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Figure 1. Directory Structure

When directory boot is used, the directory structure used should follow the descriptions in the Directory Structure
figure. Available entries include:

• BOOTx64.efi or BOOTIa32.efi
Initial bootstrap loaders, which load OpenCore.efi. BOOTx64.efi is loaded by the firmware by default consistent
with the UEFI specification. However, it may also be renamed and put in a custom location to allow OpenCore
coexist alongside operating systems, such as Windows, that use BOOTx64.efi files as their loaders. Refer to the
LauncherOption property for details.

• boot
Duet bootstrap loader, which initialises the UEFI environment on legacy BIOS firmware and loads OpenCore.efi
similarly to other bootstrap loaders. A modern Duet bootstrap loader will default to OpenCore.efi on the same
partition when present.

• ACPI
Directory used for storing supplemental ACPI information for the ACPI section.

• Drivers
Directory used for storing supplemental UEFI drivers for UEFI section.

• Kexts
Directory used for storing supplemental kernel information for the Kernel section.

• Resources
Directory used for storing media resources such as audio files for screen reader support. Refer to the UEFI Audio
Properties section for details. This directory also contains image files for graphical user interface. Refer to the
OpenCanopy section for details.

• Tools
Directory used for storing supplemental tools.

• OpenCore.efi
Main booter application responsible for operating system loading. The directory OpenCore.efi resides in is called
the root directory, which is set to EFI\OC by default. When launching OpenCore.efi directly or through a
custom launcher however, other directories containing OpenCore.efi files are also supported.

• config.plist
OC Config.

• vault.plist
Hashes for all files potentially loadable by OC Config.

• vault.sig
Signature for vault.plist.

• SysReport
Directory containing system reports generated by SysReport option.

• nvram.plist
OpenCore variable import file.

• nvram.fallback
OpenCore variable import fallback file.

• nvram.used
Renamed previous OpenCore variable import file after switch to fallback file.

• opencore-YYYY-MM-DD-HHMMSS.txt
OpenCore log file.

• panic-YYYY-MM-DD-HHMMSS.txt
Kernel panic log file.

Note: It is not guaranteed that paths longer than OC_STORAGE_SAFE_PATH_MAX (128
:::
192

:
characters including the

0-terminator) will be accessible within OpenCore.

3.2 Installation and Upgrade
To install OpenCore, replicate the Configuration Structure described in the previous section in the EFI volume of a
GPT partition. While corresponding sections of this document provide some information regarding external resources
such as ACPI tables, UEFI drivers, or kernel extensions (kexts), completeness of the matter is out of the scope of
this document. Information about kernel extensions may be found in a separate Kext List document available in the
OpenCore repository. Vaulting information is provided in the Security Properties section of this document.
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Failsafe: false
Description: Provide custom KASLR slide on low memory.

This option performs memory map analysis of the firmware and checks whether all slides (from 1 to 255) can be
used. As boot.efi generates this value randomly with rdrand or pseudo randomly rdtsc, there is a chance of
boot failure when it chooses a conflicting slide. In cases where potential conflicts exist, this option forces macOS
to select a pseudo random value from the available values. This also ensures that the slide= argument is never
passed to the operating system (for security reasons).

Note: The need for this quirk is determined by the OCABC: Only N/256 slide values are usable! message
in the debug log.

17. ProvideMaxSlide
Type: plist integer
Failsafe: 0
Description: Provide maximum KASLR slide when higher ones are unavailable.

This option overrides the maximum slide of 255 by a user specified value between 1 and 254 (inclusive) when
ProvideCustomSlide is enabled. It is assumed that modern firmware allocates pool memory from top to bottom,
effectively resulting in free memory when slide scanning is used later as temporary memory during kernel loading.
When such memory is not available, this option stops the evaluation of higher slides.

Note: The need for this quirk is determined by random boot failures when ProvideCustomSlide is enabled and
the randomized slide falls into the unavailable range. When AppleDebug is enabled, the debug log typically
contains messages such as AAPL: [EB|‘LD:LKC] } Err(0x9). To find the optimal value, append slide=X, where
X is the slide value, to the boot-args and select the largest one that does not result in boot failures.

