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Part |. DRM Core

This first part of the GPU Driver Developer's Guide documents core DRM code, helper libraries for writing drivers
and generic userspace interfaces exposed by DRM drivers.
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Chapter 1. Introduction

The Linux DRM layer contains code intended to support the needs of complex graphics devices, usualy
containing programmable pipelines well suited to 3D graphics acceleration. Graphicsdriversin the kernel
may make use of DRM functions to make tasks like memory management, interrupt handling and DMA
easier, and provide a uniform interface to applications.

A noteonversions: thisguide coversfeaturesfoundinthe DRM tree, including the TTM memory manager,
output configuration and mode setting, and the new vblank internals, in addition to all the regular features
found in current kernels.

[Insert diagram of typical DRM stack here]

Style Guidelines

For consistency this documentation uses American English. Abbreviations are written as all-uppercase,
for example: DRM, KMS, IOCTL, CRTC, and so on. To aid in reading, documentations make full use
of the markup characters kerneldoc provides: @parameter for function parameters, @member for struc-
ture members, & structure to reference structures and function() for functions. These all get automatically
hyperlinked if kerneldoc for the referenced objects exists. When referencing entries in function vtables
please use ->vfunc(). Note that kerneldoc does not support referencing struct members directly, so please
add areference to the vtable struct somewhere in the same paragraph or at least section.

Except in specia situations (to separate locked from unlocked variants) locking requirementsfor functions
aren't documented in the kerneldoc. Instead locking should be check at runtime using e.g. WARN_ON( !
mut ex_i s_l ocked(...));.Sinceit's much easier to ignore documentation than runtime noise this
provides more value. And on top of that runtime checks do need to be updated when the locking rules
change, increasing the chances that they're correct. Within the documentation the locking rules should be
explained in the relevant structures: Either in the comment for the lock explaining what it protects, or data
fields need a note about which lock protects them, or both.

Functions which have a non-voi d return value should have a section called "Returns' explaining the
expected return values in different cases and their meanings. Currently there's no consensus whether that
section name should be all upper-case or not, and whether it should end in a colon or not. Go with the
file-local style. Other common section names are "Notes" with information for dangerous or tricky corner
cases, and "FIXME" where the interface could be cleaned up.




Chapter 2. DRM Internals

This chapter documents DRM internals relevant to driver authors and devel opers working to add support
for the latest features to existing drivers.

First, we go over sometypical driver initialization requirements, like setting up command buffers, creating
an initial output configuration, and initializing core services. Subsequent sections cover core internalsin
more detail, providing implementation notes and examples.

The DRM layer provides severa services to graphics drivers, many of them driven by the application
interfacesit provides through libdrm, the library that wraps most of the DRM ioctls. These include vblank
event handling, memory management, output management, framebuffer management, command submis-
sion & fencing, suspend/resume support, and DMA services.

Driver Initialization

At the core of every DRM driver isadrm_driver structure. Driverstypically statically initializeadrm_dri-
ver structure, and then passittodr m dev_al | oc() to alocate a device instance. After the devicein-
stanceisfully initialized it can be registered (which makes it accessible from userspace) using dr m de-
v_register().

Thedrm_driver structure contains static information that describes the driver and featuresit supports, and
pointers to methods that the DRM core will call to implement the DRM API. We will first go through
the drm_driver static information fields, and will then describe individual operations in details as they get
used in later sections.

Driver Information

Driver Features

Driversinform the DRM core about their requirements and supported features by setting appropriate flags
inthedr i ver _f eat ur es field. Since those flags influence the DRM core behaviour since registration
time, most of them must be set to registering the drm_driver instance.

u32 driver_features;

Driver Feature Flags

DRIVER_USE AGP Driver uses AGP interface, the DRM core will manage AGP resources.
DRIVER_RE- Driver needs AGP interface to function. AGP initialization failure will be-
QUIRE_AGP come afatal error.

DRIVER_PCI_DMA Driver is capable of PCI DMA, mapping of PCI DMA buffers to userspace

will be enabled. Deprecated.

DRIVER_SG Driver can perform scatter/gather DMA, alocation and mapping of scat-
ter/gather buffers will be enabled. Deprecated.

DRIVER_HAVE DMA Driver supports DMA, the userspace DMA API will be supported. Depre-
cated.

DRIVER_HAVE IRQ, DRIVER_HAVE_IRQindicateswhether thedriver hasan IRQ handler man-
DRIVER_IRQ SHARED aged by the DRM Core. The core will support simple IRQ handler installa-
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tion when the flag is set. The installation process is described in the section
called “IRQ Registration”.

DRIVER_IRQ_SHARED indicates whether the device & handler support
shared IRQs (note that thisis required of PCI drivers).

DRIVER_GEM Driver use the GEM memory manager.

DRIVER_MODESET Driver supports mode setting interfaces (KMS).

DRIVER_PRIME Driver implements DRM PRIME buffer sharing.

DRIVER_RENDER Driver supports dedicated render nodes.

DRIVER_ATOMIC Driver supports atomic properties. In this case the driver must implement

appropriate obj->atomic_get_property() vfuncsfor any modeset objectswith
driver specific properties.

Major, Minor and Patchlevel

Name,

int major;
int mnor;
i nt patchl evel;

The DRM coreidentifiesdriver versions by amajor, minor and patch level triplet. Theinformationisprint-
ed to the kernel log at initialization time and passed to userspace through the DRM_|OCTL_VERSION
ioctl.

The major and minor numbers are also used to verify the requested driver API version passed to DR-
M_IOCTL_SET _VERSION. When the driver API changes between minor versions, applications can call
DRM_IOCTL_SET VERSION to select aspecific version of the API. If the requested major isn't equal to
thedriver mgjor, or the requested minor islarger than thedriver minor,theDRM_IOCTL_SET VERSION
call will return an error. Otherwise the driver's set_version() method will be called with the requested
version.

Description and Date

char *nane;
char *desc;
char *dat e;

The driver name is printed to the kernel log at initialization time, used for IRQ registration and passed to
userspace through DRM_IOCTL_VERSION.

The driver description is a purely informative string passed to userspace through the DR-
M_IOCTL_VERSION ioctl and otherwise unused by the kernel.

Thedriver date, formatted as YYYYMMDD, is meant to identify the date of the latest modification to the
driver. However, as most drivers fail to update it, its value is mostly useless. The DRM core printsit to
the kernel log at initialization time and passesit to userspace through the DRM_IOCTL_VERSION ioctl.

Device Instance and Driver Handling

A device instance for adrm driver is represented by struct drm_device. Thisis allocated with dr m _de-
v_al | oc, usually frombus-specific->pr obe callbacksimplemented by thedriver. Thedriver then needs
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to initialize all the various subsystems for the drm device like memory management, vblank handling,
modesetting support and intial output configuration plus obviously initialize al the corresponding hard-
ware bits. An important part of thisisalso calling dr m dev_set _uni que to set the userspace-visible
unique name of this device instance. Finally when everything is up and running and ready for userspace
the device instance can be published usingdr m dev_r egi st er.

Thereisalso deprecated support for initalizing deviceinstances using bus-specific helpersand the->| oad
callback. But due to backwards-compatibility needs the device instance have to be published too early,
which requires unpretty global locking to make safe and is therefore only support for existing drivers not
yet converted to the new scheme.

When cleaning up a device instance everything needs to be done in reverse: First unpublish the device
instancewithdr m _dev_unr egi st er . Then clean up any other resources allocated at device initializa-
tion and drop the driver'sreference to drm_device using dr m dev_unr ef .

Note that the lifetime rules for drm_device instance has still alot of historical baggage. Hence use the
reference counting provided by dr m dev_r ef anddr m dev_unr ef only carefully.

