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xVMINQ | B ZVMINQ

Vector element-wise minimum.

Calling Sequence

Double precision:
double xI[]1, yI[]l, zI[]:
int n, incx, incy, incz;

dvmin(n, x, incx, y, incy, 2z, incz);

Single precision:
float x[1, yl[l, z[];
int n, incx, incy, incz;

f svmin(n, x, incx, y, incy, 2z, incz);
\
C Equivalent
for(i = 0; i < 0; i++)
z[i] = MIN(x[i],y[i]);
{
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xVMUL()

xVMU()

Element-wise vector multiplication.

Calling Sequence

Double precision:
double xI[]1, y(l, zI[]:
int n, incx, incy, incz;

dvmul (n, x, incx, y, incy, z, incz);

Single precision:
float xI[], yl[l, 2[]:
int n, incx, incy, incz;

svmul (n, X, incx, y, incy, z, incz);

Integer:
int x(], y(1, z[];
int n, incx, incy, incz;

ivmul (n, %, incx, y, incy, z,

incz);
Complex:
complex x[]1, y[l, z[]:
int n, incx, incy, incz;
cvmul(n, x, incx, y, incy, 2z, incz);

Double precision complex:
zcomplex x[], yl[], z[]):
int n, incx, incy, incz;

zvmul (n, x, incx,.y, incy, 2%, incz);
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xVM UL() (cont.)

C Equivalent

for(i = 0; i < 0; i++)
z[i] = x[i] * yI[i];

C Veclib Routines

xVMU Lo (cont.)
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xVNEGO a0

Negate vector.

Calling Sequence
Double precision:
double x[], yl]:

int n, incx, incy:

dvneg(n, x, incx, y, incy):

Single precision:
float x[], yll;
int n, incx, incy;

svneg(n, x, incx, y, incy):;

Integer:
int x[], y([1:
int n, incx, incy;

ivneg(n, x, incx, y, incy);

Complex:
complex x[], yl]:;
int n, incx, incy:;

cvneg(n, x, incx, y, incy):

Double precision complex:
zcomplex x[], yl[];
int n, incx, incy;

zvneg(n, x, incx, y, incy):
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xVNEG()(cont.)

C Equivalent

for(i = 0; i < 0; i++4)
ylil = -x[i]);

C Veclib Routines

xVNEG()(cont.)
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xVPOLY() , | xVPOLY()

Vector polynomial evaluation.

Calling Sequence
Double precision:
double x[], cl]l, yl];

int n, m, incx, incc, incy;

dvpoly(n, x, incx, m, ¢, incc, y, incy):;

Single precision :
float x[], cll1, yI1:
int n, m, incx, incc, incy;

svpoly(n, X, incx, m, ¢, incc, y, incy);

C Equivalent
for(i = 0; i < 0; i++)
y[i] >=c[m - 1);
for(j =m-2; j =0;j=-=) {
for(i = 0;1i < 0;i++) {
yli] = x[i] * y[i] + c[3):
}
}
Description

¢ is a vector of length 'm’ containing the coefficients of the polynomial.
Vector polynomial evaluation;

ylil = ¢y + ¢y x[i] + cx[i]2...+ ¢ x[i]™!

Note that if m <0, then y[i] = 0.0 fori =0, 1,......n-1
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xVPOW() xVPOW()

Element-wise power function.

Calling Sequence
Double precision:
double precision xI[], yl[]l, z[]:
int n, incx, incy, incz;

dvpow(n, x, incx, y, incy, 2z, incz);

Single precision:
float x(], yl[), zI[];
int n, incx, incy, incz

svpow(n, X, incx, y, incy, Z, incz);

C Equivalent

for(i = 0; i < 0; i++)
z[i] = pow(x[i], yI[i])

Description
z[i] = x[ipP
Note that exponentiation is performed using logarithms. The value of x/i] cannot be a negative

number since logarithms of negative values are undefined. Therefare, x/i] must be greater than or
equal to zero. Also, if x/i] equals zero, then y[i] must be greater than zero to avoid a divide by zero.
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xVRANDOM() xVRANDOM

Pseudo-random vector generator.

Calling Sequence
Double precision:
double x[];

int n, incx;

dvrandom(n, x, incx);

Single precision :
float x([];
int n, incx;

svrandom(n, X, incx);

Description

The scalar and vector versions of the random number routines use the same seed value stored in:

extern int random seed_;

Since the same seed is used by all the random routines, a call to the vector routine and n calls to the
scalar routine would produce the same sequence of numbers (i.e., it is possible to vectorize random
number calls and expect the same sequence of random numbers).

The seed’s initial valueis 1 on each node. The user probably will want to set the seed to a different
value on each node. Legal values are in the range from 1 through 231-1,

The algorithm used is described in the following article:
Park, Stephen K., and Miller, Keith W.