18. RebuildAppleMemoryMap
Type: plist boolean
Failsafe: false
Description: Generate macOS compatible Memory Map.

The Apple kernel has several limitations on parsing the UEFI memory map:

• The Memory map size must not exceed 4096 bytes as the Apple kernel maps it as a single 4K page. As some
types of firmware can have very large memory maps, potentially over 100 entries, the Apple kernel will crash
on boot.

• The Memory attributes table is ignored. EfiRuntimeServicesCode memory statically gets RX permissions
while all other memory types get RW permissions. As some firmware drivers may write to global variables at
runtime, the Apple kernel will crash at calling UEFI runtime services unless the driver .data section has a
EfiRuntimeServicesData type.

•
:::::
Apple

::::::
kernel

::::::::
Memory

::::
map

:::::
entry

::::::::::::
consolidation

:::::
may

:::::
work

:::::::::
incorrectly

:::
for

::::
low

::::::::
memory

::::::::::
descriptors,

::::::
which

:::
are

:::::::
initially

:::::::
marked

::
as

:::::::::::
preallocated

::
by

::::::
Apple

::::::
kernel,

::::
but

::::
then

::::
may

::::
get

:::::::::::
consolidated

::::
and

::::
lose

::::
their

::::::::::::
preallocation

:::::
status

::::
due

::
to

::
a
::::
bug.

::::::
Since

::::::
Apple

::::::
kernel

::::
later

:::::
frees

:::
low

::::::::
memory

:
,
::::
this

::::
may

:::::
result

:::
in

::::::::::::
use-after-free

:::::
errors

::::
and

::::::
various

:::::
kinds

:::
of

::::::
kernel

::::::
panics

::
at

:::::
boot

:::::
time.

::::
The

:::::
issue

::::
was

:::::
fixed

::
in

:::::
Mac

:::
OS

::
X

::::
10.7

:::::::
kernel.

:

To workaround these limitations, this quirk applies memory attribute table permissions to the memory map
passed to the Apple kernel and optionally attempts to unify contiguous slots of similar types if the resulting
memory map exceeds 4 KB.

Note 1 : Since several types of firmware come with incorrect memory protection tables, this quirk often comes
paired with SyncRuntimePermissions.

Note 2 : The need for this quirk is determined by early boot failures. This quirk replaces EnableWriteUnprotector
on firmware supporting Memory Attribute Tables (MAT). This quirk is typically unnecessary when using
OpenDuetPkg but may be required to boot Mac OS X 10.6, and earlier, for reasons that are as yet unclear.

19. ResizeAppleGpuBars
Type: plist integer
Failsafe: -1
Description: Reduce GPU PCI BAR sizes for compatibility with macOS.

This quirk reduces GPU PCI BAR sizes for Apple macOS up to the specified value or lower if it is unsupported.
The specified value follows PCI Resizable BAR spec. While Apple macOS supports a theoretical 1 GB maximum,
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in practice all non-default values may not work correctly. For this reason the only supported value for this quirk
is the minimal supported BAR size, i.e. 0. Use -1 to disable this quirk.

For development purposes one may take risks and try other values. Consider a GPU with 2 BARs:

• BAR0 supports sizes from 256 MB to 8 GB. Its value is 4 GB.
• BAR1 supports sizes from 2 MB to 256 MB. Its value is 256 MB.

Example 1 : Setting ResizeAppleGpuBars to 1 GB will change BAR0 to 1 GB and leave BAR1 unchanged.
Example 2 : Setting ResizeAppleGpuBars to 1 MB will change BAR0 to 256 MB and BAR0 to 2 MB.
Example 3 : Setting ResizeAppleGpuBars to 16 GB will make no changes.

Note: See ResizeGpuBars quirk for general GPU PCI BAR size configuration and more details about the
technology.