Also note that embedding of drm_device is currently not (yet) supported (but it would be easy to add).
Drivers can store driver-private datain the dev_priv field of drm_device.
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Name
drm_put_dev — Unregister and release aDRM device

Synopsis
void drm put _dev (struct drmdevice * dev);
Arguments
dev DRM device
Description
Called at module unload time or when a PCI device is unplugged.
Cleans up all DRM device, calingdr m | ast cl ose.
Note
Use of thisfunction is deprecated. It will eventually go away completely. Please usedr m dev_unr eg-

i ster anddrm dev_unr ef explicitly instead to make sure that the device isn't userspace accessible
any more while teardown isin progress, ensuring that userspace can't access an inconsistent state.
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Name

drm_dev_alloc — Allocate new DRM device
Synopsis

struct drmdevice * drmdev_alloc (struct drmdriver * driver, struct
device * parent);

Arguments
driver DRM driver to allocate device for

par ent Parent device object

Description

Allocate and initialize anew DRM device. No deviceregistrationisdone. Call dr m dev_r egi st er to
advertice the device to user space and register it with other core subsystems. This should be done last in
the device initialization sequence to make sure userspace can't access an inconsistent state.

The initia ref-count of the object is 1. Use dr m dev_r ef and dr m dev_unr ef to take and drop
further ref-counts.

Note that for purely virtual devicespar ent can be NULL.
RETURNS

Pointer to new DRM device, or NULL if out of memory.
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Name

drm_dev_ref — Take reference of aDRM device
Synopsis
void drmdev_ref (struct drmdevice * dev);

Arguments

dev deviceto takereference of or NULL

Description

This increases the ref-count of dev by one. You *must* already own a reference when calling this. Use
dr m_dev_unr ef to drop thisreference again.

This function never fails. However, this function does not provide *any* guarantee whether the deviceis
aive or running. It only provides a reference to the object and the memory associated with it.

10
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Name

drm_dev_unref — Drop reference of aDRM device
Synopsis
void drmdev_unref (struct drmdevice * dev);

Arguments

dev deviceto drop reference of or NULL

Description

This decreases the ref-count of dev by one. The deviceis destroyed if the ref-count drops to zero.

11
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Name
drm_dev_register — Register DRM device

Synopsis

int drmdev_register (struct drmdevice * dev, unsigned |long flags);
Arguments

dev Deviceto register

flags Fagspassedtothedriver's.l oad function

Description

Register the DRM device dev with the system, advertise device to user-space and start normal device
operation. dev must be alocated viadr m dev_al | oc previously.

Never call thistwice on any device!

NOTE
To ensure backward compatibility with existing drivers method this function calls the ->| oad method
after registering the device nodes, creating race conditions. Usage of the ->| oad methods is therefore
deprecated, drivers must perform all initialization before calling dr m dev_r egi st er.

RETURNS

0 on success, negative error code on failure.

12
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Name
drm_dev_unregister — Unregister DRM device

Synopsis

void drmdev_unregi ster (struct drmdevice * dev);
Arguments

dev Deviceto unregister

Description

Unregister the DRM device from the system. This does the reverse of dr m dev_r egi st er but does
not deallocate the device. The caller must call dr m dev_unr ef to drop their final reference.

This should be called first in the device teardown code to make sure userspace can't access the device
instance any more.

13
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Name

drm_dev_set_unique — Set the unique name of aDRM device

Synopsis

int drmdev_set_unique (struct drmdevice * dev, const char * nane);

Arguments

dev  device of which to set the unique name

nanme unique name

Description

Return

Sets the unique name of a DRM device using the specified string. Drivers can use this at driver probetime
if the unique name of the devicesthey driveis static.

0 on success or a negative error code on failure.

Driver Load

IRQ Registration

The DRM coretriesto facilitate IRQ handler registration and unregistration by providingdr m i r q_i n-
stall anddrm.irqg_uni nstall functions. Those functions only support a single interrupt per de-
vice, devices that use more than one |RQs need to be handled manually.

Managed IRQ Registration

drm.irq_install startshycallingthei r q_pr ei nstal | driver operation. Theoperationisoptional
and must make sure that the interrupt will not get fired by clearing all pending interrupt flags or disabling
theinterrupt.

The passed-in IRQ will then be requested by acall tor equest _i r g. If the DRIVER_IRQ_SHARED
driver feature flag is set, a shared (IRQF_SHARED) IRQ handler will be requested.

The IRQ handler function must be provided as the mandatory irq_handler driver operation. It will get
passed directly to r equest _i r g and thus has the same prototype as all IRQ handlers. It will get called
with a pointer to the DRM device as the second argument.

Finally the function callsthe optional i r q_posti nst al | driver operation. The operation usually en-
ables interrupts (excluding the vblank interrupt, which is enabled separately), but drivers may choose to
enable/disable interrupts at a different time.

drm_i rg_uni nstal | issimilarly usedto uninstall an IRQ handler. It starts by waking up all processes
waiting on avblank interrupt to make sure they don't hang, and then callsthe optional i r g_uni nst al |
driver operation. The operation must disable all hardware interrupts. Finally the function frees the IRQ
by calingfree_irq.

Manual IRQ Registration

Drivers that require multiple interrupt handlers can't use the managed IRQ registration functions. In
that case IRQs must be registered and unregistered manualy (usualy with the r equest _i rq and
free_i rg functions, or their devm_* equivalent).

14
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When manually registering IRQs, drivers must not set the DRIVER_HAVE_IRQ driver feature flag, and
must not provide the i r g_handl er driver operation. They must set the drm_devicei r g_enabl ed
field to 1 upon registration of the IRQs, and clear it to 0 after unregistering the IRQs.

Memory Manager Initialization

Every DRM driver requires a memory manager which must be initialized at load time. DRM currently
contains two memory managers, the Trandlation Table Manager (TTM) and the Graphics Execution Man-
ager (GEM). This document describes the use of the GEM memory manager only. See the section called
“Memory management” for details.

Miscellaneous Device Configuration

Another task that may be necessary for PCI devices during configuration is mapping the video BIOS.
On many devices, the VBIOS describes device configuration, LCD panel timings (if any), and contains
flagsindicating device state. Mapping the BIOS can be done using the pci_map_rom() call, aconvenience
function that takes care of mapping the actual ROM, whether it has been shadowed into memory (typically
at address 0xc0000) or exists on the PCI device in the ROM BAR. Note that after the ROM has been
mapped and any necessary information has been extracted, it should be unmapped; on many devices, the
ROM address decoder is shared with other BARS, so leaving it mapped could cause undesired behaviour
like hangs or memory corruption.

Bus-specific Device Registration and PCI Support

A number of functions are provided to help with device registration. The functions deal with PCI and
platform devices respectively and are only provided for historical reasons. These are all deprecated and
shouldn't be used in new drivers. Besides that there's afew helpers for pci drivers.
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Name
drm_pci_alloc — Allocate a PCI consistent memory block, for DMA.

Synopsis

drmdma_handle t * drmpci_alloc (struct drmdevice * dev, size_t size,
size t align);

Arguments
dev DRM device
size  sizeof block to alocate
al i gn alignment of block

Return

A handle to the allocated memory block on success or NULL on failure.
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Name

drm_pci_free — Free a PCI consistent memory block
Synopsis

void drmpci _free (struct drmdevice * dev, drmdma_handl e t * dmah);
Arguments

dev  DRM device

dmah handleto memory block

17
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Name
drm_get_pci_dev — Register a PCI device with the DRM subsystem

Synopsis

int drmget pci_dev (struct pci_dev * pdev, const struct pci_device id
* ent, struct drmdriver * driver);

Arguments
pdev PCI device
ent entry from the PCI |D table that matches pdev
driver DRM devicedriver

Description

Attempt to getsinter module “drm” information. If we arefirst then register the character device and inter
module information. Try and register, if wefail to register, backout previous work.

