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llWhy change?Why change?
llWhat is EFI?What is EFI?
llEFI enablingEFI enabling
llEFI sample implementation demoEFI sample implementation demo
llWindows NT and EFI – MicrosoftWindows NT and EFI – Microsoft
ll Implementing EFI – Phoenix TechnologiesImplementing EFI – Phoenix Technologies
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Why Change?Why Change?

The pre-boot dilemmaThe pre-boot dilemma
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Why Change?Why Change?

Issues with existing bootIssues with existing boot
Code

Real Mode
Assembler
Spaghetti

Scalability
Complexity

Maintenance

Issue

Spec
None! Compatibility

OS Loader
Tied to HW
and BIOS

Slows innovation
Carries legacy

New Architecture RequiredNew Architecture Required
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Why Change?Why Change?

EFI OverviewEFI Overview
ll Interface specificationInterface specification
uuImplementation agnosticImplementation agnostic

ll Abstracts BIOS from OSAbstracts BIOS from OS
uuDecouples developmentDecouples development

ll Compatible by designCompatible by design
uuEvolution, not revolutionEvolution, not revolution

ll Modular and extensibleModular and extensible
uuOS-Neutral value addOS-Neutral value add

ll Complements existing interfacesComplements existing interfaces

OS
Loader

Hardware

BIOS

EFI

Flexible to meet existing
and future needs

Flexible to meet existing
and future needs
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Why Change?Why Change?

EFI delivers…..EFI delivers…..
Code

Real Mode
Assembler
Spaghetti

Scaleability
Complexity

Maintenance

Issue

Spec
None! Compatibility

OS Loader
Tied to HW
and BIOS

Slows innovation
Carries legacy

The right solutionThe right solution

High level

language

protected

mode code

Scaleable

and easy to

maintain

 Straight-forward

implementationClearly defined

Innovation

Legacy migration
Abstraction
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Why Change?Why Change?

TimingTiming
ll IA64 interceptIA64 intercept

uuGolden opportunityGolden opportunity
–– New operating systemsNew operating systems

–– New hardware platformNew hardware platform

ll Downstream benefits for IA64Downstream benefits for IA64
uu Legacy migrationLegacy migration
uuScaleabilityScaleability
uuExtensibilityExtensibility

–– SecuritySecurity

–– ManageabilityManageability

–– DiagnosticsDiagnostics

IA64/EFI : the perfect matchIA64/EFI : the perfect match

IA64
Hardware

EFI
BIOS

IA64
apps

IA32
apps

Legacy
BIOS

IA32
OS

EFI
BIOS

IA64
OS
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Why Change?Why Change?

Breaking awayBreaking away

Golden opportunity for changeGolden opportunity for change
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AgendaAgenda

llWhy change?Why change?
èèWhat is EFI?What is EFI?
llBenefitsBenefits
ll ImplementationImplementation
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  PLATFORM HARDWARE

What is EFI?What is EFI?

ConceptConcept

  PLATFORM  SPECIFIC FIRMWARE (SAL)

  EFI BOOT SERVICES   EFI
RUNTIME
SERVICES

EFI OS LOADER

(OTHER)
SMBIOS

ACPI

INTERFACES
FROM
OTHER

REQUIRED
SPECS

M
em

o
ry

T
im

er

D
river

D
river

D
river

Boot
Devices

Protocols +
Handlers

OPERATING SYSTEM

Legacy OS LOADER

Compatibility

EFI APIEFI APIEFI API

OS PARTITION
EFI OS
Loader

EFI SYSTEM
PARTITION
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OS
Booted

What is EFI?What is EFI?

Operational ModelOperational Model

Platform
Init

Standard
firmware
platform
initialization

OS LoaderEFI
Application

EFI Image
Load

EFI
Driver

Drivers and
applications
loaded
iteratively

Boot Services
Terminate

Operation
handed off
to OS loader

Boot Manager EFI binaries

EFI
Boot code

EFI 
OS Loader

Load

Boot from
ordered list
of EFI OS
loaders

Retry
FailureFailureFailure

API specified Value add implementation

EFI APIEFI API
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What is EFI?What is EFI?