20. SetupVirtualMap
Type: plist boolean
Failsafe: false
Description: Setup virtual memory at SetVirtualAddresses.

Some types of firmware access memory by virtual addresses after a SetVirtualAddresses call, resulting in early
boot crashes. This quirk workarounds the problem by performing early boot identity mapping of assigned virtual
addresses to physical memory.

Note
:
1: The need for this quirk is determined by early boot failures.

::::
Note

::
2:
:::::

This
:::::
quirk

::
is
::::
not

::::::::::
compatible

:::::
with

::::::
32-bit

:::::::
kernels.

:

21. SignalAppleOS
Type: plist boolean
Failsafe: false
Description: Report macOS being loaded through OS Info for any OS.

This quirk is useful on Mac firmware, which loads different operating systems with different hardware configurations.
For example, it is supposed to enable Intel GPU in Windows and Linux in some dual-GPU MacBook models.

22. SyncRuntimePermissions
Type: plist boolean
Failsafe: false
Description: Update memory permissions for the runtime environment.

Some types of firmware fail to properly handle runtime permissions:

• They incorrectly mark OpenRuntime as not executable in the memory map.
• They incorrectly mark OpenRuntime as not executable in the memory attributes table.
• They lose entries from the memory attributes table after OpenRuntime is loaded.
• They mark items in the memory attributes table as read-write-execute.

This quirk attempts to update the memory map and memory attributes table to correct this.

Note: The need for this quirk is indicated by early boot failures (note: includes halt at black screen as well as
more obvious crash). Particularly likely to affect early boot of Windows or Linux (but not always both) on
affected systems. Only firmware released after 2017 is typically affected.
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used both to switch which OpenCore installation is blessed, with CTRL+Enter, e.g. from a recovery OpenCore
installation on CD (selected with the C key on boot) back to the main installation of OpenCore on the hard drive,
if this is lost after an NVRAM reset. It can also be used, even when the native picker cannot be shown normally
(unsupported GPU), to do a one-shot boot without OpenCore, e.g. to another OS or tool, or to an earlier version
of macOS.

11. PickerVariant
Type: plist string
Failsafe: Auto
Description: Choose specific icon set to be used for boot management.

An icon set is a directory path relative to Resources\Image, where the icons and an optional manifest
are located. It is recommended for the artists to use provide their sets in the Vendor\Set format, e.g.
Acidanthera\GoldenGate.

Sample resources provided as a part of OcBinaryData repository provide the following icon set:

• Acidanthera\GoldenGate — macOS 11 styled icon set.
• Acidanthera\Syrah — OS X 10.10 styled icon set.
• Acidanthera\Chardonnay — Mac OS X 10.4 styled icon set.

For convenience purposes there also are predefined aliases:

• Auto — Automatically select one set of icons based on the
:::::::::::::::::
background-color

::::
and DefaultBackground

colour
::::::
colours: Acidanthera\GoldenGate for Syrah Black and Acidanthera\Chardonnay for Light Gray.

:::::::::::::::::
background-color

:::::::
variable

::::
has

:::::::
priority.

:

• Default — Acidanthera\GoldenGate.

12. PollAppleHotKeys
Type: plist boolean
Failsafe: false
Description: Enable modifier hotkey handling in the OpenCore picker.

In addition to action hotkeys, which are partially described in the PickerMode section and are typically handled
by Apple BDS, modifier keys handled by the operating system bootloader (boot.efi) also exist. These keys
allow changing the behaviour of the operating system by providing different boot modes.

On certain firmware, using modifier keys may be problematic due to driver incompatibilities. To workaround this
problem, this option allows registering certain hotkeys in a more permissive manner from within the OpenCore
picker. Such extensions include support for tapping on key combinations before selecting the boot item, and for
reliable detection of the Shift key when selecting the boot item, in order to work around the fact that hotkeys
which are continuously held during boot cannot be reliably detected on many PS/2 keyboards.

