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Abstract: Conformance checks for eXtensible Markup Language (XML) data designed to describe
electronic systems are formulated by this standard. The meta-data forms that are standardized
include: components, systems, bus interfaces and connections, abstractions of those buses, and
details of the components including address maps, register and field descriptions, and file set
descriptions for use in automating design, verification, documentation, and use flows for electronic
systems. A set of XML schemas of the form described by the World Wide Web Consortium (W3C®)
and a set of semantic consistency rules (SCRs) are included. A generator interface that is portable
across tool environments is provided. The specified combination of methodology-independent
meta-data and the tool-independent mechanism for accessing that data provides for portability of
design data, design methodologies, and environment implementations.
Keywords: abstraction definitions, address space specification, bus definitions, design
environment, EDA, electronic design automation, electronic system level, ESL, implementation
constraints, IP-XACT, register transfer level, RTL, SCRs, semantic consistency rules, TGI, tight
generator interface, tool and data interoperability, use models, XML design meta-data, XML
schema
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Introduction

The purpose of this standard is to provide the electronic design automation (EDA), semiconductor,
electronic design intellectual property (IP) provider, and system design communities with a well-defined
and unified specification for the meta-data that represents the components and designs within an electronic
system. The goal of this specification is to enable delivery of compatible IP descriptions from multiple IP
vendors; better enable importing and exporting complex IP bundles to, from, and between EDA tools for
system on chip (SoC) design environments (DEs); better express configurable IP by using IP meta-data; and
better enable provision of EDA vendor-neutral IP creation and configuration scripts (generators). The data
and data access specification is designed to coexist and enhance the hardware description languages (HDLs)
presently used by designers while providing capabilities lacking in those languages.

The SPIRIT Consortium is a consortium of electronic system, IP provider, semiconductor, and EDA
companies. IP-XACT enables a productivity boost in design, transfer, validation, documentation, and use of
electronic IP and covers components, designs, interfaces, and details thereof. The data specified by IP-
XACT is extensible in locations specified in the schema.

IP-XACT enables the use of a unified structure for the meta specification of a design, components,
interfaces, documentation, and interconnection of components. This structure can be used as the basis of
both manual and automatic methodologies. IP-XACT specifies the tight generator interface (TGI) for access
to the data in a vendor-independent manner.

This standardization project provides electronic design engineers with a well-defined standard that meets
their requirements in structured design and validation, and enables a step function increase in their
productivity. This standardization project will also provide the EDA industry with a standard to which they
can adhere and that they can support in order to deliver their solutions in this area.

The SPIRIT Consortium has prepared a set of bus and abstraction definitions for several common buses. It is
expected, over time, that those standards groups and manufacturers who define buses will include IP-XACT
eXtensible Markup Language (XML) bus and abstraction definitions in their set of deliverables. Until that
time, and to cover existing useful buses, a set of bus and abstraction definitions for common buses has been
created.

A set of reference bus and abstraction definitions allows many vendors who define IP using these buses to
easily interconnect IP together. The SPIRIT Consortium posts these for use by its members, with no
warranty of suitability, but in the hope that these will be useful. The SPIRIT Consortium will, from time-to-
time, update these files and if a Standards body wishes to take over the work of definition, will transfer that
work to that body.

These reference bus and abstraction definition templates (with comments and examples) are available from
the public area of The SPIRIT Consortium Web site.a

aAvailable at http://www.spiritconsortium.org.

This introduction is not part of IEEE Std 1685-2009, IEEE Standard for IP-XACT, Standard Structure for Packaging,
Integrating, and Reusing IP within Tool Flows.
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Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply compliance to any applicable regulatory requirements.
Implementers of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and private
uses. These include both use, by reference, in laws and regulations, and use in private self-regulation,
standardization, and the promotion of engineering practices and methods. By making this document
available for use and adoption by public authorities and private users, the IEEE does not waive any rights in
copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time by the
issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether
a given document is the current edition and whether it has been amended through the issuance
of amendments, corrigenda, or errata, visit the IEEE Standards Association website at http://
ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA website at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.

Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



vi Copyright © 2010 IEEE. All rights reserved.