NOTE

This function is deprecated, please use dr m dev_al | oc and dr m dev_r egi st er instead and re-
move your ->| oad callback.

Return

0 on success or a negative error code on failure.
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Name
drm_pci_init — Register matching PCI devices with the DRM subsystem

Synopsis
int drmpci _init (struct drmdriver * driver, struct pci_driver * pdriv-
er);

Arguments

driver DRM device driver
pdriver PCl devicedriver
Description

Initializes adrm_device structures, registering the stubs and initializing the AGP device.

NOTE
This function is deprecated. Modern modesetting drm drivers should usepci _r egi st er _dri ver di-
rectly, this function only provides shadow-binding support for old legacy drivers on top of that core pci
function.

Return

0 on success or a negative error code on failure.
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Name
drm_pci_exit — Unregister matching PCI devices from the DRM subsystem

Synopsis
void drmpci_exit (struct drmdriver * driver, struct pci_driver *
pdriver);

Arguments

driver DRM device driver
pdriver PCl devicedriver
Description

Unregisters one or more devices matched by a PCl driver from the DRM subsystem.

NOTE

This function is deprecated. Modern modesetting drm drivers should use pci _unr egi st er _dri ver
directly, this function only provides shadow-binding support for old legacy drivers on top of that core pci
function.
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Name

drm_platform_init — Register a platform device with the DRM subsystem

Synopsis

int drmplatforminit (struct drmdriver * driver, struct platformde-
vice * platformdevice);

Arguments

driver DRM device driver

pl at f orm devi ce platform deviceto register

Description

NOTE

Return

Mem

Registers the specified DRM device driver and platform device with the DRM subsystem, initializing a
drm_device structure and calling the driver's .| oad function.

This function is deprecated, please use dr m dev_al | oc and dr m dev_r egi st er instead and re-
move your ->| oad callback.

0 on success or a negative error code on failure.

ory management

Modern Linux systems require large amount of graphics memory to store frame buffers, textures, vertices
and other graphics-related data. Given the very dynamic nature of many of that data, managing graphics
memory efficiently isthus crucial for the graphics stack and playsacentral roleinthe DRM infrastructure.

The DRM core includes two memory managers, namely Trandation Table Maps (TTM) and Graphics
Execution Manager (GEM). TTM was the first DRM memory manager to be developed and tried to be a
one-size-fits-themall solution. It providesasingle userspace APl to accommodate the need of al hardware,
supporting both Unified Memory Architecture (UMA) devices and devices with dedicated video RAM
(i.e. most discrete video cards). Thisresulted in alarge, complex piece of code that turned out to be hard
to use for driver devel opment.

GEM started as an Intel-sponsored project in reaction to TTM's complexity. Its design philosophy is com-
pletely different: instead of providing a solution to every graphics memory-related problems, GEM iden-
tified common code between drivers and created a support library to shareit. GEM has simpler initializa-
tion and execution requirements than TTM, but has no video RAM management capabilities and is thus
limited to UMA devices.

The Translation Table Manager (TTM)

TTM design background and information belongs here.

TTM initialization

Warning

This section is outdated.
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Drivers wishing to support TTM must fill out adrm_bo_driver structure. The structure contains several
fieldswith function pointersfor initializing the TTM, all ocating and freeing memory, waiting for command
completion and fence synchronization, and memory migration. See the radeon_ttm.c file for an example

of usage.

The ttm_global_reference structure is made up of several fields:

struct ttm gl obal reference {
enum ttm gl obal _types gl obal _type;
size_t size;
voi d *obj ect;
int (*init) (struct ttmgl obal _reference *);
void (*release) (struct ttmglobal _reference *);

s

There should be one global reference structure for your memory manager as a whole, and there will be
othersfor each object created by the memory manager at runtime. Y our global TTM should have atype of
TTM_GLOBAL_TTM_MEM. Thesizefield for the global object should be sizeof (struct ttm_mem_glob-
al), and the init and release hooks should point at your driver-specific init and release routines, which
probably eventualy call ttm_mem_global_init and ttm_mem_global_release, respectively.

Once your global TTM accounting structure is set up and initialized by calling ttm_global _item_ref()
on it, you need to create a buffer object TTM to provide a pool for buffer object allocation by clients
and the kernel itself. The type of this object should be TTM_GLOBAL_TTM_BO, and its size should
be sizeof (struct ttm_bo_global). Again, driver-specific init and release functions may be provided, likely
eventually calling ttm_bo_global_init() and ttm_bo_global _release(), respectively. Also, like the previous
object, ttm_global_item ref() isused to create an initial reference count for the TTM, which will call your
initialization function.

The Graphics Execution Manager (GEM)

The GEM design approach has resulted in a memory manager that doesn't provide full coverage of all (or
even all common) use casesin itsuserspace or kernel API. GEM exposes a set of standard memory-related
operationsto userspace and aset of helper functionsto drivers, and et driversimplement hardware-specific
operations with their own private API.

The GEM userspace AP is described in the GEM - the Graphics Execution Manager [http://lwn.net/
Articles/283798/] article on LWN. While slightly outdated, the document provides agood overview of the
GEM API principles. Buffer allocation and read and write operations, described as part of the common
GEM API, are currently implemented using driver-specific ioctls.

GEM isdata-agnostic. It manages abstract buffer objectswithout knowing what individual buffers contain.
APIs that require knowledge of buffer contents or purpose, such as buffer allocation or synchronization
primitives, are thus outside of the scope of GEM and must be implemented using driver-specific ioctls.
On afundamental level, GEM involves several operations:

* Memory alocation and freeing

» Command execution

 Aperture management at command execution time
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Buffer object alocation isrelatively straightforward and largely provided by Linux's shmem layer, which
provides memory to back each object.

Device-specific operations, such as command execution, pinning, buffer read & write, mapping, and do-
main ownership transfers are |eft to driver-specific ioctls.

GEM Initialization

Drivers that use GEM must set the DRIVER_GEM bit in the struct drm_driver dri ver feat ures
field. The DRM core will then automatically initialize the GEM core before calling the | oad operation.
Behind the scene, thiswill create a DRM Memory Manager object which provides an address space pool
for object allocation.

InaKMS configuration, drivers need to alocate and initialize acommand ring buffer following core GEM
initialization if required by the hardware. UMA devices usualy have what is called a "stolen” memory
region, which provides space for the initial framebuffer and large, contiguous memory regions required
by the device. This space is typically not managed by GEM, and must be initialized separately into its
own DRM MM object.

GEM Objects Creation

GEM gplits creation of GEM objects and allocation of the memory that backs them in two distinct oper-
ations.

GEM objects are represented by an instance of struct drm_gem_object. Drivers usualy need to extend
GEM objects with private information and thus create a driver-specific GEM object structure type that
embeds an instance of struct drm_gem_object.

To create a GEM object, a driver allocates memory for an instance of its specific GEM object type and
initializes the embedded struct drm_gem object with acall to dr m gem obj ect _i ni t . The function
takes a pointer to the DRM device, a pointer to the GEM object and the buffer object sizein bytes.

GEM uses shmem to allocate anonymous pageable memory. dr m_gem obj ect _i ni t will create an
shmfs file of the requested size and store it into the struct drm_gem_object f i | p field. The memory is
used as either main storage for the object when the graphics hardware uses system memory directly or
as abacking store otherwise.

Drivers are responsible for the actual physical pages dlocation by caling shnem r ead_nap-
pi ng_page_gf p for each page. Note that they can decide to allocate pages when initializing the GEM
object, or to delay allocation until the memory is needed (for instance when a page fault occurs as a result
of auserspace memory access or when the driver needsto start a DMA transfer involving the memory).