This list of known modifier hotkeys includes:

• CMD+C+MINUS — disable board compatibility checking.
• CMD+K — boot release kernel, similar to kcsuffix=release.
• CMD+S — single user mode.
• CMD+S+MINUS — disable KASLR slide, requires disabled SIP.
• CMD+V — verbose mode.
• Shift+Enter, Shift+Index — safe mode, may be used in combination with CTRL+Enter, CTRL+Index.

13. ShowPicker
Type: plist boolean
Failsafe: false
Description: Show a simple picker to allow boot entry selection.

14. TakeoffDelay
Type: plist integer, 32 bit
Failsafe: 0
Description: Delay in microseconds executed before handling the OpenCore picker startup and action hotkeys.

Introducing a delay may give extra time to hold the right action hotkey sequence to, for instance, boot into
recovery mode. On most systems, the appearance of the initial boot logo is a good indication of the time from
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decoded keyboard list from AppleKeyboardLayouts-L.dat can be found here. Using non-latin keyboard on 10.14
will not enable ABC keyboard, unlike previous and subsequent macOS versions, and is thus not recommended in
case 10.14 is needed.

• 7C436110-AB2A-4BBB-A880-FE41995C9F82:security-mode
ASCII string defining FireWire security mode. Legacy, can be found in IOFireWireFamily source code in
IOFireWireController.cpp. It is recommended not to set this variable, which may speedup system startup. Setting
to full is equivalent to not setting the variable and none disables FireWire security.

• 4D1EDE05-38C7-4A6A-9CC6-4BCCA8B38C14:UIScale
One-byte data defining boot.efi user interface scaling. Should be 01 for normal screens and 02 for HiDPI
screens.

• 7C436110-AB2A-4BBB-A880-FE41995C9F82:ForceDisplayRotationInEFI
32-bit integer defining display rotation. Can be 0 for no rotation or any of 90, 180, 270 for matching ro-
tation in degrees.

• 4D1EDE05-38C7-4A6A-9CC6-4BCCA8B38C14:DefaultBackgroundColor
Four-byte BGRA data defining boot.efi user interface background colour. Standard colours include BF BF BF
00 (Light Gray) and 00 00 00 00 (Syrah Black). Other colours may be set at user’s preference.

•
::::::::::::::::::::::::::::::::::::::::::::::::::::::::
4D1FDA02-38C7-4A6A-9CC6-4BCCA8B30102:background-color

:::::::::::
Acidanthera

:::::::
override

::::
for

::::::::::::::::::::::::
DefaultBackgroundColor

:::::
useful

:::
for

::::::
legacy

::::
OS

::
X
:::::::::

versions,
::::
e.g.

::::
OS

:::
X

:::::
10.9,

::::::
which

::::
does

:::
not

:::::::
display

:::::
grey

::::
boot

::::::
screen

:::::
when

::::::::::::::::::::::::
DefaultBackgroundColor

:
is
::::
set,

:::::::::
regardless

::
of
:::

its
::::::
value.

:

9.5 Other Variables
The following variables may be useful for certain configurations or troubleshooting:

• 7C436110-AB2A-4BBB-A880-FE41995C9F82:boot-args
Kernel arguments, used to pass configuration to Apple kernel and drivers. There are many arguments, which
may be found by looking for the use of PE_parse_boot_argn function in the kernel or driver code. Some of the
known boot arguments include:

– acpi_layer=0xFFFFFFFF
– acpi_level=0xFFFF5F (implies ACPI_ALL_COMPONENTS)
– arch=i386 (force kernel architecture to i386, see KernelArch)
– batman=VALUE (AppleSmartBatteryManager debug mask)
– batman-nosmc=1 (disable AppleSmartBatteryManager SMC interface)
– cpus=VALUE (maximum number of CPUs used)
– debug=VALUE (debug mask)
– io=VALUE (IOKit debug mask)
– ioaccel_debug=VALUE (IOAccelerator debug mask)
– keepsyms=1 (show panic log debug symbols)
– kextlog=VALUE (kernel extension loading debug mask)
– nvram-log=1 (enables AppleEFINVRAM logs)
– nv_disable=1 (disables NVIDIA GPU acceleration)
– nvda_drv=1 (legacy way to enable NVIDIA web driver, removed in 10.12)
– npci=0x2000 (legacy, disables kIOPCIConfiguratorPFM64)
– lapic_dont_panic=1 (disable lapic spurious interrupt panic on AP cores)
– panic_on_display_hang=1 (trigger panic on display hang)
– panic_on_gpu_hang=1 (trigger panic on GPU hang)
– serial=VALUE (configure serial logging mode) — The following bits are used by XNU:

∗ 0x01 (SERIALMODE_OUTPUT, bit 0) — Enable serial output.
∗ 0x02 (SERIALMODE_INPUT, bit 1) — Enable serial input.
∗ 0x04 (SERIALMODE_SYNCDRAIN, bit 2) — Enable serial drain synchronisation.
∗ 0x08 (SERIALMODE_BASE_TTY, bit 3) — Load Base/Recovery/FVUnlock TTY.
∗ 0x10 (SERIALMODE_NO_IOLOG, bit 4) — Prevent IOLogs writing to serial.

– slide=VALUE (manually set KASLR slide)
– smcdebug=VALUE (AppleSMC debug mask)
– spin_wait_for_gpu=1 (reduces GPU timeout on high load)
– -amd_no_dgpu_accel (alternative to WhateverGreen’s -radvesa for new GPUs)
– -nehalem_error_disable (disables the AppleTyMCEDriver)
– -no_compat_check (disable model checking on 10.7+)
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sudo bless --verbose --file /Volumes/VOLNAME/DIR/OpenShell.efi \
--folder /Volumes/VOLNAME/DIR/ --setBoot

Listing 3: Blessing tool

Note 1 : /System/Library/CoreServices/BridgeVersion.bin should be copied to /Volumes/VOLNAME/DIR.
Note 2 : To be able to use the bless command, disabling System Integrity Protection is necessary.
Note 3 : To be able to boot Secure Boot might be disabled if present.

Some of the known tools are listed below (builtin tools are marked with *):

BootKicker* Display Apple BootPicker menu (for Macs with compatible firmware).
ChipTune* Test BeepGen protocol and generate audio signals of different style and length.
CleanNvram* Reset NVRAM alternative bundled as a standalone tool.
CsrUtil* Simple implementation of SIP-related features of Apple csrutil.
FontTester* Render the console font pages which the Builtin renderer provides.
GopStop* Test GraphicsOutput protocol with a simple scenario.
KeyTester* Test keyboard input in SimpleText mode.
MemTest86 Memory testing utility.
OpenControl* Unlock and lock back NVRAM protection for other tools to be able to get full NVRAM

access when launching from OpenCore.
OpenShell* OpenCore-configured UEFI Shell for compatibility with a broad range of firmware.
PavpProvision Perform EPID provisioning (requires certificate data configuration).
ResetSystem* Utility to perform system reset. Takes reset type as an argument: coldreset, firmware,

shutdown, warmreset. Defaults to coldreset.
RtcRw* Utility to read and write RTC (CMOS) memory.
ControlMsrE2* Check CFG Lock (MSR 0xE2 write protection) consistency across all cores and change such

hidden options on selected platforms.
TpmInfo* Check Intel PTT (Platform Trust Technology) capability on the platform, which allows using

fTPM 2.0 if enabled. The tool does not check whether fTPM 2.0 is actually enabled.

11.4 OpenCanopy
OpenCanopy is a graphical OpenCore user interface that runs in External PickerMode and relies on OpenCorePkg
OcBootManagementLib similar to the builtin text interface.

OpenCanopy requires graphical resources located in Resources directory to run. Sample resources (fonts and images)
can be found in OcBinaryData repository. Customised icons can be found over the internet (e.g. here or there).

OpenCanopy provides full support for PickerAttributes and offers a configurable builtin icon set. The chosen icon set
may depend on the

:::::::::::::::::
background-color

:::
and

:
DefaultBackgroundColor variable value

:::::
values. Refer to PickerVariant

for more details.