Participants

The SPIRIT Standardization Working Group is entity based. At the time this standard was submitted to the
IEEE-SA Standards Board for approval, the SPIRIT Standardization Working Group had the following
membership:

Greg Ehmann, Chair
Kathy Werner, Vice Chair

Joe Daniels, Technical Editor 

The following members of the entity balloting committee voted on this standard. Balloters may have voted
for approval, disapproval, or abstention. 

Victor Berman
Dennis Brophy
Bill Chown
Gary Delp
Jean-Michel Fernandez

Mark Gogolewski
Serge Hustin
Prabhu Krishnamurthy
Stan Krolikoski

Mark Noll
John Swanson
Yatin Trivedi
Ralph von Vignau
Richard Weber

Accellera Organization Inc.
Cadence Design Systems Inc.
Freescale Semiconductor Inc.

NXP Semiconductors
STMicroelectronics
Semifore, Inc.

The SPIRIT Consortium
Synopsys, Inc.
Texas Instruments Inc.

Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



Copyright © 2010 IEEE. All rights reserved. vii

When the IEEE-SA Standards Board approved this standard on 9 December 2009, it had the following
membership:

Robert M. Grow, Chair
Thomas Prevost, Vice Chair
Steve M. Mills, Past Chair
Judith Gorman, Secretary

*Member Emeritus

Also included are the following nonvoting IEEE-SA Standards Board liaisons:

Howard L. Wolfman, TAB Representative
Satish K. Aggarwal, NRC Representative

Michael Janezic, NIST Representative

Michelle Turner
IEEE Standards Program Manager, Document Development

Michael D. Kipness
IEEE Standards Program Manager, Technical Program Development

John Barr
Karen Bartleson
Victor Berman
Ted Burse
Richard DeBlasio
Andy Drozd
Mark Epstein

Alexander Gelman
Jim Hughes
Richard H. Hulett
Young Kyun Kim
Joseph L. Koepfinger*
John Kulick

David J. Law
Ted Olsen
Glenn Parsons
Ronald C. Petersen
Narayanan Ramachandran
Jon Walter Rosdahl
Sam Sciacca

Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



Copyright © 2010 IEEE. All rights reserved. ix

Contents

1. Overview.............................................................................................................................................. 1
1.1 Scope............................................................................................................................................ 1
1.2 Purpose......................................................................................................................................... 2
1.3 Design environment ..................................................................................................................... 2
1.4 IP-XACT Enabled implementations ............................................................................................ 6
1.5 Conventions used ......................................................................................................................... 7
1.6 Use of color in this standard ...................................................................................................... 12
1.7 Contents of this standard............................................................................................................ 12

2. Normative references ......................................................................................................................... 13

3. Definitions, acronyms, and abbreviations.......................................................................................... 15
3.1 Definitions ................................................................................................................................. 15
3.2 Acronyms and abbreviations ..................................................................................................... 21

4. Interoperability use model ................................................................................................................. 23
4.1 Roles and responsibilities .......................................................................................................... 23
4.2 IP-XACT IP exchange flows ..................................................................................................... 24

5. Interface definition descriptions ........................................................................................................ 27
5.1 Definition descriptions............................................................................................................... 27
5.2 Bus definition............................................................................................................................. 27
5.3 Abstraction definition ................................................................................................................ 30
5.4 Ports ........................................................................................................................................... 31
5.5 Wire ports .................................................................................................................................. 32
5.6 Qualifiers ................................................................................................................................... 34
5.7 Wire port group.......................................................................................................................... 36
5.8 Wire port mode constraints........................................................................................................ 38
5.9 Wire port mirrored-mode constraints ........................................................................................ 39
5.10 Transactional ports..................................................................................................................... 41
5.11 Transactional port group............................................................................................................ 43
5.12 Extending bus and abstraction definitions ................................................................................. 44
5.13 Clock and reset handling............................................................................................................ 47

6. Component descriptions .................................................................................................................... 49
6.1 Component................................................................................................................................. 49
6.2 Interfaces.................................................................................................................................... 52
6.3 Interface interconnections.......................................................................................................... 52
6.4 Complex interface interconnections .......................................................................................... 54
6.5 Bus interfaces............................................................................................................................. 56
6.6 Component channels.................................................................................................................. 67
6.7 Address spaces ........................................................................................................................... 69
6.8 Memory maps ............................................................................................................................ 81
6.9 Remapping ................................................................................................................................. 97
6.10 Registers................................................................................................................................... 102
6.11 Models ..................................................................................................................................... 120
6.12 Component generators ............................................................................................................. 151
6.13 File sets .................................................................................................................................... 153
6.14 Choices..................................................................................................................................... 165

Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



x Copyright © 2010 IEEE. All rights reserved.

