VOLUME 5: Platform Initialization
Specification

Standards

Version 1.5
7/28/2016



Platform Initialization Specification VOLUME 5 Standards

The material contained herein is not a license, either expressly or impliedly, to any intellectual property owned or
controlled by any of the authors or developers of this material or to any contribution thereto. The material contained
herein is provided on an "AS IS" basis and, to the maximum extent permitted by applicable law, this information is
provided AS IS AND WITH ALL FAULTS, and the authors and developers of this material hereby disclaim all other
warranties and conditions, either express, implied or statutory, including, but not limited to, any (if any) implied
warranties, duties or conditions of merchantability, of fitness for a particular purpose, of accuracy or completeness of
responses, of results, of workmanlike effort, of lack of viruses and of lack of negligence, all with regard to this material
and any contribution thereto. Designers must not rely on the absence or characteristics of any features or instructions
marked "reserved" or "undefined." The Unified EFI Forum, Inc. reserves any features or instructions so marked for
future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future
changes to them. ALSO, THERE IS NO WARRANTY OR CONDITION OF TITLE, QUIET ENJOYMENT, QUIET
POSSESSION, CORRESPONDENCE TO DESCRIPTION OR NON-INFRINGEMENT WITH REGARD TO THE
SPECIFICATION AND ANY CONTRIBUTION THERETO.

IN NO EVENT WILL ANY AUTHOR OR DEVELOPER OF THIS MATERIAL OR ANY CONTRIBUTION THERETO BE
LIABLE TO ANY OTHER PARTY FOR THE COST OF PROCURING SUBSTITUTE GOODS OR SERVICES, LOST
PROFITS, LOSS OF USE, LOSS OF DATA, OR ANY INCIDENTAL, CONSEQUENTIAL, DIRECT, INDIRECT, OR
SPECIAL DAMAGES WHETHER UNDER CONTRACT, TORT, WARRANTY, OR OTHERWISE, ARISING IN ANY
WAY OUT OF THIS OR ANY OTHER AGREEMENT RELATING TO THIS DOCUMENT, WHETHER OR NOT SUCH
PARTY HAD ADVANCE NOTICE OF THE POSSIBILITY OF SUCH DAMAGES.

Copyright 2006 - 2016 Unified EFI, Inc. All Rights Reserved.

ii 4/26/2016 Version 1.5



Revision History

Revision

Revision History

Date

1.0

Initial public release.

8/21/06

1.0 errata

Mantis tickets:
* M47 dxe_dispatcher_load_image_behavior
* M48 Make spec more consistent GUID & filename.

* M155 FV_FILE and FV_ONLY: Change subtype number back to
th:e original one.

* M171Remove 10 us lower bound restriction for the TickPeriod in
the Metronome

* M178 Remove references to tail in file header and made file
checksum for the data
* M183 Vol 1-Vol 5: Make spec more consistent.

* M192 Change PAD files to have an undefined GUID file name and
update all FV

10/29/07

1.1

Mantis tickets:

» M39 (Updates PCI Hostbridge & PCI Platform)

* M41 (Duplicate 167)

* M42 Add the definition of theDXE CIS Capsule AP & Variable AP
* M43 (SMbios)

* M46 (SMM error codes)

+ M163 (Add Volume 4--SMM

* M167 (Vol2: adds the DXE Boot Services Protocols--new Chapter
12)

* M179 (S3 boot script)

+ M180 (PMI ECR)

* M195 (Remove PMI references from SMM CIS)
* M196 (disposable-section type to the FFS)

11/05/07

1.1
correction

Restore (missing) MP protocol

03/12/08

1.1 Errata

Revises typographical errors and minor omissions--see Errata for
details

04/25/08

Version 1.5

4/26/2016



Platform Initialization Specification VOLUME 5

Standards

1.1 Errata

Mantis tickets

204 Stack HOB update 1.1errata

225 Correct references from
EFI_FIRMWARE_VOLUME_PROTOCOL to
EFI_FIRMWARE_VOLUME2_PROTOCOL

226 Remove references to Framework

227 Correct protocol name
GUIDED_SECTION_EXTRACTION_PROTOCOL

228 insert"typedef" missing from some typedefs in Volume 3

243 Define interface "EFI_PEI_FV_PPI" declaration in P11.0
FfsFindNextVolume()

285 Time quality of service in S3 boot script poll operation

287 Correct MP spec, PIVOLUME 2:Chapter 13.3 and 13.4 -
return error language

290 PI Errata

305 Remove Datahub reference

336 SMM Control Protocol update

345 Pl Errata

353 PI Errata

360 S3RestoreConfig description is missing
363 Pl Volume 1 Errata

367 PCI Hot Plug Init errata

369 Volume 4 Errata

380 SMM Development errata

381 Errata on EFI_SMM_SAVE_STATE_IO_INFO

01/13/09

1.1 Errata

247 Clarification regarding use of dependency expression section
types with firmware volume image files

399 SMBIOS Protocol Errata

405 PIWG Volume 5 incorrectly refers to
EFI_PCI_OVERRIDE_PROTOCOL

422 TEMPORARY_RAM_SUPPORT_PPI is misnamed
428 Volume 5 PCl issue
430 Clarify behavior w/ the FV extended header

02/23/09

1.2

271 Support For Large Firmware Files And Firmware File
Sections

284 CPU I/0O protocol update

286 Legacy Region protocol

289 Recovery API

292 PCD Specification Update

354 ACPI Manipulation Protocol

355 EFI_SIO_PROTOCOL Errata

365 UEFI Capsule HOB

382 IDE Controller Specification

385 Report Status Code Router Specification
386 Status Code Specification

01/19/09

4/26/2016

Version 1.5



441 Comment: Pl Volume 3, Incorrect Struct Declaration (esp
PCD_PPI)

455 Comment: Errata - Clarification of InstallPeiMemory()
465 Comment: Errata on PMI interface

466 Comment: Vol 4 EXTENDED_SAL_PROC definition
467 Comments: PI1.1 errata

480 Comment: FIX to PCD_PROTOCOL and PCD_PPI

1.2 401 SMM Volume 4 issue 02/23/09
402 SMM PI spec issue w.r.t. CRC
407 Add LMA Pseudo-Register to SMM Save State Protocol
409 PCD_PROTOCOL Errata
411 Draft Errata, Volume 5, Section 8
412 Comment: PEI_S3_RESUME_PPI should be
EFI_PEI_S3_RESUME_PPI
414 Draft Chapter 7 Comments
415 Comment: Report Status Code Routers
416 EFI_CPU_IO_PROTOCOL2 Name should be
EFI_CPU_IO2_PROTOCOL
417 Volume 5, Chapter 4 & 5 order is reversed
423 Comment: Section 15.2.1 Formatting Issues vol5
424 Comments: Volume 5, Appendix A.1 formatting issues
425 Comment: Formatting in Section 6.1 of Volume 3
426 Comments: Volume 2
427 Comment: Volume 3, Section 6
433 Editorial issues in PI 1.2 draft
1.2 407 Comment: additional change to LMA Pseudo-Register 05/13/09