Predefined icons are saved in the PickerVariant-derived subdirectory of the \EFI\OC\Resources\Image directory. A
full list of supported icons (in .icns format) is provided below. When optional icons are missing, the closest available
icon will be used. External entries will use Ext-prefixed icon if available (e.g. OldExtHardDrive.icns).

Note: In the following all dimensions are normative for the 1x scaling level and shall be scaled accordingly for other
levels.

• Cursor — Mouse cursor (mandatory, up to 144x144).
• Selected — Selected item (mandatory, 144x144).
• Selector — Selecting item (mandatory, up to 144x40).
• SetDefault — Selecting default (mandatory, up to 144x40; must be same width as Selector).
• Left — Scrolling left (mandatory, 40x40).
• Right — Scrolling right (mandatory, 40x40).
• HardDrive — Generic OS (mandatory, 128x128).
• Background — Centred background image.
• Apple — Apple OS (128x128).
• AppleRecv — Apple Recovery OS (128x128).
• AppleTM — Apple Time Machine (128x128).

84

https://developer.apple.com/library/archive/documentation/Security/Conceptual/System_Integrity_Protection_Guide/ConfiguringSystemIntegrityProtection/ConfiguringSystemIntegrityProtection.html
https://support.apple.com/HT208330
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg/tree/master/Application/GopStop
https://github.com/acidanthera/OpenCorePkg
https://www.memtest86.com
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
http://github.com/tianocore/edk2
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OpenCorePkg
https://github.com/acidanthera/OcBinaryData
https://github.com/blackosx/OpenCanopyIcons
https://applelife.ru/threads/kastomizacija-opencanopy.2945020/


When --gpio-setup is enabled (i.e. non-zero), then 0 is a special value for --gpio-pins, meaning that the pin
mask will be auto-generated based on the reported number of GPIO pins on the specified codec (see AudioCodec),
e.g. if the codec’s audio out function group reports 4 GPIO pins, a mask of 0xF will be used. The value in use
can be seen in the debug log in a line such as:

HDA: GPIO setup on pins 0x0F - Success

Values for driver parameters can be specified in hexadecimal beginning with 0x or in decimal, e.g. --gpio-pins=0x12
or --gpio-pins=18.

• --restore-nosnoop - Boolean flag, enabled if present.

AudioDxe clears the Intel HDA No Snoop Enable (NSNPEN) bit. On some systems, this change must be reversed
on exit in order to avoid breaking sound in Windows or Linux. If so, this flag should be added to AudioDxe driver
arguments. Not enabled by default, since restoring the flag can prevent sound from working in macOS on some
other systems.

• --use-conn-none - Boolean flag, enabled if present.

On some sound cards enabling this option will enable additional usable audio channels (e.g. the bass or treble
speaker of a pair, where only one is found without it).

Note: Enabling this option may increase the available channels, in which case any custom setting of AudioOutMask
may need to be changed to match the new channel list.

11.11 OpenVariableRuntimeDxe
Provides in-memory emulated NVRAM implementation. This can be useful on systems with fragile (e.g. MacPro5,1,
see discussion linked from this forum post) or incompatible NVRAM implementations. This driver is included by
default in OpenDuet.

In addition to installing emulated NVRAM, this driver additionally installs an OpenCore compatible protocol enabling
the following:

• NVRAM values are loaded from NVRAM/nvram.plist (or from NVRAM/nvram.fallback if it is present and
NVRAM/nvram.plist is missing) on boot

• The Reset NVRAM option installed by the ResetNvramEntry driver removes the above files instead of affecting
underlying NVRAM

• CTRL+Enter in the OpenCore bootpicker updates or creates NVRAM/nvram.plist

Recommended configuration settings for this driver:

• OpenVariableRuntimeDxe.efi loaded using LoadEarly=true. OpenDuet users should not load this driver, as it
:
a
::::::::
firmware

::::::
driver

:::::::
serving

:::
the

:::::
same

::::::::
purpose

:
is included in OpenDuet.

