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1
Introduction

This Extensible Firmware Interface (hereafter known as EFI) Specification describes an interface
between the operating system (OS) and the platform firmware. Theinterfaceisin the form of data
tables that contain platform-related information, and boot and runtime service calls that are
availableto the OS and itsloader. Together, these provide a standard environment for booting

an OS.

The EFI specification is designed as a pure interface specification. As such, the specification
defines the set of interfaces and structures that platform firmware must implement. Similarly, the
specification defines the set of interfaces and structures that the OS may use in booting. How either
the firmware devel oper chooses to implement the required elements or the OS developer chooses to
make use of those interfaces and structures is an implementation decision left for the devel oper.

The intent of this specification isto define away for the OS and platform firmware to communicate
only information necessary to support the OS boot process. Thisisaccomplished through aformal
and compl ete abstract specification of the software-visible interface presented to the OS by the
platform and firmware.

Using this formal definition, a shrink-wrap OS intended to run on Intel® Architecture-based
platforms will be able to boot on a variety of system designs without further platform or OS
customization. The definition will also allow for platform innovation to introduce new features and
functionality that enhance platform capability without requiring new code to be written in the OS
boot sequence.

Furthermore, an abstract specification opens aroute to replace legacy devices and firmware code
over time. New device types and associated code can provide equivalent functionality through the
same defined abstract interface, again without impact on the OS boot support code.

The EFI specification is primarily intended for the next generation of 1A-32 and | A-64 Intel
Architecture-based computers. Thus, the specification is applicable to afull range of hardware
platforms from mobile systems to servers. At the same time the specification allows maximum
extensibility and customization abilities for OEMsto allow differentiation. In this, the purpose of
EFl is to define an evolutionary path from the traditional “PC2AStyle boot world into a legacy-
API free environment.
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This specification is organized as follows:

Table 1-1.

Organization of EFI Specification

Chapter/Appendix

Description

1. Introduction Provides an overview of the EFI Specification.

2. Overview Describes the major components of EFI, including the boot manager,
firmware core, calling conventions, protocols, and requirements.

3. Services Contains definitions for the fundamental services that are present in an
EFI-compliant system.

EFI Image Defines EFl images, a class of files that contain executable code.
Device Path Protocol Defines the device path protocol and provides the information needed to
construct and manage device paths in the EFI environment.

6. Device I/O Protocol Defines the Device I/O protocol, which is used by code running in the
EFI boot services environment to access memory and /0.

7. Console I/O Protocol Defines the Console 1/O protocol, which handles input and output of text-
based information intended for the system user while executing in the
EFI boot services environment.

8. Block I/O Protocol Defines the Block 1/0 protocol, which is used to abstract mass storage
devices to allow code running in the EFI boot services environment to
access the devices without specific knowledge of the type of device or
controller that manages the device.

9. Disk I/O Protocol Defines the Disk 1/0 protocol, which is used to abstract Block 1/0 devices
to allow non-block sized I/O operations.

10. File System Protocol Defines the File System protocol, which allows code running in the EFI
boot services environment to obtain file based access to a device.

11. Load File Protocol Defines the Load File protocol, which allows code running in the EFI boot
services environment to find and load other modules of code.

12. Serial I/O Protocol Defines the Serial I/O protocol, which is used to abstract byte stream
devices.

13. Unicode Collation Protocol Defines the Unicode Collation protocol, which is used to allow code
running in the EFI boot services environment to perform lexical
comparison functions on Unicode strings for given languages.

14. PXE_BC Protocol Defines the PXE_BC protocol, which is used perform network boot

operations.

continued
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Table 1-1.  Specification Organization and Contents (continued)

Chapter/Appendix Description

15. Simple Network Protocol Defines the Simple Network Protocol, which provides a packet level
interface to a network device.

16. File System Format Defines the EFI file system.

17. Boot Manager Describes the boot manager, which is used to load EFI drivers and EFI
applications.

18. PCI Expansion ROM Describes how to provide an EFI driver image within a PCI
expansion ROM.

GUID and Time Formats Explains format of EFI GUIDs (Guaranteed Unique Identifiers).

B. Console Describes the requirements for a basic text-based console required by
EFI-conformant systems to provide communication capabilities.

C. Device Path Examples Examples of use of the data structures that defines various hardware
devices to the EFI boot services.

D. Status Codes Lists success, error, and warning codes returned by EFI interfaces.

E. Alphabetic Function List Lists all EFI interface functions alphabetically.

F. Glossary Briefly describes terms defined or referenced by this specification.

G. Index Provides an index to the key terms and concepts in the specification.

1.2 Goals

The “PC-AT” boot environment presents significant challenges to innovation within the industry.
Each new platform capability or hardware innovation requires firmware developers to craft
increasingly complex solutions, and often requires OS developers to make changes to their boot
code before customers can benefit from the innovation. This can be a time-consuming process
requiring a significant investment of resources.

The primary goal of the EFI specification is to define an alternative boot environment that can
alleviate some of these considerations. In this goal, the specification is similar to other existing
boot specifications. The main properties of this specification and similar solutions can be
summarized by these attributes:

e Coherent, scalable platform environment. The specification defines a complete solution for the
firmware to completely describe platform features and surface platform capabilities to the OS
during the boot process. The definitions are rich enough to cover the full range of
contemporary Intel Architecture-based system designs.

« Abstraction of the OSfromthe firmware. The specification defines interfaces to platform
capabilities. Through the use of abstract interfaces, the specification allows the OS loader to be
constructed with far less knowledge of the platform and firmware that underlie those interfaces.
The interfaces represent a well-defined and stable boundary between the underlying platform
and firmware implementation and the OS loader. Such a boundary allows the underlying
firmware and the OS loader to change provided both limit their interactions to the defined
interfaces.
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Reasonabl e device abstraction free of legacy interfaces “PC-AT” BIOS interfaces require the

OS loader to have specific knowledge of the workings of certain hardware devices. This
specification provides OS loader developers with something different — abstract interfaces that
make it possible to build code that works on a range of underlying hardware devices without
having explicit knowledge of the specifics for each device in the range.

Architecturally shareable system partition. Initiatives to expand platform capabilities and add

new devices often require software support. In many cases, when these platform innovations
are activated before the OS takes control of the platform, they must be supported by code that is
specific to the platform rather than to the customer’s choice of OS. The traditional approach to
this problem has been to embed code in the platform during manufacturing (for example, in
flash memory devices). Demand for such persistent storage is increasing at a rapid rate. This
specification defines persistent store on large mass storage media types for use by platform
support code extensions to supplement the traditional approach. The definition of how this
works is made clear in the specification to ensure that firmware developers, OEMs, and perhaps
even third parties can share the space safely while adding to platform capability.

Defining a boot environment that delivers these attributes could be accomplished in many ways.
Indeed several alternatives, perhaps viable from an academic point of view, already existed at the
time this specification was written. These alternatives, however, typically presented high barriers
to entry given the current infrastructure capabilities surrounding Intel Architecture platforms. This
specification is intended to deliver the attributes listed above while also recognizing the unique
needs of an industry that has considerable investment in compatibility and a large installed base of
systems that cannot be abandoned summarily. These needs drive the requirements for the
additional attributes embodied in this specification:

Evolutionary, not revolutionary. The interfaces and structures in the specification are designed
to reduce the burden of an initial implementation as much as possible. While care has been
taken to ensure that appropriate abstractions are maintained in the interfaces themselves, the
design also ensures that reuse of BIOS code to implement the interfaces is possible with a
minimum of additional coding effort. In other words, on 1A-32 platforms the specification can
be implemented initially as a thin interface layer over an underlying implementation based on
existing code. At the same time, introduction of the abstract interfaces provides for migration
away from legacy code in the future. Once the abstraction is established as the means for the
firmware and OS loader to interact during boot, developers are free to replace legacy code
underneath the abstract interfaces at leisure. A similar migration for hardware legacy is also
possible. Since the abstractions hide the specifics of devices, it is possible to remove
underlying hardware, and replace it with new hardware that provides improved functionality,
reduced cost, or both. Clearly this requires that new platform firmware be written to support
the device and present it to the OS loader via the abstract interfaces. However, without the
interface abstraction, removal of the legacy device might not be possible at all.

Compatibility by design. The design of the system patrtition structures also preserves all the
structures that are currently used in the “PC-AT” boot environment. Thus it is a simple matter
to construct a single system that is capable of booting a legacy OS or an EFl-aware OS from
the same disk.
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Smplifies addition of OS-neutral platform value-add. The specification defines an open

extensible interface that lends itself to the creation of platform “drivers.” These may be
analogous to OS drivers, providing support for new device types during the boot process, or
they may be used to implement enhanced platform capabilities like fault tolerance or security.
Furthermore this ability to extend platform capability is designed into the specification from the
outset. This is intended to help developers avoid many of the frustrations inherent in trying to
squeeze new code into the traditional BIOS environment. As a result of the inclusion of
interfaces to add new protocols, OEMs or firmware developers have an infrastructure to add
capability to the platform in a modular way. Such drivers may potentially be implemented
using high level coding languages because of the calling conventions and environment defined
in the specification. This in turn may help to reduce the difficulty and cost of innovation. The
option of a system patrtition provides an alternative to non-volatile memory storage for such
extensions.

Built on existing investment. Where possible, the specification avoids redefining interfaces and
structures in areas where existing industry specifications provide adequate coverage. For
example, the ACPI specification provides the OS with all the information necessary to discover
and configure platform resources. Again, this philosophical choice for the design of the
specification is intended to keep barriers to its adoption as low as possible.

1.3 Target Audience

1.4

This document is intended for the following readers:

OEMs who will be creating Intel Architecture-based platforms intended to boot shrink-wrap
operating systems.

BIOS developers, either those who create general-purpose BIOS and other firmware products
or those who modify these products for use in Intel Architecture-based products.

Operating system developers who will be adapting their shrink-wrap operating system products
to run on Intel Architecture-based platforms.

Related Information

The following publications and sources of information may be useful to you or are referred to by
this specification:

ACPI Implementers Guide, Intel Corporation, Microsoft Corporation, Toshiba Corporation,
version 0.5, 1998, http://www.teleport.com/~acpi

Advanced Configuration and Power Interface Specification, http://www.teleport.com/~acpi

BIOS Boot Specification Version 1.01, Compag Computer Corporation, Phoenix Technologies
Ltd., Intel Corporation, 1996, http://www.phoenix.com/products/specs.html

CAE Specification [UUID], DCE 1.1: Remote Procedure Call, Document Number C706,

Universal Unique Identifier Appendix, Copyright © 1997, The Open Group,
http://www.opengroup.org/onlinepubs/9629399/toc.htm

Clarification to Plug and Play BIOS Specification Version 1.0

http://www.mi crosoft.com/hwdev/respec/pnpspecs.htm
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« “El Torito” Bootable CD-ROM Format Specificatio,ersion 1.0, Phoenix Technologies,
Ltd., IBM Corporation, 1994, http://www.phoenix.com/products/specs.html

* File Verification using CROMark R. Nelson, Dr. Dobbs, May 1994

» Hardware Design Guide Version 2.0 for Microddftindows NTT Server, Intel Corporation,
Microsoft Corporation, 1998, http://devel oper.intel.com/design/servers/desguide/index.htm

* 1A-64 Software Conventions and Runtime Architecture Guide, Rev. 2.5E (SC-2847). Also
available at http://devel oper.intel.com/des gn/iab4/downloads/245256.htm

* 1A-64 System Abstraction Layer Specification, Rev 2.6, document number SC-2793, 1997,
1998 Intel Corporation

* 1A-64 Processor Programmer’s Reference ManRal 4.0. Document number SC-2766-9.
Intel Corporation 1997, 1998

* |A-64 Application Developer’s Architecture Guiditel order number 245188-001. Also
available at http://devel oper.intel.com/des gn/ia64/downl oads/adag.htm

* |EEE 1394 Specificatigrnttp://www.1394ta.org/

e ISO/IEC 3309:1991(E), Information Technology - Telecommunications and information
exchange between systems - High-level data link control (HDLC) procedures - Frame
structure International Organization For Standardization, Fourth edition 1991-06-01

e ITU-T Rec. V.42, Error-Correcting Procedures for DCEs using asynchronous-to-synchronous
conversion10/96

» OSTA Universal Disk Format Specificatjdevision 2.00, Optical Storage Technology
Association, 1998, http://www?2.osta.org/osta/html/ostatech.html#udf

* PCI BIOS SpecificatioRevision 2.1, PCI Special Interest Group, Hillsboro, OR,
http://www.pcisig.com/specs.html

* Portable Executable and Common Object File Format Specificatea
http://msdn.microsoft.com/library/specs/msdn_pecoff.htm

e Preboot Execution Environment (PXE) Specificatdersion 1.0 Release Candidate. Intel
Corporation, 1998

e Plug and Play BIOS Specificatioiersion 1.0A, Compag Computer Corporation, Phoenix
Technologies, Ltd., Intel Corporation, 1994, ftp://download.intel.com/ial/wfm/biol0a.pdf or
http://www.mi crosoft.com/hwdev/respec/pnpspecs.htm

«  POST Memory Manager Specificatidersion 1.01, Phoenix TechnologiesLtd., Intel
Corporation, 1997, http://www.phoenix.com/products/specs.html

» [RFC 791] Internet Protocol DARPA Internet Program Protocol (IPv4) Specification
September 1981, http://www.fags.org/rfcs/rfc791.html

* [RFC 1700] J. Reynolds, J. Postel: Assigned Numbers | 1SI, October 1994

« [RFC 2460Q] Internet Protocol, Version 6 (IPv6) Specificatjo
http://www.fags.org/rfcs/rfc2460.html

* SYSID BIOS Support Interface Requirem#fasion 1.2, Intel Corporation, 1997,
http://devel oper.intel.com/ial/WfM/des gn/mapxe/pxespec.htm

e SYSID Programming Interfadéersion 1.2,
http://devel oper.intel.com/ial/WfM/des gn/mapxe/pxespec.htm
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1.5

*  System Management BIOS Reference Specification, Version 2.3, American Megatrends Inc.,
Award Software International Inc., Compag Computer Corporation, Dell Computer
Corporation, Hewlett-Packard Company, Intel Corporation, International Business Machines
Corporation, Phoenix Technologies Limited, and SystemSoft Corporation, 1977, 1998,
http://devel oper.intel.com/ia/WfM/design/BIBLIOG.HTM or
http://www.phoenix.com/products/specs.html

* The Unicode Sandard, Version 2.1, Unicode Consortium, http://www.unicode.org/

e 180 639-2:1998. Codes for the Representation of Names of Languages — Part2: Alpha-3 code,
http://www.iso.ch/

e Universal Serial Bus PC Legacy Compatibility Specification, Version 0.9,
http://www.usb.org/developers/index.html

*  Wired for Management Baseline, Version 2.0 Release Candidate. Intel Corporation, 1998,
http://developer.intel.com/ial/WfM

Prerequisite Specifications

In general, this specification requires that functionality defined in a number of other existing
specifications be present on a system that implements this specification. This specification requires
that those specifications be implemented at least to the extent that all the required elements are
present.

This specification prescribes the use and extension of previously established industry specification
tables whenever possible. The trend to remove runtime call-based interfaces is well documented.
The ACPI @dvanced Configuration and Power Interface Specification) and the SAL (System

Access Layer) specification are two examples of new and innovative firmware technologies that
were designed on the premise that OS developers prefer to minimize runtime calls into firmware.
ACPI focuses on no runtime calls to the BIOS, and the SAL specification only supports runtime
services that make the OS more portable.

1.5.1 ACPI Specification

The interface defined by thvanced Configuration and Power Interface (ACPI) Soecification is

the current state-of-the-art in the platform-to-OS interface. ACPI fully defines the methodology
that allows the OS to discover and configure all platform resources. ACPI allows the description of
non-Plug and Play motherboard devices in a plug and play manner. ACPI also is capable of
describing power management and hot plug events to the OS. (For more information on ACPI,
refer to the ACPI web site at http://www.teleport.com/~acpi).

1.5.2 WIM Specification

The Wired for Management (WfM) Specification defines a baseline for manageability that can be
used to lower the total cost of ownership of a computer system. WfM includes the System
Management BIOS (SMBIOS) table-based interface that is used by the platform to relate platform-
specific management information to the OS or an OS-based management agent. The format of the
data is defined in th8ystem Management BIOS Reference Specification, and it is up to higher level
software to map the information provided by the platform into the appropriate schema. Examples
of schema would include CIM (Common Information Model) and DMI (Desktop Management
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Interface). For more information on WfM or to obtain a copy of the WfM Specification, visit
http://devel oper.intel.com/ial/WfM. To obtain the System Management BIOS Reference
Soecification, visit http://devel oper.intel.com/ial /WfM/design/BIBLIOG.HTM.

1.5.3 Additional Considerations for IA-64 Platforms

1.6

Any information or service that is available via | A-64 firmware architecture specifications
supercedes any requirement in the common IA-64and | A-32 specifications listed above. The lA-64
firmware architecture specifications (currently the | A-64 System Abstraction Layer Specification
and portions of the Merced Programmer’s Reference Manjuadgfine the baseline functionality
required for al 1A-64 platforms. The major addition that EFl makes to these |A-64 firmware
architecture specificationsis that it defines a boot infrastructure and a set of servicesthat constitute
acommon platform definition for high volume | A-64 systems to implement based on the more
generalized | A-64 firmware architecture specifications.

The following specifications are the required 1A-64 architectural specificationsfor all
|A-64 platforms:

* 1A-64 System Abstraction Layer SpecificatiBav 2.6, (document number SC-2328)
e Merced Programmer’s Reference Manuéblume 1, Rev 2.0 (document number SC-2084-6)

EFI Design Overview

The design of EFI is based on the following fundamental elements:

* Reuse of existing table-based interfacksorder to preserve investment in existing
infrastructure support code, both in the OS and firmware, a number of existing specifications
that are commonly implemented on Intel Architecture platforms must be implemented on
platforms wishing to comply with the EFI specification. (See Section 1.5 for additional
information.)
e System partition The System Partition defines a partition and file system that are designed to
allow safe sharing between multiple vendors, and for different purposes. The ability to include
a separate sharable system partition presents an opportunity to increase platform value-add
without significantly growing the need for non-volatile platform memory.
» Boot servicesBoot Services providesinterfaces for devices and system functionality that can
be used during boot time. Device access is abstracted through “handles” and “protocols.” This
facilitates reuse of investment in existing BIOS code by keeping underlying implementation
requirements out of the specification without burdening the consumer accessing the device.
* Runtimeservices. A minimal set of runtime services is presented to ensure appropriate
abstraction of base platform hardware resources that may be needed by the OS during its
normal operations.
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Figure 1-1 shows the principal components of EFI and their relationship to platform hardware and

OS software.

OPERATING SYSTEM

EFI OS LOADER

[OTHER]

INTERFACES
FROM
OTHER
REQUIRED
SPECS

EFI BOOT SERVICES

EFI RUNTIME
SERVICES

PLATFORM HARDWARE

EFI SYSTEM PARTITION

EFI OS
LOADER

Figure 1-1. EFI Conceptual Overview

This diagram illustrates the interactions of the various components of an EFl specification-

compliant system that are used to accomplish platform and OS boot.

The platform firmware is able to retrieve the OS loader image from the EFl System Partition. The
specification provides for avariety of mass storage device typesincluding disk, CD-ROM and
DVD aswell asremote boot via a network. Through the extensible protocol interfaces, itis
possible to envision other boot media types being added, athough these may require OS loader
modificationsif they require use of protocols other than those defined in this document.

Once started, the OS loader continues to boot the complete operating system. To do so, it may use
the EFI boot services and interfaces defined by this or other required specifications to survey,
comprehend and initialize the various platform components and the OS software that manages
them. EFI runtime services are also available to the OS loader during the boot phase.
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1.7 Migration Requirements

Migration requirements cover the transition period from initial implementation of this specification
to afuture time when al platforms and operating systems implement to this specification. During
this period, two mgjor compatibility considerations are important:
1. The ability to continue booting legacy operating systems;
and
2. Theability to implement EFl on existing platforms by reusing as much existing firmware code
to keep development resource and time requirements to a minimum.

1.7.1 Legacy Operating System Support

The EFI specification represents the preferred means for a shrink-wrap OS and firmware to
communicate during the Intel Architecture platform boot process. However, choosing to make a
platform that complies with this specification in no way precludes a platform from also supporting
existing legacy OS hinaries that have no knowledge of the EFI specification.

The EFI specification does not restrict a platform designer who chooses to support both the EFI
specification and a more traditional “PC-AT” boot infrastructure. If such a legacy infrastructure is
to be implemented it should be developed in accordance with existing industry practice that is
defined outside the scope of this specification. The choice of legacy operating systems that are
supported on any given platform is left to the manufacturer of that platform.

1.7.2 Supporting the EFI Specification on a Legacy Platform

10

The EFI specification has been carefully designed to allow for existing systems to be extended to
support it with a minimum of development effort. In particular, the abstract structures and services
defined in the EFI specification can all be supported on legacy platforms.

For example, to accomplish such support on an existing 1A-32 platform that uses traditional BIOS
to support operating system boot, an additional layer of firmware code would need to be provided.
This extra code would be required to translate existing interfaces for services and devices into
support for the abstractions defined in this specification.
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1.8

Conventions Used in This Document

This document uses typographic and illustrative conventions described below.

1.8.1 Data Structure Descriptions

The Intel Architecture processors of the 1A-32 family are “little endian” machines. This means that
the low-order byte of a multi-byte data item in memory is at the lowest address, while the high-
order byte is at the highest address. Processors of the IA-64 family may be configured for both
“little endian” and “big endian” operation. All implementations designed to conform to this
specification will use “little endian” operation.

In some memory layout descriptions, certain fields are madsedved. Software must initialize
such fields to zero, and ignore them when read. On an update operation, software must preserve
any reserved field.

1.8.2 Typographic Conventions

1.9

The following typographic conventions are used in this document to illustrate programming
concepts:

Pr ot ot ype This typeface is use to indicate prototype code.

Ar gunment This typeface is used to indicate arguments.
Nane This typeface is used to indicate actual code or a programming construct.
register This typeface is used to indicate a processor register.

Guidelines for Use of the Term “Extensible Firmware Interface”

The following recommendations are offered for devel opers creating products or documentation that
have the need to make reference to this specification. The intent of these recommendationsisto
ensure consistent usage of the name of the specification in the industry and to avoid ambiguous or
out of context use that might otherwise cause confusion.

e Inany given piece of collateral or other materials where it is necessary to abbreviate
“Extensible Firmware Interface,:” the first use and all prominent uses of “Extensible Firmware
Interface” should be fully spelled out and immediately followed by “EFI” in parentheses. This
will establish that EFI is being used only as an abbreviation. For example, “The Extensible
Firmware Interface (hereafter “EFI") is an architecture specification.”

« After the first use where “Extensible Firmware Interface” is fully spelled out, “EFI” may be
used standalone. As indicated above, the abbreviation should only be used where necessary,
e.g. where space constrained or to avoid excessive repetition in text and the abbreviation should
not be used in any prominent places, such as in titles or paragraph headings.

Version 0.92 1/19/00 11
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Overview

EFI alowsthe extension of platform firmware by loading EFI driver and EFl application images.
When EFI drivers and EFI applications are |oaded they have accessto al EFI defined runtime and

boot services. See Figure 2-1.

| EFI API

oot Servic

-

Terminate
Standard Diivers and Boot from Cperation
firmware applicaions o dered list handed off
platform loaded of EFIOS to OS loader
initialization iterativel y loaders
— « APl specified ... Value addimplementation

[]Boot Manager [B] EFIbinaries

Figure 2-1. Booting Sequence

EFI alowsthe consolidation of boot menus from the OS loader and platform firmware into asingle
platform firmware menu. These platform firmware menus will allow the selection of any EFl OS
loader from any partition on any boot medium that is supported by EFI boot services. An EFI OS

loader can support multiple options that can appear on the user interface. It isalso possible to

include legacy boot options, such as booting from the A: or C: drivein the platform firmware boot

menus.

EFI supports booting from media that contain an EFI OS loader or an EFI-defined System Partition.

An EFI-defined System Partition is required by EFI to boot from a block device. EFI does not

require any changeto the first sector of a partition, soit is possible to build mediathat will boot on

both legacy Intel Architecture and EFI platforms.

Version 0.92 1/19/00
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2.1

2.2

Boot Manager

EFI contains a boot manager that allows the loading of EFI applications (including OS 1<t stage
loader) or EFI driversfrom any file on an EFI defined file system. EFI defines NVRAM variables
that are used to point to the file to be loaded. These variables also contain application specific data
that are passed directly to the EFI application. The variables also contain a human readable
Unicode string that can be displayed to the user in amenu.

The variables defined by EFI allow the system firmware to contain a boot menu that can point to al
the operating systems, and even multiple versions of the same operating systems. The design goal
of EFI was to have one set of boot menus that could live in platform firmware. EFI only specifies
the NVRAM variables used in selecting boot options. EFl leaves the implementation of the menu
system as val ue added implementation space.

EFI greatly extends the boot flexibility of a system over the current state of the art in the
PC-AT-class system. The PC AT-class systems today are restricted to boot from the first floppy,
hard drive, CD-ROM, or network card attached to the system. Booting from a common hard drive
can cause lots of interoperability problems between operating systems, and different versions of
operating systems from the same vendor

Firmware Core

This section provides an overview of the services defined by EFI. These include boot services and
runtime services.

2.2.1 EFI Services

14

The purpose of the EFI interfaces isto define acommon boot environment abstraction for use by
loaded EFI images, which include EFI drivers, EFI applications, and EFl OSloaders. Thecallsare
defined with afull 64-bit interface, so that there is headroom for future growth. The goal of this set
of 64-bit platform callsisto allow the platform and OS to evolve and innovate independently of
one another. Also, astandard set of primitive runtime services may be used by operating systems.

Platform interfaces defined in this chapter allow the use of standard Plug and Play Option ROMs as
the underlying implementation methodology for the boot services. The PC industry has a huge
investment in Intel Architecture Option ROM technology, and the obsolescence of thisinstalled
base of technology is not practical in the first generation of EFI-compliant systems. The interfaces
have been designed in such as way as to map back into legacy interfaces. Theseinterfaces havein
no way been burdened with any restrictions inherent to legacy Option ROMs.

The EFI platform interfaces are intended to provide an abstraction between the platform and the OS
that isto boot on the platform. The EFI specification also provides abstraction between diagnostics
or utility programs and the platform; however, it does not attempt to implement a full diagnostic OS
environment. It isenvisioned that a small diagnostic OS-like environment can be easily built on
top of an EFI system. Such adiagnostic environment is not described by this specification.

1/19/00 Version 0.92



]
Intel DRAFT Overview

Interfaces added by this specification are divided into the following categories and are detailed |ater
in this document:
* Runtime services
* Boot services interfaces, with the following sub-categories:
0 Global boot service interfaces
O Device handle-based boot service interfaces
0 Device protocols
O Protocol services

2.2.2 Runtime Services

This section describes EFI runtime service functions. The primary purpose of the EFI runtime
servicesisto abstract minor parts of the hardware implementation of the platform from the OS.

EFI runtime service functions are avail able during the boot process and also at runtime provided the
OS switchesinto flat physical addressing mode to make the runtime call. However, if the OS
loader or OS usesthe Set Vi rt ual Addr essMap() service, the OSwill be able to call EFI
runtime services in avirtual addressing mode. All runtime interfaces are non-blocking interfaces
and can be called with interrupts disabled if desired.

In all cases memory used by the EFI runtime services must be reserved and not used by the OS.
EFI runtime services memory is always available to an EFI function and will never be directly
manipulated by the OS or its components.

The following table lists the Runtime Services functions:

Table 2-1. EFI Runtime Services

Name Description

GetTime Returns the current time, time context, and time keeping capabilities.
SetTime Sets the current time and time context.

GetWakeupTime Returns the current wakeup alarm settings.

SetWakeupTime Sets the current wakeup alarm settings.

GetVariable Returns the value of a named variable.

GetNextVariableByName Enumerates variable names.

SetVariable Sets, and if needed creates, a variable.

SetVirtualAddressMap Switches all runtime functions from physical to virtual addressing.
ConvertPointer Used to convert a pointer from physical to virtual addressing.

GetNextHighMonotonicCount ~ Subsumes the platform’s monotonic counter functionality.

ResetSystem Resets all processors and devices and reboots the system.

2.3 Calling Conventions

Unless otherwise stated, all functions defined in the EFI specification are called through pointersin
common, architecturally defined, calling conventions found in C compilers. Pointers to the various
global EFI functionsarefound inthe EFI _RUNTI ME_SERVI CES and EFI _BOOT _SERVI CES

Version 0.92 1/19/00 15
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tables that are located viathe EFl system table. Pointersto other functions defined in this
specification are located dynamically through device handles. In al cases, al pointersto EFI
functions are cast with the word EFIAPI. This alows the compiler for each architecture to supply
the proper compiler keywords to achieve the needed calling conventions. 1A-64 and 1A-32 calling
conventions are described in more detail below. Any function or protocol may return any valid

return code.

Data Types

Table 2-2 lists the common data types that are used in the interface definitions, and Table 2-3 lists
their modifiers. Unless otherwise specified al datatypes are naturally aigned. Structures are
aligned on boundaries equal to the largest internal datum of the structure and internal data are
implicitly padded to achieve natural alignment.

Table 2-2. Common EFI Data Types

Mnemonic Description

BOOLEAN Logical boolean. 1 byte value containing a 0 for FALSE or a 1 for TRUE. Other
values are undefined.

INTN Signed value of native width. (4 bytes on 1A-32, 8 bytes on 1A-64)

UINTN Unsigned value of native width. (4 bytes on IA-32, 8 bytes on |A-64)

INT8 1 byte signed value.

UINT8 1 byte unsigned value.

INT16 2 byte signed value.

UINT16 2 byte unsigned value.

INT32 4 byte signed value.

UINT32 4 byte unsigned value.

INT64 8 byte signed value.

UINT64 8 byte unsigned value.

CHARS8 1 byte Character.

CHARL16 2 byte Character. Unless otherwise specified all strings are stored in the
UTF-16 encoding format as defined by Unicode 2.1 and ISO/IEC 10646 standards.

VOID Undeclared type.

EFI_GUID 128 bit buffer containing a unique identifier value. Unless otherwise specified,
aligned on a 64 bit boundary.

EFI_STATUS Status code. Type INTN.

EFI_HANDLE Handle to a device driver. Type VOID *.

EFI_EVENT Handle to an event structure Type VOID *.

EFI_LBA Logical block address. Type UINT64.

EFI_TPL Task priority level. Type UINTN.

<Enumerated Type>

Signed value of native width. (4 bytes in A\IA-32, 8 bytes on |1A-64)
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Table 2-3. Modifiers for Common EFI Data Types

Mnemonic Description
IN Datum is passed to the function.
ouT Datum is returned from the function.
OPTIONAL Passing the datum to the function is optional, and a NULL may be
passed if the value is not supplied.
UNALIGNED Datum is byte packed and is not naturally aligned.
EFIAPI Defines the calling convention for EFI interfaces.
2.3.2 1A-32 Platforms

All functions are called with the C language calling convention. The general -purpose registers that
arevolatile across function calls are eax, ecx, and edx. All other general-purpose registers are non-
volatile and are preserved by the target function. In addition, unless otherwise specified by the
function definition, al other registers are preserved. For example, this would include the entire
floating point and Intel® MMX™ technology state.

During boot services time the processor is in the following execution mode:

Uniprocessor

Protected mode.

Paging mode not enabled.

Selectors are set to be flat and are otherwise not used.

Interrupts are enabled — though no interrupt services are supported other than the EFI boot
services timer functions. (All loaded device drivers are serviced synchronously by “polling.”)

Direction flag in EFLAGs is clear.
Other general purpose flag registers are undefined.
128 KB, or more, of available stack space.

For an operating system to use any EFI runtime services, it must:

Preserve all memory in the memory map marked as runtime code and runtime data
Call the runtime service functions, with the following conditions:

O Called from the boot processor

In protected mode

Pagingnot enabled

All selectors set to be flat with virtual = physical address. If the OS Loader or OS used
Set Vi rt ual Addr essMap() to relocate the runtime services in a virtual address

space, then this condition does not have to be met.
O Direction flag in EFLAGS clear
0 4 KB, or more, of available stack space
O Interrupts disabled.

Synchronize processor access to the legacy CMOS registers (if there are multiple processors).
Only one processor can access the registers at any given time.

[ |
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2.3.3 |A-64 Platforms

EFI executes as an extension to the SAL execution environment with the same rules aslaid out by
the SAL specification.

During boot services time the processor is in the following execution mode:

e Uniprocessor

e Physical mode.

e 128 KB, or more, of available stack space.

« 16 KB, or more, of available backing store space.

¢ May only usethe lower 32 floating point registers.

The EFI Image may invoke both SAL and EFI procedures. Once in virtual mode, the EFI OS must

switch back to physical mode to call any boot services. If Set Vi rt ual Addr essMVap() has
been used, then runtime service calls are made in virtual mode.

Refer to the | A-64 System Abstraction Layer Specification for details.

EFI procedures are invoked using the P64 C calling conventions defined for |A-64. Refer to the
document 64 Bit Runtime Architecture and Software Conventions for | A-64 for more information.

2.4 Protocols

The protocol s that a device handle supports are discovered through the Handl ePr ot ocol ()
service. Each protocol has a specification that includes:

* The protocol’s globally unique ID (GUID)

e The Protocol Interface structure

e The Protocol Services.

To determine if the device handle supports any given protocol, the protocol’s GUID is passed to
Handl ePr ot ocol (). If the device supports the requested protocol, a pointer to the defined

Protocol Interface structure is returned. The Protocol Interface structure links the caller to the
protocol-specific services to use for this device.

18 1/19/00 Version 0.92
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Figure 2-1 shows the construction of a protocol. The EFI driver contains functions specific to one
or more protocol implementations, and registers them with | nst al | Pr ot ocol () service. The
firmware returns the Protocol Interface for the protocol that is then used to invoke the protocol
specific services. The EFI driver keeps private, device-specific context with protocol interfaces.

HandleProtocol (GUID..

' Handle EFI Driver
1 [Guip1] |
Invoking one of Protocol Interface Protocol
the protocol ; - specific
X —P P :
services Eunct!on pointer Lw| functions
unction pointer | > Device, or
| next Driver
] [Guip2 ] |
Device specific &
context Protocol
specific
functions

Figure 2-1. Construction of a Protocol

The following C code fragment illustrates the use of protocols:

/I There is a global “EffectsDevice” structure. This
/I structure contains information pertinent to the device.

/I Connect to the ILLUSTRATION_PROTOCOL on the EffectsDevice,
/I by calling HandleProtocol with the device’s EFI device handle
/I and the ILLUSTRATION_PROTOCOL GUID.

EffectsDevice.Handle = DeviceHandle;

Status = HandleProtocol (
EffectsDevice.EFIHandle,
&lllustrationProtocol,
&EffectsDevice.lllustrationProtocol

);

/I Use the EffectsDevice illustration protocol’s “MakeEffects”
/I service to make flashy and noisy effects.

Status = EffectsDevice.lllustrationProtocol->MakeEffects (
EffectsDevice.lllustrationProtocol,
TheFlashyAndNoisyEffect

);
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Table 2-4 lists the EFI protocols defined by this specification.

Table 2-4. EFI Protocols

Protocol Name Description

BLOCK_IO Protocol interfaces for devices that support block 1/0O style accesses.
DEVICE_IO Protocol interfaces for performing device /0.

DEVICE_PATH Provides the location of the device.

DISK_IO A protocol interface that layers onto any BLOCK_IO interface.
SIMPLE_FILE_SYSTEM Protocol interfaces for opening disk volume containing an EFI file system.
EFI_FILE_HANDLE Provides access to supported file systems.

LOAD_FILE Protocol interface for reading a file from an arbitrary device.
LOADED_IMAGE Provides information on the image.

PXE_BC Protocol interfaces for devices that support network booting.

SERIAL_IO Protocol interfaces for devices that support serial character transfer.
SIMPLE_INPUT Protocol interfaces for devices that support simple console style text input.

SIMPLE_TEXT_OUTPUT  Protocol interfaces for devices that support console style text displaying.

SIMPLE_NETWORK Provides interface for devices that support packet based transfers.

UNICODE_COLLATION Protocol interfaces for Unicode string comparison operations.

2.5 Requirements

This document is an architectural specification. As such, care has been taken to specify
architecture in ways that allow maximum flexibility in implementation. However, there are certain
requirements on which elements of this specification must be implemented to ensure that operating
system loaders and other code designed to run with EFI boot services can rely upon a consistent
environment.

For the purposes of describing these requirements, the specification is broken up into required and
optional elements. In general, an optional el ement is completely defined in the section that matches
the element name. For required elements however, the definition may in afew cases not be entirely
self contained in the section that is named for the particular element. In implementing required
elements, care should be taken to cover all the semantics defined in this specification that relate to
the particular element.
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2.5.1 Required Elements

Table 2-5 liststhe required elements. Any system that is designed to conform to the EFI
specification must provide a complete implementation of all these elements. This means that al the
required service functions and protocols must be present and the implementation must deliver the
full semantics defined in the specification for all combinations of calls and parameters.

Table 2-5. Required EFI Implementation Elements

Element Description

Boot Services All functions defined as boot services.

Runtime Services All functions defined as runtime services.

Partitioning Functionality to provide BLOCK_IO interfaces for logical block devices
as defined by partition table, or El Torito “no emulation” device.

BLOCK IO protocol Protocol interfaces for devices that support block 1/0 style accesses.

DEVICE_IO protocol Protocol interfaces for performing device 1/0.

DEVICE_PATH protocol Provides the location of the device.

DISK 10O protocol Protocol interfaces for providing disk 10 from a BLOCK _|O interface.

LOAD_FILE protocol Protocol interface for reading a file from an arbitrary device.

LOADED_IMAGE protocol Provides information on the image.

SIMPLE_FILE_SYSTEM protocol  Protocol interfaces for opening disk volumes through a DISK_10
interface.

EFI_FILE_HANDLE protocol Protocol interfaces for accessing the device with file 1/0O style accesses
through a DISK_|O interface.

SIMPLE_INPUT protocol Protocol interfaces for devices that support simple console style text
input.

SIMPLE_TEXT_OUTPUT protocol Protocol interfaces for devices that support console style text
displaying.

UNICODE_COLLATION protocol Protocol interfaces for Unicode string comparison operations.

2.5.2 Optional Elements

Table 2-6 liststhe optional elements. Any system that is designed to conform to the EFI
specification may choose whether or not to provide a complete implementation of all these
elements. However, any system choosing to provide an implementation of one of these optiona
elements must do so to the same extent as for required elements. In other words, an
implementation of any single optional element of this specification must include all the functions
defined as part of the option and must deliver the full semantics defined for the servicesfor all
combinations of cals and parameters.
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Table 2-6. Optional EFI Implementation Elements

Element Description

SERIAL_IO protocol Protocol interfaces for byte stream devices.

SIMPLE_NETWORK protocol Protocol interfaces for devices that support packet based transfers.

PXE_BC protocol Protocol interfaces for devices that support PXE 1/0O network access.

2.5.3 Appendixes

22

The content of Appendixes B, C and D of this specification islargely intended as informational. In
other words, semantic information contained in these sections need not be considered part of the
formal definition of either required or optional elements of the specification.

The content of Appendix A isaset of definitions that are used extensively by other interfacesin the
specification. As such, implementations are required to use the time and GUID formats defined
therein.
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This chapter discusses the fundamental services that are present in an EFI-compliant system. The
services are defined by interface functions that may be used by code running in the EFI
environment. Such code may include protocols that manage device access or extend platform
capability, aswell as EFI applications running in the pre-boot environment and EFl OS loaders.

Two types of services are described here:
* Boot Services. Functionsthat are available before any call to Exi t Boot Ser vi ces() .

* Runtime Services. Functionsthat are available before and after any call to
Exi t Boot Servi ces().

During boot, system resources are owned by the firmware and are controlled through boot services

interface functions. These functions can be characterized as “global” or ‘handle-based”. The term
“global” simply means that a function accesses system services and is available on all platforms
(since all platforms support all system services). The term “handle-based” means that the function
accesses a specific device or device functionality and may not be available on some platforms
(since some devices are not available on some platforms). Protocols are created dynamically. This
chapter discusses the “global” functions and runtime functions; subsequent chapters discuss the
"handle-based".

EFI applications (including OS loaders) must use boot services functions to access devices and
allocate memory. On entry, an EFI Image is provided a pointer to an EFI system table which
contains the Boot Services dispatch table and the default handles for accessing the console. All
boot services functionality is available until an EFI OS loader loads enough of its own environment
to take control of the system'’s continued operation and then terminates boot services with a call to
Exi t Boot Servi ces().

In principle, theExi t Boot Ser vi ces() call is intended for use by the operating system to

indicate that its loader is ready to assume control of the platform and all platform resource
management. Thus boot services are available up to this point to assist the OS loader in preparing
to boot the operating system. Once the OS loader takes control of the system and completes the
operating system boot process, only runtime services may be called. Code other than the OS
loader, however, may or may not choose tofailt Boot Ser vi ces(). This choice may in

part depend upon whether or not such code is designed to make continued use of EFI boot services
or the boot services environment.

The rest of this chapter discusses individual functions. Global boot services functions fall into
these categories:

« Event, Timer, and Task Priority Services (Section 3.1)

* Memory Allocation Services (Section 3.2)

* Protocol Handler Services (Section 3.3)

* Image Services (Section 3.4)

« Miscellaneous Services (Section 3.8)
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Runtime Services fall into these categories:
e Variable Services (Section 0)

e Time Services (Section 3.6)

e Virtua Memory Services (Section 3.7)
e Miscellaneous Services (Section 3.8)

Event, Timer, and Task Priority Services

The functions that make up the Event, Timer, and Task Priority Services are used during pre-boot
to create, close, signa, and wait for events; to set timers; and to raise and restore task priority
levels. See Table 3-1.

Table 3-1. Event, Timer, and Task Priority Functions

Name Type  Description

CreateEvent Boot Creates a general-purpose event structure.
CloseEvent Boot Closes and frees an event structure.
SignalEvent Boot Signals an event.

WaitForEvent Boot Stops execution until an event is signaled.
SetTimer Boot Sets an event to be signaled at a particular time.
RaiseTPL Boot Raises the task priority level.

RestoreTPL Boot Restores/lowers the task priority level.

Execution in the boot services environment occurs at different task priority levels, or TPLs. The
boot services environment exposes only three of these:

e TPL_NORMNAL, the lowest level priority level

e TPL_CALLBACK, an intermediate priority level

e TPL_NOTI FY, the highest priority level

Tasksthat execute at a higher priority level may interrupt tasks that execute at alower priority
level. For example, tasksthat run at the TPL__NOTI FY level may interrupt tasks that run at the
TPL_NORMAL or TPL_CALLBACK level. While TPL_NOTI FY isthe highest level exposed to the
boot services applications, the firmware may have higher task priority itemsit deals with. For

example, the firmware may have to deal with tasks of higher priority like timer ticks and internal
devices. Consequently, thereisafourth TPL, TPL_HI GH LEVEL, designed for use exclusively

by the firmware.

Most event notifications, including timers, occur at the TPL_NOTI FY level and therefore interrupt

normal execution. Normally executing code may temporarily raise the task priority level to the
TPL_NOTI FY level by using the Rai seTPL() function. By doing this, TPL_NOTI FY level

event notifications are prohibited from interrupting the code until that task priority level isrestored
and lowered below the TPL_NOTI FY level by calling the Rest or eTPL() function. Many of the

EFI services and EFI protocolsinterface functions have restrictions on the TPL levels they may
execute. See Table 3-2 for asummary of these restrictions.
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Table 3-2.  TPL Restrictions

Name Restriction TPL

Memory Allocation Services <= TPL_NOTI FY

Variable Services <= TPL_CALLBACK

ExitBootServices() = TPL_NORMAL

Loadlmage() <= TPL_CALLBACK

WaitForEvent() Notifications = TPL_NORVAL

Event Notification Levels <= TPL_H GH LEVEL

Event Callout Notifications > TPL_NORVAL

Protocol Interface Functions <= TPL_NOTITFY

Block 1/O Protocol <= TPL_CALLBACK

Disk I/O Protocol <= TPL_CALLBACK

Simple File System Protocol <= TPL_CALLBACK

Simple Input Protocol <= TPL_NORVAL

Simple Text Output Protocol <= TPL_NOTI'FY

Serial I/O Protocol <= TPL_CALLBACK

PXE Base Code Protocol <= TPL_CALLBACK

Simple Network Protocol <= TPL_CALLBACK
Version 0.92 1/19/00 25
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3.1.1 CreateEvent()
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Summary

Creates an event.

Prototype
EFI _STATUS
Creat eEvent (
I N Ul NT32 Type,
I N EFI _TPL Noti fyTpl,
I N EFI _EVENT_NOTI FY Not i fyFunction,
IN VO D *Not i fyCont ext
OQUT EFI _EVENT *Event
)
Parameters
Type Thetype of event to create and its mode and attributes. The
“#define” statements in “Related Definitions” can be used to
specify an event’s mode and attributes.
Not i fyTpl The task priority level of event notifications. See Section 0.

Not i fyFunction

Not i f yCont ext

Event

Pointer to the event’s natification function. See “Related
Definitions”.

Pointer to the notification function’s context; corresponds to
parameteiCont ext in the natification function.

Pointer to the newly created event if the call succeeds; undefined
otherwise.
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Related Definitions

//*******************************************************

/1 EFl_EVENT

//*******************************************************

typedef VA D *EFlI _EVENT

//*******************************************************

/'l Event Types
//**********************~k********************************
/Il These types can be “ORed” together as needed — for example,

/I EVT_TIMER might be “Ored” with EVT_NOTIFY_WAIT or

/[ EVT_NOTIFY_SIGNAL.

#define EVT_TIMER 0x80000000
#define EVT_RUNTIME 0x40000000
#define EVT_RUNTIME_CONTEXT 0x20000000
#define EVT_NOTIFY_WAIT 0x00000100
#define EVT_NOTIFY_SIGNAL 0x00000200
#define EVT_NOTIFY_PCODE_INTERFACE 0x00000400
#define EVT_SIGNAL_EXIT_BOOT_SERVICES 0x00000201

#define EVT_SIGNAL_VIRTUAL_ADDRESS_CHANGE  0x60000202

EVT_TIMER The event is atimer event and may be passed to SetTimer()
Note that timers only function during boot servicestime.
EVT_RUNTIME The event is alocated from runtime memory. If an event isto be
signaed after the call to ExitBootServices() , the event'’s

data structure and natification function need to be allocated from
runtime memory. For more information, see
Set Vi rt ual Addr essMap() (Section 0).

EVT_RUNTI ME_CONTEXT The event's\ot i f yCont ext pointer points to a runtime
memory address. See the discussioB\of RUNTI ME.

EVT_NOTI FY_WAI T The event's\ot i f yFunct i on is to be invoked whenever the
event is being waited on Vi&i t For Event () .

EVT_NOTI FY_SI GNAL The event's\ot i f yFunct i on is to be invoked whenever the
event is signaled vi&i gnal Event () .

EVT_NOTI FY_PCODE_| NTERFACE
The event's\ot i f yFunct i on is pcode.

EVT_SI GNAL_EXI T_BOOT_SERVI CES

The event is to be notified by the system when
Exi t Boot Servi ces() is invoked. This type can not be used

with any other EVT bit type.
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EVT_SI GNAL_VI RTUAL_ADDRESS CHANGE
The event isto be notified by the system when
Set Vi rt ual Addr essMap() isperformed. Thistype can not
be used with any other EVT bit type. Seethe discussion of
EVT_RUNTI ME.

//*******************************************************

/1 EFI _EVENT_NOTI FY

//*******************************************************

t ypedef
VA D
(EFI APl *EFI _EVENT_NOTI FY) (
I N EFl _EVENT Event,
IN VO D *Cont ext
)
Event Event whose notification function is being invoked.
Cont ext Pointer to the notification function’s context, which is
implementation-dependentCont ext corresponds to
Not i f yCont ext in Cr eat eEvent ().
Description

TheCr eat eEvent () function creates a new event of typgoe and returns it in the location
referenced byvent . The event’s notification function, context, and task priority level are
specified byNot i f yFunct i on, Not i f yCont ext, andNot i f yTpl , respectively.

Events exist in one of two states, “waiting” or “signaled”. When an event is created, firmware puts
it in the “waiting” state. When the event is signaled, firmware changes its state to “signaled" and
places a call to its notification function in a FIFO queue. There are three such queues, one for each
of the task priority levelsNot i f y Tpl ') defined in Section 0. The functions in these queues are
invoked in FIFO order, starting with the highest priority level queue, Waanh or eTPL() is

called.

In a general sense, there are two “types” of events, synchronous and asynchronous. Asynchronous
events are closely related to timers and are used to support periodic or timed interruption of
program execution. This capability is typically used with device drivers. For example, a network
device driver that needs to poll for the presence of new packets could create an event whose type
includesEVT_TI MER and then call th&et Ti ner () function. When the timer expires, the

firmware would link the event’s notify function into the appropriate FIFO queue and call

Rest or eTPL(), as described above.

Synchronous events have no particular relationship to timers. Instead, they are used to ensure that
certain activities occur following a call to a specific interface function. One example of this is the
cleanup that needs to be performed in response to a callEaithé&oot Ser vi ces() function.

Exi t Boot Servi ces() can clean up the firmware since it understands firmware internals, but it

can't clean up on behalf of drivers that have been loaded into the system. The drivers have to do
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that themselves by creating an event whosetypeisEVT_SI GNAL_EXI T_BOOT _SERVI CES and
whose notification function is a function within the driver itsdf. Then, when

Exi t Boot Ser vi ces() hasfinished its cleanup, it signals each event of type

EVT_SI GNAL_EXI T_BOOT_SERVI CES. Aswith asynchronous events, this changes each

event's state to “signaled" and places a call to its notification function in the appropriate FIFO
queue. Firmware then calRest or eTPL( ), which causes all the notification functions to be
executed, and control eventually returns to the call&xot Boot Ser vi ces() .

Another example of the use of synchronous events occurs when an event of type
EVT_SI GNAL_ VI RTUAL_ADDRESS CHANGCE is used in conjunction with the
Set Vi rt ual Addr essmap() function. For more information, see Section O.

TheEVT_NOTI FY_WAI T andEVT_NOTI FY_SI GNAL flags are exclusive. If neither flag is
specified, it is assumed that the caller does not want any notification concerning the event and the
Noti fyTpl, NotifyFunction,andNot i fyCont ext parameters are ignored. If

EVT_NOTI FY_WAI T is specified, then the event is signaled and its notify function is queued
whenever a consumer of the event is waiting for it (\Miat For Event () ). If the

EVT_NOTI FY_SI GNAL flag is specified then the event’s notify function is queued whenever the
event is signaled.

When an event that does not have a notification function is signaled, the call to
Wai t For Event () will return with an index indicating which event was signaled. Note that the

event maintains its signaled state until a caller is notified.

Note: Since their internal structure is unknown to the caller, events cannot be modified by the
caller. The only way to “change” an event is to close it and create another event that has the
desired behavior.

Status Codes Returned
EFI_SUCCESS The event structure was created.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
EFI_OUT_OF_RESOURCES The event could not be allocated.
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3.1.2 CloseEvent()

Summary

Closes an event.

Prototype

EFI _STATUS
Cl oseEvent (
| N EFI _EVENT Event

);

Parameters
Event The event to close. Type EFI _EVENT isdefined in Section 3.1.1.

Description

Thed oseEvent () function removes the caller’s reference to the event and closes it. Once the
event is closed, the handle is no longer valid and may not be used on any subsequent function calls.

Status Codes Returned

30

EFI_SUCCESS

The event has been closed.

EFI_INVALID_PARAMETER

Event was not a valid handle.

1/19/00
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3.1.3 SignalEvent()

Summary

Signals an event.

Prototype

EFI _STATUS
Si gnal Event (
| N EFI _EVENT Event

) ’
Parameters
Event The event to signal. Type EFlI _ EVENT isdefined in Section 3.1.1.

Description

The supplied Event is signaled and the event’s notification function is scheduled to be invoked at
the event’s task priority levelSi gnal Event () may be invoked from any task priority level.

Status Codes Returned
EFI_SUCCESS The event was signaled.
EFI_INVALID_PARAMETER | Event was not a valid handle.
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3.1.4 WaitForEvent()

32

Summary

Stops execution until an event is signaled.

Prototype
EFI _STATUS
Wi t For Event (
I N U NTN Nunmber O Event s,
I N EFI _EVENT *Event,
OUT Ul NTN *| ndex
)
Parameters

Nunmber OF Event s The number of eventsin the Event array.

Event An array of pointersto events. Type EFI _ EVENT isdefined in
Section 3.1.1.
I ndex Pointer to theindex of the event which satisfied the wait condition.
Description

TheWai t For Event () function waits for any event inthe Event array to be signaled. On
success, the signaled state of the event is cleared and execution is returned with / ndex indicating
which event caused thereturn. It is possible for an event to be signaled before being waited on. In
this case, the next wait operation for that event would immediately return with the signaled event.

Waiting on an event that has a notification function is not permitted. If any eventin Event hasa
notification function, Wai t For Event () returns EFl _ | NVALI D_PARAVETER and sets | ndex
to indicate which event caused the failure. The function must also be called at TPL_NORMAL. If
an attempt is made to call thisfunctional any TPL other than TPL_NORMAL, EFI _ UNSUPPORTED
will be returned.

To wait for a specified time, atimer event must be included in the Event array.

Wai t For Event () will always check for signaled eventsin order, with the first event in the array

being checked first. To check if an event is signaled without waiting, an already signaled event can
be posted to the list of events that are being checked.

Status Codes Returned

EFI_SUCCESS The event indicated by / ndex was signaled.

EFI_INVALID_PARAMETER The event indicated by / ndex has a notification function or
Event was not a valid handle.

EFI_UNSUPPORTED The current TPL is not TPL__ NORVAL.
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3.1.5 SetTimer()

Summary

Sets the type of timer and the trigger time for atimer event.

Prototype
EFI _STATUS
Set Ti mer (
| N EFI _EVENT Event,
| N EFI _TI MER_DELAY Type,
I N Ul NT64 Tri gger Ti ne
)
Parameters
Event The timer event that isto be signaled at the specified time. Type
EFI _EVENT isdefined in Section 3.1.1.
Type The type of timethat is specified in Tri gger Ti ne. Seethetimer
delay types in “Related Definitions”.
Tri gger Ti ne The number of 100ns units until the timer expires.

Related Definitions

//*******************************************************

/| EFl _TI MER _DELAY

//*******************************************************

typedef enum {
Ti nmer Cancel ,
Ti mer Peri odi c,
Ti mer Rel ati ve
} EFI _TI MER _DELAY;

Ti mer Cancel The event’s timer setting is to be cancelled and no timer trigger is
to be set.Tri gger Ti ne is ignored when canceling a timer.

Ti mer Peri odi c The event is to be signaled periodicallyrat gger Ti ne

intervals from the current time. This is the only timer trigger
Type for which the event timer does not need to be reset for each
notification. All other timer trigger types are “one shot.”

Ti merRel ative The event is to be signaled T/ gger Ti me 100ns units.
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Description

The Set Ti mer () function cancels any previous time trigger setting for the event, and sets the
new trigger time for the event. This function can only be used on events of type EVT_TI MER.

Status Codes Returned
EFI_SUCCESS The event has been set to be signaled at the requested time.
EFI_INVALID_PARAMETER Event or Type is not valid.
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3.1.6 RaiseTPL()

Summary

Raises a task’s priority level and returns its previous level.

Prototype
EFI _TPL
Rai seTPL (
I N EFI _TPL NewTpl
)
Parameters
NewTpl The new task priority level. It must be greater than the current task

priority level. See “Related Definitions”.

Related Definitions

//*******************************************************

/1 EFl_TPL

//*******************************************************

typedef Ul NTN EFI _TPL

//*******************************************************

/1l Task Priority Levels

//*******************************************************

#defi ne TPL_NORVAL 4
#defi ne TPL_CALLBACK 8
#defi ne TPL_NOTI FY 16
#define TPL_H GH LEVEL 31
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Description

TheRai seTPL() function raisesthe priority of the currently executing task and returns the task’s
previous priority level.

Only three task priority levels are exposed outside of the firmware during EFI boot services
execution. The first i$PL__NORMAL where all normal execution occurs. That level may be

interrupted to perform various asynchronous interrupt style notifications, which occur at the
TPL_CALLBACK or TPL_NOTI FY level. By raising the task priority level 1&°L__NOTI FY such

notifications are masked until the task priority level is restored, thereby synchronizing execution
with such notifications. Synchronous blocking 1/O functions execut®lat NOT1 FY.
TPL_CALLBACK is the typically used for application level notification functions. Device drivers
will typically useTPL_CALLBACK or TPL_NOTI FY for their notification functions. Applications
and drivers may also u3éL_NOT| FY to protect data structures in critical sections of code.

The caller must restore the task priority level wedst or e TPL() to the previous level before
returning.

Note: Applications may only usePL_NORMAL, TPL_CALLBACK, andTPL_NOTI FY.
TPL_HI GH _LEVEL and all other values are reserved for use by the firmware; using them in an
application will result in unpredictable behavior.

Status Codes Returned

Unlike other EFI interface functionRai seTPL() does not return a status code. Instead, it

returns the previous task priority level, which is to be restored later with a matching call to
Rest oreTPL().
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3.1.7 RestoreTPL()

Summary

Restores a task’s priority level to its previous value.