Version 1.5

4/26/2016




Platform Initialization Specification VOLUME 5

vi

Standards

1.2 errata

345 PI1.0 errata

468 Issues on proposed PI11.2 ACPI System Description Table
Protocol

492 Add Resource HOB Protectability Attributes
494 Vol. 2 Appendix A Clean up

495 Vol 1: update HOB reference

380 PI1.1 errata from SMM development

501 Clean Up SetMemoryAttributes() language Per Mantis 489
(from USWG)

502 Disk info

503 typo

504 remove support for fixed address resources
509 PCI errata — execution phase

510 PCI errata - platform policy

511 PIC TE Image clarification/errata

520 PI Errata

521Add help text for EFI_PCD_PROTOCOL for
GetNextTokenSpace

525 Itanium ESAL, MCA/INIT/PMI errata

526 PI SMM errata

529 PCD issues in Volume 3 of the PI1.2 Specification
541 Volume 5 Typo

543 Clarification around usage of FV Extended header
550 Naming conflicts w/ PI SMM

12/16/09

4/26/2016

Version 1.5



1.2 errata A

363 Pl volume 1 errata

365 UEFI Capsule HOB

381 PI1.1 Errata on EFI_SMM_SAVE_STATE_IO_INFO

482 One other naming inconsistency in the PCD PPI declaration
483 PCD Protocol / PPI function name synchronization.....
496 Boot mode description

497 Status Code additions

548 Boot firmware volume clarification

551 Name conflicts w/ Legacy region

552 MP services

553 Update text to PEI

554 update return code from PEI AllocatePages

555 Inconsistency in the S3 protocol

561 Minor update to PCD->SetPointer

565 CANCEL_CALL_BACK should be CANCEL_CALLBACK

569 Recovery: EFI_PEI_GET_NUMBER_BLOCK_DEVICES decl
has EFI_STATUS w/o return code & errror on stage 3 recovery
description

571 duplicate definition of EFI_AP_PROCEDURE in DXE MP
(volume2) and SMM (volume 4)

581 EFI_HOB_TYPE_LOAD_PEIM ambiguity

591ACPI Protocol Name collision

592 More SMM name conflicts

593 A couple of ISA I/O clarifications

594 ATA/ATAPI clarification

595 SMM driver entry point clarification

596 Clarify ESAL return codes

602 SEC->PEI hand-off update

604 EFI_NOT_SUPPORTED versus EFI_UNSUPPORTED

2/24/10

1.2 errata B

628 ACPI SDT protocol errata

629 Typos in PCD GetSize()

630EFI_SMM_PCI_ROOT_BRIDGE_IO_PROTOCOL service
clarification

631 System Management System Table (SMST) MP-related field
clarification

5/27/10

Version 1.5

4/26/2016

vii



Platform Initialization Specification VOLUME 5

viii

Standards

1.2 Errata C

550 Naming conflicts w/ PI SMM

571 duplicate definition of EFI_AP_PROCEDURE in DXE MP
(volume2) and SMM (volume 4)

654 UEFI PI specific handle for SMBIOS is now available

688 Status Code errata

690 Clarify agent in IDE Controller chapter

691 SMM a priori file and SOR support

692 Clarify the SMM SW Register API

694 PEI Temp RAM PPI ambiguity

703 End of PEI phase PPI publication for the S3 boot mode case

706 GetPeiServicesTablePointer () changes for the ARM
architecture

714 Pl Service Table Versions
717 Pl Extended File Size Errata
718 Pl Extended Header cleanup / Errata

730 typo in EFI_SMM_CPU_PROTOCOL.ReadSaveState()
return code

ERROR: listed by mistake:737

738 Errata to Volume 2 of the PI1.2 specification
739 Errata for PI SMM Volume 4 Control protocol
742 Errata for SMBUS chapter in Volume 5

743 Errata - PCD_PPI declaration

745 Errata — Pl Firmware Section declarations
746 Errata - Pl status code

747 Errata - Text for deprecated HOB

752 Binary Prefix change

ERROR: listed by mistake: 753

764 Pl Volume 4 SMM naming errata

775 errata/typo in
EFI_STATUS_CODE_EXCEP_SYSTEM_CONTEXT, Volume 3

781 S3 Save State Protocol Errata

782 Format Insert(), Compare() and Label() as for Write()
783 TemporaryRamMigration Errata

784 Typos in status code definitions

787 S3 Save State Protocol Errata 2

810 Set Memory Attributes return code clarification

811 SMBIOS API Clarification

814 P1 SMBIOS Errata

821Location conflict for
EFI_RESOURCE_ATTRIBUTE_xxx_PROTECTABLE #defines

823 Clarify max length of SMBIOS Strings in SMBIOS Protocol
824 EFI_SMM_SW_DISPATCH2_PROTOCOL.Register() Errata
837 ARM Vector table can not support arbitrary 32-bit address

838 Vol 3 EFI_FVB2_ALIGNMNET_512K should be
EFI_FVB2_ALIGNMENT_512K

840 Vol 3 Table 5 Supported FFS Alignments contains values not
supported by FFS

844 correct references to Platform Initialization Hand-Off Block
Specification

10/27/11

4/26/2016

Version 1.5



1.2.1

527 PI Volume 2 DXE Security Architecture Protocol (SAP)
clarification

562 Add SetMemoryCapabilities to GCD interface

719 End of DXE event

731 Volume 4 SMM - clarify the meaning of NumberOfCpus
737 Remove SMM Communication ACPI Table definition .
753 SIO PEI and UEFI-Driver Model Architecture

