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Overview

This document describes the structure, operation and functions of the Intel® Integrated
Performance Primitives (Intel® IPP) for Intel® architecture that operate on
one-dimensional signals. This is the first volume of the Intel IPP Reference Manual, which
also comprises descriptions of the Intel IPP for image and video processing (volume 2),
operations on small matrices, 3D data processing and rendering (volume 3), and
cryptography functions (volume 4).

The Intel IPP software package supports many functions whose performance can be
significantly enhanced on Intel architecture, particularly using the MMX™ technology,
Streaming SIMD Extensions (SSE), Streaming SIMD Extensions 2 (SSE2), Streaming
SIMD Extensions 3 (SSE3), as well as Intel® 1tanium® architecture. For information on
Intel IPP implementation for Intel® 1XP4XX product line, see Cross-Architecture Alignment
section later in this chapter.

The Intel IPP for signal processing software is a collection of low-overhead, high-
performance operations performed on one-dimensional (1D) data arrays.

This manual explains the Intel IPP concepts as well as specific data type definitions and
operation models used in the signal processing domain and provides detailed descriptions
of the Intel IPP signal processing functions.

This chapter introduces the Intel IPP software and explains the organization of this manual.

About This Software

The Intel IPP for Intel architecture software enables taking advantage of the parallelism of
the single-instruction, multiple-data (SIMD) instructions that comprise the core of the MMX
technology and Streaming SIMD Extensions. These technologies improve the performance
of computation-intensive signal, image, and video processing applications. Use of Intel IPP
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primitive functions can help to drastically reduce development costs and accelerate
time-to-market by eliminating the need of writing processor-specific code for computation

intensive routines.

Hardware and Software Requirements

Intel IPP for Intel architecture software runs on personal computers that are based on
processors using 1A-32, Intel® 64 or 1A-64 architecture and running Microsoft Windows™*,
Linux*, or Mac OS* X. Intel IPP integrates into the customer’s application or library written in
Cor C++.

Platforms Supported

Intel IPP for Intel architecture software runs on Windows>*, Linux*, and Mac OS* X platforms.
The code and syntax used in this manual for function and variable declarations are written in
the ANSI C style. However, versions of Intel IPP for different processors or operating systems
may, of necessity, vary slightly.

Cross-Architecture Alignment

1-2

Cross Architecture Overview

Intel IPP has been designed to support application development on various Intel®
architectures.

By providing a single cross-architecture API, Intel IPP allows software application repurposing
and enables developers to port to unique features across Intel® processor-based desktop,
server, mobile and handheld platforms. Developers can write their code once, to realize
application performance over many processor generations.

The Table 1-1 summarizes the functionality covered in each Intel IPP implementation. Only
integer flavors of the most functions described in this manual are supported for Intel®
IXP4XX product line. Please refer to the corresponding header files.

For additional information on APl additions and changes from previous versions, please refer
to the product release notes and the document Migration Guide for Intel® IPP Cross
Architecture API Alignment available at http://www.intel.com/software/products/ipp.
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The following table summarizes the functionality covered in each Intel IPP implementation.

Table 1-1 Function Coverage in Intel IPP

Intel® 64-bit Intel® | Intel® Intel®

Pentium® 4 Xeon® Itanium® 2 IXP4XX
Function Group processors processors processors Product Line
Signal Processing available available available available!
Image Processing available available available available!
JPEG available available available available?!
Speech Recognition available available available available!
Speech Coding available available available available?!
Audio Codecs available available available available!
Video Codecs available available available available!
Matrix available available available n/a
Vector Math available available available n/a
Computer Vision available available available available!
Cryptography available available available available?!
Data Compression available available available available!
Color Conversion available available available available?!
String Processing available available available available!
Realistic Rendering available available available n/a

1. Only a subset of these functions is supported, please refer to the corresponding header file.

API Changes in Version 5.0

Starting from the version 5.0 Intel IPP has a limited compatibility with the versions 4.x or
lower. To improve the library in several aspects the following changes have been done:

= some functions have been replaced by new functions with extended functionality;
= some functions have been changed to make APl more consistent and handy;
- odd and unusable functions have been discarded;

= several complicated functions have been discarded from the Intel IPP, but their
functionalities have been moved to the codec/sample level.
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All these changes affect existent applications. Table 1 in the Appendix B lists such functions
for the signal processing functional domains and specifies the corresponding Intel IPP 5.0
functions to substitute for them. If an application calls functions listed in this table, then
the source code should be modified.

Several functions have been moved to the newly created domains. These changes do not
affect existent applications.

Additionally, certain modifications breaking binary compatibility have been made in the
Intel IPP 5.0, for example, directory tree structure has been modified, the ipp20 folder has
been discarded. These changes also affect existent applications that should be at least
rebuilt.

The version 5.1 as well as the next following versions has full backward compatibility with
the version 5.0.

Technical Support

1-4

Intel IPP provides a product web site that offers timely and comprehensive product
information, including product features, white papers, and technical articles. For the latest
information, check: http://developer.intel.com/software/products/.

Intel also provides a support web site that contains a rich repository of self help
information, including getting started tips, known product issues, product errata, license
information, and more (visit http://support.intel.com/support/ ).

Registering your product entitles you to one-year technical support and product updates
through Intel® Premier Support. Intel Premier Support is an interactive issue management
and communication web site providing the following services:

e Submit issues and review their status.

= Download product updates anytime of the day.

To register your product, or contact Intel, or seek product support, please visit:
http://www.intel.com/software/products/support
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Intel IPP Code Samples

An extensive library of code samples and codecs have been implemented using the Intel
IPP functions to help demonstrate the use of Intel IPP and to help accelerate the
development of your application, components and codecs. The samples can be downloaded
form http://www.intel.com/cd/software/products/asmo-na/eng/perflib/ipp/index.htm.

About This Manual

This manual provides a background for the signal processing concepts used in the Intel IPP
software as well as detailed descriptions of the Intel IPP for Intel architecture signal
processing functions.

NOTE. In the following discussion throughout the manual, Intel IPP
always refers to the Intel Integrated Performance Primitives for Intel
architecture, unless specifically stated otherwise.

For description of Intel PCA version of Intel IPP, refer to the Intel IPP
for Intel XScale® microarchitecture Reference Manual.

The Intel IPP functions are combined in groups by their functionality. Each group of
functions is described in a separate chapter (chapters 3 through 12).

Manual Organization

This manual contains the following chapters:

Chapter 1 “Overview.” Introduces the Intel IPP software, provides information on manual
organization, and explains notational conventions.

Chapter 2 “Intel Integrated Performance Primitives Concepts.” Explains the basic
concepts underlying signal processing in Intel IPP and describes the supported
data formats and operation modes.

Chapter 3 “Support Functions.” Describes functions used to manipulate the signals, such
as Copy and Set. Also describes data conversion and memory allocation
functions.

Chapter 4 “Vector Initialization Functions.” Describes initialization and sample-generating
functions.

Chapter 5 “Essential Functions.” Describes vector manipulation functions.
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Chapter 6 “Filtering Functions.” Detais filtering operations that use linear and non-linear
filters.

Chapter 7 “Transform Functions.” Describes domain transform functions (Fourier,
Wavelet, Cosine).

Chapter 8 “Speech Recognition Functions.” Describes functions used in the speech
recognition applications.

Chapter 9 “Speech Coding Functions.” Describes functions used as buiding blocks for
implementing speech codecs.

Chapter 10 “Audio Coding Functions.” Includes general purpose functions applicable in
several codecs and a number of specific functions for MPEG-4 audio codec, MP3
encoder and decoder, for implementation of a portable optimized MPEG-4 AAC
Main profile decoder and a portable optimized MPEG-1, 2 Layer Ill encoder.
Also includes Spectral Band Replication (SBR) functions as an audio coding
bandwidth extension technology.

Chapter 11 “String Functions.” Describes functions that operate on strings of symbols.

Chapter 12 “Fixed-Accuracy Arithmetic Functions.” Describes Intel IPP fixed-accuracy
transcendental mathematical real and complex functions of vector arguments.
The functions are suitable for multimedia and signal processing in real time
applications.

Chapter 13 Data Compression Functions. Describes Intel IPP data compression functions
that support a number of different conversion methods.

The manual also includes an Appendix, a Glossary of terms, a Bibliography, and an Index.

Function Descriptions
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In Chapters 3 through 12, each function is introduced by its short name (without the ipps
prefix and modifiers) and a brief description of its purpose. This is followed by the function
call sequence, definition of its parameters (arguments), and more detailed explanation of
the function’s purpose. The following sections are included in function description:

Syntax Lists function prototypes
Parameters Describes all the function parameters (arguments).
Description Defines the function and describes the operation performed by the

function. This section may also include the code examples and
descriptive equations.

Application Notes If present, describes any special information which application
programmers or other users of the function need to know.

Return Values Explains the value returned by the function. Most commonly, it lists
error codes that the function returns.
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See Also If present, lists the names of functions which perform related
tasks.

Audience for This Manual

The manual is intended for the developers of signal processing applications and libraries, as
well as cross-domain applications. The audience is expected to be experienced in using C
and to have a working knowledge of the vocabulary and principles of signal processing.

Online Version

This manual is available in an electronic format (Portable Document Format, or PDF). To
obtain a hard copy of the manual, print the file using the printing capability of Adobe
Acrobat*, the tool used for the online presentation of the document.

Related Publications

For more information about signal processing concepts and algorithms, refer to the books
and papers listed in the Bibliography.

Notational Conventions

In this manual, notational conventions include:

e Fonts used for distinction between the text and the code;
= Signal name conventions;

= Naming conventions for different items.

Font Conventions

The following font conventions are used throughout the manual:

THIS TYPE STYLE Used in the text for Intel IPP constant identifiers; for example,
IPP MAX 64S.
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This type style Mixed with the uppercase in structure names as in
IppLibraryVersion; also used in function names, code examples
and call statements; for example, void ippsFree ().

This type style Variables in arguments and parameters description; for example,
val, srcLen.

Signal Name Conventions

In this manual, vectors and arrays are commonly used to represent a discrete 1D signal.
The notation x (n) refers to a conceptual signal, while the notation x[n] refers to an
actual vector. Both of these are annotated to indicate a specific finite range of values:

x[n], 0Z<n < len .

Typically, the number of elements in vectors is denoted by len. Vector names contain
square brackets as distinct from vector elements with current index n.

For example, the expression pDst [n] = pSrc[n] + val implies that each element pDst [n]
of the vector pDst is computed for each n in the range from O to Ien-1. Special cases are
regarded and described separately.

Naming Conventions

The following naming conventions for different items are used by the Intel IPP software:

= Constant identifiers are in uppercase; for example, IPP_MIN 648S.

= All structures and enumerators, specific for the signal processing domain have the
Ipps prefix, while those common for entire Intel IPP software have the Ipp prefix; for
example, IppsROI, IppLibraryVersion.

= All names of the functions used for signal processing have the ipps prefix. In code
examples, you can distinguish the Intel IPP interface functions from the application
functions by this prefix.

NOTE. In this manual, the ipps prefix in function names is always
used in the code examples. In the text, this prefix is usually
omitted when referring to the function group.

= Each new part of a function name starts with an uppercase character, without
underscore; for example, ippsAddAllRowSum.
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For the detailed description of function name structure in Intel IPP, see “Function Naming”
on page 2-2.
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Intel® Integrated
Performance Primitives
Concepts

This chapter explains the purpose and structure of the Intel® Integrated Performance
Primitives (Intel® IPP) software and looks over some of the basic concepts used in the
signal processing part of Intel IPP. It also describes the supported data formats and
operation modes, and defines function naming conventions in the manual.

Basic Features

The Intel Integrated Performance Primitives, like other members of the Intel® Performance
Libraries, is a collection of high-performance code that performs domain-specific
operations. It is distinguished by providing a low-level, stateless interface.

Based on experience in developing and using Intel Performance Libraries, Intel IPP has the
following major distinctive features:

- The Intel IPP provides basic low-level functions for creating applications in several
different domains, such as signal processing, image and video processing, operations
on small matrices, and cryptography applications;

- Intel IPP functions follow the same interface conventions including uniform naming
rules and similar composition of prototypes for primitives that refer to different
application domains;

- Intel IPP functions use abstraction level which is best suited to achieve superior
performance figures by the application programs.

To speed up performance, Intel IPP functions are optimized to use all benefits of Intel®
architecture processors. Besides that, most of Intel IPP functions do not use complicated
data structures, which helps reduce overall execution overhead.

Intel IPP is well-suited for cross-platform applications. For example, the functions
developed for 1A-32 platform can be readily ported to Intel® Itanium®-based platforms or
systems based on the Intel® IXP4XX product line.
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For more information on platform compatibility, see Cross-Architecture Alignment section
in chapter 1.

Function Naming

Naming conventions for the Intel IPP functions are similar for all covered domains. You can
distinguish signal processing functions by the ipps prefix, while image and video
processing functions have ippi prefix, and functions that are specific for operations on
small matrices have ippm prefix in their names.

Function names in Intel IPP have the following general format:

ipp<data-domain><name>_ <datatype>|[ <descriptors>] (<parameterss>) ;

The elements of this format are explained in the sections that follow.

Data-Domain

The data-domain is a single character that expresses the subset of functionality to which
a given function belongs. The current version of Intel IPP supports the following
data-domains:

s for signals (expected data type is a 1D signal);

i for images and video (expected data type is a 2D image);

m for matrices (expected data type is a matrix).

r for realistic rendering functionality and 3D data processing (expected data type

depends on supported rendering techniques).

For example, function names that begin with ipps signify that respective functions are
used for signal processing.

Name
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The name is an abbreviation for the core operation that the function really does, for
example set, Copy, followed in some cases by a function-specific modifier:

<name> = <operation>|[ modifier]
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Data

This modifier, if present, denotes a slight modification or variation of the given function. For
example, the modifier CToC in the function ippsFFTInv_CToC_ 32fc signifies that the
inverse fast Fourier transform operates on complex data, performing Complex-To-Complex
(CToC) transform.

Types

The datatype field indicates data types used by the function, in the following format:
<bit depths><bit interpretations ,

where

bit depth = <1|8|16|32]|64>

and

bit interpretation = <u|s|f>[c]

Here u indicates “unsigned integer”, s indicates “signed integer”, f indicates “floating
point”, and c¢ indicates “complex”.

The current version of Intel IPP supports the data types of the source and destination for
signal processing functions listed in Table 2-1.

NOTE. In the lists of function parameters, the Ipp prefix is written in
the data type. For example, the 8-bit signed data is denoted as Ipp8s
type. These Intel IPP -specific data types are defined in the respective
library header files.
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Table 2-1 Data Types Supported by Intel IPP for Signal Processing
Type Usual C Type Intel IPP Type
8u unsigned char Ipp8u
8s signed char Ipp8s
1l6u unsigned short Ippléu
16s signed short Ipplés
l6sc complex short Ipplésc
32u unsigned int Ipp32u
32s signed int Ipp32s
32f float Ipp32f
32fc complex float Ipp32fc
64s __inte4 (Windows) or Ipp64s

long long (Linux)
64f double Ipp64f
64fc complex double Ipp6éfc

2-4

For functions that operate on a single data type, the datatype field contains only one of
the values listed above.

If a function operates on source and destination signals that have different data types, the
respective data type identifiers are listed in the function name in order of source and
destination as follows:

<datatype> = <srclDepth>[src2Depth] [dstDepth]

For example, the function ippsDotProd 16sl6sc_Sfs computes the dot product of
16-bit short and 16-bit complex short source vectors and stores the result in a 16-bit
complex short destination vector. The dstDepth modifier is not present in the name
because the second operand and the result are of the same type. The result is scaled and
saturated.

There are several data types, namely 24u, 24s and 16£, that are not supported by the Intel
IPP but can be readily converted to supported data types for further processing by the
library functions.
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For the unsigned 24u data, each vector element consists of three consecutive bytes
represented as Ipp8u data types. It has a little-endian byte order when a lower order byte
is at the lower address. These data may be converted to and from 32u or 32f data types
by using the appropriate flavors of the Intel IPP function ippsConvert.

For the signed 24s data, each vector element consists of three consecutive bytes
represented as Ipp8u data types. It has a little-endian byte order when a lower order byte
is at the lower address. The sign is represented by the most significant bit of the highest
order byte. These data may be converted to and from 32s or 32f data types by using the
appropriate flavors of the Intel IPP function ippsConvert.

For the 16f format, 16-bit floating point data (half type) can represent positive and
negative numbers, whose magnitude is between roughly 6.1e7° and 6.5e*, with a relative
error of 9.8e"%; numbers smaller than 6.1e™° can be represented with an absolute error of
6.0e 8. All integers from -2048 to +2048 can be represented exactly.

The figure below illustrates the bit-layout for a half humber:

most
significant
15 bit
least.
significant
14 10 0 bit

¢3
XXX XXXXXXXX
m

X| X
s

s is the sign-bit, e is the exponent, and m is the significand.

X XX
e

These data may be converted to and from 16s and 32f data types by using the
appropriate flavors of the Intel IPP function ippsConvert.

Descriptor

The descriptor field further describes the data associated with the operation. It may
contain implied parameters and/or indicate additional required parameters. To minimize
the number of code branches in the function and thus reduce potentially unnecessary

2-5



2 Intel Integrated Performance Primitives Reference Manual: Volume 1

execution overhead, most of the general functions were split into separate primitive
functions, with some of their parameters entering the primitive function name as
descriptors.

However, some functions may still have parameters that determine internal operations (for
example, ippsThreshold).

The following descriptors are used in signal processing functions:

I Operation is in-place (default is not-in-place).

Sfs Saturation and fixed scaling mode (default is saturation and no scaling).
Dx Signal is x-dimensional (default is D1).

L One pointer is used for each row (in D2 case).

The abbreviations of descriptors in function names are always presented in alphabetical
order.

Not all functions have every abbreviation listed above. For example, in-place mode makes
no sense for a copy operation.

Parameters

The parameters field specifies the function parameters (arguments).
The order of parameters is as follows:

1. All source operands. Constants follow vectors.
2. All destination operands. Constants follow vectors.
3. Other, operation-specific parameters.

The parameter name have the following conventions:

= All parameters defined as pointers start with p, for example, pPhase, pSrc, pSeed;
and parameters defined as values start with a lowercase letter, for example, val, src,
srcLen.

= Each new part of a parameter name starts with an uppercase character, without
underscore; for example, pSrc, lenSrc, pDlyLine.

= Each parameter name specifies its functionality. Source parameters are named pSrc or
src, sometimes followed by names or numbers, e.g., pSrc2, srcLen. Output
parameters are named pDst or dst followed by names or numbers, e.g., pDst,
dstLen. For in-place operations, the input/ output parameter contains the name
pSrcDst.

2-6
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Structures and Enumerators

This section describes the structures and enumerators used by the Intel IPP for signal
processing.

Library Version Structure

The IppLibraryVersion structure describes the current Intel IPP software version. The
main fields of this structure are:

- integer fields major and minor, which store version numbers;

= string field Name storing the Intel IPP version name, e.g., “ippsa6”;

= string field Version, storing the version description, e.g., “v0.0 Alpha 0.0.3.3".

Complex Data Structures

Complex numbers in Intel IPP are described by the structures, containing two numbers of
the respective data type which are real and imaginary parts of the complex number.

For example, the single precision complex number is described by the Ipp32fc structure
as follows:

typedef struct ({
Ipp32f re;
Ipp32f im;

} Ipp32fc;

The following complex data types are defined: Ipplésc, Ipp32fc, Ippé4fc.

Function Context Structures

Some Intel IPP functions that perform such operations as filtering, Fourier and wavelet
transforms, use context structures to store function-specific information.

For example, the IppsFFTSpec structure stores twiddle factors and bit reverse indexes
needed in the fast Fourier transform.

Two different kinds of structures are used: structures with Spec suffix in the name, which
are not modified during function operation, and structures with State suffix in the name,
which are modified during operation.
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These context-related structures are not defined in public headers, and you can not access
the structure fields. It was done because the function context interpretation is processor
dependent. Thus, you may only use context-related functions and may not create a
function context as an automatic variable.

Enumerators

2-8

The IppStatus constant enumerates the status values returned by the Intel IPP functions,
indicating whether the operation was error-free or not. See section Error Reporting in this
chapter for more information on the set of valid status values and corresponding error
messages for signal processing functions.

The IppCmpOp enumeration defines the type of relational operator to be used by threshold
functions:

typedef enum {
ippCmpLess,
ippCmpLessEq,
ippCmpEq,
ippCmpGreaterEq,
ippCmpGreater

} IppCmpOp;

The IppRoundMode enumeration defines the rounding mode to be used by conversion
functions:

typedef enum {
ippRndZero,
ippRndNear,
ippRndFinancial
} IppRoundMode;

The IppHintAlgorithm enumeration defines the type of code to be used in some
transform operations, i. e. faster but less accurate, or vice-versa, more accurate but
slower. For more information on using this enumerator, see “Flag and Hint Arguments”.

typedef enum {
ippAlgHintNone,
ippAlgHintFast,
ippAlgHintAccurate
} IppHintAlgorithm;

The IppCpuType enumerates processor types returned by the ippGetCpuType function:
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typedef enum {

/* Enumeration: Processor: */
ippCpuUnknown = 0x0,
ippCpuPP, /* Intel (R) Pentium(R) processor */
ippCpuPMX, /* Pentium(R) processor
with MMX (TM) technology */
ippCpuPPR, /* Pentium(R) Pro processor *x/
ippCpuPII, /* Pentium(R) II processor x/
ippCpuPIII, /* Pentium(R) III processor
and Pentium(R)III Xeon(R) processor */
ippCpuP4, /* Pentium(R) 4 processor
and Intel (R) Xeon(R) processor */
ippCpuP4HT, /* Pentium(R) 4 processor with HT Technology */
ippCpuP4HT2, /* Pentium(R) 4 processor with
Streaming SIMD Extensions 3 */
ippCpuCentrino, /* Intel (R) Centrino(TM) mobile technology */
ippCpuCoreSolo, /* Intel (R) Core(TM)Solo processor */
ippCpuCoreDuo, /* Intel(R) Core(TM) Duo processor */
ippCpulTP = 0x10, /* Intel(R) Itanium(R) processor *x/
ippCpulTP2 /* Intel(R) Itanium(R) 2 processor *x/
ippCpuEM64T = 0x20, /* Intel(R) 64 Instruction Set
Architecture (ISA) */
ippCpuC2D, /* Intel (R) Core(TM) 2 Duo processor */
ippCpuC2Q, /* Intel (R) Core(TM) 2 Quad processor */
ippCpuNext
ippCpuSSE = 0x40, /* Processor supports Pentium(R) III
processor instruction set */
ippCpuSSE2 /* Processor supports Streaming SIMD
Extensions 2 instruction set */
ippCpuSSE3 /* Processor supports Streaming SIMD
Extensions 3 instruction set */
ippCpuSSSE3 /* Processor supports Supplemental Streaming
SIMD Extensions 3 instruction set */
ippCpuX866 /* Processor supports 64 bit extension */

} IppCpuType;
The IppWinType enumeration defines the type of window to be used by the FIR Filter
Coefficient Generating Functions:

typedef enum {
ippWinBartlett,
ippWinBlackman,
ippWinHamming,
ippWinHann,
ippWinRect

} IppWinType;
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The IppLZz77ComprLevel enumeration defines the compression level to be used by the
ZLIB data compression functions:

typedef enum {
IppLZ77FastCompr,
IppLZ77AverageCompr,
IppLZ77BestCompr

} IppLZ77ComprLevel;

The IppLZz77Chcksm enumeration defines what algorithm is used to compute the
checksum by the ZLIB data compression functions:

typedef enum {
IppLZ77NoChcksm,
IpplLZ77Adler32,
IppLZ77CRC32

} IppLZz77Chcksm;

The IppLZz77Flush enumeration defines what encoding mode is used by the ZLIB data
compression functions:

typedef enum {
IppLZ77NoFlush,
IppLZ77SyncFlush,
IppLZ77FullFlush,
IppLZ77FinishFlush
} IppLz77Flush;

The IppLz77DeflateStatus enumeration defines the encoding status that is used by the
ZLI1B data compression functions:

typedef enum {
IppLZ77StatusInit,
IppLZ77StatusLZ77Process,
IppLZ77StatusHuffProcess,
IppLZz77StatusFinal

} IppLz77DeflateStatus;

The IppLz77InflateStatus enumeration defines the decoding status that is used by the
ZLIB data compression functions:

typedef enum {
IppLZ77InflateStatusInit,
IppLz77InflateStatusHuffProcess,
IppLZ77InflateStatusLZ77Process,
IppLZz77InflateStatusFinal



Intel® Integrated Performance Primitives Concepts 2

} IppLz77InflateStatus;

The IppLzZ77Huf fMode enumeration defines the encoding mode that is used by the ZLIB data

compression functions:

typedef enum {
IppLZ77UseFixed,
IppLZ77UseDynamic,
IppLZ77UsedStored,
} IppLZ77HuffMode;

The IppGITStrategyHint enumeration defines which strategy of encoding is used in some

operations by the GIT data compression functions:

typedef enum {
ippGITNoStrategy,
ippGITLeftReorder,
ippGITRightReorder,
ippGITFixedOrder

} IppGITStrategyHint;

Data Ranges

The range of values that can be represented by each data type lies between the lower and
upper bounds. The following table lists data ranges and constant identifiers used in Intel IPP

to denote the respective range bounds:

Table 2-2 Data Types and Ranges

Data Lower Bound Upper Bound
Type
Identifier Value Identifier Value
8s IPP_MIN 8S -128 IPP_MAX_8S 127
8u 0 IPP MAX 8U 255
16s IPP MIN 16S -32768 IPP _MAX 16S 32767
16u 0 IPP MAX 16U 65535
32s IPP MIN 328 -231 1PP_MAX 325  231-1
32u 0 IPP MAX 32U  232-1
32£ T Ipp MINABS 32F 1.175494351e738 IPP_MAXABS 32F 3.402823466e%8
64s IPP_MIN 648 -203 IPP MAX 645  293-1
64f T IPP MINABS 64F  2.2250738585072014e 3% Ipp MAXABS 64F  1.7976931348623158e3°8
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T The range for absolute values

Data Alignment

The Intel IPP is built using the compiler option /Zp16, which aligns the structure fields on
the field size or 16 bytes if the size is greater than 16.

