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NAME
bus_dma, bus_dma_tag_create, bus_dna_t ag_destr oy, bus_dmanmap_creat e,
bus_dmanmap_dest r oy, bus_dmanmap_| oad, bus_dmanmap_| oad_nbuf ,
bus_dmamap_I| oad_ui o, bus_dmanmap_unl oad, bus_dmamap_sync, bus_dmanem al l oc,
bus_dmanem f r ee, - Bus and Machine Independent DMA Mapping Interface

SYNOPSIS

#i ncl ude <nmchi ne/ bus. h>

i nt

bus_dnma_tag _create(bus_dma_tag_t parent, bus_size_t alignment,
bus_size_t boundary, bus_addr _t | owaddr, bus_addr _t hi ghaddr ,
bus _dma_filter_t iltfunc,void Oiltfuncarg, bus_size_t maxsize,
i nt nsegnments, bus_size_t maxsegsz,int flags,
bus_dma_tag t [dmat);

i nt

bus_dnma_t ag _destroy(bus_dna_tag t dmat);

i nt

bus_dmamap_create(bus_dma_tag t dmat,int flags, bus_dmamap_t Chapp);

i nt

bus_dmamap_destroy(bus_dma_tag_t dmat , bus_dmanmap_t map);

i nt

bus_dmamap_| oad(bus_dma_tag_t dmat , bus_dmanmap_t map, void [buf ,

bus_size_t buflen, bus_dmamap_cal | back_t C[tal |l back,
voi d [tal |l back_arg, int flags);

i nt
bus_dmamap_I| oad_nbuf (bus_dma_tag t dmat , bus_dmamap_t nap,

struct nbuf [hbuf , bus_dmamap_cal | back2_t [tal | back,
voi d [tal |l back_arg, int flags);

i nt

bus_dmamap_| oad_ui o(bus_dna_tag_t dmat , bus_dmamap_t map, struct uio [uio,
bus_dmamap_cal | back2_t [tal | back, void [tal | back_arg, int flags);

i nt

bus_dmanem al | oc(bus_dma_tag_t dmat , void [Tvaddr,int flags,
bus_dmamap_t Chrapp);

voi d

bus_dmamap_unl oad(bus_dma_tag t dnmat , bus_dmamap_t nap);

voi d

bus_dmamap_sync(bus_dma_tag_t dmat , bus_dmanmap_t map, op);

voi d

bus_dmanem free(bus_dma_tag t dmat, void Cvaddr , bus_dmanmap_t map);

DESCRIPTION
Direct Memory Access (DMA) is a method of transferring data without involving the CPU, thus providing

higher performance. A DMA transaction can be achieved between device to memory, device to device, or
memory to memory.
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The bus_dma APl is a bus, device, and machine-independent (MI) interface to DMA mechanisms. It pro-
vides the client with flexibility and simplicity by abstracting machine dependent issues like setting up DMA
mappings, handling cache issues, bus specific features and limitations.

STRUCTURES AND TYPES
bus_dna_tag t

A machine-dependent (MD) opaque type that describes the characteristics of DMA transactions.
DMA tags are organized into a hierarchy, with each child tag inheriting the restrictions of its par-
ent. This allows all devices along the path of DMA transactions to contribute to the constraints
of those transactions.

bus dma filter t

Client specified address filter having the format:

i nt client _filter(void (diltarg, bus_addr_t testaddr)

Address filters can be specified during tag creation to allow for devices who’s DMA address
restrictions cannot be specified by a single window. The fi | t ar g is client specified during tag
creation to be passed to all invocations of the callback. The t est addr argument contains a
potential starting address of a DMA mapping. The filter function operates on the set of addresses
from t est addr totrunc_page(testaddr) + PAGE Sl ZE - 1, inclusive. The filter
function should return zero for any mapping in this range that can be accommodated by the
device and non-zero otherwise.

bus_dnma_segment _t

A machine-dependent type that describes individual DMA segments.

bus_addr t ds_addr;
bus_si ze t ds | en;

The ds_addr field contains the device visible address of the DMA segment, and ds_1| en con-
tains the length of the DMA segment. Although the DMA segments returned by a mapping call
will adhere to all restrictions necessary for a successful DMA operation, some conversion (e.g. a
conversion from host byte order to the device’s byte order) is almost always required when pre-
senting segment information to the device.

bus_dmamap_t

A machine-dependent opaque type describing an individual mapping. Multiple DMA maps can
be associated with one DMA tag.

