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Overview 1

About

This document describes the structure, operation and functions of the Intel® Integrated
Performance Primitives (Intel® 1PP) for Intel® architecture that operate on
one-dimensional signals. Thisisthe first volume of the Intel PP Reference Manual,
which also comprises descriptions of the Intel 1PP for image and video processing
(volume 2), operations on small matrices (volume 3), and cryptography functions
(volume 4).

The Intel PP software package supports many functions whose performance can be
significantly enhanced on Intel architecture, particularly using the MM X ™ technol ogy
and Streaming SIMD Extensions (SSE). For information on Intel IPP implementation
for Intel® PCA application processors, see Cross-Architecture Alignment section later
in this chapter.

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

This manual explainsthe Intel PP 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 1PP software and explains the organization of this
manual.

This Software

The Intel PP for Intel architecture software enables taking advantage of the
parallelism of the single-instruction, multiple-data (SIMD) instructions that comprise
the core of the MM X technology and Streaming SIMD Extensions. These technologies
improve the performance of computation-intensive signal, image, and video
processing applications.
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Hardware and Software Requirements

The Intel PP for Intel architecture software runs on personal computers that are based
on 1A-32 processors or Itanium® architecture-based processors and running
Microsoft Windows* 2000, Windows ME, Windows XP, or Linux*. The Intel IPP
integrates into the customer’s application or library written in C or C++.

Platforms Supported

The Intel PP for Intel architecture software runs on Windows and Linux platforms.
The code and syntax used for function and variable declarations in this manual are
writteninthe ANSI C style. However, versions of the Intel 1PP for different processors
or operating systems may, of necessity, vary slightly.

Cross-Architecture Alignment

Cross Architecture Overview

Intel IPP has been designed to support application development on various Intel®
architectures. Previously Intel PP was offered in two separate products, one for the
Intel® Pentium®, Xeon™ and Itanium® processors and one for the Intel® PCA
processors based on Intel X scale® technology. While these separate packages included
many similarities, prior to version 4.0, there were some differences in both
functionality and interface.

With rising interest in cross architecture development, the Intel PP development
teams have worked to bridge these differencesto allow for easy development of
applications for multiple Intel® platforms. Intel PP 4.0 represents the result of this
effort and provides alignment of the two separate packages into a single offering that
includes support for al of these architectures. This includes interface alignment and
full API alignment for all functions that are relevant to both architectures.

With this release, the functions available for Intel Pentium, Xeon and Itanium
processors represent a superset of the functions available for the Intel PCA processors.
This means the API definition is common for al processors, while the underlying
function implementation takes into account the variations in processor architectures.
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Table 1-1

By providing asingle cross-architecture API, Intel 1PP 4.0 alows software
application repurposing and enables devel opers 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.

For additional information on API additions and changes from version 3.0 to version
4.0 please refer to the product rel ease notes and the document Migration Guide for
Intel® IPP Cross Architecture API Alignment available at

http://www.intel.com/sof tware/products/i pp.

The following table summarizes the functionality covered in each Intel |PP

implementation .

Function Coverage in Intel IPP

Intel® Pentium® 4 Intel® Itanium® 2 Intel® PCA
Function Group processors processors processors
Signal Processing available available available
Image Processing available available available
JPEG available available available
Speech Recognition available available n/a
Speech Coding available available available
Audio Codecs available available available
Video Codecs available available available
Matrix available available n/a
Vector Math available available n/a
Computer Vision available available n/a
Cryptography available available available

Legacy Code Support

While the alignment of functionsfor the Intel Pentium, Xeon and Itanium processors and
the Intel PCA processors has resulted in some changes to the API, Intel IPP 4.0 also
includes legacy support and full compatibility with the APIs used in the previous versions
of Intel IPP. This support is available to enable devel opers to update their applications
without requiring the interfacesto be changed. All developers, however, are encouraged to
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adopt the new API asthiswill be the interface used in future versions of Intel |PP
including optimizations for future Intel processors. A list of functions that have been
changed is given at the end of each respective manual chapter.

Technical Support

About

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://devel oper.intel.com/software/products/.

Intel also provides a support web site that contains arich 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 of technical support and product
updates through Intel® Premier Support. Intel Premier Support is an interactive issue
management and communication web site providing these services:

® Submit issues and review their status.
* Download product updates anytime of the day.

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

This Manual

Thismanual provides abackground for the signal processing concepts used in the Intel
I PP software as well as detailed descriptions of the Intel PP for Intel architecture
signal processing functions.

E NOTE. In the following discussion throughout the manual, Intel IPP
e alwaysrefersto the Intel Integrated Performance Primitives for Intel
architecture, unless specifically stated otherwise.
For description of Intel PCA version of Intel PP, refer to the Intel
IPP for Intel Xscale® microarchitecture Reference Manual.
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Manual Organization

The Intel 1PP functions are combined in groups by their functionality. Each group of
functionsis described in a separate chapter (chapters 3 through 12).