System PartitionSystem Partition

Designed for flexibility Designed for flexibility 

Architectural Sharing

• System partition
• Location for OS loaders
• Applications and drivers

FAT32 Format
• FAT32 spec now “public”
• Tried and tested format
• Readily available tools

Interoperability layout
• Multiple system partitions
• Supports multiple OS

installs

New Partition Structure
• 64 bit partition sizes
• Unlimited # of partitions
• Co-exists w/ legacy MBR
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0 1 n...

LBA0 LBA1 LBAn

Start partition

End partitionStart partition

Primary Partition
Table

Backup Partition
Table

0 1 n...

End partition

First useable block

Last useable block

What is EFI?What is EFI?

New Partition StructureNew Partition Structure
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What is EFI?What is EFI?

Boot device supportBoot device support
ll Hard diskHard disk

ll Removable mediaRemovable media
uuCD-ROM, DVD-ROMCD-ROM, DVD-ROM

–– El Torito 1.0 “No emulation”El Torito 1.0 “No emulation”

uuFloppy, LS-120Floppy, LS-120 SuperDisk SuperDisk*, Iomega* Zip, Fujitsu**, Iomega* Zip, Fujitsu*
MO etc.MO etc.

ll NetworkNetwork
uuPXE BIOS support specification (WfM)PXE BIOS support specification (WfM)

ll Future media via extensibility methodsFuture media via extensibility methods

Full device support Full device support 
* All trademarks and brands are the property of their respective owners
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What is EFI?What is EFI?

Services and ProtocolsServices and Protocols
llRuntime servicesRuntime services
llBoot servicesBoot services
llConsole servicesConsole services
llProtocolsProtocols
llGUIDsGUIDs
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What is EFI?: Services and ProtocolsWhat is EFI?: Services and Protocols

Runtime ServicesRuntime Services
llBoot time and runtimeBoot time and runtime
llTimer, Wakeup alarmTimer, Wakeup alarm
uuRequires processor sync in MP systemsRequires processor sync in MP systems

uuOpens path to future legacy migrationOpens path to future legacy migration

llVariablesVariables
uuBoot manager handshakeBoot manager handshake

llSystem resetSystem reset

Minimal set to meet OSV needsMinimal set to meet OSV needs
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What is EFI?: Services and ProtocolsWhat is EFI?: Services and Protocols

Boot ServicesBoot Services
llEvents and notificationsEvents and notifications
uupolled devices, no interruptspolled devices, no interrupts

llWatchdog timerWatchdog timer
uuelegant recoveryelegant recovery

llMemory allocationMemory allocation
llHandle locationHandle location
ll Image loadingImage loading
uudrivers, applications, OS loaderdrivers, applications, OS loader

Complete, but size efficientComplete, but size efficient
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What is EFI?: Services and ProtocolsWhat is EFI?: Services and Protocols

Console ServicesConsole Services
llAbstracted for flexibilityAbstracted for flexibility
llSupport optionsSupport options
uuLocal headLocal head

–– Character basedCharacter based
–– Graphical (not implemented yet)Graphical (not implemented yet)

uuRemote headRemote head
–– Serial linkSerial link
–– NetworkNetwork

Implementation choicesImplementation choices
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What is EFI?: Services and ProtocolsWhat is EFI?: Services and Protocols

ProtocolsProtocols
llGUID, Interface Structure, ServicesGUID, Interface Structure, Services

uu DEVICE_PATH, DEVICE_IO, BLOCK_IO, DISK_IO, FILE_SYSTEM,DEVICE_PATH, DEVICE_IO, BLOCK_IO, DISK_IO, FILE_SYSTEM,
SIMPLE_INPUT, SIMPLE_TEXT_OUTPUT, SERIAL_IO, PXE_IO,SIMPLE_INPUT, SIMPLE_TEXT_OUTPUT, SERIAL_IO, PXE_IO,
LOAD_FILE, UNICODE_COLLATIONLOAD_FILE, UNICODE_COLLATION

Handle

GUID Interface

GUID Interface

... ... Protocol Interface
Function pointer

Device specific
context

Function pointer
...