The Intel IPP allows also to align the allocated memory pointer on 32 bytes by means of
using the function ippsMalloc.

Integer Scaling

2-12

Some signal processing functions operating on integer data use scaling of the internally
computed output results by the integer scaleFactor, which is specified as one of the
function parameters. These functions have the Sfs descriptor in their names.

The scale factor can be negative, positive, or zero. Scaling is applied because internal
computations are generally performed with a higher precision than the data types used for
input and output signals.

NOTE. The result of integer operations is always saturated to the
destination data type range even when scaling is used.

Scaling of an integer result is done by multiplying the output vector values by
2-scaleFactor pefgre the function returns. This helps retain either the output data range or
its precision. Usually the scaling with a positive factor is performed by the shift operation.
The result is rounded off to the nearest integer number.

For example, the integer Ippl6s result of the square operation ippsSqgr for the input
value 200 is equal to 32767 instead of 40000, that is, the result is saturated and the exact
value can not be restored.

The scaling of the output value with the factor scaleFactor = 1 yields the result 20000
which is not saturated, and the exact value can be restored as 20000*2. Thus, the output
data range is retained.

The following example shows how the precision can be partially retained by means of
scaling.
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The integer square root operation ippsSqgrt (without scaling) for the input value 2 gives
the result equal to 1 instead of 1.414. Scaling of the internally computed output value with
the factor scaleFactor = -3 gives the result 11, and permits to restore the more precise

value as 11*2 “3 = 1.375.

Error Reporting

The Intel IPP functions return the status of the performed operation to report errors and
warnings to the calling program. Thus, it is up to the application to perform error-related
actions and/or recover from the error. The last value of the error status is not stored, and
the user is to decide whether to check it or not as the function returns. The status values
are of IppStatus type and are global constant integers.

Table 2-3 lists status codes and corresponding messages reported by the Intel IPP for

signal processing.

Table 2-3 Error Status Values and Messages

Status

Message

ippStsCpuNotSupportedErr

ippStsRoundModeNotSupportedErr

ippStsMaxLenHuffCodeErr
ippStsCodelenTableErr
ippStsFreqTableErr
ippStsRegExpOptionsErr
ippStsRegExXpErr
ippStsRegExpMatchLimitErr
ippStsRegExpQuantifierErr
ippStsRegExpGroupingErr
ippStsRegExpBackRefErr
ippStsRegExpChClassErr
ippStsRegExpMetaChErr
ippStsMP3FrameHeaderErr
ippStsMP3SideInfoErr
ippStsAacPrgNumErr
ippStsAacSectCbErr

The target cpu is not supported

Unsupported round mode

Huff: Max length of Huffman code is more than expected one
Huff: Invalid codeLenTable

Huff: Invalid freqTable

RegExp: Options for pattern are incorrect

RegExp: The structure pRegExpState contains wrong data
RegExp: The match limit has been exhausted

RegExp: wrong quantifier

RegExp: wrong grouping

RegExp: wrong back reference

RegExp: wrong character class

RegExp: wrong metacharacter

Error in fields IppMP3FrameHeader structure

Error in fields IppMP3Sidelnfo structure

AAC: Invalid number of elements for one program

AAC: Invalid section codebook
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Table 2-3 Error Status Values and Messages (continued)
ippStsAacSfValErr AAC: Invalid scalefactor value
ippStsAacCoefValErr AAC: Invalid quantized coefficient value
ippStsAacMaxSfbErr AAC: Invalid coefficient index
ippStsAacPredSfbErr AAC: Invalid predicted coefficient index
ippStsAacPlsDataErr AAC: Invalid pulse data attributes
ippStsAacGainCtrErr AAC: Gain control not supported
ippStsAacSectErr AAC: Invalid number of sections
ippStsAacTnsNumFiltErr AAC: Invalid number of TNS filters
ippStsAacTnsLenErr AAC: Invalid TNS region length
ippStsAacTnsOrderErr AAC: Invalid order of TNS filter
ippStsAacTnsCoefResErr AAC: Invalid bit-resolution for TNS filter coefficients
ippStsAacTnsCoefErr AAC: Invalid TNS filter coefficients
ippStsAacTnsDirectErr AAC: Invalid TNS filter direction
ippStsAacTnsProfileErr AAC: Invalid TNS profile

ippStsAacErr AAC: Internal error
ippStsAacBitOffsetErr AAC: Invalid current bit offset in bitstream
ippStsAacAdtsSyncWordErr AAC: Invalid ADTS syncword
ippStsAacSmplRateIdxErr AAC: Invalid sample rate index
ippStsAacWinLenErr AAC: Invalid window length (not short or long)
ippStsAacWinGrpErr AAC: Invalid number of groups for current window length
ippStsAacWinSegErr AAC: Invalid window sequence range
ippStsAacComWinErr AAC: Invalid common window flag
ippStsAacStereoMaskErr AAC: Invalid stereo mask

ippStsAacChanErr AAC: Invalid channel number
ippStsAacMonoStereoErr AAC: Invalid mono-stereo flag
ippStsAacStereoLayerErr AAC: Invalid this Stereo Layer flag
ippStsAacMonolLayerErr AAC: Invalid this Mono Layer flag
ippStsAacScalableErr AAC: Invalid scalable object flag
ippStsAacObjTypeErr AAC: Invalid audio object type
ippStsAacWinShapeErr AAC: Invalid window shape
ippStsAacPcmModeErr AAC: Invalid PCM output interleaving indicator
ippStsVLCUsrTblHeaderErr VLC: Invalid header inside table
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Table 2-3 Error Status Values and Messages (continued)

ippStsVLCUsrTblUnsupportedFmtErrVLC: Unsupported table format

ippStsVLCUsrTblEscAlgTypeErr
ippStsVLCUsrTblEscCodeLengthErr
ippStsVLCUsrTblCodeLengthErr
ippStsVLCInternalTblErr

ippStsVLCInputDataErr

ippStsVLCAACEscCodeLengthErr

ippStsIncorrectLSPErr
ippStsNoRootFoundErr
ippStsLengthErr
ippStsFBankFregErr
ippStsFBankFlagErr
ippStsFBankErr
ippStsNegOccErr
ippStsCdbkFlagErr
ippStsSVDCnvgErr
ippStsToneMagnErr
ippStsToneFregErr
ippStsTonePhaseErr
ippStsTrnglMagnErr
ippStsTrnglFregErr

ippStsTrnglPhaseErr
ippStsTrnglAsymErr

ippStsHugeWinErr
ippStsJaehneErr
ippStsStepErr
ippStsDlyLineIndexErr
ippStsStrideErr
ippStsEpsValErr
ippStsScaleRangeErr

VLC: Unsupported Ecs-algorithm

VLC: Incorrect Esc-code length inside table header
VLC: Unsupported code length inside table

VLC: Invalid internal table

VLC: Invalid input data

VLC: Invalid AAC-Esc code length

Incorrect Linear Spectral Pair values

No roots are found for equation

Wrong value of string length

Incorrect value of the filter bank frequency parameter
Incorrect value of the filter bank parameter

Filter bank is not correctly initialized

Negative occupation count

Incorrect value of the codebook flag parameter

No convergence of SVD algorithm

Tone magnitude is less than or equal to zero

Tone frequency is negative, or greater than or equal to 0.5
Tone phase is negative, or greater than or equal to 2*PI
Triangle magnitude is less than or equal to zero

Triangle frequency is negative, or greater than or equal to
0.5

Triangle phase is negative, or greater than or equal to 2*PI

Triangle asymmetry is less than -PI, or greater than or equal
to Pl

Incorrect size of the Kaiser window
Magnitude value is negative

Step value is not valid

Invalid value of the delay line sample index
Stride value is less than the row length
Negative epsilon value error

Scale bounds are out of range
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Table 2-3 Error Status Values and Messages (continued)
ippStsThresholdErr Invalid threshold bounds
ippStsWtOffsetErr Invalid offset value of the wavelet filter
ippStsAnchorErr Anchor point is outside the mask
ippStsMaskSizeErr Invalid mask size

ippStsShiftErr Shift value is less than zero

ippStsSampleFactorErr
ippStsSamplePhaseErr
ippStsFIRMRFactorErr
ippStsFIRMRPhaseErr

ippStsRelFregErr
ippStsFIRLenErr
ippStsIIROrderErr
ippStsResizeFactorErr
ippStsDivByZeroErr
ippStsInterpolationErr
ippStsMirrorFlipErr
ippStsMoment00ZeroErr
ippStsThreshNegLevelErr
ippStsContextMatchErr
ippStsFftFlagErr
ippStsFftOrderErr
ippStsMemAllocErr
ippStsNullPtrErr
ippStsSizeErr
ippStsBadArgErr
ippStsErr

ippStsNoErr
ippStsNoOperation
ippStsMisalignedBuf
ippStsSqgrtNegArg
ippStsInvByZero

2-16

Sampling factor is less than or equal to zero
Phase value is out of range, 0 <phase < factor
MR FIR sampling factor is less than or equal to zero

MR FIR sampling phase parameter is negative, or greater
than or equal to the sampling factor

Relative frequency value is out of range

Length of a FIR filter is less than or equal to zero
Order of an IIR filter is less than or equal to zero
Resize factor(s) is less than or equal to zero

An attempt to divide by zero

Invalid interpolation mode

Invalid flip mode

Moment value M(0,0) is too small to continue calculations
Negative value of the level in the threshold operation
Context parameter doesn’t match the operation
Invalid value of the FFT flag parameter

Invalid value of the FFT order parameter

Not enough memory allocated for the operation

Null pointer error

Wrong value of the data size

Function argument/parameter is bad
Unknown/unspecified error

No error, it's OK

No operation has been executed

Misalighed pointer in operation in which it must be aligned
Negative value(s) of the argument in the function Sqgrt

Inf result. Zero value was met by InvThresh with zero level
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Table 2-3 Error Status Values and Messages (continued)

ippStsEvenMedianMaskSize

ippStsDivByZero
ippStslnZeroArg
ippStsLnNegArg
ippStsNanArg
ippStsResFloor
ippStsOverflow
ippStsZeroOcc
ippStsUnderflow
ippStsSingularity
ippStsDomain
ippStsNotIntelCpu
ippStsCpuMismatch
ippStsNotIppFunctionFound
ippStsDl1lNotFoundBestUsed
ippStsNoOperationInDll

ippStsOvermuchStrings
ippStsOverlongString

ippStsSrcSizelLessExpected
ippStsDstSizeLessExpected
ippStsNotSupportedCpu
ippStsUnkhownCacheSize

Even size of the Median Filter mask was replaced by the odd
one

Zero value(s) of the divisor in the function Div

Zero value(s) of the argument in the function Ln
Negative value(s) of the argument in the function Ln
Not a Number (NaN) argument value warning

All result values are floored

Overflow occurred in the operation

Zero occupation count

Underflow occurred in the operation

Singularity occurred in the operation

Argument is out of the function domain

The target cpu is not Genuine Intel

The library for given cpu cannot be set

Application does not contain IPP functions calls

The newest version of IPP DLL's not found by dispatcher

The function does nothing in the dynamic version of the
library

Number of destination strings is more than expected

Length of one of the destination strings is more than
expected

DC: The size of source buffer is less than expected one

DC: The size of destination buffer is less than expected one
The CPU is not supported

The CPU is supported, but the size of the cache is unknown.

The status codes ending with Err (except for the ippStsNoErr status) indicate an error;
the integer values of these codes are negative. When an error occurs, the function

execution is interrupted.

All other status codes indicate warnings. When a specific case is encountered, the function
execution is completed and the corresponding warning status is returned.

For example, if the integer function ippsDiv_8u meets an attempt to divide a positive
value by zero, the function execution is not aborted. The result of the operation is set to
the maximum value that can be represented by the source data type, and the function
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returns the warning status ippStsDivByZero. This is the case for the vector-vector
operation ippsDiv. For the vector-scalar division operation ippsDivC, the function
behavior is different: if the constant divisor is zero, then the function stops execution and
returns immediately with the error status ippStsDivByZeroErr.

Code Examples

The manual contains a number of code examples that use Intel IPP functions and serve to
demonstrate both some particular features of the primitives and how the primitives can be
called. Many of these code examples output result data together with status code and
associated messages in case when error or warning condition was met.

To keep the example code simpler, special definitions of print statements are used that
get output strings look exactly the way is needed for better representation of both real and
complex results of different format, as well as print status codes and messages.

The code definitions given below make it possible to build the examples contained in the
manual by straightforward copying and pasting the example code fragments.

/// the functions providing simple output of the result
/// they are for real and complex data

#define genPRINT (TYPE,FMT) \

void printf ##TYPE (const char* msg, Ipp##TYPE* buf, int len, IppStatus st ) { \
int n; \
if( st > ippStsNoErr ) \

printf( "-- warning %d, %s\n", st, ippGetStatusString( st )); \
else if( st < ippStsNoErr ) \

printf( "-- error %d, %s\n", st, ippGetStatusString( st )); \
printf(" %s ", msg ); \
for( n=0; n<len; ++n ) printf( FMT, bufl[n] ); \
printf ("\n" ); \

#define genPRINTcplx (TYPE,FMT) \

void printf ##TYPE (const char* msg, Ipp##TYPE* buf, int len, IppStatus st ) { \
int n; \
if( st > ippStsNoErr ) \
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printf( "-- warning %d, %s\n", st, ippGetStatusString( st )); \
else if( st < ippStsNoErr ) \
printf( "-- error %d, %s\n", st, ippGetStatusString( st )); \
printf(" %s ", msg ); \
for( n=0; n<len; ++n ) printf( FMT, buf[n].re, buf[n].im ); \
printf ("\n" ); \
}
genPRINT ( 64f, " Sf" )
genPRINT ( 32f, " Sf" )
genPRINT( 16s, " %d4d" )

oe

genPRINTcplx ( 64fc, " {
genPRINTcplx ( 32fc, " {
{

o\°

Q o
oe

Q o

oe

genPRINTcplx( 16sc, "
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Support Functions

This chapter describes Intel® IPP support functions that are used to:

= retrieve information about the current Intel IPP software version
= allocate and free memory that is needed for the operation of other Intel IPP functions.
= perform specific auxiliary operations

The full list of these functions is given in Table 3-1.

Table 3-1 Intel IPP Support Functions

Function Base Name Operation

Version Information Functions

ippsGetLibVersion Returns information about the active library version.

Memory Allocation Functions
ippsMalloc Allocates memory aligned to 32-byte boundary.
ippsFree Frees memory allocated by the function ippsMalloc.

Common Functions

ippGetStatusString Translates a status code into a message.

ippGetCpuType Returns a processor type.

ippGetCpuClocks Returns a current value of the time stamp counter (TSC)
register.

ippGetCpuFregMhz Estimates the processor frequency.

ippGetMaxCacheSizeB

ippSetFlushToZero Enables or disables flush-to-zero mode.
ippSetDenormAreZeros Enables or disables denormals-are-zero mode.
ippAlignPtr Aligns a pointer to the specified number of bytes.
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Table 3-1 Intel IPP Support Functions (continued)

Function Base Name Operation

ippSetNumThreads Sets the number of threads in the multithread
environment.

ippGetNumThreads Returns the number of existing threadsin the multithread
environment.

ippMalloc Allocates memory aligned to 32-byte boundary.

ippFree Frees memory allocated by the function ippMalloc.

Dispatcher Control Functions
ippStaticInit Automatically selects the most appropriate static code.

ippStaticInitCpu Initializes the specified version of the static code.

Version Information Functions

These functions return the version number and other information about the active Intel IPP
software.

ippsGetlibVersion

Returns information about the active version of
Intel IPP signal processing software.

Syntax

const IppLibraryVersion* ippsGetLibVersion (void) ;

Description

The function ippsGetLibVersion is declared in the ipps.h file. This function returns a
pointer to a static data structure IppLibraryVersion that contains information about the
current version of the Intel IPP software for signal processing. There is no need for you to
release memory referenced by the returned pointer, as it points to a static variable. The
following fields of the IppLibraryVersion structure are available:

major is the major number of the current library version.
minor the minor number of the current library version.
majorBuild the number of builds of the major version.
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build current build number.

Name the name of the current library version.
Version is the library version string.
BuildDate is the library version actual build date.

For example, if the library version is “v1.2 Beta”, library name is “ippsm6”, and build date is
“Jul 20 997, then the fields in this structure are set as:

major = 1, minor = 2, Name = “ippsm6”,
Version = “v1.2 Beta”, BuildDate = “Jul 20 99”

Example 3-1 shows how to use the function ippsGetLibVersion.

Example 3-1 Using the Function ippsGetLibVersion

void libinfo (void) {
const IppLibraryVersion* lib = ippsGetLibVersion() ;
printf (“%s %s %d.%d.%d.%d\n”, lib->Name, lib->Version,
lib-s>major, lib->minor, lib-s>majorBuild, lib-sbuild);

}

Output:
ippsaé v0.0 Alpha 0.0.5.5

NOTE. Each sub-library that is used in the signal processing domain has
its own similar function to retrieve information about the active library
version. These functions are: ippGetLibVersion, ippacGetLibVersion,

ippchGetLibVersion, ippdcGetLibVersion, ippscGetLibVersion,
ippsrGetLibVersion, ippvmGetLibVersion. They are declared in the
following header files: ippcore.h, ippac.h, ippch.h, ippdc.h,
ippsc.h, ippsr.h, ippvm.h, respectively, and have the same interface as
the above described function.

Memory Allocation Functions

This section describes the Intel IPP signal processing functions that allocate aligned
memory blocks for data of required type or free the previously allocated memory. The size
of allocated memory is specified by the number of elements allocated, len.
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NOTE. The only function to free the memory allocated by any of
these functions is ippsFree ().

ippsMalloc

Allocates memory aligned to 32-byte boundary.

Syntax

Ipp8u* ippsMalloc 8u(int len) ;
Ippléu* ippsMalloc_léu(int len);
Ipp32u* ippsMalloc_32u(int len);
Ipp8s* ippsMalloc 8s(int len);
Ipplés* ippsMalloc_1l6s(int len) ;

Ipp32s* ippsMalloc 32s(i len) ;

nt
Ipp64s* ippsMalloc_ 64s(int len);

(
(
(
Ipp32f* ippsMalloc 32f(int len);
Ipp64f* ippsMalloc_ 64f (int len);
Ipp8sc* ippsMalloc_8sc(int len);

Ipplésc* ippsMalloc lésc(int len

)
nt )
nt len);
nt )

)

Ipp32sc* ippsMalloc 32sc (i len) ;

Ipp64sc* ippsMalloc 64sc (i

Ipp32fc* ippsMalloc_32fc (i len) ;
(

Ipp64fc* ippsMalloc_64fc(int len

Parameters

len Number of elements to allocate.
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Description

The function ippsMalloc is declared in the ipps.h file. This function allocates memory
block aligned to a 32-byte boundary for elements of different data types.

Example 3-2 shows how to use the function ippsMalloc_ 8u.

Example 3-2 Using the Function ippsMalloc

void func_malloc(void)
Ipp8u* pBuf = ippsMalloc_8u(8*sizeof (Ipp8u)) ;
if (NULL == pBuf)
// not enough memory

ippsFree (pBuf) ;

Return Values

The return value of ippsMalloc is a pointer to an aligned memory block. If no memory is
available in the system, then the NULL value is returned. To free this block, use the

function ippsFree.

ippsFree

Frees memory allocated by the function ippsMalloc.

Syntax

void ippsFree (void* ptr) ;

Parameters

ptr Pointer to a memory block to be freed. The memory block pointed
to with ptr has been allocated by the function ippsMalloc.
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Description

The function ippsFree is declared in the ipps.h file. This function frees the aligned
memory block allocated by the function ippsMalloc.

CAUTION. You can not use the function ippsFree to free memory
allocated by standard functions like malloc or calloc, nor can the
memory allocated by ippsMalloc be freed by free.

Common Functions

This section describes the Intel IPP functions that perform special operations common for
all domains. For example, the function ippGetStatusString gets a brief description of
the status code returned by the current Intel IPP software. The function ippGetCpuType
retrieves the type of the processor in your system. The function ippGetCpuClocks gets
the current number of processor clocks, which is widely used for operations timing. The
functions ippSetFlushToZero and ippSetDenormAreZeros enable or disable special
processor modes. The function ippAlignPtr performs pointer alignment. The functions
ippMalloc and ippFree allow to allocate and free the memory block aligned to 32-byte
boundary. The specific subset contains functions to control the dispatching of the merged
static libraries.

All these functions are grouped in the separate sub-library called ippcore.

ippGetStatusString

Translates a status code into a message.

3-6
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const char* ippGetStatusString(IppStatus StsCode) ;
Parameters

StsCode Code that indicates the status type (see Table 2-3).
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Description

The function ippGetStatusString is declared in the ippcore.h file. This function
returns a pointer to the text string associated with a status code of type IppStatus. Use
this function to produce error and warning messages for users. The returned pointer is a
pointer to an internal static buffer and need not be released.

A code Example 3-3 shows how to use the function ippGetStatusString.

If you call an Intel IPP function, in this case, ippsAddC_16s_I with a NULL pointer, it
returns an error code -8. The status information function translates this code into the
corresponding message “Null Pointer Error”.

Example 3-3 Using the Function ippGetStatusString

void statusinfo(void) {
IppStatus st = ippsAddC 16s I (3, 0, 0);
printf (“*%d : %$s\n”, st, ippGetStatusString(st)) ;

}

Output:
-8, Null Pointer Error

ippGetCpuType

Returns a processor type.

Syntax
IppCpuType ippGetCpuType (void) ;

Description

The function ippGetCpuType is declared in the ippcore.h file. This function detects the
processor type used in your computer system and returns an appropriate IppCpuType
variable value. Table 3-2 lists possible values and their meaning.

Table 3-2 Processor Types Detected in Intel IPP

Returned Variable Value Processor Type

ippCpuPP Intel® Pentium® processor

ippCpuPMX Intel® Pentium® processor with MMX™ technology
ippCpuPPR Intel® Pentium® Pro processor
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Table 3-2 Processor Types Detected in Intel IPP (continued)
Returned Variable Value Processor Type
ippCpuPll Intel® Pentium® Il processor
ippCpuPlllI Intel® Pentium® Il processor or Intel® Pentium® 1l

Xeon ~ processor

Intel® Pentium®4 processor or Intel® Xeon®
ippCpuP4 processor
ippCpuP4HT Intel Pentium 4 processor with Hyper-Threading
Technology
ippCpuP4HT2 Intel Pentium 4 Processor with Streaming SIMD
Extensions 3
ippCpuCentrino Intel® Centrino™ mobile technology
ippCpuCoreSolo Intel® Core™ Solo processor
ippCpuCoreDuo Intel® Core™ Duo processor
ippCpulTP Intel® Itanium® processor
ippCpulTP2 Intel® Itanium® 2 processor
ippCpuEM64T Intel® 64 instruction set architecture
ippCpuC2D Intel® Core™ 2 Duo processor
ippCpuC2Q Intel® Core™ 2 Quad processor
Processor supports Intel Pentium 11l processor
ippCpuSSE instruction set
Processor with Streaming SIMD Extensions 2 instruction
ippCpuSSE2 set
Processor with Streaming SIMD Extensions 3 instruction
ippCpuSSE3 set
Processor with Supplemental Streaming SIMD
ippCpuSSSE3 Extensions 3 instruction set
ippCpuXxX8664 Processor supports 64 bit extension
ippCpuUnknown Unknown processor
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ippGetCpuClocks

Returns a current value of the time stamp counter
(TSC) register.