bus_dmamap_cal | back_t

Client specified callback for receiving mapping information resulting from the load of a
bus_dmamap_t viabus_dmamap_I| oad(). Callbacks are of the format:

voi d client_call back(void [tal | back_arg, bus_dnma_segnent _t
[Begs, int nseg,int error)

The cal | back_ar g is the callback argument passed to dmamap load functions. The segs
and nseg parameters describe an array of bus_dnma_segment _t structures that represent the
mapping. This array is only valid within the scope of the callback function. The success or fail-
ure of the mapping is indicated by the er r or parameter. More information on the use of call-
backs can be found in the description of the individual dmamap load functions.

bus_dmamap_cal | back2_t

FreeBSD 4.8

Client specified callback for receiving mapping information resulting from the load of a
bus_dmamap_t viabus_dmamap_I| oad_ui o() or bus_dmamap_| oad_mbuf ().
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Callback?2s are of the format:
voi d client_call back2(void Ctal | back_arg, bus_dnma_segnent _t
[(Begs, int nseg, bus_size t mapsize,int error)

Callback2's behavior is the same as bus_dmamap_cal | back_t with the addition that the
length of the data mapped is provided vianapsi ze.

bus_dnmasync_op_t

FUNCTIONS

Memory synchronization operation specifi er. Bus DMA requires explicit synchronization of
memory with it's device visible mapping in order to guarantee memory coherency. The
bus_dnmasync_op_t allows the type of DMA operation that will be or has been performed to
be communicated to the system so that the correct coherency measures are taken. All operations
specifi ed below are performed from the DMA engine’s point of view:

BUS_DMASYNC PREREAD  Perform any synchronization required after an update of mem-
ory by the CPU but prior to DMA read operations.

BUS_DMASYNC PREWRI TE Perform any synchronization required after an update of mem-
ory by the CPU but prior to DMA write operations.

BUS_DMASYNC PREREAD| BUS_DVASYNC PREVRI TE
Perform any synchronization required prior to a combination of
DMA read and write operations.

BUS_DMASYNC POSTREAD Perform any synchronization required after DMA read opera-
tions, but prior to CPU access of the memory.

BUS_DMASYNC POSTWRI TE Perform any synchronization required after DMA write opera-
tions, but prior to CPU access of the memory.

BUS_DMASYNC POSTREAD| BUS_DMASYNC PCSTWRI TE
Perform any synchronization required after a combination of
DMA read and write operations.

bus_dma_t ag_creat e(parent , al i gnment boundary, | owaddr , hi ghaddr ,
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diltfunc, Oiltfuncarg, maxsi ze, nsegnent s, maxsegsz, fl ags, Cdmat )

Allocates a device specifi c DMA tag, and initializes it according to the arguments provided:

par ent Indicates restrictions between the parent bridge, CPU memory, and the device.
May be NULL, if no DMA restrictions are to be inherited.

al i gnnment Alignment constraint, in bytes, of any mappings created using this tag. The
alignment must be a power of 2. Hardware that can DMA starting at any
address would specify 1 for byte alignment. Hardware requiring DMA trans-
fersto start on amultiple of 4K would specify 4096.

boundary Boundary constraint, in bytes, of the target DMA memory region. The
boundary indicates the set of addresses, all multiples of the boundary argu-
ment, that cannot be crossed by a single bus_dma_segment _t. The
boundary must be either a power of 2 or 0. ‘0’ indicates that there are no
boundary restrictions.

| owaddr

hi ghaddr Bounds of the window of bus address space that cannot be directly accessed
by the device. The window contains all address greater than lowaddr and less
than or equal to highaddr. For example, a device incapable of DMA above
4GB, would specify a highaddr of BUS _SPACE_MAXADDR and a lowaddr of
BUS_SPACE MAXADDR 32BI T. Similarly a device that can only dma to
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filtfunc

filtfuncarg
maxsegsz

maxsi ze

nsegnment s

flags

dmat
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addresses  bellow  16MB  would  specify a  highaddr  of
BUS SPACE MAXADDR and a lowaddr of
BUS_SPACE MAXADDR 24BI T. Some implementations requires that some
region of device visible address space, overlapping available host memory, be
outside the window. This area of saf e nenory is used to bounce requests
that would otherwise conflict with the exclusion window.
Optional filter function (may be NULL) to be called for any attempt to map
memory into the window described by | owaddr and hi ghaddr. A filter
function is only required when the single window described by | owaddr and
hi ghaddr cannot adequately describe the constraints of the device. The fil-
ter function will be called for every machine page that overlaps the exclusion
window.