This manual contains the following chapters:

Chapter 1

Chapter 2

Chapter 3

Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9

Chapter 10

Chapter 11

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

“Intel Integrated Performance Primitives Concepts.” Explains the
basic concepts underlying signal processing in Intel 1PP and
describes the supported data formats and operation modes.

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

“Vector |nitialization Functions.” Describesinitialization and
sample-generating functions.

“Essential Vector Functions.” Describes vector manipulation
functions.

“Filtering Functions.” Detais filtering operations that use linear and
non-linear filters.

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

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

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

“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, as well asfor
implementation of a portable optimized MPEG-4 AAC Main profile
decoder and a portable optimized MPEG-1, 2 Layer |11 encoder.

“String Functions.” Describes functions that operate on strings of
symbols.
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Function Descriptions

Audience for This Manual

Chapter 12 “Fixed-Accuracy Arithmetic Functions.” Describes Intel 1PP
fixed-accuracy vector mathematical functions suitable for
multimedia and signal processing in real time applications.

The manual aso includes an Appendix, a Glossary of terms, a Bibliography, and an

Index.

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

Arguments
Discussion

Application Notes

Return Value

See Also

Specifies al the function arguments.

Defines the function and describes the operation performed
by the function. This section may aso include the code
examples and descriptive equations.

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

Explains the value returned by the function. Most
commonly, it lists error codes that the function returns.

If present, lists the names of functions which perform
related tasks.

The manual isintended for the developers of signal processing applications and

libraries, aswell as cross-domain applications. The audience is expected to be
experienced in using C and to have aworking knowledge of the vocabulary and
principles of signal processing.
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Online Version

Thismanual 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:

* Fontsused for distinction between the text and the code;
* Signa name conventions;

* Naming conventions for different items.

Font Conventions

The following font conventions are used throughout the manual:

TH S TYPE STYLE Used in the text for Intel PP constant identifiers; for
example, | PP_MAX_64S.
This type style Mixed with the uppercase in structure names asin

| ppLi brar yVer si on; also used in function names, code
examples and call statements; for example, voi d
i ppsFree().

This type style Variables in arguments discussion; for example, val ,
srclLen.
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Signal Name Conventions

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

x[n], 0<n < len .

Typicaly, the number of elementsin vectorsis denoted by | en. Vector names contain
square brackets as distinct from vector elements with current index n.

For example, the expression pDst [ n] = pSrc[ n] + val impliesthat each element
pDst [ n] of the vector pDst is computed for each n intherangefromOtol en- 1.
Special cases are regarded and described separately.

Naming Conventions

The following naming conventions for different items are used by the Intel 1PP
software:

* Constant identifiers are in uppercase; for example, | PP_M N_64S.

* All structures and enumerators, specific for the signal processing domain have the
I pps prefix, while those common for entire Intel 1PP software havethel pp prefix; for
example, I ppsRA , | ppLi br ar yVer si on.

* All names of the functions used for signal processing have thei pps prefix. In code
examples, you can distinguish the Intel 1PP interface functions from the application
functions by this prefix.

% NOTE. Inthismanual, thei pps prefixin function namesis
= always used in the code examples. In the text, this prefix is usually
omitted when referring to the function group.

* Each new part of afunction name starts with an uppercase character, without
underscore; for example, i ppsAddAl | RowSum

For the detailed description of function name structure in Intel PP, see “Function
Naming” on page 2-2.
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This chapter explains the purpose and structure of the Intel® | ntegrated Performance
Primitives (Intel® | PP) 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 alow-level, stateless
interface.

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

* Thelntel IPP provides basic low-level functions for creating applicationsin
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 conventionsincluding 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 | PP functions are optimized to use al benefits of Intel®
architecture processors. Besides that, most of Intel PP functions do not use
complicated data structures, which helps reduce overall execution overhead.
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Intel IPPiswell-suited for cross-platform applications. For example, the functions
developed for 1A-32 platform can be readily ported to Itanium® -based platforms and
systemswith Intel® StrongARM* technology or Intel X Scale® technology. For more
information on platform compatibility, see Cross-Architecture Alignment sectionin
chapter 1. In addition, each Intel PP function hasitsreference code writtenin ANSI C,
which clearly presents the algorithm used and provides for compatibility with different
operating systems.

Function Naming

Naming conventions for the Intel 1PP functions are similar for al covered domains.
You can distinguish signal processing functions by thei pps prefix, while image and
video processing functions havei ppi prefix, and functions that are specific for
operations on small matrices have i ppmprefix in their names.
Function names in Intel 1PP have the following general format:

i pp<dat a- domai n><nane>_<dat at ype>[ _<descri pt or >] (<ar gunent 