Syntax
Ipp64u ippGetCpuClocks (void) ;

Description

The function ippGetCpuClocks is declared in the ippcore.h file. This function reads the
current state of the time stamp counter (TSC) register and returns its value. A hardware
exception is possible if TSC reading is not supported by the current chipset.

ippGetCpuFreqMhz

Estimates the processor operating frequency.

Syntax

IppStatus ippGetCpuFregMhz (int* pMhz) ;
Parameters

pMhz Pointer to the output result.
Description

The function ippGetCpuFregMhz is declared in the ippcore.h file. This function estimates
the processor operating frequency and returns its value in MHz as an integer stored in
pMhz.

Note that no exact value of frequency is guaranteed so that the estimated value can vary
depending on the processor workload.

Return Values
ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error condition when the pMhz pointer is NULL.
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ippGetMaxCacheSizeB

Returns maximum size of the L2 and L3 caches of
the processor.

Syntax

IppStatus ippGetMaxCacheSizeB(int* pSizeByte)
Parameters

pSizeByte Pointer to the output result.
Description

The function ippGetMaxCacheSizeB is declared in the ippcore.h file. This function finds
the maximum size (in bytes) of the L2 and L3 caches of the processor used in your
computer system. THe result is stored it in the pSizeByte.

® ®

Note the function supports only Intel™ 1A-32 processors including those with Intel
EMG64T. If the processor is not supported, or size of cache is unknown, the result is 0, and
the function returns corresponding warning message.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error condition when the pSizeByte
pointer is NULL.
ippStsNotSupportedCpu Indicates that processor is not supported.
ippStsUnknownCacheSize Indicates that size of the cache is unknown.
ippSetFlushToZero

Enables or disables flush-to-zero mode.

Syntax
IppStatus ippSetFlushToZero (int value, unsigned int* pUMask) ;
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Parameters

value Switch to set or clear the corresponding bit of the MXCSR register.

pUMask Pointer to the current underflow exception mask; may be set to
NULL.

Description

The function ippSetFlushToZero is declared in the ippcore.h file. This function enables
(when the value is not equal to 0) or disables (when the value is equal to 0) a
flush-to-zero (FTZ) mode of processors that support Streaming SIMD Extensions (SSE)
instructions. The FTZ mode controls the masked response to a SIMD floating-point
underflow condition. The FTZ mode is provided primarily for performance reasons. At the
cost of a slight precision loss, FTZ mode enables faster execution of applications where
underflows are common and rounding the underflow result to zero can be tolerated.

FTZ mode is possible only when the mask register is in a certain state. The
ippSetFlushToZero function checks and changes this state if necessary. After disabling
the FTZ mode, you can restore the initial mask register state. To do this, you must declare
a variable of unsigned integer type in your application and point to it in the pUMask
parameter of the ippSetFlushToZero function. The initial state of mask register will be
saved in this location and can be restored later. If you do not need to restore the initial
mask state, then the pUMask pointer may be set to NULL.

Return Values
ippStsNoErr Indicates no error.

ippStsCpuNotSupportedErr Indicates an error condition when the FTZ mode is not
supported by the processor.

ippSetDenormAreZeros
Enables or disables denormals-are-zero mode.

Syntax

IppStatus ippSetDenormAreZeros (int value) ;

Parameters

value Switch to set or clear the corresponding bit of the MXCSR register.
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Description

The function ippSetDenormAreZeros is declared in the ippcore.h file. This function
enables (when the value is not equal to O) or disables (when the value is equal to 0) the
denormals-are-zero (DAZ) mode of processors that support Streaming SIMD Extensions
(SSE) instructions. The DAZ mode controls the processor response to a SIMD floating-point
denormal operand condition. When the DAZ flag is set, the processor converts all denormal
source operands to zero with the sign of the original operand before performing any
computations on source data. The DAZ mode is provided to improve processor
performance for applications such as streaming media processing, where rounding a
denormal operand to zero does not noticeably affect the quality of the processed data.

Return Values
ippStsNoErr Indicates no error.

ippStsCpuNotSupportedErr Indicates an error condition when the DAZ mode is not
supported by the processor.

ippAlignPtr

Aligns a pointer to the specified number of bytes.
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void* ippAlignPtr (void* ptr, int alignBytes) ;

Parameters

ptr Processor type.

alignBytes Number of bytes to align. Possible values are the powers of 2, that

is, 2, 4, 8, 16 and so on.
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Description

The function ippAlignPtr is declared in the ippcore.h file. This function returns a
pointer ptr aligned to the specified number of bytes alignBytes. Possible values of
alignBytes are powers of two. The function does not check the validity of this parameter.

CAUTION. Do not free the pointer returned by the function, but free the
original pointer.
ippSetNumThreads
Sets the number of threads in the multithreading
environment.
Syntax
IppStatus ippSetNumThreads (int numThr) ;
Parameters
numThr Number of threads, should be greater than 0.
Description

The function ippSetNumThreads is declared in the ippcore.h file. This function sets the
number of OMP threads. A number of established threads may be less than specified
numThr.

WARNING. This function operates only in the dynamic version of the
library. In static version it returns a warning status ippStsNoOperation.

Return Values
ippStsNoErr Indicates no error.
ippStsSizeErr Indicates an error condition if numThr is less than or equal to O.

ippStsNoOperation Indicates that there is no such operation in the static version of the
library.
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ippGetNumThreads

Returns the number of existing threads in the
multithreading environment.

Syntax

IppStatus ippGetNumThreads (int* pNumThr) ;
Parameters

pNumThr Pointer to the number of threads.
Description

The function ippGetNumThreads is declared in the ippcore.h file. This function returns
the number of OMP threads specified by the user previously. If it has not been specified,
the function returns the initial number of threads that depends on the number of logical
processors

WARNING. This function operates only in the dynamic version of the
library. In static version it returns a warning status ippStsNoOperation.

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error condition when the pMhz pointer is NULL.

ippStsNoOperation Indicates that there is no such operation in the static version of the
library.

ippMalloc

Allocates memory aligned to 32-byte boundary.
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Parameters
len Size (in bytes) of the allocated block.

Description

The function ippMalloc is declared in the ippcore.h file. This function allocates memory
block alignhed to a 32-byte boundary.

Return Values

The return value of ippMalloc is a pointer to an aligned memory block. To free this block,
use only the function ippFree.

ippFree

Frees memory allocated by the function ippMalloc.

Syntax

void ippFree (void* ptr);

Parameters

ptr Pointer to a memory block to be freed.

Description

The function ippFree is declared in the ippcore.h file. This function frees the aligned
memory block allocated by the function ippMalloc.

CAUTION. You can not use the function ippFree to free memory
allocated by any other functions like malloc, nor can the memory
allocated by ippMalloc be freed by free.
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Dispatcher Control Functions

This section describes Intel IPP functions that control the dispatchers of the merged static
libraries.

ippStaticinit

Automatically selects the most appropriate static
code.

Syntax
IppStatus ippStaticInit (void) ;

Description

The function ippStaticInit is declared in the ippcore.h file. This function detects the
processor type used in the user computer system and sets the most appropriate
processor-specific static code of the Intel IPP software.

The function ippStaticInit should not be used in the driver implementation.

WARNING. This function operates only in the static version of the
library.

CAUTION. You can not use any other Intel IPP function while the
function ippStaticInit continues execution.

Return Values

ippStsNoErr Indicates that the most appropriate static code of the
Intel IPP software is successfully set.

ippStsNonIntelCpu Indic®tes that the static version of generic code for
Intel — Architecture is set.

ippStsNoOperationInDl1 Indicates that there is no such operation in the
dynamic version of the library.
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ippStaticlnitCpu

Initializes the specified version of the static code.

Syntax

IppStatus ippStaticInitCpu (IppCpuTlype cpu) ;
Parameters

cpu Processor type.

Description

The function ippStaticInitCpu is declared in the ippcore.h file. This function sets the
processor-specific static code of the Intel IPP library in accordance with the specified
processor type cpu.

WARNING. This function operates only in the static version of the
library.
Return Values
ippStsNoErr Indicates that the required processor-specific static
code is successfully set.
ippStsCpuMismatch Indicates that the specified processor type is not valid
and the previously set code version is used.
ippStsNoOperationInDl1l Indicates that there is no such operation in the

dynamic version of the library.
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Functions

This chapter describes Intel®

IPP functions that initialize vectors with either constants, the

contents of other vectors, or the generated signals.

The full list of functions in this group is given in Table 4-1.

Table 4-1

Intel IPP Vector Initialization Functions

Function Base Name

Operation

Vector Initialization Functions

Copy
PackBits

Move
Set

Zero

Copies the contents of one vector into another.

Packs part of data bits from the vector to the another
vector.

Moves the contents of one vector to another vector.
Initializes vector elements to a specified common value.

Initializes a vector to zero.

Tone and Triangle Generation Functions

ToneInitAllocQl5

ToneFree

ToneGetStateSizeQl5s

ToneInitQ1l5

ToneQlb

Tone Direct

Allocates memory and initializes the tone generator
state

Frees memory allocated by the function
ippsToneInitAlloc.

Computes the length of the tone generator structure.
Initializes the tone generator specification structure.

Generates a tone in accordance with tone generator
specification

Generates a tone with a given frequency, phase, and
magnitude.
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Table 4-1

Intel IPP Vector Initialization Functions (continued)

4-2

Function Base Name

ToneQl5 Direct

TriangleInitAllocQl5

TriangleFree

TriangleGetStateSizeQ1l5

TriangleInitQ1l5

TriangleQl5

Triangle Direct

TriangleQl5 Direct

Uniform Distribution Functions

RandUniformInitAlloc

RandUniformFree

RandUniformGetSize

RandUniformInit

RandUnifrom

RandUniform Direct

Operation

Generates a tone with a given frequency, phase, and
magnitude.

Allocates memory and initializes the triangle generator
state.

Frees memory allocated by the function
ippsTriangleInitAlloc.

Computes the length of the triangle generator structure.
Initializes the triangle generator specification structure.

Generates a triangle in accordance with triangle
generator specification

Generates a triangle with a given frequency, phase, and
magnitude.

Generates a triangle with a given frequency, phase, and
magnitude

Allocates memory and initializes a noise generator with
uniform distribution.

Closes the uniform distribution generator state.

Computes the length of the uniform distribution
generator structure

Initializes a noise generator with uniform distribution.

Generates the pseudo-random samples with a uniform
distribution.

Generates the pseudo-random samples with a uniform
distribution in direct mode.

Gaussian Distribution Functions

RandGaussInitAlloc

RandGaussFree

RandGaussGetSize

RandGaussInit

RandGauss

Allocates memory and initializes a noise generator with
Gaussian distribution.

Closes the Gaussian distribution generator state.

Computes the length of the Gaussian distribution
generator state

Initializes a noise generator with Gaussian distribution.

Generates the pseudo-random samples with a Gaussian
distribution.
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Table 4-1 Intel IPP Vector Initialization Functions (continued)
Function Base Name Operation
RandGauss Direct Generates pseudo-random samples with a Gaussian

distribution in the direct mode.

Special Vector Functions

VectorJaehne Creates a Jaehne vector.
ippsVectorSlope Creates a slope vector.
VectorRamp Creates a ramp vector.

Vector Initialization Functions

This section describes functions that initialize the values of vector elements.
All vector elements can be initialized to a common zero or another specified value. They
can also be initialized to respective values of a second vector elements.

Copy

Copies the contents of one vector into another.

Syntax

IppStatus ippsCopy lu(const Ipp8u* pSrc, int srcBitOffset, Ipp8u* pDst,
int dstBitOffset, int len);

IppStatus ippsCopy 8u(const Ipp8u* pSrc, Ipp8u* pDst, int Ien);
IppStatus ippsCopy 16s(const Ipplés* pSrc, Ipplés* pDst, int len);
IppStatus ippsCopy 32s(const Ipp32s* pSrc, Ipp32s* pDst, int len);

I

(

(

IppStatus ippsCopy 32f (const Ipp32f* pSrc, Ipp32f* pDst, int Ien);

IppStatus ippsCopy 64s (const Ippé64s* pSrc, Ipp64s* pDst, int len
(

)
IppStatus ippsCopy 64f (const Ipp64f* pSrc, Ippé64f* pDst, int len );
IppStatus ippsCopy 1l6sc(const Ipplésc* pSrc, Ipplésc* pDst, int len);
IppStatus ippsCopy 32sc(const Ipp32sc* pSrc, Ipp32sc* pDst, int Ien);
IppStatus ippsCopy 32fc(const Ipp32fc* pSrc, Ipp32fc* pDst, int len);
(

IppStatus ippsCopy 64sc(const Ippé64sc* pSrc, Ippé4sc* pDst, int Ilen);

4-3



4 Intel Integrated Performance Primitives Reference Manual: Volume 1

Figure 4-1

IppStatus ippsCopy 64fc(const Ippé64fc* pSrc, Ippé4fc* pDst, int len);

Parameters
pSrc

pDst

len
srcBitOffset
dstBitOffset

Description

Pointer to the source vector.

Pointer to the destination vector.

Number of elements to copy.

Offset (in bits) in the first byte of the source vector.

Offset (in bits) in the first byte of the destination vector.

The function ippsCopy is declared in the ipps.h file. This function copies the first 1en
elements from a source vector pSrc into a destination vector pDst.

ippsCopy 1lu. This funtion flavor performs copying operation on a vector that has a 8u
data type where each byte represents eight consecutive elements. In ths case additional
parameters srcBitOffset and dstBitOffset are required to specifiy start positions in
the source and destination vectors respectively. Note that the bit order in each byte is
inverse relative to the element order, that is, the first element in a vector is represented by
the last (7th) bit in the first byte of the vector (see Figure 4-1).

Bit Layout for the Function ippsCopy 1u.

4-4

first byte second byte

7165|4312 (1]0

srcBitOffset = 3

pSrc

CAUTION. These functions perform only copying operations described
above and are not intended to move data. Their behavior is unpredictable
if source and destination buffers are overlapping.

To move data, the functions ippsMove must be used
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Example 4-1 shows how to use the function ippsCopy.

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pSrc or pDst pointer is NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.

Example 4-1 Using the ippsCopy Function

IppStatus copy(void) {
char src[] = “to be copied\0”;
char dst[256];

return ippsCopy 8u(src, dst, strlen(src)+1);

PackBits

Packs part of data bits from the vector to the
bitstream.

Syntax

IppStatus ippsPackBits 32u8u(const Ipp32u* pSrcBit, const int* pSrcBits,
int srcLen, Ipp8u* pDst, int dstBitOffset, int* pDstLenBit) ;

Parameters

pSrcBit Pointer to the source vector with data.

pSrcBits Pointer to the source vector that specifies the number of data bits.
srcLen Number of elements in each source vector.

pDst Pointer to the destination vector (bitstream).

dstBitOffset Offset (in bits) in the first byte of the destination vector.
pDstLenBit Pointer to the length in bits of the destination vector.
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Description

The function ippsPackBits is declared in the ipps.h file. This function copies the certain
number of bits from each element of the data source vector pSrcBit and stores them
contiguously in the destination vector pDst starting from the bit position dstBitOffset.
Each element of the source vector pSrcBits contains the number of bits that are copied
from the corresponding element of the vector pSrcBit. If this number is less than O, or
greater than 32, then its value is set to O or 32 respectively. If such cases occur, the
function returns the warning message after completing the operation.

After completing the operation the function returns the lenght of the destiantion vector in

bits pDstLenBit.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when one of the specified pointers is
NULL.

ippStsSizeErr Indicates an error when srcLen is less than or equal to
0, or dstBitOffset is less than O.

ippStsOverlongString Indicates a warning when pSrcBits]i] is greater than
32 or less than 0.

Move

Moves the contents of one vector
to another vector.
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Syntax

IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus

ippsMove 8u(const Ipp8u* pSrc,

ippsMove 16s (const

ippsMove 32s(const

(

(

ippsMove 32f (const

ippsMove 64f (const
(

ippsMove 64s (const

ippsMove 1l6sc(const Ipplésc* pSrc,
ippsMove 32sc(const Ipp32sc* pSrc,
ippsMove 32fc(const Ipp32fc* pSrc,

Ipp8u* pDst, int len);

Ipplés* pSrc, Ipplés* pDst, int len);
Ipp32s* pSrc, Ipp32s* pDst, int len);
Ipp32f* pSrc, Ipp32f* pDst, int len);
Ipp64f* pSrc, Ipp64f* pDst, int len );
Ipp64s* pSrc, Ipp64s* pDst, int len);

Ipplésc* pDst, int len);

Ipp32sc* pDst, int len);

Ipp32fc* pDst, int len);
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IppStatus ippsMove 64sc(const Ippé64sc* pSrc, Ippé4sc* pDst, int len);
IppStatus ippsMove 64fc(const Ippé64fc* pSrc, Ippé64fc* pDst, int Ilen);

Parameters

pSrc Pointer to the source vector used to initialize pDst.
pDst Pointer to the destination vector to be initialized.
len Number of elements to move.

Description

The function ippsMove is declared in the ipps.h file. This function moves the first 1en
elements from a source vector pSrc into the destination vector pDst. If some parts of the
source and destination vectors are overlapping, then the function ensures that the original
source bytes in the overlapping parts are moved (it means that they are copied before
being overwritten) to the appropriate parts of the destination vector.

Example 4-3 shows how to use the function ippsMove.

Example 4-2 Using the ippsMove function

Ipp8u pSrc[10] = { "123456789" };
Ipp8u pDst[6];

int len = 6;

IppStatus status;

status = ippsMove 8u ( pSrc, pDst, len );
if (ippStsNoErr != status)
printf ("IPP Error: %s",ippGetStatusString(status)) ;

result:
pSrc = 123456789
pDst = 123456

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pSrc or pDst pointer is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.
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Set

Initializes vector elements to a specified common

value.

Syntax

IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus

Parameters
pDst
len

val

Description

The function

ippsSet 8u(Ipp8u val, Ipp8u* pDst, int len);

ippsSet 16s(Ipplés val, Ipplés* pDst, int len);

ippsSet 16sc(Ipplésc val, Ipplésc* pDst, int len);

ippsSet 32s(Ipp32s val, Ipp32s* pDst, int Ien);

ippsSet 32f (Ipp32f val, Ipp32f* pDst, int len);

ippsSet 32sc(Ipp32sc val, Ipp32sc* pDst, int len);

ippsSet 32fc(Ipp32fc val, Ipp32fc* pDst, int len);

ippsSet 64s (Ipp64s val, Ipp64s* pDst, int len);

ippsSet 64f (Ipp64f val, Ipp64f* pDst, int Ien);

ippsSet 64sc(Ippé64sc val, Ippé4sc* pDst, int len);

ippsSet 64fc(Ipp64fc val, Ippé64fc* pDst, int Ilen);

Pointer to the vector to be initialized.
Number of elements to initialize.

Value used to initialize the vector pDst.

ippsSet is declared in the ipps.h file. This function initializes the first 1en

elements of the real or complex vector pDst to contain the same value val.

Example 4-3 shows how to use the function ippsSet.

Example 4-3 Using the ippsset Function

IppStatus

char src(]

return ippsSet 8u('0’,

{

Wget” ;

set (void)

src, strlen(src));

4-8



Vector Initialization Functions 4

Example 4-3 Using the ippsSet Function

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pDst pointer is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

Zero

Initializes a vector to zero.

Syntax

IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus

Parameters
pDst

len

Description

The function

ippsZero_8u(Ipp8u* pDst, int len);
ippsZero_16s(Ipplés* pDst, int len
ippsZero_32s(Ipp32s* pDst, int len

( )
( )
ippsZero 32f (Ipp32f* pDst, int len);
ippsZero_ 64s(Ipp64s* pDst, int len)
( )

ippsZero 64f (Ipp64f* pDst, int Ilen
ippsZero_lésc(Ipplésc* pDst, int len

ippsZero_32sc(Ipp32sc* pDst, int len

( )

( )

ippsZero_32fc(Ipp32fc* pDst, int len);

ippsZero_64sc(Ipp64sc* pDst, int len)
( )

ippsZero 64fc(Ipp64fc* pDst, int len

Pointer to the vector to be initialized to zero.

Number of elements to initialize.

ippsZero is declared in the ipps.h file. This function initializes the first 1en

elements of the vector pDst to O. If pDst is a complex vector, both real and imaginary
parts are zeroed.
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Example 4-4 shows how to use the function ippsZero.

Example 4-4 Using the ippsZero Function

IppStatus zero(void) {
char srcl[] = “zero”;

return ippsZero 8u(src, strlen(src));

Return Values

ippStsNoErr Indicates no error
ippStsNullPtrErr Indicates an error when the pDst pointer is NULL
ippStsSizeErr Indicates an error when Ien is less than or equal to O

Sample-Generating Functions

This section describes Intel IPP functions which generate tone samples, triangle samples,
pseudo-random samples with uniform distribution, and pseudo-random samples with
Gaussian distribution, as well as special test samples.

Some sample-generating functions operate with data in the fixed point format. These
functions have Q15 suffix in their name. This means that integer data are used in
calculations inside the function as real numbers equal to the integer value multiplied by
2715 (where “15” is called a scale factor).

Tone-Generating Functions

The functions described below generate a tone (or “sinusoid”) of a given frequency, phase,
and magnitude. Tones are fundamental building blocks for analog signals. Thus, sampled
tones are extremely useful in signal processing systems as test signals and as building
blocks for more complex signals.

The use of tone functions is preferable against the analogous C math library’s sin ()
function for many applications, because Intel IPP functions can use information retained
from the computation of the previous sample to compute the next sample much faster than
standard sin () or cos ().
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TonelnitAllocQ15

Allocates memory and initializes the tone generator
specification structure for fixed point data.

Syntax

IppStatus ippsToneInitAllocQl5 16s (IppToneState 16s** pToneState, Ipplé6s magn,
Ipplés rFreqQl5, Ipp32s phaseQl5);

Parameters
pToneState

magn
phaseQ15

rFreqQl5

Description

Pointer to the pointer to the tone generator specification structure.

Magnitude of the tone, that is, the maximum value attained by the
wave.

Phase of the tone relative to a cosine wave in Q16.15 format. It
must be in the range [0, 205886].

Frequency of the tone relative to the sampling frequency in Q0.15
format. It must be in the range [0, 16383].

The function ippsToneInitAllocQ15 is declared in the ipps.h file. This function allocates
memory and initializes the tone generator structure pToneState with the specified
frequency rFregQ15, phase phaseQ15, and magnitude magn.

Input data in the fixed point format Q15 are converted to the corresponding float data type
that lay in the range [0, 0.5) for relative frequency and [0, 2r) for phase.

Q16.15 designates that 16 bits before and 15 bits after fixed point position are used to
present a 32-bit value in the fixed point format.

Q0.15 designates that O bits before and 15 bits after fixed point position are used to
present a 16-bit value in the fixed point format.

Example 4-5 demonstrartes how to use the function ippsToneInitAllocQ15.

Return Values
ippStsNoErr
ippStsNullPtrErr
ippStsToneMagnErr

ippStsToneFregErr

Indicates no error.
Indicates an error when the pToneState pointer is NULL.
Indicates an error when magn is less than or equal to zero.

Indicates an error when rFregQ15 is negative, or greater than
16383.
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ippStsTonePhaseErr Indicates an error when the phaseQ15 value is negative, or greater
than 205886.

ToneFree

Frees memory allocated by the function
ippsToneInitAllocQl5.