Prototype

VO D
Rest oreTPL (
IN EFI _TPL Q dTpl

)
Parameters
a dTpl The previous task priority level to restore (the value from a previous,
matching call tdrai seTPL()). TypeEFI _TPL is defined in
Section 0.
Description

TheRest or eTPL() function restores a task’s priority level to its previous value. Calls to
Rest or eTPL() are matched with calls tai seTPL() .

Status Codes Returned

None.
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3.2 Memory Allocation Services

The functions that make up Memory Allocation Services are used during pre-boot to alocate and
free memory, and to obtain the system’s memory map. See Table 3-3.

Table 3-3.  Memory Allocation Functions

Name Type Description

AllocatePages Boot Allocates pages of a patrticular type.

FreePages Boot Frees allocated pages.

GetMemoryMap Boot Returns the current boot services memory map and memory map key.
AllocatePool Boot Allocates a pool of a particular type.

FreePool Boot Frees allocated pool.

The way in which these functions are used is directly related to an important feature of EFI memory
design. This feature, which stipulates that EFI firmware owns the system’s memory map during
pre-boot, has three major consequences:

1. During pre-boot, all components (including executing EFI images) must cooperate with the
firmware by allocating and freeing memory from the system with the functions
Al | ocat ePages(), Al | ocat ePool (), FreePages(), andFr eePool (). The
firmware dynamically maintains the memory map as these functions are called.

2. During pre-boot, an executing EFI Image must only use the memory it has allocated.

3. Before an executing EFl image exits and returns control to the firmware, it must free all
resources it has explicitly allocated. This includes all memory pages, pool allocations, open file
handles, etc. Memory allocated by the firmware to load an image is freed by the firmware
when the image is unloaded.

When EFI memory is allocated, it is “typed” according to the valué&in VEMORY_TYPE (see
Section 3.2.1). Some of the types have a different usigee Exi t Boot Ser vi ces() is called

than they dafterwards. Table 3-4 lists each type and its usage before the call; Table 3-5 lists each
type and its usage after the call.
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Table 3-4. Memory Type Usage Before ExitBootServices()
Mnemonic Description
EfiReservedMemoryType Not used.
EfiLoaderCode The code portions of a loaded EFI application. (Note that EFI OS
loaders are EFI applications.)
EfiLoaderData The data portions of a loaded EFI application and the default data

allocation type used by an EFI application to allocate pool memory.

EfiBootServicesCode

The code portions of a loaded Boot Services Driver.

EfiBootServicesData

The data portions of a loaded Boot Serves Driver, and the default data
allocation type used by a Boot Services Driver to allocate pool memory.

EfiRuntimeServicesCode

The code portions of a loaded Runtime Services Driver.

EfiRuntimeServicesData

The data portions of a loaded Runtime Services Driver and the default
data allocation type used by a Runtime Services Driver to allocate pool
memory.

EfiConventionalMemory

Free (unallocated) memory.

EfiUnusableMemory

Memory in which errors have been detected.

EfiACPIReclaimMemory

Memory that holds the ACPI tables.

EfiACPIMemoryNVS

Address space reserved for use by the firmware.

EfiMemoryMappedlO

Used by system firmware to request that a memory-mapped IO region
be mapped by the OS to a virtual address so it can be accessed by EFI
runtime services.

EfiMemoryMappedIOPortSpace

System memory mapped IO region that is used to translate memory
cycles to 10 cycles.

EfiPalCode

Address space reserved by the firmware for code that is part of the
processor.

EfiFirmwareReserved

Address space reserved by the firmware.

Version 0.92
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Table 3-5. Memory Type Usage After ExitBootServices()

Mnemonic Description

EfiReservedMemoryType Not used.

EfiLoaderCode The Loader and/or OS may use this memory as they see fit. Note: the
OS loader that called EXi t Boot Ser vi ces() is utilizing one or
more Ef i Loader Code ranges.

EfiLoaderData The Loader and/or OS may use this memory as they see fit. Note: the

EfiBootServicesCode
EfiBootServicesData
EfiRuntimeServicesCode

EfiRuntimeServicesData

EfiConventionalMemory
EfiUnusableMemory
EfiACPIReclaimMemory
EfiACPIMemoryNVS
EfiMemoryMappedlO

EfiMemoryMappedlOPortSpace

EfiPalCode

EfiFirmwareReserved

OS loader that called EXi t Boot Ser vi ces() is utilizing one or
more Ef i Loader Dat a ranges.

Memory available for general use.

Memory available for general use.

The memory in this range is to be preserved by the loader and OS in
the working and ACPI S1 — S3 states.

The memory in this range is to be preserved by the loader and OS in
the working and ACPI S1 — S3 states.

Memory available for general use.
Memory that contains errors and is not to be used.

This memory is to be preserved by the loader and OS until ACPI is
enabled. Once ACPI is enabled, the memory in this range is available
for general use.

This memory is to be preserved by the loader and OS in the working
and ACPI S1 — S3 states.

This memory is not used by the OS. All system memory-mapped 10
information should come from ACPI tables.

This memory is not used by the OS. All system memory-mapped |10
port space information should come from ACPI tables.

This memory is to be preserved by the loader and OS in the working
and ACPI S1 — S3 states. This memory may also have other
attributes that are defined by the processor implementation.

In general, this memory is not to be used by the loader or OS;
however, specific functions may point to ranges within this memory to
be used.

Note: Animagethat calls Exi t Boot Ser vi ces() should first call Get Menor yMap() to
obtain the current memory map. Following that call, the image implicitly owns al unused memory
inthemap. Thisincludes memory types Ef i Loader Code, Ef i Loader Dat a,

Ef i Boot Ser vi cesCode, Ef i Boot Servi cesDat a, and Ef i Convent i onal Menory.

An EFI-compatible loader and operating system must preserve the memory marked as
Ef i Runt i meSer vi cesCode and Ef i Runt i neSer vi cesDat a.
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3.2.1 AllocatePages()

Summary

DRAFT Services

Allocates memory pages from the system.

Prototype

EFI _STATUS
Al | ocat ePages(

I N EFI _ALLOCATE_TYPE Type,
I N EFl _MEMORY_TYPE Menor yType,

IN UNI TN

Pages,

I N OUT EFI _PHYSI CAL_ADDRESS * Menor y

)

Parameters

Type
MenoryType

Pages
Menory

Version 0.92

The type of allocation to perform. See “Related Definitions”.

The type of memory to allocate. The only types allowed are

Ef i Loader Dat a, Efi Runti neServi cesCode,

Ef i Runti meServi cesDat a, Efi Boot Servi cesCode,

Ef i Boot Ser vi cesDat a. Normal allocations (that is, allocations by
any EFI application) are of typgef i Loader Dat a. See “Related
Definitions”, Table 3-4, and Table 3-5.

The number of contiguous 4KB pages to allocate.

Pointer to a physical address. On input, the way in which the address is
used depends on the valueTgipe. See “Description” for more
information. On output the address is set to the base of the page range
that was allocated. See “Related Definitions”.
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Related Definitions

//*******************************************************

/ | EFI _ALLOCATE_TYPE

//*******************************************************

/I These types are discussed in the “Description” section below.
typedef enum {

AllocateAnyPages,
AllocateMaxAddress,
AllocateAddress,
MaxAllocateType

} EFI_ALLOCATE_TYPE;

//*******************************************************

/[EFI_MEMORY_TYPE

/ kkkkkkkkkkkkkkkhkkkkkkhkkkhkkkkkkhkhkkkkkkkhkhkkkkkkkkkkkkkkk

/I These type values are discussed in Table 3-4 and Table 3-5

typedef enum {
EfiReservedMemoryType,
EfiLoaderCode,
EfiLoaderData,
EfiBootServicesCode,
EfiBootServicesData,
EfiRuntimeServicesCode,
EfiRuntimeServicesData,
EfiConventionalMemory,
EfiUnusableMemory,
EfiACPIReclaimMemory,
EfiACPIMemoryNVS,
EfiMemoryMappedIO,
EfiMemoryMappedlOPortSpace,
EfiPalCode,
EfiMaxMemoryType

} EFI_MEMORY_TYPE;

/ kkkkkkkhkkkkkkhkhkkkkkkkhkhkhkkkkkhhkkkkkkkhkhkhkkkkkkhkkkkkkkk

IIEFI_PHYSICAL_ADDRESS

//*******************************************************

typedef UINT64 EFI_PHYSICAL_ADDRESS;
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Description

The Al | ocat ePages() function allocates the requested number of pages and returns a pointer
to the base address of the page range in the location referenced by Menor y. The function scansthe
memory map to locate free pages. When it finds a physically contiguous block of pagesthat is
large enough and also satisfies the value of Type, it changes the memory map to indicate that the
pages are now of type Menor y Type.

In genera, EFl OS loaders and EFI applications should alocate memory (and pool) of type

Ef i Loader Dat a. Boot service drivers must allocate memory (and pool) of type

Ef i Boot Ser vi cesDat a. Runtime drivers should allocate memory (and pool) of type

Ef i Runti neSer vi cesDat a (athough such alocation can only be made during boot services

time).

Allocation requests of Type Al | ocat eAnyPages dlocate any available range of pages that
satisfies the request. On input, the address pointed to by Menor y isignored.

Allocation requests of Type Al | ocat eMaxAddr ess alocate any available range of pages
whose uppermost addressis less than or equal to the address pointed to by Menor y on input.

Allocation requests of Type Al | ocat eAddr ess allocate pages at the address pointed to by
Menor y oninput.

Status Codes Returned

EFI_SUCCESS The requested pages were allocated.
EFI_OUT_OF_RESOURCES The pages could not be allocated.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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Summary

Frees memory pages.

Prototype

EFI _STATUS
FreePages (
I N EFI _PHYSI CAL_ADDRESS  Menory,

I N U NTN Pages
);
Parameters
Menory The base physical address of the pagesto be freed. Type
EFI _PHYSI CAL_ADDRESS is defined in Section 3.2.1.
Pages The number of contiguous 4KB pagesto free.
Description

The Fr eePages() function returns memory alocated by Al | ocat ePages() to the firmware.

Status Codes Returned

EFI_SUCCESS The requested memory pages were freed.

EFI_INVALID_PARAMETER | MBnDr y is not a page-aligned address or Pages is invalid.
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3.2.3 GetMemoryMap()
Summary
Returns the current memory map.
Prototype
EFI _STATUS
Get Mermor yMap (
IN OQUT Ul NTN *Menor yMapSi ze,
I N OUT EFI _MEMORY_DESCRI PTOR *Menor yMap,
OUT Ul NTN *MapKey,
QUT Ul NTN *DescriptorSi ze,
OUT U NT32 *Descri pt or Versi on
);
Parameters

Menor yMapSi ze

Menor yMap

MapKey
DescriptorSi ze

Descri pt or Version

Version 0.92

A pointer to the size, in bytes, of the Menor yMap buffer. Oninput, this
isthe size of the buffer alocated by the caller. On output, it is the size of
the buffer returned by the firmware if the buffer was large enough, or the
size of the buffer needed to contain the map if the buffer was too small.

A pointer to the buffer in which firmware places the current memory
map. Themapisan array of EFI _VEMORY _DESCRI PTORs. See

“Related Definitions”.

A pointer to the location in which firmware returns the key for the
current memory map.

A pointer to the location in which firmware returns the size, in bytes, of
an individualEFI _ MEMORY_DESCRI PTOR.

A pointer to the location in which firmware returns the version number
associated with theFI _ MEMORY_DESCRI PTOR. See “Related

Definitions”.
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Related Definitions

//*******************************************************

/ | EFI _MEMORY_DESCRI PTOR

//*******************************************************

typedef struct {
EFlI _MEMORY_TYPE

Type;

EFI _PHYSI CAL_ADDRESS Physical Start;
EFI _VI RTUAL_ADDRESS Virtual Start;

Ul NT64 Nunber OF Pages;
Ul NT64 Attri bute;

} EFI _MEMORY_DESCRI PTOR;

Type Type of the memory region.

Physi cal Start Physical address of thefirst byte in the memory region. Type
EFI _PHYSI CAL_ADDRESS is defined in Section 3.2.1.

Virtual Start Virtual address of the first byte in the memory region. Type
EFI _VI RTUAL_ADDRESS is defined in “Related Definitions”.

Nunber Of Pages Number of pages in the memory region.

Attribute Attributes of the memory region. See the following “Memory Attribute
Definitions”.

//*******************************************************

[l Menory Attribute Definitions

//*******************************************************

I/l These types can be “ORed” together as needed.

#define EFI_MEMORY_UC
#define EFI_ MEMORY_WC
#define EFI_ MEMORY_WT
#define EFI_MEMORY_WB
#define EFI_MEMORY_WP
#define EFI_MEMORY_RP
#define EFI_MEMORY_XP

0x0000000000000001
0x0000000000000002
0x0000000000000004
0x0000000000000008
0x0000000000001000
0x0000000000002000
0x0000000000004000

#define EFI_MEMORY_RUNTIME  0x8000000000000000

EFI_MEMORY_UC
EFI_MEMORY_WC

EFI_MEMORY_WT

EFl _MEMORY_ VB

Memory cacheability attribute: Memory region is not cacheable.

Memory cacheability attribute: Memory region supports write
combining.

Memory cacheability attribute: Memory region is cacheable with
“write through” policy. Writes that hit in the cache will also be
written to main memory.

Memory cacheability attribute: Memory region is cacheable with
“write back” policy. Reads and writes that hit in the cache do not
propagate to main memory. Dirty data is written back to main
memory when a new cache line is allocated.
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EFI _MVEMORY_ WP Physical memory protection attribute: Memory region is write-
protected by system hardware.

EFI _MEMORY_RP Physical memory protection attribute: Memory region is read-
protected by system hardware.

EFI _MEMORY_XP Physical memory protection attribute: Memory region is

protected against executing code by system hardware.

EFI _VEMORY_RUNTI ME Runtime memory attribute: The memory region needs to be given

avirtual mapping by the operating system when
Set Vi rt ual Addr essMap() iscaled.

//*******************************************************

/ | EFI _VI RTUAL_ADDRESS

//*******************************************************

t ypedef Ul NT64 EFI _VI RTUAL_ADDRESS;

//*******************************************************

/1 Menory Descriptor Version Number

//*******************************************************

#def i ne EFI _MEMORY_DESCRI PTOR_ VERSION 1

Description

The Get Menor yMap( ) function returns a copy of the current memory map. The map isan array
of memory descriptors, each of which describes a contiguous block of memory. The map describes

al of memory, no matter how it isbeing used. That is, it includes blocks allocated by
Al | ocat ePages() and Al | ocat ePool (), aswell as blocks which the firmware is using for

itS own purposes.

Until Exi t Boot Ser vi ces() iscalled, the memory map is owned by the firmware and the
currently executing EFI Image should only use memory pages it has explicitly allocated. Before
calling Exi t Boot Ser vi ces( ) , the executing EFIl Image can use Get Menor yMap( ) to verify
that the memory map supports booting from the current boot option.

If the Menor y Map buffer istoo small, the EFI _ BUFFER _TOO_SMALL error codeisreturned and
the Menor yMapSi z e vaue contains the size of the buffer needed to contain the current
memory map.

On success a MapKey is returned that identifies the current memory map. The firmware’s key is

changed every time something in the memory map changes. In order to successfully invoke
Exi t Boot Ser vi ces() the caller must provide the current memory map key.
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The Get Menor yMap( ) function also returns the size and revision number of the

EFI _MVEMORY_DESCRI PTOR. The Descri pt or Si ze represents the sizein bytes of an

EFI _MVEMORY_DESCRI PTOR array element returned in Menor yMap. Thesizeisreturned to
alow for future expansion of the EFI _ MEMORY _DESCRI PTOR in response to hardware
innovation. The structure of the EFI _ MEMORY _DESCRI PTOR may be extended in the future but
it will remain backwards compatible with the current definition. Thus OS software must use the
Descri pt or Si ze to find the start of each EFI _ MEMORY_DESCRI PTOR in the Menor y Map

array.

Status Codes Returned

EFI_SUCCESS The memory map was returned in the Menor y Map buffer.

EFI_BUFFER_TOO_SMALL | The Menor yMap buffer was too small. The current buffer size
needed to hold the memory map is returned in Menor yMapSi ze.

EFI_INVALID_PARAMETER | One of the parameters has an invalid value.
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3.2.4 AllocatePool()

Summary

Allocates pool memory.

Prototype
EFI _STATUS
Al'l ocat ePool (
I N EFI _MEMORY_TYPE Pool Type,
I N Ul NTN Si ze,
QJut va D **Buffer
)
Parameters
Pool Type The type of pool to allocate. The only supported types are
Ef i Loader Dat a, Efi Boot Servi cesDat a, and
Runt i meSer vi cesDat a. TypeEFI _MEMORY_TYPE isdefined in
Section 3.2.1.
Size The number of bytesto allocate from the pool.
Buf fer A pointer to a pointer to the allocated buffer if the call succeeds,
undefined otherwise.
Description

The Al | ocat ePool () function allocates amemory region of Si ze bytes from memory of type
Pool Type and returns the address of the alocated memory in the location referenced by Buf f er .
Thisfunction allocates pages from Ef i Convent i onal Menory as heeded to grow the requested

pool type. All allocations are eight-byte aligned.
The allocated pool memory is returned to the available pool with the Fr eePool () function.

Status Codes Returned
EFI_SUCCESS The requested number of bytes was allocated.
EFI_OUT_OF_RESOURCES | The pool requested could not be allocated.
EFI_INVALID_PARAMETER | Pool Type was invalid.
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3.2.5 FreePool()

Summary

Returns pool memory to the system.

Prototype
EFI _STATUS
FreePool (

INVOD *Buffer
)
Parameters
Buf f er Pointer to the buffer to free.

Description

The Fr eePool () function returns the memory specified by Buf f er to the system. On return, the
memory’s type i€f i Convent i onal Menory. TheBuf f er that is freed must have been
allocated byAl | ocat ePool () .

Status Codes Returned
EFI_SUCCESS The memory was returned to the system.
EFI_INVALID_PARAMETER | BuUf f er was invalid.
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3.3 Protocol Handler Services

In the abstract, a protocol consists of a 128-bit guaranteed unique identifier (GUID) and a Protocol
Interface structure. The structure contains the functions and instance data that are used to access a
device. The functionsthat make up Protocol Handler Services allow applicationsto install a
protocol on a handle, identify the handles that support a given protocol, determine whether a handle
supports a given protocol, and so forth. See Table 3-6.

Table 3-6. Protocol Interface Functions

Name Type  Description

InstallProtocolinterface Boot Installs a protocol interface on a device handle.

UninstallProtocolinterface Boot Removes a protocol interface from a device handle.

ReinstallProtocolinterface Boot Reinstalls a protocol interface on a device handle.

RegisterProtocolNotify Boot Registers an event that is to be signaled whenever an interface is
installed for a specified protocol.

LocateHandle Boot Returns an array of handles that support a specified protocol.

HandleProtocol Boot Queries a handle to determine if it supports a specified protocol.

LocateDevicePath Boot Locates all devices on a device path that support a specified
protocol and returns the handle to the device that is closest to the
path.

Asdepicted in Figure 3-1, the firmware is responsible for maintaining a “data base” that shows

which protocols are attached to each device handle. (The figure depicts the “data base” as a linked
list, but the choice of data structure is implementation-dependent.) The “data base” is built
dynamically by calling thénst al | Pr ot ocol I nt er f ace() function. Protocols can only be
installed by EFI drivers or the firmware itself. In the figure, a device hakélle (HANDLE) refers

to a list of one or more registered protocol interfaces for that handle. The first handle in the system
has four attached protocols, and the second handle has two attached protocols. Each attached
protocol is represented as a GUID / Interface pointer pair. The GUID is the name of the protocol,
and Interface points to a protocol instance. This data structure will typically contain a list of
interface functions, and some amount of instance data.

Access to devices is initiated by calling thendl ePr ot ocol () function, which determines
whether a handle supports a given protocol. If it does, a pointer to the matching Protocol Interface
structure is returned.

1. When aprotocol is added to the system, it may either be added to an existing device handle or
it may be added to create a new device handle. Figure 3-1 shows that protocol handlers are
listed for each device handle and that each protocol handler islogically an EFI driver.
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Figure 3-1. Device Handle to Protocol Handler Mapping

The ability to add new protocol interfaces as new handles or to layer them on existing interfaces

provides gresat flexibility. Layering makesit possible to add anew protocol that builds on a

device’s basic protocols. An example of this might be to layerIrn®LE_TEXT OUTPUT
protocol support that would build on the handle’s underlB&I AL | Oprotocol

The ability to add new handles can be used to generate new devices as they are found, or even to
generate abstract devices. An example of this might be to add a multiplexing device that replaces

Consol eQut with a virtual device that multiplexes tl MPLE_TEXT_COUTPUT protocol onto

multiple underlying device handles.
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3.3.1 InstallProtocolinterface()

Summary

Installs a protocol interface on adevice handle. If the handle does not exist, it is created and added
totheligt of handlesin the system.

Prototype
EFI _STATUS
Install Protocol Interface (
I N QUT EFI _HANDLE *Handl e,
IN EFI _GU D *Prot ocol ,
I N EFlI | NTERFACE _TYPE I nterfaceType,
IN VO D *Interface
)
Parameters
Handl e A pointer to the EFI _ HANDL E on which the interface isto be installed.
If NULL on input, anew handleis created and returned on output. If not
NULL on input, the protocol is added to the handle, and the handleis
returned unmodified. Thetype EFI _HANDLE is defined in "Related
Definitions'.
Pr ot ocol The numeric ID of the protocal interface. ThetypeEFI _GUI Dis
defined in "Related Definitions”.
I nterfaceType Indicates whether | nt er f ace is supplied in native or p-code form.
This value indicates the original execution environment of the request.
See “Related Definitions”.
I nterface A pointer to the protocol interface. Thet er f ace must adhere to the

structure defined b¥r ot ocol .
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Related Definitions

//*******************************************************

/' 1 EFI _HANDLE

//*******************************************************

typedef VA D *EFlI _HANDLE;

//*******************************************************

/1 EFl_GU D

//*******************************************************

typedef struct {

U NT32 Datal;

U NT16 Data2;

U NT16 Dat a3;

Ul NT8 Dat a4[ 8] ;
} EFI _GUI D

//*******************************************************

/' 1 EFI _I NTERFACE_TYPE

//*******************************************************

typedef enum {
EFl _NATI VE_| NTERFACE,
EFI _PCODE_| NTERFACE
} EFI | NTERFACE_TYPE;

Description

Thel nstal | Protocol I nterface() functioninstallsa protocol interface (a GUID/Protocol
Interface structure pair) on adevice handle.

Installing a protocal interface alows other components to locate the Hand! e, and the interfaces
installed on it. A protocol interface is always installed at the head of the device handle’s queue.

When a protocol interface is installed, the firmware notifies any process that has registered to wait
for its installation. For more information, see Section 3.3.4.

Status Codes Returned

EFI_SUCCESS The protocol interface was installed.
EFI_OUT_OF_RESOURCES Space for a new handle could not be allocated.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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3.3.2 UninstallProtocolinterface()

Summary

Removes a protocol interface from adevice handle.

Prototype
EFI _STATUS
Uni nstal | Protocol I nterface (
I N EFI _HANDLE Handl e,
IN EFI _GU D *Prot ocol ,
IN VO D *Interface
),
Parameters
Handl e A pointer to the handle on which the interface was ingtalled. Type
EFI _HANDLE is defined in Section 3.3.1.
Pr ot ocol The numeric ID of theinterface. Type EFI _GUI Disdefined in
Section 3.3.1.
I nterface A pointer to the interface.
Description

TheUni nstal | Protocol I nterface() function removes a protocol interface from a device
handle on which it was previoudly installed. The Pr ot ocol and I nt er f ace vauesdefinethe
protocol interface to remove from the handle.

The caler isresponsible for ensuring that there are no referencesto a protocol interface that has
been removed. 1n some cases, outstanding reference information is not available in the protocol, so
the protocol, once added, cannot be removed. Examplesinclude Console I/O, Block /O, Disk /O,
and (in general) handles to device protocols.

If the last protocol interface is removed from a handle, the handle is freed and is no longer valid.

Status Codes Returned

EFI_SUCCESS The interface was removed.
EFI_NOT_FOUND The interface was not found.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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3.3.3 ReinstallProtocolinterface()

Summary

Reinstalls a protocol interface on a device handle.

Prototype
EFI _STATUS
Rei nstal | Protocol I nterface (
I N EFI _HANDLE *Handl e,
IN EFI _GU D *Prot ocol ,
IN VO D *d dl nterface,
IN VO D *Newl nt er face
)
Parameters
Handl e A pointer to the handle on which the interface isto be reinstalled. Type
EFI _HANDLE isdefined in Section 3.3.1.
Pr ot ocol The numeric ID of theinterface. Type EFI _GUl Disdefined in

ad dl nterface
Newl nt er face

Description

Section 3.3.1.
A pointer to the old interface.

A pointer to the new interface.

TheRei nstal | Protocol I nterface() function reinstalls aprotocol interface on adevice
handle. The Q dI nt er f ace for Pr ot ocol isreplaced by the New nt er f ace.
Newl nt er f ace may bethesameas O dI nt er f ace.

Aswith| nstal | Protocol I nterface(),any processthat has registered to wait for the
installation of the interface is notified. For more information, see Section 3.3.4.

Status Codes Returned

EFI_SUCCESS The protocol interface was installed.
EFI_NOT_FOUND The A dI nt er f ace on the handle was not found.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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3.3.4 RegisterProtocolNotify()

Summary

Creates an event that isto be signaled whenever an interface isinstalled for a specified protocol.

Prototype
EFI _STATUS
Regi st er Prot ocol Notify (
IN EFI _GU D *Prot ocol
I N EFI _EVENT Event,
ouT Vva D **Regi stration
),
Parameters

Prot ocol The numeric ID of the protocol for which the event is to be registered.
Type EFlI _GUI Disdefined in Section 3.3.1.

Event Event that is to be signaled whenever a protocol interface is registered
for Prot ocol . Type EFl _EVENT isdefined in Section 3.1.1.

Regi stration A pointer to amemory location to receive the registration value. This
value must be saved and used by the natification function of Event to
retrieve the list of handles that have added a protocol interface of type
Protocol .

Description

TheRegi st er Prot ocol Noti fy() function creates an event that is to be signaled whenever a
protocol interfaceisinstalled for Prot ocol by I nstal |l I nterface() or
Reinstall I nterface().

Once Event hasbeen signaed, the Locat eHandl e() function can be called to identify the
newly installed handles that support Pr ot ocol . The Regi st r at i on parameter in

Regi st er Prot ocol Noti fy() correspondsto the Sear chKey parameter in

Locat eHandl e() . Note that the same handle may be returned multiple timesif the handle
reinstalls the target protocol 1D multiple times. Thisistypica for removable media devices,
because when the mediare-appears, it will reinstall the Block 1/0 protocol to indicate that the
device needs to be checked again. In response, layered Disk 1/0 and Simple File System protocols
may then reingtall their protocols to indicate that they can be re-checked, and so forth.

Status Codes Returned

EFI_SUCCESS The notification event has been registered.
EFI_OUT_OF_RESOURCES Space for the notification event could not be allocated.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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3.3.5 LocateHandle()

Summary

Returns an array of handles that support a specified protocol.

Prototype

EFI _STATUS
Locat eHandl e (

I N EFI _LOCATE_SEARCH TYPE Sear chType,

IN EFI _GUID *Prot ocol OPTI ONAL,
IN VO D *Sear chKey OPTI ONAL,
N QUT U NTN *BufferSi ze,
OUT EFI _HANDLE *Buf fer
);
Parameters
SearchType Specifies which handle(s) areto be returned. Type
EFI _LOCATE SEARCH TYPE is defined in “Related Definitions”.
Pr ot ocol Specifies the protocol to search by. This parameter is only valid if
SearchType isByProt ocol . TypeEFI _GUI Dis defined in
Section 3.3.1.
Sear chKey Specifies the search key. This parameter is ignor8daft chType is

BufferSi ze

Buf f er

58

Al'l Handl es orByPr ot ocol . If SearchType is
ByRegi st er Not i fy, the parameter must ltlee Regi st rati on
value returned by functioRegi st er Not i f yPr ot ocol ().

On input, the size in bytes 8l f er. On output, the size in bytes of

the array returned iBuf f er (if the buffer was large enough) or the

size, in bytes, of the buffer needed to obtain the array (if the buffer was
not large enough).

The buffer in which the array is returned. Tygid HANDLE is
defined in Section 3.3.1.
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Related Definitions

//*******************************************************

/| EFl_LOCATE_SEARCH TYPE

//*******************************************************

typedef enum {
Al | Handl es,
ByRegi ster Noti fy,
ByPr ot ocol

} EFI _LOCATE_SEARCH TYPE;

Al'l Handl es Pr ot ocol and Sear chKey are ignored and the function
returns an array of every handle in the system.

ByRegi sterNoti fy Sear chKey suppliesthe Regi st r at i on vaue returned by
Regi st er Prot ocol Noti fy(). Thefunction returnsthe
next handle that is new for the registration. Only one handleis
returned at atime, and the caller must loop until no more handles
arereturned. Pr ot ocol isignored for this search type.

ByPr ot ocol All handles that support Pr ot ocol arereturned. Sear chKey
isignored for this search type.

Description

TheLocat eHandl e() function returns an array of handlesthat match the Sear chType
request. If theinput value of Buf f er Si ze istoo small, the function returns
EFI BUFFER TOO SMALL and updates Buf f er Si ze to the size of the buffer needed to obtain

the array.

Status Codes Returned

EFI_SUCCESS The array of handles was returned.
EFI_NOT_FOUND No handles match the search.
EFI_BUFFER_TOO_SMALL The Buf f er Si ze is too small for the result.

Buf f er Si ze has been updated with the size needed to
complete the request.

EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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3.3.6 HandleProtocol()

60

Summary

Queries ahandle to determine if it supports a specified protocal.

Prototype

EFl _STATUS
Handl ePr ot ocol (
| N EFI _HANDLE Handl e,

IN EFI _GU D *Prot ocol ,
oUT va D **Interface
);
Parameters
Handl e The device being queried. Type EFI _HANDLE isdefined in
Section 3.3.1.
Pr ot ocol The published unique identifier of the protocol. TypeEFI _GUI Dis
defined in Section 3.3.1.
I nterface Supplies the address where a pointer to the corresponding Protocol
Interfaceis returned.
Description

The Handl ePr ot ocol () function queries Hand! e to determineif it supports Pr ot ocol . If it
does, then on return / nt er f ace points to a pointer to the corresponding Protocol Interface.
I nt er f ace can then be passed to any Protocol Serviceto identify the context of the request.

Status Codes Returned

EFI_SUCCESS The interface information for the specified protocol was returned.

EFI_UNSUPPORTED The device does not support the specified protocol.

EFI_INVALID_PARAMETER | One of the parameters has an invalid value.
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3.3.7 LocateDevicePath()

Summary

Locates all devices on a device path that support a specified protocol, and returns the handle to the
device that is closest to the path.

Prototype
EFI _STATUS
Locat eDevi cePat h (
IN EFI _GU D *Pr ot ocol ,
| N QUT EFI _DEVI CE_PATH **Devi cePat h,
OUT EFI _HANDLE *Devi ce
)
Parameters
Pr ot ocol The protocol to search for. Type EFI _GUl Disdefined in Section 3.3.1.
Devi cePat h On input, a pointer to a pointer to the device path. On output, the device
path pointer is modified to point to the remaining part of the device path
— that is, when the function finds the closest handle, it splits the device
path into two parts, stripping off the front part, and returning the
remaining portion. TypEFI _DEVI CE_PATH s defined in “Related
Definitions”.
Devi ce A pointer to the returned device handle. T¥gbé¢ HANDLE is defined

in Section 3.3.1.

Related Definitions

//*******************************************************

/| EFl_DEVI CE_PATH

//*******************************************************

typedef struct _EFI_DEVI CE_PATH {

Ul NT8 Type;
Ul NT8 SubType;
Ul NT8 Lengt h[ 2] ;

} EFl _DEVI CE_PATH;

Description

ThelLocat eDevi cePat h() function locates all devices dpevi cePat h that support
Pr ot ocol and returns the handle to the device that is closéxt\to cePat h. Devi cePat his
advanced over the device path nodes that were matched.
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Thisfunction isuseful for locating the proper protocol interface to use from alogical parent device
driver. For example, atarget device driver may issue the request with its own device path and
locate the interfaces to perform 10 onits bus. It can aso be used with a device path that contains a
file path to strip off the file system portion of the device path, leaving the file path and handle to the
file system driver needed to access the file.

If the handle for Devi cePat h supports the protocol (adirect match), the resulting device path is
advanced to the device path terminator node.

Status Codes Returned

EFI_SUCCESS The resulting handle was returned.
EFI_NOT_FOUND No handles matched the search.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
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3.4 Image Services

There are three types of images that may be loaded: EFI application, EFl Boot Services Driver, and
EFI Runtime Services Driver. An EFl OS loader isatype of EFI application. The most significant
difference between these image types is the type of memory into which each isloaded by the
firmware’s loader. Table 3-7 summarizes the differences between images.

Table 3-7. Image Type Differences Summary

EFI application A transient application that is loaded during boot services time. These
applications are either unloaded when they complete, or they take responsibility
for the continued operation of the system via Exi t Boot Ser vi ces().

The applications are loaded in sequential order by the boot manager, but one
application may dynamically load another.

Loaded into Ef i Loader Code and Ef i Loader Dat a memory.
Default pool allocations are from Ef i Loader Dat a memory.

When an Application image exits, the firmware frees the memory used to hold
the application image.

This type of image would not install any protocol interfaces or handles.

Boot Services Driver A program that is loaded into boot services memory and stays resident until
boot services terminates.
Loaded into Ef i Boot Ser vi cesCode and
Ef i Boot Ser vi cesDat a memory.
Default pool allocations are from Ef i Boot Ser vi cesDat a memory.
When a boot services driver exits with an error code, the firmware frees the
memory used to hold the driver image.
When a boot services driver’s entry point completes with EFI _ SUCCESS,
the image is retained in memory. This type of image would typically use
Instal |l Protocol I nterface().

Runtime Services Driver A program that is loaded into runtime services memory and stays resident
during runtime. The memory required for a Runtime Services Driver must be
performed in a single memory allocation, and marked as
Ef i Runti neServi cesDat a. (Note that the memory only stays

resident when booting an EFI-compatible operating system. Legacy operating
systems will reuse the memory).

Default pool allocations are from Ef i Runt i meSer vi cesDat a memory.
When a runtime service driver exits with an error code, the firmware frees the
memory used to hold the driver image.

A runtime driver can only allocate runtime memory during boot service time.
When a boot services driver’s entry point completes with EFI _ SUCCESS,
the image is retained in memory.
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Most images are loaded by the firmware’s boot manager component. When an EFI application or
driver is installed, the installation procedure registers itself with the boot manager for loading.
However, in some cases an application or driver may want to programmatically load and start
another EFl image. This can be done withlthadl mage() andSt art | mage() interfaces.

Drivers may only load applications during the driver’s initialization entry point. Table 3-8 lists the

Image Functions:

Table 3-8. Image Functions

Name Type Description

Loadimage Boot Loads an EFI image into memory.

Startimage Boot Transfers control to a loaded image’s entry point.
Unloadimage Boot Unloads an image.

EFI_IMAGE_ENTRY_POINT  Boot Prototype of an EFI Image’s entry point.

Exit Boot Exits the image’s entry point.

ExitBootServices Boot Terminates boot services.
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3.4.1 Loadlmage()
Summary
Loads an EFI image into memory.
Prototype
EFI _STATUS
Loadl mage (
| N BOOLEAN Boot Pol i cy,
I N EFI _HANDLE Par ent | mageHand| e,
| N EFI _DEVI CE_PATH *Fi | ePat h,
IN VO D *Sour ceBuf fer OPTI ONAL,
I N U NTN Sour ceSi ze,
OUT EFI _HANDLE *| mgeHandl e
)
Parameters

Boot Pol i cy

Par ent | mageHand! e
Fi | ePat h

Sour ceBuf f er
SourceSi ze

| mageHand! e

Description

If TRUE, indicates that the request originates from the boot
manager, and that the boot manager is attempting to load
Fi | ePat h as aboot selection.

The caller's image handle. Tyg#l _HANDLE is defined in
Section 3.3.1

The Devi ceHand! e specific file path that the image is loaded
from. TypeEF| _DEVI CE_PATHI s defined inSection 3.3.7

If present, the memory location where a copy of a loadable
image has been put in memory.

The size in bytes of thBour ceBuf f er. This field is ignored
if Sour ceBuf fer isNULL.

The address to store a handle that is created when the image is
successfully loaded. Tyge=l _HANDLE is defined in
Section 3.3.1

On invokingLoadl mage() the firmware will interpret the source data as an EFIl image and load

it into the proper memory addresses and apply any relocation “fixups”. To access the source data,
the firmware first uses Sour ceAddr ess andSour ceSi ze if present. In this case, the caller

has copied the source data into memory and the load operation is a memory to memory load. Once
loaded the caller may free ti&®ur ceBuf f er. If Sour ceAddr ess isNULL, the firmware

attempts to use thel MPLE_FI LE_SYSTEMprotocol and then theOAD _FI LE_PROTOCOL on

the Devi ceHandl e to access the file referred to By / ePat h.
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The Boot Pol i cy flag is passed to the LOAD FI LE_PROTOCOL interface and is used to load the
default image responsible for booting when the Fi | ePat h only indicates the device. For more
information concerning this settings see the LOAD_FI LE_PROTOCCL.

Oncetheimageisloaded, an EFI _HANDLE is created to identify the image that supports the
LOADED | MAGE _PROTOCOL. The caller may fill in the image’s load options data, or add
additional protocol support to the handle before passing control to the newly loaded image with

Startl mage().

Once the image is loaded, the caller must either start the imagstwith | nage() or unload

the image by callingxi t () .

Status Codes Returned

EFI_SUCCESS

Image was loaded into memory correctly.

EFI_NOT_FOUND

The Fi | ePat h was not found.

EFI_INVALID_PARAMETER

One of the parameters has an invalid value.

EFI_OUT_OF_RESOURCES

Image was not loaded because a resource ran out.

EFl_LOAD_ERROR

Image was not loaded because the image format was not
understood or corrupt.

EFI_DEVICE_ERROR

Image was not loaded because a read to the device returned an
error.
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3.4.2 Startimage()

Summary

Transfers control to a loaded image’s entry point.

Prototype
EFI _STATUS
Startl mage (
I N EFI _HANDLE | mageHand| e,
OUT Ul NTN *Exi t Dat aSi ze,
OUT CHARL6 **Exi t Dat a OPTI ONAL
)
Parameters
I mageHand! e Identifies which image to start. Tyg#|l HANDLE is defined in

Section 3.3.1
Exi t Dat aSi ze The location to return the size of the returted t Dat a buffer.

Exi t Dat a The location to return a pointer to a data buffer that includes a Null-
terminated Unicode string, optionally followed by additional binary data.
The string is a description that the caller may use to further indicate the
reason for the image’s exit.

Description

This function transfers control to the image’s entry point, which was loadeddxi mage() .
The image may only be started one time.

The return front ar t | mage() is caused by the loaded image callibg t (). The

Exi t Dat a buffer fromExi t () is passed back through th&/ t Dat a buffer. The size of the
Exi t Dat a buffer is passed back throu@it/ t Dat aSi ze. The caller is responsible for freeing
the Exi t Dat a buffer back to pool witlirr eePool () when the buffer is no longer needed.

Status Codes Returned
EFI_INVALID_PARAMETER I mageHand| e is not a handle to an unstarted image.

Exit code from image Exit code from image.
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3.4.3 Unloadimage()

Summary

Unloads an image.

Prototype
VO D
Unl oadl mage (
I N EFI _HANDLE | mageHand! e
)
Parameters
| mgeHand| e A handle that identifies the loaded image. Type EFI _HANDLE is
defined in Section 3.3.1.
Description

If the image referred to by | mageHand| e has not been started, the image is unloaded.

If the image has been started and the image has supplied an Unl oad() entry point control is

passed to the image’s unload entry point. If the image’s unload function returns success, the image
is unloaded; otherwise, the error is returned to the caller. The image is responsible for freeing all
allocated memory and ensuring that there are no references to any freed memory, or to the image
itself, before returningFl _ SUCCESS from the unload operation.

Status Codes Returned
EFI_SUCCESS The image has been unloaded.
EFI_UNSUPPORTED The image has been started, and does not support unload.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
Exit code from Unload handler | Exit code from image’s unload handler.
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3.44 EFI_IMAGE_ENTRY_POINT

Summary

Thisisthe declaration of an EFI image entry point. This can be the entry point to an EF
application, an EFl boot service driver, or an EFI runtime driver.

Prototype
t ypedef
EFl _STATUS
(EFI APl *EFI _| MAGE_ENTRY_PQO NT) (
EFI _HANDLE *| mageHand! e
| N EFI _SYSTEM TABLE *Syst eniTabl e
);
Parameters
| mgeHand| e A handle that identifies the loaded image. Type EFI _HANDLE is
defined in Section 3.3.1.
Syst enirabl e The System Table for thisimage. Type EFI _SYSTEM TABLE s
defined in Chapter 4.
Description

An image’s entry point is of typeFl _| MAGE_ENTRY_PO NT. After the firmware loads the

image to memory, control is passed to the image’s entry point. The entry point is responsible for
initializing the image. The imagelsrageHand! e is passed to the image. TheageHand! e
provides the image with all binding and data information the image may need. This information is
available through protocol interfaces. However, to access the protocol interfaces on

I mageHand| e requires access to the boot services. Therdfog| mage() passes a

Syst enirabl e to theEFI _| MAGE_ENTRY_PO NT that is inherited from the current scope of
Loadl mage() .

All image handles support theOADED | MAGE_PROTOCOL. This protocol can be used to

determine state about the loaded image, such as the device the image was loaded from and the load
options for the image. In addition, theageHand! e may support other protocols provided by
the parent image.

In general an image returns control from its initialization entry point by cdthmng () . If the
image returns from its entry point, the firmware passes contEitb () using the return code as
the Exi t St at us parameter t@&xi t () .

SeeExi t () for entry point exit conditions.
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3.45 Exit()
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Summary

Terminates the currently loaded EFI Image and returns control to boot services.

Prototype
EFI _STATUS
Exit (
I N EFI _HANDLE | mageHand! e,
| N EFI _STATUS Exi t St at us,
I N Ul NTN Dat aSi ze,
| N CHAR16 *Exi t Dat a OPTI ONAL
)
Parameters

| mageHand! e Identifies which image is exiting. This parameter is passed to the image
onentry. Type EFlI _HANDLE is defined in Section 3.3.1.

Exi t St at us The exit code of the currently executing EFI Image.

Dat aSi ze Thesize of Exi t Dat a in bytes.

Exi t Dat a A data buffer that includes a Null-terminated Unicode string, optionally
followed by additional binary data. The string is a description that the
caller may use to further indicate the reason for the image’s exit.
Exi t Dat a is only valid if Exi t St at us is something other then
EFI _SUCCESS. TheExi t Dat a buffer must be allocated via
Al 'l ocat ePool ().

Description

An EFI Image can call this function only if it is the current image that the firmware has transferred
execution control to. If the image has already returned froEfFits | MAGE _ENTRY point, then

this function may not be called. Also, if the image has loaded one or more child images, this
function cannot be called until the child images have exited. Wsing() is similar to returning

from the Image’'€FI _| MAGE_ENTRY point with the difference that this function may also return
additionalEx/ t Dat a.

When an EFI application exits, the memory used to hold the image is always freed back to available
memory, and the firmware’s references tofthiegeHand! e are freed, causing the handle to be

freed. The application is responsible for freeing all resources it may have allocated before exiting.
This would include any allocated memory (pages and/or pool), open file system handles, etc. The
only exception to this is thex/ t Dat a buffer. If passing afx/ t Dat a buffer, the buffer must

be allocated vid\l | ocat ePool () and is provided to the caller 8t art | mage(). The caller

of St art | mage() is responsible for freeing thexi t Dat a buffer.
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When a boot service driver or runtime service driver exits, theimage isfreed only if the

Exi t St at us isan error code; otherwise the image stays resident in memory. The driver must not
return an error status if it hasinstalled any protocol handlers or other active callouts into the system
that have not (or cannot) be cleaned up. If the driver exits with an error codeit is responsible for
freeing all resources before exiting. Thiswould include any allocated memory (pages and/or pool),
open file system handles, etc.

Itisvalidtocal Exi t () for animage that was loaded with Loadl mage() beforecalling
Start | mage(). Thiswill freetheimage from memory without having started it.

Status Codes Returned

(Does not return.) Image exit. Control is returned from the St ar t | mage( ) call that
invoked the image.
EFI_SUCCESS The image was unloaded. EXi t () only returns success if the

image has not been started; otherwise, the exit returns to the
Startl nmage() call that invoked the image.

EFI_INVALID_PARAMETER | The requested image is not the current image that can exit.
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3.4.6 ExitBootServices()
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Summary

Terminates all boot services.

Prototype
EFI _STATUS
Exi t Boot Servi ces (
I N EFI _HANDLE | mageHand| e,
I N Ul NTN MapKey
)
Parameters
I mageHand! e Identifies which image is exiting boot services. Type EFI _HANDLE is
defined in Section 3.3.1.
MapKey The key to the latest memory map.
Description

The Exi t Boot Ser vi ces() function iscaled by the currently executing EFI OS loader image
to terminate all boot services. On success, the EFl OS |loader becomes responsible for the
continued operation of the system.

An EFI OS loader must ensure that it has the system’s current memory map at the time it calls
Exi t Boot Servi ces(). This is done by passing in the current memory mépsKey value

as returned bget Menor yMap() . Care must be taken to insure that the memory map does not
change between obtaining the key and calingt Boot Ser vi ces() . Itis suggested that the
EFI OS loader call&et Menor yMap() immediately before callingxi t Boot Ser vi ces() .

On success, the EFI OS loader owns all available memory in the system. In addition, all memory in
the map marked &5 i Boot Ser vi cesCode andBoot Ser vi ceDat a can be treated by the

EFI OS loader as available free memory. No further calls to boot service interfaces or EFI device
handle derived protocol services may be used. The Boot Services watchdog timer is disabled.

Status Codes Returned

EFI_SUCCESS Boot services have been terminated.

EFI_INVALID_PARAMETER | The MapKey is incorrect.
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3.5 Variable Services

Variables are defined as key/value pairs that consist of identifying information plus attributes (the
key) and arbitrary data (the value). Variables are intended for use as a means to store data that is
passed between the EFl environment implemented in the platform and OS loaders and other
applications that run in the EFl environment.

Although the implementation of variable storage is not defined in this specification, they are
required to be persistent in most cases. Thisimpliesthat the EFI implementation on a platform
must arrange it so that variables passed in for storage are retained and available for use each time
the system boots, at least until they are explicitly deleted or overwritten. Provision of this type of
non-volatile storage may be very limited on some platforms, so variables should be used sparingly
in cases where other means of communicating information cannot be used.

Table 3-9 lists the variable services functions described in this section:

Table 3-9. Variable Services Functions

Name Type Description

GetVariable Runtime Returns the value of a variable.

GetNextVariableName Runtime Enumerates the current variable names.

SetVariable Runtime Sets the value of a variable.
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Summary

Returns the value of avariable.

Prototype
EFI _STATUS
Get Vari able (
| N CHARLG6 *Vari abl eNane,
IN EFI _GU D *Vendor Gui d,
QUT Ul NT32 *Attributes OPTI ONAL,
IN QUT U NTN *Dat aSi ze,
QJT va D *Dat a
)
Parameters
Vari abl eNane A Null-terminated Unicode string that is the name of the
vendor’s variable.
Vendor Gui d A unique identifier for the vendor. Tyg&=| _CGUl Dis defined
in Section 3.3.1.
Attributes If not NULL, a pointer to the memory location to return the
attributes bitmask for the variable. See “Related Definitions”.
Dat aSi ze On input, the size in bytes of the retupat a buffer.
On output the size of data returnediat a.
Dat a The buffer to return the contents of the variable.

Related Definitions

DRAFT intel

//*******************************************************

/] Variable Attributes

//*******************************************************

#define EFl _VARI ABLE NON VOLATI LE 0x0000000000000001

#defi ne EFl _VARI ABLE BOOTSERVI CE_ACCESS 0x0000000000000002

#defi ne EFlI _VARI ABLE RUNTI ME_ACCESS 0x0000000000000004
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Description

Each vendor may create and manage its own variables without the risk of name conflicts by using a
unique Vendor Gui d. When avariableissetits At t ri but es are supplied to indicate how the
data variable should be stored and maintained by the system. The attributes affect when the
variable may be accessed and volatility of the data. Any attempts to access a variable that does not
have the attribute set for runtime access, at runtime, will yield the EFI _NOT_FOUND error.

If the Dat a buffer istoo small to hold the contents of the variable, the error
EFI _BUFFER _TOO SMALL isreturned and Dat aSi ze is set to the required buffer sizeto obtain
the data.

Status Codes Returned
EFI_SUCCESS The function completed successfully.
EFI_NOT_FOUND The variable was not found.

EFI_BUFFER_TOO_SMALL The Buf f er Si ze is too small for the result. Buf f er Si ze
has been updated with the size needed to complete the request.

EFI_INVALID_PARAMETER One of the parameters has an invalid value.
EFI_DEVICE_ERROR The variable could not be retrieved due to a hardware error.
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3.5.2 GetNextVariableName()

76

Summary
Enumerates the current variable names.

Prototype
EFl _STATUS
Get Next Vari abl eNanme (
N OUT U NTN *Vari abl eNaneSi ze,
IN OUT CHARLG6 *Vari abl eNane,
IN OUT EFI _GUJ D *Vendor Gui d
)
Parameters
Vari abl eNaneSi ze The size of the Var i abl eNane buffer.
Vari abl eNane Oninput, suppliesthelast Var i abl eNane that was returned
by Get Next Var i abl eNane() .
On output, returns the Null-terminated Unicode string of the
current variable.
Vendor Gui d On input, suppliesthelast Vendor Gui d that was returned by
Get Next Vari abl eName() . On output, returnsthe
Vendor Gui d of the current variable. TypeEFI _GUI Dis
defined in Section 3.3.1.
Description

Get Next Var i abl eName() iscdled multipletimesto retrieve the Var i abl eNane and
Vendor Gui d of al variables currently available in the system. On each call to
Get Next Var i abl eName() the previous results are passed into the interface, and on output the

interface returns the next variable name data. When the entire variable list has been returned, the
error EFI _NOT_FOUND is returned.

Notethat if EFI _BUFFER TOO SMALL isreturned, the Var i abl e Nane buffer was too small
for the next variable. When such an error occurs, the Var i abl eNaneSi ze is updated to reflect
the size of buffer needed. In all caseswhen calling Get Next Var i abl eName() the

Vari abl eNaneSi ze must not exceed the actual buffer size that was allocated for

Vari abl eNane.

To start the search, a Null-terminated string is passed in Var i abl eNane; that is,
Var i abl eNane isapointer to aNull Unicode character. Thiswould typically be done on the
initial call to Get Next Vari abl eNane() .

Once Exi t Boot Ser vi ces() isperformed, variablesthat are only visible during boot services

will no longer bereturned. To obtain the data contents or attribute for a variable returned by
Get Next Vari abl eName(), theGet Vari abl e() interfaceis used.
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Status Codes Returned
EFI_SUCCESS The function completed successfully.
EFI_NOT_FOUND The next variable was not found.

EFI_BUFFER_TOO_SMALL The Var i abl eNaneSi ze is too small for the result.
Var i abl eNanmeSi ze has been updated with the size needed
to complete the request.

EFI_INVALID_PARAMETER One of the parameters has an invalid value.

EFI_DEVICE_ERROR The variable name could not be retrieved due to a hardware error.
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Summary

Sets the value of avariable.

Prototype
EFI _STATUS
Set Vari abl e (
I N CHARL6 *Vari abl eNane,
IN EFI _GUID *Vendor Gui d,
I N U NT32 Attributes,
I N U NTN Dat aSi ze,
IN VO D *Dat a
)
Parameters
Vari abl eNanme A Null-terminated Unicode string that is the name of the
vendor’s variable. Eachar i abl eNane is unique for each
Vendor Gui d.
Vendor Gui d A unique identifier for the vendor. Typie=I _GUl Dis defined
in Section 3.3.1.
Attributes Attributes bitmask to set for the variable. See Section 3.5.1.
Dat aSi ze The size in bytes of thBat a buffer. A size of zero causes the
variable to be deleted.
Dat a The contents for the variable.
Description

Variables are stored by the firmware and may maintain their values across power cycles. Each
vendor may create and manage its own variables without the risk of name conflicts by using a

uniqueVendor Gui d.

Each variable hadt t r i but es that define how the firmware stores and maintains the data value.
If the EFI _VARI ABLE_NON_VOLATI LE attribute isnot set, the firmware stores the variable in
normal memory and it is not maintained across a power cycle. Such variables are used to pass
information from one component to another. An example of this is the firmware’s language code
support variable. It is created at firmware initialization time for access by EFI components that

DRAFT intel

may need the information, but does not need to be backed up to non-volatile storage.
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Storage for EFlI _VARI ABLE_NON_VOLATI LE variables are donein fixed hardware that has a
limited storage capacity; sometimes a severely limited capacity. Software should only use a non-
volatile variable when absolutely necessary. In addition, if software uses a non-volatile variable it
should use avariable that is only accessible at boot servicestimeif possible.

Variable must contain 1 or more bytes of Dat a. Using Set Var i abl e() withaDat aSi ze of
zero causes the entire variable to be removed from storage.

The Attributes have the following usage rules:

e Storage attributes are only applied to a variable when creating the variable. If the same variable
is added to different variable stores without first deleting the original variable, the firmware
may delete the new variable on the next power cycle.

e Setting a data variable with no access, or zero Dat aSi z e attributes specified causesit to be
deleted.

* Runtime access to adata variable implies boot service access. Attributes that have
EFl _VARI ABLE_RUNTI ME_ACCESS set must also have
EFI _VARI ABLE BOOTSERVI CE_ACCESS set. The caller isresponsible for following this
rule.

e OnceExit Boot Servi ces() isperformed, data variables that did not have
EFI _VARI ABLE RUNTI ME_ACCESS set are no longer visibleto Get Var i abl e() .

e OnceExit Boot Servi ces() isperformed, only variables that have
EFl _VARI ABLE_RUNTI ME_ACCESS and EFI _VARI ABLE_NON_VOLATI LE set can be
set with Set Var i abl e() . Variablesthat have runtime access but that are not non-volatile
are effective read-only data variables once Exi t Boot Ser vi ces() isperformed.

The only rules the firmware must implement when saving a non-volatile variable is that it has
actually been saved to non-volatile storage before returning EFI _ SUCCESS, and that a partial
saveisnot performed. If power failsduring acall to Set Var i abl e() thevariable may contain
its previous value, or its new value. In addition the variable store offers no read, write, or delete
security protection.

Thesize of the Var i abl eNane, including the Unicode Null in bytes plusthe Dat aSi ze is
limited to amaximum size of 1024 bytes.

Status Codes Returned

EFI_SUCCESS The firmware has successfully stored the variable and its data as
defined by the Attributes.

EFI_INVALID_PARAMETER An invalid combination of Attribute bits was supplied, or the
Var i abl eSi ze exceeds the maximum allowed.

EFI_OUT_OF_RESOURCES Not enough storage is available to hold the variable and its data.
EFI_DEVICE_ERROR The variable could not be saved due to a hardware failure.
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3.6 Time Services
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This section contains function definitions for time-related functions that are typically needed by
operating systems at runtime to access underlying hardware that manages time information and
services. The purpose of these interfacesis to provide operating system writers with an abstraction
for hardware time devices, thereby relieving the need to access legacy hardware devices directly.
Thereisalso astalling function for use in the pre-boot environment. Table 3-10 liststhetime
services functions described in this section:

Table 3-10. Time Services Functions

Name Type Description

GetTime Runtime Returns the current time and date, and the time-keeping capabilities of the
platform.

SetTime Runtime Sets the current local time and date information.

GetWakeupTime  Runtime Returns the current wakeup alarm clock setting.

SetWakeupTime  Runtime Sets the system wakeup alarm clock time.
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3.6.1 GetTime()

Summary

Returns the current time and date information, and the time-keeping capabilities of the hardware
platform.

Prototype
EFl _STATUS
GetTinme (
QUT EFI _TI ME *Ti ne,
OUT EFI _TI ME_CAPABI LI TIES *Capabilities OPTI ONAL
)
Parameters
Ti ne A pointer to storage to receive a snapshot of the current time. Type
EFI _TI MEis defined in “Related Definitions”.
Capabilities An optional pointer to a buffer to receive the real time clock device’s
capabilities. Typ&F| _TI ME_CAPABI LI Tl ESis defined in “Related
Definitions”.

Related Definitions

//*******************************************************

/1 EFI _LOCAL_TI ME

//*******************************************************

/'l This represents the current time information
typedef struct {

U NT16 Year; /1 1998 — 20XX
UINTS8 Mbnt h; 11-12

UINTS8 Day; /11-31

UINTS8 Hour; /10-23

UINTS8 M nut e; /[0 —-59

UINT8 Second, /[0 —-59

UINTS8 Padl;

UINT32 Nanosecond, /1 0 — 999,999,999
INT16 Ti neZone; /I -1440 to 1440 or 2047
UINT8 Dayl i ght;

UINTS8 Padz;

} EFl_LOCAL_TIME;
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//*******************************************************

/1 Bit Definitions for EFI_TIME Daylight. See bel ow.