Anonymous pageable memory allocation is not always desired, for instance when the hardware requires
physically contiguous system memory as is often the case in embedded devices. Drivers can create GEM
objects with no shmfs backing (called private GEM aobjects) by initializing them with a call to dr -

m gem private_object _init instead of dr m gem obj ect i ni t. Storage for private GEM
objects must be managed by drivers.

GEM Objects Lifetime

All GEM objects are reference-counted by the GEM core. References can be acquired and release by
calling drm gem obj ect _referenceanddrm gem obj ect unr ef er ence respectively.
Thecaller must hold thedrm_devicest r uct _nut ex lock whencalingdr m gem obj ect _refer-
ence. As aconvenience, GEM provides dr m gem obj ect _unr ef er ence_unl ocked functions
that can be called without holding the lock.
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When the last reference to a GEM object isreleased the GEM core callsthedrm_driver gem fr ee_ob-
j ect operation. That operation is mandatory for GEM-enabled drivers and must free the GEM object
and all associated resources.

void (*gem free_object) (struct drm.gem object *obj);

Drivers are responsible for freeing all GEM object resources. This includes the resources created by the
GEM core, which need to be released with dr m_gem obj ect _rel ease.

GEM Objects Naming

Communication between userspace and the kernel refersto GEM objectsusing local handles, global names
or, more recently, file descriptors. All of those are 32-bit integer values; the usual Linux kernd limits
apply to the file descriptors.

GEM handlesarelocal to aDRM file. Applications get ahandleto a GEM object through adriver-specific
ioctl, and can use that handleto refer to the GEM object in other standard or driver-specificioctls. Closing
aDRM file handle frees all its GEM handles and dereferences the associated GEM objects.

To create a handle for a GEM object drivers cal dr m gem handl e_cr eat e. The function takes a
pointer to the DRM file and the GEM object and returns a locally unique handle. When the handle is
no longer needed drivers delete it with acall to dr m_ gem handl e_del et e. Finally the GEM object
associated with a handle can be retrieved by acall todr m_ gem obj ect _| ookup.

Handles don't take ownership of GEM objects, they only take areference to the object that will be dropped
when the handle is destroyed. To avoid leaking GEM objects, drivers must make sure they drop the refer-
ence(s) they own (such as the initial reference taken at object creation time) as appropriate, without any
specia consideration for the handle. For example, in the particular case of combined GEM object and
handle creation in the implementation of the durb_cr eat e operation, drivers must drop the initial ref-
erence to the GEM object before returning the handle.

GEM names are similar in purpose to handles but are not local to DRM files. They can be passed be-
tween processes to reference a GEM object globally. Names can't be used directly to refer to objects
in the DRM API, applications must convert handles to names and names to handles using the DR-
M_IOCTL_GEM_FLINK andDRM_IOCTL_GEM_OPEN ioctlsrespectively. The conversionishandled
by the DRM core without any driver-specific support.

GEM also supports buffer sharing with dma-buf file descriptors through PRIME. GEM-based drivers must
use the provided helpers functions to implement the exporting and importing correctly. See the section
caled “PRIME Buffer Sharing”. Since sharing file descriptors is inherently more secure than the easily
guessable and global GEM namesit is the preferred buffer sharing mechanism. Sharing buffers through
GEM names isonly supported for legacy userspace. Furthermore PRIME also allows cross-device buffer
sharing sinceit is based on dma-bufs.

GEM Objects Mapping

Because mapping operations are fairly heavyweight GEM favours read/write-like access to buffers, im-
plemented through driver-specific ioctls, over mapping buffers to userspace. However, when random ac-
cess to the buffer is needed (to perform software rendering for instance), direct access to the object can
be more efficient.

The mmap system call can't be used directly to map GEM objects, asthey don't have their own file handle.
Two dternative methods currently co-exist to map GEM objects to userspace. The first method uses a
driver-specific ioctl to perform the mapping operation, calling do_nmmap under the hood. This is often
considered dubious, seemsto be discouraged for new GEM-enabled drivers, and will thus not be described
here.
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The second method uses the mmap system call on the DRM file handle.

void *mmap(void *addr, size_ t length, int prot, int flags, int fd,
off _t offset);

DRM identifies the GEM object to be mapped by afake offset passed through the mmap offset argument.
Prior to being mapped, a GEM object must thus be associated with a fake offset. To do so, drivers must
cal drm gem creat e_nmap_of f set on the object.

Once alocated, the fake offset value must be passed to the application in a driver-specific way and can
then be used as the mmap offset argument.

The GEM core provides a helper method dr m_gem _mmap to handle object mapping. The method can be
set directly as the mmap file operation handler. It will look up the GEM object based on the offset value
and set the VMA operations to the drm_driver gem vm ops field. Note that dr m_gem map doesn't
map memory to userspace, but relies on the driver-provided fault handler to map pages individualy.

To use dr m_gem map, drivers must fill the struct drm_driver gem vm ops field with a pointer to
VM operations.

struct vm operations_struct *gemvm ops

struct vmoperations_struct {
void (*open)(struct vmarea_struct * area);
void (*close)(struct vmarea struct * area);
int (*fault)(struct vmarea_struct *vma, struct vmfault *vnf);

b

Theopen and cl ose operations must update the GEM object reference count. Drivers can usethe dr -
m_gem vm open and dr m_gem vm cl ose helper functions directly as open and close handlers.

The fault operation handler is responsible for mapping individual pages to userspace when a page fault
occurs. Depending on the memory allocation scheme, drivers can allocate pages at fault time, or can decide
to allocate memory for the GEM object at the time the object is created.

Driversthat want to map the GEM object upfront instead of handling page faults can implement their own
mmap file operation handler.

Memory Coherency

When mapped to the device or used in a command buffer, backing pages for an object are flushed to
memory and marked write combined so asto be coherent with the GPU. Likewise, if the CPU accesses an
object after the GPU has finished rendering to the object, then the object must be made coherent with the
CPU's view of memory, usualy involving GPU cache flushing of various kinds. This core CPU<->GPU
coherency management is provided by a device-specific ioctl, which evaluates an object's current domain
and performsany necessary flushing or synchronization to put the object into the desired coherency domain
(note that the object may be busy, i.e. an active render target; in that case, setting the domain blocks the
client and waits for rendering to complete before performing any necessary flushing operations).

Command Execution

Perhaps the most important GEM function for GPU devicesis providing acommand execution interface to
clients. Client programs construct command buffers containing referencesto previously allocated memory
objects, and then submit them to GEM. At that point, GEM takes careto bind all the objectsinto the GTT,
execute the buffer, and provide necessary synchronization between clientsaccessing the same buffers. This
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often involves evicting some objects from the GTT and re-binding others (afairly expensive operation),
and providing relocation support which hides fixed GTT offsets from clients. Clients must take care not to
submit command buffers that reference more objects than can fit in the GTT; otherwise, GEM will reject
them and no rendering will occur. Similarly, if several objects in the buffer require fence registers to be
allocated for correct rendering (e.g. 2D blits on pre-965 chips), care must be taken not to require more
fence registers than are available to the client. Such resource management should be abstracted from the
client inlibdrm.