769 Signed PI sections

813 Add a new EFI_GET_PCD_INFO_PROTOCOL and
EFI_GET_PCD_INFO_PPI instance.

818 New SAP2 return code

822 Method to disable Temporary RAM when Temp RAM
Migration is not required

833 Method to Reserve Interrupt and Exception Vectors
839 Add support for weakly aligned FVs

892 EFI_PCI_ENUMERATION_COMPLETE_GUID Protocol
894 SAP2 Update

895 Status Code Data Structures Errata

902 Errata on signed firmware volume/file

903 SmiManage Update

906 Volume 3 errata - Freeform type

916 Service table revisions

05/02/12

1.2.1 Errata
A

922 Add a "Boot with Manufacturing" boot mode setting
925 Errata on signed FV/Files

931 DXE Volume 2 - Clarify memory map construction from the
GCD

936 Clarify memory usage in PEl on S3

937 SMM report protocol notify issue errata

951 Root Handler Processing by SmiManage

958 Omissions in P11.2.1 integration for M816 and M894
969 Vol 1 errata: TE Header parameters

10/26/12

1.3

945 Integrated Circuit (12C) Bus Protocol
998 PI Status Code additions

999 PCI enumeration complete GUID
1005 NVMe Disk Info guid

1006 Security Ppi Fixes

1025 PI table revisions

3/29/13

Version 1.5

4/26/2016



Platform Initialization Specification VOLUME 5

Standards

1.3 Errata

1041 typo in HOB Overview

1067 PI11.3 Errata for SetBootMode

1068 Updates to PEI Service table/M1006

1069 SIO Errata - pnp end node definition

1070 Typo in SIO chapter

1072 Errata — SMM register protocol notify clarification/errata
1093 Extended File Size Errata

1095 typos/errata

1097 PI SMM GPI Errata

1098 Errata on 12C IO status code

1099 12C Protocol stop behavior errata

1104 ACPI System Description Table Protocol Errata

1105 ACPI errata - supported table revision

1177 Pl errata - make CPU IO optional

1178 errata - allow PEI to report an additional memory type
1283 Errata - clarify sequencing of events

2/19/15

1.4

1210 Adding persistence attribute to GCD

1235 PIl.Next Feature - no execute support

1236 PI.Next feature - Graphics PPI

1237 PI.Next feature - add reset2 PPI

1239 PI.Next feature - Disk Info Guid UFS

1240 PI.Next feature - Recovery Block |10 PPI - UFS
1259 PIl.Next feature - MP PPI

1273 PIl.Next feature - capsule PPI

1274 Recovery Block 1/0 PPI Update

1275 GetMemoryMap Update

1277 Pl1.next feature - multiple CPU health info
1278 PI1.next - Memory relative reliability definition
1305 PI1.next - specification number encoding

1331 Remove left-over Boot Firmware Volume references in the
SEC Platform Information PPI

1366 PI 1.4 draft - M1277 issue BIST / CPU. So health record
needs to be indexed / CPU.

2/20/15

4/26/2016

Version 1.5



1.4 Errata A

1574 Fix artificial limitation in the PCD.SetSku support

1565 Update status code to include AArch64 exception error
codes

1564 SMM Software Dispatch Protocol Errata

1562 Errata to remove statement from DXE vol about PEI
dispatch behavior

1561 Errata to provide Equivalent of DXE-CIS Mantis 247 for the
PEI-CIS

1532 Allow S3 Resume without having installed permanent
memory (via InstallPeiMemory)

1530 errata on dxe report status code
1529 address space granularity errata
1525 PEI Services Table Retrieval for AArch64

1515 EFI_PEIM_NOTIFY_ENTRY_POINT return values are
undefined

1497 Fixing language in SMMStartupThisAP

1489 GCD Conflict errata

1485 Minor Errata in SMM Vo2 description of SMMStartupThisAP
1397 PEI 1.4 specification revision errata

1394 Errata to Relax requirements on CPU rendez in SEC

1351 EndOfDxe and SmmReadyToLock

1322 Minor Updates to handle Asynchronous CPU Entry Into
SMM

3/15/16

1.5

1315 SMM Environment to Support Newer Architecture/Platform
Designs

1317 additional I12C PPI's (vol5)

1321 ARM Extensions to Volume 4

1330 Add PPI to allow SEC pass HOBs into PEI

1336 Provide For Pre-DXE Initialization Of The SM Foundation
1369 Handling PEI PPI descriptor notifications from SEC

1387 Variable services errors not consistent

1390 SM stand-alone infrastructure

1396 Update SEC HOB Capabilities of 1330 with additional
guidance

1413 Communicate protocol enhancements
1506 New MP protocol

1513 Need a way to propagate PEl-phase FV verification status to
DXE

1563 Update MM PPIs to match existing implementations

1566 Pl.next - update the specification revisions

1568 Add SD/MMC GUID to DisklInfo protocol

1592 Add EFI_FV_FILETYPE_SMM_CORE_STANDALONE file
type

1594 Pei GetVaiable M1387 issue

1595 M1568 Disk Info issue

1596 M1489 GCD issue

1603 Minor erratas in Vol4 Pl 1.5 draft related to ECR 0001506

4/26/16

Version 1.5

4/26/2016

Xi



Platform Initialization Specification VOLUME 5 Standards

Specification Volumes
The Platform Initialization Specification is divided into volumes to enable logical organization, future growth, and
printing convenience. The Platform Initialization Specification consists of the following volumes:
VOLUME 1: Pre-EFlI Initialization Core Interface
VOLUME 2: Driver Execution Environment Core Interface
VOLUME 3: Shared Architectural Elements
VOLUME 4: System Management Mode
VOLUME 5: Standards

Each volume should be viewed in the context of all other volumes, and readers are strongly encouraged to consult the
entire specification when researching areas of interest. Additionally, a single-file version of the Platform Initialization
Specification is available to aid search functions through the entire specification.
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Platform Initialization Standards Introduction

1
Platform Initialization Standards Introduction

1.1 Overview

These sections define the core code and services that are required for an implementation of the
System Management Bus (SMBus) Host Controller Protocol and System Management Bus (SMBus)
PEIM-to-PEIM Interface (PPI).