Syntax

IppStatus ippsToneFree (IppToneState 16s* pToneState) ;
Parameters

pToneState Pointer to the tone generator specification structure.
Description

The function ippsToneFree is declared in the ipps.h file. This function closes the tone
generator state by freeing all memory associated with the structure created by
ippsToneInitAllocQl5.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pointer pToneState is NULL.
ToneGetStateSizeQ15
Computes the length of the tone generator
structure.
Syntax
IppStatus ippsToneGetStateSizeQl5 16s(int* pToneStateSize) ;
Parameters
pToneStateSize Pointer to the computed value of size in bytes of the generator

specification structure.
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Description

The function ippsToneGetStateSizeQ15 is declared in the ipps.h file. This function
computes the length (in bytes) pToneStateSize of the tone generator structure. The
function ippsToneGetStateSizeQ1l5 should be called before the call to the function
ippsToneInitQ15.

Return Values
ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pointer pToneStateSize is NULL.

TonelnitQ15

Initializes the tone generator specification structure
for fixed point data.

Syntax

IppStatus ippsToneInitQl5 16s(IppToneState 16s* pToneState, Ipplés magn,
Ippl6s rFreqQl5, Ipp32s phaseQl5);

Parameters

pToneState Pointer to the tone generator specification structure.

magn Magnitude of the tone, that is, the maximum value attained by the
wave.

phaseQl15 Phase of the tone relative to a cosine wave in Q16.15 format. It
must be in the range [0, 205886].

rFreqQl15 Frequency of the tone relative to the sampling frequency in Q0.15
format. It must be in the range [0, 16383].

Description

The function ippsToneInitQ15 is declared in the ipps.h file. This function initializes the
tone generator structure pToneState with the specified frequency rFreqgQ15, phase
phaseQ15, and magnitude magn. The structure is allocated in the external buffer, the size
of which should be computed by the function ippsToneGetStateSizeQ15.

Data in Q15 format are converted to the corresponding float data type that lay in the range
[0, 0.5) for relative frequency and [0, 2w) for phase.

Q16.15 designates that 16 bits before and 15 bits after fixed point position are used to
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present a 32-bit value in the fixed point format.
Q0.15 designates that O bits before and 15 bits after fixed point position are used to
present a 16-bit value in the fixed point format.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pToneState pointer is NULL.
ippStsToneMagnErr Indicates an error when magn is less than or equal to zero.

ippStsToneFregErr Indicates an error when rFregQ15 is negative, or greater than
16383.

ippStsTonePhaseErr Indicates an error when the phaseQ15 value is negative, or greater
than 205886.

ToneQ15

Generates a tone with a frequency, phase, and
magnitude specified in the tone generator

structure.
Syntax
IppStatus ippsToneQl5 16s(Ipplé6s* pDst, int len, IppToneState 16s* pToneState) ;
Parameters
pDst Pointer to the array which stores the samples.
len Number of samples to be computed.
pToneState Pointer to the tone generator specification structure.
Description

The function ippsToneQ15 is declared in the ipps.h file. This function generates the tone
with the frequency, phase, and magnitude parameters that are specified in the previously
created structure pToneState. The function computes Ien samples of the tone, and stores
them in the array pDst. Generated values x[n] are computed using the same formulas as
in ippsToneDirect function for computing real tones.

Example 4-5 demonstrartes how to use the function ippsToneQ15.
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Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst or pToneState pointer is NULL.
ippStsSizeErr Indicates an error when len is less than or equal to zero.

Example 4-5 Using Tone Generating Functions

void func_toneqls ()

IppToneState 16s *TS;
Ipplés magn = 4095;
Ipplés rFregQl5 = 512;
Ipplés phaseQl5 = 0;
Ipplés* pDst;
IppStatus status;

status = ippsToneInitAllocQl5 16s(&TS,magn, rFreqQl5,phaseQl5) ;
if (ippStsNoErr != status)

printf ("IPP Error: %s",ippGetStatusString(status)) ;

status = ippsToneQl5 16s (pDst,rFreqQl5,TS) ;
if (ippStsNoErr != status)
printf ("IPP Error: %$s",ippGetStatusString(status)) ;

result:
100 200 300 400
4000 : : : : - 4000
2000 + L2000
i Lo
-2000 + L 2000
-100 } } } -400
100 200 300 400
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Tone_Direct

Generates a tone with a given frequency, phase,
and magnitude.

Syntax

IppStatus ippsTone Direct 16s(Ipplés* pDst, int len, Ipplés magn, float rFreq,
float* pPhase, IppHintAlgorithm hint);

IppStatus ippsTone Direct 1é6sc(Ipplésc* pDst, int len, Ipplés magn, float
rFreq, float* pPhase, IppHintAlgorithm hint);

IppStatus ippsTone Direct 32f (Ipp32f* pDst, int len, float magn, float rFregq,
float* pPhase, IppHintAlgorithm hint);

IppStatus ippsTone Direct 32fc(Ipp32fc* pDst, int len, float magn, float rFreq,
float* pPhase, IppHintAlgorithm hint) ;

IppStatus ippsTone Direct 64f (Ipp64f* pDst, int len, double magn, double rFreq,
double* pPhase, IppHintAlgorithm hint) ;

IppStatus ippsTone Direct 64fc (Ipp64fc* pDst, int len, double magn, double rFreq,
double* pPhase, IppHintAlgorithm hint) ;

Parameters

magn Magnitude of the tone, that is, the maximum value attained by the
wave.

pPhase Pointer to the phase of the tone relative to a cosine wave. It must
be in range [0.0, 2r). The returned value may be used to compute
the next continuous data block.

rFreq Frequency of the tone relative to the sampling frequency. It must
be in the interval [0.0, 0.5) for real tone and in [0.0, 1.0) for
complex tone.

pDst Pointer to the array which stores the samples.

len Number of samples to be computed.

hint Suggests using specific code. The values for the hint argument

are described in “Flag and Hint Arguments.”
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Description

The function ippsTone_ Direct is declared in the ipps.h file. This function generates the
tone with the specified frequency rFreq, phase pPhase, and magnitude magn. The function
computes len samples of the tone, and stores them in the array pDst. For real tones, each
generated value x[n] is defined as:

x[n] = magn- cos(2nn- rFreq + phase)
For complex tones, x[n] is defined as:
x[n] = magn - (cos(2nn- rFreq + phase)+j - sin(2nmn- rFreqg + phase))

The hint argument suggests using specific code, which provides for either fast but less
accurate calculation, or more accurate but slower execution. The values you can enter for
the hint argument are listed in Table 7-3.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst or pPhase pointer is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to zero.

ippStsToneMagnErr Indicates an error when magn is less than or equal to zero.

ippStsToneFregErr Indicates an error when rFregq is negative, or greater than or
equal to 0.5 for real tone and to 1.0 for complex tone.

ippStsTonePhaseErr Indicates an error when the pPhase value is negative, or greater
than or equal to IPP_2PT.

ToneQ15_Direct

Generates a tone with a given frequency, phase,
and magnitude.

Syntax

IppStatus ippsToneQl5 Direct 16s(Ipplé6s* pDst, int len, Ipplésmagn, Ipplés rFreqQl5s,
Ipp32s phaseQl5) ;

Parameters

pDst Pointer to the array which stores the samples.
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magn Magnitude of the tone, that is, the maximum value attained by the
wave.
rFreqQl5 Frequency of the tone relative to the sampling frequency in Q0.15

format. It must be in the range [0, 16383].

phaseQ15 Phase of the tone relative to a cosine wave in Q16.15 format. It
must be in the range [0, 205886].

Description

The function ippsToneQl5 Direct is declared in the ipps.h file. This function generates
the tone with the specified frequency rFreqQi15, phase pPhaseQ15, and magnitude magn.
Data in Q15 format are converted to the corresponding float data type that lay in the range
[0, 0.5) for relative frequency and [0, 2r) for phase.

Q16.15 designates that 16 bits before and 15 bits after fixed point position are used to
present a 32-bit value in the fixed point format.

Q0.15 designates that O bits before and 15 bits after fixed point position are used to
present a 16-bit value in the fixed point format.

The function computes 1en samples of the tone, and stores them in the array pDst.
Generated values x[n] are computed using the same formulas as in ippsTone Direct
function for computing real tones.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst pointer is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to zero.

ippStsToneMagnErr Indicates an error when magn is less than or equal to zero.

ippStsToneFreqgErr Indicates an error when rFregQ15 is negative, or greater than
16383.

ippStsTonePhaseErr Indicates an error when the phaseQ15 value is negative, or greater
than 205886.
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Triangle-Generating Functions

This section describes the functions that generate a periodic signal with a triangular wave
form (referred to as “triangle”) of a given frequency, phase, magnitude, and asymmetry.

Application Notes

A real periodic signal with triangular wave form x[n] (referred to as a real triangle) of a
given frequency rFreq, phase value phase, magnitude magn, and asymmetry h is defined
as follows:

x[n] = magn- cth(2n~ rFreq- n+ phase), n=0, 1, 2, ...

A complex periodic signal with triangular wave form x[n] (referred to as a complex
triangle) of a given frequency rFreq, phase value phase, magnitude mag, and asymmetry
h is defined as follows:

x[n] = magn- (ect,(2rn- rFreq- n+phase) +
- st,(2n- rFreqg- n + phase)), n=0, 1, 2, ...

The et () function is determined as follows:

H=m + h
2 (a—ﬁf), 0 <or<H
H 2
cth(a) =
2 _(a_2n+H)’ H<aom
2n-H 2

ct (@t k- 2M) = ct, (@), k= 0,4, 22, ..

When H = &, asymmetry h = 0, and function cty () is symmetric and a triangular analog of
the cos() function. Note the following equations:

cth(H/ 2+k- T =0, k= 0,1, 2, ...

cth(k- 2w) = 1, k= 0,41, £2, ..

cth(H+k- 2m) = -1, k= 0,41, £2, ..

The sty () function is determined as follows:
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2 o« 0Sa£2n2—H

2n-H
2 2n—-H n+ H
stp(@ =175 (-m), = Saﬁz_z—‘
2 2n+ H
T (o-2m), 3 <o22n

sty (ot k- 2M) = st (@), k= 0,#, £2, ..

When H = &, asymmetry h = 0, and function st, () is a triangular analog of a sine function.
Note the following equations:

sth(a) = cth(a+(37t+h)/ 2)
sth(nk) =0, k= 0,1, 2, ..
sty((T-h)/ 2+27k) = 1, k= 0,41, £2, ...

sth((37’t+h)/ 2+21k) = -1, k= 0,#l, £2, ..

TrianglelnitAllocQ15

Allocates memory and initializes the triangle

generator specification structure for fixed point
data.

Syntax

IppStatus ippsTriangleInitAllocQl5 16s(IppTriangleState 1l6s** pTriangleState,
Ipplés magn, Ipplés rFreqgQl5, Ipp32s phaseQl5, Ipp32s asymQ1l5) ;

Parameters

pTriangleState Pointer to the pointer to the triangle generator specification
structure.

magn Magnitude of the tone, that is, the maximum value attained by the
wave.

rFreqQl5 Frequency of the tone relative to the sampling frequency in Q0.15
format. It must be in the range [0, 16383].

phaseQ15

Phase of the tone relative to a cosine wave in Q16.15 format. It
must be in the range [0, 205886].
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asymQil5 Asymmetry h of a triangle in Q16.15 format. It must be in the
range [-102943, 102943]. If h=0, then the triangle is symmetric
and a direct analog of a tone.

Description

The function ippsTriangleInitAllocQ15 is declared in the ipps.h file. This function
allocates memory and initializes the triangle generator structure pTriangleState with the
specified frequency rFregQ15, phase phaseQ15, asymmetry asymQ15 and magnitude
magn.

Input data in the fixed point format Q15 format are converted to the corresponding float
data type that lay in the range [0, 0.5) for the relative frequency, [0, 2n) for the phase, and
(-=, m) for the asymmetry.

Q16.15 designates that 16 bits before and 15 bits after fixed point position are used to
present a 32-bit value in the fixed point format.

Q0.15 designates that O bits before and 15 bits after fixed point position are used to
present a 16-bit value in the fixed point format.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pTriandleState pointer
is NULL.

ippStsTriangleMagnErr Indicates an error when magn is less than or equal to
zero.

ippStsTriangleFregErr Indicates an error when rFregQ15 is negative, or

greater than 16383.

ippStsTrianglePhaseErr Indicates an error when the phaseQ15 value is
negative, or greater than 205886.

ippStsTriangleAsymErr Indicates an error when the asymQ15 value is less than
-102943 or greater than 102943.
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TriangleFree

Frees memory allocated by the function
ippsTriangleInitAlloc.

Syntax

IppStatus ippsTriangleFree (IppTriangleState 16s* pTriangleState) ;
Parameters

pTriangleState Pointer to the triangle generator specification structure.
Description

The function ippsTriangleFree is declared in the ipps.h file. This function closes the
triangle generator state by freeing all memory associated with the structure created by
ippsTriangleInitAllocQl5.

Return Values
ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pointer pTriangleState is NULL.

TriangleGetStateSizeQ15

Computes the length of the triangle generator
structure.
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pTriangleStateSize Pointer to the computed value of size in bytes of the generator
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Description

The function ippsTriangleGetStateSizeQ15 is declared in the ipps.h file. This function
computes the length (in bytes) pTriangleStateSize of the tone generator structure. The
function ippsTriangleGetStateSizeQ15 should be called before the call to the function
ippsTriangleInitQl5

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pointer pTriangleStateSize is NULL.
TrianglelnitQ15

Initializes the triangle generator specification
structure for fixed point data.

Syntax

IppStatus ippsTriangleInitQl5 16s(IppTriangleState 1l6s* pTriangleState,
Ipplés magn, Ipplés rFreqQl5, Ipp32s phaseQl5, Ipp32s asymQl5);

Parameters

pTriangleState Pointer to the triangle generator specification structure.

magn Magnitude of the tone, that is, the maximum value attained by the
wave.

rFreqQ15 Frequency of the tone relative to the sampling frequency in Q0.15
format. It must be in the range [0, 16383].

phaseQ15 Phase of the tone relative to a cosine wave in Q16.15 format. It
must be in the range [0, 205886].

asymQ1l5s Asymmetry h of a triangle in Q16.15 format. It must be in the
range [-102943, 102943]. If h=0, then the triangle is symmetric
and a direct analog of a tone.

Description

The function ippsTriangleInitQ15 is declared in the ipps.h file. This function initializes
the triangle generator structure pTriangleState with the specified magnitude magn,
frequency rFregQ15, phase phaseQ15, and asymmetry asymQ15. The structure is
allocated in the external buffer, the size of which should be computed by the function
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ippsTriangleGetStateSizeQl5

Input data in the fixed point format Q15 format are converted to the corresponding float
data type that lay in the range [0, 0.5) for the relative frequency, [0, 2n) for the phase, and

(-=, m) for the asymmetry.

Q16.15 designates that 16 bits before and 15 bits after fixed point position are used to
present a 32-bit value in the fixed point format.

Q0.15 designates that O bits before and 15 bits after fixed point position are used to
present a 16-bit value in the fixed point format.

Return Values
ippStsNoErr
ippStsNullPtrErr

ippStsTriangleMagnErr

ippStsTriangleFregErr

ippStsTrianglePhaseErr

ippStsTriangleAsymErr

Indicates no error.

Indicates an error when the pTriandleState pointer
is NULL.

Indicates an error when magn is less than or equal to
zero.

Indicates an error when rFregQ15 is negative, or
greater than 16383.

Indicates an error when the phaseQ15 value is
negative, or greater than 205886.

Indicates an error when the asymQ15 value is less than
-102943 or greater than 102943.

TriangleQ15

Generates a triangle with a frequency, phase, and
magnitude specified in the triangle generator

structure.

Syntax

IppStatus ippsTriangleQl5 16s(Ipplés* pDst, int len, IppTriangleState 1l6s*

pTriangleState) ;

Parameters

pDst Pointer to the array which stores the generated samples.

len Number of samples to be computed.
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pTriangleState Pointer to the triangle generator specification structure.

Description

The function ippsTriangleQ1l5 is declared in the ipps.h file. This function generates the
triangle with the frequency, phase, magnitude, and asymmetry parameters that are
specified in the previously created structure pTriangleState. The function computes len
samples of the triangle, and stores them in the array pDst. Generated values x[n] are
computed using the same formulas as in ippsTriangle Direct function for computing
real triangles.

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst or pToneState pointer is NULL.

ippStsSizeErr Indicates an error when len is less than or equal to zero.

Triangle_Direct
Generates a triangle with a given frequency, phase,
and magnitude.

Syntax

IppStatus ippsTriangle Direct 16s(Ipplé6s* pDst, int len, Ipplés magn, float rFreq,
float asym, float* pPhase) ;

IppStatus ippsTriangle Direct 16sc(Ipplésc* pDst, int len, Ipplé6s magn, float rFreq,
float asym, float* pPhase) ;

IppStatus ippsTriangle Direct 32f (Ipp32f* pDst, int len, float magn, float rFreq,
float asym, float* pPhase) ;

IppStatus ippsTriangle Direct 32fc(Ipp32fc* pDst, int Ien, float magn, float rFreq,
float asym, float* pPhase);

IppStatus ippsTriangle Direct 64f (Ipp64f* pDst, int len, double magn, double rFreq,
double asym, double* pPhase) ;

IppStatus ippsTriangle Direct 64fc(Ipp64fc* pDst, int len, double magn, double rFreq,
double asym, double* pPhase) ;

Parameters
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rFreq Frequency of the triangle relative to the sampling frequency. It
must be in range [0.0, 0.5).

pPhase Pointer to the phase of the triangle relative to a cosine triangular
analog wave. It must be in range [0.0, 2m). The returned value
may be used to compute the next continuous data block.

magn Magnitude of the triangle, that is, the maximum value attained by
the wave.

asym Asymmetry h of a triangle. It must be in range [-n, m). If h=0, then
the triangle is symmetric and a direct analog of a tone.

pDst Pointer to the array which stores the samples.

len Number of samples to be computed.

Description

The function ippsTriangle is declared in the ipps.h file. This function generates the

triangle with the specified frequency rFreq, phase pointed by pPhase, and magnitude

magn. The function computes len samples of the triangle, and stores them in the array
pDst. For real triangle, x[n] is defined as:

x[n] = magn- ct,(2n- rFreq- n+phase), n=0, 1, 2, ...

For complex triangles, x[n] is defined as:

x[n] = magn- (ct,(2n- rFreq- n+phase)+j- st (2n- rFreq- n+phase)), n=0, 1, 2, ...

See “Application Notes” on page 4-19 for the definition of functions ct, and st .

Example 4-6 demonstrartes how to use the function ippsTriangle.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pDst or pPhase pointer is NULL.
ippStsSizeErr Indicates an error when len is less than or equal to zero.
ippStsTrnglMagnErr Indicates an error when magn is less than or equal to zero.

ippStsTrnglFreqErr Indicates an error when rFreq is negative, or greater than or
equal to 0.5.

ippStsTrnglPhaseErrindicates an error when the pPhase value is negative, or greater
than or equal to IPP_2PT.
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ippStsTrnglAsymErr Indicates an error when asymis less than -IPP_PI, or greater than

or equal to IPP_PI.

Example 4-6 Using the Triangle Generating Functions

void func_ triangle direct ()

Ipplés* pDst;

int len = 512;
Ipplés magn = 4095;
float rFreq = 0.02;
float asym = 0.0;;
float Phase = 0.0;
IppStatus status;

status = ippsTriangle Direct 16s(pDst, len, magn, rFreq, asym,
&Phase) ;
if (ippStsNoErr != status)
printf ("IPP Error: %$s", ippGetStatusString(status)) ;
}
result:
100 200 300 400 500
4000 { { | { f—- 4000
2000 - zo00
i 10
-2000 4 4 2000
4000 . L . L I T
100 200 300 400 500
TriangleQ15_Direct
Generates a triangle with a given frequency, phase,
and magnitude for fixed point data.
Syntax
IppStatus ippsTriangleQl5 Direct 16s(Ipplés* pDst, int Ien, Ipplés magn, Ipplés

rFreqgQl5, Ipp32s phaseQl5, Ipp32s asymQl5) ;
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Parameters

pDst Pointer to the array which stores the samples.

magn Magnitude of the tone, that is, the maximum value attained by the
wave.

rFreqQ15 Frequency of the tone relative to the sampling frequency in Q0.15
format. It must be in the range [0, 16383].

phaseQl15 Phase of the tone relative to a cosine wave in Q16.15 format. It
must be in the range [0, 205886].

asymQil5 Asymmetry h of a triangle in Q16.15 format. It must be in the
range [-102943, 102943]. If h=0, then the triangle is symmetric
and a direct analog of a tone.

Description

The function ippsTriangleQl5 Direct is declared in the ipps.h file. This function
generates the triangle with the specified magnitude magn, frequency rFregQ15, phase
pPhaseQ15, and asymmetry asymQ15. Input data in the fixed point format Q15 format are
converted to the corresponding float data type that lay in the range [0, 0.5) for the relative
frequency, [0, 2n) for the phase, and [-r, ©) for the asymmetry.

Q16.15 designates that 16 bits before and 15 bits after fixed point position are used to
present a 32-bit value in the fixed point format.

Q0.15 designates that O bits before and 15 bits after fixed point position are used to
present a 16-bit value in the fixed point format.

The function computes 1en samples of the tone, and stores them in the array pDst.
Generated values x[n] are computed using the same formulas as in
ippsTriangle Direct function for computing real triangles.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pDst pointer is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to
zero.

ippStsToneMagnErr Indicates an error when magn is less than or equal to
zero.

ippStsToneFregErr Indicates an error when rFregQ15 is negative, or

greater than 16383.

ippStsTonePhaseErr Indicates an error when the phaseQ15 value is
negative, or greater than 205886.
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ippStsTriangleAsymErr Indicates an error when the asymQ15 value is less than
-102943 or greater than 102943.

Uniform Distribution Functions

This section describes the functions that generate pseudo-random samples with uniform
distribution.

RandUniforminitAlloc

Allocates memory and initializes a noise generator
with uniform distribution.

Syntax

IppStatus ippsRandUniformInitAlloc_8u(IppsRandUniState 8u** pRandUniState,
Ipp8u low, Ipp8u high, unsigned int seed) ;

IppStatus ippsRandUniformInitAlloc_16s (IppsRandUniState 16s** pRandUniState,
Ipplés low, Ipplés high, unsigned int seed) ;

IppStatus ippsRandUniformInitAlloc_ 32f (IppsRandUniState 32f** pRandUniState,
Ipp32f low, Ipp32f high, unsigned int seed);

Parameters

pRandUniState Pointer to the structure containing parameters for the
generator of noise.

low Lower bound of the uniform distribution range.

high Upper bound of the uniform distribution range.

seed Seed value used by the pseudo-random number generation
algorithm.

Description

The function ippsRandUniformInitAlloc is declared in the ipps.h file. This function
allocates memory and initializes the pseudo-random generator state prRandUniState. The
uniform distribution range is specified by the lower and upper bounds low and high,
respectively.

Example 4-7 demonstrartes how to use the function ippsRandUniformInitAlloc.
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Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pRandUniState pointer is NULL.

ippStsMemAllocErr Indicates an error when there is not enough memory for the
operation.

RandUniformFree
Closes the uniform distribution generator state.
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Syntax

IppStatus ippsRandUniformFree 8u(IppsRandUniState 8u* pRandUniState) ;
IppStatus ippsRandUniformFree 16s (IppsRandUniState 16s* pRandUniState) ;
IppStatus ippsRandUniformFree 32f (IppsRandUniState 32f* pRandUniState) ;

Parameters

pRandUniState Pointer to the structure containing parameters for the
generator of noise.

Description

The function ippsRandUniformFree is declared in the ipps.h file. This function closes the
noise generator state pRandUniState by freeing all memory allocated by the
ippsRandUniInitAlloc function.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the prandUniState pointer is
NULL.

ippStsContextMatchErr Indicates an error when the state identifier is
incorrect.
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RandUniformlinit

Initializes a noise generator with uniform
distribution.

Syntax

IppStatusippsRandUniformInit 16s (IppsRandUniState 16s* pRandUniState, Ipplés low,
Ipplés high, unsigned int seed) ;

Parameters

pRandUniState Pointer to the structure containing parameters for the
generator of noise.

low Lower bound of the uniform distribution range.

high Upper bound of the uniform distribution range.

seed Seed value used by the pseudo-random number generation
algorithm.

Description

The function ippsRandUniformInit is declared in the ipps.h file. This function initializes
the pseudo-random generator state prandUniState in the external buffer. The size of this
buffer should be computed previously by calling the function ippsRandUniformGetSize.
The uniform distribution range is specified by the lower and upper bounds Iow and high,
respectively.

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pRandUniState pointer is NULL.

ippStsMemAllocErr Indicates an error when there is not enough memory for the
operation.
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RandUniformGetSize

Computes the length of the uniform distribution
generator structure.