GEM Function Reference
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Name
drm_gem_object_init — initialize an allocated shmem-backed GEM object

Synopsis

int drmgemobject _init (struct drmdevice * dev, struct drm gem object
* obj, size t size);

Arguments
dev  drm_device the object should be initialized for
obj drm_gem object to initialize
si ze objectsize

Description

Initialize an aready alocated GEM object of the specified size with shmfs backing store.
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Name
drm_gem_private object_init — initialize an allocated private GEM object

Synopsis

void drmgemprivate object init (struct drmdevice * dev, struct dr-
m gem obj ect * obj, size_ t size);

Arguments
dev  drm_device the object should be initialized for
obj drm_gem object to initialize
si ze objectsize

Description

Initialize an aready alocated GEM object of the specified size with no GEM provided backing store.
Instead the caller is responsible for backing the object and handling it.
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Name
drm_gem_handle_delete — deletes the given file-private handle

Synopsis

int drmgem handl e _delete (struct drmfile * filp, u32 handle);
Arguments
filp drm file-private structure to use for the handle look up

handl e userspace handleto delete

Description

Removes the GEM handle from the f i | p lookup table which has been added with dr m gem han-
dl e_cr eat e. If thisisthe last handle also cleans up linked resources like GEM names.
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Name
drm_gem_dumb_destroy — dumb fb callback helper for gem based drivers

Synopsis

int drmgemdunb_destroy (struct drmfile * file, struct drmdevice *
dev, uint32_t handle);

Arguments
file drm file-private structure to remove the dumb handle from
dev corresponding drm_device

handl e the dumb handle to remove

Description

This implements the ->dumb_destroy kms driver callback for drivers which use gem to manage their
backing storage.
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Name

drm_gem_handle_create — create a gem handle for an object

Synopsis

int drmgemhandle create (struct drmfile * file priv, struct dr-
m gem obj ect * obj, u32 * handl ep);

Arguments
file_priv drmfile-private structure to register the handle for
obj object to register
handl ep pionter to return the created handle to the caller

Description

Createahandlefor thisobject. Thisaddsahandlereferenceto the object, whichincludesaregular reference
count. Callerswill likely want to dereference the object afterwards.
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Name
drm_gem_free_mmap_offset — release a fake mmap offset for an object

Synopsis

void drmgem free mmp_offset (struct drm gem object * obj);
Arguments

obj  obj in question

Description

Thisroutine frees fake offsets allocated by dr m_ gem cr eat e_rmap_of f set .
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Name
drm_gem_create mmap_offset_size — create a fake mmap offset for an object

Synopsis
int drmgemcreate_nmmap_of fset _size (struct drm gem object * obj, size_t
si ze);

Arguments

obj obj in question
si ze thevirtua size

Description

GEM memory mapping works by handing back to userspace afake mmap offset it can usein a subsequent
mmap(2) call. The DRM core code then looks up the object based on the offset and sets up the various
memory mapping structures.

This routine allocates and attaches a fake offset for obj , in cases where the virtual size differs from the
physical size (ie. obj->size). Otherwisejust usedr m gem cr eat e_nmap_of f set.
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Name
drm_gem_create_ mmap_offset — create a fake mmap offset for an object

Synopsis

int drmgemcreate nmmap_of fset (struct drmgem object * obj);
Arguments

obj  obj in question
Description

GEM memory mapping works by handing back to userspace afake mmap offset it can use in a subsequent
mmap(2) call. The DRM core code then looks up the object based on the offset and sets up the various
memory mapping structures.

Thisroutine allocates and attaches a fake offset for obj .
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Name
drm_gem_get_pages — helper to allocate backing pages for a GEM object from shmem

Synopsis
struct page ** drm. gem get pages (struct drm gem object * obj);
Arguments
obj  obj in question
Description
This reads the page-array of the shmem-backing storage of the given gem object. An array of pagesis
returned. If apageisnot allocated or swapped-out, thiswill allocate/swap-in the required pages. Note that
the whole object is covered by the page-array and pinned in memory.
Usedr m_gem put _pages to release the array and unpin all pages.

This uses the GFP-mask set on the shmem-mapping (see mappi ng_set _gf p_nask). If you require
other GFP-masks, you have to do those alocations yourself.

Note that you are not allowed to change gfp-zones during runtime. That is, shmem r ead_map-
pi ng_page_gf p must be called with the same gfp_zone(gfp) as set during initialization. If you have
special zone constraints, set them after dr m_gem i nit _obj ect viamappi ng_set _gf p_nask.
shmem-core takes care to keep pagesin the required zone during swap-in.
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Name
drm_gem_put_pages — helper to free backing pages for a GEM object

Synopsis

void drmgem put pages (struct drmgemobject * obj, struct page **
pages, bool dirty, bool accessed);

Arguments
obj obj in question
pages pagesto free
dirty if true, pages will be marked as dirty

accessed if true, the pages will be marked as accessed
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Name

drm_gem_object_lookup — look up a GEM object fromit's handle

Synopsis

struct drm gem object * drm gem object | ookup (struct drm device * dev,
struct drmfile * filp, u32 handle);

Arguments
dev DRM device
filp DRM file private date

handl e userspace handle

Returns

A reference to the object named by the handleif such existsonfi | p, NULL otherwise.
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Name

drm_gem_object free— free a GEM object

Synopsis

void drm gem object free (struct kref * kref);

Arguments

kref kref of the object to free

Description
Called after the last reference to the object has been lost. Must be called holding struct_ mutex

Frees the object
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Name

drm_gem_vm_open — vma->0ps->open implementation for GEM
Synopsis

void drm gemvmopen (struct vmarea struct * vna);
Arguments

vima VM areastructure

Description

This function implements the #vm_operations_struct open callback for GEM drivers. This must be used
together withdr m_gem vm cl ose.
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Name

drm_gem_vm_close — vma->ops->close implementation for GEM
Synopsis

void drmgemvmcl ose (struct vmarea_struct * vmm);
Arguments

vima VM areastructure

Description

Thisfunction implementsthe#vm_operations_struct cl ose callback for GEM drivers. Thismust be used
together with dr m_gem vm open.
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Name

drm_gem_mmap_obj — memory map a GEM object
Synopsis

int drmgem nmap_obj (struct drmgemobject * obj, unsigned |ong ob-
j _size, struct vmarea_struct * vm);

Arguments
obj the GEM object to map
obj _si ze theobject sizeto be mapped, in bytes

vima VMA for the area to be mapped

Description

Set up the VMA to prepare mapping of the GEM object using the gem_vm_ops provided by the dri-
ver. Depending on their requirements, drivers can either provide a fault handler in their gem_vm_ops
(in which case any accesses to the object will be trapped, to perform migration, GTT binding, surface
register allocation, or performance monitoring), or mmap the buffer memory synchronously after calling
drm_gem_mmap_obj.

This function is mainly intended to implement the DMABUF mmap operation, when the GEM object is
not looked up based on its fake offset. To implement the DRM mmap operation, drivers should use the
dr m_gem rmap function.

dr m_ gem mrap_obj assumesthe user isgranted accessto the buffer whiledr m_gem mmrap prevents
unprivileged users from mapping random objects. So callers must verify access restrictions before calling
this helper.

Return 0 or success or -EINVAL if the object size is smaller than the VMA size, or if no gem_vm_ops
are provided.

41



DRM Internals

Name

drm_gem_mmap — memory map routine for GEM objects
Synopsis

int drmgemmmap (struct file * filp, struct vmarea_struct * vmm);
Arguments

filp DRM filepointer

vima  VMA for the area to be mapped
Description

If adriver supports GEM object mapping, mmap calls on the DRM file descriptor will end up here.

Look up the GEM object based on the offset passed in (vma->vm_pgoff will contain the fake offset we
created whenthe GTT mapioctl wascalled onthe object) and map it withacall todr m gem mrmap_obj .

If the caller is not granted access to the buffer object, the mmap will fail with EACCES. Please see the
vma manager for more information.
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Name

struct drm_gem_object — GEM buffer object

Synopsis

struct drm gem object {

struct

ref count ;

unsi gned handl e_count;
struct drm.device * dev;

struct file * filp;

struct drmvma_of fset _node vna_node;

size t size;
i nt nane;
ui nt 32_t

read_donai ns;

uint32_t wite_domain;

ui nt 32_t
ui nt 32_t

pendi ng_r ead_donai ns;
pendi ng_write_domain;

struct dma_buf * dna_buf;
struct dma_buf _attachnent * inport_attach;

b
Members

refcount

handle_count

dev

filp

vma_node

Reference count of this object

Please use dr m gem obj ect reference to acquire and dr-
m gem obj ect _unreference or drm gem obj ect unref -
erence_unl ocked to release areference to a GEM buffer object.