The SMBus Host Controller Protocol is used by code, typically early chipset drivers, and SMBus
bus drivers that are running in the UEFI Boot Services environment to perform data transactions
over the SMBus. This specification does the following:

*  Describes the basic components of the SMBus Host Controller Protocol

*  Provides code definitions for the SMBus Host Controller Protocol and the SMBus-related type
definitions that are architecturally required.

The SMBus PPI is used by other Pre-EFI Initialization Modules (PEIMs) to control an SMBus host
controller.

This specification does the following:
e Describes the basic components of the PEI SMBus PPI

* Provides code definitions for the PEI SMBus PPI and SMBus-related type definitions that are
architecturally required.

1.2 Terms Used in this Document

16-bit PC Card
Legacy cards that follow the PC Card Standard and operate in 16-bit mode.
CardBay PC Card

32-bit PC Cards that follow the high-performance serial PC Card Standard. After
initialization, these devices appear as standard PCI devices.

CardBus bridge

A hardware controller that produces a CardBus bus. A CardBus bus can accept a CardBus PC
Card as well as legacy 16-bit PC Cards. CardBus PC Cards appear just like PCI devices to the
configuration software.

CardBus PC Card
32-bit PC Cards that follow the PC Card Standard.

HB
Host bridge. See PCI host bridge.
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HPB
Hot Plug Bus.

HPC
Hot Plug Controller. A generic term that refers to both a PHPC and a CardBus bridge.

HPRT
Hot Plug Resource Table.

incompatible PCI device

A PCI device that does not fully comply with the PCI Specification. Typically, this kind of
device has a special requirement for Base Address Register (BAR) allocation. Some devices
may want a special resource length or alignment, while others may want fixed I/O or memory
locations.

JEITA

Japan Electronics and Information Technology Association.

legacy PHPC

PCI devices that can be identified by their class code but were defined prior to the PCI
Standard Hot-Plug Controller and Subsystem Specification, revision 1.0. These devices have a
base class of 0x6, subclass of 0x4, and programming interface of 0.

MWI

Memory Write and Invalidate. See the PCI Local Bus Specification, revision 2.3, for more
information.

PC Card

Integrated circuit cards that follow the PC Card Standard. "PC Card" is a generic term that is
used to refer to 16-bit PC Cards, 32-bit CardBus PC Cards, and high-performance CardBay
PC Cards.

PC Card Standard

Refers to the set of specifications that are produced jointly by the PCMCIA and JEITA. This
standard was defined to promote interchangeability among mobile computers.

PCI bus

A generic term used to describe any PCI-like buses, including conventional PCI, PCI-X*, and
PCI Express*. From a software standpoint, a PCI bus is collection of up to 32 physical PCI
devices that share the same physical PCI bus.

PCI bus driver

Software that creates a handle for every PCI controller in the system and installs both the PCI
I/0 Protocol and the Device Path Protocol onto that handle. It may optionally perform PCI
enumeration if resources have not already been allocated to all the PCI controllers. It also
loads and starts any EFI drivers that are found in any PCI option ROMs that were discovered
during PCI enumeration.
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PCI configuration space

The configuration channel that is defined by PCI to configure PCI devices into the resource
domain of the system. Each PCI device must produce a standard set of registers in the form of
a PCI configuration header and can optionally produce device-specific registers. The registers
are addressed via Type 0 or Type 1 PCI configuration cycles as described by the PC/
Specification. The PCI configuration space can be shared across multiple PCI buses. On
Intel® architecture-based systems, the PCI configuration space is accessed via I/O ports
0xCF8 and 0xCFC. The PCI Express configuration space is accessed via a memory-mapped
aperture.

PCI controller

A hardware components that is discovered by a PCI bus driver and is managed by a PCI
device driver. This document uses the terms "PCI function" and "PCI controller" equivalently.

PCI device

A collection of up to 8 PCI functions that share the same PCI configuration space. A PCI
device is physically connected to a PCI bus.

PCI enumeration

The process of assigning resources to all the PCI controllers on a given PCI host bridge. This
process includes the following:

*  Assigning PCI bus numbers and PCI interrupts

*  Allocating PCI I/O resources, PCI memory resources, and PCI prefetchable memory
resources

e Setting miscellaneous PCI DMA values
Typically, PCI enumeration is to be performed only once during the boot process.

PCI function

A controller that provides some type of I/O services. It consumes some combination of PCI I/
O, PCI memory, and PCI prefetchable memory regions and the PCI configuration space. The
PCI function is the basic unit of configuration for PCI.

PCI host bridge

The software abstraction that produces one or more PCI root bridges. All the PCI buses that
are produced by a host bus controller are part of the same coherency domain. A PCI host
bridge is an abstraction and may be made up of multiple hardware devices. Most systems can
be modeled as having one PCI host bridge. This software abstraction is necessary while
dealing with PCI resource allocation because resources that are assigned to one PCI root
bridge depend on another and all the "related" PCI root bridges must be considered together
during resource allocation.

PCI root bridge

A PCI root bridge that produces a root PCI bus. It bridges a root PCI bus and a bus that is not a
PCI bus (e.g., processor local bus, InfiniBand* fabric). A PCI host bridge may have one or
more root PCI bridges. Configurations of a root PCI bridge within a host bridge can have
dependencies upon other root PCI bridges within the same host bridge.
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PCI segment

A collection of up to 256 PCI buses that share the same PCI configuration space. A
PCI segment is defined in section 6.5.6 of the ACPI 2.0 Specification (also ACPI 3.0)
as the SEG object. If a system supports only a single PCI segment, the PCI segment
number is defined to be zero.The existence of PCI segments enables the construction
of systems with greater than 256 PCI buses.

PEC

Packet Error Code. It is similar to a checksum data of the data coming across the SMBus wire.

PCI-to-CardBus bridges
A PCI device that produces a CardBus bus. The PCI-to-CardBus bridge has a PEI

Pre-EFI Initialization.