//*******************************************************

#define EFI _TI ME_ADJUST_DAYLI GHT 0x01
#define EFI _TI ME_I N_DAYLI GAT 0x02

//*******************************************************

/1 Value Definition for EFI _TIME Ti neZone. See bel ow.

//*******************************************************

#defi ne EFI _UNSPECI FI ED_TI MEZONE OxO07FF
Year, Mbonth, Day The current local date.

Hour, M nute, Second, Nanosecond

The current local time. Nanoseconds report the current fraction

of asecond in thedevice. The format of thetimeis

hh: mm ss. nnnnnnnnn. A battery backed real time clock

device maintains the date and time.

Ti neZone The time's offset in minutesfrom GMT. If thevaueis
EFI _UNSPECI FI ED_TI MEZONE, then the timeisinterrupted

asalocal time.

Dayl i ght A bitmask containing the daylight savings time information for

thetime.

The EFI _TI ME_ADJUST_DAYLI GHT bit indicatesif the time
is affected by daylight savings time or not. Thisvalueis does
not indicate that the time has been adjusted for daylight savings
time. Itindicatesonly that it should be adjusted when the

EFI _TI VE enters daylight savings time.

If EFI _TI ME_|I N_DAYLI GHT is set, the time has been

adjusted for daylight savingstime.

All other bits must be zero.
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//*******************************************************

/1 EFI _TI ME_CAPABI LI TI ES

//*******************************************************

/'l This provides the capabilities of the
/1l real time clock device as exposed through the EFI interfaces.
typedef struct {

Ul NT32 Resol uti on;
Ul NT32 Accuracy,
BOOLEAN Set sToZer o,
} EFI _TI ME_CAPABI LI Tl ES;
Accuracy Provides the timekeeping accuracy of the real-time clock in an error rate

of 1E-6 parts per million. For aclock using a standard uncompensated
crystal the valueis 50 parts per million (or 50,000,000).

Resol ution Provides the reporting resolution of the real-time clock device in counts
per second. For anormal PC-AT CMOS RTC device, this value would
be 1 Hz, or 1, to indicate that the device only reports the time to the
resolution of 1 second.

Set sToZer o A TRUE indicates that a time set operation clears the device’s time below
the Resol ut i on reporting level. AFALSE indicates that the state
below theResol ut i on level of the device is not cleared when the time
is set. Normal PC-AT CMOS RTC devices set this valueAloSE.

Description

TheGet Ti me() function returns a time that was valid sometime during the call to the function.
While the returnedtFI _TI ME structure containi neZone andDay! i ght savings time

information, the actual clock does not maintain these values. The current time zone and daylight
saving time information returned It Ti me() are the values that were last set via
Set Ti me() .

TheGet Ti me() function should take approximately the same amount of time to read the time
each time it is called. All reported device capabilities are to be rounded up.

During runtime, if a PC-AT CMOS device is present in the platform the caller must synchronize
access to the device before calli@et Ti me() .

Status Codes Returned

EFI_SUCCESS The operation completed successfully.
EFI_INVALID_PARAMETER | One of the parameters has an invalid value.
EFI_DEVICE_ERROR The time could not be retrieved due to a hardware error.
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3.6.2 SetTime()
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Summary

Sets the current local time and date information.

Prototype

EFl _STATUS

Set Tine (
I N EFI _TI ME *Ti ne
)

Parameters
Ti e A pointer to the current time. Type EFI _TI ME isdefined in Section 0.

Description

The Set Ti me() function setsthe real time clock device to the supplied time, and records the
current time zone and daylight savings time information. The Set Ti ne() function isnot allowed
to loop based on the current time. E.g., if the device does not support a hardware reset for the sub-
resolution time, the code is not to implement the feature by waiting for the time to wrap.

During runtime, if aPC-AT CMOS deviceis present in the platform the caller must synchronize
access to the device before calling Set Ti me() .

Status Codes Returned

EFI_SUCCESS The operation completed successfully.
EFI_INVALID_PARAMETER A time field is out of range.
EFI_DEVICE_ERROR The time could not be set due to a hardware error.
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3.6.3 GetWakeupTime()

Summary

Returns the current wakeup alarm clock setting.

Prototype
EFI _STATUS
Get WakeupTi e (
OUT BOOLEAN *Enabl ed,
OUT BOOLEAN *Pendi ng,
QUT EFI _TI ME *Ti me
)
Parameters
Enabl ed Indicatesif thealarmis currently enabled or disabled.
Pendi ng Indicatesif the alarm signal is pending and requires acknowledgement.
Ti e The current darm setting. Type EFI _TI ME is defined in Section 0.
Description

The alarm clock time may be rounded from the set alarm clock time to be within the resolution of
the alarm clock device. The resolution of the alarm clock device is defined to be one second.

During runtime, if a PC-AT CMOS deviceis present in the platform the caller must synchronize
access to the device before calling Get WakeupTi ne() .

Status Codes Returned

EFI_SUCCESS The alarm settings were returned.
EFI_INVALID_PARAMETER | A time field is out of range.
EFI_DEVICE_ERROR The wakeup time could not be retrieved due to a hardware error.
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3.6.4 SetWakeupTime()

Summary
Sets the system wakeup alarm clock time.

Prototype
EFl _STATUS
Set WakeupTi e (
| N BOOLEAN Enabl e,

I N EFI _TI ME *Ti ne OPTI ONAL
)
Parameters
Enabl e Enable or disable the wakeup alarm.
Ti ne If Enabl e i s TRUE, thetime to set the wakeup alarm for. Type

EFI _TI MEisdefined in Section 0. If Enabl e is FALSE, then this
parameter is optional, and may be NULL.

Description

Setting a system wakeup alarm causes the system to wake up or power on at the set time. When the
aarm fires, the alarm signal is latched until acknowledged by calling Set WakeupTi ne() to
disablethe alarm. If the alarm fires before the systemis put into a deeping or off state, since the
aarm signal is latched the system will immediately wake up. If the alarm fires while the systemiis
off and there isinsufficient power to power on the system, the system is powered on when power is
restored.

For an ACPI-aware operating system, this function only handles programming the wakeup alarm
for the desired wakeup time. The operating system still controls the wakeup event asit normally
would through the ACPI Power Management register set.

The resolution for the wakeup darm is defined to be 1 second.

During runtime, if a PC-AT CMOS device is present in the platform the caller must synchronize
access to the device before calling Set WakeupTi ne() .

Status Codes Returned

EFI_SUCCESS The alarm was set.
EFI_INVALID_PARAMETER A time field is out of range.
EFI_DEVICE_ERROR The wakeup time could not be set due to a hardware error.
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3.7 Virtual Memory Services

This section contains function definitions for the virtual memory support that may be optionally
used by an operating system at runtime. 1f an operating system chooses to make EFl runtime
service callsin avirtual addressing mode instead of the flat physical mode, then the operating
system must use the services in this section to switch the EFl runtime services from flat physical
addressing to virtual addressing. Table 3-11 lists the virtual memory service functions described in
this section:

Table 3-11. Virtual Memory Functions

Name Type Description

SetVirtualAddressMap  Runtime Used by an OS loader to convert from physical addressing to virtual
addressing.

ConvertPointer Runtime Used by EFI components to convert internal pointers when switching

to virtual addressing.
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3.7.1 SetVirtualAddressMap()
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Summary

Changes the runtime addressing mode of EFI firmware from physical to virtual.

Prototype
EFI _STATUS
Set Vi rt ual Addr essMap (
I N U NTN MenoryMapSi ze,
I N U NTN DescriptorSi ze,
I N U NT32 Descri pt or Versi on,
I N EFl _MEMORY_DESCRI PTOR *Virtual Map
)
Parameters
Menor yMapSi ze Thesizein bytesof Vi rt ual Map.
DescriptorSize Thesizein bytesof an entry inthe Vi r t ual Map.
Descri pt or Ver si on The version of the structure entriesin Vi r t ual Map.
Vi rtual Map An array of memory descriptors which contain new virtual
address mapping information for al runtime ranges. Type
EFI _MVEMORY_DESCRI PTORIisdefined in Section 3.2.3.
Description

The Set Vi r t ual Addr essMap() functionisused by the OSloader. The function can only be

called at runtime, and is called by the owner of the system’s memory map. l.e., the component
which calledExi t Boot Ser vi ces() .

This call changes the addresses of the runtime components of the EFI firmware to the new virtual
addresses supplied in thér t ual Map. The supplied/ r t ual Map must supply the new virtual
address for every entry in the memory map that was in efféstidtBoot Ser vi ces() time

that were marked as being needed for runtime usage.

The call toSet Vi r t ual Addr essMap() must be done with the physical mappings. On
successful return from this function, the system must then make any future calls with the newly
assigned virtual mappings. All address space mappings must be done in accordance to the
cacheability flags as specified in the original address map.

When this function is called, all events that were registered to be signaled on an address map
change are notified. Each component that is notified must update any internal pointers for their
new addresses. This can be done wittChwever t Poi nt er () function. Once all events have
been notified, the EFI firmware re-applies image “fixup” information to virtually relocate all
runtime images to their new addresses.

1/19/00 Version 0.92



In

tel

DRAFT Services

A virtual address map may only be applied one time. Once the runtime system isin virtual mode,
callsto thisfunction return EFI _ UNSUPPORTED.

Status Codes Returned

EFI_SUCCESS

The virtual address map has been applied.

EFI_UNSUPPORTED

EFI firmware is not at runtime, or the EFI firmware is already in
virtual address mapped mode.

EFI_INVALID_PARAMETER

The supplied Vi rt ual Map does not contain virtual address
mapping information for all the runtime components. No
changes were applied.

Version 0.92
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3.7.2 ConvertPointer()
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Summary
Determines the new virtual address that is to be used on subsequent memory accesses.

Prototype
EFI _STATUS
Convert Poi nter (
I N U NTN DebugDi sposi ti on,
IN VO D ** Addr ess
)
Parameters
DebugDi sposi tion Suppliestype information for the pointer being converted. See
Related Definitions.
Addr ess A pointer to apointer that isto be fixed to be the value needed

for the new virtual address mappings being applied.

Related Definitions

//*******************************************************

/1 EFl_OPTI ONAL_PTR

//*******************************************************

#define EFI _OPTI ONAL_PTR 0x00000001

Description

The Convert Poi nt er () functionisused by an EFI component during the
Set Vi rt ual Addr essMap() operation.

The Convert Poi nt er () function updates the current pointer pointed to by Addr ess to bethe

proper vaue for the new address map. Only runtime components need to perform this operation.
The Cr eat eEvent () functionisused to create an event that is to be notified when the address

map is changing. All pointersthe component has allocated or assigned must be updated.
If the EFI _OPTI ONAL_PTR flag is specified, the pointer being converted is allowed to be NULL.

Once all components have been notified of the address map change, the EFI firmware fixes any
compiled in pointers that where imbedded in any runtime image.

Status Codes Returned

EFI_SUCCESS The pointer pointed to by Addr es s was modified.
EFI_NOT_FOUND The pointer pointed to by Addr €S s was not found to be part
of the current memory map. This is normally fatal.
EFI_INVALID_PARAMETER One of the parameters has an invalid value.
1/19/00 Version 0.92
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3.8 Miscellaneous Services

This section contains the remaining function definitions for services not defined el sewhere but
which are required to complete the definition of the EFI environment. Table 3-12 lists the
Miscellaneous Services Functions.

Table 3-12. Miscellaneous Services Functions

Name Type Description

ResetSystem Runtime  Resets the entire platform.

SetWatchDogTimer Boot Resets and sets a watchdog timer used during boot services
time.

Stall Boot Stalls the processor.

GetNextMonotonicCount Boot Returns a monotonically increasing count for the platform.

GetNextHighMonotonicCount  Runtime  Returns the next high 32 bits of the platform’s monotonic
counter.
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3.8.1 ResetSystem()
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Summary
Resets the entire platform.

DRAFT intel

Prototype
VO D
Reset System (
IN EFI _RESET TYPE Reset Type,
I N EFlI _STATUS Reset St at us,
| N U NTN Dat aSi ze,
| N CHARLG6 *Reset Dat a OPTI ONAL
)i
Parameters
Reset Type The type of reset to perform. Type EFI _RESET_TYPE isdefined in

“Related Definitions”.

Reset St at us The status code for the reset. If the system reset is part of a normal
operation, the status code wouldeid _ SUCCESS. If the system reset
is due to some type of failure the most appropriate EFI Status code
would be used.

Dat aSi ze The size, in bytes, dReset Dat a.

Reset Dat a A data buffer that includes a Null-terminated Unicode string, optionally
followed by additional binary data. The string is a description that the
caller may use to further indicate the reason for the system reset.
Reset Dat a is only valid if Reset St at us is something other then
EFI _SUCCESS. This pointer must be a physical address.
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Related Definitions

//*******************************************************

/| EFl _RESET_TYPE

//*******************************************************

typedef enum {
EFl Reset Col d,
EFI Reset Var m
} EFI _RESET_TYPE;

Description

The Reset Syst ent ) function resets the entire platform, including all processors and devices, and
reboots the system.

Calling thisinterface with Reset Type of EFl Reset Col d causes a system-wide reset. This sets

al circuitry within the systemto itsinitial state. Thistype of reset is asynchronous to system
operation and operates without regard to cycle boundaries. EFI Reset Col d istantamount to a

system power cycle.

Calling thisinterface with Reset Type of EFl Reset War mcauses a system-wide initialization.
The processors are set to their initial state, and pending cycles are not corrupted.

The platform may optionally log the parameters from any non-normal reset that occurs.
The Syst enReset () function does not return.

Version 0.92 1/19/00 93



a
Extensible Firmware Interface Specification DRAFT Intel

3.8.2 SetWatchdogTimer()

Summary

Sets the system’s watchdog timer.

Prototype
EFI _STATUS
Set Wt chdogTi ner (
I N U NTN Ti meout,
I N Ul NT64 Wat chdogCode,
I N U NTN Dat aSi ze,
I N CHAR16 *Wat chdogDat a OPTI ONAL
)
Parameters

Ti neout The number of seconds to set the watchdog timer to. A value of zero
disables the timer.

Wat chdogCode The numeric code to log on a watchdog timer timeout event. The
firmware reserves codes 0x0000 to OxFFFF. Loaders and operating
systems may use other timeout codes.

Dat aSi ze The size, in bytes, dfiat chdogDat a.

Wat chdogDat a A data buffer that includes a Null-terminated Unicode string, optionally
followed by additional binary data. The string is a description that the
call may use to further indicate the reason to be logged with a watchdog
event.

Description

TheSet Wat chdogTi mer () function sets the system’s watchdog timer.

If the watchdog timer expires, a system reset is generated and the event is logged by the firmware.
Just before firmware calls the EFI Image’s entry point, the watchdog timer is set for a timeout of
5 minutes.

The EFI Image may reset or disable the watchdog timer as needed.

The watchdog timer is only used during boot services. On successful completion of
Exi t Boot Ser vi ces() thewatchdog timer is disabled.

The accuracy of the watchdog timer is +/- 1 second from the requested Ti meout .
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Status Codes Returned

Services

EFI_SUCCESS

The timeout has been set.

EFI_INVALID_PARAMETER

The supplied Wat chdogCode is invalid.

EFI_UNSUPPORTED

The system does not have a watchdog timer.

EFI_DEVICE_ERROR

The watch dog timer could not be programmed due to a hardware

error.

Version 0.92
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3.8.3 Stall()
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Summary

Induces afine-grained stall.

Prototype

EFI _STATUS

Stall (

[N U NTN

)

Parameters

M croseconds

Description

M croseconds

The number of microseconds to stall execution.

tel

TheSt al | () function stalls execution on the processor for at least the requested number of
microseconds. Execution of the processor is not yielded for the duration of the stall.

Status Codes Returned

EFI_SUCCESS

Execution was stalled at least the requested number of
M croseconds.

1/19/00
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3.8.4 GetNextMonotonicCount()

Summary

Returns a monatonically increasing count for the platform.

Prototype
EFl _STATUS

Get Next Monot oni cCount  (

QUT Ul NT64
)i

Parameters

*Count

Count Pointer to returned vaue.

Description

Services

The Get Next Monot oni cCount () function returns a 64 bit value that is numerically larger
then the last time the function was called.

The platform’s monotonic counter is comprised of two parts: the high 32 bits and the low 32 bits.
The low 32 bit value is volatile and is reset to zero on every system reset. It is increased by 1 on
every call toGet Next Monot oni cCount () .

The high 32 bit value is non-volatile and is

increased by 1 on whenever the system resets or the low 32 bit counter overflows.

Status Codes Returned

EFI_SUCCESS

The next monotonic count was returned.

EFI_DEVICE_ERROR

The device is not functioning properly.

EFI_INVALID_PARAMETER

One of the parameters has an invalid value.

Version 0.92
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3.8.5 GetNextHighMonotonicCount()
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Summary

Returns the next high 32 bits of the platform’s monotonic counter.

Prototype

EFI _STATUS
Get Next Hi ghMonot oni cCount  (
OUT Ul NT32 *H ghCount

),

Parameters

Hi ghCount Pointer to returned value.

Description

TheGet Next Hi ghMonot oni cCount () function returns the next high 32 bits of the platform’s
monotonic counter.

The platform’s monotonic counter is comprised of two 32 bit quantities: the high 32 bits and the
low 32bits. During boot service time the low 32 bit value is volatile: it is reset to zero on every
system reset and is increased by 1 on every c&#tdNext Monot oni cCount (). The high

32 bit value is non-volatile and is increased by 1 whenever the system resets or whenever the low
32 bit count [returned b§et Next Monot i cCount () ] overflows.

TheCGet Next Monot oni cCount () function is only available at boot services time. If the
operating system wishes to extend the platform monotonic counter to runtime, it may do so by
utilizing Get Next Hi ghMbnot oni cCount (). To do this, before calling
Exi t Boot Servi ces() the operating system would cat Next Monot oni cCount () to
obtain the current platform monotonic count. The operating system would then provide an
interface that returns the next count by:
e Adding 1 to the last count.
» Before the lower 32 bits of the count overflows, Gt Next Hi ghMonot oni cCount () .
This will increase the high 32 bits of the platform’s non-volatile portion of the monotonic count
by 1.

This function may only be called at Runtime.

Status Codes Returned

EFI_SUCCESS The next high monotonic count was returned.

EFI_DEVICE_ERROR The device is not functioning properly.

EFI_INVALID_PARAMETER | One of the parameters has an invalid value.
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EFI Image

This chapter defines EFI images, aclass of filesthat contain executable code. We begin by
describing the EFI _LQADED | MACE protocol, and then discuss EFI image headers, applications,
OS |loaders, and drivers.

4.1 LOADED_IMAGE Protocol
This section provides a detailed description of the EFI _LOADED | MAGE protocol.

Summary
Can be used on any image handle to obtain information about the loaded image.

GUID
#def i ne LOADED_| MAGE_PROTOCCL \
{5B1B31A1- 9562- 11d2- 8E3F- 00A0C969723B}

Revision Number
#define EFl _LOADED | MAGE | NFORVATI ON_REVI SI ON 0x1000

Protocol Interface Structure
typedef struct {

Ul NT32 Revi si on;

EFI _HANDLE Par ent Handl e;

EFI _SYSTEM TABLE *Syst emrabl e;

/'l Source location of the inmage

EFI _HANDLE Devi ceHandl e;

EFI _DEVI CE_PATH *Fi | ePat h;

VA D *Reserved;

/I Image’s load options

UINT32 Loadpt i onsSi ze,
VOID *Loadpt i ons;
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/1 Location where i mage was | oaded

Va D *| mageBase;

U NT64 | mageSi ze,

EFI _MVEMORY_TYPE I mageCodeType;
EFl _MEMORY_TYPE I mageDat aType,
EFI _I MAGE_UNLOAD Unl oad;

} EFlI _LOADED | MAGE;

Parameters

Revi si on

Par ent Hand| e

Syst enilabl e

Devi ceHandl e

Fi | ePat h

Reser ved

Loadpt i onsSi ze

Loadpt i ons
| mgeBase
| mageSi ze

I mageCodeType

I mageDat aType

Unl oad

Definestherevision of the EFI _LOADED | MAGE structure.
All future revisions will be backward compatible to the current
revision.

Parent image’s image handIsULL if the image is loaded
directly from the firmware’s boot manager. Tygiel _HANDLE
is defined in Chapter 3.

The image’s EFI system table pointer. Type
EFlI _SYSTEM TABLE is defined in 4.5.1.

The device handle that the EFI Image was loaded from. Type
EFI _HANDLE is defined in Chapter 3.

The file path portion specific tbevi ceHand! e that the EFI
Image was loaded from. Typ#| _DEVI CE_PATH s defined
in Chapter 3.

Reserved. DO NOT USE.

The size in bytes dfoadpt i ons.

The image’s binary load options.

The base address at which the image was loaded.
The size in bytes of the loaded image.

The memory type that the code sections were loaded as. Type
EFI _MEMORY_TYPE is defined in Chapter 3.

The memory type that the data sections were loaded as. Type
EFI _MEMORY_TYPE is defined in Chapter 3.

Function that unloads the image. See Section 0.

1/19/00 Version 0.92



tel" DRAFT EFI Image

Description

Each loaded image has an image handle that supportsthe EFI _LOADED | MAGE protocol. When
an image is started, it is passed the image handle for itself. The image can use the handle to obtain
itsrelevant image data stored in the EFlI _ LOADED | MAGE structure, such asitsload options.
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411 LOADED_IMAGE.Unload()
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Summary

Unloads an image from memory.

Prototype
t ypedef
EFl _STATUS
(EFI APl *EFI _UNLQAD_| MAGE) (
I N EFI _HANDLE | mageHand| e,
)
Parameters
| mageHand! e The handle to the image to unload. Type EFI _HANDLE isdefined in
Chapter 3.
Description

The Unl oad() function unloads an image from memory if / nageHand|! e isvalid.

Status Codes Returned

EFI_SUCCESS The image was unloaded.

EFI_INVALID_PARAMETER | The ImageHandle was not valid.
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4.2 EFIl Image Header

EFI Images are aclass of files defined by EFI that contain executable code. The most
distinguishing feature of EFI Images is that the first set of bytesin the EFl Image file contains an
image header that defines the encoding of the executable image.

EFI uses a subset of the PE32+ image format with amodified header signature. The modification

to signature value in the PE32+ image is done to distinguish EFI images from normal PE32

executables. The “+” addition to PE32 provides the 64 bit relocation fix-up extensions to standard
PE32 format.

For images with the EFI image signature, $udsy st emvalues in the PE image header are

defined below. The major differences between image types are the memory type that the firmware
will load the image into, and the action taken when the image’s entry point exits or returns. An
application image is always unloaded when control is returned from the image’s entry point. A
driver image is only unloaded if control is passed back with an EFI error code.

/'l PE32+ Subsystemtype for EFI inmages

#defi ne | MAGE_SUBSYSTEM EFI _APPLI CATI ON 10
#define | MAGE_SUBSYSTEM EFlI _BOOT_SERVI CE_DRI VER 11
#define | MAGE_SUBSYSTEM EFI _RUNTI ME_DRI VER 12

The Machi ne value that is found in the PE image file header is used to indicate the machine code
type of the image. The machine code types defined for images with the EFIl image signature are
defined below. A given platform must implement the image type native to that platform. Support
for other machine code types are optional to the platform.

/'l PE32+ Machine type for EFI inages

#define | MAGE_FI LE_MACHI NE_| A32 0x014c
#define | MAGE_FI LE_MACHI NE_| A64 0x0200
#define | MAGE_FI LE_MACHI NE_I BS 0xFCOD

An EFl image is loaded into memory through tleadl mage() Boot Service. This service loads

an image with a PE32+ format into memory. This PE32+ loader is requires to load all the sections
of the PE32+ image into memory. Once the image is loaded into memory, and the appropriate
“fixups” have been performed, control is transferred to a loaded image at the

AddressOf Ent r yPoi nt reference according to the normal 1A-32 or IA-64 indirect calling
conventions. All other linkage to and from an EFI image is done programmatically.
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4.3

4.4

4.5

104

EFI Applications

Applications are loaded by the boot manager in the EFI firmware, or by other applications. To load

an application the firmware all ocates enough memory to hold the image, copies the sections within

the application to the allocated memory and applies the rel ocation fix-ups needed. Once done, the
alocated memory is set to be the proper type for code and data for theimage. Control isthen

transferred to the application’s entry point. When the application returns from its entry point, or
when it callsExi t () , the application is unloaded from memory and control is returned to the shell
that loaded the application.

When the boot manager loads an application, the image handle may be used to locate the “load
options” for the application. The load options are those options that were stored in the
LoadOpt i ons field of theEFI _LOADED | MAGE information for the application.

EFI OS Loaders

An EFI OS loader is a type of EFI application that normally takes over control of the system from
the EFI firmware. When loaded, the OS loader behaves like any other EFI application in that it
must only use memory it has allocated from the firmware and can only use EFI device handles for
access to devices that the firmware exposes. If the Loader includes any boot service style driver
functions, it must use the proper EFI interfaces to obtain access to the bus specific-resources. That
is, /0 and memory-mapped device registers must be accessed through th®pvbik | O

calls like those that an EFI driver would perform.

If the OS loader experiences a problem and cannot load its operating system correctly, it can release
all allocated resources and return control back to the firmware Vixthig( ) call with an error
code and aikx/ t Dat a that contains OS loader-specific data, including a Unicode string.

Once the OS loader successfully loads its operating system, it can take control of the system by
usingExi t Boot Ser vi ces() . After callingExi t Boot Ser vi ces( ), all boot services in the
system are terminated, including memory management, and the OS loader is responsible for the
continued operation of the system.

EFI Drivers

Drivers are loaded by the boot manager in the EFI firmware or by other applications. To load a
driver, the firmware allocates enough memory to hold the image, copies the sections within the
driver to the allocated memory and applies the relocation fix-ups that are needed. Once done, the
allocated memory is set to be the proper type for code and data for the image. Control is then
transferred to the driver’'s entry point. If the driver returns from its entry point, or when it calls

Exi t () with an error code, the driver is unloaded from memory and control is returned to the shell
that loaded the driver. If the driver retuiiEisl _ SUCCESS from its entry point, it continues to

reside in memory. If the driver is &frl | mnageBoot Ser vi ceDri ver, the memory that the

driver is loaded into is of typlef i Boot Ser vi cesCode andEf i Boot Ser vi cesDat a. Such
memory regions revert back to normal memory when an OS loader exits boot services.
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When the boot manager loads a driver, the image handle may be used to locate the “load options”
for the driver. The load options are those options that were storedLinati€pt i ons field of
theEFI _LOADED | MAGE information for the driver.

4.5.1 EFIImage Handoff State

Control is transferred to a loaded image atAdr essOf Ent r yPoi nt reference according to
the normal indirect calling conventions for the imadéis hi ne type. The entry pointis a
function of typeEFI | MAGE_ENTRY_PO NT. All other linkage to and from an EFI image is
done programmatically. See Chapter 3 for the full definitioBFdf | MAGE_ENTRY_PO NT. Its
prototype is repeated below, along with some additional comments.

t ypedef

EFl _STATUS

(EFI APl *EFI _| MAGE_ENTRY_PO NT) (
I N EFI _HANDLE | mageHand! e,
| N EFl _SYSTEM TABLE *Syst eniTabl e
)

The first argument is the image’s image handle. The second argument is a pointer to the image’s
system table. The system table contains the standard output and input handles, plus pointers to the
EFI _BOOT_SERVI CES andEFI _RUNTI ME_SERVI CES tables. The service tables contain the

entry points in the firmware for accessing the core EFI system functionality. The handles in the
system table are used to obtain basic access to the console. In addition, the EFI system table
contains pointers to other standard tables that a loaded image may use if the associated pointers are
initialized to non-zero values. Examples of such tables are ACPI, SMBIOS, SAL System

Table, etc.

Thel mageHandl e is a firmware-allocated handle that is used to identify the image on various
functions. The handle also supports one or more protocols that the image can use. All images
support theeFI _LOADED | MAGE protocol that returns the source location of the image, the
memory location of the image, the load options for the image, etc. The exact

EFI _LOADED | MAGE structure is defined in Section 4.1.

The following code shows the definition for the EFI system table. The EFI system table is provided
as the second argument to a loaded image’s entry point.
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Il
/1 EFI
Il

System Tabl e
#defi ne EFlI _SYSTEM TABLE_SI GNATURE
#defi ne EFI _SYSTEM TABLE_REVI S| ON

typedef struct _EFI _SYSTEM TABLE {
EFI _TABLE_HEADER

CHARL6
Ul NT32

EFI _HANDLE
SI MPLE_| NPUT_| NTERFACE

EFl _HANDLE
SI MPLE_TEXT_OUTPUT_| NTERFACE

EFl _HANDLE
SI MPLE_TEXT_OUTPUT_| NTERFACE

EFI _RUNTI ME_SERVI CES
EFlI _BOOT_SERVI CES

U NTN
EFI _CONFI GURATI ON_TABLE

} EFI _SYSTEM TABLE;

DRAFT
0x5453595320494249
(0<<16) | (91)

Hdr ;

*Fi r mvar eVendor ;
Fi r mvar eRevi si on;

Consol el nHandl e;
*Conl n;

Consol eCut Handl e;
*ConQut ;

St andar dEr r or Handl e;
*StdErr;

*Runt i neSer vi ces;
*Boot Ser vi ces;

Nunmber OF Tabl eEntri es;
*Confi gurationTabl e;

/1
/1 Standard EFlI table header
/1
typedef struct _EFI _TABLE HEADER ({

Ul NT64 Si gnat ur e;

Ul NT32 Revi si on;

Ul NT32 Header Si ze;

Ul NT32 CRC32;

Ul NT32 Reserved;
} EFlI _TABLE_ HEADER,
/1
/1 EFl Configuration Table and GU D Decl arati ons
/1
#define MPS_TABLE GUID \

{Oxeb9d2d2f, 0x2d88, 0x11d3, O0x9a, 0x16, 0x0, 0x90, 0x27, Ox3f, Oxcl, 0x4d}
#define ACPI _TABLE GUID \

{0xeb9d2d30, 0x2d88, 0x11d3, 0x9a, 0x16, 0x0, 0x90, 0x27, Ox3f, Oxcl, 0x4d}
#define SMBI OS_TABLE GUI D \

{O0xeb9d2d31, 0x2d88, 0x11d3, O0x9a, 0x16, 0x0, 0x90, 0x27, Ox3f, Oxcl, 0x4d}
#define SAL_SYSTEM TABLE GUI D \

{0xeb9d2d32, 0x2d88, 0x11d3, 0x9a, 0x16, 0x0, 0x90, 0x27, O0x3f, Oxcl, 0x4d}
typedef struct_EFI _CONFI GURATI ON_TABLE {

EFl _GUI D Vendor Gui d;
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VA D *Vendor Tabl e;

} EFI _CONFI GURATI ON_TABLE;

The EFI system table contains pointers to the runtime and boot servicestables. The definitions for
these tables are shown in the following code fragments. Except for the table header, all elementsin
the service tables are prototypes of function pointers to functions as defined in Chapter 3. The

Get Ti me() functionisshown as an example.

/'l Exanple interface prototype

t ypedef
EFl _STATUS
(EFI APl *EFI _GET_TI ME) (
I'N EFI _TI MVE *Ti e,

I N EFI _TI ME_CAPABI LI TI ES
E

*Capabilities OPTI ONAL

I
/1 EFl Runtinme Services Table
I

#define EFI _RUNTI ME_SERVI CES_S| GNATURE 0x56524553544€5552
#define EFI_RUNTI ME_SERVI CES_REVI SION  (0<<16) | (91)

typedef struct {

EFl _TABLE_HEADER Hdr ;

I

/1 Tinme Services

I

EFI _GET_TI ME Get Ti ne;
EFl _SET_TIME Set Ti ne;

EFl _GET_WAKEUP_TI ME
EFl _SET_WAKEUP_TI ME

/1
/1 Virtual Menory Services
/11

EFl _SET_VI RTUAL_ADDRESS_MAP
EFI _CONVERT_PQ NTER

/1
/1 Variable Services
/1

Get WakeupTi ne;
Set WakeupTi ne;

Set Vi rt ual Addr essMap;
Convert Poi nt er;

EFl _GET_VARI ABLE Get Vari abl e;
EFl _GET_NEXT_VARI ABLE_NAVE Get Next Var i abl eNane;
EFl _SET_VARI ABLE Set Vari abl e;

/1
/1 M scel |l aneous Services
/1

EFl _GET_NEXT_H GH_MONO_COUNT
EFlI _RESET_SYSTEM

Version 0.92
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} EFI _RUNTI ME_SERVI CES;

Il
/1 EFI
Il

Boot Services Table

#define EFI_BOOT_SERVI CES_SI GNATURE
#def i ne EFI_BOOT_SERVI CES_REVI SI ON

typedef struct _EFI_BOOT_SERVI CES {

EFl _TABLE_HEADER

11
/1l Task Priority Services
11

EFl _RAI SE_TPL
EFl _RESTORE_TPL

/1
/'l Memory Services
/1

EFl _ALLOCATE_PAGES
EFl _FREE_PAGES

EFI _GET_MEMORY_MAP
EFl _ALLOCATE_POOL
EFl _FREE_POOL

/1
/1 Event & Tinmer Services
/1

EFl _CREATE_EVENT

EFl _SET_TI MER

EFI _WAI T_FOR_EVENT
EFI _SI GNAL_EVENT

EFl _CLOSE_EVENT

EFl _RESERVED_SERVI CE

/1
/1 Protocol
/1

Handl er Services

EFl _| NSTALL_PROTOCOL_| NTERFACE
EFl _REI NSTALL_PROTOCOL_| NTERFACE
EFI _UNI NSTALL_PROTOCOL_| NTERFACE
EFl _HANDLE_PROTOCOL

EFl _REG STER PROTOCOL_NOTI FY
EFl _LOCATE_HANDLE

EFl _LOCATE_DEVI CE_PATH

EFl _RESERVED_SERVI CE

Il

/'l I mage Services
/1

1/19/00
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0x56524553544f 4f 42
(0<<16) | (91)
Hdr ;
Rai seTPL;

Rest or eTPL,;

Al | ocat ePages;
Fr eePages;

Cet Menor yMap;
Al | ocat ePool ;
Fr eePool ;

Cr eat eEvent ;

Set Ti mer ;

Wi t For Event ;

Si gnal Event ;

Cl oseEvent;

Reser vedSer vi ce0;

Install Protocol I nterface;
Rei nstal | Prot ocol I nterface;
Uni nstal | Protocol I nterface;
Handl ePr ot ocol ;

PCHandl ePr ot ocol ;

Regi st er Prot ocol Noti fy;
Locat eHandl €;

Locat eDevi cePat h;
ReservedServi cel;
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EFl _I| MAGE_LQAD Loadl mage;

EFl _| MAGE_START Startl mage;

EFI _EXIT Exit;

EFI _1 MAGE_UNLQAD Unl oadl nage;

EFI _EXI T_BOOT_SERVI CES Exi t Boot Ser vi ces;

I
/1 M scel | aneous Services
I

EFI _GET_NEXT_MONOTONI C_COUNT Get Next Monot oni cCount ;
EFl _STALL Stall;
EFI _SET_WATCHDOG Tl MER Set Wat chdogTi ner;

} EFI _BOOT_SERVI CES;

45.1.1 1A-32 Handoff State

When an 1A-32 EFI OSisloaded, the system firmware hands off control to the OSin flat 32-bit
mode. All descriptors are set to their 4 GB limits so that all of memory is accessible from all
segments. The address of the IDT is not defined and thus it cannot be manipulated directly during
boot services.

Figure 4-1 shows the stack after | mageEnt r yPoi nt has been called on |A-32 systems.

Stack L ocation

ESP+8
ESP+4
ESP

Figure 4-1. Stack after ImageEntryPoint Called, 1A-32
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45.1.2 |A-64 Handoff State

EFI uses the standard P64 C calling conventions that are defined for 1A-64. Figure 4-2 showsthe
stack after | mageEnt r yPoi nt has been caled on |A-64 systems. The arguments are also stored
inregisters: outO contains EFlI _ HANDL E and out1 contains the address of the

EFI _SYSTEM TABLE. Thegp for the EFl Image will have been loaded from the plabd pointed
to by the Addr essOFf Ent r yPoi nt in the image’s header.

Stack L ocation Register
SP+8 outl
SP outO

Figure 4-2. Stack after ImageEntryPoint Called, I1A-64

The SAL specification (see “Related Information” in Chapter 1) defines the state of the system
registers at boot handoff. The SAL specification also defines which system registers can only be
used after EFI boot services have been properly terminated.

110 1/19/00 Version 0.92



tel

5
Device Path Protocol

This chapter contains the definition of the device path protocol and the information needed to
construct and manage device paths in the EFl environment. A device path is constructed and used
by the firmware to convey the location of important devices, such as the boot device and console,
consistent with the software-visible topology of the system.

Device Path Overview

A Device Path is used to define the programmatic path to a device. The primary purpose of a
Device Path isto allow an application, such as an OS |oader, to determine the physical device that
the EFI interfaces are abstracting.

A collection of device pathsisusually referred to as a name space. ACPI, for example, is rooted
around a name space that iswritten in ASL (ACPI Source Language). Given that EFI does not
replace ACPI and defersto ACPI when ever possible, it would seem logical to utilize the ACPI
name spacein EFI. However, the ACPI name space was designed for usage at operating system
runtime and does not fit well in platform firmware or OS loaders. Given this, EFl definesits own
name space, called a Device Path.

A Device Path is designed to make maximum leverage of the ACPI name space. One of the key
structures in the Device Path defines the linkage back to the ACPI name space. The Device Path
asoisusedtofill in the gaps where ACPI defers to buses with standard enumeration algorithms.
The Device Path is able to relate information about which device is being used on buses with
standard enumeration mechanisms. The Device Path is also used to define the location on media
where afile should be, or where it was loaded from. A special case of the Device Path can also be
used to support the optional booting of legacy operating systems from legacy media.

The Device Path was designed so that the OS loader and the operating system could tell which

devices the platform firmware was using as boot devices. This alows the operating system to

maintain aview of the system that is consistent with the platform firmware. An example of thisisa
“headless” system that is using a network connection as the boot device and console. In such a
case, the firmware will convey to the operating system the network adapter and network protocol
information being used as the console and boot device in the device path for these devices.
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5.2 EFI_DEVICE_PATH Protocol

This section provides a detailed description of the EFI _DEVI CE_PATH protocol.

Summary

Can be used on any device handle to obtain generic path/location information concerning the
physical device or logical device. If the handle does not logically map to aphysical device, the
handle may not necessarily support the device path protocol.

GUID
#def i ne DEVI CE_PATH_PROTOCCL \
{ 9576e91-6d3f-11d2-8e39-00a0c969723b }

Protocol Interface Structure

EFI _DEVI CE_PATH *Devi cePat h;
Parameters
Devi cePat h A pointer to device path data. The device path describes the location of

the device the handleisfor. The size of the Device Path can be
determined from the structures that make up the Device Path. Type
EFl _DEVI CE_PATH is defined in Chapter 3.

Description

The executing EFI Image may use the device path to match its own device driversto the particular
device. Note that the executing EFl OS loader and EFI application images must access al physical
devices viaBoot Services device handles until Exi t Boot Ser vi ces() issuccessfully called.
An EFI driver may access only aphysical device for which it provides functionality.
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5.3 Device Path Nodes

There are six major types of Device Path nodes:

» Hardware Device Path. This Device Path defines how a deviceis attached to the resource
domain of a system, where resource domain is simply the shared memory, memory mapped
1/0O, and I/O space of the system.

* ACPI Device Path. This Device Path is used to describe devices whose enumeration is not
described in an industry-standard fashion. These devices must be described using ACPI
AML inthe ACPI name space; this Device Path is alinkage to the ACPlI hame space.

* Messaging Device Path. This Device Path is used to describe the connection of devices
outside the resource domain of the system. This Device Path can describe physical
messaging information (e.g., a SCSI 1D) or abstract information (e.g., networking protocol
I P addresses).

* Media Device Path. This Device Path is used to describe the portion of the mediathat is
being abstracted by a boot service. For example, aMedia Device Path could define which
partition on a hard drive was being used.

* BIOSBoot Specification Device Path. This Device Path is used to point to boot legacy
operating systems; it is based on the BIOS Boot Specification Version 1.01.

e End of Hardware Device Path. Depending on the Sub-Type, this Device Path nodeis used
to indicate the end of the Device Path instance or Device Path structure.

5.3.1 Generic Device Path Structures

A Device Path is avariable-length binary structure that is made up of variable-length generic
Device Path nodes. Table 5-1 defines the structure of a such anode and the lengths of its
components. The table defines the type and sub-type values corresponding to the Device Paths
described Section 0O; al other type and sub-type values are Reserved.
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Table 5-1. Generic Device Path Node Structure
Byte Byte
Mnemonic Offset Length Description
Type 0 1 Type 0x01 — Hardware Device Path
Type 0x02 — ACPI Device Path
Type 0x03 — Messaging Device Path
Type 0x04 — Media Device Path
Type 0x05 — BIOS Boot Specification Device Path
Type OxFF — End of Hardware Device Path
Sub-Type 1 1 Sub-Type — Varies by Type. (See Table 5-2.)
Length 2 2 Length of this structure in bytes. Length is 4 + n bytes.
Specific Device Path Data 4 n Specific Device Path data. Type and Sub-Type define

type of data. Size of data is included in Length.

A Device Path is a series of generic Device Path nodes. The first Device Path node starts at byte
offset zero of the Device Path. The next Device Path node starts at the end of the previous Device
Path node. Therefore all nodes are byte packed data structures that may appear on any byte
boundary. All code references to device path notes must assume all fields are UNALI GNED. Since
every Device Path node contains alength field in aknown place, it is possible to traverse Device
Path nodes that are of an unknown type. Thereis no limit to the number, type, or sequence of
nodesin a Device Path.

A Device Path isterminated by an End of Hardware Device Path node. Thistype of node has two
sub-types (see Table 5-2):

End This Instance of a Device Path (sub-type 0x01). Thistype of node terminates one Device
Path instance and denotes the start of another. Thisisonly required when an EFI _ HANDLE
represents multiple devices. An example of thiswould be a handle that represents

Consol eCQut , and consists of both aVGA console and serial output console. Thishandle
would send the Consol eQut stream to both VGA and serial concurrently and thus has a
Device Path that contains two complete Device Paths.

End Entire Device Path (sub-type OxFF). Thistype of node terminates an entire Device Path.
Software searches for this sub-type to find the end of a Device Path. All Device Paths must

end with this sub-type.

1/19/00
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Table 5-2. Device Path End Structure

Byte Byte
Mnemonic  Offset Length  Description
Type 0 1 Type OxFF — End of Hardware Device Path.
Sub-Type 1 1 Sub-Type OxFF — End Entire Device Path, or
Sub-Type 0x01 — End This Instance of a Device Path and start a new
Device Path.
Length 2 2 Length of this structure in bytes. Length is 4 bytes.

5.3.2 Hardware Device Path

This Device Path defines how a device is attached to the resource domain of a system, where
resource domain is simply the shared memory, memory mapped 1/O, and 1/O space of the system.
It is possible to have multiple levels of Hardware Device Path such as a PCCARD device that was
attached to a PCCARD PCI controller.

5.3.2.1 PCI Device Path

The Device Path for PCI defines the path to the PCI configuration space address for a PCl device.
Thereis one PCI Device Path entry for each device and function number that defines the path from
the root PCI busto the device. Because the PCI bus humber of a device may potentially change, a
flat encoding of single PCI Device Path entry cannot be used. An example of thisiswhen a PCI
device is behind a bridge, and one of the following events occurs:

e OSperforms a Plug and Play configuration of the PCI bus.

e A Hot plug of aPCI deviceis performed.

« The system configuration changes between reboots.

The PCI Device Path entry must be preceded by an ACPI Device Path entry that uniquely identifies
the PCI root bus. The programming of root PCI bridgesis not defined by any PCI specification and
thisiswhy an ACPI Device Path entry is required.

Table 5-3. PCI Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 1 — Hardware Device Path
Sub-Type 1 1 Sub-Type 1 — PCI
Length 2 2 Length of this structure is 8 bytes
Function 4 1 PCI Function Number
Device 5 1 PCI Device Number
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Table 5-4. PCCARD Device Path
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Byte Byte
Mnemonic Offset  Length  Description
Type 0 1 Type 1 — Hardware Device Path
Sub-Type 1 1 Sub-Type 2 — PCCARD
Length 2 2 Length of this structure in bytes. Length is 5 bytes.
Socket Number 4 1 Socket Number (0 = First Socket)

5.3.2.3 Memory Mapped Device Path

Table 5-5. Memory Mapped Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 1 — Hardware Device Path
Sub-Type 1 1 Sub-Type 3 — Memory Mapped
Length 2 2 Length of this structure in bytes. Length is 24 bytes.
Memory Type 4 4 EFI _MEMORY_TYPE (See Chapter 3.)
Start Address 8 8 Starting Memory Address
End Address 16 8 Ending Memory Address

5.3.2.4 Vendor Device Path

The Vendor Device Path allows the creation of vendor-defined Device Paths. A vendor must
alocate a Vendor_GUID for a Device Path. The Vendor_GUID can then be used to define the
contents on the n bytes that follow in the Vendor Device Path node.

Table 5-6. Vendor-Defined Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 1 — Hardware Device Path.
Sub-Type 1 1 Sub-Type 4 — Vendor.
Length 2 2 Length of this structure in bytes. Length is 20 + n bytes.
Vendor_GUID 4 16 Vendor-assigned GUID that defines the data that follows.
Vendor Defined Data 20 n Vendor-defined variable size data.
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5.3.3 ACPI Device Path

This Device Path contains ACPI Device IDs that represent a device’s Plug and Play Hardware 1D
and its corresponding unique persistent ID. The ACPI IDs are stored in the ACPI _HID and _UID
device identification objects that are associated with a device. The ACPI Device Path contains
values that must match exactly the ACPIl name space that is provided by the platform firmware to
the operating system. Refer to the ACPI specification for a complete description of the HID and
_UID device identification objects.

The HID value is an optional device identification object that appears in the ACPI hame space.
The _HID must be used to describe any device that will be enumerated by the ACPI driver. The
ACPI bus driver only enumerates a device when no standard bus enumerator exists for a device.
The _UID object provides the OS with a serial number-style ID for a device that does not change
across reboots. The object is optional, but is required when a system contains two devices that
report the same HID. The _UID only needs to be unique among all device objects with the same
_HID value. If no _UID exists in the APCI name space for a _HID the value of zero must be stored
in the _UID field of the ACPI Device Path.

The ACPI Device Path is only used to describe devices that are not defined by a Hardware Device
Path. An _HID is required to represent a PCI root bridge, since the PCI specification does not
define the programming model for a PCI root bridge.

Table 5-7. ACPI Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 2 — ACPI Device Path
Sub-Type 1 1 Sub-Type 1 ACPI Device Path
Length 2 2 Length of this structure in bytes. Length is 12 bytes.
_HID 4 4 Device’s PnP hardware ID stored in a numeric 32-bit

compressed EISA-type ID. This value must match the
corresponding _HID in the ACPI name space.

_UID 8 4 Unique ID that is required by ACPI if two devices have the
same _HID. This value must also match the corresponding
__UID/_HID pair in the ACPI name space. Only the 32-bit
numeric value type of _UID is supported; thus strings must
not be used for the _UID in the ACPI name space.

5.3.4 Messaging Device Path

This Device Path is used to describe the connection of devices outside the resource domain of the
system. This Device Path can describe physical messaging information like SCSI ID or abstract
information like networking protocol 1P addresses.
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5.3.4.1 ATAPI Device Path
Table 5-8. ATAPI Device Path
Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 1 — ATAPI
Length 2 2 Length of this structure in bytes. Length is 8 bytes.
PrimarySecondary 4 1 Set to zero for primary or one for secondary.
SlaveMaster 5 1 Set to zero for master or one for slave mode.
Logical Unit Number 6 2 Logical Unit Number
5.3.4.2 SCSI Device Path
Table 5-9. SCSI Device Path
Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 2 — SCSI
Length 2 2 Length of this structure in bytes. Length is 6 bytes.
Target ID 4 2 Target ID on the SCSI bus, PUN
Logical Unit Number 5 2 Logical Unit Number, LUN

5.3.4.3 Fibre Channel Device Path

Table 5-10. Fibre Channel Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 3 — Fibre Channel
Length 2 2 Length of this structure in bytes. Length is 16 bytes.
Reserved 4 4 Reserved
World Wide Number 8 8 Fibre Channel World Wide Number
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5.3.4.4 1394 Device Path
Table 5-11. 1394 Device Path
Mnemonic Byte Byte Description
Offset  Length
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 4 — 1394
Length 2 2 Length of this structure in bytes. Length is 16 bytes.
Reserved 4 4 Reserved
GUID 8 8 1394 Global Unique ID (GUID)
5.3.4.5 USB Device Path
Table 5-12. USB Device Path
Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 5 - USB
Length 2 2 Length of this structure in bytes. Length is 6 bytes.
USB Port Number 4 1 USB Port Number
Reserved 5 3 Reserved
Device Address 8 8 Device Address consists of Hub ID Number and the USB
Device Address.
5.3.4.6 1,0 Device Path
Table 5-13. 1,0 Device Path
Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 6 — 120 Random Block Storage Class.
Length 2 2 Length of this structure in bytes. Length is 8 bytes.
TID 4 4 Target ID (TID) for a device.
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Table 5-14. MAC Address Device Path
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Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 11 — MAC Address for a network interface
Length 2 2 Length of this structure in bytes. Length is 21 bytes.
MAC Address 4 16 The MAC address for a network interface padded with Os.
IfType 20 1 Network interface type(i.e. 802.3, FDDI). See RFC 1700.
5.3.4.8 IPv4 Device Path
Table 5-15. IPv4 Device Path
Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 12 — IPv4
Length 2 2 Length of this structure in bytes. Length is 19 bytes.
Local IP Address 4 4 The local IPv4 address
Remote IP Address 8 4 The remote IPv4 address
Local Port 12 2 The local port number
Remote Port 14 2 The remote port number
Protocol 16 2 The network protocol(i.e. UDP, TCP). See RFC 1700.
StaticlPAddress 18 1 0x00 - The Source IP Address was assigned though DHCP.
0x01 - The Source IP Address is statically bound.
1/19/00 Version 0.92
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5.3.4.9 IPv6 Device Path

Table 5-16. IPv6 Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 13 — IPv6
Length 2 2 Length of this structure in bytes. Length is 43 bytes.
Local IP Address 4 16 The local IPv6 address
Remote IP Address 20 16 The remote IPv6 address
Local Port 36 2 The local port number
Remote Port 38 2 The remote port number
Protocol 40 2 The network protocol (i.e. UDP, TCP). See RFC 1700.
StaticlPAddress 42 1 0x00 - The Source IP Address was assigned though DHCP.

0x01 - The Source IP Address is statically bound.

5.3.4.10 InfiniBandt Device Path

Table 5-17. InfiniBand Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 9 — InfiniBand
Length 2 2 Length of this structure in bytes. Length is TBD bytes.
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5.3.4.11 UART Device Path

Table 5-18. UART Device Path

Byte Byte

Mnemonic Offset Length  Description

Type 0 1 Type 3 — Messaging Device Path

Sub-Type 1 1 Sub-Type 14 — UART

Length 2 2 Length of this structure in bytes. Length is 12 bytes.

Baud Rate 4 8 The baud rate setting for the UART style device. A value of
0 means that the device's default baud rate will be used.

Data Bits 9 1 The number of data bits for the UART style device. A value
of 0 means that the device's default number of data bits will
be used.

Parity 10 1 The parity setting for the UART style device.

Parity 0x00 - Default Parity
Parity Ox01 - No Parity
Parity 0x02 - Even Parity
Parity 0x03 - Odd Parity
Parity 0x04 - Mark Parity
Parity 0x05 - Space Parity

Stop Bits 11 1 The number of stop bits for the UART style device.
Stop Bits 0x00 - Default Stop Bits
Stop Bits 0x01 - 1 Stop Bit
Stop Bits 0x02 - 1.5 Stop Bits
Stop Bits 0x03 - 2 Stop Bits
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5.3.4.12 Vendor-Defined Messaging Device Path

Table 5-19. Vendor-Defined Messaging Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 3 — Messaging Device Path
Sub-Type 1 1 Sub-Type 10 — Vendor
Length 2 2 Length of this structure in bytes. Length is 20 + n bytes.
Vendor_GUID 4 16 Vendor-assigned GUID that defines the data that follows.
Vendor Defined Data 20 n Vendor-defined variable size data.

The following two GUIDs are used with a VVendor-Defined M essaging Device Path to describe the
transport protocol for use with PC-ANSI and VT-100 terminals. Device paths can be constructed
with this node as the last node in the device path. The rest of the device path describes the physical
device that is being used to transmit and receive data. The PC-ANSI and VT-100 GUIDs define the
format of the data that is being sent though the physical device. Additional GUIDs can be
generated to describe additional transport protocols.

#def i ne DEVI CE_PATH_MESSAG NG_PC_ANSI \
{ e0c14753-f 9be- 11d2- 9a0c- 0090273f c14d }

#def i ne DEVI CE_PATH MESSAG NG VT 100 \
{ DFA66065- B419- 11d3- 9A2D- 0090273FC14D }

5.3.5 Media Device Path

This Device Path is used to describe the portion of the medium that is being abstracted by a boot
service. An example of Media Device Path would be defining which partition on a hard drive was
being used.

5.3.5.1 Hard Drive

The Hard Drive Media Device Path is used to represent a partition on a hard drive. The master boot
record (MBR) that residesin the first sector of the disk defines the partitions on a disk. Partitions
are addressed in EFI starting at LBA zero. Partitions are numbered one through n. A partition
number of zero can be used to represent the raw hard drive.

The MBR Type is stored in the Device Path to alow new MBR types to be added in the future.
The Hard Drive Device Path also contains a Disk Signature and a Disk Signature Type. The disk
signature is maintained by the OS and only used by EF to partition Device Path nodes. The disk
signature enables the OS to find disks even after they have been physically moved in asystem.
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Table 5-20. Hard Drive Media Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 4 — Media Device Path
Sub-Type 1 1 Sub-Type 1 — Hard Drive
Length 2 2 Length of this structure in bytes. Length is 42 bytes.
Partition Number 4 4 Partition Number of the hard drive. Partition numbers start
at one. Partition number zero represents the entire device.
Partitions are defined by entries in the master boot record in
the first sector of the hard disk device.
Partition Start 8 Starting LBA of the partition on the medium.
Partition Size 16 Size of the partition in units of Logical Blocks.
Partition Signature 24 16 Signature unique to this partition.
MBR Type 40 1 MBR Type: (Unused values reserved)
0x01 — PC AT compatible MBR. Partition Start and Partition
Size come from PartitionStarti ngLBAand
PartitionSi zel nLBA for the partition.
0x02 — EFI Partition Table Header.
Signature Type 41 1 Type of Disk Signature: (Unused values reserved)

0x00 — No Disk Signature.

0x01 — 32-bit signature from address 0x1b8 of the type
0x01 MBR.

0x02 — GUID signature.

The following structure defines an MBR for EFI:

Typedef struct _MBR PARTITION {

Ul NT8
Ul NT8
Ul NT8
Ul NT8
Ul NT32
Ul NT32
} MBR_PARTI TI ON;

typedef struct _PC MBR {

Ul NT8

Boot | ndi cat or;

/] 0x80 for active partition

PartitionStartCHS[ 3];

CS I ndi cator;

Partiti onEndCHS[ 3] ;
PartitionStartingLBA;
PartitionSi zel nLBA;

MBR_PARTI TI ON

Ul NT16
} PC_MBR;

MBRCode[ Ox1BE] ;
PartitionEntry[4];
Si gnat ur e; /1 Miust be Oxaabb
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The CD-ROM Media Device Path is used to define a system partition that exists on a CD-ROM.

The CD-ROM is assumed to contain an 1SO-9660 file system and follow the CD-ROM “El Torito”
format. The Boot Entry number from the Boot Catalog is how the “El Torito” specification defines
the existence of bootable entities on a CD-ROM. In EFI the bootable entity is an EFI System
Partition that is pointed to by the Boot Entry.

Table 5-21. CD-ROM Media Device Path

Byte Byte

Mnemonic Offset Length  Description

Type 0 1 Type 4 — Media Device Path

Sub-Type 1 1 Sub-Type 2 — CD-ROM “El Torito” Format

Length 2 2 Length of this structure in bytes. Length is 24 bytes.

Boot Entry 4 4 Boot Entry number from the Boot Catalog. The
Initial/Default entry is defined as zero.

Partition Start 8 8 Starting RBA of the partition on the media. CD-ROMs use
Relative logical Block Addressing.

Partition Size 16 8 Size of the partition in units of Blocks, also called Sectors.