Syntax
IppStatus ippsRandUniformGetSize 16s(int* pRandUniStateSize) ;

Parameters

pRandUniStateSize Pointer to the computed value of size in bytes of the generator
specification structure.

Description

The function ippsRandUniformGetSize is declared in the ipps.h file. This function
computes the length (in bytes) prRandUniStateSize of the uniform distribution generator
structure. The function ippsRandUniformGetSize should be called prior to the function
ippsRandUniformInit.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pointer pRandUniStateSize is NULL.
RandUnifrom

Generates the pseudo-random samples with a
uniform distribution.

Syntax

IppStatus ippsRandUniform 8u(Ipp8u* pDst, int len, IppsRandUniState_ 8u*
pRandUniState) ;

IppStatus ippsRandUniform 16s(Ipplés* pDst, int len, IppsRandUniState 16s*
pRandUniState) ;

IppStatus ippsRandUniform 32f (Ipp32f* pDst, int len, IppsRandUniState 32f*
pRandUniState) ;
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Parameters

pDst Pointer to the array which stores the samples.

len Number of samples to be computed.

pRandUniState Pointer to the structure containing parameters for the generator of
noise.

Description

The function ippsRandUniform is declared in the ipps.h file. This function generates len
pseudo-random samples with a uniform distribution and stores them in the array pDst.
Initial parameters of the generator are set in the generator state structure
pRandUniState.

Before calling ippsRandUniform, you must initialize the generator state by calling the
ippsRandUniformInitAlloc function.

Example 4-7 demonstrartes how to use the function ippsRandUniform.

Return Values
ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pDst or pRandUniState
pointer is NULL.

ippStsContextMatchErr Indicates an error when the state identifier is incorrect.

Example 4-7 Using the Function to Generate Pseudo-Random Signal

void func_randuniform()

IppsRandUniState 16s* pRUS;
Ipplés low, high;

low = -4096;

high = 4095;

unsigned int seed = 0;
Ipplés* pDst;

int len = 512;

IppStatus status;

status = ippsRandUniformInitAlloc 16s (&pRUS, low,high, seed) ;
if (ippStsNoErr != status)
printf ("IPP Error: %$s", ippGetStatusString(status)) ;

status = ippsRandUniform 16s (pDst,len, pRUS) ;
if (ippStsNoErr != status)
printf ("IPP Error: %s",ippGetStatusString(status)) ;
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Example 4-7 Using the Function to Generate Pseudo-Random Signal

result:
100 200 200 400 500
4000 . : ¢ ‘ — 4000
000 - 2000
it i
2000 4 2000
-4000 ; } ) } | 4000
100 200 200 400 &00

RandUniform_Direct

Generates the pseudo-random samples with a
uniform distribution in direct mode.

Syntax

IppStatus ippsRandUniform Direct 16s(Ipplé6s* pDst, int len, Ipplés low, Ipplé6s high,

unsigned int* pSeed) ;

IppStatus ippsRandUniform Direct 32f (Ipp32f* pDst, int len, Ipp32f low, Ipp32f high,

unsigned int* pSeed) ;

IppStatus ippsRandUniform Direct 64f (Ipp64f* pDst, int len, Ipp64f low, Ipp64f high,

unsigned int* pSeed) ;

Parameters

pSee

Iow
high
pDst

len
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d

Pointer to the seed value used by the pseudo-random number
generation algorithm.

Lower bound of the uniform distribution range.
Upper bound of the uniform distribution range.
Pointer to the array which stores the samples.

Number of samples to be computed.
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Description

The function ippsRandUniform Direct is declared in the ipps.h file. This function
generates 1en pseudo-random samples with a uniform distribution and stores them in the
array pDst. This function does not require to initialize the generator state structure in
advance. All parameters of the pseudo-random number generator are set directly in the
function.

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst or pSeed pointer is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

Gaussian Distribution Functions

This section describes the function that generates pseudo-random samples with Gaussian
distribution.

RandGausslInitAlloc

Allocates memory and initializes a noise generator
with Gaussian distribution.

IppStatusippsRandGaussInitAlloc_8u(IppsRandGaussState 8u**pRandGaussState, Ipp8u
mean, Ipp8u stdDev, unsigned int seed) ;

IppStatus ippsRandGaussInitAlloc_ 16s (IppsRandGaussState 16s** pRandGaussState,
Ipplés mean, Ipplés stdDev, unsigned int seed) ;

IppStatus ippsRandGaussInitAlloc_32f (IppsRandGaussState 32f** pRandGaussState,
Ipp32f mean, Ipp32f stdDev, unsigned int seed) ;

Parameters

pRandGaussState Pointer to the structure containing parameters for the
generator of noise.

mean Mean of the Gaussian distribution.

stdDev Standard deviation of the Gaussian distribution.
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seed Seed value used by the pseudo-random number generator
algorithm.

Description

The function ippsRandGaussInitAlloc is declared in the ipps.h file. This function
allocates memory and initializes the pseudo-random generator state structure
pRandGaussState. This structure contains parameters of the required noise generator
that are specified by the mean, stdDev and seed values.

Return Values
pPpStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pRandGaussState pointer is NULL.

ippStsMemAllocErr Indicates an error when there is not enough memory for the
operation.

RandGaussFree

Closes the Gaussian distribution generator state.

Syntax

IppStatus ippsRandGaussFree 8u(IppsRandGaussState 8u* pRandGaussState) ;
IppStatus ippsRandGaussFree 16s (IppsRandGaussState 16s* pRandGaussState) ;
IppStatus ippsRandGaussFree 32f (IppsRandGaussState 32f* pRandGaussState) ;

Parameters

pRandGaussState Pointer to the structure containing parameters for the
generator of noise.

Description

The function ippsRandGaussFree is declared in the ipps.h file. This function closes the
noise generator state prandGaussState by freeing all memory allocated by the
ippsRandGaussInitAlloc function.

Return Values

ippStsNoErr Indicates no error.
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ippStsNullPtrErr Indicates an error when the prandGaussState pointer
is NULL.
ippStsContextMatchErr Indicates an error when the state identifier is incorrect.
RandGaussGetSize

Computes the length of the Gaussian distribution
generator structure.

Syntax

IppStatus ippsRandGaussGetSize 16s(int* pRandGaussStateSize) ;

Parameters

pRandGaussStateSize Pointer to the computed value of size in bytes of the
generator specification structure.

Description

The function ippsRandGaussGetSize is declared in the ipps.h file. This function
computes the length (in bytes) prandGaussStateSize of the uniform distribution
generator structure. The function ippsRandGaussGetSize should be called before calling
the function ippsRandGaussInit.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pointer pRandGaussStateSize is
NULL.
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RandGausslinit

Initializes a noise generator with Gaussian
distribution.

Syntax

IppStatus ippsRandGaussInit 16s (IppsRandGaussState 16s* pRandGaussState, Ipplé6s
mean, Ipplés stdDev, unsigned int seed) ;

4-38

Parameters

pRandGaussState Pointer to the structure containing parameters for the
generator of noise.

mean Mean of the Gaussian distribution.

stdDev Standard deviation of the Gaussian distribution.

seed Seed value used by the pseudo-random number generator
algorithm.

Description

The function ippsRandGaussInit is declared in the ipps.h file. This function initializes
the pseudo-random generator state structure pRandGaussState in the external buffer.
The size of this buffer should be computed previously by calling the function
ippsRandGaussGetSize. This structure contains parameters of the required noise
generator that are specified by the mean, stdDev and seed values.

Return Values
pPpStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pRandGaussState pointer is NULL.

ippStsMemAllocErr Indicates an error when there is not enough memory for the
operation.
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RandGauss

Generates the pseudo-random samples with a
Gaussian distribution.

Syntax
IppStatus ippsRandGauss_8u(Ipp8u* pDst, int Ien, IppsRandGaussState 8u*
pRandGaussState) ;
IppStatus ippsRandGauss_16s(Ipplés* pDst, int len, IppsRandGaussState 1l6s*
pRandGaussState) ;
IppStatus ippsRandGauss_32f (Ipp32f* pDst, int len, IppsRandGaussState 32f*
pRandGaussState) ;
Parameters
pDst Pointer to the array which stores the samples.
len Number of samples to be computed.
pRandGaussState Pointer to the structure containing parameters of the noise
generator.
Description

The function ippsRandGauss is declared in the ipps.h file. This function generates len
pseudo-random samples with a Gaussian distribution and stores them in the array pDst.
The initial parameters of the generator are set in the generator state structure
pRandGaussState.

Before calling ippsRandGauss, you must initialize the generator state by calling the
ippsRandGaussInitAlloc function.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the prandGaussState pointer
is NULL.

ippStsContextMatchErr Indicates an error when the state identifier is incorrect.
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RandGauss_Direct

Generates pseudo-random samples with a Gaussian
distribution in the direct mode.

Syntax

IppStatus ippsRandGauss_Direct 16s(Ipplés* pDst, int len, Ipplé6s mean,
Ipplés stdev, unsigned int* pSeed) ;

IppStatus ippsRandGauss Direct 32f (Ipp32f* pDst, int len, Ipp32f mean,
Ipp32f stdev, unsigned int* pSeed) ;

IppStatus ippsRandGauss_Direct 64f (Ipp64f* pDst, int len, Ipp64f mean,
Ipp64f stdev, unsigned int* pSeed) ;

Parameters

pDst Pointer to the array which stores the samples.

pSeed Pointer to the seed value used by the pseudo-random number
generation algorithm.

len Number of samples to be computed.

mean Mean of the Gaussian distribution.

stdev Standard deviation of the Gaussian distribution.

Description

The function ippsRandGauss_Direct is declared in the ipps.h file. This function
generates 1en pseudo-random samples with a Gaussian distribution, and stores them in
the array pDst.This function does not require to initialize the generator state structure in
advance. All parameters of the pseudo-random number generator are set directly in the
function.

Example 4-8 demonstrartes how to use the function ippsRandGauss Direct.

Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst or pSeed pointer is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.
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Example 4-8 Using the Function ippsaRandGauss_Direct

void func_gauss_direct ()

Ipplés* pDst;

int len = 512;

Ipplés mean = 0;
Ipplés stdev = 2047;
unsigned int Seed = 0;
IppStatus status;

status = ippsRandGauss Direct 16s(pDst, len, mean, stdev, &Seed);
if (ippStsNoErr != status)
printf ("IPP Error: %s",ippGetStatusString(status)) ;

result:
100 200 200 400 500
000 1 5000
04 i
-5000 + 1 5000
100 00 200 400 00

Special Vector Functions

The functions described in this section create special vectors that can be used as a test
signals to examine the effect of applying different signal processing functions.

Vectorjaehne

Creates a Jaehne vector.

Syntax
IppStatus ippsVectorJaehne 8u(Ipp8u* pDst, int len, Ipp8u magn) ;
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IppStatus ippsVectorJaehne 8s(Ipp8s* pDst, int len, Ipp8s magn) ;
IppStatus ippsVectorJaehne 1l6u(Ippléu* pDst, int len, Ippléu magn) ;
IppStatus ippsVectorJaehne 16s(Ipplé6s* pDst, int len, Ipplé6s magn) ;
IppStatus ippsVectorJaehne 32u(Ipp32u* pDst, int len, Ipp32u magn) ;
IppStatus ippsVectorJaehne 32s(Ipp32s* pDst, int Ien, Ipp32s magn) ;
IppStatus ippsVectorJaehne 32f (Ipp32f* pDst, int len, Ipp32f magn) ;
IppStatus ippsVectorJaehne 64f (Ipp64f* pDst, int Ien, Ipp64f magn) ;
Parameters

pDst Pointer to the destination vector.

len Number of elements in the vector.

magn Magnitude of the signal to be generated.

Description

The function ippsVectorJaehne is declared in the ipps.h file. This function creates a
Jaehne vector and stores the result in pDst. The magnitude magn must be positive. The
function generates the sinusoid with a variable frequency. The computation is performed as
follows:

0.5mn>
len

Example 4-9 shows how to use the function ippsvVectorJdaehne.

stﬂn]:nmgn~sm( ), 0%<len

Example 4-9 Using the ippsVectorJaehne Function

IppStatus Jaehne

(void) {

Ipplés buf [100] ;

return ippsVectorJaehne 16s (

buf, 100, 255 );
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Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrcDst pointer is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to O.
ippStsJaehneErr Indicates an error when magn is negative.



Vector Initialization Functions 4

VectorSlope

Creates a slope vector.

Syntax

IppStatus ippsVectorSlope 8u(Ipp8u* pDst, int len, Ipp32f offset, Ipp32f
slope) ;

IppStatus ippsVectorSlope 8s(Ipp8s* pDst, int len, Ipp32f offset, Ipp32f
slope) ;

IppStatus ippsVectorSlope 1léu(Ippléu* pDst, int len, Ipp32f offset,
Ipp32f slope);

IppStatus ippsVectorSlope 16s(Ipplé6s* pDst, int len, Ipp32f offset,
Ipp32f slope) ;

IppStatus ippsVectorSlope 32u(Ipp32u* pDst, int len, Ipp64f offset,
Ipp64f slope) ;

IppStatus ippsVectorSlope 32s(Ipp32s* pDst, int len, Ipp64f offset,
Ipp64f slope) ;

IppStatus ippsVectorSlope 32f (Ipp32f* pDst, int len, Ipp32f offset,
Ipp32f slope);

IppStatus ippsVectorSlope 64f (Ipp64f* pDst, int len, Ipp64f offset,
Ipp64f slope) ;

Parameters

pDst Pointer to the destination vector.
len Number of elements in the vector.
offset Offset value.

slope Slope coefficient.

Description

The function ippsVectorSlope is declared in the ipps.h file. This function creates a slope
vector and stores the result in pDst. The destination vector elements are computed
according to the following formula:

pDst[n] = offset + slope*n, 0%<len.
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Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst pointer is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

VectorRamp

Creates a ramp vector.

Syntax
IppStatus ippsVectorRamp 8u (Ipp8u* pDst, int len, float offset, float slope

1

I

IppStatus ippsVectorRamp 8s (Ipp8s* pDst, int Ien, float offset, float slope

7

IppStatusippsVectorRamp_ lé6u (Ippléu*pDst, int len, float offset, float slope

IppStatusippsVectorRamp 32u(Ipp32u*pDst, int Ien, floatoffset, float slope) ;

1

)
)
)
IppStatusippsVectorRamp_16s (Ipplés*pDst, int len, float offset, float slope) ;
)
IppStatusippsVectorRamp 32s (Ipp32s*pDst, int len, float offset, float slope)

)

(
(
(
(

I

IppStatusippsVectorRamp 32f (Ipp32f*pDst, int Ien, floatoffset, float slope
IppStatusippsVectorRamp 64f (Ipp64f*pDst, int len, float offset, float slope) ;

Parameters

pDst Pointer to the destination vector.
len Number of elements in the vector.
offset Offset value.

slope Slope coefficient.

Description

The function ippsVectorRamp is declared in the ipps.h file. This function creates a ramp
vector and stores the result in pDst. The destination vector elements are computed
according to the following formula:

pDst[n] = offset + slope*n, 0%<len.
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Note that this function is similar to the function ippsvectorSlope, but the linear
transform coefficients offset and slope have floating-point values for all flavors of the
function ippsvVectorRamp. In most cases the use of the function ippsVectorSlope is
more preferrable.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pDst pointer is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to O.
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Essential Functions

This chapter describes Intel® IPP functions that perform logical and shift, arithmetic,
conversion, windowing, and statistical operations.

The full list of functions in this group is given in Table 5-1.

Table 5-1 Intel IPP Essential Vector Functions

Function Base Name Operation

Logical and Shift Functions

AndC Computes the bitwise AND of a scalar value and each
element of a vector.

And Computes the bitwise AND of two vectors.

orcC Computes the bitwise OR of a scalar value and each
element of a vector.

or Computes the bitwise OR of two vectors.

XorC Computes the bitwise XOR of a scalar value and each
element of a vector.

Xor Computes the bitwise XOR of two vectors.

Not Computes the bitwise NOT of the vector elements.

LshiftcC Shifts bits in vector elements to the left.

RShiftC Shifts bits in vector elements to the right.

Arithmetic Functions

Addc Adds a constant value to each element of a vector.

Add Adds the elements of two vectors.

AddProduct Adds product of two vectors to the accumulator vector.

AddProductC Adds product of a vector and a constant to the

accumulator vector.
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Table 5-1 Intel IPP Essential Vector Functions (continued)

5-2

Function Base Name

MulC
Mul
SubC

SubCRev

Sub
DiveC
DivCRev
Div
Div Round
Abs
sar
sqrt
Cubrt
Exp
Ln

10Loglo

SumLn

Arctan

Normalize

Conversion Functions

SortAscend,
SortDescend

SortIndexAscend,

SortIndexDescend

SwapBytes

Operation

Multiplies each elements of a vector by a constant value.
Multiplies the elements of two vectors.

Subtracts a constant value from each element of a
vector.

Subtracts each element of a vector from a constant
value.

Subtracts the elements of two vectors.

Divides each element of a vector by a constant value.
Divides a constant value by each element of a vector.
Divides the elements of two vectors.

Divides the elements of two vectors with rounding.
Computes absolute values of vector elements.
Computes a square of each element of a vector.
Computes a square root of each element of a vector.
Computes cube root of each element of a vector.
Computes e to the power of each element of a vector.

Computes the natural logarithm of each element of a
vector.

Computes the decimal logarithm of each element of a
vector
and multiplies it by 10.

Sums natural logarithms of each element of a vector.

Computes the inverse tangent of each element of a
vector.

Normalizes elements of a real or complex vector using
offset and division operations.

Rearranges all elements of a vector.

Rearranges all elements of the vector and their indexes.

Reverses byte order of a vector.
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Table 5-1 Intel IPP Essential Vector Functions (continued)

Function Base Name

Convert

Join

JoinScaled

SplitScaled

Conj
ConjFlip

Magnitude

MagSquared

Phase

PowerSpectr

Real

Imag

RealToCplx

CplxToReal

Threshold
Threshold

LT,

Threshold

Threshold

GT
LTVal,

Threshold

GTVal,

Threshold

LTValGTVal

Operation

Converts the data type of a vector and stores the results
in a second vector.

Converts the floating-point data of several vectors to
integer data, and stores the results in a single vector.

Converts with scaling the floating-point data of several
vectors to integer data, and stores the results in a single
vector.

Converts with scaling the integer data of a vector to
floating-point data, and stores the result in several
vectors.

Stores the complex conjugate values of
a vector in a second vector or in-place.

Computes the complex conjugate of a vector and stores
the result in reverse order.

Computes the magnitudes of the elements of a complex
vector.

Computes the squared magnitudes of the elements of a
complex vector.

Computes the phase angles of elements of a complex
vector.

Computes the power spectrum of a complex vector.

Returns the real part of a complex vector in a second
vector.

Returns the imaginary part of a complex vector in a
second vector.

Returns a complex vector constructed from the real and
imaginary parts of two real vectors.

Returns the real and imaginary parts of a complex vector
in two respective vectors.

Performs the threshold operation on the elements of a
vector by limiting the element values by level.
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Table 5-1 Intel IPP Essential Vector Functions (continued)

5-4

Function Base Name

Threshold LTAbs,
Threshold GTAbs

Threshold LTInv

CartToPolar

PolarToCart

MaxOrder

Preemphasize

Flip

FindNearestOne

FindNearest

Viterbi Decoder Functions

GetVarPointDV

CalcStatesDV
BuildSymblTableDV4D

UpdatePathMetricsDV

Windowing Functions
WinBartlett

WinBlackman

WinHamming

WinHann

WinKaiser
Statistical Functions

Sum

Max

Operation

Performs the threshold operation on the absolute values
of elements of a vector.

Computes the inverse of vector elements after limiting
their magnitudes by the given lower bound.

Converts the elements of a complex vector to polar
coordinate form.

Converts the polar form magnitude/phase pairs stored in
input vectors to Cartesian coordinate form.

Computes the maximum order of a vector.

Computes preemphasis of a single precision real signal
in-place.

Reverses the order of elements in a vector.

Finds an element of the table which is closest to the
specified value.

Finds table elements that are closest to the elements of
the specified vector.

Fills the array with the information about points that are
closest to the received point.

Calculates the states of the Viterbi decoder.

Fills the array with the information about possible 4D
symbols.

Searches for the state with the minimum path metric.

Multiplies a vector by a Bartlett windowing function.
Multiplies a vector by a Blackman windowing function.
Multiplies a vector by a Hamming windowing function.
Multiplies a vector by a Hann windowing function.

Multiplies a vector by a Kaiser windowing function.

Computes the sum of the elements of a vector.

Returns the maximum value of a vector.
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Table 5-1 Intel IPP Essential Vector Functions (continued)

Function Base Name
MaxIndx

MaxAbs
MaxAbsIndx

Min

MinIndx

MinAbs
MinAbsIndx

MinMax

MinMaxIndx

Mean

StdDev
MeanStdDev

Norm

NormDiff

DotProd

MaxEvery, MinEvery

CountInRange

Sampling Functions
SampleUp

SampleDown

Operation

Returns the maximum value of a vector and the index of
the maximum element.

Returns the maximum absolute value of a vector.

Returns the maximum absolute value of a vector and the
index of the corresponding element

Returns the minimum value of a vector.

Returns the minimum value of a vector and the index of
the minimum element.

Returns the minimum absolute value of a vector.

Returns the minimum absolute value of a vector and the
index of the corresponding element

Returns the maximum and minimum values of a vector.

Returns the maximum and minimum values of a vector
and the indexes of the corresponding elements.

Computes the mean value of a vector.
Computes the standard deviation value of a vector.

Computes the mean value and the standard deviation
value of a vector.

Computes the C, L1, L2, or L2Sqgr norm of a vector.

Computes the C, L1, L2, or L2Sqr norm of two vectors’
difference.

Computes the dot product of two vectors.

Computes maximum or minimum value for each pair of
elements of two vectors.

Computes the number of elements of the vector whose
values are in the specified range.

Up-samples a signal, conceptually increasing its
sampling rate by an integer factor.

Down-samples a signal, conceptually decreasing its
sampling rate by an integer factor.
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Logical and Shift Functions

This section describes the Intel IPP signal processing functions that perform logical and
shift operations on vectors. Logical and shift functions are only defined for integer
arguments.

For binary logical operations AND, OR and XOR, the following functions are provided:
AndcC, OrC, XorC for vector-scalar operations
And, Or, Xor for vector-vector operations.

AndC

Computes the bitwise AND of a scalar value and
each element of a vector.

Syntax

IppStatus ippsAndC 8u(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int len) ;
IppStatus ippsAndC_1l6u(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int len) ;
IppStatus ippsAndC_32u(const Ipp32u* pSrc, Ipp32uval, Ipp32u* pDst, int len) ;
IppStatus ippsAndC 8u_ I (Ipp8u val, Ipp8u* pSrcDst, int len);

IppStatus ippsAndC 1lé6u I (Ippléu val, Ippléu* pSrcDst, int Ien);
IppStatus ippsAndC 32u I (Ipp32u val, Ipp32u* pSrcDst, int len);

Parameters

val Input scalar value.

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector.

Description

The function ippsAndcC is declared in the ipps.h file. This function computes the bitwise
AND of a scalar value val and each element of the vector pSrc, and stores the result in
pDst.
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The in-place flavors of ippsAndC compute the bitwise AND of a scalar value val and each
element of the vector pSrcDst and store the result in pSrcDst.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.

And

Computes the bitwise AND of two vectors.

Syntax
IppStatus ippsAnd 8u(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst, int len);
IppStatusippsAnd 1l6u(const Ippléu* pSrcl, const Ippléu* pSrc2, Ippléu* pDst, int Ien) ;
IppStatus ippsAnd 32u(const Ipp32u* pSrcl, const Ipp32u* pSrc2, Ipp32u* pDst, int Ien) ;
IppStatus ippsAnd 8u I (const Ipp8u* pSrc, Ipp8u* pSrcDst, int len);
IppStatus ippsAnd 16u I (const Ippléu* pSrc, Ippléu* pSrcDst, int Ilen);
IppStatus ippsAnd 32u_I(const Ipp32u* pSrc, Ipp32u* pSrcDst, int len);

Parameters
pSrcl, pSrc2 Pointers to the two source vectors.
pDst Pointer to the destination vector.
pSrc Pointer to the source vector for the in-place operation.
pSrcDst Pointer to the source and destination vector
for the in-place operation.
len Number of elements in the vector.
Description

The function ippsAnd is declared in the ipps.h file. This function computes the bitwise
AND of the corresponding elements of the vectors pSrc1 and pSrc2, and stores the result
in the vector pDst.
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The in-place flavors of ippsAnd compute the bitwise AND of the corresponding elements of
the vectors pSrc and pSrcDst and store the result in the vector pSrcDst.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL.
ippStsSizeErr Indicates an error when len is less than or equal to O.