PEIM
Pre-EFI Initialization Module.

greater than 256 PCI buses.

PERR
Parity Error.

type 2 PCI configuration header and has a class code of 0x070600.
PHPC

PCI Hot Plug* Controller. A hardware component that controls the power to one or more
conventional PCI slots or PCI Express slots.

PPI
PEIM-to-PEIM Interface.

RB
Root bridge. See PCI root bridge.

resource padding

Also known as resource overallocation. System resources are said to be overallocated if more
resources are allocated to a PCI bus than are required. Resource padding allows a limited
number of add-in cards to be hot added to a PCI bus without disturbing allocation to the rest of
the buses.

root HPC

Root Hot Plug Controller. An HPC that gets reset only when the entire system is reset. Such
HPCs can depend upon the system firmware to initialize them because system firmware is
guaranteed to run after a system reset. An HPC that is embedded in the PCI root bridge is
considered a root HPC bridge. Some platform chipsets include special-purpose PCI-to-PCI
bridges. They appear like a PCI-to-PCI bridge to the configuration software, but their primary
bus interface is not a PCI bus. Such a component can be considered a root HPC if it is not
subordinate to an HPC. Legacy HPCs may be implemented as chipset devices that appear to be
behind a special-purpose PCI-to-PCI bridge, but these HPCs are not reset when the secondary
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bus reset bit in the parent PCI-to-PCI bridge is set. Such HPCs are considered as root HPCs as
well.

An HPC that is a child of a PCI-to-PCI bridge is not a root HPC. Such an HPC can be reset if
the secondary bus reset bit in the PCI-to-PCI bridge is set by an operating system. Because the
initialization code in the system firmware may not be executed during this case, such an HPC
must initialize itself using hardware mechanisms, without any firmware intervention. An HPC
that is a child of another HPC is not a root HPC. See section 3.5.1.3 in the PCI Standard Hot-
Plug Controller and Subsystem Specification, revision 1.0, for details regarding this term.

root PCI bus

A PCI bus that is not a child of another PCI bus. For every root PCI bus, there is an object in
the ACPI name space with a Plug and Play (PNP) ID of "PNP0OAO03." Typical desktop systems
include only one root PCI bus.

SERR
System error.

SHPC

Standard (PCI) Hot Plug Controller. A PCI Hot Plug controller that conforms to the PCI Standard Hot-Plug
Controller and Subsystem Specification, revision 1.0. This specification is published by the PCI Special Interest

Group (PCI-SIG). An SHPC can either be embedded in a PCI root bridge or a PCI-to-PCI bridge.coherency
domain

The address resources of a system as seen by a processor. It consists of both system memory
and I/O space.

SMBus
System Management Bus.
SMBus host controller

Provides a mechanism for the processor to initiate communications with SMBus slave devices.
This controller can be connected to a main I/O bus such as PCIL.

SMBus master device
Any device that initiates SMBus transactions and drives the clock.

SMBus PPI

A software interface that provides a method to control an SMBus host controller and access
the data of the SMBus slave devices that are attached to it.

SMBus slave device
The target of an SMBus transaction, which is driven by some master.

UDID

Unique Device Identifier. A 128-bit value that a device uses during the Address Resolution
Protocol (ARP) process to uniquely identify itself.
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1.3 Conventions Used in this Document

This document uses the typographic and illustrative conventions described below.

1.3.1 Data Structure Descriptions

Supported processors are “little endian” machines. This distinction means that the low-order byte of
a multibyte data item in memory is at the lowest address, while the high-order byte is at the highest
address. Some supported processors 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 marked reserved. Software must initialize
such fields to zero and ignore them when read. On an update operation, software must preserve any
reserved field.

The data structures described in this document generally have the following format:

ST RU CT U RE NAM E . The formal name of the data structure.

Summary: A brief description of the data structure.

Prototype: A “C-style” type declaration for the data structure.

Parameters: A brief description of each field in the data structure prototype.

Description: A description of the functionality provided by the data structure,
including any limitations and caveats of which the caller should
be aware.

Related Definitions: The type declarations and constants that are used only by this data
structure.

1.3.2 Protocol Descriptions

The protocols described in this document generally have the following format:

P I"OtO COI N dme. The formal name of the protocol interface.
Summary: A brief description of the protocol interface.
GUID: The 128-bit Globally Unique Identifier (GUID) for the protocol
interface.

Protocol Interface Structure:
A “C-style” data structure definition containing the procedures
and data fields produced by this protocol interface.

Parameters: A brief description of each field in the protocol interface
structure.
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Description: A description of the functionality provided by the interface,
including any limitations and caveats of which the caller should
be aware.

Related Definitions: The type declarations and constants that are used in the protocol

interface structure or any of its procedures.

1.3.3 Procedure Descriptions

The procedures described in this document generally have the following format:

P I’OCGd ure N dame () . The formal name of the procedure.

Summary: A brief description of the procedure.

Prototype: A “C-style” procedure header defining the calling sequence.

Parameters: A brief description of each field in the procedure prototype.

Description: A description of the functionality provided by the interface,
including any limitations and caveats of which the caller should
be aware.

Related Definitions: The type declarations and constants that are used only by this
procedure.

Status Codes Returned: A description of any codes returned by the interface. The
procedure is required to implement any status codes listed in this
table. Additional error codes may be returned, but they will not
be tested by standard compliance tests, and any software that uses
the procedure cannot depend on any of the extended error codes
that an implementation may provide.

1.3.4 Pseudo-Code Conventions

Pseudo code is presented to describe algorithms in a more concise form. None of the algorithms in
this document are intended to be compiled directly. The code is presented at a level corresponding
to the surrounding text.

In describing variables, a /ist is an unordered collection of homogeneous objects. A gueue is an
ordered list of homogeneous objects. Unless otherwise noted, the ordering is assumed to be First In
First Out (FIFO).

Pseudo code is presented in a C-like format, using C conventions where appropriate. The coding
style, particularly the indentation style, is used for readability and does not necessarily comply with
an implementation of the Unified Extensible Firmware Interface Specification (UEFI 2.0
specification).