5.3.5.3 Vendor-Defined Media Device Path

Table 5-22. Vendor-Defined Media Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 4 — Media Device Path
Sub-Type 1 1 Sub-Type 3 — Vendor
Length 2 2 Length of this structure in bytes. Length is 20 + n bytes.
Vendor_GUID 4 16 Vendor-assigned GUID that defines the data that follows.
Vendor Defined Data 20 n Vendor-defined variable size data.
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5.3.5.4 File Path Media Device Path

Table 5-23. File Path Media Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 4 — Media Device Path
Sub-Type 1 1 Sub-Type 4 — File Path
Length 2 2 Length of this structure in bytes. Length is 4 + n bytes.
Path Name 20 n Unicode Path string including directory and file names. The

length of this string N can be determined by subtracting 20
from the Length entry.

5.3.5.5 Media Protocol

The Media Pratocol device path is used to denote the protocol that is being used in a device path at
the location of the path specified. Many protocols are inherent to the style of device path. The
Media Protocol device path node is only used for the protocol types listed below.

Table 5-24. Media Protocol Media Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 4 — Media Device Path
Sub-Type 1 1 Sub-Type 5 — Media Protocol
Length 2 2 Length of this structure in bytes. Length is 20 bytes.
Protocol GUID 4 16 The ID of the protocol

5.3.6 BIOS Boot Specification Device Path

This Device Path is used to describe the booting of non-EFI-aware operating systems. This Device
Path is based on the IPL and BCV table entry data structures defined in Appendix A of the BIOS
Boot Specification. The BIOS Boot Specification Device Path defines a complete Device Path and
is not used with other Device Path entries. This Device Path is only needed to enable platform
firmware to select alegacy non-EFI OS as a boot option.
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Table 5-25. BIOS Boot Specification Device Path

Byte Byte
Mnemonic Offset Length  Description
Type 0 1 Type 5 — BIOS Boot Specification Device Path
Sub-Type 1 1 Sub-Type 1 — BIOS Boot Specification Version 1.01
Length 2 2 Length of this structure in bytes. Length is 20 + n bytes.
Device Type 4 2 Device Type as defined by the BIOS Boot Specification
Status Flag 6 2 Status Flags as defined by the BIOS Boot Specification
Description String 20 n ASCIIZ string that describes the boot device to a user. The

length of this string n can be determined by subtracting 8
from the Length entry.

Example BIOS Boot Specification Device Types would include:

e (00h=Reserved

* 01h = Floppy

e 02h=Hard Disk
 03h=CD-ROM

e 04h=PCMCIA

e 05h=USB

e 06h = Embedded network
¢ (07h..7Fh = Reserved
» 80h=BEV device

e 81h..FEh = Reserved
e FFh=Unknown

5.4 Device Path Generation Rules

5.4.1 Housekeeping Rules

The Device Path is a set of Device Path nodes. The Device Path must be terminated by an End of
Device Path node with a sub-type of End the Entire Device Path. A NULL Device Path consists of
asingle End Device Path Node. A Device Path that containsa NULL pointer and no Device Path
structuresisillegal.

All Device Path nodes start with the generic Device Path structure. Unknown Device Path types
can be skipped when parsing the Device Path since the length field can be used to find the next
Device Path structure in the stream. Any future additions to the Device Path structure types will
aways start with the current standard header. The size of a Device Path can be determined by
traversing the generic Device Path structures in each header and adding up the total size of the
Device Path. This size will include the four bytes of the End of Device Path structure.

Multiple hardware devices may be pointed to by asingle Device Path. Each hardware device will
contain a complete Device Path that is terminated by the Device Path End Structure. The Device
Path End Structures that do not end the Device Path contain a sub-type of End This Instance of the
Device Path. The last Device Path End Structure contains a sub-type of End Entire Device Path.
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5.4.2 Rules with ACPI _HID and _UID

Asdescribed in the ACPI specification, ACPI supports several different kinds of device
identification objects, including _HID and _UID. EFI only supports_HID and _UID that are
encoded in the 32-bit EISA-type ID format. The string format must not be used for _HID or _UID
in the ACPI name spaceiif that entry isto be correlated to an EFI Device Path. _UID are optional
in ACPI and only required if more than one _HID exists with the same ID. The ACPI Device Path
structure must contain azeroin _UID field if the ACPlI name space does not implement _UID. The
_UID isaunique serial number that persists across reboots.

If adeviceinthe ACPI name spacehasa_HID and is described by a _CRS (Current Resource
Setting) then it should be described by an ACPI Device Path structure. A _CRSimpliesthat a
device is not mapped by any other standard. A _CRSisused by ACPI to make a hon standard
device into a Plug and Play device. The configuration methods in the ACPI name space alow the
ACPI driver to configure the device in a standard fashion.

The following table maps ACPI _CRS devicesto EFI Device Path.

Table 5-26. ACPI _CRS to EFI Device Path Mapping

ACPI_CRS Item EFI Device Path

PCI Root Bus ACPI Device Path: _HID PNPOAOQ3, _UID

Floppy ACPI Device Path: _HID PNP0303, _UID drive select encoding 0-3
Keyboard ACPI Device Path: _HID PNP0301, UIDO

Serial Port ACPI Device Path: _HID PNP0501, _UID Serial Port COM number 0-3
Parallel Port ACPI Device Path: _HID PNP0401, UID LPT number 0-3

Support of root PCI bridges requires special rulesin the EFI Device Path. A root PCI bridgeisa
PCI device usudly contained in a chipset that consumes a proprietary bus and produces a PCl bus.
In typical desktop and mobile systemsthereis only oneroot PCI bridge. On larger server systems
there are typically multiple root PCI bridges. The operation of root PCI bridgesis not defined in
any current PCI specification. A root PCI bridge should not be confused with a PCI to PCI bridge
that both consumes and produces a PCl bus. The operation and configuration of PCI to PCI bridges
isfully specified in current PCI specifications.

Root PCI bridges will use the plug and play ID of PNPOA Q3 and thiswill be stored in the ACPI
Device Path HID fidld. The UID inthe ACPI Device Path structure must match the UID in the
ACPI name space.

5.4.3 Rules with ACPI _ADR

128

If adeviceinthe ACPI name space can be completely described by a_ADR abject then it will map
to an EFl ACPI, Hardware, or Message Device Path structure. A _ADR method implies a bus with
a standard enumeration algorithm. If the ACPI devicehasa_ADR and a_CRS method, then it
should also have a_HID method and follow the rulesfor using _HID.

The following table relates the ACPI _ADR bus definition to the EFl Device Path:
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Table 5-27. ACPI _ADR to EFI Device Path Mapping

ACPI _ADR Bus EFI Device Path

EISA Not supported

Floppy Bus ACPI Device Path: _HID PNP0303, _UID drive select encoding 0-3
IDE Controller ATAPI Message Device Path: Maser/Slave : LUN

IDE Channel ATAPI| Message Device Path: Maser/Slave : LUN

PCI PCI Hardware Device Path

PCMCIA Not Supported — May be the same as PC CARD???

PC CARD PC CARD Hardware Device Path

SMBus Not Supported

5.4.4 Hardware vs. Messaging Device Path Rules

Hardware Device Paths are used to define paths on buses that have a standard enumeration
algorithm and that relate directly to the coherency domain of the system. The coherency domainis
defined as a global set of resourcesthat isvisibleto at least one processor in the system. Ina
typical system this would include the processor memory space, 1O space, and PCI configuration
space.

Messaging Device Paths are used to define paths on buses that have a standard enumeration
agorithm, but are not part of the global coherency domain of the system. SCSI and Fibre Channel
are examples of thiskind of bus. The Messaging Device Path can aso be used to describe virtual
connections over network-style devices. An example would be the TCPI/IP address of ainternet
connection.

Thus Hardware Device Path is used if the bus produces resources that show up in the coherency
resource domain of the system. A Message Device Path is used if the bus consumes resources from
the coherency domain and produces resources out side the coherency domain of the system.

5.45 Media Device Path Rules

The Media Device Path is used to define the location of information on amedium. Hard Drives are
subdivided into partitions by the MBR and a Media Device Path is used to define which partition is
being used. A CD-ROM has boot partitions that are defined by the “El Torito” specification, and
the Media Device Path is used to point to these partitions.

A BLOCK | Oprotocol is produced for both raw devices and partitions on devices. This allows the
SI MPLE_FI LE_SYSTEMprotocol to not have to understand media format. BltteCK | O

protocol for a partition contains the same Device Path as the pi@aK | O protocol for the

raw device with the addition of a Media Device Path that defines which partition is being
abstracted.

The Media Device Path is also used to define the location of a file in a file system. This Device
Path is used to load files and to represent what file an image was loaded from.
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5.4.6 Other Rules
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The BIOS Boot Specification Device Path is not atypical Device Path. A Device Path containing
the BIOS Boot Specification Device Path should only contain the required End Device Path
structure and no other Device Path structures. The BIOS Boot Specification Device Path is only
used to alow the EFl boot menus to boot alegacy operating system from alegacy medium.

The EFI Device Path can be extended in a compatible fashion by assigning your own vendor GUID
to aHardware, Messaging, or Media Device Path. This extension is guaranteed to never conflict
with future extensions of this specification

The EFI specification reserves al undefined Device Path types and subtypes. Extensionis only
permitted using a Vendor GUID Device Path entry.
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6
Device I/O Protocol

This chapter defines the Device I/O protocol. This protocol is used by code, typically drivers,
running in the EFI boot services environment to access memory and I/O. In particular, functions
for managing PCI buses are defined here although other bus types may be supported in asimilar
fashion as extensions to this specification.

6.1 Device I/O Overview

The interfaces provided in the DEVI CE_| O protocol are for performing basic operationsto
memory, 1/0, and PCI configuration space. The DEVI CE_I O protocol can be thought of asthe
bus driver for the system. The system provides abstracted access to basic system resourcesto allow
adriver to have a programmeatic method to access these basic system resources.

The DEVI CE_I O protocol allows for future innovation of the platform. It abstracts device
specific code from the system memory map. This allows system designersto greatly change the
system memory map without impacting platform independent code that is consuming basic system
resources.

It isimportant to note that this specification ties these interfaces into a single protocol solely for the
purpose of simplicity. Other similar bus- or device-specific protocols that “programmatic child
drivers” may require can easily be added by using a new protocol GUID. For example, a
comprehensive USB-specific host controller protocol interface could be defined for child drivers.
These drivers would performLaocat eDevi cePat h() to obtain the proper USB interface set,
from somewhere up the device path, just as a PCl-based device driver would do with the

DEVI CE_| O protocol to gain access to the PCI configuration space interfaces.
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6.2 DEVICE_IO Protocol

132

This section provides a detailed description of the DEVI CE_| Oprotocol.

Summary

Provides the basic Memory, I/O, and PCI interfaces that a driver uses to access its devices.

GUID
#def i ne DEVI CE_| O PROTOCOL \
{ af6ac311-84c3-11d2- 8e3c-00a0c969723b }

Protocol Interface Structure

typedef struct _EFI_DEVI CE | O I NTERFACE {

EFl _| O_ACCESS Mem

EFl _| O_ACCESS / o;

EFI _| O ACCESS Pci ;

EFl _| O VAP Map;

EFI _PCl _DEVI CE_PATH Pci Devi cePat h;
EFl _I O_UNVAP Unnap;

EFI _| O ALLOCATE BUFFER Al l ocat eBuf fer;
EFl | O FLUSH Fl ush;

} EFI _DEVI CE_| O | NTERFACE;

Parameters
Mem Allows reads and writes to PCI memory space. See Section 6.2.1.
lo Allows reads and writesto PCI 1/0O space. See Section 6.2.1.
Pci Allows reads and writes to PCI configuration space. See Section 6.2.1.
Map Provides the device specific addresses needed to access host memory

for DMA.

Pci Devi cePat h Provides an EFI Device Path for a PCI device with the given PCI
configuration space address.

Unmap Releases any resources allocated by Map.
Al l ocat eBuf fer  Allocates pagesthat are suitable for acommon buffer mapping.
Fl ush Flushes any posted write data to the device.
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Description

The DEVI CE_| Oprotocol provides the basic Memory, 1/0, and PCI interfaces that adriver usesto
access its devices.

A driver that controls a physical device obtains the proper DEVI CE_| O protocal interface by

checking for the supported protocol on the programmatic parent(s) for the device. Thisiseasily
doneviathe Locat eDevi cePat h() function.

The following C code fragment illustrates the use of the DEVI CE_| O protocol:
/1 CGet the handle to our parent that provides the device I/0O

/I protocol interfaces to “ MyDevi ce” (which has the device path
/Il of M/Devi cePat h")

EFI_DEVICE_IO_INTERFACE * | oFncs;

EFI_DEVICE_PATH *SearchPath;

SearchPath = MyDevi cePat h;
Status = LocateDevicePath (

&DeviceloProtocol, /I Protocol GUID
&SearchPath, /I Device Path SearchKey
&DevHandl e /I Return EFI Handle

):

/I Get the device I/O interfaces from the handle
Status = HandleProtocol ( DevHandl e, &DeviceloProtocol, & I oFncs);

/I Read 1 dword into Buffer from MyDevice’s |/ O address
Il oFncs->1 0. Read (I oFncs, 10 U NT32, MyDeviceAddress , 1, &Buffer);

Thecal to Locat eDevi cePat h() takesthe Device Path of a device and returns the handle that
contains the DEVI CE_| O protocol for the device. The handleis passed to Handl ePr ot ocol ()
with apointer to the EFI _GUI Dfor DEVI CE_| O protocol and a pointer to the DEVI CE_| O
protocol isreturned. The DEVI CE_| O protocol pointer | oFncs isthen used to do an 1/0 read to
adevice.
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Related Definitions

//*******************************************************

/1 EFl_1 O W DTH

//*******************************************************

typedef enum {
| O_Ul NT8
| O_UI NT16
| O_Ul NT32
| O_Ul NT64
} EFlI _I O WDTH;

WN RO

//*******************************************************

/1 EFI_DEVICE 1O

//*******************************************************

t ypedef

EFI _STATUS

(EFIAPI *EFI _DEVICE_1O (
I N struct _EFI_DEVI CE_| O_| NTERFACE
IN EFI _1 O WDTH

Ul NT64

*Thi s,

W dt h,
Addr ess,
Count ,
*Buf f er

//*******************************************************

/! EFl_1O_ ACCESS

//*******************************************************

typedef struct {
EFI _DEVICE_I O
EFI _DEVICE | O
} EFI _I O ACCESS;
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6.2.1 DEVICE_lIO.Mem(), .lo(), and .Pci()

Summary

Enable a driver to access device registersin the appropriate memory or 1/0 space.

Prototype
t ypedef
EFI _STATUS
(EFIAPI *EFI _DEVICE_1O (
IN struct EFI_DEVI CE_|I O | NTERFACE *Thi s,
IN EFI _1 O WDTH W dt h,
I N U NT64 Addr ess,
I N U NTN Count ,
IN QUT VO D *Buf fer
)
Parameters
Thi s The EFI _DEVI CE_| O_| NTERFACE instance. Type
EFI _DEVI CE_| O_| NTERFACE isdefined in Section 6.2.
Wdt h Signifiesthe width of the I/O operations. TypeEFI _| O W DTH is
defined in Section 6.2.
Address The base address of the I/O operations. The caller is responsible for
aigning the Addr ess if required.
Count The number of 1/0 operationsto perform. Bytesmoved is W dt h size*
Count , starting at Addr ess.
Buffer For read operations, the destination buffer to store the results. For write
operations, the source buffer to write datafrom.
Description

TheDEVI CE_I O. Men(),.lo(),and. Pci () functions enable adriver to access device
registersin the appropriate memory or 1/O space.

The I/O operations are carried out exactly asrequested. The caller isresponsible for any alignment
and /O width issues which the bus, device, platform, or type of I/O might require. For example on
|A-32 platforms, width requests of | O_UI NT64 do not work.

For Mem() and 1 o() , the address field is the bus relative address as seen by the device on the bus.
For | o() thecaler must aign the starting address to be on a proper width boundary.

For Pci () , the addressfield is encoded as shownin Table 6-1. The caller must align the register
number being accessed to be on a proper width boundary.
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Table 6-1. PCI Address

Byte Byte
Mnemonic Offset Length Description
Register 0 1 The register number on the function.
Function 1 1 The function on the device.
Device 2 1 The device on the bus.
Bus 3 1 The bus.
Reserved 4 4 Must be zero.

Status Codes Returned

EFI_SUCCESS The data was read from or written to the device.

EFI_UNSUPPORTED The Addr ess is not valid for this system.

EFI_INVALID_PARAMETER W dt h or Count , or both, were invalid.

EFI_OUT_OF_RESOURCES The request could not be completed due to a lack of resources.
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6.2.2 DEVICE_IO.PciDevicePath()

Summary

Provides an EFI Device Path for a PCI device with the given PCI configuration space address.

Prototype
t ypedef
EFI _STATUS
(EFI APl *EFI _PCl _DEVI CE_PATH) (
I N EFI _DEVI CE_| O_| NTERFACE *Thi s,
I N Ul NT64 Pci Addr ess,
I N QUT EFI _DEVI CE_PATH **Pci Devi cePat h
);
Parameters
Thi s The EFI _DEVI CE_| O_| NTERFACE. Type
EFlI _DEVI CE_| O_| NTERFACE isdefined in Section 6.2.
Pci Addr ess The PCI configuration space address of the device whose Device Path is
going to bereturned. The addressfield is encoded as shown in
Table 6-1.

Pci Devi cePat h A pointer to the pointer for the EFI Device Path for Pci Addr ess.

Memory for the Device Path is alocated from the pool. Type
EFl _DEVI CE_PATHis defined in Chapter 3.

Description

The DEVI CE_I O. Pci Devi cePat h() function provides an EFI Device Path for a PCl device
with the given PCI configuration space address.

A Device Path for the requested PCI deviceisreturned in Pci Devi cePat h.

Pci Devi cePat h() allocatesthe memory required for the Device Path from the pool and the
caller isresponsible for calling Fr eePool () to freethe memory used to contain the Device Path.
If thereis not enough memory to calculate or return the Pci Devi cePat h the function will return
EFI _OUT_OF RESOURCES. If the function can not calculate avalid Device Path for

Pci Addr ess thefunction will return EFI _ UNSUPPORTED.

Status Codes Returned

EFI_SUCCESS The Pci Devi cePat h returns a pointer to a valid EFI Device Path.
EFI_UNSUPPORTED The Pci Addr ess does not map to a valid EFI Device Path.

EFI_OUT_OF_RESOURCES | The request could not be completed due to a lack of resources.
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6.2.3 DEVICE_IO.Map()

Summary

Provides the device specific addresses needed to access host memory.

Prototype
t ypedef
EFI _STATUS
(EFI APl *EFI _| O_ MAP) (
I N EFI _DEVI CE_| O_| NTERFACE *Thi s,
I N EFI _I O_OPERATI ON_TYPE Qper at i on,
I N EFI _PHYSI CAL_ADDRESS *Host Addr ess,
N OUT U NTN *Nunber O Byt es,
OUT EFI _PHYSI CAL_ADDRESS *Devi ceAddr ess,
ouT va D **Mappi ng
)
Parameters
Thi s The EFI _DEVI CE_| O_|I NTERFACE instance. Type
EFI _DEVI CE_| O_| NTERFACE isdefined in Section 6.2.
Qperation Indicates if the bus master is going to read or write to host memory.
Type EFI _| O _OPERATI ON_TYPE is defined in “Related Definitions”.
Host Addr ess The host memory address to map to the device. Efpe

PHYSI CAL_ADDRESS is defined in Chapter 3.

Number OF Byt es On input the number of bytes to map.
On output the number of bytes that were mapped.

Devi ceAddr ess The resulting map address for the bus master device to use to access the

hostsHost Addr ess. TypeEFI _ PHYSI CAL_ADDRESS is defined in
Chapter 3.

Mappi ng A resulting value to pass tinmap() .

Related Definitions
typedef enum {
EFI BusMast er Read,
EFI BusMaster Wi te,
EFI BusMast er CommonBuf f er
} EFI _| O OPERATI ON TYPE;
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Description

The DEVI CE_I O. Map() function provides the device specific addresses needed to access host
memory. Thisfunction is used to map host memory for bus master DMA accesses.

All bus master accesses must be performed through their mapped addresses and such mappings
must be freed with Unrmap() when complete. If the bus master accessis asingle read or write data
transfer, then EFI BusMast er Read or EFI BusMast er Wi t e isused and therangeis
unmapped to complete the operation. If performing an EFI BusMast er Read operation, al the
data must be present in host memory before the Vap( ) isperformed. Similarly, if performing an
EFI BusMast er Wit e, thedatacan not be properly accessed in host memory until the
Unnmap() isperformed.

Bus master operations that require both read and write access or require multiple host device
interactions within the same mapped region must use EFl BusMast er CormonBuf f er .
However, only memory alocated viathe DEVI CE_| O Al | ocat eBuf f er () interfaceis

guaranteed to be able to be mapped for this operation type.

In al mapping requests the resulting Nunber O Byt es actually mapped may be less than
requested.

Status Codes Returned

EFI_SUCCESS The range was mapped for the returned Nunber Of Byt es.
EFI_INVALID_PARAMETER | The Qper at i onor Host Addr ess is undefined.
EFI_UNSUPPORTED The Host Addr ess can not be mapped as a common buffer.
EFI_DEVICE_ERROR The system hardware could not map the requested address.
EFI_OUT_OF_RESOURCES | The request could not be completed due to a lack of resources.
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6.2.4 DEVICE_IO.Unmap()

140

Summary

Completesthe Map() operation and releases any corresponding resources.

Prototype
t ypedef
EFI _STATUS
(EFI APl *EFI _| O UNVAP) (
I N EFI _DEVI CE_| O_| NTERFACE *Thi s,
IN VO D *Mappi ng
)
Parameters
Thi s The EFI _DEVI CE_| O | NTERFACE instance. Type
EFI _DEVI CE_| O_| NTERFACE isdefined in Section 6.2.
Mappi ng The mapping value returned from Map() .
Description

The Unmap() function completesthe Map() operation and releases any corresponding resources.
If the operation was an EFI BusMast er Wi t e, the datais committed to the target host memory.
Any resources used for the mapping are freed.

Status Codes Returned

EFI_SUCCESS The range was unmapped.

EFI_DEVICE_ERROR The data was not committed to the target host memory.
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6.2.5 DEVICE_IO.AllocateBuffer()

Summary
Allocates pages that are suitable for an EFlI BusMast er ConmonBuf f er mapping.

Prototype
t ypedef
EFl _STATUS
(EFI APl *EFI _1 O ALLOCATE_BUFFER) (
I N EFI _DEVI CE_| O_| NTERFACE *Thi s,
I N EFI _ALLOCATE_TYPE Type,
I N EFI _MEMORY_TYPE Menor yType,
I N U NTN Pages,
I N QUT EFI _PHYSI CAL_ADDRESS *Host Addr ess
);
Parameters
Thi s The EFI _DEVI CE_| O | NTERFACE. Type
EFI _DEVI CE_| O_| NTERFACE isdefined in Section 6.2.
Type The type dlocation to perform. Type EFI _ALLOCATE_TYPEis
defined in Chapter 3.
MenoryType The type of memory to allocate, Ef i Boot Ser vi cesDat a or
Ef i Runti meServi cesDat a. Type EFI _MEMORY_TYPE is defined
in Chapter 3.
Pages The number of pagesto allocate.
Host Addr ess A pointer to store the base address of the alocated range. Type EFI _
PHYSI CAL__ADDRESS is defined in Chapter 3.
Description

The Al | ocat eBuf f er () function allocates pages that are suitable for an
EFI BusMast er CormonBuf f er mapping.

TheAl | ocat eBuf f er () functioninternally calsAl | ocat ePages() to allocate a memory
range that can be mapped as an EFI BusMast er CormonBuf f er . When the buffer is no longer
needed, the driver frees the memory with acall to Fr eePages() .

Allocation requests of Type Al | ocat eAnyPages will alocate any available range of pagesthat
satisfies the request. On input the data pointed to by Host Addr ess isignored.
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Allocation requests of Type Al | ocat eMaxAddr ess will alocate any available range of pages
that satisfies the request that are below or equal to the value pointed to by Host Addr ess on
input. On success, the value pointed to by Host Addr ess contains the base of the range actually

alocated. If there are not enough consecutive available pages below the requested address, an error
isreturned.

Allocation requests of Type Al | ocat eAddr ess will alocate the pages at the address supplied
in the data pointed to by Host Addr ess. If therangeisnot available memory an error isreturned.

Status Codes Returned

EFI_SUCCESS The requested memory pages were allocated.

EFI_OUT_OF_RESOURCES The memory pages could not be allocated.

EFI_INVALID_PARAMETER The requested memory type is invalid.
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6.2.6 DEVICE_IO.Flush()

Summary
Flushes any posted write data to the device.

Prototype
t ypedef
EFl _STATUS
(EFI APl *EFI _1 O FLUSH) (
I N EFI _DEVI CE_| O_| NTERFACE *Thi s
);
Parameters
Thi s The EFI _DEVI CE_| O | NTERFACE instance. Type
EFlI _DEVI CE_| O_| NTERFACE isdefined in Section 6.2.
Description

The Fl ush() function flushes any posted write data to the device.

Status Codes Returned
EFI_SUCCESS The buffers were flushed.
EFI_DEVICE_ERROR The buffers were not flushed due to a hardware error.
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7
Console I/O Protocol

7.1

This chapter defines the Console I/O protocol. This protocol is used to handle input and output of
text-based information intended for the system user during the operation of code in the EFI boot
services environment. Also included here are the definitions of three console devices: one for input
and one each for normal output and errors.

These interfaces are specified by function call definitions to allow maximum flexibility in
implementation. For example, thereis no requirement for compliant systemsto have a keyboard or
screen directly connected to the system. Implementations may choose to direct information passed
using these interfaces in arbitrary ways provided that the semantics of the functions are preserved
(in other words, provided that the information is passed to and from the system user).

Console I/O Overview

The EFI consoleis built out of the SI MPLE_| NPUT and SI MPLE_TEXT_COUTPUT praotocols.
These two protocols implement a basic text-based console that allows platform firmware, EFI
applications, and EFI OS loaders to present information to and receive input from a system
administrator. The EFI console consists of 16-bit Unicode characters, asimple set of input control
characters (Scan Codes), and a set of output-oriented programmatic interfaces that give
functionality equivalence to an intelligent terminal. The EFI console does not support pointing
devices on input or bitmaps on output.

The EFI specification requires that the SI MPLE_| NPUT protocol support the same languages as
the corresponding SI MPLE_TEXT_OUTPUT protocol. The SI MPLE_TEXT_OUTPUT protocol is
recommended to support at least the Unicode 1SO Latin 1 character set to enable standard terminal
emulation software to be used with an EFI console. The ISO Latin 1 character set implements a
superset of ASCII that has been extended to 16-bit characters. Any other number of Unicode code
pages may be optionally supported.
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7.2 Consoleln Definition

The SI MPLE_| NPUT protocol defines an input stream that contains Unicode characters and
required EFIl scan codes. Only the control characters defined in Table 7-1 have meaning in the
Unicode input or output streams. The control characters are defined to be characters U+0000
through U+001F. Theinput stream does not support any software flow control.

Table 7-1. Supported Unicode Control Characters

Mnemonic Unicode Description

Null U+0000 Null character ignored when received.

BS U+0008 Backspace. Moves cursor left one column. If the cursor is at the left
margin, no action is taken.

TAB U+0x0009 Tab.

LF U+000A Linefeed. Moves cursor to the next line.

CR U+000D Carriage Return. Moves cursor to left margin of the current line.

The input stream supports Scan Codes in addition to Unicode characters. If the Scan Codeis set to
0x00 then the Unicode character is vaid and should be used. If the Scan Code is set to a non-0x00
valueit represents a specia key as defined by Table 7-2.

Table 7-2.  EFI Scan Codes for SIMPLE_INPUT_INTERFACE

EFI Scan Code Description

0x00 Null scan code.

0x01 Move cursor up 1 row.
0x02 Move cursor down 1 row.
0x03 Move cursor right 1 column.
0x04 Move cursor left 1 column.
0x05 Home.

0x06 End.

0x07 Insert.

0x08 Delete.

0x09 Page Up.

Ox0a Page Down.

continued
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Table 7-2. EFI Scan Codes for SIMPLE_INPUT_INTERFACE (continued)

EFI Scan Code Description

0x0b Function 1.
0x0c Function 2.
0x0d Function 3.
0x0e Function 4.
0xOf Function 5.
0x10 Function 6.
0x11 Function 7.
0x12 Function 8.
0x13 Function 9.
0x14 Function 10.
0x15 Function 11.
0x16 Function 12.
0x17 Escape.
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7.3 SIMPLE_INPUT Protocol
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Summary

This protocol is used to obtain input from the Consol el n device.

GUID
#define SI MPLE_I NPUT_PROTOCCL \
{ 387477c1-69c7-11d2-8e39-00a0c969723b }

Protocol Interface Structure
typedef struct _SIMPLE | NPUT | NTERFACE {

EFI _| NPUT_RESET Reset;
EFI _| NPUT_READ KEY ReadKey St r oke;
EFI _EVENT Wi t For Key;

} SI MPLE_| NPUT_| NTERFACE;

Parameters
Reset Reset the Consol el n device. See Section 7.3.1.
ReadKey St r oke Returns the next input character. See Section 7.3.2.
Wi t For Key Event to use with Wai t For Event () to wait for akey to be available.

Description

The SI MPLE_| NPUT protocol isused onthe Consol el n device. It isthe minimum required
protocol for Consol el n.
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7.3.1 SIMPLE_INPUT.Reset()

Summary

Resets the input device hardware.

Prototype

EFI _STATUS
(EFI APl *EFI _| NPUT_RESET) (
I N SI MPLE | NPUT_| NTERFACE *Thi s
| N BOOLEAN Ext endedVeri fication

);

Parameters

Thi s The SI MPLE_| NPUT _| NTERFACE ingtance. Type
S| MPLE_| NPUT_| NTERFACE is defined in Section 0.

Ext endedVeri fication Indicatesthat the driver may perform amore exhaustive
verification operation of the device during reset.

Description
The Reset () function resetstheinput device hardware.

As part of initialization process, the firmware/device will make a quick but reasonabl e attempt to
verify that the device isfunctioning. If the Ext endedVeri fi cati on flagis TRUE the
firmware may take an extended amount of time to verify the deviceis operating on reset.
Otherwise the reset operation isto occur as quickly as possible.

The hardware verification process is not defined by this specification and is left up to the platform
firmware and/or EFI driver to implement.

Status Codes Returned
EFI_SUCCESS The device was reset.
EFI_DEVICE_ERROR The device is not functioning correctly and could not be reset.
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7.3.2 SIMPLE_INPUT.ReadKeyStroke()

Summary
Reads the next keystroke from the input device.

Prototype

EFl _STATUS
(EFI APl *EFI _I NPUT_READ KEY) (
IN SI MPLE_I NPUT_| NTERFACE  *Thi s,

OQUT EFI _I NPUT_KEY *Key
);
Parameters
Thi s The SI MPLE_| NPUT _| NTERFACE ingtance. Type
S| MPLE_| NPUT_| NTERFACE is defined in Section 0.
Key A pointer to a buffer that isfilled in with the keystroke

information for the key that was pressed. Type
EFI _I NPUT_KEY is defined in “Related Definitions”.

Related Definitions

//*******************************************************

/1 EFl _I NPUT_KEY

//*******************************************************
typedef struct {

Ul NT16 ScanCode;

CHAR16 Uni codeChar;
} EFI _I NPUT_KEY;

Description

TheReadKey St r oke() function reads the next keystroke from the input device. If there is no
pending keystroke the function retuti&isl _NOT__READY. If there is a pending keystroke, then
ScanCode is the EFI scan code defined in Table 7-2. ThécodeChar is the actual printable
character or is zero if the key does not represent a printable character (control key, function
key, etc.).

Status Codes Returned

EFI_SUCCESS The keystroke information was returned.
EFI_NOT_READY There was no keystroke data available.
EFI_DEVICE_ERROR The keystroke information was not returned due to hardware errors.
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7.4

7.5

ConsoleOut or StandardError

The SI MPLE_TEXT_QUTPUT protocol must implement the same Unicode code pages as the

SI MPLE_| NPUT protocol. The protocol must also support the Unicode control characters
definedin Table 7-1. The SI MPLE_TEXT_QOUTPUT protocol supports special manipulation of the
screen by programmatic methods and therefore does not support the EFI scan codes defined in
Table 7-2.

SIMPLE_TEXT_OUTPUT Protocol

Summary

This protocol is used to control text-based output devices.

GUID
#define SI MPLE TEXT OUTPUT PROTOCOL \
{ 387477c2-69c7-11d2- 8e39- 00a0c969723b }

Protocol Interface Structure
typedef struct _SIMPLE TEXT QOUTPUT | NTERFACE {

EFI _TEXT_RESET Reset ;

EFI _TEXT_STRI NG Qut put Stri ng;

EFI _TEXT_TEST_STRI NG Test Stri ng;

EFI _TEXT_QUERY_MODE Quer yMode;

EFI _TEXT_SET_MODE Set Mode;

EFI _TEXT_SET_ATTRI BUTE Set Attri bute;

EFl _TEXT_CLEAR SCREEN Cl ear Scr een;

EFI _TEXT_SET_CURSOR_PCSI TI ON Set Cur sor Posi ti on;
EFI _TEXT_ENABLE_ CURSOR Enabl eCur sor;

SI MPLE_TEXT_QUTPUT_MODE *Mode;

} SI MPLE_TEXT_OUTPUT | NTERFACE;

Parameters

Reset Reset the Consol eQut device. See Section 7.5.1.

Qut put St ri ng Displays the Unicode string on the device at the current cursor location.
See Section 7.5.2.

Test String Teststo seeif the Consol eQut device supports this Unicode string.
See Section 0.

Quer yMode Queries information concerning the output device’'s supported text mode.
See Section 0.

Set Mbde Sets the current mode of the output device. See Section 7.5.5.
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SetAttribute Sets the foreground and background color of the text that is output. See
Section 7.5.6.

d ear Screen Clears the screen with the currently set background color. See Section O.

Set Cur sor Posi t i on Setsthe current cursor position. See Section 0.

Enabl eCur sor Turnsthe visibility of the cursor on/off. See Section 7.5.9.

Mbde Pointer to SI MPLE_TEXT_OUTPUT _MODE data. Type

SI MPLE_TEXT_QUTPUT _MODE is defined in “Related Definitions”.

The following data values in tiel MPLE_TEXT_OUTPUT _MODE interface are read-only and are
changed by using the appropriate interface functions:

MaxMbde The number of modes supported by QueryMode() and SetMode().
Mbde The text mode of the output device(s).

Attribute The current character output attribute.

Cur sor Col umm The cursor’s column.

Cur sor Row The cursor’s row.

Cursor Vi si bl e The cursor is currently visible or not.

Related Definitions

//*******************************************************

/1 S| MPLE_TEXT_OUTPUT MODE

//*******************************************************

typedef struct {

| NT32 MaxMode;

/'l current settings

| NT32 Mode;

| NT32 Attribute;

| NT32 Cur sor Col unm;
| NT32 Cur sor Row;,
BOOLEAN Cur sor Vi si bl e;

} S| MPLE_TEXT_OUTPUT_MODE;
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Description

The SI MPLE_TEXT_OUTPUT protocol is used to control text-based output devices. Itisthe
minimum required protocol for any handle supplied asthe Consol eQut or St andar dEr r or
device. In addition, the minimum supported text mode of such devicesisat least 80 x 25
characters.

A video device that only supports graphics mode is required to emul ate text mode functionality.
Output strings themselves are not allowed to contain any control codes other than those defined in
Table 7-1. Positiona cursor placement is done only viathe Set Cur sor Posi ti on() function.
It is highly recommended that text output to the St andar dEr r or device be limited to sequential
string outputs. (That is, it isnot recommended to use Cl ear Scr een or Set Cur sor Posi ti on
on output messagesto St andar dEr r or.)

If the output deviceis not in avalid text mode at the time of the Handl ePr ot ocol () call, the
deviceisto indicate that its Cur r ent Mbde is —=1. On connecting to the output device the caller is
required to verify the mode of the output device, and if it is not acceptable to set it to something it
can use.
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7.5.1 SIMPLE_TEXT_OUTPUT.Reset()
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Summary

Resets the text output device hardware.
Prototype
EFl _STATUS

(EFI APl *EFI _TEXT_RESET) (
IN SI MPLE_TEXT_OUTPUT | NTERFACE *Thi s,

| N BOOLEAN Ext endedVeri fication
)
Parameters
Thi s The SI MPLE_TEXT_OUTPUT_| NTERFACE ingtance. Type
SI MPLE_TEXT_QUTPUT _| NTERFACE isdefined in
Section 7.5.

Ext endedVeri fication Indicates that the driver may perform a more exhaustive
verification operation of the device during reset.

Description

The Reset () function resetsthe text output device hardware. The cursor position is set to (0, 0),
and the screen is cleared to the default background color for the output device.

As part of initialization process, the firmware/device will make a quick but reasonable attempt to
verify that the deviceisfunctioning. If the Ext endedVeri fi cati onflagis TRUE the

firmware may take an extended amount of time to verify the deviceis operating on reset.
Otherwise the reset operation isto occur as quickly as possible.

The hardware verification processis not defined by this specification and is left up to the platform
firmware and/or EFI driver to implement.

Status Codes Returned

EFI_SUCCESS The text output device was reset.

EFI_DEVICE_ERROR The text output device is not functioning correctly and could not be reset.
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7.5.2  SIMPLE_TEXT_OUTPUT.OutputString()

Summary

Writes a Unicode string to the output device.

Prototype
EFl _STATUS
(EFI APl *EFI _TEXT_STRING (
I N SI MPLE_TEXT_OUTPUT_I NTERFACE *Thi s,

| N CHARL6 *String
)
Parameters
Thi s The SI MPLE_TEXT_OUTPUT _| NTERFACE instance. Type
SI MPLE_TEXT_OUTPUT _| NTERFACE isdefined in Section 7.5.
String The Null-terminated Unicode string to be displayed on the output
device(s).
Description

TheQut put Stri ng() function writes aUnicode string to the output device. Thisisthe most
basic output mechanism on an output device. The St ri ng isdisplayed at the current cursor
location on the output device(s) and the cursor is advanced according to the following rules:

Mnemonic  Unicode  Description

Null U+0000 Ignore the character, and do not move the cursor.

BS U+0008 If the cursor is not at the left edge of the display, then move the cursor
left one column.

LF U+000A If the cursor is at the bottom of the display, then scroll the display one
row, and do not update the cursor position. Otherwise, move the cursor
down one row.

CR U+000D Move the cursor to the beginning of the current row.

Other U+XXXX  Print the character at the current cursor position and move the cursor
right one column. If this moves the cursor past the right edge of the
display, then the line should wrap to the beginning of the next line. This
is equivalent to inserting a CR and an LF. Note that if the cursor is at the
bottom of the display, and the line wraps, then the display will be scrolled
one line.

If desired, the system’s NVRAM environment variables may be used at install time to determine

the configured locale of the system or the installation procedure can query the user for the proper
language support. This is then used to either install the proper EFI image/loader or to configure the
installed image’s strings to use the proper text for the selected locale.
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Status Codes Returned

DRAFT

tel

EFI_SUCCESS

The string was output to the device.

EFI_DEVICE_ERROR

The device reported an error while attempting to output
the text.

EFI_UNSUPPORTED

The output device’s mode is not currently in a defined
text mode.

EFI_WARN_UNKNOWN_GLYPH

This warning code indicates that some of the characters
in the Unicode string could not be rendered and were
skipped.
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7.5.3 SIMPLE_TEXT_OUTPUT.TestString()

Summary

Verifiesthat al charactersin a Unicode string can be output to the target device.

Prototype
EFI _STATUS
(EFI APl *EFI _TEXT_TEST_STRI NG (
I N SI MPLE_TEXT_OUTPUT_I NTERFACE *Thi s,

I N CHAR1G6 *String
);
Parameters
Thi s The SI MPLE_TEXT_QOUTPUT _| NTERFACE instance. Type
SI MPLE_TEXT_OUTPUT _| NTERFACE isdefined in Section 7.5.
String The Null-terminated Unicode string to be examined for the output
device(s).
Description

TheTest Stri ng() function verifiesthat all charactersin a Unicode string can be output to the
target device.

This function provides away to know if the desired character set is present for rendering on the

output device(s). This allowsthe installation procedure (or EFl image) to at least select aletter set

that the output devices are capable of displaying. Since the output device(s) may be changed

between boots, if the loader cannot adapt to such changesit is recommended that the loader call

Qut put Stri ng() with the text it has and ignore any “unsupported” error codes. The devices(s)

that are capable of displaying the Unicode letter set will do so.

Status Codes Returned
EFI_SUCCESS The device(s) are capable of rendering the output string.

EFI_UNSUPPORTED Some of the characters in the Unicode string cannot be rendered
by one or more of the output devices mapped by the EFI handle.
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Summary

Returns information for an available text mode that the output device(s) supports.

Prototype
EFl _STATUS

(EFI APl *EFI _TEXT_QUERY_MODE) (
I N SI MPLE_TEXT_OUTPUT | NTERFACE *Thi s,

tel

| N U NTN MbdeNunber ,
OUT Ul NTN *Col unns,
QUT Ul NTN * Rows
)
Parameters
Thi s The SI MPLE_TEXT _QUTPUT _| NTERFACE instance. Type
S| MPLE_TEXT_OUTPUT _| NTERFACE is defined in Section 7.5.
MbdeNumber The mode number to return information on.

Col unms, Rows Returns the geometry of the text output device for the request
ModeNunber .

Description

The Quer yMode() function returnsinformation for an available text mode that the output

device(s) supports.

Itisrequired that all output devices support at least 80x25 text mode. This mode is defined to be
mode 0. If the output devices support 80x50, that is defined to be mode 1. Any other text
dimensions supported by the device may then follow as mode 2 and above. (For example, itisa
prerequisite that 80x25 and 80x50 text modes be supported before any other modes are.)

Status Codes Returned

EFI_SUCCESS

The requested mode information was returned.

EFI_DEVICE_ERROR

The device had an error and could not complete the request.

EFI_UNSUPPORTED

The mode number was not valid.

1/19/00

Version 0.92



in
tel' DRAFT Console I/O Protocol

7.5.5 SIMPLE_TEXT_OUTPUT.SetMode()

Summary
Sets the output device(s) to a specified mode.

Prototype
EFlI _STATUS
(* EFI APl EFI _TEXT_SET_MODE) (
I N SI MPLE_TEXT_OUTPUT_I NTERFACE *Thi s,

| N U NTN MbdeNunber
)
Parameters
Thi s The SI MPLE_TEXT_QUTPUT _| NTERFACE instance. Type
SI MPLE_TEXT_OUTPUT _| NTERFACE is defined in Section 7.5.
MbdeNunber The text mode to set.
Description

The Set Mbde() function sets the output device(s) to the requested mode. On success the device
isin the geometry for the requested mode, and the device has been cleared to the current
background color with the cursor at (0,0).

Status Codes Returned

EFI_SUCCESS The requested text mode was set.
EFI_DEVICE_ERROR The device had an error and could not complete the request.
EFI_UNSUPPORTED The mode number was not valid.
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7.5.6 SIMPLE_TEXT_OUTPUT.SetAttribute()

Summary

Sets the background and foreground colors for the Qut put St ri ng() and Cl ear Scr een()
functions.

Prototype

EFI _STATUS
(EFI APl *EFI _TEXT_SET_ATTRI BUTE) (
I N SI MPLE_TEXT_QUTPUT_I| NTERFACE *Thi s,

| N U NTN Attribute
)
Parameters
Thi s The SI MPLE_TEXT_QUTPUT _| NTERFACE ingtance. Type
SI MPLE_TEXT_QUTPUT _| NTERFACE isdefined in Section 7.5.
Attribute The attribute to set. See “Related Definitions”.

Related Definitions

//*******************************************************

/[l Attributes

//*******************************************************

#define EFl _BLACK 0x00
#define EFlI _BLUE 0x01
#defi ne EFI _GREEN 0x02
#defi ne EFI _CYAN 0x03
#define EFl _RED 0x04
#define EFI _MAGENTA 0x05
#define EFlI _YELLOW 0x06
#define EFI _WH TE 0x07
#define EFI _BRI GHT 0x08

#define EFI _TEXT ATTR(f oreground, background) \
((foreground) | ((background) << 4))
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Description

TheSet At tri but e() function sets the background and foreground colors for the
Qut put String() andC ear Scr een() functions.

The color mask can be set even when the device isin an invalid text mode.

Devices supporting a different number of text colors are required to emulate the above colorsto the
best of the device’s capabilities.

Status Codes Returned

EFI_SUCCESS The requested mode information was returned.
EFI_DEVICE_ERROR The device had an error and could not complete the request.
EFI_UNSUPPORTED The attribute requested is not defined by this specification.
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7.5.7 SIMPLE_TEXT_OUTPUT.ClearScreen()
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Summary
Clears the output device(s) display to the currently selected background color.

Prototype

EFl _STATUS
(EFI APl *EFI _TEXT_CLEAR_SCREEN) (
I N SI MPLE_TEXT_OUTPUT | NTERFACE *Thi s

)
Parameters
Thi s The SI MPLE_TEXT_QUTPUT_| NTERFACE ingtance. Type
SI MPLE_TEXT_OUTPUT_| NTERFACE is defined in Section 7.5.
Description

Thed ear Screen() function clears the output device(s) display to the currently selected
background color. The cursor positionis set to (0, 0).

Status Codes Returned

EFI_SUCCESS The operation completed successfully.
EFI_DEVICE_ERROR The device had an error and could not complete the request.
EFI_UNSUPPORTED The output device is not in a valid text mode.
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7.5.8 SIMPLE_TEXT_OUTPUT.SetCursorPosition()

Summary

Sets the current coordinates of the cursor position.

Prototype

EFl _STATUS
(EFI APl *EFI _TEXT_SET_CURSOR_POSI TI ON) (
IN SI MPLE_TEXT_OUTPUT_| NTERFACE *Thi s,

I N Ul NTN Col um,
IN Ul NTN Row
)
Parameters
Thi s The SI MPLE_TEXT_OUTPUT | NTERFACE instance. Type

S| MPLE_TEXT_QOUTPUT _| NTERFACE is defined in Section 7.5.
Col unm, Row The position to set the cursor to. Must greater than or equal to zero and
less than the number of columns and rows returned by Quer yMode() .

Description

The Set Cur sor Posi ti on() function setsthe current coordinates of the cursor position. The
upper left corner of the screen is defined as coordinate (0, 0).

Status Codes Returned

EFI_SUCCESS The operation completed successfully.

EFI_DEVICE_ERROR The device had an error and could not complete the request.

EFI_UNSUPPORTED The output device is not in a valid text mode, or the cursor
position is invalid for the current mode.
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7.5.9 SIMPLE_TEXT_OUTPUT.EnableCursor()

Summary

Makes the cursor visible or invisible.

Prototype

EFl _STATUS
(EFI APl *EFI _TEXT_ENABLE_CURSOR) (
I N SI MPLE_TEXT_OUTPUT_| NTERFACE *Thi s,

| N BOOLEAN Vi si bl e
)
Parameters
Thi s The SI MPLE_TEXT_OUTPUT_| NTERFACE ingtance. Type
S| MPLE_TEXT_OUTPUT _| NTERFACE isdefined in Section 7.5.
Vi si bl e If TRUE, the cursor is set to bevisible, If FALSE, the cursor is set to be
invisible.
Description

The Enabl eCur sor () function makes the cursor visible or invisible.

Status Codes Returned
EFI_SUCCESS The operation completed successfully.

EFI_DEVICE_ERROR The device had an error and could not complete the request or
the device does not support changing the cursor mode.

EFI_UNSUPPORTED The output device is not in a valid text mode, or the cursor
position is invalid for the current mode.
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8
Block I/O Protocol

8.1

This chapter defines the Block 1/0 protocol. This protocol is used to abstract mass storage devices
to alow code running in the EFIl boot services environment to access them without specific
knowledge of the type of device or controller that manages the device. Functions are defined to
read and write data at ablock level from mass storage devices as well asto manage such devicesin
the EFI boot services environment.

BLOCK 10O Protocol

Summary

This protocol provides control over block devices.

GUID
#define BLOCK | O PROTOCOL \
{ 964e5b21-6459-11d2-8e39- 00a0c969723b }

Revision Number
#define EFl _BLOCK | O | NTERFACE_REVI SI ON 0x00010000

Protocol Interface Structure
typedef struct _EFI _BLOCK | O {

U NT64 Revi si on;
EFI _BLOCK | O MEDI A *Medi a;

EFI _BLOCK_RESET Reset ;

EFI _BLOCK READ ReadBl ocks;
EFl _BLOCK WRI TE Wit eBl ocks;
EFlI _BLOCK FLUSH Fl ushBl ocks;

} EFI _BLOCK_| O
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Parameters

Revi si on

Medi a

Reset
ReadBl ocks

WiteBl ocks

Fl ushBl ocks

The revision to which the block 10 interface adheres. All future
revisions must be backwards compatible. If afutureversionis
not back wards compatibleit is not the same GUID.

A pointer tothe EFI _BLOCK | O _MEDI A datafor this device.
Type EFI _BLOCK | O MEDI Ais defined in “Related
Definitions”.

Resets the block device hardware. See Section 8.1.1.

Reads the requested number of blocks from the device. See
Section 8.1.2.

Writes the requested number of blocks to the device. See
Section 0.

Flushes and cache blocks. This function is optional and only
needs to be supported on block devices that cache writes. See
Section 0.

The following data values iBFI _BLOCK | O MEDI A are read-only and are updated by the
code that produces tl#-| _BLOCK | Oprotocol functions:

Medi al d

Renovabl eMedi a
Medi aPr esent

Logi cal Partition

Readnl y
WiteCachi ng
Bl ockSi ze

1 0Al'i gn

Last Bl ock

The current Mediald. If the media changes, the Mediald value is
changed.

TRUE if the media is removable media; otherwisal_-SE.

TRUE if there is media currently present in the device; otherwise,
FALSE.

TRUE if LBA 0 is the first block of a partition; otherwise
FALSE. For media with only one partition this would DRUE.

TRUE if the media is marked read-only.
TRUE if theW i t eBl ock() function caches write data.
The intrinsic block size of the device.

Supplies the alignment requirement for any buffer to read or
write block(s).

The last logical block address on the device.
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Related Definitions

DRAFT Block 1/0O Protocol

//*******************************************************

/1 EFl_BLOCK | O MEDI A

//*******************************************************

typedef struct {
Ul NT32
BOOLEAN
BOOLEAN

BOOLEAN
BOOLEAN
BOOLEAN

Ul NT32
Ul NT32

EFl _LBA
} EFI _BLOCK_| O MEDI A;

Medi al d;
Renovabl eMedi a;
Medi aPr esent ;

Logi cal Partiti on;
ReadOnl y;
Wit eCachi ng;

Bl ockSi ze;
| oAl gn;

Last Bl ock;

//*******************************************************

/1 EFl_LBA

//*******************************************************

typedef Ul NT64

Description

EFl _LBA;

The Logi cal PartitionisTRUE if thedevice handleisfor apartition. For mediathat have
only one partition, the value will always be TRUE. For mediathat have multiple partitions, this
valueis FALSE for the handle that accesses the entire medium. The firmware is responsible for
adding device handles for each partition on such media.

The firmware is responsible for adding aEFI DI SK_| Ointerfaceto every EFI _BLOCK | O
interfacein the system. The EFI _DI SK_| Ointerface allows byte level accessto devices.
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8.1.1 EFI_BLOCK_IO.Reset()
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Summary
Resets the block device hardware.

Prototype
EFI _STATUS
(EFI APl *EFI _BLOCK_RESET) (
IN EFI _BLOCK | O *Thi s,
| N BOOLEAN Ext endedVeri fication
)
Parameters
Thi s Indicates the calling context. Type EFI _BLOCK | Oisdefined
in Section 8.1.
Ext endedVeri fication Indicates that the driver may perform a more exhaustive
verification operation of the device during reset.
Description

The Reset () function resetsthe block device hardware.

As part of initialization process, the firmware/device will make a quick but reasonabl e attempt to
verify that the deviceisfunctioning. If the Ext endedVeri fi cati onflagis TRUE the

firmware may take an extended amount of time to verify the device is operating on reset.
Otherwise the reset operation isto occur as quickly as possible.

The hardware verification processis not defined by this specification and is left up to the platform
firmware and/or EFI driver to implement.

Status Codes Returned

EFI_SUCCESS The block device was reset.

EFI_DEVICE_ERROR The block device is not functioning correctly and could not be reset.
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8.1.2 EFI_BLOCK_IO.ReadBlocks()

Summary
Reads the requested number of blocks from the device.

Prototype
EFI _STATUS
(EFI APl *EFI _BLOCK READ) (
IN EFI _BLOCK | O *Thi s,
| N U NT32 Medi al d,
IN EFI _LBA LBA,
I N U NTN BufferSi ze,
QuT VA D *Buf f er
)
Parameters
Thi s Indicates the calling context. Type EFI _BLOCK | Oisdefined in
Section 8.1.
Medi al d The mediaid that the read request isfor.
LBA The starting logical block address to read from on the device. Type
EFlI _LBAisdefinedin Section 8.1.
BufferSi ze The size of the Buf f er in bytes. Thismust be amultiple of theintrinsic
block size of the device.
Buf f er A pointer to the destination buffer for the data. The caller isresponsible
for either having implicit or explicit ownership of the buffer.
Description

The ReadBl ocks() function reads the requested number of blocks from the device. All the
blocks are read, or an error is returned.

If there is no mediain the device, the function returns EFI _NO_MEDI A. If the Medi al d isnot
theid for the current mediain the device, the function returns EFI _MEDI A CHANGED.
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Status Codes Returned
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EFI_SUCCESS

The data was read correctly from the device.

EFI_DEVICE_ERROR

The device reported an error while attempting to perform the read
operation.

EFI_NO_MEDIA

There is no media in the device.

EFI_MEDIA_CHANGED

The Medi al dis not for the current media.

EFI_BAD_BUFFER_SIZE

The Buf f er Si ze parameter is not a multiple of the intrinsic block
size of the device.

EFI_INVALID_PARAMETER

The read request contains LBAs that are not valid, or the buffer is not
on proper alignment.
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8.1.3 EFI_BLOCK_IO.WriteBlocks()

Summary

Writes a specified number of blocks to the device.

Prototype
EFI _STATUS
(EFI APl *EFlI _BLOCK WRI TE) (
IN EFI _BLOCK | O *Thi s,
I N Ul NT32 Medi al d,
I N EFI _LBA LBA,
IN UNI TN BufferSize,
IN VO D *Buf fer
);
Parameters
Thi s Indicates the calling context. Type EFI _BLOCK_| Oisdefined in
Section 8.1.
Medi al d The mediaid that the write request is for.
LBA The starting logical block address to be written. The caller isresponsible
for writing to only legitimate locations. Type EFl _LBA isdefined in
Section 8.1.
BufferSi ze Thesizein bytesof Buf f er. Thismust be amultiple of theintrinsic
block size of the device.
Buf fer A pointer to the source buffer for the data.
Description

TheW it eBl ocks() function writesthe requested number of blocksto the device. All blocks
are written, or an error is returned.

If there is no mediain the device, the function returnsEFl _NO_MEDI A. If the Medi al d isnot
theid for the current mediain the device, the function returns EFI _MEDI A CHANGED.
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Status Codes Returned
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EFI_SUCCESS

The data were written correctly to the device.

EFI_WRITE_PROTECTED

The device cannot be written to.

EFI_NO_MEDIA

There is no media in the device.

EFI_MEDIA_CHANGED

The Medi al dis not for the current media.

EFI_DEVICE_ERROR

The device reported an error while attempting to perform the write
operation.

EFI_BAD_BUFFER_SIZE

The Buf f er Si ze parameter is not a multiple of the intrinsic block
size of the device.

EFI_INVALID_PARAMETER

The write request contains LBAs that are not valid, or the buffer is
not on proper alignment.
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8.1.4 BLOCK_IO.FlushBlocks()

Summary
Flushes all modified datato a physical block device.

Prototype
EFI _STATUS
(EFI APl *EFI _BLOCK_FLUSH) (
IN EFI _BLOCK_ | O *Thi s
)
Parameters
Thi s Indicates the calling context. Type EFI _BLOCK_| Oisdefined in
Section 8.1.
Description

TheFl ushBl ocks() function flushes al modified data to the physical block device.

All data written to the device prior to the flush must be physically written before returning
EFI _ SUCCESS from thisfunction. Thiswould include any cached data the driver may have

cached, and cached data the device may have cached. Even if there were no outstanding data, a
read request to a device with removable media following a flush will aways cause a device access.

Status Codes Returned

EFI_SUCCESS All outstanding data were written correctly to the device.
EFI_DEVICE_ERROR The device reported an error while attempting to write data.
EFI_NO_MEDIA There is no media in the device.
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9
Disk I/O Protocol

9.1

This chapter defines the Disk I/O protocol. This protocol is used to abstract the block accesses of
the Block 1/0 protocol to a more general offset-length protocol. The firmware is responsible for
adding this protocol to any Block 1/0O interface that appears in the system that does not aready have
aDisk 1/0 protocol. File systems and other disk access code utilize the Disk 1/0 protocol.