Thisisthe GEM file_priv handle count of this object.

Each handle also holds a reference. Note that when the handle _count
drops to 0 any global names (e.g. the id in the flink namespace) will be
cleared.

Protected by dev->object_name lock.

DRM dev this object belongs to.

SHMEM file node used as backing storage for swappable buffer objects.
GEM also supports driver private objects with driver-specific backing
storage (contiguous CMA memory, specia reserved blocks). In this case
filpisNULL.

Mapping info for this object to support mmap. Drivers are supposed to al-
locatethemmap offset usingdr m gem cr eat e_rmap_of f set . The
offset itself can be retrieved using dr m vira_node_of f set _addr.

Memory mapping itself is handled by dr m gem nmap, which also
checks that userspaceis allowed to access the object.
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size

name

read_domains

write_domain

pending_read_domains

pending_write_domain

dma_buf

import_attach

Description

Size of the object, in bytes. Immutable over the object's lifetime.

Global namefor this object, startsat 1. 0 means unnamed. Accessis cov-
ered by dev->object_name lock. Thisis used by the GEM_FLINK and
GEM_OPEN ioctls.

Read memory domains. These monitor which caches contain read/write
datarelated to the object. When transitioning from one set of domainsto
another, the driver is called to ensure that caches are suitably flushed and
invalidated.

Corresponding unique write memory domain.
While validating an exec operation, the new read/write domain values are

computed here. They will be transferred to the above values at the point
that any cache flushing occurs

Write domain similar to pendi ng_r ead_donai ns.

dma-buf associated with this GEM object.

Pointer to the dma-buf associated with this gem object (either through
importing or exporting). We break the resulting reference loop when the
last gem handle for this object is released.

Protected by obj->object_name lock.

dma-buf attachment backing this object.

Any foreign dma_buf imported as a gem object has this set to the attach-
ment point for the device. This is invariant over the lifetime of a gem
object.

The driver's ->gem_free _object callback is responsible for cleaning up
the dma_buf attachment and references acquired at import time.

Note that the drm gem/prime core does not depend upon drivers setting
this field any more. So for drivers where this doesn't make sense (e.g.
virtual devices or adisplaylink behind an usb bus) they can simply leave
itasNULL.

This structure defines the generic parts for GEM buffer objects, which are mostly around handling mmap

and userspace handles.

Buffer objects are often abbreviated to BO.
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Name

drm_gem_object_reference — acquire a GEM BO reference
Synopsis

voi d drm gem obj ect _reference (struct drm gem object * obj);
Arguments

obj GEM buffer object

Description

Thisacquires additional referenceto obj . Itisillegal to call thiswithout already holding areference. No
locks required.
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Name

drm_gem_object_unreference — release a GEM BO reference
Synopsis

voi d drm gem obj ect _unreference (struct drmgem object * obj);
Arguments

obj GEM buffer object

Description

Thisreleasesareferenceto obj . Callers must hold the dev->struct._mutex lock when calling thisfunction,
even when the driver doesn't use dev->struct_mutex for anything.

For drivers not encumbered with legacy locking usedr m gem obj ect _unr ef erence_unl ocked
instead.
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Name

drm_gem_object_unreference_unlocked — release a GEM BO reference

Synopsis

voi d drm gem obj ect _unreference_unl ocked (struct drm gem object * obj);

Arguments

obj GEM buffer object

Description

This releases a reference to obj . Callers must not hold the dev->struct_mutex lock when calling this
function.

VMA Offset Manager

The vma-manager is responsible to map arbitrary driver-dependent memory regions into the linear user
address-space. It provides offsets to the caller which can then be used on the address_space of the drm-
device. It takes care to not overlap regions, size them appropriately and to not confuse mm-core by in-
consistent fake vm_pgoff fields. Drivers shouldn't use this for object placement in VMEM. This manager
should only be used to manage mappingsinto linear user-space VMs.

We use drm_mm as backend to manage object allocations. But it is highly optimized for alloc/free cals,
not lookups. Hence, we use an rb-tree to speed up offset lookups.

Y ou must not use multiple offset managers on asingle address_space. Otherwise, mm-core will be unable
to tear down memory mappings as the VM will no longer be linear.

This offset manager works on page-based addresses. That is, every argument and return code (with the
exception of dr m vira_node_of f set _addr ) isgivenin number of pages, not number of bytes. That
means, object sizes and offsets must always be page-aligned (as usual). If you want to get a valid byte-
based user-space address for agiven offset, please seedr m vhma_node_of f set _addr.

Additionally to offset management, the vma offset manager also handles access management. For every
open-file context that is allowed to access a given node, you must call dr m vima_node_al | ow. Other-
wise, an nrap call on this open-file with the offset of the node will fail with -EACCES. To revoke access
again, usedr m vima_node_r evoke. However, the caller isresponsible for destroying already existing
mappings, if required.
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Name

drm_vma_offset_manager_init — Initialize new offset-manager

Synopsis

void drmvma_offset _manager _init (struct drmvma_of fset manager * ngr,
unsi gned | ong page_of fset, unsigned |ong size);

Arguments
ngr Manager object
page_of fset Offset of available memory area (page-based)
si ze Size of available address space range (page-based)

Description

Initialize a new offset-manager. The offset and area size available for the manager are given as
page_of f set andsi ze. Both areinterpreted as page-numbers, not bytes.

Adding/removing nodes from the manager is locked internally and protected against concurrent access.
However, node allocation and destruction isleft for the caller. While calling into the vma-manager, agiven
node must always be guaranteed to be referenced.
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Name
drm_vma _offset_manager_destroy — Destroy offset manager

Synopsis
void drmvna_offset manager destroy (struct drmvma_of fset nanager *
nor);

Arguments

nmgr  Manager object

Description

Destroy an object manager which was previoudly created via dr m via_of f set _manager _init.
Thecaller must remove all alocated nodes before destroying the manager. Otherwise, drm_mmwill refuse
to free the requested resources.

The manager must not be accessed after this function is called.
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Name
drm_vma offset_lookup_locked — Find node in offset space

Synopsis

struct drmvma_offset _node * drmvna_offset | ookup | ocked (struct dr-
m vma_of f set _nanager * ngr, unsigned |ong start, unsigned | ong pages);

Arguments
ngr Manager object
start Start addressfor object (page-based)

pages Size of object (page-based)

Description

Find a node given a start address and object size. Thisreturnsthe _best match for the given node. That
is, st art may point somewhere into a valid region and the given node will be returned, as long as the
node spans the whole requested area (given the size in number of pages as pages).

Note that before lookup the vma offset manager lookup lock must be acquired with dr m vma_of f -
set | ock_I| ookup. Seethere for an example. This can then be used to implement weakly referenced
lookupsusing kr ef _get _unl ess_zero.

Example
drmvma_of fset | ock | ookup(ngr);
node = drmvma_offset | ookup_| ocked(ngr);
i f (node)
kref _get unl ess_zero(contai ner_of (node, sth, entr));
drm vma_of fset _unl ock_| ookup(ngr);
RETURNS

Returns NULL if no suitable node can be found. Otherwise, the best match is returned. It's the caler's
responsibility to make sure the node doesn't get destroyed before the caller can accessit.
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Name
drm_vma offset_add — Add offset node to manager

Synopsis

int drmvma_offset _add (struct drmvna_offset nmanager * ngr, struct
drmvma_of fset _node * node, unsigned |ong pages);

Arguments
ngr Manager object
node  Node to be added
pages Allocation size visible to user-space (in number of pages)
Description
Add a node to the offset-manager. If the node was aready added, this does nothing and return 0. pages
is the size of the object given in number of pages. After this call succeeds, you can access the offset of

the node until it is removed again.