1.3.5 Typographic Conventions

This document uses the typographic and illustrative conventions described below:
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1.4

Plain text The normal text typeface is used for the vast majority of the descriptive
text in a specification.

Plain text (blue) In the online help version of this specification, any plain text that is
underlined and in blue indicates an active link to the cross-reference.
Click on the word to follow the hyperlink. Note that these links are not
active in the PDF of the specification.

Bold In text, a Bold typeface identifies a processor register name. In other
instances, a Bold typeface can be used as a running head within a
paragraph.

Italic In text, an [falic typeface can be used as emphasis to introduce a new term

or to indicate a manual or specification name.

BOLD Monospace Computer code, example code segments, and all prototype code segments
use a BOLD Monospace typeface with a dark red color. These code
listings normally appear in one or more separate paragraphs, though
words or segments can also be embedded in a normal text paragraph.

Bold Monospace In the online help version of this specification, words in a
Bold Monospace typeface that is underlined and in blue indicate an
active hyperlink to the code definition for that function or type definition.
Click on the word to follow the hyperlink. Note that these links are not
active in the PDF of the specification. Also, these inactive links in the
PDF may instead have a Bold Monospace appearance that is
underlined but in dark red. Again, these links are not active in the PDF of
the specification.

Italic Monospace Incode orin text, wordsin Italic Monospace indicate placeholder
names for variable information that must be supplied (i.e., arguments).

Plain Monospace Incode,wordsinaPlain Monospace typeface thatis a dark red color
but is not bold or italicized indicate pseudo code or example code. These
code segments typically occur in one or more separate paragraphs.

Requirements

This document is an architectural specification that is part of the Platform Initialization Architecture
(PI Architecture) family of specifications defined and published by the Unified EFI Forum. The
primary intent of the PI Architecture is to present an interoperability surface for firmware
components that may originate from different providers. As such, the burden to conform to this
specification falls both on the producer and the consumer of facilities described as part of the
specification.

In general, it is incumbent on the producer implementation to ensure that any facility that a
conforming consumer firmware component might attempt to use is present in the implementation.
Equally, it is incumbent on a developer of a firmware component to ensure that its implementation
relies only on facilities that are defined as part of the PI Architecture. Maximum interoperability is
assured when collections of conforming components are designed to use only the required facilities
defined in the PI Architecture family of specifications.
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As this document is an architectural specification, care has been taken to specify architecture in
ways that allow maximum flexibility in implementation for both producer and consumer. However,
there are certain requirements on which elements of this specification must be implemented to
ensure a consistent and predictable environment for the operation of code designed to work with the
architectural interfaces described here.

For the purposes of describing these requirements, the specification includes facilities that are
required, such as interfaces and data structures, as well as facilities that are marked as optional.

In general, for an implementation to be conformant with this specification, the implementation must
include functional elements that match in all respects the complete description of the required
facility descriptions presented as part of the specification. Any part of the specification that is not
explicitly marked as “optional” is considered a required facility.

Where parts of the specification are marked as “optional,” an implementation may choose to provide
matching elements or leave them out. If an element is provided by an implementation for a facility,
then it must match in all respects the corresponding complete description.

In practical terms, this means that for any facility covered in the specification, any instance of an
implementation may only claim to conform if it follows the normative descriptions completely and
exactly. This does not preclude an implementation that provides additional functionality, over and
above that described in the specification. Furthermore, it does not preclude an implementation from
leaving out facilities that are marked as optional in the specification.

By corollary, modular components of firmware designed to function within an implementation that
conforms to the PI Architecture are conformant only if they depend only on facilities described in
this and related PI Architecture specifications. In other words, any modular component that is free of
any external dependency that falls outside of the scope of the PI Architecture specifications is
conformant. A modular component is not conformant if it relies for correct and complete operation
upon a reference to an interface or data structure that is neither part of its own image nor described in
any PI Architecture specifications.

It is possible to make a partial implementation of the specification where some of the required
facilities are not present. Such an implementation is non-conforming, and other firmware
components that are themselves conforming might not function correctly with it. Correct operation
of non-conforming implementations is explicitly out of scope for the PI Architecture and this
specification.
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2
SMBus Host Controller Design Discussion

2.1 SMBus Host Controller Overview

These section describe the System Management Bus (SMBus) Host Controller Protocol. This
protocol provides an I/O abstraction for an SMBus host controller. An SMBus host controller is a
hardware component that interfaces to an SMBus. It moves data between system memory and
devices on the SMBus by processing data structures and generating transactions on the SMBus. The
following use this protocol:

* An SMBus bus driver to perform all data transactions over the SMBus

» Early chipset drivers that need to manage devices that are required early in the Driver Execution
Environment (DXE) phase, before the Boot Device Selection (BDS) phase

This protocol should be used only by drivers that require direct access to the SMBus.

Considerable discussion has been done to understand the usage model of the UEFI Driver Model in
the SMBus. Although, the UEFI Driver Model concepts can be applied to SMBus, only the SMBus
Host Controller Protocol was created for now for the following reasons:

*  The UEFI Driver Model is designed primarily for boot devices. Boot devices are unlikely to be
connected to the SMBus because of SMBus-intrinsic capability. They are slow and not
enumerable.

*  The current usage model of SMBus is to enable and configure devices early during the boot
phase, before BDS.

A DXE driver that publishes this protocol will either support Execute, ArpDevice, GetArpMap, and
Notify; alternatively, a driver will support only Execute and return “not supported” for the latter 3
services.

If some of these assumptions become obsolete and require being revisited in the future, this
specification is extensible to convert to the UEFI Driver Model.

2.2 Related Information

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

Industry Specifications

o System Management Bus (SMBus) Specification, version 2.0, SBS Implementers Forum,
August 3, 2000: http://www.smbus.org

*  PCI Local Bus Specification, revision 3.0, PCI Special Interest Group.
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2.3 SMBus Host Controller Protocol Terms

The following terms are used throughout this document to describe the model for constructing
SMBus Host Controller Protocol instances in the DXE environment.

PEC
Packet Error Code. It is similar to a checksum data of the data coming across the SMBus wire.

SMBus

System Management Bus.

SMBus host controller
Provides a mechanism for the processor to initiate communications with SMBus slave devices.
This controller can be connected to a main I/O bus such as PCIL.