DISK_10 Protocol

Summary
This protocol is used to abstract Block 1/0 interfaces.
GUID

#define DI SK_| O PROTOCOL \
{ CE345171- BAOB- 11d2- 8e4F- 00a0c969723b }

Revision Number
#define EFlI_DI SK | O | NTERFACE_REVI SI ON 0x00010000

Protocol Interface Structure
typedef struct _EFI_DI SK | O {

Ul NT64 Revi si on;
EFI _BLOCK |1 O *Bl ki o;
EFI DI SK_READ ReadDi sk;
EFI _DI SK_ WRI TE WiteD sk;

} EFl_DISK I Q

Parameters
Revi si on The revision to which the disk 1/0O interface adheres.
Bl kIl o A pointer to the block 1/0O interface that the EFI _DI SK | O
interfaceisusing. TypeEFI _BLOCK | Oisdefinedin
Chapter 8.
ReadDi sk Reads datafrom the disk. See Section 9.1.1.
WiteD sk Writes datato the disk. See Section 9.1.2.
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Description
The EFI _DI SK_| Opratocoal is used to control block 1/0 interfaces.

The disk I/0O functions allow I/O operations that need not be on the underlying device’s block
boundaries or alignment requirements. This is done by copying the data to/from internal buffers
as needed to provide the proper requests to the block I/O device. Outstanding write buffer data is
flushed by using th&l ush() function of theBl kI o device.

The firmware automatically adds€s&xl DI SK_| Ointerface to anfFI _ BLOCK | Ointerface
that is produced. It also adds file system, or logical block I/O, interfaces E-anyl SK | O
interface that contains any recognized file system or logical block 1/0O devices. The required
formats that the firmware must automatically support are:

* The EFI FAT12, FAT16, and FAT32 file system type.

« The legacy master boot record partition block. (The presence of this on any block I/O device is
optional, but if it is present the firmware is responsible for allocating a logical device for each
partition).

e The extended partition record partition block.

» The El Torito logical block devices.
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9.1.1 EFI_DISK_IO.ReadDisk()

Summary

Reads a specified number of bytes from a device.

Prototype
EFI _STATUS
(EFI APl *EFI _DI SK_READ) (
IN EFI _DISK IO *Thi s,
I N Ul NT32 Medi al d,
I N Ul NT64 Ofset,
I N Ul NTN BufferSize,
QJut va D *Buf fer
)
Parameters
Thi s Indicates the calling context. Type EFI _DI SK_| Oisdefined in
Section 9.1.
Medi al d The mediaid that the read request isfor.
O fset The starting byte offset on the logical block 1/0 device to read from.
BufferSi ze Thesizein bytesof Buf f er. The number of bytesto read from the
device.
Buf fer A pointer to the destination buffer for the data. The caller isresponsible
for either having implicit or explicit ownership of the buffer.
Description

The ReadDi sk() function reads the number of bytes specified by Buf f er Si ze from the

device. All the bytesareread, or an error isreturned. If thereisno mediain the device, the
function returns EFI _NO_MEDI A. If the Medi al disnot theid for the current mediain the

device, the function returns EFI _ MEDI A CHANGED.

Status Codes Returned

EFI_SUCCESS

The data was read correctly from the device.

EFI_DEVICE_ERROR

The device reported an error while performing the read operation.

EFI_NO_MEDIA

There is no media in the device.

EFI_MEDIA_CHANGED

The Medi al dis not for the current media.

EFI_INVALID_PARAMETER

The read request contains devices addresses that are not valid for
the device.
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9.1.2 EFI_DISK_IO.WriteDisk()

Summary

Writes a specified number of bytesto a device.

Prototype
EFI _STATUS
(EFI APl *EFI _DI SK WRI TE) (
IN EFI _DISK IO *Thi s,
I N Ul NT32 Medi al d,
I N Ul NT64 Ofset,
IN UNI TN BufferSize,
QJut va D *Buf fer
);
Parameters
Thi s Indicates the calling context. Type EFI _DlI SK_| Oisdefined in
Section 9.1.
Medi al d The mediaid that the write request is for.
O fset The starting byte offset on the logical block 1/0O device to write.
BufferSi ze Thesizein bytesof Buf f er. The number of bytesto writeto the
device.
Buf fer A pointer to the buffer containing the data to be written.
Description

TheW it eDi sk() function writesthe number of bytes specified by Buf f er Si ze to the device.
All bytes are written, or an error isreturned. |f thereis no mediain the device, the function returns
EFI _NO_MEDI A. If the Medi al disnottheid for the current mediain the device, the function
returns EFI _MEDI A__CHANGED.

Status Codes Returned

EFI_SUCCESS The data was written correctly to the device.

EFI_WRITE_PROTECTED The device cannot be written to.

EFI_NO_MEDIA There is no media in the device.

EFI_MEDIA_CHANGED The Medi al dis not for the current media.

EFI_DEVICE_ERROR The device reported an error while performing the write operation.

EFI_INVALID_PARAMETER | The write request contains devices addresses that are not valid for
the device.
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File System Protocol

This chapter defines the File System protocol. This protocol allows code running in the EFI boot
services environment to obtain file based accessto adevice. The Smple File System protocol is
used to open adevice volume and return an EFlI _FI LE_HANDLE that providesinterfaces to access
files on a device volume.

10.1 SIMPLE_FILE_SYSTEM Protocol

Summary

Provides aminimal interface for file-type accessto adevice.

GUID

#define SI MPLE_FI LE_SYSTEM PROTOCOL \
{ 964e5b22-6459-11d2- 8e39- 00a0c969723b }

Revision Number
#define EFl _FILE_| O | NTERFACE REVISION  0x00010000

Protocol Interface Structure

typedef struct _EFlI_FILE | O I NTERFACE {
U NT64 Revi si on;
EFlI _VOLUVE OPEN penVol une;
} EFI _FILE_| O | NTERFACE;

Parameters
Revi si on Theversion of theEFI _FI LE | O | NTERFACE. Theversion
specified by this specification is 0x00010000.
penVvol une Opens the volume for file I/O access. See Section 10.1.1.
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Description

The Simple File System protocol provides aminimal interface for file-type accessto adevice. This
protocol is only supported on some devices.

Devices that support the Simple File System protocol return an EFI _FI LE | O | NTERFACE.

The only function of thisinterface isto open a handle to the root directory of the file system on the

volume. Once opened, all accesses to the volume are performed through the volume'’s file handles,
using theEFI _FI LE_HANDLE protocol (see Section 10.2). The volume is closed by closing all

the open file handles.

The firmware automatically creates handles for any block device that supports the following file
system formats:

» FAT12, FAT16, FAT32
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EFI_FILE_10.0OpenVolume()

Summary

Opens the root directory on avolume.

Prototype

t ypedef
EFl _STATUS
(EFI APl *EFI _VOLUME_OPEN) (

I N EFI _FI LE_| O_| NTERFACE *Thi s,
OQUT EFI _FI LE_HANDLE ** Root
);
Parameters
Thi s The volume to open theroot directory of. Type
EFlI _FI LE | O | NTERFACE isdefined in Section 10.1.
Root A pointer to the location to return the opened file handle for the root
directory. Type EFlI _FI LE_HANDLE isdefined in Section 10.2.
Description

The OpenVol une() function opens a volume, and returns a file handle to the volume’s root
directory. This handle is used to perform all other file /0O operations. The volume remains open
until all the file handles to it are closed.

If the media is changed while there are open file handles to the volume, all file handles to the
volume will returnEFI _MEDI A CHANGED. To access the files on the new media the volume
must be re-opened witbpenVol une() . If the new media is a different file system than the one

supplied in thé&eFI_HANDLE’s DevicePath for the Smple File System protocol,
OpenVolume() will return EFI_UNSUPPORTED

Status Codes Returned

EFI_SUCCESS

The file volume was opened.

EFI_UNSUPPORTED

The volume does not support the requested filesystem type.

EFI_NO_MEDIA

The device has no media.

EFI_DEVICE_ERROR

The device reported an error.

EFI_VOLUME_CORRUPTED

The file system structures are corrupted.

EFI_ACCESS_DENIED

The service denied access to the file.

EFI_OUT_OF_RESOURCES

The file volume was not opened.
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Summary

Providesfile based access to supported file systems.

Revision Number

#define EFl _FI LE_HANDLE REVI SI ON 0x00010000
Protocol Interface Structure
t ypedef struct EFI_FILE {
Ul NT64 Revi si on;
EFl _FI LE_OPEN pen;
EFl _FI LE_CLCSE d ose;
EFl _FI LE_DELETE Del et e;
EFl _FI LE_READ Read;
EFl _FILE WRI TE Wite;
EFl _FILE_GET_POSI TI ON Get Posi ti on;
EFl _FI LE_SET_POSI TI ON Set Posi tion;
EFl _FILE_GET_I NFO Get | nf o;
EFl _FILE_SET I NFO Set I nfo;
EFl _FI LE_FLUSH Fl ush;

} EFlI _FILE, *EFI_FILE HANDLE;
Parameters

Revi si on Theversion of the EFlI _FI LE_HANDLE interface. The version
specified by this specification is 0x00010000. Future versions are
required to be backward compatible to version 1.0.

pen Opens or creates anew file. See Section 10.2.1.

d ose Closes the current file handle. See Section O.

Del et e Deletesafile. See Section 10.2.3.

Read Reads bytes from afile. See Section 10.2.4.

Wite Writes bytesto afile. See Section 10.2.5.

Get Posi tion Returns the current file position. See Section 10.2.7.

Set Posi tion

Sets the current file position. See Section 10.2.6.

Getlnfo Getsthe requested file or volume information. See Section 10.2.8.
Set I nfo Sets the requested file information. See Section 10.2.9.
Fl ush Flushes al modified data associated with the file to the device. See

Section 10.2.10.
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Description

The EFI _FI LE_HANDLE protocol provides access to supported file systems. Whileitislikely
that al files on avolume havethe same EFI _FI LE | O | NTERFACE, the specific interface used
for any file handle is the one provided with the file handle.

AnEFI _FI LE HANDLE provides access to a file’s or directory’s contents, and is also a reference
to a location in the directory tree of the file system in which the file resides. With any given file
handle, other files may be opened relative to this file’s location, yielding new file handles.

On requesting the file system protocol on a device, the caller gets the

EFI _FI LE | O_| NTERFACE to the volume. This interface is used to open the root directory of
the file system when needed. The caller flistise() the file handle to the root directory, and
any other opened file handles before exiting. While there are open files on the device, usage of
underlying device protocol(s) that the file system is abstracting must be avoided. For example,
when a file system that is layered oBl&SK_| O/ BLOCK | Oprotocol, direct block access to the
device for the blocks that comprise the file system must be avoided.

A file system driver may cache data relating to an open file.FThsh() function is provided
that flushes all dirty data in the file system, relative to the requested file, to the physical media. If
the underlying device may cache data, the file system must inform the device to flush as well.
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Summary

Opens a new file relative to the source file’s location.

Prototype
EFI _STATUS

(EFI APl *EFI _FI LE_OPEN) (
IN EFl _FILE_HANDLE  This,
OUT EFl _FILE_HANDLE  *NewHand! e,

CHAR16
U NT64
U NT64

I
|
|
) .

Parameters
Thi s

NewHand| e

Fi | eNanme

penhbde

Attributes

*Fi | eNane,
penhbde,
Attributes

The file handle to the source location. This would typically be an open
handle to a directory. Typde~l _FI LE_HANDLE is defined in
Section 10.2.

A pointer to the location to return the opened handle for the new file.
TypeEFI _FI LE_HANDLE is defined in Section 10.2.

The Null-terminated string of the name of the file to be opened. The file
name may contain the following path modifiers: *\*,”, and *. . ".

The mode to open the file. The only valid combinations that the file may
be opened with are: Read, Read/Write, or Create/Read/Write. See
“Related Definitions”.

Only valid forEFI _FI LE_MODE_CREATE, in which case these are
the attribute bits for the newly created file. See “Related Definitions”.
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Related Definitions

//*******************************************************

/'l Open Modes

//*******************************************************

#define EFI_FI LE_MODE_READ 0x0000000000000001
#define EFI _FILE_MODE_WRI TE 0x0000000000000002
#def i ne EFI _FI LE_MODE_CREATE 0x8000000000000000

//*******************************************************

/Il File Attributes

//*******************************************************

#define EFl _FI LE READ ONLY 0x0000000000000001
#define EFlI _FI LE H DDEN 0x0000000000000002
#def i ne EFl _FI LE_SYSTEM 0x0000000000000004
#def i ne EFl _FI LE_RESERVED 0x0000000000000008
#def i ne EFl _FI LE_DI RECTORY 0x0000000000000010
#def i ne EFl _FI LE_ARCHI VE 0x0000000000000020
#def i ne EFl _FI LE_VALI D ATTR 0x0000000000000037
Description

The Open() function opensthefilereferredto by Fi | eNane relative to the location of Thi s
and returnsa NewHand! e. The Fi | eNane may include the following path modifiers:

“r If the filename starts with a “\"” the relative location is the root directory
thatThi s residues on; otherwise “\" separates name components. Each
name component is opened in turn, and the handle to the last file opened
is returned.

Opens the current location.

“our Opens the parent directory for the current location. If the location is the
root directory the request will return an error, as there is no parent
directory for the root directory.

If EFI _FI LE_MODE_CREATE is set, then the file is created in the directory. If the final location
of Fi [ eNane does not refer to a directory or if the file already exists, the operation fails.

If the media of the device changes all accesses, including the File handle, will result in
EFI _MEDI A CHANGED. To access the new media, the volume must be re-opened.
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EFI_SUCCESS

The file was opened.

EFI_NOT_FOUND

The specified file could not be found on the device.

EFI_NO_MEDIA

The device has no media.

EFI_MEDIA_CHANGED

The device has a different media in it or the media is no longer
supported.

EFl_DEVICE_ERROR

The device reported an error.

EFI_VOLUME_CORRUPTED

The file system structures are corrupted.

EFI_ACCESS_DENIED

The service denied access to the file.

EFI_OUT_OF RESOURCES

The file was not opened.

EFI_VOLUME_FULL

The volume is full.
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10.2.2 EFI_FILE.Close()

Summary
Closes a specified file handle.

Prototype
EFI _STATUS
(EFI APl *EFI _FI LE_CLCOSE) (
| N EFI _FI LE_HANDLE Thi s

)
Parameters
Thi s Thefilehandleto close. Type EFI _FI LE_HANDLE isdefined in
Section 10.2.
Description

Thed ose() function closes aspecified file handle. All “dirty” cached file data is flushed to the
device, and the file is closedin all casesthe handleis closed.

Status Codes Returned
‘ EFI_SUCCESS ‘ The file was closed.
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10.2.3 EFI_FILE.Delete()

Summary

Closes and deletes afile.

Prototype
EFI _STATUS

(EFI APl *EFI _FI LE_DELETE) (
IN EFI_FILE_HANDLE  This

)
Parameters
Thi s The handleto thefileto delete. Type EFI _FI LE_HANDLE is defined
in Section 10.2.
Description

TheDel et e() function closes and deletesafile. Inall casesthefile handleisclosed. If thefile
cannot be deleted, the warning code EFI _WARN_DELETE_FAI LURE isreturned, but the handleis
still closed.

Status Codes Returned

EFI_SUCCESS The file was closed and deleted, and the handle was
closed.
EFI_WARN_DELETE_FAILURE The handle was closed, but the file was not deleted.
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10.2.4 EFI_FILE.Read()

Summary
Reads data from afile.

Prototype
EFl _STATUS

(EFI APl *EFI _FI LE_READ) (
IN EFl _FILE_HANDLE  This,

| N OQUT Ul NTN *Buf ferSi ze,
oJr va D *Buf f er
)
Parameters
Thi s Thefile handleto read datafrom. Type EFI _FI LE_HANDLE is defined
in Section 10.2.
BufferSi ze On input, the size of the Buf f er. On output, the amount of data
returned in Buf f er. Inboth cases, the size is measured in bytes.
Buf f er The buffer into which the datais read.
Description

The Read() function reads datafrom afile.

If Thi s isnot adirectory, the function reads the requested number of bytes from the file at the

file’s current position and returns themBuof f er. If the read goes beyond the end of the file, the
read length is truncated to the end of the file. The file’s current position is increased by the number
of bytes returned.

If Thi s is a directory, the function reads the directory entry at the file's current position and
returns the entry iBuf f er. If theBuf f er is not large enough to hold the current directory

entry, therEFI _ BUFFER _TOO SMALL is returned and the current file positiomat updated.

Buffer Si ze is setto be the size of the buffer needed to read the entry. On success, the current
position is updated to the next directory entry. If there are no more directory entries, the read
returns a zero length buffeEFI _FI LE | NFO is the structure returned as the directory entry.

See Section 10.2.11 for a discussiotbf _FI LE | NFO.

Status Codes Returned

EFI_SUCCESS The data was read.

EFI_NO_MEDIA The device has no media.

EFI_DEVICE_ERROR The device reported an error.

EFI_VOLUME_CORRUPTED The file system structures are corrupted.

EFI_BUFFER_TOO_SMALL The Buf f er Si ze is too small to read the current
directory entry. Buf fer Si ze has been updated
with the size needed to complete the request.

Version 0.92 1/19/00 189



in
Extensible Firmware Interface Specification DRAFT tel

10.2.5 EFI_FILE.Write()

Summary
Writes datato afile.
EFl _STATUS

(EFI APl *EFI _FILE_WRI TE) (
IN EFl _FILE_HANDLE  This,

N QUT U NTN *BufferSi ze,
IN VO D *Buffer
)
Parameters
Thi s Thefile handle to write datato. Type EFI _FI LE_HANDLE is defined
in Section 10.2.
BufferSi ze On input, the size of the Buf f er. On output, the amount of data
actually written. In both cases, the size is measured in bytes.
Buf fer The buffer of datato write.
Description

TheW it e() function writesthe specified number of bytesto thefile at the current file position.
The current file position is advanced the actual number of bytes written, whichisreturned in

Buf fer Si ze. Partia writes only occur when there has been a data error during the write attempt
(such as “file space full”). The file is automatically grown to hold the data if required.

Direct writes to opened directories are not supported.

Status Codes Returned

EFI_SUCCESS The data was written.

EFI_UNSUPPORT Writes to open directory files are not supported.
EFI_NO_MEDIA The device has no media.
EFI_DEVICE_ERROR The device reported an error.
EFI_VOLUME_CORRUPTED The file system structures are corrupted.
EFI_WRITE_PROTECTED The file or media is write protected.
EFI_ACCESS_DENIED The file was opened read only.
EFI_VOLUME_FULL The volume is full.
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10.2.6 EFI_FILE.SetPosition()

Summary

Sets a file’s current position.

Prototype
EFI _STATUS
(EFI APl *EFI _FI LE_SET_PGSI TION) (
| N EFI _FI LE_HANDLE Thi s,

I N U NT64 Posi tion
)
Parameters
Thi s The file to set the requested position on. T¥peé_FI LE_HANDLE is
defined in Section 10.2.
Posi tion The byte position from the start of the file to set.
Description

TheSet Posi ti on() function sets the current file position for the handle to the position

supplied. With the exception of seeking to position —1, only absolute positioning is supported, and
seeking past the end of the file is allowed (a subsequent write would grow the file). Seeking to
position —1 causes the current position to be set to the end of the file.

If Thi s is a directory, the only position that may be set is zero. This has the effect of starting the
read process of the directory entries over.

Status Codes Returned

EFI_SUCCESS The position was set.
EFI_UNSUPPORTED The seek request for non-zero is not valid on open
directories.
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10.2.7 EFI_FILE.GetPosition()

Summary

Returns a file’s current position.

Prototype
EFI _STATUS

(EFI APl *EFI _GET_POSI TION) (
IN EFl _FILE_HANDLE ~ This,

OUT Ul NT64 *Posi tion
)
Parameters
Thi s The file to get the current position on. Tygel _FI LE HANDLE is
defined in Section 10.2.
Posi tion The address to return the file’s current position value.
Description

TheCet Posi ti on() function returns the current file position for the file handle. For
directories, the current file position has no meaning outside of the file system driver and as such the
operation is not supported. An error is returnethif s is a directory.

Status Codes Returned
EFI_SUCCESS The position was returned.
EFI_UNSUPPORTED The request is not valid on open directories.
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10.2.8 EFI_FILE.GetInfo()

Summary
Returns information about afile.

Prototype
EFl _STATUS
(EFI APl *EFI _FILE_GET_INFO (
| N EFl _FI LE_HANDLE Thi s,

IN EFI _GU D *I nformationType,
N QUT U NTN *BufferSi ze,
QJut va D *Buf fer
);
Parameters
Thi s Thefilethe requested information isfor. Type EFI _FI LE HANDLE is

defined in Section 10.2.

I nformati onType Thetypeidentifier for the information being requested. Type
EFl _GUI Disdefined in Chapter 3.

BufferSi ze Oninput, the size of Buf f er. On output, the amount of data returned in
Buf f er. Inboth cases, the size is measured in bytes.

Buf fer A pointer to the data buffer to return. The buffer’s type is indicated by
I nformationType.

Description

TheGet | nf o() function returns information of typenf or mat i onType for the requested file.
If the file does not support the requested information type,BERen UNSUPPORTED is returned.

If the buffer is not large enough to fit the requested strudfiie, BUFFER_TOO SMALL is
returned and thBuf f er Si ze is set to the size of buffer that is required to make the request.

The information types defined by this specification are required information types that all file
systems must support.

Status Codes Returned

EFI_SUCCESS The information was set.
EFI_UNSUPPORTED The I nf or mat i onType is not known.
EFI_NO_MEDIA The device has no media.
EFI_DEVICE_ERROR The device reported an error.

EFI_VOLUME_CORRUPTED | The file system structures are corrupted.
EFI_WRITE_PROTECTED The file or media is write protected.
EFI_ACCESS_DENIED The file was opened read only.

EFI_BUFFER_TOO_SMALL | The Buffer Si ze is too small to read the current directory entry.
Buf f er Si ze has been updated with the size needed to complete the request.
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10.2.9 EFI_FILE.SetInfo()

Summary

Sets information about afile.

Prototype
EFl _STATUS

DRAFT

(EFI APl *EFI _FI LE_SET_I NFO) (

I N EFI _FI LE_HANDLE

Thi s,

tel

IN EFI _GU D *I nformationType,
I N U NTN BufferSi ze,
QJut va D *Buf fer
)
Parameters
Thi s Thefiletheinformationisfor. Type EFl _FI LE HANDLE isdefined in
Section 10.2.

I nformationType Thetypeidentifier for theinformation being set. TypeEFI _GUI Dis
defined in Chapter 3.

BufferSi ze The size, in bytes, of Buf f er.

Buf fer A pointer to the data buffer to write. The buffer’s type is indicated by
I nformationType.

Description

TheSet | nf o() function sets information of typenf or mat i onType on the requested file.

Status Codes Returned

EFI_SUCCESS

The information was set.

EFI_UNSUPPORTED

The I nf or mat i onType is not known.

EFI_NO_MEDIA

The device has no media.

EFI_DEVICE_ERROR

The device reported an error.

EFI_VOLUME_CORRUPTED

The file system structures are corrupted.

EFI_WRITE_PROTECTED

The file or media is write protected.

EFI_ACCESS_DENIED

The file was opened read-only.

EFI_VOLUME_FULL

The volume is full.

EFI_BUFFER_TOO_SMALL

The Buf f er Si ze is too small to read the current
directory entry. Buf f er Si ze has been updated with
the size needed to complete the request.
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10.2.10 EFI_FILE.Flush()

Summary
Flushes all modified data associated with afile to adevice.

Prototype

EFl _STATUS
(EFI APl *EFI _FILE_FLUSH) (
IN EFl_FILE_ HANDLE  This

);

Parameters
Thi s Thefileto flush. Type EFI _FI LE_HANDLE is defined in Section 10.2.

Description

The Fl ush() function flushes all modified data associated with afile to a device.

Status Codes Returned

EFI_SUCCESS The data was flushed.

EFI_NO_MEDIA The device has no media.
EFI_DEVICE_ERROR The device reported an error.
EFI_VOLUME_CORRUPTED The file system structures are corrupted.
EFI_WRITE_PROTECTED The file or media is write protected.
EFI_ACCESS_DENIED The file was opened read-only.
EFI_VOLUME_FULL The volume is full.
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10.2.11 EFI_GENERIC_FILE_INFO

196

Summary

Provides a GUID and a data structure that can be used with EFI _FI LE. Set | nf o() and
EFI _FI LE. Get I nf o() to set or get generic file information.

GUID

#define EFl_FILE_ INFO ID \
{ 9576€92- 6d3f - 11d2- 839- 00a0c969723b }

Related Definitions
typedef struct {

Ul NT64 Si ze;

Ul NT64 Fil eSi ze;

Ul NT64 Physi cal Si ze;

EFI _TI MVE Creat eTi ne,

EFI _TI MVE Last AccessTi ne;
EFI _TI MVE Mbdi ficationTi ne;
Ul NT64 Attribute;

CHARL6 Fi l eNane[];

} EFl_FI LE_I NFQ,

//*******************************************************

/!l File Attribute Bits

//*******************************************************

#define EFl _FI LE READ ONLY 0x0000000000000001

#define EFlI _FI LE H DDEN 0x0000000000000002

#define EFl _FI LE SYSTEM 0x0000000000000004

#define EFlI _FI LE RESERVI ED 0x0000000000000008

#define EFlI _FI LE DI RECTORY 0x0000000000000010

#define EFlI _FI LE ARCH VE 0x0000000000000020

#define EFl _FILE VALID ATTR 0x0000000000000037

Parameters

Si ze Size of the EFI _FI LE_| NFO structure, including the Null-terminated
Unicode Fi | eName  string.

Fil eSize The size of thefilein bytes.

Physi cal Si ze The amount of physical space the file consumes on the file system
volume.

CreateTi ne The time the file was created.

Last AccessTi ne  Thetimewhen thefile was |ast accessed.
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Mbodi fi cati onTi ne The time when the file’s contents were last modified.

Attribute The attribute bits for the file. See “Related Definitions”.
Fi | eNane The Null-terminated Unicode name of the file.
Description

TheEFI _GENERI C_FI LE | NFOdata structure suppor@t | nf o() andSet I nf o()

requests. In the case®tt | nf o() the following additional rules apply:

« On directories, the file size is determined by the contents of the directory and cannot be
changed by settingi | eSi ze. On directoriesFi | eSi ze is ignored.

» ThePhysi cal Si ze is determined by théi / eSi ze and cannot be changed. This value is
ignored during &et | nf o() request.

e TheEFlI _FI LE DI RECTORY attribute bit cannot be changed. It must match the file's actual
type.

« Avalue of zero inCr eat eTi ne, Last Access, oribdi fi cati onTi ne causes the fields
to be ignored (and not updated).
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10.2.12 EFI_FILE_SYSTEM_INFO

Summary

Provides a GUID and a data structure that can be used with EFI _FI LE. Get | nf o() to get
information about the system volume.

GUID

#define EFI _FILE_SYSTEM I NFO I D \
{ 9576€93- 6d3f - 11d2- 8e39- 00a0c969723b }

Related Definitions
typedef struct {

Ul NT64 Si ze;

BOOLEAN Readnl y;

Ul NT64 Vol uneSi ze;

Ul NT64 FreeSpace;

Ul NT32 Bl ockSi ze;
CHARL6 Vol uneLabel [];

} EFl _FI LE_SYSTEM | NFO

Parameters

Size Sizeof theEFI _FI LE_SYSTEM | NFO dgtructure, including the Null-

terminated Unicode Vol uneLabel string.

Readnl y TRUE if the volume only supports read-only access.

Vol uneSi ze The number of bytes managed by the file system.

FreeSpace The number of bytes available for use by the file system.

Bl ockSi ze The nominal block size files are typically grown by.

Vol uneLabel The Null-terminated string that is the volume’s label.
Description

TheEFI _FI LE_SYSTEM | NFOdata structure is a read-only information structure that can be
obtained on the root directory file handle. The root directory file handle is the file handle first
obtained on the initial call to thdandl ePr ot ocol () function to open the file system interface.
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11
Load File Protocol

This chapter defines the Load File protocol. This protocol is designed to allow code running in the
EFI boot services environment to find and load other modules of code.

11.1 LOAD_FILE Protocol

Summary

Is used to obtain files from arbitrary devices.

GUID
#define LOAD_FI LE_PROTOCOL \
{56EC3091- 954C- 11d2- 8E3F- 00A0C969723B}

Protocol Interface Structure

typedef struct {
EFl _LOAD FI LE LoadFi | e;
} EFI _LOAD FI LE_| NTERFACE;

Parameters
LoadFil e Causesthe driver to load the requested file. See Section 11.1.1.

Description
The EFI _LOAD_FI LE protocol isasimple protocol used to obtain files from arbitrary devices.

When the firmware is attempting to load a file, it first attempts to use the device’s Simple File
System protocol to read the file. If the file system protocol is found, the firmware implements the
policy of interpreting the File Path value of the file being loaded. If the device does not support the
file system protocol, the firmware then attempts to read the file viaRhe LOAD FI LE protocol

and theLoadFi | e() function. In this case theoadFi | ¢() function implements the policy of
interpreting the File Path value.
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11.1.1 LOAD_FILE.LoadFile()

Summary

Causesthe driver to load a specified file.

Prototype
EFlI _STATUS

(EFI APl *EFI _LOAD FILE) (
IN EFI _LOAD _FI LE_| NTERFACE *Thi s,
I N EFI _DEVI CE_PATH *Fj | ePat h,

I N BOOLEAN

Boot Pol i cy,

I N OQUT U NTN BufferSi ze,

IN VO D
)

Parameters
Thi s

Fi | ePat h

Boot Pol i cy

BufferSi ze

Buf f er

Description

*Buf f er

Indicatesthe calling context. TypeEFI _LOAD FI LE | NTERFACE is
defined in Section 11.1.

The device specific path of thefileto load. Type EFI _DEVI CE_PATH
is defined in Chapter 3.

If TRUE, indicates that the request originates from the boot manager, and
that the boot manager is attempting to load Fi | ePat h as aboot
selection.

Oninput the size of Buf f er inbytes. On output with areturn code of
EFI _SUCCESS, the amount of datatransferred to Buf f er .

On output with areturn code of EFI _ BUFFER_TOO SMALL, thesize
of Buf f er required to retrieve the requested file.

The memory buffer to transfer thefile to.

TheLoadFi | e() function interprets the device-specific Fi | ePat h parameter, returns the entire
fileinto Buf f er , and sets Buf f er Si ze to the amount of datareturned. If Buf f er Si ze isnot
large enough to hold the entirefile, the error EFI _ BUFFER TOO_SMALL is returned,

Buf f er Si ze is updated to indicate the size of the buffer needed to obtain the file, and no datais

returned in Buf f er.

If Boot Pol i cy isFasethe Fi | ePat h must match an exact fileto be loaded. If no suchfile
exigts, theerror EFI _NOT_FOUND s returned.
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If Boot Pol i cy is True the firmware’s boot manager is attempting to load an EFIl image that is a
boot selection. In this cas€j / ePat h contains the file path value in the boot selection option.
Normally the firmware would implement the policy on how to handle an inexact boot file path;
however, since in this case the firmware cannot interpret the file patho#wa¥i / e() function

is responsible for implementing the policy. For example, in the case of a boot selection where the
device path points to a removable media device such as DVD, aRd/teéat h merely points to

the root of the device, the firmware interprets this as wanting to boot from the first valid loader.
The firmware enumerates the files in the boot catalog of the DVD looking for the first EFI loader
for the local platform and then loads that image. So in this case, the interpretation of the

Fi | ePat h is device-specific and may, based on the appropriate policy for the device, return a file
that is not literally specified b¥i | ePat h. However, the returned file would be the proper EFI
Loader image for the inexakt | ePat h as defined by the device’s boot policy.

Status Codes Returned

EFI_SUCCESS The file was loaded.

EFI_NO_SUCH_MEDIA No media was present to load the file.
EFI_DEVICE_ERROR The file was not loaded due to a device error.
EFI_NO_RESPONSE The remote system did not respond.
EFI_NOT_FOUND The file was not found.
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12
SERIAL 1I/O Protocol

This chapter defines the Serial 1/0 protocol. This protocol is used to abstract byte stream devices.

12.1 SERIAL_IO Protocol

Summary

This protocol is used to communicate with any type of character-based |/O device.

GUID
#define SERI AL_I O PROTOCOL \
{ BB25CF6F- F1D4- 11D2- 9A0C- 0090273FC1FD }

Revision Number
#define SERI AL_| O | NTERFACE_REVI SION 0x00010000

Protocol Interface Structure
typedef struct {

Ul NT32 Revi si on;

EFI _SERI AL_RESET Reset;

EFI SERI AL_SET ATTRI BUTES Set Attributes;
EFI _SERI AL_SET_CONTROL_BI TS Set Control ;

EFI SERI AL_GET_CONTROL_BI TS Get Control ;

EFI _SERI AL_WRI TE Wite;

EFI _SERI AL_READ Read:;

SERI AL_| O_MODE *Mbde;

} SERI AL_I O_| NTERFACE;

Parameters
Revi si on Therevison to whichthe SERI AL_| O | NTERFACE adheres. All
future revisions must be backwards compatible. If afuture versionis
not back wards compatible, it is not the same GUID.
Reset Resets the hardware device.
Set Attributes Sets communication parameters for aseria device. Theseinclude

the baud rate, receive FIFO depth, transmit/receive time out, parity,
data bits, and stop bit attributes.
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Set Cont r ol Set the control bits on a serial device. Theseinclude Request to
Send and Data Terminal Ready.

Get Cont rol Read the status of the control bits on aseria device. Theseinclude
Clear to Send, Data Set Ready, Ring Indicator, and Carrier Detect.

Wite Send a buffer of charactersto a serial device.

Read Receive a buffer of characters from a serial device.

Mbde Pointer to SERI AL_| O MODE data. Type SERI AL_| O MODE is

defined in “Related Definitions”.

Related Definitions

//*******************************************************

/1 SERIAL_l O MODE

//*******************************************************

typedef struct {
Ul NT32 Cont r ol Mask;

/] current Attributes

Ul NT32 Ti meout ;

Ul NT64 BaudRat e;

Ul NT32 Recei veFi f oDept h;
Ul NTN DataBi ts;

EFlI _PARI TY_TYPE Parity;

EFI _STOP BI TS TYPE StopBi ts;

} SERI AL_I O_MODE;

The data values in tH&ERI AL_| O_MCODE are read-only and are updated by the code that
produces th&ERI AL_| O | NTERFACE protocol functions:

Cont r ol Mask A mask of the Control bits that the device supports. The device must
always support the Input Buffer Empty control bit.

Ti meout If applicable, the number of microseconds to wait before timing out a
Read or Write operation.

BaudRat e If applicable, the current baud rate setting of the device; otherwise,
baud rate has the value of zero to indicate that device runs at the
devices designed speed.

Recei veFi foDept h The number of characters the device will buffer on input.

DataBi ts The number of data bits in each character.
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Parity If applicable, thisisthe type of parity that is computed or checked as
each character istransmitted or received. If the device does not
support parity the value is the default parity value.

StopBits If applicable, the number of stop bits per character. If the device
does not support stop hits the value is the default stop hit value.

//*******************************************************

/'l EFI _PARI TY_TYPE

//*******************************************************

typedef enum {
Defaul tParity,
NoPari ty,
EvenPari ty,
QddPari ty,
Mar kPari ty,
SpaceParity

} EFl _PARI TY_TYPE;

//*******************************************************

/1 EFI _STOP_BI TS TYPE

//*******************************************************

typedef enum {
Def aul t StopBits,

OneSt opBi t, /1 1 stop bit
OneFi veStopBits, /1 1.5 stop bits
TwoSt opBits /1 2 stop bits

} EFI _STOP_BI TS TYPE;

Description

The Seria 1/0 protocol is used to communicate with UART-style serial devices. These can be
standard UART serial portsin PC/AT systems, serial ports attached to a USB interface, or
potentially any character-based 1/O device.

The Serial 1/0 protocol can control byte 1/O style devices from a generic device to adevice with
features such asa UART. As such many of the serial 1/0 features are optional to alow for the case
of devicesthat do not have UART controls. Each of these optionsis called out in the specific serial
I/O functions.

The default attributes for all UART-style seria device interfacesare: 115,200 baud, a 1 byte
receive FIFO, a 1,000,000 microsecond timeout per character, no parity, 8 data bits, and 1 stop bit.
Flow control isthe responsibility of the software that uses the protocol. Hardware flow control can
be implemented through the use of the Get Cont r ol () and Set Cont r ol () functions
(described below) to monitor and assert the flow control signals. The XON/XOFF flow control

a gorithm can be implemented in software by inserting XON and X OFF charactersinto the serial
data stream as required.
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Special care must be taken if a significant amount of datais going to be read from a seria device.
Since EFI drivers are polled mode drivers, characters received on a seria device might be missed.
It isthe responsibility of the software that uses the protocol to check for new data often enough to
guarantee that no characters will be missed. The required polling frequency depends on the baud
rate of the connection and the depth of the receive FIFO.
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12.1.1 SERIAL_lO.Reset()

Summary
Resets the serial device.

Prototype
EFI _STATUS
(EFI APl *EFI _SERI AL_RESET) (
I N SERI AL_| O | NTERFACE *Thi s
)
Parameters
Thi s A pointer to the SERI AL_| O_| NTERFACE instance. Type
SERI AL_| O | NTERFACE is defined in Section 12.1.
Description

TheReset () function resets the hardware of a seria device.

Status Codes Returned
EFI_SUCCESS The serial device was reset.
EFI_DEVICE_ERROR The serial device could not be reset.
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12.1.2 SERIAL_10O.SetAttributes()
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Summary
Sets the baud rate, receive FIFO depth, transmit/receive time out, parity, data bits, and stop bitson a
serial device.
EFI _STATUS
(EFI APl *EFI _SERI AL_SET_ATTRI BUTES) (
I N SERI AL _| O | NTERFACE *Thi s,
I N U NTN BaudRat e,
I N U NTN Recei veFi f oDept h,
I N U NTN Ti meout
I N EFlI _PARI TY_TYPE Parity,
I N Ul NT8 DataBits,
I N EFl _STOP_BI TS_TYPE StopBits,
);
Parameters
Thi s A pointer tothe SERI AL_| O_| NTERFACE instance. Type
SERI AL_| O_| NTERFACE isdefined in Section 12.1.
BaudRat e The requested baud rate. A BaudRat e vaue of 0 will use the

Recei veFi f oDept h

Ti neout

Parity

DataBi ts

StopBits

device’s default interface speed.

The requested depth of the FIFO on the receive side of the serial
interface. ARecei veFi f oDept h value of 0 will use the
device’s default FIFO depth.

The requested time out for a single character in microseconds.
This timeout applies to both the transmit and receive side of the
interface. ATi neout value of O will use the device’s default
time out value.

The type of parity to use on this serial devicePak i t y value
of Def aul t Par i t y will use the device’s default parity value.
TypeEFI _PARI TY_TYPE is defined in Section 12.1.

The number of data bits to use on this serial device. A
Dat aBi t s value of 0 will use the device’s default data bit
setting.

The number of stop bits to use on this serial device. A

St opBi t s value ofDef aul t St opBi t s will use the devices
default number of stop bits. Tyg#| STOP_BI TS TYPE s
defined in Section 12.1.
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Description

TheSet At tri but es() function setsthe baud rate, receive-FIFO depth, transmit/receive time
out, parity, data bits, and stop bits on a serial device.

The controller for a serial device is programmed with the specified attributes. If the Pari ty,

Dat aBi t s, or St opBi t s values are not vaid, then an error will bereturned. If the specified
BaudRat e is below the minimum baud rate supported by the serial device, an error will be
returned. The nearest baud rate supported by the serial device will be selected without exceeding
the BaudRat e parameter, and the selected baud rate will be returned in BaudRat e. If the
specified Recei veFi f oDept h isbelow the smallest FIFO size supported by the serial device, an
error will be returned. The nearest FIFO size supported by the serial device will be selected
without exceeding the Recei veFi f oDept h parameter.

Status Codes Returned

EFI_SUCCESS The new attributes were set on the serial device.
EFI_INVALID_PARAMETER | One or more of the attributes has an unsupported value.
EFI_DEVICE_ERROR The serial device is not functioning correctly.
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12.1.3 SERIAL_IO.SetControl()

Summary

Sets the control bits on a seria device.

Prototype
EFI _STATUS
(EFI APl *EFI _SERI AL_SET_CONTROL) (
I N SERI AL_| O | NTERFACE *Thi s,
| N Ul NT32 Cont r ol
)
Parameters
Thi s A pointer to the SERI AL_| O_| NTERFACE instance. Type
SERI AL_| O | NTERFACE is defined in Section 12.1.
Cont r ol Setsthe bits of Cont r ol that are settable. See “Related

Definitions”.

Related Definitions

//*******************************************************

[/ CONTROL BITS

//*******************************************************

#defi ne EFlI _SERI AL_CLEAR TO SEND 0x0010
#defi ne EFl _SERI AL_DATA SET_READY 0x0020
#defi ne EFlI _SERI AL_RI NG_| NDI CATE 0x0040
#def i ne EFl _SERI AL_CARRI ER_DETECT 0x0080
#def i ne EFl _SERI AL_REQUEST_TO_SEND 0x0002
#defi ne EFl _SERI AL_DATA TERM NAL_READY 0x0001
#define EFl _SERI AL_I NPUT_BUFFER_EMPTY 0x0100
Description

TheSet Control () function is used to assert or deassert the control signals on a serial device.
The following signals are set according their bit settings:

Request to Send

Data Terminal Ready

Status Codes Returned

EFI_SUCCESS The new control bits were set on the serial device.
EFI_UNSUPPORTED The serial device does not support this operation.
EFI_DEVICE_ERROR The serial device is not functioning correctly.

210 1/19/00 Version 0.92



in
tel' DRAFT Serial I/O Protocol

12.1.4 SERIAL_IO.GetControl()

Summary

Retrieves the status of the control bits on a serial device.

Prototype
EFI _STATUS
(EFI APl *EFI _SERI AL_GET_CONTROL) (
I N SERI AL _| O | NTERFACE *Thi s,
OUT Ul NT32 *Cont rol
)
Parameters
Thi s A pointer tothe SERI AL_| O_| NTERFACE instance. Type
SERI AL_| O_| NTERFACE is defined in Section 12.1.
Cont r ol A pointer to return the current Control signals from the serial
device.
Description

The Get Control () function retrieves the status of the control bits on a seria device.

Status Codes Returned
EFI_SUCCESS The control bits were read from the serial device.
EFI_DEVICE_ERROR The serial device is not functioning correctly.
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12.1.5 SERIAL_IO.Write()

Summary

Writes datato a serial device.

Prototype
EFl _STATUS
(EFI APl *EFI _SERI AL_WRI TE) (
I N SERI AL _| O | NTERFACE *Thi s,
IN OQUT U NTN *Buf ferSi ze,
IN VO D *Buf fer
)
Parameters
Thi s A pointer to the SERI AL_| O_| NTERFACE instance. Type
SERI AL_| O_| NTERFACE is defined in Section 12.1.
BufferSi ze On input, the size of the Buf f er. On output, the amount of
data actually written.
Buffer The buffer of datato write.
Description

TheW it e() function writesthe specified number of bytesto a serial device. If atime out error
occurs while dataiis being sent to the seria port, transmission of this buffer will terminate, and
EFI _TI MEQUT will bereturned. Inal casesthe number of bytes actually written to the serial
deviceisreturnedin Buf fer Si ze.

Status Codes Returned

EFI_SUCCESS The data was written.
EFI_DEVICE_ERROR The device reported an error.
EFI_TIMEOUT The data write was stopped due to a timeout.
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12.1.6 SERIAL_IO.Read()

Summary

Reads data from a serial device.

Prototype
EFI _STATUS
(EFI APl *EFI _SERI AL_READ) (
I N SERI AL _| O | NTERFACE *Thi s,
I N OQUT U NTN *Buf ferSi ze,
QUT vO D *Buf f er
)
Parameters
Thi s A pointer to the SERI AL_| O_| NTERFACE instance. Type
SERI AL_| O | NTERFACE is defined in Section 12.1.
BufferSi ze On input, the size of the Buf f er. On output, the amount of
datareturned in Buf f er.
Buf f er The buffer to return the data into.
Description

The Read() function reads a specified number of bytesfrom aserial device. If atime out error or
an overrun error is detected while datais being read from the seria device, then no more characters
will be read, and an error will be returned. In all cases the number of bytes actually read is returned
inBufferSize.

Status Codes Returned

EFI_SUCCESS The data was read.
EFI_DEVICE_ERROR The serial device reported an error.
EFI_TIMEOUT The operation was stopped due to a timeout or overrun.
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13
Unicode Collation Protocol

This chapter defines the Unicode Collation protocol. This protocol is used to alow code running in
the boot services environment to perform lexical comparison functions on Unicode strings for given
languages.

13.1 UNICODE_COLLATION Protocol

Summary
Is used to perform case-insensitive comparisons of Unicode strings.
GUID

#def i ne UNI CODE_COLLATI ON_PROTOCOL \
{ 1d85cd7f-f43d-11d2-9a0c-0090273fc14d }

Protocol Interface Structure
typedef struct {

EFI _UNI CODE_COLLATI ON_STRI COLL StriColl;

EFI _UNI CODE_COLLATI ON_METAI MATCH Met ai MVat ch;

EFlI _UNI CODE_STRLWR Striw;

EFlI _UNI CODE_STRUPR StrUpr;

EFlI _UNI CODE_FATTOSTR Fat ToStr;

EFI _UNI CODE_STRTOFAT St r ToFat ;

CHARS *Suppor t edLanguages;

} UNI CODE_COLLATI ON_I NTERFACE;

Parameters

StriColl Performs a case-insensitive comparison of two Null-terminated
Unicode strings. See Section 13.1.1.

Met ai Mat ch Performs a case-insensitive comparison between a Null-
terminated Unicode pattern string and a Null-terminated Unicode
string. The pattern string can use the ‘?’ wildcard to match any
character, and the *" wildcard to match any substring. See
Section 13.1.2.

StrLw Converts all the Unicode characters in a Null-terminated

Unicode string to lower case Unicode characters. See Section 0.
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St rUpr Converts al the Unicode charactersin a Null-terminated
Unicode string to upper case Unicode characters. See
Section 13.1.4 .

Fat ToSt r Convertsan 8.3 FAT file name using an OEM character set to a
Null-terminated Unicode string. See Section 13.1.5.

St r ToFat Converts a Null-terminated Unicode string to legal charactersin

aFAT filename using an OEM character set. See Section 13.1.6.

Suppor t edLanguages A Null-terminated ASCI| string that contains one or more
SO 639-2 language codes.

Description

The UNI CODE_CCOLLATI ON protocol is used to perform case-insensitive comparisons of Unicode
strings.

One or more of the UNI CODE_COLLATI ON protocols may be present at onetime. Each protocol
instance can support one or more language codes. The language codes that are supported in the
UNI CODE_COLLATI ONinterfaceisdeclared in Suppor t edLanguages.

The Support edLanguages fieldisalist of one or more 3 character language codesin a Null-
terminated ASCII string. These language codes come from the SO 639-2 Specification. For

example, if the protocol supports English, then the string “eng” would be returned. If it supported
both English and Spanish, then “engspa” would be returned.

The main motivation for this protocol is to help support file names in a file system driver. When a
file is opened, a file name needs to be compared to the file names on the disk. In some cases, this
comparison needs to be performed in a case-insensitive manner. In addition, this protocol can be
used to sort files from a directory or to perform a case-insensitive file search.
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13.1.1 UNICODE_COLLATION.StriColl()

Summary

Performs a case-insensitive comparison of two Null-terminated Unicode strings.

Prototype
| NTN
(EFI APl *EFI _UNI CODE_COLLATI ON_STRI COLL) (
| N UNI CODE_COLLATI ON_| NTERFACE  *Thi s,

I N CHAR16 *s1,
I N CHAR16 *s2
)
Parameters
Thi s A pointer to the UNI CODE_COLLATI ONinstance. Type
UNI CODE_COLLATI ON_I NTERFACE is defined in
Section 13.1.
s1 A pointer to a Null-terminated Unicode string.
s2 A pointer to a Null-terminated Unicode string.
Description

TheStri Col I () function performs a case-insensitive comparison of two Null-terminated
Unicode strings.

This function performs a case-insensitive comparison between the Unicode string s 1 and the
Unicode string s 2 using the rules for the language codes that this protocol instance supports. If s1
isequivalent to s2, then Oisreturned. If s1 islexically lessthan s2, then a negative number will
bereturned. If s1islexically greater than s2, then a positive number will be returned. This
function allows Unicode strings to be compared and sorted.

Status Codes Returned

0 sl is equivalent to s2.
>0 sl is lexically greater than s2.
<0 sl is lexically less than s2.

Version 0.92 1/19/00 217



in
Extensible Firmware Interface Specification DRAFT tel

13.1.2 UNICODE_COLLATION.MetaiMatch()

218

Summary

Performs a case-insensitive comparison of a Null-terminated Unicode pattern string and a Null-
terminated Unicode string.

Prototype
BOOLEAN
(EFI APl *EFI _UNI CODE_COLLATI ON_STRI COLL) (
| N UNI CODE_COLLATI ON_| NTERFACE  *Thi s,

I N CHARL16 *String,
I N CHAR16 *Pattern
)
Parameters
Thi s A pointer to the UNI CODE_COLLATI ON_| NTERFACE

instance. Type UNI CODE_COLLATI ON_| NTERFACE is
defined in Section 13.1.

String A pointer to a Null-terminated Unicode string.
Pattern A pointer to a Null-terminated Unicode pattern string.
Description

The Met ai Mat ch() function performs a case-insensitive comparison of a Null-terminated
Unicode pattern string and a Null-terminated Unicode string.

Thisfunction checks to see if the pattern of characters described by Pat t er n arefound in

St ri ng. The pattern check is a case-insensitive comparison using the rules for the language codes
that this protocol instance supports. If the pattern match succeeds, then TRUE is returned.
Otherwise FALSE isreturned. The following syntax can be used to build the string Pat t er n.

* Match O or more characters.
? Match any one character.

[ <char 1><char 2>..<char N>] Match any character in the set.

[ <char 1>- <char 2>] Match any character between <charl> and
<char2>.
<char > Match the character <char>.
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Examples patterns (for English):

* FW Matches all strings that end in “.FW” or “.fw” or
“.Fw” or “.fw".

[a-Z] Match any letter in the alphabet.

['@#$%"&*()] Match any one of these symbols.

z Match the character ‘'z’ or ‘Z'.

D?.*x Match the character ‘D’ or ‘d’ followed by any
character followed by a “.” followed by any
string.

Status Codes Returned
TRUE Pattern was found in String.

FALSE Pattern was not found in String.
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13.1.3 UNICODE_COLLATION.StrLwr()
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Summary

Converts al the Unicode charactersin a Null-terminated Unicode string to lower case Unicode
characters.

Prototype
va D
(EFI APl *EFI _UNI CODE_COLLATI ON_STRLWR) (
| N UNI CODE_COLLATI ON_|I NTERFACE  *Thi s,

I N OQUT CHARL6 *String
)
Parameters
Thi s A pointer to the UNI CODE_COLLATI ON_| NTERFACE
instance. Type UNI CODE_COLLATI ON_I NTERFACE is
defined in Section 13.1.
String A pointer to a Null-terminated Unicode string.
Description

This functions walks through all the Unicode charactersin St r i ng, and converts each oneto its
lower case equivalent if it has one. The converted string isreturned in St ri ng.
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13.1.4 UNICODE_COLLATION.StrUpr()

Summary

Converts al the Unicode charactersin a Null-terminated Unicode string to upper case Unicode
characters.

Prototype
va D
(EFI APl *EFI _UNI CODE_COLLATI ON_STRUPR) (
| N UNI CODE_COLLATI ON_|I NTERFACE  *Thi s,

I N OQUT CHARL6 *String
)
Parameters
Thi s A pointer to the UNI CODE_COLLATI ON_| NTERFACE
instance. Type UNI CODE_COLLATI ON_I NTERFACE is
defined in Section 13.1.
String A pointer to a Null-terminated Unicode string.
Description

This functions walks through all the Unicode charactersin St r i ng, and converts each oneto its
upper case equivalent if it has one. The converted string isreturned in St ri ng.
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13.1.5 UNICODE_COLLATION.FatToStr()

Summary
Convertsan 8.3 FAT file namein an OEM character set to a Null-terminated Unicode string.

Prototype
VO D
(EFI APl *EFI _UNI CODE_COLLATI ON_FATTOSTR) (
| N UNI CODE_COLLATI ON_| NTERFACE  *Thi s,

N Ul NTN Fat Si ze,
| N CHARS *Fat
OUT CHARL6 *String
)
Parameters
Thi s A pointer to the UNI CODE_COLLATI ON_| NTERFACE

instance. Type UNI CODE_COLLATI ON_| NTERFACE is
defined in Section 13.1.

Fat Si ze The size of the string Fat in bytes.
Fat A pointer to a Null-terminated string that contains an 8.3 file
name using an OEM character set.
String A pointer to a Null-terminated Unicode string.
Description

Thisfunction converts the string specified by Fat with length Fat Si ze to the Null-terminated
Unicode string specified by St ri ng. The charactersin Fat arefrom an OEM character set.
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13.1.6 UNICODE_COLLATION.StrToFat()

Summary

Converts a Null-terminated Unicode string to legal charactersin a FAT filename using an OEM
character set.

Prototype
BOOLEAN
(EFI APl *EFI _UNI CODE_COLLATI ON_STRTOFAT) (
| N UNI CODE_COLLATI ON_|I NTERFACE  *Thi s,

| N CHARL6 *String,
I N U NTN Fat Si ze,
QUT CHARS * Fat
)
Parameters
Thi s A pointer to the UNI CODE_COLLATI ON_| NTERFACE

instance. Type UNI CODE_COLLATI ON_| NTERFACE is
defined in Section 13.1.

String A pointer to a Null-terminated Unicode string.
Fat Si ze The size of the string Fat in bytes.
Fat A pointer to a Null-terminated string that contains an 8.3 file

name using an OEM character set.

Description

Thisfunction convertsthefirst Fat Si ze Unicode characters of St ri ng to thelegal FAT
charactersin an OEM character set and stores then in the string Fat . |f no valid mapping from the
Unicode character to a FAT character is available, then it is substituted with an’ . Thisfunction
returns FALSE if thereturn string Fat isan 8.3 file name. This function returns TRUE if the return

string Fat isalLong File Name.

Status Codes Returned
TRUE Fat is an 8.3 file name.

FALSE Fat is a Long File Name.
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14
PXE Base Code Protocol

This chapter defines the PXE Base Code protocol. This protocol is used to access PXE (Preboot
Execution Environment)-compatible devices.

14.1 EFl_PXE_BASE_CODE Protocol

Summary

The EFI _PXE_BASE_CODE protocoal is used to control PXE-compatible devices. The features of
PXE compatible device are defined in the Preboot Execution Environment (PXE) Specification. An
EFI _PXE_BASE CODE protocol will be layered on top of an EFI _SI MPLE NETWORK protocol
in order to perform packet level transactions. The EFI _PXE_BASE CODE protocol may be used
by the firmware’s boot manager to support remote boot functionality.

GUID

#define EFl _PXE_BASE_CODE_PROTOCOL \
{ 03C4E603- AC28- 11d3- 9A2D- 0090273FC14D }

Revision Number

#define EFlI _PXE_BASE_CODE_| NTERFACE_REVI SI ON 0x00010000
Protocol Interface Structure
typedef struct {
Ul NT64 Revi si on;
EFl _SI MPLE_NETWORK *Si npl eNet wor k;
EFl _PXE_BASE_CODE_START Start;
EFl _PXE_BASE CODE_STCP St op;
EFl _PXE_BASE_CODE_DHCP Dhcp;
EFl _PXE_BASE_CODE_DI SCOVER Di scover;
EFl _PXE_BASE_CODE_MIFTP Mftp;
EFl _PXE_BASE_CODE_UDP _W\RI TE UdpWite;
EFl _PXE_BASE_CODE_UDP_READ UdpRead;
EFl _PXE_BASE CODE_SET | P _FILTER Set I pFilter;
EFl _PXE_BASE_CODE_ARP Ar p;

EFl _PXE_BASE_CODE_SET_PARAMETERS
EFl _PXE_BASE_CODE_SET_STATI ON_I P
EFl _PXE_BASE_CODE_SET_PACKETS

EFl _PXE_BASE_CODE_MODE

} EFI _PXE_BASE_CODE;

Version 0.92 1/19/00

Set Par anet ers;
Set St ati onl p;
Set Packet s;
*Mbde;
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Parameters

Revi si on Therevision of the EFI _PXE_BASE_CODE Protocol.

Start Used to start the PXE Base Code Protocol.

St op Used to stop the PXE Base Code Protocol.

Dhcp Attempts to complete a DHCPv4 D.O.R.A. (discover / offer /
request / acknowledge) or DHCPv6 S.A.R.R (solicit / advertise /
request / reply) sequence.

Di scover Attempts to complete the PXE Boot Server and/or boot image
discovery sequence.

Mftp Used to perform TFTP and MTFTP services.

WdpWite Writes a UDP packet to the network interface.

UdpRead Reads a UDP packet from the network interface.

226

Set | pFil ter
Arp

Set Par anet er s

Set St ationlp
Set Packet s
Mbde

Updates the | P receive filters of the network device.
Uses the ARP protocol to resolve aMAC address.

Updates the parameters that affect the operation of the PXE Base
Code Protocol.

Updates the station | P address and subnet mask values.
Updates the contents of the cached DHCP and Discover packets.

Pointer tothe EFI _PXE_BASE CODE MODE datafor this
device. The EFlI _PXE BASE CODE MODE structureis
defined in "Related Definitions”.