If thiscall fails, it is safe to retry the operation or call dr m vima_of f set _r enpve, anyway. However,
no cleanup isrequired in that case.

pages isnot required to be the same size as the underlying memory object that you want to map. It only
limits the size that user-space can map into their address space.

RETURNS

0 on success, negative error code on failure.
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Name

drm_vma offset_remove — Remove offset node from manager

Synopsis

void drmvma_offset renpbve (struct drmvna_of f set _nanager * ngr, struct
drm vna_of fset _node * node);

Arguments
ngr Manager object
node Node to be removed

Description

Remove a node from the offset manager. If the node wasn't added before, this does nothing. After this call
returns, the offset and size will be O until a new offset is allocated viadr m vira_of f set _add again.
Helper functionslikedr m vima_node_st art anddrm vrma_node_of f set _addr will return O if
no offset is alocated.
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Name
drm_vma_node_allow — Add open-fileto list of allowed users

Synopsis
int drmvma_node_all ow (struct drmvnma_offset _node * node, struct file
* filp);

Arguments

node Nodeto modify
filp Openfiletoadd
Description

Addfi |l p tothelist of allowed open-files for thisnode. If fi | p isaready on thislist, the ref-count is
incremented.

The list of allowed-usersis preserved acrossdr m vima_of f set _add and dr m vira_of f set _r e-
nove cals. You may even cal it if the nodeis currently not added to any offset-manager.

Y ou must remove all open-files the same number of times as you added them before destroying the node.
Otherwise, you will leak memory.

Thisislocked against concurrent access internally.
RETURNS

0 on success, negative error code on internal failure (out-of-mem)
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Name
drm_vma_node_revoke — Remove open-file from list of allowed users

Synopsis
voi d drm vnma_node_revoke (struct drmvnma_offset node * node, struct file
* filp);

Arguments

node Nodeto modify
filp Openfiletoremove

Description

Decrement theref-count of f i | p inthelist of allowed open-fileson node. If the ref-count dropsto zero,
removef i | p fromthelist. Y ou must call thisoncefor every dr m vime_node_al | owonfi | p.

Thisislocked against concurrent access internally.

If fil pisnoton thelist, nothing is done.
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Name
drm_vma _node _is alowed — Check whether an open-file is granted access

Synopsis
bool drmvna _node is_allowed (struct drmvna_of fset _node * node, struct
file * filp);

Arguments

node Node to check
filp Open-filetocheck for

Description

Search the list in node whether fi | p is currently on the list of allowed open-files (see dr m vima_n-
ode_al | ow).

Thisislocked against concurrent access internally.

RETURNS

trueiff fi |l pisonthelist
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Name
drm_vma offset_exact lookup_locked — Look up node by exact address

Synopsis

struct drmvma_offset _node * drmvna_of fset exact | ookup_| ocked (struct
drm vna_of fset _nmanager * ngr, unsigned | ong start, unsigned | ong pages);

Arguments
ngr Manager object
start Start address (page-based, not byte-based)
pages Size of object (page-based)
Description

Same asdrm vna_of f set | ookup_| ocked but does not alow any offset into the node. It only
returns the exact object with the given start address.

RETURNS

Node at exact start addressst art .
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Name

drm_vma_offset_lock lookup — Lock lookup for extended private use
Synopsis

void drmvma_offset | ock | ookup (struct drmvma_of fset _nanager * nyr);
Arguments

nmgr  Manager object
Description

Lock VMA manager for extended lookups. Only locked VMA function callsare allowed while holding this
lock. All other contexts are blocked from VMA until the lock is released viadr m vha_of f set _un-
| ock_I ookup.

Usethisif you need totakeareferenceto the objectsreturned by dr m vima_of f set _| ookup_| ocked
before releasing this lock again.

This lock must not be used for anything else than extended lookups. Y ou must not call any other VMA
helpers while holding this lock.

Note

Y ou're in atomic-context while holding this lock!
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Name
drm_vma_offset_unlock_|lookup — Unlock lookup for extended private use

Synopsis
void drmvna_offset _unlock | ookup (struct drmvna_offset nanager *
nor);

Arguments

nmgr  Manager object

Description

Release lookup-lock. Seedr m vira_of f set _| ock_| ookup for moreinformation.
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Name

drm_vma_node_reset — Initialize or reset node object

Synopsis

void drmvma_node reset (struct drmvna_offset _node * node);

Arguments

node Nodetoinitialize or reset

Description
Reset anodetoitsinitial state. This must be called before using it with any VMA offset manager.

This must not be called on an already allocated node, or you will leak memory.
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Name
drm_vma_node_start — Return start address for page-based addressing

Synopsis

unsi gned long drmvne_node_start (struct drmvma_offset node * node);
Arguments

node Node to inspect

Description

Return the start address of the given node. This can be used as offset into the linear VM space that is
provided by the VMA offset manager. Note that this can only be used for page-based addressing. If you
need a proper offset for user-space mappings, you must apply “<< PAGE_SHIFT” or use the dr m v-
ma_node_of f set _addr helper instead.

RETURNS

Start address of node for page-based addressing. 0 if the node does not have an offset allocated.

60



DRM Internals

Name

drm_vma_node_size — Return size (page-based)
Synopsis

unsi gned | ong drmvnme_node_si ze (struct drmvne_of fset _node * node);
Arguments

node Node to inspect

Description

Return the size as number of pages for the given node. Thisis the same size that was passed to dr m v-
ma_of f set _add. If no offset is allocated for the node, thisis 0.

RETURNS

Size of node as number of pages. 0 if the node does not have an offset allocated.
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Name
drm_vma_node_has offset — Check whether node is added to offset manager

Synopsis

bool drmvna_node has offset (struct drmvna_of fset node * node);
Arguments

node Node to be checked

RETURNS

trueiff the node was previoudly allocated an offset and added to an vma offset manager.
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Name

drm_vma_node_offset_addr — Return sanitized offset for user-space mmaps
Synopsis

__u64 drmvnme_node_of fset _addr (struct drmvna _offset node * node);
Arguments

node Linked offset node

Description

Sameasdr m vima_node_st art but returnsthe address asavalid offset that can be used for user-space
mappings during nmap. This must not be called on unlinked nodes.

RETURNS

Offset of node for byte-based addressing. O if the node does not have an object allocated.
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Name

drm_vma_node_unmap — Unmap offset node

Synopsis

void drmvma_node_unmap (struct drmvna_of fset _node * node, struct ad-
dress_space * file_mapping);

Arguments
node Offset node

file_mappi ng Address spacetounmap node from

Description

Unmap al userspace mappings for a given offset node. The mappings must be associated with the
file_mappi ng address-space. If no offset exists nothing is done.

This call is unlocked. The caller must guarantee that dr m vna_of f set _r enpve isnot called on this
node concurrently.
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Name

drm_vma_node verify_access— Access verification helper for TTM
Synopsis

int drmvma_node_verify_access (struct drmyvme_offset_node * node,
struct file * filp);

Arguments
node Offset node
filp Open-file
Description

Thischeckswhether f i | p isgranted accesstonode. Itisthesameasdr m vita_node_i s_al | owed
but suitable as drop-in helper for TTM veri fy_access callbacks.

RETURNS

0if accessisgranted, -EACCES otherwise.

PRIME Buffer Sharing

PRIME is the cross device buffer sharing framework in drm, originally created for the OPTIMUS range
of multi-gpu platforms. To userspace PRIME buffers are dma-buf based file descriptors.