• OpenRuntime.efi specified after OpenVariableRuntimeDxe.efi (when applicable), also loaded using LoadEarly=true
for correct operation of RequestBootVarRouting.

– RequestBootVarRouting is never strictly needed while using emulated NVRAM, but it can be convenient
to leave it set on a system which needs to switch between real and emulated NVRAM.

– RequestBootVarRouting is never required on an OpenDuet system, since there are no BIOS-managed boot
entries to protect, therefore on OpenDuet recommended settings are LoadEarly=false for OpenRuntime.efi
and RequestBootVarRouting=false.

• LegacySchema populated.
– For simpler testing (allows arbitrary test variables), and future-proofing against changes in the variables

required by macOS updates, use <string>*</string> settings, as described in notes below.
– For increased security, populate sections with known required keys only, as shown in OpenCore’s sample

.plist files.
• ExposeSensitiveData with at least bit 0x1 set to make boot-path variable containing the OpenCore EFI

partition UUID available to the Launchd.command script.

Variable loading happens prior to the NVRAM Delete (and Add) phases. Unless LegacyOverwrite is enabled, it will
not overwrite any existing variable. Variables allowed for loading and for saving with CTRL+Enter must be specified in
LegacySchema.
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hdiutil mount ReadWrite.dmg -noverify -noautoopen -noautoopenrw -noautofsck -mountpoint RW
cp OSInstall.mpkg RW/System/Installation/Packages/OSInstall.mpkg
killall Finder fseventsd
rm -rf RW/.fseventsd
cp DS_STORE RW/.DS_Store
hdiutil detach RW -force
rm -rf DS_STORE RW
hdiutil convert ReadWrite.dmg -format UDZO -o ReadOnly.dmg

12.1.4 Mac OS X 10.5

• All previous issues apply.

• This macOS version does not support x86_64 kernel and requires i386 kernel extensions and patches.

• This macOS version uses the first (V1) version of prelinkedkernel, which has kext symbol tables corrupted
by the kext tools. This nuance renders prelinkedkernel kext injection impossible in OpenCore. Mkext kext
injection will still work without noticeable performance drain and will be chosen automatically when KernelCache
is set to Auto.

• Last released installer image for Mac OS X 10.5 is Mac OS X 10.5.7 build 9J3050 (for MacBookPro5,3). Unlike
the others, this image is not limited to the target model identifiers and can be used as is. The original 9J3050
image can be found here (MEGA Mirror), assuming Mac OS X 10.5 is legally owned. Refer to the DIGEST.txt file
for details.

::::
This

::::::
image

::
is

:::::::
limited

::
to

:::::::::::::::
MacBookPro5,2,

:::::::::::::::
MacBookPro5,3,

:::::::::::::::
MacBookPro5,4,

:::::::::::::::
MacBookPro5,5

::::::
model

:::::::::
identifiers.

:::
To

:::
fix

:::::::::::::
compatibility

::::
with

::::::
other

::::::
models

::::
one

::::
can

::::::::
hex-edit

:::
the

::::
raw

::::::::
installer

::::::
image

::::::::
replacing

::::
the

:::::
logic

::
of

:::::::::::::::::::::::
/usr/libexec/cpu_check

::::::
script.

:::
For

:::::::::
example,

::
it

::::
can

::
be

::::::::
changed

:::
to

::::::
always

::::::
return

::
0

::
by

:::::::
altering

::::
the

:::::::
ternary

:::::::
operator

:::
of

:::
the

:::::
exit

:::::::
function

::::
call:

:

::::
exit

::
(
:::::::

$CPUs
:
{

::::::::
$hostCPU

:
}
::

?
::

0
::

:
:::

1
:::
);

Note that this
:::::
image

:
is the earliest tested version of Mac OS X 10.5 with OpenCore.

12.1.5 Mac OS X 10.4

• All previous issues apply.

• This macOS version has a hard requirement to access all the optional packages on the second DVD disk installation
media, requiring either two disks or USB media installation.