Random Number Generators: Good Ones are Hard to Find.
Communications of the ACM, Vol. 31, Number 10, (Oct 1988), pg. 1192-1207
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xVREAL() xVREAL()

Extract the real part of a complex vector.

Calling Sequence
Complex:
complex x[]:
float syl]:

integer n, incx, incy;

cvreal(n, x, incx, sy, incy):

Double precision complex:
zcomplex x[];
double dyl[]:
integer n, incx, incy;

zvreal (n, x, incx, dy, incy):
C Equivalent

for(i = 0; i < 0; i++)
sy[i] = x[i]).r;
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*VRECP() xVRECP()

Vector reciprocal.

Calling Sequence
Double precision:
double x[]1, yI[]:

int n, incx, incy;

dvrecp(n, x, incx, y, incy):

Single precision:
float x[], yll:
int n, incx, incy:;

svrecp(n, x, incx, y, incy):

Complex:
complex x[], yll;
int n, incx, incy;

cvrecp(n, x, incx, y, incy):

Double precision complex:
zcomplex x[], yl[l;
int n, incx, incy;

zvrecp(n, X, incx, y, incy):
C Equivalent

0; i++)
0/ xI[i];
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VS

Element-wise sine.

Calling Sequence
Double precision:
double x[], yI[1;

int n, incx, incy;

call dvsin(n, x, incx, y, incy):

Single precision:
float x[], yll:
int n, incx, incy;

call svsin(n, x, incx, y, incy):
C Equivalent
for(i = 0;i < 0;i++)

y([i] = sin(x[i]):;

Description

yli] = sine of x[i] in radians
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VSNGL() VSNGL()

Double to single precision.

Calling Sequence

double dx[]:;
int n, incx, incy;
float syl];

vsngl(n, dx, incx, 8y, incy):
C Equivalent
for(i = 0; i < 0; i++4)

syl[i] = (float)dx[i]:;

Description

sy[i] = conversion of dx([i] to type float.
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xVSQRT() xVSQRT()

Element-wise square root.

Calling Sequence
Double precision:
double x[], yI]:

int n, incx, incy;

call dvsqrt(n, x, incx, y, incy):

Single precision:
float x[1, yl(]1:
int n, incx, incy;

call svsqgrt(n, x, incx, y, incy):

C Equivalent
for(i = 0; i < 0; i++)
y[i] = sqrt(x[i]);
Description
ylil = Jx[i]

1-128



C VecLib Routines

xVSUB()

Vector subtraction.

Calling Sequence

Double precision:
double x[], yl[], z[]:
int n, incx, incy, incz;
dvsub(n, x, incx, y, incy,
Single precision:
float xI[], yl[l, z[]:
int n, incx, incy, incz;

svsub(n, x, incx, y, incy,

Integer:
int x[], y[1, 2[);
int n, incx, incy, incz;

ivsub(n, x, incx, y, incy,

Complex:
complex x[], yl[]l, z[];
int n, incx, incy, incz;

cvsub(n, x, incx, y, incy,

Double precision complex:
zcomplex x[], y([], z[]:
int n, incx, incy, incz;

zvsub(n, x, incx, y, incy,
C Equivalent

for(i = 0; i < 0; i++)
z[i) = x[i] - y[i);
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XVVMVT(

Vector minus vector quantity times vector.

Calling Sequence
Double precision:
double wl[], x[], y[], z[];

int n, incw, incx, incy, incz;

dvvmvt (n, w, incw, %, incx, y, incy, %, incz);

Single precision:
float w(l, xI[], y[], zl[):
int n, incw, incx, incy, incz;

P svvmvt (n, w, incw, X%, incx, y, incy, %, incz);

C Equivalent

for(i = 0; 1 < 0; i++)
z[i] = (w[i] - x[i]) * y[i]);
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AVVPVTY AVVPVT)

Vector plus vector quantity times vector.

Calling Sequence
Double precision:
double w(], x[1, yI[], zIl]:

int n, incw, incx, incy, incz;

dvvpvt (n, w, incw, x, incx, y, incy, z, incz):;

Single precision:
float w(l,x[]1, y[1, =z[]):
int n, incw, incx, incy, incz;

svvpvt(n, w, incw, x, incx, y, incy, Z, incz);
C Equivalent

for(i = 0; i < 0; i++)
z[i] = (w[i] + x[i]) * y[i];
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xVVTVM(

Vector times vector quantity minus vector.