OorC

Computes the bitwise OR of a scalar value and each
element of a vector.

5-8

Syntax

IppStatus ippsOrC 8u(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int len);
IppStatus ippsOrC léu(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int len) ;
IppStatus ippsOrC 32u(const Ipp32u* pSrc, Ipp32u val, Ipp32u* pDst, int len) ;
IppStatus ippsOrC_8u I (Ipp8u val, Ipp8u* pSrcDst, int Ilen);

IppStatus ippsOrC_1l6u_I(Ippléu val, Ippléu* pSrcDst, int len);

IppStatus ippsOrC 32u I (Ippléu val, Ipp32u* pSrcDst, int len);

Parameters

val Input scalar value.

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector.

Description

The function ippsO0xrC is declared in the ipps.h file. This function computes the bitwise OR
of a scalar value val and each element of the vector pSrc, and stores the result in pDst.
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The in-place flavors of ippsOrC compute the bitwise OR of a scalar value val and each
element of the vector pSrcDst and store the result in pSrcDst.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.

Or

Computes the bitwise OR of two vectors.

Syntax
IppStatus ippsOr 8u(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst, int len);
IppStatus ippsOr_1l6u(const Ipplé6u* pSrcl, const Ippléu* pSrc2, Ippléu* pDst, int Ien) ;
IppStatus ippsOr 32u(const Ipp32u* pSrcl, const Ipp32u* pSrc2, Ipp32u* pDst, int Ien) ;
IppStatus ippsOr 8u_I(const Ipp8u* pSrc, Ipp8u* pSrcDst, int len);
IppStatus ippsOr_ 16u_ I (const Ippléu* pSrc, Ippléu* pSrcDst, int len);
IppStatus ippsOr 32u I (const Ipp32u* pSrc, Ipp32u* pSrcDst, int len);

Parameters
pSrcl, pSrc2 Pointers to the two source vectors.
pDst Pointer to the destination vector.
pSrc Pointer to the source vector for the in-place operation.
pSrcDst Pointer to the source and destination vector
for the in-place operation.
len Number of elements in the vector.
Description

The function ippsOr is declared in the ipps.h file. This function computes the bitwise OR
of the corresponding elements of the vectors pSrcl and pSrc2, and stores the result in the
vector pDst.
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The in-place flavors of ippsOr compute the bitwise OR of the corresponding elements of
the vectors pSrc and pSrcDst and store the result in the vector pSrcDst.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL.
ippStsSizeErr Indicates an error when len is less than or equal to O.

XorC

Computes the bitwise XOR of a scalar value and
each element of a vector.

Syntax

IppStatus ippsXorC 8u(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int len) ;
IppStatus ippsXorC 1l6u(const Ippléu* pSrc, Ippléuval, Ippléu* pDst, int len) ;
IppStatus ippsXorC 32u(const Ipp32u* pSrc, Ipp32uval, Ipp32u* pDst, int len) ;
IppStatus ippsXorC 8u_ I (Ipp8u val, Ipp8u* pSrcDst, int len);

IppStatus ippsXorC 1lé6u I (Ippléu val, Ippléu* pSrcDst, int Ien);
IppStatus ippsXorC 32u I(Ipp32u val, Ipp32u* pSrcDst, int len);

Parameters

val Input scalar value.

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector.

Description

The function ippsXorcC is declared in the ipps.h file. This function computes the bitwise
XOR of a scalar value val and each element of the vector pSrc, and stores the result in
pDst.
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The in-place flavors of ippsXorC compute the bitwise XOR of a scalar value val and each
element of the vector pSrcDst and store the result in pSrcDst.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.

Xor

Computes the bitwise XOR of two vectors.

Syntax
IppStatus ippsXor 8u(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst, int len);
IppStatusippsXor 1lé6u(constIppléu* pSrcl, const Ippléu* pSrc2, Ippléu* pDst, int Ien) ;
IppStatus ippsXor 32u(const Ipp32u* pSrcl, const Ipp32u* pSrc2, Ipp32u* pDst, int Ien) ;
IppStatus ippsXor 8u I (const Ipp8u* pSrc, Ipp8u* pSrcDst, int len);
IppStatus ippsXor 1l6u I (const Ippléu* pSrc, Ippléu* pSrcDst, int len);
IppStatus ippsXor 32u_I(const Ipp32u* pSrc, Ipp32u* pSrcDst, int len);

Parameters
pSrcl, pSrc2 Pointers to the two source vectors.
pDst Pointer to the destination vector.
pSrc Pointer to the source vector for the in-place operation.
pSrcDst Pointer to the source and destination vector
for the in-place operation.
len Number of elements in the vector.
Description

The function ippsXor is declared in the ipps.h file. This function computes the bitwise
XOR of the corresponding elements of the vectors pSrcl and pSrc2, and stores the result
in the vector pDst.
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The in-place flavors of ippsXor compute the bitwise XOR of the corresponding elements of
the vectors pSrc and pSrcDst and store the result in the vector pSrcDst.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL.
ippStsSizeErr Indicates an error when len is less than or equal to O.

Not

Computes the bitwise NOT of the vector elements.

Syntax

IppStatus ippsNot 8u(const Ipp8u* pSrc, Ipp8u* pDst, int len);
IppStatus ippsNot lé6u(const Ippléu* pSrc, Ippléu* pDst, int len);
IppStatus ippsNot 32u(const Ipp32u* pSrc, Ipp32u* pDst, int len);
IppStatus ippsNot 8u I (Ipp8u* pSrcDst, int len);

IppStatus ippsNot 16u_I(Ippléu* pSrcDst, int Ien);

IppStatus ippsNot 32u_ I (Ipp32u* pSrcDst, int len);

Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector.

Description

The function ippsNot is declared in the ipps.h file. This function computes the bitwise
NOT of the corresponding elements of the vectors pSrc, and stores the result in the vector
pDst.

The in-place flavors of ippsNot compute the bitwise NOT of the corresponding elements of
the vector pSrcDst and store the result in the vector pSrcDst.
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Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to O.
LShiftC

Shifts bits in vector elements to the left.

Syntax

IppStatus ippsLShiftC_8u(const Ipp8u* pSrc, int val, Ipp8u* pDst, int len);
IppStatus ippsLShiftC 16s(const Ipplés* pSrc, int val, Ipplés* pDst, int Ien) ;
IppStatus ippsLShiftC léu(const Ippléu* pSrc, int val, Ippléu* pDst, int len) ;
IppStatus ippsLShiftC 32s(const Ipp32s* pSrc, int val, Ipp32s* pDst, int len)

7

IppStatus ippsLShiftC 8u I (int val, Ipp8u* pSrcDst, int len);

IppStatus ippsLShiftC_1l6u_ I(int val, Ippléu* pSrcDst, int Ien);

IppStatus ippsLShiftC 16s I (int val, Ipplés* pSrcDst, int len);

IppStatus ippsLShiftC 32s I(int val, Ipp32s* pSrcDst, int len);

Parameters

val

pSrc
pDst
pSrcDst

len

Description

Number of bits by which the function shifts each element of the
vector pSrc or pSrcDst.

Pointer to the source vector.
Pointer to the destination vector.

Pointer to the source and destination vector
for the in-place operation.

Number of elements in the vector.

The function ippsLShiftC is declared in the ipps.h file. This function shifts each element
of the vector pSrc by val bits to the left, and stores the result in pDst.
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The in-place flavors of ippsLShiftcC shift each element of the vector pSrcDst by val bits
to the left and store the result in pSrcDst.

Return Values

ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.
ippStsSizeErr Indicates an error when len is less than or equal to O.
RShiftC

Shifts bits in vector elements to the right.

Syntax
IppStatus ippsRShiftC_ 8u(const Ipp8u* pSrc, int val, Ipp8u* pDst, int len);

IppStatus ippsRShiftC 16s(const Ipplés* pSrc, int val, Ippl6s* pDst, int len

7

IppStatus ippsRShiftC 1l6u(const Ippléu* pSrc, int val, Ippléu* pDst, int len

I

)
)
)
IppStatus ippsRShiftC 32s(const Ipp32s* pSrc, int val, Ipp32s* pDst, int len)
IppStatus ippsRShiftC 8u I (int val, Ipp8u* pSrcDst, int len);

IppStatus ippsRShiftC 1lé6u I(int val, Ippléu* pSrcDst, int len);

IppStatus ippsRShiftC_16s_I(int val, Ipplés* pSrcDst, int Ien);
IppStatus ippsRShiftC 32s I(int val, Ipp32s* pSrcDst, int len);

Parameters

val Number of bits by which the function shifts each element of the
vector pSrc or pSrcDst.

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector.
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Description

The function ippsRShiftC is declared in the ipps.h file. This function shifts each element
of the vector pSrc by val bits to the right, and stores the result in pDst.

The in-place flavors of ippsRShiftC shift each element of the vector pSrcDst by val bits
to the right and store the result in pSrcDst.

Note that the arithmetic shift is realized for signed data, and the logical shift for unsigned
data.

Example 5-1 shows how the logical and shift functions can be used in the saturate
operation. The data are converted to the unsigned char range [0...255].

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.

Example 5-1 Using the Logical and Shift Functions

void saturate (void)
Ipplés x[8] = {1000, -257, 127, 4, 5, 0, 7, 8}, lo[8], hi[8];
IppStatus status = ippsNot 1l6u( (Ippléu*)x, (Ippléu*)lo, 8);
ippsRShiftC 16s I (15, lo, 8);
ippsCopy 16s(x, hi, 8);
ippsSubCRev_16s ISfs (255, hi, 8, 0);
ippsRShiftC 16s I (15, hi, 8);
ippsAnd 16u_I((Ippléu*)lo, (Ippléu*)x, 8);
ippsOr_16u_ I((Ippléeu*)hi, (Ippléu*)x, 8);
ippsAndC 16u I (255, (Ippléu*)x, 8);
} printf l16s(“saturate =", x, 8, status);
Output:
saturate = 255 0 127 4 5 0 7 8

Arithmetic Functions

This section describes the Intel IPP signal processing functions that perform vector
arithmetic operations on vectors. The arithmetic functions include basic element-wise
arithmetic operations between vectors, as well as more complex calculations such as
computing absolute values, square and square root, natural logarithm and exponential of
vector elements.
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Intel IPP software provides two versions of each function. One version performs the
operation in-place, while the other stores the results of the operation in a different
destination vector, that is, executes an out-of-place operation.

AddC

Adds a constant value to each element of a vector.

Syntax

Case 1. Not-in-place operations on floating point data.
IppStatus ippsAddC 32f (const Ipp32f* pSrc, Ipp32f val, Ipp32f* pDst, int Ien);
IppStatus ippsAddC 64f (const Ipp64f* pSrc, Ipp64f val, Ipp64f* pDst, int len);
IppStatus ippsAddC_32fc(const Ipp32fc* pSrc, Ipp32fc val,Ipp32fc* pDst, int Ien);
)

7

IppStatus ippsAddC_64fc(const Ipp64fc* pSrc, Ipp64fc val, Ipp64fc* pDst, int Ilen

Case 2. Not-in-place operations on integer data.

IppStatus ippsAddC 8u_ Sfs(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int len,
int scaleFactor) ;

IppStatus ippsAddC 16s_Sfs(const Ipplé6s* pSrc, Ipplés val, Ipplés* pDst, int len,
int scaleFactor) ;

IppStatus ippsAddC le6u Sfs(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int len,
int scaleFactor) ;

IppStatus ippsAddC 32s Sfs(const Ipp32s* pSrc, Ipp32s val, Ipp32s* pDst, int len,
int scaleFactor) ;

IppStatus ippsAddC 1lé6sc_Sfs(const Ipplésc* pSrc, Ipplésc val, Ipplésc* pDst,
int len, int scaleFactor) ;

IppStatus ippsAddC 32sc_Sfs(const Ipp32sc* pSrc, Ipp32sc val, Ipp32sc* pDst,
int len, int scaleFactor) ;

Case 3. In-place operations on floating point data.
IppStatus ippsAddC 16s I (Ipplés val, Ipplés* pSrcDst, int len);
IppStatus ippsAddC 32f I (Ipp32f val, Ipp32f* pSrcDst, int len);
IppStatus ippsAddC 64f I(Ipp64f val, Ipp64f* pSrcDst, int len);
IppStatus ippsAddC 32fc I (Ipp32fc val, Ipp32fc* pSrcDst, int len);
IppStatus ippsAddC 64fc_ I (Ippé64fc val, Ippé4fc* pSrcDst, int len);
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Case 4. In-place operations on integer data.
IppStatus ippsAddC 8u ISfs(Ipp8u val, Ipp8u* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsAddC_16u ISfs(Ippléu val, Ippléu* pSrcDst, int Ien, int scaleFactor) ;
IppStatus ippsAddC_16s ISfs (Ipplés val, Ipplés* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsAddC_32s ISfs (Ipp32s val, Ipp32s* pSrcDst, int len, int scaleFactor) ;

IppStatus ippsAddC 1lé6sc ISfs(Ipplésc val, Ipplésc* pSrcDst, int len, int
scaleFactor) ;

IppStatus ippsAddC 32sc_ ISfs(Ipp32sc val, Ipp32sc* pSrcDst, int len, int

scaleFactor) ;
Parameters
pSrc Pointer to the source vector.
val Scalar value used to increment each element of the source vector
pDst Pointer to the destination vector.
pSrcDst Pointer to the source and destination vector for the in-place
operation.
len Number of elements in the vector.
scaleFactor Refer to Integer Scaling in Chapter 2.
Description

The function ippsAddcC is declared in the ipps.h file. This function adds a value val to
each element of the source vector pSrc, and stores the result in the destination vector
pDst.

The in-place flavors of ippsAddC add a value val to each element of the vector pSrcDst,
and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.
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Add

Adds the elements of two vectors.

Syntax

Case 1. Not-in-place operations on floating point data, and integer data without scaling.
IppStatusippsAdd 16s(const Ipplés* pSrcl, const Ippl6s* pSrc2, Ipplé6s* pDst, int Ien) ;
IppStatus ippsAdd lé6u(const Ippléu* pSrcl, const Ippléu* pSrc2, Ippléu* pDst, int Ien) ;

7

1

)
)
IppStatusippsAdd 32u(const Ipp32u* pSrcl, const Ipp32u* pSrc2, Ipp32u* pDst, int Ien)
)

7

IppStatus ippsAdd 32f (const Ipp32f* pSrcl, const Ipp32f* pSrc2, Ipp32f*pDst, int 1en
IppStatusippsAdd 64f (const Ipp64f* pSrcl, const Ipp64f* pSrc2, Ipp64f*pDst, int len) ;

IppStatus ippsAdd_32fc(const Ipp32fc* pSrcl, const Ipp32fc* pSrc2, Ipp32fc* pDst,
int len) ;

IppStatus ippsAdd _64fc (const Ippé64fc* pSrcl, const Ippé4fc* pSrc2, Ippé64fc* pDst,
int len);

IppStatusippsAdd _8uléu(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ippléu* pDst, int Ien) ;
IppStatus ippsAdd 16s32f (const Ipplés* pSrcl, const Ipplés* pSrc2, Ipp32f* pDst,
int len) ;
Case 2. Not-in-place operations on integer data with scaling.

IppStatus ippsAdd 8u Sfs(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst,
int len, int scaleFactor) ;

IppStatus ippsAdd 1l6u_ Sfs(const Ippléu* pSrcl, const Ippléu* pSrc2, Ippléu*
pDst, int len, int scaleFactor) ;

IppStatus ippsAdd 16s_Sfs(const Ipplés* pSrcl, const Ipplés* pSrc2, Ipplé6s*
pDst, int len, int scaleFactor) ;

IppStatus ippsAdd 32s Sfs(const Ipp32s* pSrcl, const Ipp32s* pSrc2, Ipp32s*
pDst, int len, int scaleFactor) ;

IppStatus ippsAdd 1l6sc_Sfs(const Ipplésc* pSrcl, const Ipplésc* pSrc2, Ipplésc*
pDst, int len, int scaleFactor) ;

IppStatus ippsAdd 32sc_Sfs(const Ipp32sc* pSrcl, const Ipp32sc* pSrc2, Ipp32sc¥*
pDst, int len, int scaleFactor) ;

Case 3. In-place operations on floating point data, and integer data without scaling.
IppStatus ippsAdd 16s_I(const Ipplés* pSrc, Ipplés* pSrcDst, int len);
IppStatus ippsAdd 32f I(const Ipp32f* pSrc, Ipp32f* pSrcDst, int len);
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IppStatus ippsAdd 64f I(const Ippé64f* pSrc, Ipp64f* pSrcDst, int len);

IppStatus ippsAdd 32fc I (const Ipp32fc* pSrc, Ipp32fc* pSrcDst, int Ilen);

IppStatus ippsAdd 64fc I(const Ippé64fc* pSrc, Ippé4fc* pSrcDst, int len) ;

IppStatus ippsAdd 16s32s I (const Ipplé6s* pSrc, Ipp32s* pSrcDst, int Ilen);

Case 4. In-place operations on integer data with scaling.

IppStatusippsAdd 8u_ ISfs(constIpp8u*pSrc, Ipp8u*pSrcDst, intlen, intscaleFactor) ;

IppStatus ippsAdd 1l6u ISfs(const Ippléu* pSrc, Ippléu* pSrcDst, int Ien, int

scaleFactor) ;

IppStatus ippsAdd 16s_ ISfs(const Ipplés* pSrc, Ipplés* pSrcDst, int len, int

scaleFactor) ;

IppStatus ippsAdd 32s ISfs(const Ipp32s* pSrc, Ipp32s* pSrcDst, int Ien, int

scaleFactor) ;

IppStatus ippsAdd 1l6sc ISfs(const Ipplésc* pSrc, Ipplésc* pSrcDst, int len, int

scaleFactor) ;

IppStatus ippsAdd 32sc ISfs(const Ipp32sc* pSrc, Ipp32sc* pSrcDst, int Ien, int

scaleFactor)

Parameters
pSrcl, pSrc2
pDst

pSrc
pSrcDst

len

scaleFactor

Description

Pointers to the source vectors.

Pointer to the destination vector.

Pointer to the source vector for in-place operations.

Pointer to the source and destination vector for in-place operation.
Number of elements in the vector

Refer to Integer Scaling in Chapter 2.

The function ippsAdd is declared in the ipps.h file. This function adds the elements of the
vector pSrc1 to the elements of the vector pSrc2, and stores the result in pDst.

The in-place flavors of ippsAdd add the elements of the vector pSrc to the elements of
the vector pSrcDst and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes

saturated.

Example 5-2 shows that overflow does not occur while adding big numbers due to the

scaling operation.
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Return Values

ippStsNoErr Indicates no error
ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL
ippStsSizeErr Indicates an error when Ien is less than or equal to O

Example 5-2 Using the ippsAdd Function

IppStatus add(void)
Ipplés x[4] = {-1, 32767, 2, 30000};
IppStatus st = ippsAdd 16s ISfs(x, x, 4, 1);
printf lés(“add =", x, 4, st);
} return st;
Output:
add = -1 32767 2 30000

AddProduct

Adds product of two vectors to the accumulator
vector.

Syntax

Case 1. Operations on floating point data.

IppStatusippsAddProduct 32f (constIpp32f*pSrcl,constIpp32f*pSrc2, Ipp32f*pSrcDst,
int len) ;

IppStatusippsAddProduct 64f (constIpp64f*pSrcl,constIpp64f*pSrc2, Ipp64f*pSrcDst,
int len);

IppStatus ippsAddProduct 32fc (const Ipp32fc* pSrcl, const Ipp32fc* pSrc2, Ipp32fc*
pSrcDst, int len);

IppStatus ippsAddProduct 64fc (const Ippé64fc* pSrcl, const Ipp64fc* pSrc2, Ipp64fc*
pSrcDst, int len);

Case 2. Operations on integer data with scaling.

IppStatus ippsAddProduct 16s_Sfs(const Ipplés* pSrcl, const Ipplés* pSrc2, Ipplé6s*
pSrcDst, int len, int scaleFactor) ;

IppStatus ippsAddProduct 32s_ Sfs(const Ipp32s* pSrcl, const Ipp32s* pSrc2, Ipp32s*
pSrcDst, int len, int scaleFactor) ;
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IppStatusippsAddProduct 16s32s_Sfs(constIpplés*pSrcl, constIpplés* pSrc2, Ipp32s*
pSrcDst, int len, int scaleFactor) ;

Parameters

pSrcl, pSrc2 Pointers to the source vectors.

pSrcDst Pointer to the destination accumulator vector.
len The number of elements in the vectors.
scaleFactor Refer to Integer Scaling in Chapter 2.
Description

The function ippsAddProduct is declared in the ipps.h file. This function multiplies each
element of the source vector pSrci by the corresponding element of the vector pSrc2, and
adds the result to the corresponding element of the accumulator vector pSrcDst as given
by:

pSrcDst[n] = pSrcDstln] + pSrclln] * pSrc2[nl, 0<n< len

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.
AddProductC

Adds product of a vector and a constant to the
accumulator vector.

Syntax

IppStatus ippsAddProductC 32f (const Ipp32f* pSrc, const Ipp32f val,
Ipp32f* pSrcDst, int len);

Parameters

pSrc Pointers to the source vector.
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val The scalar value used to multiply each element of the source vector
pSrc.

pSrcDst Pointer to the destination accumulator vector.

len The number of elements in the vectors.

The function ippsAddProductC is declared in the ipps.h file. This function multiplies each
element of the source vector pSrc by a value val and adds the result to the corresponding
element of the accumulator vector pSrcDst as given by:

pSrcDst[n] = pSrcDst[n] + pSrcln] * val, 0<n< len

Return Values
ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error if any of the specified pointers is NULL.

ippStsSizeErr Indicates an error if 1en is less than or equal to O.
MulC
Multiplies each elements of a vector by a constant
value.

Syntax

Case 1. Not-in-place operations without scaling.
IppStatus ippsMulC 32f (const Ipp32f* pSrc, Ipp32f val, Ipp32f* pDst, int Ien);
IppStatus ippsMulC 64f (const Ipp64f* pSrc, Ipp64f val, Ipp64f* pDst, int len);

7

IppStatus ippsMulC 32fc(const Ipp32fc* pSrc, Ipp32fc val, Ipp32fc* pDst, int len) ;
IppStatus ippsMulC 64fc(const Ipp64fc* pSrc, Ipp64fc val, Ipp64fc* pDst, int len)

IppStatus ippsMulC Low 32flé6s(const Ipp32f* pSrc, Ipp32f val, Ipplés* pDst,
int len);
Case 2. Not-in-place operations with scaling.

IppStatus ippsMulC 8u_ Sfs(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int len, int
scaleFactor) ;

IppStatus ippsMulC 16s_Sfs(const Ipplé6s* pSrc, Ipplés val, Ipplés* pDst, int len,
int scaleFactor) ;
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IppStatus ippsMulC _lé6u Sfs(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int len,
int scaleFactor) ;

IppStatus ippsMulC 32s Sfs(const Ipp32s* pSrc, Ipp32s val, Ipp32s* pDst, int len,
int scaleFactor) ;

IppStatus ippsMulC 1lé6sc_Sfs(const Ipplésc* pSrc, Ipplésc val, Ipplésc* pDst, int
len, int scaleFactor) ;

IppStatus ippsMulC_32sc_Sfs(const Ipp32sc* pSrc, Ipp32sc val, Ipp32sc* pDst, int
len, int scaleFactor) ;

IppStatus ippsMulC 32flé6s Sfs(const Ipp32f* pSrc, Ipp32f val, Ipplés* pDst,
int len, int scaleFactor) ;

Case 3. In-place operations without scaling.
IppStatus ippsMulC 16s I (Ipplés val, Ipplés* pSrcDst, int len);
IppStatus ippsMulC 32f I(Ipp32f val, Ipp32f* pSrcDst, int len);
IppStatus ippsMulC 64f I (Ipp64f val, Ipp64f* pSrcDst, int len);
IppStatus ippsMulC 32fc_ I(Ipp32fc val, Ipp32fc* pSrcDst, int len);
IppStatus ippsMulC 64fc I (Ipp64fc val, Ippé64fc* pSrcDst, int Ien);

Case 4. In-place operations with scaling.