Overview and Driver Interface

Similar to GEM global names, PRIME file descriptors are al so used to share buffer objects across process-
es. They offer additional security: asfile descriptors must be explicitly sent over UNIX domain socketsto
be shared between applications, they can't be guessed like the globally unique GEM names.

Drivers that support the PRIME APl must set the DRIVER_PRIME bit in the struct drm_driver dri -
ver _f eat ur es field,andimplement thepr i ne_handl e_to_fdandpri ne_fd_t o_handl e op-
erations.

int (*prime_handle_to fd)(struct drmdevice *dev,
struct drmfile *file_priv, uint32_t handle,
uint32_t flags, int *prinme_fd);
int (*prime_fd_to_handle)(struct drmdevice *dev,
struct drmfile *file_priv, int prine_fd,
ui nt 32_t *handl e);

Those two operations convert a handle to a PRIME file descriptor and vice versa. Drivers must use the
kernel dma-buf buffer sharing framework to manage the PRIME file descriptors. Similar to the mode
setting APl PRIME is agnostic to the underlying buffer object manager, as long as handles are 32bit
unsigned integers.

While non-GEM drivers must implement the operations themselves, GEM drivers must use the dr -
m gem prime_handl e to fdanddrmgem prine_fd_to_handl e helper functions. Those
helpersrely onthedriver gem pri ne_export andgem pri ne_i nport operationsto create adma
buf instance from a GEM object (dma-buf exporter role) and to create a GEM object from a dma-buf
instance (dma-buf importer role).
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struct dma_buf * (*gem prinme_export)(struct drm.device *dev,
struct drm . gem object *obj,
int flags);
struct drm.gemobject * (*gemprime_inport)(struct drmdevice *dev,
struct dma_buf *dma_buf);

These two operations are mandatory for GEM drivers that support PRIME.

PRIME Helper Functions

Drivers can implement gem pri me_export andgem pri me_i nport intermsof simpler APIsby
using the helper functionsdr m gem pri nme_export anddrm gem pri me_i nport . These func-
tions implement dma-buf support in terms of six lower-level driver callbacks:

Export callbacks:

* gem pri me_pi n (optional): prepare a GEM object for exporting * gem pri nme_get sg _t abl e:
provide a scatter/gather table of pinned pages* gem pr i ne_vmap: vmap abuffer exported by your dri-
ver* gem pri me_vunnmap: vunmap abuffer exported by your driver * gem pr i me_nmap (optional):
mmap a buffer exported by your driver

Import callback:

*gem pri me_i nport_sg_t abl e (import): produceaGEM object from another driver's scatter/gath-
er table

PRIME Function References
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Name

drm_gem_dmabuf_release — dma_buf release implementation for GEM

Synopsis

void drm gem dmabuf rel ease (struct dna_buf * dma_buf);

Arguments

dma_buf buffer to be released

Description

Generic release function for dma_bufs exported as PRIME buffers. GEM drivers must use this in their
dma_buf ops structure as the release callback.
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Name
drm_gem_prime_export — helper library implementation of the export callback
Synopsis
struct dma_buf * drmgem prinme_export (struct drmdevice * dev, struct
drm gem object * obj, int flags);
Arguments
dev drm_device to export from
obj GEM object to export

flags flagslike DRM_CLOEXEC and DRM_RDWR

Description

Thisistheimplementation of the gem_prime_export functionsfor GEM drivers using the PRIME hel pers.
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Name
drm_gem_prime_handle_to fd — PRIME export function for GEM drivers

Synopsis

int drmgemprine_handle to fd (struct drm device * dev, struct drmfile
* file_priv, uint32_t handle, uint32 t flags, int * prine_fd);

Arguments
dev dev to export the buffer from
file_priv drmfileprivate structure
handl e buffer handle to export
flags flags like DRM_CLOEXEC

prime_fd pointer to storage for the fd id of the create dma-buf

Description

This is the PRIME export function which must be used mandatorily by GEM drivers to ensure correct
lifetime management of the underlying GEM object. The actual exporting from GEM object to a dma-buf
is done through the gem_prime_export driver callback.
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Name

drm_gem_prime_import — helper library implementation of the import callback

Synopsis

struct drmgemobject * drmgemprine_inmport (struct drmdevice * dev,
struct dma_buf * dnma_buf);

Arguments
dev drm_device to import into

dma_buf  dma-buf object to import

Description

Thisistheimplementation of the gem_prime_import functionsfor GEM drivers using the PRIME hel pers.
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Name
drm_gem_prime_fd _to_handle — PRIME import function for GEM drivers

Synopsis

int drmgemprine fd to handle (struct drm device * dev, struct drmfile
* file_ priv, int prime_fd, uint32_t * handle);

Arguments
dev dev to export the buffer from
file_priv drmfileprivate structure
prime_fd fdid of thedma-buf which should be imported

handl e pointer to storage for the handle of the imported buffer object

Description

This is the PRIME import function which must be used mandatorily by GEM drivers to ensure correct
lifetime management of the underlying GEM object. The actual importing of GEM object from the dma-
buf is done through the gem_import_export driver callback.
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Name
drm_prime_pages to_sg — converts a page array into an sg list

Synopsis

struct sg table * drmprine_pages_to_sg (struct page ** pages, unsigned
int nr_pages);

Arguments
pages pointer to the array of page pointers to convert
nr_pages length of the page vector

Description

This helper creates an sg table object from a set of pages the driver is responsible for mapping the pages
into the importers address space for use with dma_buf itself.
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Name
drm_prime_sg to_page addr_arrays— convert an sg table into a page array

Synopsis

int drmprinme_sg to page_addr _arrays (struct sg table * sgt, struct page
** pages, dma_addr_t * addrs, int max_pages);

Arguments
sgt scatter-gather table to convert
pages array of page pointersto store the page array in
addr s optional array to store the dma bus address of each page

max_pages sizeof both the passed-in arrays

Description

Exports an sg table into an array of pages and addresses. This is currently required by the TTM driver in
order to do correct fault handling.
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Name
drm_prime_gem_destroy — helper to clean up a PRIME-imported GEM object

Synopsis
void drm prime_gemdestroy (struct drm gem object * obj, struct sg table
* sQ);

Arguments

obj GEM object which was created from a dma-buf

sg thesg-table which was pinned at import time
Description

Thisisthe cleanup functionswhich GEM drivers need to call whenthey usedr m gem pri ne_i nport
to import dma-bufs.

DRM MM Range Allocator

Overview

drm_mm provides a simple range alocator. The drivers are free to use the resource allocator from the
linux coreif it suitsthem, the upside of drm_mm isthat it'sin the DRM core. Which meansthat it's easier
to extend for some of the crazier special purpose needs of gpus.

The main data struct is drm_mm, allocations are tracked in drm_mm_node. Drivers are free to embed
either of them into their own suitable datastructures. drm_mm itself will not do any allocations of its own,
so if drivers choose not to embed nodes they need to till allocate them themselves.

The range allocator also supports reservation of preallocated blocks. Thisis useful for taking over initial
mode setting configurations from the firmware, where an object needsto be created which exactly matches
the firmware's scanout target. Aslong astherangeisstill freeit can be inserted anytime after the allocator
isinitialized, which helps with avoiding looped depencies in the driver load sequence.

drm_mm maintains a stack of most recently freed holes, which of al simplistic datastructures seemsto be
afairly decent approach to clustering allocations and avoiding too much fragmentation. This means free
space searches are O(num_holes). Given that all the fancy features drm_mm supports something better
would befairly complex and since gfx thrashing isafairly steep cliff not areal concern. Removing anode
againis O(1).

drm_mm supports a few features: Alignment and range restrictions can be supplied. Further more every
drm_mm_node has a color value (wh