HandleProtocol(GUID..)

BlkIo->ReadBlocks(BlkIo, …)

EFI Driver



®®
IntelIntel
                            LabsLabs

What is EFI?: Services and ProtocolsWhat is EFI?: Services and Protocols

Protocol ExampleProtocol Example

OS Loader

EFI Firmware

Driver

PC-AT KBD

USB thunk

Legacy BIOS

Keyboard

Simple_text_in

Initial implementation

OS Loader

EFI Firmware

USB Keyboard

Simple_text_in
USB Driver

“Legacy Free”

Simplified
design

Simplified
design

xxx Driver

xxx Keyboard
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What is EFI?What is EFI?

GUIDGUID
ll ““GGuaranteed” uaranteed” UUnique nique IdIdentityentity
uu128-bit quantity defined by WfM 2.0 spec128-bit quantity defined by WfM 2.0 spec

llPolices extensibility mechanismPolices extensibility mechanism
llAllows publishing of new capabilitiesAllows publishing of new capabilities
uuGUIDGUID

uuInterfacesInterfaces

Safe co-existence of
3rd party extensions
Safe co-existence of
3rd party extensions
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What is EFI?What is EFI?

EFI Image TypesEFI Image Types
llOS LoaderOS Loader
uuEFI application that takes final controlEFI application that takes final control

llApplicationApplication
uuDiagnosticsDiagnostics
uuRecovery toolsRecovery tools
uuCustomer support appsCustomer support apps

llDriverDriver
uuBoot support for add-insBoot support for add-ins
uuCode modulesCode modules

–– e.g. downloadable workaroundse.g. downloadable workarounds

Differentiation
opportunity
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TimelineTimeline

RoadmapRoadmap

Apr    July           Sept           Dec       Q1

Integration with SAL64, Win64* loader

0.6 Firmware SDK for IBVs
• includes early sample code

Initial sample implementation
• boot

2000

EFI Specification
Revision 0.9

Intel Corporation
February 1998

0.9

EFI Specification
Revision 1.0

Intel Corporation
April 1999

EFI Specification
Revision 1.1

Intel Corporation
1999

EFI Specification
Revision 0.95

Intel Corporation
February 1999

0.91 1.0 1.1

Industry

Review draft Full spec
Option ROM

support
Future revisions
as needed

* All trademarks and brands are the property of their respective owners

0.7 Firmware SDK for IBVs
• includes full sample code

1999

Post silicon SDK release

Power-on

Target

Complete sample implementation
• Boot + runtime services

Updated sample implementation
• Including portable driver (OpROM) support
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EFI EnablingEFI Enabling
ll Industry Intercept on IA-64Industry Intercept on IA-64
uu Intel POR is to use EFI starting at power-on Intel POR is to use EFI starting at power-on
uu AMI and Phoenix implementing EFI AMI and Phoenix implementing EFI

uu OEMs platforms supporting EFI OEMs platforms supporting EFI
uu IA-64 operating systems being developed with EFI IA-64 operating systems being developed with EFI

–– IBM/Monterey, Linux, Novell, SCO, Solaris, Windows NTIBM/Monterey, Linux, Novell, SCO, Solaris, Windows NT

ll IA-32 intercept timing less clear, but:IA-32 intercept timing less clear, but:
uu EFI being implemented for embedded systems EFI being implemented for embedded systems

uu manufacturing/test infrastructure moving to EFI manufacturing/test infrastructure moving to EFI

Industry momentumIndustry momentum
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System Design GuidesSystem Design Guides

llEFI is a key component in DIG64EFI is a key component in DIG64
uu enables migration away from legacy enables migration away from legacy

llUNIX Design GuideUNIX Design Guide
uu additional implementation requirements additional implementation requirements

Foundation for system designFoundation for system design
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EFI CollateralsEFI Collaterals
ll Complete sample implementation of EFIComplete sample implementation of EFI
uu architecture neutral, IA-32 and IA-64 builds architecture neutral, IA-32 and IA-64 builds
uu code, build tools and documentation code, build tools and documentation