Calling Sequence
Double precision:
double w[], x[], y[], zI[];

int n, incw, incx, incy, incz;

dvvtvm(n, w, incw, x, incx, y, incy, 2z, incz);

Single precision:
float w(], x[], y[], z[];
int n, incw, incx, incy, incz;

rx svvtvm(n, w, incw, %X, incx, y, incy, %, incz);

C Equivalent

for(i = 0; i < 0; i++)
z[i] = w[i]) * x[i]) - yI[i]:
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Vector times vector quantity plus vector.

Calling Sequence
Double precision:
double w[], x[], yll, z[l:

int n, incw, incx, incy, incz;

dvvtvp(n, w, incw, %, incx, y, incy, z, incz);

Single precision:
float w(], xI[], y[1, zl[1:
int n, incw, incx, incy, incz;

svvtvp(n, w, incw, x, incx, y, incy, z, incz);
C Equivalent

for(i = 0; i < 0; i++)
z[i] = w([i] * x[i] + y[i]);
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XVVVTM()

Vector minus the quantity of vector times vector.

Calling Sequence
Double precision:
double precision w[], xI[)}, yl[]l, zI[]):

int n, incw, incx, incy, incz;

dvvvtm(n, w, incw, %, incx, y, incy, z, incz);

Single precision:
float wll, x[], y[1, z[];
int n, incw, incx, incy, incz;

svvvtm(n, w, incw, x, incx, y, incy, %, incz);

C Equivalent

for(i = 0; i < 0; i++)
z[i] = w[i] - x[i] * y[i]);
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FORTRAN VECLIB ROUTINES |Z|

INTRODUCTION

The Vector Library (VecLib) contains routines that support Intel’s numeric products. These routines
provide a basic set of vector operations that can be used to replace Fortran DO loops. There are six
versions of the VecLib routines contained in the following libraries:

Library
fust/lib/libvec.a

/fusr/lib/libsxvec.a
/Jusr/lib/libvxvec.a
fust/lib/libvxdbvec.a

Jusr/lib/libvxsxvec.a

fusr/lib/libvxsxdbvec.a

Implemented With

Fortran and C
Fortran and C
Microcode
Microcode
Microcode

Microcode

Function

Executes on standard node board or system
resource manager.

Executes on SX option board.
Executes on vector processor board.

Executes on vector processor board.
Provides debug checks.

Executes on vector processor board and
nodes that have SX option.

Executes on vector processor board and
nodes that have SX option. Provides debug
checks.

The /usr/libl/libsxvec.a library can be used only if the SX option is installed in your system. The
lusrilibllibvxsxvec.a and /usr/lib/libvxsxdbvec.a libraries can be used only if both the SX option and
vector processor boards are installed. The last four libraries (those with vx in the names) can be used
only if vector processor boards are installed. (Refer to the iPSC®/2 VX User’s Guide for more
information.)
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This chapter contains the following information:

» Conventions used in naming routines.

»  Conventions used for parameter names in the reference pages (formal parameters).
»  General rules and information that will help you use the VecLib routines.

*  General limitations.

¢ Error messages.

* A able that is a summary of all of the routines, listing a brief description of each routine along
with a synopsis of the call and the Fortran equivalent of the call.

The final section contains a reference page for each VecLib routine, in order alphabetically by
base name. For each routine, the reference contains a brief definition, the calling sequence, the
Fortran equivalent, and a mathematical description.

NAMING CONVENTIONS

2-2

Routines exist for both single precision and double precision functions. In some cases, routines exist
for integer, logical, and complex functions. The data type a function operates on is indicated by the
first or second letter of the routine name; “D” for double, “S” for single, “I” for integer, “L" for
logical, and “C” for complex, and “Z” for double precision complex. Far example:

Base Double Precision Single Precision Integer Complex
xCOPY DCOPY Scopy ICOPY CcorYy

The vector library includes most of the Basic Linear Algebra Subprograms (BLAS) and uses the
BLAS calling sequence and naming conventions.

NOTE

For more information on the Basic Linear Algebra Subprograms,
refer to the following publications:

Bunch, J.R., Dongarra, J.J., Moler, C.B., Stewart, G.W., LINPACK
User’s Guide, 1979, Appendix A.

Lawson, C.L., Hanson, R.J., Kincaid, D.R., Krogh, F.T., “Basic
linear algebra subprograms for Fortran usage,” ACM Trans. Math.
Software, 1979, Vol. 5, No. 3, pp. 308-371.
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Some of the vector routines use the Reverse Polish Notation (RPN) naming convention. An example
is shown in Table 2-1.

Table 2-1. Reverse Polish Notation

Routine Notation Description
xSVTVM S = Scalar Scalar times vector quantity
V = Vector minus vector
T = Times
M = Minus
xSVVTP S = Scalar Scalar plus the quantity
V = Vector of vector times vector
T = Times
P=Plus
FORMAL PARAMETERS

The calling sequence <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>