SMBus master device

Any device that initiates SMBus transactions and drives the clock.

SMBus slave device

The target of an SMBus transaction, which is driven by some master.

UDID

Unique Device Identifier. A 128-bit value that a device uses during the Address Resolution
Protocol (ARP) process to uniquely identify itself.

2.4 SMBus Host Controller Protocol Overview

The interfaces that are provided in the EFI_SMBUS HC PROTOCOL are used to manage data
transactions on the SMBus. The EFI_SMBUS HC PROTOCOL is designed to support SMBus 1.0—
and 2.0—compliant host controllers.

Each instance of the EFI_SMBUS HC PROTOCOL corresponds to an SMBus host controller in a
platform. To provide support for early drivers that need to communicate on the SMBus, this protocol
is available before the Boot Device Selection (BDS) phase. During BDS, this protocol can be
attached to the device handle of an SMBus host controller that is created by a device driver for the
SMBus host controller's parent bus type. For example, an SMBus controller that is implemented as a
PCI device would require a PCI device driver to produce an instance of the

EFI_SMBUS_HC PROTOCOL.

See “SMBus Host Controller Protocol” on page 14 for the definition of this protocol.

12 4/26/2016 Version 1.5



SMBus Host Controller Code Definitions

3
SMBus Host Controller Code Definitions

3.1 Introduction

This section contains the basic definitions of the SMBus Host Controller Protocol. The following
protocol is defined in this section:

+ EFI_SMBUS_HC_ PROTOCOL

This section also contains the definitions for additional data types and structures that are subordinate

to the structures in which they are called. The following types or structures can be found in "Related
Definitions" of the parent function definition:

e EFI_SMBUS NOTIFY FUNCTION
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3.2 SMBus Host Controller Protocol
EFI_SMBUS_HC_PROTOCOL

Summary
Provides basic SMBus host controller management and basic data transactions over the SMBus.

GUID

#define EFI_SMBUS HC_PROTOCOL GUID \
{0xe49d33ed, 0x513d, 0x4634, 0xb6, 0x98, 0x6f, 0x55, \
Oxaa, 0x75, Oxlc, Oxlb}

Protocol Interface Structure

typedef struct _EFI_SMBUS HC_ PROTOCOL ({
EFI_SMBUS_HC_EXECUTE_OPERATION Execute;
EFI_SMBUS_HC_PROTOCOL_ARP DEVICE ArpDevice;
EFI_SMBUS HC PROTOCOL GET ARP MAP GetArpMap;
EFI_SMBUS_HC_PROTOCOL NOTIFY Notify;

} EFI_SMBUS_ HC_ PROTOCOL;

Parameters

Execute

Executes the SMBus operation to an SMBus slave device. See the Execute ()
function description.

ArpDevice
Allows an SMBus 2.0 device(s) to be Address Resolution Protocol (ARP). See the
ArpDevice () function description.

GetArpMap
Allows a driver to retrieve the address that was allocated by the SMBus host controller
during enumeration/ARP. See the GetArpMap () function description.

Notify
Allows a driver to register for a callback to the SMBus host controller driver when the

bus issues a notification to the bus controller driver. See the Notify () function
description.

Description
The EFI_SMBUS HC_PROTOCOL provides SMBus host controller management and basic data

transactions over SMBus. There is one EFI_SMBUS_ HC_PROTOCOL instance for each SMBus
host controller.

Early chipset drivers can communicate with specific SMBus slave devices by calling this protocol
directly. Also, for drivers that are called during the Boot Device Selection (BDS) phase, the device
driver that wishes to manage an SMBus bus in a system retrieves the EFI_SMBUS HC_PROTOCOL
instance that is associated with the SMBus bus to be managed. A device handle for an SMBus host
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controller will minimally contain an EFI_DEVICE PATH PROTOCOL instance and an
EFI_SMBUS_ HC_PROTOCOL instance.
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EFI_SMBUS_HC_PROTOCOL.Execute()

16

Summary

Standards

Executes an SMBus operation to an SMBus controller. Returns when either the command has been

executed or an error is encountered in doing the operation.

Prototype

typedef
EFI_STATUS

(EFIAPI *EFI_SMBUS HC EXECUTE OPERATION)
CONST EFI_SMBUS HC PROTOCOL

IN
IN
IN
IN
IN
IN OUT
IN OUT

)

Parameters
This

EFI_SMBUS_DEVICE ADDRESS
EFI_SMBUS_DEVICE COMMAND
EFI_SMBUS OPERATION

BOOLEAN
UINTN
VOID

(
*This,
SlaveAddress,
Command,
Operation,
PecCheck,
*Length,
*Buffer

A pointer to the EFI_SMBUS_HC_PROTOCOL instance.
SlaveAddress

The SMBus slave address of the device with which to communicate. Type
EFI_SMBUS DEVICE_ ADDRESS is defined in

EFI_PEI_SMBUS_PPI.Execute () inthe Platform Initialization SMBus PPI

Spec

Command

ification.

This command is transmitted by the SMBus host controller to the SMBus slave device
and the interpretation is SMBus slave device specific. It can mean the offset to a list of
functions inside an SMBus slave device. Not all operations or slave devices support
this command's registers. Type EFI_SMBUS_DEVICE COMMAND is defined in
EFI_PEI_SMBUS PPI.Execute () inthe Platform Initialization SMBus PPI

Spec

ification.

Operation

Signifies which particular SMBus hardware protocol instance that it will use to

execute the SMBus transactions. This SMBus hardware protocol is defined by the
SMBus Specification and is not related to PI Architecture. Type
EFI_SMBUS_OPERATION is defined in EFI_PEI_SMBUS PPI.Execute() in
the Platform Initialization SMBus PPI Specification.

PecCheck

Defines if Packet Error Code (PEC) checking is required for this operation.
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Signifies the number of bytes that this operation will do. The maximum number of
bytes can be revision specific and operation specific. This field will contain the actual
number of bytes that are executed for this operation. Not all operations require this

argument.

Buffer

Contains the value of data to execute to the SMBus slave device. Not all operations
require this argument. The length of this buffer is identified by Length.