Argument passed to all calls to the filter function for this tag. May be NULL.

Maximum size, in bytes, of a segment in any DMA mapped region associated

with dmat .

Maximum size, in bytes, of the sum of all segment lengths in a given DMA

mapping associated with this tag.

Number of discontinuities (scatter/gather segments) allowed in a DMA

mapped region. If there is no restriction, BUS_SPACE UNRESTRI CTED

may be specified.

Are as follows:

BUS_DMA AL LOCNOW Allocate the resources necessary to guarantee that all
map load operations associated with this tag will not
block. If sufficient resources are not available,
ENOVEM s returned.

Pointer to a bus_dma_tag_t where the resulting DMA tag will be stored.

Returns ENOVEM if sufficient memory is not available for tag creation or allocating mapping

resources.

bus_dna_t ag_destroy(dmat)
Deallocate the DMA tag dmat that was created by bus_dma_t ag_cr eat e().

Returns EBUSY if any DMA maps remain associated with drmatt or ‘O’ on success.

bus_dmamap_creat e(dmat , fl ags, Chrapp)
Allocates and initializes a DMA map. Arguments are as follows:

dmat DMA tag.
flags The value of this argument is currently undefined and should be specified as “0’.
mapp Pointer to a bus_dnmamap_t where the resulting DMA map will be stored.

Returns ENOVEMIf sufficient memory is not available for creating the map or allocating mapping

resources.

bus_dmanap_dest r oy(dmat , map)

Frees all resources associated with a given DMA map. Arguments are as follows:
dmat DMA tag used to allocate map.

map The DMA map to destroy.

Returns EBUSY if a mapping is still active for map.

bus_dmamap_| oad(dmat , map, buf , bufl en, [tal | back, . . .)
Creates a mapping in device visible address space of buf | en bytes of buf , associated with the
DMA map map. Arguments are as follows:

FreeBSD 4.8
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dmat DMA tag used to allocate nap.

map A DMA map without a currently active mapping.

buf A kernel virtual address pointer to a contiguous (in KVA) buffer, to be mapped into
device visible address space.

buf | en The size of the buffer.

cal | back cal | back_arg
The callback function, and its argument.

flags The value of this argument is currently undefined, and should be specified as ‘0’.

Return values to the caller are as follows:

0 The callback has been called and completed. The status of the mapping has
been delivered to the callback.

El NPROGRESS The mapping has been deferred for lack of resources. The callback will be
called as soon as resources are available. Callbacks are serviced in FIFO order.
DMA maps created from DMA tags that are allocated with the
BUS_DMA AL LOCNOWflag will never return this status for a load operation.

El NVAL The load request was invalid. The callback has not, and will not be called.
This error value may indicate that dmat, map, buf, or cal | back were
invalid, or busl en was larger than the maxsi ze argument used to create the
dma tag drmat .

When the callback is called, it is presented with an error value indicating the disposition of the

mapping. Error may be one of the following:

0 The mapping was successful and the dm_segs callback argument contains an
array of bus_dnma_segnent _t elements describing the mapping. This array
is only valid during the scope of the callback function.

EFBI G A mapping could not be achieved within the segment constraints provided in
the tag even though the requested allocation size was less than maxsize.

bus_dmamap_| oad_nbuf (dmat , map, nbuf , cal | back2, cal | back_arg, fl ags)

This is a variation of bus_dmanmap_| oad() which maps mbuf chains for DMA transfers. A
bus_si ze_t argument is also passed to the callback routine, which contains the mbuf chain’s
packet header length.

Mbuf chains are assumed to be in kernel virtual address space.

Returns El NVAL if the size of the mbuf chain exceeds the maximum limit of the DMA tag.

bus_dmamap_I| oad_ui o(dmat , map, ui o, cal | back2, cal | back_arg, fl ags)

This is a variation of bus_dmamap_| oad() which maps buffers pointed to by ui o for DMA
transfers. A bus_si ze_t argument is also passed to the callback routine, which contains the
size of ui 0, i.e. ui 0->ui o_resid.