Thefollowing datavaluesinthe EFI _PXE BASE CODE MODE structure are read-only and are
updated by the code that producesthe EFI _PXE_BASE CCDE protocol functions:

Started

| pv6Support ed

Usi ngl pvé

Bi sSupported

Bi sDet ect ed

TRUE of this device has been started by calling St art () . This
fieldissetto TRUE by the St ar t () function and to FALSE by
the St op() function.

TRUE if this device supports | Pv6.

TRUE if thisdeviceis currently using IPv6. Thisfield isset by
Start () function.

TRUE if this device supports Boot Integrity Services (BIS). This
fildissetby St art () function.

TRUE if this device and the platform support Boot Integrity
Services (BIS). Thisfieldissetby St art () function.
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Cal | Back

Aut 0Ar p
Stationlp
Subnet Mask

DhepDi scover
DhcpAck
ProxyOf fer
PxeDi scover
PxeRepl y
PxeBi sRepl y

| pFilter

Version 0.92
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Pointer to the callback function that is invoked by the PXE Base
Code Protocol when it iswaiting for an event. If thisfieldis
NULL, then no callbacks will be generated. Thisfieldis
initialized to NULL by the St ar t () function, and can be
modified with the Set Par anet er s() function.

TRUE for automatic ARP packet generation. FALSE for no
automatic ARP packet generation. Thisfieldisinitialized to
TRUE by St art () , and can be modified with the

Set Par anmet er s() function.

The device's current |P address. Thisfield isinitiaized to a zero
addressby St art (). Thisfiedisalso set by the

Dhcp() function, and can be modified with the

Set St ati onl p() function.

The device's current subnet mask. Thisfield isinitialized to a
zero addressby the St art () function. Thisfield is also set by
the Dhcp( ') function, and can be modified with the

Set St ati onl p() function.

Pointer to the cached DHCP Discover packet. Thisfieldis
initialized to NULL by the St ar t () function, and is set by the
Dhcp() and Set Packet s() functions.

Pointer to the cached DHCP Ack packet. Thisfied isinitiaized
toNULL by the St art () function, and is set by the Dhcp()
and Set Packet s() functions.

Pointer to the cached Proxy Offer packet. Thisfieldisinitialized
toNULL by the St art () function, and is set by the Dhcp()
and Set Packet s() functions.

Pointer to the cached PXE Discover packet. Thisfieldis
initialized to NULL by the St ar t () function, and is set by the
Di scover () and Set Packet s() functions.

Pointer to the cached PXE Reply packet. Thisfied isinitialized
toNULL by the St art () function, and is set by the
Di scover () and Set Packet s() functions.

Pointer to the cached PXE BIS Reply packet. Thisfiedis
initialized to NULL by the St art () function, and is set by the
Di scover () and Set Packet s() functions.

The current IP receivefilter settings. Thefilter isinitialized to
disabled and O IP receivefiltersby the St ar t () function, and
isset by the Set | pFi | ter () function.
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ArpCacheEntri es The number of valid entriesin the ARP cache. Thisfield is reset
tozeroby theSt art () function.

ArpCache Pointer to an array of cached ARP entries.

Rout eTabl eEntri es The number of valid entriesin the current route table. Thisfield
isreset to zero by the St ar t () function.

Rout eTabl e Pointer to an array of route table entries.

| cnpError A pointer to the most recent ICMP error packet. NULL if the

previous operation did not generate and ICMP error. Thisfield
isinitialized to NULL by the St ar t () function.

Tft pError A pointer to the most recent TFTP error packet. NULL if the
previous operation did not generate a TFTP error. Thisfieldis
initialized to NULL by the St art () function.

Description

The basic mechanisms and flow for remote booting in EFI are identical to the remote boot
functionality described in detail in the Wired for Management Baseline Specification. However,
the actual execution environment, linkage, and calling conventions are replaced and enhanced for
the EFIl environment.

The DHCP Option for the Client Network Interface Identifier is used to inform the DHCP server
that the client supports the EFI environment. The DHCP Option for the Client System Architecture
isused to inform the DHCP server if the client isan 1A-32 or |A-64 EFI environment. The server
may use thisinformation to provide default images in the case where it does not have a specific
boot profile for the client.

A handle that supports EFI _PXE_BASE CCODE protocol is required to support the LOAD FI LE
protocol. The LOAD _FI LE protocol function LoadFi | e() isused by the firmware to load files
from devices that do not support file system type accesses. Specifically, the firmware’s boot
manager invokesoadFi | e() with Boot Pol i cy beingTRUE when attempting to boot from

the device. The firmware then loads and transfers control to the downloaded PXE boot image.
Once the remote image is successfully loaded, it may utiliZzERhe PXE_BASE_CODE

interfaces, or even tHe-l _SI MPLE_NETWORK interfaces, to continue the remote process.
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Related Definitions
typedef struct {

BOOLEAN Started;
BOOLEAN | pv6Suppor t ed;
BOOLEAN Usi ngl pv6;
BOOLEAN Bi sSupport ed;
BOOLEAN Bi sDet ect ed;
EFI _PXE BASE CODE CALLBACK Cal | Back;
BOOLEAN Aut 0Ar p;

EFI _PXE _BASE CODE | P_ADDR Stationlp;

EFI _PXE _BASE CODE | P_ADDR Subnet Mask;
EFI _PXE_BASE CODE PACKET *DhepDi scover;
EFI _PXE BASE CODE PACKET *DhcpAck;

EFI _PXE BASE CODE PACKET *Proxyffer;
EFlI _PXE _BASE CODE PACKET *PxeDi scover;
EFI _PXE _BASE CODE PACKET *PxeRepl y;

EFI _PXE_BASE CODE PACKET *PxeBi sRepl y;
EFI PXE BASE CODE | P_FILTER I pFil ter;

Ul NTN ArpCacheEntri es;
EFI _PXE BASE CODE_ARP_ENTRY *Ar pCache;

Ul NTN Rout eTabl eEntri es;
EFI _PXE _BASE CODE ROUTE _ENTRY *Rout eTabl e;
EFI _PXE BASE CODE | CMP_ERROR *| cnpError;

EFI _PXE BASE CODE TFTP_ERROR *Tft pError;

} EFl _PXE_BASE_CODE_MODE;

The following section defines the data types for MAC addresses, |P addresses, and UDP ports. All
of these data types use big endian byte ordering for their contents.

t ypedef U NT8 EFI _PXE BASE CODE_MAC ADDR[ 16] ;

typedef U NT32 EFI _PXE _BASE CODE_| PV4;

t ypedef Ul NT32 EFI _PXE BASE CODE_| PV6][ 4] ;

typedef union { EFI _PXE BASE CCDE | PvV4_ADDR I pv4;
EFlI _PXE_BASE_CODE_| PV6_ADDR I pv6;

} EFI _PXE_BASE_CODE_| P_ADDR;

typedef U NT16 EFl _PXE BASE CODE_UDP_PORT;
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typedef struct {

Ul NT8

Ul NT8

Ul NT8

Ul NT8

Ul NT32

Ul NT16

Ul NT16

EFlI _PXE_BASE_CODE_| PV4
EFI _PXE_BASE_CODE_| PV4
EFI _PXE_BASE_CODE_| PV4
EFI _PXE_BASE_CODE_| PV4

EFl _PXE_BASE_CODE_MAC_ADDR

Ul NT8
Ul NT8
Ul NT32
Ul NT8

} EFl _PXE_BASE_CODE_DHCPV4_PACKET;

typedef struct {

} EFl _PXE_BASE_CODE_DHCPV6_PACKET;

typedef union {
Ul NT8

EFl _PXE_BASE_CODE_DHCPV4_PACKET
EFl _PXE_BASE_CODE_DHCPV6_PACKET

} EFl _PXE_BASE_CODE_PACKET;

typedef struct {
Ul NT8
Ul NT8
Ul NT16
uni on {
Ul NT32
Ul NT32
Ul NT32
struct {
Ul NT16
Ul NT16
} Echo;
}ou
Ul NT8

} EFl _PXE_BASE_CODE_| CMP_ERRCR,

1/19/00
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The following section defines the data types for DHCP packets, ICMP error packets, and TFTP
error packets. All of these are packed data structures.

Boot pQpcode;

Boot pHWType;

Boot pHWAddr Len;
Boot pGat eHops;
Boot pl dent ;

Boot pSeconds;
Boot pFl ags;

Boot pG Addr ;

Boot pYi Addr ;

Boot pSi Addr ;

Boot pG Addr ;

Boot pHWAddr ;

Boot pSrvNane[ 64] ;
Boot pBoot Fi | e[ 128] ;
DhcpMagi k;
DhcpQpt i ons[ 56] ;

Rawf 1472] ;
Dhcpvd4;
Dhcpv6;

Type;
Code;
Checksum

reserved;
M u;

Poi nt er;
ldentifier;
Sequence,

Dat af 494] ;
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typedef struct {
Ul NT8 Er ror Code;
Ul NT8 ErrorString[127];

} EFl _PXE_BASE_CODE_TFTP_ERRCR,

The following section defines the data types for I1P receive filter settings.

typedef struct {

Ul NTN Filters;

U NTN I pCnt;

EFI _PXE_BASE_CODE_| P_ADDR *| pLi st ;
} EFI _PXE_BASE CODE | P_FILTER;
#define EFI _PXE _BASE CODE | P_FI LTER STATION I P 0x0001
#define EFI _PXE_BASE CODE_| P_FI LTER_BROADCAST 0x0002
#define EFI _PXE_BASE_CODE_| P_FI LTER_PROM SCUQUS 0x0004
#defi ne EFlI _PXE_BASE CODE | P_FI LTER_PROM SCUOUS_MJULTI CAST 0x0008

The following section defines the data types for ARP cache entries, and route table entries.

typedef struct {
EFI _PXE_BASE_CODE_| P_ADDR | pAddr ;
EFlI _PXE_BASE_CODE_MAC_ADDR MacAddr ;
} EFI _PXE_BASE_CODE_ARP_ENTRY;
typedef struct {
EFI _PXE_BASE_CODE_| P_ADDR | pAddr ;
EFI _PXE_BASE_CODE_| P_ADDR Subnet Mask;
EFlI _PXE_BASE_CODE_| P_ADDR GnvAddr ;

} EFl _PXE_BASE_CODE_ROUTE_ENTRY;

The following section defines the types of filter operations that can be used with the UdpRead ()
and UdpW i t e() functions.

#def i ne
#defi ne
#defi ne
#defi ne
#def i ne
#def i ne

Version 0.92

EFl _PXE_BASE_CODE_UDP_OPFLAGS_ANY_SRC | P 0x0001
EFl _PXE_BASE_CODE_UDP_OPFLAGS_ANY_SRC_PORT 0x0002
EFl _PXE_BASE_CODE_UDP_OPFLAGS_ANY_DEST | P 0x0004
EFl _PXE_BASE_CODE_UDP_OPFLAGS_ANY_DEST_PORT  0x0008
EFl _PXE_BASE_CODE_UDP_OPFLAGS_USE_FI LTER 0x0010
EFl _PXE_BASE_CODE_UDP_OPFLAGS_MAY_ FRAGVENT 0x0020
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14.1.1 EFI_PXE_BASE_CODE.Start()
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Summary
Enables the use of the PXE Base Code Protocol functions.

Prototype
EFl _STATUS
(EFI APl *EFI _PXE_BASE_CODE_START) (
| N EFI _PXE_BASE_CODE *Thi s,
| N BOOLEAN Usel pv6
)
Parameters
Thi s Pointer to the EFI _PXE_BASE CODE instance.
Usel pv6 Specifies the type of 1P addresses that are to be used during the session
that is being started. Set to TRUE for 1Pv6 addresses, and FAL SE for
IPv4 addresses.
Description

This function enables the use of the PXE Base Code Protocol functions. If the St ar t ed field of
the PXE_BASE CCDE_MODE structure is already TRUE, then EFI _ ALREADY STARTED will be
returned. If Usel pv6 is TRUE, then IPv6 formatted addresses will be used in this session. If
Usel pv6 is FALSE, then IPv4 formatted addresses will be used in thissession. If Usel pv6is
TRUE, and the / pv6Suppor t ed field of the EFI _BASE_CCODE_MODE structure is FALSE, then
EFI | NVALI D_PARAMETERwill bereturned. If thereisnot enough memory or other resources
to start the PXE Base Code Protocol, then EFI _ OUT_OF _ RESOURCES will be returned.
Otherwise, the PXE Base Code Protocol will be started, and al of the fields of the

EFI _PXE BASE CODE_MODE structure will beinitialized as follows:

Started Set to TRUE.
| pv6Support ed No changes.
Usi ngl pv6 Setto Usel pvé.
Bi sSupport ed No changes.
Bi sDet ect ed No changes.
Cal | Back Set to NULL.
Aut 0Arp Set to TRUE.
St ationlp Set to an address of all zeros.
Subnet Mask Set to a subnet mask of all zeros.
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DhcpDi scover Set to NULL.
DhcpAck Set to NULL.
ProxyOffer Set to NULL.
PxeDi scover Set to NULL.
PxeRepl y Set to NULL.
PxeBi sRepl y Set to NULL.
| pFi | ter Setthe Fi l t er s fieldtoOand the / pCnt fieldto 0.
ArpCacheEntri es Set to 0.

Ar pCache No changes.
Rout eTabl eEntri es Set to O.
Rout eTabl e No changes.
I cnpError Set to NULL.
Tft pError Set to NULL.

Status Codes Returned
EFI_SUCCESS The PXE Base Code Protocol was started.
EFI_INVALID_PARAMETER | One of the parameters is not valid.
EFI_ALREADY_STARTED The PXE Base Code Protocol is already in the started state.
EFI_DEVICE_ERROR The network device encountered an error during this operation.

EFI_OUT_OF_RESOURCES | Could not allocate enough memory or other resources to start the
PXE Base Code Protocol.
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14.1.2 EFI_PXE_BASE_CODE.Stop()
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Summary
Disables the use of the PXE Base Code Protocol functions.

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_STOP) (
| N EFl _PXE_BASE_CODE *Thi s
)
Parameters
Thi s Pointer to the EFI _ PXE_BASE CODE instance.
Description

Thisfunction stops all activity on the network device. All theresourcesalocatedinSt art () are
released, the St ar t ed fiedld of the EFI _ PXE_BASE CODE MODE structure is set to FALSE and
EFI _SUCCESS sreturned. If the St ar t ed field of the EFI _ PXE_BASE CCODE MODE
structureis aready FALSE, then EFI _NOT_STARTED will be returned.

Status Codes Returned

EFI_SUCCESS The PXE Base Code Protocol was stopped.

EFI_NOT_STARTED The PXE Base Code Protocol is already in the stopped state.

EFI_INVALID_PARAMETER | One of the parameters is not valid.

EFI_DEVICE_ERROR The network device encountered an error during this operation.
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14.1.3 EFI_PXE_BASE_CODE.Dhcp()

Summary

Attempts to complete aDHCPv4 D.O.R.A. (discover / offer / request / acknowledge) or DHCPv6
S.A.R.R (solicit / advertise / request / reply) sequence.

Prototype
EFl _STATUS
(EFI APl *EFI _PXE_BASE_CODE_DHCP) (
| N EFI _PXE_BASE_CCDE *Thi s,
| N BOOLEAN SortOffers
)
Parameters
Thi s Pointer to the EFI _PXE_BASE_CCODE instance.
SortOffers TRUE if the offers received should be sorted. Set to FALSE to try the
offersin the order that they are received.
Description

This function attempts to compl ete the DHCP sequence. If this sequence is completed, then

EFI _SUCCESS isreturned, and the St at i onl p, Subnet Mask, DhcpDi scover, DhcpAck,
and Proxy X f er fieldsof the EFI _PXE BASE CODE MODE structure arefilled in. If aProxy
Offer packet is not received, thenthe Proxy O f er fieldissetto NULL. If the callback function
that isinvoked during the DHCP protocol packet transactions does not return

EFI _PXE_BASE_CODE_CALLBACK_STATUS_ CONTI NUE, then EFI _ABORTEDwill be
returned. Thisfunction may take at least 31 secondsto return. |f the DHCP Protocol does not
complete, then EFI _T1 MEQUT will bereturned. If Sort O f er s is TRUE, then the cached
DHCP offerswill be sorted before they aretried. If Sort O f er s is FALSE, then the cached
DHCP offers will be tried in the order they are received. Please see the Preboot Execution
Environment (PXE) Specification for additional details on the implementation of the DHCP
Protocol.
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Status Codes Returned
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EFI_SUCCESS

Valid DHCP has completed.

EFI_NOT_STARTED

The PXE Base Code Protocol is in the stopped state.

EFI_INVALID_PARAMETER

One of the parameters is not valid.

EFI_DEVICE_ERROR

The network device encountered an error during this operation.

EFI_OUT_OF RESOURCES

Could not allocate enough memory to complete the DHCP Protocol.

EFI_ABORTED

The callback function aborted the DHCP Protocol.

EFI_TIMEOUT

The DHCP Protocol timed out.

EFl_ICMP_ERROR

The DHCP Protocol generated an ICMP error.
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14.1.4 EFl_PXE_BASE_CODE.Discover()

Summary
Attempts to complete the PXE Boot Server and/or boot image discovery sequence.

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_DI SCOVER) (
| N EFI _PXE_BASE_CCDE *Thi s,
I N U NT16 Type,
I N U NT16 *Layer,
| N BOOLEAN UseBi s,
I N OUT EFI _PXE_BASE_CODE_DI SCOVER | NFO *Info  OPTI ONAL
)
Parameters

Thi s Pointer to the EFI _ PXE_BASE CODE instance.

Type The type of bootstrap to perform.

Layer Pointer to the boot server layer number to discover, which must be
PXE_BOOT_LAYER | NI TI AL when anew server typeisbeing
discovered. Thisisthe only layer type that will perform multicast and
broadcast discovery. All other layer types will only perform unicast
discovery. If the boot server changes Layer , thenthe new Layer will
be returned.

UseBi s TRUE if Boot Integrity Services are to be used.

Info Pointer to a data structure that contains additional information on the
type of discovery operation that is to be performed. If thisfield is NULL,
then the contents of the cached DhcpAck and Proxy Of f er packets
will be used.

Description

This function attempts to complete the PXE Boot Server and/or boot image discovery sequence. |f
this sequence is completed, then EFI _ SUCCESS is returned, and the PxeDi scover, and
PxeRepl y fidds of the EFI _PXE_BASE CODE_MODE dtructure arefilled in. If UseBi s is
TRUE, then the PxeBi sRepl! y field of the EFI _PXE_BASE_CODE_MODE structure will aso be
filledin. If UseBi s isFALSE, then PxeBi sRepl y will be set to NULL. If the callback function
that isinvoked during the Discovery sequence does not return

EFI _PXE_BASE_CODE_CALLBACK_STATUS_ CONTI NUE, then EFI _ABORTED will be
returned. Thisfunction may take at least 10 secondsto return. If the Discovery sequence does not
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complete, then EFI _T1 MEQUT will bereturned. Please see the Preboot Execution Environment
(PXE) Specification for additional details on the implementation of the Discovery sequence.

Related Definitions

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
/1

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

EFl _PXE_BASE_CODE_BOOT_TYPE_BOOTSTRAP

EFl _PXE_BASE_CODE_BOOT_TYPE_MS_W NNT_RI' S
EFl _PXE_BASE_CODE_BOOT_TYPE_| NTEL_LCM

EFl _PXE_BASE_CODE_BOOT_TYPE_DOSUNDI

EFl _PXE_BASE_CODE_BOOT_TYPE_NEC_ESMPRO

EFl _PXE_BASE_CODE_BOOT_TYPE_| BM W8oD

EFl _PXE_BASE_CODE_BOOT_TYPE_| BM_LCCM

EFl _PXE_BASE_CODE_BOOT_TYPE_CA _UNI CENTER TNG
EFl _PXE_BASE_CODE_BOOT _TYPE_HP_OPENVI EW
EFl _PXE_BASE_CODE_BOOT _TYPE _ALTIRI S 9

EFl _PXE_BASE_CODE_BOOT_TYPE_ALTIRI'S_10

EFl _PXE_BASE_CODE_BOOT_TYPE ALTIRI S_11

EFl _PXE_BASE_CODE_BOOT_TYPE_NOT_USED 12

EFl _PXE_BASE_CODE_BOOT_TYPE_REDHAT | NSTALL
EFl _PXE_BASE_CODE_BOOT TYPE_REDHAT BOOT

EFl _PXE_BASE_CODE_BOOT_TYPE_REMBO

EFl _PXE_BASE_CODE_BOOT_TYPE_BECBOOT

/1 17 through 32767 are reserved
/1 32768 through 65279 are for vendor use
/1 65280 through 65534 are reserved

Il

#def i ne EFl _PXE_BASE_CODE_BOOT _TYPE PXETEST

#define EFI _PXE_BASE_CODE_BOOT LAYER MASK
#define EFI _PXE_BASE_CODE_BOOT LAYER | NI Tl AL

typedef struct {

BOOLEAN UseMCast ;
BOOLEAN UseBCast ;
BOOLEAN UseUCast ;
BOOLEAN Must UselLi st ;
EFI _PXE _BASE CODE | P_ADDR Server Mcast | p;
Ul NTN SrvListCnt;
EFI _PXE BASE CODE SRVLI ST *SrvLi st;

} EFI _PXE BASE CODE DI SCOVER | NFG

typedef struct {
Ul NT16 Type,
Ul NTN I pCnt;
EFI _PXE BASE CODE | P_ADDR *| pAddr;

} EFl _PXE_BASE_CODE_SRVLI ST;
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Status Codes Returned

EFI_SUCCESS The Discovery sequence has been completed.
EFI_NOT_STARTED The PXE Base Code Protocol is in the stopped state.
EFI_INVALID_PARAMETER | One of the parameters is not valid.

EFI_DEVICE_ERROR The network device encountered an error during this operation.
EFI_OUT_OF_RESOURCES | Could not allocate enough memory to complete Discovery.
EFI_ABORTED The callback function aborted the Discovery sequence.
EFI_TIMEOUT The Discovery sequence timed out.

EFI_ICMP_ERROR The Discovery sequence generated an ICMP error.
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14.1.5 EFI_PXE_BASE_CODE.Mtftp()
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Summary

Used to perform TFTP and MTFTP services.

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_MTFTP) (
| N EFI _PXE_BASE_CCDE *Thi s,
I N EFI _PXE BASE CODE TFTP_OPCODE Qper ati on,
IN OQUT VO D *Buf ferPtr,
| N BOOLEAN Overwrite,
I N OQUT U NTN *Buf ferSi ze,
I N U NTN *Bl ockSi ze, OPTI ONAL
| N EFI _PXE_BASE_COCDE_| P_ADDR *Serverlp,
| N Ul NT8 *Fi | enane,
I N EFI _PXE BASE CODE _MTFTP_I NFO *Info OPTI ONAL
)
Parameters
Thi s Pointer to the EFI _ PXE_BASE CODE instance.
Qperation The type of operation to perform. See "Réated Definitions' for the list
of operation types.
BufferPtr A pointer to the data buffer.
Overwrite Only used on write file operations. TRUE if afile on aremote server can

BufferSi ze

Bl ockSi ze

Serverlp

be overwritten.

For read file and write file operations, thisis the size of the buffer
specified by Buf f er Pt r. For read file operations, if Buf fer Si ze is
smaller than the size of the file being read, then this field will return the
required size. Thisfield must be at least 128 bytes for TFTP read
directory operations, and at least 128 bytes plusthe size of the

EFI _PXE_BASE CODE_| P_ADDR structure for MTFTP read
directory operations. For get file size operations, this field returns the
size of the requested file.

The requested block size to be used during a TFTP transfer. This must
be at least 512. If thisfield is NULL, then the largest block size
supported by the implementation will be used.

The TFTP/ MTFTP server | P address.
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Fi | enane A Null-terminated ASCI| string that specifies a directory name or afile
name.
Info Pointer to the MTFTP information. Thisinformation isrequired to start

or joinamulticast TFTP session. See "Related Definitions' for the
description of this data structure.

Description

Thisfunction is used to perform TFTP and MTFTP services. Thisincludesthe TFTP operations to
get the size of afile, read adirectory, read afile, and write afile. It alsoincludesthe MTFTP
operationsto read adirectory and read afile. The type of operation is specified by Qper at i on.
If the callback function that isinvoked during the TFTP/MTFTP operation does not return

EFI _PXE_BASE_CODE_CALLBACK_STATUS_CONTI NUE, then EFI _ ABORTED will be
returned.

For read operations, the return data will be placed in the buffer specified by Buf fer Pt r. If

Buf fer Si ze istoo small to contain the entire downloaded file, then

EFlI _BUFFER _TOO SMALL will bereturned and Buf f er Si ze will be set to zero or the size of
the requested file (the size of the requested fileis only returned if the TFTP server supports TFTP
options). If Buf f er Si ze islarge enough for the read operation, then Buf f er Si ze will be set to
the size of the downloaded file, and EFI _ SUCCESS will be returned.

For write operations, the datato be sent isin the buffer specified by Buf fer Pt r. Buf fer Si ze
specifies the number of bytesto send. If the write operation completes successfully, then
EFI _SUCCESS will be returned.

For get file size operations, the size of the requested fileisreturned in Buf f er Si ze, and
EFI _SUCCESS will be returned if the TFTP server supports this option.

Related Definitions

typedef enum {
EFl _PXE_BASE_CODE_TFTP_FI RST,
EFI _PXE_BASE_CODE_TFTP_GET_FI LE_SI ZE,
EFI _PXE_BASE_CODE_TFTP_READ FI LE,
EFI _PXE_BASE_CODE_TFTP_WRI TE_FI LE,
EFl _PXE_BASE_CODE_TFTP_READ DI RECTORY,
EFI _PXE_BASE_CODE_MIFTP_READ FI LE,
EFl _PXE_BASE_CODE_MIFTP_READ DI RECTORY,
EFI _PXE_BASE_CODE_MTFTP_LAST

} EFI _PXE_BASE_CODE_TFTP_OPCODE;

typedef struct {

EFI _PXE BASE CODE | P_ADDR MCast I p;

EFI _PXE BASE CODE UDP_PORT CPort;

EFlI _PXE BASE CODE UDP_PORT SPort ;

Ul NT16 Li stenTi meout ;
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U NT16

Transm t Ti neout ;

} EFlI _PXE_BASE_CODE_MIFTP_| NFO

Status Codes Returned
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EFI_SUCCESS

The TFTP/MTFTP operation was completed.

EFI_NOT_STARTED

The PXE Base Code Protocol is in the stopped state.

EFI_INVALID_PARAMETER

One of the parameters is not valid.

EFl_DEVICE_ERROR

The network device encountered an error during this operation.

EFI_BUFFER_TOO_SMALL

The buffer is not large enough to complete the read operation.

EFI_ABORTED

The callback function aborted the TFTP/MTFTP operation.

EFI_TIMEOUT

The TFTP/MTFTP operation timed out.

EFI_TFTP_ERROR

The TFTP/MTFTP operation generated an error.
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14.1.6 EFI_PXE_BASE_CODE.UdpWrite()

Summary

Writes a UDP packet to the network interface.

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_UDP_WRI TE) (
| N EFl _PXE_BASE_CODE *Thi s,
I N EFI _PXE BASE CODE OPFLAGS poFl ags,
I N EFI _PXE BASE CODE | P_ADDR *Dest I p,
I N EFI _PXE BASE CODE _UDP_PORT *Dest Por t
| N EFl _PXE_BASE_CODE_| P_ADDR *Gat evayl p, OPTI ONAL
| N EFl _PXE_BASE_CODE_| P_ADDR *Srel p, OPTI ONAL
I N OUT EFI _PXE_BASE_CCDE_UDP_PORT *SrcPort, OPTI ONAL
| N U NTN *Header Si ze, OPTI| ONAL
IN VO D *Header Pt r, OPTI ONAL
| N U NTN *Buf ferSi ze,
IN VO D *BufferPtr
)
Parameters

Thi s Pointer to the EFI _ PXE_BASE CCODE instance.

pFl ags The UDP operation flags. If MAY_FRAGVENT is set, then if required,
this UDP write operation may be broken up across multiple packets.

Destlp The destination | P address.

Dest Port The destination UDP port number.

Gat enayl p The gateway |P address. If Dest I p isnot in the same subnet as
St at i onl p, then this gateway |P address will be used. If thisfiddis
NULL, and the Dest I p isnot in the same subnet as St at i onl p, then
the Rout eTabl e will be used.

Srclp The source IP address. If thisfieldis NULL, then St at i onl p will be
used as the source | P address.

SrcPort The source UDP port number. If QoFl ags has ANY_SRC PORT set
or SrcPort isNULL, then a source UDP port will be automatically
selected. If asource UDP port was automatically selected, and
SrcPort isnot NULL, thenit will bereturned in SrcPor t.

Header Si ze An optional field which may be set to the length of a header at

Version 0.92

Header Pt r to be prepended tothe dataat Buf fer Pt r.
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Header Pt r If Header Si ze isnot NULL, a pointer to a header to be prepended to
thedataat Buf ferPtr.
BufferSi ze A pointer to the size of thedataat Buf fer Pt r.
BufferPtr A pointer to the datato be written
Description

Thisfunction writes a UDP packet specified by the (optional Header Pt r and) Buf f er Pt r
parameters to the network interface. The UDP header is automatically built by thisroutine. It uses
the parameters (pFl ags, Dest | p, Dest Port, Gat ewayl p, Srcl p,and SrcPort to build
this header. If the packet is successfully built and transmitted through the network interface, then
EFI _SUCCESS will bereturned. If atimeout occurs during the transmission of the packet, then
EFI _TI MEQUT will bereturned. If an ICMP error occurs during the transmission of the packet,
then EFI _| CVP_ERRORwill bereturned. If the callback function that is invoked during the UPD
write operation does not return EFI _PXE_BASE _CODE_CALLBACK _STATUS_CONTI NUE, then
EFI _ABORTED will be returned.

Status Codes Returned

EFI_SUCCESS The UDP Write operation was completed.
EFI_NOT_STARTED The PXE Base Code Protocol is in the stopped state.
EFI_INVALID_PARAMETER | One of the parameters is not valid.

EFI_DEVICE_ERROR The network device encountered an error during this operation.
EFI_BAD_BUFFER_SIZE The buffer is too long to be transmitted.

EFI_ABORTED The callback function aborted the UDP Write operation.
EFI_TIMEOUT The UDP Write operation timed out.

EFI_ICMP_ERROR The UDP Write operation generated an error.
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14.1.7 EFI_PXE_BASE_CODE.UdpRead()

Summary
Reads a UDP packet from the network interface.

PXE Base Code Protocol

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_UDP_READ) (
| N EFI _PXE_BASE_CCDE *Thi s
I N EFI _PXE BASE CODE OPFLAGS poFl ags,
IN OQUT EFI _PXE BASE CODE | P_ADDR *Dest I p, OPTI ONAL
IN OQUT EFI _PXE BASE CODE _UDP_PORT *Dest Por t OPTI ONAL
| N OUT EFI _PXE_BASE_CCDE_| P_ADDR *Srel p, OPTI ONAL
I N OUT EFI _PXE_BASE_CCDE_UDP_PORT *SrcPort, OPTI ONAL
I N U NTN *Header Si ze, OPTI ONAL
IN VO D *Header Ptr, OPTI ONAL
I N OUT U NTN *Buf ferSi ze,
IN VO D *Buf ferPtr
)
Parameters
Thi s Pointer to the EFI _ PXE_BASE CCODE instance.
oFl ags The UDP operation flags.
Destlp The destination | P address.
Dest Port The destination UDP port number.
Srclp The source | P address.
SrcPort The source UDP port number.
Header Si ze An optional field which may be set to the length of a header to be put in
Header Pt r.
Header Pt r If Header Si ze isnot NULL, a pointer to a buffer to hold the
Header Si ze byteswhich follow the | P header.
BufferSi ze On input, a pointer to the size of the buffer at Buf f er Pt r. On output,
the size of the datawrittento Buf fer Pt r.
BufferPtr A pointer to the datato be read.
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Thisfunction reads a UDP packet from a network interface. The data contents are returned in (the
optional Header Pt r and) Buf f er Pt r, and the size of the buffer received isreturned in
BufferSi ze . If theinput Buf f er Si ze is smaler than the UDP packet received (less optional
Header Si ze), it will be set to the required size, and EFI _ BUFFER _TOO_SMALL will be
returned. If a UDP packet is successfully received, then EFI _ SUCCESS will be returned, and the
information from the UDP header will be returned in Dest I p, Dest Por t, Srcl p, and
SrcPort if they arenot NULL. Depending on the valuesof (pFl ags and the Dest | p,

Dest Port, Srcl p,and SrcPort input values, different types of UDP packet receive filtering
will be performed. The following tables summarize these receive filter operations.

Destination IP Filter Operation

OpFlags OpFlags
USE_FILTER | ANY_DEST_IP | Destlp Action
0 0 NULL | Receive a packet sentto St at i onl p.
0 NULL Receive a packet sent to any IP address.
1 X NULL Receive a packet whose destination IP address
passes the IP filter.
0 0 not NULL | Receive a packet whose destination IP address
matches Dest I p.
0 1 not NULL | Receive a packet sent to any IP address and,
return the destination IP address in Dest | p.
1 X not NULL | Receive a packet whose destination IP address
passes the IP filter, and return the destination IP
address in Dest | p.
Destination UDP Port Filter Operation
OpFlags
ANY_DEST_PORT | DestPort Action
0 NULL | Return EFI _| NVALI D_PARAMETER
1 NULL Receive a packet sent to any UDP port.
0 not NULL | Receive a packet whose destination Port matches Dest Por't .
1 not NULL | Receive a packet sent to any UDP port, and return the

destination portin Dest Port .
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Source IP Filter Operation

OpFlags
ANY_SRC_IP Srclp Action
0 NULL | Return EFI _| NVALI D_PARAMETER
1 NULL Receive a packet sent from any IP address.
0 not NULL | Receive a packet whose source IP address matches Sr ¢/ p.
1 not NULL | Receive a packet sent from any IP address, and return the
source IP address in Srcl p.
Source UDP Port Filter Operation
OpFlags
ANY_SRC_PORT SrcPort Action
0 NULL | Return EFI _| NVALI D_PARAMETER
1 NULL Receive a packet sent from any UDP port.
0 not NULL | Receive a packet whose source UDP port matches Sr cPort .
1 not NULL | Receive a packet sent from any UDP port, and return the source
UPD portin SrcPort .

Status Codes Returned

EFI_SUCCESS The UDP Read operation was completed.
EFI_NOT_STARTED The PXE Base Code Protocol is in the stopped state.
EFI_INVALID_PARAMETER | One of the parameters is not valid.

EFI_DEVICE_ERROR The network device encountered an error during this operation.
EFl_BUFFER_TOO SMALL | The packet is larger than Buf f er can hold.

EFI_ABORTED The callback function aborted the UDP Read operation.
EFI_TIMEOUT The UDP Read operation timed out.

EFI_ICMP_ERROR The UDP Read operation generated an error.
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14.1.8 EFI_PXE_BASE_CODE.SetIpFilter()

248

Summary

Updates the I P receive filters of a network device and enables software filtering.

Prototype
EFl _STATUS
(EFI APl *EFI _PXE_BASE _CODE_SET | P_FILTER) (
| N EFI _PXE_BASE_CODE *Thi s,
I N EFI _PXE BASE CODE | P_FILTER *NewfFilter
)
Parameters
Thi s Pointer to the EFI _ PXE_BASE CODE instance.
Newfi | ter Pointer to the new set of IP receivefilters.
Description

The NewfFi | t er fieldisused to modify the network device's current | P receive filter settings and
to enable a software filter. Thisfunction updatesthe / pFi | t er field of the

EFI _PXE_BASE CODE_MODE structure with the contents of Newd pFi | t er. If Dhep(),

Di scover (),orMftp() iscaled, thenthelP receivefilter settings will be left in an undefined
state. Depending onthe QoFl ags usedinaUdpRead() oraUdpW it e() call,thelPreceive
filter settings may also be left in an undefined state. If an application or driver wishesto preserve
the I P receivefilter settings, they will have to preserve the IP receive filter settings prior to these
cals,anduse Set | pFi | t er () torestorethem afterward. If incompatible filtering is requested
(for example, PROM SCUQUS with anything else) or if the device does not support a requested
filter setting and it cannot be accommodated in software (for example, PROM SCUOUS not
supported), EFI _| NVALI D_PARAMETERwill bereturned. The ! Pl j st field isused to enable
IP’s other than thé&t at i onl P. They may be multicast or unicast./ Pcnt is set as well as
EFI _PXE_BASE_CODE_| P_FI LTER_STATI ON_| P, then both theSt at i onl Pand the IP’s
from thel/ Pl i st will be used.

Status Codes Returned

EFI_SUCCESS The IP receive filter settings were updated.
EFI_INVALID_PARAMETER | One of the parameters is not valid.
EFI_NOT_STARTED The PXE Base Code Protocol is not in the started state.
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14.1.9 EFI_PXE_BASE_CODE.Arp()

Summary
Uses the ARP protocol to resolve aMAC address.

Prototype
EFl _STATUS
(EFI APl *EFI _PXE_BASE_CODE_ARP) (
| N EFI _PXE_BASE_CODE *Thi s,
| N EFI _PXE_BASE_CCDE_| P_ADDR *| pAddr,
| N EFI _PXE_BASE_CODE_MAC_ADDR *MacAddr OPTI ONAL
)
Parameters
Thi s Pointer to the EFI _ PXE_BASE CCODE instance.
| pAddr Thisisapointer to the IP address that is used to resolve aMAC address.
When the MAC address is resolved, the Ar pCacheEnt r i es and
Ar pCache fidlds of the EFI _ PXE BASE CODE MCDE structure are
updated.
MacAddr If thisisnot NULL, then thisis a pointer to the MAC address that was
resolved with the ARP protocol.
Description

This function uses the ARP pratocol to resolve MAC address. The Usi ngl pv6 field of the

EFI _PXE_BASE CODE MODE structureis used to determine if IPv4 or |Pv6 addresses are being
used. The IP address specified by | pAddr isused to resolve aMAC address. If the ARP protocol
succeeds in resolving the specified address, then the Ar pCacheEnt ri es and Ar pCache fields
of the EFI _PXE_BASE CODE_MODE structure are updated, and EFI _ SUCCESS isreturned. If
the MacAddr isnot NULL, the resolved MAC addressis placed there as well.

If the PXE Base Code protocoal isin the stopped state, then EFI _NOT_STARTED isreturned. If
the ARP protocol encounters atimeout condition while attempting to resolve and address, then

EFI _TI MEQUT will be returned. If the callback function that isinvoked during the ARP protocol
packet transactions does not return EFI _ PXE_BASE CODE_CALLBACK STATUS CONTI NUE,
then EFI _ ABORTED will be returned.

Status Codes Returned

EFI_SUCCESS The IP or MAC address was resolved.
EFI_INVALID_PARAMETER | One of the parameters is not valid.

EFI_DEVICE_ERROR The network device encountered an error during this operation.
EFI_NOT_STARTED The PXE Base Code Protocol is in the stopped state.
EFI_TIMEOUT The ARP Protocol encountered a timeout condition.
EFI_ABORTED The callback function aborted the ARP Protocol.
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14.1.10 EFI_PXE_BASE_CODE.SetParameters()

Summary
Updates the parameters that affect the operation of the PXE Base Code Protocol.

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_SET_PARANMETERS) (
| N EFl _PXE_BASE_CODE *Thi s,
| N BOOLEAN *NewAut oAr p, OPTI ONAL
| N EFI _PXE_BASE_CODE_CALLBACK *NewCal | Back OPTI ONAL
)
Parameters
Thi s Pointer to the EFI _PXE_BASE CODE instance.
NewAut o0Ar p If not NULL, apointer to avalue to replace the current value of
Aut 0ARP ( TRUE for automatic ARP packet generation. FALSE for no
automatic ARP packet generation). If NULL, this parameter isignored.
NewCal | Back If not NULL, a pointer to a value to replace the current value of
Cal | Back. That value may be a pointer to the callback function that is
invoked by the PXE Base Code Protocol when it iswaiting for an event,
or NULL, in which case no callbacks will be generated.
Description

This function sets parameters that affect the operation of the PXE Base Code Protocol. The
parameter specified by NewAut oAr p is used to control the generation of ARP protocol packets. If
NewAut oAr p is TRUE, then ARP Protocol packets will be generated as required by the PXE Base
Code Protocol. If NewAut oAr p is FALSE, then no ARP Protocol packets will be generated. In
this case, the only mappings that are available are those stored in the Ar pCac he of the

EFI _PXE BASE CODE_ MODE structure. If there are not enough mappingsin the Ar pCache to
perform a PXE Base Code Protocol service, then the service will fail. This function updates the
Aut oAr p field of the EFI _PXE_BASE CCODE_MODE structure to NewAut oAr p.

The NewCal | Back field is used to register a callback function that is called when the PXE Base
Code Protocol iswaiting for an event. If NewCal | Back is NULL, then no callbacks will be
generated. Thisfunction updatesthe Cal | Back field of the EFI _PXE_BASE CODE_MODE
structureto NewCal | Back.

Status Codes Returned

EFI_SUCCESS The new parameters values were updated.
EFI_INVALID_PARAMETER | One of the parameters is not valid.
EFI_NOT_STARTED The PXE Base Code Protocol is not in the started state.
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14.1.11 EFI_PXE_BASE_CODE.SetStationIp()

Summary
Updates the station | P address and/or subnet mask values.

Prototype
EFlI _STATUS
(EFI APl *EFI _PXE_BASE _CODE_SET_STATION_IP) (
I N EFI _PXE BASE CODE *Thi s,
I N EFI _PXE BASE CODE | P_ADDR *NewSt at i onl p, OPTIl ONAL
I N EFI _PXE BASE CODE | P_ADDR *NewSubnet Mask OPTIl ONAL
)i
Parameters
Thi s Pointer to the EFI _PXE_BASE CODE instance.

NewSt at i onl p The new | P address to be used by this network device. If thisfiedis
NULL, thenthe St at i onl p address will not be modified.

NewSubnet Mask The new subnet mask to be used by this network device. If thisfieldis
NULL, then the Subnet Mask will not be modified.

Description

The NewSt at i onl p field is used to modify the network device's current |P address. |If
NewSt at i onl PisNULL, then the current |P address will not be modified. Otherwise, this
function updatesthe St at i onl p field of the EFI _PXE_BASE _CODE_MODE structure with
NewsSt at i onl p.

The NewSubnet Mask field is used to modify the network device's current subnet mask. |If
NewSubnet Mask is NULL, then the current subnet mask will not be modified. Otherwise, this
function updatesthe Subnet Mask field of the EFI _PXE BASE CODE_MODE structure with
NewSubnet Mask.

Status Codes Returned

EFI_SUCCESS The new station IP address and/or subnet mask were updated.
EFI_INVALID_PARAMETER | One of the parameters is not valid.
EFI_NOT_STARTED The PXE Base Code Protocol is not in the started state.
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14.1.12 EFI_PXE_BASE_CODE.SetPackets()

Summary

Updates the contents of the cached DHCP and Discover packets.

Prototype
EFI _STATUS
(EFI APl *EFI _PXE_BASE_CODE_SET_PACKETS) (
| N EFl _PXE_BASE_CODE *Thi s,
| N EFI _PXE_BASE_CODE_PACKET *NewbDhcpDi scover, OPTI ONAL
| N EFI _PXE_BASE_CODE_PACKET *NewDhcpAck, OPTI ONAL
| N EFI _PXE_BASE_CODE_PACKET *NewProxyOf fer, OPTI ONAL
| N EFl _PXE_BASE_CODE_PACKET *NewPxeDi scover, OPTI ONAL
| N EFl _PXE_BASE_CODE_PACKET * NewPxeRepl y, OPTI ONAL
| N EFl _PXE_BASE_CODE_PACKET *NewPxeBi sRepl y ~ OPTI ONAL
)
Parameters
Thi s Pointer to the EFI _PXE_BASE CODE instance.
NewbhcpDi scover Pointer to the new cached DHCP Discover packet.
NewbDhcpAck Pointer to the new cached DHCP Ack packet.
NewProxyOf f er Pointer to the new cached Proxy Offer packet.

NewPxeDi scover
NewPxeRepl y
NewPxeBi sRepl y

Description

Pointer to the new cached PXE Discover packet.
Pointer to the new cached PXE Reply packet.
Pointer to the new cached PXE BIS Reply packet.

The pointers to the new packets are used to update the contents of the cached packetsin the
EFlI _PXE_BASE_CODE_MODE structure.

Status Codes Returned

EFI_SUCCESS

The cached packet contents were updated.

EFI_INVALID_PARAMETER

One of the parameters is not valid.

EFI_NOT_STARTED

The PXE Base Code Protocol is not in the started state.
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14.1.13 EFl_PXE_BASE_CODE_CALLBACK

Summary
Callback function that is invoked when the PXE Base Code Protocol iswaiting for an event.

Prototype
EFlI _PXE_BASE_CODE_CALLBACK_STATUS
(*EFI _PXE_BASE_CODE_CALLBACK) (

| N EFI _PXE_BASE_CCDE *Thi s,
| N EFI _PXE_BASE_CODE_FUNCTI ON Functi on,
| N BOOLEAN Recei ved,
I N Ul NTN Packet Len,
| N EFI _PXE_BASE_CODE_PACKET * Packet OPTI ONAL
);
Parameters
Thi s Pointer to the EFI _ PXE_BASE CODE instance.
Function The PXE Base Code Protocol function that is waiting for an event.
Recei ved TRUE if the callback is being invoked due to areceive event. FALSE if
the callback is being invoked due to atransmit event.
Packet Len Thelength, in bytes, of Packet . Thisfield will be 0if thisisnot a
packet event.
Packet If Recei ved is TRUE, then thisis a pointer to the packet that was just

received. If Recei ved is FALSE, then thisisa pointer to the packet
that is about to be transmitted. Thisfield will be NULL if thisis not a
packet event.

Description

Thisfunction isinvoked when the PXE Base Code Protocol iswaiting for an event. The type of
event is specified by Funct i on and Recei ved. Packet Lengt h and Packet specify the
packet that generated the event. If these fields are 0 and NULL respectively, then thisis a status
update callback. If the operation specified by Funct i on isto continue, then
CALLBACK_STATUS_CONTI NUE should be returned. If the operation specified by Funct i on
should be aborted, then CALLBACK _STATUS ABORT should be returned. Due to the polling
nature of EF| device drivers, a calback function should not execute for more than 5 ms.
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Related Definitions
typedef enum {

EFl _PXE_BASE_CODE_CALLBACK_STATUS_FI RST,

EFl _PXE_BASE_CODE_CALLBACK_STATUS_CONTI NUE,
EFl _PXE_BASE_CODE_CALLBACK_STATUS_ABORT,

EFl _PXE_BASE_CODE_CALLBACK_STATUS LAST

} EFl _PXE_BASE_CODE_CALLBACK_ STATUS;

typedef enum {

EFl _PXE_BASE_CODE_FUNCTI ON_FI RST,

EFl _PXE_BASE_CODE_FUNCTI ON_DHCP,

EFl _PXE_BASE_CODE_FUNCTI ON_DI SCOVER,
EFl _PXE_BASE_CODE_FUNCTI ON_MTFTP,

EFl _PXE_BASE_CODE_FUNCTI ON_UDP_WRI TE,
EFl _PXE_BASE_CODE_FUNCTI ON_UDP_READ,
EFl _PXE_BASE_CODE_FUNCTI ON_ARP,

EFl _PXE_BASE_CODE_PXE_FUNCTI ON_LAST

} EFI _PXE_BASE_CODE_FUNCTI ON;
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15

SIMPLE_NETWORK Protocol

This chapter defines the Simple Network Protocol. This protocol provides a packet level interface

to a network adapter.

15.1 EFI_SIMPLE_NETWORK Protocol

Summary

The EFI _SI MPLE_NETWORK protocol provides services to initialize a network interface, transmit

packets, receive packets, and close a network interface.

GUID
#define EFI _SI MPLE_NETWORK_PROTOCOL \

{ A19832B9- AC25- 11D3- 9A2D- 0090273f c14d }

Revision Number

#define EFl_SI MPLE_NETWORK | NTERFACE_REVI SION  0x00010000

Protocol Interface Structure

typedef struct _EFI_SI MPLE_NETWORK {
Ul NT64
EFI _SI MPLE_NETWORK_START
EFI _SI MPLE_NETWORK_STOP
EFl _SI MPLE_NETWORK | NI TI ALI ZE
EFI _SI MPLE_NETWORK_RESET
EFI _SI MPLE_NETWORK_SHUTDOWN
EFI _SI MPLE_NETWORK_RECEI VE_FI LTERS
EFI _SI MPLE_NETWORK_STATI ON_ADDRESS
EFI _SI MPLE_NETWORK_STATI STI CS
EFl _SI MPLE_NETWORK_MCAST | P_TO MAC
EFI _SI MPLE_NETWORK_NVDATA
EFl _SI MPLE_NETWORK_GET_STATUS
EFl _SI MPLE_NETWORK_TRANSM T
EFI _SI MPLE_NETWORK_RECEI VE
EFl _EVENT
EFI _SI MPLE_NETWORK _MODE

} EFI _SI MPLE_NETWORK;
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Revi si on;
Start;

St op;
Initialize;
Reset ;

Shut down;

Recei veFil ters;
St at i onAddr ess;
Statistics;
MCast | pTolMac,
NvDat a;

CGet St at us;
Transm t;

Recei ve;

Wai t For Packet ;
*Mbde;

255



Extensible Firmware Interface Specification

256

Parameters
Revi si on

Start

St op

Initialize

Reset

Shut down

Recei veFil ters

St at i onAddr ess

Statistics

MCast | pTolMac

NvDat a

CGet St at us

Transm t

Recei ve

Wai t For Packet

Mbde

DRAFT intel

Revision of the EFI _SI MPLE_NETWORK Protocol.

Used to prepare the network interface for further command
operations. No other EFI _SI MPLE_NETWORK interface
functions will operate until this call is made.

Used to stop any further network interface command processing.
No other EFI _SI MPLE_NETWORK interface functions will
operate after this call is made until another St ar ¢ call ismade.

Thisfunction resets the network adapter and all ocates the
transmit and receive buffers.

This function resets the network adapter, and re-initializes it with
the same set of parameters provided in the previous call to
Initialize.

Thisfunction resets the network adapter, and leavesit in a state
safe for another driver to initialize. The memory buffers
assignedinthe/ ni tial i ze call arereleased. After thiscall,
onlythel nitializeor St op calsmay be used.

Used to enable and disable the receive filters for the network
interface, and if supported, manage the filtered multicast HW
MAC (Hardware Media Access Control) address list.

This function can be used to read the current station address, and
if supported, allow the station address to be updated.

Thisfunction can be used to collect statistics from the network
interface and allow the statistics to be reset.

This function can be used to map amulticast IP addressto a
multicast HW MAC address.

This function can get used to read and write the contents of the
NVRAM devices attached to the network interface.

This functions reads the current interrupt status and the list of
recycled transmit buffers from the network interface.

Thisfunction is used to place a packet in the transmit queue.

Thisfunction is used to get a packet from the receive queue
along with the status flags that describe the packet type.

Event to use with Wai t For Event () to wait for a packet to be
received.

A pointer to the EFI _SI MPLE_NETWORK _MODE datafor this
device. See “Related Definitions”.
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Thefollowing datavaluesin EFI _SI MPLE _NETWORK MCDE (declared in “Related Definitions”)
are read-only and are updated by the code that produceBIth&l MPLE_NETWORK protocol
functions. All of these fields must be discovered during driver initialization.

DRAFT SIMPLE_NETWORK Protocol

St at e

HWAddr essSi ze
Medi aHeader Si ze
MacAddr essChangeabl e

Ml ti pl eTxSupported

Current Addr ess
Br oadcast Addr ess
Per manent Addr ess

Nvrantsi ze

NramiccessSi ze

Recei veFi | t er Mask

Recei veFil terSetting

MCast Fi | t er Cnt

MCast Fil t er

I fType

Version 0.92

Reports the current state of the network interface. When an
EFI _SI MPLE NETWORK driver hasinitialized a network
interface, itisleftinthe Ef i Si npl eNet wor kt opped sate.

The size, in bytes, of network interfaces's HW address.
The size, in bytes, of network interfaces's media header.
TRUE if the HW MAC address can be changed.

TRUE if the network interface can transmit more than one packet
at a time.

The current HW MAC address for this network interface.
The current HW MAC address for broadcast packets.
The permenant HW MAC address for this network interface.

The size, in bytes, of the NVRAM device attached to the
network interface. If an NVRAM device is not attached to the
network interface, then this field will be zero. This value must
be a multiple of\vr amAccessSi ze.

This is the size that all NVRAM accesses must use. This means
the start address for NVRAM reads or writes must be a multiple
of this value, and the total length of the read or write operation
must also be a multiple of this value. The legal values for this
field are 0, 1, 2, 4, 8. If the value is zero, then no NVRAM
devices are attached to this network interface.

Reports the multicast receive filter settings that this network
interface supports.

Reports the current multicast receive filter settings.

Reports the number of multicast address receivefilters. If this
value is zero, then the multicast address receive filters can not be
modified with Recei veFi | ters().

An array of the current multicast address receive filters
addresses.

The interface type of the network interface. See RFC 1700.
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Medi aPresent Suppor t ed TRUE if presence of media can be determined. If thisfieldis
FALSE, then Medi aPr esent can not be used.

Medi aPr esent TRUE if mediais connected to the network interface. FALSE if
mediais not connected to the network interface.

Description

The EFI _SI MPLE_NETWORK protocol is used to initialize access to a network adapter. Once the
network adapter has been initialized, the EFI _SI MPLE_NETWORK protocol produces services that
allow packetsto be transmitted and received. This provides a packet level interface that can then be
used by higher level driversto produce boot serviceslike DHCP, TFTP, and MTFTP. In addition,
this pratocol can be used as a building block inafull UDP and TCP/IP implementation that can
produce awide variety of application level network interfaces. Please see the PXE Specification
for details on these services.

Related Definitions
typedef struct {

EFI _SI MPLE _NETWORK STATE St at e;

Ul NTN HWAddr essSi ze;

Ul NTN Medi aHeader Si ze;
BOOLEAN MacAddr essChangeabl e;
BOOLEAN Ml ti pl eTxSupported;
EFI _SI MPLE_NETWORK_MAC_ADDR Cur r ent Addr ess;

EFI _SI MPLE _NETWORK _NMAC ADDR Broadcast Addr ess;

EFI _SI MPLE _NETWORK _NMAC ADDR Per manent Addr ess;

Ul NTN Nvransti ze;

Ul NTN NvramAccessSi ze;

Ul NTN Recei veFi | t er Mask;

Ul NTN Recei veFi |l ter Setting;
Ul NTN MCast Fi | t er Count ;

EFI _SI MPLE_NETWORK _NMAC ADDR *MCastFil ter;

Ul NT8 I fType;

BOOLEAN Medi aPresent Suppor t ed;
BOOLEAN Medi aPresent;

} EFl _SI MPLE_NETWORK_MODE;

typedef struct {
Ul NT8 Addr[ 16] ;
} EFI _SI MPLE_NETWORK_ | P_ADDR;

typedef struct {

Ul NT8 Addr[ 16] ;
} EFI_SI MPLE_NETWORK_MAC_ADDR;
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typedef enum {
Ef i Si mpl eNet wor kSt opped,
Ef i Si npl eNet wor kSt art ed,
Ef i Si npl eNetworkl nitialized,
Ef i Si npl eNet wor kMaxSt at e
} EFI _SI MPLE_NETWORK_STATE;

Thefollowing isthelist of bit mask valuesfor the Recei veFi | t er Setti ng field of
EFI _SI MPLE_NETWORK_MODE. All other bit values are reserved.

#define EFl_SI MPLE_NETWORK_RECEI VE_UNI CAST 0x01
#define EFl_SI MPLE_NETWORK_RECEI VE_MULTI CAST 0x02
#define EFl_SI MPLE_NETWORK_RECE| VE_BROADCAST 0x04
#define EFl_SI MPLE_NETWORK_RECEI VE_PROM SCUOUS 0x08

#defi ne EFI _SI MPLE_NETWORK_RECEI VE_PROM SCUQUS_MULTI CAST 0x10

Thefollowingisthelist of interrupt bit mask settings that can be read with the Get St at us()
function. All other bit values are reserved.

#define EFl_SI MPLE_NETWORK_RECE| VE_| NTERRUPT 0x01
#define EFl_SI MPLE_NETWORK_TRANSM T_| NTERRUPT 0x02
#define EFl_SI MPLE_NETWORK_COMMAND | NTERRUPT 0x04
#define EFl_SI MPLE_NETWORK_SOFTWARE_| NTERRUPT 0x08
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15.1.1 EFI_SIMPLE_NETWO RK.Start()

260

Summary
Changes the network interface from the stopped state to the started state.

Prototype
EFl _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_START) (
| N EFlI _SI MPLE_NETWORK *Thi s
)
Parameters
Thi s A pointer to the EFI _SI MPLE_NETWORK instance.
Description

Thisfunction starts a network interface. If the network interface was successfully started, then
EFI _ SUCCESS will be returned.

Status Codes Returned

EFI_SUCCESS The network interface was started.
EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.

1/19/00 Version 0.92



a
Intel DRAFT SIMPLE_NETWORK Protocol

15.1.2 EFI_SIMPLE_NETWO RK.Stop()

Summary
Changes the network interface from the started state to the stopped state.