6.15 White box elements ................................................................................................................. 167
6.16 White box element reference ................................................................................................... 168
6.17 CPUs ........................................................................................................................................ 170

7. Design descriptions.......................................................................................................................... 171
7.1 Design ...................................................................................................................................... 171
7.2 Design component instances.................................................................................................... 173
7.3 Design interconnections........................................................................................................... 175
7.4 Active, monitored, and monitor interfaces .............................................................................. 176
7.5 Design ad hoc connections ...................................................................................................... 178
7.6 Design hierarchical connections .............................................................................................. 180

8. Abstractor descriptions .................................................................................................................... 183
8.1 Abstractor................................................................................................................................. 183
8.2 Abstractor interfaces ................................................................................................................ 185
8.3 Abstractor models .................................................................................................................... 187
8.4 Abstractor views ...................................................................................................................... 189
8.5 Abstractor ports........................................................................................................................ 191
8.6 Abstractor wire ports ............................................................................................................... 193
8.7 Abstractor generators ............................................................................................................... 195

9. Generator chain descriptions ........................................................................................................... 199
9.1 generatorChain......................................................................................................................... 199
9.2 generatorChainSelector............................................................................................................ 201
9.3 generatorChain component selector......................................................................................... 202
9.4 generatorChain generator......................................................................................................... 203

10. Design configuration descriptions ................................................................................................... 207
10.1 Design configuration................................................................................................................ 207
10.2 designConfiguration................................................................................................................. 207
10.3 generatorChainConfiguration .................................................................................................. 209
10.4 interconnectionConfiguration .................................................................................................. 211

11. Addressing and data visibility.......................................................................................................... 213
11.1 Calculating the bit address of a bit in a memory map ............................................................. 213
11.2 Calculating the bus address at the slave bus interface ............................................................. 214
11.3 Address modifications of an interconnection .......................................................................... 214
11.4 Address modifications of a channel......................................................................................... 215
11.5 Addressing in the master.......................................................................................................... 216
11.6 Visibility of bits ....................................................................................................................... 216
11.7 Address translation in a bridge ................................................................................................ 218

Annex A (informative) Bibliography.......................................................................................................... 219

Annex B (normative) Semantic consistency rules ...................................................................................... 221

Annex C (normative) Common elements and concepts.............................................................................. 245

Annex D (normative) Types........................................................................................................................ 263

Annex E (normative) Dependency XPATH................................................................................................ 267

Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



Copyright © 2010 IEEE. All rights reserved. xi

Annex F (informative) External bus with an internal/digital interface ....................................................... 271

Annex G (normative) Tight generator interface.......................................................................................... 273

Annex H (informative) Bridges and channels............................................................................................. 351

Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



Authorized licensed use limited to: Thomson Techstreet. Downloaded on March 10,2010 at 10:03:23 EST from IEEE Xplore.  Restrictions apply. 



Copyright © 2010 IEEE. All rights reserved. 1

IEEE Standard for IP-XACT, 
Standard Structure for Packaging, 
Integrating, and Reusing IP within 
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IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection in all circumstances. Implementers of the standard are responsible for
determining appropriate safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers. These
notices and disclaimers appear in all publications containing this document and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” They
can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html.

1. Overview

This clause explains the scope and purpose of this standard; gives an overview of the basic concepts, major
semantic components, and conventions used in this standard; and summarizes its contents.

1.1 Scope

This standard describes an eXtensible Markup Language (XML) schema1 for meta-data documenting
intellectual property (IP) used in the development, implementation, and verification of electronic systems
and an application programming interface (API) to provide tool access to the meta-data. This schema
provides a standard method to document IP that is compatible with automated integration techniques.The
API provides a standard method for linking tools into a system development framework, enabling a more
flexible, optimized development environment. Tools compliant with this standard will be able to interpret,
configure, integrate, and manipulate IP blocks that comply with the IP meta-data description. The standard
is based on version 1.4 IP-XACT of The SPIRIT Consortium. The standard is independent of any specific
design processes. It does not cover those behavioral characteristics of the IP that are not relevant to
integration.

1Information on references can be found in Clause 2.
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