Description

The Execute () function provides a standard way to execute an operation as defined in the System
Management Bus (SMBus) Specification. The resulting transaction will be either that the SMBus
slave devices accept this transaction or that this function returns with error.

Status Codes Returned

EFI_SUCCESS

The last data that was returned from the access matched the poll exit
criteria.

EFI_CRC_ERROR

Checksum is not correct (PEC is incorrect).

EFI_TIMEOUT

Timeout expired before the operation was completed. Timeout is
determined by the SMBus host controller device.

EFI_OUT_OF RESOURCES

The request could not be completed due to a lack of resources.

EFI_DEVICE_ERROR

The request was not completed because a failure that was reflected in the
Host Status Register bit. Device errors are a result of a transaction
collision, illegal command field, unclaimed cycle (host initiated), or bus
errors (collisions).

EFI_INVALID_PARAMETER

Operationis not defined in EFI_SMBUS OPERATION.

EFI_INVALID_PARAMETER

Length/Buf fer is NULL for operations except for
EfiSmbusQuickReadand EfiSmbusQuickWrite. Length
is outside the range of valid values.

EFI_UNSUPPORTED

The SMBus operation or PEC is not supported.

EFI_BUFFER_TOO_SMALL

Buf fer is not sufficient for this operation.

Version 1.5
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EFI_SMBUS_HC_PROTOCOL.ArpDevice()

Summary

Sets the SMBus slave device addresses for the device with a given unique ID or enumerates the
entire bus.

Prototype

typedef

EFI_STATUS

(EFIAPI *EFI_SMBUS_HC PROTOCOL ARP DEVICE) (
IN CONST EFI_SMBUS HC PROTOCOL *This,
IN BOOLEAN ArpAll,
IN EFI_SMBUS UDID *SmbusUdid,  OPTIONAL
IN OUT EFI_SMBUS_DEVICE_ ADDRESS *SlaveAddress OPTIONAL
)/

Parameters
This
A pointer to the EFI_SMBUS_HC_PROTOCOL instance.
ArpAll

A Boolean expression that indicates if the host drivers need to enumerate all the
devices or enumerate only the device that is identified by SmbusUdid. If ArpAllis
TRUE, SmbusUdidand SlaveAddress are optional. If ArpAll is FALSE,
ArpDevice will enumerate SmbusUdid and the address will be at
SlaveAddress.

SmbusUdid

The Unique Device Identifier (UDID) that is associated with this device. Type
EFI_SMBUS_UDID is definedin EFI_PEI_SMBUS_ PPI.ArpDevice () inthe
Platform Initialization SMBus PPI Specification.

SlaveAddress

The SMBus slave address that is associated with an SMBus UDID. Type
EFI_SMBUS_DEVICE ADDRESS is defined in

EFI_PEI_SMBUS_PPI.Execute () inthe Platform Initialization SMBus PPI
Specification.

Description

The ArpDevice () function provides a standard way for a device driver to enumerate the entire
SMBus or specific devices on the bus.

Status Codes Returned

EFI_SUCCESS The last data that was returned from the access matched the poll exit
criteria.
EFI_CRC_ERROR Checksum is not correct (PEC is incorrect).
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EFI_TIMEOUT

Timeout expired before the operation was completed. Timeout is
determined by the SMBus host controller device.

EFI_OUT_OF RESOURCES

The request could not be completed due to a lack of resources.

EFI_DEVICE_ERROR

The request was not completed because a failure was reflected in the Host
Status Register bit. Device Errors are a result of a transaction collision,
illegal command field, unclaimed cycle (host initiated), or bus errors
(collisions).

EFI_UNSUPPORTED

ArpDevice, GetArpMap,and Notify are notimplemented
by this driver.
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EFI_SMBUS_HC_PROTOCOL.GetArpMap()

Summary

Returns a pointer to the Address Resolution Protocol (ARP) map that contains the ID/address pair of
the slave devices that were enumerated by the SMBus host controller driver.

Prototype
typedef
EFI_STATUS
(EFIAPI *EFI_SMBUS HC PROTOCOL GET ARP MAP) (
IN CONST EFI_SMBUS HC PROTOCOL *This,
IN OUT UINTN *Length,
IN OUT EFI_SMBUS DEVICE MAP **SmbusDeviceMap
)
Parameters
This
A pointer to the EFI_SMBUS_HC_PROTOCOL instance.
Length
Size of the buffer that contains the SMBus device map.
SmbusDeviceMap
The pointer to the device map as enumerated by the SMBus controller driver. Type
EFI_SMBUS DEVICE MAP is defined in
EFI_PEI SMBUS PPI.GetArpMap () in the Platform Initialization SMBus PPI
Specification.
Description

The GetArpMap () function returns the mapping of all the SMBus devices that were enumerated
by the SMBus host driver.

Status Codes Returned

EFI_SUCCESS The SMBus returned the current device map.
EFI_UNSUPPORTED ArpDevice, GetArpMap,and Notify are notimplemented by
this driver.
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EFI_SMBUS_HC_PROTOCOL.Notify()

Summary

Allows a device driver to register for a callback when the bus driver detects a state that it needs to
propagate to other drivers that are registered for a callback.

Prototype
typedef
EFI_STATUS
(EFIAPI *EFI_SMBUS_ﬂC_PROTOCOL_NOTIFY) (
IN CONST EFI_SMBUS_HC_PROTOCOL *This,
IN EFI_SMBUS DEVICE ADDRESS SlaveAddress,
IN UINTN Data,
IN EFI_SMBUS_NOTIFY_ FUNCTION NotifyFunction
)
Parameters
This

A pointer to the EFI_SMBUS_HC_PROTOCOL instance.
SlaveAddress

Address that the host controller detects as sending a message and calls all the
registered function. Type EFI_SMBUS DEVICE ADDRESS is defined in
EFI_PEI_SMBUS PPI.Execute () inthe Platform Initialization SMBus PPI
Specification.

Data
Data that the host controller detects as sending a message and calls all the registered
function.

NotifyFunction

The function to call when the bus driver detects the SIaveAddress and Data pair.
Type EFI_SMBUS NOTIFY FUNCTION is defined in “Related Definitions” below.

Description

The Notify () function registers all the callback functions to allow the bus driver to call thes