Prototype
EFl _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_STOP) (
I N EFI _SI MPLE_NETWORK *Thi s
)
Parameters
Thi s A pointer to the EFI _SI MPLE_NETWORK instance.
Description

This function stops an network interface. Thiscall isonly valid if the network interfaceisin the
started state. If the network interface was successfully stopped, then EFI _ SUCCESS will be
returned.

Status Codes Returned

EFI_SUCCESS The network interface was stopped.
EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.3 EFI_SIMPLE_NETWO RK.Initialize()

Summary

Resets the network adapter and all ocates the transmit and receive buffers required by the network
interface; aso optionally allows space for additional transmit and receive buffersto be allocated.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_| NI Tl ALI ZE) (
I N EFI _SI MPLE_NETWORK *Thi s,
| N U NTN ExtraRxBufferSi ze OPTI ONAL,
| N U NTN ExtraTxBufferSi ze OPTI ONAL
),
Parameters

Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.

ExtraRxBufferSi ze The size, in bytes, of the extrareceive buffer space that the
driver should allocate for the network interface. Some network
interfaces will not be able to use the extra buffer, and the caller
will not know if it is actualy being used.

ExtraTxBufferSi ze The size, in bytes, of the extratransmit buffer space that the
driver should allocate for the network interface. Some network
interfaces will not be able to use the extra buffer, and the caller
will not know if it is actualy being used.

Description

Thisfunction allocates the transmit and receive buffers required by the network interface. If this
alocation fails, then EFI _ OUT_OF RESOURCES isreturned. If the allocation succeeds and the
network interface is successfully initialized, then EFI _ SUCCESS will be returned.

Status Codes Returned
EFI_SUCCESS The network interface was initialized.
EFI_OUT_OF_RESOURCES | There was not enough memory for the transmit and receive buffers.

EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.4 EFI_SIMPLE_NETW ORK.Reset()

Summary

Resets the network adapter, and re-initializes it with the parameters that were provided in the
previouscal tol nitialize().

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_RESET) (
I N EFI _SI MPLE_NETWORK *Thi s
)i
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
Description

This function resets the network adapter, and re-initializes it with the parameters that were provided
inthepreviouscal tol ni ti al i ze() . Thetransmit and receive queues are emptied and all
pending interrupts are cleared. Receive filters, the station address, the statistics, and the multicast-
IP-to-HW MAC addresses are not reset by thiscall. If the network interface was successfully reset,
then EFI _ SUCCESS will be returned.

Status Codes Returned
EFI_SUCCESS The network interface was reset.

EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.5 EFI_SIMPLE_NETWO RK.Shutdown()

264

Summary

Resets the network adapter and leavesit in a state safe for another driver to initiaize.

Prototype
EFl _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_SHUTDOWN) (
I N EFI _SI MPLE_NETWORK *Thi s
)
Parameters
Thi s A pointer to the EFI _SI MPLE_NETWORK instance.
Description

This function rel eases the memory buffersassignedinthel nitial i ze() cal. Any pending
transmits or receives are lost, and the interrupts are cleared and disabled. After thiscall, only the
Initialize() andStop() calsmay beused. If the network interface was successfully
shutdown, then EFI _ SUCCESS will be returned.

Status Codes Returned

EFI_SUCCESS The network interface was shutdown.
EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.6 EFI_SIMPLE_NETWO RK.ReceiveFilters()

Summary
Manages the multicast receive filters of the network interface.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_RECEI VE_FI LTERS) (
I N EFlI _SI MPLE_NETWORK *Thi s,
| N U NTN Enabl e,
| N U NTN D sabl e,
| N BOOLEAN Reset MCast Fi | t er,
I N U NTN Mast Fi |l t er Cnt OPTI ONAL,
I N EFl _SI MPLE_NETWORK_MAC ADDR *MCast Fil ter OPTI ONAL,
)
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
Enabl e A bit mask of receive filters to enable on the network interface.
Di sabl e A bit mask of receive filtersto disable on the network interface.
Reset MCast Fi | t er Set to TRUE to reset the contents of the multicast receivefilters
on the network interface to their default values.
MCast Fi |l t er Cnt Number of multicast HW MAC addresses in the new

MCast Fi | t er list. Thisvalue must be lessthan or equal to the
MCast Fi | t er Cnt field of EFI _SI MPLE_NETWORK _MODE.
Thisfield isoptiond if Reset MCast Fi | t er is TRUE.

MCast Fi | t er A pointer to alist of new multicast receive filter HW MAC
addresses. Thislist will replace any existing multicast HW
MAC addresslist. Thisfield isoptional if
Reset MCast Fi | t er is TRUE.

Description

This function modifies the current receive filter mask on the network interface. The bitssetin
Enabl e are enabled on the current receive filter mask. The bitssetin D sabl e are cleared from
the current receive filter mask. If the same bit isset in both Enabl e and Di sabl e, then the bit
will be disabled. The receive filter mask is updated on the network interface, and the new receive
filter mask can be read fromthe Recei veFi | t er Set t i ng field of

EFI _SI MPLE_NETWORK MCODE. If an attempt is made to enable a bit that is not supported on
this network interface, then EFI _| NVALI D_PARAVETER will be returned. The

Recei veFi | t er Mask field of EFI _SI MPLE_NETWORK MODE specifies the supported receive
filters settings. Please see "Related Definitions' for the list of supported receive filter bit mask
values.
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If Reset MCast Fi | t er is TRUE, then the multicast receivefilter list on the network interface
will be reset to the default multicast receive filter list. If Reset MCast Fi | t er isFALSE, and
this network interface alows the multicast receive filter list to be modified, then the

MCast Fi | t er Cnt and MCast Fi | t er are used to update the current multicast receivefilter list.
The modified receive filter list settings can be found in the MCast Fi | t er field of

EFI _SI MPLE_NETWORK MCDE. If the network interface does not allow the multicast receive
filter list to be modified, then EFI _| NVALI D_PARAMETER will be returned.

If the receive filter mask and multicast receive filter list have been successfully updated on the
network interface, then EFI _ SUCCESS will be returned.

Status Codes Returned

EFI_SUCCESS The multicast receive filter list was updated.
EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.7 EFI_SIMPLE_NETWO RK.StationAddress()

Summary

Allows the station address of the network interface to be modified.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_STATI ON_ADDRESS) (
I N EFlI _SI MPLE_NETWORK *Thi s,
| N BOOLEAN Reset,
I N EFlI _SI MPLE_NETWORK _MAC ADDR  *New OPTI ONAL
),
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
Reset Flag used to reset the station address to the network interface’s
permanent address.
New The new station address to be used for this network interface.
Description

This function allows the current station address to be modifieBedet is TRUE, then the current
station address is set to the network interface's permanent addr@sseifis FALSE, and this
network interface allows its station address to be modified, then the current station address is
changed to the address specified\eyv If this network interface does not allow its Station
Address to be modified, thdg-l _| NVALI D_PARANETER will be returned. If the Station
Address is successfully updated on the network interface BRlenSUCCESS will be returned.

Status Codes Returned

EFI_SUCCESS The station address was updated on the network interface.
EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.8 EFI_SIMPLE_NETWO RK.Statistics()
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Summary

Allows the statistics on the network interface to be reset and/or collected.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_STATI STI CS) (
I N EFlI _SI MPLE_NETWORK *Thi s,
| N BOOLEAN Reset,
I N OQUT U NTN *StatisticsSi ze OPTI ONAL,
I N OQUT EFI _STATI STI C ENTRY *StatisticsTable OPTI ONAL
)
Parameters

Thi s A pointer to the EFI _SI MPLE_NETWORK instance.

Reset Set to TRUE to reset all of the statistics counters on this network
interface.

StatisticsSi ze Oninput, the size, in bytes, of the St at i sti csTabl e. On
output, the size, in bytes, of the resulting table of statistics. This
fieldisignored if Reset isTRUE.

StatisticsTabl e A pointer to an array of EFI _STATI STI C_ENTRYsthat
provide all the available statistics counter values for this network
interface. Thisfieldisignored if Reset isTRUE. See"Related
Definitions' for the declaration of this data structure.

Description

This function allows statistics on the network interface to be collected. |If Reset is TRUE, then al
the statistics counters for the network interface are reset to zero. If Reset isFALSE and the size
of the statistics table specified by St at i st i ¢sSi ze isnot big enough for al the statistics that
are collected by this network interface, then EFI _ BUFFER_TOO_SMALL isreturned, and the
StatisticsSi ze valuewill be set to the size of the buffer needed to collect the table of
statistics. If Reset if FALSE, and the size of the table specified by St at i sti ¢sSi ze ishig
enough for all the statistics collected by this network interface, then the statistics are stored in
StatisticsTabl e,thesizeof St ati sti csTabl eisreturnedin St ati sti csSi ze, and
EFI _SUCCESS is returned.

Related Definitions
typedef struct {
EFI _STATI STI C_TYPE Type;
Ul NT32 Count er;
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} EFI _STATI STI C_ENTRY;

typedef enum {

Efi MaxStati sticType
} EFI _STATI STI C_TYPE;

Status Codes Returned

EFI_SUCCESS

The statistics were collected from the network interface.

EFI_BUFFER_TOO_SMALL

The St at i sti csTabl e buffer was too small. The current

buffer size needed to hold the statistics table is returned in
StatisticsSize.

EFI_INVALID_PARAMETER

One or more of the parameters has an unsupported value.

EFI_DEVICE_ERROR

The command could not be sent to the network interface.

EFI_UNSUPPORTED

This function is not supported by the network interface.
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15.1.9 EFI_SIMPLE_NETWO RK.MCastIPtoMAC()

Summary
Allows amulticast IP address to be mapped to a multicast HW MAC address.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_MCAST | P_TO MAC) (
I N EFlI _SI MPLE_NETWORK *Thi s,
| N BOOLEAN | Pv6,
IN EFI _SI MPLE_NETWORK | P_ADDR *| P,
OUT EFI _SI MPLE_NETWORK MAC_ ADDR *MAC
)
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
| Pv6 Set to TRUE if the multicast |P addressis IPv6 [RFC 2460]. Set
to FALSE if the multicast IP addressis |Pv4 [RFC 791].
| P The multicast | P address that is to be converted to a multicast
HW MAC address.
MAC The multicast HW MAC address that is to be generated from the
multicast |P address | P.
Description

This function maps a multicast | P address to a multicast HW MAC address for all packet
transactions. |f the mapping is accepted, then EFI _ SUCCESS will be returned.

Status Codes Returned

EFI_SUCCESS The multicast IP address was mapped to the multicast HW MAC
address.

EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.10 EFI_SIMPLE_NETWO RK.NVData()

Summary
Allows read and writes to the NVRAM device attached to a network interface.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_NVDATA) (
I N EFlI _SI MPLE_NETWORK *Thi s
| N BOOLEAN ReadWite,
I N U NTN Ofset,
I N Ul NTN *BufferSi ze,
IN QUT VO D *Buf fer
);
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
ReadWite TRUE for read operations, FALSE for write operations.
O fset Byte offset in the NVRAM device at which to start the read or
write operation. This must be a multiple of
NvramAccessSi ze. and lessthan Nvr antsi ze.
BufferSi ze The number of bytesto read or write from the NVRAM device.
This must also be amultiple of Nvr amAccessSi ze.
Buf fer A pointer to the data buffer.
Description

Thisfunction allows read and write operations to the NVRAM device attached to a network
interface. If ReadW i t e is TRUE, then thiswill be aread operation. If ReadW i t e is FALSE,
then thiswill be awrite operation. The byte offset at which to start either operation is specified by
O fset. Ofset must beamultiple of the \vRanAccessSi ze fiddin

EFI _SI MPLE_NETWORK MODE, and it must have a value between zero and the \vr ansi ze
field of EFI _SI MPLE_NETWORK MODE. The length of the read or write operation is specified by
BufferSi ze. Buf fer Si ze must dso beamultiple of the M\vr amAccessSi ze field of

EFI _SI MPLE_NETWORK MCDE, and O f set + Buf f er Si ze must not exceed the

Nvransi ze fidd of EFI _SI MPLE_NETWORK _MODE. If any of these conditionsis not met, then
EFI _I NVALI D_PARANMETERwill bereturned. If thisisaread operation, then the NVRAM
device attached to the network interface will be read into Buf f er , and EFI _ SUCCESS will be
returned. If thisisawrite operation, then the contents of Buf f er will be used to update the
contents of the NVRAM device attached to the network interface and EFI _ SUCCESS will be
returned.
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Status Codes Returned
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EFI_SUCCESS

The NVRAM access was performed.

EFI_INVALID_PARAMETER

One or more of the parameters has an unsupported value.

EFI_DEVICE_ERROR

The command could not be sent to the network interface.

EFI_UNSUPPORTED

This function is not supported by the network interface.
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15.1.11 EFI_SIMPLE_NETWO RK.GetStatus()

Summary

Reads the current interrupt status and recycled transmit buffer status from the network interface.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_GET_STATUS) (
IN EFI _SI MPLE _NETWORK *Thi s,
QUT U NTN *I nterrupt St atus OPTI ONAL,
I N OQUT U NTN *TxBuf Si ze OPTI ONAL,
QUT vO D *TxBuf[] OPTI ONAL
),
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
I nt errupt St at us A pointer to the bit mask of the currently active interrupts. If

thisis NULL, the interrupt status will not be read from the
device. If thisisnot NULL, the interrupt status will be read from
the device. When the interrupt statusisread, it will also be
cleared. Clearing the transmit interrupt does not empty the
recycled transmit buffer array.

TxBuf Si ze On entry, the number of entriesto befilledinthe TxBuf [ ]
array. On exit, the number of entries that were written to
TxBuf [ ] array. If TxBuf Si ze isNULL, or itsvalueis zero,
then the recycled transmit buffer status will not be read.

TxBuf Recycled transmit buffer address array. The network interface
will not transmit if itsinternal recycled transmit buffer array is
full. Reading the transmit buffer array does not clear the
transmit interrupt. If thisis NULL, then the transmit buffer status
will not be read.

Description

This function gets the current interrupt and recycled transmit buffer status from the network
interface. Theinterrupt statusisreturned asabit mask in/ nt er r upt St at us. See"Related
Definitions' in Section 15.1 for the bit values for receive interrupts, transmit interrupts, command
interrupts, and software interrupts. If / nt er r upt St at us isNULL, then the interrupt status will
not beread. If both TxBuf Si ze and TxBuf are not NULL and the value of TxBuf Si ze isnot
zero, then alist of recycled transmit buffer addresses will be retrieved. On entry, TxBuf Si ze
specifies the maximum number of entriesin TxBuf [ ] that areto befilled. On exit, TxBuf Si ze
will contain the number of entriesof TxBuf [ ] that were actualy filled with recycled transmit
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buffer addresses. If the status of the network interface is successfully collected, then
EFI _ SUCCESS will be returned.

Status Codes Returned

tel

EFI_SUCCESS

The status of the network interface was retrieved.

EFI_INVALID_PARAMETER

One or more of the parameters has an unsupported value.

EFI_DEVICE_ERROR

The command could not be sent to the network interface.

EFI_UNSUPPORTED

This function is not supported by the network interface.
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15.1.12 EFI_SIMPLE_NETWO RK.Transmit()

Summary

Places a packet in the transmit queue of the network interface.

Prototype
EFI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_TRANSM T) (
I N EFlI _SI MPLE_NETWORK *Thi s
| N U NTN Header Si ze,
| N U NTN BufferSi ze,
IN VO D *Buf f er,
I N EFl _SI MPLE_NETWORK_MAC ADDR  *Sr cAddr OPTI ONAL,
I N EFl _SI MPLE_NETWORK_MAC ADDR  *Dest Addr OPTI ONAL,
I N U NT16 *Pr ot ocol OPTI ONAL,
),
Parameters

Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.

Header Si ze The size, in bytes, of the media header of the packet to transmit
through the network interface.

BufferSi ze The size, in bytes, of the entire packet including the media
header to transmit through the network interface.

Buffer A pointer to the packet to transmit.

Sr cAddr The source HW MAC address. This parameter should be NULL
if the media header has aready been initialized.

Dest Addr The destination HW MAC address. This parameter should be
NULL if the media header has already been initialized.

Prot ocol The type of header to build. This parameter should be NULL if
the media header has already been initialized. See RFC 1700 for
known types.

Description

This function places the packet specified by Buf f er onthetransmit queue. Header Si ze
specifiesthe size of the mediaheader in Buf f er, and Buf f er Si ze specifiesthe size of Buf f er
in bytes (thisis also the size of the entire packet including the media header). If SrcAddr,

Dest Addr, and Pr ot ocol arenot NULL, then they are used to fill in the media header portion of
Buf f er. If any of these parametersis NULL, then it is assumed that the caller hasfilled in the
media header portion of Buf f er .
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If the transmit engine of the network interface is busy, then EFI _NOT _READY will be returned. If
this packet can be accepted by the transmit engine of the network interface, the packet contents
specified by Buf f er will be placed on the transmit queue of the network interface, and

EFI _SUCCESS will bereturned. Get St at us() can be used to determine when the packet has
actually been transmitted.

The caller has the option of performing either blocking or non-blocking 1/0 depending on how the
Transm t () and CGet St at us( ) callsare used.

Status Codes Returned

EFI_SUCCESS The packet was placed on the transmit queue.
EFI_NOT_READY The network interface is too busy to accept this transmit request.
EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.
EFI_DEVICE_ERROR The command could not be sent to the network interface.
EFI_UNSUPPORTED This function is not supported by the network interface.
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15.1.13 EFI_SIMPLE_NETWO RK.Receive()

Summary

Receives a packet from the network interface.

Prototype
EFlI _STATUS
(EFI APl *EFI _SI MPLE_NETWORK_RECEI VE) (
| N EFI _SI MPLE_NETWORK *Thi s
QUT Ul NTN *Header Si ze  OPTI ONAL,

I N OQUT U NTN *Buf ferSi ze,
QUT vO D *Buf f er,
QUT EFI _SI MPLE_NETWORK _MAC ADDR *SrcAddr OPTI ONAL,
QUT EFI _SI MPLE_NETWORK _MAC ADDR *Dest Addr OPTI ONAL,
QUT Ul NT16 *Pr ot ocol OPTI ONAL
),
Parameters
Thi s A pointer tothe EFI _SI MPLE_NETWORK instance.
Header Si ze The size, in bytes, of the media header received on the network

BufferSi ze

Buf f er

SrcAddr

Dest Addr

Prot ocol

Version 0.92

interface. If this parameter is NULL, then the media header size
will not be returned.

On entry, the size, in bytes, of Buf f er. On exit, thesize, in
bytes, of the packet that was received on the network interface.

A pointer to the data buffer to receive both the media header and
the data.

The source HW MAC address. If this parameter is NULL, then
the HW MAC source address will not be extracted from the
media header.

The destination HW MAC address. If this parameter is NULL,
then the HW MAC destination address will not be extracted from
the media header.

The mediaheader type. If this parameter is NULL, then the
protocol will not be extracted from the media header. See RFC
1700 for known types.
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Description

This function retrieves one packet from the receive queue of the network interface. If there are no
packets on the receive queue, then EFI _NOT _READY will bereturned. If thereis a packet on the
receive queue, and the size of the packet is smaller than Buf f er Si ze, then the contents of the
packet will be placed in Buf f er, and Buf f er Si ze will be updated with the actual size of the
packet. Inaddition, if SrcAddr, Dest Addr, and Pr ot ocol arenot NULL, then these values
will be extracted from the media header and returned. EFI _ SUCCESS will be returned if a packet
was successfully received. If Buf f er Si ze is smaller than the received packet, then the size of
the receive packet will be placed in Buf f er Si ze and EFI _ BUFFER_TOO_SMALL will be
returned.

Status Codes Returned

EFI_SUCCESS The received data was stored in Buf f er,and Buf fer Si ze
has been updated to the number of bytes received.

EFI_NOT_READY No packets have been received on the network interface.

EFlI_BUFFER_TOO_SMALL | Buf f er Si zeis too small for the received packets.
Buf f er Si ze has been updated to the required size.

EFI_INVALID_PARAMETER | One or more of the parameters has an unsupported value.

EFI_DEVICE_ERROR The command could not be sent to the network interface.

EFI_UNSUPPORTED This function is not supported by the network interface.
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16
File System Format

The file system supported by the Extensible Firmware Interface is based on the FAT file system.
EFI defines a specific version of FAT that is explicitly documented and testable. Conformance to
the EFI specification and its associate reference documents is the only definition of FAT that needs
to be implemented to support EFIl. To differentiate the EFI file system from pure FAT, anew
partition file system type has been defined.

EFI encompasses the use of FAT-32 for a system partition, and FAT-12 or FAT-16 for removable
media. The FAT-32 system partition isidentified by an OS type vaue other than that used to
identify previous versions of FAT. This unique partition type distinguishes an EFI defined file
system from anormal FAT file system. The file system supported by EFI includes support for long
file names.

The definition of the EFI file system will be maintained by specification and will not evolve over
timeto deal with errata or variant interpretations in OS file system drivers or file system utilities.
Future enhancements and compatibility enhancementsto FAT will not be automatically included in
EFI file systems. The EFI file system is atarget that is fixed by the EFl specification, and other
specifications explicitly referenced by the EFI specification.

For more information about the EFI file system and file image format, visit the web site from which
this document was obtained.

16.1 System Partition

A System Partition is a partition in the conventional sense of a partition on alegacy Intel
Architecture system. For a hard disk, a partition is a contiguous grouping of sectors on the disk
where the starting sector and size are defined by the Master Boot Record (MBR), which resides on
thefirst sector of the hard disk. For a diskette (floppy) drive, a partition is defined to be the entire
media. A System Partition can reside on any mediathat is supported by EFl Boot Services.

A System Partition supports backward compatibility with legacy Intel Architecture systems by
reserving the first block (sector) of the partition for compatibility code. On legacy Intel
Architecture systems, the first block (sector) of a partition isloaded into memory and execution is
transferred to this code. EFI firmware does not execute the code in the MBR. The EFI firmware
contains knowledge about the partition structure of various devices, and can understand legacy
MBR, EFI partition record, and “El Torito”.

The System Partition contains directories, data files, and EFI Images. EFI Images can contain an
EFI OS Loader, an EFI Driver to extend platform firmware capability, or an EFI Application that
provides a transient service to the system. EFI Applications could include things such as a utility to
create partitions or extended diagnostics. The system firmware may search the “\EFI” directory of
the System Partition to find possible EFI Images that can be loaded. A System Partition can also
support data files, such as error logs, that can be defined and used by various OS or system
firmware software components.
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16.1.1 File System Format

Thefirst block (sector) of a partition contains a data structure called the BIOS Parameter Block,
BPB, that defines the type and location of FAT file system on the drive. The BPB contains a data
structure that defines the size of the media, the size of reserved space, the number of FAT tables,
and the location and size of the root directory (not used in FAT-32). Thefirst block (sector) aso
contains code that will be executed as part of the boot process on alegacy Intel Architecture
system. This code in thefirst block (sector) usually contains code that can read afile from the root
directory into memory and transfer control to it. Since EFI firmware contains afile system driver,
EFI firmware can load any file from the file system with out needing to execute any code from the
media.

The EFI firmware must support the FAT-32, FAT-16, and FAT-12 variants of the EFI file system.
What variant of EFI FAT to use is defined by the size of the media. The rules defining what size
mediarequires what variant of FAT is defined in the specification for the EFI file system.

16.1.2 File Names

FAT storesfile namesin two formats. The original FAT format limited file names to eight
characters with three extension characters. Thistype of file nameis called an 8.3, pronounced eight
dot three, file name. FAT was extended to include support for long file names. The acronym LFN
is used to denote long file names.

FAT 8.3 file names are always stored as upper case ASCII characters. LFN can either be stored as
ASCII or Unicode and are stored case sensitive. The string that was used to open or create thefile
isstored directly into LFN. FAT definesthat all filesin a directory must have a unique name, and
unique is defined as a case insensitive match. The following are examples of names that are
considered to be the same, and can not exist in asingle directory:

e “ThislsAnExampleDirectory.Dir"

» ‘“thisisanexamppledirectory.dir”

* THISISANEXAMPLEDIRECTORY.DIR
» ThislsAnExampleDirectory.DIR

16.1.3 Directory Structure

280

An EFI system partition that is present on a hard disk must contain an EFI defined directory in the
root directory. This directory is namé&gFl . All OS loaders and applications will be stored in sub
directories beloviEFI . The choice of the sub directory name is up to the vendor, but all vendors
must pick names that do not collide with any other vendor's sub directory name. This applies to
system manufacturers, operating system vendors, BIOS vendors, and third party tool vendors, or
any other vendor that wishes to install files on an EFI system partition. There must also only be
one executable EFI image for each supported CPU architecture in each vendor sub directory. This
guarantees that there is only one image that can be loaded from a vendor sub directory by the EFI
Boot Manager. If more than one executable EFI image is present, then the boot behavior for the
system will not be deterministic. There may also be an optional vendor sub directoryacalled
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This directory contains EFl images that aide in recovery if the boot selections for the software
installed on the EFI system partition are ever lost. Any additional EFI executables must bein sub
directories below the vendor sub directory. The following is a sample directory structure for an EFI
system partition present on a hard disk.

\ EFI
\<0S Vendor 1 Directory>
<OS Loader | nage>
\ <0S Vendor 2 Directory>
<OS Loader | nage>

\ <OS Vendor N Directory>
<OS Loader | nage>
\ <OCEM Di rectory>
<CEM Appl i cation | nmage>
\ <BlI OS Vendor Directory>
<BlI OS Vendor Application | mge>
\<Third Party Tool Vendor Directory>
<Third Party Tool Vendor Application |nage>
\ BOOT
<Def aul t Boot | nmage>

For removable media devices there must be only one EFI system partition, and that partition must
contain an EFI defined directory in the root directory. The directory will be named EFI . All OS
loaders and applications will be stored in asub directory below EFI called BOOT. There must only
be one executable EFI image for each supported CPU architecture in the BOOT directory. This
guarantees that there is only one image that can be automatically loaded from aremovable media
device by the EFI Boot Manager. Any additional EFI executables must bein directories other than
BOOT. Thefollowing isasample directory structure for an EFl system partition present on a
removable media device.

\ EFI

\ BOOT
<Boot | mage>
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16.2 Partition Discovery

282

EFI requires the firmware to be able to parse legacy master boot records, the new EFI Partition
Table, and El Torito logical device volumes. The EFI firmware produces alogical BLOCK_| O
device for each EFI Partition Entry, El Torito logical device volume, and if no EFI Partition Table
is present any partitions found in the legacy MBR partition tables. Logical block address zero of
the BLOCK | Odevice will correspond to the first logical block of the partition. See Figure 16-1.

BLOCK_IO
DISK Al
- —
Partition Partition A
I ™ 7 N
Partition Partition 4
A A
Pointers to partitions Pointers to partitions
Partition Table Partition Table

Figure 16-1. Nesting of Legacy MBR Partition Records

The following is the order in which a block device must be scanned to determine if it contains

partitions. When acheck for avalid partitioning scheme succeeds, the search terminates.

1. Check for EFI Partition Table Headers.

2. Follow 1SO-9660 specification to search for | SO-9660 volume structures on the magic LBA.
» Check for an “El Torito” volume extension and follow the “El Torito” CD-ROM

specification.
3. If none of the above, check LBA 0 for a legacy MBR partition table.
4. No partition found on device.
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EFI supports the nesting of legacy MBR partitions, by alowing any legacy MBR partition to
contain more legacy MBR partitions. Thisis accomplished by supporting the same partition
discovery algorithm on every logical block device. It should be noted that the EFI Partition Table
does not allow nesting of EFI Partition Headers. Nesting is hot needed since an EFI Partition
Header can support an arbitrary number of partitions (the addressability limits of s64-bit LBA is
the limiting factor).

16.2.1 Extensible Firmware Interface Partition Header

EFI defines anew partitioning scheme that must be supported by EFI firmware. The following list
outlines the advantages of using the EFI Partition Table over the legacy MBR partition table:

» Logical Block Addressing is 64-hits.

e Supports many partitions.

e Usesaprimary and backup table for redundancy.

e Usesversion number and size fields for future expansion.

e Uses CRC32 fields for improved data integrity.

« Definesa GUID for uniquely identifying each partition.

* UsesaGUID and attributes to define partition content type.

» Each partition contains a 36 Unicode character human readable name.

The EFI partitioning schemeis depicted in Figure 16-2. The Partition Table Header (see Table

16-1) starts with a signature and arevision number that specifies which version of the EFI

specification defines the data bytes in the partition header. The Partition Table Header contains a

header size field that is used in calculating the CRC32 that confirms the integrity of the Partition

Table Header. While the Partition Table Header’s size may increase in the future it can not span
more than one block on the device.

Two Partition Table Header structures are stored on the device: the primary and the backup. The
primary Partition Table Header must be located in block 1 of the logical device, and the backup
Partition Table Header must be located in the last block of the logical device. Within the Partition
Table Header there are the MyLBA and AlternateLBA fields. The MyLBA field contains the

logical block address of the Partition Table Header itself, and the AlternateLBA field contains the
logical block address of the other Partition Table Header. For example, the primary Partition Table
Header's MyLBA value would be 1 and its AlternateLBA would be the value for the last block of
the logical device. The backup Partition Table Header's fields would be reversed.

The Partition Table Header defines the range of logical block addresses that are usable by Partition
Entries. This range is defined to be inclusive of FirstUsableLBA through LastUsableLBA on the
logical device. All data stored on the volume must be stored between the FirstUsableLBA through
LastUsableLBA, and only the data structures defined by EFI to manage partitions may reside
outside of the usable space. The value of DiskGUID is a GUID that uniquely identifies the entire
Partition Table Header and all it's associated storage. This value can be used to uniquely identify
the disk. The start of the Partition Entry array is located at the logical block address
PartitionEntryLBA. The size of a Partition Entry element is defined in the Partition Table Header.
There is a 32-bit CRC of the Partition Entry array that is stored in the Partition Table Header in
PartitionEntryArrayCRC. The size of the Partition Entry array is the PartitionEntrySize multiplied
by NumberOfPartitionEntries. When a Partition Entry is updated the PartitionEntryArrayCRC
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must be updated. When the PartitionEntryArrayCRC is updated the Partition Table Header CRC
must also be updated, since the PartitionEntryArrayCRC is stored in the Partition Table Header.

First useable block
Start partition End partition
LBAO LBA1 LBAN
v
Q T Q
<2 » S 9
@ |22 Partition 1 L E
A o o
O 5 O S
Py ol1 Py
s n
*
Start partition End partition Last useable block
. _J . _J
. Y .-y . Y ., .
Primary Partition Backup Partition
Table Table

Figure 16-2. EFI Partitioning Scheme

The primary Partition Entry array must be located after the primary Partition Table Header and end
before the FirstUsableLBA. The backup Partition Entry array must be located after the
LastUsablel BA and end before the backup Partition Table Header. Therefore the primary and
backup Partition Entry arrays are stored in separate |ocations on the disk. Partition Entries define a
partition that is contained in arange that is contained within the usable space declared by the
Partition Table Header. Zero or more Partition Entries may be in use in the Partition Entry array.
Each defined partition must not overlap with any other defined partition. If all the fields of a
Partition Entry are zero the entry isnot in use. A minimum of 16,384 bytes of space must be
reserved for the Partition Entry array. Thusthe First useable block must start at an LBA greater
than or equal to 34.
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Table 16-1. EFI Partition Table Header

Byte Byte

Mnemonic Offset Length Description

Signature 0 8 Identifies EFI-compatible partition table header.
This value must contain the string “EFI PART”,
0x5452415020494645.

Revision 8 4 The specification revision number that this header
complies to. For version 1.0 of the specification
the correct value is 0x00010000.

HeaderSize 12 4 Size in bytes of the EFI Partition Table Header.

HeaderCRC32 16 4 CRC32 checksum for the EFI Partition Table
Header structure. The ranged defined by
HeaderSize is “check-summed”.

Reserved 20 4 Must be zero.

MyLBA 24 8 The LBA that contains this data structure.

AlternateLBA 32 8 LBA address of the alternate Partition Table
Header.

FirstUsableLBA 40 8 The first usable logical block that may be
contained in a Partition Entry.

LastUsableLBA 48 8 The last usable logical block that may be
contained in a Partition Entry.

DiskGUID 56 16 GUID that can be used to uniquely identify the
disk.

PartitionEntryLBA 72 8 The starting LBA of the Partition Entry array.

NumberOfPartitionEntries 80 4 The number of Partition Entries in the Partition
Entry array.

SizeOfPartitionEntry 84 4 The size, in bytes, of each the Partition Entry
structure in the Partition Entry array. Must be a
multiple of 8.

PartitionEntryArrayCRC32 88 4 The CRC32 of the Partition Entry array.

Starts at Partition Entry LBA and is
NumberOfPartitionEntries * SizeOfPartitionEntry in
byte length.

Reserved 92 BlockSize The rest of the block is reserved by EFI and must

-92 be zero.

The following test must be performed to determine if a Partition Tableis valid:

e Check the Partition Table Signature

e Check the Partition Table CRC

*  Check that the MyLBA entry pointsto the LBA that contains the Partition Table
*  Check the CRC of the Partition Entry Array
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If the EFI Partition Table isthe primary table, stored at LBA 1.
e Check the AlternateL BA to seeiif itisavalid EFI Partition Table

If the primary Partition Tableis corrupt:
» Check thelast LBA of the deviceto seeif it hasavalid Partition Table
« If vaid backup Partition Table found, restore primary Partition Table.

Any software that updates the primary Partition Table Header must also update the backup Partition

Table Header. The order of the update of the Partition Table Header and it's associated Partition
Entry array is not important, since all the CRCs are stored in the Partition Table Header. However,
the primary Partition Table Header and Partition Entry array must always be updated before the
backup.

If the primary Partition Table is invalid the backup Partition Table is located on the last logical
block on the disk. If the backup Partition Table is valid it must be used to restore the primary
Partition Table. If the primary Partition Table is valid and the backup Partition Table is invalid
software must restore the backup Partition Table. If both the primary and backup Partition Table is
corrupted this block device is defined as not having a valid EFI Partition Header.

The primary and backup Partition Tables must be valid before an attempt is made to grow the size
of a physical volume. This is due to the Partition Table recovery scheme depending on locating the
backup Partition Table at the end of the physical device. A volume may grow in size when disks
are added to a RAID device. As soon as the volume size is increased the backup Partition Table
must be moved to the end of the volume and the primary and backup Partition Table Headers must
be updated to reflect the new volume size.

Table 16-2. EFI Partition Entry

Byte Byte

Mnemonic Offset Length Description

Partition Type Guid 0 16 Unique id that defines the purpose and type of this
Partition. A value of zero defines that this partition
record is not being used.

Unique Partition Guid 16 16 Guid that is unique for every partition record. Every
partition ever created will have a unique GUID. This
GUID must be assigned when the Partition Entry is
created. The partition Entry is created when ever the
NumberOfPartitionEntries in the EFI| Partition Table
Header is increased to include a larger range of
addresses.

StartingLBA 32 8 Starting LBA of the partition defined by this record

EndingLBA 40 8 Ending LBA of the partition defined by this record

Attributes 48 8 Attribute bits, all bits reserved by EFI

Partition Name 56 72 Unicode string
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The SizeOf PartitionEntry variable in the Partition Table Header defines the size of a Partition
Entry. The Partition Entry startsin the first byte of the Partition Entry and any unused space at the
end of the defined partition entry is reserved space and must be set to zero.

Each partition record contains a Unique Partition GUID variable that uniquely identifies every
partition that will ever be created. Any time anew partition record is created a new GUID must be
generated for that partition, and every partition is guaranteed to have a unique GUID. The partition
record also contains 64-bit logical block addresses for the starting and ending block of the partition.
The partition is defined as all the logical blocks inclusive of the starting and ending usable LBA
defined in the Partition Table Header. The partition record contains a partition type GUID that
identifies the contents of the partition. This GUID is similar to the OStypefield in the legacy
MBR. Each file system must publish its unique GUID. The partition record also contains
Attributes that can be used by utilities to make broad inferences about the usage of a partition. A
36 character Unicode string is aso include, so that a human readable string can be used to represent
what information is stored on the partition. This alows third party utilities to give human readable
names to partitions.

Table 16-3. Defined EFI Partition Entry Type GUID

Description GUID Value

Unused Entry 00000000-0000-0000-0000-000000000000
EFI System Partition C12A7328-F81F-11d2-BA4B-00A0C93EC93B
Partition containing a legacy MBR 024DEE41-33E7-11d3-9D69-0008C781F39F

OS vendors need to generate their own GUIDs to identify their partition types.

Table 16-4. Defined EFI Partition Entry Attributes

Bits Description

Bit O Required for the platform to function. The system can not function normally if this partition is
removed. This partition should be considered as part of the hardware of the system, and if it is
removed the system may not boot. It may contain diagnostics, recovery tools, or other code or
data that is critical to the functioning of a system independent of any OS.

Bits 1-63  Undefined and must be zero. Reserved for expansion by future versions of the EFI specification.

16.2.2 1S0-9660 and El Torito

IS0-9660 is the industry standard low level format used on CD-ROM and DVD-ROM. CD-ROM

format is completely described by the “El Torito” Bootable CD-ROM Format Specification
Version 1.0. To boot from a CD-ROM or DVD-ROM in the boot services environment, an EFI
System partition is stored in a “no emulation” mode as defined by the “El Torito” specification. A
Platform ID of OXEF hex indicates an EFI System Partition. The Platform ID is in either the
Section Header Entry or the Validation Entry of the Booting Catalog as defined by the “El Torito”
specification. EFI differs from "El Torito" "no emulation” mode in that it does not load the "no
emulation” image into memory and jump to it. EFI interprets the "no emulation” image as an EFI
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system partition. EFI interprets the Sector Count in the Initial/Default Entry or the Section Header
Entry to be the size of the EFl system partition. If the value of Sector Count isset to O or 1, EFI
will assume the system partition consumes the space from the beginning of the "no emulation”
image to the end of the CD-ROM.

DVD-ROM images formatted as required by the UDF™ 2.00 specificali8hA Universal Disk
Format Specification, Revision 2.00) can be booted by EFI. EFI supports booting from an
ISO-9660 file system that conforms to ti&# Torito” Bootable CD-ROM Format Specificatioon

a DVD-ROM. A DVD-ROM that contains an 1ISO-9660 file system is defined as a “UDF Bridge”
disk. Booting from CD-ROM and DVD-ROM is accomplished using the same methods.

Since the EFI file system definition does not use the same Initial/Default entry as a legacy

CD ROM it is possible to boot Intel Architecture personal computers using an EFI CD-ROM or
DVD-ROM. The inclusion of boot code for Intel Architecture personal computers is optional and
not required by EFI.

16.2.3 Legacy Master Boot Record

288

The legacy master boot record is the first block (sector) on the disk media. The boot code on the
MBR is not executed by EFI firmware. The MBR may optionally contain a signature located as
defined in Table 16-5. The MBR signature must be maintained by operating systems, and is never
maintained by EFI firmware. The unique signature in the MBR is only 4 bytes in length, so it is not
a GUID. EFI does not specify the algorithm that is used to generate the unique signature. The
uniqueness of the signature is defined as all disks in a given system having a unique value in this
field.

Table 16-5. Legacy Master Boot Record

Byte Byte

Mnemonic Offset Length Description

BootCode 0 440 Code used on legacy Intel Architecture system to select
a partition record and load the first block (sector) of the
partition pointed to by the partition record. This code is
not executed on EFI systems.

UniqueMBRSignature 440 4 Unique Disk Signature, this is an optional feature and
not on all hard drives. This value is always written by the
OS and is never written by EFI firmware.

Unknown 444 2 Unknown

PartitionRecord 446 16*4 Array of four MBR partition records

Signature 510 2 Must be Oxaa55

The MBR contains four partition records that define the beginning and ending LBA addresses that a
partition consumes on a hard disk. The patrtition record contains a legacy Cylinder Head Sector
(CHS) address that is not used in EFI. EFI utilizes the starting LBA entry to define the starting

LBA of the partition on the disk. The size of the partition is defined by the size in LBA field.
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The boot indicator field is not used by EFI firmware. The operating system indicator value of OXEF
defines a partition that contains an EFI file system. The other values of the system indicator are not
defined by this specification.

Table 16-6. Legacy Master Boot Record Partition Record

Byte Byte
Mnemonic Offset Length  Description
Boot Indicator 0 1 Not used by EFI firmware. Set to 0x80 to indicate that this is
the bootable legacy partition.
Start Head 1 1 Start of partition in CHS address, not used by EFI firmware.
Start Sector 2 1 Start of partition in CHS address, not used by EFI firmware.
Start Track 3 1 Start of partition in CHS address, not used by EFI firmware.
OS Type 4 1 OS type. A value of OXEF defines an EFI system partition.
Other values are reserved for legacy operating systems, and
allocated independently of the EFI specification.
End head 5 1 End of partition in CHS address, not used by EFI firmware.
End Sector 6 1 End of partition in CHS address, not used by EFI firmware.
End Track 7 1 End of partition in CHS address, not used by EFI firmware.
Starting LBA 8 4 Starting LBA address of the partition on the disk. Used by

EFI firmware to define the start of the partition.

Size In LBA 12 4 Size of partition in LBA. Used by EFI firmware to determine
the size of the partition.

EFI definesavalid legacy MBR asfollows. The signature at the end of the MBR must be
Oxaabb. Each MBR partition record must be checked to make sure that the partition that it
defines physically resides on the disk. Each partition record must be checked to make sure it does
not overlap with other partition records. A partition record that contains an OSIndicator value of
zero, or a SizelnLBA value of zero may beignored. If any of these checksfail the MBR is not
considered valid.

16.2.4 Legacy Master Boot Record and EFI Partitions

The EFI partition structure does not support nesting of partitions. However it islega to havea
legacy Master Boot Record nested inside and EFI Partition.

An EFI Partition header is preceded by alegacy MBR in the first LBA of the disk to maintain

compatibility with existing tools that do not understand EFI Partition structures. The MBR that

precedes an EFI Partition Header is shown in Table 16-7, and this MBR represents the entire space

used on the disk by the EFI Partitionsincluding all headers. If the EFI partition islarger than a

partition that can be represented by the MBR values of all F's must be used to signify that all space
that can be possibly reserved by the MBR is being reserved.

Version 0.92 1/19/00 289



in
Extensible Firmware Interface Specification DRAFT tel

Table 16-7. Required Legacy Master Boot Record Entry to Precede an EFI Partition Header

Byte Byte

Mnemonic Offset Length Description

Boot Indicator 0 1 Must be set to zero to indicate non-bootable partition.

Start Head 1 1 Set to match the Starting LBA of the EFI Partition

Start Sector 2 1 structure. Must be set to OXFFFFFF if it is not possible
to represent the starting LBA.

Start Track 3 1

OS Type 4 1 Must be OXEE.

End head 5 1 Set to match the Ending LBA of the EFI Partition

End Sector 6 1 structure. Must be set to OXFFFFFF if it is not possible
to represent the starting LBA.

End Track 7 1

Starting LBA 8 4 Must be 1 by definition.

Size In LBA 12 4 Length of EFI Partition Head, OXFFFFFFFF if this value

overflows.

16.3 Media Formats

This section of the EFI Specification describes how booting from different types of removable
mediaishandled. In general the rules are consistent regardless of the media being removable or not
and the media’s physical type.

16.3.1 Removable Media

290

Removable media may contain a standard FAT-12, FAT-16, or FAT-32 file system. Legacy
1.44 MB floppy devices typically support a FAT-12 file system.

Booting from a removable media device can be accomplished the same way as any other boot. The
boot file path provided to the boot manager can consist of an EFI application image to load, or can
merely be the path to a removable media device. In the first case, the path clearly indicates the
image that is to be loaded. In the later case, the boot manager implements the policy to load the
default application image from the device.

Once the “\EFI” directory is found, the boot manager then checks each Vendor GUID directory for
any EFl applications. The first application that is found to be compatible with the platform is then
implicitly loaded. To build removable media that load deterministically, the vendor should supply
media that contain exactly one Vendor GUID directory with exactly one image of each machine
type that the vendor supports.
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16.3.2 Diskette

EFI bootable diskettes follow the standard formatting conventions used on Intel Architecture
personal computers. The diskette contains only asingle partition that compliesto the EFI file
system type. To support EFl booting, the diskette would contain an EFI directory that contains one
Vendor GUID directory. The vendor GUID directory would contain one EFI application image of
each machine type that the vendor supports. Then when the EFI Boot Manager is configured to
boot from the floppy, it would load the first EFI image that the platform supports.

Since the EFI file system definition does not use the code in the first block of the diskette, itis
possible to boot Intel Architecture personal computers using a diskette that is also formatted as an
EFI bootable removable mediadevice. Theinclusion of boot code for Intel Architecture persona
computersis optional and not required by EFI.

Diskettes include the legacy 3 %2 inch diskette drives as well as the newer larger capacity removable
media drives such as an lomégap', Fujitsu MO, or MKE LS-120/SuperDisk.

16.3.3 Hard Drive

Hard drives may contain multiple partitions as defined in section 16.2 on partition discovery. Any
partition on the hard drive may contain afile system that the EFI firmware recognizes. Images that
are to be booted must be stored under the EFI sub-directory as defined in Sections 16.1 and 16.2.

EFI code does not assume afixed block size.

Since EFI firmware does not execute the MBR code and does not depend on the bootable flag field
in the partition entry the hard disk can still boot and function normally on an Intel Architecture-
based personal computer.

16.3.4 CD-ROM and DVD-ROM

A CD-ROM or DVD-ROM may contain multiple partitions as defined Sections 16.1 and 16.2 and
in the “El Torito” specification.

EFI code does not assume a fixed block size.

Since the EFI file system definition does not use the same Initial/Default entry as a legacy
CD-ROM, it is possible to boot Intel Architecture personal computers using an EFI CD-ROM or
DVD-ROM. The inclusion of boot code for Intel Architecture personal computers is optional and
not required by EFI.
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Boot Manager

The EFI boot manager is afirmware policy engine that can be configured by modifying
architecturally defined global NVRAM variables. The boot manager will attempt to load EFI
drivers and EFI applications (including EFI OS boot loaders) in an order defined by the global
NVRAM variables. The platform firmware must use the boot order specified in the global
NVRAM variables for normal boot. The platform firmware may add extra boot options to the end
of the boot order list. The platform firmware may aso implement value added features in the boot
manager if an exceptional condition is discovered in the firmware boot process. One example of
this would be not loading an EFI driver if booting failed the first time the driver was loaded. An
other example would be booting to an OEM-defined diagnostic environment if acritica error was
discovered in the boot process.

The boot sequence for EFI consists of the following. The boot order list is read from a globally
defined NVRAM variable. The boot order list definesalist of NVRAM variables that contain
information about what is to be booted. Each NVRAM variable defines a Unicode name for the
boot option that can be displayed to auser. The variable also contains a pointer to the hardware
device and what file on that hardware device contains the EFl image that isto be loaded. The
NVRAM also contains load options that are passed directly to the EFl image. The platform
firmware has no knowledge of what is contained in the load options. The load options are set by
higher level software when it writes to a global NVRAM variable to set the platform firmware boot
policy. Thisinformation could be used to define the location of the OS kernel if it was different
than the location of the EFI OS loader.

17.1 Firmware Boot Manager

The boot manager is acomponent in the EFI firmware that determines which EFI drivers and EFI
applications should be explicitly loaded and when. Once the EFI firmwareisinitialized, it passes
control to the boot manager. The boot manager is then responsible for determining what to load
and any interactions with the user that may be required to make such adecision. Much of the
behavior of the boot manager isleft up to the firmware developer to decide, and detail s of boot
manager implementation are outside the scope of this specification. In particular, likely
implementation options might include any console interface concerning boot, integrated platform
management of boot selections, possible knowledge of other interna applications or recovery
driversthat may be integrated into the system through the boot manager.

Programmatic interaction with the boot manager is accomplished through globally defined
variables. Oninitialization the boot manager reads the values which comprise al of the published
load options among the EFI environment variables. By using the Set Var i abl e() function the
data that contain these environment variables can be modified.
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Each load option entry residesin a Boot #### variable or a Dr | ver #### variable wherethe

#### 1S replaced by aunique option number in printable hexadecimal representation

(0000 — FFFF). The#### must always be four digits, so small numbers must use leading zeros.
The load options are then logically ordered by an array of option numbers listed in the desired
order. There are two such option ordering lists. The filSt isver Or der that orders the

Dr i ver #### load option variables into their load order. The seco®dig O der that orders

the Boot #### load options variables into their load order.

For example, to add a new boot option, a lBawt #### variable would be added. Then the
option number of the neWoot #### variable would be added to tBeot O der ordered list and
the Boot O der variable would be rewritten. To change boot option on an exiBting ####,
only theBoot #### variable would need to be rewritten. A similar operation would be done to
add, remove, or modify the driver load list.

The boot manager may perform automatic maintenance of the database variables. For example, it
may remove unreferenced load option variables, any unparseable or unloadable load option
variables, and rewrite any ordered list to remove any load options that do not have corresponding
load option variables. In addition, the boot manager may automatically update any ordered list to
place any of its own load options where it desires. The boot manager can also, at its own
discretion, provide for manual maintenance operations as well. Examples include choosing the
order of any or all load options, activating or deactivating load options, etc.

The boot manager is required to process the Driver load option entries before the Boot load option
entries. The boot manager is also required to initiate a boot of the boot option specified by the
Boot Next variable as the first boot option on the next boot, and only on the next boot. The boot
manager removes th#oot Next variable before transferring control to tBeot Next boot

option.

The boot manager must cabbadl mage() which supports at leaSt MPLE_FI LE_PROTOCCL
andLOAD_FI LE_PROTOCCL for resolving load options. The complete list of protocols that the
Loadl mage() function can support loading images from is available via the

Locat ePr ot ocol () function. The device referenced by a load option must support one of the
boot manager’'s boot device protocols in order for the load option to function.

If the boot image is not loaded Mimadl mage() the boot manager is required to check for a
default media boot. This occurs when the device path of the boot image points directly to a
BLOCK | Odevice and does not specify the exact file to load. The boot manager must locate the
handle(s) for th&LOCK | Odevice that support tiel MPLE_FI LE_SYSTEM protocol that are
present and check for the EFI directory. If found, the boot manager then checks each Vendor
GUID directory for any EFI applications. The first application found to be compatible with the
platform is then implicitly loaded. To build removable media that load deterministically the vendor
should supply a media that contains exactly 1 Vendor GUID directory with exactly 1 image of each
machine type that the vendor supports. The default media boot case of a protocol other than
BLOCK | Ois handled by theOAD_FI LE_PROTCCCOL for the target device path and does not

need to be handled by the boot manager.
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Each load option variable containsan EFI _LOAD_OPTI ON descriptor that is a buffer of variable

length fields defined as follows:

Descriptor
typedef struct {
Ul NT32
CHAR16
EFI _DEVI CE_PATH
Ul NT8

Attributes;
Description[];
Fil ePath[],
pt i onal Dataf |,

} EFI _LOAD OPTI ON;

Parameters

Attributes The attributes for thisload option entry. All unused bits must be zero
and are reserved by the EFI specification for future growth. See
“Related Definitions”.

Description The user readable description for the load option. This field ends with a
Null Unicode character.

Fil ePat h An EFI device path that describes the device and location of the Image
for this load option. Thé&i | ePat h is specific to the device type. This
field is variable length, and ends at the device path end structure.
Because the size of Description is arbitrary, this data structure is not
guaranteed to be aligned on a natural boundary. This data structure may
have to be copied to an aligned natural boundary before it is used.

pt i onal Dat a The remaining bytes in the load option variable are a binary data buffer
that is passed to the loaded image. If the field is zero bytes long, a Null
pointer is passed to the loaded image.

Related Definitions

//*******************************************************

/] Attributes

//*******************************************************

#defi ne LOAD_OPTI ON_ACTI VE 0x00000001

Description

Calling Set Var i abl e() creates a load option. The size of the load option is the same as the size
of theDat aSi ze argument to th&et Var i abl e() call that created the variable. When

creating a new load option, all undefined attribute bits must be written as zero. When updating a
load option, all undefined attribute bits must be preserved. If a load option is not marked as

LOAD OPTI ON_ACTI VE, the boot manager will not automatically load the option. This

provides an easy way to disable or enable load options without needing to delete and re-add them.
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17.2 Globally-Defined Variables

This section defines a set of variablesthat have architecturally defined meanings. In addition to the
defined data content, each such variable has an architecturally defined attribute that indicates when
the data variable may be accessed. The variables with an attribute of NV are non-volatile. This
means that their values are persistent across resets and power cycles. The value of any environment
variable that does not have this attribute will be lost when power isremoved from the system. The
variables with an attribute of BS are only available before Exi t Boot Ser vi ces() iscalled.
This means that these environment variables can only be retrieved or modified in the pre-boot
environment. They are not visible to an operating system. Environment variables with an attribute
of RT are available before and after Exi t Boot Ser vi ces() iscalled. Environment variables of
this type can be retrieved and modified in the pre-boot environment, and from an operating system.
All architecturally defined variables use the EFI _ GLOBAL_VARI ABLE Vendor Gui d-

#define EFI _GLOBAL_VARI ABLE \
{ 8BE4DF61- 93CA- 11d2- AAOD- 00E098032B8C}

To prevent name collisions with possible future globally defined variables, other interna firmware
data variablesthat are not defined here must be saved with aunique Vendor Gui d other than
EFI _GLOBAL_VARI ABLE. Table 17-1 liststhe global variables.

Table 17-1 Global Variables

Variable Name Attribute Description

LangCodes BS, RT The language codes that the firmware supports.

Lang NV, BS, RT The language code that the system is configured for.

Timeout NV, BS, RT The firmware’s boot managers timeout, in seconds,
before initiating the default boot selection.

Conin NV, BS The device path of the default input console.

ConOut NV, BS The device path of the default output console.

ErrOut NV, BS The device path of the default error output device.

Boot###H# NV, BS, RT A boot load option. #### is a printed hex value. No 0x
or h is included in the hex value.

BootOrder NV, BS, RT The ordered boot option load list.

BootNext NV, RT The boot option for the next boot only.

Driver##tt NV, BS A driver load option. #### is a printed hex value.

DriverOrder NV, BS The ordered driver load option list.

SerialNumber NV, BS The system's serial number.

SystemGUID NV, BS The system's Guaranteed Unique Identifier.
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The LangCodes variable contains an array of 3-character (8-bit ASCII characters)

I SO-639-2 language codes that the firmware can support. At initialization time the firmware
computes the supported languages and creates this data variable. Sincethe firmware createsthis
value on each initialization, its contents are not stored in non-volatile memory. Thisvaueis
considered read-only.

The Lang variable contains the 3-character (8 bit ASCI| characters) 1SO-639-2 language code that
the machine has been configured for. This value may be changed to any value supported by
LangCodes; however, the change does not take effect until the next boot. If the language codeis
set to an unsupported value, the firmware will choose a supported default at initialization and set
Lang to asupported value. The Ti neout variable containsabinary Ul NT16 that supplies the
number of seconds that the firmware will wait before initiating the original default boot selection.
A value of 0 indicatesthat the default boot selection isto be initiated immediately on boot. If the
valueis not present, or contains the value of OXFFFF then firmware will wait for user input before
booting. This means the default boot selection is not automatically started by the firmware.

The Conl n, ConQut , and Er r Qut variables each contain an EFI _DEVI CE_PATH descriptor
that defines the default device to use on boot. Changes to these values do not take effect until the
next boot. If the firmware can not resolve the device path, it is allowed to automatically replace the
value(s) as heeded to provide a console for the system.

Each Boot #### variable containsan EFI _LOAD_ OPTI ON. Each Boot #### variableisthe
name “Boot” appended with a unique four digit hexadecimal number. For example, Boot0001,
Boot0002, BootOAO2, etc.

The Boot Or der variable contains an array 0f NT16’s that make up an ordered list of the

Boot #### options. The first element in the array is the value for the first logical boot option, the
second element is the value for the second logical boot option, etdBooh&r der order list is

used by the firmware’s boot manager as the default boot order.

The Boot Next variable is a singléll NT16 that defines th&oot #### option that is to be tried

first on the next boot. After thBoot Next boot option is tried the norm&oot Or der list is

used. To prevent loops, the boot manager deletes this variable before transferring control to the
pre-selected boot option.

EachDr i ver #### variable contains aBFI _LOAD_OPTI ON. Each load option variable is
appended with a unique number, for example Driver0001, Driver0002, etc.

TheDri ver Or der variable contains an array 0f NT16’s that make up an ordered list of the
Dr i ver #### variable. The first element in the array is the value for the first logical driver load
option, the second element is the value for the second logical driver load option, etc. The

Dri ver Or der list is used by the firmware's boot manager as the default load order for EFI
drivers that it should explicitly load.

The Seri al Number variable contains a Null-terminated Unicode string that represents the
system's serial number.

The Syst enGUI Dvariable is a 128 bit value that contains the system's Guaranteed Unique
Identifier. Please see tNdred for Management Specification for details.
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17.3 Boot Mechanisms

EFI can boot from a device using the SI MPLE_FI LE_SYSTEMprotocol or the LOAD_FI LE
protocol. A devicethat supportsthe SI MPLE _FI LE_SYSTEMprotocol must materiaize afile
system protocol for that device to be bootable. If a device does not wish to support a complete file
system it may produce aLOAD _FI LE_PROTOCOL which allowsit to materialize an image
directly. The Boot Manager will attempt to boot using theSI MPLE_FI LE_SYSTEMprotocol
first. If that fails, then the LOAD FI LE_PROTOCOL will be used.