–– EFI core interface implementationEFI core interface implementation

–– EFI library routinesEFI library routines
–– EFI command shell applicationEFI command shell application

–– EFI Developer’s GuideEFI Developer’s Guide

–– Sample driversSample drivers
–– Sample pre-boot applicationsSample pre-boot applications

ll Readily availableReadily available
uuSimple shrink-wrap license, downloadable codeSimple shrink-wrap license, downloadable code

Low barrier to adoptionLow barrier to adoption
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Windows and EFIWindows and EFI

Pasquale Pasquale DeMaioDeMaio
Program ManagerProgram Manager

MicrosoftMicrosoft
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Booting the 64 Bit Version ofBooting the 64 Bit Version of
the Windows OS on IA-64the Windows OS on IA-64

llBoots only via EFI on the IA-64 platformBoots only via EFI on the IA-64 platform
uu Overall Server Design Guide rules for 64 bit Overall Server Design Guide rules for 64 bit

platforms applyplatforms apply
http://www.http://www.microsoftmicrosoft.com/.com/hwdevhwdev//serverdgserverdg..htmhtm

uu  EFI and ACPI go hand in handEFI and ACPI go hand in hand
uu Microsoft contributing specs to the industry Microsoft contributing specs to the industry

–– EFI FAT32 file system specEFI FAT32 file system spec
–– PE/COFF image format specPE/COFF image format spec
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Software ToolsSoftware Tools

llMicrosoft will be providing disk toolsMicrosoft will be providing disk tools
uu EFI native applications EFI native applications

–– ChkdskChkdsk equivalent equivalent

–– Format equivalentFormat equivalent
–– Fdisk Fdisk equivalentequivalent

uu These tools will be free and you should These tools will be free and you should
supply them with your systemssupply them with your systems
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EFI design pointEFI design point

llKeep emergencies in mind whileKeep emergencies in mind while
planning your firmwareplanning your firmware
implementationsimplementations
uu Provide necessary utilities to recover Provide necessary utilities to recover

from a disasterfrom a disaster
–– Consider remote situationConsider remote situation
–– Consider replaced Hard-diskConsider replaced Hard-disk

uu Don’t put critical components on disk Don’t put critical components on disk



EFIEFI
A BIOS Vendor’sA BIOS Vendor’s

PerspectivePerspective

Curtis StevensCurtis Stevens
Consulting EngineerConsulting Engineer

Phoenix TechnologiesPhoenix Technologies



EFI Phase 1EFI Phase 1
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Building On ExistingBuilding On Existing
FirmwareFirmware
llPeaceful coexistence is keyPeaceful coexistence is key
llStill supports legacy OSStill supports legacy OS
llEnables next generation OSEnables next generation OS
llBuilds on existing specificationsBuilds on existing specifications
uuEDD 3.0EDD 3.0
uuEl El Torito Torito 2.02.0
uuACPIACPI
uuEtc.Etc. In

 F
la

sh



Moving ForwardMoving Forward
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Near Future SystemNear Future System
ImprovementsImprovements
ll Pre-OS applications/drivers on diskPre-OS applications/drivers on disk
uuNon-critical applications & drivers need not take upNon-critical applications & drivers need not take up

flash spaceflash space
uuWell defined environment for system diagnosticsWell defined environment for system diagnostics

uuCould we see an EFI internet browser?Could we see an EFI internet browser?

ll Driver updates need not be flashed!Driver updates need not be flashed!
uuFlashing is a dangerous propositionFlashing is a dangerous proposition

uuLatest drivers can be placed on the hard driveLatest drivers can be placed on the hard drive
–– The drivers in flash can be disabledThe drivers in flash can be disabled



Future SystemFuture System
ImprovementsImprovements

ll Option ROMsOption ROMs
uuEFI drivers can now be embedded in a legacyEFI drivers can now be embedded in a legacy

option ROMoption ROM
uuOnce again, peaceful coexistenceOnce again, peaceful coexistence
uuWork is now being done on a portable option ROMWork is now being done on a portable option ROM

capabilitycapability
uuEmbedded option ROMs do not necessarily needEmbedded option ROMs do not necessarily need

legacy INT structure supportlegacy INT structure support
ll Boot DisconnectBoot Disconnect
uuDefines a boot environment shutdown pointDefines a boot environment shutdown point
uuPositive EFI/BIOS disconnect from all devicesPositive EFI/BIOS disconnect from all devices