• Last released installer images for Mac OS X 10.4 are Mac OS X 10.4.10 builds 8R4061a (for MacBookPro3,1)
and 8R4088 (for iMac7,1)). These images are limited to their target model identifiers as on newer macOS
versions. Modified 8R4088 images (with ACDT suffix) without model restrictions can be found here (MEGA
Mirror), assuming Mac OS X 10.4 is legally owned. Refer to the DIGEST.txt file for details. Note that these are
the earliest tested versions of Mac OS X 10.4 with OpenCore.

:

•
::::
Due

::
to

::::
lack

:::
of

::::::::::::::::::::
createinstallmedia

::::::
utility

::::
and

:::::::
because

::::
the

::::::
DMG

::::::::
installer

::
is

::
a

:::::::
volume

::::::
image,

::::
not

::
of
::

a
:::::

disk
:::::
image

:::::
(with

::
a
::::::::
partition

:::::::
table),

::
it

::
is

:::::::::
necessary

::
to

::::::
either

::::::
restore

::::
the

:::::
DMG

:::
file

:::
to

::
a

::::::::
partition

:::
on

:
a
:::::::::::::::
GPT-formatted

:::::
media

:::
or

:::::::
convert

::
it

::
to

::
a
::::
disk

::::::
image.

:::::
The

::::::::
following

::::::::::
commands

:::::
could

:::
be

:::::
used

::
to

:::
do

::
it:

:

:::::::
hdiutil

::::::::
create

::
-

:
o
::::::::::
converted

:
.
::::
dmg

::
-

::::
size

:::
14

:
g
::
-
::::::
layout

:::::::::
GPTSPUD

::
-
::
fs

::::
HFS

:
+
:
J

:::::::
hdiutil

::::::::
attach

::
-

:::::::
nomount

:::::::::::
converted

:
.

:::
dmg

:::::::
hdiutil

::::::::
attach

::
-

:::::::
nomount

::
/
::::
path

::
/

::
to

:
/

::::::::
original

:
/
::::::::::
installer

:
.

:::
dmg

::
dd

:::
if

::
=/

::::
dev

:
/

::::
disk

:
{

:
Y
:
}
:::
of

::
=/

:::
dev

:
/
:::::
disk

:
{

:
X

:
}

::
s2

:::
bs

:::
=16

:
m

:
#
::::::::::::
Optionally

::::::::
convert

:::
to

:::::::::::::
preferrable

:::::
disk

::::::
image

:
:

::::
qemu

:
-
:::
img

:::::::::
convert

::
-
:
p
::
-
:
O
::::::

qcow2
:::

/
:::
dev

:
/

::::
disk

:
{
:
X
:
}
:::::::::::
installer

:
.

:::::
qcow2

:::::::
hdiutil

::::::::
detach

:::::
disk

:
{
:
X
:
}
:::

&&
:::::::::

hdiutil
:::::::
detach

:::::
disk

:
{
:
Y
:
}

::
It

:::
will

:::
be

:::::::::
necessary

:::
to

:::::::
replace

:::
{X}

:::
and

::::
{Y}

::::
with

::::
disk

::::::::
numbers

::::
for

::::::::
attached

::::::
target

::::::
image

:::::::::::::::
(converted.dmg)

::::
and

:::::::
original

:::::
DMG

::::::::
installer

::::::::::::::
(installer.dmg).

:::::::::::
Converting

:::
the

::::::::
resulting

:::::
dmg

:::
can

:::
be

:::::
done

::::
any

:::::
other

::::::::::
preferrable

:::::::
format

::::
with

:::
the

:::::
help

::
of

:::::::::
qemu-img

:::::
utility.
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https://archive.org/details/10.5.7-9-j-3050
https://mega.nz/folder/inRBTarD#zanf7fUbviwz3WHBU5xpCg
https://archive.org/details/10.4.10-8-r-4088-acdt
https://mega.nz/folder/D3ASzLzA#7sjYXE2X09f6aGjol_C7dg
https://mega.nz/folder/D3ASzLzA#7sjYXE2X09f6aGjol_C7dg
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