7

IppStatus ippsMulC 8u ISfs(Ipp8u val, Ipp8u* pSrcDst, int len, int scaleFactor

I

IppStatus ippsMulC_1l6u_ ISfs (Ipplé6u val, Ippléu* pSrcDst, int len, int scaleFactor

1

IppStatus ippsMulC _16s ISfs (Ipplés val, Ipplés* pSrcDst, int len, int scaleFactor

7

)
)
)
IppStatus ippsMulC 32s ISfs (Ipp32s val, Ipp32s* pSrcDst, int len, int scaleFactor) ;
IppStatusippsMulC lé6sc_ISfs(Ippléscval, Ipplésc*pSrcDst, int len, int scaleFactor)
)

1

IppStatusippsMulC 32sc_ISfs(Ipp32scval, Ipp32sc*pSrcDst, intlen, intscaleFactor

Parameters

pSrc Pointer to the source vector.

val The scalar value used to multiply each element of the source
vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector for in-place operation.

len The number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.
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Description

The function ippsMulcC is declared in the ipps.h file. This function multiplies each element
of the vector pSrc by a value val and stores the result in pDst.

The in-place flavors of ippsMulC multiply each element of the vector pSrcDst by a value
val and store the result in pSrcDst.

Function flavor with Low suffix in its name requires that each value of the product
pSrc*val does not exceed the Ipp32s data type range.

Function flavors with Sfs suffix perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

Mul

Multiplies the elements of two vectors.

Syntax

Case 1. Not-in-place operations on floating point data, and integer data without scaling.

IppStatus ippsMul_ 16s(const Ipplés* pSrcl, const Ipplés* pSrc2, Ipplés* pDst,
int len);

IppStatus ippsMul 32f (const Ipp32f* pSrcl, const Ipp32f* pSrc2, Ipp32f* pDst,
int len) ;

IppStatus ippsMul_ 64f (const Ipp64f* pSrcl, const Ipp64f* pSrc2, Ipp64f* pDst,
int len);

IppStatus ippsMul 32fc(const Ipp32fc* pSrcl, const Ipp32fc* pSrc2, Ipp32fc*
pDst, int len);

IppStatus ippsMul 64fc(const Ipp64fc* pSrcl, const Ippé64fc* pSrc2, Ipp64fc*
pDst, int len);
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IppStatus ippsMul 8uléu(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ippléu* pDst,
int len);

IppStatus ippsMul_ 16s32f (const Ipplé6s* pSrcl, const Ipplés* pSrc2, Ipp32f*
pDst, int len) ;

IppStatus ippsMul 32f32fc(const Ipp32f* pSrcl, const Ipp32fc* pSrc2, Ipp32fc*
pDst, int len);
Case 2. Not-in-place operations on integer data with scaling.

IppStatus ippsMul 8u Sfs(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst,
int len, int scaleFactor) ;

IppStatus ippsMul 16u Sfs(const Ippléu* pSrcl, const Ippléu* pSrc2, Ippléu*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 16s_ Sfs(const Ipplé6s* pSrcl, const Ipplés* pSrc2, Ipplé6s*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 32s Sfs(const Ipp32s* pSrcl, const Ipp32s* pSrc2, Ipp32s*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 1l6sc_Sfs(const Ipplésc* pSrcl, const Ipplésc* pSrc2, Ipplésc*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 32sc_ Sfs(const Ipp32sc* pSrcl, const Ipp32sc* pSrc2, Ipp32sc¥*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 16ulés_ Sfs(const Ippléu* pSrcl, const Ipplés* pSrc2, Ipplé6s*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 16s32s Sfs(const Ipplés* pSrcl, const Ipplés* pSrc2, Ipp32s*
pDst, int len, int scaleFactor) ;

IppStatus ippsMul 32s32sc_Sfs(const Ipp32s* pSrcl, const Ipp32sc* pSrcz,
Ipp32sc* pDst, int len, int scaleFactor) ;

IppStatus ippsMul Low_ 32s Sfs(const Ipp32s* pSrcl, const Ipp32s* pSrc2,
Ipp32s* pDst, int len, int scaleFactor) ;

Case 3. In-place operations on floating point data and integer data without scaling.
IppStatus ippsMul 16s_I(const Ipplés* pSrc, Ipplés* pSrcDst, int len);
IppStatus ippsMul 32f I(const Ipp32f* pSrc, Ipp32f* pSrcDst, int len);
IppStatus ippsMul 64f I(const Ippé64f* pSrc, Ipp64f* pSrcDst, int len);
IppStatus ippsMul 32fc I(const Ipp32fc* pSrc, Ipp32fc* pSrcDst, int len) ;
IppStatus ippsMul 64fc I (const Ipp64fc* pSrc, Ipp64fc* pSrcDst, int len);
IppStatus ippsMul 32f32fc I(const Ipp32f* pSrc, Ipp32fc* pSrcDst, int len);
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Case 4. In-place operations on integer data with scaling.

IppStatus ippsMul 8u ISfs(const Ipp8u* pSrc, Ipp8u* pSrcDst, int len, int
scaleFactor) ;

IppStatus, ippsMul 1l6u ISfs(const Ippléu* pSrc, Ippléu* pSrcDst, int len, int
scaleFactor) ;

IppStatus ippsMul 16s_ ISfs(const Ipplés* pSrc, Ipplés* pSrcDst, int len, int
scaleFactor) ;

IppStatus ippsMul 32s ISfs(const Ipp32s* pSrc, Ipp32s* pSrcDst, int Ien, int
scaleFactor) ;

IppStatus ippsMul 1l6sc_ ISfs(const Ipplésc* pSrc, Ipplésc* pSrcDst, int len, int
scaleFactor) ;

IppStatus ippsMul 32sc ISfs(const Ipp32sc* pSrc, Ipp32sc* pSrcDst, int Ien, int
scaleFactor) ;

IppStatus ippsMul 32s32sc ISfs(const Ipp32s* pSrc, Ipp32sc* pSrcDst, int len,
int scaleFactor) ;

Parameters

pSrcl, pSrc2 Pointers to the source vectors.

pDst Pointer to the destination vector.

pSrc Pointer to the source vector for in-place operation.

pSrcDst Pointer to the source and destination vector for in-place operation.
len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsMul is declared in the ipps.h file. This function multiplies the elements
of the vector pSrc1 by the elements of the vector pSrc2 and stores the result in pDst.

The in-place flavors of ippsMul multiply the elements of the vector pSrc by the elements
of the vector pSrcDst and store the result in pSrcDst.

Function flavors with sfs suffix perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

Function flavor with Low suffix in its name requires that each value of the product does not
exceed the Ipp32s data type range.
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Return Values

ippStsNoErr Indicates no error
ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL
ippStsSizeErr Indicates an error when len is less than or equal to O
SubC
Subtracts a constant value from each element of a
vector.
Syntax

Case 1. Not-in-place operations on floating point data.
IppStatus ippsSubC 32f (const Ipp32f* pSrc, Ipp32f val, Ipp32f* pDst, int len);

IppStatus ippsSubC 32fc(const Ipp32fc* pSrc, Ipp32fc val, Ipp32fc* pDst, int
len) ;

IppStatus ippsSubC 64f (const Ipp64f* pSrc, Ipp64f val, Ipp64f* pDst, int len);
IppStatus ippsSubC 64fc(const Ippé64fc* pSrc, Ippé64fc val, Ippé4fc* pDst, int
len) ;
Case 2. Not-in-place operations on integer data.

IppStatus ippsSubC 8u Sfs(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int Ilen,
int scaleFactor) ;

IppStatus ippsSubC 1l6u Sfs(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubC 16s_ Sfs(const Ipplés* pSrc, Ipplé6s val, Ipplé6s* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubC 32s Sfs(const Ipp32s* pSrc, Ipp32s val, Ipp32s* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubC 1l6sc_Sfs(const Ipplé6sc* pSrc, Ipplésc val, Ipplésc* pDst,
int len, int scaleFactor) ;

IppStatus ippsSubC 32sc Sfs(const Ipp32sc* pSrc, Ipp32sc val, Ipp32sc* pDst,
int len, int scaleFactor) ;

Case 3. In-place operations on floating point data.
IppStatus ippsSubC 16s I (Ipplés val, Ipplé6és* pSrcDst, int len);
IppStatus ippsSubC 32f I(Ipp32f val, Ipp32f* pSrcDst, int len);
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IppStatus ippsSubC 64f I (Ipp64f val, Ipp64f* pSrcDst, int len);
IppStatus ippsSubC 32fc I(Ipp32fc val, Ipp32fc* pSrcDst, int len);
IppStatus ippsSubC 64fc I (Ipp64fc val, Ippé64fc* pSrcDst, int Ien);
Case 4. In-place operations on integer data.
IppStatus ippsSubC 8u ISfs (Ipp8u val, Ipp8u* pSrcDst, int len, int
scaleFactor) ;
IppStatus ippsSubC 1lé6u ISfs(Ippléu val, Ippléu* pSrcDst, int len, int
scaleFactor) ;
IppStatus ippsSubC 16s ISfs(Ipplés val, Ipplés* pSrcDst, int len, int
scaleFactor) ;
IppStatus ippsSubC 32s ISfs(Ipp32s val, Ipp32s* pSrcDst, int len, int
scaleFactor) ;
IppStatus ippsSubC 1l6sc ISfs(Ipplésc val, Ipplésc* pSrcDst, int len, int
scaleFactor) ;
IppStatus ippsSubC 32sc ISfs(Ipp32sc val, Ipp32sc* pSrcDst, int len, int
scaleFactor) ;
Parameters
pSrc Pointer to the source vector.
val Scalar value used to decrement each element of the source vector.
pDst Pointer to the destination vector.
pSrcDst Pointer to the source and destination vector for in-place operation.
len Number of elements in the vector
scaleFactor Refer to Integer Scaling in Chapter 2.
Description

The function ippsSubcC is declared in the ipps.h file. This function subtracts a value val
from each element of the vector pSrc, and stores the result in pDst.

The in-place flavors of ippsSubC subtract a value val from each element of the vector
pSrcDst and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes

saturated.

Return Values

ippStsNoErr
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ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.
ippStsSizeErr Indicates an error when len is less than or equal to O.
SubCRev
Subtracts each element of a vector from a constant
value.
Syntax

Case 1. Not-in-place operations on floating point data.

IppStatus ippsSubCRev 32f (const Ipp32f* pSrc, Ipp32f val, Ipp32f* pDst, int
len) ;

IppStatus ippsSubCRev_64f (const Ipp64f* pSrc, Ipp64f val, Ipp64f* pDst, int
len) ;

IppStatus ippsSubCRev 32fc(const Ipp32fc* pSrc, Ipp32fc val, Ipp32fc* pDst, int
len) ;

IppStatus ippsSubCRev 64fc (const Ippé64fc* pSrc, Ippé64fc val, Ipp64fc* pDst, int
len) ;
Case 2. Not-in-place operations on integer data.

IppStatus ippsSubCRev_8u_Sfs(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubCRev_1l6u_ Sfs(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubCRev_16s_ Sfs(const Ipplés* pSrc, Ipplés val, Ipplé6s* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubCRev 32s Sfs(const Ipp32s* pSrc, Ipp32s val, Ipp32s* pDst, int
len, int scaleFactor) ;

IppStatus ippsSubCRev_16sc_Sfs(const Ipplésc* pSrc, Ipplésc val, Ipplésc* pDst,
int len, int scaleFactor) ;

IppStatus ippsSubCRev 32sc_Sfs(const Ipp32sc* pSrc, Ipp32sc val, Ipp32sc* pDst,
int len, int scaleFactor) ;

Case 3. In-place operations on floating point data.
IppStatus ippsSubCRev_32f I(Ipp32f val, Ipp32f* pSrcDst, int len);
IppStatus ippsSubCRev 64f I (Ipp64f val, Ipp64f* pSrcDst, int len);
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IppStatus ippsSubCRev_32fc I (Ipp32fc val, Ipp32fc* pSrcDst, int len);
IppStatus ippsSubCRev_64fc I (Ipp64fc val, Ipp64fc* pSrcDst, int len);

Case 4. In-place operations on integer data.

IppStatus ippsSubCRev_8u_ ISfs (Ipp8u val, Ipp8u* pSrcDst, int len, int
scaleFactor) ;

IppStatus ippsSubCRev_1l6u ISfs (Ippléu val, Ippléu* pSrcDst, int len,
scaleFactor) ;

IppStatus ippsSubCRev_16s_ ISfs(Ipplés val, Ipplés* pSrcDst, int len,
scaleFactor) ;

IppStatus ippsSubCRev_32s ISfs(Ipp32s val, Ipp32s* pSrcDst, int len,
scaleFactor) ;

IppStatus ippsSubCRev_16sc_ISfs(Ipplésc val, Ipplésc* pSrcDst, int len,

scaleFactor) ;

IppStatus ippsSubCRev_32sc_ ISfs(Ipp32sc val, Ipp32sc* pSrcDst, int len,

scaleFactor) ;

Parameters

val Scalar value from which vector elements are subtracted.

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the vector whose elements are to be subtracted from the
value val in case of the in-place operation. The destination vector
which stores the result of the subtraction val - pSrcDst[n].

len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsSubCRev is declared in the ipps.h file. This function subtracts each

element of the vector pSrc from a value val and stores the result in pDst.

The in-place flavors of ippsSubCRev subtract each element of the vector pSrcDst from a

value val and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes

saturated.
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Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

Sub

Subtracts the elements of two vectors.

Syntax

Case 1. Not-in-place operations on floating point data, and integer data without scaling.

IppStatus ippsSub_ 16s(const Ipplé6s* pSrcl, const Ipplés* pSrc2, Ipplés* pDst,
int len) ;

IppStatus ippsSub 32f (const Ipp32f* pSrcl, const Ipp32f* pSrc2, Ipp32f* pDst,
int len);

IppStatus ippsSub_ 64f (const Ipp64f* pSrcl, const Ipp64f* pSrc2, Ipp64f* pDst,
int len) ;

IppStatus ippsSub 32fc(const Ipp32fc* pSrcl, const Ipp32fc* pSrc2, Ipp32fc*
pDst, int len);

IppStatus ippsSub_ 64fc(const Ipp64fc* pSrcl, const Ippé64fc* pSrc2, Ipp64fc*
pDst, int len);

IppStatus ippsSub 16s32f (const Ipplés* pSrcl, const Ipplés* pSrc2, Ipp32f*
pDst, int len);
Case 2. Not-in-place operations on integer data with scaling.

IppStatus ippsSub_ 8u Sfs(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst,
int len, int scaleFactor) ;

IppStatus ippsSub_1l6u_Sfs(const Ippléu* pSrcl, const Ippléu* pSrc2, Ippléu*
pDst, int len, int scaleFactor) ;

IppStatus ippsSub _16s Sfs(const Ipplés* pSrcl, const Ipplés* pSrc2, Ipplé6s*
pDst, int len, int scaleFactor) ;

IppStatus ippsSub_32s Sfs(const Ipp32s* pSrcl, const Ipp32s* pSrc2, Ipp32s*
pDst, int len, int scaleFactor) ;

IppStatus ippsSub 1l6sc_Sfs(const Ipplésc* pSrcl, const Ipplésc* pSrc2, Ipplésc*
pDst, int len, int scaleFactor) ;
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IppStatus ippsSub
pDst, int len,

32sc_Sfs(const Ipp32sc* pSrcl, const Ipp32sc* pSrc2, Ipp32sc*
int scaleFactor) ;

Case 3. In-place operations on floating point data and integer data without scaling.

IppStatus ippsSub
IppStatus ippsSub
IppStatus ippsSub_
IppStatus ippsSub_
IppStatus ippsSub_

l16s_I(const Ipplé6s* pSrc, Ipplé6s* pSrcDst, int len);
32f I(const Ipp32f* pSrc, Ipp32f* pSrcDst, int len) ;
64f I(const Ipp64f* pSrc, Ipp64f* pSrcDst, int len);
32fc_I(const Ipp32fc* pSrc, Ipp32fc* pSrcDst, int len);
64fc_I(const Ippé64fc* pSrc, Ippé64fc* pSrcDst, int len);

Case 4. In-place operations on integer data with scaling.

IppStatus ippsSub

scaleFactor) ;

IppStatus ippsSub

scaleFactor) ;

IppStatus ippsSub

scaleFactor) ;

IppStatus ippsSub_

scaleFactor) ;

IppStatus ippsSub

scaleFactor) ;

IppStatus ippsSub

scaleFactor) ;

Parameters
pSrcl

pSrc2

pDst
pSrc
pSrcDst

len

scaleFactor
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8u_ISfs(const Ipp8u* pSrc, Ipp8u* pSrcDst, int len, int
l6u_ISfs(const Ippléu* pSrc, Ippléu* pSrcDst, int Ien, int
l6s_ISfs(const Ipplé6s* pSrc, Ipplés* pSrcDst, int len, int
32s_ISfs(const Ipp32s* pSrc, Ipp32s* pSrcDst, int len, int
l6sc_ISfs(const Ipplésc* pSrc, Ipplésc* pSrcDst, int len, int

32sc_ISfs(const Ipp32sc* pSrc, Ipp32sc* pSrcDst, int len, int

Pointer to the source vector-subtrahend, whose elements are to be
subtracted.

Pointer to the source vector-minuend from whose elements the
elements of pSrci are to be subtracted.

Pointer to the destination vector.
Pointer to the source vector-subtrahend for in-place operation.

Pointer to the source vector-minuend and destination vector for
in-place operation.

Number of elements in the vector

Refer to Integer Scaling in Chapter 2.
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Description

The function ippsSub is declared in the ipps.h file. This function subtracts the elements
of the vector pSrci1 from the elements of the vector pSrc2, and stores the result in pDst.

The in-place flavors of ippsSub subtract the elements of the vector pSrc from the
elements of a vector pSrcDst and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

Return Values

ippStsNoErr Indicates no error
ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL
ippStsSizeErr Indicates an error when Ien is less than or equal to O

DivC

Divides each element of a vector by a constant value.

Syntax

Case 1. Not-in-place operations on floating point data.

IppStatus ippsDivC 32f (const Ipp32f* pSrc, Ipp32f val, Ipp32f* pDst, int len);

IppStatus ippsDivC 64f (const Ipp64f* pSrc, Ipp64f val, Ipp64f* pDst, int len);

IppStatus ippsDivC _64fc (const Ipp64fc* pSrc, Ipp64fc val, Ippée4fc* pDst, int len

1

IppStatus ippsDivC 32fc(const Ipp32fc* pSrc, Ipp32fc val, Ipp32fc* pDst, int Ien) ;
)

Case 2. Not-in-place operations on integer data with scaling.

IppStatus ippsDivC 8u_ Sfs(const Ipp8u* pSrc, Ipp8u val, Ipp8u* pDst, int Ilen,

int ScaleFactor) ;

IppStatus ippsDivC _1l6u Sfs(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int

len, int scaleFactor) ;

IppStatus ippsDivC 16s_Sfs(const Ipplés* pSrc, Ipplé6s val, Ipplés* pDst, int

len, int ScaleFactor) ;

IppStatus ippsDivC 1l6sc_Sfs(const Ipplésc* pSrc, Ipplésc val, Ipplésc* pDst,

int len, int ScaleFactor) ;
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Case 3. In-place operations on floating point data.
IppStatus ippsDivC 32f I (Ipp32f val, Ipp32f* pSrcDst, int len);
IppStatus ippsDivC 64f I(Ipp64f val, Ipp64f* pSrcDst, int len);
IppStatus ippsDivC 32fc I (Ipp32fc val, Ipp32fc* pSrcDst, int len);
IppStatus ippsDivC 64fc_ I (Ippé64fc val, Ippé4fc* pSrcDst, int len);

Case 4. In-place operations on integer data with scaling.
IppStatus ippsDivC 8u ISfs (Ipp8u val, Ipp8u* pSrcDst, int Ien, int ScaleFactor) ;
IppStatus ippsDivC_1l6u_ ISfs (Ippléu val, Ippléu* pSrcDst, int len, int scaleFactor

1

)
)
IppStatus ippsDivC_16s ISfs (Ipplé6s val, Ipplés* pSrcDst, int len, int ScaleFactor) ;
)

IppStatusippsDivC 1lé6sc_ISfs(Ippléscval, Ippl6ésc*pSrcDst, intlen, intScaleFactor) ;

Parameters

val Scalar value used as a divisor.

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector for in-place operation.
len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsDivC is declared in the ipps.h file. This function divides each element of
the vector pSrc by a value val and stores the result in pDst.

The in-place flavors of ippsDivC divide each element of the vector pSrcDst by a value
val and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.
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ippStsDivByZeroErr Indicates an error when val is equal to O.

DivCRev

Divides a constant value by each element of a
vector.

Syntax
IppStatus ippsDivCRev_1l6u(const Ippléu* pSrc, Ippléu val, Ippléu* pDst, int Ien);
IppStatus ippsDivCRev 32f (const Ipp32f* pSrc, Ipp32f val, Ipp32f* pDst, int Ien);
IppStatus ippsDivCRev_16u_I(Ipplé6u val, Ippléu* pSrcDst, int len);
IppStatus ippsDivCRev_32f I(Ipp32f val, Ipp32f* pSrcDst, int len);

Parameters

val Constant value used as a dividend in the operation.

pSrc Pointer to the source vector whose elements are used as divisors.
pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector for in-place operation.
len Number of elements in the vector

Description

The function ippsDivCRev is declared in the ipps.h file. This function divides the constant
value val by each element of the vector pSrc and stores the results in pDst.

The in-place flavors of ippsDivC divide the constant value val by each element of the
vector pSrcDst and store the results in pSrcDst.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when len is less than or equal to O.

ippStsDivByZeroErr Indicates an error when val is equal to O.
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Div

Divides the elements of two vectors.

Syntax

Case 1. Not-in-place operations on integer data.

IppStatus ippsDiv_8u_ Sfs(const Ipp8u* pSrcl, const Ipp8u* pSrc2, Ipp8u* pDst,
int len, int scaleFactor) ;

IppStatus ippsDiv_16u_Sfs(const Ippléu* pSrcl, const Ippléu* pSrc2, Ippléeu*
pDst, int len, int scaleFactor) ;

IppStatus ippsDiv_16s_Sfs(const Ipplés* pSrcl, const Ipplés* pSrc2, Ipplé6s*
pDst, int len, int scaleFactor) ;

IppStatus ippsDiv_32s Sfs(const Ipp32s* pSrcl, const Ipp32s* pSrc2, Ipp32s*
pDst, int len, int scaleFactor) ;

IppStatus ippsDiv_16sc_Sfs(const Ipplésc* pSrcl, const Ipplésc* pSrc2, Ipplésc*
pDst, int len, int scaleFactor) ;

IppStatus ippsDiv_32sl6s Sfs(const Ipplé6s* pSrcl, const Ipp32s* pSrc2, Ipplé6s*
pDst, int len, int scaleFactor) ;
Case 2. Not-in-place operations on floating point data.

IppStatus ippsDiv_32f (const Ipp32f* pSrcl, const Ipp32f* pSrc2, Ipp32f* pDst,
int len) ;

IppStatus ippsDiv_64f (const Ipp64f* pSrcl, const Ipp64f* pSrc2, Ipp64f* pDst,
int len);

IppStatus ippsDiv_32fc (const Ipp32fc* pSrcl, const Ipp32fc* pSrc2, Ipp32fc* pDst,
int len) ;

IppStatus ippsDiv_64fc(const Ipp64fc* pSrcl, const Ippé64fc* pSrc2, Ipp64fc* pDst,
int len);
Case 3. In-place operations on integer data.

IppStatus ippsDiv_8u ISfs(const Ipp8u* pSrc, Ipp8u* pSrcDst, int len, int
ScaleFactor) ;

IppStatus ippsDiv_16u_ISfs(const Ippléu* pSrc, Ippléu* pSrcDst, int Ien, int
scaleFactor) ;

IppStatus ippsDiv_16s_ISfs(const Ipplé6s* pSrc, Ipplés* pSrcDst, int len, int
ScaleFactor) ;
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IppStatus ippsDiv_16sc_ ISfs(const Ipplésc* pSrc, Ipplésc* pSrcDst, int len, int
ScaleFactor) ;

IppStatus ippsDiv_32s_ISfs(const Ipp32s* pSrc, Ipp32s* pSrcDst, int Ien, int
ScaleFactor) ;

Case 4. In-place operations on floating point data
IppStatus ippsDiv_32f I(const Ipp32f* pSrc, Ipp32f* pSrcDst, int len);
IppStatus ippsDiv_64f I (const Ipp64f* pSrc, Ipp64f* pSrcDst, int len);
IppStatus ippsDiv_32fc I (const Ipp32fc* pSrc, Ipp32fc* pSrcDst, int Ien);
IppStatus ippsDiv_64fc I(const Ippé64fc* pSrc, Ippé4fc* pSrcDst, int len) ;

Parameters

pSrcl Pointer to the vector whose elements are used as divisors.

pSrc2 Pointer to the vector whose elements are used as dividends.

pDst Pointer to the destination vector.

pSrc Pointer to the source vector whose elements are used as divisors
for in-place operations.

pSrcDst Pointer to the sourve and destination vector for in-place
operations.

len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsDiv is declared in the ipps.h file. This function divides the elements of
the vector pSrc2 by the elements of the vector pSrci, and stores the result in pDst.