If ui 0->ui o_segfl g is U O USERSPACE, then it is assumed that the buffer, ui o is in
ui 0- >ui o_td- >t d_proc’s address space. User space memory must be in-core and wired
prior to attempting a map load operation.

bus_dmamap_unl oad(dmat , map)
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Unloads a DMA map. Arguments are as follows:
dmat DMA tag used to allocate map.
map The DMA map that is to be unloaded.

bus_dmamap_unl oad() will not perform any implicit synchronization of DMA buffers. This
must be done explicitly by a call to bus_dnmamap_sync() prior to unloading the map.
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bus_dmamap_sync(dmat , map, op)

Performs synchronization of a device visible mapping with the CPU visible memory referenced

by that mapping. Arguments are as follows:

dmat DMA tag used to allocate map.

map The DMA mapping to be synchronized.

op Type of synchronization operation to perform. See the definition of
bus_dmasync_op_t for a description of the acceptable values for op.

bus_dmamap_sync() is the method used to ensure that CPU and device DMA access to shared
memory is coherent. For example, the CPU might be used to setup the contents of a buffer that is
to be DMA’ed into a device. To ensure that the data are visible via the device’s mapping of that
memory, the buffer must be loaded and a dma sync operation of BUS_DMASYNC PREREAD
must be performed. Additional sync operations must be performed after every CPU write to this
memory if additional DMA reads are to be performed. Conversely, for the DMA write case, the
buffer must be loaded, and a dma sync operation of BUS_DMASYNC PREWRI TE must be per-
formed. The CPU will only be able to see the results of this DMA write once the DMA has com-
pleted and a BUS_DMASYNC_POSTWRI TE operation has been performed.

If DMA read and write operations are not preceded and followed by the appropriate synchroniza-
tion operations, behavior is undefined.

bus_dmanem al | oc(dmat , [(Tvaddr , fl ags, mapp)

Allocates memory that is mapped into KVA at the address returned in vaddr that is permanently
loaded into the newly created bus_dmamap_t returned via mapp. Arguments are as follows:

drmat DMA tag describing the constraints of the DMA mapping.

vaddr Pointer to a pointer that will hold the returned KVA mapping of the allocated
region.

flags Flags are defined as follows:

BUS_DMA WAI TCK The routine can safely wait (sleep) for resources.

BUS DVA NOWAI T The routine is not allowed to wait for resources. If
resources are not available, ENOVEMis returned.

BUS_DMA_COHERENT
Attempt to map this memory such that cache sync opera-
tions are as cheap as possible. This flag is typically set on
memory that will be accessed by both a CPU and a DMA
engine, frequently. Use of this flag does not remove the
requirement of using bus_dmamap_sync, but it may reduce
the cost of performing these operations.

mapp Pointer to storage for the returned DMA map.

The size of memory to be allocated is maxsi ze as specified in dmat .

The current implementation of bus_dmarem al | oc() will allocate all requests as a single seg-
ment.

Although no explicit loading is required to access the memory referenced by the returned map,
the synchronization requirements as described in the bus_dmamap_sync() section still apply.

Returns ENOVEMIf sufficient memory is not available for completing the operation.

bus_dmanem free(dmat , Ovraddr , nap)
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Frees memory previously allocated by bus_dmanem al | oc(). Any mappings will be invali-
dated. Arguments are as follows:
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dmat DMA tag.
vaddr Kernel virtual address of the memory.
map  DMA map to beinvalidated.

RETURN VALUES
Behavior is undefi ned if invalid arguments are passed to any of the above functions. If suffi cient resources
cannot be allocated for a given transaction, ENOVEM s returned. All routines that are not of type, voi d, will
return O on success or an error code, as discussed above.

All voi d routines will succeed if provided with valid arguments.

SEE ALSO
devcl ass(9), devi ce(9),dri ver (9), r man(9)

Jason R. Thorpe, "A Machine-Independent DMA Framework for NetBSD", Proceedings of the Summer 1998
USENIX Technical Conference, USENIX Association, June 1998.

HISTORY
Thebus_dma interface fi rst appeared in NetBSD 1.3.

The bus_dma APl was adopted from NetBSD for use in the CAM SCSI subsystem. The alterations to the
original APl were aimed to remove the need for a bus_dna_segnent t array stored in each
bus_dmamap_t while alowing calersto queue up on scarce resources.
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The bus_dma interface was designed and implemented by Jason R. Thorpe of the Numerical Aerospace
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The bus_dnma interface in FreeBSD benefi ts from the contributions of Justin T. Gibbs, Peter Wemm, Doug
Rabson, Matthew N. Dodd, Sam Leffer, Maxime Henrion, Jake Burkholder, Takahashi Yoshihiro, Scott
Long and many others.

This manual page was written by Hiten M. Pandya and Justin T. Gibbs.
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