New PossibilitiesNew Possibilities
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Dropping Legacy SupportDropping Legacy Support
llEFI fully initializes the system using EFIEFI fully initializes the system using EFI

driversdrivers
llOption ROMs drop legacy supportOption ROMs drop legacy support
llDrop BIOS constructs like the followingDrop BIOS constructs like the following
uuCompatibility RegionCompatibility Region
uuRuntime INT servicesRuntime INT services
uuBIOS Data AreaBIOS Data Area
uuExtended BIOS Data AreaExtended BIOS Data Area



The Boot ProcessThe Boot Process
Initialize BIOS

Runtime Services
Initialize

Option ROMs
Initialize

Hardware Call INT 19h

OS BootPower-Up

Initialize BIOS
Runtime Services

Initialize
Option ROMs

Initialize
Hardware

Power-Up

Initialize
EFI

Initialize
EFI Option ROMs

Load EFI Drivers
From Disk

Launch OS
LoaderOS Disconnect



The Phoenix ExperienceThe Phoenix Experience

With the Intel EFI Sample CodeWith the Intel EFI Sample Code



Intel EFI CodeIntel EFI Code
ll Intel EFI Source CodeIntel EFI Source Code
uuAll in CAll in C
uuCompiled out of the boxCompiled out of the box
uuFound very few problemsFound very few problems

llUsed Intel EFI core, drivers, shell, andUsed Intel EFI core, drivers, shell, and
boot managerboot manager
uuDrivers dependent on IA32 INT9, 10, and 13Drivers dependent on IA32 INT9, 10, and 13
uuSome Some SoftSDV SoftSDV limitationslimitations
uuMore functionality in next versionMore functionality in next version



Our ImplementationOur Implementation
llPhoenix Changes RequiredPhoenix Changes Required
uuNew build component -New build component - efi efi.exe.exe
uuImplement PE32+ loader in SALImplement PE32+ loader in SAL
uuCall-back procedures to IA32 Call-back procedures to IA32 INTnnINTnn
uuMemory Descriptor Entry to EFI memoryMemory Descriptor Entry to EFI memory

map entry conversionmap entry conversion
uuReplace INT19 with sequence to EFIReplace INT19 with sequence to EFI
uuSAL test procedures now work in EFISAL test procedures now work in EFI

environmentenvironment



®®
IntelIntel
                            LabsLabs

SummarySummary

llGolden opportunity for changeGolden opportunity for change
llFlexible solution to meet existing andFlexible solution to meet existing and

future needsfuture needs
llWin, win, winWin, win, win
llGood progress towards industryGood progress towards industry

interceptintercept
llEasy to implementEasy to implement
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Call to actionCall to action

ll Download the specDownload the spec
uu    developer.developer.intelintel.com.com

ll The only way to boot on IA-64The only way to boot on IA-64
is with EFIis with EFI
uu EFI aware operating system EFI aware operating system

loadersloaders
uu EFI conformant platform firmware EFI conformant platform firmware
uu Pre-boot  EFI applications Pre-boot  EFI applications

OEM

OSV

IBV

EFI Specification
Revision 0.91

Intel Corporation
July 1999
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EFI on the WebEFI on the Web
llEFI HomepageEFI Homepage
uuhttp://developer.http://developer.intelintel.com/design/servers/.com/design/servers/efiefi//

uu register for EFI mailing list register for EFI mailing list
uu provide feedback on the specification provide feedback on the specification
uu sample implementation and docs sample implementation and docs

llEFI FAT32 SpecificationEFI FAT32 Specification
uuhttp://www.http://www.microsoftmicrosoft.com/.com/hwdevhwdev/specs//specs/

llPE/COFF Image Format SpecificationPE/COFF Image Format Specification
uuhttp://www.http://www.microsoftmicrosoft.com/.com/hwdevhwdev/specs//specs/