17.3.1 Boot via SIMPLE_FILE_PROTOCOL

When booting viathe SI MPLE_FI LE_SYSTEMprotocol, the Fi | ePat h will start with a device

path that points to the device that “speaks"Sh&PLE_FI LE_SYSTEMprotocol. The next part

of the Fi | ePat h will point to the file name, including sub directories that contain the bootable
image. If the file name is a null device path, the file name must be discovered on the media using
the rules defined for removable media devices with ambiguous file names.

The format of the file system specified by EFI is contained in Chapter 16. While the firmware must
produce &l MPLE_FI LE_SYSTEMprotocol that understands the EFI file system, any file system
can be abstracted with t&& MPLE_FI LE_SYSTEMprotocol interface.

17.3.2 Boot via LOAD_FILE Protocol

When booting via the QAD_FI LE protocol, the~i | ePat h will point to a device path that

points to a device that “speaks” th@AD FI LE protocol. The image is loaded directly from the
device that supports theOAD FI LE protocol. The remainder of thfe / ePat h will contain
information that is specific to the device. EFI firmware passes this device-specific data to the
loaded image, but does not use it to load the image. If the remainderrofitbat h is a null
device path it is the loaded image's responsibility to implement a policy to find the correct boot
device.

TheLOAD FI LE protocol is used for devices that do not directly support file systems. Network
devices commonly boot in this model where the image is materialized without the need of a file
system.

17.3.2.1 Network Booting

Network booting is described by tReeboot eXecution Environment (PXE) BIOS Support

Soecification that is part of th&\ired for Management Baseline specification. PXE specifies UDP,
DHCP, and TFTP network protocols that a booting platform can use to interact with an intelligent
system load server. EFI defines special interfaces that are used to implement PXE. These
interfaces are contained in the PXE_BC protocol (see Chapter 14).

17.3.2.2 Future Boot Media
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Since EFI defines an abstraction between the platform and the OS and its loader it should be
possible to add new types of boot media as technology evolves. The OS loader will not necessarily
have to change to support new types of boot media as long as it is possible to find a partition on the
boot media. The implementation of the EFI platform services may change, but the interface will
remain constant. The OS will require a driver to support the new type of boot media so that it can
make the transition from EFI boot services to OS control of the boot media.

1/19/00 Version 0.92



tel

18
PCIl Expansion ROM

The PCI Local Bus Specification defines how to discover expansion ROM code that comes from a
ROM on aPCl Card. The expansion ROM can be executed to initialize a specific device or,
possibly, to boot a system. PCI allowsthe ROM to contain several different imagesto
accommodate different machine and processor architectures. This chapter explains how EFI
images can be discovered and executed from a PCl expansion ROM. The EFI images are
discovered using the basic methods outlined in the PCI Loca Bus Specification, and then executed
just like any other EFI image. The format and definition of an EFl image in a PCI expansion ROM
are the same as the format and definition of an EFl image that isloaded from a disk or removable
media.

An EFIl PCI expansion ROM can coexist with other image typesin asingle PCl ROM. The
coexistence of multipleimagesin a PCl expansion ROM is detailed in the PCI Loca Bus
Specification. EFI utilizes anew PCI code type to define a platform specific PCl Expansion ROM
Header. The EFI expansion ROM header contains information about the image and a pointer to the
start of the image.

18.1 Standard PCI Expansion ROM Header

All PCI expansion ROMs start with the standard header shown in Table 18-1. (The header is
defined in the PCI Local Bus Specification, Revision 2.2). The table contains a simple signature,
OxAAS55, and the offset to the PCI Data Structure. The Standard PCI Data Structure must be
located within the first 64 KB of the ROM image and must be aligned on a four byte boundary.

Table 18-1. Standard PCI Expansion ROM Header

Offset Byte Length Value Description

0x00 1 0x55 ROM Signature, byte 1

0x01 1 OxAA ROM Signature, byte 2

0x02-0x17 22 XX Reserved per processor architecture unique data
0x18-0x19 2 XX Pointer to PCI Data Structure

Table 18-2 defines the contents of the PCI Data Structure. (The definition is taken from the PCI
Local Bus Specification, Revision 2.2). The code type field is used to identify the type of code
contained in this section of the ROM. The following code types are assigned by the PCI Local Bus
Specification Version 2.2:

* 0x00 — Intel IA-32, PC-AT compatible

e 0x01 — Open Firmware standard for PCI

* 0x02 — Hewlett-Packard PA RISC

*  0x03-0xff — Reserved
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EFI will coordinate with a future revision of the PCI specification to alocate the code type of 0x03
to represent EFI images. This code type will signify that EFl extensions are present in the standard
PCl expansion ROM header.

Table 18-2. PCI Data Structure

Offset Byte Length Description

0x00 4 Signature, the string ‘PCIR’
0x04 2 Vendor Identification

0x06 2 Device Identification

0x08 2 Reserved

O0x0a 2 PCI Data Structure Length
0x0c 1 PCI Data Structure Revision
0xod 3 Class Code

0x10 2 Image Length

0x12 2 Revision Level of Code/Data
0x14 1 Code Type

0x15 1 Indicator. Used to identify if this is the last image in the ROM
0x16 2 Reserved

18.2 EFI PCI Expansion ROM Header
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A value of 0x03 in the code type field of the PCI data structure indicates that an EFl expansion
ROM header is present in the system. The EFlI PCI Expansion ROM Header containsal the
standard entries defined in the PCI Local Bus Specification. It also contains the offset to the EFI
driver image header. The offset to the EFI driver image header follows the same rules as the offset
to the PCI data structure in the PCI Local Bus Specification. That isthe EFlI PCI Expansion ROM
Header must be within the first 64 KB of the Standard PCI Expansion ROM header.

The EFI PCI Expansion ROM Header aso contains information about the EFI driver image. The
size of theimageis given in units of 512 bytes. The maximum size of a PCl Expansion ROM is 16
MB. Theinitialization size includes the size of the EFl PCI expansion ROM header, the EFI

image, and the PCI data structure. If the EFI PCI expansion ROM header isused in a context other
than the PCI Local Bus Specification definition of an expansion ROM the image size may be set to
zero.

The EFI expansion ROM header also contains some datathat isincluded in the EFl image header.
This dataisashort cut, and allows the code parsing the EFl PCI expansion ROM header to know if
it supports the image type that is pointed to by the EFI PCl expansion ROM header without
decoding theimage. These fields include the image signature, subsystem value, and machine type.
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Table 18-3 defines the layout of an EFI PCI expansion ROM. Missing values will be suppliedin a
later version of the specification.

Table 18-3. EFI PCI Expansion ROM Header

Byte
Offset Length  Value Description
0x00 1 0x55 ROM Signature, byte 1
0x01 1 OxAA ROM Signature, byte 2
0x02 2 XXXX Initialization Size — size of this image in units of 512 bytes. The size
includes this header.
0x04 4 OxXOEF1 Signature from EFl image header
0x08 2 XX Subsystem value for EFl image header
O0x0a 2 XX Machine type from EFI image header
0x0c 10 XX Reserved
0x16 2 XX Offset to EFI Image header
0x18 2 XX Offset to PCI Data Structure

18.3 Multiple Image Format Support

With the extension defined in this chapter it is possible to discover an EFI driver imagein a

PCl ROM. Since EFI images are defined with relocation there is no inherent limit asto wherein
memory it can be loaded. However, EFI driver images will only be loaded if enough free memory
existsin the system.

An EFI system will only load an image if the platform supports theimage type. Currently EFl has
defined three image types: 1A-32; |A-64; and intermediate byte stream. The |A-32 and |A-64
image type represent 32-bit and 64-bit native Intel architecture processor code that has knowledge
about EFI interfaces. The intermediate byte stream typeis a place holder for a new format that will
be defined in a subsequent version of the EFI specification. A PCl expansion ROM may contain
one or more EFl image types.

18.4 EFI PCI Expansion ROM Driver

PCI Expansion ROM drivers are no different from other EFI driversthat control hardware. (See

Chapter 4 for details on how to construct an EFI driver.) To accessadevice, adriver needsto

know the device’s device path. For a driver loaded from a PCI Expansion ROM, the driver can
examine the device path found in tt@ADED | MAGE structure for the driver image to obtain the
device path of the device that driver image was loaded from. The driver must check that no other
driver is already controlling the device. This is done by verifying that no handle in the system
supports the exact device path of the device to be controlled. Therefore when the driver installs, it
must add th®EVI CE_PATH protocol to the handle that is controlling the device. This would

either be overloaded onto the image handle, or a new handle that the driver has allocated for

this task.
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For the driver to perform 1/0 and DMA operations with the device, the driver must use the proper
DEVI CE_| Oprotocol interfaces for the device. Thisisfound by using the

Locat eDevi cePat h() function with the device path of the device and the ID of the

DEVI CE_| Oprotocol. See Chapter 6 for more information about the DEVI CE_| O protocol.
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GUID and Time Formats

All EFI GUIDs (Globally Unique Identifiers) have the format described in Appendix J of the
Wired for Management Basdline specification. This document references the format of the GUID,
but implementers must reference the Wired for Management specifications for agorithms to
generate GUIDs. The following table defines the format of an EFI GUID (128 bits).

Table A-1. EFI GUID Format

Byte Byte

Mnemonic Offset  Length  Description

TimeLow 0 4 The low field of the timestamp.

TimeMid 4 2 The middle field of the timestamp.

TimeHighAndVersion 6 2 The high field of the timestamp multiplexed with the
version number.

ClockSegHighAndReserved 8 1 The high field of the clock sequence multiplexed with
the variant

ClockSegLow 9 1 The low field of the clock sequence.

Node 10 6 The spatially unique node identifier. This can be based

on any IEEE 802 address obtained from a network
card. If no network card exists in the system, a
cryptographic-quality random number can be used.

All EFI timeis stored in the format described by Appendix J of the Wired for Management
Baseline Specification. While thisisthe appendix for GUID it defines a 60-bit timestamp format
that is used to generate the GUID. All EFI timeinformation is stored in 64-bit structures that
contain the following format: The timestamp is a 60-bit value that is represented by Coordinated
Universal Time (UTC) as a count of 100-nanosecond intervals since 00:00:00.00, 15 October 1582
(the date of Gregorian reform to the Christian calendar). Thistime value will not roll over until the
year 3400 AD. It isassumed that afuture version of the EFI specification can dea with the
year-3400 issue by extending this format if necessary.
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B
Console

The EFI console was designed so that it could map to common console devices. This appendix
explains how an EFl console could map to a VGA with PC AT 101/102, PCANSI, or ANSI X3.64
consoles.

B.1 SIMPLE_INPUT

Table B-1 gives examples of how an EFI scan code can be mapped to ANSI X3.64 terminal,

PCANSI terminal, or an AT 101/102 keyboard. PC ANSI terminals support an escape sequence

that begins with the ASCII character Ox1b and is followed by the ASCII character 0x5B, “ [ ".

ASCII characters that define the control sequence that should be taken follow the escape sequence.
(The escape sequence does not contain spaces, but spaces are used in Table B-1 to ease the reading
of the table.) ANSI X3.64, when combined with ISO 6429, can be used to represent the same subset
of console support required by EFI. ANSI X3.64 uses a single character escape sequence CSI:

ASCII character 0x9B. ANSI X3.64 can optionally use the same two-character escape sequence
“ESC [”. ANSI X3.64 and ISO 6429 support the same escape codes as PCANSI.

Table B-1. EFI Scan Codes for SIMPLE_INPUT

ANSI X3.64 PCANSI AT 101/102 Keyboard
EFI Scan Code Description Codes Codes Scan Codes
0x00 Null scan code N/A N/A N/A
0x01 Move cursor up 1 row. CSIA ESC[A 0xe0, 0x48
0x02 Move cursor down 1 row. CsiB ESC[B 0xe0, 0x50
0x03 Move cursor right 1 column.  CSIC ESC[C 0xe0, 0x4d
0x04 Move cursor left 1 column. CSID ESC[D 0xe0, 0x4b
0x05 Home. CSIH ESC[H 0xe0, 0x47
0x06 End. CSIK ESC[K 0xe0, Ox4f
0x07 Insert. CsSl @ ESC[@ 0xe0, 0x52
0x08 Delete. CSIP ESC[P 0xe0, 0x53
0x09 Page Up. CsI? ESC[? 0xe0, 0x49
0x0a Page Down. Csi/ ESC][/ 0xe0, 0x51
0x0b Function 1 CSIOP ESC[OP 0x3b
0x0c Function 2 CSIOQ ESC[OQ 0x3c
0x0d Function 3 CSIOw ESC[Ow 0x3d

continued
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Table B-1. EFI Scan Codes for SIMPLE_INPUT (continued)

ANSI X3.64 PCANSI AT 101/102 Keyboard
EFI Scan Code Description Codes Codes Scan Codes
0x0e Function 4 CSIOx ESC[Ox 0x3e
0xOf Function 5 CSIOt ESC[Ot 0x3f
0x10 Function 6 CSIOu ESC[Ou 0x40
0x11 Function 7 CSIOq ESC[Oq 0x41
0x12 Function 8 CSIOr ESC[Or 0x42
0x13 Function 9 CSIOp ESC[Op 0x43
0x14 Function 10 CSIOM ESC[OM 0x44
0x15 Function 11 CSIOA ESC[OA 0x85
0x16 Function 12 CSIOB ESC[OB 0x86
0x17 Escape CSl ESC 0x01

B.2 SIMPLE_TEXT_OUTPUT

Table B-2 defines how the programmatic methods of the SI MPLE_TEXT _OUPUT protocol could

be implemented as PCANSI or ANSI X3.64 terminas. Detailed descriptions of PCANS| and ANS
X3.64 escape sequences are as follows. The same type of operations can be supported viaaPC AT
type INT 10h interface.

306

Table B-2. Control Sequences that Can Be Used to Implement SIMPLE_TEXT_OUTPUT

PCANSI ANSI X3.64

Codes Codes Description

ESC[2J Csl2 Clear Display Screen.

ESC[Om CSIOm Normal Text.

ESC[1m CSlIlm Bright Text.

ESC[7m CSI7m Reversed Text.

ESC[30m CSI30m Black foreground, compliant with 1ISO Standard 6429.
ESC[31m CSI31m Red foreground, compliant with ISO Standard 6429.
ESC[32m CSI32m Green foreground, compliant with ISO Standard 6429.
ESC[33m CSI33m Yellow foreground, compliant with ISO Standard 6429.
ESC[34m CSI34m Blue foreground, compliant with ISO Standard 6429.
ESC[35m CSI35m Magenta foreground, compliant with ISO Standard 6429.
ESC[36m CSI36m Cyan foreground, compliant with ISO Standard 6429.
ESC[37m CSI37m White foreground, compliant with ISO Standard 6429.
ESC[40 m CSl140m Black background, compliant with ISO Standard 6429.

continued
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Table B-2. Control Sequences that Can Be Used to Implement
SIMPLE_TEXT_OUTPUT (continued)

PCANSI ANSI X3.64

Codes Codes Description

ESC[41m CSl41m Red background, compliant with ISO Standard 6429.
ESC[42m CSl42m Green background, compliant with ISO Standard 6429.
ESC[43 m CSl43m Yellow background, compliant with ISO Standard 6429.
ESC[44 m CSl44m Blue background, compliant with ISO Standard 6429.
ESC[45m CSl45m Magenta background, compliant with ISO Standard 6429.
ESC[46 m CSl 46 m Cyan background, compliant with ISO Standard 6429.
ESC[47m CSI47m White background, compliant with ISO Standard 6429.
ESC[3h CSI=3h Set Mode 80x25 color.

ESC [ row;colH CSl row;col H  Set cursor position to row;col. Row and col are strings of ASCII digits.
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C
Device Path Examples

This appendix presents an example EFI Device Path and explainsits relationship to the ACPI name
space. An example system design is presented along with its corresponding ACPI hame space.
These physical examples are mapped back to EFI Device Paths.

C.1 Example Computer System

Figure C-1 represents a hypothetical computer system architecture that will be used to discuss the
construction of EFI Device Paths. The system consists of amemory controller that connects

directly to the processors’ front side bus. The memory controller is only part of a larger chipset,

and it connects to a root PCI host bridge chip, and a secondary root PCI host bridge chip. The
secondary PCI host bridge chip produces a PCI bus that contains a PCI to PCI bridge. The root PCI
host bridge produces a PCI bus, and also contains USB, ATA66, and AC '97 controllers. The root
PCI host bridge also contains an LPC bus that is used to connect a SIO (Super 10) device. The SIO
contains a PC AT compatible floppy disk controller, and other PC AT compatible devices like a
keyboard controller.

e, —
1| ace RDRAM
Memory
Controller

PCI Slots PCI 33MHz
Secondary Root PCI

@ - ! PCI Host
Bridge

PCI Slots

FDC @

KBD
GPIO
SIO == Serial
Parallel
Mouse
IR

-
$10|S 10d

Figure C-1. Example Computer System
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The remainder of this appendix describes how to construct a device path for three example devices
from the system in Figure C-1. Thefollowingisalist of the examples used:

e Legacy floppy.
* |IDEDisk.
»  Secondary root PCI bus with PCI to PCI bridge.

Figure C-2isapartia ACPI name space for the system in Figure C-1. Figure C-2 is based on
Figure 5-3 in the Advanced Configuration and Power |nterface Specification.

Root of ACPI Name Space
\_SB -System Bus Tree

PCI0O - RootPClBus

_HID & _UID - ACPI Device ID and Unique ID

_CRS - Current Resources (Bus, 10, Memory)

IDEO - IDE Device

_ADR - PClDevice #, Function #

PRIM - Primary IDE Channel
_ADR- Primary 0, Secondary 1

7\
—[EE]AST - Master IDE Device Key
_ADR - Master 0, Slave 1 D Device Object
ISAO - ISA Bridge (O Dpata object

_HID & _UID - ACPI Device ID and Unique ID
_ADR - PCl Device #, Function #

000

(1) Example Platform

Reference

() FLPY - Legacy Floppy

_HID - Address of Floppy

- PCI0O - Secondary Root PCIBus
) _HID& _UID - ACPIDevice ID and Unigue ID
_CRS - Current Resources (Bus, 10, Memory)

Figure C-2. Partial ACPI Name Space for Example System

C.2 Legacy Floppy
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The legacy floppy controller is contained in the SIO chip that is connected root PCI bus host bridge
chip. Theroot PCI host bridge chip produces PCI bus 0, and other resources that appear directly to
the processorsin the system.

In ACPI this configuration is represented in the _SB, system bus tree, of the ACPI hame space.
PClOisachild of _SB and it represents the root PCI host bridge. The SIO appears to the system to
be a set of 1SA devices, soit isrepresented as a child of PCIO with the name ISAO. The floppy
controller isrepresented by FLPY asachild of the ISAQ bus.

The EFI Device Path for the legacy floppy would contain entries for the following things:

e Root PCI Bridge. ACPI Device Path HID PNPOAO3, UID 0. ACPI name space\ SB\PCIO
* PCl toISA Bridge. PCI Device Path with device and function of the PCI to ISA bridge. ACPI
name space\_SB\PCIO\ISAQ
*  Hoppy Plug and Play ID. ACPI Device Path _HID PNP0303, _UID 0. ACPI name space
\ SB\PCIO\ISAO\FLPY
* End Device Path
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Table C-1. Legacy Floppy Device Path
Byte Byte
Offset Length  Data Description
0 1 0x02 Generic Device Path Header — Type ACPI Device Path
1 1 0x01 Sub type — ACPI Device Path
2 2 0x0C Length
4 4 0x41D0, _HID PNPOAO3 — 0x41D0 represents a compressed string ‘PNP’ and is in

0x0A03 the low order bytes
8 4 0x0000 _UID
C 1 0x01 Generic Device Path Header — Type Hardware Device Path
D 1 0x01 Sub type PCI Device Path
E 2 0x08 Length
10 1 0x00 PCI Function
11 1 0x10 PCI Device
12 1 0x02 Generic Device Path Header — Type ACPI Device Path
13 1 0x01 Sub type — ACPI Device Path
14 2 0x0C Length
16 4 0x41D0, _HID PNP0303
0x0303
1A 4 0x0000 _UID
1E 1 OxFF Generic Device Path Header — Type End Device Path
1F 1 OxFF Sub type — End Device Path
20 2 0x04 Length
C.3 IDE Disk

The IDE Disk controller isaPCl device that is contained in afunction of the root PCI host bridge.
The root PCI host bridge is amulti function device and has a separate function for chipset registers,
USB, and IDE. The disk connected to the IDE ATA busis defined as being on the primary or
secondary ATA bus, and of being the master or slave device on that bus.

In ACPI this configuration is represented in the _SB, system bus tree, of the ACPI name space.
PClOisachild of SB and it represents the root PCI host bridge. The IDE controller appears to the
systemto be a PCIl device with some legacy properties, so it isrepresented as a child of PCIO with
thename IDEO. PRIM isachild of IDEO and it represents the primary ATA bus of the IDE
controller. MAST isachild of PRIM and it represents the that this deviceisthe ATA master
device on this primary ATA bus.
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The EFI Device Path for the PCI IDE controller would contain entries for the following things:

Root PCI Bridge. ACPI Device Path _HID PNPOAO3, _UID 0. ACPI name space\ SB\PCIO
PCI IDE controller. PCI Device Path with device and function of the IDE controller. ACPI
name space\_SB\PCIO\IDEO

ATA Address. ATA Messaging Device Path for Primary bus and Master device. ACPI name
space\_SB\PCIO\IDEO\PRIM\MAST

Table C-2.

End Device Path

IDE Disk Device Path

Byte Byte
Offset Length  Data

Description

0 1 0x02 Generic Device Path Header — Type ACPI Device Path

1 1 0x01 Sub type — ACPI Device Path

2 2 0x0C Length

4 4 0x41D0, _HID PNPOAO3 — 0x41DO0 represents a compressed string ‘PNP’ and is in
ox0A03 the low order bytes

8 4 0x0000 _UID

C 1 0x01 Generic Device Path Header — Type Hardware Device Path

D 1 0x01 Sub type PCI Device Path

E 2 0x08 Length

10 1 0x01 PCI Function

11 1 0x10 PCI Device

12 1 0x03 Generic Device Path Header — Messaging Device Path

13 1 0x01 Sub type — ATAPI Device Path

14 2 0x08 Length

16 1 0x00 Primary =0, Secondary = 1

17 1 0x00 Master = 0, Slave = 1

18 2 0x0000 LUN

1A 1 OxFF Generic Device Path Header — Type End Device Path

1B 1 OxFF Sub type — End Device Path

1C 2 0x04 Length

C.4 Secondary Root PCI Bus with PCI to PCI Bridge

The secondary PCI host bridge materializes a second set of PCI busesinto the system. The PCI
buses on the secondary PCI host bridge are totally independent of the PCI buses on the root PCI
host bridge. The only relationship between the two is they must be configured to not consume the
same resources. The primary PCI bus of the secondary PCI host bridge also contains a PCl to PCI
bridge. Thereissome arbitrary PCI device plugged in behind the PCI to PCI bridgein a PCI dot.

312
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In ACPI this configuration is represented in the _SB, system bus tree, of the ACPI name space.
PCllisachild of _SB and it represents the secondary PCI host bridge. The PCI to PCI bridge and

the device plugged into the dot on its primary bus are not described in the ACPI name space.

These devices can be fully configured by following the applicable PCI specification.

The EFI Device Path for the secondary root PCI bridge with a PCl to PCI bridge would contain
entries for the following things:
Root PCI Bridge. ACPI Device Path HID PNPOAQ3, _UID 1. ACPI name space\ SB\PCI1
PCI to PCI Bridge. PCI Device Path with device and function of the PCI Bridge. ACPI name

space\ SB\PCI 1, PCI to PCI bridges are defined by PCI specification and not ACPI.
PCI Device. PCI Device Path with the device and function of the PCI device. ACPl name

space\ SB\PCI1, PCI devices are defined by PCI specification and not ACPI.

* End Device Path.
Table C-3. Secondary Root PCI Bus with PCl to PCI Bridge Device Path
Byte Byte
Offset Length Data Description
0 1 0x02 Generic Device Path Header — Type ACPI Device Path
1 1 0x01 Sub type — ACPI Device Path
2 2 0x0C Length
4 4 0x41D0, _HID PNPOAO3 — 0x41D0 represents a compressed string ‘PNP’ and is in
0x0A03 the low order bytes
8 4 0x0001 _UID
C 1 0x01 Generic Device Path Header — Type Hardware Device Path
D 1 0x01 Sub type PCI Device Path
E 2 0x08 Length
10 1 0x00 PCI Function for PCI to PCI bridge
11 1 0x0c PCI Device for PCI to PCI bridge
12 1 0x03 Generic Device Path Header — Type Hardware Device Path
13 1 0x01 Sub type PCI Device Path
14 2 0x08 Length
16 1 0x00 PCI Function for PCI Device
17 1 0x00 PCI Device for PCI Device
18 1 OxFF Generic Device Path Header — Type End Device Path
19 1 OxFF Sub type — End Device Path
1A 2 0x04 Length
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C5 ACPITerms

314

Names in the ACPI name space that start with an underscore (“_") are reserved by the ACPI
specification and have architectural meaning. All ACPI names in the name space are four
characters in length. The following four ACPI names are used in this specification.

_ADR. The Address on a bus that has standard enumeration. An example would be PCI, where
the enumeration method is described in the PCI Local Bus specification.

_CRS. The current resource setting of a device. A _CRS is required for devices that are not
enumerated in a standard fashion. _CRS is how ACPI converts non standard devices into plug and
play devices.

_HID. Represents a device’s plug and play hardware ID, stored as a 32-bit compressed EISA ID.
_HID objects are optional in ACPI. However, a _HID object must be used to describe any device
that will be enumerated by the ACPI driver in the OS. This is how ACPI deals with non Plug and
Play devices.

_UID. Is a serial number style ID that does not change across reboots. If a system contains more
than one device that reports the same _HID, each device must have a unique _UID. The _UID only
needs to be unique for device that have the exact same HID value.
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C.6 EFI Device Path as a Name Space

Figure C-3 shows the EFI Device Path for the example system represented as a name space. The
Device Path can be represented as a name space, but EFI does support manipulating the Device
Path as a name space. Y ou can only access Device Path information by locating the

DEVI CE_PATH | NTERFACE from ahandle. Not al the nodesin a Device Path will have a
handle.

Root
/
ACPI (Root PCI Bridge)
ACPI (Root PCI Bridge) / \
_HID PNPOAO3 _HID PNP0OAO3
_uibo _uUID1
PCI (ISA Bridge) PCI (IDE Device) ]
Dev, Func Dev, Func EC\ (I;CI to PCI Bridge)
ev, Func
Y v l
ACPI (Legacy Floppy) Message (ATA) PCI (Device)
_HID PNP0303 Primary Dev, Func ()
_umbo ‘71‘ Maste [2) —
y Kex
Media (Hard Drive) - De\l’wlce Path Z‘IOde
Partition 1 with EFI Handles
Device Path Node

i

only in other device paths

Example Platform
Reference

=]

Figure C-3. EFI Device Path Displayed As a Name Space
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Status Codes

EFl interfaces return an EFI _STATUS code. Tables D-1, D-2, and D-3 list these codes for
success, errors, and warnings, respectively. Error codes aso have their highest bit set, so all error

codes have negative val ues.

Table D-1. EFI_STATUS Success Codes
Mnemonic Value Description
EFI_SUCCESS 0 The operation completed successfully.
Table D-2. EFI_STATUS Error Codes
Mnemonic Value Description
EFI_LOAD_ERROR 1 The image failed to load.
EFI_INVALID_PARAMETER 2 A parameter was incorrect.
EFI_UNSUPPORTED 3 The operation is not supported.
EFI_BAD_BUFFER_SIZE 4 The buffer was not the proper size for the request.
EFI_BUFFER_TOO_SMALL 5 The buffer is not large enough to hold the requested data.
The required buffer size is returned in the appropriate
parameter when this error occurs.

EFI_NOT_READY 6 There is no data pending upon return.
EFI_DEVICE_ERROR The physical device reported an error while attempting the
operation.

EFI_WRITE_PROTECTED 8 The device cannot be written to.

EFI_OUT_OF RESOURCES A resource has run out.

EFI_VOLUME_CORRUPTED 10 An inconstancy was detected on the file system causing
the operating to fail.

EFI_VOLUME_FULL 11 There is no more space on the file system.

EFI_NO_MEDIA 12 The device does not contain any media to perform the
operation.

EFI_MEDIA_CHANGED 13 The media in the device has changed since the last
access.

EFI_NOT_FOUND 14 The item was not found.

EFI_ACCESS_DENIED 15 Access was denied.

EFI_NO_RESPONSE 16 The server was not found or did not respond to the request.

EFI_NO_MAPPING 17 A mapping to a device does not exist.

EFI_TIMEOUT 18 The timeout time expired.

EFI_NOT_STARTED 19 The protocol has not been started.
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Table D-2. EFI_STATUS Error Codes (continued)

Mnemonic Value Description

EFI_ALREADY_STARTED 20 The protocol has already been started.
EFI_ABORTED 21 The operation was aborted.

EFI_ICMP_ERROR 22 An ICMP error occurred during the network operation.
EFI_TFTP_ERROR 23 A TFTP error occurred during the network operation.

Table D-3. EFI_STATUS Warning Codes

Mnemonic Value Description
EFI_WARN_UNKOWN_GLYPH 1 The Unicode string contained one or more characters that
the device could not render and were skipped.
EFI_WARN_DELETE_FAILURE 2 The handle was closed, but the file was not deleted.
EFI_WARN_WRITE_FAILURE 3 The handle was closed, but the data to the file was not
flushed properly.
EFI_WARN_BUFFER_TOO_SMALL 4 The resulting buffer was too small, and the data was
truncated to the buffer size.
1/19/00 Version 0.92
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Alphabetic Function List

The following table lists all EFI functions alphabetically. Functionsthat have the same name can
be distinguished by the associated service or protocol (column 2). For example, there are two
“Flush” functions, one from the Device I/O Protocol and one from the File System Protocol.

Table E-1. Alphabetic Function List

Function Name

Service or Protocol Sub-Service

Function Description

AllocateBuffer

Device I/0O Protocol

Allocates pages that are suitable
for a common buffer mapping.

AllocatePages

Boot Services Memory Allocation

Allocates memory pages of a

Services particular type.
AllocatePool Boot Services Memory Allocation Allocates pool of a particular type.
Services
Arp PXE Base Code Uses the ARP protocol to resolve
Protocol a MAC address.
ClearScreen Simple Text Output Clears the screen with the
Protocol currently set background color.
Close File System Protocol Closes the current file handle.
CloseEvent Boot Services Event Services Closes and frees an event

structure.

ConvertPointer

Runtime Services Virtual Memory

Services

Used by EFI components to
convert internal pointers when
switching to virtual addressing.

CreateEvent Boot Services Event Services Creates a general-purpose event
structure.

Delete File System Protocol Deletes a file.

Dhcp PXE Base Code Attempts to complete a DHCPv4

Protocol D.O.R.A. (discover / offer / request

/ acknowledge) or DHCPVv6
S.A.R.R (solicit / advertise /
request / reply) sequence.

Discover PXE Base Code Attempts to complete the PXE

Protocol

Boot Server and/or boot image
discovery sequence.

EFI_PXE_BASE_CODE_CAL

LBACK

PXE Base Code
Protocol

Callback function that is invoked
when the PXE Base Code
Protocol is waiting for an event.

EFI_IMAGE_ENTRY_POINT Boot Services

Image Services

Prototype of an EFI Image’s entry
point.
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Function Name

Service or Protocol Sub-Service

Function Description

EnableCursor

Simple Text Output

Turns the visibility of the cursor

Protocol on/off.

Exit Boot Services Image Services Exits the image’s entry point.

ExitBootServices Boot Services Image Services Terminates boot services.

FatToStr Unicode Collation Converts an 8.3 FAT file name in

Protocol an OEM character set to a Null-
terminated Unicode string.

Flush Device 1/O Protocol Flushes any posted write data to
the device.

Flush File System Protocol Flushes all modified data
associated with the file to the
device.

FlushBlocks Block 1/0O Protocol Flushes any cached blocks.

FreePages Boot Services Memory Allocation Frees memory pages.

Services
FreePool Boot Services Memory Allocation Frees allocated pool.
Services

GetControl Serial 1/0 Protocol Reads the status of the control bits
on a serial device.

Getlinfo File System Protocol Gets the requested file or volume
information.

GetMemoryMap Boot Services Memory Allocation Returns the current boot services

Services

memory map and memory
map key.

GetNextHighMonotonicCount

Miscellaneous
Services

Runtime Services

Returns the next high 32 bits of a
platform's monotonic counter.

GetNextMonotonicCount

Miscellaneous
Services

Boot Services

Returns a monotonically
increasing count for the platform.

GetNextVariableName

Runtime Services Variable Services

Enumerates the current variable
names.

GetPosition File System Protocol Returns the current file position.
GetStatus Simple Network Reads the current interrupt status
Protocol and recycled transmit buffer status

from the network interface.

GetTime Runtime Services Time Services Returns the current time and date,
and the time-keeping capabilities
of the platform.

GetVariable Runtime Services Variable Services Returns the value of the specific

variable.
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Alphabetic Function List (continued)

Alphabetic Function List

Function Name

Service or Protocol

Sub-Service

Function Description

GetWakeupTime

Runtime Services

Time Services

Returns the current wakeup alarm
clock setting.

HandleProtocol

Boot Services

Protocol Handler
Services

Queries the list of protocol
handlers on a device handle for
the requested Protocol Interface.

Initialize

Simple Network
Protocol

Resets the network adapter and
allocates the transmit and receive
buffers required by the network
interface; also optionally allows
space for additional transmit and
receive buffers to be allocated

InstallProtocollnterface

Boot Services

Protocol Handler

Adds a protocol interface to an

Services existing or new device handle.
lo.Read Device 1/0O Protocol Reads from 1/O ports on a bus.
lo.Write Device 1/0O Protocol Writes to 1/O ports on a bus.
LoadFile Load File Protocol Causes the driver to load the

requested file.
LoadIlmage Boot Services Image Services Function to dynamically load
another EFI Image.
LocateDevicePath Boot Services Protocol Handler  Locates the closest handle that

Services

supports the specified protocol on
the specified device path.

LocateHandle

Boot Services

Protocol Handler

Locates the handle(s) that support

Services the specified protocol.

Map Device 1/0 Protocol Provides the device specific
addresses needed to access host
memory for DMA.

MCastIPtoMAC Simple Network Allows a multicast IP address to

Protocol be mapped to a multicast HW
MAC address.

Mem.Read Device 1/0 Protocol Reads from memory on a bus.

Mem.Write Device 1/0 Protocol Writes to memory on a bus.

MetaiMatch Unicode Collation Performs a case insensitive

Protocol comparison between a Unicode
pattern string and a Unicode
string.

Mtftp PXE Base Code Is used to perform TFTP and

Protocol MTFTP services.
continued
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Function Name

Service or Protocol Sub-Service

Function Description

NVData

Simple Network
Protocol

Allows read and writes to the
NVRAM device attached to a
network interface.

Open File System Protocol Opens or creates a new file.
OpenVolume Simple File System Opens the volume for file I/10
Protocol access.
OutputString Simple Text Output Displays the Unicode string on the
Protocol device at the current cursor
location.
Pci.Read Device 1/0 Protocol Reads from PCI Configuration
Space.
Pci.Write Device I/O Protocol Writes to PCI Configuration

Space.

PciDevicePath

Device |/O Protocol

Provides an EFI Device Path for a
PCI device with the given PCI
configuration space address.

QueryMode Simple Text Output Queries information concerning
Protocol the output device’s supported text
mode.
RaiseTPL Boot Services Task Priority Raises the task priority level.
Services
Read File System Protocol Reads bytes from a file.
Read Serial I/0 Protocol Receives a buffer of characters
from a serial device.
ReadBlocks Block 1/O Protocol Reads the requested number of
blocks from the device.
ReadDisk Disk 1/0 Protocol Reads data from the disk.
ReadKeyStroke Simple Input Reads a keystroke from a simple
Protocol input device.
Receive Simple Network Receives a packet from the

Protocol network interface.
ReceiveFilters Simple Input Manages the multicast receive
Protocol filters of the network interface.

RegisterProtocolNotify

Boot Services
Services

Protocol Handler

Registers for protocol interface
installation notifications

ReinstallProtocolinterface

Boot Services
Services

Protocol Handler

Replaces a protocol interface.

Reset

Block 1/0 Protocol

Resets the block device hardware.

Reset

Serial I/O Protocol

Resets the hardware device.
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Function Name

Service or Protocol Sub-Service

Function Description

Reset Simple Input Resets a simple input device.
Protocol
Reset Simple Network Resets the network adapter, and
Protocol re-initializes it with the parameters
that were provided in the previous
call to Initialize().
Reset Simple Text Output Reset the ConsoleOut device.
Protocol
ResetSystem Runtime Services Miscellaneous Resets the entire platform.
Services
RestoreTPL Boot Services Task Priority Restores/lowers the task priority
Services level.
SetAttribute Simple Text Output Sets the foreground and
Protocol background color of the text that is
output.
SetAttributes Serial 1/0 Protocol Sets communication parameters
for a serial device.
SetControl Serial I/0 Protocol Sets the control bits on a serial
device.
SetCursorPosition Simple Text Output Sets the current cursor position.
Protocol
Setinfo File System Protocol Sets the requested file
information.
SetlpFilter PXE Base Code Updates the IP receive filters of a
Protocol network device and enables
software filtering.
SetMode Simple Text Output Sets the current mode of the
Protocol output device.
SetPackets PXE Base Code Updates the contents of the
Protocol cached DHCP and Discover
packets.
SetParameters PXE Base Code Updates the parameters that affect
Protocol the operation of the PXE Base
Code Protocol.
SetPosition File System Protocol Sets the current file position.

SetStationlp

PXE Base Code

Updates the station IP address

Protocol and/or subnet mask values.
SetTime Runtime Services Time Services Sets the current local time and
date information.
SetTimer Boot Services Event Services Sets an event to be signaled at a

particular time.
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Function Name

Service or Protocol

Sub-Service

Function Description

SetVariable Runtime Services Variable Services Sets the value of the specified
variable.
SetVirtualAddressMap Runtime Services Virtual Memory Used by an OS loader to convert
Services from physical addressing to virtual
addressing.
SetWakeupTime Runtime Services Time Services Sets the system wakeup alarm
clock time.
SetWatchdogTimer Boot Services Miscellaneous Resets and sets the system'’s
Services watchdog timer.
Shutdown Simple Network Resets the network adapter and
Protocol leaves it in a state safe for another
driver to initialize.
SignalEvent Boot Services Event Services Signals an event.
Stall Boot Services Miscellaneous Stalls the processor.
Services
Start PXE Base Code Enables the use of PXE Base
Protocol Code Protocol functions.
Start Simple Network Changes the network interface
Protocol from the stopped state to the
started state.
Startimage Boot Services Image Services Function to transfer control to the
Image’s entry point.
StationAddress Simple Network Allows the station address of the
Protocol network interface to be modified.
Statistics Simple Network Allows the statistics on the
Protocol network interface to be reset
and/or collected.
Stop PXE Base Code Disables the use of PXE Base
Protocol Code Protocol functions.
Stop Simple Network Changes the network interface
Protocol from the started state to the
stopped state.
StriColl Unicode Collation Performs a case-insensitive
Protocol comparison between two Unicode
strings.
StrLwr Unicode Collation Converts all the Unicode

Protocol

characters in a Null-terminated
Unicode string to lower case
Unicode characters.
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Function Name

Service or Protocol Sub-Service

Function Description

StrToFat Unicode Collation Converts a Null-terminated
Protocol Unicode string to legal characters
in a FAT filename using an OEM
character set.
StrUpr Unicode Collation Converts all the Unicode
Protocol characters in a Null-terminated
Unicode string to upper case
Unicode characters.
TestString Simple Text Output Tests to see if the ConsoleOut
Protocol device supports this Unicode
string.
Transmit Simple Network Places a packet in the transmit
Protocol queue of the network interface.
UdpRead PXE Base Code Reads a UDP packet from a
Protocol network interface.
UdpWrite PXE Base Code Writes a UDP packet to a network
Protocol interface.

UninstallProtocolinterface

Boot Services Protocol Handler

Removes a protocol interface from

Services a device handle.

Unload Loaded Image Requests an image to unload.

Unloadimage Boot Services Image Services Unloads an image.

Unmap Device 1/0 Protocol Releases any resources allocated
by Map().

WaitForEvent Boot Services Event Services Stops execution until an event is
signaled.

Write File System Protocol Writes bytes to a file.

Write Serial 1/0 Protocol Sends a buffer of characters to a
serial device.

WriteBlocks Block 1/0 Protocol Writes the requested number of
blocks to the device.

WriteDisk Disk 1/0 Protocol Writes data to the disk.
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ACPI

Refers to the Advanced Configuration and Power Interface Specification and to the
concepts and technology it discusses. The specification defines a new interface to the
system board that enables the operating system to implement operating system-directed
power management and system configuration.

Big Endian

A memory architecture in which the low-order byte of a multibyte datum is at the highest
address, while the high-order byteis at the lowest address. See Little Endian.

BIOS
Basic Input/Output System. A collection of low-level I/O service routines.
Block 1/0 Protocol

A protocol that is used during boot servicesto abstract mass storage devices. It allows
boot services code to perform block I/O without knowing the type of adevice or its
controller.

Block Size

The fundamental allocation unit for devices that support the BLOCK _IO protocol. Not
lessthan 512 bytes. Thisis commonly referred to as sector size on hard disk drives.

Boot Device

The device handle that corresponds to the device from which the currently executing
image was loaded.

Boot M anager

The part of the firmware implementation that is responsible for implementing system
boot policy. Although a particular boot manager implementation is not specified in this
document, such code is generally expected to be able to enumerate and handle transfers
of control to the available OS loaders as well as EFI applications and drivers on a given
system. The boot manager would typically be responsible for interacting with the system
user, where applicable, to determine what to load during system startup. In cases where
user interaction is not indicated, the boot manager would determine what to load and, if
multiple items are to be loaded, what the sequencing of such loads would be.
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Boot Services

The collection of interfaces and protocols that are present in the boot environment. The
services minimally provide an OS loader with access to platform capabilities required to
complete OS boot. Services are aso available to drivers and applications that need
access to platform capability. Boot services are terminated once the operating system
takes control of the platform.

Boot Services Time

The period of time between platform initiaization and the call to
Exi t Boot Ser vi ces() . Duringthistime, EFI drivers and applications are |oaded
iteratively and the system boots from an ordered list of EFI OS |oaders.

CIM (Common Information Model)
A schemainto which platform configuration data is mapped by higher-level software.
Console I/O Protocol

A protocol that is used during boot services to handle input and output of text-based
information intended for the system user.

Consoleln

The device handle that corresponds to the device used for user input in the boot services
environment. Typically the system keyboard.

ConsoleOut

The device handle that corresponds to the device used to display messages to the user
from the boot services environment. Typically a display screen.

Device Handle

A handle pointsto alist of one or more protocols that can respond to requests for services
for agiven device referred to by the handle.

Devicel/O Protocol
A protocol that is used during boot services to access memory and 1/0O.
Device Path

Anidentifier used to locate and differentiate devices on the platform in the boot services
environment.

Device Path Protocol

A protocol that is used during boot services to provide the information needed to
construct and manage device paths.

Disk 1/0O Protocol

A protocol that is used during boot servicesto abstract Block 1/0 devicesto allow non-
block sized I/O operations.
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DMI
Desktop Management Interface.
EFI application

Modular code that may be loaded in the boot services environment to accomplish
platform specific tasks within that environment. Examples of possible applications might
include diagnostics or disaster recovery tools shipped with a platform that run outside the
OS environment. Applications may be loaded in accordance with policy implemented by
the platform firmware to accomplish a specific task. Control isthen returned from the
application to the platform firmware.

EFI-compliant

Refersto a platform that complies with this specification.
EFI-conformant

See EFI-compliant.
EFI Driver

A module of codetypically inserted into the firmware via protocol interfaces. Drivers
may provide device support during the boot process or they may provide platform
services. It isimportant not to confuse driversin this specification with OS drivers that
load to provide device support once the OS takes control of the platform.

EFI File

A container consisting of a number of blocks that holds an image or a data file within a
file system that complies with this specification.

EFI Image

An executable file stored in afile system that complies with this specification. Images
may be drivers, applications or OS loaders.

EFI OSloader

Thefirst piece of operating system code loaded by the firmware to initiate the OS boot
process. Thiscodeisloaded at afixed address and then executed. The OS takes control
of the system prior to completing the OS boot process by calling the interface that
terminates all boot services.

EM (Enhanced Mode)
The 64-bit architecture extension that makes up part of the 1A-64 architecture.
Event Services

The set of functions used to manage events. Includes CreateEvent(), CloseEvent(),
Signal Event(), and WaitForEvent().

File System Protocol

A protocol that is used during boot services to obtain file-based access to a device.
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Firmware
Any software that isincluded in read-only memory (ROM).
GUID (Guaranteed unique identifier)

A 128-bit value used to differentiate services and structuresin the boot services
environment. The format of aGUID is defined in Appendix A. See Protocol.

Handle

See Device Handle.
|A-32

The 32-bit architecture implemented in the Pentium and Pentium Pro processors.
|A-64

Includes the 1A-32 architecture and the high performance 64-bit EM architecture
extension.

I mage Services

The set of functions used to manage EFI images. Includes Loadlmage(), Startimage(),
Unloadimage(), Exit(), ExitBootServices(), and EFI_IMAGE_ENTRY_POINT.

Intel Architecture Platform Architecture

A collective term for PC-AT-class computers and other systems based on Intel
Architecture processors of all families.

L egacy Platform

A platform which, in the interests of providing backward-compatibility, retains obsolete
technology.

Little Endian

A memory architecture in which the low-order byte of a multibyte datum is at the lowest
address, while the high-order byteis at the highest address. See Big Endian.

L oad File Protocol
A protocol that is used during boot services to find and load other modules of code.
MCA (Machine Check Abort)

The system management and error correction facilities built into the | A-64 processor
family.

Memory Allocation Services

The set of functions used to allocate and free memory, and to retrieve the memory map.
Includes AllocatePages(), FreePages(), AllocatePool(), FreePool(), and
GetMemoryMap().
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Memory Map

A collection of structures that defines the layout and allocation of system memory during
the boot process. Drivers and applications that run during the boot process prior to OS
control may require memory. The boot services implementation is required to ensure that
an appropriate representation of available and allocated memory is communicated to the
OS as part of the hand-off of control.

Memory Type

One of the memory types defined by EFI for use by the firmware and EFI applications.
Among others, there are types for boot services code, boot services data, runtime services
code, and runtime services data. Some of the types are used for one purpose before

Exi t Boot Ser vi ces() iscaled and another purpose after.

Miscellaneous Ser vices

Various functions that are needed to support the EFI environment. Includes
ResetSystem(), Stall(), SetWatchdogTimer(), GetNextM onotonicCount(), and
GetNextHighM onotonicCount().

Page Memory

A set of contiguous pages. Page memory isallocated by Al | ocat ePages() and
returned by Fr eePages() .

Pool Memory

A set of contiguous bytes. A pool begins on, but need not end on, a page boundary. Pool

memory is allocated in pages — that is, firmware allocates enough contiguous pages to
contain the number of bytes specified in the allocation request. Hence, a pool can be
contained within a single page or extend across multiple pages. Pool memory is allocated
by Al | ocat ePool () and returned bifr eePool () .

Partition

A section of a block device treated as a logical whole. For fixed disks, the master boot
record defines the number and size of partitions present on a given disk.

PC-AT

Refers to a PC platform that uses the AT form factor for their motherboards.
Preboot Execution Environment

SeePXE.
Protocol

The set of information that defines how to access a certain type of device during boot
services. A protocol consists of a GUID, a protocol revision number, and a protocol
interface structure. The interface structure contains data definitions and a set of functions
for accessing the device. A device can have multiple protocols. Each protocol is
accessible through the device’s handle.
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Protocol Handler

A function that respondsto acall to aHandl ePr ot ocol request for agiven handle. A
protocol handler returns a protocol interface structure.

Protocol Handler Services

The set of functions used to manipulate handles, protocols, and protocol interfaces.
Includes Install Protocol Interface(), UninstallProtocol Interface(),

Relnstall Protocol Interface(), HandleProtocol (), RegisterProtocol Natify(),
LocateHandl&(), LocateDevicePath(), and L ocateProtocol ().

Protocol | nterface Structure

The set of data definitions and functions used to access a particular type of device. For
example, BLOCK |0 isaprotocol that encompasses interfacesto read and write blocks
from mass storage devices. See Protocol.

Protocol Revision Number
The revision number associated with a protocol. See Protocol.
PXE

Refers to the “Preboot Execution Environment”. For more information, s&edbaot
Execution Environment (PXE) Specification.

Runtime Services

Interfaces that provide access to underlying platform specific hardware that may be
useful during OS runtime, such as timers. These services are available during the boot
process but also persist after the OS loader terminates boot services.

SAL (System Abstraction Layer)

Firmware that abstracts platform implementation differences, and provides the basic
platform software interface to all higher level software.

Serial 1/0 Protocol
A protocol that is used during boot services to abstract byte stream devices.
SMBIOS (System Management BIOS)

A table-based interface that is required by\Wheed for Management Baseline
Specification. It is used to relate platform-specific management information to the OS or
to an OS-based management agent.

StandardError

The device handle that corresponds to the device used to display error messages to the
user from the boot services environment.

Status Codes

Success, error, and warning codes returned by boot services and runtime services
functions.
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System Abstraction Layer
See SAL.

System Management BIOS
See SMBIOS.

System Partition

An optional partition that may appear on a mass storage device (or any other media
supporting the BLOCK 1O protocol). If such a partition exists separate from native OS
format partitions, the structure of the file system on that partition must comply with the
structures defined in this specification.

String

All strings in this specification are implemented in Unicode.
Task Priority Level

See TPL.
Task Priority Services

The set of functions used to manipulate task priority levels. Includes RaiseTPL () and
RestoreTPL().

Time Format

The format for expressing time in an EFI-compliant platform. For more information, see
Appendix A.

Time Services

The set of functions used to manage time. Includes GetTime(), SetTime(),
GetWakeupTime(), and SetWakeupTime().

Timer Services
The set of functions used to manipulate timers. Contains a single function, SetTimer().
TPL

Task Priority Level. The boot services environment exposes three task priority levels:
“normal”, “callback”, and “notify”.

Unicode

An industry standard internationalized character set used for human readable message
display.

Unicode Collation Protocol

A protocol that is used during boot services to perform lexical comparison functions on
Unicode strings for given languages.

Universal Serial Bus
SeeUSB.
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USB (Universal Serial Bus)

A bi-directional, isochronous, dynamically attachable serial interface for adding
peripheral devices such as seria ports, paralld ports, and input devices on asingle bus.

Variable Services

The set of functions used to manage variables. Includes GetVariable(), SetVariable(),
and GetNextV ariableName().

Virtual Memory Services

The set of functions used to manage virtual memory. Includes SetVirtual AddressMap()
and ConvertPointer().

Watchdog Timer

An alarm timer that may be set to go off. This can be used to regain control in cases
where a code path in the boot services environment failsto or is unable to return control
by the expected path.

WM (Wired for Management)

Refers to the Wired for Management Baseline Specification. The Specification defines a
baseline for system manageability issues; itsintent isto help lower the cost of computer
ownership.

Wired for Management
See WM.
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EFI Driver, 104
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EFl Image Header, 103
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EFl Images, 103

EFI Images, introduction, 103

EFI Images, loading, 13

EFI interfaces, purpose, 14

EFIl OS Loader, 104
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EFI_FILE_SYSTEM_INFO, 198
EFI_GENERIC_FILE_INFO, 196
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EFIApplication, 104
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File System Protocol, 179
File system. format, 279
FILE_1O.Close, 187

FILE |0.Delete, 188
FILE_1O.GetInfo, 193
FILE_1O.GetPosition, 192
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FILE_1O.Read, 189
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firmware boot manager, 293

firmware menu, 13

formats, of different media, 290
FreePages() Boot Services Function, 44
FreePool () Boot Services Function, 50
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CE.TestString, 157
DEVICE_IO.Flush(), 143
DEVICE_IO.Map(), 138
DEVICE_|O.PciDevicePath(), 137
DEVICE_10.Unmap(), 102, 140
PXE_l10O.Startup(), 232, 234, 235, 237,
240, 243, 245, 248, 249, 250, 251,
252, 253
SIMPLE_INPUT_INTERFACE.ReadKey
Stroke, 150, 207, 208, 210, 211, 212,
213, 217, 218, 220, 221, 222, 223, 324
SIMPLE_INPUT_INTERFACE.Rest,
149
SIMPLE_TEXT_
OUTPUT_INTERFACE.OutputString,
155
SIMPLE_TEXT_OUTPUT _INTERFACE
.ClearScreen, 162
SIMPLE_TEXT_OUTPUT _INTERFACE
.EnableCursor, 164
SIMPLE_TEXT_OUTPUT _INTERFACE
.QueryMode, 158
SIMPLE_TEXT_OUTPUT_INTERFACE
.Reset, 154
SIMPLE_TEXT_OUTPUT_INTERFACE
SetAttribute, 160
SIMPLE_TEXT_OUTPUT_INTERFACE
.SetCursorPosition, 163
functions, DEVICE_IO Mem(), 1o(),
Pci(), 135
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GetMemoryMap() Boot Services Function, 45

GetNextVariableName() Runtime
Function, 76

GetTime() Runtime Function, 81
GetVariable() Runtime Function, 74
globally unique identifier, definition of, 330
Globally Unique Identifiers, agorithms, 203
Globally Unique Identifiers, format, 203
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HandleProtocol () Function, 60
handoff state, IA-32, 109
handoff state, |A-64, 110
|A-32, handoff state, 109
|A-64
firmware specifications, 8. See also
related information
platforms, 8
requirements, related to this
specification, 8
| A-64, handoff state, 110
Image Boot Service Interfaces, list, 64, 73
Image Handoff State, 105
Image Header, 103
Image Services, 63
Image, EFI, contents, 279
information, resources, 5
Install ProtocolHandler() Function, 53

Intel Architecture Platform Architecture,
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interfaces, EFI

genera categories of, 15
introduction, 1
L-M
legacy systems, support of, 10
little endian, 11
LOAD_FILE Protocol, 199
LOAD_FILE.LoadFile() Function, 200
LOADED_IMAGE Protocol, 99
Loader, EFI, 104
Loadimage() Boot Service Function, 65
L ocateHandle() Boot Service Function, 58, 61
Master Boot Record, 123
MBR. See Master Boot Record
media formats, 290
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CD-ROM and DVD-ROM, 287, 291
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hard drive, 291
media types, finding partition, future
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Memory Allocation, Overview, 38
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Memory Map, definition of, 331
memory type, usage after
ExitBootServices(), 38
migration requirements, 10
migration, from legacy systems, 10
Miscellaneous services, 91
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network booting, 298
operating system loader, definition of, 329
organization, document, 2
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overview of design, 8
overview, of boot process, 13
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Partition, definition of, 331
PCANSI terminals, and
SIMPLE_TEXT_OUTPUT, 306
PCI Address, structure, 136
PE32+ image format, 103
Plug and Play Option ROMs
and boot services, 14
prerequisite specifications, 7
protocol
Device Path, 111
LOADED_IMAGE, 99
PXE_IO, 225
SIMPLE_INPUT_INTERFACE, 146, 215

SIMPLE_TEXT_OUTPUT_INTERFACE
151

Protocol Handler Services, 51
Protocol Handler, definition of, 332
Protocol Interface, definition of, 332
protocol, DEVICE_IO, 132
protocols, 18
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LOAD_FILE, 199
SIMPLE_FILE_SYSTEM, 179
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protocols, EF, list of, 20
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PXE_IO protocol, 225
PXE_IO protocol, definition, 225
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references, 5
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ResetSystem() Runtime Function, 92
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ACPI_ADR, 128
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hardware vs. messaging, 129
rules, for Device Path, media, 129
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GetNextVariableName(), 76
GetTime(), 81
GetVariable(), 74
ResetSystem(), 92
SetVariable(), 78
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runtime service functions, 15
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SetWatchdogTimer() Boot Services
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Signal Event() Boot Services Function, 31

SIMPLE_FILE_SYSTEM Protocol, 179

SIMPLE_INPUT_INTERFACE protocol,
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SIMPLE_INPUT_INTERFACE.ReadK eyStro
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213, 217, 218, 220, 221, 222, 223, 324

SIMPLE_INPUT_INTERFACE.Reset
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SIMPLE_TEXT_OUTPUT_INTERFACE
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SIMPLE_TEXT_OUTPUT_INTERFACE.Out
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SIMPLE_TEXT_OUTPUT_INTERFACE.Qu
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SIMPLE_TEXT_OUTPUT_INTERFACE.Res
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SIMPLE_TEXT_OUTPUT_INTERFACE.Set
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SIMPLE_TEXT_OUTPUT_INTERFACE.Set
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SIMPLE_TEXT_OUTPUT_INTERFACE.Set
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SIMPLE_TEXT_OUTPUT_INTERFACE.Tes
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Unicode, definition of, 333
Uninstal | ProtocolHandler() Function, 55
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Boot###H, 297
BootNext, 297
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Timeout, 297
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