The in-place flavors of ippsDiv divide the elements of the vector pSrcDst by the elements
of the vector pSrc and store the result in pSrcDst.

Functions with Sfs suffixes perform scaling of the result value in accordance with the
scaleFactor value. If the output value exceeds the data range, the result becomes
saturated.

If the function ippsDiv encounters a zero-valued divisor vector element, it returns a
warning status and continues execution with the corresponding result value (see appendix
A "Handling of Special Cases” for more information).
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Example 5-3 shows that the use of the scaling factor in the integer functions increases
operation accuracy. Example 5-4 considers division by zero exceptions
(x/0,0/70).

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to O.
ippStsDivByZero Indicates a warning for zero-valued divisor vector element.

Example 5-3 Using the ippsDiv_16s ISfs Function

IppStatus divlés( void )
Ippl6s x[4] -3, 2, 0, 300 };
Ipplés y[4] -2, 2, 0, 0 };
IppStatus st = ippsDiv_16s_ISfs( vy, x, 4, -1 );
printf leés(“divles =", x, 4, st );
return st;

}

Output:

-- warning 6, Zero value(s) in the divisor of the function Div
divlies = 3 2 0 32767

Example 5-4 Using the ippsDiv_32f I Function

IppStatus div32f( void )
Ipp32f x[4] -3, 2, 0, 300 };
Ipp32f y[4] -2, 2, 0, 0 };
IppStatus st = ippsDiv 32f I( vy, x, 4 );
printf 32f( "div32f =", x, 4, st );
return st;

}

Output:
-- warning 6, Zero value(s) in the divisor of the function Div
div32f = 1.500000 1.000000 1.#INDOO 1.#INFO0O
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Div_Round
Divides the elements of two vectors with rounding.

Syntax

Case 1. Not-in-place operations on integer data.

IppStatus ippsDiv_Round_8u_Sfs(const Ipp8u* pSrcl, const Ipp8u* pSrc2,
Ipp8u* pDst, int len, IppRoundMode rndMode, int scaleFactor) ;

IppStatus ippsDiv_Round 1lé6u_ Sfs(const Ippléu* pSrcl, const Ippléu*
pSrc2, Ippléu* pDst, int len, IppRoundMode rndMode, int scaleFactor);

IppStatus ippsDiv_Round 16s_Sfs(const Ipplés* pSrcl, const Ippl6s*
pSrc2, Ipplés* pDst, int len, IppRoundMode rndMode, int scaleFactor) ;
Case 2. In-place operations on integer data.

IppStatus ippsDiv_Round 8u ISfs(const Ipp8u* pSrc, Ipp8u* pSrcDst, int
len, IppRoundMode rndMode, int scaleFactor)

IppStatus ippsDiv_Round 1lé6u ISfs(const Ipplé6éu* pSrc, Ippléu* pSrcDst,
int len, IppRoundMode rndMode, int scaleFactor);

IppStatus ippsDiv_Round 16s_ ISfs(const Ipplés* pSrc, Ipplés* pSrcDst,
int len, IppRoundMode rndMode, int scaleFactor) ;

Parameters
pSrcl Pointer to the vector whose elements are used as divisors.
pSrc2 Pointer to the vector whose elements are used as dividends.
pDst Pointer to the destination vector.
pSrc Pointer to the source vector whose elements are used as divisors
for in-place operations.
pSrcDst Pointer to the sourve and destination vector for in-place
operations.
len Number of elements in the vector
roundMode Rounding mode, the following values are possible:
ippRndZero Specifies that floating-point values must be
truncated toward zero.
ippRndNear Specifies that floating-point values must be

rounded to the nearest even integer.
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ippRndFinancial Specifies that floating-point values must be
rounded down to the nearest integer if
decimal value is less than 0.5, or rounded
up to the nearest integer if decimal value is
equal or greater than 0.5.

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsDiv_Round is declared in the ipps.h file. This function divides the
elements of the vector pSrc2 by the elements of the vector pSrci, the result is rounded
using the rounding method specified by the parameter roundMode and stored in the vector
pDst.

The in-place flavors of ippsDiv_Round divide the elements of the vector pSrcDst by the
elements of the vector pSrc, the result is rounded using the rounding method specified by
the parameter roundMode and stored in the vector pSrcDst.

Functions perform scaling of the result value in accordance with the scaleFactor value. If
the output value exceeds the data range, the result becomes saturated.

If the function ippsDiv_Round encounters a zero-valued divisor vector element, it returns
a warning status and continues execution with the corresponding result value (see
appendix A “Handling of Special Cases” for more information).

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when any of the specified pointers is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to O.
ippStsDivByZero Indicates a warning for zero-valued divisor vector element. The

function execution is continued.

ippStsStsRoundModeNotSupportedErrindicates an error condition if the roundMode has
an illegal value.
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Abs

Computes absolute values of vector elements.

Syntax

IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus
IppStatus

Parameters
pSrc

pDst
pSrcDst

len

Description

The function

ippsAbs_ 16s (const Ipplé6és* pSrc, Ipplé6s* pDst, int len);
ippsAbs 32s(const Ipp32s* pSrc, Ipp32s* pDst, int len);
ippsAbs 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);
ippsAbs 64f (const Ipp64f* pSrc, Ipp64f* pDst, int Ien);
ippsAbs 16s I (Ipplé6s* pSrcDst, int len);
ippsAbs 32s I (Ipp32s* pSrcDst, int len);
ippsAbs 32f I (Ipp32f* pSrcDst, int len);
ippsAbs 64f I (Ipp64f* pSrcDst, int len);

Pointer to the source vector.
Pointer to the destination vector.

Pointer to the source and destination vector for in-place
operations.

Number of elements in the vector.

ippsAbs is declared in the ipps.h file. This function computes the absolute

values of each element of the vector pSrc and stores the result in pDst.

The in-place

flavors of ippsAbs compute the absolute values of each element of the vector

pSrcDst and store the result in pSrcDst.

To compute the absolute values of complex data, use the function ippsMagnitude.

Example 5-5 shows how to call the function ippsAbs 32f I.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.
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Example 5-5 Using the ippsAbs Function

void abs32f (void)

Ipp32f x[4] = {-1, 1, 0, 0};
x[3] *= (-1);
ippsAbs 32f I(x, 4);
printf 32f(“abs =", x, 4, ippStsNoErr) ;
Output:
abs = 1.000000 1.000000 0.000000 0.000000

Sqr

Computes a square of each element of a vector.

Syntax

IppStatus ippsSqr 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);

IppStatus ippsSqr_ 64f (const Ipp64f* pSrc, Ipp64f* pDst, int len);

IppStatus ippsSqgr_32fc(const Ipp32fc* pSrc, Ipp32fc* pDst, int len);

IppStatus ippsSqr_ 64fc(const Ipp64fc* pSrc, Ipp64fc* pDst, int len);

IppStatus ippsSqgr_ 32f I(Ipp32f* pSrcDst, int len);

IppStatus ippsSqr 64f I (Ipp64f* pSrcDst, int Ien);

IppStatus ippsSqr 32fc I (Ipp32fc* pSrcDst, int len);

IppStatus ippsSqr 64fc I(Ipp64fc* pSrcDst, int len);

IppStatus ippsSqgr 8u Sfs(const Ipp8u* pSrc, Ipp8u* pDst, int len,
int scaleFactor) ;

IppStatus ippsSqr_16s_Sfs(const Ipplés* pSrc, Ipplé6s* pDst, int Ilen,
int scaleFactor) ;

IppStatus ippsSqgr_1l6u_ Sfs(const Ippléu* pSrc, Ippléu* pDst, int len,
int scaleFactor) ;

IppStatus ippsSqr_lé6sc_Sfs(const Ipplésc* pSrc, Ipplésc* pDst, int len,

int scaleFactor) ;

IppStatus
IppStatus
IppStatus
IppStatus
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ippsSqgr 8u_ ISfs (Ipp8u* pSrcDst, int len, int scaleFactor) ;

ippsSqgr 16s_ISfs(Ipplé6s* pSrcDst, int len, int scaleFactor) ;

ippsSqgr 1l6u_ISfs(Ippléu* pSrcDst, int len, int scaleFactor) ;

ippsSqgr 1l6sc ISfs(Ipplésc* pSrcDst, int len, int scaleFactor) ;
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Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector for in-place
operations.

len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsSqgr is declared in the ipps.h file. This function computes the square of
each element of the vector pSrc, and stores the result in pDst. The computation is
performed as follows:

pDst[n] = pSrc[n]2
The in-place flavors of ippsSqgr compute the square of each element of the vector
pSrcDst and store the result in pSrcDst. The computation is performed as follows:

pSrcDst[n] = pSrcDst[n]?

When computing the square of an integer number, the output result can exceed the data
range and become saturated. To get a precise result, use the scale factor. Example 5-6
shows how to get the value of 2002. Without scaling this result is clipped to 32767. Scaling
retains the output data range but results in the precision loss in low-order bits.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

Example 5-6 Using the ippsSqr Function

IppStatus sqgr (void)

Ipplés x[4] = {-3, 2, 30, 200};
IppStatus st = ippsSqgr 16s ISfs(x, 4, 1);
printf lés(“sqr =", x, 4, st);
return st;

}

Output:

sgr = 4 2 450 20000
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Sqrt
Computes a square root of each element of a
vector.

Syntax
IppStatus ippsSqrt 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);
IppStatus ippsSqrt 64f (const Ipp64f* pSrc, Ipp64f* pDst, int len);
IppStatus ippsSqrt 32fc(const Ipp32fc* pSrc, Ipp32fc* pDst, int Ilen);
IppStatus ippsSqrt 64fc(const Ippé64fc* pSrc, Ipp64fc* pDst, int len);
IppStatus ippsSqrt 32f I (Ipp32f* pSrcDst, int len);
IppStatus ippsSqrt 64f I (Ipp64f* pSrcDst, int len);
IppStatus ippsSqrt 32fc I (Ipp32fc* pSrcDst, int len);
IppStatus ippsSqrt 64fc I (Ippé64fc* pSrcDst, int len);
IppStatus ippsSqrt 8u Sfs(const Ipp8u* pSrc, Ipp8u* pDst, int len, int scaleFactor) ;
IppStatusippsSqgrt 16s_ Sfs(constIpplé6s*pSrc, Ipplés*pDst, intlen, intscaleFactor) ;
IppStatusippsSgrt 1l6u Sfs(constIppléu*pSrc, Ippléu*pDst, intlen, intscaleFactor) ;

IppStatus ippsSqgrt 1l6sc_Sfs(const Ipplésc* pSrc, Ipplésc* pDst, int len, int
scaleFactor) ;

IppStatusippsSqgrt 64s Sfs(constIpp64s*pSrc, Ipp64s*pDst, intlen, intscaleFactor) ;

IppStatus ippsSqrt 32slé6s_Sfs(const Ipp32s* pSrc, Ipplé6és* pDst, int len, int
scaleFactor) ;

IppStatus ippsSqgrt 64sl6s_Sfs(const Ippé64s* pSrc, Ipplés* pDst, int Ien, int
scaleFactor) ;

IppStatus ippsSqgrt 8u ISfs (Ipp8u* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsSqrt 16s_ ISfs(Ipplé6s* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsSqgrt 1lé6u ISfs(Ippléu* pSrcDst, int len, int scaleFactor);
IppStatus ippsSqrt 1l6sc ISfs(Ipplésc* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsSqrt 64s ISfs(Ipp64s* pSrcDst, int len, int scaleFactor);

Parameters
pSrc Pointer to the source vector.
pDst Pointer to the destination vector.
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pSrcDst Pointer to the source and destination vector for in-place
operations.

len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsSqgrt is declared in the ipps.h file. This function computes the square
root of each element of the vector pSrc, and stores the result in pDst. The computation is
performed as follows:

pDst[n] = JpSrc[n]

The in-place flavors of ippsSgrt compute the square root of each element of the vector
pSrcDst and store the result in pSrcDst. The computation is performed as follows:

pSrcDst[n] = JpSrcDst[n]

The square root of complex vector elements is computed as follows:

2 2 2 2
Ja+j b= HEED*3. 5. signp). M2 ED -2

Application Notes

If the function ippsSqgrt encounters a negative value in the input, it returns a warning
status and continues execution with the corresponding result value (see appendix A
“Handling of Special Cases” for more information).

To increase precision of an integer output, use the scale factor.

Example 5-7 shows how to call the function ippsSqrt_ 16s ISfs.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

ippStsSqgrtNegArg Indicates a warning that a source element has a negative value.
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Example 5-7 Using the ippsSqrt Function

IppStatus sqgrt (void) {

Ipplés x[4] = {-3, 2, 30, 300};
IppStatus st = ippsSqgrt 1lé6s ISfs(x, 4, -1);
printf leés(“sqgrt =", x, 4, st);

return st;

Output:
-- warning 3, Negative value(s) in the argument of the function Sqgrt
sgqrt = 0 3 11 35

Cubrt

Computes cube root of each element of a vector.

Syntax
IppStatus ippsCubrt 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);

IppStatus ippsCubrt 32sl6s_ Sfs(const Ipp32s* pSrc, Ipplés* pDst, int Ien,
int scaleFactor) ;

Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

len Number of elements in the vector
scaleFactor Refer to Integer Scaling in Chapter 2.
Description

The function ippsCubrt is declared in the ipps.h file. This function computes cube root of
each element of pSrc and stores the result in the corresponding element of pDst.

The computation is performed as follows:

pDst[nl= 3/pSrc[n], 0 <n< len.

Return Values
ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pDst or pSrc pointer is NULL.
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ippStsSizeErr Indicates an error when Ien is less than or equal to O.
Exp
Computes e to the power of each element of a
vector.

Syntax

IppStatus ippsExp 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);

IppStatus ippsExp 64f (const Ipp64f* pSrc, Ipp64f* pDst, int len);

IppStatus ippsExp 32f64f (const Ipp32f* pSrc, Ipp64f* pDst, int len);

IppStatus ippsExp 32f I(Ipp32f* pSrcDst, int len);

IppStatus ippsExp 64f I (Ipp64f* pSrcDst, int len);

IppStatusippsExp 16s_Sfs(const Ipplés* pSrc, Ippl6s* pDst, int Ilen, int scaleFactor) ;
IppStatus ippsExp 32s_ Sfs(const Ipp32s* pSrc, Ipp32s* pDst, int len, int scaleFactor) ;
IppStatus ippsExp 64s_Sfs(const Ipp64s* pSrc, Ipp64s* pDst, int len, int scaleFactor) ;
IppStatus ippsExp 16s ISfs (Ipplé6s* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsExp 32s ISfs(Ipp32s* pSrcDst, int len, int scaleFactor);
IppStatus ippsExp 64s_ISfs(Ipp64s* pSrcDst, int len, int scaleFactor) ;

Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector pSrcDst
for the in-place operation.

len Number of elements in the vector

scaleFactor Refer to Integer Scaling.

Description

The function ippsExp is declared in the ipps.h file. This function computes the
exponential function of each element of the vector pSrc, and stores the result in pDst.

The computation is performed as follows:

pDst [n] = ePSreln]
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The in-place flavors of ippsExp compute the exponential function of each element of the
vector pSrcDst and store the result in pSrcDst.

The computation is performed as follows:
pSrcDst [n] = epSrcDst [n]

When an overflow occurs, the function continues operation with the corresponding result
value (see appendix A “Handling of Special Cases” for more information).

When computing the exponent of an integer number, the output result can exceed the data
range and become saturated. The scaling retains the output data range but results in
precision loss in low-order bits. The function ippsExp 32f64f computes the output result
in a higher precision data range.

Example 5-8 shows how to call the function ippsExp 16s_ISfs. Example 5-9 shows how
to call the function ippsExp 64f I.

Application Notes

For the functions ippsExp and ippsLn the result is rounded to the nearest integer after
scaling.

Example 5-8 Using the ippsExp 16s ISfs Function

IppStatus explés (void) {
Ipplés x[4] = {-1, 2, 30, 0};
IppStatus st = ippsExp 16s ISfs(x, 4, -1);
printf lés(“explés =", x, 4, st);
} return st;
Output:
exples = 1 15 32767 2

Example 5-9 Using the ippsExp 64f I Function

IppStatus exp64f (void) {

Ipp64f x[4] = {-1, 2, 1, log(1.234567)};
IppStatus st = ippsExp 64f I(x, 4);
printf 64f (“exp64f =", x, 4, st);
return st;

}

Output:

exp64f = 0.367879 7.389056 2.718282 1.234567

Return Values

ippStsNoErr Indicates no error.
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ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.
ippStsSizeErr Indicates an error when len is less than or equal to O.

Ln

Computes the natural logarithm
of each element of a vector.

Syntax
IppStatus ippsLn 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);
IppStatus ippsln 64f (const Ipp64f* pSrc, Ipp64f* pDst, int len);
IppStatus ippsLn_ 64f32f (const Ippé64f* pSrc, Ipp32f* pDst, int len);
IppStatus ippsln 32f I (Ipp32f* pSrcDst, int len);
IppStatus ippsln 64f I (Ipp64f* pSrcDst, int len);
IppStatus ippsln_16s_Sfs(const Ipplés* pSrc, Ipplés* pDst, int len, int scaleFactor) ;
IppStatus ippsln_ 32s_ Sfs(const Ipp32s* pSrc, Ipp32s* pDst, int len, int scaleFactor) ;
IppStatusippsln 32sl6s_Sfs (constIpp32s*pSrc, Ipplés*pDst,intlen, intscaleFactor) ;
IppStatus ippsln 16s ISfs(Ipplé6s* pSrcDst, int len, int scaleFactor) ;
IppStatus ippsln 32s ISfs(Ipp32s* pSrcDst, int len, int scaleFactor) ;

Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsLn is declared in the ipps.h file. This function computes the natural
logarithm of each element of the vector pSrc and stores the result in pDst as given by

pDst[n] =log, (pSrcln])
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The in-place flavors of ippsLn compute the natural logarithm of each element of the vector
pSrcDst and store the result in pSrcDst as given by

pSrcDst [n] = log, (pSrcDst[n])

If the function ippsLn encounters a zero or negative value in the input, it returns a
warning status and continues execution with the corresponding result value (see appendix
A "Handling of Special Cases” for more information).

Example 5-10 shows how to call the function ippsLn 32f TI.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

ippStslnZeroArg Indicates a warning for zero-valued input vector elements.

ippStsLnNegArg Indicates a warning for negative input vector elements.

Example 5-10 Using the ippsLn Function

IppStatus 1n32f (void) {

Ipp32f x[4] = {-1, (float)IPP E, 0, (float) (exp(1.234567))};
IppStatus st = ippsln 32f I(x, 4);
printf 32f(“Ln =", x, 4, st);
return st;
Output:
-- warning 8, Negative value(s) of argument in the Ln function
In = -1.#INDOO 1.000000 -1.#INFOO 1.234567
10Log10

Computes the decimal logarithm
of each element of a vector and multiplies it by 10.

Syntax

IppStatus ippsl0LoglO 32s Sfs(const Ipp32s* pSrc, Ipp32s* pDst, int len, int
scaleFactor) ;

IppStatus ippsl0LoglO_32s ISfs(Ipp32s* pSrcDst, int len, int scaleFactor) ;

5-50



Essential Functions 5

Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector
for the in-place operation.

len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ipps10Logl0 is declared in the ipps.h file. This function computes the
decimal logarithm of each element of the vector pSrc, multiplies it by 10, and stores the
result in pDst as given by

pDst[n] = 10*log,, (pSrcln])

The in-place flavor of ipps10Logl0 computes the decimal logarithm of each element of the
vector pSrcDst, multiplies it by 10, and stores the result in pSrcDst as given by

pSrcDst [n] = 10*log,, (pSrcDst[n])

If the function ipps10Logl0 encounters a zero or negative value in the input, it returns a
warning status and continues execution with the corresponding result value (see appendix
A "Handling of Special Cases” for more information).

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.

ippStsLnZeroArg Indicates a warning for zero-valued input vector elements.

ippStsLnNegArg Indicates a warning for negative input vector elements.
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SumLn

Sums natural logarithms of each element of a
vector.

Syntax

IppStatus ippsSumLn_32f (const Ipp32f* pSrc, int len, Ipp32f* pSum);
IppStatus ippsSumln_ 64f (const Ipp64f* pSrc, int len, Ipp64f* pSum);
IppStatus ippsSumln 32f64f (const Ipp32f* pSrc, int len, Ippé64f* pSum);
IppStatus ippsSumln 16s32f (const Ipplés* pSrc, int len, Ipp32f* pSum);

Parameters

pSrc Pointer to the source vector.
pSum Pointer to the output result.

len Number of elements in the vector.
Description

The function ippsSumLn is declared in the ipps.h file. This function computes the sum of
natural logarithms of each element of the vector pSrc and stores the result value in pSum.
The summation is given by:

len-1

sum = Z In(pSrc[n])
n=0
Return Values
ippStsNoErr Indicates no error.
ippStsNullPtrErr Indicates an error when the pSrc or pSum pointer is NULL.
ippStsSizeErr Indicates an error when Ien is less than or equal to O.

ippStslnZeroArg Indicates a warning for zero-valued input vector elements.
Operation execution is not aborted. The value of the destination
vector element for floating-point operations is set to -Inf.

ippStsLnNegArg Indicates a warning for negative input vector elements. Operation
execution is not aborted. The value of the destination vector
element for floating-point operations is set to NaN.
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Arctan

Computes the inverse tangent of each element
of a vector.

Syntax

IppStatus ippsArctan 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len);
IppStatus ippsArctan 64f (const Ipp64f* pSrc, Ipp64f* pDst, int len);
IppStatus ippsArctan 32f I (Ipp32f* pSrcDst, int len);

IppStatus ippsArctan 64f I (Ipp64f* pSrcDst, int len);

Parameters

pSrc Pointer to the source vector.

pDst Pointer to the destination vector.

pSrcDst Pointer to the source and destination vector pSrcDst
for the in-place operation.

len Number of elements in the vector.

Description

The function ippsAtan is declared in the ipps.h file. This function computes the inverse
tangent of each element of pSrc and stores the result in the corresponding element of
pDst.

The computation is performed as follows:

pDst[n] = arctan(pSrcinl), 0<n< len.

Return Values

ippStsNoErr Indicates no error.

ippStsNullPtrErr Indicates an error when the pSrc, pDst, or pSrcDst pointer is
NULL.

ippStsSizeErr Indicates an error when Ien is less than or equal to O.
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Normalize

Normalizes elements of a real or complex vector
using offset and division operations.

Syntax

IppStatus ippsNormalize 32f (const Ipp32f* pSrc, Ipp32f* pDst, int len, Ipp32f vSub,
Ipp32f vDiv) ;

IppStatus ippsNormalize 64f (const Ipp64f* pSrc, Ipp64f* pDst, int len, Ipp64f vSub,
Ipp64f vDiv) ;

IppStatus ippsNormalize 32fc(const Ipp32fc* pSrc, Ipp32fc* pDst, int len, Ipp32fc
vSub, Ipp32f vDiv);

IppStatus ippsNormalize 64fc(const Ippé64fc* pSrc, Ippé64fc* pDst, int len, Ippé64fc
vSub, Ipp64f vDiv);

IppStatus ippsNormalize 16s_Sfs(const Ipplés* pSrc, Ipplés* pDst, int len, Ipplés
vSub, int vDiv, int scaleFactor) ;

IppStatusippsNormalize 16sc_Sfs(const Ipplésc* pSrc, Ipplésc* pDst, int 1en, Ipplésc
vSub, int vDiv, int scaleFactor) ;

Parameters

pSrc Pointer to the source vector.

vSub Subtrahend value.

vDiv Denominator value.

pDst Pointer to the vector which stores the normalized elements.
len Number of elements in the vector

scaleFactor Refer to Integer Scaling in Chapter 2.

Description

The function ippsNormalize is